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A novel Pt(II) complex [(L)PtCl] (HL=4-{p-[N-(4-(9-carbazole))butyl-N-phenyl] aniline}-6-phenyl-2,2′-bipyr-
idine) has been synthesized and verified by 1H NMR, elemental analysis and X-ray crystallography. The crystal
(C44H35N4ClPt, Mr=850.30) belongs to monoclinic system, space group P2(1)/c, with a=21.864(6), b=9.306
(3), c=17.240(5) Å, β=96.483(6)°, Z=4, V=3485.3(16) Å3, DC=1.620 g/cm3, μ(Mo-Kα)=4.141 mm−1,
F(000)=1688, R1=0.0591, wR2=0.0976. The coordinate geometry of the Pt atom is a distorted square
planar configuration. The complexmolecules are stackedby aweakπ–π interaction in a head-to-tail fashion along
the b axis to form1D chain and the alternating 1D chains are packed to form the 2D lamellar system. The complex
shows an intense metal-to-ligand charge transfer (1MLCT) (dπ(Pt)→π*(L)) transitions (ε ∼2×104 dm3 mol−1

cm−1) at 448 nm in theUV–Vis absorption spectrumand a strongphosphorescence at 592 nm inCH2Cl2 solution
at room temperature. An intramolecular energy transfer process from the carbazole unit to the arylamine-
modified [(C^N^N)PtCl] emissive center exists in the complex.
.
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Cyclometalated Pt(II) complexes with the (C^N^N) tridentate
ligand have recently received considerable interest in organic light-
emitting diodes (OLEDs) [1–5]. At room temperature, [(C^N^N)Pt]
complexes are phosphorescent emittingmaterials with high quantum
yields since the strong ligand field effect of the cyclometalated carbon
raises the energy of the d–d transitions, the moderate σ-donating and
π-accepting abilities of (C^N^N) ligand properly satisfy the demand of
the Pt(II) coordination geometry of the square plane to discourage the
D2d distortion which is likely to result in a non-radiactive decay [6,7].

Our group [8] integrated hole-transporting arylamine into the
[(C^N^N)Pt] phosphorescent emitting center to form a novel class of
multifunctional complexes. The bathochromically shifted maxima in
the absorption and emission spectra indicate that the incorporation of
an electron-rich group into the electron-deficient pyridine moiety can
strengthen the donor–acceptor (D–A) interaction. The resulting
complexes display stronger phosphorescence in CH2Cl2 solutions at
room temperature with relatively higher quantum yields and much
longer lifetimes. An orange multilayer organic light-emitting diode,
used [(L2)PtCl] (HL2=4-[p-(N-butyl-N-phenyl)anilino]-6-phenyl-
2,2′-bipyridine) as phosphorescent dopant, was fabricated, achieving
a maximum current efficiency of 11.3 cd A–1 and a maximum external
efficiency of 5.7%.
Carbazole and its derivatives are classic blue-emission and electro-
active materials, widely utilized as hosters and charge transporters in
OLEDs [9–11], conductive electropolymers [12,13], and electrochro-
mic polymers [14]. In this paper, we further introduced a carbazole
unit into [(L2)PtCl] complex through alkyl chain to form tri-functional
complex and studied its photo-physical behaviors. The fundamental
design considerations are to 1) integrate the hoster and dopant into
onemolecule to simplify the production process of OLEDs; 2)maintain
spectral property of each component separately, which can help to
study the interaction between them by selective optical- and electro-
stimulation.

The synthesis of ligand and complex explored in this work are
shown in Scheme 1. Carbazole directly coupled with excess 1, 4-
dibromobutane under strong basic condition to afford 9-(4-bromo-
butane)carbazole (1) [15]. 4-(p-bromophenyl)-6-phenyl-2,2′-bipyr-
idine was obtained using Kröhnke's method [16]. The powerful
palladium-catalyzed Buchwald method and the efficient Pd(OAc)2/
DPEphos catalyst/ligand system [17] were adopted to facilitate the
condensation of aniline with 4-(p-bromophenyl)-6-phenyl-2,2′-
bipyridine. Then the resulting intermediate (2) reacted with 9-(4-
bromobutane) carbazole (1) to afford the ligand HL (3) [18]. The
cyclometalated Pt(II) chloride 4was synthesized by refluxing the ligand
HL (3) and K2PtCl4 in glacial acetic acid for 24 h in over 80% yield [19].

The single crystal of 4 was grown by slowly evaporating the
solvent from its concentrated CH2Cl2/MeOH solution; its crystal data
and crystal structure parameters are listed in Table 1 and the details of
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Scheme 1. Synthetic route of the Pt(II) complex.

Table 1
Crystal data and crystal structure parameters.

Complex Value

Empirical formula C44H35ClN4Pt
Formula weight 850.30
Temperature/K 296(2)
Wavelength/Å 0.71073
Crystal system Monoclinic
Space group P2(1)/c
a/Å 21.864(6)
b/Å 9.306(3)
c/Å 17.240(5)
α/(°) 90.00
β/(°) 96.483(6)
γ/(°) 90.00
Volume/Å3 3485.3(16)
Z 4
Dc/(mg m–3) 1.620
Absorption coefficient/mm–1 4.141
F(000) 1688
Crystal size/mm 0.17×0.14×0.07
θ range for data collection/(°) 2.38 to 25.00
Limiting indices −17≤h≤25,−11≤k≤10,−20≤ l≤20
Completeness to θ=25.00° 99.5%
Data/restraints/parameters 6101/2/451
Goodness-of-fit on F2 0.931
Final R indices [IN2σ(I)] R1=0.0591, wR2=0.0841
R indices (all data) R1=0.1566, wR2=0.0976
Largest diff. peak and hole/(e Å–3 ) 1.180 and−0.978
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the data collection, structure solution and refinement are given in
[20]. Fig. 1 shows the perspective view of complex 4. The coordinate
geometry of the Pt atom is a distorted square planar configuration
with the C(1)-Pt(1)-N(2) and N(1)-Pt(1)-Cl(1) angles of 160.72(16)
and 179.30(11)°. The bond distances of Pt-C(1), Pt-N(1) and Pt-N(2)
are 2.021(4), 1.868 (3) and 2.082 (4) Å, respectively, which are
comparable to those of previously reported analogous [21–24]. The
configuration of C^N^N ligand is basically a plane with the C(1)-C(6)-
C(7)-N(1) and N(2)-C(12)-C(11)-N(1) torsion angles of 2.40 and
0.76°. The dihedral angle between the phenyl ring at 4-position of the
C^N^N ligand and the plane of the [(C^N^N)Pt] moiety is 23.75°. The
geometry of the N(3) atom is a distorted tetrahedral configuration
with the C(20)-N(3)-N(28), C(20)-N(3)-N(29) and C(28)-N(3)-N
(29) angles of 119.3(4), 120.2(4) and 115.6(4)°. The peripheral
carbazole unit is approximately a planewith the C(37)-C(38)-C(39)-C
(40) torsion angle of 4.75°.

Instead of forming a continuous chain with Pt–Pt linkage in
[(C^N^N)PtCl] [23,24] or a alternating arranged dimer [8], the
complex molecules are stacked in a head-to-tail fashion along the b
axis to form 1D chain (Fig. 2) with a Pt–Pt distance of 6.245 Å,
suggesting no metal–metal interaction. The [(C^N^N)PtCl] moieties
are almost parallel with the least dihedral angle of 0.106°, and their
interplanar separation of 3.383 Å indicates that they are likely to be
held together by a weak π–π interaction. The alternating 1D chains are
packed to form the 2D lamellar system with the dihedral angle of
82.620° between the [(C^N^N)PtCl] moieties in neighboring chains.

Table 2 summarizes the absorption maxima and extinction
coefficients of the absorption bands for the obtained compounds



Fig. 1. Perspective view of 4 with the numbering scheme adopted (hydrogen atoms have been omitted for clarity).
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and Fig. 3 shows the long-wavelength region of the absorption spectra
for ligand HL (3) and the corresponding Pt (II) complex (4). The
intense absorption bands in the high-energy region (λb376 nm) with
extinction coefficients (ε) of the order of 104 dm3 mol–1 cm–1 were
observed in the absorption spectra of 3 and 4, which are dominated by
1IL (π→π*) transitions, while the low-energy band with λmax at
448 nm in the absorption spectrum of 4 is assigned to the spin-
allowed singlet dπ(Pt)→π*(L) metal-to-ligand charge transfer
Fig. 2. 2D lamellar packing diagram of 4 (hydrogen atoms and the Carbazole-
substituted phenylamino units have been omitted for clarity).

Table 2
Absorption maxima of the compounds in CH2Cl2 solutions at 298 K.

Compound λmax(nm)(ε×103 dm3 mol–1 cm–1)

1 332(3.5), 294(14.0), 264(20.0)
3 346(28.5), 294(37.0), 262(50.9)
4 448(19.8), 376(20.6), 328(27.2), 294(55.3), 264(75.3)
[(L2)PtCl] 449(20.6), 373(18.6), 327(21.4), 279(33.3)
(1MLCT) transitions. Owing to the strong D–A interaction between
the amine unit and the C^N^N cyclometalating ligand [8], the molar
extinction coefficient of the MLCT band is 2–3 times larger than those
of the reported C^N^N cyclometalated Pt(II) complexes [1,2].
Compared to that of the reported complex [(L2)PtCl], no apparent
change in the long-wavelength region of the absorption spectrumwas
observed for 4, suggesting the introduction of carbazole unit through
alkyl chain has no influence on the energy level of the [(L2)PtCl]
moiety.

The PL properties of compounds in CH2Cl2 solution are listed in
Table 3. Three distinct emission bands are observed for 9-(4-
Bromobutane)carbazole (1) in CH2Cl2 solution and in solid state
Fig. 3. UV–vis absorption spectra of ligand HL (3) and complex (4).

Table 3
PL data of the compounds.

Compound λmax(nm)(Фa) λmax(nm) λmax(nm)

In fluid solutionb In alcoholic glassc In solid states (298 K)

1 350, 368, 385(sh) – 418, 436, 460(sh)
3 462 – 446
4d 592(0.10 ) 582, 622 612
[(L2)PtCl]d 595(0.11) 581, 624 604, 625(sh)

a [Ru(bpy)3](PF6)2 in degassed acetonitrile at 298 K (Фr=0.062) as reference.
b Measured in degassed CH2Cl2 solutions at 298 K (concentration∼1×10–5 mol dm–3).
c Measured in CH3OH/C2H5OH=1/4 (V/V) at 77 K.
d Excitation wavelength: 450 nm.



Fig. 4. Normalized PL spectra of 4 in dichloromethane solution at 298 K, in an alcoholic
glass (4: 1 EtOH/MeOH) at 77 K and in solid state at 298 K.
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respectively. Compared to the ones in CH2Cl2 solution, the large
bathochromic shifts of three emission bands in solid state indicate the
strong effect of molecular aggregation. Ligand HL (3) shows a blue
emission band at 462 nm in CH2Cl2 solution, which is blue-shifted to
446 nm in solid state due to the steric hindrance effect.

For the multi-component complex 4, the selective optical-
stimulation experiments were conducted. Excited at 450 nm, which
was into the Pt(II)-based MLCT absorption band, complex 4 displays a
strong emission at 592 nm with relatively high quantum yield of 0.10
in CH2Cl2 solution at 298 K, and it demonstrates PL maxima at 600,
594 and 590 nm in methanol, ethyl acetate and toluene solutions,
respectively. While a negative solvatochromic effect is observed for its
MLCT absorption wave (λmax at 438, 438, 448 and 470 nm in
methanol, ethyl acetate, CH2Cl2 and toluene solutions respectively),
indicating the Stokes shift increases with strengthening solvent
polarity. At 77 K in alcoholic glass, complex 4 shows well-resolved
vibronic emission profile at 582 nm and 622 nm, respectively (Fig. 4).
In solid state, a red-shifted emission band at 612 nm is observed
arising from the π–π interactions between neighboring [(C^N^N)PtCl]
moieties, which is in accordance with the result of the Crystal
Structure section. The large Stokes shift, solvatochromic effect and
temperature dependence suggest that the emission of complex 4
originates from the spin-forbidden triplet excited state. And its
emission behaviors are almost as same as those of the reported
complex [(L2)PtCl] [8]. Excited at 320 nm, which was into the
carbazole absorption band in the UV region, complex 4 displays two
characteristic emission bands at ca. 350 and 592 nm, respectively. The
higher energy carbazole-based emission band dramatically quenched,
compared with those of 9-(4-Bromobutane)carbazole (1) and the
physical mixture of 9-(4-Bromobutane) carbazole (1) and complex
[(L2)PtCl] (molar ratio=1:1) under the same experimental condition.
The quenching efficiency ([1−(A/A0)]×100(%)) is 85.8%, in which A
and A0 stand for the integrated area from 320 nm to 500 nm in the
emission spectra of complex 4 and 9-(4-Bromobutane)carbazole (1),
respectively. While the intensity of the latter band clearly increased
compared to that of complex [(L2)PtCl]. These results suggest that an
intramolecular energy transfer process from the carbazole unit to the
arylamine-modified [(C^N^N)PtCl] emissive center exists in complex
4. The studies on OLEDs and electrochemistry are in progress and will
be reported in another paper.
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