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ABSTRACT

Effects of salts, surfactants, co-solvents, and temperature on the formation
and stability of the 10odine complexes of two amylose samples (differing five-fold in
molecular weight) are reported Dafferences 1n the characteristics of the complexes
formed by the two amylose samples have been observed with regard to spectral
features, and surfactant and temperature effects An optimal ronic strength was
found necessary for the maximum formation of the complex under otherwise identical,
experimental conditions Surfactants and co-solvents mainly destabilize the complex,
and the overall polarity of the mixed medium 1s insufficient to systematize the solvent
effects An attempt has been made to explain the effect on the basis of conformational
aspects of the amylose-1odine complex in 1,4-dioxane-water The 10dine complex
of the amylose sample of lower molecular weight showed permanent hysteresis in
the heating and cooling curves, a phenomenon not observed for the 1odine complex
of the amylose sample of higher molecular weight Enthalpy considerations showed
the complexation process to consist of two distinct. cooperative interactions, with a
fair degree of environmental, order-producing effect

INTRODUCTION

Although the blue complex of amylose with 1odine has been well studied! =19,
many salient features thereof still remam unexamined For instance, a clear under-
standing of its formation and stability 1n solution is as yet incomplete The physico-
chemical properties of the complex 1n aqueous medium depend on various factors,
such as the degree of polymenization of the biopolymer!'! *2, the pH'3 1%, and the
temperature'® 12 13 1® Studies in these areas made in the past stressed only one or
two of these aspects, and observations made on the basis of the effects of the various
factors on a particular system are very hmited

In the present study, we selected two amylose samples having a five-fold
difference in molecular weight, the formation of a complex with 10dine 1n the presence
of potassium rodide was 1nvestigated under various conditions with regard to salts,
surfactants, co-solvents, and temperature, by employmng such physicochemical
methods as spectrophotometry, colorimetry, and viscometry In the present study,
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a wide range of temperature was used, and the effects of 1onic and noniomic sur-
factants are presented for the first time

EXPERIMENTAL

Materials and methods — The sample (source unknown) of amylose (A R
grade) of low molecular weight was obtamned from E Merck, Darmstadt, and the
sample (potato amylose) of higher molecular weight was a pure vanety obtamned
from Aldrich, U S A, by courtesy of Dr A R Das of Clarkson College of Technol-
ogy, Brookline, MA, US A The molecular weights were determined from viscosity
measurements, the media being 0 5M aqueous potassium hydroxide for the lower,
and dimethyl sulfoxide for the higher, molecular-weight samples, respectively The
viscosity average molecuiar weights were 32,695 and 163,900, respectively

The salts, KI and KCI, and the 1odine were of A R grade (BDH) The sur-
factants, sodium dodecyl sulfate (SDS), cetyltrimethylammonium bromde (CTAB),
and p-tert-alkylphenoxy-poly(oxyethylene ether) (Triton X-100), had the specifications
described earhier!”?

The co-solvents, acetone, 1,4-dioxane, and ethanol, and cosolutes D-glucose
and urea, were either of E. Merck pro analyst or BDH AnalaR grade They were
distilled, or otherwise purified, prior to use, by standard procedures

Spectral measurements were made with a UV Chem Hilger—Watts digital
spectrophotometer using cuvets 0 5 cm wide Colorimetric measurements were made
with a Hilger-pattern Biochem Absorptometer of Associated Instrumenters Private,
Limited, India Its calibration was checked against the spectrophotometer in the
wavelength range studied

An Ostwald viscometer of flow times 200 s at 30° for water was used for
viscosity measurements, densities were measured 1n a pycnometer

The temperature used for the measurements was 30 +0 02°, 1f not otherwise
stated

Preparation of solutions — The amylose (Am,) of lower molecular weight
was dissolved 1in conductivity water (specific conductance, 1 620 x 10~ mho cm™*
at 30°) by heating on a boiling-water bath The suspension was filtered through a
sintered-glass septum (G-4), and the concentration was determuned by carefully
evaporating a fixed volume 1n an oven at 90°, and drying to constant weight over
sulfuric acid in a desiccator

The amylose (Am,) of higher molecular weight was similarly dissolved, but
with heating for 30 min Stock solutions of amylose were never used for more than
four consecutive days

lodine was dissolved 1n potassium 1odide solution by adding a known weight
of it, and then estimating 1t with dichromate-standardized, thiosulfate solution. For
storage, the container was wrapped 1n black paper and kept in the dark

Spectrophotometric measurements. — Amylose and 10dine were mixed 1n the
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requisite proportions, and the mixture was kept for 2 h for attainment of equilibrinm
The spectra were then determined with the spectrophotometer

Colorimetric measurements — Amylose was titrated with 1odine 1n potassium
1odide solution A fixed concentration of amylose was maintained 1n several test-
tubes and the absorbance was measured after adding different amounts of 1odine
solution, mixing thoroughly, and allowing 2 h for attainment of equilibrium A
reverse set of experiments was also performed, 1n which various amounts of amylose
were added to a fixed concentration of 10dine, and the absorbance was measured

To observe the effects of salts, surfactants, and co-solvents, the material was
added 1n various proportions to samples having a fixed amylose 10dme composition,
1n the presence of a constant concentration (0 01M) of potassium 10dide

To study the effect of temperature on the complex, the reactants were mixed ata
fixed ratio 1n the colorimeter tube The tube was completely filled with the solution,
and closed with a glass stopper so as to leave no air gap Finally, the top was sealed
with a heat-resistant adhesive, to prevent loss due to evaporation during heating,
the pressure generated by volume expansion of the iquid was observed to be in-
sufficient to loosen the stopper during heating The whole sample was immersed 1n a
thermostat whose temperature was raised, 1n steps, from 2° to 75° At each tempera-
ture of measurement, the sample was normally allowed 1 h, the optimum observed
for the system to reach equilibrium, and reading was taken in the colorimeter within
5 sec, a time nterval considered insufficient to cause any change in the absorbance
(due to temperature fluctuations experienced by the complex system between the
bath and the colorimeter) The data were found to be reproducible within the himits
of experimental accuracy, and so the procedure was adopted Experiments in the
directions of both stepwise heating and cooling were performed A cooling experi-
ment was also performed, without allowing 1 h at the temperature of measurement,
on the assumption that the system reached equilibrium at each measured temperature,
as the cooling was slow, 0 1°/min

RESULTS

Spectra of 1odine 1 the presence of amylose — The characteristic peaks for the
complex appeared at 580 and 640 nm for Am, and Am,, respectively (see Fig 1)
The blue-shifted peak for Am, was attributed to 1ts lowe: degree of polymerization
compared to that of Am, In this Figure, the spectra of the Am;-I, complex in the
presence of a low concentration of 1,4-dioxane 1s given, because nonaqueous solvents
have been reported to form a complex with the amylose-iodine system'® Additional
spectra recorded 1n the presence of SDS and CTAB have also been mcorporated
in the Figure, these will be discussed i1n subsequent sections

Colorunetric unration of amylose with 1odine in potasstum rodide — The results
of colorimetric titrations for both Am, and Am, are shown in Fig 2 The results,
plotted as absorbance versus molar concentration of I,, showed Langmuirian behavior
The difference 1n heights for the two sets with Am; were due to the difference in
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Fig 1 Spectra of amylose-iodine complex m various environments at 25° [Key curve 1, Am:
(0 029)-1= (008 mMm)-KI (001m) m CTAB (00Imm), curve 2, Amz (0 000120)-T2 (13 3uMm)-KI
(1.7mm), curve 3, Amz (0 01 %)-T2 (0 04mnm)-KI (5 0mm) 1n O 56M 1,4-dioxane, curve 4, Am, (0 0290)—
12 (0 08mm)-KI (0 01m) mn SDS (1 5Smm), curve 5, Ama (0 02%4)-T2 (0 08mm)-KI (0 01m) ]
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Fig. 2 Colornmetric titration of amylose with 1odine 1n 0 01m KI at 580 nm [Key curve 1, constant
Amz (0 0001 %) with varied I., curve 2, constant Ams (0 0002 97) with vaned Iz, curve 3, constant
T2 (0 02mM) with varied Amg, curve 4, constant Iz (0 02mm) with varied Am;, curve 5, constant Ami
(0029, with varied I }
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Fig 3A Effect of KI on Ami-Is complex having various iodine-amylose ratios (Key curve 1,

002mwm I2 plus 0 0029 Ami, curve 2, 0 04mm Iz plus 0 002%; Ami, curve 3, 0 06mm Iz plus 0 0022
Am, curve 4, 0 08mm I» plus 0 002% Amy )

Fig 3B Effect of KI on Amy-I» complex having various amylose-iodine ratios (Key curve 1,
00029 Ami plus 0 02mm Is, curve 2, 0 01 % Am; plus 0 02mM Io, curve 3, 0 05% Am; plus 0 02mm

I2]

Fig 3C Effect of 1onic strength on the formation of the complex, measured at 580 nm (Key
0057, Am; plus 0 02mm I, open circle, m KI, closed circle, in KI, measured after 1 h, circie with
cross, in KC1 plus K1.)
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Fig 4 Effect of solvents on the relative absorbance of the amylose-iodine complex at 580 nm
[Composition 002% Am;-0 08mam I--00Im KI, and 000029, Am=—008mm I>-00im KI Key
curve 1, Am-acetone, curve 2, Ami-ethanol, curve 3, Ami-acetonitnile, curve 4, Ame-urea,
curve 5, Ami-urea, curve 6, Ame-1,4-dioxane, curve 7, Ami—1,4-dioxane, curve 8, Ami-D-glucose
Mole fraction (X5), scale 0-0 2 for curve 4 ]

overall concentration of the two sets From the linear portion of the curves, the
molar extinctions of I, 1n bound form at 580 nm were found to be 16,533 and 8098
for Am,; and Am,, respectively, and 13,497 at 610 nm for Am, For amylose, Kuge
and Ono-® reported an extinction of 36,300 at 640 nm In Fig 2, results obtained
at a constant concentration of 10dine with various proportions of amylose are also
shown, the nature of the curves was the same

Effect of K1 and K Cl on the formation of the complex — Such effects, measured
colorimetrically with Am,, are 1illustrated in Figs 3 and 4 All of these results show
an optimal concentration of salt for maxmmization of the complex at a fixed ratio
of the reactants Thus, at any amylose -10d1ne ratio, the ionic strength plays a definite
role which 1s optimal between 0 005 and 0 0IM. It was, therefore, concluded that,
for the complexation, only a small amount of KI 1s necessary, and, where no KI
was added externally’®, it may normally come from hydrolysis of I, the excess of
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Fig 5 Effect of dielectric constant (D) on the relative absoroance of the Am;-I» complex at 580 nm
(Composition 0 02% Ami—0 08mm I2-0 01rm KI, Key curves 1-4, 1,4-dioxane, ethanol, pD-glucose,
and urea )

1t only acts to maintain the 1onic strength, and, 1n this regard, KI and KCl are equally
effective, etther separately or mixed Our results only partly support the salt effects
reported by Ono et al '*, who found a difference between the effect of KI and that
of KClI

Effect of co-solvents — A co-solvent normally diminished the absorbance of
the complex, but no systematic trend was observed m this regard A considerable
decrease 1 the absorbance of the complex in the presence of 1,4-dioxane, without
any shift of the 1,,,, indicated decomplexing of I, by 1,4-dioxane without the latter
itself being bound (see Fig 1) The decomplexing effects of the solvents with regard
to both mole fraction and dielectric constant are shown in Figs 4 and 5, in neither
of these was any correlative feature observed As a particular example, 1,4-dionane
mmparted a low dielectric constant, whereas urea, which imparted an mmcrement in
dielectric constant, also dimimished the absorbance significantly The reasons could
be quite different, but 1t 1s certain that the dielectric effect, alone, 1s an msufficient
explanation A general conclusion concerming the effects of co-solvents could not,
therefore, be reached The decrease in absorbance was not due to any instability
of the complex or of the amylose 1 the nonaqueous environments, because in-
solubility would lead to turbidity and precipitation, leading in most cases to an
mcrease 1n the absorbance One example 1s acetone, which showed turbidity after
a mole fraction of 0 08 was reached Based on the observations, the following orders
of decomplexing by the agents, with regard to mole fraction and dielectric constant,
were recogmized, at 0 25 mole fraction D-glucose > urea > 1,4-dioxane > aceto-
nitrile; at 0 05 mole fraction- acetone > urea > 1,4-dioxane > acetonitrile > ethylene
glycol > ethanol > methanol, at 0 25 mole fraction acetone > methanol > ethanol>
ethylene glycol, at dielectric constant 50 ethylene glycol > methanol > ethanol >
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1,4-dioxane, and at dielectric constant 70 acetone > acetonitrile > b-glucose >
ethylene glycol > 1,4-dioxane > methanol > ethanol

Effect of surfactants — The effects of both 1onic and nonionic surfactants on
the formation of the amylose~1odine complex are reported. CTAB (cationic), SDS
(amonic), and Trniton X-100 (nonionic) surfactants were found to be effective de-
complexing agents for both Am; and Am, Very low concentrations of CTAB
[much less than the critical micelle concentration (¢ m ¢ )] were observed to diminish
the complexation in the case of Am,, and, for Am,, 1t caused precipitation at all
concentrations Formation of turbidity (1in a certain range) and partal, as well as
total, precipitation were observed both below and above the cmc¢ for Am,. The
results are shown 1n Fig 6 It was noted that CTAB 1s effective below the cmc,
whereas, both SDS and Triton X-100 are effective above thecm ¢

Effect of temperature on complexation — A detailed study of the effect of
temperature on the complexation process was made, the temperature being varied
from 2 to 75° In Fig 7, the heating and coohng curves, and the results of repeated
cycling on the Am, complex are shown For the Am, complex, the heating and cooling
curves did not coincide, permanent hysteresis occurred, but this was not observed
for the Am, complex There had been some earlier reports on the effect of temperature
on amylose of relatively high molecular weight, but studies made for such a wide
range of temperature have seldom been documented We observed that the Am,—I,
complex was relatively less heat-resistant than the Am,-I, complex, indeed, the
Am, complex was practically reversible with respect to the effect of temperature

To investigate the enthalpy change for the process, log (absorbance) was plotted
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Fig 6A Effect of CTAB and TX-100 on the relative absorbance of the amylose-iodine complex
at 580 nm (Key Am;-TX-100 system, composition, 0 02% Am1—008mm I:-001M KI Scale I,
curve 2, Am2-TX-100 system, composition, 0 0004 %, Ama2-0 08mm 120 01m KI Scale I1I, curve 3,
Am>-TX-100 system, composition, 0 0008%, Am2-0 08mm I>~00im KI Scale I, curve 4, Ami—
CTAB system, composition, 0 0294 Am;—0 08mm I2-0 01Mm KI Scale I1)

Fig 6B Effect of SDS on the relative absorbance of the amylose—1iodine complex at 580 nm (Key
curve 1, Am:;-SDS system, composition, 0 02% Ami-0 08 mm I:-0 0lM KI, curve 2, Am>-SDS
system, composition, 0 0004 %, Ama-0 08mm I=-0 0Im KT, curve 3, Amz2-SDS system, composition,
0 0008 % Am2>—0 08mm 1.0 01Mm KI)
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Fig 7 Effect of temperature on the stability of the amylose-1odine complex (Composition 002%
Am~0 08mM I=~0 O1m K1, and 0 0023 94 Amz2—0 08mmM I=-0 01m KI Key curve 1, Ama—I= complex,
open and full circles represent heating and cooling runs, curve 2, Am-I» complex, cooling runs,
curve 3, Am—I2 complex, heating runs plus cooling runs n the range 2-50°, signs for curves 2 and 3,
measurements taken allowmng 1 h at the temperature of measurement, triangle with cross, cooling
below room temperature and warming to 20 4°, open triangle, sample kept for 20 h, and heated
from 25 to 72°, closed triangle, sample cooled from 72 to 66°, open square, after 21 h, the sample
was heated to 70° and cooled, measurements taken at random time-intervals, half-filled square,
same, after further 21 h, closed square, same, after further 23 h, square with cross, same, after
further 19 h, circle with cross, same, after further 20 h, closed circle, a separate cooling run, from
below room temperature down to 10°, at random time-intervals, closed circle with prime, same, then
heated to 45°, open circle, the sample was kept for 22 h at 45° and then heated to 75°, circle-enclosed
trrangle, the sample was cooled to 57°, circle-enclosed triangle with prime, the sample was kept
for 18 h at 57°, allowed to cool to room temperature, and then cooled below room temperature down
to 20°)

agamnst 7-1 A curve was obtained that could be resolved into at least two, distinet,

straight lines 1n the temperature range of 0-50° and 50-75°, respectively, from the
slopes of which the enthalpy changes could be obtained (see Fig 8) The justification
for this procedure 1s given next.

For the reaction,

K,
Am + nI, = Am(,),, )

complex
the association constant,

K,, = [Complex}/{Am]; .. [T21%ce 2
In equation 2, concentrations have been used for the activities
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Fig 8 Plot of log A versus 1/T for the Ami-I» and Ama—Ia complexes (Key curve 1, Ama—I2
system, heating and cooling runs, curve 2, Am-I» system, cooling runs, curve 3, Ama-I2 system,
heating runs From the data of Fig. 7)

Now,
log K, = log 4 — loge [AmM][I,]" 3

In equation 3, the second term 1s highly positive compared to the first term, as
the concentrations of both the amylose used and the 10dine were very low, and » is
expected to be somewhat larger than unity Therefore, a small vanation in the free
concentration of both amylose and 1odine due to the changed temperature would
hardly affect the high positive value of the second term Taking this term as equivalent
to a constant, equation 3 may be written as

log K, = log A — log (constant),
and the corresponding, integrated, Van °t Hoff equation 1s

log K, = log A — log (constant) = —4H°/2 303 RT + 1, “@

where AH, R, T, and I are the enthalpy change, the gas constant, the absolute tempera-
ture, and the integration constant, respectively
Equation 4 1s equivalent to

log A = (—AH®/2303 RT) + I )

where I’ = I + log (constant)

This equation can then yield AH®, which was, therefore, calculated (see Fig 8)
for the present systems In the temperature range 0 to 50°, the mean enthalpy change
for both of the amylose samples corresponded to —8 37 kJ mol~* (—2 0 kcal mol™1)



AMYLOSE-IODINE COMPLEXES 261

In the higher range, the mean enthalpy change for the heating and cooling experi-
ments on the Am, complex became —64 9 kJ mol™! (—15 5 kcal mol™!) The value
for the lower temperature range i1s the lowest so far reported [—2512 kJ mol™*
(—6 0 kcal mol~*) was reported by Ehassaf and Lewin'®] The present —64 90
kY mol™! (—155 kcal mol™1) 1s very close to the enthalpy value usually reported
for the amylose-1odine complex'® '? Th: amylose samples of low and high molecular
weight did not exhibit much difference 1n the enthalpy change in the lower range of

temperature
DISCUSSION

The characteristic absorption maxima at 580 and 640 nm observed for the two
amylose samples were in agreement with the red-shifted peaks observed for the
increased degree of polymerization of the biopolymer*?

The dependency of the complexation on the 1onic strength only, and not on
the kind of electrolyte (KCl and KI), as well as the fact of formation of the complex
even 1n the absence of externally added!® KI, supported the agglomeration of the
negatively charged, amylose—poly(iodine)-10dide complex by the charge-neutrahiza-
tion principle holding for hydrophobic colloids’® wa the actions of the counter-
cations After the optimal 1onic strength had been reached, charge reversal by the
adsorption of K 10ons on the surface of the biopolymer caused a dispersing effect,
with disaggregation of the colloid-like bodies producing a decrease in absorbance at
the higher concentrations of salt It was observed that, beyond the optimal concentra-
tion of salt, the complex precipitated out in the contamer, but 1t could be partly
redissolved by dialyzing the whole mass, a colloid type of behavior of the complex
was thus further supported In this connection, it should be mentioned that the
concept of colloid-aggregation was suggested by Ono ez al '* many years ago

The action of surfactants differed from the effects of the salts, a decomplexing
action was mainly exhibited by them At concentrations lower than the c m ¢, the
cationic surfactant CTAB became bound to the negatively charged complex, 1odine
was released, and the whole product became insoluble by aggregation and precipitated
out as a white mass Increased concentrations of CTAB (above the ¢ m ¢ ) did not
help to solubilize the complex, 10dine was extracted into the micelles, and the amylose
was precipitated as a white mass The negatively charged surfactant SDS was not
particularly effective below the ¢ m ¢, but 1t showed maximum absorbance at the
cmc, with a sharp decomplexing effect afterwards The SDS acted like a salt at
lower concentrations, and helped to aggregate the complex, yielding an increased
absorbance; after the ¢ m ¢, 1t extracted iodine in the micelles, lessening the blue
color Triton X-100, on the other hand, only became effective above the cmc,
and decomplexed the 1odine thereafter, indicating extraction of rodmne from the
complex 1nside the mucelles of these detergents, or loosening of the binding of 1odine
with the amylose moiety, thereby disrupting the kind of helical arrangements necessary
for them to have polarizing effects on the polyiodine chain, to afford the blue color
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The actions of the nonaqueous solvents on the complexation process were
difficult to reconcile All of the solvents used, mcluding solutions of urea and b-
glucose, showed decomplexing effects It was speculated that (/) the nonaqueous
solvent molecules at the microscopic level abstract 10dine from the complex, (2) they
cause deformation of the helical conformation required for the blue coloration, and
(3) transition of the helix to the coil took place in their presence, one or more of
these could be the operative factor(s) Now, the nonaqueous solvents are, in general,
poor solvents for amylose, and ready precipitation from them would indicate forma-
tion of a compact configuration of the biopolymer in them (However, urea may act
in the opposite direction, and keep mostly the extended-coil conformation in aqueous
medium, and solubility may be favored 1n its presence The decomplexing effect of
urea would then be due to helix-to-coil transition, and mability to polarize the 1odine
by the elongated amylose chamn ) As 1,4-dioxane showed significant, decomplexing
effects at relatively iow concentration, and the conformational aspect may become
an important factor in the complexing process, measurement of the intrinsic viscosity
of Am, n the presence of [,4-dioxane was undertaken The intrinsic viscosity was
found to decrease with increase of the proportion of 1, 4-dioxane The Huggins
constant, which relates the intrinsic viscosity with concentration?®, and 1s given by
equation 6, was also calculated

nse/C = [n]1 + [n1* Kk C, (6)

where 5, k, and C are the specific viscosity, the Huggins constant, and the concentra-
tion of amylose (g/ml), respectively

The constant & was found to imcrease with increase in the proportion of 1,4~
dioxane (see Table I) When plotted, both [#] and k showed linear variation This
observation suggested that the amylose chain becomes more compact with theaddition
of dioxane, the Huggins constant 1s 2 for a perfect sphere?® Therefore, the deformed,
helical shape of the complex assumed a more compact conformation, and the char-
acteristic blue color was decreased in the presence of 1,4-dioxane and other non-
aqueous solvents in general, as already mentioned, solutions of urea and D-glucose
were exceptions At all concentrations of 1,4-dioxane, hydration of the amylose
molecule was calculated?® from the equation of Simha, assuming the axial-ratio-
dependent factor to be 2 5 (Einstein’s coefficient for spheres)

[7] = v(va + 6vy), )

where v, vy, v,, and & are Simha’s factor, the specific volume of water, the specific
volurae of amylose, and the water (gfg) bound with amylose, respectively Solvation
by 1,4-dioxane was neglected, as it 1s a poor solvent for the biopolymer, and no
complexation of it was found spectrophotometrically Again, assuming the hydration
to be zero, the Simha factor v for the Am,; was calculated at all of the mole fractions
of 1,4-dioxane, an estimate of the dissymmetry of the amylose molecule 1n aqueous
1,4-dioxane was thus obtained, the results are given .n Table I The high mntrinsic-
viscosity of Am; and 1ts slow decrease with addition of 1,4-dioxane, as well as k&
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TABLE I
MOLECULAR DIMENSIONS OF AMYLOSE IN 1,4-DIOXANE-WATER, FROM THE INTRINSIC VISCOSITY

Mole fraction Intrinsic viscosity  k Maximum Maximum soh ation
of 1,4-dioxane  (mifg) asymmetry (glg)

Xs m (vard = 0) (datv = 25)
000 163 0 60 2706 64

001 153 073 2540 60

003 135 073 22 41 53

006 115 093 18 76 44

values smaller than 2 0, suggested that the biopolymer 1s present 1n a state of signifi-
cant elongation Assumption of the spherical shape (v = 2 5) resulted 1in values of
the hydration number much higher than that normally observed for similar bio-
polymers The axial-ratio-dependent v, observed for the zero state of hydration, was
sufficiently large, and could not be significantly altered by taking a small value of
hydration, e g, 1.0 g/g All of these results indicated that the 1,4-dioxane added
decomplexed the 1odine with only a small change in the helical conformation

The effect of temperature became abrupt above 50°, particularly for the
Am -], complex Below this temperature, dissociation of the complex was not signifi-
cant for either Am, or Am, The difference between the heating and cooling curves
was a special feature of the Am, sample In the temperature range below 50°, heating
and cooling caused practically no difference, but, once the sample was heated to 75°,
the cooling curve followed a different course, and was essentially independent of
the elapsed time Such a difference has seldom been observed in the past, most
probably because of the use of samples of amylose mainly of high molecular weight.
and not performing the experiments well above 50° A permanent change in the
amylose molecule was envisaged, but its type cannot yet be predicted It 1s possible
that the aggregated molecules are loosened during heating, and do not revert back
to the original form during cooling, thus causing a permanent decrease in the ab-
sorbance For Am,, this phenomenon was mimmal, possibly due to the use of a
significantly lower concentration of it in solution (at least a tenth of that of Am,,
because of its lower solubility) From a consideration of the enthalpy, the value of
—8 37 kJ mol~? for the formation of the complex n the lower range of temperature
was not consonant with the earlier findings!2-15 16 2! (—25 12 to —87 92 kI mol 1),
but the value for the high-temperature range (—64 90 kJ mol~') was very close to
most of the earlier findings, although results for temperatures above 50° have seldom
been reported This heat term was greater than the hydrogen bonding or weak Van
der Waals type of interaction (physical adsorption) The sharp change in the lines
for log A versus 1/T indicated a sharp change n the exothermic behavior upon
complexation at temperatures above 50°, this suggested that two distinct processes
are mvolved 1n the formation of the amylose-1odine complex, and they are hikely
to be co-operative.
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Szeyth et al 12 suggested an equation for the amylose-1odine complex, namely,
I;), = exp(—AH/RT + A), )]

where (1), 1s the concentration of free 1odine at half saturation, 4 1s an empincal
constant, and the other terms have the usual sigmficance The value of (7;), was
also shown 1o be related to the apparent equulibrium constant, K, as

(Iy), = /K, )

Using the present enthalpy value, —64 90 k¥.mol~! in equation 9, and taking 4
as equal to 19 62, as given by Szejth et al '2, the value of (I ), and, hence, the
equilibrium constant, was calculated for 60° The enthalpy value in the high-tempera-
ture range only was utilized, as equation 8 was considered to be valid in this region.
As a consequence, 4G° and 4S5° were computed to be —9 88 kJ mol~! and — 165 79
J mol™? deg™?, respectively The small change 1n the free energy suggested a non-
chemical type of interaction, and the large, negative change n entropy indicated an
appreciably ordered environment upon complexation
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