
CoNDUCTIVITY OF QUASI-ONE-DIMENSIOXRT CnySrnLS IN THE METALLIC PHASE

L. P.  Gor 'kov and I .  E.  Dzyaloshinski i
L .  D.  Landau Inst i tu te of  Theoret ica l  Physics,  USSR Acaderny of  Sciences
Subnitted 30 October 1973
ZhETF P is .  Red .  18 ,  No .  11 ,  686  -  689  (5  Decenbe r  1973 )  ,-Features 

of the conductivity of quasi-one-dinensional crystals
in the metal l ic  phase are considered

Detailed experimental reports on organic complexes based on TCNQ have recently been pub-

l ished t l  -  3 ] .  i t re  most  impoi tant  resul t  is  the observat ion of  so-cal led "phase t ransi t ions ' . '

in to an ant i ferromagnet ic  s t i te  I I ,  2 l  or  of  a Peier ls  t ransi t ion [3] '  The lat ter  is  of  par t ic-

u lar  in terest  in  v |ew of  the connect ion previ .ously  noted [4,  5]  between the st ructura l  instabi l -

i ty  and the possib le appearance of  phenornena of  the superconduct iv i ty  type '  There is  s t i l l  no

th lory of  f luctuat ions in  a quasi -one-dimensional  metal  (see [4,  5] ) .  We conf ine ourselves here

only io  suf f ic ient ly  h igh temperatures,  when the f luctuat ions do not  p lay an essent ia l  ro le,  but

never theless the belav ior  of  l f f  physical  quant i t i ,es exhib i ts  cer ta in s ingular i t ies inherent  in

one -d imens iona l  sys tems  ( see  a l so  [ 5 ,  6 ] ) '

We consider the conductivity of such systems in the tenperature region where the kinetic

equat ion is  s t i l l  va l id ,  i .e . ,  a t  ?r  << tT.  In  our  case th is  condi t ion neans weakness of  the

interaction of the electrons with the phonons and of the electrons with one another, ot else

smal lness of  the defect  concentrat ion.  .  -
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The electron-phonon
t i a l 1y  l a rge

The conductivity is detennined,
as always, by three mechanisms - in-
pur i . ty ,  e lect ron-phonon,  and e lect ron-
electron. An important distinguishing
feature of the last two mechanisms is
that the Fermi surface reduces to two
points in  the rec iprocal  la t t ice
{-pp,  *pp} .  There is  therefore no
diffusion relaxation of the momenturn,
and the res is tance is  a lways deter-
mined by a d i rect  t ransi t ion of  the
electron f rom the point  -pp to +PF.

tine at low tenperatures is exponen-

t;r1,n expl- a o(2e ,1./Tl ,

where ulo(k) is the phonon spectrum. For.the sarne reason,
an exponential factor appears also in t! i, provided that
the number of  e lect rons per  cel l  is  not  exact ly  equal  to
uni ty ,  when 2pp = r /a (a is  the la t t ice per iod)  and the
transi t ion f rom pg to -pF is  nade possib le by Unklapp
processes without a change of energy.

The non-exponential behavior of the relaxation tine
takes place in the considered sinple nodel at temperatures
high -':. than the Debye tenperature (T >> op) , and in the
case of  exact ly  one e lect ron per  cel l  i t  occurs a lso at
T .< r r rD.  The lat ter  takes p lace apparent ly  in  the exper i -
nenta l ly  invest igated NMP -  TCNQ [2]  and TTF -  TCNQ [3] .
Let  T << og,  and let  the ef fect ive mechanisn be e lect ron-
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electron scat ter ing or  scat ter ing by defects.  To avoid n isunderstanding,  we
emphasize that in a one-dinensional systern the repulsion integral for the
f i rs t  of  these nechanisms,  wi thout  a l lowance for  the in teract ion ef fects
desc r i bed  be low ,  y i e l ds  p rec i se l y  t - " ! .  T ,  and  no t  ru l  *  f t ,  as  i n  t he  two -
and three-dimensional cases. However, neither TinD nor t"uT renairls corl:
s tant  at  T. .  eF.  Ihdree"son is  that  in  the one-di -mensional  case a l l  the
scattering amplitudes y are blowly-varying functions of the logarithn of
the tenperature (or  energy)  {  = ln(eplT) .

F ig '  3  
As shown in [5] ,  the propert ies of  the state are detern ined by three

ampl i tudes,  yr (E) ,  \z(E) ,  and the Umklapp anpl i tude y: (6) ,  which are shown in F ig.  I  ( the t
s igns designate the spin pro ject ions) .  Depending on the re lat ion between the in i t ia l  constants
gt ,  gz,  " r r I  gr ,  the syste io c i . t  remain a normal  neta l  (NM),  or  some type of  in i tabi l i ty  can
develop in it, such as a combination of superconducting and Peierls (SP) instabil i.ty or a com-
bi .nat ion of  ant i ferromagnet ic  and Peier ls  (AFP) instabi l i ty .  The th ick sol id .  l ines of  F ig.  2
show schenat ica l ly  the boundar ies between the regions on the p lane g, .  = gr  -  2gz,  gt .

The e lect ron-e lect ron t ime is

' . - . ' - r l r 3 (  f )  12 .  ( t )

Forrnulas for y3 are given in [5]. An investigation of these formulas shows that TeeT can behave
in three ways wi th increasing lnT:  monotonic growth ( I ) ,  decrease ( I I ) ,  and a curve wi th a nax-
imum ( I I I ) .  The boundar ies between regions I ,  I I ,  and I I I  are shown in F ig.  2 by dashed l ines.
In the Hubbard model ,  when g,  = gz = 8g = 8, .  = g,  w€ have (see [5] )

f  r . " - (  l -  g f ) 2

For impur i ty  re laxat ion,  s imi lar  ca lculat ions [5,  6]  y ie ld
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The nature of  the resul tant  renormal izat ion factors is  c lear  f rom Fig.  3,  which shows the
inserts corresponding to the electron interactions in impurity scattering with mornentum transfer
zpF.  At  d i f fe ient  rat ios of  gr ,  92,  and gg,  the t ine t l ro  as wel l  as t " "T can exhib i t  a l l  three
types of dependences on lnT. In Hubbard's nodel we have 

^

r t ^ p - l l  + . g € ) t / 2  (  l -  g ( l - t / 2 ,

i .e . ,  T; - -  decreases when the superconcluct ing instabi l i ty  region is  approached ( th is  behavior  is
typ icai - ' i i f  the Kondo ef fect ) ,  and increases in  the case of  the ant i ferromagnet ic  instabi l i ty .

The amplitude of the electron-phonon interaction, which turns out to be signi.f icant at
T >> oD, is  l i .kewise renormal ized in accordance wi th F ig.  3.  Therefore l /Tts th is  determined in
th is  region by formula (2) .

The conduct iv i ty  data used in the exper iments [1 -  3]  is  insuf f ic ient  to  determine the
paraneters in  the logar i thnic  formulas (1)  and (3) .  The metal l ic  behavior  of  the conduct iv i ty
in  TTF -  TCNQ [3]  above the t ransi t ion is  in  qual i ta t ive agreement  wi th (1) .
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