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ABSTRACT

Two novel crystal architectures with wire frameworks, [Ag,(btc)(im)] (1)
and [Ag,(btc)(im)-H,0O]  (2) (btc = 1, 3, 5-benzene tricarboxylic acid, im =
imidazole), have been assembled by hydrothermal method and characterized
by X-ray diffractions, elemental analysis, fluorescence spectraand thermal
gravimetric analyses (TGA), respectively. Using silver sulfate, complex 1
was arranged as “zigzag” chains of silver ions, while using silver nitrate,
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complex 2 was presented as straight Ag wires. In addition, both complexes
exhibit photoluminescence and conductivity at room temperature.
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INTRODUCTION

Many of thecrystal motifsare based ontheinter-
action of anions, including both counter ionsand el ec-
tronegativeligandsin crystal self-assembly™? Inthe
crystal architectures, the counter ions, suchasCl-, Br,
I, CIO,, BF,, and NO,, sustain the polymeric struc-
turesmainly by their size effect’®4. Meanwhile, the cat-
ion-cation interactionsarea so believed asthedriving
forcestosustaintheir wire-likestructures. Recently re-
search worksfocused on the coordination polymers
withweak metal-meta interactions. For example, the
redox-activemolecul ar wires based on extended Rh-
Rh bonded coordination chains are prepared and ex-
amined®. Sometransgitionmeta cha co-halidepolymers
asoexhibitwel conductivity®. Thereforeinorganic co-
ordination polymerswith weak cation-cation interac-
tions can be devel oped asmol ecul ar wires. Hereintwo

wire-likecrystal architecturesof silver atomsare ob-
tained by hydrothermal method. By reactionof 1, 3, 5-
benzenetricarboxylicacid (bta) andimidazole(im) with
slver sulfateand silver nitrate respectively, two color-
less column crystal architectures for complex 1
[Ag,(btc)(im)] . and complex 2[Ag,(btc)(im)-H,O] are
obtained.

RESULTSAND DISCUSSION

For complex 1 (Figure 1-A), two crystalographi-
cally independent silver (1) ionsarelabeled asAgl
and Ag2. The bridging coordination from two car-
boxyl groups makesthe distancesbetween Agl-AglA
(2.9570 A) and Agl-Ag2 (2.9878 A) shorter than
that between Ag2-Ag2A (3.3376 A), all Ag ions are
linked together with weak metal-metal interaction™.
Thedihedra angle between Ag2-06-Ag2A-O6A and
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Agl-Ag2-AglA-Ag2Bis101.48°. As aresult the sil-
ver pardleogramsarearranged as““zigzag” chain with
interaction between Ag2-Ag2A inits 3D framework
(Figure?2).
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Figure2: The‘zigzag’ silver chainsin complex 1 viewed
down thec-axis(all other atomsareomitted for clarity).

Figure 1-B and Figure 3-B indicate that in com-
plex 2, theratio of Agl and Ag2 over al of thefour
independent silver atomsis 25%. Thebond lengths
between silver aomsarelist asbelow: 2.8168A (Agl-
Ag2),3.0499A (Ag2-Ag3),and 2.9766A (Ag3-Agd).
Water molecul esfill theinterlayer voidswith hydro-
gen bonding (HB) interaction of Ag3--H13A (1.929A).
Thebridging chelationsfrom carboxylic ligands con-
struct the silver wires of (Ag2-Ag3-Ag3), stretching
along the a-axis (Figure 3). Both complexes can be
simplified asAgwires, and an electric experiment is
designed to detect their conductivity (no crystal anisot-
ropy was examined). The semiconductive properties
for both complexes 1 and 2 indicatethat the electrons

Figure1: Coordination circumstancearound silver atomsin ~ Of Si !Ver aomsarecapableof freeflow inboth crystal
complexes1 (A) and 2 (B) SomeH atomsareomitted for dlarity.  architectures.
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Figure3: (A)Silver ionspacked in thecrystal structureof complex 2 viewed down theb-axis. (B) Thesilver wiresof (Ag2-
Ag3-Ag3), inthecrystal ar chitectureof complex 2, other atomsareomitted for clarity
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Figure4: TheTGA curvesof complexes1and 2

Even though using the same amount of btc ligands
inself-assembly, the crystd architecture of complex 1
(Ag,SO, assilver source) ismuch different fromthat
of complex 2 (AgNO, assilver source). Theintrigu-
ing structural featuresof 1, 3, 5-benzenetricarboxylic
acid and the steric effectsform the different anions
may bethe explanations®. Inthe crystal architecture
of complex 2, the carboxylic groupscombinewith sil-
ver atoms by p,-n*m*-bridging and p.,-m?n*-coordi-
nation modesto construct the silver ionsamost as
straight silver wires. On the contrast, the coordination
situation becomes more complicated in complex 1,
the p,-n*m*-bridging coordination mode makesthe
slverionsexhibit the“zigzag” chains in itscrystal ar-
chitecture. Indeed, the contribution from the co-crys-
tallized water molecules can not be neglected. The
TGA determinationsindicatethat, just after the evapo-
ration of the crystallized water moleculesat 275 °C,
the crystal architecture of complex 2 beginsto col-
lapse (Figure 4). Meanwhile, the crystallized water
molecul es can a so weaken its photol uminesce (Fig-
ure5). When temperatureis higher than 400°C, both
complexesare collapsed compl etely. The quenching
effect of hydrogen-bond vibrationsin complex 2 makes
itsfluorescence much weaker than that of complex 1,
although thefluorescence for both complexesisonly
generated by the same charge migrationfrom meta to
ligand®. For both crystal architectures, after excita-
tion at 280 nm, their emission peaks appear around
520 nm, but owing to the influence from waters of
crystdlization, theemission pesk of complex 2ismuch

weaker than that of complex 1 (Figure5).
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Figure5: Fluorescence spectraof complexesland 2 (A_ =
280nm)
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Figure6: Conductivity deter minationsfor complexesland 2
Thedectricd conductivity determinationsfor com-
plexes 1 and 2 (powder samplesof the crystals) reved
their conductivitiesof 7.58 x 10°and 7.32 x 10°S
cm* at room temperature, and the conductivitiesin-
creasewithtemperature (Figure 6). Becauseof thepres-
enceof silver chainsinboth crystas1 and 2, theelec-
trical experimenta resultsdemonstratethat both com-
plexes 1 and 2 possess semiconducting properties, and
their conductivitiesislittle strong compared to there-
ported vaug?.

CONCLUSIONS
In conclus on, twofluorescent complexeshavebeen

prepared with distinct Slver-wirestructures. Thecoor-
dination modesof 1, 3, 5-benzenetricarboxylic acids
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with silver ionsdecided thedifferencesinther crystal
architectures. For complex 2, theco-crystalized water
molecul es can weaken both thethermal stability and
thefluorescence. Thesesilver wirearchitecturesshould
be devel oped as nano-semiconductor.
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