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The crystal structure determination of the title compound (abbreviated as a-LiPt(mnt) has been performed
at room temperature and 153 K. The [Pt(mnt)z2}'~ (mnt=1,2-dicyano-1,2-ethylenedithiolato, C4N2S2?~) anions
stack face-to-face along the c-axis with Pt...Pt distance of 3.6 A. The room temperature structure and the
average structure of the 153 K superstructure are almost the same. The room temperature conductivity of a-
LiPt(mnt) is about 200 S cm™1, and the compound undergoes a metal-insulator transition (Peierls transition) at
220 K. In a-LiPt(mnt) the conduction pathway is through the ligand-centered n-system which is composed of
predominantly S 3p, orbitals. Oscillation photographs about the c-axis show strong satellite spots on the
layerlines of (0.414+n)c* and (0.59+n)c* (n=0, £1, £2, -..). The content of Li cation reveals that these satellite
spots can be described as 2kr spots. The regular appearance of characteristic satellite reflections indicates
that a-LiPt(mnt) has a sinusoidally modulated lattice. The wave vector of the lattice modulation wave is k=
0.15b*+0.59c* and the amplitude of the lattice modulation wave is 0.045 a/a+0.13b/b+0.060c/c A. The
overlap integrals along face-to-face stacking directions are much larger than the interstack overlap integrals and
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the resulting large anisotropy indicates that a-LiPt(mnt) is a one-dimensional metal.

The crystal structures, syntheses and electrical con-
duction properties of 1,2-dithiolene complexes have
been extensively studied.!~® Recently a new type
one-dimensional partially oxidized [M(mnt)z]*~ (M=
Ni, Pd, Pt; mnt=1,2-dicyano-1,2-ethylenedithiolato,
C4N2S22-) complex has been reported.*® Metallic
behavior has been found for crystals of (H3O)o.33Lios-
[Pt(mnt)z]-1.67H20, which is abbreviated as a-LiPt-
(mnt).4~®1 Its room temperature conductivity, 200 S
cm-1! is as large as that of Ko[Pt(CN)4]-Bros-3.2H20
(KCP(Br)). Although the [Pt(mnt)z]"~ anions stack
face-to-face with a Pt...Pt distance of 3.639 A, the
partially oxidized 1,2-dithiolene complexes have a
conduction pathway based on the ligand-centered =#-
system (predominantly sulfur 3p, orbitals). This is in
contrast to the high conductivity of inorganic
one-dimensional metals containing tetracyano-plati-
nate and bis(oxalato)platinate anions which arises
from a partially occupied Pt 5dz2 electron energy band.

a-LiPt(mnt) undergoes a metal-insulator transition
at about 220 K.# The static magnetic susceptibility of
a-LiPt(mnt) has been measured from 2—300 K by J. R.
Cooper et al.9 Above 150 K, the conduction electron
paramagnetism X,=X,—C/T gradually develops. It
shows a sharp knee at 220 K corresponding to metal-
semiconductor phase transition.

In this paper we report the crystal structures of a-
LiPt(mnt) at room temperature and at 153 K. The 153
K superstructure corresponds to a so-called Peierls
structure.

Experimental

Crystal Preparation, Data Collection, and Structure Solution.
Slow aerial oxidation of a 50% aqueous acetone solution of
Hg[Pt(mnt)z] and LiCl gave LixH,[Pt(mnt)z] - nH20 as a black
microcrystalline product containing small shining black

T This compound was initially reported to be Lix
[Pt(mnt)z]-2H20 (where x=0.8) but has recently been shown
to contain protons in the lattice.”

needle crystals (a-LiPt(mnt))”? and plate crystals (B-LiPt-
(mnt)).? The needle crystals were used in this experiment.
Details concerning crystal characteristics and X-ray dif-
fraction methodology are shown in Table 1. Intensities
were measured on a Rigaku automated four-circle diffrac-
tometer with Mo Ka radiation at room temperature and at 153
K. Graphite-monochromatized Mo Kea radiation (0.71073 A)
was used for data collection. Intensities were collected by
using a w—20 scan technique. The scan width was deter-
mined for each reflection according to the formula w=
(A+Btanf)°. Three standard reflections monitored every 50

CRYSTAL AND REFINEMENT DATA FOR
«-LiPt(mnt)

TABLE 1.

At room temperature At 153K

Formula weight 517.52 517.52
a/A 15.596 (4) 15.564 (4)
b/A 6.410(3) 6.320(3)
c/A 3.639(2) 5.597 (1)
of® 100.52 (9) 99.35(2)
BI° 90.75 (5) 90.54(2)
y/° 96.28 (6) 96.25(3)
V/As3 355.3(2) 346.9(1)
Space group P1 P1
z 1 1
deare/g-cm™3 2.418 2.418
C"syij)‘;‘/‘mdl;l‘;‘en' 0.04x0.25x0.38 0.031x0.2x0.35
pfem=1 112.12 112.12
20 ax/° 60 60
Number of inde-

pendent reflections 1686 2015

|Fol >30(|F,|)
Parameters 96 96
R, 0.065 0.068
Standard reflections 3 3
Scan 20— 20—w
A+ Btan 0 1.24-0.6tan 6 1.2440.5tan 6
Scan speed 26/° 2°/min 4°/min
Background/sec 10 5
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(at room temperature) and every 100 (at 153 K) measure-
ments, and their intensities remained essentially constant
during the data collection. The data was corrected for Lorentz
and polarization. The crystal was covered with epoxy resin
for measurements at room temperature and was sealed in
a glass capillary for measurements at 153 K. At 153 K, the

Fig. 1. The c*-axis projection of the average structure
of a-LiPt(mnt) at 153 K. The intermolecular dis-
tances in parentheses are those at room temperature.

TABLE 2. AromIC PARAMETERs (X 10000)

Peierls Structure of (H30)o33sLios[ Pt(mnt)z]-1.67H20

a) At room temperature

X Y VA B/A?
Pt 0 0 0 2.8( 0)
S, 708( 2) 3322( 5) 1946 (10) 3.7( 1)
S, 1276(2) —1377(5) —865(10) 3.7( 1)
C, 1765(7) 2854 (17) 1685 (34) 3.1( 3)
C, 2012( 7 881 (18) 459 (37) 3.5(3)
C, 2416( 7) 4586 (18) 2854 (38) 3.8( 4)
C,  2925( 7) 626 (18) 200 (42) 4.3( 4)
N, 2958( 7) 5913 (18) 3796 (39) 6.0( 4)
N, 3633( 6) 475(17) 29 (42) 6.2( 4)
O  4753(7) 7614 (33) 4695 (91) 23.4(13)
Li*  499( 4) 18(11) 88 (15) 3.9(10)
b) At 153K
Pt 0 0 0 1.6( 0)
S, 700( 2) 3335( 5) 1981 (10) 2.1( 1)
S, 1284(2) —1371(5) —846(10) 2.0( 1)
C, 1761( 8) 2845 (22) 1727 (36) 2.0( 3)
C, 2003( 8) 852(19) 431 (33) 1.7( 3)
C; 2407( 8) 4617 (23) 2940 (40) 2.4(3)
C, 2910( 9) 627 (22) 271 (42) 2.4(3)
N; 2963( 9) 6015 (22) 3919 (43) 3.5( 4)
N, 3644( 8) 514(21) 102 (43) 3.2( 3)
O 4742(13) 8007 (52) 4076 (101)  14.6(15)
Li*  496( 6) 19(15) 66 (22) 3.4(13)

* The occupancy probability is 0.40.
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relatively weak satellite reflections were observed, but these
were not included in the analyses of the average structure.
The structure was solved by the heavy-atom method and
refined to R=0.065 and R=0.068, w=1/[02+0.01|F,|?] for
|Fo|=15, w=0.2 for |F,|<15 using 1686 and 2015 independent
reflections for which I>30(I) at room temperature and at
153 K, respectively. Absorption corrections were performed
in both cases, but did not result in much improvement of the
room temperature structure because the crystal used for the
data collection was twinned.

The c*-axis projection of the structure of a-LiPt(mnt) is
shown in Fig. 1. Atomic parameters are shown in Table 2.
The thermal parameters and Fo—F.tables are kept at the office
of this Bulletin as Document No. 8451.

Results and Discussions

The Room Temperature Structure and the Average
Structure of the 153 K Superstructure. The crystal
structures of a-LiPt(mnt) at both temperatures are
almost the same. The planar [Pt(mnt)z]"~ anions stack
face-to-face along the c-axis with an eclipsed configura-
tion to form a columnar stacked structure. The inter-
planar distance between the [Pt(mnt)z]™ anions are
3.592 and 3.537 A, and the Pt...Pt distances are 3.639
and 3.597 A, at room temperature and at 153 K respec-
tively. In a-LiPt(mnt), all the inter-anion distances
within the stack are equal. This is different from the
structures found for the similar [Pt(mnt)2] complexes
Rb[Pt(mnt)2]-2H20% and B-LiPt(mnt),® both of which
possess dimeric structures. In Rb[Pt(mnt)z]-2H20 the
interplanar spacing within the dimer is 3.356 A and
between dimers 3.512A. In B-LiPt(mnt) the inter-
planar spacing within the dimeris 3.346 A and between
dimers 3.631 A and 3.643 A. In both compounds the
anions are arranged along the column in a fully
eclipsed configuration, which is a characteristic of
M,[Pt(mnt)2] compounds containing small cations.
Mono-anion salts with bulky organic cations often pos-

TaBLe 3. COMPARISON OF BOND LENGTHS (//A) AnD
ANGLES (¢/°) IN [Pt(mnt),]?~ ANIONS

a-LiPt(mnt) o-LiPt(mnt)

(R.T.) (153 K)
Pt-S 2.271(2) 2.267(3)
s-C 1.722(8) 1.705 (10)
C-C (inner ring) 1.360(16) 1.365(18)
c-C 1.436(11) 1.433 (14)
C-N 1.123(11) 1.115(16)
SPtS a 90.4(1) 90.3(1)
PtSC B 102.2(3) 102.0 (4)
SCC 122.8(6) 122.8(7)
SCC & 118.3(6) 118.3(7)
CCC « 119.0(7) 118.9(8)
CCN ¢ 117.9(8) 177.5(11)
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sess columnar stacks containing anion dimers with a
staggered configuration.!® The [Pt(mnt)z]*~ anion is
almost planar with average bond lengths (in A) Pt-S
2.271(2), 2.267(3), S-C 1.722(8), 1.705(10), and C-C
1.360(16), 1.365(18), at room temperature and at 153 K,
respectively. The bond lengths and angles are com-
pared in Table 3.

In Rb1g7[Pt(C204)2]-1.5H20,1? intermolecular dis-
tances are much shortened by the formation of the
Pt...Pt bonds. The Pt...Pt distances are modulated by
the Peierls distortion and the molecular plane is
concave in order to reduce the steric hindrance with
the ligands of the neighbouring molecules. Terminal
oxygen atoms of the ligands are deviated 0.4—0.5 A
from the plane. However, in a-LiPt(mnt) the mole-
cule is almost planar both at room temperature and
at 153 K probably because of the large intermolecular
separation. The equations of the best planes and the
perpendicular distances from these planes are deposited
and kept at the office of this Bulletin.

Intermolecular short contacts are also shown in Fig
1. The transverse interatomic distances between the S
atoms are considerably shortened in the low tempera-
ture. Close S---S contacts of less than 3.8 A are shown in
Table 4. The short interatomic distances between the S
atoms on adjacent molecules in adjacent stacks are
3.686, 3.724, and 3.743 A atroom temperature and 3.622,
3.674, and 3.676 A at 153 K. Close S...S contacts in the
transverse direction of the Pt chain have been also
found in a-LiPt(mnt) and Rb[Pt(mnt)z]. 2H20. There
are two Li sites in the unit cell. The Li ions are
disordered and the occupancy probability of the Li
site is 40%. The Li ions are six-coordinated and
Li---N(O) distances vary from 1.94 to 2.69 A at room
temperature and 2.06 to 2.54 A at 153 K. There are
two oxygen atoms and 0.8Li* cations in the unit
cell. They are located in-between the [Pt(mnt)s]
anions along the a-axis. As mentioned before, the
results of the chemical analysis of a-LiPt(mnt) have
shown that the unit cell should contain 0.33 H3O+*
but the crystal structure analyses could not distinguish
the sites of H3O+ from those of H20O. Table 5 lists
short interatomic distances of less than 3.0 A within
the coordination spheres around the Li cation and
the oxygen atom of the water molecule (or hydroxo-
nium ion).

Measurements of satellite reflections by oscillation pho-

TaBLE 4. THE SHORT INTERATOMIC DISTANCES (I/A)
BETWEEN S AToMs LEss THAN 3.8 A

At room temperature At 153K
Sye--S® 3.639(8) 3.597(7)
S,++S,D) 3.743(5) 3.676(5)
S;---8,9 3.686 (7) 3.622(7)
Sye-S,® 3.724(7) 3.674(7)

Symmetry codes

a) %, y 14z
b) % 14+, z
c) —x 11—y, —z
d) —x 1—ypy, 11—z
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tographs. We examined temperature dependence
of intensities of X-ray reflections within the tempera-
ture range between 90K and 300 K. An oscillation
photograph around the c-axis shows that the strong
satellite spots appear on the layer lines of (0.41+n)c*, or
(0.59+n)c* (n=0, *1,...) (Fig. 2). The cation content
revealed that these satellite spots can be described as 2kr
spots.” The satellite reflections show that a-LiPt(mnt)
has a sinusoidally modulated lattice. Figure 3 shows
the temperature dependence of intensities of the satel-
lite spots (¢ n {). The intensities of satellite reflections,
(—13, —2.85, —0.41), (6, 3.85, 0.41), and (13, 2.15, 0.59)

TABLE 5. SHORT INTERATOMIC DISTANCES (//A) wrTHIN
THE COORDINATION SPHERES TO 3.0 A ArRounp THE Li
CATIONS AND OXYGEN ATOMS OF WATER MOLECULES

At room .temperature At 153K
Li-.-Li® 0.65(10) 0.52(16)
Li-..O» 1.94( 6) 2.06( 8)
Li---N,® 2.17( 7) 2.09(10)
Li---N,» 2.25( 7) 2.28(10)
Li-..O9 2.34( 7 2.00(10)
Li--.O® 2.53( 6) 2.22(10)
Li...O9 2.69( 7) 2.54( 8)
O---N,® 2.88( 2) 2.91( 3)
O...08 (>3.0) 2.54( 6)

Symmetry code

a) l—x, —29, —z
b) 1—x, 1—y, -z
c) x, A z
d) x, —14y, z
e) % =1+, —14z
f) 1-—x%, 1—y, —z
g) l—x, 2—y, 11—z

Fig. 2. An oscillation photograph around the c-axis
at 153 K. Strong satellite spots appear on the layer
lines of (0.41+n) c* or (0.59+n)c* (n=0,1,---).
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Fig. 3. Temperature dependence of the intensities of

satellite reflections between the temperature range
of 90 K-300 K.

Thermal expansion

Fig. 4. Temperature dependence of the cell parameters.

were measured under the same conditions as the main
reflections. The intensities are roughly proportional to
VT—T. (T=213 K).

Temperature Dependence of the Cell Parameters.
The temperature dependence of the cell parameters
are shown in Fig. 4. The cell constants b and c are
shortened by 8 and 5% within the temperature range
between 300 K and 90 K and a is expanded by up to 2%.

It is worth noticing that the contraction of the
transverse direction b, is larger than the change in
a and c. The stack of the [Pt(mnt)z] complexes is
parallel to the ¢ axis. The large contraction of b
indicates that the S...S interaction in the transverse
direction of complexes are strengthened in the low
temperature.
- The Analysis of the Modulation wave in the Peierls
Structure. As is well-known, the one-dimensional
metallic state is not stable at low temperature. The
system tends to be distorted periodically in order to
gain electronic energy. The lattice instability brings
about the superstructure and characteristic X-ray
diffuse scatterings appear below transition temperature

Peierls Structure of (H30)o33Lios[ Pt(mnt)z]-1.67H20
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(Te). The lattice-modulation wave with the wave
number of 2kr develops below T..

When the lattice is sinusoidally modulated, the posi-
tion of the j-th atom of the n-th cell, 1, is given by
rn=R,t+d+Psin(2ks-R,), where R, is the lattice vector
of the n-th lattice point of the average structure, P is an
amplitude of the modulation wave, and kr is the wave
vector of the modulation wave. The intensity formula
of X-ray diffraction by the crystal with sinusoidal mod-
ulation waves whose fundamental lattice contains only
one molecule, is as follows

I(&n) = |F(90) |3, (6]
F(&nl) = 3 3 30 Fo(§9C) exp [2ri(§ny -+ nng + Cng)]

X exp [271i(p:1€ + pay+ £50)]

X sin 27(Pyn; + Pany + Pans), (2)

where scattering vector s=2xn(fa*+nb*+{c*), 2kr=2n-
(Ppra*+p2b*+dac*), and Fo(é n () is the scattering
amplitude of the averaged structure without modula-
tion wave. I(€ n {) can be written as follows by the use of
Bessel funcétoions which satisfy the equation exp[x/2-

(t=t71)]= B Ja(x)tr. Intensities of main reflections

and satellite reflections I(£€ n {) can be written

I(6nC) oc |Fo(hkl) |20 [2m(prh+ pok+ pol)] - (RkI) &)
oc |F(h+mgy, k+mdy, 1+mesy) |2
X Jn*{2n[p1(h+mP;) + pa(k+mes)
+p3(l+mPg)1}-ee o (Rt mpy, k+my, I+ms).  (4)

The intensities of the m-th satellite spots are
proportional to the square of the m-th Bessel functions.
In the case of 2n(¢ra*+d2b*+dsc*)=2kr the first
satellite reflections are called 2k spots and the second
satellite reflections appear at the (h+4n¢:, k+4ncps,
l+4n¢s) in the reciprocal space. Since the amplitude
of the periodical lattice modulation wave is small,
2n(prétpantpsl)(=x) is much less than 1.0 and
Jo(x)2> J1(x)2> J2(x)2»---. Therefore the intensities of
the higher order satellite reflections are much smaller
than those of the l-st order satellite reflections. In
facts, 2-nd order reflections can be scarecely seen
on the Weissenberg photographs. When x«l1, Ji-
(x)=(1/2)x and the intensity formula becomes very
simple.

If the periodical lattice distortion wave of
a-LiPt(mnt) can be described in terms of the simple
sinusoidal wave, 4, defined by the following equa-
tion,

4= §c (1 Fobs (§78) | —RS(§98) | Feare(§78) | X

2r (1€ -+ pan+ 558) [2)2

must be minimized. Foua(¢ 1 {) is an observed struc-
ture amplitude of the first order satellite reflection.
Feaca(€ m £) is a structure amplitude calculated from
the atomic parameters of the average structure and
S(€ n {)(=sign(p1é+pan+psl)) was easily determined
by the examination of the intensity distribution of
the 1337 satellite reflections. The conditions for the
data collection were the same as those used in
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determining the average structure at 153 K.

Figure 5 shows the examples of the intensity distribu-
tions of the observed structure amplitude of |F(h+d1,
k+ao, I+¢s)|. The distribution of the |F(£ n {)| is
divided into two regions where the values of the [F(én
{)| are not zero. The position of this boundary changes
according to { and forms a plane in the three dimen-

(a)

--17.85
--6.85
.-5.85
--4.85
--3.85
. 1.15
- 2.15
- 3.15
- 4.15
- 5.15

15
- 7.15
- 8.15

35 --0.85

15 21 34 17 29 22 15

36 25 31 44 27 24

15- 27 15 23 43 20 39 26

29 17 31 28 23 32 2 16 22
39 36 30 35 20 17 21 15 30
37 23 41 38 25 18 19 25
- 2 33 47 24 27 16 18

19 17 30 37 23 30 23 20 17 26 17
19 15 30 21 27 34 15 16 24 22 29

28 23 37 15 21 28 23 19 25 28 23
Mp 25 30 23 15 26 27 36 18 18

O-[ 20 39 28 20 25 21 18 29 19

19 35 28 19 39 32 19 29 18 21
15 24 20 17 41 30 30 29 16

21 18 18 23 33 30 20 23

18
26 30 2116 33 23 n
31 2327 20 19 17
10 - 21 36 2137 22
17 17 23 35 26
16 2232 19 15 22
15 21 34 22 25 22
16 21 16 20 25 23
15 - 18 21 16 16 22
16 25 28 17
18 16 20 16

20 20 21

20 -

F -7.85
-6.85
I -5.85
-0.85
0.15

r 1.15
15

r 3.15
r 4.15
L 5.15
6.15

22 20 16

20 23 23 19
10 - 22 23 15 27 17
16 15 21 30 15

15 9 15 15 19

Fig. 5. Examples of the intensity distributions of the
observed structure amplitudes of the satellite reflec-
tions, |F(h+6,, k+ P, [+¢,)|. The distribution of
the |F(§7pf)| is divided into two regions where the
values of the [F(é7{)| are not zero. a): {=0.59,
b): {=2.59.
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sional reciprocal space. The intensities of satellite
reflections are proportional to |J1(x)|2. When x is con-
stant, 2n(p1é+pantpsl)(=x) represents one plane and
intensities of satellite reflections are zero at the points of
the reciprocal space where (pi1é+pan+psl)=0. The
intensities become stronger according to the departure
from this plane. The sign of the satellite reflection is
changed on this plane. Thus S(¢ n {) values in one
region are determined +1 and those in the other region
are —1. On the whole the intensity of satellite reflection
becomes weaker, when (£ n {) departs from the origin of
the reciprocal space. p1, p2, and p3 are determined
by the minimization of A. From 84/dp1=0, 04/3p2=
0, d4/9p3=0, we obtain

5( (16| —7hS| Fe| (016 + 20+ 558))€ = O,
52% (|Fo| =mkS| Fe| (926 +pan+558))7 = 0,

Ec (|Fo| —mkS|Fe| (1€ +pan+150))E = 0. (5)

We used the scale factor k obtained in the structure
determination of the averaged structure at 153 K. Based
on the 1337 satellite reflections, pi, p2, and p3 were
determined as 0.045 A, 0.137 A, and 0.060 A. The phase
parameters (¢1, ¢z, ¢3) were determined from the posi-
tions where the satellite reflections have maximum

1intensities in the reciprocal space. The four-circle dif-

fractometer was scanned varying the indices of the
reflections at intervals of 0.01 around the main reflec-
tions in order to gain the diffraction maxima of the
satellite reflections. The diffraction maxima corres-
ponding to Egs. 3 and 4 represent main and satellite
reflections which appear regularly at intervals of
|¢1a*+¢sb*+dac*|. The measurement of the coordi-
nates of the reflections in the reciprocal space gave
$1=0.0, ¢2=0.15, ¢3=0.59. The reliability factor R of
1337 satellite reflections was 0.18. Considering that R
was calculated on the basis of the considerably weak
satellite reflections, this result is satisfactory. The
modulation wave of a-LiPt(mnt) is shown in Fig.
6. The amplitude of the modulation wave of a-LiPt-
(mnt) is 0.14A, which is similar to those of
Rb167[Pt(C204)2]-1.5H20 (Rb-OP)1» and Kis[Pt-
(C204)2]-2H20 (p-K-OP).12 Comparison of the struc-

Q

NN N\
N N N

c

o‘:‘b .

¢ NN N

Fig. 6. Schematic drawing of the modulation wave of
«-LiPt(mnt).

o
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TaBLE 6. COMPARISON OF THE SUPERSTRUCTURES OF Pt COMPLEXES

a-LiPt(mnt) Rb-OP) y-K-OP12 KCP(Br)®
Chemical formula (H;0),.35Liy.s[Pt(mnt),]: Rb, 6[Pt(C;0,).]: K .6 [Pt(Cy04),]- K,[Pt(CN),]Br, ;- 3H,O
1.67H,O 1.5H,0 2H,0
Crystal System Triclinic Triclinic Triclinic Tetragonal
Pt...Pt Distance 3.597/A 2.72,2.83,3.02/A 2.84,2.87/A 2.89/A
Modulation Wave Transverse and Longitudinal and Transverse and Longitudinal
Longitudinal Transverse Longitudinal
Amplitude 0.14/A(153K) (0.045, 0.17/A(300 K) 0.17/A(300K) (0.20, 0.02/A(T<100K)
0.137,0.060)/A —0.08,0.11)/A
Period 2.38 X Rp,...p1(8.56/A) 6 X Rypy..p (17.1/A) 10.5X Rp,..p:(30.0/A)  6.5XRp,.. 5 (18.8/A)
Order of the Complete Complete Complete Incomplete (Fluctuation
Chain Distortion  Superstructure Sixfold Super- Supeestructure of the Lattice Distortion)
structure
TABLE 7. LIST OF SEMIEMPIRICAL PARAMETERS!4-16) TABLE 8. INTERMOLECULAR OVERLAP INTEGRALS BETWEEN
(ENERGY IN €V) THE by, LUMO OF THE NEUTRAL MOLECULES
[
¢ sleV € eleV [Pt(mnt),]
C 25 1.625 —21.4 N 2 1.925 —26.0 S(e)* —0.2365x107
2p 1.625 —11.4 20 1.925 —13.4 S(b) —1.1189x10-2
—4
S 3 2122 —200 Pt 5d * —12.59 St 0396110
3p 1.827 —11.0 6s 2.55¢ —9.077 (b—c) =~
3d 1.5 -8.0 6p 2.554 —5.475 * S(mb+nc) indicates the overlap integral between the
molecules located at (0,0,0) and (0, mb, nc).
* double-{

7 =0.6334y,(6.013) +0.5513%,(2.696)

tural data of the superstructures of platinum complexes
is shown in Table 6. It may be of interest that in
one-dimensional platinum complexes the lattice dis-
tortion wave gives rise to a periodical variation of
the charge density along the Pt chains. The phase of
the periodical distortion wave is considered to be
governed by the interchain Coulomb coupling and
the Pt chains are anti-phase ordered so as to minimize
the Coulomb energy.!? In a-LiPt (mnt), anti-phase
ordering does not hold, perhaps due to the fairly
strong transverse S...S interactions.

MO Calculation. We calculated the intermolec-
ular overlap integrals(S) between LUMO of the neutral
Pt(mnt)2 molecule, obtained by means of the extended
Hiickel method. The molecule was idealized to have
D2 symmetry. The overlap integrals were calculated
from Slater type orbitals. The semiempirical parame-
ters are listed in Table 7. The overlap integrals along
the face-to-face stacking direction are much larger than
the interstack overlap integrals. The LUMO of the
neutral [Pt(mnt)z]° is bsg, which agrees with the results
of Schrauzer!” and Yamatera.’® Further the LUMO is
consistent with the change of the bond distances
obtained by the structure determination of Ni(mnt)z?~
and Ni(mnt)2!~.1 The overlap integral of dz orbital
in the platinum chain in a-LiPt(mnt) is one-tenth
of those of one-dimensional platinum complexes of
tetracyanates or bisoxalates because of the large Pt...
Pt distance in a-LiPt(mnt). On the other hand, the
intrastack overlap integrals of S atoms are the same
order as those of the dz orbitals of tetracyano-
platinates or bis(oxalato)platinates. The intermolec-
ular overlap integrals between the bz, LUMO of the

neutral molecules were calculated and the values
obtained are shown in Table 8  The overlap
integrals along face-to-face stacking S(c) (intrastack)
is much larger than the interstack overlap integrals
S(b) or S(b+c), S(b—c). The large anisotropy indi-
cates this compound is a one-dimensional metal. The
value of S(c) indicates that the band width may be
about 0.5eV. Magnetic susceptibility measurements
by J. R. Cooper show the conduction electron band-
width (4ty) in a tight binding model is 0.66eV.
This value is about a factor of 2.5 larger than that
determined from the plasma frequency (0.26eV).®
The plasma frequency of this compound is much
smaller than that observed for the usual platinum
complexes of tetracyanates or bisoxalates.
Role of the Interchain Transverse S---S Contacts.

The electrical conductivity of one-dimensional plati-
num complexes such as tetracyanoplatinates and bis-
(oxalato)platinates is strongly dependent on the
periodicity of the Ptchain. Similar correlation between
the electrical properties and the periodicity of the Pt
chains can be also seen in [Pt(mnt)2] complexes. a-
LiPt(mnt) is metallic at room temperature and at
213 K(T:) a metal-insulator transition is observed.
Since the [Py(mnt)z]*~ are stacked regularly above T,
the band is partially (59%) filled and one-dimensional
metallic properties are observed. In Rb[Pt(mnt)z]-
2H20,? the band is half filled, which is consistent
with the dimer structure and the semiconducting
resistivity (=105 Qcm). In the case of B-LiPt¢(mnt)® the
band is 1/4 (or 3/4) filled and the Peierls distor-
tion produces a fourfold structure with a band gap at
the Fermi level resulting in semiconducting proper-
ties which agree with the temperature dependence
of its conductivity (=1073 Scm~!). Though M,[Pt-
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(mnt)2] has one-dimensional stacks of the platinum
complexes, it cannot be regarded as typical one-
dimensional system. In a one-dimensional system,
the relationship between the band gap (24) and the
metal-insulator transition temperature (7.) formed
for the system without fluctuations, 2A/7T.=3.73,
cannot be applied because the 2k lattice distortion
does not develop until the temperature is lowered
to as low as T<T./3 (hence 2A/T=10). In a-
LiPt(mnt), 2A/T. is 3.95, which is close to the value
derived from the mean field theory 3.73. The reason
for the depression of the fluctuations of the lattice
distortion wave lies in the characteristic interchain
transverse contacts due to S atoms. Thus, despite
of the one-dimensional nature of the electronic
structure, «-LiPt(mnt) does not behave as one-
dimensional system in the presence of the lattice
distortion mode. _
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