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Synopsis 

The compatibility of poly(y-butyl glutamate)/poly(y-benzyl glutamate) blend was examined 
by the estimation of the side chain dispersion of polypeptides in terms of the condition of 
preparation of blend films and the blend ratio. The polypeptide blend prepared for very short 
casting time exhibited a n  apparent Compatibility. On the other hand, the polypeptide blend 
cast for long time did show incompatibility, irrespective of the blend ratio or mole fraction. 
The structures of the separated phase changed around mole fraction of 0.5 with the increasing 
mole fraction. The poly(y-butyl glutamate) island phase transformed into the poly(y-benzyl 
glutamate) island phase with increasing mole fraction of poly(y-benzyl glutamate) according 
to the calculation of the simple island-matrix model by Takayanagi et al. 

INTRODUCTION 

The compatibility of many flexible polymer blends is summarized by 
Krause.' Many compatible polymer blend systems have been discovered, 
and study on the compatibility of new blend systems has been continued. 
However, it focused our attention to the flexible polymer blends. It is nec- 
essary to study the compatibility on the blend of rigid rod polymer and 
flexible polymer and that of rigid rod polymers from the standpoint of an 
application of polymer materials. 

Here, our trial to understand the compatibility of blends of rigid rod 
polymers was performed for the a helical poly(y-butyl glutamate) (PBuG)/ 
poly(y-benzyl glutamate) (PBeG) blend. One has to take into account the 
intermolecular mixing of the side chain attaching to each a helix, when 
considering the compatibility of the rigid rod polypeptide blends. It is val- 
uable to examine the side chain dispersion ascribed to the micro-Brownian 
motion of the side chain region in order to check the intermolecular mixing 
of the side chain. 

One of authors reported that the o helix of copoly(buty1-L-aspartate- 
benzyl-L-aspartate) could form the intramolecular stacking between the 
butyl group and the benzyl group.2 The formation of the stacking suggests 
an intact affinity of butyl group and benzyl group, although these groups 
are forced to attach much nearer to a back bone a helix. One might expect 
the mixing of these two groups in the side chain. 
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In the present paper we studied the compatibility of PBuG/PBeG poly- 
peptide blend. Since the a helix of two-component polypeptides remains 
unchanged by blending, the compatibility of polypeptide blends is charac- 
terized by that of the side chain of polypeptides. Therefore, the characteristic 
point is whether the entire intimate mixing between the side chains be- 
longing to each a helix is possible or not, differing from the compatibility 
of a segment unit of flexible polymer blends. From these standpoint, the 
compatibility was determined by either single or double side chain disper- 
sion. It was found that the compatibility of these blend systems depended 
upon the casting condition of a blend preparation. Furthermore, structural 
change in incompatible phase due to compositions was proposed by the 
island-matrix structural model. 

EXPERIMENTAL 

PBuG was synthesized by an  ester exchange reaction of poly(y-methyl 
glutamate) by n-butyl alcohol. It was 9&99% butylation and density of 
1.156 g/cm3. N-carboxy-y-benzyl glutamate anhydride (NCA) was obtained 
by Leuch’s m e t h ~ d . ~  The purified NCA was polymerized in about 5% (w/ 
v) ethylene dichloride (EDC) solution, using triethylamine as the initiator. 

PBuG and PBeG was solubilized in EDC as a cosolvent and PBuG/PBeG 
blend films with various compositions were cast from EDC solution (3 wt 
%) for different casting times at room temperature. All the polypeptide 
blend films were immersed in methanol after casting and residual EDC 
solvent was gotten rid of. 

Dynamic viscoelastic measurements were carried out on Reovibron DDV- 
I1 (Toyo Baldwin Co., Ltd.) at a frequency of 110 Hz over a temperature 
range from -30°C to 40°C at the heating rate of about 2Wmin. 

The differential scanning calorimeter (DSC) used in this study was the 
standard type DSC of Rigaku Denki Co., Ltd. DSC thermograms of specimens 
of 25-30 mg were obtained at the sensitivity of k0.5 mcal/s and at the 
scanning rate of 5”C/min. 

RESULTS AND DISCUSSION 

It is well known that the side chain dispersion of polypeptides behaves 
very similarly to the primary dispersion (glass transition) of flexible poly- 
m e r ~ . ~ ~  The appearance of single or double side chain dispersion was ex- 
amined in order to investigate the compatibility of polypeptide blend, as 
the compatibility of flexible polymers was estimated by the primary dis- 
persion. 

The side chain dispersion of PBuG/PBeG (1/1) polypeptide blends which 
were prepared by cast method varying casting time, e.g., 7 h, 2 days, and 
12 days was measured by Reovibron DDV-I1 at the frequency of 110 Hz and 
over the temperature range from -30°C to 40°C. Temperature dependence 
of tan 6 of each polypeptide blend was shown in Figure 1. PBuG/PBeG 
polypeptide blend of casting time 12 days exhibited double side chain dis- 
persion at -13 and 35°C. These temperatures correspond to the 
temperature of the side chain dispersion of homopolypeptides, PBuG and 
PBeG, -13 and 38”C, respectively. This is indicative of existence of two 
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Fig. 1. Temperature dependence of tan 6 of poly(y-butyl glutamate)lpoly(y-benzyl gluta- 
mate) blend (l/l). Casting time: (0) 7 h; (A) 2 days; (0) 12 days. 

separated phases which nearly consist of homopolypeptide of PBuG or 
PBeG. The side chain dispersion peak around -13°C decreased as casting 
time of polypeptide blend is shorter. PBuG/PBeG polypeptide blend of cast- 
ing time 7 h exhibited a shoulder around -13°C and the rather broad 
dispersion around 25"C, indicating a tendency to a single side chain dis- 
persion peak. Similar phenomena for poly(y-methyl glutamate)/PBG poly- 
peptide blend are observed by a dielectric dispersion m e t h ~ d . ~  This suggests 
a compatible PBuG/PBeG polypeptide blend, when casting time is very 
short. In fact, the solution of this blend is so transparent even in concen- 
trated solution that the blend is considered to be compatible in very con- 
centrated solution. The PBuG/PBeG polypeptide blend became 
incompatible as casting time increased. Therefore, this polypeptide blend 
is thermodynamically incompatible system in the solid state. It is considered 
that the PBuG/PBeG polypeptide blend of a very short casting time is 
apparently compatible, but it is in unstable and nonequilibrium state. Al- 
though copoly(buty1-L-aspartate-benzyl-L-aspartate) could form the o helix 
containing the stacking between the butyl group and the benzyl group and 
there seems to be strong interaction between them: it was not so strong 
for PBuG/PBeG polypeptide blend; but this blend system was phase-sepa- 
rated. 

DSC thermogram of PBuG/PBeG (1/ 1) polypeptide blend of casting time 
7 h was demonstrated in Figure 2. An exothermic peak (AH = 0.1 cal/g) 
appeared at 121.5"C, indicating that unstable and compatible PBuG/PBeG 
polypeptide as-cast blend transformed into incompatible in the solid state 
and separated phase corresponding to the thermodynamically stable state. 
Such a phase transition is likely to be caused by a helix molecular motion 
which is enhanced above 120°C. Two kinds of viscoelastic crystalline relax- 
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Temp. PC 1 
Fig. 2. DSC thermogram of poly(y-butyl glutamate)lpoly(y-benzyl glutamate) blend (1/1) 

of casting time 7 h. 

ation observed for poly(y-methyl glutamate) around 140-190°C are ascribed 
to the migrational slip or rotational motion of a helix and to the accor- 
dionlike torsional extension or bending motion of the a helix core, respec- 
tively.lOJ1 Thus the phase transition from unstable compatible phase to 
stable incompatible phase takes place easily under a helix molecular mo- 
tions above 120°C. The exothermic peak disappeared for PBuG/PBeG poly- 
peptide blend cast for long time. In other words, separated PBuG/PBeG 
polypeptide blend did not exhibit the exothermic peak any more. 

The compatibility of PBuG/PBeG (1 / 1) polypeptide blend was determined 
by casting condition and casting time. This blend system was thermodyn- 
amically incompatible. Next we study the compatibility of PBuG/PBeG 
polypdptide blend with various compositions prepared with a casting time 
of 4 days. Temperature dependence of the storage modulus E and tan 6 of 
PBuG/PBeG polypeptide blend with mole fractions of PBeG, 0.1, 0.3, 0.5, 
and 0.8, is shown in Figure 3. All the polypeptide blends exhibited two 
dispersion peaks corresponding to the respective side chain dispersion of 
PBuG and PBeG. This suggests the existence of two separated phases close 
to the pure component of PBuG and PBeG, irrespective of the mole fraction 
of the polypeptide blend. The dispersion temperature corresponding to max- 
imum tan 6 was almost the constant, -13”C, while the dispersion temper- 
ature around 35°C lowered gradually with increasing mole fraction of PBuG, 
indicative of the compatibility of a small amount of PBuG to the PBeG- 
rich separated phase. The storage modulus of the blends ranges from that 
of PBeG to that of PBuG at the temperature range -3630°C. 

A trial to interpret the structure of the separated phase was performed 
by using the mechanical model of Takayanagi et a1.12 and the value of the 
storage modulus obtained here. Two separated phases of PBuG/PBeG poly- 
peptide blend are treated as the so-called island-matrix model as shown in 
Figure 4. The storage modulus of phase-separated PBuG/PBeG polypeptide 
blend is calculated as follows; 

A Z E A E ,  
E = A I E b + f E ,  

1 A f fZEB 

where h is the volume fraction of the series part in the mechanical model 
as shown in Figure 4@), f is the volume fraction of parallel part, and 
EA and EB represent the storage modulus of phase separated A and B phase, 
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Fig. 3. Temperature dependence of storage modulus E' and tan 6 of poly(y-butyl gluta- 

mate)/poly(y-benzyl glutamate) blend with mole fraction 'p of poly(y-benzyl glutamate): (0) 
0.1; (A) 0.3; (A) 0.5; (0) 0.8. 

respectively. The values of A and f a re  evaluated by the mole fraction and 
those of EA and Eb at certain temperatures were experimentally obtained 
from Figure 3. Figure 5 shows the calculated storage modulus of polypeptide 
blend studied here, where the PBuG island phase in the PBeG matrix phase 
is represented by broken lines and, vice versa, the PBeG island phase in 
the PBuG matrix phase by solid lines. Experimental results of the storage 
modulus at -10, 10, and 30°C (0, 0, and a> represent roughly the inverse 
sigmoidal shape. On the other hand, the calculated curve is the monotonous 
increasing function against the mole fraction. It might be concluded that 
the PBuG island phase in the PBeG matrix phase (---I is formed in a small 
mole fraction region up to 0.5 and inversely it transforms into the PBeG 

Fig. 4. (a) Island-matrix model and (b) equivalent mechanical model; A-volume fraction of 
series part, f-volume fraction of parallel part. 
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Fig. 5. Plot of the calculated storage modulus of poly(y-butyl glutamate)lpoly(y-benzyl 

glutamate) blend against mole fraction of poly(y-benzyl glutamate); (-4 PBuG island in PBeG 
matrix phase; (-4 PBeG island in PBuG matrix phase; (0) -10°C (0) 10°C; 0 30°C. 

island phase in the PBuG matrix phase (4 in a larger mole fraction region, 
when the experimental and calculated curves of the storage modulus are 
compared. Namely, the reversal in island-matrix phase was considered to 
take place around the mole fraction of 0.5. 

In a real PBuG/PBeG polypeptide blend, a separated phase is likely to 
be very complicated. Although the present island-matrix model can qual- 
itatively interpret the storage modulus-mole fraction curve by the me- 
chanical model of Takayanagi et a1.,12 it is necessary to consider that we 
do not treat only two separated phases as the each pure component of PBuG 
and PBeG, but also those as the PBuG-rich and the PBeG-rich phases. 
Moreover, as a further study, we will have to confirm the existence of the 
separated phase and also the reversal in the island-matrix phase by electron 
microscopic observation. 

CONCLUSIONS 

PBuG/PBeG polypeptide blend was thermodynamically in the incom- 
patible system in the case of the blend prepared by the relatively long 
casting time. Apparently compatible polypeptide blend could be obtained 
when cast by a very short casting time. 

The PBuG/PBeG polypeptide blend prepared by a long casting time was 
phase-separated, irrespective of mole fraction. The storage modulus of the 
phhse-separated PBuG/PBeG polypeptide blend vs. the mole fraction was 
qualitatively well explained by the simple island-matrix model of Takay- 
anagi et a1.12 The reversal in the island-matrix separated phase was ex- 
pected to take place around the mole fraction of 0.5. 
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