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INTRODUCTIOX 

A coulometric technique using pulses of constant magnitude has been described by 
DEVANATHAN AND FERNANDO'. In the instrument that they described, pulses of 
constant magnitude were generated with the aid of a multivibrator and electromechani- 
tally counted. .A constant pulse size was achieved by using a high stability power 
supply of relatively complex design. It was considered useful to investigate the per- 
formance of this instrument when the power supply was replaced with a simplified 
or a readily obtainable power pack. Two such power supplies have been used in this 
work, a conventional power pack regulated with “Rarrettcr tubes”, and a Healthkit 
Model PS-3 power supply. The constancy of tile current pulses generated by this 
simplified multivibrator has been tested directly by means of a silver as well as a 
copper coulomcter, and indirectly by titrating arsenic(II1) and &quinolinol with 
electrogenerated bromine_ 

The indicator circuit has also been studied in order to dcterminc the optimum 
conditions for the amperomctric dctcction of the end-point in bromometric titrations. 

E_SI’ERIMENTAL 

Cottlonzetric titratiom with electrogewmated bro,>ri,le 

Fig. I shows the multivibrator circuit used. .5 
Voltage Regulated Power Supply” served as the 

Healthkit Model PS-3 “Variable 
source of anode voltage. Steady 

anode voltages were obtained about 15 min after switching this device on. Switches 
271 and 2% permitted the selection of one of three resistances, IOO KG. 500 KR and I 

MLT) as the grid bias of the tubes 171 and V,. Consequently nine combinations of N1 
and Rz were possible, seven of which were found to allow the generation of pulses 
at a steady rate when B+ was 250 \ I_ If B-j- = zoo V it was found that all combi- 
nations of X1 and Rz gave pulses at a steady rate (Table I). The magnitude as well as 
the rate of generation of the current pulses are critically dependent on the anode volt- 
age and the values of Cl, C2, Rl and Rz_ Switch S3 was used to short circuit the cathode 
of V2 to ground so as to permit the multivibrator to run freely when not connected 
to the titration cell. A high speed relay, which operated an electric counter, was 
--- 
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connected on the anode line of VZ and the titration cell was connected between the 
cathode of Vs and earth. 

The titration cell consisted of a central flat-bottomed vessel in which the generator 
cathode and a platinum indicator electrode were placed. Two side arms were fused 
on either side of the central vessel; these were saturated calomcl refcrencc electrodes 

V. 

I;ig. I. hIultivibrator circuit. 
Cl 1 pF (mica); B Pit Electric Counter XIodcl Or r5A; 
CA 0.5 JOE’ (mica) : K and E connections to titration cell; 
C1 -7 pF; HI 100 Ii, 0.5 x12 and 1.0 AIz2; 

C’J 0.1 /AF; Hz 100 K-0. 0.5 M-c;! and 1.0 X1-G; 
Vi and 1’~ 6 SN7: 1<3 15 Ita Ohmitc 50 \V; 

A Potter and Brumficld Ware Circuit 124 IO I<_Q Ohmite 50 \V. 

Relay I<CP 5/s KR; 

TABLE I 

V.\RI.\TlON OF S’ULSE ttEIGHl’ \\‘ITH R, AND ffz 

--- .--.- _ _____ --- .-- 
R, T h!. JIaztmu~~ h&W 

(K-0 : h-l)) (stalz dwi.s:ons) 
Jlo.r~mum height 
(scalz drvrsio,bs) 

IO0 : x00= i. 9.1 -2.7 
~oo:foo + s.0 -5.0 

1000 : 100 -f- 8.4 -4.4 

100 : sol-e -I- 1 I .3 -3.0 
500 : 500 + 7.5 -5.0 

1000 : 500 -t 7.9 --.) .5 

100 : ,000 t I I ..* -3.0 

500 : 1000 + 7.2 --5.0 

1000:1000 + 7.9 -- 4 .? 

--.-_-- ----_-- 

0 The rate of generation of pukes is not constant. 

and were separated from the central compartment by sintercd discs and agar plugs. 
One of the reference electrodes and the platinum generator cathode were connected 
to E and K respectively in the multivibrator circuit shown in Fig. I. The second 
rcfercnce electrode and a platinum electrode of area 3.38 cm2 were used as the indicator 
electrodes. A platinum microelectrode, rotated at a speed of about 600 rev/min with 
a Sargent synchronous motor was also used as an indicator electrode and proved to be 
far superior to the platinum foil electrode_ The saturated calomel reference electrode 
and the platinum indicator electrode were connected to an R-CA. ultrasensitive d-c. 
microammeter. The potential of the saturated’ calomel electrode was sufficiently 
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negative to give Limiting currents which were proportional to the concentration of free 
bromine in solution. It was found convenient in some experiments to record the 
limiting current, and a Speedomax Type G recorder was used for this purpose. In all 
experiments the solution in the central titration vessel was stirred vigorously by 
means of a magnetic stirrer. 

EZecCrodeposition of co#wr and siher 
The pulse circuit and counting circuit were the same as that described by DEVA- 

NATHAN AND FERNANDO’. The power supply consisted of a conventional power pack 
with a full wave rectifier, choke and condensers regulated at 300 V with the aid of 
two VR 150 tubes. The current was supplied to all apparatus through a constant 
voltage transformer delivering 230 V a-c. at 50 cycles. 

The cell in which electrodepositions were carried out consisted of a platinum cru- 

cible containing the electrolyte. The crucible was placed on a conducting surface and 
connected to the cathode. The anode consisted of a cylindrical block of silver 25 mm 
long and TZ mm in diameter to which was scrclvcd a long sillver rod 3 mm in diamctcr. 

This rod was clamped with the aid of a polythene slecvc insulator, so that the cylin- 
drical anode was symmetrically placed in the electrolyte. A similar copper anode 
was used for the electrodeposition of copper. 

In order to can-y out electrodepositions at elevated tcmpcratures, the platinum 
crucible was inserted into a cavity machined out of a brass hexagonal block, IO cm 
high. This block was heated clcctrically on a hot-plate, the block being insulated 

from the hot-plate by a mica sheet. A thermometer pocket, in close proximity to 
the cavity in the brass block, registered the temperature of the bath solution. 

Two different electrolytes wcrc used in the electrodeposition of silver. The first 
electrolyte consisted of 250 ml of o.r M _AgNO~ to which concentrated ammonia was 

added until a faint permanent precipitate was obtained. To this solution, 30 g 
CH&OONHa and IO g NHsNOs were added, and the resulting solution stirred tho- 
roughly and fiitered before use. The second electrolyte was prepared bymixing 250 ml 
of o. I M AgNOa and 250 ml of 0.5 M KCN. The solution was filtered before use. The 
electrodeposition of copper was carried out from the following solution : concentrated 
ammonia was added to 250 ml of 0.5 Al CuSO 4. until a faint permanent precipitate 
was obtained. To this solution, 30 g CHaCOONH4 and IO g NHsNOa were added and 
the resulting solution thoroughly stirred and filtered before use. 

TABLE II 
ELECTRODEPOSITION OF COPPER AND SILVER WITH CURRENT PULSES 

.- ---- - 

Jlclal ;Timc (min) No. of #mists IYt oJ metal (md No. oJ &lnminaIians 

Silver 30 
Silver 30 

Copper 2 
Copper 

With new tube5 in mrrl~iuibralor 

Silver 30 

21_)!5 f 8 17.91 f 0.22 IX 
2146 f 7 18.19 & 0.21 ‘4 

4294f.Ir 10.2_$ f 0.11 15 
4290 * ‘3 ro.Gr f 0.03 6 

2327 4: 8 x6.23 + 0.15 15 

Wv= 60 4667 f 8 ,8.75 f 0.16 12 
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The pulse coulometer was switched on and allowed to warm up for about an hour 
with the cell connections short circuited. The high voltage supply to the multivibrator 
circuit was switched_ off leaving the filament current on. The connections to the cou- 
lometer were made and the high voltage supply switched on. Current pulses were 
passed for a fixed period of time, the high tension supply switched off, and the number 
of pukes passed was noted. The platinum crucible was washed repeatedly with 
distilled water until it was free of electrolyte, rinsed with methanol, dried at 130” 
in an oven, cooled in a desiccator and weighed on a microbalancc to the nearest 

hundredth of a milligram. The results obtained are shown in Table II- 

KESU LTS 

The shape and size of cztrrent p&es 

The shape and size of current pulses obtained from the simple multivibrator circuit 

shown in Fig. I were studied on a cathode ray oscilloscope. The voltage across a 
resistance of 47 $2 connected between the points K and E, was applied to the Y plates 
of an oscilloscope with RI : Ra = IOO K?2 : IOO Kc_ Pulses were generated at a suffi- 

T 

r 

Fig. 2. Pulse shape obtained with multivibrator. 

cicntly rapid rate to permit the sweep frequency to be adjusted to give a stationary 
image on the screen, the general shape of which is shown in Fig. 2. Each pulse had 
a leading edge L over the flat portion of the pulse and a trailing edge T below the zero 
voltage line. The pulses were found to be of constant magnitude. The shape of the 
pulse was not altered significantly by disconnecting the relay and connecting the 
anode of VZ to B+ through a bias of IO Kf2. The ma__imum heights of the leading 
edge at a B+ of 250 V for each combination of Rx and R2 are given in Table I. An 
asterisk denotes those combinations which do not permit a steady generation of 
pulses at B+ = 250 V. 

The above experiments showed that the shape of the pulses gcncratcd by this 
multivibrator was not idcal. If however the pulse size is constant for a given com- 
bination of RI, R2. Cl and Cz, then the multivibrator could be used to electrogenerate 
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50 (2. FERNANDO et al. 

a constant quantity of bromine with every pulse. The most direct method for testing 
the constancy of the pulse size obtained with this type of multivibrator is to clectro- 
deposit Aver or copper in a coulometer as described in the experimental section_ 

Twenty-five sets of data were obtained for the elcctrodeposition of silver and about 

twenty for copper. In the former case the time allowed for the electrodeposition was 
exactly 30 min. and the number of pulses registered for this period and the weight 
of the silLper dcpositcd were measured. Because copper has a small electrochemical 
equivalent, the time for the clectrodeposition w-as increased to 60 min in order to 6ct 
an appreciable deposit of copper. The results were analyzed statistically and the 
standard deviations are shown in Table I I. The pulse size, calculated from the amount 
of silver deposited varies between 7.47 - 10-3 and 7.57 - x0.-3 coulombs/pulse; when 
calculated from the amount of copper deposited, the pulse size is found to vary 
between 5.75 - x0-3 and 5.96 - x0-3 coulombs/pulse. The low result obtained for the 
pulse size from the electrodeposition of copper can be readily esplained. The clcctro- 
deposited copper redissolves in the electrolyte during the time interval in which no 
current is passing through the coulometcr. i.e., during the time interval bctwecn two 
pulses. This reduces the total weight of copper electrodcpositcd and thereby gives 
rise to a smaller pulse size. The tendcnc>e for sil\wr to rcdijsol\-e in the clectrol>-te 
in this manner is small. 

Table II sho\vs the effect of using ne\v tubes in the multivibrator circuit. On 
replacing the aged tubes with new ones, there was a considerable change in the pulse 
size. 

In all electrodcposition experiments carried out under a lparicty of conditions, it 
was noticed that the deposits of silver and copper \verc crystalline and it would seem 
that the use of current pulses to elcctrodeposit metals, favors the formation of crys- 
talline deposits. 

The indicator eZecirotie system 

The pulse and counting circuits shown in Fig. I were used for the clectrogeneration 
of bromine_ Two indicator electrode systems were examined in this work, a platinum 
macroelectrode of arca 5.36 cm2 and a rotating platinum microelectrode. The optimum 
polarizing voltage that should be used with platinum electrode systems in solutions 
containing bromine and bromide ions, was first established. Polarizing voltages be- 
tween to.62 V and +0.32 V us. the rcfcrcncc saturated calomel electrode, fall on 
the limiting current plateau of the current -voltage curve, obtained for the electro- 
reduction of bromine to bromide ions at the platinum electrode. Al1 polarizing voltages 
used in our experiments were within this optimum range. 

In order to evaluate the response of the platinum macroelectrode to Br--BrT in 
solution, bromine was electrogenerated in solutions each containing 25 ml 0.5 111 KBr 
and 25 ml 0.1 M HCl. -4fter the generation of a definite amount of bromine, the current 
in this indicator circuit decreased continuously with time. If each current reading was 
taken at a definite time, say 15 set after the electrogcneration of bromine was inter- 
rupted, plots of current against number of pulses could be obtained. Except for a 
slight initial curvature, these plots were linear. However their slopes were different 
for different modes of pretreatment of the platinum electrodes, and these slopes were 
not reproducible. Consequently variable titration’blanks, from 0.3 to 6.0 pulses, were 
obtained. 
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When a platinum macroelcctrode was employed as the indicator electrode, the 
current in the indicator circuit showed a decrease of 5.2 PA in 40 min. after a definite 
quantity of bromine was elcctrogcneratcd with 21 pulses. A similar experiment was 
carried out with a rotating platinum microelcctrode; the same amount of bromine 
was electrogenerated (31 pulses) and the current in the indicator circuit showed a 
decrease of only 0.7 PA in 40 min. Furthermore, with a rotating platinum micro- 
electrode, reproducible plots of the number of pulses vs. current in the indicator 
circuit, were obtained and the titration blanks were negligibly small. Hence, the 

rotating platinum microelectrode is much more satisfactory as an indicator electrode 
for the amperomctric determination of bromine in spite of the fact that it has a lower 
sensitivity than the platinum electrode with a large surface area. In all bromometric 
titrations dcscribcd in this work, the indicator electrode consisted of a rotating plati- 
num microelectrodc. 

The condition of the surface of the platinum indicator electrode was an important 
factor which determined the precision and accuracy of coulomctric titrations with 
elcctrogenerated bromine. The rotating platinum microelectrode in the indicator 

circuit as well as the platinum generator electrode in the bromine generating circuit 
were pretreated before every experiment by a method described by KOLTHOFFAND 

TANAK-~~. An oxide film was first formed on the platinum surface when the electrode 
was immersed in concentrated nitric acid. The electrode was then washed thoroughly 
with distilled water and the oxide film reduced by placing the eiectrodes in a solution 
of ferrous sulfate. Knally, the electrodes were rinsed with distilled water and placed 
in the central compartment of the titration cell. The use of this pretreated electrode 
in the amperomctric circuit for detecting the end-point in the bromometric titration 
of Squinolinol and arsenic(III), gave reproducible titration curves. Furthermore, 
titrations which were carried out in which the Squinolinol or As(II1) were omitted, 
gave negligible blanks. 

TITRATION OF 8-QUINOLINOL WITH ELECTROGENERATED HROMINE 

pfi 8.quinolinol No. 01 @drrs 

500 455 0.910 
400 367 0.918 

300 272 0.907 
250 232 0.926 

200 183 “.9x5 
150 139 0.927 

IO0 99 0.990 
50 49 0.930 

40 39 0*9T5 
20 21 I .05v 

B+ =-. 2ooV: R, :R, = IOO KR:roo I;R 
500 3750 7.500 

go” 346 2636 7.569 7.531 

250 I886 7.544 
100 1g10 7.550 
150 “37 7.580 

50 400 8.000 
-.--_-.-____ 
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Titration of 8-guinolimd 

The central compartment of the titration cell contained 50 ml of solution which 
was made up as follows: 25 ml 0.5 M KHr, x ml of a standard solution of S-quinolinol 
in 0.1 M HCland (25- x) ml of 0.1 M HCl. In the multivibrator circuit B+ = 250 V 
andHr:Rs= I M-Q : I MG. A second set of results was obtained when B$-. = zoo V 
andRl:Rz= xoo KS;) : IOO K-Q. An R.C.il. microammeter and a pretreated rotating 
platinum microelcctrode were used in the indicator circuit. All current readings in 
the indicator circuit were taken 2 min after the interruption of the bromine generation 
since it was found that the current reached a steady value after this time interval 
had elapsed. The results obtained arc given in Table III. 

Titration of arsen ic( III) 

A solution containing As(II1) was made up as follows: 15 ml 0.5 111 KBr, 25 ml 
I M H&O4 and the standard As(IIT) solution, made up to a \polumc of 50 ml. The 
multivibrator settings were B+ = 200 V and Ri : RZ = IOO KJ2 : IOO K0. The experi- 
mental technique employed was the same as that for the titration of 8-quinolinol. 
and the results obtained arc shown in Table IV. 

TABLE I\' 

TITRATIOS OF ,\RSENIC(It~) \\‘ITtf I~:I.RC’rROGESI~R_~TED RROSTISE 

13 + = 200 1'; N, : R= =r 100 KO : I00 KR 
-.- -_.- - --..-- _- ._. _. _ -.-- _ .- 

pg orsmicllll I .\‘o. of pu1rrr .vo. o/ pulsrs prr J8g 
orsc?xufllI) 

.- _-- -. _ ._-- ..-. -- 

300 2177 7.957 
180 1306 7.256 
I30 873 7.=i5 
9 609 7.250 
Go -150 7.ym 

36 170 7.500 
"_& X8? 7.583 

-_ - .-..__-_ __ _.-.. _- 

DISCUSSIO*N 

The attempts to determine the puke size electrogravimetrically, using a copper coulo- 
meter, were unsuccessful since a certain amount of the electrodeposited copper re- 
dissolved in the electrolyte during a run. With a silver coulometer the puke size, 
calculated from the results in Table II, is 8-507 + 0.107 &pulse. Therefore, the 
percentage error is 1.26%. which is identical with the percentage error for the weight 
of the silver electrodeposited. when the time is kept constant. Since the percentage 
error in the pulse rate is 0.5%. it is reasonabie to assume that the pulse size also is 
subject to the same percentage error. Howcvcr, the observed percentage error for 
the pulse size is 2.5 times the expected error. This increased error may be due to a 
number of factors. The nature of the deposits formed was not ideal and considerable 
difficulties were involved in collecting, washing and drying these granular or crystal- 
line deposits. It is also possible, just as in the case of copper, for the electrodeposited 
silver to redissolve in the electrolyte during the electrodeposition. A variation in the 
pulse size could also be caused by a variation in the voltage supplied by the power 
pack over a Iong period of time or a change in the tube characteristics in the multi- 
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vibrator. The results in Table II show that the pulse size is dependent on the ‘.‘age” 
of the tubes. If the “aged” tubes were replaced with new ones, the pulse size showed 
a considerable change. 

It must be emphasized that most of the ecTors that have been mentioned are 
encountered on examining the lOrIg term stability of the instrument. The short term 
reproducibility of the pulse size is considerably better than I%_ For, masimum ac- 
curacy and reproducibility, the pulse size should be calibrated with a standard solution 
of the substance to be titrated, before a series of determinations is catied out. 

The pulse size obtained from the instrument. described in the first part of the 

espcrimcntal section and shown in Fig. I, was determined by a number of methods_ 
When B+ = 250 V and RI : R2 = I hIG : I lW2 a silver coulometcr gave a pulse size 
of 3.25 - 10-3 coulombs/pulse. When a standard solution of S-quinolinol was titrated 
using the same esperimental conditions, the pulse size was found to be z.gz*ro-3 
coulombs/pulse. \Vhen B+ = 200 V and R 1 :R:! = IOO K-Q : IOO KG the pulse size 
obtained by titrating a standard solution of S-quinolinol was 3.54’ x0-4 coulombs/ 
pulse. If a standard solution of arsenic(II1) was used, the pulse size was found to be 
3.55. x0-1 coulombs/pulse. Therefore, in the titration of 8-quinolinol and arsenic(II1) 
with electrogcnerated bromine, the titration efficiency is xoo~/b. under the cspcrimcn- 
tal conditions used. 

It is evident from this work that the direct determination of the pulse size using a 
silver coulometer is unreliable for reasons that have already been mentioned. Our 
results indicate that the clectrogcneration of bromine is ICIO~/~ efficient and the 
titration cfficicncy- is IOO~/~ in the bromomctric titration of S-quinolinol and arsenic- 
(III). However, Tables III and IV show that in order to titrate less than about xoo,ug 
of S-quinolinol, an excess of electrogeneratcd bromine is required. This effect has been 
reported previously1 and confirmed repeatedly in this work. In the titration of arsenic- 
(III) an increased quantity of bromine was required for the titration of quantities less 
than about IOO rug arscnic(I1 I). The reason for this anomalous behavior is under 
investigation. 

_ACKNOWLEDGEX¶ENT 

This work was supported b)- a grant from the Research Corporation. 

SUMlIARY 

A simplified multivibrator circuit has been constructed and the suitability of this 
simplified circuit for coulometric titrations has been investigated. The factors that 
affect the coulombic magnitude as well as the rate of generation of current pulses, 
have been evaluated. Arsenic(II1) and 8-quinolinol have been titrated with electro- 
generated bromine and a pretreated rotating platinum microelectrode has been shown 
to be the most suitable indicator electrode for detecting the end-point in these 
titrations. 
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