
b;y 

.illiflm .t i:rs . meet 
le\ 

the 1.a p:renEit.ttca4 to the lJE;p rttnent of Chom.1at1·y of 

Uni.o_n Coll-06• in pti.rt1 l fulfillment oi the r quireme ts 

or tl'tG d6 r '·* o:f' B oh lor of ~ 01 not in Ch miatl"f • 

117~~~ 

, proved bJ .. ,g~ !{). ~/ 



~ 
LJNq a 
E 1l e.. 
I 15~ 
c.~ 

1, .. 

In ~~ oonat mt c14rrcnt leatrol' · L .• • ~~doh i the u u 

~fh ... Qd fitf d.e: ·;: ,,.nl,'nf; ~ sub .. t ince iu nt ... t t · v 1- by el e'"ro- 

l, in olut1on, .r:.. l t oat o 4 the 
0""1 !.01 6 of th .. r. laotrol. iu c¢.ll. Tho current is mainta ed 

f.. 1:rl7 oonat:: 11t by a.d3u t tmt o:f tl:4E vll't nti J.,, nd e r 

thia adj,i3tx:nent, little t-.ent1on ia e.id "!;o h pot<rnti l 

e. cl:lJd to ":he Citll. !r.his thod m y 'he u.tJed if ther. 1 J!ly 

ona tB.€t;ll. :tn .olu.tion. or it may ao"tt."lll be u ~ to r t e 
to ~~tale if one ties a~ove ttnd ~}(: othor bl in 

In thi c ~e, br4 o 

cpoa1t1on o the 1rst mt 1, u.t th cutb de , r tle n 

f th 

ood x· ple is th det rmin tion 

of copp :r 1h a ~ w.lfu.ri a id · t>lution eonta· .1..,. "'nc. 
I ... , hl>l'H~V•i:· • t'ao me t~l£ 11<: ol ~ toaE th r 1. th l (' .ro- 

nt 

current el· etroly 1.c \'iill ~·:t'O e itn ..,e1 l • n th l 

'4'.iill com QUt tog th~:r. or th eulo ~<it l ill ~tart plet 

the SOJ. ·10 • 

ei- b 

solv€ v1 cnoth¬ r mE;thot'i c. ll d "Gruded C .;hOd 

d i)O 1 ~toll~ n .i t· O .. 00 0 be t 0 met l • Oll 

oten iul le tro- 

above b 

c~ed as control u on the catho ~pot nt1 l, 

th d o~ itio. tenti l 

rinaipl 

158337 ? 



• 

ie a.eed; ~J. de .,(r uin$d )Otcnti.;l 1.a c~ c en · nd t ot nti l 

o:t the e.~ tho e -· s :n.ct a.11'.>''Ved ro :f 11 bt!lo thi , •. lu • r ... 

1 ntins oth ·'r tu..e: 1 ·· fro pl t ne out. 

~he f1rat r port d 4l~etro Yei took »luec in 1800 h 

ienolsoXt all Onrl1talo 41eoover he 4ceompo 1tiGl'l of atex· b7 

an &lto r10 <Hartnt• li1' 1a~4. radr.y had d:is<H>\·~r h1 

iro,pott n lttvt gov(ming th¢ q ntit1 of t.:;le tr101t1 d a our1 

of 't, :t1ou · etals involved i:n a <ileotrod po 1tion. t tt~ ·pt 

to cwu e a q,uantit tive depo 1 ti '~ l'tere medt, othtr th, n raday • 

11ork. until 186 • 'i1b n • Qt b r orted q 

t eo fro sol to. I l ?& •• rightao a ll¢d at~ 
th6 teot that the oourfH.t of copper cl te1·m.1 at1or.. w 

b,J th r eenoe ot •o,rta.in met l .,n 
ted tn l 

"il.1a~i. tlind hie >'H)l"lt ·~n.e luter Juetif16o. nd elnbor te b 

lil'f:llld&nb rg. who r ,ported •p .. ~r"'ticin of e ver l m tel b o n­ 

tr-oll.tue th potent l bet ec " th e.li.ot:rode .. Bo ev r, .. h 

auzthb ·~ no$ gen€r l.~ · o~n Ol" u.aed until • J. s. s (l ). 

in 1906, deVGlopt4 a f$peci. l t ahnique for t e 111 uttu.r 

the oatho4t potential elatlv li 

eleotrode. iho ~tthod • s much better t n the rl1er mt• 

b-Ed.na 1ad ,p .ndent of tbs c tl1ode pola:ri~ati n no. ilau>ut n e­ 

pe~4$nt of th tG8iGtunoe a th eolntion. 

Although Suna.•e .ethod pro ~d to b qu.it cour tc, did 

;y ue 



a. 

Co .. 1 t .. nt tte tion il...J.~ 1·e ... u .. r· d f;:.-om o.or..r .t~r dttt.'ill the 

~",.~·oct '-'-. i3. na.. t.;.iif.t~' tll" E.:n.t. £l "a hi.o-h ten - l"l eras. "' le ... 
to kt.=e th~ tj.~ ()'!'!> tl .. e zun f:J. !.rl.i' hor.t. but r. ' flue tu t·on .:.. 4 

occur in the v 1 : .ze t thi.-.. eurzen • ntd thi .a prob b e 

oomplttc automa.ti~. el ctro 10 

eont r l d v10$_ .hich r;;ov ~71 the tl~ tbod potent al d1:trin • 

Gntit·c oou:t•::e of 611 ~lectrol· niu -·n alltP e rnpl,te frcE om C)f 

loptd 
b4 Q ldvstlll, :E'&:i.~Jf:,1" • "11ld i .hl ( 3), np oyinf:. n .. ectro !o 

J:unpl1fie,r -fith a ... otor. d1·iv -n voriubl truntsfQ~ er to nff ot 

chu.nt;;eu in cur ent in ~he r,ot1fie.?" ci .. m.1t ihiah , '.t.'odllce· be 

El~ctrol.7aing cur1~ nts. 

A itlil.£:.:r ap .... r. tu .. e. b t.:n d v loi. ~ d by in ne ( l:?) 1:n 

t i 

U.SE'fd to control tlH~ u r:r. nt. Still otlw r ti r. tt s h b n 

4 c:r1 b(;d by '.thom ... · nd :~oolt: { ... o) • .nu oater ( 6). 

12hc contl:Ol e t u ... ed. in 1 he .{il.'le e .. t or. a bo.11 

C£Jrl .. irt (0) 1 1951 End Gm loye thE Hickling circuit ith tM 

~ubs ~.tution of h.m ric. t'1: ~ Ot41.1Xl tubet • '.t'hil 

:rfi "cr.i.~ w r wae to invii;l ut · e;~.tc "h oz-th of tl 

pur oa f t 

bu.11 "9' 

• o ~c t 



• 

J.:.tl to fo:ll JtO tl'l'ti·. UP.P i Q to .:in 'Otl"Ol' ~ . 1 ord. r 
'tO aua ~l otro<J. .voei~io i .... c ;a t lj .. 1 l • • 

= L .. c.+~J - \ .,,, (A..1-(J(!.. ) -t: 

..ier i e, i th r l' :ibl .. l "F ell l t· thod• 

und t- ol ion; ~e. i the c thod 4' ol ( ov a. 

lid... r th e:Qrre • ing t " o e; .. 
drc;,p oet · fn the c l t e no .t b 

0 tll Ol t io th 0 0 e ~ 0 t 

, r.e o· rent ti ro ch th 
l tlr moat l a\:rol:t is ao aona, .. en 1a t 

the ~i e Ri th.. cond.1,,io i - 
1 t· t, t •a- r c 1 t t. 

e <J~ pon '11 • n rt G t 

b Qam, '~<4)t1-~ y e 00 0 t. 11 t 

res .. 0 ... e t(U." e vary du.l i l t <;..CUE.., e 
( po i to a th h 

( ·e+l&t.) • '.Eh ·'""l e of ' r er ·•c " 
leatiot otiv ~(iri J.:h. v () in t 1 r • .... 

or e o ·1 ... 10 •. a ... ,..o olt "i .n ... h a iv:.. f 0 

i . u.tion i u.n•ty (l 0 l ~ 

lle:t a l 10 l 
-l;t> 

~ 1 it t Vi 

01· .E: 'iJ Q p llUi -r :n ·~h lw r in t • :> 

~ll Q "l UJ.U 0 l<JC n a 0 .... i c tion 1 

1'V em t eq tio . • 



... ... f(: 

~2.301&T l" ( i,.,+J&) ""C = 7L F ' 

t1 {. on t "t. i l 

of onlomb n o iG 1~ vs, 
in he v th 

!' G ,ct l ~.rn 1 lu.t1o • 

0 t r ' 
l the ·~ of ... 

i .... .it ... !ef1L ' 
0 .... t 1 n n .... V• .. :t." ' 1 

re. "u.o · to; 
::- ~&~' lo -th ) c M 

ch toel olv.1i1:1 .· 0 nt +. \;. thod ,4. 0 ,.. 
u 

ed b tom1 I . iti onl 0 t 4o t • ~ 

i Wi • tl'l c thod l q 1 

110 nt l celt.1ul d b anti • h f 

(i ... t ~ . ·o • nt upon t e ~izc 0 

u ,.n lvv ill ith 1 0 r n ... 1 1 • • " .. 
i d 1 s. th 

in tiv t of th t~ i l t 

e :f tbc m t l th6 l er + .1 "' 

the v t ott • tl 1 ., 0 the c ·a. 0 r 

. the.r ' etor io UT e id 

... tirrin..:i t d to 1 te t.i; i t od t 

tie • if ti ' l d t i d 

Ot1;nt g ore 1 1)£ t Q rey 0 r a on 
t ('; d ~ . ·r rge Cll?'r i;ts. 

ir ve ibl o 

b .. t i tio 1 

0 tUlt • t i ui d 

,ot nti l d 0 

a : 

- -t- 
•1 o.r i o{rE. .) 1 r ". 
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Olnce e re i tc.r·EJted, maitily, in the re .ctio occ11:rr1ng 

at t.h~ c 1...b.ode and ei oe ti.tie ie d¢t£: mined,., uy the cathode 

pol.>~ thl. we mu&t have a m n of 1 oluth'l@ 4 ollo 1 this 

t~na ni-1 the e, ... eotrol~ai • This i w ,r tl. 11 oe of s nd' 
method ente~a. 

cone.id 1f the 4Eipoe1tiou of copper 1ona :fro olt1t10 to 

plhtinW'!l ~leotrode • Aa oon a uome oo;pper ta plated eu , the 

ooppu;c plated plutiru.1:\ll eleotrod11 eots t<.lwrrd th olat1on lik 
ill hnve a half oell gotent1 l 

rel&tiv to tb.6. oltttton o:f its 101ut. the mt:-gnitude tlc;pe ing 

on the conocntruti(.}n of the ioruih Thi ht; lf cell potent1 l is 

the t-eV rse Of thG ElectrOl!1 i potential onlClll t d e lier, 

Slad eh 1.1.ld he >::u.uri.e ric~lly G qu(;.l to 1 t • 

Do • if ~ 1Dli.!Ert r tenao.:ra:, r tel!Eil\ac h l eel l, such 

the 110~1 colo G 

pl te otl.l b~t e 

lt;atx·Q.Q • int tl e solution. 

the edthode and t:t. r ~ex n 
bov OQ - 

l ctrod • na. 

the po cntial g,f this o ll <h n. b mt: m1rcsd .. i t er re.nee 

oell 1 r V4U't'$iulc 01111 Vth "11 t-. minu.t ou.: r nt i being d:ro n, 
the potent'iul mu -t b£ •.• ~; , .u:red with .. i. otentiom ter o::r v ... ouum 

tube voltmeter• 9:h potcrit1 l meneu.r·d 1s the Gi tcrenc b - 

t ten the s1ngl electrode pot ntt.l ot the half oell nd the 

ud tnc we It.no ~ne potcnti 1 0£ t r•~•r no el otrod. it 

1 i ·pl aQtter to :refer the oathode pote.nti l to the ydrogct 

eoal. 

If plot th oa.thode pot~ntiul { J:Jc) aa ord1 t6 ag 1nst 

d ox-e~., ing @ono ntr 1tions ot tal io ii. sbao:1e ea. we o in 

the QUX'T 1 11 r 
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( r1;drawn from F\v:inr ( ) ) • 
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lu ot 
lh ~:hue th onovaltnt metal~ ha e a gr ut ,r slo thv .. h 

d VBlc.nt r¥tale• ~he lo vulu.e on the :fir t p :rt of th cu.n 

ar llue to ovenoltt.:4 c. f:i:tteet~ nd 'lao to f;<}J:fih 'd ~tivi ·tEa 

of ior:i-til 1n h . ·oono~ntr · t 4 JjOlut iorua. If the potE.nt 1&1 

,plotted di ti?otl;V i1g inst th activitiee inai.e d of molt: r1ties. 

tb C:ar?E would be .etre1ght o.J.l the "'to th 

by tht tt<H ted l1:ne • 

As an illust~~tion, oonu!dijr t cop er and tin pot ti le 

1 

ae9" .. ~ted b7 con tbltlt cant:nt eleotrolya1 • fj;V'Gtt thou 't 1 11• 

bovo and u lo :tw< re> en ¢n th ele:.ot:romo iv.& e rie • i s 

becuuu ~droscm bu ~ rather 1 -~ ove:rvo .tn c on oop ,c (21 ) • 

end ti• 1 rEduced b~to~ hldro ~· aow vcr, if· o 6 ·er1or 

hie ~11~ not l 01 tl o. t de ot.n 1 l to 

~olcl oonoentrntio of o pper in, th n ti 

the ce 11 :r me n 

.ugh to d - 

poeition o:t tin. to o:ntrol the c 1thode votv t1 .. 1. the o~ rrent 

1. ·e4uoe t;rtdw:t.Uy. until finally it re<;Hlb a valu.g lmo t t 

•fJro. <Lll a. thG reeid1 l cuxr t~. 

wt:Hs I>laced. n the el u ~rol7$$ il'! c aait · d h oathod -re fer no 

c 11 pot nt · ,,,l i'ollo e with a otent1ome ter • When thi potE ti 1 

4 i th ·b r' .e o t t , 

itd us th motel 10. Eing dE:poeit1d .vae depleted in th olat o , 



• 

eon th6 ear. t t in .. in th 

h lect l. zing cu.rr t p 

p cee t 

h.&.'OU.f;h f 

fin 117 

00 l t • 

o.r I). 

• ty 16~5 ow r 

ea t&:r6 ... pot uti . t llE di.. te.cmlnEd limit_ng Y ltto. 

or. i r i u l et rrGnt • ..:l i ·a: .. :nd 11 

t•be·• fh grid ie o ·he tu 1 oo troll~ 

dr p ec os th 6 7 tu • hio i n t 

tb ti 1 

t ;-utr n :1.rc it• ... l i tu. 
bi a i p i-d to it grid· 

ll a no curr n 

t 

ne tiv 

1 .e . tiV · i i 

,Pot ··ntio · ter. • hi h . l iv ny v l · v t • 

0 

til 

it n 

lf the ot ... n·ti t he li 

1VEn el o~rol si. ·h n i ill cot ol t 

t o t c -r fe:renc 1 ctrod ot nt 1 re <.le 

the t r t ·on 111 °:fir ' t o p.u ca rent. 

d 

or th 

c rr t 

.. rt 

J7 tube. 

t c 

a ttr nt 

otent11. e .hich ·oint the rid i 111 n r 

o t o(t •r :r reaee el otr de po et ti l inc • h 

ill 1.'lo t l%'O h th " lY:C"tro "' 

to pao ou.rr · .nt • i o eroome ... 

hieh in. ttu.""%1 t r ;,;S t o ·llon ourr~ t to 

on th 

bi e o th& • an so d er 

throuc t .... 'tttbe • 1'.h vwhol p:roo .., fr t mo1 ent th e 
tu. e -ir i r o ia lly i1 tn toneo,.u,, d the f ct o t 

leotrol aing on .. r.: t 1 t • 
.;,hu , Gll06 t ol ~in a.~ ent h n l 

th tent10 . te:r 11 it1n 1. tt n 
.I; 

i y b or until h 
. in i pl t ~ • 

a r no l icb 00 1 t of 

l tin 0 1 1.~ct od cover it11 l d 1 id i .. r 

in 0 n rm l ·olut1on of nlftll"i oid• h el ct rod cti 

1 ( ) I 
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1 • 

0 

+ 1. 

lue 0 
1u • 

. () . or wa~ o~ in oblori e olutio • nd hi f 

1.ht ork 1 ..-01 v 0 11.y 

b tu crked o~t in de il b 1 hl and Br n h 

ll h h re. 

Oon 14 r the tollo 1 rd o 1 n r 
0 

,t!, • + • 

·or co • . 
0 
.. + • l 

0 • 
·ho fir ction 1 t e · e4 wti n ou.p ic 1 . ul t • 4 

oJ; tio ... lJ.'h 8$0011 nd th d th ot inv l 

... lllorid lu.t if.>ll• I'! t·r e. d ion f:l.n l r 

potentia in e lortu ltitio ro tl at 1 nlf t i t 

the at 111ty o:t the hloridoc rou ion. 

~be r 0 iGl'l i o lor1d ol tion e .i 0 1 t te ' 
n th ti et tep 4' ace oopletely b th eco d t 

t t • 
/jt th odt,, t e ehl :ridoc l'Ot18 1on r oxid1 ~ .o h 

oapr:to io • \h ou .... .c 10 in tu r ct 1 th co Pr 

it (1 0 t o~tho d 1 olv~ 1.t : 

outt 0 - o!) u. ~ 601. • 
h r (ho.ion ie v r; r i , ea 0 J1 b;r th l v Lue of • 



~ ' 8 uge tt '~tl) f ,Ji hl n re s, , 

re oxi tt 1 o:n of coppe :r sr¢ : ( 1 ) the u of 
111 b x.idi& d 1:n p:r f · nc · to th cl 

or 

() ·rec tb 0 1 

1 nt bieh 

X'i oc1.1pro 10 ; ' ) 

v lu ff4 i .nt 

al tbe e ll ri - 
n t1:rr fr 

th 

e initi· l o thode v lt• to 

to inEtird,.:l :r. duo co u..·t 

c roua ion fo e be t ti • 

'th vi 111.. of the c,~tl ode; f 3) 1 o tin 

of e o;r pou.rouii ou.p; ( ) r duotion 0 ot nt1 

to Yriltl whioh. ill :>. o .id 11... ·.h Chlo idocu.prou o • ' 



tel, 

tiv • 

l't31;l inoo lete a.ad ocaar ion ill11 th~ 1c,etrUtL r.it did ot 

t.t. 
n hut 

"~hi· trf.lubl.c w o pnrt1·111 du.4 to 

•ad p .. r1.1'",lly dti.e to '! u.trt ~sti i in the 

J)Olte.t'•) tli£ t~t. It it~ ve::"Q d1t. iou.l.j., to 

oothl on plt·tinmn o 'that 1 ~ .. l 4h· 

are ol1tc..tnod 1f a very , .. ll e trru1t i i u 

n e l.,ctr d 

bl.ch 

i.ox1 

nd he ctrol7 1 

oltmg to r .... 100 

d olte 1n t 

ti1~ no 1n · en¢:r£.1.l to the lebo tor.:.<.l i 1l e r~ b· il 1 • 
() oe the; ::rfl t:wted. t • .rE dy aituJ;;lta - .. t 

oor ., co.net nt 'fOltt' ·rf-1 flt ... orrae :r but n 

nd the set. !fhis tl"· !O:Zl!J.e tr gave o:f' 

115 volt· for ill,{:Hl ii"--~• ue 9 r . 1 .. "" :i'.r.orn 'IS /~0 h1s 

lutd fl vcn:.-3 fJ od el feet oa the 0 r tio 0 6 ee · H d i. 

x.-.econwten ed toot the tre.r.e:to1"mtt' b uam\ · n all :fu.rth r ,ork. 
Hi:r d&t oribea t e e~t :,.•· · tei~e4 tQ d liver ..::.00 illi p . 

t 1 tJ note· .... tl.d.e po1 t thut t · 1 d 

un e~ ~l'lf condition 

4 suloee 1 
• i "'ins 

w ccrxee .. 0d, tl1fi 

. 
~EO f th i OU1t 

on on oft e 162 tab • n hi 

b I> • 

01nt on. the u u·c ·1 ning 

it U) 1 t d ~. 



i l .. ' 

that 
th op 4i.A t ion ia t1•~r11 iuished .. 

ith th tr"'n tor r in a e:. e naict ut r~ u.lts 
1 1. tin 

ll 
pot6l.lt1- l., • a previoual.g nQte ·' • '.the re:f\::~·tno : · lcotro ill 

VAT;.}' l$li .,.ht.11 with ti • ti .cre"4 in. aa , uch e .05 volt 

ct nti 

th 

h 1 to 

th 

re r .noo lcotrod pot.t; .. t:l .. l to v the: 

10 .1. i ctt i t 

ol t1 dd.d. ·t. 

lu s 
t.b .. :t1 · oon u.tiv 

• 001 er owtd 

0.1~0 .. 
0.19 a~. 
0~19 2 \,;till• 



t a po t ou 
t e ed bf ·<.<it .i..d7' o to a tJm.J.l s~mple 

flnJ COf;. ~ r ..!mfl\Oll'ib UC.JPltA v.e2 ;i..Ol"nLfh 

!:Ol t io , 0 6 if 

1 : 
H - a 0 cu. ,. ~ • ... ,\1 .. • • 0.:44 Volt 

.:.c p ii" .s a ·0~"1 logf 10_,) 

Cf ,, ·l6 olt 

be et on th pott; i 

"to oveTv\ilt~c.·e tcff ot>J, r.w .. .he: e14e Df l!i 

rnu.0t ae determined e pa.;ri nt ~1-Y., If tlie r sidu l o 
low• the <.>'f rV<.1lt.Jge 1 n g. :1..gib e. 

tin to i · ~llQ dif:fieultiea eaoount. r d. · · for roe d n 

!. th 8l1 act l "~pa :r 
hlorid~. bu:t ... t w ~1 

• t 

id.. ti' f ·h• oolu.tio '• t,ut no eene tu:ta a , 
on 7 about hnl ot th ti plottns ::>ut if a· 11. dro lo onitt 

.. h.loride ~ • dd~d to p · V<l:t:t t e d poa:ltie. f clllor:t 

enod.c. 'J'his i tl.1~ :ethbd of ~ohQOh und Bro n ( 19). 
0 th 

oho k of tbo lit r. t ... u toot l pote.ntta f r t 
th t 1 

ohlorid v l 

Ul.. t • 

1 

i ohl r· 



l • 

solut101'• .. h de· ne1t1o • U'· ti11 n ~ .. o ;pl. t • r 0 

te • v·r71ng 'h 01 it;. b t 0 t 
.eco.r 1 to t r. 0 er Ch CJld • in tb 

bs\l Q t hlo 11 ia b r t ' • 
hi rv ... o b t t 
the ohlorin~ libcr ted of 111 p OD 

0 he thod • ... la 1ml olttti 

• • 1n t e 1"€8 0 r llOi I 

dro r ch or:t the T t 00 r t • • 
err ~r e b :tn O.i.i4' • . truo 

ll d a oio ly G a ol • u o r t l 
ot 1ntid• 

T e n r • of 0 l r i ... 
ample i ·1 0 tton, t>.e.ed ore • ci 

. ork d u.t ..... -~t· il for 0 • u t& 

t U1 lert -~ e 1 ~ ror t n ;~ t .on~ 0 0 • 
z tlr 

1Y I? 1f. 
(.R 1 so at! ) • 6x JI . • . 

d it pp. %' ":hat id 10 n i l r " l t 0 
eeui ife t t l Q 1 0011. ohlo ·1 • 
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