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Molecules containing a Xe—O type bond between their fragments have been studied
(diazoquinones, diazonium salts, azides, etc.) that are highly active in lower excited states
or when an additional electron is transferred thereto. The sensitized photolysis of dia-
zonium salts in liquid and solid solutions has been studied theoretically and in experiment.
Quantum yield values have been found for sensitized photolysis of diazonium salts depend -
ing on the solvent nature, the dye (sensitizer) used, and the substituent in para position
at the phenyldiazonium cation. The sensitization effect has been shown to be present in
liquid solutions and in plasticized polymer layers but not in solid polymeric solutions.
Quantum-chemical calculations have been performed that made it possible to describe the
experimental results on condition that the dissociation of reduced diazonium cation pro -
ceeds from non-thermalized state. Thermalization of the reduced cation occurs in solid
solutions that predetermine the full braking of the dissociation process.

Uccnenosaubl MOJIEKYJIBL €O CBA3bI0 Tuna Xe—O (ZMa30XMHOHBI, COIM AMAS0HUS, a3UAbl U T.IL.),
KOTODBIe XapaKTEePU3YIOTCSA 3HAUUTEJNBHOM AKTUBHOCTHIO B HUKHUX BO3OYIKIEHHBIX COCTOSI-
HUAX WJIW OPU NepPeHeCeHWU Ha HUX JOIOJIHUTEJIbHOTO 3JjieKTpoHa. IIpoBemeHBI sKCcIepUMEH-
TaJIbHBIE U TEOPETUYECKUE HCCIENOBAHUSA CEHCUOMIM3MPOBAHHOTO (hoTONMM3a CONMell NUa3oHUA
B KUJKUX U TBEPABIX pacTBopax. HalimeHBI BeJMUYMHBI KBAHTOBBIX BBIXOJ0B CEHCUOUINZUPO-
BaHHOTO (hOoTOJNM3a COJIell AMA30HUSA B 3aBUCHUMOCTH OT IPUPOJBI PACTBOPUTENH, KPACHUTENIA
(ceHCHOMIM3aTOpPa) M 3aMECTUTEJA B Iapa-IOJOXKeHNY KaTuoHa (GeHuianmasoHusa. Ilokasano,
uT0 3(PGHEeKT CeHCHOMIM3ANNN IMPUCYTCTBYET B JKUJKUX DPACTBOPAX M IJIACTU(DUIIMPOBAHHBIX
IOJIUMEPHBIX CJIOSAX U OTCYTCTBYET B TBEPJBIX IOJUMEPHBIX pacTBopax. IIpoBeneHBI KBaHTO-
BO-XUMHUUYECKUE PACUETHI, IIO3BOJIMBIINE ONKCATh SKCIEPUMEHTAIbHBIE PE3YJIbTAThI IIPU YCJIO-
BHUU, UTO AWCCOIMAIINS BOCCTAHOBJIEHHOTO KAaTHOHA OWA30HUSA OCYIIECTBJISAETCA U3 HETepMa-
JIN30BAHHOTO COCTOAHUA. TepManmsanud BOCCTAHOBJIEHHOTO KATHOHA IIPOUCXOAUT B TBEPABIX
pacTBOpax, KOTOPBIE IPEJOIPENeIAIOT IIOJHOE TOPMOYKEHE IIPOIlecca AUCCOIUAIININ.
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Diazonium salts and azides are well-
known photosensitive components of silver-
free photographic materials [1]. Although
those compounds are known as long ago as
in the last decades of 19th century, their
photochemical properties are insufficiently
presented in literature.

In this work, the properties of excited
states of those compounds are considered
within the frame of a novel class of com-
pounds. This may contribute to a better un-
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derstanding of photochemical properties of
a wide class of compounds and to use them
more widely as light sensitive components
in photography and phototechnology. The
novel class mentioned above includes com -
pounds with the Xe-O type bond between
molecular fragments.

The classification of chemical bonds in
molecules (covalent, ionic, donor-acceptor,
hydrogen) is elaborated well enough. In this
classification, chemical bond between an
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atom with fully occupied atomic orbitals
(AO), e.g., an inert gas atom (xenon, kryp-
ton) or a halogen anion (CI~, Br—, I7), and an
oxygen atom is considered as a specific
bond type. The formation of chemical
(donor-acceptor) bond should be preceded by
excitation of the oxygen atom from the
state with (2p2)2(2px)1(2py)1 electron con-
figuration to that with (2p2)2(2px)2(2py)0
one. Formation of such a bond results in
molecules of CIO,” or 10,” (n =1-4) type
and, as a consequence, in XeO, molecule. It
is known [2] that molecules of CIO,~ or I10,~
type act as electron acceptors in aqueous
solutions in spite of interelectron repulsion.
The neutral molecule XeO, is naturally a
considerably stronger oxidant causing an
explosion in contact with even weak donors
(e.g., with paper) [2].

In this work, the possibilities of molecule
formation including bonds of the above type
are widened. Instead of Xe and O atoms, we
have selected molecules having the same
features as those atoms, that is, one mole-
cule should contain a fully occupied molecu -
lar orbital (MO) (including n-MO) while an-
other, to be in triplet state.

The first type of molecules includes mo -
lecular nitrogen, molecules (including cyclic)
with a heteroatom where the n-MO is localized
(R-O0-R,, R4-S-R,, R4N=R,, R4—NH-R,,
R1—CO-R,, etc., where Ry, R, are arbitrary
molecular fragments) and the like. The sec-
ond type is represented by molecular struc-
tures such as carbenes (R{R,C), nitrenes
(RN), aryl cations (R), etc. Moreover, a
halogen anion or oxygen atom may be one
of the fragments mentioned.

In this work, molecules of the above
types, namely, diazomethane (I), methyl
diazonium cation (II) diazoquinoline (III),
diazonium salts (IV), and azides (V) have
been investigated theoretically and in ex-
periments.

et i o= +-O O

In the experimental studies the spectro-
scopic and photochemical properties of the
compounds were considered while in theo-
retical ones, the quantum-chemical calcula -
tions of excited molecular states (MNDO
and AM1 methods [3]). For comparison, cal -
culations were performed for ClO,~ and I0,~
molecules that could contribute to under-
standing of XeO, molecule.
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The experimental measurements were
made on solutions using a Specord M-40
spectrophotometer and a mercury lamp, one
emission line was isolated by light filters.

CIO,,~ and XeO, molecules. Calculation of
energy diagram for CIO~ has shown that all
T-MO in the molecule are occupied by elec-
trons. The lower singlet state S; corre-
sponds to transfer of one electron from Tr*-
MO to ¢"-MO, the latter being formed as a
linear combination of p,-AO of interacting
atoms. A potential well of about 0.5 eV
depth with a minimum at rg_o = 1.95 Ais
clearly seen on surfaces of S; and T; states
(in ground state, rg_g = 1.70 A). This well
is due to oxygen atom polarization in the
chlorine anion field at long distances. The
presence of the potential well results in that
the photodissociation of excited CIO~ mole-
cule is possible only from the hot S; or T,
state. This process is possible in gas phase
while being substantially hindered in a con-
densed one. An effective dissociation in con -
densed phase may occur only under o - o
excitation (energy surfaces of S(00®) and
T(00™) states are purely dissociative).

Since HalO,~ molecules (Hal = a halogen
atom) in solutions are electron acceptors,
the energy surface for HaIOnz_ was also cal-
culated. It turned out to be a purely disso-
ciative, that is, the electron transfer onto
HalO,2~ results in that an oxygen anion is
splitted off (CIO,"+e~ - CIO, 4, + O7).
The electron transfer process is impossible
in vacuum, since this reaction occurs with
the system energy increase due to interelec -
tron repulsion. Nevertheless, in aqueous so -
lutions, an energy gain takes place due to
interaction of HalO,2~ with the solvent
molecules (the solvent polarization).

In XeO,,, elimination of the interelectron
repulsion effect results in a substantial in-
crease of oxidative properties. That is why
XeO, in any aggragate state explodes in the
presence of even trace amounts of an elec-
tron donor.

In what follows, in connection with such
distinction in properties of HalO,~ and
XeO,,, we will compare the properties of two
similar structures differing in the ground
state charge as well as of one and the same
structure in the ground and reduced (con-
taining one electron more) states.

Diazomethane molecule and methyl dia-
zonium cation. The diazomethane molecule
(I) and its protonated form (II) are simplest
systems. Calculations of energy surfaces for
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Fig. 1. Energy diagrams for H,CN, (A) and
H3CN,* (B).

I under varying C-N bond length show that
such a molecule has an absorption band in
UV spectral region related to T — T quan-
tum transition as well as weak absorption
bands at the boundary between visible and
UV regions related to m - o* and T - ¥
quantum transitions (Fig. 1). The men-
tioned 0 MO is localized on the C-N bond

while the 1¥, on the diazo group. It is seen
from the energy diagram that the molecule
dissociation is possible both from the hot
S(o®) state (the molecule excitation at
small C-N bond length) and from T(10®)
one. The latter is formed most likely due to
energy transfer from S(1u¥) state to T(To0")
one (pre-dissociation) and causes the mole-
cule dissociation even from thermalized
state (low potential well depth) resulting in
formation of carbene it triplet state and N,
molecule.

The calculation has shown that capturing
of one electron by the molecule almost does
not change the molecular energy in the
ground state (the affinity energy is close to
zero). Thus, reduction of molecule I dose
not result in its dissociation.

The diazomethane protonation with
methyl diazonium (II) formation changes
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Fig. 2. Energy diagram of diazoquinone (A)
(AE[S,(1ut)] = 0.166 eV) and  p-hy-
droxyphenyl diazonium (B) (AE[T(10")]=
0.166 eV).

substantially the energy surface structure
for the ground and excited states. Such
molecule dissociates easily from S(1o”) and
T(1o”) states that are formed by pre-disso-
ciation from the S(Tut’) state. This process,
however, requires a higher exciting quan-
tum energy than in the case of molecule I.
The methyl diazonium turned out to
have a higher affinity energy to electron
(exceeding 7 eV), this energy increasing
with the C-N bond length. As a result, the
C—N binding energy decreases from 2.15 eV
(in methyl diazonium) to 0.53 eV (in its re-
duced form). This effect is sufficient for
dissociation of the reduced molecule at
room temperature, that is, the methyl dia-
zonium dissociation can be sensitized by the
photoinduced electron transfer.
Diazoquinone and diazonium cation. Now
let the structures III and IV be considered.
The calculation results show that the diazo -
quinone dissociation is possible only from
its S(TuT’) state that is the S; state of the
molecule (Fig. 2). The energy barrier height
for dissociation from that state is as low as
0.17 eV, thus providing a high dissociation
efficiency. All other states have been found

3
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Fig. 3. Absorption spectra of aqueous solutions
of p-substituted diazonium salts. Substituents:
N(C,H;s), (1), OCHj5 (2), Br (3), H (4).

to be inactive for the dissociation process.
Molecule II exhibits a high electron affinity
energy (about 3 eV) that is almost inde-
pendent of the C-N bond length, since the ¢
MO is not involved, therefore, the C-N
binding energy remains almost unchanged.
That is why the molecule cannot dissociate
after the electron capturing.

Protonation of III under formation of
cation IV changes dramatically the molecule
properties. Now it is just S(1o™) and T(10*)
states that become dissociative; the cation
transits to those states due to pre-dissocia -
tion from the S(1t‘) one. The main dissocia-
tion product is most likely hydroxy phenyl
cation in excited singlet state that is re-
laxed then into the ground triplet one. The
energy barrier for dissociation from S(1o®)
state is as low as 0.2 eV and from the
T(10”) one, 0.17 eV.

The result of electron capturing by cat-
ion IV is to be expected. The cation IV elec-
tron affinity energy in the equilibrium ge-
ometry turns out to amount 5.9 eV and to
increase up to 8.25 eV as the C-N bond
length increases up to 0.2 nm. The energy
surface of reduced cation IV has no barrier
as the C—N bond length increases. Thus, the
photoinduced transfer of electron to cation
IV provides its dissociation into aryl radical
and nitrogen molecule.

Variation of substituent in cation IV
does not change the dissociation mechanism
from dissociative singlet and triplet T

states, the cation transiting into those
states due to pre-dissociation from the
S(1ut’) one.

Experimental studies and theoretical cal -
culations show that the energy of excitation
into S(TUT) state increases regularly as the
electron-accepting properties of the substi-
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tuent become stronger (from NH, to NO,).
Both 1 - ™ quantum transitions and
L » 0" ones are observable in experiment
(Fig. 3) because weak Tl —» 0* quantum tran-
sitions (visible only as long-wavelength knee
in the ™ - T absorption band at room tem-
perature and as a weal band in frozen soluti
ons [4, 5]) are within the region of lower
energy than the long-wavelength T - TT°
transition. It is seen from Fig. 3 that the
extinction coefficient for T - 0 transition
is several orders lower than that for 1 - T

one. Since the ToO" state is dissociative, a
direct excitation to the weak band results in
the diazonium cation dissociation with the
same quantum yield as that at excitation
into S(rut’) state [5]. Thus, the energy
structure of diazonium cation provides the
cation excitation relaxation only via TO"
state.

In all cases, there is a low energy barrier
for the cation dissociation from the S(1o™)
state. In rigid solvents, especially in the
frozen ones, the dissociation process may be
slowed due to steric hindrances. This re-
sults in the S(1m0™) - T(T0 *) conversion and
the cation dissociation from the T(T0")
state. We have proven that the photodisso -
ciation process efficiency is high even in
solutions frozen at 4.2 K.

Independent of the substituent nature in
cation IV, it has a high electron affinity
energy (from 4.5 eV for amino substituted
phenyl diazonium (PhD) to 6.5 eV for nitro
substituted one). The electron capturing at
room tamperature results in dissociation
into nitrogen molecule and aryl radical.
Thus, photolysis of any diazo cation (DC)
can be sensitized by dyes. Since the DC elec-
tron affinity depends on the substituent na-
ture, any dye may act as photolysis sensi-
tized only for a DC with a certain set of
substituents providing an energy gain at
the electron transfer from the excited dye
molecule to the DC. For example, experi-
ments [6] have shown that xanthene dyes
sensitize efficiently DC with substituents
ranging from OCH3; to NO,, while in the
case of p—N(C,H5),—PhD, the quantum yield
of electron photoinduced transfer is 2 deci-
mal order lower.

Azides. Azides (V) form another group of
substances with a Xe—O type bond between
molecular fragments. Those molecules con -
sist of a linear N3 group and a fragment R.
The latter can be a hydrogen or alkali metal
atom as well as any polyatomic fragment

Functional materials, 9, 4, 2002
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(radical). It is just substituted phenyl az-
ides (PhA) that are used most widely.

As well as diazonium salts, azides are
similar to XeO,, in that those are explosive.
It was shown above that the electron trans-
fer to XeO, and DC causes the molecule
dissociation that can give rise to explosion.
Now let similar processes in azides be con -
sidered. Investigation of HNjz and LiNjz as
model systems has shown that in both cases
the molecule electron affinity energy is low
(0 to 0.5 eV in HN5 and 0 to 0.3 eV in LiNj,
depending on the dissociating bond length).
Calculation of the excited state energy dia-
gram for those molecules has shown that
HN3 can dissociate from the triplet T (m,m¥
+ 0) state or from hot S(T,T¥ + ¢”) one at
arbitrary temperature. For both those
states, it is just an MO being a hybrid be-
tween T¥ and 0 ones that is active. A simi-
lar calculation for LiN3 has shown that it
can dissociate only from the hot T(m,c%)
state, because the energy barrier is as high
as 1 eV. The polar solvent effect is the only
factor favoring the LiNj3 dissociation. It is
seen that the electron transfer or photodis -
sociation cannot explain the explosive prop -
erties of LiN3 without account for other fac-
tors.

Energy diagram for phenyl azide are
similar to that for HNs;. In this case, the
photodissociation efficiency is high both
from S(m,0%) and T(1,0%) states. The energy
barrier in the T(m0*) state is as low as
0.06 eV, thus making the photodissociation
possible at substantially any temperature.
Experimental investigations of phenyl azide
in frozen (4.2 K) alcoholic solutions or in
polymer layers have shown that the photo-
dissociation really occurs. The molecular ni -
trogen has been found to crystallize in cer -
tain areas of the solvent (or polymer layer).
As the sample is heated, nitrogen forms
high-pressure gas bubbles (vesicules) in the
polymer matrix. Thus, theoretical calcula-
tions of energy structure and photodissocia -
tion mechanisms in azides have been well
confirmed in experiment.

Tyhe electron transfer onto phenyl azide
molecule results in an increase of the elec-
tron system energy by 1 eV at the equilib-
rium molecular geometry. The phenyl azide
energy surface with one excess electron an-
swers to the dissociative one. Thus, phenyl
azide dissociates under electron transfer.
Nevertheless, it follows both from -calcu-
lated and experimental data that the dye
sensitization of that process is impossible.
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The electron transfer from the matrix or
dye is possible most likely only under a
high-energy excitation.

Sensitization of diazonium salt (DS)
photosensitivity. During three lest decades,
several tens of works were published deal -
ing with sensitization of DS photolysis [6—
10] where light sensitivity of sensitized dia-
zotypic materials was considered. It was
shown that the DS photolysis sensitization
is due to electron transfer from the sensi-
tizer to DS, both molecules being bound
into an association due to electrostatic
forces, according to the following scheme:

ANNS +D - (AN3...D) 2 (Am;...07), D
AN - Ar® + N, (2)

Ar'+RH - ArH +R", 3

where Ar is the aryl fragment of DC; D, the
electron donor (sensitizer); RH, the solvent.

The DC association with the sensitizer
molecule is confirmed by the charge trans-
fer absorption bands [8], by the sensitiza-
tion efficiency dependence on the solvent
dielectric constant [11] as well as by the
optical density dependence in the dye ab-
sorption spectrum on the DS concentration
[10]. Those results allowed to find the elec-
tron affinity energy for DC bearing various
substituents at the phenyl fragment [12].
The electron affinity energy turned out to
increase regularly as the Gamet 0" constant
increases (from 4.5 eV for p-N(CHj3),— to
6.5 eV for p—NO,-phenyl diazonium). It is
clear that for the electron photoinduced
transfer from the sensitizer molecule to DC
was possible, the ionization potential of the
excited molecule (I;" = I;— hv) should be
lower than the DC electron affinity energy
(E4) while the potential I, should exceed
E, so that the electron transfer would be
impossible in dark conditions. Such interre -
lations restrict the sensitizer selection.

Our studies have shown that efficient
sensitization of DS photolysis (para substi-
tuted phenyl diazonium boron fluorides
were investigated) can be realized using
dyes, in particular, xanthene, thiazine,
oxazine, polymethine ones, etc. In contrast,
aromatic compounds (polyacenes) are un-
suitable for DS sensitization.

Since the DC electron affinity energy de-
pends on the substituent nature, the sensi-
tization efficiency increases regularly with
the the Gamet o constant [13] (see Table).

5
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As a rule, the optical density in the dye
absorption region decreases in the course of
sensitized DS photolysis according to reac-
tion (1). This effect is observed not only in
aqueous solutions but also in ethanol or ace -
tone. No dye concentration decrease occurs
only in formamide (H,NCHO) due to forma-
tion of the solvent active radical (R’ =
HoNC* O). Moreover, the activity of that
radical has found to be sufficient to reduce
all DC except for p—(C,Hg),N-PhD, thus
making it possible to realize the chain dis-
sociation reaction of those DC:

R*+ArNS - R* +Ar® + N,. 4)

In other solvents, the activity of the R®
radical was low.

Judging from the data presented, the
sensitization would be expected to take
place both in liquid and solid solvent and to
be temperature-independent. Nevertheless,
UV absorption spectra and EPR ones of ir-
radiated solutions measured by us have
shown that there is no electron photoin-
duced transfer from the sensitizer molecule
to DC in frozen solutions.

On the other hand, investigation of sen-
sitized DC photolysis in polymer layers has
shown that at room temperature in the solid
polymer solution the electron photoinduced
transfer reaction does not occur and thus
there is no DS sensitization effect. Intro-
duction of a plasticizer (polyethylene glycol,
PEG) into the polymer layer provides the
sensitized DS photolysis, the reaction rate
increasing with the plasticizer concentra-
tion in the layer. The dependence of sensi-
tized DS photolysis rate on the polymer ma -
trix nature is explained by that PEG plasti-
cizes different matrices in different ways.
The best plasticization is attained in polyvi-
nyl acetate (PVA) and polyvinyl pyrrolidone
(PVP), it is somewhat worse in methyl
metacrylate-metacrylic acid copolymer
(MMC) and in polyvinyl ethylal (PVE). The
plasticized polymer is similar to a gel sub-
stantially in all cases. Thus, the efficiency
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Fig. 4. Potential surface curves for reduced
p-substituted phenyl diazonium cations of lin-
ear (1) and optimized (2) geometry. Insets:
C—N-N angle value as a function of C—N bond
length at optimized radical geometry.

of sensitized DS photolysis increases as the
polymer solution rigidity drops.

To elucidate this effect of the polymer
solvent on the sensitized DS photolysis rate,
quantum-chemical calculations of electron
system energy surface have been performed
for DC and its reduced form (ArNy") as
function of the dissociating bond length rq_
N- To that end, MNDO and AM1 methods
[14] were used. The calculations were done
for optimized DC geometry, then, an addi-
tional electron was introduced and the dis-
sociating C—-N bond length was specified.
The calculated results are presented in Fig. 4.
It is seen that when an electron is trans-
ferred to DC, its geometry becomes non-

Table. Quantum yields of photodissociation sensitization for aqueous solutions (pH = 6) of dia-

zonium salts

Dye DS p—(C,H5),N-PhD p—CH,0—PhD
Fluoresceine 3.210°3 0.25 0.34
Eosine 1.601072 1.18 1.37
Bengalia pink 4.610°2 0.29 0.27

Functional materials, 9, 4, 2002
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equilibrium one: the linear C-N-N group
structure should be changed to a broken
one, the CNN angle being defined both by
the substituent nature in the para position
of PhD and by the C-N bond length (see
inset in Fig. 4).

Since the electron transfer to DC results
in formation of a radical with non-equilib -
rium (linear) C—N-N group structure, both
the C—N bond breakdown reaction directly
from this state (ArN2')* and thermalization
to the equilibrium ArN," geometry become
possible. The possibility of the radical disso -
ciation from non-thermalized (hot) state fol -
lows from the fact that the potential barrier
for the C—N bond elongation is low in all
cases and the formation probability of a
state with energy exceeding the barrier is
high enough, because E, > IG* for many in-
stantaneous states.

The presence of other molecules near the
(ArN,")* radical interacting with the latter
results in thermalization to the ArN," state.
The latter means that the radical geometry
changes to the equilibrium one and the ex-
cess energy transforms into thermal energy
of the molecular system. The thermalization
probability must increase as steric hin-
drances arise due to the polymer matrix ri-
gidity. This, in turn, hinders the C-N bond
elongation and dissociation of ArN,".

It is seen from Fig. 4 that the barrier
hindering the ArN," dissociation is about
1 eV high. This is sufficient to prevent the
dissociation compltely at room temperature.
In this case, the electron must be expected
to return into the oxidized dye molecule.

Thus, the full scheme of sensitized DS
photolysis is as follows:

Ao—?/iL‘A’;k—1> K, 2 sDt 4 Ar e N,

T ) ks ()
4

A%

where Ay = (D..ArN,*) is the associate in

the ground state; A;* = (D"...ArN,*), the as-

sociate with excited dye molecule; A2*=

(D+'...(ArN2')*), associate after ArN," forma-

tion in hot state; A3* = (D*"...ArNy"), the as-

sociate after thermalization.

In this case, the sensitized DS photolysis
kinetics is

d[Ar] _ _ dlA0 _ (6)
dt —  dt
ko kT

= € [Aglly = Anllp,
g + hg 1+ Rt [Agl g = d195e[Apl
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where ¢; = k;T1/(1 + By T) is quantum yield
of electron photoinduced transfer from D*
to DC in the associate; ¢, = kg/(ky + E3),
quantum yield of (Aer')* dissociation in the
associate.

The ¢, value is independent of the sensi-
tizer nature for one and the same DC in a
specified solvent. Thus, the distinctions in
the quantum yield of sensitized DS pho-
tolysis in the presence of different dyes is
due only to the ¢; value depending on the
ratio between E, and I;". That is why the
quantum yield is so low for p-N(C,Hs5),-PhD
photolysis sensitized by dyes, in particular,
by fluoresceine (see Table).

In the process scheme (5), the amount of
oxidized (discolored) dye molecules is equal
to that of destroyed DC ones, thus, these
components are to be introduced in equal
concentrations. This fact restricts the use
of sensitized diazo materials to recording of
high-contrasting picture only, since a half -
tone picture would contain a high back-
ground of the dye absorption. The back-
ground can be eliminated only by reducing
substantially the dye concentration and
using solvents (plasticizers) capable of re-
duction of oxidized dye molecules and pro-
viding a radical-chain process.

Thus, in this work, molecules with Xe-O
bond type between their fragments have
been studied theoretically and in experi-
ment. The investigations made it possible to
establish the photodissociation mechanisms
of said compounds and to study their ac-
cepting properties that provide the pho-
tolysis sensitization possibility by dyes.
Comparing the properties of compounds
under study with the prototypes (CIO,,
I0,,” and XeO,) allowed to understand a sub-
stantial distinction in properties between
diazoquinones and diazonium salts differing
only in the presence of a positive charge on
diazonium cation. The consideration of re-
sults obtained has shown that there are
wide classes of molecules (including dia-
zonium salts and azides) that are capable of
photodissociation under excitation into the
long-wavelength absorption band due to
pre-dissociation to To" state, the o MO
being localized on the dissociative bond.
These compounds are not fluorescent nor
phosphorescent due to efficient excitation
relaxation via the 1o state. The electron
transfer to phenyl diazonium salts and
phenyl azides provides conditions for the
molecular dissociation; nevertheless, only
diazonium salts are sensitizable to visible
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spectral range by dyes while azides can be
sensitized to high-energy radiation only.
The photoinduced reaction of electron trans -
fer from the excited dye molecule to DC
provides the sensitized DS photolysis in liq-
uid solutions but not in polymer layers. In
plasticized polymer layers, the sensitized
DS photolysis occurs, the reaction rate in-
creasing in parallel with the plasticizer con -
tent. Quantum-chemical calculations of re-
duced DC have shown that the photoinduced
electron transfer results in formation of
ArN,® in hot state. It is just the geometry
with broken C—N-N group that answers to
the thermalized ArN," state. The ArN," ther-
malization results in stopping of ArN," dis-
sociation, at the same time, the reaction of
the reciprocal electron transfer to the oxi-
dized dye molecule takes place. The sensi-
tized DS photolysis is possible only if the
ionization energy of excited dye molecules
(Ig" =I5 - hv) is lower than the DC elec-
tron affinity energy, the latter being within
limits of 4.5 eV for p-N(C,Hs5),—PhD to
6.5 eV for p—-NO,—PhD.
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Moaexyau 3i 3B’askom tuny Xe—O mixk ¢dparmenTramm.
Couai miasoHiro Ta aszuamui

I1.0.Rondpamenko, FIO.M.JIonamrxin, H.Il. Kondpamenko

Hocnimxkeni monexkynu 3i sB’askom tumy Xe—O (miasoxiHomu, coJi miasoHioo, asumu
TOIO0), AK XapaKTepU3yIOThCSI 3HAYHOI AKTHUBHICTIO B HMIKHIX 30ym)KeHUX cTaHax abo mpu
mepeHeceHHI Ha HUX JONATKOBOTO ejeKTpoHa. IIpoBegeHO eKcrepuMeHTaJNbHI i TeopeTuuHi
mocaimKeHHs ceHcubisizoBaHOro (poTosisy coseil mia3oHil0 B piAKUX i TBepAUX PO3UMHAX.
3HalileH0 BeJUUYMHM KBAHTOBUX BUXOMIB ceHcHOiizoBaHoro ¢oTosisdy coJieil mias3oHio B
3aJIeXKHOCTI Bifi IpUpoOAM PO3UMHHHNKA, OapBHHKA (ceHcuOinisaTropa) i samicHMKa B mapa-mo-
JokeHHI KarioHa deningiasouiro. IToxasano, 110 epeKT ceHcubimizaril mpucyTHii B pigxux
posumHax i mracTudikoBaHMX IOJiMEpHHUX IMapax i BificyTHi#l B TBepAWX MIOJiMEPHUX PO3-
ynHax. [IpoBeeHO KBAaHTOBO-XiMiuHI pPO3paxyHKU, AKi JO3BOJUJIMN ONMUCATA eKCIePUMEH-
TajbHi pe3yabTaTH 3a YMOBHU, IO AUCOIiaIlid BiZHOBJIEHOTO KaTioHAa Mia30HiI0 3[ilICHIOETHCA
3 HeTepMaJidoBaHoro cramy. TepmaJsisallisi BimHOBJIIEHOro KaTioHa BimOyBaeTbCs B TBEPAUX
pO3UMHAaX, M0 BU3HAYAIOTH IIOBHE TaJbMyBaHHSA MPOIlECY AHMCOIliaIii.
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