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POLARIZED REFLECTANCE SPECTRA OF DCNQI SALTS 

KTUFA FAKUSHI and AKITO UGAWA 
Institute for Molecular Science, Okazaki, Aichi 444, Japan 

GEN OJIMX, TAUISHI IDA, HIROYUKI TAJIMA, HARUO KURODA, 
and AKIKO KOBAYASHI 
Department of Chemistry, Faculty of Science, the University of 
Tokyo, Honqo, Tokyo 113, Japan 

REIZO KATO and HXYAO KOBAYASHI 
Department of Chemistry, Faculty of Science, Toho University, 
Funabashi, Chiba 274, Japan 

Abstract Temperature dependence of the polarized reflectance 
spectra have been measured on the single crystals  of (DMe-  
DCNQI )zAg, ( DMe-DCNQI )zNa, (MeBr-DCNQI)Cu, and ( DMe-DCNQI 12- 
C i i  (DCNQI s tands for dicyanoquinonediimine). The optical 
spectra evidence one-dimensional band s t ructures  of A g -  and 
Na-salts and anisotropic three-dimensional ones of Cu-salts. 
The dimensionality c ros sove r  is  found in  (MeBr-DCNQI )zCu 
around the metal-insulator phase transition. 

In the past few years, considerable effort has been devoted to the 

electrical,’-6 magnetic,”Z structural,13-16 and 0ptical1~-1~ studies of the 

organic radical salts of 2, 5-substituted dicyanoquinonediimine ( SY- 

DCNQI 1. The substituted DCNQIs were synthesized by Aumuller and 

Hunig for the first time,m-zl and the copper salt, (DMe-DCNQIkCu, 

attracted attention because of keeping the metallic behavior down to 

1.3 K without showing a Peierls transition.’ From the chemical 

viewpoint, unique is the  a rch i t ec tu re  t h a t  organic  s t a c k s  are 

bridged by coordinate bonds through copper cations. In this  

respect the copper salts of D C N Q I s  are regarded to shed light on 

the field of organic metals. Apart from this chemical aspect, copper 

salts of DCNQI showed several unusual solid state properties: the 

pressure-induced metal-insulator phase transition,z~3~J*b the re-entrant 

behavior in the p-T phase diagram,alb and the coexistence of con- 
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218 K. YAKUSHI e t  al. 

duc t ion  e l e c t r o n s  a n d  a magnet ic  o r d e r  at  low temperature311? 

These proper t ies  or iginate  from the  interact ion between t h e  7r - 
conjugated organic stack and the  3d-orbitals of copper cation. In  

th i s  paper ,  we p r e s e n t  t h e  t e m p e r a t u r e - d e p e n d e n t  r e f l e c t a n c e  

spectra of the single crystals  of four DCNQI salts ((DMe-DCNQIIdg, 

( DMe-DCNQI Ma, ( DMe-DCNQI )2Cu, ( MeBr-DCNQI )zCu 1, and discuss the 

c-harge-transfer interaction between the  DCNQI stack and  the  bridg- 

ing copper cation. 

EXPERIMENTAL 

The procedure on the  crystal  growth of DCNQI salts were described 

elsewhere.16 Polarized reflectance spectrum w a s  measured with two 

spectrometers  us ing  a microspectro-photometric technique. The 

spectrum from -1500 cm-1 to  25000 cm-1 was measured with the  in- 

strument composed of the optical microscope, Ulympus MMSP-RK, the  

monochromator, JASCO-CT50, and  the  c ryos t a t ,  SpectrimTn. The 

spectrum from -160 cm-1 to  5000 cm-1 was measured with the  infrared 

spectrometer of dispersive type, J.iZSC0 MIR-300, which w a s  exten- 

sively modified in the  University of Tokyo to  conduct an  automatic 

measurement and a low-temperature experiment. Solution spectrum 

was measured  w i t h  Hi t ach i  U-3.100 u s i n g  c a r e f u l l y  p u r i f i e d  

acetonitrile as a solvent. 

RESULTS A N D  DISCUSSION 

Figure 1 shows the spectra  of DMe-DCNQI (dotted line) and (DMe- 

DCPjQ1)zLi (solid line) dissolved in acetonitrile solution. The absorp- 

tion spectrum of ( DMe-DCNQI )zLi involves three absorption bands, A, 

B, and C. The band C containing two shoulders at both sides of 

the main peak i s  attr ibuted to  the  intramolecular transition of DMe- 

DCNQI neutral molecule as obviously seen from the comparison with 

the spectrum of DMe-DCNQI. Thus the  peaks, A and B, are assig- 

nahle to  the intramolecular transition of DMe-DCNQI- radical. In- 

cidentally the shape of the band A and the  energy separation be- 

tween the bands A and B are similar t o  those of TCNQ- radical." 

\<e t h u s  c o n s i d e r  t h a t  t h e  e l ec t ron ic  s t r u c t u r e  of D M e - D C N Q I  
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POLARIZED REFLECTANCE SPECTRA OF DCNQI SALTS 219 

resembles TCNQ as well as the molecular skeleton does. 

I ' ~ ~ " " " ' " ~ ' ~ ' ' " ' ' ' ~ ' ' ~ - ~ I  

Wavenumber / lo3 cm" 

FIGURE 1 Absorption spectra of Dble-DCNQI (dotted line) and 
( DMe-DCNQI )zLi ( solid line 1 dissolved in acetonitrile solution. 

( DMe-DCNQIWA 

(DMe-DCNQIIzAg exhibits a metal-like electrical conduction with the 

room-temperature conductivity of 100 Scm-1, a conductivity mavimum 

at ca. 100 K, and 3 sharp decrease with an activation energy of 

0.1 el' a t  lower temperature. As shown in Fig. 2 ( a ) ,  the  //c 

spectrum drawn by open circles shows a large dispersion in the in- 

frared region, whereas we cannot find any strong dispersion in the 

//a spectrum drawn by triangles. This spectrum obviously indicates 

the existence of a one-dimensional intermolecular interaction along 

the stacking direction (c-axis) of DMe-DCNQI. The Ag****N-C distance 

is comparable with those of the coordination compound such as 

[Ag(CH3CN)s]C104.13. However the absence of dispersion in the in- 

frared region of the / / a  spectrum, except due to weak vibrational 

transitions, demonstrates that  a strong interaction is not present 

between the silver cation and the DCNQI stack. Further evidence 

for the absence of the Ag-DCNQI interaction is provided by the 

resemblance to the spectrum of (DMe-DCNQI ) z N a  where coordinate 

bond cannot  be formed between metal cation a n d  DCNQI (vide 
infrs)l5. This one-dimensional electronic structure is consistent with 
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220 K. YAKUSHI et al. 

other  experiments on the  X-ray diffuse scattering,l5 ESR,lU and  

electrical conductivitylo. 

Despite the metallic behavior reported in the t ransport  experi- 

ments of (DMe-DCNQIhAg, the / / c  spectrum in the  infrared region i s  

not Drude-like. This optical behavior i s  of ten observed in one- 

dimensional organic conductors such as (TMTTF I z S ,  being ascribed to 

the formation of a band gap by s t rong  electron-electron correla- 

tion.23 Schutz et al. explained the electrical conductivity of this 

Xg-salt on the basis of "metal like" semiconductor model with the 

ac t iva t ion  e n e r g y  of 245 cm-1 where  a t empera tu re -dependen t  

mobility i s  introduced.6 The conduc t iv i ty  s p e c t r u m  ca lcu la ted  

t h r o u g h  t h e  Kramers-Kronig t r ans fo rma t ion  is i l l u s t r a t e d  in  

Fig. 2(b). This spectrum also suggests  the presence of the band 

gap in the low-wavenumber region already at room temperature. 

The integrated intensity of the 2950 cm-1 absorption band is 

related to the magnitude of the transfer integral between the ad- 

jacent DCNQI molecules in the stack. Since the exact solution of 
the extended Hubbard model is not known, w e  tentatively estimate 

the transfer integral using the model of the L; = I: 0 limit. In 

the case of quarter-filled tight-binding band, the t ransfer  integral 

\ 601 i 

"0 5 10 15 20 25 
Wavenumber / I o3 cm -' 

FIGURE 2 Polarized (a) reflectance and ( b )  optical 
conducivity spectra of (DMe-DCNQI)zAg. The / / c  and //a 
spectra are respectively drawn by circles and triangles in 
(a), and by solid and broken lines in (b). 
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POLARlZED REFLECTANCE SPECTRA OF DCNQI SALTS 22 1 

is  related to  the integrated area of conductivity spectrum by the  

following equation, 

where e is t h e  electron cha rge ,  c t h e  la t t ice  cons t an t  along the  

stacking axis, N the  si te number per unit  volume, t the  t ransfer  in- 

tegral. The t ransfer  integral t h u s  calculated i s  0.1 eV. The peak 

e n e r g i e s  a p p e a r e d  i n  t h e  c o n d u c t i v i t y  s p e c t r u m  are  l i s t ed  in  

TABLE I. 

The s t rong vibrational bands at 900, 1150, and 2050 cm-1 is  at- 

t r i bu ted  to  a g  modes induced by a n  electron-molecular vibrat ion 

couplinq.*3 This transition i s  optically allowed when the  DMe-DCNQI 

molecules are dimerized o r  tetramerized in the  stack. Thus the  ap- 

pearance of these vibrational bands is regarded as evidence for t he  

p r e s e n c e  of t h e  f l u c t u a t i n g  l a t t i c e  d i s t o r t i o n  in  t h e  regular ly  

stacked average s t ructure .  This  in te rpre ta t ion  is cons is ten t  with 

the observation of the  X-ray diffuse sheet  at r o o m  temperat~re.1~ 

TABLE I Peak energies (103 cm-1) observed in the  solid 
spectrum of (DMe-DCNQI )fig. 

/ / c  0.90, 1.15, 2.05, 2.95, 13.4, 14.6, 21.2 

/ / a  1.55, 2.29, 13.4, 14.6, 21.0 

Since the absorption band at 13400 cm-1 has vibrational s t ruc-  

tu re  similar t o  the  band A in Fig. 1, i t  is ascribed t o  the  lowest 

i n t r a m o l e c u l a r  t r a n s i t i o n  of DMe-DCNQI-. A n o t h e r  b a n d  at  

ca. 21000 cm-1 i s  p r o b a b l y  a s s i g n e d  t o  t h e  s e c o n d  l o w e s t  
intramolecular transition of DMe-DCNQI-, the counterpar t  of which is 

found as the  band B in solution spectrum. These absorption bands 

a re  also ohserved in the solid state spectrum of (DMe-DCNQI)zNa.17 

W e  therefore conclude tha t  any indication to show the interaction of 

Dble-DCNQI and silver cation is not found in this material. 
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222 K. YAKUSHI e t  al. 

( DMe-DCNQI IzNa 

The electrical, magnetic, and s t ructural  properties of ( DMe-DCNQI ) z N a  

are almost exactly the  same as those of (DM~-DCNQI)ZA~.~ Figure 3 

shows the temperature dependence of the reflectance and conduc- 

tivity spectra polarized parallel to  the stacking direction. The low- 

t empera tu re  spec t rum shows no s u b s t a n t i a l  c h a n g e  except  t h e  

sharpening of the vibrational structures.  This temperature depen- 

dence strongly indicates that  the  band gap is already present at 
room temperature. If the band gap is  opened by the lattice distor- 

tion, the spectrum should change concomitantly with the the evolu- 

tion of the lattice distortion on lowering the temperature. This is  

not the case in this  material, so that. w e  consider that  the  band 

gap already present at room temperature is formed mainly by the 

Coulomb interaction between the  ad jacent  molecules in the  DCNQI 

stack. Incidentally a g  modes are found at 980, 1100, 1200, 1300, 

1600, and 2100 cm-1 a t  20 K. 

I"" I. LJ 1 .  

'0 5 10 15 2 0  25 

.. 

, . = ' I  

1 000 

- 
'E 500 
u m 
\ 

> 
> 
0 
3 TI 
C 
u 

Z O  
.- 
c 

0 0  

'0 5 10 15 20 25  
Wavenumber / 10' cm-' 

FIGURE 3 Temperature dependence of (a)  the reflectance 
and ( b )  conductivity spectra of (DMe-DCNQI )zNa. 
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POLARIZED REFLECTANCE SPECTRA OF DCNQI SALTS 223 

( DMe-DCNQI )zC_U 

The room-temperature conduct ivi ty  of ( DMe-DCNQI )zCu is ca. 

1000 Scm-', and this material keeps the  metallic property down to  

1.3 K. The reflectance spectrum of (DMe-DCNQIIzCu is entirely dif- 

ferent throughout the  measured spectral  range from those of (Dhle- 

DCNQIIzAg arid (DMe-DCNQ1)zNa as shown in Fig. 4. In  spi te  of t he  

high conductivity, t he  spectral  shapes a re  far from a typical Drude- 

type dispersion of the  reflectance spectrum. This resul t  suggests  

the presence of an additional electronic transition near the  plasma 

frequency of' the  intra-band transition. This additional absorption 

barid becomes clearer at, ca 5000 cm-1 on lowering the  temperature 

as shohn in 20 K spectra  of Figs. 4(a) and 4(bL The increase of 

the reflectivity at  low temperature undoubtedly leads to  the  assign- 

ment t h a t  t he  intra-band t ransi t ion by conduct ion electrons con- 

tr ibutes to  the dispersion of the low-wavenumber region. The s t rong 

dispersion in  the //a spectrum is the  most subs tan t ia l  difference 

from I Dble-DCNQI ) zAg  and ( DMe-DCNQ1)zNa. Since this  dispersion be- 

comes more remarkable at low tempera ture ,  i t  i s  ass igned  t o  t h e  

intra-band t ransi t ion along the  in te rs tack  direction. This r e su l t  

means t h a t  the  conduction band of this material is formed not only 

in Lhe stticking direction but  also in the interstack direction. Since 

the crystal  belongs t,o the tetragonal system, this material forms 

a n  anisotropic  th ree  dimensional conduct ion band. T o  obtain the  

degree of anisotropy, w e  analyzed the reflectivity curve,  simulating 

the reflectance spectrum by the following Drude-Lorentz model, 

where 6 stands for the dielectric constant contributed from the 

high-wavenumber escitation; w p and y the  plasma frequency and 

relaxation rate of conduction electrons; D p j ,  Q J ,  and r j the  

plasma frequency, resonance frequency, and damping parameter of a 

j-th Lorentz oscillator. The m o s t  reliable Drude parameters  are 

obtainable in the  ana lys i s  of t he  20 K spec t r a ,  t hese  parameters  

being compiled in TABLE I1 . These parameters  almost per fec t ly  
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224 K. YAKUSHI e t  ale 

reproduce t h e  experimental  curve.19 However, i t  i s  difficult  t o  

uniquely determine these parameters, because w p and G? pi are in- 

teracting on each other. Considering this  situation the  ambiguity of 

the Drude parameters i s  within 30 %. 

8 60 

40 
\ 

5 
g 20 

C ? O  

c 

A + 

0 

Wavenumber / lo3 cm-' 

FIGURE 4 Temperature dependence of the  reflectance 
spectra of (DMe-DCNQI)zCu polarized (a )  parallel (//c) and 
( b )  perpendicular ( / / a )  to the  stacking direction. 

TABLE I1 Parameters of Drude-Lorentz f i t  of 
(DM?-DCNQI)iCll at 20 K. 

//c 3.07 10.7 0.42 4.3 11.9 7.1 
12.9 9.3 7.5 

/ / a  3.46 5.0 0.67 4.1 5.6 3.3 
10.2 13.6 9.7 

The optical m a s s  is  calculated to  be 1.7me for the  stacking ( e a x i s )  

direction and 7.9me for the  interstack (a-axis) direction. The t ight  

binding band calculated by extended Huckel method p red ic t s  a 
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POLARIZED REFLECTANCE SPECTRA OF DCNQI SALTS 225 

pseudo-one-dimensional band structure.16 As compared with o t h e r  

organic conductors  such  as (TMTSF IzPF624 a n d  j3 -(BEDT-TTF )213zs, 

this anisotropic ratio is much smaller than the  former (1.2me and 

16me at 30 K )  which has a warped open Fermi surface and ra ther  

comparable with the latter (2 .0n1e and i.Ome at 26 I0 which has a 

two-dimensional closed Fermi surface.  This anisotropic  ra t io  of 

( D M e  - D C N Q I 1 ZC u i n s i s t s u po n t h e  t h re e- d i m e n s io na  li t y , 
present ing  a s t r ik ing  con t r a s t  with the  one-dimensional electronic 

s t r u c t u r e  of ( DMe-DCVQI IzAg. This outs tanding  c o n t r a s t  i s  a t -  

t r ibu ted  to  the  accidental  proximity of t h e  e n e r g y  levels  of t he  

copper 3cGorbitals and  DMe-DCNQI's L U H O ,  s ince the  Cu and  A g -  

salts a r e  isostructural to  each other. In other  words, the admis- 

tu re  of the  3d-orbitals of copper cation with the  DMe-DCNQI's LUMO 

is responsible for the  strong interstack interaction.bp6 Indeed, XPS 

and X-ray diffuse scattering show the mixed valent s ta te  of copper 

cation (CU' .~ ' ) ,  that  is, a back charge t ransfer  occurs from copper 

to DMe-DCNQT through this admixture. 

s t ro n g 

The conduct ivi ty  spectrum at  each tempera ture  is shown in 

Fig. 5 ,  The spectrum is  uniisuallq- broad for an  organic material 

(see Fig. 2 as to  a typical spectrum of an  organic crystal) ,  indicat- 

i ng  t h a t  s e v e r a l  a b s o r p t i o n  b a n d s  o\rer lap e a c h  o t h e r  in th i s  

spectral region. The clue to interpret  the  broad spectrum might be 

obtained by comparing with the spectrum of (DMe-DCNQI)zNa, in 

which metal orbit& a re  not mixed with the  Dble-DCNQI's molecular 

orbital ( b l O ) .  The conductivity spectrum at 20 I( shown in Fig. 5 

does not involve the s h a r p  vibrat ional  s t r u c t u r e  charac te r i s t ic  of 

the lowest intramolecular transition of DMe-DCNQI-. This observation 

leads to  the  \.iew t h a t  a n  admixture with the  copper  Bd-orbitals 

considerably d i s t u r b s  the  or iginal  one-dimensional band s t ruc ture  

and the electronic transitions of Cu-salt involves this  copper 3d- 
orbi ta ls .  This in te rpre ta t ion  is suppor t ed  by t h e  spec t ra l  change 

synchron ized  with t h e  s t r u c t u r a l  p h a s e  t r a n s i t i o n  of ( MeBre- 

DCNQI)~CU which will be discussed in the next section. The copper 

cation s tands in the Dzd distorted tetrahedral crystal  field, so that  

CuI' has fully occupied 3d-orbitals(d 10) spli t  into three levels: top- 

most b2(dw), higher l e ( &  and &=), and lower 2e(dzz and d ~ 2 + ~ 2 1 . ~ - ~ ~  
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226 K. YAKUSHI et al. 

2 0 K  - 
c 

( b )  
6001 . . . .  . . . .  I .  . . . ,  . . . .  , .  . . . l  

200m 
n 
“0 5 10 15 20 25 

Wavenumber / 10’ cm-’ 

FIGURE 5 Temperature dependence of the  conductivity 
spectra of (DMe-DCNQI)2Cu polarized (at parallel (//c) and 
( b )  perpendicular ( / /a1  to t he  stacking direction. 

Mori et al. estimated the energy separations of tnese energy levels 

from the  model calculation3: 9000 cm-1 between bz and  le,  and  

19000 cm-’ between bz and 2e. The 20 Ii spectra in both polariza- 

tions show three absorption bands shown by arrows: the intra-band 

transition at 0 crn-’, the absorption band at 4000-5000 cm-1, and 

the absorption band at 10000-12000 cm-1. Combining the model cal- 

ciilntion with the optical spectra,  w e  suggest  3 hypothesis that  the  

bz-orbital is mainly hybridized with DMe-DCKQI’s LUI.10, t he  2e- 

orbital is  mixed with the HOMO of DMe-DCNQI, and le-orbital is  lo- 

cated beween them. On the  basis of this  model, the  lowest transi- 

tion i s  assigned to  the intra-band transition in the  conduction hand 

made by copper b2 and DMe-DCNQI’s LUMO, t he  second one at ca. 

4000 cm-* to the charge-transfer transition f r o m  copper l e  to the  

conduction band, and the third one at ca. 12000 cm-1 to  t he  inter- 

band transition from the  valence band formed by the mixed orbitals 

between HOMO and copper 2e. In  the  Na-salt the  one-dimensional 

conduction band developing along the  s tacking  direction i s  fou r  

times degenerate ,  s ince fou r  DMe-DCNQI molecules are involved in 
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POLARIZED REFLECTANCE SPECTRA OF DCNQI SALTS 227 

the primitive unit cell.lb On the other hand, in the Cu-salt the  

admixture removes the degeneracy of these conduction bands a s  well 

AS it enhances the band dispersion along the interstack direction. 

T h i s  situation also makes the electronic s t ructures  of this  material 

niore complicated and may bring about the broad spectrum. 

( MeRr-DCNQI )ZCLI 

(MeRr-DCNQI)zCu is metallic down to 160 K and undergoes a metal- 

insulator  phase transit ion.  The ref lectance spec t r a  of ( M e B r -  

DCNQI)ZCU in the metallic phase (293 li and 200 K) are almost the  

same as those of (DPle-DCNQI)zCu as shown in Fig. 6. The metal- 

insillator phase transition brings about a spectacular change in the  

spectrum. 

60 

s 40 
\ 

g 20 
C 
CY 
c 

d $ 0  

E O  
+ 

0 

n 

......I.U....I..U . . . . . 

I . . . . , . . . .  

wO 5 10 15 20 25 

# 40 

Wavenumber / 10' cm-' 

FIGURE 6 Temperature dependence of the  reflectance 
spectra of 1 MeBr-DCNQ1)zCu polarized (a) parallel 
(//c) and ( b )  perpendicular (//3) to the stacking 
direction. 
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228 K. YAKUSHI e t  al. 

TABLE HI Parameters of Drude-Lorentz f i t  of 
( MeBr-DCNQI )zCu at 200 K. 

e c  w p  Y R j  Q p j  r j  
(103  c m - 1  (103  c m - 1 )  

//c 3 . 1 5  1 0 . 3  0 . 8 8  3 . 7  1 2 . 1  8 . 5  
1 3 . 0  1 0 . 8  9 . 4  

/ / a  4.62 5 . 6  1 . 1 7  6.3 1 0 . 8  9 . 1  
1 1 . 7  1 3 . 9  9 . 4  

This change can be taken as direct  evidence tha t  the  dispersions in 

the  inf ra red  region, t he  shape  of which i s  not  Drude-like, i s  

ascribed to the absorption by conduction electrons. The resul ts  of 

Driide-Lorentz fit of 200 K spectra  are compiled in TABLE 111 . The 

optical masses a re  calculated to be 1.9m for  the  stacking direction 

(//c) and 6.4me f o r  t he  in te rs tack  direct ion (//a). The optical  

anisotropy is the same as (DMe-DCNQI)zCii taking account of the  am- 
biguity of the Drude parameters. W e  therefore cannot find any dif- 

ference in the  degree  of anisotropy between th i s  s a l t  and (DMe- 

DCNQI )zCu above the phase-transition temperature. 

The temperature-dependent conduct ivi ty  s p e c t r a  a r e  shown in  

Fig. 7. The notable change  of t he  spec t rum a round  the  metal- 

insulator phase transition is f i rs t  the appearance of t he  optical gap 

in the //c spectrum and second the  disappearance of the  intra-band 

transition in the //a spectrum. The absorption band at ca. 2500 cm-1 

resembles the  20 K spectrum of (DMe-DCNQIIzNa shown in Fig. 3(b) ,  

so that  i t  is  ascribed to  the  inter-band transition across the  band 

gap opened by the  phase transition. This inter-band transition i s  

s t rongly  polarized to  the  s tacking axis. The absence  of t he  cor- 

responding t ransi t ion along t h e  in te rs tack  direct ion means t h e  

vanishing of the charge-transfer interaction between the  copper cat- 

ion arid Dble-DCNQI near  t he  band gap. Therefore  t h e  electronic  

s t r u c t u r e  of (MeBr-DCNQI )zCu becomes one-dimensional along t h e  

s t ack  in t h e  in su la t ing  phase .  Th i s  dimensional  c ros8over  i s  

unusual, considering the  small s t ructural  change accompanying the  

phase transition.bJ4J6 Consequently w e  are obliged to  think tha t  t he  

interaction between the topmost 3d-orbital ( &) and DCNQI's LUFlO, 

so that  the interaction near the Fermi level, i s  sensitive to  the  
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400 2 0 K  - 

5 400- 100K - 

J 400 293K - - 

n . . . . I . .  
"0 5 10 15 20 25 

~~ 

"0 5 10 15 20 25 
Wavenwr,.m / lo3 cm-' 

FItiCRE 7 Temperature dependence of the  conductivity 
spectra  of ( MeBr-DCNQI )zC'ii polarized (a )  parallel (//c) 
and ( b )  perpendicular (//a) to  the  stacking direction. 

configuration around the copper cation. 

Another two absorption bands, which w e  have assigned to  the  

charge-transfer transition from copper l e  t o  DCNQI's LUMO and to  

the inter-band trttnsition in the  preceding section, weaken and shift  

t o  h l i i e  below t h e  meta l - insu la tor  phase- t ransi t ion tempera ture .  

Comparison with the 'LO K spectrum of ( Dhle-DCNQI )zCu manifests this  

spec t ra l  change  more clearly.  The s t r u c t u r a l  change  around the  

copper  cation conconiitant with the  phase  t rans i t ion  i s  f i r s t  t h e  

shortening of the Cu.--N:C distance by 0.021 .i and second the  en- 

hancement of the DZd distortion from a tetrahedral symrnetry,l6 This 

geonietrical change increases the  energy separations between bz and 

l e  as well as between bz and 2e, so that  t he  blue shift  i s  consis- 

tent  with this s t ructural  change. The decrease of t he  transition 

probability appea r s  to  be cont rad ic tory  t o  t h e  shor ten ing  of t h e  
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230 K. YAKUSHI e t  al. 

coordinate bond. The D z ~  distortion of cyano groups around the  

copper ion m a y  possibly decrease the  degree of admixture between 

3d-orbital and p n  -orbital of DCNQI. 

I n  th i s  connection w e  will briefly d i scuss  t h e  preliminary 

resu l t s  on the  polarized ref lectance spec t rum of (MeBr-DCNQI)zCu 

under  high p r e s s u r e  u p  t o  21 k b a r  in  t h e  spec t r a l  r ange  from 

4200 cm-I to  25000 cm-1. Upon apply ing  p r e s s u r e  t h e  ref lect ivi ty  

around 5000 cm-1 s ignif icant ly  increases ,  whereas  t h e  shoulder  in 

the reflectance spectrum around 12000 cm-1 shows slight decreases 

r a the r  than  increase.  This r e su l t  s u g g e s t s  t he  increase  of t h e  

intrastack interaction and the  decrease of the  interstack interaction. 

I t  is  known that  high pressure induces a metal-insulator transition.2 

If the analogous geometrical change occurs at high pressure,  this 

resul t  also indicates  t ha t  t he  hybridizat ion between copper  3 d- 

orbital and DCNQI’s pn -orbital i s  sensitive to the  geometrical en- 

vironment of the copper ion. 

I n  conclusion, all these  r e su l t s  lead t o  t h e  view t h a t  t h e  

three-dimensional conduction band of Cu-salts is barely sus ta ined  

not only by the  accidental proximity of the  energy levels of copper 

3d-orbitals to  the DCNQI’s LUMO but  also by the  specific tetrahedral 

coordination of cyano groups around the  copper ion. The inter- 

s tack  interact ion mediated by copper  ion i s  easily broken by a 

small geometrical distortion. 
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