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13
C -MAS-NMR OF CONJUGATED POLYMERS : PRELIMINARY RESULTS ON
LI-DOPED CIs—(CH)x

M. AUDENAERT, P. BERNIER.
GDPC - USTL, Place Eugéne Bataillon, 34060 MONTPELLIER
Cédex, FRANCE

Abstract We have investigated the 13C nuclear magnetic
resonance of lithium-doped cis-polyacetylene by using the
MAS-NMR spectroscopy technique. The highly-resolved spectra
show that the measured intensity ratios of the cis and trans
peaks strongly depend on the cross polarization time. Thus
our conclusion is that high resolution NMR is not a good tool
to check the cis to trans content of doped polyacetylene.

Several authors have reported experimental results on the laC
magnetic resonance of doped polyacetylene, obtained with high
resolution MR ™. It has been stated that a substancial cis/trans
isomerization does not occur with doping, even at high doping
levels.S’L+ In this work, we show that one has to be very careful
when drawing such a conclusion from the measured intensity ratio
of the resolved cis and trans NMR peaks. Indeed, among the diffe-
rent parameters which enable us to obtain highly resolved carbon
NMR spectra of solids, the cross polarization time TCp plays an
important role. During this period of time (typically 1 ms), the
Hartmann-Hahn condition5 is fulfilled and allows the carbon spin
system to exchange energy with the proton spin system with the
result that the S/N ratio is enhanced by a factor of 4. However,
within the rotating frame, the proton spins are relaxing while the
cross polarization takes place such that the net magnetization due
to the carbons goes through a maximum as a function of Tcp' The
equation which governs the evolution of the magnetization M as a

function of TC is given by6 :

M(Tep) = M, { 1= 0P (X Tep/m, ) fexp(-Tep/Tipw)

where >\= (| + TC“/Tlfc ‘Tcn/T.,u , TCH is the characteristic cross
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polarization time and MO is a constant proportional to the number
of carbons.
Carbons can be differently surrounded by protons or equally sur-

rounded by protons having different relaxation times T In

both cases, the intensity ratios of the resonance peakig;? these
different carbons do generally not reflect their relative propor-
tion.

Our paper has the purpose to illustrate the latter case, which we
observed for Li-doped polyacetylene. Circular disks were cut in a
SOO,Lm thick cis—(CH)X film in order to fit into the cylindrical-
shaped rotor used for the MAS experiment. These samples where do-
ped for 48 h in a solution of Lithium-Benzophenone in THF, then
washed and pumped out for 40 h. By this thoroughly used doping
procedure , we expect the Lithium concentration to be about 4 mol%.
The samples were then transferred into the rotor under an argon
atmosphere. At the very beginning of the experiment, the conducting
(CH)X yield no signal at all in a frequency range covering 1000
ppm and centered at about 120-140 ppm from TMS, i.e. the chemical
shift of the cis and trans lsC peaks. After a couple of hours of
spinning, the S/N ratio increased, which pointed to an air leakage
at the rotor's cap. The doped and subsequently air-compensated
samples allowed us to obtain a highly-resolved spectrum of Li-doped
(CH)X. The cross polarization time was then varied from 0.1 ms to

8 ms. The spectra, that we obtained with a Briker CXP 200 spectro-
meter, are shown in Fig. 1, as a function of Tcp' The cis to trans
ratios were then calculated from the relative intensities of the
cis and trans peaks and are plotted in Fig.2.

It has been shown that only the trans-isomerized regions are dopedg.
As the proton relaxation time drops upon dopingg’lo, there must

be a difference in relaxation times in the doped trans regions and

in the cis regions, where T remains the same as in pristine

10 H
cis-(CH)X. This explains the artificial variation observed for the

cis over trans content of the Li-doped film as a function of Tep.
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On the other hand, by varying the cross polarization time within
the same range, the cis/trans ratio of non-doped (CH)x didn't
present a significant change. Thus, our results make uncertain

the conclusions drawn by different experimentalists from the
measured cis to trans ratios in doped cis-(CH)X, using high reso-
lution NMR., A detailed NMR study is in progress in order to inves-
tigate the electronic properties of alkalin-deped (CH)x with

respect to their structural properties.
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FIGURE 1

FT-NMR Spectra of Li-doped cis-(CH)x as a function of the
cross polarization time.
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FIGURE 2

Log. of the cis to trans ratics measured from the spectra of Fig.l.



