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ABSTRACT:

The spin—lattice relaxation time 7 and nuclear Overhauser enhancement NOE were determined for

three samples of atactic oligo- and poly(«-methylstyrene)s (a-PaMS) with weight-average degree of polymerization

Xxw = 2, 3, and 67.1 in cyclohexane at 30 °C. A comparison is made of the present data for 7, and NOE with the helical

wormlike (HW) chain theory, and it is shown that the theory may explain well the data for large x,, (> 10). For smaller
Xy, the rigid sphere model having the radius equal to the apparent root-mean-square radius of gyration of the HW chain
fails to give a quantitative explanation of 7; in contrast to the case of the relaxation time 7 determined from dynamic
depolarized light scattering measurements, indicating that the nuclear magnetic relaxation and dynamic depolarized

light scattering cannot be described in terms of a common single relaxation time. However, it is shown that there is

an effective (mean) magnetic relaxation time ty approximately equal to 0.67r. From a comparison of the present results

for T for a-PaMS with previous ones for typical flexible polymers, it is also shown that the behavior of 7' for them,

including a-PaMS, may be consistently explained by the use of 7y (proportional to tr).
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In the preceding paper,! we have examined the
behavior of the relaxation time 7 defined by the re-
ciprocal of the half-width at half-maximum of the
spectrum Jr of the excess depolarized component of
the light scattered by atactic oligo- and poly(x-meth-
ylstyrene)s (a-PaMS) in cyclohexane at 30.5°C (®).
The quantity T represents a mean of relaxation (cor-
relation) times of time-correlation functions of the
spherical tensor components of the polarizability ten-
sor affixed to the repeat unit of a polymer chain. In the
framework of the dynamic theory for the (unper-
turbed) helical wormlike (HW) chain,>? those time-
correlation functions are associated with the subspace
L(n) = 2(1) (of full Hilbert space) spanned by the ba-
sis set with the “total angular momentum quantum
number” L = 2 and the number of “excited” subbod-
ies n = 1. The spin—lattice relaxation time 77 and nu-
clear Overhauser enhancement NOE determined from
nuclear magnetic relaxation measurements may also
be written in terms of the time-correlation functions
of the same class 2(1),>* and therefore have a close
relation to tr. In the present paper as a continuation of
the preceding one,! we report results of a nuclear mag-
netic relaxation study of a-PaMS.

We have already investigated 77 and NOE for atac-
tic polystyrene (a-PS),% atactic poly(methyl metha-
crylate) (a-PMMA),” and isotactic (i-) PMMA,? and
compared the results with those for 1, and found

that 77 and NOE are closely correlated with 7r, as
mentioned in the INTRODUCTION in the preceding
paper.! Thus the purpose of the present paper is to ex-
amine whether such a close correlation holds also for
a-PaMS.

EXPERIMENTAL

Materials

All the three a-PaMS samples OAMS?2, OAMS3,
and OAMSG67 used in this work are the same as those
used in the preceding study of Jr.! In Table I are
reproduced the values of the weight-average mo-
lecular weight M,,, weight-average degree of poly-
merization x,,, ratio of M, to the number-average
molecular weight M,, and fraction of racemic diads
[ for the three samples from Table I of ref 1. The de-
tails of their preparation have been described in the
EXPERIMENTAL section of the preceding paper.!

The solvent cyclohexane used for nuclear magnetic

Table I. Values of My, xy, My /M,, and f; for atactic
oligo- and poly(«-methylstyrene)s

Sample M, Xy My, /M, It
OAMS2 2.94 x 10> 2 1 0.56
OAMS3 4.12 x 10% 3 1 0.73
OAMS67 7.97 x 103 67.1 1.04 0.72

"To whom correspondence should be addressed (E-mail: yoshizaki@molsci.polym.kyoto-u.ac.jp).
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Table II.

4
CHy

Values of 7} and NOE for OAMS?2 in cyclohexane at 30°C

7 10
CH,  CH,

CH,~CH,~CH-CH,~C—CH,~CH
1

2 3

5

8@\

6 9

Carbon (Tvyms Trms Timrs Ther) (NOE,, NOE,, NOE,;, NOE,,)
atom no. c=0.092g/cm’ c=0.183g/cm? c=0.092g/cm?

5 (1.15, 0.939, 1.16, 1.16) (0.909, 0.893, 1.0y, 0.98¢) (3.04, 2.8, 2.77, 2.9¢)

8 (0.909, 0.863, 1.04, 1.07) (0.93g, 0.89,, 0.99, 0.99) (3.0¢, 3.04, 3.1p, 3.03)

relaxation measurements was purified according to a
standard procedure prior to use.

Nuclear Magnetic Relaxation

T, for 3C was determined for aliphatic carbon at-
oms of the samples OAMS2, OAMS3, and OAMS67
by the inversion-recovery method with a pulse se-
quence n—1—/2 on a JEOL JNM-A500 spectrometer
at 125.8 MHz. NOE for each of those carbon atoms
for the three samples was evaluated from the ratio
of the integrated intensity of its peak obtained with
complete noise decoupling of protons to that obtained
with gated decoupling only during data acquisition. A
pulse delay was taken to be longer than 5 times as
long as the largest 7 of the aliphatic carbon atoms un-
der observation. The pulse delay adopted here is
somewhat shorter than the one proposed by Opella
et al.’ which is longer than 8 times as long as the larg-
est 7. As they have noted, an insufficient pulse delay
may lead to an underestimate of NOE for small mole-
cules. As shown in the next section, however, the val-
ues of NOE for the sample OAMS?2 with the smallest
Xy are found to be ca. 3, indicating that the pulse de-
lay adopted here has not led to any appreciable under-
estimate of NOE.

Measurements were carried out on solutions in
cyclohexane at 30 °C with a lock signal obtained from
an external C¢D;, tube. The solutions were not de-
gassed since 77’s of interest rarely exceeded 2s, as
shown later.

RESULTS

In the case of a-PS® (without a-methyl group), the
nuclear magnetic spins of all main-chain (aliphatic)
13C atoms relax due to the dipolar interactions with
bonded hydrogen atoms. In the case of a-PaMS as
well as of a- and i-PMMAs,”® however, the spins of
the methylene '*C atoms relax by the same mecha-
nism as above, while those of the «->C atoms do
not since the latter have no bonded hydrogen atoms,
so that we consider 77 and NOE only for the methyl-
ene '3C atoms. We note that the nuclear magnetic re-
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laxation of its methyl '*C atoms does not directly re-
flect local motions of its main chain, and is not
considered, for simplicity.

The values of T; and NOE for the sample OAMS?2
in cyclohexane at 30 °C are given in Table II. The ali-
phatic carbon atoms have been numbered as explicitly
shown in its caption, and the xth carbon atom is des-
ignated by Cx (x =1,...,10). The sample OAMS2
has the two methylene carbon atoms C5 and C8 and
is a mixture of the four stereoisomers denoted by
mm, mr, rm, and rr, where m and r denote meso
and racemic diads, respectively, and the first and sec-
ond letters (r or m) indicate the stereoisomeric states
of the C3—C5-C6 and C6-C8-C9 diads, respectively.
In its methylene '*C NMR spectra, therefore, we are
concerned with eight resonance peaks. We have iden-
tified each peak by the use of the assignments previ-
ously determined for the same sample.'” We note that
although we could not precisely estimate experimental
errors in the raw data, those in the evaluation of T}
from the spectra are at most ca. £2%. It is seen that
the values of NOE obtained for the sample OAMS?2
are ca. 3 for all '3C atoms, corresponding to the nar-
rowing limit.

In Table III are given the values of 7 and NOE for
the sample OAMS3 along with its chemical structure
with the numbering system for the aliphatic carbon
atoms. It has the three methylene carbon atoms CS5,
C8', and C8 and is a mixture of the eight stereoisom-
ers denoted by mmm, rmm, mrm, rrm, mmr, rmr, mrr,
and rrr, where the first, second, and third letters indi-
cate the stereoisomeric states of the C3—C5-C6, C6—
C8-C6’, and C6'-C8-C9 diads, respectively. In its
methylene !'3C NMR spectra, therefore, we are in
principle concerned with 24 resonance peaks. We
have identified each peak by the use of the assign-
ments previously determined for the same sample.!?
However, the intensities of the 12 peaks for the stereo-
isomers mmm, rmm, mmr, and rmr are very weak, and
therefore we have only considered the peaks for mrm,
rrm, mrr, and rrr. We note that the assignments for
mrm and rrm and also those for mrr and rrr can be in-
terchanged.!® It is seen that the values of NOE ob-

15



M. OsA et al.

Table III. Values of T} and NOE for OAMS3 in cyclohexane at 30 °C

4 7 7’ 10

CH, CH,  CH,
CHy—CH; CHCH CCH ~C—CH, c
1 2 3 \8 @

gsif

Carbon (T wrms Ty prms Trnrrs T ) (NOE, 1y, NOE,, NOE,;;,r, NOE,,.)
atom no. ¢ =0.092g/cm? c=0.180g/cm? c=0.092g/cm?

5 (0.503, 0.49,, 0.49,, 0.49)) (0.423, 0.41g, 0.425, 0.413) (274, 2.74, 2774, 2.74)

8 (0.475, 0.45¢, 0.46¢, 0.484) (0.38p, 0.383, 0.39, 0.383) (2.7¢, 2.8¢, 2.89, 2.84)

8 (0.48;, 0.45,, 0.505, 0.465) (0.383, 0.39s, 0.403, 0.40g) (2.9, 2.7, 2.87, 2.8¢)

Values of 71 and NOE for the stereoisomers mrm and rrm and also mrr and rrr can be interchanged.

Table IV. Values of 77 and NOE for OAMS67
in cyclohexane at 30°C

c T
(g/cm?) ®) NOE
0.081 0.15g
0.108 0.164
0.106 1.4,

tained for the sample OAMS3 are somewhat smaller
than those for the sample OAMS?2.

For the sample OAMS67, we have identified the
peaks of the methylene '3C NMR spectra only for
the six kinds of tetrads mmm, mmr, rmr, mrm, mrr,
and rrr by the use of the assignments determined by
Inoue et al.'! The mean values of T} and NOE are giv-
en in Table IV.

Now it is seen from Tables II and III that for the
samples OAMS2 and OAMS3, T} and NOE for a giv-
en 13C atom depend somewhat on the stereoregularity,
as is natural. However, since we are interested in their
dependences on x,,, we ignore the minor differences
between their values for the stereoisomers and simply
consider only their mean values for each methylene
13C atom over them. For OAMS2, we consider the
averages of mean values so evaluated for C5 and
C8. As for OAMS3, we consider the mean values
for C8/, since we are interested in the motion of the
central (or intermediate) part of the a-PoMS chain.
We note that for the sample OAMS67 the results ob-
tained are just those for the intermediate methylene
13C atoms. Figure 1 shows plots of the reciprocal of
the mean (or averaged) 7 against ¢ for the center
methylene '*C atoms for the samples OAMS?2,
OAMS3, and OAMSG67. Extrapolation is made to in-
finite dilution from a pair of data at two concentrations
for each sample, following the straight line indicated.
As for NOE, we regard the mean (or averaged) values
obtained above as those at infinite dilution, for con-
venience.

The values of T, and NOE thus obtained at infinite
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Figure 1. Plots of the reciprocal of the mean 7} against ¢ for

the center methylene '*C atoms for the three a-PaMS samples in
cyclohexane at 30 °C.

Table V. Values of T}, and NOE for atactic
oligo- and poly(a-methylstyrene)s in cyclohexane
at 30°C at infinite dilution

Ty
Sample ©) NOE
OAMS2 1.14 2.9
OAMS3 0.605 2.84
OAMS67 0.16, 1.49

dilution are summarized in Table V. Note that for
flexible polymer chains 77 and NOE in general in-
crease with decreasing relaxation time of the orienta-
tion of the C—H internuclear vector. It is seen that 7
and NOE decrease with increasing x,. Considering
the previous results for a-PS® and a- and i-PMMAs,”8
the values 0.16; s and 1.4; for OAMS67 may be re-
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garded as the asymptotic values of 77 and NOE, re-
spectively, in the limit of x,, — oco. We note that al-
though Inoue et al.'’> reported the values of T; and
NOE for a syndiotactic PeMS sample with the viscos-
ity-average molecular weight 1.14 x 10°, we have not
compared those with the present values, since the sol-
vent condition and the Larmor frequency (strength of
external magnetic field) of an NMR spectrometer they
adopted are different from ours.

DISCUSSION

HW Theory

Before proceeding to make a comparison of the
present results of nuclear magnetic relaxation meas-
urements with the HW theory,>*> we briefly summa-
rize its relevant results.

We assume that the nuclear magnetic spin (of a
methylene '*C atom in the present case) relaxes due
to the heteronuclear dipolar interaction between two
unlike spins / and S, with spin / observed and spin
S irradiated (i.e., spins of '*C and 'H atoms, respec-
tively, in the present case, so that / =S = 1/2) and
with the internuclear distance r between them. Then
T) and NOE for the single (discrete) HW chain com-
posed of N identical rigid subbodies may be given
by2,4

T, = (1/20)K*r°
x [Jo(ws — wp) + 3J1(wp) + 6J2(ws + wp)] (1)

NOE:H—ﬁ
yi

[ 6J2(ws + wp) — Jo(ws — wr) ] @)
Jo(ws — wp) + 3J1(wp) + 6J2(ws + wr)

with
K = hyrys 3)

where y; and yg are the gyromagnetic ratios of spins
I and S, respectively, w; and wg are the respective
Larmor angular frequencies, # is Dirac’s constant
(Planck’s constant divided by 2m), and J,(w) (m =

0, 1, 2) are the spectral density written in the form>*
Im(@) =2 ) (O) — “)
=1 ! =2 1+ (U)Té,k)z

with p indicating the subbody number and
QY = [2/(N + D] sin[mpk/(N + D] (5)
oy =1/, (0)

‘We note that J,, is independent of m. The quantities
/lé’k in eq 6 are the eigenvalues of the matrix represen-
tation of the diffusion operator associated with the
subspace 2(1) (of full Hilbert space) spanned by the
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basis set with the “total angular momentum quantum
number” L = 2 and the number of “excited” subbod-
ies n = 1, which have already appeared in Jr given by
eq 1 (with eq 2) of the preceding paper,' and the co-
efficients Ajz,k in eq 4 are given by eq 26 of ref 4.
As in the preceding paper,' we use the augmented ei-
genvalues Aik given by eq 25 of ref 5 which takes
partly into account the interactions with the comple-
mentary subspace. Thus /lé’k may readily be calculated
for given values of N and six HW model parameters.
They are the constant differential-geometrical curva-
ture x( and torsion 7y of the characteristic helix, the
static stiffness parameter A~!, the bond length a,
and the translational and rotatory friction coefficients
¢ and ¢ of the subbody. We note that the coefficient
Aé,k depends on the parameters kg, 79, and 1! and al-
so on the polar and azimuthal angles « and B which
specify the direction of the C-H internuclear vector
in the localized coordinate system affixed to the sub-
body.

Dependences of Ty and NOE on x,,

Now we proceed to make an analysis of the present
results for 77 and NOE. Figure 2 shows plots of ncy T}
and NOE against the logarithm of x,, for the center
methylene '3C atoms for a-PaMS in cyclohexane at
30°C, where ncy is the number of C-H bonds attach-
ed to the '3C atom under observation and is equal to 2
in the present case. The unfilled and filled circles rep-
resent the observed values of 77 and NOE, respective-
ly, given in Table V, and the solid curves represent

@ -4 =43
A % i\:\‘
o} A .
N\
2F A
\
=z \ ; 12
g A A\ I, o
% <\7 -\\‘A .II Z
N S @] N a
N A \Q§ A 21,
1F < TTmmme- i
N A / 41
AN
A\AA ///
A‘A\g -7 Q
fApp— v
0 . L 0
0 1 2
log xy,

Figure 2. Plots of ncyT; and NOE against the logarithm of x,,
for the center methylene '*C atoms (with ncy = 2) for a-PaMS in
cyclohexane at 30 °C: (O) ncuTy; (@) NOE. The solid and dashed
curves represent the theoretical values for the HW model and the
rigid sphere model, respectively. The unfilled and filled large tri-
angles represent the values of ncy7; and NOE, respectively, cal-
culated with 7y = Ct. along with C = 1, and the small ones rep-
resent those with C = 0.6 (see the text).
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the respective HW theoretical values calculated from
eqs 1-6 with the same values of the static and dynam-
ic model parameters as those used in the preceding pa-
per,! ie., 17 kg =3.0, 1 '15p =09, 17 =46.8A,
and la = 0.063 (a = 2.95A) for the static ones and
r = &/3mnoa = 1.0 and r, = ¢ /a’t, = 8.0 for the
dynamic ones, where 7 is the solvent viscosity. Fur-
ther, we have adopted the values 90° and £55° for the
angles o and B, respectively, as before.* We note that
the coefficients Aé’k in eq 4 and therefore J,, given by
eq 4 do not depend on the sign of g when o = 90°.
This means that the two protons of the two bonded hy-
drogen atoms make equivalent contributions to 77,
and then 7 calculated from eqs 1-6 with g = 55° is
just twice the observed T} and therefore corresponds
to the observed ncyT). For the Larmor angular fre-
quencies w; and wg, we have used the values
2 x 125.8 x 10% and 27 x 500.2 x 10°rad/s, re-
spectively, corresponding to the present measure-
ments. We have also adopted the values 1.09 A of r
and 0.826 cP of 7y for cyclohexane at 30 °C. The cal-
culation of the theoretical values has been limited to
the range of N (= xy,) = 10 as in the preceding study
of Jr.! For such large N, the values of 77 and NOE ob-
served for the center (intermediate) methylene carbon
atoms are actually the mean values averaged over the
position of '3C, so that we have presented the theoret-
ical values averaged over p, which may be obtained
by replacing (Q9,)* by N™" in eq 4.

The HW theoretical values of both ncy7) and NOE
are almost independent of x, in its range (for
Xw 2 10) for which the theory is valid. Their asymp-
totic values in the limit of x, — oo are 0.278s and
1.50, respectively, which are in rather good agreement
with the values 0.32;s and 1.4;, respectively, ob-
served for the sample OAMS67.

Next, in order to examine the behavior of 77 and
NOE for small x,,, we consider the rigid sphere mod-
el”> which has the radius equal to the apparent root-
mean-square radius of gyration (Sz)sl/ 2 of the HW
chain as before! but to which a C-H internuclear vec-
tor is affixed in the present case. 77 and NOE may
then be given by eqs 1 and 2, respectively, with J,,
given by!3

2'[]\/[
1+ (wtn)?

where 1y 1s identical to the relaxation time tr associ-
ated with Ji- given by eq 6 of the preceding paper! and
is given by

In(w) = (N

™ = 4mno(S%))? /3ks T ®)

with kg the Boltzmann constant and 7" the absolute
temperature. Note that 77 so obtained corresponds to
the observed ncyT; as in the case of the HW theoret-
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ical values above. As noted in the preceding paper,'
(Sz);/ 2 is defined as the coefficient of the squared scat-
tering vector k*> in the expansion of the scattering
function determined from small-angle X-ray scatter-
ing measurements and may be regarded as the
mean-square radius of gyration of the excess electron
density. It may then be given by

($%) = (S?) + S2 )

where (S?) is the (usual) mean-square radius of gyra-
tion of the HW chain contour of total length L and is
given by eq 5 of ref 14 (or eq 4.83 of ref 2 in units of
A7) and S, is the (effective) radius of gyration of the
cross section of the excess electron density distributed
around the chain contour and has already been evalu-
ated to be +/10.7 A for a-PaMS. "

In Figure 2, the values of ncy7 and NOE calculat-
ed from eqs 1 and 2, respectively, with eqs 7-9 and
with the above values of w;, wg, r, and ny are repre-
sented by the respective dashed curves. The differ-
ences between the observed and calculated values of
T, for the samples OAMS2 and OAMS3 are not very
small, especially for the former. This disagreement
implies that 77 cannot be explained in terms of the
single relaxation time tr for a-PaMS as well as for
a- and i-PMMAs’® (with a given x,) in contrast to
the case of a-PS,° although such an explanation is pos-
sible for Jr for all of them.

As before,*® we then examine values of 7; and
NOE calculated from eqs 1 and 2, respectively, with
eq 7, where we equate 1y to the scaled 7 in cyclo-
hexane at 30°C, which we denote by 7}, taking ac-
count of the differences in 1y and T by the use of
the equation

tr = [(10/T)30/(M0/T)30.51Tr (10)

with the observed values of 7r in cyclohexane at
30.5°C given in Table II of the preceding paper.! If
T\ and NOE could be explained in terms of this 7y,
their calculated values would agree well with the ob-
served ones. The values of ncyT; and NOE so calcu-
lated for all the samples investigated in the preceding
paper! are represented by the unfilled and filled large
triangles, respectively, in Figure 2. Except for the val-
ue (=~ 3) of NOE in the narrowing limit, the calculated
values (large triangles) are appreciably smaller than
the observed ones (circles) as in the cases of a- and
i-PMMAs’® and in contrast to the case of a-PS.°

As previously mentioned,” the above discrepancy
may be regarded as arising from the differences in rel-
ative weights of the eigenvalues 5, between Jr- in the
preceding paper' and J,, in the present paper and also
those among a-PaMS, a-PS, and a- and i-PMMAs.
Thus we simply relate an effective mean (single) mag-
netic relaxation time 1y to 7f by
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™ = Ctf. (1)

as before,”® where C is a constant independent of x,,
chosen so that the values of 77 and NOE calculated
from eqs 1 and 2, respectively, with eqs 7, 10, and
11 (and with the observed tr) are close to the ob-
served ones. In Figure 2, the unfilled and filled small
triangles represent the values so calculated with
C = 0.6, which happens to be the same as that previ-
ously used for a- and i-PMMAs.”® As in those cases,
these calculated values agree well with the observed
ones except for 7 at large xy,, for which the former
values are still ca. 40% smaller than the latter.

Comparison with Other Flexible Polymers

Finally, in this subsection we compare the present
values of T for the methylene '*C atoms for a-PaMS
with the previous ones for a-PS®’ and a- and i-
PMMAs.”8 Unfortunately, however, the present val-
ues were determined at 125.8 MHz but the previous
ones at 100.4 MHz, and therefore the former cannot
be directly compared with the latter. Thus we try
to estimate the values of 7y for '>C for the a-PaMS
at 100.4 MHz by the use of a maneuver on the basis
of the theoretical values for the rigid sphere model
for the samples OAMS2 and OAMS3 and the HW
model for the sample OAMS67. That is, we consider
that the value of 7 at 100.4 MHz is given by the one
at 125.8 MHz multiplied by the ratio of the theoret-
ical value of T; calculated at 100.4 MHz to that at
125.8 MHz. The values of the ratio calculated for
both samples OAMS2 and OAMS3 are 0.99 and that
for the sample OAMS67 is (.78, leading to the
values 1.15, 0.599, and 0.12¢s of T at 100.4 MHz
for the samples OAMS2, OAMS3, and OAMS67,
respectively.

Figure 3 shows double-logarithmic plots of ncyT)
(in s) against Ty (in s) for the center methylene '*C
atoms (with ncy = 2) at 100.4 MHz for a-PaMS in cy-
clohexane at 30°C (unfilled circles), a-PS in cyclo-
hexane at 40 °C (filled circles),®’ a-PMMA in acetoni-
trile at 44°C (filled triangles),’ and i-PMMA in
acetonitrile at 35 °C (filled inverted triangles),® where
the values of 1y for the respective polymers have been
calculated from eq 11 with the values of 7 and with
C = 0.6 for a-PaMS and a- and i-PMMAs’® and C =
1 for a-PS.%7 The heavy and light dashed curves rep-
resent the HW theoretical values for a-PaeMS and a-
PS, respectively, and the heavy and light dot-dashed
curves represent those for a- and i-PMMAs, respec-
tively, all at 100.4 MHz. The right-end point of each
curve bounded by the vertical line segment with the
shade corresponds to the asymptotic value of 1 in
the limit of x, — 00, and the other end point corre-
sponds to x,, = 10. The dotted curve represent the the-
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Figure 3. Double-logarithmic plots of ncyT) (in s) against Ty
(in s) for the center methylene *C atoms (with ncy = 2) at
100.4 MHz: (O) present data for a-PaeMS in cyclohexane at
30°C; (®) previous data for a-PS in cyclohexane at 40°C;%’
(A) previous data for a-PMMA in acetonitrile at 44 °C;’ (W) pre-
vious data for i-PMMA in acetonitrile at 35°C.® The heavy and
light dashed curves represent the HW theoretical values for a-
PaMS and a-PS, respectively, the heavy and light dot-dashed
curves represent those for a- and i-PMMAs, respectively, the dot-
ted curve represents the theoretical values for the rigid sphere
model, and the solid curve connects smoothly the data points
(see the text).

oretical values calculated from eq 1 with eq 7 for the
rigid sphere model at 100.4 MHz. It is seen that all the
data points for a-PaMS, a-PS, and a- and i-PMMAs
form nearly a single-composite curve, as shown by
the solid curve, and follow the dotted curve for small
v [for log(ncuTy) 2 —0.2], as was expected.

CONCLUSIONS

The spin-lattice relaxation time 7 and nuclear
Overhauser enhancement NOE were determined for
the methylene '*C atoms for a-PaMS in cyclohexane
at 30°C. It has been shown that the HW theory may
explain well their behavior for large x,, (2 10). In
contrast to the case of the preceding study of dynamic
depolarized light scattering,' the rigid sphere model
for smaller x,, fails to give a quantitative explanation
of Ty, indicating that the nuclear magnetic relaxation
and dynamic depolarized light scattering cannot be
described in terms of a common single relaxation
time. However, it has been shown that there is an ef-
fective (mean) magnetic relaxation time ty; approxi-
mately equal to 0.67, and also that the behavior of
T, for typical flexible polymers, including a-PaMS,
may be consistently explained by the use of 7y (pro-
portional to tr).
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