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A Blue Luminescent Star-Shaped ZnII Complex
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Luminescent metal complexes are a fascinating class of
molecules that have found applications in many areas of
chemistry and materials science. For example, it has been
demonstrated that luminescent metal compounds can func-
tion as emitters in light-emitting devices.[1] Luminescence is
often used as a tool for the detection of a certain weak metal ±
metal interactions.[2] There are several recent reports on the
effect of organic solvents on the luminescence of transition
metal compounds,[2] of which most intriguing are the reports
by Balch and co-workers that describe an unusual solvo-
luminescent phenomenon displayed by gold(i) cluster com-
pounds.[2c,d] The high sensitivity of the luminescence of metal
complexes to their environment demonstrated in these
reports makes such complexes possible fluorescent sensors
for specific chemicals. Although there are abundant reports
on the use of luminescent transition metal compounds as
fluorescent sensors, information on the direct correlation
between structures and sensor capability is still scarce. Blue
luminescent compounds are a class of highly sought-after
materials primarily, because of their potential application as
emitters in electroluminescence displays.[3±4] In addition,
because most blue emitters have absorption bands in the
UV or near-UV region where many aromatic molecules
absorb, they have the potential to function as fluorescent
sensors for the detection of aromatic molecules, such as
benzene, that are an environmental concern.

During our investigation of blue luminescent compounds,
we synthesized a new class of blue luminescent organic star-
shaped molecules that contain either 7-azaindolyl or 2,2'-
dipyridylamino groups. Some of the new star-shaped mole-
cules have been found to be promising blue emitters in
electroluminescence devices.[4d, 5] Most interestingly, we found
that the new star-shaped molecules are capable of coordinat-
ing to various metal centers, which results in the formation of
novel coordination compounds. Some of these new com-
pounds are capable of selectively detecting specific small
molecules by functioning as fluorescent sensors, an example
of which, the ZnII complex of 1,3,5-tris(p-(2,2'-dipyridylami-
no)phenyl)benzene (TPDPB), is described herein.

The novel TPDPB ligand was obtained by a two-step
synthesis in an overall 68 % yield. The first step is based on a
literature procedure[6] and the second step uses Ullmann
condensation methods[7] (Scheme 1). The TPDPB ligand
displays a broad emission band at lmax� 386 nm in solution
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(CH2Cl2) and at lmax� 400 nm in the solid state when
irradiated by UV light. The quantum efficiency of TPDPB
in solution was determined to be 0.19, relative to that of
9,10-diphenylanthracence. The star-shaped complex,
[(ZnCl2)3(TPDPB)] (1) was obtained from the reaction of
TPDPB with three equivalents of ZnCl2 in CH2Cl2/CH3OH
solution. Complex 1 is stable toward air and moisture in
solution and in the solid state, and its fluorescence emission
shows an unusually high selectivity to benzene vapor.

Single-crystal X-ray diffraction revealed that 1 adopts
several different motifs of crystal lattices,[8] which depend on
the solvents used in crystallization. In the presence of CH2Cl2

and a small amount of benzene, crystals A with the
composition of [(ZnCl2)3(TPDPB)] ´ 3 CH2Cl2 ´ 0.25 C6H6

were obtained. When a solution of CH2Cl2 and benzene in a
1:1 ratio was used, crystals B with the composition of
[(ZnCl2)3(TPDPB)] ´ 3 C6H6 were formed. The molecular
structure of 1 in both crystals is similar. The structure of 1 in
the crystal lattice of A (Figure 1) has a crystallographically
imposed C3 symmetry with a bowl shape. In both A and B
each ZnCl2 unit is chelated by two 2-pyridyl groups and
has a distorted tetrahedral geometry and normal bond
lengths[4e, 4f, 9] (A : ZnÿN 2.017(8) ± 2.051(8), ZnÿCl
2.190(3) ± 2.198(3) �; N-Zn-N 90.4(3) ± 90.6(3), Cl-Zn-Cl
116.85(16) ± 117.24(14), Cl-Zn-N 108.0(2)-116.4(2); B :
ZnÿN 1.969(11)-2.052(9), ZnÿCl 2.148(4) ± 2.212(3) �;

Figure 1. Stick/space-filling diagrams showing the sandwiched arrange-
ment of benzene and 1 in crystal A, viewed along c axis (left) and viewed
down the c axis (right). Benzene: yellow, space filling; CH2Cl2: light blue,
stick. The interlocked pairs of molecules of 1 are shown as red and green,
respectively

N-Zn-N 88.8(5) ± 90.1(4), Cl-
Zn-Cl 119.58(15) ± 122.80(14),
Cl-Zn-N 105.2(3) ± 116.0(3)8).
In the crystal lattice of A, two
neighboring molecules of 1 are
paired and staggered in a face-
to-face fashion with the separa-
tion between the central phenyl
rings being 3.85(1) �. These
pairs stack along the c axis to
form a hexagonal column. The
benzene molecule is situated

directly above the central phenyl ring of 1 and sandwiched
by two molecules of 1 (Figure 1). The separation between the
benzene molecule and the two central phenyl rings of 1 is
3.60(1) �, indicative of the presence of p ± p stacking
interactions. There are three benzene solvent molecules per
molecule of 1 in the crystal lattice of B, which do not stack
with compound 1 in the face-to-face manner observed in A.
Two of the benzene molecules are nearly perpendicular to the
TPDPB ligand while the remaining one is somewhat parallel
to the TPDPB ligand shown (Figure 2), but is perpendicular to

Figure 2. Space-filling diagram of the molecular structure of 1 in crystal B.
Green: chlorine, blue: nitrogen, red: zinc, gray: carbon, yellow: benzene.

a neighboring TPDPB ligand of an adjacent molecule in the
lattice. The p ± p interactions in B are therefore both edge-to-
face and face-to-face. The crystals A and B demonstrate that
in the solid state compound 1 has a high affinity for benzene,
which makes 1 a possible fluorescent sensor for benzene.

Compound 1 shows a broad emission band (lmax� 417 nm
in solution and lmax� 432 nm in the solid state) resembling
that of TPDPB but red-shifted by�30 nm. A similar red-shift
as a consequence of ZnII coordination is observed for tris(2-
pyridyl)amine ZnII complexes[4f] where the ZnII ion is chelated
by two 2-pyridyl groups in a similar fashion to that in 1. The
quantum efficiency of 1 is similar to that of the free ligand. To
study the potential of 1 as a fluorescence sensor, we prepared
a modified optical-fiber tip by attaching a freshly prepared
prepolymerized polydimethylsiloxane (PDMS) bead contain-
ing 1 (1.8 mm diameter, prepared by mixing prepolymerized
PDMS (50 mg) with a CH2Cl2 (0.3 mL) solution of 1 (0.25 mg)
and allowing the mixture to dry until sticky) to a fused silica
optical fiber (0.6 mm in diameter). Fluorescent measurements
were carried out by using an optical-fiber setup.[10] Upon
exposure to benzene, the intensity (integrated) of the

Scheme 1.
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emission band of 1 decreases. The response curves in Figure 3
show both the absolute signal and the Stern ± Volmer
response. The linear Stern ± Volmer response is consistent
with well-behaved fluorescence quenching systems. After the
removal of benzene vapor, the fluorescence of 1 recovers to
the initial intensity. To study the selectivity of our sensor, we

Figure 3. The response curves of 1 as an optical sensor for benzene; F0/F�
Stern ± Volmer.

placed our sensor in contact with 500 ppm of selected
compounds and examined the change of fluorescent intensity.
For each compound, five measurements were carried out. The
averaged results given in Figure 4 show that compound 1 has a
remarkably high selectivity for benzene. Most noteworthy is
that of the four aromatic molecules examined (benzene,
toluene, ethyl benzene, and xylene) benzene stands out in
terms of fluorescence response. A similar fluorescent re-
sponse was not observed by using the free ligand TPDPB as
the probe.

Figure 4. A diagram showing the change of fluorescent intensity of 1 in the
optical sensor upon exposure to 500 ppm selected molecules.

Although the precise nature of the interactions between the
benzene molecule and compound 1 in PDMS cannot be
established at this time, the high selectivity of the fluorescence
of compound 1 towards benzene could be attributed to the
high affinity of 1 for benzene as demonstrated in the crystals
A and B. Fluorescence quenching by p ± p stacking interac-

tions is well documented.[11] Therefore, p ± p interactions,
face-to-face or edge-to-face, between benzene and 1 as
observed in A and B are most likely to be responsible for
the fluorescent quenching.

Chemical sensors, based on fiber-optic devices, for benzene
have been reported.[12] Fiber-optic sensors based on fluores-
cence have some advantages over other strategies, these are
ease of operation and use, low sensitivity to defects in
coatings, insensitivity to electrical interference, and use in gas
and liquid phases. However, fluorescence sensors based on
solid-state materials for the selective detection of benzene
vapor are still rare. Although the response of the optical
sensor 1 towards benzene is still far from being suitable for
practical applications, it demonstrates that complexes based
on the novel TPDPB ligand are promising as fluorescent
sensors for specific organic molecules.

Experimental Section

TPDPB: A mixture of 1,3,5-tris-(p-bromophenyl)-benzene (0.98 g,
1.8 mmol), 2,2'-dipyridylamine (1.54 g, 9.0 mmol), K2CO3 (1.24 g,
9.0 mmol), and CuSO4 (0.13 g, 0.518 mmol) in water (20 mL) and CH2Cl2

(100 mL) was stirred well, and evaporated to dryness in vacuum. The
residue was heated at 210 8C for 8 h under N2. After being cooled to
ambient temperature, the mixture was dissolved in CH2Cl2 (100 mL) and
water (100 mL). The organic layer was purified by column chromatography
using THF/hexane (3/1) as the eluent to obtain colorless crystalline solid of
TPDPB (1.24 g, yield 85%). M.p. 177 ± 180 8C; 1H NMR (300 MHz, CDCl3,
25 8C): d� 8.42 (d, 3J� 5.1 Hz, 6 H, py), 7.79 (s, 3H, ph), 7.71 (d, 3J� 8.6 Hz,
6H, ph), 7.63 (dd, 3J1� 8.6 Hz, 3J2� 6.9 Hz, 6H, py), 7.32 (d, 3J� 8.6 Hz,
6H, ph), 7.08 (d, 3J� 8.6 Hz, 6H, py), 7.00 (dd, 3J1� 6.9 Hz, 3J2� 5.1 Hz,
6H, py); 13C NMR (300 MHz, CDCl3, 25 8C): d� 158.0, 148.7, 144.5, 141.7,
138.1, 128.6, 126.9, 118.4, 118.3, 117.8, 117.5. Elemental analysis calcd (%)
for C54H39N9/H2O: C 77.97, H 4.93, N 15.16; found: C 78.51, H 4.75, N 14.64.

1: A solution of TPDPB (0.050 g, 0.0614 mmol) in CH2Cl2 (5 mL) was
added to a solution of anhydrous ZnCl2 (0.0276 g, 0.203 mmol) in CH3OH
(10 mL) at ambient temperature under N2. The solution was left to stand
for three days and a colorless powder of 1 was obtained (0.066 g, 72%).
M.p.> 300 8C; 1H NMR (300 MHz, [D4]methanol, 25 8C): d� 8.26 (dd, 3J�
5.1 Hz, 4J� 0.9 Hz, 6 H, py), 7.92 (S, 3H, ph), 7.83 (d, 3J� 8.4 Hz, 6 H, ph),
7.75 (ddd, 3J� 7.8 Hz, 3J'� 7.2 Hz, 4J� 1.8 Hz, 6 H, py), 7.31 (d, 3J� 8.4 Hz,
6H, ph), 7.13 (dd, 3J� 7.2 Hz, 3J'� 5.1 Hz, 6 H, py), 7.11 (d, 3J� 7.8 Hz, 6H,
py). Elemental analysis calcd (%) for C58.5H46.5N9Cl12Zn3: C 46.93, H 3.13, N
8.42, found: C 46.61, H 2.94, N 8.80.
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The supramolecular organization displayed by surfactant
assemblies (SAs) and block copolymers (BCs) is often
characterized by various ordered microstructuresÐspherical,
lamellar, hexagonal, and cubic phasesÐthat exhibit different
curvatures of a common interface that defines the boundary
between dissimilar segments of the molecular components.
The ultimate microstructure reflects a delicate balance of
forces on opposite sides of the interface.[1, 2] Though typically
described by smaller length scales, analogous architectures
are evident in crystalline small-molecule assemblies,[3] such as
the hexagonal urea[4] and perhydrotriphenylene[5] inclusion
compounds, supramolecular hydrogen-bonded nanotubes
formed by cyclic peptides[6] and cyclodextrins,[7] high-symme-
try metal ± organic coordination networks,[8] and lamellar
organic salts.[9] To the best of our knowledge, however,
structural isomerism in organic single crystals based on the
curvature of a common two-dimensional supramolecular
interface is unknown.

We previously reported that, depending on the identity of
the organic substituent, guanidinium organomonosulfonates
typically crystallize as either bilayered or continuously
layered (CL) architectures. The organic substituents form
interdigitated arrays between ªquasihexagonalº hydrogen-
bonded sheets of the guanidinium ions (G) and sulfonate (S)
moieties (Figure 1).[10] The two architectures differ with
respect to the projection of the organic substituents from
each GS sheetÐwhereas substituents project from the same
side of each sheet in the bilayer form they project from both
sides in the CL architecture, thereby accommodating sub-
stituents with a larger steric ªfootprintº. The GS sheet can be
described as one-dimensional GS ribbons fused by hydrogen
bond ªhingesº that allow the sheets to pucker (about an angle
qIR) in the CL architectures in order to optimize the packing
of the organic substituents.[11] Guanidinium salts of appropri-
ately chosen organodisulfonates form analogous bilayer and
continuous ªbrickº host architectures in which the organic
substituents serve as ªpillarsº and generate guest-filled
inclusion cavities between the GS sheets.[12] The preference
for a given host architecture depends upon the shape and
relative sizes of the pillars and guests, the latter behaving as
templates that direct the formation of a particular GS host
architecture.

We have now discovered that guanidinium organomono-
sulfonates can also form inclusion compounds, with their
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