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As shown in  Table V, th e  system  w as not very se n s itiv e  to  

changes in  pH . A tw en ty -fo ld  change in  pH (0 .3  to  6 ) occasioned  only 

about 2  per cen t d ec rease  in  the  iodide ex tra c te d .

At pH va lu es le s s  than  0 .3 ,  the re  w as ex ten siv e  atm ospheric 

oxidation  of th e  io d id e . On th e  o ther hand , sta rtin g  a t pH 2 , a  w h itish  

em ulsion formed In th e  non-aqueous lay er w ith  sh ak in g , w hich took 

longer to  break w ith further In crease  In pH .

A yellow  tinge w as observed in  the  aqueous lay er of th e  system  

a t pH 6 , w hich could only  be In terpreted  as  evldenoe of oxidation  of th e  

Io d id e . It is  w ell known th a t a d d le  iodide so lu tions turn  yellow  b ecau se  

of th e  p resence  of free iodine re le a se d  by th e  ac tion  of e ith er atm ospheric 

or d isso lv ed  oxygen. The fina l pH («^3) of th e  aqueous p h a se , how ever, 

w as qu ite  high for oxidation  to  occur ap p rec iab ly . The only like ly  ex ­

p lanation  w as the  p resence  of lo ca lized  reg ions of low pH w here ox ida­

tion  of the  iodide by d isso lv ed  oxygen w as ap p rec iab le .

U nless o therw ise s ta te d , th e  In itia l concen tration  of the 

cadmium iodide so lu tion  w as approxim ately 0 .05  M ^he tem perature,

30°C , and the pH of the  so lu tio n , 0 .6 .

5 . THE CADMIUM TO IODIDE MOLAR RATIO

If any m etal ion is  to  be of p rac tica l u se  in  th e  separa tion  of 

an ions by so lven t ex trac tio n , i ts  p resen ce  in  e x c e ss  should not appre­

c iab ly  d ec rease  th e  ex trac tion  e ffic ien cy . Fortunately , the  cadmium ion 

proved to  be very sa tis fac to ry  for iodide ex trac tions when considered  on 

th is  b a s is .
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TABLE VI

E ffect of In itia l  C d /I  M ole R atio  on th e  E x trac tion  of Iod ide

C d A  M ole R atio  In A queous P h ase
l / l 1 /1 l / l A /1

P ercen tag e  I E x tracted 95 95 92 89

P ercen tag e  Cd E x tracted 70 50 24 2 0

C d/1  M ole R atio  in  E xtract 1 /2 .7 1 / 1 . 8 1 /1 .9 1 /1 .3

6 . THE INITIAL CONCENTRATION OF THE CADMIUM IODIDE

The d a ta  below  show  th a t  s ta rtin g  w ith  so lu tio n  s tren g th s  app rox i­

m ating th o se  u su a lly  en co u n tered  In a n a ly s is  ( 0 .0 5 -0 .1  M ), a lm ost com ­

p le te  se p a ra tio n  of th e  Iod ide  Ion u sin g  cadm ium  a s  th e  co o rd ina ting  

c a tio n  can  be a tta in e d  In th re e  e x tra c t io n s .

TABLE VII

Effect of In itia l  C o n c en tra tio n  of C d l2  on th e  E x trac tion  o f Iod ide

 In it ia l  C o n cen tra tio n  of Cadm ium  Iodide______
0 .0 0 1  0 .0 0 3  0 .0 0 6  0 .0 1  0 .0 3  0 .05  0 .1  M

P ercen tag e
I E x tracted  61 77 87 91 95 95 96

P ercen tag e
Cd E x tracted  60 53 6 6  69 70 70 75

C d /I  M ole Ratio
in  E x tract 1 /2  1 /3 .7  1 /2 .6  1 /2 .7  1/2.7 1 /2 .7  1 /2 .6

It c a n  be se e n  th a t  ex tra c tio n  i s  s t i l l  ap p re c ia b le  even  for so lu ­

tio n s  a s  d ilu te  a s  0 .0 0 6  M . The d a ta  above w ere o b ta in ed  a t 30°C  and

pH 0 .6 .  G re a te r  e f f ic ie n c ie s  shou ld  r e s u lt  a t  h ig h e r a c id i t ie s .



7 . EFFECT OF TEMPERATURE

B ecause the  so lven t mixture Is inflam m able, th e  study of 

tem perature e ffec ts  w as not extended beyond 4 0 °C . M oreover, the 

system  (assum ing th a t th e  sm all d iffe ren ces , w hich are sm aller than  the 

experim ental error, are sign ifican t) seem s to  behave in  accordance w ith 

BJerrum's th eo ry . For so lven ts  of low d ie lec tric  co n s tan t, theory  p re­

d ic ts  a d ec rease  in  ion a s so c ia tio n  w ith  In crease  In tem pera tu re . S ince 

th e  ex trac tab le  sp ec ie s  are presum ably Ion a s so c ia tio n  com plexes, the

d ec rease  in  percentage iodide ex trac ted  a s  th e  tem perature in c rease s  to 
o

40 C is  in agreem ent w ith th eo ry .

TABLE VIII

Effect of Tem perature on the  E xtraction of Iodide

1(0 Icn 1 o

Temperature
30° 40° C

Percentage I Extracted 97 95 94

Percentage Cd Extracted 68 70 68

C d/I Mole Ratio in Extract 1 /2 .9 1 /2 .7 1/2 .8

8 . SELECTIVITY

A q u a lita tiv e  survey of the  common an ions w as conducted to  

find out w hich of them  would be ex tracted  under the same co n d itio n s . 

Varying degrees of ex trac tab ility  w ere encountered  and may be c la s s if ie d  

according to  th e  following groups:

1. Anions th a t w ere ex trac ted  w ith approxim ately th e  same



efficiency  as  the  iodide:

CNS" and CN~

2 . Anions ex tracted  to  a  m oderate degree:

C l~ , Br“ , C 2 0 4  , and NO3

3 • Anions th a t w ere ex trac ted  very poorly or not a t a ll: 

F“ , S2 O j“ , 804 " ,  P O j3 , Ac- / S“ , F®(CN)“ 4 , 

and BOj3

No evidence of coextrao tlon  w as found.



III . DISCUSSION OF RESULTS

Cadmium Iodide so lu tio n s are  known to  co n ta in  th e  follow ing 

ion ic  and m olecular sp e c ie s : C d**, C dl+ , C d l2 / C d l^ , C d l4 , and I~ .

The sim ple cadmium and iod ide ions are  probably found only in  n eg lig ib le  

am o u n ts , s in c e  cadmium iodide is  a w eak e le c tro ly te , excep t in  very 

d ilu te  so lu tions (18). W orking w ith  neu tra l so lu tio n s of ion ic strength  

of 3 , Leden (13) found th e  iod ide com plexes of cadmium p resen t in th e  

follow ing d ec reasin g  order of abundance: C d l^~ , C d g , C d l2 , and C dl+ . 

A lberty and King (1), on th e  o ther h an d , ob ta ined  from m obility d a ta , 

using  so lu tions of ion ic  streng th  of 0 .5  and to ta l  iod ide concen tra tion  

of 0 .1  M , th e  follow ing v a lu es  for th e  cadmium iodide com plexes:

C d l4“   62 per cen t

C d lJ   16 per cen t

C d ^   . . 1 2  per cen t

C dl+ .................................... 6  per cen t

Cd++ ................................. neg lig ib le

Their graphs of frac tion  of com plex v s . to ta l iod ide concen tra tion  from 

w here th e  above v a lu es  w ere ob tained  show ed th a t th e  re la tiv e  am ounts 

of th e  d ifferen t com plexes varied  w ith  the  to ta l iod ide co n cen tra tio n . 

H arris (11) reported  from Ion exchange ex p erim en ts , using  0 .0666 M 

C d l2 , th e  p resen ce  of C d l4” , C d l2 , C d l^ , and C dl+ , in  th a t in c reasin g  

order of ab u n d an ce .
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In th e  p re se n t s tu d ie s  th e  so lu tio n s  w ere  a c id ic .  U ndoub ted ly , 

a l l  th e  d iffe ren t com plexes of cadm ium  w ith  io d id e  w ould s t i l l  be p re s e n t .  

The q u e s tio n  i s  w h ich  forms p redom inate over th e  o th e rs  ? For s im p lic ity , 

th e  form ulas of th e  cadm ium  iod ide  com plex io n s w ere  w ritten  u n h y d ra ted , 

a lthough  i t  i s  known th a t  m o lecu les of w a te r  a re  co o rd in a ted  to  th e  

c e n tra l io n . Cadm ium  Io d id e , for ex am p le , i s  re a lly  C d f f ^ O ) ^ *  W ith 

th is  In m ind, i t  Is  p o s s ib le  th a t th e  ad d itio n  of hydrogen io n s , w hich  

h av e  a  g rea t a ffin ity  for w a te r  m o le cu le s , m akes i t  re la tiv e ly  e a s ie r  for 

th e  co o rd in a ted  w a te r  to  le a v e  th e  sp h ere  of In fluence  of th e  c e n tra l 

m etal ion  and for th e  sim ple io d id e  io n s to  ta k e  over th e  v a c a te d  p o s i­

t io n s .  In so lu tio n s  of low pH , say  0 .3  or 0 .6 ,  th e  p rin c ip a l cadm i'im  

iod ide  com plexes a re  p ro b ab ly , in  d ec re a s in g  o rder of ab u n d an ce , C d lJ , 

C d l2  and  C d ^ ” . At h igher pH v a lu e s ,  th e  follow ing are  probably  p resen t 

to  a g re a te r  degree : C d l2 , and C d l+ . The d a ta  in  T able V poin t to  th e  

follow ing a s  th e  uncharged  sp e c ie s  ex tra c te d  from so lu tio n s  of low pH: 

(H+ , C d l p ,  C d l2 , and (2H+ , C d lJ" )

The In c rea se d  p a rtic ip a tio n  of th e  la s t  nam ed ion  a s s o c ia tio n  com plex  

should  be ex p ec te d  w ith  fu rther In c re a se  in  a c id i ty .  From pH 2 on up 

to  h igher pH v a lu e s ,  th e  ex trac ted  s p e c ie s  a re  probably  C d l2 , and 

(Cdl+ , OH” ) w ith  th e  la t te r  making i ts  g re a te s t  p a rtic ip a tio n  a t pH 6  a s  

ev id en ced  by th e  In c re a se  in  th e  a c id ity  of th e  aqueous p h a s e , an  in ­

c re a s e  w hich  is  to o  g rea t to  a ttr ib u te  to  an en h an ced  so lu b ility  of w a te r 

in th e  TBP-MiBK p h a s e .

The re la tiv e  in s e n s it iv ity  to  pH change may be due to  th e  ex is tin g
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equilibria among the different com plexes of cadmium and Iodide which 

allow lnterconverslon from one major Ionic sp ec ie s  to  another one tha t 

can form an uncharged ex tractab le complex at the  new pH .

As long a s  the higher Ion asso c ia tio n  com plexes are the  major 

sp ec ies being ex trac ted , the  extraction  efficiency  of iodide is  h igh . 

Addition of cadmium Ions to  vary the  Cd:I mole ratio  in c reases  the ion is 

strength of the so lu tion , making ex tensive ion asso c ia tio n  p o ss ib le . 

However, the  concurrent chem ical effect lim its th e  Ion asso c ia tio n  to  

the lower com plexes a s  shown by the following equations:

Cd++ + C d lJ"  ■ ■■ » 2 C dl2

Cd** + Cdl* -------- » C d l2  + Cdl+

Cd** + C d l2  --------------» 2 Cdl*

The uncharged sp ec ies  being extracted  are probably C dl2 , and

{Cdl+ , N O j), w ith the la tte r  increasing  in Importance with Increase

in Cd:I mole ra tio . The solution added to  Increase the Cd:I mole ratio  

w as cadmium n itrate  which explains the appearance of the nitrate ion 

here . No attem pt w as made to  estim ate the  amount of n itrate ex tracted , 

but its  p resence w as d e tec ted .

The Increase in extraction  w ith in crease  in in itia l concentration 

of the  cadmium iodide solution may be due to  the ion lc-s treng th  and 

m ass-ac tion  e ffe c ts . The former favors io n -asso c ia tio n  complex forma­

tion  w hich, because of the m ass-ac tion  effect and the  presence of 

hydrogen io n s , would in turn favor the higher com plexes, C d lj and 

C d lJ" .
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2 C d l2  --------------------► C d lj  + C dl+

3  C d l2  -------------------- > C d l“  + 2 C dl+

At low er c o n c en tra tio n s , th e  am ount of sim ple cadmium and Iodide ions 

in c re a s e s ,  but ap p a ren tly , enough com plexes a re  s t i l l  p re se n t to  su s ta in  

th e  form ation of ex tra c tab le  sp e c ie s  • The d a ta  In T able VII poin t to  

(2H+, C d IJ“) ,  (H+ , C d ip  and C d l2  a s  th e  predom inant forms being  e x -  

t i c t e d  w ith  th e  p a rtic ip a tio n  of (2H+ , C d lJ" )  reach ing  i ts  peak  a t 0 .003  

M . A pparently , th e  C dl+ io n , w hich is  th e  predom inant com plex a t very 

low cadmium iodide co n c e n tra tio n s , is  u nab le  to  form an  ex trac ta b le  

uncharged ion a s so c ia tio n  com plex , th e  pH of th e  so lu tio n s  (0.6) being 

so  low a s  to  make th e  form ation of (Cdl+ , OH”) h ighly  im probable.

BJerrum 's theory  or Fuoss* Improved theo ry  p red ic ts  th a t an in ­

c re a se  In tem peratu re w ill c a u se  a  d e c re a se  In ion  a s so c ia tio n  In th e  

TBP-M1BK phase . In th e  aqueous la y e r , th e  number of Ion a s so c ia tio n  

com plexes should  in c re a s e . Of th e s e  tw o opposing e f fe c ts ,  th e  data  

seem  to  Ind ica te  predom inance of th e  form er. The sm all change (sm aller 

th an  th e  experim ental error) in  p ercen tag e  ex trac tio n  shown in  Table VIII 

w ith change of tem p era tu re , can  only mean th a t it  is  th e  ex ten t of ion 

a s so c ia tio n  in th e  TBP-M1BK p h ase  th a t is  s ig n ific an t in  determ ining th e  

e ffic ien cy  of e x tra c tio n . The Fuoss equation  may be w ritten  in th e  form:

log K * log A + -XI-
DT

w here log A re p re se n ts  th e  co e ffic ien t of th e  exponen tia l term  and k.', 

th e  co n s tan t € .V k . ch an g es only s lig h tly  w ith  change in tem p era tu re ,



for so lv en ts  of low d ie le c tr ic  c o n s ta n t. H en ce , th e  In c rease  or d ec re a se  

in  ion a s so c ia tio n  in  th e  TBP-MiBK p h ase  m ust be due m ainly to  th e  

change in the tem p era tu re , X* H ow ever, for a change of 10 deg rees in  

£ ,  th e re  w ill only be a sm all change in  log K. This may be the  reaso n  

for th e  sm all d iffe ren ces in  th e  p ercen tag e  of iod ide ex trac ted  a t th e  

th ree  d ifferen t te m p e ra tu re s .



IV. DEVELOPMENT OF A PROCEDURE FOR THE EXTRACTION 

METHOD OF IODIDE DETERMINATION

Aqueous so lu tio n s  of po tassium  Iodide ( t* 0 .1  M ), ac id ified  w ith 

6  N su lfu ric  a c id  to  a  pH of approxim ately  0 .6 ,  w ere u se d .

Before a procedure could  b e  recom m ended, th e  volume of mixed 

so lv e n ts  th a t should  be added for each  p a s s  had  to  be determ ined . The 

follow ing volum e d is trib u tio n s  w ere tr ied ;

1 . Three p a s s e s  of 10 m is . e a c h .

2 . Three p a s s e s  of 5 m is . e a c h .

3 . Ten m illilite rs  for th e  f irs t p a s s  and 5 m is . each  for th e  

second  and th ird  p a s s e s .

The f irs t one w as fin a lly  abandoned b e c a u se  th e  la rge  volum e th a t re ­

su lted  w ith  th e  add ition  of carbon  te tra ch lo rid e  made it  im prac tica l and 

unw ieldy .

The re s u lts  for th e  volume d is trib u tio n s  (2) and (3) are  shown 

below ;

(2) THREE PASSES OF 5 MLS. EACH OF 1:1 TBP-MiBK

Vol. of KIO3  Iodide P resen t Iodide Found % R el. Error

1 . 2 0 .94  m is . 129 m gs. 127 m gs. 1.55

2 . 2 1 . 0 0  m is . 129 m gs. 127 m gs. 1.55

3 . 21.05 m is . 129 m g s . 127 m gs. 1.55

4 . 20 .98  m is . 129 m gs. 127 m gs. 1.55

5 . 20 .89  m is . 129 m gs. 126 m gs. 2.32

6 . 20 .60  m is . 129 m gs. 124 m gs. 3 .88

Av. 20 .91  m is. 126 m gs. 2 .07
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(3) ONE PASS OF 10 MLS* OF 1:1 TBP-M1BK FOLLOWED BY TWO PASSES
OF 5 MLS. EACH

Iodide P resen t ifid idS ^ound % R el. Error

1 . 20 .98  m is . 129 m gs. 127 m gs. 1.55

2 * 2 0 .9 6  m is . 129 m gs. 127 m gs. 1.55

3* 2 1 . 0 0  m is . 129 m gs. 127 m gs. 1.55

4 . 20 .96  m is . 129 m gs. 127 m gs. 1.55

5 . 20 .75  m is . 129 m gs. 125 m gs. 3 .1 0

6 . 21 .03  m is . 129 m gs. 127 m gs. 1.55

k u 20.95  m is . 127 m gs. 1.81

The g rea te r error in  the  f irs t c a s e  may be tra c ed  to  th e  sm aller 

volum e (5 m is .)  of mixed so lv en ts  u se d  in th e  f irs t p a s s .  The u se  of a 

volume of mixed so lv en ts  approxim ately  equal to  th a t of th e  aqueous 

phase  for the  f irs t p a s s  meant re la tiv e ly  sm alle r error b ec au se  of e a s ie r  

separation  of th e  im m iscib le p h a se s .

The follow ing p ro ced u re , b ased  on th e  above re su lts  and on th e  

find ings d e ta iled  in Part II of th is  d is s e r ta tio n , is  recom m ended.

PROCEDURE

Ten m illilite rs  of th e  iod ide (r 0 .1  M) are p ip e tted  in to  a 125-m l. 

separato ry  fu n n e l. One m illilite r  of 0 .5  M cadmium n itra te  and 1 m l. of 

6  N su lfu ric  ac id  are  ad d ed , and th e  so lu tion  is  mixed w e ll . T en  

m illilite rs  of 1:1 TBP-MiBK are  next poured in .  The tw o -p h ase  system  

is  shaken  for th irty  seco n d s before being s e t  a s id e  to  allow  separa tion
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and c la r if ic a tio n  of th e  Im m iscible la y e r s .

The low er aqueous p h ase  is  run Into a  6 0 -m l. separa to ry  funnel 

and  a few drops of 6  N su lfu ric  ac id  ad d ed . The re s id u a l Iod ide i s  ex ­

tra c te d  w ith  two 5 -m l. volum es of th e  mixed so lv e n ts . The 5-m l. ex ­

tr a c ts  v e  com bined w ith  th e  f irs t one in  th e  125-m l. separa to ry  funnel, 

and th e  resu ltin g  m ixture is  d ilu ted  w ith  tw ice  i t s  volum e of carbon 

te tra c h lo r id e .

The Iodide Is recovered  by shaking  th e  TBP-MiBK-CCl4  p h ase  

th ree  tim es w ith  20 m is . of 1 N sodium  hydrox ide . The com bined 

a lk a lin e  strip p in g s In a 1- l i te r  Erlenm eyer fla sk  are  made 6  N in  hydro­

ch lo ric  a c id , and th e  iod ide ti tra te d  by th e  conven tiona l Iodine mono­

ch loride titra tio n  w ith  standard  p o tassiu m  lo d a te . Twenty m is . of carbon  

te trach lo rid e  w ere u sed  a s  in d ic a to r.

The percen tag e  of iod ide in  th e  sam ple is  com puted from th e  

formula:

% j _ Vol. of KIQ3  x  Iodide T iter of KIO3  x 100 
W eigh t of Sample



V. APPENDIX

TABLE IX

GRAVIMETRIC STANDARDIZATION OF CADMIUM NITRATE SOLUTION 

BY PRECIPITATION OP CADMIUM OXINATE

JOSls_

W eigh t of 
C ru c ib le  + 
p re c ip ita te

25 .1315  25 .5913  2 5 .4038  2 5 .1 2 3 8  25 .4154

W eigh t of
empty
c ru c ib le

23 .9305  2 4 .3911  24 .2118  2 3 .9 3 0 8  24 .2118

W eigh t of 
p re c ip ita te 1 .2 0 1 0  1 .2002  1 .1920  1 .1930  1 .2036

Av. w eig h t of p re c ip ita te  » 1 .198  gram s

W eight of Cd W eight o f p re c ip ita te  x — —
C dO x2

* 1 .198  x 112 .4
4 0 0 .6

3 3 6 .2  m gs. cadm ium  in  5 m is . of cadm ium  n itra te

so lu tio n .

-  6 7 .2 4  m gs. cadm ium  per m l. of so lu tio n .
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TABLE X

POTASSIUM IODATE SOLUTIONS

Iodine Titer

1 7 .693  mgs

2 7 .023

3 6.328

4 6 .022

5 6.097

6 6.045

7 6 .384

8 7 .579

Note: B ecause of sp a ce  l im ita t io n s , in  some of th e  following ta b le s  

th e  po tass ium  iodate  so lu tion  u sed  w ill ju s t  be Ind ica ted  by 

i t s  number (above) In p a re n th e s is .  For exam ple , KIO3  (1) is  

so lu tion  n o . 1, above , w ith  an  iodine t i te r  of 7 .693  m gs. per 

m il li l i te r .
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TABLE XI-A

EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE

TITRATION OF IODIDE 

A: 10 m is . of C d l 2 * 06 m is .  w a te r ,  76 m is .  c o n c .  HC1

Volume of KlOq Iodine T iter of KIQg Iodide Found

1 17.62 m is . 7 .023  m g s . /m l . 123.7 mgs

2 17.64 7 .023 123.8

3 17.68 7.023 124.1

4 17 . 65 7 .023 123.9

5 16.27 7 .579 123.3

6 16.25 7 .579 123.1

7 16.22 7 .579 122.9

8 16.21 7 .579 122.9

Average 123.5 mgs
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TABLE XI -  B

EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE

TITRATION OF IODIDE 

B: 10 m is . Odl^t  5 .5  m is . H2 ) , 60 m is .  0 .1  NaOH,

7 6 .5  m is . c o n c .  HC1

Volume of KIO'% Iodide Present Iodide Found D eviation

1 17.69 m is . (2) 123.5 m g s . 124.2 m gs. 0 .7

2 17.66 123.5 124.0 0 .5

3 17.68 123.5 124.1 0 . 6

4 17.67 123.5 124.0 0 .5

5 16.34 (8 ) 123.5 123.8 0 .3

6 16.26 123.5 123.2 0.3

7 16.32 123.5 123.7 0 . 2

8 16.29 123.5 123.4 0 . 1

Average:

R elative Error:

123.8 mg s . 0 .4

0.24%
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TABLE XI-C

EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE

TITRATION OF IODIDE 

C: 10 mis. C dl2 , 1 ml. w ater, 60 m is. 1 N NaOH,

81 m is. cone . HC1

Volume of KIO-i Iodide Present Iodide Found Deviation

1 17.62 mis. (2) 123.5 mgs. 123.7 mgs. 0 . 2

2 17.64 123.5 123.8 0.3

3 17.68 123.5 124.1 0 . 6

4 17.66 123.5 124.0 0.5

5 16.15 (8 ) 123.5 122.4 1 . 1

6 16.29 123.5 123.4 0 . 1

7 16.28 123.5 123.4 0 . 1

8 16.32 123.5 123.7 0 . 2

Average:

Relative Error

123 .6 m gs. ■0.3

0.24%



TABLE XI-D

EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE

TITRATION OF IODIDE 

D: 10 mU. Cdlg, 20 mis. 10% NaOH, 40 mis. 2% NaOH,

82 mis. conc. HC1

Voluma of KIO^ feStttiS-EZSifiSL Iodide Found Deviation

1 17.99 m is. (2) 123.5 mgs. 126.3 mgs. 2 . 8

2 17.98 123.5 126.2 2.7

3 18.04 123.5 126.6 3.1

4 18.03 123.5 126.6 3.1

5 16.63 (8 ) 123.5 126.1 2 . 6

6 16.61 123.5 125.9 2.4

7 16.55 123.5 125.4 1.9

8 16*66 123.5 126.3 2 . 8

Average:

Relative Error

126.2 mgs. 2.7

2 . 1%
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TABLE XII-A

EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE

RECOVERY OF IODIDE 

A: 60 rnla. of 0 .1  N NaOH

Percentage
Volume of XIOq Iodide Preeent Iodide Found Recovery

1 17.69 m is. ( 1 ) 145.2 mge. 136.1 mgs. 94

2 17.48 145.2 134.5 93

3 17.75 145.2 136.6 94

4 17.72 145.2 136.3 94

5 17.55 145.2 135.0 93

6 17.64 145.2 135.7 93

7 17.61 145.2 135.5 93

8 17.51 145.2 134.7 93

Av.: 17.62 m is. 135.6 mgs. 93

Concentration of Cdl2  Solution = 0.05 M

pH = 0 .6

Temperature = 30°C
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TABLE XII-B

EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE

RECOVERY OF IODIDE 

B: 60 m is. of 1 N NaOH

Percentage
Volume of KIO3  Iodide Present Iodide Found Recovery

1 21.83  m is. (5) 139.3 mgs. 133.1 mgs. 96

2 21.79 139.3 132.9 95

3 21.78 139.3 132.8 95

4 21.59 139.3 131.6 94

5 21.52 139.3 131.2 94

6 20.94 (4) 131.7 126.1 96

7 20.99 131.7 126.4 96

8 20.61 131.7 124.1 94

Average 95

C oncentration of Cdl^ Solution = 0.05 M

pH = 0 .6

Temperature = 30°C
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TABLE XII-C

EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE

RECOVERY OF IODIDE 

C: 20 m is. of 10% NaOH, 40 m is. of 2% NaOH

Volume of KIO^ Iodide Present Iodide Found
Percentage

Recovery

1 20.96 m is. (4) 133.3 mgs. 126.2 mgs. 95

2 21.05 133.3 126.7 95

3 2 1 . 0 1 133.3 126.5 95

4 21.03 133.3 126.6 95

5 21.05 133.3 126.7 95

6 21.16 133.3 127.4 96

7 2 1 . 2 0 133.3 127.7 96

8 2 1 . 0 0 133.3 126.4 95

Av.: 2 1 . 1 0  mis. 126.8 m gs. 95

Concentration of Cdlg Solution = 0. OS M

pH = 0 .6

Temperature * 30°C
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TABLE XIII 

RECOVERY OF IODIDE WITH 1 N NaOH 

A; 20 m is . of 1 N NaOH

Percentage
Volume of KIO^ Iodide Presen t Iodide Found Recovery

20 .41  m is. (4) 131.7 m gs. 122.9 m gs. 93

20 .50 131.7 123.5 94

2 0 . 1 0 131.7 1 2 1 . 0 92

19.99 131.7 120.4 91

20.63 131.7 124.2 94

19.95 131.7 1 2 0 . 1 91

20.35 131.7 122.5 93

20.43 131.7 123.0 93

2 0 .3 0  m is. 1 2 2 . 2  m gs. 93

B: 40 m is . of 1 N NaOH

20 .56  m is . (4) 131.7 m gs. 123.8 m g s . 94

20 .60 131.7 124.1 94

20.42 131.7 123.0 93

20.63 131.7 124.2 94

20.65 131.7 124.3 94

20.58 131.7 123.9 94

20.53 131.7 123.6 94

2 0 . 2 1 131.7 121.7 92

20 .52  m is. 123.6  mgs. 94
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TABLE XIII (C o n 't .)

C: 60 m is .  o f  1 N NaOH
Percen tage

Volume of KIQg Iodide P re s e n t  Iodide Found Recovery

1 2 0 .7 8  m is .  (4) 131.7  m gs. 125.1  m gs. 95

2 20 .77 131.7 125.1 95

3 20 .99 131.7 126.4 96

4 20 .61 131.7 124.1 94

5 20 .55 131.7 123.7 94

6 20 .94 131.7 126 .1 96

7 2 1 . 0 0 131.7 126 .4 96

8 20 .65 131.7 124.3 94

A v.: 2 0 .7 9  m is . 125.2  m gs. 95

C o ncen tra tion  of Cdlg Solution = 0 .0 5  M

pH = 0 .6  

Tem perature * 30°C
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TABLE XIV -  A

EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION

OF IODIDE 

A: pH -  0 .3

_______________________ N on-aqueous Laver______________

KIO3  (5) 21 .77

AVt „

2 1 .8 3  21 .85  2 1 .9 1  21 .92  2 1 .9 6  21 .87

I(m gs.) 133 133 133 134 134 134 134

%E (I) 96 96 96 96 96 96 96

Cd(mgs?) 43 42 42 43 42 42 42

%E (Cd) 6 8 67 67 69 6 8 6 8 6 8

fid
I

- L -
2 . 8 2 .9

- A .
2 .9 2 . 8 2 . 8 2 . 8 2 . 8

Aaueous Laver

I Left* 6 6 6 5 5 5 5

I (Orlg.) 139 139 139 139 139 139 139

%I (Left) 4 4 4 4 4 4 4

Cd Left 19 2 0 2 0 19 2 0 2 0 2 0

Cd (Orlg.) 62 62 62 62 62 62 62

%Cd (Left) 32 33 33 31 32 32 32

ApH +0.18 +0 .17 + 0 . 20 + 0 .19  + 0 .2 0 + 0 . 2 +0.19

* ob ta ined  by d ifference
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TABLE XIV -  B

EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION

OF IODIDE 

B: pH » 0 .6

_______________________ N on-agueoua Laver______________

VKI0 3 (5) 21 .62 21 .79 21 .78 21 .59 21 .79 21 .83 2 1 .'

I (mg*.) 132 133 133 132 133 133 132

%E (I) 95 95 95 94 95 96 95

C d(m gst) 44 44 44 44 44 44 44

%E (Cd) 70 70 70 70 70 70 70

0 4 1 -L- 1 1 1 1

I 2 .7 2 .7 2 .7 2 .7  2 .7  

Aaueous Laver

2 .7 2 .7

I Left* 7 6 6 7 6 6 7

I (Orlg.) 139 139 139 139 139 139 139

%I (Left) 5 5 5 6 5 4 5

C d (Left) 18 18 18 18 18 18 18

Cd (Orlg.) 62 62 62 62 62 62 62

%Cd (Left) 30 30 30 30 30 30 30

A pH + 0 . 1 0 +0.08 +0.05 + 0 .08 + 0 .06 + 0 . 1 0 + 0 .

* ob tained  by d ifference
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TABLE XIV -  C

EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION

OF IODIDE 

C: pH -  I

_______________________ N on-agueous Laver__________________
1 2 3 _  4 5 6  Av.

VKI0 3 (3) 19.65 19.64 2 0 .0 6  19.61 2 0 .1 0  19.82 19.88

1  (m gs.) 124 126 127

%E (I) 94 95 96

Cd (mgs?) 48 46 48

%E (Cd) 83 80 83

£ d 1 1

I 2 .3 2 .4 2 .3

I Left* 8 6 5

I (Orig.) 132 132 132

%I (Left) 6 5 4

Cd (Left) 1 0 1 2 1 0

Cd (Orig.) 58 58 58

%Cd (Left) 17 2 0 17

ApH + 0.08 + 0 . 1 0 + 0 .

125 127 125 126

95 96 95 95

46 48 47 47

80 84 81 82

1

2 .4
X —
2 .3 2^4

_ 1

2 .

Aaueous Laver

7 5 7 6

132 132 132 132

5 4 5 5

1 2 1 0 1 1 1 1

58 58 58 58

2 0 16 19 18

+ 0 .09 + 0 . 1 0 +0.08 +0.08

* ob tained  by d ifference
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TABLE XIV -  D

EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION

OF IODIDE 

D: p H -  2

 ___________________ N o n -aau to u i Laver_____________

vn o s (3) 19.49 19.60 19.59 19.75 19.47 19.65 19

I (mgs.) 123 124 124 125 123 124 124

%E (I) 94 94 94 95 93 94 94

Cd (mgs?) 54 54 54 55 54 54 54

%E (Cd) 93 93 93 95 93 93 93

£ d 1 1 1 1 1 1 1
I 2 2 2 2 2 2 2

Aqueous Layer

I Left 7 .1 7 .1 7 .1 7 .1 7 .1 7.1 7 .1

I (Orig.) 132 132 132 132 132 132 132

%I (Left) 5 .4 5 .4 5 .4 5.4 5.4 5.4 5.4

Cd (Left) 4 .4 4 .2 4 .0 3.8 4 .1 4.1 4.1

Cd (Orlg.) 58 58 58 58 58 58 58

%Cd (Left) 7 7 7 5 7 7 7

ApH +0.4 + 0 . 6 +0.5 +0.5 + 0.5 +0.5 + 0.5

* obtained by difference
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TABLE XIV -  E

EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION

OF IODIDE 

E: pH -  3

____________________Non-aqueous Laver_______________
1 2 3 4 5 6  Av

vKK>3 (3) 19.42 19.62 19.63 19.47 19.65 19.72 19,

I (mgs.) 123 124 124 123 124 125 124

%E (I) 93 94 94 93 94 95 94

Cd (mgs?) 55 56 55 55 55 55 55

%E (Cd) 95 97 95 95 95 95 95

1 I 1 I I I i
I 2 2 2 2

Aaueous

2

Layer

2 2

I (Left) 7 .8 7.9 7 .9 7 .9

00•
1". 7 .1 7

I (Orlg.) 132 132 132 132 132 132 132

%I (Left) 5 .9 6 6 6 5.9 5.4 5

Cd (Left) 3 .3 2 .3 2 . 8 3.5 3 3 3

Cd (Orlg.) 58 58 58 58 58 58 58

%Cd (Left) 5 3 5 5 5 5 5

ApH + 0.4 + 0 . 2 + 0.3 + 0 . 2 +0.3 + 0.3 + 0

* obtained by difference
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TABLE XIV -  F

EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION

OF IODIDE 

F: pH « 6

N on-aaueous Layer
I 2 3 4 5 6 Av.

vKIOj(4) 20.45 20.47 20.41 20.59 20.47 20.52 20.41

I (mgs.) 123 123 123 124 123 124 123

%E (I) 94 94 93 94 94 94 94

Cd (mast) 56 56 56 56 56 56 56

%E (Cd) 97 97 97 97 97 97 97

1 1 1 1 1 1 1

1 2 2 2 2

Aaueous

2

Laver

2 2

I (Left) 7 .9 7 .9 7 .9  ̂ 7 .8 7 .9 7 .8 7 .9

I (Orig.) 132 132 132 132 132 132 132

%I (Left) 6 6 6 5 .9 6 5 .9 6

Cd (Left) 2 . 6 2.5 2.5 2 . 6 2 . 6 2 . 6 2 . 6

Cd (Orig.) 58 58 58 58 58 58 58

%Cd (Left) 3 3 3 3 3 3 3

A pH -3 .2 - 3 .0 -3 .2 - 3 .4 - 3 .2 - 3 .3 -3 .2

* obtained by difference
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TABLE XV -  A

EFFECT OF CADMIUM TO IODIDE RATIO ON THE EXTRACTION

OF IODIDE 

A: C d /I  -  1/1

N on-aquaou i Laver

vKI03 (6) 21.87 21.83 21.83 21.87 21.83 21.78 2 1 . 8

I (mgs,) 132 132 132 132 132 132 132

%E (I) 96 95 95 96 95 95 95

Cd (mgs?) 65 64 63 64 64 64 64

%E (Cd) 51 50 49 50 50 50 50

Cd 1 1 1 1 1 1 1

I 1 . 8 1 . 8 1 . 8 1 . 8 1 . 8 1 . 8 1 . 8

Aaueous Laver

I (Left)* 6 6 6 6 6 6 6

I (Orig.) 138 138 138 138 138 138 138

%I (Left) 4 5 5 4 5 5 5

Cd (Left) 64 64 65 64 64 64 64

Cd (Orig.) 128 128 128 128 128 128 128

%Cd (Left) 49 50 51 50 50 50 50

* obtained by difference
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TABLE XV -  B

EFFECT OF CADMIUM TO IODIDE RATIO ON THE EXTRACTION

OF IODIDE 

B: C d /I  -  2 /1

Aaueous Laver

I (Left)* 1 2 1 2 13 9 9 1 0

I (Orig.) 150 150 150 138 138 138

%I (Left) 8 8 9 7 7 7

Cd (Left) 206 2 0 2 204 208 208 208

Cd (Orig.) 268 268 268 262 262 262

%Cd (Left) 77 75 76 79 79 79

. 1 2 3 4 5 6 Av,

v* ao 3 (6 ) 22 .87 22 .74 22 .63 21 .37 21 .31 21 .27

I (m gs.) 138 138 137 129 129 128

%E (I) 92 92 91 93 93 93 92

Cd (mgs?) 62 6 6 64 54 54 54

%E (Cd) 23 25 24 2 1 2 1 2 1 2 2

Cd 1 1 1 1 1 1 1

1 2 . 0 1 . 8 1 .9 2 . 1 2 . 1 2 . 1 2 . 0

8

78

* ob ta ined  by d ifference
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TABLE XV -  C

EFFECT OF CADMIUM TO IODIDE RATIO ON THE EXTRACTION

OF IODIDE 

C: C d /I  -  4 /1

N on-aaueous  Laver
1 2 3 4 5 Av.

VKI0 3 (6) 18.09 18.51 18.48 18.42 18.36 18.:

I (m gs.) 109 1 1 2 1 1 2 1 1 1 1 1 1 i l l

%E (I) 8 8 90 89 89 89 89

Cd (mgs?) 75 77 77 77 79 77

%E (Cd) 19 2 0 2 0 2 0 2 0 2 0

Qd 1 1 1 1 1 1

I 1 .3 1.3 1 .3 1.3 1 . 2 1.3

Aqueous Layer

I (Left)* 16 13 13 14 14 14

I (Orig.) 125 125 125 125 125 125

%I (Left) 1 2 1 0 1 1 1 1 1 1 1 1

Cd (Left) 316 314 314 314 312 314

Cd (Orig.) 391 391 391 391 391 391

%Cd (Left) 81 80 80 80 80 80

* obtained  by d ifference
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TABLE XVI -  A

EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON

THE EXTRACTION OF IODIDE 

A: 0 .001 M C d I2 

______________ N on-aaueous Laver_____________

VN»28 2 °3  

I (m gs.)

%E (I)

Cd (mgs?)

%E (Cd)

Qd
I

1.98

2 .12

61

0.92

60

1

2

1.97

2 .10

61

0.92

60

1
2

1.97

2 . 1 0

61

0.92

60

1

2

1.97

2 . 1 0

61

0.91

60

1
2

Ay*

1.97

2 . 1 0

61

0.92

60

1

2

I (Left)*

I (Orig.) 

%I (Left) 

Cd (Left) 

Cd (Orig.) 

%Cd (Left)

1.33

3 .45

39 

0 .61  

1.53

40

Aqueous Laver 

1 .35 1.35 1.35

3 .45

39 

0 .61  

1.53

40

3.45

39 

0 .61  

1.53

40

3.45

39 

0 .62  

1.53

40

1.34

3 .45

39 

0 .61  

1.53

40

N a 2 S2 0 3  t i t e r *  1.07 m gs. I

* ob ta ined  by d ifference
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TABLE XVI -  B

EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON

THE EXTRACTION OF IODIDE 

B: 0 .003  M C dl 2  

______________N on-aaueous_Laver_____________

VN a 2 S 2 0 3  6 .32  6 .23  6 .2 4  6 .21  6 .25

I ( m g s . )  6 .7 6  6 .67  6 . 6 8  6 .64  6 .69

%E (I) 78 77 77 77 77

Cd (mgst) 1 .6  1.6 1 .6  1 .6  1.6

%E (Cd) 53 53 53 53 53

1 1 1 1  
I 3 .7  3 .7  3 .7  3 .7  3 .7

Aqueous Laver

I (Left)* 1.88 1.97 1.96 2 .0 0  1.95

I (Orig.) 8 .6 4  8 .6 4  8 .6 4  8 .6 4  8 .64

%l (Left) 22 23 23 23 23

Cd (Left) 1 .4 1.4 1 .4  1 .4  1.4

Cd (Orig.) 3 3 3 3 3

%Cd (Left) 47 47 47 47 47

N a 2 S 2 0 3  t i te r  = 1 .0 7  m gs. I

* obtained by d ifference
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TABLE XVI -  C

EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON

THE EXTRACTION OF IODIDE

C: 0 .006  M C d l 2

N on-aaueous  Laver
1 2  3 4 Av.

Vn « 2s 2° 3 14.02 14 .00 14.11 14.07 14.05

I (m gs.) 15 .0 15.0 15.1 15.1 15 .0

%E (I) 87 87 87 87 87

Cd (mgs?) 5 .0 5 .1 5 .0 5 .2 5 .1

%E (Cd) 65 6 6 65 6 8 6 6

I 2 .7 2 . 6 2^7

Aoueous Laver

2 . 6

J L .
2 . 6

I (Left)* 2 .3 2 .3 2 . 2 2 . 2 2 . 2

I (Orig.) 17.3 17,3 17.3 17.3 17.3

%I (Left) 13 13 13 13 13

Cd (Left) 2 .7 2 .6 2 .7 2 .5 2 .6

Cd (Orig.) 7 .7 7 .7 7 .7 7 .7 7 .7

%Cd (Left) 35 34 35 32 34

Na_S«0_ t i t e r  =2 2 3 1.07 m g s . I

* ob tained  by d ifference
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TABLE XVI -  D

EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON 

THE EXTRACTION OF IODIDE 

D; 0.01 M Cdl2

__________________ N w - t w w  _______________

vN«28 20 3 28.51 28.81

3

28.71

4

28.69

Av.

28.68

I (mgs.) 31.3 31.6 31.5 31.5 31.5

%E (I) 90 91 91 91 91

Cd (m git) 10.3 10.3 10.3 10.4 10.3

%E (Cd) 67 67 67 6 8 67

fid 1 J L 1 _L_ •
I 2 .7 2 .7 2 .7 2 .7 2.7

I (Left)* 3 .4 3.1

Aaueous Layer

3.2 3.2 3.2

I (Orig.) 34.7 34.7 34.7 34.7 34.7

%I (Left) 1 0 9 .0 9 .0 9 .0 9 .0

Cd (Left) 5 .1 5 .1 5 .1 5 .0 5 .1

Cd (Orig.) 15.4 15.4 15.4 15.4 15.4

%Cd (Left) 33 33 33 32 33

Na 2 S2 0 3  t i te r  = 1 . 1 0  m gs. I

* obtained by difference
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TABLE XVI -  E

EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON

THE EXTRACTION OF IODIDE 

E: 0 .03  M C dl 2

N on-aaueous Laver
2 3 4 ? 6 Av.

VKI03 (S) 10.74 10.64 10.80 10.80 10.83 (10.40) 1 0 . 8 C

I (mgs.) 65.5 6 6 . 1 65 .8 65.8 6 6 (63.4) 65.8

%B (I) 94 95 95 95 95 (91) 95

Cd (mgs?) 22 .9 21.5 2 0 . 8 21.5 20.7 (21.5) 21.5

%E (Cd) 74 70 6 6 70 67 (70) 70

fid J L o . 1 ( J L )  
1 2 . 6  1

J L
I 2 .5 2 .7 2 . 8 2.7

AflWOTi.

2 . 8

L m c .

2 .7

I (Left)* 4 .0 3 .4 3 .7 3 .7 3 .5 (6 . 1 ) 3 .7

I (Orig.) 69 .5 69.5 69.5 69.5 69.5 69 .5 69.5

%I (Left) 6 5 5 5 5 (9) 5

Cd (Left) 7 .9 9 .3 1 0 9 .3 1 0 . 1 (9.3) 9 .3

Cd (Orig.) 30 .8 30.8 30.8 30.8 30.8 30.8 30.8

%Cd (Left) 26 30 32 30 33 (30) 30

* obtained by d ifference
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TABLE XVI -  F

EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON

THE EXTRACTION OF IODIDE 

F: 0 .1  M C d l 2

N oi^aqueous Laver
1 2 3 4 5 6 Av

VKI0 3 (7) 40 .24 40 .08 40 .01 39 .97 39 .95 39 .97 40

I (m gs.) 257 256 255 255 255 255 256

%E (I) 97 96 96 96 96 96 96

Cd (mgs?) 89 8 8 8 8 8 8 8 8 8 8 8 8

%E (Cd) 75 75 75 75 75 75 75

_ L . 1 1 1 1

I 2 . 6 2 . 6 2 . 6 2 . 6  2 . 6  

Aaueous Layer

2 . 6 7

I (Left)* 9 .0 1 0 1 1 1 1 1 1 1 1 1 0

I (Orig.) 266 266 266 266 266 266 266

%I (Left) 3 4 4 4 4 4 4

Cd (Left) 29 30 30 30 30 30 30

Cd (Orig.) 118 118 118 118 118 118 118

%Cd (Left) 25 25 25 25 25 25 25

* ob ta ined  by d ifference
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TABLE XVII-A

EFFECT OF TEMPERATURE ON THE EXTRACTION OF IODIDE

A: 25°C

_______________________ N on-agu+bus Layer__________________
1 2 3 4 5 6 Av.

vKI0 3 (6) 2 2 .1 8 2 2 .1 9 2 2

1  (m gs.) 134 134 134

%E (1) 97 97 97

C d (mgs?) 41 42 41

%L (Cd) 67 69 67

0 4 1

I 2 .9 2 . 8 2

I (Left)* 4 4 4

I (O rig .) 138 138 138

%I (Left) 3 3 3

Cd (Left) 2 0 19 2 0

Cd (O rig .) 61 61 61

%Cd (Left) 33 31 33

22 .17 2 2 .1 6 2 2 . 2 0 2 2

134 134 134 134

97 97 97 97

41 41 42 41

67 67 69 6 8

1 1

2 .9  2 .9  

Aaueous Laver

2 . 8 2

4 4 4 4

138 138 138 138

3 3 3 3

2 0 2 0 19 2 0

61 61 61 61

33 33 31 32

* ob ta ined  by d iffe rence
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TABLE XVII -  B

EFFECT OF TEMPERATURE ON THE EXTRACTION OF IODIDE

B: 40°C

1 2 3 4 5_ 6 Av.

vK1O3 0 ) 19.53 19 .34 19 .30 19.51 19.39 19 .59 19.44

I (m gs.) 124 1 2 2 1 2 2 124 123 124 123

%E (I) 94 93 93 94 93 94 94

Cd (mgs?) 40 39 39 40 39 40 40

%E (Cd) 69 67 67 69 67 69 6 8

£ 4
I 2 . 6 2 . 8 2 . 8 2 . 8 2 . 6 2 . 8 2 . 8

I (Left)* 8 1 0 1 0

Aaueous

8

Lever

9 8 9

I (O rig .) 132 132 132 132 132 132 132

%I (Left) 6 7 7 6 7 6 6

Cd (Left) 16 19 19 18 19 18 16

Cd (O rig .) 58 58 58 58 58 58 58

%Cd (Left) 31 33 33 31 33 31 32

* ob ta ined  by d iffe rence
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1520
Micrograms of Cadmium

Graph No. 1. Spectrophotom etrlc C a lib ra tion  Curve
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