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DECOMPOSITION VOLTAGES AND METAL OVERVOLTAGES ------ ------- - --- -----------
1[ LIQ,UID AMMO~IA AND .!!! WATER. 

INTRODUCTION. or the. .. ,-
Moat measurements of deoom_pgs1t1on and ove.rvol-

tages have been in wa.ter solutions • . It · has be~n the. 

pu;rpose of this investigation to determine the aa.me. 
in liquid ammonia. Wherever possible oheok runs were 
also J?Jade in water. The direot method,with modifioation 

from the usual method, wa.s employed sinoe this seems 

to be the only method capable of giving fairly oon- . 

sistant and reproducible results. 

HISTORICAL. 
The direct method of measuring deoomposition and 

overvoltages was first suggested by Fuohsl in 1875. 

La.tar it .wa.~ used by caapar12 in the determination 

.of hydrogen overvolta.gee on various meta.ls. He found 

that· the hydrogen overvoltage inorea.sed with increase 

in current density. He says that it is. but slightly 

influenced by the physical nature of the surface of 

the electrodes. His figures, however., do not support 

this la.etsta.tement very well. 

· Dannenberg and Coehn3 measured the ov~rvolta.ges 

. lPogg. Ann.,!.§§_., 158., (1875). 
a . · . z. phys. Chem., 30., 89, (1899) • . 

3z. phys. Chem • ., 38, 609, (1901). 
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of ,hydrogen .on. va.rioua .meta.ls .by measuring the vol!"" 
,_ ., ' ,). ' • I . . . ' 

ta.ge of the cat.bode a.gain~t a hydrogen electrode. They 

plotted the ,potential against the ourrent. The poten-

tial a.t whioh the break in the. resulting ourve oooured 

was taken as the overvoltage. Sinoe the rise in the 
curve was rather abrupt and nearly vertioal,. this value 

is praotioally 1dent1oa.l with the value. obtained by 
' ' . , . . ' ' 

extrapolating the upper straight pa.rt of the ourve 

down to the line of. zerc, ou.rrent, as ie done in .. the 

pref:lent ,woi;k. 

In 1901 B,a.noroft4 suggea.ted a simpllfied form of 

apparatua :fpr determiningdeoompoeition voltages. He 
says that , even though the fall · of potential va.ries with 

the apparatus used, any o.ne apparatus will give con-
s ieta.nt . va.lues and its use_ by the student will be a 

great· .help . in the study of ~leotrolysis. 

·Tafel5 in working with hydrogen overvoltages found 
' that th.e values obtained .depended on the current den-

sity used and that an-increase in tempera.tu.re or oon-

oentrat ion deoreaeed the overvolta.ge. 
Bennew1tz6, in determining hydrogen overvoltagea; 

plotted the. log8'.r1thms of the_ current .against the. vol-

tage and olaim~d much better results. · This has been 

criticised by v~rioue people. •When the our.rents a.re 

4J. Phys. Chem.; §., 133., (19Q)l). 

5z. phys. Chem., .§Q., 641; (1905). 

Sz. phys .Chem-> Zs, 202, {1910). 
' . . 
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small the va.lues of their loga:rit,hms change rapidly 

and one ca.ri ·make almost any .value, appear .a.a the over• 
voltage; depending on wha.t logarithm is assumed to 
represent the overvoltage. 

Moeller7 .ha.s also determined hydrogen overvolta.-
ges. ( See page 8 .;t) • 

Pr1ng8, when working with metals deposited as 
films on platinum, found that different thicknesses 
for different 'metals were neoeaaary in order to give 
the same hJdrogen overvoltages as the pure meta.la in 
bulk form. He with Ta.1nton9 found that various colloids 
and different coid strengths had oerta.in effects on 

the deposition of zinc·, .seemingly due to changes in 
overvoltage. 

Ma.oinnea a.nd Adler10, observed tha.t ·there were 
fluctuation's 1n the· hydrogen overvoltage .with the ap-

pearance and· the liberation of bubbles from1 the sur-
face of the electrodes. They expeoted an increase in 

overvoltage with decrease in pressure and found this 

to be the case. Evitlently the potential of their hy-

drogen referenoe electrode was also greatly influenced . 

by the change in pressure , and may account for moat .of 

this 4ifferenoe. 
7z. phys.Chem.,.§§., 226, (1909) •. 
8z~ Elektrochemq. 1ft, ass, (1913). 

,• ' 

9J •. OhE;im •. Soo., 105, 712, (1914:). 

103. A •. C • . S., 41, 194, (1919). 



Page 4. 
YJ1obel:~; Ca.plan ·a.nd· E1sema:n11 determined · the ef--

,f eot · of our rent density on O'V'ervoltage. They believe 
. . . . . . . 

that -"a .small , glase tip less than one millimeter in 

diameter pressed a.gainat , the active eleotrode while 
. . 

the current ' 1a flowing will give oorreot . r 'esult&" · 

The solution from ,the referenoe electrode makes con ... 

ta.ct with the . . oa.thode through thisgla.sa ' tip~ 

· Tbe indirect method £or measuring overvolta.ges 
was . first used by Le Blano18 • He ma.de very ;..extensive 

measurements -using a. tuning fork oommuta.tor or a. dou-
ble commutator dtiven by a. motor. He determined the 

hydrogen overvoltage on .many meta.le. His determinations 

of decomposition voltages ~ti also outstanding and ;a.re 

among the best values obta,ina.ble .. He ha.a determined 

the •static• •: deoomposition voltage.a 'of many aoids, 

bases a.nd salts at normal oon.oentration. 

Neuberyl3 ha.s ,a.ga.in ta.ken up the ·oommuta.tor me ... 

· llTra.ns. Am. Eleotroohem. Soo., 43, · 55, . ' .. ........ 
(1923). 

l2z~ · phys. Chem., j, 469, (1890); .§., 299, 

· (1891); y, 333, (1893); ·and Text Book of 

Eleetro ... Qhemistry, Pp. 287 ... 320, English 

translation by Whitney a.nd Brown. 

l3J. Chem. Soo., 105, 2419, · (1914); 109,,. 

1051, (1916); 109', 1066,, (1916); l.Qft., 1107, 

(1916); .!Q§t, · 1359i (1916); 111i 470,' '(1917); 

119,477, (1921);121, 71 (1922). 
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thod and :has made a great · many ·, determinations on hydro-. 

gen o-vervoltagea. He ola.inis ·that;- the only overvoltages 

worth 'anything are ·those measured by the oommutator 

method. He says tha.t •in the d1reot method you measure, 

what he call~, - "transfer reaistau.oe• in addition ·to 

·overvoltage and that ·'the only method ·that .gives oon-

sista.nt results ia the1nd1rect method with a rapidly 

rotating commutator. Thia has called forth a great 

controversy with Newbel"y on tne one aicia and several 

others on the othe.r side. 

Holler14 1n 1924 made measueementa with ' a.ri' osoil• 

lographopei-ated by a ·res!ate.noa 9oupled electron-tube 
amplifier ·. · In this way, he claims, no current ie drawn 

from the electrode under ' investigation. By this met;hod 

it is possible to tell'juatjwha.t part of· the potential 

drop · is ·due to reaiata.noe. He finds that when there 

ie a gas evolved at a.n electrode, there is often oon-

aiderable resistanoe ;oaueing a large part of the poten-

tia.l measured. He suggests the term "boundary resis-

tance" in preferenoe to Newbery•_e term tttranefer , :re-

sistance" since this oalls ·for no theory as to the 

exact nature or souroe of the resista.noe • . 

The controversy n1entioned. above ha,s given great 

impetus to the· study of overvol$,tge and . the reaulta 

obtained a.re very vr~lua.ble,. The work of Ma.oinnes ·and 

14.soient1fio Papers of the . Bureau · of 

Standards, No •. 504 . 
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Adler15, who had used the direct method for the deter-. . 
mination of hydrogen overvoltages, wa.s sevetely ori-

t ioised 'by Ne111beryl6 .' rtUnfort~na.tely, their method 
,· . ' 

of experim~nt a.nd :a.ls~ .certain vita1/J)arte of their 
reasoning are open to most serious objeotiona. It is 

f .ear.d.d. . that these ob jeot ions a.re of sucb a nature as 

to inva.lida.te oompletely the whole work so fa.r a.a 
. • a • • 

ita original purpose is oonoerned" • . He critioiaee their . 

definition o_f overvolta.ge and says that the potential 
' ,'-·_' . ' .' . ,': · ... 

they me.a.sured depended not only upon the overvoih:tage 

but also upon •. the potential applied, the ;reaistanoe · 

of the eleotrt>lyte and upon the "transfer resistanoen. 

Ma.oinne,.a,l'l meets this or1t1oiam by ~epe~ting .:~ia 

definition of overvoltage aa nthe fifferenoe or poten~ . . . \ . 

tial that exists between a. reversible hydrogen electrode 
• > ' ' 

an.d an eleotrode, in the ea.me solution., at Which hy-

drogen~ Ha, is being .formed from hy~rogen ions." He 
suggests that the potential obtained. with a commuta.-

t or device be called. "counter electimot1ve force". 

The difference between this "oounter electromotive 
. . . 

foroe" and the overvoltage would then be the "transfer 

resistanoett. The controversy then resolves itself as 

· to whether "oounter electromotive force" or 11 overvol-

tage" ie the .more important a.nd fundamental. 
15 J., A. c'! sf, !!., .194, (1919). 

:-, ' 

16 J. A. c. s., 42, - 2007, (1920). 
l? J. A. c. s.-, 42, - 2233, (1920). 
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Fer~uson andnVan zy118 have done a great deal 

to clear up ,this oontroversy. They employed both me-

thods and ehowed that there . is no difference between 

the direct .and the commutator method of measuring, 

if in the latter method the discharge potential be 

measured immediately after breaking the charging. oir-

clilit. Their method consisted in measuring this dis-

charge potential soon after, throughout the whole in• 

terval, or ' only during the latter. pa.rt of the interval 

when the charging e1rou1t was broken. They found no 

oonsista.ncy in the rea.dinga , taken in these different 

ways. They have drawn the following conclusions: "(l) 

The absolute values ·obta.biealoy the . commutator method 

are praotioa.lly meaningless, since. they depend upon 

the meoba.nioal oonatruotion and operation of the oom• 

rnu_tator. {2) There ia a decided indication that the 

commutator a.nd the direct methods wouldgive the sa.me 

values if the measurements by the commutator method 

be ma.de at the instant the charging circuit is inter-

rupted." 

Knobe119 has carried the above even farther by 

measuring the overvol taga both during ch_arge and dur-

ing discharge. His commutator was so a.,rra.nged that 

he could measure the overvoltage at any desired in-

18 Trans. Am. Eleotrocbem. Soo., 45, 

ill, (1924) 1 

19 J. A. C. 8., !§., 2613, (lB24). 
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terval after ma.king ,or interrupting the charging cir-
cuit~ His results show. that tpe overvolta.ge on ma.king 
rises from zei-o rather rapidly t .o a maximum and that 

on breaking it. is at .first equal to the potential on 

~barge and then drops asymptotically to zero. This 
Ta : abown in Figure 1. A represents the interval of 

oharg~, B,the interval · of discharge, O;.tl,le overvol-

ta.ge during 1ih& interval of charge A, and D represents 

the overvoltage during th.e interval of discharge B. 

-l->1----...;::A"'--_---'1 

. Q) 
.L. 
1. 
::) 

,~ B <)·---------·- ', 
tJ 
(11 
f(f -0 
? 
4l 
'> 
9 

-C---.••·••-···•, 

o---------. 0 Time 

B B, 

C , ·-· •··•· -~--~· · •• , •· ; , ~- ........ :...:., .. , 
r 

D 

Figure . !_. 

You will note that the potential measured during 

oharge will be maximum only when the interval is long 
I • ' • 

enough for the ove~voltage to build up to its maximum 

and then rema.i'n there for some time. The overvolta.ge 
.,,,· 

measured on dieoharge will represent the average of 

the potential, at first equal to the overvoltage on 

oparge a.nd then decreasing in value. The actual value. 
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obtained will depend upon· the oonstruotion of the oot 
mute.tor and.upon the length of the interval of time 

uaedbetween auocessive readings. If the olla.rg1ng in-

terval is very short then the overvoltage will not 
bu:1ld up to its maximum value .• During very short in-
tervals of d1soha.rge the measured overvoltages will 

be very nearly ·equal to the overvoltage buil1r up dur~ 
. . . . ( . ' . . 

1ng the charging interval. Aga..in, .if the intervals are 

longer· then the overvolta.ge will rea.oh its maximum 
on charge but these measured during disoha.rge will · 

be considerably lower. Knobel ,says that •the' results 

indicate,. without room tor doubt, that the usual com ... 

mutator method of measuring overvolta.ge •is inoQrreot.a 

APPARATUS AND METHOD. 
In ~his investigatiori the direct m~thod with 

. . . 

alight modifi~a.t1on ·from the usual method was employed. 
!t 18 customary t~ use stat iona.ry electrodes but this · 

Permits of gtea.t concentration polarization nea.r the 
eleotrodes. To avoid .this change in conoentra.t1onthe 

eleotrodee were rapidly rotated in the present work. 
After .muoh experimenting the oell shown in Figure . 

2 Pa.g~ 10 wa.a adopted. a' and b 1 aie the electrodes ma.de 

of platinum plates, approximately one-half square oen-
. . 

timeter 1n size, sealed by means of piatinum wi~es 

into glass tubes. The brass rings d and d • a.re each 

connected to one of the eleotrodee. aJ and .'.t, 1 a.re 



Figure 2. 
Diagram of . the Cell. 



Pa.ge ll. 

brushes making • .eleotrioa.l . qontaot wi t .h the r1nga d 
'. ·. • • I • 1 ' 

a.nd d .' and a.re eaoh oonneoted to a and b raspeottve• 
. . .. ' . ' . ,, , : ' ' ' ' ' . ·. . . 

ly of Figure 3. Page 12. the eleotrodea a.re mounted 
. ' ! 

on. a. brass rod whi,oh passes through a bearing to ,a 
. . ' ·. . ' , , '· 

pulley .. They may t~en ,be oa.uaed to rotate a, any de ... 
, _;· ' . ' ' . · ' ' ' ' ; - , . 

sired speed, by .a. mo~or with variable speed,. The glass 
I 

tube , f is op,en , a., , the ,bottom and baa an opening on the 

side a.way from, the, referenqe eleotrode o. The ~efer-

ence electrode o is of the same nie~al as the. oat.ion 

of the sal:t ,under investigation and is in direct ·oon .. 
, . . • i • 

nection with o of Jigure , 3 Page 12. The .. large test . 

tube g <;>ontains the solution under investigation~ 

The tube g ia ;mmereed ~n a Dewar flask oontaining 
llquid ammonia. when working with this solvent. This 
serves to keep the temperature constant and will be 

at or slightly. bel.ow the boil~ng point of i.1qu1d am-. 

rnonia. When salts , 1.n . water are inveeti.gated, g is 1m--

rneraed in a· v.essel containing ice and water to keep 

it at 0° c. 
The .arrangement of, the a.ppat:atus finally used 

is . sho\vn in Figure 3 on Page 12 .. For the benefit of 
the reader w, · give 1,n detail the manipulation of the 

various sw-it9hes wh~n making a run. The course of the 
durrent~ can tbe•~ b.e very readily follo\ved. At the 

eta.rt sw1tob. No .• IV is thrown to the left, the poten-

tiometer 1,s adjusted to the volta.ge of the standard 
•, ·1 t ' I 

oell,. and then keys Kand K' are oloeed. The ga.lva.no .. 



Fi~re 3. - Dia.gram of circuits employed. v. a 
Fritz Koler voltmeter; A, a Jewell Electrical Inssru-
ment Co. milliammater; G, a Leeds Northrup D'Ar onval · 
galvanometer; R, _a. variable resista.noe; P, a heedan; · 
Northrup potentiometer; W, a resistance with sliding 
contact; I to VI are double throw knife switches; a, b 
and o are leads to the cell Figure 2; S, a Weston Stan-
dard cell; Kand K1 are contact keys; and Band B' are 
dry batteries .. 
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meter needle ia displaced either to- the right Qr to 
the left. The va.rlable resistance R is then adjusted 
until' there is no throw 1n the galvanometer. This makes 
the potentiometerdireot reading,. It ·will remain in 

;· \ 

perfect ' adjustment for hours at a. titrie, muoh longer 
tha.n 1a required for a run. 

Ha:ving · the· sol.ution 1n pla.oe;as desrib_ed above, · 

we novr throvr switoh No. 3 either to the right or to the 
left. depending whether we the one· or the other of th~ 
electrodes ·to be th~ oa.thode. The slide Xis placed 
to the iight and No. I and No. If are thrown to the left. 

The ammeter and the voltmeter are now oonneoted and the 

oell is on charge • . The potential applied is equa.J.\ to 
the drop in potential between X and d. At the eta.rt 
the a.mmater reads 2erQ and as the voltage is ino;reaeed, 
by sliding X to the left, will rise somewhat only to 
fall to ·zero or nearly so again. The al1de Xis moved 
to the left' until the desired voltage is obtaj.ned, 
governed by . t ·he readings of the voltmeter and the am .... 
meter, since as long as the ourrent remains zero there 
would be no use in making any readings. Switches No. 
IV and No. VI ate now thrown to the right and the keys. 
Kand Kt are olosed. The po~entiomete:r; is adjusted for ~- ' . 

zero throw in the galvanomete:i; which then tea.ds the 
potential a.ppl ied to the two electrodes. Thid-~eoorded 
as the voltage applied. 

The metal overvoltage ls next determined •. Switches 
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No. I, No~· rr, No~:- !II and No. 1IV are left as before 

and, if .the potential of the reference ·electrode · ie 
ntore negative than the ca.tl'lode, switch No'\ .VI is thrown 

to the left• {is the reference electrode more ,posi• 

tive then switoh No. VI · 18' left open and No. V is thrown 

to the left), keys K and K' a.re closed and the poten• 

tiometer adju·ste.d :for zero throw .on the ·galvanometer. 

This potential ·is then recorded as the cathode ov~rvol .. 
tage. 

To ha.~e a oheok: on the readings, . switoh No. V 
-

is · thrown to -the rigbt No.- VI being open, keya .J( and 

K' are close.d and the potentiometer ia again a,djµsted • 
. :,,._, __ •~·., ·, 

This gives · us the potential be"b\'ieen the referen:o·e 

eleotrode and the anode • . These readings a.re not recor-
ded in -the data. sinoe this anode•re:ferenoe ele4lt:ode 
potential ia equal to the differel'lce bet-neen the vol-
tage applied and theoa.thode overvoltage. 

The ammeter is now read and i'ts value recorded. 
The slide Xis now moved farther to the left, 

guided. by the readings ofnthe voltmeter a.nd the am-
meter, and a aeoond aeries of readings tnade ·a.e a.bove. 
This is n. continued until either one or the . other of 

the in.atruments has rea.obed 1 ts limit or the current ' 
ba.s become e:rratio for some reason.or othe~. 

At the end of a run switch Not' I. is tbrown to the 

right and then sy,1toh No. II is opened. The voltmete,: 
' 

now gives the volt-a.ge impressed by the oell • . T~e 
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potentiometer/is set to a value nea.r that shown by the 

voltmeter. Switch No~ II is thrown to the left, No. I 

is open and No. VI thrown to the right. Now switch No. 

II 1a quiokly opened and immediately the keys K and K.1· 

are olosed. This throws the galvanometer needle either 
' 

to the left or to the right depending on the relative 

vol ta.ges of the cell and the potentiometer. · After 

a. few trials a. \Talue on the potentiometer oan be found 

so that the galvanometer needle will be thrown one way 
for an instant a.nd then swing to the other side. This 
represents the maximum' itoltage that the cell is able 

to impres~ under the oond1t1ons. This we have called 
the E. M. F .. of the cell 1n the data.. 

When after a. run the switches were a.ll opened 

and ew1toh No • . IV thrown to the le.ft; the potentiometer 
set to the standard oell a.nd keys K and K • ol.osed then 

there was always perfect adjustment of the potenttoine-

ter. 

EXPERIMENTAL. 

Puee dry liquid ammonia. was obta.ined by oondena~ 
ing the 'Vapors of ammonia drawn from a cylinder oon--

taining metallic sodium. About fifty cru.bio oentimeters 
were oondensed at a time, . this amount being sufficient 

for a· run. 
The salts u~ed were of the beet o.p. salts ob .. 

tainuble. They were dtied in a. vacuum over phosphor~ 
ous pentoxide. Copper nitrate oould not be dried in 
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this way. It waa dissolved in liquid ammonia a.nd 1ihen 

by fr~ot1one.l crystallization copper nitrate with a,m ... 
'. . ·.. . ' . . . . ' '. . : . . 

monia. of c.rysta.111.za.tion WEJS obtained. This was then . 
' ' ' 

further dried ae above and was completely dehydrated , 

as shown by the ordinary teats. Ferrio nitrate was . ' . . ' . 

not <>ompletely dehydra.led. 
' ' 

.Enough $alt,. to make. an apprd)ximately, N/10 so-

lution was weighed, pu.t int.o the test tu.be . g (Figure 

2 page lO) , and d;y the dry liquid ammonia was .intro~ 
. , . . 

duced. - It. wa.Q. then placed into position, immersed in 

i'iquid. 11mmonia contained 1n a Dewar flask, _and a run 

was ready to begin. The same pr~cesa na followed wh~n 
a.n investigation was to be o.arried out in wa.tei- 1 ex--

cept tnat the test tu.be g was .immersed 1n a beaker 

oom.ta.ining ioe .and water. 
a 

After a. complete run the current waa ·plotted 
' ' 

against the voltage applied and also against the <oa.~ 

thode ove:rvolt.a.ge. The upper straight pa.rt. was ext:a.-
polated upon the line .of zero ourrent. The values ob• 

·-:; 

·tained on the line of zero current are taken as the 

dynamic deoompositton voltage and the metal ovenol .. 

tage . ;reapeot ively. 

The electrodes were treated •with n1tr1o aoid af-

ter ea.oh run. After rotating tbem for some tirne in 

this aoid they generally had. the same potential as 

shown .by .the voltmeter o:rthe potentiometer oonneot-
, 

ing them. The eleotrodea were thoroughly washed w~th 
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•distilled water after whioh they were ready for ano-

ther determination in ,,a.ter but to be used with li--

. <-1uid ammonia. they first thoroughly dried. After using 

el.eotrode a. (Figure 2) a.a cathode for one of a pair 

.of runa, switch No. 3 (Figure a) was thrown the other 

way to bring eleotro,de b into place :to be used a.a · oa.thode. 

Any di:f'ferenoe 1n the two electrodes was thus oompen- · 

a.a.ted. 

DATA. 
The data is shown in the Tables I to XXXI. The 

' 

"volts applied" 1s the voltage between electrodes a. 

and.b when the ourreilt was flowing and was measured 

by the potentiometer. The •volts referenoe 9 is the 

potential that existed between the referenoe electrode 

and the cathode,at the time when the corresponding 

our:t"ent was readt and was also measured by the poten~ 

t:iometer. Whene"l/er the referenoe electrode was nega• 

t1ve with reepeot to the cathode there is a. minus (-) 

,8 ign before the -voltage. This ha.a been called a.n un-

derve>ltage. Whenever the reference .eleotrode was the 

more positive, and this wa.s the more general, then 

there is either a plus sign or tto sign before the vol-

ta.gea. , The 0 ourrent" 1a the reading shown by the m1lli-

a.mmetEti;' during the above mentioned interval. The time 

between E;juooeaaive readings was generally a.bout one-

half minute. 
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The E.M.F. of .the cell is the potential mea-

,. ' ··. . ' . 

aured by the potentiometer 1n the way described on 

page 15. 

All the ·values in the Tables a.re :plotted on. the 

Jlates aopposite the pages where the Tables oocur~ 
The deoompoaltion .voltagea are the values read off 
the plots. The a.a.me is true for the metal overvol tages. 

The average decomposition a.nd the e.verage cathode over-

voltages are obtained by averaging all the v11.1ea ob ... 
ta.ined for ' that particular determination. 

Table Number XXXII Paga 75 is.a summary of the 
averages from the TableEi I to XXXI. 
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TA~;E NUMBER I. 



TABLE NUMBER I. -
s11ve~ :tU.tiate 1n liquid Ammon1a.. 

Cur- Volta Volts · CUJ:• Volts Volts 
<:mt. applied.reference. ent. appl1od.referenoe. 

First Trial. 

See Plate I (1). 

o.·10 0~'712 Oil52-
0.25 o.?ao · 0.110 
o.ao o.aao 0.210 
1.30 o.a70 o.aso 
3.·44 1.o?a o.aaa 
7.00 l.104 ·o.350 
9,75 1.144 0.372 
Deoompoa~tton . 
Voltage 1,045 volte, 
Cathode over-
voltage 0.29 volts. 

· Second Trial. 

See Plate · I (2). · 

0.1s .o.779 0.225 
0.96 0.988 . 0;309 . 
4.ss 1.274 o.4os 

.8.85 l,:396 
18.0 l.738 
:31.0 2.108 ,,a .• o 2.479 

o.476 -o.eea 
0.926 
l.144 

Deoompoeit1on 
Voltage 1.11 volte. 
Oa.thode .Over-

·volt&ge 0.28 volts. 
'.,l'hird _ Trial;. 

See Plate -I (3)~ 

0.12 0.100 - 0.172 
0.20 o.1es 0.222 
0.90 o.994 o.aao 
1.48 1.096 0,322 
2.55 1.196 0,336 
9.20 l.432 0,466 
Decomposition 
Voltage 1.11 volts. 

Ca.th.ode OVer-
volte.ge o.ao volts. 

Average Deoompos1t1on Voltage 1.00 volte. 

Average Cathode OVer,-oltage 0.29 volts. 
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TABLE NUMBER II. -
Silver Nitrate in Water. 

Current. Volts Volte 
app11ed.referenoe. 

.r1ret T~1al. 

See Plate II (l). 

o.o? .. o~7oa o.eo · o.794 s.3o o.eaa 
0.002 
0.012 
0.028 o.ota 10.5 0.857 

Deqomp0s1,1:on 
Ye>ltage O .ea vol1~. 
Cathode 6ver-
'fQl va.ge 6 •· Cl vol~ s • 

E.M.F. 0.8Q volts. 

Second Trial. 

See Pla\e II . (2) • . 

0.1 
1.9 s.o 
8.28 

0.880 
o.9?2 
l.184 
1.388 

0.060 o.eeo 
0.176 
0.246 

( ocmt inatt.d above) 

current. Volts Volts 
applied.reference. 

' 11.0 1.596 0.340 
15.o. 1.1ss o.440 
Deoompos 1t ion 
Voltage Q.85 volts. 
Cathode Qver• , 
VQlt.age Q.04., vol~e. 
E.u.r. o.eo volis. 

'!'bird Trial. 

See Plate II (3). 

1.2 0.984 o:oso 
4.2 ·a..1a4 0.140 
7.4 1.154 o.3aa - 11.0 1.ss2 o.asa 

15.0 1.soo 0-468 
19.5 l,.994 ().582 
~0ompoa1t10n . 
Vqt,age o.84 volts. 
Oa.ihode OV<u·~ 
VQl¥age 0 .. 01 VQl~s. 

E.M.F •. 0.83 volts. 

Average Decompoa1t1on Voltage 0.87 volts. 
Average Cathode Oyervoltage 0.02 volts. 
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TABLE NUMBER III. ----
Silver N1t:r:-1te in Liquid Ammonia.. 

· current~· Volts · Volta 
a.ppltad.re:f.'erenoe. 

First Trial. 

See .Plate III (1). 
0.10 0~806 0.110 
0.34 0.878 0.214 · 
0.92 1.002 0.286 
2.20 1.oea o.acae 
3.70 1.164 0.584 s.so 1,232 0.586 
7 .co 1.~a o.434 
8.70 l.398 0.482 
Deoomposition . . · · · 
Volta.go 0.97 !Olts. 

Cathode Over~ 
voltage 0~2& v~lts'! 

Seoond Trial. 

See P:\.ate III (3). 

0.14 0.806 o.3a o.ss4 
1.00 , Q.976 
2.11 ·1.oaa 
3.55 1.154 
5.30 1.210 
7.40 1.318 

Q.228 . 
0.272 
0.308 
Q.144 
0.380 
0.410 
0.460 
0.484 9.50 l.372 

Deoomposit1on 
Voltage 1.00 volts. 

Cathode over""' 
voltage 0.3¢ volts. 

Current. Volte Volts 
applied.reference. 

Third Trial. 
S4e Plate III (3). 

· 0.95 0.988 
9.70 l.400 

20.0 1 .·776 
31.0 2.114 
43.0 2.494 

·o.31a 
o.49G · 

· 0.102 o.sao . 
1.120 

Decomposition 
Voltage l.l.O -voiis. 
Cathode .. Over• 
voltage 0.30.voits. 

Fourth Trial. 
See Plate III (4) 

o.99 o.984 o.asa 
4.10 1.200 0.3J2 a.so 1.3ea o.430 

12.5 1.584 0.558 
11.0 1.17s o.a3e 
21.0 1.sao o.752 as.a 2.1sa o.eso· 
30.0 2.358 o.930 
35.0 2.530 1.000 
39.0 2.?14 1.108 
44.0 2.924 1~190 
48.0 3.118 l.292 
Deoomposi t1on · · 
Voltage l.02 volts. 

Cathode over-
voltage 0.25 volts. 

Average Deoomposit2.on Voltage l.Oa volts. 

Average Cathode Overvoltage o.aa volts. 
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. TASLE NtJlmER IV •. 



TABLE NUMBER IV. -Silver ' lU.tr1te in Wa.ter. 

OU.rrent. Volts VoltQ · 
applied. refer.enoe 

Fi:rat Trial~ 
See Plate IV (i). ' 

0.05 Q.19? 
0.42 .0.291 
1 .. 03 0.388 
1.80 0~478 ,a.ss o.sae 
3 ~86 0~660· 
4.75 0;.734 
s ~so o·.a1a 
a.48 · 1.oaa 

0~037 o.oae 
Chl04 
0~146 
0~174 
0~214 
0.252. 
o.346 
o.434' 
0~480 9.50 1.184 

Deoom6osition 
Voltage 0~30 yolJs 7 
Oathode OVer"" 
volto.ge 0.10 fol1.is. 

S!t!oond. Trip.l •. 

See Plate IV (a). 
0.30 o~a1 
1.00 
1.72 
a.50 a.ao· 

0~498 
· o.758 

0~980 
l.478 
l.984 
2~468 

0~098 
0.214 o.Joa 
0;.508 

· 0.9S4 
0.840 

(continued. above). 

OUrrent. Volts Volts 
aPJ?lied.referenoe. 

4.15 2.918 1.328 
5.00 3.426 :i..582 
Deoompo$1 t 1 on 
Vol1H~go O .:,50 Volte. 
Cathode · Oyer-
voltage 0.02 volta. 

·Third Trial. 

See Plate tv· (3) 

o.aa o.eoa 0.130 
o.as o.?36 0~23s 
1.02 0.98B , 0.362 
1.41 l..230 · 0~474 
2.23 l.?14 0.710 · 
a~sa ·1.9aa 0.032 3.oa 2.21e o.s5o 
3~40 2.452 1.070 
4~'}0 2:.938 . l 298 
s.oo 3~444 1.584 e.eo 3~9os 1~12a 
6~80 4.398 1~926 
1.00 4~soo 2.01a 
DttQOfflPO$i t 1 <)n 
Vulte.ge o.350 voljs. 

Ctii.thode Over~ 
yo:\, tl}.ge o -06 vol'\ s. 

E.M.F. 0.24 vol'~a. 

Average Deoompos1.t1011 Vol1:a.ge o.32 volte. 
Average Ca.1;ll.ode Overvolta.ge o.os volt$. 
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TABLE NUMBER V. · 



TABLE NUMBER!• 
S1lve, _Iodide 1n Liquid Ammonia.. 

Current. Volts Volts 
a.ppli\9d.ref,erenoe. 

First Trial. 
. . ' 

See Plate V' (l). 

0.7 O.Sl4 
1.1 1.022 
2.0 1.21a 
3.l 1.410 
4.2 l.610 s.a 1.a1a a.2 a.oos 7.3 . a.2oa · s.s a.414 9:a a.sos 

1O.e 2.794 

0:1:;o 
O.174 
0.246 · 
0.340 
0.430 
o.526 
O.632 
0.738 
o.844 
0.948 

· 1.046 
l.148 12.0 2,.890 

Deaompoaition 
Voltage 0~85 Volts. 

Oa.thode over~ 
voltage 0.05 volts. 

Curren;~. Volts Volts 
a.ppl led. ref'erenoe. 

Second· Trial. ·. · 

See Plate V (2). 

o.? 1.01s 
1.a 1.21a a.z ·1.420 
3.8 . l.6ao 
4.1 1.816 
4.a 2.01a 
5.3 2.210 
s.1 2.40a 
Deoompoa1t.S.on 

O.142 
0.342 
o.334 
o.426 
Q.522 
0-612 
0.10a 
0.802 

Vol,a.ge o.a4 !Qlt1. 

Cathode Over-
volt~ge o.oa volts. 

E.M.F. 0~46 volts. 

Avetage Decomposition Voltage 0~85 voltf.!• 
. Avera.go Ca.thod~ OVervoltage g.os 1Volts. 
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TABLE NUMBER VI. 



TABLE NUMBER. VI. 

Current. Volts Volts 
a.pplied.ref'erenoe. 

First Trial .. 
See Plata VI (l) •. 

o.3 o.910 
0.6 l-494 o.s l.~96 
l.8 . 2.440 
s.2 a.a'lo 
8.9 3.354· 

0.010 
0.406 
Q.834 
1~386 
1.616 
1~922 
2~280 12.0 3.798 

Deoomposit1on 
Voltage 2.1?5 volts. 

Oa.thode ·Ov4'r-
vol tage 1 •. 20 vol is. 

Second Trial~ 
See . Pla:~e VI (2). 

o.so o.976 · o.1as 
1.40 1.486 Q.594 
l.90 1.988 1.054 a.,o 2.21a 1.2,e 
3.10 a.424 l.404 
5.10 2.002 1,560 e.e6 a.aao 1.e4a 

Cl,\rrent. Volts Volts 
a.ppl~ed.,:efereno~. 

9 .5 3.126 ·. l.778 
·12.0 3.354 l.898 
1a.o 3.eet 2.220 
25.0 4.800 2.636 
Deoomposit1on 
Voltage 2. 20 ..-olts. 

Cathode Ote~-
voltage l.30 volts. 

Third ·Tx-ial. 
S~e Plate VI (3) 

o.gs 1.4a2 
1.00 1.738 
1.18 1.982 
1.so 2.230 
2.15 2.468 
3.7o a.898 
5.70 2.920 

.9.45 5.364 
11.0 3.822 

Deoompoeition 

0~480 
0.730 
0.9?8 
l.216 
l.422 
1.584 
1.712 
1~960 
2.284 

. Voltage 2.20 volts. 

Oa.tbode OVel."-
Yol tage 1.25 vo1,s. 

Average Deoompoait ion Voltage ;J. l'i3 _volts. 
Average Cathode overvolta.ge ~-25 volts. 
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TABLE NUMBER VII •. 



TABLE NUMBER VII. 
: . . •.··· · . . .. ' ~ 

current. Volts Volts 
&J?J2l1ed.refe~enoe. 

First Trial • · 

See Plaie VU; (l). 

o.s 1.sa4 
1.5 3 .. 476 a.as a.?o4 

· 4.a 2 .932 
5.8 3.148 
7 .5 I 3.376 
iJ.·a 3.594 

11.0 5.814 
12.5 4.Q;-$6 
15.0 4.232 

o.?so o.aso 
1.000 
1~080 
1.20() 1.aao 
l.380 
1.490 
1,590 
l.?10 

Decomposition 
Volta.gt 2.40 vcli;s. 

Cathode overe 
voltage o,·~o yol1U). 

Cur:rent. Vol.ta Volts 
· a.pplied •. referenoe. 

Second Trial •. 

See Plate VII (2). 
. I 

o.·10. 1 .• 904 , · 
8.l 2.484 a.a a.714 

: 4.7 2.9li 
. th4 3.144 
8.l. o .378 
9,9 3.592 1:a·.o s .a1s· 

14.0· 4-044 1a.o 4.aao 
18.5 4.600 
' neoomposit~on · 

8,760 
0.970 
1.112 
1.220 
l.320 
1..420 
1,510 
1.000 
1.696 
l.?90 
1.940 

Voltsge 2.33 -volts._ 
Cathode Over-
voltage c .ae YQlta. 

Avera.g;~ Decompo~11;1,o.n JQ.l~:age !-36 volt.s. 

Average, Oat.bode Overvoltage Q~89 volt_a_. 
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- TABLE NUMBER rVIII. 



TABLE NUMBER VIII. 
Cadmium Nitrate in Liquid Ammonia. 

Current. Volts Volts 
applied.reference. 

First Trial. 

See Plate VIII (l). :-

0.11 o. 792 . 
e.a1 o.998 · 
0 .. 31 1.600 1.zo 1.9aa s.so a.4a4 

10.0 a.846 
15.0 3.268 
20.1 3.698 

-0.652 
0.490 
0.036 

+o.322· 
Q.494 
0.698 
Q.906 
l.108 

Deoompeeition 
voltage 1.90 volts. 

Cathode over-
voltage o.29 volts. 

Current. Volte Volts 
applied.reference. 

Second Trial. 

See Plate VIII (2) 

Q.24 l.486 
1.13 1.972 
2 •. 98 · 2.170 
s~-ao a.aces 
7.50 ·2.624 
9.85 2.848 

14.0 3.280 
18.0 3.712 
22.5 4.174 

-0.200 +o.aoo 
0.310 
0.434 
o.554 
0.666 
0.874 
1.084 
l.318 

Decomposition 
voltage 1.85 volts. 

. Cathode over- · 
voltage 0.18 volte. 

Average Deoomposition Voltage l .87 volts. 

Ave~age Cathode 0vervoltage 0.23 volts. 
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· TABLE NUMBER ll• 
Cadmium Nitrate in Water. 

Current. Volts Volts 
applied.reference. 

First Trmal. 

See Plate IX {l); 

0.10 1.232 ... Q.552 
0.23 1.488 o.aea 
l.50 1.962 0.100 
3.50 2.194 +0.078 
4.80 2.426 Q.240 

12.0 2.794 0.396 
23.0 ·z.1so Q.568 
33.0 3.508 o.738 
45.0 3.860 . 0.912 

. 56.0 4.194 l.076 
Decomposition : 
voltage 2.40 volts. 

' . Cathode over-
volt~ge 0.20 volts 

E.M.F. 2 •. 20 vol ts. 

Current. Volte Volte 
applied.reference. 

Second Trial •. 

See Plate IX (2). 

0.20 1.986 0.076 
1.10 2.470 0.202 a.es 2.718 0.264 
4.70 2.910 
6:.50 3.128 o.454 
8.15 3.354 o.s7o 

10.0 :3.596 o.sso 
12.0 3.284 o.792 

Decomposition 
voltage 2.33 volts. 

Cathode over-
yoit~ge 0.13 volts. 

E.M.F. a.16 volts. 

Average Deoompos1t1on Voltage 2.36 volts. 
Average Cathode Overvolta.ge 0.16 volts. 
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TABLE NUMBER!• 
Cadmium Iodide in Liquid Ammonia. 

Current. Volts Volts 
applied.reference. 

First Trial. 

See Plate X (l). 
0.10 1.000 
0.20 l.502 
0.50 l.742 
1.07 l.986 · 
2.40 2.460 ;,, .-as a.944 
5.30 3.424 
Decomposition 

0.104 
0.186 
0.384 
b.'610 
0.834 

voltage l.66 volts. 

Cathode over- · 
voltage 0.04 volte. . ' 

current. Volts Volts 
applied.reference. 

Second Trial. 

See Plate x (a). 
0.25 l.510 
3.80 l.728 
9.80 l.8540 . 

27 .o 2.150 
45.0 2.420 
s1.o 2.aaa 
eo.o a.940 

100.0 3.218 

0.042 
0.090 
0.228 
0.356 
0.472 
0.600 
0.728 

Deo op>pos it 1 on 
voltage l.68 volts. 

Cathode over-
voltage 0.02 volte. 

Average Decomposition Voltage 1.67 volte. 

Average Cathode Ove:r:voltage 0.02 volts. 

PLATE NUMBER XI~ 

Cadmium Iodide in Water. 
First Trial. Second Trial • . 

See Plate X (3). 
0.25 1.000 
1.20 1.244 o.11e 
2.95 l.460 0.190 
4.80 l.692 0.282 
6.35 1.906 0.332 

·7.25 2.130 0.342 
Decomposition 
voltage m.10 volts. 

Cathode over-
voltage o.03 volts. 

See Plate X (4). 
0.05 0.998 
0.90 1.240 0.110 
2.15 l.472 0.228 
3.&o l.708 0.344 
4.60 1.922 0.456 
5.90 2.180 o.s1a 
7.10 2.400 0.684 
8.50 2.662 0.806 
9.50 2.858 0.894 
Deoomposition 
voltage m.10 volts. 

Cathode over-
voltage 0.02 volts. 

Average Deoompeeition Voltage 1.10 volts. 

Average Cathode. Overvoltage 0.025 volts. 
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TABLE NUMBER X!l; 



TABLE NUMBER fil. 
Mercurio Nitrate 1n Liquid Ammonia. 

Current. Vol~a Volts 
a.pplied.referenoe. 

First Trial. 

See Plate XI (l). 
1~8 1.073 · 0.154 
5.9 1.600 0.386 

10.1 2.094 0.608 
13.5 2.554 0.832 · 
18.0 3.046 l.048 
22.5 3.534 · l.300 
25.O 3 .890 l .450 · 
Deoomposition · 
voltage a.as volts. 

Cathode over-
voltage o.os volts. 

Seoond Trial. -• .. ----------
See Plate XI (2). 

0.17 o.738 o.oaa 
1.10 O.984 O.162 
2.50 1.224 0.274 
5.40 1.000 0.304 
6.90 1.912 . 0.616 
s.4o 2.140· · o.736 
9 .9o a.360 o.844 

11.5 2.600 0.964 
13.0 2.834 1.074 
15.5 3.274 l.300 . 
ao.o 3.738 1.s10 
22.0 4.194 l.740 
25.0 4.600 1.938 
Decomposition · 
voltage 0.83 volts. 

Cathode over-
voltage o.o7 volte. 

Current. Volts Volta 
applied.reference. 

Third '!'rial. 

See Plate XI 
2.0 O.976 
3.5 1.210 
5.0 l.442 
6.6 l.f&86 
8.15 1.912 
9.6 a.13O 

10.a a.360 
14.O 2.816 
17 .o 3 .2?2 
20.0 . .3.730 
23.Q 4.180 
26.0 . 4,600 

,(3). 
0.112 
0.280 
o.398 · o.sao 
Q.636 
o.748 
0.866 
1.100 . 
l.338 
l.576 
1.812 2.0:aa 

Deoompeaition 
voltage 0.70 volts. 

Cathode over-
yoltage o.oo volts. 

Fourth Trial. 

See Plate XI 
l.75 o.«a84 
3.2 l.214 
4.8 l .450 
6.4 1.682 
8.0 1.898 
9.7 2.132 

11.0 2.352 
15.0 2.800 

(4). 
Q.170 
0.272 
Q.384 
0.490 
0.592 
0.100 o.aoe 

18.O 3.266 1.238 
21.0 · 3.716 1.454 

Decompoa1tion 
voltage 0.75 volte. 

Cathode over- · 
voltage 0.07 volts. 

Average Deoomposition Voltage 0.79 volts. 

Average @athode Overvoltage Q.07 volts. 
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TABLE .NUMBER XIII. 



TABLE NUMBER ,XIII. 
Mero~rio Iodide in Liquid Ammonia. 

Current. Volts Volts 
: S.£Elied.re~erenoe. 

First Trial. 

See .Plate XII (l). 
0.07 · 0.692 0.032 
0.24 o.1sa 0~044 o.sa o.soo o.o?s 
1~04 0-972 0.094 1.eo 1.0,a 0.1,2 
2.50 l.174 0.184 
3.27 l.264 . 0.234 
,4.00 l .340 0 .276 
4.80 1.436 0~336 
6.60 l.596 0.403 
9.10 l.868 0.560 
Decomposition 
voltage 0.83 volts. 

Cathode over ... 
nttoltage 0.03 volts. 

Second Trial. 

See Plat~ XII o.os o.530 o~s o.1se 
1..9 1.010 
3.8 1.252 
5.9 1.484 

(a). 
0.014 
0.044 
0.114 
0.192 
0.286 

Current. Volta Volta 
applied.reference. 

8~2 1~712 
10~0 1~878 · 
15.5 2.388 
20~0 2~804 
30~0 3~696 

0.392 
0~470 
0~714 
0~912 
1~336 

Decomposition 
voltage:o.89 vo~ts. 

Cathode over-
yoltage 0.01 volts. 

Third Trial. 

See Plate XII 
0.13 o.eoo 
2.40 0.976 
4.40 1.208 
6.50 1.444 
8.40 1.662 
9.90 1.816 

12.s 2·.11a 
14.5 2-328 
19.0 2.794 . 
23.0 3.234 
27.0 3.$74 

(3). 
0.030 o.1so 
0.232 
0.360 
0.460 
0.534 
0.672 
0.11a 
0.992 i.aoo 
l.412 

Decomposition 
voltage 0.76 volts. 

· Cathode Over-
voltage 0.02 vtilta. 

Average Decomposition Voltage 0.82 volts. 

Average Cathode OVervoltage 0.02 volts. 



G) / 

PLATE XII. 

Q 

3 
KEUFFEL & ESSER CO., N. Y. NO, N 354-4G 



TABLE NUMBER x:rv. 



TABLE UUMBER XIV. -
Other .Mercurio Salts in Liquid .Ammonia. 

Current. Volts Volts 
a.;eplied.referenoe. 

Mercurio Acetate. 

See Plat@, XIII (l). 

o.os 1.000 
o.33 1.20s 
o.59 1.396 
0.12 1.496 
1.os 1~794 
1.30 !1:.996 
l.68 2.280 
2.01 2.600 

· 2 .48 2 .~?O· 
3.80 3.960 
4.80 4.990 
Decomposition 

0.096 
0.232 
0.366 , 
o .• 428 ors:i.~ 
m.?.so 
O.~lS 
1.120 
l.360 
l.96G .· a.aoo 

voltage 0.92 volts •. 

c~thod.e over,. 
v·oltage 0~04 volts. 

Current. Volts Volta 
applied.reference. 

.Mercurio Chloride •. 

See Plate XIII (2). 

0.29 Q.972 
0.48 l.082 
0.80 l.274 
o.98 1.37a 
1.52 1.678 a.as 1.g5a 
z •. 75 a.356 
3.47 2.732 
4.15 3.004 
5.60 3.866 
6.50 . 4.332 
Deoomposit;on 

0.10s 
0.162 
0.210 
0.324 
Q.486 
0.648 
0.860 
l.072 1.aao · 

• l.?04 
l.970 

voltage o.85 volts. 

Cathode over"" 
voltage 0.04 volts. 

Average Deoomposition Voltage o.ae volts. 

Average Cathodl.3 0vervoltage 0.04 volte. 
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TABLE NUMBER XV. . -
Uerourio Salts in Water. 

current. Volte Volte 
applied..referenoe • . 

Mercurio Nitrate. 

First Trial. 

See Plate XIV (l). 
0.95 1.250 0.040 
8.37 1.718 0.204 

17.0 2.240 .0.432 
26.0 2.716 0.660 
29.0 a.aso 0.114 
37 •10 2.250 0.914 
46.0 3.692 l.124 

Decomposition 
volta.ge 1.35 vol~s. 

Cathode over-
voltage 0.02 volts. 

Second Trial. 

See Plate XIV (2). 
0.10 1.496 
1.75 l.728 
a.90 l.958 
4.15 2.186 
5.45 2.414 
8.20 2.878 

0.074 
0.156 
0.1&0 
0.338 
0.436 
0.650 
0.864 11.0 3.310 

Deoompos1tion 
voltage 1.40 ,olts. 

Cathode over-
:v.ol tage O. Cl volte. 

Current. Volts Volte 
· applied;ref erence. 

Third Trial. 

See Plate XIV (3). 

0.10 1.4ao 0.002 
1.75 l.720 0.172 
2.so 1.959 o.aaa 
4.20 2.198 0.370 
5.40 2.420 o.472 
6.70 2.648 0.578 1.so 2.as4 o.ass 
9.20 3.106 0.814 

11.0 3.332 o.954 
Decomposition 
voltage 1.40 "olts. 

Cathode over-
voltage 0.01 volts. 

Meiourio Aoeta.te •. 
·, 

See Pla.te XIV (4). 

0.03 1.oaa o.aeo 
0.20 l.418 0.214 
0.40 l.686 0.336 
0.65 2.002 0.486 
1.00 2.394 0.708 
1.67 2.980 l.030 
2.50 3.964 1.604 
3.50 5.000 2.200 
Deoomposi~ion 
voltage 1.33 Yolts. 

Cathode over-
voltage 0.10 volts. 

Average Decompoei tion Voltage 1.37 volt_s. 

Average Cathode Overvol tage O .03 vol ta. 
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~TABLES Nl.TMBER· XVI · and :XVII. -· 



TABLE NUMBER XVI. -
Lead Ni~:ra.te in L1qu1i,4, Ammonia.. 

current. Volts Volte 
' appl1ed.refer·enoe. : 

First Trial~· 

See Plate XV (l). 
0.10 . 1.·410 · · 0~088 
0.37 l.494 0.094 
l.30 l.590 . 0.112 
3.60 l.662 0.138 a.oo 1~140 o.1sa 
9;50 1~000 0.160 

10.2 1;1848 0.170 
Deoompos1t1on 

· voltag'i) ;i..58 volts. 

Cathode over-
. ·.V:Oltage Q.13 .. volts, 

Current. Volts Volts 
applied.referenoe. 

Seoorid Trial. 

See Plate XV (2). 
o.73 1.478 0.210 
5.40 1.932 0.408 10.0 a.346 · o.soa 

16.0 2. 744 o. 792 
22.0 a.-1so 0.950 
28.0 3.560 1.090 
'.-neoompos it ion 

voltag.e 1.64 volts. 

Cathode over-
voltage Q.18 volts • 

Average Deoompos1t1on Voltage 1.61 volts. . . . ' . . . ' - . ·, 

Average. Cathode Overvoltage o.15 volts. 
' ' 

TABLE NUMBER .ml•. 
Lead Nitra.te 1n W~ter. 

First Trial. Second Trial. 

·see Plate XV (f·). 
0.10 . l.514 
0.20 1.$7 
0.40 l.696' 
0.83 1-796 
a.78 1.976 
7.40 2.218 
9.80 2.306 
Deoompoa1t1on 

0.000 o.oos 
0.020 
();042 
0.050 

voltage l.82 volts. 
' ' r ' 

Cathode over ... 
volttge 0.01 volts. 

E.M.F. 1.83 volts; 

See Plate XV (4). 
1.0 1.824 .,0.072 
2.50 2.012 b.138 
4.s · 2.2is o.21s · 
6.7 2.416 0.2$8 
9.0 2.606 0,390 

11.3 2.796 o.4ao 
14.o 2.986 0.552 
16.3 3.192 0,632 
lS,2 3.380 0.722 

D~oompos1tion 
volta.g_e l .83 volts. 

Cathode over-
voltage o.oe volts. 

Average Decomposition Voltage 1.84 volts. 
Average Cathode Overvolaage 0,03 volts. 
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.TABLE NUMBER XVI It. 



TABLE NUMBER XVII!. 
Zin() N~trate in Liquid Ammonia.~ . 

CUrrent ·. Volts · Volts 
· applied.reference. 

First · Tr1a.l~ , 

See Pla~e XVI (i). 
0~40 2~012 . o. 78 . 2.102 . 0.046 
1.10 2.132 . o.osa 
l.8O 2.1?6 0.074 2.eo 2.194 0.074 
3.90 · 2.186 0.086 
6.15 2 •. 236 0~108 
9 .ao a.s12 o.1a2 
Deoompoe1tion 
voltage 2.15 volte. 

Cathode over-
voltage O.Q5 volte. 

·second .Tt:ia.l. , 

See .Plate XVI (2) •. 

1.00 
2.,40 . 
4.24 
6.25 
a.·30 
9.80 

2 •. 004 a •. 220 .. 
2 •. 436 . 
2 •. 658 
a •. aso 
3 •. 040 

o.oao o .. 1sa 
0 •. 254 
o •. 360 

. ·o •. 4?a 
o .. 540 

' . 

Current .~ Volts Volts 
applied.reference. 

1:3.0 3.310 
15.0 3.476 
17.0 3.728 
22.0 4.188 
26.0 4.600 

0.680 
o.732 
Q.880 
l.104 
l.320 

Deoornpos1t1on 
voltage a.05 volts. 

cathode over-
voltage 0.02 volts. 

Third Trial. 

See Plate XVI (3). 
0.2 . a.ooa 
1.a 2.210 
4.0 2.438 
S.5 2.666 
8.7 . 2 .. 850 

11.0 3.086 
14.0 . 3.306 
16.0 3.512 

Deoompoaition 

0.098 
0.202 
l.316 
0.408 
0.534 
0.850. o.?sa 

, ~oltage 8 .oa volte. 

Cathode over-
v.oltage 0.03 volts. 

Average Deoompos1t1on Voltage 2.09 volts. 

Average Cathode Overvoltage Q.03 volts. 
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TABLE NUMBER ·x1x_. · 



TABLE NUMBER XIX. -
Zinc Nitrate 1n Water. · 

Cl.lrrent •. Volts Volts 
applied.refarenoe. 

- Firet Trial. 

See Plate XVII (i). 

0.10 2.022 0.190 o.aa a.s5a o.4oo 
· o.ao . 2.1.ss . o.470 
1.25 2.810 · 0.176 
3 ,.30 . 2 .. 896 . 0~5lS 
6.20 . B.978 . o.554 
s~40 3.044 . o.574 
Deooniposltion . . 
voltage 2.17 volts • . 

Cathode over"!" 
yolt•ge 0.51 volts. 

E.M.F. 2 .. 56 'V'Olte. 
.Seoond .Tria..l. 

See Plate XVII (2). 

e.1& 
0.20 
1.85 
5.10 
8.95 

13.0 

a.4aa 
.2.738 
2.948 
3.160 
3.348 
S.560 

o.1sa 
.Q.390 
o.472 o.eso 
o.s;as 
o.740 

current. Volts Volta 
applied.reference. 

1a,o 3.728 o.eoa 
Decomposition · , . 
volt8'.ge 2.as :volts. 

Cathode ove?>- · 
VPlt~ge 0,44 :volts. 

E.M.F. 2.60 volts. 
Third T:rtal. 

See Plate >:YII(3). 

0.25 2~.244 
o.4o a.484 
0. 50 2 • 728 , . 
1.50 · 2 .970 
4.80 '3.172 
8.15 3.S62 

12.0 '3.660 is.a 3.748 
as.a ·4.12a 
Deoomposition 

0.114 o.aso 
0.486 
0.564 
o.636 
0.110 
0.772 
·o.906 

V(?1 tage a. go v'.o1 ts. 

Cathode over"!' 
volttg• 0.47 volte. 

E.M.F. 2.60 volts. 

Average Decomposition Voltage 2.86 volte. 

Average cathode Overvoltage 0.48 volts • . 
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.WABLE NUMBER XX •. 



TABLE NUMBER XX. -z~no Iodid~ i~ L1q~1d 4mmon1a. 
current. · Volts Volts currant. Volts Volts 

applied. referenoe. applied.reference. 

Firet Trial. Th~rd 'l'ri~l. 
Se,_ Plate XVIII i1.).. See Plate XVIII (3). 

0.02 1.04a o.oe 1.aaa o.01e 
0.10 l.570 0.18 2.ooa 0.022 
0.22 1.917 o.173 o.30 · 2.10a . o.o3s o.43 1.99s o.1ss. o.7o 2.1se o.sao 
o. 78 a.130 0.23.a 1 .zs 2.294- o.ee2 
2.os a.'284 .o.as4'- 2.15 2.41a 0.114 
a.oo 2.402 o.a2a 3.20 - a.496 o .• 156 
4.oo 2.480 - o.aso ., 5.43 2.sso 0~232 
E:l.oo 2.686 o.-468 a.10 2.020 o.a20 a~ao - a.ass o.a?o 9.10 a.s1a o.a?a 
9.25 2.964 - o.eao Deoompe&it1on _ 
Deoomposi~ion · voltage 2.28 volts. 

voltag~ a.13 y.olts. 

Oabhode ove1:~ 
voltage 0.20 volts. 

Second Trial. 

See Plate XVIII (3). 

0.15 2.033 O.O32 a.as a~ooe 0~030 o.so 2.20a o.osa 
o.ss 2.29a 0.014 
l-70 2.442 · 0.154 
a.10 2.oos 0.11a 
6.90 2.886 · 0.304 
'9.20 :3.0J.6 0.384 
lleoomposlt1on 
voltage 2.30 volte. 

Oa:Chode over• 
voltage 0..05 volts. 

Ca.tllode over--
VQltage 0.04 volts. 

Fourth Trie.l. 

See Pla.t e XVI!I · (4) ., 

0.1 1.474 
e.aa 1.994 
l.5 2.210 
3.0 2.424 
5.l a.G?O 
7.l 2.850 
9.7 3.058 

12.0 a.a?a 
14.0 3.470 
17.0 3 .G8f.;i$88 

o.oa-1r . o.oso o.1ao 
0.210 
0.268 
0.370 
o.464 
o.564 o.eae 

Becompoeition 
voltage 2.21 -volt,. 

Cathode over• 
voltage O .03 volts. 

Average Deoompositlon Voltage 2.23 volts. 
Average o~~ode 0vervolta.ge o.oa volts. 
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TA.B_LE NUMBER XXI •; 



TABLE NUMBER xxr .. 
Ziifo tf;od.fdie ;::fn~ Wa.1;'er. 

current. Volts Volls Ourrent. Volts Volts 
a.pp_l1ed.re.fereQoe. ··. applied.reference. 

. First Trial:. 

See Pla.t .e xix {l). 

0.10 1'.040 
o.as 1.37a 0.010 
2.40 l.456 .O.l.OS 
5.48 1.616 0.138 
6~20 1.682 0.172 

10~~0 1.eao 0~200 
Do9omposi~ion . 
· v9lta.ge l.38 volts. 
Cathode ove,:~ . 
yo:J,t~e o.(}7 volts. 

E.M.F. l.30 volte. 
Second Trial~ 

See Pla.te·xtx (2). 

0.1 ·o.9e2 
1.8 l.476 
4~1 l.684 
8.8 1.892 

12.0 2.390 
1s~o 2.?Bo 

0.074 · 0.1.ao 
0.292: 
0.490 
0.682 

( Cont 1nue4, above) . 

2s.o . a.1os · · o.asa 
Deoompoeition 
· vo~tage l .36 volts. · 

Ca.thode over-
vo:J.t,g~ o.04 volts. 

E.M.F. 1.30 volte ·. · 

Th1rd'l'rtal. 
See .Plate XIX (3). 

o.a o.aoo · o.s ·o.9ss 
l.7 l.462 0.O70 4.9 1.eaa o.aoe 
1.1 1.896 o.316 

11.0 2.'104 . 0.440 
13.5 2.2at . o.534 11.0 2.sea o.asa 
20.0 a.102 0.150 
23.0 2.920 0.862 
26~0 3 .• 118 0.952 
29.0 3.310 1.046 

Deoomposition 
voit-.ge 1.35 volts. 

Oat,bode over-
voltage o.o4 volts~ 

Average DeoOJnpOs1t1on Volta.ge l. 36 volt a. 
; . . . ' ' 

Average Cathode Overvolta.ge Q.04 .volts. 



::s u 
Q 

.J.. 
C 
t) ,... 
'--• = u 
0 0 

p 

Volt 1 
' KE:UF'F!L &. ESSER~-, N, Y, NO, N 3!54·4G 



TA'.8!,E NUMBER _XXII. 



TABLE NUMBER XXII. , . ........_...... 

Ooppe~ Nttra.te 1n ; Liquid 'Ammoni,a.· · 

CUrt~n~ .• Volts • :Volte 
appl1ed.,.referenoe., ·. 

. First · Trfa.,l .CU (N'03 }3,'xNH3. 
se_e Plate• XX ··(l}. 

o.9 . · o.9as . . o .• 040 
i.5 ~-224 0•152 
4:. 2 1 .• 454 o .• 264 
6 .O l .688 . 0 .• 378 . 
7. 7 l .• 904 0 .• 478 
9.55 · 2.J.44 0,.692 

11.0 a.365 Oi700 · 
1s:o . a,e10 o.e1s 
18.0 3.258 1.136 
aa,o 3.738 l.370 
85.0 4.170 l.590 
Deoompoa1t1on 
voltage o.94 volts. 

' Cathode over--
. vol~a.ge 0.02 -volts. 

Seoond Trta.l.OU(NOJ)a~xNH3. 
See Plats XX {2) •. 

. 1.1 o.ss, . o.oea 
2. 9 l • 230 · 0 .• 163 
5.1 . 1.454 0.264 
9. 7 1.902 0.468 

14.5 2.352 0~694 
29 •. O 3 .656 · l .328 
34 .. 0 4.llO . 1.556 
Deoompoat.tton .. · . 
· voltage .o .94 v.olts. 
Oa.thode over... · 
voltage 0.,02 volts. 

· Third Tr1a.l.CU(N03)2.xH20,• 
' ,· . .. 

See• Plate. XX (3). 
2.0 1.004 o.b32 

. ' . . 

Current, •. Volte ·volt& 
applied. reterenoe· • 

5.0 l.108 0.082 
4.l l..208 O.l:-64 
5.(), 1.308 0.192 
7.0 1.508 0.308 
9 ,.Q l ,.;700 0.426 

12.2 . 2-.000 o.soa 
14.5 2-.180 0·.704 
l6~s · 2~368 o~soa 
19 .s 2-.5?2 0'.906 
22.0 a~ssa 1~004 
24.8 ,3-.962 l.l.20 ae.e z~134 1~222 
29.8 3.348 l;.336' 
$2.0 ~-536 · 1~442 

Deoomposit1on 
voltage o.82 & 1.03 volts. 

Cathode over--
.voltage -0.10 & 0.09 volt~ • 

Fourth Tr1al~OU(N03)a~:xH,aO. 
See Plate -XX (4). 

0.1 o.992 . 
~.s 1.200 0.09a · 
6.7 1.406 0.208 ;;s 1.ea, o.z1s 

13~0 1~824 Q.416 
15.5 2~026 0;520 
1s.o . a.234 o.s22 
2a.o 2 .4~0 o .;724 as.o 2.ess o.a2e 2s.o 2.e4a o.936 
a2.o · a.044 1.03s 

Deoompositlon 
voltage 0.94 & 1.05 volte. 

Ca.tbode over~ 
voltage ~0.04 & o.os volts~ 

Average Decomposition Voltage (l) & (2) 0.94 volte.· 
.Average Decomposition Voltage (~) &(4) 0.88_ & l ,.o~ volts. 
Avera.g, cathode 0vfrvoltag~ (1) & (2) o .02 volte ·. 
Ave:age cathode Overvoltage (3) & , (4) •0.'04 & o.os volts. 
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TABLE NUMBER XXIII. 



: TABLE NUMBER ·· XX!II. 

Ot1ppe:1: · Ut~·ra.t e in Wa.te~. 

'Current ~··v.o~ia ·. ". ·vchts .. 
·a.]?:e,lied.'tte:fe:ranoe. 

' \ ·, .. ;'. • ~· : , ! '".r_ ' 

. Fi ret Tr1ai , · 
See Pla1fe XXI · (lJ. 

0.2 0.968 0.-020 
0.9 i.476 ·o·.oeo 
2. l l . ?08 0 .156 . 
~-5 ~.sis .d.220 
7.9 2.132 0.280 

11.0 a.3os 0~31a 
14.o a.514 o.'474 1s.o. 2.112 · o.5'aa 
2i-.o a.9oo ·o.esa 
2e.o :.;.ose ·o.758 
32.Q 3.4?4 0~936 
39.0 . 3'.884 1·.135 

Deoompos i tton , · · .. ·. · 
voltage .l~.8Q yolts. 

Cathode over"" . . 
voltage: ,:r.oa 'V'p.lts. 

Seoorid Trial. 
Qee Plate XXI (2) .. 

a.1 1.9as ~.a1a 
· s •. 5 a.14a ,0.298 
a.2 a.S48 o·.394 

11.0 2.560 0~494 1a~o a.?eo o.soa 
16.0 3~002 0~726 
18~0 3.172 0.810 
22.0 3 .3ea , o;sia 
2;$.0 ~.596 1.008 
Decomposition . 
voltage l. 81 .volts. 

: Cathode over--
voltage o~ 10 ~~ltf:l. 

. , .. 

current. Volta · Volts : ·· 
applied.reference. 

Third .T:vt~i .'Ammonia. Added • 

. ·.see Pl.ate XXI (3). 
3.6 1~430 0.100 
e.o 1.s4s . 0.200 
e.7 l.868 o.zo4 11.0 a.oso o.390 

14.0 a~as4 o.soo 1s.s a.so~ o~soa 
22.s a.Boa ·o.soa 
2s.o 3.104 0.900 
31.0 3.526 i.110 
. Decompoait ion .• 

voltage 1.12 & l.15 volte. 

' Cathode over..; 
voltage --0.02 volts. 

Fourt·h Trial~ Ammonia ;Added. 

· $ee Plate XXI · (4). 
1.3 l.206 i.a l.418 0.076 s.o 1.aos 0~190 
6-4 i.808 0.314 
ei.oc1:1 · 2.002 o.444 

.. e.~ 2.190 o.sso 
12.0 2.398 0.666 
14/.l 2.600 0.768 
1a·.o a .• 112 .o .864 · 
1$.0 2~968 0.964 · 
20,0 3.162 l.074 
24·.2 3. 560 l. 890 

Deoompoaition · ·· 
vpltage 1.05 & 1.24 vo).ts. 

Cathode over-
. voltage Q.05 yolts , . . 

. Avera.g~ Deoomposit~on Volta.go {l) &(2) l,ao y:olt§,• . 
'Avera.go Deoomposit ,ion Voltage (3) & (-1:) 1 .. oa & ·l.2s· volte. 

Average Cathode • Overvoltage (1) & (a) o .09 volts. 
Arera.ge Oath,ode .Ovel'ypltage (3) & (4) o.·01 volts •. 
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'f ABLE NUMBER XXIV •. 



TABLE NUMBER XXIV. ----
0oppe~ Sulphate Jn Water. 

Current. · Volte · ··Vol tis 
applied.reference. 

First Tx-ial. · . 

·s·ee Plate XXII (1.). 
0~3 l.626 0.144 
1.2 1.a2s 0.220 
a.3 a.oaa o.2es 
3. 3 2. 222 . 0. 368 
4.5 2.42s o.458 
s.2 2.s10· 0.540 
a.a 2.soe o.s2a 
?.3 3.000 0.114 
9.7 3.410 0~904 

10.3 3.588 0.988 
Deoomposition 
voltage 1.aa volts. 

Cat bode ove:i--
vo+t~ge 0.12 volts. 

E.M.F. 1.48 volta . .. 

Second Trial. 

Bee Plate XXII (2). 
0. 8 l • 700 . 0. l 12 
3.a 2~000 0.234 
5.0 2.200 0.334 
a.9 a.4oo o.422 a.1 2.eoo ,o.s2s 

10.2 · 2.800 . 0.$38 
12.4 3.000 0~746 
14.4 3j200 Oj850 
10.2 3.400 o.eso 
18.2 3.600 · ·1.062 

Decomposition 
voltage &.83 volts. 

0a.thode over: . 
yoJ/G~ge o.oa volts. 

E.M.F. 1.50 volts. 

current. Volts Volts · . 
· a.pnlied.referenoe 

Third Trial. Ammonia. /.dded. 

See Plate XXII (3). 
1.0 1.222 2.1 1.42a o.oao 
3.6 l.632 , .O.184 
5.7 2.016 , 0 0.384 
a.o 2.41s o.aoo 
e.a 2.610 o.714 

~l.l 2,996 O.S30 
13.5 ~-412 , 1.186 

Deoom.pos 1 t 1 on 
voltage 1.05 volte. 

Cathode over.-
YO+ t~ge -O.15 volts. 

E.M.F. 0.90~olts. 

Fourth Trial. Ammonia Added~· 

See Plate XXII ·(4). 
1.2 1.200 a.o 1.400 o.esa 
4.9 1.600 . 0.140 
6.5 l.8OO O.25O 
a.s a.ooo o.366 

10.a a.200 o.474 
la.3 2.400. . e.sBe 
14.3 a.soc . 0.110 1a.o a.aoo · • o.aaa · 
18,0 3.000 0.958 
19.9 3,200 l.084 
21.7 3.400 ' l,214 
Deoompos1~1on'. ' • . . 
:voltage 1.oa :volte. 

Cathode over;. _ i . 
:YO+t~ge -0.17; volte.. . ; , 

E.M~F/0.90 voita.• 
. . : : , , . ' · .I . ' .. · .. 

Average Deoomposit1on Voltii\.ge, 1~6:3 volts. , 
I . i · . . , • . , ' ·.-

Average Deoompos1tion Voltag~ :with Anm1on1a. 1.06fvolts. 
. . . . ·: / ' ) [ . ,. ' ; ' . ; . . ' . . 

I ' 

Average Ca:lihode 0vervolta.geC0.09 ·volts. " 
Average Cathode 0vervoltage w11ih Ammonia.· •0.16 volts. 
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-TABLE NUMBER XXV ~: 



TABLE NUMBER · XXV.i 

Ferrio' N1tra.tet1n Liquid Ammonia.. 
Current~ Volts ·_·Volts ·. o~rent,. Volte Volte 

applied.reference: appl1ed.referenoe • 

. First Trial. 
Se~ Plate XXIII (l) 

0.25 .l.342 o.ao l,486 o.ao l.?38 o.s2 1.9so 
1.5 2.210 
3.1 2.444 
s.:o 2.666 
1.0 2.sso 
9.0 3.102 

11.0 3.324 
·12.5 3-484 
15.0 3.744 
18.5 4.164 
22.$ 4.;600 

.0.290 .,o.sso 
0.824 1.osa 
l.230 
1.380 
l.540 
1.640 
1.738 
l.856 
1.94·4 .. 
2.062 
2.270 
a.486 

Deoomposit1on · 
voltage 2.09 volts. 

Cathode over-
volt$.ge l .27 volte 

Second Trial. 

See Plate XXIII (2). 

o., o.saa 0.110 a., 1.222 o.340 a.a 1.412 o.44o e.1 1.eaa o.eao 
11.0 1.eso o.soo 
13.0 2.080 0.980 

10.0 2.408 
13.0 2.556 
17.0 2.754 
21.0 2~946 · 
25~0 3.158 
30.0 3.332 
35.0 3.520 
43.0 3"~910 

DaO!Smp_oai.t..i.on 

l.360 
1.468 
l ·.600 
l.680 
l.?52 
1.820 
1.922 
2.112 

volta:gtltl~'04 & l.96 volts. 
Cathode over-~. 

voltage 0.11 & 1~25 volts. 

Third .Trial. 
See Plate XXIII (3)., 

1.0 o.980 0.25a a.2 1.204 o.,aa 
s.a 1.40s 0.014 s.3 1.sea _ o.eso 
8.4 1.886 1.200 
?.3 2.120 l.372 

13 ;;5 2. 298 1.500 
20.0 2.444 l.586 
27.0 2.600 l.672 35.o a.,ao 1.12s 

.4:;.o 2.e10 1.aoo 
Deoompos1t1on 

voltage 1.00 & a.oa volts. 

Cathode over-
voltage 0.20. & l.40 volts. 

Average Decomposition Voltage 1.02 & 2.oa volts. 
Average Cathode overvoltage 0.15 & 1.32 volts. 
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TABLE NUMBER ·XXV.f .. -Ferrio · Nltre.tet 1n · Water • 

our:cent: Volts · volts 
. · a.ppl:t.ed.referenae. 

First Trial. · 

See Pia:tJe XXIv·: (l). · 
, 

0.2 . 0.990 ., .0.932 
l • 3 l. 234 , 0 .828 
3.3 1~446 . 0.726 
5.9 l..868 0~610 
a.1 1.ea2 o:.494 .. io.·s a.o4o . o.408 

':1.4.o a •. 322 o .234 
15.'5 .. ~~f?38 ,, Q.090 

.17 .o . 2.768 · to~084: . ia.o .2.eas ,o.a7a 
20.0 3.228 Q.460 
25.0 3~830 0.740 
:50.o 4.ooo o.954 
38.0 .· · 4.502 1 .236 

· · ,Deoompos1~ior,. , ... · .... 
voltage 1.22 & 1.76 volte. 

Oa.thode· · over• 
voltage -o .9 ,& :•0.;2 :volts. 

. Ci.1rrent •. Volts · , Volts 
· · a.ppl1ed.referenoe. 

Seoond Trial. 
See Plate XXIV (2) • 

1..13 o.978 · ... o.aoo 
1 .. 36/ l .236 . O. 590 
a.10 · 1.470 o.4eo 
4 .. 85 · l.688 0.340 
8.50 : , l.912 0.204 · 
.a.oo a.154 · o .. 01s ·. a~eo 2.392 -to.1e2 

12.0 a.B54 o.540 
1s.o , a.29Ef .o;eso 
21.0 3.750 l.170 aa.o 4.136 · 1.500 
29;0 4.800 11.736 
DeQompcsition · · 

voltage 1.15 & 1.eo volts. 
',·· ,Cathode over-

voltage .0.7 & volts. 

A~s.rage De~Qmposition Vol1agEJ 1.19 &·l.78 vo'lts. 
Average Oa.thocie Overvoltage •0.8 & .. a.a volte. 
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'!'ABLE NUMBER XXVII. 
Arnmo11a,µm N;trate in Liquid Ammonia.. 

Current • Volte 
· applied. · 

-First Trial~·· 

See' Plattt XXV (l.). 
0~·5 1.aoo 
0.9 1.eso · 
1.3 1.700 
2.0 l.750 2.9 1.aoo . 
3.8 1.850 
4.8 1.900 
ts .',3 1.950 a.a 2.000 v.s a:oso 
8~6 2.100 
9.7 2.150 

10.5 2.200 
Ll .9 2.260 

Current. Volts 
applied. 

13.3 2~300 
li:;-1 2.400 
21 .• e a.soo •·. .aa.o a.aoo 

})eoc;unpQ• 1 t 1 on 
· vo,l tQgee l. 67, 
1~85 & l.89 volts. 

Second Trial. : 

See· Plate XXV (2).. 

o.a 1.soo · o.s 1.sso 
1 • .1 1.750 
1.5 l.750 
2.1 l.800 

01.lr.rent. Volts 
applied. 

·a.a · 1.aso 
5.5 2.050 
6.2 2.100 
7·,0 2.150 
7.9 2.200 
9.l 2.250, 

10.0 2.300 
12.3 2.400 
1a.1 2.aoo· 
25.3 2.800 

Decomposition: 
voltages l.49,. ·. 
1 .es, l~es a.nd· 
2 .01 · 'fOlt$:l. 

'lY,firage DeoompositiC>n Voltages 1.53, 1.as~ 1.ea and 

a.01 volts. 
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TABLE NUMBER XXVIII. 
Ammonium Ohlois"1d.t;, in Liquid Ammonia.. 

. Current~ · Volts · 
a.ppl1ed. 

First Trial. 
See Plate XXVI (l) 

0.2 l.680 1.a 1.7so 
3.4 2.010 
6.9 2.212 

12.0 a.396 
17.0 2.558 
23.o a.122 
36.0 . 3.060 . 
48.0 . . 3 .380 . 
sa~o ·a.716 
Df.laomposit1on 

voltage 2.13 volts., 
§eoond Tria.1. · 

See flate .XXVI (2). 

l.O l.762 . a.a .a.ooa 
5.3 2.254 

1a.3 a.'198 
ao.o . a~964 
23.6 3.114 · 
27 .5 . 3 .270 

Current Volts 
applied. 

31.0 
35 .• 7 
40.0 
42.3 · 
44.5 
4?.2 
50.0 

. r 

3.420 
5.576 
3.720 

.3.818 
. 3.890 
3.990 
4.074 

Decomposition . 
voltage 2.1a volts:. 

Third Trial. 

See Plate XXVI (i) 

a.es 
. 2 .. 10 
4,45 

· 8.20 
12.0 
16.0 aa.o 
:3?.0 
48.0 

l .762 · 
1.998 · 
2.190 
a.380 a.seo 
2.730 
3,060 
3:414 
3.758 

Decomposition 
voltage 2.l.6 volte. 

I" , . 

Current. Volts1 

applied • 
1hzth Trial. 

See Plate ·xxvI (4). 

· 0.6 l.756 
l.6 1.992 
5.2 .. 2.246 

10 .o . a.4ao · 
1s.o .a.714 
20.1 . 2.932 

Decomposition . 
Voltage 2.03 volts. 

Fifth Trial. 
See Plate XXVI (5) • 

o.3 
1.0 
2-4 
5.1 
8.8 

13.0 
18.0 
23.0 · 
28.0 . 

1.496 
l.742 

'. l .970 
2.184 
a.384 a.sao 

·. 2.782 
2.9so 
3.168 

Decomposition 
voltaie a.04 !olts. 

Average Deoompoeition Voltaga .2.11 volts. 
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TABLE NUMBER XXIX, . -
Ammon.1um Chloride. in Liquid Ammonia. a.t -60 O. 

Current. Volts 
· applJed. 

Current. Volts Current. Volts 
applied. applied. 

First Trial. .as.o . 3.144 1.a . 2.014 
30.0 3.333 3.0 2.248 -, 

See -Plate XXVII(l) . - · 35·.o 3;5oa 6.2 2 .. 492 
• ' < -

2.0- .. a.010 
4.0 , 2~250 
4.7 2.'400 
s.1 a.498 a~o a.,eo 

1,1.0· a.994 
14.0 3.228 
17~0 3.482 
20.1 3~716 , 
2a·.5 3.954 
-Deo.omposit1on 

voltt1ge 2-l4r vc;,~ts • . 
Seoond Trial. 

40 • 5 3 • 700 8 • 0 -2. 7 40 4a.o 3:aaa 10.a · 2.-s10 
50~0 4,012 14.0 3.204 
·neoompoeJt1on 17 .o 3.444 

voltage 2.1a volte. · ao.5 3.702 
_ , . . . 23 .• 8 3.938 

. Third Trial._ 26.7 4.174 
• · -- · .. . _ · · ._-. .. . -. Deoompos 1t 1 Qn 

8ff8,-~Pla.te XXVII (3,)~volta.ge 2.16 volts. 
" -. ·. ..:., .. ·. .. . ,, 

1.2 1.7:60 .fifth Trial. _ 
-,3.p 2.604 .. 
5.0 _ 2.244 See Plate XXVII , "5) 

i.o .· l ·.930 
2.0 2.280 

8.5 2.494 
12.7·;;-, ~71 2.713. 1a.s · a.eeo · 

See Plate XXVII (2). 84~5 3.186 4.0 2.530 s.e · 2.110 
1~3 . 
1.8 
4.0 
6.2 
9.0 

12.0 
15.0 
·20.3 

1.soe 
l.750 
l.9B4 
2.200 
2.380 a.sso 
a.770 
2~956 

· 31.0 3 .• 422 
_ Daoornpo~ it 1 on 

yolta.ga -a.21 .vol~s. 
--
Fourth . Trial., _ 

See Plate XXVII (4). 

0.2 l.770 

9. 7 ,, 3'.002 
12. t, 3.250 
15'.5 3.494 
18.5 3.740 
21.5 3.988 
24.5 4.226 
Deoomposition 

vol ta.ge 2. le volts. 

Average Denomposition Voltage 2.17 volts. 
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TABLE NUMBER XXX. -
Ammonium Bromide in Liquid ,.Ammonia.. 

' . ' ' 

current; Volts · •current. · Volts Oµrrent. Volts 
applied. a.pplied. applied. 

Fi rat Trial • ., Daoompoa.1t1ori 
volia.ge l.61 and 

See Pla.te XXtJ!I! (l). ·· .: s.10 volts. 
'1.2· ·s.o 
. 8.'I 

. 14.0 
20.0 .. 
21.0 aa.-o 
42.5 

•Se-0ond Trial .. 

See Pla.te XXVIII (2) • 
8.0 
3.l 

·•4.1 
5.0 

. 8.3 
. 10.0 

1.752 
1.884 
2.000 
2.094 a.aao 
2.482 

12.3 2.572 
14.8 2.674 
16.8 2.786 
18.6 2.858 
20.a 2.e44 
2:;.'o 3.040 
25 .2 3 ;140 
27.5 3.232 
3O.O 3.326 
:32.l 3.418 
.Deoompoait1on 
voltage 1.e7 a.nd 
2.10 volis • 

.. 
Average D~oompos1t1on Yoltages. l.64 a.nd a.10 volts. 

'. 
TABLE .NUMBER. XXXI. 

·t ~ d 

Ammonium Icd.1de ln Liquid Ammcnia •. 

First Ti-ia.l. 22.3 3.058 
24.2 3.150 

See Plate XXVIII' (3). 26~7 · ' ·3~asa 
o~a 
l.7 
2.5 

· 2.0 
3·.5 
5.0 
7.5 

10.0 
12.0 
14.0 
17.5 
20.1 

1.766 
'· l.904 
·2.010 
2.098 
2.210 
2 • .2as · a.4oo· 
2.492 
2.580 
2.694 
2.866 
2.966 

2a.7 a.346 
31.0 ' J.434 
Decomposition 

voltage 2.os volts. 
Second Trial. 

See Plate XXVIII o.s 1.s40 
0.;5 1.540 
l.3 1.730 
3.0 1.940 
6.0 2.116 

(4). 

8.3 2.214 
11~2 2.318 

· 13.7 . 2.400 
16~8 .2.494 
19.9 2.57.8 
22.s 2.e12 
26 .. 7 2.770 
.28.5 2.858 
31.6 2.996 . 
34.0 3.070 . 
36.8 3.150 
40.2 · · :3 .238 
46.0 3.366 
51.O 3.464 

Deoompos1t1on 
voltage 2.00 volts. 

Average Deoomposition Voltage 2.03volts. 
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TABLE NUUBER XXXl!. Page ·. 75 

Summary o':f Deoompoait1on a.nd Overvolta.ges. 
Deooffipo! it ion volts Overvoiiages. 

Substanoee. in in differ- in in differ .. 
ammonia. water ence ammonia water enoe 

AgN0:5 1.09 0.87 0.22 0,29 0.02 0.27 

AgN03 1.02 0.32 o.7o 0.28 o.oe 0.22 

Ni{N03)2 2.19 2.36 .. Q.17 1.25 0.89 0.36 
< . ' 

Cd{N03)3 1.87 2.36 --0.49 0. 23 0.16 0.07 

Ddiz l.67 1.10 0.57 0.02 0.02 o.oo 
Hg(N03)3 o.79 1.37 -o.sa 0.07 0.03 0.04 

Other Hg sa.lte o.as 1.37 ..,Q.49 Q.04 0.03 0.01 

Pb(N03)2 1.61 1.84 -0.23 0.1s 0.03 0.12 

Zn(N03)2 2.09 a.as -0.77 0.03· 0.48 -0.45 
.:1 

Znia 2.23 1.36 0,87 o.os ' o.o4 0.04 

CU(N03)2xNH3 0.94 1.08 .. 0.14 0~02 0.01 0.01 
1.25 0.01 

Cu(N03)2,xH20 o.as l.80 -0.92 -0.04 0.09 ... o.13 
1.04 o.os 

Fe(N03)3 1.02 1.19 -0.17 0.1s · . . .;..o.s 0.23 
2.02 1.78 0.24 1.32 -0!2 

AgI 0.85 0.05 
/, z._. 

HgI2 0.82 0.02 

CUS04 ·'l l.63 o.oo -·. 
fl - NH40H 1.oa .... 0.16-

NH4I 2.03 
NH4Cl 2.11 

" at -so c. 2.17 
l.64 &,2.05 
1.53. l.65, l.88 and 2.01 

When the value in ammonia. ie smaller then there is 
a minus( .... ) sign before the difference. 'fbe .sa.me sign be-
fore a. number under overvoltage indicat~a a.n undervolta.ge .• 
All values ta.ken from Plates I to XX.VIII. , 



Page 76. 
RESULTS. 

Table Nn. XXXII page 75 is a summary o.f the re-

sults obtained in this investigation. The third column 

has the differ·enoe between the deoompoaition voltages 

in ammonia and wa.ter. The la.st column has the difference 

between the metal overvolta.gee 1n ammonia and water. 

:A minus(~) sign before these differendes indicates 

that the value ia. ammonia 1s less than in water. 

SILVER NITRITE (Tables I and II) was oomposed 

of pure white crystals which readily dissolved in am-
monia and. water. 

SILVER N!TRITE (Tables II I and IV) was only slight-

ly soluble in a:mmonia but readily diesel ved in water. · 

It ia interesting to note that in ammonia the decom-

position voltage of the silver nitrite is nearly tha.t 

of the silver nitrate, in water., bowever 1 it is muoh 

lower. The metal overvoltagi0 B11ver nitrate a.nd silver 

nitrite is considerably larger in amrnoijia. ,tha..n it is 
in water. 

SI,LVER IODI_DE (Table V) ie rather soluble in- am-

monia but insoluble in water. When this salt wa.s elec-

trolysed in ammonia., a. gas was l1bera .. ted a.t the a.node 

but there was .no. indication that free iodine wa.s formed • . 
Its metal overvoltages i.r;e.oonsiderably lees than those 

of the nitrate and the nitrite. 

NICKEL ?TITRATE (Tables VI and.VII) formed e.·bright 

red·solution in liquid ammonia. The deposit of niokel 
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on the cathode was smooth and the metal overvoltage 

rather high 1 being again grea,ter in a.m~onia. 

CADMIUM NITRATE (Tables VIII a.nd IX) readily d.is-

aolved in ammonia but formed a. ba.eio. salt to some extent 

in water. 

'CADMIUM IODIDE (Tables X a.nd XI} is not suf'fi-

oiently ,oluble to form a, NflO solution in ammonia. 
There was no indication of free iod.ine at the anode 
ioammonia. while in water the solution turned brown 

due to its liberation. 

The MERCURIC SALTS (Ta.bles,XIIl XIII, XIV and 
XV) give very similar results in·both ammonia and 

in wa.t.er. The mercuric nitrate and the acetate a.re 

not suf'fioiently soluble to give a N11o'aolution in 
ammonia and the merourio chloride. is even less solu-

ble. Marouroua salts give a bl~ok deposit of free mer-· 

oury when dissolved in ammonia. Their decomposition 

voltages and also their metal overvolta.gas were very 

nearly the ea.me a,~ those of the merourio salts, probab-

ly, due to the fa.ot that they oha.nged into rnerourio 

salts. The data for the merourd.m salts is not inolu- · 

ded in this paper. 

LEAD NITRATE (Tables XVI and XVII) is readily 
solub+e and forms olea.r,solutiona. To avoid the f'Or-
mati,Qn cf an alloy between the lead and the platinum, 

' i 

the cathode was ~ilver plated. Unless this w-as done, 

the lead was removed witti great diffloultJ from the 
electrodes. 
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ZINC NITRATE .(Tables XVIII and XIX) has a lower 

deoompoaition voltage in ammonia than in water. Th~ 

metal overvoltage., however, ia muoh graa.ter in wa.ter. · 
This might be duJ0aqme impurity in the zi-no ·nitrate. 

This waa at least thought .to be the oaaa and in order 

to prove or disprove it four -different aarnplea of zino 

n1 trate and alao the aa.lj formed by 1tisso.;vtng, pure 

zino in nitrio acid were used and. they all gave the 

Sttme over·Iroltage. Thie shows 'that 1t wa.a not ca.used 

caused by an irnpuri~Y· but is tbe tru,e metal overvolta.ge. 

ZINC IODIDE (Tables XX and XXI) ia not· very solu-
ble in liquid ammonia. and forms a milky solution. This 

may in part be due to its high decomposition voltage 

in ammonia.. In water it has a.much lower met.al overvol-

tage than zinc nitrate. 

COPPER NITRATE (Table XXII, first and. second tri• 

·a.la and Table XXIII, third and fourth trials) with am-
monia of crystallization gives only one deoomposition 

voltage in ammonia,(the decomposition voltage of the 

cuprio ion changing to metallic copper not having been 

reached under the oonditions of the ex3rlment) .. while 

in water there are two as ehown by the break int~~ 

curve (see Plate XXI page 60). Evidently the ouprio 

ion via.a changed to the cuprtus 1o.n undd.r the conditions 

represented by the lower part of the curves and metal-

lic copper was dapoaited. at the higher voltages.· 
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-OOJ?FER NITRATE (Table XXIIj third and fou.rth tri• 
a1a·and Table XXIIl, first and second trials) with 
water cf oryatal11zation gives two d~oompoai tion vol- , 

tages ·in ammonia and only one in water. , The reason ie 
the sa.me as in the above case only the water and am-
monia ba.ve exchanged places. 

COPPER SULPHATE (Table XXIV) .was run in water 

with and without ammonia~ in order to determine the 
effeot of the ammonia added. Copper sulphate without 
ammoni_a has a. lower deoomposition voltage than the 

oopper nitrate. When ammonia. 1s present then the de-
composition voltages a.re the same for the sulphate 
and th·e nitrate but l:>'oth a.re oonaid.era.bly lower than 

in the case where no ammonia.was present. The cathode 
overvoltages do not show any oha.raoteristio re.latione 

except that they are all .very similar a.nd that there 
is a/very distinct undervoltage when water is present 
in the liquid ammonia solution and also when ammonia 
ls. present in the water solution. 

FERRIC NITRATE . (Tables XXV and XXVI) could not 
be oompletely dehydrated· and the dried product wa.a 

only slightly soluble in both ammonia· and water, poe- ._ 

sibly due to the formation of basic salts in both cases. 

In the first tria.l in liquid a.mm.onia there 1s only 

one deoompoaition voltage while in tbe other oases 
·there are two. This is due to the fact that the cathode 

was first plated with _ iron in the first trial while 
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in the, other trials pla.in platint;Lm cathodes were used •. 

The differenoe in th~ overvolta.ges is respeotivle equal 

to tbe d1fferenoea in decomposition voltages. 

AUUONIUM rn:TRATE (Table XXVII and Plate XXV page 
J 

68) showa a number of breaks 1n the currant-voltage , 

curves. This then· givee · sev·eI'a.l deoomposi tion voltages 

and ea.oh, possibly, representing a oerta.1n set of elec-
trode prooessea taking place on. -the electrodes,. Although 

all these points a.re easily reproducible only two tri-
als are given, in all eix runs were ma.de w1th this salt. 
·It waa -impossible to get reproducible result.d-1bvervol-

tage when using a.n e.mn1onium-a.maJ.gam reference electrode. 

The deoompos1t1on voltages of AMMONIUM .CHLORIDE 
at tlle boil1ng·point.of ammon1a. (Table XXVIII) and 

also a.t -60 o. have been.deterJnined. The temperature 
has a. very small -effect. Tab.le XXIX oonta.ins this la.t~ 
ter data. 

The ourrent-.volta.ge curve for. AMMONWUM BROllIDE 
(Table XXX and Plate XXVIII pa.ge 14) shows a. break 
and hence baa two, d.eoomposition voltages. There was, 
however, no 1nd1oa.t1on of free .bromine being )1berated 

a.a .the a.node •.. 

. AMMONIUM IODIDE (Table .XXXl) ha.s only one deoom-

posi t ion voltage. Jt is very nearly equal .to .the ·da-

oompos1tion voltages of ammonium ohlor1de and to the 
maximum values :tor .the nitrate and the bromide. 
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. Whenever we have' a. ga.lvanio cell with the: products 
on, its eie'ctrocles in stable' form and. the solutlo~ at 

deflnit.e concentration. · e.·· definite difterenoe of 'poten-
tial ·wtll b'e\ set ·up~ If the· prooesae~ are" reversibl'e, 

_tbien the applioatlon of a slightly greater externa.i 

potential. will ca.use' el.eotrolysis. This potential . then . 

l'ep3"e'Sents the St~t1020 deoomposi:t 10n voltage. ·· lihei th8 
voltage· ls' . ltioreased ~-· ·and . thereby also . the ' current den,. . 

sity, then; ·1n genera.lj the potential neoesaa,ry to con-
,, 

t inue eleotrolysls w1l.1 be greater··" Thie increase may 
be due ·. 't ·o oliang~s ].n oonoentra.tion in the lrnmed1a.t.e 
vicinity. of :the eleot.rodes and. to 1rrevers1ble.,'prooes.;. 

sea taking: p.laoe on- thein. 

· In this 1nveet1gat1on the change 1.n 'eonoentrat ion 

·near the el eotrod.e·s was reduced to a minimum . by' rapid--
l Y rotating'. them4' The 1-rreverllib1l1ty · at the ;oathod.e ···· 

was measur.ed by determining the pot~ntial existing, 
during eleotrolysis., , between the cathode and · a refer-

ence electrode of the sax:ne maaa1 ·a.s the cation under 
. ' 

investigation., ·a11 in the same solution. Thia is gener--
a.lly known as the meta.l overvolta.ge. An overvoltage of 
this kind would of neoeas1ty be meaningless unless ,- the 

20. The ter·m 0 etat1o" deoompoa1t1on poten-

: -tial, J ~bta-:tned only at · the beginning eleo-

trolysis, is used to differentiate 1·t from 

the dynattrio decompositfon potential that 

would be obt~ined when oonaidera.ble , eleotro-
. . 

lysie was .ta.king p)laoe .. · 
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ourrent density were also given. 

Le·Bla.nc,12 ha.a determined many etatio deoornposi~ 
tion voltages., He applied a g~adually inorea;sing poten-

tiat and then notioed. the pot~nt1al at which there, ,wa.s 

a sudden 1n.orea.se in current. Thia voltage he then 

oalled the decomposition volte.ge .• 

Moeller2l, in plotting the current ~gainst .the 
voltage a.ppl1ed, found n relation as sho1;n in Flgt.l;e 4. 

C) '----==~======----J,.----
. O Voltage R 

F1gµre .. !• 

The portion a is a straight 

line whioh then gradually· 

oba.nges into the ourved 
pQrt1on r. La.tar this again 
:beoomee straight as ts shown 
by b~ Le Blanc called the 
volta.ge at the beginning 

of r the deoompoa1t1on vol• 

tage. This we would call the 
statio deoomposition voltage~ . 

• j ' '; :; 

In th1a 1nvest.1ga.tion1 it waa found very difficult 

and often imposs'-ble to sucoe.aeiv&ly reproduce th.a 

stat 10 deoomposit ion volt,1.ge o The interval of time 

betv,een suooeesive readings of the ammeter greatly 

affeoted the results. The following. illustrates this 
point. N/10 .silver nitr:a:.t.e l·n l1quid a.nunonia ga\te 

· O .2 milliamperes ·of ourrent one ... ha.lf minute after 

applying a potential of o.4 volts. Three-minutes later 

the ourrent had ·d.,;oppecl to zero. Again., .one•half Jn1nu-ee. 

21 z. phys. Chern., fill, 232~ (1909). '. 
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after apply1nS 0.5 Volts the ndlliammeter read 0.5 

and ln ,three ;minute d~opped .to 0.1. It would seem that 
, .. 

increasing the interv.al of t i me until the ourrent re ... 

ma1necl stationary ,11ould give the ' dea1recl result~." The 

portion r .·of figure 4 · is not only dependent on the time 

interval aa will .be presently shown. 

When a. sa.lt .like sU.ver nitrate is dissolved 1n 

water and a silver electrode immersed into this solu-

tion, then some of the a1lver will go into solution 
\ 

to form stlver iona. This process will continue unt1l 

.the silver has acquired a potential j-ast sufficient 

to mainta in the equilibrium represented by the equa.t1on . 

Ag + Ag+. (1) 

If the •above were in .a galvaniooell . then there would 
be a similar state of affairs at the a.node. On apply-

ing an external potential,. slightly gree.ter than the 
:\ .,: . ' 

potential. of the cell, the equilibrium of (l) ·will be 

upset, eleotrolysis vrill take place and silver will be 

depeeited on the cathode .. If equation (1) .represented 

all that was going on, then the current should increase 

directly witb the 'increase in voltage instead of as 

represented by r figure 4. The current, v.;ould rise sharp-

ly from the start and a and b (Figure4) vrouid meet 

in a point and then show only a break. 

What then is the os~use for this gradual increase 
', . 

1n the current wheil the potential is a.lso gradually 

increased? 
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. Suppose that in addition. to the equilibrium of 
equation (l) there were. a.nothe~ equiU.brium between 
silver ion and the 11~ter., like, 

Ag.,. ·~ xH;aO Ag(HaO)x! (2) 

Suppoee also that the oonoentra.tion of the silver ion 
were small and tha.t the rate of the above reaction we:rre 
slow 't>ut inorea.aed. by an increase in the potential. 

Then whenever eleotrolyeia is begun the silver 1ons 
1n the immediate vicinity · of' tbe oa.thode 11111 be de-

poa it ed. Thia is represented. by a considerable current 

whioh would o.f necessity deo:rea.ae ainoe all the free 

silver ions would eoon·be used up. Rotating the eleo-
trodee will supply these iona to some extent but will 

not be able to supply.them in sufficient quantity oon-

tinuously. Inoreasimg the applied. potential still fur• 
ther~ will inoi-ease the ourrent for two reasons. In 
the fil'et pla.oe the field from which silver ions a.re 
drawn is increased. Thia ·would tnorease the Qurrent 
ppoportio11ally to the iriorease in.potential. This would 
mean that·. pa_rt r of Figure 4 would not be O\trved but 

be a straight portion l1ke part b for example. The 

second reason tor the increase in current is the i.n-
orease 1n the rate of reaction- (2) producing more sil-
ver··iona. This readilyexplaina the shape of :r. When 

this increase in the rate ia a. maximum then a further 

inor,a.1e 1tfl. 'the potent ia.l w1ll have a proportional 
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inorease in the c,urren\ Thi~ would b,e reptesented 

by p_e.rt_ b_ or' Figure 4 . and .1a the .condition thafJ gener• 

ally exists in electr9lysls. -
L:e Blano•s, meaeuremantEJ, and all mea.suren1Emts. of 

. ' ' 

decomposition vol.ta.gas of like nature, rapreaen~ the 

eleotrolyais oauaed. by the d1eoba.rge, of_ simple ions 
only. We would oa.ll t}?.is the siia.tic deoompos1t1o.n 

voltage to cUstinguish it. from determinations, ,like 

ours, whioh -we would oall dynamic deoorilposition vol-
tages. For all praot1oe.l purposes the ctyna.mio de_com-
posit 1on· voltages are the_ more important. 

~en measuring static • decomposition volt;age :~he 

prooesaes a.re praotloally reversible .. By carrying ele~~ 

trolyais _a .little fatth~r the prooeases beoome ,more 
irreversible and the applied potent1_~l ~at be· i,noreased. 

This i :rreversibility is the overvoltage, the metal over-
volt.age when metal is deposited on the cathode ~nd 

the oxygen overvolta.ge when oxygen is liberated at 
the anode. The _dynamic decompQ>aition vo~t~ge , .1st . th~re .. 

fore.; equal to the atat1o deoompQsition vol:~age .Plus 

the cathode and the a.node ovarvoltages~ Knowing any 

three of the above. the fourth oa.n ,readily b_e found ... 
' . · . · ' ' , 

This relation will apply only when the refere~oe eleo--
trode was oompos~~-- of th_e same· material as the pro~ 

duot deposited. 

In this . investigation it was often impossible to con-
t 1nue the electrolysis until the current .was '.steady.· . 

During electrolysis there was a. oha.nge )n -oonc,entra.- · 
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_tion because of the removal of salt from solution. 
This would.the affect tbe current. Also, the metal 

' . 
seldom depeeited in smooth form. Often crystals would 
grow on the cathode and, due to the reeult1n!?> decrease 

in :tesistanoe, the ourrent would steadily inorea.se. 

It .was,thereforep necessary to read the ammeter ),?,~fore 
:_·'/t•'!(tJ}/:{-f.'.(,·: ,_.-

.it had coma to complete rest. Definite time intervals were 

used 1n making the readings. 
If in a. pair.of runs the interval of time between 

tbe appltcation of the voltage a.nd the :reading of the 
ourrent is·different, then the current ,plotted against 
the voltage will give two curves l1ke a. r, b, and 

a., r', b', of Figure 4 page 82. The parts b a.nd b' ex-
trapolated to the line of zero current meet at R •. 

Tpis value is e~sily reproa:Q.oed and 1 t 1:s what we have 

called the 4ybam1o deoomposit1on voltage. 
Ta.ble Number XXXIII gives data to support this 

TABLE NUMBER XXXIII. 
The Effaot of Time on Deqomposition Voltage. 

Ann.~onium Chloride in Liquid Ammonia.. 

Volta applied. 
let & 2nd trials. 

2.aoo 
2.400 

a.aoo 
2.800 

Current, £!:rat 
trial. 

5.2. 

8.9 

13.8 

17.2 

Oiirren\, 
eeoond t'rial • 

4.0 

a.a 
12.6 . 

18.8 
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view, The f1rat trial was ~a.ken witb one~half minute 
intervals a.nd the seco~~t trial with three minute .in .. 
tarva.le. In this pa,.rt1oular exam~le ·the ourrent remained 
constant after the three minute interval. 

The aynam1o decomposition voltage is the lowe,st 

vo1t'age at whioh, .t:lur1ng ele<>trolys ls, the eleot:rod..e 
processes a.re the same asethey would be when eleotroly~ 
sis with 'conaidera.ble current density were taking pia.oe. 

, . voltage 
The dynamio daoompos1t1on/\oa.nnot be measured d.1reotly 
but is obtained. b1 extra.polat:Lng the upper stra.ight 
pa.rt-of the current-voltage ourve upon the line of 
zero current. 

It ls customary to determine the meaal overvolta.ge 
· a.t definite current densities.· There 1s a simple rela-

,· 

tion between the current, or what a.mounts to the ea.me 
thing 1n our ease tbe current density., and the over--

t 

voltage eo that overvolta.ge at zero ourren; oa.n be 
datermi,ned .. , 

Tba metal overvolta.ge, a.s we have used it, 'ls 
the voltage, refered to zero current density, between · 

the cathode and a reference eleotrod.e, the same as the 

oation under investigation, a.ll in the same solution, 

during electrolysis when the metal is being depesited 

on the cathode.This would then be the potential of 
the irreversible oell 

M (depositing) I ·ux (solution) I M (reversible) 

wher'e M represents the metal under investigation and 

X the a.nion of the salt used. The meta.l overvolta.ge 
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oa.n best be determined ,by extrapolating the upper 
atra.1~h~ p~:rt of the 9urrent-voltaga. (aathode-refer-
enoe eleot:r:ode) curve to tlie line of zero current, · 

• . I ' • > 

for _examplea of dynam1o deoomposition voltages and . . . .· . . . ' 

metal overvol tages ·_determined. 1n th1s way see P~a.tes 
I to XXVIII. 

I~ w~s our oonoern to -determine the relation be-

tween the de~onrposition voltages a.nd the metal over-

voltages in the two solvents, ammonia and wa.ter. The 
phyaioa.l na.ture of the Eturfaoe of the electrodes was 

more or less immaterial and, _sinae smooth platinum 

electrodes are easier to clea.n., they- w9re u~ed~_ Any 

difference in the values tha.t might have been obtained, 
had platinized. eleotrociea been used, would ev1dently 
have ·been similar in the two solvents a.ndwould '. thus 
have compensated ea.ob other. 

Table XXXIl:f' page 75 gives us a number 'of · very 

interesting relations. In only five of the ,fourteen 
oases is the deoompoaition voltage ·greater i;n :ammonia. 

than in, _water.· Two of these exceptions are iodides -

a.nd one la a nltrite. In gehera.l, this shows that the 
ions are·1eaa firmly held in the ammonia than in water -~----:t?i\//;. ;:~-

.sou.ii ti on. 

The metal overvol ta.gas a.re e.11 higher in ammo.nia 

than .in water with only two exceptions. These ar~ .zino 
nitrate, which aeems to beha.ve abnormally, and copper 
riitra.te with water of oryetallization. One would expeot 
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that the silver ammonia/ rnerourio ammonia, zino ar.nmo._.. 
ions . . . . . . nia a.ndtbe oopper a.mmontal\snould require more ·energy 

to deposit on ·the oathode ·in liquid ammonia. tha.n when 
· meta.ls • · . . . , . · . · 

the same _;u.: :>j without a.mmonla were . dissolved in water. 

This ia the case a.a their. greater overvolt.age in ammo• 

n1ai would show. In gQneral. a. high metal overvolta,ge 
in water will also have a corresponding high value when 
the same salt is dissolved in ammonia. 

In Table XXXIV page 90 we have the metal overvol-

ta.ges subtracted from the respective dynamic deoompo-
s1tion voltage in the aa.me ·solvent. Here a.gain a minus 
("'!") sign before . the dif'ferenoe in these va.~ues indioa.tee 
that.the value is the lower in liquid ammonia. There 
a.re only three oa.seswhere the values a.re the higher 
i'n the ammonia. One of ,tbeae la silver nitrite"a.nd 
the other two a.re iodides. The nitrate,i/ :,::without e·x"'." 

oeption~ a.re easier to decompose in ammonia. than ,in · 

water. Th·e apparent exceptions mentioned above w~re 

entirely c.a.uaed by the.ir greater metal ove:ryoltage. 

Whether this difference . in the two stlvents is due 

to a. difference in the anode overvoJ.tages or an a.otua.l 
difference in the decomposition voltages we a.re unable . 
to ·,say at present. 

When the nitrites and the ' iodidea are 41ssolved 
in ammonia the anions are possibly nearly all in an 

ammonia.ted ~orm, like N02(NH3)x- and I(NHa)x""· This would 
\ 

then require a muoh higher pote~tial than it would if 

they were uncombined. 
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__ Deoomposition voltage minus 
. . metal- overvol ta.ge. 

·--'-, , (A)' in NH3. ' ~(B) in H,20·. Substa.noe. 

, AgN03 -

AgNOa _ · 

Ni(~03)2 

Cd(N03)2 

Cdia 
Hg(N03)g , 

Other Hg salts , 

Pb(N03)2 : 

Zn(N03')a 

·znI_2 

Cu(N03)2•xNH3 

Cu(N03) 2•xH,20 , 

Fe(N03)3 -

AgI 
Hgiz 

a.so 
) . 

0.'74 -, 

0.94 

l.64 

l.65 

0.72 
0.84 

1.46 

2.06 

9.15 

0.92 

-0.92 

0~87 
0.10 

o.so 
o.ao 

0.85 

0.26 

1.4? 

2.20 

l.08 

l.;34 

1.34 

l.81 

-2,36 

l _.32 

1.07 

l,71 
1.99· 

- l .98 
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Differenoe 
{A) -{B). 

... Q.05 

0.48 

•0.53 

...;Q.56 

o.57 
•0.62 

-0.50 

-b.35 
-0.30 

0.83 

-0.15 

-0.79 

-1.12 
-1.28 

The differenoe between the values (Table XXXIV) 
of the nitrates and the iodides of silver is O; of. 

[ 

Oadi;nium O.Ol; of mercury o.oa .and of zino 0,09, The 
differenoe is unexpectedly small • . The values for the 
iodides are the larger • . Making th~ same oompa.r1aon for 
these salts in water solution, we have for cadmium· 1.12 

· and for zinc 1;04. The iodides being the lower here~ 
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It is s1gn1f1oant to note the oonstanoy of the dif-
ferences. In ammonia the deoompos1tion voltages of 
nitrates would be about the· same, whtle in water the 

, . 

decomposition voltages of tha nitrates would be about 
one volt ,greater tha.n the respeotive iodides. 

- The surety of prei:Uotion is of oourse greatly 
lessened by the · faot that ent.irely unexpected raaul ts 

' ' 
' , 

_may be . obtained. Thie ie illustrated by the_· metal over-

vol ta.ge of zino ln z1no nitrate in water solution where 
i'ti is a.bout 0.45 volte gseater tha.n 1n~he case d>f the 
zinc iodide and the z:Lno sulphate. One would. 'expect com-

parable _rea.ults,a.t least when tb·e same oonoentratione 

were used. 
·When el~otrolysing copper nitrate in ammonia. the 

dynamio deoo~position volta.~e is greater when the salt 
is a.nhydroue _tha.n when it is moist. This difference 
is however e~tirely oaused 1,)Y the change in metal over-
voltag e. The ' oa.thode pi-ooeas is leHS irreversible when 

the copper n~trate is moist than it is when dry. ·This 
simply means . that the ~(Ha~)l+ requires a smaller 
potential for deposition than when tb:e only ions pre-
sent are CU(~3)x+ • _Copper _ is plated out with greater 
difficulty when the ammonia. is anhydrous a.s 1s ,shown 

' ' 

by the fa.ct ~hat under the ~on~1tions ot the experi-
ment no aopper wa.e deposited when the solution 11a.a 

anhydrous but quite readily when moia~. 
The dynamic deoompotition voltage of copper nitrate 

11L1Water 1.s a.ffeoted even more by . the pres·enoe of ammonia · 
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. than the presence of water affeot_~d the aarile values 

in ammonia. 'The effe~t on the metal overvoltages is 
neglbgible in this case .. The ·prooess at the cathode 

1s not 0hanged ·but the ·process at the anode must ha.vs 
been. Thia change in. theprooess m~y ha.ve ·been due 
to the forzri.at1on of complex ions l1ke N03(NH3)x-
The effect on oopp_er sulphate was very $1milar. · 

The t _wo values . of . metal. overvol ta.ge a.nd of dyne.-,.~ ,. ' 

m1o deoompoei.tion voltage obtained with, ferric· nitrate 
were a.t first .thought to be due to the formation of 
ferrous 1o·n 1n the one oaee and deposition of metai110 

iron in the other. But 9ompa.rlng the restilta when .the 
metal <;>ve_rvolta.gea have been eubtraoted from the decom-

position voltages (Ta.ble·XXXIV page 90) we find: tha.t 

this. 41.fferenoe is entirely .caused by a. change ln over-
1 .... :"< . .-.<_ . .:;:/·,·-':·· 

voit.a.ge. In the first ·part of the ourve{Plate XXIII .· 

page 64 and Plate XXIV page 66) there wa.s anly a little 
meta.lllo iron deposited on the plat·inum electrode a.nd 

. ' ' 

wa.s then · in the aot11/e nta.te •. Later, either _due_ to the 
. the . . . inorea.se in. potential or toAoathode having beoome com-

pletely :covered with iron, (having become a. true iron 
eleotrodeO,, ~he cathode became pa.esivf)·a.nd tt took '-a. 

greater voltage to· deposit the iron upon it. The nega. .... · 

t1ve sign before .the metal overvoltage is simply caused 
by the :form of th~ reference eleotrode being different 

and he~oe .would have a ¢iiffarenbe potential. The refer-. - . . • 

_enoe eleot~ode was a. fine wtre while the cathode had 

the iron in crystalline form. 
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Tht1 an;monium salts have the ea.me general dync1.miQ 

' deoompositi~n volta.ge of about 2.1volts. The ourve , for 

the nitrate ahowa 1 severa.l. distinct breaks (see Plate XXV 

page 68). Evidently there are d~fferent eleotro(le products 

represented by the different parts of the curves~ but 
what they are we are unable to ·say. 

The a,mmoniumbromide (Plate XXVIII page 74). also 
has a. distinct break in the current- voltage curve. 

There was, however,. no indication of free bromine being 
formed Curing the ei:eotrolyats. 

· The ammonium .iodide a.nd the chloride have only 
one dynamio decompo.sition vcltage in ammonia.. It is 
of interest to note that the d.yna.mio decomposition 

voltage changes very little with tempera.ture. as would 

be expected. The animontum ohlor1de .has nearly the ,same 

Dynamic decomposi~1on voltage at -60° c~ as at the 

boiling point of ammonia." Thia agrees with resu.~t~ . 

obtained in water. 

Overvoltagea of ammonium .salts measured between 

an ammonium-amalgam electrode and the cathode were 

n9t reproducible even a,t; a temperature ae low as -60°0. 

SUMMARY .. 
In this investigation the direct method for deter.:. 

mining the dynamic deoompoaition voltages a.ndmeta.l 

overvoltages has been used. By rapidly 1:.otattng the 

eleotrodee. changes in oonoentration in their immediate 
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vicinity wa.a a.voided. 
Most deoompos1tion voltages determined to .date 

have been under very low current d.ensi ty and only at 
th·e beginning of elec;:trolysis. This we would call the 
sta.ttio deoompoa1t1on voltage. l'here is a.n uncertainty 
.tn all values of this kind beoause the . processes a.re 
oha.nged with . time and the interval ueed before making 
res.dings affects the results. By the method employed 
in tbie inveatiga.tion, 1t ts possible to have eleotro-
lysfs with considerable current density going on and 
then, by plotting current againe,t the voltage, obtain 
a ourve which oa.n be extrapolated to the line of zero 

.current and thus get reproducible values. These values 

we would call dynamic d.eoompoaition voltages. . 
The dynamic deoompc,siti<.m voltages of nineteen 

salts in liquid ammonia, the metal overvoltages o! 
moat of them., and the dynamic decomposition voltages · 

,. 
and the metal overvoltages of' fourteen salts 1n water 
have been determined.by the above method • 

. In general, the dynar.nio decomposition voltages 

are lower in ammonia than 1n water. The exoeptions 

being the iodides and nitrites. 

The metal overvolt.?-ges are generally higher in 
ammonia tha.n in water. for the ·same salts. 

Water present in ammonia decreases the overvol-

tages of oopper and has .an equivalent effect on the 

dynamic deoompoeit1on voltage. 
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Ammonia present 1n
1

water 'f/£,ry notably decir~aees 
the dJ;na.miq decomposition voltage but h.a.s very l1ttle 

et:f eot ,o~ the ov.ervol $a.ge. 

Ammonium salts ha~e, a. g.emeral dy.namia ~eogrnpo.;. 

. s1t1on ,voltage of ~bout. a.1, vo.lts ··Nh•:JTt .. in dry liquid 

ammonia.. Ammonium brom~de a.nd nitrat, .ha.ve several 
a.ddit ional y~l11es tha.~ , a.re J.owe,r as shown· by· bhaks 

in tl'.le ~urren, .. voltage . curves. 
Temperature ha.a a. very slight flffeot on the d,nam-

,. 10 µ,e.op,n~os1t1on voltage. 
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