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The reaction of CH30, radicals with CH, and CH;CHO on TiO, (rutile) surface at room
temperature has been studied. It was shown that in both cases the radicals multiplication has been
observed. This phenomenon was ascribed to the additional consumption of organic compound by
the chain branching mechanism initiated by above mentioned reaction. It has been concluded that
this phenomenon is more striking revealed in the case of acetaldehyde.

Fig. 1, references 12.

I ntroduction

The Eartts atmosphere is mostly a gaseous medium with al swiaime fraction
of aerosols and solid particles. The impact of tremthe atmosphere composition can
be quite large because of some reactions, thateaiyeslow in the gas phase, can proceed
more rapidly on the surface of these particles. &id peroxy radicals (HOand RQ)
are involved as intermediates in the mechanisntbeofjas phase processes of oxidation
and combustion of organic compounds. Short livipgcses, originating, e.g. from the
oxidation of volatile organic compounds (VOCs) acatbon monoxide, control the
removal of primary pollutants such as Nénd VOCs, which are not only harmful to
human health but are also a major contributingofa¢b the formation of lower-
atmosphere ozone.

The use of titanium dioxide (TiPnot only as one of the most important species for
the degradation of aqueous pollutants [1-3], bab dbr its high corrosion resistance,
low toxicity and particularly in the remediation eblatile organic compounds is

currently a topical issue.
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In the works [4-6] thermally unstable peroxyacyldaperoxy radicals on TiO
surface following thermal and photodecompositionsefieral adsorbed aldehyde and
ketones have been identified. RCO, RG@&dicals that were generated by the reaction
between charge carriers in Ti@nd various reagents in the presence pihlecules
have been observed [4].

With the help of the kinetic method of radical fzeey combined with ESR and IR-
spectroscopy, some experimental data showing tip®romity of the heterogeneous
interaction of peroxy radicalCH;0,, CH;COs) with the organic compound (methane,
acetaldehyde) on the solid surface of KCI, NaCl &it@}, have been obtained [7-11].

In works [9-11] the mentioned reactions were inigesed at low pressure (10
Torr) in the capillary tube covered by NaCl, KCidahiO,, available in the composition
of atmospheric particles and aerosols.

It was shown that on salt surface the remarkableswmption of radicals takes
place.

NaCl is more active in this process compared witBl.KThe degree of the
consumption increased dependent on quantity of aneth

In contrast with salt surface, on TiGurface the dependence of radicals quantity in
flow on the initial quantity of organic reagent tasmplex character [11]. On titanium
oxide surface under some conditions not only theradese, but the remarkable increase
of radicals quantity in relation to their initialigntity has been observed too.

This phenomenon is attributed to the additionaktwgeneous chain branching
radical consumption of organic compound.

Taking into consideration the above mentioned acarcg information on this
problem it is became clear that obtaining new astahe heterogeneous interaction of
radicals with organic compounds is very important.

The goal of the present work is to study the effettnature of the organic
compound on the kinetic peculiarities of the reattbf methylperoxy radicals with
acetaldehyde and methane on J#0rface.

Experimental Results and Discussion

The interaction of acetaldehyde or methane wittoyeradicals was investigated
using ESR spectrometry combined with the kinetichwe of radicals freezing. The
description of experiments is given in the work][Illhe experiments were performed at
low pressurex102Torr)and room temperature. Heterogeneous radical decsitigyoof
peracetic acid served as a sourc€HEO, radicals in a quartz flask covered with cobalt
oxide (Co0O). The dimensions of a quartz capill&gator (I= 2 cm and d= 0.15 cm) as
well as the low pressure used in experiments albwie@ minimize homogeneous
reactions. The residence time of reacting mixtureéhie capillary reactor is much less
than the time of homogeneous interaction of ;OH radicals with reactants
(acetaldehyde, methane). The inner surface of oeaeas covered with TiOpowder
(rutile, pure for analysis) by treating the surfagéh its 10% aqueous suspension. Then
the water was evaporated and surface was coverethéyhin film of TiQ. The
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concentration of the radicals was determined eveng before the experiment with
acetaldehyde to compare it with the concentrationthe next experiment with
acetaldehyde. The reproducibility of experimenttbdvas good.

At the presence of small quantities of acetaldetlthderemarkable consumption of
radicals on the Ti@surface at room temperature has been registendaating the
heterogeneous interaction of peroxy radicals witlanic compound. In Figure (curve 1)
the dependence of the difference between curredt iaitial quantity of radicals
(A[RO,]) on the quantity of acetaldehyde is shown.

As seen from the curve 1 at low quantity of acethidle the remarkable decrease
of radicals was registered. However with the furtimerease of acetaldehyde quantity
the rise of radicals quantity till the quantitieceeding the initial one has been detected.
For example at C#CHO feed in quantity equal to 8 x #@nolecules the increase of
radicals quantity A[RO,]) is approximately 32%. The further increase oflevalar
reagent quantity leads to the decrease of theasdigiantity.
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For comparison in the Figure the behavior of radigaiantity vs. methane quantity
is also shown (curve 2). Comparing these two cuwesan conclude that in general the
qualitative picture is the same, indicating theilincomplex character of the reaction in
the case of other organic compound. Similar to [T, the phenomenon of radicals
multiplication is observed. But the quantitative picture is differefihe decrease of
A[RO,] in the case of acetaldehyde (46%) is higher thahe case of methane (32%). It
is clear that one of the reasons can be a betéaldehyde adsorption on TjGurface
compared with methane.

The second conclusion drawn from the comparisodatd by analogy with the
homogeneous interaction is the highest rate consthiheterogeneous interaction of
peroxy radicals with acetaldehyde than with meth#inesults in the highest rate of the
initiation of the further chain branching consuroptiof molecular organic reagent.
Therefore the highest degree of the radicals midsipon is observed in the case of
acetaldehyde.

Earlier [12] the model well describing the multgadtion of radicals during the
interaction of CHO, radicals with organic compound (aldehyde, hydrbor) on the

oxygen containing surfaces has been offered. It s@gposed, that the interaction
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proceeds in an adsorbed layer according to Langhtimshelwood approach on active
sites of a surface. The goal of the calculation wadind out the adequacy of the
representations incorporated in model to experiedefdta, without going into detailed
mechanism of the chemical interaction. It was shélat the additional consumption of
organic compound was explained by chain branchiaghanism initiated by the radical
decay of ROOH, forming during the interaction ofrge radicals with organic

compound.

Taking into account this consideration it becomeg&lent why the increase of
radicals in the presence of acetaldehyde is obdeatvdower amount of the molecular
product. The reason is the higher value of ratestzon of the reaction of acetaldehyde
with CH;O, radicals compared with that in the case of methane.

Conclusion

Kinetic method of radicals freezing combined witS8HE spectrometry was used to
study the interaction of GJ€HO and CH with CH;O, radicals on Ti@ surfaceThe
multiplication of radicals for both above mentioneghctions is detected, being more
apparent in the case of acetaldehyde.

The existence of radicals multiplication not onfythe case of hydrocarbon, but in
the case of aldehyde as well, indicates the comolamacter of the earlier observed
phenomenon.

CH,0, UPYULLE P ONUNESNRE8NRULE
CH,CHO tY, CH, ZES TiO, UUUYGuNh3Eh I U

b. U. 9ULTULBUY, L. U. UTLNRAUCNYU,
2.U.QULULP 1 U. 4. OUNNPUBUL

CH3CHO U CH: ophtwjh Jpw ntumidbwuhpyl] b opquiwlui dhwgnipjut htwn
CH302 nwnhluwjutph htwnbkpngkt nkwlghwi: 8nyg £ wipqws, np Epyne ghypmd
nhuynid E nughljuibph puquugdut Epbinygpp, npp guydwibwynpjws b opquwljui
dhwugnipjutt  Swjuny oppuyuiwib  Eniquynpws  dkuwihquny hwpnigws
Jtpnhhojup nbwlghuwyny: Uodws bplnypt wybkh guyumb b wpnwhujndus
wgbwnwnthhnh nhwypnid:

B3AMMO/JIENCTBUE CH;0, PATUKAJIOB C CH;CHO M CH,
HA TOBEPXHOCTH TiO,

H. A. BAPJJAHSIH, JI. A. MAHYYAPOBA, X. A. JIUKAJIAJIN u C. B. HAPYKSAH

Ha npuMepe anerajibAeruga U METaHa Ha IMOBEPXHOCTHU T|02 H3YUCHO BJIMSAHHUC
MMprupoJabl OPraHU4CCKOTro COCAUHCHHNS Ha PCAKIHIO CH302 paauKajoB ¢ OpraHUu4eCKUM
COCIMHCHHEM. Hoxa3aH0, 4TO B 000MX clrydasax Ha6n}o;[aeTcs{ SABJICHUC PAa3MHOXCHUA
pagukKajaoB, KOTOPOC o0BsICHsIETCS WHUIIUUPOBAHUEM BLIIHeyKa3aHHOﬁ peaxuneix’[
pacxogoBaHusd OPraHUYCCKOro COCAMHCHUS IO LCIHOMY PAa3BCTBJICHHOMY MCEXaHU3MY.
‘Vka3aHHOE SIBJICHUC BBIPAKCHO Goiee SPKO B Cj1y4ac alcTaJlbAcTraa.
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