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YAGNETIC RESONANCE STUDIES OF SPIN 
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We present a study of the temperature dependence 
of the spin dynamics in trans-golyacetylene using 
dynamic nuclear polarisation, nuclear relaxation 
and ZPR measurements. 

There is still some controversy about the nature of 
the paramagnetic species which exist in pristine trans- 
?olyacetylene with concentration of the order of one spin 
per one or two thousand CH units. While it has been pro- 
posed by Goldberg et all that they are neutral solitons 
corresponding to the domain walls between the two equiva- 
lent configurations of the nolymer chain, this proposal 
has been censured by Tomkiewicz et a12. An important 
argument in favor of the soliton picture was provided bj 
the dynamical properties of the spins as observed by room 
temperature dynamic nuclear polarisation (DYP) and nuclear 
relaxation time (TI) measurements3. While the 9NP yields 
lO”rad/s as a lower linit for the motion rate, the analy- 
sis of the nuclear relaxation leads to a very fast and 
hishly anisotropic spin notion. The on-chain spin diffusion 
coefficient is found to be D = 10--3cn2/s and the diffusion 
anisotropy larger than lo5. These results first a?peared in 
contradiction with the values reported for the EPR linewidth 
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98 F. DEVREUX et ol 

(AH - lG), which correspond to a much smaller degree of 
motional narrowing4. However it turned out that the EPR 
linewidth is not at all intrinsic and depends strongly on 
the oxygen contamination5. More recent values of the EPR 
linewidth (AH - 0.2G)6 are now consistent with N?IIR data. 
In agreement with the fact that the spin susceptibility 
does not increase with oxygen contanination, the extra 
linewidth contribution can be interpreted as arising from 
a trapping of a ?art of the mobile spins by oxygen?. 
As a consequence, the EPR line in common samples mainly 
reflects the trapped spins, while the NMR relaxation is 
governed by the spins which remain mobile and visit most 
of the nuclear spin sites. 

In this communication, we examine the temperature 
dependence of the spin dynamics in undoped trans-?olyacety- 
lene. Again an appparent contradiction arises between N!G? 
and EPR data, which can be overcome by assuming a trapping 
of the spins as the temperature decreases. Fig. 1 exhibits 
the enhancement of the signal intensity when the EPR 
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FIGURE 1 : Enhancement of the proton NMR amplitude as a 
function of the microwave pumping frequency w 12ll 
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MAGNETIC RESONANCE IN TRANS-(CH). 99 

l i n e  is saturated a t  a pumping frequency up near the 
e l ec t ron ic  Larmor frequencye. By cooling down, the DNP 
enhancement i s  changed from a complete overhauser e f f e c t  
a t  room temperature t o  a dominant s o l i d  s t a t e  e f f e c t  a t  
5K. This proves tha t  the high temperature mobile s?ins  
become mostly frozen at  low temperature. In  a s imi l a r  way 
the broadening of the EPR linewidth a s  the temperature 
decreases (Fig.2) corresponds t o  a slowing down of the 
spin motion. An important point i n  Fig.2 i s  t h a t  the low 
temperature l imit ing value f o r  the linewidth i s  the same 
f o r  the "pure" and f o r  the oxygen contaminated sample, 
which indicates  some common mechanism f o r  oxygen contami- 
nation and cooling down. Moreover sp in  echo experiments 
reported by Shiren e t  a19 show t h a t  the l i n e  becomes in- 
homogeneous a t  low temperature (T < 130K). I n  o the r  words, 
below 130K, the spin-spin exchange i s  not f a s t  enough t o  
average the inhomogeneous loca l  magnetic f i e l d s  due t o  
hyperfine interact ions.  

On t h e  other  hand, the nuclear re laxat ion r a t e  has 
been shown t o  be dominated by a 1D spin d i f fus ion  both a t  
300K3 and 4.2K" and can be accounted by the r e l a t i o n  : 
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FIGURE 2 : Temperature dependence of t he  EPR linewidth of 
scaled under vacuum (0) and open t o  a i r  ( 0 )  trans-(CIi)x 
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100 F. DEVREUX et a/. 

- 1  -1  I2 TI - nd(2Dw) 
where nd is the number of diffusive spins, w the Larmor 
frequency and f) the diffusion rate f) = D/c2 (c is the 
intersite distance). If one assume a simple slowing down 
of the spins, i.e. a decrease of b, one should expect an 
increase of the relaxation rate when the temperature de- 
creases. That we observe in Fig.3 is just the opposite : 
Tf' decreases with decreasing temperature. The simplest 
way to reconcile EDR and NMR data is to suppose that a 
part of the spins become trapped, as for the effect of 
oxygen. These trapped spins give rise to a broadening of 
the EPR line, while those s?ins which remah mobile are 
less numerous (nd decreases) and thus induce a slower 
nuclear relaxation. As a matter of fact, it is not neces- 
sary to assume two different kinds of spins : one may 
instead imagine that the same spin shares its tine inside 
and outside the traps, 

Based upon these simple idea, we have develo e d  a 
model of the spin dynamics in trans-polyacetylene" whose 
main features are the following : the spins are neutral 
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FIGURE 3 : Temperature dependence of the Froton nuclear 
relaxation rate of trans-(CH) 
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MAGNETIC RESONANCE IN TRANS-(CH). 101 

solitons, whose mobility increases with increasing tempe- 
rature as a result of the strong soliton-phonon coupling. 
Moreover solitons may be trapped by inpurities12. The trap 
concentration depends on the purity of the sample, in 
particular on its oxygen content and the mean trapning 
time (or the mean concentration of trapped solitons at a 
given time) is a function of the tem?erature via activated 
process. These two comneting mechanisms-intrinsic tenpera- 
ture dependent mobility and extrinsic pinning- are necessa- 
ry to account for the whole magnetic resonance data'in 
trans-polyacetylene. 
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