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ABSTRACT: Fluorine-19{*H} nuclear magnetic resonance (NMR) at 188.29 MHz, including 'H — *F{*H} cross-
polarization (CP) with high-speed magic-angle spinning (MAS), was used to study some fluoropolymers of the
Viton type. The systems examined were (a) copolymers of vinylidene fluoride and hexafluoropropene and (b) ter-
polymers of vinylidene fluoride, tetrafluoroethene and hexafluoropropene. Both commercial and specially prepared
samples were used. Different 'H — *F{'H} CP/MAS experiments were applied to study the relaxation of the
polymers. The results are discussed in terms of the CP dynamics, using parametrized equations. © 1998 John

Wiley & Sons, Ltd.
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INTRODUCTION

The magic-angle spinning (MAS) technique has proved
to be of immense value in the structural character-
isation of solid polymers. Usually it has been applied to
13C NMR, in conjunction with cross-polarization (CP)
from protons and high-power decoupling of protons.

The existence of °F in fluoropolymers in principle
opens up new possibilities for high-resolution NMR,
but for solids surprisingly little work has been done
until recently. This situation may be traced to the fact
that, whenever the solid also contains hydrogen, high-
power 'H decoupling is usually expected to be required
to eliminate the effects of (*H,'°F) dipolar interactions
from '°F spectra. Moreover, it is desirable to use CP
from 'H to '°F (and vice versa), allowing selective and
discriminating  experiments to be implemented.
However, 'H and '°F frequencies differ by only ca. 6%,
so very effective electronic filtering is required, and this
has inhibited spectroscopists from attempting the
experiments. Suitably robust probes are, fortunately,
now available and we, with others, have been exploiting
high-resolution '°F solid-state NMR in studies of solid
fluoropolymers'—> and other proton-containing fluori-
nated solids.*%"7

Most commercial cured fluorocarbon elastomers are
solvent resistant. Hence it is important to achieve '°F
high-resolution solid-state spectra of these polymers in
order to understand their microstructure directly in the
state in which they have practical applications.
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Dec et al.® studied copolymers of vinylidene fluoride
(VDF) and hexafluoropropene (HFP), copolymers of
VDF and chlorotrifiluoroethene (CTFE) and terpoly-
mers of VDF, tetrafluoroethene (TFE) and HFP. They
demonstrated the feasibility of obtaining !°F high-
resolution solid-state spectra, at room temperature, of
these samples using direct polarization and MAS speeds
of about 18 kHz, without the requirement of proton
decoupling. This situation arises because of the high
mobility at the molecular level in these systems, which is
inherent in their elastomeric nature. Thus, Dec et al.®
were able to make assignments of chemical shifts in
terms of five-carbon sequences (pentads). Isbester et al.’
combined very high-speed MAS with high temperature
operation to improve resolution in !°F solid-state
NMR spectra of fluoropolymers.

As far as we know, apart from work in our labor-
atory.!3=5 no previous studies have been reported
applying 'H — '°F{'H} CP/MAS techniques in the
study of fluorocarbon elastomers. In this work we
applied direct polarization and cross-polarization tech-
niques (especially measurements of relaxation times) in
order to obtain additional information about chemical
structure, molecular-level mobility and heterogeneity in
fluoropolymers of the types VDF-HFP and VDF-
HFP-TFE. These are frequently referred to as Viton.
We have also directed our attention towards the mea-
surement of spin relaxation properties for these systems.

EXPERIMENTAL

Samples

In this work we examined copolymers and terpolymers
of the Viton type, both commercial in origin and spe-

cially prepared samples. Viton A is a random copoly-
mer of CF,CH, and CF;CFCF,, although with a
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1F MAS AND 'H - !*F CP/MAS NMR OF VITON FLUOROPOLYMERS 893

restriction that adjacent CF;CFCF, repeated units are
not expected. Viton B is a terpolymer containing
CF,CF, units also. A commercial sample of Viton A (I)
was purchased from Goodfellow (Cambridge, UK). This
sample is a black sheet 2-3 mm thick, with density 2.0 g
cm ™3, lower working temperature —10 to —50°C and
upper working temperature 220-300 °C. It is a cured
polymer, containing a variety of additives, the precise
composition being unknown to us. On the other hand,
a sample of Viton A (II) and another of Viton B (III)
were prepared at the University of Durham by members
of the Interdisciplinary Research Centre in Polymer
Science (IRC). The latter two samples do not contain
any additives or a cure system (and so are soluble). The
samples were ground into a powder under liquid nitro-
gen and dried under vacuum at 70 °C for 8 h prior to
being packed in the rotor.

Nuclear magnetic resonance

Solution-state NMR experiments were carried out on a
Varian spectrometer operating at resonance frequencies
of 399.96 and 376.29 MHz for protons and fluorine
nuclei, respectively. Solution-state 1°F NMR spectra of
samples II and III were recorded using direct polariza-
tion with proton decoupling. Deuterated acetone was
used as solvent.

All solid-state NMR experiments were carried out on
a Chemagnetics CMX 200 spectrometer operating at
resonance frequencies of 200.13 and 188.29 MHz for
protons and fluorine nuclei, respectively. We used a
commercial (Chemagnetics) 'H,'°F double-tuned
APEX MAS probe capable of high-power (up to ca. 100
kHz) heteronuclear decoupling, with 4 mm o.d. zirconia
Pencil rotors. Samples were restricted to the central 12
mm length of the rotors. Vespel drive tips, spacers and
end caps were utilised to avoid any unwanted back-
ground signal on the fluorine channel. Samples were
spun at the magic angle at rates between 10 and 15
kHz. Experiments were carried out at ambient probe
temperature (ca. 297 K). Proton and fluorine field
strengths were equivalent to 80 kHz for all experiments.
Fluorine chemical shifts are quoted with respect to
CFCl; and were measured via a sample of liquid CF
(0cers = —164.3 ppm) without r.f. applied at the proton
frequency.

The 'F NMR spectra, with and without proton
decoupling, were recorded using direct polarization
with /2 pulses of 3 us duration. Relaxation delays of 4
s are sufficiently long to ensure quantitative peak inten-
sities. In Fig. 1 *°F NMR spectra obtained at a spin-
ning speed of 15 kHz are shown.

Fluorine-19 spin—lattice relaxation times in the labor-
atory frame, T, and '°F and 'H spin-lattice relaxation
times in the rotating frame, T;,, were measured under
high-resolution conditions (i.e. selectively). Relaxation
times 7; were obtained using the inversion-recovery
technique (n—t-m/2-acq) and the '°F T, relaxation
times were measured by means of the variable-time

© 1998 John Wiley & Sons, Ltd.

I ! | ! I ! | N T v | ! |
-50 -75 -100 -125 -150 -175 -200

8. (ppmy)

Figure 1. Fluorine high-resolution solid-state NMR
spectra of Viton. Top, commercial sample of Viton A (l);
middle, sample of Viton A (ll); bottom, sample of Viton B
(). For detection the direct polarization technique
without proton decoupling during acquisition was used.
Spectrometer operating conditions: spin rate, 15 kHz;
pulse duration, 3 ps for 90° pulse angle; recycle delay, 4
s; spectral width, 100 kHz.

spin-lock technique. The 'H T;, data were derived via
19F resonance by a variable 'H spin-lock followed by
'H — '°F cross-polarization. In some cases decoupling
of the complementary nucleus was implemented during
the variable time allowed for relaxation. The cross-
polarization dynamics were studied using both the stan-
dard (variable contact time) CP sequence and a pulse
sequence introduced by Tekely et al.1° called TORQUE
(TOneRhoQUEnching) (Fig. 2). In the standard analysis
of a variable-contact CP experiment, two simultaneous
processes, the build-up of spin magnetization for the
observed nuclei (a local process but modified by proton
spin diffusion) and the 'H spin relaxation in the rotating
frame, are taken into account. It is sometimes difficult
to disentangle these two processes and to evaluate the
cross-polarization rate alone. This problem may be cir-
cumvented by using the TORQUE pulse sequence.
However, the situation is more complicated for
'H - °F CP when fluorine spin-lattice relaxation in
the rotating frame occurs at a significant rate. The
WISE (two-dimensional) experiment!!-? is also applic-
able to fluoropolymers containing protons. This yields
data on proton bandshapes relevant to particular fluo-
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Figure 2. TORQUE pulse sequence for analysing CP data
without the complications introduced by proton T, . The
value of A is kept constant while the contact time is
varied.

rine resonances (provided short contact times are used
to minimize spin diffusion effects). If fluorine decoupling
is employed during the evolution time, t;, then the
proton dimension yields (*H,'H) dipolar second
moments, whereas without such decoupling the second
moments contain both (*H,'°F) and (*H,'H) contribu-
tions.>13

RESULTS AND DISCUSSION

Following the work of Dec et al.® and solution-state
NMR studies,'*1% we have assigned chemical shifts to
structural features. The results are given in Table 1. The
peaks indicated with a question mark in Table 1 do not
correspond to any known or possible pentads for this
kind of copolymer. They may perhaps be attributed to
resonances of unsaturated monomer units.'® Our '°F
NMR solution-state spectra of samples II and IIT were
used in the assignment of peaks for these polymers. For

Table 1. Peak deconvolution and structural assignment
of commercial sample | of Viton A

Peak Chemical shift,’ Area Structural
No.? O (ppm) (%) assignment®
1 —578 14 ?
2 —63.3 0.5 ?
3 —71.4 1.5 HTXTH (CF3)
4 —176.1 20.4 TTXHT (CF3)
5-6 —90.0, —91.2 329 THTHT
7 —96.2 1.8 HHTHT
8-9 —102.2, —103.8 22 THTXT
10-13 —1079 to —112.7 18.5 THTTX
XHTTX
14 —1159 1.9 HTTHH
15 —118.8 11.5 HTTXH
16 —182.2 0.5 HTXTH (CF)
17 —184.0 6.9 TTXHT (CF)
2See Fig. 1.

®No proton decoupling was applied during acquisition of the spectra,
so corrections for the Bloch—Siegert shift are not required.
°‘H=—CH,— T=—CF,— X =—CF(CF;)—.

© 1998 John Wiley & Sons, Ltd.

the commercial sample I an analysis of the relative '°F
signal intensities was made. Lorentzian lineshapes, in a
computer deconvolution of the '°F spectrum, were used
to simulate the peaks. Relative integrated intensities for
each peak of the sample are given in Table 1. The
analysis of the intensities determines the composition as
VDF :HFP = 78:22. Resolution in the '°F spectra is
not improved by application of r.f. proton decoupling at
ambient temperature. In this kind of rubbery sample a
spinning speed of about 10 kHz, combined with
molecular-level motion of the polymer chains, is suffi-
cient to average (*H,'°F) dipolar interactions efficiently.
However, the Bloch-Siegert effect'” results in the
chemical shifts for decoupled spectra appearing ca. 1.7
ppm to low frequency of the corresponding shifts in
coupled spectra.

The relaxation behaviour for samples I, IT and III can
be described as follows. The °F relaxation times in the
laboratory frame all show single-exponential decay of
the magnetization as a function of the relaxation delay,
with a value of 0.40 + 0.01 s in all three samples and for
all the resolved lines (whether they are associated with
VDF, TFE or HFP units). We conclude that spin diffu-
sion is effective enough to produce a single T,¥ value
over the entire sample. Fluorine and proton relaxation
times in the rotating frame are reported in Table 2. The
results were unchanged when decoupling was applied to
the complementary nucleus during detection. The relax-
ation times T7, for the lines associated with CF/CF; of
the HFP units (resonances at —71, —75 and —184
ppm) are slightly but significantly higher than for those
associated with CF, fluorines, so that fluorine spin dif-
fusion is not fully effective for spin—lattice relaxation in
the rotating frame. This is presumably due, at least in
part, to the resolution in the '°F spectrum, which
restricts spectral spin diffusion. However, in spite of this,

Table 2. Proton and fluorine spin-lattice relaxation
times in the rotating frame for the three Viton samples,
measured at a spin-lock field of 80 kHz

Peak position °F T,, (ms) 'H T, (ms)
Sample (ppm) (£0.1 ms) (£0.1 ms)

Viton A (I) -71 14 -
=175 1.6 11

—-90 1.0 12

—110 0.9 12

—118 0.8 0.9

—184 1.6 13

Viton A (I) =175 1.7 11

—-90 11 1.5

—110 0.8 11

—118 0.9 0.9

—184 1.7 1.0

Viton B (III) —176 19 11

—-90 11 14

—112 1.0 12

—120 11 11

—126 14 12

—185 20 1.0
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the measured values of T, are as short as those of T
Some of the CF, signals have contributions from HFP
units, which complicates the interpretation. The distinc-
tive fluorine T;, relaxation of the CF; group may be
attributed to the internal rotation of the group around
the C—C axis. Suppose relaxation arises from F-F
dipole—dipole interactions within the CF; group and
that CF; internal rotation is rapid compared with back-
bone motion. Then the correlation time is reduced by a
factor of (3 cos? A — 1)?/4, where A is the angle between
the rotation axis and the F-F vector. For the CF;
group A =90° and the reduction factor is 1/4. Addi-
tionally the number of geminal F-F interactions for
CF; groups is 2 and for CF, groups it is 1. Hence we
expect a ratio T;,(CF,)/T;,(CF,) ~ 2, as observed. The
longer T, value for the CF peak is presumably due to
longer F-F distances. However, there is a complication
in this interpretation because preliminary 2D °F-1°F
exchange experiments show a noticeable correlation
between the CF and CF; resonances even for short
mixing times (ca. 0.8 ms). Proton T;, relaxation times
associated with all the '°F peaks show similar values
(probably equal within experimental error), as expected
because there is only a narrow range of chemical sites
for protons (only CH, groups, all adjacent to at least
one CF, group) and the sample is morphologically
homogeneous.

All CP experiments carried out in this work were per-
formed at a high MAS speed, w,/2n = 10 kHz. When w,
exceeds the dipolar coupling frequencies, the
Hartmann-Hahn match, w4y = w,p, is converted to a
series of sidebands at w,r = W,y + nw,, where @,y and
w,p are measures of the radiofrequency field strengths
of proton and fluorine nuclei (yyB;y and ygB;p),
respectively. The Hartmann—Hahn matching!® profile
was examined at proton r.f. amplitudes of 50 and 60
kHz while the fluorine r.f. amplitude varied from 40 to
80 kHz. The spinning speed was 10 kHz. The conven-
tional CP sequence was used with a contact time of 1
ms. We observed the expected split of the apparent
matching condition, as is the case when the spinning
speed is comparable to, or greater than, the linewidth of
the ‘abundant’ nuclei. Figure 3 shows the matching pro-
files for the different fluorine resonances. It is observed
that CP, under the conditions used, is more efficient at
the exact Hartmann—Hahn matching condition than at
the sideband matching, which is contrary to the usual
case in 'H—'3C CP/MAS experiments. Also, we
observed that some sideband matching conditions, e.g.
at the —1 and +2 sidebands, give very low or null
intensity, producing a noticeably asymmetric profile. In
Fig. 4 we compare the matching profile obtained using
a standard CP sequence with that from a ramped-
amplitude!® CP sequence (size of the ramp 40 kHz in
steps of 0.6 kHz).

The evolution of the !'°F magnetization obtained
from the standard CP experiment (at exact Hartmann—
Hahn match) is shown in Fig. 5 as a function of the
contact time, top. The maximum intensity of the magne-
tization is reached around 900 ps. This relatively short

© 1998 John Wiley & Sons, Ltd.
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Figure 3. Cross-polarized intensity vs. '°F field strength
(expressed as w,¢) for a sample of Viton A (Il) obtained
using the standard CP sequence. Spectrometer operating
conditions: w,,/2n = (top) 50 and (bottom) 60 kHz;
contact time, 1 ms; spin rate, 10 kHz.

value occurs in spite of the high mobility of the polymer
and even when the '*F-'H dipolar coupling is addi-
tionally averaged by MAS. This is presumably because
we are dealing with two abundant nuclei and with
similar and strong dipolar couplings, resulting in an
effective magnetization transfer process.

To our knowledge, there has been little or no dis-
cussion of 'H— '°F CP dynamics in the literature,
largely because of the complications inherent in treating
two abundant spin baths. Usually, in considering the
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Figure 4. Cross-polarized intensity vs. '°F field strength (expressed as w,¢) for a sample of Viton A (Il) obtained using
(O) the standard CP sequence and (®) ramped-CP sequence. Only results for the — 75 ppm fluorine resonance are
shown. Spectrometer operating conditions: w,,/2z = 50 kHz; size of the ramp, 40 kHz; step size, 0.6 kHz; contact time,

1 ms; spin rate, 10 kHz.

description of CP processes between two nuclear spin
species, I and S, the I spins are assumed to be abundant
and the S spins rare, so that S-S interactions may be
ignored, and it is valid to treat the system as an ensem-
ble of subsystems, each consisting of a single S spin and
a large number of I spins. Clearly this is not the case
when I and S are protons and fluorines, respectively,
and especially if they are present in comparable
amounts as in some fluoroelastomers. In spite of this
limitation, the evolution of the °F magnetization as a
function of the contact time may be represented by the

expression
] 1)

M(t) exp<— )—i) — exp|:— <i + TLF>t

which is similar to that normally used?® for cross-
polarization to a dilute spin but with the addition of the
term in T ,. Since this equation ignores the influence of
the atomic ratio Ng/Ny, it may be regarded simply as a
way of parametrising the CP dynamics, though in an
ideal case x would be equated to T, and y to Tye. It
should also be noted that the differing values of T}, for
different groups implies there are several fluorine spin
baths, which we have assumed to be independent—a
condition that is unlikely to be fulfilled. To fit the
experimental data to Eqn (1) the values for the param-
eter T}, were taken from Table 2. Therefore, only two
parameters (apart from a scaling factor), namely x and
y, were varied in the fitting procedure. The values
obtained are given in Table 3. It may be noted that T7,
is not much greater than y (cf. Tyg), so that fixing the
former by a separate experiment when using Eqn (1) is
essential.>! The description of the data by Eqn (1) is
acceptable, as can be seen from Fig. 5. However, since
the parameters x and y given in Table 3 should not be
regarded as the correct values of these T%, and Ty,

© 1998 John Wiley & Sons, Ltd.

respectively, it is not surprising that there is some dis-
crepancy between T4, data obtained by the variable
spin-lock technique and the values of x given by vari-
able contact-time CP experiments. Moreover, it may be
noted that all the '°F resonances show similar
(although not identical) apparent cross-polarization
rates (characteristic times y between 0.5 and 0.9 ms),
even though the peaks at —75 and —184 ppm corre-
spond to fluorine nuclei in HFP units (which have no
protons).

Table 3. Parameters obtained from CP/MAS variable
contact time experiments by fitting the data to Eqn (1)
(using the fluorine T,, data determined by direct

measurement)
Peak position x (ms)* y (ms)®
Sample (ppm) (£0.1 ms) (£0.2 ms)

Viton A (D) —175 22 0.9
—-90 1.6 0.8

—110 12 0.6

—118 1.3 0.6

—184 24 0.6

Viton A (I) -176 3.1 0.7
-91 22 0.6

—111 1.5 0.5

—119 1.4 0.5

—185 2.8 0.7

Viton B (III) =77 33 0.8
-90 22 0.9

—112 20 0.6

—119 1.7 04

—126 20 0.5

—185 32 0.7

2 A parameter reflecting T’;'p (see text).

® A parameter reflecting Ty (see text).
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Figure 5. Evolution of the "°F magnetization as a function of the contact time in a standard cross-polarization experi-
ment. Top, commercial sample of Viton A (I); middle, sample of Viton A (ll); bottom, sample of Viton B (lll). The solid
lines were obtained by fitting the experimental data to Eqn (1).
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Figure 6. Contact-time dependence of the '°F signal
intensity for a TORQUE experiment on the commercial
sample of Viton (I). The constant time tg, + t.t =3 ms
was used throughout. The solid lines were obtained by
fitting the experimental data to Eqn (2).

The experimental data obtained using the TORQUE
sequence'® reveal with more detail the evolution of the
19F magnetisation (Fig. 6). They clearly show that the
peaks associated with CF and CF; fluorines gain mag-

| lh, "HWW”’
« f‘}:‘w: uH i
ol

'f m‘

Table 4. Parameters for Viton A (l) obtained from
TORQUE experiment by fitting the data to Eqn (2) (using
the directly measured values for proton and fluorine
Ty,).

Peak position

(ppm) z (ms)*
75 32+0.1
- 90 1.0+ 0.1
—110 0.6 + 0.1
—118 0.6 + 0.1
—184 5+1

* A parameter reflecting T'yp .

netization more slowly than the peaks associated with
CF, groups. The TORQUE experimental data for the
commercial sample I were fitted using the following
expression:!°

3.0
M(tgy, tcp) oc exp(— T_H>
1p

1 1 30 — tep
—exp| ==+ = Jtr — | @
‘“"‘p[ <z+ Tf) o } @

where tcp + tg, = 3.0 ms. As for Eqn (1), the time con-
stant z merely represents a way of parametrizing the

-220 20

Figure 7. Stacked plot for a proton—fluorine WISE experiment for the commercial Viton sample I, with "°F decoupling
during the evolution time t,. Spectrometer operating conditions: contact time, 50 ps; spin rate, 10 kHz; 128 points in t,
with 10 us increments; pulse power in both channels, equivalent to 3 ps for 90° pulse angles; recycle delay, 3 s.
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process and should not be taken to represent accurately
the true variable Typ.

The two variable parameters of this equation are a
scaling factor and z (when the values for proton and
fluorine rotating-frame relaxation times are taken to be
those obtained by variable spin-lock techniques from
independent experiments). The values of z obtained by
fitting the experimental TORQUE data to Eqn (2) are
given in Table 4. In fact, Eqn (2) provides a very good
description of the evolution of fluorine magnetization
(Fig. 6). From Table 4 we can see that effective Typ
values (z) for the peaks at —90, —110 and —118 ppm
are very close to those obtained from the standard
CP/MAS experiment, but for the peaks at —75 and
—184 ppm (CF; and CF groups) the CP rates derived
from the TORQUE data are much slower. The discrep-
ancy between the TY, values obtained by the variable
spin-lock technique and the apparent values x from
variable contact-time CP are also more noticeable for
the resonances at —75 and —184 ppm. As implied by
Tekely et al,'® the increase in fluorine magnetization
for long contact times, in the standard CP experiment,
is responsible for this discrepancy. Owing to the slow
CP build-up of fluorine magnetization, apparently
slower TY, decays are observed in the standard CP
experiments. Use of the TORQUE experiment makes
the discrepancy more understandable and shows clearly
that the CP process is less efficient for the signals at
—75 and — 184 ppm than for those of the CF, groups,
perhaps again because of motional effects.

We are currently pursing further experimental and
theoretical approaches in an attempt to understand the
'H — '°F CP dynamics in systems where both protons
and fluorine nuclei are abundant.

It is known that copolymers of VDF and HFP can
show some degree of crystallinity. The crystallinity is
decreased as the amount of HFP in the copolymer is
increased.?*~%° However, our T;, and WISE results do
not discriminate between amorphous and crystalline
phases of the copolymer studied. Figure 7 shows a
WISE stacked plot, obtained with '°F decoupling
during t,, for the commercial sample of Viton. There is
no significant difference in this case in the proton line-
width associated with different °F chemical shifts, as
expected with a single type of chemical site for protons
and efficient proton spin diffusion. The proton second
moments (including heteronuclear dipolar coupling) as
obtained from the WISE experiment are about 70
(kHz)? for sample I but only 40 (kHz)? for samples II
and III, in agreement with the influence of curing, which
imparts some rigidity to the polymer. Applying '°F
decoupling during the evolution time caused no changes
for samples II and III, but for sample I the second
moment is reduced to ca. 40 (kHz)>.

CONCLUSIONS

A series of Viton type fluoropolymers were studied
using solid-state NMR, with '°F direct-polarization
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MAS and 'H - °F CP/MAS high-speed techniques.
Resolution in the '°F spectra is not improved by appli-
cation of r.f. proton decoupling at ambient temperature.
In this kind of rubbery sample, a spinning speed of
about 10 kHz, combined with molecular-level motion of
the polymer chains is sufficient to average (‘H,'°F)
dipolar interactions efficiently. WISE experiments
carried out with and without !°F decoupling during the
evolution time also indicate a weak effect of the (*H,
19F) dipolar interaction on the proton linewidth.

Similar '°F T, values were obtained for all the
resolved lines, whether they are associated with VDF,
TFE or HFP units. We conclude that spin diffusion is
effective enough to produce a single T, value over the
entire sample. The relaxation times T;, (*°F) for the
lines associated with CF/CF; of the HFP units
(resonances at —71, —75 and —184 ppm) are slightly
higher than for those associated with CF, fluorines.
Proton T, relaxation times associated with all the '°F
peaks show similar values, as expected because of the
chemical nature of the sample.

The evolution of the '°F magnetization, as a function
of the contact time, in the 'H — °F CP/MAS experi-
ments is well described by the usual expression (1) in
spite of the physical restrictions imposed by the system
itself. Analysis of the TORQUE experimental data
using Eqn (2) gives additional insights. As was men-
tioned by Tekely et al.,'® use of the TORQUE tech-
nique helps to evaluate and understand CP rates.

The different experiments carried out do not detect
any heterogeneity (i.e. no different, mobile and rigid,
phases) for the three different Viton-type polymers
studied.
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