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Abstract

With raising temperature in the domain of 20 to 60 °C, the intrinsic viscosity [#] for pullulan-tricarbanilate PTC and amylose-tricarbanilate
ATC in solutions was found to decrease, indicating that they exhibited thermal-induced conformational transition from expanded form to compact
form. The persistence length P of the chains, evaluated with small-angle X-ray scattering, has also decreased as the temperature is raised and,
moreover, it significantly depended on the solvents employed, where as P; of pullulan, having no carbanilate groups, has exhibited neither
temperature- nor solvent-dependence. The temperature dependence of [#] for PTC and ATC was well elucidated in terms of the temperature-
dependent P, with the wormlike chain model. From these results, it is suggested that intramolecular hydrogen bonds would be formed between
carbanilate groups neighboring along the backbone chain, but they are gradually and cooperatively collapsed as the temperature is raised, inducing

the conformational transition.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Temperature dependence of physical properties relating to
overall chain-dimension has been measured for cellulose-
tricarbanilate (CTC) and amylose-tricarbanilate (ATC) in
solutions with various methods [1-5] and it was shown
that the polymers exhibit thermal-induced conformational
transition from expanded form at low temperature to compact
form at high temperature. Moreover, the temperature
dependence of the physical properties of some polysaccha-
ride-tricarbanilates was found to depend on the type of
bonding between the repeating units, glucopyranoses [4].
From these observations, Sutter and Burchard [4] have sug-
gested that intramolecular hydrogen-bonds might be formed
between carbanilate groups neighboring along the backbone

* Corresponding author. Tel./fax: +81 52 789 4822.
E-mail address: ymuroga@apchem.nagoya-u.ac.jp (Y. Muroga).
! Permanent address: Faculty of Science and Technology, Nihon University,
Chiyoda-ku, Tokyo 101-8308, Japan.

0301-4622/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.bpc.2005.12.013

chain, and they are cooperatively collapsed as the tempera-
ture is raised. Supporting the suggestion of Sutter and Bur-
chard [4], Hsu et al. [6] have analyzed the chain length
dependence of the unperturbed dimensions of ATC and CTC
with the method of Miller and Flory [7] and found that
Zimm-Bragg cooperativity parameter is of the order of 107>
and 10 ¢, respectively.

If such hydrogen bonds are formed in a polysaccharide-
tricarbanilate chain and the chain can be represented by an
equivalent wormlike chain model having a persistence length
P, the conformational transition should be accompanied by a
simultaneous change of P. Gupta et al. [1,8] indicated that P, of
CTC decreases with raising the temperature, but the temperature
dependence of P, for other polysaccharide-tricarbanilates except
CTC has not been fully clarified yet.

In the present work, temperature dependence of intrinsic
viscosity [#] for pullulan-tricarbanilate PTC, ATC and CTC in
1,4-dioxane DOX, N,N-dimethyl formamide DMF and N-
methyl acetamide NMA solutions was studied in the domain of
20 to 60 °C in order to see whether PTC exhibits the same type
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of the conformational transition as was observed in ATC and
CTC. PTC, ATC and CTC are discriminated from each other in
the type of bonding joining the repeating units; original
polysaccharide for PTC, pullulan PL, is the «-D-glucan
comprising maltotriose repeating units (linked 1,4) connected
in 1,6-linkage and those for ATC and CTC, amylose and
cellulose, are the 1,4-linked a- and -D-glucans, respectively.
DMF and NMA would have some facility of hydrogen-bond
formation and thus affect or break intramolecular hydrogen
bonds in the polysaccharide-tricarbanilates.

P, of PTC and ATC was evaluated at several temperatures
with small-angle X-ray scattering SAXS and, in order to find
out origin for the conformational transition, the temperature-
dependence of [n] was analyzed with the temperature-
dependence of P; thus obtained. In general, P; evaluated from
the analysis of SAXS curve or small-angle neutron scattering
curve in a comparatively higher scattering-vector region is
substantially free from excluded volume effect and effect of the
polydispersity of a sample, whereas P; evaluated from the
analysis of physical properties relating to overall chain-
dimension tends to be seriously affected by these effects.

2. Experimental
2.1. Materials

Viscosity-averaged molecular-weight M, of PL (Hayashi-
bara Biochemical Laboratories, Inc., Japan), 1.0x10°, was
estimated from [#] in water at 25 °C [9]:

7] = 1.91 x 107+ x M2 (in deciliter per gram) (1)

Nominal M,,/M, was ca. 2.0.

PTC was prepared by reaction of PL (PF-80, Hayashibara
Biochemical Laboratories, Inc., Japan) with phenyl isocyanate
in hot pyridine (80—100 °C) [10]. Crude product thus obtained
was treated with hot methanol to eliminate biproducts in the
reaction and then lower- and higher-molecular-weight fractions
were removed by fractionating the product with acetone/water.
Degree of substitution (DS) of phenylcarbanilate groups,
determined by elemental analysis, was 99.2%=+0.8% and
M,=2.1x10° was estimated from [v)] in DMF at 25 °C [11]:

[n] =2.65 x 107 x M3 (in deciliter per gram) (2)

M,/ M,, 1.2, was determined by GPC, which was registered
with a Toyo Soda GPC instrument HLC 802A for THF
solutions, using the calibration curve obtained with a series of
the standard polystyrene (Toyo Soda Mfg. Co. Ltd.).

ATC and CTC were prepared from amylose (Hayashibara
Biochemical Laboratories, Inc., Japan) and cellulose (Asahi
Chemical Industry, Co. Ltd., Japan), respectively, by the same
procedure as was employed in preparation of PTC. Molecular-
weight fractionation was carried out with acetone/ethanol and
acetone/water, respectively. M, of ATC, 6.0x 104, was
estimated from [#] in DOX at 20 °C [4]:

[n] =2.36 x 107 x Mm% (in deciliter per gram) (3)

and M, of CTC, 5.1 x10* was estimated from [#] in DOX at
20 °C [4]:
[n] =3.90 x 107 x M* (in deciliter per gram) (4)

M, /M, was 1.2 and 2.1 for ATC and CTC, respectively, and
DS was 99.2%=+0.8% for both samples.

Table 1
Observed data and molecular parameters obtained from analysis of SAXS curves for PTC, ATC and PL
Data set Solvent Temperature (°C) Cp (g/dl) C (g/dl) <R2>'% (A) g* (1/A) P (A)
Method-1 Method-1I
(1) PTC
A DOX 20 0.69 1.6 53+0.5 0.063 45+3.0 45+£3.0
B-1 DOX 40 1.00 - 5.3£0.5 0.066 44£3.0 44£3.0
B-2 DOX 40 0.50 - 5.3£0.5 0.066 44+3.0 44+3.0
C DOX 60 0.69 1.8 5.3+0.5 0.069 42+£3.0 42+£3.0
D DMF 20 0.71 1.6 5.3+0.5 0.070 42+3.0 41£3.0
E DMF 60 0.71 22 5.3£0.5 0.082 35+3.0 35+3.0
F-1 NMA 40 1.00 — 5.3+0.5 0.096 32+3.0 30+£3.0
F-2 NMA 40 0.50 - 5.3£0.5 0.096 32+3.0 30+3.0
(2) ATC
A DOX 20 1.10 2.7 5.3+0.5 0.045 - 64+3.0
B DOX 60 1.10 3.1 5.7£0.5 0.051 - 56+3.0
C DMF 20 1.00 34 5.3£0.5 0.058 - 49£3.0
D DMF 60 1.00 4 5.3+0.5 0.064 - 45+3.0
E-1 NMA 40 1.00 - 5.3£0.5 0.090 - 32+3.0
E-2 NMA 40 0.50 - 5.3+0.5 0.090 - 32+£3.0
(3)PL
A-1 WAT 25 0.50 23 5.1£1.0 0.132 23+3.0 22+4.0
A2 WAT 25 1.00 23 5.1£1.0 0.132 23£3.0 22+4.0
B DMF 25 1.00 23 5.1£1.0 0.132 23+3.0 22+4.0
C DMF 60 1.00 23 5.1£1.0 0.132 23+£3.0 22+4.0
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2.2. SAXS experiments and the sample preparation

SAXS experiment was carried out using synchrotron orbital
radiation as an X-ray source set up in the Photon Factory of the
High Energy Accelerator Organization at Tsukuba, Ibaragi,
Japan. The wavelength of the X-ray was 1.488 A. The scattered
intensity /(q) was detected by a position-sensitive proportional
counter (PSPC) with 512 channels over a range of 0.01 to
0.25 A~ in g, where g is the magnitude of the scattering vector,
defined by (4w/A)sin(A/2) and 6 is a scattering angle. The
details of the instrumentation and the procedure are described
elsewhere [12]. Effects of slit-length and slit-width on the
scattering curves could be neglected, because the size of the X-
ray beam at sample position was small enough compared with
sample to camera distance.

In general, scattering from polymer chain in solution is due
to intramolecular-interferences within an isolated polymer
chain and intermolecular-interferences between different
polymers. However, if polymer concentration C, is suffi-
ciently lower than the critical concentration C, above which
different solute molecules begin to overlap with each other,
the scattering is predominantly due to intramolecular-inter-
ferences, except at an extremely small g. Cif was estimated
with the relation [13,14]:

M
e = 5
p 47T<Ré>3/2NA [7’]] ) ( )

where M is the molecular weight of polymer and <Ré> is the
mean-squared radius of gyration of a polymer chain and Ny is
the Avogadro’s number. The samples for SAXS were
prepared so that their C, would be sufficiently lower than
the corresponding Cg (Table 1). Therefore, I(g), which was
registered on a relative scale, not on an absolute scale, was
allowed to be multiplied by a constant factor for comparison
with theoretical curves.

2.3. Intrinsic viscosity [n]

Viscosity was measured with Ubbelohde-type capillary
viscometer for PTC, ATC and CTC in DOX, DMF and
NMA solutions in the temperature domain of 20 to 60 °C.
The data was plotted in the forms of Huggins-plot #g,/C,
vs. Cp,, Fuoss-Mead plot In#,e/Cp, vs. C, and Billmeyer plot
{Z(nspflnnre])}” 2 ys. Cp, where 7, and #, are specific
viscosity and relative viscosity, respectively. [n] was
determined as a common intercept of these plots in the
extrapolation of C, to 0.

3. Theoretical background for treatment of SAXS data

3.1. Evaluation of mean-squared radius of cross-section of a
polymer chain,<RZ,>

As is shown below, P was evaluated on the basis of scattered
intensity /y,;,(¢) for a hypothetical chain with null cross-section.

Therefore, it is necessary for evaluation of P to convert /(g) to

Tinin(Q)-
In general, I(g) for a polymer chain is the product of /y,;,(q)
and cross-sectional factor I (¢) [15]:

I(C]) = [thin(q)[cs (q)a (6)
where I .4(¢g) is given by:

1
oo (-3 R )

For a needle-like molecule,
1
Iinin(q) p )

For a semiflexible chain, Eq. (8) does not hold over a whole
q range. However, if ¢ is confined to a range,

— <L i< > 9)

Iin(q) for the chain is still expressed by Eq. (8). That is,
when I(g) is plotted in the form of In(/(q)g) vs. ¢°, it forms
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Fig. 1. The temperature 7 (°C) dependence of [#] (dl/g) is shown in the form of
(2/3) In[n] vs. T for PTC, ATC and CTC in DOX solution (O) and DMF
solution (A). Symbols square ([]) and cross (X) show theoretical dependences
of <R§>0 in DOX solution and DMF solution, respectively, which were
computed with Eq. (18).
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a straight line in the ¢* range of Eq. (9), the slope of
which is given by —1/2 <R2>. Once <R2> is thus
evaluated, Iyin(g) is given by I(g)exp(1/2<R%>¢*) over a
whole ¢ range.

3.2. Evaluation of P,

P, of a polymer chain is evaluated on the basis of /i;,(¢) with
Methods -I and -II.

3.2.1. Method-I
In this method, P, is obtained by comparing Iyi,(q) with
scattering function P(0) for a wormlike chain [16]:

7

2 4
P(f)) = ﬁ {exp(*u)*l + u} + -+ m

(15L,)

L, = 12
(2pP1) (12
Eq. (10) should be applied under the conditions,

L>10 (13)

(2Pig)*<10 (14)

Method-I was recently applied to analyze the local
conformations of poly(methacrylic acid) [17] and poly
(ethacrylic acid) [18] in aqueous solution.

1 i 7 exp(—u) (10) 3.2.2. Method-I1I
(15L;) * (15Lu) P ’ As is well known [19], Kratky plot I(q)g” vs. g is divided into
Guinier-region atg << 1/ <R§>1 '2 Debye-region at 1/ <R§>1 2<
where parameters u and L, are related to L and P; : g =1/P; and Porod region at 1/P,=¢=1/<R%>''? Eq. (9). In
) Porod region, scattering is due to rodlike local-structure
" :LP 19 (11) and thus I(q) is proportional to 1/g and the plot K(g)g”
3 forms a straight line passing through an origin. The
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Fig. 2. The plot of In(/(q)q) vs. ¢* for PTC: (A) 20 °C in DOX, C,=0.69 g/dl (O); (B) 40 °C in DOX, C,=1.00 g/dl (A), C,=0.50 g/dl (+); (C) 60 °C in DOX,
C,p=0.69 g/dl (x); (D) 20 °C in DMF, C,=0.71 g/dl (0); (E) 60 °C in DMF, C,=0.71 g/dl (4); (F) 40 °C in NMA, C,=1.00 g/dl (X), C,=0.50 g/dl (Z). A
vertical dotted line designates the transition point ¢** between Debye-region and Porod-region, which was decided in Fig. 3-(2).
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transition point ¢* between Debye-region and Porod region
is related to P:

A
Pl:q_*’ (15)

where 4 is a constant. Method-II was applied to evaluate
P, for CTC in DOX [8] and for PL in water [20].

When the conditions Egs. (13) and (14) are satisfied and
value 4 in Eq. (15) is properly assigned, two values of P,
evaluated by Methods-I and -1I should coincide with each other.
As is shown below, two values of P; for PTC as well as for PL
were found to be almost equal when A is assigned to be 2.87,
which was theoretically derived for a semiflexible chain by
Burchard and Kajiwara [21].

4. Results and discussion

In Fig. 1, temperature 7(°C) dependence of [n] (dl/g) is
shown in the form of (2/3)In[#] vs. T for PTC, ATC and CTC in
DOX solution (O) and DMF solution (A). It is clear that [#] for
all samples significantly decreases with raising the temperature,
indicating that not only ATC and CTC but also PTC exhibits the
thermal-induced conformational transition.
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As is well established, [#] is related to <R§> as follows:

3
<R2>3  oB<R2>2
g g0
q )
M M

[n] o (16)
where <R§>0 is <R§> at an unperturbed state and o expansion

factor. From Eq. (16), the temperature dependence of [#] is
expressed by:

20In[y] 5IU<R§> ~ 9Ino? 31H<R§>o

= = 1
3 0T aT aT + aT (17)

For a wormlike chain, <R§>0 is given in terms of P, and
contour length of a chain L [22]:

2 1 2 2P13 Pl L
<Rg>o = 3 PL=P{ + | — I—— | 1—exp ——1
(18)

From Egs. (17) and (18), the temperature dependence of
[1] would indicate that P; or o or both should depend on
the temperature. The temperature dependence of P; for
PTC and ATC was studied below by analyzing the SAXS
data.
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Fig. 3. <(1) The Kratky plot /y,in(¢)g” vs. ¢ for PTC, where symbols in the figure have the same meanings as those in Fig. 2. Solid curve is a scattering function P() for
a wormlike chain, which was computed by Eq. (10) with Py: (A) 45, (B) 44, (C) 42, (D) 42, (E) 35 and (F) 32 A and the contour length L ~2040 A. -(2) The Kratky plot
Lnin(q)g? vs. ¢ for PTC, where symbols in the figures have the same meanings as those in Fig. 2. A vertical dotted line shows the transition point ¢* between the Debye-
region and Porod-region. When evaluated with ¢*, Py is (A) 45, (B) 44, (C) 42, (D) 41, (E) 35 and (F) 30 A.



Y. Muroga et al. / Biophysical Chemistry 121 (2006) 96—104 101

Fig. 2 shows the plots of In(/(q) ¢) vs. ¢* for PTC: (A) 20 °C
in DOX; (B) 40 °C in DOX; (C) 60 °C in DOX; (D) 20 °C in
DMF; (E) 60 °C in DMF; (F) 40 °C in NMA. The meaning of
the symbols in the figure is given in the figure caption. The data
points for different samples begin to show linearity at different
q, depending on the temperatures or solvents, indicating that the
chain flexibility of PTC depends on these factors. In performing
the linear fit, we have taken into account necessary conditions
that the linear region should begin to appear around ¢* in Eq.
(15), which is more easily determined from the corresponding
Kratky plot and, moreover, Eq. (9) should be satisfied in that
linear ¢” range.

<R?>'"2 for PTC is listed in Table 1. With <R2>and P,
which is obtained later, it was confirmed that Eq. (9) is well
satisfied in the linear ¢* range in Fig. 2. In the figure, two data in
(B) at C,=1.00 (A) and 0.50 g/dl (+), and two data in (F) at
C,=1.00 (%) and 0.50g/dl (Z) could be overlapped to form a
single scattering curve by shifting one of the two data along the
ordinate. From this observation and since C, is sufficiently
lower than the corresponding C¥ (Table 1), it is safely assumed
that I(g) for all samples would reflect intramolecular-interfer-
ences within an isolated chain, except in the extremely small ¢
range.

Fig. 3-(1) and -(2) shows the Kratky plots /inin(q)g> Vs. ¢
for PTC, where symbols in the figures have the same
meanings as those in Fig. 2. In Fig. 3-(1), the data was
analyzed with Method-I, i.e. by comparing the observed data
with P(0) for the wormlike chain model, Eq. (10). The best
P, was assigned by trial-and-error under the conditions Egs.
(13) and (14), where L was evaluated to be 2040 A from
M,=2.12x10> and the projection of a virtual bond length
[ onto the persistence length direction, 5.0 A [9]. Solid
curves in the figure are the theoretical curves thus obtained,
where P is : (A) 45+3, (B) 44+3, (C) 4243, (D) 42+3, (E)
35+3 and (F) 32+3 A (Table 1). Downward deviation of the
data from the theoretical curve in a low ¢ range<~0.016 A~
would be due to a limited small-angle resolution and effect of
polydispersity of the sample (M, /M, ~1.2), whereas
downward deviation in a high ¢ range>~0.12 A~ would
reflect that the condition Eq. (14) is no longer satisfied in
the ¢ range. In all samples, P, thus obtained has satisfied
Eq. (13).

In Fig. 3-(2), the data for PTC is analyzed with Method-II. It
is seen that the data in a high ¢ range is well on a straight-line
(solid line) passing through an origin, showing the g range is the
Porod-region, but the data begins to deviate upward from the
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Fig. 4. The plot of In(/(q)q) vs. ¢* for ATC: (A) 20 °C in DOX, C,=1.10 g/d1 (O); (B) 60 °C in DOX, C,=1.10 g/dl (A); (C) 20 °C in DMF, C,=1.00 g/dl (+);
(D) 60 °C in DMF, C,=1.00 g/dl (x); (E) 40 °C in NMA, C,=1.00 g/dl (0), C,=0.50 g/dl (4). A vertical dotted line designates the transition point ¢** between

Debye-region and Porod-region, which was decided in Fig. 5.
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line as ¢ is decreased. Transition point g* (dotted line) between
Debye-region and Porod region was assumed to be equal to ¢
where the deviation appears. Substituting ¢* and 4=2.87 into
Eq. (15), P, is evaluated to be (A) 45+3, (B) 44+3, (C) 42+3,
(D) 4143, (E) 35+3 and (F) 30+3 A (Table 1), which well
agrees with those evaluated by Method-1. ¢** thus obtained is
also marked by a dotted line in Fig. 2, where it is seen that the
datza points show a good linearity in a range of ¢* higher than
q*.

Fig. 4 shows the plot of In(/(q)g) vs. ¢ for ATC: (A) 20 °C in
DOX; (B) 60 °C in DOX; (C) 20 °C in DMF; (D) 60 °C in
DMEF; (E) 40 °C in NMA, where two data in (E) at C,=1.00 (<)
and 0.50g/dl (+) were overlapped. The resultant <RZ>''? is
listed in Table 1 and the Kratky plot Zpin(¢)g> Vs. ¢ is shown in
Fig. 5. Here, the condition Eq. (13) was not satisfied for any
samples and thus the SAXS data was analyzed with Method-II
only. In Fig. 5, the transition point ¢* between Porod-region and
Debye-region is marked by a dotted line. With ¢* and 4=2.87,
P, is estimated to be (A) 64+3, (B) 56+3, (C) 49+3, (D) 45+£3
and (E) 32+3 A (Table 1). In Fig. 4, ¢** is marked by a dotted
line.

The result in Table 1 clearly shows that P, for both PTC and
ATC decreases as the temperature is raised and P, in DOX> P,
in DMF>P; in NMA and P, of ATC> P, of PTC as far as they
are compared at the same temperature and solvent. These results
may suggest that intramolecular hydrogen bonds are formed

[=]
Q. o

T T 1 T 1 T 1
0.064 0.086 0-128 0.160

q(A~1)

.000'  0.032'

Fig. 5. The Kratky plots for ATC, where symbols in the figures have the same
meanings as those in Fig. 4. A vertical dotted line shows the transition point ¢g*
between the Debye-region and Porod-region. When evaluated with ¢*, Py is (A)
64, (B) 56, (C) 49, (D) 45 and (E) 32 A.

between carbanilate groups neighboring along the backbone
chain. In order to confirm the validity of the suggestion,
therefore, our attention was directed to examining whether P,
for PL having no carbanilate groups is independent of the
temperature and solvent.

Fig. 6 shows the plot of In(/(¢)q) vs. ¢* for PL: (A) 25 °C in
WAT; (B) 25 °C in DMF; (C) 60 °C in DMF, where two data in
(A) at C;=0.50 (O) and 1.00 g/dl (A) were overlapped. The
data points begin to show a linearity at a higher ¢* compared
with PTC (Fig. 2) or ATC (Fig. 4), indicating that PL is a more
flexible chain than PTC or ATC. The resultant <R§S>1/ 2 was
roughly estimated to be 5.1+1.0 A (Table 1) under all conditions,
which was larger than that for unsolvating molecule, 2.3 A [23].
In Fig. 7-(1), the Kratky plot /in(¢)g” Vs. ¢ for PL is compared
with P(6) (solid curve)of a wormlike chain with P, of 23+3 A for
all samples (Table 1), where the contour length L ~3086 A was
evaluated from M,=1.0x10° and /=5.0 A [9]. In Fig. 7-(2), it is
shown that the transition point ¢* is decided as is marked by a
dotted line, and from ¢* ~0.13 A~ " and 4=2.87, P, was roughly
evaluated as 22+4 A for all samples (Table 1), which is in
agreement with P evaluated with Method-I.

To be noted here, PL is so flexible and the linear regions
for PL in Figs. 6 and 7-(2) are so limited that <R2>'% and P,
for PL, especially for data (C), in Table 1 would include
comparatively larger error. As is shown in (D) in Figs. 6 and
7-(2), however, the plots for all data (A), (B) and (C) could
be satisfactorily overlapped to form a single curve, at least,
except in extremely small ¢ region, by shifting them along the
ordinate and by multiplying them by a factor, respectively.
This result would show that the local conformation of PL,
characterized by <R2>'’? and Py, is substantially independent
of temperature and solvent and thus the temperature and
solvent dependence of P, for PTC and ATC would be due to
the intramolecular hydrogen-bonds formed between the
carbanilate groups.

With Py given in Table 1,<R7>, for PTC and ATC was
computed by Eq. (18), assuming that the sample has mono-
dispersed molecular-weight of M, and L can be estimated from
M, together with /=5.0 [9] and 4.4 A [24], respectively. Dayan
et al. [25] have indicated that, for CTC with molecular-weight
distribution of Schulz type, calculations assuming a mono-
dispersed sample of M, and [#] give a good approximation for
P,. The computational results, after shifting along the ordinate,
are shown in Fig. 1 by symbol square (LJ) in DOX solution and
crosses (x) in DMF solution, where solid a line is drawn as a
guide to see the tendency shown by each data set. It is clearly
shown that the temperature-dependence of <R§>0 well agrees
with that of [n]. As a consequence, it is concluded that the
conformational transition of PTC and ATC is ascribed to a
change of P; and the excluded-volume effect would be
negligible or invariable, at least, in the molecular-weight
range of the samples employed.

Such a change of P, with temperature is consistently
understood if there exists a scheme that intramolecular
hydrogen bonds are formed between carbanilate groups
neighboring along the backbone chains, but they are gradually
and cooperatively collapsed as the temperature is raised. This
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Fig. 6. The plot of In(/(q) ¢) vs. ¢* for PL: (A) 25 °C in WAT, C,=0.50 g/dl (O), C,=1.00 g/dl (A); (B) 25 °C in DMF, C,=1.00 g/dl (+); (C) 60 °C in DMF,
C,=1.00 g/dl (x). A vertical dotted line designates the transition point ¢** between Debye-region and Porod-region, which was decided in Fig. 7-(2). In D, all
data (A)~(C) are overlapped to form a single curve by shifting them along the ordinate.

scheme is supported by the studies [4] on the physical properties
relating to the overall chain-dimension of ATC and CTC.

5. Concluding remarks

The thermal-induced conformational transition for PTC and
ATC from an expanded form to a compact form was clarified
from the temperature dependence of [n] in the temperature
domain of 20 to 60 °C. It was shown that P; decreases as the
conformational transition proceeds and the temperature depen-
dence of [n] is well elucidated in terms of temperature-
dependent P; with the wormlike chain model. From the results,
it is suggested that intramolecular hydrogen bonds would be
formed between carbanilate groups neighboring along the
backbone chain, but they are gradually and cooperatively
collapsed as the temperature is raised, inducing the conforma-
tional transition.
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