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The photodegradation properties of six electro-optic chromophores in guest-host polymer formats
were measured as a function of wavelength throughout the visible and up panii8 the near
infrared. The chromophore structure was varied to provide insight into its relationship with
photostability. © 2003 American Institute of Physic§DOI: 10.1063/1.1578703

I. INTRODUCTION tive index and, hence, forming a waveguide. Electro-optic
modulators based on this material and process were
The systematic development of charge transfer chrodemonstrated.
mophores for electro-optic applications has occurred over the  This same group later demonstrated that photobleaching
last two decadebTypically, electro-optic molecules consist also leads to photodegradation of DANS even in the 1300
of an electron donor and an acceptor group separated byram communications ban@vell away from the primary elec-
conjugated “bridge” that facilitates charge transfer betweentronic transitions near 500 N When DANS waveguides
the two terminating groups. This substitution pattern leads tavere used around 1300 nm, a guided wave transmission loss
an asymmetry in the charge distribution in the electronicresulted from photobleaching of the channel by the guided
ground state and, hence, to the large permanent ground stdight. The largest effect occurred at 1280 nm, the wavelength
dipole moments that are required for molecular alignmentssociated with the singlet oxygen absorption peak. At 1300
via electric field poling. Furthermore, the large changes imm the degradation was a factor of two sloW&idowever,
the charge distribution in the first excited state of the mol-in the compound 4-N,N-dimethylamino-itrobiphenyl
ecule relative to the ground state result in a large secondMe,N—Ph—Ph—NO,, Fig. 1) where the —GC- unit
order optical nonlinearity, i.e., the electro-optic coefficientconnecting the two phenyl groups in DANS is now replaced
responsible for a change in the refractive index when arby a single bond, the photodegradation was dramatically re-
electric field is applied. duced. Subsequent work in an atmosphere purged with nitro-
The chromophore DANS (4-N,N-dimethylamino- gen showed an order of magnitude increase in the photosta-
4'nitrostilbene, MgN—Ph—CH=CH-Ph—NO,, Fig. 1) bility of DANS at 1320 nm, further implicating the
has historically been considered as the prototype for the stilparticipation of oxygen in the photodegradatitrelieved to
bene family of electro-optic chromophores. Early work atbe primarily due to the reaction at and scission of the carbon
Celanese(now Hoechst—Celanesshowed that intentional double bond in the central bridg It was later found by
photobleaching of DANS in the visible-UYthe primary ab- ~ Other researchers that the photodegradation rate can be accel-
sorption bands could be used to fabricate channel €rated by the addition of a photosensitiZeDANS wave-
waveguides. When attached as a sidechain group to a metfiuide transmission losses were compared at 1320 nm and at
acrylate backbone polymer DANS was one of the first chro-1550 nm and no degradation at 1550 nm was found on the
mophores investigated and implemented in an electro-optiimited time scale of the experimehtiowever, it must be
polymer waveguide device? Here, the channel region was noted that the projected lifetime qf DA.NS.at 1320 nm is still
masked off during illumination in the visible and the refrac- ONlY azfew days at an average illumination of 1 mW over
tive index of the surrounding material reduced by photo-10x«m” and at least three orders of magnitude improvement

chemical reactions, leaving the channel with a large refraciS Necessary to give a lifetime of ten years at 1550"hf.
More details about the photodegradation characteristics

of DANS including the possible effects of two-photon
€absorption were reported in a series of letters in the

dpresent address: Agere Systems, 4656 Towerwood Drive, Brownsvill
TX 78521.

bAlso with: Department of Chemistry. late 1990_51.1‘13 The concentration of moleculdgelated to
®Electronic mail: michael.canva@iota.u-psud.fr the magnitude of the strongest charge-transfer staesus
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photoinduced isomerization of thas-stilbene isomer via a
\N O \ conrotatory, six-electron electrocyclic ring closure affords
/ Q NO; the trans isomer of a dihydrophenanthrene derivative. This

tricyclic polyene is not aromatic and is unstable and subject

to oxidation to the phenanthrene derivative and other addi-

\NN02 tional photochemistrynot shown. There is no trugérans-cis
/ stilbene photostationary state established becausadiso-
_ _ _ _ mer population is gradually drained by the photocyclization
FIG. 1. Structure of typical nonlinear optical electro-optic chromophores.

The stilbene chromophore DAN&op) and the analogous biphenyl deriva- procgss Ieadlng to phenanthrene. The 'seco'nd' reaction le":lSS
tive (bottom have different conjugated bridges but identical donor and ac-requires the presence of oxygen. Here, irradiation of the stil-

ceptor groups. bene (or other polyene or condensed aromatic such as
phenanthrenecan sensitize the formation of reactive singlet
oxygen {0,) by triplet energy transfer from an excited trip-

illumination time was monitored by measuring changes in he sindl hus f q H 4d to th
the absorption spectrum. Parameters including the differend§t State. The singlet oxygen thus formed can then add to the

between sidechain attachment and guest-host inclusion, te=C double bondgas found in stilbenk resulting in for-
wavelength dependence of the photodegradation from 400 f@ation of an oxetane that can undergo subsequent irrevers-
1300 nm and the temperature and atmosphere dependerifé thermal reactiongnot shown. These different and com-
were all examined? The photodegradation figure-of-merit Pl€x pathways can only be unraveled by chemical analysis of
was found to increase by seven orders of magnitude witéh€ photoproducts. This might be accomplished by a combi-
increasing wavelengtta minimum at the absorption maxi- nation of chromatographic methodsigh pressure liquid
mum of the strong charge-transfer state near 470 nm anghromatograpy or gas chromatography coupled with an ana-
then a steady increase until a plateau and then a decreasd)fcal means such as mass spectrometry. Using these tech-
encountered at 1320 nm due to singlet oxygen niques is should be possible to determine the evolution of
There are two clear and dominant photodegradatiorfiegradation in the samples, i.e., determining both primary
pathways for stilbenedrans-cisisomerization and the cre- and secondary photoproducts. Unfortunately the requisite
ation of chemical species that involve oxygen inducedhardware was not available to us and the analysis was
chemical reactions primarily at the central stilbenee€  beyond the scope of this work. Furthermore, two
bond!? Some of the reactions that may occur are illustrateccharge-transfer states contribute to the measured photodegra-
in Fig. 2. The first process does not require oxygen. Heredation.
trans-stilbene is first isomerized upon irradiation to the ther-  These results for DANS have raised questions about the
modynamically less stableis-stilbene isomer. A subsequent photostability of other alkene containing chromophores and

D
O trans stilbene cis-stilbene dihydrophenanthrene
— . — :
Ly = A —
hv
A D A
'o
hv 2 hv A (O]
0-0
oxetane phenanthrene Q
D A
D A

FIG. 2. Photochemical reactions of stilbene derivatives. Dhend A are substituents, e.g., electron-doflband electron-acceptdk groups.
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reduction of the effective conjugation in the molecule or
changes in the characteristics of the donor or acceptor groups
responsible for the optical nonlinearity. These changes rep-
resent serious problems for most photonic applicattons
The figure-of-merit which describes a single photodeg-
radation process from a single charge-transfer excited state is
given byB/o whereB ™1 is the probability that photodegra-
dation occurs from the excited state, amds the molecular
FIG. 3. A schematic of the photodegradat.io.n model found for DANS. Thereabsorption coefficient. Larger values Bf o, lead to slower
are two chargg transfer states that participate, and there are at least IW% . . .
photodegradation pathways from each. photodegradation rates. In the case of DANS with multiple
pathways and multiple excited statéas in the case of mul-
tiple decay mechanisms with different time constants where
polymers:* In contrast to other studies of polymer figures- there is an effective decay time constant which inverse is the
of-merit for electro-optics, changes in the figures-of-merit forsym of all inversg there is an effectived, By, with B;ﬁl
photostability with changes in chromophore structure are- o1/01By+0y/01B,+ -+ whereo, is the absorption co-
currently difficult to interpret, limiting the predictive power efficient associated with thi¢h excited statéwhich depends
of simple structure-property relationships. For example, ity photon energy differently for each stater;=o
has proven possible to evaluate the strength of different elecy o+, and theBi’l contain the combined quantum effi-
tron donor and acceptor groups and the electronic transmigsencies for all degradation pathways from ftie state(that
sion capabilities of differentr groups so as to design mol- s pecaus®/o is the guantum analog of the time consjant
ecules with predict_a_lbly Iarge_nonlinearities._Howeve_r, inthe | any photodegradation experiment, the concentration
case of photostability, there is much less rigorous informagf molecular species starting from ground states is monitored
tion relating structure to photodegradation that can be trigpy ejther measuring the reduction in the full absorption spec-
gered at many different sites in a given chromophore, degym, or by monitoring the change in absorption at a specific
pending on the local polymer environment, the range ofy4yelength, usually in the tail of an absorption line of the
chemical reactions that can occur, and the presence of 0X¥glecule under study and in a transparent region of the
gen, etc. In order to assess whether thkefunctionality as photoproduds).72* The initial slope of the change in the

found in stilbene is the “Achilles heel” ofr-conjugated  sample transmission with integrated optical fluence is di-

chromophores, we investigated the photostability of a NUMiectly proportional tar /By (i.€., the rate of change is pro-

ber of selected alkene containing chromophores_. Other Worbortional to the number of excited molecules, wia, which
conducted on the chromop_h_ore ‘DCM” prewqusly_ ad- effectively changes conformation, with a probabilityBl4
dre%sselg the issue of the stability of such a bond in this lasef,q therefore provides a direct measurement of this figure-
dye:™ of-merit. The maximum complexity that can be unraveled by
the experiments described here is the existence of two par-
ticipating charge transfer states, and the identification of two
pathways providing one is photo-oxidation. Identifying
Assuming that the results for DANS are prototypical of photo-oxidation as a pathway requires measuring and com-
other alkene containing chromophores, the states and patparing the effects of photodegradation in @r oxygen and
ways expected to participate in the photodegradation oin a nitrogen atmosphere. The variatiorBrvith wavelength
m-conjugated chromophores are illustrated in Fig. 3. Thids the signature of multiple degradation pathways. In fact,
process typically starts with the absorption of a photon andhis has been found for DAN%, and we thereafter summa-
the excitation of a fraction of the chromophores into one ofrize the data that had been collected, and for most of it pub-
the two lowest lying excited charge-transfer states of thdished in greater details, as it is a typical example of what can
moleculel’ Those chromophores that return to the originalhappen,
ground states on de-excitation do not contribute to the pho- From the wavelength dependenceBin DANS it was
todegradation. However, any other de-excitation pathwaylear that there are two values Bf with the quantum effi-
leading to a different final stat@nd usually different chemi- ciency B, (3x10%) for photodegradation associated with a
cal speciepresults typically in a loss of overall conjugation higher energy charge-transfer state, and the smaller quantum
with a corresponding reduction of the electro-optic nonlin-efficiency B; (8 X10°) with the lowest energy charge-
earity of the molecule and a reduction of refractive index oftransfer state. This is manifested by a clear transition in the
the medium. For example, reversilitans-cisisomerization 500—600 nm wavelength range between two wavelength-
in the excited state changes the geometric structure of thedependent plateaus f@:.'2
molecules, or an irreversible chemical reaction such as Observation of the visible-near UV DANS absorption
photo-oxidation leads to one or more new chemical speciespectrum during illumination showed that there are two spec-
Many other processes can occur for any given chromophorgal components at 2.9 and 4.1 eV that are photobleached
and the total photodegradation phenomenon can be vemsfficiently by 544 nm radiation in aff The first peak corre-
complex, involving multiple intermediate steps before thesponds to the electronic transition from the ground state to
final photodegradation products are reacHetdThe new al-  the lowest energy singlet excited stat§;) with strong
tered chemical or geometric structure likely involves somecharge transfer characteristics. The second corresponds to

IIl. PHOTODEGRADATION MODEL USED AND
PARAMETERS MEASURED FOR DANS
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transitions from the ground state to another excited charge- \
transfer &,) that involves large bond-order modifications 1 /N O \
and, hence, more pronounced geometric deformatons. Q NO:
Theoretical calculations have shown that these two absorp-
tion spectra are associated with two separate charge-transfer
states. A photoproduct appears with a peak at 380 nm. Simi-
lar photobleaching curves are obtained in an oxygen atmo- \
sphere. However, in a nitrogen atmosphere, the behavior is N
quite different for short times with primarily the dominant /
charge-transfer peak undergoing photodegradation and trans-
ferring its oscillator strength into a new spectral feature at
360 nm, presumably due to th@s isomer and a weaker
feature at 240 nm. At later times, the 360 nm feature is pho-
tobleached and the broad absorption centered at 240 nm con- _\N‘Q_\
tinues to grow. When oxygen then replaces the nitrogen, the 3 _/
final photoproducts are different from those obtained when
air or oxygen was used from the outset. Furthermore, in \ CN
separate experiments, the photoproducts in air are different
for bleaching at 488 vs 544 nrtand at 458 vs 515 nm
showing the complexity of the photodegradation processes
involved!® Q

As detailed in previous communicatioffsthe measured v
or extrapolated knowledge of tH&/ o parameter at a given 4 N‘@j
wavelength allows evaluating the lifetime limitation of a de-
vice due to such cumulative photodegradation linear effect,
knowing the device geometric structure and illumination .
conditions. In all case, for a given device such lifetime limi-
tation will scale withB/o. As example, the best sample we
studied so far was a modified disperse-red one doped poly- _\N
mer, and we extrapolated that a 267 section waveguide _/
would have a lifetime of about a year if continuously oper- . NC
ated at 1064 nm with an average power of 1 FW.

ll. EXPERIMENTAL RESULTS FOR 7-CONJUGATED ™\
CHROMOPHORES 6 N = NO,

The chemical structures of the chromophores 1-6 stud-
ied here are shown in Fig. 4. Chromophores 1-5 all contain  FIG. 4. Structures of the chromophores investigated in this study.
an olefinic bridge while chromophore 6 contains an acety-
lene bridge. Chromophores 1 and 2 are sinipte A substi-
tuted stilbenes, chromophore 5 is a stilbene with an addi530 nm. This indicates a much stronger dominant charge
tional cyano acceptor on the olefinic bridge while 3 and 4 ardransfer state in the latter trienes.
trienes terminated with a donor amine substituted benzene The evolution of the absorption spectrum during illumi-
ring and a pair of cyano acceptor groups. Table | contains aation in air and nitrogen at the long wavelength eg#&2
list of chromophores 1-6 studied in guest-host format alongqim) of the dominant charge transfer was investigated for
with their salient properties. The typical formulation was 5% chromophore 2 in PMMAFig. 6). Because of the decreased
by weight of 1-6 as guest in pdiyethylmethacrylale acceptor strength associated with this phosphonate chro-
(PMMA) as host. In the case of 2, pON-vinylcarbazol¢ ~ mophore compared to DANS, all of the charge-transfer re-
(PVK) was also used as a host polyrAér. lated peaks are moved to shorter wavelengths relative to

The shapes of the absorption spectra are all similar foDANS. (Here the higher energy charge-transfer state is be-
the chromophores studied and representative examples dieved to appear as the shoulder observed on the dominant
given in Fig. 5. There are three well-defined peaks. Based oabsorption peakThe decay of the main charge-transfer peak
DANS, the two lowest energylongest wavelengbhpeaks is slower in nitrogen than in air indicating that, just like in
correspond to charge-transfer excited states with the weak&ANS, photo-oxidation is a contributing photodegradation
one usually located 40—100 nm below the stronger one anchechanism. Furthermore, the changes in the spectrum at
whose location depends on the specific donor and acceptaravelengths about 100 nm below the dominant charge trans-
groups. The phosphonate 2 exhibits a short wavelengtfer absorption peak are also typical of what was observed
Amax(380 nm) for the lower energy peak whereas 3 and 4oreviously in DANS!? Namely, the peak at 270 nm grows
have longer wavelength absorption maxima between 500 antionotonically in nitrogen. In both cases, absorption due to

&)
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TABLE |. Chromophores studied and their properties including the wavelength for the peak of the absorptian,gutdetermined on a thin film the full
width half maximum of the absorption curve, tBeparameters at 543 and 633 nm, and EhegandE,, fitting parameters. All of the chromophores 1-6 were
studied in PMMA and chromophore 2 was also studied in PVK.

Chromophore . in N [Enax(€V)]  Full width at half maximuminm) B @ 543 nm(in 10°) B @ 633 nm(in 10°) D, (in 16°% E, (meV)

1 PMMA 430(2.89 114 0.1 1 3 86
2 PMMA 370(3.36 60 0.6 0.8 5 130
2 PVK 390(3.19 100 1 1 70 91
3 PMMA 530(2.35 120 0.7 0.9 0.15 93
4 PMMA 500 (2.48 130 1 3 13 93
5 PMMA 470(2.69 130 2 5 12 92
6 PMMA 430(2.89 110 1 6 1 117

new photoproducts appears around 240 nm. In summary, ipeak molecular absorptivity associated with the charge-
this case, like DANS, it appears that more than one phototransfer state located &,,,. HereD,, is proportional to the
degradation mechanism is operative. As discussed in detaihinimum lifetime per unit of photon flux. This relation has
previously? based on the assumption that far from the mainbeen proven to be valid for many electro-optic chromophores
absorption band th8 parameter would only be due to one and is useful for predicting values &/ o in this spectral
charge-transfer state and therefore independent of excitinggion with the knowledge of only two parametgEs, slope
photon energy, the the dependence of the figure of Béit  andD,, offset on logB/o) vs hv representatio'®

in the near infrared would then only be due to the Voigt =~ The dependence @/o on the photon energg g, for
profiled red side line shape of the absorption band and couldll six chromophoresincluding DANS is shown in Fig. 7.
therefore be expressed in terms of the photon enEggyyas  The associated error bars are not provided for these data.

B/o=B/ oo exX — (Epnor Emad/Eol

=D exp(— Epnot/ Eo), 1.6 N,
DOZ B/O’o eX[:[ Emax/EO] . t,= Omin
et = 5 min
1.2+ ——t,=10 min
(It is for this reason that we plot thB/o data in terms of |\ AR W [ t, = 40 min
photon energy rather that wavelengtiihis behavior effec- 8 ——t,=10 hr
tively mirrors the dependence of the “red tail” of the absorp- §0-8-
tion spectrum on the photon energy in this region of the §
spectrunt? Here E, is a constant that varies with both the &
host polymer and the chromophore and the smallelBje 041
the spectrally narrower is the tail of the absorption spectrum
and the faster the figure-of-merit increases with decreasing v \ ]
photon energy(i.e., increasing wavelengthAlso oy is the 900 300 400 o) 500 600
A(nm
1.6\
] Air
1.4 4 t,= Omin
1.2 -—=1,= 5min
3 k =1, = 10 min
® g 1.0 -——1, = 40 min
g £ ] ——t,=10hr
O 4=
2 2 0.8-
o ©
2 0.6 1
-Q -
«< 0.4 4
0.2 1
0.0 - . : T T :
0 { . = = : 200 300 400 (nm) 500 600
200 400 600 800
A(nm)

FIG. 6. The evolution of the absorption spectrum of grs-thick film of 5

wt % of stilbene phosphonate 2 in a PMMA host polymer upon irradiation in
FIG. 5. Absorption spectra for three typical stilbene guest-host polymers, aitrogen and air at 442 nm. Hetg...t, correspond to irradiation times of O,
(in PVK), 5 (in PMMA), and 6(in PMMA). 30, 60, 90, and 120 min, respectively.
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10
40
10
10 {84
X -
a8 o ©
E 10" v N 10" v
~— o g o
v ° v
7 o +
%10 2 - 10% 9
3
9 Q
107 %—g——g—
T 10*
107 : 0.01 0.1 1
1.0 1.5 2.0 2.5 3.0 E, (eV)

E photon ( eV)

) ) o _FIG. 8. Plot ofE, vs D, for the chromophoresin PMMA unless otherwise
FIG. 7. The wavelength dispersion of the photodegradation figure of merithdicated including 1 (+), 2 (V), 2 (¥, in PVK), 3 (O), 4 (A), 5 (©),
B/o for the chromophoregin PMMA unless otherwise indicated (+), and 6(9).

2(V), 2(V,inPVK), 3(0O), 4(A), 5 (), and 6(9).

They are estimated to be fairly large, but even a factor of 2f B in 5 is 5x 10°, significantly larger than that of DANS
would not change the conclusions as we are interested ifi.0°), which does not have the cyano group.
variations over orders of magnitude as the photobleaching The spread irB in these chromophores is one order of
wavelength is varied over the visible and near-infrared specmagnitude, comparable to that found in azobenzéhesw-
trum. In general terms the shape of such variations are vergver, the median value & s typically a factor of 50 smaller
similar, as noted previously for many other electro-opticthan in the azobenzenes. However, it is important to note that
chromophores. Furthermore, with the exception of the phosit is a combination oB and ¢ that determines the figure-of-
phonate 2, the dependenceRffo on E . is quasilinear in - merit. Since the absorption spectra are relatively narrow for
the near infrared. However, there is a very clear leveling offsome of the compounds, the figure-of-merit for the best com-
of the B/ o for energies below about 2 e620 nm for the  pounds aE 0= 1.4 €V (1064 nm) is comparable to that of
chromophore 2 with the phosphonate acceptor group studieazobenzenes.
in two different matrices. The unique aspect of the linear  In addition, the replacement of the diethylamino electron
absorption spectra of phosphonate substituted stilbene 2 @onor group in 3 by a diphenylamino group ineverything
that they are very narrow with a lardg, ., (small\ .- As  else being unchanggdncreases the photostabilitg =9
a result the absorptiom decreases very rapidly with decreas- X 10* vs 3x 10°. This influence was also found in earlier in
ing photon energy into the near infrared. Assuming a conazobenzene¥. The enhanced photostability of diarylamine
stantB in this region of the spectrum, this leveling off of the versus dialkylamine donor chromophores may come from
figure-of-merit would be due to a leveling off of the absorp-two contributions. First, often the diarylamine donor has a
tion spectrum below 2 eV, as expected from a Voigt profile.higher oxidation potential than the comparable dialkylamino
(The Voigt profile has been found to give a good approxima-donor compound. Second, in the diarylamino compound the
tion to the absorption spectrum of DANS, the prototypehydrogens on carbon adjacent to the amine are absent. This
stilbene?®) site is the most reactive in the alkyl chain on the donor.
Chromophores, 3-5, have stronger charge-transfer states The range of th&, andD,, for this family is shown in
as evidenced by the shifts in tHe,,, to smaller photon Fig. 8. As often the range &, value (slope is narrow and
energieqdi.e., longer wavelengthsOf these, chromophore 5 the values oD, (offse) spreads over several orders of mag-
is the most stable witlB/c comparable to values reported nitude. However, this is a classical example of the care that
previously for azobenzenes. This additional stability may bemust be used in interpreting,— D, plots for predicting
due to the fact that 5 has only a single trisubstituted alken@hotostability. Here chromophore 2 in PVK has the largest
while 3 and 4(a different class of chromophopesre trienes D, and smallesE,, normally a useful predictor for good
with more reactive multiple alkene functionality. photostability. But as is evident in Fig. 7, the low photon
The physical parameter that describes the “strength” ofenergy(longer wavelengthvalidity for these parameters is
the degradation pathways & It can be obtained from the limited to about 2 eM633 nm. So in fact chromophore 5,
measured/o by measuring the molecular absorptivisyof ~ with the next highesD, and smallesg, is the most prom-
the films using a Cary spectrophotometer. These measurésing in this class of molecules.
ments were used to generate the valueB ti$ted in Table I. The 4-N,N-diethylamino-4nitrotolane, chromophore 6,
They range fromB=10*—2x10° at 543 nm, and from 8 represents a substantial change from DANS in that the cen-
X 10* to 6x 10° at 633 nm. This increase Bin this spectral  tral carbon—carbon double bond, is replaced a carbon—
region was also observed in DANS and is a consequence afrbon triple bond. This has a large impact on the absorption
two excited states contributing to the photobleaching. Thespectrum,viz. Fig. 5. The higher energy absorption peak is
value at 633 nm is indicative of the value associated with thectually comparable to or even larger than the lower photon
photostability of the lowest energy excited state. The valueenergy peak that is the dominant one in DANS. This will
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certainly affect the decay processes, and this merits furthe
investigation. Although the value d8 is larger than any

found for the other chromophores, naméy=6x 10°, the 3.0
dependence dB/o versus wavelength is typical of the stil- w °
benes, see Fig. 7. The acetylene group is prone to many ¢ J
the reactions of stilbenes. The oxidation potential of an
acetylene containing chromophore is generally higher thai>"5 o

that of its stilbene counterpart. £
Q. [o]
= ] 1) ©
R
1.07
IV. SECOND-HARMONIC GENERATION
MEASUREMENTS OF PHOTOBLEACHED DANS .
SAMPLES
. . . 0.0 1 T 1 T F T 1 T T T
The Maker fringe technique is a standard method for 0 40 80 120 160
measuring the second order nonlinearity in thin fifrend it ' time [min]

was used here to evaluate the loss of nonlinearity of DANS

as a function of bleaching time. Thin film DANS samples FiG. 9. Plot ofds, vs time for DANS measured with 1579 nm radiation.
were prepared by spin coating on substrates covered with a

transparent indium tin oxide electrode followed by the

vacuum deposition of an aluminum film onto the DANS sur- V- CONCLUSIONS

face. By applying electric field poling in a parallel plate ge-  Thjs study, albeit with a limited number of chro-
ometry, the DANS molecules which have a large permanenfhophores, has shown that this family of alkene and alkyne
dipole moment were partially aligned along the field direc-conjugated chromphores exhibits photostability inferior to
tion. A nominal electric field of 100 Wm was used and no the azobenzene fam||y The quantum efﬁciency for photo_
efforts were made to optimize the poling process. Finally, thejegradation is typically a factor 50 greater than for a typical
electrode on the film's upper surface was etched away t@zobenzendand this would scale in lifetime of associated
allow optical beam access to the volume of the sample.  devices used is similar operating conditiprishus, in gen-

A 1064 nm Nd: Yttritium—aluminum—garnet laser was eral, the —C=C— double bond appears to be, under our
used in conjunction with a hydrogen Raman cell to produceyperating conditions, much more susceptible to undergo
1579 nm radiation. We assume that the photodegradation @hotoinduced transformations than theN=N-— double
this wavelength can be neglected and the harmonic generatg@nd. Nevertheless, if the absorption spectrum is sufficiently
is too weak to lead to additional phOtOdegradation. The 157gpectra”y narrow, then the figure-of-merit for the best chro-
nm Optical beam was incident at variable angIeS from thQ'nophoreS approach that of typ|ca| azobenzenes. These re-
surface normal and the second harmonic obtained on trangyits suggest that future materials investigated for optical
mission was measured. The most reliable results were 0*31pp|ications in integrated optics should employ measures
tained for the TM) -~ TM(2w) polarization combination. needed to stabilize or protect the=C functionality. This
The standard Maker fringe analysis was performed on th@utcome may be accomplished by a number of means. First,
data and the variation of the nonlinear coefficielgf with  molecular structure modification will certainly still lead to
photobleaching time with 488 nm radiation was deduced. Allintrinsic structure stability enhancement. Second, the impor-
the measurements were made in air where photo-oxidatiogynt role of oxygen in the photodegradation must be miti-
contributes significantly to the photodegradation. gated. This may require the inclusion of stabilizers such as

The results fords; for DANS are shown in Fig. 9. catalytic or even stoichiometric scavengers for triplet and
Clearly, photobleaching leads to a reduction in the secondinglet oxygen. Another obvious important component will

order non”nearity. Also it is evident that there were two CON-pe the elimination of oxygen by appropria‘[e processing and
tributing processes involved, one of which bleaches oupackaging methods.

much faster than the second one. The variatiorBo#ith

wavelength has shown that the photobleaching figure oAckNOWLEDGMENTS

merit for the higher energy charge-transfer state dominates at . i )
this wavelength and we hypothesize that this is also the case 1he authors would like to acknowledge the financial
for the nonlinear activity. What is surprising is that the two SUPPOrt at CREOL and Arizona of NSF under a GOALI pro-
charge-transfer states seem to contribute equally to th@ra@m, and at CREOL and IOTA by a CNRS/NSF French/US
second-order nonlinearity and these results merit further inbilateral grant and at the California Institute of Technology
vestigation. This is in contrast to other work on the reduction™om the Air Force Office of Scientific Research.

in the second-order nonlinearity in Disperse Ret! Ih that

case, there was a monotonic reductiordi3 with illumina- lgatr)y athiclis i? L. A. :ZmalkP?Iyr?;:rs f?rDLiEEtwa'\\/le ar:{d lknti%rgzted
tion time, in keeping with the photobleaching measurements PU¢S: "€chnology and Applicatonsiarcel LEKKer, New York, ~=9
which indicated that only one dominant charge-transfer state ;’ Z;,fg”fi@;ﬁlﬂi;gﬁ,? dg?&i;,“’"f;';ﬁ;ﬁr 2'25”23? ?Ptg;gﬁ?dp%.
was involved. Phot. Appl. 1,158 1 (2002.

Downloaded 24 Apr 2013 to 130.207.50.154. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://jap.aip.org/about/rights_and_permissions



J. Appl. Phys., Vol. 94, No. 1, 1 July 2003

2W. H. G. Horsthuis, G. R. Mhimann, and H. W. Merten®igest of the
Conference on Nonlinear Guided-Wave Phenom@d8A, Cambridge,
1991), MD1, pp. 70-73.

3M. B. J. Diemeeret al, Electron. Lett.26, 379 (1990.

4C. C. Teng, Appl. Phys. LetB0, 1538(1992.

SFor example, T. E. Van Eckt al, Appl. Phys. Lett58, 1588(1991).

SR. A. Norwood, D. R. Holcomb, and F. F. So, Nonlinear Oft.193
(1993.

"A. Zweig and W. J. Henderson, J. Polym. Sci. Polym. Chem.1Bd717
(1975.

8M. A. Mortazavi et al, Polym. Prepr(Am. Chem. Div. Polym. Chem.
35, 198(1994.

9A. Mortazavi, H. N. Yoon, and C. C. Teng, J. Appl. Phyd, 4871(1993.

10T, Zyung, W. Y. Hwang, and J. J. Kim, Appl. Phys. Lei#, 3527(1994.

11Q. zhang, M. Canva, and G. |. Stegeman, Appl. Phys. L&3. 912
(1998.

2A. Galvan-Gonzalez, M. Canva, and G. |. Stegeman, Appl. Phys. T%tt.

3306(1999.

3M. Chaet al, Appl. Phys. Lett65, 2648(1994).

D, H. Waldeck, Chem. ReyWashington, D.Q.91, 415(1991).

150. V. Butrimovichet al,, Opt. Spectrosds9, 343 (1990; translated from
Opt. Spektrosk69, 574 (1990.

8D, Tomic and A. Mickelson, Appl. Opt38, 3893(1999.

7A. Dubois, M. Canva, A. Brun, F. Chaput, and J.-P. Boilot, Appl. C3.
3193(1996.

Galvan-Gonzalez et al. 763

1A, Galvan-Gonzaleet al, Opt. Lett.25, 332 (2000.

19A. Galvan-Gonzaleet al, Opt. Lett.24, 1741(1999.

203.J. Kim, T. Zyung, and W. Y. Hwang, Appl. Phys. Leit, 3488(1994).

21R. S. Moshrefzadebt al, Appl. Phys. Lett62, 16 (1993.

223, Maet al, Appl. Opt.34, 5352(1995.

ZA. Chenet al, Presented at the Organic Thin Films for Photonics Appli-
cations Technical Digest Vol. 14, Washington, DC, 19@ipublished

%A, Galvan-Gonzalez, M. Canva, G. |. Stegeman, L. Sukhomlinova, R. J.
Twieg, K. P. Chan, T. C. Kowalczyk, and H. S. Lackritz, J. Opt. Soc. Am.
B 17, 1992(2000.

25D, Beljonne, J. L. Bredas, M. Cha, W. E. Torruellas, G. I. Stegeman, W. H.
G. Horsthuis, and G. R. Mohlmann, J. Chem. PHy&3 7834(1995.

%A, Galvan-Gonzalez, K. D. Belfied, G. I. Stegeman, M. Canva, K. P.
Chan, K. Park, L. Sukhomlinova, and R. J. Twieg, Appl. Phys. L&ff.
2083(2000.

27K, D. Belfield, C. Chinna, and K. J. Schafer, Tetrahedron L28.6131
(1997.

A, Otomo, M. Jger, G. |. Stegeman, M. C. Flipse, and M. Diemeer, Appl.
Phys. Lett.69, 1991(1996.

ZFor example, J. Jerphagnon and S. K. Kurtz, J. Appl. Ph{s.1667
(1970.

30M. Nakanishi, O. Sugihara, N. Okamoto, and K. Hirota, Appl. i,
1068(1998.

Downloaded 24 Apr 2013 to 130.207.50.154. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://jap.aip.org/about/rights_and_permissions



