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PART I - FUNDAMENTAL RESEARCHES

Most publications in fundamental electroanalytical che-
mistry are in the field of polarography, including the
use of hanging mercury drop electrodes, oscillographic
polarography, a.c. polarography, square-wave polarography

absorption phenomena and the study of complex compounds.

In the field of hanging mercury drop electrodes, the
problem of experimental verification of the theory of sym-
metrical spherical diffusion was solved very satisfactorily.
Kao et al. /1/ used the electrode reaction of anodic oxi-
dation of ascorbic acid to verify the theoretical equation.
Experiments were carried out on hanging mercury drop elect-
rodes. The results obtained for limiting currents agreed
with theoretical values over a time period of 1200 seconds.
Later Kao and Chang /2/ used the reduction of benzoquinone
in buffered solution, as the electrode reaction, to veri-
fy the general equation at different values of 0. Kao
and Chang /3/ derived a theoretical equation for the dif-
fusion currents of spherical amalgam electrodes in voltam-
metry at constant potential for the reaction

[

R _— 0O + ne

where R represents the metal in the amalgam and O the
metallic ion. The instantaneous anodic limiting diffusion

current obeys the following equation.

i_ = -nFAD,C* | 1 - 1
t kR | —— Y .
\ DRt ® (1)



where Ca is the concentration of metal in the amalgam be-
fore oxidation and i the radius of electrode. Experi-
ments with Bi amalgam were carried out to verify the theory.
The results agreed with theoretical values satisfactorily.
The same equation was obtained later by Stevens and Shain
(1966) .

From eq. (1), when iL = o,

t = =t (2)

The plot of it against 2 gives a straight 1line, which
intercepts the t-axis at to, the time at which the anodic
current becomes zero. From t0 and Yo DR can be calcu-
lated. This leads to a very simple method for the accu-
rate determination of DR’ the diffusion coefficient of a
metal in mercury. Using this method, Kao and Chang /4/
determined the diffusion coefficients of 16 metals in mer-
cury and concluded that the diffusion of metals in mercury
obeys the Stokes-Einstein equation with n = 4. This con-

clusion was later confirmed by other investigators.

A series of experiments was carried out by Kao et al.
/5/ to verify the basic principles of 'inverse polaro-
graphy'' suggested by Hickling, Maxwell and Shennan (1956).
The results led to conclusions quite different from those
of the above workers. In the case of Cd-amalgam electro-
des, the diffusion of electroactive metal from the in-
terior to the amalgam-solution interface obeyed the gene-
ral equation for linear diffusion. Experimental verifi-

cation of the theoretical equation of Frankenthal and



Shain (1956) was carried out by Chow et al. /6/.

Hsu et al. /7/ obtained an expression for the evalua-
tion of the diffusion constants of individual complex ions
from the measured diffusion current constants. Chang et al.
/8/ also provided a general treatment for the evaluation
of the diffusion coefficients of complex ions from polaro-

graphic data.

In the field of single-sweep polarography, Hsu et al.
/9/ carried out an experimental verification of the
Randles-Sevcik equation and pointed out that Sevcik's va«
lue of K was too low. Kao et al. /10/ carried out experi-
ments on the K 1000 cathode-ray Polarograph to study inE
curves with a hanging mercury electrode. The value of the
constant obtained agreed with that of Randles. Kao et al.
/11/ derived a theoretical equation for the current con-
trolled by diffusion and chemical reaction. When kaZ =0
the equation becomes the Sevcik equation for diffusion con-
trolled current. For large values of kfcz the current
is controlled by chemical reaction and a simple equation
for catalytic current is obtained. The theoretical con-
clusions are in good agreement with experimental data for
the reduction of Ti(IV)-Oxalate in the presence of KCIOg
or NHoOH. Chang et al. /12/ presented a new mathematical
treatment for catalytic currents. Hsu et al. /13/ studied
single-sweep polarography of cadmium ion in the presence

of oxygen.

In the field of alternating current polarography, Chen
et al. /14/ derived equations for catalytic currents and

faradic impedance in a.c. polarography. The results ob-
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tained agree with those of other investigators. Chang

et al. /15/ verified the equation for reversible waves in
a.c. polarography using the reduction of Ti(IV) oxalate
in 0.2 M HpSO, as the electrode reaction. The method
described was more rigorous and yielded better results than
that reported in the literature. The same authors /16/
verified the theory of catalytic currents. Experimental re-
sults obtained were in good agreement with theoretical
conclusions for the reduction of Ti(IV) oxalate in the

presence of potassium chlorate.

Tsien studied problems relating alternating current and
concentration polarization. The non-steady process at the
plane electrode was treated /17/, and the faradic impe-
dence of diffusion of spheric and cylindric electrodes was
calculated in order to understand the influence of the
electrodes /18/.

In the field of square-wave polarography, Chiang /19/
was the first to advocate the so-called ''vibrator square
wave polarograph', a simple square wave polarograph con-
structed by attaching two vibrators to an ordinary d.c.
polarograph. Chang et al. /20/ introduced some innova-
tions in the circuit to render the waves obtained on the
'vibrator square-wave polarograph' more stable and re-
producible. They derived a theoretical equation for the
reversible wave obtained on the vibrator square-wave po-
larograph and experimentally verified the theory with Cd
(I1) and TI1(I) ions. /21/ Chang and Kao /22/ also de-
rived an equation for catalytic currents in square-wave

polarography, and carried out experiments on a vibrator



square wave polarograph to verify their theory /23/. Feng
and Liu /24/ constructed a simple robust and high preci-
sion mechanical square-wave polarograph which had a very
high signal-to-noise ratio. Cd2* and Pb?* ions at con-
centrations of 2 x 10”8 M could be detected with their
instrument. The same authors /25/ derived a theoretical
equation for the peak current obtained on their mechani-
cal square-wave polarograph and verified their theory with
experiments using Bi (III) and U(VI) ions. Chang et al.
/26/ derived the equation for a square-wave polarographic
current controlled by chemical reaction preceding the
electrode reaction. Lee and Yao /27/ discussed the prin-
ciples for designing a square-wave polarograph and des-
cribed a detailed circuit diagram of a new type of square
wave polarograph /28/.

In the field of a.c. oscillographic polarography, Chiang
/29/ discussed the circuit used in the a.c. oscillographic
cell on the basis of the Thevenin principle. Kao et al.
/30/ advocated the use of an internal standard technique
in Kalvoda's method. In a procedure for the rapid deter-
mination of trace amount of Pb2* in pure hydrochloric acid
Ga3* ion was used as an internal standard ion,and hpb/hGa
was used instead of th' ine metnoa gave much higher pre-
cision and accuracy than the absolute method. They also
used Zn?* as internal standard ion for the determination
of Cd?* /31/. Kao et al./32/ used the dE/dt = £(E)
curves to indicate the equivalent point of a titration;
this method was first advocated by Treindl in 1957. They
used EDTA to titrate Ga(III) /32/ and potassium chromate
to titrate Pb(II) /32/. The method is much better than
10



ordinary polarographic titration.

Du and Wu /34/ studied the chronopotentiometric reduc-

K 1
tion of Cd (II) and In (III). The values of iot‘/c ob-
tained at a hanging mercury drop electrode agree with the

equation derived by Mamantov and Delahay.

In the field of complex compounds, Hsu et al. /35/ ob-
tained a general experession for the evaluation of the
successive stability constants of complex ions both in
the higher and lower valence states from polarographic
data. In four special cases the general expression can
be reduced to the results obtained by Lingane (1941), de
Ford § Hume (1951) and Jachemirsku (1953). Yen /36/dis-
cussed the evaluation of successive stability constants
of polynuclear complexes from polarographic data. Hsu
/37/ proposed a theoretical expression, similar to the
Freundlich absorption isotherm, to express the change
of half-wave potentials, oxidation-reduction potentials,
solubilities, etc., as a result of complex formation in

solution,

Yen and Liu /38/ applied potentiometry with a mercury
electrode for the determination of metal chelate stability
constants of the EDTA complexes of divalent metals. The
log K values found for the Hg, Cu, Pb, Zn, Cd, Mn, Ca, Mg,
Sr and Ba-EDTA chelates are in good agreement with those
obtained by Schwarzenbach and by Reilley and Schmid who
studied the EDTA chelates with the same electrode, but with
different experimental procedures. Tsiang and Hsu /39/
determined the half-wave potential of the cadmium ion in

sodium perchlorate-sodium thoicyante mixtures and found
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the existence of Cd (SCN)53" and Cd(SCN)G*’, in addition
to the species Cd(SCN)42~, Cd(SCN)3~ , Cd(SCN),, Cd(SCH)"
and Cd%2* found by previous investigators. Hsu and Tsiang
/40/ studied the thallous-thiocyanate system with a modi-
fied type of H-cell and found evidence for the existence
of T1", T1 SCN, T1(SCN),, T1(SCN)3, T1(SCH)43- and
T1(SCN)55" in contrast to the results obtained by others.
Tsiang and Hsu /41/ studied the lead and zinc thiocyanate
systems polarographically, and found evidence of the
existence of Pb2*, Pb(SCN)®, Pb(SCN),, Pb(SCN)3, Pb(SCN)y23
Pb(SCN)53', Pb(SCN)G“" in solution. The consecutive sta-
bility constants were determined. For the zinc thiocyanate
system the experimental data revealed the existence of
Zn2*, Zn(SCN)*, Zn(SCN)p, Zn(SCN)3~, Zn(SCN)y2-,
Zn(SCN)53’ and Zn(SCN)g"*~; the corresponding stability
constants were calculated. Tsiang and Hsu /42/ studied
the zinc thiocyanate system polarographically, and found

6 complex compounds, Zn(SCN)i‘x with x = 1,2,3,4,5,6.

The same authors /43/, /44/ studied complex formation bet-
ween cadmium and nitrate ions and found evidence for Cd2*,
Cd(NO3)¥ and Cd(NO3), in solution. The stability cons-
tants were found to be K; = 0.62 £ 0.02 and K = 0.16 #
0.02. Pai et al. /45/ studied lead nitrate complexes
and found Pb(NO3), and Pb(NO3)3 in addition to the species
reported by others. Kao and Chang /46/ studied the com-
plex ion formed by Pb2* and NyH, polarographically and
found the existence of Pb(Nqu)2+ in solution; the for-
mation constant of the complex is 90 at 30°C. Yen and
Ma /47/ used polarographic methods to study the iodide

complexes of cadmium. Liu and Fu /48/ studied complexes
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formed by Cd2* and pyridine and obtained three com-
plex ions. Chang and Liu /49/ studied the cadmium-iodide
complexes and revealed the existence of caz+, CdI+,Cd12
Cdl3, cd1y2-, Cd1g%" and Cdlg*-. Pai /50/ studied lead

acetate complexes and found four chemical species present

in solution: PbAc’, Pb(Ac), Pb(Ac)3 and Pb(Ac)y. Pai et
al. /51/ also studied thallous acetate complexes and found
evidence for the existence of TI(Ac), in solution in ad-
dition to the species reported by others. Chi /52/ stu-
died the polarographic behaviour of uranium in phosphoric
acid. Yen et al. /53/ determined the formation constants
of cadmium halide complexes in perchlorate media. Lo
et al, /54/ studied the stability constant of copper-
tris ethylenediamine.

Wang and Chang /55/ studied the polarographic behaviour
of the Sb(III) complex of EDTA. The stability constant
and the thermodynamic functions of the Sb-Y complex were
calculated. Wang and Shang /56/ studied the polaro-
graphic behaviour of Sb(III) with 1,2 diaminocyclohexane-
tetraacetic acid (HyZ). The stability constant and the
thermodynamic functions of the complex were calculated
from the shift of half-wave potential. From the kinetic
current, the dissociation velocity constant of the SbZ
complex was obtained. Tung and Wang /57/ carried out
a polarographic study of acrolein, formaldehyde and ace-
taldehyde. Wang studied polarographically the substitu-
tion reactions between ferricyanide and some ligands /58/
and the decomposition of permanganate in strong basic

solutions of complex forming agents /59/. Wang et al.

13



carried out polarographic studies on Pyrocatechol Violet

/60/ and its copper complex /61/.

Gin Du-Man /62/ derived a unified equation for the
current-voltage relationship obtained in the polarographic
electrode processes of complex compounds, involving cur-
rents controlled by rate of diffusion, electron transfer
and chemical reaction. Gin et al. /63/ studied the po-
larographic electrode process of the chemical reaction bet-
ween cupric ion and citric acid and obtained the stabi-
lity constant of the complex compound. Gin Du-Man /64/
derived a general formula which can be applied to 16 dif-
ferent types of electrode process involving 2 electrons
and suggested methods of wave analysis to differentiate
various electrode processes. The same author /65, 66/
discussed the relationship between the structure of com-
plex compounds and their electrode processes. The effect
of structure on half-wave potential and reversibility of
electrode reaction was elucidated. Dong and Wang /67/
discussed methods for identification of various polaro-
graphic electrode processes. Gin et al. /68/ studied
the composition and polarographic behaviour of the
Ni(II)-thioglycollic acid complex in solution. Huang and
Gin /69/ studied the polarographic behaviour of 2, 6, 7
tri-hydroxyl-9 phenyl fluorone in basic solution (pH 8-14)
Fnd obtained a single reversible wave. The same authors
/70/ discussed the relationship between polarographic half-
wave potential and molecular structure. The application
of the Hammett formula and other related formulae in or-

ganic polarography was examined.
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Tza and Whang /71/ investigated the adsorption of va-

rious types of organic surface-active substances in neut-

ral and alkaline solutions by measuring the differential

capacity of the dropping mercury electrode. Whang et al.

172/

built an experimental apparatus for the measurement

of the electrical double-layer capacity of the dropping

mercury electrode. Chou and Tza /73/ developed a method

using low frequency voltage sweep carrying a measuring

signal, for the rapid determination of the differential

capacity of the electrical double layer. With this method

the whole capacity curve could be seen at once on the

screen of an oscilloscope. Tza et al. /74/ studied the

surface-activity of seven organic complex-forming agents

by measuring the differential capacity of the electrode-

solution interface. Tza et al. /75/ studied the simul-

taneous adsorption of tetraalkylammonium cations and the

g8-naphthalene sulphonic acid anion at the electrode/solu-

tion
of a

Lo
face
the
171/

interface by measuring the differential capacity

dropping Hg electrode.

et al. /76/ studied the effect of non-ionic sur-
active substances of the polyethylene oxide type on
hydrogen overvoltage of a mercury electrode. Tian

carried out theoretical analysis of the faradic im-

pedance in cases in which the electrode reaction involves

an adsorbed substance. The equivalent circuit for the

faradic impedance is obtained for the electrode involving

charge-discharge, diffusion and adsorption-desorption pro-

cesses simultaneously. The effect of an adsorption - de-

sorption process may be expressed by a "compensating im-

pedance' which consists of a resistance and a Warburg im-
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pedance in series. Equations for the resistance and the
capacitances in the equivalent circuit are obtained. The
method for the determination of the kinetic parameters
for this type of electrode process was presented. Lin
et al. /79/ designed a method for determination of the
actual area of an electrode through the double layer ca-
pacity. Tien /80/ obtained the equivalent circuit of
concentration polarization impedance by a '"differential
method", based on direct comparison of the differential
equations formulated for the boundary conditions, diffu-
sion and chemical reactions with those for certain com-
binations of electric circuit elements. Tien /81/ also
discussed the behaviour of autocatalytic electrode pro-
cesses under constant current on planar and spherical
electrodes. The current/time curve of the autocatalytic
electrode processes under constant potential on a planar

electrode is studied.

Chow et al. /82/ studied the electrode process of fur-
fural at the dropping mercury electrode. So et al. /83/
also studied the electrode process of furfural at the
dropping mercury electrode, using a linearly changing po-
tential and obtained results similar to those of conven-
tional polarography. Lu and Zhang /84/ studied the po-
larography of sodium tetraphenyl borate and found that
Na-TPB gives a kinetic wave at a dropping mercury anode,

with the formation of diphenyl mercury.

Hu Yao-Tsun studied the standard electrode and equili-
brium potentials of sodium amalgams /85/, potassium amal-

gams /86/ and zinc amalgams /87/.
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Wu et al. pointed out that the zero charge potential of
antimony may be -0.19 volt./88/ and the value determined
in 0.010 M HC1 is -0.19 * 0.02 volt. /89/.

Chang et al. studied the electrochemical mechanism of
anodic dissolution and self-dissolution of zinc in KOH so-
lutions /90/ and similarly the anodic dissolution of anti-

mony in concentrated solutions of H,SO, and HC1 /91/.

Wu et al. /92/ studied the anodic oxidation of antimony
in sulphuric acid, hydrochloric acid and potassium hydr-

o xide solutions.

Hu and Chow /93/ studied the relationship between ''ra-
tional electrode potential' and heat of aquation of ions
and obtained an accurate method for the determination of
the heat of aquation of individual ions. They calculated
the numerical values for about forty ions including ca-
tions and anions. They /94/ suggested a method for cal-
culation of the absolute values of standard heat of forma-
tion of positive and negative ions in water and applied
the method to about 150 ions. They also suggested me-
thods for calculation of the heat of aquation of H30+,and
calculated /95/ the oxidation-reduction potentials from
data obtained in thermodynamics and spectroscopy. Chiang
gave methods for calculation of mean ionic activity co-
efficients from equivalent conductivities of electrolytic
solutions /96/ and of individual activity coefficients for

uni-univalent electrolytes /97/.

Tza Chuan-Sin /98/ used the polarization surface of a
three-dimensional model to interpret electrometric titra-
tion processes.

17



Kao and Hsu /99/ developed a theory for the 'dead-stop"
titration, which has been verified experimentally for the
titration of ceric sulphate with ferrous ion /100/. A
series of equations was derived for the intensity of cur-
rent i as a function of the analytic concentration during
titrations from which theoretical titration curves can

be obtained.

Chien Jen-Yuan /101/ discussed high-frequency titration
curves for various methods of experimental determination
(the Q-meter, Z-meter and F-meter methods), using equiva-
lent circuits for C-type and L-type titration cells. The
use of Pt wire electrodes in direct contact with the so-

lution was suggested.
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PROGRESS OF ELECTROANALYTICAL CHEMISTRY
IN THE PEOPLE'S REPUBLIC OF CHINA
(1949 - 1979)

Part II

POLAROGRAPHIC ANALYSIS (NEW TECHNIQUES AND NEW METHODS)

Polarography was developed from the very beginning since
the establishment of the People's Republic of China /1-57/
More than 600 polarographic papers have been published in-
cluding about 40-50 monographs, books and reviews /6-57,
77/. Articles have been selected for this review to pro-
vide an overview of progress in the title area such as
new polarographic techniques, stripping voltammetry and
instrumentation. No particular effort was made to be
critical since the range of topics is too broad to per-

mit such a treatment.

+ Instrumentation

Very early on the CIAC (Changchun Institute of Applied
Chemistry, Chinese Academy of Sciences) investigated and
produced a classical recording polarograph /58, 59/ which
was used by several authors /60-63/. Polarometer, photo-
and pen-recording polarographs were produced in Shanghai
and Beijing /64,65/. The Shanghai Analytical Instrumental
Group produced a photo-recording polarograph /66/ and a
pen-recording polarograph type 883 which was sold by
thousands /67/. In order to increase the instrumental sen-
sitivity, improve the measuring techniques, make the in-

strument multifunctional and introduce miniaturisation and
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automation, some polarographers and corporations in the
PRC have investigated and produced various oscillopolaro-
graphs /17, 68, 69-78/, a.c. polarographs, square wave
polarographs, square wave oscillopolarographs /79 - 91/,
pulse polarographs /56, 67, 92 - 96/, etc. In addition,
some simple polarographs were produced for universities
and laboratories for industrial research and teaching.
Polarographs from Amoy Univ. /49, 54, 97, 98/, Fudan Uni-
versity /51, 99, 100/, and the Shandong Ocean . Institute
incorporated integrated circuitry, in which one piece
was used as a linear sweep generator, one or two pieces
as a micro-current amplifier or differential amplifier,
another as a three electrode system for controlled poten-
tial /51, 102/, work etc. This type of polarograph was
used with different kinds of solid electrode or TFME
(thin film mercury electrode), either in classical po-
larography or in the differential or stripping mode.
Such instruments are simple in structure and cheap,with
a rapid scan, etc., both the power consumption and the
volume are small. They are light, suitable for pocket
use and can be used with an oscilloscope or a recorder.
The principle of the 75-3A rapid polarograph is shown in
Fig.l. Some home-made polarographs are shown in Table
il

Oscillopolarography

More than 100 papers on oscillopolarography have been
published in China. Some early articles included a.c.
oscillopolarography, for the detection and determination

of both organic and inorganic substances (17, 27, 68, 103-
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ecorder
clllograph)

Fig. 1 Diagram of Rapid Polarograph, Type 75-3A

Usr: Input voltage fixed value, R: variable resistance,

c: integral condenser, V: voltmeter for applied potential,
E: cell, F: reference electrode, M: TFME Rf: resistance
selected for sensitivity, uwA: microammeter,

i: electrolytic current, BG;, BG,: linear integrated

circuit.

105/, but most articles included current-voltage (I-E) os-
cillopolarography /45-47, 53, 69-76/. The Chengdu Ins-
trumental Company has produced more than 2000 sets of this
instrument which now play a role in several industrial la-
boratories. For example, in the Hunan Shuikoushan Mineral
Centre, more than one hundred thousand data have been re-
ported annually by polarographic methods and more than one
hundred kinds of samples are analyzed with only ten oscillo-
polarographs. In the Chengdu Laboratory Centre No. 715,
more than 50 pure metals, ferrous and nonferrous metals,
and mixtures are analyzed by oscillopolarography. The qua-
lity of these oscillopolarographs is good and any can act
not only as normal oscillopolarographs,but also operate in
the derivative mode both for catalytic and adsorption waves

/49,77/. Some articles describe improvements to oscillo-
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polarography. Luo Chang-yin et al. /83/ used a curve
compensation method to overcome the base declination and
thus increased the sensitivity. A differential oscillo-
voltammeter manufactured in Fudan University can be usec
either as a normal oscillopolarograph or in a differen-
tial oscillopolarographic stripping mode /99/. A digital
reading oscillopolarograph was manufactured in the Jiangs
Metallurgical Institute /75/ and Nankai University /74/,
which can be used for reverse scan, triangular wave, singl
cell (and derivative), double cell differential (and deri
vative), and digital reading of concentration or content.
A rapid polarograph type JP-H78, was manufactured with six
integrated operational amplifiers in Amoy University /84/.
It included a programmed controller with the function of
triangular wave or trapezoid wave and can be used with 'a
2,3 or 4 electrode system, either as a normal polarograph
or for differential or stripping analysis. A multi-
function oscillopolaragraph including triangular wave
and instantaneous i-t curve device was manufactured in
CIAC and Beijing University where the same authors in-
vestigated the polarographic electrode process with this
instrument /57,71,72/. Basic reasearch on oscillopolar-
ography has been described in various articles /71, 106-
108/.

A.C. Polarography and Square Wave Polarography

Research on a.c. polarography including instrumentation
has been investigated in Northwestern University /56, 91/.

Equations for the a,c. polarographic catalytic current and
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faradaic rectification have been studied in Nanjing Univer-
sity /109/.

In square wave polarography various kinds of instrument
are made in the PRC /79-87/. An oscillator square wave
type of polarograph was made in CIAC, Shanghai Metallur-
gical Institute and Nanjing University. A mechanical
square wave polarograph, type 895, designed by the
Shanghai Metallurgical Institute was produced by the
Shanghai Analytical Instrumental Company and exported to
foreign countries. Its sensitivity is quite high and it
has been applied in various fields. On the basis of this
instrument, some authors from the Shanghai Boiler Factory
made a pen-recording polarograph in which they used
transistors to generate a slow linear voltage scan and
combine it with a mechanical square wave generator,using
a high sensitivity galvanometer to measure the polaro-
graphic current, but synchronizing the pen of the recor-
der with a galvanometer light spot. Some square wave po-
larograms of some cations obtained with this instrument
are shown in Fig. 2. Electronic square wave polaro-
graphs such as the MKIII made in England, were manufactu-
red in Nankai University, CIAC and the Shanghai Material
Institute. A number of papers on the application of
square wave polarography have been published by- the
Shanghai Metallurgical Institute, the Laboratory Centre
of Nanjing Geology Bureau and the Beijing Steel and Iron
Academy, CIAC /19, 40, 42, 57, 110, 111/. The polaro-
graphic process of the square wave polarograph was in-
vestigated in CIAC /112/ and equations for the polaro-
graphic behaviour of the mechanical square wave polaro-
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{(-0,22V)
P2+  cd?*
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Fig. 2 Square wave Polarogram of lug/ml

Bi(III), Sb(III), Cu(II), Pb(II), Cd(II) in IM HC1(82)
10 nvV. S=1/3

graph were derived in the Shanghai Metallurgical Insti-
tute and Nanjing University /80, 113, 114/.

Pulse Polarography

The pulse polarographic method is the most sensitive me-
thod used of all new polarographic techniques. A mechani-
cal pulse polarograph was first built in 1960 in the
Shanghai Metallurgical Institute /92/ in which two or
three pairs of converters were combined with a classical
polarograph to set up a half wave or full wave pulse po-
larograph. A slowly increasing pulse voltage (25/sec)
was applied to the dropping mercury electrode, but  the
current-voltage curve was recorded only during the last
1/200th sec of each pulse period. An electronic pulse
polarograph type, JP-MI, was investigated in CIAC, and
then produced in Jilin Factory No. 8270 /56, 67, 95, 116/.
It is similar to the Southern-Harwell Model A3100 of
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Southern Analytical Limited in the U.K. The integration
discharge time (capacitance delay time) and integration
gate time (current measurement time) are variable in
different sections between 2-40 ms. Cadmium in concen-
trations down to 1 ppb could be detected. Waves of equal
height can be identified .when only 25 mv apart. The peak
height for the derivative mode is directly proportional

to the pulse amplitude. A peak can be detected in the
presence of an earlier peak 50,000 times as large when
using the drop trigger mode. Satisfactory polarograms
are obtained with solutions which have a specific con-
ductivity between that of 5M HCl and 0.01M KC1. In 1977

a seminar on pulse polarography was held in Changchun by
CIAC. More than ten papers on basic research and the ap-
plications (geology, metallurgy, environmental protection,
pure matter, atomic energy, etc.) of pulse polarography
were reported /55/. In 1978 a transistor-integrated cir-
cuit pulse polarograph, type F-78, was made at Fudan
University /96/ involving six integrated operational am-
plifiers and some transistors. This instrument is light
and cheap with a 3 electrode system; its volume is small
and its detection concentration is 5x1078M, The con-
ductivity of the supporting electrolyte may be less than
0.0IM KC1. This instrument is similar to the American
polarographic analyzer PAR 174. Both, Types JP-Ml1  and
F-78, pulse polarographs have two modes of operation,nor-
mal pulse (or integral pulse) and derivative (or differen-
tial). The delay time, scan rate and modulation ampli-
tude of both pulse polarographs are variable over a range.

Derivative pulse polarograms for several ions obtained
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ith the F-78 pulse polarograph are shown in Fig. 3. The
ulse polarographic electrode process and stripping methods
ave been studied in CIAC /56, 57, 95, 96, 117, 141/.

-0.3v -1.6V

Fig. 3  Derivative Pulse Polarogram of 5x10°®M Cu(II),
Cd, Ni, and Zn in 1M NH3-NH,C1:2 sec., 2mv/sec., 50mv.

Solid Electrodes and Stripping Voltammetry

Stripping voltammetry using a hanging mercury drop elec-
trode (HMDE) or various solid electrodes or the thin film
mercury electrode (TFME) is very valuable for trace ana-
lysis /49, 57, 118-153/. The technique can be combined
with that of the classical polarograph, oscillopolarograph,
square wave polarograph or pulse polarograph elevating the
sensitivity by an order of two or three times in the pro-
cess. Medium exchange is valuable in stripping voltammetry,
especially for complex samples where the sample solution is
inadequate as a medium for the stripping step, as a result
of poor resolution of stripping peaks and interferences re-

sulting from the presence of macro constituents /132/.
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Recently, research on solid electrodes has developed
rapidly in the PRC; more than 100 papers have been  pub-
lished. There were 46 papers reported in the solid elec-
trode colloquium in Southwest China in 1978. There are
various kinds of TFME with different substrates,such as
silver wire (or bar) amalgamated with mercury as used in
the Qingdao Ocean Institute /49, 151/, a platinum sphere
plated by silver and amalgamated in Amoy University /49-
57, 97, 144/, a silver sphere coated with mercury in
Kunming Metallurgical Institute /49-57, 146-150/ and a
glassy carbon (graphite) electrode plated with mercury
in CIAC and Fudan University /135-143/. Rough silver
wire with a special mercury film treatment has been used
in the Shandong Institute of Oceanography /51/ and gold-
silver dipped in mercury by the Tianjin Geology Institute
/49, 56/. Similarly a wax impregnated graphite electrode
has been used in Sichuan University /49/ and a carbon
paste electrode in the Beijing Academy of Mineral Metal-
lurgy /49/. A Multiplatinum sphere-thin film mercury
electrode combined with a pulse polarograph has been used
in the Shanghai Material Institute; the sensitivity is
increased by a factor of ten relative to simple TFME,and
the results are reproducible /152/. All these electrodes
mentioned above are widely used in the PRC. Table 2 shows
some examples of the application of the TFME used in Amoy
University /49/. Research on some basic problems of
these electrodes has been done by others in Nanjing -Uni-
versity /122-126/. A study of- polarographic and oscillo-
polarographic behaviour of the HMDE has been carried out

in CIAC /120;121/. In order to get reproducible results
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it is very important to make the solid electrode and TFME
fresh and not to have it contaminated by adsorption or in-
activated by passivation. The treatment of the electrode
surface plays an important role and it is necessary to
study further details although many papers on this issue
have been published already. Some authors from the
Qingdao Ocean Institute used alginic acid or its calcium
salt as an electrode anti-adsorption membrane /51/ thus
providing the possibility of solving the adsorption prob-
lem on solid electrodes. Work on organic analysis with
solid electrodes has been done in the Heilongjiang Environ-
mental Protection Institute /153/. Mao Xin-chun used the
pilot method to determine impurities in pure aluminium
/152a/.

Miscellaneous

The development of polarographic analyzers is an active
area of research in the PRC. Many different kinds of po-
larographic analyzer have been constructed and combined
with ion exchange methods, etc., and special instruments
for uranium, oxygen, sulphur dioxide,etc., have been made.
/56,154-156/. Polarometric and oscillopolarometric ti-
trimetry can increase the precision of the polarographic
method and have been used in laboratories in industry
/157-163/. There were also many papers on organic polaro-
graphy /104, 105, 153, 164-171/.

In a word, polarographic analysis has developed consider-
ably in the PRC during the past 30 years. It will wun-
doubtedly be developed further as a result of the moderni-

zation of China's industrial and scientific capabilities.
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