














40

As shown in Table V, the system was not very sensitive to
changes in pH. A twenty-fold change in pH (0.3 to 6) occasioned only
about 2 per cent decrease in the iodide extracted.

At pH values less than 0.3, there was extensive atmospheric
oxidation of the iodide. On the other hand, starting at pH 2, a whitish
emulsion formed in the non-agqueocus layer with shaking, which took
longer to break with further increase in pH,

A yellow tinge was observed in the aqueous layer of the system
at pH 6, which could only he interpreted as evidence of oxidation of the
fodide. It is well known that acidic iodide solutions turn yellow because
of the presence of free iodine released by the action of either atmospheric
or dissolved oxygen. The final pH (~ 3) of the aqueous phase, however,
was quite high for oxidation to occur appreciably. The only likely ex-
planation was the presence of localized regions of low pH where oxida-~
tion of the iodide by dissolved oxygen was appreciable.

Unless otherwise stated, the initial concentration of the
cadmium iodide solution was approximately 0,05 M, the temperature,

30°C, and the pH of the solution, 0.6.

5. THE CADMIUM TO IODIDE MOLAR RATIO

If any metal ion is to be of practical use in the separation of
anions by solvent extraction, its presence in excess should not appre-
ciably decrease the extraction efficiency, Fortunately, the cadmium ion

proved to be very satisfactory for iodide extractions when considered on

this basis,
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TABLE V1
Effect of Initial Cd/lI Mole Ratio on the Extraction of lodide

ole Ratio in ueous Phase

i/2 14 21 LVAY
Percentage I Extracted 95 95 92 89
Percentage Cd Extracted 70 50 24 20
Cd/1 Mole Ratio in Extract 1/2.7 1/1.8 1/1.9 1/1.3

6. THE INITIAL CONCENTRATION OF THE CADMIUM IODIDE

The data below show that starting with solution strengths approxi-
mating those usually encountered in analysis (0.05-0.1 M), almost com~
plete separation of the iodide ion using cadmium as the coordinating

cation can be attained in three extractions.

TABLE VII
Effect of Initial Concentration of Cdlz on the Extraction ¢of lodide

ia ncentrat of m Jodide
0,001 0,003 0,006 0.01 0,03 0,05 0,1 M

Percentage
1 Extracted 6l 77 87 91 95 95 96
Percentage
Cd Extracted 60 53 66 69 70 70 75

Cd/1 Mole Ratio
in Extract 1/2 1/3.7 1/2.6 1/2.7 V2.7 1/2.7 1/2.6

It can be seen that extraction {s still appreciable even for solu~-
tions as dilute as 0.006 M. The data above were obtained at 30°C and

pH 0.6. Greater efficiencies should result at higher acidities.
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7. RFFECT OF TEMPERATURE
Because the solvent mixture is inflammable, the study of

temperature effects was not extended beyond 40°C. Moreover, the
system (assuming that the small differences, which are smaller than the
experimental error, are significant) seems to behave in accordance with
Bjerrum's theory. For solvents of low dielectric constant, theory pre-
dicts a decrease in ion association with increase in temperature. Since
the extractable spacies are presumably ion association complexes, the
decrease in percentage iodide extracted as the temperature increases to

o
40 C is in agreement with theory.

TABLE VIII

Effect of Temperature on the Extraction of lodide

Temperature
25° 30° 0°¢c
Percentage I Extracted 97 95 94
Percentage Cd Extracted 68 70 68
Cd/1 Mole Ratio in Extract 1/2.9 1/2.7 1/2.8

8. SELECTIVITY

A qualitative survey of the common anions was conducted to
find out which of them would be extracted under the same conditions.
Varying degrees of extractability were encountered and may be classified
according to the following groups:

1. Anions that were extracted with approximately the same



2.

3.

No

efficiency as the jodide:
CNS8~ and CN~

Anions extrﬁcted to a moderate degree:
Cl™, Br™, C,0,"", and NO;

Anions that were extracted very poorly or not at all:
F~, 8,03", 80, ", POZ’, Ac™, 877, Fe(oN)*,
and BO_®

3
evidence of coextraction was found.,
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III. DISCUSSION OF RESULTS

Cadmium iodide solutions are known to contain the following

ionic and molecular species: Cd**, cdr’, Cdl,, Cdlg, CdI:, and I,
The simple cadmium and iodide ions are probably found only {n negligible
amounts, since cadmium iodide is a weak electrolyte, except in very
dilute solutions (18). Working with neutral solutions of ionic strength
of 3, Leden (13) found the iodide complexes of cadmium present in the
following decreasing order of abundance: Cdlz-, Cdj, Cdl,, and CdI'.
Alberty and King (1), on the other hand, obtained from mobility data,
using solutions of {onic strength of 0.5 and total iodide concentration
of 0.1 M, the following values for the cadmium iodide complexes:

CdI4~ +seeeeseseseb2percent

Cdly essesssesss 16 percent

Cdl2 eeecssesss s 12 percent

cdr* seesesseasss . b percent

catt «saeeaasesnegligible
Their graphs of fraction of complex vs. total iodide concentration from
where the above values were obtained showed that the relative amounts
of the different complexes varied with the total iodide concentraticn.
Harris (11) reported from ion exchange experiments, using 0.0666 M
CdI,, the presence of Cdl, , Cdl,, Cdl3, and CdI*, in that increasing

order of abundance,
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In the present studies the solutions were acidic. Undoubtedly,
all the different complexes of cadmium with iodide would still be present.
The question is which forms predominate over the others? For simplicity,
the formulas of the cadmium {odide complex ions were written unhydrated,
although it is known that molecules of water are coordinated to the
central ion. Cadmium iodide, for example, is really Cd(H,0)415. With
this in mind, it is possible that the addition of hydrogen ions, which
have a great affinity for water molecules, makes it relatively easier for
the coordinated water to leave the sphere of influence of the central
metal ion and for the simple iodide ions to take over the vacated posi-
tions. In solutions of low pH, say 0.3 or 0.6, the principal cadmi:m
iodide complexes are probably, in decreasing order of abundance, Cdi3,
Cdly and CdIZ-. At higher pH values, the following are probably present
to a greater degree: Cdlz, and CdI*. The data in Table V point to the
following as the uncharged species extracted from solutions of low pH:

(H*, CdI3), Cdl,, and (2HY, CdI}")
The increased participation of the last named ion association complex
should be expected with further increase in acidity. From pH 2 on up
to higher pH values, the extracted species are probably Cdl;, and
(Cdrt, OH™) with the latter making its greatest participation at pH 6 as
evidenced by the increase in the acidity of the aqueous phase, an in-
crease which is too great to attribute to an enhanced solubility of water
in the TBP-MIiBK phase,

The relative insensitivity to pH change may be due to the existing
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equilibria among the different complexes of cadmium and iodide which
allow interconversion from one major ionic species to another one that
can form an uncharged extractable complex at the new pH.

As long as the higher ion association complexes are the major
species being extracted, the extraction efficiency of iodide is high.
Addition of cadmium lons to vary the Cd:I mole ratio increases the ioni-
ltreanh of the solution, making extensive ion association possible.
However, the concurrent chemical effect limits the ion association to
the lower complexes as shown by the following equations:

cd** + CdIf” e 2 Cdl,

catt

+Cdl; ——  Cdl, + Cdl'

cd** + cdl; ————» 2 car*
The uncharged species being extracted are probably Cdl,, and
(CdI+, Nog), with the latter increasing in importance with increase
in Cd:I mole ratio. The solution added to increase the Cd:I mole ratic
was cadmium nitrate which explains the appearance of the nitrate ion
here. No attempt was made to estimate the amount of nitrate extracted,
but its presence was detected.

The increase in extraction with increase in initial concentration
of the cadmium i{odide solution may be due to the lonic-strength and
mass-action effects. The former favors ion-association complex forma-
tion which, because of the mass-action effect and the presence of
hydrogen ions, would in turn favor the higher complexes, CdI§ and

CdIZ'.
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2 cdl, > Cdl; + cdr*

3 Cdly » CdI;” +2cCdl’

At lower concentrations, the amount of simple cadmium and iodide ions
increases, but apparently, enough complexes are still present to sustain
the formation of extractable species. The data in Table VII point to
(2H?, CdIg"), (u*, Cdly) and Cdl, as the predominant forms being ex-
t1:cted with the participation of (2HY, CdI;") reaching its peak at 0,003
M. Apparently, the Cdl"' ion, which is the predominant complex at very
low cadmijum iodide concentrations, is unable to form an extractable
uncharged ion association complex, the pH of the solutions (0.6) bein_g
80 low as to make the formation of (CdIt, OH™) highly improbable.

Bjerrum's theory or Fuoss' improved theory predicts that an in-
crease in temperature will cause a decrease in ion association in the
TBP-MIBK phase. In the agquecus layer, the number of ion association
complexes should increase. Of these two opposing effects, the data
seem to indicate predominance of the former. The small change (smaller
than the experimental error) in percentage extraction shown in Table VIII
with change of temperature, can only mean that it is the extent of ion
association in the TBP-MIBK phase that is significant in determining the
efficiency of extraction. The Fuoss equation may be written in the form:

logK=logA + K.
J 9 DT

where log A represents the coefficient of the exponential term and k',

the constant ez/k. D changes only slightly with change in temperature,
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for solvents of low dielectric constant., Hence, the increase or decrease
in ion association in the TBP-MiBK phase must be due mainly to the
change in the temperature, T. However, for a change of 10 degrees in
I, there will only be a small change in Jog K. This may be the reason
for the small differences in the percentage of iodide extracted at the

three different temperatures.



IV. DEVELOPMENT OF A PROCEDURE FOR THE EXTRACTION

METHOD OF IODIDE DETERMINATION

Aqueous solutions of potassium lodide { ~ 0.1 M), acidified with
6 N sulfuric acid to a pH of approximately 0.6, were used.

Before a procedure could be recommended, the volume of mixed
solvents that should be added for each pass had to be determined. The
following volume distributions were tried:

l. Three passes of 10 mls. each.

2. Three passes of 5 mls. sach.

3. Ten milliliters for the first pass and 5 mls. each for the

second and third passes.
The first one was finally abandoned because the large volume that re-
sulted with the addition of carbon tetrachloride made it impractical and
unwieldy.

The results for the volume distributions (2) and (3) are shown
below:

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

Yol. of KIO; odide Present lodide Found % Rel. Error
1. 20.94 mis. 129 mgs, 127 mgs. 1.55
2. 21.00 mls. 129 mgs. 127 mgs. 1.55
3. 21.05 mls. 129 mgs. 127 mgs. 1.55
4, 20,98 mis. 129 mgs. 127 mgs. 1.55
S. 20,89 mls, 129 mgs., 126 mgs. 2.32
6. 20.60 mls. 129 mgs. 124 mgs, 3.88
Av, 20.91 mils. 126 mgs. 2.07
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(3) ONE PASS OF 10 MILS8, OF 1:1 TBP-MIBK FOLLOWED BY TWO PASSES
OF 5§ MLS. EACH

Yol, of KO3  Iodide Presert  lodide Found % Rel, Error
l. 20.98 mls. 129 mgs. 127 mgs. 1.58
24 20,96 mls. 129 mgs. 127 mgs. 1.55
3. 21.00 mls. 129 mgs. 127 mgs. 1.55
4, 20.96 mils. 129 mgs. 127 mgs. 1.55
S, 20.75 mls, 129 mgs. 125 mgs. 3.10
6o 21.03 mls. 129 mgs. 127 mgs. 1.55
AVe 20.95 mls. 127 mgs. 1.81

The greater error in the first case may be traced to the smaller
volume (5 mls.) of mixed solvents used in the first pass. The use of a
volume of mixed solvents approximately equal to that of the aqueous
phase for the first pass meant relatively smaller error because of easier
seperation of the immiscible phases.

The following procedure, based on the above results and on the

findings detailed in Part II of this dissertation, 18 recommended.

PROCEDURE

Ten milliliters of the iodide (~ 0.1 M) are pipetted into a 125-ml.
separatory funnel., One milliliter of 0.5 M cadmium nitrate and 1 ml. of
6 N sulfuric acid are added, and the solution 1s mixed well. Ten
milliliters of 1:1 TBP-MIBK are next poured in., The two-phase system

is shaken for thirty seconds before being set aside to allow separation
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and clarification of the immiscible layers.

The lower aquecus phase is run into a 60-ml. separatory funnel
and a few drops of 6 N sulfuric acid added. The residual iodide is ex-
tracted with two 5-ml. volumes of the mixed solvents, The 5-ml. ex-~
tracts e combined with the first one in the 125-ml. separatory funnel,
and the resulting mixture is diluted with twice its volume of carbon
tetrachloride.

The iodide is recovered by shaking the TBP-MiBK-CCly phase
three times with 20 mls. of 1 N sodium hydroxide. The combined
alkaline strippings in a l-liter Erlenmeyer flask are made 6 N in hydro-
chloric acid, and the iodide titrated by the conventional iodine mono-
chloride titration with standard potassium lodate. Twenty mls. of carbon
tetrachloride were used as indicator.

The percentage of iodide in the sample is computed from the

formula:

o 1 = Vol. of KIQ3 x Iodide Titer of KIO3 x 100
Weight of Sample




V. APPENDIX

TABLE IX

GRAVIMETRIC STANDARDIZATION OF CADMIUM NITRATE S8OLUTION

Weight of
Crucible +
precipitate

Welight of
empty
crucible

Weight of
precipitate

BY PRECIPITATION OF CADMIUM OXINATE

lrials

1 — 2 3 4 5

25.1315 25.5913 25.4038 25,1238 25.4154

23.9305 24.3911 24.2118 23.9308 24.2118

1.2010 1.2002 1.1920 1.1930 1.2036

Av. weight of precipitate = 1,198 grams

Weight of Cd = Weight of precipitate x Gd

CdOx,

112.4
1.198 s -
X 400.6

336.2 mgs. cadmium in 5 mls. of cadmium nitrate

solution.

67 .24 mgs. cadmium per ml. of solution.
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Note:

TABLE X

POTASSIUM IODATE SOLUTIONS

lodine 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

Because of space limitations, in some of the following tables
the potassium iodate solution used will just be indicated by
its number (above) in parenthesis. For example, KIOj (1} is
solution no. 1, above, with an lodine titer of 7.693 mgs. per

milliliter.
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TABLE XI-A
EFFECT OF 80ODIUM HYDROXIDE CONCENTRATION ON THE
TITRATION OF IODIDE

A: 10 mls. of Cdlz, 66 mls. water, 76 mls. conc. HCI

Yolume of KIQj Iodine Titer of KIQ, Jeodide Found

1 17.62 mls, 7.023 mgs./ml. 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.



TABLE XI - B

EFFECT OF 80ODIUM HYDROXIDE CONCENTRATION ON THE

B: 10 mls. Cdl,, 5.5 mis. Hz), 60 mls. 0.1 NaOH,

TITRATION OF IODIDE

76.5 mis, conc. HCI1

Volume of KIO3 lodide Present

1 17.69 mls. (2)
2 17.66

3 17 .68

4 17.67

5 16.34 (8)
6 16.26

7 16,32

8 16.29
Average:

Relative Error:

123.5 mgs.
123.95
123.5
123.5
123.5
123.5
123.5

123.5

Iodide Found
124.2 mgs.

124,0
124,1
124.0
123.8
123.2
123.7

123.4

123.8 mgs.

Deviation

0.7
0.5
0.6
0.5
0.3
0.3
0.2

0.1

0.4

0.24%
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TABLE XI-C

EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE

C: 10 mls. Gdlz, 1 ml, water, 60 mls. 1 N NaOH,

TITRATION OF IODIDE

81 mls. conc. HCI

Volume of KIQ3 Jodide Present

1 17.62 mls, (2)
2 17 .64

3 17.68

4 17.66

S 16.15 (8)
6 16.29

7 16.28

8 16.32
Average:

Relative Error

123.5 mgs.,
123.5
123.5
123.,5
123.5
123.5
123.5

123.5

Iodide Found
123.7 mgs.
123.8
124.1
124.0
122.4
123.4
123.4

123.7

123.6 mgs.

eviation
0.2
0.3
0.6
0.5
1.1
0.1
0.1

0.2

0.3

0.24%
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TABLE XI-D

EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE

TITRATION OF IODIDE

D: 10 mls. Cdlz, 20 mls, 10% NaOH, 40 mls. 2% NaOH,

Volume of KIQ3  Jodide Present Jodide Found  Deviation

1 17.99 mls. (2)
2 17.98

3 18,04

4 18.03

5 16,63 (8)
6 16.61

7 16.55

8 16.66
Average:

Relative Error

82 mls. conc, HCI

123.5 mgs.
123.5
123.5
123.5
123.,5
123.5
123.5

123.5

126.3 mgs.
126.2
126.6
126.6
126.1
125.9
125.4

126.3

126.2 mgs.

2.8
2.7
3.1
3.1
2,6
2.4
1.9

2.8

2.7

2.1%
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TABLE XII-A
EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE
RECOVERY OF IODIDE

A: 60 mls, of 0.1 N NaOH

Yolume of KJO,  Iodide Present Iodide Found P;x;zog!nt:ﬂqe
1 17.69 mis. (1) 145,2 mgs. 136.1 mygs. 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 mls. 135.6 mgs. 93

Concentration of Cdlz Solution= 0.05 M
pH = 0.6

Temperature = 30°C



TABLE XII-B

EFFECT OF S8ODIUM HYDROXIDE CONCENTRATION ON THE

RECOVERY OF 10DIDE

B: 60 mls, of 1 N NaOH

Volyme of KJO,  Iodide Present

1 21,83 mls. (5) 139.3 mygs.
2 21,79 139.3

3 21,78 139.3

4 21,59 139.3

5 21.52 138.3

6 20,94 (4) 131,7

7 20.99 131,7

8 20.61 131.7
Average

Concentration of CdI2 Solution= 0,05 M

pH

Temperature

0.6

30°

Percentage

lodide Found Recovery

133.1 mgs,
132.9
132.8
131.6
131.2
126.1
126.4

124,1

96
95
95
94
94
96
96

94

95
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TABLE XI1-C
EFFECT OF SODIUM HYDROXIDE CONCENTRATION ON THE
RECOVERY OF IODIDE

C: 20 mls, of 10% NaOH, 40 mls. of 2% NaOH

Volume of KIO;  Iodide Present Iodide Found [ Recovery.
1 20.96 mls. (4) 133.3 mgs. 126.2 mygs. 95
2 21.05 133.3 126.7 95
3 21.01 133.3 126.5 95
4 21,03 133.3 126.6 98
5 21,05 133.3 126.7 95-
6 21.16 133.3 127 .4 96
7 21,20 133,3 127.7 96
8 21.00 133.3 126,.4 95
Av,: 21.10 mls. 126.8 mgs. 95

Concentration of Cdl2 Solution = 0,05 M

pH = 0.6

1
w
o
(@]

Temperature =



Av,:

TABLE XIII

RECOVERY OF IODIDE WITH 1 N NaCH

A: 20

Yolume of KIQOy  Jodjde Present Iodide Found _ Recovery

20.41 mls. (4)
20,50
20.10
19.99
20.63
19.95
20.35

20.43

- 20.30 mls,

B: 40
20.56 mls. (4)
20.60
20.42
20.63
20.65
20.58

20,53

20.21
20.52 mis.

mls, of 1 N NaOH

131.7 mgs. 122.9 mgs.

131.7 123.5
131,7 121,0
131.7 120.4
131.7 124.2
131.7 120.1
131.7 122.5
131.7 123.0
122.2 hgs.

mis. of 1 N NaOH

131.7 mgs. 123.8 mgs.

131.7 124.1
131.7 123.0
131.7 124.2
131.7 124,3
131.7 123.9
131.7 123.6
131.7 121.7

123.6 mgs.

Percentage

93
94
92
91
94
g1
93
93

93

94
93
94
94
94

94

92
94
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TABLE XIII (Con't.)

C: 60 mls, of 1 N NaOH

Percentage

Yolyme of KIO;  Iodide Pregent . lodide Found _ Recovery
| 20.78 mls. (4) 131.7 mgs. 125.1 mgs. 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 - 21.00 131.7 126.4 96
8 20,65 131.7 124,3 94
Av,: 20.79 mils, 125.2 mgs. 95

Concentration of GciI2 Solution= 0.05 M
pH = 0.6

Temperature = 3 0°c
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TABLE XIV - A

EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION

OF 10DIDE
A: pH=10,3
- - (-]
4 2 3 4 -5 & Av.,
VK10,(s) 21,77 21.83 21,85 21,91 21.92 21.96 21.87
I{mgs.) 132 133 133 134 134 134 134
%E (1) 86 96 96 96 96 96 96
Cd(mgs?) 43 42 42 43 42 42 42
%E (Cd) 68 67 67 69 68 68 68
cd 1 4 A 1 4 L 4
1 2.8 2.9 2,9 2.8 2.8 2.8 2.8
Agqyeous Laver
I Left* 6 6 6 5 5 5 5
1(Orig.) 139 139 139 139 139 139 139
%I (Left) 4 4 4 4 4 4 4
Cd Left 19 20 20 19 20 20 20
Cd (Orig.) 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 +0,20 +0.2 +0.19

* obtained by difference
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TABLE XIV - B
EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION
OF IODIDE
B: pH= 0.6

Non-agueous lLayer
1 2 3 4 - 6 Av,

VK103(S) 21.62 21.79 21,76 21.59 21.79 21.83 21.73

I (mgs.) 132 133 133 132 133 133 132
%E (1) 95 95 95 94 95 96 95
Cd(mgs®) 44 44 44 44 44 44 44
%E (Cd) 70 70 70 70 70 70 70
Cd 1_ 1 i 1 - . 4 1
I 2.7 2.7 2.7 2.7 2.7 2.7 2.7
Agueous Laver

I Leftw 7 6 6 7 6 6 7
I (Orig.) 139 139 139 139 139 139 139
%1 (Left) 5 5 5 6 5 4 5
Cd (Left) 18 18 18 18 18 18 18
Cd (Orig.) 62 62 62 62 62 62 62
%Cd (Left) 30 30 30 30 30 30 30
APH +0.10 +0.08 +0,05 +0.08 +0.06 +0.10 +0.08

* obtained by difference



TABLE XIV - C
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EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION

OF 10DIDE
C: pH= ]
Non-agyeous laver
-4 2 3 4 —_ 6
VK103(3) 19.65 19.84 20,06 19.81 20.10 19,82
I(mgs.) 124 126 127 125 127 125
%E (1) 94 - 95 96 95 96 95
Cd (mgs?) 48 46 48 46 48 47
%E (Cd) 83 80 83 B8O 84 81
cd 1 - i 1 i 1
I 2.3 2.4 2.3 2.4 2.3 2.4
Aqueous Layer
I Left* 8 6 5 7 5 7
I (Orig.) 132 132 132 132 132 132
%I (Left) 6 5 4 5 4 5
Cd (Left) 10 12 10 12 10 11
Cd (Orig.) 58 58 58 58 58 58
%Cd (Left) 17 20 17 20 16 19
ApH +0.08 +0.10 +0.05 +0.09 +0.10 +0,08

* obtained by difference

19.88
126
95

47

N [+ -]
o fjr [ 8]
o

132

11

58

18

+0.08



TABLE XiV - D

66

EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION

-
VKIO4(3)  19.49
I(mgs,) 123
%E (I) 84

Cd (mgs®) 54

%E (Cd) 93
Cd 1
I 2
I Left 7.1
I (Orig.) 132
%I (Left) 5.4
Cd (Left) 4.4

Cd (Orig,.) 58
%Cd (Left) 7

ApH +0.4

—t
19.60

124
94
54

93

i
2

7.1
132

5.4

4.2

58

+0.6

* obtained by differerce

OF IODIDE
D: pH= 2
Non-agueous Layer
3 4 5.
19,59 19,75 19.47
124 125 123
94 95 93
54 §5 54
93 95 93
i 1 1
2 2 2
Agueous Laver
7.1 7.1 7.1
132 132 132
5.4 5.4 5.4
4,0 3.8 4.1
58 58 58
7 5 7
+0,5 +0.5 +0,5

S5 Av.
19,65 19.59
124 124
94 94
54 54
93 93
1 1
2 2
7.1 7.1
132 132
5.4 5.4
4,1 4,1
58 58
7 7
+0,5 +0.5



TABLE XJV - E
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EFFECT OF HYDROGEN ION CONCENTRATION ON THE EXTRACTION

~1

VK105(3)  19.42
I (mgs.) 123
%E (1) 93

Cd (mqsf) 55

%E (Cd) 95
Cd 1
| 2
I (Left) 7.8

I (Orig.) 132
%1 (Left) 5.9
Cd (Left) 3.3
Cd (Orig.) 58
%Cd {Left) S

ApH +0.4

19,62
124

94

56

97

& e

7.9

132

2.3

58

+0.2

~ * obtained by difference

OF IODIDE
E: pH=23
Non-gagueous layer
3 4 5 6
19.63 19.47 19.65 19.72
124 123 124 125
94 93 94 95
55 55 55 55
95 95 95 95
1 1 1 1
2 2 2 2
Aqueous layer
7.9 7.9 7.8 7.1
132 132 132 132
6 6 5.9 5.4
2.8 3.5 3 3
58 58 58 58
) 5 5 5
+0.3 +0.2 +0.3 +0.3

Ave

19.59
124

94

55

95

S

7.7

132

5.9

58

+0-3



TABLE XIV - F

EFFECT OF HYDROGEN 10N CONCENTRATION ON THE EXTRACTION

1
VKI0,(4)  20.45
I(mgs.) 123
%E (I) 94

Cd (mgst) 56

%E (Cd) 97
cd. 1

1 2
I (Left) 7.9
I (Orig.) 132

%I (Left) 6
Cd (Left) 2.6
Cd (Orig,) 58
%Cd (Left) 3

APH -3-2

20.47

123
94
56

97

i
2
7.9

132

2.9

58

* obtained by difference

OF IODIDE
F: pH=6
Non-agueoys Layer

3 4 S 6 Av,
20.41 20.59 20.47 20.52 20.48
123 124 123 124 123
93 94 94 94 94
56 56 56 56 56
97 97 97 97 97

i 1l Py 1l Py

2 2 2 2 2

Aqueoys Layer

7.9 7.8 7.9 7.8 7.9
132 132 132 132 132

6 5.9 6 5.9 6

2.5 2.6 2.6 2.6 2.6
58 58 58 58 58

3 3 3 3 3
-3,2 -3.4 -3,2 -3,3 -3,2



EFFECT OF CADMIUM TO IODIDE RATIO ON THE EXTRACTION

TABLE XV - A

OF 10DIDE

A: Cd/1=1/1

Non-agyeous Layer

* obtained by difference

_ 2 _3 4 S -
VKIO,(6) 21.87 21.83 21.83 21,87 21,83
I (mgs,) 132 132 132 132 132
%E (1) 96 95 95 96 95
Cd (mgs%) 65 64 63 64 64
%E (Cd) 51 50 49 50 50
cd 1 1 . 1 1
1 1.8 1.8 1.8 1.8 1.8
Agqueous Layer
I (Left)* 6 6 6 6 6
I (Orig.) 138 138 138 138 138
%1 (Left) 4 5 5 4 5
Cd (Left) 64 64 65 64 64
Cd (Orig,.) 128 128 128 128 128
%Cd (Left) 49 50 51 50 50

5
21.78

132
95

64

L [,
» = Q
0]

138

64

128

50

AV,

21.82
132

95

64

— W
LI [ [}
[o -]

138

64
128

50
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TABLE XV - B

EFFECT OF CADMIUM TO IODIDE RATIO ON THE EXTRACTION

OF IODIDE
B: Cd/1=2/1
Non-agueous Laver
— 2 3 4 -5 6 Av.

Vkiogle)  22.87 22,74  22.63 21.37 21.31 21.27
I (mgs.) 138 138 137 129 129 128
%E (I) 92 92 91 93 93 93 92
Cd (mgs®) 62 66 64 54 54 54
%E (Cd) 23 25 24 21 21 21 22
Cd 1 1 1 1 1 1 1

I 2.0 1.8 1.9 2.1 2.1 2.1 2.0

Aqueous layer

I{Left)* 12 12 13 9 9 10
1 (Orig.) 150 150 150 138 138 138
%1 (Left) 8 8 9 7 7 7 8
Cd (Left) 206 202 204 208 208 208
Cd (Orig.) 268 268 268 262 262 262
%Cd (Left) 77 75 76 79 79 79 78

* obtained by difference



TABLE XV -C

EFFECT OF CADMIUM TO IODIDE RATIO ON THE EXTRACTION

VK104 (6)
I (mgs.)
%E (1)

Cd (mgs?)
%E (Cd)

Cd
I

1 (Left)*
I (Orig.)
%I (Left)
Cd (Left)
Cd (Orig.)

%Cd (Left)

OF 1I0DIDE

C: Cd/I= 4/}

71

Non-agueous Javer
3

1 2 4 _5 Av.
18.09 18.51 18.48 18.42 18,36 18.37
109 112 112 111 111 111
88 90 89 89 89 89
75 77 77 77 79 77
19 20 20 20 20 20
1 1 . 1 1 1
1.3 1.3 1.3 1.3 1.2 1.3
Aqueous Layer
16 13 13 14 14 14
125 125 125 125 125 125
12 10 11 11 11 11
316 314 314 314 312 314
391 391 391 391 391 391
81 80 80 80 80 80

* obtained by difference



TABLE XVI - A

EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON

VNa,8,0,
I (mgs.)
%E (1)

Cd (mgs?)
%E (Cd)

cd
I

I (Left)*
I (Orig.)
%1 (Left)
Cd (Left)
Cd (Orig.)

%Cd (Left)

THE EXTRACTION OF IODIDE

A: 0.001 M Cdl,

Non-aqueous Lave
U S S
1.98 1.97 1.97 1.97
2.12 2.10 2.10 2.10
61 61 61 61
0.92 0.92 0.92 0.91
60 60 60 60
1 1 1 1
2 2 2 2

Agueous Layer

1.33 1.35 1.35 1.35
3.45 3.45 3.45 3.45
39 39 39 39
70.61 0.61 0.61 0.62
1.53 1.53 1.53 1.53
40 40 40 40

NaZSZO3 titer = 1,07 mgs. I

* obtained by difference

1.97

2.10
61

0.92

60

B o

1.34

3.45

39

0.61

1.53

40
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TABLE XVI - B

EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON

VNa,8,0,
I (mgs.)
%E (1)

Cd (mgs®)
%E (Cd)

cd
I

I (Left)*
I (Orig.)
%I (Left)
Cd (Left)
Cd (Orig.)

%Cd (Left)

THE EXTRACTION OF IODIDE

B: 0.003 M Cdl,

Non-agueous Layer
3

a1 2 4
6.32 6.23 6.24 6.21
6.76 6.67 6.68 6.64

78 77 77 77
1.6 1.6 1.6 1.6

53 53 53 53
1 1 1 1
3.7 3.7 3.7 3.7

Agqueous lLayer

1.88 1.97 1.96 2.00
8.64 8.64 B.64 8.64
22 23 23 23
1.4 1.4 1.4 1.4
3 3 3 3
47 47 47 47

Na28203 titer = 1.07 mgs. 1

* obtained by difference

6.25

6.69
77

1.6

53

+

1.95
8.64
23

1.4

47
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TABLE XVI - C

74

EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON

THE EXTRACTION OF IODIDE

C: 0.006 M CdlI,

Non-agueous er
i _ 2 -3 4 Av,
VNa,8,0, 14.02 14.00  14.11 14.07 14.05
I (mgs.) 15.0 15.0 15.1 15.1 15.0
%E (1) 87 87 87 87 87
Cd (mgs?) 5.0 5.1 5.0 5.2 5.1
%E (Cd) 65 66 65 68 66
Cd A 1 1 A _
I 2.7 2.6 2.7 2.6 2.6
Aqueous Jayer
I (Left)* 2.3 2.3 2.2 2.2 2.2
1 {Orig.) 17.3 17.3 17.3 17.3 17.3
%1 (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

Na28203 titer = 1,07 mgs. 1

* obtained by difference



TABLE XVI - D
EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON
THE EXTRACTION OF IODIDE

D: 0.01 M Cdl,

—t W 4 Av,
VNa,8,0;, 28,51 28,81 28,71 28,69  28.68
I {mgs.) 31.3 31.6 31.5 31.5 31.5
%E (1) 90 91 91 91 91
Cd (mgs’) 10.3 10.3 10.3 10. 4 10.3
%E (Cd) 67 67 67 68 67
Qd A i i 1 —t
I 2.7 2.7 2.7 2.7 2.7
Aqueous layer
I (Left)* 3.4 3.1 3.2 3.2 3.2
I (Orig.) 34.7 34.7 34.7 34.7 34.7
%1 (Left) 10 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

NaZSZO3 titer= 1,10 mgs. I

* obtained by difference



EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON

TABLE XVI - E

THE EXTRACTION OF IODIDE

E: 0.03 M CdI,

Vluos(s) 10.74
I (mgs.) 65.5
%E (I 94

Cd (mgl':) 22.9

%E (Ca) 74
cd -
I 2.5

I (Left)* 4.0
1 (Orig.) 69.5
%I (Left) 6

Cd (Left) 7.9
Cd (Orig,) 30.8

-— %Cd (Left) 26

—
10.84

66.1
95
21,5

70°

s

3.4

69.5

9.3
30.8

30

* obtained by difference

76

Non-agueoys Layer
4 5

3 6
10.80 10.80 10.83 (10.40)
65.8 65.8 66 (63.4)
95 95 95 (91)
20.8 21.5 20,7  (21.5)
68 70 67 (70)

b 4 4 ()
2.8 2.7 2.8 2.6
Agyeous Laver

3.7 3.7 3.5 (6.1)
69.5 69.5  69.5  69.5
S 5 5 (9)
10 9.3 10.1 (9.3)
30,8 30.8  30.8  30.8
32 30 33 (30)

Av,
10.80

65.8
95
21.5

70
-
3.7

3.7

69.5

9.3
30.8

30



TABLE XVI - F

77

EFFECT OF INITIAL CONCENTRATION OF CADMIUM IODIDE ON

THE EXTRACTION OF IODIDE

or»agueous layer

1
VkIo4(7)  40.24
I ({mgs.) 257
%E (I) 97
Cd (mgs:) 89
%E (Cd) 75
Cd A

1 2.6
1 (Left)* 9.0
I(Orig.) 266

%1 (Left) 3
Cd (Left) 29
Cd (Orig.) 118

%Cd (Left) 25

2

40.08

256

96

88

75

a3

10

266

30

118

25

* obtained by difference

F: 0.1 M Cdl,

3 4 S 6 Av.
40.01 39.97 39.95 39.97 40.04
255 255 255 255 256
96 96 96 96 96
88 88 88 88 88
78 75 75 75 75
1 1 - 1 1
2.6 2.6 2.6 2.6 2.6
Agqueous Layer
11 11 11 11 10
266 266 266 266 266
q 4 4 4 4
30 30 30 30 30
118 118 118 118 118
25 25 25 25 25
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TABLE XVII-A
EFFECT OF TEMPERATURE ON THE EXTRACTION OF IODIDE
A: 25°%

Non-aguebus Laver
1 2 3 4 S 6 Av.

VkiO4(6) 22.18 22.19 22,15 22.17 22.16 22.20 22.18

I(mgs.) 134 134 134 134 134 134 134
%E (1) 97 97 97 97 97 97 97
Cd (mgs?) 41 42 41 41 41 42 41
%E (Cd) 67 69 67 67 67 69 68
cd i . _1_ i 1 . 1
I 2.9 2.8 2.9 2.9 2.9 2.8 2.9
Agueous layer
I (Left)* 4 4 4 4 4 4 4
I (Orig.) 138 138 138 138 138 138 138
%1 (Left) 3 3 3 3 3 3 3
Cd (Left) 20 19 20 20 20 19 20
Cd (Orig.) 61 61 61 61 61 61 61
%Cd (Left) 33 31 33 33 33 31 32

* obtained by difference



TABLE XVII - B

EFFECT OF TEMPERATURE ON THE EXTRACTION OF IODIDE

B: 40°C

-~ =z 3 4

Vk104(3)
I(mgs.) 124
%E (1) 94

Cd (mgs") 40

%E (Cd) 69
cd A

I 2.8
I (Left)* 8

I (Orig.}) 132
%1 {Left) 6
Cd (Left) 18
Cd (Orig.} 58

%Cd (Left) 31

19,53

* obtained by difference

19,34

122
93
39

67

10

132

19
58

33

Non-aqueous laver

79

) 6
19.30 19,51 19,39 19,59
122 124 123 124
93 94 93 94
39 40 39 40
67 69 67 69
1 2 - 2
2.8 2.8 2.8 2.8
Agueous lLayer
10 8 9 8
132 132 132 132
7 6 7 6
18 18 19 18
58 58 58 58
33 31 33 31

19.44
123

94

40

68

s

132

18

S8

32
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