
The arrangemsnt of the apparatus 

FIQ I Rocord~ng lho course 01 on 
eleclrolysls with the mercury 
dropputg calhode 

A = morcury onodo ovcrlotd by 
E = tho solut~on under te-l 
K = t h ~  droppmy mercury colhodc 
13 = Source o l  current lrtoroge 

bottoryl 
W = polstlllomrler W l r L  toll 
S = s l ~ t l ~ n g  contact 
M = motor 
P = poloragrow 
G = rnovlng coll reflccllng 

~ a l v o ~ ~ o n l e l c r  
L. r lllum#nol~n# lamp 
C e condcns~r 



Polarog~aphic methocls lx,~vc: hcc~ll I I L ~ ~ I ~ I J  I t  i t 11 I W  
Heyrovslcey and his sc11001 I?LI L K ~ I K  , I MIII HI ( H I , L I I )  St I I I K  I I U I O  

in Italy and ShiIcni~t~~ 111 Jap,uz hlT,ulv ~llotlt+ls o1 I t  i I cltlclhy'\ 
autornahc lecolcllng I)ol,uogl q l t  , ~ d  1 t * r  1 1  ( t t 1 (nou 
r e c o ~ d ~ n g )  ~ i l e  on the n ~ ~ i k e l ,  but i . 11~  i l ~ s t ~ u ~ r l t ~ ~ l l ~ ,  .u c i t  I \  L * \ ~ K  ~ ~ s l ' i . ~  
Kolthoff, alld LmgCml: (Ioi L I ~  ) I L ~ L V C  I ~ C ~ I C I L I ~ C  (I ,L t 11 1 1111 ~i lc~~ii ls  01 
wh~ch ihc cul~ent-voll.ipc Lurvcs L. I I I  1 1 ~  t  ill^ (1 I ~ L L I I I I ~ ~ I ,  11111 t l l ~  

method mvolves n c a m p l ~  ,lie(l W O ~  htllq 





I $ $ c ~ l ) o h j t a o  fl?/nhc--Tln solot~oton E, to be .~nalysed 1s 
conlained ill .I v o s d  ; L ~ O V C  a laycl of mercLlry A, which serves as an 
mode Tlic catliodc li 1s iol lnccl by the cliops oi mercury wlllcll fall 
in the solntioti at :m iiitelval of 4 to 4 secollcls frotn a n a ~ r o ~ v  capillary 
tube, ~onnected to ihc iml L L U ~  xeselvoil F by ineatls of a long 
presiut e t ~ ~ b m g  By levclltng the me1 cul y iesei voii, the time lnterval 
between the succcccl~ng diops can be contlolled as deslxed The 
colinectlon lo the cathode 1s made by lrrsing platinum wtles to the 
c,qxllaiy (Fig 2) 

Bbec t? zcnl ep i%pze?a t  -The elect] olytic system is operated 
by .~pplymg a unxfotin tncleasing voltage on the two elecltocles by the 
moven~cnt of the slxcling contact S along the resistatlce wlre W 
(Potentlometct wire) wouncl louncl a paxolin dtuln and the incre~istng 
voltnge 1s ~;teacliecl by means ol condense1 C The slldlng contact is 
opei,Lted slowly by means of a system of pulleys dr~ven by the motor 
I M' nut11 a lcductiotl geat The wire used foi the potentlometer is 
111~1110111 No 20, l~aving a total i emtance of 16 ohms The voltage on 
the polcritlometex w e  W 1s ~egulatecl by means of An external 
~ccist,ince X and xs me:ismecl on ~t voltinetel V By applying a fixed 
poi.entt:d of two volts on the polentlometei w i ~  e, the voltage incledse 
pel 1u1u was 0 085 01 '1 volt instead ot 0 1 volt owing to the 
1,1ulty vollmctel used In the expeilments The culictlt flowmg in the 
ciscult during the cou~se  of the electtolysls is read on a mlrroi- 
galvmometci G, provlded with a sllulit R, so illat a sensltivtty langing 
flom 1 /1 to 1/5000 1s obtained 

Becorcilzng d e v m  -A cylinde~ iound whtcli the photo- 
g r a p h ~ .  p q c l  1s attached, is inountecl 011 a spindlc whtch is geatecl 
pe~pencltc~llarly to that of the hdltig  ont tact The gear ratlo 1s 
1 20, so th ,~l  foi 20 turns 01 the sllcl~ng contact, the cgli~~dei colnpletes 
one iotdlon Thts cyli~lclei is encased in a cassette P, having a 
aattow lloii~ontal slit The gcilv;monletel lamp L2 casts a fine pencd 
ol ligl~t on the photographlc paper A special device marks the 

;~bsctss<~ lmes on the photoglaplac paper The sltdlng coiltact S, 

ivlnle rotattng i omld the cli urn, pi esses the contact D momentat ily, 





ds it Wri\ VCIY dlliicttll to dlciw O Z I ~  '1 cap~llary to spccxflc internd 
diamctc~ A conmcl ~ l d l  ihel nlolileter ~npillary was found very 
~ L ~ t l b f t l ~ t ~ l  y 

Fig 3 \liows llzc polaiogidm of the cui~ent-voltage curve taken 
wlth '1 hxecl t es~st;ulcc (4000 olzins) connectcclin place of the electrolytic 
\ystem 7 ' 1 ~  ~ u i v c  1s n st1 alglit lme shotvmg thdt the mechanical 
system oE gcaiq m c l  the un~folm~ty  of the potentlometer wire were 
sL~tlsfactoi y The insi~unient has been used both fol qualltntive met 
cluantltatlve tlndys~s, the folinei depending on the clecompos~tloii 
potentid mcl  tllc lattei on the magnitude of the limitmg current The 
Ilmitlng cul I ent 111 cel tam cases, l~otvever, does not lenmn constant 
aftel the decomposition potentla1 1s exceeclecl, bnt shows a rnaxmci 
Fxg 4 show, such a inaxlm,~ ob1,unecl in the case of ailalys~s at 

Thxs inaxma has been attr~buted by Heyrovaky to 'in adsorpt~on 
of the elecho-r educ~ble substance on the growmg mercury drops, 
whereby the concentration of the reducible ron IS mcreased and the 
normal concentlntml polarisation IS prevented Thls maxima can be 
s~~ppressecl and in certan cases entlrely ehrnrnated, by addlng to the 
solution, traces of certam caplllclry actrve electrolytes ancl non- 
electrolytes and various ~l~argecl  collo~Is Kolthoff ancl Lingane 



Thc 1111idi1lg LUI I C I I ~ . ~  u 111111 1% f l l t ~  I),Lu*, 1 1 1  ~ ~ L I ~ L I I ~ I ~ ~ ~ ~ ~ I  t. ~ u ~ l ~ ~ r o -  
g-aph~ a i~ lys i s  corialats 01 tn ( I  C O I ~ I ~ I I I I I ~ I I ~ ~  f 1 ) t i l t *  ~ l ~ l l ~ l w m  c 1 1 1  ~ c ~ ~ l ~  

ploporllonal to tile ~ o n r e l , t ~  . ~ I ~ J I I  (11 1111 I I 111 t i \  t ~ 1 1  1111~ \ I I I ~ ~ I L L  

01 the mc lcu~y  clrop and tlic 1~)cly ot tlic v ~ l u l ~ r ~ l ~  ( 2 )  1 l ~ t  r ~ r \ p . r t i o n  

cut rent (Illmvic, Collcclion C/c~llosl( ,I C'IK 111 ('I U I I ~ I ~ I I I  , I !I ,; 2 ,  6, 408) 
p~opu t t~ond  to the C ~ C L ~ I  lcId poit n t d  qt l ~ t h . + ~ ~ (  , ~ l ( r t l t ~ t l  1I1t I ~ ~ V I  I LILY 

chop To ilvo~cl the scconcl c o ~ ~ l ) o r ~ c ~ ~ t  ,L I t u  qc c+xr c 9 s  r 11 ~rrtltiielcnl 
sd t  is adclecl so thd  thc ~ 1 1 1  I tilt IC, 111 &IL hr ,illy , L I  i t 1 I)! l l ~  lo~l 'r 

of this salt nncl the c l c c l ~ ~ c , ~ l  lnigr ,itloll ot t l ~  clt I l r  t r  I cb~luchle 
substance 1s civolded, \o tli,lt tllc 111illt1ng cttltiwf 15 c w f ~ ~ l y  the 
diflus~on cu~lcnt,  wl~idl i s  popotticn~,rl to lllu L O I H  ' I I ~ I ~ I ~ ~ ~ I I I  c ~ f  t l ~  

r >  recl~mble ion I he cl~ffu\lon curl cnt is ~nflttc~iccd 1)s -r ,11 i r  ars l a  lo1 .;, 
such as the natuic 01 tllc c ~ p i l l ~ t ~ y ,  ihc rvc~ght m1 1 1 ~  (1101) I I I I N *  of 1 1 1 ~  
meic~zty drop, llze chllu\loll toc l l~ i  l c ~ t  c r t  tlie L lvc t i  1 1  I c(111i h h  
suhstarzce and the tempcr;ltu~ c 

r ,  i h e  tlxory of the droppmg clcct~odc requiles t11.tt ilwl r: he 
present In the solution u~icle~ exam~n~tt lcr~~,  ,ill ion olllcl t l l ~  tlld lor 
w h ~ h  the malysis is belug ~onclmlcd 111 ~ o r i c c ~ ~ t ~ . ~ t l u ~ t  ,~houl I /lo N 

T h s  1011 (mchflelent salt) sbould be such u?ll~t 11 hlroultl 11,ivc tll.c()m- 
~ositloll P t e l~ha l  very 111~~11 l ~ g h c i  than tlie uio undel r : ~ i ~ m ~ ~ ~ . ~ t i o i ~ ~  50 

that no inweaae m culrent occm s beiol L tllc clc~ol~lpo\ltrnl~ potclli.ld 
1s leached A comlnon indlflel cni a;& I\ 1, l u  N prt . \ss l i~~ ~hlo l id% 
whch does not affect the current, until the ~ o l t , ~ g c  I\ wrll .b\wvc ~ W L J  



volts 'I'lic wlcc 11011 ul thc md~llci ent salt, lmwevc~ , depends on 119 
c l i e ~ t  on thc 1011 uncle1 analysis and the possib~ldy of the coluplex Ion 

Fig 5 shows a qunntttative annlys~s of n soluttoi~ coi~taining 
copper, m c  a11d manganese The amlys~s was carled out 111 a 
solutlon of indiffe~eat salt contailling 10% soclium nitrate ancl 0 1% 
gclAiix Foi eve1 y quantitative analysis, it is rlecessai y to c a l h  ate 
the illstlulllent and n ~ , ~ i k  the magnitude of the c~ziient due to x 
particular quantity of the substance The CLII rcn t-voltage cul ve 

obtained in the h g u ~ e  coiresponds to 3 4 ing of CU, 1 8 111g of Zn and 
8.5 ing of Mi1 at 1/100 seilsdivity of the galvanometer 

SUMMARY 

A srinplcmd mexpensive Polarogi aph has been constlucted 
to record cml ent-voltage Lurves which pel 1111t a detaded study of 
the couise of eIect ioly~~s by mcnns of a dropping melcul y elect~ode 
The Pol,~loglapl~ ha5 been u5ed lo1 qualltat~vt. ancl qua~ltltat~ve 
aadysis of solullons 


