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Nonvolatile grating in an azobenzene polymer with optimized molecular
reorientation

Pengfei Wu® and D. V. G. L. N. Rao®
Department of Physics, University of Massachusetts, Boston, Massachusetts 02125

B. R. Kimball, M. Nakashima, and B. S. DeCristofano
Material Science Team, United States Army Soldier Systems Center, Natick, Massachusetts 01760

(Received 11 October 2000; accepted for publication 3 January) 2001

We demonstrated a nonvolatile grating using an azobenzene polymer film with polarized two color
beams. The reorientation of azobenzene molecules can be optimized when the two color light beams
are polarized perpendicularly. The stored information can be read repeatedly without volatility with
the same wavelength as the writing beam. 2@01 American Institute of Physics.

[DOI: 10.1063/1.1351532

Molecular orientation controlled by light is useful for ces of bulk polymers, after blocking light, reorientation of
many applications such as display and informationthe azobenzene molecules can be frozen below the glass
storage’® Small molecular size permits high spatial resolu-transition temperatureT() due to the restriction of free vol-
tion. Holographic data storage is an attractive technique bedme of the polymer to the movement of the trans
cause of its extremely high capacity, fast data access, arfiolecules:® We used a thin polymer film of polyinyl al-
exceptionally fast data transfer rdté.However, the stored coho) (PVA) doped(1% by weighj with an azobenzene of
information can be easily erased by reading with a wave4-{4-(dimethylaming-phenylazdbenzenesulfonic acid, so-
length close to the writing. Nonvolatile holographic storagedium salt. The linear absorption of the azobenzémans
is achieved in inorganic crystals doped with two centéré?  form) shows a broad absorption band centered around 450
In this letter we report a nonvolatile grating based on opti-nM due tor— 7™ transition. Beyond 600 nm the film is
mizing molecular reorientation of a photoisomerized azobentransparent. Under irradiation with blue light, the spectrum
zene thin film by using polarized light beams of two colors. ShOws & small absorption beyond 600 nm due to the photo-
The azobenzene organic chemical is inexpensive and conffduced cis isomer. The PVA polymer with average molecu-
mercially available. Optical quality thin polymer films of the 1ar weight of 124000-186 000 is transparent in the visible
material with large area can be easily prepared. Polarizeff91on- Both chemicals are water soluble. To get a good ho-

blue color light is used to generate trans—cis isomerizatiof"09€N€ous mixture, we stirred the mixed solution for 2 h
and molecular reorientation. A red beam causes cis—trarf%fter pouring the azobenzene powder into the PVA solution

isomerization, which optimizes effectively the reorientationWhICh was dissolved with d|_st|lled watg rand also stirred for
2 h. The homogeneous mixed solution was coated on an

when the red light is polarized perpendicularly to the blueo tical glass substrate. The entire process of the film prepa
light. This feature enables transfer of a volatile isomerization P 9 : P prep

. : : . . ration was conducted at about 85 °C closé fotemperature
grating to a nonvolatile molecular reorientation grating. Our : o
: : f PVA polymer. The thickness of the polymer film is about
results show the stored information can be read repeated

. » . ) 0 pm.
for 12 h without volat_|I.|ty by using a beam with the same We performed the experiment of photoinduced anisot-
wavelength as the writing beam.

- . ) ropy by use of polarized exciting beams of two colors to
Th.e mqlecular photomduceq repnentahon usually take?nvestigate the features of optimization of reorientation of
place in fluid systems such as liquid crystals. However, the, o .- obenzene molecules. The sample is placed between
azobenzene derivatives can be oriented in solid matrices bt¥vo crossed polarizer&/ertical and horizontaland a weak
pplarized !ight dl_Je tp the accompanying process (_)f tr_anS'He—Ne 633 nm beanil0 mWi/cn?) is used to probe the
cis—trans |somer|zat|o‘f1? The trans azobenzene der|vat|ve§ photoanisotropy of the sample. Initially no light reaches the
are stable with an elongated molecular form and the Cigjetector due to the random distribution of the azobenzene
azobenzenes are photoinduced isomers with a bent form andgjecules. When an exciting beam polarized at 45° to the
revert back to trans form thermally or by light. The length of yertical from a 442 nm He—Cd laser irradiates the sample,
azobenzene part of the derivatives is about 1.0 nm for thgne analyzer transmits some 633 nm light. This photoinduced
trans form but only 0.56 nm for the cis fortiThis remark-  anisotropy is due to the reorientation of the azobenzene mol-
able change of molecular dimension results in the bent cigcules induced by the 442 nm light. The azobenzene transi-
form rotating more easily than the trans. Electron push—pultion moment lies along the molecular axis and only the mol-
substituents such as paradonor and fzareeptor enhance the ecules with their orientation parallel to the electric vector
reorientation anisotropy of the azobenzenes. In some matribsorb light. The repeated trans—cis—trans isomerization re-
sults in the alignment of azobenzene molecules in the direc-
aElectronic mail: pengfei.wu@umb.edu tion perpendicular to the polarization of the exciting beam.
PElectronic mail: raod@umb.edu We observed that the molecular reorientation can be opti-
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s-polarized 647 nm beams with equal intensity of 150 m\W/ame to form

FIG. 1. Photoanisotropy experiment in palinyl alcoho) film doped with grating. p-polarized 442 nm light with total intensity of 60 mwW/émresults
4-[4-(dimethylaming-phenylazdbenzenesulfonic acid, sodium salt, by us- in trans-to-cis isomerization and reorientation. Before beginning to write the
ing two color exciting beams with different polarizations. After the photo- grating, the film was preexposed by a circularly polarized 442 nm light for
anisotropy induced by a 442 nm blue be&B80 mWi/cn?) polarized at 45° 2 min. Att=0, turn on two red writing beams and change the blue light to
to the vertical reaches the saturable value, we turn on the red 647 nm-polarized;t=15 min, block the blue beam; then after 25 s, block one red
exciting bearm(2.2 W/cn?) polarized(a) perpendicularly(b) circularly, and beam and begin to read.
(c) parallel to the blue beam.

]
[¢;]
ol

] ) the red light polarization. The elongated trans isomer does
mized by using another beam of long wavelength. To prenqt ahsorb red light and exhibits much larger anisotropy than
vent any absorption by the trans isomers, we use a red 64f¢ cis isomer. The circularly polarized red light also opti-

nm beam from Ar—Kr ion laser to irradiate the samplenizes the reorientation but not thoroughly. For the case
counter to the direction of the blue beam. When the red bear\r,y,here the red light is polarized parallel to the blue light,

is polarized perpendicularly to the blue beam, the photoing,ere js no significant improvement in the reorientation be-

duced anisotropy by the polarized blue light will be en- .5 se the cis isomers do not absorb the red light polarized

hanced greatly. The results are shown in Fig. 1. With Circu'perpendicularly to their axes.

larly polarized red beam, the photoanisotropy is alsO 'rhis feature of the optimization of molecular reorienta-

increased but the value is less than in the former case. Wit otfers an interesting possibility for the sample to store

thhe red beam polarizeﬁ pirallel tﬁ the blue} beam, the eny,q read information using coherent light with the same long
ancement is very small. The mechanisms of optimizing moY/vavelength without volatility. We exploit this in the experi-

ments of holographic storage. Twspolarized coherent

lecular reorientation are illustrated in Fig. 2. When the film is
irradiated only by the blue beam, the azobenzene distributioBeams from an Ar—Kr ion laser at 647 nm intersect on the
~“surface of the azobenzene film with an angle of about 5° to

shows a mixture of trans and cis form oriented perpendicu

larly to the qu_e Iight polariz_ation o_lue to rep_eated a_bsorptlo_r}orm the holographic grating. The sample is also irradiated
of tr_ans and cis isomers with the|_r axes oriented in any d'by 442 nm light from both sides of the film in order to bring
rection not cross to the blue polarization. The molecular anzjy \t yniform trans—cis isomerization and preorientation.
isotropy depends on push—pull substituents in 4- ahd 4

( d parfa iti ivelv. In the t i The blue beam need not be coherent. An incoherent light
para and para positions, respectively. in the rans in€ar o, .o \ith short wavelength can be used in the experiments.

form the substituents are on the molecular axis enhancing ﬂ\‘/;(/e detect the first-order signal of self-diffractioead by its

O e o ot et g beams wih  protodetectr. To enure n il
- random distribution of the molecules, the film is preirradi-

. S . " %ted for 2 min by a circularly polarized blue light before
beam polarized parallel to the direction of cis transition mo- . . : :
. . o i writing the grating. Then, we change the blue light polariza-

ment also irradiates the sample, the cis isomers will isomer- .
tion and turn on the red beams. We observe that the signal

ize back to the trans form by absorbing the red light. The . S L
trans isomers will absorb blue light again if their axes are no{.ntenslty depends significantly on the polarization of the blue

perpendicular to the blue light polarization, until all mol- ight. By usingp-polarized blue beam, the signal intensity is

ecules become trans form with their axes in the direction ogzgz: ?ﬁgtré?szi :‘iﬁﬁirstzsg égagn?érztsgg’% ?c?gl?:rigeg The

azobenzene molecules located in the dark fringes of red in-

L=z === === = — terference field are aligned only by the polarized blue light.
\\//I </ :._-:—. — _:-;__: - = However, the molecules in the red bright fringes are aligned
\/_L\/__/ e — == e— = by both blue light and red light. As the reorientation is opti-
/—//\\//I et Tll=== _.:—_ = ._—:—_°: mized more efficiently by additional red light polarized per-

pendicular than parallel to the blue polarization, the reorien-

| Nolight || Biuel, only |[Bluet & Red~][Blue] & Red0) | Blue! & Red! | tation grating with thep-polarized blue light is more intense
than that with thes-polarized. Figure 3 displays the result

FIG. 2. Schematic illustration of optimizing reorientation of the azobenzenewith the s-polarized red beams and thepolarized blue

molecules induced by linearly polarized blue light as well as by a combina-beam It is shown that the signal increases after turning on
tion of polarized blue and red beams. The strip represents trans isome ’

r - . : .
absorbing blue light and the ellipse represents cis isomers absorbing retg1e Wr't'.ng beams. When blocking the blue light, the S_'Qnal
light. quickly increases because there exists an enhanced isomer-
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30 T tion of the blue light polarization decreases; as such the in-
Reading 30 | . . . . . . .
— Reading bear tensity of the diffracted light from the isomerization grating
5 20 K 201 p [~ Greutarly polarized decreases. The isomerization grating depends on the polar-
=t 10 | ization of the preirradiated blue light. The preirradiation us-
\_% ing p-polarized blue light results in the largest initial peak,
5 10l 0 ST oo a0 and with s-polarized preirradiation there is almost no initial
g peak. The reason is thepolarized blue light provides more
= initial cis isomers in the direction of regtpolarization than
% o ] 1 the s-polarized blue light before writing the grating. Figure 4
Writing _, Block blue beam also shows that when the blue beam is blocked, the diffracted

576 5 10 15 20 25 30 35

_ _ light from the isomerization grating increases again due to
Time (minutes)

the same fact in Fig. 3. After the signal reaches a maximum,

FIG. 4. Grating recording and renewal by the reading beam sitblarized ~ W€ Stop writing and use a red beam to read the grating. It is
red and blue beams. Before writing grating, a circularly polarized blue beannteresting that we observe a grating renewal effect induced

preirradiated the sample for 2 min. Then turn on the red writing beams anq)y the reading process. This feature is observed when the red

change the blue light te-polarized. The inlaid figure shows reading process . Lo .
using a circularly polarized red beam and fpolarized red pulsed beam intensity Is more than 200 mW/(’szue to the destruction

with 1 s exposure and 30 s delay. The intensity of red beams is 300 nw/crOf the isomerization grating, the signal decreases fast at the
for each beam and the blue beam is 60 mWicm beginning. However, the grating will be enhanced magically
after the signal almost disappears. We use read beams of
L L : o . . . different polarizations to investigate this interesting feature.
ization grating in which the cis isomers in bright red frin . : ;

ation grating ch the cis isomers in bright red fringe It is found that only thes-polarized read process brings the

isomerize further back to the trans form due to the terminaénhancement Additionally. the arating will simoly decrease
tion of trans-to-cis isomerizatiotf. The response of the weak : Y g g Py

) o o I . to a value with the cis lifetime when we use short pulses to
isomerization grating is fast but it is usually buried by the : . .

) . . : o . read to avoid erasure. We conclude that this grating renewal
reorientation grating. Moreover, the isomerization grating

2 e o originates from realignment of the remanent cis isontars
cannot last long due to the limited lifetime of cis isomer. : . .
: o . . ; dark fringe beforg by the s-polarized read beam during the
After the isomerization grating reaches its maximum, we_. . S X .
" cis-to-trans isomerization process. The resulting trans iso-
block one red writing beam and use another red beam to reaj . : o e
. ) . X mers in the dark fringébefore exhibits a trend o-direction
the grating. The results show another immediate increase as

the arating read by one beam aives higher diffraction eff reorientation induced by the uniforspolarized red beam
€9 9 yC 9 g but no change in the bright fringéoefore where the mol-
ciency than when it is read by two beams. The two bean I
. S . ecules are already turned fo-direction induced by the
geometry corresponds to self-diffraction, in which one beam . . .
. . . &-polarized blue beam. As a result, a new reorientation grat-
may erase the grating while the other beam acts as reading’ . .
. ) ) Iflg is formed by the reading beam.

beam. Afterwards, the diffraction signal decreases as a resu . . .

The advantages of this technique are that small diode

of the erasure of isomerization grat|_ng mdgceq by th? un."beams can be used for the coherent red light and the same
form red reading beam. Once the isomerization grating is

. ) : .wavelength can be used for both writing and reading without
completely erased, the remnant reorientation grating is

. . ?dditional electric field. The technique we demonstrated for
stable. Our results show this grating can be read repeatedal timization of molecular reorientation may also be useful
for 12 h without obvious attenuation by using 647 nm bea P y

with an intensity 200 mW/cfa Additionally, the reorienta- "tor othe_r applications such as optical display, mfo_rmatl_o_n
. . . . . rocessing, and enhancement of second order nonlinearities.
tion grating can be easily erased by a circularly polarlzedD

blue or UV light or k_)y heat. Sir_nilar_ results are obFained if We 17 |keda and O. Tsutsumi, Scien2ég 1873(1995.
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