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ABSTRACT 

Effects of salts, surfactants, co-solvents, and temperature on the formatlon 
and stabihty of the lodrne complexes of two amylose samples (dlfferrng five-fold m 
molecular weight) are reported Differences m the characterlstlcs of the complexes 
formed by the two amylose samples have been observed with regard to spectral 
features, and surfactant and temperature effects An optimal lomc strength was 
found necessary for the maximum formation of the complex under otherwise Identical, 
expenmental condltlons 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 conformatlonal 
aspects of the amylose-iodine complex m 1,4-dloxane-water The iodine complex 
of the amylose sample of lower molecular weight showed permanent hysteresis m 
the heating and cooling curves, a phenomenon not observed for the iodine complex 
of the amylose sample of higher molecular weight Enthalpy conslderatlons showed 
the complexatlon process to consist of two dlstmct. cooperative Interactions, with a 
fair degree of environmental, order-producmg effect 

INTELODUCTION 

Although the blue complex of amylose with lodme has been well studied’-lo, 
many salient features thereof still remam unexamined For Instance, a clear under- 
standing of Its formatlon and stability m solutlon IS as yet mcomplete The physlco- 
chemical properties of the complex m aqueous medmm depend on various factors, 
such as the degree of polymerlzatlon of the blopolymer” 12, the pH13 Is, and the 
temperature” l2 l5 I6 Studies m these areas made m 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 limited 

In the present study, we selected two amylose samples having a five-fold 
difference m molecular weight, the formation of a complex with lodme m the presence 
of potassium lodlde was mvestlgated under various condltlons with regard to salts, 

surfactants, co-solvents, and temperature, by employmg such physlcochemlcal 
methods as spectrophotometry, colonmetry, and vlscometry In the present study, 
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a wide range of temperature was used, and the effects of lomc and nomonlc sur- 
factants are presented for the first time 

EXPERIMENTAL 

ikfaterzals and metlzods - The sample (source unknown) of amylose (A R 
grade) of low molecular weight was obtamed from E Merck, Darmstadt, and the 
sample (potato amylose) of higher molecular weight was a pure vanety obtamed 
from Aldrich, U S A, by courtesy of Dr A R Das of Clarkson College of Technol- 
ogy, Brooklme, MA, U S A The molecular weights were determmed from vlscoslty 
measurements, the media being 0 5b1 aqueous potassmm hydroxide for the lower, 
and dimethyl sulfoxlde for the higher, molecular-weight samples, respectively The 
vlscoslty average molecular weights were 32,695 and 163,900, respectively 

The salts, KI and KCI, and the lodme were of A R grade (BDH) The sur- 
factants, sodmm dodecyl sulfate (SDS), cetyltr~methylammomum bromide (CTAB), 
andp-tert-alkylphenoxy-poly(oxyethylene ether) (Tnton X-100), had the speclficatlons 
described earher” 

The co-solvents, acetone, l+dloxane, and ethanol, and cosolutes D-glucose 
and urea, were either of E. Merck pro analysz or BDH AnalaR grade They were 
dIstIlled, or otherwlse punfied, pnor to use, by standard procedures 

Spectral measurements were made with a UV Chem Hllger-‘Watts dlgltal 
spectrophotometer usmg cuvets 0 5 cm wide Colorlmetrlc measurements were made 
with a Hllger-pattern Blochem Absorptometer of Associated Instrumenters Pnvate, 
LImIted, India Its cahbratlon was checked agamst the spectrophotometer In the 
wavelength range studied 

An Ostwald vlscometer of flow times 200 s at 30” for water was used for 
vlscoslty measurements, densltles were measured m a pycnometer 

The temperature used for the measurements was 30 _tO 02”, If not otherwlse 
stated 

Preparatzon of sotzitzons - The amylose (Am,) of lower molecular weight 
was dissolved m conductlvlty water (specrfic conductance, 1 6-2 0 x 10m6 mho cm-’ 
at 30”) by heating on a bolhng-water bath The suspension was filtered through a 
smtered-glass septum (G-4), and the concentration was determmed by carefuliy 
evaporatmg a fixed volume m an oven at 90”, and drymg to constant weight over 
sulfuric acid m a desiccator 

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

Iodme was dissolved m potassium Iodide solution by addmg a known weight 
of it, and then estlmatmg It with dlchromate-standardized, thlosulfate solution. For 
storage, the container was wrapped m black paper and kept m the dark 

Spectrophotometrzc measrzrements. - Amylose and lodme were mlxed m the 
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reqmsrte proportlons, and the mixture was kept for 2 h for attamment of equlhbrmm 
The spectra were then determmed with the spectrophotometer 

Colorrmetrrc meastirements - Amylose was titrated with iodine rn potassium 
lodlde solution A fixed concentration of amylose was mamtamed m several test- 
tubes and the absorbance was measured after addmg different amounts of lodme 
solution, mlxlng thoroughly, and aIIowmg 2 h for attainment of equlhbrium A 
reverse set of experiments was also performed, m which various amounts of amylose 
were added to a fixed concentration of lodme, and the absorbance was measured 

To observe the effects of salts, surfactants, and co-solvents, the material was 
added In various proportions to samples havmg a fixed amylose lodme composltlon, 
In the presence of a constant concentration (0 OlM) of potassmm lodlde 

To study the effect of temperature on the complex, the reactants were mixed at a 
fixed ratlo m the colonmeter 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 seaied 
with a heat-resistant adhesive, to prevent loss due to evaporation durmg heating, 
the pressure generated by volume expansion of the hquld was observed to be m- 
sufficient to Ioosen the stopper durmg heating The whole sample was immersed m a 
thermostat whose temperature was raised, m 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 eqmhbrmm, and reading was taken m the colorlmeter withIn 

5 set, a time interval consldered msufficient to cause any change m the absorbance 
(due to temperature fluctuations expenenced by the complex system between the 
bath and the colonmeter) The data were found to be reproduclbIe wlthm the hmlts 
of expenmental accuracy, and so the procedure was adopted Experiments m the 
dlrectlons of both stepwlse heatm g and coolmg were performed A coolmg expen- 
ment was also performed, without aIIowmg 1 h at the temperature of measurement, 

on the assumption that the system reached equlhbnum at each measured temperature, 

as the coolmg was slow, 0 1 O/mm 

RESULTS 

Spectra of lodme ~JI the presence of at?lylose - The characterlstlc peaks for the 
complex appeared at 580 and 640 nm for Am, and Am,, respectively (see Fig 1) 

The biue-shifted peak for Am, was attributed to Its Iowel degree of polymerlzatlon 

compared to that of Am, In this Figure, the spectra of the Am,-& complex m the _ 
presence of a low concentration of 1,4-dloxane IS given, because nonaqueous solvents 
have been reported to form a complex with the amylose-lodme systemlo AdditIonal 
spectra recorded m the presence of SDS and CTAB have also been mcorporated 

m the Figure, these ~111 be dlscussed m subsequent sectlons 

Colormzeirrc trtt atlon of am>ylose ,vrth lodme III potassium Iodide - The results 

of colonmetrlc tltratlons for both Am, and AmZ are shown m Fig 2 The results, 

plotted as absorbance verszrsmolar concentration of Iz, showed Langmulrlan behavior 

The difference m herghts for the two sets with Am, were due to the difference in 
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Fig 1 Spectra of amylose-lodme complex 111 various envuonments at 2.S” IKeY curve 1, AmI 
(0 02%&Iz (0 08 mhr)-KI (0 01~) m CJYAB (0 Olnm), curve 2, Ame (0 oool %)-I2 (13 3/d-~ 
(1_7m),cune3, Am1 (0 01 %)-I2 (0 Wmhf)-KI(5 Orn~) m 0 56~ Wdloxane, curve 4, Am1 (0 02%)- 
I? (o OSITIM)-KI (0 01~) m SDS (1 5a), curve 5, Am1 (0 02%tI2 (0 OfJmN-m (0 01~) 1 
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Fig_ 2 Colonmetnc t&ratlon of amylose with lodme m 0 01~ KI at 580 nm Key curve 1, constant 
~~ (0 0001 O/J W& vaned L, curve 2, constant Ama (0 OOOZ”%) with vaned Iz, curve 3, constant 
I:! (0 Oznht) with vaned Am2, curve 4, constant 12 (0 02mM) with vaned Aml, curve 5, constant Am1 
(0 02%) with vaned 12 ] 
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Fig 3A Effect of KI on Aml-Is complex havmg various lodme-amylose rates Key curve 1, 
0 02m~ I2 plus 0 002% Aml, curve 2,0 04mM 12 plus 0 002% Aml, curve 3,O 06mhf IP PIUS 0 002% 
Am, curve 4,0 08mk4 12 plus 0 002 % Am1 1 
Ftg 3B Effect of KI on Aml-12 complex havmg various amylose-locime ratms (Key curve 1, 
0 002% Am1 plus 0 021~~5 12, curve 2,0 01% Am1 plus 0 02mhr 12, curve 3,O 05 % Am1 Plus 0 02m 
Ia 1 
Fig 3~ Effect of lotic strength OR the formatIon of the complex, measured at 580 mn (Key 
0 05% Am1 plus 0 O&M 12, open circle, 111 KI, closed c&e, m KI, measured after 1 h, cmle mth 
moss, m KC1 plus KL) 
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Fig 4 Effect of solvents on the relatwe absorbance of the amylose-lodme complex at 580 nm 
[Compontlon 0 02% Aml-0 08mM k-0 Olhi m, and 0 0002% AmA 08mM k-0 01~ KI Key 
curve 1, Arm-acetone, curve 2, Aml-cthanol, curve 3, Aml-acetomtrde, curve 4, Am?-urea, 
curve 5, A.nl-urea, curve 6, AmYl+dloxane, curve 7, Aml-l.4-dloxane, curve 8, Aml-o-glucose 
Mole fraction (X,), scale O-O 2 for curve 41 

overall concentration of the two sets From the linear portlon of the curves, the 

molar extmctlons of I, m 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 One-5 reported an extmctlon of 36,300 at 640 nm In Fig 2, results obtamed 
at a constant concentration of Iodine with various proportions of amylose are also 
shown, the nature of the curves was the same 

Effect of KI and KC1 on the formatron of the complex - Such effects, measured 
colorimetrlcalIy w&h Am,, are dlustrated m Figs 3 and 4 AII of these resutts show 
an optlmal concentration of salt for maxlmlzation of the complex at a fixed ratlo 
of the reactants Thus, at any amylose - lodme ratio, the ionic strength plays a defirute 
role which IS optimal between 0 005 and 0 01~. It was, therefore, concluded that, 
for the complexatlon, only a small amount of KI IS necessary, and, where no Kl 
was added externallylo, it may normally come from hydrolysis of IZ, the excess of 
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Frg 5 Effect of drelectrrc constant (0) on the relatrve absoroance of the Amp12 complex at 580 MI 
(Composrtxon 0 02% Amr-0 08mhr Iz-0 01~ KT, Key curves 1-4, I&droxane, ethanol, n-glucose, 
and urea ) 

It only acts to mamtam the ~onxc strength, and, m thus regard, KI and KC1 are equally 
eEectrve, either separateely or mixed Our resuks only partly support the salt effects 
reported by Ono et al 14, who found a drfference between the effect of ICI and that 
of KC1 

Efict of co-solvenfs - A co-soIvent normally dmnmshed the absorbance of 

the complex, but no systematrc trend was observed m thus regard A consrderable 

decrease m the absorbance of the complex m the presence of l&droxane, without 
any shift of the A,,,, mdrcated decomplexmg of I, by l&droxane wrthout the Iatter 
itself bemg bound (see Frg I) The decomplexmg effects of the solvents wrth regard 

to both mole fractron and drelectrrc constant are shown m Figs 4 and 5, m nerther 
of these was any correlative feature observed As a partrcular example, l&dro?ane 
Imparted a low drelectrtc constant, whereas urea, whtch Imparted an Increment m 
dreIectric constant, also drmmrshed the absorbance srgruficantly The reasons could 
be qmte drfferent, but rt IS certam that the drelectrrc effect, alone, IS an msufficrent 
explanatron A general conclusion concerrung the effects of co-solvents could not, 
therefore, be reached The decrease m absorbance was not due to any mstabrhty 
of the complex or of the amylose m the nonaqueous envrronments, because m- 
solubrhty would lead to turbidity and precrpitatron, leading m most cases to an 
mcrease m the absorbance One example IS acetone, whrch showed turbrdrty after 
a mole fractron of 0 OS was reached Based on the observatrons, the followmg orders 
of decomplexmg by the agents, wrth regard to mole fractron and drelectrrc constant, 
were recogruzed, at 0 25 mole fraction D-glucose S- urea > l+droxane > aceto- 
mtnle; at 0 05 mole fractron- acetone > urea > l,4-droxane > acetomtnle > ethylene 

glycol Y ethanol > methanol, at 0 25 mole fraction acetone > methanol > ethanol> 
ethylene glycol, at drelectnc consrant 50 ethylene glycol > methanol > ethanol > 
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l+droxane, and at dtelectnc constant 70 acetone > acetonitrrle > D-glucose > 
ethylene glycol > l&dioxane > methanol > ethanol 

Effect of surfactants - The effects of both romc and nomomc surfactants on 
the formation of the amylose-iodine complex are reported. CTAB (catlonlc), SDS 

(amomc), and Tnton X-100 (nonionic) surfactants were found to be effective de- 
complexing agents for both Am, and Am, Very low concentrattons of CTAB 
[much less than the crrttcal micelle concentration (c m c )] were observed to dtmmrsh 
the complexatlon m the case of Am,, and, for Ama, it caused precipitatton at all 
concentrations Formatton of turbtdrty (m a certain range) and partial, as well as 
total, precipitation were observed both below and above the c m c for Am,. The 
results are shown m Fig 6 It was noted that CTAB IS effecttve below the c m c , 
whereas, both SDS and Triton X-100 are effective above the c m c 

Eflect of temperature on cornplexation - A detailed study of the effect of 
temperature on the complexation process was made, the temperature bemg varted 
from 2 to 75“ In Frg 7, the heatmg and coolmg curves, and the results of repeated 
cyclmg on the Am, complex are shown For the Am, complex, the heating and cooling 
curves dtd not comcide, permanent hysteresis occurred, but thus was not observed 
for the Am, complex There had been some earher reports on the effect of temperature 
on amylose of re!atlvely high molecular wetght, 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 wtth respect to the effect of temperature 

To mvesttgate the enthalpy change for the process, log (absorbance) was plotted 
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Fig 6A Effect of CTB and TX-100 on the relatwe absorbance of the amylose-lodme complex 
at 580 nm (Key Aml-TX-100 system, composrtion, 0 02% AmI- 08mM Is-0 01~ KI Scale I, 
curve 2, AmpTX-100 system, compositlon, 0 0004’~ Am& 081nhr Is-0 01~ KI Scale II, curve 3, 
Am-TX-100 system, composltlon, 0 0008 y0 Am& 08mM Is-0 Olhr KI Scale I, curve 4, Aml- 
CTAB system, composltron, 0 02% Aml-0 08m~ k-0 01~ KI Scale II ) 
Fig 6B Effect of SDS on the relative absorbance of the amylose-lodme complex at 580 nm (Key 
curve 1, Am&DS system, compowtlon, 002% Aml-008 mM Is-001~ KI, curve 2, Anw-SDS 
system, cornpositIon, 0 0004°/0 Am& 08m~ Is-0 01~ KI, curve 3, Amz-SDS system, cornposItIon, 
0 0008 % An-14 08mhr k-0 Olhr KI ) 
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Fig 7 Effect of temperature on the stablhty of the amylose-lodme complex (Composmon 0 02% 
Am& 08mM Iz-0 01~ KI, and 0 0023% Am&l 08mM 14 01~ KI Key curve 1, &n~Ir? complex. 

open and full crrcles represent heatmg and coohng runs, curve 2, AmI- complex, coohng runs, 
curve 3, AmI- complex, heatmg runs plus coohng runs rn the range 2-50’, signs for curves 2 and 3, 
measurements taken aIlowmg 1 h at the temperature of measurement, triangle with cross, coohng 
below room temperature and warmmg to 20 4”, open tnangle, sample kept for 20 h, and heated 
from 25 to 72”, closed tnangle, sampIe 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, cIosed square, same, after further 23 h, square with cross, same, after 
further 19 h, c&e with cross, same, after further 20 h, closed c&e, a separate coolmg run, From 
below room temperature down to lo”, at random time-Intervals, closed circle with prune, same, then 
heated to 45”, open cucle, the sampIe was kept for 22 h at 45” and then heated to 75”, circle-enclosed 
mangle, the sampIe was cooled to 57”, circle-enclosed triangle with prime, the sample was hept 
for 18 h at 57”, allowed to coo1 to room temperature, and then cooled below room temperature down 
to 20” ) 

against T-’ A curve was obtamed that could be resolved Into at least two, dlstmct, 
straight Imes m the temperature range of O-50’ and 50-75”, respectively, from the 
slopes of which the enthalpy changes could be obtamed (see FIN 8) TheJustificatIon 
for this procedure IS given next. 

For the reaction, 

KS 
Am -t- n I2 + Am(I,),, 

COlllpl~X 

the assoclatlon constant, 

(I) 

KY = CCompW/CA4,,,, CUL 
In equation 2, concentrations have been used for the actlvitles 

(2) 
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Fig 8 Plot of log A versus l/T for the Aml-12 and Amz-1~ complexes (Key curve 1, Am-12 
system, heatmg and coolmg runs, curve 2, Aml-12 system, coolmg runs, curve 3, Ame& system, 
heatmg runs From the data of Fig. 7 ) 

Now, 

log K, = log A - log &,[Am][&J”. (3) 

In equation 3, the second term IS highly posmve compared to the first term, as 
the concentrations of both the amylose used and the lodme were very low, and tz is 
expected to be somewhat Iarger than umty Therefore, a small variation m the free 
concentration of both amylose and lodme due to the changed temperature would 
hard!y affect the high posltlve value of the second term Takmg this term as eqmvalent 
to a constant, equation 3 may be wrltten as 

log K, = log A - log (constant), 
and the corresponding, Integrated, Van ‘t Hoff equation 1s 

log K, = log A - log (constant) = -AH’/2 303 RT + I, (4) 

where AH, R, T, and 1are the enthalpy change, the gas constant, the absolute tempera- 
ture, and the integration constant, respectively 

Equation 4 1s equivalent to 

log A = (-AH’/2 303 RT) + I’ (5) 

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-‘) 
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In the higher range, the mean enthalpy change for the heatmg and coohg expen- 
ments on the Am, complex became -64 9 kJ mol-’ (-15 5 kcal mol-l) The value 
for the lower temperature range 1s the lowest so far reported r-25 12 kJ mol-’ 
(-6 0 kcal mol-‘) was reported by Ehassaf and Lewin”] The present -64 90 
kJ mol-1 (-15 5 kcal mol-‘) IS very close to the enthalpy value usually reported 
for the amylose-iodme complex” I2 Ths amylose samples of low and high molecular 
weight did not exhrbrt much difference m the enthalpy change m the lower range of 
temperature 

DISCUSSION 

The characteristic absorption maxima at 580 and 640 nm observed for the two 
amylose samples were xn agreement with the red-shifted peaks observed for the 
increased degree of pofymerrzatton of the biopoIymer12 

The dependency of the complexation on the iomc strength only, and not on 
the kmd of electrolyte (KC1 and KI), as well as the fact of formation of the complex 
even m the absence of externally added lo KI, supported the aggIomeration of the 
negatively charged, amylose-poly(todme)-iodide complex by the charge-neutrahza- 
tion principle holdmg for hydrophobic collards” vuz the actions of the counter- 
cattons After the optrmal romc strength had been reached, charge reversal by the 
adsorption of K+ ions on the surface of the biopolymer caused a dispersing effect, 
with disaggregatton of the colloid-hke bodies producmg a decrease m absorbance at 
the hrgher concentrations of salt It was observed that, beyond the optimal concentra- 
tron of salt, the complex precipitated out m the contamer, but rt could be partly 
redissolved by dtalyzmg the whole mass, a colloid type of behavior of the complex 
was thus further supported In thus connectlon, It should be mentioned that the 
concept of colloid-aggregation was suggested by Ono er al I4 many years ago 

The actton of surfactants drffered from the effects of the salts, a decomplexmg 
actton was mamly exhibited by them At concentrattons lower than the c m c , the 
catiomc surfactant CTAB became bound to the negatively charged complex, Iodine 
was released, and the whole product became msoluble by aggregation and precipitated 
out as a white mass Increased concentrations of CTAB (above the c m c ) did not 
help to solubihze the complex, iodme was extracted mto the micelles, and the amylose 
was precrprtated as a white mass The negatrvely charged surfactant SDS was not 
particularly effective below the c m c , but it showed maximum absorbance at the 
cmc, with a sharp decomplexmg effect afterwards The SDS acted like a salt at 
lower concentrations, and helped to aggregate the complex, yieldmg an Increased 
absorbance; after the c m c , It extracted iodme m the micelles, lessenmg the blue 
color Trlton X-100, on the other hand, only became effective above the c m c , 
and decomplexed the iodme thereafter, mdicatmg extraction of iodme from the 
complex mslde the micelles of these detergents, or loosenmg of the bmdmg of iodine 
wtth the amylose moiety, thereby disruptmg the kind of helical arrangements necessary 
for them to have polarizing effects on the polyiodme cham, to afford the blue color 
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The actrons of the nonaqueous solvents on the complexatton process were 
drfficult to reconcrle All of the solvents used, mcludmg soluttons of urea and D- 

glucose, showed decomplexmg effects It was speculated that (I) the nonaqueous 
solvent molecules at the microscoprc level abstract rodme from the complex, (2) they 
cause deformation of the helical conformatton requrred for the blue coloratron, and 
(3) transttron of the hehx to the co11 took place m their presence, one or more of 
these could be the operattve factor(s) Now, the nonaqueous solvents are, m general, 
poor solvents for amylose, and ready precrprtatron from them would mdtcate forma- 
tron of a compact configuratron of the bropolymer m them (However, urea may act 
m the opposue drrectron, and keep mostly the extended-co11 conformatron m aqueous 
medrum, and solubrhty may be favored m Its presence The decomplexmg effect of 
urea would then be due to helix-to-co11 transltlon, and mablhty to polarize the lodme 
by the elongated amylose cham ) As 1,4-dtoxane showed agmficant, decomplexmg 
effects at relatively low concentratron, and the conformattonal aspect may become 
an important factor m the complexmg process, measurement of the mtrmsrc vrscosrty 
of Am, m the presence of 1,4-droxane was undertaken The tntrlnstc v~scostty was 
found to decrease wtth Increase of the proportron of I,Pdroxane The Huggms 
constant, whrch relates the mtrmsrc vrscosrty with concentratron”, and is given by 
equatron 6, was also calculated 

(6) 

where qsP, k, and Care the specific viscosity, the Huggms constant, and the concentra- 
tron of amylose (g/ml), respectively 

The constant k was found to Increase wrth increase m the proportron of 1,4- 
droxane (see Table I) When plotted, both [q] and k showed lmear vartatlon Thts 
observatron suggested that the amylose chain becomes more compact with the addttton 
of droxane, the Huggins constant 1s 2 for a perfect sphere” Therefore, the deformed, 
hellcal shape of the complex assumed a more compact conformation, and the char- 
acterrstrc blue color was decreased m the presence of l&dioxane and other non- 
aqueous solvents n-r general, as already mentroned, solutrons of urea and D-glucose 
were exceptrons At all concentratrons of 1,4_droxane, hydratron of the amylose 
molecule was cakulated” from the equatton of Stmha, assuming the axral-ratro- 
dependent factor to be 2 5 (Emstem’s coefficrent for spheres) 

Clll = v(u2 + h), (7) 

where v, ur, u2, and 6 are Slmha’s factor, the specific volume of water, the spectfic 
volume of amylose, and the water (g/g) bound w&h amylose, respectively Salvation 
by 1,Cdtoxane was neglected, as it IS a poor solvent for the bropolymer, and no 
complexatton of it was found spectrophotometrtcally Agam, assummg the hydration 
to be zero, the Slmha factor v for the Am, was calculated at a11 of the mole fracttons 
of 1,4-dloxane, an estimate of the dissymmetry of the amylose molecule m aqueous 
1,4-dloxane was thus obtained, the results are grven 1n Table I The high mtrrnsrc- 
vrscosrty of Am, and rts slow decrease wrth addrtron of 1.4droxane, as well as II- 
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SzeJth et al lz suggested an equatron for the amylose-rodme complex, namely, 

(I/), = exp(--dH/RT + A), (8) 

where (I,), IS the concentration of free rodme at half saturatron, A 1s an empn-rcal 
constant, and the other terms have the usual slgmticance The value of (I/), was 
also shown to be related to the apparent equrhbrmm constant, K,, as 

(9) 

Usmg the present enthalpy value, -64 90 kJ.mol-r m equatron 9, and takmg A 
as equal to 19 62, as grven by SzeJth er al 12, the value of (l,), and, hence, the 
equrhbnum constant, was calcuIated for 60° The enthalpy value m the htgh-tempera- 
ture range only was utrhzed, as equatron 8 was considered to be vahd in this reBon_ 

As a consequence, dG” and dS” were computed to be -9 88 kJ mol-l and - 16.5 79 
J mol- r deg- r, respectively The small change m the free energy suggested a non- 
chemical type of rnteractron, and the large, negatrve change m entropy mdrcated an 
appreciably ordered environment upon complexatron 
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