This article was downloaded by: [University of Haifa Library]

On: 20 August 2012, At: 10:56

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid
Crystals

—— Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Direct Energy Supply for Initiation of Some

Photochemical Reactions in Macromolecules

Tymish Yu. Ogul'chansky # , Lyudmila O. Vretik  , Valeriy M.N. Yashchuk ? , Volodymir G.
Syromyatnikov ® & Olexiy Yu. Kolendo *
& Kyiv Taras Shevchenko University, Volodimirs'ka 64, 252033, Kyiv-33, Ukraine

Version of record first published: 04 Oct 2006

To cite this article: Tymish Yu. Ogul'chansky, Lyudmila O. Vretik, Valeriy M.N. Yashchuk, Volodymir G. Syromyatnikov &
Olexiy Yu. Kolendo (1998): Direct Energy Supply for Initiation of Some Photochemical Reactions in Macromolecules, Molecular
Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 324:1, 223-230

To link to this article: http://dx.doi.org/10.1080/10587259808047158

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808047158
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 10:56 20 August 2012

Mol Cryst. Lig. Cryst., Vol. 324, pp. 223-230 © 1998 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breach Science
Publishers imprint.

Printed in Malaysia.

Direct Energy Supply for Initiation of Some Photochemical Reactions in
Macromolecules

TYMISH YU. OGUL'CHANSKY, LYUDMILA O.VRETIK, VALERIY
M.(N.) YASHCHUK, VOLODYMIR G. SYROMYATNIKOV, OLEXIY
YU. KOLENDO

Kyiv Taras Shevchenko University, Volodimirs’ka 64, 252033, Kyiv-33,
Ukraine

The possibility of using the direct electronic excitation energy transfer for
energy supply to definite points of molecular systems for initiation of the
chemical reactions or, on the contrary, for drainage of electronic excitation
energy from the points of molecular systems suitable for reactions with the
aim of their stabilization is examined. An analysis of Fries
photorearrangement process in investigated compounds confirms the
possibility of affecting the rate of Fries photorearrangement by means of
electronic excitation energy supply.

Keywords: functional macromolecule, direct electronic excitation energy
transfer, Fries photorearrangement.

INTRODUCTION

It is known that in a number of cases the start of chemical reactions demands
some initial energy. This energy can be supplied by a light or heat action but
one can imagine the situation when these two pathways mentioned above are
not suitable because the energy must be transferred to the determined point of

[1-3]

the system. In previous works' ™ we have shown that it is possible to design
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the macromolecule that can serve as a one-way conductor of electronic
energy excitations.

The possibility of direct supply or, on contrary, electronic excitation
energy's "sucking off” for initiation or stopping of such photochemical
reaction as Fries photorearrangement (F.p.) (Fig.2) in a way of preliminary
selection and intramolecular insertion of n-electron systems with the suitable

disposition of electronic energy levels has been studied.

EXPERIMENTAL

In connection with the mentioned above we have compared the rate of F.p. in
a number of previously synthesized chemical compounds that could be
referred to two groups: substituted phenylmethacrylates and substituted
naphtylmethacrylates (Fig.1). The processes of energy transfer in these
compounds were investigated by studying their fluorescence and
phosphorescence spectra. As a source of irradiation and excitation of
examined compounds a Hg lamp with a set of optical filters was used.
Absorption spectra were recorded by Specord UV VIS spectrophotometer and
luminescence was studied using a spectrometer for steady-state luminescence

designed in our laboratory.

RESULTS AND DISCUSSION

It is known that the process of F.p. (in compounds that are similar to
investigated ones) manifests itself in a characteristic change in absorption
spectral ®. In connection with this we can estimate the rate of F .p. (Vgp) as
the rate of photorearrangement product formation and, accordingly, the rate

of the F.p. product optical density variation with time V'g, =3(D-Dy)/ér.
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FIGURE 1 The principal scheme of Fries photorearrangement and the

structure of the investigated compounds.
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In Fig.2 the absorption spectra of SIPHMA and PHTINMA are given that
are the representatives of the substituted phenylmethacrylates and substituted
naphtylmethacrylates respectively. As one can see, the new bands associated
with the formation of F.p. products appear in the absorption spectra after
irradiation. We have compared the values of V', for all the investigated
compounds, the variations of F.p. product optical density are considered at
the wavelength of the corresponding maxima of the absorption spectra. The
analyzed compounds are examined as the combination of sufficiently
independent m-electron systems, between which S-S and T-T electronic
energy transfer occurs. The examples of such examination were presented
int"4,

It is known'! that the rate of F.p. to a great extent depends on an
electron - acceptor ability of substitutients in such a way that with increasing

substitutient electron - acceptor ability the rate of F.p. also increases.

08> ical density, D
06
04}
02}
00— 280 300 3 30 L 0 350 400
2, nm Wavelength, A, nm
A B

FIGURE 2 A - Absorption spectra of SIPHMA (ethanole solution,
C=10" M) before (1) and after UV - irradiation over a period of 4 min
(2), 6 min (3), 8 min (4); B - Absorption spectra of PHTINMA (ethanole
solution, C=10"* M) before and after UV - irradiation over a petiod of 0-

10 min. 1).-0 min; 2).-1 min; 3).-3 min; 4).-5 min; 5).-10 min.
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In this connection we have compared the rate of F.p. by means of the
comparison of V'rp in the investigated substituted phenylmethacrylates
(Fig.1, Tab.1). As one can see from Tab.l the value of Vg, for
PHTIPHMA'’s F.p. is greater than that of the SIPHMA compound. This is
understandable if we take into account electron - acceptor ability of the
substitutient existing in a PHTIPHMA molecule. On the other hand, under
the consideration of the substituted naphtylmethacrylates it has been found
that the value of V'z;, for SINMA, PHTINMA and ANTRNMA is essentially
different (Tab.2). It takes place in spite of the fact that the electron - acceptor
abilities of these three compounds are approximately equal according to our
calculations (it follows from the estimation of charges on carbon atoms). To
our point of view the phenomenon of distinguishing V'rp (and,
accordingly, the rate of the F.p.) for presented compounds is caused by the
electronic energy transfer from the n-electron system of substitutient to
the naphtyl n-electron system in substituted naphtylmethacrylates. The fact
of the existence of such a transfer was established in4l, Besides that we
irradiated NMA, SINMA, PHTINMA and ANTRINMA in such a way
that only n-electron system of naphtyl - fragment of molecule was excited
(A=313 nm). It was found that in this case the F.p. rates for the

compounds under study were equal with the exception of F.p. rate for
NMA (Tab.2).

TABLE 1. Comparison of V'r, for substituted phenylmethacrylates

Compound V'rp. = XD-Do)/ot

(abbreviation) (Irradiation by Hg lamp without optical filters)
SIPHMA 0.45*107 5™

PHTIPHMA 0.9*107 5™

NNAPHTIPHMA 0.15*1073 !
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TABLE 2. Comparison of V'z,, for substituted naphtylmethacrylates

Compound V'gp. = HD-Do)/0t V'ep. = XD-Dg)/0t
(abbreviation) (Irradiation by Hg lamp  (Irradiation by Hg
without optical filters) lamp,). = 313 nm)

NMA 1.0%107 5! 0.1*10*min”
SINMA 2.75%10% ¢! 0.4*10™min’’
PHTINMA 433*107 5! 0.4*10™*min"
ANTRINMA 6.67*107 s 0.4*10™min’

These data show that if the energy transfer doesn't exist the electron -
acceptor ability is only of importance. That’s why there is the difference
between F.p. rate of NMA and that of other examined compounds.

So, in the compounds presented above the supply of electronic
excitation energy to the part of the molecule, in which F.p. occurs, leads
to accelerating this photochemical reaction. It is worth waiting for its
slowing in the case when the electronic excitation energy "sucking of”
takes place. Realization of such situation is observed in substituted
phenylmethacrylates (Fig.1, Tab.1). In fact, the electron - acceptor ability
of NNAPHTIPHMA approximately equals to that of PHTIPHMA, but
it is sufficiently greater than for SIPHMA. In spite of this the rate of F.p.
for NNAPHTIPHMA is considerably less than for SIPHMA. To our
point of view this fact is explained in a way of electronic excitation
energy transfer from phenyl-fragment of molecule NNAPHTIPHMA to
nitronaphtylimide - fragment. Similar situation (but intensified) is
realized in the compound 4-aceto(3-benzylydenamino)benzophenon
(ABAB) (Fig.3,A). It was established, in particular, that owing to the
effective S-S and T-T electronic energy transfer to the benzophenon-type

n-electron system in ABAB, F.p. didn't occur in contrast to 4-
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acetoxybenzaldehyde (AOBA) in which F.p. took place. In Fig.3,B the
luminescence spectra of the compounds under study are presented. They
prove the existence of electronic excitation energy transfer.

S.T energy transfer 5 W wm

E Q@—O-C -CH, ¥
oo O

ABAB 2t

i
HE@O»E -CHy

16000 18000 20000 22000 24000 26000
AOBA V,dll”
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FIGURE 3 Structure (A) and luminescence spectra (B) of: 1 -
benzophenone, 2 - 4-acetoxy-3-(benzylideneamino)benzophenone

(ABAB), 3 - 4- acetoxybenzaldehyde (AOBA)

An interesting fact was established concerning F.p. in the compound
AOBA. It was found that under air evacuating the rate of F.p. decreased
(Fig.4).

00 e i L
36000 34000 32000 30000 28000 26000

v, cml

FIGURE 4 Absorption spectra of AOBA (ethanole solution, C=10" M)
before (1) and after UV - irradiation over a period of 40 min without (3)
and with (2) air evacuating (P = 0.1 mm Hg).
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It is apparently associated with decreasing the number of oxygen
molecules contacting with molecules of AOBA. It is possible to
presuppose that according tol 7), the process of singlet-triplet conversion

catalysis takes place by the following scheme:

I(AOBA)*+302 — 3[(AOBA)O2], *(highest  excited triplet exiplex)

— 3[(AOBA)O:],* (lower excited triplet exiplex) — 3(AOBA)* + 30,
Thus, the presence of oxygen molecules furthers the creation of triplet

excited states and, therefore, to our point of view, Fries photorearrangement

in AOBA occurs mainly at the expense of triplet level excitation.

CONCLUSIONS

We can conclude that owing to direct electronic excitation energy
transfer in the investigated compounds such photochemical reaction as
Fries photorearrangement is accelerated or, on the contrary , slowed or
even stopped. It gives the possibility to further stabilization or, contrary,

accelerated degradation of polymers and other molecular systems.
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