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Introduction

Structure and chemical composition of organic materials can be widely changed so that
materials with well defined properties can be produced. Azocompounds are among the most
efficient materials for holographic recording [1,2,3] which we have studied, also in previous
papers [4,5]. Commonly, blue and green spectrum ranges are used for recording in these
materials because absorption spectra of azocompaunds have maxima there. In this case trans-
cis-trans transformation [1] of material under laser radiation takes place. In the red spectrum
range absorption is considerably lower yet the recording is possible [4, 5]. Mechanism of such
recording is unclear yet this fact creates motivation for further researches. Discovery of
efficient materials for information optical recording in the red part of spectrum will also allow
using cheaper equipment and producing volume holographic optical elements with better
quality. In this paper we have experimentally studied the material relaxation effect on the
holographic properties of stilbene azobenzene derivatives when the recording and readout was
made by the red light. It is found that material relaxation has strong and nonmonotonic
influence on holographic recording efficiency. Besides, surface relief gratings have been
recorded by a red light for the first time, to our knowledge.

Materials

The structural formula of the most efficient studied stilbene azobenzene films and their full
chemical designation are given in Fig.1.These results are presented here. Films were brought
on the glass substrates by spin-coating. Chromophore was dissolved in dichloromethane. A
drop of the solution was placed on the rotating glass plate where it was distributed rather
evenly. After the evaporation of dichloromethane the film has been formed.

B Waad
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NO,
Fig.1. Structure formula of the studied most efficient material
3-{4-[bis(2-trityloxyethyl)amino] fenyl}-2-{4-[(2-bromo-4-
nitrophenyl)diazenyl]phenyl}acrylonitrile
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Fig.2. Absorption spectra of the sample. Red line shows wavelength of the laser. Maximums
of absorption are shifted in comparison with azobenzene to be red light sensitive. The
absorption spectra of the samples were measured before the recording.

Methods

The main measurements were made at the holographic setup shown in Fig.4. Optical elements
were placed on the massive table with purpose to avoid vibrations. Laboratory windows were
closed by dark nontransparent (for optic spectral range) material. Laser JITH-222 was used
for the recording and readout at A=632.8 nm. Optical scheme is shown on Fig. 4.

3

Fig. 3. Experimental set-up. 1- laser; 2 — beam splitter; 3 - mirrors, 4 — sample;
5 — photodetector.

Diffraction efficiency (DE) could not be measured directly due to fast changes of
diffracted beams’ power that were observed during exposure. Measurements were made
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without interruption of one beam. So, measurements of self-diffraction efficiency (SDE) were
made in real-time mode. Light power measurements were made by “Gentec” power meter
(Canada). The measurement results were stored in its memory and processed later. This
registration method allowed to measure fast SDE changes during the exposure. The
magnitude was found according to the formula:

SDE:Pd(k—P2,l— 1), 0

s

where Py(k=-2,1=-1) is sum of first-order diffracted power of one beam and second-order
diffracted power of other beam (see Fig.5), Ps is the incident readout light power.

Non-focused laser beams with 1/e* diameter equal 1.5 mm were directed to the same
point on the sample and formed interference pattern there. Holographic grating period was 2
pum. Period was defined by the ® angle as

A
25in®’
where 4 — holographic grating period, 4 — wavelength of laser radiation, ® — angle of
incidence of the laser beam.

Graphs were created using measurements results. It shows dynamics of self-diffraction
efficiency during exposure time. For the every measurement specific recording energy W,
was calculated according to the formula

I
Wi == 3)

max
77 max

where / — recording light intensity, ¢ — exposure time corresponding to #uay, #max — Maximal
diffraction efficiency.

)

k=-2, I=-1
b Photo detector
Fig.4. Scheme of recording process. Ps and P — incident laser beams, ©®; = @, — angles of

incidence of the beams, k — diffraction orders of Pgr beam, | — diffraction orders of Ps
beam, A=2um — period of holographic grating, A — grating displacement due to set-up
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instability or (and) movement of molecules. Azl:cps ~®,, where @s and Oy are
A

phases of zero-order diffractions of Ps and Pr beams accordingly.

The average intensity was defined by the formula
4By + Py)
T
where d — 1/¢° laser beam diameter.
Self-diffraction efficiency (SDE) was used to estimate diffraction efficiency (DE). According

to the calculations made on the basic of thin hologram theory [6] SDE and DE are related by
the expression

I , 4

P P
SDE = DE_,, + " DE;, +2 \/Fi DE_,DE_,, cos(®g — @, + D ~ D@, ), (5)

(=D
N

where Pr and Ps are the incident beams with equal power, DE;) is the minus first-order
diffraction efficiency, DE.,) is the minus second-order diffraction efficiency of P beam, @y
and @ are the phases of the zero-order diffracted Ps and Pz beams accordingly, @s.;) and
Dp(.2) are phase of the first-order diffracted wave Pg and the phase of the minus second-order
diffracted wave Px.

The first term of the sum in the expression is diffraction efficiency that needs to be
estimated. The third term describes the instability of induced grating, that can be caused by
equipment imperfection or (and) molecules moving under light influence.

Results and discussion

The measurement results are presented in Figs. 5 to 7. The maximum SDE value is 4.74%.
Small dips are due to the nonmonotonic nature of the chromophore photoorientation
counteracted by thermal back reactions. Large dips are due to the small instabilities of the
recording setup causing small shifts of the recording interference pattern with respect to the
recorded grating. This behavior was repeatable and follows from the expression (5).

Fig. 6 shows that surface relief grating (SRG) is recorded together with the
refraction and absorption gratings. SRG was stable during a year. This is the first SRG
recording by a red light, to our knowledge. In contrast, DE and SDE varied in the course of
storage. The conclusion about refraction and absorption gratings is supported by the DE
calculations of SRG according to the formula

r m(n—1)d, )
=— [ Llmax 12 6
3 Acosb; ] ©)

where t is the transmittance of the grating, n — its average refractive index, dju.. is the
amplitude of thickness modulation, 4 — the readout wavelength, 6; is the readout beam
incidence angle inside the medium. This formula (6) was derived by us on the basis of thin
hologram theory [6]. The calculation at 7 = 0.398, n = 1.5, djue = 113 nm, A = 633 nm, cos6;
=1 have given 57 = 1.04 % which is less than the maximum SDE value of 4.74 %.
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Fig.5. Self-diffraction efficiency (SDE) changes during the exposure.
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Fig.6. Surface relief and profile in the centre area of the recording. Amplitude between
highest and lowest points is approximately 226 nanometers.

The changes of absorption spectra during the holographic recording are shown in Fig. 7. From

Fig.7 we can see prevalent absorption decrease. This figure shows average absorption changes
in the area approximately 25 mm” where 25 records were written near each other.
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Fig.7. Optical density versus wavelength. Measurements performed by PERKIN ELMER
Instruments Lambda35 UV-VIS spectrometer. There were made 25 records with a
diameter of 1.93 mm in the area 5x5 mm in the sample because of the spectrometer’s
measuring beam low positioning precision.

Fig.7 shows that optical density has decreased almost uniformly, except a little increase in the
long wavelength part after 700 nm. This is in contrast with known trans-cis spectral
transformations in UV and visible bands [7]. Besides, cis-trans back reaction proceeds in time
from seconds to hours [7], and, therefore, were finished when the absorption spectra were
measured about two months after the recording. Thus we cannot exclude the trans-cis
photoisomerization but it seems unlikely. Yet, further experiments are needed to make the
conclusion about the contribution of photoisomerization. Mostly uniform reduction of the
absorbance after recording can be explained by the photodegradation, i.e., by chromophore
destruction under irradiation during the recording process. For example, N-N bonds can be
broken by 633 nm photons [8]. The photoablation is also possible but it needs recording
intensities higher than 1 W/em? [8].

As the calculated diffraction efficiency for surface relief grating only is much smaller than
measured experimental diffraction efficiency value, one can conclude that other recording
mechanisms apart from photodegradation or photoablation take place. One is the
photoorientation mechanism [4,5,8]. Chromophore groups and fragments of molecules that
have dipole moments can change their orientations and spatial positions under the influence
of the linearly polarized light. As a result, the refraction and absorption indices have been
changed. A spatially periodic density modulation accompanying the photodegradation can
also contribute.

Summary
Surface relief gratings with the relief change as high as 126 nm have been recorded in organic

materials with a red light for the first time. 7rans-cis photoisomerization of azobenzene
chromophores, most probably, does not play the main role under 633 nm light irradiation in
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stilbene azobenzene derivative which we have studied. However, further studies are necessary
to give a definite answer. Uniform optical density decrease in UV-VIS spectral region and
periodical surface relief (SRG) formation allows supposing that photodegradation of
chromophores and/or photoablation are the main SRG recording mechanisms in the studied
stilbene azobenzene derivative. They can be accompanied by either the photorientation of
chromophores and molecular fragments leading to the simultaneous amplitude-phase
holographic grating recording and/or by density modulation.
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D. Saharovs, A. Ozols, V. Kokars, V. Kampars, G. MeZinskis, A. Maleckis, A. Plidons, M. Rutkis. Trans-cis
izomerizacijas iespéjamiba stilbéna un azobenzola atvasindjuma zem He-Ne lazera starojuma ietekmes.
Dotaja raksta eksperimentali pétita trans-cis fotoizomerizacijas iespeéjama loma virsmas reljefa rezgu ieraksta
stilbéna azobenzola atvasindjumos, kad ieraksts un nolase tika veikti ar sarkano 633 nm gaismu. Konstatéts , ka
materiala relaksdcijai ir stingra nemonotona ietekme uz holografiska ieraksta efektivitati un ka ierakstas ne vien
virsmas reljefa rezgi, ber ari tilpuma rezgi. legiitie rezultati nelauj secindt, ka trans-cis fotoizomerizacijas spelé
galveno lomu. Izdarits secinajums, ka hromoforu fotodegradacija un fotoorientacija ir galvenie ieraksta
mehanismi pétitajos materiaos.

Saharov D., Ozols A., Kokars V., Kampars V., Mezhinskis G., Maleckis A., Pludons A., Rutkis M. The trans-
cis photoisomerization possibility of stilbene azocompaunds by red light of He-Ne laser. In this paper we have
experimentally studied the possibility of trans-cis photoisomerization effect as the origin of photoinduced surface
relief gratings inf stilbene azobenzene derivatives when the recording and readout was made by the red light. It
was alsos found that material relaxation has strong and nonmonotonic influence on holographic recording
efficiency and that volume holographic gratings are also recorded.. Trans-cis photoisomerization of azobenzene
chromophores was not found to play the main role under 633 nm light irradiation in stilbene azobenzene
derivativse which we have studied. The obtained experimental results allow supposing that photodegradation
and photoorientation of chromophores are the main recording mechamisms in the studied material.

Caxapose /l., O30nc A., Kokapc B., Kamnapc B., Mexycunckuc I., Maneuyxkuc A., Ilnyoouc A., Pymxuc M.
Bo3mooicnocmv mpanc-yuc uzomepuszayuu ¢ npou3e00HOM OM CHMUNOEHA U A300eH3071a COeOUHEHUU Noo
6030eiicmeuem usnyuyenus He-Ne nazepa. B Ooannou cmambe 3KCnepuMeHmManbHO UCCAEO008AHA 803MONCHAS
POIb MPAHC-YUC U30MEPU3AYUU 8 3aNUCU NOBEPXHOCMHOL PelbehHOU peuémKu 8 npou3800HbIX A300€eH301d U
cmunbena, Ko20a 3anuch U CHUMbI8AHUE NPOU3BOOUTUCH KDACHBIM C8EMOM C ONUHOU 80aHbL 633uMm. Onpedeneno,
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umo penakcayus eeujecmea umeemn CulbHoe HEMOHOMOHRHOE 6/IUsAHUE HA 3d)d)€Kmu6HOcmb ZOﬂOZPQd)uU@CKOIZ
3anucu u 4mo 3anucsuledionmcs He mojabKO NOBEPXHOCNIHblLE peﬂbed)Hble pemé'mKu, HO U 0OBEMHbBIE pememKu
ﬂocmueyymble pe3yibmambul He No360JIA10Nn npednoxzaeamb, umo mpaHc-yuc uzomepusayusl uepaem 6 npoyecce
3anucu 2iaenyro poiib. Coenan 6b1600, Umo c2iaeHbIMU MEeXAHUSMAMU 3anucu 6 uccxzedyexwwx 06])(1314(1)6

Aeas0mces pomodezpadayus u pomoopuenmayusi Xpomoghopoa.
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