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PREFACE TO FIRST EDITION

IN putting forth this small work, the author has in-
tended to write a textbook on Chemical Calculations fol-
lowing more closely than other books &t present on the
market, the needs of the student who will later find
occupation in chemical laboratory work. For this reason,
constant reference will be made to Chemists’ Handbooks,
the best of which, in the author’s opinion, is “ VAN Nos-
TRAND’S CHEMICAL ANNUAL FOR 1913,” edited by ‘Prof.
J. C. Olsen. Constant reference will be made to this
work by means of footnotes, with the intention of lead-
ng the'w¥udent to the most convenient source of tabu-
lated data, and to explain the method of utilizing the
same. The purchase of the “ ANNUAL’ will not be nec-
essary, much as it may be desirable, in following the ex-
planations or solving the problems.

The problems are numerous and of varying degrees of
difficulty; the instructor is the best judge of the type
of problem to assign a class or individual. Those of the
more difficult gort may *bés giyen the ‘more advanced
student, thu, ’hbldmg the class &ether. Many of the
problemi‘fo & ugually found in works of
this nat Rﬁd@ selection of these, most of the
books on tfis ‘Subject have b onsulted. Some of the
types are new to woulss 6f¥Nis kind; their inclusion is
made in the hope of making the book more practical.

The method of solving the problems is treated in the
text, and in the earlier chapters typical problems are
solved at the end of the reading matter just before the

problems are stated. The answer or answers have been
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attached to cach problem rather than given in a list in
the appendix, with the belief that it is more convenient
for student and instructor. It may be urged that the
inclusion of the answer with the problem may be a temp-
tation offered the student to work for this answer. ITow-
cver, a student who will do this, will always take the
trouble of looking up the answer, cven if it is at the end
of the book.

Some of the topics are discussed from two or more
methods of approach in the belief that one of the methods
may appeal to a student and he more easily comprehended
by him than the others. If some of the topics are treated
in too elementary or extended a fashion to suit some, it
must be remembered that this subject is not simple to all
students. The author does not anticipate adverse criti-
cism on the score of the work being too clementary when
taken as a whole. The treatment of ratios may he so
full as to be tedious. This is for the reason that it is
wished to lead the student away from proportions as
generally expressed, e, £ :y = @ :b, but to have him
at once set down his mathematical expression in a form
for immediate solution. The algebraic method has been
extensively employed and the treatment of indirect
analysis aixd the calculation of indirect factors have been
given considerable space, an amount of space not meas-
ured by the importance of indirect analysis, but rather
by the importance of the methods of chemical and alge-
braic reasoning. Many problems have been solved in
steps, after which it is shown how the same problem
may be solved by one cxpression. The problems are
more numerous than will be solved by one class, if small;
two or more problems of the same nature are included
80 that in a large class there will be enough to go around.
Furthermore, a large number of problems will give the
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instructor more choice, and there is less likelihood of
their being solved by one class and handed on to the
next in the nature of heirlooms.

In the calculation of the problems, the use of loga-
rithms is strongly recommended; as also is the slide rule.
The latter is to be especially recommended, as the time
allotted the subject may be devoted to theory, relegating
the mechanical solution of the problems to a subordinate
place. With the use of this device the subject may be
thoroughly treated in half the usual time.

The problems have been checked and rechecked, but
notwithstanding this, errors will undoubtedly creep in.
The author will appreciate having his attention called to
such. As five- and, in a few instances, six-place logarithms
have been uscd, answers are often stated to a number of
significant figures not justified by the number of signifi-
cant figures in the data given. It was thought best to
carry out the answer, as this involved no extra work and
is valuable in inculcating accuracy.

The author wishes to express his appreciation to Mr.
Harry R. Lce, Superintendent, of the Virginia Elcctro-
lytic Company for checking problems, reading the
manuscript and giving much criticism and advice; to
Mr. G. C. Merrill, formerly of the College of Montana,
for the checking of a large nuinber of problems. Profes-
sors Ralph H. McKee and Charles W. Easley of the
University of Mainc have been generous with help and
advice, as have many others of the author’s colleagues.
An expression of thanks is due Mr. Charles F. Guhlmann
of the General Chemical Company for reading the chap-
ter on mixed acids and offering very helpful advice for
this scction. R. H. A.

UNIVERSITY OF MAINE,
ORroNO, MAINE,
Jan. 30, 1915.



PREFACE, SECOND EDITION

The subject matter of this edition remains substantially
unchanged. Errors in the text and answers to the prob-
lems have been corrected and it is believed that the book
as it now stands is free from crror; the author taking this
opportunity of thanking thosc who have brought these
errors to his attention. Foot-note references to Van
Nostrand’s Chemical Annual have been changed so that
they conform to the Fourth Issue, 1918. Although new
International Tables of Atomic Weights have appeared
since the first edition of this book, yet the changes in the
atomic weights have, in general, been so small that it has
not been deemed necessary to reealeulate the many prob-
lems by the later atomic weights.

Boston, Dec., 1918.
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CHEMICAL CALCULATIONS

CHAPTER 1
RATIOS

CueMmicAL calculations are based on the two following
laws:

Law of the Conservation of Mass.—In any system un-
dergoing change, chemical or otherwise, no change in
the mass of the system has ever been observed.

Law of Constancy of Composition.— The masses of the
elements taking part in a given chemical change always
exhibit a definite and invariable ratio to each other.

The Decomposition of Mercuric Oxide.—Let it be
required to find the number of grams of oxygen which
will be liberated by the decomposition of 1.7000 g. of
mercuric oxide. The decomposition is represented by the

cquation:
2HgO = 2Hg + O,
parts by weight, 2 (216.6) 2 (200.6) 2 (16)

In the atomic weight tables,! 200.6 is given as the atomic
weight of mercury and 16.00 as that of oxygen. The sym-
bol of mercuric oxide, HgO, shows that one molecule of
mercuric oxide contains one atomic weight of mercury

! The atomic weights are revised annually by an international
committee. The atomic weights of 1913 were used in the calcula-
tions of this book but the changes have been so few and so small
that recalculation to the 1918 atomic weights was not deemed nec-
cssary. See ‘‘ Van Nostrand’s Chemical Annual,” p. 1, fourth issue,
1918. Frequent references will be made to this book, where the
title will be abbreviated to Chem. Ann., always referring to the
edition of 1918,

1



2 CHEMICAL CALCULATIONS

and one atomic weight of oxygen, consequently the sum
of these atomic weights (200.6 + 16.00), 216.60, represents
the molecular weight of mercuric oxide.! Single atoms
and mokecules are so small that they cannot be dealt
with as such, but aggregations of atoms or molecules may
be taken in the ratio of their atomic or molecular weights,
in which case an equal number of atoms are decalt with.
Numbers representing molecular or atomic weights are
relative only, being based upon a convenient standard,
for example, the weight of an atom of oxygen, the atomic
weight of which is arbitrarily fixed at 16.00. Inacomplete
reaction, when all the initial substances are adjusted in
the ratio of the molecular or atomic weights, all the initial
substances disappear and the products stand in relation
to cach other in the ratio of their molecular or atomic
weights and nothing remains over.

Ratios Involved in the Decomposition of Mercuric
Oxide. — Rcturning to the problem, the ratio of oxygen
to mercuric oxide is 2 (16) parts by weight of oxygen to
2 (216.6) parts by weight of mercuric oxide, or 3 216.6)°
This is the fixed and invariable ratio which always holds
between these two substances in this particular reaction.
In other words, 2 (16) parts by weight of oxygen are evolved
by the decomposition of 2 (216.6) parts by weight of mer-
curic oxide. Then, if 2 (216.6) parts by weight of mercuric
oxide yield 2 (16) parts by weight of oxygen, one part by
2 (16)
(216.6)

weight of oxygen is given by 9 parts by weight of

1 Tabulations of molecular weights are to be found in chemist’s
handbooks. In such a simple case as this, no time would be
saved by so doing, but in many ecases such tabulations are useful
and much time saved and liability to crror reduced. See Chem.
Ann., pp. 48-57; 130-376.
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mercuric oxide, and as the unit of weight under considera-
tion is the gram, the problem is solved by the expression:

2 (16) ~ .
3 (216.6) X 1.7000 = 0.1256 g. of oxygen, yielded by

1.7000 g. mercuric oxide.

Again, employing the same equation, how much mer-
cury will be obtained by the decomposition of 1.7000 g. of
mercuric oxide? The quantity of mercury is now sought;
consequently the ratio of mercury to mercuric oxide being
2 (200.6)
2(216.6)’
problem, the expression becomes:

2 (200.6)

2 (216.6)
1.7000 g. mercuric oxide.

and rcasoning precisely as in the previous

X 1.7000 = 1.5744 g. of mercury, yield from

In all, this reaction yields the following ratios:

(a)* Oxygen to mercuric oxide, 5 %2(1%
(b) Oxygen to mercury, 2_%2(01—(?)6)
(¢) Mercury to mercuric oxide, g-é%g%
1Tt s ovident that 5o, ete, s equivalent to zoe; but

the equation as written is more accurate, chemically speaking, than
the simpler equation, HgO = Hg + O, in which the oxygen is rep-
resented as in the atomic state, a condition fulfilled only at the
instant of decomposition. It is necessary for the student to bear
this in mind, as in gas equations involving volumes it is a matter
of importance. For calculations involving weights only, such an
equation serves the purpose, but in the calculation it is a simple
matter to write the correct equation, and in solving to cancel; i.e.,
2(16) _ 16
2(216.6)  216.6°
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2 (200.6)

(d) Mercury to oxygen, 206)
o 2 (216.6)
(e) Mercuric oxide to oxygen, 2 (16) .
o oxi 2(216.6),

(f) Mercuric oxide to mercury, 3 (200.6)

If z repz.'escnts the units of weight in any system:
,_2(16)
@) 2 (216.6)
,_2(16)
®) 3 200.6)
(e 220 2 (200.6)
2(216.6)
»2(200.6) -
@ “2(16)
» 2 (216.6)
© 206
+2 (216.6)
Py (200.6)

z=weight of O, produced by z units of HgO.
x=weight of O; cquivalent to z units of Hg.
z=weight of Hg produced by z units HgO.
z=weight of Hg equivalent to z units of O,.
x=weight of HgO produced by z units of O,.
x=weightof HgO produced by zunits of Hg.

These six ratios arc applied in problems typified by
the following:

(a)” How many grams of oxygen will be liberated by
the decomposition of 3.000 g. of mercuric oxide?

2 (16)

Ans. 37516.6)

X 3.000 = 0.2216 g.

()" How many grams of oxygen are associated with
3.000 g. of mercury in mercuric oxide?

2 (1b)

Ans. 5 2 (200.6)

X 3.000 = 0.2393 g.
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(¢)"” How many grams of mercury arc produced by the
decomposition of 3.000 g. of mercuric oxide?
2 (200.6)
Ans. 5 1316.6)
(d)” How many grams of mecreury are associated with
3.000 g. of oxygen in mercuric oxide?
2 (200.6)
A 2w
(e)”” How many grams of mercuric oxide must be de-
composcd to obtain 3.000 g. of oxygen?
2 (216.6)
Ans 2 (16)
()’ How many grams of mercuric oxide must be de-
composcd to obtain 3.000 g. of merm_lry?
2 (216.6)
Metathesis between Barium Chloride and Sodium
Sulphate. — Again take the equation:

BaCl; + Na,S0,4 = BaSO, + 2 NaClL

The molecular weights being the sum of the atomic
weights, are:

X 3.000 = 2.7784 g.

X 3.000 = 37.613 g.

X 3.000 = 40.613 g.

X 3.000 = 3.239 g.

BaClg Nae_SO4
Ba = 137.37 Na, = 2(23.00) = 46.00
2Cl =2(35.46) = 7092 S = 32.07
208.29 40 =4(16.00) = 64.00
142.07

BaSO, 2 NaCl
Ba = 137.37 Na = 23.00
S = 32.07 Cl = 35.46
40 =4(16.00) = 64.00 2 (58.46)

233.44
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As before the ratios are:

from this reaction.

(a) Barium chloride to sodium sulphate:
(b) Barium chloride to barium sulphate:
(¢) Barium chloride to sodium chloride:

(d) Sodium sulphate to barium chloride:

(e) Sodium sulphate to barium sulphate:

(/) Sodium sulphate to sodium chloride:

(9) Barium sulphate to barium chloride:

(h) Barium sulphate to sodium sulphate:

() Barium sulphate to sodium chloride:
(7) Sodium chloride to barium chloride:
(k) Sodium chloride to sodium sulphate:

(&) Sodium chloride to barium sulphate:

These twelve ratios cover all cases which will arise
In the typical examples given below,
these ratios are employed in solving problems.
(a)’ How many grams of barium chloride will be re-
quired to react with (arc equivalent to) 5.0000 g. of sodium
sulphate?

208.29

Ans. Tiso7

208.29
142.07°
208.29
233.44°
208.29
2 (58.46)
142.07
208.29°
142.07
233.44
142.07 '
2 (58.46)
233.44
208.29°
233.44
142.07°
233.44
2 (58.46)
2 (58.46)
208.29
2 (58.46)
142.07
2 (58.46)
23344

X 5.0000 = 7.3305 g.
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()’ How many grams of barium chloride are required
for the precipitation of 5.0000 g. of barium sulphate?

208.29
Ans. 933.44 X 5.0000 = 4.4613 g.
(¢)’ Required the number of grams of barium chloride

equivalent to 5.0000 g. of sodium chloride.

208.29
Ans. 5 (58.46) X 5.0000 = 8.9074 g.
(d)’ How many grams of sodium sulphate are necessary
for the precipitation of the barium of 5.0000 g. of bariumn
chloride?
142.07 _, o
Ans. 508.29 X 5.0000 = 3.4104 g.
(e) How many grams of sodium sulphate have been
added to barium chloride if 5.0000 g. of barium sulphate
are precipitated?
142.07
Ans. 233 44 X 5.0000 = 3.0430 g.
(f)) How many grams of sodium sulphate are equiva-

lent to 5.0000 g. of sodium chloride?

Ans. 5 (_5.8 ;16')' X 5.0000 = 6.0755 g.
(9)’ How many grams of barium sulphate are precipi-
tated by 5.0000 g. of barium chloride?

233.44
Ans. 208.29 X 5.0000 = 5.6037 g.

(h)’ How many grams of barium sulphate are precipi-
tated by 5.0000 g. of sodium sulphate?
233.44

Ans. 142.07 X 5.0000 = 8.2157 g.
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(3)' How many grams of barium sulphate are equiva-
lent to 5.0000 g. of sodium chloride?

233.44
Ans. 2 (58.46) X 5.0000 = 9.9829 g.

()’ How many grams of sodium chloride are formed
when 5.0000 g. of barium chloride are added to a solution
containing sodium sulphate?

2 (58.46)
Ans. 508,29

(k)" How many grams of sodium chloride are equiva-
Ient to 5.0000 g. of sodium sulphate?

2 (58.46) 3 )
Ans ﬁz“ﬁ‘ X 5.0000 = 4.1149 g.

()’ If 5.0000 g. of barium sulphatc are precipitated,
how many grams of sodium chloride arc formed?

2 (58.46) ok 1
Ans 233.44 X 5.0000 = 2.5043 g.

1 These examples are typical of the commonest and simplest
chemical calculations. It is to be noted that there are three terms,
of which two are expressed in similar units, the third being dissimi-
lar. In thesc examples there are two terms expressing atomic
weights and one term in grams. To solve a problem of this type:
MAKE A FRACTION OF THE TWO TERMS IN SIMILAR UNITS, PLACING
THAT TERM REPRESENTING THE MAGNITUDE SOUGHT OVER THE LINE
(MAKING IT THE NUMERATOR), THE OTHER TERM OF THE SAME KIND
OF UNIT UNDER THE LINE (MAKING IT THE DENOMINATOR), MULTIPLY
BY THE TERM OF THE DISSIMILAR UNIT.

This rule of constructing ratios is, as stated, empirical, but a
little reflection will show its validity. It is given in this form in
the belief that it is more easily grasped and that a little practice
will result in making application of it almost mechanical. It must
be borne in mind that it is applicable only when an increase in one
term produces a corresponding increase in the other; in other words,
in those cases only in which the two units going to make up the
fraction vary directly. The great majority of chemical problem

X 5.0000 = 2.8067 g.
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Factors.— The fractions composed of the terms of
similar units arc constant for the same equation and when
frequently employed it is advantageous to solve the ratio
once for all. The values thus obtained are called factors.!
In the reaction between barium chloride and sodium sul-
phate, the fractions formed by the molccular weights
yield the following constants:

(@) 1_131";%?()2; = %2,‘82_(2)2 =1.4661: factor of BaCl; to Na;SOs.

®)” BaCl, _ 208.29
BasSO, 233.44

©" BaCl, _ 208.29
2NaCl 2 (58.46)

)" %(Sj—?-‘ - ;—f;g% —0.6821: factor of Na;SO; to BaCls.
2 .

=0.8923: factor of BaCl; to BaSO,.

=1.7815: factor of BaCl; to NaCl.

" Na S04 _ 142.07
BaSO;  233.44

” §8»2304 _ 142.07 _ .
(N 320l = 2(58.46) =1.2151: factor of Na,SO, to NaCL

BaSO,  233.44
” _“ - .
@ BaCl, — 208.29 1.1207: factor of BaSO, to BaCl,.

, BaSO, '233.44 _ ,

) NS0, — 142.07 1.6431: factor of BaSO,4 to Na,SOs.
come under this head, the chief exceptions being in gas calculations,
as for instance Boyle’s law, which states that the volume of a gas
varies inversely with the pressure. In such cases the rule is re-
versed so far as the composition of the fraction is concerned. This
is treated in another place.

1 See Chem. Ann., pp. 17-45.

2 When chemical symbols are written in this manner, the frac-
tion is considered as made up of the terms corresponding to the
molecular weight of the symbol, I?—?'% representing the fraction

2250,
208.29
142.07°

=0.6086: factor of Na,SO4 to BaSO,.
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@) P_a_S_O‘:, = _23:}_41

2NaCl 2 (58.46)
" 2]-31%32—1 = ?E(gggg)- =0.5613: factor of NaCl to BaCl,.
(k)" 12\11;%%14 = ?_1(25%3)'_'0'8230: factor to NaCl toNazSOy.
" %&?b‘%?l: = LZ—Z(;S%) =0.5009: factorof NaCl to BaSO,.

From an inspection of these ratios it will be noted that
. . BaCl, .
. [ttt o
of the twelve, each has its reciprocal; (a)”, N, S0, having

. . . Na;S0, BaCl, . BaSO,
[kt 7 e 174 .
its reciprocal in (d)”, BaClL )", BasO, @, Bacl, ’

=1.9966: factor of BaSO4to NaCl.

and so on throughout. This then climinates six of the
twelve as superfluous, for knowing the value of the factor,
the value of its reciprocal follows. To multiply by a
number is equivalent to dividing by its rcciprocal and
vice versa. Consider the reciprocal factors (b)” and (g)”.
Problems involving these may be typified as:

(b)” How many grams of barium chloride are required
to produce X grams of barium sulphate? By cmploying
factor (b)”, the answer is obviously 0.8923 X g.,

(9)"” How many grams of barium sulphate will be pre-
cipitated by X grams of barium chloride? Factor (g)”
gives the answer, 1.1207 X g. Supposing factor for (b)"”
only were known and problem (g)” is to be solved. This
is done by simply dividing by the reciprocal factor for
)", the result being,

X
0.8923

1 When a factor is given and its reciprocal is desired, instead of
dividing by the factor given, if logarithms are used and the loga-
rithm of the factor is known, it is more convenicnt to merely add the
cologarithm.

= 1.1207 X g., as before.!
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Factors as given in chemists’ handbooks are usually
tabulated in four columns: Given, Sought, Factor and
Logarithm of the factor. In problem (b)” barium sul-
phate is given; barium chloride is sought and the factor
is 0.80923. In problem (g)” these conditions are reversed;
barium chloride is given and barium sulphate is sought;
consequently the operation is reversed.!

Percentage Composition of Chemical Compounds. —
The law of constancy of composition, stating that every
well-defined chemical compound always consists of the
same elements united in invariable proportion by weight,
furnishes a means of calculating the ratio composition of
any compound and conscquently the weight of any ele-
ment or group of clements contained in any weight of
that compound. The compound MgSO; -7 H;0O is com-
posed of

o Mg 2432
MgSO, - 7H,O — 246.50
magnesium, per unit weight MgSO, - 7 H;O,
8 _ 3207
MgSO, - 7TH;O ~ 246.50
sulphur per unit weight MgSO, - 7 H,O.
1o 1106
MgSO0, - 7TH,0 ~ 246.50
oxygen per unit weight MgSO, - 7 H,0,

= 0.0987 parts of

= (.1301 parts of

= (.7140 parts of

1 See Chem. Ann,, p. 20. In this tabulation, both factors are
given, onc being the reciprocal of the other. In the problem (b),
barium chloride is “required,” while barium sulphate is “found.”
An inspection of the arrangement of the tables will show when the
column headed “ A’ is to be used, as the line giving the conditions
of “required” and “found” arc given on the line marked “A.”
The factor (g)” is found in column “B” as the linc marked “B”
fulfills the conditions of the problem.
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__14H _ 14(1.008) _ -
MgS0,- 7150 — 24650 — 0-0572 parts of
1.0000

hydrogen per unit weight MgSO, - 7 HO.

Or, if magnesium sulphate is regarded as made up of the
radicals, MgO - 8SO0; - 7 IT1,0, then

MgO  _ 40.32
MgSO; - 7ILO ~ 246.50

= 0.1636 parts of
magnesium oxide,

SO, _ 80.07
MgSO, - 7H;0 ~ 246.50

= 0.3248 parts of

sulphur trioxide,

TH0 _7(8016) _ o pii6 ot
MgS0: - 71,0 ~ 24650 0..)1%9 parts of water.
1.0000

Equivalents. — If a compound contains the elements
of a radical, even though it be impracticable actually to
convert the compound into the desired radical, yet the
amount of the radical which might theoretically be derived
if the conversion were possible is readily calculated, though
the equations may be lacking. Thus: what is the arsenie
trioxide equivalent of potassium arsenite? Representing
the equivalence by the sign =,

I(:;ASOa il ASan-
But arsenic trioxide contains two atoms of arsenic in the
molecule while potassium arscnite contains only one atom
of arsenic; hence two molecules of potassium arscnite
must be taken,

2 KsASOa = A5203
and the factor is

As;0s 197.92

TTGAS; ~ 2 (24022) ~ 04112
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Successive Reactions.— When a compound is con-
verted into some other substance by successive steps, and
the amount of one of the initial compounds, needed to
furnish a certain amount of a final product, is required,
it is unnecessary to calculate the intermediary products.
For example, the Solvay process for the manufacture of
sodium carbonate depends upon the equations:

NH;; + H20 + COz = NH4HC03,
NaCl + NH4HC03 = Ncho; + NH4CI,
2 NaHCO; = Na,CO; 4+ H,0 + CO,.

It is desired to know the amount of ammonia involved in
the production of one ton of sodium carbonate. It is
ncedless to calculate the amount of acid ammonium car-
bonate and of acid sodium carbonate; it is necessary only
to notice that one molecule of ammonia yields one mole-
cule of acid ammonium carbonate which in turn yields
one molecule of acid carbonate, while it requires two mole-
cules of acid sodium carbonate to yicld one molecule of
sodium carbonate. The cquations must then be modified
to
2 NH3 + 2 H20 + 2 COz = 2 NH4HCOs,
2 NaCl + 2 NH4H003 =2 N&HCOs + 2 NH.}CI,
2NaHCO; = Na,CO; + H;0 + CO,.
The sodium carbonate depends upon acid sodium carbon-

ate for its production, the weight of which, requisite to
produce one ton of sodium carbonate, being

2 NaHCO:; _ .

“NaCO; X 1 = X tons of NaHCO;; (1)
and X tons of acid sodium carbonate require

2NHHCO,8

ONaHGCO, X X = Y tons of NH,HCO;; @)
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and the production of Y tons of ammonium acid car-
bonate call for
2NH;
2 NH,HCOs
Substituting in (2) the value of X found in (1), the re-
sult is

X Y = Z tons of ammonia. 3)

2NHHCO; _, 2 NaHCO,

ZNaHCO; = Na0; <1 =Y
and substituting in (3) this value of Y and canceling;
2 NH;, ?ﬁh&@@, ﬂaﬁ{-@, X 1=2.

‘2“—NH1HGQ3- —2—\&4@,@,—  Na,COs
Then the number of tons of ammonia sought is

2NH; _
NaCO; < ! = %5
therefore
2 (17.03)
Z = 106,00 X 1 =0.3213 ton.

It is not necessary to go through all this; the above is
offered in proof. These reactions are summed up as
follows:

2 NH; = 2 NH,HCO; = 2 NaHCO; = Na,COs;

therefore
2 NHa =N 8.2003,

and the ratio is determined.!

1 Another method of arriving at the same result may be exem-
plified by taking the three equations given above, canceling like
molecules on opposite sides of the equality sign and adding:

1 1
2NH, + R H:0 4% CO, =2-NHHCO,-
2 NaCl +223HCO; =2NaHCO: + 2 NH,CI
2NaHCO: = Na,CO; + O +59,.
2NH; + 2NaCl + H;0 + CO, = Na,C0; + 2 NH,CI
from which it is at once cvident that 2 NH; = Na;CO,.
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Factors Other than Chemical. — Factors arc of very
general application, tables of lengths, weights and other
measures coming under this head. Thus, three feet make
one yard. The factors are § = 3 for the conversion of
yards into feet and its reciprocal } = 0.333 is the factor
to convert feet into yards. Such examples might be in-
stanced indefinitely. Take the calculation of factors for
the conversion of the metric system of lengths into the
English system.! Having given

Metric system. English system.

10 decimeters = 1 meter 12 inches = 1 foot

100 centimeters = 1 meter 3feet =1yard

1000 millimeters = 1 meter 5280 feet = 1 mile
1000 meters = 1 kilometer

and also the fundamental relation, 1 meter = 39.37 inches.
The factor for the conversion of meters into feet is

8937 _ 5 9508,

12
which means that 1 meter = 3.2808 feet. Its reciprocal,

12 1
mf = 0.30480, or ﬁsog = 0.30480,
is the factor for the conversion of feet into meters. In the

same way, ’

3%5_7 = 1.0936: factor of meters to yards.
36 1 - : factor of yard

3937’ °F 10936 0.91440: factor of yards to meters.

then as 1inch is 5th of a foot and 1 foot = 0.30480 meters,

0'—3;)%81) = 0.02540: factor of inches to meters,
1 See Chem. Ann., pp. 542-568.
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and as 1 meter = 100 centimeters, then 1 inch = 2.540

CHEMICAL CALCULATIONS

centimeters. So a table may be constructed:

Given. Sought. (or ﬁ:}‘l’;‘l’)‘;ﬂ_ Logarithm.
meters yards 1.0936 0 03886
yards meters 0 9144 1.96114
meters feet 3 2808 0.51598
fect meters 0.3048 1.48402
centimeters inches 0 3937 1 59517
inches centimeters 2 5400 0.40483

PROBLEMS

I. Given the reaction:
PbCl; + K:CrOs = PbCrO, + 2 KCL
278.02 323.2
() What is the factor of lead chloride to lead chromate?
(b) If 0.1784 g. of lead chromatec are precipitated by an excess
of potassium chromate from a solution containing lead chloride,
how many grams of lead chloride were present? () How many
grams of lead chromate are obtained from 1.000 g. of lead
chloride? (d) How many grams of lcad in 0.7325 g. of lead

chromate?
PbCl, _ 278.02
Ans. (9) prcr0. = 323.1

(b) 0.1784 x 0.8605 = 0.1535 g. PbCl,.
1 _
(c) 08605 1.1622 g. PbCrO,.

Pb__ 2071 )
@) Foos: = sav1 X 07325 = 04605 g. Pb.

II. Hydrous sodium carbonate may be converted into the
anhydrous salt by heat according to the equation:
Na;CO; « 10 H:0 = NayCOs + 10 H;0.
286.16 106.00 180.16

(a) How many. pounds of anhydrous sodium carbonate may

be obtained from 15.000 pounds of the crystallized salt? (b)

= 0.8605.
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What is the factor of hydrous sodium carbonate to anhydrous
sodium carbonate? (c¢) If 17.000 pounds of hydrous sodium
carbonate are converted into the anhydrous form, what is the
loss in weight?

Ans.

(@) Na,CO; _ 106.00
NihCOa <10 Hzo 286.16
®) Na,CO; « 10 H,O — 286.16

Na,COs 106.00

(c) The loss in weight is the water driven off. This problem
may be solved in two ways: By using the factor found in (b),
or by calculating the water directly.

X 15.000 = 5.5214 Ibs. Na;COs.

= 2.6996.

¢ 17.000 _ N
56996 — 0-2073 Ibs. Na,COs remaining.
17.000 — 6.2973 = 10.703 lbs. water driven off.
___10H0 _ 180.16 _
Or Na,COs- 10 H,O = 286.16 X 17.000 = 10.703 lbs. water
driven off.

1. (a) What is the factor for the conversion Mg.P:0; — P;0;?
(b)) How many grams of phosphoric anhydride are contained in
0.7256 g. of magnesium pyrophosphate? (¢) What is the factor
for the conversion of (NHy); POy« 12 MoOs to P:0s? (d) How
many grams of phosphoric anhydride are equivalent to 0.1500 g.
of ammonium phosphomolybdate? Ans. (a) 0.63793.

(b) 0.4629 g.

(c) 0.03784.

(d) 0.005677 g.
2. Verify the following factors:

Given. Sought. Factor (number).
K,PtClg Pt 0.40151
PbMoO, MoO; 0.39226
NO NaNO; 2.8327

PbSO, Pb 0.68311
Mn,P,0, MnO 0.49961
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3. How many grams of chromie sulphide will be formed from
0.7182 g. of chromic oxide according to the equation:
2 C!‘an + 3 CSz =2 CI‘st +3 COz?
Ans. 0.9460 g.

4. How many grams of tin must be treated with nitric acid
to obtain 2 kilos of stannic oxide?
Sn — Sn0O,.
Ans. 1576 g.

5. How much charcoal is required to reduce 1.500 g. of
arsenic trioxide according to the equation:
As:0: +3C =3CO + 2 As?
Ans. 0.2728 g.

6. Iodine is liberated according to the cquation:
2KI+ Cl; = 2KCl + L.

(a) How many grams of iodine are liberated from 0.1726 g. of
potassium iodide? (b) If 1.5370 g. of iodine are liberated, how

many grams of potassium iodide were decomposed?
Ans. (a) 0.1319 g.
(b) 2.0105 g.

7. Oxygen is prepared from potassium chlorate according to

the cquation:
2KClO; = 2KCl 4 3 O..

(@) What is the yicld of oxygen when 7.0680 g. of potassium
chlorate are decomposed? (b) How many grams of potassium

chlorate must be decomposed to get 2.0000 g. of oxygen?
Ans. (a) 2.7681 g.
(b) 5.1067 g.
8. In the compound CaCO;-3 Cas (POs);, (2) how much
phosphorus is contained in 5.000 g.? (b) How much phosphoric
anhydride in the same amount? Ans. (a) 0.9031 g.
(b) 2.067 g.
9. Sulphur dioxide may be produced by the reaction:
Cu + 2 HzSOA = CUS04 + 2 HzO + SOz.
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(a) How much copper and (b) how much of a 93.209, H,SO4
must be taken to obtain 64.00 g. of sulphur dioxide?
Ans. (a) 63.50 g.
(b) 2103 g.

10. How much superphosphate can be made from one ton of
calcium phosphate, 93.509, pure? The reaction is

Caz (PO4): + 2 HoSO4 = 2 CaSO4 + Call(POy).
Ans. 0.7056 ton.
11, Sulphuric acid is made according to the cquation:
28 4+ 3024+ 2 H,O = 2 HaS0..

(a) If brimstone containing 97.009, sulphur is used, how much
sulphuric acid is obtained from one ton? (b) If pyrites con-
taining 96.009, FeS; is used to furnish the sulphur, how many
tons are required to yield a ton of sulphuric acid?

Ans. (a) 2.9667 tons.
(b) 0.6371 ton.

12. Sulphuric acid reacts with sodium hydroxide thus:
H,S04 + 2 NaOH = Na,S0, + 2 H.,0.

If 0.2073 g. of sulphuric acid arc added to 0.1705 g. of sodium
hydroxide, (@) how much sodium sulphatc is formed and (b)
which is left over, caustic or acid, and how much?
Ans. 0.3003 g.
0.0014 g. NaOH.

13. (a) Whatis the percentage of manganesc in pure potassium
permanganate (KMnO4)? (b) If contaminated to an extent of
2.00% of impurities? Ans. (a) 34.76%.

(b) 34.06%.

14. Dolomite is a double carbonate of calcium and magne-
sium which may in some cases be represented by CaCO; » MgCOs.
(a) What are the percentages of magnesium carbonate and of
calelum carbonate in such a sample? (b) How many pounds
of magunesium carbonate and calcium carbonate in a ton of this
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dolomite? (¢) Iow many tons of Epsom salts, MgSO, - 7 H,O,
can be obtained from a ton of dolomite?
Ans. (a) 54.27% CaCOs,
45.739, MgCOs.
(b) 1085.4 Ibs. CaCOs,
914.6 1bs. MgCOs.
(c) 1.337 tons.

15. What are the percentages of the elements in ammonium
phosphomolybdate if it is (NHs)sPO4 + 12 MoO; - 3 1:0?
Ans. N =2.189,, O = 35.63%,
H = 0939, Mo = 59.65%,
P = 1.61%.

16. Regarding ammonium phosphomolybdate as made up of
the radicals NI, L0, P05 and MoQs, what is the percentage
composition of these radicals in the molecule? Sce Prob. 15.

Ans. P.Os = 3.69%,
H0 = 4.20%,

NH; = 2.65%,
MoOQ; = 89.47%,.

17. DPotassium antimonyl tartrate (tartar emetic) corresponds
to_the formula KaI> (C4H(Og)z < Sh:0s. (@) What are the per-
centages of the different elements in this compound? (b)) What
is the percentage of Sb.0;? (c¢) 1low many grams of tartar
emetic must be taken to obtain 5.0000 g. of antimony?

Ans. (o) K=11.769,, H= 1.529,
C = 14449, O = 36.11%,
Sb = 36.179,.
(b) 43.39%,.
(c) 13.8245 g.

18. 5.000 g. of arsenic (the metal) are oxidized and the oxide
dissolved in caustic potash. How many grams of potassium
arsenite are formed? The reactions are

4As+3 0, = 2/\8203,
ASan + 6 KOH =2 I{;ASO:& + 3 HgO.
Ans. 16.026 g.
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19. (a) ITow many pounds of salt are required to make 1500
Ibs. of salt cake (NasSO4)? () ITow many pounds of Glauber’s
salt (Na.SO; - 10 11,0) will this amount of salt cake make?
Reactions:

2 NaCl + H.S04 = 2 HCL 4+ Na.SO;,
Nﬂ,2804 + 10 H2O = NILzSO; « 10 II;O
Ans. (a) 1234.4 1bs.
(b) 3102.2 lbs.

20. Flow many grams of ammonium dichromate may be pre-
pared from 500 g. of potassium dichromate according to the
reactions:

I{QCI'-:O7 + IIQS(): = KgSOt + IIzO + 2 CI'O:;,
2 CrO; + 2 NH; + IO = (NIL), Cr,0:?
Ans. 4284 g.

21. Todine may be obtained from potassium iodide according
to the equations:
NaCl + H.804 = NallSO, + HC1
4 ICl 4+ MnO, = MnCl, + 211,0 4+ Cl;
Clh + 2KI =2KCl 4 L.
ITow much sulphuric acid must be taken to produce 5.000 g. of
iodine? Ans. 7.728 g.

22. The Leblane process for the manufacture of sodium car-
bonate is

2 NaCl + II.SOs = Na.S0, + 2 HC],
NaxS0s + 2 C = NauS + 2 CO,,
NaS + CaCO; = Na,COs + CaS.
How many tons of sodium carbonate may be obtained from a
ton of salt? Ans. 0.9066 ton.
23. I'rom the equations:
AICIL; 4 3 NIIL,C:H;0, = Al (C,I1:0,); + 3 NIICI,
Al (CoH;30,); + H0 = Al (OH) (CoH30,)2 + I11C,H30,,
2 Al (OII) (C.I1502), + 8 02 = AlO; + 7 H.O 4 8 CO..
(a) How many grams of aluminum chloride are required to
yield 0.3000 g. of aluminum oxide? (b) How many grams of
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aluminum oxide are obtained from 0.8300 g. of aluminum
chloride? Ans. (a) 0.7836 g.
() 0.3177 g.

24. Chrome iron ore is CriO;+ FeO, and may be converted
into potassium dichromate as follows:

4 FeO « Cry03 + 4 K:CO3 + 4 Ca0 + 7 02
=4 KyCrO4 + 4 CaCrOys + 2 Fe,0s + 4 CO..
The caleium chromate is converted into potassium chromate,
CaCrOy + K80, = CaS04 4 K:CrOy;
and potassium dichromate is obtained from potassium chromate,
2 KyCrO4 + IL:SOs = KoSOs + Hy0 + KoCry0s.

Iow many tons of potassium dichromate can be obtained from
a ton of chrome iron ore, if the conversion is complete and the

ore is 92.00%, I'cO - CryO)5? Ans. 1.2092 tons.
25. The barometer reads 30.00”. What is the reading in the
metric system?! Ans. 76.20 cm.

26. A picee of aluminum wire 200 mm. long weighs 0.1327 g.

What length should be taken to make a centigram rider?
Ans. 15.07 mm.

27. It is required to find the height of a can to hold one quart,
the diameter of which must be 4.5”, one half inch being allowed
at the top for air space. Ans. 4.13".

28. In estimating the capacity of paint cans, they were filled
to within one half inch of the top with water at 60° F. The
weights of water were

A, 4.169 lbs. C, 2.084 lbs.
B, 1.042 Ibs. D, 8.338 lbs.
What were the capacities of these cans to within one-half inch of
the top? (1'gallon = 231 cu. in.) Ans. A, 2 qts.
B, 1 pt.
C, 1 qt.
D, 1 gal.

1 The sign (') is used as an abbreviation for feet, (") for inches.



RATIOS 23

29. Tt is desired to make a 50-cc. burette, graduated to tenths
of & cubic centimeter, the graduations to be 2 mm. apart. Wwhat
should be the diameter of the glass tube? Ans. 0.798 cm.

30. Eimer & Amend’s catalogue gives the following data
about platinum foil: “Platinum foil, medium, 1d'ss” thick, one
gram per square inch.,”  Assuming the price of platinum to be
$1.60 per gram, what would a cone for electrolysis cost, having
a slant height of 4", diamecter 3”7 Ans. $30.16.

381. The Westinghouse handbook gives the following data
relative to copper wire.

Gage. Diam. (') | Area sq. 1.

Lbs. per 1000 ft.l Ft. per Ib.

10 0.10381 { 0 0081532 ‘ 31.37 ‘ 31 38

If one foot = 30.480 em. and one pound = 453.59 g.: ()
What length in centimeters must be taken to weigh 1.500 g.?
(b) What is the weight in pounds of 7.000 m.?

Ans. (a) 3.213 cm.
() 0.73191b.

32. Working up from the datum, onc inch = 2.540 em., verify
the following:

Given. Sought. Factor.
square centimeters square inches 0 1550
square inches square centimeters 6.4516
cubic centimeters cubic inches 0.06102
cubic inches cubic centimeters 16.387
square meters square yards 1 1960
square yards square meters 0 8361
cubic meters cubic yards 1.3079
cubic yards cubic meters 0.7645

83 The internal diameter of a spherical glass bulb is 4.382”,
what are its contents in cubic cm.? Ans. 721.9 cc.
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84. A Dumas flask for the determination of molecular weights
medsures 8.5” in inner diameter. Neglecting the volume of the
drawn-out neck, what is its capacity in liters?  Ans. 5.27 L.

36. Oil of vitriol is shipped in iron containers. A scow is to
be fitted with two tanks running fore and aft. It is able to carry
200 tons of the acid. If the tanks arc to be 60" long, what
must be the diameter of the tanks to carry this acid? One
cubic foot of oil of vitriol weighs 114.47 1bs. Ans. 6.09'.

36. (¢) IHow many liters in a cubic foot? (b) How many
liters in a gallon? (c) How many quarts in two liters?

Ans. (a) 28.317 L.
() 3.785 L.
(¢) 2.113 qts.

37. A circular piece of filter paper 15 e¢m. in diameter yiclds
0.00025 g. of ash. (a) What will the weight of ash be from a
circular picee 5.5 em. in diameter? (b) From a picce of the
same kind of paper 3" square? Ans. () 0.00003 g.

(b) 0.00008 g.

38. A tank measures 15.00’ X 20.00’ X 6.00’. How many
liters will it hold? Ans. 50,969 L.

89. From the fundamental relation between meters and
inches, (a) derive the ratio of squarc fect to square meters,
(b) square meters to square yards. (¢) If a wall has an arca of
2057 square feet, how many squarc meters does it contain?
(d) If cloth costs $2.50 per square meter, what will it cost per
square yard? Ans. (a) 0.09290.

(b) 1.1960.
(c) 191.1 sq. m.
(d) $2.09.

40. (a) ITow many cubic inches in a liter? (b) How many
cubic meters in an excavation 72’ X 50" X 12'?

Ans. (a) 61.025 cu. in.
(b) 1223.2 cu. m.
41. Derive the valuc of a kilometer expressed in miles from

the fundamental unit; one meter = 39.37 inches.
Ans. 1 km, = 0.62137 mi.
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42. A nautical mile is the length of one minute of the earth’s
circumnfercnce at the equator and is cqual to 1.1527 statute or
land miles. (a) What is the circumference of the carth at the
equator? (b) What is the diameter of the carth at the equator
in meters? (c) In kilometers? (d) How many feet in a nau-
tical mile (knot)? Ans. (a) 24,898 mi.

(b) 12,755,000 m.
(c) 12,755 k.
(d) 6086 ft.



CHAPTER II
APPROXIMATE NUMBERS

AN abstract number is accurate as stated, but when
a number obtained by measurement represents some
multiple of units obtained by mecasurement or manipula-
tion, it is not absolutely accurate, but only relatively
so. This error is called the experimental error or the
error of measurement. For example, suppose a sub-
stance is weighed on a balance sensitive to a milligram,
and cquilibrium is established with 1.628 g. as a counter-
balance. Should this same weight be determined by a
balance sensitive to tenths of a milligram, it cannot be
predicted ,that it will weigh 1.6280 g.; in fact, it may
weigh anything between 1.6275 and 1.6285 g. These
figures arc the extreme limits of variance. The error in
weighing on the balance sensitive to a milligram may be
less than this; it can only be said with certainty that it
is not more. There must be a figure beyond which there
is uncertainty. Such numbers are approximate numbers.
By convention, when a number expresses a multiple of
some unit which has been experimentally determined, or
derived, it is customary that the last figure given is
the last figure known with any degree of certainty. In
the example above, the last figure known is 8 in the
thousandths place. The uncertainty is =45 in the ten
thousandths place or +0.0005 g. This is the mazimum
apparent error.

A number expressing some multiple of a unit, experi-
mentally determined, or derived, always contains some

26
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error, which is great or small, according to the difficulty,
or the delicacy of the operation by which it is determined;
hence there must be some figure in the result beyond
which there is uncertainty. In atomic weight tables the
clement iodine will be found stated to five significant
figures, while the majority of the atomic weights are given
only to three or four significant figures. This is for the
reason that this clement, a very important one in analyti-
cal chemistry, has been very carcfully studied, and also
beeause of some of its propertics, by taking advantage of
which it (the atomic weight) may be determined with the
degree of accuracy indicated.

This is the convention, and strictly speaking is seldom
accurately followed, as frequently results having an error
in the third place are reported as far as the fourth.

There are methods of abbreviated multiplication and
division, which eliminate superfluous figures, and indicate
the extent to which the result may be relied upon in the
use of approximate numbers. Logarithms, however, do
all this with the same degree of certainty, and with much
less mental fatigue, especially when many extended oper-
ations are to be performed. Logarithms themselves are
only approximate numbers, and when cmployed should
have a degrec of accuracy in their last significant figure
cqual to, or in excess of, the accuracy of the last significant
figurc in the approximate numbers involved. For this
reason, four- and five-place tables are generally cmployed,
with the balance of opinion in favor of the five-place
tables for the usual calculations performed by the chemist.
In chemists’ handbooks the logarithms of analytical
and other factors are given to five places in the mantissa,
though many of the figures are reliable only to four places,
yet quite as many are accurate to five significant figures.
Also, to obtain four significant figures from four-place
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tables requires interpolation, while the five-place tables
give four figures by direct reading and five by interpola-
tion.!

Addition and Subtraction of Approximate Numbers.
— It is required to add the following atomic weights,
assuming the maximum apparent crrors, in order to
obtain the molecular weight of aluminum hydroxide,
Al(OH),.

=27.1
30 =3X16.00 = 48.00
3H=3X1.008 = 3.024

AI(OH), = 78.124

The last figure (4) in the thousandths place is manifestly
uncertain, for the reason that 27.1 has an crror of =+5
in the hundredths place. Strictly speaking, the sum is
accurate only to the extent of the tens place, and the
result would read 78.1, but the underlined figure is re-
tained for the reason that less error is caused by its reten-
tion than by its rejection.?

1 Logarithms have been employed in the solution of problems in
this book, except where the operation was very simple. In such
cascs the 10” Mannheim slide rule was used. The author would
strongly recommend this simple device for the checking of results
in the laboratory. It cannot be used exclusively, as the accuracy
of the rule is only to three figures in the higher numbers. The
mantissa only of a logarithm may be uscd, neglecting the charac-
teristic, the position of the decimal point being determined by in-
spection. A chemists’ slide rule, manufactured by Kruffel & Esser
and devised by the author is now on the market. It is designed to
facilitate the computation of such problems as arc found in this book
and is recommended to students, as by its use much time is saved in
calculating the answers to the problems.

2 This convention has not been strictly followed in the tabula-
tion of molccular weights. See Chem. Ann., pp. 48-57; 130-376.
One more figure is carried when the number is to be used in further
computation.
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Subtraction of approximate numbers leads to the same
results.

Multiplication of Approximate Numbers. — Multiply-
ing the number 1.862, containing maximum apparent
error, by 0.6257, the results obtained are:

(a) By straight multiplication, assuming no errors,

1.862 X 0.6257 = 1.1650534.

(b) By assuming the maximum apparent error acting
in a negative (subtractive) direction,

1.8615 X 0.6257 = 1.16474055.

(¢) By assuming the maximum apparent error acting
in a positive (additive) direction,
1.8625 X 0.6257 = 1.16536625.

In practice, having a problem of this nature, it is not
known whether the crror is working in a negative direc-
tion (deereasing) as in (b) or positive direction (increas-
ing) asin (¢). If there is any crror at all it must be cither
positive or negative and it is not known which, nor is it
known to what extent; it is only known that it is not
more than +5 in the ten thousandths place; conscquently,
the most probable result is obtained from (a¢) and is
written 1.165, the last figure being uncertain as is scen by
an inspeetion of the results of (b) and (c).

Again, multiplying 57.2, containing maximum apparent
error, by 15.27:

(a) Assuming no error,

57.2 X15.27 = 873.444.

(b) Assuming the maximum apparent error as being
negative,

57.15 X 15.27 = 872.6805.

(¢) Assuming the maximum apparent error as being
positive,

57.25 X 15.27 = 874.2075.
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The result as obtained from (a) is 873. It is evident that
when a result is obtained by a multiplication involving a
unit multiple (approximate number) given to the degree
of accuracy adopted by convention, the result may be
depended upon only to the same number of significant
figures as is contained in the approximate number. It
often happens that both the numbers to be multiplied
are approximate numbers. Take the case of multiplying
572 and 5725 cach containing maximum apparent crrors.
The result is 3274700 and is reliable only the third figure,
for the reason thal 572 contains only three significant
figures, hence the product is accurate to the same number
of places only.

Division of Approximate Numbers. — Take a casc of
division involving approximate numbers; 5724 contains
maximum apparent error, 172 is absolute,

5724 172
(@) g =332091 .. .o =0.0300489 . . .
5723.5 _ o172 3
®) X2 =33.2762 . . .: 0~ 0.0300515 . . .
;
() P25 _g3oma1 . . .: 172 = 0.0300462 .

Again, if the number which has a maximum apparent
error contains only three significant figures, as 152,
while 1645 is absolute (contains no error), the following
results are obtained:

1645 152
(@) Tr5 = 108223 . . . [ = 0.0024012 .
1645 1515
() 5= 108381 . . . 2 = 0.0020072 .

1645 152.5
© 525~ 10.7868 . . . ‘1645 = 0.0927051 .
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The limit of accuracy, evidently, is the same as in the mul-
tiplication of approximate numbers.

Recapitulation. — I. The sum obtained by adding
approximate numbers is retained to one place beyond the
indeterminate figure.!

II. Subtraction follows the same rule as addition.

III. The result obtained by multiplication involving
approximate numbers is retained to the same number of
significant figures as is contained in the approximate
number having the smallest number of significant figures.

IV. Division follows the same rule as multiplication.

It does not come within the province of this book to
give instruction in the usc of logarithms, but a few re-
marks advocating their use are appropriate. A consider-
ation of approximate numbers shows that results obtained
in the manipulation of such numbers are to be depended
upon to a degree commensurate with the degree of accu-
racy of the approximate numbers employed. In most
chemical operations, readings arc taken to four or five
significant figures. Thus a burette is read to four places
with the last figure estimated. The avcrage masscs
determined by the analytical balance scldom exceed six
figures, and allowing for tare, the net weight seldom ex-
ceeds five, and is gencrally accurate only to four figurcs.
These approximate numbers, entering as factors into
subsequent calculations, carry with them their inherent
errors, with the consecquence that most results arc stated
to four significant figures only. In an analysis the con-
stituents arc generally given to hundredths of a per cent.

1 One more figure is carried when the result is to be used in
further computation; this applies also for subtraction, multiplication
and division.



CHAPTER III
INTERPOLATION

Functions. — When two quantities are interdepend-
ent, one is said to be a function of the other. The
relation may be very simple, as between pounds and kilo-
grams. An incrcase of weight in a body of = pounds
will cause an increase of y kilograms, z being a function
of y. Expressed mathematically, it is # = ky. Conse-
quently, knowing the ratio of = to y, x being given, y is
rcadily determined. Let z be the number of pounds and y
the number of kilograms change in weight of a system; to
convert  pounds into kilograms it is only necessary to
multiply by the factor k. In this instance, & = 0.45359;
so the expression becomes z = 0.45359 y. This is direct
variation, and by plotting the curve, measuring onc of the
units along the ordinate and the other along the abscissa,
a straight line is obtained. Such curves are seldom
plotted.!

Graphic Representation of Functions. — Any tabu-
lation, when plotted, yields a curve, the simplicity of
which depends upon the particular case under consider-
ation. When two quantities vary directly the curve is
a straight line;? when varying inversely, an hyperbola

1 A tabulation of results obtained by solving the different values
of one quantity in terms of the other, where the resulting curve is a
straight line, is sometimes contained in handbooks for quick reference.
2 When the equation is of the first degree, that is, when it does
not contain either of the quantitics raised to any power other than
the first.
32
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results. Any value of either  or y, in terms of the other,
is as accurately or more accurately obtained by using the
factor in the equation under consideration as by consult-
ing the curve.

Plate I represents the curve of pounds equivalent to
kilograms; any value of « in terms of y will fall on the
line OA.
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Plate II represents the relation existing between a
number and its logarithm; z.e., the curve fulfils the equa-
tion log ¥ = 2. (In this case, to obtain values of ¥ in
terms of z involves extended mathematical calculations;
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consequently these values arc determined and once for all
tabulated.) Any value of z in terms of y, or vice versa,
will fall on the curve.
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Change of Percentage Composition with Baumé for
Sulphuric Acid. — Platc III shows the relation between
the percentage composition and the strength in degrees
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Baumé of sulphuric acid.! The “Baumé” will be, for
the present, used as the weight of a unit volume.? An
increase in the Baumé of sulphuric acid is accompanied
by an increase in the percentage of sulphuric acid (H;SO4);
so if z represents the percentage of sulphuric acid (HySOy),
in a given sample, and y its Baumé, the relation be-
tween these quantities is represented by the cquation
z = (Ny?

The distances along the axis OY represent the degrees
Baumé (° Bé.) of sulphuric acid and those along OX the
percentage composition; if one varied directly as the other
a straight line would result. Let 5° Bé. correspond to
5.289, HyS0,4 (point E), then 60° Bé. would correspond
to & X 5.28 = 63.369, H;S04 (point /). Connceting
these points the curve OA is obtained.

OB is the true relationship between degrees Baumé
and the percentage sulphuric acid, delermined cxperi-
mentally; the curve continually diverging from the
straight line OA. Owing to this divergence, acid of
60° B6. contains 77.679, H.SO, (point F) instcad of
63.36%,, the percentage calculated on the assumption
that the per cent H.SO, varied directly as the Baumé;
i.e., that the curve was the straight line OA. This differ-
ence, 14.319, is represented by the distance FF'. The
divergence continually increases as the acid approaches
1009 HSO4; in fact, as the strength of the acid ap-
proaches and passes 93.199, H,SO, corresponding to
66° Bé., a very slight change in the Baumé strength

t The data has been taken from the tables of Ferguson and
Talbot for Sulphuric Acid. See Chem. Ann., pp. 440-445.

2 The method of determining the Baumé of a liquid will be dis-
cussed at greater length under Specific Gravity, p. 65.

3 The value of the functions (f)y in the cquation z = (f)y in this
case varies with the concentration. The value of z corresponding
to y must be determined experimentally.
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causes a considerable change in the per cent HaSO4, the
curve approaching perpendicularity. It is for this reason
that the method is not employed for acids of a Baumé
strength greater than 66° Bé.

Interpolation. — C'onsider the curve OA included be-
tween the points C’ and D’; being given:

C’ = 48.00° Bé. corresponding to  50.699%, HaS0O,
D’ = 52.00° Bé. corresponding to 54.91% Hx50,
difference = 4.00° Bé. 4.229, 1,804

It is required to find the per cent HySOy corresponding to
50° Bé. (point m’); or, having the abscissa of the point
m’ lying on the line 04, it is required to find its
ordinate. The abscissa distance of C’D’ is 4.00; the
difference between the abscissas of C” and D’. The ab-
scissa distance of ¢/ is the difference in Baumé between
C’ and m’; 50.00° Bé. — 48.00° Bé. = 2.00° Bé.  But the
abscissa distance of C’D’ corresponds to the ordinate
distance 4.22; hence the ordinate distance of C'm’ is
Zgg X 4.22 = 2.11. The ordinate of m’ is then 50.69 +
2.11 = 52.80, the pereentage of sulphuric acid correspond-
ing to 50.00° Bé., if these quantitics varied according to
the curve OA.

This is interpolation. It can only be employed when
the curve, between the limits given, may be considered a
straight line. The eurve OB showing the relation between
the Baumé strength and the percentage strength of sul-
phuric acid has been determined experimentally. It is
found to depart considerably from a straight line, but
between two points on the curve in close enough proximity
the line is sensibly straight.! This is shown in Plate IV,

1 That is, the error is less than the errors of the other factors
entering into consideration.
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an cnlargement of a small section of Plate IIT in the
region of C’D’.
Working with the curve OB, the following data being
given:
C = 48.00° Bé. corresponding to 59.329, H.SO,

D = 52.00° Bé. corresponding to 65.139, H;SO,
difference = 4.00° Bé. 5.819, HsS0,
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It is required to find the percentage of sulphuric acid
corresponding to 50.00° Bé., or the ordinate of m.!
50.00 — 48.00 = 2.00 = the abscissa distance of Cm,
4.00 = the abscissa distance of CD,
5.81 = the ordinate distance of CD,
then the ordinate distance of Cm is
2.00

To0 X 581 = 291,

consequently the ordinate of Cm, or the per cent of sul-
phuric acid corresponding to m, is
59.32 + 2.91 = 62.239%,.
This value, obtained by interpolation, agrees fairly closely
with the value found experimentally, 62.187,; the dis-
crepancy is 0.059,.
Once more, working with the curve OB, given
E = 5.00° Bé. corresponding to 5.289, H,SO,
F = 60.00° Bé. corresponding to 77.679, H.S0,

difference = 55.00° B¢. 72.39% HyS0,
It is required to find the per cent of sulphuric acid corre-
sponding to 50.00° Bé.
50.00°— 5.00° = 45.00° = the excess of ° Bé. of required
acid over 5.00°Bé., the
°Bé. below.
55.00° = the interval in ° Bé. between
the points given.
72.399, = the interval in per cent
H.SO, corresponding to an
interval of 55.00° Bé.

X 72.39 = 59.239, H.S0, corresponding to an

increase of 45.00° Bé.
59.23+5.28 = 64.519, H,SO, corresponding to 50.00° Bé.

1 Note that the m’ and m correspond to the same Baumé.

45.00
55.00
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This corresponds to point m”. The difference between
the per cent of sulphuric acid found by this interpola-
tion, 64.519%, and the per cent of acid found by the previ-
ous interpolation, 62.23%, is due to the wide separation
of the points () and (F) as against the relative proximity
of the points (C) and (D) of the previous interpolation,
between which intervals the determined curve OB is
almost a straight line. m/’ must fall on a point in a
straight line connecting (E) and (F). The difference,
64.519, — 62.239, = 2.299), is due to the curvature of
OB between the intervals given, and is represented by
the distance mm'’.

I'rom these considerations, it becomes apparent that to
interpolate, the curve must be sensibly a straight line.
To obtain this condition, when the curve as a whole
deviates from a straight line, the tabular difference must
be small enough, or the fixed points near enough, that the
curve between the points given is sensibly straight. Con-
sequently, the greater the curvature, the smaller must be
the interval between the given points to make the inter-
polation accurate to the desired degree.

Extrapolation. — Again, working with results experi-
mentally determined (as represented by the curve OB),
being given

40.00° Bé. corresponding to 48.109, H.SO4
41.00° Bé. corresponding to 49.47% HxS04
difference = 1.00° Bé. 1.379, H,SO,

It is required to find the percentage of sulphuric acid
corresponding to 42.00° Bé. 42.00° Bé. does not lie
between the points given, but it may be calculated if
the curve is assumed to be sensibly straight between the
intervals 40.00° Bé. and 42.00° Bé.; t.e., if within these
limits the Baumé is proportional to the percentage of
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sulphurie acid without too much error. On this assump-
tion the percentage of sulphuric acid corresponding to
42.00° Bé. is

49.47 + 1.37 = 50.849, H,SO,.

As a matter of experiment, 42.00° Bé. corresponds to
50.87% H,S04, hence an crror has been made of 0.03%,
H,S04 (50.87 — 50.84) which is relatively small. This is
extrapolation and is resorted to with caution for a reason
which will appear in the following. Given

65.75° Bé. corresponding to 91.809, H,SO,
9600° Bé. corresponding to %‘12% H,50,
difference = 0.25° Bé. 1.399, H,SO,

It is required to find the percentage of sulphuric acid
corresponding to 66.25° Bé. On the same assumptions
as above, the pereentage of sulphurie acid corresponding
to 66.25° Bé. is

93.19 + 1.39 = 94.589, HS0,.

As a matter of experiment 66.25° Bé. is found to corre-
spond to 95.289, HxS0,, consequently an error of 0.709,
H,S0, (95.28 — 94.58) has been made by extrapolating
notwithstanding the small interval taken (0.25° Bé.).
In other words, the curve is not sensibly a straight line
between the intervals given (65.75° Bé. and 66.25° Bé.).
This is shown in the large scale Plate V, page 42.

. PROBLEMS
I. Given

60° Bé.! corresponding to 77.679, H,SO,,
61° Bé corresponding to 79.439, H,S0,.
1 The Baumé is given in the tables to but two significant figures

though they are accurate to two places to the right of the decimal
point, 60° Bé. being accurate to 60.00° Bé.
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(a) If the Baumé of a sample of sulphuric acid is 60.85° Bé.,
what is the percentage of HxS0,? (b)) What is the Baumé of
78.00%, sulphuric acid?

Ans. The tabular difference in © Bé. is 1° Bé. (61 — 60); the
tabular difference of per cent H.SO4 is 1.76%, (79.43%, —
77.67%). The increment in ° Bé. of the sample, above the
given ° Bé., is 60.85° — 60.00° = 0.85° Bé. Assuming that a
small increase in Baumé is accompanied by an increase, in the
same ratio, of the percentage of I,SOs, the increase of the
percentage of H,S0, is

0.85 ok
Tog X 176 = 1.50%.

The percentage of H,S0; in the acid is
77.67%, + 1.509, = 79.179,.
() Analogously,
78.00 — 77.67 = 0.33,
0.33
1.76
60.00 4 0.19 = 60.19° Bé. corresponding to 78.009, H.SO,.
II. Given

65.75° Bé. corresponding to 91.80%, SO,
66.00° Bé. corresponding to 93.19%, H,S0,.

If an acid is 66.05° Bé., what is its per cent of 11.S0,?
Ans. It may be assumed that the next interval will be in
approximately the same ratio of increase as in the one previous.

Tabular difference is 66.00° — 65.75° = 0.25° Bé.
Tabular difference is 93.19%, — 91.809, = 1.39%, H:SO..
66.05° — 66.00° = 0.05° BBé.

g% x 1.39 = 0.28% H,S0.

93.19 4 0.28 = 93.479, H.SO; corresponding to 66.05° Bé.

% 1.00 = 0.19.
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43. Giiven

° Bé. Per cent 1,50, Determine
65 88.65 (¢) Per cent T80, of 65.15° BE. acid
654 80.55 (b) Per cent HaNO4 of 65 62° BE. acid
653 90 60 (¢) Per cent 1804 of 65 97° Bé. acid
65} 91.80 (@) Per cent IS0, of 66 06° Bé. acid
66 93.19 (e) ° Bé. of 89 009 acid

(f) °16. of 91 009, acid

(g) ° Bé. of 93 35% acid

Ans. (a) 89.19%; ©) 91.18%; (¢) 93.02%; (d) 93.52%;
(e) 65.00°; () 65.58°; (g) 66.03°.
44. A liquid of
63° 136. weighs 110.29 1bs. per cubic foot,
- 64° BBé. weighs 111.65 Ibs. per cubic foot.
What is the weight per cubic foot of a liquid of 63.18° B6.?
Ans. 110.53 lbs.
46. Sulphuric acid of
65.25° BBé. corresponds to 96.109 oil of vitriol,
65.50° Bé. corresponds to 97.229 oil of vitriol.
If a sample has a Baumé of 65.37° what is the percentage of
oil of vitriol? Ans. 96.649%,.
46. The following is taken from the nitric acid tables of
Lunge and Rey.!

Specific gravity. Pet cent IINO;.
1 470 82 90
1.475 81.45

(@) What is the per cent of nitric acid corresponding to 1.472
speeific gravity? (b) If a sample of nitric acid econtains 83.159,
HNOs, what is its specific gravity? Ans. (a) 83.529,.

(b) 1.471sp. gr.

1 Sce Chem. Ann., pp. 453-454. ¢
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47. Ferguson’s tables of aqua ammonia furnish the follow-
ingl:

Specific gravity. ’ Per cent N H;.
0 8903 31.85
0.8889 32.31

What is the per cent of ammonia in a sample, if the specific

gravity is 0.8895? (Notice that as the specifie gravity decreases

the per cent of ammmonia increases. These two properties vary

inversely.) Ans. 32.13%,.
48. Given the following:

° Be. Per cent N11;.

28 00 33 32
28 25 33 81

What is the percentage of ammonia of a sample of 28.18° Bé.?
Ans. 33.679,.
49. Given the following logarithms and the numbers corre-
sponding:

Number. Logarithm. —1
1021 3 00903
1022 3.00945

(@) What is the logarithm of 1021.6? (b) What is the number
corresponding to the logarithm 3.00922?  Ans. (a) 3.00928;
(b) 1021.5.
60. The boiling point of purc water, accurately determined
in Deer Lodge, Montana, Oct. 25, 1910, was found to be 95.56° C.
Assuming the thermometer to be corrcct, what was the baro-
metric pressure, given the following data?

1 Sce Chem. Ann., pp. 460-461.
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At 95.00° C. the pressure of aqueous vapor is 633.78 mm. Hg.!
At 96.00° C. the pressure of aqueous vapor is 657.54 mm. Hg.
Ans. 647.09 mm. IIg.

61. In testing the accuracy of a thermometer, the following
readings were taken:

Barometric pressure, 652.70 mm. Hg.

Reading of thermometer in melting ice, 0.00° C.

Reading of thermometer in vapor of boiling water, 95.62° C.

Assuming the bore of the thermometer to be uniform and that
the barometric pressure exerts no appreciable influence on the
melting point of ice, what is the error of the thermometer at
these two points? (Use the data given in Problem 50.)

Ans. Correct at 0.00° C.
0.18° C. too low at 95.62° C.

62. The following readings were obtained on a Jolly balance:

Load. Balance stietches to
0.010 g. 22 0 ¢m.
0 120 g. 26 2 cm.

If the balance stands at 23.7 cm., what load is in the pan?
Ans. 0.072 gr.

63. Being given the following data on hydrochloric acid:

Sp. gr. 1.155 corresponds to 30.55%, HCL.
Sp. gr. 1.145 corresponds to 28.619, HCL.

(a) Extrapolate the percentage of hydrochloric acid corre-
sponding to 1.160 sp. gr. (b) 1.140 sp. gr. (c) The specific
gravity of hydrochloric acid containing 31.259, HCL. (d)
28.149%, HCl. Ans. (a) 31.52%;

() 27.64%;
(c) 1.159 sp. gr;
(d) 1.143 sp. gr.

1 See Chem. Ann., pp. 531-538; also pp. 70-71.
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64. Under a pressure of 760 mm. hydrochloric acid (solution)
gives a constant boiling point distillate of 20.2429, HCI, while
under 750 mm. the composition of the distillate is 20.2669, IICL.
What is the probable composition of a distillate collected under
765 mm. Ans. 20.230% HCL



CHAPTER 1V
HEAT

THERE arce four units of heat intensity:

I. Fahrenheit (written ® I.). — On the thermometer the
melting point of water is marked 32°; the boiling point
(b.p.) of water under standard atmospheric pressure (760
mm. Hg) is marked 212°. The distance between these
points is divided into 180 (212 — 32) equal spaces, and the
same divisions arc extended above and below these points.
The zero of this scale is 32° (inlervals) below the melting
point of ice. A change of heat intensity which will eause
a change of volume of the substance, usually mercury,
through one interval of the scale is a ¢hange of one degree
Fahrenheit. This scale is used largely in English-speak-
ing countrics.!

II. Centigrade or Ceclcius (written °C.). On the
thermometer the melting point (m.p.) of ice is marked 0°;

1 The expansion of the liquid in the capillary tube is made a
measure of heat intensity. The mercurial and other liquid ther-
mometers are based upon the assumption that a change in tempera-
ture of any number of degrees is accompanied by a change in the
volume of the liquid by a proportionate amount. Through small
intervals this is true; the cocfficient of expansion of the liquid
is scnsibly uniform. Mercury, being a liquid, does not exhibit a
uniform expansion for a given range of temperature, at all tem-
peratures. Gases, however, more closcly approximate a uniform
cocfficient of expansion, and for this rcason the expansion coefficient
of hydrogen has been adopted as the standard of temperature meas-
urement. The hydrogen thermometer and the mercury thermometer
agree closcly in the moderate ranges. Sce Chem. Ann., pp. 639-641.

48
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the boiling point (b.p.) of water under standard conditions
of pressure (760 mm.) is marked 100°. The interval is
divided into 100 equal divisions, and the same divisions
are extended above and below. This scale is used almost
exclusively in scientific work and is common in most Con-
tinental countries.

III. Reaumur (wrltten °R.). —On the thermometer
the melting point of ice is marked 0° and the boiling point
under standard conditions of pressure (760 mm.) is marked
80°; the interval is divided into 80 divisions. The grad-
uations arc extended above and below these points as with
the previous scales. This scale is little used except on
the Scandinavian Peninsula, in Russia and in some in-
dustrics.

IV. Absolute (written © A.).— This scale was derived
from observations of the changes of volume of gases ac-
companying changes of temperature. The scale interval
is the same as in the Centigrade system, but the zero is
273° below the melting point of ice. This scale is chiefly
used in gas calculations.

The calorie, also called the gram-calorie, is the amount
of heat required to raisc the temperature of one gram of
water one degree Centigrade.! This unit is very small and
a larger unit, the large Calorie,? also called the kilogram-
calorie (written with a capital C), equal to 1000 gram-
calories is often employed.?

The British Thermal Unit (written B.T.U.) is the
amount of heat required to raise the temperature of one

! Sec Chem. Ann., p. 569.

2 Ibid., p. 569.

3 The value of the calorie varies slightly according to the tempera-
ture at which it is determined. The amount of heat required to raise
one gram of water, at 0° C., onc degree Centigrade is not the same as
is required to raise the same amount of water at some other tempera-
ture, e.g., 15° C., one degree Centigrade.
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pound of water at 39.1° F. through one degree Fahren-
heit.!

Specific Heat. — The number of heat units absorbed
by a gram of a substance when its temperature is raised
through one degree Centigrade or given up when it falls
through one degree Centigrade is called the specific heat
of that substance.?

When heat passes from one body to another, the amount
of heat cnergy (calories or B.T.U.) gained by the one
body is equal to the loss of heat sustained by the other.

The Heat of Fusion (H.F.) is the number of heat
units required to change a gram of the substance from the
solid to the liquid state without any change of temper-
ature. In the case of ice it requires 80 calories to change
one gram of ice at 0° C. to water at the same temperature.
The heat of fusion?® of ice is thercfore 80.

The Heat of Vaporization (II.V.) is the quantity of
heat required to change a gram of the substance from the
liquid to the gaseous state without any change of temper-
ature. In the case of water it is 536.6 calorics per gram.

1 Sce Chem. Ann., p. 569.

2 The specific heat of a substance is a ratio of the heat capacity
of a unit weight of the substance in question and the heat capacity of
the same weight of water which is taken as unity, and is independent
of the units of heat measurement employed. The specific heat of
magnesium is 0.250; the heat capacity of one pound of magnesium is
0.250 B.T.U.; of one gram of magnesium is 0.250 calories; of one kilo-
gram of the same substance is 0 250 Calories or kilogram-calorie.

For a tabulation of the specific heats of the clements, sec Chem.
Ann,, pp. 8-13. The value of the specific heat of a substance varies
with the temperature at which it is measured. In obtaining an-
swers to problems, the specific heat will be assumed to be independ-
ent of the temperature of determination.

3 This term is synonymous with ““Latent Heat of Fusion” used
by many writers. The term “Latent” is tautologous in view of
the definition of the Heat of Fusion.
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The Heat of Combustion of a substance may be given
in the British or Centigrade systems.! In the Centigrade
system it is the number of large or small calories evolved
from the combustion of a kilogram or a gram of the sub-
stance. In the British system it is the number of B.T.U.
evolved from the combustion of one pound of the sub-
stance.?

Conversion of Centigrade into British System Units
and Vice Versa.— It follows from the definitions of the
different units of temperature,® that to convert

°F. to °C., solving § (°F. — 32), gives °C.
°C.to°F., solving 2 °C. 4+ 32, gives °F.
°F. to °R., solving § (°F. — 32), gives°R.
°R.to °F,, solving 2 °R. 4+ 32, gives°F.
°C. to °R., solving ¢ C., gives ° R.
°R. to°C., solving £ °R. gives ° C.
°C. to °A., solving °C. + 273, gives °A.
°A.to °C,, solving °A.— 273, gives °C.

To convert Fahrenheit or Reaumur to Absolute, first con-
vert to Centigrade and then convert to Absolute.

! Sce Chem. Ann., pp. 569; 603-612.

2 In American and British mechanical engineering practice, heats
of combustion are generally given in B.T.U. This is not considered
the best practice by metallurgical engineers, who prefer the kilo-
gram-calorie by reason of its obvious advantages when used in con-
junction with the metric system of weights and volumes.

3 The interval between the melting point of icec and the boiling
point of water is 180° for the Fahrenheit scale, 100° for the Centi-
grade scale and 80° for the Reaumur scale. The zero of the Centi-
grade and Reaumur scales corresponds to 32° in the Fahrenheit.
Hence

F.—-32_C. _R.
180 T 100 80

Solving yields the formulas given above.
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Fromdefinition,knowing 11b.=453.59g.and 1°F.=§°C.:
1 B.T.U. = 453.59 g. of water raised 5° C. = 453.59 X §
= 252 cal. = 0.252 Cal.
1 Cal. =1000 g. of water raised 1° C.=1000 cal.=1.000 Cal.
Then the factor, given Calories to find B.T.U., is

1.000

0.252
and the factor, being given B.T.U. to find Calorics, is
0.252 as found above.

The heats of combustion may be converted as follows:
Knowing 1 kilogram = 2.2046 1bs., then if the combus-
tion of a kilogram of substance produces X Calorics, the
fact may be expressed:

= 3.96832,

1 kilo. = X Cal.

or 2.2046 Ibs. = X Cal,;
X Cal.

then for 11b. = 23046

and by the factor for the conversion of Calories into
B.T.U., found above, the combustion of one pound pro-

duces
X 3.96832

722046
therefore the factor for the conversion of the heat of
combustion of a substance expressed in Calories into the
heat of combustion expressed in B.T.U. is 1.8. Con-
versely, given the heat of combustion of a substance ex-
pressed in B.T.U., the factor to convert into Calories is

1
1.8000
1 A distinction between B.T.U. and Cal. when used in expressing
a definite amount of heat and when expressing a heat of combustion

must not be overlooked, as these are two different kinds of quan-
tities.

= 1.8000 X;

= 0.55556.



HEAT 53

PROBLEMS

1. Convert into Centigrade the following temperatures:
(a) 80°F. (b) 28°R. (c) 250° A.
Ans. (a) °C. =5 (S0 — 32) = ] (48) = 26.66° C.
() °C. =7 %x28=35°C.
() °C.=250—273 = —23°C.
II. Convert into Fahrenheit the following temperatures:
(e) 60.5°C. () 40°R. (c) 273° A.
Ans.
(@) °F. =2 X 60.5+ 32 =108.9 + 32 = 140.9°F.
0) °T. =9 X404+ 32 =904+ 32 = 122° .
(¢) °C. =273 -273=0°C.; °F. =3 X0+ 32 = 32°F.

III. (¢) How many calorics must have been imparted to
500 g. of water if its temperature is raised from 12° C. to 26° (.21
(b) How many British thermal units?  (¢) llow many Calories?

Ans.

(a) 26° — 12° = 14° raisc in temp.
500 X 14'= 7000 cal.

() TFactor to convert Calorics into B.T.U. = 3.96832,
7.000 X 3.96832 = 27.778 B.T.U.

(¢) 7000 cal. = 7235 = 7.000 Cal.

IV. 200 g. of lead at 100° C. arc plunged into 200 g. of water
at 0° C., and the resulting temperature is 3.17° C.; what is the
specific heat of lead? 2

Ans.

200 (3.17 — 0) = 634 cal., heat capacity of the lead,
200 (100 — 3.17) = 19,366 cal., heat capacity of the water;

1 Although the value of the caloric varies slightly according to
the temperature at which it is defined, this variation will not be
considered in the problems in this book. The ealorie will be assumed
to have a constant valuc independent of the temperature of defi-
nition.

? In calculating the specific heats, it will be assumed that the
specific heat of the substance under consideration is independent
of the temperature, within ordinary ranges.
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then as the specific heat is, by definition, the ratio of the heat
capacity of the substance compared with the heat capacity of
water,

634
19,366 = 0.0327.
Or the problem may be solved:
Let X = the specific heat of the lead,
then 200 X (100 — 3.17) = 200 (3.17 — 0);
solving, X = 0.0327.

V. If 10 g. of ice at 0° C. are brought into contact with 200 g.
of water at 30° C., what is the temperature of the resulting
mixture?

Ans.

Let X =final temperature.
80 X 10 = cal. used to melt the ice without any rise in
temp. of the resulting water.
10 X = cal. used in raising the temp. of this water from
0° C. to X°.
200 (30 —X) = cal. given up by the water to melt the ice, and
to raise the resultant water to temp. X°.
Then as the heat absorbed is equal to the heat given up,
(80 X 10) + 10 X = 200 (30 — X),
X =248°C.

V1. In the combustion of one gram of a substance, the tem-
perature of 700 g. of water was raised 11.03° C.  (a) How many
Calories were liberated? () How many Calories per kilo-
gram? (¢) How many Calories per pound would the substance
liberate? (d) How many British thermal units per pound?

Ans.

700 % 11.03 _
(@ T = 7721 Cal.

(b) 7.721 X 1000 = 7721 Cal. per kilo.
(¢) 11b.=453.59 g.; so, 7.721 X453.59=3502.2 Cal. per lb.
(d) Factor to convert Cal. to B.T.U. = 3.96832,
3502.2 X 3.96832 = 13,898 B.T.U. per 1b.!
1 Tt will be noticed that in this problem, starting with thc heat
given by the combustion of one gram, we have determined the heat
of combustion in.the British system.
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66. The melting point of yellow phosphorus is 44.2° C., and
its boiling point is 290° C. What are the corresponding tempera-

tures in Fahrenheit? Ans. m. p. 111.6°F,,
b. p. 554° F.

56. Water is at its greatest density at 4°C. What is this
temperature in Fahrenheit? Ans. 39.2° F.

67. The average factory temperature is assumed to be 60° It
To what docs this correspond in Centigrade? Ans. 15.56° C.

58. Sir James Dewar rcached a temperature of —264° C. by
evaporating liquid hydrogen under diminished pressure. What

is this temperature in Fahrenheit? Ans. —443.2° F.
69. Zero of the Absolute scale is —273° C. What is the cor-
responding temperature in Fahrenheit? Ans, —459.4° F.

60. Benzaldchyde melts at 7.7°F. and boils at 355.82° I'.
Find the corresponding temperatures in Centigrade.
Ans. m. p. —13.5°C,,

b. p. 179.9° C.

61. If the melting point of platinum is 1753° C., what is this
in Reaumur? In Fahrenheit? Ans. 1402° R.,
3187° T

62. Caproic acid melts at —5.2°C. and boils at 205° C.
What are the corresponding temperatures in Reaumur?
Ans. m. p. —4.16° R,,
b. p. 164° R.

63. Carbon monoxide melts at —168.8°R. and boils at
—152°R. What are the corresponding temperatures on the
Fahrenheit scale? Ans. m. p. —347.8°F,,

b. p. —310° F.

64. If —271°C. is the lowest temperature so far obtained,

what is this temperature in the Absolute scale? Ar}s. 2°A.

66. Given the following:
(a) Hydrogen, critical temp. —240°C.; b.p. at atm. press.,—251°C.
(b) Carbondioxide, criticaltemp.31°C.; b.p.atatm. press.,—80°C.
(c) Alcohol, critical temp. 243°.0 cokudimaittiepresesif’ C,
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What are these temperatures in the Absolute scale?
Ans. (a) Crit. temp. 33° A., b. p. 21° A,;
(b) Crit. temp. 304°A., b. p. 193° A.;
(c) Crit. temp. 516° A., b. p. 351° A.

66. (¢) At what point is the reading on the Centigrade scale
and the Reaumur scale the same? (b) Centigrade and Fahrenheit?
Ans. (a) 0°%
(b) —40°.

67. 100 g. of water at 5° C. are mixed with 100 g. of water
at 28° C. What is the temperature of the resultant mixture?
Ans. 16.5° C.

68. What is the resultant temperature when 100 g. of water
at 8° C. are mixed with 250 g. of water at 30° C.?
Ans. 23.7° C.

69. On mixing the following quantities of water,
1 kilogram at 30° C.
1.5 kilograms at 25° C.
3 kilograms at 20° C.
4.5 kilograms at 10° C.

what is the temperature of the resultant? Ans. 17.25° C.

70. What temperature will result from mixing 15 g. of ice at
0° C. with 300 g. of water at 30° C.? Ans. 24.8° C.

71. Equal weights of water and ice at 0° C. are mixed, with
the result that the mixture had a temperature of 5°C. What
was the temperature of the water? Ans. 90° C.

72. If 10 g. of steam at 100° C. are condensed in 100 g. of

water at 15° C., what is the resultant temperature? !
Ans. 71.5°C,

1 Authorities differ in the values assigned to the heats of fusion
and the heats of vaporization. This may be owing to different
temperatures being taken in defining the caloric. The value 80.0
calories will be taken as the heat of fusion of ice in obtaining the
answers to the problems in this book. Also 536.6 calories will be
taken as the heat of vaporization of water.
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73. 150 g. of copper at 100° C. are mixed with 200 g. of water
at 12°C. and the resulting temperaturc is 17.8° C. What is
the specific heat of copper? Ans. 0.094.

74. 200 g. of mereyry at 94° C. arc mixed with 200 g. of
water at 17° C. and the resulting mixture has a temperature of
19.49° C. What is the specific heat of mercury?

Ans. 0.0334.

76. The specific heat of iron is 0.113. If 100 g. of water at
18° C. are mixed with 150 g. of iron at 65° C., what is the re-
sultant temperature? Ans. 24.8° C.

76. When one gram-molecule of carbon combines with two
gram-molccules of sulphur to form carbon disulphide, 19,000
calorics are absorbed. How many British thermal units are
absorbed? Ans. 75.39 B.T.U.

77. When two gram-molccules of hydrogen unite with one
gram-molccule of oxygen to form water, 68,300 calorics arc
evolved. To how many British thermal units does this cor-
respond? Ans. 271 B.T.U.

78. In the rcaction

Ca0 + 21IIC1 = CaCl, + H:0,
183.45 British thermal units are evolved. To how many Calo-
ries does this correspond? Ans. 46.23 Cal.

79. The reaction

NII; + HCl = NILCl
liberates 166.27 B.T.U. How many Calorics does this corre-
spond to? Ans. 41.9 Cal.

80. By the combustion of a certain mass of coal 200 g. of

water had its temperature increased from 10°C. to 18.5°C.
How many Calories were absorbed? Ans. 1.7 Cal.
81. If the combustion of 7 g. of a substance raises the tem-
perature of 500 g. of water from 9°C. to 17.4° C, how many
calorics are yiclded per gram? Ans. 600 cal.
82. The heat of combustion of Black Mountain coal is 8333
Calories. What is this in the British system?
Ans. 15,000 B.T.U.
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83. The heat of combustion of a sample of coke was found
to be 8006 Calories. Convert this into British thermal units,
Ans. 14,411 B.T.U.

84. The heat of combustion of a sample of pinc was found to
be 9153 British thermal units. What is the value in Calories?
Ans. 5085 Cal.
86. Convert into Calories, 18,718 British thermal units, the

heat of combustion of a sample of petroleum.
Ans. 10,399 Cal.

86. The cocfficicnt of cxpansion of a gas is 3}5 of its volume
at 0°C. for cach degree Centigrade of change. What is the
cocfficient of expansion for a degree Fahrenheit? — Ans. ).

87. Onc gram of a sample of coal raises 700 ce. of water from
6.72° C. to 18.26° C. What is its heat of combustion in British
thermal units? Ans. 14,540 B.T.U.

88. Thc combustion of two drams of a substance causcd the
temperature of 9 ounces of water to be raised 1543°F. (a)
What is the heat of combustion in the British system? (D) In
Calories? (16 drams = 1 oz. avoirdupois.) Ans. (a) 1111 B.T.U.;

(b) 617.2 Cal.



CHAPTER V
SPECIFIC GRAVITY

For the principles underlying this subject, the student
is referred to textbooks on Physics.

The density of a body is defined as the weight of a unit
volume, that is
mass

density! = — -
volume

from which it follows that
mass = density X volume

and
mass

volume = —-""--.
density
The relative density, or specific gravity, of a substance, is
the ratio of its mass, referred to the mass of an equal
volume of some substance taken as standard. The
standard substance for solids and liquids is pure water
taken at its maximum density (4° C. or 39.2° F.). Gases
have such a low specific gravity referred to water that the
weight of a unit volume of a gas is usually referred to
the weight of the same unit volume, say cither a liter of

1 The density of a body is the weight of a unit volume. The
specific gravity, or the synonymous term, relative density, is the
ratio of the density of the body in question, referred to the density
of some substance which is taken as unity. In the metric system,
the standard employed is water at 4° C. Hence, in this system, the
density is numerically equal to the specific gravity (or the relative
density). The formulas given are applicable only when the units
of measurement are in the metric system.

59
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hydrogen, Js oxygen, or of air. The specific gravity of
gases will be taken up under Gas Caleulations.

Specific Gravity of Body Heavier than and Insoluble
in Water. — The relative density, or specific gravity, is
determined according to the following formula, let

W, = weight of the body in air,!
W. = weight of an equal volume of water at 4° C,,
then
rel. dens. (or sp. gr.) = Wy .
> Ww
According to the principle of Archimedes,? let
IV = weight of the body in water at 4° C,,
then
Wo=W,— W,
in which W, — W,/ is the loss in weight in water of a
substance heavier than water (i.e., the body is wholly
immersed).  Ience
Wy
We— Wi~
s0, to obtain the relative density (or specifie gravity), it
is only nccessary to weigh the substance in air and in
water and solve by the formula.

To obtain the relative density when the body is weighed
in water at some other temperature than 4° C., say
t° C., then

rel. dens. =

rel. dens. =

W;I_—I_, Ii’VT.’ X rel. dens. of water at ¢° C.

1 Strictly, this weight should be corrected to weight in vacuo.
The reduction of the weight in air to the weight ¢n vacuo is treated
on pages 102-104 of this book. For a fuller discussion, see Chem.
Ann,, pp. 619-630.

2 “A body wholly or partly immersed in a fluid (liquid or gas)
is buoyed up with a force which is equal to the weight of the volume
of the fluid which the body displaces.” A Text-Book of Physics,
by Duff.
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The Specific Gravity of a Solid Substance Lighter than
Water is obtained by means of a sinker attached to the
solid; the combination being of a relative density greater
than water so that it will sink. Let

W, = weight of the sinker in water,
W ois = weight of the sinker with body attached in water.
[\ IVb
Then rel. dens. =

W+ W) — W
In practice such a determination is most casily carried
out by weighing the light substance in air and then weigh-
ing the light substance in air suspended from the hook
with the sinker attached to it by a slender thread (the
sinker being immersed in water) and taking the weight
of this combination. Iinally, the weight of both the
substance and sinker in water is taken. ILet
W, + W] = weight of body in air and sinker in water,
W’y4s = weight of body and sinker, both in water.
rel. dens. = ——— O
) W+ WS —Wits
The Specific Gravity of Powders is determined by
using a specific gravity bottle, flask or pyknometer. The
empty bottle is weighed, then filled with water and
weighed again.  This gives the weight of water held by
the bottle. The bottle is empticd and dried and a con-
venient amount of powder introduced when the bottle
and powder are weighed. This gives the weight of the
powder. The bottle containing the powder is now filled
to the mark and weighed again. Let
W, = weight of powder taken,
Wty = weight of flask full of water,
Wt s+w = weight of powder, flask and water.
rel. dens. = = L -
U T We— (Wear+s — Way)

Then

Then
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Pyknometer Method for Liquids. — The relative den-
sity of liquids cannot be obtained by the means outlined
above. An obvious method is to compare the weight of
a given volume of the liquid in question with the weight
of the same volume of water; account being always taken
of the temperatures of the two liquids. Then, letting

W = weight of a given volume of liquid,
Ww = weight of the same volume of water,

rel. dens. = ?‘%

This method is used when extremcly accurate results are
desired.

Sinker Method for Liquids. — The principle of Archi-
medes states that a body is buoyed up by an amount equal
to the weight of liquid displaced. Knowing the amount
of this buoyancy in water and in the liquid the specific
gravity of which is to be found, the specific gravity of the
liquid can be calculated. The buoyancies arc measured
by the losses in weight of a solid body in the liquid of
unknown density and in water respectively. Any solid
(usually a metal) of a specific gravity such that it will
sink in both liquids and is not acted upon by cither of
the liquids will suffice. Let

W, = weight of the solid body in air,
Wy = weight of the solid body in water,
W' = weight of the solid body in the liquid whose
density is to be determined.

_ Wb — Wb"
Then . rel. dens. = W

Constant Weight Hydrometers. — Another method
which is based upon the principle of Archimedes is that
a body lighter than a liquid in which it is immersed
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sinks until it displaces an amount of liquid equal to its
>wn weight. Let

A = area of cross section of a cylindrical floating body,
k = depth to which the cylinder sinks in water,
W = weight of water displaced.

[n the metric system, the unit of weight, the gram, being
the weight of onc cubic centimeter of water (at 4°C.),
then if A and A arc measured in squarc and linear centi-
meters respectively, Ak represents a volume of water dis-
placed which is numerically equal to the weight in grams
of water displaced. That is

W. = Ah.

If the same cylinder is next placed in a liquid of a differ-
ent density, it will sink to such a depth that it displaces
an amount of liquid cqual to its own weight. Let

d = the density of this liquid,

B’ = the depth to which the eylinder sinks in the liquid,

W, = the weight of liquid displaced.
The liquid displaced is
W, = Ar'd.

Then as cqual weights of the liquids are displaced (this
is the method of the constant weight hydrometer),
W. = W,, and as the density of water is unity, then

Ad=4h, and d= 1.

In words, the depth to which a cylindrical floating body
will sink is inversely proportional to the density of the
liquid in which it is immersed. This is the principle of
the hydrometer, which is extensively used commeroially.

Constant Volume Hydrometers. — Still another
method is the use of the principle of flotation, differing
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from the former method in that the volume of hydrom-
cter immersed is constant (that is, that it is iimmersed to
the same depth in the different liquids), the weight of the
liquid displaced varying and serving as a measure of the
specific gravity. The instrument employed is called the
Nicholson’s Hydrometer. Let

Wi+, = weight of hydrometer plus the weight in grams
necessary to be added for it to sink to the
mark in water,

weight of hydrometer plus the weight neces-
sary to be added for it to sink to the mark
in the liquid of unknown density.

Whass

The weight of the volume of water displaced by the hy-
drometer when immersed to the mark is Wi .w; the weight
of the same volume of liquid displaced by the hydrometer
when immersed to the mark is Wiqj;. This gives the
weights of cqual volumes, hence !

_ Wi
rel. dens. = Woes

Hydrometers arc instruments of glass, weighted at
their lower end, the upper end terminating in a thin
cylindrical tube. This thin cylindrical tube is graduated,
not into lengths, but is calibrated so as to rcad specific
gravity dircetly.2 As the density of a liquid changes with
the temperature, the liquid should always be at the tem-
perature at which the hydrometer was calibrated or proper
correction made. The usual temperature is 60° F. or
15.5° C.

The Baumé Hydrometer is an instrument constructed
as a specific gravity hydrometer, but divided into degrees

1t This same principle is involved in the Westphal’s or Mohr

balance.
2 See Chem. Ann., pp. 624-625.
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Baumé.! These divisions are arbitrary and unscientific,
but owing to conservatism and their established use in
factories manufacturing heavy chemicals, they are still
retained. As in specific gravity determinations, the
density of water is taken as unity, but the Baumé scale
differs from the specific gravity scale in that, as the den-
sity of a liquid decreases below that of water the degrees
Baumé increase. For liquids heavier than water an in-
crease in specific gravity is accompanied by an increase
in degrees Baumé; consequently it is necessary to know
whether the degrees Baumé apply to a liquid heavier or
lighter than water.?

Conversion of Baumé Readings into Specific Gravity
and Vice Versa. — The formulas showing the relations
between specific gravity and degrees Baumé for liquids
heavier than water are (temp. 60° F.)

145
sp. gr.

3 " 145 )
P- B = 145 —°Ba.

For liquids lighter than water,

° Re. 140 — 130 X sp. gr. _ 140
- sp. gr. sp. gr.
140
Sp- € = 135 + °Bés’

! See Chem. Ann., pp. 626-627.

2 For a tabulation of cquivalent degrees Baumé and specific
gravity for liquids heavier than water, Ibid., pp. 429-433. For
liquids lighter than water, Ibid., pp. 433-437.

3 The Baumé scale as devised by Baumé was graduated in the
following manner: The depth to which a hydrometer sank when
immersed in a solution made by dissolving 15 parts of pure salt in
85 parts of distilled water was marked 15, temperature 12.5° C.
The point to which it sank in pure water was marked 0  The in-

130.
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Calculation of Density Determinations to Different
Conditions. — In purely scientific calculations, water is
taken as standard at 4° C., while in commereial labora-
tories the standard is often in the neighborhood of 15° C.;
consequently specific gravities determined by these
standards will not agree. As the temperature of water in-
creases from 4° C., it cxpands. The weight being con-
stant, with increasc of volume, the specific gravity is
lowered. In the case of water this incrcase of volume
with rise of temperature is not uniform, but has been
determined with great care. Knowing the relative den-
sity of water at various temperatures, the volume of a
gram is obtained by taking the reciprocal of the density.
The expansion of liquids and solids being appreciable,
conditions should always be given with densities. This
is very important in the case of liquids and diffcrences
15°
15°
to mean that the temperature of the substance at the
time of the determination of its density was 15° C. and
17.5°
5 C.
means that the temperature of the substance was 17.5° C.

are appreciable with solids. D C. is to be interpreted

that the unit of density is water at 15°C.; D

terval was divided into 15 equal parts and the same graduations
extended. This is for use with liquids heavier than water. The
hydrometer for liquids lighter than water was marked O at the
point to which it sank in a ten per cent solution of salt and the point
to which it sank in pure water was marked 10. The interval was
divided into ten equal spaces and the same distances extended.
These solutions will not give the exact rclations between specific
gravity and degrees Baumé cited in the formulas above. The makers
of instruments produced so many so-called Baumé hydrometers, no
two of which agreed, that the Manufacturing Chemists’ Association
adopted as the Baumé scale one that will agree with the formulas
given above, which is now regarded as standard.
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and is referred to water at 4° C.! To convert densitics
of substances taken under one set of conditions into
equivalent densities of the same substance under other
conditions requires a knowledge of the coefficients of ex-
pansion (cubical) of the substance under consideration
and water, or what comes to the same thing, the variations
in density of the substance and water with change of
temperature. For water this has been carcfully deter-
mined and may be obtained from tables;? in the case of
other liquids it must be cxperimentally determined for
each individual substance.
o (o]
To convert D f—o C.to D :—o C. requires only a knowl-

edge of the densities of water at y° C. and 2° C.  Thus, let
d— D.:v_f _ weight of unit volume of thebodyat2°C. _ «
U

"~ weight of unit volume of wateraty° C. ¥
0= D:_Lf Co= weight of unit volume of thebody at z° C. =
=D;5C.=~ L

weight of unit volume of wateratz®° C. ~ 2

d=§) x = dy,
d'=§, z=d7z
dy = d'z,

d=2a, a=Y4
Y 2

1 Specific gravitics may be corrected for the values of the mass
factor in vacuo (see Tables of Lunge and Isler, Chem. Ann., pp.
446-448) or this correction may be neglected (see Tables of Fergu-
son and Talbot, Ibid., pp. 440-445). For corrections for weighing
in air, see pp. 102-104 of this book. For examples of specific gravi-
ties given under specified conditions, see, for example, Aluminum,
Chem. Ann., p. 130; Antimony Pentachloride, p. 136, ete. See
Chem. Ann., pp. 529-530.

? For changes in the density and volume of water with change
of temperature, see Chem. Ann., pp. 524-528.
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o (o}
To convert D%é C. into D z—o C. requires a knowledge of

the variation in density of the body under consideration
with changes of temperature.! Thus, let

d = Dy‘_’ _ weight of unit volume of the body :_L_t_y C. _Y,
22" weight of unit volume of water at 2°C. =
d =Di C.= weight of unit volume of the body fttz C._ _z
27 weight of unit volume of waterat2° C.
. y
i=Y% o=y
d = Z, z =d'z,
dy = d'z,
d=2a, ¢ =Ya
Y
PROBLEMS

1. A sample of bismuth weighed 14.738 g. in air and 13.235 g.
in water. (@) What is the density of the bismuth? (b)) What
is the weight of a cube of bismuth, 2 em. on an edge?  (¢) llow
many cubic centimeters in a kilogram of bismuth?

I | £ .
Ans. (a) Rel. dens. = Wo— Wy
14.738 — 13.235 = 1.503 g. loss of weight in water.
14.738
1503 9.805 sp. gr.

() Mass = rel. dens. X vol.
Mass = 9.805 X (2)3 = 78.445 g.

©) Vol =-TE.
@ Vo sp. gr.
1000

Vol. = 0.505 = 101.98 cc.

! For corrections in the case of sulphuric acid, see Chem. Ann.,
pp. 443; 427-428.
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II. A sample of cork weighed 2.140 g. in air. A silver sinker
(specifie gravity, 10.53) of 10.000 g. was employed, the combina-
tion of sinker and cork, in water, weighing 2.274 g. Find the
specific gravity of the cork.

Wy :
Wot+ W/ — Wi

Ans. Sp. gr. =

The sinker will displace a volume of water equal to its own
volume. The weight of this water will be equal to the loss of
weight of the sinker, when weighed in water.

- 10 -
10.53
10.00 — 0.9497 = 9.0503 g., weight in water of sinker.

= 0.9497 ce. = 0.9197 g.

Substituting in the formula,
2.14 2.14

2.14 + 9.0503 — 2271 8.9163

III. A block of pine weighed 6.431 g. in air. With a sinker
attached to the block by a fine thread, the sinker heing in
water and the block in air, the combination weighed 18.530 g.;
the combination of both sinker and block in water weighed
7.635 g. Tind the specific gravity of the block of pine.

= (.2400 sp. gr.

Wy
Ans. Sp- 8% = W Whrs
6431 _ 6431 _ 000

18.53 — 7.635  10.895

Iv. Find the specific gravity of a sample of sand, from the
following data: Weight of sand taken, 4.655 g.; weight of bottle
full of water, 80.04 g.; weight of bottle containing sand and
filled up with water, 82.755 g.

B W
Ans. Sp' gr. = Wb —_ (Wb+f+T” - IVW'*‘/)’

4.655 __4.655
655 — (82.755 — 80.04)  1.94

= 2.399.




70 CHEMICAL CALCULATIONS

V. A platinum ball weighed 42.96 g. in air, 40.96 g. in water,
39.548 g. in sulphuric acid and 41.261 g. in naphtha. (¢) Find
the specific gravity of the sulphuric acid, (b) of the naphtha
and (c¢) of the platinun.!

o W= Wy
Ans. (a) Sp. gr. = Wo— Wy
42.96 — 39.518 _ 3.412
= = 1.706.
42,96 — 4096~ 200 — 170
42.96 — 41.264 _ 1.696
L Tl — 0.848.
®) 4296 = 40096 — 200 08
9 C 9 (
(@ 1200 _ 4296 _ o 49

42.96 — 40.96 2.00

VI. (a) Convert specific gravity 1.7957 into degrees Baumé.
() Convert 65.25° Baumé (heavier than water) into specific
gravity. (¢) Convert specilic  gravity 0.7692 into degrees
Baumé. (d) Convert 51° Baumé (lighter than water) into
specific gravity.

A'gsl;bstitut,ing in the proper formulas:

(@ °B6 =145 -1 ;‘;:7- = 145 — S0.75 = 64.25°.

) Sp. gr.= = ‘i:) i = 7‘(;‘7’5 1.8182.

oo gl -

VIL. A liquid shows a specific gravity, D ]; 'Eg;,C of 1.3182.
The same liquid shows a specific gravity, D m C., of 1.3142.

1 Tora tabulation of the specific gravitics of elements and chemical
compounds, sce Chem. Ann., pp. 130-376.
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- ko
What is the specific gravity, D %;;o 5.2 Density of water at
15.56° C. = 0.999040; at 17.5° C. = 0.998713.!
Ans. . .
T 16.56° (, (_ 1556 _
To change D 15.56° C.(=d)toD 17.5° C.(=4d).

y° = 15.56°, then y = 0.999040,
2° =17.5°, then z = 0.998713.
7 = U = 0999010

15.56°

z 0.005713 % 1.3182 = 1.3196 sp. gr. D 17.5° C.
To change D %r);,o C.t0D i%: C.
D %‘ZZE C. = 13182

1?)5:(5" 0. = 13142

difference = 0.0040
20° — 15.56° = 4.44°, change in temperature,
0.0040 _ freronce bor ©
444 0.000901, difference per ° C.
17.5 — 5.56 = 1.94, difference in temperature,
1.94 X 0.000901 = 0.0017.
=0
1.3186 — 0.0017 = 1.3169 specific gravity D i—;—g C.
89. A stecl sphere of 1.90 cm. diameter weighed 28.25 g.
Knowing that 1 cc. of water at 4° C. weighs one gram, what is

the relative density of the steel sphere? Ans. 7.866.
90. A block of wood, 7.49 X 7.46 X 3.78 cm., weighs 152.7 g.
What is its specific gravity? Ans. 0.723.

91. The largest diamond found weighed 3200 carats. If in the
form of a cube, what is the length of an edge? (One carat = 205
milligrams; sp. gr. of diamond, 3.530.) Ans. 5.706 em.

92. A footnote in “Pepys’ Diary’’ mentions a stone shot
weighing 770 lbs., which fired by the Turks in 1807, struck

1 Sce Chem. Ann., pp. 524-526.
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H.M.S. “Lion.” If spherical and composed of granite (sp. gr.,

2.5), what was its diameter? (One cubic foot of water weighs

62.4 1bs.) Ans. 25.35 in.
93. Linsced oil has a specific gravity of 0.930. What will it

weigh per gallon? (One gallon=231 cubic inches; one cubic foot
of water = 62.37 1bs.) Ans. 7.758 1bs.
94. A drum has a capacity of 4 cubic feet. How many pounds
of ammonia of 0.8017 specific gravity will it hold? (Take the
weight of one cubie foot of water as 62.37 1bs.)
Ans. 222.5 lbs.
95. What is the weight of 15 cubic feet of oil of vitriol, the

specific gravity being 1.83547 Ans. 1717 lbs.
96. What is the volume of 100 Ibs. of hydrochloric acid of
1.2003 specific gravity? Ans. 1.335 cu. ft.

97. A casting of iron weighs 1000 kilograms. Taking the
specific gravity of iron as 7.23, what is its volume?
Ans. 138 L.
98. A platinum wire 7.25 cm. long weighs 1.0762 g. The
specific gravity of platinum is 21.48. Find the diameter of the
wire. Ans. 0.938 mm.
99. 0.0203 g. of gold (specific gravity = 19.32) was plated
on a cubical brass weight 1.5 em. on an edge. What is the
thickness of the gold? Ans. 0.00078 mm.
100. What is the radius of a stecl sphere (specific gravity,
7.81) cqual in weight to a brass sphere (specific gravity, 8.40)
1.5 em. radius? Ans. 1.54 cm.
101. TFaraday estimated that the ductility of gold was so
high that the gold in four English sovereigns could be drawn
into a wire long enough to surround the carth. The weight of
a sovercign is 7.988 g., and it contains 91.669, gold. If a
quadrant of the earth is 10,000,857 meters, what is the thick-
ness of the wire? (Specific gravity of gold, 19.3.)
Ans. 0.0002198 mm.
102. A casting of iron is suspeeted of having internal cavitics.
In air it weighs 17042 g.; in water 145.60 g. The specific
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gravity of cast iron is 7.23. Ilas the casting any cavitics, and if
50, what is their volume? Ans. 1.25 ce.
103. In obtaining the speeific gravity of a sample of heavy
spar (BaSO,), the following weights were obtained: Weight in
air, 5.127 g.; weight in water, 3.969 g. What is the relative
density of the sample? Ans. 4.427.
104. In obtaining the specific gravily of a brass weight, the
following readings were obtained: Weight in air, 116.62 g.; weight
in water, 102.81 g.; temperature of the water, 20° C. (Onc gram
of water expands to 1.001773 ce. at 20° C.) What is the speeific
gravity of the weight? Ans. 8.430.
106. I'ind the weight of a cubic foot of water at 60° I,
knowing that the relative density of water at 60° F. is 0.999050.
Ans. 62.363 1bs.
106. Calculate the relative density of a block, given:

Weight of block alone inair  .... . ... ... 152 7g.
Weight of block alone in air, and sml\(\r in water 218 5g.
Weight of block and sinker, in water........... 95g.

Ans. 0.7308.

107. Tind the relative density of gutta-percha from the
following data: Weight of gutta-percha in air, 4.152 g.; weight
of sinker in air, 10.450 g.; weight of sinker in water, 7.546 g.;
weight of gutta-percha and sinker, in water, 7.405 g.

Ans. 0.967.

108. A sample of willow weighed in air 3.820 g. A sinker
of lead (specific gravity, 11.4) of a volume of 1.632 cc. was
employed, the combination weighing in water 14.26 g What
is the specific gravity of the willow? Ans. 0.5843.

109. Dctermine the relative density of a block of wood from
the following data: Weight of block in air, 3.750 g.; weight of
lead sinker, 10.000 g.; weight of lead sinker and block under
water, 8.315 g.  (Specific gravity of lead, 11.34.)

Ans. 0.824.

110. A platinum ball weighs 19.278 g. in air, 18.382 g. in
water and 17.643 g. in sulphuric acid. (¢) What is the
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specific gravity of the platinum ball, and (b) of the sulphurie
acid? Ans. (1) 21.52.
(b) 1.8248.
111. A specific gravity flask holds 83.327 g. of alcohol of
specifie gravity 0.8161; 155.79 g. of sulphuric acid, and 120.44 g.
of potassium hydrate solution. (¢) Determine the specific
gravity of the sulphurie acid, and (b) of the potassium hydrate
solution. Ans. (a) 1.526.
) 1.180.
112. A picee of glass weighed 5.236 g. in air and its specific
gravity was 3.256. It weighed 3.702 g. in a solution of am-
monia. IFind the specilic gravity of the ammonia.
Ans. 0.9539.
113. A cylinder sank 54.40 em. when immersed in gasoline,
and 39.85 em., in water. What is the relative density of the
gasoline? Ans. 0.7325.
114. A cylinder was immersed in water at 1° C., and was
marked 1.000 at the depth to which it sank. It was then
mmmersed in a liquid of 1.2083 specific gravity, and the depth
to which it sank was marked 1.250. The distance between
these marks was divided into 25 cqual spaces. When the
cylinder was placed in a third liquid, it sank to the 1.150 mark;
what is the specific gravity of this liquid? Ans. 1.125.
116. Once side of a U-tube is filled with glyccrine, the other
with mercury (relative density, 13.6). If 17.4 cm. of mercury
balance 187.8 em. of glycerine, what is the specifie gravity of the
glycerine? Ans. 1.26.
116. A cylinder, when immersed to a certain depth in water,
weighed 37.93 g.  When immersed to the same depth in gasoline
it weighed 27.55 g. ' What is the relative density of the gasoline?
Ans. 0.7263.
117. Find the specific gravity of the liquid from the following:
Weight of specific gravity bottle. .. ......... 40.327 g.

Weight of specific gravity bottle and water.. 143.252¢.
Weight of specific gravity bottle and liquid.. 108.779 g.

Ans. 0.665.
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118. Bunsen gives the following data; from it calculate the
relative density of calcium.

Weight of empty bottle .. . e 13 61g.
Weight of bottle filled with n.1phth P | L S
Weight of bottle partly filled with naphtha . 16.650 g.
Weight of bottle partly filled with naphtha and

caleium . . . 19 150 g.
Weight of hottle full of Im.})h(h.l and c.xluum 21.576 g,
Relative density of the naphtha. .. .. ...... .. 0.758 g.

Ans. 1.58.

119. A sample of bronze is made up of 31.509, zine, 3.00%,
tin and 65. .)0% copper.  What is its specifie gravity, supposing
no change in volume ocewrred in alloying?  (Specific gravities:
zine, 7.142; copper, 8.93; tin, 7.29.) Ans. 8.226.

120. A picce of brass weighed 9.0410 g. in water at 4° C.
and 10.2621 g. in air. The specific gravity of copper is 8.930
and of zine is 7.142. What is the per cent of copper and zine,
supposing these two metals, only, are present, and no change
of volume took place in alloying? Ans. 75.009%, Cu,

20.()0% Zn.

121. An alloy of gold (sp. gr., 19.32) and silver (sp. gr., 10.53)
has a specific gravity of 13.6312. Assuming that no change of
volume occurs in alloying, what is its percentage composition
(a) by volume? (b) By weight?

Ans. (a) 35.28%, Ay,
64.72%, Ag.

(® 50.00% Au,
50.009; Ag.

122. If the volume of the moon is #&th and its mass Frst
that of the earth, («) what is the density of the moon compared
to the carth? (b) If the rclative density of the earth is 5.53,
what is the relative density of the moon? Ans. (a) 0.605.

®) 3.34.

123. An amalgam consisting of 60.349, mercury (specific
gravity, 13.59) and of 39.66% gold (specific gravity, 19.3) shows
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a specific gravity of 15.-47. What is the contraction in volume
that has taken place in the formation of a kilogram of the
amalgam? Ans. 0.31 cc.

124. Lupton states that an alloy of 50.0097 by weight of
platinum (specific gravity, 21.5) and 50.000, by weight of cop-
per (speeific gravity, 9.00) has the same color and density as
gold (specific gravity, 19.5). What is the contraction in mak-
ing 50 ce. of the alloy? Ans. 26.81 cc.

126. Find the degrees Baumé corresponding 1o the following
specific gravitics: (¢) 1.8351; (b) 1.5263; (¢) 1.2205; (d) 0.8963;
(e) 0.9315. Ans. (¢) 66° BBé.

L) 50° B6.

(¢) 26.2° Bé.
() 26.2° B6.
(¢) 20.3° Bé.

126. Find the specific gravities corresponding to the follow-
ing: Liquids heavier than water; («) 65.75° Bé.; (b) 30.6° Bé.
Liquids lighter than water; (¢) 20.85° Bé.; (d) 26.92° Bé.

Ans. (a) 1.8297 sp. gr.
() 1.2675 sp. gr.
(¢) 0.9281 sp. gr.
(d) 0.8922 sp. gr.

127. The allowance for temperature, of 139 to 269 nitric
acid, is 0.00029 specific gravity, for cach degree Fahrenheit.
(«) Given a sample of acid of specific gravity 1.1154 at 60° I,
what is its specific gravity at 45° F.? (b) At 78° F. (¢) What
is the weight of 3.4 cubic feet of this acid at 80° F. (d) What
weight of this acid will occupy 10 cubic feet, at 42°F.? (¢)
What is the volume in cubic feet of 100 Ibs. of this acid
at 60° 1.2 (f) At 73°T.? (Onc cubic foot of water at 60° F.
weighs 62.37 pounds.) Ans. (a) 1.1197 sp. gr.

(0) 1.1102 sp. gr.
(c) 235.3 1bs.

(d) 698.9 lbs.

(e) 1.437 cu. ft.
(f) 1.442 cu. ft.
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128. An acid of a certain concentration was found to have a
specific gravity of 1.5281 at 56° I., and a specific gravity of
1.5209 at 72°F. (a) What is the average expansion per de-
gree I'. in cubic centimeters? (D) What is the change per
degree F. of the specific gravity? (¢) Change of the strength
Baumé per degree 1.2 (d) What is the specific gravity of this
acid at 60° F.? (¢) What is the Baumé strength of this acid
at 60°F. (f) Assuming the changes of specific gravity and of
the Baumé strength to vary uniformly with the temperature,
what is the specific gravity of the acid at 50° 1F.?  (9) What is

the strength Baumé at 80° Ir.? Ans. (a) 0.000296.
(b) 0.00045.
(¢) 0.02812.

(d) 1.5263.
(¢) 50.00° Bé.
(f) 1.5308.
(9) 49.44°.

129. 60° I, is the temperature at ‘which degrees Baumé are
tabulated. An acid of a certain concentration changes 0.0235°
Bé. for cach degree change of temperature (Fahrenheit). (a)
If the Baumé at 42° F. of a sample of this acid is 66.46° Bé.,
what is the Baumé at the temperature of tabulation? (b) What
would be the Baumé of this acid at 73° F.? (¢) If at 60° I,
the per cent of acid corresponding to 66° Bé. is 93.19%, and
65.75° 36, corresponds to 91.80%, acid, what is the per cent
acid in this sample? Ans. (a) 66.04° Bé.

(b) 65.73° Bé.
(c) 93.419,.

130. A sample of sulphuric acid is 65.25° Bé. at 60° F. How
many pounds per cubic foot docs it weigh?  Ans. 113.40 Ibs.

131. What must be the diameter of a drum, to hold 400 Ibs.
of 26° Bé. ammonia (ammonia water), length of drum to be 2.5
feet? YAmmonia is lighter than water.) Ans. 1,91 ft.

132. Accuratc volumetric analysis requires that correction
be made for changes of volume of standard solutions with
change of temperature. A solution was standardized at 72° F.
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This solution showed a specific gravity of 1.0277 at 84° I, and
1.0378 at 40° F. (¢) What is the expansion per unit volume
per degree Fahrenheit? (b)) If a determination was made with
this solution at 55° I.; using 98.00 ce., what correction must be
made to find what the volume would be at 72° I.| the tempera-
ture at which it was standardized? (c) What is the volume
corrected to 72° 1.? Ans. (a) 0.000225.

b) 4+ 0.37 cc.

(c) 98.37 cc.

ro
133. The specific gravity, D ]% C., of a 709, mixture of alco-

hol and water (by weight) is 0.87187. The specific gravity,
20

D=C., is 0.86766 for the same mixture. («) Calculate
15°

1)17—')— C.and (b)) D* 5 C. for this liquid. Density of water

at 15° C. = 0.999126. Ans. (a) 0.86976.

(b) 0.87264.

134. The specific gravity, D i—;;go C., of 50.87% 180, is

, , . . . 15.56°
1.4078. (¢) What is the specific gravity, D = 40-—~C.? )
ro
D !4‘:; C.? Sulphuric acid of this concentration decreases

0.000738 D g r)(— C.for ecach ®° C. Dcllblty of water at 15.56° C.

= 0.999040. Ans. (a) 1.4065.
(0) 1.4069.
186. Nitric acid containing 50.329, HNO; has a specific grav-
15.56°

» D 15. 56°

gravity, D —— 15 - 6°
17.5°

D — 1750 C.? Density of water at 15.56° C. = 0.999040; at
17.5° C. = 0.998713. Ans. 1.3165.

C., of 1.3182. The same acid shows a specific

C., of 1.3134. What is the specific gravity,
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5 5RO
186. The Baumé, D | >2°C €., of 77.67% HS0s is 60.00°.
D) (o]
This same acid shows a Baumé, D J%C., of 59.79°. What
J.
0
is the Baumé, D %1); C.? Ans. 59.97° BBé.
137. Calculate the difference in specific gravity in the tables
of Ferguson and Talbot and those of Lunge and Isler on an
acid of 50.009, H.804, being given the following:

Ferguson and Talbot

49479, TS0, = 1.3942, D 1996 4
AT% 500 = LM D5 5o &

50.87% 1150, = 1.4078, D 1990 ¢,

15.56°
Lunge and Isler
50.11% HS04 = 1.4000, D %4'%0.
o
50.63% H,S0, = 1.4050, D {1—50 C.

Density of water at 15.56° C. = 0.999040.

Correetion for 509, 11,50, = 0.000738 D }2220 C.foreach°C.

Ans. L. and 1., 0.0023 sp. gr. lower.




CHAPTER VI
GAS CALCULATIONS

Boyle’s Law. — The temperature remaining constant,
the volume of a gas varies inverscly as the pressure to
which it is subjected.  Let V be the volume of a gas under
a pressure P, and let ¥/ he some other volume of the same
quantity of the gas and P’ its corresponding pressure.
The analytical expression of this law is

vV_r
Vo P
or
PV =rV'

Charles’ Law. — The pressure remaining constant, the
volume of a gas varies directly as the absolute temper-
ature to which it is subjected. Tet V be the volume of a

as at a temperature 7', and let ¥V’ be some other volume
of the same quantity of the gas and 7" its corresponding
temperature. Then the analytical expression of this law
is
Vv T

-2

vo

Since 0° C. corresponds to 273° A., the law of Charles
may be stated: The pressurc remaining constant, a true

1 P'V' =k, a constant, therefore on plotting the changes of a
given volume of a gas under varying pressurc or temperature an
hyperbola results.

2 Note that T and T” are in the absolute temperature scale.

80
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gas cxpands or contracts zlz of its volume at 0° C., for
each degree Centigrade rise or fall in temperature.!

Furthermore, the volume remaining constant, the
pressure on a gas varies directly as the absolute temper-
aturc. ILct P be the pressure of a gas at temperature T
and let P’ be some other pressure on the same quantity
of the gas and T” its corresponding temperature. Then
the analytical expression of this fact is

P T
IZaan T
The gas thermometer is based upon this law. The
standard degree of temperature is a temperature interval
such as will cause the pressure on a confined gas to change
135 of that change in pressure which is shown by a true
gas between the temperature of melting ice and the
temperature of water boiling under standard pressure.
Thus, the pressure cxerted by a gas is used as a means of
measuring temperature, and is employed in the hydrogen
thermometer, in which the volume is kept constant and
differences of pressure caused by different temperatures
are measurcd. This unit has been chosen for the reason
that the cxpansion coefficient of hydrogen is very uni-
form over wide ranges of temperature, a property of all
gases in a condition far removed from their liquefaction
point. Mereury, being a liquid, does not expand with
this regularity with increase of temperature, although at

! 3}s may be expressed as a decimal, when it becomes 0.003663.
Lvery gas has its own coefficients of expansion, one under constant
pressure, which is the coefficient usually required for gas calculations,
the other under constant volume, a cocfficient of a different numerical
value. For air the cocfficient has been found to be 0.0036706 (under
constant pressure) and the decimal value 0.00367 is usually employed
for every gas where cxtreme accuracy is not required. See Chem.
Ann,, p. 92.
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ordinary temperatures the difference between a temper-
aturce reading with a hydrogen thermometer and with a
mercury thermometer is slight.!

Laws of Boyle and Charles Combined. — The laws of
Boyle and Charles are readily combined in one expression.
Considering a given weight of gas, Boyle’s law is

1 .1
P v hence P =K v’
in which K is a constant. The law of Charles is
PoxT, hence P =K'T,
in which R’ is a constant. Combining these expressions:?

T
P=r 7 or 1—);,/-=r,
in which r is a constant for the same quantity of gas.
From this it follows that the same mass of gas under the

conditions I/, V' and 7" gives

P/V’ .
T
hence
PV _Pv'
T - Tl

1 Gases only conform to these gencralizations approximately.
In general, the further a gas is removed from its liquefaction tem-
perature, the more closely docs it obey the gas laws. An “ideal”
gas is a hypothetical gas which is supposed to exactly obey the gas
laws. A distinction between gases and vapors is sometimes made,
assigning to the former a condition of temperature above its critical
temperature, and to the latter a condition of temperature below its
critical temperature.

2 If the volume varies inversely as the pressure and directly as
the absolute temperature, then the product of the volume into the
pressure is cqual to the absolute temperature into a constant.
When a gram molecular volume (G.M.V.) is under consideration,
this is usually expressed, PV = RT.
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Knowing five of these quantities, the sixth may be ob-
tained by solving the equation. It is more to be recom-
mended, however, that in solving gas cquations the logic
of the case should serve as a guide than that 2 formula
should be used unthinkingly. For example, a volume of
a gas equal to V at a temperature T is to be changed to
temperature 7", pressure remaining constant. Knowing
that a gas expands with a rise and contracts with a fall
of temperature, a ratio may be made employing 7' and
T’ which is a proper or an improper fraction according
as the gas contracts or expands. This ratio is multiplied
by V to obtain ¥V’. The same may be said for changes of
volume of gases with change of pressure, temperature
remaining constant. Let ¥V be the volume of a gas at
pressure P, which is to be changed to pressure P’. The
new volume V' will be found by using P and P’ as
terms of a ratio, recollecting that if the new condition
of the gas is to be a smaller volume than V| the ratio
must be in the form of a proper fraction; if larger, an
improper fraction. This fraction is multiplied by V to
obtain V',

Standard Conditions of Pressure and Temperature. —
As changes of temperature and pressure exert so consider-
able an influence upon the volume of a gas and conse-
quently upon the weight of a unit volume, standard
conditions have been adopted, which are: 0° C. as stand-
ard temperature, and a pressure cqual to that exerted
by a column of mercury 76 ecm. high when at a temper-
ature of 0°C.! The measurement of temperature has
already been discussed; it remains to take up the measure-
ment of pressure. Pressure is usually expressed as so
many units of weight per square unit of area. Atmos-

1 See Chem. Ann., p. 3.
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pheric pressure is measured by the height of a column of
mercury which will balance this downward pressure of
the atmosphere. Then if the height of the mereury
column is taken to be standard at 76 cra. at a temper-
ature of 0° C. and the specific gravity of mereury is
13.596 at this temperature, the pressure per square cen-
timeter is 13.596 X 76 = 1033.3 g. As atmospheric pres-
sure is always measured by a mercury barometer or a
barometer standardized against a mercury barometer, it
is only nccessary to indicate the height of the column of
mereury.

Correction of Barometer for Temperature. — Mcrecury
expands and contracts with rise and fall of temperature;
consequently its specific gravity increases and deercases.
So, merely measuring the height of the column of mercury
is not an cxact measurement of the pressure. As 0° C.
is the standard of temperature of a gas, so also is this
same temperature taken at which the height of the
mereury column is standard. For example, at 0° C. the
specific gravity of mercury is 13.596, then the pressure
of 76 em. of mercury at this temperature is 76 X 13.596 =
1033.296 g. per square centimeter. At 15° C. the specific
gravity of mercury is 13.560, then the pressure of 76 cm.
of mercury at this temperature is 76 X 13.560 = 1030.56 g.
per square centimeter. The height of the column of
mercury is usually measured by graduations on the glass,
or the glass tube is mounted in a brass jacket which
carries the graduations. If the expansion of the mercury
and of the substance carrying the graduations were the
same, no correction for temperature in reading the barom-
eter would be necessary; because, as the mercury cx-
panded, though its specific gravity would be lowered, the
material carrying the graduations would expand by an
equal amount and these expansions would ncutralize cach
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other, as the gradustions would register a greater length
than the true length.!

As an expansion of the mercury is accompanied by an
expansion of the material earrying the graduations, it is
only necessary to determine the difference beiween the
coeflicient of expansion of the mercury and its containing
tube.  This is the apparent expansion of the merceury,
and for measuring this height on a glass tube 0.00017 of
the column at 0° C. for cach degree departure from this
temperature is the correction. For a brass scale it is
0.00016. Hence 1 = at is the length of the apparent
column as compared with the column at 0°C. In this
expression a is the apparent cocfficient of expansion and
¢t is the number of degrees from 0° C.  Then if P is the
ohserved height of the barometer, the corrected reading
is _r

1+al

Moist Gases. — Volumes of gases are often measured
over liquids which may or may not exert an appreciable
vapor pressure. The vapor pressure of a saturated vapor
depends upon the temperature only, and is independent
of the pressure or the presence or absence of an inert gas.
If a sufficient amount of a volatile liquid is introduced
into a Torricellian vacuum above the mercury in & barom-
eter or into a barometer tube containing a gas, the height
of the mereury column will be depressed by an amount
which is independent of all conditions except the temper-
ature. If, then, the volume of a confined gas is measured

2

1 For the very accurate reading of some forms of the mercury
barometer, capillarity must also be taken into account. This cor-
reetion will not be considered here as it varies with the form of the
instrument and the diameter of the tube. This correction is usu-
ally supplicd by the manufacturer with cach instrument.

2 For a fuller discussion, scc Chem. Ann., pp. 642-643.
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over a volatile liquid such as water, the volume will appear
greater than the volume of the sune amount of dry gas
by an amount corresponding to the vapor pressure of the
water (if this be the liquid employed)! at that temper-
aturc. If this vapor pressure were a constant quantity
or increased regularly with rise in temperature, it would
be a simple matter to correet for it; but such not being
the case, the vapor pressures corresponding to various
temperatures are determined experimentally and tabu-
lated.2  Let

P, ;. = the pressure of the moist gas,
P,, = the pressure of the water vapor,
V4w = the volume of the moist gas,
V, = the volume of the dry gas.
Then P, — P, is the pressure of the dry gas, the
volume of which is
V. = Pyyw— Py
g I)y+w
When measuring a gas over mercury, whether moist
or not, a common procedure is to bring the mercury to
the same level inside and outside the tube, the pressure
of the gas being that indicated by the barometer. It
may not be convenient to do this; then, to measure the
pressure of a gas confined in this way, the height of the
mercury in the tube must be subtracted from the baro-
metric reading.?

Vs

! Every liquid has a vapor pressure which is peculiar to that
liquid. To determine the variation of vapor pressure of a liquid
with change of temperature is a matter of experiment.

2 Tor the values for water, see Chem. Ann., pp. 531-539.

3 If the gas is measured over some liquid other than mereury and
the level inside and outside the tube is not the same, the height of
the liquid must be redueed to the equivalent height of a eolumn of
mercury. This neeessitates a knowledge of the specific gravities
of the mercury and the liquid.
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Let

Py = the pressure indicated by the barometer,
P, = the height of mercury in the tube.

Then the pressure of the moist gas is P, — P, and the
pressure of the dry gas is (P, — P)) — P, or Py —
(Pr + Py), and the volume of the dry gas is

V,= Py — (Pu+ Pu) 174
P g+w
Gay-Lussac’s Law of Combination by Volume.— In
a chemical combination of gases, producing a gas, there is
always a simple ratio between the volumes of the factors
(the gases entering into the reaction) and the volumes
of the products (the gas or gases resulting). Chemical
equations represent not only combination by weight, but
also combination by volume. From the equation

1
g+w.

1 Tables are constructed for reducing the volume of a gas, moist
or dry, to the volume which the gas would occupy dry at standard
conditions (0° C. and 760 mm.). For cxample, 300 ce. of a gas is
measured moist at 18° C. and 765 mm. What is the volume, dry,
at 0°C. and 670 mm.? Using the decimal cocflicient, the expres-

1 765 — Py ™
T4 (18X 0:00367) X ~ 760 < 300 The
. 1
logarithm of the factor 760(1 + 0.003670) and the values of Py for

sion to solve is V; =

different temperaturces are given in the table. To solve by use of
the table:

1 o %
log m-(l—.ro()mt—) for 18° C. = 3.09141

Ten. aq. vap. for 18° C.
= 15.38 mm.; 765 — 15.38 = 749.62; log = 2.87484
log 300 = 2.47712
sum of logs = 2.44337
antilog = 277.57

This considerably simplifies the calculation. See Chem. Ann.,
pp. 89-90



88 CHEMICAL CALCULATIONS

2 IIQO = 2 Hz + 02
(a) 36.032 4.032 32
(b) 2 vols. 2 vols. 1 vol.

the subscripts (@) give the decomposition by weight,
while subseripts (b) indicate the volumes entering into the
reaction. It is to be noted that in writing equations from
which calculations involving volumes are to be made, care
must be taken to represent the molecular condition of the
gases.  When this is done the cocflicients of the symbols
indicate the volumes of factors and products.

Gas Analysis. — Gay-Lussac’s law finds constant ap-
plication in gas analysis. Given a mixture of hydrogen,
carbon monoxide and methane; the mixture may be
analyzed by exploding the whole with an excess of oxygen
and noting the contraction. The resulting carbon dioxide
is next absorbed in potassium hydroxide and the contrac-
tion again noted. The reactions taking place are:

(@) 21, + O, = 2I,0
2 vols. 1 vol. 0 vol.
®) 2CO + O = 2CO0,
2 vols. 1 vol. 2 vols.
1 vol. 2 vols. 1 vol. 0 vol.

In regard to the contraction caused by oxidation, the
following is to be noted:

Reaction (a) shows that two volumes of water vapor
and one volume of oxygen, in all ¢hree volumes, disappear
in the oxidation of fwo volumes of hydrogen (the water
vapor being condensed to a liquid, the volume of which
may be neglected, being approximately only 145 of the
volume it occupics as steam). Then, if  represents the
volume of hydrogen originally present, § z is the amount
of contraction due to the oxidation of hydrogen.
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Reaction (b) shows that where originally there were
three volumes of gas present before the explosion, two
volumes of carbon monoxide and one volume of oxygen,
after oxidation there remain only fwo volumes of carbon
dioxide, a net loss of one volume. If y represents the
volume of carbon monoxide originally present, 4 y repre-
sents the contraction due to the oxidation of carbon
monoxide.

Reaction (c) shows that where originally there were
three volumes, one volume of methane and two volumes
of oxygen, after explosion there remains but one volume,
the loss in this casce being two volumes.  As this contrac-
tion was caused by one volume of methane, then, if z
represents the volume of methane originally present, the
contraction due to methane is 2 z.

After exploding the mixture, the resulting carbon
dioxide is absorbed by potassium hydroxide, the reaction
being

CO, 4+ 2 KOH = K.CO; + H,0.

Reaction (a) produces no carbon dioxide, hence no
part of the carbon dioxide absorbed can be ascribed to
hydrogen.

Reaction (b) shows that carbon dioxide to the extent
of two volumes will be absorbed by the potassium hydrox-
ide, and as these two volumes of carbon dioxide resulted
from two volumes of carbon monoxide, it is evident thaf,
if y be the volume of carbon monoxide originally present,
the same volume will be absorbed.

Rceaction (¢) shows that one volume of carbon dioxide
is absorbed which was produced from one volume of
methane. 1f z represents the volume of methane origi-
nally present, the contraction, duc to the absorption of
carbon dioxide produced from z volumes of methane, will
be z.
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To put these facts in algebraic form, let

A = volume of mixture taken,

B = volume of contraction after explosion,
C = volume of carbon dioxide absorbed,

z = volume of hydrogen,

y = volume of carbon monoxide,

z = volume of methane.

(a) A—1+y+z

I

()] =3zrx+iy+22-

(© C—u+z

(@ A=z+y+ea

@ C=y+z

d A-C=ux. (by subtraction.)

Substituting the valuc of (d) in (), clearing (b) of frac-
tions and solving:
) A=A—-C+H+y-+-=
() 2B=34-3C+y+4z
A—2B=—24+4+2C—3z (by subtraction.)
—3A+2B+2C
O z2=—2 %L_
Substituting (f) and (d) in (@) and solving for y:
A=A—-CoyyBAE2EH2E
3A=3A-3C+3y—34+2B+2C.
_34-2B+C,

Avogadro’s Law. — Equal volumes of gases, clemen-
tary or compound, at the same temperature and pressure,
contain the same number of molecules.

This law gives a method of determining molecular
weights. Let n be the number of molecules of gas 4, and
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m the weight of cach molecule, then the total weight w
of this gas is
w = nm.

Also let m’ be the weight of cach molecule of another
gas B of the same volume and under the same condi-
tions of {emperature and pressure, then the weight w’
of this gas is

w = nm/';

the ratio of the weight w to w' is

w _ nm .

w T oum'’
consequently,

w_m

w " w’

or the ratio of the molecular weights of two gases is the
ratio of the weights of equal volumes under the same con-
ditions. Soif B is the gas taken as standard, the molecular
weight m of the gas A is w, or the weight of a unit volume
of the gas A referred to the weight of the same volume
in the same condition as the gas B.

Atomic Weights and Molecular Weights. — Hydro-
gen was the gas formerly taken as the basis of atomic
weights; but lately an ideal gas of a weight 5% of oxygen
gas has come into almost universal acceptance. For
practical purposes air is often used in determining molee-
ular weights. I'rom what has been stated it is evident
that these gases bear the same relation to the determina-
tion of molecular weights as water bears to the deter-
mination of specific gravity. As one cubic centimeter
of water at 4° C. is taken as the unit weight of a unit
volume in specific gravity determinations, so in molecular
weight determinations, which are analogous, the unit
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of weight is the weight, under standard conditions, of one
liter of hydrogen, ' of the weight of oxygen gas, or, lastly,
the weight of one liter of air.

Atomic weights are now based on oxygen as 16, and as a
molecule of oxygen is composed of two atoms, the molec-
ular weight of oxygen is 32, so the unit in atomic weights
is 4z of the weight of oxygen gas.!

One liter of oxygen, at sea level, latitude 45°, under
a pressure of 760 mm. of mercury and at 0° C. weighs
1.4200 g. Hence one liter of an imaginary gas having a
unit atomic weight would weigh, per liter,

1_&2@ = 0.044656 g.
Conscquently, if # is the molecular weight of any gas,
0.044656 m = weight of a liter under standard conditions,
and, conversely, given the weight w of a liter of gas under
standard conditions, the molecular weight m is

m = —-—w i

0.044656
Instead of dividing the weight of a liter of the gas by
0.041656 it may be multipliecd by the reciprocal 22.393.
In general terms the relation between the weight w of a
liter of gas and its molccular weight m is

w = Z—; X 1.4290 = 0.044656 m g.

Vapor Density. — Relative density being defined as
the ratio of the weight of a unit volume of the substance
under consideration referred to the weight of the same

1 Most of the common elementary gases have two atoms in the
molecule. Examples: Cl, I3, N,, etc. Sce Chem. Ann., p. 3.



GAS CALCULATIONS 93

volume of another substance taken as standard,! the for-
mula for relative density is

Density to standard substance X

_ wt. of unit vpl of substancp
" wt. of unit vol. of X

The standard substance for solids and liquids is water at
4° C.; for gases

Dcnsity 1o 45 oxygen?

wt. of one liter of gas
= wt. of one liter of ideal gas, 5 O, (0.044656)

wt. of one liter of the gas
wt. of one liter of air (1.2926)’
Density to hydrogen

Density to air =

‘wt. of one liter of the gas
= Wt. of one liter of hydrogen (0.089873) ’

hence it is evident that given the specific gravity (vapor
density) of a gas to hydrogen, to obtain the molecular
weight m, divide the weight w of a liter by 2.016, the
molecular weight of hydrogen:

0.089873 . . ___w
5016 0.044580; therefore m = 0.054580"
Air weighs 1.2926 g. per liter under standard conditions;
considering it to be a chemical compound it has a molccu-

lar weight referred to 5% oxygen of

12026
0.044656

= 28.946.

1 When the metric system is employed, the specific gravity and
the density of a gas is numerically the same if the unit of volume
is the liter. As alrcady mentioned, the terms relative density and
speeific gravity are synonymous; when dealing with gases the term

vapor density is frequently employed

2 The specific gravity to g, oxygen is the molecular weight.
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Consequently, given the specific gravity g of a gas referred
to air, the molecular weight m is

m =g X 28.946,

and, converscly, given the molccular weight, its specific
gravity is
_om
9= 98946°

The density of a gas (pressure remaining constant) is
inversely proportional to the absolute temperature, that
i3,

D T,
=T

also the density of a gas varies directly as the pressure
(temperature remaining constant), or

D P

P

Graham’s Law.— The volumes of two gases which
diffuse in equal times under the same conditions are in-
versely proportional to the square roots of their densities.
Lffusion, or the passage of gases through a minute orifice
in a thin plate, obeys the same law as diffusion, which is
the passage of gases through a porous diaphragm. The
analytical expression of this law is

Vi_vD Vi Dy

V. VD, Vi~ Dy
in which V, is the volume of a gas of density D; which
diffuses or cffuses in the samec time as a volume V; of
another gas of density D..

Bunsen found that the ratios of the times of diffusion
(or effusion) of two gases which will diffuse (or effuse) the
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same volume is directly proportional to the square roots
of their densities; that is,

T, _vD, _ T¢ D

T. VD, o TRT Dy
in which D, is the density of a gas that requires time T
to diffuse (or cffuse) the same volume as the gas of density
D, which requires time 7%.

Volume Occupied by a Gram Molecule of a Gas. —
A gram molecule of a substance will be defined as that
weight of the substance, in grams, numerically equal to its
molecular weight.  For example, the molecular weight of
oxygen is 32, hence a gram molccule of oxygen is 32 g.
Given the following:

Substance. Molecular weight.
(a) Cl, 70 92
(h) HCI 36 168
((') COz 44 00

to find the volume oceupiced by one gram molecule of each
of these substances.
(@) 70.92X0.044656 = 3.167 g. per liter,
70.92
3.167
or in one expression
7092 = 22.393 liters per gram molecule
70.92 X 0.044656 ’ ’
(b) Similarly,

36.468 o0 1¢
36,468 X0.044656 = 22.393 liters per gram molecule.

= 22.393 liters per gram molecule;

(¢) In the same way,

44.00 _
34.00 X 0.044656 22.393 liters per gram molecule.
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A consideration of Avogadro’s law would have led to
these results, for since all equal volumes of gases under
the same conditions contain the same number of mole-
cules, and as this fact serves as a means of determining
molecular weights, it follows that if weights of gases arc
taken according to their molecular weights, these gases
must occupy the same volume.

These facts give an alternative method for calculating
the molecular weights of gases, being given the weight
of a specificd volume. As one gram molecule of a gas
occupics 22.4 liters! at standard conditions of temper-
ature and pressure, the molecular weight of a gas is that
weight, in grams, which will occupy this volume. To
calculate the moleeular weight of propylene: 298.5 ce. of
propylene at 18° C. and 768 mm. weigh 0.5315 g. Re-
ducing this volume to 0° C. and 760 mm.,

273 _ 768 i
291 X 760 X 298.5 = 283 cc.
Then, the molecular weight being the weight of 22.4 liters,
22400 oo
—2—8‘3— X 0.5315 = 42.07.

Measurement of Vapor Density. There are three gen-
eral methods for obtaining vapor density. These are
the methods of Dumas, Victor Meyer and Hofmann.

Dumas’ Method is applicable to gases and liquids
which may be vaporized. In this method, a bulb of about
200 ce. capacity is provided with a narrow neck through

1 The law of Charles states that gases have the same cocfficient
of thermal expansion. This is not strictly true; although the co-
efficients are nearly equal, they differ to a slight extent. This
being the case, all gases at 0° C. and 760 mm. will not occupy ex-
actly the same volume. 22.4 liters may be taken as an approxi-
mate value in the majority of cases. This volume is termed the
gram molecular volume (G.M.V.).
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which the material is introduced and which is sealed when
full of the gas to be determined. To make a vapor den-
sity determination, a small quantity of the liquid to be
investigated is introduced or the gas is passed in, displac-
ing the air, after ascertaining the weight of the open bulb
in air. If used for a liquid the bulb is placed in a water
or oil bath which is about 25° C. above the boiling point
of the liquid introduced, which is thereby vaporized and
escapes through the neck. As soon as no more vapor
issues from the bulb, the neck is sealed off by a blowpipe
and the temperature of the bath is taken. After cooling,
the bulb is again weighed and then the neck is broken
off under water, which is drawn into the flask, filling it
completely, except for a small bubble. Filling the bulb
and weighing the water it holds gives the capacity, the
barometer reading giving the pressure of the gas. If D is
the vapor density of the substance, W the weight of the
vapor in the bulb at the temperature of the bath and
at atmospheric pressure,! and W’ the weight of the air
which the bulb would hold at the same temperature, then
the vapor density compared with air is

w
D= W
The Method of Victor Meyer is not applicable to gases,
but only to substances which volatilize without decom-
position, and consists in vaporizing a known weight of
substance at a temperature considerably above its boil-
ing point in an apparatus of special form. The vapor
displaces its own volume of an inert gas, which is col-
lected (usually over water) and its volume measured,
noting the temperature and the height of the barometer.

1 Correction should be made for the buoyant effect of weighing in
air. This will be trcated subsequently.
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The volume of air is corrected to standard conditions,
dry. Knowing the weight of substance taken and the
volume which it occupies in the form of vapor, the vapor,
the density, or what is more often required, the molecular
weight, is easily calculated. Supposc 0.1910 g. of sub-
stance gave 60.50 cc. of air at 11° C. and 752 mm. To
calculate the molecular weight (vapor density to sy oxy-
gen). As the air was measured over water, the volume
must be calculated to standard conditions, dry. The
tension of aqueous vapor at 11° C. is 9.81 mm.
g—g 752-75(2 81 X 60.50 = 56.79 cc.

The weight of vapor which would be required to fill 22.4
liters (the molecular weight) is

22,400

5679 X 0.1910 = 75.34.

Hofmann’s Method is used for substances which may be
volatilized undecomposed and consists in vaporizing a
known weight of substance at a constant known temper-
ature in vacwo. This is usually done over mercury. A
graduated glass tube closed at one end is filled with mer-
cury and inverted in a mercury trough. The height of
the mereury is noted and a weighed amount of substance
in a small bottle is introduced into the tube by inserting
it under the mercury up into the open end of the tube.
The tube is surrounded by a jacket through which circu-
lates steam or vapor from some high hoiling point sub-
stance. The temperature maintained in the jacket is
considerably higher than the boiling point of the sub-
stance examined. This high temperature drives the
stopper out of thc bottle, vaporizes the substance and
depresses the column of mercury, the height of which is
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noted.! From the position of the mercury, the volume
and the pressure of the vapor inside the tube is deter-
mined. The temperaturc of the vapor is read. This
will be the temperature of the jacket. Suppose 0.0648 g.
of substance yields 65.30 ce. of vapor at 100° C., the
barometer reading 752 mm., the mercury in the tube
standing 480 mm. above the level of the mercury in the
trough. To calculate the molecular weight of this sub-
stance (ncglecting corrections for the cxpansion of the
mereury, its vapor tension and its specific gravity).

273 752 — 480 _ o
373 X 60 X 65.30 = 17.11 ce. at 0° C. and 760 mm.

The weight of 22.4 liters, or the molecular weight, is

22,400 _
o X 0.0048 = 84.86.

Deviations from the Gas Laws. — Up to the present,
calculations have been made assuming the absolute
truth of the laws of Charles and Boyle. These laws
are only approximations, for, as the critical points of a
gas arc approached or the gas is ncar a change of state,
the laws lose accuracy. A gas far removed from its
liquefaction point acts very closely in accordance with
the laws of Charles and Boyle; the farther removed, the
closer its compliance with these laws. It can only be said
then, that if the gas under consideration acted as an ideal
gas (an ideal gas is an imaginary gas which obeys the
laws of Charles and Boyle) the predictions would be

1 By this method, the gas may be obtained under reduced pres-
sure, which may allow of the examination of substances which de-
compose on heating to their boiling point under higher pressures.
Turther, the diminishing of the pressure by lowering the boiling
point allows of a lower temperature being employed for vaporiza-
tion,
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correct.! As an instance, carbon disulphide has a molec-
ular weight of 76.12, while its specific gravity to 4'y oxy-
gen is 76.4. The volume occupicd by a gram molecule
of this gas is
76.12

76.4 X 0.0+4656
Also, mercuric chloride having a molecular weight of
271.52, in gascous condition shows a specific gravity to
oy oxygen of 283.5. The volume occupied by a gram
molecule is then

= 22.31 liters.

271.52
983.5 X 0.044656

This last case is a considerable divergence from the
theoretical and it will be noted that in this case the vol-
ume of gas is taken of a substance which at ordinary
temperatures is a solid. Water at 0°C. and 76 cm.
pressure is ordinarily in the solid condition, but at cle-
vated temperatures becomes gascous. The same is true
of mercury and other substances which at ordinary
temperatures do not exist as gases. It may be predicted,
however, that if they were in the gascous state they would
approximate the volume caleulated from the gas equa-
tions. Thus, if stcam, H,O, with a molecular weight of
18.016 cxisted as a gas at 76 cm. and 0° C., one gram
molecule would occupy 22.4 liters. Also, the molccular,
weight of mercury is 200.6 (the atom and the molecule
of mercury are the same); then 200.6 g. of mercury vapor

=21 .47 liters.

t Tt is for this reason that some of the answers given to the
problems do not agrec exactly with data obtained from chemists’
handbooks, it often happening that the specific gravity calculated
and observed differ slightly. The reason for this is that molecular
weights are often determined by gravimetric methods which in
many cases arc more accurate than thosc just described. See
Chem. Ann,, p. 3.
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if it existed as a gas at standard conditions would occupy
22.4 liters. On this basis it is possible to calculate the
volume of mercury vapor and the volume of any weight
of it at any temperature at which it is a gas. One gram
of mercury vapor at standard (if it were a gas) would
occupy

1.000 .
200.6 X 22.4 = 0.1117 liters,
and at 400° C. the volume of this amount would be
673 _ -
g X 01117 = 0.2753 liters,
and the volume of the vapor at one-half atmospherie
pressure,
760 Y 1s
380 X 0.2753 = 0.55006 liters = 550.6 ce.

To restate the problem: What is the volume of 1.000 g.
of mercury vapor at 400° C. and under onc-half atmos-
pheric pressure. Solving, by one expression,

LOOD 678 700, 4 15500 tr,
This is a fair approximation to the truth, as the mercury
would be in the vapor state, the boiling point of mercury
under atmospheric pressure heing 357.33° C.

Volume of Gas from Weight of Substance (in Metric
System). — The foregoing yields a method for calculating
the volumes of a gas resulting from a given weight of a
reacting substance. Take the reaction:

2KClO; =2KCl 430,
(a) Parts by weight (g.) 2 (122.56) = 2(74.56) + 3 (32)
(b) Parts by vol.! 2 vols. 2 vols. 3 vols.
= 3 (22.4) liters.

1 Potassium chlorate and potassium chloride are not gases, but
if they were, the volume relations of (b) would hold if they corre-
sponded to the formulas assigned to them.
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Volume of Gas from Weight of Substance (in Ounces).
— By a coincidence approximately the same relations
exist between the volume of a gas in liters and its weight
expressed in grams and the volume of a gas expressed in
cubic feet and its weight expressed in ounces; for one
cubic foot = 28.32 liters and one ounce = 28.35 g. For
example, one gram molecule of oxygen has been shown to
occupy 22.4 liters. To calculate how many cubic feet
in 32 ounces of oxygen,

loz. = 28.35g.,1 cu. ft. = 28.32 L.;

therefore
32 oz, will occupy 22.4 X 28.35 = 635.04 L.,
and
635.04
m = 22.42 Ccu. ft

Conscquently, gas calculations being rough in most cases,
it is possible to calculate chemical equations involving
gases to units in the English system with the same facility
as with the metrie system. Defining an ounce molecule
as that weight in ounces corresponding to the molecular
weight, the volume of an ounce molecule of a gas under
standard conditions is 22.4 cubic feet.

Calculation of Weighings in Air to Values in Vacuo
and Vice Versa.— The principle of Archimedes as
stated is that a substance immersed in a liquid is buoyed
up (loses weight) by an amount cqual to the weight of
the liquid displaced. If for the term “liquid,” the term
“fluid”’ is substituted, the law has a more gencral applica-
tion, for gases come under the head of fluids.

Commonly, weighings are carried out in the atmosphere;
consequently, the weight of an object shown by the ordi-

1 If the English system is used in all the units, it is better to
calculate the temperature to Absolute. The other units, such as
inches of mercury, may be retained. :
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nary balance may not be the true weight, as the object
weighed has displaced a certain amount of air, and con-
scquently has lost weight by an amount equal to the
weight of the air displaced. If, however, the weights
used to counterbalance the objeet are of the same volume
they have likewise lost weight to the same extent; conse-
quently, the mass shown by the counterpoising weights
is the true mass of the object weighed. Tf, on the other
hand, the substance weighed and the weights used to
counterpoise are of different volumes, the mass may be
more or less than the true weight. If the volume of the
substance is greater than that of the weights counter-
balancing it, the substance has lost weight, and the
apparent value is smaller than the real value; if the
weights occupy a greater volume than the object weighed
they have lost weight to a greater extent than the object
and the apparent weight of the object is larger than the
real value. Let W be the truc weight in vacuo of the body

of a density D. The body then occupies a volume '11/;—,

Let W’ be the apparent weight of the standard grams
necessary for counterpoise and I’ the density of the
standard grams. The volume of the standard grams is
WI
'I_)7o

14
time of weighing, then the weights have lost %V—, d and the

If d be the weight of a unit volume of air at the

loss of weight of the object is l—u)’—d. Then the condition

of equilibrium is
4 , W
W—-—"d=W —"-d.

t The weights are supposed to be corrected so that in vacuo they
have this value.
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Solving for W and W’ gives

' W W , w W
W=W+NW—D)W W+4D U%
also J q
Il—-l_), ! l_l_)_.
W=w W =W ;
1-4 1 ¢
D D’

and since d is small in comparison with D and D', by
division the above expressions give
1 1 1
—_ 14 ! . — .
W—W+Wd@ D) W+m4u J
The latter form is more convenient for general use as

wd (1) 1)’)’ or Wd (1% - 11)—> may be solved once for

all and tabulated for bodics of differing densities as brass
weights are almost universally used.!

Standard (United States) Unit of Volumetric Appa-
ratus. — The metric system was designed to conncet
the units of length and mass. The gram was intended
to be the mass of a cube of water, at 4° C., of onc centi-
meter edge. Or, the kilogram was to be the mass of a
cube of water, at 4° C., of onc decimeter edge. This
relationship was very closely approximated, but the error
is appreciable, a kilogram of water being found to con-
tain 1000.027 ce. This discrepancy is very small and
causes no inconvenicence, but becausc of it, the units of
capacity for volumetric apparatus have been changed.
The liter, defined as the volume occupied by a quantity
of pure water at 4° C., having a mass of one kilogram, and
the one-thousandth part of the liter, called the milliliter

1 See Stewart and Gee, “ Elementary Practical Physics,” Vol. 1,

p. 90; also Treadwell, “ Analytical Chemistry,” Vol. 11, p. 14, 1912.
See Chem. Ann., p. 529.
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or cubic centimeter, are ecmployed as units of capacity.!
As 4° C. is an inconvenicnt temperature to work at,
volumetric apparatus is calibrated to contain, or deliver,
a specified volume at some other temperature. In this
country 20° C. has been adopted by the Burcau of Stand-
ards. At whatlever temperature the apparatus is cali-
brated to contain or deliver, this temperature should be
marked on the instrument.

Volumetric instruments are often calibrated by weigh-
ing into them the caleulated amount of water at a definite
temperature which the instrument should contain, or de-
liver, to be correct. As the weighing is done in air, cor-
rection must be made for the buoyant cffect of air. The
water to be weighed may or may not be at the temperature
at which the instrument is calibrated to be correct, and
allowance must be made for the expansion of the water
and the glass. The cubical cocfficient of expansion of the
glass in volumetric apparatus is taken as 0.000025 for cach
degree centigrade.  Suppose the temperature at which the
instrument is calibrated to be correct is 20° C., the expres-
sion for the volume of water the instrument is to contain,
or deliver, at other teniperatures is

V = v+ v X 0.000025 (20 — t°),

in which V is the volume at 20° C., » the volume at t° C.,
the temperature (¢°) at which the water and the instru-
ment are at the time of calibrating.

Thus, to calculate the weight, W, of water, which should
be weighed into a flask at ¢° C. such that the meniscus
shall be at the place to be marked to show a correct vol-
ume at 20° C. Let V be the volume it is desired to have
the flask contain at 20° C. and d the density of the water

1 Circular of the Bureau of Standards, No. 9; also Sutton, * Volu-
metric Analysis,” p. 24, 1911, Sec Chem. Ann., pp. 58-61.
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at ©° C. Let b be the buoyancey constant,! ¢ the temper-
ature of the flask and water at the time of weighing.  Then
the number of grams IW’, which should be placed on the
other pan (the flask being tared by a similar flask and
beads, foil, ete.), is

W' = Vd + Vbd + V X 0.000025 (20 — £),

in which d is the density of water at the temperature ¢.

The Mohr Liter. — Mohr proposed as a unit of vol-
ume that volume occupied by one gram of water at 17.5° C.
weighed in air with brass weights. In English-speaking
countries 60° F. or 15.5° C. is commonly used as also is
15° C. In standard flasks, burcttes, etc., the temper-
ature at which it was calibrated is always marked on
standard instruments.2 To calculate, for example, the
true capacity of a Mohr’s cubic centimeter:

Air at standard weighs 0.0012926 g. per cc.; then at
17.5° C., the barometer heing at standard:

t The buoyancy constant for a body of a specified specific grav-

ity is obtained by solving d (11—) - -11)—,) for correcting weighings

made in air to obtain values in vacuo and conversely d ( L})_' - ]l)) for

converting weights in vacuo to weights in air.  This latter quantity
is intended as the value of (b) in the above.

3 “ Measures marked, e.g., ‘25 ce. 15° C.” should contain or de-
liver, as the case may be, 25 true ce. when the instrument is at the
temperature of 15° C. On the other hand, a flask marked ‘1000 g.
16° C.’ should, of course, contain 1000 g. of distilled water at the
temperature of 16° C., 3., a Mohr'sliter. Vesscls graduated accord-
ing to Mohr’s system should bear the word ‘gramiae’ or the letters
‘grm’ together with the temperature. It should be noted that the
German Kaiserliche Normal-15ichungs Kommission no longer em-
ploys Mohr’s unit.” Sutton, Volumetric Analysis, p. 24. As to the
last sentence, the United States Bureau of Standards could also be

included.



GAS CALCULATIONS 107

1
1+ 0.69367 X 17.5
One gram of water at 17.5° C. = 1.001289 cc., then
1.001289 X 0.0012146 = 0.0012162 g. air displaced by
the water.
8—171 = (0.11905 cc. air displaced by the weights.
0.11905 X 0.0012146 = 0.0001446 g. air displaced by the
weights.
0.0012162 — 0.0001446 = 0.0010716 g. loss of weight of the
water.
1.0000000 4 0.0010716 = 1.0010716 g. truc weight of 1 ce.
of water under these conditions equals 1.001072 true cc.
1.001289 — 1.000000 = 0.001289 cc. expansion of the water
due to change from 4° C. to 17.5° C.
1.001072 + 0.001289 = 1.00236 truc cc. in a cubic centi-
meter as recommended by Mohr. Then a Mohr’s liter
is 1002.36 truc cc., or is 2.36 cc. larger than a true liter.

X 0.0012926 = 0.0012146 g. per cc.

Dalton’s Law of Partial Pressures. — The pressure
cxerted by a mixture of gases, or of gases and vapors, or
vapors, which do not react chemically, is equal to the sum
of the pressures which each would exert if it alone occupied
the whole space occupicd by the mixture. For simplicity
a gas saturated with water vapor will be considered. Let

P,° = pressure of a dry gas corresponding to a vol-
ume V,° and a tempcrature 7°,

P,/ = pressure of the same gas corresponding to a
volume V,/ and a temperature 7.

By the laws of Boyle and Charles:

Vo _B/  T°
Vv, - P,o X T/ (1)
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Let this gas be at V,/, P,/ and 77 and let it be saturated
with water vapor. Let
V', 0 = volume of the mixture after saturation,
P, ., = pressure of the gas after saturation,
1", = pressure of aqueous vapor at 7",

Then, by Dalton’s law,
P'yrw="4y+ Iy; whenee Py = Py — Iy,
Substituting in (1)
V ° - 1_)vl_ll+1u ___I,),,'l X Tci- (2)
l’ “+w l)ao T/
Now let the gas be at I,°, V,° and T°, and let it be sat-
24 u ’
urated with water vapor. Let
V°, 4w = volume of the mixture after saturation,
P°, 10 = pressure of the gas after saturation,
P,° = pressure of aqueous vapor at 7.
Then, as before,
P°, 4w = P° + P.°; whenee P° = P°, 40 — P°
ubstituting these values in
Substituting tl 1 2
Veiw _ Pl = Pu’ X T,
V,a+w I)°a+w _ 1)wo /11/
The weight of a moist gas is the weight of the dry gas
plus the weight of the water vapor. Let
W, 4w = weight of V,° volumes of moist gas at a
pressure %, 4, and a temperature 7,
weight of V,° volumes of dry gas at a pressure
g ¢ Y g p
P2 and a temperature T°,

w,

1 The discussion given on page 85, correcting the volume of a moist
gas to the volume which the gas would occupy if dry, is a single
case of Dalton’s law. TFor values of the tension of aqueous vapor,
see Chem. Ann., pp. 531-538. Mereury also has a small vapor
tension; see Chem. Ann., p. 540.
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W = weight of V,° volumes of water vapor at a
pressurce P,° and a temperature 7°,
A = weight of a unit volume of dry gas at I,°

and 7°,
B = weight of a unit volume of water vapor at P,°

and 7.
Then
P atw =D ml To
qu= - ])o - l]v/ XA
Sinee the weight of a gas iy directly proportional to its
pressure and inversely proportional to its temperature,

and
r, T
We = P X g X B,
then
Wotw = W, 4+ W
For similar reasons
Pyw— T T°
I’V‘H.w = '—0—‘1,00 = 1) ) O T/
By means of this formula, the welght of a moist gas may
be calculated for any temperature and pressure. For a
specified gas, the formula may be considerably shortened.
Take, for example, air saturated with water vapor. The
density of aqucous vapor compared to air is

XA+ X B.

;zgig 0.62247 = ;—;, approximately.
Let :
A = weight of a unit volumc of dryair at P,°and T°,
B = weight of a unit volume of water vapor at
P2 and T°,
Wasw = weight of a unit volume of saturated air at
P, and T°.
Then

B=1A.
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Then the weight of a unit volume of saturated air at P’
and 7" is
I w T m To TO
Wa-{-w—_‘ﬁp_‘b XTI XA+1)’XTIX%A)

r ’ o
Watw = 1:.!’_’”‘}) o_Pl"_x ’5" X A.

But as the weight of a liter of air is given at 0° C. and 760
mm., then

P,° =760, T° =273 and A = 1.2026 g.

Substituting,

_Ploru— AP 273 1
Waorw= 760 X Ul X 1.2926.

Use of this formula is as follows: It is desired to know
the weight Way, of a liter of air saturated with moisture
at 15° C. (7”) under a pressure of 754 mm. (P';4.).
The weight of a liter of a gas is given under standard con-
ditions, i.e., temperature 273° A., and pressure 760 mm.
Of air this weight is 1.2926 g. The tension of aqueous
vapor P, at 15° C. is 12.76 mm.? Substituting in the

formula,
=4 3
W= 273 . 754 — 212.76
288 760

1 The fraction 3 is applicable only to air. For any other gas
the requisite fraction could be worked out in the same manner as
given for air.

2 The value 12.76 mm. is given to this degrce of accuracy in
the tables. When subtracted from the barometric reading given in
millimeters, the result would give a rcading which is apparently
accurate to hundredths of a millimeter, and to be significant, would
require that the barometric rcading was accurate to hundredths of
a millimeter, which is scldom the case. In the solution of prob-
lems, however, the vapor pressurcs have been subtracted from the
barometric readings as if these were as accurate as the tabulated
values of the vapor pressures.

% 1.2926 = 1.2078 g.
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Again, it is required 1o find the weight of dry oxygen
containcd in a liter of oxygen saturated with moisture
at 17° C. and under a pressure of 750 mm. (ten. aq. vap.
at 17° C. = 14.45 mm.).

273 750 — 14.45

W' = So0 X o X 32 X 0.044656 = 1.3019g. O,
, _ 213 1445
W =505 % 760 X 18.016 X 0.044656

= 0.0144 g. H,0 vapor,
W = 1.3019 4 0.0144 = 1.3163 g.

A gas nced not be saturated; a knowledge of the degree
of saturation will suffice, from which the tension of the
aqucous vapor may be calculated. In the case of mois-
ture present in the atmosphere this may be readily deter-
minced by taking the dew point. The dew point is that
temperature at which the air would be saturated if it
contained the amount of water which is present at the
time and place of determination. For example, it is
necessary to know the aqucous pressure cxerted in the
laboratory at a certain time. Suppose the dew point is
found to be 15°C. On consulting the table of aqueous
tensions ! the tension of aqueous vapor at 15° C. is found
to be 12.73 mm. The rclative humidity is the ratio be-
tween the amount of aqueous vapor present in the air at
a certain time and place, and the amount which would
nced to be present to saturate the air at the temperature
of the air at the time of taking. As an cxample: The
dew point at a certain time and place was found to be
10° C. The temperature of the atmosphere was 20° C.
The tension of saturated aqueous vapor at 10°C. is
9.18 mm.; at 20°C. it is 17.41 mm.; then the relative
humidity is 9.18

74l = 0.5273 = 539.

1 See Chem. Ann., pp. 531-538.
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PROBLEMS

I. 200 cc. of a gas arc at a pressure of 752 mm.! and 15° C.:
(¢) What is the volume under a pressure of 770 mm., tempera-
ture remaining constant? () What is the volume if the temn-
perature is lowered to 10° C., pressure remaining constant?
(¢) What is the volume if changed from 752 mm. and 15° C. to
770 mm. and 10° C.?

Ans.
(a) ;% X 200 = 195.33 cc.
(h) 15° C.=273+15=285° A.; 10° C.=273+10 = 283° A.
3:; X 200 = 196.53 ce.
© 3%2 x;;’—(z) X 200 = 191.94 ce.

II. A barometer graduated on a glass scale reads 763.4 mm.
at 19.5° C. («) What is the reading corrected to 0° C.?  (b) If
the corrected height of a barometer with a brass scale is 76 1.7
mm., what docs the barometer read at 22° C.?  (¢) If a barom-
eter with a glass seale reads 754.3 mm. at — 10 C°., what is the

height corrected to standard?
763.4 _ 7634 _
Ans. (@) 105 % 0.00017  T.003315 — (009 mm.

X _
®) 1+ 22 X 0.00016 764.7.

X =764.7 X (1 4 22 X 0.00016) = 767.39 mm.

754.3

—_ e =YK
© =70 % 0.00017 — /256 mm.

1 Unless otherwise stated, barometer readings in all problems
are supposed to be corrected to values at 0° C.  Barometer readings
will be supposed to be correet as far as the second place past the
decimal point even if given only to the decimal point. Thermom-
eter readings will be considered correct to the second decimal place.
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III. A gas at 750 mm. and 12° C., measured moist, has a
volume of 325 cc. (a) What is its volume, dry, under the
same conditions? (b) Dry, at standard? (c) 160 cc. of a gas
are measured moist at 15° C., the barometer (corrected) reads
743 mm. The mereury in the tube stands 150 mm. above the
trough; what is the volume of the gas, dry, at standard?

Ans.

(a) Tension of aqueous vapor at 12° C. = 10.48 mm.
750 — 10.48 _739.52

r' = =" 13 = 0 .
750 X 325 750 X 325 = 320.46 cc
750 — 1048 _ 273 .
) 60 X 255 X 325 = 302.93 cc.

(¢) Tension of aqueous vapor at 15° C. = 12.73 mm. Using
the decimal coefficient for the change of volume due to change
in temperature,!

743 — (150 4 12.73) 1

= 5 ¢ .
760 X T 0.00367 x 15 < 160 = 1158 ce

IV. How many cubic centimeters of nitrogen gas, at stand-
ard, can be obtained from a liter of ammonia gas, at 15° C. and
780 mm.?

Ans. 2 NH:g = Nz + 3 I{z,
2vol. 1vol. 3vol.
1213 780 B
2 X 283 X 760 X 1000 = 486.43 cc.

V. A gascous mixturc contains nitrous oxide (N.0), nitric
oxide (NO) and nitrogen. Calculate ‘the composition of the
mixture from the following:

Volume of mixture taken.................... 51.00 cc.
Volume after adding hydrogen............... 108.30 cc.

! Where considerable aceuracy is desired, the particular decimal
coefficient of expansion of the gas under consideration should bhe
used. See Chem. Ann.,, p. 92. Unless otherwise stated, the factor
used in obtaining the answers to problems will be ;4 +.
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Volume after explosion. ..................... 51.00 ce.
Volume after adding oxygen. ................ 76 50 ce.
Volume after explosion. ..........c.oovot, 57.60 cc.
Ans.  Let z = cc. N,O,
y = cc. NO,
z = cc. Na.

H,; added = 108.3 — 51.00 = 57.30 cc.
Contraction = 76.50 — 57.60 = 18.90 cec.
2 X 18.90 = 12.60 cc, II, added in excess.

57.30 — 12.60 = 44.70 cc. is the required amount of II; nee-
essary for the first explosion. The reactions are:
N20 + H2 = Ng + IIzO,
z +z=24+ 0
2NO + I, = N, + H,0,
2y +y=y+ 0

Then the contraction due to the H, explosion is
(1) x4y = 44.70 cc.

After the first explosion, if no H, had been added in excess,
the volume would be z ce. N; originally present, z cc. N, from

the N0, and g cc. of Ny from the NO; this is 51.00 — 12.60
= 38.40 cc. Hence

@ z+ g + 2 = 38.40 ce.
Then
@) z+y+ 2=5100cc. (2) 224y + 22z ="76.80 cc.
@) 2z2+y+22=7680ce. (1) z+y  =4470cc.
4) =« + 2 =25.80 cc. x + 22z = 32.10 cc.
4 =z + z=25.80 cc.

2= 6.30 cc.
Substituting in (4) gives z = 19.50 cc.
Substituting these values in (3) gives ¥ = 25.20 cc.

VI. (a) Aliter of sulphur dioxide at standard weighs 2.9266 g.
Calculate its molecular weight. (b) The molccular weight of
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acetylene is 26.016; what is the weight of 250 cc. of the gas at
18° C. and 757 mm.? (c¢) If the specific gravity of hydrogen
selenide referred to air is 2.806, what is its weight per liter?
(d) Its molecular weight?

Ans.
2.9266 . _
(a 0.084656 — 65.5; also, 2.9266 X 22.393 = 65.5.
(b) 26.016 X 0.044656 = 1.1617 g. per L. at standard,
gg—? % 1.1617 = 1.0899 g. per L. at 18° C. and 760 mm.
757 - o .
760 % 1.0809 = 1.0856 g. per L. at 18° C. and 757 mm.
250 . o .
1000 % 1.0856 = 0.2714 g. in 250 cc. at 18° C. and 757 mm.

or in onc expression,

73 _T5T 250
291 %760 1000 ~ F14 &

(c) 2.806 X 1.2926 = 3.627 g. per L.
(d) 2.806 X 28.943 = 81.21.

VIL. (a) If 30.82 cc. of oxygen (density to air, 1.1055)
effuses through a small orifice in 55 seconds, what volume of
hydrogen (density to air, 0.06965) will cffuse in the same
time under the same conditions? (b)) What volume of sulphur
dioxide will effusc through a small orifice in the same time as
83 cc. of ammonia? (c) 150 cc. of air cffuses in the same time
as 63.82 cc. of bromine. What is the molecular weight of the
bromine?

Ans.

(a) Substituting in the formula, V, = \/ Yf;&

1

26.016 X 0.044656 X

4 /(30.82)? X 1.1055

V.= 0.06965 = 122.79 cc.
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(h) The densitics of sulphur dioxide and ammonia are in the
ratio of their molccular weights; then, as before,

(83)? X 17.034

Vi= 64.06

= 42.80 cc.

(c) Substituting in the proper formula:

(150)2 x 1 _
(63.82)*
5.525 X 28.943 = 159.89.

VIII. (a) What volume of oxygen at 18° C. and 754 mm. is
liberated by 1.763 g. of potassimin chlorate when completely
decomposed? () How much sulphuric acid must be taken to
obtain 5.5 cubic feet of hydrogen at 17° C. and 762 mm. by
acting on a metal?

Ans. (a) 2KClO; = 2KCl + 30,

2 (122.56) g. 3 (224) L.
1.763 201 _ 760 _
5 122.56) X573 Xuei X 3(22.4) = 0.5193 L.
) .80, + M”" =M"8S0, + H,
98.09 oz. 22.4 cu. ft.
27‘3 762

224 2§6X7—()T) X 98.09 = 22.73 oz. = 1.42 Ibs.

D, = 5.525, density to air,

IX. (@) A mass of aluminum (density, 2.583) weighed in
air at 18°C. and 742 mm. showed an apparent weight of
149.2350 g., brass weights (density, 8.4) being used. What
is 1ts weight in vacuo? (0) A mass of platinum (density,
21.48) weighed in air at 15°C. and 765 mm., against brass
weights, showed an apparent weight of 89.4130 g. Tind its
weight in vacuo.

Ans.

149.2350 . 273 742
(a) RS

2583 X291 X7pp X 00012026

= 0.0684 g. lost by aluminum,
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51 Kool Xige X 0:0012026
= 0.0210 g. lost by weights.
0.0684 — 0.0210 = 0.0474 g. difference in weights of air
displaced.
149.2350 4+ 0.0740 = 149.2824 g., weight 7n vacuo.
(») Using the formula W = W'+ W'd (}—) - jlj/)’
- 213 765 2026 = 2
= 233 X760 % 0.0012926 = 0.0012333,
1 1
= 804130 + 89.41: . LSRN
W = 89.4130 + 89.4130 X 0.0012333 (21“ M),
= 89.4130 + 89.4130 X 0.0012333 (0.04656 — 0.11905),
= 80.4130 + 89.4130 X 0.0012333 (— 0.07249),
= 89.4130 — 0.0080 = 89.4050 g. in vacuo.

X. A flask which is to be marked to contain onc liter at
20° C. (United States Standard) is counterpoisced on a balance
with a similar flask, finishing the counterpoising with sand
foil, cte. How many grams of water must be weighed into it to
give the position on the neck which should be marked? The

conditions are:

d

Temperature of air in the balance. .......... 22° C.
Temperature of the water tobe used. .. ... 22°C.
Temperature of the flask......... ......... 22° C.
Barometric pressure. .. ... oo . 765 mm.,
Saturation of air in the balance ............ 50%,
Vapor pressure of water at 22°C. .......... 19 66 mm.
Weight of a liter of dry air at 0° C. and 760 mm. 1.2926 g.
Coefficient of expansion of air. . ............ 0 00367
Density of weights. ....................... 8.4
Density of water at 20°C.............. ... 0 997797
Cubical coefficient of expansion of the glass... 0.000025
Ans.

Weight of one cubic centimeter of air under these conditions

18
1 765 = 0.50 X § X 19.66
1+ (22 X 0.00367) 760

X 0.0012926 = 0.0011981 g.
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The weight of onc liter of water in air under these conditions is:
W' = 1000 X 0.997797 4+ 1000 X 0.997797
1 1
XO'OOHQSI(SA 0.997797)’
997.797 + 997.797 X 0.0011981 X (— 0.883159)
997.797 — 1.056,
= 996.741 g.
Correcting for the expansion of the glass gives
1000 x 0.000025 (20 — 22) = — 0.05;

and the amount to weigh in is
996.74 — 0.05 = 996.69 g.

137./0ne liter of a gas is under a pressure of 780 mm. What

will be its volume at standard pressure (760 mm.), the tempera-
ture remaining constant? Ans. 1026.3 cc.

138, A gas of 300 cc. is under standard pressure. What will

be its volume at 784 mm., the temperature remaining constant?
Ans. 290.8 cc.

139 Tive cubic feet of a gas are under a pressure of 27.3"
of mercury. What is its volume at 29.9”, the temperature
remaining constant? Ans. 4.565 cu. ft.

140.. A gas occupics a volume of 450 ce. under a pressure of
780 mm. The temperature remaining constant, what pressure

must be applied to reduce the volume to 400 ce.?
Ans. 877.5 mm,

141/ A gas occupying a volume of one liter, under standard
pressure, is expanded to 1200 cc. The temperature remaining
constant, by how many millimeters must the pressure have been
diminished? Ans. 126.7 mm.

142." A gas of 200 cc. is at 15.7° C. Find its volume at 0° C.
(at standard), the pressure remaining constant?

Ans. 189.12 ce.

143.. One liter of a gas is measured at —15° C. What is its

volume at 15° C., the pressure remaining constant?
Ans. 1116.3 cc.

I
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144. A gas measured 150 cc., at 17.5° C., and on account of
a change in temperature, the pressure remaining constant, the
volume decreased to 125 ce.  What is the new temperature?
Ans. — 30.9°C.

145. The pressure on a confined gas, at 15° C., was 792 mm,
If the pressure later registered 820 mm., what is the tempera-
ture then, the volume remaining unchanged?  Ans. 25.17°C.

‘as ~ Vi . .
146. A diter of gu_s} at standard conditions has its tempera-
ture raised 10 T5° C.  What must be the pressure on the gas, if
the volume of gas is unaltered? Ans. 801.7 mm.

»147. 183 cc. of a gas arc at standard; the pressure is then raised
to 792 mm. What is the temperature, the volume remaining
constant? Ans. 11.5° C.

148. 250 cc. of a gas arc at a temperature of 15°C. What
is the volume of the gas at 0° C., the pressure remaining con-
stant? Ans. 237 cc.

149. The pressure on a certain volume of hydrogen is 730 mm.
at the temperature of melting ice. The volume remaining con-
stant, what is the temperature at a pressure of 750 mm.?

Ans. 7.48°C.

#160. Given 250 ce. of a gas under a pressure of 765 mm. and
at a temperature of 15°C., what is the volume corrected to
standard conditions (0° C. and 760 mm.)? Ans. 238.5 ce.

161. A gas measures 300 cc. at standard conditions. What
is its volume at 755 mm. and 17.5° C.? Ans. 3213 ce. *
162. Under standard conditions of temperature and pressure,

a gas measures on¢ liter. What is its volume at 17.7° C. and
748 mm.? Ans. 1082 ce.

163." A gas of 275 cc. under standard conditions changes its
volume to 300 cc., when it is under a pressure of 754 mm. What
Is its temperature? F, T Ans. 22.47°C.

164. 50 Gedof a gas at 780 mm. and at',LO_‘j C. changes its
volume to 48 cc. under a pressure of 792 mm. What is the
temperature at this pressure and volume? Ans. 2.87°C.
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166. A gas is at a pressure of 748 mm. and a temperature of
12°C,, when its volume is 200 ¢e. ' What must be the pressure
of the gas if its volume is 178 ¢ at a temperature of 0° C.? ¢
. S ¥4 Ans. 805.1 mm.

166. A volume of gas is confined at 0° C. and 760 mm. pres-
surc. (¢) Whay is this pressure in inches of mercury and (b) in
pounds per square inch? (Sp. gr. of Hg = 13.6; 1" = 2.54 cm.;
1 5q. in. = 6.4516 sq. cm.) Ans. (a) 29.92".

(b) 14.701 Ibs. per sq. in.

167. A barometer with a glass scale reads 752.6 mm. at
15°C. What §s the barometer reading corrected to 0° C.?
Ans. 750.68 mm.

168. A baromecter with a brass scale shows a pressure 768.5
mm. at 18°C. What is the barometer reading corrccted to
0°C.? Ans. 766.28 mm.

169. The reading of a barometer, with a glass scale, at —5° C.
is 7563.2 mm. What is the reading corrected to 0° C.?
Ans. 753.84 mm.

160. A brass scale barometer rcads 769.2 mm. at 15°T.
What is the reading corrected to 0° C.? Ans. 770.36 mm.

- 161. What must be the reading on a barometer with a glass
scul;, at 15° C., that the pressure at 0° C. may indicate 760 mm.?
/ Ans. 761.9 mm.

162. If sufficient water is placed in a dry gas, at 15° C. and
753.8 mm. to thoroughly saturate it, what would be the pressure
after saturation, the temperature remaining constant? (Ten.
aq. vap. at 15° C. = 12.73 mm.) v  Ans. 766.53 mm.

163. If the atmosphere is saturated with water vapor at
14° C, and’ 758 mm., what percentage, by volume, of water
vapor does it contain? (Ten. aq. vap. at 14° C. = 11.94 mm.)

Ans. 1.589%,.

164. A gas, measured moist, has a volume of one liter at
17.5° C., under a pressure of 758.9 mm. What is its volume,
dry, under standard conditions? (Tecn. aq. vap. at 17.5°C.
= 14 91 mm.) Ans. 919.9 ce.
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166. 300 cc. of a gas arc measured moist over water at 15° C.
and under a pressure of 765 mm. (¢) What would be fTs-vol-
ume, dry, at this temperature? v(b) What is its volume, dry,
under standard conditions? (Ten. aq. vap. at 15°C. = 12.73
mm.) Ans. (@) 295.01 cc.

(b) 281.48 cc.

166. A certain reaction produces 22.4 L. of a gas, measured
at standard conditions. (@) What volume would it occupy,
moist, at 18° C. and at standard pressure?  (b) At 18° C. and
770 mm.? (Ten. aq. vap. at 18° C. = 15.38 mm.)

Ans. (a) 24.36 L.
NI ®) 24.04 L,

167. 500 cc. of nitrogen are measured over water at 17°C,,
the barometer reading 750 mm. If the water stood 180 mm. in
the tube, what is the volume of the nitrogen, dry, at standard?
(Ten. aq. vap. at 17° C. = 14.91 mm.; sp. gr. Hg = 13.6.)

Ans. 447.07 ce.

168. 180.5 cc. of air, saturated with moisture, at 18°C,,
.arc measurcd over mereury, the barometer reading 620.3 mm.
The mercury stood 52 mm. in the tube. Find the volume of
the air, dry, at standard conditions. (Ten. aq. vap. at 18° C.
= 15.38 mm.) Ans. 123.7 cc.

169. 203 cc. of chlorine gas, at standard conditions, are nce-
cssary to decompose a certain amount of hydrobromic acid gas,
also at standard conditions. What is the volume of hydro-
bromic acid gas? Ans. 406 cc.

170. If to a mixture of 100 cc. of nitrogen and of 200 cec. of
oxygen, 500 cc. of hydrogen are added, and the mixture ex-
ploded: (@) What is the resultant volume if the water is allowed
to condense? (b) What is the resultant volume if the water
stays in the gascous state? Ans. (a) 200 cc.

(b) 600 cc.

171. Consider the following reactions:

(1) 2HBr 4 Cl; = 2 HCI 4 Br,,
(2) 4HBr+ 0; =2H,0 +2Br..
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(@) If the volume of hydrobromic acid of (1) is one liter, how
many liters of chlorine at the same conditions are neeessary to
liberate all the bromine?  (b) In ecquation (2) how many vol-
umes of oxygen of the same temperature and pressure are
called for to liberate all the bromine? Ans. (@) 0.5 1.

(b) 0.25 L.

172. («) How many cubic centimeters of nitrogen are con-
tained in a Iter of ammonia gas? (b)) How many cubie centi-
meters of hydrogen? Ans. (a) 500 ce.

(&) 1500 ce.

173. One liter of hydrogen and 400 cc. of oxygen at 760 mm.
and 15° C. are exploded in a confined space.  What is the vol-
ume of the resultant gas at 170° C. and 760, mm. pressure?

Ans. 1538.2 ce.

174. What is the ratio of the volumes of hydrogen to chlo-
rine involved when hydrochloric acid is formed? (b)) The ratio
of the volume of chlorine to the volume of hydrochloric acid
produced? (¢) What is the ratio of the sum of the initial
volumes (factors) to the resultant volume (products)?

Ans. (a) 1/1.
®) 1/2.
(c) 1/1.

175. Onc volumec of ammonia gas is decomposed into its
clements. (@) What is the volume of the resultant gases?
(0) What is the ratio of the volume of the ammonia gas decom-
posed to the volume of the nitrogen produced? (¢) What is
the ratio of the volume of the nitrogen to hydrogen produced?

Ans. (a) 2V.
®) 2/1.
(c) 1/3.

176. 1200 cc. of chlorine and 1500 cc. of hydrogen at the
same temperature and pressure are combined to form hydro-
chloric acid gas. (a) What volume of hydrochloric acid gas is
formed? (b) Which gas is in excess and by how many cubic
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centimeters? (c) What is the total volume of the gases after
explosion? Ans. (a) 2400 cc.
b) 300 ce. .
(¢) 2700 cc.

177. Assuming air to be } oxygen: (e¢) How many liters of
air are required to burn one liter of methane at the same tem-
perature and pressure as the air? (b) If the pressure on the
methane is two atmospheres and the air is one atmosphere, what
volume of air is called for? (c) If the pressure on both is the
same but the temperature of the air is 20° C. and the methane
0° C. what volume of air is called for? Ans. (¢) 10 L.

(b) 20 L.
() 10.73 L.

178. 100 ce. of nitrous oxide (N:0) at standard arc decomposed
into its elements and yiclds 150 ce. of a mixture of nitrogen and
oxygen. 125 cc. of hydrogen at standard are now introduced
and the mixture exploded, and the resultant volume found to
be 125 ce. at standard. Show that the symbol must be N:O.

179. 300 cc. of hydrogen and 100 ce. of nitrogen both at
standard arc combined to form ammonia gas in a closed system.
If the volume of the resultant gas is 150 ce. and the pressure is
unchanged, what is the temperature? Ans. —68.2° C.

180. 400 cc. of ammonia gas at standard are decomposed and
the temperature reduced to standard. If the volume of the
system is unchanged, what is the pressure on the resultant gas?

Ans. 1520 nn,

181. 161.53 cec. of hydrogen at 18° C. and 754 mum. are united
with 160.35 cc. of chlorine at 15° C. and 750 mm. What is the
volume of the resultant gas at standard? Ans. 300 cc.

182. A liter of hydrogen at 39° C. is exploded with a liter of
oxygen at 3325 mm. The temperature is brought to 0°C.
What volume of which gas is in excess? Ans. No excess.

183. 50 cc. of carbon monoxide arc combined with oxygen in
excess. Atter combination 60 cc. of gas remains. What was
the volume of oxygen added? Ans. 35 cc.
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184. 100 cc. of a mixturce containing carbon monoxide and
hydrogen are exploded with an excess of oxygen and 60 ce. of
gas remain.  Of this 60 ce., 40 cc. are absorbed by potassium
hydroxide (the CO,). What was the volume of the carbon
monoxide, the hydrogen and the oxygen added?

Ans. 70 cc. Oy,
40 cc. CO,
60 ce. 1.

186. If 50 cc. of ammonia gas at 15° C. and 766 mm. arc de-
composed into its clements, and 50 cc. of oxygen at 12° C. and
753 mm. are introduced, and the mixture exploded, what vol-
umes of what gases remain at a temperature of 10° C. and 749
mm., disregarding the volume of water vapor formed?

Ans. 25.12 ce. Ny,
12.23 ce. O,.

186. How many liters of oxygen at 10° C. and 765 mm. might
be obtained by the decomposition of a liter of nitrogen pent-
oxide (N:05) at 35° C. and 748 mm.? Ans. 2.246 L.

187. (iiven a mixture of hydrogen, carbon monoxide and
nitrogen; calculate its pereentage composition from the follow-

ing:

Volume of mixture taken .. ....... ... ... 25.00 ce.
Volume of oxygen added  ................. 10 00 ce.
Volume after explosion e e c.o.. 22 50 ce.
Volume after CO, absorption. ............. . 12 50 ce.

Ans. 209, H,,

409, CO,

- 409% N..

188. Calculate the percentages of hydrogen, carbon monox-
ide and propane from the following:

Volume of sample taken. . ................. 25 00 cc.
Volume after adding oxygen. ........covenn. 100.00 cc.
Volume after explosion. .. ................. 55.50 cc.
Volume after CO, absorption. .............. 17.50 cc.
Ans. 289, H,,

329, CO,

40 % CsH 8
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189. Calculate the composition of a gascous mixture of
carbon monoxide and acetylene from the following data:

Volume of mixture taken ... ...... . .... 20 00cec.
Volume of oxygen added ..... .. ......... 50 00 ce.
Volume after explosion . .. 5200cec.

Volume of oxygen left after I\()II tre: ttmont 24 00 ce.

Ans. 8.00 cc. C,H,,
12.00 ce. CO.

190. Calculate the composition of a mixture of carbon mon-
oxide and methane from the following:

Volume of mixture taken..... ... .... .... 20 00 cc.
Volume of oxygen added. . . . ... 40 00cc.
Volume after explosion. . ........... ... ... 47.00 cc.

Ans. 2.00 ce. CHy,
18.00 cc. CO.

191. A gascous mixture of oxygen, nitrous oxide (N:0) and
nitrogen is to be analyzed from the following:

Volume of mixture taken... . . . . ... 20 00 ce.
Volume of hydrogen added . .............. 30 00 cc.
Volume after explosion . ............ ..... 18 00 ce.
Volume of oxygen added ... ....... ... 10 00 ce.
Volume after explosion..............c.o...... 19.00 ce.

Ans. 8.00 cc. O,
800 cC. Nzo,
4.00 cc. Na.

192. By mcans of the formulas developed on page 90, cal-
culate the percentage composition $f & mixture of hydrogen,
carbon monoxide and methane, from the following:

Volume of mixture taken.................... 50.00 ce.
Volume of oxygen added. ................... 75.00 cc.
Volume after explosion. .. .................. 60.00 cc.
Volume after absorption of COp.............. 20.00 cc.
Ans. 20%, H,,
409, CO,

40% CH,.
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193. What is the weight of 300 cc. of nitric oxide (NO) under
standard conditions? Ans. 0.40204 g.

194. What is the weight at standard of a liter of methane,
the molecular weight of methane being 16.032?
Ans. 0.7159 g.

196. A liter of a gas at standard conditions weighed 3.627 g.
What is its molceular weight? Ans. 81.22.

196. 963 cc. of a gas at 754.3 mm. and at 17° C. weigh 1.368 g.
What is its molecular weight? Ans. 34.05.

197. Nitrogen has a molecular weight of 28.02. (a) What is
the weight of a liter at standard conditions? (b) What is its
specific gravity referred to §5 oxygen? (c) To hydrogen?

Ans. (a) 1.251 g.

(b) 28.02.
(c) 13.90.
198. Bromine gas has a specific gravity, referred to air, of
5.524. What is its molecular weight? Ans. 159.9.

199. The density of hydrochloric acid referred to air is 1.2595.
(a) What is its density referred to hydrogen? (b) To oxygen?
Ans. (a) 18.115.
(b) 1.1393.

200. The density of nitrogen at a certain pressure is 0.9802,
referred to air at standard. (a) What is the pressure upon it?
(b) What is its density at 15° C. and 760 mm. compared to air
at standard? (c) If the density compared to air at standard
is 0.9502, what is the temperature. (d) What is the density
of nitrogen at 755 mm. and 150° C. compared to air at standard?

Ans. (a) 769.5 mm.
(b) 0.9177.
(c) 5.1°C.
(d) 0.6207.
201. A liter of ammonia gas under standard conditions

weighed 0.7630 g. What is its specific gravity to hydrogen?
Ans. 8.4885.
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202. A certain volume of chlorine weighs 0.6333 g.; if the
same volume of silicon tetrafluoride weighs 0.9326 g., what is
the molecular weight of the latter, taking the molecular weight

of chlorine as 70.92? Ans. 104.44.
203. What is the volume at standard conditions of 1.008 g.
of hydrogen? (b) Of 2.016 g.? Ans. (a) 11.2 L,
() 224 L.
204. The molccular weight of carbon monoxide is 28.00.
What is its speeific gravity to air? Ans. 0.9674.
206. What is the weight of 275 cc. of carbon oxysulphide
(COS) at 15.5° C. and 768 mm.? Ans. 0.7054 g.

206. (@) What is the weight of 300 ce. of chlorine at stand-
ard conditions if its molccular weight is 70.92? (b) What is
its specific gravity to ¥ oxygen? (c¢) To hydrogen? (d) To
air? (¢) To water? Ans. (a) 0.9501 g.

() 70.92.
(c) 35.24.
(d) 2.450.
(e) 0.003167.

207. A bulb known to hold exactly 500 cc., when filled with
hydrogen at standard weighed (with all corrections) 30.04494 g.;
when filled with cthane under the same conditions it weighed
30.67105 g. What is the molecular weight of ethane?

Ans. 30.05.

208. If the molccular weight of nitrous oxide is 44.02, at
what pressurec would 4 grams of this gas at 15° C. occupy a
volume of one liter? Ans. 1631 mm.

209. Calculate the vapor density of carbon tetrachloride, com-
pared with hydrogen, from the following readings obtained by
the IHofmann method:

Weight of substance taken.................. 0.2832¢.
Volume of vapor obtained................... 91.50 ce.
Temperaturc. « . .oovvverneenneneneennennnnn 99.50° C.
Barometer............. ... . i, 746.9 mm.
Height of mercury in tube. ................. 283.4 mm.
Weight of a liter of hydrogen................ 0.089873 g.

Ans. 77.05,
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210. Calculate the molecular weight of an organic substance
from the following readings obtained by Iofmann’s method:

Weight of substance taken . .. . .. 00835g
Volume of vapor obtamed....  .... ... . 81 40 ce.
Temperature. . ..... ... L., 100° C.
Barometer . .. e e e 752 5 mm.
Height of mercury in tube. ... ..... e 413 5 mm.

Ans. 70.38.

211. What is the vapor density, compared with air as unity,
of iodine, yiclding the following data when determined accord-
ing to the method of Vietor Mcyer?

Weight of iodme taken . . ceiee ... 0.1735g.
Volume of wr displaced ... ee vv ... 17 40 ce.
Temperature . A (A OR
Barometer. ... 722.3mm.
Tension of aqueous vapgr at 16°C. .. .... . 13 57 mm.

Ans. 8.757.

212. Victor Meyer’s method yields the following results for
carbon bisulphide. From them ealculate the molecular weight.

Weight of carbon bisulphide taken . . . . 0.0825g.
Volume of air displaced.. ... ...... . ..... 27 31 ce.
Temperature. . ..... ... ... ... 16.5° C.
Barometer . ... ool o 718 mm.
Tension of aqueous vapor at 16.5°C.......... 14.00 mm.

Ans. 77.38.

213. If air has a density of 0.0012926 referred to water:
(@) What is its density at 754 mm.? (b) At 754 mm. and 38° C.?
(¢) At 770 mm. and —40° C.? Ans. (a) 0.0012824.

(b) 0.0011257.
(c) 0.0015344.

214. If the barometer at a certain place varied between
740 mm. and 785 mm. and the temperature varies between
40°C.and —40°C.: (a) What is the maximum variation in the
density of the atmosphere if these variations work in conjunc-
tion? (b) What is the difference in the weight of a liter of air at



GAS CALCULATIONS 129

the greatest and the least density? (Density of the atmosphere

= 0.0012926.) Ans. (a) 0.0004665.
(b) 0.4665 g.

216. A certain volume of silicon fluoride weighed 3.4962 g.

The samc volume of air under the same conditions weighed

0.9694 g. What is the molecular weight of the silicon fluoride?
Ans. 1044,

216. What is the specific gravity to air of hydrogen sulphide,
the molecular weight of which is 34.086? Ans. 1.178.

217. The density of a gas is 0.8988 at 15° C. and 749 mm.
What is its density at standard? Ans. 0.9621.

218. (a) At what temperature will one gram of hydrogen
occupy a liter at 760 mm.? (b)) At 750 mm.?
Ans. (a) — 248.42° C.
(b) — 248.79° C.
219. 283.5 ce. of a gas at 18°C. and 757 mm. weigh 0.51264 ¢.
What is the weight of a liter at standard? Ans. 1.9351 g.
220. What is the weight at 20° C. and 767 mm. of 263 cc. of
propylene (C3Hg)? Ans. 04644 g.
221. If 283.5 cc. of hydrogen selenide (I1:S¢) weigh 0.9497 g.
at 17.4° C. and 747 mm., what is its molccular weight?
Ans. 81.19.
222. If 54.62 cc. of oxygen (density to hydrogen, 15.88)
pass through a minute opening in the same time as 58.33 ce. of
nitrogen: (¢) What is the density of nitrogen to hydrogen?
(b) Its molecular weight? Ans. (a) 13.93.
(b) 28.08.
223. 60.00 cc. of air effusc in the same time as 53.46 ce. of
hydrochloric acid. What is the molccular weight of the hydro-
chloric acid? Ans. 36.45.
224. 76.42 cc. of sulphur dioxide pass through a minute
orifice in the same time as 108.1 cc. of oxygen. What is the
molccular weight of the sulphur dioxide? Ans. 64.03.
226. It required 75.2 seconds for a certain volume of hydro-
gen to pass through a minute orifice and 414.6 seconds for the
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same quantity of carbon oxysulphide. (a) What is the den-
sity of the carbon oxysulphide to hydrogen? (b) Its molecular
weight? Ans. (a) 304.
(b) 61.28.
226. It required 105.6 scconds for a certain volume of air to
effuse and 39.3 scconds for the same quantity of helium. (a)
What is the density of helium to air? (b) Its molecular weight?
Ans. (a) 0.1385.
(b) 4.009.
227. It required 87.2 scconds for a certain volume of oxygen
to pass through a minute orifice and 127.1 scconds for the same
volume of boron fluoride. What is the molecular weight of
the boron fluoride? Ans. 67.98.
228. How many grams of sulphuric acid must act on a metal
to produce 1200 cc. of hydrogen at 0° C. and 760 mm., all of the
hydrogen of the acid being liberated? Ans. 5.256 g.
229. If 15 g. of iron react with sulphuric acid thus:
TFe + HoS04 = FeSO4 + H,,
how many liters of hydrogen arc liberated at standard?
Ans. 6.017 L.
230. In the reaction:

CaCO; + 2 HC! = CaCl; 4+ CO: 4 II:0.
(a) How many grams of caleium carbonate are required to pro-
duee 1700 ce. of carbon dioxide at 780 mm. and 17°C.? (b)) If
860 ce. of carbon dioxide were liberated at 754 mm. and 20° C.,

how many grams of calcium carbonate were acted upon?
Ans. (a) 7.3376 g.

() 3.5515 g.
931. Lackawanna coal corresponds to the composition:
Per cent
Volatile combustible matter. ................... 5.00
(0770 0703 + WA PP 84.00
X)W 11.00

Considering the volatile combustible matter to be methane,
what volume of air at standard, } of which is oxygen, is ncces-
sary to burn completely a kilogram? Ans. 8538.7 L.
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232, Consider the coal of problem just preceding. If the heat
of combustion of methane burned to carbon dioxide and water
is 13,344 Calories and of carbon burned to carbon dioxide is 8080
Calories, what is the heat of combustion of this coal?

) Ans. 7454.4 Cal.

233. From the cquations:

NaCl + H.S0, = NaHSO, 4 HCI
4 HACl 4+ MnO; = MnCl; + 2 H,0 + Cl..

() What volume of chlorine measured under standard con-
ditions will be produced by 10.000 g. of sodium chloride? (b)
What volume of chlorine measured moist will be produced?
(Ten. aq. vap. at 0° C. = 4.6 mm.) Ans. (a) 0.9579 L.

(b) 0.9637 L.

234. Consider the same reactions as in the previous problem.
(a) One liter of chlorine measured at 764 mm. (the barometer
not being corrected for temperature: brass scale) and 15°C,,
moist, indicates how much sodium chloride when the correc-
tions arc made? (b) How much sodium chloride is indicated
if the readings arc assumed to be correct as stated? (c) How
many grams of sodium chloride are indicated if corrections
were made for the pressure of water vapor and the tempera-
ture only? (Pressure of water vapor at 15° C. = 12.73 mm.:
apparent expansion of Hg = 0.00017.) Ans. (a) 9.757 g.

(b) 9.948 g.
(c) 9.782 g.
285. If ten grams of water vapor occupy a volume of one liter,
the pressure being 20 atmospheres, what is the temperature?
Ans. 166.1° C.
236. Water gas is produced according to the equation:
C+ H.0 = CO 4+ H..

(a) What volume of carbon monoxide and hydrogen will be

produced from a kilogram of water? (b) What volume of

carbon monoxide and hydrogen will be produced from a kilo-
gram of carbon? (c) What volume of air is necessary for the



132 CHEMICAL CALCULATIONS

complete combustion of the gas produced in (a)? (Air =}

oxygen.) Ans. (a) 2486.7 L.
(b) 3732.2 L.
(c) 6216.7 L.

237. A balloon has a capacity of 100,000 liters. How many
kilograms of (¢) sulphuric acid and (b) iron arc necessary to
fill the balloon with hydrogen at 20° C. and 760 mm.?

Ans. (a) 408 kg. HoSO,.
(0) 232.3 kg. Te.-

238. How many liters of air at standard are required for the
combustion of one kilogram of a coal of the following compo-
sition?

Per cent
Carbon. . ...t e 65.72
Hydrogen. ... ... ... o oo i 9.03
Nitrogen. . ...oove ittt et 0.72
L0 S 4.78
Ash. .. ..o 19.75

Ans. 8475 L.

239. Given a natural gas of the following composition by
weight:

Per cent
Hydrogen. ...oooiiiiin i iiiiiiaann. 1 42
Methane. . .ooo i et eei e 94.16
Ethylene. .. ...t 0.30
Carbon dioxide. . . ... 0.27
Carbon monoxide. . ....ocvvieiieiineenneennnnn 0.55
L0370 1 0.30
DA E 82 ¢ 2.80
Hydrogen sulphide. . .........ooooiiiiiiiiin, 0.18

How much air is necessary for the combustion of one kilogram?
Ans. 13,598 L.

240. A sample of calcium carbonate when treated with an
acid evolved 200 ce. of carbon dioxide at 18° C. and 754 mm.
How much calcium carbonate does this amount indicate?

Ans. 0.8316 g.
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241. From the reaction,
2 Mg + 0, = 2 MgO,
how many grams of magnesium can be burned in a globe con-
taining 3489 ce. of oxygen at 19.5° C. and 768 mm.?
Ans. 7.145 g.

242. (a) What volume of nitrogen at 10° C. and 624 mm. is
evolved from 3 liters of nitric oxide at 18° C. and 790 mm. when
passed over red hot copper? (b)) Ilow many grams of copper
oxide arc formed? The reaction is

2NO +2Cu =2Cu0 + N..
Ans. (a) 1846.8 cc.
(b) 10.392 g.

243. (a) What volume of hydrogen at 17° C. and 748 mm. is
required to unite with one gram of chlorine to form hydro-
chloric acid? (b)) What volume of hydrogen under the same
conditions but moist? (Ten. aq. vap. at 17°C. = 14.45 mm.)

Ans. (a) 0.3409 L.
(b) 0.3476 L.

244. How many cubic feet of hydrogen at 62° F. and 29.4"”
will be yiclded by the action of sulphuric acid on 10 Ibs. of
iron? Ans. 69.475 cu. ft.

245. 5 cubic feet of carbon dioxide measured at 70° F. and
30.7” were cvolved by the action of hydrochloric acid on cal-
cium carbonate. How much calcium carbonate was decom-
posed? Ans. 1.326 lbs.

246. I'rom the equation,

NH4N03 = NgO + 2 H20,

(a) how many cubic feet of N;O at standard will be produced
by 15 lbs. of NIILNO;? (b) What is the resultant volume from
the reaction at 30"’ and 300° C.? Ans. (a) 67.16 cu. ft.

(b) 422.87 cu. ft.

247. A gas tank contains 200,000 cubic feet of dry coal gas
at 30” and 70°F. If 409, by volume of this is methane, how
many pounds of methane arc contained in the tank?

Ans. 3322 lbs.
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248. How many cubic feet of oxygen and hydrogen togcther
at standard result from the decomposition of ! Ib. of water?
Ans. 7.46 cu. ft.
249. Six cubic fect of sulphur dioxide arc required. (a) How
many ounces of sulphuric acid and (b) copper are required?
The reaction is
Cu + 2 H2SO4 = CUS()q + 2 IIzO + SOz
Ans. (a) 52.54 oz.
®) 17.03 oz.
260. ITow many cubic feet of air at standard are required to
burn a ton of 2000 Ibs. of coal gas of the following composition
by weight?

Per cent
Hydrogen . ..... . . ... . .. . ... . ... 4585
Methane . .. e e e .. 39 26
Ethylene e 5.17
Carbon dioxide .. e e . 0 82
Carbon monoxide . . C e . ... 478
Oxygen N . e 0 41
Nitrogen.... . . ....... . .... .. .. 37

Ans. 605,515 cu. ft.
261. If the reaction for the decomposition of oxalic acid
proceeded as follows:

2 (C.11,04 - 2 H,0) = HCOOII + 5 H,0 + 2 CO. + CO,
and the products were brought to standard conditions, (a) what
is the volume of the gases (neglecting the volume of water vapor
present) if 2 oz. of oxalic acid are decomposed?! (h) If the
temperature is now raised to 140° C., what is the volume of
the gases formed, pressure remaining at standard? (c) If the
formic acid decomposes at 160° C. as follows:

HCOOH = CO, + I1,,

what is the total volume of the gases formed at 200° C.?
Ans. (a) 0.5332 cu. ft.
(b) 2.420 cu. ft.
(c) 3.072 cu. ft.
1 Water freezes at 0° C. and boils at 100° C.; formic acid melts at
8.6° C. and boils at 100.8° C.
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262. A flask weighs 139.8460 g. in air with brass weights
(density, 8.4). The temperature is 18° C., the barometer 757
mm. The density of the flask is 3.45. What is the weight
in vacuwo? (Use the decimal coefficient of expansion of a gas.
1 ce. air at standard weighs 0.0012926 g.) Ans. 139.8748 g.

263. A flask and water are counterpoised by 1008.2600 g.,
the weights being of brass (density, 8.4). The temperature is
18° C., the barometer 634 mm. Regarding the flask and water
as having a density of 1, what is the weight in vacuo?

Ans. 1009.1586 g.

264. It is desired to weigh out an amount of platinum (sp.
gr., 21.5) in air at 17° C. and 764 mm. so that its truc weight
in vacuo should be 200.0000 g. Brass weights are used (den-
sity, 8.4). What weight should be put on the other pan?  (Use
the decimal cocfficient of expansion.) Ans. 200.01774 g.

266. It is desired to weigh out 576.4213 g. to be truc in vacuo.
Brass weights (density, 8.4) are used, the temperature is 19° C.,
the barometer 764 mm. The density of the body to be weighed
is 2.637; what weight must be put on the other side? (Use the
dccimal cocfficient, of cxpansion of a gas.)  Ans. 576.2391 g.

266. It is required to get a weight of water that will be true
in vacuo. Brass weights arc used (density, 8.4), the density of
the water is 0.999050, the weight required is 100.2037 g., the
temperature of the air is 18° C. and the barometer is 763 mm.
What weight must be put on the other pan? (Use the decimal
cocflicient of expansion of a gas.) Ans. 100.0961 g.

267. A flask of glass (density, 3.4) ! weighing 203.8050 g. in
air is filled with water at 17° C. when it weighs 1397.4370 g. in
air, the temperature being 17° C., the barometer 756 mm.; brass
weights arc used (density, 8.4). What is the weight in vacuo of
the combination? (Use the decimal coefficient of expansion of
a gas. Density of water at 17° C. = 0.9988.)

Ans. 1398.75 g.

1 Take into account the weight of air displaced by the glass of
the flask.
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268. (a) Calculate Wd(—— — 1)‘ for a cubic centr .

D . .meter of
water weighed in air under the following conditions:
Temperature of the air ... .. C e 15° C.
Temperature of the water.................. 15° C.
Barometric pressure. ... ... ... 770 mm.
Saturation of aqueous vapor in the air ... . 50%
Vapor pressure of water vapor at 16°C...... 12 728 mm.
Cocflicient of cqnnblon ofair. . ... 0 00367
Weight of aliter of dry air at 0°C. and 760 mm. 1 2926g.
Density of water at 15°C..... ... . ... 0.999126
Density of weights ......... ... 84
Cocfficient of cubical expansion of gl'w: 0.000025

(b) Using this last calculated quantity, calculate the appar-
ent weight, in air, of 250 cc. of water under these conditions.
() If a flask marked 250 ce. at 20° C. (United States Stand-
ard) gives an apparent weight of water in air under the condi-
tions enumerated above of 249.508 g., what is the crror of the
flask? Ans. (a) 0.0010903.

(b) 249.508 g.
(¢) 0.031 cc.

269. Calculate the weight of a liter of water in air under the
following conditions:

Temperature of the air...... ............. 20° C.
Temperature of the water ... ............ 20° C.
Barometrie pressure. ..........o0. 0 Ll 760 mm.
Saturation of aqueous vapor in the air . . . 50%
Weight of a liter of dry airat 0° C. and 760 mm.  1.2926 g.
Vapor pressure of water at 20°C.  ........ 17.406 mm.
Density of water at 20°C................. 0.998230
Density of weights. . ... . ...l 8.4
Coeflicient of expansion of air.............. 0.00367

Ans. 997.173 g.

260. A flask calibrated to contain 500 cc. at 20° C. (United
States Standard) was found to hold 499.149 g. of water when
filled to the mark. The flask was tared with a similar flask,

1 See p. 104.
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finishing the tare with glass beads, foil, cte. Given the follow-
ing conditions, what is the error of the flask?

Temperature of water and flask............ 17° C.
Temperaturc of air ...... ...t 17° C.
Barometric pressure. . ... .. Lo 760 mm.
Saturation of aqueous vapor . . . ...... 50%
Tension of aqueous vapor at 17°C ... ..... 11.45 min.
Weight of aliter of dry airat 0° C. and 760 mm. 1 2926 g.
Coeflicient of expansion of air . C e 0 00367
Density of water at 17°C.. . . .. ... 0.998801
Density of weights. . .. .. . ..., 8 4
Cubical cocflicient of O\p'msmn of glass. . ... 0 000025

Ans. +0.15 cc.

261. A flask is to be calibrated to hold 2000 cc. at 20° C.
(United States Standard). It is tared by a similar flask, fin-
ishing the tare with glass beads, foil, ete. Ilow many grams
of water should be weighed into the flask under the following
conditions?

Temperature of water and flask . ........ 17° C.
Temperaturc of air....... .. ... ieann 17° C.
Barometric pressure. . ...... ...l 752 mm.
Saturation of aqueous vapor in the air. ..... 33%
Vapor tension of water at 17°C.. ... ..... 14 45 mm.
Coefficient of expansion of air.... ........ 0.00367
Weight of a liter of air at 0° C. and 760 mm. 1.2926 g.
Density of water at 17°C......... ....... 0 998801
Density of weights. ...................... 8.4
Cubical cocflicient of expansion of glass.. ... 0.000025

Ans. 1995.64 g.

262. (a) What is the volume of onc gram of water at 15° C,,
weighed in air with brass weights (density, 8.4), the tempera-
ture of the air being 15° C., pressure of the atmosphere 760 mm.
() What is the volume of a kilogram of water under these
conditions? (Use the decimal coefficient of expansion of a gas.
Density of water at 15° C. = 0.999126: weight of one cubic
centimeter of air at standard = 0.0012926 g.)

Ans. (a) 1.001954 cc.
(b) 1001.954 cc.
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263. A flask calibrated to hold one Mohr’s liter at 15° C. was
counterpoised by another similar flask and sand. Filling up to
the mark with water at 15° C. and 760 mm. required 999.8730 g.
What is the error? Ans. —0.127 ce.

264. («) What is the volume of one gram of water at 60° I,
weighed in air with brass weights (density, 8.4), the temperature
of the air being 60° I., the baromcter standing at 760 mm.
(0) What is the weight of a kilogram of water under these con-
ditions? (Use the deeimal coeflicient of expansion of a gas.
Density of water at 60° F. = 0.999050.)

Ans. (a) 1.002037 ce.
) 1002.037 cc.

265. If air is saturated with water vapor at 20°C. and
760 mm.: («) What per cent of its volume is aqueous vapor?
(b) Taking air to have a molecular weight of 28.913, what is
the weight of a liter of saturated air at this temperature?
(¢) What is its density referred to water? (Ten. aq. vap. at
20° C. = 17.41 mm.) Ans. (a) 2.2919,.

() 1.194 g.
(¢) 0.001194.

266. The temperature of a room is 18° C., the dew point is
15°C. What is the humidity? (Ten. aq. vap. at 18°C. =
15.38 mm.; at 15° C. = 12.73 mm.) Ans. 839,.

267. (a) What is the mass of nitrogen in a liter of nitrogen
measured moist at 18° C. and 763 mm.? (b)) What is the mass
of the water vapor disseminated throughout the liter? (c) What
is the mass of the moist nitrogen? (Ten. aq. vap. at 18° C.
= 15.38 mm.) Ans. (a) 1.1548 g.

(®) 0.1527 g.
(c) 1.3075 g.

268. (@) What is the weight of a liter of water vapor satu-
rated at 15° C. and 760 min.? (b)) What is its density compared
to water at 4°C. (Ten. aq. vap. at 15° C. = 12.73 mm.)

Ans. (a) 0.01277 g.
(b) 0.00001277 g.
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269. (¢) What is the mass of a liter of saturated air at 15° C.
and 730 mm.? (b)) What is the pereentage by weight of air and
moisture in air under these conditions? (Use the decimal co-
efficient of expansion of a gas. Ten. aq. vap. at 15°C. =
12,73 mm.) Ans. (a) 1.1690 g.

(®) 98.919 air.
1.09% 11.0.

270. The humidity at 25° C. is 83%; the barometer stands
at 765 mm. If the temperature were to suddenly drop to
15° C. and the barometer to 755 mm., how much moisture would
be precipitated per cubic meter? (Ten. aq. vap. at 15°C.
= 12.73 mm.; at 25° C. = 23.55 mm.) Ans. 1.669 g.

271. How many grams of water will evaporate into a five
liter space at 20° C. and 760 mm.? (First caleulate the density
of the aqueous vapor at 20° C. to wuter at 4° C.; ten. aq. vap.
at 20° C. = 17.41 mm.) Ans. 0.0860 g.

272. (a) What weight of water vapor is present in a cubic
meter of air saturated at 20° C.? () If the relative humidity
is 60%? (c) If the air has a rclative humidity of 80% at
20° C. and should be cooled to 10° C., what weight of water
would be precipitated per cubic meter? (Density of aqueous
vapor at 20° C. = 0.0000172; at 10° C. = 0.0000093.)

Ans. () 172 g.
() 1032 g.
(c) 4.46 g.

273. What is the weight of a liter of air at 18° C. and 762 mm.,
the dew point being 15° C.?  (Ten. aq. vap. at 15° C. = 12.73
min.) Ans. 1.2050 g.

274, Calculate the weight of a liter of air 45%, saturated with
water vapor at 765 mm. and 18°C. (Tension of aqucous vapor
at 18° C. = 15.38 mm. Weight of a liter of dry air at 760 mm.
and 0° C. = 1.2926 g.) Ans. 1.2165 g.

276. Calculate the weight of a liter of carbon dioxide at
20° C. and 772 mm., the gas being 50%, saturated with water
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‘.

vapor. (Tension of aquecous vapor at 20°C. = 17.41 mm.
Weight of a liter of dry carbon dioxide at 0° C. and 760 nmm.

= 19768 g.) Ans. 1.8585 g.
276. Using the symbols of pagc 109, deduce the approximate
formula Wiy =2 f+w77)00 6L o 2{* % 1.9768 for the cal-

culation of the volume of moist carbon dioxide at any iem-
perature and pressure to the volume dry at 0° C. and 760 mm.
(Weight of a liter of dry carbon dioxide at 0° C. and 760 mn.
= 19768 g.)



CHAPTER VII

CALCULATION OF ATOMIC WEIGHTS AND
FORMULAS

Atomic Weight. — The atomic weight of an element
is the ratio of the weight of an atom of that element to
the weight of an atom of some other element taken as
standard. This standard is oxygen which is arbitrarily
given an atomic weight of 16.  Hydrogen, the lightest of
the clements, was formerly taken as unity, but this unit
has been abandoned and oxygen has supplanted it, for
the reason that most of the elements form binary and
other compounds with oxygen which are stable at ordi-
nary temperatures, while the same is not true of hydrogen.
Again, it happens that when oxygen is taken as 16, more
of the atomic weights of the clements can be expressed in
whole numbers than is the case when the hydrogen stand-
ard is employed, and also there are morc compounds
of importance to the chemist, containing oxygen, than
hydrogen.

Valence. — Valence is the power of an atom of an
element to combine with a certain number of atoms of
another clement, taking the valence of hydrogen as unity.
Valence is a numerical property of an clement by virtue
of which a definite number of atoms of another element
are held in combination.

Combining Weight. — The combining weight of an
element is the weight of that clement which will combine
with, replace or be replaced by, 16 parts by weight of

oxygen.
141
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Radicals or ions may be considered to have valence.
Thus, sulphuric acid has two replaceable hydrogens, so
the radical SO4 is divalent: the hydroxyl radical, OH,
combines with one atom of hydrogen to form water, one
atom of sodium to form sodium hydroxide and, conse-
quently, has a valence of one.

Relationship between Atomic Weight, Valence and
Combining Weight. — As oxygen has a valence of two,
the following cquation shows the relationship between
the atomic weight, the combining weight and the valence
of clements

C
A=3V,

in which A is the atomic weight, C' the combining weight!
and V the valence.

Calculation of Atomic Weight from an Analysis.
Simple Cases. — For example, mercury and oxygen
have cach a valence of two, the compound mercuric oxide
is HgO, which by analysis gives: 92.61%, mercury and
7.399% oxygen. Then X grams of mercuric oxide contain
0.926 X g. of mercury and 0.074 X g. of oxygen. The
equivalent of mercury according to definition is

0.9261 X 0.9261

¢ X 16 = 50739

0.0739 X X 16 = 200.6.

1 Combining weights may be referred to other clements than
oxygen. If z represents the valence of the clement to which the

combining weight is referred, then the formula becomes 4 = g V.

The term “equivalent” is often employed and by it is meant that
weight of an element which will combine with, replace or be re-
placed by 8 parts by weight of oxygen. With this definition the
formula becomes A = CV. This latter is frequently used, but the
formula given in the text is employed for the reason that it refers to
oxygen as 16, which is the arbitrary standard to which all atomic and
molecular weights are referred.



ATOMIC WEIGHTS AND FORMULAS 143

Substituting in the cquation, the atomic weight is

A=g070'§><2=200.6.

Again, iron in its trivalent form is combined with oxy-
gen yielding an oxide which on analysis shows 30.069,
oxygen, 69.949, iron  Then, as before, the equivalent of
the iron is

0.6991 o o
0.3006 X 16 = 37.23,
and the atomic weight of iron is
A= 3122:5 X 3 = 55.84.

Law of Dulong and Petit. — The formula A= g vt

supposes & knowledge of the valence of the element the
atomic weight of which is to be calculated. The com-
bining weight is found by an analysis of a compound,
preferably a compound of the element with oxygen, if
such compound be stable. In the case of compounds
of elements which cannot be vaporized without decom-
position, a knowledge of the valence of the clement must
be determined by other means than through molccular
weights determined by vapor density methods. For this
the law of Dulong and Petit is employed. This law
states that the product of the atomic weight of an clement
into its specific heat (in the solid state) is a constant.
The product is called the atomic heat and its value approx-
imates 6.4.2 If w represents the atomic weight and S
the specific heat, the law may be symbolized:

Atomic heat = Sw = 6.4.

3 P, 142,
2 Exceptions occur, notably in the cases of carbon, silicon, beryl-
lium and boron.
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Values of the atomic weights so obtained are rough
approximations, but they serve to indicate which of a
serics of values must be taken as the atomic weight.
This is shown in the following: The specific heat of iron
is 0.1162;! and analysis of ferric oxide gives

Per cent
Iron... ... 69.94
(01471 + W _30.06
100 00

The problem is to find the atomic weight and the valence
of iron in this compound. The c¢ombining weight of iron
from these figures is

69.94

30.06
Then as oxygen has a valence of two, the lowest possible
value for the atomic weight of iron is half the combining
weight, or 18.6135; Fe,O being a compound in which
iron would show a minimum atomic weight as then its
valence would be one. Without taking into consider-
ation any other compounds of iron, the atomic weight
of iron might be any whole multiple of this value, namely,
18.6132, 37.227, 55.8405, 74.454, ctc. But from the law
of Dulong and Petit the atomic weight of iron must
approximate

X 16.00 = 37.227.

_ 64
T 0.1162

This shows 55.84 to be the atomic weight of iron. From

w = 55.08.

the formula 4 = % V, the valence of iron in ferric oxide

must be

55.84 = ?1%2_71;; V=3.

1 Sec Chem. Ann., p. 10.
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Calculation of Atomic Weights from Analysis. More
Complex Cases. — The above are cxamples of the
simplest cases. A more complex example will now be
considered. Arsenious oxide (As,0s) is converted into
silver arscnate (AgsAsOg): 1.5000 g. of arsenious oxide
yield 7.0096 g. of silver arsenate. Knowing the symbols
and the atomic weights of all the elements except the
atomic weight of arsenic, which is to be determined,
the conversion may be represented

AS;;O:; — 2 AgsASO‘;
(@ 150008 7.0096 g.
(®) 484+2X  TI528+2X
The subscripts (a) show the ratios by weight, (b) the
ratios by molecular weights in which X is the atomic
weight of the arscnic. These two ratios are equivalent:
1.5000 _  48+2X
7.0096 77528 + 2 X’
and solving for X gives X = 75.00 as the atomic weight
of arsenic.
Again, consider the equation,
NaCl + AgNO; = AgCl 4 NaNO;,

and suppose it were determined that 10.0000 g. of sodium
chloride require 18.4535 g. of silver dissolved in nitric acid
for complete precipitation. To calculate the atomie
weight of sodium: According to the statement,

10.0000 g. NaCl = 18.4535 g. Ag,
the amount of chlorine in the silver chloride is the amount
of chlerine in the sodium chloride, which is

cl_ 3546

Ag  107.88

and the weight of sodium in the sodium chloride is
10.0000 — 6.0657 = 3.9343 g. Na;

X 18.4535 = 6.0657 g. Cl,
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consequently, the atomic weight of sodium is

3.9343
6.0657 X 35.46 = 23.00.

The molecular weight of a substancc is the sum of the
atomic weights of the atoms entering into the molecule.
When a substance may be vaporized without decom-
position, the molccular weight is obtained as given in
the section devoted to gas densities.

Molecular Weight by Elevation of Boiling Point and
Depression of Freezing Point. — In addition to the
method of measuring vapor densitics, there arc two
methods commonly employed with non-cleetrolytes (z.e.,
substances which do not ionize appreciably upon going
into solution). These may be determined, in general,
by measuring the depression of the freezing point and
the clevation of the boiling point, due to the introduction
of a solute.

The depression of the freczing point of a given amount
of solvent is the same for a gram-molecule of substance,
and, in gencral, is independent of the composition of the
substance if no ionization takes place. The amount of this
depression depends upon the nature of the solvent.  Let
M be the molecular weight of the dissolved substance, w
its weight in grams, W the weight of the solvent in grams,
A the observed change of temperature and K a constant
depending upon the nature of the solvent. The molecu-
lar weight is given by the formula

M= KAW

Using the symbols with the same meaning, as above,
for the determination of molecular weights from the
raising of the boiling point, the same formula applies
except that K is a different constant and A represents
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the clevation of the boiling point of the solvent duc to
the introduction of the solute. Bclow arc a few values
for K:

K K
Solvent. Dep. of F. P. | Elov. of B. P.
Water..... .. e 1850 510
Benzol ........ .... 5000 2610
Iithyl ether . . e 2160
Chloroform ..... ... . 3590

Molecular Weight of an Organic Acid from Analysis
of the Silver Salt. — A method for the determination
of molecular weights particularly applicable to organic
acids is illustrated as follows:! One gram of silver ace-
tate on analysis is found to contain 0.6464 g. of silver.
As silver is univalent, then one hydrogen must have been
replaced for cach acidic hydrogen ion in the acetic acid,
which being a monobasic acid has one replaceable hydro-
gen ion. It is evident that in this compound there are

1.0000 — 0.6464 = 0.3536 g.
of substance other than silver; the molecular weight of
the radical is
0.3536
0.6464
The weight of the acctic acid, then, must be
59.015 4 1.008 = 60.02.
Molecular Weight of an Organic Base from Analysis

of the Hydrochloro Platinic Acid Salt. — The molccular
weight of an organic basc may be determined by weigh-

X 107.88 = 59.015.

1 Strictly speaking, this method presupposes a knowledge of the
number of replaceable hydrogen atoms and in reality only gives the
molecular weight of the empirical formula of the acid.
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ing the hydrochloro platinic acid salt of the base, igniting,
and weighing the residue of platinum after ignition.!
The formation of the salt may be symbolized (letting B
represent the organic base) as follows:
2 B + IIzPLCls = BzHgPtCls

One gram of methyl amine hydrochloro platinic acid
leaves 0.4134g. of platinum after ignition. To cal-
culate the molecular weight of methyl amine, let z
represent the molecular weight of methyl amine, then

1.0000 _ 2z + H,PtCls _ 22 + 409.98

0.4134 — Pt T 1952
Solving gives « = 31.08.

Formula of Compound, Given Molecular Weight and
Percentage Composition. — The molecular formula of
a compound is easily determined, knowing the molccular
weight and the percentage composition. Take, for exam-
ple, barium dichromate, given the following:

Molecular weight. .. .......... ...l 353.57

Barium. . ..ooveeii i s 38.859%,
Chromium. . ...vveeeiiee i cieann 29 479,
OXYEON. .o v ittt ee it o e 31.68%

The proportion of barium in the molecule is (atomic
weight = 137.37)
38.85 137.37

100.00 X 353.57 = 137.37, i37.87 = 1;
of chromium (atomic weight = 52.1),

29.47 104.2

i 0p X 39357 = 1042, =5 =2;
of oxygen (atomic weight = 16.00),

31.68 112

100.00 X 353.57 = 112, =— 16 =T.

Consequently, the symbol is BaCr,0.
1 This method presupposes the organic base to be mono acidie.
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Formula from Percentage Composition. — Formulas
may be empirica, or molecular.  The empirical formula is
the simplest formula that can be assigned the substance
and, in general, is only used in the absence of knowledge
of the molecular fo.mula. The molecular formula shows
the number of atoms in the molecule and consequently in-
dicates the molecular weight, that is, that weight of sub-
stance which in the gaseous state would occupy 22.4 liters.
To calculate the empirical formula of a compound, let

A = symbol of onc of the clements present in a com-

pound;

B = symbol of another clement present in the same
compound;

C = symbol of still another clement present in the same
compound.

z = subscript of A in the compound under consideration;
y = subscript of /3 in the compound under consideration;
2z = subscript of C in the compound under consideration.
a = atomic weight of the clement A4 ;
b = atomic weight of the clement B;
¢ = atomic weight of the element C.
A.B,C. = molecular symbol of the compound under con-
sideration.
Then the molecular weight of the compound is ax+ by+- cz.
Let this be represented by M. Then

%A =% 100; % b”><100 %C— Z % 100.
M

M
Then
0 by cz
% A:%B:9%C ><100 77 X 100 77 X 100,
—ax.by.cz.

Hence
%A . %B.%C_,.,.
PRI S =x:yY:2
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Then R c
x=K(~7%4, y=K~%b—, ?=K(7—Oc—,

in which K is a constant. Multiples of K arc chosen
which will give z, ¥ and z integral values.
To apply the above, suppose a subst.ince analyzes

Per cent
Carbon.... . . .. ... el 40.0
Hydrogen . ... . O 2N
Oxygen. AU e e e e e 53 4

Then if x, ¥y and 2 represer  the subseripts of carbon,
hydrogen and oxygen respecuvely,
40.0

=9 = 3.3

Yy = GTG = 6.6
53.4

=15 = 3.3

As there cannot be less than one atom of each clement
present, it is cvident that the ratio of the atomic weights
of carbon, hydrogen and oxygen in this compound must
be onc atomic weight of carbon, one atomic weight of
oxygen and two atomic weights of hydrogen, and the
empirical or simplest formula is ClI,O, corresponding to
a molecular weight of 30! Such a compound is known
and is formaldehyde (oxymethylenc). The compound
might, however, he (CH;0),, and in the absence of knowl-
edge of the value of z no further information may be

1 The value of K in this example is 3—1§ . Multiplying the values
obtained for z, y and z by this quantity gives integral values for z,
y and z of 1, 2 and 1 respectively. A value for K need not be de-
termined as will be scen later. .

It is not neccessary to have the composition of the compound

expressed in percentages. For instance, the same result is obtained
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conveyed than is given in the empirical formula. There
is a compound yiclding the same percentage composition
which shows a molecular weight of 60 and corresponds
to the moleceular symbol C.II,0; (acctic acid). In this
case the value of z is two. Another compound, which on
analysis has the same composition and has a molceular
weight of 90, corresponds to the formula C;HegO; and is
lactic acid. Finally, there is still another compound of
molccular weight 180, being grape sugar, Ce¢Hy;Os, in
which the value of z is six. When the molecular weight
of a compound is known the molecular formula may be
calculated: when this is lacking, given the percentage
composition of a compound, in the absence of other knowl-
edge, the empirie formula only may be determined. A
complex case will now be considered. A compound
analyzes:

Per cent
Carbon. .. ... .. .. . 49.97
Hydrogen. .. ..... ... . .. ... ..., . 6 46
Nitrogen. ........... .. e e e 17.95
Oxygen........... ... e e 25 62

100.00

from the following analysis of this same compound, 2.6000 g. of
substance being taken:

Carbon. ... ... i e 1.0400 g.
Hydrogen. .......cooiiiiiiiiiiiiiniin., 0.1716 g.
Carbon. . ...t 1.3884 g,
2.6000 g.
Then
C-= 1";‘;09 = 0.08667 = 1,
0.1716
=" g = 017024 =2,
0= L%% = 0.08679 = 1,

as before.
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To calculate its empiric formula. As before,

c="2_4104,
H = 290 — 6405,
N = iig? — 1281,
0= 251(‘;’3 — 1.601.

The compound, then, corresponds to the formula Cyies
Hs100N 12610160, But a formula must express the ratio
of the atoms in simple whole numbers, the problem now
presented being to find this ratio. It is apparent that
the nitrogen atoms are present in the smallest number;
then taking nitrogen as unity as in (a):

(a) ()
C =10 = 32501 A% 6501
H = 3200 = 5.000 oA = 10,00
N =128~ 1000 01‘2?,1) — 2.000
0 =120 1250 I = 2,500

1 The ratios in (a) assume nitrogen to be present to the extent
of onc atomic weight. With this assumption it is scen that the
other elements arc not present as whole but as fractional atomic
weights, which, according to the atomic theory, cannot be. *The
ratios of (b), (¢) and (d) may be arrived at by multiplying th cse
ratios by 2, 3 and 4 respectively. Finally, a scries of ratios a p-
proximating whole numbers is reached. ‘
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O (d)
C= o = 0752 oo = 13.002 = 13
= Jigr = 15.00 o= = 20,004 = 20
0= ypng = 3750 gy = D000 =5

From (a) the formula would be Ci;olIsNOp2s.  This
ratio is not in whole numbers. Determining the ratio
on the assumption that two nitrogens are present (by
dividing the nitrogen ratio, 1.281, by 2, giving the quotient
0.6405 and dividing through by this), the formula CegsHiy
N.Oq5 is obtained (b). Taking nitrogen as being present
to the extent of three atoms, the ratio as found in (¢) is
CyrsIl1sN3O0z75.  Assuming four nitrogen atoms to be
present, the ratio numbers of (d) yield Ci3HzoNsOs. The
case cited has been carried to the end and this method
must yield results finally, but only on the assumption
that the percentage composition as given is correct.
That this ratio would finally have been reached might
have been secen by an inspection of the ratios of (a).
These ratios (a), it will be observed, arc all evenly divisible
by 0.25; conscquently, dividing the ratios through by
this number would have led to the result, CisHgoN4Os, by
inspection, obviating the necessity of calculating (b), (c)
and (d).! Such a short cut is not always apparent at a

! The process amounts to finding the approximate lowest com-
mon multiple of the subscripts. Knowing the lowest common
multiple, by dividing the subscripts by it, the numbers so obtained
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glance, in which event the operations must be continued
till approximately whole numbers are obtained.!

Most acids, bases and salts may be regarded as being
composed of two oxides.? NasS0O; may be considered as
made up of the basic oxide NayO and the acidic oxide
S0s; as Nay() - SO;.  The analyses of many substances
report the constituents present as oxides; particularly is
this so in mineral analysis.  These radicals or oxides may
be treated in the same way as clements. A substance
shows:

Per cent
Potassium oxide (K0) ° ... ..... A 9.93
Aluminum oxide (ALOS).. . .. . .. ... 10.77
Sulphur trioxide (8O;) .. ... ... 3372
Hydrogen oxide (11:0)... . . Cee oe ... . 45.56

yield the subscripts desired. As analyses contain unavoidable
errors, the true mathematical lowest common multiple will not
serve, hence it is best to proceed by some such method as outlined.
Just where to stop depends upon the degree of accuracy of the
analysis.

1 The slide rule is of great assistance in ecalculations of this
nature, as when set to show a ratio between two numbers, all num-
bers coinciding are in the same ratio.

2 ITalogen salts, sulphides, and general salts of acids which do
not contain oxygen, may not be so considered. When an analysis
shows acidic and basic oxides and also a halogen or halogens re-
ported as such, the analysis, no matter how carefully done, even if
theoretically perfect, will total more than one hundred per cent.
This is for the reason that the metal combined with the halogen is
calculated to the oxide where in fact it was present as a halogen salt.
Hence, if the metal is calculated to an oxide and the halogen reported
as such, the analysis will show too great a total by an amount equal
to the oxygen calculated to be present but which was not present.
Such an analysis will be too high by an amount equal to ““the oxy-

r»2—OH X 9, M, in which H is the molec-

ular weight of the halogen and 9, M represents the per cent of the
halogen reported.

gen value of the halogen” o
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The calculation of its formula is

K0 = 333 = 0.1054 : 8;;8% -1,
ALOs = 1070 = 0.1054 : g =1,

0 = g7 = 0421155y = 4

ILO =-§;—% = 2529 (%3)94 _

and the compound is IO « AlLO;s-4 S0;- 24 H0, or
it may be written: IGO0 805 0 ALO; - 3 80; @ 24 11,0
A12 (804)3 . KzSO4 . 24 II-;O, or I{AI (804)2 <12 II,z().

In the problem above, the analysis is supposed to be
correct as given. In practice, the analysis of a substance
will contain errors, large or small, according to the aceuracy
of the inethods employed and the difficulties encountercd
in the determination of the various constituents. Where
the constituents are present in about equal amounts and
all the constituents are determined with the same degree
of accuracy, it is casier to find the ratios of the atoms or
radicals by the method already given. In many cascs,
one or more constituents are present to but a small extent,
or the methods by which they were determined do not
lend themselves to the same degree of nicety of deter-
mination as with some of the other constituents present.
In the calculation of formulas many things must be taken
into account and it is largely a matter of judgment as to
the manner of calculation. These facts, the method of
preparation or the manner of formation of the compound,
its similarity to other well-known compounds of the same
type, the methods employed in the analysis: all these
must be taken into account, leaving the determination
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of the formula of a compound to a large degree a matter
of judgment. Suppose a substance on analysis yields

Per cent
Manganest. . .vveeeiin i it 24.50
Hydrogen. ... ...t 102
ArSCniC. ... e et 45.07
Oxygen (by diff.). . .oove it 29.41

and let it be assumed that the arsenie is determined with
the greatest degree of accuracy. Then

Mn = ?)—igg = (.46,
H= 1%;)28 ~ 0.902,
As = ;4{:8_(7) - 0.602,
0= 2—2(4;-1 ~ 1.838,

and the compound approximates Mng1eAsogo1O1s38Ho 902
It is required to find the ratio of simple whole numbers
which approximates these ratios. By inspection it will
be noted that the ratio of mangancse to hydrogen is
approximately 1_:2. Also it can be seen that the ratio
of hydrogen to arsenic is nearly 3 : 2. Then it is evident
that if these numbers representing the ratios found by
analysis are divided by 0.15 that the ratios of manganese,
hydrogen and arsenic fall into approximately e¢ven num-
bers. This would indicate the arsenic to be present to
60

0.
the extent of four atoms <0-.1—5-

= 4). Then, proceeding

on this assumption:
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Mn = (1)—414%) = 2.97 = 3 very closcly,
0.902

H= 015 = 6.01 = 6 very closely,
0.602

As = 015 = 4.01 = 4 very closely,
1.838

0= 015 = 12.2 = 12 very closely.

Conscquently, the compound is MnsHeAs;012 or MnzHg
(AS();;).;.

Formulas of Minerals. Isomorphic Replacement. —
A definite crystalline structure generally indicates purity
and, consequently, definite chemical composition. Mit-
scherlich propounded the law that: ‘““Substances which
are analogous chemical compounds have the same crystal-
line form””; in other words, they are isomorphous. To a
large extent this is true, but there are so many exceptions
that the statement cannot be called a law. The “aluins”
consist of sulphates of a trivalent and a monovalent base
with twelve molecules of water, all crystallizing isomor-
phously. By manipulation a crystal may be grown to
contain onc or more alums. Such ecrystals will not show
definite chemical composition, but are mixtures, and may
be regarded as a single alum, parts of which have been
replaced by an analogous substance. This is isomorphous
replacement.

Strict rules for isomorphous replacement cannot be
given. In general, it may be said that metals and metallic
oxides of the same structure can replace each other and
the same is true of the non-metals and acidic oxides.
Thus AlO; and Fe,03 are mutually replaceable as are the
oxides FeO, Mg0O, Ca0, MnO, etc., these latter being
similar in being oxides of divalent metals. In like manner
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the alkalies, NH,, Li, Na, K, cte., and their oxides (NH,),0,
Li,0, Na,0, K0, etc., may replace cach other in a mineral.
This is not all — CaO, for example, may be replaced by
KO or another alkali oxide, as also, in some instances, FeO
may be replaced by Al,Qs. This leaves the matter to a
large extent one of judgment: for more complete informa-
tion the student is referred to works on mincralogy. The
more common cases follow the rule of compounds of like
structure replacing cach other.

Mosander examined a specimen of Menaccanite and
found it o be composed of

FeO .. ........
MnO.. . .... .
MgO ... A

Per cent

.......................... 46 92

........................... 10.74
.......................... 37 86

............................ 273
...................... 114

99.39

The percentages of the metals and oxygen are

Tit _48.1
Ti0, ~ 80.1
2Fe _ 2(55.85)

Fe:05 ~ 159.70

Fe  55.85
FcO ~ 71.85
Mn _ 54.93

MnO ~ 70.93
Mg _ 24.32
MgO ~ 40.32

X 46. 92 = 28 189, Ti and 18.749, O,
X 10.74 = 7.519, F¢ and 3.23% 0,
X 37.86 = 29.449, Fc  and 8.429,0
X 2.73 = 2,129, Mn and 0.619,0

X 1.14 = 0.689, Mg and 0.459%,0

Total 31.459% 0

1 These calculations are very easily performed by the use of the
slide rule, as the error of the rule is, on the average, less than the

error of analysis, etc.
weights may be used.

For the same reason approximate atomic
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If the metals replaced iron, the percentages replaced are
Fo _ 5585
Ti~ 48.1

N Qn
Fo 5585 912= 2.169% Mn as Fe,

X 28.18 = 32.719%, T as I'e,

Mn  54.93
nE QR
15;(;—{ = ;z%; X 0.68 = 1.589, Mg as Fe,
36.45 + 36.95 = 73.407,, total Fe.
73.40 . 1.314
Fe = 55.85 = 1314 : 0.657 = 200,
31.45 1.976 .
0= 16.00 1.976 : 0.657 — 2.99 = 3 approx.

This mineral, considered as an oxide of iron,! approximates
very closely to the formula Fe,05 (hematite), part of the
iron being replaced by other metals, chiefly titanium,
making it (TiFe);0s. The mineral as it analyzes is
(Ti, Fe, Mn, Mg),0s. An inspection of the analysis
would show that there are no distinctively acid oxides
present, which would suggest the method of caleulation
adopted.

1 The metals could just as well be calculated on the supposition
that they replaced titanium:

Ti 481 poo0 o 08 TS
To = 55.85X 36.95 = 31.827, T'e as T,
Ti _ 48.1 _ ‘0,
Mn = 5——~4'93X 2.12 = 1.869% Mn as Tj,
Ti _ 48.1 _ 0, . .
Mtg_ = 2———-4.32X 0.69 = 1.31A)M[, as Tl,

63.23 35.05 + 28.18 = 63.23%, total Ti.

. 08.23 e _ .

Ti = 481 1.315 = 2 approximately,
0= 3—11%§ = 1.966 = 3 approximately,

and the mincral becomes Ti;0s, or more generally M,0s, as before.
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Given the following analysis by Pisani, to determine the
formula of the mincral.

Per cent
SI0g. .o e 45.95
ALOs. oo e 0 85
FeO. . oo e 8 91
MnO.. ... 10 20
n0. ... . e 10 15
CaO. .o e e e 21 55
MpO...... oo o e . 3 61
Lossonignition ............... ... ... .. ..., 0 31

101.53

This mincral is obviously a silicate. As a silicate may
be regarded as a combination of basic and acidic oxides,
the calcium oxide being present in the greatest amount,
the metals will be caleulated to calcium oxide. Disre-
garding the loss on ignition:

Ca0  56.09
FeO ~ 7185

20 56.09
MnO ~ 70.93
Ca0 _ 56.09

X 891 = 6.96% CaO = FeO,

X 10.20 = 8.079%, CaO = MnO,

72N ~ 51 0 —3 (T X — ly

7nO  81.37 X 10.15 7.009% CaQ = ZnO,
M 54

CaO  56.09 X 3.61= 5.02% CaO = MgO,

MgO ~ 40.32
21.55%, CaO present,
48.607%, CaO total.

Calculating the ALO; into equivalent SiO,, as it is prob-
ably present as an aluminate replacing silica:!

! On the supposition that the mincral contains the alumina
combined as an aluminate and the silica as a silicate, then the
aluminate can be represented as 3 M”’O - ALO; and the silicate as
M”0 . 8i0:; whence it follows that as ALO; requires thrce M”O
and the SiO; one, hence AlO; = 3 SiO..
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38i0, _ 3(60.3)

X 0.85 = 1.50% SlOQ = A1203,

AlLO; — 102.2
45.959%, SiO. present,
47.459, 810, total.
. 47.45 0.788
Sloz = _603 = 0.788, ()78—8 = 1,
48.60 . 0866 . :
Ca0 = 56.00 0.866; 0798 = 1.1 = 1 approximately.

The mineral is of the type CaO - SiO; or CaSiO; or R* SiO;
in which RM is chiefly Ca partially replaced by Mn, Zn,
Fem, Mg, with a small amount of 8iO, replaced by AlQOs,
and is (Ca, Mn, Zn, Fe, Mg)SiO;: (pyroxene).! This
latter formula gives no indication as to the amounts of
the metals present and does not show the alumina re-
placement.

1 The sum of the percentages of Si0» and CaO total 96.05%.
The mineral as analyzed shows 0.319) loss on ignition. Deducting
this leaves the analysis footing up to 101.56 — 0.31 = 101.25%,.
Calculating the pereentage on this basis gives (see p. 176):

47.45 E RN MO0y G
96*0‘5X 101.25 = 50.02%, SiO,,
48.60
66.05X 101.25 = n)1.23% CD.O,
101.25%, total.
Then
. 50.02 . 0.830 _
SlOz = 6(-).3' = 0.830, 6—8-36 = 1,
_ 5123 _ L. 0915 .
Ca0 = 56.10 = 0.915; 0.830 = 1.1 = 1 approximately,

and the ratio is as given before.
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PROBLEMS

277. The atom of oxygen is 1.1420 times as heavy as the
atom of nitrogen. (a) Taking the atomic weight of oxygen' to
be 16, what is the atomic weight of nitrogen? (b) 1f oxygen
were 100, what is the atomic weight of nitrogen?

Ans. (a) 14.01.
(b) 87.56.

278. When oxygen is taken as 16, the atomic weight of iodine
is 126.92 and hydrogen is 1.008. What is the atomic weight of
iodine in a system taking hydrogen as unity?  Ans. 125.91.

279. LErdmann and Marchand heated mercurie oxide:

2HgO = 2Hg + O..

From 118.3938 g. of mercuric oxide, 109.6308 g. of mercury were
obtained. Calculate the atomic weight of mercury.
Ans. 200.22.

Q 280. The atomic weight of lead was determined by Stas by
converting lead into the nitrate: 100.00 g. of lead yiclding
159.9703 g. of the nitrate. What is the atomic weight of lead
from these data? Ans. 206.80.

281. Berzelius found that 2.265 g. of ferric oxide (Fe.Os) are
formed from 1.586 g. of iron. Dectermine the atomic weight of
iron from these data. Ans. 56.059.

282. Barium sulphate contains 58.859, barium, 13.73%
sulphur and 27.41%, oxygen. (a) What is the atomic weight
of barium when oxygen is 16 and sulphur is 32.07? (b) What
is the atomic weight of sulphur when barium is 137.41 and
oxygen 16? An& (a) 137.41.

(®) 32.07.

283. The analysis of chromous chloride (CrCl,) according to

Pélegot is 57.50%, chlorine and 42.50%, chromium. What is
the atomic weight of chromium? Ans. 52.419.

284. Lead sulphate on analysis yiclds 68.31%, lead, 10.58%
sulphur and 21.11% oxygen. What is the atomic weight of
lead? Ans. 207.1.
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286. Ac sording to Berzelius, litharge (PbO) contains 7.17249,
oxygen. What is the atomic weight of lead? — Ans. 207.08.
286. Calculate the atomic weight of silver from the follow-
ing figu cs determined by Stas. 53.1958 g. of silver form
92.6042 ¢ of silver bromide. Ans. 107.88.
287. Dum." passed hydrogen gas over heated copper oxide.
The copper oxide lost 59.789 g.; the water formed weighed
67.282 g. Calculate the atomic weight of hydrogen. .
Ans. 1.0026.
288. Working with the reaction,
2Ag + Cl; = 2 AgCl,

Stas found that 91.4620 g. of silver produced 121.4993 g. of

silver chloride. Calculate the atomic weight of chlorine.
Ans. 35.428.

289. According to the reactions,
2 AuCl; + 380, + 6 I1,0 = 2 Au + 6 HCI + 3 H,S0,4
3 I1,S0; + 3 BaCl, = 3 BaSO, + 6 IIC,
Levol found that 1000 parts of gold in the form of the chloride
produce an amount of sulphuric acid that will preeipitate 1728

parts of barium sulphate. Caleulate the atomic weight of gold.
Ans. 202.64.

290. Chromic oxide (Cr.0;) contains 68.42%, chromium and
31.589%, oxygen. What is the atomic weight of chromium?
Ans. 52.00.
291. Erdmann and Marchand determined the atomic weight
of mercury by heating the sulphide with copper,
HgS + Cu = CuS + Hg,
and found 177.1664 g. of mercuric sulphide gave 152.745 g. of
mereury. Caleulate the atomic weight of mercury.
Ans. 200.59.
292, The percentage composition of platinum chloride is

Per cent
Platinum. .. ... ..ottt 57.92
Chlorine. . vvvviee it i it i i 42.08
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Taking 35.46 as the atomic weight of chlorine and 0.0323 as

the specific heat of platinum, what is the atomic weight and

the valence of platinum? Ans. At. wt. = 195.20.
Valence = 4.

293. The pereentage composition of ferrous oxide is

Per cent
Iron. .. .. .... . .. ... ..ol 77.73
Oxygen. . .. e e .. . 22 27
100 00

The specific heat of iron is 0.1162. What is the atomic weight

and the valence of iron in this compound?
Ans. At. wt. = 55.84.
Valence = 2.

294. Antimony forms compounds with oxygen of the follow-
ing compositions:

(a) Q) (c)
Per cent Per cent Per cent
Antimony............... 83.35 78 98 75 03
Oxygen.  ........ . ... 16 G5 21 02 21 97

100.00 100 00 100.00
The specific heat of antimony is 0.0495. What is the atomic
weight of antimony and its valence in the compounds (a), (b)

and (c)? Ans. At. wt. = 120.2.
Valence =(a) 3.

) 4.

(c) 5.

296. Sicwert found that 36.865 parts of chromic chloride
gave 100 parts of silver chloride:

CrCl; + 3 AgNO; = Cr(NOs); + 3 AgCL

Calculate the atomic weight of chromium from these data.
Ans. 52.15.

296. According to Seubert, when platinum tetrachloride
(PtCl,) is heated in hydrogen, hydrochloric acid is formed.
This he precipitated with silver nitrate and weighed as the
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chloride of silver. 17.4139 g. of silver chloride were found to
be cquivalent to 5.9242 g. of platinum. The reactions are
PtCL + 211, = Pt 4+ 4 IICl1
HCI + AgNO; = 1INO; + AgClL
Calculate the atomic weight of platinum. Ans. 195.05.
297. Berzelius determined the atomic weight of platinum hy
converting the platinum into platinic chloride (PtCly) and
finding the amount of potassium platinic chloride (K.PtClg)
formed,
PtCl, + 2 KCl = K.PtCl,.
21735 g. of potassium platinic chloride were formed from

10.000 g. of platinum. Calculate the atomic weight of platinum.
Ans. 197.46.

298. Berlin found that 100.000 g. of lead nitrate gave 97.576 g.
of lead chromate,

Pb(NOs); + K.CrO4 = PbCrO4 + 2 KNOs.
Calculate the atomic weight of chromium. Ans. 51.99.

299. Calculatec thc atomic weight of aluminum from the
figures given by Mallet: 8.2144 g. of ammonium alum,
AlL(SOy); « (NH{).S04« 24 ILO gave 0.9258 g. of aluminum
oxide (Al,O3). Ans. 27.113.

300. Mallet found that 6.9617 g. of aluminum bromide re-
quired 8.4429 g. of dissolved silver for precipitation:

AlBr; + 3 AgNO; = Al (NO3); + 3 AgBr.

Calculate the atomic weight of aluminum. Ans. 27.093.
301. Stas found that when he added 7.25682 g. of potassium

chloride to 10.51995 g. of silver dissolved in nitric acid that

0.01940 g. of silver remained in solution. The reaction being

KCl + AgNO; = AgCl 4+ KNO;,
calculate the atomic weight of potassium. Ans. 39.09.

802. Calculate the atomic weight of carbon in cach case from
the following figures of Rendtenbacher and Licbig: (a) 28.803 g.
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gilver acetate (CH,COOAg) yielded 18.612 g. silver. (b)
16.220 g. silver tartrate (C1L,0,Ag:) yielded 9.6175 g. silver.
(c) 25.898 g. silver malate (C,H0;Ag:) yielded 16.059 g. silver.

Ans. (a) 12.024.

(b) 12.02.

(c) 12.041.

303. Marignac made the following determinations for the cal-
culation of the atomic weight of nitrogen: (a) From 314.894 g.
of silver nitrate he obtained 200.000 g. of silver. (b) 14.1100 g.
of silver nitrate required 6.1910 g. of potassium chloride for
complete precipitation. (¢) 10.339 g. of silver dissolved in
nitric acid required 5.1200 g. of ammonium chloride for com-
plete precipitation. Determine the atomic weight of nitrogen
in each case and (d) the mean atomic weight of nitrogen from
these determinations. Ans. (a) 13.974.

(b) 14.055.
(c) 13.932.
(d) 13.987.

304. 3.000 g. of iodine dissolved in 90 g. of ethyl ether raised

the boiling point 0.283° C.  What is its molecular weight?
- Ans. 254,

305. If 1.32 g. of formic acid dissolved in 100 g. of water
lowers the freezing point 0.53° C., what is its molecular weight?
Ans. 46.1.

306. 10.000 g. of naphthalene dissolved in 100 g. of benzol
lowers the freczing point 3.90° C. What is the molecular
weight? Ans. 128.

307. 1.67 g. of benzoic acid dissolved in 70 g. of cther raised
the boiling point 0.422° C. Calculate the molecular weight.
Ans. 122,

308. 0.200 g. of alcohol dissolved in 100 g. of benzol lowered
the freezing point 0.216° C. What is the molecular weight of
the alcohol? Ans. 46.3.
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309. 1.000 g. of naphthalene dissolved in 50 g. of chloroform
raised the boiling point 0.56° C.  What is its molecular weight?
Ans. 128.

310. Calculate the molceular weight of nitrosodiphenyl amine
if 3.58 g. of the substance dissolved in 150 g. of henzol lowers
the freezing point 0.601° C. Ans. 198.5.

811. Tartaric acid has two acidic hydrogen ions. When
both these are replaced by silver the silver salt contains 59.31%
silver. What is the molecular weight of tartaric acid assuming
it contains no water of cerystallization? Ans. 150.046.

312. Silver acctate has one replaceable hydrogen ion. 1.0000
g. of silver produces 1.5475 g. of silver acctate. What is the
molecular weight of acetic acid? Ans. 60.073.

313. The silver salt of fumaric acid (dibasie) contains 65.43%,
silver. What is the molecular weight of fumaric acid?
Ans. 116.016.

314. 2.0000 g. of the hydrochloro platinic acid salt of dimethyl
aniline yield 0.5967 g. of platinum. What is the molecular
weight of dimethyl aniline? Ans. 122.13.

315. 1.0000 g. of the hydrochloro platinic acid salt of pyri-
dine yields 0.3136 g. of platinum on ignition. Calculate the
molecular weight of pyridine. Ans. 79.08.

316. What is the molecular weight of ethyl amine if 3.0000 g.
of the hydrochloro platinic acid salt yield 1.1708 g. of platinum
on ignition? Ans. 45.10.

317. An analysis of arsenic pentoxide shows 65.2%, arsenic
and 34.87, oxygen. Its molecular weight is 230. What is the
formula? Ans. As.O;.

818. Arscnic trichloride analyzes 41.4%, arscnic and 58.6%,
chlorine. Its molecular weight is 181. What is the formula?

Ans. AsCl;.

319. Carbon trichloride shows a molecular weight of 237.
Analysis shows it to contain 89.9% chlorine and 10.1%, earbon.
What is its molecular formula? Ans. CCl,.
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320. Carbanil contains

Per cent
Carbon....... ..ot e 70.6
Hydrogen ...... ..ottt 4.2
NitrOZOn. . ..ot it 11.8
Oxygen. . ... e e 13.4

The molecular weight is 119. What is the formula?
Ans. C7H5NO.

321. Phenyl cyanide has a molecular weight of 103. Its
composition is

Per cent

Carbon. ... ... i 81.5

Hydrogen .. ... .. ... . . ... . ... 4.9

Nitrogen . ... 13.6
What is the formula? Ans. C;H;N.

822. Phenyl disulphide has a molecular weight of 218.
Analysis shows 70.69, CglI; and 29.49, sulphur. What is

the formula? Ans. (Cell;).S..
323. What is the empiric formula of a compound analyzing:
Per cent
Phosphorus ... ...... ... ..., 3.99
Bromine. . ... ..o 82.30
Chlorine. ......... (o i it i 13.70

Ans. PBr,Cls.

324. What is the empiric formula of a compound of the com-
position:

Per cent
Molybdenum. .. ... .. .. e 46.01
OXYEON. .o e e e, 11 50
Chlorine. ... e 42.49

Ans. M0203015.
826. If basic antimonyl sulphate has the composition

Per cent
0T 40.5
0 14.2
bt 35.5
OIL. .. e 10.0

what is the formula? Ans. (SbO), SO, » Sb; (OH),.
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326. Find the cmpiric formula of a compound of

Per cent
Nickel . . .. .0 L 26 12
Hydrogen ............. .. ..ol ool . 0.9
Arsenic . ... e 44 51
OXYECIL. « v ii ittt iie i o 28 48

Ans. Ni3H5 (A803)4.

827. TFind the empiric formula of a compound of
Per cent

Chromic oxide (Cra0) . .o oovi i oL 159
Sulphur trioxide (SOs). ... iiiiiiiias ... 33 5
Ammonium oxide (NHg),O..... ... ... . 54
Hydrogen oxide (ILO). ....... . .. R 45.2

Ans. Cry (SOg)3 « (NH,) S04 - 24 I11,0.

828. What is the formula of the following; lead being most

accurately determined?
Per cent

Lead e e 83 61
Sulphur .. .. ... 9.52
Chlorine. ... .o e e 7.36

Ans. quS;C]z.

329. Platinum is most accuratcly determined in the follow-
ing. What is the formula?

Per cent
Lithium. ...... ... i 2 91
Platinum. ... ..ottt 36.84
Chlorine. ......oiii ittt e e i e 40.10
% 70 20.60

Ans. Li,PtCl - 6 IL,O.

830. Calculate the simplest formula, considering arsenic oxide
as the most accurately determined, of

Per cent
Arsenic oxide (AsyO5). .. vvvveiiinitiiiiiiennn. 37.91
Calcium oxide (CaO)......covviiiiiniinnnnnnn. 18.28
Ammonium oxide (NH):0..................... 8.70
Water of crystallization....................... 35.23

Ans. CaNH,AsO; - 6 H,0.
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331. Calculate the empirical formula of the following sub-
stance, considering calcium as being most accurately deter-

mined.
Per cent

Caleim. .. oo 39 01
Phosphorus. ... . ..o e 19 85
Oaygen (by diffl) ... o0 oo o e 41.14

Ans. CazPy04.

332. I'ind the formula of a substance analyzing

Per cent
Potassium . . . e ... 11 47
Antimonyl (SI)O) ...... e .o . 40.80
Carbon e e e e ... 1165
Hydrogen .. ..... .. S O L
Oxygen e e e ... 2908
Water of erystallizs Ltmn e e e e 2.60

considering the antimonyl most accurately determined.
A"S. I{g (Sl)())z Cx”:x()l‘.! . IIQ().
333. Given the following as the composition of Ilypersthene,

what is its formula?
Per cent

SIOs o e e 54 20
TeO.. .o ooon.. e 21.70
MEO .« e et e 24.10

100.00

Ans. (Mg, Fe) SiO;.

334. A sample of Smaltite examined by Ilofmann gave the
following analysis (disregard the Bi and S).  What is its formula?

Per cent
N 70.37
(7 2 13.95
)5 1.79
Y 11.71
O TP 1.39
1 2 0.66
Bl e 0.01

99.88

Ans. (Co,Ni,Fe,Cu) As,.
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836. A sample of Wad analyzed:

Per cent
MnO;. . oo e .59 94
MnO. ... e 6.58
/70 2 21 70
FCgOa ....................................... 0. 25
HoO. o 11.58

100 05

Disregarding the iron, what is the formula?
Ans. 2 MnO; -« (Zn,Mn) O -2 H,0.

336. What is the formnula of a sample of Diallage analyzed by
YVon Rath, and found to be (disregarding the water):

Per cent

SI0s. i e 53 60
ALOs. e 1.99
FeO ..o e 8 95
MnO... ..o 0.28
MgO . o e 13.08
Ca0 . e e e cee 21.06
HoO. i 0.86

" 99.82

Ans. (Ca,Fe,Al,Mn,Mg) SiO;.

337. Show that the mineral analyzed below by Striiber
(Gastaldite) approximates the formula R3ALS1;0,;.

Per cent
S0z, i e e e 58.55
AL s it i i i ettt e 21.40
Fe0. oot e s e 9.04
MEO . ottt it it it it e e 3.92
(071 0 2.03
07 2 4.77

99.71

- 838. Deduce a formula for natrolite which was analyzed by
Harrington with the following results:
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Per cent
SIOu. e e 47 09
ALO,. e 26.99
Ny o e 16.46
KO ... ... e e 001
ILO.... . s . 9 80

100 35
Ans. Na,O « Al,O;s « 3 810, « 2 11,0.
339. What is the formula of Caberite which, according to

Sachs, analyzes as follows:
Per cent

A28, + et 10 45
NiO. o e . 2697
FeO o i e 110
MEO ot e e 6 16
HO .. .. ... .. e e e 25 26

99.91

Ans. (Ni,Fe,Mg) AsQ;, - 8 1L,0.

340. Wolframite, according to Iinlayson, gave on analysis the
following, what is its formula?

Per cent
WOy oo R 76 24
FeO. . 16 39
MnO................ e 6 05
Ca0) . i e 1.05
MEO . o e 011

99.81

Ans. (Fe,Mn,Ca,Mg)WO,.



CHAPTER VIII
GRAVIMETRIC ANALYSIS

IN a previous scetion, the amount of an element or
radical obtainable from a given weight of a substance
entering into a reaction was considered. It was postu-
lated that the substances were pure, and only on this
assumption are such calculations possible.

Direct Gravimetric Analysis. — Gravimetric analysis
consists of weighing an clement or compound of known
composition and from this weight calculating the amount
of a constituent present in the original substance. As
gravimetric analyses arc reported as percentages of
constituents determined, it is necessary to know the
weight of substance taken for analysis. Gravimetric
analysis presupposes a knowledge of the elements or
radicals present in the substance to be analyzed; in other
words, it is preceded by a qualitative examination when
the component clements or radicals are unknown.

As an cxample: A salt known to contain sodium and
chlorine is to be examined as to its purity. One gram of
the substance is weighed out and after proper precau-
tions the chlorine is precipitated as silver chloride accord-
ing to the reaction

NaCl + AgNO; = AgCl + NaNO;,

the silver chloride in pure state being found to weigh
2.4382 g. The weight of chlorine present in the silver
chloride is

173
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CIt _ 35.46
AgCl ~ 143.34
and the percentage of chlorine is, one gram of substance
being taken,

X 2.4382 = 0.6032 g. Cl,

0.6032
1.0000

or in onc cquation

Gl _ 3546 24382
AgCl ~ 143.34 ™ 1.0000

The sodium of the sodium chloride is converted into pure
sodium sulphate and weighed. The weight is found
to be 1.2083 g. Then, as there are two atoms of sodiumn
in sodium sulphate,

2 Na — Na,S0q,
the per cent of sodium present is,

2Na _ 46.00 _ 1.2083
NaS0, ~ 142,07 > 1.0000 < 100 = 39-12% Na,

and the percentage accounted for is 60.329, + 39.129, =
99.449,. From these figures the compound is found to be
NaCl. The impurities are present to the extent of 100.00%,
— 99.44%, = 0.56%. A complete quantitative analysis
would require the nature and the amount of these impu-
rities. If it had been known in the beginning that the
substance was sodium chloride, the amount of which
in the sample is the end desired, the same could have

X 100 = 60.32% Cl,

X 100 = 60.329, CL.

! An cxpression such as this is intended to mean that the fraction
immediately following the equality sign has as its numerator and
denominator the molecular weights of the symbols of the fraction.
The equality sign cannot be interpreted as the equality sign of
mathematics, but is meant only in this limited scnse. The value
of the fraction is the factor to use when AgCl is weighed, found or
given and Cl is sought or required. Sec Chem. Ann., pp. 17-45.
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been calculated from the amount of silver chloride ob-
tained,

. ~
NaCl _ 5846 24382, ) _ 99449, NaCL

AgCl — 143.34 7 1.0000
In the same way the percentage of a radical present may
be caleulated. Suppose one gram of a substance known
to be a sulphate yields 1.2318 g. of barium sulphate and
that it is desired to know the per cent of sulphuric anhy-
dride present. This is

SO, _ 8007 . 12318 0y _ 49 959, 50,

BasO,  233.44 7 1.0000
When a reaction produces a gas, the volume may be
measured and reduced to standard conditions and the
weight of the same caleulated. Suppose 0.5000 g. of
calcite is treated with sulphurie acid,

CaC()3 + HzSO4 = C&SOq, + COz + HzO,

and that the carbon dioxide measured over water at 15° C.
and 762 mm. is 118.2 cc. To determine the per cent of
calcium carbonate, assuming that there are no other car-
bonates present: The volume of dry gas at standard (the
tension of aqueous vapor at 15° C. being 12.73 mm.) is

273 762 — 12.73

588 X —F 760 X 0.1182 = 0.11046 L. CO,

the weight of which is

0.11046

“33q- X 44.00 = 0.2170 g. CO,.

This indicates the presence of

CaCO; _ 100.07 _, 0.2170

0, = 44.00 X 0.5000 X 100 = 98.70% CaCOs,
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or better, proceeding to the final result by one expression,

273 762 — 12.73 0.1182 100.07

- Oy
585X 760~ X 21 X0.5000 % 100=98.70% CaCOs.

Elimination of a Constituent from the Analysis. —
Substances may contain water, water of crystallization,
water mechanically held in the sample, oil and other
impuritics.  When such substances are analyzed the
amount of such material is determined; but when report-
ing, the analysis is often desired on the dry basis, or as
if no such substances were present.  In this case the con-
stituents arc reported with the same relative accuracy
as was attained in the actual examination, excluding the
substance it is desired to climinate. A compound was
analyzed and found to contain:

Per cent
Moisture. . - e e e 1.47
Sodium oxide . . . AU .. 57 42
Carbonic anhydride . . ... . . . .. . ... 40 65
99.54
The analysis reported on the dry basis is
99.54 o
99.54 147Xo742—08284>Na»0
99 0)4 o
S5t g X 40.65 = 41.26% COy,

99.549,

Factor Weights. — In the calculation of percentage
compositions, a ratio is usually employed, such ratios
being known as factors. If, then, a weight of substance
is taken for analysis numerically equal to the factor which
must be employed, the percentage composition is ascer-
tained directly and is numerically equal to the mass of
the substance scparated and weighed; duc cognizance
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being taken of the position of the decimal point. The
factor for the determination of sulphur cquivalent to

. . S 32.07 .
barium sulphate is BaSO; — 233.44 — 0.13738.  Then
if X units of mass of barium sulphate arc produced from
a quantity of material numerically equal to the factor
0.13738, the perecentage of sulphur is

X
0.13738 X ~—%rag 013733 X 100 = 100 X.

The per cent of sulphur in the sample is given by the
weight of the barium sulphate produced, the decimal
point in this case being moved two points to the right.
Weights numerically equal to the factor or to some simple
multiple or submultiple of the factor which is to be em-
ployed are called factor weights.

Indirect Analysis.— Of indirect analysis therc are so
many different cases that all will not be treated individu-
ally. A few types will be considered.

Case I.—In which an equivalent amount of some
other element or radical is determined. In the reac-
tion

As;03 + 2H,0 + 21, = 4 HI 4+ As,05,

the amounts of iodine necessary for the oxidation of arse-
nious oxide to arsenic oxide being known, the amount of
arscnious oxide or arsenic present is readily calculated.
0.1014 g. of a sample containing arsenious oxide required
0.2582 g. of iodine to oxidize to arsenic oxide. The per-
centage of arsenious oxide is

As,05 _ 198.92  0.2582
2T~ 507.68 < 0.1014 X 100 = 99.27% As,0s,
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or if the percentage of the metal arsenic had been required,

As, 14992 _ 0.2582 _
IT = 507.68 X 0.1014 X 100 = 75:20% As.

Case IT. — Simple cases in which mixtures arc weighed
and an element or radical in it subsequently determined.
Given the following:

Amount of substance taken.... 5 0000 g.
Which yields. ... ........ . 1.0000 g. AL,O; + Fe.Os
Which in turn yiclds. .. .... . 01795 g. Fe

to calculate the percentages of iron and aluminum in the
sample. The percentage of iron is
0.1795
5.0000
The amount of Fe,0; equivalent to 0.1795 g. of Fe is

Fo:05 _ 159.68 o oran

5 Te = 111.68 X 0.1795 = 0.2566 g. Fe,O;,
then the amount of Al;O; which was present in 1.0000 g.
of the mixed oxides must have been 1.000 — 0.2566 =

0.7434 g. ALLO;s. The per cent of aluminum is

DAl _ 542 | 07434

ALO; 102.2 7" 5.0000

Case II1. — Simple cases in which mixtures are weighed

and the mixture subsequently converted into a single
compound. Given:

Weight of substance taken.................. 1.5000 g.
Weight of mixture of AgBr 4 AgCl obtained.. 1.1060 g.
Weight of AgCl produced from the mixture®... 0.9563 g.

X 100 = 3.59%, Fe.

X 100 = 7.899% Al.

to calculate the percentages of bromine and chlorine
present in the original sample.

1 The whole mixture AgCl 4 AgBr is converted into AgCl:
z AgCl + y AgBr + g Cl.= (z + ) AgCl + g Br..
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Tt is evident that an atom of chlorinc has replaced an
atom of bromine causing a loss of weight of 1.1060 —
0.9563 = 0.1497 g. The loss in molecular weight corre-
sponding to this is AgBr — AgCl = 187.80 — 143.34 =
44.46, or what amounts to the same, the difference of the
atomic weights of bromine and chlorine: 79.92 — 35.46 =
44.46. The amount of bromine present which would
cause this loss of weight is

Br!  79.92
Br—Cl~ 44.46

and the per cent of bromine in the substance taken is

0.2691
1.5000

The amount of silver bromide equivalent to the bromine,
1.e., the amount that must have been present in the mix-
ture, is

X 0.1497 = 0.2691 g. Br,

X 100 = 17.94%, Br.

AgBr _ 187.80 _

Br = 79.92 X 0.2691 = 0.6323 g. AgBr,
or what amounts to the same,

_AgBr _ 187.80

Br— Gl 44.46 X 0.1497 = 0.6323 g. AgBr.

The weight of silver chloride present in the mixture is
1.1060 — 0.6323 = 0.4737 g. The per cent of chlorine in
the substance taken is

Cl 3546 _ 04737
AgCl ~ 143.34 < 1.5000 < 100 = 7:81% Cl.

1 The fractxon B —a is meant to show that the fraction just

after the equallty mgn is made up of numbers equal to the molec-
ular weights of the clements symbolized and that the operation has
been carried out. In this case,
Br _ 7092 _ 7092
Br—Cl  70.92—36.46 44.64
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To make this calculation algebraically, let
z = weight of silver chloride present in the mixture,
y = weight of silver bromide present in the mixture,
a = weight of mixed silver salts,
b = weight of mixed silver salts converted into silver
chloride,
f = factor for the conversion of AgBr — AgCl

_ AgCl_ 143.34

g = —-——\]I ) r
Aghr — 187.80 ~ 070325
Then
z+ y=aq,
c+fy=29
eliminating z by subtracting and solving for ¥,
a—>
y= i—s
substituting the value of f,
a—b>b a—D> )
Y= {07635 023075 12289 (@=0),
z=a—y.

Applying to the problem given:
T+ y = 1.1060
z + 0.76325 y = 0.9563
_1.1060 — 0.9563
~ 1-0.76325
= 0.6323 g. AgBr.
Knowing that the reciprocal of 1 — 0.76235 is 4.2239, it
is casier to proceed immediately to the result:

y = 4.2239 (1.1060 — 0.9563) = 0.6323 g. AgBr,
z = 1.1060 — 0.6323 = 0.4737 g. AgCl,

and the percentages of chlorine and bromine in the sample
taken are:
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Br 7992 _ 0.6323 0
AgBr ~ 187.80 X 15000 < 100 = 17.94% Br,
Cl 3546 _ 04737
AgCl ~ 143317 1.5000

Instead of caleulating the chlorine and bromine from the
weights of the silver chloride and silver bromide, the
amounts of chlorine and bromine mn l)v determined

being 7992
A 5 187.80’

X 100 = 7.819 CL.

directly, as, for instance, the factor of

the weight of bromine (2) is

79.92
= forag X 42239 (@ = b)

= 1.7975 (@ — b).

Multiplying factors arc given in chemists’ handbooks,
the above being a method by which they are calculated.!
To caleulate the factor for the chlorine:

z+fy=7b,
z+4+ y=aq,
.. _b—Ja.
e & = l—f’

substituting the values of f,

b—0.76325a .
= —oasc7s —12239(b— —0.76325a)=4.2239b—3.2239a.

The factor to determine chlorine in silver chloride being
AgCl ™ 143.34

then, if w is the weight of chlorine,

w = 0.24738 (4.2239b — 3.2239 a) = 1.0449b — 0.79754 a.

1 This same factor could have heen obtained in the method pre-

Br 79.92
ceding the algebraic method: —Cl = 4246 = 1.7975.

= 0.24738,

L3
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Case IV.— Complex cases in which a known weight
of the mixture is subscquently converted into a single
clement or a radical. Given:

Weight of KXC1 + NaCl in mixture. .. . .... ...... 1.0000 g.

Weight of Cl in the mixture subscquently determined . 0.5411 g.
it is required to determine the weights of sodium chloride
and potassium chloride present in the mixture. Several
methods will be given.

Method (a). — If the mixture of KCl + NaCl had been
pure NaCl the amount of chlorine would be

Cl 35.46
NaCl = 58.40 X 1.0000 = 0.60657 g. Cl;
if it had been pure KCl the amount of chlorine would be
Cl 35.46
KCl ~ 74.56
The difference hetween the chlorine content if the mixture
had been pure sodium chloride or pure potassium chloride
is 0.60657 — 0.47559 = 0.13098 g. The observed differ-
ence due to the presence of potassium chloride in the mix-
ture is 0.60657 — 0.5411 = 0.06547 g. The amount of
potassium chloride in the mixture must be, therefore,

0.06547
0.13098 X 1.0000 = 0.4999 g. KCL.

Then the weight of sodium chloride present in the mix-
tureis 1.0000 — 0.4999 = 0.5001 g. Knowing the amounts
of sodium chloride and potassium chloride, also the weight
taken, the percentages are calculated in the usual way.

Method (b).— If the mixture were pure potassium
chloride, the weight of the mixture equivalent to 0.5411 g.
of chlorine is

KCl _ 74.56
“Cl ~ 3546

X 1.0000 = 0.47559 g. CL.

X 0.5411 = 1.1378 g.



GRAVIMETRIC ANALYSIS 183

1.1378 — 1.0000 = 0.1378 g., excess due to the presence
of sodium chloride. The amount of sodium chloride cor-
responding to this difference is
NaCl _ 58.46 _ 58.46
KCl — NaCl ~ 74.56 — 58.46  16.10
= 0.5004 g. NaCl,
1.0000 — 0.5004 = 0.4996 g. KCL.
Method (c). — Let

z = weight of KCl in mixture,

y = weight of NaCl in mixture,

a = weight of mixture,

b = weight of Cl in mixture,

f = factor to detcrmine the amount of Cl in KCI

X 0.1378

= 0.47559,
g = factor to determine the amount of Cl in NaCl
= 0.60657.
Then
x+ y=a,
fr+qy=0.

Substituting the values for the particular problem under
consideration:
z+ ¥=1.0000
0.47559  +0.60657 y=0.5411
=0.4999=g. KCI
y¥=1.0000—0.4999 =0.5001=g. NaCl.

Another problem will be cited but slightly different
from the foregoing. A sample containing potassium
iodide and potassium bromide is to be examined for per-
centage composition. One gram of the sample yiclds
1.5370 g. of mixed silver bromide and silver iodide. This
mixture is now converted into silver chloride and weighs
1.1191 g. Although this lattet compound contains none
of the elements sought, these can be readily calculated.
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If the mixture weighed had been pure silver iodide, the
amount of chloride would have been

AgCl _ 143.34
Agl ~ 234.80

If the mixture had been pure silver bromide, the amount
of silver chloride would have been

AgCl _ 143.34
AgBr ~ 187.80

1.1191 — 0.9383 = 0.1808 g., excess of silver chloride be-
yond what it would be if it were pure silver iodide, the ex-
cess being duc to the presence of silver bromide. 1.1731 —
0.9383 = 0.2348 g., the difference in weight between what
the silver chloride would weigh if derived from pure
silver iodide or pure silver bromide. The weight of
silver bromide present amounts to

0.1808
0.2348

X 1.5370 = 0.9383 g. AgCl.

X 1.5370 = 1.1731 g. AgCl.

X 1.5370 = 1.1835 g. AgBr,

and
1.5370 — 1.1835 = 0.3535 g. Agl.
The pereentages of the potassium bromide and potassium
iodide in the original sample are:
KBr _ 119.02, 1.1835
AgBr 187.80 “" 1.0000

KI _ 16602 03535
Agl — 234.80 7 1.0000

X 100 = 75.009%, KBr,

X 100 = 25.00% KI.

Algebraically, the factors being

Agl — AgCl = A8C _ (61047,
Agl
AgBr— AgCl = 289 _ ¢ 76305,

AgBr
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then, if
x = weight of AgBr,
y = weight of Agl,
T+ y = 1.5370,
0.76325 z + 0.61017 y = 1.1191.
Solving, o

z = 1.1835 g. AgBr,
y = 1.5370 — 1.1835 = 0.3535 g. Agl.
The percentages are caleulated as given before.
The caleulation of a factor in this case is as follows: let
z = grams AgBr present in the mixed salt,
y = grams Agl present in the mixed salt,
a = grams mixed salt,
b = grams AgCl obtained from the mixed salt,
J = factor for the conversion: AgBr — AgCl,
_AgCl 14334 oo
= A_é’,‘B{ = 1_8_7§O = 0.7()320,
k = factor for the conversion: Agl — AgCl;
_ AgCl 14334

= Agl = 23480 = 0.61047.
Then
z+ y=a,
_fa—b,

Substituting the values of f and &,

y = 4.9959 a — 6.5454 b.
If it is desired to know the amount of iodine in the mixed
salts, the factor of iodine equivalent to silver iodide being

I 126.92 o . . 1
Agi =~ 234.80 — 0.54054, then if g is the weight of iodine
present,

g = 0.54054 (4.9959 a — 6.5454 b)
= 2.7005 a — 3.5381b.
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The above is a gencral method.! Having the value of y
for any mixed salt of silver bromide and silver iodide, a
factor such as ¢ may be calculated for any desired element,
radical or compound known to be present in the original
sample,

Case V.— In which a mixture containing two salts
having an element or radical in common is converted into
another mixture, also containing an element or radical
in common. Given, one gram of a mixture of sodium
chloride and potassium chloride; the mixture being con-
verted by treatment with sulphurie acid into a mixture
of sodium sulphate and potassium sulphate, the weight
of this latter mixture being 1.18600 g. It is required to
caleulate the weights of sodium chloride and potassium
chloride present in the original mixture. If the sub-
stance had been pure sodium chloride, the weight of so-
dium sulphate obtainable would be

Na,SO; _ 142.07 o
o NaCl — 116,93 X 1.00000 = 1.21510 g. NazSO,.
If it had been pure potassium chloride, the weight obtained

from one gram would be
K.80,  174.27

SKCl ~ 149.12 X 1.00000 =1.16866 g. K250,

The difference between these weights is
1.21510 — 1.16866 = 0.04644 g.

The difference between the weight found and the weight
which would have been obtained if the substance had been
pure sodium chloride is

1.18600 — 1.16866 = 0.01734 g.
! For a tabulation of indirect factors, sce Chem. Ann., pp. 46-47.
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Therefore, the amount of sodium chloride present in the
mixture of chlorides is

0.01734
0.04642 < 100000 = 0.37338 g. NaCl.

By the same line of reasoning, the potassium chloride is
1.21510 — 1.18600 = 0.02910.
0.02910
0.04644

or, by difference,
1.00000 — 0.37388 = 0.62662 g. KCl.

To caleulate algebraically, let z = weight of NaCl,
then 1 — z = weight of KCL
N32SO4

X 1.00000 = 0.62662 g. KCl,

m = fuctoré NaCl = 1.2151044,
K,S0; _ ,
n = factor2 KCl = = 1.168656.

1.215104 = 4 1.168656 (1 — x) = 1.18600,
1.215104 = 4 1.168656 — 1.168656 » = 1.18600,
0.046448 x = 0.01734,
0.01734 29Q o
= 0.046443 = 0.37338 g. NaCl
1.00000 — 0.37338 = 0.62662 g. KCL

To calculate the factor, let
z = weight of sodium chloride,
y = weight of potassium chloride,
a = weight of mixed sulphates,
b = weight of mixed chlorides,
= factor?%sgi 1.2151044,

K;S0,
n= fac’oor2 el =~ 1.168656.
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1215104  + 1.168656 (b — 2) = q,
1215104z -+ 1.168636 b — 1168656z = g,
0.046448 7 = a — 1.168656 0,
@ — 1168656 b
0.046:48
— 21.5203 ¢ — 25.1604 .
1168656 y + 1.215104 (b — 9) = a,
1168656 + 1.215104b — 1.215104y = a,
—0.046448y = —1.215104b +
= L2OIOD " = 215203 (12151045 — a)
— 261604 b — 21.5293 a.

To calculate this factor in another manner, let
z = weight of sodium chloride,
y = weight of potassium chloride,
a = weight of mixed sulphates,
b = weight of mixed chlorides,

= 21.5293 (a — 1.168656 b)

_ Nﬂ-zS().} _ =
m = factor Z—N,T(J‘I = 12101044,
e KaSO, conr
n = factor——2 KCl = 1.168656.
Factor for sodium chloride: Factor for potassium chloride:
z+ y=1b, T+ y=1b,
mz + ny = a, mr+ ny = a,
nx + ny = nb, mzx + my = mb,
mz + ny = a, mx + ny = a,
(m — n)x = a — nb, (m —n)y =mb — a,
g=9= nb _mb—a
m—n’ Vy=w=n
_ 1 n _.m 1
= TR T m=at V=2t T
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Substituting the values of m and n,

1 1.16866 1.215104 1

T= 0016118 " 0.046148> | Y 51181 T 0.046448

=0.046418 b,

z = 21.5293 ¢ — 25.1604b. | y = 26.1604+b — 21.5293 a.

An inspection of these factors shows that an error made
in weighing the mixed chlorides or mixed sulphates is
multiplicd more than twenty times in calculating the
results.  This should serve as a warning against using an
indirect method of analysis when a direct method may be
made to serve.  Such methods of indircet analysis, beauti-
ful as they may appear on paper, are to be avoided, ex-
cept, possibly, in those cases in which the multiplying
factor is small. The errors are less when approximately
equal weights of the two substances are present. They
may become very large when one of the substances is
present to a much larger extent than the other.

A table of caleulations is given on page 190 showing the
errors introduced by only one milligram error in weighing
the mixed chlorides or sulphates. IFrom an inspection of
this table, it is clear that this particular method, at least,
is little short of useless, except in exceptional cases and
when the weights of the two chlorides are about equal.
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Mixture of Sulphuric Acid and Sulphuric Anhydride
(Oleum). — Another case of mixtures is the acids and
their anhydrides. The commonest of these is ‘“oleum”
or fuming sulphuric acid, being a mixture of H;SO4 and
varying amounts of SO;! In commerce an oleum is
spoken of as being 309, oleum, for cxample, when it con-
tains 309, by weight of free sulphur trioxide, the remainder
being sulphuric acid, the per cent of free sulphur trioxide
serving to designate the per cent oleum.

Suppose it is required to know the fotal per cent of sul-
phur trioxide in a sample of oleum. Lect

x = per cent oleum, .e., the per cent uncombined SOs,
100 — z = per cent sulphuric acid,

80, _ 8007 _ 8163, it y is the

then as the factor S0, — 98.00

per cent total SOs,
y = 0.8163 (100 — z) + =.

Or being given the per cent total SOj, to find the per cent
uncombined 8O3, i.e., the per cent oleum, from the equa-
tion above is obtained

z = 5.4436 (y — 81.63).2

Examples. — (a) What is the percentage total SOz in
309, oleum? (b) A sample of oleum analyzes 85.31%
80;. What per cent oleum is it?

(a) y = 0.8163 (100 — 30) + 30

= 87.149, S0;.

(b) = = 5.4436 (85.31 — 81.63)

= 20.03% oleum.

1 As SO; has a great affinity for water, oleum can contain no H;O
as water.

2 For a table of percentages of oleum corresponding to percent-
ages total SO;, scc Chem. Ann., pp. 449-450. This table may be
calculated by the method given.
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PROBLEMS

341. 0.2017 g. of a substance containing potassium yields
0.7092 g. of potassium platinic chloride. What is the per cent
of potassium? Ans. 56.569).

342. A substance known to be largely NalISOs . 11,0 is ex-
amined as to its purity; 0.3062 g. of it produces 0.5093 g. of
barium sulphate. What is the per cent of acid sodium sul-
phate? Ans. 98.409),.

343. Calcium fluoride was analyzed by precipitating the
fluorine as barium silicofluoride (BaSil's) and the calcium was
estimated as the oxide.  0.5042 g. of the fluoride gave 0.6002 g.
of barium silicofluoride and 0.3630 g. of calcium oxide. What
is the per cent composition according to these figures?

Ans. 48.529, F.
51.459, Ca.

344. A substance is suspccted of being phosphorus pent-
oxide (P:0:). 0.5043 g. of the substance dissolved in water
gave 0.7835 g. of magnesium pyrophosphate (MgP.0;). Was
the substance phosphorus pentoxide? Ans. Yes, 99.109,.

345. A sample of a substance is known to be an oxide of
arsenic.  0.2504 g. gave 0.3912 g. of magnesium pyroarsenate
(Mg:As:0;). Is the substance arsenic oxide (As:Q0s) or arsenious
oxide (As.03)? Ans. 99.579, As.Os.

346. A sample containing barium, chlorine and water of
crystallization was analyzed and the following figures obtained:

Weight of sample taken .................... 1.0000 g.
Weight after heating (water driven off). . ... .. 0.8522¢g.
Weight of barium sulphate obtained.......... 0.9591 g.
Weight of silver chloride obtained............ 1.1735 ¢.

(@) Calculate the percentage of cach constituent; (b) the
formula of the substance and (c) the per cent errors on the
assumption that the sample was pure.

Ans. (a) 14.78%, H.0; 56.46%, Ba; 29.039, CIL
(b) BaCl;.2H.O.
(¢) IL,0, 4 0.03%; Cl, + 0; Ba, + 0.23%.
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347. Potassium chlorate was analyzed as follows: the oxy-
gen determined by loss of weight on heating; onc gram lost
0.3900 g. The chlorine determined by precipitation as silver
chloride; one gram producing 1.159% g. silver chloride. The
potassium was weighed as potassium sulphate; one gram giving
0.7098 g. of potassium sulphate. (¢) I'ind the per cent com-
position from these figures and (b) the formula.

Ans. (a) 39.007, O.
28.689, Cl.
31.85%, K.

(b) KClO,.

348. A sample is analyzed for sodium oxide (Na.O) and
carbonic anhydride (C0.). 1.3417 g. of sodium sulphate are
obtained from one gram of substance. The same amount pro-
duces 229 ce. of carbonic anhydride measured moist at 17° C.
and 757 mm. (a) What per cent of these constituents are
present and (b) what is the formula of the compound? (Ten.
aq. vapor at 17° C. = 1445 mm.)  Ans. (a) 58.55%, Na.O.

41.37%, CO,.
(D) Na,CO,.

349. One gram of a solution of hydrogen dioxide is boiled
liberating oxygen

2 HgOg = 2 IIQO + 02.

25.7 cc. of oxygen arc produced measured moist at 758 mm. and
15° C. 'What is the per cent of hydrogen dioxide in the solution?
(Ten. aq. vapor at 15° C. = 12.73 mm.) Ans. 3.69%.

360. A coal analyzes as follows:

Per cent
Volatile combustible matter including sulphur... 18.10
Fixed carbon. ... .. ... ... ol 74.52
Sulphur..........cooiiiiiiiiiii it 0.60
Ash. . e 6.65
Water. ..o e e 0.73

100.60

What are these percentages on the dry basis?
Ans. 18.23%; 75.06%; 0.61%; 6.707%,.
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361. A coke analyzes:

Per cent
Volatile combustible matter. .................. 1.58
Fixed carbon. . cvvve e i nneeeneeneenennn. 88.87
Sulphur.....ovvvniiii i 1.18
D V) ¢ WA AR 8.99
7% 7 AU PN 1.92

102.54

What is its composition on the dry basis?
Ans. 1.61%; 90.56%; 1.20%,; 9.16%,.

862, The cxtracted pigment of a paint analyzes:

TPer cent
Whitelead. ..o ovt it 30.42
ZNC OXIAC. o v v vt i e 61.52
Ashestine. .o ovvit i e 7.23
Unextracted oil . ... oo i 1.06

100.23

Caleculate the percentages present if all the oil had been extracted.
Ans. 30.74%,; 62.18%,; 7.31%,.

863. A sample of phosphate rock analyzes:

Per cent
Calcium phosphate..........ooooiiiiaoLt. 96 02
Terric OXide. . v oo v ieene i ieeneeeennenneaennn 1.13
Aluminumoxide. .. oovrveiriiiiiee i 0.60
Insoluble. .o v v vn i 1.24
MOISEULC. & v v ve et et ieeeneennecnneeans 0.73

99.90

Calculate the percentages on the dry basis.
Ans. 96.919%,; 1.14%; 0.60%; 1.25%,.

854. On the dry basis, a sample of coal analyzes:

. TPer cent
Volatile combustible. .. ... oo, 21.06
Fixed carbon. . ......ooviiiriiiiniiiiiineeiens 71.80
ASN . e ot e 7.14
100.00

If ‘the moisture present in the coal was 2.49%,, what is the

analysis on the wet basis? Ans. 20.54%,

70.019,

6.96%,

2.49%,

100.00%,
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366. A sample of coal was dried at 70° C., at which tempera-~
ture a loss of 6.03%, water was obtained. The partially dried
sample was analyzed and showed:

Per cent

Volatilematerial. ..o, 8.23
Fixed carbon. ........ ... i 65.90
ABD. o e 23.80
MOISEUTE. v v v v e iiiie e ie e 2.07
100.00

What are the percentages on the original sample?
Ans. 7.739,

61.93%,
22.369,
_7.78%
100.00%,
366. The pigment of a certain paint has the composition:
Per cent
(@) Whitelead. .. ..o, 33 30
() Zineoxide. . .....ccoiiin e _66.70
100 00
The vehicle of this paint consists of
Per cent
(¢) Linsecedoil........coiieiiiiiinia.... 32.40
(d) Japandryer........cooiiiiiiiiiiiiieen.. 13 60
(e) Asphaltum spirits. .................. ..., 54.00
100 00

The pigment and vehicle are mixed to form the paint in the
proportions:

Per cent
Pigment......ooiiiiiiiiiiiiiiiiiiiiiiia 63.00
Vehicle. .. ovvii ittt i 37.00

100.00

Calculate the percentage composition of this paint.
Ans. (a) 20.989%,.
(b) 42.029%,.
(c) 11.99%,.
d) 5.03%.
(e) 19.98%.
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367. A paint has the following composition:

Per cent
(¢) Whitelead .. .. ...... . o 40.00
(b) Zincoxide .. ........ ee e ... 23.00
(¢) Linsced oil. . e e e e e e 15 00
(d) Japan dryer L 5.00
(r) Asphaltum spirits. ... 1700

100.00

(@) What is the pereentage composition of the pigment?
() What is the pereentage composition of the vehicle?
Ans. (a) (¢) 63.49%.
(h) 36.51%.
(®) (c) 40.55%,.
@) 13.51%,.
(e) 45.95%.

368. Phosphoric anhydride (P.0s) is to be weighed as silver
phosphate (AgzPO4).  What is the factor weight to take in order
that the weight of silver phosphate obtained multiplied by 10
shall give the per cent of phosphoric anhydride?

Ans. 1.6968 g.

869. The percentage of phosphoric anhydride (POs) is to be
determined as magnesium pyrophosphate (Mg.P.0;). What
weight in grams must be taken in order that the weight of
the pyrophosphate multiplied by 100 shall give the percentage
of phosphoric anhydride? Ans. 0.6379 g.

360. Bicarhonate of soda (NaIICO;) is to be examined as to
its purity. The sodium is converted into sodium sulphate and
weighed as such. What weight of bicarbonate must be taken
in order that the weight of sodium sulphate obtained multiplied
by 100 shall give the per cent of bicarbonate?

: Ans. 1.1827 g.

361. Manganese dioxide (MnO,) is to be determined as tri-
mangancse tetroxide (Mn;Os). What is the factor weight in
order that the weight of tetroxide in grams multiplied by 10
shall give the percentage of manganese dioxide?

Ans. 11.3987 g.
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862. Sodium ammonium phosphate (NaNH,HPO; - 4 H..0) is
to be analyzed. The phosphorus is precipitated as magnesium
pyrophosphate (Mg:P»07;). What is the factor weight in order
that the weight of the pyrophosphate in centigrams shall show

the percentage of sodium ammonium phosphate?
Ans. 1.8781 g.

363. What is the per cent of sulphur dioxide in a sample of
sodium sulphite when 0.1063 g. of the same requires 0.1615 g. of
iodine to oxidize it according to the reaction:

Na,S0; + I, 4+ H,O = Na.S0, + 2 HI?
Ans. 38.35%.

364. Onc gram of a sample containing an iodide is treated
with chlorine,

2MI + Cl, = 2MCl + I,
and the iodinc liberated is treated with sodium thiosulphate,
2 N1,8:0; + I. = 2 Nal + Na,S,0,,

0.9213 g. of the thiosulphate being required. What is the
per cent of iodine in the sample? Ans. 73.949,.

366. 1.5000 g. of a sample give 0.6214 g. of mixed strontium
and calcium sulphates. From this mixture 0.4120 g. of calcium
carbonate are obtained. Assuming calcium chloride and stron-
tium chloride to have been present as such in the original sample,

calculate the percentages of these compounds.
Ans. 30.469, CaCl,.
3.50% SI' Clz.

366. From the following calculate the percentages of iron and
aluminum:

Weight of substance taken.... 1 0043 g.
Which yields. . .............. 0 2716 g. AL,O; + Fe03
Which in turn yields......... 0.0726 g. Fe.
Ans. 7.239, Fe.
8.869, Al

367. One gram of sample gives 0.1485 g. of mixed calcium
and strontium carbonates, from which mixture 0.0957 g. of
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strontium sulphate arc obtained. What are the percentages of
caleium oxide and strontium oxide? Ans. 5.40%, SrO.
4.01%, CaO.

368. Calculate the percentages of sodium and potassium,
given the following data:

Weight of substance taken .. ...... .... . 20000 g.
Weight of NaCll + KClobtained . ....... 0.6437 g.
Weight of K;PtCls obtained from mixture. . ... 0.6514 g.
Ans. 5.24% K.
8.929% Na.

369. A substance contains sodium and potassium. It gives
36.42% of mixed sodium and potassium sulphates. From the
mixed sulphates is obtained a weight of potassium platinic
chloride (K:PtCls) that amounts to 47.20% of the weight of
sample taken. What arc the percentages of sodium and potas-
sium oxide? Ans. 9.15%, K,0.

8.51% Nag().

370. 1.5000 g. of a substance containing brominc and chlo-
rine yield 1.0000 g. of mixed silver chloride and silver bromide.
The mixture is treated with chlorine, converting the silver bro-
mide into silver chloride, the loss of weight due to this change
being 0.1367 g. What are the percentages of chlorine and
bromine? Ans. 16.38%, Br.

6.979%, CL

371. What arc the percentages of chlorine and iodine in a
substance, 2.0000 g. of which yicld 1.5230 g. of mixed silver chlo-
ride and iodide, which mixture when converted into the chloride
yiclds 1,1090 g. of silver chloride? Ans. 28.739, 1.

5.699%, CL

372. A sample composcd of potassium chlorate (KClOs) and
potassium bromate (KBrOs) is examined by the indirect method.
One gram was taken from which 1.0474 g. of mixed silver chlo-
ride and bromide were obtained. From this mixture 1.0138 g.
of silver chloride were obtained. What are the percentages
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of potassium chlorate and potassium bromate in the original
sample? Ans. 12,629, KBrOs.
77 429, KCIOs.
373. If

z = weight of AgCl present,

y = weight of Agl present,

a = weight of mixture of AgCl + Agl,

b = weight of AgCl obtained from (a):

(a) Caleulate the factor which multiplying (¢ — b) gives the
weight of silver iodide, and (b) the factor that multiplying
(a — b) gives the weight of iodine.  Ans. (a) 2.5672 (@ — b).

(b) 1.3877 (a — b).

374. Taking the factors of problem 373, (¢) what arc the
amounts of silver chloride and silver iodide when the mixed
salts weigh 1.8320 g. and the mixed salts converted into the
chloride weigh 1.5232 g.? (b) What is the weight of iodine
present? Ans. (a) 0.7928 g. Agl.

1.0392 g. AgCl.
() 0.4285¢. 1.

376. What is the factor to be used which multiplying the loss
of weight caused by converting a mixture of silver chloride and
silver bromide into silver chloride will give the amount of bro-
mine present? Ans. 1.7976.

376. What is the factor to he used which multiplying the loss
of weight caused by converting a mixture of silver chloride and
silver iodide into silver chloride will give the weight of iodine?

Ans. 1.3877.

377. One gram of a mixture of silver iodide and silver bro-
mide is converted into silver chloride, yiclding 0.6487 g. of the
same. What arc the weights of iodine and bromine in the mix-
ture? Ans. 0.1065 g. Br.

0.4053 g. I.

378. 1.0721 g. of a mixiure of calcium carbonate and stron-
tium carbonate yicld 1.4217 g. of a mixture of strontium sul-
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phate and calcium sulphate. How much caleium carbonate and
strontium carbonate were contained in the mixture?
Ans. 0.7574 g. CaCOs.
0.3148 g. SrCOs.

379. 0.5541 g. of a mixture of potassium iodide and bromide
yield 0.3396 g. of potassium sulphate. How much iodine and
bromine in the mixture? Ans. 0.2436 g. L.

0.1581 g. Br.

380. A mixturc of potassium sulphate and sodium sulphate
weighs 1.4304 g, From this mixture 2.1364 g. of barium sul-
phate arc obtained. (a) What arc the weights of potassium
sulphate and sodium sulphate in the mixture? (b)) If 1.5000 g.
of the substance were taken from which this mixture was ob-
tained, what are percentages of sodium and potassium in the

original sample?
Ans. (a) 0.7257 g. Na,SO,.

0.7047 g. K:SO4.
(b) 15.679%, Na.
21.08% K.

381. Caleulate the factors that applied to the previous prob-
Iem (380) will give the weights of potassiumn and sodium. These
are to be multiplying factors.

Ans. K = 24278 a — 1.4775b,
Na = 1.0662 b — 1.4280 a.

382. Onc gram of a mixture consisting of silver chloride and
silver bromide is found to contain 0.6635 g. of silver. (a)
Ilow much bromine and (b) how much chlorine docs it contain?

Ans, (a) 0.2128 g. Br.
(b) 0.1237 g. Cl.

383. Calculate factors which when multiplying the weight of
the mixed salt of problem 382 and the weight of silver obtained
from the mixture will give the weights of bromine and chlorine
present. Ans. Cl =1.3884b — 0.79753 a.

Br = 1.7975 a — 2.3883 b.

384. A mixture of barium and strontium carbonates weighing

1.2601 g. contains 0.3192 g. of carbon dioxide. (a) What are
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the weights of barium carbonate and strontium carbonate in
the mixture? (b) What are the weights of barium and stron-
tium in the mixture? Ans. (a) 0.7504 g. BaCO;.
0.5097 g. SrCO;.
() 0.5223 g. Ba.
0.3025 g. Sr.
386. Calculate the factors that applied to a problem such as
384 will give the weights of barium and strontium.
Ans. Ba = 2.7611 ¢ — 9.2661 b.
Sr = 7.9025 b — 1.7617 a.
386. A sample of oleum weighing 3.1402 g. contains 2.7350 g.
of sulphur trioxide. What per cent oleum is it?
Ans. 29.78%, oleum.
387. What is the per cent total sulphur trioxide in 25%, oleum?
Ans. 86.22%.
388. What is the per cent total sulphur trioxide in 15%, oleum?
Ans. 84.389%,.
389. If acctic anhydride (CII;CO). O will take up any water
present to form acetic acid, what is the amount of uncombined
acetic anhydride present in a sample of mixed acetic acid and
acetic anhydride showing 87.729, anhydride present?
Ans. 18.139,



CHAPTER IX
VOLUMETRIC ANALYSIS

“VoLuMETRIC analysis or quantitive chemical analysis
by measure in the case of liquids and solids . . . depends
upon the following conditions for its successful practice:

1. A solution of the reagent, the chemical value of
which is accurately known, called the ‘standard solu-
tion.’

2. A graduated vessel from which portions of it may be
accurately delivered, called the ‘burette.’

3. The decomposition ! produced by the standard solu-
tion with any given substance must either in itself or by
an indicator be such, that its termination is unmistakable
to the eye, and thereby the quantity of the substance with
which it has combined accurately calculated.” 2

Single-factor Solutions. — The standard solution may
be made to any desired strength. If a solution is to be
frequently used for the determination of a substance, for
example iron, it is convenient to adjust its strength so
that one cubic centimeter shows the presence of 0.01,
0.001 or 0.0001 g. of iron, in which case the determination
of the weight of iron in grams present in the sample is
obtained directly by the burette reading. If it is de-
sired to make up a solution of silver nitrate, one cubic
centimeter of which is to be equivalent to 0.001 g. of
chlorine, and the weight of silver nitrate which must be

1 “Reaction’’ might be a better word.

2 Sutton, ¢ Volumetric Analysis.”
202
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contained in a liter of the solution is to be calculated, the
required weight can be found readily. The reaction is

M'Cl + AgNO; = M'NO; + AgCL

The weight of chlorine which is to be indicated by ;)ne
liter is
0.001 X 1000. = 1.0000 g.

The amount of silver nitrate necessary is
AgNO; _ 169.89
TCl T 3546

It commonly occurs that a substance with which it is
desired to make a standard solution cannot be weighed
out in a state of purity; hence it is necessary to standard-
ize the solution after it is made up. The methods of
doing this are many: typical cases will be considered.

Methods of Standardization. —I. By weighing out
the amount required and making up to the desired vol-
ume. This can be done only when the substance is in a
state of purity and the weighing can be accurately per-
formed and presents no great difficultics in manipulation.
Among such substances may be mentioned sodium car-
bonate, arsenious oxide and sodium oxalate.

II. By causing a solution to react with a weighed
amount of a chemically pure substance and measuring
the volume of the solution necessary to do this. 0.21194 g.
of anhydrous sodium carbonate require 40.00 cc. of a
solution of hydrochloric acid to completely neutralize it.
The strength of the hydrochloric acid per cubic centi-
meter is

2HClI _ 2(36.47) % 0.21194
Na,CO;  106.00 40.00

III. By analyzing gravimetrically a measured portion
of the solution. If 30.00 cc. of the same solution of

X 1.0000 = 4.7910 g.

=0.003646 g. HCI per cc.
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hydrochloric acid as above yield 0.4299 g. of silver
chloride, the content of hydrochloric acid per cubic centi-
meter is

HCl _ 3647 X0.4299
AgCl — 143.34 7 30.00
IV. By comparing a measured volume of the solution
with a measured volume of another solution the strength of
which is known and with which it reacts. If 45.00 cc. of the
same hydrochloric acid solution react with 45.20 ce. of
a solution of sodium hydroxide, each cubic centimeter of
which contains 0.003982 g. of sodium hydroxide, the
strength of the hydrochloric acid solution is

HCl _ 3647 % 45.20 % 0.003982
NaOH ™~ 40.01 45.00

Equivalent Values of Single-factor Solutions. — A
solution may be made up to a strength to correspond to
a simple factor, as, for instance, the solution of silver
nitrate mentioned above, each cubic centimeter of which
corresponds to a milligram of chlorine. When such a
solution Is to be used for another determination the value
of the solution per cubic centimeter must be calculated
for the new substance.

Potassium permanganate is a reagent used in a number
of different volumetric determinations. Its value de-
pends upon its oxidizing property. Iron is determined

= 0.003646 g. HCl per cc.

= 0.003646 g. HCI per cc.

by it according to the equation o
2 KMnO4 + 10 FCSO4 + 8 HQSO.1 = KzSO4 + 2 MHSO4
+ 5 Fex(SO4)s + 8 HyO;

oxalic acid,

2 KMDO4 + 5 H20204 + 3 HzSO4 = KzSO4 + 2 MDSO4
+ 10 CO; + 8 H,0;
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calcium when in the form of the oxalate,

2 I(MIIO4 + 5 030204 + 8 HzSO4 = KzSO4 + 2 MnSO.
-I- 5 03.804 + 10 COz + 8 Hzo;

mangancse,

2 :KMIIO4 + 3 MllSO4 + 2 Hzo = KzSO4 + 2 I‘IzSO4
+ 5 MIIOz.

There are many other similar reactions. If one cubic
centimeter of the potassiuin permanganate solution repre-
senls 0.001 g. of iron, then as 2 KMnO4 = 10 Fe, and
2 KMnOy4 = 5 H;C,0y, it follows that 5 HyC;04 = 10 Fe:
the amount of oxalic acid equivalent to one cubic centi-
meter of this permanganate solution is:

5 IL,Cy04 _ 5 (90.016) _

""‘]:0 Fo = 10 (55-84) X 0.001 =0.000806 g. H20204 per cc.
In like manner, 2 KMnQO, = 10 Fe; 2 KMnO, = 5 Ca;
then 5 Ca = 10 Fe, and the amount of caleium indicated

by cach cubic centimeter of the permanganate solution is
5Ca _ 5(40.07)
10 Fe ~ 10 (55.84)
Finally, as 2 KMnO, = 10 Fe and 2 KMnO, = 3 Mn, it

follows that 3 Mn = 10 Fe, and the value of the perman-
ganate solution in terms of mangancse is

3Mn _ 3(54.93)
10Fe ~ 10 (55.84)

Factor Weights for Volumetric Solutions. — Factor
weights ! are as applicable to volumetric as to gravimetric
analysis. Acetic acid is to be determined by titration with
sodium hydroxide, one cubic centimeter of which contains
0.04006 g. What weight of acetic acid should be taken

1 See p. 176.

X 0.001 = 0.0003588 g. Ca per cc.

% 0.001 = 0.0002951 g. Mn per cc.
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such that the burette reading in cubic centimeters may
show the percentage of acetic acid dircctly? One cubie
centimeter of the sodium hydroxide solution is equivalent

to o-O‘lm- buub

EII\(]} ;_Ig:;}(l)z 28 82 X O 4006 = (.06003 g. HC.H;0, per cc.

Supposing the acetic acid were 1009, pure, the number
of cubic centimeters required would be 100. This corre-
sponds to 100 X 0.06003 = 6.003 g. of acetic acid. If
this weight of acetic acid is weighed out and titrated with
the sodium hydroxide under consideration, the burette
reading in cubic centimeters will give the percentage of
acctic acid present. Thus if 85.00 ce. of sodium hydroxide
are required for necutralization, the acetic acid contains
85.009, HC,H;0; as is readily seen by the following:

85.00 X 0.06003
©6.003

X 100 = 85.009%, HC,H;0..

Instead of reading the percentage of acetic acid directly
from the burette, it may be desirable to adjust the amount
of acid taken, so that the burette reading multiplied by
two gives the percentage of acetic acid.! If half of 6.003 g.
(= 3.0015 g.), that is, fifty times the factor, is weighed out
and titrated, the burette reading multiplied by two gives
the percentage of acetic acid. If 42.50 cc. are required
for titration, the percentage of acetic acid is 2 X 42.50 =
85.009, as is proved:

42.50 X 0.06003

30015 < 100 = 85.00% HC,H0,.

1 This would be the case if a 50 cc. burette were used, as it would
obviate the trouble of filling the burette a second time if the per-
centage exceeds 50%.
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To put this in general terms; if the factor weight taken
is m times the factor, the reading ! must be multiplied by
n, m and n being so chosen that their product equals 100.
Thus, if the factor weight taken is five times the factor,
the reading must be multiplied by twenty.

Normal Solutions. — ““ A normal solution of a reagent
is one which contains, in a liter, that proportion of its
molecular weight in grams which corresponds to one gram
(gram atom) of available hydrogen or its equivalent.” 2
Submultiples of the normal solution arc used and are
designated half or seminormal (N/2 or 0.5 N), fifth or
quintinormal (N/5 or 0.2 N), tenth or decinormal (N/10
or 0.1 N), hundredth or centinormal (N /100 or 0.01 N), ete.

According to definition, the following weights of acids,
bases or radicals contained in a liter are normal solutions:

_ CI,COOH 3
==

1 The reading may be in cubic centimeters, as in volumetric anal-
ysis, or in grams or some multiple of the gram, as in gravimetric
analysis.

2 Sutton, “Volumetric Analysis.”” The words “gram atom” in
parenthesis have been inserted by the author, as in his opinion
Sutton so intended.  As the examples given by Sutton show, the nor-
mal solution contains 1.008 g. of available hydrogen and not 1.0000 g.,
as his definition would lead one to suppose. Ilis definition would
be exact if hydrogen were taken as unity in the determination of
atomic weights. Such, however, is not the case, the basis being
oxygen = 16 which makes hydrogen = 1.008.

3 The expression is intended to represent a fraction, the numer-
ical value of which is obtained by giving to the numerator a number
equal to the molecular weight of the symbol. Tor a list of acids
and bases and the values of normal solutions of the same, with the
indicators to use in each case, see Chem. Ann., pp. 67-68. The
solubilities of many substances arc too small to permit of the prep-
aration of a solution of normal strength. The values given indicate
the weight of substance which would be present in a normal solu-
tion, solubility permitting. Such cases are illustrated by calcium

Acetic acid (one available II ion) = 60.032 g.
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Ammonia (one available NH; ion) = Nf[ 2 = 17.064 g.
Ammonium . . _ NHOH _
hydroxide } (one available OH ion) = 1 = 35.08 g.
Hydrochloric . . _HC] _
acid } (one available H ion) =1 = 36.47 g.
Nitric acid (one available Il jon) = HI\1103 = 63.048¢.
Barium . . _Ba(OID, _
hydroxide } (two available OH ions) = 5 = 85.71 g.
Calcium . . _Ca(Ol), _
hydroxide } (two available OH ions) = — 5 = 37.06 g.
. . . . H,S0,
Sulphuric acid  (two available H ions) = —— = 49.04 g.
Oxalic acid (two available II ions) = (—’l;&—‘ = 45.01 g.
Phosphoric . . _ ];I,P_O_. _
acid ! } (one available H ion) = 1 = 08.024 g.
Phosphoric . . H,PO,
acid 2 } (two available H ions) = —12~—‘ = 49.01 g.

Following is a list of a few oxidizing agents.? As one
oxygen ion is cquivalent to two hydrogen ions, the list
will be evident.

and barium hydroxides, which on account of their limited solubility
must be used in fractional normal solutions. Because of its low
solubility, calecium hydroxide is not used in volumetric operations.

1 As thesc solutions arc used in neutralization, their value de-
pends upon the acidity shown. When methyl orange is used as
the indicator, the same shows color change when one hydrogen is
replaced.

2 When phenol-phthalein is used as the indicator, the color change
takes place when two hydrogens are replaced. See Chem. Ann.,
pp-. 65-66.

3 For a list of volumetric oxidizing and reducing agents with the
values of a normal solution in each case, see Chem. Ann., pp. 69-70.

For a list of precipitation agents and data on the strengths of
normal solutions of the same, see Chem. Ann., p. 71.
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1 Iodine (liberates or is = 1 IT ion) = -} =126.92g.

1 Barium peroxide (liberates 10 = 2 H ions) = B:;O’ =84.7¢g.

1 Potassium di- . _ . _KiCr,0;_
chromate § (libcrates 30 = 6 H ions) = —5 = 49.08 ¢

1 Potassium pe"% (liberates 25O = 5 IT jons)t = “M10¢_ 31 63 ¢,
manganate 5

1 Arsenious oxide (takes up 2 O = 4 H ions) = A—S;(—)-a =495¢g.

In order to determine the amount of substance which
must be present to form a solution of a required normality,
the particular reaction in which the solution takes part
must be known. Thus, in an acid solution, two molecules
of potassium permanganate liberate five atoms of oxygen.
Permanganic acid is HMnO,; the anhydride would be

2 I‘IMIlO4 = an()7 + I.{z().
In acid solution, the decomposition may be abbreviated to
Mn:0; = 2MnO + 50.
Then as 5 O = 10 H, the weight of salt requisite in a liter
of a normal solution when used in an acid condition is

2KMnO, KMnO, _ 158.15 _
—0 =" 5 =~ 5 = 31.63 g. KMnO,.

In an alkaline solution the essential features may be repre-
sented by

2 Mn201 =2 MIIOz + 30.

Hence, when potassium permanganate is to be used in an
alkaline solution, the weight necessary for a liter of a nor-
mal solution is

58 15
2KMnO; _ KMnO, _ 188.15 _ 59 7166 g. KMnO,.*
6 3 3
1 That is, two molecules of KMnO, yield five oxygens in an acid
solution,
2 Potassium permanganate is rarcly titrated in an alkaline or
neutral solution. An example is the titration of manganese. See
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The calculation of the normal quantity of a salt is not
always such a simple matter. The normal quantity of
hydrochloric acid being 36.47, in the reaction

NH,OH + HCI = NH,CI + H.0,

the weight of ammonium chloride equivalent to this
weight of hydrochloric acid, and, consequently, the normal
quantity of ammonium chloride in this reaction, is

NH,Cl _ 53.502
HCl — 36.47
In like manner the amount of ammonium sulphate is
obtained from the equation
2 NH,OH + H,S0, = (NH,)2S80, + 2 H:0;
consequently, the normal weight (the weight in grams per

liter, the normal weight of sulphuric acid being 49.04 g.)
is

X 36.47 = 53.502 g.

(NH).S0, _ 132.15

H,;S0s — 98.09
Simplification of Calculations by the Use of Normal
Solutions. — Knowing the reaction, when normal quan-
tities are used, the weights of the substances involved may
be found by inspection. Defining oxidation as the process
of adding oxygen to, or the removal of hydrogen from,
or raising the valence of, the substance oxidized, and
reduction as the reverse, the normal weights of com-
pounds that are neither acids nor bases, but will react
with oxidizing or reducing compounds, are readily deter-
mined. The oxidation of iron raises its valence from two
to three, a gain of one in valence, which is equivalent to

X 49.04 = 66.068 g.

reaction, Prob. 391. For other examples, sec phosphoric acid with
different indicators, p. 208. When a normal solution of potassium
permanganate is spoken of, the solution equivalent to five oxygens
is understood unless specifically qualified.
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one hydrogen. Ilence, the normal amount of iron, t.e.,
the amount of iron shown by a liter of any normal oxidiz-
ing or reducing reagent used for its determination, is
5—51'84 = 55.84 g. Antimonious salts when acted upon by
certain oxidizing agents are converted into antimonic
salts, 7.e., antimony is changed from the trivalent to the
pentavalent condition, a gain in valence of two; hence,
the weight of antimony shown by a normal weight of
oxidizing or reducing substances is

Sh 1202
= g - = 60.10 .

Normal solutions are of such strength that equal
volumes arc cxactly equivalent; thus, one normal cubic
centimeter of an acid ecxactly ncutralizes onc normal
cubic centimeter of a base, producing a neutral solution.!
Knowing the normality of a solution, its value in terms of
any constituent with which it rcacts can be calculated
casily, and can often be done by inspection. If 30.00 cc.
of an N/10 solution of sodium hydroxide are used to
determine hydrochloric acid in a 2.0000 g. sample, the
amount of hydrochloric acid present is (1.00 cc. N/10 HCl

HCI
= 1000 X 10 = 0.003647 g. HCI)

30.00 X 0.003647 = 0.10941 g.;

1 There is another system of concentrations. This is the Molar
system and is used chiefly in physical chemistry. A molar solution
contains one gram molecule of solute per liter of solution. Under
this definition a molar solution of hydrochloric acid contains 36.468
g. HCI per liter as does also a normal solution. A molar solution
of sulphuric acid contains 98.086 g. H.SO, per liter, while a normal
solution contains 49.043 g. So it is seen that a molar and a normal
solution may or may not be equivalent.
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and as 2.0000 g. of sample were taken, the percentage of
hydrochloric acid is

30.00 X 0.003647

2.0000 )

If the 30.00 cc. had been used in the determination of

sulphuric acid, the same amount being taken (1.00 ce.

1 4
N/10 HS04 = 1&)——1(—)[?((—)14—0 = 0.004904 g. I1,S0y), the result
would have been
30.00 X 0.004904
2.0000
Again, potassium permanganate is used to determine
iron, calcium in the form of oxalate, and also nitrous acid.
45.00 cc. of a 0.1 N! solution of potassium permanganate
are required to bring about the reactions. The amounts
present can be readily determined without recourse to
stoichiometric ratios in the form of a rcaction. Iron is
oxidized by permanganate, the valence being increased
by one. If all the iron were present in the ferrous con-
dition, then as the amount of iron shown by one cubic
centimeter of 0.1 N potassium permanganate is
Fe
1% 1000 X 16 — 005584 &,
the total amount of iron is
45.00 X 0.005584 = 0.2513 g. Fe.
The calcium is separated as the oxalate which on treat-
ment with sulphuric acid liberates one molecule of oxalic
acid for each atom of calcium present. The oxalic acid
is oxidized by the permanganate, one atom of oxygen
being taken up for each molecule of oxalic acid present.
Then, as one oxygen is cquivalent to two hydrogens, the

X 100 = 5.47%, HCL.

X100 = 7.369, HySO,.

1 The normality of a solution may as well be cxpressed as a
decimal as a fraction; in fact, the decimal system is to be preferred.



VOLUMETRIC ANALYSIS 213

amount of calcium cquivalent to a cubic.centimeter of a
tenth normal oxidizing solution is
—— ACB' fe— —
2 X 1000 X 10
The amount of calcium present is
45.00 X 0.0020035 = 0.090158 g. Ca.

Potassium permanganate oxidizes nitrous acid to nitric
acid, a gain of onc atom of oxygen which is cquivalent
to two hydrogens. The amount of nitrous acid equivalent
to a cubic centimeter of a decinormal solution is
HNO:,
2 1000 X 10
The amount of nitrous acid present is
45.00 X 0.002351 = 0.1058 g. HNOs,.

Calculation of Normality. Factor to a Given Nor-
mality. — Thus far solutions have been considered as
being adjusted to the normality indicated. This is a
matter of considerable difficulty and it is a general prac-
tice to calculate the strength of solutions by methods
already given, not attempting to have the normality more
than approximate, the exact strength, however, always
being known. A solution shows on standardization
0.02458 g. of sulphuric acid per cubic centimeter. A nor-
mal solution of this acid contains 0.049045 g. per cubic
centimeter; then the normality of this solution is

0.02458
0.049045 = 0.5012 N.

This shows the solution to be very ncarly half normal,
being a little strong. The factor to exactly half normal
is

= 0.0020035 g.

= 0.002351 g.

0.5012
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The use of this factor is to calculate the number of cubie
centimeters used in an analysis to an equivalent number
of cubic centimeters of exactly half normal, that the
amount of substance indicated by it may be readily deter-
mined as previously given. For example, 30.25 cc. of
this sulphuric acid are used in determining sodium hydrox-
ide. The number of cubic centimeters of cxactly N/2
sulphuric acid equivalent to this number of cubic centi-
meters is 30.25 X 1.002 = 30.31 cc. The amount of
sodium hydroxide present is

40.01*
é—x“—ibm % 30.31 = 0.6064 g. NaOH.

It is often desirable to know the number of cubic
centimeters of a solution of given normality equivalent
to a given number of cubic centimeters of another solu-
tion of different normality. This number is inversely
proportional to the normality of the solutions under
consideration; the greater the normality, the fewer the
number of cubic centimeters neccessary to bring about
the reaction. It is at once apparent that it will require
twice as many cubic centimeters of a half normal solution
(N/2 or 0.5 N) to accomplish the same amount of chemical
change as with a normal solution (N, N/1 or 1 N). Nor-
malities expressed in the decimal system (0.5 N, 1N)
readily lend themselves to calculations of this nature.

1 With a little practice and familiarity, the use of solutions stand-
ardized in the normal system will become so casy that in large part
the calculations may be performed mentally. An operator knows
that a normal solution of any acid indicates 0.04001 grams of sodium
hydroxide per cubic centimcter, knowing the molecular weight of
sodium hydroxide to be 40.01, and a half normal solution being of
half the value of a normal solution, the value 0.020005 g. of sodium
hydroxide indicated by an N/2 solution of any acid is obtained
by inspection.
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Thus, how many cubic centimeters of a 0.1045 N solution
are equivalent to 35.00 ce. of a 0.1003 N solution? The
number of cubic centimeters required being inversely
proportional to the normalities or strengths of the solu-
tions gives

0.1003 _ e 00 oo _ ar
0.1045 X 35.00 = 33.59 cc. of 0.1045 N sol. = 35.00 cc.

of 0.1003 N sol.
This may he expressed in algebraic form. Let

V' = number of cubic centimeters requisite for a cer-
tain reaction,

It

N’ = normality of the solution corresponding to V’

cubic centimeters,

V" = number of cubic centimeters of a different
strength requisite for the same reaction,

N/I

normality of the solution corresponding to V”’
cubic centimeters.

Then
VINI —_ VIINII.
Taking the same example; substituting gives

V’ X 0.1045 = 35.00 X 0.1003,

V' = g—%g X 35.00 = 33.59 cc.

To state another problem bearing on this same subject.
11.00 cc. of a 0.5200 N solution of hydrochloric acid are
required to meutralize 50.00 ce. of a solution of barium
hydroxide. What is the normality of the barium hydrox-
ide solution? The normality being inversely proportional

to the number of cubic centimeters requisite:
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11.00
50.00
or substituting in the formula gives
50.00 X N’ = 11.00 X 0.5200,
, _ 11.00
N"=50.00
Again, how many cubic centimeters of a solution whose
factor to N/10 is 0.9924 are cquivalent to 18.00 ce. of a
solution whose factor to N/2 is 1.005? The number of
cubic centimeters of N/10 solution cquivalent to a solu-
tion whose factor to N/10 is 1.005, is 18.00 X 1.005 =
18.09 cc. This number of cubic centimeters of N/10
solution is cquivalent to 18.09 X 5 = 90.45 cc. of N/2
solution. Then the number of cubic centimeters of a
solution whose factor to N/2 is 0.9924 cquivalent to 90.45
ce. N/2 solution is
1.0000
0.9945
Solving in another manner: The normality of the first
solution, expressed decimally, is 0.1 X 0.9924 = 0.09924 N.
The normality of the second solution, similarly expressed,
i1s 0.5 X 1.005 = 0.5025 N. Then

0.5025
0.09924 X 18.00 = 91.14 ce.
Volumetric Determinations Using Two Solutions.
Back Titrations. — Many volumetric analyses are car-
ried out by the use of two solutions. These methods
gencrally consist in adding an excess of the active reagent
and determining this cxcess by means of a suitable
second solution with which the first reacts. It is nce-
essary to know the relative strengths of the two solutions
employed so that the amount of the solution used in pro-

X 0.5200 = 0.1144 N,

X 0.5200 = 0.1144 N.

X 90.45 = 91.14 cc.
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ducing the desired reaction may be ascertained. When
the two solutions arc exactly cquivalent, cubic centimeter
to cubic centimeter, subtraction of the volumes used gives
the amount of the first solution necessary to bring about
the desired reaction.

A sample of caleium carbonate is to be analyzed,
phenol-phthalein being used as the indicator, which is
affeeted by the carbonie acid liberated when the calcium
carbonate is treated with an acid; hence, the end point
in this titration would occur too soon, were it attempted
to titrate directly to a finish with sulphuric acid alone.
A solution of sulphuric acid of exactly 0.1 N strength and
a solution of exactly 0.1 N sodium hydroxide arc em-
ployed. 0.2000 g. of the sample are weighed out, water
added, and treated with 45.00 ce. of the 0.1 N sulphuric
acid and the solution boiled to expel the carbon dioxide.
The solution is now acid with sulphuric acid, 6.45 cc.
of 0.1 N sodium hydroxide being required to produce
neutrality. The amount of sulphuric acid used in de-
composing the calcium carbonate is evidently 45.00 —
6.45 = 38.55 ce. of 0.1 N solution. Assuming that there
are no other carbonates present, the equivalent of one cubic
centimeter of 0.1 N solution of sulphuric acid in terms of

. . CaCOs _ -
calcium carbonate being 3 ST1000 10 = 0.0050035 g.,
the percentage of calcium carbonate in the sample taken is
38.55 X 0.0050035
0.2000

X 100 = 96.449, CaCOs.

Calcium acetate, Ca(C:H;0,); - H;O, is to be examined
for the percentage of the same present in a sample weigh-
ing 3.7246 g. The calcium acetate is digested with an
excess of syrupy phosphoric acid, the acetic acid liberated
being distilled into 50.00 cc. of 1.005 N sodium hydroxide
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solution. The excess of sodium hydroxide required
55.25 cc. of 0.2012 N sulphuric acid for ncutralization.

50.00 X 1.005 = 50.25 cc. of 1 N NaOII solution taken,

02012 .. o  rrr ‘ .

0.2000 >< t)l).zl) - l)l)-l)s CC. 0[ 0-2 N II2SO4 f()] l)a(/k
titration,

55.58 ce. of 0.2 N IL,SO,; = 0.2 X 55.58 = 11.12 ce. of
1 N IS0,

50.25 — 11.12 = 39.13 ce. of 1 N NaOIT consumed.

Then, as Ca(C.II;0,); - H:O = 2 HC,H;0, = 2 NaOII, the
amount of caleium acetate indicated by one cubic centi-
meter of normal sodium hydroxide being

Ca(CoHz00)s « TL,O o
e Y 0.088065 g.,

the per cent of calcium acetate is

39.13 X 0.088065

3.7246 X 100 = 92.529, Ca(CaH;0¢). - HeO.

Titration of ‘¢ Mixed Acid.” — A mixture of sub-
stances may be analyzed volumetrically. A sample of
“mixed acid” contains sulphuric acid, nitric acid and
lower oxides of nitrogen, chiefly N,O;, which result from
mixing the two acids.

A sample is taken, treated with water and evaporated
on the steam bath, the operation being repeated twice,
which trcatment lcaves only sulphuric acid which is
titrated with standard alkali solution. A sccond sample
is titrated with standard alkali for total acidity and a
third sample with potassium permanganate for nitrous
anhydride.
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Data for determination of mixed acid :
For total acid:
Weight of sample taken = 4.6514 g.

NaOH to neutralize = 74.10 cc.
1.00 cc. NaOII sol. = 0.052109 g. H.SO,.

Per cent total acid as HySO4 i3
74.10 X 0.052109 .
~TUA6hLE X 100= 83.01%,.
For sulphuric acid (HNO; 4 HNO, being driven off by

evaporation):
Weight of acid taken = 8.8872 g.

NaOII to ncutralize = 72.20 ce.
1.00 ce. NaOH sol. = 0.052109 g. H.SO,.

Per cent sulphuric acid is

72.20 X 0.052109 40 9t
38872 X 100= 42.33%.

For nitrous anhydride:
Weight of sample taken = 17.000 g.
0.1 N KMnO; to oxidize

NzOs to Nz()s = 8.60 cc.
1.00 ce. of 0.1 N KMnOy4 = 0.001900 g. N,0s.

Per cent nitrous anhydride is
8.60 X170'OO‘9 X 100 = 0.096% = 0.10%.
To calculate the composition of the mixed acid:
83.01 — 42.33 = 40.689, HNO; + HNO, as H,SO,.

The amount of acidity as nitric acid is

2HNO; _ 2(03.02) o 41 68 — 52 279, HNOs 4+ HNO,

H.SO, ~ 98.09
as HNOa.
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The cquivalent of NoO; in HNO; is
21INO; _ 2 (63.02) ,_
N0, = 760 X 009 = 0.16%.
The amount of nitrie acid present is
52.27 — 0.16 = 52.119, HNO;.

From these figures the analysis of the mixed acid is

Per cent
Sulphuric acid.. ............ ... ... 42 33
Nitricacid. .. ... ... i 52 11
Nitrogen trioxide. ... ....... ..o .. 0 10
Water (by difference).. . ...  .......... 5 16
100 00

Volumetric Analysis Using Two Indicators. — Mix-
tures may also be analyzed by taking advantage of the
conduct of different salts toward indicators.! For exam-
ple, phenol-phthalein reacts alkaline to sodium carbonate,
neutral to bicarbonate, and acid to carbonic acid.? If
a mixture of sodium hydroxide and sodium carbonate is
treated with a known amount of hydrochloric acid {ill
the solution reacts just acid to phenol-phthalein, the
following will be the reaction:

(1) zNaOH 4 y NawCO; + (2 + ») HCL = y NaHCO;

+ z 1,0 + (z + y) NaCL
If the titration is continued, boiling out the carbonic acid,
the solution will react neutral to methyl orange when the
bicarbonate is decomposed:

(2) y NaHCO; + y HCI = y NaCl 4+ y H,0 + y COs..

1 See Chem. Ann., pp. 65-66.

2 Phenol-phthalein as an indicator is used to show the presence
of minute amounts of strong bascs or weak acids. Methyl orange
indicates the presence of minute amounts of weak bases and strong
acids. TFor strong acids and strong hascs cither will serve. Methyl
red is an indicator which acts similarly to methyl orange and pos-
sesses advantages over the latter, being nearly colorless in a basic
and a strong red in an acid solution.
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Then, if p represents the total hydrochlorie acid used, and
q the hydrochlorie acid used to convert the sodium hydrox-
ide and the sodium carbonate into sodium chloride and
sodium bicarbonate,

z+2y=p

r+ y=gq
y=p—4q
zT=2q9—0p.

To illustrate: onc-half gram of a sampld comnposed of
sodium hydroxide and sodium carbonate requires 62.50 ce.
N/10 hydrochloric acid to ncutral reaction with phenol-
phthalein.  The titration is continued; 100.00 cc. of the
same acid are required for complete necutrality (methyl
orange). The last addition of hydrochloric acid is a meas-
ure of the sodium carbonate present, for all the sodiumn
hydroxide was neutralized with the first addition of acid.

100.00 — 62.50 = 37.50 cc. of N/10 HCI for NaHCO;
— NaCl, H.0, CO.,.

The amount of bicarbonate is equivalent to the amount of

sodium carbonate originally present. 1 ce. of N/10 HCI =
NitzC()s _ T R

1000 X 10 — 0.010600 g. of sodium carbonate, as only

one acid hydrogen is present in the acid carbonate. Then

37.50 X 0.010600
0.5000

X 100 = 79.509 Na;CO.

The same amount of hydrochloric acid is used to convert
the bicarbonate into sodium chloride, carbon dioxide and
water as was required to convert the sodium carbonate
into bicarbonate. Thercfore, 62.50 — 37.50 = 25.00 cc.
of N/10 HC], used in reacting with the sodium hydroxide.
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_ NaOH
1 ce. of N/10 HCI = 100075 10
droxide. Then

25.00 X 0.004001
0.5000

Algebraically, according to the cquations given, letting

= 0.004001 g. sodium hy-

X 100 = 20.019, NaOH.

z = ce. of N/10 acid combining with NaOH,
y = cc. of N/10 acid required to change Na,CO; to
NaHCO; and NaHCO; to NaCl, CO, and H,O.
Then
z = 125.00 — 100.00 = 25.00 cc. N/10 HC],
y = 100.00 — 62.50 = 37.50 cc. N/10 HCL

The calculation is completed as given above.

Volumetric Titration of Oleum.— When an oleum
contains free sulphurous anhydride, an intercsting and
important casc of indirect volumetric analysis results.
Such an oleum contains sulphuric acid, sulphurous an-
hydride (SO») and sulphuric anhydride (SO;).! A weighed
sample is dissolved in water and titrated with a standard
alkali solution, when all the constituents are acted upon.
Thus, for sulphuric acid:

H,S0; 4+ 2 NaOH = Na,SO,4 + 2 H:0.

The sulphuric anhydride dissolves in water to form sul-
phuric acid and is titrated:
SO:; + Hzo = HgSO4,
H,S80, + 2NaOH = N2a,S0, 4 2 H;0.
Likewise, the sulphurous anhydride dissolves:
SOz + Hzo = HzSOs.

1 There may be other impuritics, such as solid particles, etc.,

but for these calculations, only the three constituents enumerated

will be considered as being present. The method is easily extended
to cover impurities.
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When phenol-phthalein is used as an indicator, the reac-
tion with the alkali is

HQS().{ + 2NaOH = N'J/_zS();; + 2 II20,

while with sodium hydroxide, using methyl orange as an
indicator, it is
H.S0; + NaOH = NaHSO; 4 H:0.

The sulphurous anhydride is estimated in a separate
sample by dissolving the oleum in water and titrating
against an iodine solution:

}12803 + Hz() + Ig = II;SO4 + 2 HI.

An example of an oleum analysis follows: 5.0000 g.
of an oleum are dissolved in water and the volume made
up to 500 ce. Of this solution, 100 ce. (= 1.0000 g. of
sample) are taken and titrated with N /10 iodine solution,
7.80 cc. being required. A similar portion is taken
and titrated with N/5 sodium hydroxide, using phenol-
phthalein as an indicator, 122.81 cc. being required. To
calculate the composition of the oleum:

7.80 X 0.0032035

1.0000

122.81 N/5 sol. = 2 X 122.81 = 245.62 cc. N/10 sol.,
245.62 — 7.80 = 237.82 cc. N/10 NaOH

required for the titration of the sulphuric acid and sulphur
trioxide.!

X 100 = 2.50%, SO,

1 The 7.80 ce. are subtracted, this being the number of cubic
centimeters of N/10 solution of sodium hydroxide used in neutral-
izing the sulphurous acid. If methyl orange had been used, 253.42
cc. of N/10 sodium hydroxide would have been necessary for the
total acidity titration, but 15.6 cc. of N/10 solution would have to
be deducted from the 253.42 ce. N/10 sodium hydroxide required
for the total acidity, leaving 237.82 cc. nceessary for the sulphuric
acid and the sulphuric anhydride, as before.
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237.82 X 0.0040035
1.0000
95.21 + 2.50 = 97.719%, SO; 4 SO,,
100.00 — 97.71 = 2.299, H,O0.
Calculating this percentage of water into equivalent sul-
phuric acid:

X 100 = 95.219, total SOs,

o X 2,29 = 12,479, 1,80,

Then
100.00 — (12.47 + 2.50) = 85.039, free SO;.
To sumumarize, the oleum is composed of

Per cent
LSO e e s 12.47
SO5. et et 85.03
SOt ot e e 2.50

To calculate algebraically, let
z = per cent of HySO,,
= per cent of SO;,
z = per cent of SOy,
A = pereentage total acidity as HySO,, not including
that due to SO,
HzS0, _ 98.09

— £ op R4 YOV <
J = factor SO 80.07 1.22505.
Then
z+y+2=100
T4y =100 — 2
T =100 — (2 + ).
From the conditions of the problem:
z+ y=100—2
z+fy=A4

A+z—100_A+z—100

=1 0.22505
= 4.4436 (A + z — 100).
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Solving the given problem by this method:
z = 2.50 (as before),
237.82 X 0.0049045

A= o000~ X 100 = 116.64%,
y = 4.4436 (116.64 + 2.50 — 100) = 4.4436 X 19.14
= 85.05%,

z = 100 — (2.50 + 85.05) = 12.459,

which results are the same as were obtained by the method
given before.!

Adjustment of the Strength of Solutions.— Having a
solution containing 479, HNQ;, and a weaker solution of
239, HNO;, let it be required to prepare, by mixing these
two solutions, 200 kg. of a solution which will contain
399, HNO;. To find the weights of the two solutions,
which, when mixed, will give the desired quantity of acid
of the specified strength, let y = the weight of the
weaker acid (239, HNQ;) to be taken; then 200 — y =
the weight of the stronger acid (479 HNO;) to be taken.
Algebraically:

0.23 y + 0.47 (200 — y) = 0.39 (200),
y = 66.67 kg. 239, IINO,,
200 — 66.67 = 133.33 kg. 479, HNO;.

Using this method, a general formula may be obtained.
Let

A = strength of stronger solution,

B = strength of weaker solution,

D = strength of desired solution,

z = amount of stronger solution to be taken,

y = amount of weaker solution to be taken,

z = amount of solution desired.

1 An oleum analyzed by these methods must necessarily foof:
up to 100% as the free SO; is calculated by difference.
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Then
By + A (z — y) = Dg,
By + Az — Ay = Dz,
y(B—A4)=z(D —A4),
D— A A—-D
Y=p_aA*Ta1-B*
z+y=z2
r=2z—1.

Again, suppose the problem is to alter the strength of a
definite quantity of acid. Given, an acid of 479, HNO;,
let it be required to dilute 200 kg. of this acid to 39%
HNO;, using 239, HNO;. What weight of 239, HNOs
must be added to 200 kg. to make the mixture 399, HNO;?
Using the same symbols as before:

0.47 (200) + 0.23y = 0.39 (200 + ),
y = 100 kg. 239, HNOs.
In genceral terms

Az+ By =D (z+y),
y(B—D)=z(D - 4),
_D—A__A-D
Y=p—p*~p=B"

The following formulas, derived by the processes given
above, are very convenicnt for adjusting the strength of
solutions. In these, let

A = actual concentration of the solution that is to be
corrected,

D = desired concentration,

B = concentration of diluting solution,

C = concentration of strengthening solution,

2 = amount of stronger solution to be added, taken
or prepared,
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y = amount of weaker solution or water to be added
or taken,
z = amount of solution desired or given.

Formulas (a) are to be used when a definite amount of
the solution is to be prepared. Formulas (b) arc to be
used when a definite amount of solution is to be corrected,
1.e., strengthened or weakened.

I. To dilute a solution with water:?!

(@) f—i)z=x, y=2—r1.

A D

=y.

11. To dilute a strong liquid with a weaker liquid:

@ 4= -

A B =Y, TrT=z Y.

A
® 5= Dz=y.

1 The Giles flask is a convenient instrument for preparing a
solution of definite strength. The neck of the flask is blown out
into a bulb. The lower mark below the bulb is the mark for the
indicated capacity of the flask, while above the bulb is another
mark indicating a capacity between it and the lower mark of one-
tenth the indicated capacity of the flask. To make up a standard
solution, 11/10 plus a small amount required for the volume indicated
arc weighed out and introduced into the flask. Water is filled to the
upper mark and a sample pipetted out of the flask, such sample
not exceeding the capacity of the bulb between the upper and lower
marks. This is titra‘ed and the solution drawn off to the lower
mark (the mark of the indicated capacity). As the solution was
purposely made a trifle strong, water must be added to adjust to
the strength desired. The amount of liquid being known, the
amount of water to add is cilculated by (b).
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II1. To strengthen a weak solution with a stronger solution:

(a)D_Az— =z
C—ii=® y=z—%

D—A
® &b

y=uza!

PROBLEMS

390. How many grams per liter must a solution of potassium
dichromate contain so that each cubic centimeter shall show
0.005000 g. of iron according to the reaction:

6 FeCla4K.Cr,0,414 IICl= 6 FeClz+2 KCl+-2 CrCl;+7 I1.0?
Ans. 4.3905 g.

391. How much potassium permanganate per liter must a
solution contain to be of such strength that cach cubic centi-
meter is equivalent to 0.001000 g. of manganese? The reaction
is

2 KMnO; + 3 MnSO0; + 7 H,0O = 2 KIISOs + H.S0s 4 5 I1.MnOs.
Ans. 1.9180 g.

892. It is desired to make up a solution of potassium
dichromate of such strength that one cubic centimeter will indi-
cate 0.001000 g. of iron. (a) ITow many grams of the potas-
sium dichromate must be contained in a liter? (b)) How many

1 These formulas are universally accurate when the weights of
solution arc considered. If the solutions arc dilute, the specific
gravitics may be considered, with but little error, as being the same
as water. In this case, the formulas may be used for volumes.
When this assumption is not permissible, the weights may be cal-
culated, and knowing the specific gravitics of the components, the
mass
sp. gr.
On mixing such concentrated solutions, to use these formulas it
must be assumed that the volumes are «dditive, .c., no change of
volume takes place.

volumes requisite calculated from the formuala, volume =



VOLUMETRIC ANALYSIS 229

grams of potassium dichromate, that cach cubic centimeter shall
show 0.001000 g. IFe:03?  The reaction is

6 FeCl4K,Cry07 +14 HCl=6 I'eCl; 4 2 KCI 42 CrCl; 47 IL:0.

Ans. (a) 0.8781 g.
(0) 0.6141 g.
393. How many grams of potassium permanganate per liter
must a solution contain, each cubic centimeter of which is to be
equivalent to 0.001000 g. of iron according to the equation:
2 KMnO; + 10 I'eSO; 4 8 1,804 = K30, + 2 MnSOy
+ 5 FCz(SO;)s + S ILO
Ans. 0.5660 g.
394. Calcium is scparated as the oxalate which is treated with
sulphuric acid and the oxalic acid liberated is titrated with
potassium permanganate. The reactions are
CaClg + (N II;);:C',:O/t = C{LC?O.] + 2 NI{,;C],
CaCy0; 4+ H.804 = CaSO4 + ILC,0,,
5 H,Cy04 + 2 KMnO; + 3 11504 = K5804 + 2 MnSO,
+ 10 CO; + S H,0.

How many grams per liter of potassium permanganate are re-
quired that one cubie centimeter shall show («) 0.001000 g. of
calcium? (b) 0.001000 g. of calcium oxide? (c) 0.01000 g.
of CaS0; - 2 H,0? Ans. () 1.5776 g.
(b) 1.1300 g.
(c) 3.6715 g.
395. What weight of silver nitrate must be taken, dissolved
and made up to a liter that cach cubie centimeter shall be equiva-
lent to a milligram of sodium chloride according to the reaction:

NaCl 4+ AgNO; = NaNO; + AgCL
Ans. 2.9060 g.
896. Arscnious oxide acts as a reducing agent:
Asy03 4+ 20 = As)0s.
How much arscnious oxide must be weighed out, dissolved and

made up to a liter that cach cubic centimcter shall take up
0.001000 g. of oxygen or its cquivalent? Ans. 6.1850 g.
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397. A solution contains 67.0000 g. of sodium oxalate in a
liter. If it reacts as follows:
N1L20204 + II)SO4 = NﬂgSO4 + 1120204,
I{zCzO.; = 1120 + COz + CO,
CO 4+ O = COs,

how much oxygen is taken up per cubic centimeter?
Ans. 0.0080 g.

398. A solution contains 10.0000 g. of silver nitrate made up
to a liter. What is the content of silver per cubic centimeter?
Ans. 0.006350 g.

399. 30.20 cc. of a solution of sulphuric acid ncutralizes
0.1708 g. of purc anhydrous sodium carbonate. What is the
amount of sulphuric acid in the solution per cubic centimeter?

Ans. 0.0052335 g.

400. 0.5000 g. of purc arscnious oxide are dissolved: 100.00
ce. of a solution of iodine arc nccessary to oxidize the arsenious
oxide:

AS'),O;; + 2 Ig + 2 IIzO = ASQO{, + 4. HI.

What is the strength of the iodine solution per cubie centimeter?
Ans. 0.012826 g.

401. 0.1062 g. of iron 99.89%, pure arc converted into ferrous
sulphate and require 19.00 ce. of potassium permanganate to
oxidize to ferric sulphate:

2 KMnO; + 10 FeSOs + 8 H:S0, = K804 + 2 MnSO,

+ 5 FC:;(SOq)s + 8 Hzo.
What is the content of potassium permanganate per cubic centi-
meter in this solution? Ans. 0.003157 g.

402. 0.2680 g. of pure sodium oxalate are weighed out and
dissolved in water. 40.00 cc. of potassium permanganate
solution arc required to react with this amount of sodium oxa-
late:

2 KMnOy 4 5 NayCy04 + S T1,80, = Ko80; + 2 MnSO;4
+ 5 N.‘.leO4 + 10 COz + 8 I’Izo.
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What is the content of potassium permanganate per cubic
centimeter? Ans. 0.0031606 g.

403. 50.00 cec. of a solution of hydrochloric acid are treated
with silver nitrate, yiclding 0.7167 g. of silver chloride. What
is the weight of hydrochloric acid per cubic centimeter?

Ans. 0.003647 g.

404. A solution of sulphuric acid is standardized by precipi-
tation as barium sulphate. 30.00 cc. gave 0.3500 g. of barium
sulphate. What is the strength of the sulphuric acid solution
per cubic centimeter? Ans. 0.004903 g.

405. 45.00 ce. of a solution of barium hydrate when preeipi-
tated with sulphuric acid yield 0.6842 g. of barium sulphate.
(a) What is the content of bartum hydroxide per cubic centi-
meter? (b) To how many grams of hydrochloric acid per cubie
centimeter is this solution equivalent?  Ans. («) 0.011164 g.

(b) 0.004751 g.

406. 25.00 cc. of a solution of sulphuric acid yiceld 0.5852 g.
of barium sulphate. What is the content of sulphuric acid per
cubic centimeter of this solution? Ans. 0.0098355 g.

407. What is the strength of a solution of barium hydroxide
if 30.00 cc. require for ncutralization 59.80 ce. of a solution of
sulphuric acid known to contain 0.004900 g. per cubic centi-
meter? Ans. 0.01707 g.

408. It is found that 32.50 cc. of a solution of sodium hydrox-
ide cxactly ncutralize 30.00 ce. of a solution of sulphuric acid
known to contain 0.04902 g. per cubic centimeter. What is the
strength of the sodium hydroxide solution per cubic centimeter?

Ans. 0.03691 g.

409. A solution of sodium hydroxide is equivalent to 0.004875
g. of sulphuric acid per cubic centimeter. (@) What is its equiv-
alent in nitric acid per cubic centimeter? (b) Hydrochloric
acid? Ans. (a) 0.006264 g.

(b) 0.003625 g.
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410. One cubic eentimeter of a solution of potassium perman-
ganate is cquivalent to 0.005000 g. of iron. What is its equiv-
alent of KH3(CO4)2 + 2 TLO, the reaction being

10 KII,’;(C204)2 + 8 I(Mll()4 + 17 II_:S()4 = 9 1{2804
+ 8 MnS0, + 40 CO, 4 32 H.O?
Ans. 0.005689 g.

411. Onc cubic centimeter of a solution of potassium perman-
ganate is cquivalent to 0.005585 g. of iron. To how much
potassium ferrocyanide, K Fe(CN)g-3 11O, per cubic ecenti-
meter, is this solution equivalent, the reaction being

10 KJ'e(CN)s + 2 KMnOy + 8 11,804 = 10 K3Fe(CN)g
+ 6 K;50, + 2 MnS0, + 8 H,0?
Ans. 0.042236 g.

412, A solution of potassium dichromate is equivalent to
0.005000 g. of iron per cubic centimeter:

KyCri0:46 FeCly+ 14 HCl=2 KC+-2 CrCly+-6 FeCls4-7 11,0;
if the solution is used to determine antimony:

K.Cr,0;+3 SbCli+ 14 HCl=3 ShCl;+2 CrCly+-2 KC14-7 11,0,
what is the equivalent of antimony per cubic centimeter of this
solution? Ans. 0.005381 g.

413. A permanganate solution is cquivalent to 0.005000 g.
of iron per cubic centimeter according to the reaction:

2 KMnO; + 10 FeSO4 4+ 8 HyS0; = KaSO4 + 2 MnSO;4

. + 5 1“02(804)3 + 8 H?O;
if it is used to determine nitrous acid according to the equation:

2 I{MHO,; + 5 HNOz + 3 II;SO,; = KzSO4 + 2 MHSO4

+ 51INO; + 3 H:0:
(@) What is the value of the permanganate solution per cubic
centimeter in terms of nitrous acid? (b) In terms of nitrous
anhydride, (N,O3)? Ans. (a) 0.002105 g.
(6) 0.001702 g.

414. How many grams per cubic centimeter are contained in
an N/2 solution of (a) potassium carbonate and (b) potassium
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bicarbonate, when the solutions are used to neutralize acids?
(The reaction results in decomposition to carbon dioxide.)
Ans. (a) 0.03455 g.
(b) 0.050054 g.
415. How many grams per cubic centimeter are contained in
a 0.1 N solution of acetic aeid? Ans. 0.006003 g.

416. What is the normal quantity of («) barium sulphate?
(b) Barium chloride? (¢) Silver ehloride?
Ans. (a) 116.72 g.
®) 10415 g.
(c) 14334 g.
417. Tlow many grams per cubic eentimeter in an N /10 solu-
tion of (a) ferrous sulphate (FeSO4-7 11,0), and (b) ferrous
ammonium  sulphate (FeSOg « (NH):S04 « 6 11,0), when used
with an oxidizing agent? Ans. (a) 0.027802 g.
(b) 0.039216 g.
418. Potassium tetroxalate, KIT3(C20,). - 2 11,0, as an acid
reacts: .

2 KH;3(Cy04)2 4+ 6 NaOIl = K,C:04 + 3 Na,C,04 + 6 I1,0,
and as a reducing agent:

I(IIs(CzO:)), '+ 2 Mn(); + 3 II:SO; =2 1\/111804 + KHS()4
+ 4 CO; + 4 1L,0.

(¢) How many grams of the crystallized salt are contained in a

liter when used as a standard N/10 acid solution? (b) As a

reducing agent? Ans. (a) 8472 g.
(b) 6.354 g.

419. A solution of sodium hydroxide containing 0.02003 g.
per cubic centimeter is to be used in titrating sulphuric acid.
What weight of the acid should be taken so that the reading of
the burette in cubic centimeters shall equal the percentage of
sulphuric acid in the sample? Ans. 2.4533 g.

420. A solution of potassium dichromate is equivalent to
0.00559 g. of iron per cubic centimeter. How many grams of
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iron ore must be taken so that cach cubic centimeter used in the
determination shall indicate (@) 0.19% Fe? (b)) 0.5% I'e?
Ans. (a) 5.59 g.
() 1118 g.

421. When phenol-phthalein is used as an indicator, potas-

sium dichromate may be titrated with an aeid:
H.S0; + K:Cr:0; = KHCr:0; 4+ KHSO04.

How many grams of potassium dichromate must be contained in
a liter to make a normal solution? Ans. 147.10 g.

422. Potassium ferrocyanide, KiFce(CN)g+3 H:0O, acts as a
reducing agent:

10 KFe(CN) + 2 KMnOy + S T80, = 10 KsFe(CN),
+ 6 K.SO4 + 2 MnSO; + 8 H:0.

How much potassium ferroeyanide is contained in a cubie centi-
meter of the normal solution? Ans. 42235 g.

423. How much arsenic is shown by 12.00 cc. of N /20 iodine
solution, the reaction being

As;03 4+ 414 2110 = As:O, + 41
Ans. 0.022488 g.

424. To what weight of calcium oxide docs 30.00 ce. of 0.1 N
potassium permanganate correspond when the caleium has been
separated as the oxalate, acidified and the oxalic acid titrated
by potassium pcermanganate? Ans. 0.084105 g.

425. (¢) How many grams of silver nitrate in a cubic centi-
meter of N/5 solution? (b)) To how many grams of sodium
chloride are 20.00 ce. of this solution equivalent?

Ans. (a) 0.033978 g.
(b) 0.2338 g.

426. According to the reaction:

NH,CNS + AgNO; = NHNO; + AgCNS.

(a) What is the weight of ammonium sulpho cyanate in a cubic

centimeter of a 0.1 N solut (b) How many grams of silver
are shown by 15.00 ce. - i N ammonium sulpho cyanate
solution? Ans. (a) 0.007612 g.

(b) 0.1618 g.
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427. What is the value in terms of manganese dioxide, of a
cubic centimeter of an N /10 solution of ferrous sulphate acting
as a reducing agent, the reaction being

2 FeSOs + MnO; + 2 H,804 = MnSO;, + Fey(SO04)s + 2 H:0.
Ans. 0.004347 g.
428, Phosphoric acid may be determined by adding an excess
of silver nitrate and sodium acetate, when the following reac-
tion takes place:
H;PO, + 3 AgNO; + 3 CH;COONa = Ag;PO; 4 3 NaNOs
+ 3 CH;COOH,

the acetic acid being titrated with barium hydroxide,
Ba(OH); 4+ 2 CH;,COOH = Ba(CH;C00), 4 2 I,0.

If 41.20 ce. of 0.1 N barium hydroxide are required to neutralize
the acetic acid, how much phosphoric acid is present?
Ans. 0.13467 g.
429. Antimony may be determined by digestion with potas-

sium iodide and hydrochloric acid, the iodine distilled over and
collected in potassium iodide and titrated with sodium thiosul-
phate. The rcactions are

KI + HCl = KC1 4 HI,

4 HI + Sb205 = szOs + 2 H20 + 4 I,

41 + 4 Na2S203 = 4 Nal + 2 Nazs405.

If 30.25 ce. of thiosulphate are required to determine the iodine
liberated, cach cubic centimeter of which indicates 0.01282 g.
of iodine, how much antimony is present?  Ans. 0.18365 g.

430. A solution of sulphuric acid contains 0.004912 g. of acid
per cubic centimeter. What is the factor to 0.1 N?
Ans. 1.0014.

431. A solution of sulphuric acid is standardized against a
standard solution of approximatelv 0.5 N sodium hydroxide, the
factor of which is 0.9992 to O. 45.00 cc. of the sodium
hydroxide solution are required sutralize 44.70 cc. of the
sulphuric acid solution. What is the  "~r of the sulphuric
acid solution to 0.5 N? Ans. 1.006.
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432. A solution of sodium hydroxide is to be standardized.
2.4530 g. of pure anhydrous sodium carbonate are weighed out
and it requires 45.70 ce. of a solution of sulphuric acid for neu-
tralization. 45.15 ce. of this solution of sulphuric acid require
4490 ce. of the solution of sodium hydroxide. What is the

normality of this solution of sodium hydroxide?
Ans. 1.018 N.

433. A solution of potassium permanganate is found to be
equivalent to 0.005600 g. of iron per cubic centimeter.  (¢) What
is its normality? (b) If 20.20 cc. of this solution are used in a
determination, to how many cubie centimeters of 0.1 N solution
is this amount equivalent? Ans. (¢) 0.1003 N.

®) 20.26 cc.

434, 45.00 cc. of hydrochloric acid (factor to 0.1 N = 0.9987)
require 87.25 ce. of a solution of barium hydroxide for neutral-
ization. («) What is the normality of the barium hydroxide?
(b)) What is the factor to 0.05N? (¢) Ilow many grams of
barium hydroxide are present per cubic centimeter?

Ans. (a) 0.05151 N.
(b) 1.030.
(¢) 0.004414 g.

435. The factor of a solution of sodium chloride is 1.007 to
0.1 N. 40.00 ce. of this solution are equivalent to 39.90 ce.
of a solution of silver nitrate according to the reaction:

AgNO; 4+ NaCl = AgCl 4+ NaNO;.

(@) What is the factor of the solution of silver nitrate to 0.1 N?
(b) How many grams per cubic centimeter does the silver ni-
trate solution contain? Ans. (a) 1.0095.
() 0.01715 g.
436. 0.2118 g. of arscnious oxide are weighed out to stand-
ardize solutions of iodinc and thiosulphate, the reactions being
ASan + 41 + 2 H_»O = ASzOs + 4 III,
21 + 2 NllegO;; = 2 Nal + Nazs403.

It requires 42.40 ce. of iodine to react with the arsenious oxide.
(@) What is the normality of the iodine solution? (b) If 43.60
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ce. of the thiosulphate solution are cquivalent to 43.00 ce. of

the iodine solution, what is the normality of the thiosulphate

solution? Ans. (a) 0.1009 N.
(b) 0.09961 N.

437. A solution of sulphuric acid being precipitated with an
excess of barium chloride gives 0.05841 g. of barium sulphate
per cubic eentimeter. (¢) What is the normality of this solu-
tion? (b)) What is the factor to half normal? (¢) To how
many cubie centimeters of half normal acid are 18.20 ce. of this
solution equivalent? (d) If 2.5000 g. of sodium carbonate
require 45.00 ce. of this solution of sulphuric acid for neutral-
ization, what is the per cent of sodium carbonate in the sample?

Ans. (a) 0.5004 N.
(b) 1.001.
(c) 18.22.
(d) 47.73%,.

438. Tlow many grams of sodium thiosulphate, Na;S:0;z .
5110 must be present in a liter of solution to make it N/20,
the reaction being

2 N&gSan + 12 = 2 Nal + Nfle.;Oe.
Ans. 12.411 g,

439. Oxalic acid may be used as an acid and as a reducing
agent.  When used as an acid, the reaction may be symbolized:

H,Cy04 + 2 NaOH = Na,C,04 4+ 2 I1:0.
As a reducing agent, the reaction may be typified:
H.Cy0s 4+ O = H,0 + 2CO..

ow many grams of the crystallized oxalic acid, correspond-
ing to the formula IT,Cy0, .2 H.0, must be taken per liter to
prepare (a) a liter of a 0.1 N solution in which the oxalic acid
acts as an acid? (b)) To prepare a 0.5 N solution, the acid
acting as a reducing substance? Ans. (a) 6.3025 g.

(b) 31.5125 g.

440. Potassium tetroxalate, KHC;04 - HoC:0, - 2 H,O, crys-
tallizes well and may be used to preparc standard solutions.
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() How many grams of this salt should be taken to make a
liter of normal solution, the salt acting as an acid according to
the reaction:

KH0204 . HzCzO4 + 3 NZLOH: = KNuCZO4 + N1120204 + 3 H;»,O.

(b) If uscd as a reducing solution, how many grams should be
taken per liter to make a normal solution, the rcaction being
symbolized:
KHC,04+ 20 = KOH + H,0 + 4 CO..
Ans. (a) 84.72 g.
(b) 63.5325 g.

441, Crude crcam of tartar, KIHC,H,O, is to be titrated with
04876 N NaOH solution.  What weight of this substance
must be taken for titration so that the burctte reading shall
indicate the pereentage of KHCI,Os dircetly?

KI‘].C4I'I405 + NaOH = KN aC.;H;Os + HzO
Ans. 9.1737 g.

442. A sample of oxalie acid, H.C10;4 - 2 H,0, is to be titrated
with 0.1095 N potassium permanganate:

2 KMnO4 + 5 1120204 + 3 HzSOq = KzSO4 + 2 MIISO4
+ 10 CO; 4+ 8 H;0.

What weight of the sample must be taken so that the burctte
reading multiplied by two shall give the percentage of CoH,Oy »
2 H,0? Ans. 0.3451 g.

443. Manganese is titrated with potassium permanganate in
necutral solution according to the following rcaction:

2 KMIIO4 + 3 MnSO4 + 2 Hzo = KzSO4 + 5 MDOz + 5 HzSO4.

(@) How many grams of potassium permanganate arc contained
in a normal solution according to this reaction? (b) How many
grams of manganese are equivalent to a cubic centimeter of a
tenth normal solution of potassium permanganate made up on
this basis? (c) If the potassium permanganate is standardized
for usc in an acid solution, to how many grams of manganese
per cubic centimeter is such a solution equivalent? (In acid
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solution, two molccules of potassium permanganate liberate
five available oxygen atoms.) Ans. (a) 52.6767 g.
(b) 0.0027465 g.
(c) 0.001648 g.

444, A silver nitrate solution is 0.1032 N. What weight of
sample of a chloride must be taken so that cach cubic centimeter
of silver nitrate solution used in titration shall indicate one per
cent of chlorine? Ans. 0.3659 g.

446. A sample containing iron is to be titrated with 0.2016 N
potassium permanganate solution. (¢) What weight of material
should be weighed out for titration so that each cubic centi-
meter used shall show one per cent of metallic iron? (b)) So
that the burette reading multiplicd by two shall give the per-
centage of iron as ferrie oxide? Ans. (a) 1.1258 g.

(b) 0.8048 g.

446. How many cubic centimeters of a 1.093 N solution are
equivalent to 42.82 ce. of a 1.047 N solution? Ans. 41.02 ce.

447. Ilow many cubic centimeters of a 0.02534 N solution
are cquivalent to 13.47 ce. of a 0.1073 N solution?
Ans. 57.04 ce.

448. Ilow many cubic centimeters of a solution whose factor
to N/2 is 1.003 arc cquivalent to 19.42 cc. of a solution whose
factor to N/5 is 0.9942? Ans. 7.70 cc:

449. How many cubic centimeters of a solution, the factor
of which to N /10 is 0.9982, arc equivalent to 15.94 ce. of a solu-
tion whose factor to N/2 is 0.9743? Ans. 77.79 cc.

460. (a) 30.00 cc. of a 0.5018 N solution of sulphuric acid
ncutralize 59.02 ce. of a solution of sodium hydroxide. What
is the normality of the sodium hydroxide solution?

Ans. 0.2551 N.

461. (b) 50.00 cec. of a solution of sulphuric acid yield 2.9250
g. of barium sulphate. 30.00 cc. of this solution neutralize
61.20 ce. of a solution of sodium hydroxide. What is the nor-
mality of the sodium hydroxide solution? Ans. 0.2457 N.
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452. Hydrogen peroxide is titrated with potassium perman-
ganate according to the reaction:
2 KMHO4 + 3 IIzSOg + 5 H202 = I(zSO4 + 2 MI)SO4
+ 8H:0 + 50..

25.60 cc. of the hydrogen peroxide solution decolorized 45.90 cc.
of the potassium permanganate solution, the strength of which
is 0.6432 N. How many grams of hydrogen peroxide arc prescnt
per liter? Ans. 19.614 g,

463. 3.0153 g. of a solution of hydrogen peroxide require
53.15 ce. of a solution of 0.09920 N potassium permanganate to
produce the pink color. The reaction is

2 KMnO, + 3 11804 + 5 H:0: = K804 + 2 MnSO4
+ 8H.0 + 50..

What is the percentage of hydrogen peroxide in this sample?
Ans. 2.97%.
464. Bleaching powder is to be analyzed for available chlo-
rine. 7.0920 g. arc rubbed up with water and made up to one
liter. Of this suspension, 50.00 cc. arc taken, treated with an
excess of potassium iodide, and the liberated iodine titrated with
N/10 solution of sodium thiosulphate. The reaction is
Cb+ 2KI =2KCl + L.

If 35.50 cc. of the thiosulphate solution arc required, what is
the pereentage of available chlorine? Ans. 35.50%.

466. A sample of matcrial containing pyrolusite (MnQ,) is

treated with hydrochloric acid:
MnO; + 4 HCl = MnCl, 4 Cl; 4+ 2 II0.
The chlorine is led into a solution of potassium iodide liberat-
ing iodine:
2KI+ Cl; =2KCl + L.
The iodine is determined by a solution of sodium thiosulphate:
I + 2 N2,S;0; = 2 Nal + Na2840.,.

25.40 cc. of 0.1016 N thiosulphate solution are required. How
much pyrolusite is present? Ans. 0.1122 g,
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466. (z) What is the equivalent in 0.5 N solution of 35.00 ce.
of 0.1052 N solution? (b) ITow many cubic centimeters of
0.2 N solution are equivalent to 42.00 ce. of a 0.5063 N solution?

Ans. (@) 7.364 cc.
(b) 106.3 cc.

457. Mangancse dioxide is reduced with an cxcess of oxalic
acid (50.00 cc. of 0.2016 N):

Mll()2 + IIQSO4 + (:2H2().‘ = MllS()4 + 2 C02 + 2 IIQO.

The exceess of oxalic acid requires 10.15 ce. of 0.2008 N potassium
permanganate:
2 1{1\111104 + 5 CzIIzOq + 3 IIzSO,: = I{zSOq + 2 1\111804
+ 10 CO. + 81I,0.

How much mangancse dioxide is present? Ans. 0.3495 g.

468. 5.0000 g. of ammonium sulphate arc treated in a flask
with 100.00 cc. of sodium hydroxide solution (factor to 1N =
1.009).  After boiling till all the ammonia is expelled, the solu-
tion is titrated with sulphuric acid, 30.25 cc. (factor to 1N =
1.002) being required. What is the percentage of ammonia
(NHj;) indicated? : Ans. 24.049,.

469. Onc cubic centimeter of a potassium permanganate
solution is equivalent to 0.005000 g. of iron. To 40.00 cc. of
the permanganate solution an excess of potassium iodide is
added which causes a liberation of iodine according to the reac-
tion:

2 KMnO;+ 10 KI + 16 HCl = 12 KC14+ 8 H,O + 2 MnCl, 410 1.
The free iodine is titrated with a solution of sqdium thiosulphate,
2 N(leSgOs + 21 =2 Nal + Na28405,

35.90 cc. of the thiosulphate being required. What is the
normality of the thiosulphate solution? Ans. 0.09977 N.

460. 2.1200 g. of pure anhydrous sodium carbonate are
weighed out and treated with 50.00 cc. of a solution of sulphurie
acid:

N&zCOa + HzSO4 = NagSO4 + HQO + COz.
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The exeess of acid is titrated back with sodium hydroxide solu-
tion, 10.05 ce. being required:

IIzSO4 +' 2 Nﬂ.OI'I = NZMSO; + 2 Hzo

The solution of sulphuric acid and the sodium hydroxide solu-
tion arc titrated against each other when it is found that 45.00
ce. of the sulphuric acid solution require 45.10 cc. of sodium
hydroxide for neutralization. If the sodium hydroxide solution
is used for determining oxalic acid (C.H.04-2 H,0), how many
grams of oxalic acid are indicated by one cubie eentimeter of the
sodium hydroxide solution?

HzCzO4 + 2NaOH = N{LzCzO4 + 2 HzO
Ans. 0.06286 g.

461. Sulphur dioxide is determined by adding an cxcess of
iodine (50.00 ce. of 0.1009 N):

Na,S0s + I. + H.0 = Na,S0, + 2 HI,

the excess of iodine being titrated back with sodium thiosulphate
(20.15 ce. of 0.1022 N):

2 Na28203 + Iz = Na2S405 + 2 Nal.
How much sulphur dioxide is present? Ans. 0.09566 g.

462. Onc gram of a sample of nitrate of soda is examined by
treating with Devada’s alloy (which produces nascent hydrogen
when acted upon by sodium hydroxide) which reduces the
nitrate to ammonia. The ammonia is collected in 100.00 ce.
of 0.1157 N sulphuric acid.  10.15 cc. of 0.1063 N sodium hydrox-
ide are necessary to neutralize the excess of sulphuric acid. What

is the per cent of sodium nitrate in the sample?
Ans. 89.18%,.

463. Potassium persulphate is estimated by potassium per-
manganate indircctly. When treated with a ferrous salt in

acid solution:
KzSzOg + 2 FeSO4 = F82(SO4)3 + KQSO‘,
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the excess of ferrous sulphate being determined by perman-
ganate:

2 KMnO; + 10 FeSOs 4 8 HoS04 = K250y + 2 MnSO;4
+ 5 I'ez(S04)3 + 8 I:0.

30.00 cc. of the ferrous sulphate solution are equivalent to
31.25 ce. of 0.1000 N KMnOjy solution. 30.00 cc. of the ferrous
sulphate solution together with the sample of potassium per-
sulphate require 7.35 ce. of 0.1000 N potassium permanganate
solution. ITow much potassium persulphate is present?
Ans. 0.3230 g.

464. Iodine in iodides is determined by adding an excess of

silver nitrate:

KI + AgNO; = Agl + KNO;,

and the excess of silver nitrate is found with potassium thio-
cyanate:

AgNO; 4 KCNS = KNOs + AgCNS.

42.00 cc. of silver nitrate solution are equivalent to 40.15 ce.
of thiocyanate solution. 1.00 cc. of the silver nitrate solution
contains 0.010820 g. of silver. ITow much potassium iodide is
indicated if 32.00 cc. of the silver nitrate solution were added
and 2.80 ce. of the thiocyanate solution were required for the
back titration? Ans. 0.4841 g.

466. Iron in the ferric condition is treated with an excess of
sodium thiosulphate (50.00 cc.):

2 NasS,0; + 2 FeCl; + 2 HCL = 2 FeCl; + 4 NaCl + H,S,0s.

The excess of thiosulphate is found to require 7.85 cc. of iodine
solution. The solution of iodine was standardized by titrating
it against a standard arsenic solution, each cubic centimeter of
which contained 0.005162 g. of arsenious oxide:

As03 + 21, + 2 H;O = As,O5 + 4 HI,
45.00 cc. of the arsenic solution requiring 45.20 cc. of the iodine

solution. The thiosulphate solution was standardized by
titrating it against the iodine solution:

Iz + 2 Nazszoa = 2 Nal + N&quOs,
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45.00 ce. of the iodine solution requiring 45.95 ce. of the thio-
sulphate solution. What is the weight of iron present?
Ans. 0.2385 g.

466. A solution of sodium carbonate and bicarbonate is to be
examined for the content of these salts. Phenol-phthalein is
added and the solution titrated with 0.1000 N hydrochlorie acid
in the cold, requiring 30.00 ce.  Phenol-phthalein reacts neutral
when all the carbonate is converted to bicarbonate:

Na.CO; 4 IIC1 = NaHCO; + NaCl.

Methyl orange is added which reacts acid when all the bicarbon-
ate is decomposed:

NaHCO; + HCl = NaCl + CO, + H:0,

35.00 cc. more being required.  What are the amounts of car-
bonate and bicarbonate of soda present?
Ans. 0.3180 g. Na.CO;,
0.0420 g. NaHCOQs.

467. A sample of quicklime is to be analyzed for calcium
oxide and caleium carbonate. 14.0000 g. arec weighed out,
slaked with warm water (free from carbon dioxide) and made
up to 500 ce.  Of this emulsion, 50 ce. are pipetted out and again
made up to 500 ce., 50.00 ce. of this latter solution being taken
for analysis. 60.00 ce. of N/10 hydrochloric acid solution are
added and the whole heated to boiling or till there is no further
evolution of carbon dioxide.

Ca(OH): + 2 TICl = CaCl, + 2 H.0,
CaCO; + 2 HCI = CaCl, + H,0 + CO..

The excess of acid is found by titrating back with N /10 sodium
hydroxide solution, 20 cc. being required, methyl orange being
used as an indicator. A second portion of 50 cc. is taken and
titrated with N/10 hydrochloric acid solution, using phenol-
phthalein as an indicator, 35 cc. being required. Under these
conditions only the calcium hydroxide is titrated. Calculate
the percentages of calcium oxide and caleium carbonate in the
quicklime. Ans. 70.099, Ca0,
17.879, CaCOs.
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468. 1.5000 g. of iron are dissolved in hydrochloric acid and
treated with 0.7300 g. of a nitrate.

2 MNO;+-6 FeCla 48 HCL = 2 MCl 42 NO + 6 I'eCl; 4 4 IT,0.

After reaction, the excess of ferrous chloride is determined by
titration with N /2 potassium permanganate.

2 KMnO; + 10 FeCl. 4 16 HC1 = 2 K('14 2MnCl,
+ 10 FCUI; + 8 II'JO.

An independent determination shows that 1.5000 g. of iron re-

quire 53.55 cc. of the N/2 potassium permanganate solution.

The exeess of ferrous chloride requires 3.55 ce. of the perman-

ganate solution. (a) If the nitrate taken is sodium nitrate

(NaNOs), caleulate the pereentage present. (b)) The per-

centage of N»Os. Ans. (@) 97.05%, NaNQs,
() 61.66% N.0Os.

469. Thenol-phthalein is necutral to acid sodium carbonate.
By using methyl orange, the acid sodium carbonate may he
titrated to completion, i.c., to sodium chloride, carbon dioxide
and water. A sample of sodium carbonate containing sodium
hydroxide is titrated with hydrochloric acid (factor to 0.1 N =
0.9985) using phenol-phthalein, when 50.00 ce. are required.
Methyl orange is added and 20.00 ce. more hydrochloric acid
are needed to produce acid reaction with this indicator.  What
are the amounts of sodium hydroxide and sodium carbonate
present? Ans. 0.1198 g. NaOII,

‘ 0.2117 g. Na,CQOs.

470. Calculate the composition of a mixed acid from the fol-
lowing:
For total acid:
Weight of acid taken. .................... 4.8970 g.
NaOH to neutralize. ..... .... ......... 81.60 ce.
Tor H.SO; (other acids heing driven off by evaporation):

Weight of acid taken. ............0 ....... 8 5420 g.
NaOH to neutralize. ..................... 80.75 ce.
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For NzOzZ
Weight of acid taken . ................... 17.000 g.
0.1 N KMnO; required ...... .. .. ..... 10 00 cc.

Factor NaOII solution to normal is 1 039.
Ans. HS0, = 48.17%,
IINO; = 47.03%,
Nz(); = 0.11%,
ILO = 4.699,
100.009%,.
471. Calculate the composition of a mixed acid from the
following:

For total acid:
Weight of acid taken. . ................... 5 9216 g.
1 012 N NaOH to neutralize.. .......... 99.92 ce.
For 11,804 (other acids being driven off by evaporation):
Weight of acid taken . .... .. ..., 10.4387 g.
1.012 N NaOH to ncutralize. ............. 104.00 cc.
For NzOz'
Weight of acid taken. . ................... 18 000 g.
0.1 N KMnO, requlred ................... 9 00 cc.
Ans. H.S0, = 49.45%,
HNO; = 43.929,
N.O; = 0.10%,
H.O0 = 6.539%,
100.00%.
472. Let

z = percentage of free acetic anhydride (C.I;0).0,

y = percentage of total acidity calculated to acetic anhydride.
Derive the formula

z = 6.6643 (y — 84.995).

473. One gram of a sample of acetic anhydride containing
acctic acid was treated with 200 cc. of a solution of barium
hydroxide.

(C.H:0).0 + H.0 = 2 CH;COOH,
Ba(OH). + 2 CH;COOH = Ba(C:H;0,).+ 2 H,0.
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200.00 cc. of the barium hydroxide solution was found to be
equivalent to 190.00 ce. of an N /10 solution of hydrochloric acid.
The excess of barium hydroxide was titrated back with N/10
hydrochloric acid, 1.37 ce. being required. What are the per-
centages of acetic anhydride and acetic acid present??
A’IlS. 7499% ((‘2}130)20,
25.019, CII,COOI.
474, 0.8585 g. of a sample of acctic anhydride containing
acetic acid is treated with 200.00 ce. of a solution of barium
hydroxide. This volume of barium hydroxide solution is equiv-
alent to 170.00 ce. of N/10 hydrochloric acid.  The excess of
barium hydroxide is titrated back with N /10 hydrochlorie acid,
8.46 ce. being required.  Caleulate the pereentages of acetic
anhydride and acetic acid present in this sample.  (See the two
problems above.) Ans. 73.419, (C.I1;0).0,
26.599, C'II;COOM.
476. Sodium hydroxide and trisodium phosphate are to be
determined in the presence of cach other.  Phenol-phthalein
reacts neutral to disodium phosphate; therefore, in titrating a
mixture of these two salts with sulphuric acid and phenol-
phthalein:

2 2 NaOH + 2y Na;PO + (2 + y) 11804 = 2 y Na,HPO,
+ (x 4+ y) Na.SOs + 2 2 I1.O.
45.00 ce. of 0.5000 N IT,SO; arc required for this titration.
Methyl orange is now added, which is alkaline toward disodium

phosphate, but neutral to monosodium phosphate. The titra-
tion is continued with 0.5000 N H.S0;:

2 y Na,HPO, 4 y HiSO4 = 2y NaH,PO4 + y NaoSO,,
35.00 cc. being required.  What arc the amounts of trisodium

phosphate and sodium hydroxide? Ans. 0.2000 g. NaOII,
2.8707 g. Nﬂ.aPO4.

476. (TFor the conduct of the sodium salts of phosphoric acid
with indieators, scc problem 475.) What is the composition of
a solution of mixed tri and disodium phosphate if the phenol-

1 Sce problem above; also note similar case of olecum, p. 191.
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phthalein titration required 25.00 ce. of 0.5000 N H;SO; and the
titration with methyl orange requires 35.00 ce. 0.5000 N IS0,
in addition? Ans. 0.7103 g. NaolPO,,
2.0505 g. NLL,;PO4.

477. Olcum often contains sulphur dioxide. When the
sample is dissolved in water and titrated with standard sodium
hydroxide solution, using phenol-phthalein, the sulphur dioxide
combines with the water, forming sulphurous acid, which takes
up sodium hydroxide:

H.80; 4+ 2 NaOH = Na,SO; + 2 H.0.

What is the analysis of an oleum from the following data:
Tror total acid as SO;:

Weight of oleum taken. ..  ...... .. ... 3 0570 g.

1 N NaOH required ..., ... e 74.30 ce.
For sulphur dioxide:

Weight of oleum taken .. ...... ... 70510 g.

0.1 N T solution required. . . . 46.80 cc.

The reaction for the sulphurous acid and iodine is
11,803 + I + I1.O = .80, 4 2 1.
Ans. Tree SO; = 80.319,
HS0, = 17.56%,
80, = 2139,
100.009%,.
478. What is the composition of an oleum titrated with
phenol-phthalein as an indicator, giving the following:

Tor total acid:

Weight of acid taken. ...................... 5 0000 g.

1.112 N NaOH to neutralize. . .............. 99.95 cc.
For sulphur dioxide:

Weight of acid taken. ..............0 .. ... 5.0000 g.

0.1 NI solution required.. ... ......... .... 39.00 ce.

Ans. Tree 80; = 34.179,
LSO, = 63.339,
S0, = 2.509%,.
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479. A solution shows 0.049205 g. of sulphuric acid per cubic
centimeter.  How many cubic centimeters of water must be
added to a kilogram of this solution to make it 1.000 N?

Ans. 3.20 ce.

480. How much 0.2019 N sodium hydroxide and water must
be taken to make 5 liters of 0.1000 N sodium hydroxide?!

Ans. 2391.2 ce. NaOll,
2608.8 ce. TLO.

481. 50.00 cc. of a solution (factor to N/10 = 1.005) corre-
spond to 48.90 cc. of another solution.  How many cubice eenti-
meters of water per liter must be added to this second solution
to make it N/10? Ans. 28.00 ce.

482. ITow many grams cach of a 0.5012 N solution must be
mixed with 2 0.1078 N solution to make one kilogram of & 0.2000
N solution? Ans. 765.6 g. 0.107S N,

2344 g. 0.5012 N.

483. ITow many pounds of 80.009; acetic acid must be added

to 92.609, acctic acid to make 600 Ibs. of 90.009, acetic acid?
Ans. 123.8 Ibs. 80.009%,
476.2 1hs. 92.609,.

484, ITow many pounds of water and how many pounds of
60.00%, sulphuric acid must be mixed to prepare 400 Ibs. of a
34.209, sulphuric acid? Ans. 228 Ihs. 609 11.SO,,

172 Ibs. water.

485. ITow many pounds of water must be added to S00
pounds of 73.009, sulphuric acid to make the whole 70.009,
sulphuric acid? Ans. 31.29 Ibs. water.

486. How much water must be added to 1000 ce. of 2 0.112S N
solution to make it 0.1000 N? (When the densities of the solu-
tions mixed, and the density of the resultant solution are very
nearly the same, as in this case, volumes may be substituted in
the formulas without sensible error.)

Ans. 128.00 cc. water.

1 Consider the densities of the two liquids and the resultant to be
the same in this, and in other similar problems, unless otherwise
mentioned.
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487. How many pounds of 62.187, sulphuric acid and of
98.00%, sulphuric acid must be taken to make 1000 Ibs. of
93.007% acid? Ans. 139.6 lbs. 62.189 IS0,

860.4 Ibs. 98.009; Hx50s.

488. ITow many pounds of 62.18%, sulphuric acid must be
added to 1000 Ibs. of 98.00, sulphuric acid to dilute the whole
10 93.009; acid? Ans. 162.2 1bs. 62.189; H.S0,.

489. 1low much 0.1012 N solution must be added to 1000 ce.
of 1 0.5009 N solution to make it 0.2000 N?

Ans. 3045.5 ce. 0.1012 N.

490. TTow many pounds of 80.00%, acetic acid and 60.00%,
acctic acid should be mixed to make 500 Ibs. of 65.009, acetic
acid?!? Ans. 125 1bs. 809, CH,COOII,

375 1bs. 609, CH;COOIL.

491. ITow many cubie centimeters of 0.0957 N and 0.1120 N
solution must be 1aken to make 1000 ce. of 0.1000 N solution?
(Consider the 0.0957 N solution as being strengthened by the
0.1120 N solution.) Ans. 263.8 ce. 0.1120 N,

736.2 cc. 0.0957 N.

492. How many pounds of 80.009, sulphuric acid must be
added to 980 Ibs. of 35.009, sulphurie acid to strengthen the
whole to 40.009;, acid? Ans. 122.5 1bs. 8097 1,504.

493. ITow many pounds of a 20.009, hydrochloric acid must
be added to 800 Ibs. of a 43.009, hydrochloric acid to convert
this weight into a 30.00% hydrochloric acid?

Ans. 1040 Ibs.

494. ITow many pounds cach of a 30.00%, olcum and a 98.00%
sulphuric acid must be mixed to prepare 100 Ibs. of 100.00%
sulphuric acid? (Calculate the pereentages of SO; present in
each.) Ans. 22.82 lbs. 30.009, olcum,

77.18 1bs. 98.009, HzS0,.

1 In a problem of this kind in which a definitc amount is called
for, (a) of formula II of page 227 serves as well as (a) of for-
mula I1I. In onc case the formula gives the amount of diluting
solution to add; in the other, the amount of strengthening solution
required.
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495. A solution of potassium permanganate is equivalent
to 0.01060 g. of Na,C;0;, per cubic centimeter. A weaker solu-
tion is cquivalent to 0.002120 g. of Na.,C,O4 per cubic centi-
meter. How many cubic centimeters of the stronger solution
must be mixed with how many cubic centimeters of the weaker
solution to preparc three liters of a solution equivalent to
0.002792 g. of iron per cubic centimeter?

Ans. 435 ce. stronger,
2565 ce. weaker.

496. A solution of potassium permanganate is cquivalent to
0.005600 g. of iron per cubic centimeter. What volume of this
solution and what volume of water must be mixed to prepare
three liters of a solution of which each cubic centimeter shall
be equivalent to 0.005000 g. of iron?

Ans. 2678 ce. sol.,
322 cc. Hgo.

497. A solution of sodium hydroxide is equivalent to 0.001000 g.
of sulphuric acid per cubic centimeter. How much water must
be added to one liter of this solution to make it equivalent to
0.001000 g. of nitric acid per cubic centimeter?

Ans. 285.7 ce.



CHAPTER X

USE OF SPECIFIC GRAVITY TABLES AND
ACID CALCULATIONS

Calculation of Data in Specific Gravity Tables. —
Large shipments of acid, particularly sulphurie acid, arc
usually billed and paid for on the hasis of 66° Bé., 60° Bé.,
cte. It is, therefore, neeessary to caleulate the actual
strength of the acid to its equivalent in 66° Bé., or what-
ever the strength basis of the acid is billed and paid for.

The table of Ferguson and Talbot,! for sulphuric acid
will be used as a model, the same serving as an example
of the use of such data. The methods of calculation of
the data will be explained, the same being applicable to
other solutions, the tables of which have not been so
fully arranged.?

Specific gravity tables do not represent individual
determinations for the densitics listed,® but are con-
structed from curves and mecthods of interpolation al-
ready considered.*

Twaddell’s Hydrometers ® consist of a series of hydrom-
clers so arranged that the graduations permit of casy
reading over a wide range. They are graduated only for

! See Appendix, also Chem. Ann., pp. 440-445.

2 See Chem. Ann., pp. 444-521.

3 The Baumé is given in Ferguson and Talbot’s table to two
significant figures; 1t 1s accurate to two places of decimals.

4 Pp. 32-41.

& See table of Ferguson and Talbot, Chem. Ann., pp. 440-445,

column 3. Sce also Appendix.
252
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liquids heavier than water. The unit of the Twaddell
scale is 0.005 specific gravity; hence if X is the reading
Twaddell,

Sp. gr. =14 0.005 X.

The weight of a cubic footl of water at 60° F. is 62.37
pounds. The weight of a cubic foot of a liquid is its
specific gravity multiplied by 62.37.1

The acid content corresponding to 66° Bé. (Oil of
Vitriol, ). V.) has been carcfully ascertained and found
to be 93.199, H.80,. A sample of sulphuric acid of
65.75° Bé. containing 91.80%, 11:S042 is equivalent to

91.80
gg.lgx 100 = 98.519,0. V.2

and as a cubic foot of liquid of 65.75° Bé., which is equiva-
lent to 1.8297 sp. gr., weighs 11412 1hs. (62.37 X 1.8297),
the number of pounds of Oil of Vitriol equivalent to one
cubic foot of this acid is

91.80 _ s
93.19 X 114.12 = 112.42 Ibs.

The cquivalent in 60° Bé. acid (77.679, H.80,) of an
acid of 64° Bé. (85.669, H.SOy) is

85.66 _ o7 &
7767 X 100 = 110.29%,

1 See table of Ferguson and Talbot, Chem. Ann., p. 440, col-
umn 3. Sce also Appendix.

2 Ibid., p. 444, column 4. Sece also Appendix.

3 Ibid., p. 444, column 6. Sce also Appendix.

4 Ibid., p. 444, column 5. Sce also Appendix.

§ Ibid., p. 444, column 7. Sce also Appendix.

8 Ibid., p. 445, column 3. Sce also Appendix.
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and as 60° Bé. corresponds to 1.7059 sp. gr., the number
of pounds of 60° Bé. equivalent to a cubic foot of 64° Bé.
sulphuric acid is

85.66 _ L
7767 X 1.7059 X 62.37 = 123.14 1bs.

Use of Specific Gravity Tables. — As an cxample
illustrating the use to which specific gravity tables may
be put, suppose it is required to calculate the number of
pounds of 50° Bé. sulphuric acid in a shipment, the fol-
lowing data being given:

42 inches of sulphuric acid arc drawn out of a tank at a
temperature of 101° F. Suppose that it has been deter-
mined by calculating the capacity of the tank from the
inside measurements; that 1 inch in the depth of the
tank corresponds to 50.00 cubic feet. A sample of
the acid taken from the tank and brought into the labo-
ratory showed 56.88°Bé. at 92° F. Correction must be
made for temperature in order to reduce to 60° F., the
temperature for which the tables are constructed:

92° — 60° = 32° difference.?

From the table under the heading “ Allowance for Temper-
ature,” ® it is scen that the allowance for 60° Bé. acid is
0.026° Bé. for each degree Fahrenheit, and that the correc-
tion for 50° Bé. acid is 0.028° Bé. As the acid in ques-
tion is about midway between these points, the allowance
for each degree Fahrenheit is very nearly 0.027° Bé. The
correction for temperature is

32 X 0.027 = 0.86° Bé.,

1 See table of Ferguson and Talbot, Chem. Ann., p. 445, column 4;
also from the product of the corresponding figure in column 5, p. 444,
and the fraction given. See also Appendix.

2 Ibid., p. 440, note to table. See also Appendix.

3 Ibid., p. 443. See also Appendix.
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and as the standard temperature, 60° F., is lower than
92° F., the temperature at which the Baumé of the sample
was taken, the acid beeoming denser as the temperature
is lowered, this amount must be added. The Baumé of
the acid at 60° F. is, then,

56.88 + 0.86 = 57.74° Bé. at 60° F.

The Baumé of the acid at 101° F.; the temperature at
which the acid was drawn off, is calculated:
101 — 60 = 41° F. difference,
41 X 0.027 = 1.11° Bé. correction;

and as the density of the acid is lowered as the temper-
aturc 1s raised,
57.74 — 1.11 = 56.63 Bé. at 101° F.

The ecasiest way to get the specific gravity corresponding
to this degree Baumé is by interpolating the given data:

57° Bé. = 1.6477 sp. gr.!
56° Bé. = 1.6292 sp. gr.
diff. = 0.0185 sp. gr.,
56.63 — 56.00 = 0.63° Bé. diff.,
0.0185 X 0.63 = 0.0117 sp. gr.,
1.6292 + 0.0117 = 1.6409 sp. gr. corresponding to 56.63° Bé.

Then, as 42 inches were drawn from the tank, the pounds
drawn off are

42 X 50.00 X 62.37 X 1.6409 = 214,920 lbs.

As the acid is sold on the basis of 50° Bé., the pounds of
50° Bé. corresponding to 57.74° Bé. acid are easily found
by interpolating from the table:

1 See table of Ferguson and Talbot, Chem. Ann., p. 442, column
2. Sce also Appendix.
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58° Bé. = 119.59%, 50° Bé. acid?
57° Bé. = 117.009) 50° Bé. acid
diff. = 2.599%, 50° B¢. acid,
2.59 X 0.74 = 1.92,
117 + 1.92 = 118.929,, 50° Bé. acid corresponding to
57.74° 136. acid,
214,920 X 1.1892 = 255,827 lbs. 50° BBé. acid.

Calculation of Mixed Acid. — ¢ Mixed Acid” is a
commereial term, generally meaning a mixture of nitrie
and sulphuric acids, and is extensively used in manu-
facturing processes.  On account of tne relative costs of
concentrated and dilute nitric acids, the water called for
is added in the form of dilute nitrie acid, using a minimum
of concentrated nitric acid and a maximum of dilute nitric
acid. Water, as such, is scldom added. For example,
let it be required to calculate the quantities of acids
necessary to make a mixture (““mix”’) of 60,000 1bs. of a
mixed acid to consist of

Per cent
SO0 (add as 989, HaSO) . ..o cen oot 46.00
IINO; (add as 61.4% and as 95.59% HNO;) .. ..  49.00
ILO. o e 5 00
100 00

60,000 X 0.46 = 27,600 1hs. H.SO4 called for

60,000 X 0.49 = 29,400 Ibs. 1INO; called for

60,000 X 0.05 = 3,000 Ibs. 11O called for
60,000 Ibs.

2000 — 98,163 1bs. 989, H,S0, to take,

60,000 — 28,163 = 31,837 Ibs. still to add.

1 See table of Ferguson and Talbot, Chem. Ann., p. 443, column
5. See also Appendix.
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Let z = number of pounds of 95.5% HNO; to add; then
31,837 — z will represent the number of pounds of 61.4%
HNO; to add. By algebra:
0.955 x + 0.614 (31,837 — ) = 29,400.
Solving:
z = 28,891 lbs. 95.59%, HNO; to take,
31,837 — 28,891 = 2946 lbs. 61.4% HNO; to take.

So, to make the mix, take

HSOq . 28,163 1hs. 989,

TINO..... . 28,891 1bs. 95.59,

INOs........oooes o 2,916 1bs. 61.49,
60,000 Ibs.

This same result might have been reached by means of
the formulas given to adjust the strengths of liquids.!
29,400 Ihs. of 1009, nitric acid are called for; the weight
of material still to be added, after the 989, sulphurie acid
is added, is 31,837 lbs. as before.  This makes

29,400
31,837
To make 31,837 1bs. of an acid of this concentration from
95.59% and 61.49, nitric acid, using III (@) of page 227,
9235 - 61.4 X 31,837 = 28,896 1bs. 95.59, IINO; to
95.50 — 61.- o ’ TP so s
take, as before.
31,837 — 28,896 = 2941 1bs. 61.49, HNO; to take, as
before.

Strengthening a Mixed Acid by Means of Oleum.—
An example involving the use of oleum will next be
considered. Let it be required to make 61,320 Ibs. of a
mixed acid of the composition:

X 100 = 92.359, HNO; to be added.

1 Pp. 227-228, 11 (a), or 111 (a), according to whether the acid is
regarded as being diluted or strengthened.
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Per cent
HNO; (add as 94.5% IINOy). . . ... 86.00
1,804 (add as 98.56 9%, 1,50, &lld as 20 0()% olcum,
a minimum of which is to be taken) . . . ... 41.00
HoO. oo i e 300
100.00

The tank in which the acid is to be mixed already contains
2604 1bs. of the remains of a previous mix of the com-
position:

Per cent

HNO; .0 e ciee e e e 52 00

TSSO o0 e . e 42 50
H,O e e . L. . .. _.) 50
100.00

Consequently,
1,850, HNO; .0
- B Lbs Lbs. |  Tbs. -

Called for . . .. 25,141 34,330 1810
Tn tank ......... R I 117 1,351 143
Tobe added . ...... 24,034 32,985 1697

If the attempt were made to calculate the weights of
acid to add by the previous method, it would be seen
that the method would not work, as too much water
would be added with the sulphuric acid and, hence, a
nitric acid stronger than 94.59%, HNO; would have to be
used to complete the mix; hence, oleum will have to be
employed. Thus:

24,034
0.9856

24,385 — 24,034 = 351 lbs. H,O added with the
98.569, H>SO,,
1697 — 351 = 1346 Ibs. H,O remaining.

= 24,385 Ibs. 98.569, H.S0,,
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Adding this water with the nitric acid would call for a
stronger nitric acid than the 94.5%, HNO;, as is scen from
the following:

32,985 4 1346 = 34,331 lbs. HNO; and H,O still to add,

32,985 _ 0 .
34.331 X 100 = 96.089, HNO; required to complete
the mix.
Going back to the original figures after this preliminary

caleulation which has shown the necessity of using oleum;
first calculating the weight of nitric acid to be added:

32,985
0.045
34,905 — 32,985 = 19201bs. H,O added with the94. 5% HNOs.

= 34,905 Ihs. 94.5% HNO; to add,

But the mix only calls for 1697 1bs. of water, hence 1920 —
1697 = 223 1bs. of water will be added in excess. This
water must be taken up with olcum. Now, to the acid
already in the tank the following quantities of acid must
be added:

HoSO4. o ooeiiiiiieiii 24,034 1bs. 1009, H.SO,

HNOj. .o 32,985 1bs. 1009, 1TNO;

IIQO .............................. ],697 ll)S. 100% Hzo
Total...........ooiiiiit, 58,716

In adding 34,905 Ibs. of 94.59, HNO; there remain only
58,716 — 34,905 = 23,811 lbs. of acid (HsS0s) to add.
To adjust the proportions and not add more acid than
called for is done by adding oleum which takes up water
from the nitric acid. The percentage strength of the
sulphuric acid requisite is

24,034

5317 X 100 = 100.93% HiSO.
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The percentage of SO; in 100.939, H,S04 is

80; _ 80.07 o o oy
IS0, = 05,09 X 10093 = 82.39% 805;

in 98.569, H,SO, the percentage of SOs is
8Os _ 80.07
H;80,  98.09
in 20.009, oleumn the percentage of SOj is?
Per cent SO; = 0.8163 (100 — 20) + 20 = 85.319 SOs;
then, to make 23,811 Ibs. of a 100.93%, H,SO,, from 20.00%,
oleum and 98.569, H,SO,, require:2

82.39 — 80.45 . N
8_5“31_——_8_0.75 X 23,811 = 9506 1bs. 20/0 oleum,
23,811 — 9506 = 14,305 Ibs. 98.56%, TL.SO,.

So, to make the mix, add to the acid already in the tank:

X 98.56 = 80.45%, SO0s;

INO;. . ... . oo o 31,905 Ibs. 91.509,
HS0: ... e e e 14,305 1bs 98.569,
Oleum........... .... R 9,506 1bs. 20.009%,

It is frequently desired to preparc a “mix” from a

mixed acid already on hand by adding to it the requisite
amounts of sulphuric acid and nitrie acid to bring it up to
the desired concentration. Thus, it may be required to
fortify a “spent’’ mixed acid, or it may be that after add-
ing the calculated amounts of ingredients to make a batch
of mixed acid that the mixed acid resulting doces not ana-
lyze up to specifications. It must then be adjusted by a
further addition of the deficient constituent. Thus, sup-
pose a mixed acid of the following composition is desired:

Per cent
S04 oo e 46 00
HNO;. o o i e 49.00
HoO. o 5.00

1 Sec p. 191. 2 Sce p. 228.
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and there is on hand a supply of mixed acid of the com-
position:

Per cent
LSO, . ... .. e e e e .. . ... 4510
HNO; .. ....... e e e . 48 00
IO e .. . 690

How many pounds of 989, sulphuric acid and 969 nitric
acid should be added to the mixed acid for each 1000 1bs.
of the corrected acid produced?  An algebraic method of
calculation is as follows:

Let x = weight of mixed acid to take,
y = weight of 989 H.S0, to take,
z = weight of 969, HNO; to take.

The total sulphurie acid in the correeted mix must be

(0.451) & = weight of H.SO; added with the mixed acid,
(0.98 ) y = weight of HySO4 added as 989, HyS0,.

The total nitrie acid in the corrected mix must be

(0.48) x = weight of HNO; added with the mixed acid,
(0.96) z = weight of HNO; added as 969, HNO;.

The total water in the corrected mix must be
(0.069) = = weight of H,O added with
the mixed acid,
(1.00 — 0.98) y = (0.02) y = weight of H.O added with
the 989, H.S,0,
(1.00 — 0.96) z = (0.04) z = weight of H,O added with
the 969, HNO; acid.

In each 1000 Ibs. of the corrected mix there must be

1000 X 0.46 = 460 lbs. H,SO,,
1000 X 0.49 = 490 1bs. HNOs,
1000 X 0.05 = 50 Ibs. H,0.
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Hence, the following cquations result:
6)) (0451) 2z 4 (0.98) y = 460.
2) (048) = + (0.96) z = 490.
3) (0.069) = + (0.02) y + (0.04) z = 50.

Expressing (1) and (2) in terms of z by solving for y and
z in these equations:
460—(0.451)c _ 460 _ (0.451)z
@ ¥y="T098 008 098
= 469.388 — (0.460204) .
490 — (0 48) x _ 490 (0. (0.48) x

=4 Pt 3
G 2=""496 ~006 096
= 510.417 — (0.500000) .
Substituting in (3) gives
(0.069) x + 0.02 [469.388 — (0.460204) z]
+ 0.04 [510.417 — (0.500000) 2] = 50,
(0.069) z + 9.38776 — (0.00920408) =
+ 20.41668 — (0.02) z = 50,
(0.03979512) z = 20.19556,

20.19556 x
= 0.03979512 — 507.49 lbs. mixed acid to

take per 1000 lbs.
Substituting this value of z in (4) and (5) gives

y = 469.388 — (0.460204) (507.49) = 235.84 Ibs.
98% HzSO4 to ta.ke,

z = 510.417 — (0.500000) (507.49) = 256.67 Ibs.
969, HNO; to take.

The ratios of these values may be used either to pre-
parc a definitc amount of mixed acid or to correct a defi-
nite amount of “spent” acid. Knowing the ratios per
1000 lbs. the quantities requisite for any weight of acid
are readily calculated. After making a calculation, it is
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often a good plan to check up the results. This insures
the accuracy of the calculation. Thus in the above cal-
culation:

.80, 1INO, H,0

Lbs. Lbs Lbs.

Mixed acid  .... .... 228 88 243 60 35 01
980, HoSOy . . . . ... 231 12 .o 472
96% HUNO; .. .. .. [.. .. | 21640 10 27
460 00 490 00 50 00

PROBLEMS
498. What is the Twaddell reading corresponding to (a)

1.6117 sp. gr.?  (b) To 66.00° Bé.? Ans. (¢) 122.2 Tw.,

(0) 167.1 Tw.

499. What is the reading of 141.2 Tw. in (a) specific gravity
and (b) iu Baumé? Ans. (a) 1.7060 sp. gr.,

(b) 60.00° Bé.

500. (a) What is the pereentage O. V. (Oil of Vitriol, 93.19%,
11,S0y) cquivalent to 62.180; ILSO,? (b)) What is the per-
centage of 50° Bé. sulphuric acid (62.189, 11.50,) cquivalent
to 0. V.? Ans. (a) 66.729,

(b) 149.87%.

501. (a) What is the equivalent in Oil of Vitriol (93.199,
H,S04) of 600 Ibs. of a sulphuric acid of 89.55%, H.S0.? () In
50° Bé. sulphurie acid (62.18%, H.S04)? Ans. (a) 576.6 Ibs.,

(0) 864.12 Ibs.

502. I'ind the pereentage of 1009, H.SO4 equivalent to (e) a

20.009% oleum? (b) Toa 30.009% oleum? Ans. (a) 104.5%,
() 106.75%,.

503. What is the pereentage of Oil of Vitriol cquivalent to
25.009, oleum? (b) What is the percentage of 98.009, sul-
phurie acid cquivalent to a 35.007, oleum?

Ans. (a) 113.349,
() 110.08%.
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604. Knowing that 60° B6. sulphuric acid contains 77.67%
H.,S04 and that 50° Bé. sulphuric acid contains 62.18%, 112504,
what is the number of pounds of 50° Bé. sulphuric acid cquiv-
alent to a cubic foot of 60° Bé. sulphuric acid?

Ans. 132.91 Ibs.

505. 50° Bé. sulphuric acid contains 62.18%, H.S0, and
52° Bé. sulphuric acid contains 65.13% 804 (a) To how
many pounds of 50° Bé. sulphuric acid arc 350 cubic feet of
52° Bé. sulphuric acid cquivalent? (b) If 60° Bé. sulphuric
acid contains 77.679, 11,504, to how many pounds of 60° Bé.
sulphuric acid arc 530 cubic feet of 52° Bé. acid equivalent?

Ans. (a) 35,647.5 Ibs.,
(b) 43,216.2 1bs.

606. Calculate the equivalent weight in terms of 60° Bé.
sulphuric acid cquivalent to 2310 cubic feet, measured at 102 F.,
a sample of which showed 59.66° Bé. at 80° I

Ans. 243,150 lbs.

607. Calculate the weight of 50° B4. sulphuric acid cquivalent
to a shipment of 2160.61 cubic feet, measured at 120°F., a
sample of which showed 56.14° Bé. at 80° It

Ans. 252,410 lbs.

508. How many pounds of 60° Bé. sulphuric acid arc equiv-
alent to a shipment of 2507 cubic feet measured at 92°F., a
sample of which showed 65.52° Bé. at 77° I.?

Ans. 282,614 lbs.

509. It is required to make 37,000 Ibs. of a mixed acid of the
composition:

Per cent
5 10 41.00
HNOs. oo ittt ceaes 52.00
HoO .o e 7.00

there remaining in the mixing tank 6720 lbs. of an acid from a
former mix of the composition:

1 In commercial transactions, calculations are often carried to a
degree of accuracy unwarranted by the accuracy of the readings.
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Per cent
HoSOq. oo e 42 00
HNOs. .. e e 52 54
HO o0 s o e 5.46

How many pounds of 98.009, sulphuric acid, and 94.70%, and
61.409 of nitric acid must be added to the acid already in the
tank to make this mix? Ans. 12,599.6 1bs. 98.00%, 11550;,
14,574.3 Ibs. 94.707, HNOs,
3,106.1 Ibs. 61.40% IINOs.

610. If nitric acid to the extent of onc per cent is lost in
mixing the acids by reason of heat generated or other reasons,
calceulate the quantities called for in Problem 509 so that after
mixing the acid will have the desired composition.

Ans. 12,600 1bs. 98.009, HaSOy,
15,689 Ihs. 94.709, 1INO;3,
1,991 Ibs. 61.409, HNOs.

611, Calculate the amounts of acid required to make 34,000
Ibs. of a mixed acid of the composition:

Per cent
LS04, oo e 65.90
HNOs. ..o o i s 18 10
ILO. ..o o oo o 16 00

there remaining in the tank 3780 Ibs. of an acid from a former
mix, the composition of which is

Per cent
ILoSO0u. e 42 00
HNOs. o oo 52.00
HO oo 6.00

it being also desired to use in making this mix, in order to work
it off, 7000 1bs. of an acid of

Per cent
HoS0u. o iet e 64.00
HNO;. oot et 28.00
HoO. o 8.00

The sulphuric acid is to be added as 93.209, H.SO4, and the nitric
acid as 52.309%, HNO;; water, if any be required, is to be added
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as such. How many pounds of these substances must be taken,
in addition to the acid already in the tank and the 7000 1bs. of
the acid which it is desired to work off?
Ans. 17,531 1hs. 93.29, H,S0,,
4,260 1bs. 52.39%, 1INO;,
1,429 1bs. water.

612, Calculate how much 93.20%, H.S0,, the acid to be
worked off, and water must be added in problem (511) that a
maximum amount of the acid to be worked off may be used,
adding no 52.30%, 1INOs.

Ans. 14,957 Ibs. acid to be worked off,
12,067 1bs. 93.29, LSO,
3,196 Ibs. water.

513. ITow many pounds of 98.009, sulphuric acid, and 96.009%,

and 61.49; nitric acid must be taken to make 60,000 Ibs. of a

mixed acid of the composition:
Per cent

LSO . 0 46 00
HNOs.. oo .o e e 48 00
HO........ e e e e 6 00

26,711 1hs. 96.09, INO;,
5,126 1bs. 61.4% 1INO.
614. It is required to make a mixed acid of the composition:

Per cent
TSO4. oo e 46 00
TINO;. o e e 49.00
IO, s 5.00

from 96.009, and 61.4%, nitric acid and 98.009, sulphuric acid.
How many pounds of cach must be taken to prepare 60,000 1bs.?
Ans. 28,163 ll)S. 980% IIzSOj,
28,474 1bs. 96.09, HNO;,
3,363 1bs. 61.4% HNO;.
616. How many pounds of 95.009, nitric acid and 30.00%,
olcum must be added for each 1000 lbs. of a mixed acid of the
composition:
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Per cent
5 0 43.00
& 0 (0 51.00
HyO. o i et et 6.00

to convert into a mixed acid of the composition:

Per cent
ILSOG. o e 42.00
5 000 P 53.00
5 0 e 5.00

Ans. 137.07 1bs. 959, HNO;,
71.38 1bs. 30%, oleum.
516. It is required to make 61,320 Ibs. of a mixed acid of
the composition:

Per cent
JINO . ottt i ettt et ea e 56 00
8 1 T 41.00
5 0 3.00

there remaining in the tank, from a former mix, 2604 1bs. of an
acid of the composition:

Per cent
5 910 52.00
5 42.50
5 0 P 5.50

How many pounds of a 20.00%, oleum, 98.56%, sulphuric acid

and 94.50 nitric acid must be added to the acid already in the

tank? Ans. 9,678 1bs. 20.00%, oleum,
14,133 Ibs. 98.56%, H.SO,,
34,905 1bs. 94.50%, HNO;.
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APPENDIX
Specific Weight of
Degrees Gravity Degrees | Per cent| 1 Cu. Ft. | Per cent
Baumé. 6o’ Twaddell. | H,SO,. i Lbs. 0.V.*
60° Av.

0 1 0000 00 0 00 62 37 0 00
1 1.0069 11 102 62 80 109
2 1 0140 28 2 08 63 21 223
3 1 0211 42 313 63 69 3 36
4 1 028t 57 4 21 64 11 4 52
5 1 0357 71 528 | 6% 60 5 67
6 1 0132 86 6 37 65 06 6 84
7 1 0507 101 7451 65 53 799
8 1 0581 117 855 | 66 01 917
9 1 0662 13 2 9 66 66 50 10 37
10 10741 14 8 1077 1 66 99 | 11 56
11 1 0821 16 t 11 89 67 49 12 76
12 1 0902 180 13 01 68 00 13 96
13 1 0985 19 7 1113 68 51 15 16
14 1.1069 21.4 15 25 69 04 16 36
15 111541 23.1 | 1638 | 6957 | 17 58
16 1.1210 21 8 17.53 70 10 18 81
17 1 1328 26 6 18 71 70 65 | 20 08
18 1.1417 28 3 19 89 71 21 21 34
19 1 1508 30 2 2107 7178 | 22 61
20 1.1600 320 22.25 72 35 | 23 87
21 1 1694 339 23 43 72 94 | 25.14
22 1 1789 35 8 21 61 73 53 | 26 41
23 1.1885 377 25 81 74 13 | 27 69
21 1.1983 39.7 27 03 7L7L |29 00

Pounds
0.V.m
1 Cubic
Foot.
0 00
0 68
141
2 14
2.90
3 66
4 15
5 21
6 06
6 89
774
8 61
9 49
10 39
11 30

12 23
13 19
1418
15 20
16 23
17 27
18 3t
19 42
20.53
21 68

Sp. Gr. determinations werc made at 60° F., compared with
water at 60° IF.

From the Sp. Grs., the corresponding degrees Baumé were cal-
culated by the following formula: Baumé = 145 — 115/Sp. Gr.

Baumé Hydrometers for use with this table must be graduated
by the above formula, which formula should always be printed on

the scale.

* 66° Baumé = Sp. Gr. 1.8354 = Oil of Vitriol (0. V.).
1 cu. ft. water at 60° F. weighs 62.37 lbs. av.
Atomic weights from F. W. Clarke’s table of 1901. O = 16.

% T80,
O.V. =93.19 = 100.00 = 119.98
83.35 = 100.00

600

77.67 =

50° = 62118 = 6672 =

H>80,4 = 100 per cent.

% 0.V. ¢ 60°

80.06

(269)
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PHURIC ACID
Anp H. P. TaLBor

Degrees *Fi;;ez- APPROXIMATE BOILING POINTS
Baumé. . 50° B, 295° 7.
e | eint G0° & 3860
. 61° “ 4000 o
0 320 62° ““ 415° ¢
1 31 2 63° “ 432° «
2 30 5 61° « 451° «
3 29 8 65° ¢ 485° «
4 28 9 66° “ 538° «
5 28 1
G wel FIXED POII\_I_’I;S_
; ég ']5 Specific | Per Cent || Specific | Per Cent
9 24 0 Gravity. | H,SO,. Gravity. | H,SO,.
i‘l) g%% 1.0000 .00 || 15281 | 62 34
12 20.0 1 0048 71| 1.5410 | 63 79
13 183 1 0347 5.14 || 1.5748 | 66.51
11 16.6 1 0619 948 [ 1.6272 | 71.00
: 1.0992 | 14 22 || 1.6679 | 74 46
15 14.7 11353 | 19 04 || 1.7044 | 77 54
16 12 6 1.1736 | 23 9% || 1.7258 | 79.40
17 10.2 12105 2955 | 17472 | 81.32
18 77 1.2513 | 33.49 || 1.7700 | 83 47
19 48 1.2051 | 38 64| 1.7959 | 86 36
20 +16 1.3441 | 44 15| 1 8117 | 88 53
21 —18 1.3947 | 49 52 || 1.8194¢ | 89 75
22 — 6.0 1.4307 | 53 17 || 1 8275 | 91 32
23 —11 1.4667 | 56 68 || 1.8354 | 93.19
24 —16 1.4822 | 58.14 || ...... .
L

Acids stronger than 66° Bé. should have their percentage com-
positions determined by chemical analysis.
* Calculated from Pickering’s results, Jour. of Lon. Ch. Soc.,
vol. 57, p. 363.
Avrnorrries — W. C. Ferauson; H. P. Tausor.
This table has been approved and adopted as a standard by the
Manufacturing Chemists’ Association of the United States.
W. II. Bowkr,
HeNrY HowARbD,
Jas. L. MORGAN,
ARTHUR WYMAN,
A. G. ROSENGARTEN,
Ezxecutive Commiltee.
New York, June 23, 1904.
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Specific Weight of Pounds

Degrees | Gravity Degrees | Per Cent| 1 Cu.Ft. | Per Cent| O.V.in
Baumé. 6o’p Twaddell. | H,SO,. | in Lbs. 0.V. 1 Cubic

60° Ay. Foot.

25 1.2083 41.7 28.28 | 75.36 30 31| 22.87
26 1 2185 43.7 29 653 | 76 00 31.69 | 24 08
27 1.2288 45 8 30.79 | 76.64 330t | 25 32
28 1 2393 47.9 3205 | 77.30 34 39 | 26.58
29 1.2500 50.0 3333 | 77.96 35.76 | 27.88
30 1 2609 52.2 34 63| 78.64 37.16 | 29.22
31 1.2719 54.4 3593 | 79.33 38 55 | 30 58
32 1.2832 56.6 37.26 | 80.03 39.98 | 32 00
33 1 2916 58.9 38.58 | 80 74 41.40 | 33 42
31 1.3063 61.3 39.92 | 81.47 42 83 | 34.90
35 1 3182 63 6 41.27 | 82.22 44.28 | 36.41
36 1.3303 66 1 42 63 | 82.97 45 74| 37.95
37 1.3426 068.5 4399 | 83 74 47.20 | 39.53
38 1.35561 710 45 35 | 84 52 48.66 | 41.13
39 1.3679 73.6 46 72 | 85.32 50.13 | 42.77
40 1 3810 76.2 48 10 | 86.13 51 61 44.45
41 1.3942 78 8 49.47 | 86.96 53.08 | 46.16
42 1.4078 81.6 50 87 | 87.80 51 58 | 47.92
43 1.4216 81 3 52 26 | 88.67 56 07 | 49.72
41 1.4356 87.1 53 66 | 89.54 57.58 | 51.56
45 1.4500 90 0 55.07 | 90.44 59 09 | 53.44
46 1.4646 92.9 56.48 | 91 35 60.60 | 55.36
47 1.4796 95 9 57.90 | 92.28 62 13 | 57.33
48 1.4948 99.0 59.32 | 93.23 63 65| 59.34
49 1.5104 102.1 60.75 | 94.20 65.18 | 61.40
50 1.5263 105.3 62.18 | 95.20 66.72 | 63.52
51 1.5426 108.5 63.66 | 96.21 68.31 65.72
52 1.5591 111.8 65.13 | 97 24 69.89 | 67.96
53 1.5761 115.2 66.63 | 98.30 71.50 | 70.28
54 1.5934 118.7 68.13 | 99.38 73.11 72.66
55 1.6111 122.2 69.65 | 100.48 74.74 | 75.10
56 1.6292 125.8 71.17 | 101.61 76.37 | 77.60
57 1.6477 129.5 72.75 | 102.77 78.07 | 80.23
58 1.6667 133.3 74.36 | 103.95 79.79 | 82.95
59 1.6860 137.2 75.99 | 105.16 81.54| 85.75
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De

grees

Baumé.

25
26
27
28
29

* Freezing

(Melting)

Point.

°F.

—-23
—30

—39
—49
—61

—71
—82
—496
—97
—901

—S1
—=70
—60
—53
—47

—41

—-35
—31
—27
—23

—20
—14
—15
—18
—22

—59

Below 40

ALLOWANCE FOR TEMPERATURE

AL 10°]

Per Cent
Baumé.

61 93
63 69
65 50
67 28
69.09

70.90
72.72
74 55
76 37
78.22

80 06
81.96
83.86
85 79
87.72

89.67
91.63
93 67
95.74
97.84

k .029° Bé. or 0002351) (‘r =1°F.
.03()D .000: =1°
& .0; ‘" .00059 “" — 10 “
“.03L° “ 00041 ¢ =1° ¢
{3 .()2‘ o [ -(x)()i‘r) [ i 10 ¢
“ -0260 [ .()O()53 “ = 10 [
({3 '0260 “ '0()057 [ = 10 “”l
“0235° 00054 ¢4 =1° ¢«
Pounds Pounds
60° Baumé| Per Cent |[50° Baumé
in 50° in
1 Cubic Baumé. 1 Cubic
Foot. Foot.
53 34 77.36 66.63
50 39 79 56 69.19
57 50 81.81 71.83
59 66 81 05 71 53
61 86 86.30 77.27
64.12 88 56 80 10
66 43 90 83 82 98
68 79 93.12 85.93
71 20 95.40 88.91
73.68 97.70 | 92.03
76.21 100 00 | 95.20
78.85 102.38 98.50
81 54 10t.74 | 101.85
84 33 107.15 | 105 33
87.17 109.57 | 108.89
90.10 | 112.01 | 112.55
93 11 114.46 | 116.30
96.26 117.00 | 120.24
99.52 | 119.59 | 124.31
102.89 | 122.21 | 128.52
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Specific
Degrees | Gravity
Baumé. 6o®
6o°
60 1 7059
61 1 7262
62 1 7470
63 1 7683
61 1 7901
64} 1 7957
64} 1 8012
61 1.8068
65 1 8125
65} 1.8182
53 1 8239
653 1 8297
66 1 8354

APPENDIX
Weight of
Degreces | Per Cent | 1 Cu. Ft. | Per Cent
Twaddell. | H,;SO,. in Lbs. 0.V.
Av.
141 2 77 67 106 40 | 83 35
145 2 79 13 107 66 85 23
149 1 81 30 108 96 87 21
153 7 83 34 110 29 89 43
158 0 85 66 111 65 91 92
159 1 86 33 112 00 92 64
160 2 87 01 112 34 93 40
161 4 87 81 112.69 094 23
162 5 88 65 113 05 95.13
163 6 89 55| 113 40 | 96 10
164 8 90 60 113 76 | 97 22
165 9 91 80 111 12 98 51
167 1 93 19 11t 47 | 100.00

Pounds
0.V.in
1 Cubic

Foot.
88 68
91 76
95 06
98 63
102 63

103.75
104 93
106 19
107 51
108.97

110 60
112 42
114.47

XXXVI. — FUMING SULPHURIC ACID AT 20°

CL. WINKLEIL

{2

Specifi 100 Parts Contain Specifi
pecific -_— — —____||Specific
Grav- 1;’8“ F Acid || Grav- Is“gal
ity. 3 S(;ee* H.SO,. of ity. 3
> 66° B.
183575 31 . 02.25, 99 1 905| 83 57
1.840 | 77.38 . 9179 90 69|] 1.910] 83 73
1.845 | 79.28] ... | 97 11} 83 08]| 1.915] 84.08|
1.850 | 80.01} ... ! 98 01} 80 10[| 1 920| 84 56
1.855 | 80 95| ... | 99.16] 76 38|| 1.925| 85.06
1.860 | 81.84 1 54| 98 46| 72.81|| 1 930{ 85 57
1.865 | 82 12) 2.66] 97.34] 71 71j| 1 935] 86 23
1 870 | 82.41] 4.28] 95.76| 70 53|| 1.940| 86.78
1.875 | 82 63; 5.44] 94 56| 69 35| 1.945! 87.13
1.880 | 82 81| 6.42| 93.58 68.92{| 1.950{ 87 41
1.885 | 82 97| 7.29| 92.71] 68 27|| 1 955| 87.65
1.890 | 83.13| 8.16| 91 94 67.55|] 1.960| 88.22
1.895 | 83.43| 9.34| 90.66| 66 81|| 1.965| 88 92
1.900 | 83.48/10.07| 89.93| 66 24|| 1.970| 89.83

100 Parts Contain

Free

SO | HiSOu.| of

10 56; 89.44| 65 68

11.43} 88.57 65.25
13 33| 86.67| 63.84
15 95! 84.05 62.10
18.67| 81.33| 59.90
21.34) 78 66| 57.86
25.65; 74.35| 55.21
28 03} 71.97] 53.00
29.94| 70.06| 51.60
31.46] 63.54| 50.48
32 77| 67 23| 49.52
35.87| 64.13| 47.23
39 68| 60.32| 44.42

44.64] 55.36| 40 78

* This column gives the amount of SO; which may be distilled off.
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# Freezing| Per Cent | Pounds | pe cepy | Pounds

Degrees 60° Baumé 50° Baumé
(Melting) 60° . " 50°
Baumé. Point. Baumeé. | inCubic | goime, in Cubic
Foot. Foot.

60 [+12 6 | 100 00 106. 10 | 121 91 132 91
61 27 3 | 102 27 110 10 | 127 74 | 137.52
62 301 10t 67 11t 05 | 130 75 | 142 47
63 46 1 107 30 118 34 | 134 03 | 147 82
64 46 4 | 110 29 123 1t | 137 76 | 153 81
64} 436 | 111 15 121 49 | 138 8t | 155 50
61} 41.1 112 06 125 89 | 139 98 | 157 25
64} 37 9 | 113 05 127 10 | 141 22 | 159 It
65 331 11t 14 129 03 | 142.57 | 161 17
6.). 206 | 11530 | 130 75 | 14t 02 | 163 32
65% 134 | 116 65| 13270 | 145 71 | 165 76
65; |—1 118 19 131 88 | 117 63 | 168 18
66 —29 11‘) 98 1?7 H 119 87 171 56

XXXVII. —SULPHURIC ACID
94-1009, H,S04
By H. B. Brisuorp

The acid used in this table was prepared from Baker and Adam-
son’s c.p. sulphuric acid 95 per cent, which was strengthened to
100 per cent by the addition of fuming sulphuric acid made by dis-
tilling fuming acid (70 per cent free S0;) into a portion of the 95 per
cent ep. acid. The final acud was tested for impurities: residue
upon evaporation, chlorine, niter and sulphur dioxide. The only
impurity found was a trace of sulphur dioxide (0.001 per cent)
which was less than the sensitiveness of the determination.

The analytical and specific gravity determinations, and the allow-
ance for temperature were made in the same manner, and with the
same accuracy as in the sulphuric acid table adopted in 1904, the
speeific gravity 1.8354 and 93.19 per cent HSO4 being taken as a
standard.

The actual determinations were made within a few hundredths
of a per cent of the points given in the table, the even percentages
bomg cfxlculatcd by 1nt01 pohtlon

Sp Gr at

Per Cent H,SO,. 60° F. Allowance for Temperature.

66° Bé. 93.19 1.8354 | At 94% 0.0005¢ sp.gr. = 1° F.
94 00 1.8381 At 969% 0 00053 sp.gr. =1°F.
95.00 | 1.8407 | At 97.5% 0 00052 sp. gr. = 1° F.
96 00 | 1.8427 | At100% 0.00052 sp. gr. = 1°F.
97 00 | 1.8437 ]
97.50 1.8439
98 00 1.8437
99 00 1.8424
100 00 1.8391
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TENSION OF AQUEOUS VAPOR

Temp. Press., Temp. Press., Temp. Press.,
°C. mm. °C. mm. °C. mm.
0° 4.60 12° 10 48 24° 22.18
1° 4 92 13° .14 25° 23 55
2° 5 29 14° 11 94 26° 24.99
3° 5 68 15° 12 73 27° 26 50
4° 6 09 16° 13.57 28° 28 10
5° 6 53 17° 1+ 15 29° 29.78
6° 7 00 18° 15 38 30° 31.56
7° 71 19° 16 37 31° 33 42
8° 8 02 20° 17 11 32° 35.37
0° S 58 21° 18 50 33° 37 43
10° 9 18 22° 19 66 3t° 39.59
11° 9 81 23° 20 88 I 35° 41.85

Mensuration
= = 3.1416.

Length of cirele (radius r) = 2.

Area of triangle (base b, altitude @) = 22— .
Area of circle (radius r) = 72,

Surface of sphere (radius r) = 4 772,

Surface of eylinder (radius r, height &) = 2ar (r 4 k).
Surface of cone (radius r, slant height §) = =r (r 4 1).

Volume of sphere (radius r) = Erra.
Volume of cylinder (radius 7, height &) = xr%h.

Gases

(WererT At StanpARD Conbrrions, 0° C. AND 760 mMM.)
N 1.2926 grams
Carbon dioxide. . ...... ... ..., 1.9768 grams
Hydrogen.............cooiiiiiini.n 0.089873 grams
NIrOgen. . . oo i it iei it 1.2507 grams
OXYZeD. o oee et eeiiiiiiiee criienanns 1.4292 grams

Miscellaneous

One pound avoirdupois = 453.59 grams.

One meter = 39.37 inches.

One gallon = 231 cubic inches.

One cubic foot of water at 60° F. weighs 62.37 pounds.
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Analysis: Formula:

Direct gravimetric, 173. From composition, 149.

Elimination of constituent, Of compounds, 118.
176. Of minerals, 157.

Indirect gravimetrie, 177.

Volumnetric, 202. Gas:

Approximate numbers: Analysis, 88.

Addition, 28. Moist, 85.

Definition, 26. Thermometer, 81.

Division, 30. Volume from weight of sub-

Multiplication, 29. stance, 101.

Rules, 31.

Subtraction, 31. Heat:

Atomic weights: British Thermal Unit, 49.
Calculation, 145. Calorie, 49.

Relation to valence, 142, Of combustion, 51.

Table, back of cover. Of fusion, 50.

Unit, 91, 141. Of vaporization, 50.
Specifie, 50.

Barometer: Hydrometers:
Correction, 84. Baumé, 64.

Baumé: Constant, volume, 63.
Conversions, 65. Constant weight, 62.
Sulphuric acid, 35.

Interpolation:

Fquivalent: Method, 37.
Definition, 12.

Values of solution, 204. Law:

Extrapolation: Avogadro, 90.
Method, 40. Boyle, 80.

Charles, 80.

Factor: Charles and Boyle combined,
Chemical, 9. 82.

General, 15. Constancy of composition, 1.
Weights, 176, 205. Constancy of mass, 1.
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Law (continued):
Dalton, 107.
Dulong and Petit, 143.
Gay-Lussac, 87.
Graham, 94.

Liter:
Mohr, 106.
Standard, 104.

Mixed acid:
Analysis, 218.
Calculations, 256.
Strengthening of, 257.
Molecular weights:
From clevation of B.P., 146.
From depression of 1.1, 146.
From vapor density, 91.
Of an organic acid, 147,
Of an organic base, 147.

Normality:
Calculation of, 213.
Lquivalent, 214.
Factor, 213.
Of acids and bases, 208.
Of oxidizing substances, 209.
Of salt solutions, 210.

Olcum:
Calculation of strength, 191.
Volumetric titration of, 222.

Ratios:
Chemical, 2.
Gencral, 15.

Solutions:
Adjustment of strength, 225,
Calculation of normality, 213.
Calculation with normal, 210.

INDEX

Solutions (continued):
Equivalent values, 204,
Methods of standardizing, 203.
Normal, 207.

Single factor, 202.

Specific gravity:

Calculation of tables, 252.
Definition, 59.

Influence of temperature, G6.
Liquids, by pyknometer, 62.
Liquids, by smker, 62.
Powders, 61.

Solid, heavier than water, 60.
Solid, lighter than water, 61.
Use of tables, 254.

Temperature:
Absolute scale, 49.
Centigrade scale, 48.
Conversions, 51.
Fahrenheit seale, 48.
Réaumur scale, 49.
Standard conditions, 83.
Titration:
Mixed acid, 218.
Oleum, 222.
With two indicators, 220.
With two solutions, 216.

Valence:
Calculation of, 144.
Definition, 141.
Vapor density:
Definition, 92.
Measurement, 96.

Weight:
In vacuo, 102.
Combining, 141,
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Blasdale, W. C. Quantltatlve "Chemical Analysxs .1zmo, *2 50
Bligh, W. G. The Practical Design of Irrigation Works. .8vo,

Bloch, L. Science of lllumination...................... 8vo, *2 50
Blok, A. Illumination and Artificial Lighting.. ...12mo, *2 oo
Blucher, H. Modern Industrial Chemistry.. ......8v0, *7 50
Blyth, A, W. Foods: Their Composition and Analysxs .8vo, 7 50
—— Poisons: Their Effects and Detection............... 8vo, 8 50
Bockmann, F. Celluloid...................covvinnn, 12mo, *2 50
Bodmer, G. R. Hydraulic Motors and Turbines........12mo, 5 oo
Boileau, J. T. Traverse Tables.................ccoounn.. 8vo, 5 oo
Bonney, G. E. The Electro-plater’s Handbook........12mo, 1 50
Booth, W. H. Water Softening and Treatment .......8vo, *2 oo

—— Superheaters and Superheating and their Control...8vo, *1 50
Bottcher, A. Cranes: Their Construction, Mechanical Equip-
ment and Working..... e, ceeennenan...4t0, *10 00
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Bottler, M. Modern Bleaching Agents........... ....12mo, *z 50
Bottone, S. R. Magnetos for Automobilists........... 12zmo, *1 oo
—— Electro-Motors, How Made and How Used......12mo, 1 00
Boulton, S. B. Preservation of Timber............. 16mo, o0 75
Bourcart, E. Insecticides, Fungicides and Weedkillers. .8vo, *6 oo
Bourgougnon, A. Physical Problems.................. 156mo, o 75
Bourry, E. Treatise on Ceramic Industries.........8v0o (/n ’ress.)
Bowie, A.]J., Jr. A Practical Treatise on Hydraulic Mining.8vo, 5 oo
Bowles, 0. Tables of Common Rocks................ 16mo, o 75

Bowser, E. A, Elementary Treatise on Analytic Geometry.12mo, 1 73
——— Elementary Treatise on the Differential and Integral

Calculus .......... ... i 12mo, 2 25
Bowser, E. A, Elementary Treatise on Analytic Mechanics,

12mo, 3 0o

——Elementary Treatise on Hydro-mechanics. ....... 12mo, 2 50

—— A Treatise on Roofs and Bridges.. ... .12mo, *2 25
Boycott, G. W. M. Compressed Aerork anlevmg ..8vo, “4 25

Bradford, G. Whys and Wherefores of Navigation..r2mo, 2 oo

——Sea Terms and Phrases.. ..... .. 12mo, fabrikoid (/n Pr« S5S.)
Bragg, E. M. Design of Marine Engmes and Auxiliaries. . *3 00
Brainard, F. R. The Sextant.. cee 16mo,
Brasseys Naval Annual for 1919 ...................... 8vo, 10 0O
Briggs, R, and Wolff, A. R. Steam-Heating . .16mo, o 75
Bright, C. The Life Story of Sir Charles Tilson Bnght .8vo, *4 50
—— Telegraphy, Aeronautics and War. . ..8vo, 6 oo
Brislee, T. ]J. Introduction to the Study of Fuel ..8v0, *3 oo
Broadfoot, S. K. Motors Secondary Batteries. . 12m0, *o0 75
Broughton, H. H. Electric Cranes and Hoists...............
Brown, G. Healthy Foundations..................... 16mo, o 75
Brown, H. Irrigation............................. 8vo, Reprinting)
Brown, H. Rubber.................................... 8vo, *2 50
Brown, W. A. Portland Cement Industry.. .8vo, 3 oo
Brown, Wm. N. The Art of Enamelling on Metal xzmo, *2 00
———Handbook on Japanning....... .................. 12mo, *2 oo
—— House Decerating and Painting.......... ........12mo, “2 oo
——History of Decorative Art....................... 12mo, *o 50
—— Dipping, Burnishing, Lacquering and Bronzing Brass

Ware ........ Chreeeeaaee e e 12m0, *I1 50

—— Workshop Wnnkles e e e e 8vo, *1 oo
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Browne, C. L. Fitting and Erecting of Engines........ 8vo, *1 50
Browne, R. E. Water Meters....................... 16mo, o 75

Bruce, E. M. Detection of the Common Food Adulterants,
12mo, I 25
Brunner, R. Manufacture of Lubricants, Shoe Polishes and

Leather Dressings ..............ccivivevnennnn. 8vo, *3 50
Buel, R. H. Safety Valves........................... 16mo, o 75
Bunkley, J. W. Military and Naval Recognition Book..12mo, 1 00

Burley, G. W. Lathes, Their Construction and Operation,
12mo, 2 00
~—— Machine and Fitting Shop Practice 2 vols..12mo, each, 2 oo

—— Testing of Machine Tools....................... 12mo, 2 00
Burnside, W. Bridge Foundations................... 12mo, *2 oo
Burstall, F. W. Energy Diagram for Gas. With text...8vo, 1 50
—— Diagram sold separately............................... *1 00
Burt, W. A. Key to the Solar Compass......16mo, leather, 2 s0
Buskett, E. W. Fire Assaying...................... 12mo, *1 25
Butler, H. J. Motor Bodies and Chasis................ 8vo, *3 oo
Byers, H. G., and Knight, H. G. Notes on Qualitative

Analysis ... 8vo, *1 50
Cain, W. Brief Course in the Calculus................ 12mo, *1 75
——Elastic Arches .................cciiiiiiiiiiana. 16mo, o 75
—— Maximum Stresses ............................. 16mo, o 75
—— Practical Designing Retaining of Walls.......... 16mo, o0 75
—— Theory of Steel-concrete Arches and of Vaulted Struc-

tures ... e 16mo, o 75
—— Theory of Voussoir Arches...................... 16mo, o 75
—— Symbolic Algebra ................. ...l 16mo, o 75
Calvert, G. T. The Manufacture of Sulphate of Ammonia

and Crude Ammonia......................... 12mo, 4 00
Camm, S. Aeroplane Construction.................... 12mo, 3 oo
Carey, A. E,, and Oliver, F. W. Tidal Lands..........8vo, 5 oo
Carhart, H. S. Thermo-Electromotive Force in Electric

Cells ..., 12mo (I/n Press.)
Carpenter, F. D. Geographical Surveying............. 16mo,
Carpenter, R. C, and Diederichs, H. Internal-Combustion

Engines ..ottt i 8vo, *s5 oo

Carter, H. A, Ramie (Rhea), China Grass........... 12mo, *3 oo
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Carter, H. R. Modern Flax, Hemp, and Jute Spinning..8vo, *3 so0

—— Bleaching, Dyeing and Finishing of Fabrics........ 8vo, *1 25
Cary, E. R. Solution of Railroad Problems With the Use of
the Slide Rule....................... . ... .. 16mo, *1 oo

Casler, M. D. Simplified Reinforced Concrete Mathematics,
12zmo, *1 oo
Cathcart, W. L. Machine Design. Part I. Fastenings...8vo, *3 oo

Cathcart, W. L., and Chaffee, J. I. Elements of Graphic

Statics ....... .. 8vo, *3 oo
—— Short Course in Graphics....................... 12mo, 1 50
Caven, R. M., and Lander, G. D. Systematic Inorganic Chem-
1stry ........................................ 12mo, *2 oo
Chalkley, A. P. Diesel Engines. . .... 8vo, *4 oo
Chalmers, T. W. The Productwn and Treatment of Veg-
etable Oils........ .. ... .. ... ... ... ... ... ... 4to, 7 s0
Chamber’s Mathematical Tables................. . .... 8vo, 2 oo
Chambers, G. F. Astronomy........... ............. 16mo, *1 so0
Chappel, E. Five Figure Mathematical Tables......... 8vo, *2 oo
Charnock. Mechanical Technology..... .. ............. 8vo, *3 50
Charpentier, P. Timber............... .... ........... 8vo, *6 oo
Chatley, H. Principles and Designs of Aeroplanes......16mo, o 75
——How to Use Water Power...... ............... 12zmo, *1 50
—— Gyrostatic Balancing .......................... ..8v0, *I1 25
Child, C. D. Electric Arc..............c.ovviivnunn... 8vo, *2 oo
Christian, M. Disinfection and Disinfectants ...... 12mo, 2 50
Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming,
8vo, *3 oo
—— Chimney Design and Theory...................... 8vo, *3 oo
——PFurnace Draft ..... ....... .................... 16mo, o 75
—— Water Its Purification and Use in Industries....8vo, *2 oo
Church’s Laboratory Guide..... ... ................... 8vo, *1 50
Clapham, J. H. Woolen and Worsted Industries......... 8vo, 2 oo
Clapperton, G. Practical Papermaking.................. 8vo, 2 50
Clark, A. G. Motor Car Engineering.
Vol. I. Construction.................................. *4 oo
Vol. IL. Design. .......ooiiiiiiiiiiieiiiine veanann, .. 350
Clark, C. H. Marine Gas Engines. New Edition. . 2 00

Clark, J. M. New System of Laying Out Railway Turnouts,
I12mo, I 00
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Clark, J. W., and Scott, W. Plumbing Practice.
Vol. I. Lead Working and Plumbers’ Materials..8vo, *4 oo

Vol. II. Sanitary Plumbing and Fittings..........(In Press.)
Vol. III. Practical Lead Working on Roofs........(/n [Press.)
Clarkson, R. P. Elementary Electrical Engineering......(/n [I’ress.)

Clausen-Thue, W. A B C Universal Commercial Telegraphic
Code. Sixth Edition........ ................. (In Press.)

Clerk, D., and Idell, F. E. Theory of the Gas Engine.
16mo, 0 75

Clevenger, S. R. Treatise on the Method of Government

Surveying ...... ..ol 16mo, mor., 2z 50
Clouth, F. Rubber, Gutta-Percha, and Balata........... 8vo, *6 0o
Cochran, J. Treatise on Cement Specifications..........8v0o, *1 oo

—— Conciete and Reinforced Concrete Specifications ...8vo, *2 50
Cocking, W. C. Calculations of Steel-Frame Structures.izmo, 2 50
Coffin, J. H. C. Navigation and Nautical Astronomy..12mo, *3 oo
Colburn, Z., and Thurston, R. H. Steam Boiler Explosions.

16mo, o 75
Cole, R. S. Treatise on Photographic Optics..........12mo0, 1 50
Coles-Finch, W. Water, Its Origin and Use............ 8vo, *35 oo
Collins, C. D. Drafting Room Methods, Standards and
Forms........ ...... .... .8vo, 2 oo
Collins, J. E. Useful Alloys and Memoranda for Goldsmlths,
Jewelers. ....... ... L 16mo, o 50
Collins, S. Hoare. Plant Products and Chemical Fertilizers,
8vo, 3 00
Collis, A. G. High and Low Tension Switch-Gear Design.8vo, *3 50
—— Switchgear ............ ... .. e 12mo, o0 50
Colver, E. D, S. High Explosives. . . .. .8vo, 12 50
Comstock, D. F.,, and Troland, L. T. The Nature of Matter
and Electncxty ............................... 12mo, 2 00
Coombs, H. A. Gear Teeth.......................c.couent. o 75
Cooper, W. R. Primary Batteries...................... 8vo, *6 oo
Copperthwaite, W. C. Tunnel Shields................. 4to, *g oo
Corfield, W. H. Dwelling Fouses.................... 16mo, o 75
—— Water and Water-Supply........................ 16mo, o 75
Cornwall, H. B. Manual of Blow-pipe Analysis........8v0, *2 50

Cowee, G. A. Practical Safety Methods and Devices...8vo, *3 oo



D. VAN NOSTRAND COMPANY’S SHORT-TITLE CATALOG IT

Cowell, W. B. Pure Air, Ozone, and Water............. 12mo, *2 50
Craig, J. W., and Woodward, W. P. Questions and Answers
About Electrical Apparatus.......... 12mo, leather, 1 50
Craig, T. Motion of a Solid in a Fuel..... ... . .. 16mo, o0 75
——Wave and Vortex Motion.............. ....... 16mo, o0 75
Cramp, W. Continuous Current Machine Design........8vo, *2 50
Creedy. F. Single-Phase Commutator Motors........... 8vo, *2 oo
Crehore, A. C. Mpystery of Matter and Energy.. .... 12m0, 1 00
——— New Theory of the Atom......................... (In Press.)
Crocker, F. B. Electric Lighting. Two Volumes. 8vo.
Vol. I. The Generating Plant ...................... 3 00
Vol. II. Distributing Systems and Lamps..............
Crocker, F. B, and Arendt, M. Electric Motors........ 8vo, *2 50
——and Wheeler, S. S. The Management of Electrical
Machinery .............. . ... ... . 12mo, *1 oo
Crosby, E. U, Fiske, H. A, and Forster, H. W. Handbook
of Flre Protection. ........ ......... ... ... ... 12mo, 4 00
Cross, C. F., Bevan, E. J.,, and Sindall, R. W. Wood Pulp
and Its USes........... .. ...8V0 (Reprinting)
Crosskey, L. R. Elementary Perspectwe . e . .. ....8v0, 150
Crosskey, L. R, and Thaw, J. Advanced Perspectlve . .8vo, 2 oo
Culley, J. L. Theory of Arches . . . .. . 16mo, o0 75
Cushing, H. C, Jr,, and Harrison, N. Central Statxon Man-
agement ......................................... *2 00
Dadourian, H. M. Analytical Mechanics.. ........ ....8v0o, *3 oo
Danby, A. Natural Rock Asphalts and Bitumens. ....8vo, *2 50
Darling, E. R. Inorganic Chemical Synonyms........12mo, 1 00O
Davenport, C. The Book..................coovviiiiinn. 8vo, *2 oo
Davey, N. The Gas Turbine................ eeenaeae 8vo, *4 oo
Davies, F. H. Electric Power and Traction........... 8vo, *2 oo
— Foundations and Machinery Fixing............... 16mo *1 0o
Deerr, N. Sugar Cane.................coevirvininnenn.. 8vo, 8 oo
Deite, C. Manual of Soapmaking.................... 4to,
De la Coux, H. The Industrial Uses of Water.........8vo, *5 oo
Del Mar, W. A. Electric Power Conductors........... 8vo, *2 oo
Denny, G. A. Deep-Level Mines of the Rand........... 4to, *10 00
——Diamond Drilling for Gold............................ *5 00

De Roos, J. D. C. Linkages..........oovvevnvnennnn. 16mo, o 75
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Derr, W. L. Block Signal Operations..........0Oblong 12mo, *1 50
—— Maintenance of Way Engineering. . .. ...(In [’repuration.)

Desaint, A. Three Hundred Shades and How to Mix Them.
8vo, g9 oo
De Varona, A. Sewer Gases............ ........... 16mo, o0 75
Devey, R. G. Mill and Factory Wiring . ... . .. 12mo, *I1 00
Dibdin, W. J. Purification of Sewage and Water. . ...8v0, 6 50
Dichman, C. Basic Open-Hearth Steel Process........ 8vo, *3 s0

Dieterich, K. Analysis of Resins, Balsams, and Gum Resins.
8vo, *3 s0
Dilworth, E. C. Steel Railway Bridges........... . ..4to, *4 oo

Dinger, Lieut. H. C. Care and Operation of Naval Ma-
chinery ........... .. . i i 12mo, 3 00

Dixon, D. B. Machinist’s and Steam Engineer’s Practical
Calculator ........... «..oeiiiiiina.. 16mo, mor., I 23
Dommett, W. E. Motor Car Mechanism.............. 12mo, *2 oo

Dorr, B. F. The Surveyor’s Guide and Pocket Table-book.
16mo., mor., 2 00

Draper, C. H. Elementary Text-book of Light, Heat and
Sound ... 12mo, I 00

Draper, C. H. Heat and the Principles of Thermo-dynamics,
120, 2 00
Draper, E. G. Navigating the Ship.................. 12mo, 2 00
Dron, R. W. Mining Formulas........... ......... 12mo, 1 00
Dubbel, H. High Power Gas Engines...... .......... 8vo, *5 oo

Dumesny, P., and Noyer, J. Wood Products, Bistillates, and
Extracts ........ ... .. i 8vo, *5 oo

Duncan, W. G, and Penman, D. The Electrical Equipment of
Collieries . ............coiiiuinnennaiinieneenn. 8vo, *s5 oo

Dunkley, W. G. Design of Machine Elements. 2 vols.

12mo, each, *2 oo

Dunstan, A. E, and Thole, F. B. T. Textbook of Practical
Chemistry . ..........coiiiiiit civiiiinennn, 12mo, ¥r 40
Durham, H. W. Saws....................oiiee oann. 8vo, 2 50
Duthie, A, L. Decorative Glass Processes.............. 8vo, *2 oo
Dwight, H. B. Transmission Line Formulas........... 8vo, *5 oo

Dyke, A. L. Dyke’s Automobile and Gasoline Engine
Encyclopedia ... .... ...... ... ... 8vo, 5 oo
Dyson, S. S. Practical Testing of Raw Materials...... 8vo, *5 oo
——and Clarkson, S. S. Chemical Works..............8v0, g oo
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Eccles, W. H. Wireless Telegraphy ard Telephony..12mo, *8 8~

Eck, J. Light, Radiation and Illumination .... .. .... 8vo, *2 50
Eddy, H. T. Maximum Strecses Under Concentrated Loads,

8vo, 1 50
Eddy, L. C. Laboratory Manual of Alternating Currents,

12mo, O 50
Edelman, P. Inventions and Patents . . . .. .12mo, *1 50
Edgecumbe, K. Industrial Electrical Measuring Instruments,

8vo, 5 0»
Edler, R. Switches and Switchgear .. .. . 8vo, *s4 on
Eissler, M. The Metallurgy of Gold . .8vo, 9 ™
~—— The Metallurgy of Silver . .. . .. ..8v0, 4 O»
—— The Metallurgy of Argentiferous Lead ....... .8vo, 6 25
—-— A Handbook of Modern Explosives . 8vo, 5 02

Ekin, T, C. Water Pipe and Sewage Dls"harge Dlagrams,

folio, *3 o0

Electric Light Carbons, Manufacture of  ........ .8vo, 1 00
Eliot, C. W, and Storer, F. H. Compendious Manual of Qualita-

tive Chemical Analysis ceee .. ........12mo0, *I1 25
Ellis, C. Hydrogenation of Oils . ... .. .8v0, 7 50

——— Ultraviolet Light, its Application in Chemical Arts,

12mo (/n Press.)

Ellis, G. Modern Technical Drawing ..................8v0, *2 oo
Ennis, Wm. D. Linseed Oil and Other Seed Oils ......... 8vo, *4 oo
-—— Applied Thermodynamics ........................8vo, *4 50
—— Flying Machines To-day.................oo.ou.. 12mo, *1 50
—— Vapors for Heat Engines . .................... 12mo, *I 00
Ermen, W. F. A. Materials Used in Sizing........ .. 8vo, *2 00
Erwin, M. The Universe and the Atom.. .....12mo (Reprinting)
Evans, C. A. Macadamized Roads....................... (In Press.)
Ewine, A, J, Magnetic Induction in Iron.............. 8vo, *5 oo

Fairchild, J. F. Graphical Compass Conversion Chart and

Tables e e e e e
Fairie, J. Notes on Lead Ores.......covvvvivnnennn.. 12mo0,
o Notes on Pottery Clays...............ccviivin.. 12mo,
Fairley, W., and Andre, Geo. J. Vertilation of Coal Mines.

16mo,

o 50
*o 59
*2 0>
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Fairweather, W. C. Foreign and Colonial Patent Laws . .8vo, *3 00
Falk, K. G. Chemical Reactions: Their Theory and Mechanism,

(In Press.)
Fanning, J. T. Hydraulic and Water-supply Engineering 8vo, *5 00

Farnsworth, P, V. Shop Mathematics............. 12mo (/n Press.)
Fay, I. W. The Coal-tar Dyes.........................870, *4 00
Fernbach, R. L. Glue and G:clatine.  ................ 8vo, *3 o0
Findlay, A. The Treasures of Coal Tar............... 12m0, 2 00
Firth, J. B. Practical Physical Chemistry........ ...12m0, *1 25

Fischer, E. The Preparation of Organic Compounds..12mo, *1 50
Fish, J. C. L. Lettering of Working Drawings. .. .Oblong 8vo, 1 00
Fisher, H. K. C., and Darby, W. C. Submarine Cable Testing.

8vo, *4 oo
Fleischmann, W. The Book of the Dairy............. 8vo, 4 50
Fleming, J. A. The Alternate-current Transformer. Two
VOIUMES. . oo oe it e e e e e 8vo,
Vol. I. The Induction of Electric Currents........... *6 50
Vol. II. The Utilization of Induced Currents.......... *6 50
Fleming, J. A. Propagation of Electric Currents........ 8vo, *3 50
—— A Handbook for the Electrical Laboratory and Testing
Room. Two Volumes.................... 8vo, each, *6 50
Fleury, P. Preparation and Uses of White Zinc Paints. .8vo, *2 75
Flynn, P. J. Flow of Water..............ccooiienins 12m0, O 75
——— Hydraulic Tables ..... .....c.ooiiiiinninnneen.. 16mo, o 75
Forgie, J. Shield Tunneling... ................... 8vo. (In Press.)
Foster, H. A. Electrical Engineers’ Pocket-book. (Scventh
Bdthon ), oooieeee i 12mo, leather, 5 oo
—_Engineering Valuation of Public Utilities and Factories,
8vo, *3 oo
—~—Handbook of Electrical Cost Data............ 8vo. (In Press)
Fovle, F. F. Overhead Transmission Line Crossings....12mo, *I 50
——-— The Solution of Alternating Current Problems.. .. .. 8vo (/n Press.)
Fox, W. G. Transition Curves.................oocovenenns o075
Fox, W., and Thomas, C. W. Practical Course in Mechanical
DIaWING. .. oeon oo e cae e aeaameae e e 12mo, I 25
Foye, J. C. Chemical Problems..............covnn.e. 16mo, o0 75
— _Handbook of Miperalogy.........coovvvueienennns 16mo, o 75
Francis, J. B. Lowell Hydraulic Experiments............ 4to, 15 00

Franzen, H. Exercises in Gas Analysis............... 12mo, *I oo
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Fraser, E. S, and Jones, R. B. Motor Vehicles and Their

Engines . ..... .. .. ..8vo, fabrikoid, % oc
Freudemacher, P, W. Electrical Mlmng Installations 12mo, *1 0o
Friend, J. N. The Chemustry of Linseed Oil........... 12mo, I 0O
Frith, J. Alternating Current Design. . .. ..........8v0, *2 50
Fritsch, J. Manufacture of Chemical Manures .......8vo, *5 co
Frye, A. I. Civil Engineers’ Pocket-book. ...... 12mo, leather, *5 oo
Fuller, G. W. Investigations into the Purification of the Ohio

River. ... ... . . e eeaia. 4to, *10 00
Furnell, J. Paints, Colors, Oils, and Varnishes........... 8vo,
Gairdner, J. W. 1. Earthwork...................... 8vo (/n Press.)
Gant, L. W. Elements of Electric Traction ............ 8vo, *2 50

Garcia, A. J. R. V. Spanish-English Railway Terms.. 8vo, *4 50
Gardner, H. A. Paint Researches and Their Practical

Application ........... ... 8vo, *5 00
Garforth, W. E. Rules for Recovering Coal Mines after Explo-

sionsand Fires...................... 12mo, leather, 1 50
Garrard, C. C. Electric Switch and Controlling Gear....8vo, *6 oo
Gaudard, J. Foundations............................ 16mo, 0 75
Gear, H. B, and Williams, P. F. Electric Central Station Dis-

tributing Systems .. .......... ... .. 8vo, 3 50
Geerligs, H. C. P. Cane Sugar and Its Manufacture.....8vo, *6 oo
—— Chemical Control in Cane Sugar Factories..........4to, 5 oo
Geikie, J. Structural and Field Geology.. ...... ... ... 8vo, *4 oo
—— Mountains, Their Origin, Growth and Decay....... 8vo, *4 oo
—— The Antiquity of Man in Europe . .. ...8v0, *3 oo

Georgi, F.,, nd Schubert, A. Sheet Metal Workmg ..8vo, 3 50
Gerhard, W. P. Sanitation, Water-supply and Sewage Dis-

posal of Country Houses.............ooouvnn.. 12mo, *2 oo
——Gas Lighting ............ ..o iiiiiiinnn, 16mo, o 75
——House Drainage .. .........ciiiiiiiiieiiiiiin.. 16mo, o 7%
~—— Household Wastes . ... ... ...l 16mo, o 75
«—— Sanitary Drainage of Buildings.................. 16mo, o 75
Gerhardi, C. W. H. Electricity Meters................ 8vo, *7 20

Geschwind, L. Manufacture of Alum and Sulphates .8vo, *s5 oo

Gibbings, A, H. O0il Fuel Equipment for Locomotives. .8vo,
(Reprinting )
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Gibbs, W. E. Lighting by Acetylene.... .......... 12mo, *1 50
Gibson, A. H. Hydraulics and Its Application........ 8vo, *6 oo
—— Water Hammer in Hydraulic Pipe Lines ... ....12mo, *2 oo
Gibson, A. H., and Ritchie, E. G. Circular Arc Bow Girder 4to, *3 50
Gilbreth, F. B. Motion Study..... ..... .... ....... 12mo, *2 oo
——Primer of Scientific Management ......... .... 12mo, *I 0o

Gillmore, Gen. Q. A. Roads, Streets, and Pavements ..12mo, 1 25
Godfrey, E. Tables for Structural Engineers..16mo, leather, *2 50

Golding, H. A. The Theta-Phi Diagram.. ... .. .... 12mo, *2 oo
Goldschmidt, R. Alternating Current Commutator Motor 8vo, *3 oo
Goodchild, W. Precious Stones . ..... . eee. ....8v0, *2 00
Goodell, J. M. The Location, Constructlon and Mamtenance

of Roads .. . . ..8v0, 1 50
Goodeve, T. M. Textbook on the Steam- engme ...... xzmo, 2 50
Gore, G. Electrolytic Separation of Metals............. 8vo, *3 50
Gould, E. S. Arithmetic of the Steam-engine......... 12mo, I 00
——Calculus ............... ... et e ereeeensearanns 16mo, o 75
——High Masonry Dams................... ........ 16mo, o 75
—— Practical Hydrostatics and Hydrostatic Formulas. .16mo, o 75
Gratacap, L. P. A Popular Guide to Minerals..........8vo, *2 oc
Gray, H. H. Gas-Works Products. .. ..... .... 8vo (/n Press.)
Gray, J. Electrical Influence Machines............... I12mo, 2 00
Gray, J. Marine Boiler Design . ... .......... ....12mo, *I 25
Greenhill, G. Dynamics of Mechanical Flight. ......... 8vo. *2 50
Greenwood, H. C. The Industrial Gases ......... 8vo (I/n Press.)
Gregorious, R. Mineral Waxes........ .............. 12mo, *3 oo
Grierson, R. Modern Methods of Ventilation............ 8vo, 3 oo
Griffiths, A. B. A Treatise on Manures............... 12mo, 3 00
Griffiths, A. B. Dental Metallurgy..... .............. 8vo, *3 50
Gross, E. Hops................iiiiiiiiiiiiiia 8vo, *s5 oo
Grossman, J. Ammonia and its Compounds. ........... 12mo, *1 25
Groth, L. A. Welding and Cutting Metals by Gases or Electric-

152 8vo, *2 oo
Grover, F. Modern Gas and Oil Engines............. ...8vo, *3 oo
Gruner, A. Power-loom Weaving............... ...... 8vo, *g s0
Grunsky, C. E. Topographic Stadia Surveying........12mo, 2 oo

Giildner, Hugo. Internal-Combustion Engines........... 4to, 15 00
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Gunther, C. 0. Integration........ ....... . ..8vo, *1 25
Gurden, R. L. Traverse Tables.............. foho, half mor., *7 50
Guy, A. E. Experiments on the Flexure of Beams......... 8vo, *1 25
Haenig, A. Emery and the Emery Industry..........8vo, *2 50
Hainbach, R. Pottery Decoration .... . ............ 12mo, *3 50
Hale, W. J. Calculations of General Chemistry........ 12mo, *1 2§
Hall, C. H. Chemistry of Paints and Paint Vehicles... .12mo, *2 oo
Hall, R. H. Governors and Governing Mechanism......12mo, *2 50
Hall, W. S. Elements of the Differential and Integral Calculus

8vo, *2 25
—— Descriptive Geometry .. . 8vo volume and 4to atlas, *3 50
Haller, G. F., and Cunningham, E. T. The Tesla Coil. .. .. 12mo, *I 25
Halsey, F. A Slide Valve Gears.... . . .. . . . 1I2mo, I 50
-———The Use of the Slide Rule...................... 16mo, o 75
——Worm and Spiral Gearing.... ................. 16mo, o 75
Hancock, H. Textbook of Mechanics and Hydrostatics.. 8vo, 1 50
Hancock, W. C. Refractory Materials .. . ..(In Press.)
Hardy, E. Elementary Principles of Graphic Stahcs ..... Izmo, *1 50
Haring, H. Engineering Law.

Vol. I. Law of Contract . .. .. ..8vo, *4 oo
Harper, J. H. Hydraulic Tab]es on the Flow of Water 16m0 *2 00
Harris, S. M. Practical Topographical Surveying. ....... (In Press.)
Harrison, W. B. The Mechanics’ Tool-book.. .. 12mo, I 50
Harrow, B. Eminent Chemists of Our Times: Their Lives

and Work .. . .. . . . ... (In Press.)
Hart, J. W. External P]umbmg Work ................. 8vo, *3 so
-——-—Hmts to Plumbers on Joint Wiping............... 8vo, *3 50
——Principles of Hot Water Supply.................. 8vo, *3 50
—— Sanitary Plumbing and Drainage ................ 8vo, *3 50
Haskins, C. H. The Galvanometer and Its Uses... .. i6mo, I 50
Hatt, J. A. H. The Colorist................... square 12mo, *1 50

Hausbrand, E. Drying by Means of Air and Steam..r2mo, *2 50
—— Evaporating, Condensing and Cooling Apparatus..8vo, *6 oo

Hausmann, E. Telegraph Engineering.. ... ..........8v0o, *3 oo

Hausner, A. Manufacture of Preserved Foods and Sweeimeats.
8vo, *3 50
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Hawkesworth, I.  Graphical Handbook for Reinforced Concrete

Design ....coovniiit i e e 4to, *2 oo
Hay, A. Continuous Current Engineering . ........ .8vo, *2 50
Hayes, H. V. Public Utilities, Their Cost New and Deprecia-

tion. ... Liiiil L e 8vo, *2 oo

—— Public Utilities, Their Fair Present Value and Return,
8vo, *2 oo

Heath, F. H. Chemistry of Photography ......... 8vo (/n DPress.)
Heather, H. J. S. Electrical Engineering............. 8vo, *4 s5c
Heaviside, 0. Electromagnetic Theory.
Vols I and II..... e e . ... . .. 8vo, each, *6 oo
Vol. II@. ... e e e e .8vo, *10 00
Heck, R. C. H. Steam Engine and Turbine 8vo, *3 50
—— Steam-Engine and Other Steam Motors. Two Volumes.
Vol. I. Thermodynamics and Mechanics . ... 8vo, 3 50
Vol. II. Form Construction and Working.... ....8v0, 5 00
—— Notes on Elementary Kinematics.... . .  .8vo, boards, *1 oo
- -—- Graphics of Machine Forces......... ... ..8vo, boards, *I1 oo
Heermann, P. Dyers’ Materials................... ...12mo, *3 oo
Hellot, Macquer and D’Apligny. Art of Dyeing Wool, Silk and
Cotton... .. ... e .. 8vo, *2 oo
Henrici, O. Skeleton Structures.............. . 8vo, 1 50
Hering, C,, and Getmann, F. H. Standard Tables of Electro-
chemxcal Equivalents........... ..... .... ....... *2 00
Hering, D. W. Essentials of Physics for College Students
8vo, *2 25
Hering-Shaw, A. Domestic Sanitation and Plumbmg Two
Vols. ....... i, . e ..8vo, *5 oo
—— Elementary Science.......................00.0in.nn 8vo, *2 oo
Herington, C. F. Powdered Coal as a Fuel. .......... 8vo, 3 oo
Hermann, G. The Graphical Statics of Mechanism..12mo, 2 oo
Herzfeld, J. Testing of Yarns and Textile Fabrics......8vo,
(New [Edition in Preparation.)
Hildebrandt, A. Airships, Past and Present. ... . 8vo,
Hildenbrand, B. W. Cable-Making...................1€mo, o0 75
Hilditch, T. P. Concise History of Cheraistry.........12mo, *I1 50

Hill, C. W. Laboratory Manual and [Notes in Beginning
Chemistry .......... et 11 thmemae e ene e (In Press.)
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Hill, J. W. The Purification of Public Water Supplies. New

Edition... .. e e e e (In Press)
—— Interpretation of Water Analysis.....................(In Press.)
Hill, M. J. M. The Theory of Proportion................ 8vo, *2 50
Hillhouse, P. A, Ship Stability and Trim..............8v0, 4 50
Hiroi, I. Plate Girder Construction................. 16mo, o 75
—— Statically-Indeterminate Stresses.. .. 12mo, *2 oo
Hirshfeld, C. F. Engineering Thermodynamics....... 16mo, o0 75
Hoar, A. The Submarine Torpedo Boat............... 12mo, *2 oo
Hobart, H. M. Heavy Electrical Engineering.... ....... 8vo, *4 50
—— Design of Static Transformers.................. 12mo, *2 50
—— Electricity . . .ee. ... . ...8v0, *2 00
— -~ Electric Trains.. . e 8vo, *2 50
—— Electric Propulsmn of Ships. ..o, 8vo, *2 50

Hobart, J. F. Hard Soldering, Soft Soldering, and Brazing.

12mo, *I oo
Hobbs, W. R. P. The Arithmetic of Electrical Measurenients

12mo, o 75

Hoff, J. N. Paint and Varnish Facts and Formulas.. . 12mo, *I 50
Hole, W. The Distribution of Gas.................... 8vo, *8 50
Holley, A. L. Railway Practice....................... folio, 6 oo
Hopkins, N. M. Model Engines and Small Boats......12mo, 1 25
——— The Outlook for Research and Invention . ........(In Press.)
Hopkinson, J., Shoolbred, J. N., and Day, R. E. Dynamic
Electricity . .. ... ...l 16mo, o 75
Horner, J. Practical Ironfoundmg . ceieee.....8v0, *2 00
——Gear Cutting, in Theory and Practice.. .. ... ...8vo, *3 oo

Horniman, R. How to Make the Railways Pay for the War,
12mo, 3 oo

Houghton, C. E. The Elements of Mechanics of Materials. 12mo, *2 oo

Houstoun, R. A. Studies in Light Production.......... 12mo, 2 00
Hovenden, F. Practical Mathematics for Young Engineers,

12mo, *1 50

Howe, G. Mathematics for the Practical Man........ .12mo, *1 25
Howorth, J. Repairing and Riveting Glass, China and Earthen-

2 (- P 8vo, paper, *o 5o
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Hoyt, W. F. Chemistry by Experimentation..........12mo, *o 70
Hubbard, E. The Utilization of Wood-waste..... . 8vo, *2 50
Hubner, J. Bleaching and Dy""‘" ~¢ Wamatable and Fibrous
Materials ... oo citeieve.....8v0, %5 00
Hudson, 0. F. Iron and Steel e e 8vo, *2 50
Humphrey, J. C. W. Metallography of Strain........(In Press)
Humphreys, A. C. The Business Features of Engineering
Practice .................. e 8vo, *1 25
Hunter, A. Bridge Work. . ...................... 8vo (I/n Press)
Hurst, G. H. Handbook of the Theory of Color.... ..8vo, *3 50
—-— Dictionary of Chemicals and Raw Products. .. .8vo, *5 oo
—— Lubricating Oils, Fats and Greases . . ... .... .8v0o, *5 00
——80aPS ... .. ... 8vo, *6 00
Hurst, G. H,, and Simmons, W Soaps and Oils,
8vo, 3 50
Hurst, H. E., and Lattey, R. T. ™ " *hysics. . .. . 8vo, *3 00
Also published in Three Pa~*~-
Vol. I. Dynamics and Heat . - ... ........... *1 25
Vol. II. Sound and Light . ........ .....c.ccveun. *1 25
Vol. III. Magnetism and Electricity................... *1 50
Hutchinson, R. W., Jr. Long Distance Electric Power Trans-
mission. ..... 12mo, *3 oo
Hutchinson, R. W, Jr.,, and Thomas. W A, Electricity in
Mining . R R .(In Press.)
Hutchinson, W. B Patents and How v auen... Money Out of
Them ..... ......... .. . i 12m0, I 00
Hutton, W. S. The Works’ Manager s Handbook . .. 8vo, 6 o0
Hyde, E. W. Skew Arches .. .. .................. 16mo, o 75
Hyde, F. S. Solvents, Oils, Gums and Waxes......... 8vo, *2 oo
Induction Coils ...........o o0 Lt e 16mo, o 75
Ingham, A. E. Gearing. A practical treatise........... 8vo, *2 50
Ingle, H. Manual of Agricultural Chemistry....... 8vo (In Press.)
Inness, C. H. Problems in Machine Design............ 12mo, *3 oo
—-— Air Compressors and Blowing Engines............ 12mo,
—— Centrifugal Pumps .................... e 12mo, *3 oo

——The Fan .......cceevvivnennnnnnnnn veevenes....12m0, *4 00
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Jacob, A., and Gould, E. S. On the Designing and Construction

of Storage Reservoirs........................ 16mo, o0 75
Jacobs, F. B. Cam Design and Manufacture .......... (In Press.)
James, H. D. Controllers for Electric Motors......8vo (/n Press.)
Jannettaz, E. Guide to the Determination of Rocks..12mo, 1 50
Jehl, F. Manufacture of Carbons . . 8vo, *4 oo

Jennings, A. S. Commercial Paints and Painting....8vo, *4 oo
Jennison, F. H, The Manufacture ot Lake Pigments.8vo (/n Press.)
Jepson, G. Cams and the Principles of their Construction...8vo, *I s0

—-- Mechanical Drawing. .... vieeen....8v0 (In Preparation.)
Jervis-Smith, F. J. Dynamometers ..................... 8vo, *4 oo
Jockin, W. Arithmetic of the Gold and Silversmith 12mo, *r oo
Johnson, C. H, and Earle, R. P. Practical Tests for the
Electrical Laboratory .............. .. .(In Press.)
Johnson, J. H. Arc Lamps and Accessory Apparatus umo, *o0 75
Johnson, T. M. Ship Wiring and Fitting. . .12mo, *o 75
Johnson, W. McA. The Metallurgy of Nickel......... (I n Preparation.)
Johnston, J. F. W., and Cameron, C. Elements of Agricultural
Chemistry and Geology. Cee e 12zmo, 2 6o
Joly, J. Radioactivity and Geology. . 12mo, *3 oo

Jones, H. C. Electrical Nature of Matter and Radioactivity
12mo, *2 00

—— Nature of Solution............ R e 8vo, *3 50
——— New Era in Chemistry.............cccovenuenn.. 12mo, *2 oo
Jones, 1. H. Tinplate Industry................ ...... 8vo, *3 oo
Jones, M. W. Testing Raw Materials Used in Paint....12mo, *2 50
Jordan, L. C. Practical Railway Spiral...... 12mo, Leather, *1 50
Joynson, F. H. Designing and Construction of Machine Gear-

ing... . 8vo, 200

Jiiptner, H. F. V., Siderology: The Science of Iron.....8vo, *5 oo

Kapp, G. Alternate Current Machinery.............. xGmo, 075
Kapper, F. Overhead Transmission Lines.. . ..4to, *4 oo
Keim, A, W. Prevention of Dampness in Bmldmgs ..8vo, *2 50
Keller, S. S. Mathematics for Engineering Students.

12mo, half leather,
——and Knox, W. E. Analytical Geometry and Calculus.. *2 oo
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Kelsey, W. R. Continuous-current Dynamos and Motors.
8v0, *2 50
Kemble, W. T., and Underhill, C. R, The Periodic Law and the

Hydrogen Spectrum.....  ...... .. 8vo, paper, *o0 5,
Kemp, J. F. Handbook of Rocks......... . 8vo, *1 50
Kennedy, A. B. W., and Thurston, R. H. Kinematics of
Machinery .. .......ciiiiiiiineennennnnnnnns 16mo, o 75
Kennedy, A. B. /., Unwin, W. C., and " .ell, F. E. Compresscd
Air . e 16mo, o© 75
Kennedy, R. Elu.(ncal Installations. Five Volumes.... 4to, 15 co
Single Volumes. .. .. R each, 3 50
——Flying Machines; Practice and De51gn ............ 12mo, *2 50
~—— Principles of Aeroplane Construction............... 8vo, *2 oo
Kennelly, A. E. Electro-dynamic Machinery....... . 8vo, I 50
Kent, W. Strength of Materials..................... 16mo, o 75
Kershaw, J. B. C. Fuel, Water and Gas Analysis..8vo (Recprinting)
— Electrometallurgy .........ccciiiiiiiaa... e 8vo, *2 oo

— — The Electric Furnace in Iron and Steel Production.. 12mo,
—— Electro-Thermal Methods of Iron and Steel Production,

8vo, *3 oo
Kinzbrunner, C. Alternate Current Windings. . 8vo, *1 50
—— Continuous Current Armatures..._.... 8vo, *1 s5c¢
—— Testing of Alternating Current Machines 8vo, *2 oo
Kinzer, H, and Walter K. Theory and Practice of Damask
Weaving ......cooiiiiiiiiiiiiiiii i 8vo, 4 oo
Kirkaldy, A. W., and Evans, A. D. History and Economics
of Transport.........coovvvviiiieinninnnennnn. 8vo, *3 oo
Krkaldy, W. G. David Kirkaldy’s System of Mechanical
Testing..... . . .. 4to, 10 0O
KRirkbride, J. Engraving for Illustratlon ................ 8vo, *1 0o
Kirkwood, J. P. Filtration of River Waters. .. .... ..4to, 7 50
Kirschke, A. Gas and Oil Engines................... 12mo, *1 5o
Klein, J. F. Design of a High speed Steam-engine . . 8vo, *5 (o

—— Physical Significance of Entropy ... .. .. . .. 8vo, *I 50
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Klingenberg, G. Large Electric Power Stations.........4to,
Knight, R.-Adm. A. M. Modern Seamanship........... 8vo,
—Pocket Edition . .............. . .. fabrikoid, 12mo,
Knott, C. G., and Mackay, J. ] Pract1ca1 Mathematics. .8vo,
Knox, J. Physico-chemical Calculations............... 12mo.

- Fixation of Atmospheric Nitrogen................. 12mo,
Koester, F. Steam-Electric Power Plants............... 4to,
— — Hydroelectric Developments and Engineering... ... 4to,
Kolles, T. The Utilization of Waste Products ......... 8vo,
e CosmetiCsS ... e e 8vo,
Koppe, S. W. Glycerine . . . ....................12I0,
Kozmin, P. A. Flour Milhng.. .. .. ceee....8v0,

Kremann, R. Applicat.on c¢f Physico Cheimcal Theory to
Technical Processes and Manufacturing Methods.

8vo,
Kretchmar, K, Yarn and Warp Sizing................. 8vo,
Laffargue, A. The Attack in Trench Warfare.......... 32mo,
Lallier, E. V. Elementary Manual of the Steam Engine.
12mo,
Lambert, T. Lead and its Compounds.................. 8vo,
———Bone Products and Manures...................... 8vo,
Lamborn, L. L. Cottonseed Products.. coem . .8vo,
—— Modern Soaps, Candles, and Glycerin..... ......... 8vo,
Lamprecht, R. Recovery Work After Pit Fires......... 8vo,
Lanchester, F. W. Aerial Flight. Two Volumes. 8vo.
Vol. I. Aerodynamics ..........coovvvinnnn. Cereeeeaa
Vol.II. Aerodonetics ...........ccevinevnnnn. e
——The Flying Machine........ .. ...... ............ 8vo,
——Industrial Engineering: Present and Post-War Outlook,
12mo,
Lange, K. R. By-Products of Coal-Gas Manufacture..12mo,
Larner, E. T. Principles of Alternating Currents .. r12mo,
La Rue, B. F. Swing Bridges .. . . . ........ 16mo,
Lassar-Cohn, Dr. Modern Scientific Chemxstry . .. . 12mO0,
Latimer, L. H., Field, C. 1., and Howell, J. W. Tncandescent
Electric Lighting ............................ 16mo,
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Latta, M. N. Handbook of American Gas-Engineering Practice.

8vo, *5 00
— — American Producer Gas Practice.. .. ..... 4to, *6 oo
Laws, B. C. Stability and Equlllbnum of Floatmg Bodies.8vo, *3 50
Lawson, W. R. British Railways, a Financial and Commer-

cial SUIVEY ....civiniiiiiiiiiiiiiiineiianean, 8vo, 2 oo
Leask, A. R. Breakdowns at Sea... e 12mo, 2 00
—— Refrigerating Machinery.. . . . . I2mo, 2 00
Lecky, S. T. S. “Wrinkles” in Practical Nav1gatxon .8vo, *10 00
——Danger Angle ...t xﬁmo, 2 50
——Pocket Edition .............. ... ... 12mo, 5 0o
Le Doux, M. Ice-Making Machines.. .. .............. 16mo, o 75

Leeds, C. C. Mechanical Drawing for Trade Schools oblong 4to, *2 oo
—— Mechanical Drawing for High and Vocational Schools,

4to, *r1 50
—— Principles of Engineering Drawing............. 8vo (In Press.)
Lefévre, L. Architectural Pottery..................... 4to, *7 oo
Lehner, S. Ink Manufacture.......................... 8vo, *2 50
Lemstrom, S. Electricity in Agriculture and Horticulture, .8vo, *1 50
Letts, E. A. Fundamental Problems in Chemistry...... 8vo, *2 oo
Le Van, W. B, Steam-Engine Indicator............... 16mo, o0 75
Lewes, V. B. Liquid and Gaseous Fuels............... 8vo, *2 oo
—— Carbonization of Coal.............................. 8vo, *5 oo
Lewis Automatic Machine Rifle; Operation of.. ........ 16mo, *o 6o
Lewis, L. P. Railway Signal Engineering............. 8vo, *3 50
Licks, H. E. Recreations in Mathematics. . .. .12mo, 1 25
Lieber, B. F. Lieber’s Five Letter Standard Telegraphlc Code,
————English Edition ..... ....................... 8vo, 15 00
————Spanish Edition ............................. 8vo, *15 oo
————French Edition ................... ... ... ... 8vo, *15 oo
——Terminal Index .................ccvvirvnunen.... 8vo, *2 50
——Lieber’s Appendix ............c0ciiiiiiiiiinn... folio, *15 oo
————Handy Tables .............ccovviivnneennnnn.. 4to, *2 50
——Bankers and Stockbrokers’ Code and Merchants and
Shippers’ Blank Tables ...........c.ovvuen..... 8vo, *15 oo
~——— 100,000,000 Combination Code...................... 8vo, *10 00

Livermore, V. P., and Williams, J. HOw to Become a Com-
petent Motorman ............................. 12mo, *I oo
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Livingstone, R. Design and Construction of Commutators,

8vo, *3 oo
—— Mechanical Design and Construction of Generators...8vo, *3 50
Lloyd, S. L. Fertilizer Materials ................... 12mo, 2 00
Lobben, P. Machinists’ and Draftsmen’s Handbook.... 8vo, 2 s¢
Lockwood, T. D. Electricity, Magnetism, and Electro-teleg-

raphy...... 8vo, 2 50
—— Electrical Measurement and the Galvanometer . 12mo, O 75
Lodge, O. J. Elementary Mechanics. 12mo, I 50
—— Signalling Across Space without Wires. .. .. 8vo (Reprinting)
Loewenstein, L. C., and Crissey, C. P. Centrifugal Pumps . *4 50
Lomax, J. W. Cotton Spinning .... ................. 12mo, I 50
Lord, R. T. Decorative and Fancy Fabrics.............8vo, *3 50
Loring, A. E. A Handbook of the Electromagnetic Telegraph,
16mo, o 75
Low, D. A. Applied Mechanics (IKlementary)........ 16mo, o 80
Lowy, A. Organic Tvne Formulas.................... (In Press.)
Lubschez, B. J. Perspective. . .............. e 12mo, *I 50
Lucke, C. E. Gas Engine Design...._.. .. . 8vo, *3 oo

--———- Power Plants: their Design, Eﬂicxency, and Power Costs.

2vols...... ... .. .. ... (In Preparation.)
Luckiesh, M. Color and Its Applxcatlon .............. 8vo, *3 50
——Light and Shade and Their Applications......... 8vo, ¥3 oo
Lunge, G. Coal-tar Ammonia. Three Parts..... ....... 8vo, *25 00
— Manufacture of Sulphuric Acid and Alkali. Four Volumes.
8vo,
Vol. I. Sulphuric Acid. In three parts................. *18 oo
Vol. I. Supplement............ ... ... 5 00
Vol. JI. Salt Cake, Hydrochloric Acid and Leblanc Soda.
Intwo parts. ...t (In Press.)
Vol. III. Ammonia Soda.. .........ccovvivueinn,. (In Press.)
Vol. IV. Electrolytic Methods. .............. ....(In Press.)
—— Technical Chemists’ Handbook . .12mo, leather, *4 oo
—— Technical Methods of Chemical Ana1y51s
Vol. 1. In two parts.. e . .o 8vo. *15 00
Vol.LII. Intwooparts...........coivvvunnnn e 8vo, *18 0o
Vol.III. In two parts .... .. .. ... ...l 8vo, *18 oo
The set (3 vols.) complete..............eoe.oou... *50 00

— Technical Gas Analysis............. Ceeereeeieaens 8vo, *4 50
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Luquer, L. M. Minerals in Rock Sections.. ......... .8vo, *I 50

MacBride, J. D. A Handbook of Practical Shipbuilding,
12mo, fabrikoid 2 00

Macewen, H. A. Food Inspection. .. . ... . 8vo, *2 50
Mackenzie, N. F. Notes on Irrigation Works............ 8vo, *2 50
Mackie, J. How to Make a Woolen Mill Pay........... 8vo, *2 oo

Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing
8vo, 4 oo

Malcolm, H. W, Submarine Telegraph Cable.. .......... 9 00
Malinovzsky, A. Analysis of Ceramic Materials and Methods

of Calculation ........ .......ccovivuin.... .(In Press.)
Mallet, A. Compound Engines...................... 16mo,
Mansfield, A. N. Electro-magnets.................... 16mo, o 75

Marks, E. C. R. Construction of Cranes and Lifting Machinery
1zmo, *2 75

—— Construction and Working of Pumps.... .. ..... 12mo,

— — Manufacture of Iron and Steel Tubes...... ...... 12mo, *2 oo
——— Mechanical Engineering Materials. . cereie.....12mo0, *I 50
Marks, G. C. Hydraulic Power Engmeermg ........... 8vo, 4 50
- - - Inventions, Patents and Designs. . .. 12mo, *1 oo

Marlow, T. G. Drying Machinery and Practlce .8vo (Reprinting)
Marsh, C. F. Concise Treatise on Reinforced Concrete.. 8vo, *2 50
—— Reinforced Concrete Compression Member Diagram
Mounted on Cloth Boards.. . *1 50
Marsh, C. F,, and Dunn, W. Manual of Remforced Concrete
and Concrete Block Construction...i16mo, fabrikoid, 4 oo
Marshall, W. J, and Sankey, H. R. Gas Engines....... 8vo, *2 oo
Martin, G. Triumphs and Wonders of Modern Chemistry.
8vo, *3 oo
——Modern Chemistry and Its Wonders............... 8vo, *3 00
Martin, N. Properties and Design of Reinforced Concrete,
12mo, *2 50

Martin, W. D. Hintls to Engineers.................... 12mo, I 50
Massie, W. W., and Underhill, C. R. Wireless Telegraphy and
Telephony . . . .. ... ..., .. 12mo, *I o0

Mathot, R. E. Internal Combustxon Engmes ceieieeas..8V0, *3 00
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Maurice, W. Electric Blasting Apparatus and Explosives ..8vo, *3 50

-—— Shot Firer’s Guide. . ..... 8vo, *1 50
Maxwell, F. Sulphitation in White Sugar Manufacture 12mo, 3 75
Maxwell, J. C. Matter and Motion........ ........ 16mo, o 75
Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal
and Sanitary Engineering. . . 4to, *10 00
Mayer, A. M. Lecture Notes on Physics................ 8vo, 2 oo
McCracken, E. M., and Sampson, C. H. Course in Pattern
Making .... .. .. ..... ciieiineennee (In Press.)
McCullough, E. Practical Surveymg .............. . 12mo, *2 oo
McCullough, R. S. Mechanical Theory of Heat.... .... . 8vo, 3 50
McGibbon, W. C. Indicator Diagrams for Marine Engineers,
8vo, *3 50
—— Marine Engineers’ Drawing Book............ oblong 4to, *2 50
—— Marine Engineers’ Pocketbook.. ........ 12mo, leather, *4 s0
Mclntosh, J. G. Technology of Sugar.................. 8vo, *6 oo
——1Industrial Alcohol ....... ... ............ ....... 8vo, *3 50
—— Manufacture of Varnishes and Kindred Industries.
‘L hree Volumes. 8vo.
Vol. I. 0il Crushing, Refining and Boiling.. ......... 7 00
Vol. II. Varnish Materials and Oil Varnish Making (Rcprinting)
Vol. III. Spirit Varnishes and Materials.... . (Reprinting)
McKay, C. W. Fundamental Principles of the Telephone
Business .... .. .. ... ... il 8vo, (/n Press.)

McKillop, M., and McKillop, D. A. Efficiency Methods.
12mo, I 50
McKnight, J. D., and Brown, A. W. Marine Multitubular

Boilers . ... *2 50
McMaster, J. B. Bridge and Tunnel Centres.......... 16mo, o 75
McMechen, F. L. Tests for Ores, Minerals and Metals.. 12mo, *1 oo
McPherson, J. A. Water-works Distribution 8vo, 2 50
Meade, A. Modern Gas Works Practice................ 8vo, *8 50
Melick, C. W. Dairy Laboratory Guide e 12mo, *1 25

“Mentor.” Self-Instruction for Students in Gas Supply,

12mo, 2 50
—— Advanced Self-Instruction for Students in Gas Supply,

12mo, 12 50
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Merivale, J. H. Notes and Formulae for Mining Students,

1zmo, I 50
Merritt, Wm. H. Field Testing for Gold and Silver 16mo, leather, 2 oo
Mertens, Colonel. Tactics and Technique in River Crossings.
Translated by Major Walter Krueger.......... 8vo, 2 50
Mierzinski, S. Waterproofing of Fabrics........... 8vo, *2 50
Miessner, B. F. Radiodynamics..................... 12mo, *2z oo
Miller, G. A. Determinants................... ... .. 16mo,
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Mills, C. N. Elementary Mechanics for Engineers.....12mo, *1 oo
Milroy, M. E. W. Home Lace-making. .. 12zmo, *I1 oo
Mitchell, C. A. Mineral and Aerated Waters..... . .. .8vo, *3 oo
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i ) i paper, o 75
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Ormsby, M. T. M. Surveying.. .... ...... ... . .. 12mo, 2 on
Oudin, M. A. Standard Polyphase Apparatus and Systems ..8vo, *3 on

Owen, D. Recent Physical Research
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Pratt, A. E. The Iron Industry............... ....8v0 (In Press.)
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Rafter, G. W. Mechanics of Ventilation..............16mo, o0 75
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Rautenstrauch, W. Notes on the Elements of Machine Design,
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Rautenstrauch, W., and Williams, J. T. Ma®hine Drafting and
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Raymond, E. B. Alternating Current Engineering ..12mo, *2 50

Rayner, H. Silk Throwing and Waste Silk Spinning . 8vo,
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Redgrove, H. S. Experimental Mensuration.......... 12zmo, ‘1 50
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Handbook .... .. ... .. ...l 8vo, *4 oo
—  Useful Hints to Sea-going Engineers.......... .. 12mo, 3 oo

Reid, E. E. Introduction to Research in Organic Chemistry.
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Reinhardt, €. W. Lettering for Draftsmen, Engineers, and

Students.................. ... ~nblong 4to, boards, 1 oo
——The Technic of Mechanical Drafting. .oblong 4to, boards, *r oo
Reiser, F. Hardening and Tempering of Steel .... ..12mo, *2 50
Reiser, N. Faults in the Manufacture of Woolen Goods. Trans.
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Renwick, W. G. Marble and Marble Working. .....8vo (Rcprinting)
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Reuleaux, F. The Constructor........ ................. 4to, *4 oo
Rey, J. Range of Electric Searchlight Projectors...... 8vo, *4 50
Reynolds, O., and Idell, F. E. Triple Expansion Engines.
16mo, o0 75
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Rhead, G. W. British Pottery Marks................. 8vo, 3 50
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— Standard Seamanship for the Merchant Marine...12mo,
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——— Reinforced Concrete Bridges........................ 4to, *s5 00
Ripper, W. Course of Instruction in Machine Drawing. . .folio, *6 oo
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—— Elements of Industrial Chemistry............ .... 12mo, 3 OC
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Roth, W. A. Physical Chemistry........... .... .. ..8v0o, *2 oc
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Russell, A. Theory of Electric Cables and Networks 8vo, *3 oo
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Sandeman, E. A. The Manufacture of Earthenware..12mo, 3 s0
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Scherer, R. Casein............................ ..., 8vo, *3 s0
Schidrowitz, P. Rubber, Its Production and Industrial Uses,
8vo, *6 oo
Schindler, K. Iron and Steel Construction Works....12mo, *2 oo
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* 12mo, leather, 1 50
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Schweizer, V. Distillation of Resins.................... 8vo, *5 oo
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of Organic Compounds.. ...............ocvienn. 8vo, *3 oo
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Searle, A. B. Modern Brxckmakmg .............. 8vo, (In IPress.)
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Searle, G. M. * Sumners’ Method.” Condensed and Improved.
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Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine
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Seeligmann, T., Torrithon, G. L., and Falconnet, H. India
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Seidell, A, Solubilities of Inorganic and Organic Substances,
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—— Railway Maintenance Engineering............... 12mo, *3 oo
Senter, G. Outlines of Physical Chemistry............ 12mo, *2 5o
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Sever,G.F. Electric Engineering Experiments .. .8vo, boards, *1 oo
——and Townsend, F. Laboratory and Factory Tests in Elec-
trical Engineering. e 8vo, *2 50
Sewall, C. H. Wireless Telegraphy.. e e 8vo, *2 oo
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Shaw, Henry S, H. Mechanical Integrators..........16mo, o0 75
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——Dynamo Electric Machinery: Direct and Alternating Cur~
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Snell, A. T. Electric Motive Power. .. 8vo, *4 oo
Snow, W. G. Pocketbook of Steam Heating and Ventilation,
(In Pres.)
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Sothern, J. W., and Sothern, R. M. Elementary Mathematics
for Marme Engmeers ... .12mo, *I1 50
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Souster, E. G. W. Design of Factory and Industrial Build-
ings .. ... .. . L0 L Lae e e 8vo, 4 oo
Southcombe, J E Chemx:try of the 011 Industnes 8vo, "3 00
Soxhlet, D. H. Dyeing and Staining Marble . ..8vo, '2 50
Spangenburg, L. Fatigue of Metals....... .. ..16m0, 075
Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topo-
Spencer, A. S. Design of Steel-Framed Sheds .... ... 8vo, *3 50
graphical Surveying .. . . . ... ... ... 16mo, o 75
Speyers, C. L. Text-book of Physncal Chemlstry ....8v0, *1 50
Spiegel, L. Chemical Constitution and Physmloglcal Action.
12mo, ‘1 25
Sprague, E, H. Elementary Mathematics for Engineers.1zmo, 2 oo
— FElements of Graphlc Statics... ........ .. . 8v0, 2 00
—— Hydraulics .. . e e e 12mo, *2 oo
—— Stability of Arches 12m0, 2 00
—— Stability of Masonry ....................... 12mo, *2 0o
—— Strength of Structural Elements . ... .121M0, 2 ¢
—— Moving Loads by Influence Lines and Other Method= .
120, 2 00 =
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Stahl, A. W, Transmission of Power............... 16mo,
——and Woods, A. T. Elementary Mechanism ..... 12mo, *2 oo
Staley, C., and Pierson, G. S. The Separate System of
Sewerage ......... . . .. 8v0o, '3 00
Standage, H. C. Leatherworkers’ Manual . . ..8v0o, "3 50
—— Sealing Waxes, Wafers, and Other Adhesives.. .. 8vo, 2 50
—— Agglutinants of All Kinds for All Purposes......12mo, *3 50
Stanley, H. Practical Applied Physics.. ......... .(In Press)
Stansbie, J. H. Iron and Steel.. . ............. .... 8vo, *2 50
Steadman, F. M. Unit Photogxaphy ce... .12mo, *2 oo

Stecher, G. E. Cork. Its Origin and Industrlal Uses..12mo, 1 00

Steinheil, A, and Voit, E. Applied Optics. Vols. I and II,
8vo, each, 5 oo

——Two Velumes .. . set, g oo
Steinman, D. B. Suspenslon Bndges and Cantnlevers . 075
—— Melan’s Steel Arches and Suspension Bridges.... 8vo, *3 oo
Stevens, A. B. Arithmetic of Pharmacy . . (In Press.)
Stevens, E. J. Field Telephones and Telegraphs for Army

Use . . . ... .. ..12m0, 1 20
Stevens, H. P. Paper Mill Chemlst .« «.. ... 16mo, 4 00
Stevens, J. S. Theory of Measurements . . . ..12mo, *r 25
Stevenson, J. L. Blast-Furnace Calculations. r2mo, leather, *2 00
Stewart, G. Mocdern Steam Traps ......... . 12mo, *1 75
Stiles, A. Tables for Field Engineers . ..... .. 12mo, 1 00
Stodola, A. Steam Turbines.. ... . R . *5 00
Stone, E. W) Elements of Radlotelegraphy . 12mo (/n Press)
Stone, H. The Timbers of Commerce. . . .... 8vo, 3 50
Stopes, M. Ancient Plants . .. L 8vo, *2 oo
~—— The Study of Plant Life .  ....... 8vo, *2 oo
Sudborough, J. J., and James, T. C. Practical Orgamc Chem-

istry ... .. 12mo, *2 oo

Suffling, E. R. Treatise on the Art of Glass Pamtmg .8vo, *3 50
Sullivan, T. V., and Underwood, N. Testing and Valuation

of Building and Engineering Materials.. . . .(In Press)
Sur, F. J. S. O0il Prospecting and Extracting........... 8vo, *1 oo
Swtherland, D. A. The Petroleum Industry... ....8vo (In Prcss)
. ¢nson. C. L. Handbook of Piping............ ... . 4 00
- — Essentials of Drafting. ... ........ .. ............ 8vo, 71 50

wwan, K. Patents, Designs and Trade Marks..........8v0, *2 oo
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Swinburne, J., Wordmgham C. H,, and Martin, T. C. Electric
Lurrents .. . ..16mo, o 75
Swoope, C. W. Lessons in Practical Electnc1ty ....... 12mo, *2 oo

Tailfer, L. Bleaching Linen and Cotton Yarn and Fabrics.8vo, *7 oo
Tate, J. S. Surcharged and Different Forms of Retaining-

walls .... . . 16mo, o0 75
Taylor, F. N. Small Water Supphes e 12zmo, "2 50
—— Masonry in Civil Engineering .. .. 8v0, ‘2 59

Taylor, W. T. Electric Cable Transmiss.on and Calculation.
(In Press)

Templeton, W. Practical Mechanic’s Workshop Companion,
12mo, morocco, 2 00

Tenney, E. H. Test Methods for Steam» Power Plants.
12mo, 3 oo

Terty, II. L. India Rubber and Its Manufacture 8vo, *2 50
Thayer, H. R. Structural Design .. ..8vo,
Vol. I. Elements of Structural Design .. . . . F200
Vol. II. Design of Simple Structures . ... “4 00
Vol. III. Design of Advanced Structures ... (In Preparation.)
- — Foundations and Masonry . .. (/n lzp[uuutmn)

Thiess, J. B., and Joy, G. A. Toll Telephone Practice 8vo, *3 50

Thom, C,, and Jonez, W. H. Telegraphic Connections,
oblong 12mo, 1 50

Thomas, C. W. Paper-makers’ Handbook ... . .. (/un DPress.)
Thomas, J. B. Strength of Ships ...... ... . . 8vo, 2 50
Thomas, Robt. G. Applied Calculus........ vev.... 12mO, 3 00
Thompson, A. B. 0il Fields of Russia. . .. 4to, T10 0O
— —-0il Field Development and Petroleum Mining .. 8vo, *10 00
Thompson, S. P. Dynamo Electric Machines .... .16mo, o0 75
Thompson, W. P. Handbook of Patent Law of All Countries,
16mo, 1 50
Thomson, G. Modern Sanitary Engineering... .......12mo, *3 oo
Thomson, G. S. Milk and Cream Testing.............12mo, *2 25
—— Modern Sanitary Engineering, House Drainage, etc. 8vo, *3 oo
Thornley, T. Cotton Combmg Machines . ....... ..8vo, *3 50
e Cotton Waste ....... ... .... .8vo, *3 50
——Cotton Spinning ......... ..ol e 8vo,
First Year .. ..... . . .. L. *1 50
Second Year . ..... .. ... . .. e e *3 50

Third Year e e e *2 50
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Thurso, J. W. Modern Turbine Practice............... 8vo, ‘4 oo
Tidy, C. Meymott. Treatment of Sewage ..... .. .16mo, ©0 75
Tillmans, J. Water Purification and Sewage Disposal. 8vo, '2 0o
Tinney, W. H. Gold-mining Machinery .. ... . ....8v0, ‘30>
Titherley, A. W. Laboratory Course of Organic Chemistry.Bvo, *2 00
Tizard, H. T. Indicators .. (In Press)
Toch, M. Chemistry and Technology of Paints . 8vo, ¥4 50
- -«Matenals for Permanent Painting.. .. . . . 12mo, *2 oo
Tod, J., and McGibbon, W. C. Marine Engmeers Board of
Trade Exammatrons .. 8vo, 2 oo
Todd, J., and Whall, W. B. Practical Seamanship 8vo, 10 0O
Tonge, J. Coal . . . 8vo, +2 00
Townsend, F. Alternating Current Engineering .8vo, boards, "o 75
Townsend, J. Iomzation of Gases by Collision .8vo, "1 25
Transactions of the American Institute of Chemical Engineers.
Eleven volumes now ready. Vols. I to XI, 19o8-1918,
8vo, each, *6 oo
Traverse Tables . . v.e . .. . 16mo, o0 75
Treiber, E. Foundry Machinery 12mo, *2 0o
Trinks, W. Governors 1rd Governing of Prrme Movers 8vo, 3 50
Trmks, W., and Housum, C. Shaft Governors..... 16mo, o 75
Trowbridge, Ww. P. Turbine Wheels . . . ... 16mo, o 75
Tucker, J. H. A Mauanual of Sugar Analysis ... .. . 8vo, 3 50
Tunner, P. A. Tre~tise on Roll-turning.
8vo, text and folio atlas, 10 00
Turnbull, Jr, J., and Robinson, S. W. A Treatise on the
Compound Steam-engine ... .. 16mo, o0 75
Turner, H. Worsted Spinners’ Handbook .. .. . . 12mo, 3 00
Turrill, S. M. Elementary Course in Perspective. 12mo, *1 25
Twyford, H. B. Purchasing 8vo, “3 oo
—— Storing, Its Economic Aspects and Proper Methods. .8v0o, 3 50
Underhill, C. R. Solenoids, Elemomagnets and Electromag-
netic Windings .. .. . . . . ... 12mo, *3 oo
Underwood, N., and Sullivan, T. V Chemrstry and Tech-
nology of Printing Inks ............... ... &0, "3 00
Urquhart, J. W. Electro-plating........ ........... .12mo, 2 oo
—— Electrotyping ......................... . .12mo, 2 oe
Usborne, P. 0. G. Design of Simple Steel Bndges ..8vo, *4 oo



42 D. VAN NOSTRAND COMPANY’S SHORT-TITLE CATALOG

Vacher, F. Food Inspector's Handbook............... 12mo,
Van Nostrand’s Chemical Annual, Fourth Issue, 1918,
fabrikoid, 1zmp, *3 oo

——— Year Book of Mechanical Engineering Data.. ..... (In Press.)
Van Wagenen, T. F. Manual of Hydraulic Mining..... 16mo, I 0o
Vega, Baron, Von, Logarithmic Tables................. 8vo, 2 50
Vincent, C. Ammonia and Its Compounds............ 8vo, *2 50
Volk, C. Haulage and Winding Appliances. . .8vo, *4 oo
Von Georgtevus G. Chemical Technology of Textxle Flbres

8vo,

——Chemistry of Dyestuffs. 8vo. (New Edition wn Preparation.)
Vose, G. L. Graphic Method for Solving Certain Questions in

Arithmetic and Algebra...................... 16mo, o0 75
Vosmaer, A, 0zome....... .. .....iiiiiiininninnnnn.. 8vo, *2 50
Wabner, R. Ventilation in Mines..................... 8vo, *5 oo
Wade, E. J. Secondary Batteries................ 8vo (Reprinting)
Wadmore, J. M. Elementary Chemical Theory...... 12mo, *1 50

Wagner, E. Preserving Fruits, Vegetables, and Meat..12mo, *2 50
Wagner, H. E.,, and Edwards, H. W. Railway Engineering

Estimates ..........ooviiiiiiniiiiins veeinnn. (In Press.)
Wagner, J. B. Seasoning of Wood.................... 8vo, 3 oo
Waldram, P. J. Principles of Structural Mechanics. ..12mo, *3 oo
Walker, F. Dynamo Building.................. .... 16mo, o 75

Walker, S. F. Steam Boilers, Engines and Turbines....8vo, 3 oo
Walker, J. Organic Chemistry for Students of Medicine.8vo, *3 oo
—— Refrigeration, Heating and Ventilation on Shipboard,

12mo, *2 50

—— Electricity in Mining..............cciiininin.... 8vo, *4 50
—— Electric Wiring and Fitting........................ 8vo, 2 50
Wallis-Tayler, A, J. Bearings and Lubrication.......... 8vo, *I1 50
—— Aerial or Wire Ropeways......................... 8vo, *3 oo
——— Preservation of Wood............................. 8vo, 4 oo
—— Refrigeration, Cold Storage and Ice Making........8vo, 5 50
——Sugar Machinery............................... 12mo, *2 50
Walsh, J. J. Chemistry and Physics of Mining and Mine
Ventilation ....................... ... ..., 1zmo, *2 oo
Wanklyn, J. A. Water Analysis...................... 12mo, 2 oo

Wansbrough, W. D. The A B C of the Differential Calculus,
12mo, *2 50

——Slide Valves ..............c.ciiviiiiiiininenann, 12mo, *2 oo
Waring, Jr, G. E. Sanitary Conditions.............. 16mo, o 75
—— Sewerage and Land Drainage......................... *6 oo
—— Modern Methods of Sewage Disposal............. 12mo, 2 00

——How to Drain a House................:......... 12mo, I 25
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Warnes, A. R. Coal Tar Distillation........... vevers..8v0, *5 00
Warren, F. D. Handbook on Reinforced Concrete...... 12mo, *2 so0
Watkins, A. Photography .. ..... civieee.....8v0, *3 50
Watson, E. P, Small Engines and B01lets . .12mo, I 25
Watt, A. Electro-plating and Electro- reﬁnmg of Metals 8vo, *4 50
—Electro- metallurgy .. .......... ...... 12IMO, I 00
—— The Art of Soap- makmg ........................ 8vo, 3 00
—— Leather Manufacture ....................... ..... 8vo, *5 oo
-Paper Making .... ..... . . .. . . .............. 8vo, 3 oo

Webb H. L. Guide to the Testmg of Insulated Wires and
Cables ..... . .... . I2MO, I 00
Webber, W. H. Y. Town Gas .8vo, *2 oo

Wegmann, E. Conveyance and sttnbutlon of Water for
Water Supply . ce.....8v0, 00

5
Weisbach, J. A Manual of Theoretxcal Mechamcs ... 8vo, *6 oo
sheep, *7 so
~—and Herrmann, G. Mechanics of Air Machinery... 8vo, *3 75
Wells, Robt. Ornamental Confectionery.. ........... 12mo, 3 0o
Weston, E. B, Loss of Head Due to Friction of Water in Pipes,
1zmo, *1 5o

Wheatley, 0. Ornamental Cement Work........... . .8vo, *2 25
Whipple, S. An Elementary and Practical Treatise on Bridge
Building .. .............. ... ... ... ... .. 8vo, 3 oo
White, C. H. Methods in Metallurgical Analysw .12mo, 2 50
White, G. F. Qualitative Chemical Analysis..*. .. ... 12mo, *1 25
White, G. T. Toothed Gearmg .................... r2mo, *2 oo
White, H. J. 0il Tank Steamers. . <e......12IM0, Paper, 1 50
Whitelaw, John. Surveying.. ................... .... 8vo, 4 50
Whittaker, C. M. Application of the Coal Tar Dyestuffs 8vo, 3 0o
Widmer, E. J. Observation Balloons. ................ 12mo, 3 0o
Wilcox, R. M. Cantilever Bridges................. .. 16mo, o 75
Wilda, H. Steam Turbines ... ................. . 12mo, *2 oo
w#«Cranes and Hoists.. ....... ............... ... 12mo, *2 oo

Wilkinson, H. D. Submarme Cable Laying and Repamng,
8vo (Reprinting)

Williamson, J. Surveying.. .8vo, *3 oo

Williamson, R. S. Practlcal Tables m Meteorology and
Hypsometry .......... .................... ... 4to, 2 50

Wilson, F. J., and Heilbron, I. M. Chemical Theory and Cal-
culations ................... xzmo, *1 25

Wilson, J. F. Essentials of Electrxcal Engmeermg .8vo, 2 50
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Wimperis, H. E. Internal Combustion Engine............ 8vo,
—— Application of Power to Road Transport..........12mo,
—— Primer of Internal Combustion Engine............12mo,
Winchell, N. H., and A. N. Elements of Optical Mineralogy.8vo,

Winslow, A. Stadia Surveying...................... 16mo,
Wisser, Lieuc j. P. Explosive Materials.......... .. 16mo,
—-—Modern Gua Cotton................ ... 16mo,
Wolff, C. E. Moders Locomotive Practice.............. 8vo,
Wood, De V. Luminiferous Aether....... e 16mo,
Wood, J. K. Chemistry of Dyeing................... 12m0,
Worden, E. C. The Nitrocellulose Industry. Two vols..8vo,
—— Technology of Cellulose Esters. In 10 vols........8vo.
Vol. VIII. Cellulose Acetate..........cocvvinvvineennn.,
Wren, H. Organometallic Compounds of Zinc and Magnesium.
12mo,

Wright, A. C. Analysis of Oils and Allied Substances.. ... Bvo,
——Simple Method for Testing Painter’s Materials....8vo,
Wright, F. W. Design of a Condensing Plant. ......... 12110,
Wright, H. E. Handy Book for Brewers............... 8vo,
Wright, J. Test’ng, Fault Finding, etc., for Wiremen. .16mo,
Wright, T. W. Elements of Mechanics.................. 8vo,
~—— and Hayford, J. F. Adjustment of Observations . 8vo,
Wynne, W. E., and Spraragen, W. Handbook of Engineering
Mathematics ..........ooviiuinin..n 12mo, leather,

Yoder, J. H. and Wharen, G. B. Locomotive Valves and

Valve Gears............ccoiviinneneiennnn. ‘....8v0,
Young, J. E. Electrical Testing for Telegraph Engineers...8vo,
Young, R. . The Banket..... P 8vo,
Youngson, £. Slide Valve and Valve Gearing.......... 4to,
Zahner, R, Transmission of Power................. 16mo,
Zeidler, J., and Lustgarten, J  Electric Arc Lamps... .. .8vo,

Zeuner, A. Technical Thermodynamics. Two Volumes. 8vo,
Zimmer, G. F. Mechanical Handling and Sto ing of Materials,

4to,

— Mechanical Handling ¢f Material and Its National Im-
portance During and After the War........... .4to,

Zipser, J. Textile Raw Materials......... Cereeeseaes 8vo,
Zur Nedden, F. Engineering Workshop Machines and Proc-
€SSES . ....ievesesiiinincneaaaieneons PR (3
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