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area under the melting curve with phase phase index. It is likely that the orien- amorphous phase indices of PET fibres 
indices. The peak areas have been ted amorphous regions of the samples from d.t.a, thermograms directly. 
measured as shown in F~ure ! for a attain a higher order of perfection with 
sample of draw ratio 5.0. Appropriate increasing temperature at a heating rate 
correction factors have been used for of 20°C/min here and finally melt, ex- REFERENCES 
melting peak areas due to crystalliza- plaining the linear relationship. The 
tion before melting. This was carried relationship between peak area and 1 Jellinek, G., Ringens, W. and Heidemann, 
out with the help of standard samples crystalline phase index is found to give G. Ber. Bunsenges Phys. Chem. 1970, 74, 

924 
whose heat of fusions are known. The a continuous curve as shown in Figure 2 Prevorsek, D. C. J. Polym. Sci. (C} 1971, 
peak area thus measured is plotted as a 3. This can be used for the determina- 32, 343 
function of crystalline plus intermediate tion of crystalline phase index of an 3 Prevorsek, D. C., Tirpak, G. A. Harget, P.J. 
and crystalline phase indices and are unknown sample. Thus the experimen- arnd Reina Schuessel, A. C. J. Macromol. 
shown in Figures 2 and 3 respectively, tal relationships shown in Figures 2 and Sci. {B) 1974, 9, 733 
It is found that peak area is directly 3 provide a procedure for the determina- 4 Lindner, W. L. Polymer 1973, 14, 9 

5 Deopura, B. L., Sinha, T. B. and Varma, 
related to crystalline plus intermediate tion of crystalline, intermediate and D.S. Text. Res. J. in press 

13C spin-lattice relaxation study of molecular motions of 
sidechains in a-helical polyglutamates 

Nobuaki Tsuchihashi glutamate) (PMDG) and poly(~,-benzyl- 
Faculty of Engineering, Tohoku University, Sendai 980, Japan 
and Takamichi Enomoto, Masahiro Hatano L-glutamate) (PBLG), dissolved in the 
Chemical Research Institute of Non-Aqueous Solutions, Tohoku University. Sendai 980, neat helicogenic solvents were measured 
Japan by the partly relaxed Fourier transform 
and Junkichi Sohma (PRFT) method. PMDG (degree of 
Faculty of Engineering, Hokkaido University, Sapporo 060, Japan polymerization; DP = 85) and PBLG 
(Received 14 December 1976) (DP = 1320) were supplied by 

Ajinomoto Co. PCDG (DP = 85), the 
A spin-lattice relaxation time T1 from polymer aggregation, if no solvent to partly ester-interchanged PMDG, which 
13 C n.m.r, is useful for elucidating prevent the aggregation (non-aggregate consists of 78.8% of/~-N-carbazolylethyl- 
molecular motions of polypeptides solvent) was added. In such non- D-glutamate units and 21.2% of methyl- 
containing the ring groups such as aggregate solvents as dichloroacetic D-glutamate units was prepared from 
phenyl l'z and pyrrolidinyl 3. A 13C acid and trifluoroacetic acid (TFA), it PMDG using a previously published 
/'1 of  a protonated carbon in macromo- is found that charge-transfer complexes method 7. 13C T 1 was measured by the 
lecules is governed mainly by dipole- form between the Cz group and the sol- PRFT method at 30°C employing either 
dipole interactions with the directly vents*, and the molecular motions of a Varian CFT-20 n.m.r, spectrometer 
attached protons 4. It is demonstrated the side chain are drastically disturbed (operating at 20 MHz) or a JEOL JNM- 
that the correlation times of carbons by the complex formation. Thus, it is FX100 n.m.r, spectrometer (25.15 
in a side chain attached to a-helical hard in such a case to distinguish the MHz). The sample solution was con- 
polyglutamates satisfy the extreme internal rotation of the side chain from tained in a 10 mm o.d.n.m.r, tube, and 
narrowing condition, and therefore one the overall reorientations of the back- no degassing was carried out as no ap- 
can simply interpret observedl3C Tz s bone. In order to overcome this diffl- preciable effect of oxygen molecules 
under this condition 2. culty, we prepared a modified poly(7- to the 13C relaxation in polymer solu- 

In a previous paper s it was shown methyl-D-glutamate) (PCDG) in which tion has been reported s. Either CI)C13 
that there is no internal rotation of the CH 3 groups are partly substituted by or CDC12CDC 12 was used as the sol- 
pendant carbazolyl (Cz) group in the Cz-ethyl groups so that we can vent, and TMS as the internal reference. 
poly(N-vinylcarbazole) (PVCz) on the compare T~ values of the different ter- A set of PRFT spectra of PCDG in 
basis of the 7'1 measurements. The minal groups on the side chain attached CDC 13 is shown in Figure 1. The assign- 
hindrance of the side chain motion in to the identical backbone and obtain ment of each peak was carried out by 
PVCz arises presumably from the bulki- some information on the molecular comparing the peaks with thel3C spectra 
ness of the Cz group s'6. It is interesting motions of the side chains, of poly(N-vinylcarbazole) s and of the 
to find out how much the motion of a For comparison among the molecular other polyglutamates ~,2, and are given 
polyglutamate molecule is influenced motions of the different side chains in in Figure I. The T1 values of the re- 
when a bulky group such as Cz is intro- the a-helical polyglutamates 13C T 1 of solved peak were determined by the 
duced at the end of the side chain, the terminal groups in the polymers, semilog plot of the peak height against 

13 C n.m.r, spectra of the a-helical such as PCDG, poly(7-methyl-D- time 9, which lies fairly well on a straight 
polyglutamates generally show no ap- line. In Figure 2 the obtained T1 values 
parent peak corresponding to the a- are shown as N" T1, where N is the 
carbon in the backbone. This is a result * The solution changes from colourless to number of the attached protons, for 
of line-broadening caused probably by blue on addition of the non-aggregate solvents the several carbons in the side chains. 
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, c= 1 (1) ( 1 )  and also that the Cz-ethyl group moves 
= + as a solid unit in which no internal rota- 

I[J Ctx~ (1( O"13 [ obs R I tions about the C-C and C-N  bonds 

T where (re)obs, (rc)R and (re)I represent The TI values of benzyl carbons of 
. . . . . . . .  i i . . . . .  ~ . - i .  rc derived from the observed T1, rc for PBLG in neat CDC13 are very close to 

150 l eo  50 O the backbone reorientation and re for those reported in the literature 1, where 
Ppm fromTMS the internal rotation of the side chain, T 1 were obtained from PBLG in a sol- 

respectively. If the carbons of the dif-, vent different from our systems. This 
Figure 1 13C spectrum of PCDG (280 mg) ferent species of the side chains, which agreement suggests that the solvent 
in CDCI 3 (1 ml) 

are attached to the same backbone, have plays no important role in the molecu- 
different N" T1 values, this difference lar motion of the side chain in the or- 
indicates some disparity in the internal helical polyglutamates. The observed 

~CH-CO'-NH rotation of the side chain provided that value o f N - T  1 from the phenyl carbons 
the local molecular motions of the is larger than that of the CH2 in the 

CH2 CI'12 polymer backbone are not affected by benzyl group in the case of PBLG. 
f H  2 ~IH2 ,7~,2o),,¢ the species of end-groups in the side This means that the correlation time of 

O'-O~H 3 CO-O--~H~-CH~? chain. It was found that this is the the phenyl is shorter than the CH 2 and 
case for PCDG as shown in Figure 2. the phenyl ring rotates additionally in 

t;z.¢,,*2o),..~ 04o*~)-~c I1,::~)*~1-$~ A smaller observed value of N- T 1 for reference to the CH 2. The N" T 1 value 
the Cz group than for the CH3 implies of the CH3 carbon in PMDG is much 

b a longer correlation time (re) I of the larger than that of the same group in 
-"(~CH--CO--NH)'--sS Cz group, which means more restricted PCDG. Since the used samples of PCDG 

motion of the Cz group than the CH3, and PMDG have the same DP as well as 
H2 because the same (rc)R is reasonably similar a-helical the a conformation, 
Ha assumed for both the Cz and the CH3 skeletal reorientations of the polymers 

~O which are pendant from the identical are assumed to be nearly the same, i.e. 
- -O- -~  H3 backbone. It is interesting to note that (rc)R in equation (1) is taken to be 

(l~20,2so)m=¢¢ the molecular motion of the Cz group equal for the two polymers. Therefore 
is more hindered than that of the CH 3 the above-mentioned difference in N" T1 

C in spite of the farther separation from can be ascribed to difference of (re)/in 
-'(~H--CO-'-NH)-'q320 the backbone, equation (1), namely of the internal 

There are several CH2 carbons in rotation of the sidechain. Although 
H2 (~s*solmscc PCDG; the/3 and 7 CH2 carbons and different solvents are used in these two 
r'12 l the CH2 carbons in the Cz-ethyl. Little observationst, it is plausible to attribute 
OmO-"~lH2- ~ information is known on the dependence the observed difference in Tt to the 

(2,,o.,6oI,,,sc¢ of the methylene carbon chemical shift variation in the side chain of these 
on an adjacent group, and the assignment polymers, PCDG and PMDG, rather 

Figure 2 13C TI values of (a) PCDG; (b) of the CH2 carbons were made on the than difference in solvent species, be- 
PMDG; (c) PBLG, in N'TI in msec. Each basis of the line-broadening of the peaks, cause the solvent does not contribute 
value was obtained by the PRFT method. 
PCDG. by CFT-20 in CDCI3; PMDG, by It is generally believed that the line- to a side chain molecular motion res- 
CFT-20 in CDCI2CDCl2; and PBLG by widths of the ~ and 3' methylene peaks ponsible for the 13C T1, as mentioned 
FXIO0 in CDCI 3 are too broad to be detected without above. Thus, one may say that the in- 

adding the non-aggregate solvent t'2. ternal rotation of the CH 3 group in 
Thus, one can attribute the peaks ob- PCDG is much more hindered than 

In the extreme narrowing condition, served in the range of the methylene that of the CH 3 in PMDG. From the 
which holds for such a system, the T1 chemical shift to the CH2 carbons in above-mentioned comparison, one is 
is inversely proportional to the correla- the Cz-ethyl group. The broader peaks lead to a conclusion that the terminal 
tion time, re, provided that the relaxa- in the observed methylene band are groups in PCDG side chains, even the 
tion process is mainly determined by assigned to the carbon attached to the CH 3 are not rotating so freely as in or- 
the dipole-dipole interactions 1°. There- ester oxygen atom, since this carbon is helical PMDG and PBLG. Furthermore, 
fore, shorter T 1 means longer correlation less mobile as it is closer to the back- the internal rotation of Cz ring relative 
time in the systems. The observed value bone. T 1 measurements of these CH2 to CH 2 in the Cz-ethyl group is actual- 
of N" T1 for the CH3 in PCDG is nearly carbons are less accurate than the ly hindered and this part of the side 
twice as large as those of the Cz ring- others because of the smaller S/N ratio chain in PCDG seems rather rigid. This 
carbons, in spite of the fact that both of these peaks. Taking account of this restriction in the rotation in the Cz- 
groups are pending on the identical error, one can say that the N" T1 values ethyl presents an interesting contrast 
backbone. A molecular motion of a of these carbons of the two CH2 groups to the behaviour of the benzyl group 
side chain is, in general, a superposition in the Cz ethyl were found to be ap- in PBLG, which is freely rotating with 
of the two modes of the motions, one proximately the same as each other and respect to the CH2 adjacent to the 
of the main chain and the other of the roughly one half of the methyl N" T1. phenyl. No internal rotation of the Cz 
side chain itself. Thus the observed Moreover, the N" T1 of the Cz carbons terminals and the decreased mobility 
correlation time re, which characterizes is closer to those of the two CH2 car- 
the molecular motion, can be split into bons. It follows from these facts that t PMDG in CDC13 gave a 13C FT spectrum 
the two rcS corresponding to the two the Cz-ethyl group in the side chain is with a very small S/N ratio, and 7"1 was n o t  

modes, and expressed as followsn: more restricted than the methyl end, successfully obtained 
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Some optical and mechanical properties of an ABC 
triblock copolymer, styrene/butadiene/2-vinylpyridine, 
and its hydrochloride salt 

G. S. Fielding-F~ussell and P. S. Pillai Table 2 Comparison of scattering dimen- 
sions of triblock copolymers Research Division, The Goodyear Tire and Rubber Company, Akron, Ohio 44316, USA 

(Received 19 January 1977, revised 26March 1977) S/B/2-VP S/B/S* S/B/e-MS* 

Radius of 2.5 0.45,8 0.41 
scattering 

INTRODUCTION The butadiene microstructure is repor- domain 
(~m) 

ted as 89.3% 1,4 and 10.3% 1,2 (vinyl). Interdomain 1.05 0.7-1.31 
In a previous publication I on the opti- Details of  the light scattering appa- separation 
cal and mechanical properties of  the ratus have been given4; it is sufficient distance 
ABC triblock copolymer styrene/  to note that  a H e - N e  laser (X = 632.8 (urn) 

butadiene/a-methylstyrene (S/B/a-MS), nm) was used as the light source. * Dimensions are dependent on block 
we suggest that  the presence of  the Dynamic mechanical data, on strain- molecular weight and casting solvent 
third component  C offers a further free, benzene-cast and compression- 
method of  adjusting physical properties moulded samples, were taken over the 
without  necessarily altering the block frequency and temperature ranges of  
molecular weights or rubber-to-glass 
ratio. In this paper an alternative 

Table I Copolymer and salt compositions 
method for modifying properties is and block molecular weights 
considered: the inclusion of  ionic or 
ionizable groups which confer ionomer Molecular weight 
character to the tr iblock copolymer Block Percentage X 10 .3 
system. Meyer and Pineri 2 have modi- 
fied the viscoelastic properties of  a s 20 12.5 

B 64 40 
butadiene/styrene/4-vinytpyridine 2-v P 16 10 
random copolymer by complexing 2-vP. HCI 20 13.5 
the pyridyl  nitrogen with nickel 
chloride. This paper reports some "~ 
optical and mechanical properties of  a aos~ : ,t~ 
styrene/butadiene/2-vinylpyridine i i / ' ' '  :" I O l~m 
tr iblock copolymer (S/B/2-VP) and its ~ s a ,  , t ~ , ', .... 
hydrochloride salt (S/B/2-VP.HC1). -= ' ; '  ' " " ' :" " 

5ass: Figure 2 Electron micrograph of S/B/2-VP; 
EXPERIMENTAL magnification X 125 000 

3-71L:~ o i~ 272 ~z~ saa 67~ co3 936 Jo~ 1 to 102 Hz and - 1 2 0  ° to +120 C, 
The copolymer and its salt were pre- s,,~e/2,~o" respectively, using a Rheovibron. Ten- 
pared in our laboratories by  Prudence 3. Figure 1 Logarithm of intensity I as a 

function of scattering angle 0. - -  sile data were taken on ring samples at 
The copolymer composit ion and block Experimental data; - -- --, theoretical data a test speed of  8.5 x 10 - 3  m/sec using 
molecular weights are listed in Table 1. displaced vertically by an arbitrary distance an Instron tester. 
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