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Cholesteric pitch (P=2rd 9J was measured for aqueous solutions of a triple-helical polysac- 
charide schizophyllan as a function of temperature (7). concentration (c) and molecular 
weight (Mv). qc was substantially independent of M, but changed with T and c. At higher 
temperatures, q,changed monotonously with T but showed a sudden decrease around 7-18°C 
on lowering T, which was due to the order-disorder transition of aqueous schizophyllan.. The 
concentration dependence of 9c for D20 solutions in the high temperature disordered state is 
the same as that for H20 solutions, and interpreted theoretically using the threaded effective 
freely jointed chain model. On temperature jump experiments, 9c did not follow immediately 
T, but changed with the time elapsed. The relaxation time t,h was less than a few minutes. 
Since the conformation of the triple helix follows T much faster than Tch. this relaxation 
comes from rotational diffusion of the triple helix. 

Keywords: Cholesteric pitch; rodlike polymer; liquid crystal; polysaccharide; temperature 
jump 

1. INTRODUCTION 

[ 132911373 
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remarkably on solvent and molecular weightz At low temperatures en ordered 
structure is formed around the helix core of side chains and nearby water 
molecules, which is destroyed as the temprraaae is raised. The transition is 
h@ly cooprrative as Mad from the remakable molecular weqght dependarce, 
but little dependna m concentrstion, indicating the microsccrpic shucture 
smuading the helix is determined by temparatlrrt (in D20 than H,O) 
hspective of concentration. An aqueous solution fonns a cholesteric mesophase 
at higher concentrations due to the chirality of the helix3 and its cholesteric 
pitch, a macroscopic property, changes with the orderd~sorder transition, a 
microscopic st~cture .  This reveals a clear corn- between the 
microscopic shuchm and cholcsteric pitch, a macroscopic propaty. It has been 
found the microscopic slmctme follows quickly the temperame but the 
macroscopic property, cholesteric pitch, is delayed behind the tempemtm change. 
The present shdydiscusses this structural cam- enddymmc featwe in 
detail with the results on solutions of schmphyllaa in H20 and DzO. 

2. EXPERIMENTALRESULTS 

2.1 Orderdisorder transition in H20 and 40 

Figure 1 shows plots of [ a ] against tcqantw for equeous solutions (H,O, 
ca. Iwt?h) of s c b o p h y l h  of different molecular wew (My=viscosity-average 
molecular weight), exhibiting the transition between 3 end 8 t .  The transition 
was also detected by excess heat capacity (AC& as shown m Figure 2; the 
transition tanperaaae Tc is around 1 8 t  for the higher molecular weight sample. 
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Figure 1. Orderdisorder bunsition m schlzophyllan-H20 (lwt?h) 
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CHOLESTERIC PITCH OF AQUEOUS POLYSACCHARIDE [ 133 Ill375 

These results confirm the previous fmdind that Tc is about 12°C higher m DzO 
than HzO but depends slightly on canccntratim. Figure 3 shows the temperature 
dependence of cholesteric wavenumber qc for D20 and H,O solutions (4, =2 K lP, 
P = cholesteric pitch). In both solutions, q. changes drastically in the transition 
region, following closely the structure changes detected by optical ~~tation(OR) 
and heat capacity as shown in Figures 1 and 2. It is shown that q, changes 
linearly with ]/Tat high temperalums in the disordered region. Figure 4 shows 
the concentration dependence of cholesteric wavenumber qc schlzOphyllan-H20 
and -D20 solutions at 25°C. The data points for the two solvents form a s@e 
composite curve, exhibiting no isotope effect and molecular weight dependence. 
This behavior of qc in the disordered region is essentially the same as usual 

0 ~-160,oOo 
k 

Figure 2. 

T I K  

Excess heat capcity of schmphyllan-D20 sohth3. 

Schizophyllan - D20 
w = 0.318 
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Figure 3a. Cholestnic wavenumk of schizophyllan-D20 s o l u t i ~ .  
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polymer c h o l e s ~ c  
solutions4 

. - ,  
5 . 
p‘ 

10 

5 

H - 
c 

1 

0.3 

1.5 

0.5 

0 
-5 0 5 10 15 20 

T I “C 

schirophyllan-waler (25.C) i 

6 20.8 
17.0 

0 15.2 
11.6 

25 30 

0.1 0.2 0.3 0.4 0.5 

clgcrn-’ 

Figure 4. Concentration depe&me of cholesseric wavmumk for 
schlzophyllan-H20 end schizophyllanH20 solid curve, lheadcal values’ 

2.2 T e m p e r a t u r e j u m p ~ e n t s  

whan the temperature of a solution was changed suddenly, q. did not follow it 
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immediately. Figure 5 illustrates the time courses q,,,(t) of cholesteric pitch for 
the raising (25"C+8O"C) and cooling (tW"C-25"C) for a solution of sample 
S21(Mr208,000) (4.225). In either case, the transient cholesteric 
wavenumber qm(t) changes rapidly in the initial stage and tea& to level off to 
the equilibrium value qo where t is the time elapsed after the temperatme jump. 
In both cases, initial course is expressed by a surgle exponeatd decay of the 
correlationtime rd: 
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Figure 5. Transient cholestaic wavenumber on temperahae jumps. 
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Figure 6. Time course of q,,,(t) on heating. Curves. f i t h ~ ~  to eq. (1) 
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Figure 6 mumarks the results fiom the raisiug (25c480c) expuimcnts for 
this samples, where the curves npnsent the values fitted to eq. (1). similar 
results werc obtained h cooling experiments but at lower concentrations. All 
the results were fitted to eq. (1) to estimate relnxaticm time r A. Figwe 7 
shows the relaxation time data as hctiom of c. It is seen that 7 rh decreases 
with c and is lower on raising than on cooling. Figure 8 shows the results on 
three dSercnt samples on cooling fiom 80°C to Zc, where q&) is mpressd 
by a sum of two cqomntd decays ( r I' and r &*). The shorterrelaxehon 
time 7 cb' behaves similarly to r A as m Figure 7 ( d e r  symbols). On the 

0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 

c 1 g emJ 

Figure 7. Relaxation timea r, and k' for the fast procasa on 
heating and cooling. Smaller symbols, complicated relaxation. 
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from 80.C to 25°C 

O.1 
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Figure 8. Complicated relaxation8 of d 9  0x1 coo-. 
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other hand the slower relaxation time s &* increases with c as seen in Figure 9. 
It is remarked that in the transition region, a temperature jump as small as 2°C is 
enough to induce a sisruficant change in qc. 
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Figure 9. Conenhation dependence of T&* for the slower relaxation. 

3. DISCUSSION 

3.1 StaticAspects 
We have derived a theoretical expression for qc assuming that threaded 

equivalent h l y  jointed chain with the segment length K interact each other 
with the dispersion en- of osipov:’ 

where ,I. (of the order of unity) and 6 * are numerical coefficients and S and $I 
are the orientatid order parameter (nematic) and volume fraction of the 
polymer, respactively, A is the depth of the bead and 12(S) is a known function 
of 5’4 The solid curve in Figure 4 represents the theoretical values for qc 
calculated with 1 A40.0581 and 6 * = 0.162., which fits all the data points 
closely. This is consistent with the fact that q. in the disordend state resembles 
those for usual polymer cholesteric solutions. On the other hand, as seen in 
Figures 3, qc in the ordered state is much lower than that in the disordered state 
&scussed above. Since the front factor of eq. (2) is coI1sidcTcd to be insensitive 
to temperature, h s  difference. is ascribed to the second factor. The following is 
a tentative explanation of this difference. In the dtsordered state, the side chains 
of schmphyllan triple helix form a deep groove with larger attractive energy. In 
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the ordered state, this groove is fad with ordered water molecules and the triple 
helical rod becomes mom smooth, ducing bothit A and 6 *. A more 
quantitativeamwrforrZ A and 6+willbeobtaimdbyanalyzingqcvscdata 
in this tcmperaanr reglonaccodmg to eq. (2). 

3.2 Dynarmc Aspects 
As shown in Section 2.2, transient cholcstcric wavenumber qm(f) does not 

follow the temperatwe change immediately, but is expressed by eq. (1). 
Observations of a multi-domain cholesteric phase by polarization microscopy 
showed that on the temperature jump the cholesteric pitch changed t o d  the 
equilihum value but the Orientation of the domaim WBS almost unchenged. A 
theontical consideration of this behavior is attempted using a c4mtinuum theory 
approach. Here we. assume that a cholestuic specimen is divided into sub- 
domains with plains perpendicular to the cholesteric axis separated by a 
characteristic length 1,. In each Luknhmm ' the triple helical molecules undmgo 
rotational diffusion toapproach step by stepto thenew equllibrilrm orientation. 
Eventually the system comes close to the eqdibrium state except for some 
defects in the bomdary regions. Thus the rotational diffusion is the rate 
dctcmmq process for the transition fiom one orimtation state (c- ' b y  
one value of qc) to the other. 'Ihe defects are eventually absorbad into the bulk 
phase., leaving some hntinuit ies as their traces. From this idea an equation for 
rd in terms of 1, is derived. predicting a linear cmlation of rd with 1, 2. 

From the observed r* 1, is found to be m the range between 1 to 4 p wd0.62 
a d  2 p, for the heating and cooling, respcct~vely. On heatmg Id is nearly 
equal to the sbw@ pitch, whenas on coolmg 1, is abuut 1/3 of the starting pitch. 
It is reaJonable that 1, is of the order of I! In h s  case there is an overshoot 
followed by the fast and slow relaxations. No molecular machanism is as yet 
elucidated. 
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