DECOUPOSITION VOLTAGES AND METAL OVERVOLTAGES
IN LIQUID AMMONIA AND IN WATER.

By

A. &, Groening.
A.B. T&bor.callgge, 1915,
M.A, University of Oresgon, 1931.

Submitted to the Department of
Ghamiatry and the Faculty of thé
Graduate School of the Univeraity
of Kensas in partial fulfilliment '
of the requirements for the degres

of DOCTOR OF PHILOSOPHY.

Approved by

Chairman of Dép&rtmaut.

April, 1P36.



TABLE OF CONTENTS.

INTRODUQT IQN#& o mm e e e
HISTORICAL.
THE DIRECT METHOD =—==—mmmmemmmm——m————————
THE INDIRECT METHOD ==s--= e
THE CONTROVERSY BETWEEN THESE METHODS ====-
APPARATUS AND METHOD m=em=mme==- - —
. DIAGRAM OF OELL mmmsmommmmsssemmn s
" DIAGRAM OF GIRCUITS EMPLOVED w==m=memmmmmce
EXPERTUENTAL === mmm e m s o e e e e
DATA. - o b o 5 1t g B
SILVER NITRATE ===nmm=mmmmmmommm e m e e
SILVER NITRITE ==-=-nmm=mmnmmmmnan g ot
SILVER TODIDE =mmmmmmmmmmmmmn oo mmm e mmm i
NIOKEL NITRATE =n-nmmmmmmmmmn = mm e e
GADMIUM NITRATE memmmmmmmmmmmmmm e
GADEI”M IahlnE e
MERGURIC SALTS mmmmmmmmm s e
LEAD HITRATEI~~~-¥~ ........................
ZING NITRATE =rmmmmm=mmmmmmmomm e me e ae
ZING TODIDE == miommmm e e m e mm e s
GOPPER NITRATE ==nnmmsnmmmmnmme e memm e
COPPER SULPHATE =-=-n- e
FERRIC NITRATE msmomem s mmmmm e m e

OTHER AMMONIUM SALTS =m=m=m—em e —————————




| TABLE OF RESULTS e e e S B e
RESULTS oo o oo mmm o e e e e e
nzscﬁsqtom OF RESULTS ==nmmmmmmm e mmmmmmm e

DEFINITION OF *DYNAMIG® DECOMPOSITION
VOLTAGE w=w~ i o ot o

DEFINITION OF METAL OVERVOLTAGE w=--------=

amzawxow BETWEEN THE DYNAMIC DEGOMPOSITION
VOLTAGE$ AND THE KETAL OVERVOLTAGES

CIN THE TWO SQBVENTS - e anat
SU}JRI_}ARY *ﬁhﬂmqp&h&%““'ﬂﬂ”““““U.'-'--'-—!‘-' ~~~~~~~~ I‘MW”““‘
 BIBLIOGRAPHY =~ e b B b

87
87

88
93
08



I wish to &cknoﬁladge my indebtod-
nees t0 the members of the staff for their
interest anﬁ'kin& help given during the
collecting of the material #ithin these
sovers; 1 feel especially obligated to
‘ Dres. A, W, Davidson and G, W. Stratton

for their edvise and encouragement rin
times of difficuity; to

Dr. Robert Taft for his valuable
help and the use 5f his fine library;
and above all to |
| Dr. H} P, Cady, at whose suggsstion
and under whose gui@ancé and inspiration
the work of this thesis has besn carried

out,



DECOMPOSITION VOLTAGES AND METAL OVERVOLTAGES
IN LIQUID AMMONIA AND IN WATER.

INTRODUCTION.

Hoa%*ﬁéﬁsarements of decoquéition and overvol-
tages have been in water solutions. It has béen the
purpose of this investigation to determine the same
in liquid ammonia, Wherever possible check runs were
also made in water. The direct‘method,with-modification
from the usual method, was employed since this seems
to be the only method capable of giving fairly con-

sistant and reproduaibla results,

HISTORICAL.

The direct method of measuring deaémpositibn and
‘overvoltages was first suggested by Fuchsl in 1875.
Later it was used by CaspariZ in the determination
of hydfogen overvoltages on various metals. He found
that the hydrogen overvoltage increased with increase
in cﬁrtent density. He says that it is but élightly
influenced by the physical nature og the surface of
the electrodes. His figures, however, do not support
this last statement very well.

- Dannenberg and Coehn® measured the overvoltages
pogg. Ann., 156, 158, (1875).
8z, phys. Chem., 30, 89, (1899).
3z. phys. Chem., 38, 609, (1801).
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of hydrogen on various metals by measuring the vol-
tagé of the cathodé égainsh a:hydfcgeﬁ elgotrddeivThéy
plotted the potential against the current. The poten~
tial at which tha’break in the resulting ause occured
was taken as the pvetvoltage.Sinoé the‘rise in the
curve was rather abrupt andnearly.vertigal, thia #alue
1s praotically identical with the value obtained by
ex@rapolating the upper sfraight pért of the ocurve
down to the line of zero current, as is done in the
present work.

In 1901 Bancroft? suggested a simplified form of
apparatua;fpr,determining‘deaempogition vultages. He
pays thatievan though the fall of potential varieé‘with
the apparatﬁa used, any one apparatus will give con- ’
siatanﬁ;values’and its use by the student will be a |
great help in the‘stpdy’of»glectrolyais. |

Tafeld in working with hydrogen qvervpltagea found
that the values obtained depended on the current dah4'
sity used and that an-inareasé.in7temperatu:a‘6r con-
centration decreased the overvoliage.

Bennewitzs, in determining hydrogen overvoltages,
plotted the,loggrithms of the ourféntlagaihat tﬁe vOl~
tage and claimed muoh_be#ter(rssults;:Thia has been
ciitioisad by variousvpecplé.~When‘the Qufreﬁts are

~ 4J. Puys. Chem., 5, 133, (1901).
52. phys. Chem., 50, ,641{' (1905).
62. phys.Chem., 73, 202, (1810).
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small the values of‘theirglogafitnma changa':apidly
ﬁnd one can make almost any value appear as the over=
voltage;‘dgpending on what logarithm is assumed to
represent the overvoltage. -

Moeller? has also determined hydrogen overvolta-
ges. (See pags‘gﬁl) :
| Pring®, when working with metals deposited as
films on platinum, found that differgnt thicknesses
for different metals were neaesaary 1n order to give
the same hwdrogen overvoltages as fhe pure metais'in
bulk form. He with Tainton® found that various colloids
and different goid strengths had certain effects on
the deposition of zinc} sesmingly due to changes in
overvoltage.

MacInnes and Adler®, observed that there were
fluctuations in the hydrogen overvoltage with the ap-
pearance and the liberation of hubbleS'from'the aure'
face of the electrodes. They expected an increase in
overvoltage with decrease in pressure and found this
to be the case. Evidently the potential of their hy~-
drogen reference electrode was also greatly influenced
by ‘the change ‘An pressure and may account for most of
this difference. |

77. phys. Chem;,‘gg, 23238, (1909).
8y, Eiektrochem.’, 19, 255, (1913).
9J. Chem. Soc., 105, 713, (1914)
1105, 4, ¢. S., 41, 194, (1919).
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,Kncbel,fCaplaﬁ‘anﬁ‘Eisamahll determined the ef=
feot. of current density on overvoltage. They believe
that " small glass tip less than one millimeter in
‘diameter pfeaéaﬁ'&gainatfthe active eleotrode while
the current is flowing will giéé correct results".
The solution from the reference electrode makes con-
tact with the cathode through this glass tip.

- The indirect method for measuring overvoltagea

wag firat used by Le Blanelg

. He made very axtansive
meaaurementa*uaing a tuning fork commutator or a dou-
ble commutator driven by a motor. He determined the
hydrogen overvoltage on many metals. His dete#minations
of decomposition voltages »ig also outstanding énd;aie
among the hest values obtalnable. He nas determined
the ustatioﬂ'deccmphaition veltagéé of m&hﬁ acids,
bases and salts at normal concentration.
. Newbery?® has again taken up the commutator me=
117rans. Am. Electrochem. Soc., 43, 55,
(1923). |
18z, phys. Chem., 3, 469, (1890); 8, 299,
(1891); 18, 383, (1893); and Text Book of
Electro-Chemistry, Pp. 287 - 320, English
translation by Whithey and Brown.
187, Chem. Soo., 105, 2419, (1914); 108, g
1051, (1918); ;gg, 10686, (1916), 109, 1107,
(1916); 109, 1359, (1916); 111} 470, (1917);
119, 477, (1921); 131, 7, (1928). |
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thod and ‘has made a great many determinations on hydro-
génrovervcltagﬂé. He claims that the only overvoltages
worﬁh‘anythingr&re'thcss measured by the commtator
method. He says that 'in the direot method you measure,
what he calls, "transfer resistance® in addition to
”overvcltage‘and“thaﬁ'the only méthod that givea con=
sistant results is the indirect method with‘é rapid1y
rotating commutator. This has called forth a great
controversy with Newbery cﬁ<the'cne.sida and several
cthers on the oﬁhar side.

Hollerl4 in 1924 made measusements with an osoil-
logreph operated*by'a‘raaiétanca doupled eleotron~tube
amplifier, In this way, he claims, no current is drawn
from the slectrode under investigation. By this method
‘it 1§ possible to tell justfwhat part of the potential
drop is due to resistance. He‘finda*thaﬁ when there
is a gae evolved at an.alectroda, there 1s‘often con-
siderable resistance . causing a large part of the poten-
tial measured. He suggests the term "boundary resis-
tance® in preference to Newbery's term "transfer re-
sistance” since this calls for no theory as to the
exaqt nature or‘sburae of the resistance..

 The controversy mentioned sbove has given greet
impetus to the study of overvolidge and the results
obtained are very valuable. The work of Macznﬁes and
| l4goientifio Papera’of‘thé.Buréaulof
Standards, No. 504.
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Adler15, who had usea tha direct method for the deter-
mination of hydrogen overvoltagee, was severely ori-
ttcised by Newberylé “Unfortunately, their method
of experimenﬁ and alao cartain vitaykarta of their
’reaaoning ara open to most earious objeotions. It is
feardd %hat these ebgections are of sucb a nature as
to 1nvalidate campletely the whole work 80 far as
its original purpcse is concerned" He critiaieea their
‘dgfinition of overvoltage and saya that the potential
they measured dependad not only upon the overvektage
but also upan the potential applied, the rasistance
of the electrelyte and upon;the "tranafer reeistance"
e M&cinnesl7 meets this criticiam by repeating his
_definition ef overvaltage as ‘®the ﬁiffarenne of thenw
tial that axieta between a raversible hydrogen electrode
anﬁ an electrode, in the same solutian, at which hy=
drogen, Hg, is being formad from hydrogen ions." He
suggests that the potential obtained with a commuta-
tor device be called "oounter elactomotive force"
The differanoe batween this "oounter electramotive
force" and the overvoltage woul& then be the ngransefer
resiatanoe" The sontrovaray then resolves itself aa
%o whether "oountar eleotromctive fcrce" or "0vervol~
tage® 1s the more important ané funﬁamental.

18 g, A c. s., 41, 194 (1919)

‘19 3. A.‘G. S., 42, 3097,_ (1930).

17 g, &, C. 8., 42, 2233, (1920).
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Ferguson and:Van Zyll8 have done a great deal.
to clear up .this Qontroversy. Théy employed both'mé~
thods and shawed:that there is no difference between
the direct and the c&ﬁmutator method of measuring, |
if in the latter method the discharge potential be
measured immediately after breaking the charging cir-
cait. Their method consisted in measuring this dis-
charge potential soon after, thrbughout the whole in-
terval, or only during the latter part of the interval
:when the charging cirocuit waaAbroken. They found no
consistancy in the raaaingsvtaken iﬁ these different
ways. They have drawn the following conclusions: (1)
The absolute,values‘abfainedby the commtator method
are practiocally maan;ngleas, since they depend upon
the mechanical construction and operation of the com=
mu;ater.‘(a) There is & decided 1hdication that the
commutatqr‘anﬁ the direct methods wouldgive the same
valuss if the measurementé by the commutator method
be made at the 1hatant the ch&iging circuit is inter=-
rupﬁéd;“

Knobell® nhas carried the above even farther by
measuring the overvoltage both durihg‘chg:ge and‘&ur~
ing discharge. Hié oomﬁuta;dr ﬁasrso @tranged,that
he could measure the overvoltage at any desired in-

18 Trans. Am. Electrochem. Soc., 45,
311, (1934), |
19 5. A. . 8., 48, 2613, (19234).
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terval after ﬁak;ng.ar interrupting the charging cir-
cuit. His results &heﬁ’thgt the overvoltage on making
rises from zero rather rapidly to a maximum and that
6n breaking it is at firet equal to the potential on
charge and then drops asymptotically to zero. This
'i%}éhbwn in Figure 1. A represents the interval of
charge, B,the interval of discharge, C,the overvol-
ﬁage\auring”tha interval‘of-Qhargé A, and D represents

the overvoltage during the interval of discharge B.
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Figure 1.

You will note that the potential measured during
charge will be maximum only when the interval is'idng 
enough»forlthe cve;voltagé'toyhuild up to its maximm
and then remain there for some time. The ovérvolﬁage
measured on discharge will iepreéenf the average of
the potential, at first equal‘to‘#ﬁe overvoltage‘on

charge and then~deaféasing in value.'The’actual value
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obtained will depand upon the construction ef the cor
rutator and upon the length of the interVal of tim
used‘batween Buccessive :eadings. If the oharging 1n~
terval is‘vexy'shcrt-then»the overvoltaga will,not\
build up to 1ts maximum value. During very ahbrtkin-'
ﬁervais of diachaige ths measured overvoltages willv
be very nearly eqnal to the avervoltags built up dur-
ing the charging 1nterva1 Again, if the intervals are
longer then the avervoltage will reach its maximam
on charga but these measured during discharge will
be considerably lower. Knohel says that "the results
indicate, without room for &eubt? that thevusual com=

matator method of measuring overvoltage is incorrect.®

APPARATUS AND METHOD.

In thia investig&tion the direct method with
slight modification from the usual method was employed.
It is customary to use statxonary alectro&es but this
‘permita of great concantration polarization near the
electrodes. To avoid this change in concentraﬁion the
aleotrodea were rapidly rotated in the present work.

After much exparimentina the cell ahown 1n Figure.
3 Page 10 was adopted. a' and b'are the electrcdes made
of platinum plates, approximately one-half square cen-
timeter in size, sealed by means of platinum w;xes
into glass tubes. The brass rings’d and a! are each

connected to one of the electrodes. al and b' are
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brushes making electrical aontact with the rings da
and dt and are, each oanneoted to a and b respeativa—
ly of Figure $ Page 13. The electrodea are mounted
on a brass rod whioh passes through @ be&ring to.a
pulley. They ney then be oauaed to rotate aﬁ any &e~'
gired spsed by a motor with variable spepd, The glassv
tube f is open at the bottom and has an Opening on the
‘side away frcm the raference aleetrode C. The refer~
ence electrode ¢ is of the same metal ag the cation
of the salt under investigation an& is 1n direcb oonv
nection with ¢ of Figurs 3 Page i2. The large test
tube g oontains the aalution under 1nvestigation
rhe tube g is immeraed in a Dewar flask‘ocntaining |
liqﬁid ammonia when working with‘thia sélvenﬁ.‘This‘
serves to keep the temperature conetaﬁﬁ and will be
at or slightly below the boilingupoint of alquia am-’.
monia. When salts in water are investigahed, g is imu
mersed in a vessel containing ice and water %o keap
it at 0° C,

| The arrangement of the apparatue finall? used
ia shown in Figure 3 on Page 12. For the henefit of
the reader we ‘give in detail the wmanipulation of the
various switohes ﬁhén making a run. The course of the
currents can then be very readily followed, At the
start switch No. IV 18 thrown to therleft, the poten~
tiometer ;s‘adjusted to thevvoltage,cf_the standard

ocell, and then keys K and K' are 6lasad. The galvano~
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Figure 3. - Diagram of circuits employed. V, &
Fritz Eo%ler voltmeter; A, a Jewell Electrical Inssru-
ment Co. milliammater; G, a Leeds Northrup D'Arsonval:
alvanometer; R, a variable resistance; P, a Leeds
orthrup potentiometer; W, a resistance with sliding
contact; I to VI are double throw knife switches; a, b
and ¢ are leads to the cell Figure 3; S, a Weston Stan-

dard cell; K and K' are contact keys; and B and B' are
dry batteries.
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meter needle is displaced either tofthe-right c# to
the left. The .Vaiiaba,e- resistance R is then adjusted
untiljtﬁaré'isvnn‘thrcé in the gdlvanometer;'This makes
'thelpOtantiametez'aireot readingQ It will remain in ‘
perfact*adjuatment’fér huuré at a time, muehvlangar
than“ie required for a run.

'ﬂ&?ingfthefenlutiaﬁ in place,as desribed above,
we'ﬁaw'thraw‘swiﬁch Ho. 3 either to the right~6r,to,the
left, depending whet&et We‘tﬁe ane‘or the other‘bf the
eleétrades(to'be1the cathode. The slide X is placed
$0 the right and No. I and No. IT are thrown to the left.
The ammeter and the'vo@tme#er are now connected and the
cell isicn~aharge.’The‘potant1a1 applied is equai’tﬁ
the drop in potential between X and d. At the start
the amuster reads zero and as the voltage is increased,
by sliding X to the left, will riae.somewhae only to
fall to zero or nearly so again. The slide X is moved.
to the left until the desired voltage is obtained,
governed by the readings of the voitmetef and the am-
neter, Bihee as long as the dﬁrrentzfemains ZeT0 thére‘
would be no use in making any readinge. Switches No.

IV and No. VI are now thrown to the right and the keys
K and K' are olosed. The potentiometor is adjusted for
zero throw in the'galvanomaiég'which then reads the
potential applied to the two electrodes. Thid %recorded
as fhé,vgltage‘apylied.‘

The metal overvoltage is next determined. Switches
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No. I, No. II, Nos ITI and No. IV are left as before
wnd, if the pﬂﬁﬁnﬁidl of the reference: aleetrada 19
more negative than the cathode, ewitch No. VI is thrown
to the left; (is the reference electrode more posi~-
tive then switch No. VI is left open and Ho. V‘ia-thfown
to the left), keys K and K' are closed and the poten-
tiometer adjusted for zero throw on thevgélvanomete:.
This'patenﬁi&l‘is'then fseorded as the o&thcde10vervolv
tage.

‘To have a check on the readings, switch No. V
is throvn to the right, No. VI béing open, keya X and
K' are closed and the potentiometer is again adjustad.
This gives us the potential between the rsferenca
_electrode-and.ﬁheranode. These readings are not recor=-
ded in-the data since this anode-reference elemtxods
potenﬁial is squal to the differenae between the vol=
tage appiied and the cathode overvoltage.

The amneter is now read and its value recorded.

- The slide X is now moved farther to the left,
guided by the readings ofnthe voltmeter and the am-
metef, and a second series of readings made as above.
This}isrmcantinued until either cne'or‘the,ouher of
the instruments has reached ita 1imit or ths cuxrent
has beoome erratia for some rsason or other.v

At the end of a run switch Nol I is thrown to the
right and then switoh ﬂo.fII ;s opened.»The;voltmetar
now gives the'volkage'impiesséd by thé cell.. The
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potentiometer/is set to & value near 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 is quiockly cpeﬁed and lmmediately the keys K and Kt
are alosed. This throws the»galvanome§er needle either
to the left or to the right depending on the relative
voltages of the cell and ﬁha,potantiometerl'ﬁfﬁer'

a few trials a value on the potentiometer can be fbuﬁd
8o that the galvanometer needle will be thrown one way
for anjinstaht‘and ﬁheﬁ‘swing to the cther.aide. This
represents the maximum voltage that the cell is able
to impréég under the conditions. This we have called
the E. M. F. of the cell in the data.

When after a run the switches weie all opened
and ewitoh No. IV thrown to the left, the potentiometer
set to the standard oell and keys K and K' closed then
there was alw&yé‘perfect adjustment of the potentiome-

ter.

EXPERIMENTAL.

Puaa}dry liquid ammonia was obtained by condens=-
ing the vapors of ammonia drawn from a cylinder con-
taining metallic sodium. About fifty oubic centimeters
weré}oondgnse& at a time, this amount being sufficient
‘foy a run.

: The salts used were of the best c;p. salts ob-
tainable, They ere dried in a vaouum over phosphor-~

ous pentoxide. Copper nitrate could not be dried in
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this way. It was dissolved in 1iquid ammonia and then
by fractional orystalliaation copper nitrate with am-
monia of crystalliz&tion was cbtained. This was then,‘
fuxthe: dried a8 above and was completely dehydrated .
‘as shown by the ordinary tests. Ferric nitrate %as
not éomplaﬁeiy dehydraﬁéd.

| Enough salt, to make an appr&xim&tely N/10 so=
luticn ‘was weighed, put into the test tdbe g (Figure
2 page lQ)Lana @:3 the dry liquid ammonia was intro-
duced. It was éhén.placed intb!position, immersed in
1iquid spmonia contained im a Dewar flask, and a run
waafréady %o begin. The same prgcess was followed when
an investigation was to ve carried ocut in water, ex-
cept th&t the test tube g wae immersed in a beaker
ccmtaining ice and water.

 After a completa run the current was plotted
agaipaﬁ the voltage applied and also against the ca-
thode overvolsage. The upper straight'part was extra-
polated upon the 1line of zero ourrent The values ob=-
‘tained on the line of zero ourrent are taken as the
dynamic deeomposition voltage and the metal overvol-
tage reSpeotively.

! The electrodes were tre&ted with nitric acid af~
ter each run, Aiter rotating them for some time in
this acid they generally had the same potential as
ehown by the valtmetei‘ or the potentiometer conneot-

ing them. The electrodes wers thoroughly washed with
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distilled water after which thay wera ready for ano-
ther determinaticn in water but to be usad with 11-
quid ammonia they first thoroughly dried. After using
electrode a (Figure 2) as cathode for one of a pair
of runs, awitch No. 3 (Figure 3) was thrown ‘the cthér
'way to bring electrode b into place to ba used as cathode.
Any difference in‘the tw§ slectrodes was thus oompén~

satéd.

DATA.

The data is shown in the Tables I to XXXI. The
"volts applied” is the véltage between aiectrodea é
and b when the ourrent was flowing‘and was measured h
by the potentiometer., The "volts reference? is‘the
‘potanﬁial tﬁat existed hetween the reféreneé electrode
and the cathode,at the time when the corresponding
current was read, and wag also measured by the.poten~
tiometer. Whenever the reference electrodé’was negﬁn
tive with respect to the cathode there is a minus (~)
sign before the voltage. This has béen called an un~
dervoltage. whenaver the reference electrode waa‘ﬁhe
morse poaitive, and this was the more ganeral, then
there 1s either a plus sign or no aign bafore the vol~
‘tages. The “current“ is the reading shown by the milli-
ammeter during the above mentioned 1nterva1 The time
between sucoessive’readings was generally about one~

half mipute.
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Ths E.‘M..F.véf_the cell is the potential‘meao
sured by the pbteﬁtiametér in the way aesctibéd on
page 15. |

All the values in the Tables are plotted on the
?lates aoppoaite the pages where the Tables oacur.
‘The dﬂcompcaitian voltages are the values read off
the plots. The sams is true for the metal overvoltagea.
The average decampasition and the average cathode over-
voltages are obtained by averaging all the viues ob-
tained for that particular determination.

Table Number XXXIT Page‘75 is a summary of the

éverages from ﬁhe Tables I to XXXI.
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TABLE NUMBER I,



TABLE NUMBER 1I.
8ilver Nitrate in liquid Ammonia.

Cur~ Volts Volts ‘Cur« Volts Volis
ent. applied.referenge. ent. applied.reference.
First Trial. 8.856 1.388 0.478
. : 18.0 1.738  0.683
See Plate I (1). 31.0 2.108  0.928
0.10 0.713 0.152 Decomposition ‘
0.85 0.780 0.170 Voltage 1.11 volis.
1.0 0.870 0.350 Cathode Over<
3.44 1.078 0.333 ‘voltage 0.38 volta.
7.00 1.104 0.350 '
9.75 1,144 0.373 Third Trisl.
Decomposition 1
Voltage 1.045 volts. Bee Plate.I (3).
Cathode Over= 0.12 0.700 0.173
voltage 0.39 voltis. 0.28 0.798 0.333
: 0.90 0.994 0.380
Second Trial. 1.48 1.086 0.333
: ; 2.55 1.196 . 0.336
See Plate I (3). 9.20 1.433 0.468
B ‘ Dscomposition
0.15 0.779 0.338 Voltage 1.1l volts.
0.86 0.988 0.308

4.5 1.37¢ 0.408 Cathode Over-
‘ , voltage 0.30 volts.

Average Deoomposltion Vbltaga 1.08 volﬁs.
~ Average Cathode Overvoltage 0.289 volts.
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TABLE NUMBER II.



TABLE NUMBER II.
Silver Nitrate in Water.
Current. Volts Volts

Current. Volts Volts

‘ applied.reference. applied.reference.
First Trial, 11.0  1.508  0.340
B8ee Plate II (1). Decomposition

Voltage Q 85 volts.

Cathode Over-
voltage 0.04 volts.

E.M.,F. 0.80 volts.
Third Trial.
See Plate II (3).

0.07  0.703 0.0028
0.60 0.794 @ 0.013
5.30  0.838 0.038
Degomposition o
Voltage 0.82 volts.

cathcde Ovar-
voltage 0.0l volts.

E.M.F., 0.80 volts. 1.2 0.984 0.0860
o . 4.2 1.184 0.140
Seocond Trial. 7.4 1.85¢ 0.328
, A ~11.0 1.582 0.366
See Plate II (3). 15.0 1.800 0Q.488
: 19.5 1.994 0.583
0.7 0.880 0.060 Decomposgition

1.9 0.872 0#9@0
8.28 1 388 0. 346

(Pantinadd above)

Voltage 0.94 volts.

Cathode Over-
voltage O. .01 volts.

E.M, ¥, 0.83 volts.

Average Decomposition Voltage 0.87 volts.
Average Cathode Overvoltage 0.03 volts.
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TABLE NUMBERV III.



TABLE NUMBER III,

Silver Nitrite in Liquid Ammonia.

Current. Volts Volts
applied.reference.

Current. Volts Volts

applied.reference.

First Trial.
See‘Plaﬁe III (1).
0.10 0.808 = 0.170

0.3¢ 0.878 0.214

0.2 1.002 0.23886

3.20 1.082 0.298
3.70  1.184 0.364
5.30 1.333 0.388
7.00 1.298 = 0.434

8.70 1.388 0.4823

Degonmposition '
Voltage 0.97 volis.

Cathode Ovexr-
voltage 0.28 volis..

Second Trial.
See Plate III (3).

0.14 0.808  0.228

0.38 0.894 0.373
1.00 . 0.9768 0.308
3.17 - 1.088 0.844

3.66 '1.164 0,380

5.30 1.210 0.410
7.40 1.318 0.460

89.50 . 1.373 @ 0.484

Deoomoesit&on
'Voltage 1.00 volts,

Cathode Over- ,
VOltage 0.30 volts.

Ihird Triel.
Sée Plate III (3).

0.6 0.988 0.318
2.70 1.400 0.428
20.0 - 1.778 0.703
31.0 . 3.114  0.820.
43.0 3.494  1.120
Decomposition
Voltage 1.10 volts.

Cathode Over-
voltage 0.30.volts.

Fourth Trial.
See Plate III (4)

0.9 0.984¢ 0.338
4.10 1.200  0.333
8.80 1.393 0.430
13.56 . 1.684 0.8558
17.0 1.778  0.836
2l.0  1.980 0.753
35.0 2.168 0.850
30.0 2.358 0.930
35.0  3.830 1.000
3.0 . 3.714 1,108
44.0 - 3.824 1.190
48.0 &,118  1.393
Decompoeition
Yoltage 1.02 volts.

Cathode Over=
voltage 0.35 volts.

Average Decompoeition Voltage 1.03 volts.

Average Cathode Overvoltage 0.38 volts.
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TABLE NUMBER IV,



TABLE NUMBER IV,
| " Bilver Nitrite in Water.
Current. Volts Volts Current. Volte Volts

applied.reference applied.reference.
Firat Trial. 4,15 3.918 . .1.328
s N 5.00  3.426 @ 1. 588
8ee Plate IV (1). Decomposition =
’ , , Voltage 0. 30 Volts.
0.06 0.187 0.037
0.43 0.208 0.068 Cathode Over-
1.03  0.388 0.104 valtage 0.02 volts.
1.80 0.478 0.1486
"8.85 0.568 0.174 ‘Third Trial. .
3.88 0.850 0.214 SN
4.75 0.734  0.283 8ee Plate IV (3).
8.60 0.218 0.348
8.48 1.086 0.454 0.32 ©0.502 0.130
g.50 1.184 0.480 0.65 0.736 0.338
Decomposition 1.08 0.982 0.363
Voltage 0.30 volts. 1.41 1.330  0.474
i " , “ 2.33 1.714  0.710
Cathode Over- 2.62 1.9863 0.833
voltoge 0.10 volts. 3.03 2.316 0.950
‘Becond Trial.. 4.80 2.938 1.398
5.00 3.444 1.534
See Plate IV (3). 5.80 3.906 1.728
; 8.60 4.398 1.928
0.30 0.498 0.098 7.00 4.600 3.018
0.87 0.758 0.314 Decomposition
1.00 0.880 0.303 Voltage 0.350 voita.
1.72 1;476 0.508
2.80 1.964 0.964 Cathods Over- '
3.80 2 468 0.940 voltage 0.056 voits.

(Continued abova) E.M.F. 0,24 volts.

Average Decomposition Voltage 0.33 volts.
Average Cathode Overvoltage 0.06 volte.
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TABLE NUMBER V..



TABLE NUMBER V.
Silver Iodide in Liquid Amuonia.

Current . Volta Volis ,Current. Volts Volts
applied.reference. , : applied.reference.

First Trial. Second Trial..

Sae Plate v (1). See Plate V (3).
0.7 0. 914 0. 130 0.7 1.016 0.143
1.1 1.022 0.174 1.3 1.218 0.5342
3.0 1.213  0.248 2.3 1.436 0.334
4.3 1.810 0.430 4.1 1.818 0.532
5.3 1.816 0.526 4.8 3.018 0.812
6.8 2.008 0.633 5.9 2.810 0.708
7.3 2.308 . 0.738 8.1 3.408 0.802

8.5 2.414 0.844 Decomposition -
g.8 8.606 0.948 Voltage 0.84 volte.

12.0 2 990 1.148 Cathode Overe-

Decomposition voltage 0.05 volis.
Voltage 0 85 volts._ o S S
E.M.F. 0045 v°1t8c

Cathode Over~ :
voltage 0.05 voltis.

Average Decomposition Voltage 0.85 volts.
Average Cathode Overvoltage .05 voilts.
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TABLE NUMBER VI.



TABLE NUMBER VI.
Nickel Nitzate in Liquid Ammonia.

Current. Volts Volts

applied.reference.

Current. Volts Volts

applied.reference.

First Trisal.
- Bee Plate VI (1).

5 1.484 0.4086
.8 2.440 1.386
2 2.870 1.818
8 3.364  l.e9282
13.0 3.788 2,280
Decomposition ,
Voltage 2.175 volts.

Cathode Over-
voltage 1.30 volts.

Second Trial.
See Plate VI (2).

0.0 0.978 0.125
1.40 1.488 0.594
1.0 1.986 1.054
2.40 3.218 3.248
3.10 3.424 1.404
5.10 3.692 1.860
8.85 2.860 1.848

9.5 3.126 ° 1.778

18.0 3.264 1.898

25.0 4.8600 2.53%8
Decomposition
Voltage 2.20 volis.

Cathode Over- ,
voltage 1.30 volts.

Third Trial.
See Plate VI (3)

0.96 1.482 0.460
1.00 1.738 0.730
1.18 1.883 ©0.878
1.50 2.23%0 1.218
2.15 2.468 1.488
3.70 2.808 1.584
5.70 2.830 1.718
Q.45 3.384 1.980
12.0 3.822 2.864
Decomposition
Voltage 2.3C volts.

Cathode Overw
voltage 1.26 volts.

‘Average Decomposition Voltage 2.18 _volts.,
Average Cathode Overvoltage 1.25 volta.
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'TABLE NUMBER VII.



_TABLE NHMBERYVII.
Wiockel Nitrate in Wﬁtar,

“Current. Volts Volis Current. Volts Volts
applied.reforence., = applied.reference.
First Trial., Second Trial.,
See Plate VII (1). See Plate VII (3).
0.5 1.884 0.780 0.70 1.98A - B.750
1.8 2.476 0.890 3.1 2.484 0.970
2.85 3.704  1.000 3.6 3.714 1.1lia8
4.3 2.932 1.080 4.7 2.914 1.330
5.8 3.148 1.200 - B.4 3.14¢  1.320
7.5 3.378  1.380 8.1 3.376  1.420
9.2 3.594 1.380 9.9 3.593 1,510
132.5 4.036 1.590 14.0 4,044 1.896
15.0 4.332 1.710 18.0 4,280 1.790
Decamposition 18.5 4,800 1.940
Yoltage 2.40 volts. Decomposgition
- Voltage 2.33 volis.
Cathods Overe '
voltage 0.80 voits. Cathode Over~

#Qltage 0.98 volts.

Averaga Decomposition Voltage 2,56 volts.
Average Cathode Overvoltage Q.89 volts.
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" TABLE NUMBER VIITI.



TABLE NUMBER VIII.
Cadmium Nitrate in Liquid Ammonia.

Current. Volts Volts Current. Volts Volts

applied.reference. applied.reference.
First Trial. Second Trial.

See Plate VIII (1). See Plate VIII (3)
0.11 0.793 =-0.853 0.24 1.486 =0.200
6.21 0.998 0.4%80 1.13 1.972 +0.200
0.31 1.500 0.036 2.8 2.170 0.310
1.30 1.983 +0.322 5280 3.396 0.434
5.50 2.424 0.494 7.50 2.634 0.554
10.0  3.846 0.898 2.85 2.848 0.666
15.0 3.268 0.2908 14.0 3.380 0.874
20.1 3.608 1.108 18.0 3.712 1.084
Decompesition 23.5 4,174 1.318

voltage 1.80 volts. Decomposition

voltage 1.85 volts..
Cathode over- ,
voltage 0.28 volts. - Cathode over- -
‘ voltage 0.18 volts.

Average Dedcmposiﬁion Voltage 1.87 volts.

Average Cathode Overvoltage 0.23 volts.
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TABLE NUMBER IX,



TABLE NUMBER 1X.
Cadmium Nitrate in Water.

Current. Volts Volts Current. Volts Volts
applied.reference. applied.reference.
First Trial. : Second Trial. .
See Plate IX (1). See Plate IX (2).
0.10 1.332 -~0.552 0.20 1.9886 0.076
0.33 1.488 0.382 1.10 2.470 0.202
1.50 1.862 0.100 2.95 3.718 (0.264
3.50 2.124 +0.078 4,70 23.910
4.80 2.426 0.240 6.50 3.1238 0.454
13.0 2.794 0.396 8.15 3.354 0.570
23.0 3.180 0.568 0.0  3.85968 0.680
33%.0 3.508 0.738 12.0 3.884 0.792
45.0 3.860 0.912 Decomposition ‘
- 56.0 4.194 1.078 voltage 3.33 volts.
Decomposition ‘ - , ‘
voltage 2.40 volts. Cathode over-

s voltage 0.13 volts,
Cathode over-
voltage 0.20 volts E.M.F. 2.16 volts.

E.M.F. 2.20 volts.

Average Dscomposition Voltage 2.36 volts.
Average Cathode Overvoltage 0.16 volts.
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TABLES NUMBER X and XI,



TABLE NUMBER X.

Cadmium Iodide in Ligquid Ammonia.

Current. Voltzs Volts

applied.reference.

Cu

rrent. Voltes Volts

applied.reference.

First Trial.

See Plate X (1).
0.10 1.000
0.20 1.503
1.07 1.686° 0.186
- 2.40 2.460 0.384
3.85 2.944 0.810
5.30 3.424 0.834
Decomposition
voltags 1.66 volts,

Cathode over=-
voltage 0.04 volts,

OO

Second Trial.

Ses Plate X (z)

0.235 1.510

3.80 1.738 0.042
9080 10854":- 00090 .
2.150 0.2328
2.430 0.358
3.688 0.473
3.940 0.600

L

7
5
1.
0

L]

SCco00

100.0 3,218 0.728

Decopposition
voltage 1.68 volts.

Cathode over-
voltage 0.03 volts.

Aferage Decomposition Voltage 1.687 volts.

VAveragé‘cathodg Overvoltage 0.02 volts.

PLATE NUMBER XI.

First Tri&l.

See Plate X (3).
0.25 1.000
1.20 1.244 0.116
2.95 1.460 0.190
4.80 1.682 0.282
6.35 1.806 0.332
'7.85 2.130 0.342
Decomposition '
voltage 0.10 volts.

Cathode over-
voltage 0.05 volts.

Cadmium Iodide in Water.

Seoénd Trial.

See Plate X (4).
0.05 0.998
0.90 1.240 0.110
2.156 1.472 0.228
3.40 1.708 0.344
4.60 1.933 0.456
5.80 2.180 0.578
7.10 3.400 0.684
8.50 2.883 0.806
2.50 2.858 0.894
Decomposition
voltage D.L1O volts.

Cathode over-
voltage 0.02 volts.

Average Decompesition Voltage 1.10 volts.

Average Cathode Overvoltage 0.025 volts.
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TABLE NUMBER XII.



TABLE NUMBER XII.
Mercuric Nitrate in Liquid Ammonia.

Current. Vbltsv Volts

_applied.referencs.

Current. Volts Volts
applied.reference.

. First Trial.
See Plate XI (1),

1.8 1.073 - 0.154

25.0  3.890 1.450

Decomposition
voltage 0.88 volts.

Cathode over-
voltage 0.08 volts.

Second Trial.

See Plate XI (23).
0.17 0.738 0.083
1.10 0.984 0.1863
2.50 1.234 0.374
5.40 1.690 0.304
6.90 1,812 0.816
8.40 32.140 0.7386
g.20 2.360 0.844
11,8 2.800 0.964

13.0 3,854 1.074

15.5 3.274 1.300

20.0 3.738 1.518
22.0 4,194 1.740
25.0 4.800 1.938
Deccmposition
voltage 0.83 volts.

Cathode over-
voltage 0.07 volts.

5.9 -1.800 0.388
10.1 - 2.084  0.608
13.5 2.5564 0,833
18.0 3;0%6 1.048

‘Third Trial.

See Plate XI (3).
2.0 0.976 0.172
5.0 1.442 0.398
6.6 1.686 ~ 0.5230
8.15 1.812 0.8%6
8.8 2.130  0.748

14.0 2.816 1.100
17.0 3,873 1.338
20,0  3.730 1.576
23.0 4,180 1.8123

26.0 4.600 2.028
Decompesition :
voltage 0.70 volts.

Cathode over=~ ’
voltage 0.00 volts.

Fourth Trial.
See'Plate'XI‘(é).

1.75 0.984 0.170
3.3  1.214 0.372
4.8 1.480 0.384
6.4 1.683 0.490
8.0 1.888 0.503
9.7  2.132  0.700
11.0 2.353 0.808
15.0  3.800 *
18.0  3.266 1.338

21.0 3.718 1.454
Decomposition
voltage 0.75 volts.

Cathode over~
voltage 0.07 volts.

Average Decomposition Vqltage 0.79 volta;

Average €Gathode Overvoltage Q.07 volts.
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_TABLE NUMBER XIII.



TABLE NUMBER XIII.

‘Merouric Iodide in Liquid Ammonia.

Current. Volts Volts Current. Volte Volts
" applied.reference. applied.referencs.
Firgt Trial. 8.2 1.712 0.383

10.0 1.878° 0.470
See Plate XII (1). 15.5 2.588 0.714
0.07 0.882 0.032 20.0 2;804 0.912
0.24 0.788 0.044 30.0 3.696 1.336
0.56 0.800 0.078 Decomposition L
1.04 0.972  0.094 voltage 0.89 volts.
1.80 1.078 0.143
4.00 1,340 0.376
4.80 1.438 0.338 Third Trial.
6.60 1.506 0.402
9.10 1.868 0.560 See Plate XII (3).
- Decomposition 0.13 0.600 0.030
voltage 0.8B3 volts. 2.40 0.876 0.180
| 4.40 1.208 0.2332
Cathode over- 6.50 1l.444 0.360
' ¢ .20 1.816 0.534
Second Triacl. | 12.5 2.116 0.872
. ‘ N 14.5 2.328 0.773
See Plate XII (3). 18.0 2.794  0.992
0.08 0.530 0.014 23.0 3.334 1.300
0.8 0.766 0.044 7.0 3.874 1.413
1.9 1.010 0.114 Decomposition
5.8 1.858 0.183 voltage 0.76 volts.
5.9 1.484 0.286

'Cathode Over- :
voltage 0.02 volts.

Average Decomposition Voltage 0.82 volts.

Average Cathode Overvoltage 0.02 volts.
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TABLE NUMBER XIV,

g



TABLE NUMBER XIV.

' Other Merouric Salts in Liquid Ammonia.

Current. Volts Volts Current. Volts A Volts
applied. raferanee.‘ applied.reference.
Merouria Acetate. Mercuric Chloride. .
See Plate XIII (1). Sse Plate XIII (2).
.08 . 1.000 0.096 0.29 0.972 0.106
0.33 1.808 0.333 0.48 1.082 0.162
0.59 * 1.396 0.368 0.80 1.274 0.370
0.72 1.4968 0.438 0.98 1.372 0.334
1.30 1.888 0.750 2.08 1.858 0.648
1.68 23.380 (.918 2.75  2.338  0.880
2.01 2.800 1.130 3.47 3.7%2 1.073
3.80 3.980 1.9606: B.60 3.8668 1.704
4,80 @ 4.980 3.600 6.50 4,332 1.970
Decbmposxtion Dacomposition . =
voltage 0.83 volis. voltags Q.85 volts.

Cathode over=- Cathode over=-

voltage 0.04 volts. voltage 0.04 volta.

Average Decomposition Voltage Q.BS volts.
Average Cathode Overvoltage 0. 04 volts.
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TABLR NUMBER XV,



TABLE NUMBER XV.

Merouric Salts in Water.

Current. Volts Volte
applied.reference.

Current. Volts Volte
applied;reference.

Mercurio Nitrate.
Firet Trial.
See Plate XIV (1).

0.5 1.350 0.040
8.37 1.718 0.304
7.0 2.240 0.432
6.0 3.716 0.860
28.0 3.850 0.714
37.0 2.350 0.914
48.0 3.693 1.124
Decomposition

voltage 1.35 volts.

Cathode over=
voltage 0.02 volts,

Seoond Trial.
See Plate XIv (3).

0.70 1.486 0.074
1.75 1.7328 0.156
2.0 1.958 0.880
4.15 2.186 0.338
5.45 2.414 0.438
8.20 3.876 0.650
11.0 3.310 0.864
Decomposition
voltage 1.40 volts.

Cathode over-
voltage 0.01 volts.

Third Trial.
See Plate XIV (3).

0.70 1.480 0.083
1.7 1.720 0.173
2.80 1.056 0.268
4.20 3.198 0.370
5,40 3.430 0.472
6.70 2.648 0.578
7.0 2.864 0.686
2.20 3.106 0.814
11.0 3.332 0.854
Decomposition

voltage 1.40 volts.

Cathode over=-
voltage 0.01 volis.

Merourio Aoetate;_
See Plate XIV (4).

0.03 1.086 0.860

0.20 1.418 0.214

0.40 1.686 0.336
0.85 3.002 0.488

1.00 2.324 0.708

1.7 23.980 1.030

3.50 %.964 1.604

3.50 5.000 3.200

Decomposition

voltage 1.33 volts.

Cathode over~
voltage 0.10 volts.

Average Decomposition Voltage 1.37 volts.

Average Cathods Overvoltage 0.03 volts.
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TABLE NUMBER XVI.
Lead Nitrate in Liguid Ammonia.

Current Volts  Volts Current. Volts Volts
applied.reference.’ applied.reference.
Ftrst‘Trial; Second Trial.
See Pla%e xv (1), - 8ee Plate XV (3).

0.10 1.410 © 0.088 0.73 1.478 0©.310
0.37 1. 494M 0.094 5.40 1.932 0.408
1.30  1.520 ©G.112 10.0 2,346 0.608
3.60 1l.6623 = 0.138 18.0  3.744 0.792
8.50 1.800 0.1l80 28.0 - 3.860 1.090
10.2 1.842 0.170 “Decomposition
Degompogition - voltage 1.64 volts.

voltage 1.58 volts.

Cathode over-
Cathode over- voltage 0.18 volts.
voltage 0. 13 volts,

Average Degomposition Eoltage 1.81 volta.
Average.cathode Overvoltage 0.15 volts.

~ TABLE NUMBER XVII.
Lead Nitrate in Water.

First Trial. Second Trial.
‘See Plate XV (#). Bes Plate xv (&),
0.10 . 1.514 1.0 1.8234 0.073
0.20 1.B97 3.50 23.013 0.138
0.40 1.806 0.000 4.8 3.216 0.218
0.83 1.798  0.006 6.7 2.416 0.208
3.78 1.876 0.020 2.0 2.806 0.320
7.40 3.218 0.043 11.3 2.766 0.480
g.80 2.3068 0.0850 14.0 2.986 0.862
Decomposition 16.3 3.182 0.633
voltage 1.82 volts. 1.2 3.380 0.723
I Decomposition
Cathode over- voltage 1.83 volts.

yoltage 0.01 volts.
, Cathode over-
E.M.F. 1.83 volts. voltage 0.08 volts.

Average Decomposition Voltage 1.84 volts..

Average Cathode Overvolsage 0.03 volts.
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TABLE NUMBER XVIII.
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TABLE NUMBER XVIII.
Zino Nitrate in Liquid Ammonia.

Current. Volts Volts Current. Volts Volts
_applied.referonce. = . applied.reference.

Firet Trial, 13.0  3.310 0.880

S - 15.0  3.476 0.732

See Plate XVI (1). 17.0 - 3.728 0.880

33.0 4.188 1.104

0.40  3.012 ‘ 6.0 = 4.600 1.330
0.78 2.108  0.046 Decomposition
1.10 2.133 0.088 voltage 3.05 volts.
1.80 2.176 . 0.074 ' : : :
2.80 3.184 0.072 Cathode over-
3.80 3.188 0.086 voltage 0.028 volts.
6.15 2.836 0.108 .
9.60 23.313 0.132 Third Trial.
Decomposition ' A
voltage 2.15 volts. See Plate XVI (3).
Cathode over- 0.2 3.006 .
voltage 0.05 volts. 1.8 2.210 0.008
( ‘ 4.0 | 2.438 0.208
Second Trial. 6.5 2.6686 1.316
‘ . ‘ 8.7 3.850 0.408
Ses Plate XVI (2). 11.0 3.088 0.534
, 14.0 3.508 0.850
1.00 2.004 0.080 16.0 3.512 0.758
2.40 2.230 0.158 Decomposition NERN
4.24 2.436 0.254 ‘voltage 8.08 volts.
6.25 2.658 0.360 : :
8.30 8.880 0.4723 Cathode over- =~
9.80 3.040 0.540 voltage 0.03 volts.

Average Deaomposition Voltage 2.09 volts.

Average Cathode Overvoltage 0.03 volts.

oy
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TABLE NUMBER XIX.



TABLE NUMBER XIX.
Zine Nitrate in Watar;

Gurrent. Volts Volts Current. Volts Volts
‘ applied.reference. - applied.reference.
‘Firet Trial., 18,0 3.728 0.808
: , Co Decomposition
See Plate XVII (1). ‘voltage 2.88 volts.
0.10 2.023 0.180 Cathode overul ,
0.83 3.682 0.400 voltage 0.44 volts.
0.50 . 2.756 . 0.470 ~ ‘ ,
1.26 2.810 . 0.%876 E.M.F. 3.60 volts.
3.50 52,896 . 0.518 '
.40 3 044 - 0.574 ,
Decomposition . See Plate YVII(&)
voltage 3.77 volts.. ‘
. O 25 - 2.344
Cathode over- 0.40 3.484 0.114
voltage 0.51 valts. 0.50 23.728 . 0.350
1.80  2.970 0.48&8
E.M.F, 2.58 volts. 4.80 '5.172 0.564
' 8.15 3.383 0.636
Becond Trial. 12.0 3.860 0.710
See Plate XVII (3). 35.0 4.128 0.906
: , Decomposition
6.16 3.482 0. 166 voltage 2.90 voltis.
O-BO 20?38 0--.:90 )
1.66 23.248 473 Cathode overe
5.10 3.180 ~0.550 voltage 0.47 volts.
8.5 3.348 0.838 '
13.0 3.860 0.740 E.M.F., 2.60 volts.

Avef&ga'nacompasition Voltage 2.86 volts.

Average Cathods Overvoltage 0.48 volts.
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TABLE NUMBER XX.



TABLE NUMBER XX.
Zinc lodide in Liquid Ammonia.

Current. Volte Volts Qurront. Volts Volte
applied.refarence. appliad.reference.

First Trial.
See Plate XVIII [1).

0.10 1,570
0.22 1.8917 0.173
0.43 1.998 0.196
0.78  2.130 (0.233
2.08 2.284 0.284
3.00 3.402 0.328
4.00 2.480  0.38B0
8.00 2.686 0.468
8.20 3.858 0.870
.86 2.864 - 0.620
Deeomposition
voltage 3.13 vol%a.

Cabhhode over=-
voltage 0.20 volis.

Becond Trial.
See Plate XVIII (3).

0.15 2.033 0.033
0.25 23.098 0.030
0.50 2.208 0.053
0.98 2,203 0.074
1.70 3.442 C.154

8,20 3.016 0.384
Decouposition
voltage 2.30 volis.

Cathode overw
Veltageyefos volis,

Third Triel.
See Plate XVIIT (3).

0.00 1.888 0. 013
0.30° 23.108 0.038
0.70 2.188 ©.580
1.26 2.284 0.6883
2.15 3.418 0Q.l114
3.0 2.4%98 0.156
' B.43 2.6560 0.333
2.7 23.818 ©0.376
Deconmposition
voltage 2.28 volts.

Cathode over-
voltage 0.04 volis.

Fourth Trisl.
See Plate XVIII (4).

@.28 1.894 0.034 .
1.5 2.210 0.080
0 2.424 0.130
.% 2.670 0.210
7

2.850 0.268
3,068 0.370
12.0 d.273 0.464
14.0 3.470 0.564
17.0 5.684888 0.868
Becompeaition
voltage 2.21 volis.

Cathode over-
voltage 0.03 volis.

Average Decomposition Voltage 2.23 volts.

Averaga Cat hode Overveltage Q. 08 volts.
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TABLE NUMBER XXI..



Cdrreﬁt;;Valﬁs

‘TABLE NUMBER XXI.

7476 FI6dide "IH, Water.

Volts
napplied.raferaaae.

Current, Volts  Volts
' "applied.referenea.

Firet Trial.

See Plate XIX (1)

0.10 1. 048
0.25 1.372
2.40 1.456
5.48 1.518
8.20 1.583
10.20 1.820
Decempoaitioa

- voltage 1. &8 vblta.

C athode over-

0.0?0

.0.1086
0.136

0.173
0.200

voltage 0.0Q7 volts.
E.M.F. 1.30 volts.

~ Second Trial.

. See Plate XIX (3).

| ol :
e 8 & 8 »

0.9902
1.476
1.884

- 1l.893
- 3.380

2.720

0.074
0.180
0.293

0.490
0.6823

(Continued above).

28.0 - 3.108  0.853

Dencmposition
vedtage 1.38 volts.'

Gathede over«
voltage 0.04 volts.

'E.M.F. 1.30 volts.
Third Trial.
See Plaﬁe XIX (3).

0.3 50 800

0.5 0.986

1.7 l.462  0.070
4.9  1.683 0.2086
7.7  1.896 0.316
11.0 2.104  0.440
13.5 3.28¢  0.534

30.0 3.702  0.7850
3%.0 32.820 0.883
26.¢0 3. 118 0.952
2.0 5.3 1.046
Deoempoaition '
voltage 1.35 volts.

G@thode over- ;
voltdge 0.04 volés.

| Average Decomposition Vcltage';;zﬁ volts.

'ﬁverage Cathode Overvoltage 9.04 vo1ts.
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TABLE NUMBER XXYI.



'TABLE NUMBER XXIT.

Copper Nitrate in Liquid Ammonia.

Current. Volts Volts Current. Volts = Volts
appliad reference, ‘ applied.referenae.
| First Trial. Gu(ﬂOs)g.xNHa. 3.0 1.108  0.082
) 4.1 1.208 0.134
See Plata XX (1) 5.0 1.308 0,123
0.9 0.288 0. 649 7.0 1.508 0.308
2.5 1.22¢  0.153 2.0 1.700 0.4236
4.3 1.454 0.2384 13.2 2.000 0.802
©.55 2.144 0.5¢3 12,2 © 3.872 0.808
11.0  3.3688 0.700 23.0 2.862 1.004
i5.0 2.810 0.918 24.8 3,862 1,130
ig.0  3.2358 1,138 26.2 3.134  1.323
22.0 3,736  1.37Q 28.8 3.348 - 1.33%6
25.0  4.170 = 1.580 32.0 2.536 - 1.443
Decompoaition Deconposgition ‘
voltage 0.84 volts. voltage 0.83 & 1.03 volta.
Cathods over- Cathods over=-

- . voltage 0.02 volis. voltage ~0.10 & 0.08 volisg.
Second Triameu(Ncgig-x H3 . Fourth Trial.Cu(NO3)s:xHo0,
Ses Plate XX (3). See Plate XX (4).

1.1 0.894 Q. 063 0.7 0.893 (
8.9 1.330  0.163 3.8 - 1.800 0.098
5.1 1.454 0.264 6.7 1.4C8 Q.208
8.7 1.903 0.488 g.0  1.834 0.%16
14.5 2.358 0.8694 1%.0 1.82¢ 0.416
22.0 3.856° 1.338 156.5 2.026 0.530
34.0 4,110 1.588 12.0 3.8%4¢ 0.822
Decomposition o 33.0  2.430 0.724
~ voltage 0.24 volts. 85.0 2.636 0.828

28.0 3.B48 0.9%6
Cathode over~ 332.0 3.044 1.038
voltage 0.03 volts. Decomposition '
, , voltage 0.94 & 1.05 volts.
Third Tr;al.ﬂu(ﬂO&)g.. 20.

NN , Cathode over- ~
‘See Plate XX (3). voltage »o 04 & 0 05 volta.
2.0 1.004 0.033 .

vAvarage Dacomposition v°1tage (l) (2)‘ 0.94 volts.
Average Decomposition Voltage (3) &(4) 0.88 & 1.04 volts.

Average Cathode Overvoltage (1) & (3) 0.02 volte.
Average Cathode Overvoltage (3) & (4) -0. .04 & 0.05 volts.
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TABLE NUMBER XXIII.



' TABLE NUMBER XXIII.
Copper Nitrate in Water.

Curdent. Volts  Volts Current. Volts - Volis -
— apnlied referanas. ' ‘ applisd rexerenea.
'First Tri Y Th&rd Trial Ammoni& Added,
. Gee Plate XXI (1) See Plate XXI (3).

0.2  0.968 0.020
0.9 1.476 0.08C
3.1 1.708 0.158

3.5  1.430 0.100
8.0 1.848 0.200
8.7 1.888 0.304
1.0 3.080 0.390
4.0 -
8.5
2.5

4.5 1.218 0.2330 . ;

7.8 2.133  0.280 14, 2.284 0.500
11.0 2.308 0.376 - 18. 2.804 0.808
14.0 3.514 0.474 22. 2.808 0.802
18.0 32.712 0.588 25.0 3.104  0.800
21.0 2.900 0.856 31.0 3.526 1.110
26.0 3.008  0.758 Decomposition
32.0  3.474 0.938 voltage 1. 13 & 1 15 VOlts.
39.0 3.864 . 1.138 s

Deoompasiticn o Cathode over=

voltage 1.80 volis. voltage ~0.02 volts.

Cathode over- “ Fourth Trial. Ammonis_Added.
voltage 0.08 volts. ,
. L ‘Bee Plate XXI (4)

~ Second Trial. 1.3 1.206
' 5.2 1.418 0.076

fiee Plate XXI (2). 5.0 1.808 0.190
3.1 1.636 0.813 B.4 1.808 0.314
5.8 2.143 0.208 8.002 3.008 0.444
8.2 2.348 0.304 9.9 3.180 0.B50
11.0 2.560 0,494 13.0 3.298 0.666
13.0  2.760 0.808 14.1 3.600 0.768
8.0  3.002 0.728 16.0 3.7732 0.864
32.0 3.588 0.813 20.0 3.182 1.074
25.0 3.6896 1.008 34.3 3.5680  1.390
Decomposition Dacomposition

voltage 1. 81 vnlts. voltage 1.05 & 1.24 volts.
‘Cathode avsr- AT Cathods ovsr= o

vcltage 0.10 volts. , voltage 0.05 volts.,

. Avarage Deaompoaitian VQltage (1) &(2) ;aﬁgﬁzg;_a.,
Averag& Deccmpositian Veltage (3) & (4) 1. 08 & 1.25 volts.

Average Cathode Overvoltage (1) & (8) 0.09 volta._
Averaga Cat hode Overvoltage (3) & (4) 0. 01 volts.
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TABLE NUMBER XXIV..



Current. Volts ,
applied.reference.

TABLE NUMBER XXIV.

~ Copper Sulphate in VWatex.
Velte

Gurrent Volts  Volts
applied. reference.

Firet Trial.

See Plate XXII (1).

e . ° ® L

0.
1
3
3
4
5
6
7
8

»

L] L
CﬂQ(QMQJm(ﬁWbJW

L ]

10.
D

1.638
1.836
2.028

8.223

2.438

3.610
8.806
3.000
3.410

3.588

soompoeition

0.144

0.22C
0.286
- 0.%68

0.458
0.540
0.626
0.714

0.904
0.986

voltage 1.62 volts.

‘Gaxhode over-
voltage 0.123 valts.‘

1.48 volts..
- Second Triel.
See Plate XXII (2).

E.M.F.

0.8 1.700
3.2 1 2.000
5.0 2,300
6.9 2.400
- 8.7 2.800
10.2 2.800
13.4 3,000
14.4 3.300
i8.2 3.400
18,2 3.800 -
Decomposition

0.113
0.2%34
0.334

’ 0'423
0.528
0.638
0.746
0850
'0.980

1.062

voltage .83 voits.

Cathode averu A
- voltage 0.08 volus,.

E, M.F 1 50 volts.

: Third Trial. Ammnnia kdded.

See Plate XXII (3)

1.0 1.232

3.1 1-4&8" 0. 080
3.5  1.633 , 0.184
5.7 3.0l6 0.384
8.0 2.416  0.8C0
9.3 2.618 . 0.714
1101 -995‘ 0(930
i3.5 &.412 1.188

Deecmpcaition ,
valtage 1.05 volte,

Cathods over= :
yoltage ~0.15 volts.

B. M.F. 0 90 vclﬁa.
Pourth Trial. Ammonia Added.

See Plate XXII (4)
1.200

1.400 0.939
1.800 . 0.140
1.800 . 0.280
2.000 . 0.3886

¢ o o

U>#&DCJGH$d>6Hﬂ
C}mCﬂmtnUH$C7w

10. 3.300 . 0.474
13. 2.400 0.598
14, 3.600 0.718
18. 2.8Q0V  00836
18.0 3.000 - 0,958

19.9 3.200 ' 1.084

21.7 3.400 ' 1.314
- Decomposition =
voltage 1. o8 volte.

Oa@hode overmh’ ‘
' yoltage “0 1?7 volta.

E M.F. 0.90 volﬁs.

Avarage Dacomnositicn.Vo;tage l 64 volts.‘
Average Deoomposition Vol%age with Ammonia 1 08 volts.

Average Ga&hode Overvaltagawo.oe vclta.A
Average Cathode Overvoltage with Ammonia =0.16 volts.
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TABLE NUMBER XXV.
Ferric Nitratetin Liquid Ammonia.

Current. Volts  Volts Current. Volts  Volite
_applied.reference. _applied.reference.
First Trial. 10.0  2.408 1.360
RS ‘ ‘ S 13.0 2.566 1.466
: e 21.0 2.948  1.680
0.25 1.243 . 0.200 25.0 3.138 1.752
0.30 1.486 0.550 30.0 3.332 1.820
0.30 1.738 0.834 35.0 3.680 1.9223
0.62 1.980 1.052 43,0 3,210 2.1123
1.5 2.210  1.330 Dﬁaﬁmnaaininn
3.1  3.444 1.380 voltagdtl .04 & 1.96 volts.
5.0 2.688 1.540 " o ‘
7.0 2.880 1.840 # Cathode over=
£.0 3.102 1l.738 voltage Q.11 & 1.35 volts.
11.0 3.324 1.858 , S
'13.5 3.484 1.944 Third Trial.
18.5 4,184 3.370 See Plate XXIII (3).
22.5 4,600 2.486 co
Decomposition’ 1.0 0.980 0.258
voltage 2 09 vclte., B3 1.804 0.432
5.9 1.408 0.614
Cathode over=- 6.3 l.668 0.880
voltage 1.37 volts 8.4 1.886  1.200
- SR B 7.3 2.130 1.373
SecondTriE&;- 13 05 20398 10500
2 , 20.0  3.444 1.588
See Plate XXIII (23). 27.0 3.600 1.672
‘ - 35.0 2.730 1.728
0.7 0.983 0.170 - 43.0 3.870 1.800
3.7 1.222 0.340 Decomposition
- B3 1.412 0.440 voltage 1.00 & 3.03 volts,
9.1 1.638 0.8230
11.0 1.860 0.800 Cathnde ovVer~
13.0

. 3.080 0.980 voltage 0.30 & 1 40 volts.

Average Deéomﬁosiﬁion Voltags 1.03‘& 2.03 volts.

Average Cathode Overvoltage 0.15 & 1.33 volis.
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TABLE NUMBER' XXVT
Ferria Kitratet in water.

Current vclﬁs . Volts current Vblte - Volts
4 applied raferenee. D , applied referenae.
First Trial , Second Trial.
See Plate XXIV (1) See Plate XXIV (8)
0.3 ,0.990 ~O 32 1.13  © 9?8 *O 600
1.3 1.234  .0.838 1.36  1.2568 '0.530
5.9 1.668 ,0.61Q 4,85 1.688 0.340
14.0 3.322 0.334 8.80 2.392 40.192
15.5 23.638 0.020 13.0 3.86¢4 0.540
.17.0 2.768 $0.084 16.0°  3.208° 0.880
©18.0 .2.886 .0.378 31.0 3.750  1.170
30.0 . 3.228 . 0.460 25.0  4.136 ' 1.500
25.0 3.630.. .0.740 28.0  4.600 1.736
30.0 4.000 0.954 Decompogition =
38.0 - 4.502 1.336 valtage 13 & 1. 80 volts.
Dacomposition RN
voltage 1.22 & 1.78 vclte. Cathode Qver-

volﬁags -0.7 & -0.2 volts.
Cathode over-  , e LT i
voltage =0.9 & ~0.3 volts.

Averags Deeompositian Vblt&ga 1. 19 & 1 78 vclts.
Avaraga Cathode Overvcltage *O 8 & ~0 2 volts.
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TABLE NUMBER XXVII.



TABLE NUMBER XXVII.
Ammonium Nitrate in Liquid Ammenia.

Gurrent. Volts , eurrent. Volts Current. Volts
- applied. = ~ applied,. ‘ applied.
‘First Trial. 13.3 2.300 2.8 - 1.880
, ' 1557 2.400 5.5 3.050
Bee Plate XXV (1). 21.8 2.800" 6.3 2.100
28.0 3.800 7.0 2.1850
0.9 1.850 Decompodgition 2.1 2.350
1.3 1.700 'voltaggs 1.587, 10.0 2.300
3.9 1.800 18.7 3.600
3.8 1.850 Seaoud Trial.‘; 35.3 2. 800~
5.3 1.950 Bee Plate XXV (8) Deoompaaitionp‘
8.3 2.000 . yvoltages 1.49,
8.6 3 100 - 0.8 ¢ 1l.650 2.01 volts.
10.5 2.800 1. 5 1.750
11.9 X 2.250 : :;3.1 1.800

Average Decompaaition Vcltagea 1.83, 1.85, 1.88 and
3.01 volts.
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TABLE NUMBER XXVIII.



TABLE NUMBER XXVIII.

Ammonium Ohloride in Liquid Ammonia.

-Current. Volts Current. Volts  Current. Volts
applied. ~applied. applied.
Firat Trial., 31.0 3,430 Foizth Trial.
S 356.7 5.576 ,
See Plate XXVI (1) 40.0  3.720 ‘Sae Plate XXVI {4).
S , 42 .3 . 3.818
0.3 1.520 44,5 d.820 0.5 1.7586
1.2  1.780 47.3 3.990 1.6  1.992
3.4 .2.010 50.0 4.074 5.3 2.348
12.0 2.386 Daeomposition 15.0 2.714
17.0 2.558 voltage 3.18 volts. 20.1 8.933
23.0 2.733 N
36.0  3.060. Thi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>