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A.  The preparation of dilute, dry, nonaqueous solutions of molecular

iodine inoculated with iodine-131 has been investigated.  The dilute,

4
dry, nonaqueous solutions of molecular iodine were inoculated with

iodine-131 via the isotopic exchange of iodine atoms between iodine-0

131 activity adsorbed on a platinum surface and the molecular iodine

in solution:  This.procedure permits the preparation of dilute, dry

solutions of molecular iodine, in a number of nonaqueous solvents,

which are inoculated with appropriate amounts of iodine-131 without

introducing any known or measurable impurities into the solution, with-

out affecting the iodine concentration, without changing the chemical

nature of the disholved iodine and without introducing into the solu-

tions iodine-131 species which behaved in a manner other than that:
t»

expected of molecular iodine. Another procedure, whereby the dilute,

dry, nonaqueous solutions of molecular iodine were inoculated with
1

iodine-131 via the isotopic exchange of iodine atoms between iodide·-131

adsorbed on the surface of prefonned hilver iodide precipitates and

molecular   iodine   iii   solution,   was   investigated   brieflyi   this   p.roce-

dure, however, was not as satisfactory as tile procedure,.just described.

employing the use of platinum.
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f. The distribution of iodine between cyclohexane and aqueous solu-

.'

tions was investigated.  The distribution coefficient was
 found to be

dependent on the EH and ionic strength of the aqueous phase, the initial

concentration of iodine  in the cyclohexane . the duration of the mixing

process for the cycloliexane -· iodine - aqueous system and the pu rity

of the cyclohexane.  However; when very high purity cyclohexane was

used the dependence of the distribution coefficient on 
the RH of the

aqueous phase, the initial concentration of iodine in the cyclohexane

and the duration of the mixing process for the cyclohexane -· iodine -
./

aqueous system was decreased. ·Iodine··131 species, which did not behave

as molecular iodine: iodide or hypoiodite, were observed in both the

..r  ...  -

cyclohexane and aqueous phases of the two-·phase reaction mixture a,-6er

'. 24 hours or more mixing time.  A mechanism, encompassing reactions

between iodine and impuritics  originally  present  in  the  cyclohexane,

I- is proposed to explai.n the observed behavior· of the distribution

coefficient.

·*i
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PART A

THE PREPARATION OF DRY, DILUTE, NONAQUEOUS SOLUTIONS

OF MOLECULAR IODINE INOCULATED WITH IODINE-131

A.I. INTRODUCTION

Preliminary work on the subject of the distribution of iodine

between nonaqueous solvents and aqueous solutions indicated that it

would be necessary to develop a procedure for the preparation of
.

dilute, dry, nonaqueous solutions of molecular iodine inoculated

with appropriate a:nounts of iodine-131 .

Initially, the dilute, dry, nonaqueous solutions of molecular

iodine were inoculated with iodine-131 via the isotopic exchange of

iodine atoms'between iodide-131 adsorbed on the surface of preformed

silver iodide precipitates and the molecular iodine in solution.  The

development of this procedure was not·pursued to a significant extent,

however, because the yield of iodine-131 in the nor..aqueous iodine solu-

tions was only about 10 percent of the initial starting activity and

because of the mechanical problems encountered when working with an

active, finely divided silver iodide precipitate; for example, the

dry, finely divided precipitate could easily be dislodged by an air

- current and scattered around the laboratory.

Subsequently, a different approach was undertaken. A number of

investigators had reported that under certain conditions, carrier-free

iodine-131 activity is almost quantitatively adsorbed from aqueous solu-

tions by platinum (1, 2, 3, 4, 53 6 and 7).  Thereforee an investiga-

tion into the inoculation of dilute, dry, nonaqueous solutions of
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molecular iodine with iodine ./131, via isotopic exchange with iodine-

131 activity adsorbed on a platinum surfaces was undertaken.  This

investigation led to a successful procedure whereby iodine solutions

in a number of nonaqueous solvents could be inoculated with iodine-

131 without introducing any known or measurable impurities into the

solution, without affecting the iodine concentration, without chang-

ing the chemical nature of the dissolved iodine and without introduc-

ing into the S01UtiOIlS iodine-131 species which behaved in a manner

other than that expected of molecular iodine.

-
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A.II. EXPERIMENTAL

A.II.a. General Procedures, Reagents an.d Materials

Two procedures were investigated for use in the activation of dry,

dilute, nonaqueous. solutions of molecular iodine. One procedure involved

preformed silver iodide precipitates whose surface was made active with

adsorbed iodide-131. The other procedure employed platinum foil which

had iodine-131 activity adsorbed on its surface.

The term "adsorption" used ·in this chapter refers to the following:

'                      1.  For silver iodide precipitates; uptake of carrier-free iodine-

131 by preformed silver iodide precipitates via adsorption on

the surface of the precipitate and/or isotopic exchange with

iodide ions in the crystal lattice.

2. For platinum foil;

a.  uptake of carrier-free iodine-131 activity by platinum

fcil via adsorption on the surface of the foil, or,

b.  uptake of carrier-free io<line-131 activity by iodinated

platinum foil via adsorption on the surface of the foil

and/or isotopic exchange with iodine previously adsorbed

onto the surface of the foil.

Iodination is that process whereby iodine-127 is adsorbed onto the sur-

face of the foil by exposure of the foil to a nonaqueous solution of

molecular iodine.

Except where noted, procedures were usually carried out in the

presence of ordinary fluorescent lighting.  The exclusion of light,

where noted, was accomplished by wrapping the entire reaction vessel

in aluminum foil after the reactants had been added.  Except where
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noted, no attempt was made to maintain the reactants at a constant

temperature during the experiments; all reactions were performed at

room temperature·(22 f 2') with the exception of one instance where ·the

temperature was 500.

Water

All water used in this research was prepared in the following man-

ner.  Ordinary distilled water was redistilled from alkaline pennangan-

ate in an all-Pyrex system and stored in Pyrex vessels capped with 24/40

female Pyrex joints.
*

Perch].oric Acid

' Analytical reagent grade perchloric acid (Mallinckrodt) was futned

for one hour in an open platinum crucible at 160' (8).  Prepurified

nitrogen gas (Matheson) was passed directly from the tank through the

·acid during the heating, fuming and cooling process.  Upon cooling, the

s     fumed nitrogen-treated acid was immediately diluted with about twice its

...'    volume of water. The concentration of the dilute acid was determined by

titration with standard sodium hydroxide.

Nitrobenzene

Reagent grade nitrobenzene (Baker) was fractionally distilled,  from

alumina, in the dark, under vacuum through a 20-plate Oldershaw column

according to the procedure of I,in (9).

Iodine

Analytical reagent grade iodine  (Mallinckrodt) was resublimed under

vacuum and, then stored in a desiccator over anhydrous calcium sulfate.,

Cyclohexane, Methanol and Carbon Tetrachloride

-                     Eastman Spectro.Grade cyclohexane and methanol and Spectro Grade
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carbon tetrachloride (Matheson, Coleman and Bell) were used without

further_purification.

Radioiodine

The radioactive iodine used was carrier-free iodide-131 obtained

in a slightly basic sulfite solution from Oak Ridge National Laborato-

ries (ORNL). Stock solutions of carrier-free iodide-131 were prepared

by removing microliter amounts of the radioactive solution from the

-3
original container and inoculating freshly prepared. 1.00 x 10 F sodium

-

'                  sulfite.  These stock solutions were used immediately after preparation.

-                  Other Reagents

All other reagents were of analytical reagent grade and used with-

out further purification.

Glassware

All glassware was constructed of borosilicate glass (Pyrex or Kimax)

and, in the case of centrifuge tubes, volumetric·flasks and Erlenmeyer

flasks, were fitted with ground-glass stoppers.  All volumetric glass-

ware was of Class A tolerance„

Glassware was cleaned by inmersion in chromic acid for at least 12

hours.  The glassware was then rinsed with ordinary distilled water,

followed by a thorough rinsing with water distilled from alkaline per-

manganate, covered with aluminum foil and dried in an oven at 110'.  The

possibility of radiochemical contamination by adsorbed iodine-131 activ-

ity was resolved by monitoring all counting tubes and reaction vessels

after cleaning.

Centrifugation

Centrifugations were performed in an International Clinical Centrifuge

at·2000 to 3000 rpm.
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Counting Procedures

A Nuclear Chicago Model 132. single channel analyzer in conjunction

with a Nuclear Chicago DS-5 Na(Tl) well.-type scintillation probe was

used to detect the gamma activity of the iodine-131.  Samples were pre-

pared and counted  in  1.5  x  125 mm. calibrated Pyrex test tubes.

The test tubes were calibrated by filling them to a predetermined

height (corresponding to a volume of approximately 10.5 ml.) with an

iodide-131 solution and counting.  Those tubes which gave the same

counting rate witliin an expected standard deviation of 1 0.6 percen.t

were used for counting.  All liquid sainples were diluted to the standard

2     countin.g-height and counted to within an expected standard deviati.on of

1 1.0 percent.  Counting rates were not: corrected for variations in

solution densities:  Kahn (10) has reported that over the range of 0.88

to 1.04 grams/ml. the change in counting rate due to self-absorption is

negligible.

As indicated in Figure A.6 it was necessary to count activity on

the platinum foils. Rather. than dissolving the foils in aqua regia ana

counting the solution, the foils were placed directly in empty counting

tubes and counted.  The counting rate ratio, activity on foil activity

-             in solution, was determined by comparing the counting rate of the iodine-·

131 activity on a platinum foil with the counting rate of the Solution

produced by dissolving the active foil in aqua regia.  This ratio was

found to be 2.31 1 0.01.  In the dissolution of an active foil in aqua

regia, at room temperature, over 4 hours, at least 99 percent of the

adsorbed iodine-131 was recovered.

I. As indicated in Figures A.1 through A.5, it was necessary to Count
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the activity on the silver iodide precipitates. .The silver iodi.de pre-

cipitates were dissolved in a potassium cyanide solution and counted.

The Preparation of Dilute, Dry, Nonaqueous Solutions of Molecular Iodine

-2
A 1.00 x 10  .K molecular iedine solution was prepared by adding. the

prescribed ainount of iodine crystals  to a 100-ml. volumetric flask  and

immediately diluting to the mark with the dry, nonaqueous solvent.  This

solution was stored in the presence of light for up to one month and

;. constituted the solut·ion from which the more dilute solutions of iodine

-                                  were  prepared.    In  the  case  of · nitrobenzene  solutions  of  molecular

iodine, tbe solutions were prepared and stored in the dark.  The more

dilute solutions cf molecular iodine were prepared by further dilution

-2of aliquots of the 1.00 x 1.0  K iodine solution.  The iodine crystals

were weighed on a Mettler H-16 balance to f 10 micrograms.  Initially,

ali.quots of the 1.00 x 10 2 K iodine solutions were periodically titrated

so  that tlie iodine concentration would be accurately known.    It  was  found,

4    however, that over a period of one month,.no change in the concentration

of the iodine was detected.

A.II.b. The Preparation of Dilute, Dry, Nonaqueous Solutions of
Molecular Iodine. Inoculated with Iodine-131 by Isotopic Exchange with

Iodine-131 Activity Adsorbed on Silver Iodide Precipitates

The procedures used to investigate various aspects of the prepara-

tion of dilute, dry, nonaqueous solutions of molecular iodine inoculated

with iodine-131 by i sotopic exchange with iodine-131 activity adsorbed

on   the   sur face of preformed silver iodide precipitates are summarized

in Figures A.1 to A.5 and described below.
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A.II.b.1. Activation of Silver Iodide Precipitate Five ml. of aqueous

1.00 x 10-3 F Potassium iodide and 0.2 ml. of 1.00 x 10-2 K perchloric

acid were placed in a 10-ml., Pyrex, centrifuge·tube and mixed.  This was

followed by the addition of 0.1 ml. of 0.100 g silver nitrate.  The con-

tents of the tube were stirred mechanically for several minutes by means

of a Pyrex rod rotated at about 100 rpm.  After stirring, the tube was

stoppered and centrifuged.  The aqueous layer was then drawn off by

means of a capillary pipette and discarded.  This procedure produced

1.175 mg. of silver iodide. Subsequently, the precipitates in the cen-

trifuge tubes were treated using one of the five following procedures.

In procedure A, the silver icdide precipitate was washed

-2
twice with 5-ml. portions of 1.00 x 10 F perchleric acid,

washed once with acetone and dried in an oven for 0.5 hour at

1400 (see Figure A.1).

In Procedure B, the silver iodide precipitate was washed

twice with 5-ml. portions of 1.00 x 10-2 g perchloric acid, aged

for 12 hours  while  wet, washed  once ·with acetoiie and dried  in. an

- oven for 0.5 hour at 140' (see Figure A.2).

In procedure C, the silver iodide precipitate was washed twice

with 5-ml. portions of water (see Figute A.3).

In procedure D, the silver iodide precipitate was washed

twice with 5-ml. portions of water, washed three times with 2-ml.

portions of absolute ethanol and dried in an oven for 0.25 hour at

1100 (see Figure A.4).

In procedure E, the silver iodide precipitate was washed

-                                      once with  5 ml. of absolute ethanol and dried for several hours
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at room temperature in a vacuum desiccator (see Figure A.5).

-                       These procedures were carried out in the centrifuge tubes.  Each

precipitate was washed by introducing the washi.ng solution into the

centrifuge tube and stirring the contents by bubbling air through the

solutions for .one minute, utilizing a capillary pipetQp with a rubber

bulb at one end.  The tube and its contents was then stoppered and

centrifuged, and the liquid phase drawn off using a capillary pipette.

The tube containing the silver iodide was capped with aluminum foil

rather than with the stopper before placing in the oven to dry. '

The dry, preformed silver icdide was activated by introducing into

the cooled centrifuge tube one ml..of a stock solution of iodj.de-131 of

known specific activity.  The mixture was stirred either

1.  mechanically for 3 minutes by means of .a Pyrex rod which was

rotated at about 100 rpm., or,

3
2.  by passing 50 cm.  of air through the mixture for one minute.

' Subsequently, the tube and its contents was stoppered, centrifuged, the

aqueous phase drawn off with a capillary pipette and counted.

The active silver iodide precipitate in the centrifuge tube was

treated using one of the five following procedures.

.In procedure F, the active silver. iodide precipitate was
-2

washed twice with 5-ml. portions of 1.00 x 10   £ perchloric acid

(see Figure A.1).

In procedure G, the active silver iodide precipitate was
0

washed twice with 2.5-ml. portions of 1.00 x 10 F perchloric
-2

acid, washed once with acetone and dried in an oven for 0.5 hour
at 140' (see Figure A.2).

In procedure H, the active silver iodide precipitate was
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washed twice with 2-ml. portions of water and dried in oven for

0.5 hour at 140' (see Figure A.3).

In procedure I, the active silver. iodide precipitate. was

washed three times with 1-ml. portions of absolute ethanol and

dried in an oven for 0.25 hour at 110' (see Figure A.4).

In procedure J, the active silver iodide precipitate was

washed once with 2 ml. of absolute ethanol, washed once with 2 ml.

-of cyclohexane and dried for several hours at room temperature in

a vacuum desiccator (see Figure A.5).

The washings' involved introducing the washing solution into the

centrifuge tube and stirring the contents by bubbling air through the

solution for one minute, using a capillary pipette with a rubber bulb

at one end.  The tube and its contents was then centrifuged and the

liquid phase drawn off  using a capillary pipette.  The tube contain-

ing the silver iodide was capped with aluminum foil rather than with

the stopper before placing in the oven to dry.

A.II.b.2. Activation of Nonaqueous Iodine Solution The isotopic ex-

change between the active, dry, silver iodide precipitates and molecular

iodine in cyclohexane was studied  using the following procedure.

-4
Five ml. of a 1.00 x 10 F moleculat iodine-cyclohexane solution

was added to. the active silver iodide precipitate in the centrifuge

tube.  The mixture was then stirred  using one of the three following

procedures.

3
In  procedure  K, cm. of.air was passed through the mixture,

utilizing a capillary pipette as the delivery tube.

In proced·ure L, nitrogen gas was passed through the mixture

for one minute utilizing a capillary pipette  as the delivery  tube.

10



In procedure M, nitrogen gas was passed through the mixture

for 15 minutes utilizing a capillary pipette as the delivery tube.

The tube and its contents was· centr ifuged -and the cyclohexane

phase was drawn off using a capillary pipette.  The precipitate was

then washed  once with  one ml. of cyclohexane,  the  tube  centrifuged  and

the cyclohexane drawn off. The cyclohexane wash was combined with the

iodine-cyclohexane solution and the whole counted.  The silver icdide

precipitate was dissolved in aqueous potassium cyanide and counted.

The percent exchange was calculated from the activity which remained

in the silver iodide and the activity detected in the iodine-cyclohexane

solution.

A.II.c. The Preparation of Dilute, Dry, Nonaqueous Solutions of Molecular
Iodine Inoculated with Iodine-131 by Isotopic Exchange with Iodi.ne-·131

Activity Adsorbed on Platinum Foil

The. pr.ocedures used ·to investigate various aspects of the prepara-

tien of dilute, dry, nonaqueous solutions of molecular iodine, inoculated

with iodine-131 by exchange with iodine-131 activity adsorbed on the

surface of a platinum foil are summarized in Figures A.6, A.7 and A.8

and described below.

A.II.c.1. Activation of Platinum Foil.  The following procedures were

used in the pretreatment of the platinum foil prior to its activation

with iodine-131. Platinum foil, 0.0625 min. thick, was cut into 0.5 x 1.5

cm. strips.  These strips were pretreated in the various manners des-

cribed below and, then, in all instances, washed five times with water

and stored under water in a glass-stoppered vessel until ready for use.

The strips were subsequently supported on a nichrome spiral, heated to
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redness for one minute in the ho€test portion of a Meeker burner flame        -

-                and, then, either iodinated or placed directly in the reaction vessel.

Pretreatment A consi·sted of immersing  the
  foils in 'concentrated "

nitric acid for 16 hours at room temperature.

Pretreatment B consisted of placing the foils ia concentrated

nitric acid for 16 hours at room temperature and, then, treating

with aqua regia at room temperature for one minute.

In pretreatment C, the f6ils were immersed in concentrated

nitric acid at room temperature for 16 hours followed by immersion

in aqua regia  for five minutes  at room temperature.

In pretreatment D, the foils were treated with aqua regia at

room temperature for five minutes.

Iodination consisted of placing the pretreated foils in a cyclo ..

-4hexane solution of inactive molecular iodine (usually 1.00 x 10  I) for

a specific time (usually 16 hours) at room temperature in the presence

,.             of ordinary fluorescent laboratory light. The foils ·were then rinsed

five times with cyclohexane and dried in an oven for 0.5 hours at 110'.

The following procedure was used to investigate the adsorption of

iodine-131 activity by platinum foil  (see Figure A.6).

Five ml. of an aqueous reaction mixture Was transferred to a reac-

tion vessel; 50 to 500 microliters of the iodide-131 stock solution of

known specific activity was then added.  Pretreated platinum foil

(No.   1)  was then introduced  into the solution which  had been mixed  and

the whole stirred for a given time.  Foil No. 1 was subsequently washed

with three one-m].. portions· of water.and, then. counted (count No. 1);

count  No. 2 represented the total activity present  in the reaction
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mixture and the water washes subsequent to the removal of foil No. 1.

The percent activity adsorbed by the foil and the total percent recovery

were calculated from these data. Ini·tially, 15 x 125 mm. Pyr6x test

tubes served as reaction vessels.  The reaction mixtures were stirred

mechanically with a Pyrex rod which was rotated at about 100 rpm.  Sub-

sequently, glass-stoppered 10-ml. Erylenmeyer flasks were used as reac-

tion vessels.  the reaction mixtures were stirred magnetically; the

magnetic stirri.ng bar consisted of a 0.1 x 0.5 cm. piece of iron wire

-                sealed in a small piece o Pyrex tubing.  The platinum foil, bent in

-                 the shape of a square-U, was placed on its side in the reaction vessel

in order to expose the maximum amount of surface to the reaction mixture.

A.II.c.2, Activation of Nonaqueous Iodine Solution at Room Temperature

The following procedure was used tc investigate the isotopic exchange

of the iodine-131 activity, adsorbed on the platinum foil, with dilute,

dry, nonaqueous solutions of molecular iodine (see Figure A.6).  The

platinum foil (No. 1) was acti.vated for one hour, placed in a reaction

vessel and dried  in an oven  for 2 hours  at  110'. No detectable amount

of activity was volatilized from the foil during the drying operation.

Five ml. of a dry nonaqueous solution of.inactive molecular. iodine.was

added  to the reaction vessel containing  foil  No.  1  and the whole stirred

for a predetermined time.

This isotopic exchange procedure was also used .in connection with

other nonaqueous solvents with the following exceptions;

1.  the inactive iodine solutions were freshly prepared, and,

2.  the exchange process in nitrobenzene was carried. out in the

dark.
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The percent exchange was calculated from the activity which remained

on foil No. 1 (count No. 3) and ,the activity detected in the iodine.solll-

tion.(count  No..4)·.

A.II.c.3. Adsorption of Iodine onto Platinum Foil For very dilute

-4
(less than or equal to 10   1 iodine) nonaqueous solutions of molecular

iodine, it is important to know whether the initial concentration is

decreased via adsorption on the platinum foil during the exchange proc-

ess. Such information was obtained by immersing  the  platinum  foil

(foil No. 2) in. the activated nonaqueous solution for a given time. The

decrease in the iodine concentration was calculated from the activity

on foil No. 2 and in the solution (see Figure A.7).

A.IT.c.4. Activation of Nonaqueous Iodine Solution of 50 '   The follow-

I · wing procedure was used to study the exchange, at 500, of iodine atoms

- between iodine-131 adsorbed on a platinum foil and molecular iodine

-.          dissolved in cyclohexane.      A   50-ml. round -bottomed flask  with a 4-inch

neck, ending in a 19/38 ground-glass joint, served as a reaction vessel.

Twenty-five ml. of a dilute solution of molecular iodine in cyclohexane

was transferred to the flask which was then loosely stoppered with a

ground-glass joint.  The flask was then immersed in a constant tempera-

ture (500 1 0.25') glycerine bath for 10 minutes to allow the contents

to attain thermal equilibrium. A dry active foil, bent in the shape of

a  square-U,  was then added  to the flask  and  the wholb stirred  with' a

small Pyrex-covered magnetic  stirring  bar. at  about  100· rpm.    The  .foil

was removed peripdically by means of a glass rod and counted.  At the

con.clusion of the experiinent, 10 ml. of the cooled iodine soluti.on was

14



counted; the percent recovery ranged from. 101 to 102 percent, indicating

little loss of solvent during the activation of the iodine solution.

A.II.c.5. Iodine-Solvent Reactions Clearly, it is important to know

whether the presence of platinum in the nonaqueous iodine solutions

would catalyze the formation of organic iodine compounds with either the

solvent·itself or impurities in the solvent.  It was arbitrarily assumed

that any iodine activity not extracted by aqueous sulfite was a measure

of the formation of these organic iodine compounds.  The procedure

employed to detect the presence of nonextractable compounds of iodine

is outlined in-Figure A.8 and described below.

Five ml. of nonaqueous molecular iodine solution was transferred

to  each  of two reacti.on vessels. An activated i.odinated platinum  foil

(see Figure A.6) was then introduced into each solution and the con-

.,        tents  o f the vessels stirred magnetically  for 2 hours. The plat:in.um

foil was subsequently removed from one of the vessels, a 0.5-ml. sample

of.the nonaqueous iodine solution taken from each vessel for analysis,

and the stirring continued. Additional 0.5-ml. samples of the non-

aqueous iodine solutions were removed from the vessels at specified

time intervals and analyzed.  The analysis consisted of treating the

samples of the nonaqueous iodine solutions with aqueous sulfite, washing

the nonaqueous phase with water, and determinating the percentage of

activity which remained behind in the nonaqueous solvent br counting

both the aqueous sulfite phase plus the water wash and the nonaqueous

phase.

The effect of ordinary fluorescent laboratory light on the forma-

tion of· these nonextractable iodine compounds was investigated with a

15
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procedure identical to that just described and outlined in Figure A.8

with two exceptions; both platinum.foils were allowed to remain in the

iodine solutions.throughout the duration of the experiment, and, one

of these solutions, beginning with the activation  step,  was kept continu-

ously in the dark.
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5 ml. 1.00x10-3 F 10-ml.
-. 0.1 ml. 0.100 F

KI,      -2       *
Glass-stoppered

.6.-- AgN03
0.2 ml. 1.00xl . F Centrifuge Tube

HC104

1) Stir

2) Centrifuge

\/

'  1.175 mg.
Aqueous

AgI Phase
Ppt.

1) Wash twice with 5-ml. porti.ons  o f
1.00x10-2 K HC104•

- 2) Wash once with acetene.
3) Dry in oven for 0.5 hr. at 140'C.

\/

Stock Solution of
Carrier-free -   1.175 Ing. AgI

,
Iodide-131

Stir mechanically with pyrex rod
rotated by motor for,3 minutes.

\/

1.175 mg.
AgI*

Aqueous
Phase

Ppt.
(I*)

1) Wash twice with 5-ml. portions'·
of 1.00x10-2 K HC104.

2)  Add to 5 ml. of 1.00x10-4 1 12
in cyclohexane.

\/

1.175 mg. 5 ml.

AgI* 1.00x10-4 F-.
Ppt. I  in

CH
6 12

Figure A·.1. Procedure used to investigate the preparation of dilute, dry,
nonaqueous solutions of molecular iodine inoculated with
iodine-131.
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5 ml. 1.00x10-3 E 10-ml.
KI,       -2

. 0.1 ml. 0.100 F
3  Glass-stoppered       .0.2 ml. 1.00x10 F AgNO3Centrifuge Tube

HC104
.

1) Stir

2)  Centrifuge

\/

1.175 mg.
AgI Aqueous
Ppt. Phase

1) Wash twice with 5-ml. portions
r                                                      of 1.00x10-2 f HC104•

2)    Age  the wet. precipitate  for 12 hours:
3) Wash once with acetone.
4) Dry in oven for 0.5 hr. at 140'C.

//

Stock Solution of
Carrier-free 1.175 ml. AgI

I.

Iodide-131 ,

Stir mechanically with Pyrex
#·                                                                                 rod  rotated  by. motor  for  3 minutes.

\/

1.175 mg.
AgI*

Aqueous
Phase

Ppt.

1) Wash twice with 2.5-ml. portions of
1.00x10-2 I HC104·

2) Wash once with acetone.

3) Dry in oven for 0.5 hr. gt 1400C.
4) Add to 5 ml. of 1.00x10-- E I2 in

- cyclohexane.
V

1.175 mg. 5 ml.
ABI* 1.00x10-<F

Ppt. I*2 in   -
C6H12

Figure A.2. Procedure used.to investigate the preparation of dilute, dry,
nonaqueous solutions of molecular iodine inoculated with
iodine-131.
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5 ml. 1.00x10-3 I 10-ml.

K]., Glass"stoppered , 0.1 ml. 0.100 F

0.2 ml. 1.00x10-2£
> 0Centrifuge Tube AgN03

HC104

1) Stir

2) Centrifuge

\/

1.175 mg.
AgI Aqueous
Ppt. Phase

Wash twice with 5-ml. portions of
water.

V

Stock Solution of
Carrier-free )   1.175 mg. AgI
Iodide-131

Stir mechanically by bubbling
50 cc, of air through the
mixture.

V

1.175 mg.
AgI* Aqueous
Ppt. Phase

3) Add.· to.5 ml. of 1.00 x 10-4.I 1) Wash twice with 2-ml. portions ·
.

I2 in
cyclohexane. of water.

2) Dry in oven for 0.5 hr. at 1400C.
-                                                    \/

1.1Z 5    mg.           5   ml  . -4
AgI 1.00xlo   g
Ppt.

IZ in CH6 12

Figure A.3.  Procedure used to investigate the preparation of dilute; dry,
nonaqueous solutions of molecular i.odine inoculated with
iodine-131.
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5 ml. 1.00x10-3 F 10-ml.
-- 0.1 ml. 0.100 F

KI,   Glass-stoppered .
-

-2                                               .              AgN030.2 ml. 1.00x10 F ' Centrifuge Tube-

HC104

1) Stir

2) Centrifuge

\/

1.175 mg.
AqueousAgI Phase

Ppt.

1) Wash twice with 5-inl. portions  c f water.
2)  Wash 3 times with 2-ml. portions of

absolute ethanol.
3) Dry in oven for 0.25 hour at

1100C.

\/

Stock Solution of
Carrier-free
Iodide-131 3    1.175 mg. ABI

Stir by slowly passing 50 cc. of
' air through the mixture.

\/

1..li5 mg.
Aqueous

AgI Phase
Ppt.

-4
3)  Add  to  5  ml.  of  1.00xlo     I     1)  Wash 3 times  with 1-ml. portions

I2 in
cyclohexane. of absolute ethyl alcohol.

2) Dry in oven for 0.25· hour
\/

at 110'C.

1.175 mg. 5 nil.

AgI* 1/0Ox1O-4 K
Ppt. I" in2

Cyclohexane

Figure A.4. Procedure  used to investigate the preparation  of  dilute,  dry,
nor.aqueous solutions of molecular .iodine inoculated with v
iodine-131.
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5 ml..1.00x10-3 F 10-ml.

KI, )  Glass-stoppered .
0.1 ml. 0.100 K

0.2 ml. 1.00x10-2 Centrifuge Tube      \         ABNOJ

K HC104

1) Stir

2) Centrifuge

\/

1.175 nig.
Aqueous

AgI Phase
Ppt.

Wasli ·once with  5 ml. of absolute
etlianol and dry for several hours        I
in a vacuum desiccator.

\/

Stock Solution of
Carrier-free 1.175 mg. AgI*
Iodide-131

Stir by slowly passing 50 cc. of
air through the mixture.

V
1.175 mg.
AgI*

Aqueous

Ppt.
Phase

3) Add to 5 ml. of 1.00x10-4 g 1) Wash·once with 2 ml. of

I2 in
cyclohexane. absolute ethanol.

2) Wash once with 2 ml. of

        cyclohexane.

1.175 mg.  5 ml.
AgI

-  -4
1,00x10         F

Ppt.
Ig in
Cyclohexane.

Figute A.5. Procedure used to investigate the preparation of dilute, dry,
nonaqueous solutions of molecular i.odine inoculated with
iodine-131.
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50-500 A Carrier-free iodide-131

in 1.0Ox10-3 I Na2SOj

; V

5.00 ml. Platinum foil

Reaction mixture--* Reaction Vessel            <         No. 1

Stir  at room temperature.

\/

*
Count No. 1 Pt(No. 1)-I Reaction mixture Count No. 2

/\

Three
1-ml.
water washes

V

Pt (No. 1.)-I  Three 1-ml..washes

Dry in oven for 1 to 2 hours at 110'.

\/

5.00 ml.
Reaction vessel < I2 in nonaqueous

solvent

Stir at room. temperature.

J

Count No. 3 Pt(No. 1)-I  Nonaqueous
I2

Count No. 4

Figure A.6. Procedure used to·investigate the preparation of dilute, dry,
nonaqueous solutions of molecular iodine inoculated with
iodine-131.

22



5.00 ml. 1.00x10-3 K 10-ml. Glass-stoppered Active. iodinated

I2  in  nonaqueous        --- . * Erlenmeyer flask . < platinum foil No. 1
solvent (see Fig. A.6)

1) Stir for 2 hours.
2) Remove platinum foil.
3) Dilute active iodine solution

to desired concentration.

\/

Clean platinum 5.00 ml. active
foil (No. 2) /   I2 solution

Stir for allotted time.

\/
I'.

Pt(No. 2)-I*
Active I2
solution

1) The foil is removed periodically, counted, and returned to the
solution.

2) At the end of the experiment both the foil and the solution are
counted.

Figure A.7.. Procedure used to investigate the adsorption of active..

molecular iodine on a clean platinum·foil.
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Two
One active

5.00 ml. nonaqueous iodinated platinum
. 10-ml. glass-stoppered ,-I  solution to each -7 - -  foil to each-

2                        Erlenmeyer flasks
(see Fig. 6)

Stir for 2 hours *-*
/                                                   \/

+                *
Pt-I- + nonaqueous

I2 Pt-I  Nonaqueous*
solution I  solution

2

*                   1) Continue1) Continue stirring Remove from flask stirring
for specified

r-- for speci-time interval fied time
with Pt-I in Both aliquots are then

. interval
· solution. #   treated individually in   -.

2) 0.500-ml. aliquot the following·manner
with Pt-I removed from
solution.

taken at end of each
__ 2) 0.500-ml, aliquotti.me  interval . taken at end of each

time interval.

0.500 ml. of 0.100 12-ml. glass-stoppered
K aqueous

Na2S03 3   centrifuge tube
.

1)  Shake  for one minute.
2) Centrifuge·.

\/

Nonaqueous
Counting tube

C
' Aqueous phase

phase

) Add 0.500 ml. water
wash

2) Shake for one minute.
3) Centrifuge.

1..

Water wash Nonaqueous
aqueous phase  phase

\/

Counting tube

Figure A.8. Procedure used to investigate the effect of light and
platinum on·the stability·of dry nonaqueous solutions
of molecular iodine.
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A.III. RESULTS AND DISCUSSION
.

The results of the.investigation of the preparation of dilute, dry,

nonaqueous solutions of molecular iodine inoculated with iodine-131 are

summarized in· Table A.1 through A.23 and Figures A.9 through A.12.  The

results of activation experiments using preformed silver iodide precipi-

tates inoculated with iodide-131 are summarized in Tables A.1 to A.5.

The results of activation experiments using platinum foil inoculated
*

with iodine-131 activity are summarized.in Tables A.6 to A.23 and

Figures A.9 to A.12.

The term "adsorption" refers to the following:

1.  For silver iodide precipitates; uptake of carrier-free iodine-

131 activity by preformed silver iodide precipitates via adsorp-

tion on the surface of the precipitate and/or isotopic exchange

-                         with iodide ions in the crystal lattice.

2.  For platinum foil;

a.  uptake of carrier-free iodine-131 activity by platinum

foil via adsorption on the surface of the foil, or,

b.  uptake of carrier-free iodine-131 activity by iodinated

platinum foil via adsorption on the surface of the foil

and/or isotopic exchange with iodine atoms previously

adsorbed onto the surface of the foil.

Iodination is that process whereby iodine-127 is adsorbed onto the

surface of platinum foil by exposure of the surface of the foil to a

nonaqueous solution of·molecular iodine.
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A,III.a. Adsorption of Carrier-Free Iodine-131 Activity by Preformed
Silver Iodide Precipitates. from Aqueous Solutions, and the Subsequent

Exchange Between the Adsorbed Iodide-131 and Molecular Iodine in
Cyclohexane (1.00 x. 10,4 F)

The results of the investigation of the preparation of diluteo dry,

nonaqueous solutions of molecular iodine inoculated with iodine-131 via

isotopic exchange with iodide-131 adsorbed on silver iodide precipitates

are summarized in Tables A.1 through A.5

Table A.1 summarizes the preliminary results obtained with a wet             I

silver iodide-iodide-131 precipitate (see Figure A.1).  Seventy-nine

percent of the activity initially used was found in the silver iodide

precipitate and 35 percent of the activity initially used exchanged

with the molecular iodine in the cyclohexane solution.

Tables A.2 through A.5 summarize the results obtained when using

i a dry silver iodide-iodide-131 precipitate· to inoculate the cyclohexane-

molecular iodine solution with iodine-131.

Table A.2 summarizes the results obtained when the experimental

procedure outlined in Figure A.2 was used.  It is of interest to note

that those precipitates aged for 12 hours in water carried the greatest

amount of the carrier-free iodide-131 and, subsequently, gave the great-

est exchange with the molecular iodine; moreover, those precipitates

-3
which were not aged or which were aged in 5.00 x 10   g silver nitrate

carried less of the carrier-free iodide-131 and subsequently exchanged

less with the molecular iodine. It is interesting to note that the

percent of iodide-131 adsorbed divided by the percent exchange is.essen-

tially a constant.

The resul.ts in Table A.3 were obtained. when the experimental
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Table A.1

Adsorption of Carrier-Free Iodide-131 by a Preformed Silver Iodide

Precipitate, from an Aqueol* Solution. and the Subsequent Exchange

between the Adsorbed Iodide-131 and Molecular Iodine in

Cyclohexane (1.00 x 10-4 D.a,b,c,d

Age of the Iodide-131 Exchange,
AgI, hours .adsorbed., 1                       2e

1 e

.

0                         79                      35

aThe  adsorption was carried  out. for  3 minutes,  at  room temperature,
in the pres-ence  of  light.

 The exchange was carried out for one minute, at room temperature,

in the presence of light.

C. ,
fne procedure used is outlined in Fig. A.1.

dIn all instances the recovery of activity was essentially
'

quantitative.

e
Percent of activity initially used.
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Table A.2

Adsorption of Carrier-Free Iodide-131 by Dry Preformed

Silver Iodide Precipitates, from Aqueous Solution, and

the Subsequent Exchgnge between the Adsorbed Iodide-131

-4        a.b,c,dand Molecular Iodine in Cyclohexane (1.00 * 10 E).  I

Age of the Iodide-131 Exchange,
AgI, hours adsorbed, %e               %e

-0                                                                   3 7                                                                1.2

0                     52                    16

12f                    63                    22

12f                    77                    22

12                     34                     9.0

aThe adsorption was carried out for 3 minutes, at room

temperature, in the presence of light.

 The exchange was carried out for one minute, at room

temperature, in the presence of light.

 The procedure used is outlined in Fig. A.2.

d
In all instances the recovery of activity was essentially
quantitative.

e
Percent of activity initially used.

fThe inactive silver iodide precipitates were aged in water.

gThe inactive silver iodide precipitate was aged in

5.00 x 10-3 K silver nitrate.
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Table A.3

Adsorption of Carrier-Free Iodide-131 by Dry Preformed

Silver Iodide Precipitates, from Aqueous Solution2 and

the Subsequent Exchange between the Adsorbed Iodide-131

and Molecular Iodine in Cyclohexane (1.00 x 10-4 2).a,b,c,d

Age of the Iodide-131 Exchange,
AgI, hours adsorbed, %e               %e

0                     53                    1.9

0                     55                    1.6

0                    61                   3.0

0                     74                    3.8

16 f                    51                    5.5

16 f 52 2*5

8The adsorption was carried out for one minute, at room
temperature, in the presence of light.

bThe  exchange was carried  out  for  one  minute,  at  room
temperature, in the presence of light:

C
The procedure used is outlined in Fig. A.3.

d
In all instances the recovery of activity was essentially
quantitative.

e
Percent of activity initially used.

fThe inactive silver iodide precipitate was aged in water.
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procedure outlined in Figure A.3 was used.  Although aging the inactive

silver iodide precipitates in water did not increase the carrying of

the carrier-free iodide-131 (see Table A.2), it did increase the exchange

between the iodide-131 adsorbed on the precipitate and the molecular

iodine in the cyclohexane.  However, the values observed for the isotopic

exchange were, in all cases, very low.

Tables A.4 and A.5 summarize the results observed when employing

the experimental procedures outli.ned in Figures A.4 and A.5 respectively.

There does not appear to be a significant effect attributable to the

-                  aging of the inactive silver iodide precipitate.

The following observations summarize the findhigs of this i.nvesti-

gation.

1.  Washing the inactive wet silver iodide precipitates with ace-

tone or ethanol caused the precipitates to become granular (11).

2.  The procedures summarized in Figures A.2, A.4 and A.5 resulted

in more exchange between the iodide-131 on the silver iodide

precipitates and molecular icdine in cyclohexane than did the

procedures summarized in Figure A.3.  Presumably, this is due

washing the inactive and/or active silver iodide precipitates

with acetone or ethanol which.enhanced the exchange.

3.  Aging the inactive silver iodide precipitates in water may

increase the exchange between the iodide-131 on the precipi-

tates and molecular iodine in cyclohexane.

4.  The use of a vacuum desiccator to dry the inactive and/or

active silver iodide precipitates, at room temperature, may

enhance the adsorption and/or exchange of the iodide-131.
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Table A.4

Adsorption of Carrier-Free Iodide-131 by Dry Preformed

Silver Iodide Precipitates, from Aqueous Solution, and

the Subsequent Exchange between the Adsorbed Iodide-131

and Molecular Iodine in Cyclohexane (1.00 x 10-4 F),a,1),c. 3 (1

Age of the Iodide-131 Exchange

AgI, hours adhorbed, %e               %2

0                     47                    1.0

0                       47                     13

 The adsorption was carried out for one minute, at room
temperature, in the presence of light.

bThe  exchange was carried  out  for one minute,  at  room
.                                temperature•  in the presence of li.ght.

C
·.                  The procedure used is outlined.in Fig. A.4.

d
In all instances the recovery of activity was essentially
quantitative.

ePercent of activity initially used.
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Table A.5

Adsorption of Carrier-Free Iodide-131 by Dry Preformed

- Silver Iodide Precipitates, from Aqueous Solution, and

the Subsequent Exchange between the Adsorbed Iodide-131

and Molecular Iodine in Cyclohexane (1.00 x 10-4 g).a,b,c

Age of the Iodide-131 Exchange
AgI, hours adsorbed, %d               %d

Oe                            50                             8
Oe                     60                     11

Oe,f                  69                     9

of   71                   9

4eif,h               61                    7

4                     90                    11f,g,h

aThe adsorption was carried out for one minute, at room
temperature, in the presence of light.

bThe procedure used is outlined in Fig. A.5.

C
In all instances the recovery of activity was essentially
quantitative.

d
Percent of activity initially used.

eThe exchange was carried out for one minutei at room

temperature, in the presence of light.
fThe inactive and active silver iodide precipitates were
dried; at room temperature; in a vacuum desiccator.

-gThe  exchange was carried  out  for 15 minutes i  at  room
temperature, in the presence of light.

h,Ihe inactive silver iodide precipitate was aged in acetone.
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Table A.6

Adsorption  o f Carrier-Free Iodine-131 Activity by Platinum  Foil,a

from Aqueous Solutions, at Room Temperature,

bc
Over 0.5 and 2 Hours. '

fg
Composition of. Iodine-131 activity adsorbed, % 3

a iereaction mixture Over 0.5 hour Over 2 hours

1.00 x 10-3 K NaDSO, 1.0                  13
.-     -,

1.00 x 10-3 K Na2S03 39                    99

1.00 x  10-3 f HC104

-3

1.00 x 10   E Na2S03 77                   99

0.100 1 HC104

dThe plati.ilum foils were subjected to pretreatment A.

bThe procedure used is outlined in Fig. A.6; light was present.

C
In all instances the recovery of activity was essentially
quantitative.

d
The Oak Ridge Iodide-131 solution was, in all instances, less
than 2 weeks old.

 The stock solution (see Fig. A.6) was, in all instances, less

than 48 hours old.

f
It is noteworthy that the reaction vessels were found to contain
only a negligible amount of activity after removal of the foils
and reaction mixtures. followed by 3 water washes.

g
A different activated foil was used for each value.
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Table A.7

Adsorption of Carrier-Free Iodine-131 Activity by Platinum Foil,a
from Aqueous Solutions, at Room Temperature,

bc
Over 0.5, 1 and 2 Hours. '

'f,g
Composition

ofd Iodine-131 activity adsorbed, w
reaction mixture 'e   Over 0.5 hour  .Over 1 hour   Over 2·hours

-5
1.00 x 10 F Na SO         32                           78-2 3

r

1.00 x 10-3 F NanS03C
84                           91

-3
1.00 x 10   I HC104

·5
1.00 x 10 F Na SO-2 3

85                            92

0.100 F HC104

1.00 x 10-5 1 Na2S03                       94

1.00 1 HC].04                                                       96

 The foils were subjected to pretreatment A.

bThe procedure used is outlined in Fig-A.6; light was present,

 In all instances the recovery of activity was essentially quantitative.

dThe Oak Ridge iodide-131 solution was, in all instances, less than

2 weeks old.

eThe stock solution (see Fig. ·A.6) was, in all instances. less than
48 hours old.

f.It is noteworthy that the reaction vessels were found to contain

only a negligible amount of activity after removal of the platinum
foils and reaction mixtures,  followed by 3 water washes .

g
A different activated foil was used for each value.
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No further investigation into the use of preformed precipitates

with adsorbed iodide-131 as agents ·for inoculating dilute,  dry,  non-

aqueous solutions of molecular i.odine was undertaken.  In view of recen.t

find ings published  in  the  literature   (1   through  7),  it .was decided  that

metal fo:tls, principally platinum. could be more advantageous f6r acti-·

vating dilute, dry, nonaqueous soluti.ons of molecular iodine because of

several factors.

1.  The metal foils should not be significantly permeable to

.

iodide-131 and. hence, more activity would be present on the

surface of the foil so that isotopic exchange with molecular

iodine in nonaqueous solutions could more readily occur,

2,  The possibility of introducing contaminants into the non-

aqueous, dilute, dry, molecular iodine solutions would be

decreased.

3.  The possibility of molecular iodine reacting with the acti-

vating  agent would. be  lessened.

4.  Better overall activity yields could be possible.

A.III.b. The Preparation of Dilute, Dry, Nonaqueous Solutions of
Molecular Iodine Inoculated with Iodine-131 via Isotopic

Exchange with Iodine-131 Activity Adsorbed on Platinum Foil

A.III.b.1. Activation of Platinum Foil The results of the studies of

the adsorption of iodine-131 activity by platinum. foil froir, dilute

sodium sulfite and dilute sodium sulfite-perchloric acid solutions are

summarized in Tables A.6, A.7, A.8, A.9, A.].0, A.11 and A.12.  In all

instances the experiments were carried out in the presence of ordinary

laboratory fluorescent light.
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The results in Tables A.6 and A.7 indicate that the percent ad-

sorption of iodide-131 increased with a decrease in the sodium sulfite

concentration and an increase in the perchloric acid concentration.

Also, the percent adsorption increased with time and was generally

greater than 90 percent over 2 hours from acidic solutions. In these

experiments the percent recovery, based on the activity initially

present in the stock solutions of iodide-131, ranged from 98 to 100

percent.  Consistently, the best results were achieved with a sodium

-5
sulfite concentration of 1.00 x 10 F and an acid concentration of

1.00 x 10-3 g or greater.

The results in. Tables A.8 and A.9 indicate that aging the stock

solution of ipdide-131 or the active acidic sulfite reaction mixture

had  little  affect  on  the  adsorption of iodine-131 activity. However,

the percent activity adsorbed was significantly less than expected

(see Tables A.6 and A.7).   In thi,·., connection, it is noteworthy that

different shipments of Oak Ridge iodide-131 were used for Tables A.6

and A.7 and Tables A.8 and A.9.

The results in Table A,10 demonstrate that the percent adsorp-

tion of carrier-free iodine-131 activity by iodinated platinum foil

-               was virtually the same as that observed for platinum foil (see Tables

A.6, A.7, A.8 and A.9) and essentially complete after 0.5 hour. Iodin-

ati.on consisted of immersi.ng a platinum foil (which had been subjected

to pretreatment A) in 1.00 x 10-4 K molecular iodine in cyclohexane for

a given length of time (usually 16 hours or greater), washing the foil

with cyclohexane and. subsequently, drying in an oven for one hour at

110'.  The shipment of Oak Ridge carrier-free iodide-131 used to obtain
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Table A.8

The Effect of the Age·of the' Stock Solution on the Adsorption

a.b.c,d
of Carrier-Free Iodine-131 Activity by Platinum Foil. '

Age of the Iodine-131 activity adsorbed,

Stock solution, hours                    Ze

f                                                                 640
66

67
67
69

24f                               55
64
80

42f                               61
77
85

aThe composition of the reaction mixture was: 1.00 x 10-3 g

Na2SO3' 0.100 1 HC104.  The reaction mixtures were prepared
just prior to use.

b
The foils were subjected to pretreatment A.  Adsorption took

place at room temperature over 0.5 hour.

 The procedure used is outlined in Fig A.8; light was presdnt.

-                                                   d

In all instances the recovery of activity was essentially

quantitative.

eThese numbers represent maximum values because the foils were
counted in water-washed reaction vessels which may have con-
tained adsorbed activity.  Such adsorption, however, was pre-

viously found to be negligible (see Table A.6, note d).

f
The Oak Ridge solution, which represents a different shipment

from that used in Tables A.6 and A.7, was less than one week old.
The stock solutions were  aged  in alwnin'um-capped counting tubes.
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Table A·.9

The Effect of the Age of the Reaction Mixturesa on the Adsorption

b,c,d,eo f Carrier-Free Io(line-131 Activity by Platinum   Foil.

Age of reaction Iodine-131 activity adsorbed,

mixture, hours                           %f

20.5Z 58
62

g                                 6130
68

„9

 The composition of the reaction mixture was: 1.00 x 10   F-
Na2S035 0.100 g HC104•

-                                                       bThe stock solutions were prepared just prior to use.

 The foils were subjected to pretreatment A. Adsorption took

place at room temperature over 0.5 hour.

dThe procedure used is outlined in Fig. A.6; light was present.

 In all instances the recovery of activity was essentially

quantitative,

fThese numbers represent maximum values because the foils were
counted in water-washed reaction vessels which may have con-
tained adsorbed activity.  Such adsorption, however, was pre-
viously found to be negligible (see Table A.6, note d).

 The Oak Ridge solution was the same as in Table A.8, but was
2 weeks old. The reaction mixtures were aged in 12-ml. glass-
stoppered centrifuge tubes.
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Table    A.1 0

                    Adsorption of Carrier-Free
Iodine-131 Activity by Iodinated

a                                        b,c,d
Platinum  Foil   at Room Temperature.

Activation time, hours Adsorption, %

0.25                                44

0.50                               84
92
94

1.0                                84

a
-                   The foj.ls were subjected to pretreatment A, immersed in

1.00 x  10-4 / molecular i.odiiie in cyclohexane  for  16  hours,
washed with cyclohexane and, subsequently2 dried in the

#                      oven for one hour at 110'.

b
! · The procedure used is outlined in Fig. A.6; li8'lit was present.

C
-The composition of the..reaction mixture was: 1.00 x 10-5 F

Na2S03, 1.00 x 10-3 F HC.10-     4,
d In all instances the recovery of activity was essentia].ly

quantitative.

.4
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the results in Table A.10 was the same as that used to obtain the

resu].ts in Tables A.8 and A.9.  With subsequent shipments of Oak

v Ridge carrier-free iodide-131, the iodinated foils adsorbed about

93 percent of the activity.  Generally, adsorption of activity for

both iodinated and noniodinated platinum foils significantly de-

creased8 often to values as low as 50 percent, when the stock solu-

tions were prepared from shipments of Oak Ridge carrier-free iodide-

131 kept 6 weeks or longer.

The data in Table A.11 demonstrate that the percent carrier-

free iodine-131 activity adsorbed by iodinated 5oils decreased with

a decrease in the iodination time, but was independent of the concen-

-3
tration of the iodinating solution over the range of 1.00 x 10

-5
to 1.00 x 10 F molecular iodine in cyclohexane.-

· The results of experiments designed to study the percent adsorp--

tion of carrier-free iodide-131 from acidic solutions containing

hydrogen peroxide are summarized in Table A.12.  It is seen that

although the presence of a moderate amount of hydrogen peroxide

(2 x 10-2 F) caused the percent adsorption to decrease: small quanti-

ties of hydrogen·peroxide (2 x 10 3 K) had no significant affect.

A.III.b.2. Adsorption of Iodine onto Platinum Foil It is necessary

to know the extent of the loss of iodine from solutions, via adsorp-

tion on the platinum foil, during the activation process since ad-

sorption of small quantities of·iodine could lead to a decreased and

uncertain concentration of the molecular iodine in a dilute solution.

The results of experiments designed to determine the decrease in
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Table A.11

Adsorption of Carrier-Free Iodine-131 Activity by Platinum Foil

which was Iodinateda for Varying Times and at Various Iodine

.                                             Concentrations„b,c,d,e

Time of iodination, Iodine concentration in Adsorption,
hours iodinating solution, E         %

2                  1.00 x 10 52
-4                 f

f
59

2                  1.00 x 10 57 
-4

73 

24                  1.00 x 10                90h
-3                 h

91

24                  1.00 x 10 91
-4                h

h
91

24                  1.00 x 10                92
-5                 h

11

91

 The foils were subjected to pretreatment A,-immersed in
molecular iodine in cyclohexane  for the predetermined  time,
washed with cyclohexane and, subsequently, dried in an oven
for one hour at 110'.

b
The procedure used is outlined in Fig. A.6; light was present.

 The composition of the reaction mixture was: 1.00 x 10-5 E

Na2S03, 0.100 2 HC104.
d
The foils were activated for one hour at room temperature.

e
In all instances the recovery of activity was essentially
quantitative.

f
The Oak Ridge solution was 60 days old.

*The Oak Ridge Bolution was 12 days old and a different ship-
ment from that used for notes f and g.

h
The Gale Ridge solution was one month old.
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- Tab le  A.12

Adsorption of Carrier-Free Iodine-13]. Activity by Platinum Foil

*                         .and Iodinated Platinum Foil from Solutions Containing

a,b,c
Hydrogen Peroxide.

d
Hydrogen peroxide Adsorption, %

concentration, E                        Ie         IIe

9

2.00 x 10 -'                         92       91
88         64

2.00 x 10-2                             55         20
60         36

aThe procedure used is outlined in Fig. A.6; light was present.

bThe composition of the reaction mixture was: 1.00 x 10-5 F
-                      Na SO . 0.100 y HC 10 H 0  at the two given concentrations.

2 32 43  2 2
C
In all instances the recovery of activity was essentially
quantitative.

d
The adsorption was carried out for one hour at room temperature.

e
The experiments differed as follows:
I.  The foils were subjected to pretreatment A.

II. The foils were subjected to pretreatment A, immersed iii
molecular i.odine in cyclohexane  (1.00 x  10-4 K) for 24

hours, washed with cyclohexane and, subsequently, dried
in an oven for one hour at 110'.
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Table A.13

Adsorption of Molecular Iodine-(127 and 131) on Platinum          -

Foila from Cyclohexane at Room Temperature.b,c

10        2
Time of Adsorption,  Moles of Iodine adsorbed (x 10  ) per an . of Pt.

'hours               .Id IId IIId

0.5 2.3 1.7 0.8
2.0 1.6 0.5

1 2.9 2.7 0.9
2.8 1.8 0.8

2 3.4 4.1 1.1

3.3 2.1 0.5

4 3.7 5.7 1.4
· 3.7 2.3 0.6

8 5.7 8.0 1.5

4.0 2.5 0.7

 The size of the platinum··foil was 0.50 x 1.50 x 0.00625 cm.; the
area of each foil was 1.5 em2.

bThe procedure used is outlined in Fig A.7 and described in the
text; light was present.

C
In all instances the recovery of activity was essentially
quantitative.

d
The adsorption was carried out with 5 ml. of a cyclohexane

solution of molecular iodine made active by activating for 2
hours at room temperature with an active iodinated foil.  The
concentrations of molecular iodine in ·the ·cyclohexane solu-
tions were:

I.  1.00 x 10_  F.
II. 1.00 x 10   F.
III.  1.00 x 10-7 F.
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iodine concentration during the actiVation process are given in Table

A.13.. It was observed that adsorption of iodine 
increased with in-

creased with increasing time.  Additional experiments, n
ot included in

Table A.13, were carried out to determine the amount of iodine adsorbed

-4

on a platinum  foil  immersed  in  1.00 x 10    K mo].ecular iodine in cyclo-

hexane, over relatively long periods of time. After 16 hours this

value was observed to be 1.00 x 10-  mole of iodine ·per cm2 of plati-

num foil.  Because increasing the time to 72 hour
s did not result in

further adsorption, it was concluded that the fo
regoing value repre-

sented the saturation value of the foil. This value was in good

agreement with those reported by other investigators (3,4, 5 and 8)

and with the value calculated from atomic radii of platinum and iodine

assuming a monolayer of iodine and a real surface
 area twice the appar-

ent surface area.  From the data in Table A.13 it
 is possible to cal-

culate an expected loss of iodine during activati
on with noniodinated

foils, For example, a loss· of approximately 6 percent of the iodine

-6

present  in 5 inl.  of a  1.00 x 10 F molecular iodine solution would be

expected over a 2-hour activation period.  Howeve
r, by using active

foils which had been iodinated for 16 hours or mo
re in 1.00 x 10-4 K

molecular iodine, to achieve saturation, the loss of iodine is virtually

eliminated.

A.III.b.3. Desorption of Adsorbed Iodine from Pla
tinum by Solvents

Experiments were carried out to determine the loss of adsorbed iodine

to the solvent during the activation of dilute solutions of iodine Witli

active iodinated foils. The activation procedure outlined in Fig. A.6
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was followed with the exception.that the ·active iodinated foil.was

added to 5 mi. of pure nonaqueous solvent". The results summarized

in Table A.14 demonstrate· the importance of checking each solvent for

its ability to remove iodine from active iodinated platinum foils.

A large percantage loss, however, does not necessarily eliminate the

possibility of using a particular solvent.  For example, nitrobenzene

solutions of iodine could be activated without any significant change

in the concentration of the iodine provided the initial amount of,

-7
iodine contained in the solution was on the order of 5 x 10

moles or greater.

The values given in Table A.14 for the fractional loss of iodine-

131 activity from an active, iodinated, platinum foil in all probabil-

i·ty represent maximum values for the fractional loss of iodine (127

»                   and 131) from the foil.  This arises from the fact that it is possible

that the specific activity of the desorbed iodine was greater than the

specific activity of the fodidd ori%inally present on the active,

iodinatedo platinum foil. The converse of this, however, does not

appear to be probable; that is, the specific activity of the desorbed

iodine was less than the specific activity of the iodine originally

present on the active, iodinated, platinum foil thereby causing the

values given in Table A.14 to represent minimum values for the frac-

tional loss of iodine (127 and 131) from  the foil. These conclusions

are based on the following reasoning.

1.  Molecular iodine, in the nonaqueous solvents mentioned

(nitrobenzene, benzene, cyclohexane and carbon tetrachloride),

undergoes rapid isotopic exchange with iodine-131 adsorbed on
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an.iodinated  platinum  foil (see Tables  A.17  and  A.21).    Hence,

if the iodine-·127 is desorbed as molecular iodlne the specific

activity of the iodine in the solution and on the foil would

be similar.

2.  Only a very small amount (approximately one percent) of the

iodine-131 in a cyclohexane-iodine solution, inoculated with

iodine-131 by using an active, iodinated, platinum foil did

not behave as molecular iodine (see Tables A.22 and A.23).

Hence, if i.odine-127 is desorbed from a foil. in a chemical

state other than molecular iodine, it does not undergo meas-

urable isotopic exchange with iodine-131 on the foil or in

solution over 3 hours.  Evidence listed in Part B (The DiG-

tribution of Iodine Between Aqueous Solutions and Cyclohexane)

-                           indicates that if iodine-127 is desorbed from an active,

iodinated, platinum foil in a chemical. stat:e other than mo].ec-·

ular iodine, it does not undergo measurable isotopic exchange

with molecular iodine tagged with iodine-131 over 2 weeks.

This is based on the following evidence;

a.  the distribution coefficient (D), where

D = concentration of I-atoms (I-131) in nonaqueous phase
concentration of I-atoms (I-131.) in aqueous phase

for iodine between cyclohexane and acidic aqueous solu-

tions is independent of the age of the cyclohexane-

iodine solutions, inoculated with iodine-131 by using

an active, iodinated, platinum foil, over 2 weeks, and,

b.  the magnitude of the distribution coefficient for an
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initial iodiiie concentration. in cyclohexane'of 1.00 x

10-3 K and 1.00 E sulfuric acid, is independent of

whether active, iodinated, platinum foils or active,

noniodinated, platinum foils were used.

3.  Spot checks on the desorption of carrier-free iodine-131

activity, adsorbed onto noniodinated platinum foils, by

nitrobenzene, benzene, methanol.and cyclohexane, over 2

hours, showed that less than one percent of the activity

appeared.in the nonaqueous solvent.  Hence, the nonaqueous

solvents do not readily cause the desorption of ·carrier-

free iodine-131 activity from a noniodinated platinum foil.

Therefore, the results indicate that the values given in Table A.14

for the fractional loss of iodine-13]. activity from an active, iodi-

nated, platinum foil represent maximum values for the fractional loss

of iodine (127 and 131) from the foil.

A.III.b.4. Exchange between Iodine-131 on·Platinum Foil and Iodine

in Nonaqueous Solution at Room Temperature The data in Tables A.15

and A.16 indicate that the percent exchange of iodine in cyclohexane

with noniodinated active platinum foils was essentially independent

of time over the range of 0.25 to 2.5 hours.  Aiing of these foils at

room temperature decreased the percent exchange.

The percent exchange was greater for iodinated foils than for

noniodinated foils.(see Tables A.15 and A.16).  In a subsequent

experiment it was observed that aging an active iodinated foil at

room temperature over 4 hours decreased the exchange from the expected

value of 45 percent to 30 percent.
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Table A.14

Iodine -Removed from Active Iodinated Platinum Foilsa by Various
bc

Organic Solvents. '

Iodine-131 removed, %
Time,hours

Solvent               1          2 19.1 20.5

d
Nitrobenzene            45         50          66

Nitrobenzene                                              64
fBenzene 0.01 0.01 1.5

Benzene 4.1
g

Cyclohexane 0.01 0.01 0.36

Carbon Tetrachloride 1.0
2.5 4.1        11

Methanol                25         35          34
18        19         29

aThe foils were subjected to pretreatment A, i.odinated for 16 hoursin 1.00 x 10-4 K molecular iodine in cyclohexan.e, washed and, then,dried in an oven for one hour at 110'.  They were then activated in
1.00 x 10-3 g Na2SO3 and 0.100 E HC104 for one hour, washed and driedin an oven for 2 hours at 110'. The foils were then used immediately.
Light was present during this procedure.

b In all instances the recovery of activity was essentially quantitative.
CLight was present during the desorption studies.
d
Untreated nitrobenzene was pretreated by allowing it to stand for one
week with 1.00 x 10-3 moles of iodine per liter in it, reducing the
iodine with aqueous sulfite dried over alumina and distilled under
vacuum through a 20·-plate Oldershaw  column·;·· all. operations  were
performed in the dark (9).

eUntreated nitrobenzene was treated according to the procedure given
on p. 15.

f
This.benzene. was Phillips Research Grade:

gThis benzene was Mallinckrodt AR Grade.
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Table A.15

4
Exchange between Molecular Iodine in Cyclohexai-ie  (]..00 x 10-   F)

-

a                          bic
and Iodine-131 Adsorbed on Platinum Foil,  at Room·Temperature.

d
Exchange, %Exchange time,

hours                Ie           IIe           IIIe

0.25 30 12 33

0.50                18            4.7          32
19

1.0 22 5.6 37
25

2.0                             23           46

2.5                28

aThe foils· were subjected to pretreatment A.

bThe procedure used is outlined in Fig A.6; light was present.

C In all. instances the recovery of activity was essentially
quantitative.

d
A different activated foil was used for each value.

e
The experiments differed as follows:

I.  The foils were activated just prior to use.
II.  The foils were activated, and then, allowed to age in the

atmosphere, at room temperature, in ordinary laboratory

light, for 60 hours, prior to use. -4
III. The inactive foils were iodinated in 1.00 x 10 F molec-

-

ular iodiiie in ·cyclohexane for 16· hours, at room temperature,
in ordinary laboratory light.  The foils were then activated
and used immediately.

U
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Table A".16
1 W                                                                               -6

Exchange between Molecular Iodine in. Cyclohexane (1.00 x 10   D

and Iodine-131 Adsorbed on Platinum Foil,a at Room Temperature.b,c

d
Exchange time, =  Exchange, %    e

hours                      I                II

0.25                     -                13

Oo50 4.6                                             
   16

1.0 5.0               21

2 0 2.4               21

a
-                  The foils were subjected to pretreatment A.

bThe procedure used id outlined in Fig. A.6; liglit was present.

C
In all instances the recovery. of activity was. ess.enti.ally

quantitative.

d
A different  foil was  used  for each value.

e
The experiments differed as follows:

I.  The foils were activated just prior to use.   -4

II. The inacti.ve foi.ls were iodinated  in  1.00 x 10 F moleculaf

iodine in cyclohexane for 16 hours, at room temperature, in

ordinary laboratory light.  The foils were then activated

and used immediately.
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A comparison of the data in Table A.15 with those iii Table A.16

reveals that decreasing the. iodine concentration in cyclohexane .from
-61.00 x 10-4 F to 1.00 x 10 1 decreased the percent exchange for both

iodinated  and noniodinated foils.

Inasmuch as the usual iodination time was 16 to 24 hours, it was

of interest to determine the effect of decreasing the iodination time

on the percent exchange of the iodine-131 on a foil and iodine in

cyclohexane.  The data in Table A.17 indicate that reducing the iodina-

tion time to 2 hours had little affect on exchange, which was found to

be 40 to 45 percent over an iodination time of 16 to 24 hours (see

-4Table A.15) : the low values for the 1.00 x 10 F iodinating solutions,

with 24-hour iodination time, given in Table A.17, are atypical.  The

data in Table A.17 also indicate that the percent exchange over 2 hours

with active foils, which had been iodinated over 24 hours, was found to

be independent of the concentration of the .iodinating solutions which

ranged from 1.00 x 10-3 1, to 1.00 x 10-5 1 in molecu].ar iodine.  Two

experiments indicated that measurab].e exchange occurred over 15 seconds
5

with active foils which had been iodinated for 24 hours in 1.00 x 10-  E

iodine.

The data in Table A.18 demonstrate that the addition of hydrogen

peroxide to the active aqueous reaction mixture (see Figure A.16) did

not alter the percent exchange when noniodinated foils were used; however,

with iodinated foils the percent exchange decreased (see Table A.15).

Tables A.19, A.20 and A.21 sununarize the results of exchange

experiments in nitrobenzene, benzene, methanol, cyclohexane and carbon

tetrachloride. Tables A.19 and A.20 indicate that the percent
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Table A.17

Exchange between Molecular Iodine in Cyclohexane (1.00 x 10   K)
-4

aand Iodine-131 Adsorbed.on Platinum Eoil, which was Iodinated over

Two Different Intervals, at Various Iodine Concentrations,

at Room Temperature.b,c

d.eTime of Iodination, Time of Exchange, % i
hours exchange     I II III

2           2 hours                 40
41

f
2           2 hours                 39

46

24 15 sec.                              7
26

24           2 hours      14         10          24
26         24          26

aThe foi].s were subjected to pretreatinent A, immersed in molecular
iodine in cyclohexane for the allotted time and, subsequently, dried
in  an  oven  for  one hour  at  110'.

b
The procedure used is outlined in Fig. A.6; light was present.

 In all instances the recovery of activity was essentially quantitative.

d
A different foil was used for each value.

e
The experiments differed as follows:

I.  The concentration of the iodinating solution was 1,00 x 10-3 K
in molecular iodine. -4

II.  The concentration of the iodinating solution was 1.00 x 10   £
in molecular iodine.

-5III. The concentration of the iodinating solution was 1.00 x 10  F
in molecular iodine.

fhe age of the Oak Ridge solution was 10 days. (The other results
were obtained using an Oak Ridge solution which was 5 weeks old.)
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Table A.18

Exchange between Molecular Iodine in Cyclohexane (1.00 x 10-4 12)
a

and Iodine-131 Adsorbed, from Solutions Containing Hydrogen

b,c
Peroxide, on Platinum Foil.

dHydrogene                         eExchange, %
peroxide, E                    1                        II

3
2.00 x 10                      21                       20

26                       29

-2
2.00 x 10                      21                       29

31                      39

aThe composition of the reaction mixture was: 1.00 x 10-5 K Na2SO3,
0.100 1 HC104, H202 at the two given concentrations.

b
The procedure used is outlined in Fig. A.6; light was present.

C
In all instances the recovery of activity was essentially
quantitative.

dThe exchange was carried out for 2 hours at room temperature.  (See
Table A.12 for the associated adsorption data.)

eThe experitnents di ffered.as follows:
I.  The foils were subjected to pretreatment A.

II. The foils were subjected to pretreatment A24immersed in,molecular iodine  in  cyclohexane (1.00 x 10 F) .for 24 hours,
washed with cyclohexane and, subsequently. dried in an oven
for one hour at 110'.
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Table A.19

Exchange between Molecular Iodine in Nitrobenzene and Iodine-131

Adsorbed on Platinum Foil,a at Room Temperatures in the Absence

bc
of Light. '

.d,e
Exchange, 4

hours 2.0Ox].0-5 g I2   2.00x10-4 K I2   '2.00x10-3 F 12 2.00x10-2 K Ie

0.5 26

1.0 3.8 5.4 21                             33

1.5                                                           38

2.0                                                             42

2.8                                                             47

4.1                                                           51

5.0 9.4              10                 37

9.8                                                             60

11.0         10                15                  49

23.3                                                              69

24.0         23               28                 58

48.0                                                             74

59.0                                                             76

71.0                                                             78

72.0                                             68

96.0                                             70

-

=The foils were subjected to pretreatment. 4.

b
The procedure used is outlined in Fig. A.6.

C
In all instances the recovery of activity was essentially quantitative.

d
A different foil was used for each iodine solution; after a specified
time the foil was rem·oved, counted, and ·then returned to the reaction
vesse12 etc.

eThe foils were activated just prior to use.
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Table A.20

-2
Exchange between Molecular Iodine iii Benzene  (1.00 x 10 F) and

a                                   b,cIodine-131 Adsorbed on Platinum Foil,  at Room Temperature.

Exchange time, d c
hours Exchange, % '

0.5                                  23

1.0                                31

1.5                                  37

-                                 2.0                                 42

2.8 49

4.1                               53

5.2                                 55

6.2                                   58

9.8                                                                                          61

23.3                                64

'

35.5                                  67.

48.0                                70

59.0 72

71.0                                74

a
The foil was subjected to pretreatment A.

bThe procedure used is outlined in Fig. A.6; light was present.

CIn all instances the recovery of activity was essentially quantitative.

dAfter a specified time the foil was removed, counted, and then returned
to the reaction vessel, etc.

eThe foil was activated just prior to use.
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Table A.21

Exchange between Moledular Iodine in Nonaqueous Solvents

-4
(1.00 x 10 F) and Iodine-131 Adsorbed on Iodinated Platinum

bc
Foils,a at Room Temperature, over 2 hours. 3

d
Solvent Exchange, %

Methanol                                     49
52

Benzene                                      51
66

Nitrobenzene                                 39
63

-                      Cyclohexane                                  35
47

Carbon Tetrachloride                          38
46

- . I

 The platinum was subjected to pretreatment A, .immersed in
molecular iodine in cyclohexane (1.00 x 10-4 l) for 24 hours,
washed with cyclohexane, and, subsequently, dried in an oven
for one hour at 110'.  The foils were then used immediately.

bThe procedure used is outlined in Fig. A.6; light was present

-                      except during the exchange in nitrobenzene.

C
In all instances the recovery of activity was essentially
quantitative.

d
A different foil was used for each value.
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- Table A.22

The Effect of Platinum Foila on the Stability of Molecular lodine

Solutions in Cyclohexane, in. the Presence of Ordinary Laboratory
bc

Light, at Room Temperature. '

Time, Iodine Activity not extracted
hours concentration, 1 by Na2S03' %d

Pt presente  Pt absent

-3
0           1.00 x 10 1.0 , 2.6

2                                               1.00 x 1.0- •3 1.5 2.2

-3
6.75 1.00 x 10 2.2 3.0

0           1.00 x 10-5 9.6 6.8

3           1.00 x 10-5 2.3 2.5

16.5 1.00 x 10-5 3.9 6.5

aThe foil was subjected to pretreaiment A; i.inmersed in molecular
iodine in cyclohexane (1.00 x 10 E) for 24 hours, washed with

cyclohexane and, subsequently, dried in an oven for one hour at

110'.  The foil was then activated for 2 hours at room tempera-

ture (see Fig. A.63 foil #1).

bThe procedure used is outlined in Fig. A.8; liglit was present.

C
In all instances the recovery of activity was essentially quantitative.

Cl

A different foil was used for each value.

8The foil was the same foil that was used to activate the solution.
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Table A.23

The Effect of Light on the Stability of Molecular Iodine Solutions·

in Cyclohexane, at Room Temperature, in the Presence of Platinum

Foilea,b,c

Time, Iodine Activity not extracted

hours concentration, I by Na2S03, %d,e f
Light present  Light absent

-3
1.0 1.00 x 10

-

0.80 0.14

-3
3.0 1.00 x 10 1.3 0.33

1.0 1.00 x 10-5 0.87 0.54

3.0 1.00 x 10-5 1. 1 0.62

aThe foil was subjected to pretreatment A. immersed in molecular
iodine in cyclohexane (1:00 x 10-4 E) for 24 hours, washed with

cyclohexane and, ·subsequently, dried in an oven for one hour at

110'.    The  foil was then activated for 2 hours at room tempera-

ture (see Fig A.6, foil #1).

bThe procedure used is outlined in Fig. A.8.

C
In all instances the recovery of activity was essentially

quantitative.

dA different foil was used for each value 6

e
The foil was the same foil that was used to activate the solution.

fLight was excludfd by wrapping the reaction vessel in aluminum foil.
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-2
exchange between active noniodinated foils and 1.00 x 10   K molecular

iodine in rritrobenzene and benzene are virtually the same. Table A.19

further indicates that the percent exchange increases with increasing.

iodine concentration and time. On the other hand, the percent exchange

-2
between active iodinated foils and 1.00 x 10  E iodine, in the afore-

mentioned solvents is essentially independent of the solvent (see

Table A.21).

A.III.b.5. Iodine-Solvent Reactions.  It was thought possible that

platinum foil, in the presence of light, could catalyze the forma-

tion of organic j.odine compoun.ds with either the solvent itself or

impurities in the solvent during activation. of the nonaqueous iodine

solutions. Although the data in Tables A.22 and A.23 show that: a small

fraction of the activity in the nonaqueous solutions was not extract-

: able with aqueous sulfite, there was no well-defined trend with regard

to the absence or presence of platinum either in the dark or in the

presence of light.

A.III.b.6. Exchange between Iodine-131 on Platinum Foil and Iodine in

Nonaqueous Solvent at 50'.  The dependence of the percent exchange at

50'3 on the reaction time and pretreatment of the foils, is summarized

in Figures A.9, A.10, A.11 and A.12.  In general, the percent exchange

between iodine-131 on platinum foils and iodine in cyclohexane at 50'

was greater than the percent exchange at room temperatu.re. The rate

of exchange generally decreases significantly after about 2 hours.

Because of the wide variations in the plots of data obtained from

identical experiments (see Figures A.14, A.5 and A.7), the relative

effectiveness of any one of the ·,pretreatments cannot be assessed.
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Figure A.9. Exchange between carrier-free iodine-131 adsorbed  on foil (pretreatmer.t  A)
and 1.00x10-4 g molecular iodine in cyclohexane, at 50'.
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The following procedure was found to be the most sui.table for

A.IV. SUMMARY

It has been deinonstrated that dilute, dry, ndnaqueous solutions

of molecular iodine j.noculated with i.odine-131 may be .prepared via

two processes; namely, the isotopic exchange between inactive iodine

in nonaqueous soluti.ons and iodine-131 activity adsorbed on either

platinum foils or silver iodide precipitates.

the inoculation of dry nonaqueous solution.s of molecular iodine with

1.  Iodinate a platinum foil, which has been subjected to pre-

iodine-131.

treatment   AM    for   16   to   24   hours   emp].oying   a   nonaqueous    solu··

tion of molecular iodine, where the iodine concentration is

equal  to or greater than 1.00 x 10 E, and dry the foil in
-4

. 0

an oven for 0.5 to 2 hours at 110'.

c..  Immerse the iodinated foil in an acidic solution (118 approxi-

mately equal to 1) of carrier-free iodine-131 activity and

stir for 0.5 to 2 hours.

3.  Wash the activated foil with water and dry in an oven for one

to 2 hours at 110'.

4.  Immerse the dried active foil in the nonaqueou solution of

molecular iodine to be activated and stir for one to 2 hours

at  room  temperature.

5.  The nonaqueous solvent used should be checked for the extent

to which the solvent removes iodine-131 activity from the

active iodinated foil.
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6.   The active nonaqueous iodine solution should be checked  for

the ·fraction of activity in the active solution which is

not extracted by aqueous. sodium sulfite, aqueous potassium

iodide and aqueous sodium hydroxide.

Step No. 5 increases in importance as the concentration of the desired

iodine solutions decreases because the .loss of iodine-131 activity to

pure solvent indicates that the concentration of iodine in a dilute
-6

(less than or equal to 1.00 x 10 moles of iodine in the solution)

nonaqueous solution may be increasing during the activation procedure.

(In this connection, it is noteworthy that iodinated foils will not

' remove iodine from nonaqueous solutions.) This decrease in the iodine

concentration (see step No. 5) may be obviated by changing the procedure

in the following manner.

-                                        7.   Reduce the activation time  for the iodine solutions to approxi-

mately one minute (see step No. 4).

8.  Reduce the size of the platinum foil.

In an alternate procedure a noniodinated platinum foil, which had

been subjected to pretreatment A, is used and steps No. 2, 3, 4 and 6

-6
are followed.  In a dilute (less than 1.00 x 10 moles of iodine in

the solution) iodine solution steps No. 7 and 8 should also be followed

because theuse of this alternate procedure will cause a decrease in the

concentration of iodine  in the  solution to.be. activated.

-9
In preparing very dilute  (less  than or equal  to  1.00· x 10 moles

of iodine in the solution) solutions of iodine inoculated with iodine-

131 it would be advisable to activate a more concentrated solution, by
- &

*
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one of the two procedures just described, and diluting to the desired

concentration.

- Generally, using ORNL carrier-free iodide-131 shipments less

then 30 days old, the overall activity yiel.ds were about 40 percent

when the iodine concentrations were greater than or equal to 1.00 x

-4
10   F.  When ORNL carrier-free iodide-131 shipments were as old as

60  days, the overall activity yields were· often  as  low as  20 percent

with iodine concentrations  greater  than or equal  to  1.00 x  10-4 F.

Although.activation of a nonaqueous iodine solution at 50' results

in slightly higher yields, this small. advantage may be offset by the

troublesome   possiblities   of   volatilization   of    iodine    and/or    solvent

and reactions between the solvent and the molecular iodine.
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PART B

THE DISTRIBUTION OF MOLECULAR IODINE BETWEEN
CYCLOHEXANE AND AQUEOUS SOLUTIONS.

B.I. INTRODUCTION

Generally,  the chemical behavior  o f iodine  at  low  concentrations

-5
(less than 1 x 10 l) cannot be predicted by extrapolation of the known

macro chemistry of iodine (12, 13 and 14). Previous studies of the dis-

...S:
tribution of iodine, at low concentrations. between an aqueous phase and

fi 1

       a nonaqueous phase have revealed that the distribution coefficient, D ,
.W, ,

F...  '-

..e,i... decreases with a decrease in the total iodine concentration more readily
"  ·tA;.,u

89 than would be predicted from the macro chemistry of iodine.  The work

reported here is concerned with the distribution of molecular iodine

between a nonaqueous phase and aqueous solutions.I                         .1,0,
,e.'
./

*.a
Ed,tS.I.     1.D = concentration of I-atoms(I-131) in nonaqueous phase
'F...
.El concentration of I-atoms(I-131) in aqueous phase14
10.
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B.I.a. The Distribution of Iodine Between the Two
Phases of an Aqueous-Nonaqueous System

In 1950 Kahn (12) reported that the distribution coefficient for

iodine between benzene and dilute sulfuric acid (RH = 1.3) decreased

with a decrease  in the initial iodine concentration  in the benzene phase.

He observed that more iodine appeared in the aqueous phase than would be

expected  from the known macro chemistry of iodine. For example ,. for  an
-2initial iodine concentration  in the benzene phase  of  1.9  x  10  - F the

experimentally determined distribution coefficient is 379, and for an

-4initial iodine concentration in the benzene phase  of  1.9  x 10 F the
-

experimentally determined distribution coefficient is 304.  Other inves-

tigators have since reported on this anomolous chemical behavior of io-

dine.

In 1953 Katzin (15) reported on the determination of the equilibrium

constant for the reaction.

H20'I2 = H201+ + I-

by spectrophotometric inethods. He reported  that the equilibrium constant

increased with decreasing iodine concentration.  Reid and Mulli.ken (].6) ;

in 1954, reported that similar results were observed when studying the

spectra of dilute solutions of iodine in pyridinec Their spectrophoto-

metric investigations showed that, at low concentrations, the ratio of

[I3] /. [Py.I2] increased rather than decreased as would be expected.

In 1956 Good and Edwards (17) reported on a study of the distribu-

tion of iodine between aqueous solutions at various EH and carbon disul-

fide where the initial concentration of iodine in the carbon disulfide

-1       6
was varied over the range 10 to 10-  F.  They reported that more

1.
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iodifle appeared in the aqueous phase ·tlian could· be accounted for on the

basis of the known chemistry of iodine.  This discrepency incredsed as

the total iodine concentration decreased and as the time of contact be-

tween the two phases increased.  They accounted for this discrepency by

postulating a reaction (or reactions) between the iodine and unknown

impurities present in the aqueous phase which caused excess iodine to

appear in the aqueous phase.  In 1957 Wille and Good (18) reported on

the distribution of iodine between carbon tetrachloride and aqueous

solutions at various ZH where the initial concentration of iodine in

15the carbon tetrachloride phase was varied over the range 10-  to 10-  F.

They also observed excess iodine appeari.ng i.n the aqueous phase and that

this excess iodine increased with increasing time of contact between the

two phases and decreasing iodine concentration.

In 1957 Wolfenden (19), in a spectroscopic study of the slow devel-
:

opment of triiodide ion in aqueous solutions of iodine, concluded that

the slow formation of triiodide ion was due mainly to reduction of the

aqueous iodine by traces of dust and not to the slow hydrolysis of a

water-iodine complex (I2'H20).

B.I.b. Reactions and Equations Involved in the Distribution of Iodine
Between the Two Phases of an Aqueous-Nonaqueous System (20)

The following reactions are involved in the partitioning of molec-

ular iodine between nonaqueous solvents and aqueous solutions, where the

bracketed quantities refer to molar quantities.

K

1.    I2 a¢. -1 \. I
2 nonaq.

Kl =.[I2] nonaq.

[I2] aqi
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K
2 - '+ '  -

2.      IQ  aq.   +  H20 * H  +I  + HIO

KQ = [H+][I-][HIO]
[I2] aq.

K
3.       +

3.    I2  aq.  + H20    -        --   H20I    +  I

K3 = [H20I-4][I-]

[I2] aq.

K
-       4. I

+[I-1.*  4 - [ 13]2    a q..

K4 -     III]

[I2] aq. (I-]

K
5                          -          -F

5.  3I2 aq. + 3H20 ) I03
+   5 I + 6H

K5 = [IO ][I-]5[H+16

[I2]3 aq.

K6+ -
6. HIO > H + IO

x6 = [H+][Io-]
[HIO]

-                                                                                        K.
7. I O- +I- +H O

1 >  I2OH- + OH-2

K7 = [I2OH-][OH-]

[IO-][I-]

K
-                   -8-8.  IO- + I > I20

[I20=]K=
8

[IO-][I-]
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K9
9.     I2  + Imp. ) 2I- + Imp'

Where Imp is an impurity coming from. either phase and Imp

is the chemically changed form of that impurity.

At 25' the values for the equilibrium constants for reactions

1  through  7  are:

K  = 80 for cyclohexane and 1.00 F sulfuric acid1 -

(this value will be different for other nonaqueous solvents)

(this work);

-13
K2 = 5.40 x

10 (21);

-11
K  = 1.2 x 10 (22);
3

K4 = 768 (23);

-48
K 5=4 x 1 0 (24);

-11
K6 = 2.3 x

10 (25);

K7 = 0.13 (25).

For reaction 8, at low £11 the reaction lies far to the left, and, reac-
tion 9 simply indicates the possibility of a reaction between iodine and

unidentified impurities. Only reactions 1, 2, 3 and 4 are important for

systems of low PH (EH less than or equal to 3), low iodine concentration

and high purity.  No net reduction or oxidation occurs during a hydrol-

ysis reaction and as a consequence of the stoichiometry of equations

1 through 4 it follows that

[HIO] + [H20I ] = [I-1 + [I-]3

If it is assumed that only molecular iodine has an appreciable solubility

in the nonaqueous phase of the two phase (aqueous-non·aqueous) system then
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D = 2 mole I2 / liter nonaqueous solvent

mole I atoms / liter aqueous solvent

where D is the distribution coefficient.  Then

D= 2 [I2] nonaq.

2 [I2] aqi -, [HIO] + [H2OI+1 + [I-] + 3 [Ii]

Substitution of expressions for [HIO]. [H2OI ] and [I31 into the last

equation yields

D= 2 [I2] nonaq.

-   3- -

2  [ I2]   nonaq 0  +  [ 12]  2  nonaq .    5--+  K3
2 [ I2]   nonaq .  2 +1+K

4
Kl            Kl        [H+]                   Kl-   -

1  +  ]<.4
[I2]. nonaq 0  -2-+

K
1

1-1-3 K
[Io] nonaq.

4
K
1

From this equation D can be calculated for various iodine and acid con-

centrations.  If there are further reactions taking place due to impuri-

ties, as has been suggested by other workers (17 and 19), these will, in

all probability, yield a lower distribution coefficient  than that which

would be calculated by using the equation given and, indeed, this does

seem to be the case.
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B.I.c. Scope of This Work

Thd distribution coefficient, D, for iodine between cyclohexane and

aqueous solutions was studied. The initial concentration of iodine in

the cyclohexane ranged from 1.00 x 10-2 to 1.00 x 10-5 E.  The composition,

ionic strength and RH of the aqueous solutions were varied,  as wis  the·

purity of the cyclohexane and.aqueous solutions.  The distribution coeffic-

ient was found to decrease with

1.  a decrease in the initial concentration of molecular iodine in

cyclohexane,

2.  a decrease in the ionic strength of the aqueous phase,

3.  a decrease in the acidity of the aqueous phase,

4.  an increase in the time of coiitact between the two phases, and,

5.  an increase in the impurity level of the cyclohexane.

Anodolous  fractions  have been detected  in both phases. The concen..

tration of these fractions increased with

1.   an  increase  in  the  time  of contact between  the two phases:

2.  an increase in the acidity of the aqueous phase, and,

3.  an increase in the impurity level of the cyclohexane.

These fractions were most prominent in the aqueous phase but were detect-

able in the cyclohexane phase as well.
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B .II .  EXPERIMENTAL

B.II.a. General Procedures and Equipment

-                 Exclusion of Light

All operations were performed in the absence of light except where

specifically noted.  A fifteen-watt, shielded, incandescent light bult.

placed fifteen feet from the working area, .provided the illumination

necessary to perform all operations. Vessels containing solutions to

be stored and vessels in which extended-time reactions were taking place

vere securely wrapped with aluminum foil.

Maintenance of Constant Temperature

A constant-temperature bath was maintained  initially. at 28.0' t

0.1°, and, subsequently at 24.90 + 0.1'.  All vessels containing solutions

to be stored and vessels in which extended-time reactions were taking

place were kept in the constant-temperature bath. Centrifuge tubes to

be used in the one-minute studies were placed in a dry, glass tube, sus-

pended in the constant-temperature bath and brought to temperature prior

to use.

Glassware

All  glassware was constructed  of borosilicate glass (Pyrex or Kimax);

centrifuge tubes, Erlenmeyer flasks and .volumetric flasks were fitted with

ground-glass stoppers.  All volumetric glassware was of class-A tolerance.

Cleaning of Glassware

Glassware was cleaned by immersion in chromic acid for at least 12

hours.  The glassware was then rinsed with ordinary distilled water, fol-

lowed by a thorough rinsing with water distilled from alkaline permanganate,

capped with aluminwn foil and dried in an oven at 110'.
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The possibility of.radiochemical contamination by adsorbed iodine

131 was resolved by monitoring all coubting tubes and reaction vessels

·                 after cleaning.

Centrifugation

Centrifugations were performed in an International Clinical Centri-

fuge at 2,000 to 3,000 rpm.

Counting Procedures

A Nuclear Chicago Model 132 single-channel analyzer in conjunction

with a Nuclear Chicago DS-5 Na(Tl) well-type scintillation probe and a

- Hewlett Packard Model 5201L single-channel ana].yzer with a Hewlett

Packard Model 5551.A high-voltage supply in conjunction with a Nuclear

Chicago DS-5 Na(Tl) well-type scintillation probe were used to detect

the gamma activity  of the iodine-131. Liquid samples  were  prepared  and

counted  in  15  x  125  111. s calibrated , Pyrex test tubes.

The test tubes.were calibrated by filling them to a predetermined

height (corresponding to a.volume of approximately 10.5 .ml..).with an

iodine-131 solution and counting. Those tubes which gave the same count-

ing rate within an expected standard deviation of + 0.6 percent were used

for counting.  All liquid samples were diluted to the standard counting-

height and counted to within an expected standard deviation of + 1.0

percent. Counting rates were not corrected for variation in solution

densities:  Kahn (12) has reported that over ·the range of 0.88 to 1.04

g/ml. the change in counting rate due·to self absorption is negligible.

B.II.b. Reagents

Water

Water  used  in this research was prepared  in  the  following manner.
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Ordinary distilled water was redistilled from alkaline permanganate in

an all-Pyrex system and stored in Pyr ex vessels capped with 24/40 female

Pyrex joints.

Perchloric Acid

' Analytical reagent grade perchloric acid (Mallinckrod·t) was fumed

for one hour in an open platinum crucible at 160' (14).   Prepurified

nitrogen gas (Matheson) was passed directly from the tank through the

acid during the heating, fuming and cooling process.  Upon cooling, the

nitrogen-treated acid was immediately diluted with about twice its volume

-                of water. The concentration of the dilute acid was determined by titra-

tion with standard sodium.hydroxide.

Iodine

Analytical reagent grade iodine (Mall-in.ckrodt) was resublimed under

vacuum·and, then, stored in a desiccator over.anhydrous calcium sulfate.

Cyclohexane

Four types of cyclohexane were used and a description of each is

given below.

1.  Eastman Spectro Grade cyclohexane was used without further puri-

fication and is referred to in the text as "untreated."  This

cyclohexane was stored in a brown bottle in. the presence of

light.  Private correspondence with Eastman Kodak Company re-

vealed that the most probable impurities in their Spectro Grade

cyclohexane were isoheptanes; specifically, 2,4-dimethylpentane

and 3,3-dimethylpentane.

2.  Ea·stinan Spectro drade cyclohexane, referred to in the text as

"treated," was treated according to the following procedure.
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Two-hundred-fifty milliliters of cyclohexane was placed

in.a 500-ml. round-bottom flask with a 24/40 femal.e joint.

Sufficient iodine·was added to the flask to make the re-

-3sulting solution 1 x 10  K in iodine and this was followed
3by the additi.on of one ml. of a l x 10- E iodine solution

in cyclohexane containing iodine-131 at a known specific

activity.  The flask was fitted to a reflux condenser, the

solution refluxed for 48 hours and, then, allowed to cool.

An excess of aqueous sodium sulfite was added to the cooled

contents of the flask, the mixture refluxed for.8 hours to

reduce the iodine to iodide, and, then3 cooled.  Subse-

quently, a 10·-ml. sample of .the cyclohexane was removed for

-                               counting to ascertain whether removal of the iodine-131, by

reduction with aqueous sulfite, was quantitative. (It is

noteworthy that no iodine-131 cou].d be detected in the

cyclohexane.) Then, the aqueous phase remaining in the

flask was drawn off by means of a pipette2 calcium hydride

was added to the flask and the mixture refluxed for 16 hours

to remove the last traces of water and dry the cyclohexane.

The cooled, dry cyclohexane was transferred to a clear

volumetric flask and stored in the presence ·of ordinary

fluorescent light.

3. Phillips Research Grade cyclohexane  was used without further  puri-

fication and.was stored in the dark.  The Phillips Petroleum

Company's catalog of hydrocarbons indicates that small quanti-

ties of isoheptanes are present in their Research Grade cyclohexane.
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4.  Primary Standard Grade cycloliexane obtained from James Hinton,

358 Chicago Avenue, Valparaiso, Florida, was used without fur-

thur purification and was stored in the dark.  Private corres-

pondence with James Hinton revealed that he purifies his cyclo

hexane in the following manner, and I quote.

I repeatedly filter cyclohexane through a three-foot
column of silica gel activated with nitric acid, then

heated at 200 degrees for several hours.  The starting
material is better than 99%. This material is observed
in the ultraviolet to establish that less than   0.01%

unsaturates are present (estimate 0.001%).

This is zone refined at a very slow zone pass until the
MELTING POINT OF THE IMPURE FRACTION IS THE SAME AS THE
MELTING POINT OF THE· PURE FRACTION TO 0.01 degrees.

It  i s then observed fluorometrically.

While numerous batches have been observed by gas chromo-
tography, no impurities have ever been detected.  Howevdr,
I believe this approach to be inherently unsuitable for
impurity observation since the melting point may be low,
yet no impurities observed in some cases.

I advertise 99.98% because the melting point is very dif-
ficult to observe absolutely .... no doubt because of the
low heat of fusion.

The material is dried over molecular sieve 5A to less than
0.01% water, and can be dried. to less than 0.001% water.

Cyclohexene, 2-·methyl-2-pentanol, 2-methyl-2,4.-pentanediol and 2,4-
.

dimethy·lpentane

Cyclohexene (Hinton 99.4%), 2-methyl-2-pentanol  (Hinton-99.9%) :

2-methyl-2,4-pentanediol (Hinton 99.9%) and 2,4-dimethylpentane

(Phillips Research Grade) were used without further 4urification.

Radioiodine

The radioactive iodine employed was carrier-free iodide-131 obtained

in a slightly basic·sulfite solution from Oak Ridge National Laboratory.

Stock solutions of carrier-free iodide-131 wer prepared by removing
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microliter amounts.of the radioactive solution from the original container

and inoculating freshly prepared aqueous 1.00 x 10-3 K sodium sulfite.

These stock solutions were used within 5 minutes after preparation.

Nitrogen and Oxygen

Prepurified nitrogen (Matheson) and oxygen (Linde) were passed

through a concentrated sulfuric acid bubbler.

Ozone

Ozone was generated according to the procedure of Bonner (26) .

Other Reagents

All other chemicals were of analytical reagent grade and used with-

out further purification.

Preparation of Cyclohexane Solutions of Inactive Molecular Iodine

The dilute cyclohexane solutions of inactive molecular iodine were

2
prepared by·dilution of a 1.00 x 10 F stock solution of iodine in

cyclohexane which had been stored in the presence of ordinary fluores-

'·       cent laboratory light for as long as one month, However, the dilute

cyclohexane solutions of molecular iodine were stored in the absence of

light in glass-stoppered, Pyrex, volumetric flasks wrapped in aluminum

foil and suspended in a constant-temperature bath.

-                     It is noteworthy that no chemical difference could be detected

between dilute cyclohexane solutions made from the above stock solution

or dilute cyclohexane solutions made by dilution of a 1.00 x 10-2 g

stock solution of iodine which had been prepared and stored in.the

dark for as long as one month.  It is··equally noteworthy'that·no cliemical

difference could be detected between dilute cyclohexane solutions of

iodine made from stock solutions wliicli were freshly prepared or di].ute
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cyclohexane solutions which were made from stock solutions which were    -

stored in the light or dark for one month.  These conclusions are based

on the observation that the value of the distribution coefficient of

iodine between ·cyclohexane and aqueous solutions,  at ·low'concentrations
-2of iodine, was independent of whether the stock solutions of 1.00 x 10

F iodine were stored in the dark or in the light over periods as long

as one mouth.

Preparation of Cyclohexane ·Solutions of Molecular Iodine Inoculated with

Iodine-·131

The dilute cyclohexane solutions of molecular iodine inoculated with

iodine-131 were prepared according to  the  following methods.

1.  The dilute (10-2 to 10-5 g) cyclohexane·-iodine solutions were

shaken with a small quantity, on the order of 0.001 ml., of the

original Oak Ridge· National Laboratory aqueous carrier-free

iodide-131 . The system was  centrifuged  and the active cyclo-

hexane-iodine solution pipetted from the centrifuge tube.

2.   A small quantity of ·the original Oak Ridge National Laboratory

aqueous carrier-free iodide-131, on the order of 0.001 ml., was

washed with one ml. of cyclohexane to remove any cyclohexane

soluble iodine species present.  The active aqueous solution

was then shaken with a quantity of a dilute (10-2 to 10-5 g)

cyclohexane solution of molecular iodine in a centrifuge tube.

The system was then centrifuged and .the active cyclohexane solu-

tion removed by means of a capillary pipette.

3.    A small quan.tity., on the order of 0.001  ml.,  of the origiiia].  Oak

Ridge National Laboratory aqueous carrier-free iodide-131 was intro-

duced into the aqueous ·phase of the two-phase cyclohexane-
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iodine-aqueous system to be studied.

4.  The dilute (10-2 to 10-5 X) cyclohexane solutions of Aolecular.

iodine were inoculated with iodine-131 by the platinum foil

procedure-described in Part A. Carrier-free iodide-131 was

adsorbed,.from an acidic aqueous solution, onto a platinum. foil

whose surface had been previously saturated with adsorbed iodine-

127.   The act·ive.foil was dried and immersed in a dry cyclohexane

solution of molecular iodine for at least 2 hours; activation of

this solution took place via isotopic exchange.

B.II.c. Distribution Procedures

The procadures used to investigate various aspects of the distribution.

·                  of iodine between cyclohexane and aqueous solutions, employing iodine-131

as tracer, are summarized in Figures B.1 through B e 6 and described below.

B.II.c.1, Zero-Time Distribution

The following procedure was used to investigate the zero-time dis-

tribution of molecu].ar iodine between cyclohexane and aqueous ·solutions

(see Figure B .1) where the initial concentration of iodine in cyclohexane

ranged  from 1.00 x  10-2  to  1.00 x  10-5 g. Five milliliters  of  an aqueous

solution was pipetted into a 10-ml., glass-stoppered, Pyrex, centrifuge

tube.  This was followed by the addition of one ml. of the cyclohexane-

iodine solution of known specific activity. The stopper was wet, the:

I vessel stoppered and shaken for one minute. The v.essel was centrifuged

for one minute and,.then, aliquots were taken from each phase for count-

ing.  It is noteworthy that increasing the shaking time to 2, 3 or 5

minutes did not alter the values of the·distribution coefficients.
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Moreover, no: activity was detected on the stopper o.r walls of the centri-

fuge tabe after the contents had been removed.

B.II.c.2. The Dependence of the Distribution on the Mixing Time

The following procedure.was used to investigate the distribution of

iodine between cyclohexane and aqueous solutions, where the initial con-

centration of iodine ranged from 1.00 x 10-2 to 1.00 x 10 5 g, with

respect to the time the two phases were in contact (see Figure B.2).

Ten milliliters of an -aqueous solution was pipetted into a 25-ml..glass-

stoppered, Kimax, Erlenmeyer flask.  This was followed by the addition

of 5 ml. of the cyclohexane-iodine solution of known specific activity.

The reaction vessel was then stoppered, wrapped in aluminum foil to ex-

clude light, pl.aced in a constant-temperature bath and stiri:ed magneti-

cally, using a Pyrex covered magnetic stirring bar, for a given length

of time. In earl.y experiments, at the end of the mixing time the reac-

tion vessel was removed from the constant-temperature bath and allowed

to sit for several minutes while the phases separated.  Then, aliquots

were taken from each phase for counting and the remaining contents of

the flask di.scarded. In later experiments,    aliquots,    representing   the

same fraction of each phase, were taken for counting, the vessel stop-

pered, rewrapped with foil, returned to the constant-temperature bath

and stirred magnetically for a given time before additional aliquots

were taken,

The.·degree of separation of the two phases upon standing was checked

against centrifugation using the following two procedures.

1.  A sample from each phase was placed in different centrifuge

tubes, centrifuged for one minute and aliquots of each sample
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taken for counting.

2.  Two milliliters of the aqueous phase and one ml. of the cyclo-

hexane phase was placed in the same centrifuge tube,.shaken for

one minute, centrifuged for one minute .and aliquots of each

phase taken for counting.

In all instances,  the distribution coefficient was  the  same  for a partic-

ular reaction mixture indicating that adequate.separation of the phases

occurred.  However, in later experiments procedure 1 was used.  The

results of using procedure 2, in conjunction with the data given in the

Tables,  show that adequate mixing of  the two phases occurred using mag-

netic stirrers.

B.II.c.3. Detection of Iodine-131 Fractions in the Cyclohexane Phase

The distribution coefficient for iodine between cyclohexane and

aqueous solutions decreased with decreasing iodine concentration and

increasing time of the mixing process.  It was of interest, therefore,

to ascertain the disposition of iodine-131 in the cyclohexane phase

after it and the aqueous phase had been mixed.  In order to detect the

iodine-131 fractions in the cyclohexane phase it was necessary to.perform

experiments, separate from the measurement of the distribution coeffir

cient, where the volume of the cyclohexane phase was increased.  The

chemical nature of the iodine-131 species in the cyclohexane phase was

studied where the initial·concentration of iodine in the cyclohexane was

either 1.00 x 10-3 K or 1.00 x 10-5 1 and the duration of the mixing

process·was either one minute or 24 hours or more.  The experimental

procedures used are described below.

The following procedure (ste Figure B.3)  was  used to study  the
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chemical nature. of the iodine species in the cyclohexane phase where the

initial iodine concentration in the cyclohexane was either 1.00 x 10-3 F

-5                                                            ·or 1.00 x 10 F; the two phases were shaken manually for one minuce in

the absence of light. Four-mil.liliter aliquots of the aqueous and

cyclahexane-iodine.solutio·ns were pipetted into a 10-ml., glass-stoppered.

Pyrex, centrifuge tube.  The stopper was wet, the vessel. stoppered, shaken

for one minute and centrif.uged for one minute.  One-milliliter aliquots

were taken from the ·cyclohexane phase and added to each of three centri-

fuge tubes. One centrifuge tube contained 5 ml. of freshly prepared-

aqueous 0.100 F sodiurn sulfite with 0,5 millimole of sulfuric acid added,
another centrifuge tube contained 5 ml. of freshly prepared aqueous 0.100 I

sodium iodide and the other centrifuge tube contained 5 ml. of aqueous

0.100 K sodium hydroxide.  The stoppers were wet, the vessels stoppered

and shaken for one minute.  Then, the vessels were centrifuged and the

whole of each phase taken for counting. Quantitative separation and

removal of each phase from the centrifuge tube was accomplished in the

following manner:    all but about  0.01 ml.  of  the aqueous phase was  re-

moved by means of a capillary pipette, the vessel was centrifuged to

f bring down the aqueous phase adhering to its walls, and the remaining

aqueous phase removed.

The following extraction procedure (see Figure B.4.) was used to

·'                          investigate·the chemical nature of the iodine species in the cyclohexane

phase, where the initial concentration of iodinel in the cyclohexane was

either 1.00 x 10-3 E.or. 1.00 x 1075 F; the two'phases were stirred for

at least 24 hours.in the absence of light. Five mill.iliters each of

the  aqueous  and cyclohexane-iodine solutions were pipetted  into a 25-ml.,
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glass-stoppered, Kimax, Erlenmeyer .flask.  The vessel was stoppered,

wrapped -in aluminum foil, placed in a constant-temperature«bath and

stirred magnetically using a Pyrex·-covered magnetic stirring bar.   After

a specified time the vessel was removed from.the constant- temperature

bath and allowed to stand for several minutes so the two phases could

separate.  Four milliliters of the cyclohexane phase was transferred to

a centrifuge tube.  After centrifugation one-ml. aliquots were taken from

the cyclohexane phase and added to each of three centrifuge tubes.  One

-                centrifuge tube contained 5 ml. of freshly prepared aqueous 0.100 g

potassium iodide,-another centrifuge tube contained 5 ml. of freshly pre-

pared 0.100 g sodium sulfite with 0.5 millimole of sulfuric acid added

and the other centrifuge tube contained 5 ml. of aqueous sodium hydroxide.

The stoppered centrifuge tubes were shaken for one minute, centrifuged

and thd whole of each phase taken for counting.  Quantitative separation

0

and removal of each phase was accomplished in the following manner:  all

but about 0.01 ml. of the aqueous phase was removed by means of a capil-

lary pipette, the vessel centrifuged to bring down the aqueous phase

adhering to its walls, and the remaining aqueous phase removed.

B.II.c.4. Detection of Iodine-131 Fractions in the Aqueous Phase

During the studies of the distribution of iodine between cyclohexane

and aqueous solutions the distribution coefficient was found to decrease

with decreasing iodine concentration and increasing time of the mixing

process. Therefore, a study was made of the chemical nature of the

iodine-131 fractions  in the aqueous phase.   In order to detect the iodine-

..

131 species in the aqueous phase it was necessary to perform experiments

separate from the measurement of the distribution coefficient so that
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there was suf ficient aqueous phase  to  work with. The disposition  of

iodine-131' in the aqueous phase'was studied iri the manner described

below.

The following extraction procedure (see Figure B.5) was used to

investigate·the chemical nature of the iodine species in the acidic

aqueous phase where the initial concentration of iodine j.n the cyclohexane

was  either  ]:.00 x  10-   or  1.00  x  10-5.F;  tlie. two phases were stirred  for.

at  least 24 hours  in the absence of light. Ten· milliliters  o f an aqueous

solution (see Figure B.5) was added to a 25-ml., glass-stoppered, Kimax,

Erlenmeyer flask.  This was followed by the addition of 5 ml. of a cyclo-

hexane-iodine solution of known specific activity. The flask was stop-
g

pered, wrapped in aluminum foil, placed in a constant-temperature bath

and stirred magnetically with a Pyrex-covered magnetic stirring bar.

After a specified time (at least 24 hours) the flask was removed from

the constant-temperature bath and allowed to stand for several minutes

- so that the two phases could. separate. Nine milliliters of the aqueous

phase and 4 ml. of the cyclohexane phase were removed from the flask,

transferred to individual centrifuge tubes and centrifuged.  One-milli-

liter aliquots of each phase were then taken for counting in order to

determine the distribution coefficient of iodine-131.      Another   one-ml.

aliquotwas taken from ·the centrifuge tube containing the cyclohexane

phase, placed.in a centrifuge tube containing.5.ml....of the original solu-

tion A (see Figure B.5) and.subjected to the procedure outlined in Figure

B.1.  This gave a value for the distribution coefficient for a cyclohexane-

iodine solution, which had been in contact with an acidic aqueous solu-

tion B (see Figure B.5) for one day or more, and a fresh acidic aqueous

I
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solution.  Two milliliters of the aqueous phase B (see Figure B.5) was

added to a 10-nil. 3 glass-stoppered·, Pyrex, centrifuge.tube containing

2 ml. of cyclohexane.  The centrifuge tube was stoppered, shaken for

one minute ahd centrifuged.  Than, the aqueous phase wa·s quantitatively

removed and transferred to a centrifuge tube.containing 2 ml. of a 1.00 x

-210  g cyclohexane-iodine solution and the cyclohexane phase was quanti-

tatively transferred to a centrifuge tube containing 2 ml. of 0.100 E

aqueous sodium iodide. Quantitative separation and removal of each phase

from a centrifuge  tube was  accomplished  in the following manner :   all but

about 0.01 ml. of the aqueous phase was removed by means of a capillary

pipette, the vessel centrifuged to bring down the aqueous phase adhering

to the walls of the vessel., and the remaining aqueous phase removed.  The

two centrifuge tubes, each containing two phases, were stoppered, shaken

for one minute and centrifuged.  Subsequently, one milliliter of each

phase from each tube was removed for counting.

B.II.c.5. Detection of Iodine-131 Fractions in the Original Cyclohexane-

Iodine Solutions

The following procedure (see Figure B.6) was used to investigate,

via extraction analysis with aqueous sodium hydroxide, the chemical nature

of the iodine in various active stock cyclohexane-iodine solutions iii the

absence of light. Five mil.liliters of an aqueous 0.100 F sodium hydroxide-

solution was placed in a 10-ml., glass-stoppered, Pyrex, centrifuge tube.

This was followed by  the addition of one ml.  of  an iodine-cyclohexane

solution of known specific activity. The stopper was wet, placed in the

tube, the whole shaken for one minute and centrifuged. Four mi.11iliters

of the aqueous phase and 0.5 ml. of the cyclohexane phase were removed

1.
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for counting.

B.II.c.6. The Effect of Oxygen,· Ozone and Hydrogen Peroxide on the

Distribution

The procedures used to investigate the effect of the presence

of oxygen, ozone and hydrogen peroxide on the distribution of iodine

between cyclohexane and aqueous solutions·are the same as those used to

study the zero-time distribution (see pp. 82 and 83 and Figure B.1) and the

dependence of the distribution on the mixing time  (see pp. 83  and  84 and

Figure B.2).  The initial concentration of the iodine in the cycl6hexane

,   was either 1.00 x 10-3 E or 1.00 ·X 10-5 Y.  Aqueous solutions, 1.00 g in

sulfuric  acid,  were  treated  according  to  the  following methods.

1.  Oxygen gas was passed through the solution for one hour at a

moderate rate and in the dark.

-                    2,  Nitrogen gas was passed through the solution for one hour it

a moderate rate and in the dark.

3.    A mixture of ozone  and oxygen gases was passed through  the

solution for one hour at a moderate rate and in the presence

of light.

-3
4.  The solution was made 1.00 x 10  .£ in hydrogen peroxide by

the addition of an appropriate amount of 30 percent hydrogen

peroxide solution.

B.II.c.7. The Effect of Organic Impurities on the Distribution

The distribution coefficient for iodine between.cyclohexane and

1.00 K sulfuric acid had been found to decrease with decreasing iodine

concentration and increasing time.of the mixing process. The magnitude

.
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of the decrease of the distribution coefficient was found to be signifi-

cantly less when very high purity (Hinton Primary Standard grade) cyclo-

hexane was used rather than Eastman Spectro Grade cyclohexane.  It was
„

of interest, therefore, to add cettain impurities to very high purity

(Hinton Primary Standard grade) cyclohexane and riote their effect on the

distribution coefficient.

The procedure used to investigate the effect of the presence of

organic impurities on the distribution of molecular i.odine between cyc].0-

hexane   and   1.00   F   sulfuric   acid   is summ arized in Figure   B.1. The initial

concentration of molecular iodine in cyclohexane was either 1.00 x 10-3 f
..

or  1.00 x 10-5  K.     Five  milliliters  of  1.00  g  sulfuric  acid  and  one  ml.

of the cyclohexane-iodine solutions were added to a 10-ml., glass-stop-

pered centrifuge tube:  this was followed by the addition of 0.01 ml.

of the impurity to the cyclohexane phase. The resulting impurity concen-

trations were approximately 0.1 molar.  The centrifuge tube was stoppered p

shaken for one mi,lute and centrifuged.  Four milliliters,of. the aqueous

phase and 0.5 ml. of the cyclohexane phase were then taken for counting.

90



10.-ml.
1   inl· 05 ml.    Glass-stoppered l                  *Aqueous /  Centrifuge      0,      Cyclohexane-I2

Solution Tube Solution

1) Shake vigorously for
one minute.

2) Centrifuge.

\/

Count        Aqueous Cyclo- 04 Count
4 ml. \ Phase hexane 0.500 ml.

Phase

Figure  B.1.  This procedure was used to investigate the zero-time
distribution of molecular iodine between cyclohexane
and aqueous solutions.
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25 inl.
10 ml. 5 ml.

Glass-stoppered                         *Aqueous
--X. Erlenmever 1 Cyclohexane-I2

Solution /              I Solution
Flask

Place in constant-temperature
bath and stir magnetically
with a Pyrex-covered magnetic
stirring bar.

Aqueous  Cyclo-
hexhne

Phase Phase

Place in glass
stoppered dentri
fuge tubes and
centrifuge.

1/                         \,1

Count Count

1 ml. 0.5   ml.

Figure B.2. This procedure was used to investigate the dis·tribution
of molecular iodine between cyclohexane and aqueous
solutions, in the absence of light, with respect to the
time the two phases were in contact.
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10 ml.
4 ml. 4 mla

-                                          Glass-stoppered  /Aqueous Cyclohexane-I2
  Centrifuge \Solution

Tube

Shake for one minute and

centrifuge,

\/

Aaueous Cycle ..

hexane
Phase Phase

.                                 1111111111 1111111 111-1 ;Ilill'    i  p ,3  t   each  of           "t'1          -- - --

5 ml. 1 ml. 5 ml„ 1 ml. 5 ml. 1 ml,

0.100 y Cyclo- 0.100 £ Cyclo- 0 .100 F Cyclo--

KI hexane         SO2 hexane NaOH hexane 0
Phase Phase Phase

Shake for one Shake for one sbakq · for, one
min./ce ntrifuge mini/ce ntrifuge min./ce ntrliuge

Figure B.3. Procedure used to investigate the  chemical .nature of  the
iodine in the cyclohexane phase after extraction for one
ininute with an aqueo,.is solution. All operations were
carried out in the absence of light.
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5 ml. 25 ml. 5 ml.
"

Aqueous             · Glass-stoppered » CycIohexane-I2
Solution ----7 Erlenmeyer \      Solution

Flask

Place in constant-temperature
bath and stir magnetically
using Pyrex-covered magnetic
stirring bar.

\/

Aqueous  Cyclo-
Phase hexarie

Phase

1. Plade 4.-ml. of cyclohexane phase in /4  10·   ml gla, -Atoppered
centrifuge tube and centrifuge.  /' , ... 92. Transfer 1-ml. aliquots to ,/Sach of   three 10·· ml. glass-
stoppered centrifuge tubes.

/                                         J,
..........'............................

5 ml. 1 ml. 5 ml. 1 ml. 5 ml. 1 ml.

0.100 g Cyclo. 0.100 E Cyclo- 0.100 K Cyclo-
KI hexane SO hexane NaOH hexane

2
Phase Phase Phase

Shake for one Shake for one Shake for one
min./cen tri fuge min./cen trifuge IBID..dgill.   trifgg.e_

Figure B.4.  Procedure used to investigate the chemical nature of the

iodine in the cyclohexane phase after extraction for at
least 24 hours with an aqueous solution. All operations
were carried out in the absence of light.
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25 ml.10 ml. 5 ml.
Glass-stoppered                       *' Aqueous i. 1 -

Cyclohexane·-I2  ErlenmeyerSolution SolutionFlask
(A)

Plice in constant-temperature·
bath and stirr magnetically
using Pyrex-covered magnetic
stirring bar.

\/

Aqueous Cyclo-
Phase hexane

(B)      Phase

-      ......„ ...-        - .--,-....... '..............
Transfer  4 ml.  of  cyclohexane //phase  and   9 ml.  of aqueoi.is phase
each to a separate 10-ml.

/glass-stop-  pered centrifuge tubeand centrifuge.
  Place 1 ml. of noraqueousPlace 2 ml. of aqueous / phase (B)  phase into 10-ml. centri-into 10-ml. centrifuge     K, tube. .Jl  fuge  tube.

2 ml.   2 ml.2 ml. Measurement of 5 ml.Cyclo-  AqueousCyclo- Redistribution / Aqueous\ hexane Phasehexane --#--...

,- Phase sane  as Fig. -<"-- Solution
BelShake for one                              (A)

_m.j:11_./.genIJ--,14:Ig.G.

Quantitatively transfer    all  of each phase  to  a  10-ml.

centrifuge tube.

\/                                    1
2 ml. 2 ml. 2 ml. 2 ml.
Cyclohexane  0.100 g Aqueous 0.0100 F
Phase KI Phase I -Cyclo-2-                                                                           hexane
Shake for one min. Shake for one  min.
and centrif uge. and centri f oop.L.

Figure B.5.  Procedure used to investigate the chemical nature of the
iodine in the acidic aqueous phase after extraction for
at least 24 hours with a cyclohexane solution of iodine..
All operations were carried out in the absence of light.

95

-j



10 -ml. 1 ml.
-     '                                                Glass-stoppered

5 ml,
0.100 F \.                                               Cyclohexane--I -                 / ·  Centrifuge          *.NaOH Solution

Tube

Shake for one minute

and centrifuge .

\/

Cyclo-
Count /1-  Aqueous hexane  ..·-,---· >    Count
4 ml. X   - Phase Phase

0.500 ml.

Figure B.6  This procedure was used to investigate the c
hemical nature

of the iodine in freshly prepared cyclohexane-IB solutions
with cyclohexane obtained from various sources. .This

procedure was carried out in the absence of light.

96



E.III. RESULTS

The results of the investigation of the distribution coefficient,

D, for iodine, where

D = concentration of I-131 atoms in cyclohexane
concentration of I-131 atoms in ·aqueous phase

are summarized in Tables B.1 through B.33

B.III.a. The Distribution of Iodine Between Cyclohekane and
Aqueous 0.100 F Perch].oric Acid

The results of studies of the distribution coefficient for iodine

between dilute cyclohexane-iodine solutions and aqueous perchloric acid

are summarized in Tables B.1 through B.7.

B.III.a.1. The Effect of the.Age of the Cyclohexene-Iodine Solutions

on D
...........

The results of studies of the dependence of the distribution coeffi-

cient on the age of the cyclohexEne-iodine solutions are summarized in

Tables B.1 through B.4.  The cyclohexane-iodine solutions were aged in

volumetric flasks suspended in a constant-temperature bath; one-milli-

liter-aliquots were removed at various times and subjected to the pro-

cedure outlined in Figure B.1.  Tables B.1 and B.2 indicate that for

-3
1.00 x 10  £ iodine in cyclohexane the distribution coefficient is

independent of the age of the cyclohexane-iodine solution, over one week,
and whether the cyclohexane-iodine solution was aged in the dark or in

the presence of ordinary laboratory fluorescent light.  In more dilute

-4                 -5
cyclohexane-iodine solutions,  namely  1.00 x 10 F and 1.00 x 10 F in

iodine, there is a small decrease iii the distributio'n coeffidient fdr

cyclohexane-iodine solutions aged in the presence or absence of light
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Table   B.1

The Dependence of D on the Age of Cyclohexane-Iodine Solutions

Aged, at 28.0', in the Presence or.Absence of Light:

. the Aqueous Phase was 0.100 F Perchloric Acid.a,b,c,d,e

Age of Cyclohexane-I2 Distribution coefficient, D
solution. hours

Light present   Light absent

0                     64              62

16                     61               61                          1

40                    63              63

44                    57              59

69                    60              62

112                     63               61

136                    60              61

160                    58              60

185                     62              61

a,

rhe procedure used is outlined in Fig. B.l; the cyclohexane-I2
solution was aged in the presence (or absence) of light, as
noted .

b I,
ihe cyclohexane used was untreated Eastman Spectro Grade.

 The cyclohexane-I2 solution was activated by·Method 1 (see p. 81).
d,

fhe initial concentration of I2 in
cyclohexane was 1.00 x 10-2 F.

 In all instances the recovery of activity was essentially
quantitative.
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Table B,2

The Dependence of D on the Age of Cyclohe·xane-Iodine Solutions

Aged, at 28.0', in the·Presence or Absence of Light:
.

a b c.d.ethe Aqueous Phase was 0.100 F Perchloric Acid. '· ' ' .

Age of cyclohexane-12 Distribution coefficient, D

solution, hours
Light ·present  Light absent

0                        62             64

16                       62            62

40                      58            59  -

44                      52            49

69                     58           58

112                      60            59
.

136                      59            59

160                      59            60

185                       64            66

 The procedure used is outlined in Fig. B.l; the cyclohexane-12
solution was aged in the presence (or absence) of light, as
noted.

b
The cyclohexane used was untreated Eastman Spectro Grade.

.

aThe cyclohexane-IP solution was activated by Method  i  (see  p.  81).

 The initial concentration if. I2 in cyclohexane was 1.00 x 10-3 K.

e
In all instances the recovery of activity was essentially
quantitative.
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Tab l e    B.3

The Dependence of D on the Age of Cyclohexane-Iodine Solutioil

Aged, at 28.0'5 in the Presence or Absence of Light:

the Aqueous Phase was 0.100 K Perchlorid Acid.a:b,c,d,e

Age of cyclohexane-I2 Distribution coefficient, D

solution, hours Light present Light absent

0                     49           51

25                      49            49

45                      49            45

73                      47            49

121                       48            48

164                      45            44

171                      42            45

a
The procedure used is outlined in Fig. B.1; the cyclohexane-I2
solution was aged in the presence (or absence) of light, as
noted.

bThe  cycloliexane  used was untreated Eastman Spectro Grade.

cThe cyclohexane-I2 solution was activated by Method  1  (see  p.  81).

dThe initial concentration of  I2 in cyclohexane was  1.00  x 10-4 .F.

e
In all instances the recovery of activity was essentially          -
quantitative.

.
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Table B.4

The Dependence of D on the Age of Cyclohexal.ie-Iodine Solution

Aged, at 28.0', in the Presence or Absence of Light:

the Aqueous Phase was 0.100 F Perchloric Acid.a,b,c,d,e

Age of cyclohexane-I2 Distribution coefficient, D

solution, hours Light ·present' Light absent

0                     31           31

25                      30            29

45                      32            29

73                      23            19

121                       15            15

164                      23            22

171                      21            22

 The procedure used is outlined in Fig. B.l; the cyclohexane-I2
solution was aged in the presence (or absence) of light, as
noted.

b
The cyclohexane used was untreated Eastman Spectro Grade.

 The cyclohexane-I  solution was activated by Method 1 (see p. 81).2

 The  initial  concentration  of  12 in cyclohexane  was  1.00 x 1.0-5 E«
e
In all instances the recovery of activity was essentially quanti-
tative.
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over· one week (see Tables B.3 and 8.4).

B.III.a.2. The Dependence of D ob the Time of Mixing the Two Phases

The results of the studies of the dependence of the distribution

coefficient on the mixing time between the two phases in the system

are summarized in Tables B.5 and B.6. The distribution coefficient

decreased with time for both the 1.00 x.10-3 K. and.1.00 x 10-4 E

iodine solutions, with the largest decrease occurring during the first

22.5 hours. The decrease of the distribution coefficient with time

for the 1.00 x 10-3 K and 1.00 x 10-4 K iodine, as is demonstrated

by comparing Table B.2 with Table B.5 and Table B.3 with Table B.6,

is not caused by the method of activation nor aging effects in the

cyclohexane-iodine system alone, but rather is due to some factor

introduced by the aqueous phase.

B.III.a.3. The Dependence of D·on the Method of Activation of the

Cyclohexane-Iodine Solutions

The distribution coefficient for iodine between cyclohexane and

aqueous 0.100 K perchloric acid was also dependent on the method of

activation of the dilute pyclohexane-iodine solution when Methods 1.

2 and 3 were used (see Table B.7).
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Table B.5

The Dependence of D on the Time of Mixing of the Two Phases, at

a.b.c.d.e
28.0': the Aqueous Phase Mas 0.100 £ Perchloric Acid. ' 1 ' '

f

Reaction time, hours Distribution  coefficient, D

0                         44 , 45

22.4 20 3 19

46.5 22 , 22

70.5 29 , 28

90                       25 3 26

115 20 , 19

aThe procedure used is outlined in Fig. B 02; light was excluded.

b
-                       The cyclohexane used was untreated Eastman Spectro Grade.

cThe cyclohexane-12 solution was activated by Method 1 (see p. 81).

dThe  initial  concentration of  I2 in cyclohexane was  1.00 x  10-3 F-.

e.

-Iii all instances the recovery of activity was essentially
quantitative.

f two reaction mixtures· were prepared from the same cyclohexan.e-I2
solution and treated identically.
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Table B..6

The Dependence of D on·the Time of Mixing of the Two Phases.·at

28.0':.the Aqueous Phase was 0.100 f Perchloric Atid.a,b,c,d,e

f
Reaction time. hours Distribution coefficient. D

0                        28  3 30

22.5 11  , 11

46.5 4.6,  4.7

70.5      ·               2.43  2.4

90                        2.3,  2.3

115 7.6, 7.6

a,
rhe procedure used is outlined in Fig. B.2; light was excluded.

bThe cyclohexane used was untreated Eastman Spectro Grade.

 The cyclohexane-12 solution was activated by Method 1 (see p .81) .

d                                                               -4
The initial concentration of I2 in cyclohexane was 1.00 x 10   F.-

CIn all instances the recovery of activity was essentially
quantitative.

f
Two reaction mixtures were prepared from the same cyclohexane-I2
solution and treated identically.
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Table B.7

The Dependence of D on the Method of Activating the Reaction

Mixture at 28.0': the Aqueous Phase Was 0.100 £

a,b,cPerchloric Acid.

Initial [I2]
in Method of Distribution

cyclohexane, g activation coefficient
d

-3
1.00 x 10 Method 1           64

-6

1.00 x 10 Method 1           51

1.00 x 10-5 Method 1        31

1.00 x 10-3 Method 2 15  ,  18

-4
1.00 x 10 Method 2 8.3, 11

1.00 x 10-3 Method 3           42

1.00 x 10-4 Method 3           24

1.00 x 10-5 Method 3 5.3

 The procedure used is outlined in Fig. B.l; light was
excluded.

b
The cyclohexane used was untreated Eastman Spectro Grade.

C

In all instances the recovery of activity was essentially
quantitative.

d
Two reaction mixtures were prepared from the same cyclo-
hexane-12 solution and treated identically.
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B.III.b.  The Distribution of Iodiiie Between Cyclohexane  and
Sulfuric Acid and Potassium Sulfate - Sulfuric Acid

Mixtures

The  results  summarized in Tables B.8 through B.33 were  obtained

with cyclohexane solutions which had been activated by Method 4.  This

method was found  to be  of significant value  in  that:

1.  It allowed the preparation of dry, active cyclohexane solutions

of iodine.

2. The iodine-131 in the active cyclohexane-iodine solutions

behaved as molecular iodine.

3.  The activation procedure did not change the concentration of

the molecular iodine in the cyclohexane where the initial

-2
concentration of iodine in cyclohexane ranged from 10 to

10-7 E«

4.  The distribution coefficient was not dependent on the age of

the dilute, dry, active cyclohexane-iodine solution over a

period of 2 weeks (see Table B.8),

B.III.b.1. The Dependence of D on the Ionic Strength of the Aqueous

Phase

A brief study of the effect of ionic strength, u, upon the

distribution of iodine was undertaken and the results are summarized

in Table B.9.  Although the results are not conclusive, the distribu-
tion coefficient appears to be dependent on the ionic strength of the

aqueous phase.  For this reason, all future work was performed at con-

stant ionic strength; ·the arbitrarily chosen value for u = 1.00 + O.01

was  used in compounding the  aqueous  solutions.
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Table B.8

The Dependence of D on the Age of the Active, Dilute

Cyclohexane·-·Iodine Solutions.a:b,c,d
I

e
Age of cyclohexane- Distribution coefficient, D

iodine solutions, iodine concentration, E

days 1.00 x 10 1.00 x 10
-3             -5

1                   68, 67 6.1, 6.2

3                   69. 68 --

6                    69, 68             --

13 6.1, 6.2

15                   63, 61

8The procedure used is outlined in Fig. B.1; light was excluded,

bThe cyclohexane used was untreated EastinaG Spectro Grade.

 The cyclohexane-I2 solution was activated by Method 4 (see p. 82).
d
The aqueous phase was 1.00 g sulfuric acid.

el
1wo reaction mixtures were prepared from the same cyclohexane-12
solution treated identically.
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Table B.9

The Dependence of D on the Ionic Strength of the Aqueous Phase
*

at 24.90.a,b,c,d The Ihitial Concentration of Iodine
'

./

in Cyclohexane was  1.00 x  10-3 K.

Composition of Distribution coefficient;

aqueous phase                                  D

1.00 x 10-4 K H2S04
57

pH = 3.7e                                     59

u = 2.5 x 10-4

O.340 F K2S04                                 83

brought to a PH = 3.4e                        82

with H SO2  4

U =  1.7

S'The procedure used is outlined in Fig. B.3; light was excluded.

b
The cyclohexane used was untreated Eastman Spectro Grade.

 The cyclohexane-I2 solution was activated by Method 4 (see p. 82).

d
In all instances the recovery of activity was essentially quanti-
tative.

e
The ZH was measured with a Beckman Model C £11 meter.
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B.III.b.2. The Dependence of D on·the Time of Mixing of the Two Phases

The results of studies of the dependence of the distribution coef-

ficient on the time of mixing the cyclohexane-iodine and dqueous 1.00 g

sulfuric acid phases are summarized in Tables B.10, B.11; B.15, B.16,
B.17, B.18, B.19, B.20 and B.21 and Figures B.7, B.9, B.10, B.11 and

B.12.  The dependence of the distribution coefficient on the time of

mixing the cyclohexane-·iodine and 0.340 g-potassium sulfate, brought

to a ZH of 2.7 with sulfuric acid, is summarized in Tables B.13, B.14
and B.15 and Figure B.8.  These results demonstrate that for all the

cyclohexanes used the distribution coefficient decreases with decreas-

, ing iodine concentration and increasing duration of the mixing process.

The rate of the decrease of the distribution coefficient decreases with

increasing duration of the mixing process.

The zere-time distribution coefficien.ts were essentially the same

when treated Eastman Spectro Grade or Hinton Primary Standard grade

cyclohexanes were used: on the other hand, the zero-time distribution

coefficients were considerably less when untreated Eastman Spectro Grade

cvclohexane  was  used.

The decrease of the distribution coefficients with increasing

duration of the mixing process was less when using treated Eastman

Spectro Grade or Hinton Primary Standard grade cyclohexanes than when

uhtreated Eastman Spectro Grade cyclohexane was used.

The addition of varying amounts of airborne impurities to the

aqueous paase did not have any appreciable effect on the distribution

coeffici·eilts, either for the zero·-time or after 4 or. 24 hours of mi.xing

of the two obases.
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The  resulta  summarized in Tables.8.10  through B.15  were  obtained

using untreated Eastman Spectro Grade cyclohexane.  The results summar-

ized in Tables. B.16 and B.17 were obtained using treated Eastman Spectro

Grade cyclohexane. The results summarized in Tables B.18 and B.19 were

obtained using Hinton Primary Standard grade. cyclohexane.  And, the

results summarized in Tables  B.20 and B.21 were obtained using an aqueous

solution containing varying amounts of added airborne impurities and

Hinton Primary Standard grade cyclohexane.

In some instances, the percent recovery of iodine-131 was low (see

-                 Tables B.10 through B.15).  The loss of activity is attributed to vola-

tilization of iodine-131 species. This conclusion is based  on  the  fact                  i

that the reaction vessels and stirring bars were monitored for activity

which may have been adsorbed on the walls of the vessel and stirring bar;

- no residual activity was found in the reaction vessel or on the stirring

::bar.  The reaction vessels and stirring bars were monitored for iodine-

131 by placing them on the NaI crystal of a scintillation detector; the

sensitivity bf this procedure for iodine-131 adsorbed anywhere on the

reaction vessel or stirring bar was such that 0.1 percent of the activity

initially present in the reaction vessel could be detected.  Also, spot

checks were made where the reaction vessel and stirring bar were washed

with chromic acid and the chromic acid wash counted to detect any iodine-

131 adsorbed by the reaction vessel or stir,ring bar; no activity was ever

found.  However, the purity of the cyclohexane was.demonstrated to be an

important factor in the  ].oss of iodine.·131·by volatilization from the

reaction mixtures ; the reaction mixtures made with the purer cyclohexane
-

lost less activity over 24 hours than those rdaction·mixtures made with

untreated Eastman Spectro Grade cyclohexane (see Tables B.10 through B.19).
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Table B.10.

The Dependence of D on the Time of Mixing at'24.90.a,b,cid,e

Mixing time, Distribution Recovery of
Run

f
hours coefficients D- activity,%

0             69, 68 100,  99

1           50, 56 96,   97

1        6            11, 27 89,  98

22.8 --   17                    94

44             --   14                    92 

9.5 29, 30 94,    95

2        23             19, 20 93,   93

47            17, 17 92   93 

aThe procedure used is outlined in Fig. B.2; light was excluded.

bThe cylohexand used was untreated Eastman opectro Grade.

C
The cyclohexane-12 solution was activated by Method 4 (see p. 82).

 The  initial  concentration of I2 in cyclohexane was  1.00 x 10-3 F.
e The aqueous phase was 1.00 K sulfuric acid.

fTwo reaction mixtures were prepared from the same cyclohexane-I2
solution and treated identically.

g
The reaction vessels and stirring bars were washed with chromic
acid in order to detect adsorbed activity; no adsorption was
found.

111



Table B.11

ao a,b,c,d,eThe Dependence of D on the Time of Mixing at 24.* .

Mixing  time ., Distribution Recovery.of

hours coefficient, Df activity, %

0               40  , 41 97,  98

0               43  3 45 101,  100

1                19  , 17 96,   95

5                6.9, 6.3 93,   89

i 18.8 2.7. 2.7 80,   78

24.5 2.5, 2.4 78,   76

47                2.3, 2.2 76,   75

116.8 2.4, 2.2 779   74 

aThe procedure used is outlined in Fig. B.2; light was excluded.

bThe  cyclohexane  used  was  untreated Eastman Spectro Grade,

C,rhe cyclohexane-I2 solution was activated by Method 4  (see p.  82).

d                                                               -4
Tne  initial  concentration of· I2 in cyclohexane was  1.00 x 10    li.

eThe aqueous phase was 1.00 E sulfuric acid.

f
Two reaction mixtures were prepared from the same cyclohexane-I2
solution and treated identically.

gThe reaction vessels and stirring bars were washed with chromic
acid i.n order to detect adsorbed activity; no adsorption was
found.
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Table B.12

o  a,b,c,d·,eThe Dependence of D on the Time of Mixing at 24.9 .

.

Mixing time. Distribution Recovery of .

hours coefficient, Df activity, %

0              6.1,  6.2             100,  100

1            5.6, 2.3 93,   93

9.5 2.5, 2.5 76,   76

23              1.4, 1.6 765   74

47                        1.7,· 1.7 74    72Z

aThe procedure used is outlined in Fig. B.2; light was excluded.

b
The cyclohexane used was untreated Eastman Spectro Grade.

 The cyclohexane-12 solution was activated by Method 4 (see p. 82).

 The initial concentration of 12 in cyclohexane was 1.00 x 10-5 E.

eThe aqueous phase was 1.00 g sulfuric acj.d.

fTwo reaction mixtures were prepared from the same cyclohexar.e-I2
solution and treated identically.

 The reaction vessels and stirring bars were washed with chromic
acid in order to detect adsorbed activity; no adsorption was
found.
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Table B.13

The Dependence of D on the Time of Mixing.at 24.3 . '     c o    a,b,c,d,e

.Mixing time, Distribution Recovery of
C

hours coefficient, D'-, activity 3%

0              76, 78 100, 100

1              --,  84                --,   96

9.5 655 57 97,     95

23              54. 51 97,   98

47              483 47 95,   99

 The procedure used is outlined in Fig. B.2; light was excluded.

b
The cylohexane used was untreated Eastman Spectro Grade.

 The cyclohexane-I2 solution was activated by Method 4 (see p. 82).

 The initial concentration of I2 in cyclohexane was 1.00 x 10-3 1.

eThe aqueous phase was 0.340 E potassium sulfate at a EH of 2.7.
f

Two reaction mixtures were prepared from the same cyclohexane-Ip
solution and treated identically.
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Table B.14

o a,b,c,d,e
The Dependence of D on the Time of Mixing at 24.9 .

Mixing Time, Distribution Recovery of

f
hours coefficient, D activity, %

0                 63, 66 95,   98

1                 47, 47 98,  97

6                            27, 28 96,  96

22.8 17, 16 94,  93

44                 13, 12 93,  92

67                               11, 8.3 91,  89

a                                       8,2; light was excluded.The procedure used is outlined in Fig.

bThe  cycldhexane  used  was  untreated  Eastman Spectro. Grade.

cThe cyclohexane-I2 solution was activated by Method 4 (see p. 82) .

d
The initial concentration of I2 in cyclohexane was 1.00 x 10-4 K.

e-The aqueous phase was 0.340 F potassium sulfate at a lilI of 2.7.
f
 ' Two reaction mixtures were prepared from the same cyclohexane-I2
solution and treated identically.

.
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Table B.15

%   r.'    I. D a,b,c,d,e
The Dependenc·e of D on the Time of Mixing aL c:4.9 .

Mixing time, Distribution Recovery 6f

f
hours ·coefficient, D. activity,    %

0              30  , 24 ·97,  99

1              43  , 46 97,   97

9.5 9.63 10 88,  90

23              1.83, 2.7 65,  75

47    0.6, 1.] 478. 63 

 The procedure used is outlined in Fig. B.2; light was excluded.

b The cyclohexane used was untreated Eastman Spectro Grade.

C

-                       The cyclohexane-12 solution was activated by Method 4 (see p. 
82).

 The initial concentration of 12 in cyclohexane was 1.00 x 10-5 F.-

eThe aqueous phase was .0.340 F potassium sulfate at a RH of 2.7.
f
Two reaction mixtures were prepared from the same cyclohexane-I2

solution and treated identically.

 The reaction vessels and stirring bars were washed with chromic

acid in order to detect adsorbed activity; no adsorption was
found.
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Table B.16

a,b,c,d,e
The Dependence of D on the Time of Mixing at 24.9'.

Mixing time, Distribution Recovery of

hours coefficient, D. activity, %

0                  78                    102

4                  61                    100

24                  51                     98

a
8                    The procedure used is outlined in Fig. B.2; light was excluded.

bThe  cyclohexane  used was  treated Eastman Spectro Grade.

cThe cyclohexane-I2 solution was activated by Method  4  (see p.  82).

dThe initial concentration of  I2 in cyclohexane was  1.00 x 10-3 F.
e
The aqueous phase was 1.00 F sulfuric acid.

-

117



Table B.17

o a.b,c,d,eThe Depend.ence of D on the Time of Mixing at 24.9 .

Mixing time, Distribution Recovery of

hours coefficient,.D activity; %

0                  48                    99

4                  16                   100

24 5.5 . 96

aThe procedure used is outlined in Fig. B.2; light was excluded.

b,lhe  cyclohexane  used was treated Eastman Spectro Grade.

C
The cyclohexane-I2 solution was activated by Method 4 (see  p.  82).

 The initial concentration of I2 in cyclohexane was 1.00 x 10-5 g.

eThe aqueous phase was 1.00 K sulfuric acid.
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Table B.18

o a.b,c,d,eThe Dependente of D on the Time of Mixing at 24.9 .

Mixing time, Distribution Recovery of
f

hours coefficient, D activity, %

0              81, 78 99,   99

4               70, 65 100,  100

24 57, 60 104,  102

a
The procedure used is outlined in Fig. B.2; light was excluded.

bThe cyclohexane used was Hinton Primary Standard grade.

cThe cyclohexane-I2 solution was  activated by Method 4 (see p. 82).

'                       d                                                               -3
The initial concentration of 12 in cyclohexane was 1.00 x 10   F.-

eThe aqueous phase was 1.00 £ Sulfuric acid.

fTwo reaction mixtures were prepared from the same cyclohexane-I2
solution and treated identically.
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Table   B.1 9

o a,b,c,d,eThe Dependence of D on the Time of Mixing at 24.9 ..

Mixing time, Distribution Recovery of

fhours coefficient, D- activity, %

0               39  , 40 100,  99

4               8.4, 6.8 98,  99

24 3.5, 3.3 90,  92

24.25Z 1.7           -      83

11

25.5 0.28                  61

aThe procedure used is. outlined in Fig. B.2;. light was excluded.

b
The cyclohexane used was Hinton Primary Standard grade.

 The cyclohexane-I2 solution was activated by Method 4 (see p. 82).

 The initial. concentration of I2 in cyclohexane was 1.00 x 10-5 K.

e,                 The aqueous phase.was 1.00 F sulfuric acid.

 Two reaction mixtures were prepared from the same cyclohexane-12
solution and treated identically.

 The reaction mixture was exposed to ordinary laboratory light
for 15 minutes  after 24 hours reaction time  in  the  dark.

h
The reaction mixture was exposed·to ordinary laboratory light
for 1,5 hours after 24 hours reaction time in the dark.
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Table B.20

The Dependence of D on the Amount of Airborne Impurities in the

Aqueous Phase a 24.90.a,b,c

The Aqueous Phase was 1.00 F Sulfuric ·Acid.

Initial Amount of Distribution Recovery of

[I2]
in airborne coefficient, activity,

cyclohexane, impurities          D               %
d

F          present

I              75             100

II               78              99

1.00 x 10-3 III              78             100

IV 80 100

V              79             101

I              41              99

II              45              100

1.00 x 10-5 III              47              99

IV              46               99

V             36             99

a
The procedure used is outlined in Fig. B.li light was excluded.

bThe cyclohexane used was Hinton Primary Standard grade.

 The cyclohexane-I2 solution was activated by Method 4 (see p. 82).
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Table B.21

The Dependence of D on the Time of Mixing at 24.9'.a:b ,c,d,e,f

Reaction time, Distribution Recovery of

hours coefficient. D activity: %

0                   76                   99

4                   59                  100

24                   49                  104

 The procedure used is outlined in Fig. B.2; light was excluded.

bThe cyclohexane used was Hinton Primary Standard grade.

 The  cyclohexa.ne·-IP  solution was activated by Method  4  (see  p.  82).

 The initial concentration of I2 in cyclohexane was 1.00 x 10-3 F.-

eThe aqueous phase was 1.00 F sulfuric acid.
fUnfiltered air was drawn through water for 24 hours prior to
using the water in making the 1.00 g sulfuric acid.

.
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B.III.b.3. The Disposition and Characterization of the Iodine-I31 in

the· Cyclohexane and Aqueous Phases of the Two·,Phase Reaction Mixtures

The aquedus and cyclohexane phases of the two-phase reaction mix-

ture were subjected to ext·raction procedures (see p. 84) in order to

characterize the  disposition of iodiiie-131  in. each phase. The reaction

mixtures were  similar in. composition to those used to study the depend-

ence of the distribution coefficient on the mixing time (see p. 83).

Three one-ml. aliquots of the cyclohexane phase were subjected to extrac-

tion with aqueous 0.1 X. sodium iodide, aqueous acidic 0.1 F sodium sul-

fite and aqueous 0.1 E sodium hydroxid (see Tables B.23 through B .27) :

each one-ml. aliquot was subjected to one of the foregoing extractionse

These extractions yielded the percentage of iodine-131 in the cyclohexane

phase which isotopically exchanged with, or was reduced by, aqueous

j.odide, was reduced by aqueous acidic sulfite ahd extracted into aqueous           I

hydroxide.

One  two-ml.  aliquot  of the aqueous phase was extracted first with

cyclohexane and secondly with 0.01 E iodine in cyclohexane; the cyclo-

hexane, from the first extraction, was then extracted with 0.1 £ sodium           

iodide (see Tables B.28, B.29 and B.30).  These extractions yielded the

percentage of iodine-131 in the aqueous phase. which was soluble in cyclo-

hexane and isotopically exchanged with aqueous iodide, soluble in cyclo-

hexane but did not isotopically exchange with aqueous iodide, not soluble

in cyclohexane but isotopically exchanged with iodine in cyclohexane,

and neither soluble in cycloliexane nor isotopically exchangeable with

iodine in cyclohexane.

I i
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Table B.22

Iodine-131 Species Present in Freshly Prepared Active Cyclohexane-

Iodine Solutions at 24.90.a,b

Brand of Initial [I21
in Activity extracted into

cyclohexane cyclohexane, K O.1 g NaOH % c,d

Untreated                    -3
Eastman 1.00 x 10                       98

Spectro                      -5
Grade 1.00 x 10 .84

Phillips 1.00 x 10-3                     91

Research -5
Grade ·1.00 x 10 68   +

Hinton 1.00 x 10-3 100

Primary
Standard 1.00 x.10-5                     99

 The procedure used is outlined in Fig. B.6; light was excluded.

 The cyclohexane-I2 solutions were prepared by

1)  Dissolution of the crystalline.I2 in cyclohexane over 12

hours to prepare the 1.00 x 10-2 K stock cyclohexane-I2

solution.

2)  Dilution of the stock cyclohexane-I2 solution.

3)  Activation of the dilute cyclohexane-I2 solution over 8 .

hours via Method 4 (see p. 82).
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Table B.23

Iodine-131 Species Present in the Cyclohexane

Phase after One-Minute Contact Tinie with  1.00 F

o  a,bSulfuric Acid at 24.9 .

c,dIodine-131 species in Activity, %

untreated Eastman Spectro   Initial-[I2] iii cyclohexane, K
Grade cyclohexane 1.00 x 10-3   1.00 x 10-5

Extracted into

0.1 F NaI 100           99

Extracted into

acidic 0.1 E Na2S03 100           99

Extracted into

0.1 F NaOH                        98           95

a
The procedure used is outlined in Fig. B.3; light was
excluded.

bThe cyclohexane-I2 solution was activated by Method 4
(see p. 82).

CIn" all instances the recovery of activity was essentially
quantitative.

d
Percent of activity in the cyclohexane phase after the
one-minute  contact  time.

I V
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Table B.24

Iodine-131·Species Present in the Cyclohexane

' Phase after One-Minute Contact .Time with 0.340 F-
o    a,b

Potassium Sulfate at a RH of 2.7 at 24.9 .

C,d
Iodine-131 species in Activity, %

untreated Eastman Spectro   Initial [I21 in cyclohexane, g

Grade cyclohexane 1.00 x 10-3   1.00 x 10-5

Extracted into

0.1 F NaI 99.7 99.0
.-

Extracted into

acidic 0.1 I Na2S03
99.7 99.0

Extracted into

0.1 F NaOH 97.0 97.0

aThe procedure used is outlined in Fig. B.3; light was
excluded.

b
The cyclohexane-I2 solution was activated by Method 4
(see p. 82).

C
In all instances the recovery of activity was essentially
quantitative.

d
Percent of activity in the cyclohexane phase after the
one-minute  contact  time.

.
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Table B.25

Iodine-131 Species Present in the Cyclohexane

Phase after Thirty-eight Hours Contact Time with

ab1.00 F Sulturic Acid at .24.9'. 5

-

Iodine-131 species in Activity, % c,d,e

untreated Eastman Spectro  Initial [I2] in cyclohexane, £

Grade cyclohexane 1.00 x 10-3   1.00 x 10-5

Extracted into                   96            38

0.1 F NaI                         96            40

Extracted into                   97            67
acidic

0.1 1 Na2S03                     97            67

' . Extracted into                    98            98

0.1 F NaOH                        98            98

a
The procedure used is outlined in Fig. B.4.; light was
excluded.

b
The cyclohexane-I2 solution was activated by Method 4
(see p. 82).

C
In all instances the recovery of activity was
essentially quantiative.

dPercent of activity in the cyclohexane phase after the
38-hours  contact  time.

 Two reaction mixtures were prepared from the same
cyclohexane-I2 solution and treated identically.

.
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Table 13.26

Iodine-131 Species Present·in the Cyclohexane

·                          Phase after Thirty-eight Hours Contact Time with

o a,b
0.340 1 Potassium Sulfate at a Jlli of 2.7 at 24.9 .

«,c,d,eIodine-131 species in Activity, /.

untreated Eastman Spectro Initial [I2] in cyclohexane, I
Grade cyclohexane 1.00 x 10-3 1.00 x 10-5

Extracted into 99.4          74

0.1   F.  Na I 100            80

Extracted into 100            87

acidic 0.1 2 Na2S03
100            95

.

Extracted into                   96            94

0.1 F NaOH                        95             91

aThe procedure used is outlined in Fig. B.4; light was
excluded.

bThe cyclohexane-12 solution was· activated by Method 4      -
(see p. 82).

C
In all instances the recovery of activity was essentially
quantitative.

d
Percent of activity in the cyclohexane phase after the
38-hours contact time.

CTwo reaction mixtures were prepared from the same
cyclohexane-I2  solution and treated identically.
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Table B.27

Iodine-131 Species Present in the Cyclohexane

Phase after Twenty"four Hours Contact Time with

o a.b                             '
1.00.F Sulfuric Acid at 24.9 . '

Iodine-131 Species in Activity, % c,d,e

Hinton Primary Standard   Initial [I2] in cyclohexane, I

grade cyclohexane 1.00 x 10-3 1.00 x 10-5

Extracted into 100            95

0.1 F Nal 100            98                            |

Extracted into acidic 100            97

0.1 F
Na2S03

100            97

Extracted into 100            97

0.1 F NaOH                      99            97
-

a
The Procedure used is outlined in Fig. B,4; light was
excluded.

b
The cyclohexane-I2 solution was activated by Method 4
(see p. 82).

C
In all instances the recovery of activity was essentially

qdantitative.

d
Percent of activity in the cyclohexane phase after a
24-hour contact time.

eTwo reaction mixtures were prepared from the same

cyclohexane-I2 solution and treated identically.
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Table B.28

Iodine-131 Species Present in the 1.00 2 Sulfuric

*                            Acid after Thirty-four Hours Mixing Time with

1.00 x 10-5 g Iodine.in Untreated Eastman Spectro·

o a.b,c
Grade Cyclohexane at 24.9 . '

Iodine-131 species Activity, % c,d,e

in the sulfuric Cyclohexarie      Aqueous

acid phase Phase Phase

Extracted with

cyclohexane. back-               6             22

extracted with                    6             21

0.1 F NaI

Not extracted with

cyclohexane but back-         68            4
-2

extracted with 10   F           69              4
-

12 in cyclohexane

a
The procedure used is outlined in Fig. B.5; light was
excluded.

b
The cyclohexane-I2 solution was activated by Method 4
(see p. 82),

cIn all instances the recovery of activity was essentially
quantitative.

d
Percent of activity in the sulfuric acid after 34-hours
mixing time.

e
Two reactian mixtures were prepared from the same
cyclohexane-I2 solution and treated identically.

.
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Table B.29

Iodine-131 Species Present in the 0.340 F Potassium
-

. Sulfate at a £H of 2.7 after Thirty-four Hours.

-5
Contact Time with 1.00 x 10 Iodine in Untreated

Eastman Spectro Grade Cyclohexane at 24.9 ·.
o  a,b

c,d,e
Iodine-131 species Activity, %

in the sulfuric Cyclohexane Aqueous

acid phase Phase Phase

Extracted with

cyclohexane, back-               4             57

extracted with                    4             63

0.1 F NaI

Not extracted

with cyclohexane but           32            6

back-extracted with 28              6

10-2 K I2 in cyclohexane

aThe procedure used is outlined in Fig. B.5; light was
excluded.

b
The cyclohexane-I2 solutions was activated by Method 4
(see p. 82).

CIn all instances the recovery of activity was essentially

quantitative.

d
Percent of activity in the potassium sulfate phase after
34-hours mixing time.

e
Two reaction mixtures were prepared from the ·same
cyclohexane-I2 solution and treated .identically.
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Table B.30

Iodine-131 Species Present in the 1.00 E Sulfuric

Acid after Twenty-four Hours Mixing Time with

Iodine in.Hinton Primary Standard Grade.Cyclohexane

.  a.b
at 24.9". '

c.d.e
Iodine-131 Activity, %  « ,

species in the Initial [I2] in cyclohexane, E

1,00 F sulfuric 1.00 x 10-3 1.00 x 10-5

acid phase Cyclohexane Aqueous Cyclohexane Aqueous

phase phase phase phase

Extracted with

cyclohexane,            7          63           3           4

back-extracted          1          72           3         -4

with 0.1 F NaI

Not extracted

with cyclohexane       27           4          85           8

but back-extracaed    27            0          85           7

with 10-2 E I2

in cyclohexane

 The procedure used is outlined in Fig. B.5; light was
excluded.

b
The cyclohexane-I2 solution was activated by Method 4
(see p. 82).

CIn all instances .the recovery of activity was essentially
quantitative.
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Table B.30 (contd)

dPercent of activity in the sulfuric acid after 24-hours
mixing time.

.

e 'Ago reaction mixtures were prepared  from the  same
cyclohexane-I9.solution. and treated j.dentically.

t
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Untreated Eastman Spectro Grade Cyclohexane The foregoing extrac-

tion analysis ind·icated that:

-3
1.  For one-minute mixing time between 1.00 x 10 F iodine in

untreated Eastman Spectro·Grade cyclohexane and 1.00 K

sulfuric  acid  or  0.340  F  potassi-iam  sulfate,  brougl'it  to  a  PH

of 2.7 with sulfuric acid, at least 98 percent of the iodine-

131 present in the cyclohexane phase behaved as molecular

iodine (see Tables B.23 and B.24).
-5

2. For one-minute mixing time between 1.00 x 10   F iodine in

untreated Eastman Spectro Grade cyclohexane  and  1.00 F
-

sulfuric acid or 0.340 I potassium sulfate, brought to a RH

of 2.7 with sulfuric acid, approximately 5 percent of the

iodine-131 in the cyclohexane phase did not behave as molecular

iodine (see Tables B.23 and B.24).

3
3.  For a 38-hour mixing time between 1.00 x 10 F iodine in

untreated Eastman Spectro Grade cyclohexane and 1.00 g

sulfuric acid or 0.340 £ pot:assium sulfate, brought to a RH

of 2.7 with sulfuric acid, approximately 4 percent of the

iodine-131  in  th e cyclohexane phase  did not behave as molecular

iodine (see Tables B.25 and B.26).

5
4.  For a 38-hour mixing time between 1.00 x 10 · K iodine in

untreated Eastman Spectro Grade cyclohexane and 1.00 K

sulfuric acid or 0.340 l potassium sulfate, brought to a PH

of 2,7 with sulfuric acid;

a.  approximately 60 percent and, 25 percent, respectively, of

the iodine-131 in the cycloheiane phase did not behave as

. 0
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molecular iodine towards isotopic exchange with aqueous

iodide (see Tables B.25 and B.26),

b.  approximately 33 percent and 10 percent, respectively, of

the iodine-131 in the cyclohexane phase did not behave as

molecular iodine towards reduction with aqueot.is acidic

sulfite (see Tables B.25 and B.26),

c.  in both instances, over 90 percent.of the iodine-131 in

the cyclohexane phase extracted into aqueous hydroxide

-                              (see Tables B.25 and B.26),

d.  4 to 6 percent of the iodine-131 in the aqueous phase

extracted into cyclohexane but did not back-extract into

either cyclohexan.e or a cyclohexane-iodina solution (see

Tables  B.28  and  B.29).

e.  4 to 6 percent of the iodine-131 in the aqueous phase did

not extract into either cyclohexane or a cyclohexane-

. iodine solution (see Tables B.28 and B.29).

.5
The results for 1.00 x 10 F iodine in cyclohexane indicated that

-

at least two chemically distinct forms of iodine-131, other than molec-

ular iodine, were present in the cyclohexane phase after 24 hours or

more mixing  time with  an acidic aqueous phase; one species is reduced

by aqueous acidic sulfite and extracts into aqueous hydroxide but does

not undergo isotopic exchange with aqueous iodide,·and another species

is neither reduced by aqueous acidic sul.fj.te or aqueous iodide nor

undergoes isotopic exchange with aqueous iodide but is extracted into

aqueous hydroxide.

-5                              ·
The results for 1.00 x 10 F iodine in cyclohexane also indicate

that the aqueous phase,  after 24 hours or more mixing  time ·with  a  cyclo-
.
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hexane phase, contained at least two chemically distinct forms of

iodine-131 which do not behave as iodide; hypoioditc or iodine.  One

of these species of iodine-131 was soluble in cyclohexane but did not

undergo isotopic exchange with aqueous iodide, and the·other species of

iodine-131 was  insoluble  in c ycloliexane  and  did 11Ot undergo isotopic

exchange with molecular iodine incyclohexane.

The results of studies with 1.00 x 10-3 g iodine in cyclohexane

indicate that a small percentage (less than 4 percent) of the iodine-

131 in the cyclohexane phase did not behave as molecular iodine.

Hinton Primary Standard Grade Cyclohexane The experiments just

described were repeated using 1.00 F sul.furic acj.d and very hi.gli purity
-

(Hinton Primary Standard grade) cyclohexane (see Tables 8.27 and B.30).

The extraction analyses gave the following results.

-31.  For a 24-hour mixing time between 1.00 x 10 F iodine in

cyc].ohexane and 1.00 F sulfuric acid;

a.  greater than 99 percent of the iodine-131 in the cyclo-

hexane phase behaved as molecular iodine (see Table B.27),

b.  approximately 70 percent of the iodine-131 in the aqueous

phase extracted into cyclohexane but 4 percent did not

back-extract into aqueous iodide (see Table B.30) and,

c.  approximately 3 percent of· the iodine-131 in the aqueous

phase did not extract into a cyclohexane-iodine solution

(see Table B.30).

-52.  For a 24-hour mixing time between 1.00 x 10 F iodine in

cyclohexane and 1.00 E sulfuric acid;

-                        a.  95 to 98 percent of the iodine-131 in the cyclohexane

phase behaved as molecular iodine (see Table B.27) >
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b.   approximately 7 percen.t  of the iodine-131  in the  aqueous

phase extracted into cyclohexane but 3 percent did not

back-extract into aqueous iodide (see Table B.30), ands

c.  approximately 8 percent of the  iodine-·131 in the aqueous

phase did not extract into a cyclohexane-iodine solution

(see Table B.30).

-5
These ·resul·ts indicate  that  for  1.00 x 10 K iodine in cyclchexane

there is a considerable decrease in the amount of iodine-131 species,

which  do 11.Ot behave as molecular  iodine,  in  the cyclohexane phase  of

the two-phase reac tion mixture, when Hinton Primary Standard grade cyclo-

hexane is used, as opposed to the results found when using untreated

Eastman Spectro Grade cyclohexane.

B.III.b.4. The Dependence of D on the Purity of the Cyclohexane and

Aqueous Solutions

Airborne Impurities. Varying amounts  of  airborne  impurities  were

added to 1.00 K sulfuric acid to determine whether these impurities are,

in part, responsible for either the decrease in the distribution coef-

ficient with decreasing iodine concentration or the decrease in the

distribution coe fficient with increasing duration of the mixing process.

The results of these studies are summarized in Tables B.21 and B.22.

These results indicate that there is no apparent correlation between

the amount of airborne impurities present iii the aqueous phase and

either the initial distribution coefficient (see Tables B.19, B.20 and

B.21) or the decrease of the distribution coefficient with time (see

Tables B.19, B.20 and B.21).
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Redistribution Studies Previous studies reported here have indi-

cated that much of the observed anomolous behavior of.the distribution

coefficient for iodine may be attributed to impurities in.the cyclo-

hexane which react with iodine in the presence of an acidic aqueous

phase.  Studies of the dependence of the distribution coefficient on

the time of mixing of the two phases indicated that the reaction, or

reactions,  between  iodine  and  the  impurities  go  to  completion within

24 hours  (i.e.,  the  distribution  coefficient  is  essentially  a  constant

I

for mixing times of 24 hours or more) .   If these reactions free the

cyclohexane-iodine solution from impurities then a constant distribution

coefficient should result when this "puri.f:Led" cyclohexane-iodine Solu-

1

tion and a fresh acidic aqueous solution are mixed.

Several experi.inents were performed where the distribution coeffi-

cient for iodine, which had been in contact with an acidic aqueous phase

for 24 hours or more; was remeasured using a fresh portion of the same

aqueous solution.  The results of this investigation are summarized

below.

-31.  For 1.00 X 10 K iodine in untreated Eastman Spectro Grade

cyclohexane and 1.00 F sulfuric acid;

a.  the distribution coefficient was 70 after a one-minute

mixing time,

b.   the distribution coeffici.ent was 15 after 34-hours mixing ·

time, and,

c.  the ·distribution coefficient was 62, using fresh 1.00 F

sulfuric acid and the cyclohexane-iodine solution which

had been mixed witli 1.00 F sulfuric acid for 34 hours

.
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(see.1-b), after a one-minute mixing time.

-3
2.  For 1..00 x ].0 y iodine in untreated Eastman Spectro Grade

cyclohexane and 0.340 f potassium sul.fate 5 brought to a EH of

2.7 with sulfuric acid;

a.  the distribution coefficient was 77 after a one-minute

mixing time,

b.  the distribution coefficient was 51 after 34-hours mixing

time, and,

c.  the distribution coefficient Was 73, using fresh 0.340 /

potassium sulfate at a EH of 2.7 and the cyclohexane-

iodine solution which had been mixed with 0.340 K potas-

sium sulfate at a EH of 2.7 for 34 hours (see 2.b), after

a one-minute mixing time.

-3
3.  For 1.00 x 10   2 iodine in Eastman Spectro Grade cyclohexane,

which had been treated by refluxing with 20 K potassium hydrox·-

ide for 3 days and., then, distilling (off of the potassium

hydroxide  solution),  and  1.00 £ sul furic  acid ;

a.  the distribution coefficient was 74 after a one-minute

mixing time,

b.  the distribution coefficient was 25 after 24-hours mixing

time,

c.  the distribution coefficient was 59. using fresh 1.00 F

sulfuric acid and the cyclohexane-iodine solution which had

been mixed for 24 hours with 1.00 £ sulfuric acid  (see 3-b) ,
ifter a one-minute mixihg time, and,

d.  the distribution·coefficient was 41, using fresh 1.00 g

V
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sulfuric acid and the cyclohexane-iodine solution which

had been mixed for 24 hours with 1.00 F sulfuric acid

(see  3-b  and 3-c), after 24-hours mixing  time.

-5
4.  For 1.00 x 10 F iodine in Eastman Spectro Grade cyclohexane,

which had been treated by refluxin.g with· 20 / pot:assium hydrox-

ide for 3 days and, then, distilling (off of the potassium

hydroxide solution), and 1.00 £ sulfuric acid;

a.  the distribution coefficient was 28 after a on.e-minute

mixing  time,

b.  the distribution coefficient was 1.1 after 24-hours mixing

time,

c.  the distribution coefficient was 18,·using fresh 1.00 K

sulfuric acid and the cyclohexane-iodine solution which had

been mixed for 24 hours with 1.00 £ sulfuric acid (see 4-b),

after a one-minute mixing time, and,

d.  the distribution coefficient was 4.8, using fresh 1.00 1

sulfuric acid and the cyclohexane-iodine solution which

had been mixed for 24 hours with 1.00 K sulfuric acid (see

4-b and 4-c), after 24-hours mixing time.

These results indicate that although the remeasured distribution

coefficient decreased over a 24-hour mixing time (see 3-c, 3-d, 4-c

and 4-d), the decrease is less than that found over the initial 24-hour

mixing time  (see 3-a, 3-b, 4-a and 4-b).

Stability of Cyclohexane-Iodine Solutions In order to dxtermine

· the    stability   of diluite solutions    of   molecular    iodine    in   cyclohexane

the folloving experbnants were performed. Cyclohexane-iodine solutions,
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1.00 x 10-3 F and 1.00 x 10-5 1 in jodine, inoculated with iodine-131.

were prepared using untreated Eastman Spectro Grade cyclohexane3 Phillips

Research· Grade cyclohexane  and  Hinton Primary Standard grade cyclohexane.

These solutions were extracted·with aqueo.us 0.1 E sodium hydroxide.  The

activity remaining in the cyclohexane phase after the extraction was

considered a measure of the impurity level of the .cyclohexane.  For

-3                 -5
1.00 x 10  1 and 1.00 x 10 g iodine in untreated Eastman Spectro

Grade cyclohexane, 1.6 and 16 percent of the iodine-131, respectively,

-3
did not extract into the aqueous hydroxide; for 1.00 x 10   l and 1.00 x

-510 - g iodine in Phi.11i.ps Research Grade cyclohexane, 9.0 and 31.7

percent of the iodine-131, respectivelys did not extract into t
he aqueous

hydroxide; for 1.00 x 10-3 g and 1.00 x 10-5 g iodine in Hinton Primary

Standard grade cyclohexane , 0.2 and 1.1 percent of the i.odine-131:

respectively, did not extract into the aqueous hydroxide.  I
n each in-

stance, the cyclohexane-iodine solutions were 48 hours old; 24 hours

-2
was required to prepare the 1.00 x 10   g stock cyclohexane-iodine

solution and 24 hours was required to inoculate the dilute cyclohexane

iodine solutions with. iodine-131 using Method 4.   The dilute, active,

cyclohexane-iodine solutions were stored in the dark in a
 constant-

temperature bath at 24.9'. These results· reaffirm the previously given«

results (see Tables B.23, B.24, B.25, B.26 and B.27) which indicate the

presence of impurities in the cyclohexane which react with molecular

iodine.

Effect of Oxygen, Ozone and Hy·drogen Peroxide on D· The results of

studies bf the effect of oxygen, ozone and hydrogen. peroxide on the

distribution coefficient for iodine between. Hinton Primary Standard grad
e
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Table B.31

The Dependence of D on the Presence of Oxygen, Ozone  and

Hydrogen. Pei-oxide in the' 1.00 K Sulfuric Acid Phase at 24.90.a

The Initial Concentration of Iodine in the Hinton Primary

Standard Grade Cyclohexane was 1.00 x 10-3 g.b '

Composition Mixing  time , Distribution

of the aqueous phase hours coefficient, Dc,d

1.00 g H2S04                    0             76  :  78

e
+ Nitrogen        ·            4             60  ,  58

24             43  ,  --

1.00 F H SO                     0             71  ,  75-2 4
f

+ Oxygen                       4             28  ,  60

24             15  ,  23

1.00 F HOSO                  0           68  3  78--· 2 4

+1.00 x 10-3 F H202            4             58  ,  61

24             48  ,  49

1.00 F H SO                   O             7.4,   9.0-2 4

+ Ozone
g

aThe procedures used are outlined in Fig · B.1 and B.2; light
was excluded.

bThe cylohexane-I2 solution was activated. by Method 4 (see
p.·82).

C
...two reaction mixtures were prepared from· the same cyclohexane-I2
solution and treated identically.
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Tab le   B.3 1    (cont.)
*

d
In all instances the recovery of activity was essen,tially
quantitative.

eNitrogen  gas was passed through  the  1.00·f H2S04  for  one  hour,
f
Oxygen gas was passed through the 1.00 E H2SO4 for one hour.

gA mixture of ozone and oxygen gas was passed through the 1.00 E

H2SO    for. one  hour .4
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Table B.32

The·Dependence of D on the Presence of Oxygen, Ozone and

'                      Hydrogen Peroxide in the 1.00 F Sulfuric Acid·Phase at 24.9'.
a

The Initial Concentration of Iodine in the Hinton·Primary

5    bStandard Grade Cyclohexane was·]..00 x 10-- F.

Composition Mixing time, Distribution

c.d
of the aqueous phase hours coefficient D '

:

1.00  F  HoSO                                                0                              23     ,    24-24
e

+ Nitrogen                     4              8.4,   5.5

24 4.4,   2,7

1.00 F H SO                     0              8.7,  28-2 4

+ Oxygen                                        4                         3.8,    25

24              1.8,  13

1.00 F H SO                     0             58  ,  58- -2 4

+ 1.00 x 10-3 g 8202           4'             8.6.   7.3

24             3.4,   3.5

1.00 F H2SO4                    0              2.3,   2.5
g

+ Ozone

aThe procedures used are ou.tlined in Fig. B.1 and B.2; light
whs excluded.

b
The cyclohexane-12 solution was activated by·Method 4 (see
p. 82).

C
In all instances:the recovery of Elctivit.y was essentially .
quantitative.

.
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Table B.32 ( cont.)

d Two reaction mixtures were prepared from the same cyclohexane-
12 solution and treated identically.

 Nitrogen gas was passed through the 1.00   H2SO4 for one hour.

f
Oxygen gas was passed through the 1.00 K H2SO4 for one hour.

 A mixture of ozone and oxygen gas was passed through the 1.00
F H SO  ·for one hour.-2 4
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cyclohexane and aqueous solutions 1.00 E in sulfuri acid are summarized
f

in Tables B.31 and B.32.  These results indicate that there is no appar-

·ent·effect ·attributable to the·presence of oxygen or hydrogen peroxide;

the presence of ozone greatly· decreased the distribution coefficients
presumably through the' formation of iodate, and visibly reduced the

color intensity of the cyclohexane phase of the reaction mixture.  When

the aqueous phase of the reaction mixture containing ozone was shaken

2with 10 F iodine in .cyclohexane none of the activity extracted into

the cyclohexane.  It is noteworthy, however, that the values for the

distribution coefficient in the presence of oxygen or nitrogen are

lower than  those  found  previously (see Tables B.18  and B.19).   This

. lowering of the distribution coefficient may be attributed'to an impurity

in the gas stream which either passed through or came from the concen-

trated sulfuric acid bubbler·which was placed between the gas tank and

the aqueous 1.00 E sulfuric acid which was being treated with the gas.

Subsequent distribution experiments using a 1.00 E sulfuric acid

aqueous phase made from concentrated sulfuric acid, through which nitro-

gen, taken directly from the tank, was passed for 24 hours, and a cyclo-

hexane-iodine solution using Hinton Primary Standard grade cyclohexane,

however, yielded values for the distribution coefficient similar to

those found in Tables B.18 and B.19.

Impurities in Cyclohexane Previously given results, see Tables

B.10 through B.31, have shown tha.t the zero-time dj.stribution coeffi-

cient for iodine is lower when untreated Eastman Spectro Grade cyclo-

hexane is used than when treated Eastman Spectro Grade or Hinton

Primary Standard grade cyclohexanes are used.  It Was of interest,
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Table· B.33

The 'Dependence·of D on the Presence of Trace Organic
a.b

Impurities in the Cyclohexane-Iodine Solutions at 24.9'.

The.Aqueous  Phase  was  1.00  K  Sulfuric  Acid.

Composition of Initial Distribution

cyclohexane phase [I2],
F coefficient, Dc

Hinton cyclohexane 1.00 x 10-3         70

1.00 x 10-5         60

Hinton cyclohexane 1.00 x 10-3         50

+ 1% cyclohexene 1.00 x 10-5         21

Hinton cyclohexane 1.00 x 10-3         73

+ 1% 2-methyl-2,4- 1.00 x 10-5         54

pentanediol ,

CH
13

CH -C-CH -CH-CH
31 2j  3
OH OH

_                     Hinton cyclohexane 1.00 x 10-3         37

+ 1% 2-methyl-2- 1.00 x 10-5         14

pentanol

CH
13

CH -C-CH -CH -CH
3 l 2.2 3
0H
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Table B.33 (cont:.)

Composition of Initial Distribution

cyclohexane phase I 12],
F coefficient, Dc

Hinton cyclohexane 1.00 x 10-3         73

+ 1% 2,4-dimethyl- 1.00 x 10-5 41

pentane

CH CH
13  I3

CHS-CH-CH2-CH-CH)

aThe procedure used is outlined in Fig. B.1; light was
excluded.

b
The cyclohexane-I2 solution was activated by Method 4
(see p. 82).

C
In all instances the recovery of activity was. essentially
quantitative.

dThis value for D was atypical.; the usual value for D was
80.

*

.
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therefore, to speculate as to the possible impurities present in the

untreated Eastman Spectro Grade cyclohexane which could cause the

·                  zero-time distribution coefficient to be lower than the values found

when ·using  the purer cyc].ohexanes. Four  "impurities" were chosen  for

-  investigation: cyclohexene5 2-methyl-2-pentanol, 2-methyl-2;4-penane

diol and 2,4-dimethylpentane.  0.01 ml. of the "impurity" was added to

one ml. of the cyclohexane-iodine phase of the reaction mixture; the

aqueous phase was 1.00 K sulfuric acid and the initial iodine concen-

tration in the Hinton Primary Standard grade cyclohexane was either

-3               -51.00 x 10  F or 1.00 x 10  f.  The results, summarized in Table B.33 /
-

indicate that the unsaturated compound (cyclohexene) and the tertiary

alcohol (2-methyl-2-pentanol) reduced the measured distribution coef-

ficient; the diol (2-methyl-2,4-pentanediol) and the alkane (2,4-

-                 dimethylpentane) did not affect it.

B.III.b.5. The Dependence of D on Light and Radiation

Effect of Light It is well-known that light can have a signif-

icant effect upon the chemistry of·iodin.e. For this reason all opera-

tings, except where specifically noted otherwise, were carried .out in

the dark. A spot-check.was made to determine the effect, if any, of

ordinary laboratory fluorescent light on the two-phase reaction mixture.

-5
A reaction mixture comprised of.1.00 x 10 F iodine in Hinton Primary

Standard grade cyclohexane and 1.00 l sulfuric acid was stirred, in the

dark, for 24 hours to determine the dependence of the distribution coef-

ficient on the· time of mixing.  At: the ·completion of the 24-hour mixing

time one-ml. aliquots were removed from each phase and counted.  The

reaction vessel  and its contents was then allowed to stand in the light
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and without.being stirred. After 0.25 and 1.5 hours had elapsed one-ml.

aliquots were removed from each phase and counted.  The results, given

f.in the last two entries of lable B.19 indicate that light significantly

decreased the distribution coefficient.

Effett of Radiation It  is  noteworthy· tha·t,  although  the  amount

of iodine-131 used in the experiments varied over the range of from

0.025 to 0.5 microcuries per milliliter of cyclohexane-iodine solution,

no effect attributable to the radiation could be detected.
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B.IV. DISCUSSION

B.IV.a. A Brief Sunin'ary of the Previous Work Concerning
the Distribution of Iodine Between Nonaqueous Solvents

and Aqueous Solutions

In 1950 Kahn (12) reported that the distribution coefficient. D.
.

for iodine between benzene and.dilute sulfuric acid (RH = 1.3) de-

creased with a decrease in the initial iodine concentration in the

./

benzene phase.  He reported that more iodine appeared in the aqueous

phase than would be  expected  from the known macro chemistry  of  iodine.

For example, for an initial iodine concentration in the benzene phase

-2
1 of 1.0 x 10  E the experimentally determined distribution coefficient

was 379, and for an initial iodine concentration in the benzene phase

-4
of 1.0 x 10  K the experimentally determined distribution coeffi-
*

cient was 304. Kahn explained this decrease in the distribution.

coefficient with decreasing iodine concentration by postulating the

presence of an impurity in' the aqueous phase which reacted with molec-

ular  iodine  to  form a benzene-insoluble iodine species. The concen-·

tration of the impurity in the aqueous phase was estimated to be

5 x 10-7 M.  However, Kahn did not mention the possibility of an

impurity originating in the nonaqueous solvent contributing to the

decrease in the distribution coefficient with decreasing iodine

concentration.
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In 1956 Good and Edwards (17) reported on a study of the distribu-

tion of iodine between aqueous solutions at various EH. and carbon disul-
&.

fide where the initial concentration of iodine in the carbon disulfide
16was varied over the range 10  to 10- F.  They also reported that more

iodine appeared in the aqueous phase than could be accounted for on the

basis of the kiiown chemistry of iodine. This dj.screpency increased as

the total iodine concentration. decreased and as the time of mixing of

. the two phases increased.  Good and Edwards attempted to account for ·

this discrepency by postulating a reaction (or reactions) between iodine

and unknown impurities in the aqueous phase which caused excess iodine

to appear in the aqueous phase.  However, Good and Edwards did not

mention the possibility of an impurity originating in the nonaqueous

solvent contributing to the decrease in the distribution coefficient.

In 1957 Wille and Good (18) reported on the distribution of iodine

between carbon tetrachloride and aqueous solutions at various EH where

the initial.concentration of iodine inthe carbon tetrachloride phase

-1      -5
was varied over the range 10 to 10  K. They also reported excess

iodine appearing in the aqueous phase and that this excess iodine in-

creased with increasing mixing time of the two phases and decreasing

iodine concentration.  Wille and Good accounted for these discrepencies

-                by postulating the following mechanism.

"...the  first initial activity in the water layer is due to the
partition of iodine and to reactions between iodine and water.
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I       \I
2(CCl ) .

2(H20)                        (1)4\

I    + H O * I ·H 0                          (2)2 2 1 2  2

1.                      ·                    At  low  concentrations  reaction  (2)  would  .lie  far  to  the  right.
To calculate the exact effect of this reaction on the distribu-
tion coefficient, the equilibrium constant uould have to be

known.  However, the effect of' this reaction would be seen at
all EH values, which corresponds to'the data obtained.  Secondly,
the slow rise in activity of the aqueous phase with time could be
caused by the following dissociation of the water-iodine complex.

I  ·H 0 \ H20I   + I- (3)2 2.1

1.                                                      -      1 1          +
HOI       I

2

11
H          I

3

This ·equilibrium would be pH dependent due to the decomposition
of H20I+,  Thus the equilibriuiu concentrations of HOI and Ii
should decrease with a decrease in £H" (18).

This mechanism, postulated by Wille and Good, is in error.  First,

.reaction (2) would. be independent of the total iodine concentration.

Second, the previous theoretical discussion of the distribution coeffi-

cient (see p. 70 through  73) fully considers the contribution of

reaction (·3) to the observed distribution coeffi.cient and demonstrates

that this contribution is negligible.

It is of interest to compare some of the experimental techniques

employed  by  Good and Edwards  (17)  and  Wille  and  Good (18), which  were

..               the same in both instances, with those of this author.  First, Good
and Edwards (17) and Wille and Good (18) reported that the distribution

coefficient decreased for mixing times of from one to 5 minutes; this

author, however, has reported that the distribution coefficient is a

constant for mixing times of from one to 5 minutes.  Presumably, this
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dependence of the distribution coefficient.on the mixing time for short

mixing times, as reported by Good and Edwards (17) and Wille and Good

(18), is due to insufficient .mixing between the two phases of the system.

Second, Good and Edwards (17) and Wille and Good (18) reported that,

although they removed al i.quots from both phases during an experimental

run, (to keep the ratio of the volumes in the two phases constant) they

only counted the iodine-131:activity in the aliquot removed from the

aqueous phase.  This author. however: found it necessary to count ali-

quots from both phases as activity was often volatilized out of the

- reaction vessels.

In 1961 Brewer,  Simonson and  Tong (27) reported  on a study  of  the

-5distribution of iodine between carbon tetrachloride and 10   sulfuric

acid where the initial concentration of iodine in the carbon tetrachlori.de

was varied over the range 0.073 to 0.013 K.  Brewer, et al., reported tliat

their "distribution ratios" (which they define as "...ratio of concentra-

tion in carbon tetrachloride·to concentration in water...") decreased

predictably from 91.1 to 89.8 as the initial concentration of the iodine

in the carbon tetrachloride decreased from 0.073 to 0.013 f.  They used

an apparatus of their design, "a vapor phase equilibrator," for their

distribution studies. This apparatus transferred the iodine from the

carbon tetrachloride solution to the aqueous solution via the vapor phase

and thereby eliminated direct contact between  the two liquid phases.

Brewer, et al.., concluded  that:  the low values reported  for the "distribution

ratio" by othar investigators was due to·"...varying emulsification of

some of the CC].4
phase in the·aqueous pha·se" (27).
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However, the report by Brewer, et al., is somewhat incomplete with

respect to the following topics.

1. The initial concentration of iodine in the carbon tetrachloride

is sufficiently high (0.073 to 0.013 E), and the iodine concen-

tration range sufficiently small based on the work by Kahn (12) ,

Good and Edwards (17), Wille and Good (18) and this author,

that it is doubtful if an investigator could, within experi-

mental error, discern any dependence of the distribution coef-

ficient on the iodine concentration.

2.  The total iodine concentration could have been significantly

decreased by dissolution of the iodine in the saturated sodium

nitrate solutions which were .used :to. pump the iodine-containing

vapor around the system.  No mention of this possibility was

made by Brewer, et al.

3.  The contention of Brewer, et al., that varying einulsification

of the carbon tetrachloride in the aqueous phase could be re-

sponsible for the observed decrease in the distribution coef-

ficient with decreasing iodine concentration cannot possibly

explain the decrease of the distribution coefficient with de-

creasing iodine concentration as observed by other investigators

(12, 17, 18 and this work).

4.  There was a complete lack of references to the work on the dis-

tribution of iodine performed by Kahn (12), Good and Edwards

(17) or Wille and Good (18) and, also, the related work. performed

by Kennedy (28), Katzin (15) or Wolfenden (19).
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B.IV.b. A Brief Summary of the Previous Work Concerning
Topics Related to the Distribution of Iodine Between

Nonaqueous Solvents and Aciueous Solutions

In ].949 Kennedy (28) reported on a study of "The Hydrolysis of

Iodine   and   a   Reaction·with    'Proponal"';   he   investigated   the   inhibition

of the iodide-iodate reaction,
4

5 I- + IO3 + 6H    3I2  +  3H20 '

by small concentrations of n-propanol and the decolorization..of aqueous

acidic solutions of iodine  in the presence  o f iodate and n-propanol.

Kennedy reported that, "The kinetic studies (of the i.odide·-iodate

reaction) in acid solution give good evidence for the existance of a

species not before reported, I2011-. This substance is analogous to

I--   . . . . . . "  (28).
3-'

In 1953 Katzin (15), in a spectroscopic study of iodine in oxygen-

ated solvents- and the dissociation of iodine in aqueous solutions, re-

ported that triiodide slowly developed in the solutions of iodine in

either water or one of the lower alcohols of four carbons or less.

Katzin attributed the slow formation of triiodide in the alcohols to

the presence of impurities in the alcohol which reduced iodine to

-                 iodide.

In 1957 Wolfenden (19), in a spectroscopic study of the slow devel-

opment of triiodide in aqueous solutions of iodine, concluded that the

slow formation of triiodide was due mainly to reduction of the aqueous

iodine by traces of dust and not. to the slow hydrolysis of a water-

iodine complex (I2.1120).
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B.IV.c. This.Work

The distribution coefficient, D, for iodine between cyclohexane

and aqueous solutions was studied where the initial concentration of

iodine in cyclohexane ranged from 1.00 x 10-2 to 1.00 x 10-5 F. The
-

compositioni iotii.c strength and EH of the aqueous solutions were varied,-
as was the purity of the cyclohexane and aqueous solutions.

B.IV.c.1. The Distribution of Iodine Between Cyclohexane and 0.100 F

Perchloric Acid

The distribution coefficient for iodine between cyclohexane and

0.100 K perchloric acid was studied where the initial concentration of

-2              -5
iodine in cyclohexane ranged from 1.00 x 10 to 1.00 x 10 F.  The

-                 distribution coefficient. D, behaved in the following manner.

1.  D decreased with a decrease in the initial concentration of

iodine in the cyclohexane.

2.  D decreased with an increase in the time of mixing between

the two phases.

3.  D was independent of the age of the cyclohexane-iodine solu-

-5tion  (with the exception of. the  1.00· x 10 F iodine solution

where slight aging effect was noted).

4.  D was independent of the presen€e, or absence, of ordinary

fluorescent light.

5.  D varied with the method used for inoculating the cyclohexane-

iodine solution with iodine-131.

The investigation of the distribution coefficient for iodine between

cyclohexane and 0.100 K perchloric acid was terminated and the investi-.

gation started anew where sulfuric acid And sulfuric acid-potiassium
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sulfate mixtures were used for the aqueous phase. .It was· decided to

change the composition of the aqueous phase froin perchloric acid ·to

sulfuric acid because of the tesults of Reynolds (14) which indicated

the presence of impurities, which react with iodine, in·perchloric acid.

B.IV.c.2. The Distribution of Iodine Between Cyclohexane and Sulfuric

Acid or Su].furic Acid -- Potassium Sulfate Mi.xtures

The distribution coefficient for iodine between cyclohexane and

sulfuric acid or. sulfuric acid - potassium sulfate mixtures was studied

where the initial concentration of iodine in cyclohexane.ranged from

1.00 x 10-3 to 1.00 x 10-5 K.

Zero-Time Studies The results of studies of the distribution

coefficien.t for iodine between cyclohexane and aqueous solutions, where

the two phases are mixed for one minute, are summarized below.

1.  Time of Mixing:  It was demonstrated that the distribution

coefficient was independent of the time of mixing of the

two phases where the mixing time varied from one···half to 5

minutes.  The two phases were mixed by vigorously shaking

the glass-stoppered centrifuge tube in which they were con-

tained.  These results are in contradiction to those reported

by Good and Edwards (17) and Wille and Good (18); they reported

that, over a similar range of mixing times, the distribution.

coef ficient decreased  as the mixing time  increased.   This  dis-

crepancy is undoubtedly ascribable to the more thorough mixing

of the two phases with vigorous hand-shaking, which was employed

by tliis author and also Kahn (12), as compared to the mechanical

shaker, suspended in a constant temperature bath, as employed.
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by Good and Edwards (17) and Wille and Good (18).

2. Iodine Concentration: The distribution coeffici·ent decreased

with a decrease in the initial concentration of· iodine in the

cyclohexane; the initial concentration of iodine in cyclohexane

ranged from 1.00 x 10-3 to 1.00 x 10-5 2.  These results are

similar to those reported by other investigators (12, 17 and

18).  This decrease id the distribution coefficient with

decreasing iodine concentration cannot be explained on the

basis·of the known macro chemistry of iodine.

3.  Age of Cyclohexane-Iodine Solutions:  It was demonstrated that

the distribution coefficient was independent of the age of

either the inactive or active cyclohexane-iodine solutions

up to two weeks old.

4.  Composition of Aqueous Phase:  The distribution coefficient

increased as the £H of the aqueous phase increased from that

of 1.00 K sulfuric acid to that of 0.340 £ potassium sulfate

(at a RH of 2.7), at constant ionic  strength (u = 1.0), and.

.4
as the ionic strength increased from 2.5 x 10   to 1.7. at

constant EH (ZH = 3.55 1 0.15). This increase in the distri-

bution coefficient with increasing RH, at constant ionic

strength, is in contradiction to the results reported by Good

and Edwards (17) and Will.e and Good (18). However, they did

not mention what the exact composition of their aqueous so].u-

tions were  and,  therefore, no direct comparison between  this

.investigator's results and those of Good and Edwards', or

Wille and Good's, is possible.
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5.  Purity of the Cyclohexane:  The distribution coefficient in-

creased with increasing purity of the cyclohexane.

The distribution of iodine between cyclohexane and aqueous

solutions was studied using three cyclohexanes; untreated

Eastman Spectro Grade, treated Eastman Spectro Grade and Hinton

Primary Standard grade.  For an initial concentration of iodine
-3in  cyclohexane  of  1.00 x 10    K· the Hin.ton Primary Standard

grade cyclohexane gave the highest value for the distribution

coefficient (D = ·80) 3 the treated Eastman Spectro Grade cyclo-

hexane gave the next highest value for the distribution coef-

ficien.t (D = 77) and the untreated Eastman Spectro Grade cyclo-

hexane gave the lowest value for the distribution coefficient

(D = 68).  For an initial concentration of iodine in cyclo-

-5
nexane of 1.00 x 10   K the treated Eastman Spectro Grade cyclo-

hexane gave tlie highest value for the distribution coefficient

(D = 48), the Hinton Primary Standard grade cyclohexane gave the

next highest value for the distribution coefficient (D = 40)

and, again, the untreated Eastman Spectro Grade cyclohexane gave

the lowest value for the distribution coefficient (D = 6).

Although the absolute purity of the treated Eastman Spectro Grade

cyclohexane is unknown, the indications are, with regards to

impurities which lower the distribution coefficient for iodine,

that its purity is similar to Hinton Primary Standard grade

cyclohexane.

Distribution experiments were not carried out with Phillips

Research Grade cyclohexane since it was found to react with

molecular iodine.
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The distribution coefficient decreased if certain selected

impurities were added to the cyclohexane phase of the two-phase

reaction mixture.  The addition of one percent, by volume, of

cyclohexane and 2-methyl-2-pentanol decreased the distribution

coefficient, whereas the addition of one percent, by volume, of

2,4-dimethylpentane and 2-methyl-2,4-pentanediol had no effect

upon the distribution coef ficient.

6. Aqueous Impurities:  The distribution coefficient was observed

to be dependent on the presence of certain impurities in the

aqueous phase: Ozone decreased the distribution coefficient,

presumably through the formation of iodate, whereas hydrogen

peroxide increased the distribution coeficient.  However, sat-

urating the aqueous phase with either nitrogen or oxygen had no

effect upon the distribution coefficient.  Likewise, the addi-

tion of airborne impurities to the aqueous phase did not affect

the distribution coefficient.

Time Studies The results of studies of the distribution coefi-

cient for·iodine between cyclohexane and aqueous solutions, where the

two phases are mixed for up to 38 hours, are summarized below.

1.   Mixink Time: The distribution coefficient decreased with

increasing duration of the mixing process up to approximately

24 hours.  These results are compatible with those reported

by Good and Edwards (17) and Wille and Good (18); they reported

that the distribution coefficient decreased with increasing

duration of the mixing process  over a period  of 2 hours.

2.  Composition of Aqueous Phase: The distribution coefficient
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decreased more rapidly with increasing mixing time when the

composition of the aqueous phase was changed from 0.340 E

potassium sulfate at a .RH = 2.7  to 1.00 K sulfuric acid;
the ionic strength, u = 1.0, was the same for both aqueous

phases. The  addition of nitrogen  or oxygen  to  the  1.00 g
.,

sulfuric acid did not affect the values observed for the

distribution coefficient over a mixing time of 24 hours.

The addition of hydrogen peroxide-did not affect the values

observed for the distribution coefficient at 4 and 24 hours

mixing time although hydrogen peroxide increased the values

observed for the initial (zero-time) distribution coefficient.

3.  Purity of the Cyclohexane:  The distribution coefficient

decreased more rapidly with increasin.g mixing time as the

purity  of the cyclohexane· decreased.

4.  The Chatacterization of Activity in the Cyclohexane Phase:

The iodine-131 activity in the cyclohexane phase was character-

ized employing an extraction procedure.  The procedure used

yielded the percentage of iodine-131 in the cyclohexane phase

which isotopically exchanged with, or was reduced by, aqueous

iodide, was reduced by aqueous acidic sulfite or extracted into

aqueous hydroxide.

-3
For a one-minute·mixing time between 1.00 x 10 and 1.00 x

r

10   K iodine in untreated Eastman Spectro Grade cyclohexane

and the aqueous phase. (1.00 g sulfuric acid or 0.340 E potassium

sulfate at a EH of 2.7) 99 an.d· 95 percent o.f the iodine-1315

tespectively, in the cyclohexane phase, behaved ds molecular

iodine.

169



For ·a 38-hour mixing time between 1.00 x 10-3 E iodine in

untreated Eastman Spectro Grade cyclohexane and the aqueous

phase (1,00 F sulfuric acid or 0.340 K potassium sulfate at a

EH of 2.7) 96 percent of the iodine-131 activity in the cyclo-

hexane phase behaved as molecular iodine.

5
For a 38-hour mixing time between 1.00 x 10  K iodine in

untreated Eastman Spectro Grade, cyclohexane and 1.00 g sulfuric

acid and 0.340 g potassium sulfate (EH = 2.7);

a.    approximately  60  and  25 percent, respectively, of the

iodin.e-131 activity iii the cyclohexane phase did not ex-

tract into aqueous iodide.

b.  approximately 33 and 10 percent, respectively, of the

iodine-131 activity in the cyclohexane phase did not

extract into aqueous acidic sulfite, and,

c.  in both instances, over 90 percent of the iodine-131

activity in the cyclohexane phase extracted into aqueous

hydroxide.

These results for 1.00 x 10-5 K iodine indicated that at least

two chemically distinct forms of iodine-131 activity, other

•                          than molecular iodine, were present in. the untreated Eastman

Spectro Grade cyclohexane phase after 38-hours mixing time

with an acidic aqueous phase; one, species is reduced by aqueous

acidic sulfite and extracts into aqueous hydroxide but does not

undat go isotopic exchange, or reduction, with aqueous iodide,

and, another species which is neither reduced by aqueous acidic

sulfite nor aqueous iodide nor undergoes isotopic exchange with
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aqueous iodide but is extracted into aqueous hydroxide.
3

For a 24-hour mixing time between 1.00 x 10-  and 1.00 x

-5
10   F iodine in Hinton Primary Standard grade cyclohexane and

1.00 g sulfuric acid 98 percent and 99 percent, respectively,

of the iodine-131 activity in thet cyclohexane phase behaved

as molecular iodine.  These results show that for 1.00 x 10-5 E

iodine in cyclohexane there is a considerable decrease in the

amount of iodine-131 species which do not behave-as molecular

iodine in the cyclohexane phase of the two-phase reaction mix-

ture when Hinton Primary Standard grade cyclohexane is used as

opposed to the .results observed when untreated Eastman. Spectro

Grade cyclohexane was used.

5.  Characterization of Activity in the Aqueous Phase: The aqueous

phase of the two-phase reaction mixture was subjected to an

extraction procedure in order to characterize the iodine-131

activity.  The procedure used yielded the percentage of iodine-

131 activity in the aqueous phase which was sol.uble in cyclo-

hexane and isotopically exchanged with aqueous iodide. soluble

in cyclohexane but did not isotopieally exchange with aqueous

·                      iodide, 11Ot soluble in cyclohexane but isotopically exchanged

with iodine in cyclohexane, and, neither soluble in cyclohexane

nor isotopically exchangeable with iodine in cyclohexane.

-5
For  a 38-hour mixing time betweeil  1.00  x 10 F iodine iii

-

untreated Eastman Spectro Grade cyclohexane  and  1.00  F  sulfuric

acid and· 0.340 I potassium sulfate (211 = 2.7); 28 and 64 percent,

respectively, of the iodine-131 activity in the aqueous phase
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extracted into cyclohexane but, in each instance, 5 percedt

did not.back-extract into aqueous iodide, and in each instance,

approximately 5 percent of the iodine-131 activity in the

aqueous phase did not extract into a cyelohexane-iodine solu-

-5
tion. These results for 1.00 x 10 F iodine indicate that

the aqueous phase, after 38-hours mixing time, contained at

least two chemically distinct forms of iodine-131 activity

which did not behave as iodine, iodide or hypoiodite.  One

of these species of iodine-131 activity was soluble. in cyclo-

hexane but did not undergo isotopic exchanges or reduction,

with aqueous iodide, and, the other species of iodine-131 activ-

ity was insoluble in cyclohexane and did not undergo isotopic

exchange with molecular iodine in cyclohexane.
0

For a 24-hour mixing time between 1.00 x 10 -' F iodine

in Hinton Primary Standard grade cyclohexane and 1.00 F sul-

furic acid approximately 70 percent of the iodine-131 activity

in the aqueous phase extracted into cyclohexane but 4 percen.t

did not back-extract into aqueous iodide, and approximately 3

percent of the iodine-131 activity in the aqueous phase did not

extract into a cyclohexane-iodine solution.

-5For  a 24-hour mixing  time between  1.00 x -10 F iodine in

cyclohexane and 1.00 £ sulfuric acid approximately 7 percent of

the iodine-131 activity in the aqueous phase extracted into

cyclohexane but 3 percent did not back-extract into aqueous

iodide, and, 7 percent of the iodine-131 activity in the aqueous

phase did not extract into a cyclohexane-iodine solution.
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6.   Airborne  Impurities:   Vai:ying  amounts of airborn.e impurities

were"added to 1.00 F sulfuric·acid to determine whether these--

impurities are, in part, responsible for the decrease in the

distribution coefficient for iodine with either decreasing

iodine concentration or increasi·ng duration of. the mixing

process.  The results indicate that there is no apparent cor-

relation between the amount of airborne impurities present in the

aqueous phase and the decrease in the distribution coefficient

with either decreasing iodine concentration or increasing mix-.
  ing time. These results contradict those of Wolfenden (19)
»b.
*... ....

 who, in 1957, reported on a spectroscopic study of the slow
*3.q

audevelopment of triiodide i.n aqueous so].utions of iodine; he
concluded that the slow formation of triiodide was due mainly

.to reduction of the aqueous iodine by traces of dust.  However :

-riff

ftthe results reported here do not preclude the possibility of a
*.

9*eaction between du.st and iodine being a factor in the slow
.'....«pprmation of triiodide.

7.  Redistribution Studies:  Studies of the dependence of the dis-

tribution coefficient on the time of mixing of the two phases

indicate that the reaction, or ·reactions, go to completion

within 24 hours ·(i.e. the distribution coefficient is essen-

tially a constant for mixing times of 24 hours or more).  If

these reactions free the cyclohexane-iodine solutions from

impurities then a constant distribution coefficient for iodine
1 1              •        I           i tshould be observed when this .purified  cyclohexane-iodine solu-

tion and a fresh acidic aqueous phase are mixed.  Several
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experiments were performed where the distribution coefficient

for iodine, which had been in contact with an acidic aqueous

phase for 24 hours or more, was remeasured using a fresh por-

tion of the same aqueous solution.  For an initial iodine con-

centrat:ion in cyclohexane of 1.00 x 10-3 or 1.00 x 10-5 F

and an acidic aqueous phase the initial zero-time and remeasured

zero-time distribution coefficients were essentially the same

for a given iodine concentration and composition of the aqueous

phase„  The cyclohexane was either untreated Eastman Spectro

Grade or Eastman Spedtro Grade which had been treated by reflux-

ing with 20 F potassium hydroxide for 3 days and, then, distilled

and the acidic aqueous phase was either 1.00 1 sulfuric acid or

0.340 F potassium sulfate at a 211 of 2.7.  However, the remeas-

ured 24-hour distribution coefficients were observed to be two

to four times larger than the initial 24-hour distribution coef-

ficients. These results indicate that the reaction, or reac-

tions, which cause the distribution coefficients to decrease

with increasing duration of the mixing process do not completely

free the cyclohexane-iodine phase of reactive impurities after

24 hours of mixing.  Likewise, the treatment of the cyclohexane

with hydroxide apparently does ndt affect the values observed

for the distribution coefficient.
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B.IV.d..A Mechanism  to Explaint  in Part.  the

Discrepencies in the Distrib
ution of Iodine

between Cyclohexane and Aqueous Solutions

Any mechanism proposed to explain the discrepencies in tlie distri-

bution of iodine between cyclohexane and aqueous solutions must be con-

sister.t with the fol].owing brief summary of the results.

1.  The distribution coefficient decreases with a decrease in the

initial concentration.of iodine in cyolohexane.

2. The distribution coefficient increases when the composition

of the aqueous phase is changed from 1.00 f sulfuric acid

to 0.340 Epotassium sulfate (at a £H = 2.7). The ionic

strength of these two solutions is 1.0.

3.  The distribution coefficient increases with an increase in the

purity of the cyclohexane.

4.  The distribution coefficient decreases as the time of mixing

of  the two phases  o f the reaction mixture  increases.

5 . Iodi.ne-131 species,   which   do not behave as molecular   iodine,

iodide or hypoiodite, were observed in both th·e aqueous an.d

nonaqueous phases of the reaction mixture after 24 or more

hours mixing time.

6.  The distribution coefficient for iodine in cyclohexane, which

had been in contact with an acidic aqueous phase for 24 hours,

was remeasured using a fresh portion of the same aqueous solu-

tion. The remeasured zero-time distribution coefficients were

found to be virtually the same as the initial zero-time distri-

bution coefficients when the remeasured zero-time distribution

coeffi.cients were cori:ec·ted for the change in the concentration
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of  iodine  in the cylohexane after the 24-hour mixing  time.

Also, the remeasured 24-hour distribution coefficients were

                           found to be approximately two to four times larger· than the

initial 24-hour distribution coefficients.

The.following general reaction is propo.sed to partially explain the

six aforementioned discrepencies in the distribution of iodine between

cyclohexane and aqueous solutions.

Slow
-                                    12 + Imp + 820 + H+X    , I     + I +   Imp'    [1]

aq    nonaq

where I2 = molecular iodine iii either the aqueous phase,

the nonaqueous phase or the phase interface

Imp = reactive impurity originating in the nonaqueous  phase,

I   = iodine species (probably either HIO or I-) soluble in theaq

aqueous phase,

I           = iodine species soluble  in the nonaqueous  phase,  but
nonaq

not molecular iodine, and

Imp '  =  chemically  changed  form. of  the  impurity  an.d not  con-

taining iodine .

If it is postulated that the following conditions hold then it

is possible to explain the observed discrepencies in the distribution

of iodine between cyclohexane and aqueous solutions.

1.  This reaction [1] proceeds to a measurable extent in the cyclo-

hexane-iodine solutions, prior to preparation of the two-phase

reaction mixture, due to the small amount of water ·present .in

the.cyclohexanes (approximately 0.2 percent water in untreated
.

Eastman Spectro Grade cyclohexane and approximately 0.01 per-

cent water in Hinton. Primary Standard grade cyclohexane) .
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Although   the   reaction   is   slow it reaches equilibrium  within

24 hours. Decreasing the initial concentration of molecular

iodine in·cyclohexane and/or increasing the amount of water

and reactive impurity (Imp) will cause a larger percentage of

the molecular iodine, initially present in the cyclohexane,

to be converted to I and I Upon mixing this cyclo-aq nonaq

hexane-iodine solution with an acidic aqueous solution with

an acidic aqueous solution the I will be extracted into the
aq

aqueous phase. Th.erefore, the initi.al (zero-time) distribution

coefficient will decrease with decreasing iodine concentration

and decreasing purity of the cyclohexane.

Hence, if condition No. 1 holds then reaction [1] is sufficient to

explain the decrease in the initial (zero-time) distribution coefficient

with decreasing iodine concentration and decreasing purity of the cycle-

hexane. Furthermore, if a second condition is postulated then reaction

[1] can explain the observed decrease in the distribution. coeffi.cient

with increasing duration of the mixing process and decreasing RH of

the aqueous phase  and the redistribution results.

2.  Reaction [1] proceeds to the right when the cyclohexane-iodine

solution is mixed with an acidic aqueous phase.

Reaction [1], however, is insufficient, by itself, to explain the

presence, in each phase, of two different iodine-131 species which do

not behave as iodine, iodide or hypoiodite.  Therefore, it is necessary

to postulate a second reaction which generates an iodine-131 species

(not iodinc, i.odide, hypoiodite nor the I or I post:i.ilated in
aq     nonaq

*

readtion [1].  The proposed reaction is

I               + Imp" JI -   Imp"                                                   [2]

nonaq / iionaq
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where I = the same speci.es generated by reaction [1] and
n.on.aq

N                                      Imp"  =  is  an  impurity,  originating  in tile cyclohexane,

which could be either the Imp or Imp' from reaction [1]

or a different impurity altogether, also not containing

iodine.

The I -Imp" species behaves as an or'gaiiic iodine compound (or
nonaq

complex) in that it does not extract into either aqueous sodium iodide

or aqueous acidi.c sodium sulfite but rather extracts into aqueous

sodium hydroxide.

B.IV.e. Suggestions for Further Work

.

The distribution coefficient for iodine between cyclohexane and

aqueous solutions was observed to be dependent on the purity of the

cyclohexane.  It would be of interest to investigate further the dis-

tribution of iodin.e between cyclohexane and aqueous solutions with the

emphasis placed on identifying the impurit:Les in the cyclohexane which

react with the iodine to cause the distribution coefficient to decrease

with decreasing iodine concentration and increasing time of mixing.

l-
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