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The isomerization of undoped (CH), was
investigated in a combined Raman and ESR
experiment. We find that the ESR linewidth,

but not the spin concentration, is correlated
with the degree of isomerization as determined
from the Raman intensities. The spin
concentration does not change until the
isomerization is well advanced. Hence the
decrease in linewidth must be due to the
increased mobility of the spins (solitons)
rather than exchange interaction. The spin
generation is suggested to be due to Niels-Alder
crosslinking. The Raman intensities indicate
that there are two isomerization processes, with
activation energies of 16 and 28 kcal/mole.
Anomalous Raman scattering by cis (CH)y

excited with deep red laser light provides
additional evidence for defect structures.

CIS-TRANS ISOMERIZATION AND STRUCTURE OF (CH),

Polyacetylene (CH)y has attracted very strong
interest in chemical and physical research work
recently., This is mainly due to the vefy strong
enhancement of conductivity upon doping”, an
unusually strong and narrow ESR line coupled with
well expressed Overhauser effect in ENDOR

*On leave from the University of Vienna and the
Ludwig Boltzmann Institute in Vienna.
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experimentsz’3 and a very strong and unusual
resonance Raman effect.’ ° According to the

current interpretation the magnetic properties are
determined by highly mobile spin-carrying domain
walls separating the two degenerate ground states of
the tr9ns polymer. According to Su, Schrieffer and
Heeger® these domain walls can be described in a
soliton model. The unusual resonance Raman effect in
the trans polymer is understood as being due to a
distribution of undisturbed conjugations of various
length along the chains of the polymer.

Though it is well known that the unusual
properties in (CH)_  are induced by the
isomerization of tfie polymer from cis to trans,
little effort has been put on a better understanding
of this isomerization process. One reason for it
might be that isomerization in a solid at
temperatures as low as 100 C is difficult to
understand in general because of the strong steric
hindrance of any large scale movements. On the other
hand it was shown by several authors that most of the
spins showing the unusual resonance behavigr are
generated during the isomerization process 8,

In this paper we discuss a model describing the
process of isomerization and spin generation.
Experimental results from a combined ESR and Raman
study are used to check on evidence for this model.

In a previous work™ it was sugaested that the
isomerization process occurs by a rotation of two
adjacent carbons around the chain axis as shown in
Figure 1a. This process requires the generation of
radicals in order to allow a rotation of the double
bond. Since this type of isomerization process is
known from finite unsaturated hydr?carbons like
cis-butene to require 63 kcal/mole 0, defects along
the chain must play an essential role at least for
the initiation of the isomerization. Also
isomerization can only occur between two defects
since the mismatch between a cis and a trans segment
on a chain implies an unstable state of increased
energy. These defects do not necessarily interupt
the conjugation and may thus appear transparent to a
soliton. Some defects of the relevant onT have been
discussed recently by Vanderbilt and Mele .
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Figure 1. Mechanism for isomerization (a) and spin
generation by Diels-Alder cross linking (b) and (c).

In order to explain spin generation during
isomerization recall that in finite polyenes
Diels‘Ald?g YSOSS linking is frequently
observed. “’ " This process is shown in Figure
1b. It can only happen if a segment with a diene and
a dienophile structure (a cis-transoid and a
trans-cisoid structure) are facing each other. Since
as-polymerize?a(gw)x is generally assumed to be all
cis-transoid, ”’ " the required trans-cisoid
configuration needs to be induced thermally or by
isomerization-induced strains. The created section
of trans-cisoid is then terminated by two radicals as
shown in Figure 1c. A subsequent Diels-Alder
crosslink breaks the conjugation and thus prevents a
recombination of the two radicals, even after they
become mobile solitons upon isomerization,
Crosslinking in all cis-transoid (CH)y is thus
directly related to spin generation.
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EXPERIMENTAL TECHNIQUES

A few milligrams of cis (CH)y as prepared by the
Shirakawa method were sealed into an ESR guartz tube
and the Raman and ESR spectra were taken from the
same sample at various stages of the isomerization
process. All Raman experiments were performed at
liquid nitrogen temperature in an immersion cryostat
whereas the ESR spectra were measured at room
temperature. The microwave power used in the ESR
experiment was less than 4uW for the investigation of
the all-cis material in order to avoid signal
saturation. The isomerization temperature was kept
low (between 45°C and 130°C) since the ESR line width
and the Raman signal appeared to be very sensitive to
the initial stages of the isomerization process.
Raman spectra were excited in the visible spectral
range between 4579A and 6709A. The analysis of the
Raman spectra for the trans polymer was performed in
terms of long and short conjugations. A detailed
discussion of the Raman data will be given elsewhere.

EXPERIMENTAL RESULTS

Taking Raman spectra at various stages of the
isomerization a continous change of the char-
acteristic lines for the cis isomer to those of the
trans isomer was observed. In particular the parts
of the resonance-enhanced trans lines which originate
from the long and the short segments, respectively,
were observed to develop as two separate bands. For
a quantitative measure for the degree of
1soTerization, the strong isolated cis line at 1252
cm~" was used. Figure 2 shows the relative change
of scattering intensity on a logarithmic scale

as a function of isomerization time at 130 C for
exitation with 4579A laser light. The initial
isomerization rate Rj appears much higher than the
rate R for the later isomerization as indicated in
the figure. Performing this analysis for various
temperatures revealed an activation energy of 16
kcal/mol and 28 kcal/mol for Ry and R, respect-
ively. This is in good agreement with results
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Figure 2. Relative ?hange of scattering intensity of
the line at 1252 cm=" in cis CHy for isomerization
at 130 C.

obtained by Shirakawa'® from infrared studies. It
should be noticed that, in the case of Figure 2,
isomerization was not yet completed after 65 minutes
at 130 C.

A similar analysis can be performed with the
trans line for the C = C stre%gh modetr In order to
get isomerization rates, 1 - I (t)/ I (0)
was plotted and results identical to those with the
cis line were obtained. However, this trans line can
be split into contributions from short and long
segments, respectively. It turned out that only the
part due to short segments exhibits the very high
initial isomerization rate. After some isomerization
the rates for short and lona segments become approx-
imately equal. The diagram is characteristic of what
we have observed for isomerization at other
temperatures. The line narrowing (x) is very fast
and occurs already in the initial stages of the
isomerization whereas spin generation ( ) is slower
initially. With increasing isomerization the rate of
line narrowing slows down. There is clearly no
relationship between actual spin concentration and
line width. (Final line widths for the all trans
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Figure 3 shows the change of the ESR line width
and spin concentration on a logarithmic time scale

T=102°C _
o TI®™1)/11%(0) [two lines]
X AHgp(t)/AH,, (0)
a N;p(')/ng(m’

time (min)—=

Figure 3. Relative change of ESR line width (x) and

spin concentration ( ) for cis-trans isomerization at
102 C as compared to the disappearance of Raman lines
from the cis component (o).

material were observed to be between 1.0 and 0.6
gauss depending on the isomerization temperature).
The circles (o) represent the normalized cis fraction
in the material, as obtained from Raman scattering.
Apparently this quantity is directly related only to
the ESR line width and not to the spin concentration.
Exciting the Raman spectrum of as-grown cis
CHy with deep red laser light shows a strong
enhancement of the scattering intensity from the
inevitable small trans content in the sample. This
was first observed experimentally by L. Lichtmann™’.
We found that both resonance enhanced lines of the
trans polymer develop a detailed fine structure. At
least four peaks are present for the band of the
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C = C stretch mode., After slight isomerization this
band changes rapidly to the well-known triangular
for@ rgr red light excitation in trans’

CHy '"". Figure 4 shows experimental results

of Raman spectra for as-grown cis CHyx and slightly
isomerized cis CHy. The top spectrum was excited
with 45794 laser light whereas the two lower spectra
were excited with 67092 laser light. The spectra are
normalized to 5mW laser excitation. Th
resonance-enhanced mode around 1100 cm ~ changed

in a slightly different way during the isomerization
as compared to the pure C = C stretch mode. A
detailed study of the change in the band profile and
line intensity with isomerization will be published
elsewhere*. The structure in the C = C stretch peak
was found to he due to resonance scatterina from
defects on the chain. The resonance condition, the
frequency and the change of scattering intensity
during isomerization for the peak at 1462 em™! in
the second trace of fiqure 4 appears as one would
expect for a spread-out radical in the cis polymer as
e.g. shown in figure 1b and 1c.

DISCUSSION AND CONCLUSION

The very low value of 16 kcal/mol for the activation
energy is a clear indication that there must be
defect-induced isomerization. As isomerization
continues the activation energy increases to 28
kcal/mol. This is already close to the value of 31
kcal/mol observed for other_ solid polymers with C = C
bonds like polyalkenamers. However, in these

*We found that the unusual behavior for the
excitation of cis CHy with deep red laser light is
due to the different behavior of the optical
absorption coefficient for cis and trans CHy.

Since 6709A is beyond the absorption regime for cis
CHy the small fraction of the latter material is
observed in resonance under conditions usually
encountered in matrix isolation spectroscopy.



Downloaded by [Tomsk State University of Control Systems and Radio] at 02:50 23 February 2013

204 H. KUZMANY er al.

620
T

4579 &

320
AL

2.

1100

RAMAN INTENSITY {counts) -—

500

650
—-

(3
6709 A

A 1 1
950 1100 1250 1400 1550
V (emd) -

Figure 4. Resonance Raman spectrum for cis CHy as
exicted with 4579A and for cis CHy and slightly
isomerized cis CHy (20 minutes at 90 C) as excited
with 6709A. All spectra are normalized to 5 mW
excitation.

polymers the process of isomerization is also not
well understood. A vibration of the double bond
around the dihedral an?%e might help to lift its
strong dien character.
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The lack of any direct relation between the
generation of spins and the narrowing of the ESR line
is clear evidence that exchange interaction is not
responsible for the reduction of the line width. The
close relation between line narrowing and
isomerization suggests rather that the motion of the
spins in the isomerized parts of the polymer accounts
for the narrowing. Soliton-antisoliton annihilation
may be the reason for the reduced net spin generation
in the initial steps of isomerization. Annihilation
will occur during isomerization whenever two
Diels-Alder crosslinks happen to be on the same
chain, The Raman band shapes imply the existence of
defects in the as-grown cis polymer in general and
are consistent with the existence of spread out
radicals on the cis parts of the chains in
particular. The observed defects may well be the
reason for the reduced activation energy for the
isomerization process.

In conclusion we found that the model suggested
for isomerization and spin generation is capable of
explaining detailed results obtained from Raman
experiments and from ESR experiments performed during
isomerization of CHy. Spin generation appears thus
directly related to cross linking*. The observed
narrowing of the ESR line is likely to be due to
soliton motion. Defects are observed to play a major
role at least in the initial steps of the
isomerization process.
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