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I b r  a  number o f  y e a rs  a f t e r  th e  in tro d u c t io n  o f  

f l o t a t i o n  th e re  m s  v e ry  l i t t l e  th e o ry  to  account f o r  

th e  s e p a ra t io n s  t h a t  could  be made by th e  process#  

S a t i s f a c to r y  r e s u l t s  were o b ta in ed  o n ly  a f t e r  p ro longed  

e x p e rim e n ta tio n , in  which th e  o p e ra to r  made many changes 

in  p h y s ic a l  and chem ical c o n d itio n s  w ith o u t being  a b le  

to  p r e d ic t  j u s t  what th e  e f f e c t s  would be# Our know­

le d g e  o f  th e  u n d e r ly in g  p r in c ip le  o f  f l o t a t i o n  i s  s t i l l  

in  a  somewhat c h a o tic  c o n d itio n !  in  f a c t  none o f  o u r 

ex p e rien c e d  o p e ra to r s  y e t  acknow ledges th e  e x is te n c e  o f  

a  w orking theo ry#  We a re  however, beg in n in g  to  u nder­

s ta n d  idxy some m in e ra ls  f l o a t  and wby o th e rs  do n o t ,  and 

a r e  a b le  to  p r e s c r ib e  w ith  some degree o f  c e r t a in ty  th e  

p h y s ic a l  and chem ical tre a tm e n t th a t  shou ld  be a p p l ie d  

to  a  g iven  ore*

Modem s e le c t iv e  f l o t a t i o n ,  a s  a p p l ie d  to  su lp h id e  

m in e ra ls ,  m y  be s a id  to  d a te  from o u r f i r s t  u se  o f  th e  

m n th a te s  and s im i la r  compounds• That th e  e f f e c t s  o f  

th e s e  re a g e n ts  a r e  m ain ly  chem ical in  n a tu re  I s  th e

g e n e ra l  b e l i e f  o f  p r a c t i c a l  o p e ra to rs  and t h i s  v iew  seems
1

to  be s u s ta in e d  by o b se rv a tio n  and experim ent*

With th e  above th o u g h ts  in  mind th e  a u th o r  h as  

endeavored  to ,  in  t h i s  t h e s i s ,  o b ta in  some e x a c t f ig u re s  

upon th e  r e a c t io n s  and s o l u b i l i t i e s  o f  copper and s in e



:m n ih a te s*  The d e s i r e  to  know th e  s o l u b i l i t i e s  o f  m e ta l 

m n th a te s  in  w a te r  and in  po tassium  cyanide was b ro u g h t 

a b o u t by S* P* Warren in  h i s  th e s i s  on •S o lu b le  l l e ta l
2

X an th a tes  and T h e ir  E f f e c t  on D i f f e r e n t i a l  F lo ta t io n 11*

The d e te rm in a tio n  o f  th e  com position  o f  th e se

x a n th a te s  was perform ed in  an a tte m p t to  ag ree  o r  d is a g re e

w ith  th e  work o f  Maryan P* M atuszak o f  th e  U.S* Bureau 
■ 5

o f  Mines* M atuszak *s work d e a ls  e n t i r e l y  w ith  th e

e th y l  x an th a te*  In t h i s  work th e  n e th o d  used  f o r  th e  

d e te rm in a tio n  o f  copper does n o t fo llo w  th e  method used  

by Matuszak#

The m a te r ia l  p re se n te d  in  t h i s  th e s i s  d e a ls  e n t i r e ly  

w ith  th e  p u r i f i e d  x a n th a te s  o f  copper and z in c , and 

p u rp o se ly  av o id s an y th in g  to  do w ith  th e  m echanics o f  

f lo t a t io n *

The a u th o r  would l ik e  to  acknowledge th e  e a rn e s t  

c o o p e ra tio n  and guidance o f  W* W* Howe, A sso c ia te  

P ro f e s s o r  o f  P h y s ic a l C hem istry , and S. P . Warren, 

A sso c ia te  P ro fe s s o r  o f  M e ta llu rg y , bo th  o f  th e  Colorado 

School o f  Mines*



In  view  o f  th e  c a p r ic io u s  b eh a v io r e x h ib ite d  in  

a l l  o f  t h i s  work on r e a c t io n s  and s o l u b i l i t i e s  th e  

a u th o r  h a s  d ec id ed  to  a b s ta in  from th e  p re s e n ta t io n  o f  

an y  e x a c t e x p e r im e n ta l  r e s u l t s  and to  be c o n te n t w ith  

fo rm u la tin g  th e  o n ly  co n c lu s io n s  t h a t  may w ith  c e r t a in ty  

be drawn from  th e  whole body o f  ex p e rim en ta l da ta#  These 

co n c lu s io n s  may be summarized -

P a r t  1

C upric  Iso  Amyl X anthate h a s  th e  fo rm ula

-9HS5HU  c5Hn -o  
S-C 8

a  ou   S

The t h e o r e t i c a l  and th e  determ ined  p e rce n tag e s  o f  

s u lp h u r  and copper a r e  g iv en  below#

T h e o re t ic a l  D eterm ined

Copper { in  c u p r ic )  16*30 Copper 15*50

Chopper ( in  cu p ro u s) 28*04

S u lp h u r ( in  c u p r ic )  32*88 Su lphur 21*88

S u lp h u r ( in  co p io u s) 28 .4?

The x a n th a te  o f  copper was determ ined  to  be c u p r ic

in  form* T h is  i s  d i r e c t l y  o p p o s ite  to  th e  r e s u l t s  o b ta in ed
3

by M atuszak o f  th e  Bureau o f  Mines* Mr* M atuszak in  h i s  

own a r t i c l e  names f iv e  r e c e n t  w orkers who have d e te rm in ed



4
th e  s a l t  to  be cu p ric*  K ef f o r  in  h i s  book on xanthat©  

a n a ly s i s  g iv e s  th e  d e te rm in a tio n  o f  a  c u p r ic  s a l t*  411 

th e  r e s u l t s  o b ta in e d  in  t h i s  ex p e rim e n ta tio n  te n d  tow ard 

th e  c u p ric  s ta te *

Z inc I s o  4myl X anthate  h as  the  same s t r u c t u r a l  form 

a s  th e  copper s a l t  ex cep t th a t  i t  form s a  h y d ra te  ♦ th e  

t h e o r e t i c a l  and th e  determ ined  p e rc e n ta g e s  o f  su lp h u r  

and s in e  a re  g iv e n  below*

T h e o re t ic a l  D eterm ined

Z inc 15*98 Z inc 15*40

S u lp h u r 31*29 Sulphur 29*75

D e te rm in a tio n  o f  th e  h y d ra te  o f  s in e

ponding  to  th e  fo rm ula  2p.(S2G0C5%i)2 * HOH * 411

sam ples were run  on th e  h y d ra te d  s a l t  a s  h e a tin g  

decomposes th e  s a l t *

w e i^ i t  b e fo re  d ry in g  2*3285

w eig h t a f t e r  d ry in g  g.+gggg,* a j a a i..

0 * i 023

0*044 X 409*9 -  18*02

T h is  shows one m o lecu le  o f  w a te r  in  com bination  c o r  r e s -



The compounds which were used  to  for®  th e  x a n th a te s  

w ere i P o ta ss  1*0® hydrox ide ( s a tu r a te d  ) f Oarbon Bl s u lp h id e , 

and Iso  Jmyl A lcohol* The com position  end p r o p e r t ie s  o f  

th e s e  th r e e  a re  known# 1hen  th e se  th re e  compounds a r e  

p u t  to g e th e r  in  eq u a l p ro p o r tio n s  (by volume) th ey  form  

a  p o ta ss iu m  is o  amyl x a n th a te  a s  fo llow s*

Many ex p erim en ts  were run  in  m  a tte m p t to  form 

amyl x a n th a te s  from secondary  and t e r t i a r y  compounds 

h u t  no r e s u l t s  w ere o b ta in e d . I t  i s  b e l ie v e d  t h a t  when 

m ix tu re s  o f  th e s e  a lc o h o ls  a r e  used  to  form x a n th a te s  

t h a t  o v e r 90 p e rc e n t  o f  th e  r e s u l t in g  x a n th a te  i s  o f  

th e  i s o  form .

The x a n th a te s  o f  copper and z in c  were formed in  

th e  fo llo w in g  manner*

The r e a c t io n  between sodium cyanide and th e  

x a n th a te s  shows how i t  I s  p o s s ib le  to  su p p ress  co p p er 

and z in c  in  a  f l o t a t i o n  c e l l#  The z in c  s a l t  i s  much 

more so lu b le  th an  th e  copper s a l t .

OuOKfefe -v- 2 S ~ O
o -c 5 % i

S-K
Ctt{SgC0CgHjj^2+2KH0g

f a r t  8

4NaCN +CoXg -*  Efa20a(CKr>4 + ZKbX  

4HaCN + ZnXg Ha2Zn(C®)4 v 2HaX



C upric io n  and cyanide g iv e  cuprous cyanide io n
-K

and cyanogen (o r  i n n a t e  in  ammonia so lu tio n s} *

2Gu t  4 m  ' -* ZG rntm H  0 t%

Copper w i l l  form  a  complex cyanide w ith  an 

e x c e s s  o f  th e  reag en t#  6

t c a - f  B r n ~ m n { m %  + 0g%

D ata showing th e  r e l a t i v e  s o l u b i l i t y  o f  copper and 

s in e  x a n th a te s  in  P o tassium  Cyanide#

ee  o f  t o g  ' Km 0 .4 g  SiX0 0*4g QnK%

4 93g ~

6 96 -m.

8 100 60$

20 66 

40 ■*«* 6?

C upric xan thate©  a s  c u p r ic  su lp h id e s  w i l l  n o t  form 

com plex io n s  w ith  ammonia#

HH4OH +-GuXg li© reaction

l®40H + aiX2 -* aa< S 8 3 )4 (® )2 ^  2HH4X+4%0

The g r e a t  i n s o l u b i l i t y  o f  GU% i s  shown h e re  because 

th e r e  i s  no b lu e  c o lo r  produced due to  th e  complex Gu 

ammonia s a l t s  w hich would be p re s e n t i f  CuXg d isso lv ed #



Both s a l t s  a re  p a r t i a l l y  so lu b le  in  sodium pyra  

phosphate#

^ a 4^2^7 + SGuX2 OugPgOy +- 4HaX

Na4?2^7 +■ SXnXg S&igPgO? * 4HaX

f t  can e a s i l y  he seen  by th e  graph  Ho* 1 t h a t  w h ile  

b o th  s a l t s  d is s o lv e  s l ig h t ly #  th e  s in e  i s  s t i l l  much 

more s o lu b le  th an  th e  co p p e r.

adding  copper ammonia a c e ta te  i t  i s  found th a t  

th e  z in c  i s  fo rc e d  in to  s o lu t io n  w h ile  th e  copper i s  

b ro u g h t o u t a s  th e  in s o lu b le  x an tha te*

Gu{OT3 )d (Ac )z  +■ GuXg Bo r e a c t io n  

(M{H%>4(Ac)2 t  ^  fefHEfe)4(Ac)2 *■ GuXg

T his r e a c t io n  can e a s i l y  be seen  by adding 2hX^ 

to  copper ammonium a c e ta te  and n o tin g  th e  p r e c i p i t a t e  

o f  copper x a n th a te ,  a s  th e  y e llo w  p r e c ip i ta te *

Both copper and z in c  x a n th a te  rem ain in s o lu b le  in  

z in c  ammonia a c e ta te *  T h is re a g e n t may be added a s  a  

s e p a r a to r  betw een copper# z in c  «* iron# n ic k le *

The a d d i t io n  o f  copper su lp h a te  to  a  s o lu t io n  

te n d s  to  d im in ish  th e  s o l u b i l i t y  o f  th e s e  x an th a te s*



«*8«*

pf?rt 5

The s o l u b l 3 i t i . e s  I d w ater a t  25° C were found  

t o  b e :
-6

C u p r ic  X a n th a te  5*77 x 10 m ols p e r  l i t e r  

Z in c  X a n th a te  5*81 x 10 m ols p e r  l i t e r  

The s o l u b i l i t y  i n  w a te r  o f  c o p p e r  and z in c  x a n t h a t e s  

was d e te r m in e d  by  f i r s t  g e t t i n g  t h e  e q u i v a l e n t  c o n d u c ta n c e  

o f  p o ta s s iu m  x a n t h a t e  a t  i n f i n i t e  d i l u t i o n  and th e n  t h e  

e q u i v a l e n t  c o n d u c ta n c e  o f  t h e  x a n t h a t e  ion*  A p o s s i b i l i t y  

o f  e r r o r  may a r i s e  i n  th e  f a c t  t h a t  x a n t h a t e  s o l u t i o n s  i f  

a l lo w e d  t o  rem a in  i n  c o n t a c t  w i t h  t h e  p l a t i n i z e d  e l e c t r o d e s  

may p o i s o n  them*

The d a t a  on t h i s  e x p e r im e n t  shows how t h e s e  s a l t s  

t e n d  t o  h o ld  t h e  s o l u b l e  p o r t io n #  A s i d e  e x p e r im e n t  was 

ru n  t o  d e te rm in e  i f  any o f  th e  s a l t  went i n t o  s o l u t i o n  

on s t a n d i n g  o v e r  n i g h t .  The f o l lo w in g  r e s u l t s  w i l l  show 

t h a t  t h i s  i s  t r u e ;  b u t  upon  b o i l i n g  o u t  a g a in  th e  f i r s t  

r e s u l t s  were o b ta in e d  ag a in *

Z in c  Xanthfete C opper X a n th a te

F i r s t  b o i l i n g  o u t  1700 ohms 2200 ohms

S ta n d in g  o v e r  n i g h t  1500 2000

R eb e llin g  1’'0 0  2200

In  a l l  th e  r e s u l t s  g iv e n  on c o n d u c ta n c e ,  th e  t h i r d  

f i g u r e  ( i n  t h e  r e s i s t a n c e  ) i s  d o u b t f u l*
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I THE COMPOSITION OF COPPER AND ZINC XANTHATES

P otassium  Iso  -Anyl X anthate  was u sed  th rough  a l l

th e  ex p erim en ta tio n #  T h is  Was made by  shak ing  to g e th e r

e q u a l volumes o f  carbon d is u lp h id e , is o  amyl a lc o h o l and

p o ta ss iu m  h ydrox ide  (s a tu ra te d )*  I t  i s  n e c e ssa ry  to  keep

t h i s  coo l d u rin g  th e  form ation* The p r e c i p i t a t e  was

d is s o lv e d  in  acetone*  T his a llo w s a  s e p a ra t io n  o f  th e

unconsumed r e a c ta n t s  in  a  s e p a ra to ry  funnel*  The ace to n e
?

i s  ev ap o ra ted  and th e  x a n th a te  recovered* The x a n th a te s

o f  copper and z in c  were formed by add ing  to  a  w a te r  s o lu t io n

o f  th e  p u r i f i e d  p o tassiu m  iso  amyl x a n th a te  th e  n i t r a t e  o f

th e  s a l t*  The r e s u l t in g  p r e c ip i t a t e  was f i l t e r e d  and

washed w ith  d i s t i l l e d  w a te r  th re e  tim es* -An a tte m p t a t

f u r t h e r  p u r i f i c a t io n  by c r y s t a l l i z a t i o n  from an ac e to n e

s o lu t io n  proved to  be by a n a ly s is  u n su c cessfu l*  The

p e rc e n ta g e  su lp h u r  was determ ined  by th e  A llen  and Bishop 
8

Method* The p e rcen tag e  copper was determ ined  by th e  
9

Cyanide Method and th e  z in c  m s  determ ined  by th e
10

F e rro  cyanide Method*



14*57

1 5 .5 8

1 8 .8 8

17 .14

15*80

18*43

15*38
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I I  THE REACTIONS OF COPPER AND ZINC XANTHATES WITH 

POTASSIUM CYANIDE, AMMONIUM HYDROXIDE, SODIUM PYRO 

PHOSPHATE, CUPRIA AMMONIUM ACETATE, ZINC AMMONIUM ACETATE, 

AND COPPER SULPHATE

Method

The re a c tio n #  o f  copper and s in e  were determ ined  

by experim ent and c o n a u la tio n  o f re fe ren ce s*  R e su lts  

were a lso  o b ta in ed  from th e  c la s s  work in  ore d re s s in g  

a t  the  Colorado School o f  Mines u n d er th e  d i r e c t io n  o f  

S.P* Warren* I l l u s t r a t i o n  Number One shows th e  r e s u l t s  

o f  t h i s  experim en ta tio n *
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H i  r m  scaam iLiTiBS op copper m o  z m a  x w ®

m  (K rnm arm m  w a te r

The s o l u b i l i t y  o f  th e se  m n th a te s  in  w a te r  was 

d e te rm in ed  by th e  conductance method and checked by 

th e  EMF method#

San.4&c.tBRp.a

th e o ry  •«# th e  e q u iv a le n t conductance o f  a  d i lu t e

s a l t  s o lu t io n  i s  a lm ost a s  la rg e  as  th e  e q u iv a le n t

conductance o f  t h a t  s a l t  a t  i n f i n i t e  d i lu t io n ,  c a lc u la te d

from  th e  io n ic  conductance by B bhlrausch  fs  law# As th e

s a l t  s o lu t io n  becomes more d i lu t e  i t s  e q u iv a le n t conductance

ap p ro ach es  t h i s  l im i t in g  v a lu e , in  o th e r  w ords, t h a t  i t  i s

co m p le te ly  d is s o c ia te d #  I f  th e  s p e c i f ic  conductance o f  th e

w a te r  i s  d e te rm in ed , th e  s p e c i f i c  donductance o f  th e  Ions

o f  th e  s a l t  may be c a lc u la te d  by sim ple s u b tra c tio n *

L #» 1* 8 i
s o lu t io n  w a te r  io n s

Py assum ption  and d e f in i t io n

A A„= L x V « JLPPP...X J. ipng 
v io n s  €

w here th e  symbols have th e  s ig n if ic a n c e  a s s ig n e d  to

them in  Ex* 42 D an ie ls  W illiam s and Mh thew s, and 0

i s  th e  c o n c e n tra tio n  o f  th e  s a l t  in  gram e q u iv a le n ts

p e r  l i t e r #  S o lv ing  f o r  C



«#X5«*

1ettjaaJaBBL

The s p e c i f i c  conductance o f  th e  w ate r to  be u sed  

m s  f i r s t  te s te d #  The m a te r ia l  to  be t e s t e d  m s  th e n  

w ashed s e v e ra l  tim es w ith  t h i s  w a te r to  remove any 

s o lu b le  im p u r it ie s#  A f te r  th e  im p u r it ie s  had been  removed, 

th e  m a te r ia l  was b o ile d  w ith  conductance w a te r  and 

f i l t e r e d t ’ u s in g  a  w e ll  washed f i l t e r ,  in to  an B rlenm eyer 

f l a s k  o f  Pyrex  g la s s  which had been th o ro u g h ly  cleaned#

The conductance c e l l  was washed w ith  th e  s o lu t io n  to  be 

t e s t e d  and th e n  f i l l e d #  The c e l l  was p la c ed  ip  a  c o n s ta n t 

te m p e ra tu re  b a th , which was k e p t  a t  25° 0, and th e  r e s i s ta n c e  

determ ined*  The r e s is ta n c e  a c ro s s  th e  c e l l  was determ ined  

by th e  u se  o f  a  W heatstone Box Bridge and checked w ith  a  

P o s t  O ff ic e  Bridge# A c a p a c ity  o f  #0005 MM) was p la ced  

a c ro s s  th e  r e s i s t a n c e  box# The sound was f a m is h e d  by a  

V reeland  O s c i l la to r*

Experimental Beaults

The r e s i s ta n c e  o f  th e  w a te r  used  v a r ie d  between 

5400 and T0O0 ohms* The w a te r  was t e s t e d  b e fo re  each  

ru n  and t h i s  f ig u re  used  in  determ in ing  th e  r e s u l t#

The c e l l  c o n s ta n t f o r  th e  c e l l  u sed  was found to  

be 0 .0155 ,



B e s ls ta n e e  o f  P o tassium  X anthate  s o lu t io n s

7* 0

1/100 1 1/1000 H 1/10000 W
14*5 120 73#

15*9 l i t 731

15*2 135 850

1% 2 130 900

140 920

141 1073

141 1000

w m

E q u iv a le n t Conductance o f  Potassium  X anthate  s o lu t io n s

IT/100 •  m Q -X .,.1 5 ,2 . *  100.06
i / i o o

N/1 0 0 0  a  lOQo 3E*1 M  *  1 0 8 .5 1

.0155
sr/10000  •  1000 s  1060" *  1 4 1 .1 3

%  c o n s tru c tin g  a  g raph  w ith  th e  r e s u l t s  th e  e q u iv a le n t 

conductance o f  P o tassium  X an thate  a t  i n f i n i t e  d i lu t io n  

can be in te r p o la te d  to  be A 0 m
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B aai s ta n c e  o f  Conductance l a t e r  S a tu ra te d  With ~

S ine  X an thate  Copper X anthate

454 1250

49? 1590

511 1500

025 1590

#21 1900

650 1990

965 21§§

1270 2260

1740 2200

1700 2200

1700 2200

1760 2200

Method o f  C a lc u la tin g  th e  C o n cen tra tio n  o f  Copper 

and  S in e  Xanthate© In  Conductance l a te r *

The e q u iv a le n t  conductance o f  th e  copper and 

s in e  x a n th a te s  a t  i n f i n i t e  d i lu t io n  m s  o b ta in ed  by 

a d d in g  to g e th e r  th e  io n ic  conductance o f  th e  m e ta l 

and th e  x a n th a te  • th e  c o n c e n tra tio n  o f  th e se  s a l t s  

in  w a te r  m s  c a lc u la te d  a s  shown la t e r #



The io n ic  conductance o f  po tassium  was o b ta in e d
11

from  th e  I n te r n a t io n a l  G r i t i c a l  f a b le s  t§r co n v e rtin g

th e  v a lu e  g iven  f o r  16°0 to  25* C# th e  tem p era tu re  u sed

in  th e  experim ent#

I f  we p lo t  th e  conductance v a lu e s  f o r  copper and 
11

z in c  s u lp h a te s  we can o b ta in  v a lu e s  f o r  th e s e  s u lp h a te s  

a t  I n f i n i t e  d i lu t io n #  Then by . .s u b tra c tin g  th e  s u lp h a te  

io n  and c o n v e rtin g  to  35° 0 th e  Io n ic  conductance o f  copper 

and z in c  may be o M a ln ed .

A ,p o ta s s iu m  x a n th a te  

m inus A & p o ta ss iu m  io n  

e q u a ls  A  b x a n th a te  ion  

p lu s  i  A *  z in c  io n  

e q u a ls  A c z in c  x a n th a te

L «• I* *
s o lu t io n  w a te r

G

G

m

z

71. #06

-

134.05

.000007327

1000 x  #000007337 *  5 .0 1  X 
134 .05

-5

A &3Danthate io n  

p lu s  i  A  o co p p er io n  

equal®  A o  copper x a n th a te

71 .05

JjyeJL..

135.15

0 s  1000 x  .000004734 S 5 .7 7  x 10 
135.15

-5



Hie second method was suggested  by T . P . Campbell, 

A sso c ia te  P ro fe s s o r  o f  M eta llu rg y  a t  th e  Colorado School 

o f  Mines* Hie SHF method was run by s e t t i n g  o f  d u p lic a te  

c e l l s  in  th e  fo llo w in g  m anner. -  On one s id e  a  s in e  

e le c t r o d e  m s  p la ce d  in  c o n ta c t w ith  0.1m z in c  s u lp h a te  

and in  th e  o th e r  s id e  th e  z in c  e le c t ro d e  was p laced  in  

c o n ta c t  w ith  0.01m po tassiu m  x a n th a te  s o lu t io n  ( s a tu r a te d  

w ith  z in c  x a n th a te ) .  These h a l f  c e l l s  were connected  by a  

s a tu r a te d  p o tassiu m  c h lo r id e  s a l t  b r id g e . The z in c  c e l l  

when f i r s t  s e t  up gave a  re v e rse d  p o te n t i a l ,  b u t upon 

s ta n d in g  one week gave th e  c o r r e c t  p o l a r i t y .

Hie copper c e l l s  were made up by p la c in g  a  copper 

e le c t r o d e  in  c o n ta c t  w ith  0.1m copper su lp h a te  on one 

s id e  and a  copper e le c t ro d e  in  c o n ta c t w ith  0.01m 

p o ta ss iu m  m n th a te  ( s a tu r a te d  w ith  copper x a n th a te )  on 

th e  o th e r  s id e .  These h a l f  c e l l s  were connected  to g e th e r  

by a  s a tu r a te d  po tassium  c h lo r id e  s a l t  b r id g e . The copper 

c e l l s  showed th e  c o r r e c t  p o l a r i t y  when f i r s t  made u p .

The c e l l s  were alw ays run in  d u p l ic a te  and k e p t a t  

25° C by th e  u se  o f  a  c o n s ta n t tem p era tu re  b a th . The 

BMP was m easured by th e  u se  o f  a  Qheen Type P o te n tio m e te r .
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E x p e r im e n t  l a l  R e s u l t  a g o l d e n , Co l o r a d o

The EMF Method was ru n  t o  ch eck  th e  c o n d u c ta n c e

M ethod. U n c e r t a in  v o l t a g e s  were o b t a i n e d  from  b o th

c e l l s .  The a v e ra g e  EMF a t  25° C was 0 .2 4  v o l t s  f o r  z in c

and 0 .2 6  v o l t s  f o r  c o p p e r .  U s ing  t h e s e  f i g u r e s ,  and c a l c u -
$120

l a t i n g  as  shown i n  Getman t h e  f o l lo w in g  r e s u l t s  were 

o b t a i n e d .

Z inc  Copper

E * •£§££  E s . 0595 lo g
n  n

lo g  s  E n l o g  s  E n
mT^T T (J m E  17^7 7OTS5

lo g  . l x . 3 8 3  s  .2 4 x 2  s  8 .0 6 7  lo g  . l x . 3 6 2  s  *26x2 s  8 .7 3 9
 “  7OT35 ~ c ----- 715K3S

8 8
.0383  s 1 .1 6 6 x 1 0  .0 3 6 2  -  5 .49 x10

c c-10 -11
c -  3 .2 8 5 x 1 0  c -  6 .5 94x 10

-1 0  2 -1 1  2 
s a 3 .2 8 5 x 1 0  x ( .0 0 6 8 5 )  s * 6 .5 94x 10  x ( *00685)

-1 4  -1 5
S x 1 .5 4  5x10 s = 3 .09 7x1 0
___ - 5  „  - 5

Y s  * 1 .5 6 8 x 1 0  rnols /  l i t e r  i j s  s  0 .9 182 x10  m o l s / l i t e r
7 7
D is c u s s io n  o f  C e l l  C a l c u l a t i o n s

T here  i s  some q u e s t i o n  as t o  t h e  j u s t i f i c a t i o n  o f

a p p ly in g  a c t i v i t y  c o e f f i c i e n t s ,  and a c t i v i t i e s  t o  t h e

v o l t a g e  e q u a t io n  o r d i n a r i l y  u se d  f o r  c o n c e n t r a t i o n  c e l l s

o f  t h i s  t y p e .  A f t e r  a re v ie w  o f  t h e  d a t a  i t  was d e c id e d

t o  make t h e  c a l c u l a t i o n s  i n  te rm s  o f  c o n d u c ta n c e  r a t i o s .

I f  we p l o t  th e  c o n d u c ta n c e  v a lu e s  f o r  c o p p e r  and 
( 11 )

z in c  s u l p h a t e s  we can o b t a i n  v a lu e s  f o r  t h e s e  s u l p h a t e s



19~

a t  i n f i n i t e  d i l u t i o n *  The c o n d u c ta n c e  r a t i o s  a r e  o b t a i n e d  

b y  d i v i d i n g  th e  c o n d u c ta n c e  o f  t h e  s a l t  ( a t  25* C and th e  

d e s i r e d  m o l a l i t y )  b y  t h e  c o n d u c ta n c e  a t  i n f i n i t e  d i l u t i o n *

■ S a l t M o l a l i t y -A. -A-o oC

Copper S u lp h a te 0 .1 4 ? . 5 a 120d 0 .3 6 2

Z in c  S u lp h a te 0 .1 4 4 ,  e* 117d 0 .3 8 3

p o ta s s iu m  X a n th a te 0 .0 1 1 0 0 .06c 148° 0 .6 8 5

a I n t e r n a t i o n a l  C r i t i c a l  f a b l e s  V o l.  6 ,  page  236 

^  I n t e r n a t i o n a l  C r i t i c a l  T a b le s  V o l .  6 ,  page  235 

c By e x p e r im e n t  -  s e e  page 14

d These  f i g u r e s  were i n t e r p o l a t e d  by  th e  i n t e r s e c t i o n  

o f  z e ro  c o n c e n t r a t i o n  w i th  a s t r a i g h t  l i n e  d raw n th r o u g h  

t h e  t h r e e  lo w e s t  p o i n t s  i n  a p l o t  o f  c o n d u c ta n c e  a g a i n s t  

t h e  s q u a r e  r o o t  o f  t h e  c o n c e n t r a t i o n .
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