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Heat capacity of a halogen-bridged quasi-one-dimensional mixed-valence binuclear metal c@hgplex
so-calledMM X chain, Pt(n-BuCS,),I, was measured by adiabatic calorimetry. First-order phase transitions
were observed at 213.5 K and 323.5 K. For the former, the enthalpy and entropy of transition were
429 kJmol! and 20.09 JK'mol !, respectively. Those of the latter were 2.41 kJnfoland
7.46 JK Y mol™ %, respectively. Another thermal anomaly probably due to a higher-order phase transition was
detected at 114 K. The magnitude of the entropy of transition shows that, upon heating, the butyl chains in
one-third complexes in crystalline ##h-BuCS,),| are changed from an ordered state to a disordered state
through the phase transition at 213.5 K, and resume the ordered state from this disordered state at 323.5 K. The
transition at 213.5 K involves a “spin-Peierls” contribution beyond the structural one.
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I. INTRODUCTION having been studied aré,[Pt(pop),X]-nH,O (A=Li,
K,Cs,NH,; pop=H,P,02", diphosphonato;X=Cl, Br,
Quasi-one-dimension&Q1D) electron systems have pro- |)7-13 gpq M,(RCS,)4l (M=Pt, Ni; R=alkyl chain) 1426
vided a variety of interesting electronic, magnetic, and opti—Among them, P{CH,CS)),] [may be written as
cal properties. Systems extensively studied so far COVer pt,(MeCS,),l because of the name of GHyroup (methyl
transition metal chalcogenides, organic conductors, inorgani roup, or as Pj(dta),l because of the name of the ligand
and organic polymers, and inorganic complexes such as Kc?élithioacetatb)] attracts wide interests because the metallic
[KPUCN),- Xg 5-nHO (X=Bror CJ. state has been found for the first timeNtV X chains!®
In crystallme KCP, polyme_nc Pt chains serve as Q1D |t s widely accepte® that sulfur atoms in ligands
conduct_lon path%.Due.to a “smgle—_component” nature of (RCS,) enhance the dimensionality of chains in
the chains, 'thelr physics is essentially the same as that igy ,(RCS,),I through weak van der Waals S-S contacts be-
many organic conductors such as TTF-TCNIYF=tetra-  yeen neighboring chains. The strength of S-S contacts, and
thiafulvalene; J’CNQ:tetraCXQnqu|nodlmethahdntroduc- consequently the dimensionality of the electronic system,
tion of other “components” into the 1D path extends the v pe reduced when the alkyl chair®) in ligands are
possibility of variation of electronic statés’ Halogen-  gjongated. Besides, the elongation introduces motional de-
bridged 1D mononuclear metal complexes, the so-cftél  grees of freedom in the system. Interplay between molecular
chain, have intensively been investigated in this decade. Iynamics and electronic degrees of freedom is also of cur-
MX chains, the half-filled conduction band is made up pri-rent interest in organic conductds;?°though the direct in-
marily of an antibonding combination of transition-metal teraction between them is ineffective because the time scale
(Mdy2) orbitals and bridging halogenX(p,) orbitals. MX ot glectron motion is quite different from that of molecular
chains are insulating due to Mott-Hubbard localization or adynamics. Indeed, in x-(ET),CUN(CN),]Br [ET
spin-density wavéSDW) formation with electronic structure =bis(ethylenedithidtetrathiafulvaleng that has the highest

M3 _Ni 23 ] :
M |- for M NI, or due to a charge_ density wave superconductingSCO) transition temperatureT() under am-
(CDW) formation with the electronic structure bi he f ; f molecul . v af
M2 X M4 X" — for M=Pt or Pd® Here the rela- ient pressure, the freezing of molecular mot|0n732tron_gy af-

fects the SC properties, such Bsand SC volumé! 28 Mit-

tive bond length litatively indicated by the length of ! ) .
A\;iheosn engins are quaiitatively indicated by the 1engih Ols mi and Toriun®®2% thus started a systematic study on a

Halogen-bridged 1D mixed-valence binuclear metal com1omologous series 0M;(RCS;)4l having long chains.
plexes, the so-calleMX chain, have recently attracted 1he Present paper will be concerned with such a Pt
much interest. In contrast to thEX chains, there exist compound, B(n-BuCS;),l, with the n-butyl chain
metal-metal bonds in th¥1M X chains. This gives possibili- (CHz-CH;-CH,-CH,-).
ties of more varieties of their electronic states such as metal, Heat-capacity calorimetry is quite powerful in studying
Mott-Hubbard insulator, bond-order wav¥:CDW (CDW  phase transitions resulting from molecular dynamics. Mo-
on X), M-CDW, X-SDW, M-SDW, spin bond-order wave tional degrees of freedom are directly reflected on entropy
(SBOW), etc>® The half-filled Q1D conduction band is of an that is the most significant quantity the heat-capacity calo-
antibonding combination of transition-meta@l,2) orbitals  rimetry offers. For example, in RiMeCS;),l, an order-
within a unit cell. Representatives of théM X compounds disorder transition of the dithiocarboxylato ligandl ¢CS,)
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a) MT Phase (167 K) b) RT Phase (298 K) ¢) HT Phase (350 K)

FIG. 1. Molecular  structures of
Pt,(n-BuCS,),I of (a) the MT phase at 167 K,
(b) the RT phase at 298 K, and) the HT phase
at 350 K. Only the complexes contained in a lat-
tice period along the chain are shown.

takes place at 373.4 K. Since the entropy of transitiortransitions detected in the transport and the magnetic studies.
(5.25 JK *mol™1) is comparable toRIn2, it was con- The results are described in detail and the structural disorders
cluded that four dithiocarboxylato ligands in a formula com-detected in structural study are correlated with the entropies
plex are disordered not independently but in a synchronizedf transition. The contribution of a “spin-Peierls” nature to
way?? the entropy of transition around 210 K is also discussed.

For the title compound BR{n-BuCS;),I, three phases
have been known through the transport and the magnetic
studies?® and their structures have been determined by the
single-crystal x-ray analyses at variable temperatiréas The sample synthesized as described previdtshas
shown in Fig. 1. The high-temperatuttdT) phasgFig. 1(c)]  sealed in a gold-plated copper calorimeter vessel with helium
appearing above ca. 324 K has uniform structure along thgas under atmospheric pressure. The mass of the sample
1D chain (the ¢ axis of tetragonal systeri® The uniform  loaded was 1.5198 ¢1.4473 mmo) after buoyancy correc-
structure with an inversion center implies the electroniction.
structure of—P£5" —P£->" —|~ —. According to this elec- The working thermometer mounted on the calorimeter
tronic structure, the complex shows high electrical conducvessel was a platinum resistance thermometdinco,
tivity (ca. 30 Scm?') with weak temperature dependence. S1059. Its temperature scale is based upon the ITS-90. The
The dithiocarboxylato groups (GBshow a structural disor- details of the adiabatic calorimeter used and its operations
der concerning their twist with respect to the Q1D chain asare described elsewhet?.
shown in Fig. 1c). On cooling, the conductivity and ther- The measurement was carried out by the so-called inter-
mopower exhibit a jump around 324 K due to a first-ordermittent heating adiabatic method. The temperature increment
transition. This phase is stable down to 210 K and designatebly a single energy inputloule heatingwas less than 1% of
as the room-temperatu(BT) phase in the present paper. The temperature. Thermal equilibrium inside the vessel was at-
crystal structure was determined at 298XThe ¢ axis is  tained within a normal timgé1—10 min depending on tem-
tripled as shown in Fig. (b) while the electronic state may perature after energy input was turned off. The sample con-
be expressed as P2 — P —|~— as judged from the tributed to heat-capacity by 12% of the total heat-capacity
bond lengths. The structural disorder is detected for théncluding that of the vessel at 50 K, 10% at 100 K, 11% at
dithiocarboxylato group and the butyl chains belonging t0200 K, 13% at 300 K, and 13% at 360 K.
only the center complex in a unit cell lengthd)3 The con-
ductivity and thermopower have rather weak temperature de-
pendence, suggesting a semimetallic nature of this phase. On
further cooling, the complex undergoes a phase transition The heat-capacity of Rin-BuCS,),l was measured be-
around 210 K, below which thermopower strongly dependsween 6 and 360 K. Typical results are shown in Fig. 2.
on the temperature, as in insulators. The magnetic suscepfi-hree anomalies can be found in temperature dependence of
bility abruptly drops to the level of the diamagnetic contri- the heat-capacity, in contrast to the previous sttigyhere
bution at the transition. This behavior is consistent with atwo first-order transitions were reported to occur.

Il. EXPERIMENT

Ill. RESULTS

doubled period in the axis (in units of that of the HT phasge A sharp thermal anomaly was observed around 213 K,
[Fig. 1(@]. The electronic structure may be expressed asvhich is reasonably close to the transition temperature de-
—PE"—PE*-I"-PE*—PE*—I"—. The spins on Pt are tected in the previous studiédIn the transition region, the

strongly coupled resulting in a nonmagnetic state, that is, thisneasurements were repeated several times to determine the
transition seemingly has a character of a spin-Peierls transiransition temperature. The temperature of the transition was
tion concerning lattice distortion and magneti&h. determined as (213:50.5) K. The data around this transi-

In this work, the heat-capacity of fh-BuCS;),l was  tion are shown in Fig. 3. The data plotted by open circles
measured by adiabatic calorimetry to characterize the phaseere obtained in a measurement starting from 93 K in the

115110-2



CALORIMETRIC STUDY OF HALOGEN-BRIDGED. . . . PHYSICAL REVIEW B56, 115110(2002

1000 T . T . T . y T T y T
400
M
-~ = 300
1 CY
e O
=
: 4
=
o 200 N 1 N 1 N 1
© 10 r T r T r T
b
— ) D
ot O
‘_": B "mun
y g s| P i
5 —‘:M o ° g ° a
200 1 L 1 L 1 = oton Ag°
100 200 300 a ST
<q I 0 0°
T (K) - o 00" °
0 PeoPomg o uﬂgﬁu‘a'g’%ﬂ'pdf"
FIG. 2. Measured molar heat-capacity op(PtBuUCS,),l as a - o
. L 1 L 1 L 1 "
function of temperature. P 20 100 20 40

T (K)

heating direction, whereas the data shown by closed circles
from 209.2 K, which $ 4 K lower than the transition tem- FIG. 4. LT-MT phase transition of Rin-BuCS,),l. Molar
perature. No thermal anomaly corresponding to the transitioheat-capacityopen circlg¢ and assumed baselirigolid curve (a)
is recognized in this series of measurement. Since the Ra@nd the excess heat capacities in two independent series of measure-
phase clearly shows a supercooling phenomenon, the ordgents(circle and squane(b).
of this transition is concluded to be a first order. The enthalpy
and entropy of the transition were determined as (4.29ropy of transition were (2.4%10.02) kJmol! and (7.46
+0.01) kImol'!, and (20.09:0.02) JK *mol™?, respec- +0.08) JK 'mol~!, respectively.
tively. Although there is no report suggesting other phase transi-

At about 324 K, a sharp heat-capacity peak was observedions in P4(n-BuCS,),Il, a small thermal anomaly was de-
This anomaly is naturally attributed to the phase transitiortected at 114 K, as seen in Figaj The anomaly has a large
from the RT phase to the HT phase. In this transition regiontail on the low-temperature side down to about 70 K. Since
the measurements were also repeated to determine the trame latent heat was detected, this anomaly is attributed to a
sition temperature. The temperature of the transition was dehigher-order phase transition.
termined as (32351.0) K. The time required for thermal

equilibration around the_z temperature of transition was Ionger V. DISCUSSION
than that of normal region. The order of this phase transition
may be regarded as a first order, though no supercooling was A. Phase transition at 114 K

observed in spite of some trials. The enthalpy and en- To see the magnitude and the shape of the anomaly
S around 114 K, a normal heat-capacity was assumed as a
smooth interpolating curve between 70 and 120 K. In prac-
2000 - 7 tice, the baseline was approximated by a cubic polynomial as
shown by a solid curve in Fig.(d). The excess heat-capacity

'TE 1500 | was then separated by subtracting the normal portion from

~ the observed data, and shown in Figb} where the data

é i obtained in two series of measurements are plotted using

O™ 1000 _ different symbols. Good coincidence of the two data sets
Va demonstrates good accuracy of the present experiment. The

°/° et coeoece | shape of the heat-capacity anomaly is a typical second-order
500 kemogo—ogemogoO T ) ) i & ; .
050 ™ 200 310 350 330 transition of a mean-field type with s.malllfluctuatlons. The
K integration of the excess heat-capacity with respect to tem-
& perature yields the excess enthalpy and entropy as about
FIG. 3. Molar heat-capacity of Rin-BuCS,),l in the MT-RT 150 J mor ! and. _1-4 J K'mol™*, respectively..The excess
phase transition region. Open circle represents data obtained aftéftropy of transition is one-fourth & In 2, a typical magni-
cooling down to 93 K; closed circle represents data obtained aftefude for an order-disorder transitigsee below.

cooling down to 209.2 K, showing the supercooling of the RT ~ Since, to our knowledge, this is the first report of the
phase. presence of this phase transition, there is no information sug-
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TABLE |. Entropies expected for possible models of structural disorderjfnFRUCS;),lI.

Phase Dithio group Butyl chain Symbol Sigand
(JK tmol™1)
LT phase (Unknown (Unknown
MT phase (Ordered (Ordered (e]e) 0.00 [=RIn(1x1)]
RT phase Independent Independent 11 15.36 [=3RINE2**x2%]
Independent Synchronized IS 9.60 [=2RIn(2*x2)]
Synchronized Independent Sl 9.60 [=2RIn2x2%)]
Synchronized Synchronized  SS 3.84 [=3RIn(2x2)]
HT phase (One conformatiohn
Independent (Ordered 10 23.04 [=RIn(2*x1)]
Synchronized (Ordered SO 5.76 [=RIn(2x1)]
HT phase  (Two conformations
Independent Independent Il 46.08 [=RIn(2*x2%]
Independent Synchronized IS 28.80 [=RIn(2*x2)]
Synchronized Independent Sl 28.80 [=RIn(2x2%]
Synchronized Synchronized  SS 11.52 [=RIn(2%x2)]

gesting its mechanism. Since the complex is already nonare two crystallographically independeMtM X units with
magnetic insulator below the “spin-Peierls” like transition at the population 1:2. Whereas two units do not show structural
213 K2° there seems to exist no electronic/magnetic degreedisorder, one unit does. The disorder detected is that the
of freedom that may lead to any phase transition. The trandithiocarboxylato group twists clockwise or counterclock-
sition mechanism is therefore likely in lattice degrees of freeWise with a population 1:1 and the butyl chain apparently has
dom. As far as this is assumed, the smallness of the entrogyo conformations also with 1:1. On the other hand, the HT
of transition is consistent with the fact that no structural dis-Phase has a lattice periodicity of 1, showing that all the
order is detected even above this transiti@67 K).2> The =~ MMX units are equivalertFig. 1(c)]. In the HT phase, the
small entropy implies a transition mechanism of displacivedithiocarboxylato group shows a twofold disorder concern-
type, though no information is available as for actual changdng its twist. The butyl chain is seemingly ordered with
in the lattice structure. The phase below this phase transitioflightly large thermal factors, suggesting the possibility of
is designated the low-temperatuitel) phase hereafter. structural disorder with multiple conformations.

Now, we consider the structural entropy of each phase on
the basis of the reported crystal structure. This is useful be-
cause the correlation of the molecular motion resulting in

The molecular structures in the middle-temperativi&), disorder is enumerated only by using entropy as exemplified
RT, and HT phases of Rn-BuCS,) 4| have been determined for P(MeCS;),l.?* We consider here two limiting cases
by single-crystal x-ray experiment$?®while it is not for the ~ concerning the motional correlation; synchronized or inde-
LT phase. Structural disorder was reported for the RT and HPpendent. Also assumed is that the molecular disorders of the
phases. Since no manifestation of glass transition was emwlithiocarboxylato group and the attached butyl chain are in-
countered in the present heat-capacity experiments, we agdependent.
sume the structural disorder detected by the x-ray study to be We can assume that the entropy due to structural disorder
dynamical. That is, the complex possibly attains thermals zero for the MT phase, because no disorder was defécted
equilibrium in these three phases. In such a case, the natufgymbolized asOO after the ordered dithiocarboxylato
of the structural disorder should be clarified in order to dis-group and ordered butyl chairFor the RT phase, only one-
cuss the properties of phase transitions as structural disordérird of MM X units shows disordemxE 3).%° If the dithio-
contributes to entropy according to Boltzmann'’s relatiBn, carboxylato groups are independently disordered in two
=xRInn, wherex is the population of disordered complex, twisting senseg” |” for short), their contribution to entropy
the number of available microstates per formula unit, Bnd is thus3RIn 2% here the power 4 is based on the fact that
the gas constant. four dithiocarboxylato groups are coordinated tdviaM X

All —Pt—Pt—I- chains in B{n-BuCS,),I are crystallo- unit. On the other hand, if the correlation of twisting motion
graphically equivalent to each other in all phases of whichof the dithiocarboxylato groups in a unit is perfg¢syn-
the crystal structures are known. Consequently, consideratiochronized,” “S” for short), the contribution of the disorder
on a single chain is sufficient for discussion of disorder ando entropy is3RIn 2. Similarly, the contribution of the butyl
entropy. The known crystal structures of@-BuCS,),l are  chain is also3RIn2* assuming independent motion and
reproduced in Fig. #?° No structural disorder has been iRIn2 assuming synchronized motion. There are four pos-
detected for the MT phadé-ig. 1(@)]. The RT phasgFig.  sible combinations of modes of disorddi ( IS, SlI, and
1(b)] has a lattice periodicity of 3 in th®MX unit. There S9, as summarized in Table I.

B. Structural disorder and resultant entropy
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TABLE Il. Entropies of transitions expected for combinations of the butyl chains serve as an entropy reservoir. Similar en-
models of structural disorder in Rn-BuCS,)4l. Symbols desig-  tropy transfer has recently been recognized in thermotropic
nating models of disorder are given in Table I. liquid crystals®>33The existence of the common phenomena
in these quite different systems suggests that serving as an
Case RT phase HT phasgrsS(MT—RT) AyS(RT—HT) entropy reservoir is a general role played by the alkyl chains

(JK™*mol™)  (JK *mol™) for determining thermodynamic stability of matters.

1 I 10 15.36 /.68 C. Phase transition at 213.5 K
2 ISorsI 10 9.60 13.44 o
3 ss 10 3.84 19.20 The fact that the periodicities of the MT and RT phages
4 I IS or S| 15.36 13.44 and 3 in the unit of —Pt—Pt—|)-do not have a relation of an
5 ISorS| ISorSI 9.60 19.20 integer multiple of each other forces the MT-RT phase tran-
sition at 213.5 K to be classified as the first kind according to
6 SS ISor S| 3.84 24.96 . :
the phenomenological theory by Landau and LifsAftm-
Observed 20.09 7.46 deed this phase transition is of the first order, which auto-

matically assigns the phase transition to the first kind. This
can readily be understood considering the arrangement of the
In the HT phase, all théAM X units show disorder. The ordered dithiocarboxylato groups in two phases. They are
dithiocarboxylato group is certainly disordered in two con-arranged by repeating —right—left—disordered— in the RT
formations as evidenced by the successful refinement gfhase whereas ordered alternatelyight—left- in the MT
structure by the split-atom meth880On the other hand, the phase. It is evident that any order of the disordered groups in
butyl chain may be either ordered or weakly disordered. Itthe RT phase does not fit to the MT phase, and that conse-
the butyl chain is orderedd), there are two possible situa- quently, the reorientation of the groups alreadgeredin the
tions of mode of structural disordet@ andSO). We also  RT phase is necessary for the transformation from the RT
consider the case of the disordered butyl chain here. Thphase to the MT phase.
butyl chain is assumed to be disordered between two confor- The entropy of the transition from the MT phase to the RT
mations as the simplest model of disorder. Four combinaphase is about 4.7 J® mol™~! larger than the entropy ex-
tions (1, IS, SI, and S are possible in this case as pected for the above model of molecular dynamics. This dif-
shown in Table I. ference should be attributed to the magnetic and lattice de-
As entropy is a state function, the entropy of transition isgrees of freedom because this phase transition involves a
to be calculated as the difference in the entropy of eaclspin-Peierls nature, below which the compound becomes
phase. The combined entropy of transitions experimentallponmagnetic.
determined up to the HT phase is 27.55 Jnol 1. Taking The complex becomes nonmagnetic upon the phase tran-
this fact into account, the three patter®d 11, andS9 of  sition on cooling® If free (noninteracting spins are created
the entropy of structural disorder for HT phase are not comupon the phase transitiofon heating, their magnetic en-
patible with experiments. For possible combinations, the caltropy contributes byRIn2 (~5.8 JK *mol™1), which is
culated entropy of transitions are tabulated in Table Il to-comparable to the observed difference. This scenario is,
gether with the experimental ones. however, too naive. The spin susceptibility of free-electron
It is apparent that the case 1 is the most favorable irspin paramagnet is calculated as 210 2 emumol ! at
comparison with other cases, that is, the dithiocarboxylat®15 K. On the other hand, the experimental value that Mit-
group in both the RT and HT phases and the butyl chain irsumiet al?® reported is 310> emumol?, only 2% of the
the RT phase are independently disordered, and the butyialue expected for free spins. Besides, the experimental sus-
chains in the HT phase are ordered. It is noted that the modeptibility shows a broad hump around 215 K, in contrast to
els discussed have assumed only structural disorder. Otharmonotonous Curie behavior of free spins.
degrees of freedorfsuch as lattice vibration and electronic/  The broad hump in susceptibility suggests the presence of
magnetic oresmay contribute to the entropy of transition. antiferromagnetic interaction between the spins. Considering
Considering Peierls systefisundergoing CDW formation, the chain structure of the complex, we may adopt a Heisen-
the lattice and the electronic degrees of freedom cannot adserg chain with antiferomagnetic interaction, which Bonner
just the magnitude of entropy of transition for other casesand Fishet® investigated in 1960s. They showed that the
though precise information is not available for this com-susceptibility of the chain exhibits a broad hump. If the tem-
pound. perature of the hump is used to adjust scale, the observed
The RT-HT phase transition at 323.5 K is reported to af-susceptibility and(magneti¢ entropy are 5% and 4%, re-
fect scarcely the electrical and magnetic properties, and ispectively, of that expected from the models of the 1D anti-
reported to be a phase transition having a purely structurgerromagnetic system. Although the properties of the 1D
origin.2>%*This is the reason that the entropy of the transitionelectron system with strong correlation have not been fully
is reproduced well by the above disorder model. explored, it seems impossible to attribute the difference be-
It is noted that the structural entropies gained by one-thirdween the experimental entropy and the expected one from
of butyl chains in the RT phase are transferred to the dithiothe disorder model solely to the spin degrees of freedom.
carboxylato groups through establishing their conformational There is, in principle, an additional contribution beyond
order upon the RT-HT phase transitioon heating; that is, the magnetic one because spin-Peierls transitions occur due
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to strong spin-lattice interaction. In structural phase transidisorder of ligands, that at 213.5 K (20.09 Jkmol™ 1) in-
tion originating in purely structural instability in dielectrics, volves an additional “spin-Peierls” contribution(ca.
an excess entropy due to the phase transition is typically of.7 K™ mol™!) beyond the contribution of the structural
the order of a few JK* mol™*,%*~**comparable to the mag- disorder. The model of structural disorder to explain the en-
nitude of entropy under discussion (5 Jkmol™%). Taking  tropies of transition assumes that the butyl chains of one-
this into account, the assignment of the difference to thehird complexes exhibit the following sequence of disorder:
spin-Peierls nature of the MT-RT phase transition isQrder (MT phase below 213.5 Kdisorder (RT phase be-
consistent. tween 213.5 K and 323.5)korder (HT phase above 323.5
The entropy change assignable to this spin-Peierls natuie) on heating. A thermal anomaly probably due to a struc-
does not seem to be rationalized by any existing models. lfural phase transition of higher order was discovered at 114
is, however, interesting that the periodicity of 2 of the MT K. The excess enthalpy and entropy were estimated to be
phase is surely preferred by the electronic system for thebout 150 Jmol and 1.4 JK*mol %, respectively.
diamagnetic ground state whereas the structural ordering can The MM X complex represented as,fRCS,) 4l complex
be achieved even for the periodicity of(8f the RT phase  has the structural degrees of freedom concerning the confor-
This suggests that the periodicity of the MT phase originatesnation of the alkyl chains and the orientation of the dithio-
in the electronic system. Structur@ kind of order-disorder carboxylato group. Indeed, the first-order phase transition at
type) and electronic(a kind of spin-Peielrs transitign 213.5 K of the present complex h-BuCS,),I accompa-
changes occur simultaneously at this phase transition. Devekies the structural disordering and the change in the elec-
opment of new models incorporating explicitly the coupling tronic state. It is concluded that the various electronic states
between the electronic and the lattiéegand) degrees of in the MM X system are affected not only by the electronic

freedom will be a possible way to clarify the issue. properties such as the electron correlation and/or the insta-
bility of 1D electron system, but also by the structural de-
V. CONCLUSION grees of freedom of ligands.

Heat-capacity of a halogen-bridged quasi-one-
dimensional binuclear mixed-valence metal complex
Pt(n-BuCS;),l was measured by adiabatic calorimetry.  This work was supported in part by a Grant-in-Aid for
First-order phase transitions were observed at 213.5 K an8cientific Research(Grant No. 12023229 from the
323.5 K. While the entropy of transition at 323.5 K Ministry of Education, Culture, Sports, Science and Tech-
(7.46 JK *mol™?) is favorably explained by the structural nology, Japan.
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