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The polarographic maximum of nitrobenzene (first reduction step) is studied at pH 2.2, 
5.3 and 7.8. The nature of the maximum is pH dependent and it changes from positive 
first kind (at pH = 2.2) to negative maximum of the first kind (at pH 5.3, 7.8). At higher 
flow-rates, compound maxima occur and clear reversal potentials are located where 
maximum of first kind is transformed into the second kind and vice versa. The morphology 
of current-time curves has been examined critically in the light of streaming patterns, 
electrode circuitry, flow-rates and exponents o f t at varying intervals during the drop life. 

Introduction 
Electroreduction of nitrobenzene at the dropping 

mercury electrode (d.m.e.) has been studied by 
various workers1-5 and polarographic maxima have 
been frequently encountered in the study of aro-
matic nitro compounds. Surfactants e.g. gelatin, 
Orthner's salt have been reported as possible 
maximum suppressors for nitrobenzene and diazo 
salts. LAL and SRIVASTAVA6 reported their initial 
studies on the maximum of nitrobenzene (Mcllvaine 
Buffer, pH = 7, two electrode mode) with a special 
emphasis on the effect of charge type of surfactants. 
The present work is an extension of the previous 
work in the light of recent studies made by LAL 
et al.7-8 on several systems of polarographic maxima. 
The behaviour of nitrobenzene in Mcllvaine buffer 
of varying pH in two and three electrode mode 
under different flow-rates, solution purity, current 
vs time curves and streaming patterns is studied in 
detail. It appears that current-time curves are 
potentially important in understanding the character 
and nature of streaming which ultimately goverms 
the overall shape of current vs time patterns. 
Exponents from log i — log t plots have been inter-
preted in the light of streaming patterns. 

Requests for reprints should be sent to S. LAI,, The 
Thomas Hunt Morgan Institute of Genetics, 628 N. 
Broadway, Lexington, Ky. 40508, USA. 

Experimental 
Studies were done in two and three electrode 

modes with a positive feedback. Two electrode work 
was done on a Sargent Recording Polarograph. 
Model X X I . A Lingane H-cell (water-jacketed) 
fitted with a saturated calomel electrode (S.C.E.) 
with a 3 % agar-saturated potassium nitrate salt 
bridge was used. The three electrode study was 
performed on Princeton Applied Research Electro-
chemistry System, Model 170. The capillary constant 
of d.m.e. was 2.62 mg2 / 3 /sec - 1 /2 in open circuit. 
Deaeration was accomplished by a steady ingress 
of Linde's prepurified nitrogen by scrubbing through 
chromous sulfate and presaturated by nitrobenzene 
vapors by bubbling through the solution of same 
composition as used in the polarographic cell. All 
measurements were made at 25 ± 0.1 °C. The 
current-time curves were monitored with a Tektro-
nix Oscilloscope, Model 502 fitted with C-12 camera. 
Streaming of the solution was observed with a 
stereo-microscope (Anchor Optical Co., magnifica-
tion 4 X - 1 0 X ) in the presence of suspended particles 
of charcoal (Norit A, Fisher Sei. Co.). 

The mercury was triple distilled (Bethlehem In-
strument Co.). Triple distilled water (final distilla-
tion in alkaline KMnO.*) and A. R. chemicals were 
used to prepare the solutions. Nitrobenzene in 25% 
ethanol in Mcllvaine buffer at a given pH was 
employed for studies. 

Solution purification 
Surface-active impurities (macromolecularnature, 

charge type of organic surfactants and pyrogens 
invariably present in water and electrolytes) have 
profound effects on streaming polarographic max-
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ima. Even filter paper (if using a bridge with filter 
paper pulp), agar plug in the salt bridge was found 
to release noticeable amounts of maximum suppres-
sor in the course of a given experiment. Hence, in 
the experiments reported here, only sintered glass 
discs of D porosity were used in the salt bridge filled 
with the electrolyte of identical concentration as 
in the polarographic cell. Since, the solutions 
prepared from A. R. chemicals and triply distilled 
water still contained surfactants which partially 
suppress the maxima, hence Norit A neutral 
charcoal was added to the solutions to remove these 
surfactants. The polarograms were recorded with 
the centrifuged solutions free from charcoal after 
their treatment with charcoal (1 gm per 100 ml). 
The presence of a small amount of charcoal was 
used as probe in viewing the streaming. The height 
of the maximum increased in presence of charcoal 
and the potential where maximum achieved its 
greatest height (Emax) shifted to more cathodic 
potentials. Preliminary studies revealed that the 
resistance of the solution (first kind maxima being 
resistance controlled and slope of current-voltage 
plot approximates solution resistance in 2 electrode 
mode) decreased with serial addition of charcoal9. 

Results 
Potential, Emax is dependent on several factors 

e.g. concentration of depolarizer and supporting 
electrolyte, solution purity, pH, effective resistance 
and mercury flow-rate. In order to characterize a 
given maximum, these conditions should be carufully 
identified and controlled. 

Current-Yoltage Curves 

a) Two electrode mode 

The current-voltage curves for 5 mM nitrobenzene 
(pH = 7.0) at varying flow-rates are depicted in 
Fig. 1. The maximum is spiked at high flow-rates 
and a major proportion of maximum is of second 
kind streaming, a hydrodynamic consequence 
accentuated at high mercury flow-rate. Em a x is at 
—0.75 V which slightly shifts to less cathodic 
potentials with decrease in m. As m is decreased the 
maximum diminishes which is valid for a maximum 
of the second kind. The upward convective motion 
is due to the mixture of first and second kind 
streaming. At decreasing flow-rate, the spiked 
maximum tends to assume a rounded shape. The 
current on the rising portion increases linearly 
obeying Ohm's law. The potential on the rising 
portion of the wave was found to vary only by 
60 millivolts and till the maximum reached its peak 

Fig. 1. Current-voltage curves of 5 mM nitrobenzene 
in Mcllvaine buffer pH = 7.0 in two electrode mode at 

varying flow-rates, mg/sec. 
(a) 2.68, (b) 1.91, (c) 1.23, (d) 0.89. 

and potential jumped to several tenth of volts 
showing that maximum is resistance controlled. At 
higher flow-rates, the conditions for a compound 
maximum are favoured, however, the morphology 
is modified if recorded in three electrode mode 
(Fig. 3). One striking difference was seen that 
streaming character for a compound maximum was 
not revealed clearly in the two electrode mode. 

A comparison of current-voltage curves of nitro-
benzene in charcoal purified centrifuged solutions 
using two and three electrode circuits is shown in 
Fig. 2. The maximum appears over a wider poten-
tial range in the two electrode mode (though 

09 

Fig. 2. Comparison of polarograms of 5 mM nitro-
benzene in Mcllvaine buffer p H = 7 . 0 in charcoal 

purified centrifuged solution, m = 3.80 mg/sec. 
(A) Three electrode, (B) two electrode. 

D.M.E 
0.3 0.4 05 0.6 

VS. S.C.E. (V) 
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effective potential varies only 60 mVs). Polaro-
grams recorded with two electrode circuit (Fig.2-B) 
showed the 'typical' acute maximum, the current 
rising linearly with increasing applied voltage and 
the shape of the maximum was not altered appre-
ciably by variation of mercury flow-rate. 

The curves obtained with the same solution using 
a three electrode circuit (Fig. 2-A) showed steep 
rise in current with increasing cathodic potential. 
The currents were higher in three electrode mode 
where I R compensation was achieved. 

b) Three electrode mode 
The behaviour of the maximum was studied at 

high, intermediate and low mercury flow-rates at 
varying pH values 2.2, 5.3 and 7.8. The general 
morphology of the current-voltage plots at the 
highest and lowest flow-rates is given in Fig. 3. At 
m =4 .78 mg/sec, p H = 2 . 2 , the maximum is com-
pounded (Fig. 3-B). The current rises steeply with 
increasing cathodic potential, reaching a broad peak 
and then decreases rapidly until at a potential of 
—0.47 to —0.50 V it drops sharply. At lower 
mercury flow-rates, the current thereafter is at the 
magnitude of the diffusion current but at higher m, 
there is a region with higher current than the 
diffusion current which reaches diffusion values at 
more negative potentials. At the shoulder, the 
solution streams upward characteristic of a second-
kind maximum. Streaming is upward on the foot of 
wave, then downward on the rising part of maximum 
indicative of first kind positive maximum. After the 

peak has been reached, the streaming is downward 
during the early part of drop life and upward at the 
end of drop life (reversal potential). This streaming 
pattern for a compound maximum can only be 
observed with the three electrode arrangement. 
The first reduction step of nitrobenzene is shifted to 
more cathodic potentials with increasing pH. 
Consequently, Emax is shifted to more cathodic 
potentials and maximum appears on the negative 
side of the electro capillary zero at alkaline pH. The 
maxima at pH 2.2 spreads over a wider potential 
range than at pH's 5.3 and 7.8. At high m, the 
maximum was highest at pH 2.2 and lowest at 
pH 5.3 whereas the first kind maximum exhibited a 
slight increase at alkaline pH. 

Streaming observations 
The current voltage plot (Fig. 4) at m=4 .78 

mg/sec, pH 2.2 exhibits a compounded maxi-
mum. The streaming of the solution around the 
mercury drop was observed over the entire poten-
tial range, however, the extent and direction of 
streaming varied with potential. 

On the foot of the wave (region A), an upward 
motion was observed presumably due to second 
kind streaming at high flow-rate which increased at 
more cathodic potentials. This upward swirling 
persisted until about —0.275 V applied potential 
and then reversal occurred, resulting in the inver-
sion of the maximum from second kind to first kind. 
At this point, the solution moved upward, then 
became quiescent for an instant and with further 
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Fig. 3. Current-voltage plots of 1 mM nitrobenzene in Mcllvaine buffer of pH's 2.2, 5.3 and 7.8 at varying 
flow-rates. 

(A) 4.78,JB) 0,96 mg/sec. 
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Fig. 4. Current-voltage curve of 1 mM nitrobenzene in 
Mcllvaine buffer pH = 2.2, m = 4.78 mg/sec and 
Streaming pattern in various potential regions; three 

electrode mode. 

growth of the drop, motion in the opposite direction 
started, the forces responsible for two kinds of 
maxima were clearly present simultaneously at the 
reversal potential. After the onset of the positive 
maximum of the first kind (region B), the down-
ward streaming increased to a maximal intensity at 
the peak of polarogram (intensity of streaming in 
this case was significantly greater than with two 
electrode circuit, where the shape of the maximum 
was also different10); this is presumably due to the 
increased current density brought about by the 
ohmic drop compensation in the three electrode 
mode. In region B where maximum is of positive 
first kind, vigorous vortex motion of the solution 
around the drop was also noticed. 

On the cathodic side of the rounded maximum 
(region C), a mixture of first kind and second kind 
streaming was again observed on a single drop, the 
first kind streaming decreasing and second kind 
increasing with increasingly cathodic potential. In 
the vicinity of shoulder (—520 mV), a second 
reversal point appears. At further cathodic poten-
tials (region D), feeble upward motion was observed 
which decreased in intensity at far cathodic poten-
tials on the plateau of the polarographic step. 

At the lowest flow-rate of 0.96 mg/sec, visual 
streaming showed that solution layers approach 
from sides of drop, hit the drop surface hard and 

set vortex motion and followed by clear downward 
motion. 

At pH = 5.3 and m = 0 . 9 6 mg/sec, in the poten-
tial range of —400 to —450 mV, upward streaming 
is observed. In potential range —450 to —470 mV, 
first part of drop showed an upward streaming 
motion which seemed to be impeded by a counter-
acting downward motion which caused a turbulence 
in the solution. The kinky nature of the current-
time (i-t) curve further substantiates this behaviour. 
At m = 4.78 mg/sec, clear upward motion was 
noticed in the potential range —200 mV to 
—600 mV which diminished at increasing cathodic 
potentials. 

At pH = 7.8, m = 0 . 9 6 mg/sec, — 662 mV a 
sideward motion was observed, as seen by ANT-
WEILER11, which tends to go upward into a whorl. A 
clear upward motion was observed over the entire 
potential range which is typical for a negative 
maximum of first kind. 

Current-time curves 
Earlier literature reveals that i-t curves were 

primarily restricted to understanding the correla-
tion of theoretical diffusion equation to the effect of 
spherical diffusion. Unsystematic attempts em-
ploying i-t curves in describing the maximum for-
mation at the d.m.e. are available in literature12-19. 
In the present work, an elaborate study has been 
undertaken in order to elucidate the behaviour of 
i-t patterns under varying conditions favourable for 
maximum formation. It is obvious from this study 
that a detailed analysis of instantaneous current vs 
time curves obtained with a d.m.e. provide useful 
information about the processes occuriing at the 
electrode. Values of the exponent a in the relation-
ship i = k t a are expressed for a certain time 
interval of drop time in which logarithmic analysis 
of i-t curves has a linear shape. Thus, linear segments 
in the log plots were obtained for determining a 
values. 

a) Two electrode mode 
Fig. 5 depicts the morphology of i-t curves of 

5 mM nitrobenzene at indicated potentials and the 
lowest flow-rate in Mcllvaine buffer, pH = 7. Slopes 
from log plots suggest that a values are high 
(0.5-1.20) at the onset of maximum in early drop 
life which may be due to persistence of streaming 
after the fall of a drop and current is influenced by 
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Fig. 5. Current-vs-time behaviour, 5 mM nitrobenzene 
in Mcllvaine buffer pH = 7.0, m = 0.89 mg/sec two 
electrode mode at (A) —700 mV, (B) —730 mV, and 

—800 mV (lower curve). 

this in very early part of drop life20. The high value 
may also be ascribed to the depletion effects. An 
average value of a = 0.26 was obtained in the later 
portion of drop life (Table 1-A). In the region of 
maximum, fluctuations in current were noticed 
which are due to a complex streaming pattern. At 
longer drop times, the current tends to diminish in 
later part of drop life possibly due to adsorption of 
trace surfactants, oxidized and or reduced forms of 
the electroactive species (Fig. 5-A). The typical 
humped curve (Fig. 5-B) is obtained in a short time 
(in first 1.5 sec, of drop time) followed by a current 
minimum and then increase of current with time to 
a diffusion value (a =0 .16) . This curve is similar to 
those obtained when surfactants influence a faradaic 
process21. 

Fig. 6 shows the current-time behaviour at 
intermediate drop times ( « 3 sec) and a values 
varying from 0.50-0.56 in early drop life and 0.30 
at the later part of drop were obtained, i-t curve in 
Fig. 6-B is resistance controlled and current in-
creases parabolically (a =0 .53) in this induction 
period followed by a sharp rise in current in very 

Table I. Alpha values obtained from two electrode current-time curves for 5 mM Nitrobenzene in Mcllvaine 
buffer, p H = 7.0 at indicated potentials and mercury flow-rates. 

m mg/sec Potential, mV vs S.C.E. 
A 
a at varying intervals in drop life 

0.96 — 670 0.66 ( < 0.5 sec), 0.26 ( > 5 sec) 
0.96 — 700 1.20 ( < 0.4 sec), 0.33 (3 sec), 0.21 ( > 3 sec) 
0.96 — 730 0.95 ( < 0 . 3 sec), 0.19 (1.4 sec), 1.16 (2.5 sec), 0.38 ( > 2 . 5 sec) 
0.96 — 800 1.15 ( < 0.4 sec), 0.48 (2.5 sec), 0.20 (>2 .5 sec) 

4.96 
3.80 
2.71 
1.66 

— 750 
— 750 
— 750 
— 750 

B 
0.36 (0.5 sec), 1.36-1.75 (1.2 sec), 0.36 ( > 1.5 sec) 
0.40 (0.5 sec), 0.27 (0.5-0.9 sec). 0.16 ( > 1.7 sec) 
0.29 (0.5 sec), 1.65 (1 sec), 0.23 ( > 1 sec) 
0.40 (0.5 sec), 2.14* (0.5-0.7 sec), 0.23 ( > 1 sec) 

* Exceptionally high values are the slopes at sudden rise or fall in current. 

Fig. 6. Current-us-time curves, 5 mM nitrobenzene in 
Mcllvaine buffer pH==7.0, m = 1.86 mg/sec at (A) 

—548 mV, (B) —585 mV, (C) —832 mV. 

short time and finally a small increase in current 
with time (a =0.30) . Induction period is not visible 
in all cases which is dependent on the experimental 
conditions such as effective resistance at a given 
potential, proximity of a maximum peak etc. At the 
onset of maximum, induction period is absent and 
is explicable on the basis of changing ohmic drop 
through the solution as the drop grows22. 

At high flow-rate and in solutions of ordinary 
purity (trace surfactants present) horse shoe shape 
curves are obtained (Fig. 7). In the region of the 

(A) (B) (C) 

TIME (sec) 

Fig. 7. Current-us-time curves at varying mercury 
flow-rates; 5 mM nitrobenzene, pH = 7.0 at —750 mV 
vs S.C.E. in two electrode (A) 3.8, (B) 2,71, (C) 

1.66 mg/sec. 
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hump, a clear upward streaming due to second kind 
maximum was observed, a Varies between 0.3-0.4 
in the rising portion with a sudden descent in 
current (a = 1.3-2.14) followed by a diffusion 
process (a =0.16-0.23) - Table I-B. Such i-t curves 
are analogous to ones where surfactants influence 
faradaic process and are also typical for a maximum 
of second kind. The current increases early in drop-
life due to upward swirling which is occasioned by 
high flow-rate of mercury into the center of the drop 
bringing more depolarizer to the electrode surface 
to undergo electrochemical reaction than would 
normally get there by diffusion alone. When the 
swirling tends to subside, excessive current due to 
convection decreases and current sharply drops to 
a diffusion value. The duration for the persistence 
of the hump diminishes with decrease in m which is 
in accordance with behaviour of the second kind. 
The swirling tends to be greatest in early part of 
drop life because at this time rate of growth of drop 
is greatest. Then with further growth of drop the 
maximum tends to subside and current reaches 
minimum. This is attributed to depletion effect 
which is caused by the direction in which solution 
streams. The current rises rapidly in early drop life 
and decreases with further increase in potential 

near the end of drop life which is in all probability 
due to greater adsorption with increase in area of 
drop. Similar curves were met with in Cd-KCl 
sys tem b y MICKA19. 

b) Three electrode studies 
Current-time behaviour of nitrobenzene at varying 

pH's 2.2, 5.3 and 7.8 at low and high mercury flow-
rates is depicted in Figs. 8-10 and a values in 
Tables I I - IV . The morphology of these curves is 
dependent on several factors viz. mercury flow-rate, 
pH, degree of purity of solutions, supporting 
electrolyte and depolarizer concentration, IR com-
pensation and nature of streaming. At positive 
mercury surface and m > 1 mg/sec, compound 
maximum is envisaged with complex streaming 
pattern which consequently affects the shape of i-t 
curves. The extent and character of streaming is 
dependent on rate of flow, potential and its distance 
from electrocapillary zero. 

Fig. 8-A gives the behaviour at p H = 2 . 2 , 
m = 0.96 mg/sec and corresponding a values at 
varying intervals are enlisted in Table II. a Varies 
from 0.48-0.62 in early ages of drop ( <0 .5 sec) and 
0.2-0.3 in later part of drop life. If the supply of 
reducible substance to the electrode and the 

Table II. Alpha values obtained for 3 electrode current vs time curves for 1 mM nitrobenzene in Mcllvaine 
buffer, pH = 2.2 at indicated potentials and varying mercury flow-rates. 

m mg/sec Alpha at varying intervals in drop life 

— 300 mV —400 mV — 450 mV — 480 mV — 500 mV — 516 mV — 600 mV 

4.78 
0.83 (0.2) 
0.33 (0.5) 
0.44 ( >0.8) 

1.48 (0.2) 
0.33 (0.5) 
0.50 (1.0) 
0.44 ( > 1.2) 

0.70 (0.2) 
0.50 (2.0) 
0.40 (>2.0) 

1.33 (0.2) 
2.27 (0.5) 
0.45 (>2 .0 ) 

0.90 (0.2) 
2.22 (0.6) 
0.53 (>0 .8 ) 

1.1 (0.2) 
0.36 (>0.2) 

0.4 ( < 1) 
0.2 ( > 1 ) 

— 300 mV —421 mV — 452 mV — 479 mV 

3.50 
0.63 (0.2) 
0.40 (>0.2) 

0.75 (0.2) 
0.43 (>0.2) 

1.06 (0.2) 
0.36 (>0.2) 

0.90 (0.2) 
0.47 (0.8) 
4.20 (1.2) 
0.60 ( > 1.6) 

— 304 mV —438 mV 

1.84 
0.47 (0.2) 
0.33 (>0.2) 

0.44 (0.3) 
0.52 (0.5) 
0.17 (1.5) 

—455 mV 
2.2 (0.2) 
0.25 (1.0) 
0.11 (2.0) 
0.40 (>2.5) 

— 303 mV —365 mV — 404 mV 
0.63 (0.5) 0.50 (0.5) 2.00 (0.2) 

0.96 0.29 (>0.5) 0.23 (>0.5) 0.48(0.8) 
0.14 ( > 1.0) 

Time intervals in seconds during which alpha values were calculated, are given in parenthesis. 
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electrode reaction take place at comparable rates, obtained in the presence of either a second kind 
a has intermediate values and decreases with time14. maximum or adsorption effects of electroactive 
The morphology of curves of Fig. 8-A at —365 mV, species21. The latter case seems operative in these 
—404 mV is peculiar and such curves are usually cases as presence of second kind maximum is ruled 

Table III. Alpha values obtained in 3 electrode current vs curves for 1 mM nitrobenzene in Mcllvaine buffer, 
pH = 5.3 at indicated potentials and varying mercury flow-rates. 

m mg/sec Alpha at varying intervals in drop life 

—444 mV —480 mV — 512 mV — 535 mV 

4.78 
1.0 (0.2) 
1.33 (0.3) 
0.25 (0.4) 
0.56 (1.5) 
0.48 (>1 .5 ) 

1.80 (0.2) 
1.10 (0.3) 
0.55 (1.0) 
0.39 (>1 .2 ) 

0.77 (0.2) 
0.61 (0.5) 
0.22 (>0 .5 ) 

1.00 (0.2) 
0.17 (>0 .5 ) 

— 444 mV — 480 mV — 512 mV — 535 mV 

3.50 
1.70 (0.2) 
0.94 (0.3) 
0.55 (>0 .5 ) 

2.00 (0.2) 
0.67 (0.8) 
1.38 (>0 .8 ) 

1.33 (0.2) 
0.27 (0.8) 
0.13 (1.5) 
1.21 (>1 .8 ) 

1.28 (0.2) 
0.25 (0.5) 
0.06 (>0 .5 ) 

—420 mV —470 mV — 500 mV 

1.84 
1.33 (0.2) 
0.85 (0.3) 
0.60 (>0 .5 ) 

1.33 (0.2) 
0.44 (0.5) 
0.93 ( > 1.5) 

1.26 (0.2) 
0.30 (1.5) 
0.85 (2.0) 
2.50 (>2 .0 ) 

—440 mV — 471 mV — 493 mV 

0.96 
0.72 (1.0) 
0.52 (>1 .0 ) 

0.42 (0.2) 
0.35 (>0 .5 ) 

3.94 (0.2) 
1.18 (0.7) 
0.33 (>1 .0 ) 

Table IV. Alpha values obtained in three electrode mode current vs time curves for 1 mM nitrobenzene in 
Mcllvaine buffer, pH — 1.8 at indicated potentials. 

m mg/sec Alpha at varying intervals in drop life 

— 642 mV — 692 mV — 716 mV 

4.78 
1.6 (0.3) 
0.55 (>0 .5 ) 

1.26 (0.2) 
0.43 (>0 .5 ) 

1.33 (0.2) 
0.43 (>0 .4 ) 

— 691 mV — 708 mV 

3.50 
1.27 (0.2) 
0.50 (0.8) 
0.38 (2.0) 
4.00 (>2 .5 ) 

0.80 (0.2) 
0.23 (1.0) 
1.50 ( > 1.5) 

— 685 mV — 705 mV 

1.84 
0.40 (1.0) 
0.60 ( > 1.0) 

0.50 (0.2) 
0.71 (0.6) 
0.38 (1.8) 
0.40 (>2 .0 ) 

— 642 mV — 670 mV 

0.96 
0.37 (0.8) 
0.67 (>1 .0 ) 

1.00 (0.2) 
0.49 (0.5) 
0.70 (>2 .0 ) 
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out due to low m and streaming observations. It 
may be emphasized that i-t curves should be 
interpreted in the light of streaming observations, 
mercury flow-rates and nature of electrode process. 
The curve at potential —404 mV was at the fall of 
maximum and this behaviour may be due to longer 
drop time during which the streaming is on the rise 

upto 4 seconds and then its cessation occurs due to 
damping of surface movement of mercury in the 
later part tending to fall to the diffusion plateau. 
This may also occur due to uncompensated I R 
brought about by change in resistance during the 
life of a drop. Fig. 8-B describes the nature of i-t 
curves at m = 4.78 mg/sec, p H = 2 . 2 . Higher a 

(A) 

- 3 0 3 - 3 6 5 - 4 0 4 

Fig. 8. Current-us-time curves three electrode mode; 1 mM nitrobenzene in Mcllvaine buffer, pH = 2.2 at 
indicated potentials and varying mercury flow-rate: (A) 0.96, (B) 4.78 mg/sec. 

(A) 

- 4 4 0 - 4 7 1 - 4 9 3 

TIME (sec) «• 

- 6 7 0 

- 6 4 2 - 6 9 2 - 5 3 5 

9 0 -

60. 

30-

0 

(B) 

2.0 4 . 0 6 . 0 

-716 

1.0 0 1.0 0 
TIME (sec) 

1.0 

Fig. 9. Current-rs-time curves, three electrode; 1 mM Fig. 10. Current-time curves in three electrode circuit; 
nitrobenzene in Mcllvaine buffer pH = 5.3. (A) 0.96, 1 mM nitrobenzene at pH = 7.8. 

(B) 4.78 mg/sec. (A) 0.96, (B) 4.78 mg/sec. 
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values (Table II ) are encountered in early drop life 
which decrease to an average of 0.40 and is an 
intermediate value for a mixture of first and second 
kind maxima. The break on i-t curves needs 
plausible explanation and presumably be due to 
the induced depolarizer effect8 coupled with second 
kind streaming with turbulence. Similar behaviour 
was noticed by us7 earlier in maximum of copper. 
At far cathodic potential (—600 mV), i-t curves 
assume a diffusion controlled shape with a = 0.22. 

The behaviour at m = 4 . 7 8 mg/sec, pH = 5.3 is 
shown in Fig. 9-B. Curve at —512 mV is a typical 
pattern for maximum of second kind and at 
—535 mV, it is diffusion controlled (a =0.17) . The 
slopes of log plots decreased with more cathodic 
potentials tending to reach diffusion values 
(Table II) . With decreasing flow-rates, second kind 
maximum tends to diminish until first kind prevails 
and current varies close to t1 '3 . The patterns at 
—471 m V and —493 mV lie in the region of acute 
maximum and the situation becomes complicated 
in case of organic compound. Surface movement of 

1 M. S H I K A T A , Trans. Faraday Soc. 21, 42 [1925]. 
2 J . P E A R S O N , Trans. Faraday Soc. 4 4 , 6 8 3 [ 1 9 4 8 ] . 
3 J. E. P A G E , J. W. S M I T H , and J. G . G E L L E R , J. Phys. 

Colloid Chem. 53, 545 [1949]. 
4 M . F I E L D S , C. V A L L E , and M . K A N E , J . Amer. Chem. 

Soc. 71, 421 [1949], 
5 I . A . K O R S H U N O V a n d A . S . K I R I L L O V A , J . G e n . 

Chem. U.S.S.R. 18, 785 [1948]. 
6 S . L A L and S . N . S R I V A S T A V A , Indian J . Chem. 6 , 

385 [1968]. 
7 S. L A L and H . H . B A U E R , J. Electroanal. Chem. 51, 

319 [1974]. 
8 S. L A L , T. W. H O L T , and H . H . B A U E R , J. Electro-

anal. Chem. 42, 429 [1973]. 
9 S. LAL, unpublished results. 

1 0 F . M . H A W K R I D G E , T . W . H O L T , a n d H . H . B A U E R , 
Anal. Chim. Acta 58, 203 [1972]. 

N H . J . A N T W E I L E R , Z. Elektrochem. 4 8 , 596 [1937]; 
44, 719, 831 [1938]. 

1 2 D . I L K O V I C , Coll. Czech. Chem. Commun. 8, 13 
[1936]. 

13 T. A. K R Y U K O V A , Zh. Fiz. Khim. 21, 365 [1947], 

the mercury drop sometimes arise and sometimes 
being damped down. The damping is due to the 
adsorption of reaction products at the electrode. 

Fig. 10 (A, B) depicts the results on i-t curves at 
p H = 7.8 in three electrode mode at low (A) and 
high (B) flow-rates. At high flow-rate, a = 0 . 4 3 was 
obtained whereas at low m, a = 0 . 7 was noticed. 
The curves registered marked fluctuations in the 
later parts of drop life which is due to convective> 

motion hindered by adsorption of reaction products 
which becomes prominent in the later part of drop 
life. Similar curves have also been reported in 
literature23-24. 

It is apparent from the above discussion on the 
character of i-t curves that one may encounter 
several types of patterns varying in shapes and 
slopes and it seems important to identify the nature 
of factors involved such as maximum, complexation, 
adsorption, resistance, medium and ionic strength. 
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