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INTRODUCTION

Tnat lodire and ilodide ions interact with each other in
aqueous solutions has been known for more than a century, and
systematic studies of the reaction have appeered ir the liter-
ature from time to time during the past sixty years. In splte
of this, 1t 1s not yet certailn tnat the most simple inter-
action ir these solutions has been satisfactorily descrited
from & quantitative point of view. This reaction leads to the
formetion of the trilodide 1ion, I;, which establishes an
equilicrium with free iodine and lodide lon according to the
equation:

(ag) - ~ (Eq. 1)

(ag) + I (aq);==313 :

12 ’

The earllest investigators were quantitatively accurate
in their descriptions of this reaction for only the most
dilute solutions of iodine in dilute aqueous solutions of
lodide ion. The apperent varistion in the formation constant
of the trilodide lon in more concentrated sclutions of reac-
tants seemed rather puzziing, and is still an enigma only
partially resolved.

The first explanation offered to account for the variation
was that in moderately concentreted solutions, the interac-
tiorns between 1odine and iodlde ions were not confined to the
triiodide stsge, btut that higher order complex ions were pro-
duced in solution. The experimental data elaborating upon

this suggestion are inconsistent in part, and in general
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relate to tre solid sitate rather tha:r to esqueous solutions.
Actual investigation ol tne speclies whicn exist irn solutions
has beern somewnat neglected due tTo the tendency to assume that
they contaiun tne same complexes found in the solid state.

One of tne dirfficulties wnich 1s encountered in an 1n—“
vestigation of these solutions is the regrettable lack of
knowledge corncerning activity coefficients for those comélexes
wnicn may be present. This fact was recognized in a primitive
way Dy even the earliest investigators who continuzlly re-
ferred to the necessity for assuming equal degrees of disso-
ciletion for the 1odide and polylodide salts. Indeed, at one
time arn attempt was made to explain the btehevior of concen-
trated solutions of iodine in iodide in terms of merely activ-
ity corrections. There 1s, however, ample evidence at the
present time to show that the ocserved effects would be ex-
ceedingly difficult to handle in such a manner.

An evern more fundamental dirficulty is encountered, how-
ever, lnasmucz 28 the identities of those complexes other thean
triiodide wnich might exist in aqueous solutiions are unknown.
Until the nature of these complexes is established, very
little progress can ce made towerd a quantitatively satisfsec-
tory description of such solutions. In the light of a few
exce.lent accounts of perntaiodides, heptelodides, and even
enneeaiodides in the literature, it hes beer tecitly assumed

that the lons whicn exist in solution are of the same generzl



type, nexely I However, tnere nave been occasional

en+l’
references to the possible exlstence of ions of the type,

<n+e
researci to ldentify those lons of either type which may be

, 88 well. It is the primary purpose of the present

present 1l moderately concentrated solutions of iodide ion
over the entire soluclility range of iodine.

One of the most fascinating polylodide-containing systems
is the so-called starch-iodine complex. The reaction of
starch with lodine to form an intensely colored product has
actually ceen under investigation even longer than the rezc-
tion of lodine with iodide in the absence of starch. None-
theless, due to the scant knowledge of the true nature of
elther starch or aqueous solutlons containing lodirne and
lodide, there 1s still very little that may be said with
certainty acout the nature of the starch-iodine reaction.

Tne literature 1s replete with fragmentary and contradictory
accounts of the reaction. Since the starch-iodine reaction
appears to lead to the formation of polyiodicdes of a dis-
Tinctly diiferent nature from those formed in aqueous solu-
tions of lodine and iodlde alone, as Jjudged by the merkedly
difrerert lignt acsorption in the visitle region of the spec-
trum, it 1is also the ocjective of the present investigetion

to elegborate upon these differences.
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REVIEW OF LITEZRATURE
Formation of Polyiodides

Shortly after tne discovery of lodine in 1811 by
Courtois, the ocservation waes made by Gay-Lussac (1) that
the presence of KI greatly enhanced the solublility of 12 in
agueous solutions. Due to the merked color change which
accompanied this phenomenon, he suggested that a real chemical
reaction had occurred between 12 and KI in solution.

For the next fiity years, this observation remained in
obscurity; however, in 1660, the questiorn was first raised by
Baudrimont () as to whether or not a "true chemical bonding"
existed vetween the 12 and KI in equeous solutions. He had
found it possible to completely extract I, from its solutions
in aqueous KI by merely shaking with cerbon disulfide. Thus,
he concluded tnat no "“true chemicel bonding" existed. The
same conclusion was reached by Dossioss and Weith (3) who
showed thet bubtling air through a solution of I, in KI re-
sulted in complete removeal of the I2-

The entire question took a new turr when in 1877 Johnson
(4) was atle to crystallize a material from exceedingly con-
centrzted solutions of 12 in aqueous KI which setisfied the
empiricesli formula, KIS' The volume changes which occurred
upon dissolving the mzteriel suggested that 1t was not merely

KI in loose comvination with 12, but wes a true triiodide



gsalt. An erfort was made vy Wells and Wheeler (5) in 1892 to
prepare triiodides of potessium, cesium, end ructidium. Some
physical properties including the melting points, solubility
cnaracteristics, and descriptions of crystal types were tabu-
lated ©y taese investiiators. They also prepzred a few of the
wixed trihalide salts and the pentaiodide of cesium.

In spite of tne unquestionacle existence of polyiodides
in the solid state, ihe existence of an 12 - KI compound in
solution could still ve questioned. Le Blanc and Noyes (6) in
1390 performed a serics of cryoscopic measurements upon solu-
tiowns of KI containing various amounts of dissolved Io. The
ocserved fallure of sutcstantial amounts of 12 to depress the
freezing point to the extent expected if no interaction had
occurred led cleerly te the conclusion that the solute was
associated to some degree. These investigators also performed
a conductometric experiment which led them to btelieve that
there existed in solution an equilitrium between free‘Iz, free
I", and some unidentified complex corntalning both I, and I™.

Confident of the existence of triiodide in the solid
state, Jakowkin (7) set out to prove its existence in solu-
tion. He devised a tecnnique for examining the equilibrium
between I, and I to form Ig in aqueous solutions. His now
well known distribution technique consisted of a2llowing iodine
to distribute 1itself vetweern an agueous phase containing KI

and a second 1liquid pnase in which I, was soluble, but I~ and



I; were 253, Tais allowed the determination of the free I, in
tne aqueous phase at equilicrium since it is related to the
experimentally determined concentration in the second liquid
phase tnrough a distritution coefficient. Jakowhin used car-
con @isulride as his immiscible liquid phese snd determined a

3 at

velue for the dissociation constant of K15 of 1.67 x 10~
£5°C. 1In & later study, Jakowkin (8) discovered a systematic
variation of tne distribution coefficient with 12 concentra-
tion. Attriobuting this to lodine-organic solvent interaction,
ne proceeded to recalculete tne dissociztion constant for more
apcropriste values of the distribution coefficient. The new
value was 1.4 X 10'3 which 1s not unlike the value ortsined

in recent more critical determinations.

However, this value seemed to be a true constant only for
ratner dilute solutions of 12 and KI. Tne value of the equi-
licrium constant appeared to vary systematically with the 12
concentration, and although tne effect was varely noticeable
at the lowest I~ concentrations, it did vecome increasingly
apparent at higher I concentrestions. It was easily otserved
in solutions only 0.1 M in KI. Jakowkin attributed this
cenhavior to the formation of higher polyiodides at higher
concentrations and even suggested that IZ might te the next
ion of significance.

In studying tne effect that the cetion had on the equi-

licrium constant, Jakowkin (S) found that the velue for the



. . + + + ++
constant was esseniially the same with Li , Na , K , and Be

indicating tnat tane equilibrium really did involve an 15 ion
rather tharn its undissociated salt. A somewnat lower value

was found for HIS'

Several investigations, notatly those of loyes and
Seideusticker (10) and Fedotieff (11), showed that in dilute

solutions of I the solubility of I, could be explained on

2

the assumptlion tnat only I_, and no higher complex was formed.

3
Korenmann (1lz) nes also snowr tnis in a very recent investiga-

tion of the polyhallide salts. Korenmann ottained a velue for

3

the disscciation constant of I- of 1.33 x 10 ° at 25°C. At

3
moderate I~ concentrations, however, the solubility of 12 is
considerably more than mey ce accounted for by the free 12 and
I; only.

Following the suggestion that the higher polyiodides must
surely exist, atteapts were made to prepare these compounds.
It had cee. reported by Johnson (4) that KI; was extremely
difricult to octain ir. thne solid state due to its hygroscopgc
nature. It could te expected that crystallization of higher
polyiodides would ve an evei. more formidatle task.

Avegg and Hemburger (13) mede a phase study of KI - I,

mi xtures in saturzted aqueous solutions which nad been egui-

licrated with benzene. Ornly the I, was soluble in the benzene

2
phase ancd consequerntly they were atle to follow the free

iodine concentration of the aqueous phase by means of the



districutiorn coefficient. According to the phase rule, as
long a&s only iwo solid phases are present, the proportions of
Tthese solids may ce varied continuously without changing the
coxposition of tne saturated soluticn. However, 1f sufficient
excess ol one oI tne sollius nas been aaded to react with all
0l lne olner ana causes 1ts dissolution, The system willl gain
~a degree of freedow. Thus, tne composition of the solution
will vzry until it tecomes saturated with another 12 - KI com-
pound. One may ascertain tne composition of the solids
present wnen new pnases appear by simply following the com-
position of the saturated solution. Abegg and Hamburger did
not find KI

cut reported a KI Also reported were Rblz,

3 7°
CSIS, RbI7, Csl,, Rely, and CSIQ- Evaluation of this work is
difricult since the data on the composition of the solid
phases wnich led to their conclusions were not pubtlished.
Furthermore, the actual variation in 12 coritent of the benzene
phase was rather small making it difficult to detect real
changes in I, concentration. Linhart (14) later examined the
soiublility cata of Avegg and Hamburger and found it grossly
inconsistent.

However, another phase anzalysis of the KI - 12 system
was made by Foote and Chalker (15) in 1908 in which they
analyzed botn the solid and aqueous phases for 12 and KI con-

tent. Tn.s investigation confirmed the existence of K15 a8

reported cy Johnson (4) 2nd of KI, as reported by Abegg and
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crystallograpnic I - I distances is given by Slater (20). A
coaprenensive discussion of the crystalline polyhalide ions
nas Ceer giver by Rundle (zl) in an effort to correlate the
avalilacle crystai data witn molecular orbital calculations.

The pentasiodide of teilrametnylammonium heas Teen investi-
gzted by Hach and Rundle (zZ), and even the ennealodide of
letlramecthylammonium nas been subjected to crystallographic
analysis by Rundle et al. (£3). A crystalline compound con-
talning tae I; ion has also been studied ©y Havinge et al.
(24) oy means oI X-ray analysis.

At about the same time that research was in progress to
identiry tne anoma}egs behavior of concentrated 12 - KI solu-
tlons wita the provatle existence of higher polyiodides, Lewis
(25) published his now well known ideas with regerd to the
concepi ol activities. Certain investigators, notebly Parsons
and Corliss (26) and Parsons and Whittemore (27), then sought
to explain the btehavior ol such solutions on the basis of
activity eifects &alone, arnd even denled the exiétence o} tri-
ioaide ion.

Dawson (z8) had snown that HIz behaves as a sirong elec-
trolyte in tne course of his determination of the dissociation
¢ .ustant for trilodide ion at 13.5°C. It seemed, therefore,
tnat thcere couid Le no serious error in assuming the activity
coefficlenis of HI3 and HI to bte equal, at least in dilute

solutions. Bray and McKay (£8) concluded from their investi-
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damcurger (13). They also reported the existence of the solid
compounds RDIS, CSIS, and Cslé- They were, however, unable to
confirm tne higher Rb+ and Cs' polylodides wnich had been pre-
viously reported by Avegg and Hamburger (13).

Evidence was also presented in 1902 by Dawson and Gawler
(16) ror the existence of higher polyiodides in nitrobenzene
solutions. It was snown that although XKI is itselfl insoluble
in nitrobenzene, 1t may be extracted from its aqueous solu-
tions by a nitrobenzene solution ccniaining Is- The ratio of
12 to KI in saturaﬁed nitrovenzene solutions egpproached a
value of four. Thus, if the existence of only one complex
were to be assumed, tnis rstlo would require it to be the
ennealodide. At any rate, no metter how many complexes are
present, complexes other than those containing lodine and
iodide in & 1:1 ratio would be required to explain the ob-
served ratio. Simiiar results were reported by Dawson and

+ +

Goodson (17) using the iodides of NHZ, Na", LiY, RbT

+
, Cs’,
- P o .
ca |, anda Sr . ‘itney were, however, unable to ottain any
solid enneaiodides.

This early confusion as to the existence of the solid
polyliodides nas long been dispelled, however, and several ex-
cellent crystallographic stuaies by means of x-ray anslysis
of crystalline polyiodides are availeble. The trilodides of

emmonium and teiraphenylarsonium neve teen investigated by

Mooney (18, 19) and a theoretical discussion of the various
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gatlons o1 tne triiodide equilicrium that no assumpliions re-
garding the relative values of these activily coeflicients
could yield a satlisiactory account for the cehavior of more
concentrated solutions. Furthermore, washburn and Strachan
(30) periormed an experiment in which activity corrections
were made Irow conductivity data. The results indicated that
the varlation of tae trijiodide dissociztion constant could not
ce a simple activity effect. Thus, it seemed more realistic
to pursue tne initial suggestion that higher polyiodides must
exist in aqueous solutions.

Linhart (31) made an attempt to descrite the cehavior of
relatively concentrated sclutions of KI saturated with 12 in
terus ol two complex ions, I; and 1;4. Although this descrip-
tion of the saturated solutions is in fair agreement witn the
experimental data, it is not unlikely that as good or better
agreement might te ottained assuming the existence of a
greater numver of smaller complex lons. Furthermore, it seems
more realistic to assume that ions considerably more simple
than 114 are more likely to exist in these solutions. It is
oI some interest To note, however, that an ion of the type

—

I~ was suggested bty Linhart.
chitg
It 1s &lso ol some interest to note that an experiment
performed oy Laurie (32) as long ago as 130¢ had led him to
ceileve that even in solutions up to 1 ¥ in KI and saturated

with I,, trilodide 18 the only complex present. A closer
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examination, however, reveesls that the proper interpretation
would ce thet in such solutions & large proportion of the
complex lorns do contein 12 and I in & 1l:1 retio. One should

riote that tnis would 1irclude IZ as well as Ig.

Davies and Gwynne (33) have recently attempted to de-
scrive the pehavior of moderately concentrated solutions of

KT containing 12 by assuming alternatively the existence of

5 or IZ in addition to Ig. They heave shown that IZ is more

consistent with their dszta, tut have not explicitly elimin-

I

S
e present. These same authors performed a series of investi-

ated the possibility that I. or even other complex ions might
getions of the temperature dependence of the trilodide forma-
tion constant, and have shown that the interaction energy of
I, and I~ is consistent with an ion-induced dipole type re-
action.

In addition to tne liliguid-liquid distribution technique
introduced by Jakowkin, another distribution technique was
used by Jones arnd Kaplian (34). This technique involves the
equilicration of lodline between two aqueocus phases via the
vapor phase in a specizlly designed ecuilibrator. One of the
equeous phases is lodide free; thus, the free iodine activity
may cte obteined by titration of this phase. The dissociation
cornstant found for the triiodlide ion by thlis procedure is in
feir agreement with thst fourd by Jakowkin's method.

The apsorption spectrum of an I, - KI solutlon offers
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strong eviderce for tne existence of a complex ir. solution.
Tne acsorptior spectrum of aqueocus KI - 12 solutions is char-
acterized ty two prowinent maxima at about 29CO0 i and 3500 3.
Tre intensity of the maxima depend upon both the 12 erd the

KI concentrations. Neither maxinmum is present in 12 or KI
solutions alone. Consequerntly, this constitutes strong evi-
derce thet an absorbing species other than 12 or KI 1s present
ir. these solutions. The spectire of various triiodide sslts
have teen examined by Allsopp (35) who reported that all of
the salts examired possessed the two maxima zt 2200 i and
3500 X with about the same moler acsorbency indices. It would
seew plausible, tnerefore, to assume that these maxime are
actually chearacteristic of the production of Ig from I2 and

I~ in aqueous solutlons. It hes also beern suggested by the

1 frequency separation of these

samwe author that the 6000 cm~
two maxime 1s consistent with the production of both an ex-
cited and normal iodine atom in the 2?, and 2P states 1in
i/2 3/2

the absorption process. Evidence thet an I - I~ configuration
was required to ootein these maximes was alsogobtained. This
is entirely consistent with the view that an ion-induced
dipole reaction occurs to produce & triiodide ion.

Ar observation due to Winther (36) and disputed by
Forster (37), the significance of which has beer long neg-

lected, 1s tnet elthough the relative intensities of the

0 o)
2S00 A and 3500 A mexima remair constant over a wide range of
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KI concentretions, et a suificiently high XI corcentration
tne 3500 K waxlmwum increases wnile the <200 K maXximum de-
cregses in internsity upon the further addition of KI. Al;
thougn tnis otservatiion has not teen explalred in the
literature, 1t is the contention of the present autnor that
this may be consirued as evidence for the existence of IZ.
Such interpretation mey alsc e vlaced upon the curious re-
versal of the relative intensities oI these two tands men-
tioned by Symons and Doyle (38) in their discussion of color
centers in alkalil halide crystals. Studies by Awtrey and
Cornnick (39) made use of the molar absortancy index of I; at
3520 3 to determine the dissociation constant of the tri-
iodide ion.

The only investigation of the kinetics of the triiodide
equilicrium is due to Myers (40) who performed an experiment
vased upon the fact that the nuclear magnetic resonsnce
ecsorption lire of lodide ions is broadened by the presence
of I, molecules. The broadening is interpreted as being due
to the diminution of the phese-memory time of the nuclei in
ihe lodide ions. The strong quadrupolar coupling in the tri
loacide ion 1s respornsitle for this diminution. From the
degree of broadening caused Cty various 12 concentretions, it
is possible t. celculste the average lifetime of an iodide
ion, and from this the rate constant for the reaction.

Assuming a simple bimolecular process, the rzte constant for
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-l.

the formstion of triiodide is 4.1 x 1010 1 mole-lsec The

rate constant for the dissociation of trilodide is 7.5 x lO7

sec " . These studies were performed at 35°C.

The most extensive studies of the temperature dependence
of the value for the triiodide dissociation constant are due
to Davies and Gwynne (33). However, the value for AH of
the reaction found by these authors does not agree with that
of Awtrey and Connick (32); furthermore, an unusually large
[;Cp for the reaction was observed. The results of these and
other investigations of the dissociation constant for tri-
iodlde and its temperature dependence are tabulated in Tatle

1 and Table 2.
Starch-Iodine Reaction

It 1s well xnown that aqueous solutions of ilodine are
capable of &ssuming a deep blue color in the presence of
starcn. The complex which 1s recognized as being responsitle
for this pronounced absorption of red light has been the
subject c¢I' sporadically intense investigation for nearly one
hundred and fifty yeers. Nonetheless, as in the case of the
formation of polyiodine complexes in the absence of starch,
the nature of the reaction which leasds to the formation of
this clue complex 1is rather imperfectly understood.

The apparent contradictions and confusion in the eerliest

literature on the starch-iodine resction may be attributed to
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lacle 1. S%gnificant v?lues for the formation constant, Kz,
Ky t(°C) Reference Remarks
14086 0.0 34 Vapor phase districution; hydérolysis?
1408 0.0 41 Hydrolysls repressec
1529b 1.0 3¢ Spectrophotometric determination

285 13.5 28 Conductometric; hydrolysis repressed
909b 16.1 39 Spectrophotometric determination

715 5.0 8 Eerly value; hydrolysisa

769 5.0 30 Dissociation of HIgz

714 5.0 34 Vapor phase distrivution; hydrolysisa
752 5.0 12 Solubility data on dilute I~ solutlons
768 5.0 33 Extrapolated value

5’71-D 33.4 39 Spectrophotometric determination

520 38.38 33 Extrepoleted vealue

481b 39 .2 39 Spectrophotometric determination

4C0 42.65 33 Extrapolested value

411 63.09 33 Extrapoleted value

., =0
25°C.

8No attempt was mede to prevent the formstion of I~ by
nyarolysis of IE'

&

These values are pased upon en assumed value of 714 et
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Tepie 2. Summary orf veslues for £&H3 octained Irom tempera-
lure variatvion of Kz+

£§H5 (cal) t(OC)b Reference Remarks

100 - 39 Based upcn assumed Kz at
£5°¢c¢c

4304 12.5 34 From Ky at 0°C and 25°¢

3545 31.69 33 From K5 at <5°C and 38.38°C

327% 44 .01 33 From K< st 38.38°C anad
49.65°C

2815 56.35 33 From Kz at 42.65°C and
63.05°C

8The enthalpy and equilicrium constant are for the _
formation of triiodide ion from aqueous Io and aqueous I .

PThe temperature given is the mean of the temperatures
for which Kz has been determined.

CThis is an average value for A Hz over the temperature
range 0.0°C to 39.20C.

the hopelessly inadequate state of knowledge concerning the
nature of starch itself 2t the time. It is really only in
relatively modern times that starch has bteen identified ss

a mixture of two essentlially different kinds of high poly-
meric sucstances whose affinities for iodine differ markedly.
Trne mixture 1tself 1s not a siuple one inasmuch as 1ts com-
ponents constitute a2 polydisperse system of such g nature
thet the iodine tinding capacity of these components 1ls pro-

foundly dependent upon the degree of polymerization (DP).
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Of equally important significesnce is the role wnich molecular
geowetiry plays in this rather unigue type of complex. It has
ceen tne result of zttention to such details as these and to
the recognition of the importance of the slight but non-
negligitle hydrolysis of iodine in aqueous solutions thet

new and challenging concepts have been introduced in the
elucidation of the starch-iodine system.

Observations by Rundle and Bzldwin (42) on the dichroism
of flow exhivited by solutions of the complex when subjected
to a veloclity gradlent suggested that the complex might have
a nelical configuration; sucsequent interpretation of x-ray
data on the complex in the solid state by Rundle and French
(43) left 1ittle douct but that at least in certain crystal-
line modifications, an amylose helix enclosing a "polyiodine
core" must be present.

Following the development by Schoch (44) of a fractiona-
tion technique by mezns of which sterch could be separated
into amylose, a linear polymer, and amylopectin, a highly
crancned polymer, 1t became possible to accumulate more mean-
ingful quantitative data on the starch-ilodine reaction. It
was discovered by Baldwin et a2l1. (45) in 1944 that 1t wss
really the amylose which reacted witn iodine to form an in-
tensely cvlue complex. The reaction of iodine with zmylopectin
led to the formation of a "plum-colored" comunlex. In 1848,

Swanson (46) confirmed this observetion zrnd in eddition showed
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that Tne color of even the awylose-iodine coaplex wes a sensi-
tive function of tne degree of polymerization of the amylose,
changing from an intense blue to deep red as the degree of
polymerization decreased.

It was zlso snown ty Beldwin et gl. (45) by spectro-
photomeiric titration tnest higher iodine activitles were
required to saturate the complex at higher lodide ion concen-
trations. This sugéestéd To these authors that lodide ion
might conceivably te an integral part of the polyiodine core.
Tne fect tnat crystalline amylose could absorb ilodine vapors
to form tne complex, nowever, made the exact role of iodide
lon uncertain. Very recent evidence hes been produced by
Thoma and French (47) to demonstrate that iodide ion is
absolutely essential for the formstion of the blue complex
in aqueous solutions. These investigators showed thest when
tne hydrolysis of iodine was completely repressed, the only
absorption in the visible spectrum of an amylose-iodine solu-
tion was thet due to the iodine itself.

A potentiometric technigue was successfully adapted to
the study of the starch-iodine reaction by Bates et 21. (48).
A later modification due to Gilbert and Merriott (4%9) enabled
the utilization of differentlial titration at exXceedingly low
concentrations of iodine. 1t was concluded from the data of
Gilvert and Marriott that the formation of the blue complex

was actually a stepwlse reection in which the ratio of bound
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conclusions. Nonetheless, tne concept of a serlies of differ-
ent k¥nds of polylodine cores within a helix is one to be
seriously considered.

Due to the eminently successful e:rforts of Thoma et al.
(51) to fractionate the amylose series of dextrins into indi-
vidual memvers, 1t became possible to explore the iodine
binding capacities of the individual polysacchzsrides from a
DP of 4 up to a DP of 18 (Thoma and French, 52). It was
shown that even the very low molecular weight members did
form a complex with trilodide lon. However, only malto-
nongose and higher members appeared to enhance appreciably
the visible spectrum of the triiodide ion. Spectrophoto-
metric evlidence was also offercd to indicate that some com-
plex was formed which exhibited a maximum in atsorption at
wavelengtns intermedizte between that due to elther trilodide
or iodine liself. The potentiometric data presented by these
authors &lso indicated a loop-hellx transition in the con-
formation of the polysaccharide-triiodide complex between
DP © and DP 7.

The significance of the present research with regard to

the nature of the starch-iodine reaction will bte discussed in

a later section.
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lodine to bound iodide was initlally £:1 and later changed to
3iz. These 1lnvestigators suggested tnat the blue complex was
actuelly one in w.ich an amylose helix enclosed a linear
polylodice core wnose basic repeating unit was I§~

A most important discovery was made by lMould and Synge
(50} 1in the course of exawzining the electrophoretic properties
of the amylose-iodine system. These authors succeeded in sep-
arating a solution containing lodine and amylose into three
components of distinctly different anionic mobility and color
by wmeans of electirophoresis in both an agar bed and a cell
packed with tiny glass beads. These three fractions were
colored ctlue, red, and orange respectively. The molecular
size of the amylose in each of these three fractions was deter-
mined by means of electrokinetic ultrafiltration, and it
developed that the amylose which gave a blue complex was in
the DP range 40-130, the amylose which gave a red complex
was in the DP range 25-40, and the amylose which gave an
orange complex was in the DP range 10-25. Using the differ-
ential potentiometric technique of Gilbert and Marriot, these
investigators concluded that the blue complex contained an
Ig polylodine core as previously reported. However, the red
complex sppezred to contain an Ig polyiodine core. Due to
the serious experimental uncertainties encountered in iodine

titrations at the exceedingly low lodine concentrations em-

ployed, however, it 1is rather difficult to evaluate such
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ZQUILIBRIA IN AQUECUS SOLU%IONS OF IODINE AND IODIDE
Hydrolysis of Iodine

The absorption spectrum of a‘ freshly prepared, negtrél, -
aqueous solution of lodine is characterized by mgxima at
4600 A, 2880 X, and 3520 3. However, if the water used as
a solvent is initially adjusted to a pH of 2 with either
sulfuric or lodic acid, the only otserveble maximum 18 that
which occurs at 4600 3. Such behavior is most simply under-
stood in terms ol tae hydrol&sis of aqueous lodine according

to the eguations:

I (aq) + HOH = HIO* + I~ K = 1.2 x 10°1%
I(2q) + HOH = HIO + I+ H K = 5.4 x 10719
3I,(aq) + 3HOH = Iog + 51  + 6H" K = 7.1 x 10748

3
The 1lodide lon thus produced in the hydrolysis then

tecomes avallable to interact witn the squeous iodine. It

is this interactlion which gives rise to the additional maxima
in the ultraviolet acsorption spectrum of aqueous iodine.

ITne extent to which hydrolysis occurs and iodide ion is pro-
duced depends upon the pH of the solution since H  1s one of
the prodﬁcts of hydrolysis. Thus, in the presence of added
acla, tne additional maxima 2re not otserved. The amount

of iodide ion produced in neutrzl solutions, however, is not
negligicle as may be calculated from the equilibrium con-

stants wnich zre due to Allen and Keefer (53). 1In any quanti-
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tative investigationsl the effects of hydrolysis can only be
lgnored when they have been minimized by the eddition of a
suitatle écid. Ideally, it would te desiracle to determine
expericentally the iodicde ion activity in aqueous solutions

contalning both lodine and iodilde if at all possible.
Triiodide Ion Formation

Tne primary reaction befween 12 and I~ in aqueous solu-
tions results in the formation of the triiodide ion, Ig.
This complex ion 1is very likely due to an lon-induced dipole
type of interaction between the reacting species. An equi-
librium 1s rapidly established according to the equation

Iz(aq) + I'(aq) = I,(2q)

The thermodynamic equilibrium constant, K5, for the
formation of the triiodide lon may be expressed in terms of
tne molar concentrations of the species involved and the

corresponding molar activity coefficients.

(13) 13
K3 = T o
2 12 I

Collecting the activity coefficients into a single fac-
tor, FS’ the formation constant may be represented zs follows
(Iz)

= ——————-F E .

At low lonic strength, f; , is independent of lonlec
<
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strengtin and may rLe taken as unify (33); furthermore, 2t any
given 1l1onic strength, fI_ and fI5 may be expected to be very
nearly equal. Conseqguertly, in dilute solutions of low ionic
strength, one may assume as an excellent first approximation
that F3 is very nearly unity. Thus, the evaluation of K3 is
reduced to an estimation of the molar concentrations of the
species 1nvoived at equilibrium.
It is convenient for the purpose of describing equi-

lipria between I I7, and complex ions containing these

27
specles to distinguish between 12 molecules wnich are inti-
mately associzted with I  ilons in a complex, and those which
are not so involved. Tae formér may be considered bound
iodire, Izb, wnile. tne latter may be thought of as free
iodine, IZ' The molar concentrations of these different

kinds of lodine may be expressed as (I and (Ié) respec-

2)b
tively. The sum of the free and the bound iodine concentra-
tions 1s the total iodine molarity, (Iz)t' Analogous quan-
tities for expressing I~ concentrations are (I7), (I7),, and
(I‘)t for the free, bound, and totel iodide molarities re-
spsciively.

The most readily available quantities experimentally are
(Iz)t’ (Iz), and (I_)t' In the event that the reaction be-

wween I, and I” leads to the formation of I, only, stoichi-

3
ometry requires that (Iz)b and (I")b te identical; and since

the difference between (I.), and (I;) gives (I,),, K3 may be
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rezailly calculsted Irom the following ecuation
\ -
k5= [ - (1] 7 ap [ - @y ()] - (Ea- 8
It is tzis eguation whicn nzs peen wost frequently used to

evaluate KS'
Polyiodide Ion Formation

It is well krnown that the numerical value of the forma-
tion constant for Ig as deterw:ned bty means of Eg. 3 is in
faect a true constant only et the lowest concentrations of I

2
and I~ - At higher I  concentrations in particular, the

"eonstant" so determined is observed to increase rapidly
with incressing I, concentration. One may express Eg. 3 in
terms of the concentrations of rtound 12, free I,, and free I
es in Eq. 4. It is then readily observed that the calculated
value of K5 is directly proportional to the concentration of
the cound 12.

Ky = (I, / (I50(17) (Eq. 4)
Thus, tne steady increesse in the calculated value for Kz may
be stiributed to a corresponding increase in the concentra-
tion of cound I2. This of course suggests that complex ion
formation 1s not confined to the triiodide stage, but that
adcitionsl complex ions containing 12 ard I~ &re formed in
agueous solution.

This explenestion hes received virtuelly universal

acceptance for two rezsons. Firstly, it is & recognized
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it is possicle to dissolve more trhan an ecuimoler amount of
iodine. Thus, polylodides of 2 type other than Ig, which
contains iodine and lodide in equimelar quantities, would

te required to satisfy the solubility da2ta in terms of com-
plex ion formstion. Secondly, several polyiodides of the
and‘I; have actually been crystal-

type IZn+ such &s 15, 1

1 7’
lized from aqueous solution end subjected to Xx-razy analysis.
Thus, the actuzal existence of such polyiodides in sclution
would appear to be but & logicezl extension of well estazblished
conclusions regarding tne solid state.

However, attempts by Davies and Gwynne (33) to evealuate
tne importance of Ig as a polyiodide in solutions of moderate
iodide concentration have led to the somewhat unexpected con-
clusion that a polyiodide such as IZ would explain their

observations in a much more satisfactory manner. It is

therefore apparent that one cannot eliminate the possibility

-

2n+2

solutions. 1In any event, it does seem likely that some type

that polyl*odices of the type 1 might also exist in aqueous
of polyiodide in addition to triilodide would bte reguired to
provide a mechanism for the observed incresse in ilodine solu-

tllity at moderately high lodide concentrations.
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THEORY
Polyilodide Formation Function

One may write the following generalized equation to rep-
resent the various interactions between 12 end I~ to form

complex polylodide ilons in aquecus solutions.

!

2n+m (Eq. 5)

n12+mI':I

If one neglects activity coefficients or assumes that
under certain conditions such corrections will simply con-
stitute a constant multiplicative correction factor to the
therwodynamic equilibrium constant, one may write the follow-

ing equation for the non-thermodynamic equilibrium constant
governing the above reaction.

-

X = (I2n+m

onem ) /(1) )H" (Eq. 6)°

Thus, thne equilibrium constants for the various reactions
ere defined simply by the specification of perticuler values

of . and m. Evidence has been cited for the posslble exis-
2nel 209 Iop,p
tions. It would, therefore, seem appropriate to establish

tence of 1lons of tne type I in aqueous solu-

2 uodel which included the possible existence of Iz, Iy, Ig,

6
of the generalized (13)n lon as well as the I,

Ig, I;, Ig, and Ig. Since the species I_. 1s representative

+2 lon type,

8In all expressions of equilibria, the ( ) sre used to
indicate the molsr concentrztion of the enclosed species.
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155, in the model

it would seew logicel to include (IZ)., 1.e.
as vwell &s the previously mentioned ions.
The individual equilicrium constants ere defined, there-

a
fore, ©y tne following eguatlon set.

Ky = (I3) / (1) (17) K, = (13) / (1)°(17)
kg = (I /(1) (2 kg = (1) / (131"
Ky = (13) / (I)%(17) K, = (I3) / (1)*(17)
= - - 3,9
Kg = (I5) / (12)2(1 )% Kg = (193)/ (15) (17)

(Eq. 7)

It has already been mentioned that K3 28 expressed in
Eq. 4 can only be expected to remaln a true equilibrium con-
stant if (12)b and (I;) are identical. Consequently, 1if it
is true tnat at nigher concentrations of I~ the (Iz)b in-
cludes 12 in the form of polyiodides other than Ig, one
would expect the calculated value of K3 to rise. Inasmuch
as tne quantity defined by Eg. 4 1s in fact a mezsure of the
extent to which further complex ion formation occurs, it is
useful to re-define this quantity. Let us, therefore, de-
fine this quantity as the polyiodide formation function,(I),

according to the followlng equation.
CI)= (1), / (I)(17) (Eq. 8)

8Since both Ig and 155 have the szme index for K,

2n+m = 9, the former is symbolized as fé and the letter as

simply Kg to avold ambigulty.



29

In view of tane fact that the (12)b pay be expressed in
terms of the molar concerntrations of tne complex ions con-
taining 12, as in Eq. S, it 1s possibtle to relate(1> to the
equilibtrium constants defined by Ea. 7.

(I =n ) Y2 ) (Eq. 9)
n m

By combining Eq. 6 and Eq. @, and substituting into
Eq. 8 the expression thus obtained for (I,), as a function
of the molar concentrations of reactants and equilicrium con-
stants, one obtaihs the following expression for the poly-
lodide formation function in terms of measurable quantities,
(Iz) and (17), and the various equilibrium constants. It is,
therefore, possible in principle to obtain estimates of these

constants by curve-fitting.

(b: Z Z n Ky - (1‘2)’1'1(1')“"l (Eq. 10)
n m

It is useful to examine Eq. 10 in its expanded form in

order to ocserve certain useful properties of this function.
- _ - 2
D= K5+ K (IT) + 2 K(T,) + 2 Kg(T)(ID) + 3 K,(1,)
2, - = 3 . 2, -2
+ 3 Kg(I)T(I7) + ¢ Ko(I )™ + 3 K(1,)%(17)
(Eq. 11)
One may examine the values approached by(i) as (I5), (1), or

both approach zero sirice such values are experimentally

accesslple. These values may te expressed by the following
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equations.
q)(ln)-»o = Kz + X, (I7) (Eq. 12)
<
- ~ ) 2 — 3
O (1-) =0 = K3 * 2 KglIg) + 3 K(I)7 + 4 Kg(1,)"  (Eq. 13)
@(12),@_) -0 = %3 (Eq. 14)

The relationships expressed in Eq. 12, Eg. 13, and
3. 14 will allow a simplification of the model in terms of
the lonic speciss which must be considered if such simplifi-
cation is at all possitvle. Thus, for example, one would
did in fect prove to

include 14 in a model only if(i>(12)—’0
be a linear function of (I~ ) as predicted by Eq. 12. The
usefulness of these properties of(I) in obtaining preliminary
estimatee of the various constants by graphical means is an-

otner attractive feature of this function.
Distribution Law

If to a system of two immiscibtle liguids a third sub-
starce 1s added which is itself solutle in both liquids, the
sucstance 1s found to distribute itself between the two
liquid pheases in 2 definite menner. An exact mathematical
expression of this statement may bte derived from a consider-
gtion of the requirement that the chemical potential, U, of
e sucstance distrivuted tetween two phases must be identical
in esch phese a2t equilicrium. Thus, in the first liquid

phase, the chemical potential may be expressed by
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o}
Up =U; + AT 1n 2 (Rq. 15)
and in the second liquid phase, the chemical potential is
similarly given by
o
- 2 O
U2 U2 + 3T 1n a2 (Ec. 18)

where U; and U% are the chemical potentials of the solute in
tne stenacard state and are, therefore, constants at any given
temperature. The activities of the solute in the two phases
are given cy ay and a2 regpectively. Since at equilibrium
Uy = U2’ it follows that at any given temperature and pres-

sure

a; / a, = constant (Eq. 17)

This exact expression of the distribution law may be put
into an approximate form for preactical purposes. If the
-solution behaves ideally in the sense that either Henry's
Law or Raoult's Law may be applied, tnen the activities may
te replaced by the approprieste mole fractioqs. Furthermore,
if tne solutions are dilute, the ratio of the mole fractions
may rce approximated by the retio of the concentrations ex-
pressed in moles per liter of solution. Thus, the distribu-
tion law may bte expressed as in Eq. 18.

| c; / ¢o = constant = K (2q. 18)
This form of the distribution law is tased upon the sassump-
tions of dilute solution and-ideal tehavior; thus, as one of

the phases becomes non-ideal in this respect, the experimental
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value of £ will ce ocserved to change. If one kncws the
value of K at any given concentration of solute in one of
tne phases, therefore, it is possible to calculate the con-
centraticn oi itne solute in the other phase at equilibrium.
Thus the distrivution law may te aprlied to the perti-
tioning of I2 cetween an aguecus phase contalning I and a
CCl, phese in which the I, is also soluble. Since I and
polylcdide complex lons are not soluble in CCl,, one may
estimate the free 12 concentration in the aqueous phase from
knowledge of tne districution coefficient of I2 for this
system even though considerscle 12 may te present in the

form oI compleXx lons.
Potentiometry

The reduction occurring at the reversible lodine elec-
trode may be written as
Ip+2e = 2 I (Eq. 19)
The electrode potential, E, due to this process may be ex-

pressed oy tne Nernst ecuation as follows.

- o I c 2
E=£ -3 £/ (1) £y (2q. 20)

= E 5 in (I7)

where, R 1s the universal gas constant,

is the absolute temperature,

(.

is the Farszaay constant,

xy
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0

lodi:.e elcctrode,

fI_ is the molar activity coefficient of I , and

ey

I is the wmolar activity coefficient of IE'

&)

N

E” 1s tnze stancerd reduction potential of the aqueous

For a concentration cell consisting of two iodine elec-

trodes immersed in solutions brought into electrical contact

by means of a salt tridge, the standard reduction potential

is exactly cancelled oy the standerd oxidetion potential in

the expression for the emf of such a cell. If in addition,

one may assume that tne molzr activity coefficients for the

I, and I” are the same in each half-cell, these factors will

also disappeear from the expression for the emf due to can-

cellation. Thus, the emf oI such 2 cell may te given as a

simple function of the molar concentrations of the I2 and 1~

in the two half-cells as follows.

R
2 - 2 1n (1), (1] /(2 (1), (

Q)
Q

wnere the sutscripts refer to the different half-cells.
If the I2 and. I  concentrations are krown for one of
the nelf-cells, a reference half-cell, but are unknown in

other half-cell, Eq. 21 mey re rewritten zs follows:

o 1 1 -\ 2
E =2 log Q+ § log (I7)% / (12) (Eq.
where, L= z.303 §I ’
W <F
Q = (12) / (I-)c in the referer.ce half-cell, and

21)

the

22)
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(I7) and (12) are tne lodide and iodine moplarities in
the unknown half-cell.
Solving Egq. 22 for (I7), one otteins

(17) = lo1/2 wWE - log & - log (12) (Eq. 23)

It is, therefore, evident that from a measurement of E for
any solution contalning 12 and I in equilicrium against a
reference half-cell, it is possible to estimate (I~ ) if one
has an independent estimate of (I;). Inasmuch as (I;) may

be estimated by suitable application of the distribution law,
the estimation of (I~) follows directly upon the measurement
of the emf of such solutions against an appropriate reference

gsolution.
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MATERIALS AND METHODS
Determination of (12)

The concentration of free lodire 1in an aqgueous solution
containirng an appreciatle amount of iodide ion canrnot in
general cte determined oy direct titration if there has been
consideracle incorporation of iodine into polyiodide ions
which are in rapid, reversitle equilibrium with the free
lodine. Thus, one must have recourse to some indirect method
i'or the deterairation of free iodine in such systems-

One such indirect method 1s the distribution of 1lodine
petween tne phase of interest, and a second immiscitle liguid
pnase wnicn may then ve used as a reference phase. In order
to apply such a technlcue, 1t is necessary to have some
krnowledge of tne appropriate distribution coefficient.

Since tne aqueous phase of interest will in generszl con-
tain iodide and polylodide saltis, 1t is essential that the
districution coefficient used to relate the iodine concen-
tration in one phase to that in the other bte one which takes
into account the presence of such salts. Furthermore, the
hydrolysis of lodine must be taken into account or minimized
during the determination of the distribution coefficient.

Inasmucn as the aqueous phases of interest contain dis-
solved salts at 2 constant loric strength of 2.00, the appro-

priate districvution coefficient would appear to te one bte-
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tween a reference phase such as CCl4 and an agqueous phase
c-ntalrning an inert salt at an lonic strength of 2.00. By

an lilnert salt 1s meant cne which does not undergo specific
interactiorns wiilh iodirne. The use of KiNOz as a suitable lnert
salt 1s suggested cy the fact that the solubllity of lodine

in 2z X KhOz when corrected for the volume occupled by the

salt and caticnic hycration 1s essentially identical with

tne solurility of iodine in water zlone. Since KNOz 1is used
as a diluent seait for the maintenance of constant lonic
strength in the polyiodide solutions of interest, it 1is of
course desirable to use this same diluent salt for maintenance
of constant lonic strength in the determination of the dis-
tribution coefficient. The use of KNO3 é&s a dlluent salt

in the polylodide containing solutions is dictated by the

fact that it is a 1-1 electrolyte as is KI, tae 1lodide selt
used in these solutions, and ty the desirabvility of introduc-
ing as few different kinds of cations as possitle. The
presence oi allute sulfuric acid in the aqueous phase during
the determination of tne distribution coefficient 1s also
desirebtle to repress tne hycrolysis of iodine.

The sppropriate distritution coefficient, therefore, is
that for iodine districuted between CCl4 &ana an aqueous phase
conteining 2.00 ¥ KNO3z and .001 M H;80,. The experimental
determinatlon of this distribution coefficient as a function

of lodine corncentration in tne CCl, phase 1s discussed in a
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later section.

Determination of (I7)

In order to make use of the potentiometric method to
deterwine tne (I7) by means of EqQ.23 , one must first estab-
lisn the fact tnat a rererence electrode such as the one -
described does indeed exist. The use of such & concentra-
tion cell under the conditions of constant ionic strength
also gives some justification to the cancellation of activity
coefficients required in the derivation of Eq. 21.

In order to use an 1lodine electrode as a reference elec-
trode, it would seem that some estimation of the polylodide
formation function 1s necessary 1n order to obtain an esti-
mate of (Iz) and (I ); thus, 1t would appear that one needs
(1}1@ ootein (I7) and vice versa. Such a situation might be
met by en 1lterative estimation of the quantities involved;
however, a more direct alternative 1s avallable.

Consider the following definition of K%,
K* = (I,)y / (Ip) [(T7)g - (1)) (Eq. 24)

From the definition of(I) in Eq. 8, it is clear that
K* - -

Thus, to the extent that (I—)t - (Iz)b is an estimate
of (I7), K% and<L) estimate the same thing. It 1s evident

elso that as (I.), approaches zero, (I7) and (I7)y become
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more and more identicel; thus, as (12) aprroaches zero,
(I.), must also approach zero and K* must approach(I>. Since
the estimation of K* involves only the determination of (12),
(I")t, and (12), it is possible to ottain a reliable estimate
of <t>at (12) = zero by a graphical plot of K#* against (I,).
Furtnermore, a value for K% at very low (Iz) may be obtalned
directly from such a graph and could be reasonatly expected
to be & relizsble estimate of(I) at this 12 concentration.
Thus, in principle one may use such a solution as a refer-
ence solution for the potentiometric determination of (I™)
in more concentrated solutiounus.

The actual experimental determination of (I~) by such

means 1s described in a later section.
Determination of (12)b

Tne determination of (Iz)b proceeds immediately from the
following identity.
(I.)y = (Io)g - (I,) (Eq. 26)

Since one may obtain an estimate of (Iz) from distribution
metnods, the estimation of (I;), follows immediately upon
the determination of (I_)y. This quantity may be obtained
simply by the titration of the aqueous phase with a reagent
such as sodium thiosulphate wnich reacts quantitatively with
Io- The experimental determireticn of this quantity is dis-

cussed in a later section.
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kMultiple Regression Analysis

Tne expanded form of the polyiocdide formation function
given in £g. 11 suggests at once that a general multiple
regression analysis of(I) as & function of the equilibrium
constants for polylodide formation and precise values of (12)
and (I”) would provide a powerful method for the estimation
oI these equilicrium constants. In addition, the ususl
statistical procedures may be used to determine whether or
not any given estimate of an equilibrium constant is sig-
nificantly dirferent from zero. In other words, it is pos-
sicle to determine simultaneously whether or not any of the
polylocides included in the model exist, and the formation
constants for those which appear to exist.

In order to elacorate upon the applicability of multiple
regresslon analysls, 1t 1s useful to make the following iden-

tifications wiin the quantities appearing in Eq. 11.

Let K3 = AO 3 Kr7 = A4
Kg = &, 5 Kg = Ag
£ Kg = Ag 3 Kg = Ag
z Kg = Az 4 Kg = Ay
(Eq. 27)
(17) = X1 ' (12) = Xo
- 2
- 2 -\ 2
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By making the atove ldentifications, it is obvious thet

=zg. 11 may be expressed as follows.
(D= 8o + By 3 + Ao x5+ A3 x5+ By Xy + Ay X

Tnils expression may be more convenlently expressed as

D=8+ ) & x (Eq. 29)
i

where Lt =1, 2, ..., 7.
Furthermore, 1if one makes several observations of(I) and
tne Xy, say n ovservations, one would have the set of equa-

tions,

(DJ = Byy ¢ ) By Xy, (Eq. 30)
1

where j =1, 2, ..., n. In this form, one may immediately
recognize the general lineesr hypothesis where the X33 are
constants and the A1 are regression coefficlents to bte esti-
mated 1rom observatiorns of the ] and Xy4-

01 course, 1t is true tnat the Xy j are not constants
wnich may be fixed at a definite set of values during the
experiment; however, one may conceptually consider the xij
to be experimentally determinable with such a high degree of
precision that repetition would lead to exactly the same value
for the xij' This is an approximation which may only be
approached and never reached experimentally, but it is none-

theless extrexely useful to explore the consegquences of such
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an epproximation.
Low Kolecular welgnt Amylose

The low molecular welight amylose used in the electro-
phoretic irectionation experiments was obtained by the acid
nyarolysis of Superlose, a commercially availacle amylose
octained from Stein and Hall Co. The Superlose was dlispersed
in 9 kK HC1l at ice temperztures, and the hydrolysis wes allowed
to proceed until the hydrolysate gave a plum-colored complex
upon the addition of aqueous lodine. Tne hydrolysis wezs then
arrested ©y neutralization with anhydrous NzAc and the salts
were tnen removed from tne hyarolyszte by repeated dialysis
arnd vecuum concentrection at rocom temperature. The low molecu-
lar welgnt amylose was recovered from solution cy precipita-

tion with aceltone ai room temperature.
rractionation of Low Molecular Weight Amylose

The separastion of amylose-polyilodide complexes into three
Irections with different iodine-steining propertiecs was
acnieved through an adaptation of the procedure developed by
koula and Synge (50). A Beckman kodel CP hanging-curtein
electrcphoresis epparatus was employed in conjunction with &
glass curtein facriczted from whatmen GF/B gless fiver peper.

The supporting electrolyte emcloyed was an acetate buffer

of pi 4.2, lonic strength .04, and ccntazined .00Z M KI erd
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vl & I.. Tne sclution wnicn wes Ifractionated consisted of
a U.Ut.- solution o1 low molecular welgnt amylose in the sup-
portin; elecirclytie. Upon impressing & potentiagl difference
ol &30 v. across tne curtain, tne applied solution was sep-
arated into tnree fractions of distinctly dirferent color.
plue, red, and orange-yellow cands were reedily otserved to
move down tne curtain with the flow of the buffer. The tlue
and red frzctions were actually sepsareted c©y esvout 2 cm at
tne point of collection while the cencds themselves were atout
4 cw in widtn 2t this goint. No actuel '"window" could be
ocserved Detween the red and orange-yellow fractions. These

Irections were collected and their absorption spectres deter-

mined. The spectra are discussed in & leter section.
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EXPZRIMENTAL
Pistrioution Coefficient

The districution coefficlent, XKy, for 12 tetween CCl, and

aqueous Z i KiOz containing .00l X H_S04 was determined at

5 °C

oy the ecullicration of 100 cc of CCly and 100 cc of

the acidified z ki KiO3 with varying amounts of added I5. The
resgents used throughout were Kellinckrodt snslytical reagent
grade chemicals. These were used without further purification
excepl for tne CCl, whicn was redistilled ilmmedistely prior

to use. Tnie water used in the acueous pnhase was octained by
redistillaticn of distilled water from an alkaeline KMnOg4
solution.

Tne two liquids were introduced into 250 cc glass-
stoppered flasis and solid I, was added. From preliminary
dete, 1t was possicle to add an amount of 12 sufficient for
the approximate estaclishment of any desired Io concentration
ir. the CCl4 phase. Thus, several determinations of K3 were
made at dirferent I, concentrallons beiween 4 X lO"5 M and

1.1 x 1071

ik in the CCl, phsse. Trnis covered a concentra-
Tion range Troi very dilute solutions to saturated solutions

of I

2y

After introductlon ol ine I, into the flasxs, they were
stoppered and sucjected to the action of & wrist-actiorn sheker

until tne IE hed dissolved completely in 211 solutions less



tnan saturate The flasks were then
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mostzted et 25 + .02 °C and
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placed in a water czis
crousnt to.equilicrium 2t tnis temaperature. It was determined
thet even after « weeks of ecuilicrestion, during which time
tne fiasks were frecguently aglitzied for extended periods of
time ©y & wrist-action snaker, scme of the more concentrated
solutions had not yet acnieved equilicorium. However, after

S weeks 5ne could rnot detect any further changes in the ratio

1. concentrations in the two phases.

s

oL 1z
Tne I2 concentration in tne liquid phsses wss determined
cy titration of alicuots withdrewn by mesns of a2 volumetric

pipette witn standerdized solutions of sodium thiosulphate.

The norwmality of the tniosuiphate solution used in titration

wes cnosei. 80 thnet tane titrating volume would ve in the

range <0 to 30 cc whenever possicle. All standard solutions
were frequently standardized against 2 primary standard which
consisted of & czrefully prepered solution of K10z which was
allowed to licereate 12 frox KI in acid solutions. Standerdiza-
tion wes acnieved ©y direct titretion of the Io libereted

witn tne sodiux tniosulphate solutions.

Tne eliquots withdrawn from the sample flasks were imne-
diaztely pipetted into titration flasks containing & smell
volume of wzter tc whicn goout .5 g of KI had been added.

Tne presence of XI helped to minimize the loss of I, by

volatilizetion Guring tne tltrailons znd, in the case of
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the OCl, pheses, 11 alsc increased greatly the rate at wnich
tne 12 could e extracted intc tne aqueous phase for titra-
tion. A magnetic stirrer was also used 1o speed up tae rete
of cxtraction of 12 irnto tae aqueous :hase oy providing a
mecnanism 1or tae intimete mixing and ccnsiant renewal of
suriaces ceiween ine pnases.
was titreted directly in the acueous phase with
a standardized solution of sodiux thiosulphate. Duplicate
titrztions agreed to within 0.10 cc. Tae concentration of Ip
in either phase was tnen calculated from the following equa-
tiorn.
(I.) = R x Vg / 2 Vg (Eq. 31)

where, X = the normelity of the titresting solution

V, = the averege tltrating volume

Vg = tne volume of the samrle 2liguot

(I) = the moler concentration of (I5) in the sample.

The districution coefficient, Ky, was thern calculated

from tne following definition.

Kg = (L), / (I2), (Eg. 32)
where, (Iz)c is the molar concentrztion of I, in the CCly
phese,
(Iz)a is the mclar concentration of I, in the aqueous
phese.

Inasmuch zs Kd is defired in terms of moler concentra-

tlons, one might expect thet Ky will be a function of the Ig
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concentratiorn. Tnaus, X5 has peen delermined for several

values oI (Iz)c' Tne resulis ol tnis determination sre Tabu-
leted in Tacle 3 anc displayec grephiczlly in rig. 1.

Tne soluclility of I2 in 2z » XMOz es detercined 1in this
experimernt 1s 1ir excellent agreement with the vzlue octalned
ty Kiss and Urmanczy (34), ard if corrected for the volure
occupied oy tne KI:O5 end for cetioric hydretion is very nearly
identicel to tae solucility of Iz in weter glone. Thus, 1t

would appecr that tae K}{-O3 is essentially en inert diluent in

tne sysiem.
Estimetion of « for the ZEeference Electrode

It has cteen pointed out tnet 1in order to estatlisn a
sulteble reterence electrode for use in & concentration cell,
one must octain some estimcte of(I) in tne reference solution.

Ine most Girect approacn To this proclem hes ceel. outlined

4}

previously zand invodives the determination of K* as defined

I4

L ZC. z4. In order to octain velues for X% experimenteally,

one must hive estimetes of (I )y, (I.)

2y, and (I

2;'

It is clesr from £q. li tnat if the formation of I, did
in fact occur 1irn aquecus soliutions, tne velue of‘CI) approached
as (Iz) approaches zero should ce a2 linesr function of (I™).
Since X% 1is an approximetion to (I)in ine same‘llmit, it is
to ce expected tnst the seame functlonali relztionship would

exist cetween k* and (I ). It wes necessery, therefore, tc
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coelilclienty for

I

o telween Cllg end

aqueous z M KNOz ccnteaining .001 M HoS04 at

£5 + G.0z OC

(Ig)ge, 10° (I ), * 20 Kq
0.3913 0.3833 102.0g
1.5384 1.5020 10%.2g
1.9811 1.9283 10%.7,
23557 £.53249 162-61
27104 2.6377 102.7
3.149% 3.0563 103.05
5.5011 5.38585 103.3,
£.3479 4.1954 103.63
5.1699 5.01%1 104.7,
5.86%1 5.5533 105.54
S 6538 6.2316 108.7g
7.1386 6.6505 107.3,
§.486¢ 7.8308 108.3,
5.9857 5.3038 108.2,
9 .6908 5.9152 108.7,

10.6859 $.8428 108.5,
11.4663 10.5435 108.9,




xj

o

Distribution coefficient, Kg, of I
end an aqueous 2 M KNOS

4 H 804 at 25 + .02 °C

o between CCly
solution containing 0.001
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gelLermwine n> &l severa. coLcelnirations ol K1 in oraer L 21i0w
for thls possicility-

Seversl squecus solutichLs were prepsred contelning very-
irng emounis of KI from .05 k up to scout 1.0 ®. Sufficlent
iUz was added to tnese solutions to cring taem 211 to an
iornic strength of £.00. Eguilivration of 100 cc of esch of
tne agueous scluiions with 10U cc of CCl4 ant varying amounts
of IZ was performed in trie ssme menner cescriced for tne
Gdeterniratiorn. oI the districution coeificient. Iellinckrodt
anzlytice. reszgcent grade cnexicsls were used tnroughout
tnese experimerts without further purification.

Tne concentration of XI in the acueous pnase of these
solutions was determined cy titration with standard AglOgz
soclutions using eosir as an indicator. These tiirations were
perforred in subdued llght since the precipitated Agl is culte
pnoticsensitive. Tne moler corcentration of tre XI solutions
so determined was irn extrenely gooc &greement witn tne melar
corcentration calculeted frowm the welght of KI used tTo pre-
prre tne solution.

Tne moler concentratio: of the free IE in the aqueous
phease was determined from the experimentally octained moler
corcertretion of I- in the CCl, phase and the corresponding
districution coefticient octained from ¥ig. 1. The moler

concertretion of tne I; in the CCl4 phese wess octeined in the

i)

wenr.er descricved for tne determination of the distritution



lecle 4. %% s z rurciion of (Ig) versl KI concentre-
L1008 2T 2o v .Uk VG
L)y w105 (IL), x 107 2)eg x 107 (Iz)p x 10° K#
(I7). = .04248¢, iornic sirengtn = 2.00
L.113385 L.3140¢ 0.3078% 0.11077 743.8
v.11737 U.3233% 0.31702 C.1142C 745.0
U.30717 G.2e07%¢ C.88174 0.2¢855 744 .2
U.53177 0.2107 0.820¢e 0.30786 744 .8
U.42721 L.48cle 1.44849 0.48345 747.53
G.017z 1.254757 1.5..84 Q0.50273 747.9
v 65754 <.U0cl3 2.00987 0.54754 742.9
U.64760 1.95672 1.93832 0.628z1 780.0
Ue8419= <.89913 2.€c435 0.81270 751.9
U.E3340 2.087359 < .80077 0.z0G"73¢ 74G.5
L.00074 3.54621 52462 G 87316 753.¢
1.0c05¢ 3.3898« 3.22600 0.98736 766.1
L1.1673 4.0.633 3.88081 1.1<393 757.1
1.18930 4.1577 4.C0074 1.1482¢ 756.0
1.28890 4.€0.72 £.42893 1.24558 752 .8
(I")y = .096988, ionic strength = 2.00
U.c€0lc 0.3€8556 0.3586¢ 0.26157 75€.7
O.c5c68 0.321895 0.31534 0.22950 752.7
0.8€43¢ 1.470cE l.432Ec 0.27000 756%2.6
1.25348 1.687:53 1.84050 1.2128 752.5
i.0cE38 <-4087%2 £.3453¢ 1.49711 755.8
1.83%cc <.€1735 2.54€086 1.£€137¢ 765.0
<.00004 5.4085% 3.35820 <.03194 785.92
ceoccell 5.80751 3.687275 <.1803% 770.1
£ -5c040 4.0501¢8 4.353795¢ <.516351 775 .4
c-58760 4.62391 4.47707 c.25e83 776.%2
£-967C S.88z4¢ 5.35£3¢ £.933€1 721.6
3.07775 5.9 4BE 5.61600 3.02158 7823
5.37340 £.8442¢ £.394c0 3.30248 728.8
3.46E05 7.068556 £.6088¢2 3.39883 721.1
3.75375 £.03c84 7.42045 3.675E¢ 72743
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coelficient. Duplicste titreaticrs sggreed to within 0.1 cc in

fhe totel I; concerntiratior in the aqueous phase wes alsc

deternined &s descriced in the section on the determination

0l tne adistribution coefficilernt. rrom the identity expresread

was octaeined froo the difference between

Po
o
3

g. =<, twae (I.).

~
“

N

*

(I_J; end (I.). Having thus determired the velues for (I7)g,
-~
(Iz}t ané (12), it was possitle to calculste K% ty means of

£EG. £4. The resulits of these determinations and calculstions

)

zre teculeted in Tacle 4.

in order to use tnls Cdetea To provicde 2 suilizvle descrip-
Tiorn of & solution wnich mey cve used s a reference electrode
stanaard, 1t 1s suificient to decide upon an erbitrzry but
low free Iz concentretion for tne rererence sclution. One
may iwner octeirn a fairly precise =stimazte of K*, 2nd there-
fore(i), directly frow Fig. . It is then possicle to calcu-

laite tne emount of Iz wriich would heve to te dissolved in the

)

solutions of XI and KKOS to achieve tnis concentratior.
Since iae value of K* cnenges only very slightly with {Io) at

very low concentretions, orly & close approximstion tc the

-

calculested esxount o7 totsl IZ requ.red rneed ce acnieved. The

exect concentreaiion of (Iz)t in these solutiorns could te oct-
teir.eéd vy titretion.
Sucn & procedure w&s adopted ©y choosing & target concen-

free I- for the re:eresnce solutions.

(1

tration of 1 x 10 ° 2
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x 107 (In.)y = 10° K
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(I7). = U.<868%, ionic stirength = 2.00

OO OwWN D+

v
U.87025 U.-30587 0.c2201 0.87300 77e.1
U.3ro85 UeBr4i C.c7837 C.8311 774.1
c-1E&74¢z C.98815 U.5E644 z2.14761 720.3
1.9917 0.23.i6¢c U.21159 1.8-302 7£2.0
5.72037 1.208c7 1.72132 3.707¢5 810.0
5.443%4 1.2:.700 1.6.654 3.43028% 203.
C.e3C oy 2. 83758 =.288631 5.2100¢ £12.
4.2506¢c <-43977 2 .37555 4.83:87 s1&.
C.45:54 3.431E0 5.3378 G .45840 230,
C.73173 3.5041¢ 5.4B7:8 £.595%1 835.
7.77143 4..9935¢% 4.1467 772289 g4x=.
E.cl4cE 4.285z1 4.41327 £.17054 &£60.
©.17524 5.35181 5.11187 C.1c48% 867.
Z.04538 5.70414 5.4376¢ ©.58200 g77.
0.3280z c.384c% 5.99732 1C.33211 820.
(I7), = u.49453, ilonic strength = 2.00
1.1c0c5 UeiS44r C.z8z6¢ 1.1177g g00.5
1.144Q7 0.30u58 O 2475 1.14202 802.0
S3.6847 0.8777¢ U 9860 3.72903 825.0
3.73883 1.004&7 G.88%76 3.72200 8z8.¢
c.10088 1.8c470 1.645z¢ £.08441 85¢.7
C.38588%7 1.7048¢ 1.7130¢ Z.36974 863.1
E.44ce <3888 <3778 Zedz 301 g821.9
5 .28470 .04 z.5053% 5.86970 £84.4
C. 7761 3.154%0 3.06088 10 74200 206.6
182489 3.40.50 3.22875 11.48873 212.0
3.1084% 3.2¢icE 3.8585670 13.008¢ C31.4
3.0131c 4.11327 3.82022 13.47341 C43.0
c.350% 4.381.8 4.£8215 18.303€0 257.1
o.CE354 4.2887¢ 4.7581¢ 15.838¢¢ e70.1
7.63204 S.58¢3%¢ S.5038 17.58289 2C2.4



(I7), = L.389290, loric sirength = 2.00
1.7045% 0.311zx 0 3081, 1.7C154 828.0
1.05040 U.z8437 U.787¢ 1.56361 BzE.1
<.01l0oe 1.1107%% 1.0c688 .58 g7z .2
s .ce801 1.20213 1.17801 c.51%zc £20.4
1U.c88c7 1.92030 1.87=88 10.448¢%¢c gc2.8
Z.797735 1.564321 1.800c8 C.778 7 Slz.5
14..887¢C <.78955 £.710853 14.27254 c57.0
13,z z.c4111 <.47310 13.19805 ¢ol.4
1z .35415 3.70084 3.85815 15.84775 1Clz.1
17.452357 3.4E7153 3.37¢00 17.45.02 087.1
2z.S50cs 4.88240 4.38724C <. 68384 10585.4
25.7608 5.000158 4.7333¢ z3.714%¢ 1084.9
< .5C210 9.21580 S.807e7 <2.8130¢ 115.2
<7.7204¢% Beccl?d 0.8286z1 £7.626%1 1135.0
31.1500 7e34 318 L8738 31.08174- 11¢0.1
(I"/y = 0.54077, ionic strength = 2.00
1450 U 31z&0 .« 30C37 <.14014 851.2
1.5073¢ Uec=B17 0 28058¢ 1.04485 848.3
2.2187¢ 1.01660 0.2¢320 5.80E&¢ 9Cl.0
7.38705 1.0€4531 1.06045 7.386%¢ c0L.3
11.81030 1.75388 1.71445 11.7231% eez.7
15.20c02 1.2600« 1.911%6 13.1e221 g7e.9
12.4.480 c.480l10 c.41275 1£.430€0 1003.8
10.74754 <3720 ©.3107¢ 15.7478 ©C3.4
«1l.5141¢& 3.28733 3.18¢74 z1.56218 1072.53
~le25820 5.41€153 3.311z1 21.925588 1Ce7. ¢
«o- 74350 4.077c= 3.93540 5.70441 1117.2
4. 7424 4.:.040¢2 4.05¢5¢ =4 .70895 112€.0
31.1€1c0 SeclU7cd 4.950540 31.11175 1172.3
Se.50Cz0 S.5330« .7708 3..75403 120¢ .4
35.22404 - . 0BBLE S.7zclc 3E..0€CC 1245.4
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.aclie 4. Crrtirued)
(1 ). x 105 (I ). x 10° (I.). x 10% (I.), x 10 Kt

<’ T ' C <’ &a <’ T

(I”). = 0.98c1%, iornic strength = £.00

e 0358 0.3.831 C 30030 z.D53268 8581 .4

2.06203 U.73554 U. 72104 2.0813% Qlz.2

7.21320 C.2clBl U.84111 7.9044¢ 830.0

z.41cEC 1.134¢7 1.108:5 2.40175 853.7
10.587514 1.25402 1.2281¢ 16,5853 $60.0
13.857¢%8 1.8755¢ 1.634¢68 13.582131 1001.S
14.7¢017 1.50380 1.7589¢2 14.77257 1005.¢
12.00c-4 z+3318 27108 12.278¢3 1¢654.7
18.50801 PR Y AONES <+35712 ic.78544 1070.¢
w4 .c044: 288787 =.21187 4 .17535 11z1.3
cC.87307 3.22455 53.12250 =5.842085 1141.0
S .0l3E87 3.898:5 3.85304 31.33053 1212.6
31.84275 4.11507 3.974Q7 31.87524 1214 .4
32.15874 5.308¢8¢ 5.07841 32.108C5 1303.4
40.703¢9 5.51408 S.25%0% 45.65137 134Zz.8

Ine actuzl culcenirsiticn

cy direct titration witn stancerc sodium thiosulphrte.

soclutions

tne ce

of totel iodine added

ine

seune solutions us=d

totel

in

was determined

The XI

the deter-

«#I concentretiorns.

concentraticn of free 12 and free I~ were then

tnhe concentretion of totel
velue for «*® octeined irox

velues of ('I,6

\
/

<. was reedily computied.

te perizining to

rd (I7),

them

-
Fig.

re Tacu

{y

W

<.

ne cuentity,

K1, totel 12, and

From these

&, defined

The re=sulis of these compu-~

leted in



Fig. 2.

K* as a function of the free lodine concentration
in moles/liter for solutions of lonic strength

A = 0.049898 K KI E = 0.69290 M KI
5 = 0.098988 N KI F = 0.84077 ¥ KI
C = 0.29696 b KI G = 0.98216 M KI
D = 0.49453 N KI
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lavie 0. Composltion of reterence electrode solutlions

(1), (1)y x 10% k(1) x 10% (1) x10° (1) (17)%/(1,)
. 049494 83 . 069 743 8.08 54 w340 045686 10¢.079
- 09BYBY 7.9071 70 7.80006 1.066 . 028208 ©204.767
cYBY0 «4.0355 e £3.9:8%¢ 1.006% . 94057 £248 .4
49405 39 .8x0 798 39.7:45 1.010 42086 <3709.5
. bweYu 8.0 817 57.9897 1.03553 .68710 4570c.0
.84077 70.70¢ 8:57 70.6006 1.v1e .83371 586835.0
ooelb 83.9¥1c 805 83.8110 1.009 97578 £5978.9

8A11 solutions contain surficlent KN05 to establish

POvtained from Fig. < for (I,) =1 x 1079 k.

an lonic strengtin of 2.00.
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It wes necessary to deteriine (Ig)y, (I
crder TD izKe use 0l zg. & IC celculpte<I>,
rornetion Irunction. 1nese determinstions were concucted in
soluivions ol verying totel KI and totszl I. concentretion in
orcer to eccumulsie agppreopriete dsta for tne multiple regres-
sivn enalysis previously descriced.
ine seme wetnod wss euployed for the determination of

2:.6 (I.) &s thst

~ z a for the determinstion of X3*.

zeseric

®

£

Since the determinstion of K# as g furnction of (I.) sllowed
2

the estimetion of(I) in dilute solutions of I in sgueous KI,

-~

it was possicle to prep=sre solutions of KI end IE sul tetle
for use 2s reierence elecirode electrolytes for the potentio-
metric deternination of (I7) (see precedirg sectiorn).

ihe properties oI tne stendsrd ce:l solutions sre de=
scriced in Tacle 5. It should ce roted thet a dliferent
svandard sciution was prepsred for the severali different total
X1 concentreziions enccuntered irn these investigations. The

o

loric sirength of

o~

21l solutvions wes 2djusted to 2.00. These
Leasures were taien to winimize any effectis whicn might te
due To &n ilmcelarnce in tne sezlt content of the two half-cells
under ocservatvion.

ine actuel ceil assemcly consisted of two glass electrode

vessels ol 50 cc capacity, one for the reierence electrode

r.d orne for tne working eleciroae. The electrcies themselves
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were rl Lu.ion electrodes sealed in gless otteined from Reciu-
Lzi. Ins.ruwenis Inc. Electricel contect tetweel the twe helf-
Ce..iS wW&s maae tarcugn & selt cricge corntalning 2 M KNOs.
Actual c.ntiact cetween tae bridge solution and the cell
elecirolyte was mzade througn escestos fiters seesled into the
ends ol the cridge. Tne elecirode and bricge lezd entered

Tne cell vessel Ttarcugh a rucber stopper which it tightly
into tne top of the vessel. Tne cell vessels were thermo-
stzled in & water-cath maintzined at 25 + .02 °C. during
mezsurements. 7ITne potentia. dirference betweer the two Pt
electrodes wes octeined ©y means of & Leeds & Northrup Type K
rotentiometler in conjuncliion with a teailistic Uype gelvano-
weter whicn served s 2 null detector.

The sctual nessurements wWere obtained vy plecing 40 cc

0oi tne sppropriste reierence solution in one electrode vessel
and 40 cc ol tne soluticn under investigation in the other
elecirode vessel. ©coth the reference solution and the solu-
tion uncer investigatiorn nad ceen thermostated at the tempera-
ture oi measurenent lrior tc treansfer to the electrcde vessels
wnicn were eglso lumersed in the seame thermostaet. The emf of
tne cell tnus ocrteined wes reprcducible to within C.1 mv et
low (IE) ernd witnin 0.% mv &t hign (IZ>’ The meessurements of
ewf were made jusl cefore the titretion dete wes otiszined on
the solutiorns under investigestlor ard the CCl, phese with

wnicn they hesd ceer. ecuilivrsted. The (I7) weas ceslculated tcy
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nLeals8 oI Zc¢. 25 Irow the vslue of = for the reference so_.u-
tion, (IZ)’ ar.a ine nersured ewf. It was ther. possicle to
celculzte (I)froa tc. £. <Lhe dete for trne solutions investi-
g2ted irn tils manner esre tzoulstsd in Tavles € thrcugh 1&

along wits tne calculated ve.ues of .
Spectropno tometiry

Aqueous solutions of Iz and KI

The spectrophotometric tehevior of solutions of 12 in XI
was investiigated &t hign concentrztions of KI in an attempt to
corrocorate the suggestion from potentiometric messurements
tnet colyiodides of higher oréder in I~ exist in such solutions.

Several solutions conteiring the same concentration of
totel 12 cut varyling smounts of totzl KI were prepsred oy
volumetric dilution o & stock solution of Iz in very dilute
KI with & concentrrted stock KI solution. The totel XI con-
centratlions investigeted ranged from .01 to 3.6 L. The con-
cernirsticn oI Utre stock I2 solution wes determined ty titra-
tiornn witn a stencerd solution of sodium thiosulrhste srnd that
oI the stock KI solutiorn: was celculsted from the welght of KI
used in prepsration oi the sclutiorn.

A Czry recordirg specirophotometer wazs used to octein
tne zcsorption spectrz of these solutions. Due the the ex-

tremely nign &csorcancies encountered in the ultreviolet

spectre of sucn solutions, it wes found necesszry to use 1 ck



Tavle 7. Data for computation of the polylodide formetion runction

(1), x 10% (I)), x 10 (I), x 10% (I,)y x 108  enr (v) (17) (I)
(I7), = .098988, lonic strength = £.00
Uetb16 0. 56586 0.35469 O £6157 0.01:51 L 087806 745,06
Vv 36 U.3.165 0.31534 U +££9 60 U. 0134z .097001 750, 3
V. 98456 1.47028 1.4558% 0. 4 700U 0. 0360z .08868€E 761 .-
Leid 48 1.587.5 1.84050 1.clzbl (. 04017 L08542E 7718
L. 0g656 2 4087% 234559 1.49711 0.0445 081078 7758
1.639.5 . 61755 L. b4606 151579 0.04566 .081143 781.1
%.UBbL4 5.46838 335920 £+03194 0.05030 .077804 V776
£ocrll 3.80751 3.67875 2.1853% 0.05200 .076208 772 .5
2. 56040 4.55019 4.379.59 ©. 51661 0.055%0 073409 785 .0
2. 59760 4.65391 4.47707 <. 55283 0.05558 L0731 34 779 .7
2 .98750 5.65c42 5.58639 £.93361 0 05953 068797 791.4
3.07775 6.9468 5.61600 3.02189 0.06045 .08776¢ 793.9
5487340 6.84499 6439420 3.30946 0 06331 L054E89 800.1
5.46505 7. 08506 6. 60966 3.39893 U.06410 .063779 806.3
5.775875 8.05:64 7.42045 5.6795% 0. 06655 L061166 810.7
3.6.001 8+ 7470 7.64760 5.74403 0.06759 L0603 56 F11.1
4.05019 9.10694 5. 37805 3.96641 0.06973 05767 820.9
4. 1088z 9.33351 & . 58649 4.04296 0,070 55 .05¢994 £26.1
4.44 0 10.5459% 9. 58404 4.35404 0.0726% 055435 611.1
4.5x101 10.873%3 9.96630 4.42135 0.07525 . 004847 808.8
4,674 11.45760 10.49711 4.56745 0.07438 053867 807.8
4.56845 11.04171 10.11608 4.46729 0.07361 . 054499 810.3
4.66928 11.45800 10.49748 4.56431 0.07470 . 053201 £17.3
4.56645 11.45700 10.49656 466149 0.07431 .0540173 B04 .6

e



Tavle 6. Data for computation of the polylodide formetion turnction (temperature =
<b + .0g ©C)
] ‘. ‘. 4 I \ - o
(I.)g x 10 (I.), x 10% (I ), x 10" (I,), x 10 em! (v) (17) (I)
(I7)y = 0.04949, lonic strength = 2.00
0.11380 0..51405 0.3078¢ 0.11077 0.00453¢ . 04835053 744 .€
O.L117357 Ue3356 0.5170% U.1140 0.00459 .048881 73'7.C
0..350717 0. 38070 0.46174 0.498060 0.01838 . 046742 74 1.1
0.381677 0.910&7 0.89068& 0.30786 0.0189c .04653¢% YA
0.42791 1l.diicbe 1.44849 0.483%43 U 0820 . 044703 740 €
0. 51788 1.64757 1.61184 0U.50c76 0.0:678 .044650 744 . ¢
0. 00764 ceUb1S <.00987 0.64704 0.031g7 LOA3225 745,
0.64760 1.98678 1.93832 0.6c821 0.03087 . 043116 7617
0.84194 069913 <6433 0.81570 0.03566 <04179¢ 74737
0.83340 67309 < .60077 0.£0739 0.03561 .04 1690 744 .€
1.00064 3.346v1 3.c468 0.97518 0.03%930 . 040198 745.€
1.0038c 3.3998% 3.29600 0.28736 0.03950 .040181 745.¢
1.167% 4.01653 3.88001 1.12393 0.04249 . 036808 746 .12
1.18930 4.1o77 4.00074 1.14929 0.04300 . 038630 743 .€
1.8990 4.60070 4.42095 1.:24568 0.0480b .037514 750. ¢
1.52903 4.786351 4.58780 1.28300 0 046v1 . 038977 7H4.7
1.45087 ©.50648 5.068c"7 1.38019 0.047€2 .03694 ¢ 757.7
1.45657 5.49116 5..3466 1.41422 0.04861 .0356518 760 . €
1.56801 6.0e94¢ 5.70168 1.50099 0.056054 .034386 765.¢€
1.0953¢ B.cb231 5.90ge7 1.53430 0.06137 .033873 767.4
1.87383 6.7031 €.29710 1.61086 0.062506 .05,417 765.8
1.7106 7.0017% 6.03145 1.65624 0.056345 .032661 L.
1.80643 7.50874 7.02750 1.73815 0.05507 .032004 771.S
1.80366 780763 7.30536 1.7806c 0.0040 032134 756,

(&3



Tacvle 8. Deata tor computation of tne polylodide rformstion furnction
(1) x LO® (I.), x 10 (I,), x 10% (I )y x 10  emt (v) (17) (I)
(I7)y = 0.2U88¢, lonlc strength = 2.00
V. 87090 0.30337 0.2601 G 67300 0.01380 . £BY7?3 772 .6
U.0'7091 0 «8c4l 0..7687 U.6c311 0.01e60 ceBYLTY 77¢.0
10748 0.98615 0.98644 £.147061 0.0303b <7676 766.7
L.v9cl? UV.95160 U.91169 1.98306 0.02897 - 8074 774 .9
547607 L.8UBL7 1.75135 3.70795 U.03950 cbQU L 81c.8
3.440694 1.66700 1.6:634 3.4.35068 0.03869 .« 20086 cel el
0. 2b600 2.66798 <.09631 5.21005 0.04 689 <4010 818.5
4.8566k 245977 £.37565 4.83287 0.0449¢ AP 816.%
"0 .49k64 5.43180 3. 5378 6.43940 0.080453 - 25200 855.9
©.75179 3.6041c 3.487:9 6.69691 U.001t0 s B4 840.7
77148 4.299068 4.1467 7. 7999 0.05470 .21943 849.6
8.cl408 4.58581 4.41567 8.17064 0.00891 c 21640 £05.5
Y.17694 5.55181 5.11157 9.1c48c 0.08-80 20776 8023
U.064658 0.70414 5.43769 Y .59<00 0.06068 -2003% 880.6
10.34808 8.384ck 5.99739 10.33811 0.086.50€ .19086 203, ¢
10.83509 6.83554 338350 10.76975 0.06443 .18683 203.0
LL.45c96 7..51808 6.83830 11.3648% 0.06598 <1808 Qle .7
1. 0073 8.00118 7..394860 11.98348 0.06800 .17500 926.0
le.oloos 8.45674 177938 1le.03789 0.06937 . 17017 247.1
15.163589 9.15614 £.40401 13.09984 0.0717 .164:7 94€.8
15.6v94 ¢ .60888 8.88990 13.61094 0.07273 .16940 089.53
14.9761c 10.058379 2.21800 13.88594 0.07351 .186787 2565.3
14.01.986 10.71840 ¢.84889 14.41467 0.07520 .16244 grg.l
14.900v¢ 11.17828 10. 4121 14.79¢81 0.07589 .1E14¢8 953.92

(0))
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Tacle 9. Dete for computation of the polylodide formetion function

(lc)t X 10% (Iz)c X 10% (Iz>a x 10% (I:c.)-D x 10% emt (v) (17) (I)
(I7)y = 0.49403, lonlc strength = .0V

l.1cU00 Vo944 U. 8860 1.11778 0.01353 L4880 8302.0
1.14497 U.50060 0..9476 1.14:0: 0.0l40C AB8474 70Q.3%
S.0.947 0.Q777:. 0.Qb8k0 3.72203 0.035040 46393 83b6.¢
3. 73883 1.00487 0.88L76 3.7:900 U, 03086 .46+80 827.0
6.1L0086 1.68470 1.6455. 6.08441 0.038490 43443 £51.3
©.98687 1.70499 1.7130¢ 6.36974 0.03990 AL637 872.2
Betd6Y 888 PR YA A4 8.42881 0.04489 40027 BR4 ¢
8.99470 o074 e <. 00b3¢ 8.96970 0.0463]1 40176 821.1
10,7751 3.1 840 5. 060855 10.74:00 0.04963% .39030 B899.«
iledlby 3.40060 3.29675 11.48873 -0.0568101 . 38381 Q08.0
15.108646 3.99168 3.85670 15.00891 0.05417 . 36708 Q3.8
13.0131c 4.11587 5.9209c 13.47341 0.0b472 « 36475 230.«
lo.5607. 4.88118 4.6819 15.303¢€0 0.08810 . 34709 941 .7
1b.6835064 4.9687¢ 4.76616 15.63598 0.08863 .-34303 b~ .4
17.63804 5.8:398 5.0036 17.58289 0.0610 Beebh 987 .¢&
18370 6.16643 5.81919 18.17885 0.06540 .314€1 QuL.3
19.79854 6.911b¢ 6.45936 18.734 .0 0.06587¢ ..303%353 1007.1
20.4.5377 7.18749 6.89c6 cU. 36084 0.06671 29878 105.¢
©1.8751c 7.98536 7.38516 21l .9017 0.06210 . 8400 1044 .0
w9607 8.18647 7.5H8709 2z.22070 0.0692% . 27888 1050.%
«4.15140 C.289¢8 8.54970 <4 .06020 0.07297 ceB230 1070.%
w4774 9.5174¢ 8.74361 <4 .48998 0.073560 e 2594 ¢ 1079 .%
«O.69072 10.44736 9.580355 25.5949¢ 0.076158 « 24589 10£86.1
¢ 64400 10.58944 2.98573 26.54414 0.07727 . 24033 1106.1




Tacvle 10.

Data for cowmputation of the polylodide formation function

(I)g x 105 (I,), x 10% (I,), x 104 (1), x 10°  emr (v) (17)
(I7)y = 0.69220, 1lordic strength = .00

1.70459 U.311% 050511 1.70134 0 0159 V67955 80,1
1.56640 0.28457 0.27879 1.56361 0.01557 67562 8356

50100 1.11076 1.068685 5.99965 0.0%13 .63064 875.5
6. LH01 1.20813 1.17901 6.516.2 0.03375 62395 885.8
10, w607 1.9.050 1.87.55 10.24695 0.041:1 58815 930.4
9.79775 1.84091 1 .800EY 9.7797¢ 0.04061 . 52040 219.8
1429970 % . 78950 . 71093 14..7264 0.04745 . 55505 949.5
15 e 78 ©.Ualll 2 .47510 13.19805 0. 04600 . 56093 9:1.4
1oeGudlo 3. 70UB4 5.65618 15.64778 0.05310 . 51606 993 .1
1749657 5.48715 5.37900 17 . 46,58 0.05171 . 50499 084.4
L2 Y5006 4 .56640 4.67c49 £2 . 88384 0.05849 47414 1032.9
5. 7608 5.00016 4.7965x ©3.7146% 0.05399 47112 1049.5
26 . 56910 5.91.560 5.60797 56.5130% 0.06323 .4319:  1117.0
27T oA 6.2cl 70 5.86481 £7.696:51 0.06328 42906 1100.3
311500 7.34518 682763 31.06174 0 08757 40249 1130.3
31.69606 7.51595 6.97350 31.62:582 0.08818 39725 1141.8
34 . 39584 8. 51066 7.84750 34.31737 0.0720% 36287  1205.1
35. b31E 8.9410% 8.22.19 35.44087 0.07300 V35769 1204.0
36.60 145 10. 25024 G . 40820 36, 50735 0.0771% 32570 1o5¢.4
37.9.51 00 275735 8.94566 37.54206 0.07511 33068 1o20.3
40.9948; 1C. 51160 1043417 40. 85970 0.08016 30460  1285.7
39.579.4 10.64021 9.75718 39.48167 0.07798 35084  1261.2
40.95775 11.28776 10.346%5 40.85427 0.07971 30888  1278.4
40,4181 11.0359, 10.11817 40.31694 0.07904 31352 1270.9

O
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lTavie le.

(1 )y x 1O

Data for computstlion of tne

(1.

% 10~

:..>C

polylodide formstiorn function

(Iz)ﬂ x 10

4

(I,) x 10%

et (v)

P Fole1s)
5.06803
7.uLlo9l
o ‘4_1.&,50
Lu.o7ul

Ly.837906
14,7017
12 .00.04
19.80901
w4 044y

L0307
D ULSn7
S L0874
40, 70390

404 ded
47,090
od.43467
02,0770
09,8735

G4 6605k
64411156

U.30651
O 73604
1.15497
1..8400

le.v'7Con
1.80590
e 33Lled
wedeU7Y
L 9YTsY

Seged9o
3.998L0
4.11607
0..3099
5.51408

$.00708
5.9570.
3.49608
9.009¢0
2.9017.

L1.40760
11.e7081

= O .98'(;1.(3,

e 30050
Ue 72104
U.C4111
1.10996
L.cbbly

1.63465
L7999
£.c7108
3571
©£.91197

3.1980
3.86304
5.97497
0.07841
5. 090K

©..4014
6.4741c
7.85406
5.83235
Y.13540

1u.49711
1U.-33800

03280
£.0615
7.90449
9.40165
10, 5853

15.8161
14.77.57
18.97995
19.78544
417555

£0.84.08
31.33005
31.970k4
39.1089%
40.6013%7

40.68000
47.55388
54 .40533
o&.28888
59.78695

4 .55536
34.00818

fonic ctrenpgtn

it

0U.01450
0.0:528
0.03009
0.035307
0.05%477

.05937
0.040560
0,04465
0.04058
0.04975

0U.00111
U.0655%
L,00615
0.00175
U. UB i3t

U 06754
U, 06650
0.0744
0.07301
U.0793%5

0.085:0
0.0888

(17)

20654
P Yl
L2198
82144
R0

84601
840060
iledl
. 75210
70408

74162
LORS7e
L0B746
ST M
OO0

ot
L0404
45705

ARl

L HEC40

.38154

e
210.0
2eG.0

- 0b0.2

244 .4

9ee .9
PAISRES
10,7
1065.7
1100, %

1113.4
1l16-.1
1170.1
135,50
17045

1504.1
1564.5
14“" .4
lLog7.C

1640.%

167¢.1
101




Table 11.

Deta for computetion of the polylodide formation function

(I)g x 10% (I.), x 10 (I.), x 10*  (I)y x 10% enr (v) (17)
(I7), = 0.84077, lonic strength = 2.00
L+ 14320 0.5 1250 0.50637 £.14014 (.01443 8066
1.95735 Uvz 617 0.28056 1.95450 0.01540 . 81394
6.91079 1.01655 0.99520 6.90586 0.03156 76447
7.39755 1.08431 1.06045 7.3869% 0.03xe . 76994
11.81050 1.76555 1.71645 11.78318 0,03931 . 7482
15.20c0% 1.9600% 1.911%8 13.18291 0.04173 . 71382
16.4 5480 £.48510 £.41976 16.4:3060 0 045873 .68471
10. 74794 . 3785 2.31572 15.7:478 0 04500 69184
£1.61418 3.19733 3.19974 £1.68218 0.05146 . 65240
©1.98868 5.41615 3.31181 ©1.95556 0.05198 . 65048
5. 74360 4.07728 3.95940 £5.70441 0.05555 . 59842
4. 74549 4.20459 4.0585¢ 24.70893 0.05606 . 59530
31.1616U 5.207¢5 4.98540 31.11176 0.06068 513z
52.80680 5. 5330 5..17708 32.76403 0.06208 .53715
55,6454 6 .08608 5.75516 35.20699 0.06532
35.95004 6 . £B8644 5.91943 35.87135 0.06521 . 50336
39.95878 7.19468 6. 70526 39.87176 0.06860 .46964
41.67736 7.80016 7 . 2700 41.60509 0.07068 .44976
44.0173 8.50513 7.84060 45.9388% 0.07317 42519
45.283L17 9.8067% 9.00939 48.19307 0.07740 .3865¢
48.85 00y 10.007¢ v.183453 48.74376 0.07799 .38143
b 00730 11.43.96 10.47930 5%.40250 0.08186 .34994
SN RN 11.39848 10.44774 0L bile8 U.08180 . 35076

501.2
845.5
909.5
904.7
9560.1

865.3
991.7
u8l.5
106¢.6
1061.5

1090.4
1023.2
1131.9
11565.6

1205.2
1266.7
1260.0
1312.0
1383.7

1391.5
1422.0
1433 .2

(0]
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witn e suf vz specers ol .2 nu widln. The

o

{1

weine

quartz cel.

in
-

petn lerngtn iraversed irn the solution 1tself was thus reduced
tz .0c cu. A sclutlon oI exactly tnae seme XI concerntration
8 tnat ol tne sample under investigstion w-s used as a blank.

ine ectuzl espsorption due to tne KI wes negligicle in these

@

soiutions in Ine spectirel range of interest exceplt Ior the

ost concentrzted XI sclutvions. Evern in these cells, however,

tane zcsorcalcy due to tne XI was less tnen 1« of tne otserved

)
©

T
O - - ~ -~ -1 - 1
acsorcercy at &880 A. o attexzpt was maede to meintealn con-
stent lonic sirength in these solutions in view of the fact
tet solutions up to 3.9 & 1n XI were to be examirned. The
specrtra so ocieined esre Gisplsyed in Figs. 3 a2nd 4. The dzte

1s taculsted in Tecle 13.

Admylose-polyiodide complexes

The spectra of the three different esmylose-polyiodide
complexes isolsted cy mesns of the electrophoretic technicue
aescriced 1n ar. esriler section were investigsted for comperi-
s.n witz the spectira of polylodides in acueous solution con-
telring ro complexing sgent of tne anylose type.

Tne gcsorcency of these frections s isolet:d from the
eieciropnoreitic epperaivus wes sufficlently hien to require the
use o1 cuertz specers in 1 cx cuertz cells. A weter klank
wes used 1n eacn instence inssmucn 2s no suitabie rezcent

clenk could ce prepared due U5 the lacgk of concentraztion dets



Fig. 3. B8pectrophotometric behavior ot a solution containing
4.963 x 10-% N I, as 8 function ot the total I~

concentration

A = 0.101 M KI E = 2,001 N KI
B = 0,001 M KI F=2.401 M KI
C = 1.001 M KI G = 3.001 M KI
D = 1.601 Nk KI H=3.601 M KI

Quartz cells and spacers were used (path length,
0.05 cm). The blank contained the seme concen-
tration of KI without 12.
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Fig. 4. Spectrophotometric behavior of a solution containing
4.070 x 104 K I2 as a function of the total I~
concentration

A= 0.101 N KI D = 2.001 i KI
C = 1.60L N KI F = 3.601 b KI

Quartz cells and spacers were used (path length,
0.05 cm). The blank contained the same concentra-
tlon of KI without Iy.
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Jacie 13. SQeELropzofgme:ric censvicr o equeous solutions
or I ond I
(I), = ¢.983 x 107 & (I)y = 4.670 x 107% &
R Aeso  A3cs0 (170 Azso  A3550
U1l L£50 .5k .011 625 .4355
.C&l .S o8 .530 .08 .77 .018
.101 273 L0490 -101 L7928 - 530
.eol . 964 .27 201 . 792 . 837
.01 <938 .071 . 201 774 -881
1.001 .8%¢ .698 1.001 . 754 - 568
1.201 .850 .730 1.501 .821 . 580
<-401 . 782 782 <-001 -682 .82
3.001 L7353 721 3.001 -613 . 838
3.00l .71E .20c 3.801 . 985 .845

1ty

ct
l\ \
m
(e8]
O

&Acsorcercy

WM
w
o
(@)
0O 0O

“Acsorcency &t

for tnese Irecticns. A compsrison of tne cualitetive zspects
of tnese speclira witl: tnose of aqueous zolylodide ion specire
wes a mejcor otjectiive in this investizztion. These spectira
are cispleyed in rig. 5. The sigrificsnce of these spectra

will ce discussed in e lester section.
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Rz5ULTS ALD DISCUSBION
Elimineztion of Peremeters from the Regression xodel

Allowarnce is made in the regression model as setl forth

oy BG. «= for the possitle existence of eight different poly-

e

iodicde ions iu tne gystems under investigetion. Since it is
cgulite 1lizely tnet certein of tnese ionlc speciles do rncoct
actuai.y occur 1in tnese sysiews, 1t would greatly simplify
tne wetnematicel anelysis cof tne dete if some evidence could
ce crougnt fortn for the elimination of some of tnese ions
I'rocm consideration. Simiierly, it would ve of greet velue if
eviaerice could te octeined whicn might ve construed ss strong-
ly indicetive of the presence of any of these polylodides in
the systems studieda. The properties of tne polyiodide forms-
tion function emphasized c©y Ecs. lz end 13 suggest thet 2
preliminery cuslitetive examination of (I) in the limiting
conditions of zero concentratiorn. of the resctents 2s g func-
tior. of (I) erd (I;) should shed some light on this subject.
If IZ formetion ectuelly occurs ir the systems under

0 should te & lineszr func-

study, Eg. lz predicts that<I>(Iz)
tion of (I7). Since K* is 2 good srproximetion to(I) in this
sewe 1liwmit, it 1s to ce expected tnest the ssme functionzl
relztionsnip would exist between K% znd (I7) 2t zero I, con-
centrevior.. Tne velue of K% 2t zerc I2 concentretion wes

octeined cy extrapoleztion oI tne otserved values of K* 2s @2
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rurction o (I ). <hese extrapolsted vasliu:=s were octeired
I'rom Fig. z and ere teculated in Taecle 14. The functiorel
deperdence of K*(12)=U ucon (I7) is illustrasted grapnically
in Fig. <. Tnls ocvious lirneezr depender.ce in accordance with
the prediction o1r £E3. lc 1s teken es strong evidence for the
Ioruetion of IZ ir tnese solutions, 2r.d Tor the irclusion of
tnis teri in tne regression model.

iacle 14. Extrepolcted velues for X* et (I.) = O as e

functiorn of (I™) <

Kth)zo (I7)
743 . 0454C4
750 - 098988
770 - 28696
791 . 49453
61% .89290
531 .B4077
€48 . 28216

In view of tne fact thsti the functionasl reletionship
predicted ty EZc. lc is so exactly reeglized, the simple lineer
regressior. suggesied Ty this reletionship w2s performed in
orcer to octaln estimates of Kz erd X,. The value of K3 ob—”.

teined in tnls menner es &n. estim~ste of tne intercept in



Fig.

-
1]

Lln

imiting values of K* at zero Ig concentration
as

i
a function of the KI concentration in moles/liter

These values were obtained by extrapolation from
the data of Fig. 2, and also represent the
theoretical velues for @, the polylodide formation
function, at zero I, concentration.
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St.ol » ve¥7. TIne vaiue oI K4 IToOL lnls regression

stimeied cy the slope ol tne line irn rig. € 1is 1C2.4C +

m
n
(¢}

C-E1.

It saouic elso ce roted thet iT polyioaide ions such es
Ig, 17, Ig, or any ior o! the type 12n+1’ otner tner Iz, 2re
formed in ystewms investigated, it i1s predicted by Ec.

13 tnst(I>(I - wou.d Ce & function of (IE)' The data of

Tacles ¢ througzn lz has ceen graphiczlly displayed in Fig. 7.

€
One of tne ouistarnding features o:i this greph is the fact that
wne value of (I)at zero I  concentretior appezrs to ce inde-

veiuent of tne I2 concentretion. Thne contours of constant 12
c.nceniretion were octained by ianterpolation along the experi-
nentally deternined contours. The sigrnificence of this inde-

perdence Of<1>(1‘)=0 and (I-) is thet no sigrificent contribu-

vior. to polylodide formetion in the systems under investigs-

tion is & oy ern lon of th - 5 0730 then I.
ion: 1s mede by &arn ion of the type IEH+L er then Ix
Regression hodels

Uil model

Ir. view of tnhe fact that three ol tne eignat perarmeters
£

tne regression model as set Iorta ©y Zg. 2£ meay te excluded

)

c, considerzsticr of the cuelitative properties of(I), tne

)

origirncl model wey ve reduced to the folicwlng five pesrsmeter

¢/



Fig. 7.

Polylodlde formation function as a function of the
free I~ concentration in moles/liter

Contours of constant free Io were ottalned by
extrapolation from the data of Tables 6 through 1lZ.

A = 0.4v898 M KI E = 0.69290 M KI
B = 0.098988 M KI , F = 0.84077 M KI
C = 0.29696 M KI ¢ = 0.98216 M KI
N = 0.49453 M KI
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& N A x 2y ¥ by %g G-
e A A - 3 O oz oz
wiere A, = Ky, A} = K., Ac = kKg, A_3 = oia, A4 = oﬁg
X, = (I7), x_ = (I.3(1I7), x, = (1.)°(17), erd
e P 3 z ’
+ L1\ &

Slirnce several ocserveaiions oz‘(I) ere actuslly ovteined ex-

perimentally, one w2y represent c. 31 in the more generel
forn,
Y Yoay xg, Zq.
CDJ o) ¥ 171y (Zq
i
where 1 = >, z, 5, and 4

=1, =, 3, ..., ., where n 1s the rnumcer of observa-

tious on(I).

Tne theory of multiple regressici. used in tnis enalysis may
ce rourd in Keanptnorre (58). In suamary, 1t may te siwply
statcd tnet tne vest, linear, unciased estimetors for the
perzmeilers oI & model such &s the one expressed oy Eg. 3%
wey o€ octeined cty e strelgntforwsrd epplicetion of metlrix
metioLs. ine virlance ol tnese peremeters 2y 2lso te oC-

ed from tne veriance-coverience onetrix elemernts srnéd the

c!
m
[

czsic estimete oI veriarnce.
Tne actuel computestions were cornducted witn the 2id of

tne Iz 80 compuier. ZIne estim~ted velues for the regres-

& veriernces

3
4]
n
ct
}.J.
&
"
ct
(i

sion coerficliernis togetiner witn thel :

ere taculetea in Tscle 1:. _ne veriesrnce~-covarisnce maetrix

-

for tnls nocdel 1s give:. in Tacle 1Z2. The estimrtes for the
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Varinnce-cov: riecrice matrix for

full regression mocel

L UUGUL L X 1UT
- L 7lewe) x 10
7.oL9440 x 10Y

~3.417500 x 10V

1

-Gl
fa0LgA? )
~ s TOBELS

1.500587

X

10%
106

107

10LY

7

7

-1

U410
LP0nB63
708018

0990

X

=

10

10

10+%

10

e
w

]
~

15

~-5.41750L

10
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-&Cie 1T zZeilic led regressicn coefriciente foar ™11 =nd
resiricied rodels®
rull model: Ay = 745.018 V(&) = 1U.7704
Ay = 137.37% ¥ (Al) = Te.R777
oy < . \ o g
A= 3.287c % 10 VA = £2.087 x 10
. . 5 . _— 14
hs = 4.2541 x 10 7 {A5) = £7.8927 x 10
¢ 15
- ~ -~ Ir ~ ~ ~
By = 2-3518 x 10 (Ag) = ©4.92335 x 10
nocel exciucing I, (Ao)
e -t L - ‘;J ‘3 .

mocel exclualng I

(o)

}
s
O

)
-

¢

= ¢.010%

w

(W]

o

X 103

—

X 10a

2
x 10U

&lne verience oI these estimstes is givern

Ifu.i mocex,
resiricted woaels were rot &s good r£s tne full mode.: 1in

fitting

sirce

tne azta.

tests of

only feor the
significence incic=ted tnat the
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Ivrmeillon constarntle ol Ine polyvicdicde inre =sancinted with

'Y

inese regression coelficiernts are tebul-ted ss Tatle 18.

'
(1
[4)]
<
e}
ot
(¢}
ct
(4]
jo7]
£t
(@)
£
(1)
[
[(]

It is irforzstive to elimirste certeinr of the verzmeters
frow tne regression model, ernd to periorm en analysis of the
Getea excliuding tnis teri from the mocel. It 1s possitle by
suc:n tecnnicue to perforz a2 stetistical test which will ascer-
tegin whetner or not thne peremeter excluded sctuzlly contiribut-
ed sigunificently to a reduction of the sums of squsres due to

point of view,

F_)

deviztions about regression. From & pnysice
sucn a procedure is szctuaily testing whether or not the forme-
tion constent for any given polylodide ion, es estimeted Cy
regression technicue, 1s significently different from zero.
Conseguently, this procedure 2llows one itc sscertzin whether
or rnot tne eXistence c¢i any giver polyiodide 1lon is recuired
iC explein tne experimentel ocservetions.

Since incepencdent evidence for the existence of Ig ar.d

I, exists end itne investigations of Davies ernd Gwyrnne (33)

1|

poir.t sirongly tc the =zxistence of I,, only two restricted

[O) ]

oGels were cor.sidered. Ore such model excluded Ié from

. . L. . . I 3
considerstiorn, end tne other exciuded I, Tfrcm consideration.
-~
Tne veriance-coverisesnce meirices eggsocisted with these re-

stricted mocels cre given in Tecles 17 erd 12. The estimated

A

regression coefriciernts from these rLocels srpeer in Tatle 18.
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Zacle 17. Verience-coverisnce matirix for wmodel excluding
T (A \
-a.; 3/

- B YT R ‘-l e o0 . \2 [ 4 4 7 05
1.270370 X% 10 ~%.01<CcE X l(x = .40470 x 1
_4.016255 x 1G5 7.02176C x 10 ~1.783:58 x 10%
- . . C ‘e 210 n 13
5.40471c X 10 -1.793258 x 1C 4.262154 x 1C

Tacie 1. Vagien e-coveriance matrix for model excludirng
- - A
Lg (54)
— 25 & ceopnan 5
1.8880<, x 107+ -7.38871 x 10 5.826581 x 10
~ zeas < - An 8 = e c
~7.3887<1 x 10 £.31z421 x 10 -5.1575¢2 x 1C
~ - e o = o'y 9 oS e 12
8.%c82z51 x 10 -C.187852 x 10 5.272501 x 10

Ine corresgondirg estimates of the forzestiorn constants ere

—~

Tests of Significence

taculated in Tecle 1¢.
lne regressiorn anziysis

P
[,

of thi

in tne erelysis of veariance wnich arpe
order to determine wnether or not eitn

wodels 1s virtuslly ecuivele

ing lor the deviatlons ztcut
10 exewline tae expected mean
‘he trneory o sucnh itesting 1

(

ine escer.tisl

.t to

point to resliize

regressiorn,

~

the full model

ha

te msy be summerized

rs in Terle 20. Ir

er of the restricted

in zccount-

it is simrly reculired

sgcusres wnich sre teculsted.
s discussed cy Kempthorre (5%;.
is thet 1f eitner of the



Zzcie 1w zstizestec u1olviocice rormeiinrn cons eante for full
2r.d restricied rodels?®
Full .odel: Kz = 745.01¢ + 3.28¢

e

-
1]
-
AN
BN
W
~
Q

|+
(85
(¢}
i
2

. 1 o R . 5
£ = 1.8332 x 107 + 0.xc87 x 1C
8
o = 1.2214 x 107 + U.1784¢ x 10
Ko = 7.3592 x 1C° + 0.5283 x 10
~
ode. excluuirng Ié: K3 = 734.758
K4 = £2.881
c

K. = 2.8043 x 10

(o]

Lg = 1.0382 x 10

rodei excludirg Ig%: Ky = 717.116

=~
N
1
H
i
(0]
Q
O
(@

10°

™~
1]

N
e
(&)
W
48]
)

y _ Az 8
Kg = 3.0032 x 10

€These rormction constante zre for volyilcdide formetion
at <& + .0c °C and £t an ionic strength of £.0U.

restricted regression mocdels 1s equelly zs gcod gs the full

due To Ine Titiirg of &ry one psrameler after [ittirg
rexegining perszeters is zssscclated with 2 mesr. scuere wihich
snuulc sinply ce & estinste of error. Tnus, orne should te

eacie To perrori & stiatlisiicel test of sigrificence for tals

0y



Tavle 0. Anelysls of verience for full end rustricted regression models

Degrees of

source freedom Sum of squares Mesan squere
-
Regression on Ag, Az, Ag, oud Ay 4 6.747123 x 10°
Hepressicn on Ay, AZ, aud Ag 3 .7164c) x 10b
Regression on Ag alfter liting 4 4
Ay, A, and A L 3.0702 x 10 3.07GCL x 10
1 <’ 4 i
Regresslon on Al’ Az, end Ay 3 6.666426 X 106
Regression on Ay efter fltting 4 4
A, A, end Ag 1 £.06c7 x 10 L0087 x 10
1 e 3
Devistion avout regression 160 5.81:60 x 107 s03.z88

rotal 164 5.805249 x 10°

M



¥
)

n
~J

. S

single ortacgonal derree ol I'reedom.

-3

Ine meanniguare_due to cdevistions actout regressicn in
T . -

A‘l
the full mocel arnd ine mea: squere due to tne fitting of some

acditional parameler &after itting the restricted model would
coth ce estimates of error if the zdditional pzrameter was

tually not significently di:ferent frow zerc. The reatio

]
(¢}

of two incdependent cstimates of error is an F statistic.

It is possicle to test the hypothesis that the p@ﬁﬁﬁetep .-
excluded in the r¢siricted model is not significently differ-
ent from zero Dy meesns of the ususl ¥ test. The statistical
criterion to ce used 1is Fl,lSO since tae numcer of degrees
associated with the error estimstes are 1 erd 160 respective-
ly.

Tne F rztio calculsted for & test of significance of Az
is =4.4, and for the significsesnce of A4 the F ratio is 2z2.
In view of the fact tnzt Fl,lBO is only 6.805 even a2t the 1%
level, these calculeted F values are toth highly significent
ar.d irndicsTe tnat tne restricted models cre not nezrly as
good es tane rull mode. in saccouniing for the dzta. Thus,
tnere is rno eviacence that IZ and Iés do not exist, but ere
poiylodides whose exlistence in the systems cstudied is rather

likely.
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ine specircphotomeiric censvicr or solutions of Iy in

»
rS

3‘5

lrner concentroted I wes investig=sted in en e:rfort to ovtein
of algasr moleculerity ir I inen Iz. The exceedirgly high
moler azcsorvencies o1 such solutions preciuded the ztteirment

01 e2_1 cut te most noder=ate concentrastions of total I-. As

b
way ve seen 1n Figs. 3 end 4, even whern the totzl I cencen-
. . - e < -4 S I ;
trztion is ol tne orcder of 10 er.d tne lengtn of the prth

treversed cy Tne 1ight is reduced to .05 cm, the sbscroency

-~ PR T . -t

is neerly unity. It was still possitie under these condi-

tions Tc hkeope to gain some evidence for the rformetion of IZ
Tne most seslient festure of aquecus solutions orf I, end

I 1is tne eppesrance of Itwo prominent sz2xime in the ultra-

xim
o)
A, reither of which

violet spectrum at egccout 2200 A and 3500
i1s presert in aguecus solutions of I, alore. The relrtive
intensities of these nexime heve teen ovserved by numerous
irnvesiligators to rewain very neerly constert. Tne mexime have
ceer. universelly attricuted to tne Ig iorn. Indeed, the deter-

cirnetion of tne ecuilicrium constent for 13 fornetion hes

cee:. performed 1 several temperetures oy Awtreyv 2erdéd Cornick

(32) oy mz2king use of the extinctior coeificient of Ig 2t
<200 A.
Tne I7 ccncentretiorns investigeated in the present work

covered 2 1er greetler rernge tnal has usuglly teen sucvjected
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stantlea.l snlits in tne position of maximes were ocserved, a

Lost.unexpected censvior oI Tne usuegl ultresviolet maxime was

te of Tecle 13 thet the

wo wexlze wnicn have long oeern attricuted to Ig aione cennot

oLserved. LU is evident Trcm tne &

8H)

Q

ir. 7’sct celong to only orne lonic specles under the ceonditions

4, -

tnet although

:z

01 lnsce eXperizernts. It 1s immedirtely ocvious
tne 2820 K acscrcency rises to e meximum and then sherply cde-
crerses s tae I concentrztion is incrersed, the 3550 3 LeX-

imuwr rises repidly at first and thern uore slowly zs the I

curniceniration incresses. lonetheless, the higher wavelength

qq

mexizum continues to incresse ever when tne lower wavelength
waxXinum is rapidly decrezsing. Tnis is not the cenavior one
would ovserve 1f & sirgle 2bsorving species were responsicle
for citan waxlua.

Thne cenevior oI tanese spectre as 1¢-u5ur9uea in Figs. 3
a1.G 4 1s reuiniscent of the spectre octeired rroi édyes wnich
uridergo color crnenges 2t verious vaiues of pH due to tne
inlterconversion or ar acidic end vesic form. One may even
.oTe Tne presence ci an isoscestic coint =t stcut 3050 i-

It 1is, inerefore, suggested oy sneslogy tnet the interconver-

sior. of I, and &: lon contsinirng one more I compornent should

'3

gccculit Ior tnese ocserveticns. Thus, the C2.8 wes cueniite-

- s Y ! - N
tively ei.elyzed Tc octein en estimete cf X crie ecuilicrium
J 4
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Ine eusorcency, A, 21l any givern wrvelengtn ot e sclution

1. wnicen Ig sr.Q I; ere Une only =atscercling specliles may te
0

expressea s Ic:lows:
A =G ez (Iz) + @ I.) (Eg. 34
wiere d is tne pstn lengia of tae incicent lig.t througn the

ez is tre wmoler escsorceancy index of I

€s is tne woler acsorcency incex of

er.d Tne perentneses irndiccte woler concentretions.

In so.utions co:inteining very little free IE, tnhe total I
cecucentraetlion ey ce expressed s the sum of the concentre-

-4

tiows of I ie held constent, one may write

+ (IZ) = ¢ (Eq. 38)

>

Elipiretiug (I4) tarough the ecuilitrium constsnt for

ct

ne reaction expressed in Eg. 33, and solving for (I

ouviteins

w
P..l
=
Q
[{)]

Tnen

ﬁ\
—
W i
]
=
(N
O
(3=
|
~
~——
l,_. 1]
+
ex;
-
H
|
Wi
[
Ne!
(W]
e
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Unon sucstitutlon T
i:1to zZg. 34, c:e cctsins
A = [i e’3 c + Q €4
Lae guantity, 4 €3

egnd expericentelly

ageterminacle

or (IZ) 2rng (I0) rron Zom. 37 2nd 38
-' ~— - - ’ - - -
c %, (I ]/ 1+ %, (I7) (Z¢. 39)

¢, cocnteins oilly Kicwn perameters
cuentities erd mey te defined

as _.
Crne way reerrange =G. 39 to octelrn the following form
wiicao mey se resdily anelyzed Zue to the lineer feietionship
suggested.
l,:.\ 1 + - L —- (Zg. 403
A-2 Drdegc K, (D+adeyc) (I7)
1T is evidcent tnet & linesr relstioncship should exist

cetweer: 1 / (A - ) end
Ir {I7), is very mu
—-=\
(I It -

trie slope 1

wate (I7) cy It

intercept to

0]

the experinm

lirerrity of

gcual To or grester then
two Gliferent I. concernt
<
ct 1/ (A -D) or. {(I7) T
usli.e the ocserved ecsor
. At o4 A 4
arcy incex oif 4.0 x 10
Tacle 13. 7Trne estinetes
were 0.107 end ¢.120 for

tretions. Izis esgreemen

1/ (17).

¢z lsrger tnern (Iz>t’ one L2y &pproxi-

snouid ce noted thet the retio of the
g actuslly zn estim-te of K;. The
erntelly octeined date Tor solutions
1.00 & in KI ie szmown in Fig. S for

A lineer regression anslysis

or tnese seme solutiorns wes performed
cency &t 282£0 3 er.d & moler &atsort-
for I5. Tnis deta wes tz2ken from

ccteinred for Ky oy this =snalysis
tne two differernt totel 12 corncen-

T is considered to ce rather good.



Reciprocal of (A2880 - D) as a function of the

reciproczl of tne total I~ ccncentrations for
solutions in whicn the totel I~ concentration

is approximately equal to the free I~ concentra-
tion (the 1nte;cept on the atscissa is an
estimate of -Kgj
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ine verue ol . celgculrted rom tne reti

O

c

»

14
NES

n X~
wJ
o.talnea cy the regressiocln a:..elysis of trne polylodidie forme-

tlon r'unciion is U.124. These values sgree in order of Lag-

¥]
ct

tae cornditions in tne

N

rnituce, and in view of Tne Izct tha
solutions used to octain the two estim~ies were cuite diifer-

e«.v, Tnls aiscrepancy 1s not considered lazrge-

(

Amylose-polyiocdide Complexes

&’

The wost prominent feeture of the ztsorptiorn spectre of
tne verious complexes sepereted by electrokinetic means is
Tae eppeerance 0l very pronounced visicle mexime. The Ttlue

s cneracterized oy e meximum at 5200 % zrnd the red

Po

complex
compleXx 1s chearacterized by 2 meximum at 5120 %- Ir the cease
01 tne yellow-orarnge comp.lex, avsorptior of light in the

nesr ultraviolet region of the visicle spectrum is slso some-

wnat higner thern thest of an I- - I° solution conteining no

o
~
ine Tact tael the spectrea of acueous solutions of poly-
iocldes zre so cdissimiler to those ortained in the presernce

ol emylose 1s takern as sireng evidence thet the type of poly-

(=

cdicde iorn wnlcn constitutes tne core of tne amylose 1odine
coryrlex 1is of &arn entirely difrerent neture from the poly-
iodiae ions erncountered in free solution.

1t 1s erntirely possicle tnet the polyiodicde ions ir solu-

Y

tion Co not possess tne seanme spectirel cherzetzsristics 2s those
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la (ne ewyi08e iellX sSliply tecause Liey #re Lou consirsineaq

rray 2s must tnhose in the helix. It is

Y

r

v}

to Iora & lire

..
LLe

)

ormeTicn of I

ct
W

, I, end Ig, elthough

cn |

also possicle ire
oI 11 .tie iwmportance in tae =2csence oI 2mylose, nay te of
corsidereacle importsance in the formation of a2 helicsal complex

witn amylose.
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Tne districution coefficient for I. between CCl4 erd 2.00

o
& £10z has ceen determined at 25° C. The K0z appesrs to
act merely 2s a1 inert diluent in tnls systiem.

Ire formation of various polyilocdide ions in aqueous solu-
tions at sodereste concentrations of XI and over the entire
soluciliity renge ol 12 nes veen investigeted. A qualita-
iive examination ol tne data seems U0 indicate tnat the
rorwatlion of ions such as Ig, I, and Ig 1s of no great
importance 1in these systems. The rother surprising
otservation was made that ions such as IZ, IZ, Ig, and Ig
appear to explain the dates satisfactorily in terms of
specific interesctions.

A multiple regression ernalysis of tne deta led to the
estimation of formation constants ior Ig, IZ, I;, I and
I;S et 25° C in solutions of lonic strength £.00.
Spectropghotometric evidence hes teen ottained Ior the
formation o?f IZ frow Ig end I  in equeous solutions. An
estimate of the extent to whica this reaction occurs wes
in feir agreement wita that ottained in the regression
anzlysis.

Frectionation o amylose-polyiodide complexes wes zcnieved
cy meearns of eleciroonoresis on g hanglng glass curteirn.
Tnis technigue appeers to te & gcod method for preparing

small quentities of homogeneous low moleculer weight



aiylose.

Tne polyicdides forwmed in agueous solution ir. the acserce

sppesr To ©te ¢f &an entirely ditfferent neture

formed 1n tne presence of amylose.
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