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The third- order nonlinear optical susceptib il i ty â h 3 i of octup olar mole-
cule with three double b onds w as measured using degenerate four w ave mix-
ing techni que at 532 nm in tetrahydrof uran solution. For comparison, w e
also measured its analogous dip olar subunit. W e found that the â h 3 i value
for octup olar molecule is about tw ice larger than its dip ol ar subunit.

PACS numb ers: 42.65.A n, 78. 66.Qn

1. I n t rod uct io n

T he exper iment al and theo reti cal investi gatio ns have revealed tha t the or-
gani c m ateri als show a large thi rd- order opti cal nonl ineari t y, low opti cal losses,
and a fast response. From tha t point of vi ew they are pro m ising materi als for ap-
pl icati ons in photo ni cs based techno log ies of opti cal signal pro cessing, broad-band
opti cal com muni cati ons, integ rated opti cs, opti cal sensing, opti cal computi ng [1{ 3],
opto electro nics, and nonl inear opti cal devi ces [4].

Thi rd- order nonl inear opti cal properti es of di polar molecules are wi dely in-
vesti gated area of research. R ecently, new octup olar molecules have been recog-
ni zed as potenti al ly useful for nonl inear appl icati ons. From tha t point of vi ew,
som e exp eriments have been carri ed out to develop a better understa ndi ng of the
relati onshi p between m olecular structure and nonl inear opti cal properti es [5, 6].

In present paper, we report experim ental investi gatio ns of the thi rd- order
nonl inear opti cal susceptibi li ty â h 3 i of octup olar molecule and i ts corresp ondi ng
di po lar subuni t usi ng the standard degenerate four wa ve m ixi ng (D FW M) tech-
ni que at 532 nm .
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2 . E x per i m en t a l

The D FW M response of these molecul es was m easured wi th a mode-locked
Nd :YA G laser at 532 nm . The pul se dura ti on and the repeti ti on rate were 30 ps
and 1 Hz, respectivel y. The spati al proÙle of the laser pul se was Gaussian.

In D FW M measurement (Fi g. 1), tw o counterpro pagati ng strong beam s ( h 1 i

and h 2 i ) are inci dent on the sampl e wi th a thi rd weaker pro be beam ( h 3 i ). The
pro be beam is inci dent at an angle ˚ ( ˚ = 1 2 £ ) wi th respect to the pum p beams.
Two of these beam s interf ere insi de the sam ple to form a grati ng from whi ch the
thi rd beam di˜ra cts to form a conjugate signal ( h 4 i ) tha t retra cesthe pro be path.
The inci dent wa ve intensi ti es veri f y the relati ons I 1 ( z = 0 ) = I 2 ( z L and I 3

È
À 2 I 1 . The pha se conj ugated signal was detected by a photo m ulti pl ier tub e

(PM). A porti on of the input beam was picked o˜ and measured by a photo di ode
(V ) to m oni to r the input energy. The photo diode and conj ugate signals were
averaged and displayed by a Tektro nix TD S 3054 D igi ta l Pho sphor Oscil loscope.

In the exp eriment, our com pounds are studi ed in soluti on. W e used tetra hy-
dro furan (THF) as a solvent f or i ts high solubi l i ty wi th our molecules, and small
thi rd-order opti cal nonl ineari ty , whi ch is neglected [7]. The m easured thi rd- order
nonl inear opti cal susceptibi l i ty â h 3 i i s the response, whi ch comes f rom the sampl e
solute. CS2 was used as a reference materi al for the m easurement. The thi rd- order
nonl inear susceptibi l i ty of CS2 i s estim ated to be â h 3 i : È

À 1 2 esu. Using
our D FW M setup, onl y the m agni tude (not the phase of the â h 3 i ) is obta ined. In
CS2 case, the â h 3 i is purel y real , because there is no therm al grati ng and l inear
and nonl inear absorpti on at the laser f requency.

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

The chemical structures of octup olar and dipolar m olecules are shown in
Fi g. 2. The absorpti on spectra of studi ed com pounds are presented in Fi g. 3. It
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Fig. 2. T he chemical structure of (a) octup ole molecule and (b) its corresp ondin g

dip olar subunit.

i s apparent from a com pari son of these two spectra tha t the octup ole absorpti on
wa vel engths are almost identi cal to tho se of i ts dipole analogues, onl y showi ng a
smal l red shift. There is however a considerable di ˜erence in the oscil lato r strengths
of tho se two cl asses of m olecules, whi ch are m ark edly enhanced in octup ole wi th
respect to the corresp ondi ng dipole [8].

These absorpti on spectra were m ade wi th 1 cm long cell and f or the soluti ons
at very weak concentra ti on (1 È 1 0 À 5 M). We can noti ce tha t both octup olar and
di po lar m olecul esdo not absorb at 532 nm of our D FW M m easurem ents. It m eans
tha t the predom inant part of j â h 3 i

j f or octup ole and i ts corresp onding dipolar
subuni t at 532 nm is nonresonant.

The tra nsmission m easurements showed tha t the studi ed m olecules present
onl y l inear absorpti on at 532 nm . Thi s indi cates tha t the thi rd-order nonl inear op-
ti cal susceptibi l i ty of these materi als is a real num ber at the excita ti on wa velength,
so Im â h 3 i = 0 .

The exp erimenta l and theoreti cal resul ts of D FW M reÛectivi ty R are pre-
sented in Fi g. 4. The â h 3 i values f or studi ed m olecules were m easured as a functi on
of inci dent intensi ty . The DFW M reÛectivi ty R was calcul ated from the pro paga-
ti on equati on of the intera cti ng beams whi ch are deduced from the Ma xwel l equa-
ti ons using the slowl y varyi ng ampl i tude appro xi mati on wi th ta ki ng into account
l inear absorpti on ˜ . The D FW M reÛectivi ty R can be expressed as f ol lows [9]:

R =
I 4 (0 )

I 3 (0 )
=

˚
¤ 3

n 2 cÑ
â h 3 i

2
I 1 I 2 exp À ˜ L

p coth pL
2

2
; (1)

where p 2
4

À
4 8 â h 3 i

2

I 1 I 2 .

As can be seen in Fi g. 4, the sol id l ine shows the best Ùt wi th theoreti cal
form ula (1) to the exp erimenta l data . The real values of â h 3 i estim ated from the
dependencies of Fi g. 4 and theo reti cal form ul a (1) are presented in T able. W e can
see tha t the â h 3 i value for octup ole is larger tha n for i ts di polar subuni t. Thi s
m ay be due to the fact tha t the octup olar m olecule is three ti m es larger tha n i ts
correspondi ng subuni t. Second, there is pro babl y som e intera cti on, am ong the side
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Fig. 3. T he absorption spectra of (a) octup ole molecule and (b) its corresp ondin g

dip olar subunit.

wi ngs thro ugh the centra l molecule. W e thi nk tha t the charge tra nsfer not onl y
does occur from the periphera l donors to wards the centra l ri ng, but also to some
extent between the di ˜erent branches of the molecule [8].
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Fig. 4. T he DFWM reÛectivity R as a function of incident light I 1 for octup olar ( ¯ )

and dip olar (È ) molecules.

T ABLE

T he values of linear absorption ˜ coe£cients, the abso-
lute value of third- order nonlinear optical susceptibil ity
â

h 3 i for octup olar molecule and its corresp ondi ng dip olar
subunit.

Mo lecule ˜ j â h 3 i
j È 1 0 2 1 â h 3 i

È 1 0 1 9 =˜

[cmÀ 1 ] [V mÀ ] [V m À ]

di pole 3.24 6.79 2.09

octup ole 3.36 8.84 2.63

The thi rd- order nonl inear opti cal properti es of a given m ateri al can be also
characteri zed as a Ùgure of m eri t, â h 3 i =˜ , whi ch is related to the inherent strength
of the nonl inear process. Based on the data , whi ch are presented in Tabl e, the
Ùgure of m eri t of octup ole is about twi ce larger tha n tha t of i ts di polar subuni t.

In thi s paper, we investi gated the thi rd- order nonl inear opti cal susceptibi l i ty
â h 3 i of octup olar m olecule and i ts corresp ondi ng dipolar subuni t in THF using
D FW M techni que at 532 nm .

The D FW M reÛectivi ty R for octup olar and dipolar m oleculeswa s measured
as a functi on of inci dent laser powers. The thi rd-order nonl inear opti cal suscepti -
bi l ity â h 3 i for studi ed molecules was calcul ated. W e found tha t the â h 3 i v alue of
octup olar molecule appears to be twi ce larger tha n i ts di polar subuni t. The reason
for thi s could be the fact tha t there is intera cti on am ong the side wi ngs thro ugh
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the centra l molecule, whi ch leads to a longer absorpti on wa velength of octup ole
compared to i ts dipolar subuni t. On the other hand, the size of octup ole is about
three ti m es larger tha n tha t of dipole.

W e can observe tha t the octup ole possesses relati vely large thi rd-order op-
ti cal nonl ineari ti es and the smal l l inear absorpti on ˜ whi ch means tha t i t pos-
sessesa good Ùgure of meri t (â h 3 i =˜ ). Ma teri als wi th such good Ùgure of meri t
could be pro mising materi als for the m olecular engineering of new nonl inear opti cs
m olecules.
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