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Nuclear Relaxation in Two 
Conductive TCNQ Salts 
F. DEVREUX 

Centre dEtudes NuclBaires de Grenoble, DBpartement de Recherche Fondamentale, 
Section de RBsonance Magndtique, EP 85 Centre de Tri, 38041 Grenoble Cedex 

As shown by recent studies' the frequency dependence of the nuclear relax- 
ation rate is a sensitive probe of spin dynamics in 1D system. We have 
investigated by this method the properties of two conductive TCNQ salts: 
N-Methyl-Phenazinium (NMP) TCNQ and Quinolinium (Qn) TCNQ, . 
We have measured the proton relaxation time T, as a function of the nuclear 
Larmor frequency vN between 7 and 100 MHz. The measurements have been 
performed at room temperature on polycristalline samples. The nuclear 
relaxation rates are plotted in Figures 1 and 2 versus vi '1,. We obtain straight 
lines on the entire frequency range from 7 to 100 MHz for Qn TCNQ, and 
only from 40 to 100 MHz for NMP TCNQ. This is the experimental evidence 
of a 1D diffusive motion for the electronic spins in these compounds. The 
aim of this paper is to attempt a qualitative explanation of such a behaviour, 
which was not reported so far in conductive TCNQ salts. 

Usually, electronic properties of NMP TCNQ and Qn TCNQ, are 
described by the linear Hubbard hamiltonian which can be written as 
follows. 

x = u + o = 1 nlr nlr - e 1 ( c ~ c ~ + ~ , ,  + C ; + : + , , C ~ J  
1 l a  

We defined n as the average number of electrons per site (n = 1 for NMP 
TCNQ and n = 

Some theories have been proposed to explain the temperature dependence 
of T I  in these compounds. In Qn TCNQ, the results are interpreted in term 
of Korringa relation.' For the NMP salt, Ehrenfreund, et aL3 have attributed 
the unusually strong absolute value of T; ' to an enhancement of the Kor- 
ringa relaxation process due to the coulomb interaction. This interpretation 
is based upon the RPA calculation of the dynamic susceptibility by Moriya4 
and Izuyama, et aL5 Hone and Pincus6 have calculated the nuclear relaxa- 
tion rate in the case of a half-filled band (n = 1) with strong interactions 

for Qn TCNQ,). 
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FIGURES 1 and 2 Proton relaxation rate as a function of the inverse square root of the 
nuclear Larmor frequency. 

(u B 0) by using a high temperature expansion (kT % 0); but they assume 
a gaussian lineshape for the spin correlation function &(t) which is very 
dubious for 1D system. Clearly the RPA calculation and the Hone-Pincus 
theory cannot explain the frequency dependence of T ;  because they do 
not take into account the dynamic properties of 1D system. 

More recently, Villain7 has considered the case of infinite Coulomb 
repulsion (u B 8, kT) for a non half-filled band (n # 1). The problem is then 
reduced to the calculation of the position correlation function for the 
itinerant electrons. A 1D diffusive low is obtained for the frequency spin 
correlation function: d(v) cc v-'''. On the other hand, the limit of electrons 
without interactions (u = 0) can be solved exactly' and for a narrow band, 
one can observe a deviation from Korringa relation and a logarithmic 
divergence for +(v) at low frequencies: $(v) cc In v-'. 
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NUCLEAR RELAXATION IN TWO CONDUCTIVE TCNQ SALTS 243 

Here we analyzed the case of strong interactions and high temperature 
(u, k T  B 0). We calculate the spin correlation function in the Q-space. 

Due to the commutation rule [U,  SP+] = 0, the problem is somewhat similar 
to the exchange narrowing of the EPR line. Thus by using the same formal- 
ism’ we obtain 

+ m  

(So(t)SrQ) = ( s ~ s ~ Q ) e X p {  - It1 I 0 MQ(T) dr] (2)  

where hfQ(r) is the -so-called memory function. The basic hypothesis con- 
tained in Eq. (2) is the Markoffian assumption, i.e. that the memory function 
decreases much faster than the function (SP+(t)SIQ) itself. This condition is 
fullfilled for small wave number Q which are preponderant at low frequency. 
The important point in this calculation is that the time evolution of MQ(t )  
is governed by the effective hamiltonian 

U 

which includes the scattering effects due to the Coulomb repulsion. Thus by 
assuming a gaussian lineshape for MQ(r), one obtains 

r + m  

J M,(~)dr = DQ* 
0 

where the diffusion coefficient D can be expressed as 

n[l - n + nZ(x/2)] D = O( 
3n[l - n(x/2)] 

(3) 

(4) 

x is defined by (nl, nl,) = (n2/4)x (x = 1 for u / k T  4 1 and x = 0 for 
u / k T  B 1 and n I 1). It characterizes the thermodynamic properties of the 
system. Note that in our calculation the density operator is reduced to 
p = exp[-(V - p N ) / k T ] .  

The frequency spin correlation function can then be deduced from Eq. (l), 
(2)  and (3) 

From the expression of D (4), one can see that the result is not valid in the 
case n = 1 at low temperature ( u / k T  9 1, x -+ 0). Indeed in this case the real 
hopping of the electrons from one site to another is no longer possible. As 
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244 F. DEVREUX 

shown by Hone and Pincus; the density operator should be developed as a 
function of 8/kT to obtain the term of virtual hopping. In fact the Hubbard 
hamiltonian is reduced in this case to the Heisenberg model and therefore 
one expect a diffusive behaviour for the spin correlation function with a 
diffusive constant D = ,/% 0’/u. 

The diffusive behaviour, that we have obtained, is due to the scattering 
of electrons from a Bloch-state to another one by the Coulomb repulsion. 
Thus we can infer that this basic result-diffusive behaviour-remains valid 
for moderate Coulomb interaction (u - 0) and at lower temperature (kT 5 0). 
These conditions roughly correspond to the case of NMP TCNQ and Qn 
TCNQ2 at room temperature. However because of the different thermo- 
dynamic properties, the quantity (S;SI,) (Eq. 2) and the diffusion constant 
D are expected to have a stronger temperature dependence. 
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