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The preparation of the novel paramagnetic nickel dithiolene complex it (Fopdt—: 2,2-difluoro-1,3-
propanediyldithioethylene-1,2-dithiolate) and its X-ray crystal structure-8si,N* salt are described.n{
BusN)[Ni(Fopdt)] (2) crystallizes in the orthorhombic system, space grBup2; with a = 21.379(4) A,b =
8.9702(18) A, anct = 18.527(4) A. The radical anions are isolated from each other by the uByN*

cations and exhibit a Curie-type magnetic behavior. Two reversible redox waves corresponding to the redox
couples Ni(Epdt)2~/~ and Ni(Rpdty,~° are observed at0.55 and 0.30 V vs SCE, illustrating the electron
withdrawing effect of the Cfsubstituents. As a consequence, (T3(Bl4). oxidation of the radical anion does

not afford the neutral Ni(Jpdt),° but a TTF salt formulated as [TTHNi(F2pdt)]s[CH2Cl3]. It crystallizes in the

triclinic system, space groupl with a = 12.330(3) A,b = 12.726(3) A,c =15.706(3) A,a = 91.10(3),8 =
110.78(3), andy = 116.01(3). Donor and acceptor moieties are organized into GFTRNd [Ni(FRpdt)]s>~

trimers whose dicationic and dianionic charges have been inferred from the intramolecular bond lengths evolution
and the singlettriplet magnetic behavior. These trimers arrange orthogonally to each other into chess-board-like
slabs, characterized by a segregation of the i€kgments and further stabilized by weak-B---F interactions.
Extended Huakel calculations show that only the nickel dithiolene complex trimer actually contributes to the
magnetic susceptibility.

Introduction for the elaboration of solid-state materials and introduced a

) ) ) limited number of CEgroups on a tetrathiafulvalene cdrtus
In our quest for novel electroactive solid-state architectures offering a unique opportunity for combining the overlap

induced by weak intermolecular interactiéiisydrogen bond3,  jieraction of open-shell molecules with the nonbonded interac-
halogen/halogef,and cyano/halogéninteractions) t_)etwgen. tions of the fluorinated moieties. The bis(difluoropropylene-
open-shell molecules through th_e re_asoned functlopahzatlon dithio)-tetrathiafulvaler®(F,BPDT-TTF) was shown to indeed
(alcohols, phosphonates, carboxylic acids, anfidew] halides)  5qopt 4 layered structure with a full segregation of the aromatic

of the tetrathiafulvalene (TTF) redox core, we were recently 4.4 flyorinated moieties despite the limited number of, CF
attracted by the strong segregation patterns observed with highlygroups.

fluorinated molecule$.Indeed, perfluorinated alkanes or cy-

cloalkanes do not mix with the usual organic solvents and &, S5-8 S5\ F Y N Sk
amphiphilic molecules based on perfluorinated tails lead to the IS>:<SI T F/'( IS/N'\SE[ >’F
formation of lyotropic liquid crystalline phaséd/e therefore s s s s

decided to investigate the structuring role of such a segregation F4BPDT-TTF (Fapdt)oNi®~'™

In this paper we want to extend this structural concept to the

(1) Desiraju, G. RAngew. Chem., Int. Ed. Endl995 34, 23112327, solid-state organization of anionic square-planar nickel-dithi-

(2) Jeffrey; G. A.; Saenger, W. lidydrogen Bonding in Biological

Structures Springer-Verlag: Berlin, 1991. olene complexé8 and explore in those complexes and their
(3) (a) Desiraju, G. R.; Parthasarathy, R.Am. Chem. Sod989 111, salts the competition between the requirements of SGMO
8725. (b) Price, S. L.; Stone, A. J.; Lucas, J.; Rowland, R. S.; Thornley, 5o\ overlap interactions and those of the fluorine exclusion
A. E. J. Am. Chem. Sod.994 116, 4910. ; . .
(4) (a) Desiraju, G. R.: Harlow, R. L1. Am. Chem. S04 989 111, 6757. interactions. We report here on the preparation of the monoan-
(b) Lommerse, J. P. M.; Stone, A. J.; Taylor, R.; Allen, F.JAm. ionic, paramagnetic Ni@pdt,™ complex (Rpdt—: 2,2-dif-
Chem. Soc1996 18, 3108. luoro-1,3-propanediyldithioethylene-1,2-dithiolate) and analyze

®) g%)7§.e(%z)eH'§arz';?<Lf.r n;gguﬂﬁq?gi}eB@.t?g’a;if'P'\f!a(t:‘zrh;f,r;ﬁmé?i%&n_ its crystal structure in relation with its magnetic behavior. Its
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M. R. J. Mater. Chem1995 5, 1481. by the presence of fully isolated mixed-valence trimers whose

(7) (a)Organofluorine Chemistry: Principles and Commercial Applica- . . . .
tions Banks, R. E., Smart, B. E., Talow, J. C., Eds; Plenum Press: Structural and magnetic properties will be described and

New York, 1994. (b) Riess, J. ®lew J. Chem1995 19, 891. analyzed.
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(b) Sadtler, V. M.; Giulieri, F.; Krafft, M.-P.; Riess, J. @hem— (9) Dautel, O. J.; FourmigyeM. J. Org. Chem200Q 65, 6479.
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Table 1. X-ray Crystallographic Data
2 3
empirical formula GeH44F4NNng C49H35C|2F12Ni3836
fw 761.81 2253.97
temp (K) 150 (2) 293 (2)
2 A 0.71073 0.71073
space group Pna2 P-1
a(h) 21.379(4) 12.330(3)
b (A) 8.9702(18) 12.726(3)
c(A) 18.527(4) 15.706(3)
o (deg) 90.00 91.10(3)
p (deg) 90.00 110.78(3)
y (deg) 90.00 116.01(3)
V (A) 3553.0(12) 2025.3(7)
VA 4 1
peaic(g cnTd) 1.424 1.848
u (mmL) 1.056 1.749
R(F), wR(F?) 0.0299, 0.0445 0.045, 0.0975

R(F) = Y|IFo| — |F0H/Z|Fo|, WR(FZ) = [Z[W(Foz - Fcz)z]/
Y W(FAT] Y2

Experimental Section

Reagents and ProceduresPreparation of 4,5-(2,2-difluoro)-pro-
pylenedithio-2-oxo-1,3-dithiol® was previously described(TTF)s-
(BF4)2 was prepared by literature methddsAll solvents were dried

Dautel and Fourmigue

Scheme 1
i 2 MeONa -
B S\—s _ii2Ncek g S s_ s Sl
; I =0 — p j[ Ni I 2 nBuN*
F S iii O F g7 s F
S iv n-BusNBr S S
1 2

Table 2. Cyclic Voltammetry Data forf-BusN)[Ni(F2pdt)] (2)
and Reference Compounds (fhvs SCE, In CHCN with 0.1 M
n-Bu/NPF; at 100 mV s?)

complex EY2(-1— —2) EY2 (—1—0) ref
Ni(Fpdty" —-0.55 +0.30 this work
Ni(pdt)," -0.71 +0.16 15
Ni(dddty"~ —0.69 +0.06 15
Ni(dmit)," -0.13 40.22 17

free of charge on application to the director, CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK (Fax: int code (1223) 336-033. E-mail:
deposit@ccdc.cam.ac.uk.).

Extended-Huckel Calculations. The tight-binding band structure
calculation® were of the extended Hkel type!® A modified Wolfs-
berg-Helmholtz formula was used to calculate the nondiagonal H
valuest* Double< orbitals for C, S, Ni, and F were used.

Magnetic Measurements.Magnetic susceptibility measurements
were performed on a Quantum Design MPMS-2 SQUID magnetometer
operating in the range-4300 K at 25000 G with polycrystalline

by standard technigues prior to use. All reactions were carried out under samples of and3. Data were corrected for sample holder contribution

N with standard Schlenk techniques unless otherwise stated.

[n-BugN][Ni(F 2pdt),] (2). A sodium methylate solution, prepared
by dissolution of metallic sodium (180 mg, 7,83 mmol, 4 equiv) in
dry methanol (20 mL), was added dropwise, with vigorous stirring, to
a suspension of the dithiocarbondtél g, 3.8 mmol, 2 equiv) in dry
methanol (90 mL). The reaction was allowed to proces2fa until
complete dissolution a2 was achieved. To the resulting brown-green
solution was slowly added Nig(250 mg, 1.95 mmol, 1 equiv). The
mixture was stirred fo6 h while the resulting solution turned dark-
brown. Insoluble materials were filtered off and BiBr (1.76 g, 4.75
mmol, 2.5 equiv) dissolved in a minimal quantity of methanol was
added, after which air was bubbled for 15 min. Most of the solvent
was distilled off under vacuum to reduce the volume to 50 mL so that
a microcrystalline black precipitate formed. This solid was collected
by filtration and purified by recrystallization from acetone/2-propanol
(1:3) to give black triangles df (500 mg, 34%): mp 153C; IR (KBr)
1473 (m), 1462 (m), 1387 (s), 1285 (m), 1258 (s), 1103 (m), 1071 (s),
1010 (s), 863 (m), 822 (m), 736 (M), 484 (m), 430¢mAnal. Calcd
for NiCaeHadFaNSs (761.857): C, 40.99; H, 5.82; F, 9.97; N, 1.84; S,
33.67. Found: C, 41.01; H, 5.81; F, 9.91; N, 1.83; S, 33.25.

[TTF] 3[Ni(F 2pdt)2]s[CH Cl2]. By electrocrystallization TTF (6 mg)

was introduced in the anodic compartment of an electrochemical cell

containing2 (15 mg) as electrolyte in a 1:1 mixture of @EN and
CH.Cl,. Galvanostatic oxidation (A cm~2) at 20°C afforded black
crystals on the anode which were harvested after 20 dBys.
diffusion CH3CN (1 mL) solutions of (TTR(BF4). (10 mg) and2
(10 mg) were allowed to diffuse into each other through pure@H

(1 mL) first introduced at the bottom of a U-shaped tube. Crystals were

collected after 2 weeks and washed with pure,Ckl
X-ray Crystallographic Studies. Table 1 summarizes the crystal-

and Pascal diamagnetism.

Results and Discussion

A Novel Paramagnetic Nickel Dithiolene ComplexReac-
tion of the dithiocarbonafel with 2 equiv of MeONa in MeOH
followed by addition of NiCJ afforded the dianionic Ni(pdt)?",
which was oxidized by air bubbling to the radical anion before
being precipitated as its tetrabutylammonium salt upon addition
of n-BuyNBr (Scheme 1). Recrystallization from acetone/2-
propanol affordedi-BusN)[Ni(F2pdt)] (2) as black platelets
in 34% yield. Cyclic voltammetry experiments show tRatan
be reversibly oxidized or reduced (Table 2) to the corresponding
neutral [Ni(Fpdt)]° (3) or the dianionic [Ni(Rpdt)]2-, respec-

tively.
F”)CSIS- E(SIS-
F s S- F s S-

Fopdt® pdt®

CXs
s” S
dddt®

When compared with the nonfluorinated analogue Ni-
(pdt),*, 1516 both potentials are shifted toward slightly more
anodic values, demonstrating the limited but still sizable electron
attracting effect of the fluorine functionalization which adds to
that of the ethylene/propylene substitution: we note indeed that
Ni(pdt),~ oxidizes at higher potentials than Ni(dddt) As a
consequence, the redox behavior of the couple [gidB,] %1

lographic details about data collection and structure refinement. Data differs only slightly from that of the prototypical Ni(dmjff—*

were collected on an Imaging Plate Diffraction System (Stoe-IPDS)
with graphite-monochromatized ModKradiation ¢ = 0.71073 A).

systemt® This is all the more interesting since both systems lie
close to the TTE*! redox potential (0.33 V vs SCE), a very

Structures were solved by direct methods using SHELXS-86 and refined attractive feature at the origin of the stabilization of mixed-

by the full-matrix least-squares method Bf) using SHELXL-93 (G.
M. Sheldrick, University of Gtiingen, 1993) with anisotropic thermal

valence in the superconducting (TTF)(Ni(drpjt)salts1’18 It

parameters for all non-hydrogen atoms. The hydrogen atoms Were (12) whangbo, M.-H.; Hoffmann, RL. Am. Chem. Sod 978 100, 6093.

introduced at calculated positions (riding model) witg,€H and
Cspa—H distances of 0.93 and 0.97 A respectively. Crystallographic
data (excluding structure factors) f2and3 have been deposited with

(13) Hoffmann, RJ. Chem. Phys1963 39, 1397.
(14) Ammeter, J. H.; Bui, H.-B.; Thibeault, J.; Hoffmann, R. Am. Chem.
So0c.1978 100 3686.

the Cambridge Crystallographic Data Center as supplementary publica-(15) Kato, R.; Kobayashi, H.; Kobayashi, A.; Sasaki,Ball. Chem. Soc.

tion no. CCDC 160524 and 160525. Copies of the data can be obtained

(11) Wudl, F.J. Am. Chem. Sod 975 97, 1962-1963.

Jpn 1986 59, 627.

(16) Bereman, R. D.; Lu, Hnorg. Chim. Actal993 204, 53.

(17) Brossard, L.; Bousseau, M.; Valade, L.; Cassoux;.FR. Acad. Sci.,
Se. 2 1986 302 205.
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tallographically independent Nigpdty, molecules are found,
one on an inversion center (noted Ni_A) and one in general
position (noted Ni_B), giving rise also to a trimeric motif.
Within the TTF trimers (Figure 3), molecules are almost eclipsed
with a short plane-to-plane distance (3.485(2) A), indicative of
a possible stabilization of the trimer through HOMEBIOMO
overlap interaction of open-shell species (see below). The nickel

Figure 1. ORTEP view of the Ni(gpdt)* radical in itsn-Bu,N* salt. trimer’s ge(_)m_etry (Figure 4) is h_ighly r_eminiscent of_that

Ellipsoids are represented at the 50% probability level. observed within the stacks of the isosteric neutral fluorinated
donor molecule BPDT-TTP but limited here to three

is therefore hoped that TTF salts of Niffélty,~ might similarly molecules. The complexes adopt, indeed, a chair conformation

exhibit a mixed-valence state (see below). with a plane-to-plane distance (3.615 A) far shorter than that

(n-BusN)[Ni(Fopdt)] (2) crystallizes in the orthorhombic  observed in BBPDT-TTF (4.094(8) AP another indication of
system, space groupna2; with one anion and one cation in  a possible stabilization of the open-shell complexes through
general position in the unit cell. The anionic Nifielt), * adopts overlap interaction within each trimer. The fluorine atoms are
a chair conformation (Figure 1), the nickel is coordinated to atvan der Waals contacts (2.914 A) while-8---F “hydrogen
the four sulfur atoms of the ligands with a mean$i distance bonds” are identified, characterized with short4f distances
of 2.150(1) A (Table 3) in a slightly distorted square-planar and a tendency to linearity, as illustrated in Figure 5 where the
geometry with a dihedral angle of 9.36{&etween the two C—H---F angles are plotted against the-Hf distances. Such
five-membered metallacycles. Other bond distances and anglesveak hydrogen bonds have been unambiguously identified in
compare with those described for the analogous nonfluorinatedfluoroaromatic&®2! as well as in the structure of the neutral
analogues (Table 3). In the solid state, the nickel complexes F,BDT-TTF, they find here their origin in the activation of the
appear to be essentially isolated from each other by the bulky methylenic groups located to the electron-withdrawing GF
tetrafi-butyl)ammonium cations since the shortest intermolecular moieties. Note however that these hydrogen bonds lie somewhat
S-S distance amounts to 3.957 A, far above the sum of the S away from the meaf(C—H-+F) vs d(H+F) evolution obtained
van der Waals radii. Also, the shortest fluorine/fluorine inter- for fluoroaromatic¥® and RBPDT-TTF (Figure 5), a possible
molecular distances are far above thgw(F---F) value (2.95 consequence of the competing overlap interactions. In the solid
A), and no specific segregation effects are observed here. Thestate, a two-dimensional segregation of the fluorinated moieties
temperature dependence of the magnetic susceptibilitg of is also observed a= 0 (Figure 6), further stabilized by-€H-
exhibits a Curie-Weiss behavior in the whole temperature range -+F hydrogen bonds at the fluorine/fluorine interface. The TTF

with perr = 1.806u8, close to theS = Y/, value of 1.73ug and trimers arrange between the nickel trimers, with their molecular
a Curie-Weiss constan® of —2.5 K, confirming the quasi- plane almost perpendicular to the nickel complexes mean planes,
absence of any anieranion interaction in the solid state. giving rise to an unprecedented chess board-like structural

The preparation of this novel paramagnetic dithiolene com- organization where each trimer, organic or metallic, is isolated
plex offers numerous opportunities for the elaboration of from its congeners by four trimers of different nature.
conducting or magnetic salts if faced with different counterca-  One crucial point to be addressed here is the actual electronic

tions, be they also diamagnetic as Me or n-BuN* or state of the TTF and the Nigpdt), moieties in3 which can be
paramagnetic as TTE or ferricinium® We accordingly described either as a fully ionic salt involving only the radical
performed several electrooxidation experiments witrand species TTFE* and the reduced Niggdty,™, i.e., [TTF™]3[Ni-
report here on our first results with TTFas countercation. (pdty~*]3[CH.CI;], or as a fully neutral compound with the
Mixed-Valence Organic and Inorganic Trimers. The unoxidized TTF and an oxidized [Nigpdty]® or as an

electrocrystallization of TTF in the presence2udis electrolyte intermediate mixed-valence state. Analysis of the bond lengths
afforded black plates on the anode. Crystals were harvested orwithin the two moieties as well as magnetic susceptibility
the electrode after one week, and the X-ray crystal structure measurements combined with extendectkal calculations of
resolution revealed the formation of a 1:1 salt, or better said a the intermolecular interactions within each trimer will allow us
3:3 salt with dichloromethane inclusion, formulated as [TFF]  to answer this question. As seen in Table 4, the lengthening of
[Ni(F2pdt)]s[CH.Cl2] (3). The same compound was also the central &C bond (notedi) and concomitant shortening of

obtained, in larger quantities, by chemical oxidatior2ofith the C-S bonds (noteth) upon TTF oxidation is observed to a
(TTF)3(BF4)2 in a U-shaped diffusion cell. It is worth noting  larger extent in TTF_A than in TTF_B, the geometrical features
here that the similar (TTE{BF4). oxidation of the nonfluori- of the former being close to those of a fully oxidized TTF
nated analogue, Ni(pdt), which oxidizes at lower potentia?, cation radical. A more quantitative estimate of the degree of

was reported to afford, instead, the corresponding neutral charge transfer in both TTF molecules can be obtained from
complex Ni(pdt)® rather than a TTF salf.As anticipated above,  numerical correlations established by Umland betweera/b

the higher oxidation potential d effectively allows for the or & = a — b and the averaged chargg? Both correlations
isolation of a TTE* salt. Compound crystallizes in the triclinic afford hereq, = 1.04(2),qs = 1.03(8) for TTF_A, andy =
system, space groupl (Figure 2). Two crystallographically  0.30(2),q5 = 0.32(2) for TTF_B. Accordingly, the TTF trimers
independent TTF molecules are found, one on an inversioncan be tentatively described as dicationic, i.e., formally
center (noted TTF_A) and one in general position (noted (TTF_B)Y*OYTTF_A)*}(TTF_B)*%5 Bond lengths within the
TTF_B), giving rise to a trimeric motif. Similarly, two crys-

(20) Thalladi, V. R.; Weiss, H.-C.; B&er, D.; Boese, R.; Nangia, A,;

(18) (a) Canadell, E.; Rachidi, I. E. |.; Ravy, S.; Pouget, J.-P.; Brossard, Desiraju, G. RJ. Am. Chem. S0d.998 120, 8702.
L.; Legros, J.-P.;). Phys. (Paris)1989 50, 2967. (b) Canadell, E.; (21) (a) Dai, C.; Nguyen, P.; Marder, T. B.; Scott, A. J.; Clegg, W.; Viney,
Ravy, S.; Pouget, J.-P.; Brossard,3olid State Commuri99Q 75, C.Chem. Commuri999 2493. (b) Bats, J. W.; Parsch, J.; Engels, J.
633. W. Acta Crystallogr.200Q C56, 201.

(19) Geiser, U.; Tytko, S. F.; Allen, T. J.; Wang, H. H.; Kini, A. M.; (22) Umland, T.; Allie, S.; Kulhmann, T.; Coppens,PPhys. Chenl988
Williams, J. M. Acta Crystallogr.1991 C47, 1164. 92, 6456.



2086 Inorganic Chemistry, Vol. 40, No. 9, 2001 Dautel and Fourmigue

Table 3. Geometrical Characteristics of the Nickel Dithiolene Complexes in the Different Compounds

complex Ni-S (A) C—Sengo(A) c=C (A) C—Sexo (A) S—Ni—S (deg)
[Ni(F2pdt)]t in 2 2.150(1) 1.735(4) 1.346(5) 1.768(4) 91.69(4)
Ni_A'in 3 2.124(2) 1.693(8) 1.393(7) 1.742(5) 90.98(5)
Ni Bin3 2.142(2) 1.726(8) 1.367(7) 1.748(5) 92.08(5)
180 O F4BPDT-TTF
170 | 3
~ 160 &
2150 F
=2
S 140 £
L E
T 130 F
© 20 F
10 £
100 Eocbeon b benn bbb bl

00
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(H...F distance)x10® (pm)

Figure 5. A scatterplot of C-H---F angles vs H-F distances irB.
The straight line refers to the tendency observed in fluoroaromatics
Figure 2. A projection view (along the axis) of the unit cell of [TTF} as well as in the neutral,BPDT-TTF.

[Ni(F2pdty]s[CH.CI,] (3) showing the cationic and anionic trimers (Ni
and F atoms in dark gray, S atoms in light gray).

Figure 3. A detail of the cationic (TTF_BYTTF_A)-(TTF_B) trimer
in 3. The shortest 8-S contacts are indicated as dotted lines (S atoms
in light gray).

Figure 6. A projection view of3 along thea axis showing the fluorine
segregation (Ni and F atoms in dark gray, S atoms in light gray). Note
also the orthogonally oriented dicationic and dianionic trimers.

Table 4. Intramolecular TTF Bond Lengths in Different Oxidation

States
S, bS

I |

L]
Figure 4. A detail of the anionic (Ni_B)Ni_A)+(Ni_B) trimer in 3 .
(see text). The shortest-SS contacts are indicated as dotted lines, the oxidation state a e ref
shortest G-H-:F contacts as dashed lines. (Ni and F atoms in dark TTF° 0 1.349(3) 1.757(2) a
gray, S atoms in light gray) (TTF)(TCNQ) 0.59 1.369(4) 1.743(4) b

_ o _ _ (TTR)(I13) 1 1.382(7) 1.719(8) ¢

Ni(Fopdt)y, moieties are collected in Table 3. A shortening of  (TTF)(CIOy) 1 1.403(14) 1.713(9) d
the G—Sengo bonds and concomitant lengthening of the=C TTF_Ain3 X1 1.393(15) 1.715(7) e
bonds strongly affect Ni_B while Ni_A geometry compares with TTF_Bin3 X 1.348(11) 1.736(6) e
that of the anionic Ni(gpdt) in its n-BuyN™ salt. Accordingly, aCooper, W. F.; Kenney, N. C.; Edmonds, J. W.; Nagel, A.; Wudl,

the nickel trimer can be tentatively described as dianionic with F.; Coppens, JJ. Chem. Soc., Chem. Commut971, 889-890.
the [Ni_B]°5Ni_A] ~[Ni_B] °5charge repartition and the salt °Kistenmacher, T. J.; Philips, T. E.; Cowan, D. Acta Crystallogr.
then writes as [TTF\;]”[Ni(szdt)z]32*[CH2CI2]. 1974 B30, 763-768.°¢ Teiltelbaum, R. C.; Marks, T. J.; Johnson, C.

- " K. J. Am. Chem. So&98Q 102, 2986-2989.9 Yakushi, K.; Nishimura,
As a consequence of this charge repartition, the electron S.: Kuroda, H.: Ikemoto, |. OActa Crystallogr198Q B36, 358-363.

occupancy of the molecular orbitals derived from the three TTF e This work.
SOMO in the TTF trimer, and the three Nidt), SOMO in

the nickel dithiolene trimers, leads, as illustrated in Figure 7, ogether with a Curie tail at low temperatures. This activated
to a situation where both organic and inorganic trimers would panavior can be fitted with the Bleaneower law? for one

be closed-shell and therefore diamagnetid\ir andAy; are

.bOth large enough when compared wkih SQUID susceptibil- (23) Bleaney, B.; Bowers, K. DRProc. R. Soc. London, Ser.1#952 214,

ity measurements were performed be_t\_’Veen 4 a_nd 300 K. The™ ™ 451 (b) Kahn, O. InMolecular MagnetismVCH Publishing Inc.:
magnetic susceptibility (Figure 8) exhibits a maximum at 45 K New York, 1993.




Mixed-Valence Trimers

E (eV)
0.5 eV

A-n-': = 1.1 eV

TTF_B Ani=0.13 eV

(TR (Ni(Fpdt)y)s

Figure 7. An energy diagram (Extended kel calculations) for the
(TTF):?" and the [Ni(Rpdt)]s>~ moieties. Note the energy differences
ATTF and ANi-

50

100 150 200 250 300

T(K)
Figure 8. Temperature dependence of the magnetic susceptibility of
[TTF]3[Ni(F2-pdt)]s[CH.CI;] (3). The solid line is a fit line to the
singlet-triplet law, together with a low-temperature Curie tgiho =
CIT + NgBYKT(3 + e KM).

singlet-triplet together with a Curie taily = C/T + 2Ng?3%
[KT(3 + e ¥kT)], with J/k = —73.8 K (-51.3 cm}) andC =
1.5102cm? K mol~t (i.e., 4% isolated magnetic defects). The
contribution of only one singlettriplet to the susceptibility
shows that only one of the dicationic or dianionic trimers
contributes to the total magnetic susceptibility forx 300 K.
Extended Huakel calculations for each of the donor and acceptor
trimer (Figure 7) show that the singtetriplet excitations,
characterized in a crude approximation by the energy differences
Are = 1.1 eV andAyi = 0.13 eV, are expected to occur at
much higher temperatures in the TTF trimer. Accordingly, we
postulate that the latter is essentially diamagnetic while the
singlet-triplet magnetic signature is attributable to the Ni
trimers. Furthermore, in a Hubbard model, the antiferromagnetic
Jvalue is directly related te\, or better the overlap interactih

B via |J| = p4U whereU is the on-site Coulomb repulsion,

(24) Whangbo, M.-H.; Williams, J. M.; Leung, P. C. W.; Beno, M. A,
Emge, T. J.; Wang, H. Hnorg. Chem 1985 24, 3500.
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considered to be around to 1 eV in those organic materials. We
deduced a calculate#}, value of —95 K, close indeed to the
experimental-74 K value deduced from the magnetic data.
The trimeric solid-state association identified her8 iffers
strikingly from the structural motifs usually found in the TTF
salts of square-planar metal dithiolene complexes. Besides the
conducting stacks or slabs observed with the M(dnsig)ts (M
= Ni, Pt, Pd)!? other dithiolene complexes most often crystallize
with fully oxidized dicationic (TTF*), dimers2> mixed-valence
(TTF),™ dimers? or in alternated TTFeomplexT TF-complex...
chains?’” The rare trimeric structure found here can only be
compared with that of (TTEJ"(SnCk)?~ where mixed-valence
dicationic trimers are also organized orthogonally to each
other?® In this salt, however, the smaller Sp€l anions do
not hinder direct overlap between trimers and accordingly a spin
delocalization and a semiconducting behavior3Jrthe para-
magnetic nickel trimers are fully isolated from each other as if
they were diluted in a diamagnetic matrix, allowing for the
observation of the individual singletriplet behavior of the
mixed-valence trimeric species. The stabilization of such trimers
with a sizable overlap interaction between complexes within
each trimer indicates that this system, despite the bulky and
nonplanar CHCF,CH, substituents, is able to sustain mixed-
valence and hence a possible conducting behavior in the
presence of adapted counteranions. The fluorine segregation
plays a limited role in those salts, probably because of its
“dilution” with the large n-Bus;N™ or TTF™ cations. In that
respect, smaller countercations such ag;Wfeor MesNH™*
might provide stronger intermolecular interactions between the
fluorinated radical anions. Inorganic cations such as the alkali
metal ions (&) might also be of interest since they are known
to form specific G-F-+-A™" interactions in the solid staf&Work
is in progress along those lines.
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