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1* In troduction

The published work concerning the e le c tro 

motive fo rce of n ick e l shows a m u ltip lic ity  of vary

ing va lues, rangeing from -0*90 v o lts  to  -0*466 v o l ts ,  

compared w ith the normal calomel e lec trode as zero*

Most of th is  work has been c a rr ie d  out in  concentrated 

so lu tio n s , w ith l i t t l e  concern towards accuracy. The 

values recorded are the observed values, w ithout any 

co rrec tio n s; in  only one case has any attem pt been made 

to  ca lcu la te  a value fo r  the normal e lec trode  p o te n tia l 

from the measured value*

Some recen t work a t  the Bureau of Standards 

(1 ) seems to  in d ica te  th a t  the tru e  p o te n tia l  of n ick e l 

l i e s  somewhat higher than the present accepted value of 

-0*4800 v o l ts ,  re fe rre d  to  the normal calomel e lec trode  

as zero* Furthermore Oerke (2) in  h is  "Summary of E lectrode 

P o te n tia ls"  does not accept the  presen t value fo r n ick e l 

as re l ia b le  in  th a t he does not include i t  in  h is  ta b le  

of standard  reference electrodes*

Since n ick e l i s  such an im portant m etal, 

esp ec ia lly  in  the p la tin g  in d u s tr ie s , an accurate  and
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ca re fu l r ©#&©term ination of the tru e  equilibrium  

value was deemed highly advisable*

2* Review of L ite ra tu re

leumann (3 ), using n ick e l amalgam f o r  h is  

e lec tro d e , rep o rts  the follow ing values fo r th ree  

d if fe re n t so lu tio n s :

lorma1 n icke l g u lfa t e *♦*#«*-O *538 voIt s *

Bormal n ic k e l c h lo r id e .•*•*-0*540 v o lts  

lorxaal n ick e l n i t r a te * . . .  * .-0*500 v o lts  

He prepared h is  e lec trode by p la tin g  n ick e l from a 

n ick e l ch lo rid e-b o ric  ac id  so lu tio n , then rubbing i t  

w ith  mercury and again p la tin g  from a boric  ac id - 

ammonium su lfa te -n ic k e l m ulfate so lu tio n  u n t i l  a 

th ick  amalgam was obtained*

Kuster (4 ), in  h is  work on the e le c tro ly t ic  

separa tion  of iron  and n icke l from so lu tions of th e ir  

s u lfa te s ,  found n ick e l to be deposited  from n e u tra l 

normal n ick e l s u lfa te  so lu tio n  a t -0*80 v o l ts .  He 

believed  th ere fo re  th a t th is  was the tru e  value fo r  the 

p o te n tia l  of nickel#

* These va lu es , as well as those which w i l l  follow  In 
the review, are  re fe rre d  to the normal calomel electrode* 
The convention which w il l  be used throughout w ith regards 
to s ig n  w il l  be th a t  adopted by the American B leo tro- 
ehemieal Society# That i s ,  the sign  of the  charge on 
the maiml w il l  be placed before th e  value fo r  the 
e lec trode  p o te n tia l (28)#
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Siemens (5) used n icke l which was po larized  

a l te rn a te ly  anodioally  and c a th o lic  a l ly ,  and found 

the value of -0*504 to Its*

Euler (6 ) suggests th a t rough n ickel w il l  

give a more nearly  reproducible yalue than n icke l 

sheet* He used Kahlbaum1® n ic k e l, tre a te d  i t  w ith 

s u lfu r ic  ac id , then  placed i t  in  normal n ick e l 

su lfa te  and made i t  a l te rn a te ly  anode and cathode, 

using a small curren t density* He allowed h is  

m etal to  s tan d  fo r  a  few days previous to  us* He 

obtained the yalue of -0*466 v o lts  fo r I-BiSO^ and 

-0*472 v o lts  for  l/5-HiSO^, He assumes normal n ic k e l 

su lfa te  to  he 0 * 1 1  normal in  n ic k e l ions and c a l

cu la tes  the yalue of So fo r  n ick e l in  contact w ith 

a normal so lu tio n  o f i t s  ions to be -0*460 v o l ts .

With Mond n ick e l he obtained the p o te n tia l  of 

-0*466 vo lts*  Euler advises the expulsion of a i r  

bu t he took no p a r tic u la r  precautions to exclude i t  

from h is  e lec tro ly te *  He does not mention having 

n eu tra liz e d  h is  so lu tio n  or having worked a t  a 

constant ac id ity*

Muthsann and Praimberger (7) re p o r t 'th e  

value o f -0*883 volts*  fhey believed  th a t the  tru e  

p o te n tia l  o f n ic k e l Is  obtained only when passiv iz ing  

Influences are  excluded* fhey:;therefore po larized  

tM i r  n ick e l w ith hydrogen in  d i s t i l l e d  water and



quickly transfer© Si i t  to a normal n ick e l s u lfa te  

solution*

Schweitzer (8 ) using pur© powdered n ick e l 

and n ick e l sheet in  n o rm ! n ick e l s u lfa te ,  working in  

an atmosphere of hydrogen, found the values of -0.613 

and -0.590 v o lts .  With powdered n ick e l and normal 

n ick e l ch lo ride  he obtained -0.596 v o lts ,

Pfanhauser (9) gives the value of -0*519 

v o l ts ,  using  normal n ick e l s u lfa te .

Schoeh (1 0 ) working in  vacuo in  order to 

remove oxygen and a i r ,  using  varying grades of n icke l 

including  sheet n ic k e l , Kahlbaumfs and h is  own 

e le o tro ly tic  p rep ara tio n , obtained values varying 

from -0.465 to  -0.487 v o lts .  He b e liev es  -0*480 

v o lts  to  be the true  value though with powdered 

n ick e l he obtained the value of -0*522 v o lts .  This 

powdered n ick e l he obtained by reducing n ick e l oxide 

{prepared by heating  Kahlbauia1s n icke l n i t r a te )  in  a 

cu rren t of hydrogen# This n ic k e l, laden w ith  hydrogen 

gave a p o te n tia l  of -0.590 v o lts  a f te r  36 hours. On 

b o ilin g  ou t, to expel the hydrogen, the  value of -0.522 

v o lts  was a tta ined*  In  another experiment Ochoch 

a lso  showed the e f fe c t  o f hydrogen on the p o te n tia l 

of n ic k e l. He bo iled  a piece of n ick e l sheet in  

concentrated  sodium hydroxide and then placed i t  in
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normal n ick e l su lfa te*  The p o te n tia l  a tta in e d  

in  th is  case was -0*875 volt** With n ick e l tre a te d  

w ith hydrochloric acid  and in  contact w ith hydrogen 

a p o te n tia l  of -0 .63  v o lts  m s  obtained. A fter 

b o ilin g  out the p o te n tia l  of th is  same n ick e l dropped 

to -0.48 v o lts .  Schooh found the p o te n tia l of n ic k e l, 

in  contact with normal n ick e l ch lo rid e , to be -0.42 

v o l ts .

Smite and de Bruyn (11), (12), on th e  b a s is  

of the theory  of electrom otive equilibrium  developed 

by Smits (13), be lieve  th a t  when the  p o te n tia l  of 

n ick e l i s  measured in  an ac id  so lu tio n , in  an 

atmosphere of hydrogen, the r e s u l t  w i l l  be dependent 

on the hydrogen ion concentration  of the so lu tio n  and 

w il l  be equal to  the  p o te n tia l  o f the hydrogen electrode* 

They measured the p o te n tia l of a so lu tio n  sa tu ra te d  

with hytrogen and found th a t the p o te n tia ls  of n ick e l 

and hydrogen e lec trodes in  th is  so lu tio n  both became 

constant a t  -0.640 vo lts*  They then measured the 

p o te n tia l  of a normal n ick e l su lfa te  so lu tio n , working 

in  vacuo, using a n ick e l wire as e le c tro d e , and found 

the value of -0.480 v o l ts ,  agreeing w ith th a t of 

Sehoch* present work has shown th a t  n icke l of

th is  form, even w ith c a re fu l evacuation and b o ilin g , 

becomes coated w ith  a b lack  oxide a f t e r  standing fo r 

a sh o rt w h ile . I t  is  probable then th a t the value 

measured by both Sohooh and Smits and deBruyn may
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hay© been e ffec ted  by th i s  oxide*

Yarious o th er c o n f lic tin g  values and 

opinions may 1)© found* W. Bonsdorff (14) rep o rts  

th a t he was unable to ob tain  a reproducible e lec tro d e . 

C o ffe tti  and Foerster (15) * fin d in g  th a t  n ick e l was 

deposited  from normal n icke l su lfa te  eo la tio n  with a 

cathode p o te n tia l  of -0*903 v o l t s , support the value 

found by Muthmann and Fraimb e rg e r , Schildback (16) 

in  h is  work on cobalt* assumes the value of Soho eh*

(Thompson and Sag© (17) f using spongy n ick e l 

mad© by e le c tro ly s in g  a h a lf  normal n ick e l ch lo ride  

so lu tio n  a t  90°, w ith  12.5 v o l t s ,  obtained the value 

of -0.672 v o l ts  w ith an e le c tro ly te  of n e u tra l molal 

n icke l su lfa te*  With a so lu tio n  containing 60 gms. 

IiS0 4 *6Eg0i 20 gms (M 4 )gS04  and 40cc HĤ QH per l i t e r ,  

e lec tro ly sed  a t  2 0 ° w ith 8  v o l ts ,  they obtained a 

n ick e l whose e lec trode  p o te n tia l  was -0.577 v o l ts ,  

fhey took no sp e c ia l pi^ecautions to  expel a i r  or to 

get r id  o f hydrogen*

She values discuss© ! above are  grouped 

together in  fab le  I t so th a t  they may be compared a t  

a g lance• fhe values as given in  the l i te r a tu r e  are  

not co rrec ted . When corrected  to a so lu tio n  norma! 

in  n ick e l ions the values would be about 0.015 v o lts  le s s ,  

(fh is  value i s  obtained by assuming S -I 1 SQ4  to  be ion ised  

to the extent of 33$, as are other s a l t s  of th is  type .
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Table I .

* E lectrode P o te n tia l of iliekel as Recorded in  L itera tu re#

Worker S olu tion  P o te n tia l
\

Zeumann H-HiSO*
1 - l iC l t
i - i i ( i 8 g )g

-0.538 v» 
—0#540 
-0.500

Kuster I~Bi3Q4 -0*805

Siemens N-HiS04 —0.504

Euler H-IISO4
i /& - iiIo 4

-0*466
-Q*4?£

Muthmnn and 
Fraunberger H-M304 -0.683

Schweitzer I-3I80 4  
M i0 1 s

-0.613
-0.596

Pfanhauser R-HiS0 4 -0*519

Schooh 1I-HIS0.
M 1 0 l |

-0*480
-0.420

Smits and 
de Bruyn M i S 0 4 —0*480

Thompson and 
Sag© M-XfiSO.4 -0.672

-0*577

In  the case of n icke l and o ther in e r t  

m etals the equilibrium  p o te n tia l  is  only established  

under very d e f in ite  conditions# I f  the  so lu tio n  Is  in  

contact w ith  a i r  the m etal i s  a ttacked  and the corrosion  

leads to  a change in  the p o te n tia l in  the d ire c tio n  of 

g re a te r  nob ility*  Some o f the above values, -&ierefor©f



when the work m e c a rr ie d  out w ith  no p a r tic u la r  

care fo r  the exclusion of a i r ,  are too low* On the 

o th er hand the re su lts  o f Muthmm and Frauriberger 

and lu s te r  a re  too h igh , fo r they  a re  even higher 

than the p o te n tia l a t  which n ick e l can he p la ted  from - 

i t s  solution* Hydrogen e ffec ts  the p o t e n t i a l  as was 

shown by Schoeh and a lso  by S a lts  and de Bruyn, and 

i t  seems possib le  th a t the values of Schweitzer were 

thus effected* However , ju s t  as F oerster assumed 

th a t  a small amount of hydrogen was necessary to 

a t ta in  the  equ ilib rium  o f the iro n  e lec tro d e , so 

Schweitzer suggests th a t a small amount of th is  gas 

m y a s s i s t  in  a t ta in in g  equilibrium  in  the re a c tio n

s i  - s ( - ) ^ m 2+

She presence o f an ac id  w il l  cause a lowering 

of the p o te n tia l ,  fo r n iche! w il l  d isp lace hydrogen 

from acids and the e lec trode  would then ac t as a 

hydrogen electrode*

Because of the unknown a c t iv i ty  of m eta llic  

ions in  concentrated so lu tio n s i t  i s  im possible to  

c o rre c tly  ca lc u la te  a value fo r  the  normal e lec trode  

p o te n tia l  from the  above work, since a l l  of i t  was 

c a rr ie d  out in  concentrated solutions*

liq u id  p o te n tia ls  were not elim inated in  any 

of the o lder work and since i t  i s  w ell known th a t  there  

i s  sometimes considerable p o te n tia l between e le c tro ly te s  

another source of u n ce rta in ty  is  added to the  above resuJfes•
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3. ibcperiment&l B©tails 

a# l^elim inary  Work

For the prelim inary measurements, eleotroa.es 

o f the type described by Smits (13) were used and 

f i l l e d  according to h is  procedure* One of the e le c 

trodes of the c e lls  measured was th e  normal calomel 

electrode* the o th e r e lectrode consisted  of n ick e l 

from d if fe re n t sources, immersed in  various so lu tio n s , 

a l l  normal w ith  re sp ec t to n ick e l s u l f a te .  Connection 

Between the  two e lec trodes was mdde by using the device 

suggested by H* I .  Haring (18). % 10 cm piece of g lass 

tub ing , drawn out to a c a p illa ry  was f i l l e d  w ith 

sa tu ra te d  KC1 so lu tio n  and connected to  the  aide arm 

of the calomel e lec tro d e  v esse l by means o f a piece 

of rubber tub ing . £he c a p illa ry  end was then dipped 

in to  another tube, also  drawa out, which was f i l l e d  

with some o f the so lu tio n  whose e lec trode  p o te n tia l 

was being determined* Connection could now be made 

with the  n ick e l electrode. By use of th is  device 

contact p o te n tia l  a t  the liq u id  junction  is  p ra c tic a l ly  

elim inated and the d iffu s io n  o f K0 1  is  decreased*

She r  © suits a re  tab u la ted  in  Cable E. She 

values given are re fe r re d  to  the normal calomel 

e lec tro d e .

fhe electrode® of c e lls  3o« 1, ifo. E, Ho. 3



Pre 1 Im im ry Measurements

Time In
Days!________ 1 2 3 4 6 8 10 12 15 18 20 22 24 30 35 48

Ho, 1 *451 *4-57 * 463
-

.4 5 5
Z .452 .457 .460 - .451
3 • 444 > 445 4458 .4 6 0
4 ,453 *468 :*471 * 474 .475 .4 7 0
5 1 .492 ‘ ,516 .617 .512 »510 .5 0 2
6 *493 .5 1 7 ,521 .5 2 3 >522 .4 9 2
7 .4 0 0 .4 5 7 .4 6 3 .4 5 2 .4 7 1 .465
8 : *435 ,452. .4 5 2 ;.46S ■ .4 8 9 .470 .472
8 : *445 ♦ 458 1 .4 6 7 • 468 1 «469 .4 7 0 .472

10 • 460 .4 7 0 1 .4 7 2 .468 .4.71 .471 .4 7 2
11 *545 .5 5 7 .5 5 5 : .6 5 5 .5 5 6 • OL'-J) • 552 .6 5 2 .5 5 0
12 ,539 ; .5 4 2 .535 * OOi£ .5 3 0 *626 .518 .5 2 3 . . 5 0 0
13 ; .5 2 5 >525 .6 3 2 .5 3 2
14 ,5 2 3 • 52o * o o l
15 .571 .577 .5 7 7 .5 7 7 .5 7 7 *576 .5 7 4
16 *587 .5 8 9 .5 9 1 .581 *086 .5 7 6
17 • o20 520 ,5 4 4 ;.646 .5 5 0 * 5o0i • 551
18 * i) oQ 542 .5 4 3 >642 .5 4 4 r; a n *544
19 .5 4 0 541 >545 ' .545 : .5 4 7 .547 .647
20 .5 5 3 • 550 • 652 .5 5 5 .555* .5 5 7
21 *565 .6 6 3 .561 • 580 .556 .5 5 6 .5 5 7 .5 5 5
22 • 565 * 563 «6o X «560 . 556 .  o54 , .5 6 6 .5 5 0



and Ho* 4 consisted  o f n icke l wire* obtained from 

A* H. Shomas, in se r te d  through, the rubber stopper 

o f the electrode* 'The e le c tro ly te  was a H-HISO4  

so lu tio n , which was shaken w ith  Ii(0H )g previous to

US©.

E lectrodes of Ho* 5 and Ho* 6  consisted  of 

e le c tro ly t ic  sheet nickel* obtained from the Bureau 

of Standards* which had been allowed to  stand  in  the 

a i r  fo r  a long period  o f time* Previous to  us© the 

n e ta l was polished w ith  pumice powder and thw oughly 

washed* S tr ip s  of i t  were In se rted  between the 

rubber stopper and the w all o f the e lec trode  vessel* 

fhe e le c tro ly te  was standard  p la tin g  so lu tio n  (see 

p repara tion  of m a te r ia ls ) , normal in  liSO^, to  which 

s u f f ic ie n t  HaGH had been added to b rin g  the pH up to 

6 *8 , i* ©• the p re c ip ita tio n  point of Hi(QH)g*

She e lec trode  of Ho* 7 was mad© by sea ling  

a piece of the above sheet n ic k e l in to  a piece o f g lass 

tubing and in se r tin g  th is  in to  the rubber stopper.

The e le c tro ly te  was normal HiSO^ prev iously  tre a te d  

w ith  HaOH*

E lectrodes of Ho* 8 , Ho* 9 and Ho. 10 con

s is te d  of n icke l amalgam, prepared by © lectrolyzing 

H-HiSO^ so lu tio n , fo r 1  hour a t  1 * 6  am ps., using a 

cathode of pure mercury and a platinum anode* Ho* 8  

was the liq u id  p o rtio n , Ho. 9 was the p u tty - lik e  po rtion



*-l l l -

and Ho, 10 wes the top portion, consisting o f  

almost pur® n ick e l, f in e ly  divided* The above 

amalgams were washed with water and kept under water 

for four days before use* The e lec tro ly te  m s H-MiSÔ *

Bleotrodes of c e l ls  Ho* 11, Mo* IE , Ho. 13, 

and Ho* 14 consisted  of a platinum f o i l  p la ted  w ith  

a th in  coating o f n ick e l from p la tin g  so lu tio n , using 

a cu rren t of about 1*5 amperes* Ho. 11 and Ho* IE 

were washed and bo iled  in  w ater, then were allowed 

to  stand  in  1 - 1 1 8 0 4  fo r two days previous to use* 

fhey were then f i l l e d  with JMfiSO^ which had been 

ahatom w ith  H i(0 H)g. A fter 30 days Ho. 11 was 

e lec tro ly sed  so th a t  oxygen was discharged on the 

n ick e l and Ho. IE e lec tro ly sed  so th a t  hydrogen was 

discharged. Oxygen did not e f fe c t  the p o te n tia l  but 

hydrogen caused a lowering fo r Just a sh o rt while to 

0*515 volts*  Ho. 13 and Ho* 14 were allowed to  stand  

in  d i s t i l l e d  w ater, exposed to the a i r ,  fo r  sev e ra l 

days previous to use*

A fter 30 days Ho. 14 was opened fo r Just an 

in s ta n t .  I t s  p o te n tia l  immediately dropped to 0.450 

v o l ts ,  showing the e f fe c t  o f air*  When opened fo r Just 

a second o r two longer i t  dropped to 0*350 volts*

fhe e lec trodes of Ho* 15 and Ho, 16 consisted  

of a " tree*  of n icke l p la ted  on a sm all platinum wire
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from p la tin g  so lu tio n . Io . 15 was washed and used 

a t  once, while 1 ©* 16 m s  kept in  water fo r  £ weeks 

previous to  use* Both were immersed in  H~WiSÔ  

tre a te d  w ith II(OH)***

E lectrodes of c e lls  Hob. 1 ? to 2 2  consisted  

of a  sm all ? t  w ire , p la ted  w ith  n ic k e l , in  contact w ith 

the f in e  n ickel obtained when n ick e l i s  p la ted  w ith  a 

high cu rren t density  from heated p la tin g  so lu tio n , 

using as cathode a sm all platinum p o in t. Io . 17,

If©.IS and I©, 19 were allowed to  stand  in  contact w ith  

I-lfiSO^ fo r  four days before f i l l i n g  the  e lec trode 

v e sse ls . Ho* BO m s  f i l l e d  w ith I-IiSO^ a t  once 

a f te r  p la tin g . Ho. 21 and Ho* 22 were allowed to 

stand  in  contact w ith  if-IiSG^ fo r  two days previous 

to  f i l l i n g .  After 28 days Io . 22 was emptied and 

r e f i l l e d  w ith new H-HiSO^ so lu tio n .

She c e l ls  show d if fe re n t p o te n tia ls , depending 

on the method of p reparation  of the n ic k e l, i t s  

previous exposure, treatm ent of n ick e l su rface , 

presence of a i r  or hydrogen, e tc ,  3||f: reference to  

the tab le  i t  can be seen th a t  the value found by Schoch 

was dup licated  and even a somewhat h igher r e s u l t  

a tta in e d  w ith c e l ls  Bo. 5 and Ho. 6 . I t  should be 

remarked th a t  w ith c e lls  Ho. 11 to  Ho. 22, where the 

n ick e l used was e le c t r o ly t ic ,  Quite no ticeab ly  higher 

values were obtained* With c e l ls  where the n ic k e l was
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used immediately a f te r  p la tin g , the p o te n tia l given 

m y t ^ e  baen e ffe c te d , to  some e x te n t, by hydrogen; 

hu t i t  i s  h ighly  improvable th a t  n ic k e l, which has 

been exposed to  the a i r ,  or which has been allowed to  

stand  in  contact w ith w ater or niche 1  su lfa te  so lu tio n , 

would s t i l l  contain  hydrogen in  s u f f ic ie n t  amount to 

account fo r  such co n s is te n tly  high values* With 

amalgam elec trodes i t  i s  probable th a t  a i r  was not 

e n t ir e ly  excluded, fo r i t  to oh a  long time to reach 

equilibrium* Equilibrium  seemed to  be reached more 

rap id ly  w ith  e le c tro ly t ic  niche 1  and fo r th a t  reason 

i t  was decided to use i t  in  the f in a l  measurements*

b* P reparation  o f M ateria ls

Water* -  She w ater used was obtained by 

d i s t i l l a t i o n  from a Barnstead s t i l l *  I t  was s u f f ic ie n tly  

pure fo r  the work, having a pH of about 6*9,

Hickel Sulfate* -  Hlekel su lfa te  of the 

In d u s tr ia l  h ickel Products Co., obtained from the 

Bureau of Standju-ds, m s  r e -c ry s ta l l is e d  th ree  times 

a t  room temperature* Shis s a l t  whs then d isso lved  

in  w ater and shaken with M(OH)g fo r  a day in  order to 

n e u tra lis e  the H^SO  ̂ fwarned by hydrolysis* By th i s  

means the pH of the so lu tio n  was brought to about 6 . St 

Shis so lu tio n  was then used to make the more d ilu te  

liSO^ solutions*



USD was a lso  proposed by e lec tro ly s in g  
4

d ilu te  HgSO  ̂ using  an anode of Kond Siegel* flie s a l t  

so obtained was farther p u rified  by reoryst a l l i z a t  ion 

and shaking w ith Hi(0H)g«

A 21-HiSO^ so lu tio n , prepared from the 

Indus t r i l l  Hiojcel Products s a l t  was electrolysed  fo r  

2 0 0  h r s . a t  the ^break* in  the  n icke l curve, using  a 

platinum -black eathod© sa tu ra ted  w ith  hydrogen, fh© 

purpose and theory of th is  e le c tro  ly s is  w il l  be 

discussed la te r#

l ic k e l  Hydros id© • -  A so lu tio n  of the 

r e c ry s ta l l iz e d  liSO^ was t re a te d  w ith laOH so lu tio n  

u n t i l  p re c ip ita tio n  was complete, fhe p re iip ieat©  so 

obtained was washed by deoantation u n t i l  the washings 

were n e u tra l  and then f i l t e r e d  through a Buchner funnel# 

Mercury# ~ Ihe mercury used was p u rif ie d  

according to the method of H ulett and Minchin(19)* 

Ordinary labora to ry  mercury was passed severa l times 

through a long column of HHOg and HgHÔ  In the form of 

a  fin© spray# ffh is  washed mercury was then d i s t i l l e d  

sev era l times in  a cu rren t of a i r  under reduced pressure 

in  an apparatus which was one continuous piece of Pyres 

g la ss .

Kereurous S u lfa te . -  fh is  s a l t  was prepared 

according to th e  method described by H ulett (20)# 

formal was e lec tro ly sed  w ith a  cu rren t of 0#9 amps

per dm^# using as cathode a p iece of platinum  f o i l  and
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as anode pure mercury, with which contact was made 

by means of a platinum  wire* completely covered with 

mercury* As the s u lfa te  was formed a t  the anode a 

s t i r r e r *  w ith  double paddle, Just swept the surface 

of the mercury and scraped o ff  the sa lt*  She HggSO  ̂

so prepared was laden w ith mercury but th is  i s  u se fu l 

in  preventing oxidation  o f the sa lt*  I t  was kept in  

a g la ss  stoppered b o ttle  in  the  dark, covered w ith 

normal HgSG * Before use i t  was thoroughly washed, 

u n t i l  fre e  from Hie acid*

Me r  euro us C hloride. -  In is  sa l#  was p re

pared by e le c tr o ly s is  according to  the method of 

Lipscomb and H ulett (Bl) using the same apparatus

which was used in  the  preparation of Hg^SO t except
* 4

th a t normal KOI was used as th e  e lec tro ly te *  The 

calomel obtained was washed repea ted ly  w ith w ater, 

u n t i l  i t  was free  from HOI and kept in  a g la ss  stoppered 

b o t t le  in  the dark. The calomel was heav ily  laden 

with mercury* This i s  advantageous in  making reproducible 

calomel electrodes*

nickel Chloride. -  This s a l t  was made by 

e le c tro ly s in g  d ilu te  EGX using a cathode of platinum 

mid anode of Mond K ickel. The so lu tio n  so obtained was 

evaporated, to  dryness to  get r id  of the H81, The so lid  

s a l t  was then d isso lved  and re c ry s ta ll is e d  th ree times 

a t  room tem perature, dlssas^dlng the  mother liq u o r a f te r  

each recry sta lllssa tion*  The pure s a l t  was then d issolved



and shaken w ith 11 (OH) prepared as adov8 , but fromB
UiQlg ra th e r  than IISQ^*

P la tin g  Solution* -  She p la tin g  so lu tio n  used 

waa the  ordinary ** standard 11 n ick e l so lu tio n  used in  the 

p la tin g  industry* I t  was 1  in  HiSO^, l / 4  in  SH^Ol and 

M/4 la  H3 B0 g ,

Fine liek e l*  «* She n icke l used fo r measuring 

e lec trode  p o te n tia ls  in  the f in a l  r e s u l ts  was prepared 

by p la tin g  from the above tfStandard® solution* The 

so lu tio n  was p rev iously  b o iled , under reduced p ressu re , 

to  expel a ir*  I t  was e lec tro ly se d , a t a tem perature o f 

about 70°, w ith a curren t of about 1*6 to B amperes. A 

platinum w ire about 8 mm long served as cathode, w ith  

another platinum  wire as anode* !Pk© n ick e l was removed 

from the platinum w ire , from time to tim e, by touching 

i t  with a s t i r r in g  rod* fhe n icke l obtained by th is  

means m s  f in e ly  divided* I t  was thoroughly washed w ith 

some of the so lu tio n  whose e lec tro d e  p o te n tia l was going 

to be measured*, previously  b o iled  ou t, and was then 

allowed to  s tand  in  the same so lu tio n  fo r two days before 

being introduced in to  the elec trode v e sse l.

At no time was the n ick e l exposed to the a i r ,  

except when i t  was quickly tra n s fe rre d  from one v esse l 

to  ano ther, and then only when moistened w ith  so lu tio n .

I t  was a t f i r s t  attem pted to prepare fin e  

spongy n icke l by e le c tro ly s in g  pure normal n ick e l su lfa te
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so lu tio n , a t  about 1 * 6  amps*, w ith elec trodes 

o f platinum wire* But the n ick e l so obtained 

had mixed w ith i t  a green d ep o sit, probably of 

Ei(OH) . Such impure n ic k e l could not have been 

used fo r e lec trodes and the  above described method 

was then developed*

Hydrogen* -  She hydrogen used in  the 

e le c tro ly s is  of the  HiSO^ so lu tio n  was prepared 

by the e le c tro ly s is  of HaOH solution* An e le c tro ly t ic  

hydrogen g en era to r, o f the  type described by Clark 

(SB) was used* The gas was p u rif ie d  from oxygen by 

passing through a tungsten  filam ent lamp*

a* Apparatus and Method.

fhe type of e lec tro d e  v esse l used and 

the arrangement of the apparatus fo r  f  i l l l n g  are 

shown in  Figure I* fb ls  i s  a m odification  of the 

apparatus used by Smits (13) • fhe upper portion  

shows the e lec trode  v e s se l, E* A piece o f  platinum 

wire was sealed  in to  the  bottom of the v esse l a t  3 

so th a t ex te rn a l contact could be made w ith  the 

nickel* Mercury f i l l e d  the tub® M*

Some of the so lu tio n , previously  b o iled  o u t, 

was poured in to  the  f la sk  F and in to  the e lec trode 

v esse l 1 * She fin e  n ic k e l, c a re fu lly  washed, was 

introduced in to  the  e lec trode  v e sse l in  a su ff ic ie n t
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To Suction

Figure I .

Apparatus for F illin g  Electrode Vessel



quan tity  so th a t the platinum w ire was completely 

cohered* A s o lid  rubber stopper R was then 

sea led  In  place w ith d@ Khotinsky cement* Connection 

was then made between the electrode Teasel and the 

f la s h  F by means of a piece o f hoary pressure 

tubing 0, fh© f la s h  was an ordinary 200 ce d is 

t i l l i n g  f la s k , of Pyrox g la ss , w ith an inner sea l 

a t  3)* fhe so lu tio n  in  the f la s h  and water in  the 

beaker B were then heated and suction  app lied  a t A. 

When so lu tions in  both I  and F had bo iled  vigorously  

fo r  some time the water pump was disconnected and 

liq u id  immediately rushed in to  I ,  completely f i l l i n g  

the vessel* By th is  means a l l  tra c e s  o f  oxygen and 

hydrogen were completely remored.

A fter cooling the v e sse l was disconnected 

a t  C and the end was placed immediately in  a sm all 

beaker containing some of the same so lu tio n , w ith 

pur® mercury in  the bottom* 2he side arm dipped 

under the surface of the mercury* Shis served as a 

se a l fo r the exc lu tion  of a i r  and was broken only 

when measurements were being made*

She v esse l fo r  the mercurous su lfa te  

e lec tro d e , which was us@d as the  standard  h a l f - c e l l ,  

was of exac tly  the same type as th a t  of the n icke l 

electrode* S u ffic ien t mercury was placed in  the 

bottom to cover the  platinum  wire and over th is  a 

lay e r of HggSO^, ca re fu lly  washed w ith the so lu tio n



to be used* The v e sse l was then f i l l e d  w ith some

of the UiSO' so lu tio n  whose p o te n tia l was to be 
4

measured, though in  th is  ease sa tu ra te d  w ith HggSO  ̂

by shaking with some of the washed sa lt*

The c e lls  were placed in  a darkened a i r  

bath kept a t  £5° ±0*5* Measurements of th e  p o te n tia l 

were made w ith a Leeds and lo rth ru p  Student P o ten tio 

m eter.

Since b o ilin g  e ffec ted  th e  concen tration  of

the so lu tio n  in  the e lec tro d e  v e sse l, i t  was necessary

to determine the n icke l concentration  in  each elec trode

v esse l a f te r  the equilib rium  p o te n tia l had been

measured, Shis was done by the e le c tro ly t ic  method

described by Treadwell and H all (£3). So a (Quantity

of so lu tio n  containing about Q*£ to 0*3 gms* n ic k e l,

8 grns, (BH.) SO, and 35 co concentrated MIL OH were 4 2 4 ^
added, together w ith  su ff ic ie n t w ater to bring  the 

to t a l  volume up to  150 cc. Shis so lu tio n  was 

e le c tro ly ie d  w ith a cu rren t o f 0,6 amps*, using as 

cathode a weighed platinum gauze. E lec tro ly s is  was 

continued u n t i l  the so lu tio n  showed no fu r th e r  pre

c ip i ta t io n  with dimethyl glyoxime• The m olarity  of 

the so lu tio n  could thus be e a s ily  calculated*

d, Bata on Hieke1 S u lfa te , 

fab le  YII gives the density  of n icke l 

su la f te  so lu tions  of varying norm ality . I t  i s
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necessary to know the density  of a so lu tio n  in  order 

to c a lc u la te  i t s  molai&ty {mols o f s a l t  to  1000 gms 

w ater) from the m olarity* Some of the  values given 

are taken from Ian do It-B  ornate in  (£4) and the o thers 

were determined a t  S5°C, using a 50co sp . g . b o t t le ,  

in  the course of th is  investigation*  A curve was made 

by p lo ttin g  norm ality  aga inst density  and then Hie 

d e n s itie s  of the so lu tio n s which f i l l e d  the elec trode 

v esse ls  could be e a s ily  read  w ith s u f f ic ie n t  p re

cision*

C ells of the following type were measured:

Hi I UiS04 (aQj) H62S04 Hg

fhey contained no liq u id  junction . In  fab le  I I I  are 

given the re su lts  using the Cleveland Hickel Products 

Co* re c ry s ta l l is e d  s a l t  a t  concentrations of approxi

mately 0*05, 0*10, and 0.15 molar. In  fab le  XTf are 

given the measurements w ith  the HiSO prepared from 

Mond Hieke1 a t concentration  of 0*05 molar and in  

fab le  Y are  given the measurements w ith the electroIjrzed  

HiSO. a t the same concentration .

fab le  YI shows the change of p o te n tia l  with 

tim e, fhe c e l ls  became constant after* about 4 or 6 

days and maintained a constan t value fo r  about 15 days* 

fhese r e s u l ts  are rep resen ta tiv e  of a l l  the measure

ments given in  fab les  I I I  to  Yg and were no t choosen 

because of any p a r tic u la r  consistency.



S a b l e  I I I

K ecryst& llized liSQ^ as E le c tro ly te .

C ell !o . M olarity M olality  E.M.F, 10
Calc. Measured '  Calc*

£6 0 ,0 5 0 7 0*0508 0 ,9 6 8 0*215 —0 ,

£7 0,0510 0 ,0 5 1 1 0 ,9 6 8 0 .2 1 4 -0 ,8 5 2
no(JO 0 ,0 5 0 3 0.0504 0 .9 6 7 0 .2 1 5 -0 ,8 5 2

29 0 .0 5 0 5 0 ,0506 0 ,9 6 8 0.315 -0 ,8 5 2

30 0 .0 5 1 5 0 ,0516 0 .9 6 8 0 ,2 1 3 -0 .8 5 2

31 0 .1 0 1 6 0 .1 0 1 8 0 .958 0 .157 -0 .8 5 2

<•2 0 9L/ 0 .1 0 5 0 0.1053 0 .9 5 8 0 .1 5 4 r\ c> ?•; O *~\J 0 Q 4̂  £3

0 ,1 0 1 5 0 .1 0 1 7 0 .9 5 0 0 ,1 5 7 —0 , 852

34 0 ,1 0 1 8 0 ,1 0 3 0 0 .9 5 0 0 ,1 5 7 -0 ,8 5 2

35 0 ,1 0 2 2 0 .10E 4 0 ,9  58 0 ,1 5 6 -0 .8 5 2

36 0*1501 0 ,1 5 0 4 0 ,9 5 4 0 ,1 2 9 -0 .8 5 3

37 0 .1 6 1 3 0 .1 6 1 7 0 .9 5 4 0.130 -0 .8 5 3

38 0 ,1 5 4 5 0 ,1 5 4 8 0 .9 5 3 0 ,1 2 7 -0 .8 5 2

39 0 ,1 5 4 0 0 ,1 5 4 3 0,953 0 ,1 2 7 -0 .8 5 1

40 0 ,1516 0 .1 5 1 9 0 .9 5 3 0 .1 2 8 _,A o K 9 —V ,  O tJ w

41 0 ,1 5 0 0 0 ,1 5 0 3 0 .9 5 3 0 .1 2 9 - Q .8 B B



Sable IT*

n » 4 from M<md M a i  as E le c tro ly te ,

C ell Mo. M olarity  M olality  E*K*F* y  So
Gale. Measured Calc.

42 0.0511 0*0518 0.967 0.214 —0.851

43 0.0508 0.0509 0.967 0.215 *0.851

44 0.0510 0.0511 0.967 0 *2 x4 *0.851

45 0.0503 0.0504 0.967 0.215 -0.851

46 O.0§05 0.0506 0.967 0.215 -0.851

fab le  T.

IXeetrolyssed KISO  ̂ as E le c tro ly te .

C ell Mo. M olarity M olality
Gala.

K.M.F.
Measured

r Eo
Calc.

47 0.0514 0*0515 0*970 0.213 -0.854

48 0.05X4 0.0515 0.968 0.213 —0# 852

49 0.0603 0.0504 0.969 0.215 -0.853

50 0.0506 0.0507 0.971 0.215 —0.855

51 0.0524 0.0525 0.971 0.212 -0.854
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4, D iscussion

a . fh e o re t ie a l#

Vh&n two Paradays o f e l e c t r i c i t y  pass

th rough  the c e l l  i |mf  :iiso4(aa) -I- ae2so/
the following reaction takes place

M +  Hs o30a SiSCi +  2%  © 'iG * A.

According to  Varffc Hoff (3 1 ), th e  maximum work which 

can he d e riv e d  from $he  r e a c t io n  a t  c o n s ta n t tem pera tu re  

T i s  g iven  by the ex p ress io n

Vi -  R? • ln K  - E ?  • In  fS;.
[Hi! t%2so4]

where K i s  th e  e q u ilib r iu m  c o n s ta n t ,  R the  gas c o n s ta n t 

and th e  v a lu e s  in  b ra c k e ts  re p re s e n t th e  co n c en tra 

t io n s  of th e  r e s p e c t iv e  substances#  I f  the maximum 

w ork  i s  ex p ressed  in  term s o f e l e c t r i c a l  energy wo have

XI -  nFB ©

in  which n i s  th e  number o f u n i t  charges t r a n s f e r r e d ,

P i s  th e  Faraday and E i s  th e  e lec tro m o tiv e  fa rc e  of 

the c e ll#  On s u b s t i tu t in g  we have
*

nSS ~  IlQMniC -  32 . In t TlS 04] [ifep  q
D aj [kS2so4j

or 2 Z  Rl/nP-xaK -  itf/nT In tE1304] [ngj''

W f ^ S O . J
l~* *ifc

b u t SS/nF*In K ie  a  c o n s ta n t which i s  c a l le d  Bo, the
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normal e le c tro 4© p o te n tia l  o f the m etal, so th a t we 

have

of the e ffe c tiv e  ion concen tra tions, ^g/%* two 

so lu tio n s of an e le c tro ly te  is  ca lcu la ted  from the 

electrom otive faro© of a concentration  c e l l  and from 

conductiv ity  measurements, the values do not ag ree♦ 

Shat i s  e&u a l  wiiere c
the concen tra tion  of the e le c tro ly te  and y  i s  the 

degree of d issocia tion*  fhe ra t io  of the e ffe c tiv e  

ion concentrations ~ ca^ e&

a c t iv i ty  c o e ff ic ie n t, represented  by the symbol > •

Ac c ordingly a -  y  o »

f£h@ a c t iv i ty  of a substance in i t s  standard 

s ta te  is  chosen as unity* Hence equation (6) above, 

where Hg, Hi and HggSO  ̂ are in  th e i r  normal s ta te s ,  

s im p lif ie s  to the form

and we are  concerned only w ith  the a c t iv i ty  of Hi30 

But the a c t iv i ty  o f  a s a l t  is  th© product of the 

a c t iv i ty  of i t s  io n s , so th a t f o r  HiSO^.we have

o r, sine© a = 'y c and the values o f y  and c are

E -  So -  KT/aP-ln lM30*l f e f
CM] CHg2S04]

According to  Lewis (25) , when the r a t io

©

am so* ~ (aM )(a3§4 )

+ + St ’*
the same fo r  both Hi and S04 ions, we have 

S » Eo -  M/iLF • ln(m y ) 2 , ©
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whore ra i s  the concentration  expressed as m o la lity . 

In troducing the values fo r 119 f , & and P, ana 

changing from laperi&n to B riggsian logarithm s, we 

a rr iv e  a t  the equation

E = So -  0,0591Z loglm }#

I t  was a t  f i r s t  believed  th a t the low value 

fo r  the e lec trode  p o te n tia l of nicke 1 might he due, in  

p a r t ,  to the presence in  the e le c tro ly te  of ions of 

metals below n ick e l in  the displacement series#  Should 

an e lec trode of n icke l be placed in  such a so lu tio n , 

n ick e l would d isp lace the m etal ion and the e lec trode 

would then function  as an e lec trode  of the m etal aga in st 

i t s  ions# In  order to prevent th is  a SH-HISO  ̂ so lu tio n  

was e lec tro ly sed  as described under the p repara tion  of 

m a te ria ls , The cathode of platinum black was kept 

sa tu ra ted  w ith hydrogen during the e le c tro ly s is .  The 

theory of the procedure was t h i s : -  When hydrogen is  

discharged in  the process of e le c tro ly s is  (as i s  always 

the case w ith  metals above hydrogen) the pressure of 

the as may be le ss  than one Atmosphere# Hence the 

p o te n tia l of the hydrogen would be sore p o s itiv e  and 

cu rren t would be u t i l iz e d  in  i t s  removal from so lu tio n . 

TMs means th a t  the  e ffic ien cy  o f removal of m etals 

below n icke l would be dim inished. Keeping the elec trode 

sa tu ra ted  w ith hydrogen would reduce the  tendency of

hydrogen to  leave the so lu tio n  and so increase the
<

effic ien tly  of removal of the o ther m eta llic  Im purities .
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Metals showing high hydrogen overvoltage should also  

he u se fu l in  th is  d ire c tio n , Therefore as another 

experiment a so lu tio n  was e le c tro ly se d , dsing  as 

kathode a layer of pure mercury in  the bottom of the 

con ta iner. But, since (li(OH)g was hept in  the 

so lu tio n  in order to m aintain a constant a c id i ty ,  i t  

s e t t le d  to the bottom and covered the mercury. 

Consequently th is  method was not fe a s ib le ,

b . Choice of R esults

'The measurements given rep resen t only a 

p a rt of the to t a l  number mad®. Thus 5 o ther c e lls  

were measured, using 0*0625 molar MSQ^ so lu tio n  as 

e lec tro ly te*  These gave a value of 0*966 v o lts  ± 0*001. 

Other c e l ls  were measured w ith 0*15 molar so lu tio n s , 

but th e i r  values a lso  f e l l  w ith in  the average value 

o f the c e lls  given fo r  th is  concen tra tion , i ,  e t  0.001 

v o l ts .  S t i l l  o ther c e lls  containing 0*1 molar so lu tion  

were stud ied  in  which the n iche l was prepared ju s t 

before f i l l in g  the v e s s e ls , through washed* The 

p o te n tia l o f these was around 0*970 v o lts  a t  f i r s t ,  

but i t  began to  drop, showing the e f fe c t o f occluded 

hydrogen. With 0*05 molar Hi SO e le c tro ly se d , IE otherik
c o lls  were measured, bu t a l l  values f e l l  between the 

l im its  of those given in  Table I I I .  However, none of 

these were ca lcu la ted  to 3£o since the niche 1 concentra

t io n  was not determined a f te r  the elec trode p o te n tia l 
was measured.



c* C alcu lation  of R esults

As th e re  a re  no av a ilab le  data  from which 

the a c t iv i ty  c o e ff ic ie n ts  of Hi 30^ can be ca lcu la ted , 

the values fo r  CuSO  ̂ were ta&en a t  corresponding 

concentrations* fhe ju s t i f ic a t io n  fo r  doing th is  

a r is e s  from the f a c t  th a t b iv a len t s a l t s ,  as a c la s s , 

behave very sim ilarly*  Thus Hampton(26), in  h is  

measurements of the p o te n tia l  of the iron  e lec tro d e , 

assumed the a c t iv i ty  c o e ff ic ie n ts  of FcClg to be the 

same as the values fo r B&Clg* Also lew is and Randall 

give values fo r  sev e ra l s a l t s  of the type MeSÔ  and 

these are found to be p ra c t ic a l ly  the same, e sp e c ia lly  

fo r  the more d ilu te  so lu tio n s , such as were used in  

th is  research* Furthermore the constancy of the re s u l ts  

o f th is  w orl, when ca lcu la ted  to So, i s  perhaps the 

b est evidence th a t  s a l t s  of the type MeSÔ  would have 

the same a c t iv i ty  coeffic ien t*

In  column 5, of Sables I I I ,  IT and T are  

given the a c tiv i ty  c o e ff ic ie n ts , fo r  the concentrations 

in d ica ted , obtained by p lo ttin g  the values which have 

been ca lcu la ted  by Lewis and Randall*

As an example fo r ca lcu la tio n  l e t  us ta le  

the f i r s t  measurement given under fab le  I I I .  S u b s titu t

ing in  e&uation (9) we have

0.968 -  So -  0.05912 lo g (0*0508}(0.215) 

or So -  0*852 v o lts .
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fhen , accepting the sign  contention adopted by the 

American Electrochem ical Society , we sImply pat down 

oar value fo r  E© in  column 6 as -0*852 volts*

d. She normal E lectrode P o te n tia l.

fha values as given in  Sable I I I ,  column 6 t 

rep resen t the normal electrode p o te n tia l of n ic k e l as 

re fe rre d  to the % # HggSO^ts) f SO  ̂ electrode* lew is 

and Eandall give fo r  th is  e lec trode the value of 

0*6213 v o lts . Adding th is  to  the average value fo r  

Bo in  column 6, fab le  2, w© a rriv e  a t  the value fo r  

the normal p o te n tia l  of n ick e l, w ith E^jh taken as 

aero* Then by sub trac tin g  0*283 from th is  l a t t e r  

value we ob tain  the normal e lec trode  p o te n tia l r e 

fe rre d  to the normal calomel e lec tro d e . We thus get 

-0.514 v o lts  ± 0.002 as the tru e  value fo r the normal 

e lec trode p o te n tia l of n ic k e l.

C alculated on the  old b a s is  of a rr iv in g  a t 

the electrode p o te n tia l th is  value would be about 

-0.58 volts*  We can thus see th a t the elec trode 

p o te n tia l  o f n ick e l has been ra is e d  about 0 .1  v o lts  

above the p resen t accepted value.

e. E rro rs.

fhe standard c e l l  wbM. in  connection w ith 

tb© potentiom eter m s  an Eppley C ell which was c a lib ra te d
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ag a in st a Bureau o f Standards c e l l  and found to  "be 

accurate w ith in  the lim its  th a t  could he read on the 

instrum ent (0*0001 v o lts) ♦

In  each, ease , when c e lls  were made from a 

so lu tio n  of a given s t r e i^ th ,  sev e ra l reference 

e lec trodes were always s e t  up and checked among 

themselves* They were found to  he constant and r e 

producible to w ith in  0*0001 volts*

The a i r  ha th  m s regu la ted  a t  25° t  0*5°*

This was s u f f ic ie n tly  accurate fo r  the work, since  a 
o

change o f 0*5 w i l l  produce a change o f only 0*0001 

v o lts  in  the e lec trode p oten tia l, as ca lcu la ted  from 

equation (9)*

A ll of the volum etric apparatus and the se t 

of weights were calibrated previous to doing any of the 

a n a ly tic a l work* The thermometer used was a Bureau of 

Standards c a lib ra te d  thermometer*

B oiling changes the concen tra tion  of the 

so lu tio n  and fo r  th is  reason the n ick e l concentrations 

of the so lu tio n s wore determined a f te r  the equilibrium  

p o te n tia l had bean reached* These concen tra tions, as 

given in  column 2 of the ta b le s , are accurate to

w ith in  t  0*0005 M* But th is  change in  concentration  

would not e f fe c t  the value of the p o te n tia l  as 

measured. The density  determ inations a re  accurate to



w ith in  ± Q *l$f hut th is  would not change the ca lcu la ted  

m o la lity  s u f f ic ie n tly  to appear in  the f in a l  measured 

value *

She student potentiom eter is  accurate to 

w ith in  0,0005 volts* But no attem pt m s nude to  measure 

the values of the !,K*F. fu r th e r  than  the th i rd  place* 

fhe tru e  equilibrium  p o te n tia l  a© reported  in  th is  work 

is  therefore |ro b ab ly  accurate to t  0.008 v o lts .

Though hut l i t t l e  d iffe rence  was found between

the e lec trode p o te n tia l of e lec tro ly sed  and non-

electrolysed  s a l t ,  spectroscopic ana ly sis  revealed  an

in te re s tin g  fact*  The two samples, through the kindness

of the Bureau of Standards, were te s te d  by means of arc

sp ec tra , po rtions of the samples being burned on

graphite  e lec trodes and photographed, n e ith e r  sample

contained copper* Sample Mo. 1, the non- e le c tro ly zed

s a l t ,  was found to contain a considerable amount of

co b a lt. Sample So* 3, was e n tire ly  fre e  from co b a lt,

but contained s l ig h t  trances of aluminum, manganese and

sodium, fhe sodium had been added in  the form of the

hydroxide in  order to keep the so lu tio n  a t  pH 6.8* The

source of the altsa&&um and manganese m s  probably from

the Fyrex dish in  which the e le c tro ly s is  was c a rr ie d  out*

The d iffe ren ce  in  cobalt content would show th a t  the
i s

e lec trode p o te n tia l of n ickel/p robab ly  above th a t of 

c e l& li, which i s  con trary  to the p resen t accepted
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values fo r these two metals* Otherwise the e le c tro ly s is ,  

using  a cu rren t whose vahie was Just a t the "Break*' in  

the l /S  curve o f n ic k e l , would not hare removed a more 

negative m etal, fh ie  po in t i s  now under in v es tig a tio n  in  

th is  laboratory*

Sh© lowering of the elec trode p o te n tia l of 

n ick e l i s  more re a d ily  e ffec ted  by oxygen than by any 

o ther im purity . In  the prelim inary work, before the 

apparatus shown in  Figure I  was used, i t  was impossible 

to completely remove a i r ,  the p o te n tia ls  always varied  

and seldom were dup lica te  re su lts  obtained. On the 

o ther hand, w ith  the more c a re fu l b o ilin g  and evacuation 

a i r  could be so thoroughly removed th a t i t  did not 

e f fe e t  the p o te n tia l ,  fhe n ick e l used in  the prelim inary 

work was always $©und to con ta in  black oxide on the 

surface  when removed from the electrode v e sse l. But 

w ith the more c a re fu l b o iling  no oxide was v is ib le  on 

the n icke l and i t  always re ta in e d  i t s  grey m eta llic  

appearance*

When a m etal is  deposited a t  a high cu rren t 

density* such as was used in  p la tin g  the n ic k e l fo r  th is  

work, hydrogen is  always p la ted  out* fhe e f fe c t of 

hydrogen has been shewn to r a is e  the p o te n tia l . However, 

w ith ca re fu l washing of the  n ic k e l, allowing i t  to  stand  

fo r some time in  contact w ith the so lu tio n  to  be te s te d , 

and f in a l ly  thorough b o ilin g  and evacuation of the 

ap i^& tu s before f i l l i n g  the e lec trode  v e sse l, i t  i s
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almost c e r ta in  th a t a l l  of the hydrogen has been 

completely removed* fhe best proof fo r  th is  is  

perhaps found in  the fa c t  th a t  the  e lec trodes p re 

pared ac t as t ru ly  re v e rs ib le  electrodes* According 

to Luther (27) the most im portant c r i t e r i a  of 

i r r e v e r s ib i l i ty  is  a change in electrom otive fo rce 

which Is  not p ropo rtiona l to  the  logarithm  of the 

concentration  of the ions. A glance a t  the values 

in  Sable I I I  w il l  reveal th a t  for the  c e lls  measured 

the e lec trode p o te n tia l  varied  w ith  the niche 1 ion 

concen tration  ju s t  a s  i t  should according to  the 

le rn s t  equation* Had the ©leotrode functioned as 

a hydrogen e lec trode  such v a ria tio n s  would not have 

been possible* Furthermore * ?/hen C ells Bo* 11 and Bo*

IB were po la rised  anodioally  and ea thod ioally  so 

th a t hydrogen and o ay gen were discharged on the 

n ic k e l, a f te r  a sho rt while they  re tu rned  to  th e i r  

former va lue , showing th a t  the e lec trode Is  a re v e rs ib le  

one*

V ariations in the physical s ta te  of the 

m etal or a t  le a s t  o f i t s  su rface , w il l  o ften  times 

produce considerable v a r ia b i l i ty  in  the  e lec trode 

p o te n tia l ,  Schoch (10) found a d iffe ren ce  of 0*03 

v o lt between sheet n ick e l and fin e ly  divided nickel* 

Hampton(£6) found th a t the  p o te n tia l o f annealed iron  

i s  much lower than tbs p o te n tia l  of f in e ly  divided iron  

and accepts the p o te n tia l  of the f in e ly  divided iron
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as the b est equilibrium  value . Allmand and 

Ellingham (S9) s ta te  th a t  a m etal which is  

deposited e le e tra ly t ic a H y  a t  a h i #  cu rren t 

d en sity , g iving a loose d ep o sit, may be p ra c tic a l ly  

fre e  from s t r a in .  Lewis and Lacey (30) suggest 

th a t e lec trodes o f fine m etal seem to  be free  

from the surface s tra in s  which ch a rac te rise  

e lec trodes p la ted  with a  coherent film* These 

e lec trodes give much more exposed surface and on 

standing in  contact w ith so lu tio n  rap id  lo c a l 

ac tio n  w il l  remove any po rtion  of the metal 

which might s t i l l  have a high p o te n tia l .  Lewis 

and Lacey used f in e ly  divided m etal in  determining 

the  p o te n tia l of both s i lv e r  and copper.

The n ick e l used in  th is  work: was of a 

very fine form and contained no oxide such as the  

reduced oxide o f Bchoch must have contained.

5. The P o te n tia l of M ckel Against Hlekel Chloride

C ells of the follow ing type were measured:

Hi Hg 01^ 2  Z %■
These c e l ls  contained no liq u id  po ten tia l*  The 

r e s u l ts  are  given in  Table V III.

The n ickel ch loride and merourous ch loride 

e lec trode  vesse ls  were f i l l e d  according to the same
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method used in  f i l l i n g  the su lfa te  c e l l s .  The 

n ick e l used m s  the  fine  e le c tro ly tic  n ic k e l. The 

p o te n tia l was measured under the  same conditions 

as previously*

Kick e l  ch loride in such d ilu te  so lu tio n s 

was found to  hydrolyse very  readily* In  the 

e lec trodes of c e l ls  lo .  52, No. 53 and Ho* 54 a 

p re c ip ita tio n  of Hi (OH) £, covered the n ick e l. This 

undoubtedly had the e f fe c t  of lowering the electrode 

p o te n tia l .  In  order to prevent hydrolysis a very 

sm all amount of d i lu te  HC1 (about 3ce per l i t e r  of 

so lu tion) was added to the e lec tro ly te*  The pH 

of the so lu tio n  was 4*9. E lectrodes of c e l ls  Ho.

55, lo . 56, Ifo. 57, Ho. 58 and lo . 59 were- f i l l e d  

with th is  so lu tio n . E lectrodes of c e l ls  lo .  60,

Ifo. 61, lo .  62, lo .  63 and lo . 64 were f i l l e d  with 

liQ lg  to  which a somewhat la rg e r amount o f acid  had 

been added (about 6oo per l i t e r  of s o lu tio n ) . The 

pH of th is  so lu tio n  was about 2*8.

In  the l a s t  fiv e  c e l ls  there  was a v is ib le  

©volution of hydrogen, w ith  gas r is in g  to  the top of 

the v e s se l . The p o te n tia l measured was therefor© below the 

tru e  equilibrium  p o te n tia l  of n ic k e l, fo r , as previously  

s ta te d , the e lec trode  was in th i s  case function ing  as a 

hydrogen elec trode aga in st hydrogen ions* On the o ther
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hand in  the  o ther e lec tro d es , to  which ac id  had 

been added in  ju s t  su ff ic ie n t amount to  c lea r the 

p re c ip ita te  of M(OH) , th e re  was no ©volution ofw
hydrogen and the measurements of these c e l ls  

rep resen t a value nearer to  the tru e  equilibrium  

value *

fhe p o te n tia ls  given were a tta in e d  a f te r  

about 16 days. With c e l ls  lo .  52 to lo .  59 the 

values s ta r te d  a t  from -0.640 to -0*620 v o lts  and 

dropped to the  values given. C ells Ifo* 60 to  64 a tta in e d  

th e i r  p o te n tia ls  v e ry  rap id ly , though the values given 

rep resen t the measurements a f te r  16 days*

According to  equation (7) the electrom otive 

force of these c e l ls  i s  given by th e  expression :

E -  Eo -E l/n E .ln U ^ ,,,  ) ,  (13ISiUig
where 1® the a c t iv i ty  of HiClg a id  is  equal to

4 (m y ) ^ 9 since the a c t iv i ty  o f a s a l t  i s  the product

o f the a c t iv i t i e s  of i t s  ions* (thus -  ( a ^ )

(a - f  :  ( a r )  (2 m r)^ , m being eonccn tra tion  expressed 
01

as m o la lity ) . Subs tu t  ing the proper v a lu es , the above 

equation s im p lifie s  to  the form;

E =  Eo -0.031og4(m  y ) *  ®

As th e re  are no av a ilab le  data on the a c t iv i ty

c o e ff ic ie n t o f HiCl„, the  value of y  was assumed to  be

the same as th a t fo r 3aCl^t ?/hich was tahen from lewis2*
and Randall (25)•



lo attem pt was made to  determine the

nie&el concentrations of the so lu tions a f t e r  the

E.&I.F. was measured since the p rec is io n  of the

p o te n tia l a rriv ed  a t  would not w arrant i t*  The

value fo r the m olality  consequently rep resen ts  the
*

concentration  of the so lu tio n  before b o ilin g , assuming 

m olarity  to be the same as m o la lity  fo r  such a d ilu te  

solution*

The valae given fo r  Eo i s  re fe rred  to  the 

standard calomel e lec trode as zero* Since the p o te n tia l  

of the standard  calomel is  -0.270 re fe rre d  to  the 

hydrogen electrode and th a t of the normal calomel is  

-0*233 re fe rre d  to  hydrogen, the average v a lu es , as 

given in  the ta b le , would be -0*460, -0*490, -0.440 

v o lts  re sp e c tiv e ly , re fe rre d  to the normal calomel 

e lec tro d e .
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fab le  V III 

S lo e tro ly te  of 0,05 Molal MCl^

le l l  Ho* y S*M*F*
Measured

So 
Gale,

Remar3cs

52 0.568 0.567 -0.447 11 {Oil)g over Hic3

m 0.568 0.568 -0.448 « n w

54 0,568 0.565 -0.445 w ti it

-0.447 Average

55 0*568 0.596 -0.476 HC1 added. Ho H2
56 0.568 0*595 -0.475 n it ti B

57 0*568 0*599 -0.479 it n b If

58 0.568 0,599 -0*479 n it it II

59 0*568 0*599 -0.479 w n n B

-0,478 Average

60 0*568 0.563 -0.443 h2 Escaped

61 0,568 0.545 -0*425 II w

62 0,568 0.545 -0,425 tt If

63 0.568 0.540 -0.420 n tt

64 0*568 0.540 -0*420 it n

■0*427 Average
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6* Summary

1. The normal electrode potentia l has 

been carefu lly  re-determined and found to he -0,514 

to I ts  ± 0.00E v o lt s ,  referred to the normal calomel 

electrode as ^ero#

&, The f in e ly  d ivided e le c tro  ly t ic  M okel 

was found to reach equilibrium  most ra p id ly  and gave 

the most reproducible r e m its #

3# Oxygen has been shown to  he the  cause 

of the apparently  low po ten tia ls#

4. I t  3ms been shown th a t  cohalt and niche 1 

are misplaced in  our presen t accepted e lec trode 

p o te n tia l s e r ie s .  l ie k e l  should he above cobalt in  

the s e r ie s ,  r a th e r  than  immediately below it*

5# l io k e l ch lo ride  gave the approximate 

value of -0 ,48 v o l ts ,  though th is  i s  not the tru e  

equilibrium  p o te n tia l ,  i t  serves as a cheek on the 

value determined w ith n icke l s u lfa te .
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