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Considerable research effort in chemistry has been focused on
molecular conducting and superconducting matetial€lectron
donor-acceptor complexes featuring condensed aromatic hydro-
carbons were found around 195®ut it was the discovery of
metallic conductiof in molecular charge-transfer salts of the
tetrathiafulvalene (TTF) in 1973 that set off a new flurry of intense
activity.! These transition-metal complexes with dithiolene ligands,
most frequently, act as anionic counterions in charge-transfer solids
with a variety of donors. On the other hand, the organosilver(l)
systems containing polycyclic aromatic hydrocarbon ligands with
cation—zr-ligand interactions also displayed interesting electrical
or magnetic properties associated with electron delocalization and
electronic F:oo.perative interac.t iofiShowever, they co.mmonly act Figure 1. Perspective views showing the molecular structuré.of
as the cationic components in charge-transfer solids and are not
single-component molecular conducting materials. In other words, (a)
the coexistence of a donor molecule and an acceptor molecule
seemed to be a prerequisite for design of electrical conducting
molecular metal$ Thus, the spontaneous generation of free carriers
in the molecular crystal composed of single-component molecules
seemed almost impossifldntil the mid-1990s, sporadic reports
appeared in the literatut®n neutral transition-metal complexes
with dithiolene ligands which are all TTF-like compounds with
strong interactions between the large and polarizable sulfur atoms,

demonstrating that the hope of achieving metallic states in crystals

consisting of single-component molecules is running high, although (b) "‘w
it is still challenging® Very recently, we hydrothermally prepared » i .

a series of copper complexes with a noviekfiL,10]phenanthrolin- ? s

2-one (Hophen) liganBwhich features a large aromatic group. In - 3.08 A

this communication, we report the preparation and crystal structure ' !m!
of a novel, highly electrical conducting, single-component molecule TM I 3.15A

[Agz(ophen)] (1) with a non-TTF-dithiolate type ligand. The

compacted intermolecular aromatie- stacking interactions and ~ Figure 2. Perspective views showing the compacted aromatia stacking

significant interactions between the Ag(l) ion and aromatic group interactions and S|gn|f|(_:gnt |nteract.|ons between the Ag(l) ion and aromatic
. ; > . . group inl. (a) Space-filling model; (b) ball-and-stick model.

contribute to its electrical conducting behavior.

The pale-yellow crystalline neutrdP was synthesized by the
reaction of AgNQ@ (0.017 g, 0.10 mmol) in MeCN (5 mL) with
Hophen0.5H,0'? (0.041 g, 0.10 mmol) in CkCl, (S mL) viathe  ho1eq that adjacent molecules bfare stacked through the very
liquid diffusion method [yield: ca. 62% based on silver], which is strong, offsetz—x aromatic stacking interactioswith the face-
_stable toward air and photod_egradation, and is virtually insoluble { f4ce distance of ca. 3.15 A to furnish staircase-like one-
in water and common organic solvents. Thermal analyses show gimensjonal (1-D) arrays running along theaxis direction. The
that1 is stable up to ca. 380C in N, atmosphere and starts 0 1. grrays are further extended into 2-D layers along the (101)
decompose at this temperat_ure after an exothermic peak. Theplanes (see Figure S1 in the Supporting Information) via the
structure ofl has been established by crystallography. intermolecular G-H---O hydrogen bonds between the ophen

As shown in Figure 1, each Ag(l) ion features a T-shaped oxygen atoms and aromatic-Gi groups (C9--O1 3.29 A)4
geometry, being coordinated by two nitrogen atoms from an ophen  a'yery significant structural feature df is the offset face-to-
ligand [Ag(1)-N 2.227(3) and 2.385(3) A] and one OXygen atom  face distance of only ca. 3.15 A between adjacent molecules (Figure
from another ophen ligand [Ag(£)0(1) 2.161(3) A]- The intra- ) \yhich is extremely short between two adjacent aromatic fihgs.
molecular Ag(l)--Ag(l) distance is 2.801(1) A, which is signifi-  noreover, the closest AgC contact between adjacent molecules

t Sun Yat-Sen University. is only 3.082 A. This contact is a slightly longer than those found

*The University of Hong Kong. for silver(l) complexes of other polycyclic aromatic compouifs;

cantly shorter than the AgAg separation of 2.88 A in the metallic
state, indicating a very strong AgAg interaction!? It should be
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however, it is still shorter than the sum of van der Waals radii University of Science and Technology) for the ESR measurements
(3.11 A) of Ag(l) ion and carbon atod?, implying significant and helpful discussions. This work was supported by NSFC (No.
Ag(l)—m interaction. It should be pointed out that the coexisting 20131020) and Ministry of Education of China via a key project

phenomenon of strong— stacking and Ag(h-xr interactions in grant (No. 01134) and a Doctorate Program Fund (No. 20020558024).
1 has not been observed for the other organosilver(l) compfexes.

L 5 e
Similar to the other Ag(h complexes'® neutrall exhibits a sharp of crystallographic data (PDF) and an X-ray crystallographic file, in

ESR signal withg = 2.00 at room temperature, attributable t0 the ¢ format for the structure determinations of This material is
aromatic radicals, as well as a very broad ESR signal centered,5ijaple free of charge via the Internet at http:/pubs.acs.org.

approximately agy ~ 2.05 at 8.5 K indicating the formation Ag(0)
or Ag(ll) species (see Figure S2 in the Supporting Information). References
We may therefore suggest that the electron transfer takes place (1) (a) Williams, J. M.; Ferraro, J. R.; Thorn, R. J.; Carlson, K. D.; Geiser,

Supporting Information Available: Additional figures and tables

between adjacent molecules via two possible pathways: Ag(l) hJ \INgng, |-'|: m| Kini, )A. l\g V\(]har]gb%, M.-HOrgaPnic Superconcéugrtgrs

S ; 13 ; ; ; ; ncluding Fullerenes): Synthesis, Structure, Properties an eory
and_ m—x interactions resultmg_ in thg formation of organic Prentic Hall: New Jersey, 1992. (b) Interrante, L. V.; Hampden-Smith,
radicals and Ag(0) or Ag(ll) speci¢dwhich may be proved by M. J. Chemistry of Adanced Materials, An @erview; Wiley-VCH: New

i ; 0 ; ; ; York, 1998. (c) Veciana, J., Rovira, C., Amabilino, D. B., E&sipra-
the spin den;ny of (_)'02 % fO!’ the organic radicals, e.stlmated from molecular Engineering of Synthetic Metallic Materials: Conductors and
the comparison with 2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl Magnets Kluwer Academic Publishers: Dordrecht, 1999. (d) Braga, D.;
(DPPH) standard at room temperatﬂﬁeThe above-mentioned Grepioni, F.; Orpen, A. GCrystal Engineering: From Molecules and

X . Crystals to Materials Kluwer Academic Publishers: Dordrecht, 1999.
observations imply that both the electron donor and acceptor (2) (a) Eley, D. D.Nature1948 162, 819. (b) Akamatu, H.; Inokuchi, Hl.

i i _ Chem. Phys195Q 18, 810-811.
(requ"ed to fofm a grossmg band for the charge transfer S.alts) (3) (a) Ferraris, J.; Cowan, D. O.; Walatka, V.; Perlstein, JJ.-Am. Chem.
have been achieved in a single molecule.oTherefore, the solid S0c.1973 95, 948-949. (b) Coleman, L. B.; Cohen, M. J.; Sandman, D.
of 1 is different from those of multicomponent organosilver(l) ié?éarlnza%iglé—'}lgé; Garito, A. F.; Heeger, A.Sblid State Commun.
systems with Ag(l)-z interactions! 4) @) M_unékata, M.; Wu L. P.; Kuroda-Sowa, T.; Maekawa, M.; Suenaga,
The room-temperature conductivities dbfand the free ligand Y.; Ning, G. L.; Kojima, T.J. Am. Chem. S0d.998 120, 8610-8618.
. . (b) Munakata, M.; Ning, G. L.; Suenaga, Y.; Kuroda-Sowa, T.; Maekawa,
Hophen in compacted pellets were measured by the conventional M.: Ohta, T.Angew. Chem., Int. EQ00Q 39, 4555-4557. (c) Munakata,
two-probe technique, which showed a considerable conductivity M-f; %u, L. P.; Ning, G. L.Coord. Chem. Re 200Q 198, 171-203 and
— H rets therein.
(Q =145 le) for the brown|3h'yellow powder ofl but (5) Zheng, S.-L.; Tong, M.-L.; Tan, S.-D.; Wang, Y.; Shi, J.-X.; Tong, Y.-
negligible conductivity for Hophen. It is noteworthy that all © %<) I(_:ee, H.-K.é5 Chen, é(dbhgl‘.(gg%agg:r;eztgﬂic(f)oglb20, 5?119;5:?5' .
. . _ . a) Cassoux, F5cienc . obayashi, A.; Tanaka,
docu_mented conducting single component_molecular r_naterlgls are H.: Kobayashi, H.J. Mater. Chem2001 11, 2078-2088.
transition-metal complexes of sulfur-containingdelocalized di- (7) (a) Narvor, N. L.; Robertson, N.; Weyland, T.; Killburn, J. D.; Underhill,
; R ; _Ii A. E.; Webster, M.; Svenstrup, N.; Becker, J. Chem. Soc., Chem.
thiolene Ilgandg, i.e., TTF Ilkg metal comple){@sThergfore, .the Commun.1996 1363-1364. (b) Ueda, K.. Kamata, Y. lwamatsu, M.:
neutral 1 here is the first highly electrical conducting, single- Sugimoto, T.; Fujita, H.J. Mater. Chem.1999 9, 2979-2983. (c)
; ; _ _dithi ; Kobayashi, A.; Tanaka, H.; Kumasaki, M.; Torii, H.; Narymbetov, B.;
component molecule material with non-TTF-dithiolate type ligand. Adachi. T.J. Am. Chem,. 564999 121, 10763-10771. (d) Tanaka, H.
It is quite obvious that il the requirementdor designing single- Okano, Y.; Kobayashi, H.; Suzuki, W.; Kobayashi,@cience2001, 291,
i i 285-287. (e) Alves, H.; Lopes, E. B.; Duarte, M. T.; Gama, Vasco,
component, neutral moleculeu;?metals have partially been fulfilled, Henriques, R T Almeida, M.. Pez-Beflez. A.: Rovira, C.. Veciana J.
such as a small HOMOLUMO’ energy gap, large 3-D transverse Chem—Eur. J. 2001, 7, 511-519. (f) Tanaka, H.; Kobayashi, H.;
intermol lar interaction n ibly the formation of parallel Kobayashi, A.J. Am. Chem. So@002 124, 10002-10003. (g) Suzuki,
ermo epu a eractio S’. and poss by € formatio .0 parafle W.; Fujiwara, E.; Kobayashi, A.; Fujishiro, Y.; Nishibori, E.; Takata, M.;
bands. Different from the intermolecular-55 contacts in other Sakata, M.; Fujiwara, H.; Kobayashi, H. Am. Chem. So@003 125,
electrical conducting TTF-type single-component molecEifabe 1486-1487.
. . . . (8) (a) Zhang, X.-M.; Tong, M.-L.; Chen, X.-MAngew. Chem., Int. E@2002
strong transverse interactionslirre the very strong—s stacking 41, 1029-1031. (b) Zhang, X.-M.; Tong, M-L.; Gong, M.-L.; Lee, H.-
interactions and Ag(h . interactions, which play an essential role g-l:BLYU%lI&Li, K.-F.; Tong, Y.-X.; Chen, X.-MChem=—Eur. J.2002 8,
to decrease the HOMGLUMO gaps, providing ther-to-7* and (9) Anal. Calcd forl CoHisAgoNLO; (M = 606.13): C, 47.56; H, 2.33: N,
m-to-metal/metal-taz* electron-transfer pathways. To our knowl- 9.24. Found: C, 47.50; H, 2.36; N, 9.28. IR data (KBr, ¢jn 3453m,

o 1664m, 1617s, 1588m, 1544s, 1516vs, 1480vs, 1457s, 1421m, 1386vs,
edge, most of the room-temperature conductivity of Ag(t) 1140m. 924w, 841s, 729m. 703m. 642m. 628w, 536w, 474m.

materials are usually much lower than the highest conductivity (1.32 (10) zheng, S.-L.; Zhang, J.-P.; Chen, X.-M.; Huang, Z.-L.; Lin, Z.-Y.; Wong,
S cnT)* in the Ag(l)—x materials reporteéi Thus, 1 is hitherto W.-T. Chem-—Eur. J. 2003 accepted for publication.

. / . (11) Crystal data: monoclinic, space groBgy/n, a = 10.248(2) A,b =
the highest-conducting molecular material based on sther 6.4267(9) Ac = 14.835(2) A S = 95.702(3), U = 972.2(2) B,z =2,
stacking interactions and Agf)r interactions. Do 2070 g cm? Mo Ko = 0.71073 ARy = 0.0320wR, = 0.0827,

In summary, we have prepared and characterized the first highly (12) (a) Bondi, AJ. Phys. Cheml964 68, 441-451. (b) Jansen, MAngew.
conducting, single-component molecular material based on very fggyé;”éés%ggg'l%z 26, 1098-1111. (c) PyykkoP.Chem. Re.
strongr—a stacking interactions and Agtyr interactions, different (13) Janiak CJ. Chem. Soc., Dalton Tran200Q 3885-3896.
from the TTF-t nd multicomponent A materials. A (14) Desiraju, G. R.; Steiner, TThe Weak Hydrogen Bond in Structural

.O € ype_ and multicompone gt . aterais Chemistry and BiologyOxford University Press: New York, 1999.
single component, i.e., the moleculelpfcan serve simultaneously (15) Dean, J."A., EdLange’s Handbook of Chemistri3th ed.; McGraw-
as an electron donor and an electron acceptor. Thus, this work Hill: New York, 1985. ) o

for th . fel . ducti (16) The very low spin density is in accord with the fact that no significant
SUgge_StS anew Strategy or the construction o e e_Ct”C con ucting signal was observed from the magnetic susceptibility measuremeits on
materials based on catiet-ligand andr— stacking interactions. using a SQUID in the temperature range ofZ)0 K. )
(17) HOMO, highest occupied molecular orbital; LUMO, lowest unoccupied
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