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Through ac and thermal relaxation calorimetry techniques, we have performed a thermodynamic investiga-
tion of the spin-Peierls systems, (DMe-DCNEAD and (DMe-DCNQI)Li, where DMe-DCNQI is 2,5-
dimethyl-N,N’-dicyanoquinonediimine. The fully gapped nature characteristic of the spin-P@iBriground
state was confirmed by the absenceyofT-linearn term in the low-temperature heat capacity for a single
crystal. At higher temperatures, two distinct peaks were observed at 71 K and 86 K in heat capacity of
(DMe-DCNQI),Ag, while only a single peak was observed at 52 K for (DMe-DCNQI) The two-step
structure in the Ag salt suggests that the sP transition of this material involves an intermediate state which is
probably attributable to the degrees of freedom inside the dimers. For compacted pellets of numerous pieces of
tiny crystals, however, the thermal anomaly around the sP transition disappears, but ingteach grobably
associated with the one-dimensional antiferromagnetic spin excitations appears. This implies that the present sP
state is quite fragile against disorder or stress. These findings can be regarded as novel features of the sP
transition in the quarter-filled band systems.
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[. INTRODUCTION drastic first-order phase transition occurs through the Mott-
Hubbard mechanism of the electrons on Cu sites cooper-
Organic charge transfer salts consisting of a strong accegted with the CDW formation of the electrons on DCNQI
tor molecule of 2,5R; ,R,-dicyanoquinodiimine sites in the former saftA possibility of anomalous electron
(R;,R,-DCNQI),* and a metal catioM, have attracted at- Mass enhancement in the narrewd hybridized band is
tract wide interest both experimentally and theoretically,Suggested by the magnetic susceptibility and heat capacity
since they give various electronic phases such as metalli€ieasurements in the latter safthe different magnetic char-
charge-density-waveCDW), charge-orderedCO), spin- acters of the one-dimensiondlD) = b_and and the 3Dr-d _
Peierls (sP, antiferromagnetic ordered ones, etc. in theYPridized band are recently unveiled by band-selective
guasi-one-dimensional stage. The molecular structure d}JMR expgrlmgnts .for.thes.M =Cu salts. The other inter-
R, ,R,-DCNQI (abbreviated as DCNQIs shown in Fig. 1. esting s_ubject in this f_le_zld is the for_matl_on of CDW and CO
When the counter catioM is Cu, Ag, or Li, the chemical spin-Peierls(sP transitions occurring in purer-electron

composition is expressed as (DCNEW) and the crystal bands with a strongly 1D character, as is realized w¥eis
P X P : y a monovalent cation such as Ag and Li. In these salts, the
structure is known as a tetragonal one with space grou

. eompetition between the bandwidtWy], electron correla-
14,/a. The DC_NQI_ mglecgles stack along tku_aam-s and _tion (U andV), and electron-phonon coupling gives rise to
form a column in this direction. Each metal cation is coordi-\,iqus interesting electronic phases.
nated by four neighboring DCNQI molecules belonging to |4 this work, we focus on (DMe-DCNQJAg and
different columns from distorted tetrahedral directions. The ppe-DCNQI),Li. The overlap transfer integral in the col-
coordination angler is an important parameter characteriz- ymn direction ;) of these salts is expected to be large

ing the ratio of the intra-column to inter-column transfer in- among various DCNQI salts listed in Fig. 1. Even for the Ag
tegrals as systematically studied in Refs. 2 and 3. The for-

mation of a quasi-one-dimensional electronic band is 2,5.RR,-dicyanoquinonediimene R, R,
predicted by the tight-binding calculations within the ex-
tended Hokel method and the first-principle band M DMe CH; CH,
calculation$ and is confirmed by transport experiments es- SN DMeO  CH,0 CH;0
. el o N MeBr CH; Br
pecially for the system oR;=R,=CH; andM =Cu. R MeCl CH a
The main interests in this organic system from a view- ! BrCl 3,3 Cl
point of condensed matter physics are roughly classified into — DBr Br Br
two subjects. One is the hybridization effect of thdand in R N_ DCl a qa
the DCNQI columns andl-orbital of the metal cations, as g, DI 1 I
extensively studied in the last decade, for example, in
(DMe-DCNQI),Cu (R;=R,=CHz) and (DI-DCNQI),Cu FIG. 1. Molecular structure ofR;,R,-DCNQI) and possible

(Ri=R,=1) systems. Due to this hybridization effect, a candidates foR; andR,.
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salt, thed,, level of Ag atoms is far below the Fermi level higher than these materials. This may be related with the
and takes no part in the conduction bands. Since the ionienhancement of magnetic coupling constiit; in the stack
radius of Ag is much larger than that of Li, the chemical direction by the charge degree of freedom as is suggested by
pressure favors segregation of the neighboring columns anBray et al. in the review paper of Ref. 20.

serves to enhance the one-dimensional character of the elec- The heat capacity measurement is a quite useful means to
tronic state. In Fig. 2, we schematically summarize thecharacterize the nature of phase transitions, since it provides
physical properties below 300 K. Reflecting the 1/4 filled quantitative information through the entropy and enthalpy
conduction band, the transport properties of thechanges around the transitions. The sP transition gives rise to
(DMe-DCNQI), Ag and (DMe-DCNQI)Li are metalliclike  a heat capacity peak characteristic of a second-order phase
many organic conductors consisting of BEDT-TTF or transition®2! Moreover, through a thermodynamic analysis
TMTSF molecules, where BEDT-TTF is lg&thylene- based on the low-temperature heat capacity data, one can get
dithio)tetrathiafulvalene and TMTSF is tetramethyltetrasel-information about the gap structure in the magnetic excita-
enafulvalene. The resistivity value at room temperature igion spectrum as was performed for typical materials men-
reported to be about 0.02—0.10 cm®° Although this  tioned above®?22For the present DCNQI salts, however,
value is rather large as a metallic system, the temperatuneo thermodynamic studies have been performed so far in
dependence has a positive slope down to about 150-170 $pite of their higher transition temperatures, probably be-
in the Ag salt. The resistivity shows an abrupt increase belovzcause of the difficulty to get large amount of samples with
about 80-90 K recognized as a kind of metal-insulator tranhigh quality. In the present work, we report results of ther-
sition. As for the Li salt, resistivity does not have any mini- modynamic measurements of these materials and discuss the
mum below room temperature and &h| transition occurs nature of the sP transitions.

at about 60—80 K.Careful x-ray scattering experiments for
the Ag salt were performed by Moret al' and Nogami
et al'? The development of i streak observed below room
temperature demonstrates that the dimerization of DCNQI The crystals used for this study were synthesized by the
molecules in the stack direction gradually and dynamicallyelectrochemical reduction in the standard H-type cell. The
grows with lowering temperatures. At about 100 K, thistypical crystals yielded are about 0.008.005<1 mnt in
streak condenses into spots, indicating a charge localizatiogize for Ag salt. In the case of Li salt, we used crystals from
with 3D correlation due to the dimerization around this tem-two different batches. In the first batch, we had rather thick
perature. Therefore, below this temperature, $#€l/2 spin  single crystals with typical dimension of 0x®.1x1 mn?
moment localizes on each dimer. At about 83 K, another spaind in the other batch needle-type crystals with 80101

with the wave vector of R appears. The static susceptibility x 0.2 mn? were available.

and ESR intensity show a drastic decrease around this tem- Heat capacity measurements were performed with a
perature, demonstrating that the sP transition takes plaaghopped-light ac calorimetry technique and a thermal relax-
here®1%In the case of Li salt, a similar decrease of magnetication technique. The temperature ranges studied were 15—
susceptibility and NMR Knight shift occurs around 53%:* 300 K for the former and 0.3—230 K for the latter. We used
The situation in these materials is similar to the well-knowntwo different apparatus to perform the relaxation calorimetry.
organic systenf MEM-(TCNQ),],*® in which S=1/2 spin  One is the PPMS systerfQuantum Design model 600
localized in each TCNQ dimer undergoes a sP transitionwhich requires 1-2 mg for getting data in a temperature range
Although sP transitions are reported in several organic saltsetween 2 and 230 K. We also measured the heat capacity
such as[MEM-(TCNQ),] (Tsp=20K), TTF-BDT(M) under a magnetic field of 6 T with this apparatus. To obtain
[TTF-MS,C,(CR3)4, M=Cu (Tg=12.4K), Au (Tsp data at lower temperatures, we also used a home-frdt
=2.06 K)]*® (TMTTF),PFR; (Ts=15K)'" and also in the apparatus constructed for measuring small amount of
recently observed inorganic CuGgO(Ts=14K),'®  samples weighing less than 0.5 mg. The instrumental details
NaV,05 (T.=35 K) (Ref. 19 systems, the transition tem- are already reported in Ref. 24 for the ac calorimeter and in
peratures of the present DCNQI salts are two or three timeRef. 25 for the home-built calorimeter. Since the ac calorim-

II. EXPERIMENT
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FIG. 3. Results of ac calorimetry on (DMe-DCN@#g and FIG. 4. Results of ac calorimetry on (DMe-DCN@Ag and
(DMe-DCNQI),Li. The inset shows the temperature derivative of (PMe&-DCNQI);Li in a temperature range between 40 and 100 K.
C, of (DMe-DCNQI),Ag. An arrow indicates the temperature be-
low which the &g spots appears in x-ray scattering experimentsyyhere the abrupt drop of the magnetic susceptibility takes
(Ref. 1D. place in both salts. Therefore, the change of the magnetic

o . . property occurs as a distinct phase transition. We could nei-
etry has an advantage of giving high-resolution data foiher see any symptom of latent heat nor supercooling/heating
small amount of sample weighing about 49, itis useful o phenomena, which means the transition is of second order.
detect small anomaly using one or several pieces of singl¢he good correspondence of the heat capacity data with the
crystals. Solely with this method, however, it is difficult to magnetic property and the second order nature of the transi-
get absolute values of the heat capacity. Therefore, we cargpn is consistent with the picture of a sP transition. In addi-
fully studied around the phase transition temperature by thgon, the transition temperature 86 K of the Ag salt corre-
ac technique to check the presence or absence of a thermglongs to the temperature of th&:2spots, demonstrating
anomaly and to see its shape if present, while the absoluigat |attice tetramerization appears in the x-ray scattering ex-
values of the heat capacity were determined by the relaxatlo'gerimems by Moregt all* The x-ray experiment also de-
method. In case of the relaxation calorimetry, it is basicallyigcted the appearance okg4spots around 100 K, which
important to realize good thermal uniformity inside a sampleghows the dimerization with interchain coherency. However,
and good thermal contact between the sample and the sampjg could not see any distinct anomaly in the temperature
holder. To fulfill this requirement even for the measurementqjependence of heat capacity around this temperature. Even
of tiny crystals, we compressed numerous pieces of fine Cry§p, the derivative @C,/dT) shown in the inset of Fig. 3, no
tals into a pellet with a diameter of 2 mm and a height ofy;nk structure was observed. Probably, the dimerization pro-

0.2-0.3 mm with a typical mass of 0.9-1.2 mg. cess and the concomitant charge localization reflected in the
transport measurements develops below room temperatures
Ill. RESULTS AND DISCUSSION as was suggested by Moret al!* and this gradual and dy-

- namical growth of dimerization does not produce anomaly in
A. Temperature dependence of heat capacn.les the thermodynamic sense.
of (DMe-DCNQI),Ag and (DMe-DCNQI)Li The absolute heat capacity obtained by the thermal relax-
The results of ac calorimetry for the Ag and Li salts areation method for the Ag salt is 229.8 JKmol~* at 100 K
shown in Fig. 3. We used a bundle of several pieces ofind 361.1 JK!mol ! at 200 K. That for the Li salt is
needle crystals for the measurement of the Ag salt, while on897.3 JK *mol~! at 100 K and 341.5 JK'mol~! at 200
piece of single crystal is used for that of the Li salt. Since theK. These values seem reasonable in comparison with those
measurements are performed at a low frequency of 1 Hzxf other DCNQI salts and several salts consisting of BEDT-
obtained data are regarded as the static heat capacity. In fadiF, TMTSF or TCNQ molecules. The overall temperature
there is no tendency of existence of a glass transition regiodependences shown in Fig. 3 are similar to that of
where a relaxation time of the relevant degree of freedom i§DMe-DCNQI), Cu reported by Nishi@t al?’ Figure 5 dis-
comparable to the measuring frequeft¥he data between plays '[heCpT*1 vs T plot of the ac calorimetry data after
40 K and 100 K are shown in an expanded scale in Fig. 4, imadjusting the absolute values @f, using the relaxation data.
which one can recognize small anomalies around 71 and 86 In order to examine the thermal anomalies of the Ag and
K for the Ag salt and at 52 K for the Li salt. The peak Li salts in detail, we determined base lines using the cali-
temperatures coincide fairly well with the temperaturesbrated data in Fig. 5. It is reasonable to assume that the
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1.4 A T T TR M e_ff_ects of 1D short-rangek? tetramerization above the tran-
30 40 50 60 70 80  °°"
T (K) B. Magnetic excitations at low temperatures

The spin-Peierls transition is known to occur $1/2
antiferromagnetic Heisenberg chains through the magneto-

etry data ofa) (DMe-DCNQI),Ag and(b) (DMe-DCNQI),Li. The elastic coupling (())fzi;pin moments and the three dimensional
solid curves are base lines represented by polynomial functions dfttice V|brat|_0n52. *“*Below the transition temperature, pro-
the temperaturésee the tet The hatched areas are used for cal- 9r€SSIve lattice dimerizatioftetramerization in the present

culation of the possible entropy gain due to the transitions. case because of one spin sitting on a dimeoduces an
energy gap in the magnetic excitations. The ground state is a

lattice heat capacity does not give a drastic temperature depin-singlet state and the first excited state is a triplet state.
pendence in such a high temperature range. Therefore, we fiherefore, to study the magnetic excitation spectrum through
the total heat capacity data in the temperature ranges ehermodynamic measurements is a persuasive means to
17-25 K and 92-130 K to a polynomial function of tem- judge whether a spin-Peierls ground state is a formed or not.
perature up to tenth order in the case of the Ag salt. Uponn the low-temperature region far below the transition tem-
subtracting the fitted curve from th€, data, we get the peratures, the electronic contribution to the heat capacity
excess heat capacity around the transitions. A similar treashould have an exponential dependence on temperature ow-
ment was performed using the data of 16—25 and 60—-80 Kng to the formation of an energy-gd@) in the magnetic

and the tenth order polynomials in the case of the Li salt. Thexcitation spectrum, just as in the case of the superconduc-
heights of the heat capacity peaks at 86 and 71 K are abotitity of an s wave. In fact] MEM-(TCNQ),] (Ref. 15 and
2.0% and 1.2% of the absolute value of heat capacity. ThigTF-BDTM (Ref. 20 are analyzed based on the mean field
amounts to 3.8% for the Li salt. ThACpT;F,1 values are approach using the coefficiefip) of the T-linear term of the
495mJK?mol”t for the 86-K peak and heat capacity, which originates from the 1D antiferromag-
29.6 mJK 2mol ™! for the 71-K peak of the Ag salt and that netic (AF) spin-wave excitations.

for the Li salt is 74.1 mJK?mol~1. The spin entropy in To confirm whether the gap is really opened or not, we
these systems should be as much d&RIn2 performed low-temperature measurement using a thick
(~5.76 JK Y mol™ 1) per formula unit in the high tempera- single crystal with 0.X0.15x2.0 mn? and 0.20 mg for the
ture limit, since each spin is localized on a dimer. In addi-Li salt. We cut this crystal into three pieces and attached
tion, if the sP transition takes place, some additional entropyhem to the sample holder. To avoid the inhomogeneous
change originating from the change in the soft modes opressure effect produced by adhesion, we covered only a part
lattice vibrations should be considered. The latter contribuof the bottom surface of each piece by small amount of Api-
tion is considered to be gradual and may be buried in thezon N grease. The obtained data are shown in Fig. 6 in a
variation of base-line in the present case. The entropy gaiﬁ,pT*l vs T2 plot. If we assume that the low-temperature
just around the peakhatched area in Fig.)gives values of behavior of the lattice part below 3.4 K is described by a
10.9% and 7.1% oR In 2 for the Ag and the Li salts, respec- simple Debye theory, it is possible to perform a linear ex-

FIG. 5. CpT’1 vs T plot of the ac calorimetry data after cali-
bration of the absolute values using the thermal relaxation calorim
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50 e The interesting contrast with CuGg® that no Nel order-
30 40 50 60 ing or spin-glass state takes place in the present DCNQI
systems. They term induced in the pellet is considered as an
T (K) indication of 1D AF spin-wave excitations, since 8gT 3

vs T plot of the Li salt shown in Fig. 8 clearly shows that the
FIG. 7. Heat capacities around the sP transitions of pelle{3 term due to the lattice heat capacity is the same in the
samples ofa) (DMe-DCNQI),Ag and (b) (DMe-DCNQI),Li. single crystal and the pellet samples. The picture of 3D spin
wave excitations in the antiferromagnetically ordered state

trapolation ofC,T ! vs T? curve down to 0 K. As is seen in is, thus, excluded by this experiment.

the figure, this extrapolation gives a vanishipgerm in the

heat capacity. This result ensures that there is a distinct gap C. Analysis of the peak structure based
in the magnetic excitations as is expected for the spin-Peierls on the mean-field approach
ground state. Using the y value obtained by the low-temperature ex-

The low-temperature heat capacity measurements are alggriments, we perform a mean-field analysis for the heat ca-
performed for compacted pellet samples of tiny crystals oacity data around the transition of the Li salt, which seems

which total weight is 1201g,80ug for the Ag salt and 0.87 o gjve a typical SP character. At first, we assume Dais
mg for the Li salt. Unlike the single crystal data shown in expressed as

Fig. 6, the behavior at low temperatures seems to give larger

values. For the Li salt, the linear extrapolation of gT ~* Cp=Cjaticet C1pTAC,, 1)

vs T? curve down 6 0 K gives a finite y term of P P

11.3mJK ?mol~L. In the case of the Ag salt, we have ob- WhereC,yc is the lattice heat capacitg; 5 is the magnetic
served that they value reaches about 25—-32 mJ4mol~!,  heat capacity of 1D AF spin chains, aiC,, is the excess
although appearance of slight upturn@fT ~* at the lowest ~ contribution due to the spin-Peierls transition. In the analy-
temperatures and a low Debye temperature prohibit us frorais,C; p is assumed to be a step function which is zero below
determining accurate value by the simple linear extrapora- Tsp (=52 K), above this temperature, it should show the so-
tion of theCpT*l vs T2 curve. The data around the sP tran- called Bonner-Fisher-type temperature dependence. In the
sitions for the pellet samples are shown in Figs) and(b).  low-temperature limit it is expressed asC;p
Surprisingly, the peak structure associated with the sP tran=0.35RkgT/|J| (J being an intrachain magnetic coupling in
sition, which was clearly observed in Figs. 3 and 4, disapthe Bonner-Fisher modef® Assuming that the pellet
pears. It is considered that the lattice distortion induced byamples without a spin-Peierls transition carry the 1D AF
the inhomogeneous stress inevitably produced in the procespins even down to the lowest temperatures measured, we
of pellet-formation seriously affects the formation of the estimated possiblé/kg's using they values of the pellet and
spin-Peierls state. It is well known that the spin-Peierls sysgot C,p curves aboveTgp. The obtained value is/kg

tem is very sensitive to the external pressure and smakl —257 K. It is reasonable to consider th@fice gives a
amount of impurities, as is extensively studied in Cug€®  smooth temperature dependence expressed by the same order
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FIG. 9. Mean-field analyses of the thermal anomalies associated FIG. 10. Peak structures around the spin-Peierls transitions of

with the spin-Peie_rIs transitio_n of (DMe-DCNQI)_i. Th_e dashed_ . (DMe-DCNQI),Ag obtained by thermal relaxation calorimetry un-
curves show possible mean-field peak of the spin-Peierls transitiofyq,, magnetic fields of 0 and 6 T.
and solid curves represent heat capacities of the antiferromagnetic

S=1/2 chains(Ref. 28.

the temperature dependence of the susceptibility data in
dﬁefs. 10 and 30 is-244 K which is close to that of the Li
salt, the rather large but reproducibjevalue for this salt is

of polynomial functions(up to the tenth ord¢ras we have
selected to determine the background curve in the discussi
of 3.1. Using the experimental data Gf, in the temperature . : d o .
ranges 16—25 K, and 65-90 K, we can derive magnetic heaomewhat curious. This result may imply the_quall_tatlve d_|f-
capacity, A Cpyag= AC,+ C1p as a function of temperature. ference_of the sP chargcter of this salt, which will be dis-
The result is shown in Fig. 9 in a form @fC,;T > vs T ~ cussed in the next section.
plot. The dashed curves are the mean-field curves based on
the analogy of BCS weak-coupling theory, and the solid
curves an the Bonner-Fisher heat capacities. The deviation of
the data points from the mean-field curve is apparent, espe- Here, we discuss the curious two-step structure of the
cially in the height and the shape of the peak. This shows ghermal anomaly observed in the Ag salt. It is quite unusual
contrast with the case §MEM-(TCNQ),], in which the sP  that the sP transition shows two peaks in the heat capacity
peak can be well described by the analogy of the BCS frameeurve. By the ac calorimetry, we checked the thermal
work with AC,Tsp t=1.43y."®> We infer that the strong anomaly for samples from different batches. However the
electron-phonon interaction and enhanced 1D character ipeak temperatures and peak shape were reproducible in all
this organic salt induce strong fluctuations and gives rise tehe measurements. In Fig. 10, we plotted the daté:rp'x‘f’l
the large discrepancy from the mean-field peak, especiallgbtained by the thermal relaxation calorimetry. In this mea-
the peak height. It should be emphasized, however, that theurement the sample is a bundle of tiny crystals adhered on
entropy balance betweemCmgT’l curve and the Bonner- the sample holder by ApiezoN grease. Since the thermal
Fisher curve shown in Fig. 9 seems satisfactory as far as theoupling between the crystals is not good enough to ensure
ambiguity involved in determining th€ e term is taken the absolute value, we do not label the absolute values in the
into account. The value af/kg=—257 K is comparable to vertical axis. The peak structure was well reproduced by this
the reported value of 205 K obtained by the magnetic sus- method. Therefore, we conclude that the two step transition
ceptibility analysis performed by Sakurat al?® Based on s intrinsic in this material. In this salt, the drop of magnetic
this J/kg value, the possible magnetic entropy at 52 Ksusceptibility occurs over a wider temperature region than
(=Tsp can be estimated as OR6through the Bonner- that of the Li salf® This behavior is consistent with the
Fisher model in Ref. 28. The close correspondence betwegmresent thermodynamic observation, because the Ag salt falls
this value and the entropy associated with the thermainto a nonmagnetic state through the two-step process. The
anomaly shown in Fig. 5 together with the good entropyexistence of two distinct peaks suggests the presence of an
balance in Fig. 9 guarantee the correctness of the thermodyatermediate state in the process of a sP transition of the Ag
namic framework based on the sP transition in this salt.  salt. TheCpT‘1 data obtained under a magnetic field of 6 T

It is difficult to perform a similar analysis for the Ag salt, are also shown in Fig. 10. The peculiar aspect of the present
since theC,[,T‘1 at low temperatures implies additional con- sP transition is that the spin moment is localized on a
tributions other than 1D spin excitations as we have menbBCNQI dimer and falls into a nonmagnetic state in the lat-
tioned in Sec. Il B. Although thd/kg value estimated from tice tetramerization process. In this sense, this salt can have a

D. Anomalous two-step peak of the ag salt

085112-6



SPIN-PEIERLS TRANSITION OF QUASI-OH. .. PHYSICAL REVIEW B 68, 085112 (2003

degree of freedom in the distribution of charges and spins IV. SUMMARY

inside the dimers and suph freedom coupled W.ith the inFrac- We experimentally studied the thermodynamic properties
olumn tra}nsfer(‘) may give an unprecedented intermediate ;¢ (DMe-DCNQI),Ag and (DMe-DCNQI}Li. Although the

state during the transition. In the case of (DI-DCNENY, | j salt showed a single peak at 52 K, the Ag salt exhibited
the charge orderingCO) due to the nearest neighbor Cou- two thermal anomalies at 71 and 86 K. The magnitude of the
lomb repulsion V) is reported in the same crystal structure heat capacity jump AC,) was consistent with the spin-

but has a narrower electronic baftd? This suggests that Peierls picture. The double peak observed in the Ag salt in-
even in the present material the nearest-neighbor effects imlicates the presence of an intermediate state during the spin-
side the dimers should be taken into account to explain th@eierls transition due to the degrees of freedom inside the
overall phenomena. It is not unreasonable that if the presentimer. The low-temperature heat capacity obtained for a
system is marginal for the charge ordering, some kind osingle crystal sample demonstrates that the ground state has a
charge disproportionation can be triggered by the latticalistinct gap in magnetic excitations. In compacted pellet
modulation associated with the sP transition. As a matter o$amples, the thermal anomalies disappeared, but instead a
fact, recent13C_NMR experiments C|ear|y observed the ex- ’yT term mainly attri.bu'tal.)Ie to the 1D antiferromagnetic Sp'in
istence of such a kind of intermediate state, probably origi\vave appeared. This is interpreted as the stress and/or disor-
nating from the intradimer effe@® This result implies inter-  d€r €ffect on the spin-Peierls transition in DMe-DCNQI
esting aspects, and possibly a further variation of sFempounds..
transition in organic systems which have various kinds of

freedom in the molecular arrangements, and so on. The un-
expectedly IargeCpT‘1 values observed in the low- This work was financially supported in part by a Grant-
temperature experiment may be related with this unusual sf-Aid for Scientific Research No. 11640362 from the Min-
state coupled with charge degree of freedom. The descriptioistry of Education, Culture, Sports, Science, and Technology,
of the ground state in which the CO and sP mechanismdapan. One of the authof¥.N.) also thanks the Toyota
coexist is still an open question, but subject to extensivéPhysical and Chemical Research Institute for financial sup-
study both experimentally and theoretically these d4ysS.  port.
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