A SIMPLE POLAROGRAPH
By "1 Abchandany and 8 K K Jathar

The polatographe method of chenucal analysis mvented by
Heyrovsky (J Chem. Lastry, 1922, 16, 256, 304, Phil Mag , 1923, 4§,
303) depends on the mterprelation of curreni-voltage curves obtaned
by the clectiolysis of solutions contamning cleclio-reducible o1 electro-
oxidizable  substances, cartied oul m a cell m which the anode 1s a
pool of mercury resting al the hotlom of a vessel, confamung the
solution to be analysed, and the cathode 1s dropping mercuty electrode

The arrangement of the apparatus

T msemee—emm1 - fig | Recording the course of on
elacirolysis with the mercury
dropping cathode

A = mercury anode overloid by
E =1the solution under te,t
K = the dropping mercury cathode
8 = Source of current (storage
\ bottery)

AN W = potantiomeler wire ¢oil
"'"'\\-- $ = sliding contact
M = motor
naandunlll By P = polarogrom
e Mg s G = moving coif reflecting

qalvanometer

L = luminahing lamp
C = condenscr

I 1

The punaple of the method s shown m Fig 1 The cuirent
voltage curves ate obtamed by applymg a steadily mereasing potential
on the clectrode system of the cell and measuiing the curtent ur a
galvanometer councdled m scries, Kvery electrolytic reduction or
oxidation 1akes place af a definite voltage, which 1s the characteristic
of the electro-1eductble o1 ¢lectio-oxidizable substance and 1s known
as ity decomposthion potential — As the voltage applied to the cell 1s
mereased, a very small cuttent (tesidual curient) flows thiough the
galvanometer, untl the decomposttion potential of the 1on undet
exammation 1 reached, at whieh a cunent proportonal to the
concentration of the substance fows thiongh the galvanometer  This
cirent does nol nerease mdehndely with the mceieasing potental
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after the decomposttion potential 15 escecded, bub aftawe v humting
value and remams constant, hemg unaliccted by any turther nise gy
{he applied potential

It 1s possible to deletnmune {he nadure ad voncentration ot 4
number of substances simultancously, as the wurent ot cach pomt
on the cwreni-vollage wurve, s o function of e potentid appled o
the diopping electiode and 1 mdependent of the provious course of
electrolysts ~ For sumullancous analysis ol nuber ol salts, however,
it 1s necessary that the decomposttion potentials ol difterent 1ons must
difier fiom each other at least by 09 volts i order {o get well defined
waves for cach substance, smee the waves ol two substances,  having
decompostiion polentials very near cach othar, will voalesee and a
smgle wave will be recorded  The method ol chenneal analysts by
polarogiaphic method, 1s spectally swted for small concentiations of
the oide1 of 10~% to 107* molar, and under propar condiions 1 s
possible to conduct qualitalive and quantitative analysis e a solution,
mn which as many as six 10ns are present The methad of ceciolysis
bemg generally applicable to all oxudalion and roduction reactions,
15 capable of wide applicalion 1 the analyss ol many morgan,
orgamic and biological substances  An eabanstive account ol sudh
work has been given by Koltholt and Limngane  (Chom Reviews,
1934, 2, 1) and Muller (Chem Revicws 10159, 24, 95)

Polarogiaphic methods  have  heen mowly  dovelopod by
Heyrovskey and tus school al Paraque, [Tohn m Germany, Somcano
m Italy and Shikanta m Japan  Manv models of  Floviovshy's
automatic iecording Polatograpli and  Fisher's  Lulechiode  (non
recording) ate on the market, but {he mstiwments we very expeusives
Kolthoff, and Lmganc (loc ul) huve descatbod @ vt by means ol
which the current-vollage curves can be 1ccondud nanually, hut the
method 1nvolves a complicated worhmg

The authois have constructed o strple il Chicap poliograplt
which automatically diaws the curyves willy o Tl degree ol ey,
The mstrument can be tuther moditied and e made both hand
recording and hand opcrative,
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Hiectyolytie System —The  solution E, to be analysed 1s
contained m a vessel above a layer of mercury A, which serves as an
anode  The cathode K 15 formed by the diops of mercury wlich fall
in the solution at an mierval of 2 {o 4 seconds from a nairow capillary
tube, connedted fo the meicuty 1eseivou F by means of a long
pressute tubmg - By levelling the meicuy 1eseivou, the time nterval
between the succeeding diops can be contiolled as desued The
connection 1o the cathode 15 made by tusing platmum wies to the
capillary (Fig 2)

Blectrical equipment —The electiolylic system 1s operated
by applying a umform wmcieasing vollage on the two electiodes by the
movement of the shiding contact S along the resistance wire W
(Potentiomelcr wire) wound tound a paxolin dium and the increasing
vollage 16 steadied by means of condenser C The shding contact 1s
opetaled slowly by means of a system of pulleys driven by the motor
‘M’ with a 1eduction gear  The wire used for the potentiometer 1s
nichiom No 20, having a {olal 1esistance of 16 ohms  The voltage on
the pofentiomeler wne W 1s 1egulated by means of an exlernal
1esistance X and 158 measuied on a vollmeter V. By applyng a fixed
potential of two volts on the polentiomeler wue, the vollage mciease
pet tuwn was 0085 of a voll mstead of 01 volt owing to the
taully vollmecter used n the experiments The cuirent Aowing m the
arcuit during the course of the electiolysis 15 read on a murror
galvanomete1 G, provided wilh a shunt R, <o that a sensitivity 1anging
from 1/1 to 1/5000 15 obtamed

Recordung device—A  cyhnder 1ound which the photo-
graphic paper 15 attached, 15 wounted on a spindle which s geared
perpendicularly 1o that of the shding contact The gear ratio 1s
1 20, so that for 20 turns ol the slidng contact, the cylinder completes
one 1olalion This cylinder 1s encased m a cassette P, having a
natiow horwzontal slit  The galvanometer lamp L, casts a fine pencil
of light on the photogiaphic paper A special device marks the
abscissa lines on the photogiaphic paper  The shding contacl S,
wlile rotating 10und the dium, piesses the contact D momentatly,
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which flashes the abscissa lamp Ly on fo {he sl ol the cassette and
a line 15 pumted on the photographue paper atter evers turn of the
potentiometer wite 1¢, after every 01 voll (actually 0083 ot 4 volt
1n this research)

It has already been pomted oul, that for @ sunulfancous esp-
mation of a number of tons, 1t 15 necessary that the decompoation
potential of the ions should difter by at least 02 ob w volt T
difficulty can, howevet, be overcome, by meorporating an urange-
ment by means of which the vollage scale 15 enlarged thiee times,
s0 that a single turn of the potentiomefer wite correspods to 0.1/3
of a volt Two 1estslances ol exautly the same value as that ol the
potenliometer wie are jomned m series with the wue, and by means
of smtable switches, the voltage on the wire 15 chivided e thiee ranges,
0to 066,066 to 132 and 1 32to 2 0volts, so thal the analysis hetween
any 1ange can be carnied oul with great accuracy and ons having
decomposition potentials very near cacli other can be detected casly

The capillaries used for the dioppmg clectiode wie usually
made by diawing oul the end of 20 um long capillany tubing of
05 mm. wternal diameter, until the tip 15 aboul 003 to 004 mm
wternal diameter  This method was however {ound very {roubleson,
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as it was very ditficult to diraw oul a capilary {o speuific nfernal

diameter A commercal  thermometer capiflary was found very
satisfactory

Fig 3 shows the polatogiam of the cutient-voltage curve taken
with a fixed 1esistance (4000 ohms) connected in place of the electrolytic
system  The cutve 15 a stiaight line showmg that the mechanical
system of gears and the umifoimuty of the potentiometer wire were
satisfactory  The mstiument has been used both for qualitative and
quaniitative analysis, the toimer depending on the decomposition
potential and the latter on the magmiiude of the hinuting current  The
limiting current m ceitan cases, however, does not iemain constant
alter the decomposition potential 15 exceeded, but shows a maxima

Fig 4 <hows such a maxima obluned i the case of analysis at
commetctal lead salt
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This maxima has been attributed by Heyrovaky to an adsorption

of the eleclio-teducible substance on the growing mercury drops,

whereby the concentration of the reducible ton 1s mcreased and the

normal concentiation polarisation 1s prevented —This maxima can be

suppressed and 1 certain cases entwely eliminated, by adding to the

solution, traces of certan capillary actwe electrolytes and non-

electrolytes and various charged collods Kolthoff and Lingane
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(loc wt) have used methv red el caed mentnal olutons with
satistactory tesults I has also heen esbabilisheed that e paesenee of
gelatme 1 concentrations greater than UL suppre e s the g
In Fig 4 carve ‘a’ shows the suppression o iy din to addition
of the solution of gelatme

The hnuting cuttent, which o the bases ob quantitdive polaro-
grapluc analysts consisis ot two components (1) the ddlusion conrend,
proportional 1o the concentration ob the gradint between the surla
of the mercury diop and the hody of the solubon and (2) the mgration
cutrent (Ilkovic, Collechion Crechoslon Chom Contmun, 051, 6, 408)
propottional {0 the electical potential grachent atouned the mercwy
diop  To avowd the second component o large exeess ob indidierent
salt 15 added so that the currents practically carncd by the ons
of this salt and the clectiical mugration of the  clociro reducble
substance 1s avoided, so that the lmubng cwrent s enfuely the
difiusion cuirent, which 15 propottional {o the concentration of the
reducible 1on  The ddfusion curtent s mfluenced by varous Laclons,
such as the natuie ol the capulaury, the weight and the drop tune of the

meicuy drop, the dilumon coethaent of the dlectin reduable
substance and the temperatwie

In order o obtam the bhest possable results proper attention
should be paid to puisfication of mercuy, the punty of the salt used
for standarcization, the {abrication of Capiliaties used for the dropping
clectiode, the conduclance and tempetature ol {he solution, the proper

selection of the supporting electtolyte (incufies et salt) and the maxmma
suppressor

The theory of the droppmg clectiode requures that there be
present 1n the solution undei examunafion, an 1on other than that lor

which the analysis 15 bemg conducled 1 concentration about 1710 N
Thus ton (mncifterent salt) should be such which should have « decom-
position potential very much higher than the on under eannunation, so
that no mciease m cutrent occu s betore the decomposttion potcntml
18 1eached A common wdiflerent salt 15 | /10 N potassun chlonde,
which does not affect the current, until the vollage v well above two
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volts  The sclechion of the mddfeient salt, howevet, depends on its
ctiecl on the 1on under analysis and the possibilily of the complex ton
lormation
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Fig 5 shows a quantitative analysis of a solution contamning
copper, smc and manganese The analysis was carited out mn a
solution of mdifferent salt contaning 10% sodwm nitrale and 01%
gelatme  Foi every quantitative analysis, 1t 18 necessaiy to calibiate
the mstiument and mark the magnitude of the cuient due to a
particular quantity of the substance The cuirent-voltage cuive
obtamned in the figuie cotresponds {o 34 mg of Cu, 18 mg of Zn and
3.5 mg of Mn al 1/100 senstlivity of the galvanometer

SUMMARY

A simple and mnexpensive Polarogiaph has been constiucted
to record cunient-vollage curves which permut a detaled study of
the couse of electiolysis by means of a dropping meicuy electiode
The Polaiogiaph has been used for qualitative and quantitative
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analysis ot solulions
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