Inorg. Chem. 2006, 45, 295—303

Inorganic:Chemistry

* Article

Self-Assembly, Reorganization, and Photophysical Properties of
Silver(l) =Schiff-Base Molecular Rectangle and Polymeric Array Species

Huang-Chun Wu, T P. Thanasekaran, T Chi-Hwe Tsai, ™+ Jing-Yun Wu, T Sheng-Ming Huang,
Yuh-Sheng Wen, T and Kuang-Lieh Lu* '

Institute of Chemistry, Academia Sinica, Taipei 115, Taiwan, and Department of Chemistry,
National Central Uniersity, Chungli 320, Taiwan

Received July 25, 2005

A self-assembly of AgClO, with a Schiff-base ligand N,N'-bis(pyridin-2-ylmethylene)benzene-1,4-diamine (1) gave
a 1D zigzag polymeric array [{ Agz2(CigH1aNa)o} (ClO4)2(CHSCN)], (3), while the self-assembly of AgClO, with 3,3'-
dimethyl-N,N'-bis(pyridin-2-ylmethylene)biphenyl-4,4'-diamine (2) afforded the molecular rectangle [{ Aga(CasH22Na)a} -
(ClOg)7] (4). The structures of 3 and 4 were characterized by single-crystal X-ray diffraction analysis. Structural
data for 3 indicate that the Ag(l) ion is coordinated by two ligands of 1 in a distorted tetrahedral fashion thereby
leading to a 1D zigzag polymeric array. The zigzag chains are interdigitated with weak sz—s stacking interactions.
The structure of 4 consists of a discrete molecular rectangle where the silver atom has a distorted square-planar
coordination with the pyridyl ligands and azomethine nitrogen atoms of 2. An intramolecular zz— interaction between
the phenyl rings of adjacent Schiff-base 2 functions to stabilize the rectangular architecture. The Ag(l)—Schiff-base
coordination polymer 3 is not stable in solution. The degradation and reorganization of 3 to form a [2 x 2] grid
architecture [{ Aga(CasH22N4)4} (ClO4)4] (3g) was supported in a FAB-MS study. The rectangular structure of 4 remains
intact in solution at ambient temperature. The complexes 3g and 4 exhibit unusual luminescence behavior in
solution at room temperature with significantly red-shifted emission in the visible region.

Introduction optical or electronic properti€sThe Ag(l) ion is regarded

as a soft acid that favors the coordination of soft bases, such
as ligands that contain sulfur and unsaturated nitrdgen.
Complexes of silver(l) and N-heterocyclic ligands lead to
the production of interesting geometric configurations and

The design and self-assembly of functional materials has
received considerable attention in recent yéatsA com-
bination of conjugated ligands and electron-rich metal centers
can produce low-energy electronic interactions between metal

centers and ligands, resulting in a product with interesting (2) (@) Chambron, J. C.; Dietrich-Buchecker, C.; Sauvage, J. P. In
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photophysical properti€s1° However, only a few examples
of Ag(l)-containing Schiff-base complexes and coordination
polymers have been studied in detail to détRecently, a

reflux, 6 h

W W W W,

self-assembly, reorganization, and photophysical properties
of the Ag(l)—Schiff-base polymeric structur8 and the
discrete molecular rectangde The 1D zigzag compound

luminescent Ag-based rectangle that assembled from silverwas observed to transform into a grid molecular topology
nitrate and 1,3-bis(pyrrol-2-yl-methyleneamino)propane has in solution by a self-organization process whereas the

been published?
As part of our ongoing studies on the design and
preparation of functional materials, we report herein on the
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L.; Okamura, T. A.; Bu, H. W.; Sun, W. Y.; Tang, W. X.; Ueyama,
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rectangular complexX remains intact. These two Agf)
Schiff-base complexes exhibit luminescence behavior at
room temperature. This is somewhat surprising, since other
reported Ag(l)-based polymers show luminescence only in
the solid state or at 77 K17

Results and Discussion

Synthesis of Highly Conjugated Schiff BasesThe two
highly conjugated Schiff-base ligandsand2 were synthe-
sized as yellow solids in high yields by the condensation of
2-pyridinecarboxaldehyde with 1,4-diaminobenzene and 3,3
dimethylbenzidine, respectively (Scheme 1). Ligafdsd
2 were characterized by spectroscopic methods 'HH¢MR
spectrum oR exhibited a singlet at 8.54 ppm, assigned to
the resonance of the azomethineHéEN) proton. The
aromatic proton signals lie in the range8.72—7.23 ppm
while a singlet ab) 2.40 ppm indicates the presence of methyl
groups.

The preparation of ligantl has been reported by Yoshida
and co-workers8 whereas ligan@ is a new compound. The
main feature of these ligands is their exobidentate coordina-
tion mode via the pyridine and azomethine nitrogen atoms.
The simplicity and high-yield synthesis, high conjugation,
and versatile coordination capability make Schiff bates
and2 interesting ligands for the study of self-assembly, self-
organization with metal ions, and photophysical properties
of their products.

Self-Assembly of Ag(l) lon with the Schiff-Base Ligands.
The self-assembly of with AgCIO, in a mixture of THF
and CHCN at room temperature led to the formation of a
coordination polymer {J[Ag2(CisH14N4)2} (ClO4)2*CH3CN],

(14) (a) Blake, A. J.; Champness, N. R.; Hubberstey, P.; Li, W. S.;
Withersby, M. A.; Schroder, MCoord. Chem. Re 1999 183 117—
138. (b) Dong, Y. B.; Jin, G. X.; Smith, M. D.; Huang, R. Q.; Tang,
B.; zur Loye, H. C.Inorg. Chem.2002 41, 4909-4914. (c) Baxter,

P. N. W.J. Org. Chem2004 69,1813-1821. (d) Seward, C.; Chan,
J.; Song, D.; Wang, Snorg. Chem.2003 42,1112-1120.
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Inorg. Chem.2003 42, 7422-7430.
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Jackson, A.; Alcock N. W.; Hannon, M. J. Chem. Soc., Dalton Trans.
2002 1635-1641.
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Scheme 2. Self-Assembly of Ag(l)-Schiff-Base Compound3 and4 at Room Temperature
7\ = THF/CH3CN
AgCIO4  + CH /’_<__/> ————  [{Ag2(C1H14N4)2}(ClO4)2(CH3CN)I,
N N )N N 20°C
1 3

30°C

N\ = THF/MeOH/C4HsNO,
AGCIO;  + CNHNNFQ [{AG2(CasHaoNa)zHCI0)]
2

4

(3) with a 1D zigzag structure in high yield. The slow Table 1. Crystal Structure Refinement Data f8rand 4

diffusion of a solution of2 in nitrobenzene into a solution param 3 4
of AgCIO, in a mixture of toluene/MeOH afforded the  empirical formula GeH31Ag2CNgOs  Cs2HagAg2Cly sNgOsg
orange-colored crystalline rectanglg Algx(CaeH22N4)2} - fw vt 1028-36|_ _ 1184-90|, _
cryst system monocliinic monocliinic
(CIO)2] (4) (Scheme 2). Compoundsand4 were charac- spyace éroup ol e
terized by spectral methods, and their structures were further a, A 28.7440(18) 13.4902(4)
confirmed by single-crystal X-ray diffraction analyses. The b A 10.2680(8) 27.4260(10)
. " c A 14.7940(12) 29.1409(10)
H NMR spectra of3 and4 showed that both pyridyl and 4. deg 113.535(5) 102.258(2)
azomethine (BI=N) proton signals are shifted downfield v, A3 4003.1(5) 10535.8(6)
relative to those of the free ligands, indicating the coordina- % « ;‘98 273(2)
tion of the Schiff bases with Ag(l) ions. For compOl_Jm_j diffractometer Kappa CCD SMART CCD
one singlet appeared at8.75 ppm assigned to an imine 1, A 0.710 73 0.710 73
(CH=N) proton. The presence of one singleda?.17 ppm Deaca gfcn? 1.706 1.494
ds to methyl groups. Compouriand 4 are g I 11re 0.850
corresponds yl groups. P F(000) 2056 4808
soluble in highly polar solvents such as &HN, DMSO, 6, deg 2.13-25.10 1.43-25.06
DMF, THF, MeOH, and EtOH. !'eflcns measd 11908 50 840
Crystal Structure of 3. A single-crystal diffraction 'r';‘;‘liﬁ;ilc;;ﬁ[>20(l)] 2(3)3(1)3 (R =0.0645) f§§99 (7= 0.2540)
analysis of3 revealed that the Ag(l) ion is coordinated by  params 268 642
two Schiff bases via pyridyl and azomethine nitrogen atoms. R¥[l > 20()] 0.0559 0.0691
. ) . WR2 [l > 20())] 0.1338 0.1811
One Schiff base is coordinated to two Ag(l) atoms. A g1 (i data) 0.1130 0.3308
distorted tetrahedral configuration is observed around the wR2 (all data) 0.1657 0.2130
i i i i goodness-of-fit 1.065 0.663
metal center thereby generating a 1D zigzag coordination At A (€ A-9) 0.579%-0.492 117420.443

polymer. An ORTEP diagram d3 is shown in Figure 1,
AR1 = 3||Fy| — |Fell/Z|Fol, WR2 = [SW(Fo? — FR)HEW(F)?| V2.

Table 2. Selected Bond Lengths (A) and Angles (deg) Soand 42

Compound3
Ag(1)-N(1) 2.290(5) Ag(1FN(2) 2.396(4)
Ag(L)-N(3)#1 2.304(5) Ag(LyN(4)#1 2.356(5)
N(2)-C(6) 1.265(8) N(3yC(13) 1.279(7)
N(L)-Ag(L)-N@#1  140.72(18) N(DAG(L)-N(4)#1 126.54(18)
NE#1-Ag(L)-N(@)#1  71.84(18) N(B-Ag(1)-N(2) 72.19(18)
N@E#1-Ag(1)-N(2)  130.37(17) N(@)#EAg(1)-N(2) 124.35(17)
Compound4
Ag(1)-N(1) 2.200(18) Ag(1¥N(2) 2.422(16)
Ag(1)—N(101) 2.409(18) Ag(1¥N(102) 2.289(13)
Ag(1)—-N(201) 2.226(17) Ag(HN(202) 2.343(14)
Ag(1)-N(301) 2.289(13) Ag(:N(302) 2.534(13)
Figure 1. Local coordination environment of Ag(l) i8. Atoms are N(2)—-C(6) 1.213(18) N(102yC(106) 1.319(16)
represented as 30% thermal ellipsoids. All anions are omitted for clarity. N(202)-C(206) 1.246(17) N(302)C(306) 1.304(17)
N(1)—Ag(1)—N(2) 73.06)  N(LFAg(L)-N(201)  121.5(7)

: . Lo N(1)-Ag(1)-N(202)  160.0(6 N(2rAg(1)-N(201)  155.8(5
and pertinent crystallographic data are given in Tables 1 and,\,gzg_ A§§1§_N§zoz§ 101_28 NE%HQ,EQ)(D_(N(ZC),Z) 71_3((6))

2. The Ag—Npyrigy bond lengths are in the range 2.296(5)  N(101)-Ag(2)-N(102) 70.4(6)  N(101yAg(2)-N(301) 108.7(7)

; , ; ia N(101)-Ag(2)-N(302) 167.2(5)  N(102YAg(2)-N(301) 170.9(4)
2.356(5) A, while the Ag-Nazomeminebond distances lie in N(102)-Ag(2)-N(302) 110.3(6) N(OEYAG(2)-N(202)  72.7(6)
the range 2.303(5)2.395(4) A. All these bond lengths are < . J | @

; ; e a Symmetry transformations used to generate equivalent atoms3, for
consistent with those reported for other -A§chiff-base (1) ox + 12,y + 112, ~2 + 1/2: ford, (#1) —x + 1.y, 2 + 1/2.
complexes?® The bond angles of N(HAg(1)—N(2) and
N(3)—Ag(1A)—N(4) are 72.2(2) and 71.8(2)respectively. that strongr— stacking interactions are operative in metal
The packing diagram shows that the zigzag chains arecomplexes with aromatic ligands when the plane-to-plane
interdigitated withz—a stacking with a distance of ca. 3.6  distances are around 3.3'AThe z—x interactions ir3 are
A between the Schiff-base ligands (Figure 2). Janiak reportedcomparatively weak since 3.6 A is near the maximum (3.8
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Figure 2. Crystal packing diagram @ showing ther—s stacking between
clarity.

C102 C103

c111 €112
107
QS

C302 €303

Figure 3. Molecular rectangle framework of cationic [4@)2]%" in 4,
showing the coordination environment around the Ag ions.

A) for which 7— interactions are accepté¥The perchlo-
rate ions do not coordinate to the Ag(l) ions but are located
between the layers.

Crystal Structure of 4. Crystals of { Aga(CaeH22N4)2} -
(ClO4)1.5(OH)o5+0.25CHOH-1.25H,0 (4), suitable for single-
crystal X-ray diffraction analysis, were obtained from the
self-assembly of AgCIQ with ligand 2 in a mixture of
nitrobenzene, toluene, and MeOH at ambient temperature.
The resolved solid-state structure reveals thiatconsistent
with a molecular rectangle. An ORTEP diagram 4fis
shown in Figure 3, and pertinent crystallographic data are
given in Tables 1 and 2. The cationic molecular rectangle
in 4 consists of two Ag(l) and two Schiff-base ligands
Each Schiff base is doubly chelated and bridges two silver
atoms while each Ag(l) is coordinated to two pyridyl and
two azomethine nitrogen atoms, generating a four-coordi-
nated distorted square-planar geometry. The-Ng,iay bond
lengths are in the range 2.200(38).409(18) A, while the
Ag—Nazomethinebond distances lie in the range 2.289(13)
2.534(13) A (Table 2). The bite angles of,Niy—Ag—
Nazomethine @re in the range 70.4(6)73.0(6y. The four
aromatic rings of the Schiff-base liga@dn the structure of
4 are not coplanar, with dihedral angles of 50-%8.70°
between the iminopyridine planes and the linked phenyl rings
and dihedral angles of 29.683.67 between the two central
phenyl rings. Intramoleculat—: interactions between the

(19) Janiak, CJ. Chem. Soc., Dalton Tran200Q 3885-3896.
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zigzag chains. Perchlorate ions and acetonitrile molecules are omitted for

phenyl rings of the Schiff-bas2 with centroid--centroid
distances of 3.66 and 3.89 A stabilize the rectangular
architecture of4 (Figure 3). One and a half perchlorates
together with half of a hydroxyl ion have been characterized
in compensating the charge induced by silver ions. The
reason for obtaining such a mixed-anion species is not clear.
When viewed along the crystallograpHieaxis, six arene
columns fabricated by alternative intra- (3.66 A) and
intermolecularz—s (3.77 and 3.92 A) interactions are
observed (Figure 4). If ligand reacted with Ag(l) to form

a similar 1D zigzag chain a8, the intermolecularr—x
interactions would be very weak or even impossible, as the
spacer of two conjugated benzene rings is too long to form
an interdigitated structure. However, the intramolecutar
interaction of the arene rings in complédxappear to be
significant to stabilize the rectangular structure, although it
is not strong. It can be reasonably assumed that the spacers
between the two iminopyridine groups fnand 2 would
effectively tune the self-assembly pathways, giving rise to
different products, a 1D zigzag chaBand a molecular
rectangled.

Reorganization of 3 in Solution. It is noteworthy that
some silver(l) entities are labile in solution at room temper-
ature?® Compounds3 and 4 adopt different molecular
topologies in the solid state consisting of highly conjugated
Schiff bases with silver ions. It is thus of particular interest
to examine the solution behaviors 8fand 4. FAB-MS
spectrometry has been found to be particularly useful for
the identification of large metallosupramolecular architectures
in solution?! As a consequence, a FAB-MS analysis3of
and4 in acetonitrile solution was performed to gain further
information concerning the structures®&nd4 in solution.
The FAB-MS spectrum oB exhibited a molecular ion peak

(20) (a) Provent, C.; Rivara-Minten, E.; Hewage, S.; Brunner, G.; Williams,
A. F.Chem—Eur. J.1999 5, 3487-3494. (b) Khlobystov, A.; Blake,

A. J.; Champness, N. R.; Lemenovskii, D. A.; Majouga, A. G.; Zyk,
N. V.; Schroder, M.Coord. Chem. Re 2001, 222, 155-192.

(21) (a) Woessner, S. M.; Helms, J. B.; Houlis, J. F.; Sullivan, Bnérg.
Chem.1999 38, 4380-4381. (b) Johnston, M. R.; Latter, M. J,;
Warrener, R. NOrg. Lett 2002 4, 2165-2168. (c) ALQaisi, S. M.;
Galat, K. J.; Chai, M.; Ray, D. G., lll; Rinaldi, P. L.; Tessier, C. A;;
Youngs, W. JJ. Am. Chem. S0d.998 120,12149-12150.



Ag(l)—Schiff-Base Molecular and Polymeric Species

Figure 4. Perspective view of the six-arene columns (gray arenes) architecture built from the inter- and intramateeauiateractions ir4.

Figure 5. FAB-MS spectrum of3 in CH3CN solution.

Scheme 3. Reorganization of CompleR in Solution State

CH,CN
[{Ag2(1)2}(ClO4)2(CH3CN)1, — [{Ag4(1)4}(ClO4)4]
reorganization
1D zigzag chain grid
3 (solid state) 3g (solution state)
CH;CN
[{Ag2(2)2(CIO,);] 2 - [{Ag2(2)2}(CIO,)]
rectangle rectangle
4 (solid state) 4 (solution state)
atm/z= 1875.7 corresponding to a grid speci€ad(1).} - nucleating ligands can determine a gridlike or a helicate
(ClO4)3] ™ (Figure 5). structure while the metal ion coordinates with polypyridyl
This MS data supported the presence of a grid speciesligands?* It has been shown that 3,6-bis(2-pyridyl)pyridazine
[{Ag4(1)4} (ClO4)4] (3g) in solution wherB dissolved in CH- can act as a metal-coordinating ligand for silver ion, resulting

CN. This is corroborated by the symmetrical pattern of the in the production of gridlike metal complex&sOn the basis
proton signals in théH NMR spectrum of3g, which showed of these observations, we assume thagk(1)4} (ClO4)4] (39)
an azomethine (B=N) proton signal atdo 8.87 ppm, a is most likely to possess a [2 2] gridlike structure in
phenyl proton singal ab 7.37 ppm, and pyridyl proton  solution (Scheme 3 and Figure 6).

signals atd 8.89 (H), 8.17 (H), 8.10 (H), and 7.75 (H) The FAB-MS analysis o# exhibits a signal corresponding
ppm. The generation &g is probably due to the fragmenta-  to the [ Ag2(2):} (ClO4)]* ion atm/z = 1096.9, suggesting
tion of polymer3 and reorganization of a tetranuclear grid
during the dissolution proceds.von Zelewsky and co-  (23) Mamula, O.; von Zelewsky, A.; Bark, T.; Bernardinelli, Gngew.
workers recently reported that a polymeric double-helix Chem., Int. Ed1999 38, 2945-2948.

. . . . (24) (a) Rojo, J.; Romero-Salguero, F. J.; Lehn, J. M.; Baum, G.; Fenske,
complex breaks down in solution to produce circular helicates D. Eur. J. Inorg. Chem1999 1421-1428. (b) Constable, E. C.;

or oligomers which are in rapid dynamic equilibridfit is 25 %P;Oéaliet\, Rg- ﬁh\eNm.LS%c., ?hﬁkao,mTL’lBﬂ% 6'4:1*66k -
. . . . a) baxter, P. N. ., Lenn, J. M.; Kneisel, b. O.; FenskeADgew.
noteworthy in this respect that a small difference in poly- Chem., Int. Ed. Engll997, 36, 1978-1981. (b) Weissbuch, |.; Baxter,
P. N. W.; Kuzmenkao, I.; Cohen, H.; Cohen, S.; Kjaer, K.; Howes, P.
(22) Mimassi, L.; Guyard-Duhayon, C.; Raehm, L.; Amouri, Elr. J. B.; Als-Nielsen, J.; Lehn, J. M.; Leiserowitz, L. Lahav, @hem—
Inorg. Chem 2002 2453-2457. Eur. J.200Q 6, 725-734.

Inorganic Chemistry, Vol. 45, No. 1, 2006 299



Figure 6. [2 x 2] grid-type structure oB8g in solution.

that the rectangular structure 4fn solution remains intact
(Figure 7). This result is corroborated by thé NMR data
for 4, which shows the presence of a highly symmetrical
species.

Interestingly, the reorganization of the coordination poly-
mer 3 proceeds spontaneously to form the grid spe8igs
in solution while the molecular rectangleretains the same

Wu et al.

at 353 nm for3g and 363 nm for4.26 The luminescent
properties of3 (3g in solution) and4 were investigated in
the solid state and in GJEN solution, and their absorption
and emission maxima are compiled in Table 3. It has been
shown that the chemical nature, the size, and the position of
the substituents in the ligand can affect the geometry of the
excited state, which influences the emission propeftiés.
Ligands1 and?2 display a very weak luminescence at 400
521 nm in solution 4ex = 355 and 362 nm foll and 2,
respectively) at room temperature while strong luminescence
is observed at 457 and 527 (sh) nm Ry and 409, 432
(sh), 505, and 526 (sh) nm fdrupon irradiation at 353 and
363 nm, respectively (Figures 8 and 9). The enormous
enhancement in luminescence3g and4 can be attributed

to the chelation of the ligand to the Ag center, which
increases the conformational rigidity of the ligands. This
leads to reduce the nonradiative decay of the intraligand

r* excited state. In addition, in view of the emission lifetimes
of complexes3g and4 in solution at 298 K, it is likely that
the excited states oBg and 4 are mixed with az—a*

structure in both the solid and solution states. Owing to the character. Biexponential decays are observed for Bgtnd

labile nature of the bonding between Ag(l) ion and Schiff-
basel, the 1D chain structur8 degrades in solution, and

4, and the short- and long-lived components are assigned to
ligand-based as well as metal-perturbed intraligand transi-

then the components undergo self-organization to form the tions. One possible explanation for the higher lifetimetof

tetranuclear grid3g, whereas the rectangular structute
formed from?2 and Ag(l) ion contains intramolecular—m
interactions which probably contributes to the stability of

than3gis the extended-conjugation of2. Furthermore, an
intramolecularz—s interaction also leads to a significant
enhancement in the lifetime @f The sensitivity of lumi-

the rectangle both in solution and solid states (Scheme 4).nescence of toward Ag(l) ion and intramoleculat—sm

Photophysical Properties. The electronic absorption
spectra of3g and 4 in CH3;CN solution display intense

interaction makes it potentially useful as a fluorescent sensor
for certain metal ions and molecules. In general, Ag(l)

absorption bands associated with intraligand (IL) and metal- complexes might emit a weak photoluminescence at low
perturbed intraligand transitions (MPIL) in the range 200  temperature. Surprisingly, complex&s3g, and4 represent
361 nm (Figures 8 and 9). These complexes may have aunusual examples of room-temperature luminescent Ag-
slight metal-to-ligand charge transfer (MLCT) characteristic containing compound®.Note that the emission and absorp-
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Figure 7. FAB-MS spectrum o# in solution.

Scheme 4. Self-Assembly and Self-Organization of 1D Ch&n[2 x 2] Gridlike Structure3g, and Rectangular Complekfrom Silver lon and
Schiff-Base Ligand4 and?2
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Table 3. Photophysical Data fot—4 in CH3CN at Room Temperature

compd mad®S NM ma™ NMm 7,ns mad™, NP
1 204, 237, 286, 355 411, 432 nd
2 208, 241, 284, 362 451, 521 nd
3 204, 237, 286, 353 457,527 (sh) 1.3, 471, 537, 630
4 206, 242, 282, 363 409, 432 (sh), 505, 526 (sh) 279 560

@ lex = 360 nm in the solid state f& and4. ® 1D polymer in solid state; [X 2] grid in solution stateS Aem = 457 NM.4 1em = 527 NM.© Lem = 409
nm. f 2em = 505 nm; nd= not detectable.

a metal-to-ligand charge-transfer transition wheréaoes
not emit luminescence in this region because of the dominat-
ing intramolecularr— interactions o®, i.e., mixing of the
Sg—a* character of2. It is important to mention that only a
few Ag(l)-containing coordination polymers exhibit such a
type of characteristic emission above 600 nm in the solid
Statel_4b,c,26,30

Redox Properties.To provide further evidence for the
0.2 assignment o8g and4, their redox behaviors were examined
) by both cyclic and differential pulse voltammetric techniques.
o oo P oo P o Complex3gdisplays an irreversible reduction wave-é2.25

Wavelength, nm V (versus Ag/Ad), corresponding to Ag(l) metal-centered

Figure 8. Absorption and emission spectra 8§ in CH;CN at room reduction. On the other hand, the quasireversible reduction
temperature. at —1.46 and—1.91 V (versus Ag/Ag) in 3g corresponds
to a pyridyl ligand-centered reductiéhThe less negative
Ei, values (1.18 and—1.84 V) for the reduction o#
compared to3g are consistent with an increased ease of
reduction of ligand of2 as a consequence of its better
m-accepting characteristics, as the result of an increase in
its extendedrz-conjugation. Studies of the oxidation waves
for 3g show the presence of quasi-reversible or irreversible
oxidation couples at-0.34 and+0.94 V (versus Ag/ Ag).
The first positive oxidation wave is assigned to the Ag(ll)/
Ag(l) couple. The second positive oxidation wave corre-
sponds to successive oxidation leading to a Ag(lll) species
formed by a subsequent chemical reaction at the electrode.
The presence of both two oxidative and one reductive waves
of silver ion suggests that the silver ion presen8gand4
is in the Ag(l) oxidation state.
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Figure 9. Absorption and emission spectra of molecular rectadgie

CH3CN at room temperature. .
Conclusion

tion maxima of metal-perturbed intraligand transitions (MPIL) N summary, the self-assembly of silver ions with two

for complex4 are in the lower energy region with a higher highly conjugated Schiff bases leads to the formation of one
lifetime than those of3g due to the effect of extended coordination network and one discrete rectangular compound.
s-conjugation. The spacers in the conjugated Schiff-base ligands and the

In the solid state, broad, structureless emission spectra with7—7 interactions are important determinants of the archi-
maxima at 471, 537, and 630 nm férand 560 nm for4 tectures of the final products. Interestingly, the 1D zigzag
were observed. The origin of the emission band at 537 nm Ag(l)-containing coordination polyme8 is not stable in
for 3 and 560 nm foe is believed to be the result of metal- solution. The degradation 8fand subsequent reorganization
perturbed IL transitions, whereas the high-energy emissionoccurs to form a [2x 2] grid architecture. These Ag(f)
at 400-460 nm is mainly associated with l—z* transi- Schiff-base compoundsand4 exhibit unusual luminescence
tions. The emission observed at 630 nm3anay be dueto  atroom temperature that is significantly red-shifted compared
to other reported Ag(l) polymers, indicating that such
(26) Bu, X. H; Liu, H.; Du, M.; Wong, K. M. C.; Yam, V. W. W, glectronic excited-state properties could be finely altered by

Shionoya, M.Inorg. Chem 2001, 40, 4143-4149. L . .
(27) (a) Ciurtin, D. M.; Pschirer, N. G.; Smith, M. D.; Bunz, U. H. F.; zur the combination of electron-rich Ag metal centers and highly

Loye, H. C.Chem. Mater2001, 13, 2743-2745. (b) Cariati, E.; Bu, conjugated Schiff bases.
X.; Ford, P. C.Chem. Mater200Q 12, 3385-3391. (c) Wurthner,
F.; Sautter, AChem. Commur200Q 445-446.
(28) Armaroli, N.Chem. Soc. Re 2001, 30, 113-124. (30) Liu, Q. X.; Xu, F. B.; Li, Q. S.; Zeng, X. S.; Leng, X. B.; Chou, Y.
(29) Harvey, P. D.; Fortin, DCoord. Chem. Re 1998 171, 351-354. L.; Zhang, Z. Z.0Organometallic2003 22, 309-314.
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Experimental Section days. The crystals were collected by filtration, washed with ether

Chemicals. R q ved with furth and CHCN, and then air-dried. Yield: 25.5 mg (21%H NMR
emicals. Reagents were used as received without further (400 MHz, DMSOdk: 6 9.02 (d,J = 4.5 Hz, 2H, pyridyl H),

purification. Aceton_itri_le and nitrobenzene were dried over caH 8.75 (s, 2H, Gi=N), 8.24 (td,J = 7.7, 1.2 Hz, 2H, pyridyl #),
and were freshly distilled before use. Tetrabutylammonium per- 8.12 (d,J = 7.6 Hz, 2H, pyridyl H), 7.87 (m, 2H, pyridyl H)

chlorate (TBAP) was dried at 10T for 24 h pr;ordto use. ) 7.41 (dd,J=8.1, 1.1 Hz, 2H, phenyl B, 7.10 (s, 2H, phenyl B,
Instrumentation. NMR spectra were recorded on a Bruker - 5o (d,J = 8.4 Hz, 2H, phenyl B, 2.17 ppm (s, 6H, methyl).

AMX-400 FT-NMR spect_rometer. Elemental analyses were per- FAB-MS: miz1096.9, [ Agx(2)} (CIO.)]*. Anal. Caled for GoHaxr
formed by use of a Per'kln-EImer 2400 CHN elemental analyzer. AgsClNgOs: C, 52.24: H, 3.71: N, 9.37. Found: C, 52.78: H, 3.57;
The electronic absorption spectra were recorded on a Hewlett-N 9.01

Pacl;a.rd-d8453 spectrcc)jphgt’\cl)melte_r. The emt:_ssmn spectra were kr?ea- Single-Crystal X-ray Studies.Suitable single crystals & and
sured in deoxygenated GEN solution at ambient temperature wit 4 were selected for indexing and the collection of intensity data.

a H_itaChi F-4500 quoresce_nce spectrophot_ometer. For emiss'ion Measurements were performed using graphite-monochromatized Mo
lifetime measurements, a time-correlated single photon counting Ka radiation ¢ = 0.710 73 A) on a Kappa CCD diffractometer
FL 920 nano_second spectrometer (Edinburgh instrument) was usedfor 3and on a Bruker SMART CCD diffractometer fér Intensity
Electrochemical measurements were recorded on a BAS 1OOB/WOlata for3 and4 were collected at 298 K and 273(2) K, respectively.

E|C ;/voglkstatl?.n. Tt;e elelctrochemlbcal CF”tCOSS'StIe(:, of a thre?' For 3, an empirical absorption correction based on a multiscan
electrode configuration (glassy-carbon electrode, platinum counter method was applied. The structure3&nd4 were solved by direct

electrode, Ag/AgN@reference electrode). The ferrocene/ferroce- methods and refined by the full-matrix least-squares methdefon

nium couple served as an internal reference. The scan rate Wastjsing the SHELX-9% and WINGXE program packages, respec-
100 mV/s, unless otherwise noted. The cyclic voltammograms Weretively. Basic information pertaining to crystal parameters and

_obtaln_ed _|n N’f%t:r?toeﬂ '\;:bCNd V(\)“tlh '\;h_(le_BZ(IJDmplexes un_der structure refinements f@ and4 are summarized in Table 1, and
|n|vest|?at|on§h( ’ . ) an . I P ooas sunggr\t;ng selected bond distances and angles are provided in Table 2.
electrolyte with a scanning potential range-02.00 to —2. : Compound3 crystallizes in the monoclinic system with space

. Prgparation.of N,N'-Bis(pyridin-2-.ylmethyl;ene)benzene-l,4.- groupC2/c. Intensity data were collected within the limits 1.958
diamine (1). nggnd 1fwas s_ynthesmed (70%) by usu_al_ Schiff- g < 25 028. The asymmetric units contain one Ag atoms, one
base condensation of 1,4-diaminobenzene and 2-pyr|d|necarbox-C|O4,l and one ligandl. One CHCN molecule is situated on

aldehyde as reported me,‘h°°"5- L L crystallographic 2-fold axis, and therefore, only half of thes€H

Preparation of_3,3-D|methyI-N,N -bls(pyrldln—_2-ylmethyl-_ CN molecule is present in the asymmetric units. No parameter
ene)blphenyl-4,4_-d|am|ne _(2)‘ Ligand2 was synthesized by Schiff- restraints were applied. Anisotropical thermal factors were assigned
base condensation of 3,@imethylbenzidine (1.087 g, 5.12 mmol)  , the non-hydrogen atoms. The positions of the hydrogen atoms
and 2-pyridinecarboxaldehyde (1.102 g, 10.30 mmol) and obtained,ere generated geometrically, assigned isotropic thermal param-
as dark yellow crystals (1.187 g, 3.04 mmol, 59%).NMR (4(_)0 eters. The maximum and the minimum peaks in final difference
MHz, DMSO-dg): 6 8.72 (ddd,J = 4.8, 1.7, 1.0 Hz, 2H, pyridyl maps were 0.582 and0.520 e A3, respectively.

H?), 8.54 (s, 2H, G1=N), 8.20 (dt,J = 7.9, 0.9 Hz, 2H, pyridyl Compound4 also crystallizes in the monoclinic system with
H?), 7.97 (td,J = 7.3, 1.6 Hz, 2H, pyridyl H), 7.63 (d,J = 1.5 space groupC2/c. Intensity data were collected within the limits
Hz, 2H, phenyl H), 7.57 (dd,J = 8.0, 1.9 Hz, 2H, phenyl P}, 1.43 < 6 < 25.06. The asymmetric unit contains two Ag atoms,
7.53 (m, 2H, pyridyl H), 7.23 (d,J = 8.2 Hz, 2H, phenyl 8, one CIQ-, a half CIQ-, and two liganc. The half CIQ- exhibits
2.40 ppm (s, 6H, methyl). Anal. Calcd forgzNa: C, 79.97; H, a 2-fold axis along the O5CI2—07 direction in which the oxygen
5.68; N, 14.35. Found: C, 79.83; H, 5.82; N, 14.38. atoms are disordered over six positions where O5 and O7 occupy
Preparation of [Agz(C1gH1aN)2(ClO4)2 CHLCN]n (3). A CHa- special positions, at a 2-fold axis, with a site occupation factor
CN solution (7 mL) of AgCIQ (41.4 mg, 0.20 mmol) was carefully 5oy of 0.5, and other oxygen atoms (06 and 08) are located in
layered on the top of a THF solution (9 mL) B{N'-bis(pyridin- general positions with SOE= 0.75. According to the related
2-ylmethylene)benzene-1,4-diamine (57.2 mg, 0.20 mmGHw¢ stoichiometry of Ag ions and CIO ions in the asymmetric unit,
tion! AgCIQ, is potentially explosie and should be handled with ;14 in view of the charge balance, a hydroxyl anion with an
care) Needlelike yellow crystals of [AGC1aH14N)2(ClO,)z CHs- occupancy of 0.5 must be present in this compound that was
CNJn (3) began to form over a few days. One of these crystals was 5ggigned as 09. Several solvent molecules were found to be
used for X-ray crystallography. The crystals were collected by igordered. One water molecule (010) at a general position and
filtration, washed with ether and GBN, and then air-dried. 0.25 HO (O11) at a 2-fold axis are presentdn In addition, a
Yield: 86.4 mg (84%). Anal. Calcd for $H31Ag2Cl-NsOg: C, region of disordered solvent close to the hydroxy anion (O9) is
44.38;H, 3.04; N, 12.26. Found: C, 44.10; H, 3.55; N, 12.16. When 554 present in the crystal, which modeled as 0.5@H disordered
3 dissolved in solution, it was transformed irgg. *H NMR (400 about a 2-fold axis (C501 is situated special position); therefore,
MHz, DMSO-de): 0 8.89 (d,J =7.2 Hz, 2H, pyridyl M), 8.87 (S, 1y 0.25 CHOH is present in the asymmetric unit. Anisotropical
2H, CH=N), 8.17 (td,J = 7.7, 1.6 Hz, 2H, pyridyl 9, 8.10 (d,J thermal factors were assigned to most of the nondisordered non-
= 7.6 Hz, 2H, pyridyl H), 7.75 (m, 2H, pyridyl H), 7.37 ppm (S, hydrogen atoms except those showing severe disorder as explained
4H, phenyl). FAB-MS: m/z 1875.7, [ Aga(1)} (CIO4)q] ™. ) above. The positions of the-€H hydrogen atoms were generated
Preparation of [Agy(C26H2:N4)2(ClO4)7] (4). A MeOH solution geometrically, assigned isotropic thermal parameters. The hydrogen
(5 mL) of AgCIO, (82.9 mg, 0.40 mmol) was carefully layered on  4toms on solvents (#@ and CHOH) and hydroxyl anion are not
a mixture of toluene and nitrobenzene (9 mL) of'3jBnethyl- located. The maximum and the minimum peaks in the final

N,N'-bis(pyridin-2-ylmethylene)biphenyl- 4-4liamine (39.0 mg, ifference maps were 1.173 ard.443 e A3, respectively.
0.10 mmol). Platelike orange crystals began to form over a few

(32) Sheldrick, G. M.SHELX-97 (including SHELXS and SHELXL);
(31) Shavaleev, N. M.; Bell, Z. R.; Accorsi, G.; Ward, M. Dorg. Chim. University of Gottingen: Gottingen, Germany, 1997.
Acta 2003 351, 159-166. (33) Farrugia, L. JJ. Appl. Crystallogr.1999 32, 837—838.
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