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The Molecular compounds,
(DMe-DCNQI) :M, where DMe-DCNQI is
2,5-dimethyl-dicyanoquinonediimine
and M is Li, Ag or Cu, attract a ' Me ’ I
variety of physical interests.

DMe-DCNQI is a planer molecule as Me I

shown in Fig.1(a). This is an b& N

N “Cx
are uniformly stacked along the Fig. 1 (a) Fig. 1(b)

organic = acceptor molecule, which

crystallographical ¢ axis, forming

one dimensional (1D) columns in the compounds. The metallic ions, M, are
coordinated tetrahedrally by CN groups of DMe-DCNQI molecules. The complexes
with M are all isostructual with the space group, I4:/a, irrespectively of the
M(Li, Ag, Cu).

(DMe-DCNQI) :Cu(DMe-Cu) remains metallic down to low temperatures in
spite of the low dimensional structure. The 3d orbitals of Cu ions hybridize
with LUMO (the Lowest Unoccupied Molecular Orbitals) of DMe-DCNQI and play a
role of interconnecting the 1D » band. The valence of the Cu ions are around
4/3(Cu’*:Cu®*=2:1) and the filling of 1D » band turns out to be about 1/3.
On the other hand, the compound with monovalent Li/Ag (DMe-Li/DMe-Ag) has the
same crystal symmetry as the DMe-Cu. The electrons of Li/Ag does not contribute
to the conduction band. Therefore it behaves as a 1D electronic system with a
quarter filled » band. The DMe-Li/DMe-Ag is metallic in high temperature
region, while it undergoes a non-magnetic(spin-) Peierls transition with
freezing of 2kr charge density wave(CDW).

DI-DCNQI molecule is shown in Fig.1(b), where methyl group in DMe-
DCNQI is replaced by iodine. Recently, the electronic state of Cu salt of
DI-DCNQI, DI-Cu, has been reported. The Qossibility of the high correlation
effect of DI-Cu was suggested by the measurements of resistivity, spin
susceptibility and band calculation. This peculiarities in DI-Cu is attributed
to degree of hybridization and intra/inter-column transfer integrals different
from those of DMe-DCNQI system.

In the present study, the novel electronic states of DCNQI-M systen
have been searched for by 1) substituting Me by I, and 2) controlling the
filling of the 1D x band of DMe-DCNQI columns through the Cu doping to the DMe-
Li. The Cu doping is expected to cause some change in filling of the band and
generate 3D nature through hybridization of the Cu 3d orbitals with the = band.

The electronic states were investigated by the resistivity, p, spin
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susceptibility, y and 'H- and '’C-NMR measurements. The cyano carbons in the
DCNQI molecules are enriched by '*C isotope for NMR.
1. Electronic state of (DI-DCNQI):H
(DI-DCNQI) : Ag

DI-Ag is insulating below room temperature with a charge gap of ~490K,
which was obtained by the temperature dependenceof p. The y follows a Curie-
Wei p law in high temperature region and forms a broad peak around 35K. At
higher temperatures above 200K, "*C-NMR spectra are single lines because all of
3¢ sites are crystallographically equivalent. Below 200K, however, the spectra
get split into two lines with different shifts and width. Since the shift is
proportional to the local electron density of LUMO at the '*C site. This line
separation in the paramagnetic state indicates disproportionation of electron
density. This result is an evidence of 44F CDW with the two fold charge
modulation along the ¢ axis. It is emphasized that the CDW in this system is
the charge modulation type rather than the lattice modulation type, which is
widely observed in many organic systems with quarter filled band. The 4kr CDW
leads a quartér filling in electronic band to a half filling. Thus, the
insulating state of DI-Ag is understood as Mott insulator by the large Coulomb

repulsion, U.

At 5.5 K, 'H-NMR 20 -8
relaxation rate; '7n”', forms a F° . (DI-DCNQD, A 1
’ ’ JH-NMR 85.3MHz o]
peak anomaly and the spectral ~130r o ° © f6
~ width abruptly become broadened as g <——°.‘s.. o ® -.—-—-—-—> ] ’f;
shown in Fig. 2. These evideﬁce § 100 | ® 44 :ai
an antiferromagnetic ordering of % W
the spins at this temperature. g so L 1,
The ground state of the Ag salt e © ;
of DI-DCNQI is antiferromagnetic. °%00 o 00 o0 ol
The DI-Ag is considered 00 ; lb 1; 25 250
as a nearly pure n electron TEMPERATURE (K)
system like the DMe-Ag. The Fig. 2 Temperature dependence of "H-NMR
magnetism of the DI-Ag is sharp line width and 77",

contrast to the non magnetic ,
groundstate in the DMe-Ag. The DI-Ag is the first case in the DCNQI-M system

that ther electrons are responsible for antiferromagnetic ground state. The
difference of the ground states between the two systems are attributable to the
difference of the dimensionality of the electronic states. In fact, from
estimation of the transfer integral by the band calculation, the DI-system is

known to be more three-dimensional than the DMe-system.
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(DI-DCNQI) :Cu
The DI-Cu remains

-10 1.2
metallic down to low temperatures k +”“*u+ ]
. . -8 Py Pt 1
as DMe-Cu does. There is no sign P og00%ang *N*ﬂ*ﬁ- =
: . T E. F—oosa® 408 2
of 4kr CDW in NMR spectra, which iﬁ@ - 8880 OOOOQ °0 g4 ] §
[T . (e} o] J
remains single line in whole 5’5:4?@ : Ooooqb :0'6 B
. - o] E [2g)
temperature range. In Fig. 3, - 0704 %
. 2+ Ni3 3
the spectral shift of '°C- and - (DI-DCNQI),Cu 402
"H-NMR, '‘*K(square)and 'K(circle) 0 ek . 10
. o 0 100 200 300
from the line position of neutral TEMPERATURE (K)
DI-DCNQI molecule is shown in Fig. 3 Temperature dependence ofBK(square),

comparison with y (cross). Both
of '*K and 'K form broad peaks

like y. However, it should be noted that the peak temperature of 'K is lower

'K (cirele) and yspin (cross).

than that of y while the peak temperature of "*K is slightly higher than that.
The overall temperature dependence of y is in between the two profiles.
Since K probes the local spin susceptibility, this fact is considered as a
microscopic evidence that the electronic structure consists of several bands
with different characters, which is believed to come from hybridization of the
x and d orbitals, 'H-NMR detects the electrons of = -band preferentially, while
'3C_NMR at the cyano group coordinated to the Cu ions can probe the d-electrons

through the off-site core polarization as well as the z electrons.

2. Carrier Doping to (DMe-DCNQI):Li 8 '(DMe-D‘3CNQD2Li1_XCux

From the resistivity %§ E : + 10 (Cusalt
measurements of several alloy g 6
systems with different Cu ~§ |
contents, it was found that <i> 4
the systems up to x~30% Ei '
undergo the metal-insulator 2.. d(Lhﬂo
transition at low temperatures O‘i. , o , o
while the systems with x>50% 0 100 200 300
are metallic in the whole Fig. 4 TEMPERATURE (K)
temperature range investigated. (DMe-DBCNQI)?;Li 1~xCux

Figure 4 shows the temperature dependence of y for typical alloy systenms.
A systematic change of behavior with the doping content is observed.

The '°C (in the cyano group) nuclear spin-lattice relaxation rate,
'7,°', is shown in Fig. 5. For x<30%, one can see abrupt decrease of (777",
which is associated with the spin-Peierls trahsition. The transition

temperature slightly shifts with increasing x.
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Fig. 5  TEMPERATURE (K)

For the Cu-rich systems with x>50%, ('*7v7)"' does not exhibit any

anomaly but converges into about 0.03 sec 'K™'

in the low-temperature limit.
They show positive temperature dependence, which have a clear correlation with
the doping content. This is an indication that the doping causes some change in
the electronic states, particularly in excitation spectrum visualized in higher

temperature region.
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AEEHTIE. BESTDICNQIE G A4 MA 2 | 1 OMBTHEYT 5 &E#K
(DCNQI) :MOF LV EFHOEZRLHM 2 HHLTTLALMRII2DVWTORET, 420
BEhLbHEINTWS, .

H1ETIR., IT. HHEEAER, HFE-ATROIREITOMEQHRNEZ TR FHIEL
B -MBEERLE VY BAPOMM L. &E A OCNQD MO B eI LOT WA, T L
T, AFFE0ERASE LT, (i)DI-DCNQIFR A%t # D DCNQIF i L <N > N A% 5k < 7 541
MARB I TWAHRERIEEEL. LYW THoiitw) Lgr s, Z DDI-DONQI
LA BEOCHET AL EROS B L, FLT, (ii)(DONQI) :MOME L THlik D 7% 2
CBWEDERAA V2L ERBILILEN NV F T4 ) v 7 ERTHOENLEBELT
ETREZHECERTREISLIEEZHVTBD, LR, NHFHIZ D2 20HHEEHIC
BoTHHEEFRFLTVS, SR, Mil#HE, DINQIZREECHFREREEOMEDTRN
PSR LAZLET. COMENPRLVENTMIZHBIHLTWSEZ LGP 5,

LEoBIIBWTIE., AMETHo2FHED ) b T E B 2 W IZNMRIITE 22w Ty
FOEMEEBEBOMMASTHRICLLINTV S,

m3ETIE, FRG)OMEHEIFSRESN TS, PF# L. (DI-DCNQI) :MOME L T
AgH BVIRLIZAVWE I LIZED, EBAF Y dBET L BB D 2 WDI-DCNQINA BF RO E
BICHD TR LT WD, AglE b LitiicowT, WAEHE & BLEODNED L WA T
IR LA RTE S, AglEr EAMICILY LY ZoTFREFFMITHNo N TS,
FORBRE. CORREBILELRT, FOREIFTWOREALTHSE I LA LMITS
NTWwa, cOBESZIF. DCNQIZRTRUMOI E, —OTWBHEAEI CEHTTRTLE
DTB LWV, Lhd. DONQINA EFRELTIR, KMiEEEBLRTNDOTORATH S
LB M LT A, Sho0EER. DI-DCNIAS f EF RISV TR, BT RED
BEREERLELTVWLILERTHBOTERELZMRATH 5.

waETE, FR(DOHREODVWTHRESATY S, PHFEHFE, HEMHEL LT, A
4LV AMBEETDH B (DMe-DCNQI) :Li% I h k¥, Li 4 PiCCuk BT HZ LT, BT
%%@%W%ﬁ&to%@%%\m@ﬁmui6%%%%@#%@&&%KM%#%:&
FRE L. BRIEMR., BILE, NROFMAM EH—ICHBT DI, CulEfft L v
HNOBALED—RTET v ¥ =V B, CundBET L DRBE 8L TOXRTHEOW KR
T2 T VIFORESRFATFA YT, SNV K740 7O HALZHERE-
SBEBOMANEEFVEREL TS,

PLF. BEZE. MEAOBEMBTIRLLELETFLAI LG22, KEBOIERE T
SENLEMEE,S. NMREEL TA2LHMMILNELMATE VI MBHERECELIEITOR
MAEHrRDBECERLAZ L, BHZOEBNEZL LTOBERLRDIERT OO
Thr, FOERELNE, HLWEESE K (DI-DCNQD) Agic B AH LV B FREDER
L. ABAA YOS EBBTMOMMOKAE, DONQIGRESBEKOTIEIZ—2>DH L
WHERM A5 272b0 L LTHFMTEL, &£ oT, Miidid, $ARE M5 WY
%,

F. ORRBTE. HHEZFALOAFICOVTH-IFMoOFRELZ TV, TR
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BWTH—BE, ZEABCODVTOERICE L MWETITIZOVWTOERE A L7720 DK
Mol BFER. AWRCELEEH, S, WA, £ L TDONQIE R AW 5E I BT
BEROEODERIIOVTEWVWIMETRZEN, +HKEENERALIDTHo72. TDOFE
EPEITH L. NMR# 5 (DI-DCNQI) <Ag [t e Pk i 8% & 5 & D 1 2 4R, R BLA 1L O )
B 2R, X512k, {bODONQIZRW H — oS e M) ERASH SN, PHEEE
WRECEZ TV, COREGED? L, RBPHHGWIELFEIT DV TOIRTED % Pk E i
ATWBRIENRAZ, Bxid, XX ThErATBBD, LFBIZOVTORNDEITTTH A
P E RS, ARERSCBVTI, MRNFEOBENE, i, BROKRFTLOER
oWwT, #FRTOEARLHTFEGOEAOWRMECHTIHELRRECEN S, &
OWFENFEOROEEMNA 27z, KFEOMNEIF, MICHEBMFEMMES CH@mome L
THBEENR TV S,
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