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ABSTRACT 

Earlier studies of conducting polymers focused on polyacetylene, (CH)x , where 

extended conjugation lengths and crystallinity are present. We present here the 

results of a detailed study of temperature dependent magnetic susceptibility and ac and 

dc t ransport  of [CHDy] and [CHDy÷ZA ]x where A is oxygen and iodine and 

0.02<_y<0.17. The CHDy introduce sp3 defects along the otherwise sp 2 bonded 

polyacetylene chains and result in "segmentation" of the chain. Our results show that  

the presence of the sp3 bonded carbons has only a moderate effect on the conjugation of 

the pi band of polyacetylene. 

E X P E R I M E N T A L  T E C H N I Q U E  

Ci_ss-polyacetylene was prepared by the Sh i rakawa technique [1] at  -78°C and 

isomerized to the trans isomer by heating at ca__~. 150°C for approximately one hour. The 

trans-(CH)x was n doped to.form (CHYNay+)X using sodium naphthalide solutions of 
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Fig. 1. Schematic diagram of introduction ofsp3 defects on (CH)x chain. 

varying concentrations, according to the desired level of doping. Care was taken to 

assure homogeneous doping. The sodium doped film was then treated repeatedly with 

a deuterated alcohol, ROD, resulting in the formation of (CHDy)x, Figure 1, and the 

washing out of RONa. The iodine doped films were prepared by gas phase doping [2]. 

]'he level of iodine doping was determined by weight uptake. The maximum doping 

level achieved for (CHDo 17)x w a s  (CHDo 17(I3)o.i)3) x. 

The magnetic susceptibility was measured via a Faraday technique [2]. The 

temperature dependent dc conductivity was measured using a four-probe technique [31. 

The ac conductivity was measured using a General Radio Capacitance conductance 

bridge in a three terminal configuration [4]. Care was taken to assure that contact 

resistance did not lead to spurious behavior. 

EXPERIMENTAL RESULTS 

The magnetic susceptibility of representative samples of (CH)x and (CHD0 17)x is 

plotted versus temperature in Figure 2. The susceptibility can be expressed as a sum of 

a core diamagnetism, Pauli paramagnetism (if metallic with a finite density of states at 

EF) and localized (Curie) spin contributions 
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Magnetic susceptibility vs. temperature for (CH)x and (CHD0.17)x. 
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Fitting the data to this expression reveals that  the deuteration process results in an 

decrease of x c°re from -6.6 x 10-6 emu/mole-C to -7.8x10-6 emu/mole-C. The number of 

Curie spins remains nearly the same (NCurie((CH)x)=445 ppm and NCurie ((CH)x)= 

400 ppm)) despite the samples being heavily n-doped before treating with the alcohol. 

The 300K electron spin resonance linewidth is ~2 gauss and increases  as the 

temperature is decreased. The temperature dependent susceptibility of the heavily 

doped heavily deuterated sample, (CHDo.17(I3)oo29)x is shown in Figure 3. The ×Core 

predicted by the sum of the experimental  x c°r~ (CHDo.17)x and that  for iodine 

(-43.55x10-6 emu/mole-D is -11.7 xl0 6 emu/mole-C. Fitting these data to Equation 1 

shows the presence of a reduced number of Curie spins, ~ 125 ppm, and X Pauli + xCore = 

-12.2 +_0.5x10-6 emu/mole C. Hence, within experimental error, there is no significant 

X Pauli developed upon doping. 
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Magnetic susceptibility vs. temperature for [CHD0 17(I3)0.029]x. 

The temperature and frequency dependence of the conductivity for (CHDo. ! 7)x and 

(CHD0.17)x doped to 0.0005 (I)3 are shown in Figures 4a and 4b. The off, T) of [CHDo.17] ~ 

resembles closely that for ammonia compensated polyacetylene [5]. However, after 

doping, it resembles closely that of lightly doped (CH)x itself [4,6]. The temperature 

dependence of the dc conductivity for heavily 13 doped [CHDo.17(I3)o.o3]x is given in 

Figure 5. The conductivity at room temperature is ~ 2.2x10-2ohm -~cm~ and 

o(T) = AoT-½exp[-(TcJT)H (2) 

yields To = 4.4x10VK, a factor of ten larger than (CH)x doped to the same level [3]. 
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(b) (CHDo. 17(I3)0.0005)x. 
Log o vs. log fat constant temperatures. Note break in abscissa for dc. 

4 5 ~ 1 0  ~ 

4 5x]O ° 

4 5 x l O "  

. 

4 5 x l O -  ~ 
OJ 

4 5 x l U  ~ -  

~-  45x10-4  _ 

4 5 x 1 0  "~ - -  

4 5 x 1 0 ~ 2  . 

Fig. 5. 

T, K 

2 5 6  1 2 3 5  6 6 6  3 9 1  2 4 4  
I I I I 

• 3 ]  

I I I 1 
0 2 5  0 3  0 3 5  0 4  0 4 5  

T - " ' ,  K " "  

Log (T # olo (295K)) vs T~ for [CHDo 17(I3)003] ,. 

D I S C U S S I O N  

Incorporation of CHD units into the (CH)x cha ins  has a m a r k e d  effect on the 

detailed nature of the conjugation of the pi e lectron bands. The increase  in the 

experimental xCore with increase in sp3 content is in agreement  with the est imated 
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decrease in the Van Vleck paramagnetism contribution due to removal of double bonds 

from the chains. The essentially constant value of the number of Curie spins suggest 

that the number of neutral solitons remains unchanged as a result of the chemical 

treatment. The broadening of their ESR line width to ~2 gauss at room temperature 

implies a reduction in but not a complete blockage to the motion of the spins. 

The semblance of the o(f,T) of (CHD0 17)x to that  of ammonia compensated (CH)x[5] 

supports that  the chemical process used to obtain the (CHD0 17)x if effective at 

compensating nearly all the charge carrier in (CH)x. The temperature dependence of 

the dc conduct ivi ty of [CHD0 17(I3)0 0005]x could be fit to exp (-(To/T)¼) with 

To = 2.4x109K, nearly identical to that  of(CH)x [4] while its frequency dependence is all 

similar to (CH)x [4] suggesting that  with the addition of a small number of charges to 

(CHD 17)x, its conduction process is quite similar to that  for (CH)x. 

At higher doping level, ie., (I3)o.03, the susceptibility shows that  the charges go into 

spinless states [7]. The spectroscopic data support that  these states are solitons with a 

larger effective mass than in (CH)x. the layer To for o(T) reflect hopping of charges in 

more localized states. 

To account for these experimental data, it becomes necessary to reexamine the 

effectiveness of sp3 bonded CHD units in interrupting the conjugation. The data 

presented here support tha t  the (CH)x chain is remarkably  robust and that  the 

phenomenology developed for infinite polymers, including the relevance of solitons not 

polarons as the lowest energy state is appropriate despite the presence of sp3-type 

defects. 
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