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SUMMARY 

Proton spin-lattice relaxation times ( T 1 ) in poly-o-toluidine doped 

with HCIO 4 were measured over a frequency range from 20 to 90 ~z at room 

temperature. It was found that there are at least two kinds of phase struc- 

tures with definitely distinguishable T 1 values in moderate doped samples. 

spin-lattice relaxation rate (TI~I exhibits a maximun at the doping The 

ratio of about 20%. The frequency dependence of (T 1 )-ireveals that the elec- 

trons predominantly perform an intrachain diffusive motion above 50 F~z and 

below this frequency an interchain hopping of electrons takes place. 

INTRODUCTION 

Polyaniline ( PAn ) has attracted considerable attention because of 

its chemical stability, novel doping mechanism and the possibility for tech- 

nical application as new electronic materials (1-3). However, little resear- 

ch effort has been devoted to the dynanic aspect of electrons of PAn so far. 

In our previous paper (4), the results of exploring the phase structure and 

electronic motion of PAn doped with HCI by means of varying-frequency pro- 

ton NMR relaxation was presented. In this paper, we are to report the mea- 

surements of proton spin-lattice relaxation times as a function of the ex- 

perimental NMR frequency for poly-o-toluidine doped with HCIO 4 at room 

temperature. 

The pristine poly-o-toluidine has a similar chain structure to PAn ex- 

oept carrying a methyl group with aromatic ring. Upon doping with protonic 

acid such as HCI and HCIO 4 , poly-o-toluidine becomes electrical conduc- 

tive, but its conductivity is lower than that of doped PAn. At present, the 

conductivity of poly-o-toluidine can reach 10 -2 S/cm (5), while that of PAn 

can be as high as i0 S/cm (i). Despite of this, poly-o-toluid/ne still de- 

serves further studies for its higher toughness and solubility due to its 
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lower ,intermolecular interaction and better flexibility compared with PAn. 

EXPERIMENTAL 

Poly-o-toluidine was synthesized by chemical oxidation of o-toluidine 

with (~4)2S208 in aqueous HCI solution. The samples with different doping 

ratios ~re obtained by mixing the pristine poly-o-toluidine with aqueous 

solution of HCIO 4 in different pH values. The doping ratio and conductivity 

of various samples are given in Table i. 

Table i. The doping ratio (P) and conductivity (O) of the various samples 

Sample 5A 2A 0A 

P 23.5 36.1 

(I, (S/Qn) 5 X i0 -II 1 X 10 -5 1 X 10 -2 

P=-[ CI/N ]XI00%, Cl and N indicate the molar nt~bers of chlorine 

and nitrogen, respectively. 

The powder samples ~re filled in 10 mm tubes for NMR measurement. Pro- 

ton spin-lattice relaxation times were determined on a Bruker CXP 4-100 

pulse NMR spectrometer. The repetition time was 1.5 S. T 1 measurements ~re 
o o 

performed using a 180 -t- 90 pulse sequence, t is the interval between 

successive pulse sequences. 

RESULTS AND DISCUSSION 

i. The recoveries of proton magnetization 

Figure 1 shows the recoveries of magnetization of the various samples 

measured at 30 ~z and room temperature. The recovery of proton magnetiza- 

tion in sample 5A can he descibed by a single exponential function with a 

single spin-lattice relaxation time T I. But those in samples 2A and 0A can 

not he fitted by an exponential function and consist of at least two com- 

ponents with definitely distinguishable T 1 values, suggesting the existence 

of two relaxation processes; one yielding initial steeper recovery with a 

short TI, another giving rise to delayed recovery with a long T 1 . The appea- 

rance of two relaxation processes was interpreted in terms of " phase struc- 

ture " usually used in polymer blend system, similar to the segregated 

" metallic island " model proposed by MacDiarmid (6). That is, they consist 

of two kinds of phase structures; one is the dispersing phase region con- 

raining more dopants, corresponding to a short T 1 caused by a lot of the 
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paramagnetism, the other is the continuous phase region with less dopants, 

corresponding to a long T I. So we think that the existenoe of two relaxa- 

tion processes in HCIO4-doped polytoluidine may be due to inhomogeneous 

distribution of dopants, which comes from the uneven doping. 
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Fig. i. The recoveries of magnetization at 30 ~z for various samples. 

(a 

o 

& o 

A 

X 

o X 

A o 

A 0 

0 
A 

�9 �9 

A 

Sample 2A 
x- 90M~z 
6: 70F~z 
�9 : 50~4z 
o: 30FIIz 

! 

0 4 16 

0 

~ I 
0 

A 0 �9 �9 
~i 

l X 

i X 

I t 
8 12 

t / S  

Fig. 2. The recoveries of magnetization of the sample 2A at different 
frequencies. 
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Figure 2 shows the recovery of magnetization in the sample 2A at di- 

fferent frequencies. As shown, the heterogeneity in phase structure of hea- 

vily doped polytoluidine displays even more obviously at low frequencies. 

The similar inhomogeneities in phase structure have also been observ- 

ed in some other conducting polymers such as HCl-doped PAn (4), SO3-doped 

poly(p-phenylene sulphide) ( 7 ), pyrolysates of polyacrylonitrile ( 8). 

doping ratio dependence of (TI)-I 2. The 

spin-lattice relaxation time, (TI)-I , is a paraneter The inverse 

characterizing the nuclear relaxation rate R. The R [ =(TI)-I ] is just 

the slope of recovery of magnetization. It can be seen from Figure 1 that 

sample 2A has the highest nuclear relaxation rate among the three samples, 

and this means a complex dependence of R on doping ratio. The relationship 

between the nuclear relaxation rate in the phase region with short T 1 

(hereafter referred as Rr ) and doping ratio is shown in Figure 3. As shown, 

the Rr attains a maxJmun at about doping 

ratio of 23%. It is worth noticing that 

the dependence of Rr on doping ratio is 

far stronger in HCiO4-doped polytolui- 

dine than in HCl-doped PAn (4). The 
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maximun of Rr is about I00 times as lar- 

ge as its minimun in the former while is 

about 15 times in the latter. The maxi- 

mum of R vs. doping ratio was also been 

detected in some other conducting poly- 

mers like poly(p-phenylene sulphide) 

doped with SO 3 (7) and pyrolysed poly- 

acrylonitrile ( 8 ). 
Fig. 3. Dependence of nuclear 

relaxation rate on doping 
ratio. 

3. The frequency dependence of Rr 

Proton spin-lattice relaxatiom rate in conducting polymers can be des- 

cribed as a function of the nuclear and electronic Larmor angle frequencies, 

ton and tOe (7). 
3 7 R = Ns[ ~ d2f(tOn) + ( a2 + ~ d2)f( toe )] (I) 

where Ns expresses the effective number of electron spins which take part 

in the nuclear relaxation, a 2 and d 2 are the mean square of scalar and 
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dipolar parts of the hyperfine couplings, respectively; f(~0) is termed 

spectral density function and it is the frequency power spectrun of the 

fluctuating internal field at the position of protons. In this case that 

the nuclear relaxation is dominated by the interaction of nuclei with elec- 

trons, f(00) reflects the electronic motion and depends sensitively on the 

d/mensionality of the electronic motion. For one-dimension electronic mo- 

tion (9). 
f( co ) = (2Dll~O) -I/2 + Q 

( 2 )  

Q is a constant 

in the case that 

where Dll is the intrachain diffusive rate of electrons, 

reflecting the mode of electronic motion: Q is positive 

electronic motion can be explained by Heisenberg exchange and metallic con- 

duction models and negative in the case of delocalization of electrons. In 

t~o and three dimension, f( ~0 ) = (I/2~) (D# Di )-i/21n(4~2Dl/ cO ) 

and f( 00 ) = constant, respectively (8). DI is the interchain diffusive 

or hopping rate of electrons. 

The typical frequency dependence of R for HCiO4-doped polytoluidine 

is depicted in Figure 4, in which Rs is the nuclear relaxation rate in the 

phase region with long T I. As shown, the Rr increased linearly with f-I/2 

at frequencies above 50 ~z while it trends to constant with decreasing 

frequency below 50 ~z. ~ indicates that electrons predominantly perform 

intrachain diffusive motion in the higher frequency range and at low fre- 

quencies interchain hopping of electrons appears. The crossover het%~en the 
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Fig. 4. R vs. f-i/2plots for the sample 2A. 
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intercbain and intrachain motional regimes occurs at 00- D~ (i0). So the 

interchain hopping rate for HCIO4-doped polytoluidine is estimated to be 

of the order of 108 rad./S. From the slope of straight line parts of the 

R vs. f-i/2 plots D// is estimated to be about 4 X 109 rad./S for sample 

5A; 4 X I0 I0 rad./S for 2A and 6 X i0 I0 rad./S for 0A. I~i/ D~_ is about 

102, being similar to that of HCl-doped PAn (4). Both D/# and D/. of HCLO 4- 

doped polytoluidine are of the same order of magnitude as those of PAn dop- 

ed with HCI (4). 

It can be seen from Figure 4 that the slope of Rs vs. f-i/2 plot is 

negative, quite differing from the Rr. It see~s to imply that there are 

some complex relaxation mechanism to work in the long-T 1 phase region. 
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