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The second-order nonlinear optical properties
of a series of polyesters containing push-puli
azobenzene chromophore in their side chain
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The second harmonic coefficient di; values of a series of polyester nonlinear optical (NLO)
polymers, differing in their electron withdrawing substituent, were experimentally
measured. The observed order of contribution of the substituents towards dsz3 value was
rationalized by a frequency factor dependence. Excellent photostability and the highest dss3
value among the series have been found for the polyester with 2,4-dinitro substituents in
the side chain. A possible influence of intermolecular interaction is also indicated. © 7999
Kluwer Academic Publishers

1. Introduction by not only material’s intrinsic character, but also by the

Chromophore attached along the side-chain of a polyexternal probe beam.

mer and chromophore (guest)/polymer (host) blend are In this paperdss values of a series of polyester poly-

the two of main and commonly used organic NLO ma-mers with push-pull azobenzene side chains attached

terial systems [1]. For photonic applications, side-chairwere measured, and the relative influence of a series of

polymers have several advantages over guest/host syalectron withdrawing groups was obtained. Addition-

tems: a much higher chromophore concentration can bally, a newly derived frequency dependence expression,

incorporated into the polymer system without crystal-has been used to obtain theoretical estimateizfor

lization and phase separation; the glass transition tenthe materials. They are compared with the experimental

perature {g) of such system is substantially higher thanvalues.

that of a guest-host system with same concentration of

chromophore. For the sake of experimental simplicity

examing structure-property relationships, NLO chro-2. Experimental

mophores are usually studied in the guest/host manneFhe details of the syntheses has been published else-

However, for the above mentioned reason, the attachedhere [3].

form is more important for practical applications. Since

loading density, free volume, state of aggregation and,

therefore, the behavior of a chromophore are very dif2.1. Synthesis of the aniline-containing

ferent, it is imaginable that conclusions made based polyester

upon a guest/host system will not always be applicabl®.13 g (8.36 mmol) ofp-phenylenediacryloyl chloride

to a side-chain attached structure. and 1.54g (8.44 mmol) oN-phenyldiethanolamine
On the other hand, one of the advantages of organiwere dissolved in 20 ml of dry 1,2-dichloroethane under

materials is that their performance may be optimizeda nitrogen atmosphere, and stirred at reflux temperature

by molecular tailoring or molecular designing. Mole- for 4 h. Then, the mixture was poured into ethanol to

cular design and, therefore, the research on propertyprecipitate the polymer. The product was redissolved

chemical structure relationships are especially imporand reprecipitated, and dried at 40=&0under vacuum

tant for organic NLO material research. Unfortunately,for 24 h. 3.02 g (98.1%) of aniline containing polyester

for macroscopic nonlinearities, as second harmonic cowas obtained. Softening point: 8G.

efficient, a structure element, thatis a chemical or physi-

cal quantity which can be simply related to the observed

property, is not available [2]. This is understandable be2.2. Syntheses of PEATDN

cause nonlinearity is a property belonging not only t00.2 g (290 x 10~3mol) of sodium nitrite was added

ground state but also to an excited state; they are relatad portions into 7ml of concentrated sulfuric acid
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Figure 1 Experimental setup for second harmonic coefficient measurements.

below 10°C. The system was stirred and heated tothermal analyzer with a heating rate of’X/min under

70°C and then cooled to room temperature. 0.53 ga nitrogen atmosphere.

(2.89 x 10-3 mol) of 2,4-dinitroaniline was added with

stirring to the reaction mixture and reaction was contin-

ued for 40 min. The reaction mixture was then poured2.5. Second harmonic coefficient (dss3)

with stirring onto 6 g of ice. After filtration, 0.4 g of measurements

sodium fluoroborate was added to the filtrate. The preThe fundamental (1.064m) of a Q-switched mode-

cipitate was collected and dried. To an acetone solulocked picosecond Nd:YAG laser (10 Hz) was used as

tion of 0.201 g of the above obtained aniline-containingthe probe (or analysis) beam. The experimental setup

polyester, was added 0.2 g of diazonium salt precipiis shown in Fig. 1.

tate. After dissolution, 1 g of anhydrous sodium acetate The poled film was mounted on a rotating plate

was added. The mixture was stirring for 10 h at roommoved by a stepping motor. After integration, the sec-

temperature then poured into water to precipitate thend harmonic signallg,) was compared with the inte-

dark red solid, which was washed with water and driedgrated second harmonic signal generated by a sample of

at 40-50'C under vacuum for 24 h. 0.308 g (100%) of urea power (zrfj). Theratio b,/ IZ’Zf was calculated by a

PEA1DC was obtained. IR: 1336, 1707 chiAmax(Cy-  Keithley multimeter connected to a computer. This ra-

clohexenone): 509 nnily: 153°C; molecular weight tio measured at 532 nm for p-polarized and s-polarized

(weight averaged): 15000. fundamental was recorded as a function of incidence
angle. Absolute values of the second harmonic coeffi-
cients were determined by comparison with a x-cut

2.3. Syntheses of PEA1N, PEA1DC, PEA1S quartz crystald;, = 0.5 pm/V). For both polymer film

The same procedure as for PEA1DN was employed iiind quartz crystal, the angular dependence of the sec-

each case. IR (cmt): 1336, 1511, 1707 for PEAIN; ond harmonic intensity 12 W was fitted by a theoretical

2226, 1706 for PEALDC; 1319, 1705 for PEALS.  curve according to the classical Maker fringe formula

[4, 5].

2.4. Preparation of poled polymer films
Films were prepared on glass substrate from cyclohex3_ Results and discussion
anone solgﬂor_m The_ ;olunons were first filtered 10 re-rpe chemical structure of the material series is shown
move particle impurities, spun at 2000 rpm and flnaIIyin Fig. 2
baked at 100C under vacuum to remove solvent. The -
thin films were heated to 13@ under an electric field
applied by corona discharge method. After 15 min a
_1SOOC,the films were cooledfco room temperature Olur'(:hromophore at SH wavelength was considered as
ing 1.5 h, and then the electric field removed. ollows [6]:

The thickness of the polymer films were measureJ '
by a Surface Profilometer (Tencor Alpha Step) at the )
Department of Physics, Royal Military College of 933 = (ds3)exprexplel/4)(wL/4)/sinhL /4) (1)
Canada. Molecular weights were obtained on a Wa-
ters gel-permeation chromatograph. Thermal analysis The result is shown in Table I.
were performed using Perkin-Elmer TGA-7 system It is also possible to estimate theoretically the rela-
with a heating rate of 20C/min and BJOSW Model 4-1 tive magnitude otlz; for the material series. Generally,

The second harmonic (SH) coefficierds$)ops Of
the four poled polymer films has been determined
Iexperimentally. Correction due to absorption by the
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TAB_L_E | Absorption correction of the second-harmonic of molecular susceptibility and molecular dipoie mo-
coefficients mentp,,, 1 is linearly proportional to a frequency fac-

Film Absorption tor F(w), as shown below [7]:
(dz3)obs thickness  coefficiert  ds3

Sample  (pm/V) (cnx 10°) (x10°cm™) (pm/V) (dsa)rel Bzt = K'F(w) (3)

PEAIN 162 453 1.32 510 1.7 ) W @

PEALDN 488 0.50 2.63 663 2.2 F(w) = 4
2 2 2 2

PEAIDC 126  3.25 153 349 1.2 [W? — (hw)?][W? — (2hw)“]

PEALS 274 3.51 8.75 296 1

where W is the energy of the first excited state and
hw, the energy of the photon of the probe beam. At
the present experimental condition, temperafuend
the poling electric fieldE, were fixed, by combining

(0] 0]
1 ] . .
= — Expressions (4), (3) and (2), Expression (5) could be
*ECCH CH—@CH CHCO— ,—ogl—n p (4), (3) and (2), Exp ®)

obtained:
R, R, ds = k NF () )
PEAN . . |
1 NO2 H N= The number densitil of nonlinear optical molecules
NO R in the poled polymer film can be estimated according to
PERON ? NO: 2 the measured chromophore contenalues as shown
PEA,DC CH=C(CN), H R, in Fig. 3.

If the segment weight of the aniline containing part
is denoted a#; and that of the azobenzene containing
part asMo, then the average segment weight containing
one azobenzene chromophore in the polymer chain can
be obtained from Equation 6:

PEA,S SO, H

Figure 2 Chemical structures of the polyester polymers.

Expression 2 is used to evaluationdag [7]: M =nM; +mM, (©)
Assuming the mass per unit of polymer is equal to one,
Os3(—20; 0, ) then theN value for each polymer could be obtained
o £ o _ simply from the reciprocal of th# value.
= 1/2Nf*" 119 B~ 20} 0, 0)Ls(P) (2) As seen in Table |, there is a dramatic increase in the
calculateddss values in the sequence of substituents:
where the total local field factof,, = f2°f“f® can  sulfone— nitro — dicyanovinyl— 2,4-dinitro. Katz
be approximated by Onsager’s equation, for frequencyand coworkers have correlated very nicely the mole-
doubling, typical value aref®~ f?*=2 F,=8; cularsecond order susceptibiljf with Hammitt con-
L3(p) is the third order Langevin function which de- stanto for nitro- and dicyanovinyl substituted aniline
scribes the amount the susceptibility is reduced fronrcompounds. However, Hammett constant frequently do
that of parallel molecular dipoled.3(p) is approxi- not provide acceptable relationships between chemical
mately equals téou Ep/S5kT.Fois the local field factor — structure and NLO properties due to the fact that ex-
at zero frequencyy is molecular dipole moment and cited states are also involved [8]. The frequency factor,
Ep is the poling electric field. Meanwhile, starting from F(w), as shown in Expression (4), depends on a combi-
two level system model, we have shown that the produchation of material’s excited state and ground state, and

D
CCH=CH
C@ CH=CH§O—|_N_i—O}‘n

i
He
H=CH|(36—|_N_,—0HC =0

Figure 3 Calculation of the number density of the segment which contains one chromophore.
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TABLE Il Theoretical estimates of relatias values and related
data

chromo. Amax F() N da3
Sample  cont.% (nm) (x10%*esu) &10°3M/ml) (Rel.)
PEA1IN 84 472 7.50 2.05 1.7
PEA1DN 100 506 21.80 1.80 4.4
PEA1DC 98 504 20.30 1.86 4.3
PEA1S 43 440 4.01 2.20 1

aChromophore content (%), see [3].

the external acting laser beam. The result, compute
by Equation 5, is listed in Table II. The increasedi

on moving from PEA1S—> PEALIN — PEA1DC—
PEAI1DN is rationalized by the frequency dependenc
relationship.

Itis also worthwhile to mention that the experimenta
observedlss values of PEA1DN and PEA1DC are not
as high as were predicted by the frequency dependen
expression. The depression may be due to intermol
cular interactions. Actually, the chromophore content
as shown in Table Il for these materials, is quite high
Dalton indicated recently [9] that such intermoleculal
interactions reduce acentric order parameter and, thel
fore, second harmonic properties significantly witt
increasing of chromophore concentration. Moreove!

Absorbance
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Figure 4 UV/vis spectra of PEALS in THF after differentirradiation
periods. Spectra 1-6 were obtained after 0, 4, 8, 18, 54, and 114 min
of irradiation, respectively. Spectrum 7 was recorded after 114 min
irradiation and 2 days in the dark.
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Figure 5 UV/vis spectra of PEALDC in THF after different irradiation
periods. Spectra 1-5 were obtained after 0, 4, 8, 18, 54 min of irradiation,
respectively. Spectrum 6 was recorded after 114 min irradiation and 2
days in the dark.

such effect will also become pronounced if the mole-
cular volume or dipole moment is large, just as in the
cases of PEA1DN and PEA1DC.

The photostability of the polymers was also exam-
ined in THF solution under irradiation by the output
of a 500 W high pressure mercury lamp, filtered by an
aqueous solution of CuSCFigs 4 and 5 are two typical
sets of UV/vis spectra recorded during the process.

PEAIN and PEA1DN behave similarly to PEA1S,
but PEA1DC behaved quite different.

There are clear differences between the spectra of
PEA1S and PEAL1DC. An isosbestic point and ther-
mal reversibility were found on the spectra of PEALS
(Fig. 4) while the reversion of the photoproducts were
less for PEA1DC (Fig. 5).

Similar experiments to test photostability were also
conducted on films of the polymers. Basically, the same
tends as in the solution were also observed.

Usually the absorption bands of trans- and cis-
push-pull azobenzenes overlap but with much smaller
extinction coefficient for the cis- form. The rate of
isomerization from cis to trans is much faster in sub-
stituted push-pull azobenzenes than unsubstituted sym-
metrical homologue [10]. The mechanism responsible
for the curves recorded in Fig. 4 can be ascribed to
cis-trans isomerizations, and the rather slow thermal
reversal process can be understood as the result of the
influence of the polymer environment. The photoreac-
tion of dicyanovinyl substituted PEA1DC is not only
cis-trans photoisomerization, but some non-reversible
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