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The following ATCNQ™ salts and mixed ACTNQ /
TCNQYTCNQ salts (ATCNQ™ = 4-dicyanomethyl-
enepyridinium dicyanomethylide, so-called aza-tetra-
cyanoquinodimethan anion; TCNQ = 7,7,8,8-tetra-
cyano-p-quinodimethan) of tetrakis(isocyanide Jrho-
dium(I) cation were prepared; [Rh(RNC)s] "ATCNQ™
(R = C5H5, 2,6'M€2C6H3, and 2,4,6'M€3 C6H2},
[Rh(RNC),] (ATCNQ ), (TCNQ%), _, (R = 2,6-Me,-
C6H3, n-= 0.2,' R = CGHS and 2,4,6'M€3C6H2, n=
0.3), and [RH(RNC)s] (ATCNQ™ )qo( TCNQ")or
(TCNQ}()S (R = 2,6-M€2C5H3 and 2,4,6'M€3C5H2).
Of these salts, [Rh(2,6-Me,CsH3NC)s] (ATCNQ™/
TCNQ? and [Rh(2,6-Me,CoH3NC),]" (ATCNQ™/
TCNQ'/TCNQ) exhibit electrical resistivities of ~1 X
10° Qem as compacted samples at 25 °C and behave
as typical semi-conductors, while the resistivities of
other salts are larger than 1 X 10° Qem. Electronic
absorption spectra and magnetic susceptibilities of
the salts are discussed in terms of Sstackings of
TCNQ", TCNQ, and ATCNQ™ in the solid state.
The crystal structure of [Rh(2,6-Me,CoHsNC), ]’ -
ATCNQ™ was determined by single-crystal X-ray
diffraction. The triclinic crystal, space group PI,
has cell dimensions a = 10.964(2), b = 12.768(2),
c = 8375(1) A a= 102.03(2), B = 88.84(2), v =
112.07(2)°, and Z = 1, where the orientation of the
ATCNQ ™ anion moiety is disordered with respect
to the pyridinium ring. Least-squares refinement,
based on 4094 independent reflections with 1F,| >
30(F), yielded an R factor of 0.052.

Introduction

Low-dimensional organic and inorganic TCNQ
salts have been extensively investigated [1]. Several
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new organic acceptors also have been synthesized
and the properties of their salts with donor molecules
have been examined [2, 3]. Of the organic acceptors,
AzaTCNQ~™ anion (4-dicyanomethylenepyridinium
dicyanomethylide anion, abbreviated as ATCNQ ) (T)

NC CN
- +/ -/
>C—+NQ\ “

NC CN

seems to have a geometry very similar to TCNQ,
because of the close covalent radii of carbon and
nitrggen. On the contrary, ATCNQ involves a
C—N ylide structure which predictes electronic proper-
ties of ATCNQ™ different from TCNQ. The proper-
ties of ATCNQ anion salts, however, are little
known, while Wudl briefly reported the electrical
resistivity of an ATCNQ ~ anion salt with the TTF?
radical cation [2].

Recently, one of the authors reported the elec-
trical resistivities of the simple and complex salts
formed between several tetrakis(isocyanide)rhodium-
(I) cations, [Rh(RNC),]", and the TCNQ® radical
anion, which behave as semi-conductors [4]. The
present work was undertaken to synthesize not
only the ATCNQ™ salts but also the mixed ATCNQ/
TCNQYTCNQ salts with [Rh(RNC);]* and to
examine their electrical properties.

This paper reports the preparation and electrical
resistivities of some simple salts of the [Rh(RNC)4]™-
ATCNQ™ type, and the mixed ATCNQ /TCNQ® and
ATCNQ /TCNQYTCNQ salts with [Rh(RNC),]*
(R = C6H5, 2,6'Me2C6H3, and 2,4,6‘Me3C6H2),
together with their electronic absorption spectra and
magnetic properties. An X-ray crystallographic
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TABLE L Properties and Analysis of the Rh(I)—ATCNQ ™, —ATCNQ /TCNQ’, and —~ATCNQ /TCNQ/TCNQ Salts.

No. Salt Crystal form M.P./°C Found (Calcd)
C H N
1 [Rh(C¢HsNC)4]*ATCNQ ™ Black needles 155 64.48 3.11 17.79
(64.92)  (3.35) (17.47)
2 [Rh(2,6-Me,CgH3NC)4 ' ATCNQ™ Black needles 142(dec.) 6746 4.69 15.18
67.70)  (4.84) (15.12)
3 [Rh(2,4,6-Me3Cs¢H,NC)4 ' ATCNQ™ Green microcrystals 158 68.07 5.22 14.24
(68.83)  (544) (14.17)
4 [Rh(CgHsNC)4 1"~ Black microcrystals 120(dec.) 66.08 3.26 16.09
(ATCNQ )3 (TCNQYon 66.21)  (3.36)  (16.14)
5 [Rh(2,6-Me,CgH3NC)a I — Purple microcrystals ~ 186-189  68.85 4.74 13.83
(ATCNQ )02(TCNQ)oz (68.99)  (4.84) (13.80)
6 [Rh(2,4,6-Me3C¢H,NC)a I*~ Green microcrystals 200-202  69.20 5.47 13.01
(ATCNQ )o3(TCNQ Yo7 (69.89)  (5.44) (13.08)
7 [Rh(2,6-Me,C6H3NC)4]"~ Dark brown powders ~ 167-170  67.49 4.04 17.32
(ATCNQ )09(TCNQ")o1(TCNQ)o 3 (68.24)  (427) (17.54)
8 [Rh(2,4,6-Me3C¢HyNC)a '~ Dark brown powders ~ 162-166  68.53 4.72 16.51

(ATCNQ )o9(TCNQ )01 (TCNQ)o3

(69.23) 4.90) (16.09)

analysis of [Rh(2,6-Me,CsH3NC),]*"ATCNQ™ is
also described.

Experimental

Preparation of K*'ATCNQ™

An ethanol (70 cm?®) solution of KOH (2.5 g, 45
mmol) and malononitrile (1.8 g, 47 mmol) was added
to a suspension of 4-chloropyridinium dicyano-
methylide [S] (2.5 g, 15 mmol) in ethanol (70 cm?)
under nitrogen atmosphere, and the solution was
stirred for 6 h. After the solvent was evaporated to
about 1/3 volume under reduced pressure. the solu-
tion was allowed to stand overnight. The resulting
solid was collected by filtration and dissolved in
acetonitrile (400 cm®) under refluxing. To the solu-
tion was added benzene (600 cm®) at room tempera-
ture, giving a brown precipitate of K'ATCNQ™,
which was filtered and dried in vacuo, yield 46%,
m.p. 300 °C. Anal. Calcd. for C;;H,N:;K: C, 53.96;
H, 192; N, 28.91%. Found: C, 53.87; H, 1.64; N,
28.55%.

Preparation of [RR(RNC),]"ATCNQ™ (R = CsH;
(1), 2,6-MeyCsH; (2), and 2,4,6-Me;CsH, (3))

A methanol (15 cm®) solution of phenyliso-
cyanide (0.75 g, 0.73 mmol) was added to a suspen-
sion of dichlorobis(1,5-cyclooctadiene)dirhodium(I)
(030 g, 0.61 mmol) in methanol (15 cm?). After
being stirred for 2 h, the solution was added to a

suspension of K’ATCNQ™ (0.30 g, 1.2 mmol) in
acetonitrile (50 cm?®), followed by further stirring
for 30 min. The resulting solution was evaporated
to dryness under reduced pressure. The solid
obtained was washed with water (100 cm®) and then
diethyl ether (100 cm?®). Recrystallization from
ethanol gave black needles of I, yield 66%.

An acetonitrile (40 cm®) solution of [Rh(2,4,6-
Me;C¢H,NC),]’CIO; [6] was added to a suspen-
sion of K"ATCNQ™ (0.22 g, 0.82 mmol) in ethanol
(100 cm®). After being stirred for 30 min the
solution was evaporated to dryness under reduced
pressure. The residual solid was washed with water
(100 cm?®), and recrystallized from ethanol to afford
green microcrystals of 3, yield 83%. An analogous
reaction of [Rh(2,6-Me,CsH3NC),;]*CIO; with
K'ATCNQ™ in ethanol yielded 2 in 85% yield.

Preparation of [Rh(RNC)s] (ATCNQ™ ),(TCNQ7); —,
(R = 2,6-Me,C¢H, (5), n = 0.2; R = C4Hs (4) and
2,4,6-Me3 C5H2 (6), n=03

To an ethanol (80 cm’) solution of 3 (0.40 g,
0.45 mmol) was added Li'TCNQ™ (0.095 g, 0.45
mmol) dissolved in the same solvent (10 cm®). The
solution was allowed to stand in a refrigerator over-
night, to afford green microcrystals of 6, which
was collected by filtration and dried in vacuo, yield
83%. The mole ratio ATCNQ'/TCNQ® was deter-
mined by electronic absorption spectra in acetonitrile
and confirmed by elemental analysis. Similarly, salts
4 and 5 were obtajned in yields of 76 and 90%
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respectively, by the reaction of 7 and 2 with Li*-
TCNQ' in ethanol.

Preparation Of[Rh(RNC)4] +(A TCNQ“)og (TC]VQ:)Q 1
(TCNQ)os (R = 2,6-Me,CsH; (7) and 2,4,6-Me; Cq-
H, (8))

To an acetonitrile (80 cm?) solution of 3 (0.40 g,
0.45 mmol) was added TCNQ (0.092 g, 0.45 mmol)
dissolved in the same solvent (20 cm®). The solution
was allowed to stand in a refrigerator overnight to
give a precipitate of 8, which was collected by filtra-
tion, washed with diethyl ether, and dried in vacuo,
yield 68%. The mole ratios of ATCNQ /TCNQ®/
TCNQ in the salt were determined by electronic
absorption spectra in acetonitrile and by ESR signal
intensities of TCNQ® relative to that of DPPH as the
standard, and confirmed by elemental analysis.
Similarly, salt 7 was obtained in 70% yield by the
reaction of 2 with TCNQ in acetonitrile, whereas
1 reacted with equimolar TCNQ in the same solvent
to yield [Rh(CsHsNC)4]*(TCNQ); which is a known
compound [4], but no mixed ATCNQ /TCNQ®/
TCNQ salt.

Properties and analyses of the salts obtained
are summarized in Table 1.

Physical Measurements

Electrical resistivities, magnetic susceptibilities,
and electronic absorption spectra were measured as
described previously [7]. Cyclic voltammetry was
performed in acetonitrile using tetrabutylammo-
nium perchlorate as a supporting electrolyte, as
described elsewhere [8]. ESR spectra were measured
using a JEQOL LES-ME-3X spectrometer.

X-Ray Data Collection

Brown columns of [Rh(2,6-Me,C¢H;NC)s] -
ATCNQ™ were obtained by recrystallization from
ethanol. Preliminary oscillation and Weissenberg
photographs indicated that the complex crystallized
in a triclinic system, and the centrosymmetric
triclinic space group P1 was later proved to be correct
on the basis of the successful analysis. Accurate cell
constants were determined by a least-squares treat-
ment of 20 angles of 40 reflections in the range
24° < 20 < 31°, which were measured on a Rigaku
four-circle automated diffractometer with Mo-Ka
radiation (A = 0.71069 A).

Crystal data

Cs7HaoNgRh, M = 833.80; triclinic, space group
PT; a = 10964(2), b = 12.768(2), ¢ = 8.375(1) A,
a = 102.03(2), § = 88.84(2), v = 112.07(2)°, U =
1060.6(4) &3; Z = 1; D, = 1.3054(5) g cm™>; F(000)
=430; u(Mo-Ka) =4.4 cm 1.

A specimen, approximately 0.13 X 0.21 X 0.21
mm?3, was used for the data collection on the

diffractometer. Intensity data were collected by
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using graphite-monochromatized Mo-Ka radiation
and the w—20 scan technique at the 26 scan rate of
4° min ', The scan width in w was (1.0 + 0.34 tan6)°
and 30 s background counts were taken on either side
of the every scan. Five standard reflections were
monitored before every 50 measurements. None
showed a significant intensity variation throughout
the data collection. The intensities were corrected for
Lorentz and polarization effects. No correction was
made for absorption. A total of 4866 independent
intensities in the range 26 < 55° was measured. The
4094 reflections with 1F, | >30(F) were used to solve
and refine the structure.

Solution and Refinement of the Structure

A Fourier map based on the rhodium atom which
was located on the origin gave positions of all the
remaining non-hydrogen atoms. By assuming the
space group P1, four cycles of a block diagonal
least-squares refinement of all the positional and
isotropic thermal parameters resulted in the
residual factor R, = ZIFI-|F I/ZIF,| of 12.3%.
At this stage the nitrogen and p-carbon atoms of the
pyridinium ring of ATCNQ™ were not distinguished.
A further four cycles of the refinement with aniso-
tropic thermal parameters converged to R, = 6.5%
and R, = [Ew(IF,|—|F,1)?/SwF2]Y? = 8.1%. How-
ever, several abnormal distances of C—C bonds of
2,6-Me, C¢H3NC ligands were obtained. Although
ATCNQ™ should be non-centrosymmetric, the space
group of P1 was assumed, the orientation of the
ATCNQ™ anion being disordered with respect to the
pyridinium ring. The rhodium atom was fixed at the
origin and the center of the six-membered ring of
ATCNQ™ was located on another center of sym-
metry (0, %, 0). Four cycles of the refinement with
anisotropic thermal parameters converged to
R; = 5.2 and R, = 6.6%. The weighting scheme 1/
w = g%(F,) + 0.0005|F, 1% was used. The final dif-
ference-Fourier map had no positive maxima >1
e X3 Atomic scattering factors used throughout
the refinement were taken from the tabulation
[9]. For both the nitrogen and p-carbon atoms of
the pyridinium ring of ATCNQ™ the mean value of
atomic scattering factors of carbon and nitrogen was
used. No attempt was made to find the hydrogen
atoms, Anomalous dispersion corrections of the form
f=1fy + Af' +iAf" were applied to rhodium; Af’
= —1.287 and Af" = 0.919 [9]. The final atomic
coordinates and anisotropic temperature factors
are listed in Table II. Observed and calculated struc-
ture factors are available from the Editor.

Crystallographic calculations were performed on
an ACOS 700S computer at the Crystallographic
Research Center, Institute for Protein Research,
Osaka University. Figures 5 and 6 were drawn on
NUMERICON 7000 system at the Crystallographic
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TABLE II. Final Atomic Coordinates (>(104) and Anisotropic Temperature Factors (><103)al for [Rh(2,6-Me,CgH3NC)4]*-
ATCNQ with Estimated Standard Deviations in Parentheses.

Atom x/a y/b z/c U Us, Uiz Uy Uiz Uss
Rh 0(0) 0(0) 0(0) 50.9(2) 42.5(2) 41.8(2) 11.0(2) -~3.7(2) 16.4(1)
N({1) 1712(3) 2560(3) —-70(4) 58(2) 45(2) 64(2) 13(1) -3(2) 18(1)
N(2) —-1883(3) -225(3) —-2894(4) 55(2) 53(2) 46(2) 22(1) —-1(1) 12(1)
N(S) 3121(4) 8722(3) 305(5) 90(3) 69(2) 68(2) 19(2) ~4(2) 4(2)
N(6) 1664(5) 6472(4) —-4593(5) 114(3) 79(3) 5002) 15(2) 6(2) 9(2)
C(1) 1069(4) 1611(3) -71(4) 55(12) 54(2) 49(2) 16(2) —-1(2) 19(2)
CQ2) 2493(4) 3728(3) 9(5) 47(2) 39(2) 65(2) 13(2) -3(2) 15(2)
C(3) 2779(4) 4464(4) 1535(6) 69(3) 63(3) 79(3) 36(2) -7Q2) 6(2)
C@4) 3562(5) 5633(4) 1590(8) 78(3) 53(3) 140(5) 28(2) -24(3) -2(3)
C(S) 4001(5) 6009(4) 189(9) 56(3) 47(2) 196(7) 16(2) —-4(3) 26(3)
C(6) 3704(5) 5241(4) —-1312(8) 60(3) 73(3) 149(5) 28(2) 25(3) 63(3)
C() 2929(4) 4067(4) —1448(6) 65(3) 59(2) 82(3) 27(2) 13(2) 30Q2)
C(8) 2267(7) 4042(5) 3063(7) 155(6) 104(4) 62(3) 68(4) 9(3) 13(3)
C(9) 2596(7) 3197(5) -3070(7) 158(6) 101(4) 67(3) 48(4) 18(4) 30(3)
C(10) —1190(4) -119(3) —1806(4) 55(2) 46(2) 47(2) 16(2) 1(2) 16(2)
c1n -2740(4) —408(3) —4226(5) 69(2) 54(2) 46(2) 34(2) -10(2) 1(2)
C(12) —2213(6) 212(4) —5454(5) 124(4) 84(3) 50(2) 75(3) 7(2) 17(2)
Cc(@13) —3080(8) —34(6) —6814(6) 211(7) 124(5) 54(3) 125(5) —-27(4) -3(3)
Cc(14) —4377(8) —819(6) —6868(8) 199(7) 128(5) 93(4) 122(6) —85(5) -51(4)
C(15) —-4858(6) —1383(5) -5614(8) 105(4) 83(4) 132(5) 59(3) —62(4) —47(3)
C(16) —-4032(4) -1192(4) —4243(6) 60(3) 54(2) 94(3) 28(2) —-17(2) -10(2)
C(17) —807(6) 1120(5) —5279(8) 105(4) 88(4) 110(4) 44(3) 43(4) 55(3)
C(18) -4508(5) —1762(5) —-2831(9) 71(3) 75(3) 150(6) 17(3) 27(3) 35(4)
C(40) —-11(4) 5196(3) 1664(5) 55(2) 60(2) 47(2) 16(2) —4(2) 5(2)
C@41) 742(4) 6053(4) 943(5) 49(2) 61(2) 49(2) 14(2) -2(2) 8(2)
NC@42) 781(3) 5903(3) ~741(4) 45(2) 58(2) 44(2) 20(2) —-2(1) 6(1)
C(43) 2434(4) 7863(4) ~524(5) 62(2) 61(2) 55(2) 26(2) 4(2) 15(2)
C(44) 1587(4) 6807(3) —-1492(5) 55Q2) 56(2) 49(2) 19(2) -3(2) 9(2)
C(45) 1634(4) 6619(4) -3210(5) 70(3) 60(2) 55(2) 19(2) ~-1(2) 10(2)

The form of the anisotropic thermal ellipsoid is exp[—2n2(U; h%a*? + Uz k?b*? + Us31%c*? + 2Uphka™b* + 2U ghla*c™ +

2U,3kIb*c™)].

Research Center with a local version of ORTEP-II
[10].

Results and Discussion

Reactions of [Rh{RNC), ] "ATCNQ™ with TCNQ

The cydclic voltammogram of K'ATCNQ™ in
acetonitrile under nitrogen atmosphere showed a
reversible redox wave with E;, = +0.54 V vs. SCE;
AEP = 60 mV. The coulometry at +0.57 V indi-
cated that the anodic wave corresponds to a one-
electron oxidation process. Thus, the redox potential
of ATCNQ/ATCNQ" is close to that of TCNQ/
TCNQ" (+0.17 V ws. SCE [11]), indicating that
TCNQ may be reduced by ATCNQ . In addition,
a degassed acetonitrile  solution  containing
K’ATCNQ™ and TCNQ exhibited electronic absorp-
tion bands and ESR signals due to the TCNQ" radical
anion, although no ESR signal due to the ATCNQ®
radical has been observed. These results are compa-

Absorbance (arbitrary units)

(—/ ~..
/.
I -
—
10 20 30 0
Wavenumber /10° eml
Fig. 1. Absorption spectra of I (—-—-— )2 (G------ ) in Nujol

mulls, and K*ATCNQ ( ) in acetonitrile.

tible with the reactions of [Rh(RNC),]'ATCNQ™
(R =2,6-Me, CcH; and 2,4,6-Me; CsH;) with TCNQ
giving the [Rh(RNC),]*-ATCNQ /TCNQ*/TCNQ
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salts, and of [Rh(C4HsNC)s]'ATCNQ™ with TCNQ
affording [Rh(C¢HsNC),]'(TCNQ)3, as described
in Experimental section.

Stacking of [Rh(RNC)y] 'ATCNQ™ and their
TCNQ*/TCNQ Mixed Salts in the Solid State

Figure 1 shows the electronic absorption spectra
of I and 2 in the solid state, together with the spec-
trum of K*ATCNQ™ in acetonitrile. The strong band
at 23000 c¢m ! observed for K'ATCNQ™ is reasonably
assigned to the intramolecular CT (charge transfer)
transition arising from the C-N ylide structure, as
is seen in other C—N ylide molecules [13]. The bands
at higher frequencies than 20000 cm™" observed for
the rhodium(I)-~ATCNQ™ salts are ascribed to the
electronic transitions in ATCNQ™ and the metal-
to-ligand CT transition in [Rh(RNC),]* [14]. The
[Rh(RNC),]" cations (R = alkyl and aryl), having
a square-planar configuration around the rhodium
atom, are known to partly oligomerize through metal-
to-metal bonds formed in solution with moderate
concentrations [15]. A broad band of I observed
around 9000 cm™! is assignable to the transition due
to the Rh—Rh interaction (1y,; = 2,;), since [Rh(Cs-
HsNC),]'Cl0; (whose cationic moieties dimerize
through the metal-to-metal bond in the solid state
[16]) has shown a band at the same wavenumber.
Salt 3 in the solid state also exhibited the band due
to the metal-to-metal interaction at 15400 cm™!.
On the other hand, the spectrum of 2 shows only
a long-tail at the frequency region lower than
20000 cm™!, suggesting no appreciable Rh—Rh bond
between the cation moieties. In fact, the X-ray struc-
ture analysis of 2 indicates that the rhodium(l)
cations are located separately from one another
and weakly interact with ATCNQ™, as described
later.

The absorption spectra of mixed ATCNQ™/
TCNQ" salts, 5 and 6, in the solid state are shown
in Fig. 2. Strong bands observed in the frequency
region higher than 20000 cm™ are due to ATCNQ ™,
TCNQ®, and [Rh(RNC),]*, although they do not
necessarily appear separately., Salt 5 displays a
strong band at 15000 ¢cm™! which is due to the Rh—
Rh bond (as mentioned above) and confirmed also
by the fact that [Rh(2,6-Me,C¢H;NC),]7ClO7; in
the solid state has shown a similar intense band
at the same wavenumber. The absorption consist-
ing of a weak band and a shoulder observed around
12000 cm ! may be assigned to the transition to the
LE; state of TCNQ® [17]. Moreover, 5 exhibits
a broad band around 6000 cm', characteristic of
the coupled TCNQ® radical anion [17]. This is
consistent with the diamagnetic property of this
salt at room temperature (see Table III). In con-
trast to 5, the spectrum of 6 in the solid state shows
no distinct absorption arising from the Rh—Rh
interaction. On the other hand, a band assignable
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Absorbance (arbitrary units)

10 20 30

Wavenumber 710° cm!

yand 6 (------- ) in

Fig. 2. Absorption spectra of 5 (
Nujol mulls.

Absorbance (arbitrary units)

10 20 30
wavenurber /10 cm?

) and 8 (------- ) in

Fig. 3. Absorption spectra of 7 (
Nujo! mulls.

to the TCNQ® dimer is observed around 7000 cm™,
but the intensity is weak. This is suggestive of the
existence of weakly coupled (TCNQ);~ dimers in
6, which is compatible with a paramagnetic property
(Table IIT) of this salt. Salt 4 in the solid state dis-
played an absorption spectrum and a diamagnetic
property similar to 5, while the mole ratio of
ATCNQ /TCNQ?® is the same as that of 6.

The solid state spectra of the mixed ATCNQ/
TCNQ®/TCNQ salts are depicted in Fig. 3. There is
observed a very weak LE; band of TCNQ® around
12000 cm™! in both salts. These salts, moreover,
exhibit a strong band around 19000 cm™!, which
can tentatively be assigned to ATCNQ™ to TCNQ
CT transitions.

Electrical Properties
The temperature dependence of specific resistivi-
ties of the salts is illustrated in Fig. 4, which shows



222

TABLE III. Electrical Resistivity (o), Activation Energy (E,),
and Magnetic Susceptibility (xp) of the Rh(l) —ATCNQ ,
—~ACTNQ /TCNQ®, and ~ATCNQ /TCNQ°/TCNQ Salts.

Salt p 25 °C* E, 104 xp®
cm eV emu mol !
] 1.3 x 10° 0.27 -4.4
2 2.1 x 10° 0.10 -5.0
3 >10%° - -34
4 1.1 x 10° 0.40 -3.0
5 1.8 x 10° 0.24 -1.8
6 3.1x 10° 0.12 3.6
7 8.2 x 10° 0.21 24
8 2.1 x 10° 0.45 -35

3Compacted samples. bMeasured at room temperature.

that all the salts behave as typical semi-conductors
in temperature range of 20—90 °C, except for 3 which
is almost an insulator. The activation energies (E,)
for the electrical conductions calculated from the
equation p = poexp(E./KT) and the specific resistivi-
ties at 25 °C (pys°c) are listed in Table III, which
shows also the magnetic susceptibilities (xp) in the
solid state at room temperature. It should be
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10

o
T

o
—R
N

log (p/ Ncm)

KK/T

Fig. 4. Temperature dependence of the specific resistivity
of the Rh(I)-ATCNQ™ and Rh(I)-ATCNQ /TCNQ'/TCNQ
salts.

Fig. 5. The stacking atrangement in the crystals of [Rh(2,6-Me, CgH3NC)4]*ATCNQ™ as viewed normal to an ab plane. Thermal

ellipsoids are drawn at the 20% probability.
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mentioned that 5 and 7 are more conductive than
[Rh(2,6-Me, C4H3NC),]'TCNQ* (3.0 X 10° Scm)
adopting a columnar structure of TCNQ", as reported
previously [4], while the resistivities of other salts
are very large.

Crystal  Structure
ATCNQ (2)

The crystal structure of 2 is shown in Fig. 5, which
indicates that the rhodium atom lies on a center of
symmetry. The orientation of the ATCNQ anion
moiety is disordered with respect to the pyridinium
ring so as to satisfy the centrosymmetry around
(0, %, 0). Figure 6 depicts the geometries of the
thodium(I) cation and the ATCNQ™ anion of 2.
Intramolecular bond distances and angles are sum-
marized in Table IV,

Although the orientation of ATCNQ ™ is disord-
ered with respect to the pyridinium ring in the crys-
tals, the averaged configuration of the anion is very
similar to that of the TCNQ® radical anion [18].
The N/C(42)—-C(44) distance (1.422(5) A) is slightly
longer than that of the corresponding bond of
TCNQ® (1.402 A). The coordination geometry of
the RhC, moiety is planar, and the Rh—C—N and

Of /Rh(2,6-M€2 C5H3NC)4] "
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C—~N—C angles are 177.8(4) and 177.4(4)°, respec-
tively. The average Rh—C distance (1.962(4) A)
is compatible to those of [Rh(C¢HsNC)s]"'BPhy
(1954 A) [16], [Rh(p-FCeHsNC)4]*CI™*H,0
(196 A) [19], and [Rh,I,(p-MeC4H,NC)s]%-
(PFg), (1.97-199 A) [20]. The phenyl rings of
2,6-Me, Co HaNC ligands are twisted from the RhC,
coordination plane; 47.6 and 31.8° for C(2)—C(3)—
C(4)-C(5)-C(6)—C(7) and C(11)-C(12)—C(13)—
C(14)—C(15)-C(16), respectively. The twisted
conformation may be due to the steric hindrance
between the 2,6-Me, groups of the adjacent ligands.
Tetrakis(arylisocyanide)rhodium(I) ~ cations  are
known to involve the Rh—Rh interaction both in
the solid state and in solution with the moderate
concentrations [16]. Consistent with this, the elec-
tronic spectrum of [Rh(2,6-Me,C¢H3NC)4]"ClOs
in the solid state has shown a broad absorption band
assignable to the metal-metal bond around 15000
cm'. In salt 2 with this cation, however, the
ATCNQ  anion weakly interacts with the rhodium-
(I) cation without Rh—Rh interactions. This is the
first example for the existence of discrete tetrakis-
(isocyanide)rhodium(I) cations in the crystals which
are fully characterized by X-rays. It is noteworthy

TABLE IV. Intramolecular Bond Distances and Angles for [Rh(2,6-MezC6H3NC)4]+ATCNQ_ with Estimated Standard Devia-

tions in Parentheses.

(a) Distances (&) in the Rh(I) cation

Rh—-C(1) 1.960(4)
Rh—-C(10) 1.962(4)
N(1)-C(Q) 1.150(5)
N(2)-C(10) 1.151(5)
N(1)-C(2) 1.402(4)
N(2)-C(11) 1.397(5)
C(2)-C(3) 1.382(6)
C(3)-C4) 1.406(6)
C(4)—-C(s) 1.372(10)
C(5)-C(6) 1.382(8)
C(6)-C(7) 1.399(6)
(b) Distances (&) in the ATCNQ ™ anion
N(5)-C(@43) 1.156(5)
N(6)-C(45) 1.136(6)
C(37)—-N/C42) 1.401(4)
C(40)-C(41) 1.349(6)
(¢) Selected bond angles (°)

C(1)-Rh—-C(10) 91.0(2)
Rh—C(1)-N(1) 178.1(4)
Rh—C(10)-NQ2) 177.5(4)
C(1)-N(1)-CQ2) 17744
C(10)-N(2)-C(@11) 177.4(4)
C(38)-C(37)-N/C(42) 121.5(3)

C(N-C(2) 1.395(6)
C(3)-C(8) 1.508(8)
C(NH-C®) 1.516(7)
C(11)-C(12) 1.410(6)
C(12)-C(13) 1.404(8)
C(13)-C(14) 1.393(10)
ca14)-ca1s) 1.381(10)
C(15)-C(16) 1.399(9)
C(16)-C(11) 1.392(5)
c(12)-c(an 1.529%(7)
C(16)-C(18) 1.500(9)
C(41)-N/C(42) 1.385(5)
N/C(42)-C(44) 1.422(5)
C(43)-C(44) 1.404(5)
C(44)—C(45) 1.412(6)
C(37)-N/C(42)~C(41) 116.4(3)
N/C(42)—C(41)~-C(40) 122.1(3)
C(41)-N/C(42)-C(44) 121.8(3)
C(43)-C(44)-C(45) 119.2(4)
C(44)—C(43)-N(5) 178.4(5)
C(44)-C(45)—N(6) 179.4(6)




224

o

c5

o

Fig. 6. Projection of the cation and anion moieties of [Rh-
(2,6-Me,CgH3NC)4]"ATCNQ™ giving the atom labelling
scheme. Thermal ellipsoids are drawn at the 20% probabi-
lity.

that ATCNQ™ is placed close to one of the phenyl
rings of [Rh(2,6-Me, Cs H;NC),]" in the crystals
(Fig. 5). The angle between the phenyl ring and the
CsN plane of ATCNQ™ is 7.2°, the closest inter-
atomic distance is 3.403(8) A (C(4)-C(41)), and
C(4) and C(5) are located at 3.35 and 3.36 A,
respectively, above the ATCNQ™ plane. The plane—
plane interaction seems to be very weak on the basis
of the van der Waals thickness of 3.4 A for a phenyl
ring [21]. Moreover, the 2 ,6-dimethylphenyl rings
which are centrosymmetric around (%, %, Q) are

G.-E. Matsubayashi, H. Tanaka, T. Tanaka and K. Nakatsu

located closely to one another; the plane—plane dis-

tance is 3.50(1) A and the closest interatomic distance
is 3.558(9) A (C(4)—C(6)).
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