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"THE PREPARATION OF DILUTE, DRY, NONAQUEQUS SOLUlIONS OF MOLECULAR

IODINE INOCULATED WITH TODINE- 131

R

. THE DISTRIBUTION OF MOLE ULAR IODINE BETWEEN CYCLOHEXANE AND
AQUEOUS SOLUTIONS. ' '

Garet E. Van De Stéeg, Pr.D
Department of Chemistfy

" The University of New Mexico, 1968

A.. The preparation of dilute, dry, nonaqueous solutipns of molecular
iodine inoculated with iodine-131 has been investigated., The dilute;
dry, nonaqueous solutions of molecular iodine were inoculated with
iodine-131 via the isptopic exchange of iodine atoms between iodine-
131 activity adsorbed on a platinum sﬁrface and theé molecﬁlar iodine

in solution’ Ihis,procedufe permits the preparafion'of dilute, dry
solutions of molecular iodine, in a number of nonaqueous solvents,
which are inoculated Qith appropriate amounts of iodine-131 without
introducing‘any kﬁown or measurable impurities into tﬁe solution, with-~
out affectiug the iodine concentration, without changing the chemical
nature of the dissolved iédine and without introduping_into the solu~
tions iodine-121 species which behaved in ‘a manner bthér than that
expected of melecular iodine. Another procedure, whereby the dilute,
dry , nonaqueocus solutions of molecular iodine were inoculated with
iodine~131 via the isotopic éxchange of jodine atomg between iodide-131
adsofbed ori the surface of preformed silver iodide precipitates'and
molecular iodine in solution; was investigated briéfly; this proce-
dufe;'however, was not as satisfactory as the.procedure,.just describea,

employing the use of platinum.
P40y :
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B. The distribution of iodine between cyclohexane and aqueous solu-

tions was investigated. The distribution coefficient was found to be

'dependent on the pH and ionic strength of the aqueous phase, the initial

concentration of iodine jn the cyclohexane, the duration of the mixing
process for the cyclohexane - jodine - aqueous system and the pGrity
of the cycloﬁexane. Howevér,VWhen very high purity cyclohexane was
used the dependence of the distribution ccefficient on the pH of the
aqﬁeous phase, the initial concentration of iodine in the cyclohexane
and the durgtion of the mixing process for the cyclohexane - iodine -
aquecus system was decreased, -Iodine~131 speciés, whick did not behave
as molecular iodine, iodide or hypoiodite, weve obsarved in both the
cyclohexane and aqueous phases of the two-phase reaction mixture after
5/ hours or more mixing time. A mechanism, encompassing reactions
between iodine and jmpurities 6riginally present in the cyclohexaﬁe,
is proposed to explain the observed behavior ¢f the distribution

coefficient.
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PART_A

THE PREPARATION OF DRY, DILUTE, NONAQUEOUS.SOLUTiONS

OF MOLECULAR IODINE INOCULATED WITH IODINE-131

A.I, INTRCDUCTION

Preliminafy work on thé subject of the distribution of iodine
befween nonaqueous solvents and aqueous solutions indicated that it
would bebneceséary to develop alprocedure for the preparation of
dilute, dry, nonaqueous solutions of molecular iodine imoculated
with appropriate amounts of iodine-131.

Initially, the dilute, dry, nonaquecus solutions of melecular
icdine 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 solqtion. The
devélopment of this prbcedure was not pursued to a significant extent,

however, because the yield of iodine-~131 in the nonaqueous jodine 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 silvér iodide precipitaté; for example, thé'
dry, finely divided precipitate could easily be dislodged by an air
current and scattered around the labqratory.

SuBseqﬁenfly, a different approach wés undertaken., A number of
investigators had reported that under certain conditions, carrier—freé
iodine-131 activity is almost quaﬁtitatively adsorbed frem aqueous solii-
tions by platinum (1, 2,.3, 4,5, 6 and 7). Therefore, an iﬁvéstigan

tion into the inoculation of dilute, dry, nonaqueous solutions of




moleﬁular iodine with iodine-131, via isotopic exchange with iodine-
131 activity adsorbed on a platinum'surface, was undertaken, This
'iﬁVestigation 1éd4to‘a successful prdcedﬁre Whereby'iodihé solutions
in a number of nonaqueous solvents could be inoculated witﬁ 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 solutions iodine~131 species which behaved in a manner-

‘other than that expected of mclecular iodine.

n




A.11. EXPERIMENTAL

A.JT.a. General Procedures, Reagents.and Materials

Two pfbéeaures ﬁere investigated for uge in the acti&atioh of dry,
diluﬁe, nonaqueous. solutions of mélecular ipdine. One procedure involved
preformed silver iodide precipitates whose surface was made active with
adsorbed iodide-~131. The other procedure employed plétinum foil which
had iodine~131 activity adsofbed'on its surféce.

The term ”adSorption"vused~in this chaptef refers to the following:

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

131 by preformed silver iodide precipitates via adsorptidn on

the surface of the precipitate and/or isotopic exchange with

iodide ions in the crystal lattice. |

2. For platinum foil;

a. uptakg'of carrier-free iodine-131 activity by platinum
fcil via adsorption on thé surface of the foil, or,

b. wuptake of carrier-free iodine-131 activity by iodinated
platinum foil via adsdrption on the surface of_the foil
and/or isotopic exchange with iodine previouély adsorbed
onto the surface of the foil.

Todination is that process whereby iodine-127 is adsorbed onto the sur-
vface of the foil by exposure of the foil to a nonaqueous solution of
molecular iodine. |

Except where ﬁoted,’ptoéedures were usually carried out in the
presence of ordinary fluorescent lighting. “The exclusionvof‘light,
where noted, was accomplished by wrapping the'entiré reactfon vessel

~in aluminum foil after the reactants had been added. Except where




noted, no attempt was méde to maintain the réactants at a constant
temperéture during the experimenps; all reactions were pgrforﬁed at
room_tempéraﬁure (é2'f 2°) with the-ex;eptiéh'of 6ﬁe_insténpeAwhére the
temperature was 50°.
Water

All water used in this research was prepafed iﬁ the folloﬁing man-
ner. Ordinary distilled water was redistilled from alkaline permangan-
ate in an all-Pyrex éystem and stored in Pyrex vessels capped with 24/40
female Pyrex joints,

Perchloric Acid

Analytical reagent gradé perchloric acid (Mallinckrodt) was fpme&
for ome hour in an opén platiﬁuﬁ'crucible at 160° (8). .PrepurifiQd
- nitrogen gas (Matheson) was passed directly from the tank‘throughvthe
‘acid during the heating, fuming and cooling process. Upon cooling, the
fuﬁed‘nitrogen;treated acid was immediately diluted with about twice its
ﬁolume of water., The concentration of the dilute acid was’detéﬁmined by
titration with standard sodium hydroxide.

Nitrobenzene

Reagent grade nitrobenzeéne (Baker) was fractionally distilled, from
alumina, in the dark, under wvacuum through a 20-plate Oldershaw column °
according to the procedure of Lin (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

4
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carﬁon tetrachloride (Mathesbn, Coleman and Bell) were used without
“furthgripurificatiOn,.
Badioiodiné

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 Qf the radicactive solution from the
original container and inoculating freshly prepared. 1.00 x 10‘”3 F sodium
sulfite, Thesé stock solutiions were used immeaiately after preparation.

" Other Reagents

All other reagents were of analytical reagent grade and usea with=
out further purification.
Glassware

All glassﬁare 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 immersion 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-
mangahate, covereﬁ with aluminum foil and dried in an oven at 110°, The
possibility of radiochemical contamination by adsorbed ibdine-lBl‘activ-
ity was resolved by monitoring all counting tubes and reaction vessels

‘after cleaning.

“Centrifugation

Centrifugations were performed in an International Clinical Centrvifuge

at 2000 to 3000 rpm.
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Counting Procedures

A-Ndclear_Chicago Model 132, single channel analyzer in conjunction

.Withﬁa_NUclear Chicagp DS;5 Na(Tl) well-fype scintillation probe was-

used to detect the gamma activity of the iodine-131. 'Samples were pre-
paféd and counted.in 15 x 125 mm. calibrated Pjrex‘test tubes.
| The test tubes were calibrated by filling them_;o a predetermined
height (corresponding to a volume of approximately 10.5 ml.) with‘an
iodide;131 solution aﬁd counting.' Those tubes which gave the same
counting rate within an expected standard deviation of f On6.pércent
were used for counting. All 1iquid samples were diluted to thé standard
counting-height and counted to within an expected standard deviation of
f 1.0 percent. Countiﬁg rates were ﬁot corrected for variations in
solution densities: Xahn (1C) 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 and

" 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 eompariﬁg the counting rate of the iodiné9
131 activity on a platinum foil with the counting ratelof.the solution
produced by dissolving the active fgil in aqua regia. This fatio was
found to be 2,31 i'O;Ol. In the dissolution of an active foil in aqua
regia, at room temperature, over 4 hours, at least 99 percenﬁ of the
adsorbed iodiﬁé—13i was reﬁovéred.

As indicated in Figures A.1 through A.5, it was necessary to count



the activity on the silver iodide precipitates.  [The silver iodide pre-

cipitates were dissolved in a potassium cyanide solution and counted.

The Preparation of biidtel ny, NonaQUebus Sblutions of Mclecular Iodine

A 1,00 kylo'zlg molecular iedine solution was prepared by adding. the’
prescribed amount 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 solutdion from which the more dilute solutions of iodine"

were prepared, In the case of nitrobenzene solutions of molecular

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

-dilute solutions ¢f molecular iodine were prepared by furthier dilution .

of aliquots of the 1.00 XIIO“E £ iodine sdlution, The iodine crystéls
wefe'weighed on a Mettler H-16 balance to ¥ 10 micrograﬁs._ Initially,
aliqudté of the 1.00 x 10f2 F iodiﬁe solutions were periodically titrated
so that tﬁe iodine concentration would'bé accurately known. It was found,
however, that over a period of one month, no change in the concentration

of the icdine was detected,

A.1T.b. The Preparation of Dilute, Dry., Nonaqueous Solutions of:

‘Molecular Iodine.Tnoculated with Todine-131 by Isotopic Exchange with

Jodine-~131 Activity Adsérbed on Silver Iodide Precipitates
The pfocedures used to investigate various aspects cof the prepara-
tion of dilute, dry, nonaqueous solutions of molecular iodine inoculated

with iodine-131 by isotopic exchange with iodine-131 activity adsorbed

- on the surface of preformed silver iodide precipitates are summarized

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

1.00 x 10  F potassium iodide and 0.2 ml. of 1.00 x 10~2 F 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 E 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 wés washed
: v . o o
twice with 5-ml. portions of 1.00 x 10 = F perchleric acid,
washed once wiﬁh acetone and dried in an oven for 0.5 hour at
140° (éee Figure A.1).

In}Proceduré B, the silver iodide.brecipitatevwas washed
twice with 5-ml. portions of‘l.OO X 10'-2 F perchloric acid, aged
for 12 hours while wet, washed once with acetone and dried in an .

- oven for 0.5 hou£ at. 140° (see Figure A.2).

In procedure C, ;he silver iodide precipitate was washed twice
with 5-ml. portions of water (see FiguievA.3); : : S

In-procédure'D, the silver iodide précipitate was washed

- twice with SQﬁl. portions of water, washed three times with 2-ml.
portions of absolute ecthanol and dried in an oven for 0,25 hoﬁf at
110° (;ee Figure A.4), . | |

In proceduré E, the silver iodide precipitate was washed

once with 5 ml. of absolute ethanol and -dried for several hours




at room temperature in a Qacuum desiccator (see Figure A;S).

Thesg procedures were éarried out in thé,centrifuge tubes. Eéch
.precipitate-was washed by in?roducing fhe washing solution into the
centrifﬁge'tube and stirring.the coﬁteﬁts by bubbling air‘through the
sblutions for one minute, utiiizing a capillar; pibefgp with a rubber
bulb at one end., The tube aﬁd.its contents was then'stqéperéd and
ceﬁtrifuged, and the liquid phase dréwn 6ff using abcapiilary pipette,
The tube éohtaining fhe silver iodide was capped with aluminum foil
rathér than witﬁ-thé étopper before placing in tﬁe oven to ﬁry.'

The dry, preformed silver icdide was activated by intrdducing into
‘thg cooled.centrifuge tube one ml..of a stock solution cf iodide~131 of
known specific a¢tivity. The mixture was stirred either

1., mechanically for_B‘minutes by'means of a Pyrex rod which was

rotated‘éf about 100 rpm., Or,

2. by passing 50 ém°3 of air through the mixtuié for one minqte.

"~ Subsequently, ﬁhe tube and its conténtszwas stoppered, ceﬁtrifuged, the
-aqueous phase dréwn off with.a capillary pipéﬁtevand couf.t‘ed°
The active silver iodide‘precipitafe.in the}centrifuge'tuﬁe was
treated using 6ne of the five following procedurés.
In procedure F, the active silver iodide precipitate was
~ washed twice with 5-ml. portions of 1aCO X 1052_5 perchloric acid
- (see Figure A.1). |
In procedure G, the active silver fodide precipitate was
. : L]
washed ﬁwice with 2.5"m1.'portions of 1.00 x 1052 F perchloric
acid, waShedAonce with acetone and dried in an dven for 0,5 hour
ét 1405.(seé Figure A§2l)o

In procedure H, the active silver iodide precipitate was

\0



washed twice with 2-ml. portions of water and dried in oven for
0.5 hour at 140° (see Figure A.3).
. S
in_prbcedure I, the activé-silver-iodidé précipitate-was
wéshed thréeléimes Qith lnﬁl.vportiohs of'absoluﬁe ethanol 'and
dried in an éven for 0.25 hour at 110°;(see Figure A.4).
In proceddre J; the active silver iodide precipitate Qas
washed once with 2 ml. of absdlute ethanol; washéd 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 thé contents by bubbling air through the
solution for one minute, using a capilliary pipette with a rubber bulb
at one end. .The tube and its contents was then centrifuged and the |
liquid phaée drawn off using a capillary pipette. The tube contain-
ing fhe‘silvér iodide waé capped_with aluminum foil rather than with

the stopper before placing in the oven to dry.

A.II.bné. Activation of Nonaqueous Iodine Soiution The isotopic ex-
change between the active, dry, silver iodide precipitétes>and mole;ular
iodine in cyclohexane was studied using‘the following procedure.
. Five ml, of'a‘lo¢0 X .10-./+ E'moléculér iodinemcyclahexane solution
‘was added.to,the acti%e'silyer iodide precipitate in_the centrifuge
tube. The mixture was then stirred using one of the three following
prqcedures.,
In brocedure K, cm% ofuair was passed through the mixture,
-utilizing é capillafy pipette as the delivery. tube.
 :In procédu;e L,‘nitrogep gas was passed thtough the mi§ture

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

10



In procedﬁre M, nitrogen gas was passed through the mixture

for 15 minutes utilizing a capillafy pipette as the deliQery tube.

The tube and its contents ﬁas:cgntrifuged and the cyclohexéne‘
phaée was drawn off using ahéapillary pipefte; The precipitate was
then washed oncg‘with one ml., of cyclohexane, the tube ceatrifuged and
the cyclohexane drawn off, The cyclohexane wash was combined with the
iodine-cyclohexane solution and the whole cogﬁted; The silver icdide
precipitate was dissolved in aquebus potassium cyanide and counted,

The percent exchange was calculated from the activity which remained
in the silver iocdide and the activity detected in the iodiné—cyclohexane
solution,

; e " A,IT.c., The Preparation of Dﬁ'lutct Dry, Nonaqueous Solutions of Mo]ecuﬂaf .

odlne Inoculated with Iodine=131 by Isotopic Exchange with Iodine-131
Activity Adsorbed on Platinum: F011 :

The.procedures.used §o investigate various aspects Of‘thé>prepéra~
"~ tion of dilute, dry, nonadueous solutions of molecular iodine, inoculated
with 1od1nf 131 by exchange with 1od1ne 131 activity adsorbed on the
surface of a‘platiﬁum foil are summarized in Figures A.6, A7 and A.8

and described below.

A IT,c.l, Activation of Platiﬁum‘Foii, The follqwing procedures were
‘used in the pretréatmeht of the platinum foil prior to its activation
with iodine-131. Platinum foil, 0.0625 mm. thick, was cut into 0.5 x 1.5
cm, strips. These strips were'pretreéted'in the various manners des-
cribed below and, then, in all instancés, 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

11




redness for one minute in the hottest pdftion of a Meeker burnef flame -
and, then,veither iodinated or placed direétly.iﬁ the reaction veséel.
Ptétreétmént A’consiétéd of imme}sipg the foils in;céﬁcent;atéd'
nitric acid for 16 hours at room pempérature.
Pretreafment B consisted of placing the foils in concentrated
nitric acid for 16 hours at room temperature and, then, treating
with aqua regia at room temperature for ohe minute.
In pretreatmenf C, the foils were immersed in concentrated
nitric acid at roém temperature for 16 hours followed by iﬁmexsion
in aqua regia for five minutes af room temperature,
Iﬁ pretreatment D, the foils were treated with aqua regia at
room temperature for five miﬁutes. |
'iodinatién consisted of placing the pretreated foils in a cyclo«
hexahe‘solution of inactive.ﬁélecﬁlar iodine (usualiy'l.Ob pls iOﬂA F) for
a specific time (usually 16 Hours).at room témperature iﬁ the preéenée
of ordinary fluorescent laboratory light. The foils were then'rinsed
~five times with cyclohexane and drijed in an oven for 0.5 hours at 110°%,
The following procedure was used to invéstigaté the adsorption of
ioaine~131’activity by platinum foil (see Figure A.6).
ﬂ’Five ﬁi. of én aqueous reaction mikthre was transferfed to é'réach"’”'”
. tion ﬁes;elﬁ So.to'SOOImicroliters of the iodide—131‘stcck-solution of
known specific activity was then added, Pretreated platinum’foilb
(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 thfee.oné-ml. poftions-of7water and, then,vcountedv(count No. 1);

count No. 2 represented the total activity present in the reaction

12




mixture and thé water washes subsequent to the'rémOVal df foil No. 1,
The percent acL1VLty adsorbed by the f011 and the total Dercent rccovcry
Weré calculated from these data. Inltlally, 15 x 125 mm. Pyréx test
tubes‘served as reaction vesséls; The reaction mixtures were stirred
mechanically w1th a Pyrex rod which was rotated at abodt 100 rpm. Sﬁb4
sequently, glass~stoppered lo—mlg'Erernmeyer flasks were used as reac-
tion vesselsa' The'féaction mixtures were stirred magnetically; the
‘magnetic.stirring bar consisted of a'O;l_x 0;5 cm. piece of iron wire
sealed in a small piece of nyex 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.Q, Activation of Nonéqueousvlodide Sdlufibn at Room Temperature
Thé following procdduré was ﬁsed'té inveétigaﬁé fhe isotbpic'eXchadge
- of the iodine-131 activity, adsorbed on the platinum foil, with dilute,
dry, ndnéqueou5'solutions Qf.moiecular jodine (see Figure A.6). The
platinum foil ‘No. 1) was activated for one hour, placed»in a reaction
vessel and dried in an oven for 2 hours at llQéf‘ No detectable amount
of activity.wad volatilized from #he foil during the drying operation.
Five ml, Of.é dfy nonaqueouS'soiution of inactive molecular icdine 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 exceptiomns;

L. the'inactive iodine solutions were freshly pfegared, and,

2. the exchangg process ip nitrobenzene was carried out in the

_darkud
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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_iodinetsolu~

tionx(cohnt No. 4). -

A J1.c.3, Aasogpfion pf'Iodine onto Platiﬁum Foil  For very dilute
(less than or equal to 10“'4 F igdine) nonaqueous solutions of molecélar
iodine, it is important to know whether the initial'concéntration is
decreased via aasorption 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 calcﬁlatgd from the activity

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

A.IT.c.4. Activation of Nonaqueous Ilodine Solution of 50° The follow-

"ing procedure was used to study the exchange, at 50°, of iodine atoms

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

dissclved 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 dilﬁte solutign of molecularviodine in éyclobexane
was tragsferred to the flask thch was then loosely sﬁoppered with a
groﬁnd-glass joint. Tbe flask was then immersed in a constant tempera-
ture (SOPFT 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 whole stifred.with'a
small Pyrex-covered magnetic'étirring bar. at about 10Q~rpm. The foil

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

" conclusion of the experiment, 10 ml, of the cooled jodine solution was

'14.




vcounted; the percent recovery ranged from 100 to 102 percent, indicating

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

' A,II.C.SQ Todine~Solvent Reactigns‘ >Cleaf1y, it is'impértént'to know
whether the éreseﬁce of,platinﬁm in the nonaqueous iodine 501ution§
would catalyze the formation of ofganic iodine cohpohnds with either the
solvent -itself or impurities in the solvent. It was arbitrarily assumed
that any iodine activity not ektrécted by aqueousbsulfite was a measure
of the formation of fhesé organic iodine compoundé° The procedure
employed to detect the presence of nonextractable compoupds,of iodine
is.outiined in"Figure A.8 and described below.
Five ml., of nonaqueous molecular iodine solufion was gransferred
to each Of‘tWO reaction veésels. An activatéd jodinated platinﬁﬁ foil
(seé Figure A.6) was then introduced into_eaéh solution'and the con-
.tents of the vessels stirred magnetically for 2 hours,; The platinum
foil was subsequently removed from ome of the vessels, alO.Sﬂmlobsample
of .the nbnaquéous jodine solution taken from each vessel fot'énalysis,
and the stirring continued. Additional O.S"ml; sampleé of the non-
aqueous iodine sdlgtiqnsfwere reméved from the vessels at speéified
time intervals énd analfzed. The analysis cénéisted of treating the
samples of the nonaqueoﬁs iodine Solutions'with'aqueous sulfite, washing
the nonaqueous phase with water, and determinating the percentage of
activity which remained behind in the nonaqﬁeous solvent by~couﬁtingi
both-the_aqﬁeous sulfite pHase.plus the water wash and the nonaqﬁeoué
 phase. .
| Thé.éffect of.ordinary:fluorescent léborétofy'light on the forma-

‘tion of these mnonextractable icdine compounds was investigated with a
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procedure identical to that just described and outlined in Figure A.8

with two_excéptions; both platinum foils were allowed to remain in the

jodine solutions.throughout the duration of the experimeﬁt, and, one :
of these solutions, beginning with the activation step, was kept continu~

ously in the dark,




5 ml., 1,00x10"3 F

KI,

0.2ml. 1.00x1072 F

HC104

10-ml. 0.1 ml. 0.100 F
Glass-stoppered . ANO =
“l ‘Centrifuge Tube . &84

1) Stir

2) Centrifuge

\\'2
.i'i75 mE. Aqueous
& Phase’
Ppt, :

1) Wash twice with 5-ml. portions of
1.00x1072 F HClO4.
- 2) Wash once with acetcne. 7
3) Dry in oven for 0,5 hr. at 140°C.

Stock Solution of

Carrier~free
Jodide-131

1,175 mg. Agl

Figure A.1,

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

/
1.1;5 mg. Aqueous
Agl’
Phase
Ppt . (17';)
- '1) Wash twice with 5-ml. porticns’ "
‘of 1.00x10"2 F HC10,.
2) Add to 5 ml. of 1.00x10™% E I,
. in cyclohexane.
_ v/
1.175 mg. |5 ml, "
AgI* 1,00x10 " F
Ppt. I3 in
6 12

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
KI, :

0.2 ml. 1 00x

-7 HCLO,

-3F

10

10-ml.

Glass-stoppered
Centrifuge Tube

0.1 ml. 0,100 F
AgNO3 :

EERN

1) Stir

2) | Centrifuge

Stock Solution of

Carrier-free

1odide~131

2)

/
1.175 mg.
Agl 1 Aqueous
Ppt. ‘Phase -
1) Wash twice Nl*h 5-ml, portions

£1.,00x10°° F HCLO4. N
Ape ‘the wet prGCLpltate for 12 houls.

3) Wash once with acetone.
4) Dry in oven for 0.5 hr., at 140°C.

1,175 ml, Agl

Figure A.2,

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

l . ].ZS n‘lg .

. Aqueous
Phase

2)

1) Wash twice with 2.,5-ml, pOTiJOHS of

1.00x107 F HCLO,,.
Wash once. with acetone,

3) Dry in oven for 0,5 hr, 2t 140 C v
4) Add to 5 ml., of 1,00x10 2 in
cyclohexane.

W
1.175 mg. | 5 ml.
AgI” 1,00x1074F,
Ppt. Ié in
CeH12

Procedure used . to investigate the preparation of dilUte,‘dry,

nonaqueous solutions of molecular iodine' inoculated with

iodine-131,
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5ml. 1.00x107 F | 10-ml. | I
K1, : ~| Glass-stoppered C : 0.1 mit., 0.100 F
0.2 ml. 1 00x10~ F, _ 7| Centrifuge Tube , <AgN03
HC10; , T v .=
1) Stir
2).Centrifuge
) /
1.175 mg.
Agl .| Aqueous
Ppt. Phase
Wash twice with 5-mi. pértioné of
° water. ’
| A\

Stock Solutidn of : :
Carrier-free J S 1.175 mg. Agl
Jodide-131

Stir meahanirally by bubbling
. 50 cc, of air through the

mixture.
/
1 175 mg.
AgI Aqueous
Ppt. Phase
= *.i3) Add to. 5 ml, of 1,00 x 10 4F o ... 1)-Wash Lw1ce with 2- ml po;tlon
7 I, in cyclohexane. of water.

2 _ _
2) Dry in oven for 0.5 hr. at 140°C

l.lls ng, ‘5 ml, y;
AgIl 1.00x10"

Ppt. | I“ 1n C6H io|

Figure A.3, Procedure used to investigate the preparation of dilute; dry,
. nonaqueous solutions of molevulal 1od1ne 1nocu]a;ed w1th :
1ud1ne 131, '
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5ml., 1,00x107 F

KI,
0.2 ml,
* HC1O4

1.00x107<F

10-ml.

2. >

Glass-stoppered
Centrifuge Tube

0.1 ml. 0.100 F
AgNO3

1) Stir

2):Centrifuge

\l7
1,175 mg. . Aquebus
| Ael Phase
-Ppt. :

110°C.

Stock Solution of
Carrier-free

Todide-~131

1.175 mg. Agl

_.-4 :
3) Add to 5 ml, of 1.00x10 F
I, in cyclohexane,

2

Figure A.4.

W,
1. 175 mg. Aqueous
AgI Phase
Ppt.

1) Wash twice with 5-ml. portions of water.
2) Wash 3 times with 2-ml. portions of
absolute ethanol. '

3) Dry in oven for O +25 hour at

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

1) Wash 3 times with l-ml. portions

of absolute ethyl alcohol,

, 110°C.
1.175 mg. {5 ml, Ll
AgI® 1,00x10 © F
Ppt. 15 in

Cyclohexane| .

Procedure used to investigate the preparation of dilute,
novaqueous SOlULlODb of molecular - iodine 1noculated x1th o
iodine-131, '
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2) Dry in oven for 0.25 hour

dry P




5 ml..1.00x1073 F
 KI, :
0.2 ml. 1.00x1072

F HC104_.

lO;ml.

| Glass-stoppered
Centrifuge Tube

0.1 ml, 0,100 F
AgNO3

| Stock Solution: of
Carrier-free-

fodide-131

1) Stir
2) Centrifuge
\l
1.175 mg. Aqueous
Agl Phase
.Ppt. _
\/

.,3) Add to 5 m], of 1. 00x10
I, in cyclohexane.

2

Figute A.5.

1.175 mg. Agl

N/

1.1?5 mg.
AgI™
Ppt.

Aqueous
Phase

4

Wash -once with 5 ml. of absolute
ethanol and dry for
in a vacuum desiccator.

several hours

Stir by slowly passing.SO cc, of
- air through the mixture.

1) Wash once w1th 2 ml. of

absolute ethanol,

;o cyclohexane.
1 ]75 mg. [ 5 ml,
AgI v 1 OOxlO
Ppt, : I“ in
o Cyclohexane

2) Wash once with 2 ml, of

Procedure used to investigate the prépératlbn of dilute, dry,

1od1ne ]31

21

‘nonaqueous solutions:of molgcular iodine 1noculated w1th




'50-500 ) Carrier-free iodide-131-

in 1,00x107> F Na 80,
N
5,00 nl. . Platinum foil
Reaction mixtureg Reactlop Ve9§§l < No. 1
Stir at room temperature.
/

. Count No, 1 .

Pt (No, 1)~Iﬁ

Reaction mixture .

Three
1"’m1 .

“water washes

Count No. 3

Figure A.6.

Pt(No. 1)-1

Three 1~m1..washés

5.00 ml.

Reaction vessel]

I, in nonaqueous
s6lvent

Count No. 2

Dry in oven for 1 to 2 hours at 11C°.

Stir at room temperature.

e,
Pt(No. 1)-I

%*
Nonaqueous 12

iodine~131,

. Count No. 4

‘Procedure used to-investigate the preparation of dilute, dry,
nonaqueous solutions of molecular icdine inoculated with’'




5,00 ml, 1,00x10
I, in nonaqueous
solvent

—BE

10-ml., Glass-stoppered
Erlenmeyer flask

- Clean platinum .

foil (No. 2)

Active iodinated

platinum foil No. 1

(see Fig. A.6)

7

5.00 ml, active

* Coge
vIQ solut:ion

Pt (No, é)—I*_

solution

Actlve-l2

1) Stir for 2 hours.

2) Remove platinum foil.

3) Dilute active iodine solution-
 te desired concentration.

Stir for allotted time.

1) The foil is removed perlodlcally, ccunted, and returncd to the

solution,

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

counted,

Figure A.7..
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Procedure used to- lPVEbflgatG the adsorption of’ actlve
’ 'molecular 1od1nc on a (]ean platlnum foil,




5.00 ml., nonaqueous

12 solution to each

Two

10-ml. glas°~stoppered<J

hrlenmeyer flasks

One active
iodinated plaLlnum
‘foil to each”

(see Fig. 6)

D

K Figuré'A;B,

Stir for 2

hours

ot

solution

Pt-I + nonaqueous I

%
2

*

- Pt-1

Nonaqueous

12 solution

Continue stirring
for specified
time interval
with Pt-I in
solution,
0.500-m}, aliquot
taken at end of each
time interval.

0.500 ml. of 0 100
E aqueous Na 3

v

Remove from flask

Both aliquots are then

treated individually in

the following manner

\

L) Continue
stirring
for speci-
fied time
interval’

wtth Pt~1I removed from
solution,

2) 0.500-ml, aliquot

taken at end of each
time Jnterval

Counting tube

12-ml. "1aSb—°t0pper6d
> centrifuge tube

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

1 Aqueous phase

phase

‘Nonaqueous

.Water wash
aqueous phase

phase

Nonaqueous

Counting tube

of molecular 1od4ne.

no
_{_\

Add O 500 ml. water
wash
Shake for one

minute.
Centrifuge. -

Procedure used to invesrngaté the effect of light and
‘plallnum on the stability of dly nonacueous qo]utlons



A.TTII, RESULTS AND DISCUSSION

;The_resuiﬁé of_thé_iﬁveétiéation.of thé pfeparafioﬁ'of dilute,‘dry,
ﬁonaqueous-solﬁtiéns.of molecular iodine inoculated with iodine~131 are
sunmarized in Table A°1 tthugh A.23 and Figures_A.Q through A;12. The
results of activation experiments using preformed silver iodide precipi-~
‘tates inoculated wifh iodide~131 a%e summarized in Table; A.l to Aasa
The resulté Of.éctiﬁaﬁion eXpériments uéingiplatinum foil inoculated
with‘iodine~l3l abtivity are summarized in Tables A.6 to A.23 ;gd
Figures A.9 to A.12, |

The térm "adsorption" refers to the following:
1. For silver jodide précipitates; uptake of carrier-free iodine-
131 activity by preformed silver iodide precipitates via adsorp-
tion on the sqrfaég of the precipitate and/or_isotopic-exéhange_
. ‘ S with ibdide ionslin the crystal laﬁfice.
2, For piatinum foil;

a, wuptake of carriér—frée iodjneMISi acﬁivity_by piétinum
foil via adsofﬁﬁion on the surface of.fhe foil; or,

b. uptake of_cafriérffrée iédine-lSl acfivity_by iodinated -
platinum foil via adsorption on the su?face oﬁ the foil
and/or isotopié exchange with iodiné 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.gxposure‘of the surface of the foil to a

nonaqueous solution_of-mbleéular iodine.



lAcIII.a, Adso:ptioﬁ of Carrief—Free'IodinefISI Activity by Preformed

Silver Todide Precipitates, from Aqueous Solutions, and the SubseQuLnt
Exchange Between the Adsorbed Iodide-131 and Molecular Iodine in
Cxclohcyane (].OO x 1074 F)

The results of the investigation of the preparatiéﬁ of diiute, dry,
ﬁonaqueous solutiénstof molécuiér iodine inoﬁulated with iqdinq*lBl via
~isotopic éxchange_with iodide~131 adsorbed on silver iodide ﬁrecipitates

are summarized in Tables A.l through A.5

Table A,1l summarizes.the preiiminary results obtained ﬁiph a wet
silvér iodide—iodidej131 precipi;ate (see Figure A,ll. Seventy-nine
percent of the activity initially used was found in the silver iodide
precipitate and 35 percent of tﬁe activity initiaily used exchanged
with the molecularbiodiné in the cyclohexang solution,

Tables A.2 fthugh A.S_summarizevthe resulté obtained_when using
a dry silver iodide~iodide—131_precipitate'to.inoculate-the cyclbhekaﬁe~
molecular iodine.solution with iodine~l31;

Table A.2 suﬁmarizes the results obtained whén tﬁe experimental
.procedure outlined in Figure A.2 was used. It is of interest.to note
that those precipitates aged for 12 hours.in watérlgarried the greatest
amouﬁt of the carrier-free iodide~-131 and,-subsequently; gaﬁe the>great-
est exchange with the molecular iodine; moreoVer, those.precipitates
whicﬁ wefe not aged or which were aged in 5.00 x 10:--3 F silver nitrate
carfied 1ess of the_carrier;free iodide;13l and spb;eqqently exchanged
lessuwifh the mqlecular iodine. It is interesting fo ndte‘that the
percent of iodidew131 adsorbed dividéd.by'the.percent exéhange‘isrgssen_
tlally a constant. -

The reSLlL in Tab1é'Au3'were 6btained-whenxthe'expérimehtal
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Table A.1
Adsdrption.of Cérriér~Free Todide-131 by a Preformed Silver Todide
Precipitate, from an Aqheoqi Solution, and the Subsequent'Ekchange'

between the Adsorbed Iodidé—131 and Molecular Iodine in

4 Fﬁ‘a,b,c;d

Cyclohexane (1.00 x 10~

Age of the ' . Iodide-131 , Exchange,
~ . AgI, hours : adsorbed, %¢ A
0 | 79 B 35

Ay g L ' . o ‘ \ , :
The 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, o
in the presence of light,

The procedure used is outlined in Fig, A.1,

dIn all instances the recovery of activity was essentiall
: y y y
quantitative,

e ' - e
Percent of activity initially used,




Table A2
Adsorption of Carrier-~Free Iodide-~131 by Dry Preformed
Silver iodide Precipitates, from Aqueous Solution, and

the Subsequent Exchgﬁge between the Adsorbed lodide-131

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

Age of the - Iodide-~131 Exchange,
Agl, hours adsorbed, %°© %E
"0 37 12
0 : - 52 16
12t 63 | o0
) 12" . 77 22

128 34 2.0

a,, . . .
The adsorption was carried out for 3 minutes, at room
temperature, in the presence of light.

b, . .
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 e

Percent of activity initially used.

fThe inactive silver iodide precipitates were aged in water,

EThe inactive silver iodide precipitate was aged in
5,00 x 1073 F silver nitrate.




Table A.3
Adsorption of Carrier-Free Iodide-131 by Dry Preformed
Silver Iodide Precipitates, from Aqueous Solution, and

the Subsequent Exchange between thebAdsorbed Iodide-131

: . .
and Molecular Jodine in Cyclohexane (1.00 x 10 * E),a’b’c’d
“Age of the : Todide~131 Exchange,
Agl, hours adsorbed, %€ %¢

0 _ 53 1.9
0 - 55 1.6
0 61 3.0
0 74 3.8
16f ' _ 51 ' 5.5
16f 52 ‘ 2.5

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

>

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

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

d . ' - ‘s ‘ g
In all instances the recovery of activity was essentially
quantitative.

e
Percent of activity initially used:

f . . . . .. .
The 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 precipitateé in water did not increase the carrying of
the carrief~free jodide~-131 (see Table A.Q); it did increase the exchange
between the iodide-131 adsorbed on the precipitate and the molecular
jodine in the cyclohexane., However, the vélues observed for the isotopic
exchange were, in all cases, very low.
Tables A.4 and A.5 summarize the results observed when employing
the ekperimeﬁtal procedures outljned in Figures A.4 and A.5 respectively.
There does not appear to bé a significant effect att:ibutable to the
aging éf the inactive silver jodide precipitafe.
The following observations summarize the findings of this investi~
gation.
1. Washing the inactive wet silver icdide precipitates with ace=-
tone or ethanol caused the precipitétes to become granular (11).

2, The procedures summarized in Figures A.2, A.4 and A.5 resulted
in moré,exchange between the iodide-131 on the silver iodide
precipitates and moleculaxr icdine in cyclohexane than did the
procedures summariéed in Figure A.3. Presumably, this is due.
washing the inactive and/or active silVer iodide precipitates
witﬁ acetone or ethanol which. enhanced the excﬁangen

3. ‘Aging the inactive silver iodide precipitates in water may

increase the exchange between the jodide-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 jodide~131,




Table A.4
- Adsorption of Carrier-Free Iodide-131 by Dry Preformed
Silver Iodide Precipitates, from Aqueous Solution, énd

‘the Subsequent Exchange between the Adsorbed Iodide~-131

and Molecular Iodine in Cyclohexane (1.00 x 1Oh4 E).a,b,c,d
Age of the . Iodide-131 Exchange
AgI, houts adsorbed, %€ Y
0 ' 47 1.0
0 47 , 13

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

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

Cp . . . .
i'he procedure used is outlined in Fig. A.4.

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

e . s e
Percent: of activity initially used.
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Table A.5
Adsorptioh of Carrier-Free Iodide-131 by Dry Preformed
Silvef Todide Precipitates, from Aqueous-Solution, and

the Subsequent Exchange between the Adsorbed Todide~131

. .
and Molecular Iodine in Cyclohexane (1.00 x 10 ' E).a,b,c
Age of the . Todide-131 Exchange
Agl, hours adsorbed, %,d 7,4

0° 50 8
0° 60 11
0>t 69 9
o »8 71 9
4e,f,h 61 v
,Lo85h 90 11

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

b, , . e s
The procedure used is outlined in Fig. A.5.

c . ' . .
In all instances the recovery of activity was essentially
quantitative,

d . e e
Percent of activity initially used.

e . . . .
The exchange was carried ocut for one minute, at room
temperature, in the presence of light.

f , . . . s o
he inactive and active silver iodide precipitates were
dried, at room temperature, in a vacuum desiccabor,

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

h,, . . . . . 1 s
The jnactive silver iodide precipitate was aged in acetone,
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Table A.6

Adsorption of Carrier-Free Todine-131 Activity by Platinum Foil,?

from Aqueous Solutions, at Room Temperature,

- Qver 0.5 and 2 Hours.,

b,c

Composition ofd

reaction mixture °

Iodine=-131 activity adsorbed, %f,g

Over. 0.5 hour - . Over 2 hours

1.00 x 10."3 F Na,S0

2773

1.00 x 107 F WNa,s0,
3

1.00 x 10 ° F HCIO,
- +

1.00 x 10°° F Na,SO
, =273

0.100 E HCLO,

1.0 | 13
39 99
77 ' 99

quantitative.
than 2 weeks old.

than 48 hours old,

a, . . . '

The platinum foils were subjected to pretreatment A,

b . : . s . .

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

c . .. e

In all instances the recovery of activity was essentially

d . I . . .

The Oak Ridge Todide-131 solution was, in all instances, less
e, . . . .

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

fIt 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.

gA 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,

Over 0.5, 1 and 2 Hours. >

Composition of o Todine-131 activity adsorbed,v%f’g.
reaction mixture ° Over 0.5 hour  Over 1 hour_ Over 2 hours
1.00 x 107> F Na.50 32 - | 78

. X :L_ ago 3 ) '

11,00 x 1077 E NayS0,
B - 84 - 91

1.00 x 107~ ¥ HCIO,

-5 ‘

1.00 x 10 -E_Na2803

85 - 92
0.100 F HClOZL

1,00 x 107> T Na,.$0

® ~ NApoMg ) 94 }
1.00 E HCLO, ) 96

a . .

The foils were subjected to pretreatment A,

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

In all instances the recovery of activity was essentially quantitative,

dThe Oak Ridge iodide~131 solution wés, in all instances, less than
2 weeks old.

e . s . . .
The stock solution (see Fig., A.56) was, in all instances, less than
48 hours old.

£, . .
Tt 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.

gA 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 inoculéting dilﬁte, dfyj ﬁon~
aqueous solutions of molecular iodine wasﬂundertaken. vIn view df'recant
 findings published in ghe.literature (1 through 7), it was decided that
metal foils, principally platinum, could be more advantageous for acti-
vating dilute, dry, nonéqueous solutions of molecular iodime 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 molécular
jodine in nonaqueous solutions could more readily occur,

2. The possibility of £ﬁtrodﬁcing 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.

AUIII;b; The Preparation of Dilute, Dry, Nonaqueous Solutions of

Molecular Jodine Inoculated with JTodine~131 via Isotopic
Exchange with Jodine~131 Activity Adsorbed on Platinum Foil

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

the adsorption‘of jodine-131 activity by platinum foil from dilute
sodium sulfite and dilute sodium sulfite-perchloric acid solutions are
summarized in Tables A6, A7, A8, A9, A,10, ALl and A.12, In all
instances the experiments were carried out in the presence of ordinary

laboratory fluorescent light.



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

sorption of iodide-131 increased with a decrease in thé sodium sulfite
concentration and an increase in the perchloric acid concentration°
Also, the percent adsorptionlincreased with time and was geﬁerally
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. Conéistently, the best results were achieved with a sodium
sulfite concentration of 1.00 x 10“5 F and an acid céncentration of
1.00 x 10*3 F or greater.

The results in Tables A.8 and A.9 indicate that agiﬁg the stock
solution of iodide~131 or the active acidic sulfite reaction mixture
had little affect on the adsorption of jodine-131 activity. However,
the percent activity adsorbed was significantly less than expected
(see Tables A.6 and A,7). In this 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 deﬁonstrate that the percent adsorp-
tion.ﬁf carrier~free iodine~131 activity by iodinated platinum foil
was virtually the same as that observed for platinum foil (see Tables

vA.6, A7, A.8 and A.9) ‘and essentially complete after 0.5 hour. Iodin-
ation consisted of immersing a platinum foil (which had been subjected
to pretreatment A) in 1,00 x 10“-4 F 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

36




Table A.8

The Effect of the Age-of.the’Stock Solution on the Adsorption

- of Carrier-Free Iodine~131 Activity by Platinum Foil.a’b’c’d

Age of the " Todine-131 activity adsorbed,
stock solution, hours - %€

0 | 64

66
67
67
69

t

24 , o 55
64
80

42 : 61
77
85

4The composition of the reaction mixture was: 1.00 x 10m3 F
NaQSO , 0.100 F HClO4, “The reaction mixtures were prepared
just prioxr to use.

b . . : .
The foils were subjected to pretreatment A, Adsorption took

place at room temperature over 0.5 hour,

c . . S . :
The procedure used is outlined in Fig A.8; light was present,
d - .
Tn 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 aluminum-capped counting tubes.




Table A.9

The Effect of the Age of the Reaction Mixtures® on the Adsofption,

of Carrier~Free Todine-131 Activity by Platinum Foil.b’c"d’e

Age of reaction IddineulBl activity adsorbed,
mixture, hours ' %t ' '
20,52 - ‘ 58
' 62
308 : 61
68
3

Arhe composition of the reaction mixture was: 1.00 x 107 F
Na,50,, 0.100 F HCIO, .

b : . . . .
The stock solutions were prepared just prior to use.

CThe foils were subjected to pretreatment A, Adsorption took
place at room temperature over 0.5 hour.
d, _ . . - .
The procedure used is cutlined in Fig. A.6; light was present,
€In all instances the recovery of activity was essentially
quantitative,
f {
These 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).

EThe 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.10

Adsorption of Carrier-Free Todine-131 Activity by Iodinated

. I b,c,d
Platinum Foil® at Room Temperature, ’ °

Activation time, hours Adsorption, %
0.25 A
0.50 84
92
94
1.0 . 84

& he foils were subjected to pretreatment A, immersed in
1.00 x 1074 F molecular iodine in cyclohexane for 16 hours,
washed with eyclohexane and, subsequently, dried in the

oven for one hour at 110°, '

b ) . . . .
“The procedure used is outlined in Fig. A,6; lisht was present.

5

“The composition of the. reaction mixture was: 1.00 x 107 ¥
Na, 50, , 1.0 x 1073 F uclo, .,
2v73° TG

d . A .
Tn all instances the recovery of activity was essentially
quantitative.



the results in Table A;lO was the same as that used to obtain the’

resﬁlts iﬁ faﬁles A;8 énd A.éo With subsequent shibmeﬁts of Oak
Ridge carriex-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-
creased, often to values as low as 50 percent, when the étock 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 iodineml3i activity adsorbed by‘iodinated toils decteaéed with
a decrease in the iodination time, but was independent of the concen-
tration of the iodinating scluticn over the range of 1.00 x 10‘3
to 1.00 x lO~5 E'moleédlar jodine 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
Y & P

although the presence of a moderate amount of hydrogen peroxide

(2 x 10-2.2) caused the percent adsorption to decrease, small quanti-

ties of hydrogen peroxide (2 x 10"3 F) had no significant affect.

A.TIT,.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 plafinum foil, during the activation process since ad-
sorption of small quantities of. iodine could lead to a decreased and
ﬁncertain concentration of the moiecular iodine in a dilute solution.

The results of experiments designed tco determine the decrease in




Adsorptioh of Carrier-Free Iodine-131 ActiVity by Platinum Foil

Table A,.11

"~ which was Todinated™ for Varying Times and at Various Iodine

Concentrations,

b,c,d,e

Time of iodination,

Todine concentration in

Adsorption,

hours iodinating solution, F %
2 1.00 x 107 sef
' 59
) 2 1.00 x 1074 578
738
o1 1.00 x 107> 903
91
24 1.00 x 1074 912>
91
24 1,00 x 107 9ol
91h

a,, . . . . .

. 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°

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

.

Na,$0,, 0.100 F HCI10

4°

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

d . .
- The foils were activated for one hour at room temperature.

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

quantitative.

fThe Oak Ridge solution was 60 days old,

&y

. ment from that used for notes f and g.

h .

The Oak Ridge solution was one month old.
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Table A.12

Adsorptioﬁ.of Carrier—Free_Iodine—131 Aqtivity by Platinum Foil

.and Iodinated Platinum Foil from Solutions Containing"

Hydrogeﬁ Peroxide.a’b’C
. . . od
Hydrogen peroxide , Adsorption, %
concentration, ¥ : 1€ 11€
-3

2.00 x 16 7 B 92 - 91
88 64

. "2 : . N
2.00 x 10 55 20

60 36

4The procedure used is outlined in Fig. A.6; light was present.

5

b L . . A
The composition of the reaction mixture was: 1.00 x 10 ™ F

Na,SO,, 0.100 F HCl10,, H,O, at the two given concentrations.
273 = L2 et T
c. : - o .
Tn all instances the recovery of activity was essentially
quantitative. ’

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

®The experiments differed as follows:
1. The foils were subjected to pretreatment A,
TI. The foils were subjected to pretreatment A, immersed in

molecular iodine in cyclohexane (1.00 x 10-4 F) for 24
subsequently, dried

bours, washed with cyclohexane and
in an oven for one hour at 110°.

>




Table A.13

a v ' b
Foil from Cyclohexane at Room Temperature.

Adsdrption of Molecular Iodine-{127 and 131) on Platinum

Time of Adsorption, "Moles of Iodine adsorbed (x_lolo) per cmg. of Pt.

1d 7T
2.3 1.7 0.8
2.0 1.6 0.5
2.9 2.7 0.9
2.8 1.8 0.8
3.4 4.1 1.1
3.3 D 0.5
3.7 5.7 1.4
3.7 2.3 0.6
5.7 8.0 1.5
4.0 5.5 0.7

E_o
Eo
_F_u

_aThe size of the platinﬁm~foi} was 0.50 x 1,50 x 0.00625 cm.; the
area of each foil was 1.5 cin®.,

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

c . N ' )
In all instances the recovery of activity was essentially
quantitative,

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.
concentrations of molecular iodine in the cyclohexane solu-
tions were: e

1.00 x 10
1.00 x 10_
1.00 x 10~



jodine concentration during the activation process are given in Table

A.l3.. It was observed that adsbfption of iodine increased with in-
creased with increasing fime; Additional‘éxperiments} not included in
Table A.13, were carried out to determige the amount of iodine adsorbed
oﬁ a platinum foil immersed in 1,00 x ].O“4 F molecular iodine in cyclo-
hexane, over relatively long periods of time. After 16 hours this
value was observed fo be 1.00 x 16—9 mole of iodine per cm2_of plati- .
num foil. Becéuse increasing the time to 72 hours did not result in
further adsorption, it was concluded that the foregoing value repre-
sented the saturation value of the foil, This value was in.good
agreement with those reported by other investigators (3, 4,v5 and 8)
and with the value calculated from atomic radii of platinum and iodine
assuming a monolayer of iodine ana a real‘surface arca twice the appar-
‘ent surface area. From the data in Tabie A.13 it is possible to cal-
culate an expected loss of iodine during activétion with noniodinatod
foils., For ekample, a loss of approximately 6 percent of the iodine
present in 5 ml. of a 1.00 x 10~6 F molecular iodine solution would be
expected over a 2-hour activation period. However, by using active
foils which had been iodinated for 16 hours or more in 1,00 x 10"4 F
molecular iodine, to achieve saturation, the loss of iodiné is virtually

eliminated.,

A JII.b.3. Desorption of Adsorbed Iodine from Platinum by Solvents

Experiments were carried out to determine the loss of adsorbed iodine
to the solvent during the activation of dilute solutions of iodine with

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

‘édded to 5 ml. of pure nonaqﬁeoﬁS‘solVentb ;The résults sﬁmmarized

in Table A.l4 demonstrate the importance of checking each solvent for
its ability to remove ibdine‘ffom active iodinated platinum foils,

A large percéntage ioss, howéVer, does nét.necessarily eliminate the

possibility of usiné a particular solvent. For example, nitrobenzene
solutiong of iodine could be activated without any signifiéant 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 Qr.greatero

The values given in Table Aolé‘for the fractional loss of iodine-
131 activity from an active, iodinated, platinum foil in all probabil-
ity represent maximum values for the fractional loss of iodine (127
and 131) from the foil,v This arises from the fact that it is possible
that the specific activity;of-the desorbed iodine was greater than thé
specific actiﬁity of the ifodine originally present on the active,
iodiﬁatedg platinum foil. The converse of this, however, does not
appear to be prébable; that is, the specific activity of the desorbed
jodine 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.l4 to represent minimum values for tﬁe frac-
tional loss of iodine (127 anﬂ'l3l) from the foil. These conclusions
are based on the following reasoning.

1. Molecular iodiné, in the nonaqueous solvents mentioned

(nitrobgnzene, benzene, cyclohexane and carbon tetrgchloride),

undergoes rapid isotopic exchange with iodine~131 adscrbed on
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an.iodinated platinum foil“(see Tables A.,L7 and A.21). Hence,

if the indine-~127 is desorbed as molecular iodine the specific

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

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

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

‘iodine~131 by using an active, iodinaﬁedJ platinum foil did

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

Hence, if iodine-~127 is desorbed from a foil in a chemical

state other than molecular iodine, it éoes not undergo meas-
urable igbtopic exchange with iodine-131 on the foil or in
solution over 3 hours. Evidence listed in Part B (Ihe Dis~
tribution of Iodine Between Aqueous Solutions and_Cyclohexané)
indicates that if iodine~127 is desorbed from an active,
iodinated, platinum foil iﬁ a chemical state other than molec-
ular iodine, it does not undergo measurable isotoﬁic eﬁchange
with molecular iodine tagged with iodine-131 over 2 weeks.
This is based on the following evidence;

a. the distribution coefficient (D), wﬁere

D = concentration of J-atoms §I4131) 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 fodine concentration. in cyclohexane of 1.00 x’

10” F and 1.00 F sulfuric acid, is indepéndent.of
wbether_active, iodinated, platinum foils or active,
noniodinated, platinum foil; were used.

3. Spot checks on the desorption of_carrier«free iodine-131
activity, adsorbed onto noniodinated platinum foils, by
nitrobepzene, benzene, méthanol.and»cyclohexane, over 2
hours, showed that less than one percent of the activity
appearéd.in the nonaqueous solvent, Hence, the nonaqueous
solvents do mot readily cause the desorﬁtion 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'f¥actional loss of iodine-131 activity from an active, iodi-
nated, platinum foil represent.maximum values for the fractional Jloss

of iodine (127 and 131) from the foil,

A 11T .b .4, Exchange between Jodine-131 on Platinum Foil and Todine

in Nonaqueous Solution at Room Temperature The data in Tables A.l5

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; Aging 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.aﬁ 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,lé

Iodine»Rémoved from Active Iodinéted_Plaﬁinum.Foilsa-by Various

. b,c
Organic Solvents, °

Todine-131l removed. %
Time ,hours

Solvent 1 2 . 19.1 20.5
j a _
Nitrobenzene 45 50 ' 66 -
Nitrobenzene® - - - 64
Benzenef - - 001---- 0,01 ' 1.5 = -
Benzena® | - :_f B N _ 4.1
Cyclohexane - - 0.01 0.01 0.36 -
Carbon Tetrachloride = - - 1.0
2.5 4.1 11 -
Methanol 25 35 - 34 -
' ' - 18 19 29 -

Tho feils were subjected to pretreatment A, iodinated f01 16 hours

in 1,00 x 10°% F molecular iodine in cyblohexanc, vashed and, then,
dried in an oven for one hour at 110° They were then actlvated in
1,00 x 1073 F Na,SO, and 0.100 F HClO4 for one hour, washed and dried
in 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,
Cnght was present during the deaorptlon studies.

dUntrcated nitrobenzepe was pretreated by allowing it to stand for one
week with 1,00 x 1073 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).

Unt1eated nitrobenzene was treated according to the procedure given
on'p, 15. :

fThisvbenzene.was Phillips Research Grade,

gThis benzene was Mallinckrodt AR _Gradeo
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Table A.L5 "

" Exchange between Molecular Iodine in Cyclohexane (1.00 x 10—4 F) .
and Iodine~131 Adsorbed on Platinum Foil,a at Room-Temperat.ure.br’C

' - o d
Exchange time, . Exchangg.j %o
hours : R 11 ‘ 111
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 - 08 . -

a,.. » .
““The. foils were subjected to pretreatment A,
b . s . . .o
The procedure used is outlined in Fig A.6; light was present.

c.. . ) . s
Tn all instances the recovery of activity was esséntially
quantitative.

dA different activated foil was used for each value.

®The experiments differed as follows:
I. The foils were activated just prior to use., v
I1., 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, -l
III. The inactive foils were iodinated in 1,00 x 10 = F molec-
ular 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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Table A,16

Exchange between Molecular Todine in Cyclohexane (1.00 x 10“6 F)

and Todine~131 Adsorbed on Platinum Foil,a at Room Temperature}b’c

Exchange time, ‘o Exchange, yA o
hours - I II
0.25 ~ - 13

0.50 _ ' 4,6 » 16
1.0 5.0 21
2.0 , - -3}

8The foils were subjected to pretreatment A,
blhe procedure used ig outlined in Flg. A.6; light was present.

€4n all instances the recovery of activity was es entwally
quentitative.

1 . :
c'A different foil was used for each value.

®The experiments differed as follows:

7, The foils were activated just prior to use. "

II. The ipactive foils were jodinated in 1.00 x 10 ~ F molecular
iodine in cyclobexane for 16 hours, at room temperature, in
ordinary laboratory light. The foils were then activated

. and used immediately.




- A comparison of the data in Table A.l5 with those in Table A.16
reveals thaf decreasing the iodine concentfation.in cyclohexane from
1,00 x 16'4 F to 1.00 x 10"6'£ decreaéed the percent exchénge for both
.iodinated_and noniodinated foils..

Inasmuch as the usual iodination time was 16 to 24 hours, it was
of interest to'détermine the effect.of decfeasing the iodination time
on the percent exchange of the iodine-131 on a foil and iodine in
E.yc-lohexanes 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 Lo 45 pefcent over an.iodination time of 16 to 24 hoursv(see

: -/
Table A.15): the low values for the 1.00 x 10 I

" F iodinating solutions,
with 24~hour iodination time, given in Table A.1l7, are atypical. The

data in Table A.17 also iudicate_thatAthe percent gthange 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

3

ranged from 1,00 x 10~ F, to 1,00 x lO”5 F in molecular jodine. Two

experiments indicated that measurable exchange occurred over 15 seconds

5

with active foils which had been jodinated for 24 hours in 1,00 x 10~ F
iodine,
The data in Table A.18 demonstratevthat the addi&ion of hydrogen
peroxide to the actife aqueous feaction mixture (see Figure A.16) did
not alter the percent exchange when noniodinated foils were used; howevern,
with iodinated foils the gercent excﬂange decreased (see Table A.L5).
Tables Ael9,'A°20 and A,21_sﬁmmari2e 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 Mélecular Todine in Cyclohexane (1.00 b 1Om4 E)
and Todine-131 Adsorbed Qn flafinum Foil,a which was Iodinated over
Two Differentvlntervals, at Various Iodine Concentrations,

- b,c
at Room Temperature, °’

Time of Todination, Time of Exchange, %d,e
hours exchange I IT 111
2 : 2 hours - 40 -
‘ - | 41 .
N : . ; f . ’ N
2 2 hours - 39 -
. - 46 -
24 - 15 sec. — - 7
- - 26
24 2 hours 14 10 24
: » - 26 2 26

a . ' . . - .
The foils were subjected to pretreatwent A, immersed in molecular
iodine in cyclohexane for the allotted time and, subsequently, dried
in an oven for one hour at 110°,

b

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

c . : . - . . .
In all instances the recovery of activity was essentially quantitative.

dA different foil was used for each value.

®The experiments differed as follows:
I. The concentration of the iodinating solution was 1,00 x 10~
in molecular iodine. : -
II, The concentration of the iodinating solution was 1.00 x 10 ° F
in molecular iodine. ' ' . .5 .
III. The concentration of the iodinating solution was 1.00 x 10 F
in molecular iodine.

3

He

fThe 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 Todine in Cyclohexane (1.00 x 10

4 l)

a . ' .
and Todine-131 Adsorbed, from Solutions Containing Hydrogen

Peroxide, on Platinum Foil,

b,c

Hydrogen. o Exchange , %d o
-peroxide, F I~ 1I
-3
2.00 x 10 el 20
26 29
: o . _
2,00 x 10 : el 29
' .31 39
%The composition of the reaction mixture was: 1.00 x 10”5 F Na2803,'

0.100 E_HCIOa, HQO? at the two given concentrations,

b - ‘ . . s ' .
The procedure used is outlined in Fig. A.6; light was present,

c. , L : _ .
In all instances the recovery of activity was essentially

quantitative,

d . B : : '
The exchange was carried out for 2 hours at room temperature., -(See
Table A.12 for the associated adsorption data.)

e . )
The experiments differed.as follows:

I, The foils were subjected to pretreatment A,
IT. The foils were subjected to pretreatmént A,
molecular iodine in cyclohexane (1.00 x 10
washed with cyclohexane and, subsequently, dried in an oven

for one hour at 110°,

immersed in
F) for 24 hours,




Tahle ALL9
Exchange between Molecular Jodine in Nitrobenzene and Iodine-131
\ L ., & _— o
Adsorbed on Platinum Foil,” at Room Temperature,; in the Absence

of Ligllt‘..t)"C

d,e
s Exchange, % ?
Time, _ hange, %

hours 2.00x107 F I, 2.00x10”% F I, 2.00x107° F Iy 2.00x107° ¥ I,
0.5 - - - | 28
1.0 . . 3.8 5.4 _ o1 33
1.5 - - . 33
2.0 - - - - 42
2.8 - T ' Co- 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. A.
b_. . : s
Tae procedure used is outlined in Tig., A.6.
. C, 4 , _ . s
In all instances the recovery of activity was essentially quantitative.
A different foil was used for each iodine solution; after a specified
time the foil was removed, counted, and then returned to the reaction.

vessel, etc.

®The foils were activated just prior to use.
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Table A,20

. s
Exchange between Molecular Iodine in Benzene (1.00 x 10 - F) and

|
o o S ~ o - .
. " Todine-131 Adsorbed on Platinum Foil,? at Room Temperature.b’C

Exchange time,

hours Exchange, %d’e

0.5 ' | 23

] | 1.0 | | 31
‘ | 1.5 | - o 37
- 2.0 S 42
2.8 : - _ 49

! o 53

5.2 | ' 55

~ 6.2 | 58
9.8 | 61

23.3 " - el

35.5 ' 67

48.0 - 70

59.0- _ . 72

71.0 | o

a " . -

The foil was subjected to pretreatment A,
b, . . 1 . . R

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

c . : cos ' . o .

in all instaiices the recovery of activity was essentially quantitative.

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

The foil was activated just prior to use.

w
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Table A.21
Exchange between Molecular Iodine in Nonaqueous Solvents
v(l.OO P 10-4 F) and Iodine-131 Adsorbed on Jodinated Platinum

2 & ' b,c
Foils,” at Room Temperature, over 2 hours. ’

Solvent ' Exchange, %d
Methanol o 49
52
Benzene : 51
’ ' 66
Nitrobenzene . 39
63
Cyclohexane : , _ . 35
' 47
Carbon Tetrachloride 38
46

EThe platinum was subjected to pretreatment A, immersed 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°, The foils were then used immediately.,

The procedure used is outlined in Fig. A.6; light was present
except during the exchange in nitrobenzene.

c . s .
“In all instances the recovery of activity was essentially
quantitative. :
d s e ; .
A different foil was used for each value,
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Table A.22 .

The Effect of Platinum Foil? on the Stability of Molecular lodine _'

Solutions in Cyclohexane, in.the Preserice of Ordinary Laboratory

-

. " : c
Light, at Room Temperature. ’
Time, Todine Activity not extracted
hours concentration, F by_NaESO3, 7d

Pt présente Pt absent

0 1.00 x 1073 : 1.0, 2.6
2 1,00 x 1070 1.5 2.2
6.75  1.00 x 107 | 2.2 3.0
0 1,00 x 107 9.6 6.8
3 ,. 1.00 x 107 ' '2.3‘ 2;5
16.5 1.00 x 107 3.9 6.5

a., . . ) - ' . . '
~“The foil was subjected to pretreaﬁment A, immersed in molecular

jodine in cyclohexane (1.00 x 10 ~ I) 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).
b . C . ! .

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

c . ' : L . . .

In all instances the recovery of activity was essentlally quantitative.,

dA different foil was used for each value.

e . ‘ L " .
The foil was the same foil that was used to activate the solutiom.




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

Table A.23

Yoil,

a,b,c

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

Activity not extracted

Time, Todine
hours concentration, ¥ by NanSO3, %d,e - £
' Light present Light absent
1.0 1.00 x 1077 0.80 0.14
3.0 1.00 x 1073 1.3 0.33
1.0 1.00 x 107 0.87 0.54
3.0 1.00 x 107" 1.1 0.62

Phe foil was subjected to pretreatment A, immerscd in molecular
jodine in cyclohexane (1.00 x 10"4,3) for 24 hours, washed with
cyclohexane and, subsequently, dried in an oven for one hour at

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

- 110°.

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

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

c . .o . -
In all instances the recovery of activity was essentially

quantitative.

dA differént foil was used for each value,

€the foil was the same foil that was used to activate the solution.

fLight was excluded'by wrapping the reaction vessel in aluminum foil,
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SR C o C . -2 :
exchange between active noniodinated foils and 1.00 x 10 7 F molecular
‘iodine in mitrobenzene 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 ~ F iodine, in the afore-
mentioned solvents is essentially independent of the solvent (sece

Table A.21),

A ITI.b.5. Todine-Solvent Reactions., It was thought possible that

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

tion of ﬁrganic iodine compounds with either the sqlvent itself or
.impurities in the sol&ent during activation of the nonaqéeous iodine
solutions. Although thé data in Tables A.22 and A.23 show that a small
fraction of the activity in the nonaqueous solutions was not‘extractf
able with aqueous sulfite, thefe was no well-defined trend with regard
to thevabSenéé or presénCe:of platinum eitheér in the dark or in the

presence of light,

A ITIT.b,.6. Exchange between Todine-131 on Platinum Foil and JTodine in

Nonaqueous Solvent at 50°, The dependence of the‘percent exchange at
50°, on the reaction time and pretreatment of the foils, is summarized
in Figures A.9, A.10, A.11 and A.12. 1In general, the percent exchange
bétween iodine-131 on plafinum foils gnd iodine in cfclohexané at‘SOf“
was greater than the percent exchange at'room‘temperapure. The rate
of.exchange generally decreases significantiy'after about 2 hours.
‘Becauée_of ﬁhéuwide variations in the plots of ddta obtained from
identical experiments (éee Figures A,l4, A,S and A.7), the relati#e

effectiveness of any one of the pretreatments cannot be assessed,




Lach curve represents an
50 e ) . 17

, individual experiment; all
experiments were carried out
under identical conditions.

09
Exchange, %
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T
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0 i! 2l 3] 4l s 6
‘ o Time, hours
Figgre A.9. Exchange between carrier-free iodine-131 adsorbed on foil (pretreatment A) -
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A.IV. SUMMARY "

It has been demonstrated that dilute, dry, nonaqueous solutions

of molecular iodine inoculated with iodine-~131 may be prepared via

‘ ' two processes; namely, the isotopic exchange between inactive iodine

in nonaqueous solutions and jiodine-131 activity adsorbed on either

‘ : platinum foils or silver iodide precipitates,

| » ’ The following procedure was found to be the most suitable for

| 1.

the inoculation of dry nomaqueous solutions of molecular iodine with

. _ iodine-131.

Todinate a platinum foil, which has been subjééted tb pre-
treatment A, for 16 to 24 ﬁour' employing a nonaqueous solu=
tion of molecular iodine, where the iodine concentration is
equal to or greater than 1.00 x ].OM4 F, and dry the foil in
an oven for 0,5 to 2 hours at 110°,

Tmmerse the iodina?ed foil in an acidic solution (pH approxi-
mately equal to 1) of carriefffree iodine~131 activity and
stir for 0.5 to 2 hours.

Wash the activated foil with water .and dry in an oven for one
to 2 hours at 110°,

Immerse ﬁhe dried active foil in the nonaqueou solution of
molecqlar iodine_té be activated and stir for one to 2 hours .
at rbom temperature.

The nonaqueous solvgnt used should-be‘checked for thg extent
‘to which the solvent removes‘iodiné;13l activity from the

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

the fraction ofvaqtivity in the active solution which is
not extracted by aqueoué_sodium sulfite. aqueousvpotassium
+ diodide and aqueéus sddium hydroxide,

Step No., 5 increaséé iﬁ impoftance‘as fhe ;oncentraﬁion of the desired.
iodine solutions decreases because the loss of iodiné-l3l activity td
pure solvent indicates that the concentration_of iodine in a dilufe-
(less than or equal to 1.00 x lO-=6 moles of iodine in the sblution)
nonaqueous solution may be increasing during the activation proceaurea
(In tﬁis comnection, it is noteworthy that iodinated foils wili not
remove iodine from nonaqueous golutionse) This decreasevin the iodine
concentration (see step No. 5) may be obviated by éhénging thé précedure
in the fdllowing manner .

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

mately one minute (see step No. &),

8. Reduce the size of the platinum foil,

In an alternate procedure a noniodinated platinum foii, which had
been‘subjected to pretreatment A, is used and sfeps No. 2, 3, 4 and 6
are followed., In a dilute (less than 1.00 x 10—6 moles of iodiné in
the solution) iodine solution steps No. 7 and 8 should also be f§110wed
becauSe théusé of this éltéfﬁaté'pfocedure Will cause a decrease in the
concentration of iodine in the solution to. be activated.

In preparing:Very dilute (less than or equal to 1,60-X 10-9 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.

éoncentration.
Generally, using ORNL carrier-free iodide-131 shipments less
then 30 days old;‘the overall activity yields weré about 40 percent
when the iodine concentrations were greater than or.equal to 1.00 x
1OM4 F. When ORNL carrier-free iodide-131 sﬁipments 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 lO~4 F.
Although activation of a.nonaqueous iodine solution at 50° results
in slightly highef 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 DISIRIBUTION OF MOLECULAR IODINE BEIWEEN
CYCLOHEXANE AND AQUEOUS SOLUTIONS.

B.1. INTRODUCTTON

Generally, the chemical behavior of iodine at low concentrations
=5 . ) ]
(less than 1 x 10 7 F) cannot be predicted by extrapolation of the known
macro chemistry of iodine (12, 13 and 14). Previous studies of the dis-
tribution of ijodine, at low concentrations, between zn aqueous .phase and
- ' . e . . 1
a nonaqueous phase have revealed that the distribution coefficient, D,
decreases with a decrease in the total iodine concentration more readily
~than would be predicted from the macro chemistry of fodine. The work
reported here is concerned with the distribution of molecular iodine

between a nonaqueous phase and aqueous solutions,

D = concentration of T-atoms(I-131) in nonaqueous phase
concentration of T-atoms(I-131) in aqueous phase
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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 coéfficient fdf
iodine between benzene and dilute sulfuric dcid (pH = 1,3) decreased -
with a decrease in the initial iodine concentration in the benzeﬁe phase,
He ébseryed that more iodine abpeared in the édueéus phase than woﬁld be -
expécted from the known macro chemistry of iodine. For ékamplei for an

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

experimentally determined distribution coefficient is 379, and for an
e . . . o -4 ,
initial 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.

+ -
H,0°I, = H0% I

by spectrophotemetric methods. He reported that the equilibrium constant
increased with decreasing iodine concentration. Reid and Mﬁllikgn (16),
~in 1954, reported that similar results were observed when studying the
spectra of dilute solutions of iodine ir pyridine, Their spectrophoto-
metric investigations showed that, at ldQ concentrations, the ratio of
[I;] /'[Py-IQ] increased rather than decreased as would be expected.
In 1956 Good apd Edwards (17) reported on a study of the distribu-
.tion of iodine between aqueous solutions at various pH and carbon disul-
fide where the initial concentrétion of iodine in the carbon disulfide

6

. ' -1 - .
was varied over the range 10 to 10 F. They reported that more
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iodine appeared in the aqueous phase -than could be accounted for on the

-basis of the known chemisfry of iodineé. This discrepency increased as
thé total iodine concgntratibn decreésed‘and as the time of contact be-
tween the two phases increased. They accounted for this discrepency by
postulating a reaction (or reactionb) between the fodine 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
'éolutioné at various BH where the initial concentration of iodine ih
the carbon tetrachloride phase was varied over the range 10"l to 10“5 E.
They also observed excess iodine appearing in 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 équeous solutions of iodine, concluded that
the slow formation of triiodide ion was due wainly to reduction of the

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

water-iodine complex (I?'H?O);

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.

gl_a

1, 12 aéi—“—TT—

12 nonaq.

Kl = [12J nonacg.,

- TipTaq.”
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2.

K L
+‘HpO-;;::§:ir u+‘+ I + HIO

K. = (w1 108101
[12] aq.

3 + o, -
+ =i H O
}120 rpsuw H EOI + I

%, - geri)

[12] ad?ﬁ

K4\

aq. H1l e (1))

aq.
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4
[12] aq. (1]
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. . X
9. I, + hnp:—~—-2+

5 > 21 + Imp'

Where Imp is én.impurity coﬁing from either phése.and Im?’
SR ' ' | .is the‘éheﬁically changed form of that impurity.
At 25° the values for the equilibrium constants for reactions
1 through 7 are:
Ki = 80 for cyclohexane and 1.00 F sulfuric acid

(this value will be different for other nonaqueous solvents)

(this work);

K, = 5.40 x 10713 (21);
Ky = 1.2 x 107 (22
K, = 768 (23);

ﬁ Ky = 4 x 1078 (2);

B - ' X, = 2.3 x 107 ¢es);

K. = 0.13 (25).

For reaction 8, at low pH 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 (pH less than or équal to 3), lov iodine concentration
and Bigh puriﬁy. No net reduction or oiidation occurs during a hydrol-
ysis reaction and as a consequence of the stoichiometry of equations

1 through 4 it follows that

leO]'+ [H201+] = [17] + [I;]
If it is assumed that only molecular iodine has an appreciable solubility

in the nonaqueous phase of the two phase (aqueous-nonaqueous) system then

r
e



.D 2 mole I

2

/ liter nonaqueous solvent

mole I atoms / liter aqueous solvent

where D is the distribution coefficient. Then

D

2 [ie] nonaq .

2 [12]

Substitution of

equation yields

2 [12] nonaq .

o)

+
expressions for [HIO], [HEOI ]

aq. -+ [HI10] + [H201+J + fl“] + 3 [1;]

and [i;] into the last

D =
% I 5 7
"l‘ .
2 [12] nonagq. .ETQ] nonaq |K2 + K3 1+
F
1 “ |7 :
i+K
f
I +3K

[IQ] nonaq .

[

[1.] nonaq.
4 _méﬁ-

4 -

by e -

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,




B.I.c. Scope of This Work

The distribution coéfficient; D;.for iodine befween cycichexane and
aqueous Solﬁtions was stﬁdieda The initial téncentratibn of iodine.inv
the cyclohexane ?aﬁged from 1.00 x ].0“2 to 1,00 x 10“5 F. The éomposition,
ionic strength and pH of the aqueous solutions were &aried,‘as was the:
purity of the cyclohexane and’aqucous‘solﬁtionso_“The distribution coeffic-
ient was found to decrease with

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

cyclohexane,

o, a decrease in the ionic stféngth of the aqueous phase,.

3, a decrease in the acidity of the aquacus phase,i

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

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

Anomolous 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 ig the acidity of the aqueous phase, and,

3, an increase in the iﬁpuriéy 1éve1 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.IT. EXPERIMENTAL

B.JIl.a. General Procedures and Equipment

Exclusion of Light

All operations were pgrformed in the absence of light except whefe
specificaliy noted. A fifteen-watt, shielded, incandescent light bult,
placed fifteen feet from the working area, provided the illumination
necesséry to perform all operafions° Vessels containing solutions to’
be stored and vessels in which extended-time reactions were taking place
were securely wrapped with aluminum foil,

Maintenance of Constant Temperature

A constant-temperature bath was maintained, initially, at 28,0° t
C.1°, and, subsequently at 24.9° * 0.1°. All vessels containiﬁg solutions
to be stored and Qesseis in which extendedmtime reactions were téking
‘place were.kept in the cons#ant"temperature bath., Cehtrifuge tubes to
be usea in the one-minute studies were placed in a dry, glass tube, sus-
pended ‘in thévconstant—température bath and brought to temperature prior
to use,

Glassware

All glassware was constructed of borosilicate glass (Pyrex or Kimax);
Ceﬁtfifuge fubes, Erlenmeyer flasks and volumetric flasks were fitted with
ground-glass stoppérs. Ail volumetric glassware was of clasé"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 aluminum foil and dried in an oven at 110°.




The possibility of radiochemical contamination by adsorbed iodineé-

- 131 was resolved by monitoring all counting tubes and reaction vessels

after cleaning.

Centrifupgation
Centrifugations were performed in an International Clinical Centri-
- fuge at 2,000 to 3,000 rpm,

Counting Procedures

A Nuclear Chicago Model 132 single-chanmel analyzer in céﬁjdnction.
with a Nuclear Chicago DS-5 Na(Tl) well-type scintillation probe aﬁd a
Hewlett Packard quel 5201L single-channel analyzer with a Hewlett
Packard Model 5551A high-voltage SUPply in conjunétion with-a Nuclear
Chicago DS~5 Na(Tl) well-type scintillation probe were used to detect
the gamma activity of the iodine-131. Liquid sampies were preparedvand
counted in‘15 x 125 mm,; calibrated, Pyrex test tubeés,
The test tubesvwere.calibrated by filling them to a predetermined

1

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 Yt o.6 percent were used

for counting. ALl liquid samples were diluted to the standard counting-
height and counted to within an expected standard deviatioﬁ of T 1.0
percent., Counting rates were not corrected for variétién in sqlution
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.1fX.b, Reagents
Water

m—— e o

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—Pyréxvsystem and stored in Pyrex vessels capped with 24/40 female
) Pyrex joints,

Perchloric'Acid

Anélytical reagent grade ﬁérchloric acid (Mallinckrodt) was fumed
for onébhour in an open platinum crucible at 160° (14) . Prepurified
nitfogen gas (Mathesoﬁ) was passed directly from the tank through the
acid during the heating, fuming and cooling proéess, 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.
lodine - N

Analytical reagent grade iodine (Mallinckrodt) was resﬁblimed under
vacuum- and, then, stored in a desiccator'over.anhydfous calcium sul fate.

Four types of cyclohexane were used and a description of each is
given below.

1. Eastﬁan Spectro Grade cyclohexane was used without further puri-
fication and is referred to in the text as "untreated,'" This
cyclohexane was Stofed in a brown boﬁtie 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
aﬁa 3,3*dimethy1péntaﬁe.

2. Eaétman Spectro.éradé cyclohexane,vreferrea té iﬁ the text .as

1

"treated," was treated according to the following procedure.
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Two-hundred-fifty milliliters of cyclohexane was placed

.in.a 500-mlL., roundmbottém flask with a 24/40 female joint,ﬁ

Sufficient iodine was added to the flask to make the re-’
sulting solutio‘n']..'x1On3 ¥ in iodine and fhis waé followed
by the‘addition of one ml, of a1l x lO—B-E iodinexSolution
ié cyclohexane coutaining iodine«lél at a known specific
activity;. The flaék 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 & hours to

reduce the iodine to iodide, and, then, 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 could be détected in the
cyclohexane.,) Then, the équeous phase remaining in fhe
flask was drawn off by means of a pipette; 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 cleaf
Volumeﬁric flask and storéd in the presence of ordinary

fluorescent light,

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.
. p € ‘ . .
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4. Primary Standard Grade cyclohexane obtained from James Hinton,

358 Chicago Avénue, Valparaiso;‘Florida, was used without fur-

thur purification and waé stored in the darkf Private corres-

pondence with James Hinﬁon’revéaled that he purifies his cyclo-
hexage in thé 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. Thé 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 0.0l degrees,

It is then observed fluorometrically.,

While numerous batches have been observed by gas chromo-
tography, no impurities have ever been detected, However,
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 i

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~

dimethylpentane ‘ ,
Cyclohexene (Hinton 9954%),'2~methylm2~pentanol'(Hinton'99,9%);
2-methyl-2,4-pentanediol (Hinton 99.9%) and 2,4~dimethylpentane.

(Phillips Research Grade) were used without further purification.

|
_ . . : ,
The radioactive iodire employed wag carrier-free iodide-131 obtained
in a slightly basic sulfite solution from Oak Ridge National Laboratory. .

Stock solutions of carrier-free iodide-~131 were prepared by remcving



microliter amounts.of the radioactive solution from the original container

and inoculating freshly prepared aqueous 1'.00':&'].0“3 ¥ sodium sulfite,
“These stock solutions were used within 5 minutes after preparation.

Nitrogen and Oxygen

Prépurified»nitrogen.(Méthesbn) and oxygén (Linde) were ﬁassed
_ througﬁ a concentrated sulfuric acid bubbler.
>Ozoue 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.

Preparaﬁion of Cyclohexéng Soiutions of Inacfive Molecuiér Ipdiqg.

The dilute cyé1ohexane solutions of inactive molecular iodine were
prepared by. dilution of a 1.00 x 10“2 F stock solution of iodine in
cyclohexane which had been stored iﬁ the_presénce of ordinary fluores-
cent laboratory 1ig5t for as long as one month, However, the dilute
cyclohexane solutions of moleculér iodine were Storea in the absence of
light in glaSSmétoppered, Pyrex, volumetric flasks wrapped in aluminum
foil aﬁd suspended in a constant-temperature bath.

It is noteworthy that no chemical difference.could be detected
between dilute cyclohéxane‘solutions'made from the above stock solution
or dilute cyclohexgne solutioné‘made by dilution of a 1.00 x 10—2 F
stock solution of,iodine which had been prepared and stored in the
dark for és long as one month. ‘It isiequélly noteworthy'thét-no chemical
difference could bevdetected beﬁween dilute cyclohexane solutions of

iodine made from stock ‘solutions which were freshly prepared or dilute
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cyclohexane solutions which were made from stock solutions which were
y . ‘ : y

stored in.the'lighﬁ or dark for one month, These conclusions are based

on thé‘obsérvation that the value of the distribution chfficient.of
..iodiné between -cyclohexane and aqueous solutions, at ‘low’concentrations

éffiodine, was independent of whetﬁer the stock solutions of 1,00 x 1O~2

F iodine were stored in the dark or in the light over periods as long

as one month,

Preparation of Cyclohexane'Soiutioﬁs of Molecular iodine Inoculated with
~ Iodine-131
The dilute cyclchexane solutions of molecular iodine inoculated with
iodine-131 were prepared accofding to the following methods,
- -5 . : :
1. The dilute (10 ~ to 10 7 F) cyclohexane-iodine. solutions were
T _ o shaken with a émall quanﬁity, on the order of 0.001l ml., éf the
original Oak Ridge National Laboratory aqueous carrier-free
‘iodide-131, The system was centrifuged and the active cyclo~
L hexané-iodine solutioﬁ'pipetted from the centrifuge tube,
‘ 2. A small quantity of the original Oak Ridge National Lahoratory
aqueous carrier-free iodide-131, on the order of 0.001 ml., was
| ' " washed with one ml, of cyclohexane fobremOVe any cyclohexane
‘ ) soluble iodine species present., :The active aqueous solution
was then shaken with a quantity of a dilute (lO"2 to lON5 F)
cyclohexéne solution of moleéular iodine in a centrifuge tube,
The.syspem was then centrifuged and the active cyclohexane solu-
tionvremOQed b& means of a capillary pipette.
3. A small quantity, on'tﬁe order of 0.001 ml., of the original Oak
Ridge'Nafiopal Laboratory aqueéUs carrier-free iodidé-l3l_waé inﬁro—
duced into the aquéous-phase of the two-phase cyclohexane-
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jodine-aqueous system to be studied.

5

4, The dilute (lO-a to 10 ~ F) cyclohexane solutions of molecular .

iodine were inoéulated withAiodineml31 by the platindm foil
' procedure- described in Part A, Carrier-free i@dide—131 wés‘
"adsorbed, from an acidic aqueoﬁs solﬁtioh, onto a platinum;foilw
whose surface had been previously saturateﬁvwith adséxbed iodine--
‘127, - The active. foil waé,dried.and immersed in a dry cyclohexgne

solution of molecular iodine for at least 2 hours; activation of

this solution took place via isotopic exchange.

B.IT.c. Distribution Procedures

The procédures used Lo investigate various aspects of the distribution
of iodine between cyclohexane and aqueous solutions, employing jocdine-~131

as tracer, are summarized in Figures B.l througb B.6 and described below.

B,IT.c.l. Zero-Time Distribution

The folloﬁing procedure was used to investigate the zero-time dis-
tribution of molecular iodine between cyclohexane and aqueous-sdiutions
(see Figure B.l) where the initial concentration of icdine in cyclohéxane
ranged from 1.00 x lO«2 to 1.00 x iO"S F. Five milliliters of an aqueous
solution was pipetted into a lO;ml., glass-stoppered, fyrex, centrifuge
tube. This was foliowed by the addition of one ﬁl. of the cyclohexane-
iodine solution of known specific activity.. The stopper was wet, the, . |
vessel stoppered and shaken for one minute. The ﬁessel was centrifuged
fof one'ﬁinute‘and,.then, a1iquots were taken from each phase for count--
ing., If is noteworthy that‘increasing the sﬁaking'time to 2, 3 or 5

minutes did not alter the values of the. distribution coefficients.




Moreover, no.activity was detected on the stopper or walls of the centri-

fuge tube after the contents had been removed,

B.IT.c.2. The Dependence of the Distribution on the Mixing Time

fhe féllowing procédure.Was used to investigate the_distriﬁution of
iodine between cyclohexane and aqueous solutionsg where the initial con-
centration of iodine ranéed from 1.00 x ].O“2 to 1,00 x 10"5 F, with‘
respect to thé time the two phases were in contact (see.Figure B.2).
Ten milliliters of an ‘aqueous.solution was pipetted into a 25-ml, glass-
rstoppered, Kimax , Erlenmeyer flask. This was followed by the addition
of 5 ml. of ﬁhe cyclohexane~iodine solution of known specific activity,
The reaction vessel was then stoppered, wrapped in aluminum foil to ex-
clude light, placed in a constant-temperature bath and étirred magnetie
‘cally, using a Pyrex covered magnetic stirring bar, for a given length
§f time. In early 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 thle the phases separated. Then, aliquot§
were taken from each phase for counting and the remaining contents of
the flask discarded, 1In 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
égaiﬁsf céptrifuga;iqn using:the follbwing two procedures,

1. A samﬁle from each phase was plaCéd in différent centrifuge

tubes, centrifuged for one minute and aliquots of each sample
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taken for counting.

o

Two milliliters of the aqueous phase and one ml, of the cyclo~
hexane phaée was placed in tﬁe éémg'centrifﬁgé tube, shaken for
one minute,‘centrifugéd for one minute aﬁd aliquocts of ééch
phase taken for»Counting,

in qll instances, the distribution coefficient was the same for a partic-~"
ular reaction mixture indiqatipg that ade@uatehéeparation 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 tﬁe two phases occurred using mag-~

netic stirrers,

B.IT,c.3. Detection of Todine-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, t was of interest, therefore,
to ascertain the dispositioﬁ.of jodine~131 in the cyclohexane phase
aftér it and the aqueous phase had been mixed. In order to detect the
iodine~131 fractions in the cyclohexane phase itvwas necessary to.perform
experiments, separate from the measurement of the distriBution coeffi-
cient, where the volume of the cyciohexane phase was increased, The
chemical nature of the iodine-~131 species in the cyciohéxané‘phasé wés
studied where the initial concentration of icdine in the cyclohexane was

either 1,00 x_lo"3

] -5 » o . o
F or 1,00 x 10 7 F 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 (sée Figure B.3) was used to study the

i
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chemical nature of the iodine species in the cyclohexane phase where the
e .o PR PR, e -3
initial iodine concentration in the cyclohexane was either 1,00 x 10 ™ F

or 1,00 x 10"5 F; the two phases were shaken manually for one minute in

the absence of light. Four-milliliter aliquots of the aqueous and

v'cyclohexanewiodine_solutibns were pipetted into a 10-ml., glass-stoppered,

Pyrex, centrifuge tube. .The stopper was wet, the vessel stoppered, shaken.
for one minute and centrifuged fof one minute, Onékmilliliter 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 ¥ sodium sulfite with 0.5 millimole of sulfuric acid added,

another centrifuge tube contained 5 ml, of freshly prepared aqueous 0,100 F

sodium iodide and the other centrifuge tube cqntained'S ml, of aqueous -
0.100 F soaium hydroxide. The Stopéers Qere wet, the vessels stoppefed
énd shaken for one minute. Then, the vessels were centrifuged and.the
whole of each phase taken for counting., Quaﬁtitative separation aﬁd
removal of each phase from the centrifuge tube was accomplished in the
following ﬁanner: ail but about 0,01 ml, of the.aqueous phase was re-
moved by means of a capillary pipette, the vessel was centrifuged to
bring down the aqueous phase adhering to its walls, and the remaining
aqueéus phase removed.

The following e%traction procedure'(gge Figure B.4) Qas used'té
investigate. the chemical nature of the iodine species in the éyclohexgne=
phase, where the initial concentration of iodine:in'the cyclohexane was
eitﬁer 1,00 x IOM3'£,or.1.OO X 10-_‘5 Eé'the twd'phasés were stirred for
at least éa hours.in the absence of 1iéht. Five miliilite;s each of

the aqueous and cyclohexane-iodine solutions were pipetted into a 25-ml,,




glass~-stoppered, Kimax, Erlermeyer flask. The vessel was stoppered,

wrapped “in aluminum foil, placed in a constant-temperature bath and
4stirredﬂmagnetically using a_Pyrex«coveredvmagnetic stirring bar; After
é spécified time the ves#el wéé.rémovcd from_the.constént~tempergture
bath and allowed to stand‘for_several minutes so the two phéses éould‘_v
separate, Four milliliters of the cyclohexane phase was transferred to

a centrifuge tube., After ce.nt:rifugatvion'voné~mlc aliquots were taken from
the cyclohexane phase and added to each of three centrifuge tubes. One
geptrifqgelﬁube contained 5 ml, of freshly prepared aqueous 0,100 F
potassium iodide, another centrifuge tube contained 5 ml, of freshly pre-
pared 0,100 F sodium sulfite with 0.5 millimole of sulfuric acid added

" and the other centrifuge tube contained 5 ml, of aqueoﬁs sodium hydroxide,
“The stoppered centrifuge tubés were shaken for one minute,_centrifuged
and the whole of each phase taken fqr counting. Quantitativé separation
and removal of each phase was accomplished in the following manner: all
but about 0.0l ml. of the aqueous phase was removed by means of a capil-
lary pipette, the vessel centtifuged to bring down the aqueous phase

adhering to its walls, and the remaining aqueous phase removed,

B.IT.c.4. Detection of Iodine-131 Fractions_in the Aqueous Phase

During the studies of the distribution of jodine between éyclohexane
and‘aqueous solutions the distribution coefficient was found to decrease
with decreasing iodine concentration and increasing time of the mixing
bprdéess. Therefore, a study wasvmade of the chemical nature of.the
iodiﬂe~13l fractions iﬁ tﬁe aqueous phase. In order to detect thé 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 sufficient aqueous phase to work with. The disposition of

iodine-131 in the aqueous phase was studied iﬂvthe'manner described
‘below, |

The foilowiné extraction prééedure (see Figure B.5) was used to
investigate the chemical nature of'the.iqdine species in the acidic
aqueous phase where the initial concentratiop of iodine in the cyclohexane
was either 1.00 X.£O"3 or 1.00 x lO“SZE; theﬁfwo phases were stirred for
at least 24 hours in the absence of light, Ten milliliters of an aqueous
solution (sée Figure B.5) was added to a 25-ml., glaés—stoppered, Kimax,
Erlenﬁeyer.flask. This was follqwed by the addition of 5 ml. of é cyclo-
hexane~iodine solution of knéwn specific activity. The flask was stop-
pered, wrapped in aluﬁinﬁm 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) fhe flask was removed from
the constant-temperature bath and allowed to stand for several minutes
so that the two phases cculd separate. Nine nmilliliters of the aqueous
phase and 4 ml. of the cyclohexane phase were removed from the flask,
transferred to individual cehtrifuge tubes and centrifuged, One—milliu
lifer gliquots of each phase were then taken for counting in order to
determine the distribution céefficient of iodine-131, Another one-ml.
aliquot was takenbfroﬁ-the centrifuge tube containing the cyclohexane
phase, placed in a cpntrifuge 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 éyclohexéne~

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
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solution, Two milliliters of the aqueous phase B (sece Figure B.5) was

added to a 10-ml., glass-stoppered, Pyrex, centrifuge tube éontaining.

2 ml, of delohexane. The centrifuge tube was stoppered, shaken for

‘one minute and centrifuged. Then, the aqueous phase was quantitatively

removed and transferred to a centrifuge tube containing 2 ml., of a 1.00 x
2 . s ‘ . 4 o : .
10 © F cyclohexane-iodine solution and the- cyclohexane phase was quanti-
tatively transferred to a centrifuge tube containing 2 ml. of 0,100 F

aqueous sodium iodide. Quantitative separation and removal of each phase

“from a centrifuge tube was accomplished in the following manner: all but

about 0.0l ml. of the aqueous phase was removed by means of a capillary

pipette, the vessel centrifuged to bringrdown the aqueous phase adhering
to the walls of the vessel, and thebremaining aqueous phase removed. The
two centrifuge tubes, eachwcontaining two phases, were stoppered, shaken

for one minute and centrifuged.. Subsequently, one milliliter of each

phase from each tube was removed for counting,

B.I1T,c.5. Detection of Todine-131 Fractions jn the Original Cyclohexane-

Todine Solutions

‘The foilowing procédure (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 solutioﬁs in the
absence of light. Five miliiliﬁefsiof.an aqueous 0,100 ¥ sodium hydroxide

solution was placed in a 10-ml., glass-stoppered, Pyrex, centrifuge tube,

This wasvfolldwed: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 milliliters

of the aqueous phase and 0,5 ml. of the cyclohexane phase were removed
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for counting. , : o : .

‘3.11,0.6; The Effect of Oxygen, Ozone and Hydrogen Peroxide'onvthe

Distribution
"Tﬁe procedures uéed to invéstigate ﬁhe éffect of éhe presence
of oxygen, ozoné and hydrogen ﬁeroxide on thé aiéfribution of iodine
“betWeen‘cyclqhexane and aqueous solutions are the same as those used to °
study'fhe zero-time aistributiﬁn (see.pp‘ 82 and 83'and Figure B.l) and the
dependence of the distribution on the mixing time (see pp. 83 a@d 84 and
Figure B,2). The initial concentration of the iodine in the cyclohexane

3 F or 1.,00:X 10"5 F. Aqueous solutions, 1.00 F in

was either 1,00 x 10~ I
sulfuric acid, were treated according to the following methods,

1. Oxygen gas was passea through the sblﬁtion fof oné hour af a
moderate rate and in the dark.

2, Nitrogen gas was passed through the solution for one bour at
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.

4, The solution was made 1,00 x 10,3 £ in hydrogen peroxide by

the addition of an appropriate amount of 30 percent hydrogen

peroxide solution.

B.IT.c.7. The Effect of Organic Tmpurities on the Distribution
The. distribution coefficient for iodine betwéen. cyclohexane and
1.00 F 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-
»qantly less when very high purity (HintonvPrimary Standard grade)’cyclo—l
hexane was used rather than Eastman Sbectfo Grade cyclohexahé,‘ It was
of irnterest, therefore, to add certain impurities to very high purity
(Hinton Primary Standard grade) cyclohexane ‘and riote their‘effect on the
distribution coefficient,

The pro;edure useq tovinvestigate the effect of the presence of
organic impurities on'the distribution of molecular iodine between cyclo-
hexane aﬁd 1.00 F sulfuric acid is summarized in Figure B.l1. The initial
3 .

concentration of molecular iodine in cyclohexane was either 1,00 x 10 7 F

or 1.00 x 10—'5 F. Five milliliters of 1.00 F sulfuric acid and one ml.

of the cyclohexane-iodine solutions were added te a 10-ml., glass-stop-
pered centrifuge tube: this was followed by the addition of 0.0l ml,

of the impurity to the cyclohexane phase., The resulting impurity concen-
trations were approximately 0.1 molar. The centrifuge tube was stoppered,

shaken for one minute and centrifuged. Four milliliters of. the aqueous

phase and 0.5 ml, of the cyclohexane phase were then taken for counting.
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Figure

5 ml.,
Aqueous

~Solution

Count

4 ml,

\/

10~m1.
Glass~stoppered

1 ml.

re
Ccntllfugc o Cyclehexane- 12
- Solution
Tube .
1) Shake vigorously for
one minute.,
2) Centrifuge,
/
Aqueous|Cyclo- ~ Count
Phase hexane 0.500 ml,
Phase

B.1.

This procedure was used to investigate the zero-time
distribution of molecular iodine between cyclohexane

ano aqueous qolutlonso
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.10 ml. | 25 ml.

Glass-stoppered > ml. ¥

Aqueous \\-’ o ppere P Cyclohexane-1I

Y . 23 Exlenmeyer Lo —- . D
‘Solution M p1ask ~ Solution

‘Place in constant-temperature
bath and stir magnetically
with a Pyrex-covered magnetic
stirring bar.

Aqueous |Cyclo=
hexane
Phase Phase

Place in glass-
stoppered centri-
fuge tubes and
centrifuge,

N/
Count , vCount
1 ml, 0.5 ml.,

Figure B.2. This procedure was used to investigate the distribution
of molecular iodine between cyclohexane and aqueous
‘solutions, in the absence of light, with respect to the
time the two phases were “in contact. ’




10 ml.
f ml. ' G?al;y~ toppered 4 ml. %
Aqueous Cér%r‘}:'éI‘L—f P Cyclohexane412
Solution : Z| Centriivge ~
. Tube

_Shake for one minute and

centrifuge,

\

Agueous| Cyclow
hexane
Phase Phase

Transfer one-ml, aliquots to each of
three 10-ml. glass-~stoppered
centrifuge tubes. :

| L e\

5 ml, 1 ml, 5 ml, 1 ml. 1 ml,

0,100 F| Cyclo~ 0.100 F| Cyclo= Cyclo-

KI hexane 50, hexane NaOH hexane 9
Phase . “ Phase Phase

Shak7 for cne ) Shake for one |, Shake -fér,cne'

min./ce [ntrifuge min./ce jntrifuge min./ce Atrifuge

Figure B.3. Procedure used to investigate the chemical nature of the
: fodine in the cyclohexane phase after extraction for one
minute with an: aqueous solution. All operations were "
carried out in the absence of light.
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5 ml, a8 25 ml, 1 s ml,

Aqueous .| Glass~stoppered | _ - | Cyclohexane-lw
. ~ ] , e 2
Solution > Erlenmeyer Solution
' Flask

Place in constant-temperature
bath and stir magnetically
using Pyrex~covered magnetic
stirring bar,

N/

Aqueous | Cyclo~
Phase hexane:
Phase

1. Place 4-ml, of cyclohexane phase in . ml, glass-stoppered
centrifuge tube and centrifuge.
2, Transfer l-ml., aliquots to
stoppered centrifuge tubes,

/.

QUORTE iy e T o e i £ i W AT ae g 28 v Zeerm e e S - AP marp e ea

b ml. 1 ml. 5 ml, ] 5mi. |1 ml.
0.100 ¥ | Cyclo. 0,100 E {Cyclo- 0,100 F{Cyclo-
KI hexane SO2 . hexane NaOH hexane
Phase Phase Phase
Shake for one Shake for one Shake for one
min,/cenltri fuge : min./cenltrifuge | min,/cenltrifuge

Figure B,4, Procedure used to investigate the chemical nature of the
E iodine in the cyclohexane phase after extraction for at
least 24 hours with an agueous solution. All operations
were carried out in the absence of light,
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Measurement of
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T Solution
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of each phase to a 10-ml.

2 ml, 2 ml, .
Aqueous 0.0100 F
Phase Ie—Cyclof
hexane
Shake for one min,
Land_centrifluges .|

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,
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‘ . o | I 1 s ml. s é?"‘xﬂ] - pd 1 ml.
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This ulocedure was used to 1nves|1gate the Chem1 al mnature

; o : : ‘of the iodine in freshly prepared cyclohexane- -I. solutions
" ' B - with cyclohexane obtained from various sources . This’

' pvoceJure was Calrled out in !he absence of light.

Pigure B. 6
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5,111, RESULTS

The results of the investigation of the distribution coefficient,
D, for iodine, where

D = concentration of 1-13]1 atoms in cyclohexane .,
concentration of I-131 atoms in-aqueous phase

are summarized in Tables B.l through B.33

B.Ifl.a, The Distribution of Todine Between Cvclonexane and
Aquecus 0,100 F Perchloric Acid

for icdine

The results of studies of the distiibution
batween dilute cyclohexane-icdine solutions and aqueosus perchloric acid

are summarized in Tables B.l1 through B.7.

B,ITT.,a.]l. The Effect ¢f Age of the Cyclohexzge-Todine Solutions

The results of studies of the dependénce of the distribution coeffi-
cient on the age of the.cyclohexanewiodine solutions are summarized in
Tables B.,1 through 3.4, Thé cyclohexane~iodine solutions were aged in
volumetric flasks sugpended in a constant-temperature bath; one-milli-
liter-aliquots were removed at various times and subjected to the pro-
cedure outlined in Figure B.l. Tables B.l and B.2 indicate that for

-3 L L . 5 . . . e .
1.00 x 10 ™ F dodine in cyclohexane the distribution coefficient is

independent of the age of the cyclohexane-iodine soldtion, over one weeik,

and whether the cyclohexane-~iodine solution was aged in the dark or in
the presence of ordinary laberatory fluorescent light. In more dilute

4 -
"Foand 1,00 x 107 F i

cyclohexane~iodine solutions, namely 1,00 x 10
iodine, there is a small decrease in the distribution coefficient for

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,bh,c,d,e

Age of Cyclobexane~12

i

- Distribution coefficient, D

solution, hours

Light present -

Light abcent

16
40
44
69 .

112

160

185

64

61

63

57

60 -

63

60

58

62

62

61

63

“fhe procedure used is outlined in Fig. B.l; the cyclohexane-I

solution was aged in the presence (or absence) of licht, as
< 2

noted,

b

he cyclohexane used was unireated Eastman Spec

tro Grade,

“The cyclohexane—lg solution was activated by -Method 1 (see p.: 81).

-d . -2
“The initial concentration of 12 in cyclohexane was 1.00 x 10 © F,

e . . _ s
- In all instances the recovery of activity was essentially
quantitative, '




Table B.2

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-Y

solution, hours

2

Distribution coefficient, D

Light present Light absent

16
40
b4
69

112

136

160

185

62
62

58

52

58

60

59

59

64

66

“The procedure used is outlined in Fig. B.lj the cyclohexane-I
~solution was aged in the presence (or absence) of light, as

noted,

The cyclohexane used was untreated Eastman Spectro Grade,

“The cyclohexane~1P solution was activated by Method 1 (see p. 81).

d e . .
The initial concentration if I

2

in cyclohexaﬁe was 1,00 x 10~

e, : - .
In all instances the recovery of activity was essentially

‘quantitative.

.99,

3
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Table 5.3
The Dependence of D on the Age of Cyclohexane-Jodine Solution

Agcd, at 28,0° , in Lht P:cscnce or Ab)ence of Light:
a,b,c,d,e

the Aquoous Phase was 0,100 F Perch1011c Ac1u.
Age of cyclohexane~12 Disﬁribution coefficient, D
solution, hours "Light present Light absent

0 ’ 49 51

25 ' 49 - 48

45 : : 49 v 45

73 47 49

121 | 48 48 .

164 : 45 44

171 ‘ 42 .45

“The procedure used is outlined in Fig., B.l; the cyclohexane-I
solution was aged in the plebnnce (or absence) of light, as
noted,

b :
The cyclohexane used was untreated Eastman Spectro Grade,

“The cyciohexanewl solution was activated by Method 1 (see p. 81),

-4

dThe initial concentration of 12 in cyclohexane was 1.00 x 10 = F,

2

e. . : . s .
In all instances the recovery of activity was essentially
quantitative,
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Table B .4 4

The Dependence of D on the Age of.Cyclohexane~Iodine Solution

Aged, at 28.0°, in the Presence or Absence of Light:

the Aqueous Phase was 0.100 F Perchloric Acid.afb?c’d’e

- Age of Cyclohexane;l2 Distfibution coefficient, D
solution, hours Light present: Light absent

0 31 31

25 v 30 o #9

45 . 32 29

73 23 19

121 | 15 15

164 : 23 2z

171 | 21 28

a,. . s C -
IThe procedure used is outlined in TFig. B,l; the cyclohexane~I,. .
solution was aged in the presence (or absence) of light, as
noted, :

b ] ) . :
The cyclohexane used was untreated Eastman Spectro Grade,
C . . N . 1 % )
The cyclohexane-I, solution was activated by Method 1 (see p, 81).
[es
5

d - . . -
The initial concentration of 12 in cyclohexane was 1.00 x 10 ~ F,

e. . I . .
In all instances the recovery of activity was essentially quanti-
tative, - '
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over one week (see Tables B.3 and B.4).

B.I1T.2.2. The Dependence of D on the Timé of Mixing the Two Phases

- -4
decreased with time for both the 1.00 x 10v3 F and.1.00 x 10 " F

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

4

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 F and 1.00 x 10—'-4 F 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 mnor aging effects in the
cyciohexanewiodine system alone, but rather is due to some factor

introduced by the aqueous phase.

B.I11.2.3, The Dependence of D -on the Method of Activation of the

Cyclohexane-Todine Solutions

The distribution coefficient for iodine between cyclbhexane and
aqueous 0.100 F perchloric acid was also dependent on the method of
activation of the dilute cyclohexane-iodine solution when Methods 1, .

2 and 3 were used (see Table B.7).




Table B.5

The Depéndence of D on the Time of Mixing of the Two Phases, at

28,0°: the Aqueous Phase was OOIOO.E Perchloric Acid.

a,b;g,d,e

N

Reaction time, hours ‘ Distribution

e f
coefficient, D

0 Lty
22 .4 ' , 20 ,
46.5 22,
70.5 | 29 ,
90 | 25 ,
115 20 ,

45

AThe procedure used is outlined in Fig. B.2; light was excluded.

b
- : The cyclohexane used was untreated Eastman Spectro Grade,

c 4 . .
. . The cyclohexane~l, solution was activated by Method 1 (see p. 81).
. o ‘

3

d S e . . -
The initial concentration of 12 in cyclohexane was 1.00 x 10 7 F.

e . . - ;
In all instances the recovery of activity was essentially

quantitative.

£ . . ’
Two reaction mixtures were prepared from the same cyclohexane~12

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

a,b,c,d,e

28,0°: the Aqueous Phase was 0.100 F Perchiloric Acid.

Reaction time, houré Distribution coefficient;.Df
0 28 , 30
22.5 | 11, 11
- - g 46.5 4.6, 4,7
70.5 . 2.4, 2.4
90 ' 2.3, 2.3
- 115 7.6, 7.6

B . . U .
“The procedure used is outlined in Fig. B.2; light was excluded.
k, . . o .
. S v The cyclohexane used was untreated Lastman Spectro Grade.

¢ . - .
The cyclohexane-I, solution was activated by Method 1 (see p.81).
&l

d 4 F

The initial concentration of I.p in cyclohexane was 1.00 x 10

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

£ . . ‘ "
Two reaction mixtures were prepared from the same cyclohexane-l

. ) X . i ‘ 2
solution and treated identically. :




Table B.7

' The Dependence of D on the Method of Activating the Reaction

o

Mixture at 28,0°: the Aquéous Phase was 0.100 F

Perchloric Acid.

a,b,c.

Tnitial [Ie] ini Metﬁod of _Distribution
cyclohexane, F ’ activation coefficientd
1.00 x 1073 . Method 1 64
1.00 x 107 Method 1 51
1.00 x 107> Method 1 31
1.00 x 1073 Method 2 15 , 1%
1.00 x 107 Method 2 8.3, 11
1.00 x 1073 Method 3 4o
i,oo x 1074 Method 3 o4
1,00 x 1077 Method 3 5.3

2, . . s T,
“The procedure used is outlined in Fig. B.l; light was
excluded.,

The cyclohexane used was untreated Eastman Spectro Grade.

c - .
In all instances the recovery of activity was essentially
‘quantitative, '

4

d, s .
Iwo reaction mixtures were prepared from the same cyclo-

hexane-T1

2
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B,IIL.b. The Distribution of Iodine Between Cyclohexane and

Sulfuric Acid and Potassium Sulfate - Sulfuric Acid
Mixtures

vThe'resulté sgmmérized in Tables‘BfS through B.33 were obtained
.with‘cyélohexane solﬁtions whiéh had béen activated by Method 4. - This’
méthod was found to be of sigﬁifiﬁant value in that:.

1. 7Tt allowed thevpr_paration of dry, active cyclohexane solutions
of iodine.

2, The iodine-131 in the active cyclohexane-~iodine solutions
béhaved as molecular iodine,

3. The activation procedure did noﬁ change the corncentration of
the molecular iodine in the cyclohexéne where the initial
concentration of iodine in cyclohexane ranged from 10"2 to
1077 F,

4, The distribution coefficient was not dependent on the age of

the dilute, dr active cyclohexane~iodine solution over a
D) Yo y

period of 2 weeks (see Table B.8).

B.IIT,b,1l. The Dependence of D on the Tonic 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 idnic strength of the
aqueous phase. For this reason, all future work was performed at con-
stant ionic strength;»the arbiﬁrariiy chosen value for u.= 1.00 T 0.01

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

Cyciohexaneulodine Sblutiousoa’b’c’d
Age of cyciohexane» D'istributio'n'co.efficient> D®
iodine solutions, iodine concentration, F
days 1.00 x 107> 1,00 x 107
1 68, 67 6.1, 6,2
3 69, 68 -
6 : 69, 68 .-
13 - 6.1, 6.2
15 63, 61 -

a : . . . . - .
“The procedure used is outlined in Fig. B.l; light was excluded.
The cyclohexane used was untreated Eastman Spectro Grade.

The cyclohexane-lg solution was activated by Method 4 (see p. 82).
d, ' . .

The aqueous phase was 1,00 F sulfuric acid.

R R ' : :
Two reaction mixtures were prepared from the same cyclohexane-I.

. . . o
solution treated identically,

107



Table B.9"

The Dependence of D on the Tonic Strength of the Aqueous Phase

. .
a,b,c.,d e e .
at 24,9°,7°7°7?" The Initial Concentration of Jodine

in Cyclohexane was 1.00 x 1073 .

Composition of _ - Dbistribution coefficient,
aqueous phase . . : D
1,00 x 10™ F 1,50 57
e Bt 2k l
pH = 3.7° 59
u = 2.5 x 107
- ' ' K
. 0.340 F 2804 83
brought to a pH = 3.4° 82
. ith H
with LQSOA
U = 107

a ' . s s .
“The procedure used is outlined in Fig. B.3; light was excluded,
b, ; . ' ) ' '

The cyclohexane used was untreated Eastman Spectro Grade.

Crv .
The cyclohexane-*l2

- dIn all instances the recovery of activity was essentiaily quanti-
tative. :

solution was activated by Method 4 (see p. 82).

“The pH was measured wifh a Beckman Model C pH meter. -
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B.11T.,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 aqueous 1.00 F

v'sulfuricvacid phases are summarized in Tables 5.10, 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.1l and

B,12. The dependence of the distribution coefficient on the time of

mixing the cyclohexane-iodine and 0.340 F potassium sulfate, brought

‘to a pH of 2,7 with sulfuric acid, is summarized in Tables B.13, B.l4

and BP.15 and Figure B.8, These results demonstrate that for all the

cyclohexanes used the'distributiop coefficient decreases with decreas-

ing lodine concentration and increasing duration of ﬁhe mixing process,
The rate of the decrease of the distribution coefficient decreases with
increasing duration of the mixing process,

The zero-time distribution coefficients were essentially the same
when treated Kastman Spectro Grade or Hinton Primary Standard grade
cyclohexanes were used: on the other hand, the zero-time distribution
coefficients were considerably less when untreated Eastwman Séectro Grade
cyclohexane wa; used,

The decrease of the distribution coefficients with increasiﬁg
duration of the mixing process was less when using treated Eastman
Spectro Grade or Hinton Primary Standard grade cyclohexanes than when
untreated Bastman 3pectro Grade cyclohexane was used,

The additien of varying amounts of airborne impurities to the

e did not have any appreciable effect on the distribution
coefficients, either for the zero-time or after 4 or 24 hours of mixing

of the two vhases.




The results summarized in Tablés.B.lQ through B.15 were obtained .
using untreétedanstman Spectfo Grade cyclohexane, The results summar-
ized in Tables B.l6 and B.,17 were obtainéd using treated Eastman Spectro
Grade cyciohexanee The resqlts summatrized in TaBles.B.18,énd.B.l9 vere
obtained using Hinton Primary Stanaard grade. cyclohexane, And, the
results summarized in Tables.B.EO and B.21 were obtained using an aqueobus
sblution.containingvvarying amounts of added airboyne 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
that the reaction vessels and sﬁirriﬂg 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 wonitored for iodine-
121 by'placing them on the Nal crystal of a scintillation detector; the
sensitivity of this prccedure 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 Véssel could be detected, Also, spot
checks were made where the reaction_vessel and stirring bar wére washed
with chromic acid and the chromic acid wash counted to detect any iodine-
131 adsorbed by the reaction vessel or stirfing bar; no activify was e&gr
foﬁnd° However, the purity of the cyclohexane wésAdemonstrated to be an
impértant factor in the loss 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 réaction-mixtures'méde with

untreated Eastman Spectro.Grade cyclohexane (see Tables B.10 through B.1%).
: y ‘ g
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Table B,10

The Dependence of D on the Time of Mixing at‘24.9°.a’b?c’d’e

Mixing timé; Distribution Recovery of
Run . . . : g o _ : .
hours coefficient, DV - activity,% -
0 - . 69, 68 100, 99
1 ' 50, 56 o 96, 97
1 6 11, 27 89, 98
22.8 -~ 17 -~ 94
44 - 14 o -~ 9ob
9.5 29, 30 i 94, 95
2 23 19, 20 93, 93
47 . 17, 17 | 928 938 |
, |
4The procedure used is outlined in Fig. B.2; light was excluded.

The cylohexané used was untreated Eastman Spectro Grade.

2
3

The initial concentration of 12 in-cyclohexane was 1,00 x 10~ F.
“The aqueous phase was 1.00 F sulfuric acid.

£ . . . ; - L .
Two reaction mixtures were prepared from the same cyclohexane—12

solution and treated identically.

gThe reaction vessels and stirring bars were washed with chromic

acid in order to detect adsorbed activity; no-adsorption was

The cyclohexane-I. solution was activated by Method & (see p. 82).
y y p )
found,




:Tﬁe Dependence of D on the Time of Mixing at 2

Table B.11

4’9°na,b,c,d,e

'Mixing.timeﬁ C Distribution Récovery.of
houré - coéfficiént, Df actiQiﬁy, %
0 _ 40, 41 ] 97, 98
0 | 43, 45 101, 100
1 | 15 , 17 | 96, 95
5 6.9,v 6.3 _ 93, 89
18.8 2.7, 2.7 80,I 78
24.5 .25, 2.4 78, 76
‘47 2.3, 2.2 76, 75 |
116.8 2.4, 2.2 778 748
4The procedure used is outlined in Fig. B.2; light was excluded,

eThe

fTwo

cyclohexane used was untreated Eastman Spectro Grade.

cyclohexane~I, solution was activated by Method 4 (sece p. 82).

2
4

~initial concentration of I, in cyclohexane was 1.00 x 10° F,

2

aqueous phase was 1,00 F sulfuric acid.

reaction mixtures were prepared from the same cyclohexane—lg-

- solution and treated identically.

gThe

reaction vessels and stirring bars were washed with chromic

acid in order to detect adsorbed activity; no adsorption was
found. .




The Dependence of D on the Time of Mixing at 24,

Table B.12

GO a,b,c,d,e

:Mixing timé; : Disﬁribution ' ‘. ‘ARecovery of .
hours R | éoefficient, Df activity, %
0 6,1, 6.2 : 100, 100
1 5.6, 2.3 93, 83
2.5 , 2.5, 2.5 76, 76
23 '1.4, 1.6 76, 74
47 1.7, 1.7 768 728
A The procedure used is outlined in Fig, B.2; light was excluded, o i
PThe cyclohexane used was untreated Eastman Spectro Graée. ‘
“The cyclohexane—12 solution was activated by Method 4 (see p. 82),
dThe initial concentration of 12 in cyclohexane was 1.00 x 10"5 F.
“The aqueous phase was 1.00 I sul furic acid.
fTwo reacticon mixtures were prepared from the same cyclohexane—12

solution and treated identically.

gThe

reaction vessels and stirring bars were washed with chromic

acid in order to detect adsorbed activity; no adsorption was

found.




The Dependence of D on the Time of Mixing.at

Tabie B.1l3

a.b.c.d,e
~ [¢) R
24,,9°,727 2770

Mixing time,

Distribution Recovery of

hours coefficient; Dfl‘d activity, %
0 76, 78 100, -160--
1 ~m, 84 ~=, 96
9.5 65, 57 97, 95
23 54, 51 97, 98
47 48 47‘ 95, 99

a

The
b
The

CThe

dThe

e .
The

£
Two

procedure used is outlined in Fig. B.Z; light was excluded,

ral

cylohexane used was untreated Eastman Spectro Grade.

cyclohexane-I,_ solution was activated by Method 4 (see p. 82).

2
s . . : - -3 :
initial concentration of 12 in cyclohexane was 1.00 x 10 7 F.
aqueous phase was 0.340 I potassium sulfate at a pH of 2.7,

reaction mixtures were prepared from the same cyclohexaneele

solution and treated identically.
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Table B.1l4

‘ . a,b,c,d,e
The Dependence of D on the Time of Mixing at 24.9_.a‘b’c’ >€.

Mixing Time, Distribution o Recovery'qf_
houré : - coefficient, D£l  | activity, %

0 o 63, 66 95, 98

1 ' 47, 47 | 98, 97

6 27, 28 96, 96

2.8 17, 16 94, 93

" 4y 13, 12 93, 92
67 11, 8.3 91, 89 .

a . . . ) Y. s

The procedure used is outlined in Fig. B.2; light was excluded.
b, g . - :

The cyclohexane used was untreated Eastman Spectro Grade.

The cyclohexane-I, solution was activated by Method 4 (see p. 82).

2

s . . -4
The initial concentration of I, in cyclohexane was 1.00 x 10 = F.

2
“The aqueous phase was 0,340 F potassium sulfate at a pH of 2.7,

,f_‘

Two reaction mixtures were prepared from the same cyclohexane—12
solution and treated identically,



Table B.15

o : : o a,b :
The Dependence of D on the Time of Mixing at 24.9°. D500 e

Mixing time, = Distribution " Recovery of

houfs | coefficient, Df - activity, %
o 30 o, 24 97, 99
1 43, 46 97, 97
9.5 9.6, 10 | 88, 90
23 1.8,. 2.7 65, 75
47 | 0.6, 1.1 479 638

The procedure used is outlined in TFig. B.2; light was excluded,
The cyclohexane used was untreated Eastman Spectro Grade.
solution was activated by Method 4 (see p. 82).

d ’ ' -
The initial concentration of Ié in cyclohexane was 1.00 x 10 > F,

“The cyclohexane«l2
The aqueous phase was 0.340 F potassium sulfate at a pH of 2.7,

"Two reaction mixtures were prepared from the same cyclohexane-12
solution and treated identically.

8ihe reaction vessels and stirring bars were washed with chromic

acid in order to detect adsorbed activity; no adsorption was
found. ' '
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|
o . Table B.16

The Dependence of D on the Time of Mixing at 24.9o.a,b,c,d,e

Mixing time, ‘ Distributiqn “ - Recovery Qf
hours ‘coefficient, D- - ‘activity, %
0 78 ' 102
4 61 C 100
24 51 - 98
* %The procedure used is outlined in Fig. B.2; light was excluded,
N .

The cyclohexane used was treated Eastman Spectroe Grade.
Cr . o e )
The cyclohexane—l2 solution was activated by Method 4 (see p. 82).
e . . ' -3
The initial concentration of 1? in cyclohexane was 1.00 x 10 7 E.
- |

e . .
. : , The aqueous phase was 1,00 F sulfuric acid.




Table B.17

The Dependence of D on the Time of Mixing at 24.9

Mixing time, ' ‘ Distribution ' Recovery of
hours S coefficient, D - acﬁivity, %

0 48 es

4 16 100

24 5.5 . 96

The procedure used is outlined in Fig. B.2; light was excluded.
The cyclohexane used was treated Eastman Spectro Grade.

c ' L i . o o
The cyclohexane—l2 solution was activated by Method 4 (see p., 82).
[y

The initial concentration of 12 in cyclohexane was 1.00 x 1077 E.

e ) .
The aqueous phase was 1.00 F sulfuric acid,




The Dependence of D on the Time of Mixing at 24.9°.

Table B.18

ce a,b,c,dse

Mixing time, © Distribution . " Recovery of

‘ : . £ ' e o
hours - . coefficient, D7 . . activity, %

0 81, 78 | 99, 99
4 70, 65 100, 100

24 - 57, 60 104, 102

2

aThe

bThe
C’l‘he
d The

®The

f’l’wo

initial concentration of I,

procedure used is outlined in ¥Fig. B.2; light was excluded,
cyclohexane used was Hinton Primary Standard graﬂe.
cyclohexénewIE solﬁtion.was activated by Method 4 {see p. 892).
o in cyclohgxane was 1.00 x lO~3 E.‘

aqueous phase was 1.00 F sulfuric acid,

reaction mixtures were prepared from the same cycloheXane-12

solution and treated identically,




The Dependence of D on the Time of Mixing at 24.9°.

Table B.19

o a,b,c,d,e

Mizing time, - - - Distribution. .Rgcbvery of
hours ‘coéfficient, Dfi ‘activify, %
0 ’ 39 -+, 40 ' 100, 99
4 ' 8.4, 6.8 98, 99
24 v 3.5, 3.3 80, 92
24 ,25° 1.7 B 63
i 25.5" 0.28 61
The procedure used is outlined in Fig, B.2; light was excluded.
bThe cyclohexane used was Hinton Primary Standard grade.
“The cyclohexanewlé‘solution was activated by Method 4 (see p. 82).
The initial concentration of 12 in cyclohexane was 1.00 x lOHS F.
“The aqueous phase.was 1.00 F sulfuric acid,
fTwo

solution and treated identically.

Erhe
for

bThe
for

reaction mixtures were prepared from the same cyclohexane~1?

reaction mixtuve was exposed to ordinary laboratory light
15 minutes after 24 hours reaction time in the dark.

reaction mixture was exposed- to ordinary laboratory light
1.5 hours after 24 hours reaction time in the dark.

—
o
[




Table 3.20
The Dependence of D on the Amount of Airborne Impurities in the
o a,b,c

AQueQus Phase at 24.9

The Aqueous Phase was 1,00 F Sul furic Acid.

Initial Amount of Distribution Recovery of

[12] in airborne coefficient, ctivity,
cyclohexane,  impurities D %
F - present
I 75 100
Ix 78 | 9¢
1.00 x 107° - IIX 78 100
jAY 80 100
v 79 101
1. 41 99-
T 45 100
1,00 x 1077 171 47 99
1V Y 99

v 36 99

a ‘ . . c s .

The procedure used is outlined in Fig., B.l; light was excluded.
b . .

The cyclohexane used was Hinton Primary Standard grade.

“The cyclohexane-I_ solution was activated by Method 4 (see p. 82).

2
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Table B.21

The Dependence of D on the Time of Mixing at 24.9°.

o a,b,c,d,e,f

-Reaction time, Distribution -Recovery of
hours © coefficient, D aétiVity, %
0 : 76 99
b ' - 59 100
24 49 104

The procedure used is outlined in Fig. B.2;

light was excluded.

b ) .
The cyclohexane used was Hinton Primary Standard grade,

Crv . . ; .
The cyclohexanevl? solution was activated by Method 4 (see p. 82).,

d . .
The initial concentration of 12

e, _ . .
~The aqueous phase was 1,00 F sulfuric acid.

3

in cyclohexane was 1,00 x 10° F.

f 1 . ‘ . ’ . »
Unfiltered air was drawn through water for 24 heurs prior to
using the water in making the 1.00 F sulfuric acid,




B.III,b.B.VThe Disposition and Charactérization of the Todine-131 in

the Cyclohekane and Aqueous Phases of the Two=Phase Reaction Mixtures

The aquedusAand cyclohexane phases of the two-phase reaction mix-
ture were subjectéd to extraction procedures (see p. 84) in order to |
characterize the.disposition of iodiﬁéu131.in‘each‘phase.. The reaction
mixtures were similar in composition to those used to stﬁdy the depend-
ence of the distribution coefficient on the mixing time (see p. 83).
Three one-ml, aiiquots of the cyclohexane phase were subjected to extrac-
 tion with aqueous 0,1 E.sodiﬁm iodidé, aqueous acidic 0.1 F sodium sul-
fite and aqueous 0.1 J sodium hydroxide (see Tables B.23 through B.27):
each one—mi, aliquot was subjected to one of the'foregoing extractions.
These extractions yielded the percentage of iodine-131 in the cyclohéxane
phase which isotopically exchanged with, or was reduced By, aqueous
jodide, was reduced by aqueous acidic sulfite and extracted into aqueous
hydroxide.,

One two-ml. aliquot of the aqueoué phase was extracted first with
cyclohexane and secondly with 0.01 ¥ iodine in cyclohexane; the cyclo-
hexane, from the first extraction, was then extracted with 0,1 F sodium
iodidé (see Tables B.28, B.29 and B.30). These extractions yielded the
percentage of jodine-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 isctopically exchanged with iodine in cyclohexane,
and neither soluble in cyclohexane nor isotopically exchangeable with

iodine in cyclohexane,
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Table B.22

Jodine-131 Species Present in Freshly Prepared Active Cyclohexane-

. . a.b
Todine Solutioms at 24,9°.,7°

Brand of : Initial [12} in . - Activity extracted into
. d
cyclohexane cyclohexane, ¥~ _ 0.1 F NaOH % €
Untreated _ -3
Eastman 1.00 x 10 08
- Spectrxo . .5 '
Grade 1.00 x 10 -84
Phillips 1.00 x 1073 91
Research .5
Grade - 1.00 x 10 68
~ Hinton 1.00 x 10 160
Primary -5
Standard 1,00 x10 99

bThe-cyclohexane—I

#The procedure used is outlined in Fig. B.6; light was excluded,

5 solutions were prepared by

1) Dissolution of the ‘crystal.lin_eAI2 in cyclohexane over 12

hours to prepare the 1.00 x 1072 ¥ stock cyclohexane-I

solution. 2 :
2) Dilution of the stock cyclbhexanevl2 solution.,

"3) Activation of the dilute cyclohexane-1 solution over 8
hours via Method 4 (see p. 82). .



Table B.23

" Todine-131 Species Present in the Cyclohexane

s . ' ' Phasé after One-Minute Contact Time with 1.00 F

Sulfuric Acid at 24°9°0a’b.

. ' o C,d
Iodine-131 species in Activity, % €

untreated Eastman Spectro Initial~[12] in cyclohexane, F

Grade cyclohexane ' 1.00 x 10“3 1.00 x 10“5
Extracted into
0.1 F Nal | | 100 99
Extracted into
acidic 0.1 F NaESO3 100 - 99
i Extracted into
0.1 F NaOH 98 95
The procedure used is outlined in Fig., B.3; light was
excluded.
bThe cyclohexanemlg solution was activated by Method 4
(see p. 82).
“In all instances the recovery of activity was essentially
quantitative, '
- dPercent of activity in the cyclohexane phase after the
one-minute contact time.



Table B .24

Todine-131.Species Present in the Cyclohexane

Phase after One-Minute Contact Time with 0,340 F

Potassium Sulfate at a pH of 2.7 at 24?90. a,b

c,d.

Todine-131 species in Activity, %

untreated Eastman Spectro  Initial [Ie] in cyclohexane, F

Grade cyclohexane 1.00 x 10"3 1.00 x 10"5
Extracted into

0.1 F Nal | 99.7 99.0
Extracted into

acidic 0.1 ¥ Na S0, 99.7 99.0
Extracted into

0.1 F NaOH 97.0 97.0

a, . . . . . .
The procedure used is outlined in Fig. B.3; light was
excluded. :

bThe cyclohexanemlg solution was activated by Method &
(see p. 82).

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

d A . '
Percent of activity in the cyclohexane phase after the
one-minute contact time.
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Table B.25 -

Todine~131 Species Present in the Cyclohexane .

Phase after Thirty-~eight Hours Contact Time with

1.00 F Sulfuric Acid at.24,9°.a’b

. ' . . - o C,d,e
Jodine-131 species in Activity, % °°°

untreated Eastman Spectro Initial [12] in cyclchexane, F

Grade eyclohexane , 1.00 x 10"3 1.00 x lO“5
Extracted into 96 38

0.1 I NaI S 9% ‘ 40
Extracted into . 97 . 67
acidic

Qfl F Na2§03 | 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,

The cyclohexane~l? solution was activated by Method 4
(see p. 82). '

C. ) ' ' .
In all instances the recovery of activity was
essentially quantiative.

d NP :
Percent of activity in the cyclohexane phase after the
38-hours contact time.,

e, : , -
Two reaction mixtures were prepared from the same
cyclohexane~I2 solution and treated identically.
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Tahle B .26

Todine~131 Species Present: in the Cyclohexane

Phase after Thirty-eight Hours Contact Time with

- L : ‘ o . ‘ a i
0.340 ¥ Potassium Sulfate at a pH of 2.7 at 26.,9°.%7

d.e

c,d,

Todine-131 species in Activity, %

untreated Eastman Spectro - Initial [IP] in cyclohexane, F

Grade cyclohexane 1.00 x 10,3 1.00 x 10“5
Extracted into 99.4 74
0.1 F Nal ' 100. 80
Extracted into 100 87
acidic 0.1 F Na,SO, 100 95
Extracted into 96 94
0.1 ¥ NaOH 95 9%

a ) . . . o
The procedure used is outlined in Fig. B.4; light was
excluded,

b, - : . . )
The cyclohexane~12 sclution was  activated by Method &
(see p. 82).

c . - .

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

Percent of activity in the cyclohexane phase after the
38-hours contact time.

e . .
Two reaction mixtures were prepared from the same
cyclohexane~12 solution and treated identically,
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Tahle B .27

Todine-131 Species Present in the Cyclohexane

Phase after Twenty-four Hours Contact Time with

1.00 F Sulfuric Acid at 24.9

o a,b

Iodine-131 Species in

Activity, %

¢,d,e

|

1 .

- 0.1 F Na,SO
\

Hinton Primary Standard Initial [12] in cyclohexane, F
grade cyclohexane 1.00 x 10"3 1.00 % lOmS
Extracted into 100 95
0.1 I'NaX 100 98
- Extracted into acidic 100 97
550, 100 97
Extracted into 100 97
0.1 F NaCH 99 97

a,, : : - B . . . .
The Procedure used is outlined in TFig. B.4; light was

excluded,

bThe cyclohexane~TI

(see p. 82). 2

c . o .
In all instances the recovery of activity was essentially

quantitative,

solution was activated by Method 4

d R
Percent of activity in the cyclohexane phase after a

24 -hour contact time,

e, , v g .
Two reaction mixtures were prepared from the same
cyclohexane~l? solution and treated identically.




Table B.28
TIodine~131 Species Present in the 1.00 F Sulfuric
Acid after Thirty-four Hours Mixing Time with
41,00 xblons»g Iodine in Untreatéd Eastmén Spéétro

Grade Cyclohexane at 24.9°.a9b>c

Todine-131 species » Activity., % ¢,d,e

in the sulfuric Cyclohexane Aqueous
acid phase . Phase Phase
Extracted with

cyclohexane, back- 6 22
extracted with 6 21
0.1 F NaIl

Noﬁ extracted with
_cyclohexane but back- 68 4
extracted with 10"2 F - 69 4

I, in cyclohexane

2

*The procedure used is outlined in Fig., B.5; light was
excluded.

bThe cyclohexane-1

solution was activated by Method 4
(see p. 82). ’

2

~CIn all instances the recovery of activity was essentially
quantitative. '

4 - R o S

Percent of activity in the sulfuric acid after 34-hours

mixing time.

e S . o ‘
Two reaction mixtures were prepared from the same
cyclohexane«le solution and treated identically.
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Table B.29
Todine~131 Species Present in thé 0.340 F ?otassium
Sulfate at a pH of 2,7 after Thirty-four Hours
Contéct fima'witﬁ 1.00 x lO“5 Iodine in Untreated

Eastman Spectro Grade Cyéléhexane at 24¢9°;a’b o S

Todine-131 species Aétiyify, % ¢,dse

in the sulfuric Cyclohexane Aqueous
acid phase Phase Phésé
Extracted with

cyclohexane, back- ' 2 7 57
extracted with 4 63
Oci F Nal

Not extracted

with cyclohexane but . 32 . 6
back-extracted with 28 6
10-2 F I, in cyclohexane

2

a R .. . . ,
The procedure used is outlined in Fig. B.5; light was
excluded.

bThe cyclohexane-I, solutions was activated by Method 4
(see p. 82). '

c ' . : A :
In all instances the recovery of activity was essentially
- quantitative.

d ' e ' Lo :
Percent of activity in the potassiim sulfate phase after

34 -hours mixing time,

e s . - ‘ :
Two reaction mixtures were prepared from the -same
.cyclohexane—12 solution and treated identically.



Table B.30
Jodine-131 Species Present in the 1.00 F Sulfuric
: ‘ _ o ‘ Acid after Twenty¥four Hours Mixing Time with

Iodine in Hinton Primary Standard Grade .Cyclohexane

at 24.,9°,%5

iodine§13l _ Activity, % ¢,d,e

species in the Initial [12] in cyclohexane, E

1.00 F sulfuric 1.00 x 107 1.00 x 107
- acid phase Cyclohexane Aqueous Cyclohexane Aqueous

phase phase ' phasé phase

’ Extracted with

cyclohexane , 7 63 3 4
i back-extracted 1 72 3 4

with 0.1 F Nal ‘

Not extracted

with cyclohexane 27 ' 4 - 85 - 8.

but back-extracaed 27 | : -0 85 7.

. .. ~2 -
with 10 7 F 12

in cyclohexane

| :
&The procedure used is outlined in Fig. B.5; light was

1 : excluded. '
‘ b | . ‘. o
The cyclohexane-I, solution was activated by Method &

(see p. 82). e

“In all instances the recovery of activity was essentially
quantitative, ' '
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Table B.30 (contd)

Percent of activity in the sulfuric acid after 24-hours
mixing time.

e, . . '
Two reaction mixtures were prepared from the same

cyclohexane—lg.solution,and treated. identically.

»
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Untreated Fastman Spectro Grade Cyclohexané The foregoing extrac-’

tion analysis indicated that:

1. For one-minute mixing time,bétween 1.00 = 10—3 F iodine in
untreated Eastman Spectro -Grade éyélohexane and 1,00 F
sul furic acid or 0.340 F potassium sulfate, bfbught to a pH
of 2.7 with sulfuric acid, at least 98 percent of the.iodine~
13i present in the cyclohexane phase behaved as molecular
jiodine (see Tables B.23 and B.24).

- 2. For one-minute mixing time between 1,00 x 1OM5 F iocdine in
untreated Fastman Spectro.Grade cyclohexane and 1.00 F
sulfuric acid or 0.340 F potassium sulfate, brought to a pH
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, For a 38-hour mixing time between 1,00 x lOm3 F diodine in
untreated Eastman Spectro Grade cyclohexane and 1.00 F
sulfuric acid or 0.340 ¥ potassium sulfate, brought to a pH
of 2.7 with sul furic acid, approximately 4 percent of thg
iodine~131 in the cyclohexane phase dia not behave as molecular
jodine (see Tables B.25 and B.26). |

4, For a 38-hour mixing time between 1,00 x 10--;5 F iodine in -
untreated Eastman Spectro Grade cyclohexane and 1900'3
sulfuric acid or 0.340 F potassium sulfate, brought to a pH.
“of 2.7 with sul furic acid;

a. approximately.60vpercent éndAQS percent, reépéctively; of
the iodine~131 in the cyéloheXane pﬁasé did not behé%é‘as.

[ 28
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molecular jodine towards isotopic exchange with aqueous
iodide (see Tables B.25 and 3.26), |

b. épproximately 33 percent and 1d percent, respectively, éf‘
the iodine-131 in the cycldhexane phase did not behave as
molecﬁlar iodine towards feduction with aqueous acidic
sulfite (see Tables B.25 and B.26),

c. 1in both instances, over 90 percent.of the iodine~13l‘in
the cyélohexéne phase extracted intc aqueous hydroxide
(see Tables B.25 and B.26),

d. 4 to 6 percent of the iodine-131 in the azqueous phase
extracted into cyclohexane but did not backnéxtract into
either cyclohexane or a cyclohexane-iodine 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 ksee Tables B.28 and B.29),

The results for 1.00 xthNS F iodine in cyblohexane indicated that
at least two chemically distinct forms of iodine-131, other than molec-
ular iodine, were preseﬁt in the cyvclohexane phase after 24 hodfs or
more mixing time with an acidic aqueous phase; one species is reduced
by aqueous acidic sulfite and extracts'ihto aqueous hydroxide but does
not undergo isotopic exchange with aqueous iodide, and another species
is neither reduced by aqueous acidic sulfite or aqueous iodide nor
undergoes isotopic exchange with»aqueous iodide.but is gxﬁractéd into

.aqueoﬁs‘hydrOQide.

The.réSults for 1.00 x 10"5 F iodine in éyclohéane alsd‘iﬁdicéfe> 

that the équeous pﬂase, affgr 24 hours ér moré'mixing tiﬁe»ﬁiﬁh é cycloF
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hexane phase, contained at least two chemically distinct forms of
iodine—lBi which do not behave as iodidé, hypoiodite or iodine, One
of these species of'iédine—131 wés soluble in cyclohexane but did not .
undergo isotopic exchange with aquéous iodide, and therother,épécies Qf
"iodine-131 was insoluble in cyclohexane and did not undergo isotopic
exchange with molecular iodine incyclohexane.

The results of studies with 1,00 x 10“'3 F 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 Cyclchexane The experiments just

described were repeated using 1.00 F sulfuric acid and very high purity
(Hinton Primary Standard grade) cyclohexane (sece Tables B.27 and B.30).
'Tﬁe extraction analyses gave the following results.
.1, For a 24-hour mixing time between 1.00 x lO~3 F iodine in
cyclohexane 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 jodine-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 extfact into a cyclohexane-icdine solution
(see Table B.30). |
2. For a 24-hour miking time betweeﬁ l.dO X 10“.5 E iodine in
cycléﬁexane and l.OO‘E suifuric acid;
a. 95 to 98 bercent Qf.theAiodinemléllin the:cyclohexéne

phase behaved as molecular iodine (see Table B,27),




b. aﬁprdximately 7 percent of the iodine~131 in the aqueous
phase extracteq into cyclohexane but 3 percent did not
“back-extract ingo agqueous iodide (see Table B.ﬁO), and,
c. appréximately 8 peréent of the“ioaine¥131 in the aqueous
phase did not extract into a cyclohexane-~iodine solution.
(see Table B;BO)°
These ‘results indicate that for 1,00 x 10“5 F iodine in cyclchexane
there is a considerable decrease in the amount of iodine-131 species,
which do not behave as moleéular iodine, in the cyclohexane phase of
the.two~phase reaction mixture, when Hinton Primavy Standard grade éyclo—
hexane is used, as opposed to the resultsAfound when using untreated

Eastman Spectro Grade cyclohexane.

B.IIL.b.4. The Dependence of D on the Purity of the Cyclohexane and

Aqueous Solutions

Airborne Tmpurities. Varying amounts of airhérhe impurities were
added to 1,00 F sulfuric aéid to determine whether these impurities are,
in part, responsible fbr either the decrease in the distribution coefl-
ficient with decreasing iodine concentration or the decrease in the
distribution coefficient with increasing duration of thé mixing procesé.
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 in the aqueous phase and
either the initial distribution cdefficient (see Tables B.195.B.20 and

B.21) or the decrease of the distribution coefficient with time (see

 Tables B.ié, .20 and B.21).




Rédistripution Studies Previous studies reported here have indi-
cated.that much of the observed anomoloué behavior of.thevdiétribution
Coefficienf fof iodine may be attributed tQ impurities in,the ;yclof
hexane which react with iodine in the presence of aniacidic aqueous
phase, Studies of the dependence of ﬁhe distribution coeffipient 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 ccefficignt is eséentially a constant
for'mixing times of 24 hoprs or more), If these reactions free the
cyclohexane-iodine solution from impurities then a constant distribution
coefficient should result when this "purified" cyclohexane—iodine solu-
tion and a fresh aéidic aqueous solution are mixed.

Several experiments were performed where the distribution coeffi-
cient for iodine, which had been in contact with aﬁ acidic aqueous phase
for 24 hours or more, was remeasured using a fresh portion of the same
aqueous solutjon. The results of this investigation are summavized
below.

1. For 1.00 X 107" F

iodine in untreated Eastman Spectro Grade

cycloﬁexane and 1,00 ¥ sulfuric acid;

a, the distribution coefficient was 70 affer a one-minute
mixing time, . |

b. the distribution coefficient was 15 after 34*h§urs mixing-
time, and,

o the distribution coefficient was 62, using fresh 1,00 F

sul furic acid and the cyclohexane-icdine solution which

had been mixed with 1.00 E Sulfufic acid for 34 hours
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no

(see.1-b), after a one-minute mixing time.

-3 s . - :
"For 1,00 x 10 ~ F iodine in untreated Eastman Spectro Grade

cyclohexane and 0.340 P potassium sulfate, brought to a pH of

2.7 with sulfuric acid;

a., the distribution coefficient was 77 after a one—ﬁinute
mixing time, |

b. the distribution coefficient was 51 after 34-~hours mixing
time, and,

c. vthe distribution coefficient was 73, uéing fresh 0.340 F
potassium sulfate at a pH of 2.7 and the cyclohexane-
iodine solution which had been mixed with 0.340 F potas-
sium sulfate at a pH of 2.7 for 34 hours (see 2.b), after
a one-minute mixing time.

For 1.00 x ].O"3 F iodine in Eastman Spectro Grade cyclohexane,

which had been treated by refluxing with 20 F éotassium hydrox-

ide for 3 days and, then, distilling (off of the potassium
hydroxide solution), and 1,00 ¥ sulfuric acid;

a. the distribution coefficient was 74 after a one-minute
miking time,

b. the dist?ibution coefficient was 25 after 24-hours mixing
time, |

c. the diétribution coefficient was 59, using fresh 1.00 F
sulfqric acid and the cyclohexane-iodine solution which had
‘been mixed for 24 hours with 1.00 F sulfuric acid (see 3-b),
~after a one-minute mixing time, and,

d. the distribution coefficient was 41, using fresh 1.00 F
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“sulfuric acid and the cyclohexane-iodine solution which

had been mixed for 24 hours with 1.00 E‘sulfurié acid
(see.3~b‘and 3-«(:)‘J after 24whours mixing time.

4. . For 1,00 x 10“5 F iodine in Eastﬁan Spectro Grade cyclohexané,
which had beén treated by refluxing with 20 F potassium hydroxF
ide for 3 days and, then, distilling (off of the potassium
hydroxide solution), and 1.00 F sulfuric acid;

a. the distribution coefficient was 28 after a one-minute
mixing time,
b._ thevdistribution coefficient was 1.1 after 24~hours‘mixing
time,
c. the distribution coefficient was 18, using fresh 1.00 E.
sulfuric acid and the cyclohexane-iodine solution which had
been mixed for 24 hours with 1.00 F sulfuric acid (see 4-b),
after a one-minute mixing time, and,
d. the distribution coefficient was 4.8, using fresh 1,00 F
sulfuric acid and the cyclohexane-iodine solution which
had been mixed for 24 hours with 1.00 F sulfuric acid (see
4-b and 4-c), after 24-hours mixing time. |
These'resulﬁs indicate that althoqgh the remeasured distribution
coefficient decreased over a 24-hour mixing time (see 3~c, 3-d, 4-c
énd 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 Cyelohexane-Todine Solutions " In order to dete:mine

the stability of dilute solutions of molecular iodine in cyclohexane

the following experiménts were performed. Cyclohexane-iodine solutions,




1.00 x 1073 T and 1,00 x 107 F in iodine, inoculated with fodine-131,

were prepared using untreated Eastman Spectro,Grade.cyclohexahe, Phillips
Research Grade cyclohexane and Hinton Primary Standard grade cyclohexane.
These solutions were extracted with aqueous O.liﬁ sodium hydroxide. The
activity remaining in the cyclohexane phase after the extraction was

" considered a measure of the impurity level of the .cyclohexane. For

73 : =5 i . -
1.00 x 10 ° F and 1,00 x 10 7 F 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 % 1077 F and 1.00 =

-nr "
1077 T iodine in Phillips Research Grade cyclohexane 9.0 and 31.7
L p y >
percent of the iodine-131, respectively, did not extract into the aqueous

5

hydroxide; for 1.00 x 10"3 F and 1.00 x 107 F iodiﬁe in Hinton Primary
Standard grade cyclohexane , 0.2 andvl.l percent of the iodine-131,
respectively, did not extract into the aqueous hydroxide. In each in-
stance, the cyclohexane-iodine solutions were 48 hours old; 24 hours
was required to prepare the 1.00 x lO~2 F stock cyclohexane~iodine
solution and 24 hours was required to inoculate the dilute cyclohexane-
iodiné solutions with iodine-131 using Method 4, The dilute, active,
cyclohexane-iodine solutions were stored in thé dark in a constant-
temperature bath at 24.9°. These results reaffirm the previously given
results (see Tables B,EB? B.24, B.25, B.26 and B.27) which indicate the

presence of impurities in the cyclohexane which react with molecular

iodine.

: _Efféct of Oxygen, Ozone and Hydrogen Peroxide on D . The reéults of

studies of the effect of oxygen, ozone and hydrogen. peroxide on the -

distribution coefficient for iodine between Hinton Primary Standard grade




Table 3,31
The De?endenﬁe of D on the Presence of Oxygen; Ozone and
Hydlo en PGlOXJdQ in the 1 Od F Sulfuric Acid Phase at 24,92
The Initial Concentrationlof Todine in the Hinton Primary

Standard Grade Cyclohexane was 1.00 x ].O“3 E,b 

Composition Mixing time, Distribution
of the aqueocus phase hours coefficient,-DC’d
A 11 . 78
1.00 ¥ 9804 0 7,
+ Nitrogene ’ : 4 60 , 58
24 43, ==
1.00 F H?804 -0 71, 75
+ Oxygenf 4 : 28 , 60
24 15, 23
1.00 E‘HESO4 ‘ 0 68 5, 78
-3 _
+1.00 x 10 7 ¥ H,0, 4 58 , 61
=~ 22 _
24 E .48, 49
4
1.00 F 1 2 O4 | | 0 7.4, 9.0
+ Ozone®

a, : ' . , -
The procedures used are outlined inTFig. B.1 and B.2; light
was excluded,

bThe cylohexane—,l2 solution was activated by Method 4 (see
p.-82)." : - L

on reaction mixtures were prepared from the same CycloheAan\ -1

e

Solutlon dﬂd Lleated 1dcntx(al]y




Table B.31 (cont,)
d < ‘
In all instances the recovery of activity was essentially
. ‘ . quantitative,. '

.804 for one hour.

eNitrogen gas was passed through the 1,00 F Hy

fOxygen gas was passed through the 1.00 NF.H?SO4 for one hour,

€A mixture of ozome and oxygen gasvwas passed through the 1,00 F

H2804 ﬁor_one hour..



| Table B,.32
The- Dependence of D on the Presence of Oxygen, Ozone and
S . , ‘- . Hydrogen Peroxide in the l;OO ¥ Sulfuric Acinghase at 24;9°aa
The Initial Concentration of Iodine in the Hinton:Primary

. Standard Grade Cyclohexane was- 1,00 x 10—5 E,b

~Composition ‘ - Mixing time, - Distribution

of the aqueous phase hours coefficient, DC’d
o . 24
1.00 F HESO4 0 23 4
+ Nitrogene ' 4 8.4, 5,5
D4 bobh, 2.7
| | 1300 F HQSO4 0 8.7, 28
| : :
- + Oxygenf ' 4 : 3.8, 25
24 1.8, 13
1.00 F HQSO4 0 58 , 58
-3
[ 4
+1.,00 x 10 ™ F HEOQ 4 8.6, 7.3
24 3.4, 3.5
1.00 F hQSO4 ‘ 0 2.3, 2.5
+ 0zone®

“The procedurss used are outlined in Fig. B.1 and B.2; light
was excluded,. :

The cyclohekane—l

CTh ‘solution was activated by Method & (sece
p. 82). : :

2

- In all instances:the recovery of activity was essentially. .
quantitative. : ' ' '
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Table B.32 (cont.)

do o . P :
'wo reaction mixtures were prepared from the same cyclohexane-

12'solution and treated identically.

éNitrogen.gas was passed through the 1.00 EHQSO4 for one hour,
fOxygen gas was passed through the 1.00 F HES_O4 for one hour,

€A mixture of ozone and oxygen gas was passed through the 1.00

F HESO4 for one hour.
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cyclohexane and aqueous solutions 1,00 F in sulfuric acid are summarized
b :

kY

in Tables B.31 and B.32.  These results indicate that there is no eppar—

-entveffeet-attributable to the presence of oxygen or hydregen peroxide;

the presence of ozone greatly decreased the distribution coefficient,

bfééﬁmably througﬁ fhe‘fofmetion df'iodate, ana'Qisibly reauced the
color intensity of fhe cyclohexane phase of the reaction mixture. When
the aqueous phase of the reacﬁion mixture containing ozone was shaken
with 10"2 F iodine in:cyclohekane none of the activity extracted into
the eyelohexane, vit is:netewoéthy, however, éhatlthe values for the
distribution coefficient in the presence of oxygen or nitrogen are
1owervthan those found previously (see Tables B.18 and B.19). Thie
lowering of the distribution coefficient may be attributed to an impurity
in the‘gas stream which either passed thfough or came from the concen-
trated sulfuric acidlbdbbler-which was placed betweeﬁ the gas tank and
the aqueous 1,00 F sulfuric acid which was being treated with the gas,
Subsequent distribution eXperimenfs using a 1,00 F sulfuric acid

aqueous phase made from concentrated sulfuric acid, through which nitre—
gen, taken directly from the tank, was passed for 24 hours, and'e cyclo-
hexane-iodine solution using Hinton Primary Standerd grade cyclohexane,
however, yielded values for the distribution coefficient similar to
those found in Tables B.1§ and B.19.

Impurities in Cyclohexane Previously given results, see Tables

B.10 through B.31, have shown that the zero-time distribution coeffi-
cient for'iodiﬁe 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
' o a.b .

Impurities in the Cyclohexane-Iodine Solutions at 24.9°.

" The Agueous Phase was 1.00 F Sulfuric Acid.

.Composition of Initial Distribution
cyclohexane phase [12]> F coefficient, D°
: ' l
Hinton cyclohexane 1.00 x 10 70
-5
1,00 x 10 60
Hinton cyclohexane 1,00 x 10“3 - 50

+ 1% cyclohexene

Hinton cyclohexane
+ 1% 2-methyl-2 4~
pentanediol

: CH3

1,-C :
Cli =Gl ;~CH—CH,

OH OH
Hinton cyclohexane
4 1% 2-methyl-2-

pentanol

CH3

o ' —CH
‘ CH3"?“CH2fCH2 H3

OH




Table B.33 (cont.)

'Composition of Initial . Distribution
cyclohexane phase : ‘[Ié], ¥ coefficient, DS
Hinton cyclohexane 1.00 x lO~3 73
+ 1% 2,4-dimethyl- 1.00 x 107 41
pentane
CH
CHy G,

CH,—CH~CH, ~CH—CH :
H3 CH 112 it 3 ‘ |

a, . . s e L
The procedure used is outlined in Fig. B.l; light was
excluded,

bThe éyclohexane—l solution was activated by Method 4

(see p. 82). 2

c . ) T .
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
uﬁtreated Eastman Spectro Grade cyclohexane which could cause the
-zero—tiﬁe distributién coefficient td'be.lpwgr than the valugs found 
when-uéing the purer cyciéﬁexanes. Four Vimpurities” were chosen for
investigation: cyclohexene, 2~methy1;2*peptaﬁol, QMmethyi—2;4~§enanew.
diol and 2,4-dimethylpentane. 0,0l ml. of the “impurity" was added to
one ml. of tﬁe_cyclohexangwiodine phase of the reaction mixture; the
aqueous phase was 1.00 F sulfuric acid and the initial iodine concen-~
tration in the.Hinton Primary Standard grade cyclohe%ane was either

1,00 x 1070 F or 1.00 x 107

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.IIT.b.5. The Dependence of D on Light and Radiation

Effect of Light Tt is well-known that light can have a signif-

icaﬁt gffect upon the chemistry of -iodine, For this reason all opera-
tings, except where specifically noted otherwise, were‘carried,out in
the dark. A spotngheck,was mede to determine the effect, if any, of
ordinary laboratory fluorescent light on the two-phase reaction mixtuﬁe.
A reaction mixture comprised of,1.00 x 16“5 F iodine in Hinton Primary
Standard grade cyclohexane and 1.00 F sulfuric acid was stirred, in the
’dark, for 24 hours to determine the depeﬁdence of the distribution coef-
fiéient on fhe-time éf mixing;: At.thé ccmpletidn of the 24thuf_mixing
time one~m1. aliquots were remoﬁed.fréﬁ each‘pbase.aﬁd counted,' The

reaction vessel and its contents was then allowed to stand in the light




and withoﬁt‘being stirred. After 0.25 and 1.5 bours had elapsed one-ml,
aliquéts were removed from each phase and counted. The results, given
in the last two entries of T;ble'B.19 indicate that light significaﬁtly
decreased the distributioh coefficient.,

Effect of Radiation It is noteworthy that, 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 cyelohexane-iodine solution,

no effect attributable to the radiation could be detected.
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B.IV., DISCUSSION

B.IV.a. A Brief Summary of the Previous Work Concerning
the Distribution of Todine Between Nonaqueous Solvents
and Aqueous Solutions

<

In 1950 Kahn (12) reported that the distribution coefficient, D,
for iodine between benzene and dilute sulfuric acid (pH = 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 N . e .
of 1.0 x 10 7 F the experimentally determined distribution cocefficient
was 379, and for an initial iodine concentration in the benzene phase
. -4 . .
of 1.0 x 10 ° F the experimentally determined distribution coeffi-

+

cient was 304. Kahn explained this decrease in the distribution
coefficient with decreasing ilodine 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.



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

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

fide where the initial concentration of iodihe in the carbon disulfide

' . : . Al
was varied over the range 10

vto 10"6 F. They also reported that more
iodine appeared in the aqueous phase thaﬁ‘could bebaccounted for on the
basis of the known chemistry of iodine, This discrepency 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 cqefficiento
In 1957 Wille and Good (18) reported on the distribution of iodine

between carbon tetrachloride'and aqueous solutions at variou; pH where

the initial_concenﬁration of“iodine in the c§fbon tetrachloride phase

5

was varied over the range 10"1 to 10~ F. They also reported excess
iodine appearing in the aquébus 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,



Jaccct

) ~~=<_____‘Z‘_ 12<H20) | | (1)

g 2 —_—

1, + HO = I, +H 0 , ‘ (2)
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 would have to be
known. However, the effect of this reaction would be seen at
all pH 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.

+ -
| e —_— 3 f B .
I H0 = HOL  + 1 _ (3)
(12
HOI 12
+
: I}
H : 13

This equilibrium would be pH dependent due to the decomposition
of Hp0IT. Thus the equilibrium concentrations of HOI and I3
should decrease with a decrease in pH' (18),
This mechanism, postulated by Wille and Good, is in error. First,
.reaction (2) would be independent of the total iodine concentration,
Second, the previcus theoretical discussion of the distribution coeffi-
cient (see p. 70  through 73) fully considers the contribution of
reaction (3) to the observed distribution coefficient 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
adﬁhor;vhowévér; has reported that the distribution coefficient is a

constant for mixing times of from one to 5 minutes. Presumably, this




dependence of the distributioﬁ coefficient.on the mixzing time for short
mizing times, as reported by Good and Eéwardsf(l7) and Wille and Géod
(18), is due'to,iﬁsﬁfficient1mixing begween_thg‘two phaseﬁ_of‘the.systemg
.Second;‘Good and Edwards (17) and Wille ana Good (18) reported that,
althouéh they removed aliqqots from both phases duriﬁg.an expérimental
run, (to keep the ratio of the volumes in the two phases constapt) fhey
oniy counted the'iodine-l3l;activity in the aliquot removed from the
aqﬁeous phase. This authorx, however; found it necessary to.count ali-
quots from both phaées aé activity was often volatilized out of the
reaction vessels.

Iin 1961 Brewer, Simonson and Tong (27) reported on a study of the
distribution of iodine between carbon tetrachloride and 10-‘5 N sulfuric
acid where the.initial concentration of iodine in the carbon tetrachloride
was varied over the range O.O73Ito 0.013 F, Brewef, et al., reported that
their "distribution ratios" (which they define as "...ratio of c§ncentra;
tion in carbon tetrachloride . -to concentration in water...'") decreased
predictably from 91.1 to 89.8 as the initial coﬁcentration of the iodine
in the carbon tetrachloride decreased from 0.073 to 0,013 F. They used

" for their

an apparatus of their design, ''a vapor phase equilibrator,
distribution studies, This apparatus transferred the iodiué from the
carbon tetrachloride solution to the aqueous solution via the vapor phase
and thereby eliminated direct contact betweeﬁ the two liquid bhases,
Brewer, et al., concluded that the low values reported for the '"distribution
ratié” by otﬁér.inveStigators was due to3”...varying'emﬁlsificationrof'

‘some of the C014 phase.in the aqueous phase" (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 sﬁfficiently small based on the work by Kahn (12),
Good and Edwards 517), 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 jodine concentration.

The total iodine concentration could have been significantly
decreased by dissolution of the iodine in the saturated sodium
nitrafe solutions which were used ‘to. pump the iodinewcontaining
vapor around the system. No mention of this possibility was
made by Brewer, et al.,

The contention of Brewer, et al., that varying emulsification

of the‘carbon tetrq;hloridg 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 avcomplete lack of references to the work on the dis-
tribution_of iodine performed by Kahﬁ (12) , Good and Edwards
:(17) or Wille and‘GQod (Lé) and,.also, the related work‘perfotmgd.

by Kennedy (28), Katzin (15) or Wolfenden (19).
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B.IV.h., A Brief Summary of the Previous Work Concerning
Topics Related to the Distribution of Todine Between
Nonaqueous Solvents and Aqueous Solutions

In 1949 Kennedy (28) reported on a study of "The Hydrolysis of

" Jodine and a Reaction with 'Proponal''; he investigated the inhibition

of the iodide-iodate reaction,

6" w31, + 300 ,

b? small concentratioﬁs of n~-propanol and the decolorization of aqueous

acidic solutions of icdine in the presence of iodate and n-propanol,

Kennedy reportgd that, '"The kinetic studies (of the iodideuiodafe
_reaction) in acid solution give good evidence for the existance of a

gpecies'not before reported, IQOH“. This substance 1is analogous to
Ijeeceees.! (28).

Tn 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 solﬁtions of iodine, concluded that the
sloQ formation of triiodide.was due mainly to-reduction.of the aqueous
jodine by traées of dust and not to_thev$le hydrolysisrqf a water-

-I--IEO) .

iodine, complex (IP
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B.IV,c, This Work

The distribution coefificient, D, for iodine between cyclchexane

and aqueous solutions was studied where the initial .concentration of

iodine in cyclohexane rénged from-l.OO % l(.)—a to 1.00 x 10"5 ¥. The

composition, ionic strength and pH of the aqueous solutions were varied,.

as was Lhe purity of the cyclohexane and aqueous solutions,

B.IV,c,l, The Distribution of Jodine Between Cyclohexane and 0,100 F

Perchloric Acid

The distribution coefficient for iodine between cyclohexanc and

0.100 ¥ perchloric acid 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

distribution coefficient, D, behaved in the following manner.

1. D decreased with a decrease in the initial concentraticn of
iodine in the cyclohexane.

2., D decreased with an increase in the time of mixing befween
‘the two phases.

3. D was independent of the age of the cyclohexanéuiodine,solu—
tion (with the exception of the 1,00 x 10-5 F iodine solution
vhere slight aging effect was noted).

4. D was independent of the presenee, or absence, of ordinary
fluorescent light.

5. D varied with the method used for inocuiating the cyclohexane-

iodine solution with iodine-~131.

The investigation of the distribution coefficient for iodine between

cyclohexane and 0.100 F perchloric acid was terminated and the investi-

gation started anew where sulfuric acid and sulfuric acid-potiassium
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sul fate mixtures were used for the aqueous phase, It was decided to

change the composition of the aqueous phase from perchloric acid to
sulfuric acid because of the results of Reynolds (14) which indicated

the presence of impurities, which react with iodine, in perchloric acid.

B.IV.c.?2, The Distribution of Todine Between Cyclohexane and Sulfuric

Apid of Sul furic Acid - Potassium Sulfate Mixtures

The distribution chfficient for iodine between cyclohexgne and
sulfur}c acid or sulfuric acid - potassium sulfate mixtures was studied
where the initial concentration of iodine in cyciohexane,ranged from

w3 -
1.00 x 107> to 1,00 x 107 F.

Zero~Time Studies The results of studies of the distribution .

coefficient 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 whgre 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 (lS);Athey reported
that, over a similar range of mixing times, the distribution
coefficient decreased as the mixing time increased.  This dis«
‘crepancy is undgubtedly ascribable to the more thorough mixing

of the two phases.with vigoféhs hand-shaking, which was employed

by this author and also Kahn (12), as compared te the mechanical

" shaker, suspended in a comstant temperature bath, as employed
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by Good and Edwards (17) and Wille and Good (18).

Todine Concentration: The distribution coefficient decreased

with a decrease in the initial concentration of iodine in the

cyclohexane; the initial concentration of iodine in cycleohexane

ranged from 1.00 x 1Om3 to 1.00 x lO_5 F. These results are

similar to those reported by other investigators (12, 17 and

18). This decrease irn the distribution coefficient with

‘decreasing iodine concentration cannot be explained on the

basis of the known macro chemistry of iodine.

Age of Cyclohexane-Todine Solutions: Tt was demoustrated that
the distribution coefficient was independent of the age of
gither the inactive or active cyclohexane-iodine solutions

up to two weeks old.

\
|
_ |
Composition of Agueous Phase: The distribution coefficient |
_ |
increased as the pH of the aqueous phase increased from that |

. |

of 1.00 F sulfuric acid to that of 0.340 F potassium sulfate

(at a pH of 2.7), at constant ionic strength (u = 1.0), and,

o : ; . -4 '
as the ionic strength increased from 2.5 x 10 to 1,7, at

M

‘constant pH (pH = 3.55 1 0.15). This increase in the distri-

bution coefficient with increasing pH, at constant ionic
strength, is in contradiction to the results reported by Good
and Edwards (17) and Wille and Good (18). However, they did

not mention what the exact composition of their aqueous solu-

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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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 cyclchexanes; untreated

~ Eastman Spectro Grade, treated Eastman Spectro CGrade and Hinton

-

Primary Standard grade. for an initial concentration of iodine
in cyclohexane of 1.00 x 1On3.g-the Hinton Primary Standard
grade cyclohéxanevgave the highest value for the distribution
coefficient (D =-80),7the treated Eastman Spectro Grade cyclo-
hexane.gave tﬁe next highestvvalue for the distribution coef~
ficient (D = 77) and the untreated Eastman Spectro Grade cyclo-
bexane gave the lowest value for the distribution coefficient
(D = 68). Tor an initial concentration of iodine in cyclo-
nexane of 1.00 x 10”5 I the treated Eastman Spectro Grade cyélom
hexane gave the highest value for the distribution coefficient
(D = 48), the Hinton Primary Standard'grade cyclohexane gave the
next highest value for the distribution coefficiént (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.




The distribution coefficient decreased if certain selected

impurities were added to the'cyclohexane phase of the two-phase
reaction mixture., The addition of one pefcent, by volume, of

cyclohexane and 2~metﬁy1~2~pentanol decreased the distfibutién
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- coefficient,

"Agueous 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 formaition of iodate, whereas hydrogen
peroxide increased the distribution coeficient., However, sat-
v \ .
urating the aqueous phase with either nitrogen or oxygen had no
effect upon the distribution coefficient. Likewise, the addi-
£ 2

tion of airborne impurities to the aqueous phase did not affec

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.

2.

Mixing 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 Gobd (18); they reported
that the distribution coefficient decreased with increasing
duration:of the mixing process. over a period of 2 hours.

Composition of Aqueous Phase: The distribution coefficient
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decreased more rapidly with increasing mixing time when the

composition -of the aquéous phase Qas chénged from 0.340 F
potassium sulfate at a pH = 2,7 to 1.00 ¥ sulfuric acid;
the ionic strengtﬁ, ﬁ.= 1.6) was.the.éame for béth aqueous
phases. The'addition of nitrogen or oxygen to the 1,00 F
sulfuric acidldid 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.

Purity of the Cvclohexane: The distribution coefficient

‘decreased more rapidly with increasing mixing time as the

purity of the cyclohexane decreased.

The Characterization of Activity in the Cyclohexane Phase:

The iodine~131 activity in the cyclohezane 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.,

A . -3
For a one-minute mixing time between 1,00 x 10 and 1.00 x

o T o '
10 7 F iodine in untreated Eastman Spectro Grade cyclohexane

~and the aqueous phase (1.00 E sulfuric acid or 0,340 F potassium
-sulfate at a pH of 2.7) 99 and 95 percent of the iodine-131,

respectively, in the cyclohexane phase, behaved as molecular - .

iodine.,
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For -a 38-hour mixing time between 1.00 x ]_Om3 E.iodine in

untreated Eastman Spectro’ Grade cyclohexane and the aqueous

phase‘(l,OO ¥ sul furic acid or 0,340 E.potassium sulfate at a .
pH of 2.7) 96 ﬁefcenﬁ of the iodine-131 actiVity in the cyclo~

hexane phase behaved as molecular iodine.

For a 38-hour mixing time between 1,00 x 1077 F iodine in

untreated Eastman Spectro Grade. cyclohexane and 1.00 F sulfuric.

acid and 0,340 F potassium sulfate (pH = 2.7);

a. approximately 60 and 25 percent, respeétively;'of the.
iédine~l31 activity:in the cyclohexane phase did not ex-
tract into aqueous iodide,

b épproximately 33 and 10 percent, respectiﬁely; of the
jodine~131 activity in the cyclohexane phasé did not
extract into aqueous acidic sulfiﬁe, and,

c. in both instanées, over 90 percent of the iodine~131
activity in. the cyclohexane phase extracted into aqueous
hydroxide.

These results for 1000 pd 10“5 F iodine indicated that at least

two chemically distinct forms of iodine-131 activitf, 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 aquecus
acidic sulfite and extracts into aqueous hydroxide but does not
undér go isotopic exchange, or reduction, with aqueous iodide,

and, another species which is neither reduced by aqueous acidic

sulfite nor aqueous. iodide nor undeérgoes isotopic exchange with
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aqueous ijodide but is extracted into aqueous hydroxide,

For a 24~hour mixing time between 1.00 x 10“3 and 1.00 x

5

10 7 F iodine in Hinton Primary Standard grade cyclohexane and

=

1;00‘3 sulfﬁric acid‘98 éefcént and 99 percent, respectively,
of the iodiné~131‘activity in the cyclohexane phase behaved

as molecular iodine, These results show tﬁat for l;OO b lkf5 F
iodine'in cyclohexane there is a considerable decrease in the
amount of iodine-131 spécies which do not bchave as molecular
iodine in the'cyclohéXaﬁe_phase of the two;phase reaction mix-
ture when Hinton Primary Standard grade cyclohexane is used as
opposed to the results observed when unﬁreated Eastman Spectro
Grade cyclohexane was used.

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 progedure used yielded the percentage of iodine-
131 activity in the aqueous phase which was soluble in cyclo-
hexane and isotopically exchanged with aqueous iodide, soluble
in cyclohexane but did not isotopically exchange with aqueous
iodide, not solublevin cyclohexane but isotopically exchanged
with.iodine in cyclohexane, and, neither soluble in cyclohexane
nor isotopically exchangeable with iodine in cyclohexaﬁe,

For a 38~hour mixing time between 1,00 x ]_Om5 F iodine in

. untreatéd Eastman Spectro Grade cyc¢lohexane and 1.00 ¥ sulfuric

acid and 0,340 E potassium sulfate (pll = 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 percernt

did not.back-extract jinto aqueous iodide, and in each ihstance,.
_appfoximafely 5 percent of the iodine-131 activity in the
équeous phase did not extract into a cyciohexané«iodine solu-
“tion, These results for_l,OO'x-iO"5 r iodinevindicate that
the aqueous phase, after 38-hours mixing time, contained at
leést ﬁwo chemically diétinct forms of iodine-131 activity
.which did not.behave.as iodine, iodide or hypoiodite. Oﬁe
of these species of iodine~131 activity was scluble in cyclo-
hexane but did not undergo isotopic exchange, or reduction,
with aqueous iodide, and, the other species of iodine-131 activ;
ity was insoluble in cyclohexane and did not undexrgo isotopic
exchange with molecular iodine in cyclohexane.
' : 3

For a 24-hour mixing time between 1.00 x 10 7 F iodine
in Hinton Primary Standard grade cyclohexane and 1,00 F sul-
furic acid approximatély 70 percent of the iodine-131 activity
in the aqueous phase extracted into cyclohexane but 4 percent 
did not back~extract into aqueous iodide, and approximately 3
percent of the iPdine~131 activity in thé aqueous phase did not
extract into a cyclohexane-iodine solution.

For a 24~hour mixing time between 1.00 x 10“5 F iodine in
cyclohexéne and 1,00 F sulfuric acid approximately 7 percent of
the iodine-131 activity in the aqueous phase extracted into
cycldhexane‘BUt 3 perceﬁt did not back=~extract into aquéoﬁs
iédidé, énd,'7 percent of the iodine-131 activity in fhe aqueous

phase did not extract into a cyclohexane-iodine solution,



6. Airbofné.lmpufities: Varying amounts of airborne impuritieé
were added to_loOO F sulfuric acid to determine whether these
impurities are, in part, responsible for ﬁhe decrease in the
distribution.coefficient.for iodiné with either decreasiﬁg
iodine concentration or increasing duration of. the mixing
process., The reéults indicate that there is no apparent cor-
relationvbetween 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)

who, in 1957, reported on a speclroscopic study of the slow
evelopment of triiodide in aqueous solutions of iodine; he
concluded that the slow formation of triiodide was due mainly

.to reduction of the aqueous iodine by traces of dust. However,

he results reported here do not preclude the possibility of a
eaction between dust and iodine being a factor in the slow
rmation 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 feéction} or reactions, go to completion
within 24 hours (i.eQ 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
imburities then avconstant distribution coefficient for iodine
should be observed when thisb”purified”_cyclohexanemiédine_solu—

tion and a fresh acidic aqueous phiase 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 move, was remeasured using a fresh por-

‘tion of the same aqueous solution, For an initial icdine con-

=5

=i

centration in cyclohexane of 1.00 x 10f3 or 1.00 x 10
and an acidic aqueous phase the initial zéIOMtime and remeasured
zerqmtime_distribution ;oeffiqients wefevessentially the same

for a given iodine concentratibﬁ and composition of the aqueous
phase. The cyclohexane was either untreatéd Eastman Spectro
Grade or Eastman Spectro CGrade 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 F sulfuric acid or:
0.340 F potéssium sulfate at a pH 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 not affect the values observed

for the distribution coefficient.
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B.IV.d. A Mechanism to Explain, in Part. the
Discrepencies in the Distribution of Todine .
between Cyclohexane and Aqueous Solutions

Any mechanism proposed to explain the discrepencies in the distri-

bution of iodine between cyclohexane and aqueous solutions must be con-

sistent with the following brief summary of the results,’

1.

-

The distribution coefficient decreases with a decrease in the
initial concentration of iodine in cyclohexane.

The distribution coefficient increases when the composition

~of the aqueous phase is changed from 1.00 ¥ sulfuric acid

to 0.340 ﬁ potassium sulfate (af a pH = 2.7). The ionic
strength of these two Sblutioﬁs is 1.0,

The distribution coefficient increases with an increase in the
purity of the cyclohexane.

The distribution coefficient decreases as the time of mixing
of the two phases of the reaction mixture increases.
Todine~131 species, which do not behave aé molecular iodine,
jodide or hypoiodife, were observed in both the aqueous and
nonaqueous phases of the reaction mixture after 24 or more
hours mixing time,

The disttibution 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 femeasured‘zero~time distribution coefficients were
fqundvto.be Virtually the same as the initial zero-time distri-
bution coefficients when thé remeasured zero-time disp;ibugiqn

coefficients were corrected for the change in the concentration
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of iodine in the cylohexane after the 24-hour mixing time.

Also, thé 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 proposed to partially éxplain the
six aforementioned discrepencies in the distribution of iodine between

cyclohexane and aqueous solutions.

slow - [13

~ T 4+ Imp + HO +H ~————> 1 + T + Tmp ' [ 1]

2 ! 2 <X © Taq nonaq L
X where I, = molecular iodine in either the aqueous phase,

the nonaqueous phase or the phase interface

i Inp = reactive impurity originating in the nonaqueous phase,

aq = jodine species (probably either HIO or I ) soluble in the
- aqueous phase,

I = jodine species soluble in the nonaqueous phase, but

nonag :

not molecular iodine; and
Imp' = chemically changed form of the impurity and not con-

taining ilodine.
If it is postulated that the following conditions hold then it
B ' 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.ééclohexanes (approximately 0.2 percent watér'in:untrgéted'

Eastman Spectro Grade cyclohexane and approximately 0,01 per-

- ' I cent water in Hinton Primary Standard grade cyclohexane).
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Although the reaction is slow it reaches equilibrium within

24 ﬁoursn Decreasing the initial céncentration'of mblecular
jodine in cyclohexane and/or increasing the amount of water
and reactive imﬁurity (Impj will cause a larger percentége of
the molecular iodine, initially present in the cyclohexane,

to be converted to Ig and I Upon mixing this cyclo-

q nonaq’
" hexane-iodine solution with an acidic aqueous solution with
an acidic aqueous solution the Iaq will be extfacted into the
aqueous phase. Therefore, the initial (zeroc-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 (zevo-time) distribution coefficient
with decreasing iodine concentration and decreasing purity of the cyclo-
hexane . Furthermore, if a second condition is postulated then reactién
[1] can explain the observed decrease in the disfribution coefficient
with inéreaéing duration of the mixing process and decreasing pH of
the aqueous phase and the redistribution results,
2, Reaction [1] proceeds to the right when the cyclohexane?iodine
solution is mixed with anvacidic aqueous phase.
Reaction [1], however, is insuffiéient, by itself, to explain the
presence, in each phase, of two different iodine-131 species which do

not behave as iodine, iodide ox hypoiodite. Therefore, it is necéssary

to postulate a second reaction which generates an iodine-131 species

“(not iodine, iodide; hypoiodite noxr the 1 or I postulated in

aq “Tnonaq .

reaction [1]. The proposed reaction is

T . ,.+ g " ——— ™ - T 1" W
T onaq Imp ;> Inonaq Jmp [2]
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where T = the same species gencrated by reaction [1] and
, nonaq : : . ‘
[ : N
<: _ Imp'" = is an impurity, originating in the cyclohexane,

which could be either the Imp or Imp' from reaction [1]
s : or a different impurity altogether, also not containing

iodine.

The Inon?qmlmp” species behaves as an organic ilodine compound (or
complex) in that it does not extract into either aqueous sodium iodide

or aqueous acidic sodium sulfite but rather extracts into aqueous

sodium hydroxide,

€ o

B.IV.e, Suggestions for Further Work

The distribution coefficient for iodine between cyclohexane and
aqueous solutions was observed to be dependént on the purity of the
- » cyclohexane. It would be of interest to investigate further the dis~
? tribution of iodine betweenvcyélohexane and aqueous solutions with the
emphasis placed on identif&ing the impurities in thelcyclohexane which
react with the iodine to causc the disfribution cocfficient to decrease

with decreasing iodine concentration and increasing time of mixing.

178




4

9.
10.

11.

13.

14,
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