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We discuss the high temperature phonon limited resis- 
tivity and the low temperature specific heat of the 
mercury chains in Hg AsF , in a model where the ac- 
oustic longitudinal $&on$ are highly anisotropic. 
The anisotropy is characterized, in our model, by the 
parameter a=V,/v, where v, and v,, are the sound velo- 
cities perpendicular and along the chain direction. 
The second order contribution to the electrons' scat- 
tering rate is largely enhanced for 1-d electrons lo- 
calized on the mercury chains when a c< 1. 
shown that the expression following our model p=AT+BT 
can account for the experimental data in the tempera- 
ture range 235K-430K with a value a=0.015. With this 
small 
and obtain excellent agreement with experiment. 

2 It is 

we calculate the low temperature specific heat 

PHONON LIMITED HIGH TEMPERATURE RESISTIVITY 

The resistivity of Hg AsF6(l-2) in the ab plane poses a 
dilemma. 
significantly from linearity at high temperatures, and its 
value at T=300K,p=60p~-cm, gives by the Hopfield relation 
h/~=2n~T a value x=l. 
compared with that deduced from the superconducting transi- 
tion (TS=0.3K=>X=0.15) and with that of liquid mercury(A=o.4). 

Its tempera$&e dependence is found to deviate 

This value is extremely high when 
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The mean free path, obtained from the room temperature 
resistivity, is about 20 lattice constants, thus, suggest- 
ing that the electron is described by extended Bloch states 
along the chain. The large resistivity perpendicular to 
the chain pA /p". ~ 2 5 0  (1) , induces a strongly localized descrip- 
tion in that direction. 

If we denote the mercury ions' sites by X Y ,Z an 
electron localized on the m,n'th chain is descGlb8d fly the 
wave function: 

and the Hamiltonian: 

where E(k) = h. 2 2  k /2m and 
electron in state k localized on the m,nfth chain. 

lattice probably does not couple strongly to 
the electron$ since there are 6% vacancies in this lattice 
and no measurable residual resistance (3). As for the coup- 
ling to other chains, the number of crossing chains is small 
and does not contribute much to the electron-phonon inter- 
action. Thus, we assume the electron to interact only with 
the chain on which it is localized (at low temperatures, an 
alternative description is given by Ehrenfreund and Kaveh 
( 4 ) ) ,  the interaction being given by: 

(akrnn) create (annihilate) an 
The AsF 

where u 
The firgnterm in eq. (3) is the usual chain potential which 
we assume not to change E(k) for kckF. 
when written in second quantized form, gives the e-ph inter- 
action : 

are the longitudinal vibrations along the chain. 

The second term, 

Here, N and b are the number of sites and lattice constant 
along the chain respectivelz, and $4) is the 1-d Fourier 
transform of v are the transverse 
phonon wave-vevvor and radius vectorm8f the m,n'th chain 
respectively, and u + are the 3-d amplitudes of the normal 
mode expansion of the phonons polarized along the chain. 

(x). q=cL, ,qA and rL 

q¶qA 
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We now use an anisotropic  Debye model f o r  t h e  disper- 
sion law of the phonons: 

with 1qX1 < n/b 1q. 1 ,  1q,1 6 n/a, a being the  t ransverse 
l a t t i c e  constant.  YThe parameter a=vL/v,, introduced here 
i s  the  r a t i o  of t h e  sound v e l o c i t i e s  perpendicular and a- 
long t h e  chain d i r ec t ion .  We a l s o  def ine the  dimensionless 

where p(cF)  i s  the  densi ty  of states a t  eF f o r  one sp in  
direct ion.  

t u re  phonon limited conductivity along the  mercury chains 
within the q u a s i s t a t i c  l i m i t  f o r  ions '  v ibrat ions ( u ~ < < l ,  
where w i s  the  phonon frequency and 'C t he  e lectron s c a t t e r -  
ing time) using both first and second Born approximations. 
We a l s o  assume t h e  intrachain in t e rac t ion  of t h e  mercury 
ions,  t o  be much l a rge r  than the  in t e rcha in  one, thus,  ta-  
king a < < l .  

With these de f in i t i ons  we ca l cu la t e  the high tempera- 

We obtain (2)  : 

where n=a(b/a). The r a t i o  - r (2 ) /~ (1 )a (k (o ) / a )  (kBT/EF) 
which is  usual ly  small s ince  kgT << E , is  now enhanced 
when the  anisotropy i s  large ( a < < l ) .  FThe r e s i s t i v i t y  ob- 
tained from t h i s  model is  now given by: 

p = -  2 Zn4kFbh (0) --]=AT kBT + BT 2 (9) 

EF 
2 /"'1(2kF) kBT {l + a 

VF 

where n, i s  the number of chains per u n i t  area.  
In f i g .  1 we p lo t  a/T vs. T.  

T>235K we get a s t r a i g h t  l i n e ,  confirming the law p=AT+BT 
i n  t h a t  temgerature region, with A=0.09pSl-cm/K and 
B=0.35 x 10 3pQ-cm/KZ. We now apply our model eq. (9) 
with the following parameters: 

-2A- i  and v -1.1 x 10 a = 7 . 5  A, k = (5/6)a/b, n,= 2 . 1 7  x 10 

For high temperatures 

eF = 3 . 7 4  eV b = 2 .64h ,  
8 

F- F 
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In the next section we show that this small value of 
a perfectly explains the low temperature specific heat re- 
sults of Moses et al. (5). 

THE SPECIFIC HEAT OF Hg3 - *AsF6 
The density of phonon states D(w) is given by D(w) = dN(w)/dw 
where N(w) is the number of phonon states with frequency less 
than o r  equal w .  

onst dispersion law we obtain: 
Using our anisotropic Debye model eq.(S) f o r  the phon- 

fl 

FIGURE 1 p/T vs. T. The points are experimental results of 
Spal(1) (T<300K) and Moses (2) (T>300K). The line is the fit 
to our model. (Note the anomaly in the resistivity around 234K) 

cm/sec. 
a from A and B and get h =0.3 and a = 0.015. 

a perfectly explains the low temperature specific heat re- 
sults of Moses et al. (5). 

Assuming X(O1 = X(2kF) = X we can solve for X and 

In the next section we show that this small value of 
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FIGURE 2 The densi ty  of s t a t e s  eq. (10) 

The densi ty  of s t a t e s  i s  p lo t t ed  i n  f ig .2  and we See 
the re  three frequency regions: ( i )  t h e  low frequency region 
where D(w)  = i .e .  3-d region, ( i i )  t h e  high frequency 
1-d region D(w) = const. and ( i i i )  t he  cutoff  region where 
D ( w )  decreases t o  zero. 

the s p e c i f i c  heat per mole of Hg 
2 Using the  densi ty  of states eq.(lO) with V/a b = No 

AsF i s  given by: 3-6 6 

(%w/kBT) exp (hw/kBT) 3 D(w)dw + BT (11) 2 C = (3-6)kB J 
exp (ho/kgT) - 1 I 

where the first term is the  s p e c i f i c  heat of t h e  longitu- 
dinal mode of t h e  mercury chains and t h e  second term BT3 
i s  t h e  usual spec i f i c  heat of t he  3-d AsF6 l a t t i c e .  
s p e c i f i c  heat may be separated i n t o  these two independent 
contributions because of t h e  weak coupling between the  
mercury and AsF 
l a t t i c e  s t ruc tu re .  The conduction electrons contr ibut ion 
i s  negl igible  (see Moses e t  al .  (5)). 

The s p e c i f i c  heat obtained i s  i n  excel lent  agreement 
with experiment ( f i g .  3) t h e  parameters being: a = .016, 
v = 5 x l o5  cm/sec and B = .015 J/mol K4. 

The 

s u b l a t t i c e s  r e l a t ed  t o  t h e  incommensurate 6 
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2 FIGURE 3 C/T vs. T . The points are experimental results of 

Moses et al. (5),  the solid line is the fit to our model with 
a=.016,the upper(1ower) dashed line represent a=.014(a=.018). 

Moses et al. (5) analyzed the results using Tarasov's 

Our model is closely related to Tarasov's one, 
phenomenological theory (6) for weakly interacting 1-d 
chains. 
since the weak interaction between chains leads to vL<<v,,. 
Indeed, our expression for the density of phonon s t a t e s  i s  
similar to that of Tarasov. 

REFERENCES 

1. D.R. Spal, Thesis, University of Pennsylvania (1980). 
2. S .  Marianer, V. Zevin, M. Weger and D. Moses, submitted 

3. C . K .  Chiang, D.R. Spal, A. Denenstein, A.J. Heeger, 
to J.Phys. C. (1981). 

N.D. Miro and A.G. MacDiamid, Solid St. Comm. 22, 
293 (1977). 

4. M. Kaveh and E. Ehrenfreund, Solid St. Comm. - 31, 709 
(1979). 

5 .  D. Moses, A. Denenstein, A.J. Heeger, P.J. Nigrey and 
A.J. Madciamid, Phys. Rev. Lett. 43, 369 (1979). 

6. V.V. Tarasov, New Problems in the Physics of Glass 
(Oldbourne, London, 1963). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
56

 2
1 

Fe
br

ua
ry

 2
01

3 


