PHOTOCHEMISTRY OF KETOCYANIN DYE — POLYENIC BIS-w,w’'-AMINO
KETONES SUBSTITUTED IN THE POLYENE CHAIN
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The photochemistry of ketocyanin dyes, 15 polyenic bis-w,w'-amino ketones
(PBAX), was studied by the methods of pulsed and laser photolysis. During
the photoexcitation of the PBAK solutions, the formation of their cis-photo-
isomers . is observed, whose relaxation kinetics into the initial trans-isomers
is dependent on the intensity of the probing light. The energy of activa-
tion of the cis » trans-isomerization process in the dark increases with de-
crease in the polarity of the solvent. During the photoexcitation of fluo-
rine-substituted PBAK with a six-membered central ring, their cyclization
takes place with the formation of pyran forms (PF) absorbing in the UV re-
gion; the PF then convert into the initial dye. The formation of PF par-
tially proceeds via the intermediate formation of a cis-isomer of the dye.
During the photoexcitation of deoxygenated solutions of PBAK, the formation
of their triplet states is also observed; the decay kinetics of the triplet
states becomes accelerated with decrease in the solvating power of the sol-
vent. This is explained by the decrease in the T-S, splitting due to in-
crease in the energy barrier of the cis-trans isomerization process. A
scheme has been proposed for the potential surfaces of PBAK to explain this
phenomenon. For some PBAK, the formation is observed of cis-photoisomers
not only from the S,, but also from the T-state.

Polyenic bis-amino ketones (PBAK) comprise a class of ketocyanin dyes, which are of
promise for the conversion and generation laser radiation [1]. Polyenic bis-amino ketones
having substituents in the polyene chain (in particular -CH,—CH,— "bridges'" [1]) have good
generating properties. The use of PBAK in various photochemical systems requires a detailed
examination of PBAK photonics. The present work is devoted to the investigation of the pri-
mary photochemical processes occurring during the photoexcitation of solutions of PBAK with
substituents in the polyene chain.

EXPERIMENTAL

The photonics of 15 PBAK solutions was studied by the method of pulsed photolysis (Table
1) (on an apparatus with parameters T1/2 = 5 usec, energy 50 J). Isopropanol ('sp. pure'
grade), acetonitrile ('pure"), and toluene ('chemically pure') were used as solvents for
spectroscopy (MeCN was purified by distillation). The activation parameters of the isomeri-
zation were determined for the temperature range of 20-70°C, and for the relaxation of the
pyran form (PF) in the —5-+60°C range. The quantum yields of PF were measured by comparison
with a standard - the triplet state of eosin in isopropanol. The short life times of the
triplet state of the PBAK (<10 usec) were measured on a laser photolysis apparatus (the N,-
laser) with a converter on dyes (A 480 nm). The deoxygenation of the solutions was carried
out by purging with argon and by the freezing—thawing method. The absorption spectra of the
PBAK solutions were recorded on a "Specord UV VIS" spectrophotometer.

RESULTS AND DISCUSSION

During the pulsed photoexcitation of air-saturated solutions of PBAK (concentration
~10"% M), the formation of their photoisomers is observed (with the exception of the unsub-
stituted dye (I), for which the yield of the photoisomer is close to zero). The differential
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TABLE 1. Maxima of S-S-Absorption (Agg), T-T-Absorption (ApT)
Spectra, Differential Absorption Spectra of Photoisomers (Aph),
and Decay Rate Constants of Photoisomers (kph, 20°C) of PBAK in
Isopropanol
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Fig. 1. Differential absorption spectrum of the photoisomer
of dye (VIII) in isopropanol.

absorption spectrum of dye (VIII) is shown on Fig. 1 (the intrinsic absorption spectrum is
close to the absorption spectrum of the initial PBAK). The photoisomers of other PBAK have
similar absorption spectra (the Ap,y of the differential spectra are given in Table 1).

Since in solution the PBAK are initially present in the trans-form [2], the photoisomers of
PBAK probably have a cis-configuration with respect to one of the double bonds of the poly-
enic chain and are formed from the S;-state of the initial PBAK. The photoiscomers of dyes
(ID)-(IV), (VII), (X)-(XV) are stable, and do not convert in the dark into the initial trans-

PBAK even on heating to 70°C for several minutes. However in light, a trans-PBAK %% cis-
PBAK photostationary equilibrium is established relatively rapidly, and therefore at high in-
tensity of the probing light (I) of the pulsed photolysis apparatus, the measured lifetime
of the photoisomer turns out to be much shorter than that of the intrinsic photoisomer ob-
tained in the dark. The relaxation rate constants of the photoisomers (k hs Table 1) were
measured at 1 - 0. The activation parameters of the relaxation of the photoisomer of dye
(VIII) were measured: in isopropanol E; = 51 kJ/mole, logA, = 7.8; in toluene E; = 108.4
kJ/mole; logA, = 13.7, where E, is energy of activation, A, (sec™') is preexponent. The
decrease in E, in isopropanol compared with toluene is due to decrease in the order of the
double bonds in the polyene chain as a result of the solvation of the carbonyl group of the
dye with alcohol [3, 4], which leads to a decrease in the energy barrier of the isomeriza-
tion.

During the photoexcitation of solutions of dyes (V) and (VI), besides the photoisomers,
their pyran form (PF) are formed with an absorption spectrum in the UV region (Fig. 2). The
PF then converts slowly (in the course of tens of seconds) into the initial dye. The pres-
ence of an isobestic point in the absorpticon spectra indicates a high reversibility of the
system (see top of following page).

It should be noted that for (VII) having a similar structure to that of dye (VI), but
a more rigid connecting bridge, the formation of PF is not observed, probably because of
steric hindrances to the closure of the pyran ring. In the case of dye (IV), which has no
connecting bridges in its structure, the too high mobility of the polyene chain possibly
hinders the formation of the PF.
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The kinetics of formation of PF (Fig. 3) consists of two components:
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Fig. 2. Spectral changes observed during illumination of a
solution of dye (VI) in isopropanol as the result of the for-
mation of PF: 1) absorption spectrum of the dye before il-
lumination; 2-6) the restoration process of the absorption
spectrum with the relaxation of PF into the initial dye; 7)
absorption spectrum of the dye immediately after illumination
(the pyran form).

Fig. 3. TFormation kinetics of PF of dye (VI) in isopropanol.
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a rapid one, coin-

ciding with a flash front, and a slow one having a characteristic period, close to the relax-

ation time of the photoisomer (Table 1).

The PF probably forms from two states of the dye:

an excited singlet state and the photoisomer; the quantum yields of the PF are approximately

the same in the two states.
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TABLE 2. Decay Activation Parameters of PF of Dyes (V) and
(VI) (kp is the decay rate constant of PF at 20°C)
Isopropanol Toluene
PBAK i n
"0, Ess log & k,*107, E,, log A
sec™? kJ/mole (sec™ ") sec”t kJ/mole |(sec™)

(V) 60 l 48,1 6.3 l 5 43,5 4

N 8 35.1 3.4 8 406 414

TABLE 3. Decay Rate Constants of the Triplet State

of PBAK (of the slow and fast components, kT°10'“,

sec™!) in Various Solvents

PBAK Isopropanol Acetonitrile Toluene
I 0,076: 0,16 3.1 % 35; 47
(1) 0,075; 0.4 0.44: 1,3 15; 46
vy 100; 460 1000 * 1600 *
(X} 20* 143 * 1800 *

(XID 22% 60: 1400 460; 1800

*Only one component is present.

to the a—B bond of the polymethine chain, which facilitates its cyclization into the PF.
This additional path of decay of the photoisomer explains the high values of kph for dyes
(VI) and (VII) compared with other PBAK (see Table 1). The formation and decay processes
of PF can be illustrated by the following scheme

hy
trans-PBAK (V), (VIl) =—= PF
ke 7

kv ’ k‘ph i

— cis-PBAK

The photoexcitation of PF does not lead to the formation of PBAK (in a trans or cis-form).

for (V) and (VI) in isopropanol are equal to 0.19
and 0.42, respectively (the probability of formation of FPF by dye (V) is approximately twice
as high as in the case.of (VI), since only one half of the polyene chain of dye (V) contain-~
ing the substituent F can cyclize). The solvation parameters of the conversion of PF in the
dark into the initial dye were measured (Table 2) and were found to be close to the values
of E; and A, for the cyclization reactions in the dark into PF of a series dienic monocamino
ketones with substituents in the dienic chain [5].

The quantum yields of formation of PF

During the photoexcitation of deoxygenated solutions of PBAK, together with the.photo-
isomers and PF, the formation of their triplet states is observed. Table 1 shows the maxima
of the T-T absorption spectra in isopropanol, while in Table 3, the decay rate constants of
the triplet state (ky) are given. For all the PBAK a dependence kT on the nature of the
solvent is observed: the ky is minimal in isopropancl, and increases sharply with decrease
in the solvating power of the solvent (Table 3). For several PBAK, the decay kinetics of
the triplet state is two-component, whereby the ratio of the components varies as a function
of the recording wavelength (see Table 3, Fig. 4). This is probably due to the formation
and decay of the triplet state of the two isomers of the dyes: the trans- and cis-PBAK.

The two kinetic components have a similar dependence of kp on the pelarity of the solvent.
During a T-T energy transfer from 1,2-benzpyrene (Ep = 18,500 cm™ ') to the PBAK (III) in
isopropanol, only the short-lived component (kp = 3.6+10% sec”!) is observed. The T-T ab-
sorption spectrum of one of the components of dye (I) (Fig. 4) has two maxima. This split-
ting of the spectrum is, possibly, caused by the effect of the interaction of chromophores

(671.

Figure 5 shows the potential curves of the singlet and triplet states of PBAK as a
function of the rotation angle of one of the double bonds of the polymethine chain during
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Fig. 4. Differential spectrum of triplet-triplet absorption
of dye (I) in isopropanocl: 1) the spectrum of the long-lived
component; the spectrum of the short-lived component.

Fig. 5. Scheme of radiationless deactivation of the triplet
state of PBAK in various solvents: 1) in isopropanol; 2)
acetonitrile; 3) in toluene; E,, E,, E;) the corresponding
T-S, energy splitting (e is the rotation angle around the
double bond of the polymethine chain).

the isomerization process. The potential curves have two minima, corresponding to trans-
(¢ = 0°) and cis-configurations ( ¢= 180°). Since most of the PBAK have two triplet states,
corresponding to cis- and trans-configurations (Table 3), the curve for the triplet state
probably has two sharply expressed minima. The deactivation rate constant of the triplet
state is determined by the T-S, splitting of PBAK: the distance between the lower triplet
and singlet states. With decrease in the solvating power of the solvent, the energy barrier
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of the isomerization process increases (the E, increases), which results in the potential
curve of the S, state approaching the curve for the T-state (curves 1, 2, 3 on Fig. 5). This
causes an increase in the deactivation rate constant of the triplet state of PBAK with the
decrease in the polarity of the solvent, as the result of a decrease in the T—S; energy
splitting. This scheme also finds confirmation in the fact that for certain PBAK (IV), (VI),
(VIII), (X)-(XIII), the formation of a photoisomer is observed not only from the singlet,

but also from the triplet state.
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SYNTHESIS AND PHOTOCHROMIC PROPERTIES OF SPIROANTHROOXAZINE

UDC 542.91:541.14+541.651:547.642+
547.672+547.867

T. Ya. Vlasenko, N. L. Zaichenko,
A. V. Lyubimov, V. S. Marevtsev,
and M. I. Cherkashin

.1',3',3'-Trimethylspiro{indoline-2',3-3H-anthraceno(2,1-b}[1,4]oxazine] was
synthesized. The compound has photochromic properties in solutions and in
polymeric matrices. It was found from the spectral data that the colored
form of the spircanthrooxazine exists in a quinoid form and is character-
ized by a positive solvatochromic effect.

In continuation of studies on the synthesis of compounds of the spircoxazine series
and examination of their photochromic properties [1-4], the present work deals with the
synthesis of 1',3',3"'-trimethylspiro[indoline-2',3-3H-anthraceno{2,1-b}[1,4]-oxazine] (I)
and examination of its photochromic properties in solution of varied polarity and in poly-
meric matrices.

The scheme of the synthesis used is shown as follows:
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