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Review of Previous Work

Rosa, Vinal end Mcl)aniell advance what ‘1s termed the
"theory of digcontinuous deposits™. They have described
deposite from pure solutions of silver nitrate, in which
the bare platinum cathode is plainly visible between ory~
stsls. They have also desoribed deposits from impure _solut-'-
ions in which the silver seemed t o be non-crystalline, but
a microscope revealed the deposit to be cxystalline. In
neither is the cathods completely covered. From the cymide
solutions, however, the silver deposits sppéar under a
powerful microscope to be contirmous., "As Ohm's law holds
in the eleetrolyte, it is evident that there is at the sur-
face of the platinum & potentiel dlfference opposing the
current, which brings the electrolyte in contact with the
platinum to a higher potentidl them that of the electrolyte
in contact with the silver, qnﬁ. 80 the current is' turned
away from the platinum surface, finding numerous outlets
to the platinum cathode through the silver orystals. It is
as though the potential difference at the start breaks
through the surface film st numerous points, and these

Rosa, Vinal end MeDemiel, The Silver Voltamter, Par TI,
The Chemistry of the Filter Psper Voltameter and the
explanation of Striations., U. S. Burean of Standards,
Vpl. 9, Part II, p.277,
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initial outlets, which increase in area as thes ocrystals grow,
are sufficient, unless the current density is suddenly in=-
creased.”

"The surfece potentisl dlfferences taken in connection
with the spscific resistence of the eolectrolyte and the cur«
rent density determine the distonce apart of the crystals,
In a very concentrated solution the specific resistsnce is
less, and hence ths fall of potential corresponding to the
surfsce differences of potantisl ocours in a grester dls-
tances Hence the orystels will be farther spaxt than ina
normal solution. On the othor hand, in a very weak solubion
of higher specific resistance the fall of pct.éntiel is steep=
er and hence the given potential difference will ocour in a
shorter distances Hence the orystals will be nsarer together
and more numerous, and herse alsp the crystals vezy small.
Heating the solution increases lts conductivity, and there-
fore has the pame effect as increasing the concent ration;
that is, the crystals are furthsr apart anl of larger size."

Theso arthors give the following explanstion for the
formtion of striations on their deposits. "When the current
starts the depoéit begins at many isolated points, the
distance betwsen crystale being hundreds of times the linear
dimensions of the cfystals thomselves at the end of the
first fow seconds, The stream linss along which the current
flows are thus concentrated at the cathode end, upon these

incipient erystals, no current flowing to the bare platinum



after the first instant. The upward cwrert of liguid along
the erystel surface due to the smaller density of the impov-
orighed electrolyte at the cathode, carries the chain of ions
which lie eslong & given stream 1ine:up;vard out of its normal
course, sSo that the current tends to reach thd upper suriace
of the crystal. Watching this process under the miocroscope
one gees the small crystels which appear et the start grow
upward 5o that after a time instead of a large numder of
silver crystals of spproximately oqual dimensions in differ-
ent directicns omo mees a great number of elongated deposits,
the longest dimension being verticals These tend to grow
into one anothsr, so that after a time striations have dev-
eloped, that 1s, there are ridges of silver of more or less
equel distance e._parti separsbed by intexrvals of bare plshimmy
"Observatlions shows that the fmmber'of striase per ocentl~-
mebor is aspproxzimetely proportional to the ocurrent density,
or the dlstance between striae is inversely proportional t’d
the current density. In the same way, tho initial distence
betweqxi crystals in a nonstrigted deposit is inverssly pro-
portional to the ourrent density, or the number of crystals
per square contimeter is proportionsgl o the square of the
‘eurrent ’aensi'ty.ihis explains why a anlall'em'ren.t' gl ves
coarser erstals than a larger cwrrert for & given welglh
of deposit, for donbling the current multiplies the number
of drystals by four, and hence reduces the average weié__hh
of sach erystal %o one-—haifa“
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Prolichl states that ths increase in cathode potentisl
15 easily explained when it is considered that his measurem
ments were made in acid solutioms, wvhere we have to deal
with positively charged gelatin ions: The gelatin on account
of its positive charge, migrates %o the cathode where it ac~
cunulates and offers additional resistance $o the transpor=
tation of the inorganic cations up to the cathode surface,
thoreby explsins the imcrease in cathode polarization as due
to the increase in concentyrgt ion of golatin at the cathode
surfaces This inorease in oconcenbrstion is $he result of
migration of the positive gelatin ions to tho cathode, The
pos'it'ive charzaeter of these ions prevent their migration
away, and the rates of convection end diffusion are neglig-
ible, hence we have the accumulation of a gelatinous £ilm
noar the surfasce of the eati;ode.“tl’he resistance %0 the flow
of copper lons is increased, aml as a result we have an
increased in electrode polarization.

B}.um and Hogab-oomzin ré;v'iewing the effect upon electro-
deposition of various fuctors, cover current density, oon=-
centration and sgitation, temperature, conductivity, metal
ion conceif ration, hydrogen ion concentration, addition ag-
ents, structure of base mtal, meisl distribution and throw-

ing power.

igrgli%hi The Anphoterie Character of Gelatin end its Bearimg
on Gertain Electro-Chemical Phenomens, Trans.Am.ELec.Sot

Yols 46, 67, 1924, o ' e e
Blum and Hogaboom, Principles of Electroplating and Electro-
foming, ‘MeGraw~Hill Book Co., 1924,



Merie and Buffet’ found that cathode deposits from
coppor sulfate electrolytes containing gelatin, were heavier
than the theoretical deposit+ These authors attributed this
oxcess weight to0 gelatin end mechaniceally held copper sul=-
fate.

Blumzin discussing the effsots of colloids in the
olectro-deposition of metels stabtes that one effect of col-
loide upon the stwmoture of slectro-deposited mebel is to
reduce the tendemncy for tho :onmatipn of trees, or project=-
ions upon the surface, Addition agents are frequertly used
0 permmit use of higher ocurrent densities than normal. Ap~-
parently addition espgents decrease the tendenocy for the
growth of exisiing c¢rystals, emd inerssse that for the forme
ation of new erystalsos

Blun stabtes elso that the prosence of addition agents
espzclally those thaﬁ are ¢olloidal insrease cathode polar-
ization. Carbon disulfide which i3 used as & brightenmer in
silver cyapiﬂ.e gsolutions decrease the cathode polarization.

60mm_on positively charged colloids employed in secid
solubions slso increege the anode polarization, but to a
less extent than at the ca.thﬁda. Colloids that are negative-
1y charged tend to migrate toward the smode snd to produce
the graateagt polarization the:e. Whatever the fHrm in which
the collold existe, it must in most ceses migrete to the

1 Harie and Buffat, Jour.Chim.et Phys, 243 4v0, 1927.

2 Blum, Colloids in the Electro-deposition of Metd.s
Golloid Sumposium Monograph, Vol. 5, 301, 1928,



cathode, and there inorease the cathode polarization in
order t0 effect the structure of the deposit. The most im-
portent sgencies in colloidal solutions thet contribute %o
the replenishment of metal ions at the cathode are diffus-
ion and convection.

Iffi the collold setuslly reaches the cathode saurface
through migration or other mesns, it mey be lncluded within
the cathode deposit by means of (1) co-discharge of asolloid
perticles and metallic ions; {2) the discharge of complex
ions conteining ths metsl cnd colloid; (3) adsorption of
tho colloid upon the fsce of the metel deposit; or (4) the
mechanical inclusion wvithin the a'e poslt «

Taft and Hessmorélhave' gl ven examples of the sxcess
welght as e :Eunctiqn 0f the comcentration of copper sulfate
in the electrolyte, corsentration of gelatin end hydrogen

ion concent ration.

1 Taft and HMessmore, Trang. Kans. Acads Bcils, Vole 32,42,.19‘29.



PHE INFLUERCE OF GELATIN URON ELECTRO
‘DEPOSTEED COPPER

The Influence of Gelstin upon the Form of

Blectro Deposited Copper

One of the effects of gelatin upon electro-deposited
copper is that upon the physical form: In gemsral, colloids
decrease the size of the individucl a.ryst_al?s y ané. the
deposit usnally acquires a color markedly different from
that of the purs electro-deposited metal.

Gelakin, when in solution, acis es an emalsoid ard
has its charascteristic effect upon the formot electros
deposiied coppers. Ordinary deposit ed ooppex has a light
reddish chareoteristic copper-color, while that electro-
plated in the presence of gelatin is frequently darker,
in many cases the color grades between that of ordinary

copper and a light colored bBronze.



The concentration of the gelatin plays quite an
important part upon the physical form of the deposit. In
the illustrations which follow, the effect of several
variebles upon the form of the deposit; other than con~
centration of gelatin, was noted. The surface upon which
the Qeposition was made seemed t0 play a less important
part than one would suspect,

The factors influencing the form of deposit which
were observed were concentrstion of copper sulfaf;e in
the elsctrolyte, concentration of geletin, hydrogen ion
consentration {frequently denoted by pH.), brand of geol-
atin, cathode surface, and 1ength of ’cima during which

deposition was continued.

- Expe riment 2l Procedure

The experimental procedure used in the preparation
of the deposits for both the qualikative and quantitative
work was very simple. A stock solution of 1.25 molar cop-
per sulfate was prepared by dissolving 312 grams of chem~
ically pure copper sulfete in weter and diluting to one
liter. A solution of this concentration was very conven-
lent for use in preparing solutions of other molarities.
For example, to prepare a 1 molar solution, 80 cubic cent-
imcters of the stock solution and 20 cubic centimeters of
water were needed; for the 0.75 molar, 60 cubic ce'ntimet-

ers of the copper sulfate and 40 cubic centimeters of



water; for the 0,50 moler, 40 oubic centimeters of cop~-
per sulfate and 60 cubic cenbtimeters of water; and for
the 0.25 molar, 20 cubic cexitimetefs copper sulfaste and
80 cubic cons inecters of water gave 100 cubic centimeters
of the splution,

Coignet's sheet golatin waé’ used in the study of
the physical form of the deposits, while Eastman Xodak
Company's ash-free gelatin was used in all subsequent
gquantitative work,

Preparat ion of the gelatin for solution consisted
in tearing tho sheets into bits and welghing on a watch
glass, The gelatin sample was asdded to the previously pre~
pared copper sulfaete solution, and the whole warmed to 50
degrees Centigrade. Solution was a slow process, bubt was
facilitated by slow stirrings After the gelatin was com~
pletely dissolved, the 50 or 100 cubic centimeter besker
was placed in a 30 degres thsrmostat for temperature con-
trols The copper or pletinum electrodes had been previous-
1y mounted upon an electrode support. This guppdrt was
simply & board about 1-1/2 inch in oross section and about
20 inches in length. Upon one side of this board wexe
nsiled shor pleces of copper wire bent into the shape of
inverted U's, and to one end of a U was held by a motal
clip an enode, and %o the other end a cathodes These two
electrodes wers the anode and cathode of differemt elea~

trolytes. The cathode of one U and the vanat_'her' of an
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ad jocent U were placed in the same electrolyte. The U's
not only served as electrode supports, but also esrried
the current from one cell to snothers Any number of cells
could be placed in series in this manners

Storage batteries wore the source of direct current
for the electrolyses., Adjustment of ourrent was made
$hrough the use of a potential divider, which will be
desoribed in the section on polarizetions An ammeter was
placed in series with the cells as a current indicator.

After electrolysis was finished, 'the' eleatrodes
were immediatoly removed from thelr elsetrolytes, washed
with warm water; then alcohol end drieds Later in the
work aoetone was used ap the drying agent, end was found
%0 be much more effective than the grade of aloohol avallw
ablo.

A8 a permanent record the cathodes were photographed
using cramezf slow contrast plates, 5 by 7 inches. In most
cases the cathode handles we:é ¢lipped to allow for con-

venient arrangemont .
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Physical Form ‘of Doposits.
Physical Form a§ a Function of Comcentration of Gelabin.

Figure I shows copper plated ab zo"c.-,_ with a current
;dex;sity_of 1 smp. per -dec.z (6.0625;‘&@@%5 ecurront), for
30 mi.zmtés- and from 1 molar copper sulfate solutions con-
taining varisble quantities of gelatin, The gelatin was
Colgnet's, prepared in France. .

Sevéral types of depbsits present-i{hemselves upon in-
spection of the plate. Solutions containing 0.10 per cent
of gelatin or less give oathodes containing small "warty"
growths or "dots".s The number of those dots seems to be
roughly inversely proportional 0 the gelatin content, that
1"3, the greater the proportion of gelatin, the smaller the
number of dots., This smsller rmmber of dota seems to go
‘hend-in-hend with dots of greaber aismeter.

As the gelatin content increases the type of deposit
is charscterized by vertical raised striations. These abri-
a‘aions,__ when sharp and distinet; are usnally very bright and
lustrous, as contrasted from the awll and darker colored

background.
In the electrode from the cell containing 0.2 per cont

gelatin, several striastions seem to be composed of dots ar-~
ranged in a vertical row, Whether or not the viher stria-
tions were at ono time Guring their development, & series

of dots is open to specﬁle.tion. As concentratlon of gela-

tin increases up to 1.33 per cent stristions continue to
Prosent ‘themselves, although they become fewer in numbez.
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.05% gel. .10% gel.

2.0% gel. Coulometer

Figure 1
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Phe two electrodes ocontaining 1.67 and 2,0 pexr cent gelatin
oontaine striations only on their edges.

The cathodes shown in Figure II were prepared under
the same conditions as those in Figure I, that is, 1 molar
copper sulfate, sa"o. G.e Do 1 an}nr. per square decimeter,
with variable gelatin contents, The slectrodes from solu-
tions containing 0.10% or less of gelatin give the same
goneral type of deposits as those shown in Figuve I. The
deposit from .15 to 1.09 gelatin comtain the vertical stri-
ations, while those of bigher gelatin content ocontain almost
no striations. The darkening of the eleotrodes from the
cells containing 1.33% gelatin or more possibly is due to
partial reduction of the gelatin., This reduction of gela-
tin was caused by the setting of the gelatin solution,
which thiokening in turn prevemte free ciroculation of the
oleoctrolyte., When the ocupric ioms in the vicinity of the
6lectrode had beoen discharged, the asolution was t00 vis-
cous for a sufficient number $0 be furnished by convection
cursents and ag a2 result soms gelatin was partially reduced
imparting €0 the ocathode a bDlackish color. The difference
in appsarance between the coulometer electrodes and the
gelatin eleotrodes is quite marked.

In Figure III are shown electrodes prepared as 30°0,
with a O, D. of 1 empere per doa” for 30 mimutes, but with
both concentration of copper sulfate and gelatin as varia-

bles. PFive concentrations of copper sulfate and three con-
Centrationa of Coignet’s gelatin were used, eash consentra-
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tion of gelatin heing contained in eash of the five concen-
trations of copper sulfate, making o total of 15 cells,

The horizontal rows of cathodes are those of constant cop-~
per sulfate concentrations and in vertioal columns the oon-
ceantration of gelatin is constant,

Several types of oathodes asgain presemt thomselves.
The cathodes from 1.25 molar OuSO, and ,08 and .50% gelatin
are of the same general type, the former has more dots om
its surface shan the latter. Compared $o previously de-
soribed elestrodes from 1 molar (u30, it womld appear that
the inoreased sonsentration of copper aulfate tended (o de-
orease the mumber of dotms, The elscirode from the solution
conteining 2.0% gelatin would have contained vertical stria-
tions had the olectrolyte been sufficiently fluid to have
allowed conweotion currents to have played their part.

The asoond horisontal row of cathodes from the Sop
are those from 1 molar aoppir sulfate. The electrode from
the 0,06 per cent gelatin appears quite different from the
corresponding one desoribed abowe. It seems to be very Adif-
ficuls to dmpliocate the physiocal form of these deposits.
The eleotrode from 24 gelatin is quite similar to the sor-
responding one from the 1.25 molar Cu3Q,.

In the next lower row are those cathodes from the
0.76 molar CusO,. The electrode from the 0.06% gelatin is
quite similar to soms in Figures I and IX. The one from 2%
8elatin again is quite similar to the eorresponding elec-
Srodes from 1.0 and 1.25 molar CusO4.
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The two lower horizontal rows present cathodes of
quite different appsarance, The dark colored aress sre
coatings of oopper oxide, some portlions #f whioh are }hlack
Bome grade from a dark blue to a light blne, then €0 a red,
In each oase with 2% gelatin, devosits seem to he quite simi-
lar in appesrance; it would thus indioate that the gelatin
content at 2% concentrations plays a more lmpertont part
than the change in econcentration of copper smlfate,

ngaical Form a8 & Funstion of Ooncenmtiration of Gelatin and
pH.

Pligure IV shows cathodes prepared under the same gen-
ditions as those in Pigure III, namely from 1,25 molar to
0.25 molar ocopper sulfate, 0.08 to £,0% gelatin, U. b, of 1
ampere per dcnm®, 20°C. anl for & duration of 30 mimmtes.
Hydrogen ion determinetions were made in a duplicate sample
from sach eleotrolyte, the results of which are given in
Table I. The hydrogen ion determinations were made with the
quinhydrons and saturated calomel electrodes,

| Pable I.
P Valuea &f Gelatin-Cus0, Rlecirolytes.

- 1o e

1.26 Molar 0,0625 3. 80
1.20 Molar Q.50 8.28
1,00 Molar 0.0825 8.26
1.00 Molar 0,50 $.33
1.00 Meolar 2,00 S.48
0.76 Molay 0.06256 3.41
0.75 Molar 0.60 3.48

0.75 Molar £.00 3.67
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Cono. Cus0 4 % Gcle{l.n pH

0,50 Molar 0.0625 3.,5%
0.80 Molsr 0.50 3.66
0,60 Molar 2,00 3.76
0.26 Molar 0.,0888 3.84
Oe. 25 Molay Qe 50 3,94
0.25 Molar 2.00 4,01

The cathodes shown in Pigure 4 are approximstely
similar 0 those in Pigare 3, however there are s¢verul
exoeptions. The cathodes £rom 1,25 molar eopper sulfute
aml .06 per cent gelat in are similar, but that one from
0+5 por cent gelat in in Figure 4 is appreciably darker
than the corresponding one in Figare 3. The cathode from
2.0 per cent gelatin in Migure 3 dlso 18 darker. The most
noticeable difference occours in the electirode from the cell
containing .06 per cemt gelatin and 1 molar copper sulfate.
Why in one case some of the striations should be broad and
oomparatively few in mumber, while in the other case there
are feow etriatlons and many dots is not simple to explain,
These dote are arranged in verticgl rows, and had they
developed imo continuous stristions, the latter wmld
have besn more numsrous,

In the ocathode from Ol76 molar copper sulfate and 2,0
per cent gelatin another exception osours. This electrode
in Mgure 4 oontains a comparatively large number of dote,
and these dots are exceptionally large in diameter, The
umal cathode from 2,0 per cert gelatin contains ocomparat=
ively few dots, anml these are low and flat aml quite large
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in diameter. The remainder of the electrodes in the two
plates are quite similar,

These several inconsistencies are not easily to de
explained, All eleotrolytes were prepared in exactly the
Same manner; heating in each case was ocarried %o 50° Cent-
igrade for the solution of the gelatin, Stirring was not
vigorons, and all gelatin was dissolved direotly by the
respective oopper mulfske solutions, Hydrogen ion concen~
tratione vary not more than .02 or .03 in terms of pH in &
solution of one definite conocentration prepared at differ-
ot times. This small variction is due largely to variat~
ions in the distilled watey. It is soarcely reasonsble
that differences in pH of a few hundredths would cause sueh
mariked dissimilarity between deposita, when other conditims
are constant,

Pable 2 chows the several conoentrsiions of gelatin
and their corresponding pH values,

In the case of 0,0125% gelatin, the ohange in concem~
tration of gelatin from zero per ocemt o0 that valune is 80
alight that no appreciable change in the hydrogen ion ocon=-
centration ococurs.

Pigare O shows the cathodes prepared from the elesctro-
1lytes whose pH valnes and gelatin concentrations are given
in the above table., These electrodes are quite similar in
appearanos $0 some previously shown, and also the three

types of deposite are quite definitely illustrated. The
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firet five cathodes, i.es, those from elsotrolytes contain-
ing .10 per cent gelstin and 10_53 are characterized by the
dots, those from .20 p;r oemt t0 1.0 rer cenmt are charact~-
orized by the bright to dull lines, and solutions containe
ing 1,6 per cemt ani more gelatin have no striatioms. The
latter deposits are very dull, but in general are light

colored.
fakle 2
gongentration of Gelatin PH
+0128 per cent 30 K0
«0860 ™ " 3,32
«0800 " ® 3,83
0% n ¢ 3,38
10 " w 333
«20 = ® 3.36
30 L 3.3
«40 " » 3.36
«50 noon S¢39
76 " w 3«41
1.00 n " 3.43
1.50 " " 3.40
£.00 n n 3.46
2.50 " " 3e 49
3.00 " w 3. 50

Figure 6 shows cathodee prepared similarly to soms in
previous plates. Soeme differences exist, however. The oondit-
fons under whioh these deposits were prepared were 30° Cenmt~
igrade, at a ourrent density of 1 ampere per square deocimst~
or, and for a duration of 30 minutes, the cmoert rat ions of
oopper sunlfate amd golatin being variabls.

Again, seversl types of Qeposite prasent themselves
as a result of variation in concenmtrat ions of copper sulfate

eleotrolytes and gelat in. The top horisontal row of cathodes
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is from the 1-1/4 molar eopper sulfate, and the bottom row

from the 1/4 molar solution, end the imtermediate rows are
from the oorresponding comsent rations of copper sulfate.
The vertiosl columns from left to right contain elsotrodes
from solutions containing respectively 2,0, 0,6 and .06 and
0.0 per ocemt gelatin., Many of these elsotrodes are quite
dissimilar to some shown previously, all oonditions of pre-
paration being the same. The amall rumber of comparatively
large dots on elecstrodes 0f high concent ration of ocopper
sulfate and low gelaitin appear to be absent. In their place,
however, are many more, btut mmch smeller dots. Deposits of
intemediate copper sulfate and gelatin seem 0 be gquite
similar to some previously desoribed, The dark colored de-
poai e in the lower center are coated with bluish to red-
dish oxide, and were those prepared from the more ailube
oopper sulfate solutions, smd those dilut e sulfate solutions
did not contain smuffioient acid to prevent the oxide format-
ion. The csthode at the lower left oontaimed sufficient gel-
atin to prevent the formmtion of viasible oxide.

The wvertical row of aleotrodes to the right were pre-
pared from solutions aontaining zero gelatin, or in other
words, from solutions or copper sulfate alone., These elec~

trodes are apprecisbly heavier than theoretioal on socount
of their coating of oxides This ocating in all prebabliliky

18 not just a surface coasting but 18 more or lass evenly
d stributed throughout the deposit and is very differemk
from the oxide prepared in the presence of gelatin. These
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several deposits are darkened muffiolently as to0 be eaally
distinguished from ooulometer deposite. One might be led to
suspeot that ths electrodes prepared from .60 amd .25 molar
oopper sulfate _and gord gelatin might be bright colored
with the oxide but suok is not the case. It appears as
though low concentrations of copper sulfate and gelatin
both are necessary for the preperation of these bhighly col-
ored deposits.

Hydrogen ion measurements were mpnde on the eleotro-
lytes from which the above eleotroies were prepared. These
values ari given in the following toble.

Table §
nglggty dona. 0:1.
T M
1.25 0,06 3,09
1.86 , 0450 3.18
1.86 - 2,00 3.2
1.00 0.00 3.18
1.00 0.06 3. 25
1,00 0,50 3.33
1.00 2.00 3441
0.75 0.00 J.31
0.76 0,08 3,41
0.75 0. 50 3.49
0.76 2,00 3+ 58
0. 50 0,00 3e4T
0.50 0.06 3.60
0‘ 50 00 w 3‘68
0.60 2.00 3.78
0.26 0,00 3.78
0485 0,086 3. 88
0,36 0, 50 3,99
042D 2,00 4,06
0.00 0,00 6.16
0,00 0,06 5,68
0.00 0.50 5,47

0,00 8.00 8,38
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The addition of gelatin to s copper sulfate solution
alters materially the hydrogen ion comcerdration in asome
cases, A2 an exumple le%¥ us coneider the pH of the Dur
electrolytio cells containing 1/4 molar copper sulfste.

The solution which contalms no gelatin, or as we might sey,
pure oopper sulfatehas a pH o0f 3.76, The addition of ,06 per
oent gelatin raises the pH, whioh inorease indicates the
absorption in some menmey of the hydrogen ioma. The inge
rease 0f pH odviounsaly means a decrease in acidity, and the
dooresse in aocidity is favorabls to oxide formation, which
tendenoy asppears logiocal.

Ap wo pass to the next slectrode to the left, whioh
was prepared from copper sulfaste containing 1/2 per cemt
gelatin, we see lees oxide than in the previous case. But
the hydrogen ion ooncentration has continued to inorease,
which inorease, of course, meens still less scidity. Less
a0idity ehould favor inoressed oxide formation, but the reve
erse seems t0 be thw case, the electrode from the 2.0% gel-
atin contains very little oxide. Again the pH has inoreased,
and this inorease has falled to favor oxide formatiom,

Figure 7 showe cathodes which esserg ially axre duplie
oates of those in gigaro 6
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Physical form of deposite upon Platinum

Por the preparastion of all previously deacribed
olectrolytic deposits, sheet copper was nsed for backing.
P70 stuly the effect of platinum as & base for deposition ,
a number of electrodes were ocut from sheet platinum. These
eleotroles, similar to the copper meas, were 2,56 oent imet~
ers on a slde, and a handls of platimmm 2 cerdimeters wide
was welded to each sgquare,

These platimum eleotredes were gliven thorough cleans-
ing iw immersion in hot nitrie acid, washing, and finally
ignition to0 redmess over a Meeksr burner,

The remeining conditions of the expi1imek were sime-
1lar t 0 those of several other experimonts, newely, variable
concentrations of copper sulfute and gelekin, 309 Centi-
grade, a current density of 1 ampers per Bquare decimeter
am for a duration of 1/2 hour. Figure 8 shows the deposits,
aotual sice, prepared under these oconditions.

Many of the deposits gppear radically different from
the corresponding ones plated upon coppexr bases, The two
vertical rowse of electrodes at the right ure somewhat sim-
ilar in appearance $o many previously prepared. Some minor
differences ocoour, however. The markings in ‘the deposite
from zero gelatin in the upper center of ihe eleotrodes are
dus to0 Aifferences in the surface of t® platimum, and these

differences were brought about when the platimum handles
wore welded to the square. The horizontal markings are the
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result of roll marks originally on the platinum.

The oolusm of cathodes from ,06 per ocent gelstin also
offers soms contrasts to previous depoaits. Tho electrode
from 1.28 molar oopper salfate is nearly free from the char-
acteristio dots, and in their places are the vartical striae
The few dots which remain ami the striations appear slightly
darker in color than the baokground aml a8 if they had been
highly polisheds The charaoteristioc oxide sppears upon the
twy electrodes from the more dilute copper sulfat ee

Several of the remaining deposits show blistering or
loosening and ralsing of the copper layer from the platinum
base. This loosening of the deposit was ocaneed by the tend-
enoy to expand, and during this expansion the polished plat~
inum ¢athode surface was not mfficiently rough to give an
adhsrent deposit, Deposits which had been made over a
period of 4 to 5 houre upon platinum electrodes, the sur-
faces of which had becn roughened by abfasion with aee sand,
warped oconvex toward the mmodes Thias waerping existing only
in the cases of elsctrolytes which oontained 1/2 per cent

gelatin or more.
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Physiocal form of deposit as s funoction of brand of gelatin

For the preparastion of all previously desoribed eleo-
trodes Coignet's gelatin was used. In Flgure 9 are shown
deposits upon copper backing from 1 molar copper sulfate
solutions containing the sams guantity, namely 1/2 per ocent,
of several brands of gelatin, Time also was a variable in
the preparation of these electrodes, soms requiring 1/2
hour anl some 1-1/2 hours.

The lower eight electrodes are duplicates of those
on the upper half page, but were prepared at differens times,
The electrodes in the left vertical column were prepared
solut ione containing 1/2 per cent of the type of gelatin
used by bacteriologists, Those in the mext column are the
result of the use of Knox sparkling gelatin, the household
variety; the third ocolumm is from Eastman Kodak Company ash-
free golatin, and the columm to the right was from Coignet's.
Coignet's and the Bacto gelatin gave the sams type of dep~
osits while those from the Eastman ash-free and Enox were
of the pams type, and this type was quite 4ifferent then
the former,

In each set, the upper row is the result of 1/2 hour
of eleotrolyeis, anl the lower rows were prepared during
1-1/2 hours time. In 0ase striatims were present, the es-
sontial differences in the appearance 0f the electrivdes

which are the result of the differenmt times, was that the
eleotrodes produced during the greater tims had more pro-
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nounced raised strise.

Physical foxrm of depoait as a funotion of metallioc base

All of the deposits previouasly desoribed had been
made upon a base of sheet copper or platinum. To study the
effeoct of another variable upon the type of deposit, sev-
eral depositions were made upon different bases, Platinum,
brass, gold, oopper and silver cathodes were used for this
purpose. 'fhe other conditions of the electrolysss were con-
stant, namely, 1 molar copper sulfate, 30° Centigrade, 1

1
ampere per square decimeter, anmd 1/2 per cemt Coignet's /4 '

gela in. Pigure 10 shows the result of this experiment,

The oathodes are all quite similar except poseibly the
one with a platinum bass, This elestrole gave 'a finer md
emoother depoeit than the remaimnmler. A few slight markings,
other then the almost normal striations, are the result of
‘roll marks upon the plat inum sheet. Anot s r point of dlseim-
ilarity that can be menmtioned is the unimportant variion
in the number of striations. Tha background of the deposit
on platinum wae quite smooth, while the others gave fine,
but roungh deposite,

?0 make more noticeable any effects not vieible to the
naked eye, portions of these eleoctrodes were recorded photo~
graphically at a magnification of 100 diamters. Figare 11
shows the photomicrographa. The photograph of the deposit on
platinum appears t0 indicate roughness thouéh an absence of

d%k 8, In reality this deposit was very emooth, The dark port-
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ion in the center is the botiom end of e narrow striations
The roll marks in the body of the striatiom barely show, end
thelr absence indicates that the deposited copper on ths
striation is thicker than on the\ min body of the electrode,
Quite a combrast in color snd in the intensity of the 1igsht
reflected by the deposit is evidents ”

“he remining d.eposits are vory similar to one another.
They show vary plainly thot the mein porh on of the deposit
is not composed of normal cubic crystals, but of & multitude
of dots similar in sppoerance to many nomslly visible. In
81l cases tho striations are vory smooth, and lustrous, end
appear to contfain’vnq dots oi rough portions.

The elze of the dots vary from deposit to deposits The
coulometer doposit is shown for comparison,

The gold cathode was plated with gold from a potassium
auric oyanide solution, and this deposit was fine greined
and orystolline, The silver, brass, copper ani platimm

electrodes wore cubt from sheet metal.

summary

In this portion of the woxk the effect of the follow~
ing variables upon the physical form of electro-—de_p)osited
copper has been observed, namely, concentration of gelatin,
concentret ion of copper sulfake, hydrogen ion concentration,

brand of gelatin, surface for deposition anl %ime.
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Low concentrations of gelatin anmd low concentrations
of copper sulfate temi to give deposits well covered with
bright colored copper oxide.

With low end medium concentrations of gelatin and from
0,75 t0 1,00 molar copper sulfste the deposits were frequehtly
characterized by the presence of bright vertical striations,

Low consentrelions of gelatin and 1.25‘molax copper
sulfate gave deposits with characteristic doﬁé in place of
the striations. o

High concemtrations of gelatin in genéral gave a de~
posit containing whitish spots, end the cemter of these whit-
ish epots appeared to be s nommsl dok, §o characteristic from
low gelatin deposits.

Brand of gelatin caused variastions orly in the numbex
of striations; the bacteriological and Coignet's gelatin
making more striations, while Knox Sparkling gelatin and
Eastmen ash-free gelatin gave a minimim of markings.

Type of depodtt might easily have been more a function
of concentration of copper sulfste than of hydrogen ion con~
cent rat ion, especially since only comparatively smell variat=
ions in pH occurred. And again, the pH is a function of the
copper sulfata,

Time seomed t0 be only a subordinate factor, inasmuch
a8 dots or striations fomed within & helf howr were only

increased in size, and possibly only very slightly in
numbex.
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The Influemse of Gelatin Upon le Cu/ou**
Electrods Potential

As desceribed in ’che'prsvj.ous ssetion of this thesis
the addition of gelsain to copper plating bdaths produce &
ve‘r;; marked efiect upon the strue‘tura of the deposiis This
effoot is not only of a qualibtative nsture, but 1s qusnti-
tative a8 well. In a previous paper (loc.cit.) 1% was shown
thet the weighi oX the cathoaé deposlt in a copper sulfste
electrolybe containing gelatin was always hoavier fhan when
no gelatin was present. It will be shown in another section
that this excess weight is chiefly gela?..m;

There are three weys by which the gelatin might be re-
tained in the deposit, In thess solubions the gelatin is
probably present as s large and complex cabion, which, upon
electrolysis would migrete toward the cathode along with the
fastor moving coppser and hydrogen lonss Vhen thase gelatin
ions reach the ovsthode, the quesilon arises as to whebther
they are sotuslly discharged or vhether they migrate to the
cathode and stop mechaniceally.

The second slternatlive is mechanical occlusion: A
large gelaitin ion oxr particllo may migrete to %he cathodé,
and at the surface be entirely enclosed by depositing copper.

The hird wethod by which the gelatin mey be held is
adsorpbion by the newly fomed crystal faces 0f copper. The
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‘data which follows, tends to0 indicate that this last assump~
tion is tge correct one, To establish the velidity of such
an gesumption lot us reason as follows; the gel'atin‘upon
migration toward the cabthode tenis to accumnlate at or meex
the cathode surface. The coppor ions will proceed to the
cathode a:}d be dischargeds. The hydrogen ions from the hydro-
lysis of the copper sulfate will also migrate to the cathode,
and if the potential is below a corbtain value they will
simply accumulate vin the cathode region. After electrolysis
has cont inued for soms time the coneentra‘tion of geleatin in
the vicinity of the cathode hag increased the viscosity of
the electrolyte, since gelatin solubions are very viscous

as compared %o water. Sulfates imrease the gelation temper-
ature of gelatin solutions, At the same time the gelatin con=
centration increases st the cathode, the copper ions sdjacent
%o the cathode are disgharged. The increased viscosity tends
to meke more difficult migration of the copper ions and the
result is an increased copper electrode polarization. gypol-
arization is understodd to mean the imerease in electrode
potential necessary to cause deposition of coppor above that
of the equilibrium potential, the equilibrium pobtentisl, Eqs
being defined by the relation

. RL

np
If the reasoning is correct & study of this polarig=-

n cut?.

ation ocourring in the presence of gelatin should throw some
light on the mochenism of the clectrode processs The polariz*

ation of the Cu/Cu'* electrode for several c mcemtrstions of
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gelatin and for various curremt densifties were moasured.
The mothod of polarization msasurement was based upon the
ingonious but simple one of Haringl.-

Hering's cell consisted of a rectangmlar hard rubbex
box soms over 30 centimeters long and 10 centimeters cross
seation. At a disbance of 30 centimeters apart were two cop-
per plates which f£it vertically isto grooves in the ocell.
Two GOpper gauzes were placed into the cell in grooves so
a9 to divide the cell into three compartments of leubie
decimeter each., Whon the end copper plates were connected
with s source of direct current, and using o copper sulfate
electrolyte ordinary electrolysis took place with solution
and deposition of coppers It was feasible to measure the
potential drop from anode to gauze;- gauze t 0 gauze and from
ganze t 0 cathode. The potential drop between the two geuzes
measured onl& the IR drop of the middle compertment. The
potential of either end compartmert was the sum of two fac-
tors, the f£irst of which was the ordinary IR drop of the
electrolyte ani the second was that due to the dissolving
or deposition of the copper,

If now we mpasure the potential drop across these
three compartments we have the desired data for our polar-
ization study. The potentisl of the enode compartment is
the sum of the IR drop scross that portion of the cell plus
the potentiel involved in dissolving the copper, Likewise

rHaring, Prans. Am. Elec. S06., 49, 417, 19%,



43

the potentisl of the cathods comparbmemt is the sum of its
IR arop and the potential mecessary to deposit the coppsr.
This latter potentisl, that is, tha.j; necessary to deposit
the copper, is the potential of polarization amd is the quan-
tity we are about to mpasures
| The cell that was used in these experimerts was &
modification of Haring's cell, The box was of wood anl sbout
20 centiméters long by 2.6 omntimetors in both width-and
depth, all inside dimensions. These dimensions wera chosen
80 that the lengbth of cach compartmert would be 5 centimet=-
ers. After the box was given several thick coss of sn inerd
black tar paint, its crbs_s section was very nearly 2.6 centi-
meters by 2.6 centimeters. Two copper sheet eloctrodes,
2.5 cen‘éimters square were cemonted with tar paint into
the cell, 156 eentimeters apart., Also iwo 14: m sh copperx
gauzes were oemented' into the cell dividing it into three
equal coxﬁpartmnt 8
Potent ials were msasured with a potentiometer set,
the disgram of vhich ig given in figure 12. Storage batter~
les were used as the source of direct current. The potential
divider rheostet was one of the home-made type, using about
160 feet of a nichrome resistance wire, This wire was wound
on a eylindrical drum of 15 inch diemeter amd 20 inches long.
The capaclity of the potentiometer wes 2.3 volts, and
many ocogsions aroge in vhich it was necessary to moasure
potenti als greater them this Vaiuas For thie reason tw
Leeds end Northrop resistances of 9999._ohms capacliy were
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50 pleced in the circuit that one half the potential of
sach eoll was measured in place of the entire potentials
And in a fow instances the resistence of one box was low-
ored to 4,999 ohms ami the potentisl difference through that
portion of the circuit was measured giving ome third the’
o.mefy 0f the cells

With these severel resistences in the cireuit it was.
possible that enough current flowed through them to lower
the equilibrium value 6f the potential, To chock this point
a potential of about 2 volts was measure'ci, thon after insert-
ing the two resistance boxes abt capacity, the half poten-:
tial was measured. This latter value waé- found to be exactly
one half the fomer velue. Then also check readings were
mede occasionslly vhen observing ske 1/3 potentials, Those
potentials woere found to be from 2 to +5 millivolt low.
Errors a8 small as these are negligible for polarization
measuremens 8 involving gelatin, homce the 1/3 potential
values were considersd sufficiently sccuratas

The polarization moasurement s were carried out briefly
as follows; the cell, having been previously cleansd was
plagced in & glass tank air bath, at 258 Cerbigrade, plus
or minus ,1% The wire commsctions to the outside cirouit
wereo goldered into place. The electrolyte whose electrode
polerization was t o be mpasured was poured into the cell
unt 11 the oell was level full, glving théreby a eross
Sectional area of electrolyte very nearly o 6.25 square

cont imsters. As soon as the temperature of the electrolyte
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became 25%entizrade the circuit was closed and measurements
started, Within approzizately one minute after the currant
bogan flowing the ammeter was steady at the desired current
and polarization readinzs were taken in the order cathode,
middle aml anode compartments. After one minute was required
in making these obsarmti’ons.; Then from 2 to 3 minutes were
allowed t o elapse and enother set of moasurements tdken.
These latter values were fraquently one or more millivolts
different from the previous readings. Then another 2 or 3
mimtes passed and a third set of readings teken. These too,
differed from those previously feken. Izmxediat ely, tlon,

a higher current was egllowed to flow and other sets of read~
ings tokens Measurement s were made between current densities
of 0,16 snd 3,20 amperes per square declmeber.

Table 4 gives the data of the polarization measurements
using «5 molar copper sulfate, no gelatin, pH of 3,32 at 25°
Oentigrade, ani copper electrodes.

Teble b gives also date of polarizatlon measurements
using 1/2 molsr copper sulfate, no gelatin, pH of 3.32 ab
25%entigrade and copper electrodes, Tables 4 and b gare
results of duplicate experiments.

Table 6 gives the results of measuremer s ubing 1/2
molar copper sulfate, 1/2 per cent gela tin, pH = 3.38, at
25°centigrade, and with copper electrodes,

Table 7 gives the deta 0f masurements using 1/2
molur copper sulfate, «5 per cent gelatin, pH = 5.58 at 25°

Centigrade, using copper electrodes. Thesé date snd those
in Table 6 represemt duplicate runs.
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Tabls 4
0.5 lolar CuSO4; No Gelatin; pH = 3.32; Cu Electrodes;
? = 25,0°C,
1/2 E. M. F. ' Polarization
Time Amps, Cathode -Middle Anode Cathode  Anode
Mine C. Ds volts Volts Yolts Volts Vvolts
1 0.16 0.1403 0.1243 0,1282 0.0320 0.,0078
5 0.16 0.1400 0,1250 0.1301 0.0300 0.0102
9 0,16 0.1387 0.1239 0,1292 0.0296 0.0106
10 0.32 0.2725 0,2513 0.2612 0.0414 0.,0198
14 0.32 0.2720 0,2513 0,2617 0.0407 0.0208
18 0.32 0.2722 0.2518 0.2622 0.0408 0.0208
19  0.48 0.4042 0.3773 0.3921 0.0538 0.0296
23 0.48 0.4037 0.3764 0,3917 0.0546 0,0306
27 0.48 044038 00,3761 0.3914 0.0554  0.0306
28 0.64 0.5363 0.5013 0,5207 0.0700 0,0388
32 0o 64 0.5364 0,5012 045210 0.,0704 0.0396
36 0.64 0.,5348 0.4985 0,5182 0,0726  0,0394
37 0.80 0.6706 0.6260 0.6496 0.0892 0.0472
41 0.80 0.6700 0.6270 0.6502 0.,0860 0.0464
45 0.80 0.6691 0,6261 0,6485 0.0860 0.,0848
46 0,96 0.8002 0.7502 0.7748 0.1000 0.0492
5O 0.96 0.8008 047513 0,7757 0.0990 0,0488
54 0.96 0.8009 0,7511 0,775% 0.0996 0,0486
55  1.12 0.9321 048741 0.9000 0.1160 0.0518
59 1.12 0.9307 0.8721 0.8973 0.,1172 0.0504
63 1.12 0.9299 0.8712 0.8962 0.1174 0.0500
64 1,28 1.0625 0,9956 1,0224 0.1338 0.0536
68 1.28 1.0602 0.9936 1.0204 0.13322 0,0536
72 1.28 1.0582 0.9920 1,0186 0.1324 0,0532
73 1.44 1.1864 1,1118 1.1403 0,1492 0,0570
77 1,44 1.1840 1.1098 1.1382 0.1484 0,0568
81 1.44 1,1830 1,1087 1.1369 0.1486 0.0564
82 1.60 1.3093 1.2266 1.2563 0.1654 0.05694
86 1.60 1.3077 1.2257 1.2548 0,1640 0.0682
90 1.60 1.3056 1.2243 1,2543 0.,1626 0,0600
91 2,00 1.6336 .1,b6303 1.5643 0.2066 0.0680
95 2,00 1.6298 1.5271 1.5603, 0.2054 0.0664
99 2,00 1.6290 1.5236 1.5591 0.2108 0.,0710



Table 4 cont'd

. 1/2 E. M. F.

. / _Polerization
Time  Amps. Cathodse --Mi e Anode Cathode  Anode
Hin. C. D. Volts Volts  Volts Yolts Volts
100 240 1.9506 1.8228 1.8614 0.2566 0,0772
104 2440. 1.,9444 1,81l70 1.8545 0.2648 0,0760
108 2,40 1,9398 1.8118 1.8508 0.RB660 0.0780
109 2,80 2,2270 2,0773 2,1192 0.2994¢ 0,0838
113 2.80 2,2191 12,0716 82,1135 0.2950 0,0838
117 2,80 2.2136 12,0663 2,1091 0.2946 0,0856
_ (1.6412)(1.5260)(1,b601)
118 3420 . 2,4618 2,2890 2.3401 034566 0,1022
B {1,6382)(1.5235)(1.5582) V
122 3.20 22,4573 2,2852 12,3373 0.3442 0,1042
(1.6354)(1.5205)(1,5566) }
126 3420 2.4531 -1.2807 2,3349 - 0,3448 0,1C84



49

{Eable 5
0.5 Mola.s CuS04% No Gelstin; pH = 3,32; Cu Electrodes*
T = 25.0 Cn
. 1/2 E. M. B. . Polarization .
Time Amps. Cathode -hiddle Awrode . Cathode  Anoae
Min, Co: Do VOl'l:sv Yolts  Volss volits Yolts
2 0.16  0,1427 0,1218 0.1222  0,0418  0,0008
8  0.16 0.1419 0.1232 0.1243 0.0374 0,0022
10 0.1 0.1419 0,1240 0.1248 0.0358  0.0016
13 0.32 02696 0,2431 0,2482 0.0530 0.,0102
7 0.3 0.2696 002448 02497 0.0496 0,0098
2l 0.32 0.2682 . 0.2446 0.2493 0,0472  0.0094
22 0.48 0,3992 0.3678 0.3768 0.0628  0.0180
26 0,48 0.,3973 0.3674 043771 0.0598  0,0194
30 0448 0.3962 0.26€7. 0.3776 0,05%0  0,0218
31 0.64 0.5256 0.4890 0.5043 0.0732  0.0306
35  0.64 0.5245 0.4886 0.5048 0.0718 0,0324
39 0464 0.523 0.4882 0.5055 0.0704 0.,0346
41  0.80 0.6570 0.6142 0,6353. 0,0856 0.0422
45 0.80 0.6562 0,6142 0,6349 0.0840 0,0414
49 " 0.80 0.6551 0.6138 . 0.6345 0.0826 0.0414
B0 0,96 0.7868 0.7378 0.7607 0.0980 0.0458
B4 0,96 0.7861 0.,7370 0,7597 0,0982 0.0454
68 0,96 0.7850 0.7360 0,7584 0,0980  0,0448
59  1.12 0,9116 0.8549 0.8798 0.1134  0.0498
63  1.12 0,9093 0,853l 0,8776 0,1124 0,0488
67  1.12 0,9078 0.8515 0.8759 0.1126  0.0488
68  1.28 1.0363 0,9721 0.9987 0.1284 0,0532
72 1.28 1,0342 0,9700 0,9967 0,1284 0,0534
76  1.28 1.0323 0,9678 0.9947 0.1290  0,0538
™ 1.44 1.1595 1.0870 1,1155 0.1450 0,0570
8l  1.44 1.1680 1.0855 1.1142 0,1250 0,0574
85 1,44 1.1565 1.0840 1.1129 0.1450 0.0578
86 1,60 1,2826 1.,2018 1.2328 0.1616 0.0620
90 1.60  "1.2614 1.2008 1.231% 0.1612 0.0616
94 1,60 - 1.2800 1.1992 1,2303 0.1616  0.0622
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Table 5 cont'd

1/2 B, M. F. Polarization

Time .AmpS. Cathode liddle Anode Oathode Anode

Min, Ce Do Volss Volts Volis Volts Volt s

95  2.00 1.5722 1.4730 1.5098 0.1984  0.0736
99  2.00  1.5727 1.4718 1.5072 0.2018 0.0708
103 2.00 1.5692 1,4676 1,5040 0.2032  0,0728

104 2440 1,8628 1.7422 1.7832 0.2412 00,0820
108 2.40 1,8626 11,7406 1.7818 0.2440 0,0824
112 2440 1.8698 1.7351 1.7782 0¢2494  0.0862

113 2,80 2.15956 2,0158 2,0636 0.2874 0,09566
117 2.80 2.,1595 2.,0110 2,0600 0.2970 0.,0980

121 2.80 2,1632 2.0029 2,0550 0.,3006° 0,1042
(1.6153 {1.5402)

122 320 R.4229 12,2572 2,3103 0.3314 0.,1062

Lo ‘ (1.6104 - (1.5333)

126 3420 244156 22,2457 3.2999 0.3398 0,1084%
(1.5955) (L.5137)

130 3420 2.3932 2.2200 2,2805 0.3464 0.1210



0.5 Holaxr CusSoO,

Table 6
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: 0,54 Gelatin; pH = 3.38; Ou Electrodes;

? = 25,000,
| 1/2 B. M, F._ " polarization
Time Amps, Cathode Hiddle Anode Gathode Anode
Min. C. D. Volts Volts Volts Volts Volts
1 0.16 0.2093 0.1297 0.1336  0.1592  0.0078
B 0.16 0.2062 0.1272 0.1335 0.16580 0.0106
9  0.16 0.2070 0.1270 0.1328 0.1600 0.0116
10  0.32 0.3312 0.2518 0.2638 0.1688  0.0240
14 0.32 0.3270 - 0.2505 0.2620 0.1530 0.0230
18 0.32 0.3291 0.2511 O.2628 0.1560 0.0468
19 0.48 0.4748 0.3792 0,3963 0,1912  0.0342
25 Oo 48 Ot 4695 Oo 5785 06 394:6 00 1820 00 0526
27  0.48 0.4643 0.3765 0.3923 0.1756 0.0316
28  0.64 0.6044 0.5040 0.5248 0.2008 0.0416
32 0.64 0.5977 0,5032 0, 5235 0.1890  0.0406
36  0.64 0.5989 0.5003 0,5202 0.1972  0.0398
37 0.80 0.7384 0.6292 0.6528 0.2184 0,0472
41  0.80 0.7378 0.6300 O.6528 0.2156 0,0456
45  0.80.  0.7357 0,6310 0,652 0.2094  0.0444
46 0.96 0.,9344 0,7568 0,7804 0.3572 0.,0492
5O 0.96 0.9334 0,7558 0.7806 0.3552  0.0496
54 0,96 0.9310 0.7552 0.7800 0.3516  0.0496
55  1.12 1.0707 0.8768 0.9031 0.3878 0.0526
59  1.12 1.0700 0.8772 0.9038 0.3856 0.0532
63  1.12 1.0680 0.87656 0,9033 0.3830 0.0536
64  1.28 1.2072 ~0.9997 1.0284 0.4150 0.0574
68  1.28 1.2041 0.9982 1,0272 0.4118 0.0580
72 1.28 1.2018 0.9973 1.0263 0.4090 0.0580
75 1.44 1.3380 1,1194 1.1505 0.4372  0.0622
77 1,44 1.3350 1.1176 1.1492 0.4348 0.0632
81  1l.44 1.3325 " 1,1169 1.1486 0.4312 0,063
82  1.60 1.4632 -1.2348 1.2679 0.4568 0.0662
86  1.60 1.4596 1.2331 1.2660 0.4530 0.0658
90  1.60 1.4574 1,2319 1,2651 - 0.4510 0.0664
2,00 1.7698 1.5143 1.5516 0,5110 0.0756
8 299 197625 1.5104 I.5476 0.5042 0.0724
99 2,00 1.7596 1.5078 1.b5459 0.5036  0.0762
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Table 6 cont'g
__1l/2 B M. P, _Polarization
Time  Amps, Cathode HKiddle Anode Cathode  Anode
Min. C. D. volts Volts Volis Volt s Volts
100 2.40 2.,0627 1.7843 1.8258 0.5668 0.,0830
104 2.40 2,0648 1,7789 1.8207 0.5518 0.0836
108 2.40 2,0620 1.7742 1,.8191 0.5556 0.089%98
109 2,80 2,36568 2,0698 2,1113 0.6120 00,1030
(1.5733)
113 2.80 2.3599 2.,0538 2.1079 0.6122 0,1082
{(1:.5707)
117 2.80 2,3560 2,0503 2,1064 0.6114 0.,1022
{1.7364) (1.5590)
118 3420 2.6031 . 2,2763 2.3385 0.6536 0.,1244
(1.7325) (1.5580)
122 3.20 2.5987 . 2.,2730 2,3370 0.6514 0,1280
(1.7290) (L.5577)
126 3420 2.5935 2,2696 2.3366 0,6478  0,1340
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Pable 7
0.5 Molar CuSO4; 0,5% Geletin; pH = 3.38; Cu Electrodes;
? = 25,00,
: 'lijsz. M. F. Polarization
Time Amps, Cabhode Niddle Amnode CGathode Anode
Min, Co Do Volis Volts vVolts Volts: Volts
0 0,16 0.2054 0.1255 0,127 0.1598 00,0034
5  0.16 0.2047 0.1228 0.1225 0.1628 -0,0006
9  0.16 0.2116 0.1266 0.1273 0.1700 0.0014
10 0.2 0.,3208 0.2511 0.2537 0.1394 0.0052
14 0.32 0.3212 0.251% 0.2543 0.1398  0.0060
18 0,32 0.3204 0.2503 0,2523 0.1402  0.0040
19  0.48 0,4670 0,3783 0,3826 0.1774 0.0086
23  0.48 0.4612 0.3787 0,3822 0.1650 0.0070
27 0,48 0.4594 0.3780 O0,3813 0.1628 0.0066
28  0.64 0.6028 0,5058 0.5115 0,1940 0.0114
32 0.64 0.5982 0.5048 0.5110 0.1870 0.0134
34 0,64 0.5963 0.5028 0.5107 0.1850 0.0138
35 0,80 0,7348 0.6293 0.6382 0.2100 0.0178
30 0.80 0.7302 0.6278 0.6372 0.2048 0.0188
43 0,80  0.7276 0.6248 0,6350 0.2056 0,0204
44 0,96  0.9320 0.7513 0.7627 0.3614 0.0288
48 0,96 0,9300 0,7476 0.7597 0.3648 0.0242
52 0.96 0.9268 . 0,7430 0,7567 0.3676  0,0274
53  1.12 1.0708 0.8663 0.8818 0.,4090 0.0310
57  1.12 1.0675 0.8632 0.8795 0.4086 0.0326
61  1.12 1,0647 0,8608 0.8778 0,4078  0.0340
62  1.28 1.2044 0.9834 1,0015 0.4420 0.0362
66  1.28 1.2007 0.9807 0.9996 0.4400 0.0378
70  1.28 1,1975 0,9780 0,9979 0.4390 0.0398
71 l.24 1.3328 1,0979 1.1191 0.4698  0.0424
75 1.44 1.3270 1.0940 1.1158 0.4660 0.0436
79 1.44 1.5273 1,0910 1,1133 0.4726  0.0446
80  1.60 1,4640 1.2173 1,2414 0.4934 0,0482
84  1.60 1.4597 1,2145 1.2391 0.4904 0,0492
88  1.60 1.4552 1,2115 1.2372 0.4874 0,0514
89  2.00 1.7658 1.4800 1.5084 0.5476 0.0568
93 2,00 1.7451 14745 1.5080 0.5412 0,0610
97 2,00 1.,7403 1.4716 1.5033 0.,5376 0.0634




Table 7 cont'd
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P Polarization

| _1/2 E. M, F.
Pime  Amps., Cafhode -liddle Anode Cathods  Anode
Min, C. D. Volts Volts _YVolts Volts  _Volts
98  2.40 2,0807 1.7785 1.8152 0,6044  0,0734
102 2,40  2,0710 1,772 1.8113  0,5956  0,0762 "
106 2,40  2,0638 1.7688 1.8077  0.5900 0.0778
, . (1,5642) = = S S DU
107 2,80 2,3463 2,0848 2,0696 0,6430 0,0896
111 2.80 (i.gggg) 2.0183 2,0655  0.6374 0,0944
115 2,80  2.5290 2,0097 2.06%4  0.6386  0,1054
(1.7378) (1.5468) b
116 3420 2.6066 - 2,2602 2,3212 0.6928  0,1220
} - (1.7317) . (Ll.5449) .- S
120 3420 2.5976 2.2546 2,3174 0.6858 0,1256
(1.7259 ). (1.5446)
124 3,20 2.5888 12,2490 2.3169 0.6796 0.1358
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The deta in Tables 4, 5, 6 and 7 are shown grephically
in Plate I.

The two curves nearser the vertical a:d.s represenf data
oontained in Tables 4 amdl 5, ani are tIv polarlzation curves
of the copper su:i.fs:te electrolyte which conteined no-gelatin,
‘At the origin of these vou:rveé 2 1ittls overvoliage phenomenon
prosents itself, but other then this deviation the relation
of potenticl to current density is very nearly a straight
line function. The larger part of this polarization is con-
cert mti on polarizétion. This comemration polarizat'ion is
the result of the reduction of the eonoen’smtion of cupric
lons in the immediate vicinity of the cathoda. The coPper
sulfsate electrolyte is comparatively fluild and conveotion
currents keep & partiel supply of cupric ions, For this
reason the cethode polarization is only s amll fraction of
e volt, The duplicate curves are in very good agreemut,

The‘ two remaining curves represent the polarization
of the cathode from 1/2 molar copper sulfate solubion con~
taining 1/2 por cent gelatin, st 25°Centigrade and a pH of
3. 38+ These curves are quise different than the two from
the electrolyte vhioh containsd no gelatin, When the first
ocurrent was passed through the solutions it sppeared to be
comparatively diffioult to get the cont inuous deposit ion of
copper. The nearly horigont 2l portion beginning at the orig-

in indicates that it tales a higher potentisl to force 0,16

amperes per square decimeter through the cell than when no
golatin is present. This increase in pot ential, without
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doubt, is due to the gelatin solution baving a gresher vis-
cosity in the cathode region, Once deposition is started,
the inorease 0of the ourrent density from 0.16 %0 0,32 amp~
ores per aquare dedimeter, involves no inoresse in poten-
tial, in faot, there sppears t0 be & slight deocrease.

For several further inoreazes in currem density the
inorease in potential seeme to be mearly straight line
funotion, then at a ocurremt density of 0.8 amperes, there
i8 a sudden break, This bresk in the curve asgain iniicates
that for a amall inorease in ourrent density there is s
marked incresse in the potential mecessary $o force the
ocurrent through the eleotrolyte near the cathode, And again
the owrves assume thelr straight l1ine trend.

The oxdinary interpretation of potentidl ourvea sim-
ilar to these would be that two stakio and two dynamio
decompoaition potentials exicted. Docomposition potentials
involve measurements of potential acroes the entire cell,
while this work oonsicted in measuring the potential of
polarization., The mathod i8 based upon the assmmption that
8 oopper gauze whioh allowe free mixing and ciroulation of
the eleotrolyte, serves as s non-polarized elsctrode, Hence
the potential drop between t his non-polarized electrode anml
the ordinary oathode of the eleotrolytic cell gives us a
value which is the sum 0f tw factors., The first is the IR

drop through a ocertain guantity of the eleotrolyte anl the
Becond 1s the eleotrode polerization,

In our polarization cwrves resulting from measurements
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of eleoctrode polarization, we might imerpret the abrupt
break in the ourves f£rom oopper sulfate sclutions cont alning
gelstin at a cwrremt demsiky of 0.8 amperes %0 indloate &
ohange in elesctrode process,

In 8 copper sulfate electrolyte with ocopper aleotrodes
the only possible reastions are redwtion of eupric to cuprous,
and the farther reduction of cuprous to the metal, and direct
reduction of ocupric to the metal, With an ion thet 18 as
sasily reduced as the onpria, 1% doea not appeer reasonable
that its redwtion should take plase through the intermed.
iate cuprous. If partiasl redwtion took plagse, or in other
words if two eleoctrode processes were involved, ons above
and one below 0,8 amperes curremt density, then the weights
of deposits obtained from ourrent densities of say, .64 and
1,12 amperes, with the same quantities of eleotrioity should
be guite different from one another. In mother section of
this thosis 1t will be shown from plotted data thet the
wel ghs of cathode deposit varies uniformly with current den-
sities; amd thexre 18 no sbmupt inoresse or deorease in the
weight of the deposit in the vicinity of 0,80 amperes ow~
rent density.

From the curvature of the lower segment of the ourves
and the upper portions, it is obvious that smooth and cone
tinnous ocurvea oould be drawn. We belleve, however, that if
gelatin were esn emmlsdid that did not Jel, the portions of
the $wo ocurves from 0.16 to 0,986 amperes would not exist as
they 40, end the resultiing ourves wmld be very regmlar.
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If these ourves actually existed the cathode im).ari zat ion
might be nearly as simple as ordinary concentration polarig-
ation.

With suoh irregular portion in the ourve, it remains
for these irregularitise % be explained. It is reasonable
to o onsider wrk shonld be involved in the depositioam of
the firat copper in the presence of the gelatin., Ome the
ione are moving and deposition has started it does not teke
much more work to force more carrent thrmgh the electrolyte
In feot thore 18 not puch incresse in polaxization until
beyond 0,80 smpeares ourrant density. Then apparantly dune $0
the more rapid depletion of cuprio ions from the electro~
lyte in the immediate vicinity of the cathode, the tendenoy
18 %0 inorease polerization. Increases in polarization aleo
aleo sesiated by the relatively amall cethode ares whiol is
in contaot vﬂit the eleotrolyte; only ona aside of the oath-
ode is 4n oontmet with the solmbion, The most important fast-
or in this increase in polarization is that during all the
time previoue gelatin has been asocumleting near the cathede,
gelation has oocurred, and the copper ions have still more
d4iffioulty in passing through the solid, 6 hence out increase
in largely mechanioal polarization. Then at 0,96 anmperes
the cuprio ions apparently penstrated the gel, due to in-
oroased voltage. It i@ poealbls, also, that the heat of de-
position, and the hoat effects during migration, night as~
giet at this higher currant density to keep the gelatin sol-
ution at least partially fluid., When this fiuidity exists
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polarization increases unifomly with imreasing current
density.

Tables 8 snd 9 ocontain data of pelarization experi-~
mnts similar to that contained in Tables 4 and B, with the
oxoeption thatplatinum cathodee and asopper plated platimm
snodes were used in place of the copper eleotrondes. The
elactrolytes contained no gelatin,

?ables 10 and 11 oontein data similar to $hat in
Tablss 6 and ¥, except that platinum cathodes ani oopper
platinum anodea were smployed. These elootrmlytea comtained
1/2 per oent gelatin,

Plate II shows graphically the resmmlia in the Hur
preceding tables. The two duplicate polarization curves
from the elecstrolytes which contained no gelatin are veory
similaxr to the corresponding ones on Plate I. The snode was
given a heavy plate of copper in enck a mnner thet no plat-
inam was in contaot with the electrolyte. The cathoie sur-
fZaces, of oourse, were different,

E& two ourves represemt ing the polarization of the
pare copper sulfate eleotrolyte are very asimilax to those
of the previons plate. The rounded portions of the dupliosate
ourves represents the potential mscessary t o canse daposition
of the firet copper, or sn overvoltage effect as it is oalled.
Beyond this point the two gurvea are very nearly atraight
lines. At the current denalty of A 20 amperes per square
decimeter the polarization is 0,28 volte as compared to 0,34

volte whem the ooprer eleoctrodos were used. This veriation
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Pable g
0.5 llolas 01304, 0.0% Gelatin; pH = 3.33; Pt Cathode;
P = 35. Ce
| Polarization
Time Ampse, 5 R0 & ) e
Mn. C. D, 701'5» Yolts Yoits Yolta Volts
0  0.16 0.1490 0,1253 0.1506 0.0424  0.0106
6 0.16 0.1477 0,1298 0,1350 0.0568 0,004
) 0,16 0.,1467 00,1291 0.,1341 0.0362 0.,0100
12 0.168 0,1467 0.1280 0.1331 0.0374 0,0102
14 0,52 0.2828 O0.86656 0.2662 0,0626 0.,0194
18 0,32 0.E8792 O0.,5568 0.£638 0.,0468 0,01860
22 0,82 0.2772 0,85882 0,2620 0.0440 00,0136
24 0.48 0+4176 0.,Z2890 00,3994 0.0570 0.0208
28 0.48 0,410 0,3881 0,3981 0.,0628  0,0800
32 0.48 0,4135 0,3876 0,3972 0.,0820 0.019¢
34 0.64 0.5608 0,5184 0,5307 0.08648 0.02456
38 0.64 0.6492 0,618 0,8300 0.0814 0,0230
42 0.64 0.5484 0,518 0.5299 0,0606 0,02386
44 0.80 00,6868 0,6601 0.6638 0.,0734& 0,0274
48 0.,E0 00,6862 0,6496 0.6631 0,073 0.,0272
52 0.80 0,685 0,6492 0,66%0 0,072 0.0276
b4 0.98 0,8188 0,7772 0,7932 0.0862 0,0320
68 .96 0.8192 0,7762 0.7923 0.0860 0.0322
62 0,96 0:81856 0,778 0,79%15 0,084 00,0314
63 1,12 0.9684 0,9028 0,9206 0,0992 0,0354
67 118 0, 8816 0,9018 0.5192 0.,0994¢ 0,0348
71 1.12 0.¢E07 0,9011 0,9183 0,0992 0,0344
L £ 1.28 1.,0846 11,0279 11,0467 0.1134 0,0376
76 1.28 1.0838 11,0288 1.0450 0.1140 0.0382
80 1.28 1.0881 11,0268 11,0452 0.1146 0,0388
81 l.44 1,2113 1.1472 11,1683 0.1282 0,0422
86 1.44 1,210 11,1455 1.l1e667 0.1294 0.04H
89 l.44 1.,2093 1l.14456 1.16568 0.1296 0,0426
90 1.60 1.3428 1,2702 1.2936 0.1462 0,0468
04 1460 1.3208 1lad663 Le291%¢ 0.1450 0,0458
98 1,80 1.3400 1,8673 11,2900 0.1464 0,0454
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Table 8 cont'é

1[2 B, M. F, Polarisation
Time Amps. ) ) Gathode Anod

a ) e
Min, C. Do Yolt s Yolts Volis Yolte Yolts

108 2,00 1.671 1.584 1.611 (.1740) 0,054
106  2.00 1.6507 1.5697 1.5868  0.1820  0.0610
110  2.00 1.6495 1.5576 1.583F  0.1834  0.0518

111 2,40 1.9420 1.8326 1.8622 0.2188 0,0692
1i0 2,40 1.9367 11,8281 1,85677 0.,2172 0.0692
119 2,40 1,935 1.82b62 1.8b647 0.2166 0.0b690

120 2,80 2,2294 2,103l 2,1368 0.2626 0.,0674
124 2,80 2,223). 2,0978 2,1312 0.2b06 0.,0668
123 2.80 2.2188 2,094 2,1281 0.2496 0.0682

(1.6868)(1,5908)(1.6163)

129 3. 20 2,5302 2,3862 2,4244 0. 2880 0.0764
(1.6813)(1,5867)(1.6157)

133 3.20 2,5219 £,3800 2,4235 0.2838 0.0870
(1,6771)(1.5830)(1.6102)

137 320 2,5156 2,3745 «2,4153 0.2822 0.0816
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?able 9

0.6 Molay CuSO4; 0.0% Gelstin; pE = 3.33; Pt Cethods;
T = 25,0%C.

1/2 NS ” larization
Time  Amps. ashode ¥ And 6a¥§3&o Anode

Hin, O, ¥, _Volts _Volts _Voliu Yolis volt 8

1l 0.16 0.1455 0,1200 0,1220 0,0490 0.0040
b 0.16 0.,1348 0,1181 0,1202 0.,0334 0.,0042
9 0.16 0,140& 0,1223 0,1253 0,0362 0,0060
13 0.16 0.1408 0.1227 0.1851 0,0356 0,0048

14 0,32 0.2722 Q.2494 0,25648 0,0456 0.0108
13 0.32 0.2680 0,243 0,2607 0,0438 0,0142
22 0.32 0.2663 0.2432 0,2495 0,0462 0.0126

23 O.48 063976 003681 0.3776 0.0590 0,0188
L7 0.48 0.%968 0,3681 0,3768 0.0874 0,0174
81 0,48 0.3968 0,3887 0.3773 0.0562 0,0172

32 0.64 0.6265 0.4912 0,5018 0.0706 0,0212
36 0.64 0.6861 0.4912 0,5015 0.0698 0,0208
40 0.64 0.56862 00,4910 0,5012 0.0684 00,0204

41 0.80 0.6681 0.6162 0,6265 0.C838 0.0246
45 0.80 0,6577 0.,6166 0,6289 0.C824 0.0248
49 0.80 0.,6661 0.6159 0.6281 0.0804 0.0244

50 0.96 0.787Y8 0.7398 0,7640 0.0860 0.0284
84 0.96 0.,7866 0.7378 0,7619 0,0966 0.0282
69 0.96 0.,7853 0.7381 0.7523 0,0944 0.0284

60 1l.12 0.,9106 0.8b668 0.8720 0.1096 0.0324
84 1l.12 0,9098 0,85653 0.8717 0.,1090 0.0328
68 1,12 0.9090 00,8646 0.8711 0.1088 0.,0330

69 1,28 1,0413 0,9792 0,9977 0.1242 0.,0370
73 1.28 1.0390 0,977 0,9961 0.1234  0,0376
™ 1.28 1,0377 0.9%762 0,9950 0.1230 0,0376

79 l.44 1.1632 1.0934 1.1143 0.1896 (.0418
03 1.44 1.1602 1.0901 1.1121 €.1402 0,0440
8Y ledd 1.16383 11,0877 1.1103 0.1412 0,04b2

88  1.80 1.2868 1.20%8 1.2332 0.1680  0.0508
92 1.60 1.2644 1.2059 1,2516  0.1570 0.0514
96  1.60 1.2825 1.2048 1.2302  0.1666 0.0622




Table 9 cont'd
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1[2 %. M, F, Polarigation
Time Amps. athode ddle Anode athode ode
Min, ©C. D. Yolts Volts _Volis Yolts Yolts
97 2,00 1.56656 1.4691 1.5000 0.1928 0,0618
111 £.00 1.,5609 1,4662 1.4978 0.1894 0,0632
115 2,00 1.5678 1.4643 1.4966 0,1870 0.,0646
116 2,40 1,879 1.7650 1.8032 0.2268 0,0764
120 2.40 1.8719 1,7608 1.8003 0.2222 0,0790
124 2,40 1.8672 1.7574 1.7987 0.2196 0.0826
1286 2.80 2,1802 2,0619 2.0996 0.2666 00,0962
129 £.80 2.1742 28,0474 12,0970 0.2b636 0.0992
133 2,80 2,1686 2.0429 2,0960 0.2614 0,1042
(1.6076)(1.5144)(1.55632)
134 .20 2.4112 2,2695 2.3298 0.2834 0.1204
(1.6033) (1.5117)(1.5615)
138 3.20 2.4049 2,2676 2,3272 0.2748 0.1194
(1.5993) (1.5085) (1, 5500)
142 320 2.,3989 2.2637 22,3260 0.2704 0.1226
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Table 10
0.5 Molap CusS0,; 0.5% Gelatin; pH = 3.38; Pt., Oathods;
P = 25.0 .
1[2 ?. %. F. ) ‘ Polarigation
Pime Amps. athode e ode 8’ ) )
Min, G, D. _Volts Yolts _Volts Yolts Yolts
2 0.16 002000 0,1347 0.1683  0.1306 0,0372
b 0.16 0.2004 0.1355 0,1508 0.1298 0,0306
9 0.16 0.28030 0.,1336 0,1491 0.,1390 0,0312
13 0.16 0.2087 0,1316 0.1472 0.1502 0,0312
16 0.32 0.3418 0,2600 0,2838 0,1686 00,0476
20 0432 0.3418 0.2612 0.2822 0.1612 0,0420
23 0.48 0.,4719 0.3890 0,4145 0.1668 0,0510
29 0.48 0.4712 0,3895 0.,4129 0.1634 0,0468
31 0.48 0.4700 0,3897 0,4123 0.1606  0,0462
33 0.64 0.6112 0.,5198 0.5462 0.1828 0,08608
37 0.64 0.6078 0,5206 0,5440 0.1744 0.0468
41 0.64 0.6064 0,5208 O,5443 0.1692 0,0470
43 0.80 0.7444 0,6484 0.8741 0.1920 0,0614
47 0.80 0.7401 0.6488 0.6736 0,1826 0,0494
51 0.80 0.737Y 0,6481 0,6736 0.1792 0,0508
53 0.96 0.9455 0.7776 0.8040 0.3360 0,0630
57 0.96 0.9434 0,7772 0.80856 0.3324 0,0526
61 0.96 0.9414 0,776 0.8038 0.3294 0,0642
66 1,12 1,0877 0,9015 0,9308 0.3724 0,0586
69 1,12 1,0864 0,9007 0,9308 0.3714 0.0602
72 1.12 1.0847 0.8994 0,9306 0.7706 0,0624
74 1.28 1.2293 1,0273 1.0606 0.4040 0,0666
78 1.28 1.2877 1.0266 1.069%7 0.4022 0,0862
82 1.28 1.2258 1,0866 11,0693 0.,4004 0.0674
84 1,44 1.3691 1.1546 1.1904 0.4290 0.0716
88 1.44 1.3668 1.1632 1.1886 0.4272 0,0708
92 1.44 1.3648 11,1516 1.1879 0.4264 00,0726
%4 1.60 1.5022 11,2778 1.3162 0.4488 0,0768
98 1.60 1.4992 1.2766 1.3158 0.4452 0.0784
102 1.60 1.4977 1.2761 11,3152 0.4432 0,0782
104 2,00 1.8351 1,.5868 1.6296 0.4986 0,0920
108 2,00 1,8303 1.,6836 1.6263 0.4924 0,0854
112 2,00 1.8263 1.6813 1.6247 0.,4900 0,0868



Table 10 cont'd

2 BE, M. F | Polarigation
Time Amps. athode ) ) atho 0
Min. G. D, Volts Volts _Volis Volts volts
114 2440 £.1191 1.8522 1.8995  0.5838  0.09a%
118 2,40 2.1140 1.8497 1.8966 0.5266 00,0938
122 8.40 2.,1091 1.8463 11,8939 0.682B4 0.0952
(1.6980)
124 2,80 28,3970 2,1146 2.1657 0.86560 0.1024
(1.5941)
128 2.80 (%.gsll) 2.1108 2.1625 0.656086 0.1034
« 5911
132 2,80 2.3866 2,1073 2,1608 0.5886 0.1066
(1.8030)(1.6028)(1,6412)
134 3.20 2,7043 2,4042 2,4618 0.,6002 0,1162
(1.7978)(1.5997)(1.6378)
138 3.20 2.6967 2.,3996 2.4567 0.5944 0.1144
(1.7943)(1.6980)(1,8363)
142 3420 2.,6914 2,3970 2.4544 0.56868 0,1148
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Pable 11

0,5 Molay OuSO4; 0.5% Gelstin; pH = 5.39; Pt Cathode;
T = 25,0V 0,

1/2 . ¥, | Polarization
Time Amps. athoas X L) athode An
Min, O, D, Volts Yolits Volks Volits yoits

1 0.16 0.1985 0,1363 0,1472 0.1264 0.0238
B 0.16 0.1982 0.1336 0.1450 0.1292 0.08%8
S  0.16 0.2000 0.1328 0.1438  O0.1344 0.,0£08

11 0.82 0.3540 0,2687 0.,2882 0.1706 0.0340
15 0.32 0,3400 0.2601 0,2801 0.1598 0,0400

17 0448 0.4794 0.39567 0.4217 0.1674 0,0620
21 0.48 0.4779 0.39568 0.4216 0.,1642 0,0616
26 0.48 0.4757 0.,3967 0.4218 0.1600 0,0b22

27 0.64 0.6161 0.5286 0,b679 0.1760 0.0b86
31 0,64 0,8131 0,5291 0,8577 0,1660 0,0b672
36 0,64 0.6100 0,6292 0.5577 0,1616 0,0670

- 37 0.80 0.7600 0,6617 0,6926 0.1766 0,0618
41 0.80 0.7482 0,6617 0,6921 0.,1780 0,0608
46 0.80 0.745% 0,6612 0,6922 0.1682 00,0620

47 0,96 0.9408 0,7841 0.8166 0,3134 0,0680
b1 0,96 0.,9386 0,7841 0,8161 0.3088 0,0640
b6 0,96 0,9364 0.7836 0.8158 0.2866 0.0644

57 1.12 1,090 0,9121 0,9467 0.3660 0,0892
61 1l.12 1.0886 0.9114 0.,9454 00,3642 0.0680
65 1.12 1,0864 0,9104 0,9448 0,3620 0,0688

67 1.28 1.2293 1,0372 1,0738 0,3842 0,0732
71 1.28 1.2268 11,0369 1.0721 0,3818 00,0724
76 1,28 1.2242 1.0348 1.0714 0,3788 0.0732

(&4 l.44 1.3662 1,1633 1,2018 0.4068 0,0770
81 l.44 1.3634 1.1622 1,2002 014024 0,0760
86 l.44 1,3602 1,1608 11,1933 0.%988 0,0660

87 1.60 1.4863 1.2762 1.3166 0.4202 0,0808
91 1.60 1.,4837 1l.2741 1.3139 0,4192 0,0796
96 1.60 1,4801 1,2727 1.3129 0.4148 0,0804

97 2,00 1.7989 1,5660 1.6107 0.4658 0,06894
101 2,00 1.7938 11,6630 1.6072 0.4616 0,0884
106 2.00 1.7902 1,5607 11,6063 0.4590 - 0,0892



Time

107
111
118
117
121

126

127
131
136

Ampg,

C. n.

2.40
2.40
2,40
2,60
2.00

2,80

3.20
320
3,20
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Table 11 cont'd

, 1/2 R, ¥,
atnode (<3 no
Tolts Yolts Volts

| Polarigation

2.1169 1,8636 1.9151
2.1066 1.8667 1.2071
£.1031 1.C84C 11,9031

(1,5948)
2,3922 2,1260 2,1790
(1.5882)
2,383 2.1170 2,1717
(1.56845)
2,3767 2.1124 2.1680

(1,76558)(1.5776)(1,6186)
2.6488 2,.3662 28,4279
(1.7696)(1.0782)(1.61438)
2,6394 2.,3698 2.4214
(1.7646 ) (1.068€)(1.6122)
2.6319 2.3632 £2.4183

athocs Anode

Yolt & Yolt s
0.5046 0.,0990
0.4898 0.0968
0.4062 0,0082
005304 0-1080
0.5806 0.109%4
0.0286 0,112%
0.,5640 0,1234
0.5564 0.1282

0.6674

041302



CURRENT DENSITY IN AMPERES PER SQUARE [DECIMETER

320

280

240

200

160
/.44
128
l./2
096
080
0.64
04A
072
e

0

O GeELATIN

i

/!

/f

f
Vi
)
//
N =1
// / CURVE SHowINvG RELATIQN
_I/ OA\CatHOBDE PoLkRiZzATION
TOCURRENT DEMSITY
AT BLEGTRIDES
! > S 1CuP0,125 C-pH-333 8
O 05 /0 15 20 25 30 35 40 45 50 55 60 .65

FOLARIZATION IN VoLTS

Plate II

Polarization Measurements

69









70
of the t'we,sets of curves seemed t0 be proportional to the
distence from the orligin.

The dupllioste curves vepresenting the polarization of
the Cu/cu’™ electrode are quite similar, also, to the two
corresponding curves previously describedy which contained
gelchin., They show approximately the same beginning polariz~
ation, although e little less; they have the sam region of
nearly cmstant polarization, then the polarization incfe-
ases voxy rapidly again at 0.80 amperes, and from 0.96 amp-
eres dPn the polarization is aga.in very ne:.rly a atraigh‘&
line function. These two curves from the platinum electrode
experimonts glso lie to the left of the corresponding exp-
erimert s nsing copper electrodes, Whether or not this lat«
ter point has any significance cannot be said, because in.:
elther cnse after electrolysis has begun the nature of the
cathodes then is the sams, Or very nearly 0.

These two ocurves from the gelatin polarization 2lso
eould be drawn very smoobhly if the points ab 0,16 and 0.96
onrrent densities were commscted by a marly siraight 1line.
The Geviation of the sotusl curves from the very smooth
hypothetical ome shows again the effect of the gelatin's
being & colloid of the type which solidifles to & gel under
the propex oonditvions.

From the curves it is a simple matter to determine
the polarization dus to the presemce of the gelatine IF we
anssume that the polarization shown by the Cu/Cu*t electrode

uslng pure.copper sulfete electrolyte a8 concent ration pol-
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arizatfon nnly, than abt any current density the differemce
between two gorresponding polerization values should be the
polarization due to the presence of the gelebin, or es it
i celled; machanical polarizetlon.

4 series of exporimente was made in vhich not only
was the current density varied, but 2lso hyirogen ion donw
cent retlon and percemtage 0f gelatin in the 1/2 molar cop=
per oulfate clectrolytes The rune were notrail mado at s
congtant temperatuvae, since tho polari zation cell was not
placed in s thermatate In these experimsnts a copper plabed
anode wad used and g platimim cathodes

The first polarization measurements in this geries
was mde on the 1/2 molar copper svlfato electrolyte contain-
ing no gelatine The hydrogen lon concentration was pH = 3.33,
which valve wes the pH of ths copper aulfate solutlm as pre-
pareds The labor:4ory tempsrature during this runwas 28,5°
Centigrade; Table 12 showa the dota end this debs is plot-
ted on Plate IIX.

4 run woa now m.de under very nearly the same condit-
ions o8 the one just previously with the excapﬁion that the
temporature wa9 slighily lower, 24°centi grade, andi the PH
was adjusted by the addition of & faw drops of s dilube
sulfuric scid solution, to 2.0, Teble 13 shows the polarlgz-
ation measurements made under thoso conditions, and the res-
ults plotted on Plete III.

Thege two ourves representing the polarizetion of

1/2 molar copper mlfste solution which comtalns no gelatin,
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Pablels
0.5 Molar CusSoO 0.0% Gelatin; pH = 3.33; Pt Cathode;
P = 280 5°Cl -
1/2 E. M, F. " polarization
Pime Amps, Cabthode Hmiddle Anode Cethode Anode
Min. C. D. Volts Volts Volts Volt s Yolts
4 0,16  0,1346 0,1128 0.1177  0,0416 0,0078
8 0.16 0.1340 0.1142 0,1181 0.0396 0.0078
12 0.16 0.1334 0,1142 0,1182 0.0384 0,0080
17 0.16 0.,1333 0,1144 0.1183 0,0378 0.0078
21 0.32 0.2629 0,2248 00,2326 0.0562 00,0154
2b 0.32 0.2624& 0,2250 0.2329 0.0548 0,0158
29 0.32 0.,2519 0.2253 0.2331 0.0632 0,01b66
34 0.48 0,3771 0.3417 0‘3556 0,0708 0.0238
38 0.48 0,3767 0,3417 0,3537 0.0700 0.0240
42 0.48 0.,3764 0.3419 0,3538 0.,0690 0,0238
44 0.64 0.,5017 0.4573 0.,4732 0.0888 00,0318
48 0.64 0.,5018 0.4571 0,4730 0.0894 0.0318
b2 0.64 0.5017 0,4570 00,4730 0.0894 0.0320
556 0.80 0.6256 0.5707 0,5903 0.1098 0.,0392
59 0,80 0.62568 0,5703 00,5900 0.,1110 0.,0394
63 0.80 0.6257 0.5702 0,5887 0.1110° 0,0370
66 0.96 0.7487 0.6824 0,7050 0.1326  0,0452
70 0.96 0.7488 00,6820 0,7042 0.1336 00,0444
74 0,96 0.7487 0,6821 00,7038 0.,1332 0,043
Va4 del12 0.8678 0,7908 0.8151 0.1540 0.0486
8l 1.12 0.86756 0,7903 0,8144 0,1844 0,0482
85 1.12 0.8671 0.,7901 0.8137 0.1540 0,0472
88 1.28 0.9870 0,8992 0.9253 0,1756 0.0622
92 1.28 0,9865 0.,8986 0.9248 0.,1758 0.0524
96 1,28 0.9862 0,8982 0,9240 0.1760 0.05616
99 l.44 1.10533 11,0046 1.,0332 0.,1974 0.0b72
103 l.44 1.1024 1.0039 1.0323 0.,1970 0.0568
107 l.44 1.1016 1,0031 1.,0315° 0.1970 0,0568
110 1.60 1.2198 1.1108 1.1414 0.2180 0.0612
114 1,60 1.2187 1.1099 1.1402 . 0s22076 0,0606
118 1.60 1.2175 1.1090 11,1389 0.2170 0,0b93
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Table 12 cont'd

Time
Hin,

1/2 E. M. F. __ Polarization.

-Amps, Gathode Hiddle Anoas Tathode  Anodo

¢. D, Volt o Volts Volts Yolts Volts

122
186
130

132
136
140

143
147
151

154
158
162

2,00  1.4899 1,3562 1,5919  0.2674 0,0714
2.00  1.,4890 1,3552 1.3906  0.2676 0.0708
2,00  1.4877 1.3541 1.3890  0.2672  0.0698

2440 1.7850 1.6244 11,6652 0.3212 0.,0816
2,40 1,7823 1.6228 1.6638 9.3190 0.0820
2.40 1.7806 1.6207 1.6613 - w3198 0,0812

2.80 2,0603 1.8743 1.9204 0.3720 0.0852 -
2,80, 2,0691 1,8723 1,9169 0.3736 0.0892
2,80 2.0558 1,8709 1.9161 0.3698  0.0904

5420 242820 2,0765 &2.1261 0,4110 0.0992
¢ 20 2.,2804 2,0748 2,1236 0.4112 0.0976
3420 R,2798 12,0737 R2,1222 0.4122 0.0970
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Takle 13
0.5 Molar CuSO4; O0.0% Gslatin; pH = 2.0; Pt Cathode;
T = 24,0%9C. ) |
1/2 B, M, ®,  Polarization
Time - Amps. Cathode -hiddle Anode CGathode  Ancde.
Min. C. D. Volts Volts Volts Vol s TJolt e
1 0.16 0,1225 0.1050 0.0990 0.0380 -0.0080
5  0.16 0.,1210 0,1033 0,0993 0.0354 -0.0080
9 0,16 0.1202 0.1055 0,0996 0.0354  =0,0378
13 0,16 0.1199 0.1035 0,1000 0,0328  =0.0070
16 0,32 0.2338 0.2100 042067 0.0476 =0,0066
20 .0,32 0.2332 0.2102 0.2072 0.0460 -0.0060
24 0,32 0.2329 0.2104 0.2075 0.0450  0,0058
26  0.48 0.3495 0.3171 0.3138 0,0648 =~0.0066
30 0.48 0.3495 0,3167 0,3144 0.,0856 ~0.0046
34 0.48 0.3497 0.3165 0.3148 0,0664 «0,0034
36  0.64 0.4702 0.4259 0,4242 0.0886 =0,0034
40 0,64 0.4702 0.,4260 0.4248 0,0884 =0.0024
44 0.64 0.4701 0.4262 0.4255 0.0878 =0.0014
46 0,80 0.5955 0,5398 0.5390 0.1114 =0.C018
50  0.80 0.5957 0.5397 0.5393 0.1120 =0.0008
54  0.80 0.5954 0.5397 0,5398 0.1114 0,0002
56 0,96  0.7193 0.6519 0.6524 0.1348  0.,0010
60 0.96 0,7190 0.6516 0.6525 0.1348 0.0018
64 0,96 0,7184 0.65156 0.6530 0,1338  0.0030
67  1.12 0.8334 0,7563 0,7584 0.1542  0,0042
71 1.12 0.8332 0.7558 0.7587 0.1548 0.0058
75  1.12 0.8321 0.7555 0,7589 0.1532  0,0068
77 1.28 0,9501 0.8624 0,8669 0.,1754  0,0090
81  1.28 0,9485 0.8620 0.8668 0,1730 0.0096
85  1.28 0.9471 0.8617 0.8669 0.,1708  0,0104
88  l.44 1.0573 0.9625 0,9686 0.1896  0,0122
92  1.44 1.0562 0.9623 0.9686 0.1878 0,0126
06 1,44 1.0544 0.9617 0.9686 0.1854 0.0138
98  1.60 1,1694 1,0664 1,0743 0.2060 0.0158
102 1.60 1.1670 1,0655 11,0740 0.2020  0,0170
106  1.60 1.1653 1.0645 1,0738 0.2016 0.0185
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Table 13 cont'd

| 1/2 B, M F. _Polerizetion

Pime  AmpS. Cathode -liddle ANode Caothode  Anocde

Min, C. D, Volt s Volts Volts Volta Volts
109 2,00  1.43%8 1.3100 1.3212 0.2476 .0.0224
113 2,00 1.4300 1.3054 143200 0.2432  0.0238
117 2,00 1,4270 1,3068 1.3192 10,2404 0,0248
119 2,40 1.5035 11,5522 1.5671 0.2826 0,0298
123 2,40 1.6887 1,5492 1.5648 0,2790  0,0312
127 2,40 1.5850 1.5468 L.5631 0.2764 040326
120 2,80  2.9575 1.799% 1.8183  0.3164  0,0380
133 2,30 1,9518 11,7953 1.8152 0.3132  0,0398
137 2,30 1,9432 1,7917 1.9123 0.5090  0.,0412
139 5420 2.1797 2.,0078 2.,0313 0.3438  0,0470
143  3.20 2,1710 2,00124 2,0263 0,%392  0,0498
147  3.20 2,1666 1,9981 2,02%6 0,3370 0.0510
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as 8 function of current density awd pH are quite similar.

The curves are very eimilar from the origin to the point.
correaponding to & current denmsity of 1,12 aupsres is
reached, With increasimg curvent density beyond thiz 1.12
value the effeot of varietion ip pH becomes apparent. 4s
might be suspected the electrode cont eining the larger
oonoenﬁratinn of hydrogen ion shows the less polazrizations
This decrease in polarization my b e dus to insressed cond~
unotivity and this increassed conduectivity of sourse is the
result of the décreased PH. q

Table 14 glves the results of a similar set of polar-
ization measurenient 8, but in place of the pure coppsr sulfate
electrolyte, the 1/2 molur copper sulfateconsalning 0.1 per
cont gelatin was wsed. The pH was 5,32, and the measurements
were mede st epproximetely 23° Gentigrades The resulis of
this »un are also plotted on Plate III.

& run similar to the previous one was mede with all
eonditions the game excepiing the pH, which now was ad just-
od with dilute sulfuric acid t0 2+.00, The results of this
experiment are shown in Table 15 The temperalure was that
of the laboratory, approximetely 25°C. These rosults are
also plotted on Flate ITI. The varistion of polarization
is more morked in these two curves than in the previous sed, -
However, one world suspect the electrolyte contalning more
aclid %o exhibit the least polarizatioa bui the reversa
seems 10 b3 the cases The explanation of this decrease in

conductivity ceusing the acid bath which contains g 151{ of



0.5 Molar CusOy;
= 23,000,

0.1% Gelating

Table 14

PH = Fy 32;
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B Gathode;

1/2 m, M. P,

Palorization

Amps, Cataocs --Mildlie

Pima AN50o Gathods  Aaode
in, C. D, Volta - Taolks  VTolis Volts. Tolta
1 0.16  0.1774 0.1185 0.1372  0,1182  0,0578
B 0.16 0,1784 0,1185 0.1341 0.1198 0,0312
9 0.16 0,1806 05,1178 0,13858 0.1256 0.0894
13 0,16 0.1827 0.1172 0,1314 10,1310  0,0284
15  0.32  0.3355 0,282 0,2673 0.1742  0,0598
19 0.32 0.3296 00,2498 0,2683 0,1596 0,0570
23 0,32 0.3202 0.2500 0,2683 0.,1584 0.0366
25 0,48 0.4705 0.,3718 0.3%938 0.,1974  0.0440
29 0.18 U.%4687 0.3748 0,3951 0.1778  0.0406
B4 0.48 0.4616 03756 0.3961 0,1720 0,0410
26 0.54 0.6041 0.,5007 0,5248 0.,2068 0,0482
40 0. 54 0.,5999 0,5027 0.5264 0.1944 0,0474
44  0.64  0.5974 0.5035 0.5272 0.1876  0,0472
46 0.30 0.7432 0.8337 045610 0.2190 0.0546
49 0.80 07398 0.6355 0.5615 0.2086 0.9520
B3  0.80 0.7371 0.5355 0,5622 0.,2012 0.,0514
55  0.96 0.8772 0,7627 0.7918 0,2290 0,0582
59 0,96 0.8735 0.7644 0,7921 0.2182 0.0554
63 0,96 0.8711 0.7652 0.7921 0.2118 0,0538
66 1,12 1,0037 0.8859 0,9152 0.2356 0,0586
69 1,12 1,0011 0,8870 0,9148 0.2282 0,0556
73 1,12 0.,9987 ' 0.,8874 0,9143 10,2226 0.0538
75 1.28 1.1326 1,0102 1.0393 0.2448  0.0582
79 1.28 1.1299 1.0106 '1.0372 0.2386 00532
83  1.28 1,1272 1,0108 -1,9373 0,2328 0,0530
85 1.44 1.2525 11,1263 1,1543 0.,252¢  0,08560
89 1.44 1.2497 1,1261 1,1530 0.2472 0,0538
93 1,44 1.,2472 1,1260 1.1523 0.2424 0,0526
95 1.60 1.3730 1.2420 1,2698 02620 0,0556
99 1.60 1.3700 1.2416 1,2683 0.2560 0,0554
103 1.60 1,3674 1.2410 1.2679 0.0538

0.2528
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1/2 B, M. P, _Polarization
Time Amps, Cabhode .hiddle Anode Cathode  Anode
Min, Cs Do Yolts Volts Voltis Volts volts
105 2,00 1.,6837 1.5328 1.5627 0.3018 00,0598
109 2,00 16797 11,5310 1.5604 0,2974 00,0588
113 2,00 1.67556 1.5293 1.5589 0.2924 0,0692
115 2,40 2.0062 1.8326 1.8662 0.34562 0,0672
119 2,40 2,0002 11,8301 1.8682 0.3402 0,0642
- 123 2,40 1,9956 1.8268 1.,8592 0.3374 0,0648
125 2.80 2,2796 2.0862 2,1207 00,3868 0,0690
129 2.80 2,2727 2.0819 2.1162 0.3816 0.,0686
133 2,80 2:.2653 2,0766 2,1115 0.3774 0,0698
(1,6715) {1.5546)
138 Se 20 2,5073 2.,2966 22,3319 0.4234 00,0726
(1.6645) (1.5524) _ _
142 3,20 2.4967 2.2885 2,3266 0.4164 0,0762
(L.6602) (1.5504)
146 3.20 2.4903 2.,2834 2.,32566 0.4266 00,0822
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Table 15

0.5 Kolar Cusoy; 0.1% Golatin; pH = 2.0; Pt Csbthode;

_ - 1/2 B, M, F. _Polarization
Time Amps, Cathode --}Middle Anode Cathode  Anods
Min. Ce Do Volts VYoltse  Volts Volts Tolts
2 0,16 0.1957 0,1102 0,1240 0,1710 0.0276
6 0.16 0,1903 0,1108 0,1248 0,1590 00,0280
10 0.16 0,1921 0.1098 0,1242 0.1646 0,0288
14 0,16 0.,1934 0,1092 0:1235 0.1684 0,0286

17 0,32 0.3033 0,2221 0,222 0:1624 0,0402
21  0.32 0.2893 0,2159 0.2353 0.1468 0,0388

25  0.32 02910 0.2155 0,2346 0,1510 0,0396
27 0.48 0,4837 043272 0,3502 0,1930 0.0460
3L 0.48 0.4197 0,3284 0,3510 0.1826  0,0452
56  0.48 0.4198 0,3280 043515 0.1836  0,0470

39 0.64 045425 0,4379 0.4660 0.,2092  0.0562
43 0,64 0.5400 0,4384 0.4670 0.2032 0.0572
46 0,64 . 0.5400 0.4385 0,4672 0.2030 0,0554

48 0,80 046710 0.5530 0.5861 0.2360 0,0662
b2 0.80 0.6655 0.5536 0,56887 0.2238 0,0662
56 0.80 0.,6648 0.5538 0.5868 0,2220 0,0660

58 0,96 - 0.7858 0,6635 0,7003 0.2446 0.,0736
62 0.96 0.7850 -0,6633 0.7000 0.2434 0,073

66 0.96 0.,7848 00,6632 00,6999 0.2432 0,0734
68 1.12 0.,9033 0,770 0,81056 0.2660 0,0804
72 1.12 0.9034 0,7704 0,8098 0.2660 0.0788
76 1,12 0,9026 0,7706 0.8097 0.2640 0,0782

78 1.28 1.0243 -0.8802 0,9227 0.2882 0,0850
82 1.28 1.0233 0.,8805 0,9222 0.2856 00,0834
86 1.28 1.0221 0,8803 0,9222 0.2836 0,0838

88 l.44 1,147 0,98756 1.0326 0.3084 0,0902
94 1,44 1,1386 0,9872 M.0322 0.3028  0.,0900
98 l.44 1,1368 0,9869 1.0322 0.2998 0,0906

100 1.60 1.2546 1.0924 1,1413 0.3242 00,0978
104 1.60 1.2524 1.0922 1,1408 0.3204 0,0972
108 1.60 1,2506 1.,0918 11,1405 0.3374 00,0974
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1/2 B, M T, _Polarizetion

Time Amps. Cabthode hiladle Anocde Cathode  Anode
Min, C, D. Voltg Volts Volks Volts Volts
110 2,00 1.5445 1.3567 1.4137 0.,3656 00,1140
114 2,00 1,5401 1.3557 1.4115 0.3688 -0.1116
118 2,00 1.5371 1.3545 1.4110 0.3662 041130
120 2:40 1.8168 1.61)8 1.6764 0.4100 0,1292
124 2.40 1:8115 16094 1.6738 0.4042 0,1288
128 2640 1.80756 1.6Q71 1.6722 0+4008 0.1302
130 2,80 2.0621 1,8433 1.,9147 0.4376 0.1428
134 2.80 2.0567 1.,8394¢ 1.9115 0.4326 0.1442
138 2480 2,0515 1.8370 1.9097 0.4290 00,1454
A (1.5363) . : : .
140 3.20 2,3044 2.,0722 2,1521 0s4644 0.1598

(1.5328) . , . .
144 3420 2.2992 22,0692 2,1492 0.4600 041600

(1.5292) . . o o
148 3420 28.2938 2,0640 2.1450 0.4586 0.1620



82
2.0 to give the higher polarization may be dus %o small
changes in temparature.

The polarization due to the presence of some gelebin,
et the beginning of the mun was similar for these two rums,
and these were quite similar to those previously described.

One peculiarity of the cwrves using this low gelstin
comtent is that the bi'eak at 0.8 amperes current deﬁsity,
80 charcoteristic of higher geldtin contents, is absent,
The one curve of pH 2.0 shows a ve:y slight break at a ocur=
rent density of 1l.44 amperes,; but this breeck is gquite mean-
ingless since its mognitude is within '!;he'}'limits of experi~
mental error. The absence of the sudden increase in polar~
ization et about .80 amperes current density indicates also
thet we have no setting of our gelatin electrolyte, which
setting, we previously assumed to be the cause of t he E:':apid
inerease in polarization. Solutions cont aining eoneent'raticns
.of gelatin as smgll es 0.l per cemt, melt et temperatures
below that of the room, hence we are working at ftemperatures
above the melting point-. Also during the elecirolysis the
eoncert ration of gelatin is not inoreased sufficiemly %o
cause setting at the cathode.Bxperience tells us that cop-
per sulfate solutions containing gelatin must cont ein from
2.0 to 2.5 per cent of this oolloid to give a visible gel~
ation ot room t emperature. Without doubt enough gelatin is
present in 1/2 per cent solutions to give us the characters
istioc polarization inoreases.

The-next two experiments in this series, whose data
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Tabls 16

0.5 Holar CusO,; 0.5% Golatin; Ph = 1,98; Pb. Cabhode;
T = 25,0°0.

....... RN e

1/2 E. M. P, Polarination

Pims AmpsSs Cashode -uiddle Anode Cathode  Anode
Min. Cs D. VOlts_ Volts Volbs Volt s volt s

0 0.16 0.1745 0,1005 0,1032 0.1480 0.0054
4 0.16 0,175Q0 0,099l 0.,1022 0.1518 . 0.,0062
9 0,16 0,1838 04,1010 0,1050 0+1656  0.0080
12 0,16 0,1869 0,0994 0.1040 0.1750. - 0.0092
1lé 0.16 0,1890 0,0982 0,103L 0.1816 0.0098

20 0.32 0.,2922 042081 04,2173 0.1682 0,0184
24 0.32 0.2913 0,2079 0.,2L72 0.1668 0,0186
28 0.32 0,2943 0.2063 0,2161 0.1760 0.0196
32 0.32 02970 0.2053 0.,21563 0,183  0,0200
36 0,48 0,4196 0,3192 0.,3322 0.2008 0,0260
39 0.48 0.4181 0.,3196 0.3328 01970 0.0264
43 0.48 0.4193 043191 0.3325 042004 0.0264

4b 0.64 0.,6525 0,4332 0,4491 0.R2386 0.,0318
49 0.64 0.5602 0,4338 0,4497 0.2328 '0,0318
53 0.64 0,5500 0,4340 0.4452 0,2320 0.0224

57 0,80 0,6894 0.5423 0.5600 0.2954 0.,0354
61  0.80 0.6899 0.5423 0.5600 0.2952  0.0354
65 0,80  0.6900 0.5423 0,560l 0.2954  0.0356

67 0,96 0.8270 0,6540 0.6740 0.3460 00,0400
71 0.96 0.8261 0,6541 0.6741 0.3440 0.,0400
75 0.96 0.8257 0.6644 046747 0,3426  0,0406

77 1,12 0.9490 0,7610 0.7833 0,3760  0.0446
81 1.12 0,9480 0,7610 0,7836 0.3740 00,0452
85 1.12 0.9469 0.7611 0.7840 0.3716 0,04568

87 l.28 1l.0696 0.8696 00,8945 0.4000 0.0578
91 1.28 1.0676 0,8697 0.8948 0.,3958  0,05602
96 1.28 Le0663 -0.8697 0,8951 0,3932 0.,0508
97 1,44 1.1864 0.,97656 1,0039 0,4178 0,0548
101 l.44 1.1834 00,9768 11,0040 0.4132 0,0544

106 led4d 1.1816 0,9767 1.0044 0+4118 0,0554

107 1.60 1.2975 1.,0820 1.1121 0.4310 0.0602
111 1,60 1.2963 1,0818 1.1121 0.4270 0,0606
115 1.60 1,2933 1.0816 1.1124 0.4234 0,0616
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| i/t B, M. P, d_Polafization

Pime AmpsS. Csathode -lilddle Anode Cathods  Anode

Min. C. D. VYolts Volt s Volts Volts Volts
118 2.00 1.5836 1.3474 1.3837 0.4724  0.0726
122 2,00 1,5791 1.3462 1.3828 0.,4658 0,0732
126 2,00 1,5757 1.3452 1.3826 0.4610 00,0748
129 2,40 1,8400 1.5912 1.6348 0.4976 0,0872
133 2,40 1.8348 1,5889 1,6334 0,4918  0.0890
137 2,40 1.8295 1,5870 1,6323 0.4850  0.,0906
140 2.80 2,1119 1,8504 1.9013 0,5230 041018
144 2,80 2,1050 1.8470 1.8993 0,5160  0.,1046
148 2480 2,0983 1,8434 1,8984 0,5098 041300
150 3,20 | 2,0640  2,1239 0.1198
154 3,20 2.5208 . 2,0615 2,1195 0,5186 041162
168 3.20 2,%167 2,0662 2,1158 0.5210 0,1392
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are glven in Tables 16 and 17 involve polarization of the
cu/ou*? electrode in the presence of 1/2 per cent gelatin,
Table 16 shows the results at a pH of 1.98, and Table 17
at a pH of.éﬁé, anl both at spproximately 259C, In each
of these two cases the polarization at the beginning of the
run 1s quite characteristic of copper sulfate electrolytes
conteining gelatin. The polarization et the low current den~
sity appears to be indepenient of the hyd.roéén ioh congen-
tration. The curve of pH 3.34 shows an irregularity begin-
ning st a ocurrent density of 0.96 emperes a;ld this without
doubt is the result of the partial setting of the gelat in.
The increase in polarigzation is not as greaﬁ nor as regular
88 in some previous runs involving this same concentration.
of gelatin, It is difficult to control condltions suffic-~
iently close to duplicate acourately results when using
gelatin containing copper sulfate solubtions.

2he curve represent ing data from the solution of pH
1.98 shows more dlstinctly the characteristic increase in
polarization at & current density of .32 to +48. The in=~
erease in acidity apparently oasuses a slight setting of the
gelatin, or at lesast there is a viscosity change at this
ourrent density. _The presence of the aciﬁ probably is the
caugse for the increased polarigation at mnusuglly low cur-
ront densities, Aotd in greater sconcentration causes tle
precipit ation of gelatin.

The two remaining experiments of this series involves

the use of 1.5 per cent gelatin in the copper sulfate sloce
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Table 17
0.5 Moler CuSO4; 0«50 Selatin; pH = 3.34; Pt Cathode;
T = 25’0004 - ) s
__1/2 B.M. P _Polarization
Tims  Amps. Cathode -Middle Anode Cathods  Anods

Min., G. D.  Volts  Volts vVolts - TVolts Volts

1 0.16 0.1843 0,1130 0.1327 0.1426 0+0394
5 0:16 0.1852 04,1154 0.1338 0+1396  0.0368
9 0:16 0.1868 0.1147 0,1325 0.,1442 0,0328
id 0.16 0.1883 041144 0,1311 0.,1474 0,0534

16 0,32 0.3127 0.2357 04,2581 0.1540  0,0448
20 0.32 0.3121 0.2361 0,2580 0.1520 0.0438
24 0,32  0.3124 0.2364 02577 0.1520  0,04%5

27 0448 0.4568 0.3648 0.3908 0,1820 0.0520
31 0.48 04536 04,3660 0,3913 00,1762 0.,0506
35 0.48 044514 043671 043923 0.1686 0.,0b604

3% 0.64 0.5912 0.4876 0.5174 0.,2072 040596
45 0,64 0.5824 0,4906 0,5204 0.1836  0,0596

47 0,80 0,7229 0.,613€ 0,6485 0.,2186 0.0698
51 0.80 0.7184& 0.6152 0,6493 0.2064. 0.0682
55 6,80 0.7165 0,6162 0465601 0.2006 0.0678

57 0. 96 00,8478 0.,7373 0.7754 0.2210 0.0762
61 0.96 0,6466 047384 0,7756 08164 00,0744
65 0.96 0.8455 0.,7388 0.7755 0.213  0.0734

67  1.12 0,9853 0.8619 0,9022 0.2472  0,0806
71 1.2 0,9845 0,8622 0,9013° ' 0,8446  0,078%
756 1,12 0.9833 0,8625 0,90L0 0.2426  0,0770

81  1.28 1.1194 0.9803 11,0205 0.2772  0.0794
85  1.88 1.1208 0,9792 11,0201 0,2832  0,0818
89  1.88 1.1207 0.,9790 1.0199 0.3034 0,0818

93  1.44 1.2635 1,1003 21.1429 0.3064 0,0852
97 1,44 142511 1.1001 1.1425 0.3020 0.0848
101 l.44 1.2489 1.,1094 1.1428 0.2970 0.,0848

103 1.60 1,3801 1.2171 1.2627 0.,3260 0.0912
107 1.60 ., 11,3785 11,2165 1.2616 0.8240 0.0902
111 1.60 1.3758 1.,2158 1.2613 0.3200 0.0910
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Table 17 cont(é,
1/2 B, M. F. " polarization

Time ° Amps; Cabthode .-Middlie Anode Cathode  Anode
Min. C. Ds Volts Yolts  Volis Volt s volts

113 2,00  1.6991 1.4959 1.5492  0,4064  0,0988
117 2,00  1.69456 1.4941 1.5455  0.4000 0,1024
121 2,00  1.6900 1.4928 1.5441  0.3944  0.1026

123 2,40 2.0113 1.7748 1.8326 0.4730  0.1156

127  2.40 2.0055 1,7739 1,8299 0.,4632  0,1220
131 2,40 1,9992 1,7710 1,8285 0,4564  0,1150
13 2,80 1.5465 2.0570 2.1221 0.5264  0,1302

137 2.80 1.5418 2,040 2.1172 0.5174 0,1264
141 2.80 1,5373 2,0505 82,1145 0.5108 00,1276

(1.5687)
143 3.20 1,7118 2.2842 2.3530 0.5670  0,1575
| (1.5645) ‘ g
147  3.20 1,7053 2.2792 2.3467 0.5574  0,1360
' (1.5625)

161 320 1.6988 2,2730 2.4437 0,5502 0.1414
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trolyte, one at a pH of 3.42 aend the other at 1.99. The

data resnlting from thesse two runs are given in Tables 18
and 19 respectively.

The run using the electrolyte of pH 3.42 gives the
epparent 1y nomal polarization dnorease, bn_t at the umisusl-
1y low current density of 0.48 amperes, The curve showing
these results in place of changing its course $0 nearly
vertical after this nomel polarization increase, continues
on with rapid pq;l.ariza.t ion inereases with increasing cwrrent
density. The meximum of polarizstion is 1.18 volts end oc=-
curs at & current density of 2.80 amperes. At the current
density of 5420 ‘emperes the polarization decreases t0 approx=
imately 705 wolts, which decrease is probably the result
of both the slight evolubion of hydrogen and to the hegh
effeot due to increased resistances This hoating effect has
liquified tho gelaitin in contact with the slectrode and
allowed a freer passage of copper lons, honce the lower pol=-
arizatione.

The curve giving the results of ths same conaent ration
of gelatin but with o pH of 1.99 is still more abnormal, Its
firet polarizabion increase occurs nomally as compared to
the others. Then a second incrosse comeé at a current density
of about 0432 amperes sni increases falrly rapidly to 2,0
smperes, at which ocuwrrent density hydrogen was evolveds Thus
in solutions of high gelatin content and oont/aining sppreci-

able acidity, hydrogen 1s evolved with less work than the

deposition of copper at current densities of 2 amperes and
moxrse
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, Pable .1-8
0.5 Molar CuS0,; 1.5% Gelatin; pH = 3,42; Pt Cabhode;
T = .
1/2WE. M. B " polarization
Time  Amps. Cathode -liiddle Anode’ Cathode  Anode

Min. Cs D. Jolts _Voits Volts Yolts Volt o

2 0.16 0.1978 * 0.1264 0,1498 0.1428  0,0468
6  0.16 0.1991 0.1258 0.1483 0.1466  0.0450
10 0.16 0.2006 0.1252 0,1469 0.1508  0.0488

13 0,32 0.3352 02486 0.2756 0.1732  0,0540
7 0.32 0.3326 0.2500 O0.2750 0.1652  0.0500
21  0.32  0.3318 0.2511 0.2745 0.1614 0.0468
2L 0.

23 0,48 0.4%706 0,3808 0.4082 0.1796 0.,0548
27 ' 0.48 0,4706 00,3812 0,4073 0.,1788 0,05622
31 0.48 0.4701 0.38156 0,4072 0.1762 00,0514

33 0.64 0.6110 0,5113 0,5408 0.1994 0,0590
37 0.64 0,6122 -0,5112 0,540 00,2020 0,0678
42 0.64 0,6130 0.5107 0.,5395 0.2046 0.0676

44 0.80 0.8321 0.6428 0,6753 0.3786 0,0650
48 0,80 0.8338 0.,6423 0.,6745 0.,3830 0.0644
b2 0.80 0.8350 0,6415 0,6740 0.23870 0.,0650

b4 0.96 0,9949 0.7732 0,8085 O0.4434 0,0706
58 0.96 0.9980 0.7721 0.8070 0.4518 0.,0698
62 0.96 0,9996- 0.7714 0.8056 0.4564 00,0684

64 1.12 1.1496 6.8984' 0. 9357 0.5024  0.0746
68 1.12 1.1530 0.,8977 0,9331 0.5106 0,0708
72 1l.12 1.1552 0,8968 '0.9309 0.5186 0,0682

74 1.28 1,3060 1,0232 1.,0596 0.5656 0,0728
78 1l.28 1.3102 11,0218 1.0b663 0.5768 0.0690
82 1.28 1.3135 1.,0204 11,0531 0.5862 0.0654

84  1.44 1,4676 1.1445 1,1785 0.6462  0,0680
88 1.44 1.4732 1.1428 1.1733 0.6608 0.0610
92 1.44 1.4794 1.1411 1.1684 0.6766  0.0546

94 1.60 '1.6625 1.2626 1.2889 0.7798 00,0526
98 1.60 1.6571 1l.82621 1,2841 0.7900 00,0440
102 1.60 1.6608 1.2618 1.2789 0.7980 0.0340

105 2,00 2,1150 1.5952 1.6123 1.0396 0.0342
109 2400 2.0686 1,6089 11,6142 0.9992 0.0086
113 2,00 2,0450 11,6132 1.6117 0.8636 ~0,0030
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Table 18 cont'd

_ 1/2 E. M.'F. Polarizetion
Time  Amps. Cafthode Hiddle Anodae Cathode  Anode
Mine. C. D, Volts Volts _Volts Volts  _Volts
T 2e4 (1.5800) ’ |
115 2e40 - 2.3700 1l.8644 11,8588 1.0112 -0,0112

~ {1.5530) | |
119 2440 2,3295 1.8749 11,8616 0.9092 -0,0266
' (1.5335) s I -
125 2440 23002 1.8805 1.8675 048394 ~0,0260

: {1.7620) o vene o
125 2.80 ' 246430 22,1610 2,1503 09640 =0.0214

o (l.7280) ¢ o
129 2,80  2.,5875 12,1650 22,1710 0.8450 00120
' (1l.7085) L

123 2,80  2,7587 12,1626 2,1878  1,1822  0,0504

| (1.8430)(1.5728)(1.5970) ‘ '
135  3.20 2,7645 . 2.3592 2.3685 0,8106 0,0186
; (1.8250)( 1.5728) (1.6029) ; 5
139 3.20 2.7375 .. 2,3592 2.,4045 0,7666  0.0902
 (1.8060)(1.5707)(1.6101) .
143 3,20 2.7090 . 2.3560 244151 0.7060  0,1182
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Table 19

g.s Molar CuSO,; 1.5% Gelatin; pH = 1.,99; Pt Cathode;

1/2 E. M. P. " polarizetion

Time Amps, Oethode -Middle Anode Gatnode  Anode
Min. C, D. Volts Volts Volts Volt s Volts

1 0,16  0.1940 0,1097 0.1225  0,1686 0,0256
5 0.16  0.1903 0,1102 0.1229  0.1602 0,0254
9 0,16  0,1927 0,1087 0.1214  0,1680 0,0254

12 0.32 0,375 0.2249 0,2440 0.,1852 0.0382
16 0.32 0.3116 042260 0.2454 0.1712 0.0388
20 0432 0.3137 0,2251 0.2440 0.1762 0,0378

22 0,48 0.4411 0,3337 0.8570 0.2148 0.0466
26 0.48 0.4366 0.,3348 0.3577 0.2036  0,0458
20 0.48 0.,4382 0,3340 0,3572 0+2084 0.0464

52 0.64 0,5760 0.4397 0.4671 0.2726 0.0548
36 0,64 0,5790 0,4382 0.4666 0.,2816 0,0568
40 0,64 10,5808 0.4372 0.4666 0.2872 0.0588

41 0.80 0.7291 0.5555 045902 0.3472 0,0694
45 0.80 0,7300 0,5548 0,59056 0.3604 0.,0714
48 0.80 0.7300 0,5647 00,5905 0.3506 0.,0716

49 0.96 0,8621 00,6672 0,7073 0.,3898  0,0802
b3 0,96 0.8621L 00,6673 0,7070 0.3896 0.0794
57 0.96 0.8628 0,6675 0,7069 0.3906 0.0788

58 1.12 09880 0.7770 0.8202 0.4220 0,0864
62 1,12 0.9879 0,7770 0,8195 0.4218 . 0,0850
66 1.12 0,987%7 0,7771 0.8192 0.4212 0.0842

67 1.28 1.,1120 0,8867 0©0,9315 0.4506  0,0896
71 1.28 l.1122 0Q.8868 0,9305 0.4508 0,0874
75 1.28 1.1122 0,.8868 049301 0.4508 0.0866

76 1.44 1.20756 0.9972 11,0438 0.4806 0.0932
80 1,44 1.2376 0,9964 1.0425 004824  0.0922
84 le44 1.2375 0,9957 1.0421 0.4836  0.0928

85 1.60 1.,3603 1.1029 11,1531 0.5148 0,1004
89 1,60 1.3607 11,1020 1,1522 0.5174 0,1004
93 1,60 1.3609 1.,1013 1,1518 0,5192 00,1010

94 2.00 1.,6668 1.3646 1,4222 0.6044  0.1152
98 2.00 1,6691 1.3614 1.4187 0.6164 0.1146
102 2.00 1.6707 1.3593 1.4172 0.6228 0,1158
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The final set of polarigzation measurements were mde
with only slight veriations in pH end temperature. The data
given in Table 20 are the results of polarization me asure -
ment 8 using 1/2 molar copper sulfate, 1/2 per cent gels:in,
platinum elsctrodes, at a pH of 3440 and at 24°C, ‘Blie tomp=
erature was not sccurzbtely controlled at this values

' This data is whown grophically in Plate IV as curve l.
The initiel imrsase in polarization is spproximetely that
quite characteristio of many previous measurements. The
second imrease in polarization ocours st a slightly lower
current density than normally. It may be that this slight
abnomality may be due ;co the lower temperature of the cell,
since smoll temperature changes slier very markedly the
viscosity of gelubkin containing solutionse The deviation
from a emooth curve st @ ourrent density of 1.60 amperes
cannot be explained. Beyond that current density the curve
proceeds very uniformlys |

The data 0f the second run of this sories is given in
Table 21 and is showmn graphically as curve No.» 2 in Plste
IVe In this experiment the acidity is very nearly the same
as in ﬁhe previous run, but the factor varied is toemperature.
The four degress increase in temperature played a very
noticesble part in delaying the apparent gelation of the
elactrolyte. The increase in polarization came at a current
donsity of 1.12 emperes, which value is some higher than
the corresponding points in the previous platess Why some
of these curves with only very slightly varied conditions
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\ Tahle 20
0.5 Molar CusO,; 0.5% Gelating pH = 3.42; Pt Gathods;
D = 28,20 Q. | '
1/ E. M. F. , o }?olariza.tion
Pime  Amps. Cabhode .lldale Anode Cathode -~ Anode,
Min. Co Do Volts volts =~ Volis - Volgs VDli:s
1 0.16 0,190 O0eli85 0.1200 0.1430  0.0030
B 0.16 0.1791 0.1173 0.1193 0.1236 00040
9  0.16 0,1806 0.1160 0.1186 0.1296  0,0052
14 0.2 0.5138 0.2356 0, 2452 0.1564 0,0192
18 0.32 0.5118 0.2357 0, 2456 0.1522  0,0198
22 0.%2 0.5113 042355 0,2458 041516 040206
24 0.48 0.4461 0.3595 0.3722  0.1736 0.0258
28 0,48 0.,4410 0,3603 0.3733 041614 040260
32 0.48 0.4398 00,3607 0.3735 0.1582 040256
34 0.64 0.5644 0.4742 0.4685 0.1804 0,0286
28  0.64 0.5613 0,4743 04893 0,1730 00290
42  0.64 0,5595 0,4753 0.4900 0,1684 0,0294
44 0.80 0.6922 0,5990 0,5152 0.1864 0,0324
48  0.80 0.6863 04,6000 0.6165 0.1736  0,0330
52 0.80 0.6851 0.6003 0.6168 0.1696  0,0330
53 0,95 0.8073 0.7087 0,7271 0.1972 0.,0368
57 0,96 0.8033 0.7094 0,7284 0,1888 0.0280
61  0.96 0,8012 0,7096 0.7288 0.1832 0,0384
62 1l.12 0.9405 0,8213 0.8422 0.2384 0,0418"
66  1.12 0.9297 0,8235 0,.8435 0.2124  0,0400
70  1.12 0.9263 0.8240 00,8443 0.2046  0,0406
72 1.20 1,09  0.94 0,967 0450 0.054
76  1.28 11,0895 0,94  0,9666 0.30 0,054
80  1.28 1.0830 0,9413 0,9674 0.28%6 0,0524
82 1.44 1.2%18 1.0586 1.0812 0,3464  0.0452
86  l.44 1,2285 1.0683 1,0810 0.3404  0,0454
91  1.60 '"1. 5505 1.1662 1.1893 0.,3682  0.0472
95  1.60 1.3484 1,1665 1,188 0.3658 0,0468
99 1,60 13465 1,1648 1.1881 0.3630 0.0466
100 2.00 1.6433 1.4816 1.4575 0.4234  0,0518
104  2.00 1,6410 1.4308 1.4560 0.420¢  0.0504
108  2.00 1,6390 1.4296 1,45€9 0.4188 . 0.0586
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Table 20 cont'd

e . P

B, M, P, Polazrization

1/2 .
Time  Ampde Cethode - Ilaate Anoue ~ Celhode  Anods

¥in, C. D. Volts = _Veits _Volts Yolts Volts

109 2,40 1.9322 11,6075 1.7232  0,4694  0,0514
113 .40  1,9210 16875 1.7150  0,4670  G,0490
117 2.40  1,0096 1.6760 1.7012  0.4672  0.0504

118 ~ 2.80 242603 2.0006 240290 0.5194 00,0568
122 2480 342563 149979 2.0265 0.5168 0,0572
126  2.80 2,2512 1,9936 2,0239 0.5152  0,0606
- (1s6340) = _ - .

127 Ge0 2.4b10 2,1%92 2.2i07 0.5436 0,0630
131 3420 2,5709 2,1970 2,288 0.7478 0.0636

) (1.6431) . ‘ | al
135 3.20 244646 28,1924 22,2209 0.b444 00,0870

{1:6366) .

139 3. &0 £e4549 2,1830 £.21Y5 0.8438 040690
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Pable 21
0.5 Molar Cus0,; O.5% Gelatin; pH = 3.39; Pt Cathode;,
o 4 : ;
7 = 28,090, -
1/2 B, U, F. " polarization
Tlme Amps¢ Cathode -Middig Anoue Cathode  Axncde
Min. G. D. Volts = _Voits _Veits Volss Volts - -
1 0.16  0,1904 -0.2267. 0,1343  0.1274 0,0152
5. 0,16 0.,1902  0,1266 0,1336.  0,1278 0.0140
9  0.16 0.1926 . 0,1252 0.1322 ©  0,1348  0.D140
13 0,16 . 0,1943 0.,1243 0,1814 ©  0,1400 : 00142
16  0.32 0.3155 0.2395 0.2511 0.,1520  0,0252
20 0,32 0,3139 .0.2402 0.2512 0.,1474  0.0820
24 0,32 0,3135 042404 02510 0,1462  0,0212
27 0.48 0,4465 0,3648 . 0,3793 0.1634  0,0890
51 0,48 0,4442 043657 0.3795 0.1570 040276
35 0,48 0,4432 0.3661 0,3797 0.1542  0.0272
36  0.64  0.5807 0,4836 0,5014 0.1942  0,0356
40 0,64 0,5730 0,4858 0,5020 0.1744  0.0844
44 0,64 05711 044861 0O,5034 01700  0,0346
46 0,80 0,7050 0,6071L 0.,6286 0.1958 040430
5O 0480 0,5998 0,5083 0,6295 0,1830  0.0424
54 0,80  0.,6982 0,6085 0,6300 0.1729  0.0428
56 0,96 0.8275 0,7245 0,7473 0.2060 0.0456
59 0,96 0.8235 0,7257 0,7480 0.1952  (Q,0446
63 0,96 0.8212 0,7258 0,7481 0,1908  0,0446
64  1.12 0,9464 0,8423 0,8652 0,2082  0,0458
66  1.12 0,9460 0.8422 0,8648 0.2076  0,0452
70 1.28 1,1410 0.955% 0,9785 0.3712  0,0462
%4 1,58 1,127 0,9550 0,9778 0.2674  0,0456
78 1.28 1,1389 0,9546 0,9773 0,%686  0.,0454
79 1,44 12743 1.0756 1.0967 0.4014 0,0462
83  1.44  1,2725 1,0732 1,0957 0.5986  0,0470
87 144 1.27128 1.0730 1.0948 0.5964  0.0436
88  1.60 1.3995 1.1878 1,2098 0.4234  0,0440
92 1460 1.3978 1.,1870 1,2088 0.4216  0.0436
96 1,60 1.3965 1,1862 12077 0,4206  0.0430
98 2,00 1.7069 1,4685 1.4910 0.4768  0,0450
102 2,00 * 1,7045 1.4660 1.4893 0.4770  0.0466
106 2,00 1,7022 1.4664 1,4877 0.4716  0.0426



Table 21 cont'd
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Time

in,

108
112
116

117
121
125

-

o

Polarization

~1/2 B. M. PF..
Amps, CGalbhode -Widdie Aviode CGathode  Anode
C. 2. Voit s Volts Volks Volts _Yolis
2440 1.,9788 1.7187 1.7423 0.b242 0,0512
e 40 1,9747 L7136 17402 G.b222 (,0b32
2440 1,9718 1.7117 1.7384 045202 0.0634
2480 242970 2.0108 2,0398 0,5724 0.0580
£e80 £.2922 £,0068 £.03656 Ce5728 C40614
2+80- 242873 2,0018 2.0338 0.5710 0.0640
o (1.6897) . | DA
- B3:20 245345 242308 £.2635 0«6074  0,0054
(1.6860) | S
220 245290 L4RB273 £.2H95 C:6034 0.0646
(1,6820) . . o
320 2.5280 £.2232 2.26587 G.5996 040650
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should be 80 Adifferemt can only bs explained by the faot
that the properties of gelutin solubions change rapldly
with 8light changes of temperature, pH and ooncentration,
In other words ths gelatin soluiions are quite sensitive
to smzll changes in aeonditions,.

The date of the third curve shown in Plate IV 18
given in Table 22, This table represem s dsts taken wnder
oonditions very similar to that in Pable £1, excepting
the emall chenge in pE from 3.39 to0 342, This curve shows
tendencies very similar to curve £ in this same plates The
important point 18 that the change of (03 in pH ceanses
almost no variation in the ourve over Ko. £ curve until
after a ourrent dencity of 1,12 was rezohsd,

?able B3 gives the data for ane xperimemt of a slight
different character than the previous mmes described in
this seotion, In plwee of meking varlations in current denaity
and measuring the respestive polarizations, tl® curremt den~-
8ity wes maintained at a omatent value of 0,8 amperes per
square deoimeter ani % he polari gation moasured as a fumotion
of time, Tho meassurements give the data when using 1/2 per
cent gelatin, 1/2 molar copper sulfate and a pH of 3,38;
voltage readin-s were taksn every 2 to0 3 mimutes, On Plate V
is plotted the data given in this Table 23 as curve 1,

Anot her experiment of a similar rature was made under
the sam oonditions as the one Jjust previous. The only dif~
forence being that the pH wae 3,37 in place of 3, 38, read~
ings were talmn at ten mime intervals and the run was con-
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Table 22

0,5 Molar CuSOu; O.5% Gelatin; pH = 2.40; Pt Osthode;
7 = 24.0°C. .

oo

1/2 B. ¥. P  polarizetion

Time Amps., Oothode Hiddle Anode ~ Cathode  4node
¥in, C. D. _Volts _Wlts Yolts Vvolts volts

1 0416 0.1808 0,1198 0,1281 0,1220  0.0166
5 0,16 0.1883 0.1240 0.1328 0.1286  0.0176
9 0,16 0,1904 0,1230 0,1515 0,1348  0.0170
13 0.16 0.1917 0.1223 0,1308 0.1388 . 0.0170

15 0.32 0.3200 0,2463 0.2605  0,1654  0.0280

19 0,32  0.3265 0,2467 0.2608  0.1596  0.0282
23 0,32  0,3270 0.2460 0,2609  0,1620 0,0298
25  0.48 0.4694 0,8806 0.4010  0.1776  0.0408

29 0.48 0.4575 0.3727 0.3928 0.1696  0,0402
33 0.48 0.4573 0.3728 0.3935 0.1690 00,0414

36 0.64 0.5993 0,4982 0,5243 0,2022  0,0522
39 0,64 0,5980 0.4985 0,5260 0,1990  0.0550
43  0.64 0.5927 0,5000 0.5281 0,1854 0,0562

45 0,80 0.7463 10,6277 0.6615 0.8372  0.,0676
49 0.80- 047411 0,6292 00,6629 0.8238 0.0674
58 0.80 0,7385 0.6305 0.,6638 0.2164 0.0670

56 0.56 0.9220 0,7550 0.7932 0.3340 0.0764
69 0,96 0.8924 0.75Z0 0,7849 0.2828 0.0678
73 0.96 0.8888 0.7522 0,7855 0.2732 0.0666

76 1,12 1.0630 0.8762 0.9132  0.3736  0.0740
80 1,12 1.0605 C.877L 0.9128 -. 0,368 0,0714
84  1.12 1,085 0.8771 0,9122  0.3628  0.0702

86 1.28 1,2046 1.0000 1.90363 0.4092 0,0766
90 1.28 '1,2023 1,0001 1.0376 0,4044¢ 0.0748
94 1.28 1,2000 1.0002 1.0370 0.3996 9‘0756

96 1l.44 1.3404 11,1211 1.1609 0.,4386  0,0796
100 1,44 1.3369 1.1210 1.15%93 0.,4318 0.0766
104 1,44 1,3339 1.1208 1.1561 0,4262° 0.0746

106 1,60 1.4591 1.,8310 1.2711 0.45662 00,0802
110 1.60 1.4558 1.2307 1.2694 0,4502 0.,0774
114 1.60 1.4523 1.2398 1.2680 0.4250 0.6864



100

Table 22 cont'g

iz B M. 7 " _polarisstion
Time Amps. athode ) e Gathode Anode.

Min, G, D, _Volss _Volts _Volis Yolts yolts

116 2.00 1.7704 1.5119 1;5568 0.5170 0.,0898
120 2.00 1.7666 1.56110 1.6532 0.5090 0,0844
124 2,00 1.7620 1.,5101 1.6513 0.5038 0.0824

126 2,40 2,0748 1.7910 1.83%75 0.,6676 0,090
130 2.40 £2,0693 11,7893 1,8%47 0.6600 00,0980
134 2.40 2,0637 1.7870 1.8327 0.6686 0,0914

(1.5906)

136  £.80 (i.gggg) 2,0790 2.1291 0,6138  0,1002

140 2,80 2,3782 2,0740 2,1236 0.6084  0.0990
(1.5821)

144 2,80 2.3731 2.,0706 2.1213  0.6060 0,1014
(1.7395) (1.5698)

146 5,20 2.6092 2.2853 23597 0,6478  0,1088
(1.7344) (1.5665) |

160  3.20 2,6016 8.2793 2,5347 0.6446 0.1108
(1.7305) (1,5648)

164 3.20 2,6957 2,2763 £.3322 0,6408 0.,1139



26.590; at constant current density, .Q8 Amp.per Dc

Table 23
0.5 Molar CuSOy; 1/2% Gelatin; pH = 3.37; Pt Cathode,

100a.

m .

—

———

1sg E. M. F. ~ Polarization
Time  Amps. athode e ode Cathode  Anode
Min. C. D. Volts Volts Volts Volts Volts
2 0.8 .7873 «6310 «6581 3126 N.D.
4 «7921 - «6358 « 6627 «3126
6 7893 «6345 «6613 « 3096
9 <7873 « 6337 «6807 « 3052
12 «7898 «6370 «6651 « 3056
17 «7908 «6387 «6658 « 3082
22 «7926 «6373 «6671 « 3106
28 7944 « 6390 6693 « 3108
33 07964 «6393 6697 e 3142
38 .7958 « 6405 «6708 « 3106
43 «7928 « 6405 6708 « 3046
48 «7902 «6405 «6708 «2994
58 « 7910 06432 « 6736 « 2956
68 «7893 «6424 «6728 « 2938
78 « 7903 «6436 « 6740 « 2934
88 .7855 06413 «6714 . 2884
108 «7820 «6894 «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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tinved over a period of 198 minutes. These resulis are given
in Table 24 g.m). plotted 585 curve 2 in Plate V.

Table 25 1s & run similar to these two above and the
result s of this ome are plotted as curve 3 in Plate Ve

Two important points are brought out in these two cur-
ves of polarization as a function of time, The first one is
that polarization is nearly constent regerdless of time with-~
in:the three hour periods The second is that no break in the
curve occurs afbter o duwration 0f 45 minutes:

During the study of the previous polarization experi-
rent e one might suspect that the imzjaase in polarizstion
g0 chavnoteristic of some of those curves with a current
density of 048 emperes might heve been & funciion of time.
Since these three onrves show no abrupt incrsase in polar-
ization at the end of a 45 minute period, the conclusion is
that polaxization is independent of time,

Summaxy

1, The polarization of tke Cu/Cu** electrode using 1/2

molar copper sulfate electrolyte, with copper or platinum
olectrodes at 25°C. imreases linearly with ourrent density.
2.- The polarization of tl» Cu/cu’* electrode using 1/2 molar
copper sulfate olectrolyte comtaining 1/2 per cemt golatin
ot 2500.- with copper electrodes, or with platinum electrodes,

is much grester thon when no gelatin was present.



Table 24

10Za

0.5 Molar CuSOy; 1/2% gelatin; pH p 3.38, Pt Cathode;2
25,09C; at constant currenmt density, 0.8 Amp. per Dcm®.

1/2 B. M. P. Polarization
Tims Amps. Cathode Middle Anode Cathode  Anode
Min. Ce 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
6e5 .7886 «6313 3146
7.5 « 7904 «6325 «3158
8.5 » 7921 « 6338 3166
9.5 «7922 « 6338 «6564 .3168
11 7924 6345 L6564 3158
13 7927 .6355 L6568 «3144
15 7918 «6359 L6575 . 3188
17 «7912 «6359 ,6568 3106
19 . 7922 «6368 ,6578 .3082
21 «7942 «6383 .6597 . 3118
23 7936 .6375 ,6b92 3122
25 7947 6386 L6604 3144
27 « 7950 «6387 .6608 3126
29 7947 .6378 ,6600 <3138
32 7962 «6388 ,6613 3148
35 7978 «6400 ,662& «3138
39 «7983 6402 ,6629 3162
42 «7973 «6392 L6622 03162
45 . 8000 «6418 ,6652 3164
48 «7990 «6412 .,6645 3156
51 « 8000 «6426 ,6660 «3148
55 7978 6426 ,6659 «3122
58 «7980 «6426 .6658 «3108
61 «7990 «6445 L6676 « 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 L6690 «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
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Table 24 Cont'd

10Zb

1/2 8. M. F. Polari zation
Time  Amps. Cathode Widdle Anode Cathode  Anode
Min. C. D, Volts Volts  Volis 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 79556 «6482 «6702 2946
124 7968 « 6495 6713 « 8946
127 7967 « 6490 «6708 « 2954
130 « 7972 6493 «6712 02958
133 7977 « 6498 « 6714 « 2958
136 «8000 «6515 «6730 « 2970



0.5 MNolar CuSOy; 1/2% Gelatin; pH =

Table 25

250C; et constant C. D. = 0.8 Amps. per Dem®.

10Zc¢

3e 58=Pt Ca‘thodef;‘

1/2 B, M. F. Polarization
Time  Amps. Cathode liiddle Anode ‘Cathode Anode
Min. Ce D Volt s Volis Volts Volts Volts
2.5 0.8 o743 «600 N.D. « 286 Ne 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 3022
12 7760 «6266 6583 . 2988
15 JTTTL «6290 «6597 « 2962
18 7753 «6281 «6583 « 23944
21 7768 «6290 «6598 «2956
24 o 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 56686 « 3040
64 7927 «6398 6678 3058
67 ¢ 7949 « 6417 «6700 « 3064
70 7944 « 6417 «6696 « 3054
73 7948 « 6423 «6702 « 3050
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 6787 « 3088
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 elecirodes were used is
approximately equivalent to the polarization when copper
electrodes were used, other conditions remeining constant,
4, The first increase in polarization is due simply 0 inc-
regsed work involved in depositing copper from soluntions con-
taining gelatin,.
5. The secord rspld imcresse in polarization, we believe,
is due to the partial gelation of the gelatin, aml the ince
reased work nocessary to get the copper ions to the elec~
trode and discharged.
6. This gelation is the result of increasing emcentration
of the gelatin in the vicinity of the cathode.
7, The increase inconcentration of gelatin in the vicinity
of the cathode is the result of migretion of the gelatin ions,
80 t0 spesk, %0 the cathode and mecohmically stopping there,
or is the result of migration of the gélatin ions t9 the cath~
ode, anl being adsorbed on the copper crystals of the cathode.
8« Changes in pH alter the polarization curves marke@ly
from those electrolytes which corbain gelat ine
9. Electrolytes contalning 1/2 molar copper sulfate, 1-1/2
per cent gelatin and a pH of 1.99 evolved hydrogen at = cur-
rent density of 2 smperes pexr Bquare decimstors
10. Temperature changes alter polariszat ion curves. grestly.
1l. Numerous minor irregularities in polarization curves
may be explained by assuming that such variations are the

result of slight varintions in conditions.

12, Polarization at 259C, and a C.D. 0f 8 amperes per squere
decimter is practically independent of time overa 3hour period.
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A Study of Bxcess Weight Lrom Copper-Gelatin
Electro-Deposits

Introductory

It has been pointed out previously that coppsr electro-
plated from copper sulfate solubions containing gelatin gives
doposits of grester mass than normals Thet is, if copper is
plated from several cells, which are in serles, tho weight
of the deposit from the electrolyte which contuins gelatin
willbe greater than the weight of the derosit from gelatin-
free electrolytes. The differcnce in mass betweern the enitire
deposit and the contalned copper hes heen fiown by Marie end
Buffat (loc.cit.) to consist of gela.tin and gulfate. Thelr
conclusions that the deposit ectually conteined gelatin was
based upon combustion analyses for both carbom and nitrogen.

During this study the gelatin content of the deposits
wes obtained by differense, after the copper had been detor-
mined quantitatively. It was fouhd that in n\early 2ll cases
the actual copper content was slightly ln szcess of that
deposited from a coulometer solutiz:;n. And 1% 1s thought that
this excess copper was held mechanically or in an adscrbed
condition within the deposit. In the eleotrolyte, since the
gelatin migrates toward the cethode, the gelatin must carry
a positive ionic or sdsorboed charze. If the gelstin oarries

an ionia._charge, some proportion of it is with the sulfate.
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This lattor statement may be substantiated by the fact that
enolyses which will soon be given tend to show that more
sulfate is present in the deposit than can be accounted for.

In this finsl section numerous examples will be given,
involving this excess weighf as a function of variables,

In some 0F the illustrations in the preceding section
on polarization 1t was found that two polarigetion increases
resulted £rom some solution which contained geldiin. The
first polariczation is increassed fb & normal rate. The second
polarization increase is not normal, strictiy gpecking, is not
normal, and may denote that we have two slectrode processeés,
one t aking plece betweon a certain potentigl, and another
in conjunction with the first taking place shows above this
certainfalua.

If one or more experiments are carried oubt at potentisls
above end below this polerigation increase, then ths masses
0f deposits should be quite different, when the potential

is less than 0,8 volt and when more than 0.8 volte

Excess lelght and Current Density

“Izhe following experiment shows that we 40 not have
two electrode processes teking plece. Seven 2-hour runsg
were made vsing 1/2 molar copper sulfate, containing 1/2
per cent gelatin, at a pH of 3.38 end at 2590, Seven cur~
rent densitios were used, which velues were very near those

given in Table 26, It was vary difficnlt o continue 2 run
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for a 2«hour period without slight veriations in current
ocourring. In each run were one to two gelatin cells con-
taining 1/2 molar copper sulfate, and one or two coulomet=
ors. The coulometer deposits were taken as directly proport-
ional to the quantity of electricity, and since the time
factor was constant, the coulometer deposit was directly
proportional to the current density. Thus in this experi-
ment all coulometer and gelatin deposits were caleulated

to the respective current donsities shown in the table.

Table 26

Cuie DGl Coul. beg: Gels Depe Ixo. Vb

V38 Amp. 0471 g, .0481 gne 0010 am,
«64 Q0942 +0968 « 0026
«88 s 1296 « 1336 «0040
1.28 +1883 + 1948 0065
1.84 « 2710 «2852 Q142
2440 + 3536 « 3730 » 0194
Je 20 4720 + 4961 «0241

The curve chown on Plate VI shows graphically the results
from the above table, in terms of excess deposit and cur-
rent denaity.

The curve in the plate is very regular and smosth,
and shows no abrupt breaks. Although an infleetion occurs
at about the center point, this change in the direction of
the curve has no significant meaning other than indicating
that the rate o £ gain in excess weight decreases with in-
creage in current denslty sbove 1.6 szmperes.

At the current density of 0.80 amperes no change in
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the direotion of the ourve ocours. It was at this currem
dersity that the polarization experiments indlcated a change
in eleotrode prucess might take place, Accordiangly at abouil
0«8 amperes a nearly horigontal segmemt should be preserk,
but obviounaly it i not. The uniformity then is interpreted
to mean that no change in aleotrua.é proeoés oconrs at 0.8
amperes ourrent density, with 1/2 molar copper mlfate, and
1/2 per sems golatin at 25°C.

Relation of Excess Weight and Current at Comstant Current
Density

Another experliment was made to observe the effsot of
variatiion of ourrent but at a constark current density.
One run was made using s curreni of ,031l0 amperes and two
eizen of electrodes, One set 0f eleotroies measured approm-
imately 1.77 combimeters on an edge, ziving an ares of
nearly 3.12 square centineters., The other set was 2.6 centi~
msters squared, giving an srea of 6.25 square dentimeters.
The current of .03156 amperes gave a current dsneity of 1
ampere per squnre decimeter with the amallar electirodes and
a current density of 1/2 ampere per square decimeter with
the larger eleatrodaes.

Hal £ molar copper mlfake s0lutions coataining var-
iablesquantities of gelatin were used uz electirolytes with
both aizes 0f cathodes. Also duplicute cells ware run with
each comoeniration of gelatine. The copper coulomster eleo-

trolytes weremaimained a§ 0°0. to insure a more acourste
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measure of the qguantity of eleotriocity that flowed, Riochaxds,
Oolline and Heimrodl recommend the use of the goppar coulo~-
meter at zero degrees Centigrade., Tebles 27 aml 28 give &W
the resalts of this portion of the experiment., These two%
tables are shown graphically in Plate VII.

) O Table 2%

Excess Weights from o5 Me Ou304, »031% Amps. (46 Ampe, per
decimeter squared), & howrs. Weights in gme. end mgys.

\ .
2o0% gole Os 5% gel . +28% gel.
Dep. +3899 3897 .5878 3084 a1z 3896 gums.
Ex.Wts 1ll.4 1l.2 3 9.9 8,7 11.1 mgms
Ex.0u, 1.8 1.5 1.0 0.8 1.0 1.6 mgma

12% mel. 037 zel, Jonlometore
Deps L3865 .3864 <5029 .2826 <3788 3767 gms.

Exewt. 8.0 7.9  4ed Sal AVZe 3788 &M

Cu. « 3796 « 3796 « 3799 « 3798 « 3780 « 3784 gms.

Bxl.Cu. 1.0 lel 1.4 1.3 adated -
Table 28

Same counditions us Tuble 2¥, exoepting 1 amp, per dem2,

szg%m. —0s 85 gels 2255 gelo
Dap. 3 03942 « 3919 « 3982 #3919  ,3922 gm,
Exc.Wt. 13.2 14.6 12,3 12,6 12,3 12,6 mg.

Cu. «3799 L3796 « 3300 . 3798 3798 3796 gnm

Exs,Cu 0.3 0.0 0.4 0.2 0.2 0.0
w127 gal, -0%% gel. Coulometers

Dep. « 3894 03895 « 3838, . .3859 ‘03795 t579'

EXCoih e 9.8 Gy 9 4.2 4.3 ov. 2796

Cu. e 3799 « 3796 + 3800 +» 3798 « 3798 + 3896

Biac.u s 0 Ded 0.7 Ce 8

Tmohards. Collins, Heimrod, Proc. Ame. Acad.Sci.,
a5, 123, 1899,
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The ourves were plottel from an approximete average
of the duplicate determinztions. From the cur;'es and the
plotted points represemt ing excess wel ght as a funotion of
goncentration of gelatin, it may be sesn how far soms de~
glate from a amooth curve. 7Phe welght of the redeposited
copper in each of these sets of duplicates agrees with one
another very well, The falilure of the originsl dencaita to
agree with each othey in mess met then be dne to differ-
enge in geletin acontant, The four eleotrolytescontalning
2,0 per cent golatin in this double rmn were identidal.
They were prepared as follows; ons hundred and sixiy oubie
centimsters of s stook solution of 1.E5 moler copper sul-
fate wam d1lvted 0 half molar with 260 enbic ocentimeters
distilled watcr. Then ¢o this 400 ocubioc eentireters of .6
molar solution was addad 8 grams of gelatin, ths whole
hoated to 609C,, md the gelatin diseolved with stirring,
Nearly two hours warming at 68 to 600 with osccasionsl stir-
ring were nscessary to i ssolve the gelatin, since the
Eastmen gelatin was mede into fairly thiok sheets. Afterx
diss0lving was oomplete the eoluvt ion was coolsd to 50°0C,.
eml poured into the proper 100 oubioc cemtimeter beskers,
two of whioch were used with the small and tw with the
large elescotrodes. The platinum electrodes had been previous-
ly oloaned with nitric aoid, washed and ignited. The anodes
had heen previously given a heavy plate of eopper from a
copper mulfete-sulfuric aoid bath. Thus as nearly as pos-
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#ible all oonditions were identioal, but still in several
cagesd in this experiment, duplicate deposits falled to agree
in weight. Since these depod t2 contain very nearly the same
pumber of grame of copper, the error muet bo in the cuantity
of adsorbed gelatin,

Anosber mn was mude quite almilar to the one Just
desoribed. The only variation was the current, which was
maintained at a value of 0625 in place of ,0312 smperes.
The two ditfferent csizes of elecirodes were used again in
this run giving with the large eleoctrodee a current density
of 1 smpere, and with the emall omes a current density of
£ amperes per square deoimeter. The results of this ran are
shown in Tables 29 and 80, amd the approximete average of
duplicate exoess welights plotted againat oconcentration of

gelatin on Plate VIII.

oo/ 7
P ( Pable 29 (S

Excess Wei ghte Ir 5 M, cuaoh.%ezs mps.(.i Ampe per

decimetsr squared hourg, W & in an
Q! )s ; o WELigHt ome o Bgns .

2.0% pel, OeB% gols +26% gel.
Dape. +4020 4012 «+4010 «4013 L4002
Exn, Wb 14,1 - 13,3 13.1 13.4 12,3
Cn. . 3889 ————— 03892 e 25894 « 095 « 3098
RBx0, Cu, 1.0 - 1,3 1.5 1.6 1.3

o12% gel, 203% gel. Coulometers
Dep. « 3988 « 3989 « 3929 » 6980 » 5878 « 3880
Bxo.Wt, 10.9 11.0 Bs O 7% ] av. 3880
Cu. « 3897 3390 « 3889 + 3890 « 3879 + 3874

Exc.Cu. 1.8 1.6 1.0 1.} - -
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L7
% “mebls 30 —

Exoeas Welghts from .5 M. OusO,, »0625 Amps, (¥ imps, por
decimeter squgred), 5 hours, w%igh'as in gma. and mgms,

200‘}5 gel, ():&5,‘?*3 gel, _ 025% 2ele
-D.Po +4068 « 4064 4040 + 4043 «4046 »4044
Exc.Wt, 18,2 17.8 15.4 15,7 16,0 15.8
On. « 3908 « 3899 +« 36898 » 3899 » 3899 « 3898
Ezo,Cu. l.6 1.3 0.9 13 1.8 1.8

12 % gel. +05% gels Coulometers
ExceWte 11.6 11.6 4.7 4,8 av. 38066
Cu., 3807 « 3898 « 3887 « 3894 +» 3883 +» 3882
Exo.0u. 1.1 1.2 Osd 0.8 | we b

The temperatwre 0f the coulometer haths was 0%¢.

The two aurvec shown on thie plate are quite nommsl
in nearly =211 reepects. The cwrves showing the excess de-~
posits from 2 smpores ver square decimeter seams to pese
thronzh 2 moxismn then decline slightly as gelatin concen-
trotion imoresses. This ~ppnrert variastion is not common,
although soms onrves dacoms nearly hori mpntal after passing
tho point sorresponding tome half per ocent golstin. Thie
devietion 13 mite unimportant since its maonitwde is only
a fraction 97 & millirram.

In these Lwo runa Just described tho coulomster de~
pocits woro not of tie zam magnitwde, and t0 make & more
dofinite comparison of tho effect of AAfforert currem s
with the same cwrreni donaliy, the weighte of Table 28
wore mmltiplied by the factor 1.0221. Phis faotor is the
ratico of thw two coulomeicr deposits, and thece deposite
are proportional t9 the quantity of electriocity that flowsd
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in the two runs of .08L2 and .0625 amperes, both at a cur-
rent density of 1l ampere per square decimeter. The ratio
1.0221 equals 29880, nahle 31 shows these calculsted res-

« 3796
ult s, which are now on a basis for comparison to the results

Table 31

Caloulated Excess Welghts from .51 CuSOy, 0312 Amps. cur-
rent, 5 hours, weights in gms. and mgms,

v’

2.,0% gel, 0.5% gol. .25% gol.
Dep. « 4015 A0RY « 4006 4009 24006 44009
Exc.Wt. 13,5 14,9 12,6 12.9 12.6 12.9
Cu. « 3883 3880 « 3884 25882 « 3882 + 3880
EXG.CU.. 0.5 0.0 m.4: - 002 092 0.0
«12% gel .03% gel. Coulometer
Dep. « 3980 « 3981 « 3983 3924 + 3880
Exo.Wte 10,0 10.1 4,3 4,4 -
Cu. « 3890 « 3883 « 3887 » 3888
EXO. 011. 1.0 0.3 O.'I O.8

shovm in Teble 29. The weights from the calenlated table 31,
whioch represent the current of 0,0312 amperes, are smaller
with only one exception, than the corresponiing ones from
Table 29, which represenis .0625 amperes. This exception
when studied closely, appears to be =n erromsous resulti;
when thig result is corrected as nearly as possible, then
all weight s £rom the current 0312 amperes are less then
those from .0625 ampesres.

Since the viscosity of solubtions containing gelatin
changes raspidly with changes in temperature, en interesting
experiment should be the study of the effect of temperature
upon the mass of cathodic deposit. In the several tables

which -follow are given the results of excess weight deter-
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minations at meveral temperatures.

The Effeot of Tempersturs upon Excess Welght

The general procedure in these tests is quite similar
to that previously described. 0.5 molar clépper sulfate contain-
ing 5% gélatin was used at the varlous temperatures. In
geveral instances a cell was inserted into the hookup which
contained 0.0 per cent gelatin. These cells give erronsous
results due to oxide formation, which results in all instences
give too large deposits, In the tables these results will
be given, however, for comparison purposes., Tables 32 and
55,V,__g'ive the results of two of these mns, at a current den-

sity of 2 amperes per square deciheters

Table 32
Excess Weight from .5 M. Cuso4, C.De 2 amps., 25°¢,
Coulometer 0 gel, ~ JB% gel.
Deposit 1, 0000 1.0023 1,001L2
Exc.Wel ght - 2.3 51.2
Redep. Cu, «9995 1.0009 1,0063
Excs Cus - 0.9 6.3
Table 33
Excess Weight from «5M. Cu30y, C.D. 2 amps., 25°C.
Coulometex 0.8% gols Coulometer
Deposit 1,0000 1,0612 1,052b “1.,0000
Exc.\’lei ght e 5162 5265 ladadod
Redep. Cu. « 9994 1.0069 21,0069 » 9996
Exc. Cu. - 66 9 609 -

'l‘he‘se experimonts were continued over a psriod of
approximately 5 hours ani the deposits_all caleulated to
the basis of 1,0000 gram of coulometer copper at the rasp~



A ) }
WEZEme Corilgnn
7338

/@fé,ﬂﬂ 7352

73 74
7357

&7
T8

’ 7 45 Ill'/o '4

7 6870

, 7585



117

eotlve tempe ratures The runs whose data are glven in these
two tables were made on different days; they are duplicate
rung but not in the sense of having been mide & the same
time, The excess weights from the gelatin cells are invery
good sgreemont considering the large amount of the deposit.
Table 34 ghows the excess weight dats from gelahin

cells at 21° and 80°C., half molar copper sulfate and B per
cent gelat in.

Table 34
Excess weight from .5 M. CuSOu, C.D. 2 emps., 21°¢,
goulometor No. Gels  +5% gols
Deposit 1.,0000 1.00256 1,0623 gms.
Exc.Welght ‘ - 245 6243 mgme
Redep. Cu. « 0993 « 9993 1.0073 gnmss
Exc. Clle - s "0.? 743 mgme
Excess weight from .6M CusOy, C.D. 2 amps., 300C.
0V e
DQPQSit 1.0000 106‘&63? 1,0438 EmSe
Exc.Welght - 20v1 Cu{ . 43.8 mgm.
Redep. Cw. - oa o we 1.0050 100050 E;l!lso
EKO.‘ Cu. - 5.0 500 mgno

Electrolyses at these two temperatures were carried
on in series. ':?his table shows quite different excess weights.
The eleotrolytc; at 309C. gave anexcess of only 43,8 milli-
grams compared to 51.2 milligrems at 259 epd 62.5 milli-
grams at 21°0.

Table 35 gives a duplicate determination of the ex-
periment reported in Table 34, with the exception that the
cell which contained no gelatin was replaced b_y a gelatin

ocell, giving duplicate gelatin cells,
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Table 35
Excess Weight from .5 M. CuSO,, C.D. 2 smps., 21°¢,

Coulometor 0.5% gel, " 0¢b%ogel.
Deposit v 1.0000. "1,0619 . 1,0624
EXO.'WBigh$ fanbadacd 61.9 62.4
Redeps Cu. e 1.,0017 1.0073
Excs Cu. - 1.7 73

Excess Welght from .5M CuSOs, C.D, 2 amps., 30°C.

Deposit 1,0000 1l.go4aLly 1.$0419
BExG. Weigmm' hadade 4117 41,9
Redep. Oue - 160047 100059
Exa. Cu. - 4.7 3.9

In the part of the previous table under 21°, the
reason why the £irst gelatin cell should give such a low
velue for excess copper, mst be that there was only & 1lit-
tle copper sulfate ent rapped during deposition. The excess
weights for both 21° end 30° agree very well with the cor-
responding values of the preceding tubles

Table 36 gives the resulis of a run similar to the
previous one excepting ome portion was at 392C., and the
other et 21° as before.

Table 36
Hxoess Weight from .5 M. CuSOy, 2 amps. C. D, 2190,

Goulomeler « 5% gel. 15}3 geld
Doposit 1, 0000 11,0600 1.0619 gm.
Excc Weight - 60.0 61-9 mgi
Redep. Cu. - 1,00856 1,0088 gm.
Exc. Ou. e 845 8.8 mg.
Excess Weight from .5 M. CuS04, 2 ampse CeD., 39°C. |
Deposit 1,0000 1,0307 © 1,0206 gm,
Exc. Woight —— 3047 30,6 mg.
Redeps Cus ———— 1,0033 1,0027 gm,

Exc. Cu. o 3.3 2.7 nge
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‘ At 39° the excess weight is sti.ll appreciably smaller
tha.n at 30°, while the ons at 210 agrees well with those
previmwly._ Table 37 is a duplicate of Table 36.

Pable 37

Excess Wolght from o5 M. CuSOy, 2 empSs C.D., 82°Ca

coulometer. «5% gol. lb% gal.
Beposit 1.0000 S 1.0281 1,0281
Exc. Welght L e  28.1 2841
Redeps Cu. - 1,0015 1.0023
Ixc. Cu. — 1.5, 243
Excess Weight from ¢5 M. CuSOz, 2 ampss C.D., 21°C.
Deposit 1.0000 1,0572 B
Exc. Welght ———- b7.2
Redep. Cu. ——— 1.0072
EXG'. 011. - o 7.2

PThese excess weight values are both some little smal~
ler than the corresponding oms from Table 36, In Table 38
is st11l another duplicate run et 21° and 39°%, and this talle
shows results very similar to those in Tables 36 and 37.

Table 38

Excess Weight from 56 M. CﬂSOé, 2 amps. C.D., 219 .

Coulometer .5 % gel. . .5% gol,
Deposit 1..0000 “1.go595 1,0687
Exc. Welght -— 59,5 58.7
Redep. Cue - 1.0094 1,0081
Exe, Cu. - 9.4 8. 1
Excoss Welght from .5 M. CuSO4, 2 amps. C.D., 39°C.
Deposit 1.0000 1.0292 1.0311
Exc, Welght ——— 29.2 31l.1
Redep. Cu. ———— 1.0009 1,0026

Exc. Cue - 0.9 2.6
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In summarizing these tomperature experiments ami pre-~
paring them for plotting, the average of all eight determin-
ations at 21° was tsken for the point at 21° in the curve
on Plate IX. The excess we':lgm at 26° 18 the average of 3,
and the poimt at B30° 48 the average of 3, while the higher
temperature, 39°, ie represented by & mean 92f 6 determin~
ations.

The ocurve appears very smooth and uniform, and with~
out break nor infleotion, hence excess welght varies uniform~

1y with temperature over the range 21 to 39°,

Bxcoss Weight from 0.0% gelatin solutions

Several of the tsblea in the atudy of the effect of
tomperature upon the magnitude of excess weight contained
weights of deposits from solutions which cormt ained no gel-
atin, These deposits, like those from gelstin solutions,
are always heavier than the corresponding coulometer depostt,
Two runs were made in which copper sulfate solutions of
several ooncemtr. tions were electrolyzed in the absence of
goelatin., Tables 39 and 40 show the results of these two
yuns; the temperature of the coulometers waa 0°C,

Table 39 shows quite a large exoess weight for the
deposits, especially in the 1,00, 0,75 smd 0,50 molar
solutions., The 1.25 molar solution might be expected %o
give a lower exces: weiglh than the more dilute solution,
since it hae a highsr hydrogen ion concemt ration. Anmd
this greater acidity would have a tendency to prevent
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Table 39

Excess Velghts with 0% gelatin, 9-1/2 houra, 30°0C.
varisble copper sulfate.

1,25 Mo 1,00 M. 0.75 M. 0,50 M. 0.25 ls

Deposit l.2440 1.2448 1. 2458 1.24566 1.2438
Exoc., WS, 1.6 2.4 Sed 3.1 " led
Rodep. Cu., 1.2423 1,2439 1.2430 1.,2433 1.2422
Exo. Cu. "0.1 4‘1.3 0.6 0‘9 "0.2

Coulometeors 1.2426, 1.2418, 1,2428, av.= 1,2424 gms.

Pable 40 cD

Bxoess Welights with 0% gelatin, 10 houre, 30°C.
variable copper sulfate.

1,26 Mo 1,00 M. Qo756 Mo 0050 Mo 0,25 M.

Deposit 1.,4866 1.,4874 1,4878 1.,4891 1.4878
Exc, Wk, A 1.2 2,1 2¢5 3.8 2.5
Redop. Cus 144848 1.4849 1.4854 1.,4881 1.4844
EIO. On. “005 "0.‘ "'0.1 2;8 "0.9

Coulometers, 1.,485), 1.4852, 1.4856, av.» 1.48563,

oxide formation upon the cathode surface. Hydrogen ion

me asurcment 8 have been made on copper sulfate solubions with

the following resulta;

1: 25 H- 1:00 3: 0. 75 ED 0050 g' 0025 !Q
PE = 3,11 3.26 3. 37 3.5 B T7

These figares for higher concentrations of copper
sulfate show tht an inordase in pH glvea greater exceas
wolight until the 0.6 amd 0..5 molar solutions, when these
excess weights, amd quite notably the 0.25 M. one gives a
decrease in exoess welght. In the 1,25 molar solution the
a0idity may be sufficiemly g reat %o prevent the exscesaive
oxide formation. These deposits, in place of presenting a

-
et »
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bright oopper color, were darkened somewhat by the oxide,
The redeppaition of the coppexr in most oases shows
that there 18 actually too much copper deposited. However,
the larger nart of the excess weight, mmet have beon oxygzen
and this elemont disappeared whem the copper anslysls was

mades

Excess Weight with Variation of Gelsiin and current density

The experiment whioh followse studles both the variat-
ion of current density, but with a oconstant surrant, similar
10 an experiment previonsly desoribed, The variation in the
ocurrent density at constant currant was ascoomplished by us-
ing plainum eleotrodes of two sizes. The same curremt, .06286
amperes were used during the two testis, and since the ocath-
odes were 6,256 ani 3,12 square cemt imeters in area approx-
imately, the ourrent densities were very near to 1,0 and 2,0
amperes per square deoimeter. The coulomsters werekept a%
09C. throughout the run %0 insure a more ascurste measure
of the quant ity of electricity that passed,

Tables 41 and 42 show the results of these variations
in ourrent denaity amd gelatin &t constant ourrent, using
both 1,0 molar and 0,6 molar copper sulfate. In these two
Sables 2na plotted on the ourves in Plates X and XX are
shown the original data. T0 got them upon & more ocomparable
basis the excess weighis of Tabls 41 are caloulated to cor-

respond from the coulomepter depoeit of ,3684 grams to 3792
grams. This ocaleulat ion may be carried out since excesa
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Teble 41

Exoess Welghte from varieble gelatin and Cu30y, at 2 Amps.
CeDs , (406256 amps current ), 30°C, for 5 hours.

1.0 molar Cn304

% Gel. 2,0 0.6 0,18  0.06 0,03 0,0
Deposit + 3846 ,35647 037;2 .555 40 05755 .3693
Bxo. Wt 1642 16,9 10,8 B 6 4,1 1.1
Redep.Cu. +,3691 3701 « 3704 0 3703 *23700 3683
Exc. Cu. 07 1.7 2,0 1.9 1.6 ~0.1

0«5 molar GﬂSQA
Deposit 03846 L3845 « 3827 « 3768 43718 + 3708

Exc,Wt. 16,2 16,1 14.3 6.9 3¢ 4 2.7
Redope Cu.,3679 .3694 « 3699 236983 5686 L3693
Exc.Cu. «04b +1.0 1.5 0.9 0.1 0.9

Coulometers,.3688, ,368l, 3684, av.= ,3684

Table 42

Exoess Weight 8 from variatle gelatin and CuSO4, at 1 Amp,
CsD. , 300C.,, for § hours.

Qo° molar 0‘“304

% Zele 2,0 0eB 0.13 0,08 0,03 0.0

Deposit . B0E6 <2010 WOL 2870 843 LXed
Bxa, Wh, 13 04 12.4 10.9 7.8 Ba 6 6e 9
Redop. Cu. 3797 L3804 L3806 .38l1 .3608 ,.3834
AX0s On. ﬂ.5 102 104 1.9 1.6 4g2

1.0 molar CusOg

Deposit «3936  ,3923 ,3881 ,3848 ,3831 L3856

Exo., Wt, 14.4 13.1 8.¢ 5.6 B 9 6.1
Redep.Cu. 3817 «9820 3818 « 3825 « 3801 + 3848
Exc.Cue 25 2.8 2.6 3.3 0,9 be 6

Conlometers, 3797, 3790, 3781, av. = S792gms.

weight varies very meaurly as & straight line funotion with
ocoulometer deposi is. The resunlts of this caloulation are
shown in Table 43.
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Table 43

Exocess Weight Caloulated from ,3684 to ,3792 gma ooulo~
meter deposit; 30°C, £ emps. C.D. Variable Cuso,

1 molar CusSO 4
Gelasin # 2,0 0,8 _0c18 0,06 0,08

Exoc., Wt 16 .7 16 .8 1111 5.8 4,2 mgms .
Exa, Cu. 047 1.8 2,1 2,0 147 ogme.

0+5 molar CusO,

Ex0. Wi, 16,7 16,6 14,7 7.1 3.5 mgae.
Exos Ou, 0,6 1.1 1.5 0.9 Ocl mgms.

Thare seems t0 be more varidiion in the excess weights
than previous to rescaloulation., The exseas weights at 2
ampercs C.D. are greater than those for 1 ampere. ?hu 8 ame
variation has been borme out in mumerouns experiments during

this work, even in coulometor deposita.

The following experiment was designed to gtuly the
oxcess weighte over a wide range of concentretions of cop-
per sulfate and 0f gelatin. The hydrogen iomn concentr:tion
of eaoh aleotrolyte was measured to observe iis effect upon
the oxcess weights of cathode deposits, Copper eulfute con-
comt rations of 1.25, 1,00, 0,76, 0.50 amd 0,25 molar were
used with esoh of these oonoemt rations, 2,0, 0.5 and 0,08
per cent of gelatin, The pH of each of theoe resulting sol-
utions wae determined along with thut of the copper sulfate
solution with 0.0 per cent gelatin,

Pable 44 gives the results of this experiment.



Table 44

ﬁ.‘xoosa Weights as Funotiona of 0uSO, consentration and.
Gelatin soncentiration, C.D, 1.5-2.0 Ampa. 3Q0C, -
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Per Cemt Gelatin 2.0 0.5 , 0.06 0.0
DH 3.10 3,14 3.1 3,11
Dﬂpﬂﬂit ) / - o = 1.3958 1.2652 Dbkt d m.
BxosWe Cicee 7 camn 4945 1669  ~-~- Dgme.
dedep, Onu4/~« - 1,2524 1.8808  ~--- gm,
Exc. Oue . ﬂclaq("/m oy 6.1 4.0 =——e MENMBe
1,00 M.0us0g
pH & 28 3o 2V 3426 3426
D‘_pOBit 1,318 1, 2060 1, 2607 memw OB
Excs Wt 71.8 48,7 194 weee TN
Redepe. Cu, 1,2546 1.25609 l.2495 we—w SE8.
Bxcs Cu. 843 4.6 Sl - YOS,
0476 M.CuSO4
pH 3¢ 44 Je 4l 3,38 3.37
Deposit 1.3091 1.2891 1.2671 m—ew R8s
Bxo. Wt 62.8 42,9 20,8 wwwe MENE o
Redep. Cu. 1.25642 1.2506 1.2501 m——me N8,
Exe. Cu. 7e® 4.3 3.8 e DINH,
0,50 M. Cus04
Deposit 1.3106 1,2982 1,8694  ev-- gas,
¥xo. W, 6443 45,9 231 =00 Be
Aedepe Cuae 1,2537 1.2501 1.,2483 wme OB ¢
Exc. Cu. 7.9 3.8 2.0 e o—m MANES e
0.25 3.CuS04
pH 3.84 3.82 3. 80 3,77
Deposit 103370  1.3126 1.2749  --—= gud,
mc. C'O. 80.8 66.5 28.6 - g m”.
Redep. On. 12544 1,2534 1,205 === gus.
Bxce. Cue. 8.1 7.1 4.6 wmenee MEME o

Couloneter deposits, L.T459, l.2454,

Rodepnau Cu,

f /)93*\.«

1.2454,
1,2455, 1,2464, 1.2456.

pV
ave = 1, 345*-0

Phe data of excess weights are plotted in the ourves

shown on Plate XII.

The curves appear very regular cnd amooth., The curve
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represent ing ex0ess welght s for solution of 0.25 molar

copper sulfat e i8 the highest, showing that gelati: adsorpt-
ion in that solution is the greatest. This concentration of
copper sulfate obviously has gulte low conduotivity, and
without doubt am appreciable portion of the current is ocar~
ried by the positively charged gelatin, Obviously as the
conduotivity of the copper sulfate decreases the conductivity
of the gelatin must imorease. *he greater conductivity of
gelat in with respeot to the copper smlfate will cause more
gelatin to migrate to the cathode, ani this imoreased gelalin
in the oathode region gives more opportunity for adsorption,
The result of the entire procees is relstively great excess
weight 8.

The 0,50 molar ocopper sulfate shows much smaller ex-
cess weights than the 1/4 molar solutions. Greater ocondus-
tivity leaves less ocurrermt to be oarried by the gelatin,
with the result of lees adsorbed gelatin, and in tum lower
excess weighte, The 0,75 molar ocopper sulfate shows sgain
8lightly smaller exocess weights,

The 1 molar solutions show gquite a differcnt aspect
in regard to excess welghts, In plase of s further deorease
in excess wei hts, quite a large inorease exists. A poseible
explanction of this increase in excess weight may be thak
as the concentrution of copper ions imsreases, they may be
adsorbed in inoreasing numbers upon the gelatin particles,
and a8 the copper 1ons migrate toward the cathode, the
golatin partioles tr.vel in that direotion also, and the

result 18 increased excees weights,
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The exoess welght curve representing the 1,25 molar
copper sulfate is not complete since the elsctrolyte con-
taining the 2.0 per cent gelatin became 8011d, with the
recult that hydirogen wza evolved in place of copper being
deposited. Since the resistance in the cell was irnorcased
appreciably by gelatin, the current fell from 2 amperes
t0o 1,5 amperes for mearly a half hour period,.

In addit ion to the weights of the deposits and exocess
weights, the copper contert from each cathoie was detormined
analytically, and caloulated to terma of copper sulfate,.
Phis fomm is probably the form in which the excess copper
oxists in the deposita. It is quite reasonable to assume
that the gelatin should carry in an adeorbed condition
some copper mlfste to the cathode. A seconi possibility
is the simple ocolusion of the copper sulfate by the large
particles of gelatin as they are aimorbed upon the n:wly
formed orystals of copper. A third possibility is the
reduction by gelatin of cupric ions to ouprous ions, there-
by glving an excess weight of copper. These data are also
included in Table %4.7.

The lowor set of ocurves in Plate XIII show the relat-
ion of this excese copper sulfate to the gelatin content,
In these curves, again the 1/4 molar copper sulfate gave
the highest ocurve for ocoluded copper sulfaste. Close obser-
vation shows that these ourves are in very nearly the same
relation to e..0h other as the tokal exsess weight curvea.

“his relationship would indicate that there is a simple
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relation between excess wolght and adsorbed copper sulfate.

The second set of ourves in this plate show the relat-
ion of adsorbed gelatin t0 the concerdration of gelatin in
the original elsotrolytes. The relation of these curves to
one another 18 the sam as that of the total excess weight
curves on the previous plate. Thms, again, & relation seoms
$0 exist between the adsorbed gelstin and the adsorbed or
oocluded copper sulfate, Thms, in general, the greater the
quant ity of adsorbed gelatin, the excess copper content
will b e larger, and obviously the total excess weight will
then be greater.

Hydrogen ion or pH determinations were m:de upon each
elsotrolyte of the above expericent anmd the duta included
in Table 44. The additions of the several comsentrst ions of
gelatin do not alter the pH of the oopper mlfate solutions
appreciably. The generul effeot of inoreasing gelatin 1is
to buff or use up a portion of the free aoidity.

In any of the conoentrations of copper sulfate which
wers used, inoreasing the gcl atin content decreases the pH,
with the met result of a grestor excess weight. However,
it seems barely reasonable that pH changes of the magnitude
of 0.1 to 0.4 would have suoh an influence a8 to change the
exoese welighta from 20 to 50, or from 80 %0 70 milligrams,

More variation in pH exists as the ooncentration of
copper sulfate changees than when the gelatin content
changes from 06 to .50 per cent or even to 2,0 psr cent.
The source of the aocidity is the hydrolysis of the copper
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sulfate 1o form cupric hydroxide and free mmlfuric acld.
Curves oould be drawn showing the r-lation of pH to excess
weight, but these are veryy regular anl uniform and are of
no particular value.

Exoess Welghte plotted as log-log ourves.

If this excess weight is striotly amn adsorption phen-
omenon, then the logarithm of the excess weight when plotted
againt the logarithm of the gelatin comsentration should
give a straight line. Plate XIV which follows shows the
logarithmio ourves of excess weighte and gelatin contents
given in Table 44. .

The logarithmioc curves representing .50 and .76
molar copper sulfate solutions sppear to be sSome nearer
stralght lines then the remainder. The 0.25 molar solution
ourve shows the greatest deviation from this straight line
relation,

8ince each of the ocurves on the plate represented only
three point® it was deemed desirable to plot other curves
from an experimemt in whioh more concemtrotions of gelatin
had been used. Hence, the excess weights and gelatin ooncen-
tration data were taken from Tables 41 and 42 and plotted
in logarithmic form on Plate XV. None of the ourves on
thie plate exhibit atraight lime properties, although port-
ions of curves Nos. 2 and 4 are fairly straight. 'flua would
indicate that the excess weight 1s approximately a logarith-~
mic funotion, and being of that nature suggests that the
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oxcess welght is an adsorption phenomenon.

In place of the logarithmioc vslues of the excess
weight, it should be the logarithm of ¥, where x will rep-
regent the excess weight in mlilligrame, ard m is the mass
of the absorbent, If we consider m as a constant, then
out plotting of log x and expesting a streight line 1is
legitimat e.

ihe adsorption relation is F = ks, where x and m
roefor to the milligrams gelatin adsorbed and maea of the
absorpent respeotively; 8 is the surface, and k a oconstant.
If we keep m constent, then x varies as s, In other words
if s remains constant, then the logarithm of the milligrams
adsorbed and the logarithm of gelatin concertration should
give a straight lime. If 8 inoreases, then the log-log
ourve will bend conoave upward. Our curves iniicate that
the speoific surface of the deposi:.ed oOpper is deoreasing
a8 g:latin concentration inocreases beyond 0.5 per cemt
goela in, The excess welight at the gelatin concemtrztion of
Os5 per cent seems $9 have rcaohed a s turation value. With
inorease in gelatin content if the number of milligrams
oxcess wei ght do not inorease, then 1ts logsarithm cannot

inorease, and our log-log ourve bendas concave downward.

Excess Vieight as a Funotion of Time

For caloulation purposes it has been assumed that the
exoens welghte or rather the ocathode woights were directly
proportional to oonlometer deposits. ‘hat is, 1f a coulometer
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depoait were 0.5 gram and the deposit from a gelatin oontaine.
ing copper sulfuete solution was 5025 grame, then 1f the run
hed been continmed until the counlometer deposit was 1.0 gram,
the gelutin deposit should be 1l.008 greama. This assumpuon
is not etrictly trme, but deviations are not great. 3Sinoe
coulometcr deposits are proportional to time, and 1if gelatin
deposits are approximately proportional to coulometer deposits
then the gelatin deposits should be approximately pwoportional
%o time, and i¢ is this latter point that the following table
and plate were designed to show.

It 18 not prootical $o0 plot actual gelatin deposit
weight s against coulometer welghte, because of the diffioulty
of choosing a soale, But if the excess weight in milligrame
be plotted againast ocoulometer deposits, then the deviation
from a straight line relation beoomes apparenmk., In Table #b
are given ooulometer deposits ranging in mess from 0.5 to
1,76 grams, and exoess weights from about 20 to 87 milli-
grams, The oconditions of the experimemt were 0,5 molar oop=
per gulfate eleotrolyte, 0.5 per cent gelatin, at 26°C, emd
al a ourrent density of 2 amperes per decimeter squared. These
results are plotted on Plate XVI.

PTable 46

Excess Welight as Function of Coulometer deposits; 2690,
1/2 % gelatin, 1/2 molar Ow304, C.D, 2 Amps,

Coulometer deposit ExoosS Welght
—Erams = _milligrans

« 4860 2049
8214 (oyer) 2.9
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Table 45 Conk'd

Coulometer deposit Excess Welght
grams Milligrams
+6585H 356
+7818 40,4
1.2919 66482
1.7389 86,9

AS will bo secen from the curve excess weights of 30
nilligrams or over lie on a curve which spproaches very

closely & straight 1ins. The point represerting 21.9 mile
ligrams is entirely off tﬁe CUIVO.

Since this curve is so nearly a straight line, no
appreciable error has been indroduced in assuming the gel-
gtin deposit directly proportional to the coulometer de-
posit and to time for csleulationss.

Attempts to determine sulfate in the presence of gelatin

It hags previously heen assumed that $he c¢oppsr in the
gelatin deposit in excess of that contained 1n(1;he coulo~
meter deposit has been in the foim of copper sulfate. Cop~
por analyses and sulfabte analyses were made in an attempt
to determine whéther or not the excess copper and the sul-
fate were present in equivealent gquentities. The fixst point
to be investigated is, after.these gelet in containing dep~
osite ars dissolved in nliric acid and diluted is whether
or not the sulfske can be completely precipitated. The
deoisive factor, of course, is the geletin. To determine

the feasibility of this precipitation, the following pro-



141

cedure was followed. Into euch of four 400 cubic centimeter
hogkors was placed 50 cc of & potassium sulfate solution
vwhich contalned aboul 0.8 grams per liters Flve cublic centi=~
meters of nitric scid were sdded to each. ,Thén into fwo of
the solutions was dissolved 1/2 gram of Eastﬁlan Kodak ash=
free gelatin, at shout 60%C. After solution was complets,
the tempersture of the four solutions was ralsed to aboub
80°C, and 15 @ubic centimeters of a hot 10 per cent solution
of Barium nitrate addeds Precipitation was slow, but after
some time barium sulfzte could he seen gettling to the bob-
tom of the beaker. The solutions were ellowed to cet fox
about 16 hours, then filtered twlee throush Munktell papers,
The precipltates were thoroughly Waehed,_ end ignited in
platinum erucibles. The £ollowing gives the results of

this initial trisl.

no gelatin &1/2 gram golatin

—

Borium , _
Sulfete, gms. 0700 .0701 .0682  ,0689

The gelatin presumably protected or hindered complets
precipitation of the barium sulfate. Since these results
were not satisf!;éﬂory, it wes thought that precipitation
might be more complete if the solution after precipitation
were kept hot f"or sevéral hourss Also 0.5 per cenit gelatin
is ong grom in 200 cubic contimeters of solution, ard this
1sa much larger proportion thsn ordinarily ocecurs in the
gelatin oontaining cathodes. Accordingly 15 milligrams
of gelatin were used in each of the gelatin containing
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solutliona. Two beakers contained pobassium sulfate with

15 milligrame of gelalin each, and two contained only the
potassium sulfate. Precipitation was carried ‘.mz’c ‘in a man~
nor similar %o that before. After precipitation, the sol-
utions were kept near the boiling point for about 2-1/2
hours, and allowed to cool slowly for 1-1/2 hours, aftor
virioch time they were filtered twice through MHunkiell Paps IS
The following are the welghts of the preciplitated bariuvm
sulfste; B

No gelatin 15 mems gelatin

s

grams Baso, 0636 0644 0633 0622

Again, the results are not what were desired. The
filtrato from the four precipitations wore allowed %o Stand
over night, during which time more barium sulfste precipi-
tuted out.

Another sttempt was mede to obtain complete precipi-
tation by ellowing the barium sulfate and solution to stend
in g werm place for 36 hours: The remainier of the procedure
was the same a8 before, The following are the results of
this third precipitationg

o gelatin 156 mogms gelatin
¢rems BesO, .0986 .0989  ,0966  .0977

Thic experimont also filed to precipitate ald the
sulfate. Thus, an entirely differemt method had to be used
to determine the sulfabte content. Triplicate gelatin cath~

odes were prepered, along with one coulometer electrode.
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These deposits were disgsolved in nitric acid, and evaporated
cautiousgly to dryness and ignited« This ignition destroyed
the gelatin, The ¢copper oxide mass was then dissolved in
nitric acid and diluted to 200 cubic centimsters ani the
romeinder of the sulfate determination carried oul as be-
fore with the following results;.

Copper-gelat in deposits Coulometer

Gms. Deposit « 5537 « 5530 «5530 534
Gms. BasS0y .0092 .0088 0088 « 0001

The conditions under which the elecirodes were pre-
pared were 0.5 moler coppex suifemt{a, 1/2 per cent gelatin,
pH = 3,38,at 25°C. and a current density of 2 emperes. It
is impossible tod etermine copper and sulfate both from the
same sample, @ince during the ignition and decomposition
0of the copper nitrate, considerable quentities of copper
are lost. Hence, it will be neéesss'aw to prepare dupliceabe
gelatin deposits, dotemine copper on one end sulf ate on
the other.

Anelyses of deposits for sulfate and coppor.

Accordingly, in the following experiment duplicebe
gelat in containing electrodss were prepasred, one of which
wag used for coppor anclysie and the other for sulfate
analysise The conditions under which the daposits were pre-~
paved were 1/2 molar copper sulfate, 30%C., 0625 omperes,
with goletin and ourremt densitles as varlables. The temp-

ernture of the couloweters were 0°C, The method of sulfite
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anslysis has been described and the mothod for copper anal-

ysis will be glven soon. Table 46 gives the result s of the

experiment,.

Table 46

Copper end Sulfate analyses; from electrodas prepared from
¢ M Cul0y, 1 Amp. C.D., .0625 Am_peres, 309,

2.0% gol, S 025“6 gels « 055 gel .
:Depo e 3952 394 « P30 « 3938 - 05825 « 3823
Exc.Wh. 17.5 16,7 15.3 16,1 4.8 4,6

Cu Ba304 Cu BaS0y,  Cu  BadOy
grams «3800 0053 «3789 L0051 « 3787 L0024
Exc. Cu. 2.3 1.2 1.0 MM
33304 5,3 5PN 2e4 mEMme
0R804 Lrom 5.y 5.0 2.5
CusS0,4 from ) i
BasS 4 5.6 §_Q_§ 06
Similar conditions as above, exeepting 2 Amps. C oDe

2.0 70 gelo ‘25% gelu .057) gel. 3
Dep. . 4024  .4025 « 3966  .3956 3889 L3829
Exc.Wh. 24.4 24, 5 17.6  17.6 4,9 4,9

Cu  BaSO4 Cu  BaSOy Cu BasO,
grams 3804 L0107 3794  ,0096 , « 3787 0050
Exc.Cu 204 1.4 0.7
Ba504 10,7 Os0 5.0
Cus04 from
Exe.cua 6.0 3.6 1.7
CusS04 from

Coulometers .
1 ampe GoDs 2 Amps,C.Ds
<3775 + 3780 <3780 <3779
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AS can be observed from the table the agreement in
the copper sulfate calsulated from the copper and from the
barium sulfste is not as good a8 might be desired. The
genaral tendency seems to be that the sulfate was present
in the copper deposit in greater gquantity than the excess
copper. The three a nalyses of d.epbsifss from the 2 amperes
per square declmeter portion of the table indicate that
moro sulfate is present in the deposit then canb.e accounted
for by 'qhe copper. In the 1 empers C.De part only one analys-
is of the three polmts in that diractioﬁ.'

If this excess sulfate actually exists, it must be
interpreted that some sulfate has been adsorbed by the gel-
atin end the gelatin in turn adsorbed by the deposited gop-
per during deposition, Since the ftwo electrodes did not
agree in their sulfate ansclyses with the remaining four,
itiwss deomed necessary 1o ropeat ‘t‘_l':ese two, with condit-
ions, of course, as nearly similar to the previous run as
possible.

Thwee deposits of each of the two concentrations of
gel:t in were prepared, two were anelyzed for sulfate and
t};a remaining ons for copper. +he temperature of the coul~

ometers was 0°C. The following table gives these results.
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Table 47
Repetition of part of Table 46.

2,0?9 gel |  Conlomster
Deposit & . * ~ e D&

BaS0, BasOs Cu cu
+0028 L0020 » 3754 « 3740
Exc. Cu. 1e4 mgm,
cu as Bo5
CusS0g4 ¢
BasO4 2.8 2.0
BaS0, as )
cuso, 1.9 1.4 ‘
 +03 % gelatin N Coulomster
Deposit « 3768 3790 L3788 0 3741
Bas04 BaSO4 cu n.d.
BExa. t,iu. .0008 40004 “’1,0 mgme
Exc,0fl as 5.5
CusS04 i
BaS0y 0.6 0.4
o 0t 0.3

The duplicste determinations agreed very well with
each other considering the small quantities involved., But
the agreement with the provious results in Tzable 46 are
not so satisfactory. Harever, in both cases the excess

copper is more than equivalent to the snlfate.

Moisture in tho Eastman gelshin
The gelatin used in all of these excess welght exper~
iments was EBastman Kodak Company ash-free golatin. Since

all gelatin of commorce contains some moisture, o moisture
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determination was made upon o sa.mpie of the gelstin, Five
grams of gelatin were weighed into a small _eVaparating dish,
and the whole heated in a moisture oven at 1100C for 24
hours., The following are tho rosults of the determinstion,

WEe gol. 5,0000 grems
After drying 4.,4030 "

Loss L5970 grams, = 11.94 % moisture.

Anslysis of enode costing

During the preparstion of manyof the excess weight
exporiments, s coating wes fomed upon the anode, In elaG-
trolytes of 0.5 and 2.0 per cent gelatin this coating was’
comparstively heavy, so heavy, in fact, that 1% pee'led\ off
ocoasionslly. This deposit appeared much more abundant
upon copper an;ades which had not been previously plated.
Anodes which had been previously plated showed only a dark-
ening end on rare occasions slight peeling.

This coating ocontained copper, and dissolvea in nitzric
acld 5o a blue solution with the evolution of a gas.

Two samples of this coating were andlyzed for their
copper content with the following results;

o« 1 Hoe 2.
Wte of sample 6.6 mgms h 7+l mgmse.
Whe Cu, det. 5.5 5.6
Per cent Copper, 83.3 78.8

These compositions would indicate more of a cupric
than ouprous compound. Cupric oxide contains nearly 79.8

per cent copper.
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Method for copper anelysis

During the earlier part of the excess weight work dif;-
ficulty was experienced in making the copper analyses. The
procedure followed was; dissolve the copper deposit from
the pletinum electrode with about 2+1/2 ce nitric scid dil-
uted fo about 20cc with water. After solubion was compdete,
it wes evaporated to dryness and ignited to destroy the
gelatin., Solution was again affected with nitric acid, water,
ammonia added until the hlue color remainioed and one cubic
centimeter exgees' added. Thon nitric scid was adddd until
Just acld and egain 1 cubic contimeter ine xcess was added.
The solutlion was now electrolyzed using & revolving copper
goauze electrods eand a platinum wire anodeé,

When the above procedure was :f.’oliowed coulomstexr
deposits which were being enalyzed lost from & %o 5 per cent
of their copper. The loss, 1t was found occurred when the
Lirst solution had been evaporated to dryness and was ig~
nited to destroy the gelabin., VWhen ths nit rate wus decompos-
ing to oxlde some copper was earrﬁ.ed awsy, am_l since the
gases escaping imparted the charscterictic coppe: aolor to
the flame, the loss was discovered.

The necessary step was then to prevent this loss of
copper. Since ocopper sulfate does not easily decompose, the
nitrate was converted to the sulfate by the addition of
sulfuric acid. As soon as this step was ad_opted in the pro~

codure, the copper determinatlions were much improved. Bub
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st11l errors sbout 1 milligram in magnitude ocourred. It
wag noticed also, that some oorrosion of the stem of the
revolving electrodes, at the surface of the solution occur-
red« The sxcess nitric acld was, without doubt, responsible
for ’oh}s corrosions In order to eliminste this ergor, new
electrodes were made using ordinary c opper gauze and gold
wire for the stems,.

With those two steps incorpprated imtothe analysis
some very good rosults were obtaimed. However, three plat imm
gauze electrodes were made and these w-ere used in place of
the gold stem ones. The advantuge of the pletimum cathodes
being self-evident.

The platimm electrodes had also the advantage of
lightness since they weighed from 3-1/4 to 4=3/4 grams, as
compared to 12 grams of the gold stem electrodes.

After slight modifiocations in the detemination the
following procedure was adopted with exsellent results;
Place the deposit to be analyzed in a 280 or 400 cubic
contimeter boaker andl add 40 to 50 co water qontaining
about 3 co niﬁric acids Solution was allowed to teke place
slowly to prevent slight losses of ocoppers Just enough
sulfuric aclid was sdded to convert the copper to f.he sulfate.
For a «.4 gram semple, spproximately .5 cc acld was used. The
whole was now evaporated tod ryne‘ss slowly to prevent boile
ing end spitting of the copper sulfate when the solution
hed nearly evaporsted. When dry, the besker is held over

the open flame of & Meeker burner to remove the excess
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sulfuric acid and to destroy the gelatin, When c ool the
coppsr sulfete is taken up with about 10 ce water, gbout 1
cc nitric scid added, then emmonie until neutral snd aboub
1 ec in excess., This smmoniscal solution is then neubralized
with nitric acid and from 10 to 15 drops sulfuric secid added,
and diluted to from 150 to 200co. This solubion is now ready
for elsotrolysis. One 40-watt light globe alloﬁsisuffieient
ourrent to pass to give a bright vewy adherent deposit. As
soon a8 the copper color hag dissppeared from the solution
& second light globe is pleced in parellel with the first,
the combined result being to completoly remove the last’
treces of the copper. The solution may be tested conven~
iently for copper by edding a few drops of the solution
to hydrogen sulfide water. If a brown o black color ap~
pears electrolysis is not complete. Free.sulfur will also
appear, but since this is white, no confusion should result.
The following are some coulometer deposits which weras
analyzed for copper as just deseribed to show the accuracy
which may be expected when the proscedure is carefully fol-
lowed. |

Coulometer
deposit 0 3740 « 3878 « 3797 «2790 gms.

Redeposit » 3740 « 3879 « 3797 <3788 gms.
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