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values from T-M’. Atactic PMMA in MeCN is one of
the cases where such large discrepancies are found’. The
agreement between the values of equations (6) and (7) is
therefore an important resuit.

We could have used equation (3) instead of equation (2)
to estimate (d 7.dx,), from viscosity data. If we do so, with
the values of y, 3, ¥23, X1, determined previously by light
scattering??, and with (dy,3/dT);, obtained from

(d[r’]/d T)o,zs«’c as.
(dy,3/dT); ~ —(N,V,/1.02M ,5*®)d[1]/d ) »5:c (8)

then we obtain an estimate for (d7,/dx,), which is an
order of magnitude larger than the experimental values,
namely: 7.8 x 10°K, and 2.0 x 10K, for MeCN =1 and
ClIBu =1, respectively. This does not mean that equation
(3) is not adequate*, but, rather, that the temperature
dependence of y, ; determined from [y]--T is, as discussed
above, not compatible with T, measurements.

However, agreement between cloud points and vis-
cosity is found if we use the [#] results twice: to estimate
Oy/0x, and Jyx/0T simultaneously, as we have just done
using equation (2). We reach the interesting conc-
lusion that the comparison between the temperature and
solvent composition variations of [] allows for.a correct
prediction of the cosolvent depression of the UCST. The
comparison between cloud points and [x]-T gives, in
general, inconsistent results, but the combination of [#]-T
and [n]-@ corrects or compensates such an incon-
sistency and establishes a valid link between T and [#].

* It has been successfully applied to predict (dT,/dx,), using solubility
parameters®**,
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Introduction

High-power proton-decoupled '*C nuclear magnetic
resonance has proved to be a powerful tool for investigat-
ing molecular dynamics in solids. In this respect, attention
has mainly been focused on measurements of the carbon
spin-lattice relaxation times in the rotating frame '3C T},
which are used to probe the density of motion of the C-H
vectors in the tens of kilohertz region'. Interesting
information about motional modes can also be provided
by proton-decoupled '3C n.m.r. lineshape analysis?:
variations of these lineshapes can indeed be interpreted in
terms of molecular reorientation or conformational pro-
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cesses”. In the particular case of mesomorphic polymers,
they can be considered as a means for examining the
dynamics of these compounds as a function of the
structure or organization of their various states.

This communication gives some preliminary results
obtained on the polyester:

{—c“: @ @ @ %—O—(CHz—CH;O)A—]n (A)
O O



which gives an anisotropic phase according to*:

Solid « — Smectic C «— Isotropic liquid
112 C 247°C

Due to its very simple chemical formula, the proton-
decoupled spectrum of this polymer consists of two well-
resolved broad lines, and lineshape analysis therefore
looks to be a particularly suitable tool for carrying out a
separate study of the intramolecular motional processes
affecting either the aromatic or the aliphatic part of the
compound.

Experimental

The polyester was prepared in the Centre de
Recherches des Carriéres de Rhone-Poulenc, Saint-Fons,
France, by standard methods as described elsewhere®. It
has an inherent viscosity at 25 C of 0.6 dl/g at a
concentration of 0.5 g/dl in dichloracetic acid. Besides the
two first-order transitions at 112" C and 247 C, differential
scanning calorimetry points out two glass-transitions for
this polymer: the first one appearing between —40 C and
— 20 C, the second one in the range 40'-60 C.

13C n.m.r. spectra were recorded at 12 MHz on a home-
built spectrometer. The following pulse sequence was
used: first a low level proton irradiation enabled Nuclear
Overhauser enhancement of the ' *C nuclei. Then, follow-
ing the n/2 '’C puise, a higher proton decoupling
irradiation (H,; =10 Gauss) was established during the
'3C free induction decay observation. Therefore dipolar
broadening was suppressed and only the anisotropies of
the chemical shift tensors were observed?. [t is noticeable
that the low values (~ 1 ms) of the 'H T, , of the polymer
under study do not allow multiple contacts to be perfor-
med. The repetition time was equal to 1 s and kept
constant over the whole range of temperature.

A special quartz dewar was home-built and allowed the
heating of the samples in the range 0’400 C.

Results und Discussion

In Figure I the '3C spectra of the polyester at various
temperatures between 25 and 205°C are shown. Figure 2
presents the comparison between the solid and solution
spectra at 25 C. Owing to their long relaxation times, 7T,,
the carbonyl and quaternary pheny! carbon absorptions
can be neglected. Reported in Figures 3 and 4 are the
widths A¢y; and A, of each line, and the line intensity ratio

_fen, Ac,

hy, A,

where h¢y is the height of the aliphatic peak and h, the
height of the aromatic peak.

From the dependence of the lineshapes on temperature,
it appears that the spectra of the aromatic carbons of the
polymer are those of the rigid lattice until 120"C. They are
comparable with that of hexamethylbenzene at low
temperature’. At 120°C, the linewidth of the aromatic
part strongly decreases and the lineshape is modified,
pointing out a dynamic process of the phenyl rings.
Moreover the increasing intensity of the aromatic pattern
as compared with that of the -CH,- region in the range
25 -120°C seems to indicate a variation of the '*C spin-
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Figure 1 Proton-decoupled 13C n.m.r. spectra of polyester A in
bulk as a function of temperature
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Figure 2 Comparison between solid and solution spectra of poly-
ester A at 256°C

lattice relaxation times and,/or nuclear Overhauser effects.

Results concerning the aliphatic part of the molecule
are summarized in Figure 3. The motion of the methylene
carbons is already obvious at 40°C. The linewidth re-
gularly decreases until 140'C and then remains un-
changed above this temperature.

The chemical shift tensors of the aliphatic and aromatic
carbons of the molecule have not been yet determined.
However, both the chemical formula and solution spectra
of hexamethylbenzene and diethylether suggest that the
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Figure 3 Linewidths AcH, and Ay of aliphatic and aromatic lines
of polyester A as a function of temperature: ACH,, (H); A, (®)
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Figure 4 |ntensity ratio R = hCHz/”¢ . ACHz/Atb for the polyester
A as a function of temperature

simulation of the polymer spectrum can be carried out
using the '3C chemical shift tensors of these two model
compounds”® taken as parameters for the two parts,
aromatic and aliphatic, of the polymer chain.

In the case of a powder, the asymetric lineshape
function I(o) has been calculated by Bloembergen and
Rowland as”:

lo)=n" Yo—0,,) " (033—0,,) "> K(m)
with:
Mm=(0,,~0, 033 —0)/(0633—0,,)6—0)
for 01320>0,,
and lo)=n"'(0;;—0) "*(65;—0,,) " K(m)
with  m=(6—0,)033—0,,)/(033—0No,,—0,,)
for 0,,>020,
and: I(6)=0incase ¢>0;;ando<o0,,
Gy, 05, and o045 are the principal values of the shielding
tensor 6(0,, <0,, <03;) and K(m) is the complete elliptic
integral of the first kind.
When rapid rotation about one axis of the molecule
occurs, a partial averaging of the shielding tensor ensues?.

The average shielding tensor displays axial symmetry
about the rotation axis and the motionally narrowed
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anisotropy may be written as:

KE:O—H_UJ.
=3(3cos? f—1)[Aa(1 +3 nsin’ fcos 2 )]

with: Ao =03 —3(0,, +0,,)

n=(c,, —0,,)/Ac

Here the Euler angles («, B} define the transformation
from the principal axes of the tensor (1, 2, 3) to the
molecular rotating frame (1, 2, 3).

Results of the simulation are shown in Figures 5 and 6.
For the phenyl carbons, agreement with a rigid lattice
behaviour is observed at 25°C, and with a rapid axis
rotation at 120°C. In the latter case, the best fit is obtained
for a=60", f=90°. As the observed phenyl absorption is
mainly due to the protonated carbons, this result shows
that the motional process of the phenyl rings above 120°C
is a rotation about their C,-C, axis.

As regards to the '3CH,-spectrum, the best fit is
obtained for an angle § of about 30° between the principal
component 655 and the axis of rotation. This is in good
agreement with a model in which the ‘mean rotation axis’
is directed along the molecular axis and the ¢;; com-
ponent of the shielding tensor for a CH,-0 group is
parallel to the C-0 bond:
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Figure 5 Comparison of experimental and simulated spectra,
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Figure 6 Comparison of experimental and simulated spectra at
120°C. Euler Angles for the simulation: Aromatic spectrum:
a =60°, g =90°; Aliphatic spectrum: a =0°, g = 30°; (
perimental spectrum; (— — —), simulated spectrum
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In reference 6, the orientation of the chemical shift
tensor of the carbons of diethylether with respect to the
molecular bonds is not given. In the present study, the
reasonable assumption of a symmetrical distribution of
the C-0 bonds about the molecular axis leads to an
orientation of the shielding tensor. It is different in a CH,-0
group and in a -CH,~ one®. The strongly elec-
tronegative oxygen atom plays a determinant role. This is
a good illustration of how motional effects can help for
assigning orientation of chemical shift tensors.

Conclusions

These preliminary results clearly demonstrate the value
of proton-decoupled '3C n.m.r. lineshape analysis for the
description of intramolecular dynamics in polymer solids.
It is particularly noticeable that the increasing rate of
rotation of the phenyl rings about their C,-C, axis is
closely related to the apparition of the smectic phase of the
polyester.

However, it also appears that 3C lineshape investiga-
tion is complementary to '*C T;, measurements. When
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the interpretation of '>C T,, data in terms of molecular
motions is valid', '*C lineshape analysis gives more
information about the nature of the motional processes,
although less about their rates. But, in some cases, such as
anisotropic reorientation and low rf fields, the molecular
motion contribution to the '*C T;,! may be hidden by
spin-spin depolarization effects'. In such a case, a '*C
lineshape study becomes an attractive alternate to '*C T;,
measurements.

References

1 Vanderhart, D. L. and Garroway, A. N. J. Chem. Phys. 1979.71,2773
and references therein

2 Pines, A, Gibby, M. G, Waugh, J. S. J. Chem. Phys. 1973, 59, 569

3 Ellett Jr.. 1. D., Haeberlen, U. and Waugh, J. S. J. Am. Chem. Soc.
1970, 92, 411

4 Fayolle, B, Noél, C. and Billard, J. J. Physique 1979, 40 C3, 485

5 Pines. A, Gibby. M. G. and Waugh, J. S. Chem. Phys. Lett. 197215,
373

6 Waugh,J.S.. Gibby, M. G, Pines, A. and Kaplan. S., Proc. of the 17th
Collogue Ampere, p 13, Turku, Finlande (1972)

7 Bloembergen, N. and Rowland, T. J. Acta Metall. 1953. 1, 731

8 Vandehart, D. L. J. Chem. Phys. 1976. 64, 830

Chemical modification of chloromethylated crosslinked polystyrene via

phase transfer catalysed Wittig reactions

P. Hodge and J. Waterhouse

Chemistry Department, University of Lancaster, Lancaster, LA1 4YA, UK

(Received 29 May 1981)

Introduction

The recent considerable interest in polymer-supported
reagents, catalysts, and protecting groups' and in
chemically active stationary phases for chromatography?
has, in turn, led to renewed interest in the preparation of
chemically modified crosslinked polystyrenes®. One
method of obtaining a polymer with the required
functional groups is to attach appropriate small
molecules by covalent bonds to a preformed polystyrene®.
We wish to report a method of this type which proceeds at
ambient temperatures and which results in the small
molecules being attached to the polymer by bonds which
are stable to both acid and base. The key step is a phase
transfer catalysed Wittig reaction between a polymer
containing phosphonium salt residues (1) and an aldehyde
(2} to give a polymer containing residues (3). Until recently
phase transfer catalysed reactions have only occasionally
been used in polymer chemistry®, although they have
been used extensively in organic chemistry for several
years’.

| N CHyCl, |

CH= )-CHPICHJ +RCHO — —=—2» CH{ )-CH=CH-R
| 2 76 53 50%aqueous |

CH, el NaOH,catalyst ¢H,

! (1) 2 1"
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Experimental
The following procedures are typical.

Preparation of the polymer containing phosphonium salt
residues  (I). Chloromethylated 29, crosslinked
polystyrene® (10.09 g, 3.57 mmol of Cl per g) was treated
with triphenylphosphine (15.01 g) in chlorobenzene (50
ml) at reflux temperature for 60 h. After cooling the
polymer was filtered off, washed successively with benzene
and ether, then dried to constant weight (19.50 g). By
phosphorus analysis it contained 1.81 mmol of
phosphorus per g. Chloromethylated polystyrenc has
strong infra-red bands as 1270 and 680 cm™! but the
product had only very weak bands at these positions; it
had new strong bands at 1440 and 1000 cm ™.

Wittig reaction with ferrocene-carboxaldehyde. The
above polymer (2.00 g), ferrocene-carboxaldehyde (784
mg), methylene chloride (8 ml), 50% aqueous sodium
hydroxide (8 ml), and cetyltrimethylammonium bromide
(150 mg) were vigorously stirred under nitrogen at 20° for
36 h. The polymer beads were filtered off and washed
successively with agueous tetrahydrofuran,
tetrahydrofuran, and ether then dried. The red-brown
product (1.39 g) had a strong infra-red band at 960 cm ™1,
but no bands at 1440 and 1000 cm~!. By elemental
analysis it contained 9.0% iron, corresponding to 1.61
mmol per g of residues (9).
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