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Ravia w of Previous \llork 

Rosa,, Vinal and MoDaniel1 advance what is termed the 

"theo rt of discontinuo11s deposit art. Thay have described 

deposits from pure solutions of silver nitrate, in whioh 

the bare platinum oathode ia plainly visible between ory ... 

steJ.s. They have also desoribad deposits from impure solut-

ions in whioh tba Silver saeI!lad to be non-crystalline, but 

a miorosoope revealed the deposit to be c:i.7st el.line. In 

riaither :ta the cathode completely ooveped. From the cyanide 

solutions. however, the silve:r de_poa:tts appear under a 

powerful mioroscope to be continuous. "As Ohm's law hoJAs 

in the electrolyte, it ia evident· that there is, at the sur-

face of the platinum a potential dlfferanoe opposing the 

current, which brtnga the eleotrolyte in. contact vri~h the 

platinum to a. higher potential than tbat of t~ ~leotrolyte 

in oontaot w1 th the ailveri a.rd so the current is turned . . 

awey from the platinum surface,. :finding numerous outlets 

to the platinum cathode through the silver orystals- It is 

a~ though th!e:potential·,.-dlffe:ranoe at the eta.rt brea.ka 

through the surfaae film at nu.merotts points •. and these 

¾osa.. Vinal and McDaniel. The Silver Voltam:tter~ Part ·tI, 
The. Chemistry of the Filter Paper Volt ameter and the 
explanation of-Striations. u. s. Bureaµ. of standards, 
Vol. 9, Part II, P• 277. . . 
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initial outlets. which imrease in area as the orystaJ.s grow. 
are suffioient, unless the ourrent ·density 10 sttddenly in-

creased." 

nfhe surface :potential differences tsken in oon...'"leotion 

with the sp,ci.fio raaistonoe o:f! the electrolyte and. the our• 

rent density determine the distance apart. of the crystals. 

J:n a. very concentrated st1lution the s:peoi:fio resistance is 

less. a.Ild hence tbs fall of pot en ti al corresponding to the 

surfa.oe differences of potential ooou.ra in a greeter dis-

tance. Hence tba o:ryata:ts will be farther apart than in a 

normal s ol.ution •. on the ot mt hand; in a very wea.k solu-gion 

of higher s:peo.t fie resi$tance the fall o £ pot anti al ie steep• 

er and hence the giv-en potential difference Will ooour in a 

shorter clistan.c('h Hanoa th.$ oryata.ls will be nearer together 

and. more numerous, ana. heme also tln crystals ve~ small. 

Renting the solution increases its eo11duot1v1ty, and there-

fore has tbe ea.rm effect as inoraaaing the oonoentration; 

that 1s. the aryst ala a:re further apart am of la;r:-ger ai.ze. n 

Theaa. au.thors give. t be following explanation for the 

:forimtion Of striations on their deposits. "When tha current 

starts the deposit begins at many isolated points, the 
distanoe betv,een crystal.a bl)ing hundreds of tin:es the linear 

di~nsions of the o:eystaJ.s themselves at t~ end of t be 

first few seconds. Tbs stream lines along whioh the current 

£lows a.re thus conoentrate~ a.t the oathOd$ end, µpon these 

inoipi&n~ oryst ala. t;to c,;n-rent flO\vl ng to the ba.re platinum 
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after the first instant. The upward currant. of liquid along 

the crystal so.rfaoe due to tbe smaller densitJ of. the impov-

erished electrolyte at the outhode • ·carries the chain of ions 

whioh lie along a gt van st:rea.m line. upaard out of its normal 

course, so that the currenli tends to reaoh too upper S11r:f'aoe 

of the cryatal. Watching tllia proooss tmder tbs cdoroscope 

one sees the small oryst els which appear at the start ~w 
upward so that after a t ima instead of a large nu.rriher of 

silver crysteJ.s of Sl;)prOxirmtely equ.al. dimensions in dif~ar-

ent directions one seas a groat number of· elongated deposits, 

the longest dimension being vertioal. These tend to grow 

into one anotbe r, so that after a t im striations have dev-

eloped, that is• the1-e a.re ridges of silver of more or less 

equal distance apart• separated by intervalu of bro:e plstirrwn.' . 
nobeervat.1 ons shows that the nrunber · Of at rlae per oenti~ 

meter is approximately p:roportional to tls ourrent density,. 

or the di stanee bet~:1aen striae is inversely proportional to 

the ourrent density. In the same TJ1ay, the initial a.iata.noa 

between o:rystala in a. nonstria.ted deposit 1a inversely pro-

portional to the 011rrent density. or the ~1umber of crystals 

per square centimeter is propor·ti onsl to the square of the 

current denait,y. This e:x:pla.ina vm.y a. anall ou:rrent gt ves 

coarser crystals than a larger current for a. given weiglm 

of deposit_. for d.oa.biing tha current multiplies the number 
.. 

of d ryst a.ls by four, and. henoe :reduo es the average weight 

of ea.ob: crystal to one-hal:f'." 
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Fi-oliohl ate.tea that tm 1.mreaee in cathode potent iel 

is easily explained when it is considered that his measa.rea 

mente were made in a.aid solutions. \mere· we have to deal 

with pos1 tively charged gelatin ions.· The gelatin on aooount 

of its poai ti-va oha.:r:ge. :migratos to the cathode wbere it ao-

curnulatas and of:f:e1'$ a.ddit:tonal resist anae to tbe tr-anspDr .. 

tati on of the inorganic cat ions u:p to the oath ode surf~ae, 

thereby explaina the i:oorea.ee in cathode pola.1"1zati on as due 

to the incl'ease i11 oonoentrat ion of gala.tin at the o a.thode 

surface. This inorease ill oonoentration is thEt result of 

migration of the positive gala.tin .tons to tM. O£i.thode. The 

poeitive oha:,.-aoter of tlle se ions prevent their migration 

awq, and the rates o:f oonveotion and diffu.sion a.re neglig-

ible. henoe we have the aaoumu.lation o:f a gelatinous film 

naa~ the su.t•faoa of the oathod.e. The l."eSiatanoe to the flow 

of copper ions is ine~eased., a.nl as a res·ult we have o.n 

increased in aleotrode polarization. 

Blum anl. Hogaboom2in 1•e~iewing the ef:feot upon eleotro-

depositio11 of va:t>ious faotors. oovercu.rrent densi'ty, oon-

oentration and agitation, tem1,erat11re• oondu.ctivityt natal 

ion oonoeut ra.ti on, byd:rogen ion conoent ration. addition· ag-

ents, struotey·e ·of base n:atal, me·Gal d.ist:cl.bntion and throw-
ing power. 

1F,..olioh. The Amphoterio Character of .Gelatin ·and its Beari~ 
on Oertain Eleotro-Ohemiosl Phenomena, Trans.Atn.Eleo.soo., 
Vol, 46 ,. 67, 1924. 
2Dlum and Hoga.boom, P:timiplea of Elaotropla.ting and Eleotro-
fo l'ID.ing, MoGraw-Hill Book co.• 1924: • 

,. ' ' 
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Marie and llu:f'fe:t.1 found that oath ode depos1 ts from 

copper sulfate electrolytes containing gelatin. were heavier 

than the theoretical deposit. These authors attrl buted this 

. excess weight· to gelatin and mechanioallt held ooppe:r sul-

_fc.te. 

Dlum2in oi sett.ssing the effeots of colloids in the 

el.ectro-ds:poaition of. nata.ls states tm.t one effect of ool-

1oide upon t m stl'!.iotu:re of eleotro-deposi ted metal is to 

reduce the tendency for the formation of trees. or projeot-

io11s upon t be surfa.oe. Addition agents are frequently used 

to permit use of higher ouI"rent densities than norme.1. Ap-

parentl-1 addition e.gents decrease the tmdenoy for the 

growth of exieting crystals,. md inoreasa that for the form• 

at.ton o:f' ner1 crystal.Eh 

Blum ate.tea also that the prasenoe of addition o.gont s 

es:p3ciolly those that a-re colloidal increase oathode polar• 

izt:it ion. Carbon dieul.fid.e which 1 a used as a. brightener in 

Silver oyanide solutions deoreasa the cathode polarization. 

Common positivelJ oharged oolloid.e employed in acid 

solutions also inox-ee.ae the anode polarization. but to a 

loss &xtent thl".n. at the cathode. Colloids that are negative-

ly oh~gea tend to migrate t9ward tbe w.ode and to produce 

the gi"aa.teat po:I.arize.ti on there. Whatever the ibrm in which 

the oolloid exists, it must in most cases migrate to the 

1 Marie and. Bnffa.t., Jou.r.Chim.et Phy~• 24; 470, · 1927. 
0 . . ' . 

c;, Blum. Oolloids int he Eleotro-dopoa ition of Matola. 
Colloid Sumposium Monograph,. Vol. 5., 301, 1928. 
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cathode. and there increase the cathode polarization in 

order to e.ffeot the st:ru.oture of the deposit. The most im-

portant age.mies in eolloidal·aolutions that oontribute to 

the replenishment of metal ions at the oathod.e are d.1:f'fus-

iou and oonveotion. 
I~ the colloid aot-µ.a:Lly reaches the cathode su.rface 

through migration or other ireans. it mev be inoluded v1ithin 

tha cathode deposit by 1D9ana of {1} oo-discharga of oolloid 

pa.rtlole s and metallic ions; ( 2) the diaoha.rga of complex 

ions containing tba metal and colloid; (3) adsorption of 

tha oollold upon the faoe of the iootal deposit; or (4) the 

meohanioal inclusion within the deposit• 
1 •. . Taft and Messmore have given examples of the exoess 

weight as a fa.notion Of the omcentratio.n of copper sulfate 

in the electrolyte, oomentration of gelatin and hydrogen 

ion ooncent ration. 



THE INFLUENCE OF GELATIN UPON ELECTRO 
'DEPOSI!ED COPPER 

The Influeme O:f Gelatin upon the Fonn of 

Electro Deposited. oop:per 

7 

one of the effeota .of gelati~ upon eleot:ro-depo~i tad 
oopper is tha.t upon the pbysl.aal fo1~m. In general. colloids 

dao rease t ha size of the indi:vi duol. oeyst ala , and the 
deposit usually acquires a 00.lor markodly different :f'rom 

that of the pu.ra eleatro--deposited metal, 

Gelatin, when in solution,. acts as an ema.lsoid and 

has its charaoteriat.io eff.eot upon the form of eleotro .. 

deposited copper. Orclina.ry deposit ea. oop_pe:r. has t;t. light 

reddish oha.raoter.t stio copper-color. while tllat eleet~o• 

plated in the presence of gelatin ia treq_ttently dt.ixke r, 

in many- caees the oolo:i:r g:radea betweentba.t of ordinai•y 

copper and a light colored bronze. 
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The concentration of the gelatin plays quite an 

important part upon the physical form of the deposit. In 

the illustrations whioh follow• the offeot of several 
variables upon the :form of the deposit, otbar than con-

centration of gel-a.tin, was noted. Tbe surface upon whioh 

the deposition was l!18.de seemed to play a less important 

part than one would su.spect. 

The faotors influencing the fom of deposit which 

ware observed were oonoentrat1on of o opper sulfate in 

the electrolyte. conoentration of gelatin, hydrogen ion 
· oonoentrati on ( frequently denoted by pH)•• brand of gel-

atin+ cathOde surface., and length of time durin& whioh 

deposition was continued. 

Expe rirnerm a.1 Prooedttte 

The experimental 'procedure used in the preparation 

of the deposits for both the qµ.al.1 tative and qu.~t1tat1 ve 

work was very simple. A atook solution of 1.25 molar oop-

per sulfate was prepared by dissolving 312 grams of chem• 

ioaJ.ly pure copper suliate. in ws.t er and diluting to one 

liter. A solution of this oonoentration was very conven-

ient for use in preparing solutions of other molarities, 

For example, to prepare a l molar solution, 80 ou.bio cent-

imeters of the stook solution and 20 aubio oentir.ooters of 

water were needed; for the o. 75 molar, 60 cubic oe'ntimet-

era Of the copper sulfate and 40 cubio centimeters of 



water; for the 0,50 molar, 40 oubio oentimeters of cop-

per sulfate; and 60 oubio centimeters of water; and for 

the o. 25 molar. 20 oubio centimeter~ copper S111fate am 

80 cubic cent !meters of water gave 100 au.bio centimeters 

of the solution. 

0oignet 1 a sheet goiatin was used in the study of 

tbe ph.ysloal form of the deposits. while Eastman Kodak 

0ompaey•s ash-free gelatin was used ln all subsequent 

quantitative work. 

Preparation of the gelatin :for solution consisted 

in tearing the sheets into bite and weighing on a watoh 

glass. The gelatin sample was added to the previously pre-

pared copper sulfate solution. and tbe viib.ole warmed to 60 

degrees Centigrade. Solution was a slow prooeae, bu.t was 

:facilitated by alow stirring. A£te:r the gelatin wa.s aom-

pletely dissolved, the 50 or 100 ct1bio centimeter beaker 

was plaoed in a 30 degre~ thermostat for temperature con-

trol .. copper or platinum electrodes had been previous• 

ly mounted upon an eleotrode eupport • This support was . . 

simply a board abou.t l•l/2 inoh in cross seotion and abottt 

20 inohea in length. Upon ona side of t hie board were 

nm. led short pieoes of c oppe:r wt re bent into the s bape of 

imertad U' s, and to one' end of a U was held by a. metal 

clip an anode, and to tbe other end. a. oo.thoa.a. These two 

electrodes were the anode and cathode o:f different eleo-

trolytos., The cathode of one U and the. another of· an 



adjaoent U were plaoed in. the SaI!B eleot1-olyte. The U' s 

not on1y served aa electrode supports. but also carried 

the current from one oell to another. Any number of oella 

could be plaoed in series in this manner., 

Storage batteries were the sou.roe of direot current 
:for the electrolyses. Ad;}ustnent of ourrent was made 

through tho use c)f a potential divider, which will be 

described in the section on polarization. An a.mmater was 

placea. in serl.es with the cells as a ottrrent indioator. 

After electrolysis ,vas finished• the eleotrodes 

were immediateJ-1 removed from thei;- ele otrolytes. washed 

With warm water;, then alcohol and dried. Later in the 

won aoetone was. used aa tbe drying agent. and was fO'llild 

to be n:ra.oh more effective than the grade of alooho~ avail• 

able. 

As a permanent reeord the cathodes were photographed 

using Ore.mer slow contrast plates, 5 by 7 1nohea. In most 

oases the oathode bandlea were clipped to allow for oon-
venient ar1 .. angemant • 



1.1. 
' Ph;Vsioal Form of Deposits. 

Pb1s1oal Form as a. Fu.nct1on o:e Oonoentration of Gelatin. 
Figure I shows copper plated a.t 00°0. * with a currant 

dei,.~ity of 1 amp. per deet. 2 {6.0625:'~res current), for 
30 miwtea and £rom 1 molar oop:per sulfate solutions oon-

taim.ng variable quantities of gelatin. !!?he gelatin was 

Ooignet 'e, prepared in Fra.noth: . 

Se?era.1 types of deposits present-thomaelves upon in-
spaotion o:e the plate. solu.tions containing 0.10 par oam 

· of gelatin or less giVtJ cathodes containing small "warty" 
growths or ~dots"• The number of these dots aeems to be 
rough:J.y inverseiu proporti ona.1 ·to the gelatin content• that 

is. the greater the proportion of gelatin, the snia.ller the 

number of dots. This smaller l'Jlll'llber of dots seems to go 

hand-in-hand vrith dots of .greater diameter"' . . 

As the gelatin content !ncreaaee' the type o:e depol3it 
I 

is charaoterized bu vertical ra1aed ,striations., . these etri~ 
a.tions., when sharp and distinot 1 a.re. uaua.111 very _bright and 

lustrous~ as oont;a.ated from t'.be dull a.na. da.rkei- colored 
background. 

In the eleotrode from the oell containing 0.2 pei- cent 

gelatin* aevera.l striations seem to be composed of dote ar-
ranged in a vertical row. Whether or not the other stria-
tions were at ona time <!.urine their development • a series 

" 

of do.ta is open to speoulat1.on.. AS oonoan.tration of gel~..; 
tin inorea.see up to 1.33 per oent striations continue to 
preaem themae1ves. although they become fewer in mmiber. 
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the two eleotrod.es oonteJ.D1ng 1.a, an4 2.0 per oen\ platb. 

oomaina atr1at1ona oal.7 oa Ulelr eAgea. 

'!he oa,lloclee ehoa 1a ftpn II nN p-,a.n4. uJMler 

\he same. con41t 10118 ae tJt.••e ln Jigare I, t'.ba, le, 1 molar 
0 -oopper 811lfaie, 30 o. o. ». 1 •,-n ,tr aq\l&N 4ee1met•r• 

with Tarla'bl• gela'iin ooatena. !he elaotroa.ee · ma aolu• 

,1ona oorna1nt.ng o.~ OI' leas of gela.tln. gi.Te ,i. aw 

general t,:pe of upoe1,a as ,1toae ahown 1a 11111ft i. tlle 

tepoait fftm .1& to 1.~ gelatin oema1n * ffnloal nn-
at1ou, Gile th.oae of big'Jter gelallll ooaem oomata alllln 
no atria'k1ona. the lukeDhg o'f tJae eleot~• fna the 

oella oontat.ning 1. plat ta or Mn p0es11a:i, 11 tu to 
:pan1al nt:a.4"1oa of ,he gelatin. tld.e nf.wnt.•n. of pl&-

tln was OA8ed bf' the aettSJtg of tia. pla'lll ao1.,1on, 
which ,uokeDing 1D tun neTeme hee oiNlllatS.oa of tu 
eleo1i:roll"•• ftea tm 01&prio lona in tu Y1o1rd.t7 ot tlae 

eleotro4e lla4 been U•~SK. tlle aolv.tf.oa wu too Tla-
oou for a n.ttiolent DU.111,er to lte tunllllet 'iJ ooaTeotioa 
OUNnle an4 aa a neult •- gelaUn _. paltlall.7 nuoe4. 
lapanlnS ... ,i. ........ 'blaold.all OOloJ'. ,_ Uften•• 

b. aneannae i.., ..... '111 oo'Gl.o•t•:r eleotnd.ee anl , .. 

Plallll eleotn&ee la --· IIUDd. 
In JlilU'• III an a11.wn eleotrocl.•• p:repaft4 a, ao•o, 

wt,h a o. D. ot 1 •pen pe:, W tu 80 llll•t••• hi w1,Ja 

lloth. oonoemnt1o:a ot oopper e1llfate au.I se1a,1n aa Tuta-

'ble •• JJ1 T• ooaoent ra,1 ou of o oppe:r nlta•• an4 tu•• oon-
oe1a rat1 ou of Ooignet•a gelatin wen ue4, eaoll •••eatra-
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tion of gelatin being oom.alnet in ea·Jl,. of -. f.t.Te comea-

trat1ona of OOpJ)el' •lf•••• lllkt.ng a. ,o,ai •f 16 ••U.• 
!he horizontal. rows ot oal'.bo4ea an tJ:ao•• of oou,aa1 oop-
:pe:r aa.ltate oonoen,:ratione an4 la Teft1oal oolllllU t• ooa-
centrat1on ot gelatin ia oonatum. 

SeTenl tn,ea ot oatho&ee again PN••• iJaD•elft8. 

'!he oathMea fl"OJI 1.26 •J.ar OII.S0-4 an& .oa an& .IC).& platla 
are ot ,11e •- general,,,., ,u tonar Jaae aon 4ota on 
1,, surface thaa the latt••• Ooaapaw4 to p,reT1011.•1" le• 

aonbed eleotroua tr• 1 •la oaso4 1, WftU appear that 
tbe 1noreaae4 ooneenlnt1on of ooppe:r nlfa.te , • ...._ •• Ill• 
o:reaae the 11111111•:r ot tot•• !M ti.c,ro4e ti,,a t!lt eolu1oa 
oomat:rd.ng 2.~ gelau w..U ha.Te oontalae4 Tdlloal nna-
t1one bal the eleotni,te "ieen adfl.oS.eml,J tlll14 \o JaaTtt 

allowed. ooaeo\ion. ourema •• baTe pla.Jt4 ~htu ian. 
Ille NOOM horisoalal rn •t aathol.ea fNII ,11e , op 

ax-e tuee from. 1 •la oopper aaltate. '!Jle eleo"nt.• :bOII 

'• 0.01 per oent platln appears qui\e 41:ttenn, fl'OII tile 
ooneepollltng one teaorl'a.et u-.. I'I ••- to 'lie Ttlf" Uf-
Uoult to tl:ap11oate ,h, p)lploal tom of,, ... lepealta. 

!he el.Ht1'04e ~"• gelai11i. la quite •ia:llar to '• oo•-
:reapomU.ng one :troa '118 1.25 aolar oaso4• 

la tbe ne.n ltnr nw an those oalhol.ee tl"Oa Iha 

0.75 aola:r o.so4• !he eleot:rote tzeoa the o.~ plaUa s.a 

tut• e11111ar ,o •• 1n Hear•• I u4 II. tu ene fna 
-~ 

8'91&.tin again la quite a1111lu ,o the ••~••JtnU.Jll tleo-
'"'•• troa 1.0 u4 1.25 •lal' OIIS04• 



the ,wo lower hortmoalal rowa presen, oet.U,otes of 
qu.1-ke dit1erent appearanoe. ,,_ 4a,:k 00102'-4 areu are 

ooatJ.ngs ot ooppe~ ox14e • eom po~itona ft whioh ue )laok 

eoae grade :t:rom a tark Uu to a light bln•• tu11 to a "'• 
IJl eaoll oaee ws.,Ji se1a,1a, &epeelte .... to lie 1••• ela:l-
lar in appeuam:e; lt wnl4 tma 1n41oate thd ttllt pl&'1a 

oontu1J at oonoenti-ationa pla.,e 11. _,.. lmpenw pan 
than the ohage 1a 001t0edra:,1oa ot ooppe:, ettlfate. 

Plqa1•al J'Om aa • ft1¥tt1oa o:t oonoe•mto:n. of Gola1:1n &nil 
pl!. 

JP1gare IV sholre oalllolee :p,•pn4 11Dde:r the .... •••· 

411:lona as ,11.oa, in. J'l•• ID. naal.J' ma 416 ael.l.Jt ,o 
o.l5 molaa- oopper a,,1:ta,,. o.06 ,o a.o,g s-1atLA. u. a. of 1 
&II.Pe re per a.es,/,, so0o. mil :tor a t.va,1oa of 80 ._,,a. 
Brlrogen lon 4etem1nat1ou wn ... ill a 411.Jlioate llallPle 

troa eao»> e1eo,ro11t•-. the !'9.nl.ts of wbJ.oll an gJ.Ten SA 

table I. '!he )q'trogen 1oa tnen1Da,1ona •" llll4e wilh the 
qlli.,.lftne an4 ••'••tel 0&1-.1 eleotroue. 

!&)le I. 
Ill Ya111e1 d Gelal1a--<hll0 4 Bleotro:i,t••• 

•-· OGM. ouo, ., 111111:a -IL 
,., ..... 

1.&6 II01- o.oau I.IO 
1.26 llOlar o.so 1.1& 
1.26 IIOla:t 1.00 I.II 

1.00 KOld 0.0686 .... 
1.00 Jlol.u o.eo ... 
1.00 Kol.al' a.oo a.'8 
o.tl IIOJ.u 0.0626 1.6:1 
O. JS llOla:t o.80 3.'8 
0.76 JIOJ.u 2.00 a.a, 



)t'.Yi:~ 
i•·· ~i:.~:~ ... ;_ .. ~._:.~.'~ ~·; .. 

• 06)i gel. 

1.25 1.1 
CuS04 

1.00 TT 
cu;;m 4 

.0.75 l[ 
UuS04 

0.50 M 
CuS04 

0.25 M 
cuso4 

Figure 3 
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Oom.auso, % Gelatin. PB -
0.60 Dlar 0.0620 , .. , 
o.50 KOlar o.so a.,, 
0.50 Kolax- 2.00 s.,, 
o.a; Kolar 0.0885 s.M o.u J40la:r o.50 3.M 
O.28 ll0l.a:r 2.00 ,.01 

!he oa,b.ote• *°"• in lip.re , an approxlmat•lJ 
alat.lar ,o ,1io• in J1gar• s, llonTer there are aeTal'bl 

exoep,1ona. '!!&• oathoel.ea from 1.25 molal' eopper aul:01.te 
am .o& per cent gel.at in are a1mllar1 bllt ,1aa, one from 

o.a per oent. pl• la 1n lip.re , 1• appno1a,17 4arlmr 

\Jaan ,J:ae o orreapoallng one 1n J'1SQ.re 1. !he cathocte from 

a.o pe:r oent ge1a,1n in 11.gue I a.1.•o la darke:r. !lie moat 

no'i1oeabJ.• difference ooove in the eleo\rocte from the oell 

oomalm.zag .oa per om pl.a.tin an4 1 molar oopper eultat•• 
n, in one oaae some of the etr1a,1ona should •• 'broa.4 a.nil 

oompua,S.Tel.7 fn in muaber. while 1n , he other oaae there 
aN few a,rla.tlo• an4 -.n7 4ot • 1• no, simple ,o explain. 

TIie•• dote are arranged in Teriloal rowa, alld had the, 
4eTelope4 1mo oon U.1111.oua an r18'l tea, tha lat\er woil4 

bTe 1-ee11 more num1ro••• 
In , ba a atllode froa 01'16 mola:r oopper eulf8' • a.nil 2.0 

Jer oen\ pl~ 111 anolbe r uoeptlon ooaa.r a. !hie eieo,rob 

in 118111'• 4. oonta1.na a oompara\1Tel7 large ~•Z' of t••• 
am ,heae dot• are •xoep,1onalI, large 1n 4.18118,er. 21» 

u•al oalhot• froa 2.0 per oent; e;als11n contaias 0011pa.ra4'• 

1 Tel7 fn clo\ •• alll. '11••• are low and :r1a, ar4 qu.1, • large 



1.25 molar 
CuS04 

1.00 molar 
cuso4 

o. 75 molar 
cuso4 

o. 50 molar 
Cuso 4 

0.25 molar. 
cuso4 

.06% gel. 

I. 
1' 
I 

I I 

I 
I • •.' 
I• 
·I 

Figure 4 

I • \ 
• I 

19 



1n d1a11ete:r. !he rema1.n4er ot 't ha eleot1'04ea in the lwo 

pl&1aee an quite e1milar. 

20 

'!MM •veral 1neonsletem1ee are not eaallJ to be 
n:p].ained. ill eleo\rol7lee wen prepaad in emo,17 \he . 
••• manner'; beating 111 •aoh oaae waa oarr1e4 ,o eo0 Oent-
1gra4e for •• aolut1on ot lhe gel.a\in. Stim.ng wae no, 

vigo:roue. all4 all geJ.~ln waa 41aaol'fe4 direo,17 t.1 ,:u 
respeotiYe ooppe:r •lf•• •1•1••• Qtrogen ion oono•• 
\ra\lone Tar, no\ •re \han .,oa .or .oz 1a ten1 of pll 1a a 

aolalon of om de:tim.te oonoen\ration pmpan4 a, clitte:r• 

•• 11••• Th11 1111&11 varJ.a:ticn ie 4• largel.7 to var1a,-
1ou in the diaUllM wat.er. II 1• eouoei, naaona'ble 

ti.a, 41:t:terenoea 1n pll of a few lm.n4reA\ha waal4 o auee aa 
a$e4 4.1e•t.m1larlt¥ be,nen tepoalta. een o\mr oon41t1•• 

aN oonat•'• 
tabla I ••• ,i. several oonoedr8'1ona of ge1a,1a 

8114 their oorreagoncU.ng pH val••• 
In tbt oaee ot 0.0120,C gelatin, \he ohms• 1n oono•• 

trat1on o:t ge1a.,1n t:roa •ro per oem \o , be.4' val•• ie ao 
8l18ht tha no appreciable ohange in the Jqdrogen ion ooa• 

oentmtion ooour•• 

Pl~• 6 ••• ti. oatho4ee prepaftd froa ,i. eleo,ro• 
ln•• ooee »:e: Yal11e1 ant gelatin oonoentra,1cme are given 
in tu a\on labl•• These eleo\l'Odea are qu1'e aimllar 111 

-,:,earanoe to some previoui, ahOWl'l, am alao \lle \hree 

,n,ea of 4epoa1,e are qui,e def1n1tel7 lll•nra,ea. 'Ille 



· .0125% gel. 

.30% gel. 

'_.'; .·. 
,. ', ... 
: __ : .· .... ··-

····· .- -· . . 

.025% gel • 

• 10% gel. 

.40% gel. 

1.00% gel • 

. , 
2. 50% gel. 

~igare 6 
. ,. 
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first fl Tt oatho4ee. i.e.• ,hOae from eleot:rol1"tea oontaln-

ing .10 per oen, 11latin an4 lees are oharao,er11ed la7 \he 
\ 

to,a, ,11.oae from .20 per oem to 1.0 per oem are uarao,-
er1ze4 'b7 tha bright ,o d'Q.11 lime, aDi aol't41ona oontaln• 

ing 1.1 per oem an1 more gelatin lB:ve no e\ria.tiona. !lle 
latt•r depOeita are ver7 41lll, ln1t in general are light 

ooloret. 
!alll.e 2 

qonoentral1oa ot Gt1-11n Pl 
.0121 per cent 3.30 
.0860 " n s.u 
.Oi()O ff 1f S.83 .o,a " " 1.88 
.10 " n 3.18 
.20 ft " s.sa •• " " s.11 
.40 " " 8.36 
.50 n " 3.39 
.'I& " h z • .i 

1.00 n • 8.413 
1. f.iO " " 8.46 a.oo n " s.4ro a.ao " " S.49 s.oo n " 3.50 

ftgare 6 aowa oaib.odea prepare4 eiallar~ to ao• 1n 
p:rtrd.ous pla\ea. Same d.lff'erenoea ex1et, h•eTer. The oon4.1\. 

lone u4er whiob. tll••• 4epoa1, a were preparec1. were zoo oem ... 
1gra4•• at a ovrea, dena1t7 of l amp,re per aqciare deoi•t• 

er, and t• a duration of eo mlmlt••• ihe omoel1' rat iona ot 
oopper nltate aDl platin being TarJ.abi.. 

Again, tnee of 4epoa1ta present lhaaselvea 

u a raault of Tar1at1on in oonoentrat1ons .~ copper auua,e 

eleotr.>11" •• aDl1 gel.a\ in. !llae , op horlsonl al row of oatho4.ee 



1.25 molar 
cuso4 

1.00 molar ' 
cuso4 

o.75 molar 
cuso4 

o.50 molar 
cuso4 

0.25 molar 
cuso 4 

f 

27; gel. 

I ·" ' ~- --, ii! 

.5% gel. .06% gel. 0% gel. 
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ie from the l•l/4 molar oopp•r sulfate, and the bOt\oa row 

fl'om tbe l/4 molar aolut1on. ~d t:he 1mermed18'a row• a:re 

from tl» oorrespond.1ng ooment rations of oopper atlfate. 
. . 

!he verlioal ool1111J18 from left ,o right oont ain e:i.otrodea 

from ao1u,1ons oonta.S.Din.g respeclive].T 2.0, o.6 au4 .oa an4 

o.o pe:r oam gels.Un. l!alJl' of these ei.o,ro4ea are qa.1\• 

41allmlla:r , o ao• shown prenousl,J, all oon41 \1 ona of pn-
para,1011 laing \he •-• '!he emall number of oomparatiTel.J' 

large dote on eleo\rOdee of high oonoentra.tion of ooppei-

81llfa,e an& low gelatin appear to 'be a.beam. In \heir pJ.aoe, 

howenr. are mUV' aore, Im Jl110h smaller dot a. Dep091'a •f 

lntc.nsaedia.\e oopper e-alfa,e and gelatin eeom to be q\lt,e 

aillilazt , o aoa prertouai, clesor111e4. !he 4a:d£ oo lozre4 le• 

poal ,, 1n t;he lower oenter are coated 111 \h bllllah ,o red• 

tiall o:s:Y.e, and we:re iboee prepar'4 from t:lMt aore uilde 

oopper nlf8'e so111,1ona, 834 thoae clilute a111fde aol11\1ona 

414 nn OO?Ra1n •tt1o1em aoid io p:reYen, •• n:14• format• 

ion. the oat b.o4e • the lowtr left oon'l&ine4 111ff1oi.er1' gel-

atin lo preTen, the formation of visible oxide. 

!he ftrtioal :row of el.eo,rOdee to tbe :right were pre• 

paret frc,11 e olu\1ona oontainlig sero gela,s.n, or 1n .other 

wo:r4a, f:rom eolu\1ona or copper sulfa\e alone. !MN eJ.eo• 

'"'•• are appreo1ab1' lleaVier ihaa tmore,1oa1. on aoooanl 
of llleir ooating of ox:1.4•• '!hie ooa,1ag in all p1'0bah111\7 

1a no\ tan a aufaoe coating ba 1s more or leas evenll' 

4inr1b11.'led \hroughout t.be 4epos1, end 1a TeJ:7 differem 

from ,u o:d.te pNparecl in the p.resenoe of gelatin. thlee 
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aeTeral d.epoeita an darltenel mf.f1olem 11' as , o be aaall.7 

41a\1nguiehet trom ooulome\er 4epoet.t •• One migh, lie 184 to 

••peot tba, the .ieotroua prepared troa .50 a1ll .21 mola:r 
oepper IN.l:t'8'e and eero gela\in migh\ be 1':right oolo:re4 

wit!l the OX14e bm euh le no, 1.he oaae. It a.pi-are •• 
th"1glt. low oonoen,rations ot copper n.Uate am gel.-Ul 

t,oth ar• moessa17 for tba prepiration of tllase hlgbl.J col• 

ore4 d•postta. 
H14rogen ion measurement a wre a.ale on \be eleo,n-

11'•• from whioh th• abGVe eleo,rodee were prepaN4• TUN 

Yalu.es are giTen 1n the fo 11 Owl ng ' ,J. bJAt ., 
table I 

Ko lan ,, OOM. Gel, 
of O'd2' 1•1 Milt 11 x.m; .m:s ·-·3.02 
1.2& o.o, z.o, 
1.86 / 0.50 a.1, 
1.21 2.00 3.26 
1.00 o.oo 3.16 
1.00 o.06 3-26 
1.00 o.50 3.53 
1.00 2.00 3.41 
o.,5 o.oo 3.31 
o.75 o.o, s.u 
O,V5 o.so 3.49 o.,c; 2.00 s.oa 
o.ro o.oo 3.4'1 o.oo o .• oa a.&o 
0,50 o.so 3.68 
0.10 2.00 s.,a 
0.11 o.oo a.,5 o.25 0.06 3.88 
0.21 o.ao a,99 
0.21 2.00 4.06 
o.oo o.oo 6.16 o.oo o.06 5.62 o.oo 0.60 5.49 o.oo s.oo 5.31 
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!he adcUtion af plat1n io a copper 1nalf8'e eoldioa 

alters aaterialq tm J:qllrogen 1on o onoenfi ration in some 

oasee. A8 an aumple 1•' ua oona14er 1.1- pH of ,u ~u 
eleolrolyiio oell• oon ,a.1n1:ng 1/4 anlar oo pper mlf8'•. 

fh.e solution wh1oh oon\ailll no gelatin. or as we migln 1q. 

pure oopper eultatebas a pH et 3.T5. 'fhe ad4111on of .06 per 

oent gel.a tin :rai sea , bt .PB, whioll inozieaae 1n41oat ea '1&1 

abeorptton 1n some manll8r of 1.be J>,drogen 1••• !lle iDO• 

:reaae of pH obTioual.7 means a 4ecJieaae in a.01u,,. and -• 

4eoresae in ao141t7 · 1e faTorable \o old.de fo:ma\ion. whioh 

,endenoJ appears logioal. 

Al we pa.ea ,o ibe ntn •i.otroile \o the i.n. lfhioh 

waa prepared from oopper sa.lf8'e oonta1n1ag 1/2 ptr oem 
gela\in. we see lesa ox:t.4e thaa in the previous oa ... Bat 

the hJdrogen ion oonoemra\ion has oont11111e4., o im:r•••• 

whioh inoreaae, of oour••• mane etill lesa e.o141t7. Le• 

ao141'7 ahau.14 fa-vor lnore&aad aite formation, b8 tile re•• 

erae seema to be ,m oaae. th• eleotncle from the 2.0% gel• 

at1n 00111. a.1.:ns Ter7 11t,1e old.4e. J.gat.n im pH ha.a 1mre&N4• 

and. '1'11a imreaae hae fatled to favor OX1c1.e :torma\1C111. 

Jigve , aowe oathol.es whioh esse:rj iall.7 arcJ dupll• 

oat•• of \ho•• in kgare 6. 
h 



1.25 molar 
Cuso 4 

1.00 molar 
Cuso 4 

O. 7 5 mJ :IE. r 
Cu30 4 

o.50 molar 
cuso 4 

o. 25 mol2.:::. 

Cu;304 

2% ge 1. 

27 

5 '.1 1 • /J ge • zel. 

Figure 7 
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Pbl'a1oal fon of t1.•poe1t a •po:n PlaU mm 

10, ,lle preparal 1on ot all :preTJ.oual,J 4eaoribe4 

eleotrol.T'io 4epos1,a, abee, copper was use4 :toz baoki.ng. 

10 1,111.7 th• effeol ot platill'Gm ae a baae for c1etoe1,1oa , 
a auber of el.eotrolea were out fraa ehee'\ plalimaa. '!heH 

e1eo,rQ\es 11 aimilar 1. o ,,_ ·copper cne a. were 2.6 oe~ imet• 

era on a illd•• an4 a 'bo.n.434 of plat 1!2W.l 2 oer.1' imltere wl.&t 

waa weldei io eaoh aq11azie. 

TlleN plaiimua eleotrtd~• were gl ftn \horough. oleane-

ing 1>7 immeraion in hot nitrlo aoid, walbing. aa4 final.17 

ignition io re4msu over a lleeker burner. 

The resining cond1,1 ans of 't;Jae expa 1i.me s were a1a-

1lar, o those of ee1'eral. otl18r experinenta. -..17. varlabl• 

oonoent:ratlons Of ooppor s'&tlfaie I.IJ4 gtl.tti in, 3()0 Oent1-

grau, a OlU'Hnl 4enas.,, of 1 ampere peJ" egaa1'9 cleoiae\er 

am for a dvs ion of 1/2 hour • .!'18\l,t'e 8 ehowa \ be 4epos1,1. 

aot\'l&l siae, prepare4 \Ulde:r 1.beae oond1,1ona. 

1'anJ' of the depos1 te appear radioallJ d1fferen, froa 

the oorrespon41ng ones platd upon oopper bases. !he two 

Tenioal rowa of eleotro4ea at the right a.re eomewhal e1a-

1lar in appearanoe ,o ma~ pnTioual.J prepared. sou llinor 

cllfferenoea ooou. -has~Yer. !lle markings 111 the Aep0&1.,e 

fl'Oa sero gelatin in 'tbe 'l.pper o•nt er of \I» aleo,roclee are 
4.ue to cllffennoea ill \lie surfaoe Gf t'l8 pla\imm.• aDll 'these 

41tteren.oee were broaght abom when the ple.tiam ha.ndlea 
were welled. to ·the 1quare. The horl.sontal DBrltinp are \be 
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N8tll\ Of roll mark• Ori ginal.l;J on \be p1a,1n-. 

'.1!11.e oolum. of oathoe1.es froa .o, per oen, gelatin alao 

otter• a>• oon\raata to pNTlous d.•poc,s. !ba elao\roie 

from 1.26 m.ol.U' oopper mlfa,e 1a nearl.J fre• from. tll.e obar• 

aoter1etlo dots. and in ,helr plaoes are the Ter\loal atrla.e. 

the few dote which remain -am Ille atrl.a,1 ona appear lll1gt.L,i, 

4arke:r in oolor than the ha.otgro1111d axd as if th-, ha4 be•n 

higbl.J po111hd. !lte ohan.oier1et1o ox!4e appears upon ,i. 

•• elect roa.e frOm \lle mort Ulute copper •lfat •• 
several ot the r•miniag 4epos1 \a show bl1eter1ng ti' 

looeem.ng -., ra.laing of ibe aopper la19r tnm t'be p1&,1maa 

1aaae. 1!h1a looaening of \be 4epos1\ wa.a oa.11.N& bJ tbl land• 

enq to expand• aa4 4ul'1ag Ihle UJ)anai a ti. pol1ab.e4 plat• 

imam oathodt ••facl• was not atfioieml1 ••P ,., gt. 'N an 

84urent depoe1i. Depoat\a whloh h&4 been m4e OTer a 

period of 4 to 5 lLoura •pon pla,1:nu eieo,roa.ee. tm eur-

tao•• of whloh ha4 beon rov.ghene4 b7 abfaeloa w1 th aea eana., 
war.peel. oonTu ,owari the mod•• Tllia warping eX11\ing oni, 

111 the oaaea ot e1eo,roi,tes whioh oontat.ne4 1/2 pe:r oent 
gel8'1n o~ aor•• 
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P~eioeJ. fom of c\elposl\ u a faJlotion o:t bram\ of gelatin 

For \he preparation ext all p.revto•l.J 4eaorilte4 eleo-

trodea 001gne,•s gelatin waa uee4. In J'S.pre 9 are ahown 
4epos1ta upon copper baold.ng :from 1 molar copper sulf8'e 

eolu\1ona oon'tiaining ,m 88.119 qaant1"7. ••17 1/2 per oen,. 

of aeveral branls of gelatin. Time al.so was a vartabllt in 

tbe preparation of \heee eleotrodes. so.oe :reqlliring 1/a 
hour aril eJ• 1-1/2 ho~•• 

The lower elgh\ eleciro4ea are itl.plioatea of thoae 

on the upper half page, but were p:repare4 at 41fferem ti•e• 

'!he eieo,roelee in the left Yenioal oolum were prepare4 

1ol1Jilone containing 1/2 per oent o:r tbl type of gelatin 

used b7 baoteriologiste. '!hoae 1n tbe next oolumn are tb.e 

reault Of the use at box aparkling gela\1n. the houaehol4 

var1.et7; \he i hird o olum 1e from Eaetman Kodak Oompan, aah-

:tree gelatin, and tba col1Ulll to tm right was trom Ooignet••• 

Oolgn.et' a aD4 \he Bao,o gela\in gave ti. ea11t \Jpa of 4ep• 

oaita while those :from ihe Eaatman aah•tree an4 xnm:: were 

of ihe B8Jl8 i7pe, aD4 ibia iype waa qu1ie 41fferem than 

ihe foraff. 

In eaoh eel, the upper row ia the :reail\ of 1/2 hour 

o:f ei.otrol.7aia, aD1 ,he lower rowa w:re prepared du.ring 

l•l/1 hours iime. In oaae a,r1at1ana were present, tbe ••-

ae!dlal 41:t:f'erenoes in the appearanoe ot the eleo1indea 
llhloha:re tile resa.li of the different 1iias, waa ihat the 
eleotro4ea procl11oed du.ring Ule greater \ imt lia4 more pro-



• 5 hour 

1.5 hour 

• 5 hour I 

1.5 hour 

Bacto 
gel. 

Ba.cto 
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gel. 

. , -
1. i~ ,., . 

Knox 
gel. 
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D01U1oed raised atria•• 

PlJrs1oal tom of t\epoalt as a fllno\ion of a1'alllo laaee 

All Of the deposi\ s pre'fioual.7 desor1be4 he.4 betn. 

mad.e upon a base of •••' o oppe r or pla\ in.wa. 1! o 8'1l41' the 

effect of anoiller variable upon the \n,e of 4epoe1,, eel'• 

eral 4eposititma were made upon differen, laa•••• Pla,1nu, 

Ire.es, gold• o opper and silver oa:khod&a were t1.eed for ih1a 

purpots•-• '!he other oonditions of the eleotrol18'• nn oon-
ai ant, name lJ • l molar oo ppe r aulf a-' e, 30° Oen\ igr&de • l _ 1 
ampere per sq11B.:re leoimetar, an.1 1/2 per oem Oolgne, 1 1 1~ · 

gel8' in. Jt1p.re 10 ahowa ti. real, of ~1• e:xperJ.au1'. 

!he oathotee are all quite 11m11ar exoe:P' posal bl.7 ille 

one with a plat1Jl1UD. base. !hie eleotrole gave a finer m4 

aaootJler 4•»oe1\ tban tbe rema1nler. A ttew aligh\ markings, 

°' blr than , be al.mos\ normal. etr1at1 ana, are, he resu.lt of 

·roll mma 11pon the pla.t1nu sheet. Ano\bar po1n, of d1sa1JD-

llarit7 tha'\ oan •• aam1one4. is im unim.po,:-\ant var1tt1u 

in•• JlWDber of a,r1auona. Tia ba.oqrou4 of tlle 4epos1, 

on pl5'1D.1UI waa CJl11e amo:>th, while the others gaTe fine, 

but rough 4.e_poe1\a. 

to make more notioeable &IV' ett.-o'la not Tieible \o ,he 
naked •7•, JOr\1oaa of \hese elaoi:rodee were r'eo_.4e4 pb.oto-

graphioell.T al a •gn1f1aa\ ion ot 100 41amlttere. lip.ft ll 

eb.na the pho,omiorographa. The photogra,Ph of \he depoa1, on 

plaUnu appear• to 1D41oa:,a zoughnese ,hough an alJeenoe of 

dat •• In rea11,, ,his 4epoeit was very a:noo\h. !he dark port-



platinum co uJ.om3t er 

Brass Silver 

Gold Oopper 

Figure 10 
Copper deposited int he presence of gelatin 

upon d.L: ferent bases. 
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Copper plat ed upon 
a gold hase in pres-
enoa of gelatin. 

X 100 

Coulorreter deposl.tl 
X 100 

35 



@opper plated upon 
silver in preaenoe 
of gelatin. 

:x: 100 

Figure lla 

Copper plated upon 
platinum in presence 
of gelatin. 

:x: 100 
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Coppa r plated upon 
Brass in presence 

of gelatin. 

X 100 

Ri gure llb 
.C' 

Copper plated upon 
copper in presence 

of gelatin. 

X 100 
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ion in the center is tm bott~m and of a. narrow striation~. 

2ha roll marks in the body of the striation barely show, and 

their a.bsonce !ndioates that the deposited copper on tl'.B 

striation ls thicker than on the min body of the eleotrode .. 

Quite a colll.trast in color and in th'3 intensity of the l:.ight 

re:fleotecl. by tl'le d.eposit ie evident• 
, :.c , , ho rem1ining deposits are -ve-q similar to one another. .... , , ' , , 

They show ve-ry plainly that t·he min portion of the deposit 

is not composed. of normeJ. ·cubic orystals, but of a multitude 

of dots similar in apP3ara.noe to many nonnally Visible. In 

all oases tho striations· are very smooth• and. lustrous, and 
,,.,),'.·, 1 __ • 

appear to contain' :n(! dots or rough portions. 

The sf.ze of tl:e dots vaey from deposit to deposit. The 

coulometer deposit is Shown for comparison. 
The gold cathode vras plated with gold from a. potassium 

aurio cyanide solution, and. tbia deposit was fine grained 

and orystol).ine. The silver, brass, copper and platiIDlm 

eleotroa.es were out from sheet metal. 

summa.ry 

In this portion of tba work tbe effect Of t be follow-

ing var! a.bl.as upon tbe :physioa1 form. of electro-deposited 

copper has been observed, namely, c onoentration. of gelatin, 

oonoentre.tion of copper sulfate. hydrogen ion conof;Jntration, 

brand of gelatin~ surface for deposition and time. 
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Low oonaentrations of gelatin f;l.nd low ooncentrations 

of copper sulfate tend to give deposits well covered with 

bright colorod oo:ppe r ox1 dEh 

With low and medium oonoentrat1ons of gel.a.tin a.Id from 

o.75 to 1,00 molar copper sulfate the deposits were frequently 

characterized by the presence of bright vertical striations. 

L?w oonoentrat ions of gelatin and 1.26 molar copper 

sulfate gave deposits with aharacteriatio dots ill place of 

tbe atria ti one. 

High oonoant rations of gelatin in g-oneral gave a. de-

posit oo nil ainlng whitish a pot s, and t ha c'ent er of t heae wh1 t-

i sh spots appeared to be a normal dot, eo oha.ra.oteri stio from 

lo..v gelatin deposits. 

Brand 0£ gelatin oa.used. va1~1ut ions only in the number 

of striations; the baoteriologiool and Ooigne~•s gelatin 

ma.king more striations. while Knox Sparkling gelatin a.rxl 

Eastman ash •free g'ela. tin gave a minimttm of markings. 

Type of depoetli might easily have been more a. iunoti on 

Of ooncentration of copper so.lfate than of b3drogen ion con-

oent rat ion, espeoially ainoe- only oompara.tively smell variat-

ions in pH occurred. A.nd again, the pH is a funotiol'l of the 

o oppe r aulfat e. 

Time seemed to be only a St1bordinate :faotor, inasmuch 

as dote or striations fo:rmed m thin a. holf hour were only 

inoreaaed in size, ana possibly only vary slightly in 
number. 



The In£J.uenae of Gala.tin Upon the cu/ou++ 
EleotrOde rotential 
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Aa dasoribad in the· prtlvioua aaot!on of this the sis 

the a.dditio11 of gal .ttin to oo:pper plating ha.tbs. produce a 

very marked effect u:pon tte struatu1:e o:f the a.eposi t. This 

effeot is not only o:C a quaJ.it at:tvo r.1&tt1re • b'U.t is qusnti • 

tative a.a well. !n a previous paper (lo~•Cit.) it was shown 

that the i,.1eight of the oathode depooit in a.copper sulfate 

electrolyte containing gelatin ·waa 8.lwaya haavio,: than when 

no gelatin was present. It vi.ill he shnwn in anot11er section 

tllat this exoass weight is ohiefJ.t gelatin • 
• 

there are tbree \1fa3S by wld.ch the gelatin might be re .. 

tained in tbe de_poa1t. In thaae solut10na the gelatin is 

probably present a,a a lai•ga and complex oation, which, upon 

eleotrolysis wouia migrate tU\Ye.rd the cathotle a.long with the 

faster moving ooppe:r and hyd1"0gen ions. When these gelatin 

ions reach the oathoda. the qu.estton ariaas a.a to whether 

they are aotuall.1' disol1a.rged or- whether they migrate to the 

cathode ond atop Jll30ha.nioally., 

The second aJ.terno.ti-ve is meohanioal oooluaion, A 

la1•ge gelatin ion or particlo m~ migrate to tho cathode, 

and at the surfaoe. be entirely encl.osed by· de:pos iting copper. 

The third metihod by which tlw gelatin may bo held is 

adsorption by the n(;fo.'1ly fonned orysta.l faoea bf copper. The 
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data whioh follow~, tends to· indicate that this last assump-

tion is the aorreot one. To establish the vel.idlty Of SllOh 

an assumption let ua reason as follows; the gelatin upon 

migration toward tm cathode tends to aooumulate at or near 

the cathode surface.. The oppper ions will proceed to the 

cathode and be disoharged .. The hydrogen ions from tl:e hydro·• 
' 

lysis of the copper sulfate will al.So migrate to the oathode,, 

and if tm potential is belC>W a certain value they will 

simply a.ocurmuate in the oathOde region .• After electrolysis 

has oontinued for aom time the concentration of gel.atin in 

tho vicinity of the cathode has inoreased tm viscosity Of 

the elact:rolyt e, since gelatin sol.tit ions are very visOO\lS 

as oompa.red to water. Sulfates irilrease tm gela.tion temper-

ature of gela:tin a olutions. At the sane t iroo _the gelatin oon-

oentration increases at tbs cathode, the copper ions adjacent 

to the cath~e a.re dis@harged. The increased viscosity tends 

to mke more difficult migration of the copper ions and the 

result is an increased copper electrode polari za.ti on. flypol-
" ariza.tion is understodd to mean the imrease in electrode 

potential naoeasa.ry to oauae deposition of copper above that· 

of the equilibrium potential,. the equilibrium potential.,- Eq, 

being defined by t be relation 

E4 • :ut 0 + : Ln ou++. 

If the reasoning 1 s oorreot a etu<\V of this polariz-

ation ooourring in the :presence of gelatin shoa.ld throw some 

llght on the ,mchanism of' the electrode process. The polariz• 

ation of tho cu/cu++ eleetrode for several c cncentrations of 
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gel:atin and for Various c'Ul'rent denait ies ware n:aasa.red. 

The method of polarization naasu.rement was based· upon the 

ingenious but simple one of Haring1 • 

1Iaring 1s oall consisted o:f a reotangular hard rubber 

box -some over 30 centimeters long o.ni 10 centimeters cross 

seat ion. At a di sta.noe of· 30 centimeters a.pa.rt were t\'10 cop-

per plates which fit vertioa.lly into grooves in the oell. 

Two copper gauzes were plaoed into tbJ cell in groovaa so 

as to divide the cell into three compartments of loub!c 

decimeter each. When the end oopper plates we:tte oonneated 

With a sou.roe of direct currant, and using a copper sulfate 

electrolyte ordinary eleatrolysis toot place with solution 

and deposition of copper. It was :feasible to moasu.re the 

potential drop from anode to gauze. gauze to gauze am :from 

gauze to ca.thOde. Tbe potenti a1 drop between the two gauzes 

measured only the IR drop o~ the middle oompa.rtnx.ult. The 

potentia.1 Of either end oompartmert was the sum of two fac-

tors. the first of which waa the ordinary IR drop of the 

eleatrolyt e an1 tbe seoond was that due to the dissolving 

or deposition of tba oo_pper. 

If now we ma.sure t be potential drop across. these 

three oom_partroont s we have the desired da.t a for our polar-

ization study. ~he pot entia.l of the anode ooni.pa.rtment is 

the sum of tho IR drop aero ss t bat portion of tbe cell plus 

the potent! al involved in dissolving the oopper. Likewise 

Ha.ring• Trane. Am. Eleo.· Soc.• 49, 417• 19:£, 
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the potential of tha cathode oompartmnit ls tho sum of its 

IR drop and the pot antia.l neoeaaary to depoeit the copper. 

This 1e.tter potential• that is• that neoessa.ry to deposit 

the copper. is tm potential ~f polarization and is the quan--

tity we a.re about to nea611re .. 

The oe11 that was used int base experiments was a 

modif!ca.t ion of Haring' a oe11. ihe box wa.a o:f wood a.ni about 
20 centimeters long by ~.6 omntimetors in both width ·and 

depth, all inside cllmJn81 one. · ~hesa dimensi bns were ohos en 

so that the length of eaoh compartmnt would be 5 oentimet--

ers. After tbe box was given several. thick: aoct s of an inert 

black tar pa.int, its cross section was very nearJ.y 2. 5 centi-

meters by 2.6 oen timeters. Two copper sheet electrodes• 

2. 5 centimeters square were oamonted with tar pa.int into 

the oe11. 15 centime_ters a.part. Also two 14 mah oopper 

gauzes were o emen ted into the cell dividing it into three 

equal oompartxrent s. 

:Potentials were msasured with a potention:eter set, 

the diagram 0£ ,mioh is g1van in figure 12. storage batter-

ies were used as the source of direot current., The potential 

divider rheostat was one of t be home-made type, uei ng about 

160 feet Of a nichroIOO reaiatanoe \'1ire. Thia wire was wound 

on a oylindrioal. drum of 16 inoh dia.n:eter am 20 inobaa long. 

'l!ho capa.oi ty of the potentiometer we.a 2.s volts, and 

ma.IIY oooa.s1 one arose in va1i<th it was necessary to mo.sure 

potentials greater than this value. l!1or this reason two 
Leeds e.nd Northrop resista.nooe of 9999 ohms oapaoity were 
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so plaoed in tbs circuit that one ha.lf tho potential Of 

Ga.Qh oell was mea~rured in place of the entire potential., 

And in a fe\V insta.noes the resistanae. of one box was low-

ered to 4,999 ohrna ani tbe · potential. diffetenoe through that 

portion of the cir0t1it vraa rooasured giving om third 'the· 

e.m. f • •. of' the cell• 

With these se'\Teral resistanooa int ha circuit it was. 

possible that enough current flowed through them to lower 

the equilfbril.Ull value of' the potential., To chaok thia point 

a potential ot about 2 volts was meesu:red, t ~n after insert-

ing the twt> reaistanoe boxes a.t oapaoity. the half potan-: 

tia.l was measured•: 'l!hia latter vaJ.ue was found to be exaotly 

one half ·the fomer value. Then also cheok readings were 

made oooasionally vihen oba~rving tile 1/3 potentials. Those 

potentials were found to be from .2 tG .s mil.livolt low·. 

Errors as small as tlle ea are negligible for polarization 

measurement e inv~lving gelatin, heme tm 1/3 potential 

val·ttes \Vere considered auffio iently aocur ate. 
Tbe polarization rreasurement s were carried out briefly 

as follows; the cell• having been previously clea.md wae 

pla.oed in a glass tank air bath, .at 258 Certigrade, plus 

or minus .1°. ~be vdre connaoti::>na to the outside cirouit 

were soldered into· plaoe. ~ha elactrolyt e whose eleotrode 

polarization was to be naasured was poured into the oell 

unt 11 the oell was level full• g1 ving thereby a cross 

aeotional area of electrolyte very nearly to 6.25 square 

cant !meters •. As so on as the temperature of the electrolyte 
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became 25°oentigrade the oiroui t was closed and measurements 

started. \Vith1n approxLr:ately one minute after t b3 our rant 

began flowing tb9 e.mn:eter was stead7 at tbs desired current 

and polarize.ti on reading;s ware t alcen in tbe order cathode, 

middle ard a.node comi:artments. After one minute was required·· 

in malcing t~ese observati one. Then from 2 to 3 minutes ware 

allowed to ela:pse and anotba1" eet of moaet.trements taken. 

These latter values Viera :frequently one or more millivolts 

different from the previous readings. Then another 2 or 3 

minutes passed and a third. set of readings taken. These too. 

differed from tho ee previously taken. Inumdiat e.1.y • th:t n, 

a higher ourrent was all0\1ed to flow end other sets of read-

ings tale en. Measurement a were made between current densities 

of 0.16 ond · z. 00 amperes per square deoimeter. 

Tabla 4 gives the d.ata. o:t tbe polarization neasurements 

using .5 molar copper sul:f'at e, no gelatin, pH of 3.32 at 25° 

Oentigradei alld. copper elaotrodea. 

Table 5 g:t. vea also data of pola.ri zat! on measurements 

using 1/2 molar copper su.l:f'at e, no gelatin, pH of 3. 32 at 

26°oentigrad.e and copper eleotxodes. Tables 4 and 5 a.re 

x-esu.lte o:f' duplioate experiments. 

Table 6 gives the reeu.lt a of measurement a ullmig 1/2 

molar copper sa.lfat a. 1/2 per cant gela tin, pH = 3.38• at 

25°Cent1grad.e• and with doppar electrodes. 

Table 7 gt vea the det a of ooasurement a using 1/2 

molar oopper Sttlfata. ,5 per cent gelatin. pH• 3.,38 at 25° 
·t' 

Centigrade, using copper eleotrodea. These data and those 
111 Table 6 1~epresent duplioa.ta runs. 
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Ta.ble 4. 
r 

o.5 MOlat CUS04; NO Gelatin; pH= 3.32; cu Electrodes; 
T cs 25.0 o. 

-, -~-
1L2 E.M.F. Polarization 

Time Amps. Oa.thoc1.e .. maa::ra Anode Cathode Anode 
Min. C. D. Volta - Volts Volts Volts Volts 

1 0.16 0.1400 0.1243 · 0.1202 0.0320 0.0078 
5 0.1& 0.1400 0.1250 0.1301 0.0300 0.0102 
9 0.1~ o.1za7 0.1239 0.1292 0,0296 0.0106 

10 0.32 o.2'125 0.2513 0.2&12 0.0414 0.0198 
14 .0.32 0.2720 o.2513 0.,261'1 0.0407 0.020a 
18 0.32 0.2722 0.2518 0.2022 o.o4oa 0.020a 

19 0.48 o.4042 o.3773 0.3921 0.0638 0.0296 
23 0.4a o.4037 · o.5764 0.3917 0.0546 0.0306 
27 0.48 0.403a o.3761 0.3914 0.0554 0.0306 

28 o.64 o.5363 0~5013 0.5207 0.0'100 o.osaa 
32 o.64 o.5364 0.0012 o.s210 0.0704 0.0396 
36 0.64 o.5348 · 0.4985 o.s1a2 0.01126 0.0394 

37 o.ao 0.6706 0.6260 o.&496 o.oa92 o.0472 
41 o.so 0.6'/00 o.6270 o.6602 o.oaGo 0.0464 
45 o.eo o.6691 o.6261 0,6485• 0.0860 o.OMS 
46 o.9& 0.0002 o.7502 0.7748 0.1000 0.0492 
50 0.96 o.aooa o.7513 0.7757 0.0990 0.0488 
54 0.96 0.8009 o.7511 o. 7764: 0.0996 0.0486 

55 1.12 0.9321 o.8741 0.9000 O .. ll60 o.os1s 
59 1.12 0.9307 0.8721 0.8973 0.1172 0.0504 
63 1.12 0.,9299 o.a112 0.8962 0.1174 0.0500 

64 l.28 l.0625 o.9956 1.0224 0.1338 0.0536 
68 1.28 1.0602 o.9936 1.0204 0.1332 0.0556 
'/2 l.28 1.0582 0.9920 l.0186 0.1324 0.0532 

73 1.44 l.1864 l.lll8 l.1403 0.1492 0.0570 
77 1.44 1.1840 l.1098 l.1382 0.1484 0.0568 
81 1.44 1.1830 1,1087 l.1369 0.1486 0.0564 

82 1.60 1.3093 1.2266 1.2563 0.1654 0.0594 
86 1.00 1.3077 l.2257 1.2548 0.1640 0.0682 
90 l .. 60 1.3056 l.2243 1.2543 .0.1626 0.0600 

91 2.00 -1.6336 .. l.5303 1.6643 0.2066 o.oGao 
95 2.00 1.6298 l.5271 1.ssoa: o.ro54 0.0664 
99 2.00 1.6290 1.5236 1.6591 0.2108 0.0710 



48 

Table 4 cont.' d 

. ll2 E. !I. F. , Polarization 
Time Amps. oalihode .. ma:die Anode oahliode Anode 
Min. o. D. Volts Volts Volts Volts Volts -
100 2.40 i.9506 1.8228 1.8614 0.2556 0.0772 
104 2.40 l.9444 1.8170 l.8545 0.254a O.075O 
108 2.40 l.9398 1.8118 1.8508 0.2660 0.0780 

109 2.ao 2.2270 2.0773 2.1192 0.2994 0.0838 
113 2.80 2.2191 2.0716 2.1135 0.2950 0.0838 
117 2.ao 2.2136 2.0663 21.1091 0.2946 o.oass 

(l.6412)(1.5260)(1 0 6601) 
118 3.20 2.4618 2.2890 2.3401 0.3456 0.1022 

( l. 6382} (1. 5235} ( 1.5582) 
122 3.20 2.4573 2.2852 2,3375 O.3442 0.1042 

( 1.6354} ( 1. 5205) (1.5560) 
0.3448 126 3.20 2.4631 .. -1. 2807 2.3549 o.1ca4 
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Table 5 

o.5 Mola; OU.S04; NO Gelatin; 
T = 25.o a. 

pH= 3,32; cu Electrodes; 

_,.. 

. . 1L2 E. M. F •.. Polarization . 
Time Amps. da·thor!e -VJ.d.dle. Anode . Cathode Anotie 
W.n. c., D. Volts. volts Volts Volts .Volts -

2 0.15 O,l42'l 0,1218 0.1222 0,0418 o.ooos 
6' 0.-16 0,1415 0,1218 O.1231 0.0394 0,0026 
8 0.16 o .• 1419 0,1232 O,J.243 0.0374 0.0022 

10 0.,15 0,1419 0,1240 0.1248 0.0358 0.0016 

13 0,32 0,2696 o.2431 o.2-1;a2 0.0530 0.0102 
l'I 0.32 0.2696 0.2448 0,2497 o.0496 0.,0098 
21. 0.32 o.-2682. o.244& 0.2493 0.0472 0.0094 

22 o.48 0.3992 0.36'18 o.3768 0.0628 0.0180 
26 o.4B 0,$9¥3 0.3674 0,3771 0~0598 0,0194 
30 0.49 0,3962 0,36€.!- 0.3776 o.·0590 0,0218 

31 0.64 0,6256 0,4890 Oi.,5043 0.0732 0.0306 
36 0.64 o.5245 0.4886 o.5048 0.0718, 0,03~4 
39 o.64 0.5234: 0.4882 0,6055 0.0.704 0,0346 

41 o.ao 0,6570 o.&142 0.6353 o.osss 0.0422 
45 o.ao 0.6562 o.6142 0.6349 o.oa4.0 0.0414 
49 · o.ao 0.6561 o.6138. o.&345 0.0826 0,0414 

60 o.96 o.7a6a o.7378 o.71507 o.o9ao 0.0458 
64 o.96 o.78Gl 0.7370 o.7597 0,0982 0.0454 
58 o.gs o.7a5o 0.7350 0.7584 0.0980 0.0448 

69 1 .. 12 o.911& o.8549 o.8798 0.1134 0.0498 
63 1.12 0,9093 o.a531 O.B775 0.1124 0.0488 
67 1.12 0.9078 o.a515 0.8'159 0.1126 0.0488 

68 1.~ 1.0363 0.9721 o.9987 o.12s4 0.0532 
72 1.28 1-.0342 o.9700 0.9967 o.12e4 o.0534 
76 1.28 l.0323 o. 96'78 o.9947 0.1290 0,05!38 

77 1.44 l.1596 l.0870 1.1155 0.1450 0.0570 
81 1,44.: l •. 1580 1.0855 1.1142 0.1450 0.,0574 
85 1.44: 1.156{; 1.0840 1,1129 0.1450 0~0578 
86 1.60 1.2826 1.2018 l,2328 o.1a1G 0.0620 
90 1.60 :.) .• 2814 1.200a l.23J6 o.1G12 0.0616 
94 l-,,. 60 1.2800 1.1992 · 1.2303 0.1616 0.0622 
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Table; 5 cont'd 
.... ···••<>• 

. 1L2 E. 11. F. Polarization 
Time .Amps. tlathode .. :W.ddie .Anode oathode Anode 
Min. C. D. Volta - Volts Volts volts Volts 

95 2.00 l.5722 1.4730 1.5098 0.1984 0.0736 
99 2.00 l.5'127 l.4718 1.5072 0.201a 0.0708 

103 2.00 l.5692 1.4676 1.5040 0.2032 0.072a 

104 "2.40 l.8628 1.7422 1.7832 0.2412 o.oa20 
108 2.40 1.8626 1.7406 l.?818 0.2440 o.os24 
112 2.40 1.8598 1.7351 1.7782 0.-2494 o.oa62 
113 2.80 2.1595 2.0100 2.0636 0.2074 0.0955 
ll'l 2.ao 2.1595 2.0110 2.0600 0.2970 0,0980 
121 2.ao 2.1632 2.0029 2.0550 o.zoo6 0.1042 

(l.6153 ( 1.5402) 
122 3.20 2.4229 2.2572 2.3103 0.3314 0.1062 

(l.6104 (l.5333) 
126 3.2.0 2.4156 2.2457 3.2999 0.3398 o.1oa4 

(1.5955) (1.5137) 
130 3.20 2.3932 2.,2200 2.2805 0.3464 0.1210 
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Table 6 

0, 5 Molal' ouso4 , 
T = 26,o0o. 

0,5% Gelatin; pH• 3.38; Ou Electrodes; 

. ., 

1L2 E.' M. F. Polarization 
Time Am_pa. Cathode .. Middle · Anode daihoda Anode 
Min. - O. D. Volts Volts volts Volta Volts 

l 0.16 0.2093 0,129'1 0.1336 0.1592 0,0078 
6 0,16 0.2062 0.1212 0,1325 0.1580 0.0106 
9 0.16 0,2070 0.1270 0.1328 0.1600 0.0116 

10 0.32 0.3312 0.2518 o.2638 o.1588 0,0240 
14 0,32 o. 3270 · o. 2505 0.2620 0.1530 0.0230 
18 0.32 0.3291 0.2511 0.262a 0,1560 o.0468 

19 0.48 0.4748 0.3792 0,3963 0.1912 0.0342 
23 0.48 o.4693 0,3783 0.3946 o.1a20 0.0326 
27 o.48 0,4643 0.3765 0.3923 0.1756 0.0316 
28 0.64 o.6044 o.5040 0~5248 0.2008 ·0.0415 
32 0,64 0.6977 0.5032 0.5235 0,1890 0.0406 
36 0.64 o.5989 0~5003 0,5202 0.1972 0,0398 

.. 37 a.so 0,7384 0,6292 o.6528 0.2184 0,0472 
41 o.ao 0,7378 o.&300 0,6628 0.2160 0.0456 
46 o.ao 0.'1357 o.6310 0.6532 0.2094 0.0444 

46 o.96 ·0.9344 o. '1558 0.7804 o.3572 0~0492 
60 o.96 0.9334 o.7558 o.7aos o.3562 0.0496 
54 0.96 0.9310 o.7552 o.'laoo 0.3616 0.0496 

55 1.12 1.0707 o.8768 0 .. 9031 0.38'18 0.0526 
59· 1.12 l.0700 0.8772 0.9038 0.3866 0.0532 
63 1.12 1.0680 0.8'166 0.9033 o.3a3o 0.0536 

64 1.28 ·l. 2072' ,., o. 9997 1.0284 0.4150 0.05'14 
68 1.2a 1·.2041 0.9982 1.0272 0.4118 0.0580 
72 , 1.28 1.201a 0.9973 l.0263 0.4090 0,0580 

'13 1.44 l.3380 1,1194 1.1505 0.4372 o.os22 
77 1.44 1.3350 l.1176 1,1492 o.4348 0.0632 
81 1.44 1.3325 . 1.1169 l,1486 0.4312 0,0634 

82 l.60 -l.4632 , 1.2348 1.2679 o.4568 0,0662 
86 1.60 1.4596 1.2331 l.2660 0.4630 o.ossa 
90 1.so 1.4574 l.2319 l.2651 · 0.4510 0.0664 

g~ 2.00 1.7698 l.·6143 1.5516 o.5110 o.07f6 2.00 l.7625 1.5104 l.6476 o.5042 0.07 4 
99 2.00 l.7596 1.50'18 1.6459 o.a:>36 0.0762 
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Table 6 cont'd 
-

1L2 E. M. F. Polarization 
Time Amps. Cat Ii.ode Middle Anode Cathode A.node 
Min. c. D. Volta Volta Volts Volts volts -
100 2.40 2.0627 l.7843 1.8258 o.6568 0.0830 
104 2.40 2.0648 .l. 7789 1.8207 o.5618 0.0836 
108 2.40 2.0520 l.'1742 l.8191 o.5556 o.oa9a 

(1.5772) · 
109 2.ao 2,3658 2.0598 2.1113 0.0120 0.l.030 

(l.5733) 
113 2.ao 2.3599 2.0538 2.1079 0.6122 0.1082 

(l.570'1) 
11'1 2.so 2.3560 2.0503 2.1064 o.6114 0.1022 

(1.7364) (1.5590) 
118 3.20 2.6031. 2.2763 2.3385 0.6536 o.1244 

(1~7325) (l.5580) 
122 3.20 2.5987 . 2 • .2'130 2.3370 o.6514 o.12ao 

( 1.7290) (J...5577) 
126 3.20 2.5935 2,.2696 2.3366 o.6478 0.1340 
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Table 7 

0.5 :Mola3 OUS04; 0,5% Gelatin; pH a 3.38; Ou El eat rodes; 
T • 25~0 o •. 

. . 'iL2 E. u. F .... Polarization 
Time ,Amps. oaihode Middle An.Ode lfathode .Anoc!e 
Min. o. D. Volts - Volts Volts Volts Volts 

\ 

0 0.16 0.2054 0.1255 0.1272 0.1598 0.0034 
5 0.16 0.2047 0.122s 0.1225 0.1530 -0.0006 
9 0.16 0.2116 0.1266 0.1273 0.1700 0.0014 

10 0.32 0.320a 0.2511 o.2537 0.1394 0.0052 
14 0.32 0.3212 0.2513 0.2543 0.1398 0.0060 ·1s 0.32 o.3204 0.2503 0.2523 0.1402 0.0040 

19 o.4a o.4670 o.3783 o.3e2a 0.1774 0.0086 
23 0.48 0.4612 0.378'1 o.za22 0.1&50 0.0070 
27 o.48 0.4594 0.3780 o.3813 0.162a ·0.0066 

28 o.64 0.602a o.soBa 0.5115 0.1940 0.0114 
32 o.64 o.5982 o.5o48 o.5ll0 0.1870 0.0134 
34 0.64 o.5963 o.5038 o.5107 0.1850 0.013a 

35 o.ao o.7348 o.6293 0.6382 0.2100 0.0178 
39 o.so 0.7302 o.&278 0.6372 0.2048 0.0188 
43 o.ao ... o.7276 o.6248 o.6350 0.2056 0.0204 

44 o.96 0.9320 .Q.7513 o.762'1 o.3614 0.0228 
48 o.96 0.9300 o.7476 0.7597 o.3648 ·0.0242 
52 0.96 o.9268\ o.7430 o.7567 0.3676 0.0274 

53 1.12 1.0708 0.8663 o.sa1a 0.4090 0.0310 
67 1.12 1.0675 o.s&32 o.8795 0.4086 0.0326 
61 1.12 1.0647 o.aGos 0.8778 0.407a 0.0340 

62 1.28 •l.2044 -0.9834 1.0015 0.4420 0 •. 0362 
66 1.28 1.2007 o.9ao7 0.9996 0.4400 .0.0378 
70 1.2a 1.1975 0.9780 0.9979 0.4390 0.0398 

71 1.44 l.3328 1~0979 1.1191 o.4698 0 .. 0424 
'15 1.44 1.3270 l.0940 1.1158 o.4660 0.0436 
79 l.44 l.3273 1.0910 l,1133 0.4726 0.0446 · , 

80 l.60 1.4640 1.2173 1.2414 0.4934 o.0482 
84 lo60 1.4597 1.2146 l.2391 0.4904 0.0492 
88 l.GO l.4552 1.2115 l.2372 0.4874 0.0614 

89 2.00 1.7638 1.4800 1.5084 o.5476 o.osGa 
93 2.00 l.7461 l,4745 1.6050 o.6412 0.0610 
97 2.00 l.'1403 l.4'115 1.5033 o.5376 0.0634 
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Table 7 9ont'd 
.. 

- ... 1/2 E.· M. F. Polarization 
Time_ 'Amp~. cathode iil.d:o.Ie Anoa:e .. Oathode Anode.· 
Min. O. D. Volts Volta Volta vo1ts volte -

98 2.40 2.0807 1.778_5 l.8152 0,6044 ·. 0.0734 
102 2.40 2,0710 l.7732 i,8113 o. 5956 0,0762 · 
106 2.40 '2,0638 1,7688 1.8077 0.59_00 ·o.o7.7S 

107 2,aq (l,5642) 
2~0248 2~0696 0~6430 0~0896 2,3463 

2~80 
(1,5580) ·' 2~0655 111 2~3370 2,0183 o.6374 0.0944 
(l,5527) ·' , - . , 

ll5 2~80 2.5290 2~009'7 2,0624 o.6386 0.,1054 

-( 1~7378) 
... 

(l,5468) 
116 z.20 2.6066 , 2412602 2,3212 0,6928 0.1220 

(l .. 7317) .1 - (l_,5449} , ,, . 

120 3~20 2.5975 2~2546 2.31'74 0~6868 0.125a 
(1,7259 ). (l,5446) 

124 z.20 2.5888 2,2490 2""3169 0.,6796 o.1358 
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The data in Table a 4, 5, 6 and '1 are shown graphicalJ.y 

in Plate I. 
The t WJ curves nearer t m vertio ol a:xis represent data. 

oontatned. in Tables 4 ard 5; o.m are tm pola.:dzation curves 

o:f tba aoppar attlfate electrolyte whioh oontainsd no-gelatin. 

At the a;rigin of these 01,1r-ves a little _overvoltage phenomenon 

pres~nts itself,,bu.t otba:r than this deviation tba relation 

of pot en ti el to current density is very nearly a straight 

line fu.notion. iha larger part o :f' this polarization is oon-

cent ration polarization. This eomentration polarization is . ' 

the result of the reduction of the eonoentration of cuprio 

ions in the immediate vioinity of the oatllod.e. Th$ copper 
' ... . 

sulfate electrolyte is comparativeiy- fluid and oonveotion 

ottrrent s keep a. pa:rt1 al supply of cupric ions. For this 

reason tbe cathode polarization is onl;v a small fraction of 

a. volt. The duplicate ourves are in verg good agreenent. 

The two :remaining curves represent the polarization 

of the cathode from 1/2 molar coppe :r sulfate a olut ion con-

taining 1/2 po r oent galat ini at 25°oent1grade and a. pR of 

3. 38. These o'C.rves a.re quite different t ban t m two from 

the eleatrolyte vlhioh contained no gelatin. When tbe first 

current wa.a passed through the solutions it appeared to be 

comparatively difficult to get the oont inuou.a da_pos it iOn ·of 

copper. The nearl;v horizont 81 portion beginning at the orig-

in indiaates that it takes a higher potential-to fOl'oe 0.16 
amperes per square decimeter through the cell than when no 
gelatin is present. This inorao.se in pot antial. without 
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to,itn. ia 4118 ,o the gelaiin solution bavi.ng a gre8'e:r v1s-

ooa1,7 in \he oa,hoi.e r&gion. One• depoaiticm 1a elari.ea.. 

the tno:reaae of \he Oltl'rem 4.enei\7 trom 0.16 ,o o.za a.mp. 

erea per aquare 4eo1m1ter. inTOlvee no imreaee la p«nen-

,1a1, 1n tao\,. 'h•11t appears i o be a elS.g)li Aeoreeae. 

For eeYeral tllfthe% imreaa•e in ou.n•• 4ene11iJ \he 

lnoreaae in po,an,1al •••• to be naari, at2:aigh, line 

tanotlon, the at a 011.nenl 4.ena1t7 of o.a •pe:rea, 1lhtn 

ia a 1v.dclen IJrealt. '!hia irealt int ba O'lll'Va a&ain 11.ldJ.oat•• 

t'.bai for a •all i110reaae 1n arren\ densit7 \u re 1 s a 

•med 1norease in the pot. ent1al •cesear, ,o fo?Oe •• 

ouren\ through t!le eleotroi,-te near 'bb.e oatho4e. An4 again 

,he owves aaauae \h•1r a,ratght liM ,_ rem. 
!he oro.tna.r, 111,erpretalion ti! potential OlU'TeJt aim• 

ilar ,o 'lhe•• wouJ.4 Ile ·U1at tw e\aiio ani two ~o 

d.ectompoat.\ian pot.en\iale existed. Deoompoeitian po\en\iala 

involve meaR:nmem • o:t pn en\1 al aoroaa the em ire oell, 

while ibis wo:a: oonai 2tet in mea811r1ng t be potential ot 
polars. 1at 1 oa. !lie • \h o4 18 b aeed u.pon , he aesamgt 1 on , hat 

a oo:,pper gauze whi.oh allow tree mixing and ciroulation of 

,he tltolrol.7'•• 1ervea as a non•polari ztcl eleotrode. Henoe 

·U• po,ential drop between\ hia non-polariaea. tleoirode am 

the or41na17 oalho&t of ,a e1eo,rol,tio oell gives 11.s a 

valu wbioh ia 1.111 sum of iwo tao,ora. '!he Am 1a tl:8 IR 

lrop through a oe~ Ed. n q11 anti\ 7 of \ he •le ot zro 11' • am. the 
aeoon4 11 '118 eleo,ro4.e Polari zat1an. 

In ov polarization ourvee relltll111.ng from •aevementa 
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ot eleo\rode pola:r1zat1 OD., we mi~ im erpre\ iu a'b:ru.pt 

'break in ib.e cvvea from oopper eu.l:DJ:t e sol•1ons oo• sining 

gelatin at a ovrera demit,- of o.s amperes ,o 1ndiode a 

ohange in electrode prooese. 

In a ooppe r nlfat• el•trol,t e wi ,h OO:PP' r eleo,rodea 
'the onl7 posailale reaotiona are reduo,ton. of ouprio ,o ouprou. 

am tbt fanher ndu.o\1on o:f ouprous to 'll» ••al. and direo\ 

re4uo\1on ot cnipr1o to i:u asl&l. \11111 an 1011 ,11at 11 ae 
eaal.11 ret.uoed a.a , be Ollp:do • 1, 4oea DOI appear reaaonable 
1fJ1&.l iia rtd.w:,,1on should lake plaoe •rmgh the 1n'\erm.et.• 

1a•• nprou1. It partial muotion took plaoe, or ln o'\Jle::r 

wo:rda 1:t ,,. eleotrode prooeaaea ••re 1nvolvet. ou aboTe 

am one below o.a ampere• ounm am1t1. tllen the weighle 
of tepos1'e o'ble.1u4 f,:om ovrem 4ena1t1ea of sq, .64 ant 

1.12 ampene,. w1 \h iu 88.'U qun,1 ties ot eleotr101t1 a1ura14 

he qaite diffe:rent from ODG anotblr. In a:iO\her seotion o:t 

tld.a tllea1a 1, will be ahown from platted da,a ibat tbe 

"1PI of oa,hod• 4epos1, Tali.ee 1U11f0rml.7 w1"11 curnat 4.en• 

eltlea; alll \ber• ia • abm.p\ ino:reaat or 4eoreaee in,,_ 

••1ght of the deposit in \ha T1o1n1iJ of o.eo ampe:ne our• 

r•t &enelt7. 
:rroa, he ourrata.r• of tba lower aegmenl of , be o,irvea 

am,. Qper Po:l'tloa•• l\ is ot,v1011.• \ha, amo°'h oD4. ooa• 
,1aou oa.rTea 001114 be drawn. We belie••• howeTer, that if 

gelatin were m. eamla11d •ha\ did noi J•l• tlle por\ione of 

the \wo cnrrv•• trom 0.1& \o o.t& amperes woul4 not uia\ aa 
llMIJ lo. end •h• reeul'ting ourves w«i.ld lie Te-q reg,alar. 



59 

If \ll•ee OW'Jea ao,uaJ.l,i' ex1e\ecl •• o a.thole polarl zai ion 

mighi b• nearl1 as simple as o.rd1 na:r3" oo noem ra.ti on polarla-

at!. on. 
With noh lr:repla:r portion in th• ouv•• 1, r•atna 

to:r tuae 1rregalar! ,1e a \o b,e explaine4. It 1• rea11>nane 

,o o onaUer wrt ehould 'ee iuolTeA in ,11e clepoe1,1 an of 

,he :th-et ooppttr in tba pi-eeenoe of ti. plaUa. ome ,u 
ions a.n moving an4 depos1,1on ha.a sl•tet it 40e e not , .. 

mtoh aore work to toroe mon cttrrtrt, tllragtl \lie eleotrolJI• 
IA fa.o, there is ncn am.oh imreaae in Poldlzation. un.111 

be70J14 o.eo sapene ft.fftam 4ens1,7. !h&n apparen.1.1, clue ,o 

tlt.e aore l'apid i.eple1ilon o:t oa.prlo 1ona trem the ei.o,ro-
i,te ln the 1-e41ale vioini't7 o:t the oath.ode, U.• ,endeao1 
1a to lnorease pole.ri1ation. Inereasea in pola.risa\1011 a,te:i 

alao aas1ate4 bt th• :rela11 valy •all catb.oa a:r•a 11h1oll la 

in oontaot with '\he eleotro1J1e; oni, one st4e ot -ti. o•JI• 
o&e 1B 1n oontact w1 th, be eolttt1on. !he ftlNi tm_portaa\ faot• 

or in ihie 1nortaae 1n pola:d21ati1>n 1s tbat dn.rtng all •• 

t1- preYiou gelatin has been a.oel1.Ulllatlng r»BY the oa\he4•• 

gelallon haa oootITe4. and th& copper ions have still more 
41:ttiovJ.,r in pasl'.l ng \hrcgh t h!I eollA. henoe 011.t 1no:reaae 

in larpJ.7 •ohanio al polar116' 1on. then at o. 96 a.rape•• 
,a euprio ions a,p,.rently pen.trate4 ,m gal• due t.o in• 
oreaae4 T01'8.ge. It 1e po881ble• also, thai tlle baat of i•• 
poa1,1011. an4 the heat effects aring m1grnt1on, mie)lt ... 

111 n at '211a h1gber oa.:rrent 4enett1 \o 1atep Ille gelaUn ••1• 

•tloa a, lea.a, partial.17 fluid. Whc \ hie tJ.U1d1t7 e:d.na 
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:,olari 1at1 on lmreaaes unifoml7 wi 1ih. imreaai 18 ovren, 

4'1'.la1t7. 

!alJle a 8 aid 9 contain data. of :p9lad za'\ion e:aped.• 

manta •1m.lar to tlat oontained in Tables 4 aa\ s. w1'1l Ille 

exoeptlon tha,.Pla'liintlll oa,hod.ee and ooppei- plated pl&,1111111 

aaOG.es were uaed 1n plaoe of the oopper e1eo,ro4es. '!he 

eleo1i rolJ'te• oont ained n.o gel.at 1a. 

tulee 10 an4. 11 oontain le.ta similar to i1ta, 1a 

!able a & a.ad,, exoepi tba, platimua o8'1104ea a.Di oopi,er 

plalinu modes were •ployet. 2Mse eleotroi,.ee oon\a.1.ne4 

1/2 per oaai ge1 at 1n.. 

11a,e II ••• grapb1oall7 \he remlla in thl four 

pl"ooe41ng table•• TM •• 41lpli0 ate polariza\ ion OIU'Tea 

from tu eleolro17'es which oonta1ao4 no gela\111 are Ye,q 

1imilar to tlle oorreepor.MU.ng one• on P1a' • ?. the anode waa 

Sl••n a hea'fY plate of copper in eua11 a aaa:r»r th8' no plat-

lm we.a 1n oontaol w1 \h tl» e1ec,rol;I•• 'lM oaihode aar• 
ta.oea, of oourse, were cllttareat. 

!'bt two ourTes :npreeem mg tba polar.I. za.tion of '11.e 

pare copper aalf'4• ei.o,rol.7\e al'8 veu7 a1111lar to thoae 

of Ille Pl'•vloas plale. the r011nded por\1ona of the dupUoa,e 

ow.nee represent• tbe potential moeasa.17 1io ea.use lapoa1,1oa 

of tu flr8' oopper, or m OT&l'Toltage e:t:t.ai ae it is oallet, 
Be7011A th.le point '11.e two o'1.n'ea are Tel7' morlf slralgllt 

11m •• .&.t 'h• oanent den at. v o:t 3. :!O am..,oe:res per Bql'l8.l"e 

4eo1•'•r ,he polarization le 0.2a T:>l,s ae oompa.red to 0,34 

Tolte wbm ,:. oop~r eleotrodea were used. !hie variation 
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!al,le 8 

o. fi Kal5 OllS04i 
! • 86.0 c. 

o.~ 0e1a,1n; P1l • 3.33; P' ca,ho4e; 

-
1L2 d a.ft'· Poltlriza\1 on 

!111J8 .llllpl. dalli ol• . ~&-.ma:-; - dal'lile li5£e · 
C. D1 Tolle Tolle Yol\a Tol,a Vol.,a 

0 o.1& 0.1490 o.aiz 0.1506 o.0424: o.01oe 
z 0.1& o.1466 0.12,2 0,1530 O.CJN8 0.011& 

' 0.1, o.147'1 0.1299 o.1zso 0.0158 o.Ol<M 
t 0.11 0.146'1 0.1291 o.J.541 o.oas2 0.0100 

12 0.11 0.1,ev o.12eo o.J.ZZl. o.oz74 0.0102 

14, o.s2 0.£828 o.21aa 0.26&2 0.012, 0.0194 
l8 o.sa 0.2,92 0.2588 o.r.em o.0468 0.0160 
22 o.z2 0.2,,2 0.2552 0.2&20 0.044:0 0.0134 

2' o.'8 0.41V5 o.ato 0.3994, o.o,,o 0.0208 
28 o.4.8 o.um o.3881 0.5981 0.0120 0.0200 
12 o.,e 0.4135 o.3875 o.at,2 0.0120 0.01,, 

H o.w o.5808 o.6184 o.680, o.0648 0.08'6 
38 0.64, 0.5492 o.51ae o.1soo o.otl4 0.0280 ,2 O.M o.54.IM. o.5181 o.12e, 0.0606 0.02H 

" o.ao o.&s&s o.&601 o.,,za o.Ofa 0.02,, 
48 0.60 o.,a,2 o.64r96 o.&&Zl o.o,M 0.02,2 
52 o.ao 0,6855 o.M,2 O,GG30 o.o,e2 0.02,& 

64 o.,. o.8198 0.7,,2 0.11,s, o.oen 0.0320 
68 0.96 0.8192 o.vv,a o. '/923 0.0060 0.0322 
62 0.9, 0,6185 o.7758 o.7915 0,0854 0.0314 

68 1.12 o.9e2, 0.902.1 0.,206 o.ot,2 0.0354 
6'1 1.12 o.o5l5 0.,010 O.Sl98 o.o,tfi 0.0348 
Yl 1.12 o. ti:o, 0.9011 o.9183 0,0992 0.0344 

,a 1.28 l.084.6 1.02,, 1.046'1 o.uM o.osv& 
'16 1.2a 1.0858 l,02oA 1,0460 0.1140 0.0382 
80 1,28 1.0881 1.0268 l,Ol62 0.114& o.ozas 
81 l."4 1.2113 1.1478 1.1683 o.12a2 o,°'22 
86 l.44 1.2101 1,1455 1.166'1 0.1294 0.04M 
89 1.44 l.209ii 1.1445 1.1668 0.1296 o.04:26 

90 1.60 1.N-28 1.2,02 1.2936 0.1,62 o.0468 
\J4 l.Gij 1.5'00 lalo85 J.. ~91£ 0.1460 o.04:58 
96 1.ao 1.aoo 1.2,,1 1,2900 0.1454 o.04i54 
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Table 8 cont'4 

1/2 I .. L P. P•iff!•a·H.o:n 
TiM .Aape. dai'hili 11111• lno!e • da\ o Iiiile 
Min. o. p. voua - Tol\a Vo11ie Tol1ia vo1,a 
102 2.00 1.671 1.584 l.6U ( .1T40) 0.054 1oe 2.00 1.G&o'f 1.559'1 1.5862 o.1e20 0.0610 
110 2.00 1.6498 1.55'18 1.5831' 0.188' o.0&1a 
111 2.40 l.9420 1.8326 1.e,22 o.a1as 0.0592 uo 2.40 1.935'! l.828J. 1.es,, 0.21.,2 0.0592 
119 2.40 1.9335 1.8252 l.8MV 0.21&6 0.0510 
120 2.80 2.2294 2.1031 2.1368 o.2526 0.06'14 
la(. 2.ao 2.22SJ. 2.09'18 2.1s12 o.a10, 0.0668 
123 2.ao 2.2188 2.0940 2.1281 0.2,91 o.oae2 

( 1.6868) (l.5908 )( 1.6168) 
12" z.20 2.5302 2.3862 2 • .fr244 0.2880 o.o,w 
133 s.20 

(l.6813)(1.5867)(1.615') 
2.5219 t.3800 2.4235 o.um o.oe,o 

(l.6??1)(1.5850)(1.6102) 
13f 3.20 2.51.56 2.3745 -2.4153 0.2822 0.0816 
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!able 9 

0.6 Mol&J OUS04; o.r.¥1, GelaUn; PK• 3.33; .Pt eaihocl.e; 
T • 25.0 o. 

'11111 ..&ape. 
1L2 .fi ·1L F. datioled~ lii•li 

91ax-111a,10:n. arna:. Iioli 
liln. - o. », Volts Tol'tiit Tol\tii To'l~o volia 

l 0.1, 0.1455 0.1200 0.1200 o.Mto 0.0040 
0 0.1& 0.134a o.11a1 0.1202 0.0334: o.CX>'2 
9 O.lti 0.1404, 0.1223 0.1253 o.0SG2 0.0010 

13 0.1, 0.1405 0.1227 0.1851 0.0356 0~00"8 

14 0.32 0.272~ o.2494 0.254a 0.0456 0.0108 
ld 0.32 o.2aaa 0.243d 0.2507 0.0438 0.0142 
82 o.s2 o.a&GS 0.2432 o.Mt5 0.0(.62 0.012, 

21 0.48 o.z,,a o.3681 o.z,,a o.oseo o.01ae a, 0.'8 o.i9&s o.Nal o.i,,a 0.0SM 0.0174: 
51 o.48 o.atea 0.3687 o.s,,a o.os,2 0.01,2 

Z2 o.64 0.6260 0.,,12 o.5018 0.0706 0.0212 
H O.M o.5261 0.,912 o.50.li o.0o9s o.oaoe 
'° 0.64 O.5262 o.4910 o.so12 o.o&M 0.0204 

.f.l o.ao o.&581 o.&162 o.62&5 o.oa38 O.02-t. 
4r5 o.ao o.&5tt 0.6165 o.&2a, o.082' 0.0148 
49 o.eo o.a1,1 o.&169 0.6281 o.oe°' O.O244 

50 o.N 0.7878 o.,ata 0,.'1640 0.0,&0 0.028' 
M o.9& o.7866 0.11,a o.7519 0.0951 0.0282 
69 o.H o.,s53 o.,ae1 0.,523 0.0944 0.0284 

60 1.12 0.,100 o.etwa 0.0,20 0.1096 o.osu 
M 1.12 0.,099 o.easa o.s,1, 0.1090 o.ozaJ 
68 1.12 o.,o~o 0.8646 o.a,u 0.1088 0.0330 

69 1.2a 1.0413 0.9?92 o.9t'lt o.iu2 o.os,o 
78 1.28 1.0390 0.97'72> o.9tol o.1£Mr 0.03,& 

'' 1.28 1.03'1T 0.,,,2 o.nso 0.1230 o.os,a 

'' 1.44 1.1632 1.0934 1.1143 o.1St& 0.041a 
83 1.44 1.1602 1.0001 1.1121 G.1408 o.o,.w.o a, 1.44 1.1683 1.087'1 1.1101 o.l.f.12 0.0452 

88 1.60 1.2868 1.zo,e 1.2332 o.11so 0.0608 
92 1.10 1.284.f. 1.&>69 1.2111 o.1570 0.001, 
96 1.60 1.2825 1.1042 1.2303 0.166& 0.,0&22 
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Table 9 cont'd 

ll2 d_• K. F. Polarisation 
!ime .AJBpa. Oalholi!lle Anode daliiole liole 
J41n. 0-., i• Volte - I 

Tol,s Volts yolte yolta 
9f 2.00 1.5655 1.4691 1.6000 0.192a o.0&1s 

111 2.00 1.5609 l.4662 l.49'18 0.1894 o.0&z2 
115 2.00 l.55f8 la4643 1.4966 o.1a,o 0.0146 

116 2.40 1.8'1'19 1.'1650 1.8032 O.2258 0.0764 
120 2.40 l.8'119 1.7608 1.aoos o.a222 o.o,,o 
124 2.'° 1.sa,2 1.,s,4 l.'198'1 0.219& 0.0826 

125 2.80 2.1802 2.0619 2.0996 0.25&6 0.0952 
129 2.ao 2.1'142 a.0&74 2.0,,0 o.2&a& 0.0992 
133 2.ao 2.1686 2.0429 2.0,so 0.2514 O.1O42 

(l.60?6)(1.61'4)(1.5532) 
13' z.20 2.4ll2 2.2695 .2.3298 o.2aa.i 0.1204 

(1.6033)(1.6117)(1.5615) 
138 z.20 2.4049 2.2675 2.32'12 0.2'148 O.UM 

(l.5993)(1.5086)(1.5500) 
142 z.20 2.8989 2.2637 2.3250 0.2,04 0.1226 
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!able 10 

0.6 KO~ 01lS04 ; o.~ Gelatin; pH• 3.38; P1.. oa\ho4e; 
! • 25.0 o. 

.. 
~2 d: 1. ,. PGl.arlsat1 on 

!ime -·· daiho 7.!~e lioU daitiile liiole 
Kin. o. !• Tol\a - "fol,_s Tolia Tol\1 Tolta 

2 0.16 0.2000 o.1347 o.1uz 0.1006 o.os,2 
5 0.1, o.!004 0.1355 0.1608 0.1298 0.0306 
9 0.1, 0.2030 0.1335 0.1,,1 o.1890 0.0312 

13 0.16 0.20a, 0.1311 0.14'72 0.1502 O.O312 

11 0.32 o.3418 0.2&00 0.2188 o.as& 0.04V6 
20 o.s2 o.3'18 0.2,12 0.2822 0.1612 0-.0420 

23 0.48 0.4719 O.189O 0.-4146 0.1658 o.os10 2, 0.41 0.,,12 0.5896 0.-4129 o.1aM o.04.68 
31 o.,e o.,,oo 0.-3897 0.4123 0.1606 O.O462 

33 o.a, 0.su2 o.5198 O.k62 o.1a2a o.osoa 
3f o.M o.,o,a o.5206 0.544.0 O.l'l-k o.CH:68 
41 o.w o.aoM 0.6208 0.1443 0.1692 0.04,0 

48 0.80 o.v'44r o.6484 o.a,,1 0.1,20 0.0614 
4Y 0.10 o. 7401 0.6488 o.a,ae 0.1826 o.0494t 
51 o.eo o.,a,, o."81 0.6'136 0.1,,2 o.osoa 

68 0.96 o.Ml5 0.'1776 0.8040 0.1360 O.0630 
57 o.H O.MM 0.,,,2 o.aou o.ss2, 0.062& 
61 0.96 o.Ml4 o.,,,, o.eoae 0.1294 0.0642 

66 1.12 1.08'1'1 0.9015 o.,soe o.a,2& 0.0586 
69 1.12 1.0864 o.,oo, o.9308 0.3714 0.0602 ,2 1.12 1.084, 0.8994 o.9306 o.3'106 0.0624 

74 1.28 1.2298 1.02,1 1.0606 o.4040 0.0666 
'18 1.2a 1.22,, 1.0266 1.069'/ o.4022 0.01&2 
82 1.28 1.2258 1.0266 1.0698 o.4004 0.0674 

84 1.44 1.3691 1.1546 1.1904 0.4290 0.0,16 
88 1.44. 1.3668 1.1632 1.1886 0.,2,2 0.0'100 
92 1.'4 1.3648 1.1616 1.1879 0.4264 0.0'126 

M 1.,0 1.5022 1.2'1'18 l.3162 0.4488 0.0768 
98 1.10 1.4992 1.2766 1.3158 0.4462 0.0784 

102 1.60 1.4977 1.2761 1.3152 o.4482 o.01a2 
10& 2.00 1.8381 1.6858 1.6296 o.4986 0.0920 
108 2.00 1.azoa 1.1836 1.1268 o.49M o.oaM 
112 2.00 1.8263 1.6813 1.6247 0.4900 0.0868 
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Table 10 cont'd 

!ime Aapa. 
~2 E K. F dathoe m:ln. lio& 

Polarisaiion 
aal'.ioli liio!i 

MJ.n. - o. Ra Volte Vol\ s Voliie Yol\s volte 
ll4r ::.40 t.ll9l l.8522 l.6995 o.55as 0.0~4~ 
118 2.40 2.1140 1.8497 1.8966 o.&2&6 o.0938 
122 a.40 2.1091 1-8463 1.8939 o.6254 0.0952 

(1. 5980) 
l24r 2.eo 2.39f0 2.1145 2.1&57 o.6650 0.1024 

(l.5941) 
128 2.80 2.3911 2.1108 2.1625 o.a,oa 0.10K 

(l.5911) 
132 2.ao 2.3866 2.10,s 2.1606 o.&586 0.1066 

( 1. 80ZO} ( 1. 6028) ( 1. 6412) 
13' a.ao 2.7o.i5 2.4042 2.4618 0.,002 0.1152 

( 1. 79'18 ) ( 1. 599'1) ( 1.13'18 ) 
138 3.20 2.6967 2.3995 2.456Y o.~ o.uk 

(l.7943)(1.6980)(1.6863) 
142 a.20 2.6914 2.3970 2.4544s o.1eea 0.11'8 
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!able 11 

o.s Kolal OUS04; 0.5% Qela,1n; pH• 3.39; Pt oa,ho4e; 
T • 25.0 011 

Tille Ampa. 
1L2 dt;d· ,. aaUi o&.e ~" Iiiole 

PoJ.an,e.tiOD aama:. Anocti • 
ll1.n.. - O. D. Tul-s 101,s Vol\a Ve>l'li• yolls 

l 0.11 0.1985 0.1365 0.1472 0.1264 0.0211 
5 0.1, o.19a2 0.1336 0.1450 0.1292 o.oesa 
9 0.1& 0.2000 o.1328 O.l4S2 0.1544 o.O2oa 

11 0.12 o.3640 0.2&&'1 o.2aa2 0.1,oa 0.0340 
l.6 0.12 O.3400 0.2&01 0.2801 0.1598 o.0400 
lT o.4a 0.4714 0.3967 0-.4217 0.1,,, 0.0520· 
21 0."8 0.4r'1'f9 0.3958 0."216 0.1642 o.os1a 
25 o.'8 o.,vs7 0.596? o.4218 0.1,00 0.0&22 
2, O.M 0.,1,1 o.5286 0.1579 0.1,00 0.0586 
81 o.w o.au1 o.a2t1 o. 65'1'1 0.1680 o.os,2 
36 o.k o.&100 o.6292 o.65'1'1 0.1&16 0.06'10 , z, o.so o.,600 0.,,1, o.a,2, 0.1766 o.0&1a 
41 o.eo O.ff.82 0.,,1, o.at21 0.1,ao o.oaoe 
45 o.ao o.,453 o.&618 0.1,22 0.1682 o.0a20 
47 o.,, o.Moa o. '1841 0.8166 o.aw o.oaeo 
51 o.,, 0.9186 o.'1841 o.e1&1 o.aoaa o.o&4D 
56 o.96 o.,364 o. '1836 o.s158 o.as66 0.0&44 

6Y 1.12 1.0901 0.9121 o.M67 o.3660 o.oa,2 
61 1.12 1.0886 0.9U4 0.9454 o.3642 o.o,ao 
66 1.12 1.0864 0.9104 o.944a& o.z520 o.oaae 

'' 1.28 1.2293 l.03'12 1.0,aa o.a,2 o.o,z2 
,1 1.28 1.2268 1.0369 l.0'121 0.3818 0.0'724 
'18 1.28 1.2PA.2 1.0348 1.0,14 0.3788 o.o,z2 
,,,, 1.44 1.3662 1.1633 1.2018 0.4058 0.01,0 
81 1.4.4 l.HZ4 1.1622 1.2002 014.02' 0.0'160 
86 1.44 1.3602 1.1608 1.1933 0.3988 o.o&oo 
87 1.ao 1.4853 l.2'152 1.3156 0.4202 o.oaoa 
91 1.60 1.4837 l.2'141 1.8139 0.4192 o.o'196 
96 1.&o 1.4801 1. 2'12'1 1.3129 o.4148 o.oa04 
97 2.00 l.'1989 1.5660 1.6107 o.4658 o • .oa94 

101 2.00 1.7938 1.6630 1.6072 0.4616 0.0884 
108 2.00 1.7902 1.660, 1.6053 <>.4r890 • o.oa,2 
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:J! a9.J.e 11 00 nt I a ,_ 

1L2 :1. ,. Pol&1'1sa,1on 
'fime Am.pa. catiole llct!i l'.noli dal\ioc?• Iiioia c. D. Volts Volts Volta ToUa Volt1 

10, 2.4,0 2.U69 1.8636 l.9181 o.oCK& 0.0990 
111 2.,0 2.1086 1.ooov 1.9071 0.4998 0.0968 
115 2.,0 2.1021 1.C54C l.Q031 0.4912 o.o~e2 

(1.5948) 
117 2.eo 2.z,22 2.1250 2.1790 0+5304 0.10&0 

(1.0082) 
121 2.00 2.3823 2.ll70 2.1,1, o.510e 0.1094 

(1.6845) 
125 2.00 2. 3'16'1 2.uu 2.1685 o.6286 0.1122 

{ 1. '16455) ( 1. G7T6) ( 1. Gl8G) 
12, 1.20 2.64.82 2.8662 s.,2,, 0.1640 0.12M 

(l.75t6)(1.u732)(l.G148) 
131 a.20 2.6394 2.3598 2.4214 o.5554 0.1222 

(l. 7546) ( 1.0688) (1.Gl22) 
135 s.20 2.6319 2.3632 2.4185 0.05,, o.1zo2 
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of the two sets of au.rves seemed to ba :proportional. to the 

di·stance f':rom tbe or.I.gin. 

The duplicate ourvas representing tbe polarizatinn of 

the Ou/cu++ electrode are quite similar. also, to the two 

corresponding curves previously described, whioh oontained 

gelatin. TheJ show a:pp:roxima.tel.y the sa.ma beginning polariz• 

at.ton. although e, little less; they have the sane region of 

nearly ocnstant polarization. then the polarization in.ore ... 

a.see var.:v rapidlY again at o.ao amperes, and from 0.96 amp• 

eras on the pPlarl zation is a.gain very nea.rlf a etraight 

111,e tnncit ion. These two curves from the platinum. electrode 

experiments also lie to the left of the corresponding exp• 

er!ment s using copper electrodes. Whether or not this lat ... 

ter point has any signifioanae cannot be said• because in 

either case after eleetrol;rsia has begun the nature of the 

cathodes then is the 8am3; or very nearly so •. 

These two ourves -from the gala.tin polarization also 

aou.ld be drawn very smoothlF if the points at 0.,16 and 0.96 

01u.Tent densities were oon.t?8oted by a m arly straight line. 

Tha davia.tion of the.actual curves from the very smooth 

hypothetical one ahowa a.gain the effect of tha gelatin's 

being a colloid of the t_vpa :whioh solidifies to a gal under 

the ;proJ.)er obnd.i ti one. 

From the curves it is a simple mo.tter to determine 

the polarization duo to tba preaeooe of the gelatin. If we 

assume tblt the polarization shown by tte cu/au,++ electrode 

urang pure.-aopper sulfate electrolyte as conoentration pol-
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al.'ize.tton onJ.y. than. at my ou.rrent dan~ity the difference 

het,veen two oorreapondi.ng :pola.rlzation val.uea should be the 

polar.i.zat1on due to the presE,:noe o.f the gels.tin; or as it 

in called, rnaohen1cul 1,ola.xlr.e:tior.h 

A sari ea of expo riroenli a was made in vrhio h not. only 

waa .. ,ba ou:rrent donaitJ va.:i.'i.ed.~ bttt al.no h.,trdrogen ion <;on-
oent ration .a."'ld peroamf:l.ge of gelatin in the l/2 tnolar cop.;;. 

per ou.lfu.te o1eotrolyt a. The runa were not' all ma.do· at a 

constant temperat11ra., sima ·tna :pole:rlzation cell was not 

placed. in e, tbermontro;. _In thsse ex11erimsmn a eop:per plated 

a.node vie.a used a.nc1. a ;platinwn cathode. 

2be. f.trat polarlzu.tion rr.ee.~rements in this aeries 

was n:nde on the l/2 molar oop_per si,.lfa.te elect:rolfte contain-

ing no gnle.ti:th Tho hydrogen ion ooncent ration wo.s pH • 3.33, 

whloh value waa tha pl:t of' t ha ooppe:c rul:f'ata solntion. as pre-

pared. The labo1•.~t oey tem:p9rature during this mnwas 28,6° 

Centigrade; Tahla ·1~ showa tlla d.a:t a snd this data is plot--

tad on Plato :CI!. 

A run we.a ncnv zm.cl~ under verr neorly the same condit• 
' ' 

10110 as the one jtmt previou . .sly w! th the exoaptton that the 

tompera.tn.tre waa slightly :t.o,ver, 24ocentigra.de. a:r.ld tho pH 

waa a.a.justed by the addition of t\ few d:t•ops of a dil11tCJ 

sulfurio a.aid a o1ution, to 2. o. Table 13 eh owe tr.a polari z-

o.tion moaeurornmi;a nnde under these conditions, and the res ... 

ults pl~tted on Plate III. 
These two curves repre9ent in,g the polarize.tion of 

1/2- molar ooppor au.lfate edluti on which. eont ru..na no gelatin, 
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Table12 

o.5 Molar ouso4 ; 
T = 28,5°0. 

o.0% Gala.tin; pH= 3.33; Pt Oathode; 

. ... 

1L2 E •. M. F. Polarization 
Time Amps. cathode :m:a:a.Ie Anode C,atliode Xnode 
Min. O. D. Volts Volts . Volts Volta Volts 

4 0.1& o.1346 0.1138 0.1177 o.Oll6 O.OO78 
8 0.1& 0.1340 0.1142 0.1181 o.0396 0.0078 

12 0.16 0.1334 0.1142 0.1182 0.0584 o.ooao 
17 0.16 0.1333 0.1144 0.1183 0.0378 o.oo'la 
21 0.32 0.2629 0.2248 0.2325 0.0562 0.0154 
25 0.32 0.2524 o.22so 0.2529 0.0548 0.0158 
29 0.32 0.2519 0.2253 0.2331 0.0532 0.0156 

34 o.4a 0.3771 o.3417 o.3536 0.0708 0.0238 
38 0.48 o.3767 o.3417 o.3537 0.0700 0.0240 
42 o.48 0.3764 0.3419 o.3538 0.0690 0.0238 

44 o.s4 o.5017 0.4573 0,4732 0.0888 o.oz1a 
48 o.64 0.5018 0.4571 o.4730 0.0894 0.0318 
52 o.64 o.5017 o.4570 o.4730 0.0894 0.0320 

55 o.so o.6256 o.570'1 o.5903 0.109s 0.0392 
59 o.ao 0.6258 o.5703 o.5900 0.1110 0.0394 
63 o.so o.6257 o.5702 o.saa7 0.1110 · 0.0370 

66 o.96 o.7487 0.6824 o.7o5o 0.1326 0.0462 
'10 0.96 o.7488 0.6820 0.7042 0.1336 0.0444 
'14 0,96 0.'1487 o.6821 o.7038 0.1332 0.0434 

77 .l.12 o.8678 o.7908 o.8151 0,1540 0.0486 
81 1.12 0.8675 o.7903 0,8144 0.1644 0.0482 
86 1.12 o.a671 0.7901 0.8137 0.1540 0.0472 

88 1.28 0.9870 o.8992 0.9253 0.1756 0,0522 
92 1.28 0.9866 o.8986 o.9248 0.1758 0.0524 
96 1,28 0,9862 o.a9a2 0.9240 0.1760 0.0616 

99 1.44 l,1033 1.0046 l.0332 0.1974 0.0572 
103 1.44 1.1024 1.0039 1.0323 0.1970 0.0668--- · 
107 1.44 l.1016 l,0031 1.0315·:. 0.1970 0,0568 

' 

110 1.60 l.2198 1.1100 1.1414 0.2180 0.0612 
114 1,60 1.2187 1,1099 1.1402 . ,. 0,2"?.76 0.0606 
118 1.60 l.2175 1,1090 1,1389 0.2170 0,0593 



73 
Table 12 cont'd 

1L2 . E. M. F. . . polarizatlon. 
Time ·Amps, Oatiio<fe -Middle Anoie oalifiode .Anode 
lU.n. o. D. Volta Volts Volts Volts Volts - --
122 2.00 l.4899 1.3562 1.3919 o.2s114 0.0'114 
126 2.00· l,4890 1"3552 l.3906 o.2576 0.0708 
130 2.00 l.4877 l.3541 u...3890 0.2672 0.0698 

132 2,40 1.7850 1.6244 l.6652 0.3212 o.oe16 
136 2.40 l.'1823 1.6228 1.6638 9.3190 o.oa20 
140 2.40 l.7806 · l.6207 l.6613· ' i.J.3,198 o.oa+2 
143 2.so 2.0603 1.8745 1.9204 

I 

0.3720 0.0852· 
147 2.80. 2.0591 l.8723 l..9169 0.3736 0.0892 
151 2.ao 2.0558 l.8709 1 .. 9161 0~3698 0.0904 

154 3.20 2.2820 2.0765 2.1261 o.4110 0.0992 
158 3.00 2.2804 2.0'148 2.1236 0.4112 0.0976 
162 3.20 2.2798 2.0737 2,.1222 0 .. 4122 0.0970 
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Tabla 13 

o.5 Molar OUS04; 
T = 24.0°o. 

o.0% · Galat in; :PR= 2.0; pt Cathode; 

,·.•-·· 

_J.lJ.. E. ~t .. ~,. . . Polu.riza.t ion 
Timo ' Ampl:3. Cathode ---Llicfcile Anode ()8:thod.e Anode-
:Min. o. D. Volta Volts Volts Vol'GS Volts -

l 0.16 0.1225 0.1030 0.0990 o.osao -0.0080 
5 0.16 0.1210 0.1033 0.09~3 0.0354 -o.ooao 
9 0.16 0.1202 ·, 0.1035 0.099s. 0.0334· · -e ·007a-'. ' . 13 0.16 0.1199 0.10_35 0.1000 '0.0328 -0.0070 

16 o.z2 0.2:0.:;a ·0.2100 0.2067 0.04'16 -0.0066 
20 . 0.32 o.2as2 0.2102 0.2072 o.o4so -0.0060 
24 0,32 0.2329 0.2104 0.2075 0.0450 0.0058 

26 0.48 o.3495 o.z1111 0.3138 o.os4a -0.0066 
30 0.48 o.3495 o.3167 0.3144 0.0656 -0.0046 
34 0.48 0.3497 o.a1&5 0.3148 0.0664 -0.0034 

36 0.64 0.4702 0.4259 0.4242 0.0886 -0.0034 
40 o.64 0.4702 o.4260 0.4248 0.0884 -0.0024 
44 0.64 0.4701 o.4262 o.4255 0.0878 •0.0014 

46 o.ao o.5955 o.5398 o.ss90 0.1114 -0.0018 
60 o.ao o.595'1 o.6397 o.5393 0.1120 -o.oooa 
54 o.ao o.5954 o.5397 o.5398 0.1114 0.0002 

56 o.96 o.7193 o.6519 o.6524 0.134a 0.0010 
60 o.96 0.7190 0.6516 0.6525 0.1348 0.001a 
64 0.96 0.7184 0.6515 o.6530 0.1338 0.0030 

67 1.12 0.8334 o.7563 o. '1584 0.1542 0.0042 
71 1.12 o.8332 o.7558 0.'1587 0.154a 0.0058 
'15 1.12 o.e321 o. •1555 0.'7589 0.1532 o.ooGa 
77 1.28 0.9501 o.8624 o.aG69 0 .. 1754 0.0090 
81 1.28 o.9485 0.8620 0,8668 o.17zo 0.0096 
85 1.28 0.9471 o.8617 o.8669 0.1110a 0.0104 

88 1.44 J:.0573 0.9625 0119686 0.1896 0.0122 
92 1.44 1.0562 o.9623 o.~686 0.1878 0.0126 
96 1,4.-4 l.0544 o.9617 o.9686 0.1854 0.()138 

98 l.60 l,1694 1,0664 l.0743 0.2000 o.01sa 
102 l.60 l.1670 1.0655 l.0740 0.2000 0.0170 
106 l.60 1.1653 1.0645 l.0738 0.2016 o.01a6 
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~~ble 13 cont! d 

1/2· E .. Ma F. Polarize.tion 
Time Amps. ~atliode ·--Midcfla'. Anode- Caihode .Anocle 
:ttln. ol' D~ Volts Volta Volts Volta Volta ......,..._...._ ... ....._ 

109 2.00·· l.4338 l.3100 1.3212 o.,2476 .0.0224 
113 2.00 l.4300 l.,3034 143200 o .. P.~52 Oa023Z 
llt/ 2.00 l.42"/O l.3068 1.3192 0~2404 0.024:a 

119 2 •. 10 1.5935 1.5522 1.561/l 0.2826 0.029a 
123 2.40 l.5887 1.5492 1,5648 0.21~0 0.0312 
127 2.40 1~5850 1~5468 ~.5631 6~27G4 . 0.0325 

h ' 
'r,-

129 2.ao l.9575 1.799'n 1.8183 o.$164 0.0380 
133 2.ao l,9518 ,l.7953 ·1.91513 0,3132 ·0-.0398 
13'1 2~30· 1~ 9,j:52 1~7917 1~9123 0~!3090 0~0412 

139 z.20 2~1'197 2;0078 2.0313 0~3458 0~0470 
14.-3 3.20 2.11110 2.0014 2.0263 0+~392 0.0498 
147 3~20 2~1566 1~9~81 2~0236 0,3370 0~0610 
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as a function of current cleneity and pR are q11.ite similar. 

ihe curves are very similar from tba origtn to the point 

corresponding to a current daneiity of 1.:;t2 amperes ia 

xeaohed •. With inareaai our1~ent density beyond ·thio 1.12 

value the effaot of variation in pR beooxres apparent • .As 

might be suspeoted the electrode uont ain1ug the largo~ 

oonoentratton Of hyd1"Qgan ion shows the laau polari~at ion. 

This decrease in polart zati on my b e clue to inarea.sed cond• 

uotivity and this increased 00110.uctivity of oouraa is the 

reenlt of the decreased JH• 

Table 14 g1 vea the reau.1 ta of a. s1rutla.r sat of polar• 
iza.tion measurements. bU.t in plaoe of the pu1·a a ppper sulfate 

electrolyte, the l/2 molo.r copper s1.Ufateeontoinlng 0.1 per 

cent gelst in waa used. The pll was 3.32, and. too measurements 

were made at ap:proximetel.1 23° Centigrade-. Th.a res'lllts of 

this run a.re a1ao plotted on Plate III. 

A run similar, to the preitious one was mede witll all 

oond.tti ons the sa.na exoepting t be pH. which now was adjust-

ed w1 th dilute aulfttrio a.oid to 2.00. The rew.lta of this 

e~erirnent a.re ahown in Table 15. i:l?he tanperature was tba.t 

of the laboratory, a;pproximat ely 25°a. These ~Sll.lts a.re 

also plotted on :P.la. te III. !i?he varlat1011 of polu.ri zati on 

is more m:.irked in t heee two ourves tha.n in the previous set. · 

Rowever, one woo.ld suspeot the electrolyte containing mt>ra 

acid to exhibit the laast polarize.ti 011 btt'J the reverse. 

aeons to be tm oaee. Tha explanation of ~his deereaae in 

oonduotivity causing the acid bath vbioh oontaina a pH of 



78 

Ta.ble 14 

0.5 Mol~ Ouso4; 0.1% Gelatin; :PR= 3.32; l:"t Oa:lthod.e; 
23.0 o •. 

•"•~ . _, . ...... 

· · J.L2 ]). M. F. Po J.f:.?.'i zat i :,n 
Ti:.10 Amps., a t ·· ~-~,u · · · -·-..--- --.....~ ........... .A;a:>o.e a.'>hoa.G . ., vl lt'.LL.o A::l!H~~ Cat.n.ocle 
}Kin. c. D .. Volta. Volts Y::>lts Volts. Volta - ... , ........ 

1 0.16 0"l'l'14 0.1183 o.1iwa 0.1182 0.0378 
5 0.16 0~1784 0»1185 0.,lMl o.llQS 0,.0312 
9 0.16 0.,1806 061178 0~1Sf!5 o.12as 0.0294: 

13 0.16 0,.1827 0.1172 0.1314 .0.1310 o.02s4 
15 o .. s2 0,,.3353 0 .. 2482 0.:;2679 O.l'/42 O· OZ92 • 19 0 ... 52 0113296 o~s498 Q;<,2683 0.1695 o.O!=i70 
23 o.s2 0.3292 o.2soo 0.2683 0.1584 0.0366 

25 0 •. 1:a 0.-4705 o.~718 0.3938 o.1974 0.0440 
2~ o. is 0.1.:637 o.5748 o.-5951 o.1? 178 0.0405 
34 0 •. 1:a o.4616 0.3756 01113961 0.1720 0.0410 

36 0,54 o.so41 o.soo7 o.5248 0.2068 o.04a2 
40 o.o4 0.5999 o.5027 o.5264 0.1944 0.0474 
44 0.64 o.5974 0.5036 0.5272 0.1876 0.0472 

46 a.so o.'1432 o.&33'1 o.ss10 0.2190 0.0646 
49 o.ao 0.'1398 o.6355 o.5615 0.2086 0.0520 
53 o.ao 0.7371 0.6355 o.sG22 0.2012 0.0514 

65 o.96 -0.3772 0.'1627 o.7918 0,2290 o.oaa2 
59 0.i6 o.8735 o.7644 o.7921 o.21a2 0.0564 
63 0.96 o.S71l 0.7552 0.7921 0.211a 0.0538 

66 -1.12 1.0037 o.as59 0.9152 0.2356 o.osa& 
69 1.12 1.0011 o.ss7o o.9148 o.22s2 0.,0566 
73 1.12 0.9987 · o.ss74 o.9143 · 0.2226 0.0538 

75 l.28 1.1326 1.0102 l,0393 o.2448 o.0Ba2 
79 1.28 1.1299 laOlOG ·1.0372 o.23ss 0.0532 
83 1.28 l.1272 1.0108 -l.0373 o.2320 o.osso 

.. 
85 1.44 l.2525 1.1263 1.1543 0.2524 o.osso 
89 1.44 1.2497 1,1261 1.1530 0.2472 0.0538 
93 1.44 1 .. 2472 l.1260 l.1523 o.242'! 0.002& 

96 l.60 1.3730 1.2420 1.2698 o.2s20 0.0555 
99 1.60 l.3700 1.2416 l.2683 0.2560 0-,0534 

103 1.60 1.3674 1.2410 1.2679 0.2520 0.0538 
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Table 14 cont'd 

. ,~, , .. "' 
1L2 E. M. F. :Polarization 

Time Amps~ cathode -Middle Anod.e Cathode Anode 
O. D. Volta Volts Volta Volts Volts 

105 2.00 l.683'1 1.5328 1.5627 0.3018 0.0598 
109 2.00 1.6797 l.531O l.5604 0.2974 o.osss 
113 2.00 1.6755 l.5293 1.5589 0.2924 0.0592 

116 2.40 2.0062 1.8326 1.8662 0.3452 0.06'12 
119 2.40 2.0002 le830l 1-.8682 0.3402 0.0642 

- 123 2.40 1.9955 l.8268 l.8592 0.3374 0.0648 

125 2.ao 2.2796 2 .. 0862 2.1207 o.3868 o.os90 
129 2.ao 2.2727 2.0819 2 .. 1162 o.3816 O.O686 
133 2.ao 2.2653 2.0766 2.1115 o.3774 0.,06~8 

(1;6715) {l .. 5546) 
138 s.20 2.6073 2.2966 2.3319 0.4234 o.0726 

(l.6645) 
2.2885 

(1.5524) 
142 3,20 2.4967 2.3266 0.4164 0.0702 

(l.66O2) (l.5604) 
146 3.20 2.4903 2.2834 2.3256 0.4266 o.os22 
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!fable 15 

0,.6 Molar Cuso4; 0.1% Gala.tin; pH• 2.0; pt Cathode; 
T = 

.... l/2 E. M. F. J?oie.riza.tion 
Time Amps. Oatiioa.e ... :w.O:d!e Anode oaihode Anode 
Min. o. - D. Volts Volts Volta Volts volts 

.... .,..,, 
2 0.16 0.1957 o.no2 0.1240 0,1710 0.0276 
6 0.1a 0.1903 0.1108 0.124a 0~1590 . o.02ao 

10 0.16 0.1921 0.1098 0.1242 0.1646 0.0288 
14 0.1& 0.1934 0.,1092 0.1235 o.1684 o.02as 
17 0.32 o.3033 0.2221 0.24:22 0.1624 0~0402 
21 0.32 0.2893 0.2159 0.2353 0~1468 o.03aa 
25 0.32 0~2910 0.2155 0,2346 0.1510 0,.0396 

27 0.48 0.4237 0~5272 Oi.3502 0~193(). o.04so 
31 0.48 o.419rt 0,3284 0.3510 0.1826 0.0452 
35 0.48 0.4198. o.32ao 0.3515 0~1836 0~0470 

39 o.64 o.5425 o.4379 0.4660 0.2092 · 0.0562 
43 o.64 o.5400 0.4384 o.4670 0.2032 0.0572 
46 0.64 · o.5400 0.4385 0.4672 0.2030 0.0654 

48 o.eo 0.6710 0.5530 o.5861 0,2360 0.0662 
52 o.ao 0.6655 o.5536 o. 5t;l6'1 0.2238 0.0662 
66 o.so o.6648 o.5539 o.5a6a 0.2220 0.0660 

68 0,96 . 0.7858 o.6635 0.7003 0,2446 0.0736 
62 o.96 --o. 7850 ··0.6633 0.7000 0.2434 0.0?34 
66 o.96 0.7848 o.6632 0.6999 0.2452 0.0734 

68 1.12 0.9033 o.7703 o.a1os 0.2660 o.oao4 
72 1.12 0.9034 o.7704 0.8098 0.2660 O.Cl788 
'16 1.12 0.902& o.7'106· 0.8097 0.2640 0.0782 

'18 1.2a l.0243 .Q.8802 0.922'1 0.2882 0.0850 
82 1.28 l.0233 o.aeo5 0.9222 o.2a56 0.0834 
86 1.28 1.0221 o.eao3 0.9222 0.2836 o.oa3s 
88 1.44 1.1417 o.9875 1.0326 0.3084 0.0902 
94 1.44 1.1386 o.9e72 Ol.0322 o.zo2a 0.0900 
98 1.44 1.1368 0.9869 l.0322 0.2998 0,0906 

100 l.Go 1.2546 1.0924 1.1413 0.3242 o.o9'18 
104 1.60 1.2524 1.0922 l.1408 0.3204 0.0972 
108 l.60 1.2606 1.0918 1.1405 0.3374 0.0974 
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Table 15 cont'd 
·-· 

1L2 E. M. F. Polarization 
Time Amps. Cathode fildc.llG Anode Gatb.O<iC Anode 

c. D. Volts Volts Volts Volts Volts 

110 2.00 l.5445 1.3567 1,4137 o.3656 0.1140 
114 2.00 1~5401 1.3557 .l.4115 0.3688 -0.1116 
118 2.00 l;.5371 l.3545 1.4110 0.5652 0 •. 1130 

120 2 .. 40 1.8168 l.olJ .. 8 1.6764 0~4100 0.1292 
124 2.40 1·8115 . . 1.6094 1 •. 6738 0.4042 o.12aa 
128 2.40 1 •. 8075 1 •. 60'11 l.6722 0,4008 0 •. 1002 

130 2.ao 2.0621· 1.8433 lj9147 Oi.4376 0.142a 
131: 2.ao 2.0557 1.8394 1.9115 o.4326 0.1442 
138 2.,80 2.0515 l.8370 1 •. ~097 0.4290 o.1454 

.. (1.:5363} 
140 3.20 2.3044 2.01122 2.1521 0.4644 0.'1598 

(l.6328) .. 

144 3.20 2.2992 2 •. 0692 2 •. 1492 o.4soo ·0"1600 
(l.,6292) 

2~1450 0.1620 148 3.20 2.2938 2.0640 0.4586 
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2.0 to give the bigmr polarization may be due to small 

oha.nges in t empe ratu.re. 

The polarization due to the :presenoe of some gelatin, 

at the beginning of the mn was similar for these two runs, 

and these were quite similar to those previously described. 

One peculiarity of too curves using this low gelatin 

content is that the break at 0.8 amperes current density-, 

so oharaoteristio of higher gelatin contents, is absent. 

The one onrve of pH 2.0 ehowa a ve1y alight break at a our-

rent density of· 1.44 amperes, but this break is quite mean-

ingless s:tnoe its magaitude is within the limits of expa :cl.-

mental error. The a.bsenoe. of tba sudden increase in polar-

ization at about .so amperes cm.rrent density indicates al.so 

that we have no setting ·of our gels.tin eleotrolyte, \Vhich 

setting, we previously asaumad to be the cause of the rapid 

increase in polarizationo Solutions cont aini.ng conoentrat!ons 

. of gelatin as small as 0.1 per cant, melt at temperato.res 

below tha. t of the room, hence we are working at temperatures 

above the malting point. Also during tha electrolysis the 

oonoent ro.tion of galat in is not inoreasad suffio iantly to 

dauae setting at the oathod.e.Experience tells us tba.t cop-

per su.li'at e solutions oonto.tning gelatin must contain. from 

2.0 to 2.6 per cent of this oollo1d to give a visible gel• 

a.ti on at room temperature. Without dmibt enough gelatin is 

present in 1/2 per cent solutions to give us tba character .. 

ietio polarization inoreaaes. 

The·-next two experiments in this aerie a, whose data. 
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Table 16 

o.5 Molar ouso4; 
T • 25.0°0. 

0.5% Gala.tin; Ph= 1~98; Pt .. cathode; 

. .. 
1/2 _ E. Mf; F. P<>la.ri za.t ion 

Tims Amps, ca.th oae <Middie Anode oa.:nEode Anode 
Min. o. D. Volts Volta Volts Volta Volte -

0 0.16 0.1745 o.;i.ooa 0.1032 o.1480 0.0054 
4 0.16 o.1'150 0.0991 0.1022 o.1618, .0.0062 
9 0.16 o.1e3a 0.1010 0.1050 o.-1656 0.,0080 

12 0.,16 0.1869 .0.0994. 0.1040 0.1750. 0 •. 0092 
16 0.16 o.1a90 0.0982 0,1031 0.1816 0.0098 

20 0.32 0.2922 0.2081 0.21'13 0.1682 0,0184 
24 0.32 o.~913 0.2019 0.21.72 o.1668 o.01a& 
28 0.32_ 0.2943 0.2063 0.2161 0.1760 0.0196 
32 0.32 0.2910· 0.2053 0.2153 o.1aM 0.0200 

36 o.~ o.4196 0.3192 0.3~22 0.200a 0.0260 
39 0.48. 0.4181 0.3196 0.3328 0.1970 0.0~64 
43 o.~a 0.4193 0.3191 o.ss23 0.2004 o.ots4 
46 o.64 o.5525 0.,4332 o.4491 0,.2386 O.O31a 
49 o.64 0.5002 o.4338 0.4497 O.232a ·o.O31a 
53 0,64 o.5soo 0.4340 o.·4452 0.2320 0.0224 

57 o.ao 0.6894 o.5423 0.-5600 0.2954 0.0354 
61 o.ao 0.6899 o.5423 0.0000 0.2952 0.0354 
65 o.ao 0.6900 o.5423 o.5601 0.2954 0 .. 0356 

.. 
67 o.96 o.a270 0.6540 o.6740 o.M6o 0.0400 
'71 o.96 o.a2G1 0.6541 0.6'141 0.3440 o.0400. 
75 0.96 o.a257 0.6544 o.6747 0.3425 O.O4Os 

77 1.12 o.9490 0.7610 o.7833 0.3760 o.0446 
81 1.12 o.9480 o.7610 0.7836 0.3740 0.0452 
85 1.12 0.9469 o.7611 0.7840 o •. 3716 0.0458 

87 1.2a l.0698 0.8696 0.0945 0.4000 0.,0578 
91 1.28 1.0676 o.869'1 0.8948 o.3958 0.0502 
96 l.28 ·.1l.0663 -,0.8697 o.a95l 0.3932 o.osoa 
97 1.44 1.1864 0.9765 1.0039 0,.4178 0.0548 

101 1.44 1.1834 o.9768 l,0040 0.4132 0.0544 
106 1.44 l.1816 o.976'1 l.0044 0.411s 0.0554 
107 1.60 1.2975 1.os20 1.1121 o.4310 0.0602 
111 l.60 1.2963 l.0818 1.1121 0.42'10 0.0606 
115 l.60 1.2933 1.0816 1.1124 0.4234 o.O616 
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'llable 16 cont'd 

'iL2 E. M.: F. . . Polad.zat ion 
Time Amps. Cathode -Mid."d.Ie Anode 

. oa.thoa.e Anode 
Min. o. D. Volts Volta Volta Volts Volts -
118 2.00 1.5836 l.3474 1.3837 o:4724 0.0726 
122 2.00 1.5791 1.3462 1.5828 0.4658 0 •. 0732 
126 2.00 1.5757 l.3452 l.3826 o.4610 0.0748 

' 
129 2.40 l.8400 1.5912 l.6348 0.4976 o.oa72 
133 2.40 1.8348 1.5889 1.6334 0,4918 0.0890 
137 2.40 1.8295 1~6870 l.,6323 0.4850 0.0906 

140 2.ao 2.1119 1~8504 1.9013 0.5230 0~1018 
144 2.ao 2.1050 1.8470 1.8993 o.s1ao 0~1046 
148 2.ao 2.,0983 l.8434 1.8984 0;5096 0.1,00 

150 3,20. 2.0640. 2.1239 0.119a 
( 1. 5472) 

154 3.20 2.3208 . 2.0615 2.1195 0,6186 0.1162 
(l.5446) ,. 

158 3.20 2.3167 2.0562 2.1158 0.6210 0.1392 
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a.re gt ven in Tables 16 and 17 involve polarization of the 

Ou/cu++ electrode in the presence ot 1/2 per cent gelatin. 

Table lo shows the reSlllts at a pR of 1.98, and Table 1'1 

a.t e. pH Of ]j{. an:l l;Joth at OJ;>pro:x:imately 25°0. In each 

o:f these two cases the polarization at the beginning of the 

run ia quite oha.raoteristio of copper su.lfate eleotrolytes 

containing gala tin. The polar! zati on at tbe low ourl'ent den-

s! ty appears to be indepenlant of the hydrogen ion concen-

tration. The curve o:f pll 3.34 shows an irregularity begin-

ning a.t a current density of o. 96 amperes and this without 

doubt is the resu.lt of tle partia1 setting of th:J gelatin. 

The increase in polal.'ization is not as great nor as regular 

as in some previous runs involv.tng this ea.me oonoentration. 

of gelatin. It is dif:fiou.lt to control oonc11t1ons suffic-

iently olosa to dttplicate aoourately results when using 

gelatin containing copper sul:fate solutions. 

The curve ra:pr~aent ing data :from tho aolution o:f pH 

1.98 ehowa more distinotly the oharaoteristio inorease in 

polarization at aourrent density of .32 to .48. The in-

crease in acidity apparently o auses a alight setting of the 

gelatin, or at least there is a viso.osi ty change at this 

ourrent density. The presence of tha acid probably is the 

cause for the 1noreasad polaritat1on at u.nusu.al.ly low cur• 

:rent densities. Acid in greater oonoantmtion causes tle 

precipit at1 on of gelatin. 

The two remaining experirmnts of this series involves 

the use of l. 5 pe:r,-_ cant gelatin in the ooppa r sulfate elec-
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Table 17 

0., 5 Mol~ 0US()4; 
T • 25.0 c. •· 0.5% Gelatin; pll • 3.34; Pk Oa.tho~e; 

··-1L2. ·.· E. · };[. F. :Polarization 
fina Amps. Cathoae -· Midd.1e' Anod.e ·- Cathode Anode .· 
Mi:u. O, D .. volts · · Volts Volts Volts Volts 

.. , ....... 

l 0.16 0.1843 o.11so 0.1527 0.1426 0.0394 
5 o.J.G 0.1852 0.1154 0.1358 0.1396 0.0368 
9 0.16· o.1asa 0.1147 o.·1325 o.1442 0.:0328 

14 0.16 0.1883 0.1144 0.1311 0.1474 o.oz34 
lo 0.32 o.s127 0.2$57 o.25a1 0.1540 0.0448 
20 0.32 0.3121 o.2361 o.25so 0.1520 o.0438 
24 0.32 0.3124 o.2364 0.2577 0.1520 0.04:95 

27 0.48 0.4558 o.3&48 0.3908 0.1820 0.0520 
31 o.48 0.4536 0.3660 0.3913 0.1752 0.0506 
35 o.48 0.,4514 0.3671 0,3923 0.1686 0.0504 

3'/ o.&4 0.5912 o.4876 o.51'14 0.2072 0.0596 
41 0.,64 o.5849 0,4898 o.5190 0.1902 0.0596 
45 o.s4 o.5824 0.4906 0.5204 o.1a35 0.0596 

47 o.ao 0.7229 o.613c 0.6485 o.21as 0.0698 
51 o.ao o.'1184 o.s1s2 0~6493 0.2064. o.ose2 
65 o.ao o.7166 o.6162 o.&50J~ 0.2006 0.0678 

6'1 0.96 _o.a4r10 0.7373 0.7754: 0.2210 0,0762 
61 0.96 o .• S46u o.138~ o.'tr/56 0.2154 0.0744 
66 0.96 o.a456 o.113ae o.?755 0.2134 0.0734 

67 1.12 0.,9855 o.es19 0,9022 0.2472 0.0806 
f/1 1.12 0.9840 0.8622 o.9013 ·· 0.,2446 o.ove~ 
75 1.12 .0.9833 0,8625 0.9010 o.2425 0+0?70 

81 1.28 1.1194 o.gaos 1.0205 0.2772 0.0794 
85 1.28 1.1208 0,9792 1.0201 o.2a32 0.0818 
89 ·l.28 1.1207 OtO'l90 1 .. 0199 0.3034 0.0818 

93 1 .. 44 1.2535 l,1003 1.1429 0.3064 0.0052 
97 1.44 1.2611 1.1001 1.1425 0.3020 0.0848 

101 1.44 l.2409 1-1004 l .. 1428 0(\2970 o.oa4s 

103 l,60 l..,3801 1.2111 1,2627 0,3260 O.O912 
107 1.so . l.3'/85 l,2166 1,2616 O.324O 0.0902 
lll l.60 l.3758 l.2158 l.2613 0.3200 0.0910 
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Table 17 oont 't 
.. . ... ,. ·~--· 

. . _ .1L2 . E .. l\{. F. Polarization. 
Tima . AnlpS-, datiiocie .. .Jllda:Ia Anode oailiode Anode 
Min. c. Do Volts Volta Volts Volts Volts - ' ---
113 2.00 l.6991 l.4959 1.5492 o.4064 o.o9aa 
117 2.00 leG946 1.4941 1~5453 0.4010 0.1024 
121 2.00 1.6900 1~4928 1~5441 0.3944 0.1026 

123 2,40 2,0113 1.7748 1.8326 o.4730 0.1156 
1217 2.40 2~0055 l.7739 1.a299 o.4632 0-.1220 
131 2,40 1.9992 l~ 71110 1~8285 o.4564 O~il.50 

133 2.80 1.5465· 2 •. 0570 2;1221 o.5264 0~1302 
137 2.ao 1.6418 2.0640 2 .. 1172 o.s174 0.1204 
141 2.ao 1.5375 2~0605 2~1145 o,s1os 0,127G 

(1~6687) 
143 3.20 l.'1118 2-.2842 2.S530 

(1~5645)" 
0"'5670 0,1376 

147 3.20 l,7053 2.2792 o,5674 .Ofl360 2.346'1 
(1~5625) 

161 3,20 l.6988 2 •. 2730 2!>4437 0.,5502 0.1414 
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trolyte, one a.t a pH of 31142 and the other at l.99 •. The 

data reSll.lt ing from these two :mns are given in Tables 18 

and 19 respectively. 

i'he r'tlll using the electrolyte o:f pH 3,42 gives the 

apparentl~ nonnal polarization dnorease. but at the 11nusua.1-

ly low current den$! ty of 0.48 amperes. The curve showing 

theso tesa.lts in pla.aa tr:f oha.nging ita course to nearly 

vertical after this nonnal polari za.ti on ino rease, continues 

on with rapid :polarization inoreaaes with increasing omrent 

density. The ·maximum of' polarization ia 1.18 volte and oo-

ou:ra at a our:rent dens! ty of 2~80 amperes. At the ourrent 

density o:f fi.20 ·am:Perea tba polarization decreaaea to appr.ox-

imately • 706 volts, whioll decrease ie probably t ha result 

of both tbe slight evolution of hydrogen and to the heat 
effeot. due to i:oore{laad resista.nae. This beating effeot has 

11qnified tb9 gelatin in oont act With too electrode and 

allowed a freer pass.age of copper ions, benoe the lower pol-

a.riz a.ti on. 

The curve gtn:og the results of tba same oonoentration 

of gelatin but with a pH of 1.99 ie still more abnormal. Its 

first polar! za.tion inorea.ae oooura norm.ally as compared to 

the others. Then a seoond increase comes at a current density 

of a.bout 0~32 amperes and increases fo.irJ..y rapidly to 2.0 

ompsroa, at which current density bydrogen was evolved. Thus 

in solutions of high gelatin content and oont aining appreci-

able e.oidi ty, hydrogen is evolved with less wolk than the 
deposit,!_9n of oopper at current densities of 2 amperes and 
more .. 
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Table 18 

0.6 :Molar ouso4 ,r 1.5% Gelatin; pR • 3.42; pt Cathode; 
T = 

.. 
1L2 E. M. F. Pola.rizati on 

Time Amps. Cathode -filddie Anode· Oatiioiie Alloda 
llin. O. D. '.cfolt e Volts Volts Volta Volts -

2 0.16 o.1978 · 0.1254 o.1498 o.1428 0.0468 
6 0.16 0.1991 ·o.125s 0.1483 o.J,466 o.0450 

10 0.16 0.2006 0.1262 o.1469 0.150a o.04sa 
13 0.32 0.3352 0.2486 0.2'156 0.1'132 0.0540 
17 o.s2 0.3326 0.2500 0.2750 0.1652 o.osoo 
21 0.32 0.3318 0.2511 0.2'145 0.1614 o.0468 

'\ 
23 o.48 o.4'>'o6 o.zaoa 0.4082 o.1796 0.0548 
27 . 0.48 o.4706 o.za12 0.4073 o.17as 0.0522 
31 o.48 0.4701 0.3815 0.4072 o.1762 0.0514 

33 o.64 0.6110 o.5113 0.5400 0.1994 0.0690 
37 0.64 ,0.6122 -0.5112 o.5401 0.2020 o.0578 
42 0.64 0.6130 0.6107 0.5395 0.2046 0.0576 

44 o.ao o.a321 0,.6428 o.6753 0.3786 o.o&so 
48 o.eo o.8338 o.6423· o.6745 o.3aoo 0.0644 
52 o.ao o.a55o o.6415 o.6740 0~3870 0.0650 

54 0.96 0.9949 0.7732 0.8085 0.4434 0.0706 
58 o.96 o •. 9980 0.7121 o.ao70 o.4518 o.osga 
62 o.96 o.9996 o.7714 0.8056 o.4564 0.0684 

64 1.12 1.1496 o.a9a4 o.9357 o.5o24 0.0746 
68 1.12 1.1530 o.8977 0.9331 o.5106 0.0708 
72 1.12 1.1552 0,8968 '0.9309 o.5186 0.0682 

'14 1.2a 1.3060 1.0232 .l.0596 0.5656 0.072a 
78 1.2a 1.3102 1.021s l.0663 o.5768 0.0690 
82 1.2a l.3135 1.0204 1.0531 o.5862 0.0654 

84 1.44 1.4676 l.1446 l.1785 o.6462 o.osao 
88 1.44 1.4732 1.1428 l.1733 o.Gsoa o.os10 
92 1.44 l.4794 l.1411 1.1684 o.6766 0.054& 

94 l.60 l.6625 1.2626 l.2889 o.7798 0.0526 
98 1.60 1.6571 l.2621 1.2841 0.7900 0.0440 

102 1.60 1.6608 1.2618 1.2789 0.7980 0.0340 • 
106 2.00 2.ll50 1.5952 1.6123 1.0396 0.0342 
109 2.00 2.0686 1.6089 l.6142 0.9992 0.0086 
113 2.00 2.0450 1.6132 1.6117 o .. 8636 -0.0030 
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Table 18 cont'd 

.· 1L2 E. M.·F. Polarization 
Tiine Amps. Cathode . Middle Anode Oathode Anode 

c. D. Volts Volts Volts Volts Volta 

2 .. 4 (l.5800) 
115 2.40 2.3700 1.8644 l·.8588 1.0112 -0.0112 

(1.5630) 
119 2.40 2.3295 l.8749 1.8616 0.9082 -0.0266 

(1~6335) ,;-: . ' 

123 2.40 2.3002 l.8805 l~8E'15 o.8394 -0;0260 

125 2.ao {J .'1620) 
· 2,.6430 .2;1610 2;1503 · 0;9640 -0·~0214 
(l.7250) ' 

129 2.ao 2~5875 2~1650 2.1710 0~8450 0.0120 

2~80 
(l.7025) 

133 2~'753'1 2~1626 2~1878 l.;1822 0.0604 

135 3.20 
c1;a43o)c1.512a)c1.s970) 
2.7645. 2 .. 3592 2.3685 o.a1os o.01a6 

(1~8250)(1.5728)(1~6029) ' 

139 3~20 2.7375 ... 2.3692 2.4043 0~7566 0~'0902 
(1~8060) fl. 5707) (1~ 6101) 

143 s.20 2.7090 .,. 2.3560 2.4161 o.7060 0.1182 
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Table 19 

o.5 Molar ouso4; l. 5% Gelatin; pH= 1,99; J?t o~thode; 
T == 

..•. .., 

. . ll2 E. M. F. · Polarization 
Time Amps,. cathode --Middie .Anode <lalihode Anode 
J.tl.n. o. D. Volts Volts Volts Volts. Volts -

l 0.16 0.1940 0.1097 0.1225 0.168G 0.025& 
5 Oitl6 0.1903 0.1102 0.1229 0.1602 0.0254 
9 0.16 0.1927 o.1oa7 0~1214 o.1sao 0~0264 

12 0.32 o.3175 0.2249 0.2440 o.1as~ o.ozs2 
16 6.32 0.3ll6 0.2260 0.2454 0.1712 o.o3sa 
20 0.32 0.3137 0.2251 0.2440 o.176~ o .. os7a 
22 o.48 0~4411 o.3337 o.55'10 o.2148 0.0466 
26 0.48 o.4366 0.3348 0.35~7 o.2ozs o.0458 
30 0.4a o.4382 0.3340 o.5572 o.2oa4 0.0464 

32 o.&4 o.5760 o.439'7 o.4671 o.2726 0~0548 
3G o.64 o.5790 o.4za2 o.4966 o.2e1a 0.0568 
40 o.64 o.5soa ,0;4372 0.4666 0~2872 0.0588 

41 o.ao 0.7291 o.;5555 0;5902 0.M72 0~0694 
46 o.ao o.1zoo o.5548 o.5905 o.s5o4 0.0714 
48 o.ao 0.7300 o.5547 o.5905 0.3506 0.0716 

49 o •. 9& o.sG21 0.6G72 0.7073 o.za9a 0.0002 
53 o.96 o.eG21 o.6G'13 0.7070 o.sas& 0.0794 
57 o.96 0.8628 o.6G75 0.7059 o.590& o.0788 

58 1~12 0~'9880 o.7770 o.a202 0.4220 · o.OB64 
62 1.12 0.9879 o.7770 o.8195 0.421a .Q.0850 
66 1.12 o •. 987'1 o.7771 o.a192 o.4212 0.0842 

' ' 

67 1.2s ·l.1120 o.aa67 o.9515 o.4506 o.oe96 
71 1.28 1.1122 0,8868 0.9305 0.4608 o.oa74 
75 1.2a 1.1122 o.a868 0.9301 0.4508 0.0866 

76 1.44 l.2375 o.9972 1.0438 0.4806 ,0.0932 
80 1.44 l.2376 o.9964. 1 •. 0425 o.4824 0.,0922 
84 1.44 l.2375 0.9957 1.0421· 0,.4836 0.092a 

85 l.60 l.Z603 1.1029 1111531 0.5148 0.1004 
89 1,60 1.3607 1.1020 1.1522 0.,5174 0.1004 
93 l.60 1.3609 1.1013 lal5l8 0.5192 0.1010 

94 2.00 1.6668 l.3646 1.4222 o.6044 0,1152 
98 2.00 l.6691 1.3614 1.4187 o.6154 0.1146 

102 2.00 1,.6707 1.,3593 l.4172 0.,6228 0.1158 
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The :final set of polar! zation measurements were n:a.de 

w!th only slight variations in pH and temperature. The data 

given in Table 20 ara the results of polar! za.tion nna.su.re-

ment s using 1/2 molar copper sa.lfate. 1/2 per oant gelatin., 

platinum electrodes. at a pH o:f' 3.40 and at 24°0. Tb.a tem_p-

ei-ature \'las not accurately controlled a.t thia value, 

This data la uhown. gra.phic~ly in Pl.a~ e IV as curve 1. 

The initial imraase in polarization is approximately that 

quite charaoteristio of 100.ny previous imasu:raments. !J,?he 

second ill)rease in polarization ooours at a, alightl.y lower 

ourrent densit1 than nor1nally. It me.y be t}¥lt this slight 

a.bnollna.lity may be due to tba 10\ver temperature of the oell, 

Since small temi;eratu.re obangea ,el.tar very- markedly the 

Viscosity of gelub.tn cont o.ining solutions. The deviation 

from a. smooth curve at a current density Of 1. 60 run:p~res 

cannot be explained • .Beyond that current density tba curve 

proceeds very uniformly. 

The data oftm aeoond. mn of this series ie given in 

Table 21 and is shown graphioslly as ourva 110. 2 in Plate 

IV. In this exporinsnt tbe a.oidi ty is very nearly the same 

as in the previous run, but the :faotor varied is tompera.ture. 

The four degrees increase in temperature played a yery 

notioeablo part in delaying tbe apparent gela.tion of the 

electrolyte. The inorea.ee in polarization owm a.t a. current 

density Of 1.12 an1i::eres, whioh value is some higher t ban 

the corresponding points in the previous plates, Why some 

of these ourvos with only very slightly varied oond.itions 
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'l!ablo 20 

o. 6 :Molar ousoA• 
'.1?•28.2°0. -

0.5% Geis.tin; pH= 3.42; Pb Cathode; 

..... 
1L2 E. M. 1. Polar!za.tion · · .. 

~'-ma A.mps. cfat1iode :@.de1Ie' · Anoa.e ba£nod'.a , A.node.,. '. 
!-1-.A:.. c. D. Volts Volta Volta . Volts · .·volts ~--·· ·-

l 0.16 0.190 0.1185 0.1200 0.1430 0,0030 
5 0.15 O.1791 0.1173 O.1193 0.-1235 0.0040 
9 0.16 o.1aoa O .. llGO O,ll.86 0.1290 o.,oos2 

(, 

14 O.32 O.3138 0.2356 o.2452 0.1564 O·e0l9B 
J.8 0.32 0.3118 0.2357 O. :'A55 0,.1522 0.019a 
22 0.32 o.31J.3 0.2355 0.2458 o.1516 0.020& 

24 o.48 0.44Gl. 0.3593 o.3722· o.1'736 o,0258 
28 0.48 o.4.-410 o.36O3 0~3733 0.1614 0,0260 
32 0.48 0.4398 o.5607 o.z755 0.1582 o.025G 

34 0.64 0,5644 0.4742 0.4885 o.1s04 0.,028G 
38 0.64: 0,5613 o.4'74.8 0.4893 0.,1730 0.0290 
42 0.64 o.5595· o.4763 0.4900 o.1ea4 0 •. 0294 

.... .,1., 

44 o.eo 0.6922 0,.6990 0,6152 0,1864 0.0324 
48 o.so 0 .. 6858 0.,6000 o.s105 0.1136 0.0330 
62 o.eo o .. 6851 o.Goos o.6168 0.1&9& o.owo 
53 0*9G 0 .. 8073 o.'loa11 o. 72'11 o.1972 . 0,0368 
57 0.96 o.aoza o.7094 0.7284 o.1aaa 0.0300 
61 0.96 0,8012 o.7O96 o.72aa o.1s32 0,0384 

.62 1.12 0.9405 o.a213 0.8422 01112384 0.0418· 
66 1.12 0.92917 o.a235 o .. s435 0.2124 0.0400 
70 1.12 o.9263 o.a240 0.8443 O .. 2045 o.0406 
72 1.20 1.09 0.94 0.967 o.oo 0.054 
76 1.28 1+0895 0.94 o.9666 o.oo 0.054 
80 1.28 1.0830 o. 94J.3 o.9674 0.2836 o .. 0524 

82 1;,44 l.2318 1.0586 1.os12 o.:.¾64 0.0452 
06 1.44 1.2285 1.0583 1.oa1O o.3404: · o.0454 
90 1.44 'l,2266· 1.0581 l.O600 0.3368 0.0446 

hi 

91 1.so l ,.,..~O"' .t.Je.1 ,.'.) 1.1662 1.1893 o.0Gs2 0.0472 
96 1 .. 60 l.3484 1.1665 1.1aoo o.3658 0.0468 
99 1.60 1.3463· 1.1648 1.1881 0.3630 0.0466 

100 2.00 l .. 6433 1.4316 1.4575 o.4234 o.O518 
104 2.00 1.6410 1.4308 1 .. 4660 0.4204: 0,0604 
108 2.00 l.6390 l.4296 1.4589 O.4188 .O.O585 
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Table 20 cont'd 
'-•" 

' .... ~[2 E. M. ]'. Pola.l"ization 
~!ime ft..ru,P::, • 

# ... "-- "1'-- Oatnode Anou'.a (;&;(,ll.Od8 . Mio.u.le .A.r.1.ou.e · 
Jain. c. D. V~lts Volte Volta Volts Volts -· ·- ............ ......... ...... 
109 2.40. l.9322 l.6975 1.7232 o.4694 0.0514 
113 r.;.40 l.9210 1116875 l .. i7120 o'.4670 0.0490 
117 2.40 1~9096 1:.6760 f .. 7.012 0~4672 0.0604 

118 . 2.ao ~.2603 2.,000G 2.0290 o.5194 0.0568 
122 2.ao ~.2563 l,139119 2,0265 0.5168 0~05'12 
126 2.eo 2.2512 1.9936 2 .. 0239 0.5152 0_~0606 

(1,6340) 
2.1'192 127 s.20 2.4610 ·2.210'1 o.o43G o.osso 

5~20 
(l.6473) 

2.,1970 0~0636 131 2.5709 2.2&88· 0.7478 
(1.6431) 

135 3.20 2.-4646 2.1~24 2.2~69 0~6444 o.os70 
(l.6366) 

139 3.20 e,,J:549 Z,l8ZO E.2:i.76 0.6438 0.0690 
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!(!able 21 

o.5 Molar cu.so4; 0.5% Gala.tin; pR • 3.39; pt cathode;_ 
0 ' T = 28.0 o. 

.. 
,, 

. l.fp E. M. F. Polarization 
Time Am.PSt ca"iliirae .--Midd:i.e .A .. 11ou.e Oatii"odo' A.node 
Min. o. D • Volta . Volts Volta Volts Volts· -- ............ ..,.",r,,,,,F,..~ 

l O.lG· Q._1904 ,0~J,267. 0~1343 0.1274 0.0152 ,.. 
~i 0~16 0.1902 ,, o .. 12eo 0.1336. 

'' 
0.1272. 0.0140 

9 O.lG 0 .. 1925 . 0,-1252 . 0.1322 o.134a- 0.0140 
13 0,16 0,1943 0.1243· 0.1314 ' 0.1400 0,.0142 

16 0.32 0,3155' 0~2395 0.2511 0~1520 0.0232 
20 0.32 0,3139 ·, .. Qll2402 o.2a12 o.14t,4 0.0220 
24 0,3.2 0.3l35 0.2404 0.2510 0.1462 0.0212 

27 o.4a 0,4465 0,3648 . 0,3793 O.l6M O.OS90 
31 o.~1:a 0.4442 ·o.5657 o.:;795 0,15110 0.0276 
35 o.48 0.4432 0.3661 0.3797 o.1542 0,0272 

35 o.64 0,5807 o.483G 0.5014 0.1942 0.0356 
40 0,64 0,5730 o.1a5a 0,5030 0,1?44 0.0344 
44 0,64 o.5711 0.4861 o._5034 0.1100 o.OM6 
45 o.ao 0,70.50 o.ao71 o.G2s& o.1958 0.0430 
60 0,80 o.5998 o.-soaa o.6295 o.1soo 0.0424 
64 o.ao o.Gse2 a.Goss o.szoo 0.1129 0.042a 

56 o.96 o.e275 0.7245 0.7473 0.2060 0,0456 
69 o.96 o.e2zs o.'1257 o.'1480 0,1952 0.0446 
63 0.96 0,8212 o. 7258. o.7481 o •. 19oa o.0446 

64 1.12 o.9464 o.8423 0,8652 o.2os2 0.,0458 
65 1.12 0.9460 0.8422 0,8648 0.20)76 0.0452 

70 1.28 l.1410 0,9564 0,9785 0.3712 0.0452 
74 l,fi8 1,1397 0.9500 0.97'18 o.Z6'14 0.0456 
'18 1.2a 1.1389 o.9546 0,9773 o.3686 0.0454 

79 1.44 1,2743 1.0756 1.0967 0,40l.4 0,0462 
83 1.44 l,2726 1.0732 1+0957 o.s9as 0,0470 
87 l,44 1,2712 l.07ZO l.0948 0.3964 0.0436 

88 1.&o 1,3995 1.1878 1,2098 0.,4234 0~0440 
92 1.,60 l.3978 1.1870 1.2088 0,4216 0.0436 
96 l.,60 l.3955 1.1862 1.2077 0,4206 0.0430 

98 2.00 1.7069 1.4685 l.4910 0.,4768 0.0450 
102 2.00 • 1.7045 1 .. 4660 l.4893 0.4770 0.0466 
106 2.00 1. '1022 1.4664 1.4877 0.4716 0.0426 
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Table 21 cont'd 
... 

. . . . 1L2 !1.•. F •. Polarization 
fime Amps. eaUhocte -Iudd'..1.e Anode oatb.oa.e Anode 
~-

o. D. Volta Volts Volts volts . volts -- -- -- ...... &teee,nffl•· .... ,all ... --
108 2.40 1.9788 1.7167 1,742$ o •. 5242 0.0512 
112 f-.40 l,9747 l.7136 1.7402 0.6222 0.0532 
116 2.40 l.9718 l.7117 l.7384 o.s202 0.0634 

117 2,80 2.2970 2.0108 2,.0398 0.6724 o.osao 
121 2.ao 2.2922 £.0068 Z.0566 c.5728 0.0614 
125 2.ao. 2,2873 2.001a 2.0338 o.5710 0 •. 0640 

( l.6897} 
2.2308 126 . z.20 2.534t5 ~,2635 0.6074 0.0654 

(1116860) 
150 z.20 2.5290 2.2275 2,2595 0.6034 o.0646 

(li,6820) 
134 s •. z, 2,5230 2.2252 2 .. 2557 0.5996 0.0550 
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should '• ao d1ffereia oan onl.3 'be expla1r»cl bT tba faot 

,., \ha properties of gala, in aolia1ona olwge J.'apidl.7 

w1 th alight obo.ngeo of ,emperatllN• .PH aai oonoe°"ra:tion. 
In other words the gelatin solutions are quite sene1t1Te 

\o smaJ.l ohangee in oon41 t ione. 

'!he data of the third aa.rve sown in Pla'• IV 1a 

given in Table 22. !hie table r•p:resea e da\a taken acle:r 

oonditlona Ter, similar \o ,bat in l!abl• 21. •xoeptiq 

'\he eall ahaage in _pl! :troa 3.39 to 3.42. T1'1a oVTe ab.on 
t•D4•no1e e Tel'J' s1mila:r '\o curve 2 111 , hte eaae pl.ale. !Jl.e 

imr,ortmt point ia that the oba:nge of ,oz in pH ,u111.1ea 
almost no TarWion in \he ow.rve over :se. 2 ourTe uUl 

after a our re- ten.sit 1 of 1.12 wa.a na.oi.1. 
'!able 21 g1vee ,u da,a tra ane xperi.Mm of a ellgls 

different oharaotei- \him the prevlne =•• desori NA in. 

,111a aeo\1on. In plaoe of -.1'11l8 va:d.&11 one in ovrem &en.S. \7 
an4 •aal'S.ng \he r•a,peot1Ye polar118'iona. t Je Ollrte?S a.a-
11,J' was naalm ained a\ a o0t'lstsi11 val.11e af o,a ampe:ree per 

8Q!ll&n dooimefer aDl \ ht pOlan aatian meanred as a fllmtion 

of ,1 ... !lle aea.suremem a give 'tlle data when 11a1ng l/2 per 

oent gelatin, 1/2 mola~ oopper mlfa\e an4 a pH of 3.38; 

'Yl>ltage reM.iir .. a we%e taan eve17 2 lo Z mimn••• on Plate V 

ia plotted the 4.at a gt ven in ,hie '!able 28 ae 011.ne 1. 

ADft bar aperi•n.t ot a a1&1lar -.,ve waa mad.e Ulller 

,he aaa oan4.1t lone ae ,he one ~u, pre"fioae. '!he onl.7 dit-

terenoe being that \he pH waa 3.3? in _plaoe of 3.38. read• 

inge •re ta.an ut ten mlnme intervala an4 Ule n.n was oon-
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Table 22 

o.5 Molar ouso4 ; 
!!? = 24.o0c. 

0,5% Gelatin; pH = 3,40; Pt Cathode; 

1L2. E.. M. F .. · Polarization 
Time Amps. Oatiioa:e ... iU:ddla Anode Oa"tlioda An.ode 
Min. c. D. Volts Volta Volts Volts volts -

1 0.16 0.-1808 O.119s o.12e1 0.1220 0.0166 
5 0.16 0.1883 0.1240 O.132a o.12a6 0.01'16 
9 0.16 0.1904 o.12so 0.1315 0.134a 0.0170 

13 0.16 0.1917 0.1223 0.1308 0.1388 . 0,0170 

15 0.32 0-.3290 0.2453 0,2603 0,1654 0,0280 
19 0.32 0,3265 0,2467 0.260a 0,1596 0,0282 
23 0,32 o.z27O 0,2460 0.2609 0,1620 0.0290 

26 0.4s 0.,4694 o.zso6 0.4010 0,1776 0,0408 
29 0,48 0.4575 0.3727 o.3928 0.1696 (),0402 
33 O.4a 0,4573 0,3'728 0.3935 0.1690 0,0414 

55 0,64 o.5993 o.4982 0,524:3 0,2022 0.0522 
39 0,64 0.5980 0,4985 0,5260 0,1990 0.0550 
43 0.64 o.5927 0,5000 o.s2a1 o.1es4 0.0552 

45 o.oo o.7463 O.G2'!7 o.6615 0.2572· 0.0676 
49 o.ao o.7411 0,6292 o .• 6629 0,2238 0.0674 
53 o.ao 0.1305 0.6303 o.6638 0.2164 0,0670 

55 o.9G 0.9220 O.7550 0.7932 o.534O 0.0764 
69 o.96 0.8924 0.7510 o.7849 o.2s2a 0.0678 
73 0.96 0.8888 0.:7522 o.7855 0.2732 0.0666 

76 1.12 1.0630 0.,8762 0.9132 0.3736 0,0740 
80 l .• 12 l.0605 o.8771 0.9128 0.3668 0.0114 
84 1.12 1.0585 o.8771 o •. 9122 0.3628 0.0702 

86 1.28 1.2046 1.0000 1.0383 0.4092 0.0766 
90 1.2a 1.2023 1.0001 1,0375 0.4044 0.0748 
94 1.28 1.2000 1.0002 l.0370 o.3996 ,0.0736 

96 1.44 J •• 3404 1 .. 1211 l.1609 o.4586 o.o'/96 
100 1.44 1.3369 1.1210 1.1593 o.4318 0,0766 
104 1.44 1.3339 1.1208 1.1581 0.4252 0.0746 

106 l.60 l.4591 l.2310 l.2711 o.4562 0.0802 
110 l.60 l.4558 1.2307 l.2694 o.4502 0,0774 
114 1.,60 1.4523 l.2398 1.2680 0.4250 0.5664 
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Table 22 cont 'ti 
. 

!ime .Ampe. 
1L2 d· 1(. ... dalho!eU!e Iiiode 

PGlarisat.i on 
dalhole · .Anole · 

Kln. o. I!• Volte vo1,a vo1,a vo1,. Volta -
116 2.00 l.'1'104 l.5ll9 1.6568 0.01,0 o.oata 
120 2.00 l.7655 l.LllO 1.6532 0.5090 0.0844 
1N 2.00 l,'1620 l.5101 1.6513 o.5038 O.OH4. 

126 2.40 2.0'148 1.'1910 1.83'/6 o.56,a o.ota> 
130 2.4,0 2.0693 l.7893 1.ss,, 0.1>&00 o.09so 
134. 2.40 2.063, 1. 78'70 1.as2, o.6516 0.0914, 

(l.5906) 
186 2.so 2.3859 2.0,to 2.12,1 o.&11& 0.1002 

(l.6855) 
140 2.80 2.3Y82 2.0'140 2.1235 0.608ft o.om 

(l.5821) 
144 2.80 2.3'131 2.0706 2.1213 0.6060 0.101, 

(1.VS95) (1.5598) 
146 a.20 2.6092 2.2853 2.33', o.M,a o.10&a 

(1.7344) (1. 5666) 
150 a.20 2.6016 a.2,ts 2.5547 o.6446 o.uoe 

( 1.7305) (1.55'8) 
164 a.20 2. 595'1 2.2'153 2.3322 o.MOa o.11s9 
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Table 23 
0.6 Molar Cuso4 ; 1/2% Gelatin; pH = 3.37; Pt Cathode! 
26.5°c; at constant current density, .QB Amp.per Dam. 

Po arization 
Time. Amps. cathode lnode 
Min. c. D. Volts Volts 

0.0 .7873 .6310 .6581 .3126 N.D. 
4 .7921 - .6358 • 662'1 .3126 
6 .7893 .6345 .6613 .3096 
9 .7873 .6337 .110'1 .3052 

12 .7898 .6370 .6651 .3056 
17 .7908 ,-63S7 .6658 .3082 
22 .7926 .6373 .6671 .3106 
28 .7944 .6390 .6693 .3108 
33 .7964 .6393 .6697 .3142 
38 .7968 .6405 .6708 .3106 
43 .7928 .6405 .6708 .3046 
48 .7902 .6405 .6708 .2994 
58 .7910 .6432 .6736 .2956 
68 .7893 .6424 .6728 .2938 
78 .7903 .6436 .6740 .2934 
88 .7855 06413 .6714 .2884 
108 .7820 .6194 .6685 02852 
138 .7832 .6396 .6678 .2872 
148 .7830 .6389 .6673 .2882 
158 .7820 .6387 .6668 .2866 
168 .7808 .6384 .6666 .2848 
178 .7807 .6387 .6664 ,2840 
188 .7800 .6381 .6665 .2838 
198 • 7782 .6380 .6667 .2804 
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tinued over a period of 198 mim1tes. These res:tlts are given 

in Table 24 a.i:ul plotted as curve 2 in Plate v. 
' 

Table 25 la a run similar to these two above and the 

reS11lt s of this om are plotted as curt"e 3 in :elate v.,/ 
Two important points a:ra brou.ght out in these two cur-

ves o:f polari.zatl on as o. fu.ncti on 'J f time. Tho first one is 

that poJ.o.rization is nearly oonstent regardless of time with-

'1171the thl"ea h:,ur poriod. The seoond is tha.t no break in the 

curve occurs o.ftor a o.uratton of 45 minutes.; 

During the study oft.lie previous polariza.tion experi-

ments one might suspect that tho ire roasa i11 polari zeti on 

00 cha:i:o.otarist ic of some of those curves vtith a current 

1.lensity of o.a 8ll\l)ares might hava been a function of time. 

Sinco these three ourvos show no abrupt inoraase in pol~r-

ization at tho encl o:f a 45 minute period.• the o~nclusion is 

that polo.:tlza;tl on .is independent of t irne. 

Summary 

l. The polariza.ti on of the cu/cu++ electrode using 1/2 

molar copper ru.lfute electrolyte• with copper or platinum 

oleo1:roa.ea o.t 25°0. a.mreasee linearly with onrrent density. 

2. • The polar! zo.ti on of t b3 cu/cu++ electrode using _l/2 molar 

ooppe r sulfate eleotrolyte containing 1/2 per oent gelatin 

o.t 26°0, ,..,1. th copper eleotrodes. or with platinum eleotrodes, 

is nm.ch great er than when no gelatin was :present. 
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Table 24 

o.5 Molar cuso4 ; 1/2% gelatin; pH p 3.38, Pt Cathode; 
25. ooc; at constant current density, o. 8 Amp. per Dom2• 

1/2 E. M. F. Polarization 
Time Amps. Cathode :Middle A.nod.a cathode Anode 
Jilin. C. D. Volts Volts Volts Volts Volts -

·1 0.8 .7206 .6215 N.D • .1982 
2.5 • 783 .624 .318 
3.5 .7857 .6284 .3146 
4.5 .7887 .6315 .3144 
5.5 .7880 .6312 .3136 
6.5 .7886 .6313 .3146 
7.5 .7904 .6325 .3158 
8.5 .7921 .6338 .3166 
9.5 .7922 ~6338 .6564 .3168 

11 .7924 .6345 .6564 .3168 
13 .7927 .6355 .6568 .3144 
15 .7918 .6359 .6575 .3188 
17 .7912 .6359 .6568 .3106 
19 .7922 .6368 .6578 .3082 
21 .7942 .6383 .6597 .3118 
23 .7936 .6375 .6592 .3122 
25 .7947 .6386 .6604 .3144 
27 .7950 .6387 .6608 .3126 
29 .7947 .6378 .6600 .3138 
32 .7962 .6388 .6613 .3148 
35 .7978 .6400 .6626t .3138 
39 .7983 .6402 .6629 .3162 
42 .7973 .6392 .6622 .3162 
45 .aooo .6418 .6652 .3164 
48 .7990 .6412 .6645 .3156 
51 .8000 .6426 .6660 .3148 55 .7978 .6426 .6659 .31.22 
58 .7980 .6426 .6658 .3108 
61 .7990 .6445 .6676 .3090 
64 .7983 .6448 .6678 .3070 
67 .7976 .6448 .6678 .3056 
70 .7973 .6448 .6677 .3050 
73 .7982 .6467 .6693 .3030 
76 .7974 .6465 .6694 .3018 
79 .7972 .6465 .6692 .3014 
82, .7963 .6465· .6692 .2996 
85 .7958 .6463 .6690 .2990 
88 .7956 .6463 .6686 .2986 
91 .7952 .6462 .6683 .2980 
94 .7948 .6460 .6680 .2976 
97 .7943 .6463 .6688 .2960 

100 .7949 .6473 .6696 .2952 
103 .7964 .6483 .6706 .2962 
106 .7963 .6483 .6703 .2960 



10.Zb 
'I! able 24 Cont 1 d 

" 1/2 E. M. F. Polarization 
Time Amps. Cathode Middle Anode Cathode An.ode 
:Min. C. D. Volts Volts Volts Volts Volts -
109 0.8 .7956 .6479 .6699 .2954 
112 .7950 .6473 .6709 .2954 
115 .7965 6484 .6705 .2956 
118 .7960 .6484 .6705 · .2950 
121 .7955 .6482 .6702 .2946 
124 .7968 .6495 .6713 .3946 
127 .7967 .6490 .6708 .2954 
130 .7972 .6493 .6712 · .2958 
133 .7977 .6498 .6714 .2958 
136 .8000 .6515 .6730 .2970 
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Table 25 
0.5 Molar Cuso4 ; 1/2% Gelatin; pH= 3.38=Pt 2cathodei' 
25°c; at constant c. D. = 0.8 Amps. per Dem. 

172 E. M. F. Polari za ti on 
Time .Amps. Cathode Middle .Anode ·cathode Anode 
Min. C. D. Volts Volts Volts Volts Volts 

m.5 o.s .743 .600 U.D. .286 1'T. D. 
1.5 .770 .615 .310 
2.5 .7736 .6214 .3044 
3.5 .7756 .6237 .3038 
5 .7756 .6246 .6621 .3020 
7 .7751 .6242 .6596 .3018 
9 .7769 .6258 6586 • 302.2 

12 .7760 .6266 .6583 .2988 
15 .7771 .6290 .6597 .2962 
18 .7753 .6281 .6583 .2944 
21 .7768 .6290 .6598 .2956 
24 .7773 .6298 .6603 .2950 
27 .7787 .6313 .6615 .2948 
30 .7803 .6317 .6615 .2972 
33 .7832 .6328 .6623 .3008 
36 .7860 .6344 .6632 .3032 
40 .7874 .6350 .6640 .3048 
43 .7871 .6345 .6640 .3052 
46 .7887 .6353 .6646 .3058 
49 .7896 .6368 .6660 .3056 
52 .7901 .6378 .6664 .3046 
55 .7897 .6380 .6661 .3034 
58 .7905 .6386 .6665· .3038 
61 .7935 .6405 .6686 .304.0 
64 .7927 .6398 .6678 .3058 
67 .7949 .6417 .6700 .3064 
70 .7944 .6417 .6696 .3054 
73 · .7948 .6423 .6702 -~050 
76 .7957 .6427 .6707 .3062 
79 .7988 .6460 .6737 .3056 
82 .7983 .6453 .6728 .3060 
85 .7974 .6443 .6721 .3062 
88 .7986 .6456 .6739 .3058 
91 .7980 .6452 .6732 .3056 
94 .7976 .6458 .6737 .3036 
97 .7992 .6463 .675!1 .3059 

100 .7985 .6468 .6757 .3034 
103 .7965 .6455 .6745 .3020 
106 .7972 .6457 .6743 .3030 
109 .7968 .6458 .6750 .3020 
112 .7968 .6462 .6748 .3012 
115 .7978 .6475 .6754 .3006 
118 .7993 .6490 .6780 .3004 
121. .7975 .. .6472 .6774 .3006 
124 .7972 .6467 .6750 .3010 
127 .7983 .6478 .6753 .3010 
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3. The polarization when platinum eleo·trodes were used is 

approximately equivalent to the polarization when oopper 

elaotrodes were used• other conditions remaining aonstont • 

4. The fi rat inc reasa in polari za.ti on is due simply to ina-

re a.sed v1.> rk involved in deposit1ng oop_per :f:rom solutions oon-

ta.i.ning gelatin. 

6. The seoond rapid iIJCrease in polarization, v,e believe, 

is due to tha partial gelati on of the gelatin. ani the i:no-
reased work necessary to get the copper ions to the elea-

trode and discharged,. 

6. This gelation.is the result of inoreasing oenoentration 

of' tba gelatin in the vicinity of the cathode. 

7, Tha inorease in conoentrution of gelatin in the vioinity 

of tlle oathode is tb9 result of migration of tbe gelatin ions, 

ao to speak, to the cathode and 1mohan.ically a topping there, 

or is the result of migration of the gelatin ions to tbl oath.-

ode; an1. being adsorbed on the copper crystals of the cathode. 

a. Changes in pH alter the polarization ourvea rrarkadlJ 

from those electrolytes which contain gelatin. 

9. Eleotrolytes containing 1/2 molar copper au.l£a.te, 1-1/2 

p·er oent gelatin and a pH of 1.99 evolved hydrogen at a our-

rent d ansity Of 2 amperes par square deoixooter. 

10. Temperature changes alter polarization curves. greatlf, 

11. liumerous minor irregularities in polarization curves 

may be explained by a. eswning that auoh variations a.re the 

result of alight veria.tions in oondi tions. 
12. :eolo.rlzation at 2500. eJld a c.n. of .a am:pereaper square 
deoinnter is praotioall.y independent of time overa 3hour!)ED!i0d. 



ll. stuuy of E;x:aess Weight from Oopper-Gelatin 
Electro-Deposit a 

Int roduo tory 
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It has been pointed out previously that copper elaotrc• 

plated :from copper sulfate solutions containing ge1o:tin gives 

doposit a of greater mass than normal. That ts, if copper is 

plated :from several cells, wh,iah a:re in oories. tbo weight 

of tha deposit from the electrolyte which contains gelatin 

will be great er than the weight of the de2os1t from gelatin--

free eleotrolyt ee, The di£farenoe in masa betwee!l tho en ti Te 
deposit and the contained oo:pper he.s been eh.own by Marie ond 

Buffat (loo.cit.) to oonSist of gelatin &id ou.l:fate. Their 

oono lusi ons that the deposit actually cont einad gelat,in was 

based upon oombusti on analyaos for both carbon and nitrogen. 

During this study the gelatin content of the deposits 

was obtained by differenoe. after too ooppor had boon deter-

mined quantitatively. It \7as found that in noar.J.y e..11 oases 

the actual oopper oontont was sJ.ightJ.f in excess of that 

deposit ad from a ooulometel' solution. And it ie thought that 

this excoss copper was held meohanioally or in an adsorbed 

condition within the deposit• In the electrolyte, since tha 

gelatin migrates toward the cathode* the gelatin must oa.rry 

a positive ionic or adsorbed charge. If. the g~latin carries 

an ionia __ Jlharge, soma proportion of it is·wlth the sul:i:G.te. 
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This latter statement may be substantiated by the faot that 
analyses which will aoon b a given tend to show that more 

sulfate is present in. the deposit than can be acoounted for. 

In this final section numerous examples will be gi van. 

involving this e:xoess weight aa a function of variables. 

In some of the illustrations in the preaadir.g section 

on polar1zati on it was found that two 1Jolarize.tion increases 

rew.lted from soma solution 1vvhiolt contained gelotin. The 

first polari~ation is inoreaaed n.b e. normal rate. The aeaond 

polo.rizati on increase is not 11ormal, strictJ.y speaking, is not 

normal. and may" denote that wo have two eleotrode pl'Ooaasea, 

one ta.king pla.oe between a certain potential; a.nd another 

in oonjunotion with the first ta.king place shows above this 

oertairvv-alue. 

If one or more experiments are carried out at potential.a 

above and belov1 this :polarization inoree,se. then the rnaases 

of deposits should be quite different, when the potential 

is less than o.a volt and when more than o.a volt. 

Exoeea Weight and Current Density 

!l1he fo1101.,,tng elq'>e r,.roont shoi.vs that we do not have 
two electrode procesaea te.king ple~a. Saven 2~hour rune 
were made urd.ng 1/2 molar copper sulfate. oont r;dnlng l/2 

per cent gelatin, at a pll of z. 38 nnd at 2500, seven our-
... 

rent densitj.aa v,ere used. whioh values were veey near those 

given in Tablo 26. It was very difficult to oont inue a run 
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for a 2-hou.r period without slight variations in current 

ocourring. In each rn.n were one to two gelatin cells con-

taining 1/2 molar oopper su.1:f'ate, and one 01• two o oulomet• 

ere. The coulometar deposits were talcen as directly proport-

ional to the quantity of electricity. and .since the time 

faotor \va.s constant, the coulometer de1:>osit was directly 

proportional to the ourrent density. Thus in this experi-

ment a.11 coulometer and gelatin deposits were calculated 

to th& l'espective current densitiaa shown in the· table. 

Tabla 26 

Ou:r:. Den. Coul. Da;e.' Gel. De,e. Exo. wt. 
.,32 lUlllh .0471 gm. .. 0481 &n• .. 0010 gm. 
.64 • 0094 2 .0968 .0026 .as 111296 .1335 .0040 

1.28 .1883 .1948 .0065 
1.84 ,2710 .2852 .0142 
2.40 ,3536 .3730 .0194 
z.20 ./J:.720 ,4961 .0241 

The curve shown on Plate VI shows graphically the resu.lt s 

from tbe above table, int arms of exoess deposit and cur-

rent density. 

The curve in the plate is VeIY regular and smooth, 

and shows no abrupt breulcs. Although an infleot ion ooours 

at about tho canter point. thia change in tba direction of 

the curve has no significant meaning other than indicating 

that the rate of gain in excess weight decreases with in-

crease . in o urrent density above l. 6 amperes. 

At the currant density- of o.ao amperes no change in 



.. :uo - --~--~-

I 
I 

I 

I 
I/ 

J 

I/ 
I 

/ 
/ 

/ V 
V 

~-- / 
/ 

/ Cu RVE. SHI OW/l'i fi eLi TIO 'ff 
I Bt. J TW :£/'I EK< :Es.! W£ 1GHr 

I AYD cu,-, REI fT~ DEM tJT" 
I .5 11.C f/Sl ~- rG:E. '(.A' /ti 

I ,,.; :J., '15 .e.r·c. 
I 

J 
I 
I 

O t 4 6 8 /0 IZ /4 16 /8 zo tz .. Z.4 U, 

D'CESS Wc!6HT IN /1ILLIGP./IMS 

Plate VI 
Exoesa Weight Curve 

107 



108 

,u 41reot1on of the ouYe ooo~•• t, was at , hie aurrelll 

4ena1,1 that the polar1za\1on expe rinen\a 1nd1oate4 a change 

in elaotro4e p%'0oesa migln 1 ak.e plaoe. Aooa.r41ngl7 at abO&lt 

o.e amperes a aearlJ horizontal aegn:ara shOUld be presei:a • 

Ina., 01rYioual7 it is no,. !he uiformlt:, t:bltn 1• interp:retecl 

to aean tha., no ohe.Jlge in aleotrQJ.e prooees ooom.-s a\ o.s 
amperea ounes 4ens1'17• With 1/2 molar copper mlfate. a4 
1/8 per oem gelatin a, 2&00. 

Rela\1on ot :SXO••• Weigh, micl. ourrent ai. Oomtam ourrS1, 
Deuiii.J 

Anothel: ex,p-.i·iuent 11ae made to observe \he e tteot of 

varia t.1on of ovron, bul a.t. a oonst !al'$ au.rrent dena1,,. 

One nn wu nade using a otll'rent of -.0316 arapei-ea and two 
eisee Oi eleot:rocles. OlMa sot of eleot:roa.es measu.red a.ppro> 

iJDateq l.'i'I oe~1me1.e:rs on an e4ge. giving an area of 

nearl.7 3.12 aquar• oenthwtera. 'Pk• other se, waa a.e eent1• 

m,ers equare4, giv 111g an area of 6.25 aq11a:re ••nl1fD8ien. 

'!he ourrent of .0515 amperes gave a cntrren, denail7 of 1 

ampere per 11q111,re a.,01•,er with the smal.lar elec.'4ntea a4 

a ourrent denait7 af 1/2 .aa,u,ere per square c1eo1•'•r with 

,i. larger eleoirod.ea. 

Halt molar oopper alt•• soluiions con~aining var-

labl•equaDU.ii•e of gelatin were uae4 ~• eleotroll',ea w1ih 
both .S.zea of oathod.ea. Al.II> cl.uplioa,e oella were rm Wi\ll 

eaoh oo noent ra\1 on Of gela t tn. The oopper ooulome1ier eleo• 

,ro17'es wre-ma.1:rs ained at ooo. ,o inaure a more aoourat.e 



109 

JNaa1u .. of tba qra.ani1 ,, of eleot:r1o11.J th.a\ tlowett.. Riohazd.e, 

Ooll1na and He1are41 noommend the use at ihe oopper ooulo-

meter at zero degrees Oentigra.u. !ablea &t am !8 glve 

the re1111lt e of \ hi I portion of the experimB•• ~b.eae '"°~ 
,ables are lhown gJ"aphioalJ.7 1n Plate ni. 

Dep •• 3866 .3864 
Ex.Tl\. a.o 7.9 ou. .3'196 .a,,, 
lilx.Cu. l.O l.l 

o,§% ,.i . 
• 58'18 .3884 

9.1 9.t 
• 3'195 • 3793 

1 .. 0 o.s 

.3829 .3816 
4.4 s.1 

• 3'199 • 3798 
1,4 1.3 

.3919 .3922 
12.3 12.6 

.3000 .3798 
0.4 0.2 

__ , .12·;t g~ •..• _____ ._o_&_, __ 5_e_1_._ 
Dep. Exo.w~. 
ou. 
Exo.cu 

.3894 .3895 
9.a 9.9 

• 3'199 • 3'196 
LA.O 0.3 

.3838. . • 38$ 
4. 2 ,i.z 

.3800 .3798 
0.7 o.o 

'1011.lometen .z,aa .s,a, gma. 
!lV3• • 3'/85 gm, .a,ao .ztfM. gma. 

.. 3919 .S982 s,:a. 
12.3 12.6 118• 

.3'198 .3796 gm 
0.2 o.o 

Oo1llometere ___ , __ _ 
,. • B796 • 3'19T 

v.v. j'196 
• 3798 • 3196 
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'!he era.nee were plo1.\e4 :from an appJDnmal• a•erage . 
of the d1lpl1oa,e de'lermiaaiione. 1h"3m ,a o1.1Tf"ee 8114 tbl 

plot,e4 point a rep:reser1' ing exoese we1 gb.i as a f11no\1 on ot 

oonoen\rat1on t¥t gelats.n. ii may be see how far so• 49,.. 

gia,e from a •o:>th ctlffe. '!be we1 €'}l.t O'f ,11, re4epoe1 ,et 
ooppe r 1n taoh of theae ae1.a of duplios.tee agreee wi\h one 

ano,her very wll. 'Ph• fallllN ot the o:rlgt.nal. deposita to 

aar•• with each other ln nase met then be Aue to df.:tfer• 

enoe ln gela\1n oontant. !he four eleotrol7'eaoontainirag 

2.0 per om., gelatin in tb1a double run ••r.• identiaal. 

!he7 were p:rerar-4 as tollon; one hu.ndred and e1x,7 ou.1>10 

oent1me,ers ot a stoo~ soluti~n ot 1.£& molu eopper ml• 

fate was 4.11\'l.,ed to halt m1>lar with 260 onbie ~ent!11Bter1 

d1a,1lled wat0r. 'l'hen to Ihle 400 Ottbio oent 1rete~a of .& 

molar aolution wae a4d&d 8 grams o! gE!lttt1n. the whol• 

healed to &ooo., md \he gelatin d113F10lvect. wi,h elimng. 
Nearly two h,ure warllling at 68 t!) &0° w1 th occaelonal. a,1r-

ring were neoe1aar7 to diasolTe th~ gela\in, since lbl 

Ea.atme.n gelatin was made into tairl7 lh1ok sheets. After 

diasolTing wa1 oom-ple1ie the eolut 1'-"> woe ooolei , o 10°0. 

anl p:>ured into the proper 100 oublo oemlue\er beeltara, 

two ot wbioll were uee4 111.lh the emall 8ll4 two wlih the 

luge eleotreae. 'l'u p1a,1rmm eleotrodes ha4 been prertou-
17 oloantd w1,h nitric aoid, washed c4 ignited. tu a1104ea 

ha4 been preT1ou1ly gl Yen a be aTJ pla\e of o opper fro a a 
oopper 1111ts •••ultcirio ao14 bath. thus ae •url.y aa poa-
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eible all oondi \1 one •r• 1dent1oal, bu\ eiill in aeveral 

oa.aea in \h1a •Aperiment. duplica't.e de_poaits fa1lod -to agree 

in weight. s1noe these d.epotd..\e oon\ain ver,- near].Jr tht 881118 
number of graml of oopper, the err~r mei ba int ho qaan,1 ty 

of e.4.soroed gelatin • 

.iU1:>\ber mn waa made qui\ e al.milar ,o ti. OJ'le ~• 

deaoribea.. ?he onl.Y Tar1a:t1 on was the curr,n\ • whiah wae 
ma1n1adnad at a velue of ,0625 in plaoe of .0318 81\P8N8, 

'!he \w ciifferenk e11es of eleo\rodes were used again in 

,hia run g1 ving with \be large •leotrodee a ourei deneit7 

o'L 1 anpere, and w1 th the emell ~nee a ou:rrent densi i1 of 

2 ampe:rea per aqua.re deoime\ar. '?he reaul,s of this ran are 

ehown in Ta1ale • 29 aD4 IO, anl tba approxla't • average cd 

.tuplioate e:xoesa weights plotied agai:aa\ oo::1oen.\:rsio11 of 

gelatin on Plaie VIII, 
• ! oA( ? 

~,.,v !able 29 I , 
E:mese Weigh'• tr~I x. 011.SO f,Q,.626 aape. ( ,k .uapa per 
deoimeter equa.red) • hours. witgltta in p.a.n4. !21!• 

• 4020 ----
14.1 --

.3889 -----
1.0 --

.12;& gel. 

Dep. .3988 .3989 
:mxo.wt. 10.9 11.0 
ou. • 3897 .3896 
Exo.cu. 1.a 1.6 

.4012 .4010 
13,.3 13.l 

.3892 .3894 
1.3 1.5 

103~ i!l• .s,2, .a9IO 
5.0 6.1 

.3889 .3890 
1.0 1.1 

• ,2!:f gel • 
.4013 .4002 

15.4 12.Z 
.~95 .3892 

1.6 1.s 
Oouloaeiera 

.3878 .aaao 
aT • .3880 

.38Y9 .58f4 -- ..... 
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,~v!alalll SO z_. 

Bxoesa Welgbba fn,~ .5 IL ouso41 .• os2u ADW••<•"-.A.mJ>e• ;per 
4aoime,ei- squq:.re4) .,- l\ hour a, WtJ ghte in graa. &1lll JD@Jlla. 

Dep. Em.w,. ca. Exe.au. 

Dep. BJto.n. 
Ou. 
lzOtOL 

-·--·-
.40,a .4064 

18.2 1'1.8 
.8908 .3899 

l.6 1.3 

.12 gel. 
.4002 .4002 

11.6 11.& 
• 3139f .3898 

1.1 1.2 

,4040 .4043 
15.4 15.7 

.3896 .3899 
0.9 1.3 

.39U .3934 ,., ... 

.3887 .3894 
0.1 o.a 

Ooulo11eter-1 
.asa, · .3886 

&1'• 
.3883 .3111 ..... --· 

!he t em_pe:--atrire of tbe ooulometer bathe was o•o-
Tlle t'ffl:) 011:rvea shown on thie plate ;p-e qm,e noaal 

in ns,1rl7 all reepeots. !he o.-vee etu,wring the exc:,eaa de-

posit e :froJJ'l 8 empo!'es _per equ. ue deail'll$tor seems , o pass 

tk. .. on3}1 ,. ~:z:, .. !1lt'l.m '\hen deollr» sllghtl,1 a'J gelat.111 eono••• 

\.rat1 on tm re~se~. ~his l'\P!)B.M!Jt vartat1 on 19 not oo.mmo11t 

al though oom9 cmrires beoo•• 111a..i1 horl •nt al after pass!.ng 

\b) p~int <tarreepon41ng ,ecnt Jurlf par oent gelatin. !bil 

4$Vlat!. on is 1,,t\e tt'llimportru1, einae 1ta magn1tse 1.e on.1¥ 

a fraoti on ot ~:. milltere.ni. 

In t haae ·Rt) l"1U1S Jue t d esortbed \h~ CO\llometer 4•• 

potits woro n~\ 4 t1- ao.• magnttw.de, am to make a more 

do!il1lte o~rqpArj_}Jon of the effect o:f' dlf:forent current.a 

with \he ew19 a'llJ'rent d.on.Ed.~JT, the weights ot Tabl.e 28 

were -1tlp11e4. by the :taotor 1.0221. This fao\o:r 1s the 

rati, of t'he \• ooul:>me·~or depocJ.t t.i• and these depoatto 

are proport i011al to tba qmn ~1 'tJ of eleot-rlo1ty ti hat fl owed 
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in the tvio runs o:f .0312 and .0625 amperes, both at a our-

rent density of l ampere per square deoimeter. The ratio 

1.0221 eq11ala :::~. Table 31 shows these oal.Oulated res-

ult a, whioh are now on a basis for oompa.rioon to the resu.lts 

Table 31 
0aloulated Exaess Weights from .51,I 0uS04, .0312 Amps. cur-
rent, 5 hours, weights in grrs. and rrgms. 

Dep. 
Exe.wt. 
cu. 
Exe.cu. 

Dep. 
Exo. \7t. 
cu. 
Exo.cu. 

2.0% gel • 
• 4016 .4009 

13.5 14.9 
.3883 .3880 

o.3 o.o 
• 12% gel 

.3980 .3981 
10.0 10.1 

.3890 .3883 
1.0 0.3 

.4006 .4009 
12.G 12.9 

.3884 .3882 
m.4 - 0.2 

.03% gel • 
.3923 .3924 

4.3 4.4 
.3887 .3888 o.? o.a 

.4006· .4009 
12.6 12.9 

.3882 .0080 
0.2 o.o 

Coulometer 
.3880 --

shown in Table 29. The weights from tba calculated table 31, 

mioh represent the current of o.0312 amperes. are smaller 

With only one exception, thon tm oorrespollling ones from 

Table 29, i!1ioh represent e .0625 amperes. This except ion 

when st11died olo-sely, appears to be an erromous reSt1lt; 

when thi~ resu.lt is corrected as near]Jr as possible, then 

all vreigbt s from the current .0312 amperoa are less than 

those from .0625 amperes. 

Since the viscosity of solutions containing gelatin 

changes rapidly \'11th changes in temperature. en interesting 

experiroont should be t m study of t b9 effeot of temperature 

upon the mass of oathodio deposit. In tm several tables 

which-follow are given the results of excess weight deter-
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minations at :several t empera.tures. 

The Effeot of Temperature upon Exoesa Weight 

The S)neral procedure in these tests is qu.ite similar 

to that previously described.. 0.5 molar copper sulfate contain-

ing • 5% gel at in was used at tb:l varl oua temperatures. In 

several insta.noes a oell was inserted _into the hookup whioh 

contained o.o per cent gelatin. These cells give erroneous 

results due to oxide formation, which rew.lt e in all instances 

give too large deposit a. In the tables these results wil.l 

be g1. ven. however, for com.pa.risort I>Ul'_POSos. Tables $2 and 

33 give the resu.lts of two of these mna, at a current den-

sity of 2 amperes per squa~e deaimetera 

Exoess Weight :f'rom • 5 M. 
ooulometer 

Deposit I.0000 
Exo .. Weight ----
Redep. cu. .9995 
Exo. cu. ----

Excess Weight from • fil,t. 

Deposit 
E.xo.Weight 
Redep. cu. 
Exo. Ou. 

Coulometer 
1.0000 ..... 

.9994 

Cuso4 • O.D. 2 amps., 25°0. 

1.023 
2.3 

1.0009 

-·~ i~~54~i. 

0,9 

Table 33 

51.2 
l.0063 

6.3 

ouso4 , C.D. 2 amps.• 

1.0612 1.0526 
'51.2 52.5 

l.0069 1.0069 
6. 9 6. 9 

Ooulometer 
--1.0000 

• 9996 ---
Tba ae experiments \Vara oont inued over a ia riod of 

approximately 5 h~urs and the deposits_ all calculated to 

the ba.£:'lis of 1.0000 gram of ooulometer copper at the rasp-
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eotive tem_pe ratul"e. The runs -whose data are gL van in these 

two tables were made on different deys; they are duplicate 

ru.ns but not in the sense of having been ma.de at the a a.ma 

time. The exoass weights from the gelatin oells are in very 

good agreement oonsidering the large amount of the deposit. 

Table 34 shows the excess weight data from gelatin 

cells at 21° and 30°c. • half molar copper sulfate and J> per 

oent ge lat in. 

Taole 34 
Excess weight from • 5 :M. 0u.S04. c. D. 2 amps.• 

Ooulometar NO• Gel. .5~ je1. 
Deposit 1.0000 1.0025 l.0623 gma. 
Exe.Weight -... - 2.5 62.3 ngm. 
Radap. cu. .'J993 .9993 1.00'13 gms. 
EXOr, cu. .......... -o.7 7.3 mgm. · 

Exoess weight from .5M cuso4. O. D. 2 amps., 3000. 
· otJro I 

Deposit 1.0000 1.~ ,. I 1.0438 gms., 
Ex.a.Weight --- -26-.1 43.8 ID@lh 
Redep. cu. _ ..... - 1.0030 1.0030 gms. 
Exo. cu. --- 3.0 3.0 mgm. 

Electrolyses at ·these tvJO temperatures ,vere carried 

on in series. ~his table shows quite different excess weights. 
' ,. 

The aleotrolyto a.t 30°0. gave an e xoesa of only 43,8 milli-

grams oompared to 51.2 milligrana at 25° ar.d 62. 5 milli-

grams at 21°0. 

Table 35 gives t;.t duplicate determination of the ax ... 

periment reported in Table 34, with the exception that the 

oell whioh cont oi ned no gelatin vras repla.oed by a gelatin 

cell, giving duplicate goluti n oells. 
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Table .35 
Excess We ifs ht. from • 5 !'4:. OuSO,a., o. D. 2 amps., 21°0. 

Deposit 
Exo. ·Weight 
Itedep. cu. 
Exe., Ou. 

Ooulorooter · 
1.0000 ·---

---

' o. 5;i gel. 
--1.0619 

61.9 
1.0017 

1.7 

· 0~5%'Jgel. 
1;0624 

62.4 
1.0073 

7.3 

Exoess Weight from ;5MCuS04. c.n. 2 amps •• 00°0. 
-· 

Deposit 1.0000 1.¢0417 1.¢0419 
Exo. Weight- --- 41.'l 41,9 
Redap. Ou. .. ..... -. 1.0047 1.0039 
Exe. cu. ---- 4.'l 3.9 

In the part of the previous table under 21°,the 

reason wily the first gela. tin cell should give such o. low 

value for excess oopper, Illll.St be that tbere was onJ.y a lit-
.. ,., ' 

tle copper su.lfatc entrapped durlng deposition. The excess 

weights for both 21° end 300 agree very well with the cor-

responding values of the preoedilng table. 

Table 35 gives the results of a run similar to the 

previous one excepting om portion was at 39°0., and the 

ot 1:e r at 21 ° as b afore. 

Table 36 
Exoees Weight from • 6 Iii. ouso4, 2 amps. o. D. , 21°0 • 

Ooulometer • 5i1 sel. 15i sel. 
Doposit 1.0000 1,0600 1;0619 gm. 
Exe. Weight --- 60.0 61.9 · mg. 
Redep. Ou. ------ 1.0085 1.ooaa gm. 
Exe. Ou. ---· a.5 a.a mg. 
Exoaas Wei gbli from .,5 M. CuS04, 2 amps. C.D. • 39°0. 
Deposit 1.0000 1,0307 1;0006 e,n, 
Exe. Weight --- 30.7 30.G mg. 
Redep. cu. ----- 1.0033 1.0027 gm. 
Exo. cu. --- 3,3 2. 7 mg. 
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At 39° the exoess weight is still appreoia.blf smaller 
~: '{-~, 
than at 30°, while the one at 210 agrees well with those 

previo11ely. Table 37 is a. duplicate of Table 36, 

Table 37 
:Excess Waight from • 5 11. · cuso4 • 2 amps, o. D., st0o. 

Eeposit 
Exe. Weight 
Redep. au. 
Exo. cu. 
Excess Weight 

Deposit 
Exe. Weight 
Redep. Cu. 
Exe. cu.. 

1.0000 ·--.. ....... ---
from • 5 M• 

1.0000 --· .., __ _ 

OUS04 6 

1.0281 
28.l 

1.0015 
l 5 . ., 

2 amps. 

1.0572 
57.2 

1.0072. 
Yf.2 

1.0281 
2a.1 

1.0023 
2.3 

O.D., 21°0.' 

These excess weight vvlues a.re both some little smal• 

ler than the corresponding om e from Table 36. In Table 38 

is still another duplioete run e.t 21° and 39°• and. this talle 

sho\vs results VO"I:/ similar tot hose in Tables 36 and 37. 

Table 38 
Excess Weight from .5 M. CuS04., 2 am1;s. c. D., 21 °, 

Couloneter .5 % 501!- .,5% gel. 
Deposit 1~0000 ··1.¢0595 .. ,, ... 1;·0587 
Exo. Weight --- 59,5 58.7 
Redep. cu. ----- 1.0094 l.0081 
Exo. cu. --- 9.4 a. l 
Excess Waight from .5 M. OU.S04, 2 amps. C. D. • 39°c. 
Deposit 1.0000 1.0292 1.0311· 
Exo. Weight --- 29.2 31.l 
Rodep. cu. ----- 1.0009 1.0026 
Exe. Ou. --- 0.9 2.6 
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In aaamarizing theee temperature exper1ments an1 pre• 

paring them for plotting, the e.Terage o:t all ei~t determin-

ations at 21° was taken for the point at 21° in the ourTe 
I 

on Plate IL The excess we1g1a at 25° is tlwt average of S, 

and. i he point; at. 301 is t be average Of 3, while the hiB)').er 

,emperature. 390, ie represent.et b7 e. mean of 6 a.etermin• 

The ourve ap-pa are Te:17 smooth and llDifo a, and W1 ._. 

ou.l break nor 1nfleot1 on, henoe e:z:oees weight Taried llllifonn-

n,h \E1D.pe:ra\ure over the raJW• 21 to 39°. 

Bxoe•• W-.!gls from 0.0% gel8'1n aolution1 

SeTe ral of t l'.8 , ables in , he SW.di of t hi effeo11 of 

\empe:ra\ve upon , m ma.gni tude of exoees we1gl$ cant at.net 

of 4epoa1 ta from eoll41 one 11h1o'h oont ainad no gel-

a,1n. 'lheee 4epoa1' a, like those tl'Om gel~in solu\lona, 

are alwqa heaTier than tbe correspond1r.g ooulometer dapoat,. 

Two rans were made in 1h1oh copper sullate solutions at 
several oonoen\r. t1ou wre eleoiroi,zed in the absenoe of 

gelatin. '!abl•• 3t an4 40 show \be reau.lla of \be ee WO 

1'111181 lbe \empera.1nare ot thl ooulome\ers waa ooo. 
!able 39 ahon quite a large exoeas weight for \he 

4epoe1,e. eapeoi all.7 in the 1.00, o.75 and o. 60 molar 

eoluti1ona. '!hi 1.26 molar eolu\ion mlgh\ be expeoled \o 

g1Te a lOlrer exoeas weigh\ '1-laa the more dilute eo1u,1on, 

ainoe 1, hae a higher eydrogen ion oonoera ration. Am 

tlt.11 grea.\er ao141t7 wmild haTe a tendel'J.07 ,o prevent 



!able 39 
llxoesa Wei ghta With o~ gelati.n, 9-1/2 hours. 10°0. 
Taria.ble copper sulfate. 

1.2,s L ~.oo H• o.,5 111. o.60 I• 0.25 x. 
Depoe 1\ 1. 2440 1. 2448 1. 2458 l. 2465 1. 2438 
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Exo. m. 1.& 2., 3.4 s.1 · i., 
Rodep. OU, l.2423 1.2439 1.2430 1.2455 1.24.22 
Exo. ou.. -0.1 +l.3 o.s o.g -o.a 

Coulome-ter• l.2426, l.2418. i.2428, av.• 1.2424 gme. 

!alale 40 
Excess Weigh1ia w11h 0;'& gelatin, >~O hours. zo0o. 
Tariable oopper aulfaie, 

Depos1\ 
lb:o. n.. 
Re4ep. ou. 
Exo. Ou. 

1.26 U. 
1,4861 

1.2 
1.4848 ..o.5 

lrOO L 
1.4874 

2.1 
1.4849 

-0.4 

o,76 14-
1.4878 

2.5 
1.4854 

+0.1 

q.60 I• 
1.·4191 

3.8 
1.4881 2.e 

0.2a a. 
1.48178 

2.5 
1,4.844 

""'0.9 

BJ.d.e :tormatl on upon \be oathot.e atr!aoe. B)'drOgen ion 
• a.aur•em a he.Te been a4e on oo pper sa.lf at• sold 1 tlnB w1,h 

ihe followr1 resu.l't a: 

~,20 K, ~,oo I• 0.,1 I• 0.501- 0,21 x. 
pB • 3.11 3.26 a.z, z.56 a.,, 

These :t1sires "for higher o:>noentrationa of oopper 

eul:tst e ahow ib t so 1nor6aee in pH g1 vea greatel' exoeaa 
woigh, until ,he o.5 and o.,J5 molar solutiona, when \h.eae 

exoeas weigh\s• anl quite notabl.7 the 0.25 K. one g1Tel a 

deorease in uoees weigla. In the 1.25 molar aolution \he 

ao1d1,1 ms:, be aa.tfl.oientlJ great ,o preven, ,i,.e exoeas1Te 

aa:14• formation. These depos1, s, in plaoe c,f presenting a 
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brigh' oopper oolor • were darkel1$4 so•wbat )7 , be ox14e • . 
f he redeptal' ion of , be ooppe r in mos, oasea ah.owe 

that tbare 1s aotuall.J' too mu.oh oopper 4.epoeiteA. HoweTer, 

tba larger part. of '\be excess weight I mu.at have been m.:7gen 

aD1 this elemcn, cl1sappeared whm tlae copper analysis waa 

!l!he experime.11' whioh follow• studies ltolh \he vada'l• 

ion of ourrem deneit7 1 m, wtih a oonstant ou.rrani. similar 

to an expori•n• preY1oaely deaori'be4. !he variation in \he 

012l"rent Aeneit7 at oonata.nt ourrani was aooompl1eb.ed ll7 ua-

ing plaimua eleotro4ea of 1.wo at.z••• The S$M o~•'• .0626 

amperes were uset during the \ wo I ests. am ainoe the oath• 

odee were 6.25 and 3.12 aqua.re oeri ime\era in area a.pprox-

imal•l.1 • tba ourrern ~elt1ea were ver,- near ,o 1.0 an4 2.0 
amperes per square deoime'ker. . '!be oouloD11ters werekept at 

ooo. throughout the run lo insure a more aoaurat e uaasure 

of tha quant 1\7 ot eleo,riol '1' t hai pa.saet.. 

'!able a 41 and 42 •OIJ' tba resalta of Ulese variations 

in our:rena denai\7 em gelatin a:t oonatmt ourrent • ulng 
both 1.0 molar and o.5 molar oo_pper aulfale. In \heae m 
talllee enu. plot,e4 on , he oarTee in Pla\e1 X 8124 D are 

ehown ,111 original. 481. a. !O get ,him upon a more oomparabl• 

,a.ale the exoeaa weight• of Ta.'ble 41 ar• oaloula,el too or-

:rea_pon4 :troa 1i bl ooulo•ter 4epoei, of .Z684r grams to .1'192 

gram•• !hie oaloulfd ion •7 be oarrie4 out Binoe u:oese 
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table 41 
Bxoeea Welsh'• hom Taria.ble gelatin and oaso4 • a., 2 AJQS. 
o.D. • ( .0626 amps ourrent), 3000. tor 5 hove. 

% Gel. 2.0 o.s 
Depoe1, .38'6 .ze4f 
Exo. vn. 16.2 16.3 
Redep.Ou. .3691 .3701 
Exo. ou. o., 1.v 

:ue posi i • 3846 • 3845 .Bxo.n. 16.2 1,.1 
Rea.op. ou •• 3&'19 .. 3694 Exo.ov.. -0.5 +l.O 

1.0 molar CuS04 

0.18 o.oe 
.s,12 .1940 

10.e 6.6 
.3'104 .3703 

2.0 1.9 

o.5 mol&r ouso, 

o.oz 
.8725 ,.1 
.3700 

1.6 

o.o 
.R9B 

1.1 
.3683 

-0.1 

.a,oa 2., 

.3691 o., 
Ooulonaters, .8688, .3681, .8684• av.• .3684 

Table 42 
Exoeas Weight a troa variable gelatin an4 OllS04 • at 1 Amp. 
o.D. • 30oO., tor 5 hoa.ra. 

•• 0 molar OU80 .._ 

% gel. 2.0 o.s 0.1a 0.06 0.-01 o.o 
Depoait •• nn1 .aOiS .Sol .u,o .mu .maa 
Exo. n. 13.4 12.4 10., ,.a 6-6 6.9 
Redop. ov.. • 3'19'1 .3804 .mo& .3811 .3808 .8834 
3.xo. Ou. • •• 1.2 1.4 1.9 1.a 4.2 

1. O molar OU.SO 4 
" 

Deposit .3936 .3923 .3881 .3848 .3831 .3815 .mxo. n. 14.4 13.1 e. s~ 5.6 8.9 6.1 
Relep.ou. .a817 .5820 .3818 .3826 .3801 .3848 
Exo.ou. 2.5 2.s !.6 s.3 O.9 5.6 

Ooulometere, .3'197, • Z'190• .3791, av. • • 3'19 2glllll • 

weigh' varies Terr murl7 a.a a straight 11• fQ.no11on with 

o01llometer 4epoa1 iii• The remlt • ot i hie oaloulat ion are 

shown in. Table 4.3. 
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!able 43 
Bxoese Weight Oaloulaie4 from .3684 ,o ,a7t2 gma oov.io-
111eter da_poa1•; zo0o, 2 amps. O.D. Variable C-.so4 

l molar OtlS04 

Gela£.n cl, 2.0 ..Qr.! 0.1s o.o, Oe03 
Exo. n. 16.Y 1a .a 11+1 5.8 4,2 Dgde 
Exo. o... o., l.8 ~l 2.0 1 .. , Bg!ll8. 

o.5 aolar 01tS04 -
Exe. ""· l&.7 l&.6 14.Y 7.l. 3-5 mgu, 
Exo. Ou. -o.a 1.1 1.1 0.9 0.1 -· 

ti.re .... to lu, mo:re vari~ 1 on in •e exoesa we1p.,a 
,han prev1oua io reoalou.lation. !he exoesa weights at 2 

ampere• c, D. are greater 1. ban tboae for l ampere., fhia aame .. 
variation haa 1-een t,ome oat in mumn-ou .-xp&r18m1 claring 

,hie work. even 1n coulometor d.epos1 ,,. 

The following expe:rl•m waa deaigntl to st.uq I Ila 

exoeaa we1gla e over a wide raJ'lp of oonoemr8'1oaa of oo;p-

per eul:t8' e an\. of gele:tln. !be h7dro gen lon c onoent rat 1on 

ot ea.oil eleolrol,te wae meaoa.re4. \o observe it e eff•o' 11,pon 

the excess weigh'a of oalh.o4e depos.t.1 •• 06,Pper nl.t,4• oon.-

O(UJC rationa of 1.25. 1.00, o.'16, o.ao anl 0.25 molar ••r• 
uae4 wi \h ea.oh ot ihese oonG•m rations. a.o. o.s ant 0.01 

per oein Of gelsl in. !fhe pH of each ef ,111aae re811.ll1DI aol• 
ut10111 wae 4etenu.n8d along w1,h '11bt of tbll coppor hlfale 

aol1a 1 on w1 th o. 0 pe; o enl geJ.e.,1 n. 

'!uble 4Wt g1Tes the resu.lte of thia oxporimem. 
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!able 44 

t;;xoesa Weights ae lU.nOUonia of ouso4 oonotntration au J 
( GelJltin oonoentrat1on, o.D. 1.5-,.2.0 Ampa. ~oo. ···~· · -· 

Per oem Ge lat 1 :rt _ a. 2 
1. 25 11. cu.so, 

p:S: 3.10 
DepOBi t . . . I. I ----

··"'· Lt-1-1..-...., J ••--
~ep. · 01b t'.,,/}·• '·· •--
Ba• · Ou. l /!.f.J~-o ~,,,../Jjre"'". ---• 

1.00 l.1.U'l:1504 
pH 
De_poa1, 
Exe. w,. 
Red.ep. OU. 
EXc. Ou. 

o. 7 6 :u:. ouso, 
pl:I 
Depoaii 
Exo. Wi. 
Redep. Ou. 
Exo. oa.. 

. I/ 

o.oo Jd. Ota.804 
pH 
Depoait ~- w,. 
.nt#iie P• au. 
~o. OU. 

0.25 •• ouso4 
pH 
Depoa1, 
:mxa. cu,\ 
Re4ep. "'1l. 
Exe. cu. 

3.4-ft 
1.so,1 

$2.8 
l.2542 

'I• 9 

o. EK) 
1.3106 

"·' 1.253' 
,. 9 

a.a, 
1.11,1 

80.8 
1.25'4 e.1 

3. 27 
1.2960 

48.'1 
1.200, ,., 

3.CiO 
1.2t22 

45.9 
l.2501 1.e 

3.82 
1.112, 

66.3 
1.2534 ,.1 

0 n._4. 
. ··""" 

Ooulo.r.l8ter deposits. l.f459. 1.2454• l.24G4, 
Redepoa.J._l au, 1.2455. 1. 2464• 1. 2456 • 

. t/d,4-\-
r.-· " 

o.o 
3~11 
---·• pa. ...... 11811,8,t ---- g•· ......... mgrae. 

._... .. ___ -· ---ms•• --·••· ---- •·· 

....... •· .... .... Jllftll. 

. ........ -· --- ... 
5.65 
•--- P•• ----aasma. __ _,_ gm.a. 
---Jll8ll-8• 

-·-- P• ___ ., •·· ---- -· ......... - rxg•· 

'lhll clata of exoeee weigl1'e are ·plotted in the c,arye1 

ahown on .t>18"• XII. 

The OUTee appaar TeQ regular and aa0 0th. Tbe GIIZ'Te 
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represen-ti~ ex0ess we1gl1'e for solution of 0.25 molar 

copper sulfate le the highest, showing i:ba\ gelatL1 a.d.aorp-t-

ion in that eolulion is the greatest. Thia oonoent ration o:t 

oopper mlfse o1sv1oualy has quite low oondu,,.t1v117 • an4 

W1 thod doubt an appi'eoiable portion ot t ha current is oar• 

ried b7 tbe poaJ.tively obarged gelaUn. ObTioual.7 a.a the 

oonduotivit7 of tbe oopper sulfate deoreasea the 00nduotivi'7 

of \he gelatin mu'l imreaee. Im greater oonduoti-n.t7 of 

gelst in with reapeo't to tbe copper milfate will oa11se more 

gelatin to migrate to the ca,hode, aDl this 1mreaaed gelatin 

in the oathode region gives more opportun1t7 for adsorption. 

!he result of the an.tire process is relativel7 greet exoesa 

weigi.e. 

ihe o. 50 molar copper a ul:ta.te eh.owe mu.oh smaller ex:-

oeas weigh.ta than the 1/4 molar Greater oonclm-

tiTi,7 leaves leas current to 1-e oarried bf tho gelatin, 

with the result of lees ad.aorbe4 gelatin, and in tum lower 

e:a:oess wig~s. The o.75 molaz ooppe:r mlfate shows again 

aligh,11 8Dlllle:r 8XOISS weighte. 

The l moln.r solutions lhow quite a different aspeo\ 

in regard to e:xoesa w1ight s. In plaoe of a :turthe r deorea .. 

in exoeae we1 ,:;la•• quite a large imreaae ena,s. A p<>ae111.1-

•:zplano.t1on of \hia increase in exoess weigh' ms:, be tbs 

aa the oonoentrat ion of oopper ions 1noreases, they !IQ' lae 

a4ao:rlae4 in imreaaiig Dlllllbe:rs upcm the gelatin parliolee, 

and aa the oopper i~na migrate toward the oa.tho4e. the 

gelo.tin partioles tr .. vel in that direotion also, and the 

reS11lt 11 1norea.ee4 exoeea wlghta. 
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The exoese weig!S curve repreaeniing the 1.25 molar 
oopper sulla,e is not oomplete ainoe tm eleolrol.T'e oon• 

taining the 2.0 per oeni gelatin beoama solid., with \be 

resu1, tba.t hydrogen was eYOlved in place of oopper lteing 

deposited. Sinoe ·ne reaistanoe in the call wae imreaeel 

appreoiabl.7 b7 gelatin, the current fell trom 2 am.ptu•ee 

, o l. 5 amperes tor • arl.7 a ha1 f hov peri od. 

In addition to the weights of tba depoaita anl exoeaa 

weights. the copper eonte:s from ea.oh oa.thode was determined 

anaJ.yticuJ.J.y, am oaloulated ,o terms of oopper su.l:ta.te. 

Thia form is probably the :form in whioh the exoeas copper 

exists in the depos1,a. It 1a quite na.aonable \o aesume 

that the gelatin shoult oarr7 in an ade1rhe4 ooncU\1on 

some ooppar ml.tat• to the oathote. A. second poee1bilit7 

1B the a implt ooolueion of tblt oopper sa.l:tate 117 the large 

i-rt1olee of ge1a,1n as they are adsorbed upon 1.he n..::wl.7 

fome4 cr111\aJ.a of oopper. A 'third posa11ail117 la the 

reduo,1on b7 gelatin of Ollprio ions ,o oup:roue iona, tbere-

b7 g1 "f1 ng an exoeae weighi of oopper. These da,a are alao 

1nQ'J. uded in Table H.. 7 • 

fbe lower ae, of OQrYea in Pla,e XIII ahow tbe reld• 

ion of \his exoeea oopper su.lfa'te to the gelatin oontent. 

In \hese ourvea, again the 1/4 m>lar ooppel' aullate gave 

\he h1gbe8' oune for ooolu4e4 oopper aulf8'e. 01oae obaer• 

Tat1on ahowe tha\ theae ou"ea are in very nearl.7 11ba sa111 

relation to e.toh otblr as ,he t°'al emees weight cvTea .• 

:rhia relationab.ip w:>uld indioate that there ie a simple 
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rela\1 on beiween exaese weight and adsorbed oopper ealfa,e. 

!be aeoom set of ounee in this plate ahow t be rela,-

ion ot adeor'bed gela:tin to tbe ooncers ration of gelo.11 in in 

,m original eieo,rolytee. !he relation of ,use otaTes to 

one ano,her la the ea.a as tha\ of the tOlal exoese weight 

ourvea on the preTioue plate. fhua. again, a relation aee• 
to exiel between the adsorbed gel.at in and the adsorbed. or 

ooolud.d oopper eulta.te. Thlta. in general, tbe greater \he 

quars11.1' of adeorbe4 gelatin, the e:z:oeae oopper content 

will be larger. am obviouei, 'tbe total exoeas weight will 

,hen be greater. 

B7drogen 1011 or pH determinati one wre rw.de upon • aoh 

eleolro].7'e of the above experiant a.n1. 11he duia 1nolude4 

in 'la))le "• !hit ad41t1ons of tbe IIJ8Veral oonoentral ion.a of 

gelatin 4o not alter the pH of ti. oopper mlfate solut1on1 

appreoia1»11'• the gene:r1.il et:teot of 1mreas1ng gelatin 11 

•o 1nlff or uae up a portion of the free ao1a.1,,. 

In an, of \he oonoen'lra\ions of aopper aulfate whio'.ll 

••:r• uaed, 1mrea81ng the gelatin content 4eoreaaee t'be pB, 
with the mt reea.lt of a greater exoess we18h'. RoweTer, 

it •••• bai-el.7 reasonable the.'\ pH ohangee af tbe mgniude 

of o.l too., woul4 ha~• suh an influenoe ae ,o change ihe 

e:xoeae wel ghta fl'Om 20 to 50, or from 60 to YO milllgraraa. 

Kore Tarla.tion in pH exia\a aa the ooncentration of 

oopper atalfat.e ohangea \ban wben the gelatin oontem 

ohangea from .06 \o .60 per oeia or even to 2.0 per oat. 

!m 10aroe o:t \hi ao141t1 ie thl 1q'drol.ye1a of the oopper 
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nltate to fem 011pr1o bJ4rox14e mtd tree al:llrio ao14. 

OurTes oouJ.4 la• 4:rawn showing \he relation of pH to exoeaa 

weigh', bu\ th••• are Tel:J' regular anl uniform and are of 

no panicular Tal.ue. 

Exoeaa Weig~ a ploited aa log-log OlU'Vea. 

If this excess weight ia eiriot~ • adeorpiion phen-

omenon, then tbe logaril!ua of the exoeaa weight when plot,e4 

a.gain\ tbe logu1\bm of the platin ooncunitration abou.14 

give a straight line. Plate llT whioh follows shows 'tbt 

logarithmio ourvea ot exoees weights and. gelatin content• 

gi Ten 111 ! able 44 •. 

The logar1thm1o curves representing .so and .75 

molar oopper aa.lfate solutions appear to \e s:>• nearer 

straight lines then the remainder. The 0.25 molar solution 

ourve shows the greatest deviation from this l!iralgh\ line 

relation. 

linoe eaoh of '1• ourvee on the plate repreeente4 oni, 

three point• it waa doeme4 desiru.ble to plot other ourvea 

from an experimem in whioh mt>re o:>noent. ra\1 one of gelatin 

bad laeen used. Henoe, the excess weights and gela\in oonoen• 

tration 4a:ta were iaken from !ables 41 am ,a and plo'\te4 

in logar1,hm1o form on Pla'• xv. Bone of ~• oul't"ea on 

,his plate exhibit a,re.1.gh, 11m prope r\ie s. al\h011gb. p.-,. 
iona of ovTea Joa. 2 and 4 a:re fairly straight. ~hie wou14 ... 
1n4io 8' • t ha' the e:s:oees weigl:1' approximatel.J a logar1 ,h-
mio funoti on, an4 lteing of tha, nature auggeata ,ha.i the 
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exoesa weight ie an adao~ion phenomenon. 

In plaoe of the logarilhmio Tal.uea ot ihe exoes1 

weight, it ahoul4 'be tbe logari '- of I• where x will rep-

reeem the exoees wei ghl in milligram.a, and m is the ma.IS 

of the absorbent. If we oonBider 111 as a o~netan:,, then 

out plotting of log x an4 expeoting a etratghi line 1• 

leg111Jaaie. 

Tu adaor~i~n relation ia I• lei, wbere x and.• 

:refe:r 10 tbe ld.111grama gelatin usorbecl ancl maee of ,u 
absor'9nt respeotively; • la the 811.l'faoe, &114. k a oonat$11'• 

If we keep m oonstaa\, then x Tai-ilea aa •• In oilier w•fl• 
if a r•aina oonatarn, then the logar1,a of ti. a1ll1grama 

adsorlae4 and tbe ltgartta of gelatin oonoenlra\1~ ahoult 

give a atra.lg}a 11119. If a 1noreaeea. then the log-log 

oune will bend oonoave upvar4. our ouves 1m1o a,e ihai 

the apeoi :tio aa.rfaoe of the deposi ~•d oopper 1a dtoree.81.ng 

aa g,::J.a\1n· oonoentration imreaees be7ond o.5 per od 

gels 1n. The exoeas wight a, the gelaiin oonoemrat1on of 

o.5 per oent eeeme , o bave rea.ohet a &<.iturat ton valwh With 

inoNaae in ge1a,1n oontem 1 f , b9 number_ of mlll1gra.ma 

exoeas weigh\ dO nol inoreaae, then 1,e logar1,,- oenno, 

inoreaae, and our log-log oune bents conoaTe downward. 

BU••• We1gl4 aa a hmtlon o:t '!lm 

.10:r oaloulation pupoeee 1, bas been \hat ,11e 
exoeaa weights or ra.U»r t:be oa\hode weigh\& ••r• direo\11 
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4epoa1 \ were o. 5 grDm and the deposit from a gelai in oont a1n-

1ng ooppe:r sa.lfa:ie eo1u,1on was .6021 gram•• then if' \be n.a 
ha4 been oout inued unt 11 tba ooulometar deposit wae 1.0 gram, 

,he gelatin deposit ehould be 1.oom gr••• !his asawnption 

ia not atrio'\].J 1aue, bui deviati ona are not greai • Sinoe 

ooulome,cr 4epoe1\ s are p:roporti onal ,o time. and if gelatin 

deposit a are approximately proportional to o oulometer depoei\a 

then the gelatin cleposii s should be approximatel.7 psopo:r\ional 

,o \11119 • and 1\ 1a this la\ter point that \he following table 

aDl plate were designed \o show. 

It is n°' praotioal to plot ao'\ual gelatin 4eposi\ 

wei gla s against oeulomater weighla, beoause of t be diffioul,7 

of ohooeing a eoale, But if the exoeas weigh~ in millJ.graae 

be plotted again.at ooulometer deposits, 1.hen the deviation 

fl'om a anraigh' line relati an heoomes appareim. Ia !abJA •a 
an given ooulometer cleposi ta ranging in mas• fNa o.s to 

1. 75 srama, and exoesa weight a from about ao to a, milli-

grams. The oon4ltiona of the experiDull were o.5 molar oop-

per nlfate eleotrol7'e • o. 5 per oem gelaiin, al 21°0, en4 

at a _.rem denal1.7 of 2 amperes per deo1me,er equarea.. '!heN 

reault a are ploite4 on .Plate XVI. 

!able '6 
Exe••• Weight a• J'una,1on of oouiome,e:r 4epos1t ,, 21°0, 
1/8 f, pl.alin. 1/2 molar 01l80:f., o. n. 2 .Am.P8• 

Ooulometer 4epoe1\ 
E'W. 

(oTer) 

Exoeaa Weigh, 
aS.lllBW 
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Table 45 Cont 'd 

Ooulorneter deposit 
grruns 

.6585 

.7818 
l.2919 
1.7389 

Exoesa Weight 
.Milligrams 

33.·5 
40.,4 

· 66.Z 
86.9 

140 

As wi 11 be seen from the cnttve axoosa weights of 30 
milligrams or over lie on a ourve which approaches very 

closely a straight line. :l!he point X"epresent ing 21. 9 mil ... 

ligrarns is entirelf off the cttJ:'V'E)• 

Sinoe this curve is so nearly a straight line, no 

a,ppreo1 able error has been introduced in assuming. the gel-

atin deposit directly proportional to the ooulometer de-

posit and to t ima :for o aloulat1ons. 

Attempt; s to determine sulfate in the presenoe of gelatin 

It has previously been asau.t00d that the ccippar in the 

gelatin deposit in exoeaa of that oont ainod in the coulo-

meter deposit has been int ha foi-m of copper sulfate. Cop-

pa~ analyses and sul:fD.te analysGs were ma.de in an attempt 

to determine whether OX' not the exoess copper and tba aul• 

fate were p1•eaent in equivalent quantities. The first point 

to be investigated ie, after these gelatin containing dep ... 

oaite are d.lesolved in nitric aoid and diluted is whether 

or not the sulfate oan be oompletely precipitated.. The 

deoisive factor. of course, is the gelatin. To determine 

the feasibility of thie preo1:pitation, the following pro-
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cedu.re wae followed. :tnto eaoh of £our 400 oubio centimeter 

baakara was placed 50 cc of -a. potassium sulfate solution 

whioh oon.ta.tned about a.a grams per liter,. F~.ve oubie centi-
meters o:f nitric acid were added to each. Then into tvro of 

the soluti ~ns was dissolved l/2 gram of Eastman Kodak ash• 

free gala.tin, at a.boo.t 60°c. After solution was complete, 

the temperature of th~ four solutions was. raised to shout 

aooo. and. 15 dubio centimeters of a hot 10 :per oent solution 

of Bari tun nit r::..te a('lded. Precipitation was alow, but a.ftar 

eome time barium. sulfate oould be eeen settling to the bot-

tom of the baaker. The soJ.utions 'Nere e.llowed to oet fo1~ 

about 16 hours., then filt ared twioe thrmigh Mttnktell pa.p~rs, 

Tha precipitates ware thoronghl.v washed, e.nd ignited in 

plutln:mn oruoibles. The follmving gives the resuJ.ts of 

this initial trial. 

Darlum 
Sul:fat e, grns. .0700 .0701 .0682 .0689 

The gelatin preeu.mably x>roteoted or hindered complete 

precipitation of the barium au.lfate. Since these resnlts 

v1ere not aatieftodoxy, 5. t wu.s thou.ght that preoipit u.tion 

might be more complete if the solution after precipitation 

were kept hot for several hours. Aleo 0.5 per cant gelatin 

is one gram in 200 cubio oentimeters of s~l11tion, a.r.d this 

isa. ma.oh la.rgor proportion then ordinarily oacura in the 

gelatin oonta!ning outhodea. Aoooi·dingiy 15 m.tlligra.ma 

of gelatin were used. in oaoh of the gelatin containing 
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solutions. Two beakers oontained potassium sulfate with 

15 milligrams of gelatin each. and two oontained only the 

_potassium su.lia.ta •. :ex-eoipitation was carried out in a man.-

nor similar to that before. After preoipit ationi the sol-
utions were kept near the boiling point for about 2-1/2 

hours, and all_owed to oool slowly for 1-1/2 hours, ai:;ter· 

\1h1oh timo they were f1lt ered tvdoe through Mankt ell pa.po rs. 

The following are tba weighf;s of the preoipitated barium 

Slllfate; 

• Mo 6ala tin .• 15 filSm:l gelatin 

.0636 .0644 .0633 .0622 

Again, the results are not what ware desired. The 

filtrate from t be four precipitations were allowed to stand 

over night 11 during whioh time more bar.tum au.lf ate precipi-

tated out. 

Another attempt was made to Obtain complete preoipi-

tation by- allowing tbe barium eul:tate and ~olution to stand 

in a warm place for 36 hours. The remainder of the procedure 

wae the arune a.a before, The following a.re the rasnlta of 

this third pracipit ation; 

Grams Ba.SO 4 

:Uo g-elat in 

.0986 .0989 

15 mgn:e gel at in, , 

.0966 .0977 

~ehiG expcrimellt a.lao :f:h.iled to preoipit ate all the 

sulfa.ta. ~hu.s, an entirely different method had to be used 

to dotermina tbe su.lfa.te content. Triplicate gelatin oath-

odes wei·e :prope.red • a.long with one ooulometer electrode. 
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These ,deposits were dissolved in nit rio aoid, and evaporated 

oaut;i.ousJ.~ to dryness and ignited~ This ignition destroyed 

the gelatin. The oopper oxide mass was then dissolved in 

nit rlo aoid and diluted to 200 cubic centimeters ani the 

r~mai.11der of the sulfate determination carried out as be-

:fore with the following resuJ.t s;. 

Gma.Daposi t 
Gms.Ba.804 

Oopper-.~elat in S,eposit.,! Coulometer 
• 5537 • 5530 • 5530 • 5314 
.0092 .ooaa .. ooae .0001 

The oondi tiona under vrhioh the electrodes were pre-

pared were o •. 5 molar copper su.lfate, 1/2 per oent gela.t in, 
. ' 

pH = 3. 38, at 25°0. end a. current density Of 2 amperes. It 

is impossible to determine coppel' and sulfate both :from the 

same sample, since during tbe igni.tion and decomposition 

of the ooppe r nitrate. oonaiderable que.nti ties of copper 

are lost. Ronoe, it vdl.l be neoeasa:ey to prepare_ duplicate 

gelatin deposits, datennine copper on· ono and suJf ate on 

the other. 

Analyses of deposits for sulfate and coppor 

.A.ccordingly, in the following experiment duplicate 

gelatin containing electrodes we1·e p1•epared, one of which 

was used for ooppor analysis and the other for Stll:!hte 

o.nalysi s. The conditions u_v1d.er w.hioh t be deposit a ,uere pre-

pared were 1/2 molar oopDor sulfa.to. zo0 c., .0625 amperes. 

with golat in and current dansi t1.es us VD,:d.able $. The tan:p• 

ernture of tho ooulo.n-etors were o0 c. The method of sul:tlite 
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analysis has been described a.ni tba nethod for c~pper anal-

ysis vlill be g!.ven soon. Table 46 gives tm resu.lt a of the 

experiment. 

Table 46 
Copper and Sulfate analyses; from electrodes prepared from 0 . • 5 M ouso4 • l Amp. c.n ••• 0625 Amperes, 30 c • 

6'. . 02~ ~el. • 03~ fiel 2.oi., ~al. f?, .... 
Dep. • 3952 .394:4 ... .3930··· • 39Z8 · .m25-·· .3823 
Exe. wt. l '7.5 16.7 15.3 lG.l 4.8 4.6 

Ou BaS04 Ou .BaS04 Ott BaS04 

grams .3800 .0053 .378"9 .0051 · .s7s7··· .0024 
:Exo. cu. 2.3 1.2 1.0 .mgm. 
Ba.S04 5.3 5.l 2.4 mgm. 
CUS04 from 5.7 3.0 2.5 Exe.cu - - -..,..; ___ 

cu.so& from 
Bas 4 3.6 3.5 1.6 - - -

Similar conditions as above, excepting 2 Amps. C.D. 
. ., 

2.0 fa gel. ,.25~ sel. .03~ sel. 
' 

Dop. .4024 .• 4026 .3956 .3956- .3829 .3829 
Exo.wt. 24.4 24.5 17.6 17.6 4.9 4.9 

Ou BaS04 OU. Ba.804 Cu Ba.S04 
grams • 3804 • 010'1 • 3'79iJ: .0096 . .3787 .0050 
Exo.ou 2.4 1.4 0.7 
BaS04 10.7 9.6 6.0 
CnS04 from 6 0 Exo.cu • 3.6 1.7 
OUS04 from 
.BaS04 7.3 6.6 3.4 

Ooulometera-
l a.mp. 0. D. 2 Amps. 0. D. --- ---.3775 .3780 ;3780 ~·3779 
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As can be o bse:rved from t be table tbe agreement in 

the oopper su..lfa.te oal.oulated from the oop:per and from the 

barium sulfate is not as good a.a might be desired. The 

general t endenoy seen:s to be that t ha sulfate· was present 

in the coppe1~ deposit in greater quantity tba.n the exoess 

oopper. The three analyses of depoSits fromthe2 amperes 

per square deoimeter portion of t be tabl,e indicate that 

more sulfate is present in tba depoeit than canb .. e aoaounted 

for by tha copper. In the 1- ampere C.D• part only one analys-

is of the tbrea points in that_ direction .. 

If this excess sulfate ao~uolly exists, it mu.st be 

interpreted that some su.lfate has been adsorbed by the gel• 

atin and the gelatin in turn adsorbed. ·by- the deposited oop ... 

per during deposition. Sinoe tbe two eleotrodes did not 

agree in their sulfa.to analysef3 with the remaining four, 

itiwaa deemed neoessary to repeat these two, with oondit-

ions, of course, as nearly similar to tho :previous run as 

possible. 

Thraee deposits of each of the two oonoentrations of 

gel: .. t in were prepared, two were ~alyzed for sulfate and. 

tho remaining one for copper. 9Jhe temperature of the coul-

ometers was o0c. The following tablo give a these resu.lts. 



Table 47 

Repet 1 ti on of part of Table 46. 

Deposit 

Exe. Ou. 
cu as 

CUS04 
BaS04 
BaS04 as 

OuS04: 

Deposit 

Exe. ~u. 
Exo.Cft a.a 

CuS04 
BaS04 
Ba.S~ as Cu 4 

• zsg4 2.0~ !el .s§a .zmm 
B~SO~ BaSOi OU. 
.0028 .0020 .3754 

1.4 mgm. 
$.5 

2.a 2.0 
l.9 1.4 

• 03 % gelatin 
.3768 .3790 .3788 
J3a.S04 BaS04 Ou 
.0005 .0004 .h'lbO 1.0 mgm. 

2.5 

o.s o.4 
o.4 0 .. 3 
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· 0ouiorrater 
.!3740 . 

Ou 
.3740 

Ooulom;,ter 
.3741 
n.d. 

T'he dn.plioate determinations agreed very well with 
• eaoh other considering the small quantities involved. 13u.t 

the agreement with the provious reanlt a in Table 46 a.re 

not so eatiefaotory. Hatirever, 1n both oases the exoeea 

copper ia more than equivalent to the sulfate. 

Moisture in· the Eastman gel9t.1n 

The gelatin used in a.11 of these exoess weight exper-

imnt s was Eastman Kodalt Company ash-free gala.tin. Since 

all gelatin of oommaroe oontains som:, _moisture, a moisture 
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determination was made ,:i:pon a. sample o:f the gelatin. Five 

grams of gelatin were weighed into a small evaporating dish, 

and the whole heated in a moistu.re oven at 110°0 :for 24 

hours. The following ·are tba resu.l ta of ·the determination, 

wt. gal. s.0000 grams 
A:f'ter m,,ing. 4,40W n 

LOSS .597() grama. • ll.94 % moisture • 

.Analysis of anode coating 

During the preparation of mnyof the excess weight 

experiments, a coating vras fo:cmed upon the anode. In elec-

trolytes of 0.5 and 2.0 per oent gelatin this coating was· 

comparatively heavy, so heavy, in fact. that it peeled off 

oooaSionaJ.ly. Thia deposit appeared muoh more abundant 

upon ooppet anodes which bad not been previously plated. 

Anodes whioh had been previousJ.y pls.ted showed only a dark-

ening and on rare ocoasiona slight peeling. 

This coating contained copper, a.nd dissolved in nitric 

ao1d to a blue solution vrith the evolution of a. gas. 

Two mmples of this coating were analyzed £or their 

oopper content with the :following resu.lts; 

wt •. of sample 
wt. cu, det. 
Per cent Oopper, 

NO. l 

6 • 6 mm:ns 
5.5 

83.3 

No. 2. 

7.1 mgms •. 
5.6 

78.8 

Tba ea oomposi tions would indicate more of a. cupric 

than cuprous compound. Cuprio oxide cont aina nearly 79.8 

:per cent oopper. 
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Method for copper analysis 

Du.ring the earlier part of the exoess weight work dif-

ficulty wa.s experienced in making tbe oopper analyses. The 

prooedure followed was; dissolve the copper a.eposit from 

tba platinum eieotrode with about 2 .. 1/2 oq nit rio aoid dil• 

uted to about 2000 with water • .After aolut ion was complete, 

it was evaporated to dryness and ignited to destroy tbe 

gelatin. Solution was SBui.n affected with nitrio acid, water, 

ammonia added until the blno color remainded and one cubio 

centimeter excess added. Then nit1·1o acid was a.ddtid until 

just acid and again l cu.bio aantirneter in a xce$3s was added. 

The aolution was now eleotroly~ed using a revol~ing copper 
gauze electrode and a. platinum wire· anode. 

When the above procedure was followed coulom3tar 

deposits whiah were being analyzed lost from l to 5 :per cent 
' . 

of their copper. The loss, it vras found ooou.rred when the 

first solution had been evaporated to dryness and waa ig-

ni tell to destroy t ha gelst in. When t ba nitrate vrus deoompoe-

ing to oxide some copper was carried away, and since the 

gases escaping imparted the oho.racteristio copper oolor to 

the flame• tho loss was disoova:rad. 

IJ?ba necessary step was then to prevent this loss of 

oop:per. Sinoe copper sulfate does not euslly decompose, the 

nit rate was oonvorted to the sulfate by the addition of 

sulfnrio a.oi d. As soon a.a this stop was adopted in t ha pro• 

oadure, t be ooppe r datormina.ti ons were much improved. nut 
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s~ill errol's about 1 milligram in mgnitude ooourred. It 

was notioed also, that some oorroeion of the steni of the 

revolving eleotrodes, at the surface of the solut:ton occur-

red. The excess nitrio acid was., without doubt. responsible 

:for this aorrosion. In order to eliminate this er»or, ne,v . . 

electrodes were made using ordinary copper gauze end gold 

wire for the stems• 

With the so two steps inoorpprat ed into ·t ha ana.Jya.ta 

sone very good results were obtained. l:IOVtever, three platinum 

gauze electrodes were made and these were used in pla.oe O:f 

the gold stem ones. Too a.dvrozt c=~ga oft ba platinum cathodes 

being self-evident. 

The platirJ.Um electrodes had a.lao the advantage of 

lightness sinoe they weighed from 3 .. 1/4. to 4-3/4 grans, as 

compared to 12. grams of t be gold stem eleotrodes. 

After slight modi:fioations in the detennina.tion the 

follov1ing procedure was adopted with excellent results; 

Place the deposit to be analyzed in a 200 or 400 cubic 

centimeter beaker anl add 40 to 50 oo water containing 

about 3 oo nitric acid ii Solution was allowed to take place 

slowly to prevent slight losses of oopper. Just enou.gh 

sulfuric aoid was added to convert t ha copper to the sulfa.to. 

For a .4 g·ram sample, a_pproxinnt ely .5 cc aoid wa.s used. The 

,vhole was now ovaporated to d. ryness slowly to prevent boil• 

ing and spitting of the ooppe r sul:lh te uhen t ha so lut1.on 

ha.d nearly evaporated, Vlhen d:ey, the beaker is bald over 

the -open flame of a Meeker burner to remove the excess 



150 

au.lftlrio acid and to destroy the gelatin. When cu>ol the 

copper su.l:fat e is taken up with about 10 oo water, ab~t l 

oo nitric said added, then ammonia until neutral and about 

l co in e:rness. Thia ammonia.cal solut i ,on ta then neutl;'alized 

with nitric acid and. :from 10 to 15 drops su.li\i:rio acid .added, 

and diluted to f~om 150 to 20000 .. This solution is nov1 :reaq.y 

for elaotrolys1a. One 40-vra.tt light globe allows sitffio ient 

ourront to :pass to give a bright very adl1erent deposit. As 
soon as the copper color h'la disappeared from the solution 

. ' 

a seoond light globe is plaoed in parallel with the fiTst,. 

tha combined result being to coraplet oly remove the last 

traces of the copper. The solution may :be tested conven-

iently fer copper hy adding a few drop6 of the solution 

to hydro gen su.lfide water. If a brown to black color a.p-

p ea.rs electrolysis is not oom~lete. Free.:eul:f:'ur,will also 

appear, but einoe this is white, no oonfus ion shou1d resu.lt 

The :following are some coulomater ,depoai, ts· which .were 

anoJ.yzed for copper a.a just desoribed to show the a.oouraoy 

whioh may be expected when tbe prooedure iscarafu.111 fol-

lowed. 

Ooulonieter 
deposit 

Redeposit .3740 

.38'/8 

.3879 

.379'i 

.3797 

.3790 gm.s. 

• 3'188 gm.a. 
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