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This textbook is attached to the textbook of Physical Chemistry, Edition Sixth. It is suitable
for readers majoring in Medicine, Pharmacy or other disciplines.

The textbook is divided into three parts. The first part contains discussions of purpose and re-
quirement of experimental physical chemistry, report writing, error theory, data processing,
which is fundamental for students to finish the experiment successfully. The second part con-
sists of a selection of some typical experiments and two comprehensive designing experiments
developed not only to teach basic laboratory procedures and to reinforce basic theory, but al-
so to encourage ability in creative consciousness cultivation, problem solving and analyzing.
The experiments are in the areas of Thermodynamics, Phase Equilibrium, Electrochemistry,
Kinetics, Surface and Colloid Chemistry. The third part is a list of reference data and books
of experimental physical chemistry.

To keep pace with the new developments in modern education, the textbook is compiled in
a bilingual system to provide a platform for the bilingual teaching of Experimental Physical
Chemistry. Besides, it may help the students to learn and practice Scientific English.

This textbook owes much to many people, especially Professor Hou Xinpu, who is the edi-
tor of the Sixth Edition of Physical Chemistry. We greatly appreciate their help and sugges-
tions.

Due to limited abilities and inexperience, errors and negligence are inevitable in the text-

book, and criticisms and advice are welcomed from our readers.

Editor
April 2007
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Table 1-1 Some examples for calculation of dU

HHE %5 iR xR 2
Function Absolute error Relative error
dx +dy
U=zx+y + (dx +dy) i( )
x+y
x xdy + ydx dx dy
G M
¥ y2 g Y

Bl KA R Y R A F R, AR AR
1000k, - m 1000k, - m
mg (Lo —1t) my 0
ok AUKETREEEm AERR R m, HEFRE ;0 AR TR, HEH
Kt AWK E . LB m = (0.3000 £0.0002) g, m, = (20. 00 0. 02)g,0—
(0.300 +0.008) °C , R FEHIAXT 7 FREAIMEX IRE

R ARER 1-1 PREERMITE T, YR FRENHEMIRER .

AM _Am  Amo A6 _0.0002  0.02  0.008
M~ m "my T 6 0.3000 20.00 ' 0.300

=7x10 ™ +1x107° +2.6 x107?
=0.028=2.8%

MEL EHE R, Y R AR o F R BB AN R ER 2.8 %, Bk, HukE
FERFETEE N, FRE IR i 2 e B, Bt LU O R BT 43 HEF B9 FR
B, ERRENEERE, N SHRERE NI ESS0E MR LR T,
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- R E MRS RN 5&J§%mﬁ*ﬁﬁr,xriﬂﬁw§ﬂﬁﬁﬁﬁﬂﬁ,Eﬂ(ﬂ]%*ﬂﬁ‘ﬁ
PR BB R AR D B AT B A, A S MBS AT NS, BEE
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Table 1-2 Precision of some commonly used instruments

M=

{XFR B TR IXEREINE 25 AR FAR

Instrument Precision Example Number of significant figure
FE& K F (scale) 0.1g 15. 6¢ 347
1/100 X (balance) 0.01g 15.61g 4 {1
1, Y6 X ( photoelectric balance) 0. 0001g 15. 6068¢ 6 fif
10ml & 15 ( measuring cylinder) 0.1ml -8.5ml 2 fr
100ml £ ( measuring cylinder) 1ml 96ml ‘ 2 fif
B (pipette) 0.01ml 25. 00ml 4
£ & (burette) 0.01ml 50. 00ml 4 fif

2B (volumetric flask) 0.01ml 100. 00ml 547
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50. 00ml, ANBE Zi 4 50ml, A BE 244F 50. 000ml, B A ATH MR T LW RSB I, J5 4 T

ERTEBHEHRE,

A A BT B — Le L AR
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BUFE/INERRY A 0 , U3 — R %018, I L SR ZE A B M ek . Biln

Q- | 0. 68 6.80 x107° 0. 02350 6.08
BREFE R 24 34z 4 i 34

{BFER —FELL T, BN 1480 XABUEM TR HIBTE H —1 0 RERAXERAE XK
TR, BRAUARE NS BN, AT BEXTER, ¥ RAENERE, i,
137000 R =60 A BT, MAT B AL 1.37 x 10°; Z FoR WA A BB F, NE K
1.370 x 10°,
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Experimental physical chemistry is of great importance in training in basic experimentation
and encouraging ability in problem solving and research.

1 Objective and requirement

The purpose of the experimental physical chemistry is to amplify and make more meaningful
of the abstract concepts, principles and equations treated in the textbook,to reinforce the
skills in fundamental experiment methodology in other chemistry laboratory courses, to train
the students in the methods and techniques of physical chemistry, to train the students in the
processes of obtaining and interpreting experimental data,and to encourage their ability in re-
search.

To achieve the above objectives,there are some remarks for the students as follows.

1.1 Read the text carefully before coming to the laboratory.

1.1.1 Make a careful study of the experiment for that day before coming to the laboratory.
Familiarize yourself with the objective,principle and technique of the experiment.

1.1.2 Familiarize yourself with the structure and operation method of the instrument. Make
a good understanding of the experimental content and procedure.

1.1.3 According to your advance reading, write down briefly the principle and procedure,
especially questions concerning the experiment,draw in your laboratory notebook columns or
tables that will allow you to record the data.

1.2 Do the experiment seriously

1.2.1 Make sure that the instruments and chemicals are of experimental requirement after
entering the laboratory ,otherwise change them with your instructor. Get everything ready be-
fore starting the experiment.

1.2.2 Do not use the instruments or unload the apparatus before a well understanding of
them. Do not experiment unless the circuit connection or apparatus setting is examined by
your instructor.

1.2.3 Do the experiment as instructed. Do not change the procedure at will unless a per-
mission is obtained from the instructor.

1.2.4 Always observe carefully during the experiment,and record the experimental data as
it is read.

1.2.5 When all the necessary measurements have been completed, hand in your notebook
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to have your instructor sign on the data sheet. If the measurement is not qualified, repeat the
experiment.

1.2.6 Obey the laboratory rule strictly,keep quiet in laboratory and have high regard to in-
structor’ s guidance.

1.3  Write the report independently  After finishing the experiment, make suitable data pro-
cessing and write the report independently. A shared report is not allowed among the group
members. The report should includes ; Dtitle of the experiment ,the date on which the experi-
ment is done,the name of the accomplisher; @experimental objective ; @brief introduction of
principle ;@a description of experiment procedure ; (9experiment output or data; @results,
explanation and calculations ;(Da diseussion, especially the explanation of the abnormal phe-
nomena observed during the experiment,cause of error, and some suggestions for the experi-
ment ; @key to questions.

Experiment report is not only the summary of the experiment procedure and results, but also
an important way to encourage the student’ s ability in thoughts, knowledge and research.

2 Error theory and significant figures

We can never measure the true value of any quantity but only an approximation to it. The
difference between the observed value and true value is called the error of a measurement. To
analyze the precision of the measurement and the cause of the errors can help us to take the
steps in errors reducing,and to improve the measurement precision.

2.1 Types of errors

2.1.1 Systemic errors Systemic errors refer to the errors which persist during a series of
experiments of a given type,i. e. ,the value of the measurement will always be greater (or:
less) than the real value. They most commonly arise from defects in the instrument or from
using img)roper experiment design. Systemic errors cannot,in general,be eliminated by -any
process of averaging,but can be avoided by methodological improvement, proper calibration
and adjustment of the instruments,and upgrading the chemical purity and so on.

2.1.2 Random errors Random errors usually arise from some indeterminate causes and
manifest themselves in variations in successive readings of a magnitude by the same observer
under the same set of conditions. However,they can be treated by the methods of statistics.
Random errors can be eliminated by taking the procedures in which a large number of read-
ings are used for arriving at a best value.

2.1.3 Mistake Mistake is an error which can be traced to carelessness, inattention, and
various negative attitudes.

Mistakes can be reduced in most cases by developing the measurer in a way that he or she
learns to be more careful , attentive , conscientious and proud of the work being done.

2.2 Precision and accuracy Accuracy is the degree of conformity with a true value. The
higher the accuracy, the less the difference between the measured value and true value is.
Precision is the degree of reproducibility of the measurement. If a little divergence among the

readings is shown,the method of measurement is one of high precision.
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The measurement of a physical quantity can never be made with perfect accuracy and preci-
sion ,because of some errors or uncertainty present,and because of the propagation of errors.

In general , systemic errors may only affect the accuracy of the measurement. On the other
hand ,random error may affect both the accuracy and precision.

A precise measurement is not necessarily accurate, though we should concern the precision
first other than accuracy in judging the quality of the measurement. However, an accurate
measurement is guaranteed by a high degree of precision. A result of both precision and ac-
curacy is valuable. '

2.3 Error analysis

2.3.1 Arithmetic mean and average error The existence of random errors makes the result
of a single measurement be not reliable in principle. Only with frequent repetition of the
measurement do we get the validity of a measurement result. If one makes a series of n meas-
urements with the results x, .x, \x;+**x_, the arithmetic mean or average value x of the meas-
urements is defined as

X+ %y +xyx

- (1-1)

The difference between measured value and average value is the deviation which represents

x =
n

the precision of the measurement and can be expressed as

Ax;,=x, - x (1-2)
The smaller the deviation is,the more precision the measurement is. Since the magnitude of
the random errors is different for every repetition of the experiment, average error is defined

and can be calculated using the equation
A_xzle1|+|Ax2‘+|Ax3.|...+|Axn|=;|xi-x| (13)

n n

. Then the percent relative error is given by
éﬁ_ IAxl‘ + |Ax2| + |Ax3|"'+ |Axn|

X - nx

x 100 % (1-4)

2.3.2 Standard deviation The data x, %, \x,*x, are dispersed around average. A meas-

ure of this dispersion is called the standard deviation and is given by

(1-5)

2.3.3 Propagation of errors Some quantities, such as molar mass of substance, cannot be
measured directly through experiment, };ut you can calculate it depending on some other
quantities which you can measure. This is called indirect measurements. The error propaga-
tion in indirect measurement is discussed as follows.

Suppose the numerical property is symbolized by U and is the function of x and ¥
U=f(x,y) (1-6)
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The measurement of quantities x and y yields uncertainties of Ax and Ay. If the errors are
small,then Ax and Ay can be taken as dx and dy. The total differential of U is given by
Therefore , the errors for x and y will have an effect dU for the calculation quantity U. Several
examples for calculation of dU are listed in Table 1-1.
Example. The molar mass can be measured by the depression of freezing point method and is
calculated using the equation
1000k, - m 1000k - m
- my(ty —1) - my + 0

where k, is the constant of depression of freezing point,m the mass of solute,m, the mass of
solvent, @ the degree of freezing point depression,t, the freezing point of solute,? the freezing
point of solution. The measurements give that m = (0.3000 +0.0002) g, m, = (20.00 =
0.08)g,0=(0.300 £0.008)°C. (1) Where does the error arise from? (2)Is it a proper
selection of the instruments?

Solution. From equation (1-7)

AM _Am  Amy Ag_0.0002  0.02  0.008
M m  m, 6 0.3000 20.00 0.300

=7 x10™* +1x107* +2.6 x10*
=0.028=2.8%

From the above calculation we see that the maximum relative error of M is 2. 8 x 10 "> ,which

indicates a main cause of error from temperature measurement. Too much attention to accu-
rate mass measurement is not necessary. A higher degree of accuracy can be obtained if a
more precision apparatus for temperature measurement is used.

2.4 Significant figures The data obtained in measurement reflect both the magnitude of
the quantity and the degree of accuracy. It means that digits recorded or reported should be .
related only to the precision of the observation. The number of digits expressed in a measure-
ment should be read directly from the instrument except for the end doubtful one. Significant
figure often been defined as, “those that are read directly, plus the first doubtful one”. The
precision of some commonly used instruments are listed in Table 1-2. '
Any figure that under or beyond the precision of instrument is considered inappropriate. A
recorded measurement viewed with burette as 50. 00ml does not mean the same thing as 50ml
or 50. 000ml. The former lowers the precision of the experiment,while the latter enlarges the
precision of the experiment.

There are some rules in dealing with the significant figures.

2.4.1 Whether zeroes are included in number of significant figures or not depends on their
positions in the figure. Zeroes at the beginning ( either to left or right of the decimal point)

are not significant. Such zeroes merely indicate the position of the decimal point. Any zeroes

- between two significant digits or a final zero in the decimal portion only are significant. Here



