






























































PPC-12

passing from water to less polar media. In presence of B-cyclodextrin this reaction is
accelerated probably due to low polarity of cyclodextrin cavity.

Thus our results reflect the gemeral conclusion about the higher relative
effectiveness of intramolecular nucleophilic reactions as compared to the intramolecular
processes which involve the transfer of proton.

1. 0.8.Tee, M.Bozzi, J.J.Hoeven, T.A.Gadosy, J.Am. Chem.Soc., 1993, 115, 8990.
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Synthesis Ao'f Mono-, Di-, and Trisilylated Olefins Based on
Rh(I) Catalyzed Hydrosilylation of Methylenecyclopropanes

K.A.Blinov, A.G.B tnych, N.A.Donskaya, N.M.Yur'eva, I.P.Beletskaya
Department of Chemistry, Moscow State University, 119899, GSP-3, Moscow, Russia

Hydrosilylation of methylenecyclopropanes in the presence of Rh(PPh;3);Cl,

Rh(COXPPh;),Cl, and [Rh(C4H;),Cl}, provides a new synthetic route to silylsubstituted
alkenes.

Interaction of arylmethylenecyclopropanes with silanes proceeds at room temperature
selectively with ring-opening to form silylated styrenes in excellent yields. The reaction
rate depends on the substrate and catalyst nature.

Ar HSR!,R2 Al'>=/\/Silll SR2
R: :] [Rh] rt R
75-96%
R1=R2=Et RI=R2=0Et RI!=Me,R2=Ph
Ar=Ph,R=H Ar=p-MeOPh,R=H, Ar=Ph,R=H
Hydrosilylation of cyclopropylsubstituted methylenecyclopropanes leads to the

selective formation of mono- or disilylated olefins. The direction of the reaction is
-influenced by catalyst and silane.

HSHOE), &/\/sxmﬂt);
' [Rb(C4He,CH R .
R=Me 82%,R =Ph 8%

I HSiEy, Et;Si ) SiEt;
RhOO)PPR: ,Q -
R=Me RB(COXPPhy,Cl °C  8h 66%

R=Ph RW(COXPPhy,Cl 80°C 6h 3%
R=Ph [RBCHgCl, 20°C 100h 8%
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Trisilylated alkene is obtained as. the only product of the reaction of
dicyclopropylmethylenecyclopropane  with triethylsilane in the presence of
[Rh(C 4Hg)Cl],. With triethoxysilane the monoadduct is exclusively produced

HSl(OEI)j Si(OEt);
66%

[mqa‘,x:b \/E&S
73%

Di-p-chlorotetrakis{n 2-methylenecyclopropane]dirhodium is more active catalyst for
hydrosilylation of methylenecyclopropanes than other rthodium complexes. Reactions with
different silanes proceed at room temperature in good yields.

The mechanism of methylenecyclopropane hydrosilylation is discussed.

For arylmethylenecyclopropanes, the cyclopropylmethylrhodium intermediate resulted
from the addition of HRhSiR; to the double bond undergoes ring-opening. -

In the case of cyclopropylsubstituted methylenecyclopropanes, the vinylcyclopropane
fragment is coordinated to rhodium as a bidentate ligand to yield the products of opening
of two or three cyclopropane rings.

Reference

1. N.A.Donskaya, N.M.Yur'eva, I.P.Beletskaya, Mendeleev Commun. 1992, 136.

1. N.A Donskaya, N.M.Yur'eva, T.1.Voevodskaya, A.S.Sigeev, . P.Beletskaya,
Zh.Org.Chim. 1994, 801.
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CERTAIN OF THE KINETIC MODELS USED IN SCR SIMULATION

L.N.Bobrova
Boreskov's Institute of Catalysis, Novosibirsk

At the beginning of the 70s, Selective Catalytic Reduction of nitrogen oxides by
ammonia (SCR process) first commercialized in" Japan is the most successful
technology for removal of NOx of stationary sources. In spite of the rapidly
growing commercial applications and the large number of studies focusing on
various aspects of these reactions, there is still no agreement on the mechanism of
the SCR process. This brings up an empirical approach of the.overall kinetics of
catalytic reactions. So, under some excess of ammonia at 250-350 OC, to
sufficient accuracy the rate of nitrogen oxides reduction can be expressed by the
equation of the first order for NO and zero one for NH;. The dependence of this
sort has been applied in modeling the reactor and operation regime of the first
industrial unit for off-gases purification from nitrogen oxides by SCR under
unsteady-state conditions arising from periodical reversal of the flow to be purified
through catalyst bed (REVERSE-NOX process) [1]. To describe the behaviour of
the process within wide area of NH3/NOx and temperatures the rate of NOy
reduction is given by

l'Nox =k x Canox X (:nNZH3 (l)
or
kxCyo, xCnm,
no, = —————t 3.
Nov" 1+ K x Cyy,

Q)

The rate laW of ammonia oxidation is
Iy = K X Cngy 3)

Fig.1 shows the conversion of nitrogen oxides and ammonia as well as
maximum temperature as a function ‘of the time between reversals (the rate
equation (2)).

X, % Tmax :°C
500
100}
, 300
90t
80 {100

12 16 20 24
tci2, min

Fig.1. Conversion of the NOx(1) and NH;(2), maximum temperature(3) as a function of the time
between reversals of the gas flow.

It is known the catalyst being used have the essential adsorption capacity as to
ammonia. Operation of industrial reactors associated with start-up and shut-down
of the plant, as well as with variations of the load, reagents content or temperature
along the catalyst bed, -is being performed in transient conditions. Simulation of
the reactor behaviour calls nonstationary kinetic model for mathematical
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description to be fit adequately. The simplest mechanism has been used in a few
papers [2,”3, 4] concerning the dynamics of the SCR process.

. NH3+[ ] « [NHj],

2. NO,+[NH3] +0; & Ny+H,O0+[ |.
The rate equation is

no, = Kno, X Cnoy- X Onny (C))
where ammonia surface coverage ©yy, is described by

Onmy _
ot a NOy *

the rate of reversible adsérption of NH;
I, =k* chHj X(l—ems)—k- XGNH,"' ’
a - catalyst surface capacity.

Using this model one can consider how the storage capacity of ammonia over a . .
catalyst surface affects the efficiency of SCR. Fig.2 shows the behaviour of
nitrogen oxides and anunonia concentration in outlet under cyclic changes of NO
at the inlet (Fig.2A). Fig.2B illustrates the curves calculated using the
nonstationary model (4), fig.2C - with the rate law (2) (Calculations has been
made by E.S.Borisova). . . ) )

C in, % vol. C out, % vol. C out, % vol.
0.4 - 0.20

1 \wox ) ong- ., - Nweox

M, |

0.2 A)  0.010 Mox B) 0.104 NH, C)
0.0 —_—— 0.000 ——T 0.06 T T T

0 400 800 1200 0 . 400 800 1200 0 400 800 41200

time.s time, s time, s

Fig.2. Nitrogen oxide and immonia content at the inlet (A) and outlet (B, C) of the catalyst bed.
B - model (4) has becn used, C - model (2); T = 260°C.

Recently Dumesic ct.al. have [S] shown that the simple two-step Eley-Rideal
mechanism is not consistent with all data. Here it has been proposed that adsorbed
ammonia first must undergo an “activation step” before reaction with NO. In the
paper that follows [6] the authors attempted to support the suggestion by
experiment. In their opinion SCR reaction is initiated by an adsorption
equilibrium involving V3*-OH sites. - Transformation of the adsorbed ammonia
occurs via involving monomeric terminal vanadyl species:

V3*-ONH, + V3*=0 & V5*-ONH;H*-O-V4* ()

There is the contention regarding. the form of adsorbed ammonia and the
active site, whether V=0 or'V-OH. Overview of the experimental evidences we
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believe strongly suggest that the activation of adsorbed ammonia is due to the
interaction summarized of surface structures. ’

To simulate of the transient regimes of SCR process and reactor dynamics
under typical industrial conditions the postulated steps are as follows:

I. NH;+ | ] < [NH3)

2. NHj + [V;,05] & [NH3-V,0s]

3. [NH3-V,05s] & [NH,-V,0,4-OH]

4. [NHp-V,04-OH] + NO + 1/40, & Nj + Hy0 + [V,05]

Ammonia is adsorbed on two type of sites (steps ! and 2). Step 1 and 2
represent respectively the species assigned to - the lower part of TPD spectrum at
maximum temperature 120-150 °C and the medium one at 200-280 °C [6]. The
activated ammonia capable or reacting appears to be relative to the high-
temperature part of TPD spectrum is given by step 3. Gaseous NO and O, react
with ammonia activated, yielding the reaction products and vanadium species
regenerated (step 4).

Preliminary simulation of the transient regimes of SCR process with the
differential reactor model has demonstrated the reasonable behaviour of the
substances in the gas phase.
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CARBONYLATION OF 1-SUBSTITUTED-1-ARYLETHANES and ETHENES:
VARIATIONS IN REGIOSELECTIVITY

M.C. Bonnet*, A.L. Monteiro** and L. Tkatchenko*
Institut de Recherches sur la Catalyse, CNRS, 2 avenue Albert Einstein F-69626
Villeurbanne (France)
Universidade Federale do Rio Grande do Sul, Instituto de Quimica - Grupo de
. Catalise,
Av. Bento Gongalves 9500, 91501-970 Porto Alegre RS (Brazil)

Carbonylation of 1-arylethanols under mild conditions provides an attractive
short route to arylpropionic acids which are used as non-steroidal anti-

inflammatory drugs:!

R COOR
’ ) COOR
{Pd), acid .
—— =
CO, McOH * . .
1 2

A We haveAexamined the behaviour of different starting 1-substituted-1-aryle-.
thanes for this carbonylation  and reported large changes in the product
regioselectivity by variation of the substituents and reaction conditions, and the
nature of the catalytic system based on palladium:2

-1-phenylethyl propionate could be carbonylated (Pco = S50bar) to the
esters 1, 2 (R = OMe) in the presence of methanol, Pd(PPh;),Cl; and

HBF;- OEt; as a co-catalyst. This system favours the formation of the linear ester

(1/2 = 0.21). Monitoring of the rcacyion shows that the carbonylation process
proceeds through 1-phenylethanol or the corresponding methyl ether 3.

-éther 3is slbwly converted under similar conditions to the same products
(1/2 = 0.23).

-1-phenylethanol is extensively consumed, but the formation of 3 is favour-
ed over the production of the expected esters (1/2 = 0.21). A study of the
influence of the phosphine and co-solvent shows practically no influence on the
yield of esters and the regioselectivity. The use of other acids provides significant
modifications: an increase in the yield of the esters is observed with' soluble
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sulfonic acids (1/2 = 0.22). Addition of LiCl depress l-phenylethanol conversion
but enhances the regioselectivity (1/2 = 0.50). As expected,! the use of HCI
increases tfxc regioselectivity (1/2 = 0.73), but, again, at the expense of the yields.
The best results are obtained with the use of sulfonated r‘esius (Amberlyst 15) in
methanol or water. The reaction has been extended to other 1-arylethanols with
noticeable variations observed on yields and selectivities with the nature of the
aryl group. )
Finally, alkoxycarbonylation of styrene under the same conditions has been
examined.? The regioselectivity is much higher-(1/2 = 0.45 to 0.82) and is, at -
variance with the alkoxycarbonylation of l-phenylcth'anol and 1-phenylethyl

propioimte, influenced by all the factors examined.?

1. Elango V, Davenport K.G, Murphy M. A, Mott G, N, Zey G.E, Smith 'L,B,
Moss G L, Eur. Pat. Appl. EP 400 892 (1990, Hoechst Celanese Co.); Chem.
Abs., 1991, 114, 206780k. , '

2. Monteiro A. L, Thése de I'Université Paul Sabatier, Toulouse (10.15.1993);
Bonnet MC, Mon]teﬁro A.L, Tkatchenko I, J. Organometal. Chem., in press. ' )

3. Bonnet MC, Monteiro A.L, Tkatchenko I, J. Organometal. Chem., in press.
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NEW ASPECTS OF PREPARATION OF CATALYSTS BASED ON THE
PHTHALOCYANINES HETEROGENIZED ON SILOCHROME SURFACE.

Borisenkova S.A., Girenko E.G., Luk'yanets E.A.

Moscow State University, 119899, Russia.
State Research Center of Russia "NIOPIK”
" 103787 Moscow, Russia.

The use of silica (SiO; in itself and its modified form) became one of the
heterogenating ways of metal complexes classic. In case of phthalocyanines
the possibility of developing various types of catalysts on the ground of this
carrier may be rather wider as the carrier makes it possible to realize all the
main methods of forming surface structures: by adsorptive interactions,
coordination linking and chemical graft.

In present investigation methods are realized and compared from the
example of cobalt phthaloeyanine (PcCo).

The use of the PcCor solutions in nonpolar solvents (octane, toluene) is
the only way for the adsorptive coating of the complex (on unmodified SiO);
it ensures rather noticeable hydrophobic interactions "adsorbent-adsorbate”. On
the base of the analysis of Kinetic data and adsorption isoterms we consider
" that in this case structures are formed from parallel surface by the orientation
of the PcCo molecules; such systems catalyze selectively reactions by whose
mechanism a triple complex is not supposed to be formed (for example the RSH
oxidation).

The attempt to make surface layers by means of merely nonpolar
interactions was unsuccessful (SiO,, hydrophobizied by propyl groups).

Method of coordination linking ( gamma-aminopropyl-
silochrome) allows structures of two types to be prepared. 1-The PeCo
molecule is coordinated with the NH;-group through the Coy+ ion; such adducts
interact .weakly with each other and are highly effective in the prosses of the O,
activation; 2-linkage forming owing to the protonation of amine groups (if the
phthalocyanine molecule has acidic substituents, for example HSO3).

Calculation, confirmed by experimental and spectral data, allows a
decision to be made concerning the preferable formation of 1 type linkages when
having both possibilities at the same time. '
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For the "PcCo-- -aminopropylsilochrome" systems the isoterm  form
depends on carrier specific surface: -for the carrier with SS=120 m?/g it
accords with the Langmuir isotherm and is easely straightened in the
coordinates of the Langmuir equation; -for the carrier with SS=80 m2/g the
isotherm has a complex formi: its initial part is described by Langmuir equation
and the next one-by BET equation.

Both isoterms have part of irreversible adsorption of Pc molecules (up to
35% of monolayer capacity), meaning the strong interaction adsorbate-
adsorbent.

The isoterm analysis shows that PcCo molecules form laers with the
parallel orientation to the surface.

The chemical graft of the complex can be realized by treating the

carrier (- aminopropylsilochrome) with the solution of PcCo sulfochloride.
The maximum coating of the surface is 70% and obviously that is really reachable
for the PcCo molecules. The part of the molecules in the formed layer has an
inclined arrangment; at the same time there are apparently structures where
PcCo molecules are linked in addition with the surface by the coordination
linkage. Such systems have not only all the advantages of the immobilized
metal complexes but are also bifunctional catalysts and may be wused in the
processes of the ~oxidation of acidic substrates in case of need of the
preliminary dissociation of the reacting molecule (for example RSH).
_ So systems with different structure of the active phase and  different
catalytic properties can be prepared by changing the conditions of the
heterogenation of the phthdlocyaninc complex and the properties of the
silica surface. '
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Kinetic features of the nitrogen desorption in CO+NO reaction on Iridium
A.L Boronin, V.IL Elekhin, E.A. Ivanov
Boreskov Institute of Catalysis RAS, Prospect Lavrentieva, 5, Novosibirsk
630090, Russia

The kinetics of NO+CO reaction- on iridium has been investigated by
XPS and TDS. N, and CO, appeared to be the products of this reaction, while
N,O formation was not detected in mass—spectra. N, desorption proceeds
through NO dissociation with the subsequent recombination of nitrogen atoms.
The reaction kinetics study of NO reduction by CO at P(CO,NO)=10"" — 10~°
mbar over a wide range of partial pressures has shown that the reaction starts to
risé at temperatures 400 K up. Our experiments on adsorption of N, activated by
high—frequency discharge in the gas phase have proved the absence of the N, ‘
desorption from the atomic nitrogen adlayer at T<700 K. In this case the
temperaturé of the maximum desorption peak is located at T=750 K. So, the
mechanism of nitrogen activation and the low temperature desorption of N, are
likely to be responsible for the activity of the CO+NO reaction at T<700 K. The
formation of subsurface oxygen, following NO decomposition at T>400 K,
activates the adsorbed atomic nitrogen, thusv providing a sharp increase of N,
desorption. As a result of the N, — O, interaction the low temperature

desorption peak of N, appears near 550 K.

The proposed kinetic scheme includes the steps of the formation of
subsurface oxygen and diffusion of nitrogen atoms to the surface sites activated
by O
of the elementary steps we have numerically simulated thermodesorption

Using this kinetic model and the experimentally determined constants

subsurf®

spectra. Simulation showed that a.low temperature desorption of nitrogen from
the N,,, + O

different parameters has been also performed.

layer takes the place. The numeric calculations with variation_of

ads
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DESIGN OF POLYFUNCTIONAL CATALYTIC SYSTEMS
FOR ALKYNE OXIDATIVE CARBONYLATION
L. G\ Bruk, I. V. Oshanina, T. T. Zung, and O. N. Temkin
L Academy of Fine Chemical Technology, pr. Vernadskogo 86, Moscow, 117571 Russia

Reactions of alkyne oxidative carbonylation can be used for the synthésis of a number of
products [1,2]. Among these products, derivatives of alkynylcarboxylic acid esters (I) and
maleic anhydride (II) are of principal interest:

RC=CH + CO + R’OH + Ox — Red + 2[H] + RC=CCOOR’ o

RCECH+ZCO+H20+OX—>Red+2[H]+ﬁD ' (1

The data obtained during last S years [3-7]'enabled us to suggest that the mechanisms of these
. reactions have common features and to approach the choice of catalytic system for putting
them into practiée. ’

A key intermediate of reaction (I), palladium(llI) c-ethynyl complex can be generated via
three’ mechanisms: (1) the oxidative addition of a'C-Hal bond of halogenated acetylene to
réduced palladium; (2) the transmetalation with Cu(I), Ag(I), or Hg(Il) ethynyl complexes,
which can be generated more readily; (3) the oxidative addition of acetylene C-H bond to
reduced palladium. The composition of a catalytic system affects the reaction pathway. Variant
1 is predominant when the system contains iodide or bromide ions. Variant 2'is predominant
when the system contains chloride ion and Cu(l), Ag(I), or Hg(II). Variant 3, which did not
gained sufficient evidence yet, is practicable when variants 1 and 2 are hardly possible.

Hydride complexes are most probable intermediates, which are fonﬁed simuitaneously with

' the target product via the cleavage of ethynylcarbonyl c-organometallic compound as a
consequence of the nucleophilic attack of alcohol, although there is no direct evidence for the
formation of hydride complexes in system (1). The oxidant function reduces to the
transformation of hydride complexes into initial catalyst entity. The problem consist in that the
oxidant should not be strong enough to oxidize the reduced palladium (variants 1 and 3) or
Cu(I) (variant 2). .

It was shown that, in the case of PdCl,-CuCl system, the problem can be solved by the use
of oxygen and the choice of reaction conditions (pcolpo2 and pH). The process can be
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conducted continuously with the selectivity to methyl phenylpropionate of ~85% and
productivity of 50 g/(L h) (R = Ph, R’ = CH3) [5,6].
In the case of reaction (II), which is catalyzed by Pd(I), the situation is much similar. In the

absence of oxidant under the same condition, reaction (III) replaces reaction (II):

C,H; +2CO +H,0 » °<;: jo ’ (1)

The key. intermediate of reaction (I1I) is the maleic anhydride coordinated with pailadium
hydri&e complex [8]. Palladium hydride complex was monitored by the 'NMR method. The
introduction of an oxidant results in the induction period (the Pd(I) —Pd(II) oxidation),
increase of the rate of maleic anhydride formation, and then while the oxidant is reduced,
increase in the rate of succinic. anhydride formatioﬁ Oxygen is an efficient hydride acceptor. Its
oxidation potential can be varied by altering its partial pressure in the gas mixture [8].
However, the presence of oxygen and acetylene in the reacting mixture is not desirable from
the standpoint of explosion safety. Thus, the problem reduces to the choice of an oxidant or a
catalyst of oxidation that make it possible to separate acetylene from oxygen or decrease the
oxygen partial pressure to the v'a!ue lower than the explosion limit. At the same time, they
should not oxidize Pd(I) compounds to a detectable extent.

We failed to find the oxidant that possess the desirable oxidation potential. It was shown
that, if oxygen partial pressure is low (<0.05 atm), phthalocyanine transition metal complexes
can be used as catalysts of oxidation. '
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DETERMINATION OF THE NUMBER OF ACTIVE CENTERS AND THE
PROPAGATION RATE CONSTANT FOR ETHYLENE POLYMERIZATION ON
SUPPORTED Ni-CATALYSTS BY “CO

G.D.Bukatov , V.S.Goncharov, V.A Zakharov
Boreskov Institute of Catalysis, Novosibirsk 630090, Russia

Ethylene polymerization on NiLy/MgH. and NiL./Al(i-Bu):/SiO. catalysts [1] by
HCO as the inhibitor for determining the number of active centers (AC, Ni-polymer bonds) is
studied. After introducing “CO/Ni = 0.5 +1 (rﬁol) the polymerization rate decreases shérply.
The removal of "CO from polymerization medium recovers the catalyst activity, but the
polymerization rate is lower than one before **CO introduction.

The interaction of catalytic system with HCO at the various time (tco) and molar ratio
CO/Ni is studied. The number of labels in the polymer and liquid phase (hexane) proportionally
depends on the *CO concentration and the catalyst activity (number of AC). Number of labels
in the polymer increses with tco; but the rate of the label accumulation during short e (< §
min) is essentially higher than the sﬁccessive one. In the absence of ethylene the number of
labels in the polymer does not increase with 1co and the number of labels in the liquid phase is
lower than one in the ethylene presence. The slower increase of the number of labels with ¢
seems to be due to slow copolymerization of ethylene with *CO. Maximal number of labels in
the polymerization system (polymer + hexane) in our experiments exceeded half of Ni content
in the catalyst.

Catalyst activity and the number of AC (i-n the range of 1.5+6% of Ni content) with fhe
polymerization time decrease several times. The values of the propagation rate constant (k)
are maximal at the sho_rt polymerization time (5+15 min) and equal to (2:3)-10° 1/(mol-s) at
65°C. With increasing polymerization time the k, values determined by '*CO decrease slightly
(by a factor of =1.5). .

This study was carried out due to the financial support by ISF (grant RBF 300).
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XPS STUDY OF OXYGEN ADSORPTION ON SILVER:
FROM SINGLE CRYSTALS TO SUPPORTED PARTICLES.

V.1.Bukhtiyarov, 1.P.Prosvirin, B.S.Bal’zhinimaev
Boreskov Institute of Catalysis, Lavrentieva prosp. 5, Novosibirsk, 630090, Russia.

The use of bulk silver samples such as single crystals or foils as objects for surface
science studies of the silver-catalyzed ethylene epoxidation [1-3] has - provided a
breakthrough in the specification of the types of adsorbed oxygen states and their reactivity
towards C;Hs. On the other hand, practical catalysts represent silver supported on a-
alumina. The discrepancy between the nature of the bulk and supported metal known as
“the material gap” problem creates the difficulties for approximation of the model data to
real catalysts. So, in this work we have carried out a comparison of the adsorbed oxygen
states which are formed as a result of O, adsorption at T = 470 K in a following row of
silver samples:

Ag(111) - Ag(110) - Ag powder - Ag on graphite - Ag on a-ALO;.
To clarify the nature of oxygen states we have used X-ray photoelectron spectroscopy
(XPS) which has proved to be one of the most effective method to study adsorbed species.

Ag(111) and Ag(110) single crystals. Oxygen adsorption both on Ag(111) and on
Ag(110) single crystals results in a Ols line with BE = 528.1 - 528.2 eV indicating the
appearaﬁce of atomically adsorbed oxygen with presumably ionic character of Ag-O bond.
The O, pressures of 1 Pa or 107 Pa are neéessary to saturate the Ag(111) and Ag(110)
surfaces by this oxygen state, respectively. This is in accordance with Campbell’s data [l']
about O, initial sticking probability on these planes: ~ 10 for Ag(111) and ~ 10® for
Ag(110). Further raising the O pressure up to 100 Pa does not provide additiona] states of
adsorbed oxygen.

Appearance of oxygen state with presumably covalent character of Ag-O bond
characterized by Ols line with BE = 530.5 eV is observed after treatment of the clean Ag
surfaces by a C,H, + O, reaction mixture. This process is Qccompanied by dissolution of
oxygen and carbon atoms in subsurface region of the silver. Apparently, namely subsurface
oxygen facilitates the formation of the “covalent” oxygen.

Ag powder. The detection of both atomically adsorbed oxygen states after O,
adsorption at P = 1 Pa on surface of Ag powder confirms this suggestion. Indeed, the
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powder contains considerable amount of subsurface oxygen even after heating in vacuum
up to 800 K. It should be noted that the formation of the “covalent” oxygen occurs only
after appearance of the “ionic” one.

Ag on graphite. To study adsorbed oxygen states on dispersed silver we have used

Ag particles prepared by evaporation of silver on a cleaned graphite surface over a wide
range of the Ag particle sizes: from small clusters (~ 20 A) to large particles (> 300 - 500
A). Only the “covalent” oxygen is formed after O, adsorption at pressures up to 100 Pa on
the silver particles with the mean sizes below 100 A, while the larger silver particles are
characterized by both the “covalent” and “ionic” states of atomically adsorﬁed OXygei.
. Ag on a-AlLQO;. Decrease in the “ionic” oxygen concentration below XPS sensitivity
limit (< 3 -5 % from a monolayer) for the small Ag particles (< 100 A) seems to explain the
drop of ethylene epoxidation rate by more than one order of magnitude revealed by us [4]
for Ag/Al,O5 supported catalysts in the same range éf Ag particle sizes (size effect). This
explanation is based on our concept about the necessity of both the adsorbed oxygen states
to proceed the ethylene epoxidation [2,3]: the “ionic” oxygen creates the sites (Ag") for
ethylene adsorption, and the “covalent” one reacts with the adsorbed ethylene to produce
ethylene oxide. Indeed, the influence of the “ionic” oxygen on ethylene adsorption changes
the rates both of epoxidation and of total oxidation of ethylene.

Studying the silver electronic properties in two latter systems (Ag/C, Ag/AL,Os) shows
that disappearing the “ionic” oxygen on the Ag particles with the mean sizes below 300 -
500 A is most likely to be determined by worsening of the silver internal conductivity
occurring in the same range of the sizes. Indeed, only the “ionic” state of adsorbed oxygen
is formed on the single crystals with their perfect conductivity. The “covalent” oxygen
formation needs the subsurface oxygen which, most probably, provides the formation of
local electronic states in subsurface silver layers. The possible mechanisms for the
formation of all oxygen states are also discussed.

The authors acknowledge a financial support from Russian Science Foundation (Grant
No 94-03 —082945 and International Science Foundation (Grant No RP8000).
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APPLICATION OF ANGULAR DEPENDENT XPS
TO STUDY CESIUM OVERLAYERS AT Ag(111) SURFACE

V.1 Bukhtiyarov, I.P.Prosvirin
Boreskov Institute of Catalysis, Lavrentieva prosp. 5, Novosibirsk, 630090, Russia

0.A Baschenko
Kurnakov Institute of General and Inorganic Chemistry, Moscow, 117907, Russia

The fact that the cesium is a main promoter of silver catalysts for ethylene epoxidation
explains the attention of researchers to study the Cs overlayers at different silver surfaces
[1]. However, the most of these surface science studies have dealt with the bulk samples of
silver such as single crystals or powders, while the commercial catalysts represent silver
supported on alumina. To avoid this contradiction we have carried out comprehensive XPS
and TPD studies of Cs species both on silver supported catalysts and on Ag(111) single
crystal [2]. It has been shown that there are two Cs species which are common to both
types oE the samples studied. One of them is characterized by a Cs3ds; line with binding
energy of 724.2 eV and desorption temperature of about 600 K. The second species
(BE(Cs3dsz) = 724.9 eV) is desorbed at much higher temperatures (~ 800 K). The
detection of the same Cs Species at Ag(111) surface as those on supported silver makes a
possible the use of this model system to study their structure. In this work we present the
application of angular dependent XPS to tackle this problem. '

ADXPS deals with the measurement of the core level XPS intensities when the take-
off angle of photoelectrons is changed. Following numeric restoration of the measured
angular dependencies of relative XPS intensities to depth concentration profiles has proved
to give a quantitative information about structure of subsurface layers. The physical basics
and mathematical expressions of this method have been described by us earlier [3].

Before the measurement of ADXPS data we have develqped methods of the Cs
deposition which allow us to prepare presumably one of the above mentioned Cs species.
The Cs ‘deposition on clean Ag(111) surface in vacuum (Pis. < 107 Pa) at T = 470 K
followed by O, adsorption at P = 10 Pa and T = 470 K has been used to produce the low
temperature Cs species, while the high temperature species has been prepared by the Cs
deposition in O, atmosphere (P = 107 Pa) at T= 470 K followed by heating in vacuum up
to 650 K. Special attention was paid in order to obtain identical cesium coverages.
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Angular dependencies of the Cs3ds/Ag3dsn and Ols/Ag3ds, intensity ratios have
been measured for both species as the samples have been kept at T = 470 K in vacuum. The
results of the following restoration of the experimental ADXPS data to depth concentration

profiles for Cs, O and Ag are presented in Figure 1.

Low temperature Cs High temperature Cs_
species species ’

N,at.%

Fig.1. Depth concentration profiles of Cs, O and Ag in terms of at.% for the Cs overlayers
at Ag(111) surface.

One can see that although cesium and oxygen have a surface location with respect to
 silver for both species, however, the relative depths of their distribution are varied. If the
oxygen layer for the low temperature species is thicker than the cesium one, so
controversial situation is observed for the high temperature species. This fact together with
the Cs3ds; binding energy values allows us to suggest the féllowing structure of these
species: the cesium atoms in the former case are bonded with silver surface through
oxygen, while direct bonds of the Cs-Ag seem to be formed in the latter case. These results
show usefulness of the ADXPS to study the structure of subsurface layers in the model
. catalytic system. '
We would like to acknowledge a financial support form Russian Science Foundation,
Grant No. 93-03-4851.
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Experimental and theoretical study of the siructure of
amorphous and poorly crystallized catalysts by
vibrational spectroscopy methods

E.B.Burgina, G.N.Kustova, A.V.Arbuznikov and V.P.Baltakhinov
Boreskov Institute of Catalysis, Novosibirsk, 630090, Russia

Many amorphous or poorly crystallized catalysts obtained via
low-temperature synthesis, mechanical activation, etc. cannot be
studied by direct (diffraction) structural methods. On the other
hand, one can extract a unique structural information from the
vibrational spectra after appropriate theoretical analysis. Moreover,
vibrational spectroscopy is known to be more sensitive than
diffraction methods.

Identifying eatalysts with the known structure using their
vibrational spectra is the commonly used practice. A wide collection
of IR and Raman spectra of reference catalysts was accumulated.

There are empirical relationships correlating changes in the
vibrational spectra with those of structural parameters of the
compounds under consideration. However, currently most of such
relationships have no theoretical substantiation. The latter would
allow us to use the vibrational spectra in determining the structure
of new compounds.

In connection with catalysis, the theoretical analysis of the
spectra has several aspects:

1) factor-group analysis of the perfect structure and simulating
the number of IR- and Raman-active vibrations at different
occupations of the unit cell sites; simulating different structural
defects and their spectral manifestation;

2) analysis of the normal vibration characteristisity and
determining the spectral domains responsible for the definite
structural fragments;

3) simulating the separate . structural fragments by the
corresponding molecular models and aé initio quantum-chemical
calculation of their vibrational frequencies; studying the short-range
environmental effects. .

Using both theoretical and experimental vibrational
spectroscopy allowed us to determine the structure of real catalysts
prepared in the Boreskov Institute of Catalysis.
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Under special conditions of synthesis the oxide catalysts may
include residues of anions. The latter are formed during the catalyst
treatment by the reaction medium or originate from the parent
phases. The presence of extra anions determines structural features
as well as cation distribution in the compound and its catalytic
activity.

For instance, under calcining the crystalline goethite, the
residual OH-groups hinder the perfect hematite stru¢ture (a-Fey03)
formation, the latter occurs through the intermediate metastable
phase (“protohematite”) containing. tetrahedrally coordinated iron
atoms. This way of hematite formation is also realized under
thermolysis of salts and mechanochemical activation. '

The spinel ZnCoy0, synthesized at low temperatures starting
from the corresponding salts contains residues of their anions. The
latter were shown to affect the phase transition temperature and the
_cation distribution characteristic for the normal spinel.

The cation distribution in the spinel CuCr,04 was studied. The
Cut? cations in the tetrahedral sites were shown to disappear as a
result of the catalyst reduction.

' The formation mechanism of the spinel Cog0, was studied.
Effect of the calcination temperature on the cation distribution and
the arrangement of extra Co cations in the catalyst structure was
determined.

The structure of amorphous product of iron sulfate hydrolisys
(being a catalyst in the water oxidation) was determined. One showed
that sulfate anions don’t enter the first coordination sphere of iron
but are retained in the structure by the H-bond system.

The products of mechanochemical activation of copper hydroxo-
carbonate were studied. This process was shown to be accompanied
by the reversible elimination of OH-groups from the first
coordination sphere of copper.

Using the vibrational spectroscopy methods to investigate the
catalyst structure would be extended provided that the correlations
“spectrum - structure” will be substantiated theoretically and the
databank of interpreted IR and Raman spectra of-catalysts will be
created. )

This research was made possible in part by Grant No. RAD 000
from the International Science Foundation.
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INVESTIGATION OF ACTIVE CENTRES OF NOVEL METAL-CARBON
CATALYSTS FOR THE SELECTIVE HYDROGENATION OF
UNSATURATED HYDROCARBON
V.V.Chesnokov, V.V.Molchanov, N.A.Zaitseva, R.A.Buyanov,
V.I.Zaikovskii, V.I.Bukhtiyarov

Boreskov Institute of Catalysis, Novosibirsk 630090,Russia

Up to now, carbonaceous deposition on catalysts has been
considered as a harmful process and serious efforts are made to
suppress this process. However, now the catalytic carbon is in
large demand as a valuable material. Properties of this materi-
al depend on the morphology apd structure of carbon.

Carbon is deposited as filaments from methane on the
nickel~-containing catalysts (Ni/A1203: Ni-Cu/AIZOB).

The filamentous carbon is used As a catalyst for the se-
lective hydrogenation of unsaturated hydrocarbons. The cata-
lyst consists of carbon filaments and metal monocrystals at
their ends.

High resolution electron microscopy (HREM) and X-ray
method were used to study the mechanism of a filamentous carbon
formation. Metal particles with a 50~500 A diameter initiate
the growth of filamentous carbon. Metal crystals . are oriented
relative to the filament in a partcular-way. Diffusion of car-
bon atoms through the particle is the key step in the mechanism
of the filamentous carbon growth. Different faces of Ni crystal
act differently during the carbon formation. Thus, (100) and
(110) faces.initiate the formation of carbon atoms from methane,
while the graphite structure is produced at a (111) face.

The hydrogenation properties of filamentous catalysts

change as the carbon content varies. At a low C/Me ratio, the
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catalysts perform the comlete hydrogenation, providing a 100% -
conversion at room temperature. Raising the C/Me ratio increa-
se the selectivity of the butadiene and acetyiene hydrogenation
towards alkene.

The reasons of the high selectivity of these catalysts
were studied using electron nicroscopy.and x-ray photoelect-
ron spectroscopy (XPS). It has been shown that the shape of
nickel particles changes as the C/Ni ratio increases. At low
C/Ni, the crystallographic planes (100) and (110) are avialable
for the .gas reagents. At high C/Ni , only (110) planes are
open for the gas reagents, since (100) planes disappear. ln
both cases, (111) planes are blocked by carbon. The specific
mechanism of the filamentous carbon formation causes these
changes in the nickel monocrystal faces. At C/Ni >20, the de-
fectiveness of the nickel crystallite enhances. The catalytic
activity of such catalysts increases at the approximately con-
stant selectivity. Changes in the shape of nick2l particles are
accompanied by changes in their electronic properties. Raising

the C/Ni ratio results also in the increase in the Ni2p core

level binding energy.The Auger parameter conserves. T:ézchan-
ges of electronic properties is due to the defectiveness of
metal particles. The increase the in Ni2p binding energy may
be the reason the observed increase in the hydfogenation rate.
Acknowledgement
We gratefully acknowledge the support of the Russian Foun-
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this research.
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CATALYTIC PROPERTIES OF IONIC/ELECTRON CONDUCTORS
INTERFACE AT LOW TEMPERATURE

Yu.A. Dobrovolsky, L.S. Leonova, and A.M. Vakulenko

Institute of New Chemical Problems,
Russian Academy of Sciences, 142432, Chernogolovka, Russia

In the recent years the number of -papers, in which the ionic/electron
sonductors interface in the environment of various gases is studied, has significantly
yrown. This is due to advanced application of such §ystems in heterogeneous catalysis
‘Non-faradic Modification of - Catalytic  Activity) and solid electrochemical gas
sensors. However, almost all studies were performed at high temperatures.

In this work we studied the effect of composition of ionic (proton and sodium
conductive electrolytes) and electron (metallic and semiconducting electrodes)
conductors on the rate and mechanism of-the processes occurred on three phase ionic
conductor/electron conductor/gas boundary at temperature close to the ambient one.

The potential of platinum electrode contacting-a protonic conducting solid
electrolyte in hydrogen/argon mixture can be described by the Nernst equation for
the reaction of hydrogen ionization, is in equilibrium, and is independent of the
solid electrolyte composition. In air we found significant deviations from the Nernst
dependence caused by formation of the mixed hydrogen-oxygen potential. Both the
magnitude of the steady potential and the time of its establishment depend on
the composition of the solid electrolyte. All studied protonic conductors can be
arrayed in the order of decrease in relaxation rate as follows: heteropoly compounds
(HPC) > antimony acid > flavianic acid > hydrated tin dioxide. The highest
catalytic activity in the reactions of electrochemical hydrogen oxidation was found
in heteropoly acids and their salts with high protonic conductivity. The role played by
solid electrolyte is the control of the oxidation degree of platinum that is in
contact with it.

In oxygen-free environment the potential of the platinuun/HPC interface

is practically independent of the carbon monoxide concentration. In air both the
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rate and mechanism of the processes on three-phase boundary are principally
defined by the dispersed condition of platinum. When platinum niello is used, two
values of the poiential are established. They correspond to oxygen reduction to H,O

and HjO,. The change in concentration of carbon monoxide results in jumpwise

transition between these states. When spongy platinum or platinum coated on tin
dioxide are used, the potential vs concentration of carbon monoxide in air is described
by the Nernst equation. In both cases the potential defining process is
electrochemical reduction of oxygen .to. hydrogen peroxide followed by chemical
oxidation of carbon monoxide to dioxide. _

Electrocatalytical phenomena were also found on interface between  sodium
conductive  solid and semiconducting electrolytes in the presence of carbon
dioxides, sulphur, and hydrogen sulfide. Both ionic and electron conductors affect
the rate and mechanism of the interaction between gas and solid
electrolyte/semiconductor interface. When solid solutions on the base of tin
dioxide are used, the adsorption and catalytic properties are cymbate. It was
shown that the mechanism of the processes is primarily defined by acidity of
electrode surface whereas the equilibrium potential in air depends on ° the
electrode ability to exchange with the bulk of solid electrolyte by minbr charge carries
(ionized oxygen). A

From the preceding results the ways‘ of activating electrochemical
processes  on ﬂuee-phasc solid electrolyte/electron  conductor/gas boundary
-and the possibilities of using such electrocatalytical phenomena in low temperature
electrochemical solid gas sensors are discussed. .

The work is supported by the Russian Fundamental Research Foundation,
Grant 95-03-0884 .
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Silylformylation, and Hydrosilylation of Alkynes Catalyzed by Di-p-
chlorotetrakis[n2-methylenecyclopljopane]dirhodium.

Nadezhda A.Donskaya, Nina M. Yur'eva, Alexandr S.Sigeev, Irina P.Beletskaya,

Department of Chemiswry, Moscow State University, 119899, GSP-3, Moscow, Russia,

Hydrosilylation of alkynes catalyzed by transition metal complexes yields vinylsilanes,
which are the important substances for organic synthesis. There is great interest in
silylformylation of alkynes to provide an efficient method for the synthesis of
polyfunctional alkenes. Relatively little complexes are known to catalyze this reaction.

Di-pi-chlorotetralais[n 2-methylenecyclopropane]dithodium!,2 was found to be very
efficient catalyst for hydrosilylation and silylformylation of alkynes with different silanes.

(€ Ho,RECTY R H

R—C=CH + Rl RZSiH - =C
2 0lmol% rt H. |SiR,IR?
R=Ph, RI=R2=Et
Rl=Me, R2=Ph
R =MeOCH,, Rl =R2=Et
Rl=Me, R2=Ph

For example, the reaction of phenylacetylene with dimethylphenylsilane is complete in
15 min at room temperature to produce the B-adduct exclusively (Z-/E-=1:2).

The activity of silanes follows the order PhMe,SiH >> Et;SiH > (EtO);SiH.

Hydrosilylation of intemal alkynes occurs rapidly and selectively to form Z-
vinylsilanes.

Silylformylation of alkynes in the presence of rhodium complex with
methylenecyclopropane proceeds at 30 atm. CO to form two stereoisomeric B-
formylvinylsilanes in good yields and a high degree of chemo- and stereocontrol.

[(C,Hg,RLCIL R H

R-CCH + RURSH + €0 —pms  CCl o
mol.
30atm 0= iR,
R=Ph, RI=R2=Ft 50°C 20h €%

Rl=Me, R2=Ph 20°C 3h 7%
R=CH,;;, RI!=R2=Et 80°C Sh 9%

R=~MeOCH,, Rl =R2=Et 80°C Sh 68%
Rl=Me,R2=Ph 20°C 7h 90%
Dxmethylphenylmlane is more active than triethylsilane. In g-eral internal alkynes are
less active in silylformylation.
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Novel Catalytic Reactions of Oxidative P-C, P-0O, P-N Coupling
of Tetraphosphorus to Alcohols, Amines and Nitriles

Ya.A.Dorfman and R.R.Abdreimova

INSTITUTE of ORGANIC CATALYSIS and ELECTROCHEMISTRY , NATIONAL
ACADEMY of SCIENCES, ALMATY 480100 , REPUEBLIC of KAZAKHSTAN
The solutions of ROH-ArH-Py, RH N—ArH-Py and RCN-ArH-C ‘H.D:
contaning l:ut:lz I:uL’, Pdcx{, Hquz, Ptcx‘, Pt:t:!.z (HYz) or AqNO,
at 40-90°C rapidly (in 2-8 min) and selectively oxidize even
trace (< 10_: mol/l) amounts of tetraphosphorus to give the
produ;is of oxidative P-C, P-0 and P-N coupling depending on

' nature of metal and subrate.

P, + 10CuCl, + 16ROH  ———» 4(RO) P=0 + 4RCl + 16HCL (1)
P,+ 6Cul, + 12ROH ——— 4(ch P + 12HL (2)
P, + 6CUCK, + 12i-PrOH —» 4(1-Pr0) MHP=0 + 4i-PrCl+ 8HC1 E3)
P, + 10CuCl, + 16RCN  ———» 4(Rcu:-u) JP=NCC1 R (a)
P, + 10CuCl, + 16RHN ———5s 4(RHN) Psm + 20HE1 (s)
P, + 10PtCl, + 16ROH _ —— 4(RO) P=D + 4RCl1 + 12HC1 (&)
P, + 10PtCl_ + 16RH N ;3;;53 4(RHN) JP=NR + 20HC1 7
P, + 10PtCI, +-2oncnzou—-,_—% 4(HOCHR) JP=0+4(RCH,_) 0O+ 20HC1 (8)
P, + 10HGC1, + 20RCH,OH 4(HDCHR) P=0+4(RCH ) O+ 20HC1 (9)
P, + 10HGCl, + L6RCH OH —— s A(HOL‘.HR)‘PCI + 1eHCI (10)
P, + 10HC1, + L16RHN  —— s 4(RHN) P=NR + 20HC1 (11)
P, + 10PdC1, + 20RCH LOH == 4(HOCHR) JP=0+4(RCH,) D+20HC1 (12)
P, + 6PACl, + 124—PrOH —— 4(i-Pr0) HP=0+4i—PrCl + 8HC1 (13)
P, + 10PAC1, + 16RHN ——o 4(RHN) P—m + 20HCI (14)
P, + 20AgNO, + 16RCH:DH—AS» 4(HDCHR) [PNO, + 16HNO, (15)
P, + 20AGNO_ + 16RMN ——— 4(RHN) P=NR  + 20HNO_', (16)
R = Me, Et, Pr, Bu, i-Bu, Am, i-Am, Oct; L = CHCO,, CMHCO,
C,HysCO,3 RON = PRCN, MeCN; RHN = 1-PriH,, CJH NH,, PhNH;

PtCl‘— Na’PtCIG; PtClzt NathCI‘.

Reducted metals are regenereted by 02(1—4), mixture Oz—HNDz
(11,12,14), 1, 4CCH‘D: (7-9), MaBr(ls (6) and electric current.
Optimal conditions, kinetics, mechanism, products and
intermediates were investigated by S'P NMR—, IR-, UV-, XPS-
spectroscopy, GC, redox — potentiometry and methods of chemical

modelling, ingibition of radicals, orbital simmetry, CNDO, etc.
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Despite of the extremely stressed structure the non-polar
tetrahedral P‘ molecule is inert in bheterolytic conversions.
Tetraphosphorus can be activated by low-valence transition
metals as a result of distortion upon n'—:oordination where the
edge linked to the metal is lengthened by 11%. High-valence
d-metals activate P‘ by means of the P-P bond cleavage resulting
in tetraphosphide.

Alkoxyd RO_, amid RHN~ and imid RCIC=N_ ions produced froa
alcohols, amines and nitriles in coordination sphere of CuClz,
CuL:, Ptcl‘ react with tetraphosphide—-ion to give the products
of P-0 and P-N coupling excited by complemental reduction of
central atom. In coordination sphere of PtCl', HgCl:, PdC!z
hydroxyalkyl HOCHR ions have been formed from alcohols. P-C
coupling of tetraphosphide-ion to HOCHR —-ion is stimulated by
the synchron complemental demetallation of intermediate
complexes.

Mechanistically, the reactions of P-C, P-0, P-N coupling
proceed via formation of X’P (17) followed by oxidative
phosphorylation (in the case of alcohols) or oxidative imination

of latter  (in the case of amines and nitriles) (18).

X\
P -
. P P _P <P HX | Sp P HX
W, = WWelKe — WMo Xp —v— W Xp =
’,‘\\P AP Pt MY, s2HX  yp o PRI
— a—ppx T xp™Wex T, zv? xellex EH,mv
2MY_, 4rix
> 2XPPX,  ZW,anve Y% (17)
X_= RCH.Q X = RO
MY ,2RCH, OH MY, ,ROH
(HORHE) P=0 s5r-ory REFL T o (RO) P=0
"C1_ ,RCN xP Y, RH. N
— =|
(CCIRN) P=NCCI R ——% , Moy (RHN) P=NR
X = RCICN X = RHN (18)

This study is supported by Grant No.MY1000 from International

Science Foundation.
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BIOMIMETIC OXIDATION OF METHANE TO METHANOL:
KINETIC ISOTOPE EFFECT

K.A. Dubkov, V.I. Sobolev, E.P.Talzi and G.I.Panov
Boreskov Institute of Catalysis, Novosibirsk, 630090 Russia

Remarkable operation of enzyme monooxygenases (MO) relates to their
unique power of oxygen activati.on over . Fe containing sites. MO generated oxygen
species can readily incorporate, at ambient conditions, into inactivated alkanes to
produce selectively alcohols. Methane monooxygenase (MMO) is a particular case being
the only one enzyme of this kind capable of oxidizing even the most inert CH4 molecule.
Progress in understanding the mechanism of MO oxidation greatly depends on
developing new biomimetic models. Recently, Fe clusters stabilized in ZSM-5 zeolite
matrix have been successfully demonstrated as MMO mimic [1]. They produce, at N>O
' decomposition, a new highly reactive form of the surface oxygen (called a-oxygen)

providing fast and selective oxidation of methane to methanol at room temperature. In
“the present work, in order to reveal further similarity to MMO, kinetic isotope effect
(KIE = kn/kp) was measured for the stage of methane interaction with (O), preloaded
on the surface from N,O:
CHa+ (0), = (CH3 OH),
Experiments were carried out in a vacuum static unit in the temperature range from -
500C to 100°C. Measurements of both intermolecular KIE using CH4CD4 = 1:1
mixture and the intramolecular ones using CH2D2 mixed isotope were performed. In the
latter case the product methanol was extracted from the surface and analyzed for the
isotope composition by NMR technique. KIE value was found to very from 6.0 to 1.9
depending on the reaction temperature. Its activation energy (1,2 kcal/mol) corresponds
to the difference of zero energies of C-H and C-D bonds whose cleavage occurs at the
rate limiting step. Such a high KIE value is typical for monooxygenases, thus cohﬁrming
a biomimetic type of the oxidation mechanism with a-oxygen.

* Acknowledgement: The BIC authors group acknowledges that this study was made
possible in part by Grant N JDB100 from the International Science Foundation and
Russian Government.

[1]. V.L.Sobolev, K.A.Dubkov, O.V.Panna and G.l.Panov, Catalysis Today, 1995,

to be published.
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Desigh of Metal Polymer Complex Catalysts with Memory

for Catalyzed Substrates

AA. Efendiev. Yu.M. Sultanov, J.J. Orujev, E.B. Amanov

Azerbaijan Academy of Sciences Institute of Theoretical
Problems of Chemical Technology

29 Gusein Javid prospect
370143, Baku, Azerbaijan

Macromolecule metal complex catalysts have witnessed a growing interest for
the last several years as they combine high activity -and selectivity of homogenous
complexes with technological advantages of heterogeneous complexes with
technological advantages of heterogeneous catalysts.

A number.of metal polymer complexes specially prearranged for catalyzing
substrate have been obtained and used as selective catalysts. The general principle
is based on the use of memory of polymer composition and consists in interaction
of non-croslinked complexes with hydrocarbon substrate in solution, i.e. under
conditions when macromolecules are still mobile enough. The next step is fixation of
the structure of the active centres by intermolecular crosslinking and the third step
is removal of the template substrate from the crosslinked system. Crosslinked
macromolecules might "keep in mind” conformations advantageous for the template
substrate and this should lead to an essential increase of activity and selectivity of
metal polymer complex catalysts.

Using this principle a number of metal polymer complex catalysts containing
pho'sphory'lic, carboxylic, pyridine, amine and imine functional groups have been
prepared and they have been prearranged for catalyzing of liquid phase oxidation
reactions of ethylbenzene, isopropylbenzene, cyclohexanone, n-decane and
hydrogenation of allyl alcohol. The use of ESR spectra for investigation of polymer
complexes has shown significant changes in the structure of prearranged
complexes compared with complexes prepared without such prearrangement.
Prearrangement provides formation of uniform compiexes with structure close to
that of their low-molecular analogues in solution.

It has been shown that prearrangement results in significant increase of catalytic
activity and selectivity of metal polymer complex catalysts
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ADSORPTION AND DYNAMIC BEHAVIOR OF FLUIDS IN MICRO- AND
MESOPORES OF CATALYSTS

. D.K. Efremov, AA. Shubin, V.B. Fenclonov
Boreskov Institute ot Catalysis; Prospekt ak. Lavrentieva, 630090 Novosibirsk.
Russia

The phase composition and diffusion of components adsorbed in micro- and
mesopores of catalysts are of particular importance for heterogencous catalysis.
With this regard it is necessary note the incréasing role of computational methods of
moiccular-statistical mechanics [1,2].

This work presents a new version of Grand Canonical Ensemble Monte. Carlo
(GCEMC) which allows to model simultancously gas and adsorbed phases in any
heterogencous adsorption and catalytic systems. A conventional GCEMC modeling
of adsorption on thermodynamically open surface essentially depends on the volume
ratio of gas and adsorbed phases. That is, 10 model adsorbed layer alone one should
regulate the height ol simulation box minimizing the gas volume and thus producing
almost homogencous fluid [3]. However, such approach is unsuitable for studying
adsorption and catalytic processes in pores because pore geometry dictates the size
of simulation box. ) '

With the help of proposed GCEMC version we have sclected the parameters of
cffective potential of the Lennard-Jones (LJ) pair interactions for nitrogen. These
parameters are valid for a wide range of surface coverage during nitrogen mono-
and multimolecular adsorption. It turns out, howevet, that at a monolayer coverage
below 0.65 it is impossible 1o sclect fixed cnergy Cor of the LJ interaction between
nitrogen molecule and support molecule to reproduce adequately the experimental
adsorption isotherm on the non-porous solid. We cxplain this phenomenon by a
quadrupole moment of real nitrogen molecule, absence of spherical symmetry and
inadequate account for real dispersion and clectrostatic interactions (N"-NZ“ and

"N2 - support molecule™) of the third and higher order.

The second advance of the present work is an adjusted semiempirical dependence
between Cor and the monolayer coverage ol carbon surtace G, when the latier is
below 0.65. The obtained function allows to reproduce in numerical experiment the
isotherm of nitrogen adsorption on carbon black "Vulcan" at 77.4K and at relative

N2 pressures varying from l()'6 0 0.99.

We used the new version of GCEMC together with obtained cql-(G) function to

study nitrogen adsorption and capillary condensation at 77.4K in the slit micro- and
mesopores  with walls possessing  graphite propertics. Such experiments  are
important for the practical characterization of porous structure of carbon-based
catalysts and supports by nitrogen low-temperature adsorption. With this approach
we show quantitatively and, in part. qualitatively that the popular-nonlocal density
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functional theory is somewhat inadequate [4]. In particular. numerical adsorption
experiments in micropores prove the absence of a "layering” transition before
capillary condensation reported in [4]. The irreversible capillary condensation staris
in larger pores and occurs at higher adsorbate vapor relative pressures (P/PS). than

is predicted in [4]. Moreover, adsorbate density in micro- and mesopores is stable
and does not raise starting from some definite P/Ps value. in contrast to [4).

We were the first to observe and thoroughly verify a new phenomenon: in
micropores with a size of 1.8-2.2 nitrogen LJ diameters. starting from some P/P_.

a stable solid film forms which comprises strictly localized molecules. We have
shown that this phenomenon really occurs by molecular dynamic experiments with
the GCEMC produced molecular configurations. Morcover. the foregoing range of
slit pore sizes can be divided into some subintervals. For each of them the number
of molecules in micropores remains the same. In going from one subinterval to
another the number of molecules in a micropore changes stepwise: the number of
molecules added or removed is strictly specified for the two given neighbouring
subintervals.

We obtained the table of relative pressures at which the smallest mesopores are
filled. One can use this table to calculate the pore size distributions of carbon-based
catalysts and supports.

Authors thank financial support from RFSF (pmjéct 93-03-4809).
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W-TEMPERATURE CATALYTIC OXIDATION OF HsS ON METAL-
CONTAINING VION-FIBRE

Emclianova G.L, Gordenko LE., Lunin V.V.
Moscow State University, Chemistry department, Moscow, 119899, Russia

The new catalysts providing oxidation of HoS into elementary sulfur at room
temperature with high velocity has been proposed. This catalyst contains transition
metals sulfidc complexes immobile on the synthetic fibre in swollen state.

Catalysts were investigated at 291 to 333 K, space velocities were adjusted
up 104 hr1 and H)8 concentration range was 0,1-10 vol.%. pH of swollen state
catalysts was varied from 6 to 12. IR and ESR methods were uscd.

The catalytic activity, kinctics and oxidation mechanism has been
investigated. At high HaS concentration the catalytic activity has been reduced
exponentially because of geometrical blocking of active catalyuc sites by sulfur
atoms. This process is reversible. :
. 'Thesc studies showed that homogenous reaction mechanism takes place at
low tempcrature catalytic oxidation of H38 on metalconteining VION-fibre.
Catalysts containing Mn, Cu, Ni - sulfide complexes have aciivity and mechanical
resistance to wear.
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"Correlation of peroxide radical formation rate with the
number of paramagnetic centers (PC) on the surface of massive

oxides of IVth period transition metals IVptm) "

V.K.Emolaev, A.Yu.Gladky.

Boreskov Institute of Catalysis”, Novosibirsk 630090, Russia

During the oxidation of normal a_lcohols over the surface of the IVtpm oxides,
the rate of desorbed radicals formation, Wroa, increases, if the partial pressure of
hydrocarbon exceeds that of oxygen. The rate increases at most, when
hydrocarbon/oxygen ratio is 1/1 [2). Some preliminary investigations of catalysts
subjected to the rea(;tion show that as the IVtpm oxide is reduced in reaction. the
number of active sites increases-[1,2). It is known that the oxides can be divided into
two gx'oup§. The first group comprises hardly reducible oxides. Reduction affects only a
few surface levels. We explored such ZnO, Cr;0Os and TiO;, belonging to this group. The
second group unites easy reducible oxides. The reduction of _thée oxides causes not
surface changes alone, but also a new phase formation. To this group such oxides as
V:0s, MnO:, Fez0s, Co:0s, NiO and CuO belong, that we studied as well. The oxide
reduction produces localized electron states, which are supposed to relate to some
active sites forming during the reaction. These sites are often paramagnetic.

In this work we use the ESR method to explore the correlation of Wro:z with the
number of PC on IVtpm oxides, activated in reaction course. These PCs were activated
during the oxidation of n-propanol. Activation was made by oxygen with the reagent
ratio 1/1 at S00C and total pressure 0.1 torr. The use of ESR technique has an inherent
limitation. The oxides must have an insufficient quantity of biographical PC after the
treatment. (The treatment consists in exposing the catalyst to oxygen at 520C and 1 torr
for 1 hour.) Due to the limitation ‘we choose ZnO and TiO; among the first group
oxides and MnO;, Co3Os and NiO :.among the second group ones. To preserve the
active sites we quickly cooled the catalyst after reaction in the reaction mixture to
room temperature and vacuumed it to 10 torr. The ESR spectra were recorded at

300K or at 77K. In order to determine the place of PC localization, the registration was
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conducted both with oxygen and without it. The concentration of PC and spectral
parameters were measured uSing Mn*MgO standards. The PC, formed during
reaction on ZnO and TiO: could be idex;tiﬁed as O, stabilized in the anion vacancies on
the catalyst surface. The increase of their concentration correlates with the increase of
Wroz.
The reduction of NiO and Co;Oj4 causes a fast formation of conductive phase.
Due to this fact we failed to investigate a time correlation of Wro2 with these changes.
It was found that the MnO: reduction goes much slower. Like other oxides of

the second group this catalygt undergoes some structural transformation: MnO: =

Mn:0; = Mn30s = MnO = Mn [3]. The free energy change for the last step (79kcal)

“exceeds the total free energy change of three previous steps (45kcal). Such a change is
probably not reimbursed by the free energy of product formation, since a single line of
Mn*? ion was observed in the -spectra during whole experiment. During the first 4 hours
of reaction the line width decreases from 80 mT to 60 mT. During this time only a 0.001
part of ions transforms to Mn*2. The integral intensity of ESR signal also increases
synchronously with the Wro: increase in this case. The possible nature of sites active in
the RO: formation is discussed.

This work was granted by ISF . N RAI300.
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OXIDATION OF 1,3-PENTADIENE TO 2-METHYLFURAN: A MODEL
REACTION TO MODIFY BI- AND POLYCYCLIC DIENES

E.M.Evstigneeva, E.D.Finashina, V.E.Belozerov
Lomonosov State Academy of Fine Chemical Technology, Moscow, 117571, Russia

Bi- and polycyclic dienes such as the products of allylation of 2,5-
norbornadiene are useful auxiliaries for organic synthesis and may act as accumulators
of solar energy. Modification of these compounds by partial oxidation is an
interesting process from both practical and mechanistic point of view.

One of the simpliest models for such a reaction is Pd(I1I)-catalysed oxidation of
1,3-pentadiene to 2-methylfuran in aqueous HyO; solution.

The reaction mechanism .was studied by a number of physico-chemical
methods (GLC, 1H NMR, mass-spectrometry, IR-spectroscopy, potentiometry) and
can be expressed in the form of the following scheme:

Pd(ll) Pé(
MW)O_-‘Aﬂ +\MM’{\£T;‘M—>O‘:"
H (Y
2 R

Noteworthy, isomeric complexes I and II possess equal reactivity in oxidation
to 2-pentene-1,4-diol. Kinetics of this process was investigated within the range of
pH=1+5 1.2, In neutral and weakly acid solutions oxidation of I and II proceeds
without breaking of Pd-C bond 3. This remarkable process is likely to include radical
intermediates.

The ways and means of obtaining 2-methylfuran with high yield as well as the
effect of reaction conditions on regioselectivity of the process will be discussed.
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Study of the Reactivity of Molybdenum Oxide Cluster Ions MoxOy* with
Some Small Molecules in the Gas Phase using Ion Cyclotron Resonance

Speectrometry

E.F. Fialko, A.V. Kikhtenko, V.B. Goncharov, and K.I. Zamaraev.
Boreskov Institute of Catalysis,
Pr. Akademika Lavrentieva 5, 630090 Novosibirsk, Russia

Transition metal oxides have a wide variety of industrial applications in
electrochemical processes, electronics and catalysis. The importance of these
compounds has promoted a growing number of gas-phase investigations of physical
and chemical properties of metal oxide ions. For these studies the number of mass-
spectrometric methods were used including the ion cyclotron resonance (ICR)
spectrometry. Metal oxide cluster ions in the gas phase can be considered as a model of
active sites of heterogeneous oxide catalysts. So, the study of reactivity of M,oy+ ions
can give information on detailed mechanisms of proceeding processes.

A method for generating of MxOy" ions in ICR cell using the effusion chamber
(Knudsen cell) was developed. Knudsen cell (900K) was placed directly on the trapping
plate of ICR cell. MoxOy* ions were formed by electron impact (70eV) of the vapor of
the sample of MoO;. 98Mo (97%) isotope was used to simplify the analysis of ICR
spectra.

The combination of high temperature Knudsen cell with standard cubic trapping
ICR cell results in formation of polymeric molybdenum oxide ions MoxOy*' (x=1-4,

= 1-12) with a great number of oxygen atoms. .

The ion-molecular reactions of Moxoy"’ ions with carbon monoxide, methane, c-
C3Hg and ammonia were studied. It was found that molybdenum oxide ions with a
great number of oiygen atoms are the most unreactive, probably, due to their
coordinate saturation. They exhibit only H atom abstraction reactions in interaction
with NH3, CHy, ¢c-C3Hg. Oxygen deficient molybdenum oxide ions react with ¢-C3Hg
yielding molybdenum oxo carbenes. The reactivity of MoxOy*' with different number of
metal atoms is the same. So, the formation of metal carbenes does not depends on the
size of metal particle. '

The interaction of Mo,Oy* with CO leads to the destruction of polymeric
molybdenum oxide ions due to great gain in energy durmg CO, formation.

Molybdenum oxide ions containing three metal atoms react with ammonia via the
loss of some oxygen ligands and by formation of some nitrogen containing species up to
Mo30;(N),*. The detailed study of the mechanism of this reaction can be possibly
useful for elucidation of the problem of nitrogen fixation.
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RELATIONSHIP BETWEEN ELECTRON-ACCEPTOR PROPERTIES AND
SURFACE STRUCTURE OF ALUMINA STUDIED BY ESR AND IR
SPECTROSCOPY

AV.Fionoy. A.N.Kharlanov, E.V.Lunina.
Department of Chemistry, Moscow State University, Vorobyovy Gory, 119899,

Moscow, Russia.

The alumina, especially low-temperature modifications, is widely used as the
catalyst component. Some of the important data on the surface properties of alumina
were obtained by ESR-spectroscopy of adsorbed 2,2,6,6-tetramethyl-piperidine-N-
oxyl (TEMPO) and anthraquinone [1,2] and IR-spectroscopy of adsorbed carbon
monoxide [3,4]. However, direct comparison of the ESR and.IR data on the Lewis
acid sites (LAS) of the alumina has not been made. Nevertheless, it might be very
useful for understanding of the LAS structure. .

It is known that TEMPO forms a complex with LAS on the dehydroxylated
surface of alumina. The ESR spectrum of this complex has hfs from both 14N and
2-.’AI. The similar spectrum is observed in case of the complex TEMPO-AICI3
formation. On the basis of this coincidence the important conclusion has been made
earlier [1]: LAS, which form the compléxes witﬁ TEMPO on the alumina surface, are
three- coordinated AI3* ions. These LAS are non uniform. The value of aa; varies in
the range 10.2 -11.7 G [2] with the dehydroxilation temperature and the crystal
structure of Al2O3.

The IR spectroscopy of adsorbed carbon monoxide is convenient method for
investigation on the alumina surface. This method also shows the non uniformity of
LAS. The study on adsorption of TEMPO and CO on the equally pretreated alumina
samples proved the correlation aa| and vcQ (see Table).

It is known that anthraquinone upon adsorption at 393 K is able to form
paramagnetic donor-acceptor complex with coordinatively unsaturated (CUS) A3+
ions. It was shown [2] that anthraquinone and TEMPO forrﬁed complexes with the
same LAS. We adsorbed CO on the alumina sample with pre-adsorbed
anthraquinone. It has peen found that there are no IR bands of adsorbed CO (p=5

Torr) in the case of this sample.
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Sample an, G Veo. cm”!
v-AloO3, after calcination at 973 K,
pyridine adsorption ) at room 10.2 . 2200
temperature and desorption at 573 K.
0.9 % wt NaOH/y-Al03, 10.3 2205 [5]
after calcination at 773.K
5.7 % wt H3BOg3/y-Al203, after 106 2214
calcination at 773 K
y-Al2O3, after calcination at 773 K 11.5 ' 2235
n-Alo03, after calcination at 773 K 11.7 [2] 2242 [3]

Thus, the results of the present investigation allow to conclude that carbon

monoxide, TEMPO and anthraquinone form complexes with the same LAS. These LAS

are three-coordinated A3t ions (as determined by TEMPO adsorption). They are
disposed regularly and have high local concentrations (as determined by
anthraquinone adsorption).

In accordance with the crystaliographic model of the structure (proposed by:
Knozinger et al. [6]), such conditions can be realized on the dehydroxylated (111)A
and (110)C planes. We propose that two bands 2230-2245 cm-1 and 2200-2215

cm"1 in the IR spectra of CO, adsorbed on alumina, can be explained by the
presence of two families of three-coordinated aluminium ions, which belong to
(111)A and (110)C planes, respectively. The differences in the electron-accepting
properties among one family of CUS A3t jons are determined by the structure of the
second coordination sphere, formed by hydroxyls, oxygen atoms and vacancies of ‘
the external oxygen layer. .
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KINETIC AND MECHANISTIC STUDY OF NORBORNADIENE
ALLYLATION CATALYSED BY Ni(0)-PHOSPHITE COMPLEXES

V.R.Flid, O.S.Manulic, E.D.Finashina, A.P.Belov

Lomonosov State Academy of Fine Chemical Technology, Moscow,117571, Russia

Nickel phosphite complexes are know to be unique catalysts of regio- and
stereoselective allylation of 2-norbomenes and 2,5-norbornadienes (NBD) 1.2.3.

Ni(0),P(OR
d) AN JOPOR; k», Alzz A
y 1 n
M)
R = n-AlL, i-Alk, Ph
Loy en
m v

NiLg NilL3 === Nil2 NiL 2

L = P(O-i-Pr) 3. Solvent: benzene

Among the ligands of phosphite series only tertiary ones form catalytically
active complexes when coordinated to the nickel center, triisopropylphosphite
affording the best results.

31 P NMR kinetic study of the allylation elucidated the formation of nickel
complexes containing different number of ligands in coordination sphere. The
equilibrium (2) was investigated and equilibrium constants obtained showed that NiL3
species are the most stable. NiL, NiL7 and NiL3 selectively catalyse the formation of
I, IT and III respectively, while NiL4 is unactive. Adduct 1V was obtained in trace
amounts. This information enabled us to select the reaction conditions which are
suitable for the preparation of each allylation product.

A detailed investigation of the mechanism of reaction (1) by kinetic and
spectral methods (IH NMR, mass-spectrometry) indicated that hydrogen. transfer
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occurs at the key step of the reaction. The study of structures I-IV suggests that the
allyl protons (II, III) as well as the proton of norbornadiene ring (I, IV) may take
part in hydrogen transfer. It seems possible that hydrogen transfer in compounds I-IV
occurs in the presénce of nickel catalyst.

The model system Ni(C3D5)-NBD and Ni(C3H5)-NBD(Dg) serve to
illustrate a elementary batalytic act of reaction (1). A remarkable feature of this step is
that the allyl fragxﬁent accepts hydrogen forming propylene or its adduct with NBD.

A high value of kinetic isotope effect K, /Kp = 3.6 is the evidence for the
intramolecular character of hydrogen rtansfer and the formation of fairly stable
hydride intermediate.
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CONCEPT OF MANY-COMPONENT ACTIVE CENTER FOR
METALLOCOMPLEX CATALYSTS OF POLYMERIZATION -

E.A.Fushman, A.D.Margolin, S.S.Lalayan, V.E.Lvovsky
Semenov Institute of Chemical Physics, Russian Academy
of Sciences, ul. Kosygina 4, Moscow, 117977, Russia

From beginning of 1980s fields of research in Ziegler-type
catalyst systems, consisting from a organometallic zirconium
complex (Zr) and polymethylalumoxane (MAO), are promptly deve-
loped. It is due to as high efficiency of such systems in poly-
merization [11, as to a possibility stereoregular polyolefins
[2] and various copolymers to be synthesized [31. A stimulus
for studying such systems is also‘their solubility, which per-
mits to hope on more detailed, in comparison with heterogeneous
systems, studying a structure and ways of formation of active
sites.

By now, various models of an active site for this system, as
simplified, as approaching on a structure to real catalyst par-
ticles, have been advanced and investigated [4-7].

However, from binary (Zr + MAO) models of centres and cons-
tructed on their basis kinetic models, which have been sugges-
ted, it is not menaged from the uniform point of view to justi-
fy all variety of kinetic regularities, unless a new assumption
involves for each case.

The purpose of the present work is to investigate experimen-
tally this system using a wide range of components concentrati-
on, to construct the multicomponent active centre, as well as
mathematical models, describing its formation and polymerizati-
on kinetics.

The kinetics of ethylene polymerization with (CpgZrCle + MAO)
and ((CpeZrCl)e0 + MAQ) systems have been studied, the zircono-
cenes concentration being varied in the experiments a ten thou-
sand times [8). As the Zr concentration increases the polymeri-
zation rate (W) increases, passes fthrough maximum and then dec-
reases. For rising branch of curve W does not depends on MAC
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and Al(CH3)3 concentrations, and for descending branch W de-
pends on these parameters. It have been studied the transition
regimes of polymerization kinetics which appear on impulsed ad-
ding of components in the course of polymerization. On
(Cp2ZrCl)20 addition at rising branch a new level of quasista-
_ tionary rate of polymerization is set at intervals of approxi-
mately 15 min., and at descending branch - "instantly", less
than 1 s.

As a result of alkylating of the zirconocenes under conside-
ration the same "pre'catalyst, CpgZrMez, is formed,‘therefore
the rates of polymerization are virtually equal for both zirco-
nocenes [9].

Quantum chemical calculations of models  of Al-containing
fragments for active site were performed, and composition as
well as the pathways of formation of cation-like (A) or proto-
nated (B) active site were proposed.

The center A arises on interacting CpgZr(CHs)e, Al(CHa)3 and
MAO components: '

| \ CHz  CHa|™
CpoZr(CHa)g + -Al-0-Al- + AL(CHaz)3 = [CpaZr(CHz)1* /\Al\
- CH3  CH3
- l|\1 -0 -él‘—-
A

The center B is formed on participating fragments
-0-A1(OH)-0-Al(CHz)-0- arising vyet at the MAO synthesis
(IR-spectrum of MAO used in this study reveals hydroxyls) or on
later interacting MAC with HeO. It is possible to suggest, that
at the interaction of CpgZr(CH3)e with the OH-containing "acti-
ve" segment of MAO, the Zr-0-Al bridge arises, being key cell
at the process of formation of an active center

: sz?.l“ (CHz)

?H \ i I,
CpeZr(CHz)2 + -Al-0-Al- --> -Al-0-Al- + CHa
According to [10], activation of supported catalysts occurs
as a result of protonation of bridged oxygen of surface comple-
xes. The similar way of activation can be also suggested in
this case. Protonated complex with Zr-0-Al bridge may be assu-
med to have a such structure:
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Cp2ZrCHs
O-H" (H2O)n
-Al-0-41- (B)
Hac\ _CHaj-
AR
HaC  OH

Mathematical models describing the process of active center
formation from Zr, MAO and additional cocatalysts which are
trimethylaluminum and water (specially adding into the system
or being contained both in MAO and in other parent components
of the catalyst system) as well as kinetics of polymerization
have been constructed. This models are enable to describe the
set of experimental data: the shape of curves W([Zrl, [MAO)),
the characteristic properties of the transition regimes, active
impurity sensitivity (including sensitivity to incontrollable
impurities) of W as well as need in the great excess of MAO
(MAO:Zr = 100-10000) for efficient polymerization.

Theory and experiment reveal that the kinetic profile W(t)
does not coincide with the kinetics of termination as, for ma-
ny-component active center, not only forming inactive compounds
of a transition metal is of importance, but trapping by these
compounds of a portion of cocatalysts should be also taken into
account. Particularly, under the certain conditions, polymeri-
"zation rate and the number of active centers are constant in
spite of inactive Zr(III) to form.
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Role of the Acid-Base Centres of SnO;-catalysts in the
Oxidative Dimerization of Methane.

S.I.Galanov*, L.N.Kurina*, A.I.Galanov*, N.A.Osipova*,
A.A.Davydov**

* Tomsk State University, Tomsk, 634050, Russia
** Institute of Catalysis, Novosibirsk, 630090, Russia

The oxidative dimerization of methane in one of the most
promissing synthetic method for ethylene and fuel from natural
gas. There exist an opinion that the methane activation are
followed either by the geterolytic C-H bond cracing with
participation of surface acid and basic centres or the
gomolitic C-H bond cracing tookes place.

In order to detalized the reaction mechanlsm the acid-
basic and catalytic properties of tin(IV) oxide catalysts,
modified by K, Na, Li, Ca, Sr, Ba oxides (10%mas) are examined.
The surface acid-basic centres are studied by temperatun-
programmed desorption method by using probe-molecules CO, and
NH,.

The summarized (average) information about surface site
properties, found out by potentiometric titration method in
unaqueous media.

The IR-Fourier spectroscopy is used to study the adsorbed
CO; probe-molecules and analysis of UV-absorption bands is made
for " the basic centers on pure SnO, and catalysts prepared
basing upon SnOz.

The IR spectra of CO, adsorbed on SnO; surface permit to
distinguish at least three types of basic centres. Analysis of
these spectres demonstrates than on SnO, surface bicarbonade
compounds characterized by a.b. 1720 sm™® are formed with
participation of surface OH -groups; also, monodentante (Vascoo-
1500 sm™) and bidentante (Vaseo 1610 sm™') surface complexes are
formed with participation of surface basic oxygen

The catalysts on the SnO, base containing Li,O and CaO as
promoters are more active and selective for the ethylene
synthesis comparing to the pure .SnO,. The most effective and
selective LiO-SnO, catalyst are charactirized by a wide set of
basic sities differing in the strenght and nature. There are
five types of basic sites on Li,0-SnO, catalyst: surface
hydroxel groups and.surface basic oxygen in different states.

There is a decrease in frequencies Ve, relating to
vibration in bidentante carbonate on the Li-catalyst that
indicates a lowering of covalence on the Me-O bonds, that is an
increase in basicity of oxygen.

Correlation between catalytic and acid-basic properties of
SnO, containing catalysts is estimated.
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Oxyreforming of methane over Pt electrode in a solid oxide fuel cell.
V.V.Gal'vita, V.D.Belyaev, V.A.Sobyanin
Boreskov Institute of Catalysis, 630090 Novosibirsk, Russia

In the recent years much attention was given to investigation of catalytic oxyreforming of
methane: CHy + 0.50; - CO + 2H,. This reaction proceeds at high temperatures over
supported metal catalyéts, including the supported platinum-containing catalysts {1].
Oxyreforming of methane seems to be a promising process to produce a fuel for solid oxide
fuel cells (SOFC) utilizing natural gas.
This paper is devoted to the studies of oxyreforming of methane on a platinum electrode-
catalyst in a high temperature cell with a solid oxygen conducting electrolyte, viz. yttria
stabilized zirconia (YSZ). Schematically, such a cell is similar to SOFC:

CHs+ 02+ Ny, Pt | 0.9ZrO; +0.1Y,0; | Pt, air.
The goal of the work was to study properties of the Pt electrode-catalyst with respect to
catalytic oxyreforming of methane and electrochemical oxidation of the oxyreforming
products (H; and CO). _
SOFC is a YSZ electrolyte tube, in which porous Pt electrodes containing 5 wt % of YSZ are
supported on the inner and outer surfaces. The geometrical area of the electrodes was 3 cm?,
and their thickness was ca.10 pm. The experiments were carried out at atmospheric pressure
within the temperature range of 550+800°C under open and closed circuit conditions. The
velocity of the reaction mixture flow, containing 3.5+12 vol % of methane, was varied
between 0.5 and 1 cm®/s. CH4/O; ratio was 0.6+2.
The Pt electrode was found to be an active electrode-catalyst for oxyreforming of methane
and electrochemical oxidation of the oxyreforming products at 750+800°C. The typical
experimental results are presented in Figs.1 and 2.
Fig.1 shows conversion of CHs and yield of CO versus the inlet concentration of methane
during the methane oxidation at the constant inlet concentration of oxygen under the open
circuit condition. Only the reaction of complete oxidation of methane (Xcn,=100%, Yco=0) is
seen to occur at low methane concentrations (or CHs/O; = 0.5), whereas syn-gas is observed
in the reaction products at a higher methane concentration (or CHy/O; = 1+2) with the 64%
yield of CO and H,/CO ~ 2.
In Fig.2 the cell voltage and concentrations of H,, CO, and C02 are plotted against anodic
current (or oxygen flow through the electrolyte into the reaction zone); the values were
measured at CHy/O; ratio of 0.75 in the reaction mixture fed to the Pt electrode. Practically
100% conversion of CH, and O, were observed under the open circuit condition (1=0) due to
catalytic oxidation of methane, and only H,, CO, CO;3, and H,O were detected in the outlet
mixture.
An increase in current up to 220 mA is seen in Fig.2 to result in lower outlet concentrations of
CO and H,, as well as in a higher concentration of CO; and an increase in the cell voltage,
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with respect to their’ open circuit values. There are observed no carbon monoxide and
hydrogen at [=220 mA, and a potential jump is seen in the curent-voltage curve. Upon further
increase in current, the concentration of CO; reaches a plateau, and oxygen appears in the gas

phase.
XcHy, Yeo, % C,vd % uv
72

100 + 5 | T=80’C ‘
El; 4l 11
60 | 31

40 + 21 10
20} 1} 1
V) O — 0 - =
2 4 6 8 10 12 0. 100 200 300

[C""4],Vd% ,m

Fig. 1. Effect of inlet CHs concentration on
CH, conversion (Xcu,) and CO yield (Yco)
at oxidation of methane over Pt electrode
under open-circuit condition. Reaction
mixture flow rate is 0.5 cm’s, inlet
concentration of oxygen is 6 vol %.

Fig. 2. Effect of anodic current on cell
voltage (U) and outlet concentrations (C) of
CO,, CO and H; at oxyreforming of CHs
over Pt electrode exposed to 4.9 vol % CH,4
+ 6.5 vol% O, + 88.6 vol% N, inlet

‘mixture. Reaction mixture flow rate is

0.5 cm’s.

An analysis of these results and similar dependences obtained under different experimental
conditions allowed the conclusion that during an anodic polarization of the Pt electrode,
oxygen supplied to the reaction zone is mainly consumed for electrochemical oxidation of the
methane oxyreforming products (H, and CO), and only Faradaic increase in the rate of
methane conversion is observed. In fact, this is an evidence that the Non-Faradaic
Electrochemical Modification of Catalytic Activity effect [2] does not take place in this
catalytic system. ’

The data obtained are the basis for discussions on the mechanism of methane oxyreforming
and on the prospects for SOFC with internal oxyreforming of natural gas.

* The work was funded by Russian Foundation for Basic Research (Project 93-03-5097) and
INTAS (Project 94-3056).
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Hydrodechlorination of Carbon Tetrachloride.

Gel'perin, E.I. (1), Bakshi, Yu.M. (1), Tarasova, J.V. (1), Avetisov, A.K. (1),
Touroude, R. (2), Finlayson, O. (3), Tiernan, M. (3).

(1) Karpov Institute of Physical Chemistry, Moscow, 103064, Russia,

(2) University of L.Pasteur, Strasbourg, France,

(3) Dublin Sity University, Dublin, 9,Ireland.

Hydrodehlorination of hydrocarbons is- as a rule non-selective process.

That is why the useful utilisation undesirable products are practically important.

. The problem of utilisation carbine tetrachloride in particular become very

actuality because of "The Montreal Protocol on Substances that deplete the
Ozone layer" that doesn't allow to use freons. One of the ways of utilisation of
carbon tetrachloride is the process of hydrodechlorination. From the other side
this process is one of the simplest process of this class, that define the theoretical
sense of that investigation.

It's been tested the influence of platinum concentration and of size particle
of metal applied on the gamma aluminium oxide on catalytic property of sample.
Two samples of catalyst were prepared: F-5 with 0.4% and F-7 with 3 %w. of Pt.
Distribution of Pt on catalyst granule, estimated with SnCl, solution, was
homogenous.

Catalytic properties were studied in the flow reactor under the 60-150 C.

It's found that the catalyst F-5 had a low selectivity by CHCL; (about

40%). C,H;CL; and CH, were the main by-side products. Selectivity was about
50% and 10% correspondingly. The additions of water vapours decreased the
CHCL,; selectivity.
) Under the increasing of Pt concentration (sample F-7) the rate of
transformation of CHCL; per atom of Pt didn't change. But the selectivity by
CHCL; increases till 65% and under the same method of treating of catalyst it can
reach 85%. . 4

The result of kinetic investigation combining with data of TPR, TPO and
TEM allows to conclude that CCL, hydrodechlorination is a structure sensitive
reaction. - _ '

The data about the kinetics of investigated reaction were got by the flow-
circulation method on the samples with about 0.5% w. Pt. The reaction was
carried out upon the excess of hydrogen upon the temperatures 60-120 C. The
partial pressures of CCL, and HCL changed by the variation of flow CCL, to the
unit and contact time.

~
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The result shows that the rate of reaction is proportional to the
concentration of CCL, and inversely proportional to the square root of
concentration of HCL.

The temperature dependence of rate constant corresponds to the activation
energy equal to 9,3 Kcal/mol. The lower value of temperature's dependence that
the known from literature (about 19 Kcal/mol) can point to important role of the
mass transfer process in granule.

This work is part of INTAS project N 13-1382.
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THEORY OF CREEPING FAST AND SLOW HEAT FRONTS IN A
CATALYST FIXED-BED WITH A REVERSIBLE REACTION

A.P. Gerasev and N.A. Chumakova

Boreskov Institute of Catalysis, Novosibirsk, 630090, Russia

A family of unsteady-state processes in fixed catalyst bed reactors using the
creeping heat front phenomenon has been developed at BIC. The heat front is a
spatiotemporal structure, that can form and exist in the catalyst fixed-bed during the
infinite time as a result of self-organization. We have analyzed qualitatively and
quantitatively basic regularities for creeping heat fronts in the catalyst fixed-bed, when
a single reversible first order reaction proceeds. The simplest pseudo-homogeneous
mathematical model used for a theoretical investigation takes into account convective
heat and mass transfer, effective axial heat conductivity of the grain bed, exothermal
chemical reaction proceeding and fixed-bed heat inertia [1,2].

In a coordinate system moving with the heat front this model is a system of
two ordinary differential equations. According to the theory of dynamical systems
on plane [3] a bounded solution of the problem under consideration (if it exists)
converges in infinity to a singular point of the system - to an equilibrium point. It
was proved in the case considered that there is unique inﬂectidn point, I, on
equilibrium curve. A singular point of the system can be either a saddle point or a

stable node.

It has been shown that if the inlet temperature is low enough for chemical
reaction rates to be negligible (though chemical reaction affinity is non zero) a
heat front forms, whose creep velocity (o) is less than the heat mark transfer
velocity. Tﬁese fronts are considered as slow heat fronts (SHF). In SHF the
reaction mixture comes in a thermodynamic equilibrium state with high
teinperature. The structure, maximum temperature and velocity of SHF are
determined by the heat and mass exchange processes in the catalyst bed and by the

chemical reaction Kinetics.

If the inlet conditions correspond to a point of the equilibrium curve
(T,, Co"), but T, - the initial temperature of catalyst - is other than T, a fast heat
front (FHF) forms, whose velocity o is higher than the heat mark trasfer velocity.
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FHF moves only in one direction with the gas stream. If the inlet conditions
correspond to inflection point I, FHF shown to exist at any T,,. Otherwise, there is
interval of temperatures T,, containing I, where FHF does not exist. FHF velocity
o is calculated directly from the integral laws of mass and energy conservation and
does not depend on heat and mass exchange processes in the catalyst bed and on
the chemical reaction kinetics.

We have obtained equation for entropy production in the heat front using
methods of non-equilibrium thermodynamic. The surface of local entropy
productioﬁ has been studied in the FHF and SHF. We have shown the local
entropy production to be equal to zero at plus and minus infinity and to be a

positive function in the heat front.

The heat waves classification on FHF and SHF introduced in [1] corresponds to
definition of the automodel solutions of the first and the second type used in [4].
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Role of Rotation in Low-Temperature
Dissociative Recombination of Electrons with
Hydrogen Molecular Ions.

"AML.G.Golubkov. G.V.Golubkov, G.K.Ivanov

N.N.Semenov Institute of Chemical Physics
Russian Academy of Sciences .

Moscow. 117977, Russia

The dissociative recombination (DR) process
e+ XYt — X4Y : (1)

is investigated at low temperatures of electrons e~ and molecular ions XY+
with taking into account both direct and resonance (i.e. corresponding to
the formation of intermediate Rydberg complex XY **} mechanisms.

The paper seeks to study the influence of molecular rotation and
nonadiabatic electron-rotational coupling on the cross section and the rate
constant of reaction (1). It seems to be especially important for hydrogen-
. containing molecular ions (X H*) which possess the small moment of in-
ertia. The rotational constants of such ions are of the order of magnitude
B ~ 107 a.u. and the first threshold of excitation is reached already at
the thermal electron energies.

The problem was solved in the framework of integral variant of
Multichannel Quantum Defect Theory (MQDT) where the equations are
formulated directly for the collision 7-matrix. The particular calculations
were carried out for para-modification of Hj ion.

The influence of initial rotational excitation is visually demonstrated
in Fig.1 and Fig.2 where the partial cross sections o3y and the correspond-
_ ing rate constants k3(T..V) are presented for vibronic quantum number
v = 0 and three values of rotational quantum numbers N = 0.2.4. They
are marked by diamonds (" = 0). triangles (N = 2). and circles (\\ = 4).
As it is obvious from the figures, with the increasing of .V’ the cross section
function is moved to the left side of electron energy axis. The shift quantity
equals to the value of rotational excitation threshold BN(N +1). In addi-
tion. the cross section and the rate constant at N = 2 are approximately
one order of magnitude greater than the ground state ones.
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The ion and electron temperature dependences of total rate constant
for the reaction e~+XY* are shown in Fig.3. It follows from this figure that
the total rate constant levels out when the electron temperature increase.
i.e, the initial rotational excitation have a weak effect on curve profile.
The maximum of these functions is reached at T; ~ 200A". Further one
can see the smooth decreasing which can be explained by the behaviour of
rotational partition function for para-modification of hydrogen molecular
ion.
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COMBINED CLASSIC AND QUANTUM MECHANIC APPROXIMATION
TO CALCULATE SURFACE REACTIVITY OF COVALENT SOLIDS

L. G. Gorb®, V. Thery®, D. Rinaldy, J.-L. Rivai®
8institute of Colloid and Water Chemistry, UhmimAmdemyofScim
42 Vernadsky av., 252680 KIJV' 142, UKRAINE
bl.abotuomdeChmuz Theorique, Unite de Recherche Associee au CN.R.S,
B.P. 239 - 54506 VANDOEUVRE-LES-NANCY FRANCE

Proposed recently the Method of Local Sel-Consistent Field (LSCF)!,
giving the possibilty of mixed classical and quantum- mechanical calculations
on very large molecular systems has been updaled on the calculations of
adsorplion and catalytic properties of a covalent oxides surface al the MNDO-
AM1 and the MNDO-PM3 approximations. The original LSCF version has
been modified by the transier of geomelric and charge values from quantum-
mechanical 1o classical subsysiems.
‘The parameters of LSCF method are:
)The cheracteristics of a strictly localized bond orbital representing two
dedrons in each bond separding the quantum-chemical subsystem and

aloms;
I)thedmgesddasdcddm,

The parameters are adjusted on bulk of solid by imposing self consistency
between the values of charges in quantum and classical subsystems.

The first implementation of the LSCF method has been performed on the
caiculations of some geometric and energetic paramelers of (010) a-cristobalite
face. The sets of pre-caiculated parameters are defined from the calculations of
pseudo-cubes, conlaining of 1500 -15972 aloms. The conclusions about the
influence of the numbers of aloms to the charge values have been done. The
geometry of the (010) hydroxylated regular face has been caiculaied. R was
shown that the difflerence between the data of simple cluster approximation
and LSCF melhod exists. The geomelrical and energetic paramelers of
some adsorplion complexes conlaining water molecule have been calculaled.

The general possibilty of the imegular surface struclure investigations has
been shown by the calculations of the geometry of a small hill surounded by
regtla'sm'aoemddlhegeandry of a hydroxyl cover placed al the out-

skirls of crystal. TMgeomdtymdadsomﬂonenergywlhwdunnleaJehas
been calculated al both cases.
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KINETIC STUDY OF NO+CO REACTION ON PLATINUM RHODIUM BASED
CATALYSTS MODIFIED BY CERIUM ADDITION

P. GRANGER, G. LECLERCQ, L. DELANNOY, C.DATHY, JJ. LECOMTE, L. LECLERCQ, H
G. MABILON**, AND M. PRIGENT**,

Laboratoire de catalyse Hétérogéne et homogéne, URA-CNRS 402, Bdt. C3, USTL - 59655 Villeneuve
d'Ascq, FRANCE. — ~~ 7~
**Institut Francgais du Pétrole, 1-4 avenue de Bois-Préau, BP 311, 92506 - Rueil Malmaison,

FRANCE.
*LACE - CNRS, 43 boulevard du 11 novemebre 1918, 69622 - Villeurbanne cedex, FRANCE,

Three way catalyst convenér is one of the most effective way to control nitrogen oxide from exhaust
catalyst. However such process presents several disadvantages related to the utilization of noble
metals highly expensive and to an optimizing efficiency obtained near the ‘stoechiomelric conditions.
Nowadays the different research programs concem mainly the synthesis of novel materials exhibiting
the same tatalytic properties as the noble metals. A second alternative way is the modification of the
existing catalysts by the addition of promoters such as cerium oxide in order to improve the catalyst
performances in oxidizing and reducing medium. The success of these different programs is
conditionned by a better understanding of the mechanism involved in the NO reduction by CO.

We have investigated the NO+CO reaction by means of kinetic study and infrared spectrometry of
CO and NO adsorbed. Two bimetallic catalysts Pt-Rh/Al203 and Pt-Rh/A1203-CeO2 have been

studied. The rate law of the overall NO reduction on the first one can be defined by the following
expression assuming that NO dissociation on the metal is the determining step of the reaction.

V=kONO(1-28) ONO: NO coverage on metallic sites
(1-Z0): free metallic sites coverage

The kinetic study on Pt-Rh/Al203-CeO2 characterizes two activity domains taking place at different
temperatures. In this way the rate law would be the sum of two elementary processes, the first one
occuring on the metal whereas the second one would be activated on the cerium oxide support.

V =kONO (1-20)0+k'ONO (1-6'9)  ©'o: Oatoms coverage on Ce02

Kinetic measurements on Pt-Rh/A1203-CeO2 catalyst at elevated temperatures (~300°C) show the
same catalytic behaviour as Pt-Rh/A1203. The NO dissociation reaction would be the determining
- step of the overall NO reduction. On the contrary at low temperatures (~120°C) the mechanism
involving the oxygen atoms on the cerium oxide support would predominate. The rate law could be

expressed by the following relation
V=k'6NQ (1-6'p)

We thank the "Groupement de Recherche Pot catalytique” for supporting this work.
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OXIDATION OF CARBON MONOXIDE ON COPPER-CONTAINING
CATALYSTS.
TEMPERATURE EFFECTS
B.S.Gudkov, A.N.Subbotin, Z.L.Dykh, V.I.Yakerson
N.D.Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences
47 Leninsky prospect, 117913 Moscow, Russia

The oxidation of carbon monoxide was realized by the air excess in automated set
KL-2. The reaction was carried out Vat flow-circulation regime on different copper-
containing oxide catalysts (the catalysts obtained from copper-aluminum alloys of
different compositions; co;;pcr-cement catalysts; copper oxide obtained by decomposition
of copper hydroxocarbonate, etc.). The reaction mixture was analyzed gas-
chromatografically.

The special peculiarity of the dependencies of CO conversion (x) on temperature is
the hysteresis: under reactor heating after some temperature point (usually 130-150°C)
conversion drastically rose from 0 to 100%, while under cooling the corresponding drastic
decreasing of x take place at more low temperatixre. The wichhs of hysteresis (the
difference between the temperatures of drastic rising and drastic falling of x) depend on
the activity of catalyst: the higher activity the more width. In the case of low active
catalyst the hysteresis was practically absent. The hysteresis width also depends on the
reaction mixture composition. When the CO percentage in mixture is rise and the
reaction rate increased, the hystereéis width is greater. It possible to find such relation
between CO and air when after ceasing of heating the reaction on active catalyst is
continued to go with x = 100% even at almost room temperature.

We suppose that the reason of this phenomena is the high exothermity of the
reaction (AH = 283 kJ/mol). On the active sites it is released the great excess of heat”
energy that is unable to redistribute and to dissipate during the process. Therefore the
local temperature near by active centers is much more than the average temperature in
the catalyst layer measured by the thermocouple. The surfaces of catalyst consist of the
hot points surrounded by the more cool mass of the carrier and inactive part of copper.
The higher the reaction rate (active catalyst, optimal relation of components) the more:
ununiform is the distribution of temperature on the catalyst surface.

The investigation was carried out under supporting of the Russian Foundation for
Fundamental Researches (grant 94-03-0861 1).
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INVESTIGATION OF THE REACTION OF DIRECT OXIDATION OF
HYDROGEN SULPHIDE BY OPTICAL AND KINETIC METHODS

Ismagilov Z.R. ,Kuznetsov V.V. Arendarshii D A ,Khairulin S.R.,Kerzhentsev M.A.

Boreskov Institute of Catalysis, 630090, Novosibirsk 90, RUSSIA

The problem of hydrogen sulphide utilization and processing is one of the most urgent
tasks in the creation of environmentally safe processes in gas and oil extracting and processing.

In Boreskov Institute of Catalysis a process of the purification of hydrogen sulphide
containing gases has been developed, based on the reaction of direct selective oxidation of H,S
on the surface of solid oxide catalysts. Depending on the process condition, H,S catalytic
oxidation is carried out either in a fluidized bed of spherical catalyst granules or in stationary
bed of honeycomb monolithic catalysts [1,2].

The objective of this work is the investigation of the reaction of direct H,S oxidation to
sulphur on a nuinber of oxide catalysts by optical and kinetic methods.

EXPERIMENTAL

The following catalysts were used in experimens: Fe;0;/y-Al,0;, MgCr,04/y-ALOs,
TiOz-SIO-ALO; and y-ALO;.

' The kinetics of the reaction of H,S direct oxidation was studied on a flow setup. The
temperature was varied in the range of 150-350°C. The initial mixture was 20% H.S in
nitrogen. The reaction was carried out at stoichiometric H,S/O; ratio.

Infrared spectra were recorded on a spectrometer BOMEM MB-102 (Canada). CO
adsorption was studied at - 196°C, the adsorption and interaction with surface of HS and SO-
were studied in the temperature range 25-350°C.

ESDR spectra were registered at room temperature using SPECORD M40 (Germany)
spectrophotometer.

RESULTS AND DISCUSSION

The study of the reaction kinetics showed that at residence time less than 0,3 sec.
100% selectivity of the reaction to elemental sulphur is achieved an all catalysts studied. This is
explained by little contribution to the process of the consecutive reaction of oxidation of
formed sulphur to sulphur dioxide. At longer residence time the decrease of the selectivity was
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observed when the temperature was raised to 250-300°C. The highest activity and selectivity in
H.S direct oxidation is achieved on the catalyst MgCr,04/y-ALOs. The kinetic parameters of
the reaction were obtained for all catalysts studied. :

By the IR spectra of adsorbed CO it was shown that all the catalysts have both Lewis
and Bronsted acidic sites on the surface. However the nature, strength and number of sites are
all particular for each type of catalyst. This leads to difference in adsorption and interaction
with the surface of HS and SO, on different catalysts.

Basing on IR spectroscopic study H,S was shown to adsorb to the catalyst surface
dissociatively. As temperature is raised H,S oxidation occurs, this process being most fast on
MgCr204/y-Al,O; in accordance with the kinetic data.

ESDR study showed that during the reaction various types of elemental sulphur: S4-Sg
are formed on the catalyst surface.

The investigation performed allows drawing tentative conclusions about reaction
routes: the reaction can proceed both by direct sulphur formation upon H,S oxidation and by
the formation of SO with it subsaduént interaction’ with H>S to form sulphur. The

predominance of either route depgnds on the catalyst nature.
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Physicochemical Characterization ‘of Solid Superacids Based on
Sulfated Oxides Modified by Transition Metals and Reduced Noble
Metals '

A.V. Ivanov, L.M. Kustov, T.V. Vasina, O.V. Masloboishchikova, E.G. Khelkovskaya-
Sergeeva, V.B.Kazansky
N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
Moscow, 117334 Russia

Recently solid superacids attracted a considerable attention since they are
active in the reactions of paraffins as well as in processes of fine chemicals
synthesis. It was shown that modification of sulfated zirconia by transition metals
influences the activity and stability of catalysts in the isomerization of n-butane.
However, the nature of the active sites in sulfated oxides and the electronic state
of metals supported on these materials are not perfectly understood. The aim of
this work is to clarify the above questions.

EXPERIMENTAL =

Zr0,, TiO,, Al,05, WO3-Al,04, and SiO, were used as the starting materials
for the preparation of solid superacids. The specific surface areas of the samples
were 100 - 500 m2/g. Sulfate anions (5 wt %) were introduced by impregnation of
the dried hydroxides with a 1 M solution of H;SO4 followed by calcination in an air
" flow at 720 - 1020 K. Platinum (0.1 - 2.5 wt %) and palladium (0.5 wt %) were
supported by wet impregnation of the calcined sulfated samples with further
calcination in air at 770 K and reduction in hydrogen at 520 - 570 K. Prior to
spectroscopic measurements, the samples were evacuated at the same
temperature for 2 h. Diffuse-reflectance IR spectra were measured with a Perkin-
'Elmer 580 B spectrophotometer. Adsorption of various molecules was carried out
at 300 K and pressure of 10 - 20 torr.

BESULTS AND DISCUSSION _

IR-spectroscopic study of SO4°2/ZrO,, SO472/TiO5, 'SO472/Al,05, and other
solid superacids showed that modification with sulfate anions changed the
distribution of the hydroxyl groups that are present at the surface of oxides. First,
the terminal OH groups exhibiting the most strong basic properties disappear and
characteristic v(SO4-2) bands at 1380 -1340 cm-1 appear in the spectra together
with the overtone band at 2760 cm-1. The sulfur resistance in the sulfated
samples after high-temperature oxidative and reductive treatments was
determined by monitoring the intensity of the 304'2 overtone band.

It was found that for all. the samples the modification with sulfate anions
results in low-frequency shifts of the bands of the OH stretching vibrations. The
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enhancement of the acid strength was determined from the frequency shifts for
H-bonded complexes with adsorbed molecules (benzene, ethylene,
dichloromethane etc.). This may be explained by the inductive effect of sulfate
anions on the neighboring OH groups of the oxide. The most distinctive feature of
the IR spectra of sulfated catalysts is the appearance of the very broad
absorption bands with a maximum at 3300 - 2900 cm-1, depending on the
pretreatment temperature and the nature of the oxide. This band has been
ascribed to a new type of Bronsted acid sites - delocalized protons connected
with the SO4-2 anion.

To characterize the acidic properties of the sulfated oxides, the activity in low-
temperature oligomerization of light olefins and cyclopropane was studied by in-
situ IR spectroscopy. It was found that the suifated samples may be arranged
according to the acid strength in the following sequence:

ZrO, > WO3-Alo0g >TiOp > AlyO3 > SiO,.
Brensted, but not Lewis acid sites were found to be the active centers responsible
for the oligomerization activity, which was proved by H-D exchange occurring
during the olefin oligomerization.

Modification with SO4-2 anions inﬂuences also the properties and distribution
of Lewis acid sites: it blocks the least acidic Lewis sites and enhances the
strength of the strongest Lewis centers. At a high concentration of the sulfate
anions, the total concentration of Lewis acid sites decreases. .

To characterize the state of Pt and Pd supported on ZrO; and 804'2/Zr02, IR
spectra of adsorbed CO were measured. In the case of Pt/ZrO,, a partial negative
charging of Pt particles was inferred from the low-frequency shift of the CO band
for the linear Pt-CO complexes (vpg = 2040 cm"); as compared. to the neutral
Pt(0) species (vgg = 2070 cm-1). Unlike Pt/ZrO,, for the sulfated sample, a
positive charging of the Pt particles was anticipated, because an opposite (high-
frequency) shift of the CO band was observed (vgg = 2105 cm=1). The extent of
modification diminishes with increasing Pt loading. The adsorption of CO
molecules on 0.1Pt/SO4"2/ZrO, suppresses entirely. The spectra of 0.5Pt/S0,42/
ZrO, show distinctive features attributed only to the partially charged form of Pt,
whereas neutral and partially charged states of Pt can be distinguished at a 2.5 wt
% Pt loading. The loss of sulfur at reduction temperatures higher than 520 K
leads to the neutral state of platinum and finally to its negative charging.

To reveal the pecularities of the metal-support interaction, Pd-containing
and Pt-Pd bimetallic systems based on SO4'2/Zr02 were also studied. it was
shown that stabilization of charged states of metals and the existence of the
partially charged species could be explained in terms of the influence of
delocalized protons on metal particles and sulfur poisoning of metal surfaces.
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Benzene alkylation with propylene over ferrisilicates: On the nature of active sites

11 Ivanova?, OE. Lebedevab, A V. Smimov2, O.0. Parenagod, B.V. Romanovsky?,
F. Di RenzoC and F. Fajula®

2 Chemistry Departmeat, Moscow State University, Moscow 117234, Russia
b Chemistry Departmet, Kazakh State National University, Alma-Ata 480012, Kazakhstan
€ Ecole Nationale Superieurc de Chimie, Laboratoire de Chirmie Orgamque,

8, rue Ecole Normale, 34053 Mordpellier, France

Ferisilicate analogs of zeolites proved to be very active and selective catalysts for alkylation
reactions [1]. However, little is known about the alkylation mechanism operating on these catalysts and
ﬁlemmxreofactivesit&s.mwrposeoftl\eprmnsmdywastodetmxﬁnethemle.ofFeionswith
different state, coordination and location in overall catalytic activity, as well as to elucidate their
transformations during the catalytic reaction. Benzene isopropylation was chosen as a mode) reaction.

Fe- and (Fe, Al)-amlogofmedimn(MEL)andlarge(BETA)porezeolhmwithvariousfe
content were synthesized. All the samples were characterized for phase purity and oystallimity (XRD),
chemical composition (EDX), crystal size (SEM) and acidity (NH3 TPD). The state and coordination of
Fe-ions was studied using X-band ESR specttoscopy. The alkylation activity and selectivity were studied
in a flow fixed-bed reactor operating at atmospheric pressure. The catalysts were tested at 240 -300°C,
WHSV = 5-100 h~1 and CsHg/C3H6=9.

The X-band ESR speutra of as-synthesized and freshly calcined samples consisted of two major
signals at g=4.3 and g=2.0, respectively; on some of the samples a broad signal at g=2.3 was also
detected. The commmonly accepted assignmets of these signals have been as follows: framework ¥on,
iron in cation-exchanye sites and interstitial oxide or hydroxide phases, respertively [2). These traditional
assignmets were recently challenged and attribution of g=2.0 signal to framework ions was also
considered [3,4]. It was stressed, however, that neither the appearance of the ESR signal at g=4.3, nor
the one at g=2.0 can provide unambiguous evidences for framework substitution unless combined with
other physical and chemical methods. In our case, the stable behavior of g=4.3 and g=2.0 signals upon
the cation exchange or the extraction with strong mineral acids, suggested that these signals may be
indeed attributed to different sites in zeolite framework. Moreover, the number of such sites estimated
from ESR spectra, commesponded to the amount of acid sites detenmined from acidity measwements,
what confirms our assigrinent. By contrast, the signal at g=2.3 was found to disappear upon extraction
with mineral acids and thus can be attributed to extraframework species.
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All the alumimm free femislicates exhibited remarkable selectivity to cumene and
- diisopropylbenzene (up to 100%). Large pore zeolites were characterized by minimal formation of the
most undesirable by-product, ie., n-propylbenzene (less than 0.05%). However, they showed relatively
poor stability of catalytic activity as a fumction of fime on stream, with respect to medium pore zeolites.
Addition of small amounts of Al led to significant improvement of the catalytic stability, however it was
atways followed by decrease of selectivity to cumene.

Femisilicates of the same structural type (MEL) but
containing various amounts of iron showed different activity in
alkylation (Fig.1). However, no direct correlation of catalytic
activity with total Fe content was observed. Similarly, no
correlations were found with Fe sites corresponding to ESR
signals at g=2.0 and g=2.3. On the contrary, framework Fe
sites characterized by g=4.3 signal showed strong correlation

Figure 1. Variation of relative imensity of the With cumene yields (Fig. 1). The appearance of the signal at
ESR signal at g~43 (S1), relative inkensity of  g=4.3 was previously associated with Bremsted acid sites
the ESR signal at £=2.0 (S2) and amene yield e o2 ( signal was associated with framework Lewis sites
w‘s’m’.“&':l::‘“”‘““m [3) Basing on this hypothesi, one may concude that cataytic

activity of femisilicates in alkylation is dueto Bronsted acid
sites formed upon isomorphous substitution of Si by Fe. The moderate acidic strength of such centers
may firrther explain an extremely high selectivity of these catalysts.

However, this suggestion was not supported by the ESR results obtained for ferrisilicate catalysts
after reaction. Indeed, the intensity of the signals at g=2.0 and g=4.3 was found to decrease drastically
during several reaction/regeneration cydles while the catalysts showed stable and reproducible activity
and the mumber of acid sites only slightly decreased. The elucidation of the fate of iron during the catalytic
reaction and the nature of active sites under working conditions are discussed.
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PHOTOCATALYSIS OF CHAIN SUBSTITUTION REACTIONS
IN HALOGENOHYDROXYNAPHTHALENES BY
TRIS(BIPYRIDINE) RUTHENIUM(II) COMPLEX.

V.L.vanov and A.B.Artjuhin

Chemical Department, Moscow State University

Vorobyevy Gory, 117234 Moscow, Russia

On irradiation of tris(2,2'~bipyridine) ruthenium(ll) complex the
substitution of bromine by sulpho group in 1-bromo—2-hydroxynaphthalene
in an aqueous solution of sodium sulphite has been observed. Similarly,
chlorine is substituted by sulpho group in 4—chloro—1—hydroxynaphthalene.
The initiation mechanism of chain substitution reaction in
halogenohydroxynaphthalenes photosensitized by ruthenium(Il) complex has
been investigated. It has been shown that a chain substitution reaction
proceeds by two different mechanisms: through radical amion of
halogenohydroxynaphthalene and radical of nucleophile.. On interaction of
excited ruthenium complex with halogenohydroxynaphthalenes the
ruthenium(l) complex and naphthoxy radical are obtained. Ruthenium(I)
complex is strong reduced agent which reacts with
halogenohydroxynaphthalene giving radical anion of
halogenohydroxynaphthalene. Naphthoxy radical reacts with sulphite ion

giving sulphite radical anion which participates in propagation step:
k
“OArBr + SO;" —£> [~0AnSO; )Br]
[TOANSO; " )Brl —— ‘OArSO;” + Br—
OArSO;” + SO}~ — ~0ArSO; + SO;°
SO, + SO; —)k° S0}~
3 3 276
The quantum yield of substitution reaction depends on light intensity:

with decrease of light intensity the quantum yield increases. At high

intensity the reaction proceeds basically through radical anion of
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halogenohydroxynaphthalene by Spni lﬁechanism. At low intensity the
substitution reaction proceeds basically by second mechanism through
snlphité radical anion. In this connection the quantum yield of substitution
reaction at high and low light intensity - depends on
halogenohydroxynaphthalene concentration by various means. At high light
intensity dependehce of gquantum vyield on concentration of
halogenohydroxynaphthalene is linear. At low light intensity the quantum
yield depends on halogenohydrox);naphthalene concentration to power 3/2.
These results are in agreement with proposed mechanisms.

This work was caﬁied out with financial -support of the International
Science Foundation (Grant No. M9Y000 and M9Y300) and the Russian
Foundation of Basic Research (Grapt No. 94—-03-08489).
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THE INFLUENCE OF ION-INDUCED DEFECTS ON CO ADSORPTION

ON POLYCRYSTALLINE NICKEL AND PLATINUM

V.P.Ivanov and S.N.Trukhan
Boreskov Institute of Catalysis, Novosibirsk, 630090, Russia

CO adsorption on polycrystalline Ni and Pt foils was studied under the
simultaneous surface bombardment with Ar* ions using the method of sec-
~ ondary ion mass-spectrometry (SIMS).

Experiments were carried out in MS-7201 (Russia) spectrometer at
room temperature and a CO pressures of (1-40)-105 Pa. The bombardment
was executed by a Art beam with E = 4 keV and density of current J = 4
‘pA/cm2. The pressure of residual gases did not exceed 7-10-7 Pa, that pro-
vided the realisation of experiments in conditions of a dynamically clean
surface. Polycrystalline Ni and Pt foils of 99.9 % purity were previously
cleaned by annealing at.high temperature in a separate vacuum system. The
bombardment doses varied from ~ 1019 to 102! m-2.

At these doses the concentration of surface defects - vacancies already
achieves a stationary level. Subsequently, the steps, kinks and cones are
formed on the surface as observed by SEM. In the process of CO adsorption
on nickel only Nit, NiCO*, CO*, NiO* and C* ions were observed in the
SIMS spectra. The intensities of these peaks increased during the CO ad-
sorption. Moreover, at the CO pressure higher than 104 Pa the intensity vs
dose curves had maximums (fig.). There were found two states of adsorbed
CO with the cross-sections of the ion-induced desorption (¢) - 8 and
15-1019 m2.

Weakly-bond state of CO with 6 = 15-10'19 m? was attributed to the
bombardment induced defects. The state desorption activation energy was
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estimated to be ca. 75 kJ/mol. The ion bombardment of this state resulted in
the desorption of CO* ions and the formation of NiO layers due to the ion-
stimulated dissociation. ‘

The effect of the secondary ion emission increase during CO adsorption
was quantitatively described within the framework of electron tunnelling
model. The best fitness of CO adsorption kinetic was found assuming that
sticking probability equalled 0.4. This value is lowei‘ than 0.9 found for CO
adsorption on smooth surfaces [1]. This fact was suggested to relate to both
jon-induced defects and CO adsorption in the strongly-bond state proceeding
through the weakly-bond state.

During adsorption of mixture CO + 4% O on Pt foil PtCO*, CO* and
O* ions were observed in the SIMS spectra. Peak intensities vs dose, curves
were identical to those observed on Ni. The presence of CO* ions in the SIMS
spectra led to conclusion that CO adsorption occurred through the precursor
state.

This work is supported by the Grant of Russian Fundamental Research
Foundation No 93-03-04821.

[1]. G.-Wedler, H.Papp and G.Scholl, Surface Sci., 44 (1974) 463.
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HOMOGENEOUS ELECTROPHILIC CATALYSIS IN THE
PHOSPHORYLATION OF POLYFLUOROALKANOLS WITH
PHOSPHORUS ACID CHLORIDES

M.1 Ksbachnik, L.S.Zakharov, I.YuKudryavtsev

Institute of Organoelement Compounds,
the Russian Academy of Sciences, Moscow, 117813 Russia

-.A novel approach to the enhancement of the reactivity of phosphorus acid
chlorides toward polyftuorualkanols through - the coordinstion of an
electrophilic catalyst to phosphoryl group has been snggested.

Using the model reaction of 1,1-dihydroperfluorobutanol with phosphoryl
chloride as an example

3CaF7CHZOH + POCIy SHBIEL 100 (GFrGHy0)gP0

we have considered the problems of catalysis in the phosphorylation of
polyfluoroalkanols with phosphorus acid chlorides. A number of electrophilic
agents has been studied as the catalysts: metal salts (mainly I and II Group
metal salts), some onium type salts (e.g., various organoammonium and
phosphonium salts);, a series of dipolar compounds having E=O fragment
(where E = C(NMe2)R (R = H, Me, NMe3), R3P (R' = Ph, CHCHCF3),
R'pP(ORF)3.n (R =Me, Pk, Rf = polyfluoroalky; = 1, 2), or MeoS)]
that are able to form onium type intermedistes in the course of the reaction.

I - VIII Group metal salts have been studied in detail. The effect of cation
and anion nature has been investigated. We have studied the effect of the
strength of Lewis acids on their catalytic activity. The strongest Lewis acids
(AICl3, TiCly, FeCl3) were of little utility for the synthesis of polyfluoroalkyl
phosphste esters because of side reactions. But Lewis acids of medium and
low strength were found to be the most effective catalysts, with the best result
beeng. obtained ~ when the comesponding salts of carboxy - and
organophosphate acids were used. The comparison of some pairs of the
catalysts of this type showed that weaker Lewis acids were found to be more

. active catalysts than stronger Lewis acids, for example: LiClO4 > Mg(C104)7;
LiOCOCF3 > Mg(OCOCF3); Ca(ClO4)2 > Mg(ClO4)2;" SnCly > SnCly;
SbCl3 > SbCls; BiCl3 > SbCl3.

Alkyl emmonium and alkyl triphenylphosphonium salts, which are likely to
be able to ion-dipole association with phosphoryl group, are less active
caalysts, but their activity is sufficient for preparing the esters.

The above dipolar compoynds, which were used as the catalysts, are the
efficient precarsors of homogeneous catalytic' systems. Carboxy and
phosphoric amides, phosphine oxides, polyfluoroalkyl phosphonates and
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phosphinates are the typical compounds of such kind, with the catalytic activity
of phosphine oxides being comparable with that of the best metal salts of
.The possible mechanisms of the catalysis are discussed for the various
groups of the catalysts. )
The findings have been used for the development of facile catalytic methods
for the synthesis of  number of types of polyfluoroalkyl phosphorus esters.
The-research described in this publication was made possible in part by
Grants Nos. MSF 000 and MSF 300 from the International Science Foundation
and Russian Goverment.
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HOMOGENEOUS CATALYSIS BY PHTHALOCYANINES IN OXIDATION
' REACTIONS: STATE OF ART AND PERSPECTIVES

0.L.Kaliya, S.V.Barkanova, T.M.Fedorova, V.M.Derkacheva,
V.M.Negrimovsky, E.A.Luk'yanets

Organic Intermediates and Dyes Institute, B.Sadovaya 1/4,
" Moscow 103787, Russia

Similarity of phthalocyanines (Pc) sructure with active-centers of heme
containing enzymes attracts for a long time attention of chemists stimulating the
development of enzyme-like catalytic oxidation processes using Pc derivatives as
catalysts. Such developments could help to solve the problem of replacement of
-heavy metal compounds used in industry as oxidants by ecologically pure ones -

" dioxygen, hydrogen peroxide and peracids.
By our knowledge, there is only one industrial process using Pc as catalyst in

) oxidation reaction - Merox technology of oil products demercaptanization.
Nevestheless, there are a number of scientific publications and, patents concerning
not only S-H but C-H, O-H and N-H oxidation as well. In this report we present
some literature and our own experimental data on the catalysis by Pc and related
compounds in oxidation reactions of aromatic hydrocarbons and phenols to
quinones, substituted di- and triarylmethanes - to corresponding cationic dyes,
cyclohexane - to cyclohexanol and cyclohexanone mixture and so on. The rates of
reactions, selectivity and overall turnover numbers of Pc catalysts are rather high
for production of several fine chemicals such as vitamins, food preservatives, dyes
and so on. The requirements to Pc structure, nature of solveuts.and oxidants will
be fonnulated depending on reaction type. The emphasis will be done on the
development of heterogeneous catalysts based on Pc with the purpose to improve .
their technological characteristics.
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MOLECULAR DESIGN OF CATALYSTS BASED ON FUNCTIONALIZED
SOLUBLE POLYMERS

E.A.Karakhanov, A.L.Maksimov, V.V. Predeina, T.Yu.Philippova

" Department of Chemistry, Moscow State University, Moscow, 119899, Russia

The concept of attaching metal complexes to soluble polymers seems very
attractive since the catalysts on their basis very often lack the drawbacks connected with
‘rigid Stru_cture éf modifying groups and diffusional limitations. At the same time such
soluble catalysts can be separated from the products by various procedures and
repeatedly used A

Monoethers of polyethylene oxide RE [R= CHj, C4Hy , E = (CH;-CH»-0), ]
or block-copolymers RPE and REP [P = (CH(CH;3)-CH;-O),] with hydroxyl group
only on one end of polymer chain were functionalized by dipyridyl, acetylacetone,
cétqchol, nitrile . Of special interest are the block-copolymers with incompatible blocks
characterized by different affinity to solvent. e.g. copolymers of ethylene oxide and
propylene oxide. In this case it is possible to design catalytical sites either in
hydrophilic or hydroophobic part of copolymer depending on the combination of

" polyethylene oxide or polyi:ropylene oxide fragments. Macrocoinplexes of transition
metals have been synthesized by using these ligands. The complexes showed activity as
catalysts in oxidation of hydrocarbons of different structure by both hydrogen peroxide
and dioxygen. (Table) o ‘ '
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Table.

Macromolecular catalysts.

Ne - Macroligand Metal

1 RE-acac Fe,Co,Cu
2 REP-acac Fe
3 RPE-acac Fe,Co

. (RE)2-dipy Fe
5 (REP)2-dipy Fe

RE-catechol Fe,Cu,

7 .RE-CN Pd

Test reaction

Oxidation of ethylbenzene,
cyclohexane and

cyclohexene by dioxygen or
hydrogen

peroxide

"Hydroxylation of benzene by
hydrogen peroxide -
Wacker-type  oxidation  of

decene-1

* - Co-catalyst CuCl, , acac- acetylacetone, dipy - dipyridyl
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INFRARED STUDIES OF ACIDIC PROPERTIES OF ZIRCONIUM DIOXIDE
MODIFIED BY Sc*, Y*, La’CAﬂTONS

Cho-1ctry Dopartm.nt of Moscow State Univorsity. VOrobyovy
" Gory, 119899, Moscow, Russia.

The investigation of donor-acceptor properties of the
modified zirconium diox{de surface is the important problem
now, bocauso Zro may be used as a high temperature catalyst or
as a base for supportod catalysts with stable value of surface
area. We have beoq carried out the systematic investigation of
influence ,of' preparation condition on acidic properties of
zirconium dioxide surface, modified by Sc3+, Y3+. La3+ cations.
The samplesAwere obtained with supporting doped cations to the
moloclinic zirconium dioxide surface from nitrate solution with
successive calcination, and by co-precipitation methbd from
nitrate solution with using NH40H one.

Doped oxide containment was varied from 0.1 to 4 % weight
for samples, which were obtained with impregnation method, and
1 - 10 ¥ mol. per co-precipitated oxides.

The characterization of ;this sampies was carried out by
BET, XRD and IR diffuse reflectance spéctroscony. Acidic
properties of modified Zro2 surface were investigated by
infrared spectroscopy with carbon monoxide as a probe.

The tetragonal or/and amorphous domains origin was obtained
on the impregnated ZrO2 surface.

Several new types of OH-groups were reg1strated on the
surface of mod1f1ed Zrozf which was obtained by precipitation
method. Its adsorption band frequencies were different from
‘ones on the pure oxide surface.

It can be proposed, that these bands corresponds to the
bridged OH-groups, in which oxigen atom 9is connected with
different cations ir and Me (Me is Sc, Y, or La ). However, the
OH-groups of the modified by co-precipitating Zr0, surface are
similar to the ones on the pure Zr02 surface.

According to I.R. data of aqsorbed carbon monoxide the
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Lewis acidic sites concentration decreases with doped component
concentration arise. The presence of Me cations on the modified
. by impregnation Zroz surface promotes the origin of new basic
site types. The I.R. bands of adsorbed CO , corresponding these
sites, were registrated in 2050 - 2140 cm-1 region. It’s
supposed, ion pairs (cus cation Mot - bi-bridged anion 02') to
be such sites. -

Similar sites were not observed on the surface of modified
Zr02, which was obtained by co-precipitation method. It can be
explained with low doped cation concentration on the Zro,
surface and doped cations different coordination .

It can be concluded, that doped component concentration and
modifying technique major aff.ct‘ Zroz surface acid sites
formation. By co-precipitation method the modified oxides,
which have surface sites similar to pure Zro, sites can be
obtained. However, the introduction of doped cations by means
.of impregnation technique results in formation of surface with
new donor—acceptor properties.

This dataxmay be used'for creation catalysts on the ZrO2
base with new properties.
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Alkene Epoxidation Catalyzed by Novel Terpenoid-Based
Transition Metal Complexes.

Oxana A. Kholdeeva, Kirill . Zamaraev

Boreskov Institute of Catalysis, 5 Acad, Lavrentjev Ave., Novosibirsk, 630090 Russia

Pavel A. Petukhov, Alexey V. Tkachev
Novosibirsk Institute of Organic Chemistry, 9 Acad. Lavrentjev Ave., Novosibirsk, 630090 Russia

- The importance .of epoxides in synthetic chemistry and biochemistry
stimulates the search for new non-enzymatic catalytic systems for selective
epoxidation of alkenes. .

We have synthesized a number of new polyfunctional ligands 1-5 using
natural chiral terpene molecule as starting material and found that they form
stable complexes with many transition metal ions (Co®*, Ni**, Cu®*, Fe*, Ru®,

Pt etc.).

uﬂn | NH HN
><i7 TI] < ><j"r v <

We have investigated the catalytic activity of a number of these complexes
in alkene epoxidation by various oxygen donors such as H;O., fert-BuOOH,
PhIO and O.in the presence of isobutiraldehyde (IBA) using trans-stilbene as a
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model substrate. It has been found that ligands 1,3-5 strongly influence the
selectivity of epoxide formation in the reaction with PhlO, catalyzed by Ru-
complexes. Thus, when Nax[RuCIsNO] is used as catalytic precursor in CH3CN
medium, the selectivity to trans-epoxide attains 66 and 43% in the presence of
4 and 5 respectively, while it does not exceed 20% in the absence of the
organic ligands, benzaldehyde being the main co-product. The influence of the
ligands on the selectivity of the epoxide formation is smaller when tert-BuOOH
acts as primary oxidant.

The oxidative system OzIBA proved to be the most active one, especially
with cobalt catalysts. Co*-complexes with both octahedral and tetrahedral
configurations display Very high activity in alkene epoxidation, trans-stilbene
being oxidized in their presence to trans-epoxide by air oxygen in 75-85% yield
after 0.5-1 h at room temperature. Iron complexes are less active but more
selective than the corresponding Co-complexes. Ligand 2, when coordinated to
Fe*, enhances the yield of the epoxide (90%) as compared to Fe(acac)s (73%)
at 100% conversion of alkene under the same reaction conditions. Dioxygen in
the presence IBA exhibits unique oxidative properties in some cases. Thus,
well-characterized Pt** complex with 1' is inactive in stilbene oxidation, when
H20>, tert-BuOOH or PhIO are used as primary oxidants, whereas O: in the
presence of IBA produces the epoxide with 81% yield at room temperature and
normal pressure.

Mechanistic features and stereochemistry of the above reactions are in
progress. Preliminary data show that alkene oxidation with tert-BuOOH and O>
-IBA has an induction period and is inhibited by ionol in most cases. This
suggests a free radical mechanism of the reactions rather than a heterolytic
pathway that seems to be realized in the oxidation with PhIO.

The research described was made possible in part by Grants RAUO0OO and
RCS000 (the International Science Foundation), and Grants RAU300 and
RCS300 (the International Science Foundation, Russian Government and the
Russian Fundamental Science Foundation), and Grant 94-03-08063 (the Russian
Fundamental Science Foundation). )

"Tkachev, AV.; Petukhov, P.A; Konchenko, S.N.; Korenev, S.V.; Fedotov, MA.:
Gatilov, Yu.V.; Rybalova, T.V.; Kholdeeva, O.A; Optically Active Zn" and Pt'
Complexes of the 3-Carene Type a-Amino. Oxime. Tetrahedron. Asymmetry
1995, vol. 6, No. 1, p. 115-122.
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POLYFUNCTIONAL CATALYSTS IN POLYMER NETWORKS SYNTHESIS
ON THE BASIS OF 2-HYDROXYETHYL METHACRYLATE

Kholujiskaja S.N., Nikitin A.V., Rubajilo V.L.
The Semenov N.N. Institute of Chemical Physics RAS,
Moscow, 11 7334, Russia

The catalytical action mechanism of vanadium and rhenium
compounds in hydrophilic polynier networks (hydrogels) formation
followed by low temperature polymerization of  2-hydroxyethyl
methacrylate (HEMA) and copolymerization of HEMA with styrene,
phenylacetylene and trans-B-methylstyrene has been studied. The
electronic structure and coordinative unsaturation of examined metal
compounds explain their polyfunctional catalytic action. The
generatioﬁ of the reactive oxygen species is shown to be a result of one
electron reduction of molecular O, in the coordination sphere of the
metal ion and initiates the chain radical polymerization of HEMA.
The kinetic behaviour of ' the paramagnetic HEMA derivative
intermediates was studied by ESR-technique without or with the radical
acceptor; the part of the radical processes in the common .
. polymerization rate was established. .

The formation of polymer network occurs without cross-linking
agents. Network parameters were calculated using the elasticity module
of equilibrium swollen gels. The number of monomer molecules
composing one_elastic active chain is 30-50. The structure and
properties (swelling, mechanical solidity etc:) of polymers seemed to
depend on the concentration of metal compounds. The formation of
crosslinks in the network is a result of the reactions connected with
Lewis acidity of van:adyl complex as well as rhenium metal organic
compound. The high' catalytic activity of these compounds is shown in
the alcoholysis reactions of epoxides and unsaturated ketones, and in
the epoxide formation followed by molecular O, oxidation of olefins.
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Gas-Phase Studies with Ion Cyclotron Resonance Spectrometry of the C-S and
C-H Bond Activation Reactions by VI and VIII Group Transition Metal Ions .

A.V. Kikhtenko, V.B. Goncharov, A.N. Startsev. .
Boreskov Institute of Catalysis,
Pr. Akademika Lavrentieva 5, 630090 Novosibirsk, Russia

All processes of hydrodesulfurization of oil fraction proceed over the catalysts,
that is the composition of Mo (or W) with Ni (or Co) in sulfide form. Due to the efforts
of the advanced laboratories the active component of these catalysts. are well studied
nowadays!. But there is a discussion concerning the roles of metals ‘entering the
composition of the active component in the activation of the reactive molecules in the
reaction of catalytic hydrodesulfurization.

At preset paper the C-S, S-H and C-H-bond activation reactions by the Mo+, W+,
Ni*, Co¥, and Fe* ions in the various sulfur containing hydrocarbon molecules were
studied using the FT ICR method. As was shown Ni* and Co* attack preferably the C-
S bond in all hydrocarbon molecules studied, while Mo* and W* does not react with
this bond. On the other hand, Mo* and W* react with these molecules through
insertion into C-H bond, or rarely into S-H bond, while Ni* u Co* ions are not active
in these reactions. The observed difference in the gas-phase reactivity of the VI and VIII
group metals give additional arguments to the early advanced hypothesis? concerning
the roles of the metals included in the catalysts for hydrodesulfurization. According to
it activation of the S-containing molecule and hydrogenolysis of the C-S bond occur on
the Ni or Co ions, while activation of the H; proceeds on the MoS; (WS») sites.

1. Topsoe H., Clausen B.S. // Catal. Rev.- Sci. Eng. 1984. V.26. P.395.
2. Startsev A.N.// Catal. Rev.- Sci. Eng. 1995. V. 37. p.353.
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. KINETICS EQUATIONS FCR UNSTEADY HOMCGENEOUS AND
HETEROGENEOQUS CATALYTIC PROCESSES SOLVED BY METHOD OF

*FROZEN" COEFFICIENTS
1.M. Xolesnikov.3. I. Xoiesnikov, G. N. Gusenkov

Goubkin’s STATZ ACADEMIE of 0il and Gas
" 117917 MOSCOW, Leninsky prospect 65, RUSSIA,
Fax: 7-085-135-87-25

ILis cessizis Lo zzparat2 in the homogenecus and
hetercgenecus catalytic precassess in the static  and
dvnamic svstems a faw stages in stationary or unstationary
conditions we can separate three stages of catalvtic
procass-the creation accumulation of catalvtic complexes in
reaction mixture,staticnary stage and the spending of one.

It should be noted that tirst and third stages
occupy- a little ‘time,but exert influence upon
interraction of molecule of reagents during chemical
process in presence of the catalyst ,usually,these two
stages don’t fail to take into account in time of seluting
of differential equations using the Bedepstein’s Principle.

Meanwhile the un-steady stages ecxite in the homogeneous
systems transformation of hyvdrocarbon and non hyvdrocarbon
compounds during the stationary stégs.lts_ exert influence
upon local and mean distribution of products in reaction
mixture. ’

[t may be determine in homogeneous and heterocgenious
catalvtic processes next stages:collision of molecules (in
the bacse or exciting states) with catalysts molecules (or
an  active centres),creating of catalvtic complex,
redistribution of atomic or molecular orbital,decomposition
of catalvtic complex on products and catalyst,
Jdeabssorption of preduct molecules.

The soluticn of Kinetic equations by methode of "frozen”
ceefficiznts was make Tor the wkinetic scheme: A+K == AK+B
==AKB—-AB+X where A, 3 AR, X-molecuies of initial,ending
subsstences and catalvst. ) .

The solution of equations presented for  un-steady
conditions in the Fform of dependence concentration of
cataiyst and molecule of reagenls in the reaction .mixture.
[Fig eagy to det the enuation Ffor statlionary condition.
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THE MODELLING OF CATALYTIC REACTIONS PROCEEDING IN

DIFFERENT REGIMES

‘ m, B.V.Alckseev, V.Kh.Fedotov

Department of Physical Chemistry,
Chuvash State University, Cheboksary 428015, Russia

It is known that the peculiarities of proceeding of catalytic reactions are
determined by structure of their stage schemes. That is why the analysis of relaxation
time for different classes of reactions and sistematization of the mechanisms which
describe critical phenomena and auto-oscillation is interested. The solution of these
problc.ms is directed on creation of data bank which may be' used for invcstigqtion of
kinetics of concrete reactions. In the report the results of using mathematic modelling
methods for analysis of relaxation time and critical phenomena in catalytic reactions
are given. For.example, the estimation of relaxation time for two-three-and many-
stage reactions are generalized. This analysis is based on the program which helps to
generalize all the possible mechanisms of different class reactions and ‘also to -
investigate the roots of characterized equation. At the value of efficient: part of
maximum root of this equation computer calculates relaxation time for corresponding
scheme reaction. On the base of leading analysis the complefe sistematization of
relaxation times for all investigated class reactions with creation of corresponding part
of kinetics data bank was done. ‘

Another important problem of chemical kinetics is sistematization of simple
mechanisms which describe critical phenomena as multiplicity steady states (MSS).
. The selection of these mechanisms wés automatized with the help of the program
which is based on the special criterion. The criterion represents the system of
inequalities on stoichiometric of reactions and allows not only to establish the
- possibility of MSS existing, but also to estimate the conditions of its realization. The
mechanisms which can be used for description such forms of MSS as hystere sises,
selfintersections and breaks were investigated. In the deadlines of the most known

classes of three-and four-stage reactions the systematization of the mechanisms which
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describe autooscillating regimes was carried out by us too. For the analysis of the
schemes of such reactions the stoichiometric conditions of stability and single steady
state were defined. The analysis gave the possibility to find 45 types of three stage
schemes which describe auto-oscillations. All of these schemes include one and more
three-molecular auto-catalytic stages. These stages play the. role of back connection
without which the existence of auto-oscillation is impossible. More than 100 schemes
describing auto-oscillations were established among four-stage schemes. As a rule, these
schemes include linear-and bimolecular stages. The bank of relaxation time and critical
phenomena which was worked out is used for the investigation of kinetics and series
mecha nisms of concrete catalytic reactions (oxidation of carbon monoxide and =
hydrogen, intcractioﬁ carbon monoxide with nitgen monoxide on platinum metals,

etc.).
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APPLICATION OF ULTRAFINE METAL PARTICLES IN CATALYSIS AND
CHEMICAL REACTIONS

S.E.Kondakov, V.V. Smirnov
Moscow State University, Chem.Dept., Moscow 119899, Russia

Development of cluster-containing materials with unusual properties is of
great interest for physics, chemistry and material science. One type of this
materials is the ultrafine metal particles in nonaqueous media. The metal vapour
synthesis (MVS) is the rather new method for preparation of such particles. In
our work we study the cocondensation of metal vapours with various tertiary
amines under cryochemical conditions results in formation of ultrafine metal
particles (UFP) (stable giant metal clusters or colloids) in organic media and its
investigation as catalysts. »

In this work, metal vapour synthesis was used for preparation of UFP of
different metals (Na, Pb, Mg, Mn, Cu, Sm) in tertiary amine media. The samples
were studied by IR, UV-VIS, ESR at low temperature and photon correlation
spectroscopy (PCS) in solution for determination of particle sizes.

We obtained for the first time, the stable colloidal solutions of magnesium,
manganese, copper, led, sodium and samarium in triethylamine. Stability of this
colloids are linked with the formation of unstable low temperature intermediates.
.These complexes are precursors for the double electric layer on the surface of the
UFP in metal-triethylamine systems. This way allow to obtain the stable metal
colloids in non-aqueous media.

Chemical and catalytic properties of UFP was investigated for soluble and

supported form of catalysts.

It was found that: .
- UFP of Mg in pyridine provide the isomerisation on n-hexane at room
temperature in solution;
- UFP of Mg, Cu, Mn, Sm provide isomerisation of olefins at room temperature
in solution;
- UFP of all investigated metals provide rapid addition of carbon tetrachloride to
double bonds of olefins in solution.
- UFP of all investigated metals provide isomerisation of halolefines in supported
forms on silica and AlgO3.

Nature of this phenomena is discussed.
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KINETIC AND CATALYTIC STUDIES OF OXIDATIVE COUPLING OF
METHANE OVER OXIDES OF ALKALINE-EARTH METALS.

E.V. Kondratenko* A.N. Shigapov® and A.G. Anshits®

*Institute of Chemistry of Natural Organic Materials, K. Marx Str.42, 660049, Krasnoyarsk,
Russia .

*Department of Chemistry, Krasnoyarsk State Technical University, Kirenskii Str.26, 660074,
Krasnoyarsk, Russia :

INTRODUCTION The oxides of the alkaline-earth metals (AEM) are promising catalysts
for the oxidative coupling of methane (OCM) and have been extensively studied for the past
few years. Differences in selectivity and activity for these catalysts in OCM reaction were
interpreted in terms of basicity and acidity of oxides [1], their ability to form stable peroxides
[2] or were attributed to the concentration of defects in the lattice [3, 4]. However, the
individual reaction steps and the influence of homogeneous and heterogeneous reactions on
the oxide structure remain relatively unknown. )
The purpose of this paper was twofold:
the role of the gas phase and surface reactions in the formation of steady defect
structure of AEM oxides and influence of defects on OCM pfocess;
kinetic peculiarities of the OCM over SrO as a basis for reaction modelling and
simulation using N,O as oxidant. '
EXPERIMENTAL To prepare catalysts the high purity materials were used. M/CaO
(M=Li or Na) catalysts were prepared by impregnation of the original CaO with lithium or
sodium hydroxide followed by drying and calcination at the air for 3 hours at 1273 K. SrCO3
was calcinated at the oxygen for 2 hours at T=1523 K to remove the carbonates. Catalytic
activity was examined at 1023 K in microéatalytic quartz fixed bed reactor. The method of
radiation probe which consists in vy-irradiation of sampfes followed by registration of EPR
spectra was used to study the composition of defects of catalysts.
RESULTS AND DISCUSSIONS The obtained SrO and the solid solutions of CaO with
oxides of alkaline metals' were examined in OCM reaction. The following results are
presented.
i) It was shown that the concentration and nature of defects in the bulk of M/CaO (M=Li or
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Na) catalysts were depended on the composition of gas phase. O,>, CO,*, M*CO,> (M=Li*
or Na*) defects are formed in M/CaQ lattice after the contact with CH,-O, reaction mixture.
These defects are not observed when CH,-N,O mixture was used. It was established that the
increase of the portion of M*CO,* defects resulted in increasing C,- selectivity. It was
proposed that CO,* defects may be‘served as the intermediate sites for C(.)z formation.

i) The nature of defects in SrO lattice is the same after the treatment of catalyst by both
reaction mixtures. H,CO, and Vou are main defects in the bulk of SrO after catalytic
reaction.

The difference between two catalytic systems (SrO and M/CaO) may be caused by

distinctive steps of N,O decomposition over studied catalysts.
iii) The kinetics of OCM process over SrO was studied. The rate of CO, formation has a first
order with respect to N,0. However, this rate does not depend on methane pressure. This
observation confirmed the limited availability of oxidant on the surface because the slow step
of N,O activation is followed by the rapid reaction of the active oxygen species with
h'ydrocarbons or by slow desorption of carbon dioxide, releasing the active sites.

The rate of C,H, formation increases with increasing concentration of N,O up to 2
vol. % but for higher partial pressure of N,O the rate of reaction approaches to almost zero
order with respect to N,O pressure. The poisbning effect of CO, produced during the reaction
was investigated to obtain the correct order of ethane formation with respect to N,O. The
experiment was carried out with CO, addition to the gas stream and dramatic decrease of the
rate of ethane férmation was found. SrO seems to react with CO, to form SrCO, under
catalytic conditions and then decrease the concentration of active oxygen species. These’
observations allow to conclude that N,O decomposition is the rate-limiting step and CO, is
a poison for the ethane formation.:

Acknowledgements The research described in this publication was made possible in part

by Grant NRKM300 from the international Science Foundation and Russian Government.
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Radical Formation in the Reaction of CCls with CaO.

T.A.Konovalova, I.M.Rybkin, A.M.Volodin
‘Boreskov Institute of Catalysis, RAS, Novosibirsk, Russia

In the last time some works appeared suggesting the possibility of chlorinated
organic interactions with surfaces of certain metal oxides (CaQ, MgO) under a rather
mild conditions [1]. It was shown that in some cases the deep conversion of ultrafine
(nanoscale) CaO into CaCl2 by tﬁe interaction with CCls may take place according

to reaction:
Ca0O+CCls — CaCl +CO; o

Such reactions are energetically quite favourable, however their mechanism
- remains unclear. In this work we have investigated the possibility of radical
-intermediates formation by the CCls interaction with the active surface sites of

thermally activated Ca0 samples. ]
Fig. shows the EPR spectrum of initial CaO sample recorded after its activation in

vacuum at 873 K (spectrum 1) and the spectrum of radicals obtained after CCl4

adsorption on this CaO sample at 293K (spectrum 2).
It should be noted that for the formation of such radical particles the CaO

activation in vacuum was necessary. The CCl4 adsorption on CaO heated in oxygen
at 773 K was not accompanied by the radical formation. We may sﬁppose that the
electron type centres (e) resulting from the removing of surface oxygen are active in
such processes.

The dissociation of y-irradiated CCls in homogeneous systems is well known [2]: E

CClite — °CCh +CI” @
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Mn2+
3280 3320 3360
! 1 1 ! L

One can predict that in our case the first step of reaction is described as in
eq.(2) and the spectrum 2 is due to more stable secondary radicals.

We have shown that oxidised CaO samples were able to form the same radicals as
uﬁder illumination. In this case the CCls dissociation (reaction 2) could occur on
photoinduced electron centres.

This investigation was supported in part by the Russian Foundation for Basic
Research (Gr. N 94-03-08690) and the ISF (Gr. N NPL000).

References.

1. O.Koper, Y.-Xi Li, K.J.Klabunde, Chem. Mater., 1993, 5, 500.
2. M.C.R.Symons et all. J.Chem.Soc.Faraday Trans.I, 1982, 78, 2205.
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LIQUID CRYSTAL AND METAL CONTAINING POLYMER FILMS
PRODUCED BY CONDENSATION ON COLD SURFACE IN VACUUM

A.lKonstantinoy, T.I.Shabatina, Yu.N.Morozov, G.B.Sergeev
119899 Moscow State University, Moscow, Russia.

Polymer films containing stabilized metal clusters and polar organic associates
are of great interest due to their unique physical and chemical properties.

Poly-para-xylylene films containing polar organic substances with mesogenic
propertieé and Ag-clusters have been obtained by low-temperature polymerization of
layer or codeposited condensates.

P-xylylene monomer was produced by heating of para-cyclophane up to 600°C
and then condensed on cold (77K) copper or glass surface in vacuum. After heating
ui) to 130K the system was polymerized. A

The mesogenic substances we used were: 4-amyl-4'-cyanobiphenyle (5CB) with
mesophase existance temperature range from 21 to 36°C, 4-methoxy-benzylydene-4'-
butyl-aniline (MBBA) (from 21 to 47°C), 4-hexoxyphenyl-4>-butyl-benzoate (N-21)
(from 19 to 40°C). Some films were obtained by deposition of liquid crystalline and
metal silver vapour on the surphase. .

To identify phase transitions produced polymer films were analised by optical-
polarized microscopy method. Optical and electrophysical properties of produced films
were considered. Influence of low-temperature matrix anisotropy was discussed. -

" Acknowledgements.
The work was partially supported by RFFI (grant No 94-03-09987)
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KINETICS OF CATALYTIC HYDROLYSIS OF ALKALINE SOLUTIONS OF
KBH. IN PRESENCE OF INTERMETALLIC La-Nis COMPOUNDS

LI.Korobov, N.G.Mozgina.
Institute of New Chemical Problems, Russian Academy of Sciences,
Chernogolovka, Moscow Region , 142432, Russia.

In temperature interval 298-318 K it was investigated behaviour of
intermetallic compounds LaNissTos (T - Mn, Cr, Co, Al, Fe, Cu) in alkaline
(0.1; 1.0; 4.0 mol/l KOH) sblutiqns of KBH..

By gasevolumometric method it was studied kinetics of catalytic
hydrolysis of KBH4in 0.1, ]0 and 4.0 mol/l KOH solutions with presence of
LaNi4sTos (T - Mn, Cr, Co, Al, Fe, Cu). For all investigated intermetallic
compounds reaction of catalytic hydrolysis KBH4 has zero order with
respect to KBHj4 and first order with respect to LaNigsTos.

It was found out that partial substitution of Ni in LaNis for Mn, Cr,
Co, Al, Fe, Cu exerted essential influence on speed of KBH4 hydrolysis. It
was discovered enormous increase of KBH. hydrolysis speed with increasing
of concentration of alkali with ﬁr@scnce of LaNissTos.

Activation energies of -catalytic hydrolysis KBHa with presence of
intermetallic compounds LaNiasTos are in interval 60-65 kJ/mol. ‘

It was found out that hydriding of intermetallic compounds
LaNiasTos (T - Mn, Al took p]ace with forming hydride phases
LaNissTosHas.

The work was carried out under financial support of The Russian
Foundation of Basic Research (grant No. 95-03-09615a). '
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PHOTOSENS]TIZED REDUCTION OF CENTRAL ION OF
Mn(111)-PORPHYRINS IN HOMOGENEOUS AND MICR(_)HEI‘EROGENEQUS
- SYSTEMS

Korolkova M.L.*, Solovieva A.B.**, Glagolev N.N.**, Ponomarev G.V >+,
Belkina N.V.**, Kiryukhin Yu.l.*, Bagdasaryan Kh.S.*

* 103064, Russia, Moscow, S.S.C. of Russian Federation,
Karpov Institute of Physical Chemistry
**]1 7977, Russia, Moscow, Institute of Chemical Physics RAS
***Russia, Moscow, Institute of biological and medical
chemistry AMS of Russia

It is known that manganese(II) porphyrins ( Mn(II)P ) are effective catalysts of
selective oxidation reactions of unsaturated hydrocarbons. Usually, they are produced in
situ from Mn(III)P, in the presence of powerful chemical reducing agents(sodium
borohydride, hydrogen/Pt-colloid, ascorbic acid). However it is difficult to avoid a side
reactions of substrate. In this work the photosensitized reduction of central ion of
Mn(III)P in homogeneous and microheterogeneous systems have been investigated.
Dye acridine orange and CdS were used as photosensitizers. The homogeneous systems
were the solutions of Mn(I1I)P, photosensitizer and electron donor in various solvents.
A heterogeneous system was .CdS suspension in Mn(III)P solution in MeOH or
acetonitrile, the film of perfluorated ionexchanging membrane MF-4SK with

“Q-particles CdS and Mn(III)P immobilized in it or the glass plate with the layers of
CdS and Mn(1II)P deposited by continuous vacuum evaporation, which was plunged in
solution of electron donor. In . heterogeneous system the reduction of central ion
Mn(III)P is by electron transfer from condﬁction band of CdS to Mn(III)P. The
exposing to light of photosensitizer absorption band always results in the formation of '
product whose absorption band coincides with those of corresponding Mn(II)P formed
by chemical re&uctiox). ' '

The work is executed at financial support of russian fund of fundamental
researches (Code 93-03-18346).
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STRUCTURE OF HYDROGEN ACTIVATED Cu-CONTAINING OXIDE
CATALYSTS USING HT XRD IN SITU

‘Krieger T.A., Plyasova L.M., Solovyeva L.P., Kryukova G.N., Makarova O.V.,
Yur'eva T.M.

Boreskov Institute of Catalysis, Pr.Akad.Lavrentieva 5,
Novosibirsk 630090, Russia

Complex oxides, in particular copper containing oxides Cu-Cr, Cu-Zn,
Cu-AlLCu-Mg - are widely used in a catalytic prosesses realized in reducing media.
It was shown that for 180-350 °C temperature range under hydrogen treatment
the system of flat copper particles bonded epitaxially with the oxide surface as
well as oxide is formed. This state is characterised by reversibility in different
media. These phenomena are associated with structural features of oxide-
precursors. ) '
" In the present work the hydrogen interaction with copper chromite, copper
aluminate and zinc. oxide- containing clasters of copper ions was studied by the
_method of high temperature X-Ray powder diffraction (HT XRD) in situ. Precision
of in situ XRD provides information about structures of all available phases. The
distribution of cations in structures of reduced spinels was performed with Rietveld’s
method. The measurement of parameters of zinc oxide crystal lattice is conducted
in the process of the dynamic changes under the action of the temperature and
medium in situ.
Copper chromite was shown to transform in a defect cubic spinel at 320 °C in
hydrogen. The part of copper ions (8a-crystallographid position) participates
in exchange interaction: Cu* + 2H? = Cu? + 2H*, that leads to the formation
of copper atoms at the surface of copper chromite microcrystalls. The other part of
copper ions participates in the following exchange interaction:
Cu?* + H° = Cu!*+ H* As a result, forming copper ions diffuse in nearest octahedrel
site (16c).Hydrogen is shown to possess two states in the . structure of copper
chromite, namely, specific hydrogen species H* which occupies octahedral
interstate sites being forbidden in the spinel structure (16c), and protons (32e),
~ wich form as a result of the exchange interaction between hydrogen and copper ions.
An analysis of the interatomic distances indicates that the protons interact with the
lattice oxygen and form of hydroxide bond.
Similar to copper chromite, metall copper from copper aluminate spinel (degree
of inversion 0.5) is formed on the spinel surface in hydrogen. Again, only
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tetrahedrally coordinated copper ions are reduced whereas octahedrally coordinated
ones still occupy their sites. In contrast to copper chromite the redistribution of
three valent aluminium ions, which occupy free from copper tetrahedrons, occurs
in the reduced aluminate. A certain part of octahedral sites become vacant,in
which protons stabilizing the structure are located. However, the changed distribution
of AP* ions prevents copper ions from.coming back to the spinel structure and,
thus, the latter - from its reversible transformation to the initial aluminate.
Phenomenon of reversibility was observed also for the solid solution of copper
ions in anion-modified zinc oxide. A complex system which is composed of solid
solution of copper ions in zinc oxide saturated with hydrogen and metallic
copper epitaxially bounded to the spinel surface forms as in the previous cases. The
feature of this system is that after effect by hydrogen and the replasement its on flow
He more'the favourable conditions are created to formation of true solid solution
of copper ions in oxide zinc. Such solid solution is different from initial solid
solution of where the copper ions are distributed as clasters. The changes of zinc
“oxide structure under influence of medium is confirmed by high resolution electronic
microscopy (HREM).

Thus, new data about structure of the hydrogen activated Cu-containing catalysts
were received. All investigated systems under the condition of the reduction in
given area of temperatures demonstrate formation of the complex systems of phases
- copper metal epitaxially bounded with surfase of . defect oxide stabilized by
hydrogen. Observed of correlations between phase compositions and structure of

- catalysts (Cu-containing oxides) and their catalytic behaviours for hydrogenation
of aceton to isopropylic alcohol and synthesis of methanol showed that only those
structural states that are observed at 180 - 370 °C have high activities. The knowledge
on structures of active states  and conditions for their formation makes it
possible to give conclusions about mechanism of their catalytic action.

The work was funded by the Russian Foundation of Basic Reseach,
Grant N 94-03-08260.
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NEW PHENOMENA OF LIQUID METAL-CARBON INTERMEDIATE COMPOUNDS
FORMATION AT LOW-TEMPERATURE (600-700°C) CATALYTIC
GRAPHITIZATION OF AMORPHOUS CARBON BY METALS OF IRON
SUB-GROUP

0.P. KRIVORUCHKO, V. I.ZAIKOVSKII

BORESKOV INSTITUTE OF CATALYSIS,
SIBERIAN DEPARTMENT OF RUSSIAN ACADEMY OF SCIENCES,
-630090, NOVOSIBIRSK, RUSSIA

We have discovered and studied experimentally a
previously unknown phenomena of 1liquid metal-carbon
intermediates forming in the " process of solid-phase
interactions of iron, cobalt or nickel particles with
amorphous carbon under heating in vacuum to the temperatures
which are 500-900 °C lower than the melting points of pure
metals or their eutectics. The experiments have been carried
out in situ in column of electron microscope JEM-100 CX under
residual pressure of 10 4.10°° torr with use of a heating
device and video recording of processes dynamics. The
-thickness of amorphous carbon support was 20-30 nm. Fe, Co, Ni
or their hydroxide, oxide, salt particles have been deposited
on this support. When using hydroxides FeO(OH), Co(OH),,
Ni(OH); as initial compounds their interaction with carbon
support under heating in the electron microscope column
proceeds in the following way. At first dehydration of
hydroxide particles occurs and Fe,03, CoO and NiO oxides form.
At 600°C and above the oxlde crystals react with carbon
support and are reduced to metals. The particles remain solid
and do not move over the support up to 'their'gfransition to
metallic state. The liquid particles Fe-C, Co-C and Ni-C form
as a result of solid-phase reaction of metal and amorphous
carbon under specific conditions of heating in vacuum to some
critical temperatures. The critical temperatures at which Fe,
Co and Ni particles turn into the liquid state are 640, 600
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and 670°C respectively. Under conditions mentioned above in
the system "metal particle - amorphous carbon surface" some
efficient interaction mechanism takes place. This mechanism
leads to a detachment of carbon atoms (or clusters) from the
support and their dissolving "at the moment of forming” in
metal. We have established the limit concentration (50 atom %)
of dissolved carbon, when stability of metal particles
structure is lost. As a result, these particles turn into the
liquid state forming anomalously supersaturated solutions of
carbon in metal. 10-100 nm particles turn into the liquid-like
state totally, then they begin to move chaotically onto the
carbon support remaking it to the graphite tracks. When moving
these liquid-like particles are dipped into support, their
thickness is equal to that of carbon support (in our case it
is 20-30 nm). The thickness of graphite tracks is also 20-30
nm, their width corresponds to the determinant sizes of liquid
particles. When moving such particles change their form and
geometric contour all the time, and there is no diffraction
contrast observing them in situ. The liquid particles movement
velocity depends on metal chosen and temperature- but almost
does ‘not depend on the particle size in the interval noted
above. So, at 700°C the initial velocities of liquid Fe-C,
Co-C and Ni-C particles movement are 1000, 30 and 10 nm/s
respectively. The liquid-like state takes place only under
dynamic conditions at a fast movement of metal-carbon
particles on the carbon support. The particles which lost
their mobility turn into the solid state by phase composition
corresponding to carbides and/or metals.

This work was supported by the Russian Foundation of
Fundamental Researches (grant number 94-03-08698).
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Partial Oxidation of Ethane by Dioxygen, Activated at
: Carbon Gas-Diffusion Cathode

A.O.Kuzmg‘nl, E.R.SavinovaI, F.Frusten'z, A.Parmalianaz, V.N.Parmonl

1. Boreskov Institute of Catalysis, Novosibirsk 630090, Russian Federation, -
Fax: +7(3832) 35 57 66,/35 22 69

2. Institute CNR-TAE, Via S.Lucia, 39, Messina, Italy, Fax: 39 90 601011

Cathodic activation of dioxygén on a porous carbon membrane (gas-
diffusion electrode) is proposed in the present work as an approach to selective
oxidation of ethane.

It has been shown [1] that ethane can be oxidized to acetaldehyde (65%)
and ethanol (35%) in a gas or gas—liquid electrochemical cell on a Nafion-H
promoted carbon gas-diffusion electrode under the atmospheric préssure at 80-
100°C. Effective removal of the oxigenates through the gas-diffusion electrode
out of the reaction zone provides high selectivity of the partial oxidation, the
amount of carbon dioxide formed due to the deep ethane oxidation not
exceeding 2%.

The reaction has been proved to proceed via an intermediate formation of
hydrogen peroxide on the carbon electrode due to cathodic reduction of
dioxygen. The effects of current density and partial pressure of dioxygen on the
rate of hydrogen peroxide production are studied. A correlation between HgO9
generation rate and ethane partial oxidation has been shown.

The. presence of Nafion-H film on the electrode has proved to be of
crutial importance for ‘the promotion of ethane partial oxidation not effecting
the rate of hydrogen peroxide formation. )

Evaluation of the effects of the reagents concentrations, pH and
temperature on the reaction rate and selectivity has proved the radical
mechanism of the reaction. The nature of the active oxygen and mechanism of
ethane activation are discussed.

1. Frusteri F., Savinov EN, Parmaliana‘ A, Savinova ER., Parmon
V.N.,Giordano N., Catalysis Lett. 27(1994) 355-360.

Financial support from INTAS (grant N. 93-2402) is gratefully acknowledged.
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M-containing heteropoiytungstates as catalysts of HyO, participated
reactions. Mechanistic study of oxidation of unsaturated hydrocarbons.

N.I.Kuznetsova, L.I.Kuznetsova, L.G.Detusheva, V.A.Likholobov
Boreskov Institute of Catalysis, Pr. Ak. Lavrentieva, 5 Novosibirsk 630090, Russia;
- tel. (+7-383)2351453, fax. (+7-383)2355756. e-mail: LIKHL@CATALYSIS.NSK.SU

Oxidation of organic substances under the action of HyO, arouses the permanent
interest. At the present time, a part of interest is given to a new type of redox
catalysts which represent M-containing heteropolytungstates PW;;M. Enthusiasm
in researches about this field could promise a rapid remarkable advance in
catalytic oxidation, if H;O, participated reactions were not as complex as
attractive. Realizing this complexity, we decided to approach the problem in the
way of combined study of PW;M in two reactions: the oxidation of cyclohexene
and benzene with HyO, and accompanying process of HyO, decomposition.

Praviding stability for original ions PW;;, M-containing heteropolytungstates of a
general formula PW;;M(L)O39? were synthesized and isolated as organic solvent
soluble [(n-C4Hg)4N]* salts; M- transition metal, L may be HyO, OH-, O%. The
catalytic experiments were performed in CH3CN solution using aqueous H;0,.
The rate of HyO, decomposition varied within wide range from the highest for Co
and Cu to small for Ni and V (as for original PWy;) and negligible for Ti.
Possessing a moderate activity in H;O, decomposition, only Fe- and Cr-
containing heteropolytungstates showed a capacity to catalyze cyclohexene
oxidation with HyO5.

For some metals, the catalytic properties of MPW;; were extremely sensitive to
experimental conditions of their synthesis. To investigate in detail the effect of
precursor and procedure of synthesis (increasing temperature, prolonged keeping
solution, varying molar ratio of starting reagents and acidity), a number of Cr-
containing heteropolytungstates PW,;Cr were prepared and characterized by
elemental analysis, UV-VIS and IR spectroscopy. Tetrabutylammonium salts- of
PW,,Cr were examined in catalysis of H,0, decomposition and oxygen transfer
from H;0; to hydrocarbon substrates cyclohexene and benzene. At the other
identical conditions of synthesis, increasing pH value gave samples more active in
H,0; decomposition. In the system H,0,/PW;,Cr, benzene formed phenol and
cyclohexene formed a mixture of cyclohexenone, cyclohexenole and cyclohexene
oxide. Activity of PW;,Cr in hydrocarbon oxidation depends on the procedure of
sample synthesis.

Variable spectral characteristics and catalytic properties of PW;Cr samples were
suggested to depend on the nature of bond between Cr(III) ion and PW;;0397
anion. As distinguished from typical M-substituted polyoxometalates, the samples
obtained contain Cr(III) ions which are, probably, connected with surface oxygen
atoms of PW;;039’- heteropolyanion near the vacancy of Keggin structure.

Surface location of Cr(III) ions is supposed to favor oxygen transfer from H,0; to
hydrocarbon. In the presence of H;0;, PW;;Cr solutions showed the increase of
visible absorption and a shift of its maximum from 15200-16300 to 15500-18000
cm), that arose from reaction of PW; Cr with intermediate products of H,0,
decomposition. Resulting oxidized species PW;;Cr{O] are active oxidants in
reaction with unsaturated hydrocarbons.

We are grateful for support from ISF grant No RP-5300.
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NEW SPHERES OF CATALYSIS APPLICATION
IN TRANSFORMATION OF NATURAL ORGANIC
POLYMERS AND KINETIC STUDY OF CATALYTIC
REACTIONS OF MODEL-TYPE ORGANIC COMPOUNDS

Kuznetsov B.N.

Institute of Chemistry of Natural Organic Materials
Siberian Division of Russian Academy of Sciences
Academgorodok, Krasnoyarsk, 660036, Russia

The problem of natural organic polymers conversion to fine chemicals and carbona-
ceous materials with high rate and selectivity throws the challenge to the modem chemistry..
Taking into account the great role of catalysis in oil chemistry it seems reasonable to expect
that the development of catalytic chemistry of natural organic polymers will promote the ex-
tensive drawing of alternative materials to organic synthesis.

The research design was connected with the elaboration of approaches to effective
catalytic promotion of chemical bonds in solid organic matrix. Two different principles: the
direct action of catalyst on chemical bonds and the indirect route, based on the translation of
catalyst action through the reaction medium, were used. Reaction of thermocatalytic transfor-
mation of wood hexasanes into levoglucosenone, levulinic acid, hydroxymethyl furfural and
wood lignin into aromatic aldehydeé and hydrocarbon mixtures were studied in flow and static -
reactors. Kinetic data on model compoundé catalytic reactions made possible to describe the
routes of chemical bonds transformation in studied polymeric materials.

The phenomenon of indirect catalysis was investigated in the two processes of different
type: oxidative pyrolysis of natural organic polymers (wood lignin aﬁd coals) in a fluidized
catalytic bad and in high-temperature coking in the presence of catalytic additives. Systematic
study of catalyst action on the yield and composition of liquid, gaseous, solid products, on the
structure and properties of obtained carbon materials was accomplished. Obtained data made
possible to understand the main peculiarities of natural organic polymers thermocatalytic
transformations. Different physical (IR, NMR, chromato-mass, ESR spectroscopy, X-ray,
SEM, HRTEM, TGA, adsorption techniques) and chemical methods of analysis were used for
the study of catalytic reactions of natural polymers and model-type compounds.
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STRUCTURAL ASPECTS AND DYNAMIC BEHAVIOR OF V:05-Cs2S8:07
. SYSTEM WITHIN 25-550°C ACCORDING TO NMR DATA

O.B.Lapina“, !V.M.Mastlkhin‘l. K.M.Eriksen**, R.Fehrmann"*

‘Boreskov Institute of Catalysis, Novosibirsk 630090, Russia
**Chemistry Department A, Technical University of Denmark, DK—2800 Lyngby,

Denmark

The chemistry of V9O5—MyS;07 (M=

K, Na, Cs) systems has been

- thoroughly investigated by a number of chemical and physical methods due to
their importance as an active .component of the catalysts for sulfuric acid
production and for cleaning of flue gases from SOQ. Nevertheless, some
structural aspects and dynamic behavior of the systems remain unclear due to
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Figure 1. Static (1 —4) and MAS (1'—4') NMR
spectra of V,05—Cs,S,0; mixtures measured
at ambient temperature and different Cs/V
ratios. The samples were prepared at 500°C. A:
51V spectra. B: 133Cs spectra.
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their complexity which exibit the
tendency for the glass formation.
Modern solid—state and high—
temperature NMR is well suited
for the structural analysis of
highly disordered and complex
systems, as well as the dynamic

- aspects of glass structure due to

its high sensitivity to the local
environment of the nuclei under
study. NMR studies of V05—
MjyS907 are hindered by high
conductivity and high viscosity of
these systems in molten state that
is why these systems have still not
been studied thoroughly by this
method.

Here we present the first
results of 5!V and 133Cs NMR
studies ‘of the Vo05—CsyS,04
system of different compositions
in a temperature range from 20 to
550°C that includes both solid
and molten state of these samples
with the use of a specially
constructed probe head for the
measurements of NMR spectra at
high — temperature.
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51V and 133Cs NMR indicate that three different states of V(V) are formed dependent on
molar ratio Cs/V at 20°C. In samples very dilute with respect to vanadium (Cs/V = 50) an
distorted octahedral complex is formed. At higher concentration of vanadium (Cs/V=4)
another octahedral complex (probably Csy(V0),0(S0y)y) is observed. 133Cs NMR spectrum
of this sample has four different lines, it is in very good agreement with the unit cell of the

complex. For the Cs/V = 1 sample also a
distorted octahedral vanadium complex is
formed. The 133Cs MAS spectrum of this sample
exhibits only one line which belongs presumably
to the compound CsV0,S0;.

The 51V NMR spectra of V;05-Cs;5,07
samples with Cs/V=1; 2 and 4 and different
temperature demonstrate different dynamic
behaviour of these samples under temperature.
The types of mobility seem to be different for
crystalline and glassy samples. Some kind of
phase transition probably takes place for
crystalline C&/V = 1 and Cs/V = 2 samples
followed by averaging of the local environment of
V due to thermal mobility of atoms in these
compounds. For glassy Cs/V = 4 sample at
temperature between 100 and 200°C (below the
melting) effective averaging of the chemical shift
anisotropy takes place most probably due to
rotation of the polymeric network of glass
structure (fig 2, spectra 3 and 4). The further
increase of temperature probably breaks the
polymeric chains with the rearrangement of the
structure with formation of different V structures
that include long and relatively short networks
with V in different environments.

133Cs data for Cs;S,04 demonstrate different
types of Cs mobility in this material, including the
migration between different Cs positions in the
crystal structure, a kind of anisotropic diffusion
of Cs inside the crystal, and the rapid isotropic
diffusion near the melting point.

This work has been supported by the INTAS
(Grant 93-3244) and the Russian Foundation for
Fundamental Investigations (Grant 95-03-
08365a).
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Figure2. IV NMR  spectra
of VZOS—CSZSZO7 sample (CSN = 4)
measured at different temperatures: 1-120°
C: 2-170°C: 3-220°C; 4-240°C: 5-260°C:
6-280°C: 7-320°C: 8-400°C. '
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PROPERTIES OF PD-CU BIMETALIC CATALYSTS PREPARED
FROM MIXED ACETYLACETONATES

K. Lebas, G. Bergeret, P. Delichére and A. Renouprez

Institut de Recherche sur la Catalyse-CNRS,
2 Av. Albert Einstein, 69626, Villeurbanne-c« .x, France

Bimetallic Pd-Cu catalysts supported on silica have been prepared from the
acetylacetonates of the two metals. A mixed crystalline complex is identified on the support by
its X -ray diffraction spectrum. By elimination under argon at 670 K of the organic ligands, an.
alloy is formed. It has a fcc structure in the whole composition range, except at the vicinity of
the 50/50 composition, where it is cc. This agrees with the phase diagram of the bulk
alloys.The mean diameter of the particles is 2.5 nm and they have an homogeneous
composition.

It is shown by LEEIS ( ion scattering), that the surface contains more Cu than the bulk,
specially for the low Cu content.

The reactivity of these catalysts in the hydrogenation of butadiene is lower than that of
pure Pd; but if the reaction temperature is raised to reach a high conversion, their selectivity -
for the formation of butenes is always 100 %, at the difference of the pure Pd catalysts. This is
explained on the basis of CO adsorption studied by infrared. Indeed the modification of
selectivity is attributed to an increase of the ratio of the adsorption constants of butadiene and
butenes; this phenomenon is probably due to the coverage by cu atoms of « hot » adsorption

sites, where both molecules are strongly bonded: edges and (100) facets of the surface.
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Design of surface nanostructures chemically bonded on silicon

dioxide.
Lisichkin G.V., Fadeev A.Y. and Borisova O.R.

Laboratory of organic catalysis, Chemical Department, M.V.Lomonosov
Moscow State University, Vorob’evy Gory, 119899 Moscow, Russia

New tendency arising in modern heterogeneous catalysis and surface
chemistry can be defined as “design of surface-bonded nanostructures”. This
means the controlled preparation of supramolecular structures that are formed
from molecules covalently binded with surface of support and possibly with
each other. _ »

In the present paper we propose the methods for preparations of surface
nanostructures on chemically modified surfaces. '

Islands of bonded molecules. The method of molecular templates

(imprints)

The molecular imprinting methods has been successfully used in
adsorption and catalysis [1-4].

The use of chemical modification for the “fixation” of imprints is
proposed. The idea is clear from Figure 1. In the first stage, template
molecules are adsorbed in small concentration on the surface of SiO,. Water

II. Blocking of accessible
functional groups of surface:
e

1. Adsorption of a template.

O
—_— —_—
)
- lII. Desorption of a template. . Modift;cation of
: islands formed.
S g
O O O
O —
@) ®) @)

Figure 1. Method of molecular templates in chemical modification of surface.
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soluble cyclodextrines and organic dyes were used. Surface distribution of the
templates adsorbed belongs to the random or uniform way. This leads to the
presence of predominantly isolated adsorbed molecules. The second stage
involves the blockage with trimethylchlorosilane of surface silanols, which are
not covered with adsorbed templates. At the third stage, the templates
adsorbed are removed under the mild-acid conditions. Size and distribution of
the islands formed were studied by means of ESR-spectroscopy and nitroxide
paramagnetic labels. ‘ ‘

Finally, the islands of nonmodified surface can be modified by the
desired modifier.

“Mosaic structures.” Bonded molecules are situated in the sets of a regular
lattice

In order to obtain the mosaic bonded structures the following approach
is suggested. First, the surface is covered with a dense monolayer of large flat
molecules covalently bonded to the surface along the axial anchor group -
(Fig.2). This idea was realized for phthalocyanine of silicon on the surface of

1. Chemisorption of molecules 1I. Modification of the exposed
with axial anchor groups ’ reactive groups:

Figure 2. Scheme for preparation of a regular lattice from bonded molecules.

Si0,. Surface organization-of ‘adsorbed phthalocyanine molecules was studied
with scanning tunnelling microscopy.
The objects obtained were studied in oxidizing catalysis.

Literature:
1. M.V.Polyakov, Zh.Fiz.Khimii, 2(1931)799
2. F.H.Dickey, Proc.Nat.Acad.Sci. USA, 35(1949)227.
3. G.F.Huttig, in Handbuch der Kataluse III, Vien, 1943, p.318-578.
4. V.V Patrikeyev, A.A.Balandin, A.F.Sholin et al, Dokl AN SSSR,
169(1960)126. )
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Relative Reactivity of Alkanes and Alkylarenes in the Reaction
: with Peroxynitrous Acid (Peroxynitrite).

V.L.Lobachev], E.S.Rudakovl, G.G.A Balavoine?, Yu.V.Geletiit&
{ Institute of Physical-Organic and Coal Chemistry, Donetsk 34000 Ukraine
# Laboratoire de Chimie de Coordination CNRS, 31077 Toulouse Cedex France
& Institute of Chemical Physics in Chernogolovka, 142432 Russia

For last few years nitric oxide, NO, was recognized to play many important
physiological roles. It's formed in vivo by enzymatic oxidation of L-arginine by dioxygen.
Superoxide anion is one of the major intermediate in the process of biological dioxygen
reduction and was shown to react quickly with NO to form peroxynitrite:

NO + Oz~ = ONOO-

Peroxynitrite is believed to be one of species responsible for NO toxicity. Its pro-
tonated form (pK = 6.8) shows radical like reactivity, which is often attributed to a forma-
tion of free hydroxyl radical by homolytic O-O bond cleavage in peroxynitrous acid:

HOONO — HO- + NO2

For a long time we were involved in the study of alkane and alkylarene oxidation by
various oxidants, numerous data on their reactivity being obtained[1]. In this study we
used our kinetic appi'oaches to look at the reaction of peroxynitrous acid with alkanes and
alkylarenes to answer the quesﬁoﬂ, whether hydroxyl radical is formed from peroxynitrous
acid.

To overcome the problem of very low hydrocarbon solubility in water we have
develope(; a so-called “kinetic distributing technique[1].” In its- most useful version the
competitive oxidation of two substrates, RyH and RpH, is studied in closed reaction flask
with known volumes of a gas- and liquid-phases under vigorous agitation. Following the
kinetics of substrate consumption in the gas phase one can find their relative observed rate
constants of oxidation:

lg[RaH]g = (kaob/kbob)lg['RbH]g f
which are related to the actual bimolecular reaction rate constants by the expression:
(kb/kPob) = [(k3(1 + aPMVIKD(1 + oh)],
where A is the ratio of volumes of gas and liquid phases, an o = [RH]¢/[RH}, is the
solubility of substrate.
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Peroxynitrous acid itself decomposes too quickly at pH < 8, k = 1.3 s-! (25°C),
therefore a mixture of hydrogen peroxide and ni¢rite under weakly acidic conditions being
used to generate slowly peroxynitrous acid in situ. This mixture was found to oxidize alka-
nes and alkylarenes at pH = 4-5, the reaction follows first orders on the respect of the
alkane/alkylarene concentrations. Relative reactivity of various normal-, branched- and
cycloalkanes, as well as alkylarene has been measured.

The reaction exhibits low substrate selectivity, resembling qualitatively that of
hydroxy! radical. However, in our case hydroxyl radical can be definitely ruled out: i)
hydroxyl radical is expected to react faster with an excess of buffer components (acetic
acid/acetate) or with nitrite anion, than with substrates; ii) the observed order of reactivity,
n-alkanes 2 iso-alkanes > cyclo-alkanes > alkylarenes, is quite unusual and different from
that of for hydroxyl radical; iii) the obtained value of kinetic isotopic effect (KIE),
keyclohexane/kceyclot d-12 = 1.5, as well as the ratio kcyclopentane/kcyclohexane = 2 5, also
differ from that of for hydroxyl radical, 1.05 and 1.13, respectively.

Careful examination of all data led us to the conclusion, that the reaction partly pro-
ceeds in a gas phase. A new kinetic model, as well as a new experimental approach, have
been developed to the case, when the reaction proceeds in both phases. Relative reactivities
of hexane/toluene, cyclohexane/cyclopentane and KIE were measured for the reaction in

each, gas and liquid, phases. )

The nature of reactive species are discussed. In a liquid phase the reactive species
might be some form of peroxynitrous acid itself, while in a gas phase it is believed to be
one of the uncharged radical product of peroxynitrite decomposition. Nitrogen dioxide was
showen to be non reactive under our experimental conditions.

We are gratefully acknowlédge the financial support by INTAS (grant 93-1060).

1. E.S.Rudakov, Reactions of Alkanes With Oxidants, Metal Complexes and Radicals in
Solutions, “Naukova Dumka”, Kiev, 1985 (in Russian).
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ELECTROSTA"I'IC FIELD EFFECT ON THE CATALYTIC ACTIVITY OF
SURFACE OF SOLIDS

V.V.Lobanov, Yu.I.Gorlov
Institute of Surface Chemistry, National Academy of Science
of Ukraine, 31 pr.Nauki, 252022, Kyiv, Ukraine

On theoretical descriﬁtidn of adsorption processes on the
surface of polar sorbent the approaches, based on the approxima-
tlons of so-called "hard zones™ and cluster model of solld are
especlally fruitful. In the framework of the first approach 1t
is considered that on the surface of adsorbent the "uniformly
distributed charge is accumulated; thils charge creates in the
near-surface reglon the electrostatic fleld, which defines the
physical adsorption of molecules.  The alternative cluster
agproach assumes the quantum-chemical analysis of electronic
structure ( and 1f 1t 'Is necessary, the geometric structure) of
the chosen fragment of adsorbent surface layer or adsorption
complex, calculation of energetics of the 1nteraction
adsorbent-adsorbat, and also charge distribution on the atoms
of the studied cluster, etc.

Therefore for elucldating the role of electrostatic field
in adsorption processes we propose the aggroach,combining to
some extent the peculiarities of ag roximations, described abo-
ve.At first two types of electrically neutral clusters are cho-
sen,one of which models the part of the crystal's surface and
the other -the bulk phase of the crystal. At the next stage the
electronic structure of these basic clusters i1s calculated by
the quantum-chemical method,be suitable for this work (MNDO,
MINDO/3,etc.).The obtained wave functions of clusters are used
for calculation of the electrostatic potential in the near-sur- -
face region. Later of the contributions from baslc clusters
with account of crystal's symmetry are summarized.This approach
of electrostatic potential calculation and field calculation
has a series of advantages in comparison with direct  summari-
zing of contributions from ions forming the crystal's lattice.

When an admolecule gets 1into EFS the shifting of
admolecule's one electron energy 1levels takes place. As a
consequence, the conditions can be created when Fermi level of
a crystal depending on admolecule's nature may coincide with
the energy level of one of the lowest vacant or the est
occupled molecular orbitals, that 1s the condition of "orbltal
resonance" 1s realized.

-The hi, values of adsorption heat and substantial
reactivity of some electrodonor molecules may be reffered to
the orbltal resonance.

The serles of field mass-spectrometric experiments (the
ionization of molecules by external electric Tield of high
strength) 1s supposed to carry out for revealing the cases oOf
orbital resonance. In additlon, there is reason to think, that
the electric fleld can remote or impose restrictions, affecti
the running of chemical reactions by -the rules of orblta

symmetry.
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ELECTROPHILIC CATALYSIS BY PROTONS AND ACYL CATIONS
I ALTERNATIVE ACTIVATION OF CARBONYL COMPOUNDS
OR NITRILES

S.M.Lukyanov, A.V.Koblik, E.S.Lukyanov, L.A.Murasdyan

Research Ingtitute of Physical end Organic Chemistry,
Rostov State University,/Rostov-on-Don 344104, Russia

Recently we found a new epproach to the electrophilic
ectivation of carbonyl compounds for their reactions with
wesk nucleophiles. This approach involves the conversion of
aldehydes and ketones into highly active acyloxycarbocations
R'R2c*-0C0R> by the action of acylium ions regardless of the

~origin of the latter.It has been shown that the electrophilic
catalysis by acyl cations in carbonyl reactions <takes place
which was used in the reaction of both aldehydes and ketones
with nitriles.

It should be noted that few examples of the intermolecular
reactions of carbonyl compounds with nitriles are known.These
reactions proton acid catalyzed are considered in all publica-
tions as nucleophilic addition of the nitriles to carboxonium
intermediates I, i.e.2 Ritter-type reaction (path a, if E=H).
‘However, we have shown that such path & is realizable only
when the activating electrophile E is acyl cation. On the
contrary, the proton acid catalyzed (E = H) interaction of
carbonyl compounds with nitriles occurs via a mechanism in-
'volving the electrophilic addition of nitrilium ions II to
the carbonyl group (path b). The nitrilium ions II behave as
“a heteroanaloga of acylium ions. The both paths a and b lead
to the same N-acyliminium ions III which are precursors of
the valuable compounds such as N-acylated enamines, various
1,3-oxazine derivatives, etc.

In that way,two independent paths for the reaction of car-
bonyl compounds with nitriles under alternative electrophilic
activation of either components have been found experimental-
ly as well as by theoretical calculations. This interaction
includes two variants of rearrangement which proceeds with
the participation of the internal nucleophile (0 or N hetero-
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atoms) but the latter was formerly the electrophilic particle.,
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Therefore, in contrast to earlier proposals, this inter-
action cannot be considered to be a variant of the Ritter
reaction because it differs from the latter by two types of
electrophilic activation of reagents and by two types of re-
arrangement. Besides, this interaction occurs at oxidation
level two, while the Ritter reaction occurs at oxidation
level one.In that way, we consider that the acid catalyzed
reaction of carbonyl compounds with nitriles in question is
an independent reaction, little investigated until now.

Authors are grateful to International Science Foundation
(grant NRVOOO) as well as ISF and Russian Government (grant
NRV300) for financial support of this research work.
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"INVESTIGATION OF ELEMENTARY ACTS OF HETEROGENEOUS-
CATALYTIC REACTIONS BY MICRO CALORIMETRY

Mahir A. H., Tkachenko S. N., Demidujk V. I., Popovich M. P., Lunin V. V.
Chemical Faculty, Moscow State University, Moscow 119899, Russia.

The calorimetric method is widely used in research of the mechanism of the
heterogeneous-catalytic reactions, to define the limiting stages, to define the velocity
constants of the elementary reactions. We have developed a modified calorimetric
) method, which allows us to study the temperature characteristics of the catalytic
reactions in time. A small semiconductor thermoresister was coated with a layer of
catalyst and was placed in a gas reaction media. When an eczo- or endothermic
reaction takes place on the surface of the catalyst, the temperature of the semiconductor
sensor changes and duc to that the conductivity of it changes. By monitoring the
changing conductivity, it is possible to monitor the temperature of the catalyst during
the course of the chemical reaction.

This method was used by us to study the mechanism of the heterogeneous-
catalytic decomposition of ozone. When the catalytic sensor was placed in the ozone
flow it got wormed up to a maximum value, then the temperature dropped and later
reached a certain stationary level. By looking at the character of the temperature
change of the catalyst in time, we can suggest the following mechanism of ozone
decomposition:' adsorbtion of ozone on the active centres of ‘the catalyst,
decomposition of the adsorbed molecules and desorbtion of the decomposed product -
oxygen and freeing the active centres. This. calorimetric research showed us that the
limiting stage in the ozone decomposition is the stage of decomposed product
desorbtion.  During this research work the mathematical modelling of this
heterogeneous-catalytic decomposition of ozone was carried out. The solution of the
appropriate system of the differential equations allowed us to calculate the constants of
the elementary stages of the reactions and allowed us define the life time of ozone on
the surface of the catalyst. ’
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The Mechanism of Acet Hydrogenation
0.V.Makarova, T.M.Yurieva, L.M.Plyasova and T.A.AKrieger

Boreskov Institute of Catalysis, N ibirsk 630090, Russia

This work is devoted to studies of acetone hydrogenatiqn on copper chromite
catalyst using kinetic and in situ HT XRD methods..

We have observed [1] that at 180-370°C the reversible hydrogen absorption
by ct;pper chromite takes place resulting to the formation of copper flat particles
bonded epitaxially to the defect spinel surface. Release hydrogen from spinel bulk
result-s to catalyst transformation to the initial copper chromite. The revg;ible
separation to two ‘phases is the consequence of substitution of a portion of copper
ions by protons. Catalyst exhibits activity in acetone hydrogenation to i;opropanol
only in the region of reversible hydrogen absorption.

The interaction of acetone w:th hydrogen-containing copper chromite was
studied in this work. Catalytic testing of the samples was made in a pulse flow
reactor with chromatographic analysis of products. X-ray spectra were obtained with
a D 500 Siemens diffractometer with CuK, radiation. An HTK-10 Anton PAAR
cell was used for in situ high temperature registration of the spectra in a reagent flow.

It was shown that formation of the alcohol takes place in absence gaseous
hydrogen. Feeding acetone to pre-reduced copper chromite resulted Vin formation of
the «cisopropanol and bringing the structure back to its initial state. Hydrogenation
rates depend on hydrogen amounts in the spinel bulk. The Hydrogen content is a
function of pre-reduction temperature.

The observed reversibility of the system and the bulk uptake of hydrogen, a

portion of which is in the form of protons, make it possible to treat the mechanism of
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the reaction under investigation in terms of the approach developed for the reduction

of ketones to alcohols by the metals dissolved in a “protonic medium” [2]. According

to the approach the hydrogenation proceeds as follows: the attachment of the

electrons from the metal and a proton from a “protonic medium” to a ketone-
molecule which becomes negatively charged is followed by bonding another proton

from the “protonic medium”. If the hyd;'ogen-conmilﬁng spinel with the copper

deficiency of ca.50% is considered ds the “protonic medium”, the hydrogenation of
acetone over copper chromite can be sugg;ated to follow the same mechanism.

Acetone is adsorbed as a n-complex on copper atoms [3], the metal electrons being

localized at the antibinding n-orbitals of the carbonyl group. At the same time a

proton from the “protonic. medium” is bonded to the adsorbed acetone molecule. The
organic molecule gets a negative charge, and the meta;Ilic copper is oxidized and

occupies the spinel positibns it has left during the reduction; the bonding of the

second proton fs followed by the desorption of the alcohol molecule. The catalyst

being in the reduced state under the reaction conditions, the second stage is thought
to be the rate limiting one. There are both-acetone and hydrogen in the reaction

medium under the conditions of the catalytic hydrogenation of acetone to

isopropanol, therefore it is most likely that the protons of only subsurface layers

participate in the transfonnations; and hence, the reversible transition of the metallic

copper to the ionié state occurs only within the subsurface layers too.

Thus, the presént work shows carbonyl groups in vapour- phase reaction over
solid catalysts to be hydrogenated via the same mechanism as in solutions they are.

.1. 0.V. Makarova; T.M. Yur’eva et.al. // Kinet. Catal., 1993. V. 34. P.608.
2. CK. Ing(ild. Structure and Mechanism in Organic Chemistry. Corﬁell University
press Ithaca and London. 1969.

3. AL Tripolsky, N.V. Pavlenko et.al. //React Kinet.Catalys.Lett. 1983. V.22. P.367.
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New nonstandard method of phase analysis
' of heterogeneous catalysts

V.V.Malakhov, A.A.Vlasov, N.N.Boldireva, L.S.Dovlitova

" ‘Boreskov Institute of Catalysis Russian Academy of Sciences,
Siberia Branch, Lavrent'ev Ave, 5, Novosibirsk 630090 (Russia)

Up a today a problem of phase analysis of solids is resolved
essentially by physical methods, in the main by X-ray diffraction,
determining structural parameters of any individual phase. However
these methdds provide no precise information regarding the elemen-
tal composition and stoichiometry of the phase. In turn the possi-
bilities of methods for the phase composition determining are also
bounded by two factors. Firstly, there is an abundance of unknown
phases and especially as their various mixtures. 'Sécondly, there
is a need to have references close to each phase of the sample.
The selection of matched pairs of reference and sample still seem
to involve considerable difficulties for all standard methods.

New nonstandard stoichiographical method of differential dis-
solving (DD) for phase analysis has been developed in the Instiﬁu—
te of Catalysis in 1986. It has a great advantage over the other
methods as a new analytical technique for determining the dissol-
ving kinetics processes. The method is based on stoichiography re-
gularities which determine the stoichiometry unsteady-state pro-
cesses of mass—transport [1]. Runs and results of the processes
may be conceived as a set of functions of the molar relationships
of dissolving rates for elements compbnent the given sampie. In
this case there is no need to describe the process rates using
some kinetic equations, and unique possibility is appeared for
molecular analysis by the nonstandard analytical technique.

The DD method has been developed in exchange for the classi-
cal technique of selective dissolving which is 1little promising
one [2]. The DD method consists in the following: '

— dissolving a given sample under dynamic conditions provided
in time increasing the chemical potential of the solvent;
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= recording the kinetic dependencies for all or portion of ele-
ments consistent the sample;

— calculating and analyzing the stoichiograms to deduce empiri-
‘cal formulae and determine amounts each of the phases of the
sample.

There are two factors that have been most influential in the
success of DD: working out the theory and instrumentation extensi-
vely and solving some practical analytical probiems~ It gives us a
assurance that novel universal nonstandard technlque will be wi-
dely used for analyzing the complex solid mixtures. ]

DD-method permits validly to perform the separation and col-
lection of phases with following identification by the other fit-
ting methods. The DD- method together with X-ray one were very
usefull in study of the complicated processes of forming the cata-
lysts including interection between active components and sup-
ports. In this case the quantitative information about contents of
the cr&stalline or amorphous phases of the same composition could
be obtained. DD is rather rapid method and in most cases it has
already been possible to determine an unknown phase composition of
any catalyst from the first experiments.

Now there are about 50 papers devoted DD-method and épplied¥
tion of its to the phase analysis of the various matters such as
the starting and intermediate products, heterogeneous catalysts
with various types and structures. As a rule they all were charac—
“terized by the complicated phase compositions, high or low content
of active components [3]. Results obtained by DD-method provided
insight into the nature of heterogeneous catalysts.

This work was supported by the Russian Foundation of Funda-
mental Researches (Grant 93-03-05112) and by the International
Science Fundation (Grant RA9000). '

1. Malakhov V.V., Zh.Anal.Khim., 49 (1994) 349.
2. Malakhov V.V., Zh.Anal.Khim., 44 (1989) 1177.
3. Malakhov V.V., Vlasov A.A., Kinet. Katal., 36, (1995) 3
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“Dynamic activation of C-H and C-C bonds. Theoretical study.”
Victor M. Mamaev, Igor P. Gloriozov, Sergey Ya. Ischenko, Vahan V.
Simonyan, Eugene M. Myshakin, Andrew V. Prisyajnyuk, Yu. A.
Ustynyuk. ‘ :
Department of Chemistry, M. V. Lomonosov Moscow State University,
119899, Moscow; Russian Federation.

The development of methods for selective tramsformations of
alkanes to their functional derivatives through C-H and C-C bond
activation under mild conditions is an important and challenging
problem of modern catalysis. Oxidative addition of alkanes to the
surfaces of bare transition metals, to metal atoms and their clusters 1n gas
phase are the key steps of such catalytic transformations [1,2]. The study
is aimed at the development of dynamic quantum chemical models for
oxidative addition reactions (OARs): - '

Pd + CHy— [PC]—{TS] - CH;-Pd-H (4))
Pd + CH;-CH; ———*{PC]——={TS]— CH3-Pd-CH3 (II)
Pd; + CHy— |PC}—=|TS.] —CH;-Pd-Pd-H (111)

—~Pd—I1
Pd2L+CH‘ o pC - ™ TS e ! )'
N A
- “mPd—CH 5
(IVa: L=-(PH;)-(CH,),-(PH,)— :

IVb: L=—(PH,)-(CH,),-(NH;)— )

where PC, TS introduce pre-reaction complex, and transition state,
respectively. »

The Rcact'iun Path Hamiltonian formalism [3] has been involved
into the studv. Potential energy surfaces (PES) have been computed by
the CNDO/S? [d] semiempirical LCAO MO SCF technique. Structures
corresponding to the PES stationary points were corrected with those

otwained by ab initio calculations. Thermal rate constants k(T) have been
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estimated in terms of quasiclassical approximation through reaction

probabilities P(E) which depend on translational energy. In order to find -
out the tunnel contribution into the rate constant we have evaluated a

transmission coefficient x(T). x(T) is the ratio of the cumulative rate
constant to the activation ( i.c., over-the-barrier )} [5] fraction.

Our investigations show that:

—quantum tunnelling brings an important contribution into the
cumulative rate constants for oxidative addition of methane to bare Pd
atom, and mono- and binuclear complexes. Tunnel mechanism
dominates under low temperature conditions ( for reactions I, IV while
T<200K).

—Pd, clusters and their complexes are of more efficiency for CHy,
C,Hg oxidative addition than their mononuclear analogues owing to
composition of a fouf—particlc transition state.

—Variation of the Pd-Pd distance in the course of reactions 11, IV
proves the main factor allowing one to affect reaction probabilities and
thermal rate constants.

Our research became possible owing to Graat No. MFC300 frbm
the Iuternational Science Foundation and the Russian Government as
well as Grant No. 94-03-0.9863 from the Russian Fundamental
Investigation Foundation. N
Reterences: 1. 1. Hii (Ed.) “Aélivation and Functionalization of
Alkanes”. Wiley, New Yo.rk, 1989. 2. R. H. Schultz et al., J, Amer.
Chem. Scc., 1994, 116, 7369. 3. W.H. Miller, J. Phys. Chem, 1983, 87,
3%11. 4. M. J. Filatov, O. V. Gritsenko, and G. M. Zhidomirov, J. Mol.
Catalysis, 1989, 54, 452. 5. V. M. Mamaev et al., Dokl. Akad. Nauk.,
1994, 338, 65 (In Russian origin).
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CONVERSION OF SOLID INORGANIC COMPOUNDS UNDER THE EFFECT
OF GAS PHASE CHAIN REACTIONS

A.A.Mantashyan
Institute of Chemical Physics of Armenian Aoadeuw
of Sciences

The chemical reactions of gaseous molecular reagents with
solid inorganic ocompounds require as a rule high activation
energy and therefore, proceed at 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 frée radicals interact with diffe-
rent compounds rather faster than molecules, because they need
lower activation energy. As a source of free radlcals the gas
phase chain reaction can be used.

If active species, generated from gas phase reaction, in-
tei-act:i.pg with solid substance lead to the formation of new
active oentreé, which are able to propagate the reaction cha-
ins, then an effective conversion of solid phase would take
place. In spite of relatively low (ih comparison with molecu-
lar reagents) 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. ‘

" FExperimental data oconfirm the correctness of this appro-
ach and show new possibilities for realization of heterogeneo-
us chemical processes.

The reactions of reduction of métal oxides and sulphides,
transformation of metal oxldes into chlorldes, extraction or
iron and other metals out ‘of metallurglcal slags and natural
mineral raw materials, etc. have been studied. The procéss was
carried out in a flow reactor. Definite amount ot solid inor--
. ganic compound was loqéted within the reactor. Theh a reaction
mixture (hydrocarbon-oxygen cr hyd:roca.rbon—chlor) was passed
through the reactor at certain residence time. To- detect rree
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radicals a part of reacting gases was taken out and frozen at
. liquid nitrogen temperature. Then EPR spectra of frozen radi-
cals were registered and concentration measured. '

It has been shown that the effeotive reduction of iron
and copper oxides under the effect of chain reactions of hyd-
rogen and hydrocarbons oxidation takes place at T=600-800 and
' 40000 respectively. The copper powder, obtained in this way is
more resistant against further oxidation than that obtained
using conventional methods. For molybdenum sulphide and chal-
copyrite the kinetics of the process was studied. Free radi-
cals were detected in these processes. Alkylperoxy radicals-
RO2 are formed in the course of the process of hydrocarbon
oxidation. Under the condition of gas phase reaction interac-
tion with sulphides of metals the significant increase of free
radicals concentration and rate of gas phase reagents consump-
tion is observed. In this case EPR spectra belong to a more
complex mixture of frozen radicals and are an evidence of sul-
phur-containing radicals formation. These radicals are formed
in the course of complex radical-chain interaction of gas pha-
se reaction with solid sulphides of metals.

Developed approach shows new ways for raw ‘materials pro-
cessing. It can be illustrated by following examples.

Iron is extracted out of metallurgical slags, natural qu-
artzites and pearlites as a water—less chloride at '1'=600—700°C
and removed from reaction zone by gas flow. Under the same
conditions chalcopyrite is transformed into copper and iren
chlorides and elemental sulphur. Titanium oxides are transfor-
med into titaniun tetra-chioride without any additional reduc-

tant.
Titanium-containing slags and concentrates can be purifi-

ed up to pure rutyl by removing iron admixtures under the etf-
fect of gas phase hydrocarbon chlorination reaction. Further
contact of solid compound with gas phase reaction will lead to
chlorination of rutyl.

S0, a new field for gas phase chain reactions application
has been revealed, which is the scientific base for working
out the new high-effective chemical and metallurgical proces-
ses.
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ACID-BASE CATALYSTS IN 4-METHYLTHIAZOLE SYNTHESIS

L.V.Manuilova, N.D.Parshukova, T.S.Sukhareva
Boreskov Institute of Catalysis, Novosibirsk 630090, Russia

4-Methylthiazole (4-MT) is used for obtaining a highly efficient fungicide

thiabendazol. Presently, the interaction of methylisopropylidenimine (imine) with

SOj at 400-4400C in the presence of some oxide catalysts produces 4-MT:

H3C
~ FN
C =N-CH3+ sop — + 2H0
7/ s/u .

Yet, the catalyst properties accelerating this reaction are not studied. In the

H3C

H3C

present work we try to elucidate the effect of acid-base catalysts on the rate of 4-
MT formation from imine and SO;.

We uéed CaO, MgO, Si07, y-AlxO3 as well as SiOp, y-AlpO3 treated by
KOH, H3S04, or H2B03 as catalysts. Supported catalysts were prepared by the

incipient wetness impregnation. All catalysts were calcined in air for 5 h at 5000C.

Prior to the reaction CaO and MgO were exposed to He for 2 h at 5000C to
remove carbonates and hydroxides.

4-MT was synthesized in a flow setup at P = 0.1 MPa, T = 400°C, imine
concentration = 4.5 vol.%; SO7 : imine = 1.3-3 and t = 0.2-3 5. 4-MT, SOj and

imine were analyzed by chromatography.
Since the unreacted imine decomposes completely in the presence of SO

and HjO, we haven determined the catalyst activity from the rate of 4-MT
formation normalized to a surface unit at a certain T and at the same yield of
4-MT. Table 1 accumulates the data for X4_MT = 20 mass.% and T = 4000C.
The activity of CaO and SiOp (the most and the least active catalysts)
differs by more than 2 orders of magnitude. SiOy and 5% H2$O4/Si02, which
have only proton centers (PC), are of low activity in the 4-MT formation. AlyO3
has few PC but it comprises strong the Lewis acid sites (LAS) and moderate basic
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sites (BS). Thus, the activity of the latter slightly exceeds that of catalysts with the
proton acidity. The treatment of Al203 by HpBO3 increases the strength of LAS
and decreases their concentration. We think that‘ the decrease of acid sites
concentration, but not their strength increase, causes the higher activity of this

catalyst as compared to Al3O3.

Table 1.

Catalyst S(m2/g) W 103 (g/m2 h)
Ca0 59 48

MgO 34 . 19.3

7.4% KOH/SiO; 45 18.5

1.4% KOH/AlHO3 185 8

0.7% KOH/AI704 190 5.8

3.5% Bp03/AlH03 193 22
Al,O4 268 , 1.3

5% H3S04/Si0; ' 178 0.5

Si0y 259 0.3

AlyO3 doping with alkali produces strong BS on the surface and decreases
the LAS strength. These affect the catalyst activity in the 4-MT synthesis. If SiOp
is doped with alkali strong BS appear-and PC disappear. The catalyst activity
increases by 60-fold as compared to SiO).

CaO and MgO have correspondingly the strong and moderate base sites and
the weak Lewis acid sites. These catalysts are the most active for the 4-MT

* production. .
Thus, the acid-base properties of catalysts govern the 4-MT production
from imine and SO). The most active catalysts contain a weak LAS and a strong

BS where the latter dominates.
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CHIRAL INDUCTION AND CHIRAL SELECTION BY METAL
COMPLEXES OF A D2-SYMMETRIC “CHIROPORPHYRIN”

Jean Claude Marchon, ®Marinella Mazzanti, 3Mare Veyrat, 2René Ramasseul,

aflona Turowska Tyrk, PW. Robert Scheidtb.

aCEA/Département de Recherche Fondamentale sur la Matiére Condensée/SESAM,

Centre d’ Etudes Nucléaires de Grenoble, 38054 Grenoble, France,
b Department of Chemstry and Biochemistry, University of Notre Dame, Notre Dame,
Indiana 46556, USA. )

Tetrqmethyl-”chiroporphyri'n” is obtained by condensation of
pyrrole with (1R)-cis-caronaldehydic acid methyl ester under Lindsey
conditions which affords the Dj-symmetric apaf atropis'omer as the
sole borphyrin product. [ts manganese complex is an efficient catalyst
in  the asymmetric epoxidation of aromatic olefins by
iodosylbénzene. [1]. The crystal structure of its frans-(ethanol)-
carbonyl-ruthenium(il) complex 1 shows a Cjy-symmetric molecule in
. which both the hydroxyl and methylene groups of the coordinated
ethanol are equally distributed over two sites related by the C, axis.
Distinct !'H NMR resonances are observed at -70 ©C for the
diastereotopic protons of the methylene group. Complex 1 behaves as

an enantioselective receptor of chiral secondary alcohols which
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recognizes quite strongly, for example, R(-)-2-octanol

S enantiomer.
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[1] M. Veyrat et a/., Angew. Chem. Int. Ed. Engl., 1994, 33, 220-223.
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ANODIC ALUMINA - NEW GENERATION OF INORGANIC MEMBRANES
WITH WIDE RANGE OF PROPERTIES

Peter P. Mardiloviéh*, Alexander N.Govyadinov**, Peter V. Kurman***,
Ivan P. Mardilovich***, Russell Paterson**** and Vladimir M.Gryaznov*****

* Institute of Physical and Organic Chemistry, Academy of Sciences of Belarus,
13 Surganov St.., Minsk, 220072, BELARUS
**Institute of Electronics, Academy of Sciences of Belarus,
22 Logojski Trakt, Minsk, 220841, BELARUS )
*** Institute of General and Inorganic Chemistry, Academy of Sciences of Belarus,
9 Surganov St.., Minsk, 220072, BELARUS
**x*Colloid and Membrane Science Research Group, Chemistry
Department of University of Glasgow, Glasgow GI2 800, UK
*¥%%% A.V. Topchiev Institute of Petrochemical Synthesis Russian Academy of Srience.'s,'
29 Leninskii Ave., Moscow, 117912, RUSSIA

The minimum pore diameter which can be created by electrochemical oxidation
of aluminium is limited by the hydrodynamics of the electrolyte in the pore during the
anodization. This is of the order of 13 nm. The crystallisation of the initial amorphou
anodic alumina (AA) membrane is accompanied by the chemi‘cal stability growing and
the creation of a number of cracks or micropores. It has been established, that these
micropores, secondary porosity, have a narrow size distributibn with a radius in the
range 1.5-4 nm. Such secondary. porosity has been created in the initially impermeable
barrier layer of the AA. Using specialized conditions of anodization and crystallisation
of the AA, the membrane with a porous barrier layer (radius pores in the range 1.5-1.8
nm) has been prepared. The thickness of the active (‘barrier’) layer has been varied,
predictably and reproducibly, from 20 to 300 nm. The dimensions of the effective pores
of the polycrystalline AA (PCAA) membranes has been proved by as permeability
experiments. The pores walls have been modified by the creation of a monolayer of
alkyl phosphonic acid. This technique of modification of PCAA surfaces hasallowed

predictable decrease of the pore diameter. For example, modification by
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n-butanephosphonic acid should decrease the radius by 0.5 nm. Comparison of the
fluxes, which are controlled by the Knudsen diffusion mechanism and proportional to
the diameter of the pores, fordiffereﬁt gases through these membranes before and after
modifications has proved that film-type PCAA membrqnes with uniform nanoporous
active layers have been deveioped. Polycrystalline anodic alumina (PCAA) membranes
with nanoporous active layers (pore radius in the range 1.5-1.8 nm), and local roughnes
on this side not greater 15 nm, have been used as a support for the creation of high
temperature catalytic membranes with a dense palladium layer. The adhesion properties,
stability under hydrogen and thermal cycling, up to 400 C, have been investigted. Based
on these data, composition and thickness of the intermediate layer has been optimised.
A Palladium/Ruthenium target has been used to create a dense layer of Pd alloy on
PCAA by a sputtering technique. The thickness of the dense layer has been varied from
500 nm down to 50 nm. The hydrogen, nitrogen, argon and helium permeabilities, ahd
separation factors for these gases, of the prepared membranes has been estimated over a
range of temperatures up to 400 C. The opﬁmal parameters and conditions for the
preparation of high temperature PCAA membranes with Pd alloy dense layers have been
established.

Acknowledgement.
This work was supported by the International Association for thesPromotion of

Scientific Cooperation with the Independent States of the Former Soviet Union
(Reference Number: INTAS-93-1133).
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The interaction of noble metals with gases
at different condition.

Mashkova L.P., Stepina N.D.

Noscow State Untversity, Chemtcal Department, Vorob’iev Hills,
Noscow V-234, 119899, Russian Fediration.

The nature of the gas-metal interaction on the noble metals
has been the subjeot of extensive study. The data presented
here may be very useful in use of noble metals as catalyst in
petroochemical, ochemical processes and in thin film sensor
technology. The effeoct of different atmospheres (argon, oxygen,
hydrogen) and vacuo on the sintering of palladium (Pd)
electrode-oatalyst was studied in the  temperature range
100-600°C. The samples were obtained by electrodeposition onto
platinum plates. The oatalyst was heated in flowing gas inside
a quartz tube. The surface area of Pd was used as a parameter
for the study of sintering problems. The surface of the
catalysts was evaluated by the amount of adsorbed hydrogen
measured by galvanostatioc desorption of hydrogen from Pd in
acidic solution. The surface area decreased rapidly with time
of sintering at each studied ‘temperature and the stationary
values of surface area were found to deorease with inoreasing
the temperature. The maximum decreasing of surface area was
revealed on Pd samplés after heat treatment in vacuo and
minimum decreasing - in oxygen. The process of sintering in
oxygen was limited by oxidation of Pd. The different hydrogen
species on Pd was studied using the oyolic voltammetry. The
treatment of Pd in hydrogen, argon atmbspheres and in vacuo led
to disappearance adsorbed hydrogen that is tightly bound to the
surface. On the other hand, the quantity of tightly bound
hydrogen -did not ochange after sintering in oxygen. The
influence of heat treatment on struoture of Pd was fixed by
X-ray diffraotion method. The heat treatment was acocompanied
with a marked inorease in orystal size of - Pd especially in
oxygen atmosphere and in vaouo. Morphologies of worked Pd
samples were examined by high-resolution scanning transmission
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eleotron microscopy. It was determined that the treatment of Pd
samples ocan be lead to the activation of P& in the
hydrogenation reactions.

The data given in this paper were related to results of similar
investigations of rodium, iridium and platinum.
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VITAMINS OF K—GROUP: NEW CATALYSTS AND CATALYTIC REACTIONS

K.I. Matveev, E.G. Zhizhina, V.F. Odyakov, N.S. Kotsarenko, V.P. Shmachkova

Boreskov Institute of Catalysis, Novosibirsk, -Russia

The manufacture of K-—vitamins is a significant branch of fine organic
synthesis. The conventional technologies of K —vitamins synthesis base on non—
catalytic reactions. For these reasons they are harmful to environment and not
feasible. The contemporary deficit of K-—vitamins and the defects of
conventional technologies of their synthesis is possible to overcome by
developing of new methods and technologies of K —vitamins synthesis.

As a base of new technolégy we proposed a series of novel catalysts and
catalytic reactions for K—vitamins production from 1-—naphthol (NI1) as a
available raw material. These reactions involve (1) methylation of NI, (2)
oxidation of resulting 2—methyl—1—naphthol (2MNI) to 2—méthy]- 1,4—
naphthoquinone (menadione, MDN, or vitamin Kj3) and (3) hydroacetylation of
MDN to 2—methyl— 1,4— diacetoxynaphthalene (menadioldiacetate, MDD, or
vitamin K,). Interaction.of MDN with NaHSOj leads to vicasol that is a soluble
form of vitamin K3 posessing the highest biological activity. All new catalysts
and reactions compose the backgroundvs of VIKASIB technology of K- vitamins
preparation. ‘

OH
( CH% CHj;
o Ct"
280—300 C 40-50°C MDN
N1 IMNI (Vitamin l\':s)_
(3){s0°C
ct3
c OAc
H;
SO;Na-3H,0 X Hs
H P
H
OAc
. MDD E
A%
icasol (Vitamin K,)

1. For methylation of N1 to 2MN1 by methanol the heterogeneous catalyst
(ctl) is developed. The active component of such catalyst is a mixture of Fe.Oj,
V,0,4 and some other oxides of transition metals. Selectivity of this reaction is
more than 85%. By —product is 2,4 —dimethyl—1—naphthol, but it also can be
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oxidated to MDN in the next stage (2). This catalyst can be used also for
preparation of methylated phenols which are a raw material for E—vitamins
synthesis. ’

2. For oxidation of 2MN1 and 2,4—dimethyl —1—naphthol to MDN we
developed new homogeneous catalysts (ct2). They are aqueous solutions of
Mo —V — phosphoric heteropoly acids H ., PVy;Moy2_ 1040 (HPA) or their acidic
salts. These compounds are rather strong oxidants and their reduced forms can
be easily reoxidated by dioxygen. The. oxidation of 2MN1 is carried out in a
sy'stem of two immiscible phases. The aqueous phase contains the catalyst, the
organic phase contains the starting compound and reaction products. Selectivity
of oxidation on the stage (2) is 75—80%. Reoxidation of reduced forms of HPA is -
to be carried out in a separate reactor. These catalysts can be also used for
oxidation of methylated phenols of benzene series.

3. We developed a new polyfunctional catalysts (ct3) for hydroacetylation
of MDN to MDD by dihydrogen and acetic anhydride. This reaction consists of
three steps: (a) hydrogenation of MDN, (b) isomerization of resulting 2—
methyl — 2,3 —dihydro — 1,4 —naphthalenedione to 2—methyl—1,4—dihydro—
xynaphthalene {menadiol, MDL) and (c) two —step acetylation of MDL to MDD.
The catalyst for this complex reaction-(3) is Pd supported on active carrier that is
stable to mixture of acetic anhydride and acetic acid. The active carriers are
TiO,, ZrO, or Zr phosphates. The yield of MDD is more than 90%. These
catalysts can be used also for hydroacetylation of other quinones.

The technology VIKASIB is friendly to environment and it was successfully
used in its separate parts on pilot plants. The prepared vicasol was succeésfully
tested in two poultry farms of Novosibisk region.
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STRUCTURE OF STANDARD CATALYSTS EVROPt-1 AND INCATPt

E.M.Moroz, S.V.Bogdanov, V.V.Kriventsov, S.G.Nikitenko and D.I.Kochubey

Boreskov Institute of Catalysis, pr.Akademika Lavrentieva, 5, Novosibirsk 630090,

Russia

) The composition of model platinum catalysts was studied by X-Ray Radial
.Electron Distribution (RED) technique and EXAFS spectroscopy. Oxidized
platinum catalysts, supported on Si07, comprise highly disperse phases of platinum
oxide PtO and of metallic phase PtO. For catalysts supported on y-AlyO3, the active
component appears to interact with a support: platinum ions locate in octahedral
positions of an alumina protospinel structure. _

Two platinum particle models are used for relating the experimental and cal-
culated EXAFS spectra. (1) The traditional model, which is characterized by the one -
average shortest distance Pt-Pt similar both in the particle bulk and on its surface,
with Gauss distribution around of this distance. (2) The model, which has two dif-
ferent shortest Pt-Pt distances for the particle bulk and its surface. Model | give
underestimated coordination numbers for the platinum particle structure, which do
not fit the data of the electron spectroscopy and RED. Model 2 provides coordina-
tion numbers corresponding to the di’spc:s}ty and part of a PtO phase in samples. Pt-
Pt distances on the platinum surface particles appear to be shortened.

During reduction, the structure of platinum particles conserves, while Pt-Pt
distances slightly increase both in the bulk and on the surface. However, the samples

evacuation causes a decrease of these distances.
' Acknowledgment: The research described in this publication was made

possible in part by grant N RAG 000 fr&n the International Science Foundation.
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INVESTIGATIONS OF ALKYLCYCLOPENTADIENYL TITANIUM AND
ZIRCONIUM COMPOUNDS (AS CATALYSTS OF ALKENE
POLYMERIZATION) UNDER ELECTRON IMPACT

V.P.Maryin, Yu.A.Andrianov* and V.I.Facrman*

Institute of Chemical Physics in Chernogolovka, Russian Academy
of Sciences, Chernogolovka, Russia

*Institute of Chemistry, N.Novgorod University, N.Novgorod, Russia

At present, high-activity catalytic systems based on titanocene and
zirconocene derivatives are studied widely for in organic synthesis [1] and olefin
polymerization processes [2,3]. The high activity of these compounds is observed in
the presence of specific cocatalysts (MAO), which is accounted for the formation of
~ionic polar complexes {3,4]. The concept of mcc!mnisms and the nature of active
centers of such systems is an important problem to design new metallocene
precursors. We used the electron impact method of gene-ration of cation
metallocene complexes to investigate the rearrangement ways of metallocenes cation.
Studies carried out in gaseous phase under electron impact showed that the reactions
of cation complexes formed “are useful for discussion of some separate stages of
catalytic process |5]. Regarded in that light, knowledge of metallocene properties
appearing under electron impact is of interest.

In the present work, the rearrangement processes of (CsH4R),MCyy (M=Ti,
Zr; R=H, Me, Et, n-Pr, i-Pr, n-Bu, t-Bu, SiMes, c-CgH;y) and
(CsMes);MCyy  under  electron impact are considered and impor-tant role

of alkyl substitutents in the fragmentation character of these compounds is shown.
The structure of an alkyl substituent'in a cyclopentadienyl ligand has
been shown to determine the dissociative ionization direction. The availability
of hydrogen atom at a substituent alpha-carbon atom alone gives the possibility
of proceeding the rearrangement process with the elimination of an HCI

molecule from a molecular ion. The role of the process above increase with the,
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increasing carbon atom number in alkyl sustituent of the normal structure. The
complete substituent  of hydrogen  atoms by methyl groups in
cyclopentadienyl ring reduces the probability of the rearrangement process
with HCl  elimination occurring due to steric  hindrances. The HCI
elimination is the main process for compounds with R = i-Pr and c-CgH
substituents. A

On basis of the decomposition of the conﬁpounds |CsH4C(D)Me;1MCyy direct
evidence of the participation of the hydrogen atoms at the substituent alpha-
carbon atoms in ‘the rearranéement processes has been obtained. The elimination
of DCI molecule has been demonstrated to be one of the direction of molecular ion
decomposition. The subsequent abstraction '_of an HCI molecule is suggested to result
from ﬂeutero-hydrogen exchange or  the participation of methyl groups in the
substituent. .

A straightforward analogy between catalytic processes and decomposition
processes under electron impact cannot always be observed. Nevertheless, in the study
of ethylene and propylene  polymerization " with  the system  of
bis(alkylcyclopentadienyl)zirconium dichloride- mcﬂlyialumoxﬁne, it was established
that compounds with an isopropyl and c&clohexyl substvitutem, in ring show the
largest catalytic activity. B

This 'wofk was supported by Russian Found of Fundamental
Investigations ( RFFI grant N 95-03-08840a).
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POLYMERIZATION CATALYSTS DETERMINED BY SELECTIVE AND
NON-SELECTIVE METHODS

» A.D.Margolin, E.A.Fushman
Semenov Institute of Chemical Physics, Russian Academy
of Sciences, ul. Kosygina 4, Moscow, 117977, Russia

The complexity and even ambiguousness of a problem of deter-
mination of active sites in polymerization is largely created,
as it seems to us, due to existing various polymerization regi-
mes both with qualitatively dissimilar kinetic regularities and
with various relationships of living and dormant sites [11. The
problem is also complicated by the fact that the passing from
one characteristic area to the other occurs often on changing
concentration of uncontrollable active catalyst components,
whereas the concentrations of living centers, attached to poly-
mer chains, may essentially depend on the duration of a polyme-
rization process. ’

Not touching on peculiarities of experimental technique
and details of a mechanism of stoppers and markers acting to
catalyst components (these aspects are extensively discussed in
a number of works [2-41) we will adhere to classification of
methods of active sites determination under selective and unse-
lective ones, which is commonly accepted [4, 5] and somewhat’
idealizated. . )
' As it is visible from Table, for various areas it is pos-
sible to receive strongly distinguished results of measuring
the number of active sites (and relevant constants of a chain
propagation) not only by various methods, but by the same met-
hod for the same system. Such distinction could on the first
sight seem paradoxical, as the transition from one area into
other could take place due to uncontrollable variation in amo-
‘unt of a coactivator.

We have addressed to literary data and analysed, using
Table, experimental results with active sites determinations.
as with homogeneous as with heterogeneous catalysts.

- The views developing in this paper, can be useful on in-
terpreting results of active sites determinations for olefin
polymerization.
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Expected results of -measuring concentration of active
centers and relevant constants of rate of polymer chain
propagation for various polymerization regimes

Unselective methods |Unselective Selectiye
Polymerization |at long-time polyme-|methods at |methods
regime rization short-time
t7e >»> 1 polymeriza-
tion
t/t <1

Arbitrary .

regime [C1, kef=kp[C*]/[C] c*y; kp
Area of a transi-
tion metal

zy aw _ {z1, kp [z1, kp

w am st

[C*1=[C1={Z1

Area of
a cocatalyst

In] << 1 [Z]1,. kefr=kplP1/(Z] [P1, Kp-

[Cl = (21

(c*1 = [P

Inverse area

ne-1 )

{c1 = 121 (210, Ker=kplC*1/121| (C*T, kp

" [941& [Pz]"' "

c ]N’—T<[2]

73] |

Note: t - characteristic polymerization time,

T - a beriod of cha-

in growth on a living site, kp - a true constant of rate of chain pro-
pagation , ker - an effective constant of rate of chain propagation ,
{Z] - concentration of a transition metal, C* - active ("living")
centres, [C] - a sum of “"dormant" and "living" centres. P = Py - coca-
talyst, single or being in deficiency in relation to other cocata-
lysts. In case of the system Zr + MAO it is a "defect'™ of MAQ structu-
re or He0. P1 - cocatalyst, for the system Zr + MAC, this is fLrimethy-

laluminum.
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METHOD FOR QUANTITATIVE DESCRIPTION OF PORE
SPACE WITHIN "REALISTIC” MODELS OF CATALYSTS.

N.N.MEDVEDEV

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

The structure of support pore space has a substantial effect on catalyst effi-
ciency. The computer simulation of support structure have been intensively
developed for studying pores, specific surface, and percolation character-
istics. The simplest models are represented by the dense noncrystaline
packings of hard (or soft) equal spheres. A method is available for de-
scribing the void space inside such systems. It is based on the well-known
geometric Voronoi-Delaunay theorems and can be used to quantitatively
determine all pores of the system, to calculate the radii of bottle-necks and
the complete network of channels (see e.g. /1/).

The more realistic support models are the systems of spheres of differ-
ent size. Creating computer models for such polydisperse systems is not
more difficult as compared to obtaining monodisperse packings. However,
the known method to analyse pore space needs fundamental improvement.
Recently, it has been demonstrated /2/ how the ideology of the Voronoi-
Delaunay method can be applied to polydisperse systems. The present
contribution gives the realization of the generalized method and the re-
sults of the analysis of the structure of loose (¢ ~ 0.7), dense (¢ ~ 0.4) and
superdense (¢ ~ 0.15) packings of polydisperse spheres. The distribution
radii of the interstitial spheres, bottle-nccks, critical radii of testing sphere
penetrating along the system have been determined.

1. N.N.Medvedev. The Voronoi-Delaunay method in studying the structure
of noncrystalline packings. NSU, Novosibirsk, 1994, p.112.
2. N.N.Medvedev. Application of the Voronoi-Delaunay method to descrip-
tion of the void space distribution inside of polydisperse systems. Doklady
Akademii Nauk (Chemistry), 1994, v.337, no.6, p.767-771.
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' EFFECT OF ETHYLENE POLYMERIZATION ACTIVATION BY a-OLEFIN
' OVER DIFFERENT SUPPORTED ZIEGLER-NATTA CATALYSTS

Meshkova I.N., Ushakova T.M., Gul’tseva N.M. "
Institute of Chemical Physics, Russian Academy of Sciences,

Kosygina Str.4, Moscow, 117997, Russia

It’s known that the copolymerization of ethylgne with a-olefins ( propylene,
butene, hexene-1; 4-methylpentene-1) by heterogeneous I, 2] and homogeneous {3]"
complex ce'nalysts are accompanied by the effect of increased polymerization rate for
ethyle’ne The activation of ethylerle and a-olefin copolymerization was-explained by
the change in the value of propagation constdnt due to modlﬁcmon of active s1tes [3]

or the i mcreasmg in the amount of active snes [2].
To clear the nature of the phenomena of ethylene polymerization activation by

a-olefin besides the copolymerization two steps process of sequential homo- and

copolymerization of ethylene and propyléne in the presence of supported catalysts
distinguishing oy structure and composition were investigated. Thére were used
catalysts on the basis of the surface vanadium compounds maniifactured by the
mteracuon of vanadxum haloid with funcnonal OH-groups of aluminiumhydroxide
(AH) and marked by the covalem bond of . vanadium with. supporter (I);
. vanadiumaluminoxane catalysts in which vanadium is constituent of donor- -acceptor
complex with supported aluminoxane (the product of partial hydrolysis of
aluminiumalkyls by the supporter surface water) (II) catalysts wnh dlspersed phase
_vanad:um compound in reduced state on the supporter surface (III) and TMC -
M;,Clv/DIBP/T iCLi-AlEt; . . s
The effect of increased polymenzatlon rate of ethylene in the presence of .
comonomers was tentatively explained by the data on relative reactlvny of moenomers
(constant _values r; and 1) and by specific activity of catalyst in sequential
polymerization, and from the determination of the number of actlve sites (Cp) for _
polymenzatlon process of ethylene after preliminary propylene polymenzatlon
It was shown, that the ethylene polymerization was activated not only in the

. presénce of propy]ene comonomer, but as well upon preliminary polymerization of

propylene ¢ or copolymenzatlon ethylene with propylene) complete removal of the
residual. propylerie (or CzH4+C3H5) from the reaction zone, and its subsntutxon by )

z B '
. . .
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ethylene. The nature of ethylene Ci) by the action of propylene and the nature of thé
propylene Cp in presence of ethylene are not changed. In two steps process the
number .of active centres after preliminary propylene polymerization rather more than
the number of active centres in the ethylene homopolymerization. ’

A peculiarity of immobilized catalysts action in the processes of the ethylene
and propylene copolymerization and sequéntial ethylene and propylene co- and
homopolymerization depends on the catalyst structure and character of catalytic
complex . and supporter interaction. The activation' “effect of the ethyleng
polymenzauon by propylene, takes place only in the case of supported catalysts
contammg dispersed phase of transition metal compound. )

- To explain the experimental results obtained: in studies of two-step process of
ethytene. and propylene co- and homopolymerization with supported vanadium
'catalysts and TMC the concept of catalyst matrix'fragmentz_nion by the fesulting

polymer was used [4]. It was concluded that the effect of ethylene polymerization

activation by comonomer is related to the change in the number of active centres.

involved in polymer chain propagation. and depends upon the structure of catalyst

matrix and its capacity for fragmentatlon by nascent polymer . . ,
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Tormation of catalytically active
element-containing centres on silica surface
modified by organoelemental compounds
of boron and aluminium

M.B.Molotovshchikova. V.A.Dodonov, P.P.Mardilovich*,
G.N.Lysenko*, S.K.Ignatov and A.G.Razuvaev

Research Institute for Chemistry at N.I.Lobachevsky State University,
Nizhny Novgorod, 603600, Russia
*Institute of Physica-organic Chemistry, Belorussian Academy of Sci-
ences, Minsk, 220072, Belarus

The modification of silica surface by organoelemental compounds
(OEC) followed by their partial thermodestruction in vacuum is one of
the most efficient and promising methods of controlled forming of cen-
tres with definite properties and structure. Besides, the study of the de-
composition mechanism of OEC adsorbed on SiO; surface is a separate
scientific problem.

This paper investigates the structure and mechanisms of forma-
tion of catalytically active element-containing centres on silica surface
modified by OEC of group I1IB (alkyl, haloidalkyl and alkyloxide com-
pounds of boron and aluminium}), used to produce heterogeneous metai-
complex catalysts.

It has been shown for the first time by IR spectroscopy methods
- that silanon (>Si=0) groups are formed on the surface of SiO; ther-
moactivated at 800 °C as the silicon-oxygen skeleton is depolymerized
simultaneously with radical defective active centres. Their reactions with
H,0. D20, CH30D, Ha, D: and OEC of boron and aluminium are
studied. The fact of deactivation of terminal silanol groups relative to
organo-alummlum compounds as the temperature of SiO2 preliminary
activation is raised to 800 °C (i].

The coordination of the above-mentioned OEC on structural de-_
fects of the surface is shown to be thermodynamically efficient. The’
structure and the ways ,of decomposition of the surface element-
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containing intermediates, including the behaviour of carbene, saturated
and unsaturated hydrocarbons, haloidalkyls formed during their de-
composition are investigated. Activation parameters of these reactions
are estimated.

The structure and properties of active surface hydride E-H centres
(where E = B, Al, Si), Si-R and Si-Hal groups (where R = Me, Et; Hal
= Br, Cl) and reactive boronon (-B=0) groups formed when silica,
OEC-modified by boron and aluminium are thermally treated in a vac-
uum are investigated [2]. On the basis of IR-spectra and results of mass-
spectrometric analysis of thermodestruction products several ways of
forming of such active centres are revealed. The causes of structural in-
homogenity of these centres and their reactivity in a number of catalytic
reactions are discussed. Using the IR-spectra of adsorbed pyridine and
CO the acidity of the surface of silica modified by boron and alumn-
ium-organic compounds is determined.

It is shown that the mechanism of formation of surface active ele-
ment-containing centres with definite structure and properties on silica is
affected in a decisive manner not only by the structure of the OEC but
also and especially by the temperature of the preliminarv activation of
silica. '

[1}. M.B.Molotovshchikova, V.A.Dodonov, G.N.Lysenko,
S.K.Ignatov, A.G.Razuvaev. Russ.Chem.Bull, 1995, N10 (in
press).

[2]. M.B.Molotovshchikova, P.P.Mardilovich, G.N.Lysenko,
L.G.Sedova, Khim.phisica, 1995, N9 (in press).

The research has been supported b); the Russian Foundation for
Basic Research { Project Code 94-03-08847).
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SURFACE PHASE TRANSITION AND COMPLEX CATALYTIC MECHANISM:
A MUTUAL INTERACTION

Myshlyavtsev A. V., Yablonskii G. §.
667007, Tuvinian Complex Institute of Siberian Branch of
Russian Academy of Sciences, Kyzyl, Tuva, Russia

Now, it 1is well known, that open caﬁalytic systems may
display the complicated kinetic behaviour such as multiplisity
of steady states (m.s.s.), oscillations of reaction rate, and so
on [1]. Mathematically, critical phenomena are connected with
nonlinear features of kinetic equations for physicochemical
rate processes. Usually, 1t is assumed that adsorbed overlayer
is ideal. This means that critical phenomena are directly
connected with nonlinear steps in detailed mechanism.

We have studied two models of heterogeneous catalytic
processes taking into account the surface phase transitions. At
the first, this is the process described by Temkin. - Boudart
mechanism. We will assume that it is harnessed in C.S.T.R.
taking into account the surface phase -transitlons into adsorbed
overlayer.We have choosed a lattice gas model (LGM) as a model
of surface. It is well known, that phase transitions take place
for LCGM at low temperatures. Thus, the adsorbed overlayer
becomes essentially non-ideal and rate constants begin to
depend on the surface coverage. We used the most general
expressions for these constants obtained by Zhdanov within the
framework of thelGM and transition state theory [2].

The parametric analysis allows to obtaine the general

" criteria of m.s.s. for system under consideration at arbitrary
set of lateral interactions. This criteria has following sense:
the sum of coverage- and its derivative with respect to
dimensionless chemical potential is more than unit in the some
points [3]. Such points always exist for systems with phase
_ transitions. For system under consideration it was shown that’
an arbitrary non-even number of steady states can exist as a
result of mutual .interactions between the mechanism structure
and the structure of lateral interactions. Using the transfer
matrix method the numerical analysis for some sets of lateral
_interactions have been carried out. The regions of parameters
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with three and five steady states were found. It was shown that
m.s.s. may be observed at temperatures three times as much. as
critical temperature of phase transition. This is the one. of
the most important results. Usually, the energies of lateral
interactions are into region 1 -~ 3 kcal/mol. This means that
m.s.s. may be observed into temperature region 400 - 1200 K.
Such temperatures are usual for real catalysis. Thus, the role
of phase transitions into adsorbed overlayer may be
considerable for real catalytic processes. It was also.
obtained new results for Langmuir - Hinshelwood model taking
Into account the surface phase transitions. Particulary, it was
shown that the region of m.s.s. 1is very sensitive to lateral
interactions. :

We can conclude: in the some cases the critical phenomena
are the outcome of mutual Interaction between reaction
mechanism structure and structure of adsorbed overlayer.

1. V.I. Bykov, V.I, Elokhin, A.N. Gorban and G.S. Yablonskii,
‘Kinetic Models of Catalytic Reactions, Vol.32 of Compr. Chem.
Kin. (Elsevier, Amsterdam, 1991) ’
2. V.P. Zhdanov, Elementary Physicochemical Processes on Solid
Surfaces (Plenum, New York, 1991)
3. A.V. Myshlyavtsev, R.T. Samdanchap, React. Kinet. Catal.
Lett., V.53, P.269, 1994 '
4. A.V. Myshlyavtsev, R.T. . Samdanchap, U.Kh. Topuran, G.S.
Yablonskii, Kinetika i Kataliz, V.34, P.947, 1993 (in Russian)
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