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ternuclear distances, the predicted line width becomes = 4 
Oe. We tentatively conclude, therefore, that a t  20 "C we were 
able to observe only the 31P nuclei in amorphous regions of the 
sample, in which a partially narrowed line would be expected. 
The 31P line was very easily saturated, so a poor signal-to-noise 
ratio precluded observation of the broader, crystalline line 
predicted hy the calculation. 

The 31P line narrows to 1.1 Oe when the temperature is 
raised to 120 "C, indicating the presence of rapid motion. One 
of the simplest models for such motion is rotation about the 
backbone axis. If y; is the angle between the axis of rotation 
and the line which links the 31P nucleus under consideration 
and the nucleus i, the second moment in the presence of 
rotation, M b t ,  may he written16 
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A Large Single Crystal of Poly(y-benzyl L-glutamate) 

where MRL,~ is the contribution of nucleus i to the "rigid lat- 
tice" second moment. Equation 1 presumes the axes of rota- 
tion have random orientations relative to the external mag- 
netic field, as in a polycrystalline sample. 

We assume the side groups make a negligible Contribution 
to M R ~ ~  because of their high degree of motion. The 31P-31P 
and 31P-14N distances used in the M R L , ~ ,  and the cos yL ,  are 
determined from the data for [FzPN],.'5 We let the sum in 
eq 1 run over the two nitrogen and two phosphorous nuclei 
which are nearest the 3IP nucleus under consideration, and 
which ai-e on the same backbone. The result is M R ~ ~  = 0.50 
Oe2, which corresponds to a Gaussian line width of 1.4 Oe. 

This estimate is in reasonable agreement with the experi- 
mentally determined 1.1 Oe, suggesting strongly that segments 
of the polymer backbone go into rapid motion at  temperatures 
above Tfl). By "rapid" we mean that the correlation fre- 
quency of the motion exceeds 5 kHz. Such rotational motion 
in the mesomorphic state will appear as loss of static order in 
the chain axis direction hut will not affect order in the plane 
perpendicular to the axis. Thus the NMR results provide a 
convenient interpretation for the x-ray results for the meso- 
morphic state. A dynamically disordered pseudohexagonal 
structure might he expected from the essentially cylindrical 
volume which molecules with rotating segments would occupy, 
similar to that found4 for the meta and para isomers of poly- 
[his(chlorophenoxy)phosphazene]. 

We thank Drs. R. E. Singler and G. L. Hagnauer for sample 
preparation and characterization. More comprehensive NMR 
measurements, emphasizing pulse techniques, are being un- . .  
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The study of synthetic high polymers by x-ray methods 
encounters special difficulties, which arise mainly because 
these substances cannot he obtained in the form of well.de. 
veloped single crystals large enough to he investigated by usual 
x-ray diffraction techniques.12 

In spite of extensive efforts for preparation of large single 
crystals of synthetic polymers for polymer crystallography, 
by a number of investigators, such crystals have been reported 
only for poly(ethy1ene oxide) complexes with urea3 and mer- 
curic chloride.4 

The crystal and molecular structures of synthetic poly- 
peptides have been studied by x-rayF.6 electron diffraction,? 
and infrared (IR) absorption spectroscopy.s Poly(y-benzyl 
L-glutamate) (PBLG) +CHR-NH-CO+, (in which R = 
CHZCHZCOOCHZC~H~) was the first synthetic polypeptide 
to be obtained in a highly oriented form, giving a striking x-ray 
diffraction pattern and polarized infrared spectrum. These 
results indicated that the PBLG fiber took the a-helical 
conformation with an identity period of 27 A, and that the 
packing of the molecules was shown to he nearly, hut not ex- 
actly, hexagonal with a repeat length of 15 A . 9 3  

In most of the polypeptides examined, however, only the 
conformation of the backbone has been determined, the 
precise arrangement of the atoms in the side chain being un- 
known 
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polymerizing highly purified y-benzyl L-glutamate N-car- 
hoxyanhydride in dichloroethane with triethylamine as ini- 
tiator." The intrinsic viscosity of the resultant polymer was 
[q] = 1.336 dL/g in dichloroacetic acid at  25 "C. corresaonding 
to a wt 105 
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his communication, we should like to report some p 
ry results on a large single crystal of PBLG. 
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?ight-av&age molecular weight a, ='ea. 2.41 X 
!of polymerization DP, = ea. 1100), estimated from 
ity et  a1.,'2 

[q] = 2.78 X 10-51?w0.87 (1) 
The large single crystals of PBLG were successfully pre- 

pared from a chloroform solution of PBLG by concentrating 
very gradually at  room temperature. These crystals were 
grown from the viscous residue of this polymer. 

Figure 1. Polarized optical micrographofthe singlecrystal ofpoly(y- 
benzyl L-glutamate). 
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1400 cm-1, which are mostly characteristic of the individual 
molecules, coincide essentially in position with those of the 
residue in Figure 2B except for the amide V hand (703 cm-') 
and the ester C-0 stretching band (1180 cm-I). 

On the contrary, the amide I, 11, and V hands, which depend 
upon the molecular conformation, split markedly from their 
original positions, indicating that the molecular conformation 
in the single crystal is different from that of the residue in 
Figure ZB. In addition, it seems that the ester hands of the 
single crystal shift to 1703 and 1180 cm-I. 

These results give evidence that the single crystal surely 
consists of PBLG molecules and that it takes an ordered 
structure hut not an a-helical conformation. 

Figures 3A and 3B show the x-ray rotation photograph 
around the longest axis of this single crystal and the fiber 
pattern of oriented PBLG, respectively. The latter was pre- 
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pared from a solution in chloroform and subsequently heated 
in vacuum for 10 h a t  170 "C and shows the characteristic 
features of a-helix. The diffraction spots of the single crystal, 
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Figure 2. Infrared absorption spectra of (A) the single crystal, and 
(B) the residue of poly(y-benzyl L-glutamate) prepared from a chlo- 
roform solution of this polymer, using the potassium bromide disk 
method. 

Figure 3. (A) X-ray rotation photograph around the longest axis of 
the single crystal, and (B) the fiber pattern of the oriented poly(y- 
benzyl L-glutamate) monofilament. Cu Ka radiation (Ni filtered), 
cylindrical camera. 

Figure 1 shows the polarized optical microphotograph of 
this crystal. The crystals had the form of slim rods or thin 
plates, the largest of which was ca. 2 cm X 0.3 cm X 0.05 
cm. 

Figures 2A and 2B show the infrared absorption spectra of 
the single crystal and the residue of PBLG respectively using 
the potassium bromide disk method. The latter is quite the 
same as that of a-helical PBLG in the solid state or chloroform. 
solution, giving the characteristic hands of the a-helix;'3 Le., 
1736 cm-'(ester C=O), 1653 cm-'(amide I), 1550 cm-'(amide 
II), 1495 em-'(phenyl AI), 1450 cm-'(phenyl Bd, 1167 
cm-'(ester C-0 stretching), ca. 700 cm-1 (phenyl Bz),  and 614 
cm-'(amide V) from the high-frequency side, respectively. 
On the other hand, the spectrum of the single crystal (Figure 
ZA) is somewhat different from that of the residue (Figure 2B). 
The absorption bands of the single crystal in the region below 

on the other hand, were indexed with monoclinic lattice of the 
cell dimensions a = 5.52 A, b = 5.11 A, c = 22.25 A, and 0 = 
97.8", which was confirmed from both the Weissenberg pho- 
tograph of the equatorial plane of the reciprocal lattice and 
the rotation photograph around the shortest axis. The x-ray 
results show, in agreement with the IR results, that the single 
crystal of PBLG has a crystal lattice different from that made 
1 ~p of a-helices. 

It may be interesting that although the molecules are a- 
ielical in the viscous residue from which the crystals have heen 
 own, they have another conformation when they pack in the 
;ingle crystal grown from the same solvent. The reason why 
,he differences of molecular conformation and crystal struc- 
;ure occur will he solved by clarifying the mechanism of single 
:rystal formation and by analyzing the detailed structure of 
.he single crystal. 

Detailed x-ray analysis of this crystal and attempts to ob- 
;ain analogous large single crystals of other synthetic poly- 
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