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Ultrafast nonresonant third-order optical nonlinearity of a conjugated
3,3’ -bipyridine derivative from 1150 to 1600 nm
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A conjugated 3,3bipyridine derivative, an apolar structure of donor—acceptor—acceptor—donor
(D—A—-A-D) type was designed and characterized for third-order optical nonlinearity using Z-scan
technique in the wavelength range of 1150-1600 nm. Z-scan spectra reveal a positive Kerr
coefficient across this wavelength range with=(4.6+0.7)x10 ® cm?/GW at 1550 nm
accompanied by negligible nonlinear absorption for wavelength around 1550 nm, indicating ideal
figures of merit for applications in ultrafast all-optical switching. ZD03 American Institute of
Physics. [DOI: 10.1063/1.158451]7

Nonlinear optical processes have received considerablmerit>®* W=n,I/ag\, andT=B\/n,. According to the re-
attention for applications in a variety of optoelectronic andquirements mentioned above, it is necessary to achigve
photonic devices. Third-order nonlinear opti¢BILO) phe- >1 andT<1.
nomena are of interest in optical switching and signal In this letter we report the nonlinear properties and fig-
processing:? For fast photonic applications with low-power ures of merit of a 3,3bipyridine derivative characterized
sources, nonlinear media must simultaneously satisfy threever the range 1150-1600 nm.
main requirements: large nonlinear refractive index)(at The conjugated material investigated in this letter is
the operating wavelength, typically in the range 1.3—n@ 6,6 -bis(5-hexyl-2-thienylvinyleng 3,3 -bipyridine with the
minimal absorption losses due to one- or multiphoton abMolecular structure shown in Fig. 1. For infrared applica-
sorption(hence precluding the use of resonant nonlinegrity tions, nonresonant NLO molecules’ one-photon absorption
and ultrafast nonlinear refractive index response and relaX?€ak\ max must lie sufficiently far into the UV-blue range to
ation times (picoseconds or lezé* 7-Conjugated organic avoid two-photon transition&(naxé)\/_z, where\ is the Iaser_
compounds have emerged as a promising class of third-ordéfavelength. The strategy for designing molecules according
nonlinear optical materials because of their potentially largd® these requirements has been reported in Ref. 11, and a new
third-order susceptibilities associated with fast respons€YNthetic route has been develoffedy modifying the one
time 5% in addition to their variety and processibility. reported in previous articlés.The molecule exhibits an apo-

Large values of molecular polarizability and third- ~ ar structure donor—acceptor—acceptor—daiibrA—A-D),
order nonlinear optical susceptibility® have previously in which the 3,3-bipyridine core acts as the acceptor group

been reported!° However, few organic materials reported to (A—A) and the donor grougD) is a thiophene ring. The

date provide suitable nonlinearity in the near infrared regionfpJlbsorptlon _spectrg .Of the materllal dissolved in dichlo-
In many cases, the nonlinear refractive index (n=n romethane in the visible and near-infrared wavelength range
L - 0

+n,l, ng, linear part of the refractive index and incident are shown in Fig. 2, where the inset shows the range of

light intensity) is often enhanced through one- or two—photonlgg Zgg rr:rmn.v:/ri[]he tﬁzrgrt)::ols ti?)?\sorebeirllglo?:\;it;haet ;%%gin?f
resonant transitions, when the absorption peak wavelength . . ption p '
- - here is essentially no absorption for wavelength longer than
the material lies sufficiently close to one or half of the oper-
. . 450 nm.
ating wavelength. Such resonant enhancement,ofs ac-

. . . The tunable laser for the measurement came from a pi-
companied by absorption losses, commonly given dy - . o . ;
. . . - cosecond Ti:sapphire amplified system, which consisted of
=aqgt+ Bl, whereay is the linear absorption coefficient and

8 is the nonlinear absorption coefficient. The NLO four parts: femtosecond Ti:sapphire seed oscill@tbiesse,

- - Coherent Inc., output wavelength 800 nm, pulsewidth
efficiency/transparency tradeoffi{/«) at a specific wave- <100 fs, repetition rate 80 MHz, power 300 mW, pumped
length is therefore of primary importance for assessing the ’ ’ ’
suitability of a material for all-optical integrated devices.

This parameter is usually evaluated through two figures ofH c
13

dAuthor to whom correspondence should be addressed; present addres:
Integrated Manufacturing Technologies Institute, National Research Coun-
cil of Canada, 800 Collip Circle, London, Ontario N6G 4X8, Canada; elec-FIG. 1. Molecular structure of 6ebis(5-hexyl-2-thienylvinyleng
tronic mail: giying.chen@nrc.ca 3,3 -bipyridine investigated in this study.
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FIG. 2. Absorption spectra of 6,@is(5-hexyl-2-thienylvinyleng3,3 - FIG. 3. Z-scan curves of the sample measured at the wavelength 1550 nm
bipyridine in dichloromethane. (power 0.8 mW: (+), open-aperture datd), closed-aperture data. The

theoretical fitting of the measured closed-aperture data is shown as the solid
line.

by a 1.4 W Verdi diode laser, Coherent Incpump laser
(Q-switched Nd:YLF laser, 527DP-S, Quantronix Corp., 527
nm, 150-220 ns, 1 kHz, and 15)W\picosecond Ti:sapphire
regenerative and multipass amplifi€fitan-DP2-2, Quant-
ronix Corp., 800 nm~3.5ps, and 1.8 W and the optical
parametric amplifieftraveling wave optical parametric am-
plification system(Topag, Light Conversion. The Topas

aperture measurement while the nonlinear refractive index
n, can be obtained from the closed-aperture measurement.
By tuning the output wavelength of Topas, we measured
Z-scan curves of the dichloromethane solution of the mate-
rial (concentration 2.8 10 2 mole L") in a quartz cuvette

output came from the parametric superfluorescence withiM\”th laser power of 0.8 mW and obtained the spectra of

. . .. nonlinear refractive index and nonlinear absorption in the
the nonlinear crystal BBO at pulsewidth 3.3 ps and repet't'OA\;lvavelength range of 1150—1600 nm. Before measuring this

rate 1 kHz with good optical pulse spectra properties for both ample, the system was calibrated using a standagds68

the signal and idler pulses over the entire tuning range. Th tion in a quartz cuvettéoptical length 1 mm, same for all
signal and idler beams from Topas were separated using q P g '

wavelength separator. In the setup, an attenuation stage Co%gvettes used in this gtu):ias reference. Measurement on the
sisting of a set of cross-polarized polarizers with/a wave- pure solvent sample in the cuvette was also performed under

plate in the middle was employed to adjust the output powerf[.he same measuring co.nqmons to verify that th? valley peak
the Z-scan curves originated from the material, not from

Z scan and its interpretation are described in Refs. 14 and 15. lvent or cuvette. The m rement w rried out con

The output from Topas was split into two components, one ejﬁv? act) anlf/ '\3/ Ie.n tE inteasglef EE:O nmasF(i:aureSO% (\:;

acting as a pump beam and the other, which has an intensi cutively aveleng € 0 - FIQure S Snows
e Z-scan curvesopen and closed aperturef the sample

of <10% of the first beam, acting as the reference beam:, : o

After the focusing lens, two photodetectors simultaneousl;}neasured at_15F5_O n;n' A-I; hfstggoret'iil fitting resultrtszoind
measured the closed-apertureith an aperture just before p are given in Fig. 4. nm, the open-aperture curve
the detector of aperture transmittange 0.015) and open- does not Sh.OW any valley or peal_< indicating that no nqnlm-
aperture Z scansS=1) when the sample moved in the vi- ear absorption existsB=0). Nonlinear least-square fitting

cinity of the laser waist through a linear translation stage. Vi"tlthmqr)é’ ?:nclil z\‘,’vigs %a”?bllet? rﬁgd%;pozr?fg/fns Zio
For a temporal Gaussian pulse with an incident Gaussian ~"~ - FOllowing the Telatioml ®o=2sm eff/A, 1LIS
ossible to obtain the refractive index change at the focal

transverse spatial profile, the on-axis transmission as a fun&>: B 4 L - o
tion of sample position relative to the lens focal poirfis point An=1.43<10"" and Kerr coefficienn,=(4.6+0.7)

T(Z)z 5‘: [_q(z)]m or |q|<l (l) 6 ——T T T T — 0.30
M=o (m+1)%* ’ st 10.25
where 5 af J0.20 s
£ o
L é 1l Jo.15 =
(2)=— e;ﬁ , o g
1+ — X of j0.10 =
Zo° e’
1L — Jo0.05
in which 1, is the peak on-axis irradiance, is the Rayleigh
range of the beam, equal tew3/\, wherew, is the beam . . . s 70.00

0
waist at the lens focus. The effective sample length, 1100 1200 1300 1400 1500 1600

which takes into account the linear absorption coefficient, Wavelength (nm)

—(1— —Dtol_ :
@, can be eXpressed ey (1 e. )/ao with sampl_e FIG. 4. Spectra of nonlinear refractive index and nonlinear absorptiog
lengthL. The value ofB can be obtained from a theoretical of the sample in the wavelength range of 1150-1600 nm. Solid lines are

fitting performed on the experimental data of the open-guides for the eye.
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X 10" % cm?/GW. In this wavelength region, the, values In summary, third-order optical nonlinearity of a conju-
lie between (3.2 and 4.6910 ® cn?/GW while the g val-  gated 3,3-bipyridine derivative with the enhancement of
ues decrease from about 0.05 cm/GW near 1150 nm to egonlinearity by its symmetrical donor—acceptor—acceptor—
sentially zero for wavelength above 1550 nm. The nonlineaflonor (D—A—-A-D) structure is investigated and found to
absorption at wavelength near 1150 nm could be attributablgossess ultrafast nonresonant nonlinearity around 1550 nm
to multiphoton processes in view of the relationship betweenvith excellent figures of merit. The study of the third-order
photon energy and transition energy. Since the material exoptical nonlinearity over a wide infrared wavelength range
hibits negligible one-photon absorptian, throughout this ~ gives clues as to structure—property relationships and, in the
infrared region, theN values are ideal, i.eW>1. Due to  range 1300-1600 nm, is pertinent to applications in optical
nonlinear absorption for wavelengths near 1150 nm,Tthe signal processing in communication systems.

values near 1150 nm are marginal. HowevEryalues are

satisfactory near 1550 nnTE&DO0).

Experiments on differentr-conjugated push—pull and 1Handbooks of Optics IV, Fiber Optics and Nonlinear Optigsd ed.,
symmetric 3,3-bipyridine derivatives showed significant ?ﬂifﬁasvyﬂﬂi Ejisvj'vg} kM.ZOEOnJOCh’ E. W. V. Stryland, and W. L. Wolfe
differences in the nonlinear optical response depending onry gyo, c. K. Kao, E. H. Li, and K. S. Chiandyonlinear Photonics
the molecular structural variation$lt has been proved that  (Springer, Berlin, 2002
reducing the ground-state aromatic character by incorporaﬁJG-Ll; Srf]tegemaTn, IE N:évgrgi,%htigl\é' Finlayson, R. Seaton, and C. T. Seaton,
ing a thiophene ring as the donor group in monquated 4A. DI?StI\(IeVSIng, le:FAr‘oHe'gman(n, Y.azhao, R. R. Tykwinski, and K. Kamada,
system on the one hand, and a symmetribalA—A-D J. Chem. Physl16, 3834(2002.
m-conjugated bridge on the other hand, enhance the nonresdcharacterization Techniques and Tabulations for Organic Nonlinear Op-
nantnz value. The detailed Comparison on the enhancementtica| Materials edited by M. G. Kuzyk and C. W. DirkMarcel Dekker,
of optical nonlinearity OfD_A_A_D, structure with other 6“3%:22? Cl)%stalgs of Organic Materials and Polymeeslited by H. S.
molecular structures can be found in Ref. 11. The nonreso- Nawa and S. Miyata(CRC, Boca Raton, FL, 1997
nantn, values here are also significantly larger than those for’P. N. Prasadintroduction to Nonlinear Optical Effects in Molecules and
some  well-known nonlinear crystals, for —example, 85052?5!\;\,(\)/:('3%I;\:'E\ll\lvo\l(ﬁcl)irrl\(é:rg%ltiCS' Materials, Physics and Devices
(0.19-2.0)< 10" ° cn?/GW of LiNbO53:MgO, KTA, KTP, e O ReR o Y
BBO, and LBO™ The inclusion of an electron-rich °Rr.R. Tykwinski, U. Gubler, R. E. Martin, F. Diederich, C. Bosshard, and
thiophene ring producing a dramatic enhancement,oéan loP. Gunter, J. Phys. Cherfi02, 4451(1998.
be qualitatively explained in a three-state model, on the basisgéé'l- gj{%ﬁ;‘“gg and W. E. Torruellas, Philos. Trans. R. Soc. London, Ser. A
of: (i) a large increase in the—e’ transition dipole moment  wg” cherioux, A-3. Attias, and H. Maillotte, Adv. Funct. Matdg, 203
(mee), (ii) anincrease in thg— e transition dipole moment  (2002.

(kge), Whereg labels the ground state, apcande’ the two  °N. Leclerc and A.-J. Aiagunpublished

excited statesy;; is the dipole matrix element between the ?i%o@?fég%-ﬁau{’n?gsm;c:égac}\?'W&Z‘ngamg’\Zm' 1'\gater'
labeled states. This result could be associated with the loweryg; (2000 N. Lemaitre, A.-J. Attias, I. Ledoux, and J. Zysbid. 13,
delocalization energy of the thiophene conjugating moiety 1420(2001).

and the symmetric charge transfer in the excited state fronlf"\q-9 gheik-Bahae, A. A. Said, and E. W. Van Stryland, Opt. L&4. 955
the_te_rmln_al eIectrqn-nch thl(_)phene ring to the electron-poogs(M. S?]'eik_Bahae’ A A Said, T. H. Wei, D. J. Hagan, and E. W, Van
pyridine ring, leading to an increase in electron delocaliza- siryjand, IEEE J. Quantum Electrop6, 760 (1990.

tion in the first excited state. 1H, P. Li, C. H. Kam, Y. L. Lam, and W. Ji, Opt. Matet5, 237 (2001).
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