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Photo induced optic al second har monic generation w as demonstrated in

the several dithiole chromophore molecules w ith di ˜erent degree of acceptor
function . T heoretical quantum chemical simulations and exp erimental pho-
toinduced second harmonic generation measurements show ed that additio nal
aromatic rings w ithin the dithiol e chromophore molecule pla y an imp ortant

role in the pump- pow er dep endencies of the second harmonic generation.
V arying the presence of the aromatic rings one can achieve substantiall y
di˜erent photoinduced second- order nonline ar optical prop erties.

PAC S numb ers: 42.65.A n, 42.65.K y

1. I n t rod uct io n

One can recentl y observe an increasing interest in organic m ateri als used in
nonl inear opti cs (NLO) [1, 2]. Mo st of inv estigati ons are devoted to the second-order
NLO ẽ ects, parti cul arly to opti cal second harm onic generati on (SHG). The SHG
needs presence of noncentro sym etri c charge densi ty di stri buti on. The tra di ti onal
wa y to obta in the requi red noncentro sym etri c m ateri al is to incorporate the or-
gani c m olecule (guest chro mophore) into the polym er m atri ces (host) [3]. Using a
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guest{ host techni que one can obta in an al ignm ent of the guest m ateri al . Addi ti onal
m olecular pol ing can be obta ined by photo induci ng process, to o. The photo pol -
ing of the di sordered m ateri als (g lasses, polym ers, cements etc.) can found wi de
appl icati ons in opti cs or opto electro nics.

The present work is devoted to investi gatio ns of addi ti onal arom atic rings
on the photo induced opti cal SHG (PISHG ) of 1,3-di thi ol -2-yl idene incorp orated
wi thi n the ol igoethera cryl ate m atri x. The main goals of the present work are the
fol lowi ng:

¯ to inv estigate the inÛuence of inter- and intra m olecular intera cti on in the
1,3-di thi ol -2-yli dene wi th and wi tho ut the arom ati c ri ngs on the local non-
centro sym metry in the space charge density distri buti on experim enta l ly (us-
ing SHG ) as wel l as theoreti cally (by quantum chemical calcul ati ons),

¯ to simul ate the photo induced SHG behavi our depending on the photo induc-
ing power.

2. E x per i m ent a l an d cal cu lat i on m et hod s

2.1. Exper imental met hods

The synthesi zed chro m ophores sampl eshad a powder- l ikef orm wi th di ameter
of 10À 2 0 ñ m. Synthesi s of the molecule was perform ed by a metho d described
in R ef. [4]. They were a solute in the ol igoethera cryl ate photo polym er m atri x.
Mo re techni cal deta ils are presented in Ref. [3]. The sol idiÙcati on process was
perform ed using a ni tro gen laser wi th a power about 50 W / cm 2 and electri c Ùeld
wa s used to al ign the studi ed compounds (see Fi g. 1) in order to enhance thei r
di po le m oments. The degree of nonhom ogeneit y of chrom ophore di stri buti on was
equal to about 0.24%.

Fig. 1. T he pro cess of photop olymeri zati on w as carried out under applied electric Ùeld

( E was varied from 300 to 800 kV ). Solidi Ùcation of the liquid comp osition w as obtained

using U V -light generated by nitrogen laser for about 3 min ( Ñ = 33 7 nm and the used

p ower w as about 35 W /cm 2 ).
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For the perf orm ing of photo induced m easurements of nonl inear opti cal sus-
cepti bi li ti es we used exp erimenta l setup described in Ref. [5] and i ts pri ncipa l
scheme is presented in Fi g. 2. The photo induced changes (opti cal pum ping) was
achi eved using the UV ni tro gen laser (Ñ = 3 3 7 nm , § = 0 : 5 0 ps, P = 7 0 À 90 MW ).
An appa ratus for SHG detecti on was suppl ied wi th a focused beam from a single-
-mode picosecond Nd:YA G laser (pro be laser), wi th power of 30 MW , a pul se ti m e
dura ti on of 10{ 25 ps, wi th funda menta l wa velength 1 : 0 6 ñ m. The m easurem ents
were perform ed for polari zed l ight beam .

Fig. 2. T he principal scheme of exp erimental setup used for the measurements of

P ISH G. W e use Q -switched nitrogen laser as a pump b eam ( Ñ = 337 nm, t = 5À 45 ps;

p ower was varied up to the 1.2 GW/cm 2 ) and N d: YAG laser as prob e beam ( Ñ =

1 : 06 ñ m; t = 30 ps, power of prob e beam 30 MW). Filter F is used in order to cut

Ñ = 1 :06 ñ m. T he measurements w ere p erformed for polarized light beam.

The proposed pho toinduced SHG has substanti al adv anta ges com pari ng wi th
the tra di ti onal electri c-Ùeld induced SHG because we can appl y externa l electri c
Ùeld even for the conducti ng composites, whi ch in our case are cruci al . At the same
ti m ethi s m etho d al lows to perform the m easurements in the dyna mic pum p-pro be
regim e whi ch is im possible in the case of the electri c-induced SHG e˜ects.

2.2. T heoreti cal si mul ations

For theo reti cal simul atio ns of photo induced SHG two di ˜erent chro m ophore
m olecules (m olecule indi cated by 1 | Fi g. 3a and by 2 | Fi g. 3b) of
1,3-di thi ol -2-yl iedene were used. Ini ti al ly geom etry opti mizati on (searchi ng of the
to ta l energy minimum ) of m olecule was perform ed. The MM + m olecular force Ùeld
m etho d was used for to ta l energy m inim izati on [6, 7]. The perform ed sim ulatio ns
have shown tha t one-pl ane molecular fragments are more pref erabl e. Al l quantum
chemical calcul ati ons were perf orm ed by semi-empiri cal ZIN D O/ S m ethod in the
restri cted Ha rtree{ Fock opti on and converg ence l im i t up to 1 0 À 6 eV after 500
i tera ti ons was achi eved.

The considered m odel is assumed on the relati vely hi gh intra molecular space
local izati on of the observed photo induced changes. Local perturba ti ons are con-
sidered only wi thi n a fram ework of the separated (isolated) m olecule. Theref ore
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Fig. 3. C hemical formula of the investigated molecules: molecule numb er 1 (a),

molecule numb er 2 (b).

devi ati ons from the experim ental data wi l l give inform ati on concerni ng the ob-
served intra molecul ar and interm olecular intera cti ons. InÛuence of the interm olec-
ul ar electron vi brati on as wel l long-range sol id state intera cti ons is not ta ken into
account.

3 . R esul t s an d d iscu ssio n

W e measured the photo induced SHG intensi ti es as a functi on of ni tro gen
pum p laser power density for two di ˜erent ki nds of sam ples. From Fi g. 4a one can
easily observe tha t for the sam ple 1 the SHG output signal increasesas functi on of
power of the photo induci ng ni tro gen laser pul sesand achi eves its m axi mum at the
pum ping power density f or about 1.8 GW / cm 2 . For the sam ple 2 we can observe
sim i lar behavi our of SHG output (Fi g. 4b). The experim ental Ù x x x was deduced
from the m easurement of second-order suscepti bi l i ti es.

Fig. 4. T he photoinduced PI SHG output signal for Ùrst (a) and second sample (b),

experimental results | line w ith circles, experimental data for the intramolecul ar hy-

p erp olari zab il i ties in arbitrary units | line w ith squares (theoretical results), versus the

p ower of photoindu ced photon Ûux.

For the sam ples denoted as 2, from Fi g. 4b we can observe tha t theoreti cal
curve is not so sharp l ike experim ental one. The obta ined experim ental data for
compound 1 show good agreement wi th theory . It is necessary to emphasize a
good correl ati on of the photo induced behavi our of the hyp erpolari zabi l it y Ù x x x
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obta ined from the theo reti cal sim ulatio ns and measured experim enta lly. The used
theo reti cal form ula of the hyp erpolari zabi l it y Ù x x x i s expressed as fol lows:

Ù i j k (0 ! 1 ) ¿=
ñ 2 Â ñ

( E H O M O À E ) 4
j

; (1)

where ñ are the tra nsiti on di pole m oments between the hi gh occupi ed molecular
orbi tal (HOMO) E H OM O and the Ùrst exci ted state E ; Â ñ | di ˜erence of the
state dipole moments between the exci ted conÙgura ti on intera cti on (CI) level and
the HOMO energy level. Indi ces i; j , and k are deÙned as laboratory coordi nate
setup, parti cul arl y x -axi s corresponds to the longest axes of the m olecule, y -axi s
corresponds to the axes perpendicul ar to the y wi thi n the m olecular plane of the
m olecule.

W e can expect tha t for the Ùrst sam ple the electro nic intra molecul ar subsys-
tem pl ays a key ro le in the observed photo induced changes.

From Table one can see tha t one addi ti onal arom ati c ri ng (sp ecim en 1) de-
creases HOMO{ LUMO (l owest occupi ed m olecular orbi ta l ) energy spli tti ng gap
compari ng to sam ple numb er 2. For both sam ples HOMO{ LUMO energy spli tti ng
gaps decrease wi th the increase in the photo n power density . However, behavi our
of the LUMO of the Ùrst sampl e is compl etely di ˜erent tha n the behavi our of
the second sam ple (see Fi g. 5). The presence of addi ti onal arom atic ring decreases
tra nsparency of the sampl e. The spectra l di ˜erence between positi ons of Ùrst ab-
sorpti on peaks for both sampl es is about 100 nm .

T ABL E

C hanges of the H OMO { LU MO energy
splitting gap for samples numb er 1 and
2 versus the pow er of pumping beam.

I H OMO {LU MO gap [eV ]

[GW/cm ] Sample Sample

0 : 6.249419

0.2 5. 354674 6.225095

0.4 5. 353045 6.224140

0.6 5. 351424 6.223403

0.8 5. 350228 6.222777

1 5. 349171 6.222225

1.2 5. 348211 6.221722

1.4 5. 347329 6.221260

1.6 5. 346506 6.220828

1.8 5. 345730 6.220421

2 5. 344996 6.220035
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Fig. 5. C hanges of the H OMO (dashed lines) and LU MO (solid lines) energy values for

the sample 1 | lines w ith triangles and for the sample 2 | lines w ith squares versus

the photoind uced photon power.

The SHG output signal depends on the di ˜erence between ground and ex-
ci ted dipole mom ent (see Eq. (1)). The ground dipole m oment of the sam pl e 1 is
lower tha n the one of sampl e 2, but the di pole m oment for the Ùrst exci ted state is
hi gher for the sampl e 1 tha n for the second one. Theref ore the di ˜erence between
di po le m omentum for the molecule 1 is higher tha n for the 2 and as a consequence
the SHG output signal is hi gher for the sam ple 1 tha n f or the 2. W e can see a
sim i lar behavi our from the electron distri buti ons in ground and excited states for
both molecules (Fi g. 6). The asym m etry in the electron di stri buti on for ground
and excited states pl ays key ro le in the observed nonl inear opti cal susceptibi l i ti es.

For the m olecule 1 the electronic contri buti on plays dom inant ro le in the
observed phenom enon. For the molecule 2 pum p-dependent behavi our of the pho-
to induced SHG output signal is com pletel y di ˜erent f or theoreti cal calcul ati ons
tha n for experim ental wo rk. In proposed theo reti cal simula ti on only electro nic sys-
tem was ta ken into account. From Fi g. 3b one can concl ude tha t for the m olecule
2 the vi brati on and interm olecul ar contri buti ons can be very im porta nt. The ri ght
side of m olecule(N{ O doubl ed and tri pled bonds and the addi ti onal aromati c ring)
pl ays im porta nt ro le in the vi bra ti on system .

The second reason of the disagreement between the theoreti cal and experi -
m enta l results of SHG signal output for second molecule could be quantum chem-
ical calcula ti ons wi tho ut intera cti on between molecule and polym er m atri x. For
the same ki nd of materi als the host{ guest interf ace substa nti al ly a˜ects di pole m o-
m entum . For isolated m olecule num ber 2 tra nsiti on dipole m omentum decreases
wi th the increa se in the powder of photoinduced photo n Ûux. Mo reover, i t may
lead to changes of e˜ecti ve charges of the m olecul e [8].
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Fig. 6. C harge density distribu tion of the electrons for tw o di˜erent chromophores: for

ground state of the 1 and 2 sample ( 1a and 2a , resp ectively) and Ùrst excited state ( 1b

and 2b , resp ectively).
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The inv estigatio ns of the observed discrepanci es wi l l be a subj ect of separate
wo rk.

4. Co n cl usion s

Theo reti cal quantum chemical simulati ons and experim enta l photo induced
SHG m easurements have shown tha t addi ti onal aromatic rings wi thi n the di thi ole
chro m ophore molecule pl ay an im porta nt ro le in the pum p-power dependenci es of
the SHG . Varyi ng the presence of the arom atic rings one can achi eve substa nti al ly
di ˜erent photo induced second- order nonl inear opti cal pro perti es.
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