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13C NMR study of nesting instability in a-(BEDT-TTF ),RbHg(SCN),
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The low-temperature nesting instability in the quasi-two-dimensional organic conductor,
a-(BEDT-TTF),RbHgSCN),, has been investigated b{’C NMR. Below 12 K, drastic decreases in the
Knight shift and 1/, T) were observed with neither splitting nor broadening in the NMR spectra. The
1/(T,T) shows no enhancement around the nesting instability, unlike the conventional spin-density-wave
(SDW) transition. The present®C NMR data are suggestive of nonmagnetic transition but allow only an
unusual case of mobile state in the SDW scengf6163-182807)50238-4

The molecular conductors based on the electron-donamagnetism of the low-temperature phase.
molecule bigethylenedithigtetrathiafulvalene (abbreviated The °C NMR experiments were made for a single crys-
to BEDT-TTF) have a variety of crystal structures and elec-tal, where the central double-bonded carbon sites in BEDT-
tronic phases including superconductors and magnetic inStFTF were enriched by'C isotopes, in a field of 80 kOe
lators. Among these salts-(BEDT-TTF);MHgG(SCN4 (M applied perpendicular to the conducting layers.
=K and RB compounds are viewed with interest in the  The 13c NMR spectra are shown in Fig(d. The shift is
Fermi-surface instability of a pair of one-dimensioniaD)  \yith respect to the line position of tetramethylsilaffas).

open Fermi surfaces in the presence of a two-dimensionalpqye 12 K, the spectra form a rather complicated line shape
(2D) closed Fermi surfacein contrast to the quasi-one- consisting of four lines. Below that, the two lines with

dimensional TMTSF systems with a pair of open Fermi SUrsmaller shifts start to merge and a small peak around 110—

faces alone, where TMTSF is tetramethyltetraselenaful; Lo : ; oo .
valene. While a-(BEDT-TTH,MHG(SCN), remains 120 ppm diminishes with broadening, resulting in a simple

i . I~ doublet structure at the lowest temperature. Prior to analysis
metallic at low temperatures, it exhibits several anomalou%f the spectra. we examine the temperature dependence of
properties below 12 K foM=Rb and belw 8 K for M P ' b P

~K: the anisotropy of susceptibilify, enhancement of the averaged shifi, which is defined by the first moment

magnetroresistanceand increase of Hall coefficieAfThese of the whole spectru.m. T_he origin of shift porre§por!ding toa
anomalies are believed to come from the nesting instabilit?€r0 SPin susceptibility in this field configuration is deter-
of the open part of the Fermi surfaces; the reconstruction offtined from theK-x plot in a temperature range between 15
the Fermi surface in the low-temperature phase was demo@1d 100 K.(Since the anisotropic part in the shift tensor of
strated by transport measuremehs for the nature of the .C nuclei in question is comparable to the isotropic part, the
low-temperature phase, a possibility of spin-density-wavesign ofK can be positive or negative, depending on the ori-
(SDW) ground state was argued in terms of theentation of field) It is clear in Fig. 1b) that|K| decreases
susceptibilit’ ©SR (muon spin rotation® torque’ and  remarkably below 12 K and approaches a level of 60% of the
millimeter-wave magnetoabsorptforstudies. Interestingly, high-temperature value.
the uSR experiment suggested an extraordinarily small mag- The spectral shape is analyzed below. The present com-
netic moment (0.003g for M =K). This curious observation pound has four BEDT-TTF molecules in a unit cell. These
and the anomalies in the transport properties imply that thenolecules are not equivalent in crystallography and are
condensation of the density wave due to nesting has sonmspecified by twoA molecules, ond3, and oneC molecule,
unusual features in the presence of the closed Fermi surfacehich form two types of columns: one is a stacking Af
A further investigation is required to illuminate the nature of molecules(A column and the other is an alternate stacking
the low-temperature density-wave state. of B andC molecules(BC column. Each BEDT-TTF mol-

It is well known that NMR is a powerful probe to char- ecule has two neighboring®C sites which are coupled by
acterize SDW microscopically, as in tHéSe NMR studies nuclear dipole. When the neighborifidC sites are equiva-
of TMTSF salts’ In the present work, we performetfC  lent, the Pake doublet will be observed in the spectrum. The
NMR experiments on the °C isotope labeled angles between the field direction and th€=C vector
a-(BEDT-TTF),RbHYgSCN),. The results of spectra, (21.6°, 21.3°, and 20.5° forA, B, and C molecules,
Knight shift, and relaxation rate have elucidated peculiarespectively?) yield a 88 ppm splitting in the Pake doublet
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a-(BEDT-TTF),RbH(SCN), AK/d=0.2

single crystal 13C_.NMR
(@ J\ \2.01 K

SN A N\ 13.04K

I~ N\ 1506k

oo /N 2011k
Al

T "ol 3028K FREQUENCY
H=8T  :perpendicular to layer

0 50 100 150 200 250

a N\

3= NN /\aosk

S AT Lo i
kS /> - FREQUENCY
- j\wf\ﬁ%ggi AK/d= 0.4

‘Zﬁ N\ _12.04K ’

=

&

SHIFT from TMS (ppm)
B a-(BEDT-TTF) RbHg(SCN),
-60 | b ¢ X : LE
() e%°8 o <
=50 F ° 9
—_ FREQUENCY
£ .40} :
&30 ] FIG. 2. Model calculation of thé®C NMR spectra. It consists of
1A ’20 a quartet(shaded bajsand a doubletclosed bars For details see
-2Vt ; text.
-10E single crystal J ex
H= 8T : perpendicular to layer . I L
0 = : : : whereK is the averaged shift] is the splitting of the Pake
0 20 40 60 80 100 doublet(88 ppm in the present cgsand the relative inten-

TEMPERATURE (K) sity is given in parentheses. Assuming that fi€ sites in
1 ) . theBC column have nearly the same Knight shift, we expect
FIG. 1. (8 ™C NMR spectra andb) averaged Knight shift  gnectra with a total of six lines as depicted in Fig. 2, where
under a perpendicular field of 8 T. the hatched and closed lines coming frénandB (C) mol-
ecules, respectively, are positioned so that the lines with the
for all the molecules fromd=3(yA/Hyr®)(1—3cog #) highest shift nearly merge like the observation. One can see
with the field value ofH,=80 kOe and the'*C=1%C dis- variation of the line profile and relative intensity with the
tance ofr =1.36 A. This is what we ought to observe in the value of AK/d. In case ofAK/d=0.4-0.6, for example, the
B and C molecules, which have an inversion center in eactcentral two lines nearly merge into a single line, giving an
molecule so that the two neighboringC sites are equiva- apparent four-line profile, which corresponds to the spectra
lent. On the other hand, the twdC sites within theA mol-  observed above 12 K. AAK decreases, associated with a
ecule are nonequivalent since tAemolecule is off the in- decrease il below 12 K, the central line becomes split with
version center. In this case, the Pake doublet igliminished intensity, reproducing the observation below 12
modified into a quartet such as in the case ofK.
x-(BEDT-TTPH,CUN(CN),]Br, where the nonequivalence Examination of each line intensity of the spectra as shown
of the two 13C sites is caused by the intramolecular symme-in Fig. 3@ gives further consequences as follows. The first
try breaking due to the tilted dimerizatidh? The position is that the total NMR intensity keeps nearly constant in the

and relative intensity of each line in the quartet depends on

the shift dilfgerence between the neighborifif sites,AK, 20 SV 10 T ’1
AAA,g/ F 3
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1 FIG. 3. (@ Line intensities of the spectra in Fig. 1 ard)
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ference, AK, deduced from Eq2).
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0.03 —r——— s temperature behavior of the NMR shift, relaxation rate, and
o-(BEDT-TTF),RbHg(SCN), 4 @ specific heat are qualitatively explained by reduction of the
H L conducting layer @ ¢ density of states due to disappearance of part of the Fermi
‘.; ,d"'" ¢ surfaces. It is noted that the reduction rates are different from
- 002+ : 0.03 auk each other; 60% in the shift, 43% in T{T), and 35% iny.
§ = ve o If the relaxation enhancement factor in Korringa’s relation
E ' Tf 0.02 1 P and the Wilson ratio are different between the closed Fermi
= * 8 ! surface and the open ones, which is to disappear below 12 K,
= 001} o 001 f £ - the reduction ratio may well depend &6, 1/(T;T), or y.
e = -’ However, the difference between the and y reductions
4 PCNMR 0 Lo seems too large to be explained in terms of the Wilson ratio.
H=8Teslh ~ 0 3 1015 20 25 Except for this quantitative discrepancy in detail, the
ol . TEMPERATURE (&) whole NMR results seen above are in favor of the picture of
0 10 20 30 40 50 60 70 80 90100 a nonmagnetic transition such as charge density wave
TEMPERATURE (K) (CDW). However, we have no idea which kind of CDW

reconciles the susceptibility anisotropy observed below 12 K
FIG. 4. 3C nuclear spin-lattice relaxation rate. The low- (Ref. 2 and other magnetic propertf’é§ at present. Even if

temperature region is expanded in the inset. it is a SDW, on the other hand, the present NMR results give

unconventional restriction to the possible SDW picture, if
whole temperature range measured. This guarantees that W@y, which is investigated below.
do not miss any part of NMR signal and rules out partial The hyperfine field at the nuclear site is expressed as
escape of signal out of the frequency window due to magh, =S A;m; (i,j=x,y,z), whereA; is the hyperfine cou-
netic ordering. The second is that the intensitis nearly the  pling tensor andn; is the magnetization defined per BEDT-
same as the intensiti, which is consistent with the Pake TTE molecule. Herex andy axes are set in the conducting
doublet plus quartet picture. The third is the transfer of theg_¢ plane and the axis is perpendicular to it; the applied
spectral weight from the central pai¥l( to the outer partll  fie|d is parallel to the axis. The NMR spectrum sees the
and N) below 12 K. The relative intensity d1 shown in component. In the case of the SDW state,
Fig. 3(b) is related toAK in the form of ho(F) = A, AM,(F) + A, Amy(F) + A, fmb+ Am,(F)}, where
Am;(F) is the SDW moment with spatial variation ang is

M/(L+M+N)= 1 1— _ (2) @ paramagnetic component coming from the residual Fermi
4 V1+9(AK/d)? surfaces. From the susceptibility measurements, the SDW

moment, if any, is suggested to be parallel to the con-

. 4 ! : i ducting laye Therefore, spectral broadening, namely,
zzg‘r’lgs"; tgglg\]/\?e;z()fKFlgf(.)(llﬁgv\I/Se ght?;asciﬂrzaetidor?yt(? fﬁgdGeor;/the spatial variation inh,(f), originates from the first
: %wo off-diagonal terms:Ah,=2|A, Am,(F)+ A, Amy(F
value at the lowest temperature, and is scaled to the behavio=r2 i gA R A z _| IZ:X_ A )th 2 (1)
of the averaged shift in Fig.(b). This fact further corrobo- — |(. évl(xyg)' ”&(XV).”' _stf]een mt 9. (hl)l’ b f’re |182n|2 apt-h'
rates a decrease of the Knight shift, below 12 K. As seen preciable broadening in the spectra well below within

above, all of the observed aspects of the spectra are succeélgg experimental uncertainty of less than 10 pig 10> T

fully explained by the doublet plus quartet model. There jsal the present field which gives a severe constraint to the

no sign of appearance of static local field. upper I'?gt. of tt.he gtatt;]c SDYV mqmenlz as follows. ?mlcet ttd1e
Figure 4 shows the temperature dependence af, T/ moment direction in thety piane IS uhknown, we caiculate

which is similar to that of the square of the Knight shift or the in-planed dependence of\h,/Am(y,,=2[(A, - U)|
spin susceptibility above 12 K. It is well established thatfor A, B, andC molecules, wheréi is the unit vector in the
antiferromagnetic spin fluctuations give a peaklike enhanceX-y plane, andA,, and A, were evaluated for the three
ment of 1/(T;T) around the transiton due to the BEDT-TTF species by the geometrical transformation of the
critical slowing down in the spin-ordered systems, °C hyperfine tensor value.0, —0.2, 1.4 (Ref. 16 in
k-(BEDT-TTF),CUN(CN),]JCI (Refs. 13 and 1¢ and units of Tesla/fg- BEDT-TTF). From Fig. 5, one expects
(TMTSF),PF; (Ref. 9. For the present system, however, nothat the envelope of|MZ,(Xy)-G)|, which is represented by
enhancement of IT(;T) is observed around the transition the bold curve, is in a range of
temperature, 12 K. Instead, T{T) shows a decrease, which 0.8+0.2 Tesla/fug- BEDT-TTF). This tensor value and the
starts gradually below- 20 K and is accelerated below 12 K. above local-field uncertainly, 810 ° T, set an upper limit
This behavior is in sharp contrast to that of the conventionabf the static moment, if any, to as small as
SDW or antiferromagnetic systems mentioned above. Th&x 10 %ug/molecule, which is much smaller than the mo-
decrease of 17, T) is reasonably considered to reflect re- ment (3x 10 3ug) suggested bySR for the K salf This
construction of the Fermi surfaces by nesting. The value ofhould be taken as the absence of static ordering. In order for
1/(T,T)=0.00425 s*K ! at 2 K is 18% of thevalue, SDW to be compatible with this observation, one has to in-
0.023s! K71, at 15 K, which corresponds to the reduction voke a mechanism of the motional narrowing. In other
of the electronic density of states to 43%. words, SDW is possible only in a mobile state such as a
The electronic coefficient of specific heat,is suppressed sliding or interlayer-incoherent state. If the motional charac-
down to ~35% of that above 12 KRef. 15. The low- teristic frequency of SDW is higher than the NMR fre-

through Eq.(1) The temperature profile of the resultakk
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present in the ordered state in the above expression are av-
eraged out. Thém,(F)/Hg) is just the spin susceptibility,
which is not varied across 12 K in the present field
direction? Therefore, the 40% reduction X below 12 K
should be attributed to the decreaseAiy),, which is deter-
mined by two factors; one is the highest occupied molecular
orbital (HOMO) profile around the'3C sites and the other is
the molecular configuration with respect to the field. Since
such a large modification in the HOMO charge density at
low temperature is unrealistic, the latter, namely, displace-
ment of the BEDT-TTF molecule, is responsible for thg,
variation. This is consistent with the small absolute value of

28, (j DI (Tesla/py BEDT-TTF)
&
[\®]

\ b v C K (50 ppm even above 12)Kwhich means that the molecu-
WA AR iy lar configuration is near that giving a zero shift and thus the
ooblVu o Vo LY relative variation oK is sensitive to the molecular displace-
0 60 120 180 240 300 360 ment around this configuration.
Angle (degree) In conclusion, the’®C NMR spectra, Knight shift, and

relaxation rate have no sign of local field generation or anti-

FIG. 5. Off-diagonal hyperfine splitting field along tzedirec-  ferromagnetic spin fluctuations typical of conventional
tion with the electron spin aligned if direction within thex-y ~ SDW. The present NMR results suggest that the low-
(conducting plane forA (dotted curvg, B (dashed curve andC  temperature phase is nonmagnetic, or give unconventional
(dash-dotted curyemolecules. restrictions to the possible SDW picture which reconciles the
susceptibility behavior; the static SDW moment should be

quency, the peak if;* coming from the critical slowing €Xtremely small, less than 18ug, or vanish, implying a

down around the transition is reasonably expected to be sup?—“dIng or fluctuating state, and should be accompanied by

pressed. It is noted that the incommensurate nature of thrgolecular displacement.

nesting vector, possibly small SDW gap which helps depin- The authors would like to thank T. Mori and H. Mori for

ning, and extreme two-dimensionality of the electronic staténforming us of the structural data prior to publication, K.
seem favorable for the mobile SDW picture. Yonemitsu for useful discussions, and K. Kato, T.

The comparison between the temperature profiles of th&@akayama, and K. Hayasaka for technical support. This work

NMR shift and the spin susceptibility leads to an additionalwas supported in part by Grant-in-Aid for Scientific Re-
consequence in the SDW scenario. The averaged &hifty  search No. 06452064 and Priority Area “Novel Electronic
Fig. 1(b) is expressed by the form oK=(h,(F)/Hg) States in Molecular Conductors” No. 06243102 from the
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