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suitable crystals could be prepared, but this has not yet been
achieved; the various forms of electronic spectroscopy seem
to have the best prospects. It seems unlikely that the various
types of kinetic experiments which have been devised will ever
really draw such a fine distinction unambiguously. Examina-
tion of Figure 3 also suggests that the choice of names, “clas-
sical” and “nonclassical”, has given the discussion more im-
petus than its substance would justify.
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A Resonance Raman/Iodine Mdssbauer Investigation
of the Starch-Iodine Structure. Aqueous Solution
and Iodine Vapor Preparations
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Abstract: The structure of the blue-black iodine complex of amylose (the linear, helical component of starch), prepared either
from iodine and iodide in aqueous solution or from crystalline amylose and iodine vapor, has been studied by resonance Raman
and iodine-129 Méssbauer spectroscopy. In both cases it is concluded that the identity of the major chromophore is essentially
the same: the pentaiodide (Is~) anion. For the material prepared from iodine vapor, the iodide required for Is~ formapor.l is
produced by hydrolysis or alcoholysis of iodine. The other product of this reaction, a hypoiodite, has been assigned in the iodine

Mossbauer spectrum.

Historically, scientific interest in the interaction of the
various fractions of starch with iodine has stemmed from the
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striking color changes which accompany complexation.
Amylose, the linear starch fraction, which is comprised of
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Figure 1, Schematic view of the starch-iodine structure. Shown is the
amylose helix with the iodine chain in the center.
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chains of 1,4 linked a-D(+)-glucopyranose units (A),3* forms
an intensely blue-black adduct with aqueous iodine in the
presence of iodide: “starch—-iodine”. In contrast, the branched
fraction of starch, amylopectin, does not form such a complex.
Although starch-iodine has been known for a great many
years,>S and few chemists indeed are unfamiliar with the use
of this intensely colored classic indicator in qualitative and
quantitative analysis,® there is surprisingly little unambiguous
information on the actual structure of the chromophore with
Amax 600 nm.

In a series of pioneering optical and X-ray diffraction
studies,” Rundle and his co-workers established that the iodine
component of starch-iodine is present in a unidimensional
array within an amylose helix of diameter ~13 A, period ~8
A, and with six glucose residues per turn. The structure is il-
lustrated in Figure 1. The amylose employed for the bulk of
these investigations was the crystalline “V” form which is an
alcohol inclusion complex32:47 (amylose is now known to form
a great many such complexes, all having the included molecules
contained within the helix32#). Rundle’s samples were prepared
by staining the solid “V”’ amylose with iodine vapor. The fact
that ordinary amylose will not form the complex under these
conditions, and that starch-iodine has been traditionally pre-
pared in aqueous solution, in the presence of iodide, has in-
troduced a significant complication in understanding the
structure of starch-iodine.

The actual nature of the iodine chromophore within the
amylose helix has been the subject of considerable speculation
and controversy. The earliest proposals were that iodine is
present as discrete I molecules which are “dissolved” in the
relatively hydrophobic interior of the amylose helix (B).5b8
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Several spectrophotometric and potentiometric investigations
in aqueous solution later identified the requirement of I~ for
complex formation.® Although I~ might have a structure-
forming role not related to inclusion, it was also recognized that
it might be incorporated within the helix as discrete 1~ ions or
as I3~. A model for starch—iodine composed of linear chains
of I3~ (C) as in (benzamide);H*13~ 10 has also been pro-

posed!® and widely accepted. The similarity between amylose
and the cyclodextrins!! (cycloamyloses) in structure and in the
tendency to form inclusion complexes!!-13 led to new structural
suggestions for starch-iodine based upon the crystal structures
of (a-CD);y-Lil3-15-8H20 and (a-CD)yCdg s1:213:26H,0
(a-CD = cyclohexaamylose).1? Either alternating arrays of
I; and I3~ units (D) or symmetrical, linear Is~ units (E) were
considered to be plausible structures.?2 There is additional
precedent in polyiodide structural chemistry for either
motif. 1413

A large battery of physicochemical techniques has been
directed at identifying the form(s) of iodine present in
starch-iodine. These methods have included optical,72:b:9,10b
infrared,'® electron paramagnetic resonance,!” ORD/CD,18
iodine Méssbauer,'® and resonance Raman spectroscopy,2°
as well as X-ray powder diffraction,’<4# spectrophotometric
and potentiometric titrations,? and intrinsic viscosity studies.?
Many of these investigations have unfortunately suffered from
the intrinsic deficiencies of the particular method when applied
to such a problem, and/or from the lack of realistic model
compounds and modern data analysis procedures. Thus, in
early (but important) iodine Mossbauer studies,!® only
structural possibilities B and C were considered, and no at-
tempt was made to determine relative iodine site populations.
Structure C was chosen over B because nonequivalent iodine
sites were observed and because spectral parameters were
reminiscent of (benzamide);H*12%1;~. An early resonance
Raman investigation of starch-iodine?? also only considered
possibilities B and C; structure C was assigned with limited
reference to appropriate model compounds and the symmetries
of internal coordinate changes most likely to be resonant en-
hanced. The degree to which the aqueous and “V” amylose
preparations of starch-iodine might or might not be the same
has been an additional complication. The net result of these
efforts is that it has not been possible to unambiguously dif-
ferentiate among the various proposed structures, and there
has been no definitive information on the identity of the iodine
species in starch-iodine.

We recently reported resonance Raman and iodine-129
Maossbauer spectroscopic results on the structure of starch-
iodine prepared in aqueous solution.2! A full range of model
compounds was utilized,2' and Mdssbauer spectral analysis
was carried out by iterative computer simulation. It was con-
cluded in that preliminary report that the predominant io-
dine-containing species present was [s™, as in structure E. This
polyiodide species formally requires the presence of both I and
I~ for formation, in agreement with experimental observa-
tions.” An important and unanswered question in developing
a complete and coherent description of starch-iodine is whether
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or not the chromophore in the material prepared from “V”
amylose and I vapor is really the same, and, if so, how this
comes about. In this contribution we present a full discussion
of our spectral studies of starch-iodine, prepared’ by both
aqueous and I, vaper methods.

Experimental Section

Synthesis of Starch-Iodine. Aqueous Solution Method.”2 Granular
potato amylose was purchased from Aldrich Chemical Co. A typical
preparation involved the reaction with stirring of 1.8 g of amylose, 0.88
g (3.5 mmol) of triply sublimed I, and 0.53 g (3.5 mmol) of Nal in
50 mL of deionized water. The resulting blue-black complex, which
is formed immediately, was collected by centrifugation and washed
with deionized water. Washing was then repeated until no I~ could
be detected in the water washings when treated with AgNOj; solution.
The product was then freeze-dried.

Synthesis of Starch—Iodine. Iodine Vapor Method.” Granular potato
amylose was crystallized from H>O and 1-butanol according to the
procedure of Schoch.22 In a typical crystallization, 0.50 g of granular
amylose was dissolved in 150 mL of boiling deionized water, with
constant stirring. To the boiling solution, 10.5 mL of 1-butanol was
slowly added, and the solution allowed to cool to room temperature
over a period of about 6 h. The “wet” crystalline “V’’ amylose was
collected by suction filtration and washed repeatedly with analytical
reagent grade methanol. The remaining methanol was removed by
drying in a vacuum desiccator. Iodination was accomplished by
placing a vial of the crystalline “V” amylose in a closed vessel in
contact with iodine vapor. The characteristic color of the starch-iodine
complex developed immediately. A sample prepared in this manner
typically contained 5-10% iodine by weight.

Synthesis of Starch-Iodine-129. Aqueous Solution Method. The
reagent '2°I; was prepared by oxidation of an acidified Na'?I solution
(obtained from Oak Ridge National Laboratory) and subsequent
extraction with pentane. The pentane was then evaporated in a stream
of prepurified nitrogen to yield solid 12°I,. For a source of I-, the basic
Nal29] solution from Oak Ridge was neutralized with H,SQ, and used
without dilution. The Mdssbauer spectroscopy sample of the amy-
lose-iodine complex was prepared by combining 0.71 g of amylose
with 35 mg of 12°1, and 0.80 mL of the neutralized Nal2°I solution
in 30 mL of dejonized water. The product was collected by centrifu-
gation and washed with water, and the same freeze-drying procedure
as described above was employed for drying.

Synthesis of Starch-Iodine-129. Iodine Vapor Method. The
Méssbauer spectroscopy sample of the “V* amylose-jodine complex
was prepared using the same procedure as for the unenriched sample
(vide supra), except that 1291, was used. The reagent 121, was pre-
pared as described above.

Raman Measurements. Laser Raman spectra were recorded with
Kr* (6471 A) or Ar* (4579, 4880, 4965, 5145 A) excitation using a
Spex 1401 monochromator and photon counting detection. The solid
samples were studied in 5- or 12-mm Pyrex sample tubes spinning at
1200 rpm. A 180° backscattering geometry was employed. A number
of scans were made of each sample (the initial at lowest laser power)
to check for possible sample decomposition. Spectra were calibrated
with the exciting line (vg) or laser plasma lines.

Iodine-129 Méssbauer Spectroscopy. These measurements em-
ployed the apparatus described previously.2:242 Absorbers were
prepared by thoroughly powdering the iodine-129 enriched sample
and, where necessary, mixing it with an inert filler (boron nitride) to
achieve complete filling of the sample container. The absorbers typ-
ically contained ca. 7 mg 12°I/cm?2. Both the source and absorber were
cooled to 4.2 K during data collection. Typically, two to three sources
were used, in sequence, to collect all the data for a given sample. Data
collected from each source were summed to give the final spectra.
Individual runs were checked for reproducibility. The spectrometer
velocity was generated with a feedback-controlled vibrator using si-
nusoidal acceleration, and the velocity drive was calibrated with 57Fe
foil. Méssbauer effect data processing and analysis employed the
computer program GENFIT,23 which finds the best values of the pa-
rameters of isomer shift, quadrupole coupling constant, line width,
populations, base line, and asymmetry parameter via nonlinear
least-squares minimization of the difference between the observed and
calculated spectra. Starting spectral parameters were based on lit-
erature data,!9:242.34-36 and care was taken to approach optimum fits
from several directions so that converging on local minima would be
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Figure 2. Resonance Raman spectra (g 5145 A) of (A) starch-iodine
prepared in aqueous solution; (B) starch-iodine prepared with iodine
vapor.

avoided. The goodness of fit is judged by the parameter “Misfit”,
which has been previously defined by Ruby.2?

The end sites in the pentajodide ion showed somewhat larger line
widths than the other iodine sites. This could be explained if the end
sites have a slight distribution of quadrupole coupling constants. That
is, not all end sites are exactly equivalent, This nonequivalence was
incorporated in the fitting procedure as a velocity-dependent line-
broadening function

Tp=+v{k(Va— 02+ Tire? (N

where 'y, is the actual line width, 8 is the isomer shift, ¥, is the ve-
locity of line i, « is the broadening parameter, and I, is the observed
width of the nth line. This function broadens the lines furthest away
from the center of gravity (6, isomer shift) to a greater extent than
those lines close to 8. This has the same overall effect as a quadrupole
distribution. Using this value of I',, reasonable line widths for all sites
are obtained.

Results and Discussion

The reaction of amylose with iodine and iodide in aqueous
solution or the reaction of the “V” form of amylose with iodine
vapor gives an intensely blue-black adduct, “starch-iodine”.
In investigating the nature of the iodine chromophore in these
materials, by resonance Raman and iodine-129 Mdssbauer
spectroscopy, we apply the techniques and criteria which we
have developed in our solid-state studies of iodine-oxidized
mixed valence compounds.?* In this contribution we restrict
our discussion to amylose-iodine stoichiometry ranges and
prep7arative methodologies which would be considered typ-
ical.

Resonance Raman Studies. In Figure 2 are presented reso-
by the aqueous solution, I~ procedure,’ and by the I, vapor
procedure.” Importantly, the spectra are essentially identical,
indicating that the scattering species are essentially identical.
The spectra vary only modestly with exciting laser frequency
(vo 5145-4579 A) as illustrated in Figure 3. In an effort to
determine whether any structural changes in the samples might
have occurred upon drying, freshly prepared solid samples were
subjected to high vacuum (1073 Torr) for various periods of
time. There was no observable change in Raman spectra over
the course of several hours. Indeed, even at temperatures as
high as 70 °C, only slight changes in the spectrum could be
discerned in the course of 1 h (Figure 4), i.e., a slight relative
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Figure 3. Exciting frequency (vo) dependence of the resonance Raman
spectrum of the starch-iodine complex: (A) Ar+, 4579 A; (B) Ar™, 4965
A; (C) Art, 5145 A,
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Figure 4, Effects of heating and vacuum on the resonance Raman spectrum
of the starch-iodine complex (v 5145 A).

increase (ca. 15%) in the intensity of the 109-cm™! scattering.
The interpretation of these changes will be deferred until after
spectral assignments have been made. Interestingly, aqueous
suspensions of starch-iodine are decolorized by heating to
temperatures greater than 60 °C.26

The resonance Raman spectra of both starch-iodine samples
(Figures 2 and 3) exhibit strong scattering at 163 cm™! and
considerably weaker transitions at 109 and 56 cm~1. In addi-
tion, overtone bands are assigned at 322 (2 X 163) and 215 (2
X 109) cm~1. A combination band which is assigned at 272
(163 + 109) cm™! is assurance that the 163- and 109-cm™!
fundamental transitions are not in separate lattices (i.e., due
to different compounds). In interpreting the starch-iodine
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Figure 5. Resonance Raman spectra (5145-A excitation) of (A) starch
(amylose)-iodine; (B) polycrystalline (trimesic acid-H,0),0-H*15™; (C)
I, dissolved in benzene; (D) polycrystalline (benzamide),H*15~; (E)
polycrystalline (phenacetin);H*I3~-I; (F) polycrystalline (a-cyclo-
hexaamylose),Li* 137158 H,0.

spectra, reference is made to mode! compounds of established
structure which are relevant to the differentiation of species
B-E, as well as other possibilities. The spectra of most poly-
iodides can be understood by recognizing that I, acts asa Lewis
acid and that coordination to electron donors (i.e., I7) results
in popuiation of molecular orbitals with I-1 antibonding
character, hence an increase in I-1 bond length and a decrease
in bond order and stretching force constant are observed.2427
The spectra and structures of most complex polyiodides can
be understood in terms of aggregates of the simpler subunits
I, 13_, and [—.24.28

Figure 5 compares the resonance Raman spectrum of
starch-iodine to spectra of various model compounds. In a
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Table L, lodine-129 Méssbauer Parameters

amylose-iodine

(trimesic
aqueous acid-H»0)10-
solution® vapor? H*Is

Site |
8, mm/s¢ 1.22(1) 1.08(2) 1.15(3)
e2g120, MHz —1743(15) —1795(15) =1777(5)
T, mm/s4 1.14(1) 1.67(9) 1.15(5)
rel intensity 1.9(2) 2.0 2.0(1)
Site 2
8, mm/s 0.53(3) 0.64(2) 0.53(5)
e2q1%0, MHz  —1187(20) —1473(20)  —1404(8)
T, mm/s 2.13(6) 1.20(5) 1.75(5)
K€ 0.15(1) 0.19(5) 0.14(1)
rel intensity 1.8(3) 2.0(4) 1.0(1)
Site 3
d, mm/s 0.14(1) 0.31(10) 0.13(5)
e2q1250, MHz —842(25) -909(295) —-965(5)
T, mm/s 1.08(3) 1.12(9) 1.04(4)
rel intensity 1.0 0.5(2) 1.0
Site 4
8, mm/s 1.29(4)
e2g120 MHz -1967(15)
I, mm/s 1.38(5)
rel intensity 1.1(2)
Misfit, % 1.23(3) 0.22(7) 0.70(4)

@ Complex prepared in aqueous solution, ® Complex prepared with
iodine vapor. ¢ Isomer shift (vs. ZnTe). 4 Line width. ¢ Broadening
parameter.

nonpolar environment such as hexane or benzene (Figure 5C),
I; exhibits a stretching frequency at 210 (hexane) and 207
cm™! (benzene); this is clearly not in accord with the spectrum
in Figure 5A. Likewise, the proposal!6:2 that molecular iodine
is coordinated to ethereal (O(1) or O(5) of A) or alcoholic
(0(2), O(3), or O(6) of A) oxygen atoms near the interior of
the amylose helix is not supported by the resonance Raman
spectrum of I, in ether (¥ 204 cm—1) or 1-butanol (¥ 197 cm™1),
The spectrum of the I3~ chain compound (C) (benzamide),-
H*I;~° (Figure 5D) is in excellent accord with the presence
of I3~ units?? (Vsymmetric 108 cm™! plus an overtone progres-
sion) but bears little resemblance to that of starch-iodine.
Structures having discrete combinations of I, and I3~ units
such as (phenacetin);H*I5-1,}* (Figure 5E) or (a-
CD),Li*1371,-8H,0'2? (Figure 5F) exhibit spectra in good
agreement with the presence of I3~ ions (120 and 110 cm™1,
respectively) and weakly coordinated I, molecules (187 and
173 em™1, respectively). These spectra also do not agree with
that of Figure SA. On the other hand, the spectrum of (trimesic
acid-H,0),0H*1s~ (Figure 5B), a pentaiodide chain com-
pound!? (E), exhibits strong scattering at 162 cm~! and weaker
transitions at 104 and 75 cm™1. These as well as the overtone
(207 and 325 cm~1) and combination (ca. 260 cm™1) bands
are strikingly similar in energy and relative intensity to the
starch-iodine scattering pattern. An Is~ ion of idealized D,
symmetry should exhibit two Raman-active stretching modes
of Z4* symmetry and a Raman-active bending mode of =
symmetry. The relative intensities of these transitions will
largely depend on the degree to which the particular normal
mode transforms the molecule into the structurally altered
geometry of the resonant excited state.2430 We assign the band
at 162 cm~! to a fundamental normal mode involving primarily
the symmetric coupling of the internal expansion of the two
“I” units of the pentaiodide ion (F), while the weaker band
at 109 cm™! is reasonably ascribed to symmetrieally coupled
motion of the two “I” units (G).3! There is likely to be some
mixing of the two Z,* modes.?432 Other examples of Is™ res-
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Figure 6. Iodine-129 Mossbauer spectra of the indicated compounds at
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data. The vertical direction represents percent effect, the maximum of
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onance Raman spectra that closely resemble that of starch-
iodine are those of Ni(dpg),l and Pd(dpg),I (dpg = di-
phenylglyoximato).22 In summary, the resonance Raman data
reject structures B-D as major components of starch-iodine
prepared by either aqueous or iodine vapor procedures and
argue strongly in favor of a pentaiodide configuration (E).

It was observed (vide supra) upon heating a solid starch-
iodine sample (aqueous preparation) under high vacuum that
the 109-cm™! Raman transition increased slightly in intensity
with respect to the 163-cm™! mode (Figure 4). This can be
interpreted in terms of I, depletion of pentaiodide to form
triiodide:

Is—>1;"+1, 2)
A

Todine Mossbauer Studies. Further efforts to quantitatively
investigate the Is~ structural model were undertaken by io-
dine-129 Mdssbauer spectroscopy. In addition, two other pieces
of information were sought. For starch-iodine derived from
aqueous syntheses, it was of interest to learn whether appre-
ciable quantities of iodine might be retained as bound I~. These
would not be detectable by resonance Raman spectroscopy.
In the case of starch-iodine prepared from “V” amylose and
iodine vapor, information on the origin of the I” required for
Is~ formation might be obtained.

The iodine-129 Mdssbauer spectrum of the starch-iodine
complex prepared by the aqueous method’@ is shown in Figure
6A. A model containing three inequivalent iodine sites with
approximate relative populations of 2:2:1 gave the best fit to
the experimental data. In Table 1 are presented the derived
values of isomer shift (§), quadrupole coupling constant
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(e2¢'2°Q), line width (T'), broadening parameter (), and
relative site populations. No asymmetry (1) was detected, in-
dicating that approximate axial symmetry prevails. This is in
accord with the X-ray diffraction results.’2<d:¢ In the course
of the spectral analysis, attempts were made to fit the experi-
mental data to a variety of other structural models for the io-
dine-containing species. Constraining the model to one site or
to two inequivalent sites with relative populations of 1:1 or 2:1
(e.g., symmetric triiodide as in (benzamide),-H*153~ 10:33)
resulted in precipitous deterioration in the goodness of fit pa-
rameter, i.e., an increase of over 50% in Misfit (see Experi-
mental Section) compared to the Is~ fit. Attempting to fit.the
data to three inequivalent sites with relative populations 1:1:1
(e.g., distorted triiodide, as in Cs132433) also resulted in poor
agreement with the experimental spectrum, i.e., an increase
of ca. 25% in Misfit. There was no evidence of isolated mo-
lecular iodine (for I, in benzene, § = +0.76 mm/s, e2q'2°Q =
—1692 MHz;3* for I, in hexane, § = +0.98 mm/s, e2q'2°Q =
—1587 MHZ*#) or I~ (6 = —0.51 mm/s, e2¢12°Q = 0%4) in the
spectrum. It is estimated that these species, although unde-
tected, could be present in no greater than 5 mol % each. For
comparison with the starch-iodine spectrum, the Mdssbauer
spectrum of (trimesic acid-H,0);0H*Is~, which is known to
contain linear chains of symmetrical Is~ ions (E),!® is presented
in Figure 6B. The values of the parameters for the best fit to
this spectrum are set out in Table I. They are in close agree-
ment with the data for starch-iodine prepared in aqueous so-
lution. The derived (trimesic acid-H,0);0H* 15~ pentaiodide
site populations give an indication of the confidence which can
be placed in the population analysis. The assignment of the sites
to particular pentaiodide atoms in these compounds is shown
in H, and the rationale for the assignments is discussed in detail

site [T—T----T----I1—1]"
3 1 2
H

for the trimesic acid complex elsewhere.242 Thus, the iodine-
129 Madssbauer spectrum of starch-iodine prepared in aqueous
solution is in good agreement with pentaiodide mode! E.
The Mdssbauer spectrum of starch-iodine prepared from
“V” amylose and iodine vapor” is presented in Figure 7. The
spectrum is somewhat more complex than that of the material
prepared in aqueous solution. Three inequivalent sites are
found with & (mm/s) and e2¢!2°Q (MHz) values of 1.08 (2)
and —1795 (15); 0.64 (2) and —1473 (20); 0.31 (10) and —909
(25). These parameters are rather similar to those obtained
for the Is~ moiety in starch-iodine prepared in aqueous solu-
tion. The slight disparity in the quadrupole splitting for site 2
is reasonably attributed to differences in the Is~ microenvi-
ronment and to the likelihood that the terminal iodine atoms
of the ion will be most sensitive to these differences. Refined
spectral parameters are compiled in Table I; the complexity
of the spectrum introduced somewhat greater than usual un-
certainty in the refinement of the site populations. In addition
to the spectral features which can be attributed to Is—, a fourth
site is identified with 0 = 1.29 (4) mm/s and e2¢'2°Q = —1967
(15) MHz. The relative population of this site is approximately
one per Is~ ion. The Mdssbauer parameters for this site are
unusual. A nuclear quadrupole coupling constant of this
magnitude has never been observed for I, I3~, Is~, or any other
polyiodide in any known chemical environment.21:242,b,34,36
Organic iodides also exhibit considerably different spectral
parameters as exemplified by CH3'2%1 (6 = +0.20 mm/s,
e2q'¥Q = —1219 MHz)** or C'?I, (6 = +0.65 mm/s,
e2q12°Q = —1474 MHz).3* The observed quadrupole splitting
in the fourth site also rules out I0;~; typical iodate parame-
ters3435 are +699 (K'2°103), +706 (NH412°10;), and +722
MHz (Ba(12°10;);). The iodine Méssbauer parameters for

s e =2 = 5 »
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Figure 7. Iodine- 129 Mdssbauer spectrum of the starch-iodine complex
prepared by the vapor method. The solid line represents the best computer
fit to the experimental data. The vertical direction is percent effect, the
maximum of which is 5.2%.

the unique site are closest to those in compounds where iodine
is bound to a single, more electronegative atom. Examples of
this environment are '2°IBr (6 = 1.77 mm/s, e2q12Q = —2028
MHZz36), 12ICl (6 = 2.27 mm/s, e2q129Q = —2195 MHz3),
and '2?ICN (8 = 1.73 mm/s, e2¢q1?°Q = —1851 MHz36).

A plausible explanation both for the identity of the fourth
iodine Méssbauer site and for the source of I~ in the pentaio-
dide constituent is through hypoiodite formation:

nH,0 + amylose + 3rl; = amylose(Is™),
+ nH* + nHOI (3)

nROH + amylose + 3nl; = amylose(Is™),
+ nH* + nROI (4)

Such a process would involve iodine reaction with either water,
butanol, or a glucose hydroxyl moiety and yields one hypoiodite

species per Is~ formed. Equation 3 is analogous to the known
hydrolysis reaction of iodine37.38

I + H;O = H* + I~ + HOI (3)

except that Is~ complexation by amylose would presumably
shift the equilibrium far to the right. Equation 5 responds
similarly to the addition of alkali or mercuric oxide.3” Neither
HOI3738 nor ROI3® species appear to have appreciable long-
term stability, although both have been generated in solution
(but have not been isolated in a pure state); immobilization
within the amylose helix may introduce significant stabiliza-
tion.*0 Although iodine Méssbauer parameters are not known
for HOI or ROI compounds, a plausible estimate of the nuclear
quadrupole coupling constant for HOI should be accessible by
multiplying e2q12°Q of -OI (—1326 MHz)*! by the ratio of the
HO?33C! and -O33Cl nuclear quadrupole coupling constants
(—121.9/—86.6 MHz).#42 The resulting estimation, —1866
MHz, is in reasonable agreement with e2g!29Q determined
for the fourth site. Judging from the similarity of the CH30CI
nuclear quadrupole coupling constant (—117.1 MHz)** to that
of HOC! (—121.0 MHz),*2 the e2¢q12°Q parameters for HOI
and ROI are not expected to differ greatly.

Conclusions

It is apparent from this study that starch-iodine (amy-
lose-iodine) prepared by standard methods from iodine and
iodide in aqueous solution or from crystalline “V”” amylose and
iodine vapor contains essentially the same major chromophore:
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the pentaiodide anion. In the case of the iodine vapor prepa-
ration, the iodide necessary for pentaiodide formation is pro-
duced by hydrolysis (or alcoholysis) of iodine. A hypoiodite
species is the other product of this reaction. Although the re-
markable specificity of the amylose helix for Is~ incorporation
appears at first to be highly unusual, it should be remembered
that an enormous variety of polyiodides are stabilized by the
highly selective (and frequently subtle) environments provided
by different organic crystal structures.!41528 In the present
case there may well be a connection between the commen-
surability of the pentaiodide repeat distance (15.5 A)!S and
twice the helix repeat dimension (ca. 16 A).
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