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Local and external factors affecting the photodegradation
of 4 N,N’-dimethylamino-4 ’nitrostilbene polymer films

Adriana Galvan-Gonzalez, Michael Canva,? and George |. Stegeman®
School of Optics and Center for Research and Education in Optics and Lasers (CREOL),
University of Central Florida, Orlando, Florida 32816-2700

(Received 26 July 1999; accepted for publication 24 September) 1999

The photodegradation of the electro-optic chromophdyeNf -dimethylamino-4nitrostilbene was
investigated as a function of wavelength, temperature, local atmosphere, and local molecular
environment, i.e., attached as a side chain to a polymer or dissolved as a guest in a host polymer.
© 1999 American Institute of Physids§0003-6951(99)01547-8]

The performance of nonlinear polymers as electro-optid 1. This results in a change in the absorption spectrum
modulators has reached record performance witld0 GHz  with a reduction in the absorption in the deep blue and near
bandwidths. The electro-optic active materials consist of ultraviolet (UV), and presumably the appearance of new
noncentrosymmetric chromophores incorporated into a polyspectral features in the UV. As discussed previously, our
mer and aligned to produce a macroscopic nonlinearity typitechnique consists of monitoring the transmission of the
cally by electric field poling. The resulting devices are ex- sample in the long wavelength tail of the charge transfer
pected to operate under conditions of continuousabsorption peak as the film is illuminated with radiation of
illumination for periods of years under a diversity of envi- different wavelength8 The measurement of the transmission
ronmental conditions. However, many organic materials ar@volution yields directly the rati®/o where o is the mo-
known to be susceptible to a number of photoactivatedecular absorptivity. This is a key molecular parameter since
mechanisms which degrade the nonlinear activity of thghe 1k lifetime of the initial population of molecules with
polymer3~° To date, photodegradation studies have focusethe interesting charge transfer state is given 7ByB/on,
on the chromophore M,N’-dimethylamino-4nitrostilbene ~ wheren, is the photon flux.

(DANS), which has taken on the role of the prototype chro-  The absorption spectrum shown in Fig. 1 for the side-
mophore for degradation studi#® They have established chain polymer(SCP, 43% weight fractionexhibits two

that the photodegradation decreases by many orders of magtrong peaks, both of which have been shown theoretically to
nitude between 500 and 1064 nm, that oxygen complexatiohave strong charge transfer character by Bredas and
leading to an absorption feature at 1280 nm adversely affecgo-workers'! lllumination at 544 nm, in the tail of the domi-
the refractive index at 1320 nm and that the variation in thehant charge transfer spectral line, shows that both peaks are
guantum efficiency associated with the degradation foiphotobleached with time. This shows conclusively that there
A~500-600 nm suggests that there may be multiple degreare at least two degradation pathways, one associated with
dation channels presefit® In this letter, we demonstrate that each peak. For a photon flux of 480?%cn?, the dominant
there are two charge transfer states which are photobleachegghotodegradation effect is essentially finished in about 2 h.
evaluate the quantum efficiency for both, investigate the temFurther degradation occurs but at a much slower rate. It is
perature and environmental dependence of the photodegradéis initial (faster) photodegradation that we study in this
tion and its dependence on whether the polymer is a sidtter. No further changes in the spectrum of the irradiated
chain or a guest host. material were observed 150 h after the completion of the

As shown in the inset of Fig. 1, the molecular structurephotobleaching experiment showing that the photoproducts
of DANS is that of a classical stilbene chromophore. Anare stable.
electron donokamino)and an acceptdinitro) group is con-
nected via an electron conjugated bridge consisting of two
benzene rings connected by two carbons with a double bond
between them. There has been some early discussion of the 16 |
dominant degradation mechanism, trans-cis isomerization
leading to a bent molecular geometry or photo-oxidation of
the central carbon double boAd1°Both are initiated by the
absorption of a photon exciting the chromophore into one of
its two excited charge transfer states, and the subsequent
conversion to another species with a quantum efficiency 0.0
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¥Permanent address: Laboratoire Charles Fabry de I'Institut d’Optique,
UMR 8501 CNRS, Universited’'Orsay/Paris-XI, 91403 Orsay Cedex, FIG. 1. The absorption spectrum of the SCP DANS in air as a function of

France. illumination time with a 544 nm pump beam of 0.20 W£r(0, 80 min, 4,
PElectronic mail: george@creol.ucf.edu 6, 20 h).
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FIG. 2. The figure of meriB/o is plotted vs the photon energy for SCP 30 40 50 60 70 80 g(;) 100
DANS in air as a guest ho$t>) and in a side chaiX). T(°C)

FIG. 3. Temperature dependence in air of the normalizedata at 25 °C)
The parameteB/o was measured from 442 to 1320 nm figure of meritB/o for the SCP(A, ¥) and GHP(A, V) polymers at the
for both the SCP and DANS as a guest in a ponmethyI-tWO wavelengths 4884, &) and 780 nm(V, A).
methacrylate hostGHP) using the techniques outlined in
Ref. 6, see Fig. 2. In the guest—host case the chromophoréeteriorating faster than the guest host. We suspect that the
are simply dispersed in the polymer with doping concentratemperature dependence of the inhomogeneous broadening
tions of <10% in order to avoid aggregation effects, 4% may play an important role.
weight fraction in our case. Clearly the large chang®/ir The effect of different atmospheres on the photodegra-
indicates that DANS is much more stable for wavelengths fadation was investigated to shed light on the dominant degra-
from its dominant absorption peak. The trend of increasinglation mechanism and establish the sensitivity of the charge
B/o with wavelength is, however, broken at 1320 nm wheretransfer excited states to oxygen. The powder form of the
significant enhanced photodegradation occurs as can be segide SCP was dissolved in the solvent cyclopentanone and
in Fig. 2, probably due to the formation of oxygen com-then either pure oxygen or nitrogen was bubbled vigorously
plexes, as noted previouslywe found here that the SCP through the solution for 2 h. Both the spin-coating and opti-
was roughly an order of magnitude more photostable thagal experiments were carried out in the respective atmo-
the guest—host polymer. Note that the side-chain approac$pheres. A third control sample was prepared in air. Note that
should therefore be used not only for its enhanced orientaalthough this procedure does not ensure that all of the oxy-

tional stability, but also for its superior photostability. gen is removed when purged with nitrogen, it does give an
The absorption spectrum of DANS is known for the SCPindication of the importance of oxygen in photodegradation.
which allows B to be evaluated fronB/o over a limited As in the previous case, both the side-chain and guest—

range of wavelength. A plot of B versus wavelength ex- host polymers were investigated at five wavelengths. Results
hibits two plateaus wher8 is independent of wavelength at two wavelengths, 488 and 780 nm are shown in Fig. 4 for
giving B=3x10" in the blue-green visible anB=10° for ~ both the side-chain and guest—host polymers. It is clear that
A>0.65 um.® The photodegradation quantum efficiency of photo-oxidation is an important photodegradation mecha-
the chromophore in the guest—host system is about a factmism: The figure of meriB/o is very sensitive to oxygen

of three higher that in the side chain. In both cases, the quarconcentration. It increases in nitrogen and decreases in oxy-
tum efficiency for the photobleaching of the higher energy

charge transfer stateentered at-300 nm)is 30 times larger 10
than that of the lower energy charge transfer stagmtered
at ~430 nm). The charge distributions associated with theseg'
two excited states were calculated by Bredaal.and Zoos &

et al**3 The high energy peak involves larger bond-order
modifications than the low energy one, and hence, more pro‘g
nounced geometric deformations. Therefore, the 300 nmr© ,
state is characterized by a larger lattice distortion and there~
fore molecules in this state are expected to be the more re

TESSE e

active of the two, in agreement with our results. L 1 scp guest-host T T
The temperature dependence Rffs can occur due to &0 | ~&—nA-r=488rm | [T

the temperature dependence Bf o, or both. Systematic - P--A = 780 nm

measurements in both SCP (=142 °C) and GHP T 0.1 —_

=100 °C) systems were performed at different wavelengths N air

(photon energieslpetween 442 and 780 nm, increasing the 2 02

temperature from 25 to 95 °C. Figure 3 shows representative
IG. 4. Normalizedto data in air)figure of meritB/o for SCP(A, ¥) and

results both inside and outside the absorption band. IncreaE-HP (A, V) films prepared and measured in three different atmospheres,

ing the temperature increases the photodegradation rate Ryogen, air, and oxygen at the two wavelengths 488 A) and 780 nm

less than an order of magnitude, with the side-chain systenv, v).
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3.0 mined by the dominant absorption feature and has the value
B~ 1=10 5. Although this seems small, it is large enough to
make DANS unacceptable for long term electro-optical ap-
plications between 800 and 1320 nm, and possibly even at
1550 nm where it has not been measured yet. For example,

2.5+

2.0+
§ when the propagation of 1 mW in a DANS channel of 10
8 15 wm? cross section is assumed under ambient conditions, the
g maximum lifetime predicted is of the order of 3.5 days for
T o wavelengths up to 1320 nm. Photo-oxidation was identified
as the dominant but not sole degradation mechanism and it
054 was found that an oxygen atmosphere relative to a nitrogen

one increased the degradation rate by up to an order of mag-
00 = nitude. It was also shown that increasing temperature from
200 400 600 room temperature to 100 °C decreased the photostability by

A (nm) less than one order of magnitude. Overall, we conclude that
FIG. 5. Evolution of the absorption spectrum for SCP—DANS illuminated in stilbenes like DANS are not good candidates for long life-
a nitrogen atmosphere at 488 nm at an intensity26f W/cn? in the first time electro-optic devices.

half hour then 101 Wi/cfnfor times up to 2 h]. After 2 h an oxygen atmo-
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