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. _The relaxation time of the transient degenerate four-wave mixing grating in 4-
butoxycarbonylmethylurethane polydiacetylene in polymethylmethacrylate matrix films has
S '__been found to be laser energy fluence dependent. This phenomenon is attributed to a transient
- reversible light-induced structure change in polydiacetylene films, involving a cooperative

: Polydiacetylenes {PDA’s) are attractive candidates for
active nonlinear elements in ultrafast signal processing and
- Opic ‘al communications because of the large and fast third-
.ord optlcal nonlinearities.' Using optical pulses, a fast re-
- sponse time of PDA’s was determined to be under 2 ps for
esonance pumping while below 100 fs for nonresonance
ping.” 26 The fast relaxation time was attributed to the
el tromc response Recently, photoinduced irreversible
. structure change was observed in the blue PDA-(12,8)
9 The photochromic behavior in these blue PDA
as ascribed to the irreversible change in the bond
steuctire in cohjugated polymer backbone chains. In thlS

4 were described elsewherc
io __v_\(_as_ 80% at 530 nm. To avoid

: ower at 530 nm. A forward
sed for the experiment which is dis-
1 }In this configuration, the mea-
"formatlon on transient grating re-
pulse was spht into three beams with
he’relatlve time of arrival of the three
j st_able by using two stepper-driven

- relatwe toB land B ]

ump beams (BlandB 2) separated : '_
focused upon a spot about 0. 5 mmin.:.

i oﬂ'e_ct originating from side-chain intramolecular hydrogen bonding.

diameter on the sample such that they were both spatial and
temporal coincident creating a transient grating in the medi-
um. The grating decay was monitored by measuring the
first-order diffracted light from the probe beam (B3) as a
function of the delay between pump beams and the probe
beam. The incident energy fluence was varied using neutral
density filters.

The diffracted fourth signal beam (B 4) as a function of
the arrival time of the probe (B 3) beam relative to the other
two pump beams (B 1,B2) for different energy fluences is
displayed in Fig. 1. Negative time means that the probe beam
arrives before the pump beams. The asymmetric profile of
the signal with respect to time delay is clearly displayed in
Fig. 1. The signal profile consists of a fast and a slow compo-
nent. The slow component is found to be fluence dependent.

After choosing proper parameters, all the measured
fluence decay profiles have been fitted by a double-exponen-
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FIG. 1. Normalized.




tial equation given by
I(t)~cle ™ re” ), (150), (n

where 7, and 7, are the fast and slow components of the
decay time, respectively. The data displayed in Fig. 1 can be
fitted by Eq. (1) as shown by the solid lines. The rise time
and the fast component of the decay slope are consistently
found to be 20 ps and fluence independent.

The relationship between the slow decay time r,, and
the incident fluence [ is plotted in Fig. 2. The salient feature
of Fig. 2 is the nonlinear dependence of 7, upon peak

fluence. When the incident fluence is less than 0.50 mJ/cm?,

no obvicus slow component was -cbserved. At low fluences
(0.5-5.0 mJ/cm?), the slow component is not sensitive to
increasing incident excitations. While at higher fluences, 7,
increases very fast. The solid line in Fig. 2 is the calculated
curve from the following equation:

r=ro+ald /L —1)", 2)

where 7, = 280 ps, @ = 0.5 ps, I, = 1.0 mJ/cm?, and # satis-

fies 2<n<3. The fitting started from I > 1.0 mJ/cm”. A theo-
retical model for the fluence dependence of Tds (I} and Eq.
(2) needs to be developed.

The fast decay component is unresolved and most likely

. due to the electronic contributions associated with the co-

herent artifact.?~* The slow component could arise from the
population grating. From photoluminescence decay mea-
surements,>® the population grating lifetime is expected to
be around 12 ps. Based on our experimental results, the
mechanism responsible for the slower and fluence-depen-
dent component is probably due to photoinduced structure
changes in the thin films by light irradiation. This proposed
mode! will be discussed next.

~ The conjugated conformation of PDA molecular struc-
ture in the 4BCMU-PDA (in PMMA ) films is stabilized by
intramolecular hydrogen bondings between urethane func-
tionalities on adjacent side chains. The conjugated length,
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FIG. 2. Slow component of decay time 7, (ps) is a function of the incident

energy fluence J (mJ/ em?}. The solid line is a curve calculated from Eq.
(2), where 7, = 280 ps, a =0.5ps, I, = 1.0 mJ/cm and 1= 3.
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which controls the polymer optical properties, is maintained

. through the cooperative effect of the array of hydrogen

bondings. The reduction of conjugation length requires the
simultanecous breakage of neighboring hydrogen bonds.
When molecules are optically excited by the intense laser,. .
irradiation, the excess vibrational energy is dissipated intel;g
nally via the strong electron-lattice interaction, leading to

the breaking of H bonds. After the passage of the excitation,

the structure returns to its initial state. The breakage of H

bonds blocks the “pathways” for the process; therefore, the

slower recovery will be associated with the larger number of
the broken H bonds. The number of affected H bonds and

the induced structure change are expected to depend on the

laser excitation intensity due to the cooperative nature of the

processes. The nonlinear rise of 7, upon the incident peak

fluence implies that the number of broken H bonds and the

recovery are not promoted by independent photoexcitations

but through a certain cooperative multiple excitation pro-

cess.

The question now is whether light-induced change is
caused by heating due to high laser excitation. The expres-
sion for the laser-induced temperature rise AT for a semi-
infinite isotropic solid, uniformly illuminated by an optical
pulse of duration ¢, at the surface, has been given by'®

AT = (1— R)aEy/pc, (3)

in the limit ¢, €#,, where R is the reflectivity of the surface
(0.1, ais the absorption coefficient (2 10°/cm), p is the
density of PMMA (1.17 g/cm?),'! ¢ is the specific heat of
PMMA (1.464 J/g°C, at 23°C),"" and E,, is the energy per
unit area of the radiation incident on the sample (the maxi-
mum in the experiments is 10 mJ/em?). Substitution of th¢,
appropriate  parameters into FEq.  (3)  yields
AT(23°C) = 10°C, for a single 30 ps optical pulse. The
thermal response time f; is defined as

t, = 4pc/ma’K, 4)

where K is the thermal conductivity of PMMA (2511073
W/cm °C)."" Physically, £, gives an order of magnitude esti-
mate of the time for the heat to diffuse one absorption depth
(1/a). In our case, £, = 0.22 ms. A 110°C temperature is
needed for conformational transition by simple heating.*
Therefore, the laser-induced temperature rise cannot affect
the equilibrium of the two forms. Besides, the time response
t, from the heating effect is 0.22 ms which is six orders of
magnitude slower than 7, and six orders faster than the
repetition time of the pulses. These results suggest that the
heating effect is unlikely to play a significant role in this
experiment.

To verify the above-proposed model, the following ex-
periments were carried out.

Time-resolved DFWM measurement in the yellow form
films was carried out. The yellow films were obtained
through exposing red films to the vapor of trifluoroacetic
acid (TFA), a hydrogen bond breaking agent. 2 The yellow
films could be converted back to the original red fiims by
evacuation under vacuum, clearly indicating that the only
difference between the two forms is the extent of side group&
hydrogen bonding. Experimental results in the yellow form
did not show the fiuence-dependent slow component as ob-
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served in the red form of ABCMU-PDA films.

Furthermore, the optical absorption spectra of the red
film were measured before and after the intense laser pulse
excitation. No difference was observed between two spectra,
indicating that the structure change in the PDA thin films is
reversible. :

In conclusion, the slow relaxation component of
4BCMU-PDA red films in time-resclved DFWM measure-
ments was found to be energy fluence dependent. Under in-
tense light irradiation, the 4BCMU-PDA red films most
likely experienced a transient reversible structural change
originating from the side-chain intramolecular hydrogen
bonding,
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