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PREFACE

Waen the manuseript of this book was finished it was sub-
mitted to my old friend Sir. William Ramsay for his opinion,
when he was 80 good as to express his entire approval of it and
suggested later that as he ‘had undertaken to write a book on
somewhat similar lines for “ Harper’s Library of Living
Thought ” we mlght collaborate if I was willing to doso. To
this I gladly agreed, but as the joint work proceeded it became
evident that while there was much in common in our treatment
of the subj&ts discussed, we approached them from somewhat
diffeent points of view. This I pointed out and suggested that
a8 it did not seem possible without one of us entirely re-writing
the whole of his part of the joint work, to weld the two divi-
sionsinto a harmonious whole, it might be simpler for each of
us to return to the original plan and to proceed independently
of each other—a proposition to which Sir William at once
agreed.

I mention this matter because inadvertently in his book for
the Harper‘ series, *“ Elements and Electrons,” the chapter on
the Atomic Theory contains a page or two 6f* my original
manuscript on the same subject, and I have his permission for
stating that this occurred through a pure accident on his part.

Regarding the general plan of this book, I have very little to
say, a8 its essence is embodied in the title.

I may however mention that one of my chief ideas was to
contrast certain ancient views, such as those of atoms and a
primordial element or primordial elements in the shape of air,
earth, fire and water, together with the possibility of trans-
formations of these latter into each other, with the modern
conception of electrons and the discovery of changes, such as
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those which the radio-active elements experience, which amount
in point of fact to a change of one so-called chemical element into
others, these two modern discoveries proving first as Ladenburg
has said, * Dass unter den Griechen und Romern Mdinner waren,
die sich in jeder Bezichung mit unseren Denkern messen konnten,”
and secondly that even in Science history may repeat itself.

I have therefore discussed the ancient views regarding the
nature of matter and the Atomic Theory (involving as it does
questions like that of the Periodic La.w) at some length and also
the subject of Radio-activity in a mmﬂar manier.

The latter is no doubt as yet in its 1nfancy and our knowledge
of it is, it may be said, ehanging from day to day. { have how.-
ever given as far as possible the latest available information,
for which I have relied largely on Rutherford’s ¢ Fhdio-active
Substances and their Radiations,”” which was published® in
October, 1912.

It is only right that in this connection I should express
my thanks to Dr. Robert Jack, of this University, who spent
much time and labour in revising the proofs dealing with
that branch of the subject and who supplied me with many
valuable hints and much useful information. Regarding the
two last chapterson the question of Inorganic Evolution and
Arrhenius’ views on “ Worlds in the Making” respectively, both
deal with questions of fundamental interest and importance in
relation to matter and energy, and neither appear to have been
presented to the student in a condensed form.

I can only hope that my efforts in this direction have been
successful. .

It only remains for me to express my thanks to quite a
number of individuals whose kind assistance has placed me
under considerable obligations.

My old friends (and former pupils) Professors Collie and
Donnan were so kind as to read through the manuseript and
to make many valuable suggestions.
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Dr. A. W. Stewart and Mr. A. Killen Macbeth have been
most kind in revising the proofs and in other ways, and Miss
Florence Rea assisted me in drawing up the new curve of
Atomic volumes.

Professor Svante Arrhenius was 8o good as to read over the
last two cRapters of the book and to suggest two valuable notes.
Finally I have also to thark him for granting me permission
to reproduce some of the illustrations from his work ¢ Worlds
in the Making,” and Messrs. Harper and Brothers, who hold
the English ri'gh.ts in thgse, were also so kind as to consent
to the reproductions.

Similarly Sir Norman Lockyer has psrmitted me to reproduce
certain illustrations from his work on * Inorganic Evolution”
and Mess®. Macmillan (his publishers) were so good as to grant
pesission also.

Mr. Strutt, ia like manner, permitted me to make use of one
of the illustrations from his ‘“ Becquerel Rays.”

I«desire to express my indebtedness to these gentlemen also.

E. A. Lgrrs.

QUEEN'S UNIVERSITY,
BELFAST.






CHAR,

II.

I

vI.

VII.

CONTENTS

THE OLDER CHEMISTRY.

ANCIENT THEORIES REGARDING THE NATURE OF MATTER
AND MORE RECENT THEORIES A8 TO THE NATURE OF
ENERGY . . . . . . . . .

THE ATOMIZ THEORY aND ATOMIC WEIGHTS . .

Appendix 1.—Mathematical formula used by
Clarke in his recalculation of Atomic Weights . .

Appendix 2.—Synopsis  of some of the chief
methods which have been emyployed for determining
the Atomic Weights of certain of the elements .

THE PERIODIC LAW, PART I. . . . . .

Appendix.—Data from which the Author’s Curve
of Atomic Volumes in relation to Atomic Weights
has been plotted . . . . . . .

THE PERIODIC LAW, PART II., AND THE INERT ELEMENTS

THE NEWER CHEMISTRY.
THE EFFECTS OF ELECTRICAL DISCHARGES ON GASES IN

HIGH VACUA—AND AN INTRODUCTION TO THE SUBJECT
OF RADIO-ACTIVITY . . . . . . .

RADIO-ACTIVITY—THE ACTIVE ELEMENTS AND THE RAYS
EMITTED FROM THEM . . . . . .

Appendix.—General Account of Uranium and
Thorium and their Chief Compounds . . .

RADIO-ACTIVITY (ronftnued)—EMANAT "%, PART L—
GENERAL NATURE OF EMANA’I‘IONS—J:.CHVE DEPOSITS
—GRAY AND RAMSAY'S FIRST RESEA* CHES ON RADIUM
EMANATION—MODERN ALCHEMY AND THE NATURE OF
HELIUM . . . . . . . .

PAGE

17

42

44

49

79
82

97

110

131

134



b4 CONTENTS

CHAP,

Appendix.—Curious experience of Gray and
Ramsay in relation to Radium Emanation . .
VIII. RADIO-ACTIVITY (conlinued)—EMANATIONS, PART II.—

GRAY AND RAMSAY'S SECOND RESEARCH ON RADIUM

EMANATION (NITON)——DISINTEGRATION PRODUCTS OF
RADIO-ELEMENTS . . . . L4

. .

[ 4

IX. RADIO-ACTIVITY (conlinued)—EXPLANATION OF OLDER
FACTS AND LAWS ON THE NEW BASIS .

.
X. THE QUESTION OF INORGANIC *ZVOLUTIGN—LOCKYER’S
VIEWS AND WORK . .

. . . e .
XI. THE BIRTH AND DEATH OF WORLDS—GRAVITATION AND
RADIATION PRESSURES—ARRHENIUS' VIEWS

. .

APPENDIX.

CONTINUATION OF COLLIE AND PATTERSON'S RESFEARCHES ON
THE PRESENCE OF NEON IN HYDROGEN AFTER THE
PASSAGE OF THE ELECTRIC DISCHARGE THROUGH THE
LATTER AT LOW PRESSURES .

PAGE

160

163

177

190

209

225



DD =t

o o W

bl

13.
14.
15.
16.
17.

18.
19.
20.
21.
22.

23.

24.

—o®wXrN

ILLUSTRATIONS

Symbolic Representation of the Four Elements .

Dumas’ Apparatas for the Quantitative Synthesis of
Water .

Lothar Meyer’s Curve of Atomlc Volumes . To fa,ce

The Author’s Qurve of Atomic Volumes . . To face

Richards’ Curve of the Compressibility of the Elements .

Appara.tus Employed by Cavendish-and Priestley in
Separating Argon from Nitrogen

Pliicke=’s Tube .

Production of Cathode Rays .

Wheel Turned by Cathode Rays .

Shadows Produced by Cathode Rays

Deviation of Cathode Raya by a Magnetlc or Electro-
static Force

‘Perrin's Tube to prove that Cabhode Rays consnst of

Negatively Charged Particles

Lenard Ray Tube . .

Cathode Ray Tube .

Modern “ X" Ray Tube . < .

Self-photograph of Incandescent Ga.s Mantle . 7o face

One of Becquerel’s Photographs showing deviation of the
Rays from Radium by a Magnetic Force .  To face

The Curie Electroscope . .

Deviation of B-rays by Magnet shown Photographlcally

The ¢ Radium Clock ” (from Strutt’s “ Becquerel Rays ”)

Rutherford’s Apparatus for investigating a-rays ..

The Author’'s Modified Diagram after that of Mme. Curle
to show the Electric Properties and Penetrating Powers
of the Rays from Radium .

Decay and Recovery Curves of Radmm Emanatlou
(Niton) and Radium, respectively

Gray and Ramsay’s Apparatus for Investlgatmg the
Radium Emanation (Niton) . .

PAGE

32
62
63
68

88
98
99
99
100

101

102
106
107
108
110

110
112
123
126
127
. 130
135

140



xii

FI1G.

25.

26.

21.

28.
29.

30.

31
32.

33.

34.

35.

36.

37.

38.
39.

40.

41,

ILLUSTRATIONS

Boiling points and Critical points of Argon, Krypton,
and Xenon plotted against their Atomic Weights .
Critical Pressures of Argon, Krypton, and Xenon plotted
against their Atomic Weights . . .
Rutherford and Geiger's Apparatus for Counting
a-particles . . . . . . . .

The Micro-balance . '

Groupings of Floating Magnets under the Inﬂueuce of a
Central Attractive Force (Mayer)

Photograph of Floating Magnets under the lnﬂuence of
a Magunetic Force driving thgm bowards the (,entre
of the Vessel containing them . . . To face

Imaginary Section pf Arc or Spark to explain Production
of Long and Short Lines in a Spectrum .

Sun Spots and Facule (from Arrhenius’ ¢ Wgrlds in
the Making ") . . . To face

The Long and Short Lines of Sodmm taken under the

same Conditions showing that the Orange Line extends
furthest from the Poles (from Lockyer’s ¢ Inorganic

Evolution ) . . To face,
Lockyer’s “ Test Spectrum and the Method of Using it »e
(from Lockyer’s “ Inorganic Evolution”) . 7o face

Iron Spot Lines at Kensington confronted with Iron
Prominences at Palermo (from Lockyer’s ¢ lnorganic
Evolution )

Formation of Stars (Tempcmture Curves) (from Lockyer 8
*“ Inorganic Evolution ")

Fluted Spectrum of Carbon \from a phOtOg!‘-lph by
Dr. Robert Jack) . . . . 7o face

Demonstration of Radiation Pressure

Photograph of Solar Corona, 1900 (after Langley and
Abbott). Illustrating the Appearance of the Corona
in Years of Minimum Sun Spot frequency (from
Arrhenius’ “ Worlds in the Making ™) . To face

Photograph of Solar Corona of 1870 (after Davis). The
year 1870 was one of Maximum Sun Spot frequency
(from Arrhenius’ *“ Worlds in the Making ') 70 face

Donati’s Comet at its Greatest Brilliancy in 1858 (from
Arrhenius’ “ Worlds in the Making ”) . . 7o face

PAGE

142

143

157
1656

180

182

193

196

200

200

203

212

212

214



ILLUSTRATIONS

FIG.

42. Diagram Indicating the Consequences of a Collision
Between Two Extinct Suns (from Arrhenius’ ¢ Worlds
in the Making ") . . .

43. Spiral Nebula in the Canes Vena.th, Messler 51 Taken
at the Yerkes Observatory on June 3rd, 1902 (from
Arrhenius’ “ Worlds in the Making ) . To face

44. The Great Nebula in Andromeda. Taken at the Yerkes
Observatory on September 18th, 1901 (from Arrhenius’
“Worlds in the Making ”) . . . To face

xiii

PAGE

219

220

220






SOME FUNDAMENTAL
PROBLEMS IN CHEMISTRY

OLD AND NEW

CHAPTER I

THE OLDER CHEMISTRY

ANCIENT THEORIES REGARDING THE NATURE OF MATTER AND
QORE RECENT THEORIES AS TO THE NATURE OF ENERGY.

THERE i8 an inborn tendency in the human mind to inquire
into_the ultimate nature of things, and, if no immediate
explanation is forthcoming, to frame an hypothesis or theory
on the matter. This tendency has probably existed since
man acquired reasoning powers, and it was certainly highly
developed among the early Greeks.

* It is the distinguishing peculiarity of the Greeks that they were
the only people of the ancient world who were prompted to assume
a scientific attitude in explaining the mysteries which surrounded
them. They were the first and the only people who disengaged
speculation from theological guidance. . . . The early Greek had no
predecessor from whom to learn. He found himself in the presence
of mysteries which he vainly endeavoured to explain by polytheistic
agencies. He not only saw reason to disbelieve in these agencies, but
saw that if they existed, their arbitrary and inscrutable volitions
rendered all explanation and prediction impossible.

“ He sought elsewhere. Thales and the other Ionic thinkers fixed
upon common agencies—water, fire, air, etc., and tried to reconstruct
the world out of these. . . . The great fact respecting this first epoch is
that the belief in the phenomena of nature as brought about by the

C.0.N. B
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volition of numerous unseen beings was quietly set aside : the causes
of all change were sought in the conditions of things themselves.” !

It was in this way that the early Greek philosophers came
to speculate on the ultimate nature of matter.

Thales 2 opened the inquiry :(—

“ He felt that there was a vital question to be answerea relative to
the beginning of things. He looked around him, and the result of his
meditation was the conviction that moisture was this beginning.
He was impressed with this idea by the earth. There he found
moisture everywhere. All things he found nourished by moisture :
warmth itself he declared to proceed from moisture : the seeds of all
things are moist. Water when condensed becomes eartu.

“ Thus convinced of the universal presence of water, he declared it
to be the beginning of things.

“Thales would all the more readily adopt this notion from its
harmonising with ancient opinions; such, for instance as tlose
expressed in Hesiod’s “ Theogony "—wherein Oceanus and Thetis are
regarded as the parents of all such deities as had any rclation to
nature. He would thus have performed for the popular religion that
which modern science has performed for the book of Genesis.” 3°

Following Thales in the idea of a single primordial principle
or element, Anaximenes * maintained that such principle was
air and not water.

Heraclitus 5 was of the opinion that it was neither of these,
but fire, while lastly, in relation to a single element theory
Pherekides ® maintained that it was earth.

Empedocles 7 introduced the idea of four distinct elements,
namely, those just mentioned, earth, air, fire and water,
which were capable of forming a.ll things by their inter-
mixture.

These elements he believed were acted upon by the forces of

! Lewis, “ History of Philosophy.”
Born about 640 B.C.
Lewis, loc. cit.
Born about 550 B.C.
Born about 503 B.C.

Born about 6 B.C.
Born about 384 B.C.

e o S
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love and hatred : the former causing their mingling, the latter
their separation. Love was therefore the formative principle
and hate the destructive. The burning of wood on a hearth
proved, in his opinion, the presence of all four elements in
that substance. For fire is then evolved from it, along with
smoke—which he took to be air: the ash remaining he con-
sidered to be earth: and water was deposited on the cold
hearth-stone.

Aristotle ! inéroduced a*fifth element or quinta essentia, more
subtle and diving than fhe others, filling celestial space, and
out of whieh the heavenly bodies are foymed, while the remain-
ing four elements belong to the earth.

Aristotlg was of the opinion that these latter elements were
mutually convertible into one other, each having a property in
common with that of one of the others. Thus fire is dry and
warm ; air, warm and moist; water, moist and cold; earth,
cold and dry.

But one of these qualities was more dominant in each
element than the other. *‘I1f the dryness of fire,” he said
““be conquered by the moistness of water, air [steam] will
result: if the heat of air be vanquished by the cold of earth,
water will be produced [dew or frost]: if the moistness of
water be overpowered by the dryness of fire, earth will result
[residue left on evaporating ordinary water].”

The diagram given on p. 4, which is a facsimile from an old
alchemical treatise,? represents these ideas symbolically.

It is easy to see that many ordinary occurrences,lent colour
to these views, if indeed they did not originate them. For
instance, the production of clouds, and eventually of rain,
might appear as the transformation of air into water: while
the evaporation of water might readily be taken for the reverse
metamorphosis. A lightning flash might be interpreted as the

1 Born about 384 B.C.
3 « Pretiosa Margarita Novella,” etc, 1656 A.D.

B 2
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conversion of air into fire, and the solid residue which remains
when ordinary water is evaporated to dryness would appear
to originate from the water.

It might have been anticipated that when the art of
experiment had made some progress, these ideas would have

F1a. 1.—Symbolic representation of the four elements.

been quick.ly dispelled, but such was not the case. Thus Van
Helmont, who lived in the sixteenth century, believed with
Thules that water was the fundamental element, and he brought
forward very specious arguments, and what appeared to be
very convincing experiments in favour of his opinion, drawn
both from the vegetable and animal kingdoms.

For instance, he planted a willow in a weighed quantity
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of earth (which was dry when weighed), and during five years
supplied it with rain or distilled water only. Weighing the
willow both at the time of planting and at the end of the five
years, he found that it had increased by 164 lbs., irrespective
of the weight of the leaves it had shed.

‘“ This and several other experiments, which it is needless to state,
satisfied him that all vegetable substances are produced from water
alone. He takes it for granted that fish live (ultimately at least)
on water alone, but they cqntain almost all the peculiar substances
that exist in the ayimal kingdom. Hence he concludes that animal
substances are derived also from pure water.” !

There can be little, if any doubt, that the Aristotelian
philosophy, which throughout the Middle Ages was acknow-
ledged to be the highest expression of scientific truth, gave
origin to the fundamental doctrine of alchemy, namely that it
is possible to change one metal into another.

For if such prodigious metamorphoses can be accomplished
as the conversion of fire into the air, air into water, water
into earth, etc., how much more readily ought one metal be
capable of passing into an entirely similar substance such as
another metal ?

The alchemists therefore sought for some medium to effect
the conversion of a ‘ base' metal, such as lead or tin, into a
“noble ” metal, such as silver or gold, and they called this
substance the “ Philosopher’s Stone.”

Geber,? one of the earliest of the alchemists proper, and one
of the most celebrated also, was of the opinion that all metals
are composed of two principles, viz., sulphur and mercury ;
and that the differences in the metals are partly due to the
relative proportions of these two principles and partly to the
purity or the reverse of the latter. He supposed that the

1 « Thomson's History of Chemistry.”

2 Yeber-Abou-Moussah-Djafer al Soli (to give him his full title), an Arab of
the eighth century.
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noble metals contained very pure mercury,and as a conse-
quence that they are unchanged by heat, while the base
metals contain so much sulphur that they lose their metallic
qualities when calcined.

From the available evidence, it seems probable that the
alchemical idea originated in Egypt, but the time of its
birth is shrouded in obseurity.  °

According to Kopp! the word “ ehemia” first occurs in
writings of the fifth century.

The following passage is found irr the lexicon of Suidas, a
Greek writer of the eleventh century :—

“Chemia, the preparation of silver and gold. The books on it
were sought out by Diocletian and burnt, on account of the new
attempts made by the Egyptians against him. He treated them
with cruelty and harshness, as he sought out the books written®ny
the ancients on the chemistry of gold and silver and burnt them.
His object was to prevent the Egyptians from becoming rich by the
knowledge of this art, lest emboldend by abundance of wealth, they
might be induced to resist the Romans.”

With the progress of time, and no doubt owing to the
discovery of the therapeutic action of some of the metallic
salts which were prepared for the first time, such as Glauber’s
salt (sodium sulphate), the compounds of antimony, etc.,
chemistry assumed a new direction, to a considerable extent
owing to the influence of Paracelsus (a man in other ways
of contemptible character), namely, the preparation of and
search for chemical medicines, so that we now find alchemy
passing intq what has been called ‘ Iatro-chemistry.”

Robert Boyle? altogether combated the Aristotelian and
alchemical doctrines regarding the chemical elements, and
witht him commenced a new era in chemical science.

“In his ‘Sceptical Chymist,” he upholds the view that it is not
possible, as had been hitherto supposed, to state at once the exact

1 « Beitriige zur Geschichte der Chemie.”
2 Born at Youghal, in Ireland, in 1627.



THE OLDER CHEMISTRY 7

number of the elements: that on the contrary, all bodies are to
be considered as elements which are themselves not capable of
further separation, but which can be obtained from a combined
body, and out of which the compound can be prepared. Thus he
states, ‘that it may be as yet doubted whether or no there be
any determinate number of elements ; or, if you please, whether or
no, all compound bodies do consist of the same number of elementary
ingredients or material principles.’ ”

Boyle, it is clear, was the first to grasp the idea of the
distinction between an %tlementary and a compound body,
the latter being” a more complicated substance, produced
by the union of two or more simple bodies and differing
altogether from these in their properties. He also held that
chemical combination consists of an approximation of the
smallest particles of matter, and that a decomposition takes
place when a third body is present, capable of exerting on
the particles of the one element a greater attraction than the
particles of the other element with which it is combined.

More, however, than for his views on the nature of the
elements is science indebted to Boyle, who first felt and
taught that chemistry was not to be the handmaid of any
art or profession, but that it formed an essential part of the
great study of nature, and who showed that from this indepen-
dent point of view alone could the science attain to vigorous
growth. He was, in fact, the first true scientific chemist, and
with him we may date a new era for our science when the
highest aim of chemical research was acknowledged to be
that which it is still upheld to be, viz., the simple advancement
of natural knowledge.!

The theory of phlogiston is of dual interest in the history
of chemistry, for, on the one hand, it has been regarded as
the first rational theory introduced into the science, while on
the other, the conclusive experiments by Lavoisier, which

1 Roscoe and Schorlemmer, * Treatise on Chemistry.”
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finally caused its overthrow, led also to the establishment of
one of the most fundamental doctrines in the whole range of
physical science, namely that of the conservation or inde-
structibility of matter.

This theory dealt with the phenomena of combustion, one
of the commonest and most striking of all chemical actions.

First propounded by Beccher (1625—1682) and later
developed by Stahl (1660—1734)y its essence was the
assimilation or rejection of a substance which, was not exactly
fire itself but the matter or privciple of fire (Materia aut
principia ignis non ipse ignis). When a combustible burns,
it loses its phlogistorf. In order to reproduce the substance,
phlogiston must be added to the residue left on gombustion.
In other words, combustible bodies are compounds. Thus:—

Combustible = Calx + Phlogiston.

There was undoubtedly a certain amount of plausibility
in the theory of phlogiston, and it really has a basis of gblid
truth in it, but for the moment let us glance at some of the
experimental evidence brought forward in support of it.

Také this case. Lead when heated smoulders into an ash
or calx. Charcoal when burnt leaves a mere trace of ash.
Therefore if not phlogiston itself, charcoal is at least very rich
in it.

Now heat the calx of lead with charcoal and metallic lead is
reproduced.

A fundamental difficulty in the theory of phlogiston soon
became manifest. For it was found that the calx of a com-
bustible is heavier than the combustible itself. But people
obsgssed, so to speak, by a theory are like people afflicted
with an incurable disease. The one will not, and the other
cannot part with the trouble. The believers in the theory of
phlogiston got out of the difficulty just mentioned by suppos-
ing that either the metal became more dense, which, in the
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opinion of some, would produce an increase in weight, or by
the absorption of fiery particles, or again by endowing phlogis-
ton with the property of negative weight.

It sometimes happens that men are, so to speak, born before
their time, and that the state of knowledge in their day is not
sufficiently advanced for the existing race to be able to
appreciate their theories or discoveries. Such was the case
with Jean Rey, Hooke, ard especially Mayow. All three had
studied combustion independently, and the explanation which
the first two gave of the phunomenon was partially correct. But
Mayow’s exnlanation was correct in all essential particulars.

Hooke had pointed out the similarity of the actions pro-
duced by air and by nitre or saltpetre, as regards combustion,
and he concluded that the phenomenon is caused by that
constituent of the air which is fixed in saltpetre. Mayow
developed this theory and clearly showed experimentally that
air contains an active and an inactive constituent—the
active constituent being what he called Spiritus Nitro-Aereus—
and that it is absorbed in both combustion and respiration
which processes he considered to be analogous. He also
distinctly stated that the increase in the weight of a metallic
calx is caused by the metal absorbing the spiritus, our
oxygen, which, however, he failed to isolate.

When Mayow died Stahl was only nineteen, and it is
really remarkable that while the former gave in the main the
correct explanation of combustion, to which scarcely any
attention was paid, the latter gave an incorrect explanation
which created a deep impression lasting for nearly a century.

In 1774 Priestley ! discovered oxygen, but it was reserved
for Lavoisier to utilise that discovery (which he unjustly
claimed as his own) in the complete overthrow of the
phlogiston theory. Lavoisier ? showed in 1770 that water is

1 Born 1733.
2 Born 1743.
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not converted into earth when evaporated, a common belief at
the time, which he accomplished by the careful use of the
balance, an instrument which chemists had much neglected
before his time.

“When he became acquainted with the novel and unexpected
discoveries of Black (carbonic anhydride), Priestley (oxygen), and
Cavendish (composition of water), a new light burst on his mind, and
he threw himself instantly with fresh ardour into the study of
specially chemical phenomena. He saw at once that the old theory
was incapable of explaining the facts of combusgion, and by the help
of his own experiments, as well as by making use of the experiments
of others, he succeeded in finding the correct exp]mmtlon, destroying
for ever the theory of phloglston and rendering his name illustrious
as having placed the scieuce of chemistry on its true begsis.” !

: *

Lavoisier’s investigations regarding the nature of combus-
tion began about 1772, and it would be impossible in a book
of this kind to attempt more than a summary of his purely
chemical work.

Perhaps the greatest of his services was his insistence on
the use of the balance, by which he established (1) the great
law of the indestructibility of matter (though it may be
doubted if it was fully realised at the time). Then (2) he gave,
with abundant experimental proofs, the true explanation of the
phenomena of combustion.

It is the oxygen of the air (or active principle) which is
operative—sometimes giving invisible products like steam and
carbonic anhydride (which would escape detection without
special precautions), at others giving visible products like
metallic calces and phosphoric anhydride, the oxygen content
of<which explains the excess of weight over that of the original
combustible.

(Here, however, he made & somewhat curious mistake, for

1 Roscoe and Schorlemmer, “ Treatise on Chemistry.”
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he it was who gave oxygen that name, literally *acid
producer,” whereas the oxides of metals are as a class
bases).

In giving the true explanation of combustion, Lavoisier (3)
finally overthrew the theory of phlogiston—at least from the
material point of view.

Undoubtedly Lavoisier was one of the giants ef science, and
his output of work in the twenty years during which his
labours lasted was prodigioys.

But giants have pheir weaknesses, and Lavoisier’s failing
was that he, largely ignored the work of others and was
inclined to take the credit for their discoveries to himself.

Thus he never mentions the theories of Rey, Hooke, and
Mayow regaf‘ding combustion—so closely approximating his
own®™-though he must have known of them. Again, Priestley
told him during a visit he paid to Paris of his discovery of
oxygen. He ignored Black’s work on carbonic anhydride, and
also to a considerable extent Cavendish’s classic researches on
the composition of water.

If he erred—and there can apparently be no question that he
did do so—a terrible fate awaited him, quite unconnected with
his scientific career. ‘ I'or he was accused,” during the
horrors of the dictatorship of Robespierre in the French
Revolution, “along with other farmers general, of defrauding
the revenue . . . and on May 8th, 1794, was guillotined at
the age of 51.”!

During practically the whole of the nineteenth century, the
ideas of Boyle and Lavoisier were accepted as to the nature of
matter, namely, that it is indestructible and uncreatable, and
that a certain number of elements or undecomposable bodf&s
exist which by their union with each other give rise to all
known substances. The number of these elements increased

1 Roscoe and Schorlemmer, loc. eit,
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with the progress of time and discovery, as the following table
will show :—

1784, Bergmann : The idea of elements not adopted.

1793. Lavoisier: Mentions 22 elements now recognised as such,
together with light and heat ; also potash, soda, ammonia,
lime, barytes, magnesia, alumina, and silica.

1810. Thomas Thomson: 33 elements now recognised as such, and
besides these “ muriatic acid ” and “nicolanum.”

1830. Turner: 54 elements; also ‘ pluranium.”

1850. Graham : 56 elements. ]

1902. International Atomic Weight table:! 78 elements.

1906. » K3 7 13 78 i)
1907~ ikl ”» 1 ” 80 b2}
1913, ”» " ” " 83 ”» 2

The nineteenth century was remarkable for the resuls of
investigations on the second of the two quantities, which
together constitute the physical universe, this being energy,
while the first is, of course, matter.

Now without giving a detailed history of the views which
have been held as to the nature of energy from time to time,
a brief general statement may be made.

The idea that heat is a form of matter—a fluid, or at least
of the nature of a fluidl—was long maintained, and light,
electricity, and magnetism were also believed to be of a similar
nature.

It is remarkable, however, that Bacon (Lord Verulam)
believed heat to be identical with motion (hammering iron
until it b8comes red hot).

Rumford in 1798 showed that heat is generated by
friction.

1 The numbers of elements given for this and the succeeding years in these
tables are those the atomic weights of which have been determined with
certainty ; others such as Celtium and the ‘ transient ” elements of the radio-

active series (see pp. 77,169—171) with the exception of Niton, are not included.
.2 See p. 41 for this table.
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H. Davy in 1799 melted ice by friction with itself, and in
1812 enunciated the proposition :—

“ The immediate cause of the phenomenon of heat, then, is motion,
and the laws of its communication are precisely the same as the laws
of the communication of motion.”

But the establishment of the laws or doctrines of the con-
servation of energy and of its transformations is due to Joule?!
(1840—1848).

In 1840 he published his’observations on the heat produced
by electric currents under various circumstances, from which
he came to ‘the conclusion that there was a relationship
between the heat produced and the quantity of zinc consumed
in the battery.

Then he measured the amount of work required in a

1 In the majority, probably, of the great discoveries which have been made,
several individuals have taken part, and it is often a matter of controversy as to
which of them deserves most of the credit. Such appears to be the case with the
doctrine of the conservation of energy.

Thus according to the late Professor Tait (** Recent Advances in Physical
Science,” 1876), Newton’s second interpretation of his third law of motion
shows him ** to have been in possession of many of the principal facts of the
conservation and transformation of energy.” And Tait then goes on to say that
had Newton known that whenever work is spent against friction the amount of
heat produced is proportional to the amount of work producing it, * he would
have had no difticulty whatever . . . in passing to the modern statement of
the conservation of cnergy.”

Seguin, a nephew of Montgolfier, says that he got from his uncle the idea that
heat is certainly not matter, but corresponds with a certain kind of energy ; and
he also says that he had made various experiments with a steam engine in order
to test whether the same quantity of heat reached the condenser as had left the
boiler, but he was unfortunately unsuccessful in all his experiments.

Colding, of Copenhagen, a contemporary of Joule, independently came to the
conclusion that * Force is imperishable and immortal, and therefore when and
wherever force seems to vanish in performing certain mechanical, chemical or
other work, the force then merely undergoes a transformation and yeappears in
a new form, but of the original amount as an active force.” According to Tait,
Colding began by being metaphysical, and his “ metaphysics led him to form
certain opinions, but before publishing one of them, he set to work and
laboriously brought it to the test of fact. . . . Colding’s work is by no means
s0 extensive as Joule’s. It is very nearly simultaneous with it, but it is neit#er
80 exact nor so extensive.”

To J. R. Meyer (1842) is frequently ascribed the merit of the discovery (of the
doctrine of the conservation of energy), and especially on the Continent, but his
arguments, as well as his claims to priority, and also his experimental methods,
have been sharply criticised by his contemporaries Colding and Joule, and also
by the late Lord Kelvin and Professor Tait.
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magneto-electric machine to generate a given amount of
electric current which in its turn may be converted into heat.

Next he directly determined the quantitative relationship
between heat and work and expressed it as the ‘ Mechanical
Equivalent of Heat.”

He also showed that light had a mechanical value.

In fact, by his grand though really simple experiments he
conclusively demonstrated that conservation holds for every
form of energy, and therefore that all physical phenomena
consist in mere transformations of energy, and that a definite
quantitative relationship exists between them. Joule therefore
to a large extent did the same service for energy as Lavoisier
had done for matter.

It may be of interest to give the values of some of these
units and their relations to each other :

HearT. MECHANICAL ENERGY. ELECTRICAL ENERGY.
~ A aY - N
Electro-chem. Electro-chem.
Calories. Volt Equivalent  Equivalent
(16°C.) Grm. cms. Ergs. Joules. Coulombs. of Hydrogen. (modified).

1-0000 = 4:272 x 104= 4:1908 x 107 = 41908 = 41908 = 0:000433 = 0-0004375
02386 = 1'0194 x 104= 1000 x 107 = 10000 = 1-:0000 = 0-000104 = 0-0001045
23,036 = 9-841 x 108= 9654 x 101= 96540 = 96540 = 1-000

22,837 = 9765 X 108= 9570 x 101= 95700 = 95700 = = 1000

[Calculation from the most recent electro-chemical equivalent
of silver (0°001188) and the accepted Atomic Wt. of Hydrogen
(1-008) gives the modified values shown in the seventh column
and the bottom row. Recent determinations of the value of
the mechanical equivalent of the 20°C calorie have fixed it
at 4185 X 107 ergs. The 15°C calorie is about 1 part in 1000
greater than the 20°C value.] -

~The doctrine of the * dissipation” or ‘ degradation” of
energy, first enunciated by the late Lord Kelvin, deserves
mention, although, as will be shown further on, there are
reasons to doubt the ultimate inference which has been drawn
from it.
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It may be stated somewhat as follows.

Whenever (under ordinary conditions) a transformation of
energy takes place, there is a tendency to ‘“run down the
scale,” that is to say, the quantity being unaltered, the quality
becomes deteriorated, or the availability becomes less.

Take the case of heat for example. Its availability depends
upon differences of temperature, say between that of the
burning fuel on the one hand and that of the condenser on
the other, in a steam engine. Suppose now that we have all
the heat from a given weight of coal collected in, say, a ton of
water at ordinary temperatures; it would be extremely
difficult, if not impossible, with any modern appliance to get
any work out of it.

““ As long a; there are changes going on in Nature, the energy of
the finiverse is getting lower and lower in the scale, and you can see
at once what its ultimate form must be, so far at all events as our

knowledge yet extends. Its ultimate form must be that of heat so
diffused as to give all bodies the same temperature.”!

Energy and matter, as we have seen, resemble each other
in the fact that neither of them can be created nor destroyed,
or, in other words, that the universe is endowed, and, so far as
our knowledge goes, has always been endowed, with a fixed
quantity of each. The different forms of energy can be trans-
formed into each other. Now, is it possible that our so-called
elements are also transformable into each other, and that they
are merely complexes of some primordial form of matter ? If
this were established it would greatly simplify our conceptions
of the two fundamentals of our universe.

Striking evidence in favour of the view that our elements
are compounds of a common constituent will be given in sub-
sequent chapters. Meanwhile this section may be concluded
with two observations.

First, the theory of phlogiston had a real and important

1 Tait, loc. cit.
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sub-stratum of truth in it, though not in relation to matter.
Some pages back the following formula was given as expressing
the fundamental idea of the theory of phlogiston :—

Combustible = Calx + Phlogiston.

If we substitute energy for phlogiston in that equation, it
becomes an absolutely correct expression, thus :—

Combustible == Calx + Energy.

This is indeed simply a modificatipn of our Jpresent thermo-
chemical equations, for example :—

Pb 4+ O = PbO + 508 K.

Which may be said to have two interpretations, viz.:—

(1) That when 207 grams of metallic lead (¥b) combine
with 16 grams of oxygen (0), energy in the form of heal is
evolved, equal to 508 larger calories (= 5,080 smaller calories)
(see page 14), or

(2) In order to reverse the reaction (that is to obtain 207
grams of lead and 16 grams of oxygen from 223 grams of
lead oxide) energy to the same extent must be absorbed.

Second :—

(1) The past few years have seen a revival of the alchemical
idea on a sound scientific basis.

(2) A modern view of electricity is that it is of a materialistic
nature.

In this way we have some old ideas revived.



CHAPTER 1I
THE OLDER CHEMISTRY

THE ATOMIC THEORY AND ATOMIC WEIGHTS

Tue question whether a piece of anything is capable of
only finite or ®f iuﬁnitetsubdivision must have presented
itself to mankind when their intelligence had reached a certain
stage of development, and it is interesting to note that the
former view was adopted and not the latter; also that this
question as to the divisibility of matter formed a subject of
speculation more than twenty-three centuries ago.

It has been asserted that the ancient Hindus conceived the
idea of atoms or indivisible particles before the Greeks, but
the first positive statements regarding this idea, it is usually
asserted, originated with the latter, and are to be found in the
writings of the two philosophers, Leucippos and Democritos!
(about 460 B.c.). The former held the view that the world was
produced by the falling together of atoms which are the
principles of things and are endowed with spontaneous
movements of a rotatory nature.

The latter extended this theory, maintaining that the
prineiples of things are not only atoms but include a vacuum
also.

Atoms are invisible because of their minuteness, indivisible
by reason of their solidity, impenetrable, unalterable and

1 It should, however, be mentioned that an earlier philosopher of the same
nation, Anaxagoras of Klazomena (500 B.c.) taught that the primitive consti-
tuents of things are small particles which he called komaomerice, that is like
~parts, and that these were arranged in order out of chaos by an intelligence or
nous, the chaos consisting of all sorts of particles, while the nous sorted them
out into similar sets by a centrifugal movement. These ideas probably
influenced Leucippos and Democritos in their speculations

C.O.N. [o]
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infinite in number. They differ from each other in size,
shape and weight, are actuated by fate or necessity, and
possess an oblique movement in the vacuum causing those
of like nature to collide and group themselves together, by
which means all things have been formed.

The vacuum is also infinite in magnitude, and is necessary,
otherwise the atoms could not move.

While the atomic theory of matter was no doubt not for-
gotten, it remained in abeyance for many centuries, no doubt
for want of any definite evidence in ‘its favour. It is true that
certain writers made it a part of their systems during the
middle ages, and Descartes adopted it in a modified form.

As at first propounded, it had, however, no experimental
basis, nor indeed any positive evidence in its Javour, and
remained for many centuries merely an hypothesis. There-
fore it may be said that when Dalton, early in the last century,
came to the conclusion that the quantitative facts relating to
the combination of elementary substances like hydrogen and
oxygen were associated with the weights of the ultimate
particles of those substances or atoms, he did an immense
service for chemistry, and laid the foundation stone of at least
a century’s advance in the subject.

“In all chemical investigations,” he says,! “it has justly
been considered an important object to ascertain the relative
weights of the simples which constitute a compound. But
unfortunately the inquiry has terminated here ; whereas from
the relative weights in the mass, the relative weights of the
ultimate particles or atoms might have been inferred—from
which their number and weights in various other compounds
would appear, in order to assist and to guide future investiga-
tions, and to correct their results.

“ Now it is one great object of this work to show the import
and advantage of ascertaining the relative weights of the

e A New System of Chemical Philosophy,” John Dalton, 1808,
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ultimate particles both of simple and compound bodies, the
number of simple and elementary particles which constitute
one compound particle, and the number of less compound
particles which enter into the formation of one more compound
particle.”

Thus if one particle of water consists of two smaller particles,
one being hydrogen and the other oxygen, then as 1 part by
weight of the former combines with 8 parts by weight of the
latter (or, as Dalton believed 6°5), their respective atomic
weights are ag 1: 8 (or as 1: 6°5).

The great mistake I)alton made was in laying down arbitrary
rules—which were by no means justified—as to the numbers
of atoms present in the compound particle, or * molecule,” as
we now cal! it.

‘These rules were as follow :—

1 atom A 4+ 1 atom B =1 atom C = a binary  particle.

1, A+2 ,, B=1 , D=aternary v
2 ,, A4+1 ,, B=1 , E=a . ”
1 ,, A+3 ,, B=1 ,, F=aquaternary ,,
3, A+1 ,, B=1 , G=a ” ’

“ When one compound can be obtained only it must be presumed
to be binary.

“ When two, they must be presumed to be binary and ternary.

“ When three, one we may expect to be binary and two ternary.

“When four combinations arc observed we should expect one
binary, two ternary, and one quaternary, etc.”

“ From the application of these rules to the chemical facts already
ascertained we deduce the following conclusions :—

“First, water is a binary compound of hydrogen and oxygen, and
the relative weights of the two elementary atoms are as 1 : 7 nearly.

“Second, that ammonia is a binary compound of hydrogen and
azote, and that the relative weights of the two atoms are as1 :95
nearly.

“1n all these cases the weights are expressed in atoms of hydrogen,
each of which is denoted by unity.” !

1 Dalton, loc. cit.
cg
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The arbitrariness of these so-called rules was pointed out at
the time ; nevertheless, one of Dalton’s main ideas, as expressed
in the words of his quoted above, is still our chief guide to
exact atomic weight determinations in all ordinary cases,
viz, :—

“From the relative weights in the mass (of the compound) the

relative weights of the ultimate particles of the bodies or atoms
(z.e. of the constituents) might have been inferred.”

This we now express by saying that the equivalent of an
element is related in an exact arithinetical ratio to its atomic
weight.

Just a word as to the exact meaning of the term
“ equivalent.”

Dalton, as we have seen, fixed on hydrogen as the standard
of atomic weights ; and for some time his example was followed,
although hydrogen forms but few compounds, so that but few
direct ratios could be observed. On the other hand, oxygen
combines with most elements, so that many ratios between the
weights of elements and the weights of oxygen in their oxides
can be directly determined, and Berzelius referred atomic
weights to oxygen = 100.

Two standards were published by the International Atomic
Weight Commission up to 1905,' viz. :—

H=1. 0 =1588.
H = 1-008. 0 =16.

An equivalent may be based on either of these standards and
be defined thus :—

(a) The weight of an element combining witk, or displacing,
1 part of hydrogen, or 7'94 of oxygen, or (b) the weight of an
element combining with 8 parts of oxygen, or combining with
or displacing 1008 of hydrogen.

1 In the annual table, since published by the Commission, only the second
standard (0 = 16) is adopted.
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The atomic weight is always some exact power of the
equivalent. Thus:—
Equivalent of an element = 9. (0= 16.)

Formula
Eqt. Factor At. Wt. of Oxide.
9 X 1 = 9 EQO.
9 X 2 = 18 EO.
9 hod 3 = 27 Ezos.
9 X 4 = 36 EOQ.
and so on.

We shall return to the subject of equivalents in relation to
exactness of their determination presently.

Meanwhlle we may take a general survey of the other
methods for determining atomic weights.

Gay-Lussac’s Law of Atomic Volumes.—When Gay-Lussac
propounded this law he had the advantage of knowing Boyle’s
Law; he had discovered ! the law of the behaviour of gases
under alterations of temperature, and he was therefore able to
realise that in comparing the volumes of different gases they
must be measured under similar conditions of temperature
and pressure.

In 1805 Gay-Lussac and Humboldt announced that, so
far as they could ascertain under such conditions, exactly
2 volumes of hydrogen combine with 1 volume of oxygen.
And in 1808 Gay-Lussac made the further discovery that
other gases combine in simple volumetric proportions—always
provided that temperature and pressure are equal and in addi-
tion to this, he also found that the volumes of the products

! Dalton in 1802 published six papers in the ** Memoirs of the Literary and
Scientific Society of Manchester,” and in the last of these, according to Thomson,
Dalton showed *that all elastic fluids expand the same quantity by the same
addition of heat, and this expansion i8 gdzth part for every degree of
Fahrenheit's thermometer ” (Thomas Thomson : * A History of Chemistry ™).
The discovery of the law is also attributed to Charles. It is a curious

coincidence that as regards most of the laws relating to the physical behaviour
of gases, more than one claimant contests the discovery.
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of the reacting gases bore a simple relation to those of these
latter. Thus he found that :—

2 vols. carbonic oxide + 1 vol. oxygen = 2 vols. carbonic anhydride.

2 ,, nitrogen + v = ,,  nitrous oxide.
1 vol. s + ' = .,  nitric .
3 vols. hydrogen + ,, nitrogen =,  ammonia,

Also he further observed that the weights of these volumes
bore simple relationships to the combining weights of the
several gases, and eventually came tp the conclusion that the
weights of equal volumes of gascs at the same t‘mnpcrature and
pressure are proportional to their atomic weights, or if hydrogen
18 taken as unity, both as regards the atomic weights and the
specific gravities of gases, that the latter are identical with their
atomic weights.

It has been stated! that Dalton had also thought of this
law, and before Gay-Lussac, but came to the conclusion that
it was erroneous, because 1 volume of nitrogen (r atoms) -+
1 volume of oxygen (r atoms) give 2 volumes of nitric oxide
(2z atoms), instead of 1 volume = 1 atomn (or molecule, as we
now term it).

In 1811 Avogadro? introduced his well-known law, which
was a much wider and more comprehensive generalisation than
Gay-Lussac’s law.

Avogadro’s law states that equal volumes of gases under the
game conditions of temperature and pressure contain the same
number of molecules, which he called molécules integrantes, and
not necessarily the same number of atoms, which he termed
molécules elementaires.

The weights of these equal volumes are then proportional
to molecular weights, but as hydrogen happens to have a
diatomic molecule, Gay-Lussac’'s law is true for all volatile
elements having similarly constituted molecules, such as

! Ladenburg, “ Entwickclungsgeschichte der Chemie,” 1869, pp. 62, 63.

2 Journ. de Phys., par De la Métherie, t. 73, Juillet, 1811, pp. 58-76 ; ibid.,
Februaire, 1814,
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oxygen, the halogens, etec. This being the case, it is some-
what remarkable that the atomic weight of oxygen remained
8 until 18438, when it was doubled (along with that of carbon.
= 6) at Gerhardt’s suggestion.!

Application of Avogadro’s law to the determination of atomic
weights.

From the relationship :—

Molecular weight
2

Sp. Gr. of gas or.vapour =

we can, in g number of cases, ascertain the molecular weights
of the individual members of a series of compounds of a given
element, m']d we take as the atomic weight of the element the
smallest quantity of it found in any of these molecules. Thus
for oxygen :—

Specifie gravity o
Componn. O eitar A ieentir et
weight,

Carbon monoxide 28-00 Oxygen = 16, Carbon = 12:00

" dioxide . 44-00 o =392, . = 12:00
Sulphur ,, . 6407 « == 32, Sulphur = 32:07

" trioxide. 8007 . =48, - = 32:07
Water . . 183:016 + == 16, Hvdrogen = 2-016
Nitric oxide . 30-01 » == 16, Nitrogen = 14-01

Therefore 0 = 16.

(This method in exceptional cases may lead to erroneous
conclusions. Thus the smallest quantity of aluminum found
in the molecules of its inorganic compounds = 542, while
Al = 271.)

Dulong and Petit's Law.—In the year 1819 Dulong and

U Journ. f. Prac. Chem., XXVIL,, p. 439; Annales d. Chim. et d. Phys.
(3) VIL, p. 129; VIIIL,, p. 238.
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Petit! made careful determinations of the specific heats of the
following thirteen elements :—

Bi, Pb, Au, Pt, Sn, Ag, Zn, Fe, Cu, Ni, Co, 8, Te,

and found that the products of these specific heats with the
corresponding atomic weights was a constant number.

They also pointed out that this was probably a general law,
and might be employed in atomic weight determinations.

As the specific heat of a body is the amount of heat required
to raise the temperature of unit weight 1° C., the product of
specific heat and atomic weight is obviously the quantity of
heat required to raise the temperature of an atomic weight of
an element 1° C., or in other words Dulong and Petit’s law
states that all atoms have the same heat capacity.‘

It has been found that in round numbers this capacity or
“atomic heat ” is about 6°4,2 whence it follows that

S 64
Atomic weight = Specific heat’

A concrete example will illustrate the use of the method:
thus the specific heat of aluminum is 0°214 (Regnault), whence
its atomic weight, according to the law in question, is

64
0914 = 299,

The equivalent of the metal is 9:033, whence its true atomic

weight is
9088 X 8 = 27099 (O = 16).

It will be seen from this example that Dulong and Petit’s
law is only an approximation, and indeed it was soon found
that the specific heat of an element is often a variable
quantity, growing in general with the temperature at which
it is determined, and varying with the condition of the

L Annales d. Chim. et. d. Phys., X., p. 395.
3 The figure 6:25 is sometimes given instead.



THE OLDER CHEMISTRY 25

element, if the latter is capable of existing in more than one
modification.
The following are some of the results for carbon! : —

|
Condition. "Temperature °C. Specitic Heat. E };;c“'::f 35?::.?
Diamond — 505 0064 | 077
, + 107 0113 136
; ) o 206°1 0273 398
. + 606-7 0-441 529
) . + 9850 0459 551
Graphite. . — 503 0114 1-37
.. + 613 0199 239
’ + 2016 0297 3:566
v . + 977:0 0-467 560
Charcoal. 0to + 992 0194 2-33
» 0to + 2336 0239 2-87

The greatest exceptions to Dulong and Petit's law occur
among the non-metallic elements, and Nernst? gives the
following :—

Specific Heat x

Element. ‘ Atomic Weight.
Carbon . ' 18
Hydrogen . 23
Boron 2-7
Beryllium . 37
Silicon j 3-8
Oxygen . . A 4-0
Phosphorus . o 54
Sulphur . . 54
Germanium . l 55

On the other hand, the fewest exceptions to the law are to

1 Remsen : “ Principles of Theoretical Chemistry ” (4th edit., p. 73).
2 W. Nernst : “ Theoretical Chemistry.” Translated by C. S. Palmer, 1893,
p. 164.
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be found among the elements with high atomic weights and
especially the metals.

The investigations of Neuman (1831), Regnault (1840), and
especially of Kopp! (1878) led to an extension of the law of
specific heats to compounds, and showed that in the latter the
different atoms retain their heat capacities, or, in other words,
that molecular heat depends on the number of atoms present,
thus :—

n X 64 = moleeular heat.,
Where n = number of atoms in the compound.
The following examples may be given :—

Molecular Heat.
Substance. s e—
Calculated (n x 6:4). Observed.
PbS . 128 19:7
PbCl, . 19-2 185
CoAs, . 19-2 192
NaCl . 128 125

Specific heat thus appears to be an “ additive property "—
that is to say one depending entirely upon the number of
atoms present and a function of each, the latter in this case
being the same for all metallic atoms.

When all’ the atoms are not metallic or have a different
atomic heat from 64, the special values for the atomic heats
may be utilised in the calculation. Thus the specific heat of
ice is 0°474, and therefore its molecular heat 18 X 0474 =
8'532. While the molecular heat calculated from the figures
given above is

2 X 23 (Hg) + 4 (0) = 8°6.

Again, the molecular heat of calcium carbonate as deter-

mined experimentally is 20°4, while the calculated figure is
64 (Ca) + 18(C) + 3 X 4 (0) = 202.
! Liebig’s “ Annalen.” Supplement, Band 3, p. 1, 289 (1864).

-



THE OLDER CHEMISTRY 27

From the molecular heat of a compound the heat of a
constituent atom may be calculated.

Thus if the atomic heat of lead (6'4) be subtracted from the
molecular heat of lead chloride, the remainder corresponds
with twice the atomic heat of solid chlorine, thus :(—

PbCly — Pb = Cl,. And %1—“ — (L

185 — 64 = 121. And %’l — 605.
Similarly
NaCl — Na = CL
128 — 64 = 6-4.

And it is thus possible not only to arrive at specific or
atomic heats which would be difficult to determine directly,
but also to calculate atomic weights. Thus, from the above,
the mean specific heat for chlorine is 0-176 and

64

0776 = 36°3.

The Law of Isomorphism (Mitscherlich, 1819—1820).—
Before considering this law, the following historical particulars
may be given. .

Hauy! regarded crystalline form (Grundyestalt) as an impor-
tant aid in determining the nature of a substance, differences
in crystalline form indicating differences in composition, a
proposition which Berthollet? combated.  Gay-Lussac®
noticed in 1816 that erystals of potash alum grow in a solution
of ammonia alum, without changing their form.

Interesting observations were made in this direction by
Beudant.*

< Traité de Mineralogie.™

2 «Statique Chimique,” 1. 433.

3 Kopp : “Geschichte der Chemie,” IT. 406.

¢ Annales d. Chim. et d. Phys., 1V, 725 VIL, 399; VLI, §; XIV,, 326.
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Gehlen! maintained that he had succeeded in obtaining
crystals of sodium nitrate in the form of potassium nitrate.

Mitscherlich’s discovery of isomorphism originated in an
observation which he made, that corresponding salts of phos-
phoric and arsenic acids crystallised in precisely the same
form, and in 18192 expressed himself as follows :—

“ A similar number of atoms similarly combined produces similar
crystalline forms. The similarity in crystalline form is independent
of the chemical nature of the atoms and is conditioned only by their
number and arrangement.”

The law as thus stated is by no means true: thus BaMnyOs,
NagSO0,, and NaySeOy crystallise in the same form, although
the first obviously contains a larger number of atoms than the
other two. And again, salts of ammonium are isomorphous
with the corresponding salts of potassium.

Mitscherlich observed that truly isomorphous bodies are
such as crystallise together from the same solution, and
at the present time isomorphous substances are generally
defined as (1) having a similar composition, (2) erystallising in
the same form, and (3) crystallising together from a mixed
solution.

In employing this law for the purpose of atomic weight
determinations that amount of a given element is taken as its
atomic weight which may be regarded as replacing an atomic
weight of another element (the atomic weight of which is
known) in a given compound without changing the crystalline
form of the latter. A couple of examples will illustrate the
application of the method.

(1) The equivalent of a certain element is 12°025 and its
oxide is isomorphous with cassiterite. Now the latter has the
formula SnO; and contains four equivalents of tetrad tin or

¥ Schweigger : Journ. der Chem. u. Phys., XV ., 383, Anmerk.

2 Abhandl. d. Berl. Akad., December 9, 1819; Ann. Chim. et d. Phys.,
XIV., 172.
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118 parts by weight united to 82 parts by weight of oxygen ;
therefore the atomic weight of the element in question
(titanium) is :

12025 X 4 =481,
or crystallised titanic oxide may be considered as resulting
from the replacement of an atomic weight of tin by 481 parts
of titanium.

(2) The correction of the atomic weight of vanadium by
Roscoe in 1868! is perhaps the most classic example of the
services of the method.

Berzelius in 1831% had fixed the atomic weight of that
element at 68°5, mainly on the grounds :—

(a) That vanadic acid (or as we should now call it vanadic
anhydride) 1s “reduced by hydrogen at a red heat, and (b) that
the remaining oxide when treated with chlorine at a red
heat gives a chloride of vanadium which is volatile and a fixed
residue of the original vanadic acid, amounting to exactly one-
third of the weight of the vanadic acid originally taken. These
changes may be represented as follows :—

Berzelius (O = 8).

(1) VO; + Hy = VO + H,0,.

(2) 8 VO + Clg= VO3 + 2 VCls.

Roscoe drew attention first to the fact that vanadinite, which,
in addition to vanadium, contains lead, oxygen and chlorine, is
isomorphous with pyromorphite, which he formulated as

8 (PbsPy0s) . PLCly;
and with minerals having a similar composition, such as
mimetesite 8 (PbgAsa0g) . PLCly . and apatite 8 (CasP30g) . CaCls.
With Berzelius’ atomic weight for vanadium this isomorphism
was inexplicable.

Roscoe next repeated Berzelius’ experiment of reducing

L Phil. Trans., ISGR,IE). 1. Also Chem. Sove. Journ., 1868, p. 322.
2 Pogg. Ann. Bd. XXIL, p. 1 (1831).



80 CHEMISTRY OLD AND NEW

vanadic acid (at a red heat) in a stream of hydrogen, and to a
considerable extent confirmed his quantitative results :—
Percentago loss.1
Berzelius . . . . . . 82:712
Roscoe . . . . . . . 82-487

He next contrasted his own views with those of Berzelius
(already given) as regards (1) the reduction of vanadic acid at
a red heat by hydrogen and (2) the effects of chlorine on the

residue thus :(—
Roscoe (O = 16).

(1) V05 4+ 2H, = V.0, 4 2H;0
(2) 8V305 + 6Cly = V40; + 4VOCl,.

In support of these views, he showed (a) thaé vanadic acid
(anhydride) must contain more than 3 atoms of oxygen, as
it can be formed from an oxide already containing 8 atoms
of that element, (b) that the so-called terchloride, which
Berzelius supposed was formed when chlorine is passed over
the oxide (obtained by the reduction of vanadic acid in hydro-
gen), is really an oxychloride, and (¢) that the vapour density
of the latter (86°8 obtained, 88:2 calculated if II = 1) agrees
with the formula VOCl3 if V=51'3. Lastly, with the new
atomic weight for vanadium, vanadinite has a similar formula
to pyromorphite, namely,

3 (PhsVa0s) . PbCl,,

or that it may be considered as resulting from the replacement
of 6 atoms of phosphorus in pyromorphite by 6 of vanadium,
each of the latter weighing 51°3.

The exact estimation of equivalents is, in the majority of
cases, the really important step in determining atomic weights.
For, as we have seen, the latter are simple multiples of the
equivalents. The factor is not difficult to determine as a rule,

1 Calculated from the figures given in Roscoe's 0I)aper. That Berzelius’
figure was slightly too high was due to the presence of traces of phosphorus.
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as it is & simple and deduced number, but the equivalent rests
entirely on experiments, which are often carried out under
difficult and uncertain conditions.

It may be laid down as a general rule that the determination
of the equivalent of an element rests on the quantitative
analysis or synthesis of compounds, which can be more or less
eagily obtained in the pure state. The following are some of
the chief types of methods : — :

(1) Quantitative analysis, partial, or complete, but as a rule
partial. Example: Heating calcium carbonate to obtain the
ratio COy: CaO, whence, knowing the value of C and O, that
of Ca can be deduced.

(2) Direct synthesis.—Example : The conversion of a weighed
quantity of catbon into carbonic anhydride and weighing the
latter.

) Indirect  synthesis.—Example: Reducing a weighed
quantity of oxide of copper by hydrogen and weighing the
resulting water and metallic eopper.

(1) From the densities of elements or compounds in the con-
dition of gases or vapours. — YXxample : The density of nitrogen
and of certain of its gaseous compounds led not so long ago to
a correction of the atomic weight of nitrogen, which has caused
a correction in the values of the atomic weights of several
other elements.

A more detailed description of the practical details in carry-
ing out one of these methods may next be given.

Hydrogen and oxygen (by methods 3 and 4).—Berzelius
and Dulong! first made use of this method in 1820, and
-obtained, as a mean of three experiments:—

Oxygen . . . . 8890
Hydrogen . . . 11110

100-00
U Ann. Chim, PAye., XV,, p. 386,
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from which it followed that the equivalent of oxygen was
8009 (H=1).

In 1843 Dumas repeated the determination, pointing out
the following sources of error in the experiments of Berzelius
and Dulong.

(1) Their weighings were not reduced to a vacuum. Some
idea of the magnitude of the error thus introduced will be
gathered from the fact that Berzelius and Dulong obtained
altogether 80°519 grams Pf water. With the correction
for weighing this quantity, in vacuo the amount would be
80551 grams, a by no means small correction.

(2) The hydrogen was neither quite pure nor quite dry.

(8) The quantity of water obtained should have been larger
if a high degtee of accuracy was aimed at.

(4) Certain other corrections.

The apparatus used by Dumas is reproduced as far as
possible in reduced facsimile from their original paper?! in the
figure shown on p. 32.

The hydrogen was produced by the action ‘of dilute
sulphuric acid on zine, and was purified by passing it through
a number of U tubes containing various substances for that
purpose, such as lead nitrate, silver sulphate, caustic potash
(both in solution and in the'solid state), and desiccating agents
such as sulphuric acid or phosphoric anhydride. It then
passed into the globe containing the heated copper oxide, and
finally the water produced was caught in a system of weighed
tubes containing first caustic potash and then pumice along
with phosphoric anhydride.

The following is a list of the operations performed during
an experiment :—

(1) Displacement of the air in the apparatus by hydrogen.
(2) Weighing the vessel containing the copper oxide.
(3) Weighing the water-collecting apparatus,

1 Compt. Rend., 14, p. 537 ; Ann. Chim. Phys, [3] VIII., p. 189,
C.0.N. D
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(4) Adjustment of apparatus.
(5) Reduction (i.e., heating the copper oxide in hydrogen).
(6) Cooling the apparatus.

(('17) Evacuating and weighing vessel containing the reduced copper
oxide.

(8) Displacement of the hydrogen by air in the water-collecting
apparatus.

(9) Weighing the water-receiving apparatus.

Owing to the length of the operations, the weighings had to
be performed at from 2 to 8 a.u., 4 very unfavourable time, as
Dumas remarks, after from nineteen to twenty hours of work.

Dumas obtained more than 1 kilogramme of water in
nineteen separate experiments, the mean results being :—

Hydrogen . . . 11'136
Oxygen . . . . 88864
100°000

whence the equivalent of oxygen worked out to 7-9804
(H=1).

There were still sources of error in the method, e.g., air in
the sulphuric acid used ; incomplete expulsion of air from such
a large apparatus; occlusion of hydrogen by the reduced
copper ; insufficient drying of the hydrogen ; hydrogen passed
through strong sulphuric acid becomes slightly contaminated
with sulphurous anhydride ; the oxide of copper may contain
occluded nitrogen or other impurities.

Several other observers utilised the principle of the
quantitative synthesis of water for determining the propor-
tions in which hydrogen and oxygen combine, and from the
latter the atomic weights of the two elements on the assump-
tion that the formula of water is H30, while a number of
other workers have derived these atomic weights from the
densities of the two gases (method 4).
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Data rFor REe-caLcuraTIiON oF AroMic WEIGHT OF OXYGEN
(CLARKE).

A. From Synthesis of Water.

Date, Observers, Ratio. AL IVIV t. of

1842 Erdmann and Marchand | 15:975 +-0113 |1-00156

” Dumas . 1159607 + 0070 |1:00246
1888 Keiser . . . . 1159514 + 0011 | 1-00305
1870 Thomsgen . ° .11591  +-0113 | 100565
1890 Noyes (uncorrected) 15-8966 +- -0017 | 1-00650
1821 Dulong and Berzelius . {15894 4 ‘0570 {1-00667
1889 Rayleigh .11589  + -0090 |1-00692
1892 Ledue . . 115881 + -0132 |1-00750
1898 Keiser . . 1158799 + ‘0046 |1-00756
1891—95 | Merley . .1 15-8790 + 00028 | 1-00762
1907 Noyes . . 1158745 + -00021 | 1-:00783
1887 Cooke and Richards . | 158690 + 0020 |1-00825
1895 Thomsen 15-8690 4 ‘0022 |1-00825
1890 Dittmar and Hendelson 158677 4 0046 |1-00834
1887 Keiser . . 115864 + 0150 |1-00857

General Mean. .| 15:8779 + 00016 | 1-00769+
-00001
B. From Gaseous Densities.

Date. QObservers, Deusity (H =1).
1841 Dumas and Boussingault 15905 + -035
1845 Regnault (corrected) 159105 + -0044
1887 Rayleigh. 15884 + -0048

" 15882 + 0023
1889 Cooke 15890 4 -0067
1891 Leduc . 15906 4+ -0154
1891—95 ? | Morley (mcludlng all data.) 15:8955 + -0005
1896 Thomsen . 15-8878 4 0022

General Mean

15-8948 + -00048

D

2
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A complete list of the final results of the work on both
methods, with particulars as to the names of the observers,
and the dates of their work, will be found on p. 85.

Meanwhile it should be mentioned that formerly atomic
weights were referred to hydrogen as unity; but that now
oxygen is universally accepted as the standard with an atomic
weight of 16.

Clarke! recalculated the results of all the workers on atomic
weights, generally adopting the plan of combjning similar data
together, irrespective of the obsekvers, and finally computing
from the general mean so obtained the atomic weight to be
established. He says :—

“Beginning with the ratio between hydrogen and oxygen, each
series of experiments was taken by itself, its arithmetical mean was
determined and the probable error of that mean was computed.
Then the several means were combined, according to the appropriate
formula, each one receiving a weight dependent on its probable error.
The general mean thus established was taken as the most probable
value for the ratio, and at the same time its probable error was
mathematically assigned. . .. But although the discussion of
atomic weights is ostensibly mathematical, it cannot be purely so.
Chemical considerations are necessarily involved at every turn. In
assigning weights to mean values, I have been, for the most part,
rigidly guided by mathematical rules, but in some cases I have been
compelled to reject altogether series of data which were mathe-
matically excellent, but chemically worthless because of constant
errors.” 2

If hydrogen and oxygen were perfect gases they would
combine in the exact volumetric proportions of 2 : 1. But
they are not and they deviate from Boyle’s law in opposite
directions.

1 « The Constants of Nature,” Part V., “ A Recalculation of the Atomic
Weights” (Smithsonian Miscellaneous Collections), 3rd ed., 1910; 1st ed.

1882 ; 2nd ed. 1897.
2 For the mathematical part of Clarke’s work, see Appendix I, to this chapter,
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The exact volumetric ratios have, however, been investigated,
with the following results :—

Scott 1 vol. oxygen = 2:00245 vols. hydrogen (Lab. Temp.)
” [TREY) ) = 2:00285 ’y ’s (Calcd. O.OC.)
Morley ,, ,, , =200274 |, iy ( » » )

Mean value . é'0028 + 0-00004.

“ Now including all available data we have a mean value for the
density ratio:— *
(a) H:0°::1: 158948,
or, omitting Morley’s rejected series,
(B) H:0::1: 158991
“ Correcting®hese by the volume ratio 2:0028 + 0-00004, the final
results from densities become, in terms of the hydrogen unit,
(a) O = 158726 + 0-00058.
(8) O = 158769 + 0-00058.
“ Combining these with the result from the synthesis of water and
rejecting nothing, we have :—

By synthesis of water . . . . 0 = 158779 4+ 0:00016
» gaseous densities . . . . 0 = 158726 + 0-00058
General mean . . . . . 15:8775  0-00015

“If we reject Keiser’s work under the first heading, and omit
Morley’s defective hydrogen series under the second, we get :—

By synthesis of water . . . 0=158760 4 -00017 or
H = 100781 4 00001
By gaseous densities . . . . 0 =158769 + -00058 or
H = 100775 4 000035
General mean . . . . . 0 =158762 + ‘00016 or
H = 100779 4 -00001.”
(Clarke.)

It seems scarcely necessary to observe that the above figures
signify that if H =1, O = 15'8762, or if O = 16, H = 1-00779.
The latter figure, as will be seen later, is rounded off to 1008
in the international table of atomic weights, and is the only
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figure on that table which is given to the third place of
decimals.

*While the correct value of the atomic weight of oxygen is of
chief importance, and has been spoken of as the * primary
standard” of atomic weights generally, that of silver has in a
similar manner been spoken of as the * secondary standard,”
because it is so intimately associated with the atomic weights
of many other elements,! notably of chlorine, bromine, iodine,
potassium and sodium, while that of nitrogen js also somewhat
closely involved. ‘

Stas ? devoted many years of his life to the determination
of the atomic weights of silver and of other elements just
mentioned, and his results were for many yearg regarded as
authoritative.

Every possible precaution known at the time was taken by
him in relation to:—

(1) Weighings.

(2) Purity of raw materials used originally and of the
compounds ultimately obtained.

(8) Methods of analysis or synthesis, etc.

(4) Elimination as far as possible of errors generally.

His work was very extensive and embraced among other
determinations that of the percentage of oxygen in various
chlorates, bromates and iodates, the ratio of metallic silver to
the equivalent weights of several chlorides, bromides and
iodides, the ratio in the molecular weights of various salts, and
the determination of these molecular weights.

It may be mentioned regarding the first of these sets of
determinations that :—

(1) Salts of the type MXO; (where X is Cl, Br or I), are
readily converted into those of the type MX, whence the ratio

1 Their haloid salts frequently serving as the starting-out points for the
determination of their atomic weights, the halogen content of the former being
determined as insoluble silver haloid.

2 Stas ;: “ (Evres completes,” Brussels, 1894.
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MX : Og can be arrived at, while, the value of the atomic
weight of oxygen being known, that of the molecular weight
of MX can be easily calculated. In this way Stas arrived at
the molecular weights of KCl, KBr, KI, also those of the
corresponding Na and Ag salts.

(2) Next the ratio of metallic silver to these nine haloid
compounds could be arrived at, and further its ratio to the
three halogens themselves.!

Up to about 1905 Stas™ results for the atomic weights of
silver and of the elements more immediately related to it were
generally accepted as being practically accurate (except as
regards iodine), as will be seen from the following com-
parison (O =» 16):—

Stan, 1665, Itmatona

Silver . . . . 107-930 107-93
Chlorine . . . 85457 8545
Bromine . . . 79955 7996
Potassium . . . 39187 8915
Sodium . . . . 23043 2305
Iodine . 126-850 126-97
To which may be a,dded

Nitrogen . . 14045 1404

Lord Rayleigh, however, in 1894, suspected that Stas’ figure
for the atomic weight of nitrogen was too high, as he found that
its gaseous density 2 agreed more closely with the figures 14:00
than with 14'04. Leduc also (1897) arrived at a similar
result in the same way—obtaining the figures 1401, while
Scott (1900) arrived at a similar conclusion by chemical
means.

1 This general plan or scheme of work appears 'to have been suggested
originally by Berzelius.

2 That is to say, the density of the gas obtained from compounds of nitrogen
and therefore argon-free.
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It may also be mentioned that Mendeléef, as early as 1890,
had pointed out that Stas’ value for the atomic weight of iodine
was probably too low and that a revision was necessary.

Eventually it seems to have been pretty clearly proved that
Stas’ figures were vitiated by his having employed too large
quantities of materials in his determinations, partly to reduce
errors of weighing and partly to diminish experimental errors.

In order to avoid the use of excessive quantities of liquids,
he carried out his precipitations iq’too concentrated solutions,
which led to ““ adsorption” or “occlusion ” in the precipitates
(i-e., of particles of the precipitant), and he even increased
this source of error in some of his later determinations by
adding his precipitants (e.g., NH4Cl, NH4Br, Na(t, NaBr, etc.)
in the solid state. Under these circumstances, and especially
the latter, occlusion must have occurred in the highest degree,
as only undissociated salts are occluded and not their ions.!

The following is a brief conspectus of the more modern
work which has been done regarding determinations of the
atomic weights of silver, ete.:—

DEeTERMINATION OF CERTAIN AToMICc WEIGHTS.

Element. Chief Methods Employed. Observers, Date.
Silver . | Synthesis of AgNO,. Richards and Forbes. 1907
Chlorice . " ,» AgCL " »y Wells, 1905

Determination of Br in ' 5 colla- 1890—1908
. various bromides. borators.
Bromine Synthesis of AgBr from Ag. | Baxter. 1906
Conversion ,, into AgCl » "
[ Conversion of Agl ’ Ladenburg, Koethner, | 1902—1905
and Aeuer, Baxter.
Iodine  { | Synthesis ,, ,, Scott. 1902
| { Various ratios, eg., Ag:l,| Baxter. 1905
Agl:AgBr, Agl:AgC], etc.
Conversion of NaCl into| Richards and Wells. »
Sodium AgCL
Ratio NaCl:Ag. " " ' .

1 Brauner. Abegg's “ Handbuch der anorganischen Chemie,” Band II., article
Fundamentale Atomgewichte, which may be usefully consulted for further
information.
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DETERMINATION OF CERTAIN ATOMIC WEIGHTS—CcONtinued.

Element. Chief Methods Employed. Observers. Date.
{ As for sodium. Richards and Staeler. 1907
Potassium< | Also ratios, KBr:AgBr, . » Mueller. '
KBr:Ag., ete.
Largely density determina- | Rayleigh, Berthelot, | 1897—1905
tions of nitrogen and |Leduc, Guye and others.
Nitrogen J gascf)uscompqunds. ) . ]
Also variouschemical ratios, | Scott, Richards and | 1900—1907
e.g., Ag:AgNOg NH,Cl: others.
l Ag, KNO,KC, ste.
The present table of atomic weights is as follows :—
1913.
INTERNATIONAT, ATOMIC WEIGHTS.
0=186. 0=16.
Aluminium ......... Al 271 | Gold........eeeenins Au 1972
Antimony............ Sb 1202 | Helium............... He 399
Argon ............... A 3988 | Holmium............ Ho 1635
Arsensic ............ As 7496 | Hydrogen............ H 1-008
Barium............... Ba 13737 | Indium............... In 1148
Bismuth ............ Bi 2080 | Iodine ............... I 12692
Boron ............... B 11:0 | Iridium ............ Ir 1931
Bromine ............ Br 7992 | Iron .................. Fe 5584
Cadmium............ Cd 11240 | Krypton ............ Kr 8292
Cesium ............ Cs 13281 | Lanthanum......... La 1390
Calcium ............ Ca 4007 | Lead.................. Pb 20710
Carbon ............... C 12:00 | Lithium ............ Li 6:94
Cerium............... Ce 140-25 | Lutecium............ Lu 1740
Chlorine ............ Cl 3546 | Magnesium ......... Mg 2432
Chromium ......... Cr 520 | Manganese ......... Mn 5493
Cobalt ............... Co 5897 | Mercury ............ Hg 2006
Columbium ......... Cb 935 | Molybdenum ...... Mo 960
Copper............... Cu 63'57 | Neodymium......... Nd 1443
Dysprosium......... Dy 1625 | Neon ............... Ne 202
Erbium............... Er 1677 | Nickel ............... Ni 5868
Europium............ Eu 15620 | Niton (Radium
Fluorine ............ F 190 emanation) ... Nit 222-4
Gadolinium ......... Gd 157-3 | Nitrogen ............ N 1401
Gallium ............ Ga 699 | Osmium ............ Os 1909
Germanium......... Ge 725 | Oxygen............... O 1600
Glucinum............ Gl 91 | Palladium ......... Pd 106-7
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INTERNATIONAL AToMic WEIGHTS—COontinued.

. 0=16. 0=16.
Phosphorus ...... P 3104 | Tellurium............ Te 1275
Platinum ......... Pt 1952 | Terbium ............ Tb 1592
Potassium ......... K 39-10 | Thallium ............ TI 2040
Praseodymium ... Pr 1406 { Thorium ............ Th 2324
Radium ............ Ra 2264 | Thulium ............ Tm 1685
Rhodium ......... Rh 1029 | Tin .ccocveininnnn. Sn 1190
Rubidium ......... Rb 85-45 | Titanium ............ Ti 481
Ruthenium ...... Ru 1017 | Tuagsten............ W 1840
Samarium ......... Sa 1504 | Uganium ..... ...... U 2385
Scandium ......... Se 44-1 Vanadium ......... AY 510
Selenium ......... Se 79-2 Xenon ......coue.... Xe 1302
Silicon ............ Si 283 | Ytterbium (Neoyt-
Silver............... Ag 107-88 terbium)......... Yb 1720
Sodium ............ Na  23:00 | Yttrium .......... s Y 890
Strontium ......... Sr 8763 | ZinC .......cenn...n.. Zn 6537
Sulphur ............ S 32:07 | Zirconium ......... Zr 906
Tantalum ......... Ta 1815

APPENDIX I. TO ATOMIC WEIGHTS.

Clarke gives the following formul® and explanations regarding the
mathematical part of his investigations :—

“The formula for the probable error of an arithmetic mean,
familiar to all physicists, is as follows :—

(1) e = 06745 5 / (_S____

Here n represents the number of observations or experiments and S
the sum of the squares of the variations of the individual results from
the mean.

In combining scveral arithmetical means, representing several
series, into one general mean, each receives a weight inversely pro-
portional to the square of its probable error. Let A,B,C, etc. be such
means, and a,b,c their probable errors respectively. Then the
general mean is determined by the formula

A B, C
9 M_&§-+b§+? .....
2 =TT
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For the probable error of this general mean we have

1

3 = DT p—

¥ A/ L4141
at T g

In the calculation of atomic and molecular weights the follow-
ing formulae are used. Taking, as before, capital letters to represent
known quantities, and small letters for their probable errors respec-
tively, we have for the probable crror for the sum or difference of two
quantities A and B -

(4) e

For the product of A multiplied by B the probable error is
(5) ¢ =V (AL} + (Ba)?

For the product of three quantities, A,B,C.

(6) ¢ = 4/ (BCa)? + (ACB)? + (ABc)?

For a quotient %, the probable error becomes

© VE) T

A
A

Given a proportion A: B: C x, the probable error of the fourth
term is as follows :—

(®) e=A (%5)" + €02 + By
A

This formula is used in nearly every atomic weight calculation
and is therefore cxceptionally important. Rarely a more complicated
case arises in a proportion of this kind :—

A:B::C+ 2:D + 2.

In this proportion the unknown quantity occurs in two terms. TIts
probable error is found by this expression and is commonly large :—

O =N EPhmarin BLEEE
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When several independent values have been calculated for an
atomic weight, they are treated like means and combined according to
formulee (2) and (3). Each final result is to be regarded as the
general or weighted mean of all trustworthy determinations. This
method of combination is not theoretically perfect but it seems to be
the one most available in practice.”

APPENDIX II. TO ATOMIC WEIGHTS.

Synopsis of some of the chief methods Ywhich have heen employed for
determining the atomic weights of dertain of the elements.

Avvminion.—(1) Determination of chlorine in the anhydrous
chloride as AgCl (Dumas). (2) Volume of hydrogen displaced by the
metal from hydrochloric acid (Terreil) or from caustic gppda (Mallet).
(3) Weight of alumina on heating ammonia alum (Mallet). (4) Deter-
nination of bromine (by titration with silver nitrate) in the bromide
(Mallet).

ANTiMONY.—(1) A variety of methods have been employed, which
have given results from 118:024 to 1215642 (H = 1). Perhaps the
most reliable were those obtained by the following methods : (1) Con-
version of the element into SbyS; (Cooke). (2) Determination of
bromine (gravimetrically as AgBr) in SbBrg and of iodine in the
corresponding iodide, by a similar method (Cooke).

Arsexic.—(1) Determination of chlorine volumetrically in the
chloride (Pelouze and Dumas). (2) Determination of bromine in
the bromide by a similar method (Wallace). (3) Oxidation of
arsenious anhydride to arsenic acid volumetrically by potassium
bichromate (Kessler). (4) Conversion of NayAs,0; into NaCl, by
heating the former in gaseous HCI (Hibbs).

Barium.—(1) Determination of Cl in both the crystalline and in
the anhydrous chloride by titration with silver nitrate (Pelouze
Marignac, Dumas, Richards). (2) DPercentage of water in the
crystallised chloride (Marignac). (3) Conversion of the chloride inte
the sulphate (Turner, Berzelius, Struve, Marignac, Richards).
(4) Conversion of the nitrate into the sulphate (Turner). (5) Deter-
mination of Br in the bromide both volumetrically and gravimetrically
(Richards).

BeryLrivu.—(1) Conversion of the sulphate into BaSO, and BeO
(by precipitation with barium salt and after removing barium from
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the filtrate, precipitating the beryllium with ammonia (Awdejew,
Weeren and Klatzo) ). (2) Conversion of the double oxalate of
ammonium and beryllium into the oxide (Debray). (3) Conversion
of the sulphate into the oxide by ignition (Nillson and Petterson,
Kriiss and Moraht).

BoroN.—(1) Determination of water in crystallised borax
(Berzelius and Laurent, Hoskyns-Abrahall, Ramsay and Aston).
(2) Determination of Br in the bromide (as AgBr) (Hoskyns-Abrahall,
Ramsay and Aston). (3) Conversion of anhydrous borax into NaCl,
by distillation with hydrochloric acid and methyl alcohol (Ramsay
and Aston).

Carcium.—(1) Ignition of dalcium carbonate (Berzelius, Erdmann
and Marchand, Dumas). (2) Conversion of the oxide into the
sulphate (Berzelius). (3) Conversion of the carbonate into the
sulphate (Erdmann and Marchand). (4) Determination of Cl in
the anhydrous chloride, by titration with silver nitrate (Dumas).

CarBoN.—(1) Analyses of organic silver salts by ignition (Liebig
and Redtenbacher, Marignac, Hardin, Maumenée). (2) Determination
of the weight of carbonic anhydride formed by igniting carbon in
oxygen (KErdmann and Marchand, Dumas and Stas, and others).
(3) Density of carbonic oxide (Leduc). (4) Conversion of carbonic
oxide into carbonic anhydride, by passing the former over a known
weight of copper oxide and weighing both the resulting metallic
copper and the carbonic anhydride (Stas).

CosaLt AND NickeL—The atomic weights of these are of special
interest, as they are almost identical. No less then 16 ratios have
worked out for cobalt, and 15 for nickel. The chief methods which
have been employed may be summarised thus :—

(1) Analyses of oxalates.

(2) ” ,» nickelo-cyanides and cobalti-cyanides.

3) » » sulphates.

4) ” ,, chlorides.

®) , , iodides.

(6) Reduction of oxide (nickel only).

(7) Volume of hydrogen from the metals.

(8) Weight of gold precipitated from a solution of sodio-auric
chloride by the metals.

(9) Separation of the metal from nickel carbonyl.

Corper.—(1) Reduction of copper oxide by hydrogen (Berzeli{xs,
Erdmann and Marchand, Millon and Commaille). (2) Determination
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of both the water and copper (electrolytically) in ecrystallised
copper sulphate (Richards and others). (3) Determination of
copper (electrolytically) and bromine (gravimetrically) as AgBr.
(4) Electro-chemical equivalent of the metal (Lord Rayleigh, Mrs.
Sidgwick, Gray, Shaw, Vanni).

FruoriNg.—Chiefly one general method, namely the conversion of
fluorides and especially fluor spar into sulphate (Berzelius, Louyet,
Moissan).

GorLp.—Chiefly by determining the metal in various compounds,
such as K;AuCl;, N(CH,),HAuCl,, KAuBr, (Berzelius, Kriiss, Thorpe
and Laurie, Mallet). :

Iror.—(1) Oxidation of the metal to Fe,0, (Berzelius, Svanberg
and Norlin, Maumenée). (2) Reduction of the same oxide to the
metal (Svanberg and Norlin, Erdmann and Marchand, Rivot).

Leap.—(1) Reduction of lead oxide in hydrogen (Berzelius).
(2) Synthesis of the sulphate from the metal (Berfelius, Turner,
Stas). (3) Synthesis of the nitrate from the metal (Stas).
Synthesis of the chloride from the metal, combined with determina-
tions of chlorine in the chloride (Marignac).

MaaNesium.—(1) Estimation of SO, in the anhydrous sulphate.
(Scheerer). (2) Estimation of MgO in the same salt by ignition
(Jacquelin).  (3) Ignition of the carbonate (Marchand and Scheerer).
(4) Determination of Clin anhydrous magnesium chloride (by titration
with silver nitrate) (Dumas). (5) Synthesis of the oxide (through
the nitrate) from the metal (Burton and Vorce).

MANGANESE.—(1) Determination of Cl in the anhydrous chloride
by titration with silver nitrate (Berzelius, Arfedson, Turner,
Dumas). (2) Reduction of the anhydrous sulphate to sulphide
by ignition in a stream of hydrogen (von Hauer, Weeren).
(3) Reduction of Mn,O, to MnO by heating in hydrogen and deter-
mining the water formed (Rawack). (4) Combustion of manganous
oxalate with copper oxide and weighing the carbolic anhydride
formed (Schneider). (5) Analyses of silver permanganate (Dewar
and Scott). (6) Conversion of manganous oxide into sulphate
(Marignac, Weeren).

MercurY.—(1) Weight of the metal on heating mercuric oxide
(Turper, Erdmann and Marchand, Hardin). (2) Ditto on heating
mercuric sulphide with copper (Erdmann and Marchand). (3) Ditto
from mercuric chloride on heating with lime (Turner, Millon,
Svanberg, Hardin). (4) Electrolytic separation of the metal from
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various salts, with and without separation of silver in the same
circuit (Hardin).

ProspHOROUS.—(1) Weight of phosphoric anhydride on burning
the element in oxygen (Schritter). (2) Decomposition of the
chloride (tri) by water and titrating the resulting HCl with silver
nitrate (Dumas). (3) Weight of silver reduced from a solution of
the nitrate by a definite weight of the (vitreous) element (van der
Plaats). (4) Analysis of silver phosphate.

SELENIUM.—(1) Reduction of selenious anhydride and selenites to
the element (Sacc). (2) Conversion of the element into the tetra-
chloride and weighing both’ (Berzelius, Dumas). (3) Weight of
silver obtained on igniting sifver selenite (Ekman and Pettersson).

SiLicoN.—(1) Decomposition of the anhydrous chloride by water
and titration of the resulting HCl by silver nitrate (Pelouze,
Dumas). (2) Decomposition of the anhydrous bromide by water and
determination”of the resulting SiO, (Thorpe and Young).

SuLpHUR.—(1) Synthesis of silver sulphide from a known weight
of silver (Dumas, Stas, Cooke). (2) Reduction of silver sulphate
by heating in hydrogen (Struve, Stas). (3) Conversion of a known
weight of silver chloride into the sulphide by heating the former in
sulphuretted hydrogen (Berzelius). (4) Conversion of a known
weight of sodium carbonate into sulphate (Richards).

TeLLURIUM.—The atomic weight of this element is of special
interest, on account of its relation to that of iodine and the positions
of these two elements in the periodic system. According to the
latter, tellurium should lie between antimony and iodine and have
an atomic weight less than 126.  “Theoretically, Mendeléef
assigns it a value Te = 125, but all the best determinations lead to
a mean number higher than is admissible under the currently
accepted hypotheses. Whether theory or experiment is at fault,
remains to be discovered.” !

(1) Conversion of the element into TeO, (by nitric acid).
(2) Determination of the Br (as AgBr) in the well crystallised
double salt K,Br; (van Hauer, Wills). (3) Determination of the Br
(volumetrically with silver nitrate) in TeBr, (Brauner). (4) Volu-
metric oxidation of an alkaline solution of TeO, by potassium
permanganate (Gooch and Howland). Reduction of HgTeO, to

1 Clarke: *“The Constants of Nature,” (loe. cit.) from which this synopsis
has been compiled,



48 CHEMISTRY OLD AND NEW

TeO, by heating alone and to Te by heating in a stream of hydrogen
(Standenmeyer).

Vanaprum.—(1) Reduction of V,0; to V,0, (Berzelius, Ceud-
nowicz, Roscoe). (2) Determination of Cl in VOCI, both volu-
metrically and gravimetrically (Roscoe).

Zinc.—(1) Conversion of the metal into the oxide, either through
the nitrate or sulphate (Jacquelain, Axel Erdmann, Morse and
Burton). (2) From the volume of hydrogen obtained on dissolving
the metal in an acid (Van der Plaats, Reynolds and Ramsay,
Mallet). (3) Solution of the metal in a voltameter, and the same
current used to precipitate silver or copper (Gladstone and Hibbert).
(4) Precipitation of the Br in theanhydrous bromide by silver
nitrate (gravimetrically) (Richards and Rogers).



CHAPTER III
THE OLDER CHEMISTRY

THE PERIODIC LAW—PART 1.

Earuy in the nineteenth century, Prout suggested that all
atomic weights were muldiples by whole numbers of H = 1.
But this was disproved by the work of several chemists on
the atomie weight of chlorine, which was found to lie between
85 and 36. Bubsequently the idea was modified by taking
one half apd then one quarter of the atomic weight of
hydrogen as unit.

The chief interest of ‘“ Prout’s hypothesis,” as it has been
called, is its association with the probable nature and origin
of the chemical elements.

S
“On the one hand, each of the elementary bodies may represent
a separate creation, independent of ail the rest and having nothing
in common with them. On the other, supposing a relation can be
traced between the masses of the atoms of the different elements,
then it is open to inquiry whether they may not have a common
origin ; whether they may not represent several stages in a formative
or evolutionary process operating upon a primitive simple material,
and whether in that case it may not be possible to trunsform one
into another by the operation of agencies within the range of
practical experiment.’!

It was pointed out by Dibereiner in 1829 (although the
idea was not entirely new) that in several families of allied
elements three members are closcly related. Thus:—

Ca Sr Ba
Cl Br I
S Se Te
Li Na IN
! Tilden : “ A Short History of the Progress of Scientific Chemistry.™
C.0.N. E
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the atomic weight of the middle term of each being very
nearly the arithmetical mean of the atomic weights of the
other two. We have in point of fact with the modern
data :—

True At. Wt,
Sr= 0k Ba 00T HI0THT _ oy gy
pro CLHT 954613602 o1pg pog
o= D HTOBOLEIND _qgm 799
S LE ELTERE L

And Dumas, in 1858, compared these so-called “ Dobereiner’s
triads ” with homologous series, ¢.g. :—

H+ CHy 1429

O, = CHa+CiHr 15443 _ o0
2 2
He also pointed out relations of the kind shown below :—
Cl= 355=F +165|P = 31=N +17 |Cl — P =45
Br= 80 =Cl +445| As= 75=P +44 |Br—As=5
I =127 =Br +47 | Sb=12=As+47 (I —Sb=5

Newlands,! in 1864, enunciated the “ Law of Octaves,”
namely, that by arranging the elements in the order of the
magnitude of their atomic weights, ‘“ the eighth element,
starting from a given one, was a sort of repetition of the
first, or that elements belonging to the same group stood to
each other in a relation similar to that between the extremes
of one or more octaves in music.”

In the same year he presented a table, “ giving a horizontal
arrangement of the more important elements, also in the

1 John A. R. Newlands : “The Periodic Law,"” 1884,
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order of atomic weight with blanks corresponding with some
of the missing members of the various groups,” and in 1866
he presented the following table :—

No. No. No. No. No. No. ! No. No.
H1|F 8 |Cl 15| Co&k Ni22 | Br 29 | Pd 36! I 42 Pt&Ir50
Li 2] Na 9K 16} Cu 23 | Rb 30 | Ag 37| Cs 44108 51
G 3| Mg 10{Ca 17| 7n 24 4 Sr 311Cd38'Ba&V 45| Hg 52
Bo4 | Al 11 {Cr 19]Y 25| Ce& La3d3|U 40! Ta 16| Tl 53
C 68 12{Tie 18] In 26 | Zv 32 S0 391 W 47| Pb 54
N 6P 13 |Mn 20| As D7 | Di&k Mo34|Sh 41 ’ Nb 481 Bi 55
O 7|8 14 |Fe 21| Se 28 | Ro&k Ru 35 [ Te 43, Au 49| Th 56

Passing over papers by Odling,' and a revision of atomic
weights which had gradually occurred, we come to 1869
when Mendeléef,? in a paper to the Russian Chemical Society,
arranged the elements in a tabular form as follows :—

MEeNDELEEF'S TABLE oOF

THE ELEMENTS, 1869.

H=1

Li="7

Be= 9O
B =11
C =12
N =14
0 =16
F =19

Ni =
4| Mg =24
Al =274
Sio= 28
P =31
S =32
Cl =355
K =39
Ca = 40
?2 =45
?Er = 56
?2Yt =60
?2In =756

Ti = 50
V = 51
Cr = 52
Mn = 563
Fe = 56
Co = &9
Cu = 634
Zn = 652
? = 68
?2 =170
As = TH
Se = 794
Br = 80
Sr = 876
CO = 92
Lﬂ. = 94
Di = 95
Th =118?

Zr = 90 |? =180
Nb = 94 |Ta =182
Mo = 96 |W =186
Rh =104-4|Pt =1974
Ru = 104-4{Ir =198
Pd = 106:6|0s = 199
Cd =112

Ur =116 |Au =197?
Sn =118

Sb =122 Bl = 210
Te = 128?

I =127

Cs =133 [TI =204
Ba = 137 |Pb = 207

v Quarterly Journ. Science, Vol. L, p. 642,
2 « Zeitschr f, Chemie,” 1869, p. 405.

2
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In this paper he pointed out that the discovery of new
elements might be predicted as well as their properties and
that certain atomic weights might be corrected.

In the same year, Lothar Meyer contributed an important
paper on the same subject! in which the principle of
periodicity was vindicated in a remarkable manner by the
relations of the atomic volumes of the elements to their
atomic weights. This table, or rather its present form, will
be given presently.

In 1871 Mendeléef ? again returned to the subject and
presented a new table as shown on p. 52.

The present form of the table as it now appears in some of
the text-books is shown on p. 54.

We may now examine the law in detail.

The fundamental statement made by Mendeléef was as
follows :—

“ First the properties of the elements become modified as
their atomic weights increase, then they repeat themselves in
a new period. The properties of the elements, the constitu-
tion of their compounds, as well as the properties of these
last, are periodic functions of the atomic weights.”

In illustration of this statement, let us examine the
elements of the first period, which commences with lithium
and, like others of the so-called “short periods,” owing to the
discovery of the inert elements, consists of eight and not of
seven elements.

The properties of these elements and of some of their chief
compounds are given in tabular form on p. 55, as well as
certain numerical relationships.

The period commences with the well-marked and strongly
electro-positive metal, lithium, and next comes beryllium,

1 Liebig’s “ Annalen,” Supplements VI. and VII., 1870, p. 354.

2 1bid., Supplement VILI., 1872, p. 133.

8 This table is taken from Caven and Lander’s “Systematic Inorganic
Chemistry,” 1906.
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also- & metal. Boron may be called a transitional element,
for its oxide behaves as an acid towards bases like potash and

soda but as a base towards certain acids, e.g., phosphorie acid.
~ Carbon also, though to a less extent, may be regardéd as &
transitional element, for while in its compounds it behaves
as a distinet non-metal, in the free state, as graphite, it
conducts electricity, a property characteristic of the metals as
a clags. Nitrogen, oxygen and fluorine are well marked
non-metals.

Regarding the valences of the eloments of this period, they
increase from the monovalent lithium to the pentavalent
nitrogen, but afterwards fall off: thus oxygen is dyad, perhaps
in the majority of its compounds, but tetrad in * oxonium ”
compounds, and fluorine is a monad. As might be expected,
the hydroxides of the metals of this period are bases, while
those of the non-metals, carbon and nitrogen, are acids. That
of boron is, as we have seen, both acid and base.

The next elements in the order of their atomic weights,
repeat to a very considerable extent the properties of those of
the first period. See p. 57.

The only remarks which seem necessary are, first, as
regards valency. The increase up to the pentavalent
phosphorus is regular, the latter, like nitrogen, often behaving
as a triad. Sulphur in sulphuretted hydrogen is dyad, in
sulphine compounds, e¢.g., (CHs)sSCl, tetrad, and possibly in
sulphuric anhydride, hexad. Chlorine in hydrochloric acid is
monovalent, but in perchloric anhydride (which can be
obtained) it is heptad. It is possible, therefore, that in this
series, or period, the valency steadily increases up to chlorine.
But from another point of view, it falls from silicon to chlorine
(e.g., in the hydrides).

Secondly, regarding the hydroxides. Up to orthosilicic
acid the hydroxides are compounds of the elements with
hydroxyl, but from phosphorus to chlorine all are compounds
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of oxides with hydroxyl, the hydroxyl groups diminishing in
number while the number of oxygen atoms attached to the
elements increases.

These two periods are in some ways unique, as the
simplicity of the arrangement when they are left disappears
and complications are then introduced.

Mendeléef called them “ Typical Elements” ! and compared
them with the first members of an homologous series of
organic compounds.

We now come to an arrangement of the remaining elements
in a somewhat zig-zag form—the so-called ‘ long periods,” in
which the members of alternate series (A and B) more closely
resemble each other than do those of consecutive series, e.g., K
and Rb as against K and Cu (see tables on pp. 52, 54).

This is perhaps better indicated by spreading the remainder
of the table out, see p. 58.

Numerical relationships among the atomic weights.— We
have in the horizontal rows (periods) as regards the typical

elements :—

Mean
difference
between
consecutive
elements.

(1) Li — Ne= 694 to 202 = 1326 = 1-89.

(2) Na — Ar = 2300 to 89'88 = 16'88 = 2-41.

1st Long P.—Kr — K =891 to 829 =438 = 2582
2nd Long P.—Rb — Xe = 8545 to 1802 = 44'75 = 263.2

While in the vertical columns (groups) the relations are :—

(2)Na Mg Al Si P S Cl Ar
. ML 6 B C X O F Ne
D‘f'm“""‘d} 16 15 16 16 17 16 16 196
numbers

1 Of course, the inert elements had not been discovered at that time.

2 There should be cighteen elements in this long period, but in point of fact
there are only seventeen. The mean is calculated on the former number ; also
niobium is included in the clements between Xe and Rb, although it is not
now on the international atomic weight table, but appears as columbium.
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a complication occurs in relation to the differences in the
atomic weights (vertical) of the long periods.

With the arrangement

K Ca S¢e Ti V Cr Mn Fe Ni Co
Na Mg AL 8 P 8 C _ Ar
16 16 17 20 20 20 20 18 (mean)
these differences are in rough agreement with those of the
two typical periods, but several of the elements are out of
their proper position which shoul.c'l be:—
K Ca Se Ti As Se Br Kr
Na Mg Al 8i P S Cl Ar
16 16 17 20 44 47 445 43

This example illustrates the anomalous position of the
typical elements in certain respects, and it may here be
remarked that the differences in atomic weights of correspond-
ing members of the long periods varies between 42—50, the
average difference in the first two being about 45.

The table on p. 58 shows the long periods and the differences
between corresponding members, as well as the calculated
differences in cases where one of the corresponding members
is missing.

This table does not include the rare earth metals nor niton.
It indicates gaps for 38 undiscovered elements, now reduced
to 87 by the placing of niton in the space next but one below
xenon, as i8 better seen in the table on p. 62. If uranium
finishes the list the number of missing elements is only 25,
niton being in the position mentioned.

If manganese is removed to the eighth group,! those numbers
are reduced by 3; but if the eighth group then contains 4
elements in each period, the total number of elements remain-
ing to be discovered remains as before.

General remarks.—Mendeléef recognised that an eighth

1 See pp. 58 and 69.
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group was necessary, in order to embrace within the periodic
system three groups of metals the members of each set of
which have very similar atomic weights. These are:—

Fe= 558. Ni= 587 Co= 590.

Ru=1017. Rh=1030. Pd = 1067.

08 =1909. Ir=1931. Pt=1952.

It may be remarked that the atomic weight of manganese
is 55 (54:93), which more closely approximates that of iron
than do either those of nickel or cobalt. Moreover, the com-
pounds of manganese resemble those of iron in many im-
portant features, and it will be seen that the position of
manganese in the periodic system is practically unique from
any point of view.

The question may therefore be asked, would it not be
advisable to remove it to the eighth group? This would no
doubt disturb the symmetry of that group® as it now stands,
but, on the other hand, it is conceivable that two new metals?
remain to be discovered related to ruthenium and osmium
respectively, as manganese is to iron.

A certain number of elements, namely those of the so-called
rare earths, fail to find places in the above arrangement, and
they will be spoken of later. They have a wide range of
atomic weights—from about 140 to 176—and therefore come
between cerium (140'25) and tantalum (181'5), but their

1 It should be noted, however, that in Mendeléef's 1871 table the eighth
group did in point of fact contain three sets of four metalg, copper being added
to iron, nickel and cobalt ; silver to ruthenium, rodium and palladium ; and
gold to osmium, fridium and platinum. The same three metals, viz., copper,
silver and gold, were also placed by him in the first group, so that they occupied
two separate positions in the table.

2 T he discovery of a new element, probably of the platinum group occurring
in the dykerocks in the Nelson district of British Columbia, was announced in
1911 by A. G. French, and was called by him canadium. From his description
it appears to be a white metal, roft, and easily melted in the flame of the blow-
pipe ; not readily oxidised, soluble in nitric and hydrochloric acid, also in aqua
regia, without residue, and its solution in nitric acid yields no precipitate with
sodium chloride. 1t is found in the metallic condition possibly alloyed with
osmium. [t occurs in semi-crystalline grains and in short rods, and would
appear to be abundant, amounting to from a few pennyweights to 3 ounces per
ton of rock.
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properties, largely if not entirely, negative their being placed
in the blank spaces between these two elements.

Lastly, in connection with this branch of the subject, the
following table may be given, in which the inter-relationships
of the long periods, the typical elements, as well as of
hydrogen and helium to the other elements are given :—-

HYDROGEN, HELIUM, TYPICAL ELEMENTS AND LONG PERIODS.

H He
Li Be B C N O F Ne
Na Mg Al Si P S Cl Ar
K Ca 8 Ti V Cr Mn Fe Ni Ce Cu Zn Ga Ge As Se Br Kr
Rb 8r Yt Zr NbMo -~ Ru Rh Pd Ag Cd In Sn Sb Te I Xe
Cs Ba La C¢ — — — — — — — — — — — — —
— — — — Ta W — Os Ir Pt Au Hg Tl Pb Bi — — Nit

— Ra — Th — U —

We may now consider Lothar Meyer’s arrangement, which
presents the periodic system in a totally different form, but in
one which is equally interesting and important.

It is based on the volumes occupied by atomic weights of
the elements (ordinates) plotted against the atomic weights
themselveg (abscisse).

The following relationships may be recalled in connection
with the table :—

D = Density (mass of unit volume).
D = Specific volume (volume of unit mass).
At.]:‘in = Atomic volume?! (volume of the atomlc weight or

relatlve volume of the atom).

Regarding the two tables which follow, the first is as far as
possible a reduced facsimile of the curves constructed by Lothar
Meyer and published in the Annalen in 1870.

The second has been constructed by the author from data
given in the Appendix to this chapter.

1 It should he mentioned that in order to compare atomic volumes in as
absolute a manner as possible, densities should be determined under similar
conditions, best at boiling points, but obviously this is impossible in the case of
many elements.



THE OLDER CHEMISTRY 68

Whenever possible, the values for the solid element have
been used, but in other cases (as far as possible) the atomic.
volume of the liquid element at its boiling point has been

taken.!
It will be seen that there are important points of difference

batween Lothar Meyer’s original curve and the new one which
the author has plotted.

This was of course to be expected to a certain extent, for at
the time when Lothar Meyes constructed his curve, the inert
elements had not been discovesed, the atomic weight of uranium
was considered by him to be 180 (H = 1), whereas it is now
fixed at 238'5 (0 = 16), and gases such as hydrogen, oxygen
and nitrogen had not been liquefied, so that their true atomic

volumes could not be ascertained.
But there are certain anomalies in the new curve to which

11t should be mentioned that as early as 1860 Lothar Meyer drew up a table
containing most of the elements arranged according to their valences and with
the newer atomic weights, which had by that time been introduced, and to quote
his own words :—

“ At the same time there was shown a regular and continuous change in the
valency of the elements from family to family, when the families are arranged
in the order of the atomic weights of their members. I . . . alsodrew attention
to the fact that the first differences [e.g., C — Si] with the exception in the
case of beryllium, the atomic weight of which was still uncertain, were approxi-
mately 16, the two following differences [e.g., As — Sb] approximated to
46, and the last were very nearly double this number, namely 87—90 [eyg.,
Sb — Bi].” ’

It is al]ways difficult to decide questions of priority as it so frequently happens
that very similar ideas present themselves (as indeed would appear natural in
the evolution of any subject) practically simultaneously to several different
investigators, and no doubt such was the casec with Newlands, Mendeléef and
Lothar Mecyer as regards the periodic law,

And in this connection, while the complete curve of atomic volumes appears
to have been first drawn up and published by Lothar Mecyer, Mendeldef tells us
that at the Moscow Congress of Russian Naturalists in 1869, he ‘‘dwelt upon
the relations which existed between density and atomic weights of the elements.
The following year Professor Lothar Meyer, in his well-known paper, studied
the same subject more in detail, and thus contributed to spread information
about the periodic law.”

Mendeléef, in the same paper, also drew attention to the services of Carnelly,
Laurie, Roberts Austen and others in bringing other properties of the elements,
such as those connected with their magnetic qualities, melting points, heats of
formation of their haloid derivatives, etc., within the domain of the periodic
law. (See the Faraday lecture by Mendeléef in 1889, Chem. Soc. Journ. for
that year, pp. 634—656 ; also the Lothar Meyer memorial lecture by Bedson
in 1896, Chem. Soc, Journ, for that year, pp. 1403—1439.)
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attention should be drawn : thus, whereas (as will be seen on
comparing the old with the new curve) the former consists of
Jwe distinct waves,! gradually increasing in height with
increasing atomic weight, and having alkali metals at their
summits in every case, in the latter, there are siz distinct
waves, and indications at least of a seventh,? and the first two
of these are quite anomalous, as helium and nitrogen are
found at their summits, while lithium no longer occupies that
position.

But apart from these (and possibly other) anomalies, both
sets of curves convey the broad lesson that atomic volumes
are to a large extent functions of atomic weights : the position
of an element on the curve baeing closely related to both its
physical and chemical properties.

The alkali metals (with the exception of lithium) occupy the
crests of at least four waves; also, broadly speaking, electro-
negative elements are found on the left (or ascending) parts of

1 It is true, however, that indications of the commencement of a sixth wave
are shown in Lothar Meyer's curve.

2 Does this point to the existence of another metal of the alkalies of atomic
weight 222—226, i.e., between niton and radium? If so, it would almost
certainly be radio-active and very possibly a * transient ™ element.

There are reasons for and against this possibility. On the affirmative side are
the facts that niton and radium occupy much the same relative positions on
the hypothetical wave as do argon and caleinm, krypton and strontinm, as well
as xenon and barium on the actual waves—at the summits of which are the
alkaline metals potassium, rubidium and cwesium respectively.

On the negative side (possibly) are the following differences in atomic
weights :—

Ar = Ca = 019.
Kr — Sr = 4'73.
Xe — Ba = 717,
Nit — Ra = 4°00.

and also the fact that radium gives origin to niton by a single act or change
(see chapters VII. and VITL). It mayalso be mentioned thatsalts of potassium
and rubidium possess slight though distinct radio-activity (emitting weak B
rays), and it has been stated that the activity of the former varies widely with
the source of the salt. On the other hand, salts of the other metals of the
alkaline group are not radio-active.

These facts may possibly point to the presence (in potassium and rubidium
salts) of a new metal of the alkalies, and, therefore, also may perhaps be used
as an argument on the affirmative side of the question under discussion, as
again the fact that if the table on p. 62 is consulted two metals are missing in
the alkaline series.
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the waves, while those of an electro-positive character occur
on the right (or descending) parts.

The position of the inert elements is interesting, as coming
between the strongly electro-negative halogens and the equally
strongly electro-positive metals of the alkalies—just as they do
in respect of atomic weights, but (as before pointed out) argon
is anomalous in that respect in relation to potassium.

While the metals of the alkalies occupy the summits or
crests of the waves, other metals are, as a rule, found in their
hollows, and in the case of three of the latter, the metals are
those of the eighth group; aluminum, in both the newer and
older curve, is found at the base of another wave, but
this arrangement (i.c., of metals at the bases of the waves)
ceases with elements of lower atomic weight, as boron
forms the base of the first wave in both the older and newer
curve, while in the latter, oxygen forms the base of the second
wave.

It is interesting to notice that certain elements of very
gimilar atomic volumes have often very different properties,
e.q., Cl and Ca, Kr and Sr, Xe and Ba, Te and Ce, etec.,

Atomic Volume of Orygen in oxides.—This may be calculated
thus :(—

Molecular volume of oxide minus volume of atoms other
than oxygen in the oxide equals atomic volume of oxygen
or of n atoms of oxygen if more than one is present. As
examples : —

(1) Molecular volume of NagO=28-7. Na (At. vol)=286.

Therefore 287 — 2(28:6) = — 28°5. At. volof O in Na,O.

(2) Molecular volume of Al;03 = 25'8. Al (At. vol) = 10°1.
253 — 2(101) —'32(10’1) = —1'7. At.volof O in Al;0s.
(8) Molecular volume of SO03=40'5. 8 (At. vol)=154.

108 =154 — 4 84, At.vol of Oin 80s.
C.ON. F

Therefore

Therefore
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And generally it would appear that the atomic volume of
oxygen in :—

(1) Strongly basic oxides is negative.

(2) Oxides of the transitional elements is nearly zero.

(8) Strongly acid oxides is positive.

Mendeléef! gives the following for the oxides of two
short periods : —

S A% A S v A
Na0 ... 26 24 —22 K:0...... 27 85 — b5
AlgO; ... 40 26 + 13 Se0s ... 886 85 0
Sig04 ... 265 45 + 52 TigOy ... 42 88 4+ 5
Py0s...... 2:89 59 + 62 /a05...... 349 52 467
Sq0s....... 196 82 + 87 Crg0s .. 274 78 +4 9%
In which :(—

S = Density.

V = Specific volume.

A = Difference between volume of the oxygen compound
and that of the parent element divided by the
number of oxygen atoms in the compound.

““A thus representing the average increase of volume for
each atom of oxygen contained in the salt forming oxide.”

Melting points vary periodically, e.g.:—

(1) Elements at, or immediately preceding, minima in atomic
volume have high melting points, thus B,C,Si. Also group 8
(long periods). Ti, Mo, Cr., ete. (It will be seen that in the
new curve oxygen is anomalous in this respect.)

(2) Those following minima on ascending curve have low
melting points. Thus P, S, Cl; Ga, As, Br; Cd, Sn, I, Hg,
T1, Pb, etc.

In general only those elements are readily fusible and

1 Faraday Lecture, Chem, Soc. Journ, 1899, pp. 634—656.
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volatile, the atomic volumes of which are greater than those of
the elements immediately preceding them in atomic weight
or on the ascending parts of the curve.

Richards! in his address to the Chemical Society in 1911,
drew attention to the possibility of atoms being compressible,
an idea which, as he remarks, though not necessarily
dependent on the belief that atoms are built up of much
smaller particles, is strictly consistent with it.

He then described a special form of apparatus which he had
devised for ascertaining tlte compressibility of elementary
substances and the results which he obtained with it in a
certain number of cases. He showed that these closely
followed Lothar Meyer’s curves of atomic volumes and said :—

“The parallelism cannot but suggest that atomic volume
and compressibility are fundamentally connected : and indeed
the theory of compressible atoms gives a plausible explanation
of the connection. We should expect the large atomic volumes
to be more compressible, because we might infer from their
bulk that they are not under as great pressures as the small
volumes, and material under slight pressure is likely to be
more compressible.

“ Moreover, the bulky and easily compressible elements are
in most cases more easily melted and volatilised than those
possessing small volume and slight compressibility. That is
just what we might expect: all these properties combine to
indicate that the bulky elements have less cohesion than the
compact ones.”

Richards, in the same paper, shows that on plotting the heats
of formation of certain compounds of the elements, such as the
chlorides and oxides, against the atomic weights of the same
elements, interesting relationships are apparent. In doing
this, the heat of formation is taken as the gram equivalent of

t 4 The Fundamental Properties of the Elements " (Faraday Lecture, Chem.
Soc. Journ. 1911, pp. 1201—1218).

F2
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oxygen or chlorine, the compounds being those of a typical
kind, such as ECl, ECly, ECl3, ete,

His results are suggestive and his diagram is reproduced in
facsimile below.

Many other physical properties, such as malleability, co-
efficient of expansion by heat, atomic refraction, colour of

10f
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salts, conductivity for heat and electricity, ete., also appear to
be related to atomic volumes.

To sum up, as regards the periodic law as presented by
Mendeléef.

The elements are arranged in tabular form in horizontal
rows, each horizontal row constituting a ‘ period” in
which, with increasing atomic weight, the properties of the
elements become modified—those with low atomic weights
being (broadly speaking) metallic in properties, while those of
higher atomic weights are of non-metallic character.



THE OLDER CHEMISTRY 69

In a new period we have to a large extent a repetition of the
preceding one, and therefore analogous elements appear in the
same vertical columns or * groups.”

The first two periods are of a special nature, and the elements
in them are spoken of as * typical.” After these, the members
of the alternate periods more closely resemble each other than
do those of the consecutive periods.

If spread out, the elements in two of the latter amount
to eighteen.

One of the features of this arrangement is the somewhat
remarkable fact that three series (each of three elements) are
grouped together in the eighth group. Another feature is
that this arrangement is not symmetrical, as seven elements
precede this group, while eight follow.

If, however, the inert elements are placed at the commence-
ment of the groups, in accordance with the order of valences
(a8 18 done in the table in Caven and Landor’s book), and
manganese i8 added to the eighth group, the table becomes
symmetrical ; thus with the first long period :—

Ao A A

~— N ~ N
Ar K Ca 8¢ Ti V Cr Mn, Fe, Ni, Co Cu Zn Ga Ge As 8e Br

Regarding the groups, even if the arrangement of long
periods is adopted, the basigenic properties of the elements
increase with atomic weight. (Compare Be with Ba, C with
Th, N with Bi, O with Te, etc.)

While as regards the periods, if the short arrangement is
adopted, both the valency and acidic properties increase, as
before stated, with rising atomic weights; while with the
long period arrangement there is a waxing up to the seventh
term in both respects, and after the eighth group is passed,
this may be said to be again repeated.

In addition to the analogies found among elements of the
same groups, others often of an equally striking kind are
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sometimes found among those of neighbouring groups in the
same or following period, or in other words, elements of
different valences often closely resemble each other. A few
cases of the kind may be examined.

Beryllium and Aluminum (Groups II. and III., Table, p. 54).
—Both elements occur together (Beryl and Chrysoberyl).
Both are silver-white and light metals, not very easily reduced
from their compounds and of medium melting points.

Both are soluble in hydrochlori¢ and sulphuric acid, also in
alkalies, but are scarcely soluble in nitric acid.

Each forms a soluble deliquescent chloride, and each a
gelatinous hydroxide soluble in alkalies.!

Each forms a single oxide which, when dry, is a white
powder. Both metals readily form basic salts.

Boron and Silicon (Groups III. and IV.).—Both of these
elements are hard to reduce and fuse only at high tempera-
tures.

Both occur in nature as oxides, either alone or combined
with those of metals, and these oxides when obtained arti-
ficially are, when dry, white and amorphous.

Their compounds with hydrogen are gases which show
neither basic nor acidic properties.

Their hydroxides are (at ordinary temperatures) only faintly
acidic and readily lose water.

Each forms a single chloride which is a volatile fuming
liquid and at once decomposed by water into hydrochloric acid
and the hydrate.

Their fluorides are gases which also yield the hydroxides on
contact with water together with acids, namely :—

HF, BF; = HBF,.
2HF, SlF4 = HgSiFa.
1 Beryllium hydroxide is also soluble in ammonium carbonate, while

aluminum hydroxide is insoluble, properties which are taken advantage of in
separating the two from each other.
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Phosphorus and Sulphur (Groups V.and VI.).—The remark-
able analogies between these elements was first drawn attention
to by Crum-Brown and Letts, who also pointed out that in
many respects sulphur more closely resembles phosphorus
" than the latter resembles its group neighbour, nitrogen. This
will be seen from the Table on p. 71.

Thalliwm and Lead (Groups III. and IV.).—Both metals are
easily reduced and resemble each other very closely in physical
properties, such as colour, softness, relatively low melting-point,
efc. In chemical properties, matiy of the thallous compounds
resemble those of lead ; thus the chlorides of both are colourless,
sparingly soluble in cold water, but much more soluble in boil-
ing water, from which they separate in the crystalline form on
cooling. The iodides of both are yellow and sparingly soluble.

Doubtful Atomic Weights and the Periodic Law.— As each
element has a definite place in the periodic system, it is justi-
fiable in certain cases to assign a particular atomic weight to
an element, from considerations based on the law which would
be doubtful otherwise, and in this way certain atomic weights
have been corrected. One or two examples may be given.

Beryllium.—Old equivalent 6'9. Equivalent in 1871, 4°7.
Equivalent at the present time 4'55.

The following are some of the possible atomic weights with
the corresponding formule of the oxide :—

Atomic Weight. Formula of Oxide.
455 Be,O
910 BeO
1865 BeﬂOs
18:80 BeO,q
ete. ete.

! Prans. Roy. Soc. Edinburgh, XXVIII, p. 571, 1878, and Letts, ibkid. XXX.,
p. 285, 1880.
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The following were Mendeléef's arguments for assigning its
present position to the element and the consequent atomic
weight 9'1 (94 when he made the change).

Be =4'7. No element (apart from hydrogen) is known with
such a low atomic weight, and if that were the atomic weight of
the element, it would in all probability have very remarkable
properties.! It would no doubt be intermediate between the
alkali metals and hydrogen, as it would be monatomic.

Be = 1412 ,The elenfent could find no place in the
periodic system. Supposing that it could do so, it would have
to form very acid oxides, such as BeO; or BeyOs, and easily give
a compound with hydrogen of a basic character, and it would
be a non-metal.

Be =18'8. It must then resemble fluorine and be a gas.
It would give no oxide and would be a non-metal. Its
hydrogen compound would be a strong acid.

Beryllium is a silver-white and light metal (sp. gr. about 2),
thus resembling both magnesium and aluminum, as it does in
many of its compounds.

Heated, it burns brightly, forming a white amorphous
oxide (Mg), while its hydroxide strongly recalls that of
aluminum (e.g., solubility in alkalies). Its deliquescent
chloride, and the readiness with which that body combines
with other chlorides, resembles in those respects the chlorides
of both aluminum and magnesium. Its sulphate easily crystal-
lises and effloresces like magnesium sulphate, and its carbon-
ate and phosphate are insoluble, just as are the corresponding
magnesium compounds.

In short, with Be = 9'4 (really 9-1), the element enters the
gystem and all the above-named properties harmonise with
the position it then occupies.

1 Helium, since discovered, has nearly this atomic weight, and has, in point of
fact, remarkable properties.
2 This was the atomic weight formerly assigned to it.
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Indium.—Equivalent 88:83. If the oxide be InO (as was
formerly thought), In = 76'66. Then it would have to be placed
between arsenic and selenium, where there is no room for it.
If the oxide be InyO3 (In = 114'99) (really 1150 in round
numbers), the element finds a position between cadmium and
tin and below gallium. This change, which was suggested by
Lothar Meyer, was supported by Bunsen’s determination of
the specific heat of the metal, which he found to be 00057,
from which:—

64

C  110.r
Atomic weight = 0057 = 112°5.

The other properties of both indium and of its compounds
are in harmony with the position required by the atomic
weight 115°0 approximately.

Uranium.—Formerly the atomic weights 60, 120 and 180!
were assigned to this element at different times, but with the
former it would have to be placed between nickel and copper,
and with the second between antimony and tellurium. With
atomic weight 240,2 Mendeléef showed that the element falls
into group VI. (Table, p. 52), and becomes the heaviest analogue
of chromium and the element of highest atomic weight yet
known. This place fits it well, thus the highest oxide UOs
is acidic, but less strongly so than CrOs.®2 Further the highest
chloride resembles MoCly in volatility. Determinations of the
vapour density of the chloride and bromide by Zimmermann
confirmed Mendeléef’s views as to the position of this element
in the periodic system.

Elements of the rare earths and their position in the
periodic system.—Gadolin, in 1704, discovered a new earth
(later named Gadolinite in his honour) which was called

1 See Lothar Meyer's atomic volume curve, p. 62.
2 Now 2385 (O = 16).
8 It has been already remarked that the groups are descended, the metallicity

of the elements increases, and, a8 a consequence, the basicity of the oxides
increases also.
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yttria, and in 1808 Klaproth, on the one hand, with Berzelius
and Hisinger on the other, discovered in cerite (another
Swedish mineral) a second new earth to which the name
ceria was given.

Later, other minerals, such as samarskite, euxinite, fergu-
sonite, xenotime, ete., containing these as well as other earths,
were discovered, partly in Scandinavia and Greenland, also in
the Ural mountains, Australia and America; while the invention
of the incandescent gas mantle by Auer von,Welsbach, about
1884, created a commercial demand for thoria, as well as for
certain of the rare earths in question, which is at present
supplied almost entirely by monazite, or rather monazite
sand, which occurs in certain rivers and on the sea coast on
the American continent, especially in Brazil, as well as North
and South Carolina.

The complete separation from each other of the different
earths of this group has proved be be both difficult and
tedious, as will be seen from the number of operations
necessary in the case of lutecium. In fact the investigation
of the rare earths has extended over a century and is
probably still incomplete. It may also be mentioned that
comparatively few of the metals of these earths have as yet
been isolated.

The scheme on p. 75 is taken from Abegg’s book.!

It does not include the two metals, lutecium and celtium,
more recently discovered by Urbain, in 1907 and 1911 respec-
tively.

The first of these (lutecium) was originally obtained by him
from 50 grams of ytterbia by fractional crystallisation of the
nitrates of the rare earths which it contains ; later, from the
earths obtained from xenotime, by first separating a number
of the allied earths as ethyl-sulphates; conversion of the

1« Handbuch der anorganischen Chemie.” Dritte Band. Erste Abtheilung.
Article by R. J. Meyer (*‘ Seltene Erde "), p. 140.
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mother liquors from these into nitrates and the fractional
crystallisation of these nitrates. No less than 15,000 separate
crystallisations were necessary.

The second (celtium) was discovered in the mother liquors
of the nitrates obtained in the isolation of lutecium from
gadolinite earths. The oxide of the new element is charac-
terised by a magnetic susceptibility three or four times less
than that of lutecia. The arc spectrum shows a number of
lines, of which five are specially intense. The chloride is
somewhat more volatile tlzan that of lutecium, but less so
than that of scandium. The hydroxide is less basic than that
of lutecium, but more so than that of scandium.

As a class, the rare earths are basic oxides. The elements
of the series have been divided into three groups as follows :—

Cerium group. | At. Wt. |[Terbium group.[At. Wt. Ytterbium group. At.Wt.
Scandium 441 | Europium | 152-0 || Dysprosium 1625
Yttrium 89:0 || Gadolinium | 157-3 | Holmium 1635
Lanthanum 1390 || Terbium 159-2 || Erbium 167-7
Cerinm 140°25 Thulium 1685
Prasendymium | 140-6 Ytterbium (Neo-ytterbium) [ 1720
Neodymium 144-3 Lutecium 174:0
Samarium 15074 Celtium 1760

(On reference to the international table of atomic weights,
it will be seen that celtium is not included in the list of
elements, while holmium was only placed in the table
for 1913.)

In perhaps the majority of cases the separation of these
elements from each other is attended with great difficulty
owing to the close similarity of their compounds, but the
above classification is based upon the differences in solubility
of the double sulphates of the elements and potassium
sulphate, the cerium group giving practically insoluble double
salts, the ytterbium group giving such as are readily soluble,
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while the solubility of these double salts in the case of the
terbium group is intermediate between the two.

Further separation is effected by some process of fractiona-
tion, such as partial precipitation with ammonia, fractional
crystallisation of nitrates, formates, ethyl-sulphates, oxalates,
etc.,, or by taking advantage of the fact that the nitrates are
decomposed into oxides at different temperatures.

Regarding the position of these elements in the periodic
system, it will be seen that scandium, lanthanum, and
cerium fall into definite positions, but such is not the case
with the others, and various suggestions have been made on
this point of which two may be mentioned, namely :—

(1) To interpolate them in one group (IV.) between cerium
(atomic weight 140) and tantalum (atomic weight 181) as is
done in the Table on p. 54.

(2) To expand the table into three dimensions of space,
cerium, and the elements following it up to lutecium lying on
a plane at right angles to that of the other elements.

But it is difficult to see what intelligible meaning attaches
itself to either of these suggested arrangements.

Regarding atomic volumes, only three of the elements
appear to have been isolated. These are :—

At. Wt.  At. Vol.

Praseodymium ... ... 1406 20'765
Neodymium ... 1448 21709
Samarium e e ... 1500 198

The atomic volumes of these three approximate each other
therefore pretty closely.

Finally, as regards this part of the subject, mention may
be made of Crookes’ experiments on salts of certain of the
rare earths which, largely on spectroscopic evidence, he
considered he had separated into several different constituents.

This led him, in his Presidential Address to the Chemical
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Society in 1888, to express the view that certain of the rare
earth elements (if not most) were what he termed * meta-
elements,” a class of bodies which he apparently regarded as
not exactly differing atomically, but differentiated by the
aggregation of their atoms to molecules of different structures
and of different sizes.

His views have, however, been strongly combated by Lecoq
de Boisbaudran, Marignac and others, who explained his
spectroscopic results as being due to the presence in the salts
which he examined of minute traces of foreign bodies, and
later observations appear on the whole to have confirmed
that view.

ArPENDIX TO PERIODIC LaAw, ParT I.

Data from which the author’s curve of atomic volumes was
constructed. (The elements are arranged in the order of magni-
tude of their atomic weights.)

l)\*m_ity:
Element, A'\le'.w “I; (Tlll‘;l!(‘l:l:slt! Anuthority for Density.
solid.
Hydrogen ... | 144 007 (1) Moissan, *“ Traité de Chim. Minérale.”
Helium ... ... | 266 0-15 (L) Ohunes, Chem. Soc. Journ., 1908, Ab. 11.,
p. 944,

Lithium ... ..} 1@ 05936 Bunsen and Matthieson.
Beryllium 49 185 (20) Humpidge, Proc. Roy. Sve., 1886.
Boron O 3] 2:45 Moissan, Ann. Chem. Phys., 1895,

’ Diamd.| 37 325 (mean) " v Traité de Chim. Minérale.”
Carbon {Graph.| 55 22

’ Al i3] "
" Charl. | 76 158 (mean) Ab(:;,zg, “ I[:ln;il):lcl:: d. anorg. Chem.”
Nitrogen | 308 0-455 (L at | Wroblewski, Compt. rend., 102.
crit. temp.)

<

Oxygen ... ... | 133 1-2 (L) Mecan results ; Olzewski, Liveing, De-
war, etc.

Fluorine e | 167 1-1t (L) Moissan and Dewar, Compt. rend. 124
and 125.

Neon ... ... | 2022 10!(L) Ramsay and Travers, Trans. Roy. Soc.
197, p. 88.

Sodium ... ... | 237 09725 Hagen, Wied. Ann. 19.

Magnesium ... | 139 175 Deville and Caron, Compt. rend. 44,

Aluminum ... | 104 26 Mean of various observers.

Silicon ... .| 117 2:42 Mean (Amorph), Vigouroux, Annales,

1897 ; (Cryst) Harmenung, Hogg.
A .

nn.
Phosphorus ... | 156 2:0 Mean (Vit.) Various ; (Red) Hittorf.
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Density.
Element. M"?(Eic lﬁ ;hl;‘rq:lg“ Authority for Density.
Solid.
Sulphur ... ... | 158 2:03 Mean of various modifications and
observers.
Chlorine o | 285 15071 (L) | Drugman and Ramsay, Journ. Chem.
Soe., 1862.
Argon ... 329 1-212 Ramsay and Travers, Trans. Roy. Sec.,
1900.
Potassium ... | 447 0875 Baumhauer, Berichte, 6, 1875.
Calcium ... ... | 236 1-70 Mecan, Moissan, Z'raité de Chim.
Minérale,
Scandium ... ? ? ¢
Titanium e | 99 487 i\{oissan, Traité 'de Chim. Minérale,
Vanadium ... | 93 55 0scoe.
Chromium 89 58 Moissan, Traiteé de Chim. Minérale.
Manganese .. 74 743 Mean of various, Moissan, 7raité de
Chim. Minérale,
Iron 72 78 Roberts and Wrightson, Landolt and
B. P. ch. Tab.
Cobalt 67 88 Mean, Rammelsberg, Pogg. Ann., 1849,
Nickel 66 89 Schroeder, 1859,
Copper ... 71 80 Kahlbaum and Sturm, Zeit. f. anorg.
Chem., 1905.
Zinc e | 92 71 Rammelsberg,  MWonatshefte, preus.
Akad., 1880.
Gallium ... ... | 1I'7 595 Iecoq. de Boisbaudran, 1876.
Germanium ... | 133 540 Winkler, Journ. prak. Chem., 1886.
Arsenic ... .. | 131 57 Bettendorff, 1867.
Selenium e | 176 45 Mean. dif. vars., Journ. f. phys. Chem.,
1900.
Bromine... 271 2:949 (I, at | Ramsay, Ramsay and Masson, Thorpe.
BP) (mean)
Krypton | 378 2-155 (L) Ramsay and Travers, Trans. Roy. Soc.,
1900.
Rubidium ... | 582 1-52 Junsen, 1863,
Strontium 345 254 Matthiesen, 1855.
Yttrium ! !
Zirconium ... | 21'8 415 Troost, Compt. rend. 61, 1865,
Niobium vee | 132 706 Roscoe, Chem. News, 1878,
Molybdenum... | 106 91 Fused, Moissan, Zraité de Chim.
Minerale.
Ruthenium ... | 88 114 Fused, Deville and Debray, Ann.
Chim. Phys., 1859,
Rbhodium - 83 12:1 Fused, Deville and Debray, Ann.
Chim. Phys., 1859.
Palladium 94 | 114 Fused, Deville and Debray, Ann.
Chim. Phys., 1859.
Silver L] 102 10-5 Various.
Cadmium L 13l 860 Kiammerer, RBerichte, 1874.
Indium ... ... | 151 7421 Winkler, Journ. prak, Chem., 1867.
Tin ... .| 163 7-29 Matthicsen, 1860,
Antimony ... | 180 671 Mean of various, Moissan, Zraiti de
Chim. Minérale.
Tellurium ... | 205 621 Mean of various, Moissan, 7raité de

Chim. Minérale.
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Density.
Element. At,";{f‘c I{; ;hI;’rq:-'gés Authority for Density.
Solid.

Iodine ... ... | 257 4933 Ladenburg, Berichte, 1902.

Xenon ... ... | 370 362 (L) Ramsay and Travers, Trans. Roy. Soc.,
1900.

Caesium... ... | 704 1-886 Graefe and Eckart, Zeit. anorg. Chem.,
1899.

Barium ... ... | 366 375 Kern, Chem. N., 1875,

Lanthanum ... | 228 61 Hillebrandt and Norton, Pugg. dnn.,
1876.

Cerium ... ... | 210 6-68 Mean, Hillebrandt and Norton, Pogyg.
Ann., 1876.

Ytterbium .. ? . ?

Tantalum ... | 141 12:79 Moissan, Compt. rend. 134, 1902,

Tungsten ... | 98 | 187 " Ann. d. Chim. Phys (7), 8,
1896.

Osmium ... 85 2248 Fused. Joly and Vezers, Compt. rend.
116, 1893,

Iridium ... .| 86 | 22421 Fused, Deville and Debray, Compt.
rend. 146, 1868.

Platinum 91 21-50 Fused, Mecan, Deville and Debray,
Compt. read. 146, 1868.

Gold ... ... ]| 102 19-32 Fused, . Rose, 184K,

Mercury... ... | 1567 12:764 (L at | Bock, * 7rac et men d. B. Inter-

BP) nationale des Puis-e-Mcs,” 1883,

Thallium v [ 172 11853 De la Rive, Compt. rend., 56, 1863.

Lead oo | 182 11-37 Mean of various.

Bismuth... ... ] 212 9:80 “w oo .

Radium ... ... | 338! 67! From graphic extrapolation of densities
of Ca, Sr, Ba plotted against
atomic weights of same elements
plus that of Ra.

Niton ... .. | 3872 582 (L) From Ramsay and Gray’s results.!

Thorium 21°1 110 Nilson, Berichte, 15, 1882.

Uranium 12:8 187 Zimmermann, Arnalen, 232, 1886.

! These authors give (T'rans. Chem. Soc. 95 (1909), p. 1,083) as the density for
liquid niton near its boiling point 46, if the atomic weight i3 176, and 5-7 for an

atomic weight of 219,

The tigure 5°8 corresponds with the atomic weight found

later by the same investigators, namely 222-4,

C.0.N.



CHAPTER IV

THE OLDER CHEMISTRY

THE PERIODIC LAW—PART iI. AND THE INERT ELEMENTS

The Periodic Law and New Elements.—Perhaps the greatest
fascination which exists in science is for one of its followers
to be in such a position as to make a true prophecy—to
predict the unknown from the known. Think of the delight
of the astronomer, when from certain erratic movements of
the heavenly bodies he comes to the conclusion that a new or
hitherto unknown world exists, calculates its position, and on
turning his telescope to the spot finds it to be actually there.

This is very much what occurred in 1846, when Adams and
Leverrier simultaneously, or almost simultaneously, predicted
the existence of the planet Neptune from the perturbations of
Uranus.!

Imagine Pasteur’s triumph, who, when scarcely more than a
boy, predicted that a new isomer of ordinary tartaric acid
should exist, which ought to rotate a ray of polarised light to
the left instead of to the right hand: thought out a method
for obtaining it, and after performing the necessary opera-
tions on glancing through the polariscope at the preparation
thus obtained, found that his anticipations were realised.

His charming biographer and son-in-law, M. Radot,? tells

1 In 1845, Adams, who for two previous years had investigated the pertur-
bations of Uranus, sent his completed elements to Professor Challis and to Airy,
together with the statement that according to his calculations the irregularities
in the motion of Uranus could be accounted for by the action of an exterior
planet, of which he had calculated the motions and orbital elements.

Leverrier, in the same year, made a more extensive mathematical investi-
gation of the subject. The planet was actually discovered in 1846 from these
investigations.

2 English translation by Lady Claud Hamilton, * Louis Pasteur, His Lifeand
Labours.” In French, M, Pasteur. Histvire d'un Savant par un Ignorant.”
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us “ that he quitted the laboratory abruptly. Hardly had he
gone out when he met the assistant of the physical professor.
He embraced him, exclaiming ‘ My dear Monsieur Bertrand, I
have made a great discovery ... I am so happy that a
nervous tremulousness has taken possession of me, which
prevents me from again looking through the polariscope.
Let us go to the Luxembourg and I will explain it all to
you.””

‘Mendeléef was samong these fortunate Prophets of Science,
and so also was Sir William* Ramsay later. Mendeléef very
soon realised after formulating the Periodic System or probably
when formulating it, that if order was to be established in the
law, vacant spaces or gaps must be left in the table, and that
these must belong to elements not then discovered. His
exact statement was as follows :—

“The Periodic Law renders it possible for us to bring to light
the properties of the new elements, whose atomic analogues are
known. . . . We see from the table that many elements are missing
and we can confidently predict their discovery.”

His meaning as regards ‘‘ atomic analogues”” will be under-
stood from the following diagram in which E is the element
in question and A, A, A, A, the immediate atomic analogues :—

Group X. Group Y. Group Z.
Series 8, etc.! A

Series b, etc. Accvinnnn.. E ............ A

Series 7, etc. A

1 That is to say, even oruneven series according to the position of E. (See
Table, p. 64.)

a 2
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On the whole, the properties of an element and of its com-
pounds are the mean of those of its immediate atomic analogues.
Take for instance the case of selenium, which may be
tabulated in relation to its immediate atomic analogues thus :—

Gr. V. Gr. VL. Gr. VIL

Series 8. S
Series 5. AS. oo, Set..ovnn.... Br
Series 7. Te

(1) Atomic weight.—To arrive at it from the means, we have:—
As 4+ Br + S + Te _ 7496 + 7992 + 3207 + 1275

4 - 4

P1245 — 786 (Actusl At. We. 799).

(2) General character of the element.—The two atomic
analogues of selenium S and Br. are well marked non-metals,
while As and Te are of the transitional type. Selenium, while
in most respects a non-metal, yet shows certain metallic
properties. For instance, one of its modifications conducts
electricity and has a metallic appearance ; it is indeed often
spoken of as * metallic ” selenium.

(8) Compounds. (A) Hydrides.—AsHs;. Non-fuming gas,
having no well-marked acidic or basic properties. SHj, SeH,,
TeH;. Non-fuming gases of powerful and disagreeable odours,
having slight acidic properties and precipitating many metals
from solutions of their salts as sulphides, selenides or tellurides
respectively. HBr. Fuming gas, having strong acidic pro-
perties.

(B) Chlorides.—AsClg. Liquid easily decomposed by water




THE OLDER CHEMISTRY 85

into AsgOp and HCL. 8,Cl,, SCl,, 8Cl,. Liquids. Only 8;Cl;
stable ; the others readily dissociate into it and chlorine. §4Cly
decomposed by water into SOg S and HCL SesCly, SeCls.
The first an oily liquid, decomposed by water in a similar
manner to the corresponding sulphur compound; the second
a solid, decomposed by water into H3SeOs and HCL. TeCl,,
TeCl,, Both colourless solids. The first decomposed by
water into Te, HyTeO3 and HCl. The second decomposed by
hot water into the same pYroducts, but giving with a small
quantity of cold water an oxy-chloride.

(C) Owrides (Chief).—Asy03, AsgO;. Both solids. The first
possesses both acidic and basic properties; the second only
acidic properties. SOj, SOz The first a gas with strong
reducing properties; the second a solid with a powerful
attraction for water, with which it unites with much evolution
of heat. SeO;(sole oxide). Solid, easily reduced to Se. TeO,,
TeQ;. Solids. Bromine forms no oxides.

(D) Oxygen acids.—(Chief) HgAsOs. Only derivatives known
e.g., AgsAsO;, H3As04 (And the corresponding Pyro—and
meta-acids). Strong acids. HySO;, HySOs The first only
known in solution or as crystalline hydrates. A reducing agent,
and readily dissociates into water and the anhydride. The
second a stable liquid with very strong acidic properties.
H,Se0;, HaSeO,. The first a solid, easily reduced; the
second a liquid. HyTeOs, HyTeOs DBoth solids, the first
nearly insoluble in water ; the second sparingly soluble in
cold water. Both yield the anhydrides on heating.

Before returning to Mendeléef's predictions regarding the
elements which had not been discovered when ke formulated
the Periodic Law, it should be mentioned that by *remote
atomic analogues” are meant the elements corresponding with
the one in question in consecutive series instead of those in
alternate series. Thus, in the case of selenium, chromium
and molybdenum are the remote analogues.
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Next, in finding names for the undiscovered elements
Mendeléef selected the upper immediate analogue, and named
the undiscovered element after it by prefixing the Sanscrit
word for “one” or ‘first,” namely, ‘““eka;” or if the
element had no immediate atomic analogue above it and
it occupied the next lower position he employed the corre-
sponding word for “two’’ or second, namely, “dwa,” and
80 on.

The following are a few of his p'redictions s

Eka-aluminum. Gallium. (Discovered 1875).
(Predicted Properties.) (Actual Properties.)
Atomic weight about 68. Atomic weight 69:3 (H = 1).

Readily obtained by reduction. Readily obtained by electro-
lysing an alkaline solution of the

hydrate.
Melting point low. Melting point 30-15.
Sp.Gr. 5°9. Sp. Gr. 593.
Not acted upon by air. Superficially acted upon by air
at a bright red heat.
Will decompose water at a Decomposes water at high
red heat. temperatures.
Slowly attacked by acids or Soluble in hot HCL.  Scarcely
alkalies. attacked by cold nitric acid.
Soluble in KHO.
Will form a potash alum more Forms a well-defined alum.
soluble but less easily crystal-
lised than the aluminum com-
pound.
Oxide Ea,0,. Oxide Gag0Og.
Chloride Ea,Cl, Chloride Ga,Cl,.
Ekahoron. Scandium. (Discovered 1879).
At. Wt. 44, At. Wt. 447 (H = 1).

Oxide. Eb,0,. Sp.Gr. about Ozxide Sc,0,. Sp. Gr. 3-8.
3'5 with not very characteristic ~Soluble in strong acids. More
properties, as it forms the tran- basic than alumina. Insoluble
gition from CaO — TiO,. It in alkalies. Gelatinous hydrate,
ought to be more basic thar carbonate and phosphate.
alumina, and its compounds ‘
should resemble in form and
properties those of aluminum.



THE OLDER

Ekaboron.

The sulphate not so easily
soluble as that of aluminum
(CaSO, and MgSO,).

The oxide will be inter-
mediate in properties between
alumina and magnesia.

Eka-siicon.

Lying between Si and Sn
would be related to Ti as Zndo
Ca. .

Atomic weight about 70.

Groy, difficultly fusible metal,
obtained by the reduction of the
oxide with carbon or sodium.

Scarcely acted upon by acids,

Readily soluble in alkalies.

EbO, less basic than TiO,, but
more 50 than SiO,.

EbC, a liquid boiling at about
100-C.

EbF, not gaseous, and would
give rise to double fluorides
M,EbF,.
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Scandium. (Discovered 1879).

The sulphate a white powder,
easily soluble in water. Se,
(50,),6H,0 crystallises from the
syrupy liquid.

Germanium. (Discovered 1886).

Atomic weight 72-04. (H=1.)

Greyish-white lustrous crystal-
line metal. Melting at about
900 C.

Obtained by reducing the
oxide with carbon or hydrogen.

Not attacked by dilute HCI,
oxidised by HNO,; soluble in
H.S0,.

Soluble in alkalies.

GeO, faint acid.

GeCl, a liquid boiling at 86 C.

GeF,,3H,0 (¥) a solid. Gives
double fluorides M,GeFy isomor-
phous with silico-fluorides. Also
H,GeFy.

(Germanium also gives a
second series of compounds, e.g.,
Ge0,GeCl, GeS, etc.)

Tae INerT ELEMENTS.

Up to the year 1892, what remained when the impurities
such as water, carbonic anhydride, ete., were removed from
air, was believed to consist of a mixture of nitrogen and
oxygen only. Though it is a remarkable fact that Cavendish
in 1785 not only suspected the presence of another substance,
but actually isolated a small amount of it.}’

t In point of fact, he found gy part of atmospheric nitrogen might be due

to & foreign substance.
latter was about gy.

Ramsay and Rayleigh found that the amount of the
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Lord Rayleigh working between 1892 and 1894 found that
the densities of ‘“atmospheric” and ‘chemical” nitrogen
varied beyond the limits of experimental errors. The weights
of 1 litre he found varied thus :—

Atmospheric nitrogen. Chemical nitrogen.

1-257 gram. 1251 gram.
That is to say, by about 6 in 1,200, or some 05 per cent.,

F1G. 6.—Type of apparatus used by Cavendish and Priestley.

while the accuracy of his method did not involve an error of
more than 0°02 per cent.

In 1894, Rayleigh and Ramsay isolated a new element from
air, which was in part the cause of the differeuce in the
densities of nitrogen as extracted from air and from purely
chemical sources respectively. Two methods were adopted for
its isolation, one of which was the method employed by
Cavendish in 1785. It consisted in passing electric sparks for
a long time through air, confined over mercury, in presence
of a solution of a caustic alkali. The diagram given above will
give an idea of the apparatus he employed, and it is of interest
to note that the experiment had been made ten years
previously by Priestley, but not with quantitative accuracy.
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A more convenient method of separating argon (as the new
element was named) from air, or rather from the nitrogen
obtained from air, is by causing the nitrogen to combine with
a metal. Magnesium was first used, but later a mixture of
magnesium and lime.

Regarding the chemical reactions in Cavendish’s method,
the nitrogen is fixed according to the foliowing equations if
caustic soda is used :(—

(1) Ng + 202 = 2N02.
(2) 2NO; + 2NaOH = NaNO3; + NaNO; + H,0

While in the later method, the change is :—
8Ca + Ng = C&qu.

The isolation of argon from air presents no experimental
difficulties, and can easily be shown as a lecture experiment.

The chief property of argon 1s its inertness. No compound
of it has been obtained, and its discovery marked something
like a new epoch in chemistry. Its physical properties we
shall discuss later.

In 1868 Jannsen noticed in the chromosphere of the sun,
during a solar eclipse, some new lines in the spectrum which
had not been previously observed, and which could not be
identified with those belonging to any known terrestrial
element.!

Lockyer also studied this spectrum and attributed it to
an element peculiar to the sun, and therefore named it
“ Helium.”

Shortly after the discovery of argon, Miers, of the British
Museum, drew Ramsay's attention to experiments made by
Hillebrandt of the U.S. Geological Survey, on a gas, which he

1 The so-called Dy lines from their close neighbourhood to the D, and Dy lines
of sodium.
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had obtained from certain minerals, and which he believed to
be nitrogen. .

Ramsay !investigated this new gas (which he obtained at first
from Cleveite), and found that in addition to nitrogen, another gas
was present which had an identical spectrum with Lockyer’s
‘*“ Helium.” Ramsay and his collaborators showed that the
latter was a terrestrial element, which not only occurred in
certain minerals, but also in some mineral waters, e.g., those
of Bath, Wildbad and Cauterets, and eventually its presence
was proved (by Kayser) in the atmosphere also. In its
inertness it exactly resembled argon.

By methods which we shall consider presently, Ramsay
showed that this new element, Helinum, had an atomic weight
of about 4, while that of argon he had proved to be about 40.

It could not fail to strike & man of Ramsay’s mental capacity
that another inert element ought to exist between helium and
argon, and as President of the Chemical Section of the British
Association at Toronto in 1897, he drew attention to the
following relationships:—

F 0 N C
165 16 17 168
Cl S P Si
195 203 204 198
Mn Cr A% Ti

—the numbers referring to the differences between the atomic
weights of the elements in question (vertically); and he said :—

““There should therefore be an undiscovered element between
helium and argon, with an atomic weight 16 units higher than that
of helium and 20 units lower than that of argon, namely 20 . . .
and pushing this analogy further still, it is to be expected that this
element should be as indifferent to union with other elements as the
two allied elements,”

1 ¢ Helium, a gaseous constituent of certain minerals,” Proc. Roy. Soc. Part 1.,
Vol. 68 ; Part II, Vol. 59.
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He searched in every possible quarter for this undiscovered
element, and to quote from another of his papers ! :—

“ Minerals from all parts of the globe; mineral waters from
Britain, France and Iceland ; meteorites from interstellar space ; all
these were investigated without result;” and he continues: “ the
systematic investigation of argon, however, gave a faint indication of
where to search for the missing element.”

For he found that argon could be separated by diffusion into a
lighter and heavier portion.s

The invention of an apparatus by Dr. Hampson for easily
obtaining large quantities of liquid air at small expense and
with little trouble, placed a new method of research in the
hands of Ramsay and Travers, namely, ready access to low
temperatures.

The idea occurred to them that by submitting argon to its
effects, they might liquefy it and then treat it like any other
volatile liquid, namely ascertain the presence or absence in
it of impurities by the simple process of fractional distillation.

“Dr. Travers and I prepared fifteen litres of argon from the
atmosphere with the purpose of distilling it fractionally, after
liquefaction, for we knew from the researches of Prof. Olszewski of
Cracow . . . that argon could be liquefied easily . . . and moreover
we were in hope that by fractionating the air itself, gases of even
higher atomic weight than argon might possibly be obtained. Both
expectations were realized. On distilling liquid argon, the first
portions of the gas to boil off were found to be lighter than argon;
and on allowing the liquid air to boil off slowly, heavier gases came
off at the last.

‘It was easy to recognize these gases by help of the spectroscope,
for the light gas, to which we gave the name neon, or ‘ the new one,’
when electrically excited emits a brilliant flame-coloured light ; and
one of the heavy gases, which we called Arypton or ‘the hidden one,’
is characterized by two brilliant lines, one in the yellow and one in

1« The Inert Constituents of the Atmosphere,” Popular Science Monthly,
October, 1901.
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the green part of the spectrum. The third gas, named xenon or
‘the stranger,’ gives out a greenish-blue light, and is remarkable for
a very complex spectrum, in which blue lines are conspicuous,

¢ Although neon was first obtained by the fractional distillation of
argon, it was afterwards found convenient to prepare it from air.
The torpedo-compressor which is used.for compressing the air before
it enters Dr. Hampson’s liqueficr, was made to take in the air which
had escaped liquefaction in the liquefier ; the denser portions were
liquefied by compressing them into a vessel cooled by the deuser
fractions, boiling under reduced pregsure, and consequently at a
specially low temperature. This liquefied portiom was again frac-
tionated, and yielded neon: and it wa's not long before we discovered
that helium was also present in the mixture. . . . The purification
of neon and helium from argon, although a lengthy process, was not
attended by any special difticulty.”

But to separate helium from neon was more difficult and
troublesome, and necessitated the employment of liquid
hydrogen (for the production of which a special form of
apparatus was devised by Travers). Under these conditions—

““ There was then no difficulty in effecting the separation of neon
from helium: for while neon is practically non-volatile, when cooled
by liquid hydrogen . . . even that enormously low temperature is
not sufficient to convert helium into a liquid. Hence the gaseous
helium could be pumped away from the non-gaseous neon, and the
latter was obtained in the pure state.”

The Atomic Weights of the Inert Elements.—Ramsay had no
chemical properties to assist him in the determination of the
atomic weights of these inert elements. The determination
of the equivalents of the new elements was not possible, and
in atomic weight determinations the equivalent may, as we
have seen, be regarded as the main girder, so to speak, in the
structure,

He had to rely entirely on physical properties, and of
these density of the gases was the most important.

According to Gay-Lussac’s law of atomic volumes, this
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density (or rather specific gravity), if referred to hydrogen as
unity, is identical with atomic weight; but as we saw when
discussing the subject that is only the case when the
molecules of the gases consist of 2 atoms. If the molecule
contains only 1 atom, like mercury, the density must be
doubled to give the atomic weight; if it contains 4 atoms
like phosphorus, the density must be halved, and so on.

There is, however, a physical property which enables us to
determine, to a certain extent at all events, the number of
atoms in a gaseous molecule,

Raising the temperature of a gas may be regarded dynamiec-
ally as affecting the movements of its particles or molecules.
Either there is an increase of the rate of motion of the
molecule as a whole, which may be termed ‘‘ translational”
movement, and affects the pressure of the gas, just as a more
rapidly moving projectile causes a greater pressure when it
strikes a target than one which is moving less rapidly, or
combined with this increase in translational movement there
is an increase in the movement of the parts or atoms of the
molecule, which has been called ¢ internal ” movement.

Thus two living people might have a desperate struggle at
the edge of a cliff, causing them to fall over its edge, and
while falling continue the struggle, thus losing energy as
individuals ; and yet on striking the ground they would
exercise no more pressure than if the same two people before
falling were dead.

It follows that the energy expended on a gas in increasing
the internal movements of its molecular components does not
increase its pressure, and also that less heat is required to
raise the temperature of a gas having simpler constituted
molecules than one whose molecules are more complex.

The heat required to increase the translational movements
of gas particles is the same for the same volume of all gases
under the same conditions of temperature and pressure, no



94 CHEMISTRY OLD AND NEW

matter what the constitution of their molecules may be, and
may be easily calculated, thus :—

1 gram molecule of a gas = 22°88 litres at N.T.P.
O
Expansion when heated 1°C. = %—%8 = 81'98 c.c.

Suppose now that the gram molecule of the gas is enclosed
in a cylinder provided with a (weightless) piston of 1 sq. cm.
in area. When the temperature of the gas is raised from
0 to 1°C., the piston will be pushed up against the pressure
of the air through a space of 8198 cm. As the atmo-
spheric pressure is equivalent to 1,083 grams per square
centimetre, the work done by the expanding gas will amount
to:—

1,038 x 81'98 = 84,685 cm. gms.,
of which the heat equivalent is :—

84,685 _ 84,685
Mechanical Eqt. of Heat ~ 42,700

= 2 cals. (nearly).

If the gas is heated in a closed vessel, i.e. under conditions
of constant volume, no external work is done, and the molecular
heat is 2 cals. less than under constant pressure.

Mol. Ht. at constant P. .

The ratio Mol Ht at constant V. for most diatomie
gases :
6:96 to 676 _ . .
296 t0 476 — 1-403 to 1-420,

and for mercury (monatomic) = g = 1'666.

Ramsay found this latter ratio for argon and the other inert
gases, and therefore they have monatomic molecules.!

1 This seems only natural, as they form no compounds, and, therefore, there is
no reason why their atoms should combine together.
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In the following table the more important properties of the
inert elements are given :—

PROPERTIES OF THE INERT ELEMENTS.

He. Ne. Ar. Kr. Xe.
Density of gas (H=1) 1-98 9-96 1996 4078 64
Atomic weight (H=1) 396 19-92 39-92 81-56 128
Density of liquid . 015 107 1212 2:155 352
Boiling points . .| —2685 —239 — 1861 —-1517 -109-1
Melting ,, . . [below—270 ? - 1879 —169 - 140
Critical temperatures
(about) | —268 below —218| —1174 - 625 |+ 1475
" pressures
(ats.) 275 29 529 54-3 572
Refractivity of gas . 0-124 0235 0968 1-450 2368
Vol. per million of air
(about) | 10--20 10--20 | 9,370 005 0-006

Position of the Inert Elements in the Periodic System.—It
will be seen from the preceding table that the properties of
the inert elements are in agreement with the periodic law,
that is to say with increasing atomic weights, the properties
undergo steady change. It will be noticed that with increasing
atomic weight there is an increase in the numerical values of all
the figures referring to the physical properties of these elements.

Regarding their position in the periodic system, these
elements are very interesting, as they form a transitional stage
between the strongly electro-positive metals to the strongly
electro-negative halogens.- This will be seen from the
following table :—

—1 He =4 Li=7
F=19 Ne = 20 Na = 28
Cl = 855 Ar = 40 K=238912
Br = 80 Kr = 82 Rb = 85
I =127 Xe = 128 Cs = 1383
Electrically — Electrically Electrically +
neutral.

1 T8 it not possible that there is & fifth halogen with an atomic weight of
about 37 Recently J. J. Thomson has stated that he has obtained evidence of
the existence of an element of about this atomic weight.

2 It will be noticed that the atomic weight of potassium is lower than that of
argon.
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It may here be mentioned that certainly one other member
of the family of inert elements is known, and possibly more.
These will be discussed under the subject of * Radio-activity **
(Chaps. VII. and VIIL).

In conclusion, it seems but due to Ramsay to say that his
researches on the inert elements rank among the classic
achievements of science.

The experimental difficulties were often profound, and they
were overcome by magnificent tgchnique. The acumen he
displayed in recognising a totally new type of chemical
elements was a proof of the originality of his mind, and his
search for the one which on theoretical grounds he anticipated
must exist, with its triumphant ending, show that his experi-
mental skill and scientific acumen were, if possible, surpassed
by his energy and perseverance. Can any praise be adequate
in describing the work of the discoverer who detects and
isolates 1 part of a substance in about 170 million parts of the
medium in which it occurs? Yet that was exactly what
Ramsay did in his discovery of xenon in air.



CHAPTER V
THE NEWER CHEMISTRY

THE EFFECTS OF ELECTRICAL DISCHARGES ON GASES IN HIGH VACUA
——AND AN INTRODUCTION TQ THB SUBJECT OF RADIO-ACTIVITY.

TaE statement that the discovery of radio-activity has effected
& revolution in our fundamental ideas concerning the nature
and properties of matter seems well justified.

The former view that the chemical elements are separate
creations, independent of each other, is no longer tenable,
nor is the belief that the “atoms” of these are indivisible
particles.

On the contrary, the ancient theory of a primordial element
out of which all substances have originated has been revived,
and there is some reason for believing that Prout’s hypothesis
i8 to a certain extent justified, namely, that the so-called atoms
are assemblages of smaller particles; only whereas Prout
thought that these latter were assemblages of hydrogen
particles, the present view is that the true atom or * electron”
has a mass of about y-A;; that of the hydrogen atom.!

But still more remarkable than these radical changes in
some of our fundamental ideas is the revival of the alchemical
doctrine, namely that it is possible to transmute one element
into another, and we shall see that this has actually been
accomplished.

And lastly, a study of radio-activity has thrown light upon
such matters as the real causes of chemical combination,

1 There are, however, reasons for doubting this simple view of the nature of
so-called * atoms " (see chapter I1X.)

C.O.N. H
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valency, and the inter-relationships of the elements which are
embodied in the periodic system.

“The clue which led to the discovery of radio-activity was obtained
from the study of electric discharges in high vacua: and the
knowledge gained in this way has been indispensable in interpreting
its phenomena.” !

When an electric discharge of high potential takes place in
air at ordinary pressures, its course is marked by a line of
light in a zigzag direction, the so-called **spark” which is
gseen on & large scale in a flash of lightning.

On diminishing the pressure the spark first becomes longer,
and if the pressure is still further diminished, it ceases
altogether, and the discharge becomes continuous, a coloured

= >

Fia. 7.—Pliicker’s tube.

glow filling the tube. The colour of this glow varies with the
nature of the particular gas through which the discharge
passes, and when examined with the spectroscope shows
characteristic lines which afford a ready means for identifying
different gases. By making the tube with a constricted part
in the middle, the glow becomes concentrated in the narrow
part and its brightness greatly increased; tubes thus con-
structed are called after their inventor * Plicker’s *’ tubes.

In the majority of gases the glow is most conspicuous at a
pressure of about ;}3; of an atmosphere. It should also be
mentioned that no matter what gas is used, there is a blue
glow from the negative or * cathode” terminal, separated
from the latter by a dark space, the blue glow being quite
distinet from the characteristic glow of the gas and the two
being separated by another dark space. '

1¢The Becquerel Rays and the Properties of Radium,” the Hon. R. J. Strutt.
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If the exhaustion is carried further, the blue glow retreats
towards the anode and the dark spaces become broader; the
characteristic glow of the gas grows fainter and eventually
disappears altogether. Finally, at extremely low pressures
the dark space extends throughout the tube and a fluorescent
patch of light appears on the
glass opposite the cathode ter-
minal (which with ordinary soda
‘glass is green) no matter where
the anode may be situated. ’

The actual discoverer of these
negative or cathode rays issome- ¥1G: 8. -4 is the anode and C the
what doubtful, though the credit latter travel in straight lines
. . . as shown in the figure.
is usually given to Crookes who
investigated them in the seventies. According to J. J.
Thomson their discoverer was Plicker at a much earlier
date.! It may be also mentioned that an explanation of
their nature on a corpuscular hypothesis appears to have
been first made by Varley ? and independently by Crookes.

F1a. 9.—Wheel turned by cathode rays.
A the anode terminal. C the cathode terminal.

The latter showed them to have very remarkable properties
and to resemble in many ways a stream of projectiles, which,
as we shall see, they really are.

Thus if a small wheel with mica vanes is placed in the
tube in such a way that the cathode rays strike the upper

1 Pliicker, Pogg. Ann.. 107, p. 77, 1859 ; also 116, p. 45, 1862.
3 Varley, Proc. Roy. Soc., XIV., p. 236, 1871,

H 2
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or the lower vanes only, the rays behave like a stream of
water in causing the movement of an ordinary water wheel.

Among other of the properties of the cathode rays the
following may be mentioned.

(1) Fluorescence.—We have seen that the rays cause the
glass on which they impinge to fluoresce with a greenish
glow, in the case of the soda glass of which such tubes are
generally made. The spot thus affected has the shape of the
terminal- from which the
rays proceed. If a mica
screen in the form of a
cross be placed in the
path of the rays, a shadow
corresponding with the
shape of the screen ap-
pears on the glass. If
the screen 1is movable,
then on withdrawing it
the glass formerly pro-

F16. 10.—Shadow cast by mica cross in track

of cathode rays. tected is exposed to the
a Highly evacuated vessel. . .
b Cathode terminal. action of the rays and

¢ Shadow on luorescent glass.

d Mica cross above anode terminal. fluoresces more strongly

than the surrounding
parts, which now show a sort of ¢ fatigue ” and do not fluoresce
so strongly as at first, so that a bright green cross is seen on a
duller green ground.

Many other substances fluoresce with characteristically
coloured light when placed in the track of the cathode rays.
Thus cale spar glows with a beautiful orange red colour,
rubies with a deep red, while the glow of diamonds affords a
ready means of distinguishing the real from the spurious
gem.

(2) Heating effects—I1f the cathode terminal has a concave
form, and a piece of thin platinum wire or sheet is placed in its
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focus, on passing the current the rays are focussed on the
platinum, which becomes red hot.

(8) Chemical effects.—These deserve a closer study! than
apparently they have as yet received. With exceptions which
will be referred to later, the observed changes have been chiefly
the colouring of certain solid substances. Thus rock salt and
ordinary soda glass become violet, it is said, by the liberation
of sodium ions; lithium salts are also rapidly and strongly
coloured. Coloyrless corufidum crystals (alumina), it is stated,
become blue, and in that*way sapphires have been produced

F1G. 11.—Deviation of cathode rays by a magnetic or electrostatic force.

artificially. The photographic action of the rays may also be
reckoned as among the chemical changes induced by them.

The explanation formerly given regarding the phenomena
observed in connection with a ‘“ Crookes’ tube” was that in
the latter the free paths of the gas molecules were enormously
increased by the diminution in pressure, owing to the absence
of collisions.

Let us consider some of the properties of the cathode rays
which have led to our present ideas as to their real nature.

(1) No matter what the gas may have been in the tube

1 See pp. 150—155 ; also Appendix, p. 225.
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before the evacuation of the latter, we always get the same
cathode rays.

(2) They are deviated or bent out of their course by either
a magnetic or electric force. This is readily shown by means
of the apparatus illustrated in the diagram (Fig. 11).

A is the cathode terminal and B the anode; the cathode
rays (indicated by the straight dotted line) pass through the
narrow slits in the metal discs C C in a straight line and
impinge on the glass at F. *On applying a magnet
at D, the rays are deflected and impinge on the glass at
F; or Fy, according to whether the pole of the magnet is N

Earth  flactroscope

F1c. 12.—Perrin's tube.

or 8. Similar effects are produced by applying an electrostatic
force at E E.

It is thus made clear that the cathode rays consist of
electrically charged particles, and from the direction of the
deviation, the charge must be one of negative electricity.

This can be proved directly by an apparatus devised by
Perrin ! which is shown in the accompanying diagram (Fig. 12).

The cathode rays from A pass into the metal cylinder C
after passing through a hole in the metal canister B, which
latter is connected to the earth and serves to protect C from
electrical disturbances. On connecting C with an electroscope
and turning on the current, the electroscope is deflected in
such a way as to show a negative charge.

1 Compt. rend. 121, p. 1130, 1895.
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The mass, velocity and electric charge of these particles,
which have been termed *‘ electrons,” *“ corpuscles,” etc., are
of great importance and have been arrived at from the follow-
ing considerations.

Consider a beam of cathode rays, proceeding from A
(Fig. 11), as shown in the figure, and the path of which is
deflected by a magnetic force applied at D at right angles to
the plane of the paper. Let V be the velocity of the particles
and e their electric charge. Then, since there is a deflecting
force, acting alv.vuys at righté angles to the plane containing the
path of the particles and the magnetic force, the new path of
the rays will be in the direction of a circle while in the
magnetic field. The radius of the circle will be the greater,
the greater the mass and the higher the velocity and the
smaller, the more intense the magnetic field and the greater
the electric charge : or expressed mathematically :—

M.V.
M- R="y.-
Where
R = Radius of the circle.
M = Mass of the particle.
V = Velocity of the particle.
e = Electric charge of the particle.
H = Magnetic force.

Suppose next that an electric force X be applied between
E and E! 8o as to oppose the action of the magnetic force on the
cathode particle and exactly to equalise it, then the cathode
beam proceeds once more in a straight line.

When the two forces are equal, we have :—

X.e. = H.e.V. or,
X

(2). V= i

Now all the quantities in terms of which the velocity V of
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the particles is here expressed can be measured, and in this
way V has been found to vary from lower to higher vacua, in
ratios of Y5 to 3 the speed of light, which latter is 186,000
miles per second.

Some idea of this velocity may be gathered from a com-
parison of the speed of a modern projectile with that of a
cathode particle. 'While the latter would travel twenty miles,
the former would only advance about one foot; and with the
higher velocity the particle could: travel nearly three times
round the earth in one second.

Knowing the velocity of the particle, the ratio of its electric
charge to its mass can be found, for by (1) :—

e _V

M HE.
and it results from the calculation that the quotient is about
seventeen millions (if electro-magnetic units be used).

Let us compare this with the same ratio for an atom, say
one of hydrogen.

When water is electrolysed, a certain weight of it decom-
posed, is associated with a definite quantity of electricity.
Each ion gives up its charge at the pole, which charge is the
same for each hydrogen ion or atom, but is twice as much
for each atom of oxygen, etc.

When water is electrolysed, the quantity of hydrogen
evolved, no doubt contains myriads of atoms, but the ratio of
electric charge to mass is the same for the multitude as for
the one, and experimentally this is found to be ten thousand
(if electro-magnetic units be used).

It therefore follows that the ratio 1& for the particle or
electron is 1700 times greater than that for the atom of
hydrogen.

No method has been discovered for measuring the mass of
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the electron, but the value of its electric charge can be
determined and therefore that of its mass can be calcu-
lated.

The determination of ¢ for the electron depends upon the
fact that when a number of electrons are present in a moist gas,
they serve when the latter is expanded, as nuclei for the con-
densation of vapour, forming raindrops, the number of
which can be determined, and it is found that ¢ has the value
157 X 10~® elegtro-magnelic units (or 4'7 X 1071 electro-
static units). *

These figures in themselves convey no meaning, at least to
the ordinary reader. What is required is the ratio of the
mass of the electron to that of a hydrogen atom, and it is not
difficult to arrive at this, as it has been proved experimentally
that the charge on the electron is the same as the charge on

the hydrogen atom. But as -% for an electron is equal to

1,700 1&- for the hydrogen atom, it follows that M of the

electron is equal to -5 M of the hydrogen atom.!

This opportunity may be taken for saying that electrons are
formed in other ways than by electric discharges in high
vacua. They are also produced :—

(1) By incandescent gases (¢.g., a candle flame).

(2) From heated metals and from heated carbon.

(3) From salts put into flames and in the electric spark.

(4) By the impact of ultra-violet light on metals.

(6) Emitted from radio-active substances, as we shall see
later.

18ce pp. 124—125, for the influence of speed on mass. Ay of the
hydrogen atom is the value of the mass of slow speed electrons.  Greater values
of the mass were originally given, eg. ygyy, but the inluence of the speed
was not then fully recognised. It may also be mentioned that the actual value

of the mass of the electron can be found by dividing ¢ by §[— and is thus shown
to be about 9 x 10-28 gram,
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There are some other properties of the cathode rays to
which attention may be directed, namely :—

(8) Their powers of penetrating solids. Hertz was the first
to show that they can penetrate gold leaf, and Lenard went
further and showed that if a thin sheet of aluminum is
cemented over an opening at one end of the vacuum tube,
certain of the rays pass through this aluminum * window.”
A better way of demonstrating the Lenard rays is to have the

A window within the
vacuum tube, as
shown in Fig. 18.

These rays, which

6 pa E’__._ “...._..%-o consist of a s?ream of
electrons of high velo-

F16. 13.—Lenard ray tube. A is the anode and clty., cann‘ot penetrate
C the cathode. The rays from the latter far into air, and their
impinge on the aluminum window B .
cemented to the metal collar D when those penetratmg powers

baving high velocities (Lenard rays) pass :
through the window and cause fluorescence into a medium are ap-

at E. proximately inversely
as the latter’s density. Thus, gold is 15,000 times as dense as
air, and therefore the same absorption is produced by a layer of
gold one unit thick as by a layer of air 15,000 times thicker.

(b) Cathode rays “ionise” gases, that is to say, change
some of the molecules into ions which enable the gases to
conduct electricity.

(¢) They also affect a photographic plate.

A second type of rays proceeds from the anode in a high
vacuum. They were discovered by Goldstein and were called
by him * Canal ”’ rays.! They can be obtained by means of a
vacuum tube constructed as shown in the subjoined diagram
(Fig. 14).

1 Goldstein, Berliner 8itz, 39, p. 691, 1886, Ann. d. Phys. 64, p. 45, 1898, The
name (canal rays) was first given to them in 1898, and their properties described
then, but their occurrence was mentioned in 1886.
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C, the cathode is a perforated plate. The momentum of the
canal rays is sufficient to carry them through the perforation,
and like the cathode rays they produce fluorescence when
they strike the glass.

By methods similar to those employed in the investigation
of the cathode rays, they have been shown to consist of
positively charged particles. Consequently, they are deviable
by a magnetic or electrostatic force, but of course, in the
opposite direction, to that of*the cathode rays, and the extent

F16. 14.—Canal ray tube. A is the anode and C is the cathode. (The canal
rays do not, like the cathode rays, proceed from the electric terminal in the
tube, but originate near the blue glow or even still nearer to the cathode
terminal.)

of the deviation is very small in comparison with that pro-
duced on the latter.

Wien ! showed that their mass was never less than that of a
hydrogen atom and their velocities are much less than that of
electrons or cathode rays.. Recently Sir J. J. Thomson? has
considerably extended our knowledge with regard to these
rays. He has shown that they consist of atoms or molecules
of the gases or vapours in the tube. The charges carried by
these are an exact number of times (1, 2, etc.) that carried by
the electron. In a few cases the charge is negative. In fact
a new method of gaseous analysis has been found and some
interesting facts regarding known and new groupings of the
atoms have been discovered.

Yet a third class of rays is produced by electrical discharges

t Ann. d. Phys. 65, p. 440, 1898,
8 Phil. Mag., August and October, 1912. Proc. Roy. Inst., 1913,
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in high vacua. These were discovered by Rontgen in 1896,
and are formed by the sudden stoppage of the cathode rays,
the glass(as already stated) fluorescing at the bombarded spot.

In modern X ray tubes, the cathode rays are focussed

on a slanting platinum target, the tubes or bulbs being pro-
vided with other arrangements as to spark gap to control the
“hardness” of the rays, etc., which need not be described.
Such a tube or bulb is figured in the diagram given
below. ) .
When a screen of fluorescent material, for example one
coated with barium platino-cyanide (which is the material
generally used) is brought
near an X ray tube it
lights up.

Rontgen (X) rays pass
through solid materials,
but their absorption is not
proportional to the densi-
ties of these latter. The
so-called ‘‘ Radiographs”
are based on this pro-
perty, flesh being relatively non-absorbent, while bone is
markedly absorbent. It is unnecessary to add that Rontgen
rays have a powerful photographic action. They are not
deflected by a magnet.

The nature of these somewhat mysterious rays is not known
with certainty.

The original view was that the sudden stoppage of the
charged cathode ray would give rise to vibrations akin to
those of light, which are electro-magnetic in nature, and that
a series of electro-magnetic pulses due to the stoppages would
spread out from the anode as waves do from a centre of
disturbance.

A later view is that the disturbance does not spread with a

F1G. 15.—Modern “ X " ray tube.






CHAPTER VI
THE NEWER CHEMISTRY

RADIO-ACTIVITY—THE ACTIVE ELEMENTS AND THE NATURE OF
THE RAYS EMITTED FRQM THEM.
.

The Becquerel rays.—Rintgen in 1896, as already mentioned,
discovered that the rays issuing from the fluorescent spot in a
Crookes’ tube where the cathode rays impinged on the glass,
possessed remarkable properties, and these rays received the
name of their discoverer.

Becquerel asked himself the question: Would fluorescence
produced in other ways give origin to Rontgen rays? Now,
salts of uranium fluoresce, so Becquerel ! took a photographic
plate, wrapped it in a light-tight sheath, placed some particles
of a uranium salt on the sheath, and after some time found
that on developing the plate he had a photograph of the salt.

“ It was natural to conclude that Rontgen rays had been given off
as had been thought likely.

“ Extraordinary as it may seem in the face of the result this con-
clusion, as well as the reasoning which led to it, was quite mistaken.
We now know that the fluorescence of the glass has nothingto do
with the production of the Rontgen rays. We know further that
the fluorescence of uranium salts is quite unconnected with the
invisible rays which they emit. And lastly we know that these
latter are of quite a different nature from the Riontgen rays. It seems
a truly extraordinary coincidence that so wonderful a discovery should
result from the following up of & series of false clues. And it may
well be doubted whether the history of scieuce affords any parallel to
it.” 2

1 Compt. rend. 122, pp. 420, 501, 559, 689, 762, 1086 (1896).

3¢ The Becquerel Rays and the Properties of Radium,” 1904, the Hon.
R. J. Strautt, p. 26.
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F16. 16.—* Sl " photogiaph of incandescent mantle.

Vacuum

Air

F1a. 17.-—One of Becquerel's photographs of the radium rays.
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Do other elements emit Becquerel rays?

Schmidt showed that compounds of one, and only one then
known element did so, namely those of thorium, an element
having the highest atomic weight after uranium (Th = 282.
U = 288.)

It is easy to show this by means of an ordinary incandes-
cent gas mantle which consists mainly of thorium oxide. If
such a mantle is cut down the centre and flattened out on the
gensitive side of a photographic plate, the whole being kept
in the dark for about a week, and the plate then developed in
the usual way it will be found that an exact reproduction of
the mantle has been impressed on the plate. The ** photo-
graph ” shown in Fig. 16 was thus obtained.

Whence comes the energy of these Becquerel rays to induce
this photographic effect ?

(a) Is it stored up likelight in a phosphorescent substance ?

No; because uranium salts over a photograph plate wrapped
in an opaque coating do not affect the plate more when
exposed to sunlight than in the dark.

(b) Does it come from the energy of the gas particles of the
air ?

This on the face of it is extremely improbable, and is
disproved by the fact that & uranium salt gives out its rays in
a complete vacuum.

The only other hypothesis is that uranium is slowly under-
going change while giving up some of the internal energy of
the atom. It was reserved for Madame Curie! and her
husband to trace the source of the Becquerel rays.

An examination of different uranium salts by that lady as to
their power of emitting the Becquerel rays, showed that they
were identical in that respect. This she did with a special
electroscope of which a sketch is given in Fig. 18.

1 M. and Mme. Curie and G. Bémont, Compt, rend. 127, p. 1215 (1898).
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The apparatus consists of a rectangular case of brass with
a clear window in front and a sheet of ground glass at the
back. A metal strip A supported by the insulating material
B at the top of the case is connected with a gold leaf H, and
also with the metal rod C which passes through the holes in
the case D and D!, and terminates at one end in the circular
and horizontal metal plate E. A similar sheet F is attached to
the box at G. The radio-active material is placed on the
latter (after the instrument has been charged and the gold
leaf has diverged from A). 'This ionises the air between E
and F, causing a leakage of electricity from the former, and
as a consequence the gradual
B collapse of the gold leaf. The
][‘ ¢ 7D

time required for the latter to
fall through a certain angle
—L-t affords a means for quantita-
o= " tively measuring the activity
of the material.

Mme. Curie having proved
with this instrument that the
same weight of uranium, no
matter how combined, emitted the same amount of Becquerel
rays, next tested pitchblende in the same manner, and found
it to be more radiant than uranium, which is its chief con-
stituent. How could this be explained ?

Mme. Curie argued that pitchblende must contain a more
active constituent than uranium, and along with her husband
set herself to isolate it, using the electroscope as her
guide.

Eventually in 1898 compounds of two new elements were
isolated, which latter she named radium and polonium
respectively,! and a year later Debierne isolated compounds of

"

F1a. 18.—The Curie electroscope.

1 Polonium was the first to be discovered. Mme. Curie, Compt, rend. 127,
p. 175 (1898).
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a third from pitchblende, which he called actinium.! A fourth
radio-active element of somewhat doubtful existence has been
called “ radio ” lead,? while a fifth was discovered by Boltwood
in 1907 8 and named by him ionium.

All other commonly occurring elements have been examined,
but only in the cases of potassium and rubidium has any
indication been found of the emission of rays. With both of
these the activity is exceedingly feeble (see footnote, p. 64).

These radio-active elemewts occur in excessively minute
amounts, and their isolation in the form of compounds involves
lengthy and tedious processes. The following scheme em-
ployed by Haitinger and Ulrich in 1908 will give an idea, of
one of the modern methods and the yield. It may be
mentioned that they were furnished by the Austrian Govern-
ment with 10,000 kgs. of residues from 30,000 kgs. of pitch-
blende after the bulk of the uranium had been separated
from the latter. From these residues they separated nearly
8 grams of radium chloride in a state approaching purity,
the work lasting two years.! It should be mentioned that
the radium was initially present as sulphate.

OutLINE OF METHOD.

The residues were washed with water to remove soluble
sulphates, and then boiled with fairly strong HCl :—

Soln. Res.

All the Po Heated with half its weight Na,CO; (25%,) solution.
and Ac. Mass washed to remove soluble sulphates, then HCI
added. This treatment repeated three times. All
the Ra now present in the acid extracts. These
were precipitated with H,SO,; the precipitate con-
taining the sulphates of lead, the alkaline earth,

1 Compt. rend. 129, p. 593 (1899) ; 130, p. 906 (1900).

2 Wied. Annal. 69, p. 83 (1899).
8 A new radio-active element. Amer. J. of Science, 1907, 4, 24, p. 870.

¢ Monatshefte, 1908, 29, p. 485,

C.0.N. I
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Res.

metals, radium, etc. These repeatedly heated with
Na,CO, sol,, and the insoluble residue repeatedly
warmed with HCI, and lastly with water to remove
PbCl, (from which radio-lead was extracted). This
process was repeated several times. Acid extracts
freed from Pb by H,S, evaporated to dryness, and
the greater part of the CaCl, extracted by HCl
(conc.). Crude residue weighed when moist, 20 kgs.
Repeated fractional crystallisation gave two fractions,
one of 2 kgs., containing most of the RaCl, (least
sol.), the other of 11 kgs. containing scarcely any.
By repeating the fractionation of the first fraction
five portions were obtained, the least soluble of
which gave an atomic weight for the metal of 225,
and weighed about half a gram. Altogether, it was
calculated that 3:236 grams of anhydrous RaCl, were
obtained in the different fractions.

The following brief account may now be given of the new
radio-active elements :—

Radium.—Owing to the small quantities of radium com-
pounds yet isolated much remains to be learnt as regards the
element.

The metal has been obtained by Mme. Curie,! and the
following is copied verbatim from the abstracts of the Journal
of the Chemical Society.?

“The amalgam was obtained by the electrolysis of a solution of
0°106 gram of perfectly pure radium chloride with cathode of
mercury (10 grams) and anode of platinum-iridinm. After electro-
lysis the solution contained 0:0085 gram of the salt. The
amalgam was quite fluid, whereas with barium under similar condi-
tions it is partly crystalline. The dried amalgam was transferred to
an iron boat and heated cautiously in a quartz tube in a current of
hydrogen, purified by passage through the walls of a platinum tube

1 Mme. Curie and Andre Debierne, Compt. rend. 1910, 523.
2 Abstracts I1., 1910, p. 816, See also p. 119 of this book.
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heated in an electric furnace. The temperature of the boat was
determined by a thermo-couple. Most of the mercury was distilled
at 270°C. At 400° C. the amalgam became solid, and its melting point
rose progressively as the mercury was driven off to 700° when no
more mercury volatilised, but the radium itself commenced to
volatilise and to attack the quartz tube energetically. The boat now
contained a brilliant white metal, fusing sharply in the neighbour-
hood of 700°, which was considered to be pure radium. It adhered
strongly to the iron and blackened immediately on exposure to the
air, probably forming the nitride. A particle falling on white paper
produced a blackening analogous to a burn.  The metal decomposed
water energetically and dissolve® for the most part, showing that
the oxide (‘hydrate’?) is soluble. The small, black residue
(nitride 7) dissolved completely in a very little hydrochloric acid,
showing that no mercury was present. The penetrating rays from
the boat containing the metal, scaled in a glass tube, showed the
normal increase following the law of the production of the emana-
tion. Owing to the metallic radium being much more volatile than
barium it is proposed to purify it by sublimation in a vacuum.”

There is every reason for believing that radium is a member
of the family of the alkaline earth metals. Its sulphate,
chloride, bromide, and carbonate have been prepared, and
resemble the corresponding barium salts. The first is even
lesg soluble than barium sulphate: the second and third
contain two molecules of water of crystallisation, as do the
corresponding barium salts with which they are isomorphous,
but are less soluble than the barium compounds—a property
which is taken advantage of for separating radium from
barium : the carbonate is sparingly soluble.

The salts of radium colour the flame of a Bunsen burner
crimson, resembling in that respect compounds of strontium.

The spectrum of radium was first examined by Demar¢ay.!
With a specimen that was probably nearly pure, only three
strong lines of barium appeared, while the new spectrum was
very bright. Further investigations of the spectrum have

1 Compt. rend. 127 p. 1218 ; 129, p. 716 ; 131, p. 268,
12
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been made by Crookes,! Runge and Precht,? Exner and
Haschek,® and others. The following table shows the wave-
lengths (W. L.) in Angstrém units of a few of the brightest
lines of radium, together with their relative intensities, as
obtained in the spark spectrum by Runge and Precht.

W. L. Intensity. Colour. Ww. L. Intensity. Colour.
62006 10 Orange. | 458883 | . 10 Blue.
59584 10 ” - 4436°49 20 »
581885 15 Yellow. | 434083 50 Indigo.
57292 23 » 381458 | 100 U-Violet.
566081 10 ” 864975 50 ’

- 482612 20 Blue. 281384 10 .
4682-36 50 »

It has already been mentioned that radium salts impart a
crimson coloration to the flame of a Bunsen burner. When
this flame spectrum is examined, the following additional
bands and lines are easily observed : —

Bands ... 6130—6330 (Orange); 6580—6700 (Red).
Lines ... 6329, 6349 ’ 6653 ’

The lines are all sharply defined and several of them have
an intensity comparable with any known lines of other
substances. Some of them can be detected in the spectrum
of preparations containing even the merest trace of radium.
In the final stages of the purification of radium from barium
Mme. Curie used as a guide the relative intensities of two
adjacent lines 4533-3 (Ra) and 45542 (Ba), the intensity of the
latter becoming exceedingly feeble in the last stages of the
purification. The bands are broad and bright but nebulous.

Finally, it may be mentioned that the general aspect of the

1 Proe. Roy. soc. A., p. 295, 1904,
2 Ann. d. Phys., 10, p. 655, 1903,
8 Wien. Ber., 120, p. 967, 1911,
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radium spectrum is similar to that of the alkaline earths, the
metals of that series showing strong lines accompanied with
nebulous bands.

The atomic weight of radium has given rise to controversy.
Mme. Curie from analyses of the chloride, concluded that the
atomic weight was 226°2 with a probable error of 05.!

Later Thorp? obtained the figures 2267 (mean of three
determinations).

Runge and Precht? from spectroscopic evidence calculated
that the atomic weight shouwld be 258, a figure differing
considerably from the values previously obtained.

Marshall Watts,* on the other hand using another relation
between the lines of the spectrum deduced much the same
value as Mme. Curie. The figure now given in the Inter-
national Table is 226°4.%

0. Honigschmid® redetermined the atomic weight of radium
in 1912, using as much as 135 grm. of the chloride. He
ascertained the ratios RaCly/AgCl and RaCly/Ag, employing
the apparatus and methods of T. W. Richards. Again in
19187 he repeated the determination with radium bromide,
using the method of Whytlaw-Gray and Ramsay of converting
the chloride into the bromide, and vice rersd, with practically
the same result. The radium salt appears to have been quite
pure and free from even traces of barium. He found an
atomic weight of 225:95 which is materially different from
the International Table figure.

A radium salt, when freshly prepared is white, but after a
time becomes yellow, and finally brown. This change in

} Le Radium, 1907, Oct.

2 Proc. Roy. Svc., 80 (1908), p. 298,

8 Phil. Mag., April, 1903,

& Phil. Mag., July, 1903,

& Recently Gray and Ramsay (Proc. Roy. Sve. A., 86, p. 270, 1912) obtained
the value 226-45.

8 Monatsh. 1912, 33 pp., 263—288. Chem. Soc. Journ. Abs. 11. 1912, p. 523.
(See also Chem. Soc. Annual Rep., Art. ‘ Radio-activity.")

Y Nature, 1918, p. 228,
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colour is more marked with the impure salts containing
barium than with the pure compounds. Solutions of radium
salts show a characteristic blue luminescence which is also
enhanced by the presence of barium compounds.

All compounds of radium are luminous in the dark.

The position of radium in the Periodic System is seen from
the following :

Gl = 9

Mg = 24 (Difference = 15)
Ca = 40( + ,, = 16)
Sr = 87¢( ’ = 47)
Ba=187( ,  =50)
? =182 ( ' = 45)
Ra = 226 ( ’ = 44)
? =271 ( = 45)

Actinium.—Properly speaking, this is not a radio-active
element, being rayless, but it gives rise to radio-active
products.

It is precipitated with the group of rare earths and appears
to be closely allied to lanthanum. Its oxalate is precipitated
in an acid solution and is insoluble in hydrofluoric acid.

Polonium.—This is found in the bismuth separated from
pitchblende residues (as already mentioned) and it so closely
resembles bismuuth that it is impossible, or has been found
80 as yet, to separate the two. Marckwald! obtained it by
dipping a rod of bismuth into the active solution of the
chloride, when the activity of the latter gradually disappeared
and was transferred to the rod as a black deposit, and he
called it “ Radio-tellurium.” When dissolved in hydrochloric
acid and the solution treated with hydrazine hydrochloride,
he found that all the tellurium was precipitated, while the
active material remained in the solution. From 850 grams

1 Ber. Deutsch. Chem. Ges. (1902), p. 2,286 ; also Phys, Zsitschr, No. 76 (1902),
p.61.
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of the bismuth solution he eventually separated 06 gram of
active material.

Rutherford has shown that this substance is identical with
the polonium of Mme. Curie and also with the so-called
radium F.!

Ionium.—This was at first mistaken for actinium. It is
contained in carnotite, a uranium ore, and is so closely related
to thorium that hitherto it has been found impossible to
separate them. Its presenct was first discovered by Boltwood
in 1907.2 It has a special® interest, as we shall see later
(see pp. 173—174).

Radio-Lead.—Elster and Geitel® found that the lead
obtained from pitchblende was very active, but considered
that the activity was due to admixed radium.

Hofmann and Strauss? also found that lead sulphate
obtained from the same source was active, but that the
activity was not due to foreign substances. They proposed
the name radio-lead for it. It resembled ordinary lead in
most of its reactions, but showed certain differences. Thus
its sulphate was very strongly phosphorescent.

Giesel ° was also able to obtain radio-lead, but found that
the activity diminished with time, contrary to what Hofmann
had found. '

In 1904, Hofmann and his colleagues ® showed that the lead
is not itself active, but gives rise to active products.

Rutherford first,® and St. Meyer and v. Schweidler later,”
appear to have proved conclusively the identity of radio-lead

1 Paneth has recently found that polonium resembles a colloid, in that it
does not pass appreciably through animal membranes or parchment paper.
Radio-lead may readily be separated from it by dialysis. (Vature, 1913,

. 228.

P 2 Am)er. Journ. Sci., 24, p. 370, 1907 ; 25, pp. 3635, 493, 1908.

8 Wied. Ann.,69, 1899, p. 83.

4 Ber. Deutsch. Chem. Ges., 1901, p. 3035.

8 Ibid., p. 3775.

8 Phil. T'rans. A., 204, p. 169 ; Phil. Mag., 8, p. 636, 1904 ; 10, p. 290, 1906.

T Wien. Ber. 114, p. 1195 ; 115, pp. 63, 697, 1906.
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with radium D, which we shall consider presently, while the
active products are radium E and radium F.

The rays from radium.—It will be recalled that in a high
vacuum tube with an electric discharge passing through it,
three different sets of rays are found, viz. :

(1) Cathode rays.—Consisting of ‘‘electrons,” or * cor-
puscles.” These have been proved to be minute particles
whose apparent mass is about y£;; that of hydrogen atom.
These are negatively electrified,! and have velocities of
from {5 to } that of light. They are fairly penetrating and
very deviable by a magnetic or electrostatic force.

(2) Canal rays.—These have been shown to be particles of
matter, never less than atomic in size and consisting of the
gases or vapours left in the tube after its evacuation, positively
electrified, velocity considerably less than that of the cathode
rays,? only slightly deviable and with only slight powers of
penetration.

(8) Rontgen (X) rays.—These light up screens of certain
materials, e.g., barium platino-cyanide ; induce fluorescence in
glass ; non deviable ; very penetrating.

How do these compare with the Becquerel rays ?

It is easy to demonstrate that the latter are not all of the
same kind and have unequal powers of penetration, for
example :

To show this, if a little of a radium salt be placed in a metal
box, on the lower plate of the Curie electroscope, the charged
leaf soon collapses. If now the radium is removed, the
instrument again charged, and the box containing the radium
salt (but this time covered with a sheet of tin foil) be again

1 See pp. 124, 125 for the influcnce of spced on the apparent mass of a moving
charge.

2 The velocity of particles of small specific gravity, such as those of hydrogen
and helium, may be of the magnitude 2 x 10% cms. per second, light having a
velocity of 3 x 1010, But the velocities of heavier atoms are much less.
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brought on the instrument the leaves will collapse much more
slowly, say in ten times the length of time. If a second sheet
of tin foil is next placed over the radium and the operations
repeated, it will be found that though the additional sheet has
caused some retardation, it is nothing like so great as that
produced by the first.

Thus, the tin foil acts as a filter and stops the less
penetrating rays, the second sheet not very materially
affecting the result.

If we next place a sheet of lead, say } in. thick, over the
tin foil, a great reduction in the discharging effect occurs,
while another sheet acts like the second tin foil layer in the
first experiment. A second kind of radiation has thus been
stopped out, while a third has passed through both sheets of
lead. The rays from the radium compound have thus been
divided into three classes, viz. :—

(1) Slightly penetrating, which have been called a-rays
(2) LIOI'O I ” ” ”» ” B' ””
(3) nghly ) ” ” L1 L2 ) AT

All three types of rays (a) produce * ionisation” of gases,
that is to say, they change some of the molecules into charged
ions, and then the gases are able to conduct electricity, and (D)
all act on a photographic plate; both of these properties being
utilised for their detection and investigation. They also cause
fluorescence. Thus, diamonds fluoresce with a bluish light
when brought near a radium salt in a dark room, which
phenomenon affords an admirable yet simple test for distin-
guishing the true gem from an imitation stone.

Other substances which are brilliantly fluorescent are zinc
sulphide, which glows most brightly under the a-rays and
barium platino-cyanide which is especially sensitive to the 8
and ry-rays.

The Becquerel rays also induce certain chemical effects,
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thus, ordinary soda glass becomes violet and potash glass
brown under their influence. On heating the glass, it again
becomes colourless. Rock salt becomes blue. Barium salts,
red. Iodine is liberated from a solution of iodoform in
chloroform. We shall have occasion to consider other
chemical changes induced by the rays.later on.!

The rays from radium also produce important physiological
effects as do the Rontgen rays, and much is hoped for in this
respect, in relation to the use of rddium for curative purposes,
the Radium Institute having beén founded with that object.
It may also be mentioned that the curative properties of many
mineral waters have been attributed to their radium content.

From these different properties of the radium rays, it will
be seen that they closely resemble those from a Crookes’ tube,
and we may now inquire more particularly into their
individual properties.

(1) The B-rays.—A very important property of these rays,
which at once associates them with the cathode rays, is their
deviability by a magnetic or electrostatic force. This may be
demonstrated and measured (a) by photographic methods,
and (b) by means of the electroscope, while it may also be
shown (¢) with the aid of a fluorescent screen.

The general nature of the arrangement in all three methods
is much the same. A box or tube containing the radium? is
placed so that its open end faces the photographic plate,
electroscope or fluorescent screen, when a certain effect is
produced on whichever of the latter is employed. On applying
the deviating force (say that resulting from the use of a

1 By measuring the radii of the halos found in certain rocks, which are
formed round some nucleus of foreign material, Joly was able to show that the
sizes of the circles were exactly those which would be formed if the nucleus
was sending out rays. By comparing the intensities of the natural halos with
those produced in the laboratory, it has been possible to estimate approximately
the ages of the rock minerals in which the halos are found.

2 A wire on which there is a radio-active deposit is frequently now used as &
source of rays.
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magnet), the position where the effect is produced is altered.
This is indicated in the following diagram.
The effect is produced at C when there is no deviating

force, but at D when the latter is applied.

If the poles of

the magnet be reversed, the deflection will take place in the

opposite direction and thus the total
deflection to be measured is doubled.

It should be mentioned that the
rays are affected by the deviating
force in the same way was the
cathode rays, but they are not all
deflected to the same extent, as
will be seen from IFig. 19, and also
from the copy of one of Becquerel’s
photographs (see Fig. 17, on plate
facing p. 110.)

It is thus apparent that the rays
consist of negatively electrified
particles, which are shot out of the
radium salt with varying velocities.

Their speeds and the ratio i

have been determined by an appli-
cation of the principles already

F16. 19.—Photographic method
for demonstrating the devia-
tion of the B-rays from
radium.

A. Box or tube containing the

radium.

B. Photographic plate.

(. Position  of rays without

magnet,

D. Positionof rays when magnet

is applied.

(The magnetic force is applied
at right angles to the plane
of the paper.)

described for obtaining that ratio in the case of the cathode

rays, and vary thus :—
Speed in cms. per sec.
2:36 x 10Y
285 x 10
Light = 3:00 x 10%°

e
=
181 x 107
063 x 107

The particles constituting the rays are therefore moving

1

Ble

in electro-magnetic units.
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nearly as fast as light and much faster than the cathode
rays.

The electron theory of matter may here be mentioned, though
it is somewhat difficult to realise. Matter and electricity
have the property in common of inertia. Both require a force
to start them in motion, and both when once moving,
especially at high velocities, are difficult to stop. It is this
property of inertia which makes a projectile so deadly, and
which causes a flash of lightning to be equally, if not
more so. “

The idea that matter is not material at all, but is a mere
movement of the ether, was discussed a good many years ago
by the late Lord Kelvin, but was revived in a different form
by J. J. Thomson in 1881. Thomson showed mathematically
that a moving, charged electrical sphere, must possess inertia,
due to the electro-magnetic field of force it creates by its
motion in the surrounding ether.

In order that this increase of inertia or apparent increase
of mass should be perceptible, it is necessary that the sphere
should be very small, and its speed approaching that of light.
Lodge calculated that a mass = 1 when moving slowly, would
become :—

Mass Rate of motion.
11 50% Speed of light.
328 99,, . .
5:00 99'5,, w3 3y
Infinite 100,, ,, o,

In the following table the velocities for B-rays as deter-
mined by Kaufmann are given, and the masses (M) as
deduced mathematically by Thomson at these velocities are

compared with those found from the ratios ~1—% which were

determined by Kaufmann: the masses thus calculated being
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the number of times the mass of the particle with the given
velocity exceeds its mass for small velocities.

\A M (Thomson). M (Kaufmann).3
285 31 809
2:72 2:42 243
2:59 20 204
248 166 183
2:36 . 15 165

As a radium salt is constantly losing B3-particles, and as
these carry with them negative electricity, the radium salt
should acquire in time a positive charge. This can be shown
in a very striking way by means of an apparatus devised by
R. J. Strutt and called by him ¢ The Radium Clock ” (Fig. 20,
p. 126).

The tube d containing radium is suspended by the insulat-
ing glass rod ¢ from the stopper b of the completely evacuated
glass cylinder a. The radium tube is provided with a brass
collar at f, from which two gold leaves are hung. The
discharge of negative electricity from the radium salt in d
cauges these to slowly ‘diverge from a positive charge until
they touch the tin foil strips 1 h which are connected to earth.
The leaves thus lose their positive charge and collapse, and
this process repeats itself indefinitely, since the period of
decay of radium is an exceedingly long one, thus realising as
nearly as possible the idea of perpetual motion.

One other property of the B-rays may be mentioned. The
cathode glow shows the spectrum of the gas in which it is
produced.

Sir William and Lady Huggins photographed the spectrum

1 Velocity in relative figures. Light = 3.
8 Phys. Zeitschr., 4, p. 54, 1903 ; Ann. d. Physik., 19., p. 487, 1906.
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of luminescent radium compounds and showed that it
corresponded with that of incandescent nitrogen contained in
the air surrounding it, thus establishing another point of
resemblance between the cathode rays and the B-rays.
(2) The a-rays.—We owe the detection and investigation of
these rays largely to the genius of Rutherford,! and as we
shall see later, they are of extra-
ordinary interest. It was easy to
prove by the different methods
already mentioned that the S-rays
are deviable by a magnet, but it
was very difficult, on the other
hand, to show that the a-rays are
also deviable, but in the opposite
direction, because their deviability
is so slight. This was, however,
accomplished by Rutherford,? using
an apparatus similar to that already
described (Fig. 19). Another ap-
Fartn  paratus employed by him is shown
in Fig. 21.
In this, the general method em-
ployed was to allow the rays to pass
F16.20—¢The Radium Clock." through narrow slits anq to observe
(From Strutt’s * Beequerel whether the rate of discharge of
Rays.”) . .
an electroscope, due to the issuing
rays, was altered by the application of a strong magnetic
field.
The rays from a thin layer of radium passed upwards
through a number of narrow slits, G, in parallel, and then
through a thin layer of aluminum foil, 0:00034 cm. thick,

1 Phil. Mag., ¥eb., 1903 ; Phys. Zeitschr., p. 235, 1902, and many subsequent
apers.
3 Phil. Mag., 12, p. 348, 1906.
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into the testing vessel V. The ionisation produced by the
rays in the testing vessel was measured by the rate of move-
ment of the leaf of an electroscope B. The gold leaf system
was insulated inside the vessel by a sulphur bead C, and
could be charged by means of a movable wire D, which was
afterwards earthed. The rate of movement of the gold leaf
was observed through small mica windows in the testing
vessel by means of a micro-

scope provided with a micro- -
M J—— e
meter ey e-plece: ’ | Earth Mw of Hydrogen
In order to increase the c
D

ionisation in the testing
vessel, the rays passed
through 20 to 25 slits of v
equal width, placed side by B
side.

The magnpetic field was
applied perpendicular to
the plane of the paper, and
parallel to the plane of the
slits. The rays are thus X 0w low of Hydrogen
detlected in a direction per- F1G. 21,~‘~Ruthverfo.nl's apparatus for
pendicular to the plane of investigating a-rays.
the slits, and a very small amount of deviation is sufficient to
“cause the rays to impinge on the sides of the plate, where
they are absorbed.

The testing vessel and system of plates were waxed to a
lead plate P, so that the rays entered the vessel V only
through the aluminum foil. It is necessary in these
experiments to have a steady stream of gas passing down-
wards between the plates, in order to prevent the diffusion of
the emanation from the radium upwards into the testing
vessel. The presence in the testing vessel of a small amount
of this emanation, which is always given out by radium,

P Aluminium foil

l“l : Earth
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would produce great ionisation and completely mask the effect
to be observed. For this purpose a steady current of dry
electrolytic hydrogen, of about 2 c.c. per second, was passed
into the testing vessel, streamed through the porous aluminum
foil, and passed between the plates carrying the emanation
with it away from the apparatus. The use of a stream of
hydrogen, instead of air, greatly simplifies the experiment,
for it increases the ionisation current due to the a-rays in the
testing vessel, and at the same time greatly diminishes that
due to the B- and -rays. This is caused by the fact that
the a-rays are much more readily absorbed in air than in
hydrogen, while the rate of production of ions due to the
B- and y-rays is much less in hydrogen than in air. The
intensity of the a-rays after passing between the plates is
consequently greater when hydrogen is used ; and since the
rays pass through a sufficient distance of hydrogen in the
testing vessel to be largely absorbed, the total amount of
ionisation produced by them is greater with hydrogen than
with air.!

From the magnetic and electrostatic deflection of the a-rays,
Rutherford proved that:—

V = about ¢ that of light; I%:about 5 X 10® (electro-
magnetic units).
The value of 7:-{ for the hydrogen atom liberated in

the electrolysis of water is 10* (in the same units). Assum-
ing the charge carried by the a-particle to be twice that
carried by the hydrogen atom, the mass of the a-particle is
about four times that of the hydrogen atom. We shall see that
the question of the mass of the a-particle is one of the greatest
importance, and Rutherford’s further investigations on the
subject will be discussed in a later chapter (see pp. 155—160).

1 Rutherford. * Radio-activity.”



THE NEWER CHEMISTRY 129

A very beautiful instrument for observing an effect of the
a-particles was devised by Crookes, and was called by him the
“ Spinthariscope.” A small fragment of radium or polonium
compound, or even of the mineral pitchblende, is fixed several
millimetres away from a small zinc sulphide screen. Above
this screen is a lens. On looking through the latter in a
completely dark room, bright spots of light are seen to
flash out on a perfectly dark background. The effect is
like the sudden gppearance’of stars in a starless sky, each
instantaneously disappearing to be replaced by others. These
scintillations are caused by the impact of the a-particles on
the zinc sulphide, each being caused by a single particle.
Becquerel’s opinion was that the crystals of the zinc compound
are actually fractured. If two pieces of loaf sugar are rubbed
together in the dark, they become luminous, probably from a
similar cause.!’ 'We shall see later on that the actual number
of a-particles expelled from a given weight of a radium salt
can be counted by the scintillations which they produce.

The ry-rays.—These are the most penetrating of all the rays
emitted from radium, and were discovered by Villard in 1900.2
So penetrating are they that, using 30 mgs. of radium bromide,
they will pierce an iron plate 30 cms. thick.

Like the other rays, they ionise gases, act on a photographic
plate, and cause certain substances to fluoresce, e.g., barium
platinocyanide.

They are distinguished from the a-and B-rays by not being
deviable by a magnetic or electrostatic force, and apparently
are neutral electrically.

- and B-rays appear always to go together, and are related

in their proportions, .

1 Tater work has led to the belief, however, that the scintillations are due to
the breaking up of the molecules or aggregates of molecules, and not to the
mechanical disruption of the crystals (Rutheiford, Proec. Roy. Soc. A., 83,
p. 561, 1910).

2 Compt. rend., 130, pp. 1010, 1178.

C.O.N. K
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The available evidence shows that there can be little doubt
that -rays are of the type of very penetrating X-rays. The
hypotheses as to the exact nature of these X- (or Réntgen) rays
have already been discussed. It has not yet, however, been

Y

k2

F16. 22.—To illustrate the electric properties and penetration of the radium
rays. (Somewhat modified by the author from the original Curie diagram.)

possible to obtain evidence which would enable a definite
decision to be arrived at on this subject.

We may summarise the chief properties of the three types
of rays emitted from radium as follows :—

(1) a-rays. Positively electrified particles whose mass is
larger than that of a hydrogen atom. Slightly. deviable by a
maguetic or electrostatic force. Slightly penetrating. Velocity
about ¢ that of light. May be compared with the canal rays
of a Crookes’ tube.

(2) B-rays. Negatively electrified particles of similar mass
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to that of the cathode rays (745 that of hydrogen atom).
Strongly deviable by a magnetic or electrostatic force. Fairly
peunetrating. Very high velocity varying from % to % that of
light. Resemble the Cathode rays of a Crookes’ tube, but
have a higher velocity.

(8) y-rays. Apparently electrically neutral. Non-deviable
by a magnetic or electrostatic force. Very penetrating.
Velocity probably very high and approaching that of light.
Exact nature unknown. Resemble Rontgen or X-rays.

Some of the above properties are illustrated by Fig. 22, part
of which was suggested by Mme. Curie.

APPENDIX TO RADIO-ACTIVE ELEMENTS.

UraNtum.—Klaproth, in 1789, suspected the presence of a new
metal in the mineral pitchblende (previously mistaken for an ore of
zinc) to which he gave the name of uranium, from that of the planet
Uranus. The metal was first isolated by Peligot in 1842.

Extracrion.—Pitchblende (impure U,0,), after being roasted to
drive off sulphur, arsenic and molybdenum, is again roasted with
sodium carbonate (and a little nitrate). The resulting mass (con-
taining sodium uranate) is treated with water, and the insoluble
residue with dilute sulphuric acid which dissolves the uranium.
The solution is evaporated and heated to drive off the excess of acid,
and the residue extracted with water which dissolves impure uranyl
sulphate. To the solution of this, excess of sodium carbonate is
added, and the precipitate, containing iron, aluminum, nickel and
cobalt, allowed to subside; the solution is next decanted and precipi-
tated with caustic soda, when the commercial oxide of uranium is
obtained.

The metal varies somewhat in properties, according to the method
employed for its isolation. Obtained by reducing U,0, in the
electric furnace, it is malleable, hard and of much the same colour as
nickel and can be polished. It is permanent in the air at ordinary
temperatures, but when powdered firesat about 170°. It decomposes
water.

Comrousps.—Uranium functions as u bexad in UO, and in uranyl
compounds (UO,""), also as a tetrad in UCI,, etc., while in U03=
2U0,, UO, it behaves as both hexad and tetrad; its compounds are

K 2
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used commercially for imparting a yellow colour and greenish

fluorescence to glass. The following is a conspectus of some of its

chief compounds :(—

Uranic (UY").—UOQ,. Action of heat on the hydrate (H,UO,) or on
U0, (NO,),, yellow amorphous powder.

H,UO,. Heating a 2 per cent. uranium acetate solution for 100
hours in a sealed tube at 175, yellow crystals.

K,UO,. Yellow crystals.

K,U,0;. Yellow precipitate.

Uranous (U'").—UCI,. Direct synthesis or action of chlorine on a
mixture of charcoal and U,O,. Dark green octohedra with
metallic reflex : deliquescent.

UO; (formerly regarded as the metal and functions as the radical
uranyl). Obtained by the action of potassium on uranyl chloride,
as black octohedral crystals.

UO,Cl,. Yellow crystals,

U0,,H,0. Action of ammonia on UCI, solution.

U0, (NOj), 6H,0. Action of nitric acid on U0, Yellow crystals
soluble in ether.

Uranoso-uranic (U'! and U').—U,0, or UO,, 2U0,. Green oxide.
Main constituent of pitchblende.

The following are also known : UCI;,, UCl,;, UO,.

TaoriuMm.—In 1818 Berzelius thought that he had obtained a new
earth from a mineral obtained from Fahlun, which he called thoria,
but afterwards he identified the supposed new earth as consisting
chiefly of yttrium phosphate. Ten years later Esmark discovered,
near Brevig, in Norway, the mineral now known as thorite and from
the latter Berzelius obtained the true thoria.

OccurreNce.—The following are a few of the chief thorium
minerals :—

Thorite, ThSiO,, Monazite (one of the chief commercial sources).
Chiefly (CeLaDi)PO,, but contains from 5—7 per cent of ThO,.

Thorianite. A newly discovered mineral, mainly ThO,, but contains
a considerable proportion of uranium oxides and smaller quan-
tities of other oxides, e.g., PhO. This mineral is remarkable for
its helium content, 1 gram of it when heated yielding as much
as 82 c.c. ‘

ExrtracrioN ofF Tuorivm Compounps.—(1) From thorite. The
mineral is evaporated to dryness with strong sulphuric acid, the result-
ing thorium sulphate dissolved out by cold water and precipitated as a
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basie salt on boiling the solution. (2) From monazite. The mineral

is heated, as before, with strong sulphuricacid, treated with water and

boiled with oxalic acid, when thorium oxalate is precipitated.

The metal may be obtained either by heating the double chloride
of thorium and potassium with sodium, or by heating the double
fluoride of thorium and potassium with potassium. It is known in
two forms, viz. (a) greyish glistening powder, (b) crystalline.

It is stable in air, and does not decompose water. It unites directly
with chlorine, bromine and iodine when heated in them, and in doing
so glows. [tis soluble in dilutg hydrochloric and sulphuric acids,
and in concentrated sulphuric acids, when heated, with evolution of
S0,. It is only attacked very slowly by nitric acid, and is not
attacked by alkalies.

Compounps.—Thorium belongs to the same group of elements as
titanium, zirconium, and cerium, but differs from them in forming an
oxide, ThyO;. The following is a conspectus of some of its chief
compounds :—

ThO,. White powder formed on the ignition of the hydrate, Th(OH),.
This oxide (thoria), with about 1 per cent of cerium oxide,
constitutes the material of which incandescent mantles are made.

ThCl,.  Sublimes when chlorine is passed over a heated mixture of
thoria and charcoal. It forms crystalline hydrates and double
salts with KCl and NH,CI.

ThF,, 4H,0. Is formed as a gelatinous white precipitate when an
alkaline fluoride is added to a solution of a thorium salt.

Th(S0O,),, 9H,0. Colourless crystals. Forms double salts with
alkaline sulphates.

Th(NOy),, 12H,0. Colourless erystals.

Th(C,0,), 2H,0. Insoluble in water.

Th(C;H;0,);. Thorium acetonyl-acetone ; soluble in chloroform and
alcohol ; can be distilled ¢n vacuo ; may be employed for the
separation and purification of the element.



CHAPTER VII

THE NEWER CHEMISTRY.

RADIO-ACTIVITY (continued) — EMANATIONS, PART I. — GENERAL
NATURE OF EMANATIONS — ACTIVE DEPOSITS — GRAY AND
RAMSAY'S FIRST RESEARCHES ON THE EMANATION FROM RADIUM
—MODERN ALCHEMY AND THE NATURE OF HELIUM.

Emanations.—As early as 1899 it was found (by Owens)?!
that currents of air disturb the radiation effects of thorium
salts, as measured by electrical methods. Rutherford? (1900)
showed that these derivatives liberate something like a gas
which he termed an “ Emanation.” That it was of the
nature of a gas, he demonstrated chiefly by the facts that it
can be mingled with air, etc., blown through liquids and
that its escape can be hindered by a stopper. In the same
year it was discovered (by Dorn)3 that radium evolves a
similar emanation. This can be extracted from a radium salt
by dissolving the latter in water, and either (a) bubbling air
4¢hrough the solution or (b) pumping the dissolved gases out.

The emanation thus diluted can be examined :—

(1) Electrically, when it is found to give off a-particles
only.

(2) By a zinc sulphide sereen which it causes to phosphoresce
most brilliantly.

(8) By cooling with liquid air, when it condenses into a
brilliant patch which glows in the dark.

The emanation can be collected at a given time and

! Phil. Mag., Oct., 1399, p. 360.

2 Ibid., p. 1, Jan. 1900.
8 Abh. d. Naturforsch Ges. f. Halle-a-8., 1900.
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examined periodically with the electroscope, while its source,
the solution of the radium salt, can be similarly examined.

The results are very remarkable.

The emanation when collected from the radium salt is very
active, while the radium salt has lost its activity.

But while the emanation “decays” or loses its activity
according to a definite law as regards time, the radium salt
“recovers’’ or regains its activity—the curves for rate of
decay and rate of recovery being complementary to each other
thus:—
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¥16. 23.—Decay and recovery curves of radium emanation (niton) and radium
respectively.

Similar facts have been ascertained about other radio-active

bodies.
Thus, the activity of both uranium and thorium can be

precipitated by ammonia, the precipitates containing what
have been called “ Uranium X! and * Thorium X,” these

1 Crookes was the first to show (in 1900) that when a uranium salt was preci-
pitated by ammonium carbonate, the reagent being in excess, the small preci-
pitate remaining was photographically active while the solution of the uranium
salt separated from the precipitate was inactive. He namecd the active con-
stituent * Uranium X, and showed that photographically it was weight for
weight several hundred times more active than the original salt. He also
showed that the active constituent differed from the inactive salt in being
insoluble in ether, so that on treating an ordinary uranium salt with ether, the
inactive part was dissolved while the active constituent remained.
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‘being the active constituents, while the solutions from which
they were separated are found to have lost their activity.

Both of these “ X derivatives decay, while the respective
solutions recover, and according to a similar law to that
governing the relations between the radium emanation and
the radium salt deprived of the emanation.

Whereas, however, the ‘ half-life”’ period of ‘“ Thorium X
(8'65 days) is very similar to that of the radium emanation
(885 days), that of ““ Uranium X ¢ is as much as 24'6 days.

It therefore seems impossible to resist the conclusion that
thorium, radium, and other radio-active elements are spon-
taneously splitting up into new substances which have the
characteristics of elements, or at least the chief of those
characteristics from the point of view of the chemist. We
shall, however, return to this matter presently.

Active Deposits.—It was discovered by the Curies?! that the
emanation (from radium) has the singular property of exciting
radio-activity in any substance with which it comes in contact.
This has been called ‘‘ excited ” or “induced ” activity, and as
it can be collected on any suitable surface, both its chemical
and electrical properties can be investigated. This has been
done, with the result that it would appear to consist of several
very “transient” elements,and othersof a less transient nature:
these being the successive products in the transformation
from the emanation to the final stage which is known at
present, namely, Ra F or polonium.

The first is called “ Radium A.” Its “half-life” is three
minutes. It emits a-rays only and chemically it behaves as a
solid, is deposited on the surfaces of bodies, is concentrated
on the cathode in an electric field. Volatilises at about
400—550° C., and is soluble in acids.

The second is called “ Radium B.” Its ¢ half-life” is about

1 Compt. rend., 129, p. 714, 1899.
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twenty-seven minutes. It emits 8 and  rays and is soluble
in acids. It is more volatile than A or C, and is said to
precipitate along with barium sulphate.

The third is called “ Radium C.” Its “ half-life " is about
twenty minutes. It emits a, B and y-rays, is soluble in acids,
deposits on nickel and copper and volatilises at about 1000° C.!

“Radium C” gives rise to a branch product ““ Radium Cy”’
but in addition it passes into ‘‘ Radium D ” (which Ramsay
and Cameron were successftil in depositing from the emana-
tion at the conical end of a very fine capillary tube, and found
that ‘it was a grey lustrous metal, and when oxygen was
admitted and the tube heated, the metallic lustre dis-
appeared "’ ?).

The “half-life” of ¢ Radium D" is about seventeen years.
It emits slow B rays, is said to be soluble in strong acids, and
to be volatile below 1000° C., and is also called radio-lead. The
latter in its turn becomes Ra E and this in its turn Ra F or
polonium.

We shall return to the subjects of the origin and dis-
integration products of radium later.

Actinium X and Thorium X give rise to the other two
emanations of the radio-active series, these emanations in
their turn also giving active deposits, which may be collected
like the corresponding deposit from the radium emanation
(Niton), but best by bringing a negatively charged wire or plate
into the vessel containing the emanation. On the whole the
active deposits from actinium and thorium resemble those

1 1t has been shown recently that Ra C is not a simple substance, but consists
of two components, C; and Cg—the first having a half-life period of 195
minutes and the second of only 1-38 minutes. So far, only very small guanti-
ties of the latter have been obtained. This is best accomplished by what is
called “ recoil,” that is to say, by placing a negatively charged receiving plate
(best in vacuo) at a short distance from the active deposit, when at the moment
of its production Cy is largely grojected from the active deposit and collects on
the receiving plate. This method has been used successfully in other cases, e.g.,
in that of * Actinium D.”

2 Ramsay. Presidential address, Chem, Soc., 1909 (Trans. p. 627).
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from radium, so far at least as in being soluble in acids,
volatilising when heated, etc.
The following conspectus of the three active deposits may

be given :—
Raprum SERIES.

Element. Life period. Rays emitted.
Niton (Radium emanation) 5565 Days a
Ra A . . . . . 4:32 Minutes a
4 |RaB. 887 B)} v
s Ra C . 281 i) a, B’ 4
': Ra Cg 20
Z1RaD (Radxo Lead) 238 Xears B)
S |RaE 72 Days B,
(Ra F (Polomum) 196'0 ’ a
AcTINIUM SERIES.
Element. Life period. Rays emitted.
Emanation 56  Seconds. a
fg’, Ac A . 00029 ,, a
2(Aec B . 52  Minutes B)
S3AcC. 30 a
% AeD. . . 68 i) B’ b4
< (Ac E (unknown) Rayless
THORIUM SERIES.
Element. Life period. Rays emitted.
Emanation 78 Seconds a
s [ThA. 020 ,, a
g !'Th B. 15'3 Hours B
g | Th G, 84-6 Minutes a
4 Th (12 ? ” a
5{ThD. . 447 B, v
<|\Th E (unknown) Rayless

1 (B) signifies rays of very low velocity, and as a consequence easily ahsorbed.
Such rays are spoken of as being * soft.”
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An account may now be given of the first investigations on
the emanation from radium made by Gray and Ramsay.!

We have seen that it has the properties of a gas, and
Rutherford and Soddy on the one hand, and Ramsay and
Soddy on the other, demonstrated in 1902-1908 that in its
general chemical characters it behaved like one of the inert
gases, such as argon, ete. It was further shown to obey
Boyle's Law and to have a definite spectrum.

Various observers sought’ to determine its atomic weight
from its rate of diffusion, the one method then available, and
results were obtained varying from 176 to 285.

In 1909 Gray and Ramsay in a remarkable research sue-
ceeded in determining many of its physical constants, and
believed that they had succeeded in deducing its atomic weight
from these and also its position in the periodic system.

The experimental difficulties can only be described as
immense—the total volume of gas available for investigation
at any time being only about {; cub. mm., i.c., a volume con-
siderably less than that of the head of an ordinary pin!

With this minute quantity, however, Gray and Ramsay made
the following determinations :—

(1) Melting point = — 71° C. (202° abs.)
(2) Boiling ,, = — 620 , (211° ,)
(8) Critical temperature = 4+104'5°,, (3877'5°,,)
(4) ,,  pressure = 47,450 mm. (62°4 ats.)

VAIIOUS ) — 500 mm. at 202° (abs.)
(6) Vapour ., "1’,89‘”}: 47,450 mm. at 377°5° (abs.)
vations
The following are the more important details as regards the
actual investigation :—
The total quantity of crystallised radium bromide available
was 03942 grm., containing 0°2111 grm. of metallic radium.

1 Trans. Chem. Soc., 1909, p. 1073,
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This was dissolved in water, the bulbs containing the solution
being connected with a Topler pump, so that the gases pro-
duced by the action of the radium salt on the water, namely
hydrogen and oxygen, could be pumped off along with the

emanation as often as required.
These gases, amounting on an average to 25 c.c. every
seven days, were transferred to a col-
— lecting tube, coated on its interior with
fused caustic potash (to absorb any
carbonic anhydride), and after about an
N—] hour there, were then passed into an
explosion burette (previously washed
H out with pure hydrogen) and there
exploded. The residue consisted of

b

To Pump

the emanation and hydrogen and

£ amounted to about 02 c.c. for a seven

Y 6 days collection. This residue was

transferred to a small tube coated with

fused caustic potash on the inside and
the burette from which it was trans-
ferred was washed out with a little pure
hydrogen (which was added to the
bulk of the emanation) and the mix-
ture transferred to the apparatus
shown in Fig. 24.

F IG’Sf;IS_ a‘;’;;;?,ta?gs (am- This was done through A, with a
vestigating the radium  nymber of precautions which need
emanation (niton).

not be described. Here it was treated
with pure and recently prepared quicklime to remove water
and any traces of carbonic anhydride, and then cooled by
surrounding the tube with liquid air in a moist paper cone at

J as shown in the sketch, when the emanation solidified.

The apparatus was then completely evacuated through the

pump; the liquid air removed, when the emanation volatilised

S »
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and its volume read at M. Finally the tube was cut at N and
mounted in a compression apparatus of the Andrews type.
Gray and Ramsay’s paper may now be quoted verbatim.

Rapruym EmanatioN aND THE PEeriopic Law.

H. He. Li. Gl N. 0.
1 4 7 9 14 16
(18) (16) (16) (15) a7) (16)
F. Ne. Na. Mg. P. S.
19 20 28 24 81 32
(16°5) (20) (16) (16) (44) €Y))
CL Ar. K. Ca. As. Se.
855 40 39 40 75 79
(44°5) (48) (46) 47) (45) (48)

Br. Kr. Rb. Sr. Sh. Te.
80 83 85 87 120 127
(€Yp) (48) (48) (40) (44) (42)
I. Xe. Cs. Ba. ? ?
127 131 183 137 164 169
@ W) @) 45 (44 (48)
? ? ? ? Bi. ?
171 175 177 182 208 212
(44) (41) - (44) (44) (14) (45)
? ? ? Ra. ? ?
215 219 221 226°4 252 257
@) (@) @) {5
? ? ? ?
259 2638 265 271

(The form of this table is different from that given in
Gray and Ramsay’s original paper, the vertical series here
given forming the horizontal series in that paper.)

“ An excerpt from the periodic table shows the probable atomic
weights of the higher members of the series of which helium is the
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first member . . . . . It is obviously possible to decide which of the
inactive gases occupies the position of the elements with atomic
weights 175, 219, and 263 by determining their vapour pressures.”

This is not so obvious to the ordinary chemist until
Gray and Ramsay’s diagrams next given are studied.

“In Fig. 1 (Fig. 25) are shown the boiling-points and critical points
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of argon, krypton and xenon plotted against molecular weights. The
lines lie on the arc of a circle, and this arc, if prolonged, cuts the
ordinate on which the boiling point lies at the point representing the
atomic weight 176. The critical point also lies on a similar are, and
gives the same value for the atomic weight of the emanation. If,on
the other hand, the atomic weight be taken as 219, that of the second
element after xenon, the boiling-point would be 260 abs., 49 degrees
higher, and the critical temperature, instead of 377-5, would be
430 abs.—no less than 53 degrees higher. Looking at the question
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from another point of view, the boiling and critical temperatures
have been mapped on the assumption that the atomic weight is 219,
it is evident that in no case could curves be drawn which with any
probability would pass through these points.

“ Lastly, as seen in Fig. 2 (Fig. 26), the critical pressures of argon,
krypton and xenon also lie on the arc of a circle having a much smaller
radius than circles passing through the boiling and critical tempera-
tures ; this makes it more doubtful whether the position assigned to
the emanation on the arc of this circle is justified, but if it be
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placed on the circle, the atomic weight is again indicated as approxi-
mately 176. The volume of gas obtainable from unit volume of
liquid has also been measured, but it is impossible to draw any useful
deduction from this ratio, for if the density of the gas be taken as
176 the liquid huas a density which places it on a point on the almost
straight line joining the densities of liquid argon, krypton and xenon
mapped against the atomic weights nearly on the 176 ordinate. If,
however, the liquid be assumed to be derived from a gas of density
219, its density is proportionately higher, and it fits the curve at a
point where the 219 ordinate intersects it.”
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It may be at once stated that, for reasons to be given
presently, Gray and Ramsay abandoned the atomic weight of
176 for the emanation and eventually found a much higher
figure.

Properties of the liquid emanation.—** The liquid emanation is
colourless, and transparent as water when seen by transmitted light ;
it is, however, phosphorescent and shines with a colour varying with
the nature of the glass tube in which it is confined ; it might be
more correct to say that it causes the glass to phosphoresce. The
colour varies from lilac to blue ; in silica it is blue; in lead-potash
glass, bluish-green, and in soda glass lilac. When compressed
strongly in soda glass, the colour reminds one of the cyanogen flame,
at once blue and pink. Ou cooling further the liquid solidities, and
ceases to transmit light ; on warming it again becomes transparent.
This gave a meaus of determining its melting point, using a pentane
thermometer, which registered correctly at 78-3. The actual
temperature at which the emanation melts is 71.”

Properties of the solid emanation.—* On further cooling with
aleohol cooled with liquid air, the colour of the phosphorescence
changes. The solid glows with great brilliancy, like a small steel
blue arc light. Further reduction of temperature changes the colour
to yellow, and in lignid air it is brilliant orange red, the colour
change takes place in inverse order on warming. The red phos-
phorescence disappears pretty sharply at 118 degrees. All these
phenomena were observed with a microscope the objective of which
was about one inch focal length.”

Spectrum of the emanation.—First mapped in 1904 by
Ramsay and Collie, and later in 1908 by Rutherford and
Royds, also by Cameron and Ramsay and finally by Watson,!
shows about 60 characteristic lines. .

Other properties of the emanation.—(1) Evolution of energy.—
Recent work (in Exner’s laboratory at Vienna) indicates
that the heat evolution per gram of radium is 118 calories per
hour, and Rutherford has shown that the emanation, with its
rapidly decaying products (which will be considered presently),

! Watson, Proc. Roy. Soc., 1909, A. 83, 50—61.
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evolves a quantity of heat about § of that evolved by the
radium from which they are derived, or nearly 90 cals. per
hour.

(2) Emission of rays.—The emanation emits a-rays only.

(8) Chemical actions.—These have been investigated mainly
by Ramsay alone with his collaborators. The following changes
have been proved. .

(a) It decomposes water into hydrogen and oxygen, but
there is always an excess of hydrogen over the theoretical
quantity, amounting to about 53§ per cent. Apparently this is
due to simultaneous production of hydrogen dioxide.

(b) Conversely hydrogen and oxygen combine when in
contact with the emanation.

(¢) Ammonia splits into nitrogen and hydrogen.

(d) Hydrochloric acid into chlorine and hydrogen.

(e) Carbonic anhydride, into carbon, carbonic oxide and
oxygen.

(f) Carbonic oxide, into carbon, carbonic anhydride and
oxygen.

It will be seen that many of these actions are the same
as those brought about by electricity, and we know that the
emanation is continuously giving off a-particles, and that
these have enormous “ionising " powers.

“ If we suppose that a mixture of hydrogen and oxygen is bom-
barded with a-particles so that charged ions of both gases are
produced, partial combination of the two gases is rendered certain.
The effect of liberation of particles in water might be expected to be
much greater. Compare the effect of a charge of gun-cotton
exploded in a confined, and in an open space. The collision disrupts
innumerable molecules of water, producing charged atoms of
hydrogen and oxygen. Some of these recombine. The part that
escapes recombination produces the changes in volume which are
actually measured "’ (Ramsay and Gray).

However, some of Ramsay and Gray's results do not quite
fit in with this explanation (as they indeed draw attention to),

C.0.N. L



146 CHEMISTRY OLD AND NEW

so that the exact mechanism inducing the chemical changes
brought about by the emanation is not known with certainty.
This much, however, seems beyond doubt from Ramsay and
Cameron’s quantitative results, that whenever the emanation
produces chemical action, then, other conditions being unaltered,
each particle of emanation as it disintegrates produces the same
amount of change (Ramsay and Cameron).

Helium from Radium.—We must now retrace our steps,
chronologically speaking, to the years 1903 — 1904, when
perhaps the most startling discovery —at least from the
chemist’s point of view—yet made in connection with radium
resulted from Ramsay and Soddy’s investigation of the
emanation.

In 1902 Rutherford and Soddy' had concluded that the
emanation from thorium ‘is a chemically inert gas analogous
to the members of the argon family,” and in their paper they
say “the speculation naturally arises, whether the presence of
helium in minerals and its invariable association with uranium
and thorium may not be connected with their radio-activity ?*’

A year later Ramsay and Soddy? published a memorable

paper on ‘‘ Radio-activity and the Production of Helium from
Radium.”

“The maximum amount of the emanation from 50 mgs. of
radium bromide was conveyed by means of oxygen into a U tube
cooled in liquid air, and the latter was then extracted with the
pump. It was then washed out with a little fresh oxygen,
which was again pumped off. The vacuum tube sealed on to the
U tube after removing the liquid air showed no trace of helium.
The spectrum was apparently a new one, probably that of the
emanation, but this has not yet been completely examined, and we
hope to publish further details shortly. After standing from the 17th
to the 21st inst. the helium spectrum appeared, and the characteristic
lines were observed identical in position with those of a helium

1 Phil. Mag., 1902 [VL], 4, p. 581, Ibid., 1903 [VL], 5, p. 457.
2 Proc. Roy. Svc., 72, p.206. 1bid., 73, p. 346.



THE NEWER CHEMISTRY 147

tube thrown into the field of vision at the same time. On the 22nd
the yellow, the green, the two blues and the violet were seen, and
in addition the three new lines also present in the helium obtained
from radium. A confirmatory experiment gave identical results.”

Ramsay and Soddy returned to the subject in a paper read
in 1904, confirming their previous results, with an additional
and important observation, viz., that the emanation suffers an
enormous contraction on keeping—amounting in four weeks to
about 97 per cent. As other observers have confirmed the pro-
duction of helium from radium, and Debierne has also obtained
it from actinium, there can be no possible doubt that the
correctness of the alchemical idea has been demonstrated, viz., the
possibility of one element giving origin to another.

It was but natural that Ramsay should follow up this
matter and ask himself the question, May not other elements
or their compounds be smashed up—so to speak—under
the bombardment of the a-rays and give rise to different
elements ?

Accordingly he submitted various substances to the action
of the emanation, with some very remarkable results. And
in this connection the author may quote from Ramsay’s
Presidential Address to the Chemical Society in 1909.

“Owing to the fact that during this transformation (..,
radium into helium) the energy evolved is in the most concentrated
form known, and that the emanation from radium is fairly easily
soluble in water, and therefore in aqueous solutions, the action of
the emanation on a solution of copper sulphate and nitrate was
investigated, glass vessels being employed. Four experiments were
made, each one in duplicate ; the duplicate was in each case treated
like the solution containing emanation. The only difference was
that the duplicate solutions contained no emanation. From the
emanation solutions a larger residue was obtained in each case than
from the duplicate, and while the residue from the emanation
solutions showed a trace of lithium, those from the duplicates

failed to give spectroscopic evidence of that metal. The fact of the
experiments having been carried out in duplicate renders inapplicable

L2
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the criticisms of Prof. Hartley, that inasmuch as lithium is a widely
distributed element, accidental contamination is probable. But the
alleged repetition of the experiments by Madame Curie and Mlle.
Gleditseh, in which, using platinum vessels, they obtained no
greater residue, and no trace of lithium, cannot be explained away.
There are two possible replies: either the conditions of experiment
varied, so that the same result was not obtained, or it is conceivable
that in presence of emanation and a copper solution, a trace of
lithium was dissolved from the glass vessel (which had been tested
for lithium, however, with a negative result), which escaped solution
in the absence of emanation on the one hand, or in the absence of
copper on the other. For emanation in presence of distilled water
in a vessel of the same glass gave a minute residue in which the
spectrum of lithium was not to be observed.”

After discussing the effect of the emanation on a solution
of silver nitrate, which gave a negative result, Ramsay
continued :—

“I have, however, stumbled across a case of apparent transfor-
mation ; while working in a totally different direction, the idea
occurred that thorium should also yield helium. Now the radio-

active constant of thorium is only the yggygoth part of that of
radium; hence the necessity of working with a very much larger
quantity over a very much longer time.

Miss Burke was so good as to purify for me 270 grms. of thorium
nitrate. On December 20, 1905, it was dissolved in 300 c.c. of
water and introduced into a round bottomed flask, provided with
a capillary neck, on which was sealed an excellent stopcock. The
stopcock was greased, and after the flask had been evacuated with a

Tépler pump, the tap was closed.”

Ramsay then describes how, after various precautions, the
bulb was completely and repeatedly evacuated, the stopcock
closed, and inverted in a vessel of water, where it remained
altogether for three years. On examining it periodically
during this time, gas could be pumped off and must have
been produced. It amounted in all to more than 12 c.c. and
contained small quantities of hydrogen and oxygen, large
quantities of nitrogen, and appreciable quantities of carbonic
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anhydride, which Ramsay concludes was generated from the
thorium nitrate, or in other words, that one of the degradation
products of thorium is carbon, which is in the same group of
elements in the periodic table. The presence of helium in the
evolved gases was questionable, but on the whole probable.

In another paper Ramsay, in collaboration with Usher,!
described experiments conducted in a similar manner upon
golutions of the salts of other members of the carbon group of
elements. These solutions remained in contact with the
emanation for four weeks, and the results were eventually
calculated to represent the weight of carbon (as carbonic
anhydride) produced by the action of 1 cubic mm. of the
emanation. The following figures are given :—

Soln. of - H,SIF, Ti(S04)s, Zr(NOs)s, Th(NOs)s, Pb(ClOg)s.
Yield of carbon  0'518  0'982  1'071 293 0102
i mes. 0'873 0968
2:93

Mercurous nitrate gave no trace of carbon dioxide or
monoxide. The authors conclude with the remarks :—

“It is apparent from the above numbers that the elements of the
carbon group, without exception,? yield carbon compounds under the
action of the emanation ; the quantities obtained hre not, however, the
same. It is not improbable that those elements having a higher
atomic weight are more readily decomposable (spaltbar) than those
with lower atomic weights ; it is, however, conceivable that lead is
especially stable and possesses little tendency to change itself into
carbon.”

Another probable instance of the production of one element
from another is mentioned by Sir Wm. Ramsay.? It was
ascertained, he tells us, that when the emanation from radium
acts on water, in addition to the oxygen and hydrogen produced

L Berichte d. Deutseh. Chem. Ges., 1909, p. 2930.

2 Cerium compounds were not apparently included in their experiments.
8¢ Elements and Electrons,” pp. 169, 160.
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from that substance (p. 145), helium and neon were also found.
The helium, no doubt, was produced by the disintegration of
the emanation and of its active deposit, but Ramsay is
convinced that the neon owed its origin to the same source, or
partly so at all events.

It was, however, urged by others that the neon observed was
due to a leakage of air into the apparatus, as with proper
precautions neon can be detected in very small quantities
of air.

Ramsay’s attention, he tells us, was again directed to the
subject, when he discovered in the course of the analysis of
the gases escaping from the King’s Well at Bath, that while
the argon present in them only amounted to three quarters of the
volume of that found in air, the volume of helium was 60 times
and that of neon 180 times as great. In this case also the
helium content could be explained by the presence of radium
in the water; ‘‘unless, however, water plus niton [i.e., radium
emanation] gives neon, the very large quantity of neon was
inexplicable.”

Another experiment was therefore made on the action of
niton on water, and neon was found in such an amount as
would have involved the leakage of 4 c.c. of air into the
apparatus, while, so far as was known, no leakage whatever
occurred.

Ramsay then states, “ It may therefore be taken for granted that
when niton disintegrates in presence of water, neon appears ; whether
as a disintegration product of niton, or as the product of the action of
niton on water cannot be ascertained.”

In this same book ! Ramsay mentions another experiment,
in which both neon and helium were apparently produced.
The glass of four X-ray tubes, stained purple by long use,
was broken up, placed in a hard glass tube, which was then

1 Loc. cit., p. 162.
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completely evacuated and repeatedly washed out with pure
oxygen, so a8 to remove all traces of air adhering to the glass.
The tube was then heated and the gases pumped out and
examined, when both helium and neon were found, the latter,
however, in very minute amount.

He also describes an experiment made by Prof. N. Collie,
in which precipitated calcium fluoride was bombarded for
geveral days with cathode rays in presence of traces of pure
oxygen. The gases were then pumped out and examined, with
certain precautions which need not be described, and were
found to consist of carbon monoxide (which was continuously
produced), silicon fluoride, oxygen and pure ncon, but no
helium.

A very remarkable outcome of this work has been recorded
recently in a joint paper by Collie and S. H. Patterson! and in
connection with this matter it may be mentioned that whereas
Prof. Collie directed his attention to it from the chemical
standpoint in relation to the origin of the neon in the experi-
ments mentioned above, Mr. Patterson quite independently
approached it from the purely physical side in relation to
electronic mass, his idea being that if it were possible to
increase the electric charge on the “seat” of mass of the
hydrogen ion two-fold ¢‘an a-particle might be produced, in
which case it would be possible to convert a hydrogen atom
into one of helium.”

It should also e stated that the two experimenters did not
at first know that they were working on similar lines and that
it was not until the later stages of their separate investigations
that they became aware that they were obtaining similar
results, when they then decided to co-operate.

Prof. Collie it may be mentioned, was led to investigate the

1« The presence of neon in hydrogen after the passage of the electric dis-
charge throngh the latter at low pressures.” Chem. Soc. Journ., 1913 (Trans.),
p. 419.
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action of cathode rays on minerals such as sodalite and fluor
spar from the change in colour which they then experience,
and he observed that at the same time much gas was given
off.

Regarding the first of these phenomena, he found that in
the case of calcium fluoride (both natural and artificial) the
change, which is superficial, is probably due to the liberation of
metallic calcium, for if the purple mass resulting from the
bombardment of the mineral by the cathode rays is placed in
moistened red litmus paper, the latter burns blue.

As to the second, the evolution of gas was so considerable
that a week’s bombardment of the calcium salt by the rays
resulted in an evolution of between 8 and 4 c.c. of gas, which
consisted for the greater part of carbon monoxide though neon
was also proved to be present.

An experiment was then performed in which carefully
cleaned glass wool was bombarded with cathode rays, when
again neon appeared among the gases pumped off.

The glass wool was then removed from the tube and pure
hydrogen was admitted (83—4 c.c.) and afterwards pumped off,
the tube being heated during the operation; the hydrogen was
then removed by explosion with pure oxygen and the latter in
its turn removed by charcoal cooled with liquid air, when
again neon was found. It may now be well to quote Prof.
Collie’s own words:—

“It was then obvious that either the neon was being formed
in the tube during the experiment, or that in some way air had
leaked into the tube or the pump during the experiment. That
air had leaked into the pump was rendered highly improbable,
for always at the end of a day’s experiments a phosphorescent
vacuum was left in the tube and no change was found on
examining the apparatus on the next day or the next but one.
Moreover a vacuum tube was in connexion with the tube and
the minutest trace of air would have meant a spectrum of nitrogen
in the vacuum tube.”
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Collie then experimentally inquired into various possibilities,
such as:—

(1) The presence of neon in the hydrogen or oxygen used in
the experiments.

(2) The presence of the same gas in the glass of the tubes
in which the bombardment with the rays occurred.

(8) Presence of the same gas in the (aluminum) electrodes.

All experiments on these lines gave negative results.

There still remained the possibility that although glass was
found not to be porous to neon (from the air) when heated to
its softening point, it might be so when subjected to a cathode
discharge.

In the next experiments therefore a tube was so made that
the negative electrode was jacketed with another tube, and in
the first of the experiments the latter was partly filled with
neon and the current passed for six hours, while in the second
it was treated similarly with helium, the current being run for
four days.

In neither of these experiments was there any evidence of
the slightest leakage of gas from the outer to the inner tube,
while neon appeared as before in the latter.

In another experiment, the inner tube was completely
surrounded with another, -the latter being exhausted so that
no spark would pass: the inner tube as before contained
hydrogen and the bombardment with cathode rays was con-
tinued for two days.

As a matter of curiosity Collie then washed out the outer
tube with 1 c.c. of oxygen, which he then pumped out.

“It gave a very faint explosion (hydrogen) when a spark was
passed through it in a eudiometer. The residual oxygen was then
treated with cooled charcoal. The residue that remained was about
fifty times as great as the residue from the inner tube and when
examined ¢ was mostly helium with enough neon present to give the
neon spectrum.”
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Collie concludes his part of the paper by stating that inall
thirty-five experiments were made and that neon was found in
greater or less quantity every time.

Patterson worked on very similar lines and in fifteen
experiments in which hydrogen (at very low pressure) was
bombarded with cathode rays, neon was found; while in four
cases helium could also be detected.

In blank experiments all the operations were gone through
except the bombardment with cathode rays and no neon nor
helium could be detected—even when so much as 200 c.c. of
hydrogen were operated upon.

Collie’s experiment with a vacuous outer tube was also
repeated and the production of helium in it confirmed. In a
modification of this experiment, the outer tube, instead of being
vacuous, contained oxygen at a pressure of 15 mm. and the
inner one, hydrogen, at a pressure of 2 mm. At the end
of the experiment, on removing the oxygen, the residue
when examined spectroscopically was found to consist of almost
pure neon with a little helium. In these last experiments, the
residue in each case amounted to as much as about 1 cub. mm.
of gas, which was ten times as much as Gray and Ramsay
could collect at one time of niton, and with that quantity (i.e. ¥4
cub. mm.) they made the two important inquiries on that gas
already described.!

Collie and Patterson are not willing in the above paper, to
suggest the possible sources of origin of the neon and helium
obtained in their independent experiments but to those who
like the author of this book are acquainted with the exceptional
experimental skill of the first of these observers, the idea that
either of the two gases made their way into the apparatus from
extraneous sources appears to be practically impossible: and
if that is the case it would seem that either (1) there has been

1 See p. 139.
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a change of one element into another or others or (2) that
matter has in point of fact arisen out of energy (or
ether ?).

These researches appear to open up a new and probably a
fruitful field of investigation.

We must now inquire more particularly into the fate of
the radium atom and the relationships of that atom to the
emanation, the a-particle and helium respectively.

From the chemist’s point of view, radium is an element,
with a definite atomic weight, a definite spectrum, a definite
position in the periodic system, ete.

And again, speaking entirely from the chemist’s standpoint,
it gives origin spontaneously to a gas which also has the
characteristics of a chemical element, to the extent at all
events of a definite atomic weight: while from this gas or
“ emanation” a second gaseous element, namely helium,
originates, and eventually a solid metallic-looking substance
in addition, which has been named “radium D,” and which
(as already stated) has been seen and collected by Ramsay and
Gray.

Now Rutherford, in 1906,! carefully considered the evidence
as to the connection between the a-particle and the atom of
helium. All the radio-active elements eventually expel
a-particles, which are identical in all respects save initial
velocity, and Rutherford pointed out that whatever its nature,
the a-particle must be a fundamental constituent of the atoms
of all the radio-active elements.

We have seen (p. 128) that from his determinations of 5—1

for the particle, Rutherford showed that if it carried twice the
charge of the hydrogen atom as obtained by electrolysis, its
mass would be four times as large as that atom.

! Phil. Mag., August, 1906
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Among the possibilities then discussed by Rutherford were :
(1) that the a-particle is the helium atom with twice the ionic
charge or (2) half the chemical atom carrying the single
charge. The first of these was the one he favoured.

In 1908 Rutherford again returned to the subject in
collaboration with Geiger.!

By measuring the charges carried by the a-particles
expelled from a known quantity of radium in the form of a
thin film (four times as many a-particles would have been
expelled from the same weight of radium in equilibrium with
its products, but the presence of B-rays would influence the
result) and assuming that the a-particle carries the same
charge as an ion, a value for the total number of a-particles
expelled per second from 1 gram of radium had been
previously calculated. If it were assumed, however, that
the charge carried by an a-particle is twice as great as
that carried by the ion, then the calculated number of the
a-particles expelled from the 1 gram per second would have to
be halved.

It follows that if the number of a-particles which are
expelled in a given time from a definite weight of radium
can be counted, the question of their electric charge can be
decided.

Two methods of doing this suggested themselves, viz. :—

(1) An a-particle on striking a screen of zinc sulphide
produces (as we have seen) a flash of light or scintillation,
and with the aid of a microscope it is not very difficult to
count their number per second on a screen of known area
when exposed to a source of the rays. But Rutherford and
Geiger point out that no confidence can be placed in this
method until its results have been verified by one of an
independent character and free from uncertainties, such as the

1 Roy. Soo. Proc. A., 1908, p. 141,
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possibility that, owing to lack of homogeneity in the screen,
only a certain number of the a-particles produce scintillations.
They therefore resorted to a second method.

(2) In this recourse was had to a means of automatically
magnifying the electrical effect due to a single a-particle,
which had been worked out by Townsend and depended upon
the effects of a strong electric field upon the gas with which
the a-particles come in contact.

In Rutherford and Geiger’s experiments to detect a single
a-particle an arrangement was employed in which the

e 450(M —-—- - >
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F1a. 27.—Rutherford and Geiger's apparatus for counting a-particles.

particles could be “ fired” through a gas at low pressure
exposed to an electric field somewhat below the sparking value.

“In this way the small ionisation produced by one particle could
be magnified several thousand times. The sudden current through
the gas, due to the entrance of an a-particle in the testing vessel,
was thus increased sufficiently to give an easily measurable movement
of the needle of an ordinary electrometer.”

The apparatus they employed is shown in the above
diagram.

The detecting vessel consisted of a brass cylinder A, with a
central insulated wire B, passing through ebonite corks at the
ends. The cylinder, with a pressure gauge attached, was
exhausted to a pressure of 2—5 cmas. of mercury. The central
wire was connected with one pair of quadrants of a Dolezalek
electrometer, and the outside tube to the negative terminal of
a large battery of small accumulators, the other pole of which
was earthed. In the ebonite cork C was fixed a short glass



158 CHEMISTRY OLD AND NEW

tube D, in the end of which was a narrow circular opening.
This opening, through which the particles entered the testing
vessel, was covered with a thin sheet of mica, tightly wazed
over the end of the tube. In most experiments the thickness
of mica was equivalent, as regards stopping power (of the
a-particles), to about § mm. of air at atmospherie pressure.
Over the tube D was fixed a wide rubber tube, to the other
end of which was attached a long glass tube E. A large
stopcock F, with an opening 1 cm. in diameter, was attached
to the end of the glass tube next to the detecting vessel. The
other end of the long glass tube was closed by a ground
stopper G. After making certain adjustments as to the
voltage applied to the testing vessel, etc., the radio-active
matter, in the form of a thin film, was introduced into the
firing tube in such a way that it could be moved to any
required distance from the stopcock F by means of an electro-
magnet applied externally. The stopcock G was then inserted
and a complete vacuum established in the firing tube.

So long as F was closed no a-particles could enter the
detecting vessel, and the steadiness of the electrometer needle
could be tested at intervals during the experiment. On
opening the stopcock a small number of the a-particles
expelled per second from the radio-active material passed
through the mica plate. The distance of the active matter from
the stopcock was usually arranged so that from three to five
particles entered the detecting vessel per minute, each causing
an average deflection of the electrometer needle of about ten
scale divisions. As the needle took some time to come to
rest, a larger number could not be conveniently or accurately
counted.!

Rutherford and Geiger not only experimented with radium

1 An improved methed, making use of a string electrometer and photographic
registration of the deflections (Geiger and Rutherford, Phil. Mag., XXIV., 618,
1912) enables the counting of the a-particles entering the detecting vessel at

the rate of 1,000 per minute.
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and its products, but also with uranium, thorium, and
actinium, with concordant and satisfactory results. A series
of experiments was then made to determine as accurately as
possible, by this electrical method, the number of a-particles
expelled per second from 1 gram of radium, and the number
finally arrived at was 84 x 10°. The same weight of radium
in equilibrium with its products would give 136 X 10%
a-particles per second.

This result was then compared with that obtained by
counting the scintillations produced by particles on a zine
sulphide screen, and good agreement was obtained between the
two methods, regarding which they remark that it ““brings
out clearly that within the limit of experimental errors each
a-particle produces a scintillation on a properly prepared
screen of zinc sulphide.”

In a second paper (immediately following the one just
referred to) they proceeded to measure the charge (¢) carried
by an a-particle and gave reasons for believing that the
previous measurements by Thomson and others was too
small. Finally they arrived at the following results :—

Charge carried by a hydrogen atom = 4'65 X 107" electrostatic

units.
” » an a-particle .=98 x10™ ,
Mass of the hydrogen atom . . =161 X 10~* gram
Number of atoms in 1 gram hydro-
gen . . . . =62 x10%
» molecules of any gas at
N.T.P. per c.c. . . . . =272 x 10*
Atomic weight of a-particle . . =884
» ” ,, helium . . =896
And they say:

“Taking into account the probable experimental errors in the

values of l%for the a-particle, we may conclude that an o-particle
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18 a heltum atom, or to be more precise, the a-particle, after it has lost
sts positive charge, is a helium atom.”
If these conclusions are correct, it follows that the first
change which the radium atom experiences is
Ra = a-particle (later He) + Emanation (Em).
and in round numbers so far as the masses of these are

concerned,
Ra

He Em
926 = 4 T 922

The question now arises: Why, if this is the true explanation
of what occurs, is not helium found immediately in the gas
remaining after the emanation has been pumped off
along with it and the emanation frozen out? If emanation
and helium are produced in equi-molecular amounts from
radium and immediately, the helium would certainly not have
escaped the notice of a man like Ramsay, but all who have
worked at the subject appear to have observed the production
of helium only after an interval of one day at least.

One or other of two explanations may be suggested, namely :

(1) It may require time for the a-particle to lose its extra
charge and to pass into helium.

(2) The helium produced along with the emanation may
have passed into the glass of the vessels used, and so have
escaped detection, and only when more of the gas was produced
by the decay of the emanation was it in sufficient amount to
overcome this source of error.

The first of these explanations seems the more probable.

APPENDIX.

A very curious experience of Ramsay and Gray with regard
to the emanation may here be mentioned and may be given
in their own words.

“In November, 1907, the Imperial Academy of Science of Vienna
was 80 kind as to lend one of us a relatively large quantity of what
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professed to be radium bromide of approximate purity. This sample,
as well as two others, was dissolved in water, in three bulbs, all of
which were sealed to a Topler pump, and use was made continuounsly
of the emanation mixed with the decomposition products of water.
The total amount of radium, as metal, was 02111 gram, and it
produced about 25 c.c. of mixed oxygen and hydrogen every week.
Much of the specimen from Vienna was insoluble in water, and was
found to consist largely of the carbonate.

“On December 20th, 1907, some hydrobromic acid was introduced
into the bulb containing the large quantity of radium; the insoluble
matter all dissolved with effervescence.  For some months after
this, bromine wag evolved, and attacked the mercury of the pump.
It ceased to appear in April, 1908. After that, the evolution of
explosive gas was regular, until November, 1908. On November
11th, the normal amount of gas was produced; on that day an
apparatus, constructed of lead and paraffin, containing a mixture of
mercuric chloride and ammonium oxalate, was placed by Dr.
Flaschner close to the ¢ Vienna bulb” On November 18th there
was ‘remarkably little gas—about 10c.c.” On November 25th there
were ‘only a few c.c.” Suspecting that a stoppage in the tap had
occurred, air was admitted into the pump, the tap and tubes were
cleaned, but there was no sign of a stoppage. The apparatus was
again pumped to a vacuum and left.  On November 30th only half
a cubic centimetre was collected.  On December 7th about the same
quantity, and on the 1-4th and 18th no greater amount was collected.
On that date Dr. Flaschner removed his apparatus; and after some
hours replaced it refilled, The emanation was not drawn after this
until January 11th, three wecks later; 8 c.c. of explosive gas were
collected. On that date Dr. Flaschner finally removed his apparatus.
On January 18th, 1909, 25 c.c. of gas—the old amount—were
pumped off, and since then that volume has been collected
weekly.

“ Experiments have, however, been made to try to reproduce the
inhibiting conditions.  First, the bulbs were surrounded with
beakers containing the actinometric. mixture employed by Dr.
Flaschner ; next, each bulb was placed in a lead cup, more than §-in.
thick ; third, the lead cups were paraffined on their interior, and
filled with the solution already referred to; and last, the identical
apparatus used by Dr. Flaschner in his experiments, and charged as
in these latter, was placed as nearly as possible as he had placed it.

C.O.N. M
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But all to no purpose ; 25 c.c. of gas can be pumped off each week.
We have failed to reproduce the conditions.

“We are absolutely certain as regards the facts, and we are also
convinced that there has been no mistake. Something inhibited the
action of the radium on water for a month and a half. Whatever
that was, it was coincident in time with the presence of an apparatus
placed outside the bulbs; when that apparatus was removed, the
inhibition ceased. It may be remarked that the whole apparatus is
in a locked room ”



CHAPTER VIII
THE NEWER CHEMISTRY.

RADIO-ACTIVITY (continued)—EMANATIONS, PART IL—GRAY AND
RAMBAY'S SECOND RESEARCHES ON THE RADIUM EMANATION—
DISINTEGRATION PRODUCTS OF RADIO-ACTIVE ELEMENTS.

IN 1910—1911, Gray and Ramsay® returned to the subject
of the atomic weight of the emanation, which they now deter-
mined from its gaseous density.

As the volume of the emanation at their disposal was, as
in their previous experiments, only about 4 cubic mm.,
the weight of which is some y/55 mg. it is obvious that
in order to weigh this minute quantity with sufficient exact-
ness, a balance turning with a load not greater than 155555 mg.
was a necessity.

The construction of such a balance had been accomplished
by Steele and Grant ? of the University of Melbourne, and a
brief account of it may be given. Its construction together
with the principles involved are as follows :

A beam of extraordinary lightness (about half a gram) con-
structed of thin silica rods fused together and provided with a
silica knife edge rests on a finely polished rock crystal plate.
A small mirror is attached to the beam at a right angle to it,
and the movements of the beam are indicated by the displace-
ment of the reflection of a ray of light thrown on to this mirror
from the filament of a Nernst lamp and received on a screen at
a distance of several feet from the mirror. The object to be

! Proe. Roy. Soc., London, Serics A, Vol. 84, p. 536.
3 2hid., Serics A, Vol. 82, p. 580,
M 2
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weighed is suspended along with a small sealed silica bulb con-
taining a definite volume of air at known temperature and
pressure, this bulb having been previously counterpoised by a
silica weight fused to the other extremity of the beam. The
balance is enclosed in an airtight box provided with glass sides,
and this box can be evacuated by a mercury pump, the pressure
being read by a delicate manometer. The rationale of the
method of weighing is as follows : if a quartz bulb be filled
with air at the same temperature and pressure as the air
surrounding it, the effective weight of the contained air will, in
accordance with the Archimedean principle, be zero ; if, how-
ever, the density of the air within the bulb differs from that
of the surrounding air, then the inside air will possess a
certain positive or negative weight which can readily be
calculated.

Thus, in Steele and Grant’s micro-balance of the type they
called A, the internal volume of the quartz bulb was 00085 c.c.
It was sealed at 23° C. and 759 mm.

The weight of the air which it contained was 001012 mg.
A change of pressure of 1 mm. in the balance case corresponded
with a variation of the effective weight of

001012 _ (0000138 mg. = 1'8 X 10~° mg.

759
and an alteration of 1°C. at 20 mm. pressure with a variation
of less than 1 X 107® mg. The temperature effect they say
is therefore negligible at all pressures lower than 50 mm., and
the variation in volume of the quartz bulb with varying
pressure and temperature is also negligible.

As the pressure can be read to #; mm., an accuracy of deter-
mination of 1'8 X 107% mg. (zc, to about one millionth of
a milligram) can be obtained, provided that the zero of the
instrument remains constant and the beam homogeneous.

A general idea of the construction of this balance will be
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gathered from the two diagrams given below, one showing a
front view of the instrument and the other a side view.

Ramsay and Gray introduced certain improvements into
this form of balance, and any object lighter than 0-027 mg.
or 27,000 x mg. (millionth. milligram) could be weighed
with an accuracy of 8'55 x mg. Their present instrument,
they state in their paper, is still more sensitive, weighing to
2 4 mg.

The emanation, which they now term “ Niton,” was treated

F1G. 28.—The micro-balance. A. l'ront view. B. Side view.

in much the same way as in their 1909 experiments; that is
to say, the purified gas was forced into a fine capillary tube of
about 1 mm. internal diameter, drawn out above to a sealed
point, frozen there by surrounding it with a cone of liquid
air, and traces of hydrogen (along with a minute amount of
niton) removed by the pump.

The tube was then sealed about 20 mm. below the tip,
carefully cleaned, and placed in a little quartz  bucket,” sus-
pended from one end of the micro-balance and the weighing
completed. Afterwards the tip of the density tube was broken
off, all splinters being collected in the bucket; both bucket
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and tube were then returned to the balance, and the air
exhausted from its case; air was then again admitted and a
second time exhausted. In this way, the gas (niton) was
removed from the tube and replaced by air.

“ Before experimenting with the precious niton, the method was
tested with the less valuable xenon. Before freezing the gas, its
volume was measured ; it amounted to 0-0977 cub. mm. at 0°C. and
760 mm. It was then frozen and the density tube was sealed off
and placed in its bucket on the balance.  After breaking the tip, the
pressure change was 17°1 mm. (70 — 52-9). The temperature change
was too small to affect the result. This pressure change corresponds
to an apparent loss of weight of 608 u mg.”

After making various corrections the following result was

obtained : —
Calculated weight 577 » mg.

Ascertained ,, 578,, ,,

The agreement is so precise that Ramsay and Gray remark
that it is doubtless a coincidence.

“ With niton, two sources of error made their appearance. In the
first place, the density tube became strongly electritied and attracted
dust particles and adsorbed air, and in the second, the tube was
always at a higher temperature than the surrounding atmosphere
during weighing, and convection currents were liable to be set up in
the air surrounding one limb of the balance.”

The first of these effects (which could not be entirely
eliminated) was considerably reduced, as regards dust, by
filtering the air before admission into the balance case through
a long column of cotton wool, and secondly by burning off the
dust attracted to the density tube after suspension from the
beam of the balance, with a small (“ pin-point”) non-luminous
flame, while the second effect was reduced as far as possible
by weighing at & low pressure.

The exact volume of niton in the density tube was ascer-
tained by means of its y-ray activity, compared with that of
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the original amount pumped off from the radium bulbs (after
explosion of the accompanying mixture of hydrogen and
oxygen and a period of several hourg thereafter, in order to
accumulate the quick-change products), and also compared
with that of the niton pumped off along with hydrogen from
the frozen gas, after a suitable interval.

As a rule, this latter, plus that of the gas in the weighing
tube, were together equal to the total initial radio-activity of
the niton before it had been purified. It was found, however,
that some of the niton had entered the walls of the weighing
tube and this fraction was estimated by determining the
radio-activity of the empty tube, iinmediately after i1t had been
weighed.

“As the quick-change products A, B and C are short-lived and
change rapidly into D, and as D is a solid, it remains in the density
tube and is not weighed, but the helinm resulting from the change
of niton into A, A into B, and ¢ into D, eseapes for the most part
along with the niton ; its weight must be calculated, and that of the
escaping gas diminished by its amount, in order to arrive at the
true weight of niton. Five cxperiments were made in order to
determine the total loss of weight on opening the density tube, and
a sixth to obtain an estimate of the helium produced by the dis-
integration of the niton as far as radium D.”

This last was of the most elaborate deseription and the
result obtained remarkable, as the caleulated weight of the
helium was 88 u mg., whereas that actually obtained (partly
by direct weighing and partly by measurement of the volume
of a portion of the helium from which the weight was calcu-
lated) was 85 u mg.—a difference of only about 10 per cent.

The lowest result of the atomic or molecular weight of niton
which was obtained was 218, and the highest 227. The mean
was 2238.

The theoretical number, in accordance with the equation

Ra = He + Nit.
is 2224.
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(For details of one complete experiment made by Gray and
Ramsay on the density of niton, see the appendix to this
chapter.)

It may now be a suitable time to summarise the changes
which probably occur in the radio-active elements, and in this
connection the following tables may be given.

It will be seen from them that the number of what may be
called ‘“ transient ”’ elements is at least 80 (including radium,
but excluding uranium and thorium), a very material addition
to the list of elements.

The chanves of the radio-active clements is in most cases
associated with the liberation of energy in the kinetic form,
and thus the study of electrical discharges in high vacua, but
more especially of radio-activity has introduced important
changes in certain of our views, which a few years ago were
regarded as fundamental.

The more important of these are perhaps the following:

(1) The so-called chemical atoms are no longer regarded as
indivisible particles, but as assemblages of much smaller
particles of a common constituent.!

(2) In certain cases, at all events, transmutation is possible,
that is to say, a given element can be transformed or transforms
itself, into others.

(3) A totally unexpected source of energy has revealed itself
in this ““ atomic disintegration” ; certain ‘ atoms” of higher
weight disengaging energy (as heat or electricity, or both),
when their constituents are partly expelled and partly
rearrange themselves into an atom or atoms of lower weight.
We shall see presently how large this source of energy
may be.

A consideration of these new discoveries and views leads to
the question: Are any of our so-called elements absolutely

1 See Chapter 1X., in which these views are explained, while it iy also shown
that there are reasons for doubting that atoms are solely composed of electrons,
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stable, or are all or at least the majority of them undergoing
‘ degradation " ?

It cannot be said that any very definite answer can as yet
be given to this question, but it may be remarked that only
something like a half of the known terrestrial elements have
been detected in the sun, while on the other hand, it may be
argued that the fact of there being so many as that at such a
high temperature, indicates that their stability is considerable.

Returning, however, for a moment to the radio-active
elements, whence did radium originate ?

The “ half-life " of that substance is some 2000 years, or
in other words, a kg. of radium, if weighed now (1918), would
in the year 8918 weigh half a kg. and Rutherford has calcu-
lated that in 26,000 years it would be reduced to 1 mg.

Now, as the geologists believe that the sun must have shone
on the earth in such a way that animal life has been possible
for the past 100 million years, it seems improbable that any
radium could have existed in pitchblende so long ago as that.
The question arises: Does an examination of the mineral
throw any light on the origin of radium ?

It contains uranium, an element of higher atomic weight
than radium, which changes, though slowly, into uranium
X. In 1908 Rutherford and Soddy' advanced evidence to
show that uranium changed to radium and Soddy ® stated in
1905, that he had proved that uranium salts changed, though
very slowly into those of radium, a statement which was at
first challenged, but afterwards confirmed. Boltwood?® in
1906 separated the intermediate product which at first he
thought was actinium.! Rutherford® a year later showed that

1 Phil, Mag., V., pp. 441—445, 1903.

8 Phil. Mag., V1., 9, p. 768, 1905,

8 Nature, November 15, 1906 ; Amer. Journ. Sci., 1906, 22, 537.

¢ The relative quantitics of uranium and actinium in minerals are such as
would exist if actinium were a branch product and not one obtained in the

main line of descent.
8 Phil. Mag., V1., 14, pp. 733 to 749, 1907,
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ordinary actinium preparations contain a new substance which
is transformed slowly into radium and can be separated
chemically from both radium and actinium. Boltwood re-
examined his original preparation and found that it was this
new substance and he suggested the name (ionium) for the
new element.

It seems evident that a wide field has been opened up for
both chemical and physical investigation in tracing the changes
and examining the products of such changes among the radio-
active elements.

It would also seem desirable to very carefully examine eom-
pounds of the non-radio-active elements under the most varied
conditions, and especially those with high atomic weights with
the view of tracing possible changes in them.

For after all, two or three thousand years, or even as many
millions, are but an instant in relation to eternity, and it is by
no means inconceivable, as sugcested above, that all our
so-called elements are undergoing slow change.

APPENDIX

SOME DETAILS REGARDING GRAY AND RAMSAY'S EXPERIMENTS ON THE
’ DENSITY OF NITON.

In order that an idea may be formed of the operations and calcula-
tions involved in the determination of the density of niton, the
following full description may be given of one complcte experiment,
which is taken from Gray and Ramsay’s paper.

“ Volume of niton accumulated in 8 days = equilibrium quantity x

fraction surviving = 0-127 x 0-763 .= 00969 cub. mm.
y ray activity of this sample divisions per hour = 3996 divisions.
yray activity of fraction pumped off . .= 353,
Hence amount pumped off . . = 00082 cub. mm.
Amount of niton in weighing tube = 00969 '

— 0:0082 = 00887 ,,

The weighing tube was then counterpoxsed on
the balance.
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Pressure in balance case . . . = 544 mm.
Zero on scale of beam of light reflected from
mirror . 155 mm.

Twenty-five hours afler drawmg, the wughmg,-
tube was broken. The gas pumped out,
however, was not the original 0-0887 cnb.
mm., but that volume multiplied by the

decay factor for 25 hours, 0-828, viz. . 0-07347 cub, mm.
Pressure in balance case after breaking the

density tube . . . . . 347 mm.
Pressure change = 544 — 31 . . o= 197 mm.
Zero on scale after breaking . . L= 154 mm.

Difference of zero = 155 — 154 = | mm.

But from measurement 10 mm. pressure == 77
e
77

scale divisions ; hence 1 division == 10, = 013 mm.
This must be added to the pressure, 19-7 -
0-13 . . . = 1983 mm.

The counterpoise hulb cont.uued ()0"70 mg., or

27,000 p mg. of air. Its buoyancy was

altered by (1983 760) x 27,000 . . = 7038 umg.
But air entered the tube when it was broken ;

the volume of the density tube ascertained

by previous calibration was 0-522 cub. mm.
Weight of this air at 347 mm. and 177 C,

= 0522 x 1290 x 35,760 x 273,290 = 292 y mg.
The sum of these quantities, 703'8 and 292 = 7330 p mg.

“ But the pressure was changed by 198 mm. ; this alters the weight
of the density-bulb by the weight of air corresponding to the
difference in volume between the glass density-bulb and a silica one.
As already described, this quantity was determined directly by replac-
ing the air bulb by a solid counterpoise of silica and using the
density-bulb as a measure of buoyancy. For 19-8 mm. the “glass
displacement ” is equivalent to — 32:8 p mg. A further correction
has to be made, viz., the change of buoyancy due to the volume
occupied by the gas itsclf. The volume of the density tube was
0:522 cub. mm, ; the change of pressure was 19°8 mm. ; hence the
weight of this air for 19'8 mm. change = 0522 x 1290 x
19:8/760 x 273/290 = 16 p mg. Thisis a positive correction. The
weight, 733 u mg., must be diminished by the difference between
32'8 and 16, say 17 p mg. The remainder is 716 p mg.
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“The last correction to make, is the subtraction of the weight of
the helium produced by the decay of the emanation during its stay
in the weighing-tube. Now :—

22,400 cub. mm. niton weigh, say, 22

2:5 mg., and
00224 cub. mm. niton weighs, say, 2225

» mg.

Each atom of niton gives three atoms of helium ; hence, helium from
00224 cub. mm. niton weighs 12 ¢ mg. The volume of emanation
decayed in the weighing-tube is 00837 cub. mm. — 0-0735 cub.
mm. = 00152 cub. mm., and the weight of three times that volume
of helium is 8 p mg. One quarter of this has entered the glass and
has not escaped ; hence, the helium removed weighed 6 » mg.  That
number deducted from 716 leaves 710 p mg. as the weight of the
niton.

“To return for a moment to its volume. The amount of niton in
the weighing-tube was 0:07347 cub. mm, at the moment of pumping
out. But some niton had penetrated its walls and was not removed
by the pump. That amount was estimated by comparing the
7~rad10-actw1ty of the weighing-tube aiter it had been weighed
“empty” with that of the gas pumped off, which had of course
diminished in radio-activity ; this diminution corresponded with the
time which elapsed since the last reading, and was measured to verify
the constancy of the electroscope. The radio-activity of the residue
left in the weighing-tube, was after correction for natural leak
17 divisions per hour. The original radio-activity of the niton in
the weighing-tube was 3996 — 353 = 3643 divisions per hour; its
volume in the weighing-tube when decay commenced was 0-0887
cub. mm. ; hence the “volume” left in the tube by the retention of
niton in the walls was (17 x 0:0887)/3643 = 0:0005 cub. mm. This
subtracted from 0:07347 cub. mm., the volume of niton in the tube at
the moment of pumping out, leaves 0:0730 cub. mm. as the volume
actually weighed.

« All the data are now complete ; 0°0730 cu. mm. of niton at 0° C.
and 760 mm. pressurc weighed 710 u mg. A litre weighs 9-727
grams. ; a litre of oxygen weighs 1420 ; and the molecular weight of
niton is therefore 218.”



CHAPTER IX
THE NEWER CHEMISTRY

RADIO-ACTIVITY (continued)—EXPLANATION OF OLDER FACTS AND
LAWS ON THE NEW BASIS.

Tue subject of radio-activity is not only of interest on
account of the remarkable phenomena connected with it, but
also from the fact that considerations arising out of it may,
and very possibly do, give a clue to the inner meaning and
causes of certain fundamental properties of the so-called
“atoms” of our chemical elements, such as their position in
the electric series, mechanism of their union with each other,
nature of valency, etc.; and light may also be thrown on the
causes of the relationships embodied in the periodic law. It
should however be stated that since the introduction of the
ideas, a brief account of which will be given in this chapter,
considerable doubt has been thrown upon them as originally
propounded—and that to a large extent by the work of
Sir J. J. Thomson, who, along with Larmor and Lorentz,
originally developed the idea that an atom, far from being an
indivisible particle, is a complicated structure consisting of
electrically charged particles in rapid movement either of an
oscillatory or orbital nature.

A brief note will be given at the end of this chapter as to
the reasons for at least some of the doubts which have arisen
in connection with the subject.

Cathode ray, electrons or corpuscles-particles, and the 8 rays
given out in radio-active changes are, as we have seen, minute
particles of matter about y+4, the mass of a hydrogen atom,

C.0.N. N
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carry charges of electricity, and only differ from each other
in their velocities,' the cathode ray particles moving less
rapidly than the so-called 8 rays.

Now, as cathode rays are produced when all substances are
submitted to electrical discharges in high vacua, it was
suggested, as a necessary consequence, that the so-called
“atoms”’ of all substances are made up of aggregates of these
particles associated in some way with corresponding charges
of positive electricity. And on this view, if the charges of the
latter were not carried by particles of a different material
(an idea which is rather difficult to grasp), the atoms of the
chemical elements differ from one another only in the
number and arrangement of the electrons, or in other words
that atoms are aggregates of a common constituent, which is
the underlying idea of Prout’s hypothesis. (See p. 49.)

But how are we to picture to ourselves these new atoms ?

The electron carries a definite charge of negative electricity,
and since with any charge of electricity we always associate
an equal charge of the opposite kind, we should expect the
negative charges on n electrons (n being the number of these
in the atom) to be associated with a corresponding amount
of positive electricity.

The physicists who have given their attention to this
matter tell us that the simplest conception of an atom from
this point of view is that of a sphere of uniform positive
electrification, and exerting as a consequence a radial electric
force, proportional at any point to the distance from the
centre, or the positive electric force may be supposed to act
from the centre of the sphere, the electrons moving about
inside the latter.

The sphere will be very large in relation to the size of the
electron—and Lodge has compared, in this respect, the

! The reader is referred to p. 125 for the relationships between rapidly moving
electrified particles and their apparent masses.
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former with a church in relation to grains of sand representing
the latter.

Now it is obvious that, following the ordinary laws of electri-
cally charged bodies, the electrons will mutually repel each
other, while on the other hand they will be attracted to the
centre of the sphere by its positive electrification.

The electrons are thus acted upon by two forces in opposite
directions, and the question arises, how will they arrange
themselves under these circumstances ? The question can be
attacked mathematically, as was done by J. J. Thomson, or
if the particles are at rest, experimentally also.

The latter was done in a most ingenious way by Mayer,
and some of his results are easily shown.

A number of ordinary sewing needles are magnetised in
such a way that all their points, if suspended horizontally say,
would point to the north, and all their eyes to the south, or
the reverse. Each needle is passed through a little cork disc
in such a manner that when placed in a dish of water it will
float vertically with the point up. Several needles placed in
the dish will repel, and therefore float away, from each other.
But now if the pole of a magnet (or better that of an electro-
magnet) be placed beneath the dish, using such pole as will
attract the eyes of the needles, the latter will be acted on by
two forces in opposite directions, and will group themselves
in geometric arrangements, the particular nature of which
will depend upon their numbers. This is shown in
Fig. 29.

It will be seen that two arrange themselves in a line, three
in an equilateral triangle, four in a square; with five there
are two arrangements, namely, a pentagon, and a square with
a central needle.

Next, as the number of needles increases, we get an inner
and an outer grouping, the former being a repetition of the
grouping of the same number of needles alone. Thus, nine

N 2
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arrange themselves in an outer heptagon with an inner line of
two, ten in an outer heptagon, with an inner triangle; eleven
also into an outer heptagon, while within it is a symmetrical
group of four arranged in a square.

With an increasing number of needles, the number of rings
increases; thus, nineteen arrange themselves into an inner
group of two, outside of which comes a ring of seven, and
outside that again a ring of ten.

Suppose now that instead of magnetised needles we have

ADOL @@
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F16. 29.—Mayer’s diagram of arrangements assumed by floating magnets,
under the influence of a central attractive force.

charged particles and they are not at rest, but in a state of
steady motion and describing circular orbits round the centre
of a sphere, the effect of the centrifugal force will be to drive
them further away from the centre of the sphere, without, in
many cases, destroying the character of the configuration.
This is not, however, always the case. Thus, four particles, if
rotating rapidly, are in stable steady motion when at the
corners of a square, the plane of the square being at right
angles to the axis of rotation. When, however, the velocity of
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rotation of the particles falls below a certain value, the
arrangement of four in one plane becomes unstable, and the
particles tend to place themselves at the corners of a regular
tetrahedron, which is the stable arrangement when the
particles are at rest.

On the basis of a movement of the particles or electrons in
rings, J. J. Thomson has calculated for certain numbers of
these particles, or electrons, the groups into which they would
distribute themselves, and one set of his results may be given
here :—

Number of particles 60 55 50 45 40 35 30 25 20 15 10 5

Number in rings 20 19 18 17 16 16 15 18 12 10 8 5
16 16 15 14 131210 9 7 5 2
13121110 8 6 5 8 1
8 7 5 4 38 1
3 11

The two figures shown on the Plate (Fig. 80) are actual
photographs of magnetised needles passed through (blackened)
cork discs and floating vertically as described above; but the
arrangement was not quite the same as Mayer’s.

A covered wire was -coiled several times round the glass
dish in which the magnets floated, the coil being at the
surface of the water, so that one set of poles of the needle
magnets was above and the other below the coil.!? The
current was then passed through this wire coil in such
direction as to give the horizontal component of the magnetic
force on both poles acting towards the centre of the dish.
These forces replace those duc to the action of the large
magnet in Mayer’s method on the magnetised needles, but in
this arrangement we have the advantage that the forces act
on both ends of the needles towards the centre and in such a

! This arrangement was suggested by Dr. A, W, Stewart.
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way as to prevent the tilt of the needles which the former
method causes. Thus the inter-action of the current and the
magnetism of the needles gives the force towards the centre,
while the repulsive force from the centre is due to the action
of the magnetised needles on each other.

A shows the general arrangement, with the dish, coil, and six
needles in the field, while B shows the configurations assumed
by three, eleven, and twenty-four needles respectively.

It will be seen that the inner triangular grouping is common
to all three.

Dibereiner's triads.—In the introductory remarks on the
subject of the Periodic Law, it was mentioned that Dobereiner
in 1829 noticed that in certain groups of analogous elements
there were numerical relationships among their atomie
weights. Thus, in certain sets of three elements in which
the members of each set are closely related in their chemical
properties, the atomic weight of the intermediate member
is in each case very nearly the arithmetical mean of the
other two.

Thus :—

Ca. Sr. Ba.

ClL Br. I

S. Se. Te.

Li. Na. K.
gr = ©8 T Ba _ 8872 (Mean). True At. Wt. = 8768
Br = 9] -;- I = 81°19 1) I ”” 79.92
B;_- fromnd 8~ -; re = 79'78 ’ vy 19 79.2
Na = Ii‘_';'_K = 2302 ,, ’ ’ 2800

Now take the arrangements of electrons as calculated by
Thomson, numbering 30, 15, and 5 respectively. It will be



A
Gieneral arrangement.

B
Groupinos of 3, 11 and 24 feating magnets showing inner triangular con-

ﬁ rratom u--:n'h case,

Fre, 30, Photogiaphis of 1 under the influence of a magnetic
force diiving them towaias cue cone of the vessel containing them,
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seen on reference to the table that in each ring there are
either 5 or n X 5. Now the mean of 30 and 5 is 17°5 which
approximates to 15.

The Groups in the Periodic Law.—Speaking broadly, we
know that similarity of structure induces similarity in pro-
perties, and this is specially observed in organic compounds.
Thus, all primary alcohols contain the group R—CH; OH,
in which R is frequently C, H,, ,1. The following are
therefore strictly analogous and closely resemble each other in
properties : — .

H - CH,0H
CH; — CH,0H
C,H; — CH,O0H
CsHy; — CHOH

Ete.

Now what kind of similarity in atoms composed of groups
of electrons, arranged in a certain number of rings (or possibly
shells), might be expected to produce similarity in properties ?
The answer seems fairly evident, similarity in configuration.

Take the arrangements :—

Number of electrons 3 10 20 35
Number in rings 3 3 3 8
7 7 7

10 12

13

Here the triangular configuration disappears after 3, but
reappears with 10, when it is associated with 7, and again
appears also associated with 7 in 20 and once more in the
same way with 85.

Suppose now that certain properties were associated with
this triangular configuration, we should have a repetition of
these with atomic weights 10, 20 and 85 (Atomic Weight of
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electron = 1), which is just the kind of effect we observe
among the members of the same groups in the periodic law.
The series (Periods) in the Periodic Law.—But how, on the
electronic theory of the nature of atoms, can the facts be
accounted for which are embodied in Mendeléef’s statement

that :—

“First the properties of the elements become modified as their
atomic weights increase, then they ropeat themselves in a new

period.”

The suggestions on this point we also owe to Sir J. J.
Thomson. He calculuted how groups of electrons varying in
number from 59 to 67, which includes the entire series having
an outer ring of 20, and all containing 5 rings, would arrange
themselves, and found the following :—

Number of electrons 59 60 61 62 63 64 65 66 67
Number in rings 20 20 20 20 20 20 20 20 20
16 16 16 17 17 17 17 17 17

13 13 183 13 13 18 14 14 15

8 8 9 9 10 10 10 10 10

2 3 8 3 8 4 4 5 5

Now Thomson shows mathematically that in the group of
59 the number of electrons inside the ring of 20 is only just
sufficient to make the ring stable. For that reason, an electron
is easily detached from it, and if that occurs, the remainder of
the atom becomes electro-positive. But there are now 19
electrons in the outer ring, the whole number being 58, and
Thomson shows that such is a very stable arrangement, and
that no more electrons could escape from it. On the contrary,
they would be attracted ; the addition of one, again forming
the unstable group of 59.

An atom of this kind would therefore be neither positive



THE NEWER CHEMISTRY 185

nor negative, but electrically neutral, like one of the inert
elements.

With the next group of 60 electrons we have a more stable
arrangement. While on the one hand it may lose electrons,
it will not, on the other, lose them so easily as the group of
59. Hence it will not so readily assume a positive charge,
‘but whereas the group of 59 minus 1 electron is totally
unstable, that of 60 minus 1 electron has a certain degree
of stability.

The group of 61 will, for similar reasons, be less electro-
positive than that of 60, and that of 62 less again.

With a further increase in the number of electrons in
the neutral atom, there is a greater probability of adding
electrons to the atom than of liberating them, in which case
the latter would receive a charge of negative electricity, and
behave as an electro-negative element. Nevertheless electrons
might have been expelled from the neutral atom, and hence
an atomn may be either electro-negative or electro-positive,
but, in general, it possesses the one characteristic more
strongly than the other. Now the electro-negative character
predominates.

This character would increase up to 66 electrons, where
the addition of 1 electron only would be possible, for then
maximum stability would be reached. Such grouping would
correspond with a strong electro-negative element like chlorine.

A neutral atom having 67 electrons has already maximum
stability, and an electron could not be added to it. IHence
again an inert element has been reached, though not of the
same nature as that of 59 electrons, for these correspond to
the extremes of stability and instability.

A great change occurs with the addition of another electron,
as the outer ring now contains 21 of these, and such arrange-
ment is unstable, like the group of 59, and would have similar
properties.
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To sum up we have the following :--

59 Electrons. Unstable. Easily losing 1 electron and as
readily gaining it again. Electrically
neutral, like neon.

60 . Unstable, but not so easily losing 1 electron.
When, however, this is lost, it is not readily
regained. Strong electro-positive element,
like sodium.

61 ” Similar, but can lose 2 electrons. Weaker
electro-positive element, like magnesium.

62 » Similar, but can afford to lose 8 electrons.
Weaker electro-positive element, like
aluminum.

63 ' Quite different and can now gain as many as

4 electrons. Weak electro-negative element,
like silicon.

64 » Can gain 8 electrons. Stronger electro-nega-
tive element, like phosphorus.

65 ’ Can gain 2 electrons. Stronger electro-nega-
tive element, like sulphur.

66 ” Can gain 1 electron. Strong electro-negative
element, like chlorine.

67 » Maximum stability. Electrically neutral, like
argon.

We thus see that radio-activity gives a satisfactory explana-
tion of the periodic law.

Chemical Combination.—The view that chemical attraction
is of an electrical nature is not a new one, Berzelius having
been the first to suggest that the forces which bind the atoms
together in compounds are electrical in their origin, while
both Davy and Faraday held similar views, and so also
Helmholtz later.

But it does not appear that any of these attempted to
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account for the fact that different elements have different
valencies, on a purely electrical hypothesis. If Thomson's
beautiful conceptions are true, we not only find an explanation
of the facts embodied in the periodic law, but also an explana-
tion of the facts of valency.

According to Thomson’s views, an element is electro-positive
if it can lose electrons and electro-negative if it can gain them
under the circumstances of chemical action. Valency finds
its explanation in the number of electrons which an atom can
thus lose or gain.

Thus we may picture & compound such as potassium
chloride as

+ - neutral nentral
K—o Cl arising from K and Cl

and phosphuretted hydrogen as

.+.

H<,
+ o
H—o P

+ .o
H

in which o = an electron.

An element is neither electro-positive nor electro-negative,
like argon, when it can neither lose nor gain electrons per-
manently, and then as a consequence it has no valency. As
before said, the configuration of a group of electrons in
motion i8 not necessarily the same as for the group at rest,
and in the former case there will be a critical velocity of the
electrons greater than which a certain configuration is alone
stable. When the velocity diminishes below this critical value,
instability sets in, and a kind of convulsion or explosion occurs,
accompanied with a great diminution of the potential energy
of the system, with a corresponding increase in its kinetic
energy, which may be sufficient to detach considerable
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numbers of electrons from the original assemblage. This
apparently is what occurs in radio-active changes.

Take radium for example. Its constant disengagement of
kinetic energy is shown by the heat which it radiates, while
a-rays are expelled (eventually to form helium) and the
rearranged electrons form the emanation. The emanation in
its turn rapidly loses kinetic energy and soon explodes—so to
speak—into radium A and a-rays, and similar changes occur
later with radium A, ete.

The immensity of the store of energy thus locked up in our
so-called atoms is shown by a calculation of Thomson’s which
indicates that the energy thus stored in a gram of hydrogen
amounts to

102 x 10" ergs.
—an amount sufficient to lift a million tons through a height
exceeding 100 yards.

This stored up energy is proportional to the number of
electrons in the atom, and therefore to the atomic weight, so
that it is prodigious in the case of an element like uranium.

Simple and indeed fascinating as the idea is that atoms are
made up solely of matter in the form of electrons, there
appears to be, as was indicated at the commencement of the
chapter, a feeling which seems to be fairly general that the
theory is untenablse, at least in its original form.

From spectroscopic and other evidence it would appear to
be certain that electrons are universal constituents of atoms,
but on the other hand there seems to be no sufficient evidence
for the assumption that electrons are the sole constituents of
these atoms. Indeed, in 1906 Sir J. J. Thomson, who (as
already stated) had so much to do in originating the electronic
theory of matter, himself brought forward experimental
evidence against that view, at least in its original form.

It would not be advisable, nor does the author feel himself to
be competent, to discuss this very important matter at length,
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but it may be stated that the three methods then (1908)
apparently available for throwing light upon the question and
all developed by Thomson, depending on

(1) The penetrating power of the electron (B-ray) into
matter;

(2) The scattering of Rontgen rays by gases ;

(8) The dispersion of light by gases ;
appear to have led to much the same result, namely, that all
but about one thousandth of its mass is associated with the
positive part of an atom, which would tend to show that an
altogether exaggerated role has been attached to the electron
in the constitution of matter.!

1 Sce art. “ Radio-activity,” Chem. Soc. Annual Reps., 1906, p. 350,



CHAPTER X
THE NEWER CHEMISTRY

THE QUESTION OF INORGANIC EVOLUTION—LOCKYER'S VIEWS
AND WORK.

WE have seen that in the case of the radio-active elements
a process of ‘‘degradation” is occurring, whereby those of
higher atomic weight are slowly giving rise to others of lower
atomic weight, and arguing from the special to the general, it
may at least be suggested that all the elements are slowly
undergoing change.

But, it may be asked, how can that be, without their exhibit-
ing radio-activity ?

If such changes are actually occurring, the answer may
possibly be, either :—

(1) That certain changes are in point of fact rayless, e.g.,
actinium into radio-actinium, meso-thorium 1 into meso-
thorium 2, or—

(2) That the rays emitted escape detection. Such was the
case with the very ““soft "’ B-rays (i.e., having very low velocities)
escaping when radium B changes into radium C, radium D
into radium E, ete.

But whether all the elements are changing or not, some
certainly are, and the question naturally arises, is the opposite
kind of process occurring anywhere in nature ?

In other words, is there side by side with the degradation
of the elements a process of their evolution occurring ?

Degradation, as we have seen, is accompanied with a dis-
engagement of energy, part of the potential energy of the
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more complex atom becoming liberated as kinetic energy,
while the rest remains locked up in the simpler atom or atoms
which result from the change.

Consequently evolution, should it occur, ought to involve
the oppoesite, namely, the absorption of kinetic energy and its
conversion into the potential form.

And therefore it seems only reasonable to search in hot
regions for signs of inorganic evolution ; and as such hot regions
are to be found in the sun and stars, it again seems only
reasonable to appeal to them for possible information on the
subject. Researches on this matter have formed the chief
work done by Sir Norman Lockyer during more than forty
years of his life, he tells us,! and he was one of the first of our
modern scientific men to indicate the possibility of our so-
called elements being compounds.

“For twenty years I longed for an incandescent hottle,” he says,
“in which to store what the centre of the (electric) spark produces.
The stars have provided it.”

Needless to say, the only instruments of service in direct
investigations of the kind were then, and still are, the spectro-
scope and telescope combined.  But indirectly others were of
service, and notably such as could be used for the production of
very high temperatures, like those of the electric are and spark.

When Lockyer first took up the work, the belief was general
that an element could have one and only one spectrum. But
the “ one element, one spectrum ” notion was quite erroneous,
and Plucker, with Hittorf, in 1865, was able to announce that
“there is a certain number of elementary substances which, when

differently treated, furnish two kinds of spectra of quite a different
character, not having one line or band in common.”

The difference in character to which reference is here made
consists in the spectrum produced at the lower temperature

1« Inorgapic Evolution.”
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being composed of flutings, which are replaced by lines when
the higher temperature is reached.

It is easy to demonstrate a change in the spectra of certain
substances produced by changes in the temperature of their
vapours.

Thus sodium, at the temperature of an ordinary Bunsen’s
burner, gives a spectrum consisting only of two lines close
together in the yellow part and corresponding with the D
Fraunhofer lines. Whereas the arc spectrum of the same
metal is much more complex and shows quite a number of
lines of different colours and notably in the green and red
region.

For spectroscopic work we have at our disposal the follow-

ing sources of heat :—
Average
temperature,
Source. degs. C.

Ordinary . . about 1,500
Méker(Base of flame),, 1,700
(2) Oxy-hydrogen blowpipe . . . » 2,000
(8) Electric are . . . »  3,500—38,900?
(4) High potential spark . . . » 8,000—9,000?

(1) Bunsen’s burner {

Long and short lines.—If we regard the arc or spark as a
cylinder or globe of flame, it is obvious that the inside will be
the hottest and densest and the outside the coolest and rarest.
The idea occurred to Lockyer of examining arc or spark spectra
in such a way that the image of the source of light was thrown
on to the slit of the spectroscope by a lens, the spark or arc
being placed horizontally and the slit vertically, as shown in
Fig. 81.

* He observed in the case of several metals three sets of lines
corresponding with the three ranges of temperature.

« Here then was the first glimpse of the idea that the complete

spectrum of a chemical element, obtained at the highest temperature,
might arise from the summation of two or more different line spectra
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produced at different degrees of temperature, and therefore bringing
us in presence of two or more molecular complexities, that is,
different molecules broken up at different temperatures.”

Lockyer also made a careful study of spectra produced at
the very highest temperature he could obtain, namely a
40-in. spark from an induction coil combined with a powerful
condenser. By this means he found in the spectra of many

Imaginary Section of Arc or Spark
with Slit.

Pole

(1) Central ara Hottest Region, Giving Shortest Lines.
(2) Intermediate Zone Giving Longer Lines.
(3/ Outer ard Coldest Region, Giving Longest Llines.

| —
ﬂ\~
Arc or Spark Llens Slit
Fia, 31.

elements new or intensified lines, which he ealled ““ enhanced
lines.” !

The nature of the spectrum of iron at different tem-
peratures is as follows :—

(1) Flame spectrum (oxy-hydrogen blowpipe flame). A
few lines and tlutings only, including several well-marked
lines, some of them arranged in triplets.

(2) The arc spectrum, consisting, according to Rowland,
of 2,000 lines or more.

1 The work of Hartmann, Fabry aud Buisson, Hemsalech and others has
shown that these lines are also obtained from certain parts of flames and arcs,

and hence temperature alone docs not expiain their existence, but they must
also depend on chemical or electrical conditions,

C.0.N. o
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(8) The spark spectrum, differing from the arc spectrum
in the enhancement of some of the short lines and the reduced
relative brightness of others.

(4) A spectrum consisting of a relatively very small number
of lines, which are intensified in the spark.

Before considering the bearing of these different spectra on
solar phenomena it will be advisable for us briefly to consider
the constitution of the sun.

Nature of the Sunl!—The sun, a mere fiery globe as it
appears to us, has a diameter approaching a million miles
(actually 865,000) and is made up of several parts.

The main mass probably consists of intensely hot and
strongly compressed gases.

The question of the temperature of the sun and of the stars
generally is one of considerable interest. The methods for
estimating these temperatures are based upon an examination
of the light radiating from them, but unfortunately that light,
as it reaches us, is not necessarily puroly that of the original
source, but is often modified by its passage through the dust
or vapours surrounding the glowing mass of the luminary;
hence there would appear to be considerable uncertainty as to
the actual temperatures of the sun and other stars.

One of the methods for these temperature measurements
depends upon what is known as “ Wien's Law of Displace-
ment " and is based upon the wave length of that colour which
corresponds with the maximum of heat in the spectrum of the
hot body (which should be a normal spectrum). The applica-
tion of this law is very simple and is expressed by the
equation

T = 2:89
W.L. in mum.

in which T is the (absolute) temperature, to be calculated in

! This description is to a considerabic cxtent taken from Arrhenius' work,
catitled * Worlds in tue Making.”
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centigrade degrees, and W.L. the wave length of that line in
the spectrum which corresponds with the highest temperature.

The average temperature of the sun as thus calculated
is

2-89
000055
or a little under 5,000° C.

Another method is based upon the total radiation of the hot
body, which is proportional to the 4th power of the absolute
temperature. This is called * Stefan’s Law of Radiation”
and with it the solar temperature has been estimated at about
6,200°.

Arrhenius tells us however that various other estimates
have been made.

Wilson and Grey found for the centre of the sun at first a
temperature of 6,200° which they afterwards corrected to 8,000°.
Le Chatelier arrived at a figure for the sun itself of 7,600°.

Carrington and Hodgson saw certain solar clouds or facule
break out on a certain occasion from the edge of a sun spot,
which were five or six times as bright as the sun's photosphere
and corresponding according to Arrhenius with a temperature
of from 10,000—12,000° C. a temperature, he tells us, in all
probability above the critical point of any of the chemical
elements.}

It may be mentioned that the temperature of white stars such
as Sirius and Vega has been found (by means of the radiation
method) to be some 1,000° higher than that of the sun, while
on the other hand that of the red star, Betelgeuse, would
appear to have a temperature some 2,500° lower than that of
the sun. Prodigious temperatures are spoken of later on by
Arrhenius in his book “ Worlds in the Making” as existing
during the formation of suns from nebule when their tempera-

= 5,255 (absolute)

1 The critical temperature (abs.) is, according to Arrhenius, usually about
1} times the boiling point (abs.) st atmospheric pressure.
o2
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ture is rising, as high a figure as 71 million degrees being
mentioned in this connection, but presumably as a matter of
calculation only.

The density of the solar mass is about 1'4 times that of
water, so that the general body of the sun should in physical
properties resemble that of a viscid liquid, which would account
for the stability and persistence of sun spots.

The sun being of this nature in its main or inner mass,
cooling must occur in the incandescent gases expelled from it
as they recede outwards, and expand, causing effects to some
extent analogous to those occurring in our own atmosphere,
such as the formation of lower and higher clouds, with an upper
atmosphere above these consisting largely of attenuated gases.

Unlike the clouds of our terrestrial atmosphere, however,
those of the sun consist of incandescent particles of carbon and
liquid particles of metals; while, for reasons to be given later,
there is strong reason for believing that the outermost (or
highest) layers of the solar atmosphere contain, in addition to
attenuated gases, dust, or minute solid particles.

The outer layers of the sun may be represented diagram-
matically thus:—

Photosphere. This presents
a granulated appearance, which
has been compared with that of

a greyish white cloth, almost
hidden by snowflakes, the so-

INTERIOR called facule (torches) corre-

[This diagram, however, must not be  8ponding with the latter. (See
regarded as more than a rough Fig. 82
approximation, the different 1g. 82.)

m;‘é:]“" doubt mergingintoeach  The facule are believed to be
clouds of rising incandescent

vapours, like our terrestrial clouds, except that the latter are
cold, and consist of water spherules, or minute ice crystals.
The facule, as before mentioned, are believed to be composed




Fra, 32, - Sun spots and Faculo,
(Redueed from Arrhenius” @ Worklds in the Making.™)
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of solid particles of carbon and liquid particles of molten
metals, such as iron, magnesium, calcium and sodium. The
smallest fucula we are able to see is probably at least 130 miles
in diameter.

In the neighbourhood of the facule are occasional dark
spots, the so-called “sun spots,” which were discovered as
early as 1610. The number and size of these change from
year to year in a somewhat irregular way, the period amount-
ing on an average to a little over 11 years. The maxima in
these spots seem to be in relationship with the maxima
observed in certain terrestrial phenomena, such as:

(1) Polar lights (Aurors).

(2) Magnetic variations.

(8) Cirrus clouds (though to a lesscr extent).

Sun spots are believed to consist of huge vortices of
descending gases, with rising temperature, which are there-
fore “ dry,” and ‘do not carry any clouds with them.

Reversing layer. This consists of vapours at a lower
temperature than those of the photosphere, and therefore
external to it. The following elements (in the order of their
atomic weights) have been recognised in it.

(1) (2) (3) (€)]

H Si Co Sn

He K? Ni Ba

C Ca Cu Ce

N Ti Zn Platinum metals
0 \Y% Sr Pb?

Na Cr Mo U

Mg Mn Ag

Al Fe Cd

less than one-half the known terrestrial elements.

Chromosphere. This is only visible to the naked eye during -
a solar eclipse (the disc of the moon then screening off the
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intense light of the photosphere). The chromosphere corre-
sponds with our highest terrestrial atmosphere, and in addition
to incandescent metallic vapours in its lower portions, con-
tains hydrogen and helium in its upper parts, causing these
to shine with a pink or a purple glow.

The thickness of the chromosphere is estimated as being
from 5,000 to 6,000 miles, less than 35 of the solar diameter.
From the chromosphere rise rays of fire, which have been
compared with blades of grass rising from a meadow. When
these flames rise higher, say to 9,000 miles, they are
called “ prominences.”

Prominences. The number and altitude of these grow with
sun spot maxima. Some prominences are called * quiet "’ and
others ‘‘ metallic.”

The latter consists of masses of gases and incandescent
vapours ejected from the solar interior with enormous and
almost incredible velocities, amounting at titnes to over 500
miles per second, whereas our wildest terrestrial hurricanes
very rarely have a wind velocity of 100 miles per hour. While
the average height of the solar prominences is about 32,000
miles, they often exceed that figure, one having been observed
almost as high as the sun's radius, i.c., over 400,000 miles.
The quiet prominences consist almost exclusively of hydrogen
and helium, but sometimes contain traces of metallic vapours.
They resemble clouds floating in the solar atmosphere.

Beyond (that is to say above) the chromosphere, yet another
luminous zone appears in the sun, namely, the so-called
corona.

Coroma. This consists of streamers of pearly light, which
may extend beyond the sun’s dise, a distance of several solar
diameters, and therefore for a million or two of miles. The
appearance of the corona varies with the maximum and
minimum sun spot periods. During the former the streamers
are fairly uniformly distributed round the sun's dise, but
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during the latter they extend like huge brooms from the
equatorial parts, like the lines of force about the poles of a
magnet. It is therefore supposed that the sun acts as a
magnet, the poles of which are situated near the sun’s
geographical poles. At times of moderate sun spot frequency
the streamers seem to emanate from the neighbourhood of
the maximum belt of sun spots, and the corona assumes a
quadrilateral shape. (See Fig. 89.)

The spectrum of the inner parts of the corona is that of
hydrogen, together with lines of an element not met with
terrestrially, to which the name * coronium " ! has been given,
and which seems to occur more particularly in the higher
regions of the ‘“inner corona.” The spectrum of the *‘outer
corona” i continuous, and is therefore that of reflected light,
probably from solid particles ejected fromn the sun, as we shall
learn later, by the so-called * radiation pressure.”

To return to Lockyer’s work :—

“ Next the spectrn of different parts of the sun—those of the
chromosphere, prominences and spots—were compared with differeut
parts of the light source, and core of the are, and the centre of the
spark, aud the outer regions of both. . . . Wonderful anomalies were
at once detected; lines known to belong to the same chemical
element behaved differently in several ways,  Some were limited to
prominences, others to spots, and in some solar storms different
iron lines indicated different velocities.

“In the spectrum of the hottest part of the sun? open to our
inquiries, the region, namely, immediately overlying the photosphere,
which I named the chromosphere, the anomalies become legion.
Suffice it to say, that in the hottest part of the sun we could get at
the spectrum of iron then represented in Kirchhoff's map of the

t The spectrum of this body consists of several bright lines ; one of these of a
green colour (A 8315:9) appears to be specially characteristic.  Certain Italian
observers have stated that coronium occurs in the wases from the solfatara or
sulphur beds at Puzzuoli.  (Abs. Chem. Soe. Journ., 1899, p.482.)

? Lockyer is of the opinion in his work, * Inorganic Evolution,” that the
reversing layer is outsidel the chromosphere, and that the latter is the Aoftest
lowest stratum of the sun's atmosphere—views which are certainly not shared
by a number of other workers on the nature of the sun.
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ordinary solar spectrum by 460 lines wis reduced to three lines. . .

- observations and cross ref o this kind doring the neat
few years convinced me that the view that each chemical clement
had only one line spectrum was erroncous, and that the results
obtained suggestv that the various terrestrial and solar phenomena
were produced by a series of simplifications brought about by each
higher temperature employed.”

And further on in the same work he draws attention to two
other points relative to iron in the sun, viz., that in the

IROM SPOT LINES AT KENSINGTON CONFRONTED WITH IRON PROMINENCE LINES AT PALERMO.

F1a. 35.—(From Lockyer's * Inorganic Evolution.™)

maximum sun spot periods the lines widened in spot spectra
are nearly all unknown ;Zat theminimum they are chiefly due
to iron and other familiar substances, and also that the up-rush
or down-rush of the so-called iron vapour in the sun is not
registered equally by all the iron hnes, as it should be on the
non-dissociation hypothesis.

Lockyer then goes on to say :—

“It seemed perfectly clear then, that in the sun we are not dealing
with iron itself, but with primitive forms of matter contained in iron,



F1a, 33.—The lone and short lines of sadium taken under the same conditions,
showing that the orange line extends furthest from the poles. (From
Lockyer’s » Inorganie Evolution,”™)
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which are capable of withstanding the high temperature of the sun,
after the iron observed as such, has been broken up as suggested by
Brodie.”

Regarding magnesium, Lockyer found the flame spectrum
to be very different from the spark spectrum. In the latter,
some of the lines observed in the former disappear, while two
new lines make their appearance. Now the flame lines of
magnesium do not appear among the Fraunhofer lines, while
some of those of the spark do.

Then in the case of calcium he also found that its arc
spectrum shows a certain blue line particularly prominently,
while two other lines H and K are thin. In the solar spectrum
exactly the reverse is observed, H and K being thick, and the
blue line thin. In solar storms the blue line is always absent,
while H and K are almost always seen. Again, in eclipses the
blue line is absent, while H and K are the brightest. In sun
spots H and K ure reversed or darkened while the blue line is
not.

“Finally, then, the similar changes in the spectra of certain
elements, changes observed in the laboratory, sun and stars, are
simply and sufficiently explained on the hypothesis of dissociation.”

Lockyer prepared a “ test’ spectrum as he called it. This
consisted of as complete a map as he could make of the
“enhanced ” lines of the different elements, that is to say, of
either new lines, or of old ones intensified by the great heat of
the high potential spark. (See Fig. 84.)

On comparing this test spectrum with the bright lines in the
sun’s chromosphere (best observed at the time of a total eclipse
of the sun) he found that the most important metallic lines of
the latter were precisely those included in the former. From
these different facts it seemed clear to Lockyer that in the
hottest parts of the sun the elements are broken up into new
forms of matter which he called “ proto-elements.” Thus, the
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spectrum of calcium as it appears in the chromosphere is
caused by ¢ proto-calcium.” And Pickering, he tells us,
recognised some time ago a new form of hydrogen in certain
stars (e.g. Zeta Puppis) the spectrum of which was quite
different from that of ordinary hydrogen. It has since (1912)
been observed by A. Fowler in hydrogen-tubes, containing
helium. Lockyer speaks of this as “ proto-hydrogen.” When
a substance is heated until it glows, its spectrum lengthens
with increasing temperature. Commencing with red rays, the
spectrum first extends into those which are yellow, thence to
those which are green and blue, and finally into violet and
ultra-violet.

Lockyer, by taking advantage of this principle in relation
to what may be called “ stellar thermometry,” arranges the
stars into three main groups, namely, those giving

(1) The longest spectrum.

(2) A medium ditto.

(8) The shortest spectrum.

When the longest spectra are examined, they are found, he
says, to belong to gases chiefly, the medium spectra to metals,
and in the shortest spectra carbon is indicated. Therefore,
we have the following further classification :—

(1) Highest temperature, longest spectrum, gaseous stars.
(2) Medium temperature, medium spectra, metallic stars.
(8) Lowest temperature, shortest spectra, carbon stars.

A closer scrutiny of the three groups of stars led Lockyer to
conclude that in:

(1) A gas of the helium family was strongly marked with
faint enhanced lines.

(2) A gas of the same family feebly marked, and strong
enhanced lines, or no gas of the helium family and strong arc
lines.

(8) Faint arc lines.
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Therefore, he says, the chemical law seems to be as
follows : —

(1) In the very hottest stars we find hydrogen, helium
asterium, and doubtless other gases still unknown.

(2) At the next (lower) temperatures, we find these gases
becoming replaced by metals in the state in which they are
observed in the laboratory, when the most powerful jar spark
is employed.

(8) At a lower temperature, the gases disappear almost
entirely, and the metals occur in the state produced by the
electric arc.

According to Lockyer, stars were originally formed by the
falling together of meteorites,! the temperature increasing with
the condensation of the swarm up to a maximum, and then
diminishing. This he represents graphically by the following
diagram.

Groop I - Group VIL

—Tempersture curves.

F1G. 36.—Formation of stars. (Temperature curves.)
(From Lockyer's *“ Inorganic Evolution.")

1 A view which, as we shall see later, is by no means universally held.
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It will be seen that according to it, stars may be arranged
in seven groups, groups 1, 2 and 8 undergoing condensation,
and therefore rising in temperature; the maximum being
reached in group 4, groups 5, 6 and 7 corresponding in
temperature with groups 8, 2 and 1, but consisting of stars of
falling temperature.

Lockyer gives the following list :

HorresT STARS.

Two stars in the constellation of Argo ({ Puppis and y Argus).
Alnitam or Alnilam (e Orionis).
STARS OF INTERMEDIATE TEMPERATURE.

Ascending series. Descending series.
B Crucis Achernar
¢ Tauri  Algol
Rigel Markab
o Cygni —_—
—_— Sirius
Polaris Procyon
Aldebaran Arcturus
COLDEST STARS.
Ascending series. Descending series.
Antares 19 Piscium
(Nebule) (Dark stars),

and he tells us that the metallic lines are thickest in stars of
increasing temperature, and the hydrogen lines thickest in
stars of decreasing temperature.

“The stars used in the discussion give us very definite results,
showing that the various chemical forms are introduced at six distinet
heat levels.”

He points out that the simplest chemical substances
appear at the highest temperatures, and the more complex at
lower temperatures. The case of carbon appears to be an
exception to this rule, but while its atomic weight is low,
there is reason to believe that its molecule is complex.



Cyoup oy 1 $q ydeidoroyd v woa ) moqled jo wnayoxds pamg—L€ "OIY







THE NEWER CHEMISTRY 205

Lockyer then more or less leaves the question of evolution
of the elements, and devotes his attention rather to arguments
in favour of their composite nature. Among these is what he
terms “ the series evidence.”’

It is well known that the spectra of the elements differ in
complexity. Thus, the spectra of the metals of the alkalies
consist of but few lines, while the spectrum of iron for instance
(at the temperature of the arc) contains, according to Rowland,
some 2,000.

Can a single atom vibrate in thousands of different ways, at
the same time, such vibrations corresponding with the lines
of its spectrum ?

Certain substances show what is called a “ banded,”
“fluted ” or * channelled space ’* spectrum (e.g., carbon, nitro-
gen, cyanogen, ete.), such spectra having the appearance of
a row of Corinthian columns, seen under a strong side light.
(See Fig. 87.)

Under sufficient dispersion, each set of bands (i.e., each
column) is resolved into groups of lines. These get closer
towards the red or blue end of the spectrum until they
terminate in a single line, called the “ head.” A single band
thus consists of a head and of a series of lines becoming
more and more separated until they encounter another head.

A band spectrum therefore consists to a large extent of
repetitions of similar groups of lines, e.g., pairs, triplets,
quartets, etc. But the regular distribution of the lines may
be to a small extent upset by certain irregularities.

It has been found that mathematical relationships exist
(1) as regards the lines starting from one head and (2) as to
the distribution of the heads in the complete spectrum.

It has also been found that mathematical relationships exist
a8 regards the groupings of lines in a spectrum, which often
form series characterised by the relative strengths of the lines.
Thus, the group showing the strongest lines is spoken of as the
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“ principal ” series; that showing weaker lines as the “first
subordinate” or “nebulous” series; and that showing the
weakest lines as the “second subordinate” or “sharp” series.

A complicated spectrumn may often be rearranged in a
number of such series, each of which shows regularity of
arrangement.

As an example existing in such series, the differences in the
oscillation frequencies (that is, the number of waves per unit

of length, or % where A is a particular wave length), in three

series of triplets in the spectrum of zinc, may be given :——

Dif. Dif.
(1) 2,079 ‘ 910 2,989 582 8,571
Dif. 89 | 89 38
(2 2118 | 910 8,028 581 8,609
Dif. 18 I 18 20
(8) 2,136 910 8,046 . 588 8,629

But not only do numerical relationships of this kind exist,
but it is also possible (in certain cases, at all events) to express
the lines of a spectrum series by a formula. The first to do this
was Balmer, who in 1885 gave the following formula for the
spectrum of hydrogen :—

A=A m? % 10-% em
S ’

where A is the wave length of the line to be calculated, A a
constant of the value 8645, and m one of the series of numbers
3, 4, b, etc., up to 11.

With this formula close agreement was found between the
(then) known and the calculated lines of the gas, while later,
when Pickering discovered in certain stars what Lockyer
termed “ proto-hydrogen,” Balmer’s formula was found to
apply with equal accuracy to its spectrum.

Other formule for calculating spectra have been worked out
by Rydberg, Runge and Paschen, Kayser, and others.
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Sir J. J. Thomson may next be quoted as to how this
“ series "’ evidence, as Lockyer terms it, bears on the question
of the complexity of our chemical atoms.

“ As an example of a property that might very well be associated
with a particular grouping of the corpuscles,! let us take the
vibration of the system as shown by the position of the lines in the
spectrum of the element. First let us take the case of three cor-
puscles by themselves in the positively electrified sphere. The three
corpuscles have nine degrees of freedom, so that there are nine
possible periods. Some of these periods in this case would be
infinitely long, and several of the periods would be equal to each
other, so that we should get nine different periods.

A BCDE

1 2 3

>N

A B C D

I -

“Suppose that the lines in the spectrum of the three corpuscles are
as represented in the ﬁgure; where the figures under the lines repre-
sent the number of periods which coalesce at that line ; t.e., regarding
the periods as given by an equation with nine roots, we suppose that
there is only one root giving the period corresponding to the line A,
while corresponding to B there are two equal roots, three equal roots
corresponding to C, one root to D, and two to E. These periods
would have certain numerical relations to each other, independent of
the charge on the corpuscle, the size of the sphere in which they
are placed, or their distance from the centre of the sphere. Each of
these quantitics, although it does not affect the ratio of the periods,
will have a great effect upon the absolute value of any one of them.
Now suppose that these three corpuscles, instead of being alone in
the sphere, form but one out of several groups in it, just as the

1 « Electricity and Matter,” p. 119.
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triangle of magnets forms a constituent of the grouping 3, 10,
20, and 35 magnets.! Let us consider how the presence of the
other groups would affect the periods of vibration of the three
corpuscles. The absolute values of the periods would generally be
entirely different, but the relationship existing between the various
periods would be much more persistent, and although it might be modi-
fied it would not be destroyed. Using the phraseology of the Planetary
Theory, we may regard the motion of the three corpuscles as being
“disturbed by the other groups.’

“When the group of three corpuscles was by itself, there were several
displacements which gave the same period of vibration ; for example,
corresponding to the line C there were three displacements, all
giving the same period. When, however, there are other groups
present, then these different displacements will no longer be
symmetrical with respect to these groups, so that the three periods
will no longer be quite equal. They would, however, be very nearly
equal unless the effect of the other groups is very large. Thus, in
the spectrum, C, instead of being a single line, would become a
triplet, while B and E would become doublets. A and D would
remain single lines.

“ Thus the spectrum would now resemble & in the figure ; the more
groups there are surrounding the group of three, the more will the
motion of the latter be disturbed, and the greater the separation of
the constituents of the triplets and doublets.

“The appearance as the number of groups increases is shown in 4
and ¢. Thus, if we regarded the element which contains this particular
grouping of corpuscles as being in the same group in the classifica-
tion of the elements according to the Periodic Law, we should get in
the spectra of these elements homologous series of lines, the distances
between the components of the doublets and triplets increasing with
the atomic weight of the elements.

“The investigations of Rydberg, Runge and Paschen, and Kayser
have shown the existence in the spectra of the elements of the same
group, series of lines, haviug properties in many respects analogous
to those we have described.”

Lockyer then adduces further evidence in favour of the view
that the elements are of a composite nature, such as the
Zeeman effect, Crookes’ meta-elements, etc.

1 Hee p. 183.



CHAPTER XI
THE NEWER CHEMISTRY

»
THE BIRTH AND DEATH OF WORLDS8—GRAVITATION AND RADIATION
PRESSBURES—ARRHENIUS  VIEWS.

INn a remarkable book entitled “ Worlds in the Making,”
Arrhenius takes up the questions of the creation and of the
eventual destruction of stars and of worlds like our own, and
gives reasons for believing that both operations are simul-
taneously occurring in cosmos, or, 8o to speak, a ¢ winding-up ”
and a “running-down” of the machinery of the universe;
the two chief fordes at work being the mechanical pressure of
light, or simply the ‘radiation pressure,” on the one hand,
and gravitation on the other.

In this chapter, as far as possible, Arrhenius’ own words
will be used.

The Radiation Pressure.—He tells that as early as 1746
Euler expressed the opinion that the waves of light exerted a
pressure upon the body on which they fell. This was denied
at the time, but was proved to be correct by Maxwell in 1873,
in his great theoretical treatise on the nature of electricity.
Maxwell showed that rays of heat—and the same applies, as
was shown later, to radiations of any kind—must exert a
pressure just as great as the amount of energy contained in a
unit volume, by virtue of their radiation.

He calculated the magnitude of the pressure, and found it
8o small that it could hardly have been demonstrated with the
experimental appliances then available. But, as we shall seé
presently, this was done later.

C.0.N. P
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As already mentioned, Arrhenius applied the facts of the
radiation pressure to the explanation of certain cosmical
phenomena, and here his own words may be quoted :—

“ The magnitude of the radiation pressure of the solar atmosphere
must be equivalent to 2:75 mgs.—if the rays strike vertically against
a black body one square centimetre in area.

T also calculated the size of a spherule of the same specific gravity
as water, such that the radiation pressure to which it would be
exposed in the vicinity of the sun would balance the attraction of the
sun. It resulted that equilibrium would be established if the
diameter of the sphere was 0:0015 mm., provided, as was afterwards
ascertained, that all light was reflected from the sphere.

“If the diameter be still smaller, the radiation pressure will prevail
over the attraction, and the particle be repelled by the sun, but only
up to the point where the spherule is 03 times greater than the
wave length of the incident rays. When it is smaller, gravitation
will once more predominate.

“ But spherules whose sizes are intermediate between these two
limits will be repelled. It results, therefore, thé. molecules which
have far smaller dimeunsions than those mentioned will not be
repelled by the radiation pressure, and that therefore Maxwell's law
does not hold for gases. When the circumference of the spherule is
exactly equal to the wave length of the radiation,! radiation pressure
is at its maximum, and will be nineteen times as great as the attrac-
tive force of gravitation. These calculations apply to all spheres,
totally reflecting the light, of a specific gravity like water, and to
radiation and attraction corresponding to that of the sun. Since the
sunlight i8 not homogeneous, the maximum effect will somewhat be

diminished, and it is nearly equal to ten times the gravity for
spheres of a diameter 0:00016 mm.”

Effects which ought to be produced by Radiation Pressure.—
It ought to be possible actually to demonstrate the effects of
radiation pressure, if particles of a sufficiently small size can
be obtained with a sufficiently powerful source of radiation.

This was done by Nichols and Hull, who, by heating spores
of the fungus Lycoperdon bovista, which are almost spherical,

! Red, say, ‘00076 mm. ; violet, say, 00039 mm.
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and of a diameter of about 0'002 mm., up to a red glow, pro-
duced little spherules of carbon of an average density of 01.

These were mixed with emery powder, placed in a vessel
shaped like an hour-glass, and the vessel and its contents
exhausted as far as possible. They then caused the mixed
powder to fall in a fine stream into the lower part of the
vessel, while exposing it to the
concentrated rays of an arc lamp
at the same time. The emery
particles fell perpendicularly, while
the carbon spherules were driven
sideways by the radiation pres-
sure.

But apart from this actual
demonstration of its effects, there
ought to be, one would anticipate,
cosmical phendmena caused by
radiation pressure of two kinds,
namely, loss of matter from hot
bodies, and gain of the matter thus
expelled by cool bodies. Take, for
instance, the sun and the stars at
intensely high temperat;ures. In
them, we have every reason for

T
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F1g. 38.— Demonstration of

believing, stupendous explosions radiation pressure. (From
. . Arrhenius’ “ Worlds in the
occur, leading to the scattering of Making.")

dust into their outer atmospheres,

together with ionised gas particles. The dust particles, if of
a size to be affected by the radiation pressure, will be driven
into space, and approaching relatively cold masses like the
earth, or more attenuated and colder masses (at least in their
exterior portions), such as comets and nebule, will be attracted
to them by the force of gravity, and electric phenomena might
possibly then occur.

P2
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The following phenomena appear, in point of fact, to be
related to the radiation pressure :—

(1) Polar Lights (Auroras).—These, as their name implies,
occur most frequently in polar regions, attaining their maximum
of frequency in circles which enclose the magnetic and geo-
graphic poles. They are of two classes, namely, (1) those
without, and (2) those with streamers. The former are very
quiet, and their light is strikingly constant. As a rule, these
polar lights drift slowly towards the zenith, and they do not give
rise to magnetic disturbances. They generally have the shape
of an arch.

In polar lights of the second class, the streamers (flickering
lines of light) are sometimes quite separated from each other,
but, as a rule, and especially below, they melt into one another,
and form so-called ‘‘ draperies,” which are so easily moved,
and so unsteady, that they present the appearance of fluttering
in the wind. The streamers run approximatel$ in the direction
of the “dip” or inclination of the magnetic needle. This
class of polar lights affects the compass. When they pass the
zenith, their influence on the needle changes sign, so that the
deviation produced changes from east to west, as the auroral
ribbon moves from north to south. It is believed that they
are caused by violent digplacements of negative electricity.
Their frequency corresponds with sun spot maxima, when the
solar eruptions are most violent and the velocity of the ejected

,dust particles at its greatest.

" On the other hand, polar lights without streamers occur
most frequently during years of sun spot minima. (See
Figs. 89 and 40.)

“The rays of the corona in the neighbourhood of the poles of the
sun are then laterally deflected by the action of the magnetic lines of
foree of the sun. The small negatively charged particles have
ev1dqntly a low velocity, so that they move quite close to the lines of
foroe in the neighbourhood of the solar poles, and are concentrated



Fra. 39 - Photograph of the solar corona. 1900 (afrer Lancley and Abhote),
HHastrating the appentanee of the corona in years of minimu: :
frequency.  (From Avrhenius” = Worlds in the Making.™)

F1a, 100 Photorraph of the solar corona of 1870 (after Davig),  The year 1870
was one of manimum snnespot frequeney, (From Archenios”  Waorlds i

the Making.”)
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near its equator. There the magnetic forces are weaker, and the
solar dust can therefore be ejected by the radiation pressure, and will
accumulate in a large disc expanding in the equatorial plane.

“Part of this solar dust will come near the earth and be deflected by
its magnetic lines of force, It is to be expected that the negatively
charged particles coming from the sun will drift chiefly towards the
district which is situated somewhat to the south of the magnetic
north pole when it is noon at this pole. When it is midnight, most
of the negatively charged particles will be caught by the lines of
force before they pass the geographic north pole, and the maximum
belt of auroras will for this reason surround the magnetic and
geographic poles ™’ (as appears to be actually the case).

“ Where the (negatively-charged) dust collides with molecules of
air, it will produce a phosphorescent glow, as if these molecules were
hit by the electrically-charged particles of radium.”

In the spectra of polar lights, the most intense line is found
to belong to the krypton, while the other lines are those of
other members of the family of inert elements, in addition
to nitrogen. @

Arrhenius suggests that the krypton is of solar origin.

(2) Comets (literally  hairy bodies”) may be defined as
long-tailed stars—using the word “star” in the common
gense as & luminous celestial object. The nucleus, or bright
and star-like spot, together with the surrounding  coma,” or
hair, are commonly spokén of as the ‘“head ” of the comet,
while the ‘ tail” presents a nebulous appearance, and may
show more than one streamer.

Comets may be of enormous size, sometimes actually filling
more space than the sun does, while their tails often stream
out for millions of miles. Comets are very light bodies.

The spectrum of a comet consists partly of a continuous
band of colours, which is probably due to sunlight reflected
from small solid particles, and partly of the bands charac-
teristic of gaseous hydrocarbons and cyanogen ; these being
due to electric discharges through the gases.

As a comet approaches the sun its tail lengthens, and other
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less volatile bodies evaporate from its nucleus. The lines of
sodium appear, and when it is very near the sun those of iron
also. The ejected matter comes from that part of the nucleus
which is turned towards the sun and collects in clouds, analo-
gous to terrestrial clouds formed on a hot day. These clouds
are provided with a kind of hood, which envelops like a thin
semi-spherical veil that side of the nucleus which is turned
towards the sun, and sometimes more than one of these hoods
appear. As early as the beginning of the seventeenth century
Kepler came to the conclusion that the tails of comets are
repelled by the sun, and there can be no doubt that such is
the case, the cause being the sun’s radiation pressure acting
on the minute particles forming the tail.

Bredichin, a Russian astronomer, conducted a number of
measurements of the magnitude of the forces with which
comets’ tails are repelled by the sun, and arrived at the con-
clusion that these tails may be divided into three classes in
which the repulsion is respectively 19, 8:-5—1°5, and 1:8—1
times stronger than gravitation.

Some comets show several tails, for instance, that of
Donati in 1858 (Fig. 41). They probably consist of highly
attenuated clouds of particles of different sizes, and different
specific gravities, the smallest and lightest of which may
consist of minute particles of carbon, containing hydrogen, and
formed by the carbonisation of hydrocarbons, originally present
in the tail of the comet. According to Arrhenius it is con-
ceivable that such spherules may have a specific gravity of
01 as in the experiment of Nichols and Hull, and under the
most favourable circumstances experience a repulsion 40 times
a8 strong as solar gravitation. ‘

Comets sometimes disappear, and are converted into
meteorites. Thus, Biela’s Comet, which has disappeared since
1852, was rediscovered in a belt of meteorites which approaches
the earth’s orbif each year on November the 27th.



F16. 41.—Donati's comet at its greatest brilliancy in 1858, (From Arrhenius’
* Worlds in the Making."™)
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Meteorites contain in addition to the elements revealed by
spectrum analysis in comets, namely,

H, C, N, Na, Fe,
the following :—

He, O, Mg, Al Si, P, 8, Cl, Ca, Ni, Co, Cr, As,

their composition strongly recalling that of the voleanic pro-
ducts of so-called ‘“basic” nature. According to Arrhenius,
the structure of meteorites favours the view that they have
been formed by the coalescence of a multitude of extremely
fine grains, and the same author is of the opinion that comets
are probably formed in the spirals of nebule, where the
cosmic dust is stopped in its motion.

Energy of the Sun.—The sun is dissipating almost incon-
ceivable amounts of heat, corresponding yearly with 2 gram
calories for each gram of its mass. If the specific heat of the
sun were the same as that of water, which in that respect
surpasses most other substances, the solar temperature would
obviously fall 2° C. each year, and as the temperature of the
outer portion of the sun is probably from 6,000—7,000°C., the
sun should have cooled completely in historic times.

Geologists now believe, however, that the sun must have
shone on the earth in-such a way that animal life was
possible for at least one hundred million years. ‘

How then can we account for the supply of heat which the
sun has lost during that time ?

Various theories have been proposed. Thus, R. Mayer
suggested that the sun’s income of heat was derived from
swarms of meteorites dashing into it. But this theory is
untenable.for several reasons. In the first place, it may be
calculated that if the earth dashed info the sun, the heat
thereby provided would only serve to maintain the sun’s heat
expenditure for & hundred years. Again, by their rush into
the sun, almost uniformly from all sides, the meteorites would
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long ago have put a stop to the sun’s rotation on its axis,
while the increase in its mass caused by them would shorten
each of our years by nearly three seconds, which astronomers
tell us is not the case—and finally, a corresponding number of
meteorites would also have to fall upon the earth—and it has
been calculated that thereby its surface temperature should
have been raised to 800°C.

Helmholtz sought to account for the sun’s income of heat
by its own shrinkage, but here again calculations show that
the heat thus liberated would be insufticient. Helmholtz him-
self, on this argument, limited the further existence of the
earth (under conditions similar to those at present obtaining)
to 16 million years, and if calculations are made on his data,
a state like the present can only have existed for about 10
million years.

Others have suggested that the sun’s expenditure of heat is
due to the solar mass containing radium, angl according to
Arrhenius, if each kilogram of the sun’s mass contained only
2 mgs. radium, “ that amount would be sufficient to balance
the heat expenditure of the sun for all future ages.”!

There are, however, objections to this theory, and the views
now held by Arrhenius, and apparently by others also, on the
sources of the sun’s heat income, are not only of a very
remarkable nature, but are also in conflict with Lockyer's
theory of the decomposition of the chemical elements by intense
heat.

On the contrary, Arrhenius, and those who share his views,
reason from the fact that heat is not necessarily a decom-
posing agency—the mechanical theory of heat teaching that
at high temperatures substances are produced the formation
of which involves an absorption of heat (endothermic com-
pounds). Thus acetylene is formed when carbon is heated to

1 From what has been ascertained as regards the *life” of radium, it is diffi-
cult to see how this can be the case, unless radinm is being constantly produced

in the sun.
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the temperature of the arc (8,500—8,900° C) in an atmosphere
of hydrogen, while oxygen and nitrogen combine also at the
same temperature—a fact which is now taken advantage of in
o (relatively speaking) new technical process for the manu-
facture of nitric acid.

It is also known from experience that the higher the
temperature at which a compound is formed, the greater in
general is the heat absorbed.!

A similar law applies to the influence of pressure. When
the pressure is increased, such processes will be favoured as
will yield products of smaller volume.

Now the spectrum of the sun’s photosphere is distinguished
by lines, while in that of the sun spots bands occur suggestive
of compounds.

“If we imagine a mass of gas rushing down from a higher stratum
of the sun into the depths of its interior, as gases do in sun spots,
complex compouhds will be produced by virtue of the increased
pressure. This pressurc must increase at an immense rate towards
the interior of the sun, by about 3,500 ats. per kilometre. The gases
which dissociate into atoms at the lower pressures and the higher
temperntures of the extreme solar strata above the photosphere
clouds enter into combination in the depths of the spots, as we
learn from spectroscopic examination. Owing to their high tempera-
tures, these compounds absorb enormous quantities of heat in their
building up, and these quantities of heat are to those which are
concerned in the chemical processes of the earth in the same ratio as
the temperature of the sun to that at which chemical reactions are
proceeding ou the earth. As these gases penetrate further into the
sun, temperature and pressure are still more increased, and there
will result products more and more abounding in energy and concen-
tration. We may thercfore imagine the interior of the sun charged

*

1 The heats of formation (negative) of a few endothermic compounds may
here be given (in large calories = K) :(—

K.
ShHg e — 868
CgNg (from diamond) ... e = 739
CqHy (from diamond) ... . — b81

NO w. =216
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with compounds, which brought to the surface would dissociate under
an enormous evolution of heat, and an enormous increase of volume.

““ These compounds have to be regarded as the most powerful
blasting agents, by comparison with which dynamite and gun-cotton
would appear like toys.”

End of the Sun.—There is evidence, as we have seen, that the
sun is now a cooling star, but even when it has cooled down
to the present temperature of the earth, or even lower, it will
still contain, according to Arrhenius, mighty supplies of high
explosives, which may make their presence manifest at a later
stage in its history.

The extinction of the sun will no doubt be attended at first
with phenomena such as occurred in the formation of the
earth. A solid crust will eventually surround it, to be again
and again burst by voleanic action, but except for the glowing
lava and the gleams of the volcanic fires, all will be in dark-
ness. Next, water will condense as clouds,eand everitually
oceans will form. The sun will now cool rapidly, the oceans
will freeze, while later carbonic anhydride will liquefy and
solidify. Later still new oceans will form of the liquefied
atmospheric gases, while eventually the solar atmosphere will
consist of hydrogen and helium with some nitrogen.

Birth of Suns.— When an extinct star moves forward
through infinite spaces of time, it will ultimately meet another
star, either cold like itself, or hot and luminous. Arrhenius
calculates the probable time required for such a meeting, in
the case of the sun with its present dimensions, and its
present velocity through space (18 miles per second), and finds
that something like a hundred thousand billion years would
be required before it would collide with anothem star of a
similar kind, or if there are a hundred times as many dark as
there are luminous stars (an assumption which he says is not
unjustifiable) the probable interval before the next collision
may be something like a thousand billion years, during the
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last 99 per cent. of which the sun will have been a cold
star.

The new stars which flash up from time to time probably
represent such collisions, and their spectra tell us that during
the early part of their history gases issue from them with
enormous velocities, while later their spectra change and
become characteristic of the nebule. Arrhenius pictures the
collision between two dark stars by the diagram given below,
~

7
= >4
=34

W

F16. 42—Diagram indicating the consequences of a collision between two
extinct suns, A and B, moving in the dircerion of the straight arrows. A
rapid rotation in the dircetion of the curved arrows results and two power-
ful streamers are ejected by A B, the explosive substances from the deeper
strata of A and B being brought up to the surface by the collision.  (From
Arrbenius’ * Worlds in the Making.™)

with special reference to a new star in Perscus (Nora Persei),
which flashed up on February 21-22, 1901. His description
of the course of events probably taking place then is as
follows : —

“ At the collision, matter will have been ejected from both these
celestial bodies, at right angles to the relative directions of their
motions, in two powerful torrents, which would be situated in the
plane in which the two bodies were approaching each other. The
rotational speed of the double star, which will be diminished by this
ejection of matter, will have contributed to increase the energy of
ejection. We remember now that when matter is brought up from
the interior to the surface of the sun, it will behave like an explosive
of enormous power. The ejected gases will be hurled in terrific
flight about the rapidly revolving central portions. . . . The
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streams are rapidly cooled, owing to the quick expansion of the gases.
They will also contain fine dust, consisting largely of carbon, probably,
which had been bound by the explosive materials. The clouds of
fine dust will obscure the new star more and more, and will gradually
change its white brilliancy into yellow and reddish, because the fine
dust weakens blue and green rays more than it does yellow and red
rays.”

Afterwards the double star, as its spectrum proved, became
a stellar nebula.

“The continuous light of the central body has more and more
been weakened by the surrounding masses of dust. By the radiation
pressure, these masses are driven towards the outer particles of the
surrounding gaseous envelope, consisting principally of hydrogen,
helium, and ‘ nebular matter.” There the dust discharges its negative
electricity, and thus calls forth a luminescence which equals that of
the nebulee.

“We have to consider next that owing to the incredibly rapid
rotation, the central mass of the two stars will, in its outer portions,
be exposed to centrifugal forces of extraordinary intensity, and will
therefore become flattened out to a revolving disc. . . .

“The spiral form of the outer portions of many nebulwe has for a
long time excited the greatest attention. In almost all the investi-
gated instances it has been observed that two spiral branches are
ooiling about the central body. . . . (See Fig. 43.)

“ The nebule which are produced by collisions between two suns are
soon crossed by migrating celestial bodies, such as meteorites or comets,
which there occur in large numbers. By the condensing action of
these intruders they are then transformed into star clusters. . . .
(Bee Fig. 44.)

“Qur considerations lead to the conclusion that there is rotating
about the central body of the nebula an immense mass of gas, and
that outside this mass there are other centres of condensation moving
abont the central body, together with the masses of gas concentrated
about them. Owing to the friction between the immigrated masses
and the original mass of gas which circulated in the equatorial plane
of the central body, all these masses will keep ncar the equatorial
plane, which will therefore deviate little from the ecliptic. We thus
obtain a planetary system, in which the planets are surrounded by
colossal spheres of gas.



F1G. 43.—Spiral nebula in the Cauos Venutici, Messier 510 Taken at the
Yerkes Observatory en June 3019020 (From Artheniug’  Worlds in the
Making.”)

Fia, t1. - The great nebula in Andromeda. Taken at Yerkes Observatory on
September 18, 1901 (From Arrhenins’ ** Worlds in the Making.™)
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“In concluding this consideration, we may draw a comparison
between the views which were still entertained a short time ago and
#he views and prospects which the discoveries of modern days open
to our eyes.

“Up to the beglnnmg of this century the gravitation of Newton
seemed to rule supreme over the motions and over the development
of the material universe. By virtue of this gravitation the celestial
bodies should tend to draw together, to unite in ever-growing masses.
In the infinite space of past time the evolution should have proceeded
so far that some large suns, bright or extinct, could alone persist.
All life would be impossible under such conditions.

“And yet we discern in the neighbourhood of the sun quite a
number of dark bodies, our planets, and we may surmise that similar
dark companions or satellites exist in the vicinity of other suns or
stars; for we could not understand the peculiar to-and-fro motions
“of those stars on any other view. We further observe that quite a
number of small celestial bodies rush through space in the shape of
meteorites or shooting stars which must have come to us from the
more remote portions of the universe.

“The explanatlon of these apparent deviations from what we may
regard as a necessary consequence of the exclusive action of gravity
will be found under two heads—in the action of the mechanical
pressure of light and in the collisions between celestial bodies. The
latter produce enormous vortices of gases about nebular structures in
the gaseous condition ; the radiation pressure carries cosmical dust
into the vortices, and the dust collects into meteorites and comets
and forms, together with the condensation products of the gaseous
envelope, the planets and moons accompanying them.

“The scattering influence of the radiation pressure therefore
balances the tendency of gravitation to concentrate matter. The
vortices of gas in the nebule only serve to fix the position of the
dust which is ejected from the suns through the action of the
radiation pressure.

“The masses of gas within the nebulee form the most important
centres of concentration of the dust which is ejected from the sun
and stars. ~If the world were limited, as people used to fancy, that is
to say, if the stars were crowded together in a huge heap, and only
infinite, empty space outside of this heap, the dust particles ejected
from the suns during past ages by the action of the radiation
pressure would have been lost in infinite space, just as we :magmed
that the radiated energy of the sun was lost.
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““If that were 80, the development of the universe would long since
have come to an end, to an annihilation of all matter and all energy.
Herbert Spencer, among others, has explained how thoroughly
unsatisfactory this view is. There must be cycles in the evolution
of the universe, he has emphasised. That is manifestly indispensable
if the system is to last. In the more rarefied, gaseous, cold portions
of the nebulee we find that part of the machinery of the universe
which checks the waste of matter, and still more the waste of force
from the suns. The immigrating dust particles have absorbed the
radiation of the sun and impart their heat to the separate particles
of the gases with which they collide. The total mass of gas expands,
owing to this absorption of heat, and cools in consequence. The
most energetic molecules travel away, and are replaced by new
particles coming from the inner portions of the nebule, which are in
their turn cooled by expansion. Thus every ray emitted by a sun
is absorbed, and its energy is transferred, through the gaseous
particles of the nebula, to suns that are being formed and which are
in the neighbourhood of the nebula or in its inner portions. The
heat is hence concentrated about centres of attraction that have
drifted into the nebula or about the remnants of the celestial bodies
which once collided there. Thanks to the low temperature of the
nebula, the matter can again accumulate, while radiation pressure,
as Poynting has shown, will suffice to keep bodies apart if their
temperature is 15° C., their diameter 3-4 cm., and their sp. gr. as
large as that of the earth, 5-5. At the distance of the orbit of
Neptune, where the temperature is about 50 absolute and approxi-
mates therefore that of a nebula, this limit of size is reduced to
nearly 1 millimetre. It has already been suggested that capillary
forces which would prevail under the co-operation of the dust grains,
rather than gravity, play a chief part in the accumulation and
coalescence of the smaller particles. In the same manner as matter
is concentrated about centres of attraction, energy may be accumu-
lated there, in contradiction to the law of the constant increase of
entropy.

“ During this conservational activity the layers of gas are rapidly
rarefied, to be replaced by new masses from the inner parts of the
nebula, until this centre is depleted, and the nebula has been con-
verted into a star cluster or a planetary system which circulates
about one or several suns. When the suns collide once more new
nebulse are created. *

“The explosive substances, consisting probably of hydrogen and
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helium (and possibly of nebulium?! also) in combination with carbon
and metals, play a chief part in the evolution from the nebular to
the stellar state, and in the formation of new nebule after collisions
between two dark or bright celestial bodies. The chief laws of
thermodynamics lead to the assumption that these explosive sub-
stances are formed during the evolution of the suns and are destroyed
during their collisions. The enormous stores of energy concentrated
in these bodies perform, in a certain sense, the duty of powerfully
acting fly-wheels interposed in the machinery of the universe, in
order to regulate its movements and to make certain that the cyclic
transition from the nebular to the stur stage and wvice versa will occur
in a regular rhythm during the immense epochs which we must
concede to the evolution of the universe.

¢« By virtue of this compensating co-operation of gravity and of the
radiation pressure of light, as well as of temperature equalisation and
heat concentration, the evolution of the world can continue in an
eternal cycle, in which there is neither a beginning or end, and in
which life may exist and continue for ever and undiminished.”

1 Characterised by two speetral lines, not found in any terrestrial substance.
Probably a gas as didicult to liquefy as hydrogen or helium.






APPENDIX

CoNTINUATION OF COLLIE AND PATTERSON’S RESEARCHES ON THE
Presence or NeEoN IN HYDROGEN AFTER THE PASSAGE OF
THE ELECTRIC DISCHARGE THROUGH THE LATTER AT Low
PRressures.

In June 1918' a further paper on the above was contributed,
in which it was shown : —

(1) That electrodes are not necessary, for if a powerful
oscillating discharge be passed through a coil of wire round a
glass bulb containing a little hydrogen, helium with some
neon could be detected in the residual hydrogen. The
hydrogen and qxygen used in these experiments were tested
in quantities up to 100 c.c., but not a trace of helium or neon
was found in them.

(2) That in an apparatus where the tube through which
the discharge took place was surrounded by a vacuous tube,
gas was perpetually appearing in the latter and disappearing
in the former, but the volume disappearing was very much
greater than that appearing in the outer tube. The gas
operated upon was hydrogen, and that appearing in the outer
tube consisted largely of the same substance together with
traces of helium and neon and a gas which gave the spectrum
of carbon on sparking. The gas rapidly decreased in volume
usually to about one-half and sometimes even less, the carbon
spectrum then almost entirely disappearing, while the hydrogen
(and the traces of helium and neon) remained. This same
phenomenoh almost invariably occurred when testing for helium
and neon. After the residual hydrogen had been exploded
with excess of oxygen, and the remainder of the latter absorbed
by charcoal cooled by liquid air,¢he gas remaining should he

1 Proc. Chem. Soc., Vol. XXIX,, No. 418, p. 317.
C.0.N. Q
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pure helium or neon or a mixture of the two. The spectrum,
however, was always a carbon spectrum, and it was only after
sparking for some time that this spectrum disappeared and the
pure spectrum of helium and neon replaced it. There was
always at the same time a diminution in the total volume of
gas, usually over 50 per cent.

(8) The gas giving the carbon spectrum is also produced in
the bulb round which a wire has been curled and through
which an oscillating discharge has been passed, also in a tube
containing a piece of platinum foil placed in the focus of a
concave cathode of aluminum bombarded by a cathode stream,
so that it becomes red-hot. At first hydrogen is given, then
hydrogen mixed with helium and some neon, then less hydrogen
and helium and some of the gas giving a carbon spectrnm.
After this apparently no more helium is produced, but an in-
creasingly large amount of the gas giving the carbon spectrum.
If this gas is sparked in contact with mercury vapour, it almost
instantaneously disappears, and it was found impossible to
reproduce it by heating the tube or varyivg the pressure
in it.

(4) As it could be separated from the hydrogen in which it
was found by exploding with excess of oxygen and removing
that excess by means of charcoal cooled with liquid air, it
would appear to be a highly uncondensable gas and not readily
oxidised. That result, taken in conjunction with the fact that
it gives a carbon spectrum, is very difficult to explain, and
the investigators suggest that it may be the same as that
discovered by Sir J. J. Thomson and called by him “ X,.”

Various experiments were made with electrodes which were
not aluminum, but these need not be discussed here. Finally
Collie and Patterson arrive at the following conclusions :—

(a) Electrodes apparently are not necessary for the produc-
tion of the helium and neon. .

(b) Hydrogen in considerable quantities can be made to
apparently disappear in tubes through which a heavy discharge
passes. -

(¢) A gas is produced ir the tubes that gives a carbon
spectrum. It entirely disappears when sparked in contact with
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mercury. It is not readily condensed by charcoal cooled in
liquid air, nor easily oxidised by sparking with oxygen.

Finally it may be mentioned that one of the investigators
was of the opinion that the metallic “splash” given by
electrodes of certain metals when dissolved in aqua regia gave
a precipitate with barium chloride, but it was proved later that
this was due either to something dissolved from the glass or
to chloride of silver precipitated on diluting the acid solution,
as metallic silver had been used as a solder to unite the copper
electrode to the platinum wire sealed into the glass.
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12
of Becquerel rays, theoriesof, 111
values of certain units of, 14

Enhancod lines in spectra, 193

Euler, mechanical pressure of light,

209

Europium, 75, 77

Evolution, inorganic, 190—208

Exner and Hashek, spectrum of

radium, 116

‘“FacuLx” ig sun,
nature of, 196
possible temperatures of, 195
Fatigue of glass when bombarded by
cathode rays, 100
Fire as an element, ancient ideas re-
garding, 2—56
Fluorescence induced by cathode
rays, 108
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Fluorescence induced by Réntgen
rays, 108

Fluorine, determination of atomic
weight of, 46

Fluted spectra. See Spectra.

French, A. J., re| discovery of a
new metal of platinum group, 61

Formul®s, mathematical, in recalcu-
lating atomic weights, 42—44

y-RAYS, 129—131
Gadolinum, discovery of, 75, 77
Gasl}iium, discovery and properties of,
Gay Lussac,
and Humboldt, volumetric ratios
in which hydrogen and oxygen
combine, 21
crystalline form of potash and
ammonia alum, 27
law of atomic volumes, 21—22
volumetric ratios in certain gas
reactions, 22
Geber, views rezarding nature of
metals, 5
Gehlen, crystalline form of sodium
nitrate, 28
Germanium, discovery and properties
of, 87
Giesel, radio-lead, 119
Glauber’'s salt, discovery of thera-
peutic action of, 6
Glucinum (Beryllium), atomic weight
of, 44, 72
Gold, determination of atomic weight
of, 48
Gravitation and radiation pressure,
209, 221—223

HamPpsoN, invention of air liquefying
apparatus, 91
Hauy, crystalline form, views on, 27
Heat, atomic, 24
molecular, 26, 27
specific, 23—27
Helium,
and a particles, 155—160
discovery of in minerals, etc., 90
discovery of in sun’s chromo-
sphere, 89
from radmn}. 146—147, 160
properties of, 95
.Helmhoﬁ;, ible source of sun’s
income of heat, 216
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Heraclitus, views as to elementary

nature of fire, 2

Hillebrandt, gas enclosed in certain
minerals, 89

Hofmann and Strauss, radio-lead. 119

Holmium, discovery and properties of,
78, 17

Hénigaschmid, O., atomic weight of
r%slfm, 117

Hooke, theory of combustion, 9

H %ins, Sir W. and Lady, spectrum
‘;% uminescent radium compounds,
125

TATRO-CHEMISTRY, introduction and
aims of, 6
Incandescent gas mantles, self photo-
aph of, 111
** Induced ** radio-activity, 136
Inert elements,
isolation and properties of, 87
—96
position in periodic law, 54, 58, 62
Internal movements of gas particles
defined, 93
International table of atomic weights,
12, 41—42
Iodine, determination of
weight of, 40
Ionium, sources and properties of,
119, 169, 174
Iron, determination of atomic weight
of, 46
different spectra of, 193, 200
Isomorphism, 27—30

atomic

JANNSEX, discovery of helium in sun,
89

Joule, mechanical equivalent of heat,
etc., 13

KAUPMANN, mass in relation to velo-
city of motion, 124

Kelvin, Lord, matter in relation to
movements of ether, 124

Kopp, molecular heat of compounds,
26

Krypton, discovery of, 91
properties of, 95

Laxpor. 8ee Caven a;xd.
Lanthanum, 75, 77

Lavoisier, work on the nature of com”!

bustion, 10, 11

INDEX

Law of Avogadro, 22
atomio volumes, Gay Lussac's,
21, 22
iuomorplaiam, Mitacherlich's,
—3
specific heats, Dulong and
Petit’s, 23—27
periodic, 48—87
Lead, atomic weight of, 46
-radio (Radium D), 113, 119,
138, 170
Leucippos, atomic theory of, 17, 18
Leverrier, discovery of planet Nep-
tune, 82

Lockyer, Sir N.,
discovery of helium, 89
‘“enhanced ”’ lines in spectra,
193, 201

long and short lines in spectra,
192

‘‘ proto-elements,” views on,
201

spectra of same element at dif-
ferent temperatures,
193, 201
calcium and magne-
gium, 201
iron in sun spots, etc.,

stars, classification of, 202—204
views as to composite nature of
atoms, 205—208

Lodge, Sir O.,
mags in relation to velocity of
motion, 124

mass of electrons in relation to
size of atom, 178

Mac~Es1UM, atomic weight of, 46
spectra of, 201
Manganese, atomic weight of, 46
position in periodic law,
a1, 69

Marckwald, radio-tellurium. See Po-
lonium.

Mass dependent on motion, 124

Maltter. electron theory of, 97, 177—

89

Mayer, groupings of flosiing magnets
under a central attractive force, 179
—180

Mayer, R., possible origin of sun’s
“income ”’ of heat, 215

Mayow, theory of combustion, 9

Mechanical pressure of light (radiation
pressure), 209—223



INDEX

Melting points of elements and
periodic law, 66

Metal, new, of the alkaline series,
possible existence of, 61

Metals, rare earth, 74—79

** Meta-elements,’”” Crookes' views on,
78 —79

Mendzaléef, periodic law, 51—862, 68,
73—74

Mercury, atomic weight of, 46

Metcorites, chemical eloemonts in, 215

origin of, 216

Meyer, J. R., and conservation of
enerzy, 13 (footnote)

Meyer, Lothar, atomic volumes and
periodic law, t2—85

Micro-balance, construction of, 163~
165

Miers and history of helium, 89

Mitscherlich, law of isomorphism, 27

Molecules, ** integrantes > and * ele-
montaires,”’ 22

Molecular heat, 26—27

Movements,

internal, of gas molecules, 93
of electrons in atoms, 178--189

NATURAL phenomana, in support of
four-element theory, 3
Nebulwe, origin of, 218—223
spiral forms of, 220
Nebulium, 223
Neodymium, 75, 77, 78
Neoerbium, 75

Neon, discovery and properties of, 91, .

95
prediction of, and search_ for,
9002
produced by action of niton on
water, 150
from hydrogen, 151
— 155
Neptune, discovery of planet, 82
Nernst, atomic heats  of
elements, 25
Newlands. law of octaves and periodic
law, 50—31
Nichols and Hull, demonstration of
pressure of light (radiation pres-
sure), 210
Niton (radium emanation), 134—150,
143—176
Nitrogon, atomic weight of, 41
density of, from air and
chemical sources, 88
Neumann, atomic heats of eloments in
compounds, 26

C.O.N.

certain |
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OwEeNs, * emanations,”” discovery of,
134
Oxides, atomic volume of oxygen in,
65—66
Oxygen, atomic weight of, 31—37
atomic volume of in oxides,
6566

PARrAaceLsus and iatrochemistry, 6
Pasteur, discovery of l-tartaric acid,
82
Patterson, S. H. See Collie and
Patterson.
Periodic law, 49—87
Petit. See Dulong and Petit.
Pherckides, views as to clementary
nature of earth, 2
Phosphorus, atomic weight of, 47
Photographic action of
Becquerel rays, 122—123
X-rayvs, 108
Photosphere of sun, 196
Planetary systems, formation of, 218
—223
Pliicker, discovery of cathode rays, 99
tube, 98
Polar lights and sun spots, 197
nature and causes of, 212
13
Polonium, discovery and nature of,
112, 113, 118
Potagsium, atomic weight of, 41
radio-activity of salts of,

64, 113
Praseodymium, 75, 77, 78
t Prediction,
J of element of inert family (neon),
9
of undiscovered elements by

periodic law, 82—87
Pressure,
of light.  See Light.
relation of to formation of endo-
thermic compounds, 217
Priestley, discovery of oxygen, 9
Proto-clements, Sir N. Lockyer's
views on, 201
Prout's hypothesis, 49, 178

Rap10-AcCTIVITY in relation to atoms,
97, 177—189
-active elements, summary of
changes in, 138, 169—172
-lead, sources and properties of,
119—120
-tellurium. See Polonium.

R
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Radinm,
“atomic weight of, 117
clock. 125
discovery of, 112
emanatéon (niton), 134—150, 163
in sun, Arrhenius’ views regard-
ing, 216
isolation and properties of, 113
position in periodic system, 118
series, 138, 169—170
spectrum of, 115—117
Ramsay, Sir W.,
discovery of helium, 90
neon and other in-
active gases, 91
—92
prediction of neon, 90
production of neon in X-ray tube,
151—152
production of neon by action of
niton on water, 150
properties of the inert gases, 95
and Gray, investigations of niton,
139—176
curious experience with
niton, 160—162
and Rayleigh. See Rayleigh.
and Soddy, discovery of helium
from radium, 146—147
and Usher, carbonic anhydride
from silicon, etc., 148—149
Rare earth metals. See Metals, rare
earth.
Rayleigh, Lord,
and Ramsay, isolation of argon,
88—89
density of nitrogen, 88
Rayless’s changes of elements, 190
Rays, a. See a-rays.
B. See B-rays.
cathode. See Cathode rays.
canal. See Canal rays.
v. See y-rays.
X. 8See X-rays.
Regnault, atomic heats in compounds,
6

‘“ Reversing *’ layer of sun, 197
Rey, Jean, theory of combustion, 9
Richards,
compressibility of elements and
periodic law, 67—68
heats of formation of oxides and
chlorides, 67—6
Rontgen, discovery of X-rays, 108
Roscoe, atomic weight of vanadium !
29—30

INDEX

Rubidium, radio-activity of salts of,

SaMaRIUM, 75, 77, 78
Scandium, 75, 77, 86

properties of, predicted by
Mendelcef, 86
Schmidt, photographic action of

thorium salts, 111
Seguin, conservation of energy, 13
(footnote)
Selenium, atomic weight of, 47
Silicon, atomic weight of, 47
Silver, atomic weight of, 40
Soddy and Ramsay. See Ramsay.
origin of radium, 173
Specific heat,
of gases in relation to molecular
weight, 93-—94
of solids in relation to atomic
weight, 23-—27
Spinthariscope, 129
Stahl, theory of phlogiston, 8—9
Sta<, work on certain atomic weights,
38—40
Steele and Grant, invention of micro-
balance, 163
Strutt, R. J., ¢
allotropic nitrogen, 71 (footnote)
the radium clock, 125
Suidas, definition of chemiu, 6
Sulphur, atomic weight, determina
tion of, 47
Sun, end of, probable phenomena
attending, 218
nature of, etc., 194—199
energy of, how accounted for,
215—218
Suns, birth of, 218—223

TABLE, international, of atomic
weights, 41
Tails of comets. See Comets.
Tait, conservation of energy, history
of doctrine, 13 (footnote)
Tartaric acid, levo, discovery of, by
Pasteur, 82
Tellurium, atomic weight, determina-
tion of, 47 ¢
Temperature,
of the sun and solar facule, 196
high, sources of, 192
effects on spectra, 192—194, 202
—203
Terbium, 76, 77
Test, spectrum, Lockyer’s, 201



INDEX

Thales, views as to elementary nature
of water, 2
Thermometry, stellar, Lockyer’s views
on, 202
Theory, atomic, ancient, 17—18
Dalton’s, 18—20
electron, of atoms, 177—189
phlogiston, 7, 16
Theories, older, of elements, 1— 3
combustion, 8
Thomson, Sir J. J.,
apparent mass and velocity of
electrons, 124—125
electron theory of matter, 124—

125
atoms, 177—
189
apectra in relation to electrons,
207—208
Thorium,

emanation, 134, 138, 170

properties and compounds of, 132
3

radio-active series, 138, 170171
X, 135
Thulium, 75, 77
Transmutation,
ancient ideas regarding, 5—6
actually accor plished, 146—155
Travers, invention of apparatus for
liquefying hydrogen, 92

URANIUM,
properties and compounds of,
131—132
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UBANTIOM —continued.
radio-activity of, 110, 160—170
radio-active series, 138, 169—170
X, 135—136, 169

VaNaDIUM, atomic weight, Roscoe's
correction of, 29—30, 48
Van Helmont, views and experiments
on water as element, 4—5
Varley, discovery of cathode rays, 99
Villard, discovery of y-rays, 129
Volumes, atomic,
and periodic law, 62—68
(iay Lussac’s law of, 21—22

WATER as an element, ancient ideas
regarding, 2—5
synthesis of, quantitative, 31
—35
Weights, atomic. 19—48
doubtful and the periodic law, 72
—74

X-rAYS. See Rintgen rays.
Xenon, discovery and isolation of, 92
properties of, 95

YTTERBIUM, 73, 77
Yttrium, 75, 77

Zixc, atomic weight, how determined,
48
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Outlines of Industrial Chemistry

A SERIES OF TEXT-BOOKS INTRODUCTORY TO

THE CHEMISTRY OF THE NATIONAL INDUSTRIES.
EDITED BY
GuUyY D. BENGOUGH M A D Sc

An Introduction to the Study of Fucl
By F. J, Brislee, D.Sc.
Witk many Illustrations. Demy 8vo. 8/6 met. (Sec p. 12.)

The Chemistry of Dyeing and Bleaching

of Vegetable Fibrous Materials.

By Julius Hiibner, M.Sc.Tech., F.I.C.
Demy 8vo. Illustrated. 14/- net. (See p. 45.)

The Chemistry of the Rubber Industry.

By Harold E. Potts, M.Sc. Demy Svo. s/~ net. (See p. 46.)

Iron and Steel. An Introductory Textbook for

Engincers and Metallurgists.
By 0. F. Hudson, M.Sc., A.R.C.S.,, and QGuy D.

Bengough, M.A., D.Sc. Demy Svo. Ilustrated. 6/ net. (See
p. 17.)

The Chemistry of the Oil Industry.

By J. E. Southcombe, M.Sc., F.C.S. Demy Svo0. lllustrated.
7/6 net, (See p. 48.)
Cement, Concrete, and Bricks. By a. B. searle.
Demy 8vo. Illustrated. 8[6 net. (See p. 46.)
OTHER VOLUMES IN PREPARATION.

The Chadwicl{ Library.
Rainfall, Reservoirs and Water Supply.

By Sir Alexander Binnie. /6 net. (Ser p. 30)
Vital Statistics Explained.
By Joseph Burn, F.LLA., F.S.L. /- nct. (Secp. 55.)
IN PREPARATION,
Altitude and Health.

BY Prof. F. F. Roget.
OTHER VOLUMES WILL FOLLOW.

*.* Write to Messrs. Constable & Co Ltd . xo, Orangc Street
Leicester Square, for full part:culars of any book.
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Metallurgy
Edited by WALTER ROSENHAIN, F.RS B.Sc., etc.

An Introductlon to the Study of Physxcal

Metallurg
Iy 4. Walter Rosenhain, B.A., D.Sc., F.R.S. 10/6 net.
(See p. 41.)
IN PREPARATION.
The Metallurgy of Brass.

By G. D. Bengough, M.A., D.Sc.

The Metallurgy of Zinc.

By J. S. G. Primrose, A.R.T.C., A.LM.M.

The Metallurgy of Aluminium.
3y R. Seligman, Ph.Nat.D.

The Metallurgy of Strain.
By J. C. W. Humfrey, B.A., M.Sc.

The Metallurgy of Refractory Metals.

By W. C. Hancock, B.A., F.L.C.

PO Y B o = R e e

Practical Manuala for Practical Men
Fally llluslr-ted nnd lndexad

l'oundatums md Mlclnnuy I‘l\m' BBy Francis H. Davies. 2/~ net.
(See p. 28.)

ELECTRIC: \VIREMEN'S MANUALS.

Testing and Localizing Faules, By J. Wright. 1/- net.

Arc Lamps and Accessory Apparatus. By J. H. Johnson, A.M.LE.E.
1/6 net,

Motors, Sccondary Batteries, Measuring Instruments and Switch-
gear. By S. K. Broadfoot, A.M.LE.E. 1/-nc.

Mill and Factory Wiring. By R. G. Devey. 2/~ net.

Electric Mining Installations, By P. W. Freudemacher, A.M.LE.E.
2/~ nel.

Ship Wiring and Fitting. By T. M. Johnson. 1/- net.

Bells, Indigators, T'clephones, Alarms, etc. By J. B. Redfern and
J. Savin. 1/6 net.

Switchgear and the Control of the Electric Light Power Circuits.
By A. G. Collis, A.M.LE.E. 1/-met, ®

x, "‘ Wr:te to Messrs Constabloé- Co., Ltd. o lo, Orangc Strut
Leicester Square, for full particulars of any book.
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The Glasgow Text-Books of
Civil Engineering

Edited by G. MONCUR, B.Sc., M.Inst.C.E., Professor of
Cxwl Engmeermg at the Royal Techmcal College, Glasgow

Raxlway Slgnal Engmeermg (Mechamcal)
By Leonard P. Lewis, of the Caledonian Railway;
Lecturer on Railway Signalling at the Royal Technical
College, Glasgow.  Iilustrated. Demy Svo. 8/~ net. (See p. 25.)

Modern Sanitary Engineering.

By Gilbert Thomson, M.A., F.R.S.E., M.Inst.C.E.

Part 1. : House Drainage. Iiusirated. Demy 8vo. 6]~ net. (See
p- 31.)

Part II. : Sewerage.

Reinforced Concrete Railway Structures.
By J. D. W. Ball, A.M.Inst.C.E.

Illustrated. Demy Svo. 8- met.  (See p. 24.)

Surveying and Field Work. By J. williamson,
A.M.Inst.C.E. Demy Svu. 7/6 net. (See p. 29.)

IN PREPARATION.

Surveying and Geodesy for Engineers. By David
Clark, B.Sc. (Lond. Hon.), A.M.Inst.C.E., Lecturer on Surveyving
in the Royal Technical College, Glasgow.

Foundations. By W. Simpson, M.Inst.C.E.

Earthwork. By J. W. F. Gardner, M.Inst.C.E.

Railway Permanent Way. By W. A. Messer, A.M.Inst.C.E.
Bridge Work. By william Burnside, A.M.Inst.C.E.
Equipment of Docks. By W. H. Hunter, M.Inst.C.E.
Materials of Construction. By Nathaniel Martin, A.R.T.C.
Tunnelling. By James Forgie. (U.S.A)

Pipe Lines. By Prof. W. F. Durand. (U.SA.)

Iron and Steel Alloys. By A. Campion, F.I.C. and William
C. Gray. .
Ventilating and Heating. By D. D. Kimball. (U.S.A)

Caisson Construction.

*.* Write to Messrs. Constable 5 Co., Ltd., 10, Orange Street,
Leicester Square, for full paﬂzculars of any book.
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Municipal Engineering.
THE ENCYCLOPADIA OF

MUNICIPAL AND SANITARY
ENGINEERING.

EDITED BY

W. H. MAXWELL, A.M.Inst.C.E.

Borowgh and Waterivorks Engincer, Tunbridge #$'ells Corpovation, etc.

In one volume. Cloth. Price 42/~ net.
Among the many Contributors o this exhaustive work are :—

Mech.E,, F.8.1., F.R.San.1. Decorator.,

AngeL, R. ., M. Inst. C.E.,A.R.I.LB.A,, Borough | JenseN, Geragp J. G., C.E., Consulting

P.ngmect and Surveyor. Bcrmondsey Engineer.

Burng, E. LANcAsTEk, A.M.Inst.C.E., A.M.1. | Kznwoon, H. R., M.B., B.S,, D.P.H., Professor

Mech.E., Consulting Engineer. \ golll*yxlell::n;nd Public Health, University
CHAMBERS, SIDNOY H., Surveyor, Hampton | i on,

Urban District Council. 4 i L‘TE:"""“f";:“émv\’ }:E\tP(e'nB Borough
Disoin, W. J., F.1.C., F.CS., formerly Chemist | 8 Syon eNmec
i
!

Apams, Professor mecv, M.Inst.C.E., M.IL ’ JunninGs, ArTHUR Sxymoux, Editor of The

A Coasu
buperimendmg Gas l:.ngmea. London | L'A.['Crx:;:neetruux Joo Molnst GE ing
Coumy Council. ;

Moor, C. G.,, M.A,, F.IC, F.CS., Public
FinTH, Licut.-Col. R. H,, R.A.M.C.

Analyst for the (,oumy of Dorset and the

Fowigg, Dr. GiLsxxt J., F.1.C., Consulting ! Borough of Poole.
Chemist to the Manchester Corponuon i Owsens, Dr. aanS A M.Inst.C.E,
Rivers Committee. ! PARTRIDGE, F.I.C.
Fuxgman, ALsext C., M.S.A. © POoRDAGE, A Firemaster, City of Edinburgh.
FrkEMAN, W. MAKSHALL, of the Middle | Ripear, ., D.Sc. Lond., F.1.C., F.R.San.
Temple, Barrister-at-Law. . Tu-:su Joun C., M. D D.Sc., Medical Officer
FaxrwiLe, W. E., Lecturer on Plumbing and of Heahh for the Coum of Essex,

Sanitary Sc-:noe. L.C.C. School of Building. ' Tuunicuum, Georce, F.1.C.
Garrigro, Joseru M.Inst.C.K., Sewerage ' Wartson, Joun D., M.Inst.C.E., Engineer to

Engi incer, Bradfor ] the Hummgham. Tame and Rea District
HanT, Groxge A., SeweugeE ineer, Leeds. ! Drainage Board.

HosarT, H. M M.Inst.C. E., M.1. L E. etc. © Wesser, W, H. Y., C.E., Consulting Engineer.

Thresholds of Science.

A NEW SERIES OF HANDY SCIENTIFIC TEXT-FOOKS, WRITTEN
IN SIMPLE, NON-TECHNICAL LANGUAGE., AND ILLUSTRATED
WITH NUMEROUS PICTURES AND DIAGRAMS.
Cr. 8vo. 2~ Net per Vol.

Mechanics. By C. E. Guillaume. 08 -+ viii pages. 50 illustrations.
Chemistry. DBy Georges Darzens. 122 + x pages. 31 iliustrations.
Botany. By E. Brucker. 185 4 rvpages. 235 illustrations.
Z()Ol()gy. By E. Brucker. =219 + xiii pages. 165 illustrations.

Mathematics. By C. A, Laisant. 155 + i pages. Over 100
illustrdions.

Astronomy. By Camille Flammarion. 191 -+ xi pages. 184
illustrations. L

* * Write to Mcssrs. Constabl® & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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The “Westminster” Series

Uniform. Exira Crown 8vo. Fully Illustrated. 6]- net each,

Soils and Manures. By ]J. ALan Murray, B.Sc.

The Manufacture of Paper. By R. W. Smmu_, F.C.S.

Timber. By J. R. Baterpen, AAM.I.C.E.

Electric Lamps By Maurice Soromon, A.C.G.I., AM.1.E.E.

Textiles and their Manufacture. By ALDRED BARKER, M.Sc,,
Technical College, Bradford.

The Precious Metals: comprising Gold, Silver,and Platinum.
By Tuomas K. Rosg, D.Sc., of the Royal Mint,

Decorative Glass Processes. By A. L. DuTHIE.

The Railway Locomotive. By Vauchan Penprep, late Editor
of The Engineer,

Iron and Steel. By J. H. Stanssig, B.Sc. (Lond.), F.I.C.

Town Gas for Lighting and Heating. By W. H. Y.
WesBBER, C.E.

Liquid and Gaseous Fuels, and the Part they play in
Modern Power Production. By Professor Vivian B.
Lewes, F.I.C.,F.C.S, Prof. of Chemistry, Royal Naval College, Greenwich.

Electric Power and Traction. By F. H. Davies, A M.LLE.E,

Coal. By James Toxnge, M.LLM.E, F.G.S., etc. (Lecturer on
Mining at Victoria University, Manchester)

India-Rubber and its Manufacture, with Chapters on
Gutta-Percha and Balata. By H. L. Terry, F.I.C,
Assoc.Inst. M. M.

The Book: Its History and Development. DBy CyriL
DavenrorT, F.S.A.

Glass Manufacture. By WaLTer RosenHain, Superintendent
of the Department of Metallurgy in the National Phyi.cal Laboratory.

The Law and Commercial Usage of Patents, Designs, and
Trade Marks. By Kenxeta R. Swan, B.A (Oxon.), of the
Inner Temple, Barrister-at-Law.

Precious Stones. With a chapter on Artificial Stones.
By W. GooncHirp, M.B., B.Ch.

Electro Metallurgy. By] B. C. KersHaw, F.I.C.

Natural Sources of Power. By Rosert S. Barn, B.Sc,
AMICE.

Radio-Telegraphy. By C. C. F. Mox~ckrox, M.LLE.E.

Introduction to the Chemlstry and Physxcs of Building
Materials. By ALax E. Muxsy, M.A. (Cantab.).

The Gas Engine. By W. ]. Mmsmn, AM.IM.E, and
Captain H. RiaLL Saxkey, R.E., M.I.C.E.

Photography. By ALrrep Watkins, Past-President of the
Photographxc Convention, 1907

Wood Pulp. Cuarces F. Cross, B.Sc, F.I.C,, E. ]J. Bevan,
F.I.C, andl% W. SNDAH,P CS

Welding and Cutting of Metals by the Aid of Gases or
Electricity. By Dr. L. A. GroTtH.

General Foundry Practice. By WiLriam RoxBurch.

Commercial PaintS and Painting. By ARTHUR SEYMOUR
JEnNINGS.

* ¥ Write to Messrs. Constable é- "Co., Ltd 10, Orange Street,
Leicester Square, for full pamculars of any book.
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A Series of Technical Dictionaries in Six
Languages.

The D.-S. Series of Technical
Dictionaries in Six Languages.

English., Spanish. German. Russian. French. Italian.

With each word, term, or item, so far as it is possible, a diagram,

formula, or symbol is given, so that error or inaccuracy is
almost impossible.

Vor. I.—-The Elements of Machinery and the Tools most frequently used
in Working Metal and Wood. Price /- net, cloth; 716 net, leather,

Vor. IL.-- Electrical Engineering, including Telegraphy and Telephony.
Price 25/ - net, cloth ) 30/ net. leather.

Vor I1I.- Steam Boilers and Steam Engines. [rice 16/ net, cloth, aof-
net, leather.

VoL. 1V.-- Internal Combustion Engines. Price 8/- net, cloth ; 106 net, leather.

Vor. V.-- Railway Construction and Operation. Price 12 - net, cloth; 16/~
net, leather.

Vor. VI.--Rallway Rolling Stock. [Irice 10,6 net, dioth; 14~ net, leather.

Vor. VIIL.— Holsting and Conveying Machinery. /['vicc 106 net, cicth; 14)-
net Meather,

Vor. VIII.-—-Reinforced Concrete in Sub- and Superstructure. Price
G;- net, cloth ; 8:6 net leather.

Vor. IX.- Machine Tools (Metal Working ; Wood Working). Prize 9f- net,
cloth; 12/6 met leather.

Vor. X.-~Motor Vehicles (Motor Cars, Motor Boats, Motor Air Ships, Flying
Machines). Price 12/- net. cloth | 16]- net, leather.

Vor. XI.—Metallurgy. Prite 106 net, deth ;14 - net, leather.

IN PreParaTiON: - Vol. X1I.— Hydraulics.
Vol. XIII.—lronwork Construction.

SOME PRESS OPINIONS:
* We heartily recommend the work to all who have occasion to read forcign
articles on engineering.” Mining Engincering.
* The best book, or series of books, of its kind yet attempted.”—-The Engincer.

“These Dictionaries are the best of the kind yet attempied, and their
arrangement and design leave nothing to be desired.” —Surveyor,

“ Anyone desiring a Technical Dictionary for a foreign language will find this
the most comprehensive and explicit that has ever been issued."'—Mechanical
Engincer,

Detailed Prospectus post free.

ek Wr'ite té Messrs. Constabl® & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Internal Combustion Engines.

Internal Combustion Engines

The Internal Combustion Engine : Being a
Text-Book on Gas, Oil, and Petrol Engines, for the

use of Students and Engineers. 2nd Edition. Revised and

Enlarged.
By H. E. Wimperis, M.A., A.M.Inst.C.E., AAM.LLE.E.
ustrated. Demy 8vo. G[6 net.

A Primer of the Internal Combustion Engine.
By H. E. Wimperis, M.A., A M.Inst.C.E., etc. 2/6 net.

The Design and Construction of Internal

Combustion Engines: A Handbook for

Designers and Builders of Gas and Oil Engines.

By Hugo Giildner. Translated from the Second Revised
Edition, with additions on American Engines, by
H. Diederichs, Professor of Experimental Engineering,
Cornell University. Imperial 8vo. Illustrated. 42)- net.

The Construction and Working of Internal

Combustion Engines.

BeING A PracticaL Manuvar ror Gas ENGINE DESIGNERS,
Repairers AND Users. By R. E. Mathot. Translated by
W. A. Tookey. Medium 8vo. With over 350 Illustrations. 24/~ net.

The Diesel Engine for Land and Marine

PurPOSCS. 4th Edition, revised and brought up to dute.  Iilustrated.

By A. P. Chalkley, B.Sc., A.M.Inst.C.E., A.LE.E.
Demy 8vo. '8/6 net.

CoxtENTS.—Introduction. General Theory of Heat Engines, with
Special Reference to Diesel Engines. Action and Working of the
Diesel Engine. Construction of the Diesel Enginc. Installing and
Running Diesel Engines. Testing Diesel Engines. Dibsel Engines
for Marine Work. Construction of the Diesel Marine Engine. The
Future of the Digsel Engine. Appendix. Index.

*.¥ Write to Messrs. Constable % Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book,
8



Internal Combustlon Eﬂg’ineswwnlmmd

ngh Power Gas Engines.

By H. Dubbel. Translated, edited and expanded to include
British Engines and Practice, by F. Weinreb.

197 + xii pages. 436 llustrations, 18/- net.

ContenTts : Author's Preface. Translator’'s Preface. The Cycle of the
Gas Engine. Output and Cylinder Dimensions. The Governing of the
Four-Cycle Engines. Valve Gear of Four-Cycle Engines. The Two-
Cycle Engine, Valve Gears. Ignition. The Cylinders. Valves and
their Cooling. Pistons and their Cooling. Stuffing Boxes. General
Design of Principal parts. Calculation of the Flywheel Weight.
Starting. Piping.

Thc Gas Turbine. By Norman Davey.

248 4 xiv. pages. 100 Illustrations. Demy 8vo. 15/- net.

CoNTENTS. —THE THEORY : General Considerations of the Gas Turbine
as a Heat Engine. The Constant Pressure, Single-Fluid Gas Turbine.
Mixed-Fluid Turbines; Derived Types. The ‘ Explosion' Gas
Turbine. The Variation in Thermodynamic Constants and its Effect
upon Efficiency. I'me PrACTICE: Accessory Machinery, Practical
Limitations. Summary of Efficiencies and Compan:.on of Types.
The History of the Gas Turbine. The Progress in Experimental
Work. The Future of the Gas Turbine. Aprexpix: List of Gas
Turbine Patents, 1856-1913. Index.

The Gas Engine.

By W. J. Marshall, AM.I.M.E., and Captain H. Riall

Sankey, late R.E., M.1.LM.E., etc.

Illustvated. ® Extra Crown 8vo. 6/- net.

CoxteEnts.—Theory of the Gas Engine. The Otto Cycle. The Two-
Stroke Cycle. Water Cooling of Gas Engine Parts. Ignition.
Operating Gas Engines. Arrangement of a Gas Engine Installation.

Ee Testing of Gas Engines, Governing. Gas and Gas Producers.

The hnergy-Dlagram for Gas. By F. W. Burstall,

M.A., Chance Professor of Mechanical Engineering in the

University of Birmingham.
With Descriptive Text. 5/-net. The Diagram sold separately. 2/- net.

American Gas-Engineering Practice.
By M. Nisbet-Latta, Member American Gas Institute,
M.Am.Soc.M.E.
460 pages and 142 illustrations. Demy 8vo, 18]- met.
Gas Engine Design.

By Charles Edward Lucke, Ph.D., Mechanical Engineering
Department, Columbia University, New York City.
Tllustorated with numevous Designs. Demy 8vo. 12]6 net.

Gas Engine Construction. Second Edition.

By Henry V. A. Parsell, Jr., M.AN.E.E., and Arthur
J. Weed. M.E. Illu:trat@ 304 pages. Dmy 8vo. 10[6 wet.

* * Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Leicester Square, for full parttculars of any book.
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(as and (as Engines—continucd.

Gas, Gasoline, and Oil Engines, including
Gas Producer Plants.

By Gardner D. Hiscox, M.E., Author of “Mechanical
Movements,” “ Compressed Air,” etc.

Niustrated. Demy 8vo. 10/6 net.  Twenty-first Edition, largely rewritten and

brought up to date. By Victor W. Page, M.E.

Probably the most compreh«<nsive book extant on the subject.

British Progress in Gas Works Plant and

Machinery. By C. E. Brackenbury, C.E., Author of

‘“ Modern Methods of Saving Labour in Gas Works.”
Illustrated. Super-Royal 8vo. 6]- net.

Town Gas and its Uses for the Production

of Light, Heat, and Motive Power.

By W. H. Y. Webber, C.E.
With 71 Lilustrations. Ex. Crown 8vo. 6/ net.

Steam Engines, Boilers, etc.
A Manual of the High-Speed Steam Engine.

By H. Keay Pratt, A.M.l1.Mech.E.

About 250 pages.  Ilustrated.  Demy Svo.  5/- net.

CoxteEnTs :—I. History and General Remarks. 11, Steam Cylinders
and Adjuncts. II[. Valves. IV. Pistons., V. Connecting-rods,
Piston-rods, Crank-shafts, etc. VI. Baseplates, Flywheels, etc.
VII. Governors. VIIL Cast-iron and other details.  IX. Indicator-
Cards and Effort Diagrams. X. Testing. XI. Foundations, Pipe
Connections, etc. Xil. Practical Notes on the Working of High-Speed
Engines. XIIL. A Description of Various Engines  Index.

The Modern Steam Engine: Theory, Design,

Construction, Use. By John Richardson, M.Inst.C.E.
With 300 Iliustrations. Demy 8vo. 7/G nel.

This is a thoroughly practical text-book, bat it will also commend itself
to all who want to obtain a clear and comprehensive knowledge of the
steam engine.

The Una-flow Steam Engine.

By J. Stumpf. Iiustrated. 10[6 net. ¢

Boiler Explosions, Collapses, and Mishaps.

By E. J. Rimmer, B.Sc., etc. Demy 8vo.  4[6 nzt.

*.* Write to Messrs. Constable t& Co., i‘Ltd., 10, Orange Street,
Lescester Square, for full particulars of any book.
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Steam Engines, Bollers, etc.—continued.

The Steam Engine and Turbine.
By Robert C. H. Heck, M.E. Demy 8vo. 20/~ net.

Test Methods for Steam Power Plants. A refer-

ence book for the use of Power Station Engineers, Superin-

tendents, and Chemists. By E. H. Tenney, B.A., M.E.

Ex. Crown 8vo. 85 Illustrations. 10/6 net.

CoNTENTS :—Purchase and Testing of Coal. Investigation of the
Economy of Combustion. Treating and Testing Water for Boiler-feed
Purposes. Evaporating Tests. Testing Prime Movers. Power Plant
Lubricants.

Engine Tests and Boiler Efficiencies.

By J. Buchetti. Translated and Edited from the 3rd
Edition by Alexander Russell, M.LE.E., etc.
Llustrated. Demy 8vo. 10[G net.

Boiler Draught. By H. Keay Pratt, A.M.LM.E.

IHlustyated, Crown 8vo. 4/- net.

CoxtenTs :—Draught.  Calculations relating to Air.  Chimneys. Con-
struction.  Artificial Draught. Forced Draught. Induced Draught.
A Comparison. The Application of Mechanical Draught for Land
Installations.  The Application of Mechanical Draught in Marine
Practice. The Chemistry of Combustion. Index.

Marine Double-ended Boilers. Bv John aray.

Hlustrated)  Croan 8vo.  3{6 net.

Lisror Tapres: Thicknesses amd Working Pressare of Front Tube Plate
at wide Water Space. Top End Plates: Surfaces supported in Square
Inches.  Combustion Chamber Plates: Surfaces scpported in Square
Inches. Tep Fnd Plate Stays: Surfaces supported in Square Inches.
Combustion Chamber  Stavs.  Surfaces suppoited in Square Inches.
Areas and Circumference of Circles in Feet and Inches.  Areas of Rivets
in Square Inches.  Aveas of Small Circles in Square Feut.  Effective
Sectional Area of Stays,  Effective Sectional Area of Stay Tubes.  Area
through Tubes in Square Inches and Suare Feet. Grate Area of Furnaces
in Square Feet. Heating Surface of Boiler Tubes in Square Feet. Dimen.
sions of Buck Fnd of Furnaces.  Rivet Spacing Table. Weight of Steel
Plates in Pounds per Square Foot.  Boiler Stay Nuts,  Maximum Pitches
(Double Butt Straps).  Weight of Tron Tubes in Pounds per Foot Run.
Weight of Round ITron and Steel Bars per Foot Run.  Miscellaneous Data.
Weight of Beiler (Formula). Weight «f Water (Formula). Weight of
Firebars.  Weight of Ccal. Miscellancous We'ghts.  Nuts for Boiler
Tubes.  Weight of Furnaces.

Steam Boilers : Their History and Development.

By H. H. Powles, M.I.M.E,, etc.
Lidtrated, Imperial 8vo. 24/- met.

Steam Pipes : Their Design and Construction. ¢

By W. H. Booth, Author of * Lifuid Fuel,” etc.  Editior.
Lliustyated.  Demy 8vo. 5/- ncg

** Write to Messrs. Constable & Co., Ltd., xo,OrangeS)reet. v
Leicester Square, for full particulars of any book.
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Steam Engines, Boilers, etc.—continued.

The New Steam Tables. Calculated from Professor
Callendar’s Researches.

By Professor C. A. M. Smith, M.Sc., and A. G. Warren,
S.Sc. 4/ net.

Experimental Researches on the Flow of

Steam through Nozzles and Orifices,

to which is added a note on the Flow of Hot Water.
By A. Rateau. Crown 8vo. 4/6 net.

Superheat, Superheating, and their Control.

By W. H. Booth, F.G.S., M\.Am.Soc.C.E.
Ilustrated. Demy 8vo. 6] net.

Fuelﬁ and | Smohe

Oil Fuel Equipment for Locomotives.
By Alfred H. Gibbings, A.M.Inst.C.E.
Demy 8vo.  [lustrations.  Tubles.  7/6 net.
A complete treatise on the application of oil and the fittings
required for locomotive work.

An Introduction to the Study ‘of Fuel.

A text-book for those entering the Engineering,
Chemical and Technical Industries.
“ QuTLINES OF IxpUsTRIAL CHEMISTRY.”

By F. J. Brislee, D.Sc. [liustrated. Demy 8vo.  8[6 net.

General Chemical Principles. Weight and Volume of Air required for
Combustion. Analysis of Fuel and Flue Gases. Calorimetry and
Determination of the Heating Value of a Fuel. Measurement of
High Temperatures. Pyrometry. Calculations of Combustion
Temperatures. Natural Solid Fuels. Artificial Solid Fuels. Gaseous
Fuel. The Manufacture of Producer Gas and Water Gas. Theory of
the Producer Gas and Water (Gas Reactions. Explosion and the
Explosion Engine. Air Supply and Measurement of Draught. Furnace
Efficiency and Fuel Economy. IHeat Balances, Furnace and Boiler
Tests. Liquid Fuels.

Liquid Fuel and its Apparatus. Bv William H.

Booth, F.G.S., M.Am.Soc.C.E., Author of * Liguid Fuel
and its Combustion,” etc.  Demy 8vo. Price 8/6 net.

Part [.—THEORY AND PRINCIPLES.

Part I1.—PrACTICE.

Part I11.—TaBLES AND IlATA.

«F Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Fuel and Smoke—conhmmi

L1qu1d Fuel and its Combustion.

By W. H. Booth, F.G.5., M.Am.Soc.C.E., Author of
“ Water Softening and Treatment,” ¢« Steam Pipes:
Their Design and Construction.”

With about 120 Illustyations and Diagrams. Imp. 8vo. 24[- net.

Smoke Prevention and Fuel Economy.

By W. H. Booth, F.G4.S., M. Am.Soc.C.E., and J. B. C.
Kershaw, F.LC.
Tliustrated.  Third Edition, revised and enlarged.  Demy 8vo.  6f~ net.

quund and Gaseous Fuels, and the Part they play

in Modern Power Production.

By Professor Vivian B. Lewes, F.I.C., F.C.S., Late
Prof. of Chemistry, Royal Naval College, Greenwich.
With 54 Ilustrations. Ex. Croun 8vo. 6/- net.

Fuel, Gas and Water Analysis for Steam Users.
By J. B. C. Kershaw, F.1.C. [liustrated. Demy 8vo, 8- net.

Coal.

By Jamgs Tonge, M.I.M.E., F.GQ.S., etc. Lecturer on
Mining at Victoria University, Manchester. With 46
Lilustrotions. Ex. Crown 8vo. 6/~ net.

Machinery, Power Plants, etc.

Theory and Practice of Mechanics.

By S. E. Slocum, B.E., Ph.D. Demy 8vo. 442 + #lii pages,
Hilustrated with diagrams, ctc. 15/ net.

Dynamomecters.
By Rev. Fredeiick John Jervis-Smith, M.A., F.R.S.
Edited and amplified by Charles Vernon Boys, F.R.S.

118 Tlustrations,  Demy 8o, 14/- net.

CoNTENTS ¢ Introdaction.  Friction.  Planimeters.  Friction Brakes.
Waer Brakes. Air Brake. Magnetic Brake Dynamometer.  End Thrust
Brakes. Historical.  Transmission  Dynamometers. Torsion Power-
Mecasuring Machines. Torsion Power-Measuring Machines by different
Inventors. The Cradle Dynamometer. Dynagometric Tests of Motor-Car
I‘ngines Model Ship Dynamometer. Dynamometers used in Acmnauncs

. ' Wrztc to Mcssrs Constab& & Co., Ltd ., 10, Orange Street
Leicester Square, for full particulars of any book.
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Machinery, Power Plants, etc.—coniinusd.
A Handbook of Testing.

I.—Materials.

By C. A. Smith, B.Sc., A.M.LLM.E., Assoc.M.LE.E.,
Professor of Engineering in the University of Hong Kong,
late of East London College, Author of ¢ Lectures on
Suction Gas Plants,” etc. Demy 8vo. 6/~ net.

1I.—Prime Movers. In preparation.

Mechanical Movements, Powers, Devices and

liances. By Gardner D. Hiscox, M.E., Author

of ¢ Gas, Gasoline, and Oil Engines,” etc.
Over 400 pages. 1646 Illustrations and Descriptive Text. Demy 8vo. 8/6 net.

Mechanical Appliances.

SuPPLEMENTARY VOLUME To MECHANICAL MoOVEMENTS,
By Gardner D. Hiscox, M.E.
400 pages. Abowt 1,000 Hiustrations. Demy 8vo. 8/6 net.

Mechanical Technology.

By G. F. Charnock, M.Inst.C.E., M.Inst. M.E.
Demy 8vo. 650 pages.  Tiustrated.  7/6 net.

This work, designed chiefly for engineering students, deals in a compre-
hensive manner with the preparation and properties of the raw material,
the production of castings by taking advantage of the property of
fusibility, and the production of bars, plates, forgingg, etc., by utilising
the properties of malleability and ductility. It is perhaps the most com-
plete manual on the subject in any language.

Mechanical FEngineev.—** This is a book for which there is a decided
want amongst engineering students and apprentices . . . this excellent
treatise leaves little for criticism but much for compliment.”

Mechanical World.- +* The author is to be congratulated upon the pro-
duction of a work which is certain to be gratefully appreciated by a large
circle of young engineers, while those long past their 'prentice days will
find much of interest and value in the book.”

The Elements of Mechanics of Materials.

A Text-Book FOR STUDENTS IN ENGINEERING COURSES,
By C. E. Houghton, A.B., M.M.E. [llustrated. Demy 8vo. 7/6 net.

* \
Forging of Iron and Steel.

A Text-Book ror THE USE oF STUDENTS IN, COLLEGES,
SECONDARY SCHOOLS AND THE \WoRKsHOP.

By W. Allyn Richards.

Demy 8vo. 337 Illustrations. Price 6[6 net.

CoNTENTS.—Historic Use of Iron and Steel. Iron and Sweel. Equip-
ment. Fuel and Fires. Drawing Down and Upsetting. Bending
and Twisting. Splitting, Punching and Riveting. The Uses of
Blacksmiths’ Tgols. Welding. Electric, Autogenous and Thermit
Welding. Brazing. Tool Steel. High Speed Tool Steel.  Art lron-
work Steam and Power}hm‘ncr‘; (alculatmm Appendlx Index.

. ’ Write to Messrs. Constable & Co.. Ltd. . 10, Orange Strut,
Leicester Square, for full particulars of any book.
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Machlncry, Power Plants, etc.—contimued.

Water Softening and Treatment: Condensing

Plant, Feed Pumps and Heaters for Steam Users

and Manufacturers. By W. H. Booth, F.G.S.,
M.Am.Soc.C.E. Second Edition. With Tablss and many Iilustrations,
Demy 8vo,  7/6 net.
Cranes : Their Construction, Mechanical Equipment and
Working.
By Anton Bédttcher. Translated and supplemented with

descriptions of English, American and Continental Practice,

by A. Tolhausen, C.E. [llustrated. Crown 4to. 42| wet.
“ This is by far the finest general work on cranes that has ever appeared
It is very voluminous and illustrated, and describes all existing types."—
The Engineey.

Engineecring Workshops, Machines and

Processes.

By F. Zur Nedden. Translated by John A. Davenport.
With an Introduction by Sir A. B. W. Kennedy, LL.D.,
F.R.S. [liiustrated. Demy 8vo. 6/ met.

Dies : Their Construction and Use for the Modern
Working of Sheet Metals. By Joseph V. Woodworth.
384 pa(u.. Iliustrated. Demy 8vo, 12(6 nat.
Modern American Machine Tools.
By C. H. Benjamin, Professor of Mechanical Engineering,
Case School of Applied Science, Cleveland, Ohio, U.S.A,,
Member of American Society of Mechanical Engineers.
With 134 [llustrations, Demy 8vo. 18/- met.
Precision Grinding.
A PracticaL Book oN THE Use or GRINDING MACHINERY
rForR MacuiNne MeN. By H. Darbyshire.

Pages viis + 162. lllustrated.  Demy 8vo,  6[- nat.
Shop Klnks : Fourth Editien.

A Book rorR ENGINEERS AND MACHINISTS SHOWING SPECIAL
Ways or DOING BETTER, CHEAP AND RaPID WoRK.

By Robert Grimshaw. With 222 Illustrations. Demy 8vo,  10J6 met.

? ' . -
Cams, and the Principles of their Construction.

By Qeorge Jepson, Instructor in léiecha.mcal Drawing in
the Massachusetts Normal School. Demy 8vo. 8- wet.

W'nte to Messrs Comta&lo & Co., Ltd., 10, Orange S!m.t
Leicester Square, for full paruculars o/ any book.
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Machinery, Power Plants, etc.—continued.

The Economic and Commercial Theory of

Heat Power-Plants.

By Robert H. Smith, A.M.Inst.C.E., M.LM.E., M.I.E.E,,
etc. Prof. Em. of Engineering and Mem. Ord. Meiji.

Numerous Diagyams. Royal 8vo, 24)- net.

Entropy: Or, Thermodynamics from an Engineer’s

Standpoint, and the Reversibility of Thermodynamics.

By James Swinburne, M.Inst.C.E., M.LLE.E., etc.
Tliustrated with Diagrams. Crown 8vo. 4/6 net.

Compressed AIr : Its Production, Uses  Fifth Edition,

. A Revised and
and Applications. By Gardner D. Hiscox,  Enarged.
M.E., Author of “ Mechanical Movements, Powers, Devices,"

etc.
665 pages. 540 Iilustrations and 44 Aiv Tables. Demy 8vo. 20/~ met.

Natural Sources of Power.

By Robert S. Ball, B.Sc., A.M.Inst.C.E.
With 104 Diagrams and Iilustrations. Ex. Crown 8vo. 6] net.

Pumps
Centrifugal Pumps.

BY Louis C. Loewenstein, E.E., Ph.D., and Clarence P.
Crissey, M.E. 320 lilustrations. 18/~ net.

ConTenTs.—Theory of Centrifugal Pumps. Consumption of Power and
Efficiency. The Calculation of Impeller and Guide Vanes. Design of
Important Pump Parts. Types of Centrifugal Pumps. Testing of
Centrifugal Pumps.

Pumps and Pumping Engines : British Pro-

gress 1.

By Philip R. Bjérling, Consulting Engineer, Author of
“Pumps and Pump Motors; " * Pumps: their Cdnstruction

and Management,” etc.
Hlustrated. Super-ngal 8vo. €/~ met.

** Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Iron, Steel, and other Metals.

Iron, Steel, and other Metals
An Introduction to the Study of Physical

Meta]lurgy. By Walter Rosenhain, B.A., D.Sc.,

F.R,S., Superintendent, Metallurgy Department of the
National Physical I.aboratory. with 32 Plates and 131 Iilus-
trations in the Text. Demy 8Svo. 10/G net,

The Basic Open-Hearth Steel Process.

By Carl Dichmann. Translated and Edited by ArLEyNE

REYNOLDS.  Second Impression. Demy 8vo.  Numesous Tabies and
Formula, 10[G net.

Iron and Steel.

AN INTrRODUCTORY TEXT-BOoOK FOR ENGINEERS AND
METALLURGISTS. “OUTLINES OF INDUSTRIAL CHEMISTRY.”

By 0. F. Hudson, M.Sc., A.R.C.S., Lecturer on Metallo-
graphy, Birmingham University, with a Section on
Corrosion by Guy D. Bengough, M.A,, D.Sc., Lecturerin
Metallurgy, Liverpool University; Investigator to the
Corrosion Committee of the Institute of Metals.
Demy 8vo.  Gf- net.

Forging of Iron and Stecl. By w. Allyn Richards.
Price 6,6 nct.  (See p. 14.)

Electro-Thermal Methods of Iron and Steel

Construction,
By J. B. C. Kershaw, F.I.C. With an Introduction by

Dr. J. A. Fleming, F.R.S. 239 + xxiii pages. 50 Tables and 92
Diagrams and Photographs. Demy 8vo. 806 net.

Malleable Cast Iron.

By S. Jones Parsons, M.E. [llustrated. Demy 8v0. 8- nel.
CoNTENTS :—Melting. Moulding. Annealing. Cleaning and Straightening.
Design. Patterns. Inspection and Testing. Supplementary Processes.
Application.
General Foundry Practice : Being a Treatise on
Geperal Iron Founding, Job Loam Practice, Moulding,
and Casting of Finer Metals, Practical Metallurgy in

the Foundry, etc. By William Roxburgh, M.R.S.A.
With over 160 Figures and Illustrations,  Fxtra Crown 8ve. 6[- met.

“ Write to Messrs. Constabl’ & Co., Ltd., 10, Orange Strest,
Leicester Squa-e, for full particulars of any book
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Iron, Steel, and other Metals—c ontinued.

Hardening, Tempering, A'A‘nncal'ing and

Forging Of StCCl. A TREATISE ON THE PRrAcCTICAL

TREATMENT AND WORKING oF HicH aND Low GRrape
SteeL. By Joseph V. Woodworth.
288 pages. Wilh 201 Illustrations. Demy 8vo. 10[- met.

Iron and Steel. By J. H. Stansbie, B.Sc. (Lond.), F.I.C.
With 86 Lllustrations. Ex. Crown 8vo. 6/- net.

The Practical Mechanic’s Handbook.

BY F. E. Smith, 4/6 net. (See p. 47.)

Welding and Cutting of Metals by the aid ot

Gases or Electricity.
By Dr. L. A. Groth. Extra Crown 8vo. Ilusirated. 6{- net.
The Precious Metals : Comprising Gold, Silver and

Platinum. By Thomas K. Rose, D.Sc., of the Royal
Mint. [Iisstrated. Ex. Crown Svo. 6[- net.

Motor Cars and Engines

Text-Book of Motor Car Engineering.

By A. Graham Clarke, M.1LA.E., AM.ILM.E.
Vol. 1. Construction. [itustrated. Demy 8vo. 86 net.

ConTENTS:—The General Principles and Construction of the Petrol
Engine. Details of Engine Construction. Petrol. Fuels other than
Petrol. Carburetters and Carburation. Thermodynamics of the
Petrol Engine. Horsepower. Mechanical (Thermal and Combustion
Efficiencies). The Principles and Construction of Coil and Accumulator
Ignition. Magneto Ignition. Engine Control Systems. Engine
Cooling Systems. Crank Effort Diagrams., Clutches and Brakes.
Change - Speed Gears. Transmission Gear. Steering Gears,
Lubricants. Lubrication, Ball and Roller Bearings. Chassis
Construction. General Principles of the Steam Car. Steam Engines
and Condensers. Steam Generators and Pipe Diagrams. The Electric
Car. Materials used in Motor Car Construction. Syllabus of City and
Guilds of London Institute in Motor Car Engineering. Examination
Papers. Physical Properties of Petrols. Mathematical Tables and
Constants.

Vol. 11. Dcsign. Tlixstrated. Demy 8vo. 7,6 net. In preparation,
O’Gorman’s Motor Pocket Book. Bv Mervyn
O’Gorman, M.1.M.E., etc. Limp Leathor Binding. 7/6 net.

Motor Vehicles and Motor Boats,

See D.-S. Technical Dictionaries in Six Languages, p. 7.
&

*o* Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Aeronautics,

Aeronautics

The Resistance of the Air and Aviation.

Experiments conducted at the Champ-de-Mars Laboratory,
by Q. Eiffel. Second Edition. Revised and Enlarged. Translated
by Jerome C. Hunsaker, Assistant Naval Constructor

United States Navy. Ouver 130 llustrations and Diagrams. Royal
4lo. 42/ net.

Dynamics of Mechanical Flight.

By Sir George Greenhill (late Professor of Mathematics in
the R.M.A., Woolwich). Demy 8vo, 8[G net.

Aircraft in Warfare : The Dawn of the Fourth Arm.

By F. W. Lanchester, M.Inst.C.E., M.Inst.A_E., Member
Advisory Committee for Aeronautics.  With Introductory
Preface by Maj.-Gen. Sir David Henderson, K.C.B.,
Director General of Military Aeronautics.

Illustrated. Medium 8vo.  Drice 126 net.

CoNTENTS :—Aircraft as Constituting a New or Fourth ** Arm.” Primary
and Secondary Functions of the Aeronautical Arm. Aeroplane versus
Airship or Dirigible—Speed Limitations. Aeroplane and Dirigible in
Armed Conflict. Means of Attack and Defence. Strategic and Tactical
Uses of the Aeronautical Arm. The Strategic Scout and its Duties.
Directing Artillery Fire by Aircraft. Aircraftas Vulnerable to Gun-fire.
Armour ar#l Altitude as Means of Defence. Low Altitude Flying. The
Aeroplane in a Combatant Capacity —Armour I'late. The Machine
Gun in the Service of the \eronautical Arm. The Fighting Type of
Aeroplane and its Future. As Affecting the Cavalry Arm. The Prin-
ciple of Concentration. The Value of Numerical Strength. The
N-square Law, The DPrinciple of Concentration- continucd.  The
N.square Law in its Application. Applications of the N-sguare Law in
Naval Warfare. British Naval Tactics in 1805. Nelson's Tactical
Scheme —The N-square Law at Trafalgar. Attack by Aeroplane on
Aeroplane. The Fighting Machine as a Separate Type. The Question
of Armament Treaty KRestrictions. Importance of Rapid Fire—
Machine Guns Multiple Mounted. Kapidity of Fire and its Measure
Armour in its Relation to Armament. Importance of Upper * Gage”

Attack from Above. Armour and Shield Protection. Gun-fire
Ballistics - The Energy Account. Expanding and Explosive Bullets.
Theory of the Expanding Bullet. The Light-weight Shell. Miscel-
laneous Weapons and Means of Oftence. The Bomb and the Hand
Grenade. Bomb Dropping, Difficulties of Aiming. Rockets, Air-borne
Torpedoes, etc. Supremacy of the Gun against Aircraft. Aircraft in
the Service of the Navy--Naval Reconnaissance. Mother-ship or
Floating Base. Armament of the Naval Aeroplane—the Employment
of Baqmbs. Torpedo Attack by Air. Aeroplane and Submarine—
Attack by Bomb. Aircraft in the Service of the Navy-—continued. The
Naval Airscout The Flying-Boat Type The Double Float Tvpe.
The Ocean-going Floating Base or l’onmon'ghip. The Command of

*,.° Write to Messrs Constable® Co., Lid., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Aeronautics—continued.

Ailrcraft in Warfare— continued.

the Air. Air Power as Aftecting Combined Tactics. Defeat in the Air
an Irreparable Disaster. Employment of Aircraft in Large Bodies—~
Air Tactics. An Independent Combatant Air Fleet and its Duties.
Tactical Importance of Altitude. Formation Flying-—Airmanship and
Signalling. The “ V™ Formation and its Value. Aircraft Bases at
High Altitude. The Command of the Air and its Limitations. Rel-
ligerent Aircraft and the Rights and Obligations of Neutrals. Other
International Questions Relating to Aircraft. Aircraft in Neutral
Territory. Present Day Position-—~The Fourth Arm in Peace Time.
The Flight Ground Question- - Depreciation and Obsolescence. British
Ascendancy in the Air. Causes which have Contributed to British
Ascendancy. The Advisory Committee for Aeropautics. The Royal
Aircraft Factory. The Maintenance of British Supremacy. Govern-
ment versus Private Manufacture. Continuity of Policv—A Scheme of
Control. A Board of Aeronautics Advocated. Retrospect--The Scope
and Limitations of the Work. Supplementary Notes on the N-square
Law. Air Raids and the Value of Numbers. A Further Note on Air-
craft and Submarine. The Strategic Employment of Aircraft on a
Large Scale. Air Raids—Some ()uestions of National Defence. Power
of Aggression as Affected by Kadius of Action. The Extent of the
Danger Zone. Air Raids as Affecting the Naval Outlook. Aeronautical
and Naval Defence Indissolubly Associated. Future of Air Power:
Essentially a National Question. Categorical Statement of Recom-
mendations for Future Policy.

Aerial Fllght By F. W. Lanchester. [ilustrated.
VoL, .—AERODYNAMICS. Demy 8vo. 21/ net.

VoL. I1.—AERODONETICS. Demy 8vo. 21)-nct.

The Flying Machine from an Engincering
Point Of ViC\V, together with a Discussion

concerning the Theory of Sustentation and Expendi-
ture of Power in Flight.

By F. W. Lanchester, M.Inst.C.E.
Tllustrated. Demy 8vo. 4/6 net.

Aeroplane Patents.
By Robert M. Neilson, Wh.Ex., M.I.M.E., F.C..LP.A.,
Chartered Patent Agent, etc. Demy 8vo. 4/6 net,
Stability and Equilibrium of Floating Bodies.
By Bernard C. Laws, B.Sc., A.R.C.Sc., A M.Inst.C.E,,

M.LN.A.
250 + iy pagss. 130 [lustrations. Demy 8vo, 10/6 net.  (See p. 21.)
Aeroplanes. )
See D.-S. Technical Dictionaries in Six Languages, Vol. X,,
p 7

T
* % Write to Messrs. Constable & Co., Lid., 10, Orange Stree?,
Leicester Square, for full particulars of any book,
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Marine Engineering.

Marine Engineering

Marine Engine Design, including the Design of

Turning and Reversing Engines.
By Edward M. Bragg, S.B. Crown 8vo. 8/~ net.

Stability and Equilibrium of Floating Bodies.

By Bernard C. Laws, B.Sc., A.R.C.Sc., A.M.Inst.C.E.,
M.LN.A.

250 4 ix pages. 130 Illustrations. Demy 8vo, 10/6 net.

ConteENnTs.—General Considerations. Ships. Amsler's Integrator. Sub-
marines. Floating Docks. Aircraft. Caissons. Index.

Ship Form, Resistance, and Screw Propulsion.

By @G. S. Baker, M.Inst.Naval Architects.

Medium 8vo.  [lustrated.  12/6 net.

Treated from the practical point of view for the use of naval
architects, engineers, and draughtsmen.

CoNTENTs, - Nomenclature.  Stream lLine Motion.  Skin Friction
Resistance. Eddy-making. Waves and Wave-making. Ship Model
Experiments. Dimensions and Form. Curve of Areas. Shape and
Fineness of Ends, with Parallel Body. Position of Maximum Section,
and Kelative Length of Entrance and Run. Midship Section Area
and Shape. Level Lines and Body Plan Sections.  Racing and other
High Speed Vessels.  Appendages.  Restricted Water Channels.
Screw Propeller Nomenclature and Geometry.  Theories of the Screw
Propeller.  The Elements of Propulsion. Screw Propellers in Dpen
Waterg Propeller Blades. Hull Efficiency. Wake and Thrust Deduc-
tion. Main Engines. Cavitation. Measured Mile Trnials.

Cold Storage, Heating and Ventilating on
Board Ship. BY Sydney F. Walker, R.N.

Extra Croun 8vo. 8/~ net.

The problems of cold storage and heating and ventilating are treated
exactly as they are presented to a naval architect and marine engineer.
Directions are given for detecting the causes of various troubles and
remedying them, and, what is more important, explicit instructions are
given for operating various types of plants, so as to avoid breakdowns.
Comparatively little has bitherto been published on the subject.

The Elements of Graphic Statics and of
General Graphic Methods.

By W. L. Cathcart, M.Am.Soc.M.E., and J. Irvin

Chatfee, A.M. 159 Diagrams. 12/ net,
This book is designed for students of marine and mechanical engineering
and naval architecture. It reviews the principles of graphics and their
appligation both to frame structures and to mechanism.

Marine Double-ended Boilers.
By John Gray. [Ilustrated. Crown $%. 3/G net. (S«_p. "‘.).____..

M‘,’ Write to Messrs. Constalbde & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Marine Engineering—cwinued.

Handbook for the Care and Operation of

3 By H. C. Dinger. Ilustrated,
Naval MaChlnerY' Pochet Size. 7/% net, e

Turbines Applied to Marine Propulsion.
By Stanley J. Reed, A.M.Inst.C.E. Crows 400. Over 100

Lilustrations and Diagrams. 16/~ met.

CoNTENTS. — General lropernes of Steam —- Two-Stage Rateau
Turbine Nozzles. The General Design and Arrangement of
Turbines. The Design and Construction of Parsons Turbine. The
Design and Ccnstruction of Curtis Turbine. Combined or Mixed
Turbines. Steam Thrust of Reaction Turbines. Superheated Steam.
Cavitation. Relative Effect of High Vacua with Turbines and
Reciprocating Engines. Utilisation of Auxiliary Engine Exhaust in
the Turbines. Astern Turbines.

Turhines and Hydraulics

Ship Form, Resistance, and Screw Propulsion.
By G. S. Baker, M.Inst.Naval Architects.
Medium Svo.  Dlustrated.  12/6 net. (See p. 21.)
Treated from the practical point of view for the use of naval
architects, engineers, and draughtsmen.

Stability and Equilibrium of Floating Bodiecs.

By Bernard C. Laws, B.Sc., A.R.C.5c., AM.Inst.C.E.,
M.I.N.A.

250 + ix fages. 130 Ilusirations.  Demy 8vo. 10/6 net. (See p. 21.)

Hydraulics and its Applications: A Text-book

for Engineers and Students. Bv A. H. Gibson,

D.Sc., M.Inst.C.E. 2nd edition, revised and enlarged.

Demy 8vo. 15/~ net.
*“One of the most satisfactory text-books on Hydraulics extant.” —
Mechanical Worid.

Hydraulics, Text-book of : Including an Outline

of the Theory of Turbines. Bv L. M. Hoskins,
Professor of Applied Mathematics in the Leland Stanford

Junior University.
Numerous Tables. lllustratcd Demy 8vo. 10/6 net.

Water Hammer in Hydraulic Pipe Lines:

BEING A THEORETICAL AND EXPERIMENTAL INVESTIGATION OF THE
Rise or FaLL ov PRreESSURE IN A Pire LINE, CAUSEU BY THE
GRADUAL OR SUDDEN CLOSING OR OPENING OF A VALVE, WITH A
CHAPTER ON THE SPEBD REGULATION OoF HYDRAULIC TURBINES.

By A. H. Gibsonh, D.Sc., M.Inst.C.E.
Crotn 8vo. 5§/ net.

*.* Write to Messrs. Constable & Co I,Id, 10, Omnge Street
Leicester Square, for full tmrm,ulars of any book.
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Turbines and Hydraulics—continucd.
Hydroelectric Developmentsand Engineering.

A PracTicaL aND THeoORETICAL TREATISE ON THE DEVELOP-
MENT, DEsioN, CoNsTRUCTION, EQUIPMENT AND OPERATION
ofF HyproeLecTrIC TRANSMISSION PLANTS.

By Frank Koester.

21/~ net.
Modern Turbine Practice and Water Power

Plants, with Terms and Symbols used in Hydraulic
Power Engineering.
By John Wolf Thurso, Civil and Hydraulic Engineer.
With many Diagrams and Iilustrations. Royal 8vo. 16/~ net.
Water Pipe and Sewage Discharge Diagrams.

By T. C. Ekin, M.Inst.C.E., M.LM.E. (Sep. 31.)

Mining
Electric Mine Signalling Installations. A
Practical Treatise on the Fitting-up and Maintenance
of Electrical Signalling Apparatus in Mines.

By . W, Lummis Paterson.
Crown Svo. 140 [lustrations. 4.6 net. (Sec p. 34.)

Mining and Mine Ventilation: A Practical

Handbook on the Physics and Chemistry of Mining
and Mine Ventilation,

1By Joseph J. Walsh.

Fatra Crown 8vo.  I'rice 8,6 nit.

CoxTENTS : Matter.  Motion, Velecity and Force.  Gravitation.

liquids and Liquid Pressure. Heat. Gases. The Rarometer.
Specific Heat. Mine Ventilation. Formulas. Mine Fires.

Application of Electric Power to Mines

and Heavy Industries.
By W. H. Patchell, M.Inst.C.E., M.1.M.E., M.Am.LE.E.

Demy Bro,  10/6 net,

COnTENTS (—Electricity in Mines. Cables. Coal Cutters and Under-
ground Details. Haulage Gears. Rating of Haulages. Winding
Engines. Types of Electric Winders. Ventilation and Air Com-
pressing.  Pumping. Rolling Mills.  @lachine Tools and Cranes.
Electric Welding and Furnaces.

» ‘ o
* . Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Railway Engineering.

Railway Engineerihg

Railway Maintenance Engineering.
With Notes on Construction. By William H. Sellew,
A.S.M.E., Author of “Steel Rails, their History, Properties,
Strength and Manufacture,” Member of the American

Railway Engineering Association,
CONTENTS ——Engineering. Land. Grading. Bridges, Trestles and
Culverts. Ties. Raiis. Other Track Material. Ballast. Maintaining
Track and Right of Way. Station and Roadway Buildings. Water
Stations. Fuel Stations.” Shops and Engine Houses. Icing Stations.

Signals and Interlockers.

Oil Fuel Equipment for Locomotives.

By Alfred H. Qibbings, A.M.Inst.C.E.
Demy 8vo.  Hlustrations.  Tables. 7[0 net.
A complete treatise on the application of oil and the fittings

required for locomotive work.

Steel Rails. Their History, Properties, Strength and

Manufacture. With Notes on the Principles of Rolling

Stock and Track Design. By William H. Sellew,

361 Illustrations, 33 Folding Plates, 576 pages.  52/- net,
CoxTteExts.—Development of the Present Section. Pressure of the

Wheel on the Rail. Supports of the Rail. Stresses in the Rail.
Strength of the Rail. Influence ot Detail of Mfmufacture. Rail

Specifications. Appendix, l

Solution of Railroad Problems by the Slide

Rule. BvE. R. Cary, M.Am.S.C.E.
145 pages. 43 Diagrams. 4/G nel.

The Practical Railway Spiral: With short work-
ing formulas and full tables of deflection angles.
Complete notes of illustrative examples.

By L. C. Jordan, B.S.
164 pages. [llustrated. G[- net.

Single-Phase Electric Railways. By E. Austin.
Over 2go pages. 346 lllustrations. 21[- net. (See p. 34.)

Reinforced Concrete Railway Structures.

By J. D. W. Ball, A.M.Inst.C.E. Demy 8vo. 8/~ net.
“ Glasgow Text-Books of Civil Engineering.”

CoNTENTS.—Preliminary Considerations. Bending Strésses.  Shear
Stress. Floors and Buildings. Foundations and Rafts. Retaining

Walls. Bridges. -Arched Bridges. Sleepers, Fence Posts, etc.
Summary of Notation. ¢
*.Y Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Railway Engineering —continued.
The Design of Simple Steel Bridges.

By P. O. Q. Usborne, late R.E. 12/6 net.

ConteNTs.—Definitions, Bending Moments. Moments of Flexure.
Moments of Resistance, Shear Deflection. Solid Beams and
Examples. ‘Struts and Ties. Rivets and Joints. Rolling Loads.
Bending Moments, Shear Stresses. ILoads. Plate Girders. Bridge
Floors. Railways, Roads. Principles of Bridge Design. Plate Girders.
Parallel Braced Girders. Braced Girders (2). Shop Practice and
General Details.

Reinforced Concrete Bridges.
By Frederick Rings, M.S.A., M.C.I. (See p. 26)

Railway Signal Engineering (Mechanical).

By Leonard P. Lewis, of the Caledonian Railway, Glasgow.

**Glasgow Text-Books of Civil Engineering," lilustrated. Demy Bvo. 8[- met.

ConTENTS.—Introduction. Board of Trade Rules. Classes and Uses of
Signals. Constructional Details of Signals. Point Connections.
Interlocking Apparatus. Signal Box Arrangements. Miscellaneous
Apparatus, Signalling Schemes. Interlocking Tables, Diagrams, etc.
Methods of Working Trains. Appendix.

Railway Terms. Spanish-English, English-Spanish,
Dictionary of. Bv André Garcia. 12/6 wet.

The Railway Locomotive: What it is, and Why

it is What it is.

By Vaughan Pendred, M.I.M.E., M.I1. & S.Inst.
Illustrated. Ex. Crown 8ve. 6,- nst.

Railway Shop Up-to-Date.
A reference book of American Railway Shop Practice.
Compiled by the Editorial Staff of the ‘' Railway Master
Mechanic.” 40, 12/6 net.

The F icld Engineer. 18th Edition, Revised und Enlarged.
By William Findlay Shunk. Foolscap 8vo. Leather. 10/6 net.

Reinforced Concrete and Cement

A Treatise on Cement Specifications, including

the General Use, Purchase, Storage, Inspection and Test
Requirements of Portland, Natural, Puzzolan (slag), and
Siliga (sand) Cement, and Methods of Testing and Analysis
of Portland Cement.
By Jerome Cochran, B.S., C.E., M.C.E. Auther of
« Inspection of Concrete Constructioms,” etc.
 Demy 8vo. 100 pages. 6/~ net.

*.* Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Relnforced Concrete and Ccment.-mntmwd

Remforced Concrete Rallway Structures.
By J. D. W. Ball, AAM.Inst.C.E. (S« p. 24.)

Reinforced Concrete Bridges.

BY Frederick Rings, M.S.A., M.C.1., Architect and Con-
sulting Engineer.
Over 300 lllustrations and Diagrams. Imp. 8vo. 21[- wet.

A Manual of Cement Testing.  For the use of

Engineers and Chemists in Colleges and in the Iield.
By W. A. Richards, B.S. in M.E., and H. B. North, D.Sc.
137 + % pages. 54 Diagrams.  Demy 8vo. 6] net.

Manual of Reinforced Concrete and Concrete
BlOCk Construction. Third Edition, Rewritten and

Enlarged, with the addition of much useful information and many neio Tables and

Diagrams.

By Charles F. Marsh, M.Inst.C.E.,, M.Am.Soc.E.,
M.ILM.E., and William Dunn, F.R.1.B.A.

Pocket size, limp Morocco, 290 puges, with 52 Tables of Data and 112
Diagrams. Price 10[6 net.

A Concise Treatise on Reinforced Concrete :

A Companion to *“The Reinforced Concrete
Manual.” e

By Charles F. Marsh, M.Inst.C.E., M.Am.Soc.E.,
M.L.M.E. Demy 8vo. lilustrated.  7/6 net.

Properties and Design of Reinforced Concrete.

INSTRUCTIONS, AUTHORISED METHODS OF CALCULATION, EXPERIMENTAL
REsULTS AND REPORTS BY THE FRENCH GOVERNMENT COMMISSIONS
oN REINFORCED CONCRETE.

By Nathaniel Martin, A.G.T.C., B.Sc., A.M.Inst.C.E.,
Former Lecturer on Reinforced Concrete in the Royal
West of Scotland Technical College. 8/- net.

Reinforced Concrete Compression Member

3 + A Diagram giving the loading size and reinforce-
Dla ram ments for compression members according to the
data and methods of Calculation recommended in the Second Report
of the Juint Committee on Reinforced Concrete and adopted in the
Draft Regulations of the london County Council,

By Charles F. Marsh, M.Inst.C.E., M.Am.Soc.E.,
M.I.M.E.

In Cloth Covers. Mowunted on Linen, 5]- not. Unmounted, 3/6 net.

Cement, Concrete, and Bricks. By A. B. Searle.
Drmy Hm ll/ustm!rd 816 ﬂh (¢ Stcp 46)

.y Wntc to Messrs Constable éc Co., Ltd .y 10, Orangc Strat.
Leicester Square, for full parhculan of any book,
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Reinforced Concrete and Cement— ontinued.

Cement and Concrete. i

3y Louis Carlton Sabin, B.S., Assistant Engineer,
Engineer Department, U.S. Army; Memberof the American
Society of Civil Engineers. Large Demy 8vo. 21/~ net.

Civil Engineering, Building
Construction, etc.

Civil Engineers’ Pocket Book. A Reference-Book
for Engineers, Contractors and Students, containing

Rules, Data Methods, Formulz and Tables.
Dy A. L. Frye, 5.B,, M.\ Am.S.C.E. 21} wt

A ‘T'reatise on Cement Spcciﬁcations.
By Jerome Cochran, B.S., C.E., M.C.E. (S« p.25)

The Principles of the Application of Power
to Road Transport.
By H, E. Wimperis. A.M.Inst.C.E., AM.LE.E. [ilustrated.
Croun Beo.  4/6 nel.

The Design of Simple Steel Bridges.
DBy P. O. G. Usborne, late R.E. (5« p. 25)

ry. .
I'he Elements of Structural Design. rion seo.
By Horace R. Thayer.
Vor, LL—EvLeMENTS. 6= n0t.
Voo T DESIOND 500 fages. 36— net.
Inscusses the design of simple stractures such as beams. ginders,
viaducts, trusses, buildings, stand pipes. and elevared tanks.

Reinforced Concrete Railway Structures.
By J. D. W. Ball, AM.Inst.C.E.” (S p. 24

The Elastic Arch : With Special Reference to the

* Reinforced Concrete Arch.

By Burton R. Leffler, IEngineer of Bridges, Lake Shore
and Michigan Southern Railway. Diagrams and Tables. Croun
8vo.  4/- met.

*.* Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Le’cester Squarc, for full particulars of any book.
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CIV” Engineerlng, etc.—conhmud

Practical Desngn of Steel-Framed Sheets.

By Albert S. Spencer.

Hlustrated. Royal Svo. 10/6 net.

ConTENTs :—The Resistance of Steel-Framed Sheds to Wind Forces.
The Standardisation of Shed Members and Foundations. Sheeted
Sheds. Standard Seotions for Sheds with Open Sides and Gables.
Sheeted Roofs. Standardising of Shed Members and Foundations for
Sheds havying Slated Roofs and Brick-panelled Walls. Standard
Sections E)r Sheds with Open Sides and Gables. Slated Roofs.
Standard Stresses and Sections for Roof Principals. External Cover-
ings. Gutters, Pipes, Ventilation, Doors, Windows, and Skylights,

A Study of the Circular-Arc Bow-Girder.

By A, H. Gibson, D.Sc., A.M.Inst.C.E., M.1.Mech.E.,

and E. @G. Ritchie, B.Sc.
Tlustrated. 8/6 net.

Masonry Applied to Civil Engineering.
By F. Noel Taylor.
Hllustrated, Demy 8vo. G}— net.
CoNTENTS :—Stones used in Constructional Work. General Remarks
upon Masonry. Retaining Walis and Earth Pressures. Dock, River,
Canal, and Sea Walls. Masonry Dams. Masonry Bridges and

Arches. Masonry Towers, etc. Monolithic and Block Concrete Con-
struction. Shoring and Under-pinning. Index.

Foundations and Machinery Fixing.
By Francis H. Davies, AM.LE.E. 2/ et

CoxTENTS.—The Functions of Foundations, Nature of Soils and Piling.
Trial Bores. Design of Foundations. Design. The Proportions of
Foundations for Engines, Turbines and Dynamo. Electric Machinery.
Materials for Foundations. Holding Down Bolts and Anchor Plates.
Excavation. Construction of Foundations. Vibration : Its Causes and

Effects. Vibration. Methods of Isolating Machinery. The Fixing
of Electric Motors.

Graphical Determination of Earth Slopes,

Retaining Walls and Dams.

By Charles Prelini, C.E., Author of * Tunnelling.”
Demy 8vo. 8/~ net.

Tunnel Shields and the Use of Compressed

Air in Subaqueous Works. Second Edition,

By William Charles Copperthwaite, M.Inst.C,E.
With 260 Illustrations and Diagrams. Crown 4to. 31/6 net.

Rainfall, Reservoirs and Water Supply.
By Sir Alexander Bmme, M Inst.C.E., etc. 8/6 net. (5S¢
p- 30.)
*s* Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Civil Engineering, etc.—continucd.
Modern Tunnel Practice.
By David McNeely Stauffer, M.Am.S.C.E., M.Inst.C.E.
With 138 Iliustrations. Demy 8vo. 21]- net.

Timber.

By J. E. Baterden, Assoc.M.Inst.C.E.
lilustrated. Ex. Crown 8vo, 6[- net.

Pricing of Quantities,
SHOWING A PrRAcTICAL SYSTEM oF PREPARING AN EsTiMATE

FrRoM BiLLs or QuanTiTiEs. By George Stephenson,
Author of ¢ Repairs,” “ Quantities,” etc. Ex.Cr.8vo. 3/6 net.

Building in London. By Horace Cubitt, A.R.LB.A., etc.

A Treatise on the Law and Practice affecting the Erection and Main-
tenance of Buildings in the Metropolis, with Special Chapters dealing
respectively with the Cost of Building Work in and around London by
H. ]J. Leaning, F.S.1,, and the Valuation and Management of London
Property by SypNey A. Smith, F.S.I. : also the Statutes, Bye-laws and
Regulations applying in London ; cross-references throughout.
lllusirated, with Diagrams. Reyal 8vo, 31/6 net.

Theory and Practice of Designing.

With numerous Illustrations.

By Henry Adams, M.Inst.C.E., M.ILM.E, 6/- xet.

*This is one of the best elementary books on the design of girders,
roofs, agd similar structures, with which we areacquainted. The subject
is one Ih’ith which the author is thoroughly ax fuit. ... The work
throughout is simple and practical ; only the simplest mathematics are used,
and this is amplified by numerous worked outexamples. Thearrangement
is progressive and permits those with comparatively little knowledge of
the subject to follow it by easy stages. . . . We recommend it heartily,
alike as a text-book or a handy work of reference.”- Mcchanical Engineer.

Surveying, etc.

Adjustment of Observations by the i
Method of Least Squares: With Application to
Geodetic Work.

By Professor Thomas Wallace Wright, M.A,, C.E,,

and John Fillmore Hayford, C.E., Chief of the Com-

puting Staff U.S. Coast and Geodetic Survey.
With Tables. Demy 8vo. 12/6 met.

Surveying and Field Work.
By J. Williamson, A.M.Inst.C.E.

Demy 8vo. 7.0 net.

CoNTENTS :—Surveying. Fundamental Pginciples. Chain Surveying.
Instruments—Chain Surveyimg. Field Operations—Chain Surveying
Running a Survey I.ine—-_sh:\in Surveying. Arrangement of Survey.

T, Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
1 eioester Square, for full particulars of any book.
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Surveying, elc.—continned.

Surveying and Field Work—continued.
Lines — Chain Surveving.  Errors — Chain  Surveying.  Special
Problems. Plotting the P’lan, Compass and Sextant Surveying. The
Theodolite. Traverse Surveying with the Theodolite. Plotting a
Traverse Survey by Angle and Distance. Plotting Traverse Survey by
Co-ordinate or Latitude and Departure Method. Triangulation.
Some Survey, Traverse, and Triangulation Problems. Levelling.
Errors in Levelling. Sections, Contours, &c. Setting out Curves, &c.
Calculation of Areas. Calculation of Earthwork Quantities-- Adjust-

ment of Instruments. Appendix. Geometric and Trigonometric
Formule. Index.

Practical Surveying: For Surveyors' Assistants and

Students. By Ernest McCullough, C.E., Member of the

American Society of Civil Engineers.

Extra Cr. 8vo. 229 [llustrations. Price 8/6 net.

CoNTENTS.—Introductory. Chain Surveying. Levelling. Compass
Surveying. Trigonometry. Transit Surveying. Surveyving Law and
Practice. Engineering Surveying. Appendix. The Essentials of
Algebra.

Municipal Engineering

Water Purification and Sewage Disposa].

By Dr. J. Tillmans, Director of the Chemical Department
of the Municipal Institute of Hygiene, Frenkfort-on-Maine.

Translated by Hugh S. Taylor, M.Sc. luustrated. 144 + 3o
pages. Demy 8vo.  7/6 net.

Sewage Disposal Works: Design, Construction

and Maintenance.

Being a Practical Guide to Modern Methods of Sewage
Purification.

By Hugh P. Raikes, M.Inst.C.E. Demy Svo. 16{- net.

Rainfall, Reservoirs and Water Supply.

By Sir Alexander Binnie. 86 net. (Tug CHApDWICK LIBRARY)

Coxte~ts.—Rainfall. Average. Fluctuations. Probable Average.
Flow from the Ground. Intensity of kloods. Evaporation. Quantity
and Rate per Head. Quality, Hardness, etc. lImpurities. Filtration.
Sources of Supply. Gravitation versus Fumping.  Kivers and Pumping
Works. Drainage Areas. Deductions from Kainfall. Comp=nsation.
Capacity of Reservoirs, Sites of Reservoirs, Puddle Trenches. Concrete
Trenches. Base of Embankment. Reservoir Fmbankments. [uddle
Wall, Formation of Embankment. Masonry Dams. Rdservoir Outlets,
Pipes through Embankment. Culvert under Embankment. Flow through
Culverts. Valve Pit. Central Stopping, Tunnel Outlets. Syphon
Qutlets. Flood®sr Bye channel. Waste Watercourse and Waste Weir.
Aqueducts. Conduits. Pipes. Service Reservoir. Distribution. Valves.
Meters. House Fittings, Index.

s

#.% Write to Messrs. Constable ¢« Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Municipal Engineering—continued. -

Refuse Disposal and Power Production.
By W. F. Qoodrich. Iilustrated. Demy 8vo. 16]- net

Small Dust Destructors for Institutional and

Trade Refuse. BvW. F. Goodrich. linstrated. Demy
8vo. 4/~ net.

British Progress in Municipal Engineering.

By William H. Maxwell, A.M.Inst.C.E.
Illustrated. Super-Royal 8vo. 6]- net.

Water Pipe and Sewage Discharge Diagrams.

By T. C. Ekin, M.Inst.C.E., M.L.Mech.E. Folio. 6/- net.

Thesediagrams and tables with accomra.nymg descriptive Ietlerpress and
examples are based on Kutter's formula with a coefhcient of roughness
of oo13 and give the discharges in cubic feet per minute of every inch
diameter of pipe from 3 to 48 inches when running full on inclinations
from 1 to 15 per 1000,

Modern Sanitary Engineering. Part I.  House

Drainage. “Glasgow Text-Books of Civil Engineering.”

By Qilbert Thomson, M.A., M.Inst.C.E. Demy Sto. 6/- net.

Introductory. The Site and Surroundings of the House. The General
Principles of Drainage Design. Materials for Drains. The Size of
Drain The Gradient of Drains. Drain Flushing Traps: Their
PrinciPle and Efficacy. Traps : Their Number and Position. ** Dis-
connections.” Intercepting Traps and Chambers. Inspection Openings
and Manholes. Soil, Waste, and Connecting Pipes. Water Closets.
IFlushing Cisterns and Pipes. Urinals. Baths. Lavatorv Basins.
Sinks, Tubs, etc. Trap Ventilation, Designing a System of Drainage.
Buildings of Special Class. Test and Testing. Sanitary Inspections.
Sewage Disposal for Isolated Houses. Index.

The Encyclopaedia of Municipal and
Sanitary Engineering.
Edited by W. H. Maxwell, A.M.Inst.C.E. (Seep. 5.)

Irrigation and Water Supply
Water Purification and Sewage Disposal.
By Dr. J. Tillmans. (See p. 30)

Rainfall, Reservoirs and Water Supply.

By Sir Alexander Binnie, M.Inst. C E. Deny 8vo. Niustrated.
8/6 met.  (See p. 30.)

Write to Messrs. ConstSble & Co Ltd., ro, Omngc Strut
Lescester Square, for full pamculars of any book.
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Irrigation and Water Supply—continudd.

Irngatmn : Its Principles and Practice as a Branch of
Engineering.

By Sir Hanbury Brown, K.C.M.G., M.Inst.C.E.

Second Edition. lilustrated. Demy 8vo. 16]- met.

ConTeNnTs :—Irrigation and its Effects. Basin Irrigation. Perennial
Irrigation and Water ‘‘Duty.” Sources of Supply. Dams and
Reservoirs. Meansof Drawing on the Susply. Methods of Construction.
Means of Distribution. Masonry Works on Irrigation Canals.
Methods of Distribution of Water. Assessment of Rates and
Administration. Flood Banks and River Training. Agricultural
Operati?jns and Reclamation Works. Navigation. Appendices I, II.,
II1. Index.

Irrigation Works.

THE “ VERNON HARCOURT LECTURES OF IgI0.

By Sir Hanbury Brown, K.C.M.G., M.Inst.C.E.
Demy 8vo, stiff paper cover. 1/- net.

The Practical Design of Irrigation Works.

By W. G. Bligh, M.Inst.C.E. Scwond Edition.

Enlarged and rewritten, with over 240 Ilustrations, Diagrams and Tables,
Imp. 8vo. 26[- met.

CoNTENTs :—Retaining Walls. Dams (Section). Weirs (Scction).
Piers, Arches, Abutments and Floors. Hydraulic Formulas. Canal
Head Works—Part I. Submerged Diversion Weirs ; Part I, Under-
sluices ; Part 111. Canal Head Regulators. Canal®Falls, Canal
Regulation Bridges and Escape Heads. Canal Cross-Drainage Works.
Design of Channels. Reservoirs and Tanks. Screw Gear for Tank
Sluices and Roller Gates. Appendix.

Notes on Irrigation Works.

By N. F. Mackenzie, Hon. M,A., Oxon.; M.Inst.C.E.;
lately Under-Secretary for Irrigation to the Government of
India. Demy 8vo. /6 net.

R 7 S ST £ S e N L T

Telegraphy and Telephony
Telegraph Engineering.

By E. Hausmann, E.E., Sc.D.

Demy 8vo. 192 Iilustrations. 12,6 net.

For practising telegraph engineers and engineering students,
It presents in a logical manner the subject of modern land
and submarine tglegraphy from an engineering viewpoint.

*.* Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of amy book,
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Telegraphy and Telephony—continsed.

The Propagation of Electric Currents in

Telephone and Telegraph Conductors.

By J. A, Fleming, M.A., D.Sc., F.R.S., Pender Professor
of Electrical Engineering in the University of London.

Preface. Mathematical Introduction. The Propagation of Electro-
Magnetic Waves Along Wires. The Propagation of Simple Periodic
Electric Currents in Telophone Cables. Telephony and Telegraphic
Cables. The Propagation of Currents in Submarine Cables. The
Transmission of High-Frequency and Very Low-Frequency Currents
Along Wires. Electrical Measurements and Determination of the
Constants of Cables. Cable Calculations and Comparison of Theory
with Experiment. Loaded Cables in Practice.

Second Edition. Demy 8vo. 8[6 net.

Toll Telephone Practice.

By J. B. Theiss, B.S., LL.B., and GQuy A. Joy, B.E.
Wit AN INTRODUCTORY CHAPTER. BY Frank F. Fowle,

S.B. ilustrated. 14]- net.

ConTENTS. —Rural Telephone Equipment. Toll Cut-in Stations. Toll
Positions at a Local Switchboard. Toll Switching Systems. Smail
Toll Switchboards. Multiple-Drop Toll Switchboards. Multiple-Lamp
Toll Switchboards. Toll Connections to Local Automatic Systems.
Supervisory Equipment and Toll Chief Operator's Desk. Toll Wire
Chief's Desk. Simplex Systems. Composite Systems. Phantom
Lines. Test and Morse Boards, Small Test Panels. Line Con-
structign. Electrical Reactions in Telephone Lines. Cross Talk and
Inductlve Disturbances, Methods of Testing. Toll Line Maintenance.
The Telephone Repeater.,

Radio-Telegraphy. By c. c. F. Monckton, M.LE.E.
With 173 Diagrams and Illustrations. Ex. Crown 8vo. 6]- net.

Maxwell’s Theory and Wireless Telegraphy.

Part 1.—Maxwell's Theory and Hertzian Oscillations, by
H. Poincaré; translated gy F. K. Vreeland. ParT I1.—
The Principles of Wireless Telegraphy, by F. K. Vreeland.

Diagrams. Dimy 8vo. 106 net,

The Telegraphic Transmission of Photo-

graphs. By T. Thorne Baker,F.C.S., F.R.P.S., A.LE.E.
With 66 lliustrations and Diagrams, Croun 8vo. 26 mct.,

Publiec Ownership of Telephones.

By A. N. Holcombe. 8/6 .
‘* We commend this book to the notice of all interested in the study of
telephone development and administration.”— Electricity.

*¥ Write to Messrs. Constable & Co., Ltd., 10, Orange Sireet,
Leicester Squars, for full particulars of any book.
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Electrical Engineering.

Electrical Engineering

Single-Phase Electric Railways.

By E. Austin.

Over 290 pages. 346 Iliustrations. 21/- net.

ConTENTs :(—The Single-Phase System. The London, Brighton and
South Coast Railway. The Midland Railway. The Midi Railway.
The Blankenese-Hamburg-Ohlsdorf Railway. The Dessau-Bitterfeld
Railway. The Murnau-Oberammergau Railway. The Mittenwald
Railway. The St Polten-Mariazell Railway. The Martigny-Orsicres
Railway. The Valle-Maggia Railway, The Rhatian Railway. The
Lotschberg-Simplon Railway. The Rotterdam-Scheveningen Railway.
The Thamshavn-Lokken Railway. The Rjukan Railway. The
Swedish State Railways. The Parma Single-Phase Tramways. The
New York, New Haven, and Hartford Railway. The New York,
Westchester, and Boston Railway. The Spokane and Inland Empire
Railway. The Rock Island and Southern Kailway. The Hoosac
Tunnel Railway. The St. Clair Tunnel Kailway.

Overhead Transmission Lines and Distributing

Circuits : Their Design and Construction.

By F. Kapper. Translated by P. R. Friedlaender, M.1.E.E.

Croam gto. [llustrated. 106/~ net.

A very thorough and much needed treatise dealing exhaustively with
this important subject.

ConTeNTs : — Conductor Materials. Sag and Tension of the Line,
Design of the Supporting Structures. Stability of Poles and Masts.
The Forces on the Foundation Piece. Fixing the Poles in the (Ground.
Concrete and Cement Foundation Work. Pole Construction. Over-
head Line Insulators. Attachment of the Insulators to their Pins.
Attachment of the Wire to the Insulators. Joints and Branch Connec-
tions on the Wire. Arrangement of the Wires. Earthing. Crossing
over Postal Wires, Railways, and Roads. Erection of Poles and
Masts. Erecting the Wire. Rules and Hints for the Design and
Erection of Ovechead Lines. Instruments for Surveying and lLaying
out the Route of a Line. Surveyving the Koute of a Transinission
Line. The Most Economical Length of Span. Comparison of the
various Supporting Structures with Reference to the Minimum Annual
Charges. lLocal Overhead Distributing Systems. Agreements with
Contractors. Tools and Appliances. Regulations dealing with the
Erection and Operation of Overhead Lines.

Electric Mine Signalling Installations. A
Practical Treatise on the Fitting-up and Mainten-

ance of Electrical Signalling Apparatus in Mines.

By G. W. Lummis Paterson.

Cr. 8vo. 140 llustrations. 4/6 net.

ConTenTs.—Ringing Keys and Tappers. Electric Mining Bells, Signal
Alarms and Relays. Electric Mining Indicators or Antdunciators.
Electric Generators for Mine Signal Installations. Primary [3atteries
for Signal Installations. Electric Mining Shaft Signals. Electric
Shaft Signal Wiring. Electric Engine Plane Signals. Electric Engine
Plane Signal Wiring. Appendix.

‘—;:; ‘Write to Messrs. Constable &*Co., Ltd., 10, Orange Streei;‘
Leicester Square, for full particulars of any book.
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Electrical Engineering—continudd.

Appllcatlon of Electric Power to Mines and

Heavy Industries.

By W, H. Patchell, M.Inst.C.E., M.1.M.E., M.Am.LE.E.
Demy 8vo.  10[6 net, (See p. 23.)

Transmission Line Formulas: For Electrical

Engineers and Engineering Students.

By H. B. Dwight, AM.Am.LE.E.
143 puges. 28 Diagrams.  8/6 nct.

Electric Cooking, Heating, Cleaning, Etc.
Being a Manual of Electricity in the Service of the

Home.
By ¢ Housewife '’ (Maud Lancaster). Edited by E. W

Lancaster, A.M.Inst.C.E., M.Inst.E.E.
Lilustrated, 338 -+ » pages.  Dewy 8ro. 370 net.

Electric Mechanism. Parr 1.

SINGLE-PHASE COMMUTATOR MOTORS.

By F. Creedy, A.C.4.1.,, AM.LLE.E., Assoc.Am.LLE.E.
Demy 8vo,  7/6 net.

"
Switches and Switchgear.

By R. Edler. Translated, Edited and Adapted to English
and American Practice by Ph. Laubach, A.M.LLE.E.

Hiustrated. Demy Svo.  15/- met.

ConteNTs.—General Remarks on the Design of Switchgear. Connecting
I.eads—Cable Sockets —Connections—Copper Bars—Contact Blocks
---Bolts. Contact Springs and Brushes—Carbon Contacts—Devices to
Eliminate Sparking at the Main Contacts. Switches and Change-over
Switches for l.ow Pressure and Medium Pressure. High Pressure
Switches. Fuses. Self-Acting Switches (Automatic Switches).
Starting and Regulating Resistances—Controllers.

High and Low Tension Switchgear Design.

By A. Q. Coliis, A.M.L.LE.E.
Demy Svo. 218 + arv pages. 9y lllustrations. 106 nel,

Solenoids, Electromagnets and  Electro-

magnetic Windings.

By Charles Underhill, AAM.A.LLE.E.
340 pages. Cloth. 218 liiustrations. Lemy 8vo. 8- mel,

=0 Whrite to Messrs. (,onalablo & Co., Ltd., 10, Orange Street.
Leicester Square, for full particulars of any book.
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Electrical Engineering—sntinved.

Electrical Engineer’s Pocket Book. «FosSTER.”

A Hanpsook ofF Usgrur Data rorR ELECTRICIANS AND
ELecTrICAL ENGINEERS.

By Horatio A. Foster, M.A.LLE.E.,, M.A.S.M.E.
With the Collaboration of Eminent Specialists.

Fiftk Edition, complsiely Revised and Enlarged. Pocket sizs. Leather bownd.
With thumb index. Qver 1,600 pages. Iliustrated. 21/- net.

The Propagation of Electric Currents in
Telephone and Telegraph Conductors.

By J. A. Fleming, M.A., D.Sc., F.R.S. (Seep. 33.)

The Electrical Conductivity and lonization

Constants of Organic Compounds.

By Heyward Scudder, B.A., B.S., M.D.
Royal 8vo. 508 pages. 12/~ net.

The Design of Static Transformers.

By H. M. Hobart, B.Sc., M.Inst.C.E.
Demy 8vo.  Over 100 Figures and Iliustrations. 6[- net.

Electricity : A Text-book of Applfcd Elec-

tricity. By H. M. Hobart, B.Sc., M.Inst.C.E.
With 43 Tables and 115 Illustrations, Demy 8vo. 208 + xix pages. Gf- net.

Heavy Electrical Engineering.

By H. M. Hobart, B.Sc., M.Inst.C.E.
Lllustrated with Diagrams, etc. Demy 8vo. 16]- met.

Electric Railway Engineering.

By H. F. Parshall, M.Inst.C.E., etc., and H. M. Hobart,

B.Sc., M.Inst.C.E. 476 pages and nearly 600 Diagrams and Tables,
Imp, 8vo. 42/- met,

American Electric Central Station Distri-

bution. Systems, .

By Harry Barnes Gear, A.M.A.LLE.E., and Paul Francis
Williams, A.M,A.L.E.E.
Tllustrated. Demy 8vo. 12/- met.

*,’: Write to Messrs. Constable é-‘Co., Ltd,lc;,();;ngc Slre;tn,m
Leicester Square, for full partioulars of any book.
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Electrical Engineering—continuca.

Electric Railways: Theoretically and Prac-
tically Treated.

Ihustrated with Numsyous Diagrams. Demy 8ve, Price 10/6 net sach volume.
Sold separatsly.

By Sidney W. Ashe, B.S., Department of Electrical
Engineering, Polytechnic Institute of Brooklyn, and
J. D. Keiley, Assistant Electrical Engineer, N.Y.C. and
H.R.R.R,

Vor. {.—RoLLING STOCK.

VoL. 11.-—ENGINEERING PRELIMINARIES AND DirBcT-CURRENT SUB-
STATIONS,

Electric Lamps.
By Maurice Solomon, A.M.LE.E. ¢ s«
Hydroclcctnc Developments and Engineering.

A PRracTicAL AND THEORETICAL TREATISE ON THE DEVELOP-
MENT, DEsIGN, CoNsTRUCTION, EQUIPMENT AND OPERATION
or HypROELECTRIC TRANSMISSION PLANTS.

By Frank Kdester, Author of ¢ Steam - Electric Power
Plants.” 479 pages. 500 lliustrations. 45 Tabdles. Imperial 8vo.
21[- met.

Steam-Electric Power Plants.

A PracticAL TREATISE ON THE DESIGN or CENTRAL LIGHT
AN® PowgerR STaTioNs aND THEIR EconNomicaL Con-
STRUCTION AND OPRRATION.
By Frank Koester. 474 pages. Iilustrated. Cr. gto. 21/- net.
Electric Power and Traction.

By F. H. Davies, AAM.L.LE.E.
With 66 Illustrations. Ex. Crown 8vo. 6/- net.

Industrial Electrical Measuring Instruments.

By Kenelm Edgcumbe, A.M.Inst.C.E., M.1.E.E.
240 pages. 126 Illustrations, Demy 8vo. 8- met.

Laboratory and Factory Tests in Electrical
Engineering.

By deorge F. Sever and Fitzhugh Townsend.
Second Edition. Thoroughly revised. 282 pages. Demy 8vo. 10/G mei.

The Theory of Electric Cables and Net-

*works. Bv Alexander Russell, M.A., D.Sc.
Lilustrated. Demy S.vo. 8/- nat. .

Testing Electrical Machinery.
By J. H. Morecroft @gnd F. W. Hehre. 6/-net.

;;*«Wnt; to Messrs. Constable & Co., Ltd., 10, Orange Strect,
Laicester Square, for full particulars of any book
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Electrical Englneering—-mmmd

Continuous Current Engmccrmg

By Alfred Hay, D.Sc., M.LLE.E. Second Edition.
About 330 pages. Illustyated. Demy 8vo. 5/- net.
A new and revised edition of this popular text-book.

D_irect and Alternating Current Testin

By Frederick Bedell, Ph.D., Professor of Applied Llectricity,

Cornell University. Assisted by Clarence A. Pierce, Ph.D.
Enlarged and Revised Edition. Demy 8vo. Illustrated. 8|- met.

* It will be found useful by teachers, students, and electrical enginsers
in general practice.”—Elctrical Engnmr

Internal Wiring of Buildings.
By H. M. Leaf, M.I1.M.E., etc. :xd Edition. Crown 8vo. 3{6 net.
Searchlights: Their Theory, Construction

and Application.

By F. Nerz. Translated from the German by Charles
Rodgers, liustrated. Royal8vo. 7/6 net.

Electric Wiremen’s Manuals. /sep. 3,

Electro-Chemistry, etc.

Experimental Electro- Chemistry.

By N. Monroe Hopkins, Ph.D., Assxstant Professor of
Chemistry in The George \Washington University,
Washington, D.C.

With 130 Illustrations, Demy 8vo. 12{- net.

Electro-Metallurgy.

By J. B. C. Kershaw, F.L.C.
With 61 lllustrations, Ex. Crown 8vo. 6]- nel.

Electric Furnaces. By J. Wright.

New 2nd Edition, Revised and Enlarged. With 67 lllustyations. Demy 8vo. 8/6 net.

CoNTENTs :—Introductory and General. Efficiency of the Electric
Furnace. Arc Furnaces. Resistance Furnaces. Carbide Furnaces.
Smelting and Ore Reduction in the Electric Furnace. Dis~
tillation of Metals. Electrolytic Furnaces. Laboratorg Furnaces
and Dental Muffles. Tube Furnaces. Glass Manufacture in the Electric
Furnace. Electrodes and Terminal Connections. Furnace Thermometry.

Lighting
Electric Lamps.

By Maurice Solomon, A.C.G.1., AM.LE.E.
Iltustyated. Ex. Crownm 8vo. 6[- yt.

*.* Write to Messrs. Constable & Co., Ltd., lo, Orangc Strut
Leicester Square, for full partwulan of any book.
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ngh ting—continued.

The Art of Illumination.
By Louis Bell, Ph.D., M.A.LE.E.
Ilustyated, 345 pages. Demy 8ve, 10/6 net.
Town Gas and its Uses for the Production

of Light, Heat, and Motive Power,

By W. H. Y. Webber, C.E.
With 71 Dlustrations.  Ex. Crown 8ve. 6/- net.

Thermodynamics
Entropy: Or, Thermodynamics from an Engineer’s

Standpoint,and the Reversibility of Thermodynamics.

By James Swinburne, M.Inst.C.E., M.LLE.E., etc.
Lilustyated with Diagrams. Crows 8vo. 4/6 net.

plied Thermodynamics for Engineers.
By William D. Ennis, M.E., M.Am.Soc.M.E., Professor
of Mechanical Engineering in the Polytechnic Institute of
Brooklyn. with 316 Liustrations.  Royal 8vo.  21]- net.

Technical Thermodynamics.

By Ur. Gustav Zeuner. First English Edition. From
the fifth complete and revised edition of ¢« Grundzige der
Mechanischen Wirmetheorie.”

Vor. Il.--Fundamental Laws of Thermodynamics ; Theory of Gases.
Vor. I1.—The Theory of Vapours.

Authorised translation by J. F. Klein, D.E., Professor of
Mechanical Engineering, Lehigh University.
Nilustrated. 2 volumes. Demy 8vo. 306/- ret.

A Text-Book of Thermodynamics (with special

reference to Chemistry).

By J. R. Partington, M. Sc., of the University of Manchester.
544 + ¥ pages. Qg1 Diagrams. Demy Sve. 14/- wet.

Experimental and Theoretical Applications

of Thermodynamics to Chemistry.
By Professor Walter Nernst, University of Berlin.
¥x. Crown 8vo. 5/~ met,
Principles of Thermodymnncs.
By G. A Ooodenoug'h M.E. SaondFut on, Revised., Price 14' net.

P SRR . USSR —_ e

o Wntc to Messrs Consiable & Co le 10, Orange Sfrect
Lescester Square, for full partnculars of any book.
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Physics and Chemistry.

Physics and Chemistry
Some Fundamental Problems of Chemistry,
Old and New.

By E. A. Letts, D.Sc., Professor of Chemistry in the Queen’s

University, Belfast. Demy Svo. 223 + xiii pages. 44 Iliustrations,
716 net.

The Silicates in Chemistry and Commerce.

By Drs. W. and D. Asch. Translated with critical notes

and some additions by A. B. Searle.
400 + xx pages. Royal 8vo. 21/- net.

CoNTENTs :—The Chemistry of Carbon and Silicon. Historical Review
of Existing Theories concerning the Constitution of the Alumino-
silicates and other Silicates. Critical Examination of Existing Theories
concerning Alumino-silicates. A Hypothesis concernin§ the Bonding
of the Atoms in Alumino-silicates and Allied Compounds. The Con-
sequences of the  Hexite-Pentite Theory,” and the Facts: (1.) The
Reactions during Double Decomposition; (I1.) The Genetic Relation-
ship between the various Alumino-silicates ; (111.) The Possibility of a
Chemical System of Alumino-silicates; (IV.) The VariableChemical
Behaviour of part of the Aluminium in Kaolin, Nepheline. and in the
Epidotes ; (V.) The Minimum Molecular Weightot Alumino-silicates ;
(VL) The Constitution of Andesite: (VII') The Possibility of
Isomerism; (VI1IL.) Water of Crystallisation and of Constitution:
Basic and Acid Water ; (IX.) Prognoses; (X.) The Constitution of the
Complexes of Molybdenum and Tungsten; (X1.) The Constitution of
Clays; (XIL.) Ultramarines; (NIIL) A New Theorygof Hydraulic
Binding Materials and particularly of Portland Cements; (XIV.) A
New Theory of the Porcelain Cements as used for Dental Fillings;
(XV.) A New Theory of Glass, Glazes, and Porcelain; (XVI) The
Hexite-Pentite Theory as a General Theory of Chemical Compounds,
The Conversion of the H.P. Theory into a Stereo-chemical Theory and
the combination of the latter with the modern theory of the Structure
of Crystals. Summary and Conclusions. Bibliography of references
mentioned in Text. Appendix. Formul® and Analyses. Bibliography
of references in Appendix.

Industrial Chemistry ¢ A Manual for the Student and

Manufacturer. Second Edition, Revised and Enlarged.

EpiTeD BY Allen Rogers, in charge of Industrial Chemistry,
Pratt Institute, Brooklyn, N.Y.; and Alfred B. Aubert,
formerly Professor of Chemistry in the Univ_er;uty of Maine,
in collaboration with many experts, containing 340 Illus-
trations. Royal 8vo. 24/- net.

CoNTENTS :—General Processes, Materials of Construction. Water for
Industrial Purposes. Fluids. Producer Gas. Power Transmission,
Boilers, Engines and Motors. Sulphuric Acid. Nitric Acid. Salt
and Hydrochloric Acid. Commercial Chemicals. Chlorine and Allied
Products. Electrochemical Industries. Lime, Cement and Plaster,
Clay, Bricks and P#:tery. Glass. Dutch Process White Lead.
Sublimed White Lead. Pigments, Oils and Paints. The Metallurgy

o vt e _.‘ R

*.* Write to Messrs. Constable & Co., Ltd., 10, Orange Street,

Lescester Square, for full particulars af any book.
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Physics and Chemistry—c ontinusd.

Industrial Chemistry—continued.

of Iron and Steel. Fertilizers, Illuminating Gas. Coal Tar and its
Distillation Products. The Petroleum Industry, The Destructive
Distillation of Wood. Oils, Fate and Waxes. Lubricating Oils.
Soaps, Glycerine and Candles. Laundering. Essential Oils, Synthetic
Perfumes, and Flavouring Materials. esing, Oleo-Resing, Gum-
Resins and Gums., Varnish. Sugar. Starch, Glucose, Dextrin and
Gluten. Brewing and Malting. Wine Making. Distilled Liquors.
Textiles. Dyestuffs and Their Ag lication. The Art of Paper Making.
Lxplosives. Ieather. Vegetable Tanning Materials. Glue and
Gelatine, Casein.

The  Application of Physico-Chemical
Theory to Technical Processes and
Manufacturing Methods.

BBy Dr. R. Kremann. ‘Translated by H. E. Potts, M.Sc.
Demy 8vo, 8/G net.  (See p. 48.)

An Introduction to the Study of Physical

Mectallurgy. 1y walter Rosenhain, B.A., D.Sc.,
F.R.S. 350 -+ xuvi pages. 140 lliustrations. Demy Svo.  10/6 net.

CoNTENTS i~ - The Structure and Constitution of Metals and Alloys. The
Microscopic Examination of Metals. The Metallurgical Microscope.
The Micro-Structure of Pure Metals and of Alloys. The Thermal Study
of Alloys. The Constitutional Diagram and the Physical Properties of
Allogs.  Typical Alloy Systems.  The Iron-Carbon System.  The
Properties of Metals as Related to their Structure and Constitution.  The
Mechanical Testing of Metals.  The Mechanical Testing of Metals (contd. ).
The Effect of Strain on the Structure of Mectals. The Thermal Treatment
of Metals. The Mechanical Treatment of Meals, including Casting.
Defects and Failures in Metals and Alloys,

The Chemistry and Technology of Printing
Inks.

By Norman Underwood and Thomas V. Sullivan.
Medium 3vo. 12,6 net.

Problems in Physical Chemistry. With Practical
Applications.
By E. B. R. Prideaux, M.A., D.Sc., with a Preface by
F. G. Donnan, M.A., Ph.D., F.R.S. 7/6 net.

Chemical Theory and Calculations: An

*Elementary Text-book.
By Forsyth J. Wilson, D.Sc. (Edin.), Ph.D. (Leipzig),
and Isodor M. Heilbron, PR.D. (Leipzig), F.lL.C.,
AR T.C. 2/6 net.
* . Write to Messrs. Cmt?zblc & Co., Ltd., 10, Orange Street,
Leicester Square, for full partioulars of any book.
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Physics and Chemistry—continued.

Electric Arc Phenomena.

By E. Rasch. Translated by K. Tornberg,

Demy 8vo. 52 Hiustrations.  S/6 net,

CONTENTS :—General Outline of Electric Arc Phenomena. Typical Carl on
Arc.  Electrode Materials and their Physical Properties.  Theory of
Electric Discharges through Gases. Spark Discharges. Empitical Results.
Voltage and Currenc Conditions in the \rc  Distribution of Energy in
the Arc. Efficiency of Commercial Types of Arc. )

Theory of Measurements.

By James S. Stevens, 'rofessor of Physics in the Univer-
sity of Maine. FEx. Cr.8vo. 6/ net.
A manual for students in physics designed for use cither as a teat book or as
a laboratory guide.

Chemical Calculations.

By R. Harman Ashley, Ph.D. Ex Croun 8vo. 8/6 net.

CONTENTS :-—Ratios.  Approximate Numb-rs.  Interpolation.  Heat.
Specific Gravity. Gas Calculations.  Calculation of Atomic Weights and
Formulas. Gravimetric Analysis.  Volumetric Analysis.  Use of Specific
Gravity Tables and Acid Calculations.

Atoms. By Jean Perrin. Translated by D. LI. Hammick.

Demy 8vo. 16 Iliustrations. 5/~ net.

CONTENTS :-~Chemistry and the Atomic Theory.  Molecular  Agitation.
The Brownian Movement-——Emulsions.  The Laws of the Brownian Move-

ment. Fluctuations. Light and Quanta. The Atom of Electricity. The
Genesis and Destruction of Atoms.  Index.

The Universe and the Atom.

The Lther Constitution, Creation and Structure of Atoms,
Gravitation, and Electricity, Kinetically Explained.

By Marion Erwin, C.E. Demy Svo. [lilustrated, 86 net.

ContEnTSs.—Part I, First Principles. FPart 11, The Pan Cycle
Hypothesis : Invisible Composition Light Waves, the Warp and Woof
of the Ether Structure and of All Things Material.

Radio-Activity and Geology.

By John Joly, M.A., Sc.D., F.R.8., Professor of Geology
and Mineralogy in the University of Dublin.
Crown 8vo. 7/6 net,

The Corpuscular Theory of Matter.

By Sir J. J. Thomson, M.A., F.R.S., D.Sc., LL.D., Ph.D.,
Professor of Experimental Physics, Cambridge, and Pro-
fessor of Natural Philosophy at the Royal Institution,
London. Demy 8vo. 7/6 nmet.

Electricity and Matter.
By Sir J. J. Thgmson, M.A,, F.R.S., D.Sc., LL.D,, Ph.D,

Crown 8vo. 5/- net.

** Write to Messrs. Constable é Co., Ltd., xo; '*Ovmngc Street,
Leicester Square, for full particulars of any book.
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Physics and Chemistry—ontined.

The Discharge of Electricity through Gases.
By Sir J. J. Thomson, M.A,, F.R.S., D.Sc., LL.D., Ph.D.
Crown 8vo, 4/6 net, -

The Electrical Nature of Matter and Radio-
activity.
By H. C. Jones, Professor of Physical Chemistry in the

Johns Hopkins University.
Second Edition.  Revised and largely rewritten. Demy 8vo. 8- mel.

The Theory of Ionization of Gases by

Collision.

By John S. Townsend, M.A., F.R.S., Wykeham Pro-

fessor of Physics in the University of Oxford.
Crouwn 8vo. 3/6 met.

Radio-Active Transformations.

By Ernest Rutherford, F.R.S., Professor of Physics at
the McGill University, Montreal, Canada.
Llustrated, Demy 8vo. 16/~ net.

Principles of Microscopy.

BeING 4~ INTRODUCTION TO WORK WITH THE MICROSCOPE.
By Sir A. E. Wright, M.D., F.R.S., D.Sc., Dublin,
(Honoris Causa), F.R.C.S.1. (Hon.).

With many [lustrations and Celoured Plates.  Super Koyal 8vo, 21— met,
Experimcntal and Theoretical Applicati(ms
of Thermodynamics to Chemistry,

By Professor Walter Nernst, University of Berlin.
Ey, Crewn 8vo. 5 - net,
Vapours for Heat Engines.

By William D. Ennis, M.E., M.Am.Soc.M.E., Professor
of Mechanical Engineering in the Polytechnic Institute
of Brooklyn, Author of ¢ Applied Thermodynamics for
Engineers,” etc.

With 21 Tables and 17 Iilustrations. Demy 8vo, G- met.

The I:Iydrogenation of Oils. Catalyzers and Cata-

lysis and the Generation of Hydrogen.
By Carleton Ellis, S.B.

340 b X pages. vg5 Hlustradions. Roval 8009 16/~ ned,
*.* Write to Messrs. Constadle & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Physics and Chemistry—continucd.

A Text-Book -of Physics.

By H. E. Hurst, B.A., B.Sc., Hertford College, Oxford,
late Demonstrator in Physics in the University Museum,
Oxford, and R. T. Lattey, M.A., Royal Naval College,
Dartmouth, late Demonstrator in Physics in the
University Museum, Oxford.

Illustyations and Diagrams. Demy 8vo. 8[6 net.

Now published also in three volumes, at the request of many

teachers. Each part is sold separately.
ParT I.—DvynaMics aND HEAT. 3/6 wet,
Part II.—LI1GHT AND Sounbp. 3/6 net.
ParT IIL.—MAGNETISM AND ELECTRICITY. 4/ net.

Introduction to the Chcmistry and Physics
of Building Materials.

By Alan E. Munby, M.A. (Cantab.). Extra Croun 8vo. 6/- net.

Exercises in Physical Chemistry.

By Dr. W. A. Roth, Professor of Chemistry in the
University of Greifswald. Authorised Translation by
A. T. Cameron, M.A., B.Sc., of the University of
Manitoba., uwstrated. Demy 8vo. 6] net.

The Chemistry of Paints and Paint Vehicles.
By C. H. Hall, B.,S. Crown 8vo. 8/- met,

Liquid Air and the Liquefaction of Gases. i

Edition,
By T. O’Conor Sloane, M.A., M.E., Ph.D.
Iilustrated. Demy 8vo. 10[6 mef.

Chemical Re-agents : Their Purity and Tests.

A New axp Improvep TEexT, BAsep ox AND REeprLacinG
THE LATEST EpITION OoF KRAUCH'S MaANUAL,

By E. Merck. Translated by H. Schenck. 250 pages. Demy
8vo. 6]~ net.

Van Nostrand’s Chemical Annual.

A Hanpsook or UserurL DaTa FOR ANaLYTICAL, MaANU-
FACTURING, AND INVESTIGATING CHEMISTS, AND CHEMICAL
STUDENTS.

Edited by John C. Olsen, M.A., Ph.D., Professor of
Analytical Chemistry, Polytechnic Institute, Blooklyn;

with the co-operation of Eminent Chemists. Nearly 100 Tabies,

Crown 8ve. 12/6 vut‘

* * Write to Messrs. Constable &4Co., Ltd., 10, Orange Strect,
Leicester Square, for full particulars of any book.
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Physics and Chemistry—continued.

Text-Book of Elementary Chemistry.

By EF. Mollwo Perkin, Ph.D., F.1L.C., F.C.S., and

Eleanor M. Jaggers.

1linstrated. Crown Bvo. 3/[- mef.

CONTENTS : — Examination of Water. Metric System. Distillation.
Thermometers. Freezing Points. Boiling Points. Melting Points.
The Atmosphere. Chemical Properties of the Atmosphere. Chemical
Properties of Water. Hydrogen and Oxygen. Quantitative Examina-
tion of Chalk. Carbon and its Oxides and Compounds with Hydrogen.
Flame and Combustion. Compounds of Nitrogen. Hydrochloric
Acid and the Halogens. Sulpbur and its Compounds. Phosphorus
and Phosphorus Compounds. The Metals. Appendix. Index.

Practical Methods of Inorganic Chemistry.

By F. Mollwo Perkin, Ph.D.
Llusteated. Crown 8ve. 2/6 met,

Contemporary Chcmistry

By E. E. Fournier D’Albe, B. Sc., A.R.C.S.,, M. R LA,
Author of “The Electron Theory,” etc.  4/- net.

A New Era in (Jhcmlbtl)I’ Some of the more

important developments in general chemistry during
the last quarter of a century,

By Harry C. Jones.
320 -+ 2gi pages.  Ex. Crown Bvo.  8/6 net,

The Identification of Organic Compounds.

By 3. B. Neave, M.A,, D.Sc., and 1. M. Heilbron, Ph.D.,
F.1.C., etc. Croum 8vo. 4/- met.

Detection of Common Food Adulterants.

By Prof. E. M. Bruce, Crows 8vo. 5/ net.

A handbook for health officers, food inspectors, chemistry teachers and
students.

‘The Chemistry of Dyeing and Bleaching of
Vegetable Fibrous Materials.

By Julius Hiibner, M.Sc.Tech., F.1.C,

Demy 8uvo. lliustvated. 14/- net.

ConTiNTs :~~The Vegetable Fibres. Water. Chemicals and Mordants,
Bleaching. Mercerising. Mineral Colours. The Natural Colouring
Matters. Basic Cotton Dyestuffs, Substantive Cotton Dyestufls,
sSulphur Dyestuffs. Acid and Resorcine Dyestufis. Insoluble Azo-
Colours, produced on the fibre. The Vat D\estnﬂ‘s Mordant Dye-
stuffs. Colours produced on the fibre by Oxidation. Dyeing
Machinery. Estimation of the Value o‘ Dyestuﬂs Appeud:x Index.

" Write to Messrs Con.nbblc & Co Ltd . 10, Orange Street
Leicester Square, for full particulars of any book.
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Physics and Chemistry—:continucd.

Chemistry of the Oil Industries.

By J. E. Southcombe, M.Sc., Lecturer on Oils and Fats,
. Royal Salford Technical Institute, etc. 7/6 net. (Sec p. 48.)

The Chemistry of the Coal Tar Dyes.

By Irving W, Fay, Ph.D. (Berlin).
Demy 8vo. 470 pages,  16[— mat.

The Chemistry of the Rubber Industry.

By Harold E. Potts, M.Sc. Member International Rubber
Testing Committee. Demy 8vo. Iliustrated. 5/~ met.  Second
Impression.

ContENTs :—The Colloidal State. Raw Rubber. Gutta-Percha and

Balata. Mixing. Vulcanisation, History. Vulcanised Rubber.

The Colloidal and Crystalloidal State of

Matter.

By H. E. Potts, M.Sc., and W. J. Breitland. Translated

from the German of Professor P. Rohland.
Tlixstrated. Crown 8vo. 4/- net.

The Nitrocellulose Industry.

By Edward Chauncey Warden, Ph.C., M.A,, F.C.S.
2 vols. 1,240 pages. 324 Illusivations. Sm. gto. 42/- net,

A compendium of the history, chemistry, manufactureg commercial
application and analysis of nitrates, acetates and Xanthates of cellulose as
applied to the peaceful arts, with a chapter on gun cotton, smokeless
powder and explosive cellulose nitrates.

Materials for Permanent Painting.
By M. Toch, F.C.S.

Frontispiecs sn Colowr and other [llustrations. Crowm 8vo. 7/6 nel.
A manual for manufacturers, art dealers, artists and collectors,
explaining the composition of the materials used in painting,

Cement, Concrete, and Bricks, The

Chemistry of. Bv A. B. Searle.

Demy 8vo. [llustrated. 10/6 net.

CoNTENTs : -The Raw Materials tor Cements.  Methods of Cement Manu-
facture. The Chemical and Physical Changes in Cements.  The Changes
which occur in Setting and Hardening.  Testing the Properties of Cements.
The Components of Concrete and their Fropertics. The I'reparation of
Concrete. Reinforced Concrete. Special Properties of Concrete.  Festing
Concrete. The Raw Materials for Pricks. Methods of Rrickmaking,
The Chemical and other Changes in Drying and Burning Bricks. The
Properties of Bricks. S{iceous Brizks. Basic and Neutral Bricks. Index.

*.* Write to Messrs. Constable & Caq, Ltd., 10, Orange Street,
Leicester Square, for full particulars of amy book.
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Mathematics.

'Mathematic;

The Theory of Proportion.

By M. J. M. Hill, MA,, LL.D,, Sc.D., F.R.S.

Demy 8vo. 108 -+ xif pages. 15 Figures. 5/ net,

CONTENTS :— Magnitudes of the same Kind. Propositions relating to
Magnitudes and their Multiples. The Relations between Multiples of the
same Magnitude. Commensurable Magnitudes. Magnitudes of the same
Kind which are not Multiples of the same Magnitude. Incommensurable
Magnitudes. Iixtension of the Idea of Number. On the Ratios of Magni-
tudes which have no Common Measure. Properties of Equal Ratios.
First Group of Propositions. Second Group of Propositions.  Third Group
of Propositions—Geometrical Applications of Stolz's Theorem. Further
Remarks on Irrational Numbers.  The Existence of the Fourth Proportional.
Commentary on the Fifth Book of Kuclid's Elements.

The Calculus and its Applications. A Practical

Treatise for Beginners, especially Engineering
Students. With over 400 examples, many of them
fully worked out.

By Robert dordon Blaine, M.E., AM]Inst.C.E,
Formerly Lecturer at the City Guilds’ Technical College.
Author of “Lessons in Practical Mechanics,” “ The Slide
Rule,” etc.  Croun 8vo.  4/6 net.

Integratjon by Trigonometric and Imaginary

Substitution. By Charles O. Gunther, with an
Introduction by J. Burkett Webb, C.E. Doy 8vo. 5:- net.

Mathematics for the Practical Man.

By deorge Howe, M.E.

Crown 8vo. 5/- net.

A short work explaining all the elements of Algebra, Geometry,
Trigonometry, Logarithms, Co-ordinate Geometry, and Calculus.

Quaternions, as the Result of Algebraic

Operations.

By Arthur Latham Baker, Ph.D.
Ex. Croun Bvo. 6~ net.

The Practical Mechanic’s Handbook.

JBy F. E. Smith. 4/6 net.
CONTENTS : — Arithmetic.  Arithmetical Signs and Characters and
Explanation of Solving Formula, Mensuration. How the Dimensions,
Measurements, and Weight of Different Shaped Vessels are Found.
The Primary or Simple Machines. St&ngth of Materials and Questions
Itelating to Stress.

o Wmato Mcssr; leablc & Co., Ltd.,A 10, Or;mgc Street,
Lescester Square, for full partioulars of any book.
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Manufacture and Industries

Manufacture and Industries

Purchasing: [ts Economic Aspects and Proper

Methods.
By H. B. Twyford, of the Otis Elevator Company.
112 Charts, Diagrams and Forms, Large Demy 8o, 252 pp.  12/0 net,

The subject is treated as only an experienced buyer could treat it, and it
deals with purchases in practically all hines of business. The author quotes
an experienced business man as saying that ** successful foundation for new
enterprises, the growth of established undertakings, and their accretion to
their resources is in 2 large measure dependent on the importance attached
to, and the careful thought given to, the expenditure of all money for capital
purposes, production, and supplies.” To set forth at least the general prin-
ciples of this successful purchasing is the task which the author has set
himself.

Applications of Physico-Chemical Theory to
Technical Processes and Manufacturing
Methods.

By Dr. R. Kremann. Translated into English and edited
by H. E. Potts, M.Sc. Demy 8vo. 86 net.

CoxteNTs :(—The Two Fundamental L.aws of the Mechanical Theory
of Heat. Reaction-Velocity and Catalytes. Other Special Appli-
cations of the Law of Mass Action. The Influence of Temperature
on the Equilibrium-Constant. Dissociation Pressug~. Afp)ication
of the Phase Rule. The Application of the Phase Rule to Solid-Liquid
Systems. Transformation Phenomena in Hydraulic Binding Agents,
Other Applications of the Phase Rule. The Distribution Law.
Adsorption Compounds. Reciprocal Pairs of Salts,

Chemistry of the Oil Industries.

By J. E. Southcombe, M.Sc., Lecturer on Oils and Fats,
Royal Salford Technical Institute, etc. 7/6 ner,

¢ QUTLINES OF INDUSTRIAL CHEMISTRY.”

CoNTENTS ;:—Preface. Introductory Organic Chemistry. Mineral Oils.
Petroleum and Shale. Mineral Oil Refining. Natural Sources and
Metbods of Preparation of the Saponifiable Oils and Fats. Impurities
occurring in Crude Oils and Fats and the Technical Methods of
Kemoving them. Composition and Properties of the Saponifiable Oils
and Fats in General. Composition and Properties of the Individual
Oils and Fats of Commercial Importance. The Natural Waxes, their
Composition and Properties. Analytical Methods. Industrial Applica-
tions of Fats and Oils. Burning Oils. Edible Oils and Margarines,
Polymerised, Boiled and Blown Oils. Turkey-Red Oils. Saponification
of Fats and Oils on a Technical Scale. The Distillation of Fatty
Acids. Oleines and Stearines. Candle Manufacture. Soap-Making.
Glycerine. Conclusion : Scientific and Technical Research on
Problems in the Oil 4ad Related Industries, Literature.

*.% Write to Messrs. Constable & 0., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Manufacture and Industries—continued.

‘The Manufacture of Paper.

By R. W. Sindall, F.C.S. liustrated. Ex.Crown 8vo. 6l- net.

CoNTENTS :~—Preface. List of Illustrations. Historical Notice, Cellulose
and Paper-Making Fibres. The Manufacture of Paper from Rags,
Lsparto and Straw. Wood Pulp and Wood Pulp Papers. Brown
Papers and Boards. Special kinds of Paper. Chemicals used in Paper-
making. The Process of “ Beating.” The Dyeing and Colouring of
Paper Pulp. Paper Mill Machinery. The Deterioration of Paper.
Bibliograpby. Index.

Mineral and Aerated Waters, and the

Machinery for their Manufacture.

By C. Answorth Mitchell, B.A. (Oxon.), F.1.C.
Hilustrated. Demy 8vo.  8/6 net.

Glass Manufacture.

By Walter Rosenhain, Superintendent of the Department

of Metallurgy in the National Physical Laboratory.

Tilustrated. Ex. Crown 8vo. 6/ net.

CoNTENTS :—Preface. Physical and Chemical Properties of Glass. The
Raw Materials of Glass Manufacture. Crucibles. Furnaces for the
Fusion of Glass. The Process of Fusion. Processes used in the
Working of Glass. Hottle Glass. Blown and Pressed Glass. Rolled
or Plate Glass. Sheet and Crown Glass. Coloured Glass. Optical
Glass. Miscellaneous Products. Appendix.

Decorative Glass Processes.
By Arthur Louis Duthie. Ilustrated. Ex. Crown 8vo. 6]- net.

Commercial Paints and Painting. A Handbook
for  Architects,  Engincers, Property Owners,
Painters and Decorators, etc.

By Arthur Seymour Jennings.
224 - xue puges. 47 Hilustrations.  Extra Croum 8va.  Gj- net

The Manufacture of Leather.

By Hugh Garner Bennett, M.Sc., F.C.S., Member of the

International Association of Leather Trade Chemists.
Demy 8vo. Illustrated. 16[- net,

Cotton Seed Products.

A ManuaL or THE TREATMENT oF COTTON SEED FOR ITS
PropucTs AND THEIR UTILIZATION IN THE ARTS.

By Leebert Lloyd Lamborn, Member of the American
Chemical Society; Member of the Society of Chemical
Industry. with 79 Tiiustrations and a Map. Demy 8vo. 12/6 net.

B ;‘;*- A Wnte .‘t“o M essrs Constaz;c <Sa Eo, Ltd; -xo, Orange Street,
Leicester Sauare, for full particulars of any book.
49




Manufacture and Industries—continued.

Linseed Oil and other Seed Oils.

An Industrial Manual by Willlam D. Ennis, M.E.,
M.Am.Soc.M.E., Professor of Mechanical Engineering,
Polytechnic Institute of Brooklyn. Medixm 8vo. lliustrated.
16/~ net

Textiles and their Manufacture.
By Aldred F. Barker, M.Sc. liustvated. Ex.Crown Svo. G- nel.

Materials used in Sizing.

By W. F. A. Ermen. 5/- net.

ConTeNTs :—The Starches and other Agglutinants. Weighting Materials,
Softening Ingredients. Antiseptics. Analysis of Sized Warps and
Cloth, %‘he Preparation of Normal Volumetric Solutions. Tables.

Solvents, Oils, Gums, Waxes, and Allied
SUbStanCCS. By F. S. Hyde, Ph.B. Demy svo.  8/6 net.
Glues and Gelatine.

A PracticaL TreaTise oN THE MEeTHoDps ofF TESTING
axp Use. By R. Livingston Fernbach.
Hlustrated. Demy 8vo. 10[6 net.

Agglutinants and Adheswes of all Kinds

for all Purposes. By H. C. Standnge. Demy 8v0.
6/- met.

Cork : Its Origin and Industrial Uses.
By Gilbert E. Stecher. Croum Svo. 46 net.

The Chemistry of Dyeing and Bleaching of

Vegetable Fibrous Material.
By Julius Hiibner, M.Sc.Tech., F.1.C. (Seep. 45.)

The Chemistry and Technology of Printing

Inks. By Norman Underwood and Thomas V. Sullivan.
Medium 8vo. 12/6 net,

The Chemistry of the Rubber Industry.

By Harold E. Potts, M.Sc. 5/- net. (See p. 45.)
India-Rubber and its Manufacture,. with

Chapters on Gutta-Percha and Balata.

By H. L. Terry! F.I.C., A.LM.M.
Ilustrated. Ex. Crown 8vo. 6]- g

*.* Write to Messrs. Constable & Co., Ltd., 10, Orange Street
Leicester Square, for full parttculars of any book.
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Manufacture and Industries.-contmued

The Nitrocellulose Industry

By Edward Chauncey Warden, Ph.C., M.A,, F.C.S.
2 vols. 42[-net. (See p. 46.)

Materials for Permanent Painting.

By M. Toch, F.C.S. Frontispiece in Colour and other Iilustrations.
Crown 8vo. 7/6 net,

A manual for manufacturers, art dealers, artists and collectors explaining
the composition of the materials used in painting.

The Basic Open-Hearth Steel Process.

By Carl Dichmann. (Sep.17)

WOOd Pulp. By Charles F. Cross, B.Sc., F.1.C.; E.J.
Bevan, F.I.C., and R. W. Sindall, F.C.S, [lliustrated. 6[- net.

CoNTENTS. —-The Structural Elements of Wood. Cellulose as a Chemical.
Sources of Supply. Mechanical Wood Pulp. Chemical Wood Pulp.
The Bleaching of Woud Pulp. News and Printings. Wood Pulp
Boards. Utilisation of Wood Waste. Testing of Wood Pulp for
Moisture, Wood Pulp and the Textile Industries. Bibliography. Index.

History of the Frozen Meat Trade.

By J. C. Critchell and J. Raymond.
Lllustrated. Demy 8vo. 10/6;“:

Arts and Crafts

Simple Jewellery.
A  Practicar Hanpsook witH CERTAIN ELEMENTARY
MeTtHoDps oF DEsiGN AND CONSTRUCTION, WRITTEN FOR
THE Use oF CRAFTSMEN, DESIGNERS, STUDENTS AND
Teacuers. By R. Ll. B. Rathbone.

Ex. Cvown 8vo. g4 lllustrations. Second Impression.  6- net.

The Potter’s Craft. A PracTticar GUIDE FOR THE STuDIO

AND WorksHop. 13y Charles F. Binns, late Superintendent
Royal Porcelain  Works, Worcester. With 42 Iilustrations.
Crown 8vo. G- nmel.

Precious Stones.

By W. Goodchild, M.B., B.Ch. With 42 Illustrations.
Wit A CHAPTER ON ARTIFICIAL STONES. By Robert
Dykes. Illustrated. Ex. Crown 8vo, 6/ net.

Enamelling. On the Theory and Practice of EE:';;‘:

Art Enamelling upon Metals. By Henry Cunyng-

hame, M.A., C.B. Tuo Colowwed Flates and 20 Ilustrations.
Croun 8vo.  6[- net, a

*.* Write to Messrs. Cémtablc & Co., Ltd.; 10, Oranéc Siroet,
Leicester Square, for full particulars of any book.
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Useful Handbooks and Tables.

Useful Handbooks and Tables
The Practical Mechanic’s Handbook.

By F. E. Smith, (Seep.47)

Materials used in Sizing.
By W. F. A. Ermen. (Se p. 50.)

Reference Book for Statical Calculations.

By Francis Ruff.
Crown 8vo. 160 Illustrations. Charts and Diagyams. 4/- net.

Handbook for the Care and Operation of

Naval Machinery. By Lieut. H. C. Dinger, U.S. Navy.
Cloth. 302 Pages. 124 Illustrations. Pochet size, DPrice 7|6 net.

Pricing of Quantities.
SHOWING A PRACTICAL SYSTEM OF PREPARING AN EsTIMATE
FROM BiLLs oF QuanTiTIiES. By (eorge Stephenson,
Author of * Repairs,” ¢ Quantities," etc.
Demy 8vo.  3[6 net.
The Law affecting Engineers.

By W. Valentine Ball, M.A. (Cantab.), Barrister-at-Law,
Joint Editor of *“ Emden’s Building Contract$.”

Demy 8vo. 10/6 net.

A’ concise statement of the powers and duties of an enginecr, as
between employer and coantractor, as arbitrator and as expert witness,
together with an outline of the law relating to engineering contracts, and
an appendix of forms of contract, with explanatory notes.

Tables of Multiplication, Division and Pro-

ortion : For the Ready Calculation of Quantities
and Costs, Estimates, Weights and Strengths, Wages

and Wage Premiums.
By Prof. R. H. Smith, AM.Inst.C.E., M.LE.E., etc. 2/6 net.

. 9th Edition,
Letterlng . Revised and Enlarged.

For DraucHTsMEN, ENGINEERS AND STUDENTS.
By C. W. Reinhardt. 4- ne.

The New Steam Tables. Calculated from Professor

Callendar’s Researches.
By Professor C. s\. M. Smith, M.Sc,, and A. G. Warren,
S.Sc. 4/- net. P
* . * Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
52




Natural History, Botany, Nature Study, etc.

Natural History, Botany, Nature
Study, etc.

Extinct Animals.

By Sir E, Ray Lankester, F.R.S,
With a Portrait of the Author and 218 othey Iliuswations. New and Revised
Edition. FEx. Crown 8vo, 3/6 met.

Economic Zoology and Entomology.

By Vernon L. Kellogg and C. W. Doane.
Crown 8vo, 6/6 net,

The authors are well known as clear and precise exponents of their subject.
In this text-book they have produced an introduction both to general zoology
as well as to that specific phase of it called ** economic.”™

The first chapters imrmg)ucc the reader to gencral facts of animal structure
and life and are arranged on the Lasis of accepted pedagogic principles.  The
Latter chapters, arranged on a basis of animal classification proceeding from
the samples to the nine highly developed groups, include not only general
facts pertaining to the groups treated. but introduce and give general attention
to the economic relations oFlhe various members of the groups. Finally, there
is prescated a form of encyclopadic treatment of a wide range of facts wholly
cconomic in aspect.

The Stone Age in North America.

3y Warren K. Moorhead.
In 2 Voluges. goo pages. With about 700 Ilustrations. including 6 in Colour,

12 tn Photogravure and Several Maps. Croum 4lo. 31s. 6d. met.

An archacological encyclopaedia of the implements, ornaments, weapons,
utensils, etc., of the prehistoric tribes of North America. The work is
the result of twenty years' exploration and study.

Distribution and Origin of Life in America.
By R, F. Schartf, B.Sc., Ph.D., F.L.S.
Hiustrated.  Large Crown 8vo.  10/6 net.

European Animals : Their Geological History and

their Geographical Distribution.

By R. F. Scharff, B.Sc., Ph.D., F.L.S.
Hiustrated. Demy Bvo. 7/6 net.

The Living Plant: A Description and Interpretation of

its Functions and Structure.
By William F. Ganong, Ph.D. liustrated. 465 + xii pages. 15/- net.

The Nature Student’s Note Book.
By Rev. Canon Steward, M.A., and Alice E. Mitchell.

Containing Nature Notes, Diary, Classificatfon of Plants. Trees, Animals
and Insects in detail. [ nltrhawg with writing pafer. Foolscap 8vo. 2/- met,

o+ ;* Write to Messrs. Constable & Co“.v, Ltd, ro,()rmxg.:ﬁs‘trec y -
Leicester Square, for full particulars of any book.
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Natural History, Botany, Nature Study,
etC.—continued.

Life Histories of Northern Animals. An

Account of the Mammals of Manitoba.
By Ernest Thompson Seton, Naturalist to the Govern-
ment of Manitoba.

In two volumes.  Largs 8vo. Over 600 pages each.  With 70 Maps and 600
Drawings by the Asuthor, 73/6 net,

Influences of Geographic Environment.

By E. C. Semple, Author of “ American History and its
Geographic Conditions.”
Med. 8vo. 700 pages. 18] met.

Outlines of Evolutionary Biology.

By Arthur Dendy, D.Sc., F.R.S., Professor of Zoology
in the University of London (King's College); Zoological
Secretary of the Linnean Society of London; Honorary
Member of the New Zealand Institute ; formerly Professor
of Biology in the Canterbury College (University of New
Zealand), and Professor of Zoology in the South African
College, Cape Town. Second Edition, eniarged. Third Impression,
with a Glossary. lilustrated. 12[6 net.

CoNTENTS :(—The Structure and Functions of Organsms, The Cell
Theory. The Evolution of Sex. Variation and Heredity. The Theory
and Evidence of Organic Evolution. Adaptation. Factors of Organic
Evolution. Glossary of Technical Terms.

Plant Physiology and Ecology.

By Frederic Edward Clements, Ph.D., Professor of Botany
in the University of Minnesota. With 125 Illustrations.
Demy 8vo. 86 net.

Indian Trees.

AN AccouNt or TRrees, SHruBs, Woopy CLIMBERS,
BaMBoos AND ParLms, INpiGenous or ComsonrLy CuL-
TIVATED IN THE BRriTisH INDIAN EMPIRE.

By Sir Dietrich Brandis, K.C.1LE., Ph.D. (Bonn), LL.D.
(Edin.), F.R.S., F.L.S., F.R.@.S., and Hon. Member of
the Royal Scottish Arboricultural Society, of the Society
of American Foresters, and of the Pharmaceutical Society
of Great Britgin. Assisted by Indian Foresters.

Illustrated. Demy 8vo. 16/- met. Third Impression.

i)
*.* Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Agriculture and Farming

Agriculture and Farming

The Potato: A Compilation of Information from every
available Source.
By Eugene H. Grubb and W. S. Guilford.
Hlustrated. Demy 8vo. 8[6 net.

Poultry Management on a Farm: An Account of

Three Years’ Work, with practical Results and

Balance Sheets. By Walter Palmer.
Hiustrated. Demy 8vo.  1]- nel.

Dairy Laboratory Guide.

By C. W. Melick, B.S.A., M.S. Crown 8vo, with 52 Illustrations,
5(- net.

Wool Growing and the Tariff.

A Stupy 18y THE Economic History of THE UNITED STATES.
By Chester Whitney Wright, Ph.D. Demy 8vo. 86 net.

Soils and Manures. By J. Alan Murray, B.Sc.
Tliustrated. Extra Cr. Bro. 6.- nmet.

CoxTeNTs.—Preface. Introductory. The Origin of Soils. Physical
Propasties of Soils.  Chemistry of Soils. Biology of Soils. Fertility,
Principles of Manuring. T’hosphatic Manures. Phospho-Nitrogenous
Manures.  Nitrogenous Manures.  Potash Manures. Compound
and Miscellaneous Manures. General Manures. Farmyard Manure.

Valuation of Manures. Composition and Manurial Value of Various
Farm Foods. Index.

Soils: How to Handle and Improve Them,
By S. W. Fletcher.
Upwards of 100 Hlustrations. Demy 8vo. 86 ret,

To Work a Grass Holding at a Living Profit,
and the Cheap Cottage Problem.

By H. B. M. Buchanan, B.A. Croun 8vo. 1/- net.

The First Book of Farming.

By Charles L. Goodrich. With 85 Hlustrations. Crown Buo. 476 net.

Farme Management.

’ By F. W. Card, Professor of Agriculture.

66 Full-page Illustyations and numerous useful Jables and Returns. Demy 8vo,
8/6 met.

*.* Write to Messrs. Constable & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Agriculture and Farming—continud.

Farm Animals: How to Breed, Feed, Care for and

Use Them. By E. V. Willcox, Ph.D., M.A,, US.A.
Department of Agriculture,
With over 60 full-page Ilustrations. Demy Svo. 8/G net,

Law, Patents, etc.
Building in London.

By Horace Cubitt, A.R.I.B.A., etc.
Hiustrated, with diagrams. Royal 8vo. 31/6 met.

A Treatise on the I.aw and Practice affecting the Erection and Main-
tenance of Buildings in the Metropolis, with Special Chapters dealing
réspectively with the Cost ot Building Work in and around London by
H. J. Leaning, F.S.1., and the Valuation and Management of London
Property by Sypxevy A. S»urtH, F.S.1. ; also the Statutes, Bye-laws and
Regulations applying in London ; cross-references throughout.

Industrial Accidents and their Compensation.
By G. L. Campbell, B.S. Crown 8vo. 4/- net. .

The Law affecting Engineers.

By W. Valentine Ball, M.A. (Cantab.), Barrister-at-Law,
Joint Editor of ¢ Emden’s Building Contract§.”
Demy 8vo. 10[6 met.

Foreign and Colonial Patent Laws.

By W. Cranston Fairweather, Chartered Patent Agent,.

Demy 8vo. 106 net.

This is a compendium of Patent practice in every British possession
and in every foreign country which appears on the map. The informa-
tion given is in large part obtained from official sources, and is presented
in a series of articles—-one for each State—revised so far as is possible
by agents practising in the States in question.

Patents, Designs and Trade Marks: The Law

and Commercial Usage.
By Kenneth R. Swan, B.A. (Oxon.), of the Inner Temple,
Barrister-at-Law.
Ex. Crown 8vo, 6/ net,

Inventions and Patents in America.
By Philip E. Edg¢lman. Siz, Demy 8vo.

** Write to Messrs. Constable &‘Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book,
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Law, Patents, etc.—continued.

The Arbitration Clause in Engineering and

Building Contracts.

By E. J. Rimmer (Barrister-at-Law), M.Inst.C.E.,
etc. Crown 8vo. 2/- met.

Miscellaneous
Primer of Scientific Management.

By F. B. Gilbreth, M.Am.Soc.M.E., with an Introduction
by Louis D. BRANDEIS. 4/~ net.

Commercial Paints and Painting : A handbook
for Architects, Engineers, Property Owners, Painters

and Decorators.

By Arthur Seymour Jennings,
Fellow of the Institute of British Decorators, etc.
224 - xdi pages. 47 Hlustrations. Extra Crown Svo. 6]- net.

Soft Soldering, Hard Soldering, and Brazing :
A practical treatise on tools, materials, and operations,
for the use of Metal Workers, Plumbers, Tinners,
Mechanics and Manufacturers.

By James F. Hobart, M.E.

203 pages. G2 Tlustrations.  4/- net.

Motion Study :

A METHOD FOR INCREASING THE EFFICIENCY OF THE WORK-
MaN. By F. B. QGilbreth, M.Am.Soc.M.E. 4]6 met.

IHow to do Business by Letter and Advertising.
By Sherwin Cody. s/ net.

Natural Rock Asphalts and Bitumens :
Tueir Georocy, History, PROPERTIES AND INDUSTRIAL
APPLICATION.
By Arthur Danby, Chemist and Public Consultant on Rock

Asphalt and Bitumen.
Hiustrated. Crown 8vo. 244 + ix pages. 8JG net.

Water, its Purification and Use in the

fndu stries.

By W. W. Christie, M.\ Am.S.M. E. M.Am.S.C.E.
230 pages. 79 Tlustrations. 8/6 nd

* * Wmte to Mcssrs Constabla & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.

57




Miscellaneous—. ontinued.

Spanish-English, English-Spanish Dictionary
of Railway Terms.
By André Garcia. 12/6 net,

Seasonal Trades. By Arnold Freeman. /6.

International Language and Science.

CONSIDERATIONS ON THE INTRODUCTION OF AN INTERNATIONAL
LLANGUAGE INTO SCIENCE.

Translated by Prof. F. G. Donnan. Demy 8vo. 2/- net.

Forecasting Weather. By sir W. N. Shaw, F.R.S.,

Sc.D., etc., Director of the Meteorological Office, London.
Tlustrated with Maps, Charts and Diagrams. Demy 8vo. 12/6 net.

From the Introduction : ‘ The arrangement which has been followed in
this work is first to explain and illustrate the construction and use of
synoptic charts and the method of forecasting by their means. I have
dealt with special departments of the work of forecasting, such as gales
and storm-warnings, anti-cyclonic weather, land and sea fogs, night frosts,
colliery warnings, forecasts for aeronauts.. .. A chapter has been devoted
to statistical methods for long period and seasonal forecasts.”

Structural Geology. By c. K. Leith.
169 -+ viii pages. 068 lllustvations. Demy 8vo.  6/6 net.

Vital Statistics Explained.
By Joseph Burn, F.I.A., F.S.1.

Illustrated. 144 + xvi pages. Demy Svo. 4s. nel. (Tug Cuapwick Lisraxy,)

Modern Astronomy. Second Edition.

BEING soME AccouNT oF THE RevoLuTION OF THE LasT
QUARTER oF THE CENTURY.
BY Prof. H. H. Turner, F.R.S. Ilustrated. Cr. 8vo. 2[6 net.

Time and Clocks :

A DESCRIPTION OF ANCIENT AND MODERN METHODS OF

MeasuriNG TiMe. By H. H. Cunynghame, M.A., C.B.
lilustrated. Crown 8vo. 2/G net.

The Limitations of Science.

By Louis T. More, Ph.D., Professor in the University of
Cincinnati.

Cr. 8vo.  6/6 net.

CONTENTs :—Science as a Symbol and a Law, The Metaphysical Ten-
dencies of Modern Physics. Descartes and his Influence on Recent
Science. The Scientific Method. The Classical and the New
Mechanics. Scepticism and Idolatry in Science. Science as the
Arbiter of Ethics. ®ndex.

*.¥ Write to Messrs. Constablemc%"Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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Miscellaneous —continued.

The Seven Follies of Science. By John Phin.

A new and enlarged Edition.  Illustrated. Demy 8vo. 5/- net.
A popular account of the most famous scientific impossibilities, and the
attempts which have been made to solve them. To which is added a small
budget of interesting paradoxes, illusions, and marvels.

PCrSpCCtiVC ¢ An Elementary Text-book.

By B. J. Lubschez, M.Am.lL.A.
88 pages. 32 Iliustrations. G/ net.

Colour and Its Applications.
By M. Luckiesh, Physicist, Nela Research ILaboratory,
National Lamp Works of General Electric Co.

129 [llustrations. 4 Colov Plates.

CoNTENTs :(—Light. The Production of Color. Color-Mixture. Color
Terminology. The Analysis of Color. Color and Vision. The Effect
of Environment on Colors. Theories of Color Vision. Color Photo-
metry. Color ’hotography. Color in Lighting. Color Effects for the
Stage and Displays. Color Phenomena in Painting. Color Matching.
The Art of Mobile Color. Colored Media. Index.

Public Ownership of Telephones.
By A. N. Holcombe. B8:0. 8J6 net.
‘“ We commend this book to the notice of all interested in the study of
telephone development and administration.”—Electricity.
British Railways : A Finanaal and Commercial Study.

By W+ R. Lawson, Chairman of the Railway Shareholders’

Association.
320 + axxi pages.  Extva Croion 8vo.  Gf- net.

Panama :
ITs CREATION, DESTRUCTION, AND RRESURRECTION.
By Philippe Bunau-Varsilla.

INustrated. FRoyal 8vo. 12/6 net,
Good Engineering Literature.
By Harwood Frost, M. Am.Soc.M.E. Croun 8vo. 4/6 net.

Essays Biographical and Chemical.
By Professor Sir William Ramsay, K.C.B., LL.D., F.R.S.,
D.Sc., etc. Demy 8vo. 7/6 met.
The Curves of Life. Being an Account of Spiral
Formations and their Application to Growth in

Nature, to Science, and to Art.

By Theodore Andrea Cook, M.A., F.S.A.
415 Illustrations and 11 Plates. Royal 8vo. 4y0 + xvxii pages. 12/6 net.

. Write to Messrs. Constuble & Co., Ltd., 10, Orange Street,
Leicester Square, for full particulars of any book.
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D.-S. Series of Technical Dictionaries

in Six Languages, The, 7
Dynamics of Mechanical Flight, 19
Dynamometers, 13
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Theory of, 37
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36
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Gas Engine Design, 9
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including Gas Producer Plants, 1o
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o1, 54
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Glass Processes, Decorative, 49
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47
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Book, 59
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Physical Chemistry, Problems in, 41
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the Study of, 17, 41

Physics, A Text-Book of, 44

Plant Physiology and Ecology, 54

Potato, The, 55

Potters’ Craft, The, 51

Poultry Management on a Farm, 55

Power, Natural Sources of, 16
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24
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63
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tures, 24
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Sanitary Engineering (Modern), 31
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Steam Engine, The Modern, 10
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Orifices, Experimental Researches
on, 12

Steam Pipes: Their Design and Con-
struction, 11

Steam Tables, The New, 12, 52

Steel Bridges, The Design of Simple,
25
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Steel - Framed Sheets, Practical
Design of, 28

Steel Rails: Their History, Proper-
ties, Strength and Manufacture, 24

Stone Age in North America, The,

53
Structural Design, The Elements of,

27

Structural Geology, 58

Superheat, Superheating, and their

ontrol, 12

Surveying and Field Work, 29-30

Surveying, Practical, 3o

Switches and Switchgear, 35

Switchgear Design, High and Low
Tension, 35

T.

Tables of Multiplication, Division
and Proportion, §2

Telegraph Engineering, 32

Telegraphic Transmission of Photo-
graphs, The, 33

Telephones, Public Ownership of, 33,

59
Test Methods for Steam Power
Plants, 11
Testing, A Handbook of, 14
Textiles and their Manufacture, 50
Thermodynamics, Applied, for Engi-
neers, 39
Thermodynamics, Experimental and
Theoretical Applications of, to
Chemistry, 39, 43
Thermodynamics, Principles of, 39
Thermodynamics, Technical, 39
Thermodynamics, A Text-Book of, 39
Timber, 29
Time and Clocks, 58
Toll Telephone Practice, 33
Transmission Line Formulas, 35
Trees, Indian, 54
Tunnel Practice (Modern), 29

Bradbury, Agnew, & Co. Ld., London and Tonbridge.

Tunnel Shields and the Use of Com.
pressed Air in Subaqueous Works,
28

Turbine Practice and Water Power
Plants (Modern), 23

Turbines Applied to Marine Propul-
sion, 22

U.

Una-flow Steam Engine, The, 10
Universe, The, and the Atom, 42

V.

Vapours for Heat Engines, 43
Vital Statistics Explained, 58

W.

Water Hammer in Hydraulic Pipe
Lines, 22

Water : Its Purification and Use in
the Industries, 57

Water Pipe and Sewage Discharge
Diagrams, 31

Water Purification and Sewage Dis-
posal, 30

Water Softening and Treatment, 15

Welding and Cutting Metals by the
Aid of Gases or Electricity, 18

t+ Westminster " Series, The, 6

Wireless  Telegraphy, Maxwell's
Theory and, 33

Wiring of Buildings, Internal, 38

Wood Pulp, 51

Wool Growing and the Tariff, 55
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Zoology and Entomology, Economic.
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