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Water exchange OD Mal+ adsorbed OD SiO2 (Aerosil 3M)

Dominique Aeby and Carl Wilhelm Schlapfer, 

Institute of Inorganic Chemistry, University of Fribourg, CH 1700 Fribourg, 
Switzerland 

The water exchange on Mn2+ adsorbed on SiOi (Aerosil 300) was studied 
in situ by the temperature dependence of the 170 relaxation of the solvent H2O. 
The relaxation rate of 170 in H2O is strongly influenced by the exchange of H2O 
in the coordination sphere of Mn2+ in solution. .This relaxation and its 
temperature depcn�ence changes strongly, if Mn2+ is adsorbed on SiO2, The 

number of exchanging H2O decreases from 6 to 4 per Mn2+ and exchange rate is 
accelerated by a factor of 2 to 3. No trans effect of the surface oxygen is observed. 
The four H2O in the coordination _sphere exchange with the same mte. 
Interpretation of the results by the method of Swift and Connick (I) yields the 
following activation parameters (values for Mn2+ in solution (2) in brackets) k298 

7.3(2.1) 107 s-1, AH* 22(35.9) kJmoI-1, AS* -20(5.7) JmoJ-1, T1e-1 5(80) 106 s-1. 
• The �tfect increases with increasing surface coverage however not proportional to
the Mn2+ adsorbed. The analyses of the deviation from linearity shows, that the 
latter is caused by a change in the, electronic relaxation time of Mn2+, which is
due to a fast movement of the Mn2+ at the surface or a hcterogeneom
distn'bution of the adsorbed Mn2+. The measurements indicate in addition, that
the relaxation behaviour of the 170 is a very sensitive probe for any changes of the
surface structure of SiOi,

(I) T. J. Swift and R.E. Connick, J. Chem Phys., (1962) 37, 397
(2) A.E. Merbach, Y. Ducommun.and K.E. Newman, Inorg. Chem., (1980) 19,

3696
This work was supported by COST Action D5, project 00002 92 
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TWO-STAGE OXIDATION OF MONOGERMANE BY OXYGEN 

R.G.AIV ASYAN. V.V.AZATYAN 

Institute of Structural Macrokinetics, Chemogolovka, Russia 

Decenerate-branohed ohain character was suggested tor the 
gas phase reaction ot monogennane (GeH,) with Oa in [1].However 
later experimental data were obtained which are ohare.oteristic 
tor branching-chain processes [2).This reaction exhibits a 
number or features which don't agree with the conceptions 
conmanly accepted. until recently in the theories or chain 
processes and heterogeneous reactions. 

In the present �hesises experimental data are presented on 
observation and investigation ot two-told seltignition ot GeH, 
with Oa in confined. volumes.The investigation was carried out 
on a static vacuum set-up. A gived portion or the reacting 
mixture was rapidly admitted into the thermostated and 
evacuated quarz vessel (diameter 4,0cm lenth 20cm) 

It is seen in Fig.1,that in certain region or initial pres
sures (Po) the motion proceeds in two stages. The reaction 
-rate and luminescence intensity smothly decrease the Po.being
lowered to zero.Meanwhile, the dependences or reaction rate and
luminescence intensity on Po demonstrate the sharp orytioal
character in second ignition.
Below 3,6 Torr, only one stage may be observed. It Po is above
this pressure, also the seoond seltignithon is detected.
Its induction period increases the initial pressure being
rised in the region or 4,5-6,1 Torr. The further rise of Po
leeds to the abrupt drop or the induction period,and at the
pressures above 7 Torr the two stages practically merge to one.
A the same time the value ot reaction rate in ·second ignition
increases the pressure being rised in all range of its values.

The two-told sel!ignithon regime is observed only at 
temperatures ot 340-360°0 tor the mixtures ot abovementioned 
composition. 1! the reactor is treated. by the reaction at 
300-360°0.In freshly washed reactor the reaction tollows as one
stage and practically without any induction period.These
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features are similar to those or silane oxidation [3]. 

The kinetic investigations ot the pressure changes and 

the reaction components by gase chromatography in one-

stage regime ( the seoond stage is absent) show that the · 

reaoton occures by seltacceleration until 10% conversion is 

attvined and then ceases at· oonvertions less then 3�.The 

induction period ot hydrogen formation ( 10s) is signitioantly 

greater than that ot pressure drop (1-2s). 

The tact or two-told selrignition and the dependence or 

the phenomenon on the initial conditions point to signirioaut 

change or main elementary reactions in ooll1'8e or_the process. 

The inwestigation was supported by RFPI No93-03-18047 and 

ISF NL5000. 
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Fig.1. The oscillograms or ohem1luminesoence (1) and pressure 

(2) at initial pressures (Torr): a-4.6; b-6.1

Fig.2.The pressure dependanoe or induction periods or tirst(1) 

an4 seoond(2) selrignition or the mi:xture:10 I GeH,+90 I Oa 

Rererense 

1.By H.»neleus and E.R.Gardner. J.Chem.Phys.1938.p.1900 

2.V.V.Azatyan. R.G.Aivazyan.N.M.Pavlov et.all.Kinetika 1 kataliz

1991.v�J2.N5.p.10J1

J.V.V.Azatyan. R.G.Aivazyan. Kinetika i kataliz 1986.v.27.N5.

p. 1086 ( in Russian)

4S7 

- -- -- ~-~ 



PPK-3 
MECHANISM AND KINETICS OF PHOTOCHEMICAL DECOMPOSITION OF XENON 

TETROXIDE. REACTION OF XENON TETROXIDE WITH HYDROGEN. 

N.N .Aleynikov, G.K.Vasiliev, S.A.Kashtanov, E.F.Makarov 

¥u.A.Chernishev 

Institute of Chemical Physics, Russian Academy of Sciences 

Chernogolovka, Moscow Region, 142431 Russia 

Xenon .tetroxide is thermodynamically unstable (dH = 153.5 

kcal/mol), alttiough the vapor of it can be handled rather 

safely. At its decomposition 34-152 kcal/mol is released 

depending on the channel of the process. That is enough, in 

principle, to· create oxygen atoms and molecules in excited 

electron or vibrational states. One can wait also that due to 

some relative weakness of Xe-O bond conditions can be created 

for effective sustaining of nonequilibrium states during the 

macro-conversion of corresponding mixture. At the same time, as 

we know, no investigations of Xeo4 gas-phase reactions have 

been carried out yet. 

The goals of the investigation wer~: 1) to find out the 

mechanism of XeO4 photolysis under UV-radiation in 200-300 nm 

range; 2) to obtain the quantum yield of formation of oxygen 

atoms at photodissociation of XeO 4 molecules; 3) to determine 

quantitative characteristics of secondary processes of 

photolysis; 4) to study xeo4 -H2 mixture stability, and 5) to 

obtain the main general rules of "dark" reaction of XeO4 with 

H2 at dilution by neutral gases. 

The .investigations were conducted by a spectral 

photometrical method. Xenon tetroxide was _ obtained from the 

reaction Na4xeo4 + 2H2so4 --➔ 2Na2so4 + xeo4 + 2H2o. To 

determine the quantum yield of creation of atoms of oxygen, ~, 

the photolysis experiments were run in the presence of o2 (its 

pressure was up to 1 atm). The essence of the experiments was 

to convert oxygen atoms without losses into the· 

spectroscopically registered ozone molecules, using the 

reaction o + o 2 + o 2 - -➔ o 3 + o2 . From analysis of the 

experiments it was revealed that~= 3.6 + 0.4. It follows that 
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from all possible. channels of photodissociation of Xeo4
molecule the dominating is the channel in which four atoms of 
oxyg�n are formed. Maintaining conditions when the process O + 
XeO 4 - -➔ o2 + Xeo

3 
competed with the ozone cr�a_tion reaction,,

we have estimated the rate constant of this process k < 4. 5 
10-16cm3 s-1 which was occurred to be more an order lower than
the rate constant of the similar reaction of oxygen atoms with
ozone molecules. As distinct from ozone, photodissociation of
which gives electronically excited atoms 0( 1D) within 95t, at
photodecomposition of xeo4 no marked quantity of oxygen atoms
in 1D state was observed.

The experiments on studying of xeo4-H2 reaction have shown
that 1) it is possible to prepare the mixtures stabl.e enough in 
a wide range of xeo4 and H2 concentration ratio; 2) the
velocity of such a reaction is about two order higher the 
velocity of thermal decomposition of xeo4 that testifies to the
chain mechanism of the reaction; 3) it haa been discovered a 
strong ingibitory effect of co2 molecules on the reaction. In
our opinion it is cau_sed by the fact that co2 molecules, being
the effective accepters of vibrational excitation, depress the 
reactions involving the vibrationally exited particles. 

The mechanisms of photochemical decomposition of XeO 4 and
the reaction of xeo4 with H2 are proposed, which consistently
explain the experimental results. 
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13C-SNP Investigation of Benzoln Photolysis in 
Micellar Solution. 

Gennadij s Ananchenko, Elena G. Bagryanskaya, Renad Z. Sagdeev 
( International Tomography Center. lnstitutskaya St. 3a, Novosibirsk, 630090 Russia) 

The technique of stimulated nuclear polarization (SNP) records ESR spectra of 
transient radical pairs {RP's) by monitoring the nuclear spin polarization in 
diamagnetic products, which has been formed due to the saturation of the RP' s 
ESR transitions [1]. In the last time the SNP method has been employed to obtain 
parameters of these species in micel.les. The analysis of SNP spectra as well as 
SNP kinetics obtained by time-resolved version of SNP (TR SNP) delivers precise 
information concerning diffusional and chemical properties as well as the spin 
dynamics of micellized geminate RP's [2]. In this study the SNP method has been 
applied to investigate the behavior of RP's formed during photolysis of 13C 
labeled benzoin ( 1,2-diphenyl-2-hydroxyethanone-1,2-13C) in sodium 
dodecylsulfate {SOS) micelles. 
The reaction mechanism is shown on scheme 1 . 

Scheme 1. 
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The hfi-constants of radicals in RP I with 13C nucleus are 11111127G in benzoyl 
radical and �soG in hydroxybenzyl radical. The SNP-spectra obtained for each 
recombination product of RP I are shown on fig.1. 
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Flg.1. The SNP-spectra detennined by the NMR-13C signal of carbonyl group of a) benzoin 

(solid squares) and compound IV (open circles); b) of Ill (solid circles) and theoretical 

calculation (solid line). 

The SNP-kinetics were obtained and compared with kinetics determined for 
benzoin with natural abundance of 13C and benzaldehyde. The ,RP arisen by 
photochemical a-cleavage of the C�C bond of benzoin was shown to have 
different behavior from one formed during hydrogen abstraction in photolysis of 
benzaldehyde. 
A numerical solution of stochastic Uouville equation for a microreactor model was 
applied to the theoretical treatment of experimental results. 

This work is supported by International Science Foundation, Grant RA5300; 
-INTAS, Grant 93-1626, and Russian Foundation of Fundamental Research 
(Project No.93-03-18593). 
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31P-SNP and TA ESR Investigation of Photolysis 
of (2,4, 6-Trimethylbenzoyl)diphenylphospnine Oxide 

In Micelles of Different Sizes. 

G.5.Ananchenko, E G Bagryanskaya. and R.Z.Sagdeev 
(International Tomography Center, lnstltutskaya 3a ,630090 Novosibirsk, Russia) 

V.F. Tarasov 
(Institute of Chemical Physics of RAS, Kosygin str. 4, 117977 Moscow, Russia) 

Acytphosphine oxides have currently a wide 1.1se in initiating the radical 
polymerization [1). The method of stimulated nuclear polarization (SNP)[2] allows 
one to study the spin dynamics of radical pairs as well as the channels of radical 
transformation by analyzing the nuclear polarization of radical recombination 
products. Investigating the mechanisms of the reactions occurring in micelles of 
different types and sizes makes it possible to determine the reactivity and 
magnetic-resonance characteristics of reacting species depending on their 
environment. · 

In the ·pt,otolysis of -(2.4,6-trimethylbenzoyl)diphenylphosphine oxide 
(TMBDPO) in sodium octyl (C-8) and dodecyl sulphate (SOS) micelles in a 0 20 
solution. the primary cleavage of the C-P bond in the triplet state of the molecule 
leads to the formation of the products iri accordance with the following scheme: 

S _____ * T ____ _ 

lw, 308nm ~ _F( • 
~~4~ - ~r-:-r 

0 0 / 

The -31P and 13c SNP spectra show that all -these products are formed · 
_ _ insk.llt the micelles from the diphenylphosphinoyl (HFl constant a=38,3m7) and 
· , : 2,4,6-trimethylbenzoyt (a=13mD radicals (fig. 1a) . 
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STRUCTURE AND PROPERTIES OF TRIPLET STATE OF REAR-EAR.TH 
ELEMENTS COMPLEXES 

L.A.Aslanov, V.N.Zakharov, AP.Suisalu* 

Moscow State University, 119899'1/oscow, Russia 
*Institute of Physics of &tonian Academy of Scienea, Tortu, &tonia

The applicability and high informativity bf low-temperature phosphorescence and 
ODMR (optical detection of magnetic resonanses) for investigation of the properties 
and fine structure of the triplet state of 2,2'-bipyridine and 1,10-phenentroline 
complexes of transition· (Ru(II), Rh(III)], non-transition . (Sn(IV)] and rcar;.carth 
(Gd(III)] elements have been shown earlier [1,2]. For the fust time the stationary 
ODMR spectra of these compowids have been obtained expcrimentaly ,and kinetic 
cbaractcristics of triplet sublevels have been determined for more than 30 systems 
(monocrystals, powder, gbmes) at helium temperature. 

The data of spectral properties of Gd(acac)31>hen in the temperature region from 

1.9 to 20 K arc given in this report for the first time. The vibrational analysis of high 
structural spectrum at 1,9 K of the compowid mentioned above have been canyed out." 
Toe data of phosphorescence kinetic delay cwves for the different electron-vibrational 
transitions have been also obtained and the spectra of complexes with common (ormula 
Me(acac) 3bpy, where Mc=Eu, Th, Dy have been mea.ffll'Cd. The resulting table of 

spectral-kinetic measurements of low-temperature phosphorescence and ODMR spectra 
for the f-elements complex� �ving different ligands is given. 

It � shown that the combination of low-temperature phosphorescence and 
ODMR is actual for investigation of geometry and photophysical characteristics of 
exited states of photocatalysts applying to the solar energy utilization and the 
information recording process. 

References: 
1. Kamyshny AL, Zakharov V.N., Aslanov L.A., Suisalu AP., Avarmaa R.A

Proc. IV All-Union Confcrence"Spcctroscopy of coordination compowids"
p.293, Krasnodar, 1986 (in Russian).

2. K.amyshny AL, Suisalu AP., Aslanov L.A Coord. Chem.Rev., v.117,
p.1-47, 1992.

Acknowledgments: 
The authors thank the Russian Fwid for Fwidamental Investigation 

(94-03-0804 la) for finansial support of this work. 
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Fig. 1. a) The SNP spectrum (co=1530MHz) in C-8 micelles of diphenylphosphinoyl radical 

determined by the 31P NMR signal of the initial TMBOPO (solid line - theoretical 
calculations); 

b) The SNP kinetics in SOS (open circles) and C-8 (solid circles) in the field 675G.

The participation of water molecules in the above mentioned reactions of 

radicals appears to be due to their coordination in the -CO-PO- fragments (3) at 
the boundary of the micelle or inside it. The splitting in 31P-SNP spectra in SOS

micelles equals to hfi-constant obtained by TR ESR: A comparison of the SNP 

spectra of the diphenylphosphinoyl radical in SOS and C-8 micelles shows that 

the hfi-constant does not decrease significantly, unlike in the photolysis of. 

ketones (4). This seems to be accounted for by an increased effective size of the 

C-8 micelles due to a high hydrophifity of TMBDPO. This assumption is supported 

by the measured time dependences of SNP spectra (fig.1b), which exhibit the 

high relaxation rate of the radicals as well as the their high escape into the bulk.
The work was financially supported by International Science Foundation, 

Grant RA5300 and Russian Foundation of Fundamental Research (Project No.93-

03 .. 18593). 
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A Switch External Magnetic Field (SEMF) Study of 

CIDNP Kinetics in Photolysis of Naphthalene(D8) 

with 1, 2-dicyanoethilene. 

E.G. Bagryanskaya, V R Gorelik R .Z.Sagdeev 
International Tomographic Center. Novosibirsk, Russia. 

Introduction. 

A new method for studying the chemical and spin dynamics of short-lived 
radical pairs (RP) has been recently proposed (1,2]. The method is based on 
changing the conditions of RP recombination by instantaneously fast Switch External 
Magnetic Field (SEMF) Bo. The influence of SEMF on the RP recombination 
probability and on CIDNP has been considered. The solution of CIDNP kinetics, which 
was obtained by [2], implies the study of the RP kinetics at high magnetic fields. 
However, it has been known that at high magnetic fields, the CIDNP signals change 
significantly enough when the external magnetic field Bo changes by values of the 
order of hundreds Gausses. Therefore, to achive the sufficient sensitivity of the 
method it requires to create the magnetic field changes by a value of the order of 
102 G in nanoseconds. The last , this is a rather complex technical problem. 

It is known that in weak magnetic fields CIDNP changes essentially with Bo 
withing a few Gausses. Technically it is easy to change Bo by tens of Gausses in 
nanosecond. This work reports the first results of the SEMF CIDNP studies of the the 
behavior of the short-lived RP and radical ions (RI) in radical-ion reactions at weak 
magnetic fields (Bo= HFI). It is shown that SEMF affects nuclear polarization of 
diamagnetic molecules by different mechanisms i)influence on the spin dynamics of 
geminate RP, ii) influence on the cross-relaxation of intermediate short-lived 
radical,iii) transfer of polarization from electron. 

Experiment. The sample under study was irradiated by the light of an excimer laser 
(308 HM, 60 mJ, 10-20 Hz) in the external magnetic field B0. A flow s�tem was used 
to transfer the sample to the probe of an MSL-300 NMR spectrometer (300 MHz), 
wherein the NMR spectra of the diamagnetic reaction products were regisrated. The 
transfer time was about 1 s. An additional magnetic field Bs was induced by the 
Helmgoltz coils 1,5 cm in diameter. The amplitude of the magnetic field Bs was 20 G. 
The- · rise time for pulse of magnetic field is about 1 ns. The pulse duration was 800 
ns. The pulse of the magnetic field was applied at a variable time delay -rd after the 
laser pulse. Tlie experimental error for -rd was 15-20 ns. The experiments were 
carried out in two modes: i] Bo➔ Bo+ 85; ii] Bo➔ -Bo 

Results and discussion. The figures show the SEMF CIDNP kinetics obtained in 
the the photolysis of naphthalene (D8) with fumaronitrile 
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(FN) with and without change in the direction of the magnetic field . In both 
i)(Bo=30G, Bs=+20G) and ii]( Bo=10G, Bs=-200), the characteristic times of 

change in the CIDNP signal of the in-cage product maleonitrile (MN) are withil\ 30-40 
ns and are practically independent on the electron transfer rate. This time is · 
comparable with the experimetal error for •d; therefore the RP lifetime may be only 

_ estimated (tt< 30-40 ns). At the same time, the CIDNP kinetics, which are defected 

by the NMR signal of fumaronitrile (FN), depend significantly on the rate of electron 
transfer and differ essentially for the two experimental modes i] and ii). The CIDNP 
kinetics observed in the case i] are well described by the calculation, based on the 
influence of SEMF on the relaxation-times, formed due to degenerate electron 
exchange. Of most interest are the CIDNP kinetics, which are detected in the 
experiments with changing only direction of magnetic field. In this case SEMF does 
not affect the relaxation times T 1 and T 2· The amplitude of the oscillations 

considerably depends on the rate of charge transfer and significantly decreases with 
FIil concentration (rate of electron transfer). Possible mechanisms of the formation of 
the oscillations are discussed. 

The results -of this work demonstrate the applicability of the new method 
SEMF-CIDNP to investigating the CIDNP kinetics in radical reactions and separating 
the contributions of geminate and escape products to the polarization at weak 
magnetic fields and investigation of electron polarization at weak magnetic field . 
References: 
1. N.L.Lavrik, V.E.Khmelinsky, Chem.Phys.Lett. 140,(1987),583 
2. S.A.Michailov, P.Purtov,A.B.Doctorov, Chem.Phys. 166, (1994),35. 
3. A.L.Buchachenko et.al. Spin Polarization and Magnetic Effects in Radical Reactions, 
Amsterdam, 1984. 
Acknowledgments: This work was performed under auspices of International Science 
Foundation, Grant RA 5300, lNTAS-93-1626. 
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MECHANISM OF SiH3 + Cl REACTION: DIRECT ABSTRACTION VS. 

RECOMBINATION-ELIMINATION. 

A.V. Baklanov, E.N .. Chesnokov, Al Chichinin 

Institute of Chemical Kinetics and Combustion, Novosibirsk, ·630090, Russia. 

The thermochemistry of many radical-radical or radical:....atom reactions 

allows the existence of two different mechanisms simultaneously: "direct 

abstraction" and "recombination-elimination" ones. The mechanism is established 

- only for several reactions of this kind, enumerated by Sloan [ 1] and by Setser and 

co-workers (2). The study of the reaction .SiH3 +Cl was started in our previous

work [3]. In current work the mechanism of this reaction has been studied by

means of a time-resolved IR-chemiluminescence technique and by product analysis

applied to the Si� + Cl system. The kinetics of HCl(v) luminescence has been

measured and modeled by numerical solutions of a set of differential equations

describing a kinetic scheme of the processes occwring in the system under study. 

For the reaction SiH3 +Cl the yields of HCl(l ) and of HC1(2) have been

determined to be a1=0.8�:: and a2S 0.08, respectively. This result has allowed us 

to conclude, that the SiH3 +Cl reaction proceeds mainly via "direct H atom 

abstraction" mechanism with the formation of silylene biradical in triplet (3B1)

state. The yield of molecular hydr()gen in Si� + Cl and in Si04 + Cl systems has 

been measured by mass-spectrometry. lt has been concluded then that in the 

reactions SiH3+Cl➔ and SiD3+Q➔ the contribution of the "recombination

elimination" channel giving rise to the molecular hydrogen, is no more than (0.20 

± 0.04) and (0.19 ± 0.04), respectively. 

The "orbital correlation " diagram has been considered for the abstraction 

mechanism of radical-atom and radical-radical reactions, in which abstracted 

atom is in a -position to the free electron orbital of parent radical. The idealized 

scheme of the abstraction mechanism (radical is planar and reaction coordinate 

coincides with symmetry axis of reacting system) is presented below. It is seen that 
. .  

. 
. 

the initial state of reagents in this mechanism correlates by the orbital symmetry 

with a triplet final state. We believe that this correlation has a general 
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(T) 

H 

~ " <J+HCI 
~S) 

nature independently of the details of geometry of reacting fragments provided that 

the abstracted atom is in a -position to the free electron orbital of parent radical 

(a-abstraction mechanism). As a consequence of this correlation it is possible to 

wait for an activation barrier of the abstraction reaction to be much lower on the 

triplet potential energy surface. The experimental ·data are in excellent agreement 

with this prediction. In the reactions where the ·direct abstraction mechanism is 

established (SiH3+Cl (this work), NH2+F [I), CH3+F (41), the byradical appears 

in triplet state. In all systems, where the !riplet state is inaccessible from the point 

of thermochemistry, the recombination-elimination mechanism prevails. 

This work was financially supported by Russian Fwid of Fwidamental 

Research (Grant No. 93-03-05018) and by International Science Fowidation 

(Grant RBK000). 
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FEMTOSECOND (1 +2)REMPI AND NANOSECOND (1+ l)REMPI APPLIEP TO 

STUDY ALL YL IODIDE PHOTODISSOCIATION DYNAMICS. 

A.V. Baklanov•, V.I�. Mahsev•, L. Karlsson*, B. Lindgren*, U. Sassenberg* and A. 

Persson' 

-itistitute of Chemical Kinetics & Combustion, Jnstitutskaya 3, Novo&1oirsk, 630090, Russia. 

*Stockholm University, Department of Physics, Box 6730, S-113 85, Stockhohn, Sweden.

#Lund Institute of Technology/Atomic Physics, P.O.Box 118, S-221 00 Lund, Sweden.

FEMTOSECOND (1+2)REMPI. Previously a photodissociation dynamics of the

molecular states lying in the VUV region was probed ·on a f�osecond time scale with the 

(2+ 1) schemes of resonance-enhanced �hoton ioniz.aton (REMPI) technique, including· 

two-quantum excitation of a molecµle [1,2]. The progress in generation of twied VlJV

radiation gives the opportunity to use the ( 1 +N) schemes of REMPI for probing the dynamics 

of the states excited by one quantum. It is particularly interesting because these states are just 

the subject of the traditional one-quantum VUV spectroscopy. 

In this work femtosecond (1+2) REMPI technique has been used for t.im>-resolved 

measurement of the dynamics of allyl iodide (AI), excited by VUV quantum. VUV radiation 

was produced by non-resonant quintapling of Ti:S femtosecond laser [3] radiation ( A. =795-

830 nm) in mercury vapor or xenon gas. Time delayed fundamental radiation was used for 
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two-quantum ioniz.ation of VUV �xcited AI 

molecules. In Fig. I there is shown the 

dependence of the ioniz.ation signal on the delay 

time between exciting (1=159 nm) and probing 

( l=795 nm) pulses. The time of life of the VUV 

excited state (E* =7. 8 e V) of AI extracted from 

this time profile, was found to be (290±30) fs.

NANOSECOND ( 1 + l )REMPI. After 

photodissociation of halogen containing 

molecules, halogen atoms are produced in the 

two fine states (2P112) and (2P312). Determination 

of the ratio of the yields of these fine states is important for clarifying the photodissociation 
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dynamics. Such experiments have been realized for many molecules, when excited in the UV or 

VIS regions. At present, there are tunable but less powerful sources of radiation in the VUV 

region, where the Rydberg states of the molecules are situated. An increase of the sensitivity in 

detection of atoms would give a possibility to extend such measurements to this very 

interesting region. The ( l + l )REMPI technique for detection of atoms used by current authors 

[ 4] gives such a possibility from the points of sensitivity as well as of spectral resolution.

In this work ( l + l )REMPI technique was used for measurement of iodine I atom fine

states branching ratio, arising in VUV, UV and VIS photodissociation of AI. The sequences of 

transitions used for detection of the I atoms are as follows 

I(2Pv2) l45.?15am. l I{(3P2)6d(1]
312}' 437•7'W • 1• +e-

I(2P312) J..45.740mQ 1{(3P2)Sd(O)v2} 437·� � 1• +e-
The VlN radiation used has been obtained by non-resonant frequency tripling in xenon 

i 0.3 i----------r"'-'t----t---1 

� 
mo21------+-----,-,,-----+----, 

-i
:!il 0.1 ---+--r---+--½=---+----t
-�
_§

o.o ........ �.....,_=-��__..__.�-=---.....__._, 
145.7311 145.741 

"' 

::, o.e 

'�--+---+t-\---++--+--+----t 
·!i? 
.Q 
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of visible dye laser radiation, which has also been 

used for ioniution of VUV excited atoms. The 

REMPI spectra of 1{2P11l) and I(2P312) arising in the 

photodissociation of allyl iodide at 355 nm are shown 

in Fig.2. The measured signals were compared with 

those measured for known concentrations of I atoms 

in both fine states, resuhed from well studied 

photodissociation of diiodomethane at 308 run. So the 

ratio 1{2Pl/l),'l(?Y.Z) was determined under 

photodissociation of AI at different ). values in the 

VIS (437 nm), UV (308, 355 nm) and VlN (145 run) 

regions. 
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CRYOCHEMISTRY OF HYDROGEN CYANIDE. 

I.M.Barkalov, G.A.Kichigina, D.P .Kiryukhin, P .S.Mozhaev, I.P .Kim. 

Institute of Chemical Physics in Chernogolovka, Russian Academy of Sciences, 
Moscow Regton, Chernogolovka,142432, Russia. 

The molecular formation of _HCN is very abundant in cosmic space: 
comets, protoplanet clouds and interstellar dust. In general, the HCN molecule 
is commonly considered. to be the base of prebiological chemical evolution. It is 
of interest to steady the chemical behaviour of this simple molecule under 
conditions similar to those in outer space (low temperatures and radiation) and 
its role in the "cold"chemical evolution of the Universe. 

When hydrogen cyanide is cooled to 77 K, it transforms to the crystal
line state. During its heating, a phase transition of the crystal-crystal type
(248 K) and melting at 260 K (Ml= 8,4±4 kJ/rnol) occur. Calorimetric meas

urements carried out directly in the irradiation field at 77 K have shown that 
there is no noticeable heat evolution associated with chain polymerization. 
When HCN radiolised at 77 K is warmed to melting point, the formation of 
polymer occurs. The thermal effect of the polymerization HCN is recorded be
fore and in the melting region. The heat evolution was registered at more and 
more low temperature with increasing the dose irradiation. 

The analysis of the IR absorption spectrum of the freshly prepared 
polymer has shown that, along with the absorption bands due to C=N stretch-

ing vibration (2100-2200 cm'"l ), which had also been observed in the spectrum 
of the monomer, HCN, this spectrum exhibits additional bands at 1600-1700 

cm-1 and 1200-1250 cm-1, which are apparent caused by the stretching vibra
tion of C=N and C-N bonds, respectively. 

The polymer exhibits a singlet ESR spectrum characteristic of polycon
jugated systems. The electric conductivity of this polymer is typical of most 
of dielec�rics. Besides the polymerization of HCN the arising the crystals of 
1,2-diaminomaleinodinitrile (tetramer) is takes place. 

An X-ray structural investigation of crystals taken from the residue of 
the above-described sublimation has shown that these crystals are of mono
clinic syngony [13]. Bond lengths l:llld angles are conventional. The molecule is 
planar and has an own symmetry plan, CsN triple bonds and C=N double 
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bonds are localised. There are no shortened intermolecular contacts or other 

specific interactions in the crystal. These crystals are produced by the recom

bination of biradicals Qf the aminocyanocarbene type, which are stabilised by 

· the low-temperature radiolysis of matrix. The radiation yield of tetramer is 

G "' 2 . The fact that 1,2-diaminomaleinodinitrile is formed under conditions 

close to those in outer space (low temperatures and radiation) seems to be 

considerable importance, since this compound might have played a key 

role in the prebiological organic synthesis, because hydrolysis of 

1,2--diaminomaleinodinitrile directly leads to an amino acid. 

Polymerization of the closest analogue of HCN, dicyane (CN)2 and BrCN 

is of no less interest from the viewpoint of cold chemical evolution of metter 

in outer space and formation of complex polymeric molecules. 

There is the copolymerization acetaldehyde with HCN in solid phase. 

This copolymerization was spread as mechanochemical autowave. 
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Laser-induced subpicosecond thermoemission of nonequilibriu'8 

electron gas from metal into electrolyte solution. 

Benderskjj VA , Krivenko A.G., Kautek w.•, and KrOger J.• 

Institute of Chemical Physics at Chemogolovka, Russian Academy of Sciences. 
Chernogolovka, Moscow region, 142432 Russia. 
# Laboratory for Laser and Solid-state Chemical Technology, D-12200, Berlin, 
Germany 

The characteristics of new type emission arising on metal electrolyte interface 
has been considered. Subpicosecond laser pulses with peak intensity 1~100GW/cm2 

induce the heating of electron gas up to several thousand Kelvin. Nonequilibrium 
temperature of the electron gas in good metals ori� from the rapid electron
electron relaxation (in the time scale of 10-16 s) and delayed electron-phonon exchange 
(in the time scale of 10-n s). The specific heat of electron gas is 1-2 orders of 
magnitude �er than that of lattice, so that the described above overheating of the 
electron gas is followed by only insignificant growth of equilibrium temperature T of 

· metal [1,2].
Thennoelectron emission results from electron gas heating. Since the universal 

work function from metal into electrolyte solution decreases by 1.5-3.0 eV with 
respect to that for emission in vacuum, the emitted charge is measurable at intensities 
below the boundary of fracture. Tw� mechanisms of thennoemission were co�idered: 
electron transition into the medium conduction band and one-electron reduction of 
molecules adsorbed on the electrode. The found dependences of the emitted charge Q 
on I and electrode potential E are described by a Richardson-like formula in which Te 

depends on I, pulse duration, rate of cooling and thermal difusivity of electron gas, 
while the work function depends on surface barrier height and E. Since Te>>T, the 
special mechanism of the electrode reaction which is not connected with medium 
reorganisation is realized. 

The theoretical model was tested for mercury and silver electrodes in water 
electrolyte solutions. When the duration of laser pulses is 03 ps (>.. 616 nm) the 
charge emitted from Hg electrode grows from 1 ()-9 to 10-5 C/cm2 in I range from 4 to 
30 GW/cm2. The emission origin of photoresponce is confirmed by an increase in Q 
under introducing electron acceptors into the solution and by appearance of a delayed 
component of pl;totoresponce due to slow reduction of inte�ediates forming upon 
electron capture by acceptor. At I� OW/cm2, Q exceeds the charge of one-photon 
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emission induced by subpicosecond pulses . ). 308 run. The current density of 

thermoemission approaches 107 A/cm2• The described above super linear emission 

disappears upon illumination of Hg electrode with 6 ps long laser pulses with the 

same energy, but retains for Ag electrode. 

The results of measurements agree with theoretically expected for the 

thermoemission of nonequilibrium electron gas. 

The perspectives of application o( the novel emission phenomena to the 

generation of intermediate species and studies of fast electrode reactions are 

discussed. 

Two of us, V.A.B. and A.G.K., thank Russian Fund of Fundamental 

Investigations (Grant No. 94-03-08862) for the financial support. 
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ALTERNATING COPOLYMERISATION OF ETHYLENE AND CARBON 
MONOXIDE IN METHANOL:KINETIC STUDIES 

G.P.Belov and O.N.Golodlcov 

Institute of Chemical Physics in Chemogolovka, Russian .Academy of Sciences. 

142432 Chemogolovka, Moscow region, Russia 

Recent advances in the copolymerization of carbon monoxide and olefins 
( ethylene and propylene) have resulted in the discovery of e�cient palladium catalysts 
for the preparation of perfectlyaltemating CO-olefins copolymers, so-called olefin 
polyketones (POK) [1-6). 

POK are of considerable interest from at least four different stand points: -
copolymers have a good adhesium to the surface of inorganic materials and metals, 
possesses good fibre properties; -the presence of reactive carbonyl groups in the 
_ backbone confers photodegrability to the copolymers, when compared with the 
corresponding polyolefins; -POK 8:I'e excellent starting materials for obtaining other 
classes of functionalized polymers; -as a monomer, carbon monoxide is particularly 
inexpensive and saving on other comonomers may reach 50%. 

- In this paper, some peculiar aspects the influence conditions on kinetic reaction
of the copolymeniation of ethylene and carbon monoxide with catalytic systeme PdRr 
diphosphine�CF3COOH has been studied. 

This work was supported by Russin Foundation Fundamenta Investigations 
(RFFI grant N 95-03-09436) 
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Spin-orbit IJUencbillg and ESR. transitions bnwleaing of the F(2P112) and 

Cl(2P112) atoms. 

R.E.Boltnn, I.B.Byklutlo, E.B. Gordon, and Y. Y.Fdatov. 
Institute of Energy ProbJerr,s of Chemical Physics (Branch), Russia Academy of sciences, 

Chmwgolovka, Moscow region, 142432, Russia 

The ESR transitions broadening cross-sections of the F(2 P112) atoms were measured for the 

He, Ne, Ar, and Kr atoms and also for the N2, F2, .and 02 molecules. For the □(2P112) aroms 

upper estimates were obtained for their ESR transitions broadening· cross-sections for the He and 

Ar atoms. 

The technique used was the high-resolution superheterodyne ESR spectrometer with pulse

repetitive UV photolisys of F2 and CJi molecules by an excimer laser as the source of F and Cl 

atoms. 

Data obtained is shown in Tablel. 

Table I. ESR transitions broadening coefficients of the F(2P112) and Cl(2 P1/2) atoms and the 

corresponding rate constants and cross-sections. 

Reagents 
d(l1H112) 

k, cm3/s a, A2 ---,Oe/Ton 
dp 

F - He 0.125±0.018 (4.30±0.62)·10-12 0.31±0.045 

F- Ne < 0.015 < 5.15-10-13 < 0.064 

F-Ar 0.013±0.002 (4.57±0.76)10-13 0.065±0.011 

F- Kr 0.015±0.003 (5.12±0.82)10·13 0.080±0.013 

F- N2 0.110±0.017 (3. 78±0.58) 10-12 0.506±0.077 

F- F2 0.40 ± 0.03 (1.37±0.10)10-11 1.94 ± 0.14 

F-02 1.21 ± 0.43 (4.16±1.48)10-11 5.72 ± 2.03 

Cl- He < 0.003 < 2.7·10·13 < 0.020 

Cl-Ar < 0.002 < l.8·10·13 < 0.031 

A comparison of data with the results of theoretical calulations (1,2) revealed the fact the 

F(2P112) ESR line broadening crossection for He atoms a = 0.31 A2 within 20% accuracy interval 

coincides with the F(2Piiz) spin-oprbit quenching cross-section for He atoms . 
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Time-resolved Electric Field Effects in Recombination 

Fluorescence. 

V.I. Borovkov, S.V. Anishchik, O.A. Anisimov

Institute of Chemical Kinetics and Combustion, Novosibirsk, 630090, 

Russia. 

The technique of nfeasuring electric field effects in recombination 

fluorescence in nanosecond time scale was developed. The variation of 

electric field strength E is possible from 0 to 50 kV• cm-1• The X-ray

pulse about 2 nanoseconds was used as radiation source. The single photon 

counting technique was used for registration of kinetics of recombination 

fluorescence I(E, t) at different values E. The time dependence of electric 

field effect Q(E,t) = 1-I(E,t)/1(0,t) was obtained. 

The time dependence of electric field effect Q(E, t) was also calculated 

. for different conditions by Monte Carlo method. It was shown that Q(E, t). 

does not depend on spatial distribution parameters and spur density but 

strongly depends on concentration of acceptors and viscosity of solvent. 

These dependencies were proved in experiments. 

The nature of concentration dependence of Q(E, t) is due �o variation 

of mobility of charges during recombination. Using this fact the method 

of study of precursors of ions was proposed. It is especially interesting to 

study the precursors of cations - the primary holes. 
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Existence of Fast Holes in Liquid Irradiated Hydrocarbons is 

the Rule but not the Exception. 

V.I. Borovkov, S.V. Anishchik, O.A. Anisimov 

Institute of Chemical Kinetics and Combustion, Novosibirsk, 630090, 

Russia. · 

In 1973 two groups of researchers (Yakovlev and coworkers in 

Chernogolovka and Warman and coworkers in Delft) discovered the high 

mobile holes in irradiated cyclohexa.ne. Later the high mobility of positive 

charge was found also in methilcyclohexa.ne and trans-decalin. This 

mobility was found about 20 times higher than mobility of molecular ions. 

The fast holes were not found for other hydrocarbons. Warman with 

coworckers used the microwave absorption method with time resolution 

about 50 ns. So if lifetime of fast holes is shorter they could not observe 

them. 

In present work we used the timei'esolved electric field effects in 

recombination fluorescence that let to get information .about fast holes 

even if their lifetimes are in picosecond time scale. The idea of using 

this method is based on dependence of kinetics of electric ~eld effect on 

mobility of precursors of recombining ions. One precursor is an electron, 

another is a hole. To eliminate the electrons we used 0.lM C6F6 and than 

we studied the electric field effect kinetics at different concentration of 

hole acceptors for different hydrocarbon solvents. We studied cyclohexane, 

-0ctane, isooctane, nonane, decane and we observed fast holes in all cases. 

The values of mobilities were got by simulation using Monte Carlo method. 
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Cl(2P1;2) in the products of reactions O(1 D)+HCI, Cl2 and 
COC12: LMR ·experiment and dynamics modeling. 

A.I.Chichinin
Institute of Chemical Kinetics. and Combustion,
630090, Novosibirsk, Russian Federation

(1). The method of time-resolved laser magnetic resonance (LMR) was 
used to detect chlorine atoms arising in the reactions: 

O* +HCl ➔ OH+ Cl(Cl*), �H8 = -44.4 kcal/mol (1)
O* + Cl2 ➔ CIO + Cl(Cl*), �H8 = -51.6 kcal/mol (2)
o• +COCl2 ➔ CIO +CO+ Cl(Cl*), �H8 = -25.5 kcal/mol (3a)

➔ CO2+ 2Cl(C�*), LlJl8 = -88.9 kcal/mol (3b) 
➔ CO2+Cl2, �H8 = -146.1 kcal/mol (3c) 

at room temperature, Cl*::Cl(2P112), o• ::O(1D). It has been established 
that the yields of spin-orbit excited Cl atoms resulting from these reactions 
are (0.10±0.04), <0.10, <0.05, respectively. Measurements of Cl atoms ap
pearance times (Fig.I) have shown; that the rate constants of O(1D) reactive 
and nonreactive deactivation are (2.6±0.7), (2.5±0.7) and (1.5±0.4)x10-10 

cm3 /s for COCl2, Cl2 -and HCl, respectively. It has also been determined 
from Cl atoms signal analysis (Fig.2), that k3a + ka1,/2 = (2.4±0.4)x10- 10 

cm3/s. 
(2) R ➔ E energy transfer due to long-range multipole interaction be

tween OH(OD,HF) and Cl is.proposed as a mechanism of Cl* formation in 
160 
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the O( 1D)+HCl(DCl), F+HCI reactions. Probabilities of Cl' formation were 
estimated with Sharma-Brau-Ewing model, reasonably good agreement with 
experimental results was obtained. 

(3) It is known from literature, that the reactions (1-2} proceed via long
lived complexes, but the energy distribution of products can not be described 
by statistical theory. Completely adiabatic dynamical model of HOC! com
plex dissociation is proposed in the present study. The energy transfer from 
HOCl bending to O-Cl stretching vibrational modes in HOC! complex is as
sumed to be caused by repulsive interaction between rapidly moving H atom 
and Cl atom. Modeling of this kind of energy transfer is based on the quanti
sation rule of Bohr-Sommerfeld. The result of calculations is shown in Fig.3. 

This model was employed to explain quaiitativeiy nearly equal yield ofCI• 
atoms in O( 1D)+HC1 and O(1D)+DC1 reactions, the fact, which is surprising 
for R ➔ E energy transfer mechanism of Cl excitation. Fig.4 illustrate the 
main idea of the explanation: while spin-orbit splitting in Cl atom is assumed 
to be constant, the rotational constant of OH(OD) radical increases when 
Cl atom approaches ( this is a principal consequence of the model), and at 
some O-Cl distance R there is a curve-crossing, where defect of resonance for 
E - R exchange process is zero. Curve-crossings for OD+Cl system occur 
at smaller ~ista.nce R, then for OH+CI system. According to Landau-Zinner 
approach, in the former case this fact leads to the higher probability P of Cl 
excitation, because interaction between OH and CI grows when R decreases. 
For example, P ~ I/ R8 for dipole-quadrupole interaction, this ·interaction 
seems to be the most important in the ca.~e. 

> I 
Q) 

,,;: 
e 
~ 0 
Q) 

· I 

· 2 

ro-•+-H-Ci---------~ i 5 1500 ~~~~--1-) O-H-,-11-11-•--I-, 1-1•-12-.S---, 

vibration 

- - - - - - - - - - - - - - - - - - :~~· 
rotation ------., translation 

f OH+Q 

2 

f"i,.3 R(HO-Cl), aaptrems 

480 

t 2) OD, 1111•·1, J1•18.S 
o 3) OH, 1111•-2, 11•12.S 

~ , 4) OD, 1111•-2, J1•18.S 

I! 1000 I .., 
~ 
0. 

~ ... 
0 lOO 

Kl u 
C: 
a, 
:::, 

\ 

\ 

\ 

' 

3 
---,r---

f o-l---+-~ ....... -~-r-~--r----< 
4 6 

Fi&.4 R(0-O), angsu,:ms 



PPK-15 

Structure-Reactivity Relationships for Peroxo Vanadium Complexes. 

Valeria Conte, Fulvio Di Furia, Giorgio Modena and Stefano Moro 

Universitd di Pad<Jva. Dipartimento Cllimica Organica, Ce111ro Studi Meccanismi Reazioni Organiche de/ 
CNR, via Marzolo 1. 35131 Padova, ltalia 

The number and the nature of peroxo vanadium species: 

Lm-%1 L := heteroligand or solvent molecule 

which can be formed in acidic solution by addition of hydrogen peroxide to suitable V(v) 
precursors, largely depend on the concentration of metal, of hydrogen peroxide. of acid and, 
when present. also of heteroligands. Accordingly. depending on the numbers of peroxo 
groups and on the_ number of ligands, cationic, neutral and anionic species are formed, at 
constant acid concentration. 

51V-NMR technique has been widely used as a tool for the identification and 
characterization of vanadium species and more recently it has been. also applied to the 
speciation and characterization of peroxo vanadium derivatives. 

Spectroscopic parameters, when properly analyzed, can be useful in understanding the 
factors governing the reactivity of peroxo metal species. In this paper we shall discuss the 
dependence of the 51V-NMR chemical shifts of a number of peroxo vanadium complexes on 
the electron donating ability of the coordination sphere. In addition, a Ramsey type 
correlation between the 51V-NMR chemical shifts and the maximum of absorption, in the 
visible region, for various peroxo vanadium complexes has been observed. Such a correlation 
allows to estimate the difference i!) energy between the frontiers molecular orbitals of the 
complexes as a function of the nature of the ligands. Moreover, we shall present a study on 
the effect of the solvent on the chemical shifts of some mono- and di-peroxo vanadium 
species. As expected, a large difference is observed in passing from neutral to charged 
species. Worthy of mention is the fact that these experiments provide useful hints on both the 
coordination sphere and the solvation sphere of peroxo vanadium complexes in solution 
together with information on the rate of exchange and on the values of the equilibrium 
constants of exchange of solvent both in the coordination sphere and in the first solvation
sphere. 

• 

Even more interesting is the evidence that correlations between chemical shifts and 
reactivity in a given solvent may be found. 
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COMPETITIVE MECHANISMS OF FREE RADICAL 

HALOGENATION. KINETICS AND SELECTIVITY 

AS.Dnca,ro:vskii, E.V.Eliseenkov, D.V.Kusnetsov, E.E.Eliseeva 

St.PetersbU1g State University, Chemical Faculty, 198904, 

· St.Petersburg, Russia. 

Free radical halogenation processes carry out by two competitive 

mechanisms in the most part: 

kn k21 
RH+Hal• --+ R1• +IIlial RH+ X· --+ R1• HIX 

l:12 k22 
RH+Hal• -- Rl• +IDial RH+ X• -- Rl• +HX 

k.25 
R1 • + XHaI - R1H.al + X• 

Experimental selectivity is a function of two free radicals 

stationary concentrations: 

;:;:: 

It was demonstrated by computer simulation that hyperoolic 

dependence exists between experimental selectivity and two reasents 

concentration ratio: 
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It was found that ·'I' value is constant over a wide range of 

elementary stages constants variation. Selectivity chamctem-tics for 

individual radicals X • may be calcuiated from this dependence and 

relative contribution of two mechanisms for hydrogen atom transfer 

may be estimated for individual . C-H bond. Hypetbolic 

dependencies were found for halogenation reactions with, dicbloro

and dibromomonoxides, tert-butyl hypochloride and hypobromide 

and with wide set of N-halogensulfonamides and relative rate 

constants and kinetic isotope effects were determined for individual 

radica1s. 

XHal � ktat/k,, ka/ko 
200C 200C 

�sS02NBr2 42.1 ± 4.4 10.3 ± 1.1 
4-CH3�"4SO2N02 38.6 ± 3.3 240 ± 20 11.2 ± 0.7 
�sS02NCJi 36.8 ± 1.5 8.2 ± 1.6 
4-NO2�SO2NCl.2 24.4 ± 2.7· 165 ± 18 8.1 ± 0.5 
N-bromosaccarine� 26.9 ± 4.2 140 ± 5 2.97 ± 0.12 
N-chlorosaccarine 24.8 ± 3.8 137 ± 4 3.06 ± 0.14 
(�Hs802hNBr 21.3 ± 1.8 3.28 ± 0.16 
(CJlsSO2,)2NCI 19.0 ± 3.0 2.53 ± 0.12 
(CH3802)2NO · 13.9 ± 2.4 1.81 ± 0.17 
(CH1)3COBr 12.2 ± 1.1
(CH3}3COCI 13.6 ± 2.9.
Br20 16.8 ± 3.0
020 19.6 ± 3.5 · 61"± 11
01 2.2 ± 0.1 1.13 ± o.os
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The same methodology was used for interpretation of solvent 

influence on selectivity in free radical chlorination by molecular 

chlorine. It was demonstrated that haloalkane influence on 

scledivity is in a good agn:ement with supposition about chlorine 

atmn complex OCCUl'CD.CC: 

a.+ RHa1 - RBal--- a. 
Selectivity chamctemtics for these complexes were det.m:mincd 

(t.c/1,,r for i-PrCl--..Q• oomplcx is 6.2 ±. 0.2, and for EtBr---C• 

complex is 20.2 ± 0.9). 

This work was supported by Russian Foundation for 

Fundamental Research and "Russian UniversiJies" Foundation. 
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CATION MIGRATION OVER THE SURFACES OF DIOXIDES HAVING RUTILE 

STRUCTURE. 

Yu.A Dobrovolsky, T.S. Zyubina and N.G.Bukun 

Institute of New Chemical Problems, Russian .Academy of Sciences, 142432, 

Chemogolovka, Russia 

The purpose of this study was quantum-chemical calculations of the 

migration of ff+, u+ and Na+ over the surface and through the bulk of nonhydrated 
and hydrated ,Si02, Ge02, Sn02, and Pb�2 having the rutile structure. The 

calculations were performed by MNDO method in· the cluster approximation whose 
peculiarities as applied to tin dioxide were described in (1]. 

The calculations hold that cations migrate over the nonhydrated surface through 
regular channels located over the surface between oxygen ·atoms belonging to 
different metal dioxide molecules. In this case the activation energy for proton 
migration is high and comprises about 500 kJ /mol. The activation energy of 
conductivity decreases with the increase of the unit cell parameters for all studied 
oxides.· The activation migration energy of other cations is less than that of the 
proton migration and is independent of unit cell size. 

With hydroxyls the activation energy of the surface proton migration decreases about 
four times but the conductive channels remain to be tmchanged. The presence 
of water molecules on the surface of tin dioxide causes still greater decrease in 
activation energy which depends on both the degree of the surface hy�tion and 
relative positions of water molecules on it. 

If a migrating cation encotmters a water molecule adsorbed on the surface, its 
migration channel must be changed. The equivalent branching which occurred on 
nonhydrated surface dies out. Then, the direction, in which the cation obvia�es the 
effect of positive charge (ff+) and passes to an adjacent migration channel, becomes 
preferential. Thus, the cation migration through a by-pass channel is much more . 
probable than through the channel located in the proton vicinity. On the contrary, a 

negatively charged oxygen of the OH- group located over the cluster surface attracts a 
migrating cation making the channels nonequivalent. The probability of cation location 

485 



PPK-17 

in the vicinity of OH group is then much higher than in adjacent channels less 

preferential in energy terms. 

A cation in the vicinity of OH- group promotes the proton abstraction. The cation 

therewith migrates by the OH- group through the channels risen 0.02 run higher than 

those on the dehydrated surface. However, the activation energies of cation 

migration in the vicinity of OH- groups and along a nonhydrated surface are close. 

The migration activation energy at high degree of surface hydration can therefore be 

expected to be as low as that f~r a nonhydrated surface. At low degree of surface 

filling the increase in water concentration leads to the change in the rate of 

-~on migration due to constrained by-pass of high energy regions (ff+) and delay in 

the low energy ones (OH-) rather than to the change in activation energy. 

The proton miaraticin through the bulk of an oxide is also possible in nonhydrated 

dioxides. However the activation energy of this process is higher than that of the 

surface migration. 

The work is supported by the Russian Fundamental Research FoW1dation, Grant 93-

03-04637. 

REFERENCE 

1. Zyubina T.S. and Dcibrovolsky Yu.A, Solid State 

Phenomena, 1994, vols. 3940, p.23 

486 



PPK-18 

Resonance Multiphoton Ionization and Dissociation 
of NO, 02 and N2 Molecules 

S.V.Drygin, G.K.lvanov, G.V. Golubkov
N .N .Semenov Institute of Chemical Physics, RAS 

Moscow 117977, Russia 

The processes of multiphoton ionization and dissociation of diatomic 
molecules under the monochromatic laser radition are investigated. The 
occupation of stationary or auiodecaying states is occurred on the 
intermediate process .st.ep. It is necessary to consider in detail the field 
coupling of resonant discrete or quasidiscrete states and their interaction 
with autoionization and dissociative continua. 

The analytical investigation of photoelectron and molecule photo
dissociation product spectrum formi11g mechanism is based on determining 
and analysis of radiation collision T-matrix. It describes the interaction of 
electron e- and molecular ion XY+ with dissociation products. X + Y.

The studying of collision is carried out under stationary representation of 
quasi energy harmonics. The coupling among them is due to interaction 
VI= ½Df, where D - dipole moment, f - field strength amplitude. 

We consider fofiowing system. The state which is populated by weak 
tested field with frequency O at transition from ground molecular state is 
mixed with lying higher one during reemission of strong field quantum. The 
two-level problem takes place when field interaction among these states is 
much less than distance between molecule rotation levels. We have taken for 
example the basic atmosphere molecules NO, 02, N2. For the NO molecules 
the process scheme is 

2 (l 2 WJ 2 WJ X II(J = 6)-+ E E+(sa, J = 1) � Y E�(pa, J = 6) � continuum, 

where J - total angular momentum, w1 - strong field frequency .. The 
total spectrum is the sum of two-peak shape curves. The resonances 
corresponding · to the different total angular momentum projection M

are not overlapped if the distinction by the value VI ~ ( J2 - M2)½ for . 
states M, M ± 1 exceeds the level width. At this case the most favourable 
conditions is occuring to fix the rotation plane of molecular ion with 
respect to vector /. It is interesting for the problem of forming of ion 
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and molecular beams with certain microscopic properties. The polarization 
is connected with the _projection M of total angular momentum of the 
system e- + xy+, whicli is the sum of ion M+ and electron m components 
of angular momenta. That is why the magnitude M+ is fixed with some 
spread which is determined by possible value m for the certain process. 

In the figure the photoelectron spectrum is shown. It appeares under 
the field effect on NO molecule in agreement with indicated scheme. For 
molecules 0 2 II N2 we consider next transitions: 

3 n 3 ,.,, a "'' X E;(J = 6) .:.....+ E!(p1r,J = 7)..,. Et(d1r,J = 6)..,. continuum 
1 0 1 . "'' 1 "'' and X Et(J = 6) -+ E!(pu, J = 7) .=: Et(su,J = 6) F continuum, 

correspondingly, and obtain the similar pattern of photoelectron spectra. 
Note that the spectrum form is greatly depends on field strength and 
spectroscopic characteristics of investigated object. It gives the possibility 
to detect initial vibronic and rotational molecule states. 

0.2 7:S 

Fig.1 
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KINETICS OF TETRAFLUOROETHYLIDINE CFCF3 GENERATION AND 

TRANSFORMATION IN LASER BEAM. 

V.A.Dunyakhin, o.v.�uricheva, v.v.T1moreev, ·x.N.Zhitnev

Lomonosov Moscow State University, 
Chemical department, Moscow 119899, Russia, 

This paper is devoted to research or generation and trans
formations or :cFCF

3
, reactions kinetics or which is practical

ly unknown. For investigations we applied method or :cFcF3 ra
dicals generation such as reagent molecUles decomposition under 
mul.Uphoton excitation (IIPE) by IR laser radiation. He:xatluoro
propene oxide C3

FaO was us�d as a :cFCF3 source. Decomposition 
or C3FaO molecules under their IIPE was carried out at 1025,3 
cm-1 laser radiation .frequency (9P42) or TEA co

2
-laser. Irradi

ated C
3
FaO samples were analyzed by gas chromatography and IR

spectrometry. Experiments were per.tonned at reagent pressure
0,2-20 Torr. In order to reveal reactive transient radi�als a
number or experiments was per.tonned at presence or Hc1 (0,09-

_165 Torr) as a scavenger.
c3FaO pyrolysis is lmown.to occur by reaction (1) producing 

:cF2 • We have round that C3FaO decomposition under high vibra
tional excitation conditions when absorbing IR laser radiation 
(!luence � 2,6 J/cm2) may also occur by reaction (2) producing 
:cFCF3 • 

C3FaO --+ :cF2 + CF3CFO (1) 
C3FaO --+ :cFCF3 + CF20 (2) 

This mechanism or C3FaO decomposition was proved by presence or 
CF3CFO, CF20, CHCI F2 and CF3CHCI F (when HCI excess was added) 
between !1nal ·substances. On the basis or dependence o.t c3F .o 
decomposition products distribution on scavenger HCI pressure 
11 was shown that processes 1n reaction system with partici
pance o! pertluorocarbenes :cF2 H :cFCF3 are as follows 

:cF2 + HCI ----+ CHCIF2 , 
. :cFCF3 + HCI ----+ CF3CHCI F, 

a :cF2 ----+ C2F�, 
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:cFCF2 - C2 F,., (6) 

~CFCF3 - a :cF2· (7) 

It was :round that :cFCF3 forming 1n reaction (2) decomposes 
as a result o:r secondary photolysis on absence o:r stabilizing 
butter gas because one may _absorb IR laser radiation o:r itself. 
Due to this reason CF3CHCIF 1n our experiments does not appear 
under HCI pressure ·1ess than limit pressure 37 Torr. At the HCI 

pressure above limit value frequency o:r :cFcF3 . deactivation 
collisions with HCI molecules as a bu1'!er gas exceed rate o:r 
:cFcF3 unimolecular decomposition reaction (7). On the basis o:r 
such assumption e!!ective rate constant o:r reaction (7) was es
t1Jne.ted: 1t-r "'2,6·1a8 s-1 • 

At HCI pressure above 100 Torr all :cF2 molecules producing 
on reaction (1) or se~uentially on reactions (2) and (7) ex
haust only as a result o:r interaction with HCI molecules (3). 
This result was obtained by means o:r kinetic equations solution 
!or reactions (3) and (5) rate constants o! which is well known 
taking account o! gas system heating because o! relaxation o! 
absorbed laser radiation energy. Therefore 1n the scavenger 
pressure range mentioned above C2 F,. should be :ro:med only on 
:CFcF3 1somer1zation reaction (6). It really seemed that at HCI 

pressure above 100 TOIT ratio or CF3 CHCI F and C2 F,. relative 
yields was proportional to HCI pressure. This dependence allows 
us to est1Jne.te rate constants ratio !or reactions (4) and (6): 
k4~ "' 320 1/mol • .Applying well known rate constant ~ as a 
starting approx111le.t1on !or the rate constant k4 (reaction (4) 
is similar to reaction (3)) 1t was shown that under our 
experimental · ~ond1t1ons k6 < 7· 107 s-1 end hence that :CFcF3 

1somer1zat1on reaction has appreciable activation barrier. 
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MODEL OF SYNERGETIC ACTIVATION FOR EXOTHERMIC PHYSICO

CHEMICAL PROCESSES UNDER CONDITIONS FAR FROM EQUILIBRIUM 

V.A,EJimogoy, E.N.NaumoYich 

Physical Chemistry Chair, Belarus State University, and • 

Institute of Physicochemical Problems BSU, Mmsk, .Belarus 

Abstnct 

The synetgetic activation model (SA) is proposed for explication of the 
nature and features of superf� exotermic chemical reactions in solids caused by 
impact actions (shock waves or detonation) or phase transitions proceeding. 

Considerations of such processes in framework o( noted model exhibits that they 
are the activation ones but the atoms (molecules) distribution by �nergy in the. 
very non-equilibrium systems in which noted processes occur is not of exponential 
type, but of power one: 

P[n] = a(n]bfn](E{n]/E(O])e�(-a) 
where P[n] is the probability of receiving energy packet E[n] by an atom (a molecule) 
having average (thermal) energy E[O]; n is a quantity of intermediate energy levels 
between E[n] and E[Ot, a[n], b[n] are factors that characterize a completion of 
involving the system into self-organimtion processes and a deepness of noted 
processes proceeding that depends on the value of the heat release of the reaction, 
consequently; a > 1 and it is determined by the structure of vibrational· excitation 
energy levels of original substances. 

Such distribution is a sequel of a self-oiganization of matter with dissipative 
structures formati�n and it is realized in spatiotemporal limits of noted struqures. It · is 
implemented by the best manner in the shock or detonation �aves fron�,\�hich are 
considered here as dissipative structures. It leads to the fact that dcpendefices of 
process rate v[d] on temperature T, activation energy E[n] and chemical reaction heat 
release DE are expressed by more gently sloped functions that those resulting 
from thermodynamical approach that is in satisfactory agreement with experimental 
data. In the simplest case of n .  1, E[n] . DE 

. v(d] = A kT/(DE)exp(l/2)(1 + DE/2E[n]) 
The synergetic activation model fits some recent experimental data and allows to do 
certain testable predictions. 
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STRUCTURE REARRANGEMENT DURING THE SOL-GEL PROCESS 

Yu.A. Gaponov, L. G.Karakchiev, N.ZLyakhov and B.P. Tolochko 
Institute of Solid State Chemistry, SB RAS, Novosibirsk, Russia 

The ,piethod of simulating the process of formation of new crystalline 

phase during solid state reactions is proposed. The sol-gel process was chosen 

as a model system for simulating the transfonnation from noncrystalline state 

of the intermediate product ("vacancy" phase) to polycrystalline final product 

during the solid state reaction. Sols of some electrochemically produced 

hydrated oxides (original sols) and their mixtures (binary sols) are studied by 

SAXS method using synchrotron radiation _(SR). The presence of 1-2 nm 

scattering entities (primary particles) is the characteristic property of the 

investigated sols. During gelation and concentration of the original sols the 

interparticle distance varies in different manner: The binary sols gelates 

without concentration of the sysfcm. The particles with · different sizes are 

observed in the binary sols. It is possible to separate two sections (time 

intervals) on the kinetic curves of the structural parameters concerning the 

changes in the binary sols. 
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AN UNCOMMON MECHANISM OF STllUCTURE-SENSITIVE REDOX 

CATALYSIS 

Vitally V,Gavrik, O)ga N.Kononova, Nina V.Lugovaya 

All-Russian Research Center ns.L Vavilov State Optics Institute" 199034 St.Pete-rsburg, 

Russia 

Among the most effective proce� catalyzed by metal nanoc�ers, the 
photographic development enables billions elementary acts of electron transfer on a 
latent image center consisting of several silver atoms. With no competing adsorbate in 
develop� solution, the proce� kinetics is detennined by a constant reacti_on rate on 
every catalyst particle and the known no_n-catalytic behavior of developed silver. The 
catalytic center structure . is likely stabiliz�d by the metal-polymer interact!ons /1/ 
between the highly dispersed photolytic silver and gelatin. 

Although a great many substances were capable to reduce silver halides, catalytic 
acceleration has been mentioned only for those with some size correspondences to the 
clo� packed structure of (111) Ag surface /2/. The rest could not detect any image 
traces but formed only a silver "fog" of.non-catalytic reduction. 

· Monatoni.ic developers such as metal ions or neutral atoms of selectively
condensing substances display the rule m�st clearly. During a century and a half of 
photography, practically air the chemical elements were tested for the developing ability 
under various conditions. Patents and scientific publications have been thoroughly 
studied in order to detect all particles mentioned to develop a silver image. With no 
exception, their crystallographic fcldii on the Shannon scale allowing for interionic 
e�cctron-derisity minima /3/ were close to the regular spaces between interatomic 
hollows of (111) Ag. When hitting in the neighboring hollows, the particles have to get 
closely packed. 

All the 18 monatomic developers fall into the three groups of their radii: 
0.084±0.009, 0.145±0.005 and 0.162±0.002 run that correspond 1) to 0.166 nm space 
between the nearest hollows, 2) to 0.288 run between each second (like Ag atoms pack) 
and 3) to 0.333 nm between each third. Among several reducing ions of _a metal, those
of other radii do not react catalytically: U(V), Mn(II) and Ti(III) develop images 
whereas U(III), U(IV), Mn(III) and Ti(II) do not. Sn(II) ion sometimes suspected to 
develop but having another size has never detected any image traces in our experiments. 
Therewith, TI(I) of the third size group was found out to develop. The potential
controlling ligands in developers could not cause the �atalytic · selectivity since in• 
general they did not meet the upper rule or adsorb on silver. 
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All the molecular developers contain bound oxygen or nitrogen atoms whose van 
der Waals ~dii belong to the second size group. Borohydride never developed any 
image traces though could slowly produce a fog. Highly efficient developing molecules 
possess at least two such atoms spaced from each other at 0.28 to 0.30 run or multiples. 
Also the appmpriate thickness, planarity and electron deficiency of aromatic reducing 

molecules amplify their mutual van der Waals attraction and contribute to close 
packing. · 

Unlike the molecular or atomic developers that may possess a chemisorption 
affinity with silver, specific adsorption of the developing metal ions has been never 
mentioned in the literature. They· would hardly be capable to form a "monolayer surface 
alloy" with ''weakened bonds inside the molecule" according to Balandin /4/ even 
th<!_~ the highest dielectric constant of water greatly . weakens the intercationic 
electrostatic repulsion. The energy of mobile hydrate shell is even capable to break 
strong ionic bonds when dissolving the salts. The 0.28 to 0.30 nm hydrogen bond length 
favors the oriented water dipoles to form joining close-packed counterlayers of 
compensating negative charges. 

Pre-treatment with non-reducing cations Zn(II), Mg(II), Li(I) or Pb(II) equal in 
radii to the developing ions or their addition to a hydroquinon developer has little or no 
effect on developmen rate. So some dynamic shortly-living closely packed clusters of 
particles hitting randomly in neighboring hollows are likely occur rather than the very 
competitive adsorption phase. 

A developing particle undergoes van der Waals attraction by 3 silver atoms that 
form a hollow. Additionally, it is attracted by adjacent particles in the cluster. So the 
coordination number of particle can increase from 3 up to 6 for the first and third size 

groups and up to 9 for the second one. During a short time of hitting contact with 
silver, the particle may not succeed in loss of electron. The extra attraction can retain it 
at-the catalyst surface for a longer time and increase the reaction probability. 
The rule shows the importance of general steric opportunities in heterogeneous kinetics 
and catalysis. 
1. M.P.Andrews,G.A.Orin, Chemistry of Materials,1989,v.l,p.174. 
2. (a) V.V.Gavrik, Mendeleev Commun., 1994,v.4,#5,p.191; 

(b)V.V.Gavrik, Int.Congr."The Physics and Chemistry of Imaging Systems", May 15-
20,1994, Rochester, NY, v.l, pp.353-356. 

3. R.D.Shannon, Acta Crystallogr., Sect.A, 1976, v.32, p.751. 
4. A.A.Balandin, The modem state of the multiplet theory of heterogeneous catalysis, · 

Nauka, Moscow, 1968 (in Russian). 

494 



PPK-23 

High temperature phosphorescence dynamics of complexes 
"cyclodextrin - aromatic molecule - saturated compound " 

Oerko V.L, Naz.arov VB, and Alfimov M. V. 
Institute of Chemical Physics in Chemogolovka, Russian Academy of Sciences 

·142432 Chemogolovka, Moscow Region; Ruaaia.
Fax: (096)5153588 &-mail: photocb@icp.ac.ru 

For a long time it was considered that phosphorcscmce at room temperature· 
(RTP) of complexes of aromatic molecules ( AM ) with cyclodextrin ( CD") exhibits 
only in the presence of internal or extemal heavy atom (1-3). The similarity 
of AM phosphorescence spectra with high RSOlution in solutions at 77K and in 
complexes with CD assumes also the similarity . of these systans. However, 

phosphoracence in frozen solutiom does not require the presence of a heavy 
atom. Indeed, sensitized RTP of fluorcne was obsa:ved in the presence of acetone 
on excitation at 315 nm (4]. Hence, heavy atom is necessary for population of AM 
triplet in complex with CD. The behaviour of AM in complex may be similar to 
that in the gu phase [4]. 

RTP of complex " P-CD -phcnanthn:ne - chloroform" in water baa demonstrated 
that the pbosph<>RSCalce lifetime ii increased to 2.3 s with increasing of 
chloroform concentration. In chloroform solution of phenantbrme at 77K. lifetime 
is equal 2.1 s. These data indicate that for appearence of RTP not heavy atom, 
but some molecule with saturated bonds is necessary. Indeed, intense RTP was 
detected by addition to complex "AM + P-CD" of cyclohexane and n-hexane [S], 

' isooctanc, decalin. . 
With isooctane RTP ofphcnanthrme was observed at 323K and at 274K with 

lifetimes 1.81 and 3.0Ss ( in frozen solution 3.31). 
The necessary condition for appearcnce of RTP with large lifetime is the formation 

ligbtacattaing polycomplexes of micron sizes containing· CD, AM and molecules 
with saturated bonds (1,4,S]. 

- This wodc is supported by RFFI, grant 94-03-09961a.

I. Scypinsky S. and Cline Love LI., .Anal.Chem., 1984, 56, 322. 
2. Codey J., Hurtubise R.J. Appl Spectrosc. 1994, 48, Iss. 6, 747. 
3. Turro NJ., Bolt J.D., Kuroda. Y. and Tabushi I., Photochem. Photobiol., 1982, 35, 
69.
4. N87.al'Ov V.B., Oe.r:ko V.L and Venhinnikova T.O., Izvest. Acad. Nauk:, �.chem., 
1995, in print. ' 
S. Jin W J., Wei Y.S., Xu AW., Uu C.S. and Zhang S.S., Spectrocbim. A.eta, 1994, 
SOA, Isa.10, 1769.
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PHOTOCHEMISTRY OF IrCl,2- COMPLEX 

E.M.Glebov, V.F.Plyusnin, V.L.Vyazovkin, V.P.Grivin, N.I.Sorokin, AB.Venediktov" 

Institute of Chemical Kinetics and Combustion of the Academy of Sciences of Russia, 

630090, Novosibirsk, Russia 

•Institute of lnoiganic Chemistry of the Academy of Sciences of Russia, 630090, 

Novosibirsk, Russia 

The study of the IrC1<;2- photochemistcy is of major importance in understanding 

the primary processes in the photochemistry of the chloride complexes of transition 

metals. The IrCii;2• complex is a rather stable particle existing in solutions containing no 

Cl· ions. 

It is generally believed that photochemical activity of the haloid transition metal 

compl=s in w:ganic solutions is connected with the primary process: 
hv 

MeX11z- ---• MeXit.J'· + X-

The identical view on the IrCii;2• photochemistiy is in existence (1). However, there is no 

direct spectrossopic or kinetic evidence for the X- atom formation. 

We have previously shown for several haloid complexes that the primary 

photochemical process is the electron transfer from the solvent to the excited complex (2): 
hv RH 

Mex,.z- - (MeX11'·)• ---- MeXiz+l)- + R" + tt+ 

and that for Cu(II) and Pt(IV) chloride complexes, MeX8 (•+l)- and R" form the radical 

complexes MeX11(z+l)· ... R' which arc stable only in frozen matrices. 

lrCJl photolyai1 (3(18 ■m) ia methaa.ol 

a& 300 I.. Cbugc in optic.al apcctrum 
( S.4'•10-4 M, 17.5 ·m1 p~r puke). 
I -S - 0, 3S, 70, 1'6, 260 luer pulMa .... 

Figure 1 

In this work we used both. cw irradiation, laser flash 

photolysis and ESR in liquids and frozen matrices to study 

the lrC1(;2• photochemistiy in alcohols. It is shown that the 

irradiation of IrCl(;2· at 308 nm leads to the formation of 

IrCl(;3- complex (see Fig.l). The' quantum yield of the 

photolysis in oxygen free methanol and ethanol is 0.1. The 

forming IrCl(;3-- complex is then slowly solvated and turned 

to the lrCls(CH3OH)2• comqlex. 

The photolysis of IrC162• in frozen alcohol matrix 

(Fig.2) leads to the formation of a new "absorption band 

with i~ inaximwn on 287 nm and appearance of the ESR 
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signal of the alcohol radicals. The yield of radicals is equal to the quantum yield of IrCtt;2· 
disappearance (0.-03). We believe that the forming absorption band belongs to the primary 

radical complex ItClc,3-... R•. 

SI O JI 

••10�. ••·1 

1rc1/· photolyaia (301 am, ) la methanol 

•t 77 I:. t.J•lO-J M, laser encqy 
l ml per pulac, v = 10 Hz. Cunoa 1 - S 
denote 0, t. 4.S, 9. 19 min or irradiation. 

Figure 2 

The irradiation in the short-wave region (248 nm) 
in liquid phase leads to the formation of both IrC1t;3· and 
IrCls(CH30H)2·, The yield of lrCls(CH30H)2- is a 30% 
fraction of total quantities of the disappeared IrCtt;2� 
complex. 

The primary stages of IrC42• photorcduction at 308 
run were studied by laser flash photolysis. The kinetic 
picture depends on the concentration of dissolved oxygen. 
In the absence of 02 the instant bleaching in the initial
bands is observed, which is then doubled by a first-order 

reaction. The rate of this reaction is linear with IrC1(;2- concentration. These rate 
constants are 3.3elo9 and 2.3•1«>9 M·1s·1 for methanol and ethanol respectively. In the 
presence of 02 only initial instant bleaching is exhibited. We propose the following kinetic 
scheme of the photolysis at 308 nm (in methanol): 

hv 
(Ir962·)• 

(bC42·)• + CH30H ---+ ltClc,3- + •ctt20H + ff+ 

ire1c,2· + •cH20H --- ItClc,3� + CH20 + ff+ 

In presence of 02 the primary alcohol radical °CH20H disappears in the reactio:ri: 

The irradiation in 248 nm leads· to both the electron transfer process and the 
release of chlorine atom: 

It is also shown that the irradiation of IrCtt;2- in liquid acetonitrile leads to the. 
photosolvation but not to the photoreduction with the release of a chlorine atom as 
believed in (1). 

The financial support of Russian Foundation for Fundamental Researches is 
greatefully acknowledged (Research Grants N 94-03-08933). 
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KINETICS OF DIFFUSION-INFLUENCED REVERSIBLE REACTION 

A+B<=> C 

Irina V. Gopich, Alexander B. Doktorov 

Institute of Chemical Kinetics and Combustion, Russian Academy of Sciences, 

Nuvosibirsk 630090, Russia 

In recent years much effort has been devoted to the theoretical study of liquid 

phase reversible diffusion-influenced reactions A+B<=> C. Such kind of reaction is 

quite relevant to experiment. As.fflciation-dissociation reaction is a difficult many

body problem. It has been studied by applying analytical methods of different 

character such as superposition approximation, stochastic approach, as well as 

simulation methods. The recent analytical theories give correct equilibrium 

concentrations at infinite time, reduce to Smoluchowski theory when the dissociation 

rate is zero, and become equivalent in the reaction-controlled limit. At very long times 

a t·3/2 relaxation to equilibrium was derived. 

The approaches differ mainly in the case of diffusion-controlled reaction. None 

· of the approaches provides an exact result, thus one cannot say which approach is 

more accurate. As for t·3/2 relaxation to equilibrium, it has been _questioned in 

Ref.[l]. The long-time power law kinetics has been experimentally studied and the 

concentration-dependent power was observed. 

In the present contribution we consider pseudo first order reaction with B 

particles in excess. Loss of_generality makes it possible to investigate th! problem· in a 

rigorous fashion, verify the validity ~f the results derived earlier, and obtain some new 

results. In the model under consideration a· single A particle reacts with static 

- noninteracting reversible traps B when they come together at sufficiently close 

distance. 

Under most general asswnptions, namely: space dependent reactivity, arbitrary 

Markovian motion of minority species (A), the presence of the force interaction 

between particles, arbitrary initial conditions - the problem of the reversible reaction 

kinetics was reduced to the consideration of the effective irreversible reaction with time 

dependent reactivity and source. Thus the exact relation between two many-particle 

problems has been obtained. 
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To study the effective irreversible problem, we developed the formalism where the 

absence of initial bound states (C particles) was a priori assumed. By conventional 

procedure, we related the Green function of the effective irreversible problem to the 

memory operator, for which formal expansion in a mµltiple scattering series was 

obtained. The . average effective reactivity is proportional to Laplace� variable · s at 

small s, so the series convergence is better as compared to real irreversible problem. In 

the framework of the average t-matrix approximation (ATA) we reprodticed some 

results derived earlier. However, as is known, for irreversible reaction ATA has a limited 

time interval of applicability, and needs modification. 

The modified theory was developed on the basis of diagrammatic summation of 

the terms for the memory operator necessary for correct long time behavior. A central 

finding in this work is that the t-3/2 law predicted earlier is valid, but with a different 

concentration-dependent amplitude. 

An advantage of the modified theory is that the range of its validity • is much 

wider as compared to other theories. Moreover, this theory made it possible to describe 

t�e intermediate times not only at infinite dilution. At intermediate times, a new 

power-law phase emerges that may lead to the impression of a new asymptotic 

behavior. Similar result was derived earlier for one-dimensional model by Brownian 

, simulations [2]. 

It should also be noted that the modified theory is rather simple which allows 

one to obtain the basic results analytically. In the limit when the dissociation rate is 

zero the modified theory reproduces all binary terms of the irreversible reaction 

kinetics [3]. This fact points to a binary nature of the approximations made. Thus the 

results obtained for the given model will be interesting for the case of all moving 

species. 

This work was supported by Russian Foundation of Fundamental Research 

(project 93-03-05032). 
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STUDY OF VIBRATIONALLY EXCITED MOLECULES FORMING IN 

ELECTRON-EXCITED OXYGEN ATOM 0(1D) REACTION WITH 

FORMALDEHYDE 

S.R.Gorelik, E.N.Chesnokov. 
Institute of Chemical Kinetics and Combustion. 

Novosibirsk, 630090, Russia. 

I. Both of the reagents are the particles important for atmospheric chemistry. 
2. Reaction of oxygen atom in the ground state with H2CO molecule proceeds via 
H atom abstraction: 

The reaction of electron excited O(1D) atom that, unlike the atom in the ground 
state has no · spin, can follow the other channels. These can be represented as the 
formation and subsequent decay of formic acid molecule .. 

O(1D) + H2CO ➔ HCOOH ➔ H2 + CO2 -AH = l 70kcal/mol 

100 

50 

-~ 
~ .g 0 .... 
0 
~ 
" ::t 

-50 

-100 

0(1D)+H,CO 

Oi-H,CO 

➔ H2O+CO -AH= 16lkcaljmol 
➔ H + COOH -AH = 77kcal/mol 
➔ OH +HCO -AH = 64kcal/mol 

OH~O Oi-H,+CO 

A great energy release in these 
processes implies the formation of 
vibrationally excited product 
molecules. 

OH+HCO 
H+H+co, 

3. The paper studies the kinetics 
and spectral composition of IR
chemiluminescence of the products 
of the 0(1D) + H2CO reaction. · 
The 0( 1 D) atoms were obtained 
by photolysis of ozone by radiation 
of an excimer K.rF laser . )..=248 
nm. Experiments were carried out 
in a · flow gas system in He 
atmosphere at pressure of about 5 
Torr. The pressures of 0 3 and 
H2CO were varied-in the range of 
1-30 mTorr. 

HCOOH 
H,Oi-CO 

H,+CO, 

500 

4. Strong IR-luminescence arising 
from the 03 + H2CO mixture was 
recorded after excimer laser pulse 
CO2 formation was demonstrated 
by luminescence absorption in a 
gas filter filled with CO2 . The 
luminescence spectn.im was mainly 
observed in the range 4.3-4.9 µm 
as a wide asymmetric band. The 
appearance of this band was 
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explained by calculating the luminescence spectra of the asymmetric stretching 
vibration of CO2 with large energy supply in the molecule. Calculations were 
perfomied by direct search of anharmonic vibrational levels of the molecule. 
Level-distribution was considered as Boltzman with temperature Tvib· According to 
calculations, as energy supply increases, the luminescence spectrum moves to the 
long-wave region and its width increases. Comparing the experimental spectrum 
observed just after the laser pulse . with the calculated one, has given a fair 
agreement at Tvib= 3500 cm-1: 
5. The energy evolved in the reaction as asymmetric stretching vibrations of CO2 
was detennined from luminescence strength. To this end, the signal amplitude was 
compared with that of the luminescence of CO molecules excited upon energy 
transfer from 0(1D) atoms. It is known that 40% of the energy of electron excited 
atoms passes to CO vibrations. As a result the energy yield was . obtained for the 
asymmetric stretching vibrations of CO2 equal to 1600 cm-1 per one electron 
excited oxygen atom. Comparing this value to the calculated energy supply in the 
mode of asymmetric stretching vibrations at T =3500 cm- 1 leads to the conclusion 
that the channel with CO2 molecule formation is the basic one in the 
0(1D)+H2CO reaction. 
6. Observing the kinetics of IR-luminescence intensity decay allowed one to 
extract information about the peculiarities of vibrational relaxation of highly 
excited CO2 molecules. The decay curve is not monoexponential. In our 
experiments two stages can be distinguished, i.e. the initial stage of fast relaxation 
with time being about 70 µs and the stage of subsequent slow relaxation with time 
of about 1 ms. Studying luminescence spectrum it is seen that during the first 
relaxation stage the vibrational temperature Tvib drops from 3500 cm-1 to 2500 
cm-1 . The intensity of observed luminescence decreases by about 40% which 
coincides with the decreases of energy supply in the luminescing vibrational mode 
calculated for these temperatures. The coincidence testifies to the applicability of 
the concept of the common vibrational temperature of the molecule in the process 
of relaxation. · 

7. For low concentrations of 03 and H2CO one can study the stage of 
luminescence signal increase. As H2CO concentration increases the stage becomes 
shorter. The total rate constant of all channels of the reaction of 0(1D) with 
H 2CO molecules was measured by analysing kinetic curves in these conditions. 
The rate constant is (l.3±0.2) · 10-10 cm3/s. 
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TUNNELING DYNAMICS AND SPECTRA OF NON-RIGID MOLECULES 

S Yu G:cebeosbcbikov and V.A. Benderskii 

Institute of Chemical Physics at Chemogolovka, Russian Academy of Sciences, 

Chemogolovka, Moscow Region, 142432 Russia 

Coherent tunneling transition in polyatomic molecules and molec~ar complexes is a 

prototype of irreversible chemical reactions in a gas and solid phases. Recent progress in 

modem high-resolution spectroscopic techniques enabled one to measure the vibration

rotation-tunneling (VRT) or vibration-tunneling (VT) spectra of cooled non-rigid molecules 

in a gas phase. This made ugent the question of theoretical calculation of tunneling spl_ittings 

in such objects as a function of relevant quantum numbers of the system. 

Multidimensionality of the potential energy surfaces (PES) is an obstacle for 

applying direct quantum-mechanical methods of computing the spectra. Thus, approximate 

methods become indispencible for treating tunneling dynamics of these systems. Recently, 

we devised [1 - 3] a semiclassical method for calculating VT spectra of coherently tunneling 

systems, multidimensional PES of which is symmetric and has two or three equivalent 

minima, separated by saddle point(s). This method is capable of predicting the approximate, 

within the WKB accuracy, tunneling splittings of the ground, as well as the excited 

vibrational states along both the tunneling and non-tunneling ("transverse") modes. The 

method is based on the Herring's formula [4], relating tunneling splitting of a certain state to 

the probability density flux through the dividing surface of the D-dimensional potential. This 

flux is constructed with the wave function of the state in the "isolated" welt The required 

wave function deeply in the classically forbidden region of ~e potential ("the transition state 

wave function") is found semiclassically, that is through the solution of the Hamilton-Jacobi 

and transport equations, in the vicinity of the extreme tunneling path, connecting equivalent 

minima of the upside-down potential. Propagating the WKB solution right to the minimum, 

we avoid the fundamental difficulty of the traditional semiclassical approximation in 

multidimensional case, i.e. matching of the solutions, obtained in different areas of the 

configuration space, at the c;austics, separating classically-accessible and forbidden regions. 

Tunneling WKB wave function is normalized after comparing it near minimum with the 

variational solution inside the "isolated" well, which describes fairly well the given state. Tp 

the exponential accuracy, tunneling splitting is determined by the action along the extreme 

tunneling path. Pre-exponential factor appears, if the width of tunneling channel, i.e. the 

uncertainty in the position of the particle near the underbarrier trajectory, is taken into 

account. Pref actor is given, roughly, by the ratio of the averaged over the time of inotion 

dynamical transverse frequency at the dividing surface to the transverse frequency at the 

minimum. 
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We test the accuracy of this method by calculating the VT spectra in a set of model 

2D potentials with two [l - 3] and three equivalent minima. They differ in symmetry of the 

coupling between the tunneling coordinate and transverse harmonic vibration, spanning 

almost all possible types of their interaction in 2D. These 2D potential. are relevant for 

desciption of intramolecular tunneling proton transfer in OH.:.o fragments in malonaldehyde 

and tropolone, interconversion (puckering) of cyclopentanone, and hindered internal rotation 

of one or two coupled methyl groups in organic crystals. Comparison of the semiclassical 

results · to the available quantum-mechanical computations demonstrated the wide range of 

applicability of the proposed approach. WK.B methods, dealing with equations of motion, are 

not practically limited by the dimensionality of the problem. Thus, the proposed method is 

generalized to the case of an arbitrary symmetric D-dimensional double-well potential. We 

found, that the dynamics of the transverse modes, coupled only to the tunneling coordinate, 

may be strongly correlated. This observation is exemplified by computing the VT spectra in 

a 3D symmetric potential. 

Along with tunneling splittings, this semiclassical procedure enables one to figure out 

the transition state geometry, given by the maxima of the square of the tunneling wave 

function at the dividing line of the potential. This transition state is different from that, 

predicted by the potential function (i.e., saddle point), because tunneling trajectory for most 

types of coupling deviate from the minimum energy path strongly. It is also found, that the 

transition state geometry in multidimensional potentials changes with the growth of quantum 

numbers of the transverse modes. For example, plane transition state of puckered 

cyclopentanone molecule in the ground vibrational state changes in the vibrationally excited 

states to the strongly bent configuration, close to that observed for pseudorotating molecules. 

Authors feel that the proposed method, in which the tunneling splitting is expressed 

in the closed form through the dynamical parameters of the tunneling path and parameters of 

PES, will find its use in the solution of a reverse spectroscopic problem - extracting 

multidimensional potential from the experimental VR T spectra. 

We thank Russian Fund of Fundamental Investigations (Grant No. 94-3-08863) for 

the financial support of this work. 
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PHASE SHIFT OF THE QUANTUM BEATS OBSERVED IN RECOMBINATION 
FLUORESCENCE OF SPIN-CORRELATED ION RADICAL PAIRS. 

V.M. Gr:igoryantz, B.M. Tadjikov, O.M. Usov and Yu.N. Molin 
Institute of Chemical Kinetics and Combustion, Novosibirsk, Russia. 

The singlet-triplet oscillations in the recombination fluorescence of the 
spin-correlated ion radical pairs forming under ionizing radiation could be 
observed in th·e alkane solutions containing acceptors of primary electrons 
and matrix holes [l]. For secondary ion radical pair (diphenylstilfide-d10)+ 
/ (p-terphenyl-d14)- the osc;:illations arises due to g-factors difference in 
pair partners. The delay time in the pair formation depending on matrix 
hole capture rate leads to ·phase shift of the oscillations ( fig. l). This phe
nomenon allows to obtain directly a rate constant for reaction of matrix 
holes capture by the molecules of diphenylsulfide. The rate constant found 
by this way for isooctane is (3.5 ± 1) x 1010 M-1s-1. The capture rate con
stants measured also for cis-decalin, trnns-decalin and cyclohexane were 
found to exceed the diffusion controlled values. 
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KINETIC STUDY OF THE REACTIONS OF THE NEW QUINOID 
COMPOUNDS - 1,10-ANTHRAQUINONES 

Nina P.Gritsana, Zoya V. Leonenko!l, Lubov S. Klimenk<P 

0 Jnstitute of Chemical Kinetics and Combustion SB RAS and Novosibirsk State University, 

630090 Novosiirsk, Russia 

bJnstitute of Organic Chemistry, 630090 Novosibirsk, Russia 

The 1, 10-anthraquinone derivatives have long been unknown owing to their high reac

tivity [l]. The first derivative in the series of 1,10-anthraquinones has been isolated by 

irradiating of 1-aryloxyanthraquinone derivatives [l]. Therefore 1,10-anthraquinones are a 

n~el class of quinoid compounds that became the subject of study only 10-15 years ago. The 

aim of this contnl>ution is to study the reactions of 1,10-anthraquinones with nucleophilic 

agents (alcohols and aliphatic and aromatic amines). 

The primary stage of the reaction between 9-aryloxy-1,10-anthraquinones and alcohols · 

isthenucleop®-hilicl,4-addition o::o· OAr H cco·o R'oH 
k1 -ArOH · 

R~ ·R- R 
R'OH R

0

0H 
0 0 O 

The reaction of 9-aryloxy-l, 10-anthraquinones with the primary aliphatic and aromatic 

amines results in the formation of 9-alky](aryl)amino-1,10-anthraquinones that are in a tauto

meric equihl>rium with l-hydroxy-9,10-anthraquinone-9-alkyl(aryl)imines. The data of 

quantum chemical calculations confirm the addition-elimination mechanism of the reaction 

PIO k [®NH Rl H ] ci;o-. ~ cx:oH 
R ___;__ R - R___ R 

R'NHi -~H 
0 0 . 

According to our calculations the reaction of the 1,4-addition 

of amines is exothermal. The minimum at the potential energy surface 

fits the adduct (fig. l) of 1,10-anthraquinone with amine. 

The spatial and electronic structures of amine effect on the 

rate constant of 1,4-addition. The rate constant decreases by more 

than an order of magnitude upon transition from alkyl amines to 

Fig. 1. A computer gen&- aniline (Table 1). The electron withdrawing substituents in the 

rated drowing of the anthraquinone increase and the electron donor ones substantially 
intermediate, 9-phenoxy-
9-methylamino-1-hydro
xy-10-anthrone. 

decrease the reaction rate constant favoring the stability of 

photoinduced 1,10-anthraquinones (Table 2). When the electron 

donor substituents are introduced into aniline, the rate constant considerably increases, and 

after introduction of electron withdrawing substituents it decreases (Table 3, fig. 2). 
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-1.0 --0.s o.o o.s 1.0 1.s A substantial negative activation entropy (-28+-34 

p-OH e.u.) of the reaction between 1,10-anthraquinone 

~ 
. 1 

~ 01----><r----7 

~ -1 -1 
o.,COCS, 

-'2 -'2 
pm, 

-3 '--_~1.0---0~.s------'o_o-o~..5-1~.0~1.? 

derivatives and n-propylamine allows a conclusion on the 

high order of the transition state. The reaction proceeds 

easily due to fairly low activation enthalpy (~H#= 2.:,..7 

kcal/mol). 

Table 1. Rate constants of 2-methylamino-1-phenoxy

l, 10-anthraquinone with primary amines (RNH2) in 
Fig. 2. Dependence of the rate constant 
on the nature of substituent in aniline toluene at 30 5 K. 

a 

R Ph 

k , 1/molxc 24.0±0.2 19.0±1.0 4.0±0.2 21.7±0.1 0.56±0.05 

Table 2. Rate constants of the reactions of 9-phenoxy-1,10-anthraquinone derivatives with 
methanol (k1) and iso-propylamine (k2) in toluene at 298 K and data of AMI calculations. 

R1 k,, M-1c-1 k1, M-1c-1 qc PLUMO EwMo 

2-NO2 (2.1±0.2)-104 4.2 0.19 0.17 -2.63 

4-NO2 (5.8±0.5)-103 - 0.20 0.19 -2.54 

H 150±10 0.3 0.16 0.17 -1.95 

2-0CH3 21±1 - 0.15 0.17 -1.85 

4-0CH3 5.4±0.5 7.10-3 0.14 0.17 -1.82 

2-NHCH3 4.0±0.2 3.10-4 0.14 0.18 -1.75 

Table 3. Rate constants of the reactions of 9-phenoxy-1,10-anthraquinone with substituted 

anilines and data of AMI calculations. 

R kt, M-ls-1 MI 1, kcal/mol C)N PHoMo EHoMo, eV 

p-OH 5_9.103 -10.1 -0.32 0.21 -8.28 

p-OCH3 1.5-103 -10.2 -0.32 0.21 -8.22 

p-CH3 3.3-102 -10.3 -0.33 0.23 -8.36 

H 1.2-102 -10.2 -0.33 0.27 -8.52 

m-CF3 l.3·101 -IO.I -0.32 0.29 -9.04 

p-COCH3 4.4 -9.7 -0.34 0.26" -8.78 

p-NO2 0.4 -9.6 -0.38 0.29 -9.17 
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PHOTO-AFFINITY LABELING REAGENTS. PHOTOCHEMISTRY OF 

AZIJ)()ETHIDIUM DERIVATIVES IN WATER. 

N.P. Gritsana, AA Koshkinb, AA Denisovb, Yu.Ya. Markushinb, E.V. Cberepanovaa 

a Institute of Chemical Kinetics and Combustion SB RAS and Novosibirsk State University, 

630090 Novosibirsk., Russia 

b Institute of Bioorganic Chemistry SB RAS, 630090 Novosibirsk, Russia 

The sequenc~specific chemical modification with oligonucleotide derivatives is one of 

the most promising approaches to influence directly the genes of living cells [ 1]. The 

photolabeling reagents are the most interesting ones according to their unique opportunity to 

perform modification at any desired moment of time. The recent data (2) demonstrate the high 

efficiency of azidoethidium derivatives of oligonucleotides ( L1 on a scheme ) for sequenc~ 

. specific modification of singl~_stranded and double stranded nucleic acid targets. 

f 
Li-NHC(O)CH2CllzNH-p-ocollpnudeotide) 

b-
L2=NHC(o~~NHR. R=H or COCF3 

A knowledge of the mechanism of photochemical processes occurring in tight-specific 

complexes is very useful for understanding of the modification nature. This presentation is 

devoted to study of the photochemistry of model compounds: 2- and 7-azidoderivatives (2-

AEt and 7-AEt) of ethidium dye ( L:z on a scheme). 

The products of photolysis of 2-AEt and 7-AEt in water were isolated by high pressure 

liquid phase chromatography (HPLC). Their nature were identified by UV and NMR ( 1 H and "C)~7ffe:F~~~:•=•~ 
A lot of peaks (more then ten) were recorded by HPLC for-7-AEt photolysis mixture and 

three main products were identified. 

N,~L, ~ 11,N~L, + BO~L, + ~L, + minor 
•'c,u. 11,0 'c,u, 11,N 'c,u, ·'c:,u, proclu:ts 

J ! ~ 

It was established that quantum yields of 2-AEt and 7-AEt photodecomposition do not 

depend on the presence of oxygen, excitation wavelength, concentration of azides and equal to 

0.95±0.20 for 2-AEt and 0.57±0.12 for 7-AEt. The first type of products (7- and 2-N-(3-
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aminopropionyl)ethidium appeared from the triplet nitren and other products from the singlet 

precursors. . 

The nature of key intermediates of aromatic azide photolysis is known from the literature, 

but in. every particular case the different types of intermediates can participate in the reaction 

[3]. The difference in the behavior of 2- and 7-AEt was explained using the data of quantum 

chemical calculations (AMI method) of the structure and energy of photolysis intermediates. 

Energy diagram for 2-AEt Energy diagram for 7-AEt 
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Experimental results (higher yield of product! (30%) comparing to J (15%); appearance 

of product ~ are in accordance with the data of AMI calculations. The result obtained for 

model compounds (2-AEt and 7-AEt) will be used for interpretation data of sequence-specific 

modification by azidoethidium derivatives of oligonucleotides [2]: 

5'-pTGTJTG~'tJ 
ACAAACCp (R) 

0 co 
G=-o~ • NH 2 

o........_ 

a 
C=-•~ ' 

o........_ 
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LASER FLASH PHOTOLYSIS AND FLASH CIDNP STUDIES OF 
1-NAPHTHYL ACETATE PHOTO-FRIES REARRANGEMENT 

PPK-30 

N.P. Gritsana, Yu.P. Tsentalovichb, A.V. Yurkovskayab, R.Z. Sagdeevb 

a institute of Chemical Kinetics and Combustion 630090, Novosibirsk, Russia 
binternational Tomography Center, 630090, Novosibirsk, Russia 

In this work, we have employed a number of experimental methods (the steady
state and time-resolved CIDNP and flash photolysis) for a detailed investigation of the 
phototransformation of 1-naphthyl acetate, which is a typical photo-Fries rearrangement 
reaction. The photo-Fries rearrangement was first discovered by Anderson and Reese [ 1] 
in 1960. Over the years this phenomenon has been extensively studied and has been 
observed in various aromatic compounds; however, data on the rate constants of the 
elementary stages are lacking. It has been known that the irradiation of 1-naphthyl acetate 
(I) in various solutions gives rise to the products typical of the photo-Fries rearrangement: 
2-acetyl-1-naphthol (II), 4-acetyl-l-naphthol (Ill) and 1-naphthol (IV) [2,3] (scheme I). 

Scheme I 

cxSOC~ OYOCH: CQ . o5 
I II III COCH3 IV 

This work was aimed at determining the role of the excited singlet and triplet states 
in the photo-Fries rearrangement of I as well as at establishing the nature, spectral 
characteristics, and reactivity of the intermediates. To make the conclusions about 
mechanism of photoprocesses more valid, we used different experimental methods and 
quantum chemical calculations (AMI, INDO, CNDO/S methods). 
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Figure I. CIDNP kinetics obtained during the 
photolysis of I in acetonitrile-D3. Triangles -

for methyl protons ofll, squares - for methyl 
protons of Ill, solid line - calculated 
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The analysis of the effect of piperylene 
on the quantum yield and on the signs of 
polari-zation observed in CIDNP spec-tra has 
validated the assumption tha_t the 
decomposition of I to acetyl and naphthoxyl 
radicals through the singlet state is the main 
channel of the reaction (more than 90%). The 
major contribution to CIDNP is made oy the 
radical pairs resulting from the decomposition 
of the excited -triplet states ofl. The most likely 
limiting stage of CIDNP formation in the pro
ducts II and III is the , izomeri-zation of 
intermediates (Fig. I). 

In the flash photolysis experiments we 
have detected decay kinetics (Fig.2) and the 



PPK-30 

OD 

0 .3 

0.2 

0 . 1 

0 .0 

-2 

TIME, µs 

absorption spectra of 1-naphthyl acetate triplet 
and naphthoxyl radical. It has been established 
that the main channel of triplet decay is the 
triplet-triplet annihilation. It was assumed that 
the different methods detect two different triplet 
states. In the experiments on the flash 
photolysis of I we detect the spectrum of the 
lower nonreactive mt• state, whose properties 
are similar to those of the naphthalene triplet 
state. In the photo-Fries rearrangement, the 
reactive state is the excited short-lived triplet 
state (probably the nn* triplet state) which 
decomposes to yield a radical pair, wherein the 
CIDNP effects arise. 

Figure 2. Transient absorption decay curves observed 
after excitation of a solution of I x 10·3 M 1-naphthyl 
acetate in acetonitrile in the presence of piperylene: 0 

(upper trace), 2..:104
, Sx10··'_ lxl0.3, and Sx10·3 M 

(lowest trace). 

Scheme2 

The results obtained allow us to 
propose the following mechanism for 
the photo-Fries rearrangement ofl 

This work was supported by grant of Russian Fund of Fundamental Research (projects 
93-03-18593 and 95-03-08920) and International Science Foundation and Russian 
Government (project .JJDl00) 
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[2] D.J. Crouse, S.L. Hurlbut, D.M.S. Wheeler. J. Org. Chem 1981, 46,374. 
[3] R. Nakagaki, M. Hiramatsu, T. Watanabe, Y. Tanimoto, S Nagakura. J. Phys. Chem., 

1985, 89, 3222. 
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DIPOLE-DIPOLE RELAXATION OF MICELLIZED RADICAL PAIRS. 

A MODEL OF MICROREACTOR WITH AN A TIRACTING WALL 

S. V. Isakov V. A Morozov, and R Z. Sagdeev 

International Tomography Center, 630090, Novosibirsk, Russia 

The magnetic effects that appear in the recombination reactions of radicals in micelles 

have been the objects of much investigation in the modem spin chemistry. In micelles, un

like in homogeneous systems, the role of inter-radical spin interactions is great. The dipole

dipole magnetic interaction between the electron spins of a radical pair (RP) is less sensi

tive to the radical structure than the exchange interaction and can play an important part in 

the relaxation of the triplet sublevels of RP at strong magnetic fields. 

The model of microreactor [1], in which one radical of the~ is fixed at the center of a 

spherical cavity with a partly reflecting wall and the other radical freely diffuses in the bulk 

of the cavity ( micelle ), is widely employed in quantitative analysis of the magnetic effects in 

micelles. This paper proposes an analytical calculation of the rate of the dipole-dipole re

laxation in the modified model of the microreactor. In our modification, the microreactor 

wall can interact with the diffusing radical via the short-range attraction potential of an arbi

trary force. In the limit of weak interaction, our results show good fit to the numerical cal-

1o' t, (B), s· 1 

107 

106 

1<>5 

10• 

1<>3 

ICY I JO 

~~ 
100- . JOO) )(IQ) 

magneti:: fie.i B , gauss 

The magnetic field dependence of the rate of 
the dipole-dipole rela.xation between the triplet 
sublevels T±To ofthe micellizedRP. 
Upper curves: solid line-our analytical calcula

tion, dashed line - the Monte-{:arlo nmncrical 
calculation llY Steiner and Wu [2], micelle ra
dius 20A , radical contact radius 4A, non
attracting wall. 
Lower curves: the effect of the apparent in

crease in the micelle radius in the miaoreactor 
model with an attracting wall (~ ~ O}, solid 
curve - ,. = 35A, ; = I; dashed curve -
,. = 45A, ; = 0. ~ - is the relative probability of 
localiution of radiatl on the micelle surface. 

culations of the dipole-dipole relaxation rate, which were performed by Steiner and Wu 

using the Monte-Carlo method [2] (see the figure). In the other limiting case (strong at

traction of the radical by the wall), our results reproduce the Hayashi calculations. which 
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correspond to the surface diffusion of one radical in the micelle [3). In the general case, for 

an arbitrary interaction intensity, it is shown that the attraction of the radical to the wall can 

lead to the natural effect of an apparent increase in micelle radius (see the figure). This fact 

should be taken into account in the experimental analysis of the magnetic effects in mi

celles. It is shown that if the coefficients of volume and surface diffusion are close in value, 

the rigorous analytical expression can be reduced to a sum of two terms, which have clear 

physical meaning 

The work was supported by the Russian Foundation of Fundamental Research 

(project .t-.~ 93-03-18593). 
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NON THERMAL MECHANISMS OF FRONT CHEMICAL 
. REACTIONS IN CONDENSED MA TIER 

V. V.Ivanov, L.M.Pushaeva. B.L.Rytov, E.V.Stegno, 
V.B.lvanov andV.M.Anisimov 

Semenov Institute of Chemical Physics, Ruman Academy of Sciences, 4 
Kosygin st., 117977, Moscow, Rusu 

The two different types of non stationary states of front propagation 
were considered. The first one is connected with variations of convasion 
front propagation vdocity and its form, whereas the second one appears in 
the case when ,dimension of sample is ~ or comparable with front width 
(quasi front regime (ID • It IS shown that in quasi front regimes the 
stationary propagation of experimental mark may be observed desp~te the 
essentially non stationary character of kinetia in the sample. 

The applicability of auto wave or induction modeJs is considered as a 
main principle of classification of front propagation mechanism., (2). 

New method of front radical polymerization of auto· wave type was 
proposed and studied expaimeotally (3,4). The essential feature of tbia 
method is the preaence of polymer inhibitor incompatible ~ polymer 
procluced The analytical model W8S developed based OD diffilsion-read 
diff'crmtial equation (4). · 

The conwnion wave propagation with induction nvd,anmn was 
demonstrated for radical polymerization of methyl metbaaylate in the 
sample with padient of strong inhibitor concentration (2). The gradient of 
inhibitor concentration was adjusted as a mult of preliminary ft8Ction of 
inhibitor with initiator in non homogeneous temperature field. 

It wa shown that in the case of front photo polymerization both auto 
wave and induction types of mechanisms may be realized, the latter bang 
obsc:rvable in media with constant optic:al density (S,6). ·The J.l'lttbaoism of 
auto wave type for photo polymerization (2) and the mixed· one for photo 
oxidation [8] were studied experimentally and analyz.ed theoretically. In {ij 
full conversion profiles·at different moments of time~ measured by tJV. 
spectrosoopy i,tethod and compared with theory. 
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A STUDY OF FLAME PROPAGATION IN DICHLOROSILANE-OXYGEN MIX

TURES BY MEANS OF HIGH SPEED CINEMATOGRAPHY. 

V.P.KARPOV~ V.I.CHERNVSH. N.M.RUBTSOV. S.M.TEMCHIN. 

Russia. Semenov Institute of Chemical Physics RAS, Moscow, 

117977, Kosigin street, 4; Institute of Structural Macrokine

tics RAS, Moscow regioh, 142432, p/o Chernogolovka 

The silanes oxidation reactions are widely used in inte

grated circuits processing.However, the kinetic mechanisms of 

these processes have not been revealed at present. Thus. the 

information on phenomena caused by the chain mechanism of 

silanes oxidation oxidation is quite valuable. 

In the present work, the flame propagation phenomenon 

was studied by high-speed schlieren cinematography over the 

pressure range of 20-450 torr and the initial temperature 

300K.Heated steel or quartz reactors with diameters 10 cm 

(spherical) or 4 cm(lOO cm lengthwise) respectively had 

inlets for electric power suoply and gas evacuation as well 

as optical windows. The combustible gas 

Si. SiH
2

Cl
2

CDCS) and 95% oxygen. 

mixtures contained 

It has been shown that the visible flame velocity U is 

proportional P-112 (P is the total pressure) over P range of 

15 m/s(P=60torr)-7 mis (P=400torr). U values for the mixture 

containing 5% DCS+ 2% S~ + 92,are about 40% less over this 

range of P than for the ~ne without Si .The comparison 

data for steeland quartz reactors shows that U in quartz 

decreases markedly with pressure drop at low pressures 

of u 
one 

(P<30 

torr). In this case the mass diffusivity at NTP of the active 

centers (AC) determining the flame propagation (D >0.7cm2s- 1 ) 

has been estimated on condition that the characteristic times 

of AC break process and the chemical reaction are equal on 

the flame propagation limit. 

It has been shown that the flame zone consists of two 

areas . The fore-part of the flame is the low temperature area 

with maximal density gradient: the second part is the area of 

vigorous chemiluminescence.The fore-part has a cell structure 

pointing to the marked role of mass diffusion as compar e d 

with thermal one. D value estimated on the basis of this data 
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is 2.3 cm2s-1 • D values obtained above are markedly higher 

than thermal diffusivity and close to hydrogen atoms mass 

diffusivity. An inhibitory effect of SF
6 

on U may be 

conditioned by the fast reaction H+0
2

+SF
6 

-~ H0
2 

+SF
6 

(.6H=-45 

kcal /mole} provided that HOz is not active in subsequent 

chemical conversions., It is also possible that SF6 interacts 

with charged AC revealed in our previous works, causing the 

chain break with charged particles participation being of 

significance in silanes oxidation. 

On present evidence it may be argued that the flame 

propagation in OCS-oxygen mixtures has a chain-thermal 

nature; AC with high mass diffusivity being of importance in 

this phenomenon. 

l.V.P.Karpov,N.M.Rubtsov,O.T.Ryzhkov,S.M.Temchin,V.I.Chernysh, 

V.V.Az~tyan.Proc.of Zel"ddvich memorial_. Russ.Sect.of Comb. 

Inst. Semenov Inst. of Chem.Phys. 1994.p.33. 

2 .V. V .Azatyan-,N .M.Rubtsov ,0. T .Ryzhkov, S •• M. Temchin. Pree.of 

Russ.-Japanese Seminar on Comb. Russ.Sect.of Comb.Inst. Se

menov Institute of Chem.Phys. 1993.p.41. 
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T-MATRIX REPRESENTATION AND LONG TIME BEHAVIOR OF 

OBSERVABLES IN THE THEORY OF MIGRATION-INFLUENCED 

IRREVERSIBLE REACTIONS IN LIQUID SOLUTIONS 

AAKipriyanov, AB.Doktoro~ 

Novosibirsk State University, 630090, Novosibirsk, Russia 
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• Institute of Chemical Kinetics and Combustion, SB RAS, 630090, Novosibirsk, Russia 

The theory of migration-influenced irreversible reactions upon binary el}counters of 

reactants in liquid solutions is for the first time consistently formulated in the terms 

similar to those of non-stationary scattering theory: a resolvent, free resolvent, 

T-matrix, etc. The approach developed has made it possible to construct the 

theory of irreversible chemical bimolecular reactions based on nonmodel consideration. 

Free motion of a reacting pair in the configuration space is treated as random 

walks in three-dimensional infinite space and arbitrary Markovian motion over 

internal degrees of freedom. Some general properties of the free resolvent that 

describes the motion of reactants in liquid solutions have been established. The mixing 

principle for the problem under study is stated. In the case of mixing by free 

motion, general asymptotic . properties of free resolvent describing this motion 

have been revealed at long distances and times. On the basis of the approach 

developed, the general long-time kinetic law of the attainment of steady-state values 

by the observables in bulk and geminate reactions has been deduced. As is shown, all 

literature results of long-time kinetics asymptotic studies obtained for specific 

simple models are particular cases of the general law established. Thermodynami

cally, not only the universality of their long-time dependence is important, but 

also the fact that the rate of attaining the steady-state values is completely 

determined by macroscopic quasiequilibrium observables. 
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Accumulation of energy at low-temperature radiolysis of moleadar matri-x 
· and its influence on postradiation pr()(ess. 

D. P.Kiryukhin. I. M.Barkalov, V.V.Barelko, G.A.Kichigina, S. I. Kuzina, 
A. I. Mikhailov, P.S.Mozhaev. 

Institute of Chemical Physics in Chernogolovka, Russian Academy of Sciences, 
142432 Chemogolovka, Moscow Region, Russia. 

A series of works has been carried out to study critical phenom.ena and 

autowave processes initiated by local brittle fraction of previously y-irradiated 

solid samples at 4.2-77 K. In the analysis of conversion mechanisms the radicals 

and ions forming under radiolysis were thought to be the only active centres of a 

chemical process. However, during low-temperature radiolysis the energy of 

incident radiation can be stored as potential energy of nonequilibrium phase 

states. 

Wbile _ studying the cryochemical reactions in the autowave regime 

(chl.orination of hydrocarbons, hydrobromination of olefins; polymerization and 

copolymerization) it was shown that the role of this energy in chemical 

conversion was significant. In particular, there is a considerable deviation from 

the linear dependence between the chemical activity of systems (the rate of wave 

propagation in the sample) and the concentration of active centres, accumulated 

in matrix. The rate propagation of the polymerization autowave initiated by 

local brittle fractur~ increases linearly up to doses of 1000 kGy, while linear 

accumulation of active centres stops at much smaller doses (i::sSO kGy). It is an 

evidence for accumulation of a part of the absorbed energy and using its for the 

act of chemical conversion. 

The question connected with the most effective use of energy accumulated 

during radiolysis for realising autowave cryochemical processes are examined. A 

hypothesis of the initiation in same systems of the detonation-type autowave 

mechanism (self-supporting shock wave) has been suggested. 

The absorption of 100 eV of y-ray leads to generation of 0=8,2±0,2 

paramagnetic centres trapped in solid HCN (registered by an ESR technique). It 

was found out that during radiolysis the anion radicals not giving any ESR 
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signal were stabilized as well . After photo bleaching the radiolyzed HCN at 77 K 

the concentration of the paramagnetic centres was three times higher. Therefore, 

on absorbing I00eV of the 1-ray energy 24 trapped radicals were formed in lg 

of solid HCN, i.e., about 50-SSeV in the form of trapped radicals was 

accumulated per -1 0Oe V of the absorbed energy. Thus, when irradiating the solid 

HCN with y-rays 60Co, it accumulated only as radicals up to 50-55% of the 

absorbed y-ray energy. And still the energy accumulated as ions was not taken 

into account here. Such an effective accumulation of y;.irradiation energy in the 

form of chemically active intermediates has been observed for the first time. 

Quite unusual proved to be the experimental results on optical bleaching of the 

HCN samples radiolyzed at 77 K. The action of light with wave length o( 

A.S350 nm led to a triple increase in the total amount of the paramagnetic centres 

in a sample. 

We _assume that during radiolysis of solid HCN the arising electrons are 

stabilized on the forming radicals, thus making impossible to detect them with an 

ESR technique. Optical bleaching leads to that the electrons are thrown away 

from the traps and the radicals they have been stabilized on are registered with 

an ESR technique. 

Therefore, not 8 but 24 ·paramagnetic centres are stabilized 1 g of solid HCN 

as a result of its absorbing 100 e V ofy-radiation energy at 77 K. As this system 

spends 4.0-4.5 eV to form one pair of radicals, th.en 48-54-eV are accumulated as 

stabilized radicals from each 100 eV of the absorbed energy. Thus, when 

irradiating sol1d HCN . with -y-rays 60Co, it ~ccumulated only as radicals up to 

59% of the absorbed r-radiation energy. We haven't yet known any other system 

that can so effectively accumulate the energy of y-radiation as chemically active 

intermediates. 
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Catalysis of Cooperative Processes in 
Synthesis of Oxygen from Perchlorates. 

Klyucharev V.V. 

Institute of New Chemical Problems of RAS. 

Non-isothermal 

142432. Moscow Region. Chernogolovka. Russian Federation. 

The association accompanying- the formation of compounds 
with the specific ratio of components leads to the abrupt 
change of physical properties and reactivity of liquid soluti
ons. at such proportions of compositions which approach the 
stoichiometry. At solvatation of simple inorganic salts by 
solvents with strong hydrogen bonds. there are the stable forms 
containing from 178 to ·100 and the more molecules of H

2
0, CH

3
0H 

for one dissoc-ia. ted molecule of cuso 
4

• NaCL NaClO 
4

• which can 
be detected by different methods. for example by dilatometric 
titration. Recently, similar processes were noticed in melts of 
alkali metal perchlorates: In the present report. the advent of 
singular points revealed at the decomposition of mixtures 
containing perchlorates and -0xides is compared with changing 
the reactivity of forming melts for magnesium. DTA and TGA are 
simultaneously carried out at heating rate ·10°C/min. 

It has been found [1]. despite the known evidence and 
explanations. the Cao can act as a catalyst for 0

2 
evolution 

from perchlora.tes similarly to a-metal oxides. for example NiO. 
The previous authors discussed the behavior of the Cao, which 
contained a considerable amount of chemically bounded water. In 
binary system MC10

4
-Ca0

2 
when M = Na: K. Rb, Cs. first. the 

Ca0
2 

has been decomposed. then the free water surface of the 
Cao effectively acts as a catalyst for oxygen evolving from 
perchlorate or its melts. The rate of weight-loss is changed 
abruptly at mol. ratio Ca0/MC10

4 
about O. 12-0. 16 and 0.5. 

In ternary system MC10
4

-Mg-Ca0
2 

the particular low-tempe
rature reaction arises which is lacking in any binary sub
systems. The process takes place only in mixtures. when the 
count of components is over two. As a consequence, this process 
is cooperative. 

Degre·e of Mg conversion at the cooperative stage depends 
on the relationship of the all ,three components. In system 
KClO ~Mg-Cao ·. the doping the binary mixtures by the peroxide 

4 2 ~ 
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from the molar ratio Ca0
2

/KC10
4 

= 0.05 to 0.12 increases the 
part of Mg burning at 490-520°C and decreases its part self
igniting in oxygen after 590°C. At 0.11, o. 12 M Ca0

2 
per 1 M 

KC10
4 

practically all metal burns at 490-520°C . However·. the 
dope of the Ca0

2 
from 0.13 to 0. 5 throws away the Mg to high 

temperatures. The transfer between 0. 1 and 0. 13 M Ca0
2 

vs. 1 M 
KC10

4 
agrees with singular point which had been observed in 

binary systems of the perchlorates and oxides. 
At heating the mixtures KC10

4
-Mg-Fe

2
0

3 
two processes arise 

when a~tive magnesium oxidation and fast 0
2 

evolution occur at 
_low temperatures . The additives of Fe

2
0

3 
from 0.005 to 0. 04 M 

per 1 M KC10
4 

lead to all but complete Mg burning in range 530 
-540°C. At 0.05-0.07 Fe

2
0

3 
a considerable amount of the metal 

is ignited at second stage after 590°C. When mol. ratio Fe
2
0

3
/ 

KC10
4 

runs into o. 17-0. 18 then Mg burns completely at 500-520°C 
as in the case of Ca0

2
. When the Fe

2
0

3 
more than 0. 18, the Mg 

oxidation occurs after 590°C newly. 
The data obtained in the ternary systems fit the findings 

that the shift of singular points in the binary mixtures of 
perchlorates with oxides can correlate with the content of 
oxygen atoms in mole of oxide. For example: O. 17 for Fe

2
0

3 
and 

0.5 for Cao . The result can be connected with fast transfer of 
products arising by the interaction between oxides and chlo
rates and perchlora tes within oxide. (Likewise to system 
Ca0-H

2
0). The isotopic , exchange of 018 in reacting mixtures 

KC10
4

-Ba0
2 

fits the hypothesis. In the case. at estimations of 
mechanisms of oxide and peroxide catalytic action for per
chlorate and chlorate decomposition. account must be taken of 
both the surface function and the scope for the formation of 
solutions, that is to say, homogeneous mediums between salt 
melt. products of the breakdown and catalysator. 

This work was carried out by financial backing of Soros 
International Science Foundation and Government of Russian 
Federation (Grants: N9K ooo. N9K 300) . 
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PROTON PHOTOTRANSFER AND PHOTOINDUCED 

CONFORMATIONAL PROCESSES IN N-HETEROCYCLIC COMPOUNDS 

M.I.Kiava.zlumskv. A. V.Metelitsa, N.l.Makarova, 
V.A.Kharlano11, V.A.Pichko, E.P.Olekhnovich 

Inst. of Phys. and Organic Chem..of Rostov State University, 
Stachky str. 19413, 344104 Rostov on Don, Russia 

By absortion and emission spectroscopy, photochemical methods and 
quantum-chemical calculations with use of the structural modeling method the N
heterocyclic compounds containing the exo (I) and endo (ll) cyclic H-bonded 
(0-H-N) C-N-groups have been studied. 

l'h 

Ph 

R• Ar, Aik 

I Il 

In compounds I the Excited State Intramolecular Proton Transfer (ESIPT) 
occurs due to the photoinduced Intramolecular Charge Transfer from aldehyde 
ring (A) to the exocyclic C=N-group. ESIPT is • a primary adiabatic process 

· followed by fluorescence with Anomalous Stokes Shift (ASS) and the competing 
diabatic rotations around C-C- and C-N-bonds reponsible for the colored form 
origin. 

The compound ~ with the endocyclic C-N-group does not undergo 
ESIPI in spite of H-bond in the ground state. The fluorescence (without ASS) 
and intensive phosphorescence corresponding to the longwavelength absorption 
band of the structure Il are revealed. 
The fast intersystem crossing (S 1.....,T 1) and excited state H-bond disruption due 
to .adiabatic OH-Ph ring twist, are considered as processes succesfully competing 
withESIPT. 

The work is supported by Russian Fund of Fundamental Investigations 
(RFFI, project N 94-03-09302). 
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ACTIVATION OF PROCESSES IN SOLUTION WITH NON EQUILIBRIUM 
PLASMA. 

Kolker A.M .. Maximov A.I. 

Institute of the Non-Aqueous Solutions Chemistry, RAS, /vanovo,, Russia. 

It is well known the plasma activation of the gas phase and heterogeneous processes. 

The "cold" plasma allows the treatment of the non thermal-resistant materials. It is natural to 

use the cold plasma to activate of the solution processes in the conditions of the limited 

possibilities of the thermal at:tivation. 

The investigations of this problem are not very numerous and the industrial 

applications of this method is not known for us. We have analyzed three possible versions of 

the cold plas~a-solutionsystems: 

I. The corona discharge over the solution surface. 

2. The corona discharge between the electrode in the· gas phase and the electrolyte. 

3. The discharge in the gas-vapour cavity near the electrode immersed into the 

electrolyte solution. 

We have considered the basic problems of the investigation and application of these 

plasma - solution systems. The processes of the real ion transfer between the solution and 

plasma were theoretically analyzed. The influence of the solvated ions state in the liquid and 

gas phase on the transfer process and plasma boundary conditions was taken into account. 

The active particle generation kinetic was estimated on the basis of the modern experimental 

and theoretical data concerning of the gas discharge plasma properties and plasma processes. 

It was shown by experiment the acceleration of the homogeneous and heterogeneous 

oxidation processes in solution by use of the cold plasma,. the role of the ozone generation 

and the possibility of the water cleaning using this method. 

The research described in this publication was made possible in part by Grant 

N2 RLP300 from International Science Foundation and Russian Government. 
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Ultrafast collisional relaxation of high frequency vibrations in small 

,polyatomic molecules 

·A.A. Kosterev, A. A. Makarov, A. L. Malinovsky, E. A. Ryabov 

Institute of Spectroscopy, Russian Academy of Sciences, 

142092 Moscow Region, Troitzk, Russia 

This work presents an investigation of collisional relaxation of high 

vibrational levels and the role of intermolecular interactions in this process. 

Vibrational level v =1 of v1 (C-H stretch) in CHF3 or CHF2Cl was excited by 

short (-!Ops) pulse of optical parametric oscillator (OPO). After a definite 

(variable) delay 't .a population of this level was probed by another short pulse 

().=532 nm, -5 ns duration) using spontanecrus Raman scattering. It was 

demonstrated that high dencity of nearby "dark" vibrational states 

(-1 state/cm-1) strongly influence vibrational energy transfer in collisions. 

The measured rate constants of the energy rela:tation of v =1 (vi) level were 

k(CHF3)=16.7(µsTorr)- 1 and k(CHF2Cl)=33.3(µsTorr)- 1. It means that only 0.7 and 

0.4 of gas-kinetic collision is sufficient for relaxation tbat is extraordinary fast. 

For comparison, the relaxation of C-F stretch in CHF2Cl needs -18 collisions 

(k=0.8 µs- 1Torr-1). 

To clarify the mechanism of ultrafast collisional relaxation we investigated 

this process in mixtures of CHF2Cl and CHF3 with various buffer gases. The 

obtained relaxation rates in heteromolecular collisions (see the table) for all 

collisional partners including noble gases are found much greater than regular 

rate of V-T relaxation. The process is significantly faster when a second collision 

partner is a particle with permanent dipole moment and practically mass

independ~:mt. 

The observed effect of ultrafast collisional relaxation of high-laying 

vibrational states is impossible to explain on the basis of existing theories of 

V-V' exchange. The above experiments with noble buffer gases unambiguously 

show that after a collision the energy is remained in initially excited molecule. It 
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means that the observed ultrafast relaxation is caused by energy transfer from 

excited "bright" states to nearby "dark" states. Thus the collision-induced 

intramolecular vibrational relaxation (CIVR) takes place. 

Collision Mass 

partner (reduced 

mass), a..u. 

(l)He 4 (3.8) 

(l)Kr 84 (42) 

(l)Xe 131 (52) 

(l)N2 28 (21) 

(l)SO2 64 (37) 

(l)H2S 34 (24) 

(l)CHF2Cl 86 (43) 

(2)SF6 146 (47) 

<2>CHF3 70 (35) 

0)CHF 2Cl is excited 

<2)CHF3 is excited 

Permanent Rate Probability per 

dypole moment, constant, hard-sphere 

D (µsTorr)- 1 collision 

0 2.85±0.22 0.12 

0 3.12±0.40 0.38 

0 3.5±0.25 0.37 

0 3.05±0.35 0.24 

1.61 11.35±1.15 1.03 

0.93 9.4±0.83 0.71 

1.41 33.3±7.5 2.6 

0 3.1±0.8 0.4 

1.6 16.7±3.8 1.4 

The model of ultrafast collisional V-V' exchange is proposed. It assumes that 

CIVR takes place due to intermolecular rovibrational mixing influenced by 

electric field of the second particle. The estimations are made that approuve 

such a possibility. 

REFERENCES 
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CIDNPIN PHOTOLYSIS OF COENZVMES Bi2 AND. MODEL COMPOUNDS 

A.I. Kruppa, M.B. Taraban, T.V. Leshina, E. Natarajant and C.B. Grissornt 

Institute of Chemical Kinetics and Combustion, Novosibirsk-90, 630090 RUSSIA 

teepartment of Chemistry, l)niversity of Utah, Salt Lake City, UT 84112, USA 

The photolysis of coenzyme 812 and related model compounds have been 

studied extensively by the optical methods of laser flash photolysis and continuous

wave photolysis [1], as well as by the spin chemistry techniques of CIDEP (2) and 

magnetic field effects on the rate of product formation (3). Photolysis of the 

alkylcob(lll)alamin leads to Co-C bond homolysis to produce a radical pair that 

consists of the alkyl radical and cob(ll)alamin. Probes of the reaction by optical 

spectroscopy give information on the kinetics of product fo~ion. but these results 

me ambiguous when it comes to unambiguously defining the spin state multiplicity 

of the_radical pair precursor. The electron spin state multiplicity (singlet vs. triplet) of 

the initially-formed radical pair remains controversial. In continuous-wave photolysis 

expe~nts, a decrease · in the escape product yield is seen as the applied DC 

magnetic field is increased from the geomagnetic field to 0.8 T. This suggests C-Co 

bond cleavage occurs from the excited singlet state. In contrast, analysis of CIDEP 

effects from the photolysis of aquocob(lll)aloxime suggest the triplet excited state 

may be the precursor to C-Co bond homolysis [2). Thus, the multiplicity 'of the . 

inltially-formed radical pau- remains an open question. . 

The present study is devoted to the application of a complimentary spin 

chemist,y probe, CIDNP. This experiment makes it possible to clarify the 

discr8pancy _between the CIDEP interpretations and the magnetic field effect 

studies. The photolysis of ethylCo(lll)[SALEN] in CDzCb shOws polarization effects 

for the ethyl group of the ~ng material (emission, E, for Ct½; and absorption, A, 

for ~)- This is consistent with C-Co bond cleavage occurring from the excited 

slnglet state. However, the CIDNP intensity strongly depends on the oxygen 

concentration In the reaction mixture. Deaeration of the solution by sparging it with 

argon results in a dramatic decrease in the CIDNP intensity without change in the 

CIDNP sign. Most probably, the influence of the oxygen is to quench the excited 

tJjplet state of the EtCo(lll)[SALEN]. Decreasing the oxygen concentration leads to 

-an increase in the contribution from the triplet spin state and a net decrease in the 

overall CIDNP signal due to polarization with an opposite sign. The similar results 

have been observed for benzylaquocob(lll)aloxime photolysis. 
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It is also possible to explain the discrepancy between the interpretations of 

the magnetic field effect and CIDEP · studies. Taking into acx:ount the significant 

difference in enhancement coefficients of CIDEP ~ via the radical pair 

mechanism (~ 20-50) and those of electron polarization generated by means of the 

triplet mechanism<~ 300), one might come to the conclusion that even a 15-20% 

contribution of CIDEP by the triplet mechanism may cause full annihilation °! 
electron polarization that is formed through the radical pair mechanism. At the 

same time, magnetic field effects will correspond to the prevailing reaction pathway, 

that is, photohomolysis from the singlet excited state. CIDNP methods show that C

Co bond homolysis occurs from both states; and the rate of C-Co bond cleavage 

from the singlet state is greater than the rate of ISC in the molecule (K1
...., > Kise). 

/ F l Co(lllv~ / ~ r 3[ J,(lllv ~ / 
I . ~r Co(lllv 

g a lKJeav ! K;ieav 

F '[ 
Ct-½CHa 3 Ct-½CHa 

~(11)7] •S-To• . [ / Co(ll)7] / Co(IIIV- / 

j / 
/ Co (11)/ + CH-.zCHa 

The financial support of Russian Foundation for Basic Research (grant No. 

94-03-08976), lntemational Science Foundation (grant RC7000/RC7300), and NAS 

of the USA (CAST program) is gratefully acknowledged. 
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PARAMAGNETIC SPIN-CATALYSIS 

V.V.KLKLEVAa A.V.PU\SI-KEVl0-1 

Oierkassy lngineering and Techlological Institute 

Oierkassy. 267006. Ll<raine 

Intersystem crossing is def'ined as a radia.t ionl~:;;s 

transition of' a. molecule bet111een electronic states of" dif"·fc:i-cnl 

nultiplicity. Radia.tionless transitions in be~_;::ene. a.nr·a.c~ne..: 

and other large corrplex tTClecules have received 111.J.ch a.tter,t;.c:~ 

but very l _it t le is know, either exper inen tally or theoret ica.11 y 

about transitions of' this type in mclecule:,, w-iich ·conta.in a f·t:?w 

ato,m.. 

The double bond in ethylene c.-u1 d issue ia.te into single uond 

L,y the f"ol-l owing w.iy; l,y a tran::a. it ion f'rom its singlet <.)1"u1..;ld 

be expected state to a triplet state. 

para.magnetic substances would 

It would 

cu.t.ily2e <i.bove 

Cd.ta.lysis of' sane hotTCgcncous chemical rea.ction.s 

paramagnetic mclecules has been reported. but the avai1a.Llc 

evidence is not very conclusive.In particular. f"ou.rty years ago 

Evans[~] has shoi,.n that dissolved oxygen strongly induces the 

triplet-singlet (T-S) absorption of' arorrldl~c rrolec::ule~ c1.nd 

ott;ler -u.nsc1.turated hy,drocarbons Ct.re>. This was t~ f' irst <l lr-t:?Lt 

ind ic.it ion of" spin-cat al ys is pheno,~r:ia [ 2 J: the rate of proc~s::. 

was greatly increased by the oxygen catali2ator. """1ich assist$ 

in overcoming of spin f'orbiddness. Introducing the tll\Q unpaired 

electron spins to the collision corrplex. the 3 o rrclecule 
2 

ef'fect ivel y lifted t .he sp in--forb iddness of the T 1. (-- s
0 

transi_tion inside the l..1-C moiety. because. both states in the 

convl•:X became triplets. The nat_ure of' the T1.-E--- s0 transition 

enchan_ccruent is then determined by small admixtures to the 

united triplet corrponent of ether tripl~t states of' the 

corrplex. 

Tiu,~ coll is ion · corrpl ex ·uet~en molecular oxygen and 

ethylene has been studied by conf'igu.i-.:ition interact 10n 

calculations. scanning the intermolecular distance. R, 

collision syrrmetry · • The calculation give a good explanation 
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of" the enchancement of the ethylene. T1.~ s
0

• observed by 

Evans at high oxygen pressur~. A nwii:,er of" other oxygen and 

cooperative transitions are e~lained and predicted. 

consider·ing the studied system as a general system as a general 

roodel ~or unsaturated hydrocarbon-0
2 

interaction [3]. 

Besides M'Cl() calculations have been perf"crmed f"or the 

investigation of" inf"luence the paramagnetic nDlecules <02.NO> 
on tile cis-trans-isoweri2ation reaction of" ethylene. 1he 

calculations carried auf" both f"or t~ isolated ethylene 

nolecule and f"or the catalytic collision ~o~lexes Cif4 ••• 02. 
1he potential curves shows shallow minim.un under the 

internolecular intercation ethylene with oxygen. It is would be 

the evidence of" the phenonena of" the pv-amagnetic 

spin-catalysis Il type according Minaev's classif"ication [2]. 
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POLARIZATION SPECTROSCOPY OF ATOMIC PHOTO.FRAGMENTS PRODUCED IN 

MOLECULAR PIIOTOD~IATION 

D. V.Kupriyanov; B.V.Picheyev. B.N.Sevastianov, 

and o s. Vasyutinskii 
Ioffe Institute, SlT-194021 St.-Petersburg, Russia 

"Politechnical 'Institute, SU-195251 St-Petersburg, Rus-;ia 

Polarization spectroscopy of photofragments (PSP) allows to obtain detailed infonnation on 

photodissociation dynamics [1,2] that sometimes cannot be obtained by other methods. 

We present both experime&tal and theoretical studies of polariz:d trP112 ground state and metastable 

61P112 lhalliwn atoms and ground state S2S112 rubidium atoms produced in photodissociation of TIBr and Rbl 

molecules respectively by polarized impulse laser radiation at 266 nm. 1be atomic polarization (i.e. Zeeman 

population differences) led to the dichroism of the atomic vapours that was detected by absorption of a probe 

light beam that was in resoom:e wilh the atomic trnnsitious. In order to-uicrease signal-to-noise ratio and to 

detetmiJJe the polarir.ation of different hpf 

atomic sublevels we used magnetic resonance 

technique. - Figure 1 shows a typical free 

precession signal of mean magnetic moment 

of oriented metastable TI(Ci2Pyz} pbotofiag

ments. in an external .magnetic field of 

He= 1.23 Oe [3J. The dissociation light in 

this experiment was circularly polarized. We 

studied the temporary changes of the t!Ja.llium 

orientttion (M selection) and alignment 

( I M I selection) in, various experimental 

conditions and determined orientation and 

alignment of bpf ~ic sublevels. The 

initial electron degrees of atomic orientation· 

and alignment at the moment of the laser 

pulse were also de~nnined taking into 

0.1 

0 

-0.1 

l-r-,r-,-r-r-,--r-r-,.-,-,-r-c--r-r-m-rrr-r-r-r-r,-.-

--1 0 2 3 4 5 

Time after laser shot, µs 

conside?rlon co!lision,11 depolam.ation of the produced atoms, hyperfine interactions in the atoms, optical 

thick~ of the atomic vtipours and hyperfine structure of the probe radiation. The initial degree of the 

atomic orientation and alignment just &fter the wer soot ·.rexe found to be: P.=(37 ±5)% for the Tl(ti2P1..J 

atoms: P.=(19±2)% and A.=(17±4)% for the TI(trP~ atoms. 

Theoretical in~ttt.ation of the experimental results enabled to distinguish the channels of the 

photodissoci.ation reactions under study and to determine the probabilities of radial nonadiabatic transition in the . 
decaying molecules. 

530 



PPK-42 

One of the typical experimental signals presenting tile oriented atomic 87Rb photofragments produced 

in Rbl photodissociation is shown on Figure 2. "Step" of absorption caused by appearance of the Rb atoms after 

the laser shot and responsible for population; oscillations caused by the atomic momenta precession and 

responsible for orientation. Signals l and 2 correspond to left- and right-hand polarization of dissociation beam. 

Signal 3 is a substraction of the signals 1 and 2 and shows the orientation contribution to the experimental signal. 

The atomic spins orientation was studied as a function of time and the laser pulse energy. We investigated the 

orientation of two ground state hyperfine ·sublevels of Rb atoms using two different experimental geometries [4]. 

The hyperfine momenta < F > + and < F>. 

precess in an external magnetic field Ho with the 

same frequency but in opposite directions that 

results in different contributions of two hyperfine 

orientations to the experimental signals in the 

"perpendicular" and "parallel· detection schemes. 

The determined h~rfine orientations were used 

to verify the model of Rbl photodissociation via 

the second excited state. The initial degree of 

electronic spin orientation of the Rb atoms just 

after the laser shot W$ found to be P.=(20±2)% 

that is in qualitative agreement with a simple 

model neglecting homogeneous and Coriolis-type 

nonadiabatic transitions in the decaying 

molecules, interference effects, and rotation of 

molecular axis. 

-2 0 2 4 6 8 10 12 14 

Time after laser shot, µ,s 
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TIME-RESOLVED MAGNETIC FIELD EFFECTS IN RFACTIONS OF ELECTRON 
PHOTOTRANSFER IN POLAR MEDIUM. 

R.L.Lavr1k 

Instttute of Chemtcal Kinettcs and Combustton. SB RAS, 630000, 
Novostbtrsk, Russta. 

The effect of applied external magnetic field (B) on the 
yield of the recombination products of geminate rad1cal-1on 
pairs (RIP) was discovered in 1<J76 [1,21. This was verified by 
a series of theoretical calculations [3 J reporting that the 
application of B should lead to both a double increase of the 
yield of the recombination products of singlet (S) RIP and a 
30% decrease of the yield of the recombination products of the 
triplet (T) 9nes. However, despite a great number of papers, 
until recently the theoretical magnitudes of magnetic field 
effects (MFE) were not observed experimentally. 

In this work the exc1plex system pyrene 
(Py)+N,N,dimetbylanil1ne is used 1n different polar solvents 
to demonstrate how one can experimentally obtain the 
theoretical magnitudes of MFE in the recombination products of 
T-pairs. Besides, the paper gives the reasons for which these 
magnitudes have not so far been obtained. These reasons are 
the following: 1) The absence of time-resolution; 2) the 
existence of homogeneous (not gem1nate ) pairs in the system 
[4,5J. 
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KINETICS AND MECHANISM OF DISSOCIATIVE ELECTRON 

TRANSFER IN HOMOGENEOUS AND HETEROGENEOUS REACTIONS. 

SOLVENT EFFECTS. 

Yu.A.Maletin, N.G.Strizhakova, S.G.Kozachkov, V.Y.lzotov , R.D. Cannon• 

Institute of General and Inorganic Chemistry, Acad.Sci. Ukraine, Kiev, Ukraine 

*Shoo/ of the Chemical Scienses, University of East Anglia, Norwich, UK 

Titis work has been aimed at studying the kinetic features of electron-transfer 

reactions accompanied by a chemical bond rup-ture. Solvent effect on activation 

parameters of electron transfer were also within the scope of our work. 

Th~ kinetic parameters of chlorocuprate (II) complex reduction in acetonitrile at a 

conventional glassy carbon electrode and at a Pt microelectrode were determined 

taking into account the double-layer effect. Rate constant was found to be very low, 

and free activation energy (26 kJ/mol), pre-exponential factor (30 cm/s) and transfer 

coefficient (0.31) were also determined. Their comparison with corresponding data 

on similar homogeneous reactions obtained by us previously suggests thaHhe fast 

escape of chloride ions from the inner coordination sphere, which follows the electron 

transfer step, retards the EC reaction rate. If the two steps of the reaction are 

practically inseparable, the barrier top broadens resulting in a decrease in frequency 

factor. 

Structure of the metal electrode-polar solvent interface were theoretically studied 

in the scope of a density-functional theory, and effect of the electrode potential on 

transfer coeffi-cient was determined. Dynamical solvent properties were determined 

by NMR relaxation measurements in the acetonitrile-benzene and acetonitrile-carbon 

tetrachloride binary mixtures. It was found that correlation times do not ,change 

more than 50% in the whole range of mole fraction. That is why some stochastic 

models have been considered to account for a marked solvent effect on pre

exponential-factor and activation energy. 
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CONVERSION OF SOLID INORGANIC COMPOUNDS UNDER THE 

EFFECT OF GAS PHASE CHAIN REACTIONS 

A.A.Man tashyan 

Institute of Chemical Physics of Armenian NAS 

The chemical reactions of gaseous molecular reagents with solid inorganic 
compounds require as a rule high activation _energy. Therefore, they proceed 

-a, high temperatures. 
This report represents a new approach to the realization of heterogeneous 

conversion in a gas-solid phase system. The essence is that atoms and free 
_radicals interact with different compounds rather faster than molecules, 
because they need lower activation energy. As a source of free radicals the gas 
phase chain reaction can be used. 

If active species, generated from gas phase reaction, interacting with solid 
substance lead to the formation of new active centres, which are able to 
propagate the reaction chains, then an effective conversion of solid phase 
would take place. In spite of low concentration of free radicals, formed during 
chain reaction, the rates of radical-chain conversion in gas-solid phase system 
may be higher under certain conditions. It becomes possible to realize the 
conversion at significantly lower temperatures. 

Experimental data confirm the correctness of this approach and show new 
possibilities for realization of heterogeneous chemical processes. 

The reactions of reduction of metal oxides and sulphides, transformation of 
metal oxides into chlorides, extraction of iron and other metals out of 
metallurgical slags and natural mineral raw materials, etc. have been studied. 
It has been shown that the effective reduction of iron and copper oxides under 
the effect of chain reactions of hydrogen and hydrocarbons oxidation takes 
place at T=600-800 and 400 °C respectively. The copper powder, obtained in 
this way is more resistant against further oxidation than that obtained using 
conventional methods. For molybdenum sulphide and chalcopyrite the kinetics 
of the process was studied. · Free radicals were detected in these processes and 
found to be changed during the course of the reaction, what indicates the 
formation of new radicals in heterogeneous process. 

Iron is extracted out of metallurgical slags, natural quartzites and pearlites 
as a water-Jess chloride at T=600-700 °C and removed from reaction zone by 
gas flow. Under the same conditions chalcopyrite is transformed into copper 
and iron chlorides and elemental sulphur. Titanium oxides are transformed 
into titaniun tetra-chloride without any additional reductant. 
So, a new field for gas phase chain reactions application hasbeen revealed, 

which is the scientific base for working out the new high-effective chemical 

and metallurgical processes. 
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NEW POTENTIALS FOR THE STUDY OF CONVERSION MECHANISMS AND 

REACTIVITY OF ACTIVE INTERMEDIATES 

Mikhail Ya.Mel'nikov , Vladimir I.Pergushov, Yur1i V.Razsk.azov

sk11, Marina V .Rog1nskaya, Elena N.Seropeg1na, Viktor A.Ratzig* 

Department of Chemistry, Moscow State University, Moscow, 

119899, Russia 

* Institute of Chemical Physics, Moscow, 117334, Russia 

The study of conversion mechanisms ai.,d reactivity of diffe

rent active intermediates of radical or biradical nature in or

ganic solids have been hampered by the influence of sUITOund1ng 

molecules on . the direction and efficiency of these processes. 

The fast secondary reactions which can occur in these conditions 

also make the identification of pr1mary products of these con

versions difficult. The use of the matrix isolation method 1n 

few cases gives no way of obtaining the information on _the me-

. chanisms and efficiency of bimolecular reactions or un1molecular 

ones when their products can react to one another. 

The matrix isolatiom method on silica surface activated by 

different techniques is found to be extrao:rd.1.narily useful for 

the purpose 1n hand. This method have been used 1n our work to 

study: 

i. The mechanism and efficiency of reactions of sulfur di

ox1de•with carbon-centered free radicals RS02 and ROSO adducts 

are reversibly 'formed 1n these reactions. The ROSO adducts ap

pear to be more thermochemically stable, however, the formation 

of the sulfonyl ones 1s more kinetically favorable. The equilib

rium thermodinamic parameters .are presented. 
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2. The primary products of photochemical reactions of dif

ferent types of radicals (peroxy, allyl, vinyl ones). The new 

unirnolecular photoconversion of allyl type radicals have been 

observed. For example, t~e externally conflicting data on the 

photochemistry of peroxy radicals reactions in organic solids 

were explained on the basis of these-results. 

3. The mechanism of alyciclyc and certain sulfurcontainig 

compounds reactions with paramagnetic centers on activated si

lica surface and the nature of intermediates which were produced 

under these reactions. 

4. The mechanism and efficiency of reactions of silylene 

centres (SC) on activated silica surface 1n ground ·state with 

different organic compounds. For example, SC were found to in

sert into H-S and C-S bonds. The reaction ot SC with ethylene 

oxide proceeds via ring-opening with a further cycliza t ion to 

give presumably a 5-membered surface s1ladioxolane heterocycJe. 

·rhis work was financially supported by a Russian Fun

damental Research Foundation (project 95-03-08119) and In

ternational Science Foundation (project MFV300). 
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INTRAMOLECULAR CHARGE TRANSFER 
IN PHOTOCHROMIC SPIROCYCLIC STRUCTURES 

A. V.Metelitsa. V.A.Kharlanov, M.I.Knyazhansky, 
O.A.Kozina, A. V. Vdovenko, V.A.Palchkov, V.N.Komissarov 

Inst. of Phys. and Organic Chem. of Rostov State University, 
Stachky str. 194/3, 344104 Rostov on Don, Russia 
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By experimental (absorption spectra, photochemical kinetics and X-ray 
analysis) methods and quantum chemical calculations (AM-1, CNDO/S), with 
use of the model structures,the photochromic spirans of the perimidine series (I) 
and spiropyrans~ spirooxazins (Ila, Ilb respectively) have been studied. 

RI 

R• H, CH3 

H5 C CH5 2 X R 

N 0 
I 

CH5 . 

Ila: X•CH; Ub: X•N 

RI, R2 •H, OCH:s, N(CH3)2, N02 

According to the experimental and quantum-chemical data the absorption 
spectra of I are formed by both localized and Photoinduced Charge Transfer 
(PICT) electronic transitions. 

In Ila, Ilb the lowest PICT transition is found to be localized on t~e 
chromene moiety with the electron donor and withdrawing substituents. The 
dependence of the photochromic properties and irreversible reactions on the 
PICT transition nature in I and II is discussed. 

The work is supported by · International Science Foundation and Russian 
Goverment (projects RN-6000 and RNG-300) 
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SPIN-CATALYSIS 

B.F.MINARV 

Cherkaasy Inaeneering and Technological Institute 
Cherkassy. 257006. Ukraine 

The term "spin-catalysis" denotes a large range of 

phenomena for which the overcoming of spin-forbidness in 

chemical reaction apd an increase of rate constants can be 

introduced by interaction with catalysator. The majority of 

st~ble chemical products are diamagnetic; they have a singlet 

ground state with the excited triplet state well separated in 

energy. However, in the vicinity of activated complexes. where 

chemical bonds grow weak, the singlet-triplet (S-T) energy sap 

is not large and ·can even become negative. The possibility of 

S-T transitions. must be taken into account for a large number 

of chemical reaction rates and paths. The important exmnple is 

02 reactivity. The ground trlplet state ox:ygen molecule, 
302, 

cannot react directly with diamagnetic products of oxydation 

because of spin-forbidness. This is reason for that a large 
variety of such proceases proceed ~rough radical chain 

30 react.iune. Certain sobstrat.es rea<:t :3pontaneously wi t.h 2 ir; 

the dark; they often only need to be heated. These npontaneous 
3 

reac;t.ions of 02 with compounds which an! diamagnetic and have 

redox potentials forbidding an outer electron transfer must 

find a way to circumvent the spin barrier. ·What is presently 

needed is a consistent theoretical treatment explaining why 

eome o2-substrate palrs undergo such a thermaly _ induced 

intersystem crossing and others do not. The understanding of 

these mechaniams could result in the possibility to create 

catalyzatora which can provide effective oxidizing aynthesys, 

like combustion processes. What must be considered in the 

geueral is a · paramagnetic spin-catalysis when a catalysator 

with unpaired electrons assist in S-T transition in reacting 

system through intermolecular exchange interaction. The 

spin--forbidnes8 is then lifted by supplying unpai r ed electrons 

without n1agnetic perturbations . 
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Two types of spin-catalysts exist: 1) Those of magnetic 

nature7 that le spin-orbit coupling providing catalyots and 

catalysts which work in the presence of external magnetic 

field 7 and, 2) Those of parumagnetic·cxchange type. The second 

typt.i o.f catalystn are paramagnetic; substances which supply 

their· unpaired electrons during the catalytic contact with a 

di<J.I11<1gnctic ruolocule in order to assist the S-T transitions in 

its chemical rearrangement. The first type involves will be 

studied the external heavy atom effect photochemical 

application and investigations the SOC effect in such 

processes: 1) The external heavy atom effect (EHA) on radiative 

S-T transitions; 2) The EHA affect in intersystem crossing in 

Norl'ish type 1I reactions; 3) The OOC effects in Norrish type Il 
and ~thylene 1,..;ombustlons reactiono. The second type catalysis 

will be: studit}d flH' the reactions c;is- trans ·-lsomerizations in 

~t.h:,rleHe, b-1ta(.U•..;u~ ,'u11.J hcxatr·~um--:, .i..x;uuced by collision with 

•_,2 ,:,a,l 1JQ 
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Reactions of fluorine atoms with molecules, isolated in 
solid argon at 10 - 30 K. 

E.Ya. Misochko, A.U. Goldschleger, A.V. Akimov, V.A. Benderskii. 

Institute of Chemical Physics at Chernogolovka of the Russian Academy of Sc1ence1· Chernogolovka 

1-12-132. Moscow Region. Russian Federation. Fax. - 7 095 938 21 56 

H atom abstraction and addition to C=C double bond of alkenes are the most common 

reaction mechanisms of hydrocarbons with halogens. In this paper we wish to present 

preliminary experimental findings of studying these mechanisms for reactions of 

photogenerated F atoms with CH4 and C2H4, isolated in Ar matrix. One of the most significant 

aspects of this research is that the free radical intermediates are detected directly in the 

experiments with EPR technique. This permits a detailed analysis of the overall photochemical 

mechanisms involving both photogenerated "translationally hot" and trapped thermalized 

atoms. 

The thin films of Ar/CH/F2 and Ar/C2H/F2 were deposited through separate gas inlets 

(Ar/CH4 and Ar/F2 or Ar/C2H4 and Ar/F2) onto the surface of a sapphire rod cooled to 13 K 

F atoms were generated by UV photolysis with the 3 3 7 nm output of a pulsed nitrogen laser. 

F 2 photodissociation gives translationally hot F atoms with excess energy -0. 5 e V. 

Th~re are two important channels of radical formation 

I) Hot F atoms abstract an H atom from CH4 molecule forming HF + CH3 during the 

laser photolysis period In Ar/C2H4/F2 mixtures hot F atoms add to C2H4 giving CH2F-CH2 

EPR spectra of the radicals are shown in figure . The changes of FWHM of CH3 lines are 

caused by the slow rotation of radical incompletely averaging anisotropies of g and hyperfine 

interaction tensors. The shape of the EPR lines of C2H4F is due t~ anisotropic hyperfine 

splittings on F, two inequivalent a, two ~ protons and, possibly, torsional oscillations of the 

a-CH2 group. The line broadening observed on heating the samples to 25-30 K is caused by 

incomplete averaging of the inequivalent protons as result of slow rotation about the C-C 

bond. 

Quantum yield of radicals is linear with the mole fraction of hydrocarbon molecules and below 

20 K is I Ix I 0·3 at CH/ Ar= I 0-3 and 5 x 10·3 at C2H/ Ar= I 0·3 

II) Above 20 K we observed thermally activated reactions of diffusing F atoms giving the 

same products. The duration of the dark reaction was - I 03 s at 20 K In Ar/CH4/F2 mixtures 

additional formation of CH2F radicals was detected. The radicals form in reaction of the atoms 

with CH3F formed under photolysis of CH4/F2 pairs [F2+CH4]➔[CH1F+HF]. 
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We estimated the rate constants and activation energies of atom recombination (k1 and E1) of 

reactions of F atoms with CH4 (km and Em) and with C2H4 (k01 and Eet) from growth curves 

after photolysis at 20 K and during warming the sample photolyzed at I 5 K. E1:::: I.I- 13 

kcal/mol and k1~ l 0·22 cm3s·1 at 20 K. The rate constant ~ at 20 K is 4 orders of magnitude 

smaller than that of diffusion limit and it activation energy Em"" 15-1. 8 kcal/mo) exceeds that in 

the gas phase (1 .25 kcal/mo)) The rate constant k,t is approximately 10 ti_mes smaller than k1 

but more than 2 orders of magnitude higher than ~- This difference is probably due to the 

lower activation energy for addition to the double C=C bond as compared to that of the 

hydrogen abstraction. We suppose that the ke1 is limited by steric hindrance as it was shown in 

the gas phase. 

This work was supported by the Russian Fund of Fundamental Investigations 

(Grant No. 95-03-08509), the International Science Foundation and Russian Government 

(Grant No. REM300). 
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EPR spectrum of CT-13 rooicals fonmd tmder 

photolysis of Ar/CT-I/F2 = 500:1:l samples. 
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CORRSLXfh)]\; CF KlNETl(, Nol ··EQUlv:1..LENCYOF SOI.ID STATE 

PH010CH~l\fiCAL REACTil'l\8 '.VIT::~ L,E.,1F::--.;T,\J • 0 J'f.-•.C'T!O~. :-\CT 

DIRECT l\IONITORING 

'.V1inaybv \ /.\/., Vorobiev A.Kh., C11n .. ..t1i \'S 

Chemical Department, Moscow State Universit), fv1osco·v, ! 1')89') k.•J,sia 

The most fundamental question of chemistry is how dc,es the individual 

· molecule really undergo chemical corrversion. Investigation of the elementary act of the 

chemical reaction in the solid phase is of special interest due to opportunities to 

understand the ways of influence of media on the chemical reactivity. 

Frequently observed kinetic non-equivalence of the solid-state reactions is the 

macroscopic exhibition of the influence of the local surrounding on the reactivity of 

molecules. It will be very interest to understand the mechanism of this influence on the 

scale of molecular sizes. 

The method of determination of the molecular fragment rotation in the instant of 

the elementary act of the chemical reaction was developed for this purpose [ 1]. This 

method is based on the photoselection. It allows to monitor the angle ef the rotation of 

the chromophore fragment of reacting molecule (in the instant of chemical conversion) 

in the every point of the kinetics. 

Experimentally developed method was applied to the photoisome1;:z.ation of (3' -

pyrenyl)-5,5-dimethylpyrazolidone-3-azomethine imine in glassy polystyrene. Previously 

it was found that this compound had a non-equivalent kinetics in the solid glasses [2] 

and demonstrated the successful photoselection in glassy polystyrene even ;it room 

temperature [3]. The data of UV-VIS spectroscopy were used. 

The experiments reveal the correlation of the appearing of the kinetic non

equivalence of the reaction at the temperature of 77K with the magnitude of rotational 

movements of pyrenyl fragment of the molecule in the instant of the chemical 
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COffVPrSI ')TI ( the angle of pyrenyl group's rotation is decreased from 25° at 293 K down 

to 0-8° at 77K). 

Such a corrclat(on is discussed. 

Acknowledgement. This work was made possible in part by Grant NBU300 

from International Science Foundation and Russian Government, and by Grnnt 95-03-

08505 from Russian Foundation for Fundamental Research. 
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CO Hydrogenation uri-g_er Mechanochemical Treatment 

0.S.Morc:wva, A.N. Streletskii, I.V. Berestetskaya, 

A.B.Borunova; P.Yu.Butyagin 
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A new method of CO hydrogenation to CH4 at atmospheric pressure and~ 3o0 c 
during mechanochemical activation process was elaborated following [1]. A 

flow mechanochemical reactor constructed in our laboratory was applicated 

as a catalytic one. Ni-Zr containing systems, well-known catalysts for CO 

and co2 hydrogenation, were used to realize a mechanochemical reaction: (1) 

- equimolar mixture of . Ni and Zr metallic powders; (2) - the sample (1) 

transformed to the Ni0 _5zr0 _5 amorphous alloy by a mechanochemical 

treatment on Ar atmosphere; (3) - the sample · (2) transformed to the Ni-Zr

H2_x system by a mechanochemical treatment on 1-1 2 atmosphere. 

It was found that two ways of CO c;;onversion take place at the 

mechanochemical activation of Ni-Zr containing systems in CO/H2 (1:1) flow: 

1 - CH4 formation and 2 - dissotiative - adsorption followed by carbon and 

ZrOx formation. A correlation between them depends on the nature of the 

catalyst .: CH4 is a unique gaseous product of the reaction. Nei the•r H20 nor 

co2 were detected. 

It was shown that on Ni~Zr-H2_x catalyst CH4 can be obtain from CO in the 

ab~ence, of H2 in the gas flow by utilizing an active hydrogen dissolved in 

the catalyst volume. In this case the CH4 formation rate is much higher and 

dissotiative· adsorption decreases. It was · ascertained that two separate 

prosesses of'CO hydrogenation take place. Under the reaction conditions all 

the catalysts transformed to the Me/Z~Ox/C systems with different 

morphology. 

We $Uppose that a mechanism of CO" hydrogenation under mechanochemical 

conditions is completely different compared the traditional ones. The 

experiments with a metallic nickel confirm · it: co2 and · nickel carbonyls 

were found as the ·products of reaction during mechanochemicai treatment on 

CO/H2 mixture, CH4 was absent. 
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APPLICATION OF CIDNP TECHNIQUE TO STUDY PHOTOINDUCED 

CHARGE TRANSFER REACTIONS IN THE GAS PHASE 

AAOBYNOCHNY, AG.MARYASOV, P.A.PURTOV 
· Institute of Chemical Kinetics & Combustion, Siberian Branch of the Russian Academy 
of Sciences, Novost"birsk, 630090, RUSSIA · 

Earlier [l] we have reported on the observation of the effects of chemical 
nuclear polarization (CIDNP) in the· radical-ion reaction of the gas-phase 
photooxidation of triethylamine by naphthalene. The observation of CIDNP effects on 
the samples with a polar buffer gas ( acetonitrile) has been related to the formation of 
clusters in the gas phase involving reagents and a buffer substance. 

To record NMR spectra, we used F-90 Q ("JEOL", Japan) and AM-250 
("Bruker", Germany) spectrometers. NMR spectra in photochemical reactions in the 
gas phase were experimentally observed directly in ~ spectrometer probe heads. 
Irradiaton of specimens was performed with the optical system including quartz lenses, 
mirror, light guide and automatic curtain. ·The specimen was irradiated with full light of 
DRSh-1000 mercury . lamp with temperature ranging from 330 to 450K The 
temperature was set with the accuracy of±IK. 

Experimental studies of the processes of cluster formation were performed by 
nozzle molecular beam method. The following reagents: naphtalene, triethylamine, 
acetonitrile and cyclohexane were used as test specimens. All of them were subjected 
to extra purification by routine procedures. Deuterated reagents ("Isotope", Russia) 
did not undergo further purification. 

Molecular beam method shows directly that molecular clusters may be formed 
in the system studied. . 

The collision of an excited naphthalene molecule with electron molecule-donor 
(triethylamine) can cause electron transfer to naphthalene and give rise to a radical-ion 
pair (RIP). The ions in the gas phase can become the centers of condensation. In this 
case, the polar molecules, displaY,in.g a considerable dipole i;noment, will condense 
easier. When the. molecules.in the buffer gas fill several coordination spheres, -the ions 
can be separated by some distance with the compensation oft\le energy losses of direct 
interaction by the energy of "medium" pQlarization. With reverse electron transfer, the 
stabilizing action of the Coulomb RIP interaction ceases, and the molecules, forming 
the cluster, scatter. Usually, the radical-ion pair forms in a certain spin state (singlet or 
triplet). The rl!,te of reverse electron transfer also depends on the multiplicity of the 
state of unpaired RIP electrons. The magnetic interactions (Zeeman, h.fi.) in a solvate 
separated RIP cause the changes in its spin state and, hence, affect the efficiency of 
reverse electron transfer. This effect is known to result in the formation of 
nonequilibrium populaton of nuclear spins (CIDNP) in the products of radical 
recombination [2]. 

The magnitude of polarization is determined by the mechanism of the relative 
motion of a radical-ion pair and substantially depends on the cluster size that, in turn. 
is defined by the 'pressure of buffer gas and ·its temperature. Studying the dependence 
of the effects of" spin nuclear polarization on pressure and temperature, one can get 
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informatio.a about the processes of cluster fonnation, particularly, abcut the mean sizes 
of the cluster. 
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· The Figure depicts the temperature dependence of CIDNP effects for the 

protons of triethylamine methylene groups. A characteristic dependence of the change 
of CIDNP intensity on sample temperature confirms the given cluster mociei. At the 
initial stage of heating in the gas phase, on the one hlilld, the number of clusters 
increases together with cluster size, and on the other hand, the number of active radical 
pairs also increases because the reagent concentration increases with temperature and 
the saturation of the quantum yield of radical-ion pairs has not occurred yet. In this 
case, with increasing temperature there are two competing processes, ie. the 
formation and destruction of clusters. Starting with some temperature, the second 
process becomes dominating. This leads to the decrease of cluster size (the increase of 
exchange interaction in radical-ion pair) which is sure to cause the decrease of CIDNP 
effects to zero and even the change of the CIDNP sign. 

Mechanisms of the CIDNP effect have been analyz.ed and the mathematical 
. model of the process under study has been developed. 

This work has received the financial support of the Russian Foundation of 
Fundamental Investigation (Project Code 93-03-5035). 
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A NEW PROMISING WAY TO SYNTHESIZE SUPERHARD DIAMOND-LIKE 
MATERIALS 

Victor V. Odir.~::cv, Vitaly I. Pepekin 

N ,N . Sem;;nov Institute of Chemical Physics, RAS , Moscow 

The work is devoted to a new pro1msmg way for synthesis of the superhard 
materials such as diamond, cubic boron nitride or covalent carbon nitride. TI1e way was 
developed on the base of thermodynamic computatiom of the phase diagram of carbon 
and explosion proce~s of rich-in-carbon explosive compositions. Most of the 
superhard substances are metastable under normal pressure and can be synthesized in 
volume only under very high pressures. Another problem is that to form a new phase it 
is needed rather high temperture. 

The idea of the proposed way consists in creating the thermo-dynamic conditions 
suitable for superhard material synthesis and keeping them favourable for further growth 
of crystals while products are cooling down to temperatures at which the synthesized 
crystals become metastable, i.e. frozen. 

In comparison with the known method of diamond synthesis from graphite where 
the high pressure is produced by a heavy press machine and high temperature is 
attained due to an electric discharge the new method requires only comparatively 
simple device for keeping explosion products from expanding more then it is admissible. 
As to the detonation synthesis of ultra-dispersed diamond then the submitted way allows 
to expect the higher output and larger crystals of the desirable product. 
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Flame Structure and Kinetics of Chemical Reaction 

In H2/02'Ar Flame at High Pressure. 

A.A.Paletsky, L.V.Kuibida, T.A.Bol'shova, O.P.Korobeinichev 
Institute of Chemical Kinetics and Combustion, 
Siberian Branch Russian Academy of Sciences, 

Novosibirsk, 630090, Russia 

The result of flame structure studies, i.e. spatial distribution of species, 
concentration and temperature in flames are the main source of our knowledge 
on the kinetics and mechanism of chemical reactions in flames. The approach 
based on simultaneous experimental study and modeling of flame structure is the 
most effective one for investigation of kinetics and mechanism of chemical 
reactions in flames. At present there are a lot of works on flame structure, 
kinetics and reaction mechanisms in flames at pressures ~ I atm. but there are 
practically no similar works in field of high pressures (> I atm. ), which is 
practical importance. Molecular beam mass spectrometry (MBMS) is the most 
effective, universal and reliable method of flame structure study. Nevertheless 
this method has not been used so far for the study of high pressure (> I atm.) 
flame structure. The first results on structure of Hi/O2/ Ar flame at pressure 10 
atm. have been obtained in this work by :MBMS and modeling. Hydrogen
oxygen flame was chosen as a subject of the investigations, being most simple 
and most thoroughly studied. A 10% H2+5%O2+85% Ar mixture results in a 
final temperature of ca. 1400K, temperature of burner surface being ca. 363K. 
Probing allowed to obtain distribution of H2, 0 2 and H2O concentration as well 
as of temperature, measured independently using thin thermocouple. Sampling 
was shown to be correct enough, spatial resolution comprising ca. 0. I mm. The 
flame zone width was ca. 0.7 mm, variation of the velocity gas mixture the near 
burner surface from 4.4 cm/sec up to 13.4 cm/sec resulting in change in this 
magnitude less than on 0. I mm. The similarity of profiles of water vapor 
concentration and of temperature is obtained. Calculation, carried out with 
~HEMKIN code using J.Miller's mechanism (that is a set of reactions with rate 
constants), the most reliable one among those available in literature, evidenced 
data obtained: the calculated flame reaction zone turned to be 1.5 times wide. 
Simultaneously the calculated rate of flame propagation at IO atm. ( ~9 cm/sec) 
is considerably less than the lower evaluation of experimentally measured rate of 
flame propagation (13.4 cm/sec), which is impossible in general. At the same 
time experimental data at 1 atm and calculations according to the above 
mechanism coincide. These facts suggest a direct extrapolation kinetics data 
from the low pressure field toward the high one to be unfounded and the 
reaction mechanism with rate constants to require . inspection for the high 
pressure. It should become a subject of further investigations. 

The research described in this publication was made possible in part by 
grants No.RCIO00 and No.RC1300 from International Science Foundation. 
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COORDINATION SATURATION AND DONOR-ACCEPTOR INTERACTION OF 

NEUTRAL METAL HELATES 

Petruhin O.M., Tsirelson V.G., J(ozhevatkin S.G., Shcherbakova Z.V. 

ID.Mendeleev University of Chemical Tehnology, 125047 Moscow, Miusskaya sq.9, 

Russia. 

Reactions of formation of electronic donor-acceptor complexes (EDA-complex) 

from neutral metal helates with bases play an important role in chemical technology 

and homogeneous catalysis. Formation energy is described by in terms of acid and base 

as it is taken in Lewis theory. Feature of complex formation from helate of metals 

consists in that the interaction energy is determined both by charge transfer between 

frontier complex and bases orbitals and corresponding electron density redistribution, 

and by change of energy of core orbitals of the central complex atom. Formally, this 

ph~nomena is described as deviation of Koopmansm theorem. 

The quantum-chemical analysis of interaction between metal helates and bases is 

the purpose of this work. These calculations have been done in LCAO MO SCF INDO 

approximation using s,p,d-orbitals of central belate atom in the basis set. The method is 

used appropriate for electron structure study in molecules with nonzero spin because it 

takes into account the difference in repulsion of electrons with the parallel and 

antiparallel spins. The latter is important in the case of compounds with d-eJernents. 

Geometrical parameters of both initial molecules and compound formed were taken 

from published data of X-ray structure analysis. 

Formation heats have been calculated for mix-ligand bis(acetylacetonate)nickel 

complexes with ethanol, pyridine and 4-methylpyridine [Ni(acac)i(C2H50H)2, 

Ni(acac)i(Py)i, Ni(acac)i(4-MePy)i]. Those correlate with electron-donor ability of 

basis and difference the LUMO-HOMO energies: the decrease of this energy 

accompanies by enlargment of reaction heat in the series of compounds mentwncd. 

This work is supported by Russian Found for Fundamental Studies (RFH 93-

03-4575) and Soros International Scientific Foundation (IS F MA-9000). 
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PHOTOCHEMISTRY OF UNUSUAL NICKEL COMPLEXES 

V.F.Plyusnin1
, E.P.Kuznetzova1. V.P.Grivin1. S.V.Larionov2, V.N.Kirichenko2 

1 Institute of Chemical Kinetics and Combustion, 630090, Novosibirsk, Russia 
2/nstitute of Inorganic Chemistry, 630090, Novosibirsk, Russia 

In present study the photochemical reactions of the dithiocarbamate and 

hydroxylamineoximate nickel complexes are cons~ered. The dithiocarbamate complexes 

contain an unusual valent state of the nickel ion - Ni (IV). The hydroxylamineoximate 

complexes of the Ni(II) ion contain free radicals in coordination sphere as ligands. 

The dithiocarbamate Ni(IV){dtc)3 • complexes exhibit fairly high photochemical activity 

in red region of spectrum (1.,., = 632 nm, cp ,.. 0.68) (1). After inadiation, the system retumes 

to its initial state with the same isosbestic points [2]. The result of photoreaction is the 

formation of the (dtc)Ni(tdst complex with the coordinated thiuramdisulphide (tds). 
hv 

Ni(dtc)/ ----~ [Nt•(dtc)a]* 

[Ni4.(dtc)3]* ----+ · [(dtc)2Ni3+-SC(•S)NRiJ 

[(dtc)2Ni3•-sc("S)NRi) ----- [{dtc)Nf+-{SC("S)NR2h] 

[(dtc)Nfl+-{SC("S)NR2h] ---- [(dtc)Nr•=tds] 

The reverse dark reactions are shown to be due to both the reactions of the 

disproportionat~n of the Nr• ion complex (photolysis product) and it reaction with the initial 

Ni(dtc), • complex. 

[{dtc)Nr•=tds] + [Ni°4+(dtc)3) 2 Ni(dtc)/ 

[(dtc)Nf•=tds] + [(dtc)Ni2•=tds) - 2 Ni(dtc)/ 

It is established that about . 104 cycles of photochromic transfonnations for each 

molecule cause no decrease in the initial concentration of the complex. 

We have recently synthesized a new group of compounds - Ni(II) complexes with the 

radicals whose lifetime in noncoordinated state is short (with . the derivatives of sterically 

inhibited 1,2-hydroxylamine oximes by oxidative dehydration of . Ni(II) with initial 1,2-

hydroxylamine oximes via N-H of hydroxylamine fragments). In solvents such as benzene 

hydroxylamineoximate Ni(II) complex (Ni(RNOh) is photochemically stable. However, some 

CCI,. added to benzene leads in inadiation to rapid disappearance of the initial optical 

spectrum of the complex [3]. During the photolysis 4 isosbestic points are preserved. In the 

end of the photolysis a new broad absorption band is formed with a maximum at 25000 

cm·1• The quantum yield increases with concentration of CCI,. and it shows that the primary 

photoprocess is the electron transfer from the excited state to CCI,. molecule. 
· hv • 

Ni(RNO)2 --- (Ni(RNOh) 

sso 



(Ni(RNOh). + CCL. PPK-56 

In the course of the photolysis of Ni(RNO)2 in the mixture methanol and CCl4 at n K 

the spectrum preserves also four isosbestic points. Under inadiation two new absorption 

bands appear at 27400 cm·1 and a broader one - in .vicinity of 20000 cm·1• The first is the 

band of the radical anion Cct..·. 

After a laser pulse for CCl.c solution of Ni(RNO)2 a broad absorption band appears 

also with a maximum near 20000 cm·1• The kinetic changes involve two· steps: a fast 

process taking 5 µs and a longer process taking about 200 µs. The effective rate constant 

of fast process is linear with the initial concentration of Ni(RNO)2 with zero intercept on the 

ordinate. Thus, this fast process is a reaction of the intermediate with Ni(RNO):z. The 

bimol~lar rate constant_ at ·room temperature is equal 1.3•101 M"1s·1. The radical anion 

CCl4" in methanol glasses is stable at 77 K. However, at higher temperatures, especially in 

liquid solutions, this species undergoes fast dissociation to the radical CC'3 and ion er. It is 
1 

naturally to associate the fast -kinetic process with a rection involving the radical CCb. 

CCb + Ni(RNO)2 - CCli + Ni(RNO)2 + 

It is known that the broad absorption band at 20000 ~-1 in pulse radiation-chemical 

experiments corresponds to the solvated pair (CC'3 ,cl). This species appear owing to the 

charge exchange of a positive "hole" with the radical CCI,. In our case, such a "hole" can be 

only Ni3.(RNO):z complex. i.e. CC'3 + formation can be accounted for ·by electron transfer 

back from the radical CCI, to the complex Ni3+ In primary geminate pair. 

(RNO)2Nf• ... CCl.c --- [(RNO)2Ni3· ... cr ... CC'3) 

[(RNO)2Ni3♦ ••• cr ... CCb] - [(RNO)2Ni3j + er + CCb 

[(RNO)2Ni3♦ ... cr ... CCb) - [(RNO)2Nf• .. cl"\CCl3J 

About 50% of CCb escaped into the bulk solvent. For the slow process k.11 increases linear1y 

with AD at zero intercept on the ordinata and it is a direct evidence of a kinetic process of 

the second order. Coordination of the ion er of the pair leads to the stabilization of 

(CCb ,cl) pair and to the decay only in second-order reaction (k = 1.36•1011 M"1s"1
). 

2[(RNO):zNi2♦ ... cnccb j - 2Ni(RNO)2 + 2ccI. 

The financial support of Russian Foundation for Fundamental Researches is 

greatefully acknowledged (Research Grants N 94-03-08933). 
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Photooxidation of N-acyl-1, 4-dihydropyridine 

by various quinones 
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Recently it has been shown the efficiency of the CIDNP method to 

investigate the photooxidation of NAD(P)H and its synthetic analogs - 1,4-
dihydropyridines (DHP) [ 1,2] by electr~n acceptors. According to these 

studies there are the strong dependence of the reactivity of various substituted 

DHP on the structure of substitution groups. In the present study we have 

investigated photoinitiated interaction of N-acyl-substituted DHP with 

quinones in the media of different polarity. 

The first stage of the process was identified as the excited CT complex 

fonnation. The further behaviour of the CT complex doesn't show any 

dependences on irradiation wavelength or oxygen saturation. The conclusion 

on the formation of radical-ion pairs (in polar solvent) and neutral radical 

pairs (RP) in nonpolar solvent was drown from the analysis of the CIDNP 

effects and its concentration dependences. In all cases the main product of the 

reaction is pyridine, which is formed by fragmentation of DHP cation radicals 

as well as neutral DHP radicals, with abstraction of acyl group. 

The number of polarized acyl-containing products leads us to conclude 

the formation of the neutral acyl radical from both cation- and neutral DHP 

radicals. From the ch.':tnical shifts and CIDNP concentration dependences the 
products QH-CO-CH 3 were identified as the cage recombination products, 

and Cl-CO-CH3 anct CH3-CO-CO-CH3 as the escape products for Cl-

substituted quinones used as electron acceptors. 

In the present study it has been shown that the structure of the 

paramagnetic intermediates in the photooxidation reaction of N-acyl-1,4-

DHP depends on the nature of acceptor. 
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Photochemistry of acetylenic ketones in micellar and homogeneous 
solution as studied by time-resolved PYESR and CIDNP techniques 

N.E. Polyakov1,2, V.I. Maryasova1, A.I. Kruppa1, T.V. Leshinat, 

M. Okazaki2, H. Fukaya2 

1 Institute of Chemical Kinetics & Combustion, Novosibirsk, 630090, Russia. 
2National Industrial Research Institute of Nagoya, Japan. 

The reaction mechanism for the photolysis of acetylenic kctones: 
Ph-C=C-CO-R (R = -Ph (I); -C=C-Ph (II); Ph-CH3 (III)) as well as the 

dynamic of radical pair (RP) and magnetic field effect (MFE) on the spin-adduct 

yield were studied by time resolved CIDNP and pulse-mode PYESR techniques 

I 1]. The photolysis of I-III was investigated in homogeneous solutions as well as 

S DS micelle. In hydrocarbon solutions the main process is the photoreduction of 

excited ketones. Beside that, the Norrish-1 process was observed under laser pulse 

irradiation of II. We suppose the possibility of a double quantwn processes in 

this case. The reaction scheme for the photoreduction process was determined 

by using steady state and time-resolved CIDNP as following [2]: 
K , +hv ➔ lK* ➔ 3K* (1) 

3K* + RH ➔ 3(KH· ·R) [ktt] (2) 

3(KH- ·R) ~ 1(KH· ·R) ➔ cage products [krl (3) 

3(KH· ·R) ➔ KH· ·R 

KH · ➔ escape products 

[kescl 

[kp] 

(4) 

(5) 

where K is ketone and RH is hydrogen donor. kp for pinacone formation was 

calculated from the time-resolved CID NP study. The same scheme of the reaction 

was determined from analysis of CIDNP effects for the photolysis of ketones I-III 

in SDS micellar solution. In this case the micelle molecule works as a hydrogen 

donor. The absence of the chemical polarization on the initial ketone leads us to 

conclude that the reactions of back proton transfer or proton exchange are not 

effective in this case. The latter is due to the fact that only one molecule of 

ketone is situated in one micelle. On the other hand, in this situation one can 

expect a significant magnetic effects [l].To measure the MFE on the RP 

dynamics in SDS solution the water solulible spin trap (ST) for SDS radical was 

added in the reaction system: R· + ST ➔ Spin adduct lksTJ (6) 

Strong magnetic field and microwave effects on the spin adduct yield were 

observed in the photolysis of ketones I-II in SDS micellar solution. Spin adduct 

yield increases gradually without saturation with increasing the MF up to 600 mT. 

The MFE reaches to ca. 350% for all cases. As it has been concluded in previous 

studies for benzophenone system, the "relaxation mechanism" is the main 

553 



PPK-S7a 

mechanism of MFE for the acetylenic ketones from the similarity in the shape of 

MF dependences. Magnetic field dependence of the spin adduct yield shows ESR 

spectrum of transient RP, when we irradiate the X-band MW simultaneously with 

the laser pulse. Toe shape of the experimental spectra are in good agreement with 
the calc.ulated ESR spectra of RPs composed with SDS and ketyl radicals. From 

these results and INDO calculations it was concluded that the unpaired electron 

of the latter is delocalized in both the phenyl and acetylenic groups. High spin 

density on the acetylenic group may suggest the possibility for the recombination 

reaction at both acetylenic and carbonyl groups. 

Pulse-mode PYESR method includes the observation and theoretical 

simulation of the spin adduct yield as function of the delay period between laser 

and MW pulses in a few pulse sequences. Toe result shows the time profiles of the 

growth and decay of the RP concentration. The kinetic and relaxation parameters 
(-re - rotational correlation time and HL - anisotropic hfi) for ketones I-II were 

obtained from the simulation of these results and MFE. 

Ketone kH/ s-1 kr/ s-1 kesc/ s-l ksT/M -ls-1 tc / ns HJmT 

I 106 6.5· 106 2.0·105 2.0-108 0.44 1.2 

n 107 107 2.0-105 2.0-108 0.44 1.2 

BP 3.7· 106 7-106 2.0-105 2.0-108 0.25 1.5 

To discuss the difference in reactivity on hydrogen abstraction for I and II 

(10 times) the MO calculations with geometrical optimization were made for 

triplet excited states of these ketones. According to these calculations, the p

electron density of the singly occupied orbital with lower e~ergy on the carbonyl 

oxigen nucleus are 0.44, 0.54 and 0.49. for I, II and benzophenone (BP) as a 
reference system. A considerable decrease of kH for I can be explained by the fact 

that the unpaired electron density in the excited triplet of I is rnore delocalized 
compared with II and BP. The equal ;alues of the escape rates (2· 105 s-1) for all 

ketones leads us to conclude that the main way for escape process is diffusion out 

of the SDS radical from the micelle. In conclusion we can say, that the reactivity 

of acetylenic ketones is mainly determined by ~elocalization of unpaired electrons 

and MFE is formed by relaxation mechanism. The latter fact can explain ·the 

absence of MFE in homogeneous solution. 
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photochemical transformation is dechlorination as a result of hydrolysis of 

electronically excited molecules of photochemical transformation of 2,4,5-TCP and 

PCP we have detected higly toxic compouds - polychlorinated dibenzodioxins 

(DDCD) and dibenzofurans (DDCF). 

In real conditions, in complicated and multicomponent systems such as 

natural waters and waste waters direct photolysis is accmpanied by photosensiti7.ation 

and photoinduced processes of radical oxidation of pollutants. We studied the kinetics 

of 2,4,5-tcp and pep transformation in humificated natural waters and in the 

presence of model photosensitizing agents: Bengal Rose (BR), Methylene Blue (MB) 

and Eosine (E). 

It has been found that mainly the anion form of 2,4,5-TCP is involved in the 

photosensitization reactions. Among the products of sensitized transformation of 

2,4,5-TCP, the proportion of formed DDCD and DDHP is higher than during.direct 

photolysis: 

The transformation of 2,4,5-TCP in the presence of photosen-sitizing agents 

occur.red under the action of 02 which is indicated by inhibition of the process by Oi 
traps - azide-ion and DABCO. As this takes place, along with transfer of an electron 

and accompanying formation of fre radicals and products of their recombination, 

2,4,5-TCP is dechlorinated to form 2,5-dichlorohydroquinone. It is presumed that as 

well as during direct photolysis, formation of 2,5-dichlorohydroquinone is the result of 

triplet excited molecules of 2,4,5-TCP, whereas during the hydrolysis of singlrt excited 

molecules cyclopentadienes are formed. 
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Mechanisms of Photochemical Transformations of Organochlorine Compounds 

(examplified by polychlorinated phenols). 

Purmal AP.*, Skurlatov Yu.I.*, Emestova L.S.**, Vichutinskaya E.V.*, 

Samsonov D.P.**, Rod LL*., Semenova I.V.**, Shvydky V.O.*, Pervunina R.I.** 

* Institute of Chemical Physics RAS, Moscow, Russia 

**Institute of Experimental Meteorology, SPA"Typhoon': Obninsk, Kaluga 

reg., 249020, Russia 

The work is done as part of INTAS-93-1226 project aiming at development of 

high-efficiency photocatalytic systems for mineralization of organic pollutants, in 

particular organochlorine compounds, using UV and visible radiation regions. 

As model compounds we used pentachlorophenol (PCP) and 

trichlorophenols (2,4,5-TCP and 2,4,6-TCP) and their derivatives, in particular 

2,4,5-trichloroacetic acid (2,4,5-T). The analysis of transformation products of 

chlorophenols was performed using HPLC and ·mass-spectrometry. 

The photchemicol transformation rate of chlorophenols is strongly dependent on pH 

of the medium. The acid-basic dissociation rate (pKa) for 2,4,5-TCP determined from 

spectral and kinetics data was found to be 6,7±0,2. The quantum yield of 

2,4,5,-TCP direct photolysis reaction is (6,0±0,7)10-2 and does not depend on incident 

light wavelength and pH of the medium. 

The studies of 2,4,5-TCP photochemical transformation kinetics in aerobic and 

anaerobic conditions has shown that neither the transformation rate, nor the 

composition of the direct photolysis products depend on the presence of oxygen in the 

medium. This suggests that electronically excccited states of 2,4,5-TCP do not 

interact directly with molecular oxygen. This is also indicated by the facthtat hydrogen 

peroxide was not detected in aerobic conditions. On the contrary, the substances 

effectively interacting with H2O2 in the peroxidase reaction have been found to 

accumulate. 

The analysis of 2,4,5-TCP photolysis products show that chloride ions and 

2,5,-dichlorohydroquione and dichlorocyclopentadienes accumulate in the ~stem. 

The formation of these products suggests that the primary step of 22,4,5-TCP 
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PPK-59 

This report. is devot.ed t.o t.he st.ruct.ure and react.ivit.y of' 

cyclopropyl radicals graCt.ed t.o t.he Si0
2 

surface. The 

general procedure· proposed earlier C1,2l has been used Cor 

generat.ion of' react.ive int.ermediat.es on t.he silica surface. 

1. Cyclopropyl Cree radical c-C
3

H5 capt.ured by diamagnet.ic 

cent.ers at. t.he Si0
2 

surface. 

The cyclopropyl t.ype radicals have been produced by c-C
3

H5 
radicals capt.ure by silanon CESi-0->

2
Si•O and siladioxirane 

CES1-0->
2
Si<g cent.ers at. 200 K <Scheme 1, react.ions 2 and 3, 

st.ruct.u:res I and ID. Their st.ruct.ure has been ident.iCied by 

ESR t.echnique. 

Scheme 1. 

1.CES1-0-)
3
Si0" + c-C

3
H

6 
--+ 

2.CESi-0- >
2
Si•O + c-C

3
H5 --+ 

React.ion 1 has been used Cor t.he generat.ion of' cyclopropyl 

.f'ree radicals c-C
3

H5. 
2. Phot.ocyclizat.ion oC allyl t.ype radicals t.o cyclopropyl 

radicals. 

The phot.ocyclizat.ion of' allyl radical has been r-eport.ed in 

[31 as a new way leading t.o cyclopx-opyl radical. This 

t.echnique has been used in our st.udy Cor t.he conversion of 

radicals III, 

respect.i vely 

IV 

<see 

and V 

Scheme 

int.o 

2). 

radicals I, II and VI 

The est.imat.ed act.ivat.ion 

energies :f'or t.he reverse t.hermal isomerizat.ion of' t.he 

cyclopropyl radicals int.o t.he ally! radicals are 19, 16 and 

20.5 kcal/mol :f'or I, II and VI respect.ively wit.h A • 10
13

:s: -~ 
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Scheme 2. 

OH 
III ~ >St<OH ZH' >Si <cH.:..:.cH.:. .:.cH 

2 +-r CH< H 
2 

OH IV ~ >St<~~CH<CH' II >Si <o-cu.:..:.c11.:..:.cH 
2 +-r CH.., 

i;, 

ESiOCH2-cH.:..:.cH.:..:.cH2 V ~ ESiOCH2 -CH<~=• VI ~ 2 

Quant.um chemical calculat.ions have been used f"or analysis 

of' phot.ocyclizat.ion mechanisms of" c-C
3

H~ and f"or t.hermal 

tsomerlzat.ton of" c
3

H
4
x; where X • H, F, OH, CH

3
, StH

3
. The 

--HF'S const.ant,.s ha\i'e been also assigned. The result.s obt.ained 

ar,e in ar;reement. wi t.h experiment.al dat.a. 

3. Cyclopropyl radicals react.lo.ns wlt.h o
2 

and CO. 

Cyclopropyl radicals I, II and VI react. wlt.h Q
2 

and CO even 

at. 77 K. The st.ruct.ure of" t.he product.s VII and VIII f"or t.he 

radical I as t.he st.art.in,; react.ant. ls elven on t.he Scheme 3. 

hV 
>S1<._0B -

ca.:..:.cH.:..:.cH
2 

t >295K 

-co 

Scheme 3. 

Product.s 

Acyl radical VII t.ransf'orms quant.it.at.ively under heat.int; t.o 

t.he lnit.ial allyl radical III t.hrough t.he cyclic radical VIII. 

This project. ls support.ed by Rus~ian Fundament.al Research 

Foundat.lon <crant. No . 94-03-09137) and Int.ernat.ional Science 

Foundat.ion <grant. MK9-000). 
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The kinetics of the chemical proccuc:s in the microemulsions and micellac solutions is Till'Y 

complex:. even for the simplest bimolcculac reaction. In analyzing reaction kinetics in these 

systems one hu to take into account two effects. One is that the diffusions space of r~ts is 

restricted and the other c:ff'ect ii that the reactants are nonuniformly distributed among the 

micelles. Reactants migrate between micelles and its number in each micelles fluctuates [J]. One 

oft.he feasible a.ample is the prep~on of the semiconductor colloidal nanoparticles using the. 

ion exchange reactions in water-in-oil microemulsions [2]. But only one case is known wf1en the 

microcmulsiona kinetic problem is aolved Gaetly. Thia ii the case when one of:hc rcactam:s is 

present in largo a.caa. Ono of the best suited procca for investigation and modeling of · 

kinetics problem is the flaoresc:cm.co quenching in micellar and microcmulaion asscmblia [31. On 

the other hand the flaorescence quanc:hina in micelles is a valuable tool to mouun miccllar lize 

a -will as the dynamic properties of the aggregates and of the solubilizcd species. 

, This report submi11 the results . of mathematical modeling of the exchange dynamic of 

solabilizcd, molecul• in microcmulsio.m. considers the fluoresccmce sclf-qocnching kinetics ia 

micc11ar solutions.. The cft"ect of distribution statistic of solubilized molecules on reactfon 
J 

. kinetics is ctiacuSlcd. The jroblem of calc-illation the microemulsion particle diatribution 

function for solubiliud molecules with consideration of limited solubilization and intcra.ction of 

aolubilized molecules is examined based on methods of statistical physics. The condition for 

significant distortion of the distribution function and the occurrence of critical phenomenon in 

the molecul~> solubilizati.on was fo11J1d. Some new reaults concerning with formation 

nanometer-sized Agl clumers within nwcrse micelles are submitted. .Agglomeration occurs 

diac:ontinuoualy. snuatina a •magic number• of molecules to be included within the developing 

cluster. 

Th.ii work was aupportcd by the Russian Foundation for Scientific Research (Project Code 

N 93-03-09-89a). 
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FEATURES OF LOW TEMPERATURE Si02 THIN FILM DEPOSITION IN 

BRANCHED CHAIN PROCESSES OF SILANE AND DICHLOROSILANE 

OXIDATION AT LOW PRESSURES 

RUBTS0V N.M.,TEMCHIN S.M.,RATN0V A.G.,DEMENTYEV A.P. 

Russia,Institute of Structural Macrokinetics RAS,142432,Mos

cow regi~n, p/o Chernogolovka. 

This paper describes a number of investigations in an 

original field of SHS -self-propagating low temperature 

synthesis(SLS).SLS processes are the gaseous branching chain 

combustion processes leading to solid products being of 

practical value, in particular,to thin films,being widely 

~sed in integrated circuits (IC) processing.The lowering of 

thin ~ilm deposition temperature is of importance in IC on 

the basis of matherials with high mobility of charge carriers 

(A3s 5 ,A2B6 ) and high temperature superconductors. Moreover, 

these materials change composition under heating with marked 

decrease in mobility of charge carriers. 

A number of low temperatu~e deposition methods in 

different regimes of silanes oxidation conditioned by the 

branching chain nature of these processes namely by th~ 

existence of ultimate phenomena in self-ignition and flame 

~ropagation has been worked out in present paper.This paper 

describes the deposition methods: a)in self-ignition area at 

the low limit (400Kl ; b) in the flame propagation area at 

the low limit of non-thermal flame propagation (373K) c) 

beyond the flame propagation area with decaying flames being 

=used(300K).The experiments have been carried out over the 

temperature range 300-400 Kand the pressure range 0.5-2.3 

torr.The gas mixtures contained 10-S0'l. of fuel (silane or 

dichlorosilane) with □2 .T~e new designs of hot wall and cold 

wall deposition reactors have been developed. The techniques 

scope for one- and multisubstrate Si□2 deposition.The film 

properties and co_mposi tion have been determined by means of 

X-ray photoelectron spectroscopy (XPS), Auger electron 

spectroscopy (AES), and IR spectroscopy. _XP and AE spectra 

have been recorded using LAS-2000-RIBER apparatus with the 

base pressure 2.10-lO torr. The XP spectra have been exited 

using an unmonochromated MgK
0 

X-ray source. Argon ions 
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accelerated up to 3.5 KeV have been used in profile 

analysis.The IR spectra have been measured on the two beam IR 

grating spectrophotometer SHIMADZU-IR-435,purified silicon 

wafers being used for compensation. 

It has been shown by means of XPS and AES that the 

composition of SiO2 films obtained in all aforementioned 

conditions is near stoichiometry; the deposition proceeds 

uniformly and homogeniously over the substrate surface and 

the film thickness. The chlorine content in films is 

negligible: It means that the chlorine atoms take part only 

in gaseous elementary reactions. 

It has been also shown by means of AES and IR spectro

~hotometry that the films depo-ited in the process · of 

dichlorosilane qxidation contain low concentrations of 

hydrogen ~toms and hydroxyl groups being compared with 

commercial SiO
2 

films deposited by LPCVD at 700 K. 

Moreover.the concentration~_of hydrogen (Si-H) and hydroxyl 

groups (Si-OH) being undesirable in IC processing are 

markedly lower than those measured in ~ilms obtained in our 

conditions by all methods developed 1n the present work for 

silane ~xidation. It means that the dichlorosilane 

is quite promising in low temperature thin film 

oxidation 

deposition. 

The results obtained are in accordance with our previous data 

(1,2). 

Therefore, the original 

developed in present work. The use 

SLS methods have 

of dichlorosilane 

Si-H and Si-OH 

been 

as a 

groups fuel offers the marked increase in 

concentrations. The films obtained at low temperatures are 

homogeneous and uniform. 

1. V.V.Azatyan,N.M.Rubtsov,O.T.Ryzhkov,S.M.Temchin.Proc.of , 

Rus.-Japanese seminar on Comb. The Rus.Sect.of Comb. 

Institute. 1993. Chernogolovka, Moscow region. p.41. 

2. S.S.Nagorny,N.M.Rubtsov,S.M.Temchin, V.V.Azatyan. Proc. 

of Zel'dovich Memorial. Int.Conf.on Comb. Rus.Sect.of 

Comb.Inst., Semenov Inst.of Chem.Phys. 1994. Moscow. p.54. 
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PECULIARITIES OF REACTIONS IN LOW TEMPERATURE 
ORGANIC FILMS 

G.B. Serqeev M.Yu.Efremov 
Moscow State University, 119899 Moscow, Russia 

Codeposition of organic and inorganic substances on different surfaces in the 
temperature region of I 0-80 K is widely used in matrix isolation and preparative 
cryochemistry. The thickness of the films obtained by codeposition is usually limited 
by values suitable for spectroscopic investigations. But it was shown that the 
thickness of the low temperature films influences on the processes occurring in these 
films resulting in the critical phenomena in cocondensates. 

The films thus obtained are thermodynamically· non equilibrium, mechanically 
stressed, and possess some redundant energy. Interaction of chemical particles in low 
tem~rature films responsible for critical phenomena is influenced by their kinetical, 
energetical, and thermodynamical inequivalence. 

Critical phenomena in low temperature organized films are discussed on the 
following examples: halogenation and hydrohalogenation of olefins, interaction of 
magnesium with halogenalkanes and reaction of acetylchloride with diethylamine. 

Interaction of halogens and · hydrohalogens at low temperature in the films is 
taking place through formation of weak donor-acceptor complexes. As it was shown 
by IR spectroscopy data, this complex formation depends on the codeposition rate; 
and could be as high as 100% by yield or completely absent. The chemical reaction 
takes place only in the first case. 

Upon codeposition the films destruction is exhibited for the systems Mg -
phenylhalides and Mg - 1,2-dichloroethane. The reaction is effected by film thickness 
upon equal experimental ~onditions. Some explosion reaction were observed in the 

. acetylchloride - diethylamine cocondensates. 
The mechanical stresses arising in the growing film were detected for all 

systems mentioned above. A connection was found between mechanical stresses and 
critical thickness of the film. The new model describing the evolution of growing films 
and arising the specific effects was proposed. It was suggested that the formation of 
the films proceeds in three stages. At first stage the structure typical for volume 
samples is forming in growing film. When passing through the second stage the 
plastic deformation of the film takes place. Under this condition the molecular 
mobility increases in the growing film. This ,can stimulate fast reaction and in some 
cases -explosive processes. At third stage the fragile <iestructio11 of the sample by 
mechanical stresses could take place resulting in the explosive process either. 

1. G.Sergeev. Mol. Cryst. Liq. Cryst. 211 (1992) 39 
2. G.Sergeev, V.Solov'ev. Proc. Int. Conf. Low Temp. Chem. (19~4) 148 
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SIZE EFFECTS IN REACTION OF SOLID ORGANIC COMPOUNDS 
WITH METAL CLUSTERS. 

G.B.Sergeev, V. V.Za~orskii 
Department of Chemistry, Moscow State University, 119899, Moscow, Russia. 

Although physical properties of metallic particles of size more than IOOA have 
been studied including influence of cluster size on the melting temperature, optical, 
electric, magnetic properties, the nanometer-scale particles are not examined 
properly. The use of low temperature techniques allows one to solve the problem. 
High reactivity of these particles preventing studies of their chemical reactions. 
Investigations were been carried out on the systems obtain~d by codeposition of 
metal vapours and organic substances on the surfaces cooled to 77 K Cocondensates 
were prepared in special reactors as films of different thickness ready for 
spectroscopic investigations. The temperature of surface was varied from 77 to 1 lOK. 
The codeposition rates were I014-l016mol/s·cm2. The ratio metal to organic ligand 
was varied from 1:1 to 1:1000. 

The samples thus obtained are not thermodynamically stable possess some 
redundant energy and show high reactivity. The energy accumulated in the systems 
depends on the cluster size and film thickness. As a rule, the reactivity of metal 
particles increases, with decrease of particle size. Therefore, the particle size may be 
considered as an analogue of temperature influence in thermodynamic aspects. The 
models are analysed w!!,ich relate chemical interaction of organic substance with 
nanoclusters in solid films of different thickness to re-action heat or structure non
equilibrity observed in mechanical stresses. 

Examples of chemical transformations in the following systems have been 
considered: magnesium- alkylhalides (l,2-C2H4Cl2, C5H5Br, C5H5I), co-condensates of 
samarium with alkanes and cyclo-alkanes in the hydrogenation reactions of olefins, 
reactions of atoms and clusters of Na, Mg, Sm, Yb with acetone. Reactivity and 
product yield of clusters and bulk metals have been compared. 

The explosion interaction of magnesium with 1,2-dichloroethane· has been 
analysed in detail. It has been shown that this process depends on the temperature of 
support, film thickness, film formation condition, external effects. We demonstrate, 
that increase of the temperature of surface results in decrease of the reaction 
probability, while increase the codeposition rate results in the spontaneous reaction. 
Spontaneous explosion reactions in the growing solid films of co-condensates may be 

considered as process of brittle destruction of the formed film. 
Acknowledgements. 
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MECHANISMS OF PHOTOCHEMICAL REACTIONS OF RADICAL CATIONS IN 

ORGANIC SOLIDS 

Elena N.Seropeg1na, Sergei I.Belopushk.1n, V.N.Belevski1, 

Mikhail Ya.Mel'n1kov 

Department or Chemistry, Moscow State University, Mo~cow, 

119899, Russia 

Radical cations are lmown to be the essential intermedia

tes and in many cases the main ones def1n1ng the proceeding o! 

various chemical processes in solids~ 

The new quantitative data of electronic spectra and the 

ma1n mechanisms or photochemical reactions of radical cations of 

different tYPes fonned under ·action or ion1Z1ng radiation on 

freezing solutions of corresponding organic compounds (esters, 

amides, tetramethylurea, aldehydes, ketones, carbon acids) in 

!reones (QF2ClCPCl2, CF2BrCF2Br, CFC13) arid !reones m1x~ure at 

77 K were obtained .in this work. The photochemistry or interme

diates, produced 1n irradiated pure !reones and their mixture 

were studied. The nature or 1ntenned.1ates and quantum yields or 

their photoconversio~ were determined. 

Radical cations or organic compounds have been round to in

volve 1n different tYPeS of chemical reactions under action or 

light (the electronic spectra of the majority of radical cations 

being studied lie in visible or nearest UV-region): 

1. Photost1mulated 1ntramolecular hydrogen atoms transrer 

(it 1s observed !or radical cations of tetramethylurea) 
+ + • 

(Me2N)2CO "~ Me2NC(OH)N(Me)CH2 

2. Photost1mulated neutral1Zation (it is observed for radi-
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cal cations of esters, amides, aldebydes, ketones being insula-

ted 1n matrix of CFC13). 

RH+· => ( RH+ • ) * 

CFC13" + CFCl3•(Cl-) => 

RH+ CFCls· 

CFC13 + CFC13 (Cl") 

3. Photodissociation or radical cations (1t is eXhibited 

!or radical cations of linear, cyclic and substituted acetales) 

·(Ke0)2CH2" .. CH30CH3 + CH20+. 

4. Photost1mulated ion-molecular reactions (they are seen 

tor d1meric radical cations or ketones, carbon acids) 

( Me2CO ... Me2co1+- => CH2COCH3 + Me2COH+ 

The data on quantum yields or radical cations photoconver

sions in various types of reactions at 77 K were obtained 1n the 

!re?nes mixture: CFC13/CF2BrcF2Br. The possible reasons for dif

ferent directions or processes with participation o! electroni

cally excited radical cations were disc~sed. 

This work was !1.nancially supported by a Russian Foundation 

!or Basic Research (projects 95-Q3-Q8110). 
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DIMERIZATION OF SOME LIQUID CRYSTALLINE 
4,4'-ALKYLCYANOPHENYL DERIVATIVES IN SOLID PHASE 

AND INERT MATRICES 

T.J.Shabatina. T. V.Khasanova, Yu .N.Morosov, G.B.Sergeev 
Department of Chemistry, Moscow State University, 119899 Moscow Russia. FAX: 

(095) 939-0283, E-mail: <gbs@cryo.chem.msu.su> 

Molecular association of liquid crystalline 4,4'-pentyl-cyanobiphenyl (5CB), l-p

cyanophenyl-4-pentylcyclohexane (SCH), 2-p-cyanophenyl-5-pentyl-pyridine (5Py) has 

been studied in bulk, solutions and inert matrices at 77-330 K by low temperature 

reflection IR-spectroscopy and isothermal Calve calorimetric method. 

IR-study of thermal behaviour of monomeric liquid crystalline films obtained by 

condensation of molecular beam on cooled copper surface showed that at 270-290 K 
the effective process of inner dimers formation took place in solid phase. This 

transformation was accompanied by CN-stretch band shift to lower frequencies [1]. 

The effect was confirmed by computer modelling of theoretical IR spectra of dimer 

and monomer forms of 5CB and it's derivatives. The spectroscopic data for bulk 

monomeric liquid crystals are the same as for high diluted solutions of liquid crystals 

in nonane and pentane . More precise data were obtained by matrix isolation 

technique for IR spectroscopy of liquid crystals monomers and dimers in argon matrix 

(LC:Ar=l:2500 and 1:10) at 5-10 K. The computer treatment of experimental spectra 

for bulk liquid crystals at different temperatures allowed us to obtain the values of 

dimerisation enthalpy DH=19±5 (5CB), 3±1 (SCH), 12±5 (5Py) kJ/mol. 

Kinetics of the dimerization process in liquid crystalline mesophase has been 

studied by Calve calorimetric method. Using temperature jump method allowed us to 

obtain the dimers concentration higher than equilibrium value at experimental 

temperature. The analysis of experimental data in assumption of simple kinetic 

scheme of the dimerization process: 2MBD allowed us to obtain the kinetic 

parameters. In the case of 5CB at 298K k1=3•I0·4 s·1, k2=2,3.I0·3(s.M)·1; at 293.5K 

k1=2.4.I0·4 s·1, k2=1.9.I0·3(s.M)·1; at 276K k1=1.3.to·4s·1, k2=I.7.J0·3(s•M)·1. So ·the 

characteristic time of dimerization process is about 300s and is significantly (100-

1000 times) more than specific time of diffusion processes in studied liquid crystals. 

1. T.I.Shabatina, T.V.Khasanova, G.B.Sergeev. 

Vestnik Moskovskogo Universiteta. 1995. N 4 - In Press. 
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R~arrangement and ion-molecular reactions of c5H;· related 

radical cations as studied by ESR in frozen freonic matrices 

and spin trapping technique in liquid hydrocarbon. 

I.Ju.Shchapin, S.I.Belopushkin, V.N.Belevskii 

Department of Chemistry, MSU, Moscow, Russia 1 119899 
In the present study we have examined the thermal reaction 

of the related c5H;· radical cations (vinylcyclopropane, 1,3-

and 1,4-pentadiene, cyclopentene), which of structures possess 

the most stability in gaseous phase. R.C. generated in X-rays 

irradiated at 77 K of substrate solution in freons CFC1 3 and 

CF 2ClCFC1 2 (F-113) were investigated by ESR in the range of 77-

160 K. Neutral radicals were trapped in liquid hydrocarbons at 

295 K by 2,4,6-tertbutylnitrosobenzene (BNB) as a spin trap. 

1. VINYLCYCLOPROPANE radical cations (VCP+"). Gauche and anti

VCP+. were found to be the primary R.C.and these were rearran

ged at 105-110 K (the range for the phase transition in F-li3 

matrix) with ring-opening to different distonic R.C. posse~sed 

the different electronic and geometric structures: dist(90,0)

c5tt;· and dist(0,90)-c5tt;·, respectively. The "solid, liquid 

and gas phase" cqnditions were modelled by variation of freon 

matrix, temperature and substrate concentrations. Allylic radi 

cals were formed after heating to 115-130 K. In liquid VCP X

irradiated at 293 K using BNB as a spin trap 5 different radi

cal atlducts with primary alkyl (CH2ctt 2R), sec-alkyl, tert-al

kyl and allylic radical as the products of rearrangement and 

ion-molecules reactions were recorded. 

2. 1,3-PENTADIENE R.C. is instable in CFC1 3 at 77 Kand rear

range into the R.C. of cyclopentene (a(4H) = 50,2 G, a(4H) = 

8,6 G). Essentiely the same spectra were recorded for X~irradi 

ated 0,5-2% mol. cyclopentene solution in CFC1 3 . This rearran

gement is due to a loose and symmetric cavities in frozen poly 

crystal freons. In glassy F-113 matrix the rearrangement does 

not happen. The a-dimeri~ation of 1,3- and 1 , 4-pentadiene R.C. 

and H-atom transfer from neutral molecules to R.C. proceed 

concurrently in glassy F-113 matrix upon the phase transition 

(110 K). The isolated R.C. of 1,3-pentadiene (septet a(6H) = 

16 G) transform at 110 K into multiplet 4x2x3x3 a(3H=l5,8 G 

a(lH) = 21 G, a(2H) = 11,0 G, a(2H) = 3,5 G from allylic radi

cal (pentadienyl radical is recorded as a small dopant). In 
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concentrated 1,3-diene solution in F-113 it were also recorded 

the lines fro~ cyclic allylic radical as a final product of 

1,3-pentadiene R.C. isomerization into cyclopentene R.C. In X

irradiated 1,4-pentadiene (0,1-16%) in CFC1 3 the quintet of 

1,4- pentadiene R.C is recorded in the range of 100-160 K 

. (a(4H) = 11 G), which must correspond in planar structure. In 

F-113 glassy matrix 1,4-pentadien R.C. transform at 115 K into 

pentadienyl radical (a(5H) = 9,0 G) but at 125 K pentyl-2-en-4 

radicals CH3-cH-CH2-cH=CH2 were recorded as products of ion

molecular reaction (a(2H~) = 5,9 G, a(lH~) = 39 G, a(lHa) = 

19,5 G, a(2H~) = 29 G). In X-irradiated liquid solution of BNB 

in 1,3- and 1,4-pentadiene only two radical adduct were recor

ded: multiplet 3x2x3 (aN = 13,6 G, a;(lH) = 21,2 G, a:(2H) = 

0,9 G (1) from trapped sec-alkyl , radical -CH- type, and multi 

plet 3x3x3 (aN = 13,7 G, a~(2H) = 17,0 G, am(2H) = 0,9 G ) (2) 

from trapped allylic radical. Yield ratio of adducts (1):(2) 

varies from 10:1 in the case of 1,3-pentadiene R.C. to 1:1 in 

the case of 1,4-pentadiene. This sharp distinction is the re

sult of two concurrent processes: o-dimerization of diene R.C. 

and ion-molecular reaction of H-atom transfer. o-dimerization 

in the case of 1,4-pentadiene R.C. is unlikely, since product 

of dimerization CH 2=CH-CH2-cH-CH 2-cH2-CH-CH 2-cH=CH 2 have ins

tabilized cationic and radical centers, whereas in the case 

of 1,3-pentadiene R.C. cationic and radical centers were sta 

bilized by allylic system: CH3-CH=CH-CH-CH2-ctt2-CH-C~=CH-CH3 . 

Therefore in the case of 1,4-pentadiene R.C. CH2=cH-CH-CH=CH2 
pentadienyl radical will most likely formed as a result of 

ff-atom transfer from diene to R.C. Spin density is about the 

same in the center and at the ends of pentadienyl radical. 

3. R.C. of cyclopentene (C.P.) in F-113 matrix at 110 K tran

sform into cyclic allylic 1adical a(4H415 ) = 29,2 G, a(2H 1 , 3 ) 

= 14,2 G, a(1H?)=3,1 G as a result of deprotonation from 

highest spin d;nsity sites (a4"= 50 G) in R.C. In concentra

ted C,P. solution in CFC1 3cyclopentadienyl radical is formed. 

In dilute solution C.P. in F~113 (0,02 % mol) distonic R.C. 

dist(0!90)-c5H8+. with ring opening is recorded. Adduct BNB 

with CH2cH2R radical were recorded in X-irradiated liquid 

cyclopentene as a result of ring opening and formation of 

distonic CH 2ctt 2R radicals . 

. Support: International Science Foundation, Grant~ NBBOOO 
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FEATURES OF COPPER PHTHALOCYANINE SYNTHESIS OCCURRING IN 

THE PRESENCE OF ULTRAFINE POWDERS 

E.E. Sirotlcina, A.P. Ilyin, T.A. Feduschak 

Institute of Petroleum Chemistry,Russian Academy of Sciences, Tomsk, Russia 

The search for ways of copper phthalocyanine (Cu Pc) synthesis occurring under 

milder conditions is an actual problem. For this purpose we used ultrafine copper 

powders (UFP) obtained by the electric explosion of a conductor in argon, l -amino-

3-imino-isoin dolenin (All) and solvents. 

In the presence of UFP the synthesis of Cu Pc was found to proceed even at 

the room temperature. And if the specific surface of the powder (Ssp) was in the range 

of 16-18 m2/g the reaction ran 8-10 days and if Ssp was about 70 m2/g it ran only 3-5 

hours. The reaction was accompanied by the change of suspension colour from 

yellow-brown to blue-green and blue. 

In some time after component mixing an additional EPR signal appears and 

gro~ at a wide sigment signal (spectrometer EPR-20, T=77K). It has a superfine 

structure (SFS). The presence of ten components in SFS is connected with the 

location of unpaired electron at a nitrogen atom. A probable intermediate represents 

an ion-radical of a linear structure, one end of which contains cu+, while the other 

- an unpaired electron at a nitrogen atom. All and cu+ ion are known to form a 

brown intermediate of a linear structure, which contains 6-8 monomer chains. Further 

oxidation of eu+ . to Cu2+, cal;JSCS the change of electron configuration from 

4S2Jdl0 to 4S2Jd9 with a corresponding coordination ch;inge of isoindoline 

fragments. This is a templant mechanism of the synthesis. 

The formation of a linear intermediate of brown colour is to our mind a limiting 

stage in the process. The decrease in activation energy of its formation is achieved due 

to UFP activity. The formation of Cu Pc in the presence of UFP (Ssp is about 

70 m2/g) gives a pigment of a special crystal structure. 

The synthesis of Cu Pc proved the ultrafine powders obtained by the electric 

explosion to be promising agents in organic synthesis especially for the products 

obtained under strict conditions. 
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MECHANISM OF OXIDATIVE POLIMEIUZATION HEAVY PETR.OLEVM 

SYSTEMS INHIBITED 

N.V. Sizova ,AA. Velikov ,F.G. Unger 

Institute of Petroleum Chemistry, Russian Academy of Sciences, Tomsk, Russia 

Various heteroatomic structures present in petroleums and petroleum products 

provide the inhibition of radical reaction by diverse mechanisms. Numeruos studies 

prove the presense of inhibitors - antioxidans by testing on the model reaction of 

cumene oxidation.Since the oxygen present in the monomer in the form of solution is 

actively involved in the inhibition process the determination of · inhibitors 

interrupting the chain reactions by interaction with alkyl radical becomes difficult. 

The reactive microcalorimetry permitted to study heavy petroleum systems as 

concerns the presence of inhibitors -antioxidants and the presense of inht'bitor.:.alkyl 

radical acceptors using unique experimental procedure . The studies . have 

demonstratied that the quantity of inhibitors interacting with the alkyl radicals in 

petroleum systems is.insignificant. 

On the base of the theory of polymemation of vinyl monomers in presence of 

antioxidants and oxygen we have developed the calorimetric proscdure of complex 

petroleum mixtures testing for inhibiting activity. · The reaction of styrene 

polymerization in presense of oxygen and in vacuum was the model reaction. It has 

been demonstrated that the petroleum systems are , the active inht'bitors only in the 

presence of oxygen, in appears that the petroleum structures having phenol and amino 

groups in their composition are responsible for the inhibition. Therefore,the proposed 

method allows to testify ingibiting activity of the complex ·mixtures and calculate the 

constants of elementary inhibition acts speed. 
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FREE RADICAL IIECHANISII OP PHOT0MU~IOH OP 
TRIE'ffLAIIIHE AND HALOmBEHZElfl VAPOURS. 

Slru.bnevskaya G.I •• Dubtsov S.N. and Dul'tsev E.N. 
Institute o! Chemical Kinetics and Combustion SB RAN. 

Novosibirsk 630090. Russia 
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Physical aspects or nucleation has been described in 
details since pioneering Wilson investigation. Kinetics 
and chemical mechanisms or UV 11gb.t induced aerosol tor
mat1on are still poorly studied experimentally and 111 
interpreted theoretically. These processes may be important 
in the atmosphere and during photosmog. 

The main goal ot this 1nvest1gation 1s to tind the pho
tochemical aerosol tormation mder near- UV 1rrad.1.at1on or 
some organic molecules and to study the chemical ld?etics 
o! products !ormation and chemical stages o! this process. 

The experimental set-up ror investigation o! photochemi
cally induced aerosol rormation includes automated aerosol 
spectrometer C 1 1 • now system or reagents vapours in the 
gas carrier and Hg light eou:19ce. · It permits to investiga
te · k1net1cs _o! growth or particles the range rrom 100 to 

- 10000000 1 /cc and s-1ze d1str1but1on or particles range 
!rom 2.5 to 200 run. 

The gas phase photolysis or halo1d.benzenes (PhHal; Hal= 
Cl,Br ,I) has been studied and the !ormat1on o! nanometer
sized particles has been detect~d (2,31. The --rate o! par
ticle formation decreases 1n the order PhI>PhBr>PhCl. In 
the air the ra_te of aerosol !ormat1on increases 500-100 
times than 1n .. helium.Aerosol and gas phase products have 
been analyzed [41. The participation or halogen and oxygen 
substituted aromatic compounds 1n nucleation was proved. 
Benzene, phenols and halogen were !01md among gaseous pro
ducts. Ozone participation 1n PhHal p:tlotonucleat1on was 
detected. The mechanism of chemical stages or photochemic
al aerosol formation 1n the inert gas and 1n the air has 
been suggested. 

The sub-m1crone aerosol particles are produced at tr1et 
hyl am1ne (TEA) photolysis 1n the inert gas or in the air. 
The kinetics or the aerosol particles . growth have been 
1nvest1gated and the mechanism of their :rormat1on baa 
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been proposed [SJ.The concentration of particles is large 
in the air and small in argon. 

Kinetics of PhHal and TEA photonucleation share the com
mon properties. The aerosol particles to:rmat1on and growth 
takes place only UV irradiation. The add.1 t1on of oxygen 
into reagent mixture greatly increases aerosol concentra
tions. The notion of the irradiation doze as to photonuc
leation is yet unequivocal for applying. 

On the base of all the data obtained for PHhal_and TEA 
the conclusion is that free-radical mechanism aerosol for
mation prevails under PhHal and TEA vapors photolysis. 

This paper is supported by RFFI grant No.94-03-oaa76a 
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MARY-SPECTROSCOPY OF SHORT-LIVED ION RADICAL PAIRS. 

D.V. Stass, B.M. Tadjikov and Yu.N. Molin 
Institute of Chemical Kinetics and Combustion, Novosibirsk, 630090, Russia. 

The study of magnetic field effects on reaction yield (MARY
spectroscopy) of chemical reactions provides valuable information on short
lived spin-correlated radical pairs. The coherent nature of radical ion pairs 
reveals it.self in characteristic features at zero field [1 J and at triple ( hfi) 
constant [2], opening possibilities for identification of short-lived paramag
netic species and studying the reactions they are involved in. The breaking 
clown of spin coherence in the course of resonance charge transfer reaction 
should lead to broadening of narrow MARY-spectra lines thus allowing one 
to extract quantitive information on the rate of this process. In present 
work this technique was employed to demonstrate that in liquid solution 
cation radicals of cis- and trans-decalin take part in the reaction of reso
nance charge transfer to neutral molecule. In diluted solutions the rate of 
this process is proportional to acceptors concentration and i~ quite close .. 
to diffusion controlled one. So it is demonstrated that reactions involving 
short-lived radical ions could be studied basing on the effects of quantum 
coherence of radical pair spin system. 

Cation radicals of-trans-decalin are unstable in liquid alkane solutions 
and their signals were observed only at liquid helium temperatures. Fig. 1 
presents MARY-spectra of the short-lived trans-decalin cation radical in 
cyclohexane taken at room temperature. 

Since alka.nes are widely used as solvents in radiation-chemical experi
ments, the ability of alkane radical cations to take part in positive charge 
hopping is widely debated. But, unfortunately, there are still no direct 
proofs for ion-molecular resonance charge transfer in saturated hydrocar
bons. Very fast hole hopping was proposed to explain the conductivity 
measurements in cyclic hydrocarbons [3], but this explanation was ques
tioned in subsequent publications [4]. It is generally believed that the rate -
of hole hopping is actually not large. Therefore, this work presents first 
direct spectroscopic verification of cis and trans-decalin radical cations par
ticipation in resonant charge transfer reaction in liquid solution. In diluted 
solutions the rate of this process is proportional to decalin concentration 
and is quite close to diffusion controlled one. In MARY-spectra of concen
trated solutions of trans-decalin narrow line of p-terphenyl cation radicals 
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Figure 1: Experimentally taken MARY-spectra of cis- and trans-decalin solutions in cyclo
hexane for different decalin concentrations (room temperature). P-terphenyl-d14 (10-3 M) 
was added as luminophore. For convenience the satellite line at H* = 3a is put into box. 
Arrow indicate narrow line of p-terphenyl cation radicals. 

is observed. The appearance of this line could be explained by fast hole 
transport among solute molecules. 
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5035. 

References 

[l] D. V. Stass, N.N. Lukzen, B.M. Tadjikov and Yu.N. Molin, Chem.Phys.Letters 
233 (1995) 444. 

[2] D.V. Stass, B.M. Tadjikov, Yu.N. Molin, Chem.Phys.Letters 235 (1995) 511. 

[:3] J.M. Warman, The Study of Fast Processes and Transient Species by Electron Pulse 
Radiolysis, Eds . .J.H. Baxendale, F. Busi, Reidel: Boston, 1981 , p.433; 

[4] D.W. Werst, M.G. Baker and A.D. Trifunac, ).Am.Chem.Soc. 112 (1990) 40- 50. 

574 



PPK-71 

PECULIARITIES OF MECHANISM OF Ag+ IONS REDUCTION BY Zn' 
AND Cd+IONS 

N. L. Stl.Rh.ou and B.G. Er-ahov 

Institute of Physical Chemistry 
Russian Academy of Sciences 

Len1nskii Prosp., 31 

117915 Moscow Russia 

The mechanism of the red.u.ction of Ag+ with zinc and cad
mium ions 1n \ID.usual oxidation states (Zn+ and. Cd+) was stu
d.1ed using ,pulse radiolysis with a fast optical detection of 
short-lived products. 

The experimental conditions ensured. the preferential 
formation of the Zn+ and Cd+ ions 1n reactions with hydrated 
electrons at the initial stages of the radiation-chemical 
transformations of aqueous solutions containing silver and 
zinc or cadmium perchlorates as well as isopropanol or sodium 
fonniate as the acceptor of llyd.roxyl .racl1.cals. Previously, it 
was shown that the reduction o! Ag+ icins to ~o atoms further 
leds to the formation of A8iz+, Ag4

2+,, and.~+ clusters and 
ends with the .f'onnation of metal sols. The Zn+ ions reduce 
Ag+ ions to Ago 1n a reaction with an electron transfer. The 
rate constant for this reaction is 2•109 1/(mol•s). Ago react 
with Ag+ ions to .f'orm ~ dimers. Unlike Zn+ ions, Cd+ ions 
react with Ag+ to fo~ a short-lived mixed cluster (Cd.Ag)2+ 
(the rate constant for the formation of this clusters is 
3•109 1/(mol•s)). This cluster has an absorption band with 
~ = 270 nm and the extinction coefficient = 1 .5•104 

1/(mol•cm). The subsequent interaction of the clusters with 
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Ag+ ions leads to the fonnation of the dimeric ~ ion. The 
subsequent stages of the reduction of silver ions 1n soluti
ons with zinc or cadmium additives and without them do not 
d1t:rer significantly. The computer-aided modeling .of the pro
cess (with due regard to the combination of reactions, inclu
ding the participation of the resulting organic radicals) al
lowed the calculation of the kinetic parameters of the reac
tions of the interaction of silver; zinc, and cadm1um ions. 

The ·pecu1.1ar1t1es of the mechan1sm of the interaction of 
these metal ions 1n tmusual oxidation states with Ag+ and the 
possibility of the formation of 1ntermed:1ate mixed clusters 
are d.1.soussed 1n terms of .the relationship of Ce1r redox po
tentials • 
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1H CIDNP EVIDENCES FOR COMPLEXING IN THE REACTIONS OF 

DIMETHYLSILYLENE AND OIMETHYLGERMYLENE WITH CARBON 

TETRACHLORIDE 

M.B. Taraban, V.I. Maryasova, T.V. Leshina, V.Ya. Lee*, M.P. Egorovi, 

0.M. Nefedov* 
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Institute of Chemical Kinetics and Combustion, Novosibirsk-90, 630090 Russia 
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A distinguishing feature of heavy carbene analogs, silylenes and 

germylenes, is their capability to form complexes with the species possessing lone 

electron pairs (1). The current concept is that the complexes are formed due to 

interaction of the lone pair of substrate with one of the vacant orbitals of the metal 

atom of heavy carbene in 1
A1 state [2] . 

n Ph 
- Me. ... ~ cn::i-Ph ,,,,, \ Me@ Ph 

By this is meant that silylenes and gennylenes enter the reaction of complex 

formation in a singlet state. It is also known that complexing changes their reactivity. 

For example, reaction rate constant of dimethylgennylene Mt½Ge with CCl4, 

K = 1.2 x 107 M'1s·1, in the presence of triphenylphosphine Ph3P is reduced to 

K = 3.4 x 108 M"1s·1 (3). Whether or not a complexing changes the elementary 

mechanism of the reactions of silylenes and germylenes with various substrates 

remains unknown. On the other hand, radical stages in the reactions of 

dimethylsilylene MeiSi and dimethylgermylene Me2Ge were successfully studied by 

means of CIDNP technique [4]. 

The present report is devoted to 1H CIDNP studies of Me2Si and Me2Ge 

reactions with CCl4 in the presence and in the absence of complexing reagent, 

triphenylphosphine Ph3P. 

It has been found that in all cases the reaction proceeds via the formation of 

radical pair (RP) of chlorodimethylgermyl (or -silyl) and ·CCb free radicals. Main 

reaction products are Me2E(Cl)CCb, Me2ECb, and M~E(Cl)E(Cl)Me2 (E = Si, Ge). 
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Dimethylgennylene both in a free state and in the complex with Ph3P fonns singlet 

RP, whereas reaction of M~Si with CCl4 gives rise to a triplet radical pair, similar to 

the case of the reaction with thiacycloheptyne (5). Here, the multiplicity depends on 

the concentration of the reagents. It follows herefrom that complexing is capable to 

accelerate the process of T ➔ S conversion of heavy carbene an'alogs under study. 
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SHELL-GROWTH POLYMERIZATION OF WHITE PHOSPHORUS 

IN WATER EMUISIONS 

N.P.Tarasova, Yu.V.Smetannikov, E.M.Mikhailova, A.A.Dodonova 

D.Mendeleyev University of Chemical Technology of Russia 
Miusskaya Sq.,9, Moscow, 125047 Russia 

For systems in emulsifier - free emulsions polymerization with particle 

diameters greater than 0, 15 mkm to 0,2 mkm, a shell - growth mechanism for 

particle growth was proposed [ 1] . According to this mechanizm, the polymeric 

radicals propagate only within the shell region having a thickness about equal to 

the most probable end - to - end distance of the terminated polymer. This 

mechanizm was considered to result from anchoring of the hydrophilic end of 

growing radicals at the particle surface and from high average number of 

radicals per particle. 

We have investigated the radiation - induced polymerization of white 

phosphorus in water emulsions stabilised with various surfactants. The formation 

of microcapsules turned out to take place,: the thickness of the shell depending 

on the absorbed dose and the nature of the surfactant. At high absorbed doses 

the solid product was formed, containing 70 - 80% mass. of phosphorus, 5 - 9% of 

C, 4-6% of H, up to 20% of 0. IR, NMR (P31) and roentgenoelectron 

spectroscopy data confirmed the product being the polymeric form of 

· phosphorus (red phosphorus). 

The rates of red phosphorus formation have been estimated. It was shown 

that the polymerization of white phosphorus proceeds via two reaction passways: 

the bulk polymerization in the inner part of the emulsion droplet and the surface 

polymarization, the effective rate constrant of the latter depending strongly on 

the nature of the organic radical formed under the irradiation. The correlation 

was obtain between the electron density on the free radical and the rate constant 

of the radical addition to the white phosphorus molecule. 

The role of OH - radicals in the formation of the shell is discussed, the 

compounds containing phosphorus in the lower oxidation states inhibiliting the 

oxidation of white phosphorus by OH - radicals. 
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MECHANISM OF AUTOCATALYTIC THERMAL DEGRADATION OF 
POLY(VINYL CHLORIDE)* STUDIED BY ESR SPECTROSCOPY 

B.B.Troitskii,L.S.Troitskaya,A.S.Yakhnov,M.A.Novikova, 
V.N.Denisova,V.K.Cherkasov,and M.P.Bybnov 

Razuvaev Institute of Organometallic Chemistry,Russian Academy 
of Sciences, Nizhny Novgorod,603600, Russia 

In recent years,the mechanism Of the thermal degradation of 
PVC has been intensively studied. It has been shown that HCl, 
the main volatile product of PVC degradation, accelerates the 
dehydrochlorination of the polymer. The mechanism of the 
autocatalytic degradation of PVC is not yet clarified. In the 
papers (1,2] the new hypothese has been proposed that the auto
catalytic PVC degradation is a branched chain reaction with 

degenerated branching of chain. It has been .offered that the 
products of the thermal PVC degradation, such as polyenes 
and HCl,interact with each other and produce new active spe
cies which cause additional initiation of the thermal dehydro
chlorination of normal units of PVC by a chain mechanism. 

In this study the mechanism of the autocatalytic degraaa
tion of PVC has been ihvestigated by ESR spectroscopy. It lis 
well known that in the thermal degradation of PVC, residue po
lyene sequences have paramagnetic centers which are stable at 
elevated temperatures. An ESR singlet signal placed at about 
free electron g-value is observed. The signal is very stable 
in vacuum and also in air. The paramagnetic character of the 
degraded PVC is attributed to stable polyenyl radicals or to 
unpaired electrons of polyenes which are in thermally excited 
triplet state. 

In this study the influence of HCl on the concentration of 
paramagnetic centers forming in the thermal degradation of _PVC 

has been investigated for the first time. 

* The research described in this publication was made pos
sible in part by Grant Na NOXOOO from the International 
Science Foundation and by Grant N& NOX300 from the Internatio
nal Science Foundation and Russian Government. 
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The dehydrochlorination of PVC under vacuum with continuous 

removal of HCl and in the presence of HCl has been studied at 

200°c. 

It has been ascertained that the time of PVC degradation at 

which the ESR signal appears, the intensity of the signal and 
the variation of the signal intensity with the time of polymer 

degradation depend considerably on the concentration of HCl 
in PVC. In the PVC degradation in the presence of HCl the ESR 

signal is observed at an early stage ( at about 15 min de~ra

dation), the curves of the dependence of spiri concentration on 
time of degradation and on dehydrochlorination percentag'e have 

an autocatalytic character. In the nonautocatalytic PVC deg

radation with continuous and effective removal of HCl ESR sig

nal appears after > 250 min degradation and its intensity ri

ses insignificantly with increase of de~radation time and con
version percentage. At the same percentage of dehydrochlori -

nation the spin concentration is significantly more in the PVC 

degradation in the presence of HCl than that with continuous 

removal of HCl. 
The conclusion has been made that in the thermal degrada

tion of PVC the process of formation of paramagnetic centers 
in degraded PVC is intensifyed by the presence of HCl. 

By special experiments it has been shown that during auto

catalytic PVC degradation hydrogen does not practically form. 

The obtained results has been discussed in the frames of 
the theory of the autocatalytic thermal degradation of PVC as 

the branched chain reaction with degenerated 

chain. 
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MECHANISM OF DEGENERATE CHAIN BRANCHING IN THERMAL 

DEGRADATION OF POLY(VINYL CHLORIDE) 

B.B.Troitskii and L.S.Troitskaya 

Ra~uvaev Institute of Organometallic Chemistry,Russian Academy 
of Sciences, Nizhny Novgorod;603600, Russia 

It is known that the termal degradation of PVC is compli
c•ted by the catalytic effect of evolving HCl.The mechanism of 
the autocatalytic and nonautocatalytic degradation of PVC is 
not yet clarified. Previously, we have suggested that the non
autocatalytic PVC degradation mostly proceeds by a molecular 
mechanism complicated by radical reactions. 

In this study the most probable initiation reaction of the 
nonautocatalytic PVC degradation by a radical mechanism has 
been offered: 

(1) 

where n•2-20. 

Due to some factors~ such as the great affinity of Cl atom for 
electron, law values of ionization potentials of polyenes, low 
singlet and triplet levels of polyenes, there is a probability 
of the thermal excitation of the polyene fragment with forma
tion of the ion-biradical pair by the intramolecular transfe
rence of electron. Then subsequent transformation of the ion
biradical pair into the biradical may occur by means of inte
raction of proton with nucleophilic particle, Cl 

@- • 
""CH-(CH:..:..: CH)n-CH...., J_ 

I 0 
H Cl • 

@• • "--CH-(CH • CH)n-CH'""' + HCl (2) 
-cui--CCH ~ CH)n-CH-CH- . 

Cle~ 

* The research described in this publication was made pos
sible in part by Grant N NOXOOO from the International 
Science Foundation and by Grant N NOX300 from the Internatio
nal Science Foundation and Russian Government. 
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In the triplet state the biradical may react with macromo
lecule units. This leads to initia tion of a chain of radical 
t ransformations. 

The elementary acts (1) and (2) are the stages of the r eac
t i on of degenerated branching of chain in t he nonautocatalytic 
PVC degradation. 

Recently, we have proposed the new hipothese that the auto
catalytic degradation of PVC is a branched chain reaction with 
degenerated branching of chain.The numerous experimental . data, 
obtained previously,concerning inhibition of the autocatalytic 
PVC degradation by some compounds,which do not react with HCl, 
such as active dienophiles, some metals (Hg,Ag), triethyl sila
ne, as well as the results concerning retardation of PVC degra
dation 1in the presence of HCl by toluene and triphenylmethane 
are evidence for this hypothese. 

In this study several mathematical models for the initial 
stage of the autocatalytic PVC degradation which are concerned 
the different mechanismsof this process have been considered. 
It has been shown that experimental curves at a definite cons
tant concentration of HCl in the polymer may be described by 
the expression which is typical for kinetics of bran~hed chain 
reactions. The mechanism of degenerated branching of chain in 
the autocatalytic PVC degradation has been proposed. HCl may 
form the following complex with the 

-cHr(CH - CH) -CH~ + HCl .,_a. 
n I 

Cl 

polyene fragment : 
. 'bt) 

-CHz-(CH • CH)n-cwv (3) 

HCl~e 

For this complex the probability of transformation into the 
ion-biradical pair is more than that for the polyene fragment 
[eq.(1)] because there is the additional energy gain equal to 
~14 kcal/mol due to formation of HCl29 ion. Then the ion-
biradical pair transfersinto biradical. 

The conclusion has been made that in the autocatalytic PVC 
degradation HCl is the catalyst of the reaction of degenerated 
branching of chain which takes place in the nonautocatalytic 
polymer degradation. 
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Cross-relaxation mechanism of nuclear polarization formation: 
quantitative study by time-resolved CIDNP. 

Yu.P.Tsentalovich, A.,V.Yurkovskaya, O.B.Morozova, R.Z.Sagdeev 
International Tomography Center, 630090, Novosibirsk, Russia 

In the present work we have studied CIDNP, arising during the photolysis of 
acetone in isopropanol-d, (Scheme I) by time-resolved CID NP technique. Radical pair 
mechanism of net nuclear polarization fonnation requires the difference in g-factors of 
radicals forming a radical pair [I]. Since photoreaction of acetone in isopropanol produces 

Scheme I 

(CH3)2CO ~ T(CH3)2CO • 

T(CH3)2CO• + (OD)CD(CD3)2 - (CH3)2C(OD) (OD)C(CDJ)2 

geminate 
reactions 

escape 

only one type of ketyl radicals in solution, the observable net nuclear polarization on the 
reaction products can not be explained in the frames of radical pair mechanism of CIDNP 
formation. The account of scalar electron-nuclear cross-relaxation has been shown to be 

O.CIZO 

0.011 

' 
f:j 0.011 

1
, 

0 • 
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Fia-1.Calculated time dependences of CIDEP per 
2-hydroxy-2propyl radical at different initial 
clcctron polarizations P: solid line - P(O)=>y; 
dashed line - P(0)24/Jr, where y is Boltzman 
fact« (0.01.S in our magnetic field). 

Tum, llS 
0 3)4)11)8) 

Fig.2. Kinetics of net polarization formation for CH:i
protons of i.sopropanol. • - experimental points, solid 
line - calculation at the initial radical pair concentration 
.S.9x10-' M; ~ dashed line - the same al the initial 
radical pair concentration 2.2x10·' M. 

necessary for the interpretation of the results obtained [2]. The CIDEP effects observed in 
2-hydroxy-2-propyl radicals also were explained taking into consideration cross-relaxation 
processes [3]. 
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In the present work kinetics of CID NP formation at different initial concentrations 
of 2-hydroxy-2-propyl radicals is quantitatively analyzed. It is demonstrated in model 

calculation that · spin-selective radical recombination leads to the appearance of net 
electron polarization (fig 1 ). Kinetics of net nuclear polarization formation in the products 
of 2-hydroxy-2-propyl radicals recombination ( or disproportionation) is well described in 
the frames of such a model taking into account electron-nuclear cross-relaxation. 
Comparison of experimental and calculated data (fig.2) allowed to obtain characteristic 
cross relaxation time of these radicals, which was estimated as 46±8 µs. 
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ACTIVATION OF PEROXIDE 0-0 BOND RUPTURE BY ONIUM SALTS . 
QUANTUM CHEMISTRY ANALYSIS . OF .ASSOCIATIVE INTERACTION 

M.A. Turovskyj, E.L. Baranovskyj, S . Yu. Tselinskyj, 

Yo.O. Opeida, A. M. Nikolaevskyj 

L . M. Litvinenko Institute of Physical-Organic Chemistry and 

Coal Chemistry, National Academy of Sciences of Ukraine , 

R. Luxemburg str . 70, Donetsk, 340114; UKRAINE 

Association of benzoyl peroxide (BP), tert- butylperben

zoate . (TBPB) witb cations (Q+= Et
4

N+, Et
4

P+ , Ph
4

P+ , 

Ph (PhCH )P+) and anions (X-= Cl-, Br-, J-) and 0-0 bond ruptu-
3 2 

re in the models of [peroxide . . . Q+] (1), [peroxide . . . x-] (2) , 

[Q+ . .. peroiide . . . x-] (3) have been · simulated with MO LCAO 

method in the AM1 approach for the purpose to study changes in 

electron and stereochemical structures of aromatic diacyl pero

xides and peroxy esters, which were observed in their decay 

processes activated by onium salts .. Obtained results showed, 

that considerable decrease of - the energy barrier was observed 

for the peroxide decomposition in the model (3) only . Analysis 

of stereochemical and electron structures of peroxides in the 

basic isolated state and in the model (3) has demonstrated, 

that association with ions_ lead to sigriificant polarization and 

conformation changes in the peroxo substratum, which destabili

zed peroxide labile 0-0 bond. It has been shown, that anion na

ture effected both on the energy barrier height of rupture of 

0-0 linkage and on its length in the transition state. The 

transition state shifted to the right along reaction coordinate 

(r
0

_~) and energy barrier increased in the model of 

[Hal- . . ~BP ... +NEt
4

] in following row: J~, Br-, Cl- . These facts 

are in agreement with kinetic data. Analysis of cation nature 

influence on ~eroxide decomposition has been considered in the 

model :of Cl- ... BP . .. Q+, where Q+= Et
4

N+, Et
4

P+. Results showed~ 

that cation central atom nature effected on reaction energy 

barrier. 
The research described in this paper was made possible in 

part by Grant N U1H200 from the International Science 

Foundation and it also was supported, in part, by International 

Science Education Program (ISSEP) through Grant N APU053101. 
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.KINETICS AND MECHANISM OF. 

REACTION AT T = 296 K 

AB. Vakhtin 

Institute of Chemical Kinetics and Combustion, 

Noyosa"birsk 630090, Russia. 

PPK-71 

The kinetics of the title reaction was studied at T = 296 K within the range of total 

pressure 300--600 Torr. Mixtures containing CF3NO, NO, NO2, and helium were irradiated by a 

pulsed ruby laser (..-l = 694.3 nm). The CF3 radicals arising in the photodissociation of CF3NO 

were involved into competitive pseudo-first-order reactions with NO and NO2. The 

concentratiQn of CF3NO after the photolyzing pulse was monitored in real time by intracavity 

absorption Qf cw He-Ne laser radiation (A-= 632.8 nm). 1 Measuring the relative amplitudes of 

the kinetic curves of CF3NO formation, obtained at different [NO]o/[NOi]o ratios allowed us to 

obtain the following rate constant for CF3 removal by NO2: k1 = (3.2±0.7)xI0·11 cm3/s (the rate 

constant of the reaction Cf3 + NO--+ CF3NO, measured earlier, 1 was used as reference). This 

value of k1 is in reasonable agreement with the values reported by Sugawara et al. 2 (2.5x 10·11 

cm3/s) and Fr~cisco and Li3 (2.5x10·11 cm3/s) and differs significantly from that obtained by 

Rossi et al. 4 (2.7x10·12 cm3/s). 

Analysis of end products has shown that the main carbon-containing products of the CF 3 

+ NOi reaction are CF3NO2 (abo~t 35% of the total product yield) and CF2O (balance). The 

product yields differ substantially from those reported in other works. H The resuhs obtained 

strongly support the mechanism involving association as a primary stage of the reaction: 

( la) 

(lb) 
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THE RATE CONSTANTS OF THE SELF-COMBINATION REACTIONS 

OF CFJ, C2F5, AND n-C3F1 RADICALS AT T= 296 K. 

A B. Vakhtin 

Institute of Chemical Kinetics and Combustion, 630090 

Novosil>irsk, Russia. 

The kinetics of self-combination of CF3, C2Fs,- and n-C3F1 radicals was studied at T = 

296 Kand at a total pressure of600 Torr. Mixtures containing RNO (R = CF3, C2F.s, n-C1F1) 

and helium as a buffer gas were irradiated by a pulsed ruby laser (A. = 694.3 nm, pulse energy 

:::: I J). The radicals R arising in· the photodissociation of RNO were involved into the following 

main reactions: 

. k1 
R+NO(+_He)~ RNO( +He) 

k 
R+R(+He)~ R2(+He) 

(I) 

(2) 

The concentration of RNO was monitored in real time by the intracavity absorption of cw He

Ne laser radiation (A. = 632.8 nm). 1
•
2 The rate constants ofR + R reactions were derived from 

the relative amplitudes of the kinetic curves ofRNO formation after the photolyzing pulse. The 

rate constants of the reactions R + NO, measured earlier, l.2 were used as reference rate 

constants. 

The rate constants obtained for the self-combination of the title radicals are as follows: 

R 

(3.9 ± J.3) X 10·12 (3.4 ± 1.2) x 10·12 (3•.2 ± 1.1) X 10·12 

The kinetic results aie compared with the data available in the literature. The attempts 

are made to describe the experimental rate constants using statistical theories of unimolecular 

reactions. 
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REACTIONS WITH NONEQUILIBRIUM EXCITATION. 

MICRO- AND ·MACROKINETICS, .-'"ACTIVE MEDIA, LASERS. 

G.K.Vasiliev 

Institute of Chemical Physics, Russian Academy of Sciences 

Chernogolovka , Moscow Region, 142432 Russia 

The very important events happened on the verge of the 

1960-1970-th stimulated the progress in investigations of the 

elementary chemical reaction dynamics . That is the invention of 

the first chemical lasers, on the one hand, and the development 

of unique experimental methods of investigations of chemical 

processes at single collision conditions to determine the 

energy states of the products, on the other hand. In the report 

advances in both fields are followed up to date . 

The inverse or strong nonequilibrium excitation of 

products in an elementary chemical act is needed to realize the 

chemical laser. However, a number of problems must be solved 

involving the choice of regime of carrying out the chemical 

reaction which would include in its mechanism a perspective 

elementary act, selection of the appropriate design, decrease 

of losses due to optical nonhomogeneity of active media and so 

on. The analysis of more than 300 available energy 

distributions in products of elementary chemical acts have 

shown that some tens of them are perspective for realization in 

lasers. For more than ten bf the latter the amplification and 

generation regimes were demonstrated and only four of them were 

brought to corresponding laser developments. 

In the report some examples of solutions of fundamental 

kinetic and involved constructive problems are presented for 

cases of hydrogen-fluorine pulsed and continuous wave iasers, 

carbon disulphide-oxygen and oxygen-iodine lasers what enables 

one to realize laser complexes on their basis. Though the noted 

problems are special for every listed type of lasers, some of 

them such as: peculiarities of transformation of initial 

nonequilibrium ene~gy distribution in active media; the regime 

of heat self-acceleration in initiated chain processes 

(photothermal explosion); the role of chain branching 
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inhibition of it in hydrogen-fluorine mixtures and more 

effective exhibition of it in carbon disulphide-oxygen 

mixtures, and some other are of common scientific interest. 

Last time the study of chemical processes with nonequilibrium 

excitation is aimed to even higher extent at the search of 

systems with electronic excitation. In this connection some 

examples of such systems are considered, where the formation of 

electronically excited species can be expected. 
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PHOTOSELECTION AND PHOTO-ORIENTATION AS THE 

METHODS OF T HE INVESTIGATION · OF MOLEC U LAR 

MOVEMENTS AND ELEMENTARY REACTION S IN SOLIDS. 

A. Kh. Vorobiev 

Moscow State University, Chemical department, Yorob'evi Gory, 

Moscow, I 19899, Russia. 

Photoselection as the method of investigation of liquid phase reaction by 

the polarization of luminescence is well known. Photo-orientation is the process 

of light-induced molecular reorientation. In both cases, the irradiation of the 

initially disordered solid with both polarized and unpolarized light induces the 

long-lived alignment of absorbing molecules. This alignment may be viewed as 

light-induced macroscopic anisotropy of the irradiated samples. The most 

simple 1ilethods to measure anisotropy are the measurements of an optical 

dichroism and measurements of angular dependence of ESR spectrum. 

These measurements may t>e used in the investigation of following points: 

i. Molecular mobility in the solids can be measured as relaxation time of 

induced anisotropy. Temperature depeudence of anisotropy relaxation allows to 

study the rotation mobility of molecules . as well as the translation mobility of 

more mobile particles - electron, electron holes, protons, etc. 

ii. Mobility measurements may be used as a sensitive method of the structure 

examination of solids. Comparison of reaction rate and molecular mobility is 

helpful for understanding the kinetic behaviour of investigated system. 

iii. The measurements of alignments of initial and product molecules in course 

of chemical reaction give information about the mechanism of elementary act 

of reaction. 

iv. ESR method permits to determine the orientation distribution function for 

investigated molecules. The. mechanism of the molecular rotations, as well as 

details of the photochemical transformation can be investigated in this way. 

Most important requirements and limitations for these observations are 

following: 

I. The rotation time of studied molecules must be longer then characterist ic 

time of the experiments; 

2. Considered experiments can be carried out only with the enough anisotropic 

molecules (symmetric particles as an atoms or octahedral complexes can not be 

ordered by light); 
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3. Light absorption and reaction must take place with the same molecule; the 

energy transfer and . migration of reaction center can violate the induced 

alignment. 
Experimental examples of described approaches are presented and 

discussed. 
Rotation times have been measured. for photoselected nitroxide probe by 

means of the anisotropy relaxation. Obtained values are compared with the 

rotation times calculated from the shape of ESR signal. Differences of the 

rotation time values obtained by different method are discussed. 

The observation of the induced aligmnent of initial and product molecules 

in the course of the photoreactions of N2O4 pennitted to estimate the 

displacement of the molecular fragments in the elementary act of reaction. The 

different routs _ of photoreaction of N2O4 differ in requir~- molecular mobility. 

The products of photoisomerization conserve orientation of dipole transition 

moment of the initial molecules. In contrast to isomerization, the reaction of 

dissociation is associated with the leaving the matrix cage by resulted particles. 

It leads to the random orientation of product of dissociation (NO2- radicals). 

Optical measurements of anisotropy relaxation and simultaneous thennal 

reaction ~howed the close agreement of activation parameters of both processes 

in case isomerization of tert-butylantracene in polystyrene matrixes. 

The angle of the rotation displacement of pyrene chromophore in the 

elementary act of isomerization of (3'-pyrenyl)-5,5-dimethylpyrazolidone-(3)

azomethine imine in polystyrene fihn was found to be 20 degree at the room 

temperature and depends on temperature. 

The orientation distribution function obtained from angular dependence of 

ESR spectra for hole defects in halogenide-contained glasses as well as for 

carbenes in alcohol glass. 

This work was made possible in part by Grants NBU000, NBU300 from 

International Science Foundation and Russian Government, and by Grant 95-

03-08505 from Russian Foundation for Fundamental Research. 
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Pt(II) DIIMINE-DITHIOLATE COMPLEXES: PHOTOCHEMISTRY AND 

PHOTO PHYSICS 

Julia Weinstein, Alex Galin, Yurii Razskasovskii, Mi~hael Mel'nikov, 

Natalia Zheligovskaya 

Department of Chemistry, Moscow State University, Moscow I 19899 ,Russia 

(Fax: (7-095)-932-8846, E-mail: jweinst@kinetics.chem.msu.su) 

In order to elucidate the role of central atom in photophysics and 

photochemistry of mixed-ligand metallo-compexes, (R-C6H4-S)iPt(phen) (R = H 

(I), MeO - (II)) have been studied to be compared with Zn complexes of the same 

composition [ 1] . The problem of primary interest was the involvement of central 

atom in photoinduced charge separation taking place in the lowest ligand-to

ligand charge transfer excited states of the complexes. 

The absence of long-wave absorption band (see table) in spectra of 'parent' 

Pt(phen)Cl2 and (NH3)iPt(PhSh and its' negative solvatochromism allowed us to 

assign this band to LLCT-transition. 

Compound vmaxab.s (E) yma"ium Av <Plum 
QJ(R= H) 

cm- 1 cm- 1 cm- 1 (77 K) 
Ql(R=~) 

in C3H7CN 

(PhS)iPt(phen) 21000 (1170) 16000 5000 0.035 

(MeOPhS)iPt(phen) 20600 (1830) 15930 4670 0.014 2.2 

(PhS)iZn(phen) 27400 (779) 17600 9800 0.050 

(MeOPhS)iZn(phen) 27400 (751) 17000 10600 0.007 7.1 

(NH3)iPt(PhS)i 37000 20200 16800 

· Pt(phen)Cl2 25640 ' (3630) 16390 11250 

As their Zn-analogs, (I) and (II) were found to be lun1inescent as 

polycrystalline solids and in low-temperature glasses. The lifetime of the excited 

state, responsible for the long-wave emission, for Pt(II) as well as for Zn 

complexes, is by order of microseconds; so, smaller Stocks-shift for Pt(II) than for 
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Zn-complexes was resulted from less structural reorganization in the excited state 

of the former. The absence of temperature dependence of long-wave emission 

intensity in the range 77-l l3K for Pt(II) - complexes (for (PhShZn(phen) 

Eact=l4 ± 2-kJ/mol) indicates that this less structural reorganization is probably 

caused by larger Eact of reorganization process in square-planar Pt(II)-complexes 

than in ~etrahedron Zn-ones. Closely spaced emission maxima of (1), (II) and 

Pt(phen)CI2 indicate, that, in contrast to Zn ones, in Pt(II) complexes MLCT 

and LLCT states are close in energy. 

Both (I) and (II) widergo irreversible photooxidation and photoelectron 

transfer to viologens in deaerated solutions at 298K. System (PhShPt(phen) -

methylviologen is photochromic. 

The excited state responsible for emission and electron-transfer reactions of 

(I) and (II) is supposed to be populated from primary excited LLCT-state with 

quantwn yield in order by 10-3• Less structural reorganization in the excited state, 

less influence of thiolate-ligand donor ability on emission maximum and quantum 

yield for Pt(Il)-complexes than for Zn-ones may be caused by considerable 

participance of Pt d-orbitals in HOMO-orbital of (I) and (II). 

Authors are grateful to Russian Fwidamental Research Fowidation for 

financial support (Grant N 93-03-05916). 

References 

1. Galin A.M., Razskasovskii Y.V., Mel'nikov M.Ya. J. Photochem. Photobiol. A: 

Chem., 1994. V.78. P.113. 

S94 



PPK-82 

KINE'rICS AND IIECHANISII OF DECOIIPOSITIOH OF C3 H5 CC CH3 >3 

MOLECULES UNDER PUIBE IR-LASER RADIATION 
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State scientific center, Karpov Institute or Physical 

Chemistry, Moscow 103064, Russia 

The aim or study is to investigate the kinetics and me 
chanism or decomposition 4,4-dimetbylpentene-1 induced pul
se IR-laser 1n the gas phase. 

There are no data available on decomposition 01 

C3H5CCCH3)3 l.lllder IR multiphoton excitation (IR IIPE). 
The molecules are irradiated by TEA-co2 laser ('t == 180 

ns) tl.llled at 985 cm- 1 , 10R(36), resonant to CH2 bending vi
bration (in c3 H5 radical). The laser beam was focused at 
the cell using BaF2 lenses or focal lengths 5, 15 and 30 
cm. Analysis or products after irradiation was done by gas 
chromatography. The role played by radicals 1n the .tonnaU
on ot reaction products was studied using mixtm-es 
C3 H5 CcCH3 >3 with 0 2 as radical scavenger. Reactions were 
investigated 1n both collisionless and thermal equilibrium 
conditions (1100±50 K). Detected products were C3 H5 , 

iS0-C~H8 , C5 H~ 0 , C3 H~, C2 Hs and CH~• 
The major l.lllimolec~ar chamlels l.lllder both colliaionless 

and collisional conditions are six-centered c3 H5 el1m1nati
on (1) and C3 H5 -c bond rupture (2): 

C3 H5 CCCH3 >3 -----+ C3 H8 + CH2 =CCCH3 ) 2 (1) 
C3 H5 CC CH3 ) 3 -----+ C3 Hs + CC CH3 ) 3 (2) 

The channel ratio (1)/(2), 1, is round to decrease with 
increase 01 nuence or IR laser pulse. The energy barrier 
!or reaction (1) is estimated to be lower than that ror re
action (2). The high-energy channel (2) csn compete with 
channel (1) because or the much ·higher frequency !actor. 
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The activation energy !or C3 Hs elimination is measured (E
1
= 

51 ± 2 kcal/mol under the temperature or reaction zone 1100 
± 50 K). 

The !re.gmentation or cccH3 J3 produced by the C3 H5 -c bond 
rupture occurs through splitting or H atom mider bo1h col
lisionless and thennal equilibrium conditions: 

CC CH3 ) 3 ~ H + ·cH2 :::CC CH3 ) 2 (3) 

Collisioless fragmentation or cccH3 ) 3 is "spontaneus", i.e. 
cccH3 J3 radicals receive excitation energy !rom the disso
ciation ··or molecules C3 H5 CC CH3 ) 3 • The condi Uons or 
"spontaneous"" !ragmentation or cccH3 ) are calculated by as
suming ·statistical behaviour !or the intramolecular dyna
mics using the equation or work l 1 1. These conditions are 
realised !or cc CH3 ) 3 mider IR IIPE or molecules C3 H5 CC CH3 ) 3 • 

Thus ,the tn'limolecular C3 H5 elimination and C3 H5 -c bond 
rupture are the major competing reactions 1n the gas phase 
mider irradiation or C3 H5 CC CH3 ) 3 by TEA-co2 laser. The 
channel ratio, is controled by both !luence or laser pulse 
and ~ressure. 

The col~isionlees reaction behavior .or C3 H5 CCCH3 J3 cor
responds to statistical intramolecular dinamics. 
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Mass transfer and intermediate states in porous media are of great theoretical and 

applications interest. Novel approaches to studies of such systems are opened due to the EPR 

imagine technique. The latter is based on EPR detection in the presence of strong magnetic field 

gradients which allows to restore the spatial distribution of spin centers at different periods of time 

and it's dependence on chemical origin and supermolecular structure of sample. 

We have studied adsorption and transfer processes in model systems of two types: (a)- porous 

catalyst supports based on aluminium oxide and (b) -biomimetic membranes represented by 

nitrocellulose ultrafilters impregnated with fatty acid ethers. The mobile centers were spin probes 

2,2,6,6-tetramethyl-4-hydroxy-piperidine- l-oxyl (I) and perchlorotetraphenylmethyl (II). 

For polar molecules I a strong adsorption on the outer surface of AJ20 3 support was observed 

with spatial distribution being practically unchanged a.t room temperature within hour time scale 

(Fig.I). Meanwhile the analogous picture for nonpolar probe II changes rather rapidly. TI1e 

concentration profile shape was analysed by solving proper diffusion equations and effective values 

of the diffusion coefficient De were determined for dillerent samples of catalyst support. 

A 

B 

0 
f mm 

Fig. I The spatial 

distribution of radical I in

cylinder granule of catalyst 

support (type I) as . a result of 

mass transfer process from the 

solution of radical in CC/4 

into the granule preliminary 

.soaked in pure solvent. The 

starting conditions are in 

accord with nonequal 

distribution of solution aro11nd 

the granule. The spatial 

distribution presented as a 

relief surface with amplitude 

proportional to spin density in 

arbitrary units (A) and as a contour line map (B). (The amplitude value of a contour line are 

presented in arbitrary units with step 0.015 from the maximum value 0.095 (that corresponds to the 
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position of a point in a figu re). magnetic field gradient vyB = 560 G/cm, the spatial resolution is 

equal to 300 µm) . 

TI1e Table l represents structural parameters of samples together with diffusion coefficients as 

measured here experimental1y. The values of De change about 3 times. The interpretation may be 

done under the assumption that sutface does not influence significantly on the probe diffusion and 

apply the capillary model which considers the sample as a set of parallel capillaries with radiir. 

The model predicts for diffusion coefficient: 

De= Dr E/!; (1) 

with Dr being the diffusion coefficient in the pore of radius r, E- the dimensionless porosity of 

sample. !;- the tortuosity factor determined as ratio of length of capillary to the grain thickness. 

The in-capillary diffusion coefficient Dr may be estimated as Dr = [ 1/Dm + 1/DkJ-1, with Orn 

being the molecular diffusion coefficient (in the unrestricted space) and Dk - the Knudsen 

diffusion coefficient (jumps between the points of collisions with walls of pore). As the spin probe 

II is supposed to be non-interacting with sutface, we may assume Dk>> Om and Dr ,., Dm . 

Then we may use eq.(1) and experimental values of De to determine values of factor ~ which is 

important for characterization of catalyst support properties. The corresponding values are given 

in Table I. 

Table 1. Physical properlies of catalyst support, obtained values of De of spin probe II and f 
Type of Pore volume Specific surface Pore radius Oe·106, Tortuosity 

sample Vs. cm3/g Ssp, m2/g rp, A
0 

cm2/s f3;ctor !; 
1 0.42 IO 4000. 200 {2 9±0 4) LI 
2 0.35 200 <IOO (0 ~0.07) 28 

For the second (biomimetic) type of sample we have studied diffusion of II from 

nitrocellulose filter impregnated with concentrated solution of II to the stack of filters 

impregnated with pure solvent. The diffusion coefficients De obtained in this way are shown in 

Table 2 for different solvents. 

Table 2. Viscosity and diffusion parameters for different solvents. 

Solvent Viscosity 11, cPz De·107, cm2/s 

isobuthvUaurate 5.7 8.0 ± 0.2 
methvlmeristate 5.5 6.6 ± 0.4 
methvloleate 15.I 2.5 + 0.1 
saualan 41.3 1.1 + 0.1 

The De values are correlated to the kinematic viscosity of solvent in accordance with the 

simple Stock's equation. Therefore we may again relate the main effect of media to that of 

tortuosity and ascribe it as the homogenous diffusion along the larger route as compared to the 

external geometry of system. 

598 



PPK,.84 

Proton Transfer in Inorganic Adds and Acid Salts. 
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Proton transfer is of great importance for the number of chemical and 

physical processes such as catalysis, sorption, energy transformation and transport 

etc... Besides it can play the role of elementary step for the wide range of catalytic 

processes and over chemical reactions. One of the most interesting questions in this 

area is the search of correlation between the proton transfer frequency , activation 

energy, proton conductivity level and structural factors. Toe correct solution of this 
problem should open the possibility of the direct search and synthesis of new 

substances possessing such properties. This paper deals with the effort of the proton 

transfer frequency and activation energy estimation for different hydrogen bonded 

systems as a function of hydrogen bond lengths. Toe proton conductivity is also 

discussed as one of the most descriptive exhibition of the proton transfer. 
In the most cases t;he proton transport is the chain of protoncontaining groups 

rotation and proton jumps between them along H-bond. Both their frequencies 

depends on the number of factors. The most important are the hydrogen bond 
length and protonaccepting ability of atoms taken part in the proton · transfer. 
Conductivity is determined by chaxge carriers concentration and their mobility. 
Charge carriers concentration can be calculated by equation: 

, C = C0 ·exp(-AH/2RT) (l) 

where C0 is the concentration of donor-acceptor couples (in. the most cases they are 

the part of H-bonds available to the proton transfer processes) and AH is the 

enthalpy of carrier formation reaction. Carriers concentration is maximal for the 
donor and acceptor with equal protonaccepting ability. At 298 K this concentration 

decreases by one order of magnitude when AH increases by 11 kJ /mol. It means that 
the best results can be achieved for the proton transfer in the chain of atoms with 

close protonaccepting ability. We shall limit ourselves by the consideration of these 

processes including the atoms with protonaccepting ability close to H20 oxygen one 

because of easy carrier formation and transfer. 
As it was mentioned above, each transfer act consists of two steps: rotation of 

protoncontaining group and proton jump. If they take place with the frequencies vr 
and Vj , we can get for the proton transfer frequency: 
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Vt = vrvtl<vr +vj) 
Both frequencies vr and "j are submitted to the Arrhenius law: 

. V = Vo•exp(-Ea/Rn 

(2) 

(3) 

where v0 is the oscillation frequency and Ea is the activation energy. The last one is 

_the function of hydrogen bond lengths. Meaning this condition we can estimate 

activation energy of proton containing group rotation by the method. described in ( 1). 

For the proton jumps the Zundel's data (2) are the most reliable. 

For the most part of H-bonds no in equation (4) for the proton jumps is 
14 -1 

equal to 10 s . This value decreases about two times only for very short H-bonds, 

when the possibility of rotation is negligible. For rotation process n0 value is about 
12 13 -I 

10 - 10 s . Thus, the calculated dependence of the proton transfer frequency and 

its activation energy on the H-bonds lengths (11, 12, Ii) for the aquaoxonium ion with 

superfluous protonaccepting groups is shown on fig. la. The activation energy 

minimum is about 16 kJ/mol. 

11.J 

z.l, 2.e o z.~ 
12,A 

0.16 C, Sm/cm 

0.12 

0.08 
b 

Fig.I. The dependence of activation energy (a) of proton transfer and H-conductivjty (b) on the 
hydrogen bonds length (11, 12 and 12). 

For the conductivity level estimation we can get the data which are showing on 

the fig.lb. At room temperature when 11=12=2.77 A we have maximals value about 0.16 
Sm/cm. It's in the good agreement with experimental data for heteropolyacids. This 

maximum is very sharp, what is why it is rather difficult to find another substances with 

the similar structure and conductivity. 
The · research described in this publication was made possible in part by Grant 

N9QOOO from the International Science Foundation. 
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The influence of molecular and spin dynamics on geminate evolution of spin

correlated radical pairs (RP) is one of the principal problems in studying magnetic and spin 

effects in chemical reactions. This influence manifests itself most pronouncely in electronic 

and nuclear spin polarizations (CIDEP and CIDNP) whose values are strongly dependent 

on the mechanism of molecular dynamics [I]. Submicrosecond flash-CIDNP was used to 

study the dependences of the kinetics and amplitude of CID NP, arising in biradicals on 

the photolysis of cyclic aliphatic ketones on the temperature and viscosity of medium. 

It has been found out that for biradicals the geminate CIDNP increases with the 

diffusion coefficient of medium. The theoretical consideration of geminate recombination 

kinetics is based on the numerical solution of the stochastic Liouville equation for the 

Fourier transform of spin density matrix The dependences of nuclear polarization on the 

lifetime of the triplet state of initial ketone, on electronic paramagnetic relaxation times, on 

scavenging rate. and on exchange interaction have been analyzed and compared with 

experimental data. 

Biradical life-time was reduced by addition of the effective scavenger 

bromotrichloromethane. An important effect of the reaction with the scavenger on the 

formation of geminate CID NP is the removal of bi radicals, disregarding their nuclear and 

electron spin projections, from geminate recombinatibn or disproportionation. The 

presence of CBrCl3 molecules leads to the attachment of a Br atom to one of biradical 

ends f~llowed by reactions according to the reaction scheme I. 

Investigation of the CIDNP field dependences of acyl-alkyl biradicals formed by 

Norrish type I reaction during the photolysis of cycloundecanone and cyclododecanone in 

the presence of the scavenger CBrCl3 has been performed at low (up to 0.08 T) magnetic 

fields. In addition to the emissive polarization with the main maxima caused by the S-T_ 
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mechanism we observed an absorptive polarization with maxima at low fields (<0.0IT) for 

cx-CH2 protons of initial ketones. A quantitative analysis of CIDNP amplitude 

dependences on scavenger concentration allows the estimation of the kinetics of biradical 

geminate recombination near th!! emissive maxima. It is demonstrated that biradical 

scavenging rate constant can be determined using the kinetic data for high magnetic fields. 

() 

/~- . 
H2~ ~112 
IIJC Cl-12 

- '-.(CH2).( 

CDrC~ 

CC l_l 

gem inate products 
I, I I, III 

o-cnr~CH2)11--1-Cl-l2 • CBrCl3 - O=Cllr-(CH2ln+4-CH2Br + CCl3 
IV 

o-c Br-(C H2 )11 . .i-C 112 CC 1_1 --- 0 =C Br-( CH 2 )11 , 3 -CH =CH 2 + CH C 13 

V 

n=6,7 

The scavenging rate constant ofCBrCl3 estimated by this method is (2.3±0.4)· 109M-ls-l 

Two c,ompetitive channels of singlet-triplet conversion have been revealed and the 

qualitative picture of their contribution to the kinetics of the low-field CIDNP is presented 

Acknowledgment. This work was supported by Russian Foundation for Fundamental 

Researches (grant 93-03-18593) and by International Science Foundation and Russian 

Govennent (grant JJD I 00). 
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