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Page 1. 

Although the P•larosraphie b&.ha.vto~ ct ee'balt and. 1tt 

var1oue ootn:{1ouod• &~d eomplexee ha'fe been 1ntene1 vel1 1nveat1gated 

u.s1t,t.S th'-' d.vopplng m .rcvry eleetrcd~• there h•u• been v1i:•t\tallJ 

no publlsbed. dart& Gn the vo1 tmttmett""J et cobalt ua:lnB a mtu•ou.r7 

poel &lt><H~ttodEh fl'i«u"efoqe• it waa felt toat voltam:n t:r?1c 

1nv&et1gat1on ot ·C¢balt 111 the fQrm of coso4 •'nl'gO uain both 

the 4roppieg n~irru."'Q1Jl"J electro4e -.rid the merottttJ pool leeti:-od 

mlgbt prov• tl'u1ttul ln t;bat th& two method• eould b co P• e4 

end tho tutbllt. tv of ua1r.ig tt.e mtu'cu:tt7 pool method u an 

anal7tio 1 tool tor oobal t ttt1;;11t be evaluat;od.. 

A.. l!tstor1oal BackS'rOUztd 

Since the :f1rat polarographic at$ttSUZ'et1Jent• wece ad in 

1911 by l'ttcfel11$0l" te.:ro•l•• Be~t'ovidtJ at th• Charles Tin1\'tttte1tJ 

1n Pl"'ague,. tbe· t1e14 of voltammetI' has 1• eelved oon11de,. bl• 

attentlol'h NCJt onlJ have !.nnum rable tecd",Oiqtu1tl been dev"lop•d 

fer \lSfl at the dropping r~ere1ury nleotr«te, but also v r1oue 

new t·ypet ot pGl&.l'lJtibl.e alectl"odes have been developed ln 
or·d~r to tui .. tl.e~ extend t:bi.\ usofulne;•• ot tho volta1nm•tr1(~ 

motl"od. Allione; theae :Aaw t7pee or 13lectro4es 11 the me:rcurr 

pool• ond f'rcm this t da~-1v&d the t:eobnique or merouttf pool 

vol teini:netitf. 
Zlctowsk1 (16), 2n ooimGot1on with work on ove~voltag~, 

u.•e<l a mercltt-1 pool (?ltiet.r~)do to 1n'1~at1gct polar1iat1o 

p.tenometHr'h Co<:)k• and hi& 1.uuiociat«UJ 1n ra aer1e• ot p p• a 

{ ia. 14" ll) studied the ehtu•actei""1a'Jt1ott t;f the metoury pool 

ttlectr·od anC!. •valuated 1t as en r1al7ti-eal tool. 



~,on~~ othe~ l!litn~a, l't; wtut tound tl ~t the etl1oa w e s to ~o 

times more aensitl.•Je t:t·:an w!th tha 6t"opp1ng u:a'Jr-0v~1 l•otroae. 

end c~:.Jnaeque1~tl1 tt le poiu11bl t ct.)<tont! the. t>ange cf us tul 

&nal.11J:a tt:l solutiot)$ which ar• ae:••~al told. WlOI'e dilute than 

tho l1tn1ts w1 th tl·e <1~eipp1n~ nH:trcur7 leotllod.e pcwm1t. It 

wa• alto found that the piuil! helgbta 9HU"' p.~epcttt1or.el to .cor.• 

CHHltT•&\tlort ud tc:.fUl at<;u1, an4 that tl::·e t.alf wave pct 1tlale 

ah1:f'ted alt.ghtlf wtth eono~H::tPa.t1or,. 

B. ru~pQoe 

'l''bt voltammet!'ie lnvett1gatiori. et Ct'>b lt was carr16d out 

by $nal7•1bg 11<:.luti(•.n• or ceso 4 •W8o and us.Ing ¥.2so 
4 

a a 

auppovttrig electl'-ol7te. l t was b$llev&d that th• data obtai.na 

wbtu1 ue.1.ht tne 4ropp1r~3 .;.:·e~cu.t'tJ •1~~ctl"c4e at,ould tu.i:s or the 

• !'J",e natl.:wa ae tbt;) data o'bt.atrutd bEln uei "';g thllll me "'CUI'f pool 

el~ett"1:.'4e sc that the two method• could. b• ~eedlly c oe pat'e4. 

M•ra,1•• a stmdy of tt~ etteot of d~op t1me t~d capillary 

et·iu•twt 1"14tir.u1 upor; t!:e dlt'tu8ion ~:nJ..1?.rt'u·1te at:4 halt wave 

l'H.Zlt& ·tiala wae not de~m•d 1mpo.l'tant., sJ.~c th&l'e ie r10 ccH!• 

ros1pond1r~e Euua:lQg whe·~ ut!t)~ tl:& m•r<tury poesl eleotr ~ 

l.r.l!ltead, th• ooz•Nl U.011 r:J.f cUtfus1cn cut-E't\tnta wtth the oon• 

oort~ tion of Co:so4 •'l.a.80. and t:te rep1N_Jdu~~1b111ty ot ti"~ halt 
wav• pot nt111l wt.th e11n · ato ~r..d cono.'91i ll"$t1on or OoS-0 •7H2o 
were a tud l od. 

(.\tl(U~ t.e1Ul was: a eul'.'eO: 1.U!lln~ the d,r•.1'pplng: nettcury ~leetrcd , 

theri tt.• ~e eclt~t:iomt woultl 'bo evelu t$4 uahig tl e ercu1~1 

en tbe 

1ar1.1G !f.lQtor!!.t l't <J..(';l?Jfllde:rio.d w!tt tLe d:ropping: teel!'(Hlt'Y el~ott"c~e 

would bG 1nv&e,1gated. 



1 :t Tltu<.a-tY 

The, st rl4&.:t•d pclar>ogra:pbio teehr.itqu. co:na l ta ot • 'fll'U t1n 
tl;e e1u•t1e1it·v~1l tage pleta c~~t&l:ned whf!Jn an e:::ttornal pot n\1 l 1• 

4:J>gJ1eC:: tc dropping mtu•cu1"'J el ctrotte and ior.1-s aro r d· eed at 

the mel"oury dt"OP su~ts{.H~• A di c usa1on ct tte p1 .. 1.nc!.plea nd 

applioet.lou" ot polerographJ at"e g1'1/'Cn 1Xl bot.;k by r'oltl otf: a~d 

L1t.(!&t1e <a ) , at.4 1.01 tes ( 4) • ntl 1 ta pr1netpl4s are e w.:.d· lJ 

k:tJ~r:. tt.at th~1' t~eed net b<* d1 c eSE>4 be.x-• tlu~ttHH" &~~oept s 

t'.eteren.ce ~..,t'l f!e111e.r1b1ng the the(;);.t'"J' of met1ouv.y pool volt u)tilt:ttJ• 

The ~!H'OUr1"7 pool 1eott"ode cU .. tte!'• not:ab1f from tho dreppin 

merour1 'l~ot.r1odo 1n that tbe ol ct.t"t.df)c, to~m'!)d b·J a . ourf 

1.• eePvoir OoilnO.c te:d. to a cep1 llary t'1b frcm •nich drop ot 
mei:-eurr are permJ. t te to fall, ia replaced bJ pool t-:- • •:Pcu.::oJ 

in thtt r>ottcm. ct tl e cell. 
A[':i a.dvantliig• of' &U(th SC &ttr ns~•nt 1 t.hat th• l 1'trode 

new .t:stt a la:t.'S ~tu.~t-.ee a1.'*e:u1 en.: hone.,., ta ''iHlrO •~naitive, t .. e2eb7 

allowi~)g <H'<t to &nalyae t1olut1~n• mcl!'e dllut~ than tl .s a.r1al7s d 

u1tlr.1g a dt'lcpp.tne; m&ll"eu:r7 ellllletrG4o. In a4~1t1on to h1 1 the 

pi"obl. ma ssce1ated 1t t)·e he l.lr~ </t' the tlre1:>£>irig ~.:·cur)' 

eleott-~:.de would be l.lrnl na.ted. 

A <:;.rlo-u.1 d1e&4t•fltags of 'h1a new rN1t1(H'Jn·•nt ls l •'• a1no 

1 t 1~ ™ e tuH1.l)i t1 v<#,, th.~ pi~'Q:J.UU"';Otl ot redue1bl e impu .• :1 tS eo la fl'llJO . 

!1!0Ve of' ta. p .. •-oblom th•tJ Wl th the d::•opp1ng .!Q.d)rcu .. ~f elooti"'c-4 • 

!:n add1 t1on t t.h1 , th ol · otro 1!11.:!'tece is not J.'lranewabl 1 and 

tl·et"o~·or tl \'1 mi:u"euv1 pool !.'Inuit bo chang .d 1,.eg·~1a:rl7. A t1nal 

eb.1ectlor. 1• tl'at the t:i.et1'c.ut 1 pool el.eotrc;,(l $}ii:,.w• an tncren•ed 

1erielt1vity to tt:e 41acl·nrgfl of hydrogen (15),. and th 1•etct"' the 

us~tul 'Vol tago range it~. th tb.e mere\U"Y pcol elect.i1cd.e 1e l ·· 1!8 ttian 

t.na·t 'fti th the dt•opp!ng ruerout"Y ctlect.rcde. 



Flgth a a SbOV"rG tbEt ct.iat•actei•tstio 1)(6$ l QbtalnfH.1 when en lon 

is t:-•6:ueed u11n. a Olcury pool eetl'H·.;df>. Altt.ough equ ion.11 hav 

bean t:hfVialop<td (2• 10,, UH tH> ace(ju.nt tc.'t' t• ea· c1n,ovea,. pe .. 1Japs a 

tulttar lr~e!ght oar\ t.e g•1n•d bf a tH;:1unt1.ns !o'.t tl e eh P• of th 

plot qualitattv.,lr. 
Aa aol\ltlott 1• betns eeanneu sfld. t.he r·e4\tet1on pot ritlal. 

of tt ~!ven lon ia belt.1~ apprcaehed, th~~• tll be an ir.c · ase 

1fl ctu:•1•tu1t t"J:l lMH'lc• a riao !.~1 the etlrv~. It co we. & ustng '1 

dr-opt)lng m·&!"cur-7 el ~tredo, tb!a r1$& would e<1nttr~u• untll the 

di. ftu.elor; curx··'4nli wee ?"t'H:U)hed- a:rt~n· h1eh th~ cu ·l"Or.t would 

ata,,.'b to lev~l oft ( tJ. ~·tu""<!* 1). ln tJ'ht cas wJ. tb the · _ ,u•c 1• 

pc,ol elect .. od•, ht'YWeV~l' 1 the cu rrerJt v.alue d:r·'-'IP• al. rplJ 1n• 

atead of l•voll'ng ott. Th11 le •:tpltdued bJ tl10 tact tilat tl1e 

metleu:i,-7 :pool cattrodo has a nru.eh lavget't .surf ee a:l'.'e e.nr.;.; l. enc 

t.b~ electroc.hl' 11!i tu11c~ble to eat41011ett • stes<ly d1tt',Ja1on 1 y r • 

lt1st&ad~ tt:er 1• a au.'aa quer1t tt 1e.tt.::en1.ne; of this la;re 1 t 

t1m.e duo to en apprecJ,able depletion ot the rCiducible p o:ioa lt! 

the ao1ut1cn. "?hie oot1ults lt~ a dt"OP tu ou;·1~n a:J4 b•neG a 

4i'Op ln tbe currn~~t .. ·vclt•f5• plot. 

As tta :rat~ ot :Jean 1ncroe.aea, bhe: h 1 nt ot the po k cf a 
gt.V"iar} re{h:t tblo 4pec1es altlo lt~crea•<UJ. T ·i;l phenomen ceu~·• 

be uae th 41ttins1on l 1•r1 w.tll not be obl to expand as at 

1'1bh n 1rereathl 1~ soa. r-~t;e. Tbai•ef'<~~e, t. et'~ 111111.l b • g .. eeter 

peak he1e;},t d.ue to a latlgec flow et ~·$4uc1bla ion•• 
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A. The Oropplnr ~e~c.\,l;J 11~1eot~ode • 
'ft~e ~ell. u•e4 1n thee~, at~:dHt• 1fl ttl\own lb tl.gu~ 3, It 

waa '.1.seid. both to~ tl1e t-oppt.ns mG.r-ctu•r arid rte''CUl"f pttol alee• 

t:rQdee. Wb~n aet up to:J dt'opp!.ng. moreu.rJ ,.tudi&9 • 1 t ta 
n<te:~e• Jar1, bo put th~ c apill att J tht'ough a rubbel"' • toppe •bl oh 

1e in t~.:-n b;.s0~'lt~ tnr.ough the tep o-f th. eoll. Th~ • f&renc• 

no4e to?* tha d,,$pp1ng ·mtt:t-QU~Y el(?:ctv<A.1e f.«t the aval"aur7 ool 

wb1c is fortfi@d et the b(l.it\ot.1 or tb(l ~-11. ~ p!at!rium w1r 

•••144 f.nte th~ bottom ot the cell. pl'¢v1ded he eloctrie l 

connection fr.om th~ m,,~1."our1 p""Ool to 11 ald a.t*l ti" 'l'k'f;, •1 e 

aria waa ttat:; t11.ll!td 1'11th mor~ lftertiu.t•f am:l tl.• poettiv~ ~nd of 

tle polru.•or,;ttat')b1o leads wan lr)ee~t0f! tn.to the aide a• " 

1r! e cell 1 tsetlf eor-:d.sted ct 4 l2ct;. p1r1l.X 110 • tu •. 

8eal.ed ln t,,e bottom 1s a 111nt•tt~d gltuus bu bler made' f!9o .v:rr•x 
gla&s powd.er b•t•etu'l l·i0•2CO me lh 'th.ta 'btibblel' pro 11d 4 

m 1.ma ct 4e1uu--ta.tlng tbe e ()1u:t1t;1n bf the pas sag& of r11 ?'ogcm 

th.rou.gh tl~• :il(J·luttcn. A two••&? •tu::put;rol4 pctnlded. tl.- meano to 

pass nl tr()i:en tht"augb beto4"a "rid o·un~ the• &olut1<:n Ourtna he 

vol tie11niett-1o t":UU'I • 
Attaehefl tie tba pytJ x tub~ 1a ~ootb(t:~ aide •~• 1n add1t1o~· 

to the one, ••~t1 oned proviousl7. Tt1s 1• for the referene 

~~1eot.1.•(ld;e th t !a 1.laed 1.n oenrurret1or1 wt th t~\& m t"Cllt f P";tl)l 

eltlle trod~ • 
S1Doe the puv1ty 0f the t •ret.t))';f' 1• not •• <iu•ut1al • 

tttu:~tor:• J.n <b~opp·1.ng mer-r\1Py eleet-rod.tit work e. 1 n "'!o't"eury pool 

tt\Ul1e•.,. 1t \ft.$. d~e.lded tc wc.·k w1th uee<l ·>.:lttCtH'1 th· h d beer. 
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F1gu:f'e ~f THE tt!EROUttY PO-OL 1;Ll!.llTfitJ>FJ ASS}!:ra«Sr .. r 
lo Platinum Wtr• 
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recleaned by t1~ g r moving wata,tt,. thor. aubject!t11 1t to a cUU'Ol.lry 
c:xitt•tt fer: a tuw vo~ttt.t, a.nd t.ir.a.llf flltler1ug lt t.b:rou~ 

tp~ •a• ll&reuvr f.tlttu.~. 

l:t waa nct.0111Mh'IU.ltt-f lr. t.be OO\U'l'l at the an 1Js1a to J!· eve 

o~ygen th • waa d.lfJ$·Cl'9$d. in th~ 3olut1one. .1b1e ••• do:n · bJ 

p0:9aln1 Ol1n liitaM;h!r.eon preputt!tle4 gt"adc r~1trogen ( 9 • &!C 
m!n1mum pul't tJ •nd an ~r.,i:•rl content of 8 ppo} •hrou . eoppe~ 

ttn•n:l ngtJ,. hf.oh wtu:wt) peeked 1t1 • oombu•ti :)~ tube e.nd boat d to 

400•450<lO 1n e Satt.e;ent r;;od~l tubulai• 4Yltet.r1c turnace (e t. 

m:•• 1•16519) , tram •hteh the g&a w • paunu'id 1.nto tbe teat 
eolutl(ln v!a tf:iff tv! tted bubbl<u'• 

It ~"'' d~>01ded that; thflt pMcedul!tEJ wwl.d b·f:f tc p.a.•• rd tt""o •en 

t:h ough th sol.ut1oti tor- f J.tteen mtr~ut•• at • taJ.ttly 1goroua 

b\lbb:t1ns ~ te end tbon c.wcn• tbe aolut.l.<.>n at • 10~1a1iwhat •. all er 

rate tb:1elng tbe actual MJn.. Thie t:t,.et\t'itt&rtt pl'*Qved tati f'eoto~J 

fQJ." tt.ei Ouratlon at the wo~k wltl:i tbe .dl'.'opplnE:J me~·ourr lectrcde. 

All t:tmneet1ona 1n th~ n:t tl'G(iten 1nlet 3J$tom e~• of t,.g n tublt • 

Tt.e Satteent mod•1 XX.l :pttla-rog~•Ph wae u•tu1 lo all of the 

at· cUes 1 bctb wt tl1 tt~~ dt"GPP1ri; me c\u1r •nl mer.cury P<~Ol leet~ ea. 

J'o p.rovJtt1Qn8 we~*• ~•de for damping tb(\ eut' 'ttlt ~ uotue.tioos • ar,d 

ell thl\l pol•r•&rns w(<tre obta1ned w1 th cnl.1 the natural p 1cd 

ct t! e tJ\i tH•d ~ i· l. tm 1 ti ng, U & p'4lln roQvoimie ~1 t .. 

All c~;em tc;.$lti: \;ae<l •Eu:•e el thev c .r .. ov Feagent grad.a and 

all 1el1.it1ene 11e~• mad.a w1 th eU. tlll•~ watol".. 1:,he Cose •?&2o 
aelut1on1' Wef!"e prtitp&t"«l 'f:J.f the d:tlu\1on of C 0.0Ui St-OCk 

aolt..t1cn. ThEJ J:t0so,11 St',pprn'*thl)g lect:rolf'e waa O .ii· w1 to ~•npeQt 

to all t~ttt aolutlon&. 



Po e 11~ 

'fbe ct".al proe:adur~ t.Hllf.td whe~ wo~kl:ng 1th th~ droppin 

me~ cur1 tl.~etrc.4.e eo•~• 1sted '-'t e.dd.1.i'len eo • ot the- ob l t 
$clut.1on and 4 oo. ot ©.~Ui J•1so4 to the cell. 1.5 ee , c.t 
rneuv1 t1a tben &d<led to pt'ovide $:t1 ln1t1al amount ct as t•cu:rr 

fe,:r thG me.r-eiu~v pllol tttttfa.t"em)~ anod.0. The fl#)lutit on • th•n 

treated ._1th rd trogen aet ~.11;.plalne<t aboYl9 cmd the pol•~ 

4ate wae th•n ob~a1~ed. 

In c a wh'f.'1Ve ~1.ud.aia &PJH!Ul~ed, i il •~ tHltcea1uu1.y to ad.4 

a eeuple o.t drupe Qf t.t'li1ton X•lOO eloak aolutton. The stock 

aolutton ••• pvtpC'!rt4 bJ sl,aklf1g o.8 g:rsuut ot t~J.ta:.tn X•lOO wtt.b 
100 cc. ot 41stllle4 at\$t',, 

The pH ot all th soluttona unaly•t4 wa · t>.oio.1 a me aur8d 

on tl1;flt r~ .. ·d&l HS Bockman gl.asu~ \1Jl.94tred~ pH tn .t.,r. All halt 

•ave pot31 tie.la ¢:.}bta1: .. ed bf ua.lng t.t· e di"upp11:1 <§. nu1d1ovr7 el etrQCht 

u~ r@port~d 1u tu!tt p p :r 1n ~ete-t'ftnee t() a meroue7 pool ancde. 

&. The Mer1ur7 l"oo1 B.1.eot:f.'"ed& 

.Ae r1tion~d ••rl.1 r, the cell ua$d for- the d.t"opplng 

&'PQU~J eleot.t..1tt4~ wee alse \Uled tor the moro~ 1 pool leettcdth 

In this pi.·oeedure th mercury poc..l l"tJJt~H"•noo afiod ot the d c.pp1ns 
met1Cl-'Ut'J el otP·cde e~alysia ~t1.w l·u•cetlle the poltt'11$abla . et-ourJ 

pco1 catbcde t•t tbril m :•c11u.~7 JH ol elect;rt:.'4• · n lJ.$11 • Iu tnie <HUI 

the negative •~'-' rJf t'.he p~ltu'o r pb•s l.e a ill J.ruuu.•ted into t.h 

!4 iu:~•. 
'!'hf.ii r•tol"euce olee rod.$ oorH111sta tJt s 11 ·el1x t etlv i- 

wtc1r;; that ban ~eon ollo~i .. d1&4tc': 'b7 Ol"1e£ 4"ICd1c tr<'> t e t in 

dllute ac1. 'th~ '1th AgCl cel.1 • • ade by t11l1nQ up b$ lde 

arm half " 1 w1th «utti::i.l'- t0t. lg&04 olu,1ofl. Tbfltn :uitu:- tad 

t.Cl -H l utton woa add d to tr,e c;·ut<tr er~fi ot the • idfJ r•t:l 1 

the l t.:Vel r· anbe~ t~ e .$\not 1. on er tho :t 14o al' c.nd the eel l., 



Th& el.l-'••r w111e w111e. tben p1eced 1n t.h& t:tjd. arm a;id. ••• held 1n 

;plaet by & •nuall. O·Oi!tlh An a matt it' of prc,.eedtive. tbe s1lv•.t" 

•11;*• •• reot~l<n'ld.1ied n'b thli beg!.~i""'in~ of oaoh \'ft:::Pk1ng day. 

,_;rt~1le <tiat1.ll~4 rtlei'tc:n.H:<J' ·& uaed 111 'be merouq pcol naly.a1 .. 

t.t v.nuJ tou:)d. th~t f)Ot'li tant 1r-r~gul 1'-1t1ee 1n th<t:l our1•ent•V(.)ltag 

plote ooul4 bo t-•d'lJ.c$d by al l~Ad.n~ tha mettCUl'J to. l."6 a1n tot­ 
a;ppt11o¥tm&t&ly .24. hour ln a gt!'easo•t-reo crul'~t· beto.r•o cU.epet·a1ng ( l.3) • 

All chomto#le w•.t•fl.f •1 thel" o .r. ca• r••e•flt E~t•eda.. •.m- 

'aio4 waa r cu•1atu1l.tfil;;e\i o~<u.:11 'b$tot•• ctdd,f1£ up the euppor 1ng 

•1ectrolrte eolt:M·t1on. All tol,~t1on• vlire made with 4ou' ly dletllle 

ut111r • ''l:l1$ pli ct the tu•1ut1ol1G w :Nl ell e. .~J"t.0.1 as m a :r"$d 

<in tbe 1¥1.,~ol H~ .Die~. an gtaae •1ect.rode :pH et>tn.•, 

'the above· teebnlqu.•• ••Xte bu1o to all ·tbt woi•k wlth the 

me:re?a1tyr pool •1oe.t:t'ed.tt. In th" 1n1 t1a1 tt~e a of l;cbi 1nveatiga• 

tlot";, G CHh ct Q,.&ti il$04 ¥le.re •dded tic O ·CO• ot Co804 •'1fl30 
eolut1on and tt~~fi 2 cc• f';f m~rtul>J' Wf.lll"'l!l add to torm t • ool. 

'J:'hEt schition W!iAtt do e~ated r·~g t1.ft&en as1nu.te$ fter . deb th 

tol~t1on W 8 tcuinnttO 11''-'l taiefl·:.17. Afte1' SO'V(rttel eHffe nt 

~urta Jl"·OVfld f1t't..11tle&8 111 t.tat rJo peal1, ~.hQ;ra.ot l'.'teti-a ot edo lt 
eoul~ ba located,~ n~w p~ootwlu~e •~•initiated. 

. Jt wa•· 4eeided t" edli 5 ec .. of o .211 1aso4 and & ec .. ot 
4oubly·4J.flt1llc4 •~tel? tti tbo cell1 d4 2 Cfh cf m.cn:>our7, and 

deae·t~ete for titte·en mtnu t s, Then. V$.V'fl1 g e.rootJ.ota ct O ,Oliit 

CoSfJ~•"lR2o at()ek •o1ut1on wore ·Ad441d to the ce,11 end n1 1 en 

waa p~aaed. tt~r:ouS}'l tl':e aelut:lon feI' a cH~1pla ot nd.uutea 1:.110?'0 ln 

orehtc ~to ud-. tb• IJ~1ut1cm and raove ar11 1•aoea t>f o.ttJi n. 

nt tl"ogi..H') waa paes-ed o••r tl'tf:l ec1t.tt1o.n du.ring the · otu l .t'Wl. 



In a rac::d1t1eatS.cr~ ¢f thJ• p.roei!td:ure, a cwple o drop• ~r a 
very dilute 11olut1cn of l•atu103 were add~ tlo the 'blank c·lut1v.n 

in otidfJt" tc just, pick up \he peak tor tbl) ll$duet1on ot the 
btaulflte i<u:i. fb•· l'efJulting aolut!oP wet then dea~r-at •aaln 
tor • cous>l• ot mlnub$a 1{1 ol'Oe:ri to a1x the a~olution and remov · 

any furthlu.~ tivacee ot c·Ay,efl • fl::e a >lut1cn was. tlon ec•nn.•d 

volta1oel1y 1tt o~C.er to obta.ln a curr(in'lt•vcl.tago pl<.>t o the 

eolut1cn wt tbout tho pN.HJer.jee of ec:iGl t;. Tl'1tm & amal l amcunt 

t>t the o.tUi aoso4 •'8'10 eteek ·eolut1on waa add~ and the 

•·olutt<.in w•e ~~a:tn deaorated and ttun tb,rQugb th\? pol,.e.ro{P" ,t;h 

to tee •bo.t, lt •riv. ellett1ge• oceut-dti· 

'fbe p\u .. poae ot the addl tlon of bh• 'b!aulf1t!9 1cn aa tQ 

;re1u>ve any traces c · ltiX'fSl!m iUli'.,,, to 10e tr the .tr1S1e .. e:• t t .e 
b1tulf1t ten wwld prodt.1"e a ~obalt pt>ak due t:o the !ot"$.., tiQn 

ot' a eemple'A 6f tl·0·e e()balt •1th tbei t>1eult1'•• 



f.age 14 .. 

IV HESUl/1'8 

lu The Dropp1 ng M rou17 !l~ott«c;de 

Tr•e balt w ve pote1..,ttala aoo 41 tft!aJ on t'HiJ}lfent• of the 

pol•roiramt: abq\1l'a:d bJ u1d.r.t1 tihfA 4ropp1ng morour:r oleott" • 

woto• evo:lu t•d &$ $.hOW"t1 1 n .tigtu'".a 1. In tt.1a procenn" , a l Jne 

~A' le dJ,•awn ae~ose t.te peai:"s of the oeclllat1ona on tht­ 

plateau lld 4\COi)htr l1ne 181 11 drawn O:Cit.e• t:te peaks of 

th& Q·GOillat:ion• Oil tbr, l}Qrtlon ot tho ourv j\iet pt•eoedin~ tl­ 

viaing port1on 1Yt: thE< w~~ei. Thee a lhi4' cc• 1$ d.l'awr' ac.rcaa th 

peaks <ii the cs.o1llat!ctna on the 1te&pt!111t pattt f';f tl'•tt • ve, en4 

a pizilnt )) $,e fQt1~·1tt. Ob CCt which ts· &(l,\~ic!Ua ant trci!i AA' ~d Wl' • 

Tbl• t>oint .?l!'<$Pr'i.1$CH')tti th& l!alf 1' :ve potential and wne found b7 

mov:lng a .~uler ~Ol!1'oau1 tho polarogi.-n~t perpernUcul 4ll" tlo the 

volt,age axle. !be cU.tf--it$1on curtt'ent ••• th n t$kein to be 

tHUal to th~ pt;u?1pencU.c:ula1~ 41st no• be,ween 11u•s A•\' •nO 

ea• -t ·the halt wave potontlal, meaaured in m11l:1mtJte ·• , t1m a 

the seneit1vlt7 s&tti.,g t;H:ia1H.ll'Gcl 1n mi.cs-cape pett m1111 te.-. 

ft,1 l)roQ$dU2:·~ ta ttut•otflJ the aa.>n• a that enggeat d b 

Mei t•a ( &) • tl:to•pt tb.a·t the UJi· (.f the m14•po1nt:s of thtll o•cl.lla• 

t1o.na la ;,•ee?ft·~•·u'ld.,d 1n•teed of' tl:Ht peer. 1n tt:r-1u>JS.ng tb l toea. 
It wea 4 e14ed to \UH• tbc ptHt\Ut boeeusu1.t tb$ x>olax-ogNlPl' op rating 

anual -sug• etJtiid do1n? so. 

Tebl.6 l pt"~oe en data on the etfeot of tl:~ tHmtH' .ta•et1oti ot 
c:t!bal t ttt) tl'Hi halt •ave poter>ttal •rid d1ftus 1 o , eurr"fh1t., ~.i:f"e 

·able ll OW8 tbat tl:Je dSfful:f.t•n \1 i"EU'1t due to the l~l!il(luctl On Of 

eobal t (!I) 1 ·'·ns 1~ dt:roetly i roporttenal iie, the tHH"lc •ntrat1on .. 

T la 18 also eJ·OWfl lr.l f lgnre 4 tttore tbe d!tt\i!l)lou •CU Prent ie 

plott.&4 V·&!'9lU9 eone$nt:r.•atittm. r 1e also •i~&n tl:iat the half 



Oonc. Col04•"1Bt01n\m. S•rutl tlvl tJ, ;ta/rrm ~ I •f 14/C ""' 
a.oc o.oeo •l.~8 l '7 .36 2 • 1 

~.oo o.o.to .... 1.01 .36 2.09 

a.oo o.oso -1.1'1 :s.?G 1.ee 

1 .. 00 o.1i20 •l. • 55, 1,a2 1.s2 

o.so I o.o 0 .. 1.ss v.79 1~oa 

o.96 o.oo& -1. ii9 0.40 l • :iO 

o.o& n.00$ •l.50 (),,06 1.~o 

ll:Jalng eCi'D rate ·~f t.t) V(}lta/13.$ nt1th a:dl fUl l·1ltJ.al drop 

t 1 e;;e ot ati ,...,c • 



FIGURE 4 

PI.OT OF Id VS. CONCENTRATIOB USING DATA FliiOM TABLE l 

6.0 

5.,0 

'(j 
H 

2o0 

1. 

----r••"•••-,..., ... n '<'-•t••••ol'IU>U ·- ---· 

CONC. ( MILLIMOLES) 

Page 16. 
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p • 17 .. 

•av• potential lt 8l':•ttted to 1uo lit pc;~e!t1ve:, sl.tHii~ as tt"8 concem""' 

t:ia:hiol'l 1s d.<ttor~ea · • • 

Toble a .lll'.:owe t.i .. e intluE!>n(Hl {~! $Cli.n '(J$t$ on the d.1.tfusl.on 

<.n.ttorer.t and helf •a , potential.. !t SJ1howa tla•·~: tl1e }-; lt W&\h'J' t.s 

Atl"lft:a4 tt mo"'e positive ~ote~t1Cil$ end th· tU.f't'lJa1.oi1 eur$nt 

1a ~e<lue$d a~ tb-e ao&;n .rS:te 1• ioo!."'e·1eea. 
I 

t can be seen •u.;.<.m ot>tttpee1toti or tabl.• l. and th t tho 

tJ•lt wave pot4'nttala 1~ tebl~ 2 are all 8b1fted to meet p.cs1,1ve 

valu~s than tho•• o.f tebl-$ 1. fh ~11 chttn ei 11' proeed·1 :-e ti:uat 

oeeur~<.1 while taking th~ dfilte tr.n• ~.abl.~ 2 was that a a1tf~;•ent 

oap1lltu.<if wcut l.:iG~d 'Wi tb a td ot•t&r trd tial d:l"op t1ma. C1notl the 

l;•l.f t;av~ ~H:rt .. it;ntS.als a: 1ndep,e-nd&nt et t~: o i'1Jl ... "":f 01 arac tett• 

lettc11, :r!l• the ttU!.0$ ot tho aU.H'•<J\U"J dl"op., nd t,. the d.rop tlm ~, no 

aid ts.bl~ exple.onU.0:11 OtH'.i be gl ven. 

Tl"• faot t,hat th·l r,el t wave r,:u,tentlal b1fta to lec.a negative 

"ltf.tl\H'.l&: witr· d•cV'o.t ing conceritrst!on (;f redx.i;t•1blt~ cob11l 10 ~ 1 

l"'d1(;et!ve et an iP.t-l!JVtH'l1ble ~aact!Otl ( ,}} A·1d wtll be 1rrveet:tgated. 

pr•••ntlJ• 
The 1ncretul~ in th~ I,J/O eoustant "11th 1ne.r1:Httlr1.: cone ntra• 

tien osn pEt:t"¥.aps be i.ltltt}la1ned bJ tht?t taet that at hlp,her coru,entr•..., 

tioM,. the p!\llr1.od t:.t th~ 1"i1Cc...,.d&~ t•~n 1.s l.a •iiet• arid the11ef~.re 

may ttind to gi.ve tl 1g .. tly h1gh&l' then p:re'11eted: 41ttu•1 n o\w1:a .ts. 
1.'be upplu•e:nt r1 .e in tho cU!ftlelon cur-rent •1th acan 1•et• 

it~ t,aul 2 !a pe.1.'th pn anal cgoue wl th tl e ~ .. 1ae ot p•ek 1. l ht w1tb 

1nctteu.s1r:ia $Ct.11t,1 rat ustn~ the xnerQt.U"Y pool el ~et r ~4e.. 'ftls 

auggetttt tl' et the dltf'u•1en ln~rrl!Jl1• 1s not 1ot up as tast •1th l1 

1ncre ,,., ln 1-cia, i•ate arid hetio tr•e dtff\Ht1or. oul'.:"t" r1t 111 be 

1llf1)1tly tij s-1".le~ ttar. p ~edlcted due ta o gr ter flsw ot tted,rnible 



TA!!f .. f!,' a 
it'ft!CT t/8 SCAN RAfl~t ON ib AtJ) I48 US.HiG l:'i.U~ tliE 

Soar.t tilate, Volta/13 .6 mtn. Et t4, }'a 
a.o •l ,3e O.'.tl 

a.o •l .37 o,eid 

1.1 •l.3& o.ae 
1.0 -1 •. :so o .so 
o.s -1.30 0.'14 

2At a oe~e 11tr~tion of e.1~10-41* OoS04-VB2o w!tb a eensittvtty 

of 0.004 d ail tnl.·tial dl'og blme ot $ eee. 



'the apptu"•nt e:r .1 f.t of! t.rrn ~alt -wav p t6'~t1td to a11tJ'itly 

moPt) pos!. t1va valYtU• wtth a d:~ltct'tease- in seer, rati1J 1.• t hle a o.o.n 

be conattl~r·;td pratticallJ ne{!~l1g1ol.e. lts oec;ut"1!H1.C6 t pa:rha.pl 

due tet a alcnKfH• VtHiouderi r(!iapo1·u'Je &.t )'J1f:t'b•:-• scan .·at .1. 

It waa m<Snt1oned e@t,.ller t.1':lat th0 bl.ft ot th~ l $lt wave 

p(lttutta'l to rror& p.o.a1t1ve valu•a tt1th d•ere~ 1rig ecmeentx; t!G~~ 

waa 1n4ic tive ot m lr~evott•ibl.1:: J?e1et.tot1.. Vla tl., 1 t Qd 

:Utpla:lned bJ Meitei1 (7)J it !e pe:!alble to PCO'il'G that tie 

i:- «tutrti on (fi' ecjbal t ( 10 Ut :b:tl 1rrElve.ra1bl f.; p.rcf.UiUH! • Th!• 

ma1 bfl.b •h~w~ atl fo) lewa • 

Aeswn1ng tbat tb• l'e<!luot1o 1 pttoe"se 

( l) cf+ 2e-+ *Jg • Co t H~J • 
theta t t o-an \l~ abown tl'lat 

takos pl o • 

whal" a • pote:ntt ·1 ot th Ii 
• ,• 

14 • <H.tfuslcm CU"'1•9nt 

1 • -O'IJP,Nmt at lt d.e. 
i • !Hllf " ve pot~nttal 

-vefaus tt.e log t'.JI . enculd be 
er'"' . 

. equGl tu ·2.·P~il- \!clt• .at as0c 
Jn 

b• 'Le li 1.r wave pot(u1tiel cit the oob!\l t 1 on. F1guqe 5 1 e. plo' 
Of thil t1Bir1€1 (iQt$ oct:ta1netJ ft'Ull the WtlVO lll\l .trated it~ t1 \.U:•e l. 



Ptrlf! r pt ~... vr·.--1.r·s iru 1 (li'HH11'.' &"1 ... i} 4I·A T"i<E · .. ~(" • 0i1~~~ 1 """'« it "' 14:r ,.. A~l JI' .,, • 

Solution • 2 .Sxl~:·4N CoSO~ •'rrig 
0can Rat•= l volt/1~.5 min. 

In! tt l 'Dre!) '1'1tte : 6 soc. 

S~u·t• 1 ti vi ty a • Otif:j) •/mt4. 
i4 w Q.,OOf' 

volte 

1 1 

~t . $ • , volt& 1, )J 14-1· - log 14•1 

-1.10 0.01 0.012'1 •1.896 

•l-16 0.04 o.osaa ... 1 •. a?9 

-1.20 0.12 c .1·1v .... o •'"152 

-1.e \t.84 c.42 ... o .at.o 

-1.ao o .. 39 o.ia~ -0.021 

·l. .as o.e>a 1.eg o .2vo 
... 1.40 o.65 .i.3$ o. 3'1 

.. 1. 6 0 .'72 t-J .. 00 0.9&4 

... 1.so o.,,, 26.6'1 l.4'09 



FIGURE 5 
i 

PLOT OF Ed VS. LOG. ld-1 USING DATA OBTAINED F RU!:. FI GU R.t!. 1 .e. 

1.0 

- - 

4> .I 

-- -1--~~­ 
I 

-2.0 ............ .__ __ ...,...._.....,.,. __ _... ...... ..+- -+ _.. 

0 

-1.0 

1.1 1.3 1.4 1.2 

-Ed (VOLTS VS. Hg POOL) .e. 
1.5 



Ae oan 'be a er.,. th$1? ia no 11,ieo. ~ "rel~t1o-mth1p &hd he tE1 r.-,n,., "USt 

con~l\J,de th t t:t<e r~dl.'tet1Qr. t's a~ trrev~u~ 1bltl pro e •. 

Anothtn" m~th7tl wliet con br11 taed •el o d:~,:;'lV d t',,..o!l'l '~.$1t a 
\ 

(t.j). Jt the i'eeetton ts r.ev"1ri.tt1b1&1 tb@n 1t may b~ al <J n t~at 

< 3 > r31 . •l1./4: • ·9.~.9~~' : ..... oaaa 
h 

Wh0l,'t$' b : 2 f':}r* cf ~(h;i(ffg:) 

1:'$bl«t 4 · bG\'11fa tl .. & .r .aul• o'btatn~d f'rofQ enely 1nt;, s ... v ra.l 

tU.t'feeent rolttteogt'U.UlS 111 tb1s mam1er 4·01'llim thc1 tact t;i t 

t.r fl proe s• 1Si 1 ~·t"'~ver.stble. 

la. .1.--cur1 Pocl Eleo trcde 

'?~:t$ veaul.t1 0t \.b{;.l- .tn "~st.la; tic.•t: lu,dng tb'$ me::tt)t~t"J pool 

aetdt.r .. g n 1ncriEtmcmt cf o .OlN e~is¢4·•?lla0 a tock 1ol.ut:ten to a 

px- v1ously t:H"ttpa..t.9&d blank is til9ed1 sr1;r (lfie of tou~ ovent 1• 

pe~a:U).i..e. 1'1.N>trt ttere can b • poet tive .h1ft 1n tJ ~ b "O~"en 

01 tc.ta... ... s . of ab·ou' o .1 to O :41i v"' l t • 'fwo, th•(:t · o. n 'b ti~ 

111ppEuirrencn ot a peak llhona be.lt t ave pt>t.ent' ~l 111 bout .. c, .a 

1rt tn 

tht t 1dl"c~e~ '~. !$01':81. S•it ('::~ fou .. 1 tht'U1'G ¢>f!Ul be t'HJ Cl'UU ge 1r1 t:tQ 

pt,:;l-S,c'o.s~n a' all io P'\lgut.'*e 6 st Qft f.Jh$ etiarect r.hrtl pe k 

u:a t1ejsht, after whl-eh,, 1·t eta. ,e tc cteoi~ a e 1n !eigbt. In tact, 

1 t ta ;t.c:th~i3lJ f.toaa1ble tt m1Sc$ th!a p~tak crt;, a fil"'$ t ean, t 1 

deo!d s to al':1..1w up at 11. 



!AiL.E °' 
TlrS'.i' Cff f·ih.V&1$1Bitif! vP Oo l'SlNO 'l'f~.J; E5/i:•Ft/4* .oa I CRITERIA 

()t;";l'!l() ~ G·olh.:•4 •'7n80,a Seen Hate, Ve1lte/ ....,, - 'F.3/4/"' ~/11 ~ l/4 l&.6 

1.00 l .. 1.soo ... 1.475 -o. e 
l.oo .... ... 1.b&Q -l ·~ 15 •O,()'I 
0.50 l •1.615 .. 1.000 -0 .. 11 

e.sc !.t) •l..589 •l .513 .o. 'le 

0.25 l. -1 .. 516 -1.410 -o.r 
0.11 1+5 •l. 42{) -1.· 0 •O .1.,0 

o.ao a.o -t.aae •l.·· 2 -o .11 
0.10 l -1.:' 0 •l.3""u ... 0.100 
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ea • 

0 tl:l p (j' be.lt 

m on th! 8) 

• tO'l)j'Gd no pea!<' ltaelt tl: ac--eby 1t'l<Ucat1ng rt i.t•N~V · t•albl , (>C ••• 
l·~H."·Oi& Ui QOl!tfl l"li.<t eJ 1rotu1te oob lt. He v • tt d'e .ct 

elim! a e ;._on, wh1 h l 0 $0 trre ~ we or en • ~ , 
otl .r 1" r-G ~~~s1bJe r duclbl 1 pt ~ity 1n th 1 ticn. ino. 

th 1 1ze and app a· •nc er tt·1 P':Hl !a ~ t·· •""t-1 1o, t 

ptJak e an ct b , a !d to be d•t'11.ately dn& t t.te- e b l t. 

Pei-ha a th po 1t1v~ al,1f't er thu h .. r o ·en d ee.hu , 

.re n g tlv 

p ·•• ~ce ould ~. 1e roi~~ e 

41ecba ge. rl.1l.i1s •• m 11 e a 

·e h lt w • 

potent! l WGI t b u , .4 ~ l 0 $U 
. e:,AgCl el'C od ' . .t 

4ll s c" l." ete~l t1 f th. at.lt'ite ion alo .. l was 

be1:1av (l tl: t tl pr'. enoa of tr''-' b1e:ult1t ion m g t OQl.lC 

8 c .pl ·.tth tl $ cobalt -~j ~eult ~ ,o,."'Oplex tor wh.ic:t 

would mantt AS·t .l t el 1 l p .. at 1 • g t.1v ot nt1 l •• I 

end t'.f e ~•by b.t"S.ng11. 1t off or th p t'i ~ due h 

1 el r. ' ·yd~ ,.get'.. :th~ enly r 0 l.t • t st a a ... 
p 1t1v )• 3 t't ot t hJd ~og .,...1. <Had t'g a m t5 t d p.,." vlct• 1 • 
1r1 1 1• 11 '\;•t.r· t d b f'tgu.r *I• 



FIGURt 7 

T\a 2 6. 

CURRENT-VOLTAGE PLOT BEFORE AND AFTER ADDITICB OF 
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