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ABSTRACT: Five amylose tris(3,5-dimethylphenylcarbamate) (ADMPC) samples ranging in weight-
average molecular weight Mw from 1.7� 104 to 3.4� 105 were studied by light and small-angle X-ray
scattering, sedimentation equilibrium, and viscometry in methyl acetate (MEA), 2-butanone (MEK), and
4-methyl-2-pentanone (MIBK) at 25 �C. Seven amylose tris(phenylcarbamate) (ATPC) samples whose Mw

ranges between 2 � 104 and 3 � 106 were also investigated in MEK at 25 �C. The radii of gyration, particle
scattering functions, and intrinsic viscosities determined as a function of Mw were analyzed in terms of the
cylindrical wormlike chainmodel mainly to determine the Kuhn segment length λ-1 and the contour length h
(or the helix pitch) per residue.While the obtained h values (0.36-0.38 nm) ofADMPCare quite insensitive to
the solvents, the λ-1 value not only is 1.5-3 times larger than that of ATPC in the corresponding solvent but
also significantly increases with an increase of themolar volume of the solvent, and it reaches 73 nm inMIBK,
which is the highest value for previously investigated phenylcarbamate derivatives of polysaccharides. This
high stiffness ismost likely due to the steric hindrance of the solventmoleculesH-bondingwith theNHgroups
of the polymer.

Introduction

Polysaccharide phenylcarbamates, which are widely used as a
chiral stationary phase,1 have nanosized cavity-like structures
around their NH and CdO groups.2,3 Some recent studies2-6

focused on the local conformation of amylose tris(3,5-dimethyl-
phenylcarbamate) (ADMPC, Chart 1). Wenslow and Wang4

inferred from their solid-state NMR spectra that ADMPC has
a helix with a number of folds less than six. Furthermore,
Yamamoto et al.2 proposed a left-handed 4-fold helical confor-
mation from molecular modeling with the aid of 2D-NOESY
NMRmeasurements in CDCl3. Further, its local conformational
change with an addition of polar solvents was detected by in-
frared absorption (IR), X-ray diffraction, and solid-state NMR.3,5

More significant difference was observed in the vibrational circular
dichroism spectra in the presence of various alcohols.6 In spite of
such interest, we found no reports for the global conformation of
ADMPCin solutionwhile itwas reported that amylose tris(phenyl-
carbamate) (ATPC) molecules behave as semiflexible chains in
solution,7 and furthermore, its unperturbed dimensions significan-
tly depend on the solvent.7a

Very recently, we analyzed dimensional and hydrodynamic
properties of ATPC in three solvents having a carbonyl group
(esters and a ketone) in terms of the wormlike chain8 and found
that both the helix pitch (or contour length) h per residue and
the Kuhn segment length λ-1 (or, more generally, the stiffness
parameter of the helical wormlike chain9,10) measurably increase
with increasing the molar volume vM of the solvent.11 We thus
inferred that solvent molecules wedge into the domain sand-
wiched between the neighboring phenylcarbamate groups, and

consequently the main chain of ATPC extends and stiffens. On
the other hand, such chain extension and stiffening were not
observed for amylose tris(n-butylcarbamate) in various alcohols
having different vM,12 indicating that the solvent dependence of
the main-chain conformation has something to do with the side-
groupbulkiness. This also prompted us to investigate dimensional
and hydrodynamic properties of ADMPC, which has bulkier side
groups than that of ATPC.

The first aim of this study is thus to identify whether the larger
side groups on ADMPC stiffen and/or extend the main chain; in
the case of cellulosic chains, dimensional and hydrodynamic pro-
perties of cellulose tris(3,5-dimethylphenylcarbamate) (CDMPC)
do not measurably differ from those of cellulose tris(phenyl-
carbamate) (CTPC).13 The second is to investigate solvent effects
to the chain stiffening and extension of ADMPC owing to the
steric hindrance of H-bonding solvent molecules. We therefore
studied solution properties of ADMPC to determine their worm-
like chain parameters (h and λ-1) in 4-methyl-2-pentanone
(MIBK), 2-butanone (MEK), and methyl acetate (MEA). The
parameters were also determined for ATPC inMEK to compare
them with those for ADMPC in the same solvent; it should be
noted that the corresponding analysis for ATPC in MEA and
MIBK has been reported in our recent paper.11

Experimental Section

Materials. Five ADMPC samples were prepared from enzy-
matically synthesized amylose samples, which have no branching and
narrow molecular weight distribution,14,15 in the manner reported by
Okamoto et al.2,16 The ratios of the weight- to number-average mole-
cular weight Mw/Mn for the resultant samples were estimated to be
∼1.1 from size-exclusion chromatography using dimethylformamide
(DMF) as an eluent. Each sample was further purified by successive*Corresponding author. E-mail: kterao@chem.sci.osaka-u.ac.jp.
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fractional precipitation with DMF or MEK as a solvent and metha-
nol as a precipitant. Appropriate middle fractions were designated as
ADMPC17K, ADMPC25K, ADMPC49K, ADMPC160K, and
ADMPC340K.

The degree of substitution (DS) for the five ADMPC samples
was estimated to be nearly three (2.9-3.2) from themass ratio of
nitrogen to carbon determined by elemental analysis. Substan-
tially equivalentDSwas obtained from 1HNMR spectra (JEOL
GSX400-NMR) for the samples ADMPC17K and ADMPC25K
in CDCl3 at 30 �C.

Seven previously investigated ATPC samples17 (ATPC3M,
ATPC800K, ATPC500K, ATPC300K, ATPC200K, ATPC50K,
and ATPC20K) ranging in the weight-average molecular weight
Mw from 2 � 104 to 3 � 106 were also used for this study. The
ratios of z-average molecular weight (Mz) toMw orMw/Mn were
determined between 1.05 and 1.11.

MIBK, MEK, and MEA used for the following measure-
ments were purified by fractional distillation over CaH2.

Light Scattering. Static light scattering (SLS) measurements
were made for ADMPC340K, ADMPC160K, and ADMPC25K
in MIBK, MEK, and MEA and ADMPC49K, ATPC3M,
ATPC800K, ATPC500K, ATPC300K, and ATPC200K in MEK
all at 25 �Con a Fica-50 light scattering photometer with vertically
polarized incident light of 436 nm wavelength. Procedures includ-
ing optically clean and calibration of the photometer were recently
described.17 Scattering measurements were also made for the
depolarized components because optical anisotropic effects were
appreciable for ADMPC25K and ADMPC49K in solution while
they were negligible for ATPC in MEK. It should be noted that
the effect is also appreciable for CDMPC in 1-methyl-2-pyrroli-
done (NMP)18,19 while that for CTPC is negligible.20 The reduced
scattering intensities Rθ,Hv and Rθ,Uv for vertically polarized
incident light were determined with or without analyzer in the
horizontal direction, respectively, at scattering angle θ. The obtai-
ned data were analyzed according to the following equations21-23

to determine Mw, the second virial coefficient A2, the optical
anisotropy factor δ, and an apparent radius of gyration ÆS2æ*,
which is different from the z-average mean-square radius of
gyration ÆS2æz for semiflexible chains unless δ= 0.
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where

Mw, app ¼ ð1þ 7δÞMw ð4Þ

ÆS2æz, app ¼ ð1þ 7δÞ- 1ÆS2æ� ð5Þ

A2, app ¼ ð1þ 7δÞ- 2A2 ð6Þ
Here, K, k, c, and P(k)app are the optical constant, the absolute
value of the scattering vector, the polymer mass concentration,
and the apparent scattering function, respectively.

The specific refractive index increments ∂n/∂c at wavelength
λ0 = 436 nm were determined at 25 �C to be 0.186, 0.201, and
0.214 cm3 g-1 for ADMPC160K in MIBK, MEK, and MEA,
respectively, and 0.202 cm3 g-1 for ATPC800K in MEK.

Small-Angle X-ray Scattering. SAXS measurements were
made with an imaging plate detector at the BL40B2 beamline
in SPring-8 for ADMPC17K, ADMPC25K, and ADMPC49K
in MIBK, MEK, and MEA, and ATPC20K and ATPC50K in
MEK, all at 25 �C (see ref 17 for experimental details). The
excess scattering intensities obtained for four solutions with
different c were analyzed using the Berry square-root plot21 to
determine the particle scattering function P(k) and ÆS2æz.

Ultracentrifugation. Sedimentation equilibrium measure-
ments were made for ADMPC17K in MEK at 25 �C on a
BeckmanOptimaXL-I ultracentrifuge at a rotor speed of 19 000
rpm to determine Mw, A2, and Mz/Mw (see refs 17 and 24 for
experimental details and data analysis). The concentration
profile in each double sector cell was determined from the
Rayleigh interference pattern at λ0=675 nm. The ∂n/∂c value
at this λ0 was estimated to be 0.185 cm3 g-1 with the aid of ∂n/∂c
plotted against λ0

-2 (see Supporting Information). The partial
specific volume v of ADMPC17K in MEK at 25 �C was deter-
mined to be 0.768 cm3 g-1 using an Anton Paar DMA5000
densitometer.

Viscometry. Viscosity measurements for the five ADMPC
samples inMIBK,MEK, andMEAand the sevenATPCsamples
inMEKat 25 �Cweremade using a four-bulb low-shear capillary
viscometer and conventional capillary viscometers of Ubbelohde
type to determine the intrinsic viscosity [η]; the shear-rate effect
on [η] was insignificant even for ATPC3M. The difference
between the solution and solvent densities were taken into
account in evaluation of relative viscosity; v values to calcu-
late solution density were determined at 25 �C to be 0.772 and
0.767 cm3 g-1 for ADMPC160 K in MIBK and MEA, respec-
tively. The obtained Huggins constant for ADMPC was 0.40-
0.52 for the highest Mw sample (ADMPC340K) and 0.79 (in
MIBK)-1.1 (inMEA) for the lowest (ADMPC17K); they tend to
increase with decreasingMw.

Infrared Absorption (IR). IR spectra for ADMPC17K in
MEA, MEK, and MIBK at 25 �C were determined using an
FT/IR 4200 (JASCO)with a solution cellmadeofCaF2 (0.05mm
path length). Concentrations of test solutions were set to be
∼0.01 g cm-3.

Results

Each concentration dependence of (Kc/R0,Uv)
1/2 (see Support-

ing Information) had a positive slope, indicating positiveA2, and
hence MIBK, MEK, and MEA are good solvents for ADMPC.
Numerical Mw and A2 values were obtained by means of eqs 4
and 6. The δ value was at most 9.4� 10-3, and hence the contri-
bution toMw for the current samples was less than 7%. TheMw

values evaluated in the three solvents were in agreement within
(3%. The average Mw values are summarized in Table 1 along
withA2 in each solvent. This table includes theMw andA2 values
determined from sedimentation equilibrium for ADMPC17K; its

Chart 1. Chemical Structures of ADMPC (1) and ATPC (2)
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Mz/Mwwas estimated to be 1.03. TheA2 values for the fiveATPC
samples (ATPC3M, ..., ATPC200 K) in MEK were obtained to
be in a range between 1.9 � 10-4 and 2.3 � 10-4 mol cm3 g-2,
showing that MEK is a good solvent for ATPC, while their Mw

values are consistent with those determined previously in the
other solvents.11,17 Both ÆS2æz,app (SLS) and ÆS2æz (SAXS) were
obtained from the initial slope of the Berry plots21 (Figure 1); the
latter values are presented in Table 1.

Figure 2 illustrates [η]M0 plotted againstMw/M0 for ADMPC
and ATPC in MIBK, MEK, and MEA at 25 �C where M0

denotes the molar mass of the repeat unit (M0 = 603.7 for
ADMPC and 519.5 for ATPC). In each solvent, the [η] data for
ADMPC have larger slope than that for ATPC, suggesting that
the higher chain rigidity of the former. A further important point
is that the slope of ADMPC significantly increases in the order
ofMEA<MEK<MIBK, showing that themain chain stiffness
increases with this order.

This conformational difference is also recognizable in the
scattering function. The Holtzer plot25 for ADMPC49K in
MIBK (Figure 3) has a plateau (k=0.1-0.5 nm-1), showing
high rigidity of ADMPC in the solvent. On the one hand, that in
MEA has an appreciable peak at k ∼ 0.2 nm-1, indicating that
the main chain of ADMPC is more flexible in MEA than in the
other solvents.

Discussion

Wormlike Chain Analysis. Scattering Function.The above-
mentioned Holtzer plots were analyzed in terms of the Naka-
mura andNorisuye theory26 for unperturbed cylindricalworm-
like chains, which is characterized by λ-1, the contour lengthL,
and the chain diameter d. The parameter L is related to the
molecular weightM by L=M/ML, withML being the molar
mass per unit contour length. The two parameters,ML and d,
were determined unequivocally by a curve-fitting method since
the theoreticalP(k) is substantially the same as that for the rigid
cylinder except for the low-k range.26 Indeed, the theoretical
dashed curves (mostly hidden behind the corresponding solid
curves) calculated for the rigid cylinderswithML and d listed in
Table 2 reproduce quantitatively the experimentalP(k) in the k
range between 0.8 and 2.5 nm-1. The rest parameter λ-1 was
determined to be 20( 3 and 18( 2 nm for ADMPC inMEA
and ATPC in MEK, respectively, since the dashed curves for
these systems deviate appreciably from the experimental data
in the range of k<0.8 nm-1. On the other hand, only a slight
discrepancy between the data points and the corresponding
dashed curve is however seen for ADMPC in MIBK and
MEK, indicating their λ-1’s are considerably higher than
20 nm. In fact, the theoretical solid curves for the wormlike
cylinder with λ-1 determined from [η] (70 nm for ADMPC in
MIBK and 38 nm in MEK, see below) excellently trace the
experimental P(k).

Intrinsic Viscosity. The Yamakawa-Fujii-Yoshizaki
theory9,27,28 for the intrinsic viscosityof anunperturbedworm-
like cylinder was used to analyze our [η] data for ADMPCand
ATPC. The excluded-volume effects were taken into account

by use of the combination of the Barrett function29 and the
quasi-two-parameter (QTP) theory.9,30,31 The theoretical in-
trinsic viscosity for the perturbedwormlike cylinder can be cal-
culated with the four parametersML, λ

-1, d, and the excluded
volume strength B. By curve fitting, the two parameters λ-1

and d were determined usingML obtained from P(k) because
all the parameters cannot uniquely be estimated from our
experimental [η] data. The excluded-volume effectswere found
to be negligible in theMw range studied; hence, the last para-
meter B was not estimated. While the obtained λ-1 values for
ADMPC in MEA and ATPC in MEK are substantially the
same as those fromP(k), the d value estimated from [η] is quite
larger than the above-mentioned values from P(k) in each
system (see Table 2). This is well-known tendency not only for
amylose carbamates11,17 but also for other flexible9 and stiff32

polymers because the d value determined fromP(k) reflects the
distributions of electrons as the scatterers around the chain
contour.

Table 1. Molecular Characteristics and Physical Properties of ADMPC Samples in 4-Methyl-2-pentanone (MIBK), 2-Butanone (MEK), and
Methyl Acetate (MEA) at 25 �C

in MIBK in MEK in MEA

sample Mw/10
3 A2

d ÆS2æz1/2 e [η] f A2
d ÆS2æz1/2 e [η] f A2

d ÆS2æz1/2 e [η] f

ADMPC340K 341a 2.7a 42.0a 239 1.5a 36.4a 180 1.3a 28.4a 98.3
ADMPC160K 163a 2.4a 23.3a 119 1.9a 20.9a 93.4 0.9a 17.2a 58.7
ADMPC49K 48.8a 7.8b 27.9 4a 7.8b 25.0 7.0b 21.3
ADMPC25K 25.4a 3a 4.3b 12.8 6a 4.5b 11.5 3a 4.0b 10.7
ADMPC17K 16.9c 3.0b 7.81 6.5c 3.1b 7.02 2.9b 6.61

a SLS. b SAXS. c Sedimentation equilibrium. d In units of 10-4 mol cm3 g-2. e In units of nm. f In units of cm3 g-1.

Figure 1. Angular dependence of P(k)app
-1/2 (from SLS) or P(k)-1/2

(fromSAXS) for indicatedADMPC samples inMIBK (squares),MEK
(circles), and MEA (triangles) at 25 �C.



5782 Macromolecules, Vol. 43, No. 13, 2010 Tsuda et al.

Optical Anisotropy Factor and Radius of Gyration. If the
ADMPC chain can be modeled by the wormlike chain with

cylindrically symmetric polarizabilities, Nagai’s expression23

for ÆS2æ* is written in a good approximation as33

ÆS2æ� ¼ ÆS2æ- fUv ð7Þ
with

fUv ¼ 1

45λ2
ε 1-

4

3λL
þ 13

18ðλLÞ2
 !2

4

-
23ε2

252λL
1-

103

138λL

� ��
ðλLg2Þ ð8Þ

where ε is the polarizability parameter defined by ε=3(R1-
R2)/(R1þR2). Here,R1 andR2 are the longitudinal and trans-
verse polarizabilities per unit contour length of the chain.
The factor ε is related to δ by23

δ ¼ ε2

135λL
1-

1

6λL
½1- expð- 6λLÞ�

� �
ð9Þ

The molecular weight dependence of δ illustrated in Figure 4
is well fitted by the theoretical curves calculated using the λ-1

and ML values determined from P(k) and [η] (Table 2), and
the following |ε|=0.52, 0.68, and 1.2 forADMPC inMIBK,
MEK, andMEA, respectively; these values are smaller than
those for CDMPC in NMP (|ε|=2.8).19 The fUv values cal-
culated from eq 8 are only 0.7-1% and 1.2-2.2% of the
corresponding ÆS2æ* for ADMPC340K and ADMPC160K,
respectively, and therefore the difference in ÆS2æ* and ÆS2æz
for our ADMPC samples is mostly negligible.

The obtained ÆS2æz data for ADMPC and ATPC were
analyzed by means of the unperturbed wormlike chain,
whose mean-square radius of gyration ÆS2æ is expressed as34

ÆS2æ ¼ L

6λ
-

1

4λ2
þ 1

4λ3L
-

1

8λ4L2
½1- expð- 2λLÞ� ð10Þ

since the intramolecular excluded-volume effects on [η] are
negligible. The contribution of the chain thickness to ÆS2æ1/2
is also negligible (<1.8%) even for ADMPC17K and
ATPC20K when the effect is considered as the addition of
d2/8 to the right-hand side of the equation35 with the d value
determined fromP(k). The theoretical values calculated with
the parameters in Table 2 excellently fit the corresponding
experimental data as shown inFigure 5. The obtainedML and
λ-1 are consistent with those from P(k) and [η], concluding

Table 2. Wormlike Chain Parameters for ADMPC and
ATPC at 25 �C

method ML (nm-1) λ-1 (nm) d (nm)

ADMPC in MIBK
P(k) 1700 ( 50 70a 1.6 ( 0.1
[η] 1700a 70 ( 5 2.6
ÆS2æz 1630 ( 50 75 ( 5

ADMPC in MEK
P(k) 1580 ( 50 38a 1.7 ( 0.1
[η] 1580a 38 ( 3 2.1
ÆS2æz 1550 ( 50 43 ( 3

ADMPC in MEA
P(k) 1660 ( 50 20 ( 3 1.3 ( 0.1
[η] 1660a 20 ( 2 2.5
ÆS2æz 1650 ( 50 25 ( 2

ATPC in MEA
P(k) 1350 ( 30 18 ( 2 1.7 ( 0.1
[η] 1350a 16 ( 2 2.0
ÆS2æz 1300 ( 50 19 ( 2
aAssumed values.

Figure 2. Molecularweight dependenceof [η]M0 forADMPC inMIBK
(open squares), MEK (open circles), MEA (open triangles), and for
ATPC (filled circles) in MEK along with our previous data11 for ATPC
in MIBK (filled squares) and MEA (filled triangles), all at 25 �C. Solid
curves, theoretical values for the wormlike cylinder model with the
parameters listed in Table 2; a dot-dashed curve, theoretical values in
the rod limit (h=0.355 nm and d=2.6 nm). See ref 11 for thewormlike
chain parameters of ATPC in MIBK and MEA.

Figure 3. Reduced Holtzer plots for indicated ADMPC samples in
MIBK,MEK, andMEAat 25 �CandATPC samples inMEKat 25 �C.
Circles, experimental data. Solid curves, theoretical values for the
unperturbed wormlike cylinders with the parameters listed in Table 2.
Dashed lines, theoretical values in the rod limit (λ = 0).
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that the accurate wormlike chain parameters were determined
forADMPCin the three solvents andATPC inMEKat25 �C.

Side Group and Solvent Dependence of Chain Stiffness and
Local Chain Length. The Kuhn segment length λ-1 and the
helix pitch per residue h (= M0/ML) thus obtained are pre-
sented in Table 3 along with the literature values for ATPC
in various solvents11,17 and those for CDMPC19 and
CTPC.13,20 The latter parameter (h) of ADMPC are in a
narrow range between 0.36 and 0.38 nm, which are sub-
stantially the same as the literature value estimated from
the optimized 3D structures36 and those for ATPC in
MEA, ethyl acetate (EA), and MEK, but slightly smaller
than that for ATPC inMIBK (h=0.42 nm). This possibly
suggests that the helical structure of ADMPC is less affect-
able by the solvent molecules. Substantially the same IR
spectra around the NH stretching region for ADMPC17K
(Figure 6) support this suggestion.

On the contrary, λ-1 of ADMPC in each solvent is
appreciably larger than that of ATPC, indicating that the
steric hindrance of additional methyl groups appreciably
stiffens the amylosic main chain. This is in contrast to the
case of cellulosic chains; the wormlike chain parameters of
CDMPC are substantially the same as those of CTPC.
Furthermore, λ-1 of 73 nm for ADMPC in MIBK is the
highest value which has been reported for phenylcarbamate

derivatives of polysaccharides including mannan (λ-1 =
11 nm)7e and chitosan (λ-1=24 nm),37 and it is comparable
to that for a tightly wounded rigid-helical amylosic chain, that
is, amylose tris(n-butylcarbamate) in tetrahydrofuran (λ-1=
75 nm).38 The value of λ-1 increases with increasing molar
volume of the solvents vM (Figure 7); this increment is signi-
ficantly higher than that for ATPC. Considering polar carba-
mate groups ofADMPCare preferably located inside2 and the
h values in the three solvents are substantially the same as
amylose triesters in the crystalline state,39 in which there are
no significant intramolecular H-bonds, it is not reasonable
to suppose that this significant solvent dependence of λ-1 is
mainly due to the intramolecular H-bonds. Thus, we may
suggest that the solvent molecule interacting with the NH
groupsofADMPCandATPCthroughH-bondinghinders the
internal rotation of the main chain, and the effect is more
significant for ADMPC.

Concluding Remarks

Chain stiffness of ADMPC in MEA, MEK, and MIBK is
significantly higher than that for ATPC in the corresponding

Figure 4. Molecularweight dependence of the optical anisotropy factor
δ forADMPC inMIBK (squares),MEK (circles), andMEA (triangles)
at 25 �C.The curve represents the theoretical values calculated fromeq9
(see text for the parameters).

Table 3. Values of the Helix Pitch per Residue h and the Kuhn
Segment Length λ-1 for Amylose and Cellulose Phenylcarbamates

polymer solvent T (�C) h (nm) λ-1 (nm)

ADMPC MIBK 25 0.36( 0.02 73( 5
MEK 25 0.38( 0.02 41( 3
MEA 25 0.36( 0.02 22( 2

ATPC MIBKa 25 0.42( 0.02 24( 2
EAa 33 0.39( 0.02 17( 2
MEK 25 0.39( 0.02 18( 2
MEAa 25 0.37( 0.02 15( 2
DIOXb 25 0.34( 0.01 22( 2
2EEb 25 0.32( 0.01 16( 2

CDMPC NMPc 25 0.52 16
CTPC NMPd 25 0.49 16

THFe 25 0.50( 0.04 21( 2
aReference 11. bReference 17. cReference 19. dReference 13. eRe-

ference 20. DIOX: 1,4-dioxeane; 2EE: 2-ethoxyethanol; THF: tetrahy-
drofuran.

Figure 5. Molecular weight dependence of ÆS2æz1/2 for ADMPC in
MIBK (open squares), MEK (open circles), and MEA (open tri-
angles) and for ATPC in MEK (filled circles) along with our previous
data11 for ATPC in MEA (filled triangles) and MIBK (filled squares),
all at 25 �C. Solid curves, theoretical values for the wormlike chain
model with the parameters in Table 2; a dot-dashed curve, theoretical
values in the rod limit (h=0.37 nm). See ref 11 for the wormlike chain
parameters of ATPC in MIBK and MEA.

Figure 6. IR spectra (molar absorption coefficient ε0 vs wavenumber)
for ADMPC17K in MIBK (red), MEK (blue), and MEA (black) at
25 �C.

Figure 7. Dependences of λ-1 on the molar volume of the solvent (vM)
for ADMPC (open circles) and ATPC (filled circles) in ketones and
esters.
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solvent. Although theKuhn segment length λ-1 forATPC ranges
between 16 and 24 nm, λ-1 significantly increases with vM and
varies from 22 to 73 nm; the latter value is the highest for
phenylcarbamate derivatives of polysaccharides. This significant
solvent dependence of λ-1 is most likely due to the steric hind-
rance of the side group and H-bonding solvent molecules. In
contrast, their h depends rather insignificantly on the solvents
(0.36-0.38 nm), while h for ATPC in the same solvents varies in a
slightly wider range from 0.37 to 0.42 nm,11 suggesting that the
local helical structure of ADMPC is less sensitive to the solvent.
This difference in the conformational feature between the two
amylose carbamates may have something to do with their
dissimilar functionality as chiral stationary phase.16
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