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FOREWORD

In collecting the problems and exercises for this book we
followed the main pedagogical principle: from the simple
to the complex. The problems contain examples of calcula-
tions which the future analyst will meet in his every-day
work in the laboratory of a chemical plant, metallurgical
enterprise and in other branches of industry. The answers
to the problems were found on calculating machines. Using
four-place tables of logarithms and irrational calculating
techniques, the student may find his answers differ slightly
from those given at the end of the book, but the difference
should not exceed -+ 0.0005.

In order to facilitate the use of the book both at home
and in the classroom, the author presents the problems in
two versions; even-numbered problems are variants of the
odd-numbered ones preceding them.

The author takes this opportunity to express his deepest
gratitude to V. S. Kalinina for her assistance in selecting
the problems in several sections and for helping with the
calculations.

Anatoly 4. Yaréslavtsev
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INTRODUCTION

Mathematical calculations are the final stage in chemical
analysis. However experienced and accurate in carrying
out the analytical procedure the analyst may be, the final
result, after much tedious and time-consuming work, can
be marred down by a single error in calculation. The ana-
lyst should therefore remember that an error in calculation
is equivalent to an error in the analytical procedure.

Calculations. For efficient mathematical calculations, the
following mathematical concepts, definitions, and rules
should be learned first*.

Number is an expression of quantity. Numbers are clas-
sified as accurate and approximate. An accurate number
is the result of the counting of a small number of objects or
the result of calculations where only accurate numbers are
used. In practice accurate numbers rarely occur.

Examples of accurate numbers are the results of determi-
nations, small weights of analytical substances and reagents,
smaller units into which larger units are divided (a litre
into 1000 ml, an hour into 60 minutes, etc.); the atomic and
the equivalent mass of carbon '*C in the atomic mass scale.
An approximate number does not give an accurate expres-
sion of a quantity, but describes it only approximately, to
a certain degree of accuracy. An example is measuring a
mass or a volume. The result of calculations where only
approximate (or approximate and accurate) numbers are
used, is an approximate number as well. An approximate
number is property given only when its degree of accuracy
is specified.

* For more details see the book by V. M. Bradis, How to Calculate?,
Prosveshchenie, Moscow, 1965 (in Russian).
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™ The accuracy of a number is determined by the number of
decimal places or significant figures. Decimal places are
figures standing on the right of the point separating the
whole part of the number from its fractional part. For exam-
ple, the number 25.304 has three¥decimal places, 10.00008
five decimal places and 734.00, two decimal places.

SignificantYfigures of an approximate number are all
figures except zeros standing on the left-hand side and those
zeros on the right-hand side which represent figures which
are unknown or have been deleted in rounding. All zeros
standing in the middle of a number are significant figures.
For example, in 230.908 all six figures are significant; in
0.00014, only two, and in 167.0000, three figures are signi-
ficant. In the last case, all seven figures are significant if
the number is known to be accurate. In other words, zeros
can be significant only in accurate whole numbers or in
the accurate part of an approximate number.

In approximate numbers a distinction is made between
authentic and unauthentic figures. As we record the readings
from a correct instrument, readings corresponding to the
divisions of scale are considered authentic, while the read-
ings falling between two divisions are unauthentic. As
we round an accurate number we make it approximate and
its last significant figure becomes unauthentic. For example,
if we round the accurate number 249 to 250, the new number
becomes™ approximate; the figure 2 remains authentic,
while the figure 5 is unauthentic. In the results of calcula-
tions only those figures are authentic which are obtained
by processing authentic figures. All other figures are unau-
thentic. The result of a calculation can be considered correct
if only its last figure is unauthentic, while an instrument
reading can be regarded as correct only if it contains one
unauthentic figure (the ‘eye’ reading). The accuracy of the
result of a calculation cannot be higher than the accuracy of
the least accurate number involved in the calculation.... The
least accurate number is the one containing the least num-
ber of significant figures (multiplication and division) or
decimal places (addition and subtraction).

It makes sense to attempt calculations only with numbers
of equal accuracy. Before starting a calculation, it is there-
fore necessary to find the least accurate number and round
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all other numbers so, that they contain one significant fig-
ure more (‘spare’) than the least accurate number. The fol-
lowing rule should be followed in rounding: if the first
figure to be deleted is 5 or greater, the preceding figure
should be increased by one unit. If the first figure to be
deleted is less than 5 the remaining figures are not changed.
In the addition or subtraction of mixed decimals, the num-
ber given to the least number of decimal places is considered
the least accurate. Calculations are continued until a ‘spare’
figure is obtained which is then omitted and the last remain-
ing figure rounded. The number of significant figures (mul-
tiplication or division) or decimal places (addition and
subtraction) in the final result must be equal to the number
of significant figures in the least accurate number involved
in the calculation.

If the data in a calculation are highly accurate, but only
an approximate result is required, all initial data are round-
ed so that they contain one significant figure (or a decimal
fraction) more than required in the result. One should not
calculate to a degree of accuracy greater than required.

If an approximate calculation is done to a high degree of
accuracy, the sign = (equals) is placed before the result.
If the accuracy is low, the sign ~ (equals approximately)
is used. Calculations done without observing these rules will
be incorrect.

Calculation techniques. Calculations can be performed
(1) by mental arithmetic, (2) by combining mental and
written arithmetic, (3) by written caleulation alone, (4)
using a slide rule, various tables, graphs, nomograms, etc.,
and (5) using a calculating machine. Mental arithmetic,
mental and written calculations, and calculations with a
slide rule are suitable only for approximate calculations.
The multiplication and division of large numbers to a high
degree of accuracy should be performed with tables of loga-
rithms or on a caleulator. Ordinary written calculations can
only be used to (1) add and subtract large numbers; and
(2) multiply and divide large numbers by numbers consist-
ing of only one figure or containing one significant figure
other than unity. When using a calculator, it is necessary
to round all results (final and intermediate) in accordance
with the above rules. Never use your own written calculations
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to multiply or divide large numbers, especially if there are
several unrauthentic figures.

When solving an analytical problem, never determine the
numerical values of all the intermediate results. It is quite
sufficient to devise a formula for each operation, to substi-
tute the required values into it, and to designate the result
by a letter, which is then treated as a numerical value in
further operations. When it comes to the final operation,
write out the general formula, cancel wherever necessary,
find logarithms and use logarithm tables to determine the
final result. While doing calculations, write out all opera-
tions neatly and arrange them in strict order. Write legib-
ly. When adding or subtracting, it is especially important to
write the numbers one under another so that all the figures
fall into right columns. The use of squared paper facilitates
this purpose. ‘

Draw a vertical line one third of the way across the page
and write down the problem, all the auxiliary data taken
from tables, and perform all operations on the wider part
of the page. All calculations should be done in the margin.
This will prevent possible errors, the solution can be more
quickly checked, and the need for rough paper is removed.
Examples of such calculations are given by way of illustra-
tion. :
All data in the first problem are of very low accuracy (to
one significant figure) and all auxiliary data should be round-
ed to two significant figures. As for the result, only one
significant figure should be left in it, since the accuracy of
the result cannot be higher than the accuracy of the least
accurate number used in the calculations. In other words,
we can only say that about 10 ml of H,SO, are required,
and the sign ~ (equals approximately) rather than the
sign of equality (=) should therefore be put before the re-
sult. This example shows that the solution of the problem
is much simpler if we follow the rules. The problem can be
solved even faster if we use a'side rule or a caleulator. True,
a slide rule imposes limitations on the accuracy (to two or
three significant figures only).

When performing calculations, remember that an error
can be the result of inattentive rewriting. Therefore, avoid
rewriting wherever possible. For example, while solving the
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Wider part of the page

Margin

Problem No.... How many millilitres of
50% H,S80, are required to neutralize a
golution of 9 g of potassium hydroxide ?

Auxiliary data:

from table | rounded
Mol. mass of H;S0, 98.08 98
Mol. mass of KOH 56.11 56
Density of 50%
H,80, 1.395 1.4

Reaction equation
2KOH +4-H,80,=K,S0,-+2H,0
Solution.

1. How many grams of anhydrous H,S0,
are required to neutralize 9 g of KOH?
2KOH—H,80,
_9Ix98
9—=z
2. How many grams of 50% H,S0, are
required for the same purpose?

50 —100 ax 100

50 '8

a—y

3. What is the volume of b g of a 50%
solution of H,S0,?

1000 mi— 1400 g 1009-5
Z= —

zml—b g 1400

= b =c¢ ml;

1.4
9 % 98 < 100 882 880 _
(ERA T

B E S E I
~ 10 ml

Problem No... . Calculate as accurately
as possible the number of millilitres of a
50% solution of H,S0, required to neutra-
lize 9.000 g of pure KOH.

98 x 9 =882 ~ 880

56

X 1.4

+ 2.4

56

78.4
14
78[ 830
78
100
78

22 (remainder)




