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Cyclometalated Platinum(ll) Complex with Strong and Broadband Nonlinear Optical

Response

Introduction

Square-planar platinum(ll) complexes have attracted great

interest in recent years due to their potential applications as
photocatalystsand in a variety of photonic devices, such as
light-emitting diodes, photovoltaic cell$,and chemosensofs.
In these complexes, platinum(ll) bonded with a large conjugated
ligand(s) often leads to interaction between the metal center
and the organic molecule framework. As a result, the electron
delocalization of the complexes would be extended, and the
molecules could possess a large third-order nonlinear optical
response. In addition, the heavy-metal effect of the platinum-
() ion could enhance the intersystem crossing (ISC) rate to
the triplet excited states and thus favors the triplet excited-state-
based reverse saturable absorption (RSA) and nonlinear trans
mission process.

It is well-known that in order to increase the RSA, the
materials are required to possess a large ratio of excited-stat
absorption to ground-state absorption cross sections, a high
qguantum yield of excited-state formation, and/or a long-lived
excited state. Presently, molecules exhibiting a strong RSA effect
usually possess large rigid conjugated frameworks, such as
porphyrins® phthalocyanine$, and fullerenes. These rigid
compounds usually have poor solubility and dark colors, and
thus, their practical applications are limited. Recently, some
platinum(ll) alkynyl complexes were reported to show large
reverse saturable absorption and broad spectral and tempora
nonlinear transmission behavibrHowever, some of these
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A cyclometalated platinum(ll) 4,6-diphenyl-2-Bipyridyl pentynyl complex 1) has been synthesized and
structurally characterized. Its photophysical and third-order nonlinear optical properties have been systematically
investigated. This complex exhibits a metal-to-ligand charge-tran$f&rGT) absorption band between 400

and 500 nm and &VLCT emission band at-591 nm at room temperature with a lifetime ©fL00 ns. At

77 K, the emission band blue shifts. Both BVis absorption and emission spectra show solvent dependence.
Low-polarity solvents cause a bathochromic shift of the absorption and emission bands. This complex also
exhibits a broad and strong transient absorption from the near-UV to the near-IR spectral region, with a
triplet absorption coefficient of 4933-mol~*-cm™ at 585 nm and a quantum yield of 0.51 for the formation

of the triplet excited state. Nonlinear transmission and Z-scan techniques were employed to characterize the
third-order nonlinearities of this complex. A strong and broadband reverse saturable absorption was observed
for nanosecond and picosecond laser pulses due to the reduced ground-state absorption in the visible spectral
range. It also exhibits a self-defocusing effect at 532 nm for nanosecond laser pulses. The excited-state
absorption cross section deduced from the open-aperture Z-scan increases at longer wavelengths, with an
exceptionally large ratio of excited-state absorption to ground-state absorption of 160 at 570 nm for picosecond
laser pulses.

revealed that a variety of mononuclear and multinuclear
platinum(ll) terpyridyl and 4,6-diphenyl-2:bipyridyl com-
plexes exhibit relatively long triplet excited-state lifetimes, broad
and moderately strong excited-state absorption, and reasonably
high quantum yields to form the triplet excited st&teAll of

these merits lead to a strong reverse saturable absorption for
nanosecond laser pulses at 532 ¥ilost importantly, we have
discovered that the excited-state characteristics, such as energy
level, lifetime, and excited-state absorption, are influenced
drastically by the nature of the terdentate ligand, the auxiliary
substituents on the terdentate and the acetylide ligands, as well
as the bridging ligand in the case of multinuclear complexes.
Among all of the complexes synthesized and investigated in
our group, the 4,6-diphenyl-2;Bipyridyl (dphbpy) and pentynyl
ligands were found to give rise to the strongest RSA in their
corresponding series of complexes. To figure out whether a
esynergistic enhancement occurs when the optimized ligands are
combined, a new platinum(ll) complek containing the 4,6-
diphenyl-2,2-bipyridyl and pentyny! ligands (Figure 1) was
synthesized, and its photophysical and nonlinear optical proper-
ties have been systematically investigated. Its photophysical and
RSA behaviors have been compared to those of the platinum-
(I1) 6-phenyl-4-tolyl-2,2-bipyridyl phenylacetylide complex
(2)%aand the platinum(ll) terpyridyl pentynyl compleg)(t°c

As expected, this new complex exhibits not only stronger RSA
0 nanosecond laser pulses at 532 nm but also a broad spectral
nonlinear optical response to picosecond laser pulses.

complexes are not quite stable upon exposure to UV light and . )
laser beam& This motivates us to investigate the more EXxperimental Section

photostable terdentate platinum(ll) complexes. Our studies have

Synthesis.The precursor complex 4,6-diphenyl-2{#pyri-
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CsH7
Figure 1. Chemical structures of complexés-3.

purchased from Alfa Aesar. Solvents were used as received
unless otherwise stated.

IH NMR spectra were measured on a Varian 400 MHz
VNMR spectrometer. ESI-HRMS analyses were conducted on
a Bruker Daltonics BioTOF lll mass spectrometer. Elemental
analyses were performed on a Perkin-Elmer 2400 Series I
CHNS/O analyzer.

(1) A mixture of 25 mg of KOH in 3 mL of DMF was purged
with argon for 30 min; then, 0.1 mL of pentyne was added, the
mixture was stirred for 30 min, and 78 mg of dphbpyPtCl and
5 mg of Cul were added. After the mixture was stirred under
argon at room temperature for 36 h, 50 mL of ether was added.
The crude product was collected by filtration, purified by passing
through a short aluminum oxide column three times, and
recrystallized by diffusing ether into GBIy; yield: 17%.1H
NMR (CDCls) 6: 9.15 (s, 1H), 7.967.97 (m, 3H), 7.677.68
(m, 3H), 7.58 (s, 1H), 7.4%7.51 (m, 4H), 7.50 (d) = 7.6 Hz,
1H), 7.14 (tJ= 7.2 Hz, 1H), 7.01 (tJ = 7.2 Hz, 1H), 2.65 (t,
J=7.2 Hz, 2H), 1.70 (hex) = 7.2 Hz, 2H), 1.11 (tJ = 7.2
Hz, 3H) ppm. ESI-MS: m/z calcd for [G7HaaNoP#99™,
570.4575; found, 570.2392 (100%). Anal. Calcd forHGoN,-

Pt: C, 56.94; H, 3.89; N, 4.92. Found: C, 57.44; H, 3.51; N,
5.31.

Crystal Structure Determination. A crystal with dimensions
of 0.3 x 0.2 x 0.2 mm was mounted on a glass fiber and coated
with super glue. The crystal was transferred to a Bruker CCD
diffractometer with Mo Ku radiation ¢ = 0.71073 A). The
frames were collected at ambient temperature with a scan width
of 0.3 in w and integrated with the Bruker SAINT software
package using the narrow-frame integration algorithm. The unit
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TABLE 1: Crystallographic and Structural Refinement
Data for 1

empirical formula GsH24ClLNPt
FW 654.48
crystal system monoclinic
space group P21lc

alA 16.2361(6)
b/A 9.5110(4)

c/lA 17.9203(6)
a/deg 90

pldeg 114.692(2)
yldeg 90

VIA3 2514.26(16)
z 4

Pealcdg-cm3 1.729

ulemt 5.812

F(000) 1272

TIK 293(2)
wavelength/ A 0.71073
data collection range/deg 2.30-25.24

index ranges

reflections collected/unique
final [I > 20(1)]2 R, = 0.0636 wR, = 0.1238
Rindices (all dat&) R, =0.1195wR, = 0.1583

AR = X(IIFo| — [FI)/Z|Fol; WRe = [E(W(F2 — FA?)/E(FD)? 12

—19<h=<19-11<k=11-21=<|<21
21020/436iht) = 0.1099]

Photophysical Measurements.The UV—vis absorption
spectra were measured using an Agilent 8453 spectrophotometer
in a 1 cmquartz cuvette in CECN solution. The steady-state
fluorescence spectra were obtained on a SPEX fluorolog-3
fluorometer/phosphorometer in GEIN solution. The excited-
state lifetimes, the triplet excited-state quantum yields, and the
triplet transient difference absorption spectra were measured in
CH3CN solutions on an Edinburgh LP920 laser flash photolysis
spectrometer. The third harmonic output (355 nm) of a Nd:
YAG laser (Quantel Brilliant, pulse widtk 4.1 ns, repetition
rate 10 Hz) was used as the excitation source. Each sample was
purged with Ar for 30 min before measurement.

The triplet excited-state molar extinction coefficient and triplet
guantum yield were determined by the partial saturation
method!* The optical density at 585 nm was monitored when
the excitation energy at 355 nm was gradually increased.
Saturation was observed when the excitation energy was higher
than 10 mJ. The following equation was then used to fit the
experimental data to obtain the and &4

AOD = a(1 — exp(=bl,)) Q)

cell was determined and refined by least-squares upon thewhere AOD is the optical density at 585 nniy, is the pump

refinement ofXYZcentroids of reflections above 2Q). The
data were corrected for absorption using the SADABS program.
The structures were refined d# using the WinGx software
packagé? Post-refinement of the unit cell gawe= 16.2361-

(6) A, b = 9.5110(4) A,c = 17.9203(6) A,a = 90, =
114.692(2),y = 90, andV = 2514.26(16) A The compound
has monoclinic space grolg21/c.

The structure was solved by the direct method. All of the
non-hydrogen atoms were refined with anisotropic displacement
coefficients. Hydrogen atoms were located and refined isotro-
pically using SHELXL97:3 The weighting scheme employed
wasw = 1/[c 3(Fo?) + (0.308P)2 + 46.674%] whereP = (F/?

+ 2FA)/3. The refinement converged R = 0.0636,WR, =
0.1238 for reflections with 1> 20(l), Ry = 0.1195,wR, =
0.1583 for all dataR; = Z(IIFo| — |Fd)/Z|Fo|, WR = [Z(W(Fo?

— FA)I(FAHY2, andS = goodness-of-fit orF2 = [Z(w(F4?

— FA?3(n — p)]*2, wheren is the number of reflections anul

is the number of parameters refined.) Crystallographic and
structural refinement data are listed in Table 1.

intensity in Einsteicm™2, a = (e — €g)dl, andb = 2303

e @7/A. er and ¢ are the absorption coefficients of the
excited state and the ground state at 585 «fjhis the ground-
state absorption coefficient at the excitation wavelength of 355
nm, d is the concentration of the sample (niot?), | is the
thickness of the sample, andl is the area of the sample
irradiated by the excitation beam.

Nonlinear Transmission MeasurementsThe experimental
setup was similar to what had been described previdd%lyith
a 20 cm lens used to focus the beam to the sample cuvette. The
thickness of the cuvette is 2 mm.

Z-Scan MeasurementsThe experimental setup is shown in
Figure 2. The light sources were a Quantel Brilliant Nd:YAG
laser with a pulse width of 4.1 ns and a repetition rate of 10 Hz
for nanosecond Z-scan measurements and an EKSPLA PG401
Optical Parametric Generator (OPG) pumped by an EKSPLA
PL2143A passively mode-locked, Q-switched Nd:YAG laser
with a pulse width of 27 ps and a repetition rate of 10 Hz for
picosecond Z-scan measurements. The energy from the laser



1174 J. Phys. Chem. A, Vol. 112, No. 6, 2008 Shao et al.

TABLE 2: Selected Bond Lengths (A) and Bond Angels

(deg) for 1

-l_ Pt(1)-C(5) 1.982(16) PH{HN(L) 1.986(10)
Pt(1)-C(27) 2.060(13) P{HN() 2.109(12)
C(4)-C(5) 1176(19) CGYPHI-N@L)  179.1(5)

C(5-Pi(1-C(27) 99.7(5) = N(L}Pt(1-C(27) 81.2(5)
C(5-Pt(1-N(2) 101.0(5)  N(LFPt(1-N(2)  78.2(4)
C(27)-Pt(1)-N(2) 159.4(5) C(5YC(4)-C(3)  176.2(19)

transfer {MLCT) transition with reference to similar cyclom-
etalated platinum(ll) alkynyl complexes reported in the litera-
turel® The high-energy absorption bands at 2890 nm are
assigned to thér,z* transition within the dphbpy ligand. The
UV —vis absorption ofl follows Beer’s law in the concentration
range of 2.1x 107 to 5.0 x 1074 mol/L, indicating that no
aggregation occurs at this concentration range. Temperature also
shows no effect on the UWvis spectrum from 0 to 48C. This
suggests that no conformational change or intermolecular
interaction occurs within this temperature range. In contrast,
the polarity of the solvent influences the UYVis spectrum of

1. As shown in Figure 6, low-polarity solvents, such as toluene
and THF, cause a significant red shift of the whole spectrum;
Figure 3. ORTEP diagram of complet with 50% ellipsoid prob- especially théMLCT band exhibits a 40 nm bathochromic shift
abili_ty. Hydrogen atoms and solvent molecules have been omitted for j, comparison to that in acetonitrile. This indicates that the
clarity. ground state ofl is more polar than that of the excited state,

L which has been observed in many other square-planar platinum-
was attenuated through a combination of a half-wave plate and(”) complexesiob.il y q P P

a polarizing cube beam splitter. For the nanosecond Z-scan, the It is also interesting to note that the W\is spectrum ofl
laser beam was focused by a 20 cm focal length plano-convexiS more similar to that of the compleX which contains the

I(_ens oa beam waist of 20@“ atzthe focal po!nt, whlch_glves same CN”N terdentate ligand but has a phenylacetylide ligand
rise to a Rayleigh lengthed = wwy/2, wherewo is the radius at  jqeaq of the pentynyl ligand. This suggests that it is the

Fhe beam W_aiSt) of 2.48 mm. The samp_le solution was placed o jentate ligand rather than the auxiliary ligand that determines
in a 1 mmthick quartz cuvette. For the picosecond Z-scan, the o teature of the UVvis absorption spectrum.

lens used was a 15 cm plano-convex lens with a beam waist of - g pisgjon, Complex1 is emissive at room temperature and
33.0um at the focal point, which corresponds to a Rayleigh 77 « in 4 variety of solvents. Figure 7 displays its emission
Iepgth of 6.42 mm. Thysa 2 mmcuvette was used for the spectra in acetonitrile solution at room temperature and aceto-
plcosgcond Z-scan measurements. The cuvette was placed on giiie glassy solution at 77 K. When excited at either 367 nm
motorized translation stage and was moved back and forth ;. 435 nm,1 exhibits only one short-lived (102 ns) emission
through the focal point. The movements of the translation stage o4 at~591 nm at room temperature, which is ascribed to

and the data acquisition were controlled by a computer. A the3MLCT excited state. In contrast, excitation at 332 nm results
wedged beam splitter was placed4 cm after the focal plane ;i 4 additional high-energy emission banc~&97 nm along

of the lens in ordgr to measure the open aperture and closg ith the MLCT band at 591 nm (see Supporting Information
aperture Z-scan simultaneously. An iris aperture was used in Figure S4). This high-energy band is consistent with the

front of the detector PD2 for the closed aperture Z-scan gmission band from the dphbpy ligand and, therefore, is ascribed
measurement. The photodetectors used were Molectron J4-09, e Ly state of the ligand. Additional support of the
joulmeters. different origins of these two emission bands arises from the
excitation spectra monitored at 397 and 591 nm, respectively.
As shown in Figure 8, the excitation spectrum corresponding
Crystal Structure. A single crystal ofl was obtained by  to the 397 nm emission band appears at 314 nm, while the
slow diffusion of ether into its dilute CHCl, solution. The excitation spectrum monitored at 591 nm gives rise to a
single-crystal X-ray diffraction result confirms a distorted structured feature with band maxima at 339, 372, 439, 454, and
square-planar geometry around the Pt center, similar to the475 nm. In addition, the 397 nm emission band and the 591
platinum acetylide complexes reported in the literaf@r€he nm band exhibit quite different lifetimes. As shown in Table 3,
bond length of Pt(B-C(5) is 1.982(16) A, which is comparable  the lifetime of the 591 nm emission band is 102 ns in
to the length of reported platinum acetylide compleXe:3e acetonitrile, while the lifetime of the 397 nm emission band is
The phenyl ring is almost coplanar with the C*N plane with too short to be measured by our instrument, whose resolution
a torsion angle of 27.X7 The two neighboring molecules are is approximately 5 ns. All of these clearly indicate the different
stacked parallel in a head-to-tail fashion (Figure 4), with-ar parentages of these two emission bands.
contact of ~3.505 A. The shortest distance between two  When the concentration of the solution increases fromx1.9
neighboring Pt atoms is 7.122 A; therefore, no intermolecular 1075to 5.0 x 10~4 mol/L, the intensity of the emission band at
Pt---Pt interactions are possible. The selected bond lengths and~397 nm decreases, while the intensity of the band at 591 nm
bond angles are listed in Table 2. keeps increasing. The decrease of the emission intensity of the
UV —Vis Absorption. The electronic absorption spectrum of 397 nm band is presumably attributed to self-quenching that is
1in acetonitrile solution is shown in Figure 5. It features a broad commonly seen in many other organometallic complé&es.
low-energy band in the range of 46600 nm € ~ 5.8 x 10° However, because of the considerable ground-state absorption
L-mol~t-cm™1), which is ascribed to the metal-to-ligand charge- at 397 nm, the inner filter effect may also play a role. Due to

Results and Discussion
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Figure 4. Packing diagram ol with 50% ellipsoid probability. View normal to (010).
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Figure 5. UV —vis absorption spectrum dfin acetonitrile. The inset and 77 K. The solution concentration is 34105 mol/L; Aex = 432

shows the comparison of the normalized absorption spectta8fin nm.
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104 Ex. at4 =397 nm
i 3 ---Ex ati_=591

8 1.0 toluene A * & e m
< - '
- & DCM z gl L
= W - - - - acetone 2 / v
© 084 W 5 1 1
2 %1% —-=-THF 2 L
5 \.:& ---= DMF ; 0.6 |\ ’, \
© 0.6 acetonitrile ol !
> N !
= © 044 Y
5 5 \
+« 0.4 )
£ Z 02 \
he} AY
w AY
N 0.2 .
1] 0.0 T T T T T T T
S 200 250 300 350 400 450 500 550 600
o
Z 00 T T T T Wavelength (nm)

350 400 450 500 550 600 . o . .

Figure 8. Excitation spectra of in acetonitrile at room temperature
Wavelength (nm) monitored at different emission bands. The solution concentration is

Figure 6. UV —vis absorption spectrum of a 3:5107° mol/L solution 1.9 x 10°° mol/L.
of 1 in different solvents measured a 1 cmcuvette.
decreases in low-polarity solvents, such as toluene and THF,
the limited resolution of our spectrometer, the lifetime of the which is consistent with the observation from the YWs
397 nm emission band could not be measured. Therefore, theabsorption measurement. This indicates that both the singlet and
relative contribution from the self-quenching and the inner filter triplet MLCT states are less polar than the ground statel for
effect cannot be identified. Emission measured in acetonitrile glassy solution at 77 K
Variation of the temperature from 0 to 4& reveals that reveals that the emission band becomes narrower and blue
only the intensity of the emission decreases at elevated shifted in comparison to that measured at room temperature.
temperatures due to the increased nonradiative decay at highThis could be attributed to the rigidochromic effect that is
temperatures. The emission energy was not influenced by thecommonly observed in metal diimine and terpyridyl com-
temperature variation. plexes!” The emission at 77 K also exhibits concentration
The solvent-dependent emission study (see Table 3 anddependence. However, unlike the phenomenon observed at room
Supporting Information) demonstrates that the emission energytemperature, with increased concentration, the emission band
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TABLE 3: Solvent-Dependent Emission and Transient rather than the acetylide ligand determines the shape of the
Absorption Results for 1 at Room Temperature at a absorption spectra, in both the ground state and excited state.
Concentration of 3.4 x 107> moliL In addition, both bands exhibit monoexponential decay, with a
solvent Aer/nNM (r/NS) Denf Ara/lnm (@/ns) short lifetime of 86 ns at 385 nm and 87 ns at 585 nm.
toluene 600 (173) 0.031 420 (174); 590 (167)  Compared to the similar short lifetime of tAEMILCT emission
THF 605 (35) 0.003 405 (29); 585 (34) (102 ns), the transient absorption could also arise from the same
acetone 600 (145) 0.025  410(149); 570 (126)  excited state that emits or a state that is in equilibrium with the
gx?onitrile 5559(?1%2) 069(?235 5;;’5(%%); 585 (87) emitting state. Therefore, the transient absorption could be

attributed to theéMLCT state.
0 &Qz;ﬂqt”"; Z‘;édn?; emission relative to [Ru(bplz (Pem = Using the partial saturation methétithe optical density at

' v ’ 585 nm was monitored at excitation energies between 0.5 and
35 mJ. Saturation was observed when the excitation energy was
e -97ns higher than 10 mJ (see Supporting Information). Through the
...... curve fitting, the excited-state absorption coefficient at 585 nm
..... was found to be 4933-mol~t-cm™, and the triplet quantum
yield was determined to be 0.51. This triplet quantum yield is

—Ons

0.0204

0.0154
comparable to those of the platinum(ll) terpyridyl arylacetylide
] complexes previously reported by our grddp.
< 0.0104 Reverse Saturable Absorption The photophysical studies
. \,\‘,\‘ S . have revealed thdtexhibits a positive transient absorption from
0005l . \ VIV - '-\‘\'-'). near-UV to near-IR, and the triplet lifetime is about 100 ns in
' w> 1% CHsCN solution. It also exhibits a high yield of triplet excited-
RNV state formation. Therefore, reverse saturable absorption should
0.000d— 2 i . . occur in this spectral range. To demonstrate this, nonlinear
400 500 600 700 800 transmission measurements were conducted at 532 nm using
Wavelength (nm) both nanosecond and picosecond laser pulses. Different pulse
Figure 9. The time-resolved triplet transient difference absorption of Width lasers were used because, in general, the nanosecond
1in CH:CN at room temperature at a concentration of 5.6.0°5 nonlinear transmission experiment measures the nonlinear
mol/L; Zex = 355 nm. The time shown in the figure is the time delay absorption mainly arising from the triplet excited state, while
after laser excitation. the picosecond measurement determines the contribution mainly
at 77 K gradually red shifts from 532 nm for a 2:4 1075 from the singlet excited state. Figure 10 shows the nonlinear

mol/L glassy solution to 566 nm for a 3x4 10~ mol/L glassy transmission results df for both nanosecond and picosecond

solution (see Supporting Information). This red shift could be |2Ser pulses. With a linear transmission of 9G%ai2 mmthick

tentatively attributed to an increased degree of aggregation atduartz cell, the acetonitrile solution dfexhibits a significant
higher solution concentrations. A similar phenomenon has beentransmission drop with increased incident fluence, which clearly

reported by Che and co-workers for a trinuclear planitum(il) suggests a reverse saturable absorption (RSA). For nanosecond

6-phenyl-2,2-bipyridyl complex at 298 K8 The presence of laser pulses, the threshold for RSA, defined as the incident
ground-sta,te aggregates at 77 K in glassy solutions but not atfluence at which the transmittance decreases to 70% of the linear

room temperature in fluid solutions fot at the similar transmittance, is found to be 40 mJ&for 1. This value is

concentration indicates that the association constant for theMuch lower than the 52 mJ/énthreshold for2 at the same
aggregation process could be too small to be observed at roonfinear transmittance and the same experimental conditions. For
temperature. This has been confirmed by the-wig absorption 3, the transmission did not drop to 70% of the linear transmission

spectra measurement at different concentrations. No bathochro€Ven at the highestincident fluence; therefore, the RSA threshold
mic shift or peak broadening has been observed foom the was not able to be determined. When the incident fluence was

concentration of 2. 10°6t0 5.0 x 104 mol/L, as described  increased to 0.12 J/énthe transmittance decreased to 44%
earlier in the UV-Vis Absorption section. Unfortunately, the ~ for 1, 51% for2, and 68% foi3. The strong RSA of suggests
measurement of the concentration-dependent electronic absorpthat 1 possesses a much larger ratio of the excited-state
tion spectra at 77 K could not be carried out due to our current @bsorption to the ground-state absorption cross section than those
instrument limitation. The attribution to an inner-filter effect Of 2and3, which will be confirmed from the fitting of the open-
could be excluded because of the negligible ground-state @Perture Z-scan results that will be described in the following

absorption above 500 nm. section.
Triplet Transient Difference Absorption . The time-resolved In addition,1 exhibits RSA for picosecond laser pulses. For
triplet transient difference absorption spectrumlah aceto- a solution with 75% linear transmission & 2 mmcell, the

nitrile is displayed in Figure 9. It exhibits two positive bands transmission of the solution decreases to 45% at an incident
from 370 to 820 nm, one appearing-a885 nm and another at  fluence of 0.2 J/cth Comparing the RSA ot for picosecond
~585 nm. Most importantly, the whole spectrum is positive, and nanosecond laser pulses, it is obvious that the RSA is
indicating that from near-UV to near-IR, the excited-state stronger for the nanosecond laser pulses than that for picosecond
absorption is stronger than that of the ground state, which is laser pulses. This phenomenon is likely to be due to the
broader than those of the corresponding terpyridyl compt&x differences in the singlet and the triplet excited states. As
and diphenylbipyridyl phenylacetylide complg*®aTherefore, mentioned earlier, RSA for nanosecond laser pulses generally
RSA could occur in a broad spectral range. Similar to what has mainly arises from the triplet excited state, while the RSA for
been observed from the UWis absorption spectra, the shape picosecond laser pulses usually is dominated by the singlet
of the triplet transient difference absorption spectruni a$ excited state when the intersystem crossing time is longer than
more similar to that o2. This confirms that the terdentate ligand the laser pulse width. The stronger RSA for nanosecond than
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104 mol/L for 1, 2.4 x 10~* mol/L for 2, and 1.7x 1072 mol/L for 3. The concentration of used for the picosecond measurement wasx1.5

1072 mol/L. All samples were dissolved in GBN.
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Figure 11. Open- and closed-aperture Z-scanlafising 4.1 ns laser pulses at 532 nmai 1 mmcell. The incident energy of the laser beam is
7.4 4, and the concentration used is k9102 mol/L.

for picosecond laser pulses suggests that the triplet excited-plane £ = 0). For a Gaussian spatial and temporal distribution,
state absorption cross section is larger than that of the singletIO - 4~/ﬁEtota/\/;iw2r, whereEqw is the incident energy on
excited state, which is consistent with the Z-scan result dis‘,cue‘,sedthe sample after the roeflection from the front surface of the cell
in the following section. Neverthelessshows strong RSAnot s taken into accountyo is the radius of the beam waist at the
only for nanosecond but also for picosecond laser pulses.

- ' focal point, andz is the pulse width (full width at half-
Z-Scan Measurements.lt is well-known that third-order maximum). For a Gaussian beam Z-scAr®, can be obtained

nonlinear susceptibility is a complex number, with the real part o the fitting of the normalized nonlinear refraction curve

relat_ed to nonlinear refraction a_nd the imagir_war_y part related to (closed aperture/open aperture) using the following eqution
nonlinear absorption. The nonlinear transmission discussed in

the previous section only measures the contribution from the 4AD(2lz,)
nonlinear absorption. To figure out whetHeexhibits nonlinear — 0

refraction and the contribution from nonlinear absorption and [(z/20)2 + 1][(2/20)2 + 9]
nonlinear refraction, a Z-sc&hexperiment was conducted.

Z-scar®’ is a simple technique that is used to measure the whereT is the normalized transmissionis the distance of the

on-axis phase changA{@y) of a laser beam when it propagates sample relative to the focal plane, ands the Rayleigh length.
through nonlinear media. It gives rise to both the sign and the  Then, is related to the real part gf® by?2?

magnitude of this phase change. The magnitudeAd is

TzA®) =1 3)

related to the nonlinear refractive indem) of a third-order cn2
) . : . Ny
nonlinear optical material by the following equatfén Re ®(esu)= znz(mZ/\N) (4)
7207
ADA
n2(n12/\/\/) - 27l @) As shown in Figure 11 for the nanosecond Z-scan, the pure
eff' 0 !

nonlinear refraction curve displays a pealalley shape,
indicating the self-defocusing nature of the nonlinear refraction
of 1 for nanosecond laser pulses at 532 nm. By fitting this curve
using eq 3, the on-axis phase change can be obtained. The

whereLes = (1 — e/ is the effective beam path, witl as
the linear absorption coefficient, amglis the on-axisi{ = 0),
peak ¢ = 0) irradiance with the nonlinear media at the focal
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Figure 12. Open-aperture Z-scan &fusing 27 ps laser pulses at 532
nm in a 2 mmcell. The incident energy of the laser beam is 23
and the concentration used is 21102 mol/L.

TABLE 4: Ground-State and Excited-State Absorption
Cross Sections of 1 at Different Wavelengths Measured by
Picosecond Laser Pulses in a 2.% 10-3 mol/L Acetonitrile
Solution

Alnm 00 (107 %/cn¥) Oex (1078cn?) Oed 00
500 4.9 8.3 1.7
532 1.6 10.5 6.6
550 0.69 16.9 24.5
570 0.30 48.0 160.0

nonlinear refractive indexy,, is then calculated to be 7.5¢
10717 (m2/W), which corresponds to R&) = 5.77 x 107 12esu.

For nonlinear optical materials with cumulative nonlinearities,
such as a system with reverse saturable absorption, the refractiveé
index change is due to population redistribution. In such a case
the change in refractive index is better described by refractive

cross sectiomw, than byn,. The oy is related to on-axis phase
changeA®, by??

o
ADy= %OrFoLeﬁ %)

whereF, = 2E/mw?. Using theAd, obtained by the fitting of
the nonlinear refraction data by eqs 3 and 5,dhes obtained
to be 7.78x 10718 cn?.

In addition to measuring the on-axis phase changedj and
thus deducing the nonlinear refractive index and Reg®),

Shao et al.

cross section increases, while the ground-state absorption cross
section decreases. As a result, the ratioogfop has been
increased to 160 at 570 nm, which is among the largest ratios
reported in the literature.

Conclusion

The platinum(ll) 4,6-diphenyl-2;2bipyridyl pentynyl com-
plex 1 emits at room temperature and 77 K. It exhibits a broad
and relatively strong triplet transient absorption from the near-
UV to the near-IR spectral region, with a quantum yield of 0.51
for the triplet excited-state formation. Due to its reduced ground-
state absorption at 532 nm, this complex exhibits strong RSA
for both nanosecond and picosecond laser pulses. The RSA
spans from 500 to 570 nm for picosecond laser pulses. The ratio
of the excited-state absorption to the ground-state absorption
cross section increases at longer wavelengths, with a ratio as
high as 160.0 at 570 nm. In addition, it exhibits a self-defocusing
effect for nanosecond laser pulses. Therefore, it is a promising
nonlinear optical material for photonic devices that requires large
and broadband third-order nonlinear optical responses.
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