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Abstract: The reactions of liquid-phase oxidation of aliphatic oxygen containing hydrocarbons, in
particular, nonanol-4 and nonanon-4 in the presence of polyethylene-polyamine complexes (PEPA) with
sorbated ions of metals with changeable valency (Co®",Cu®*, Ni**) were studied. It revealed that the
oxidation of nonanole-4 and nonanone-4 in the presence of Cu?* and Ni?* ions in the analyzed system is less
active while in the presence of Co?* ions decarboxylation of acids it is practically absent and it leads mainly
to formation of carbonic acids. It has been established that the character of oxidation reaction mostly
depends on the properties of metals fixed on polymer matrix.
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Introduction

Aliphatic carbonic acids, as well as their
salts and ethers are widely wused in
pharmaceutical, vitamin, cosmetic, food and
automobile industries [1-4].

It is well-known that chemical methods of

obtaining carbonic acids by means of oxidation
of aliphatic alcohols are noted for some
deficiencies which are due to the use of rather
expensive and toxic chemical oxidants, such as
potassium permanganate, chrome complexes
and etc [5-7].
Chemically tied active forms of oxygen: ‘O-O’,
‘OH , HO, that are ecologically pure oxidizing
reagents — can be the alternative to these
oxidants.

In the previous studies we examined
regularities of liquid-phase oxidation of
aliphatic hydrocarbons in the presence of metal-
polymer complexes. The results showed that in
this observed system the reaction runs
selectively, with predominant formation of one
or two components. Besides, the direction of the
process and the rate of products accumulation
mainly depend on the quantity and properties of
the initiating ion of metal [8-9].

Proceeding from the analysis [10-12] of the

regularities of liquid-phase oxidation of
saturated hydrocarbons, it revealed that the
primary products of the starting stage of
oxidation are hydroperoxides, and their
decomposition mostly leads to the formation of
carbonyl complexes and alcohols. However, it
should be emphasized that the latter ones, being
in reaction zone under the influence of oxygen,
are subjected to further oxidation to form
carbonic acids, complicated ethers, carbon
dioxide and the products of condensation.
Observation of the system of liquid-phase
oxidation of individual, carbonyl complexes and
alcohols in the presence of metalpolymer
complexes will permit us to identify the
regularities of the running processes. For this
purpose, the aliphatic alcohol nonalol-4 and the
aliphatic ketone nonanon-4 were chosen as a
model reaction and an object of investigation.
The choice of these compounds is due to the
mechanism of attack of aliphatic hydrocarbons
by oxygen atoms and the composition of the
resulting products. According to references [13-
14], in the system of liquid-phase oxidation, the
most subjected to oxygen atoms attack are
methylene groups of hydrocarbon. Therefore,
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the formation of secondary oxygen-containing

products is the most favorable.

Experimental part

The oxidation of nonanol-4 and nonanol-4
was carried out in a bubble type glass reactor
with the participation of oxygen torrent, at a
temperature of 120°C and the atmosphere
pressure, in the presence of polyethylene-
polyamine (PEPA) disposed to the sorption of
ions Co®*, Cu®* and Ni**. In the course of the

experiment the selected tests were analyzed for
containing hydroperoxides, carbonic acids, and
in the exit gases we identified the quantity of
carbon dioxide. The obtained hydroperoxides
were determined iodometrically, and the acids
through the use of reverse titration.

Discussion of results

The Kkinetic curves of accumulation of the
products of oxidation of nonanol-4 in the
presence of Co®* ions are presented in Fig.1.

As seen from Fig. 1, an oxidation of alcohol
leads to the formation of hydroperoxides,
carbonyl compounds and carbonic acids. It is
obvious that the obtained hydroperoxides and
carbonyl compounds are intensively oxidized

into carbonic acids. For this reason, the
accumulation of the latter grows rather fast, at a
small accumulation of the first two products.
Under similar conditions reactions were carried
out in the presence of Cu®*, Ni** ions. It
revealed that the activity of Cu®* and Ni?* ions is
insignificant.

¢, mol/l

Fig. 1. Kinetic curves of the accumulation of nonanol-4 oxidation products. T-120°C, catalyst (PEPA) Co®*.
1- hydroperoxides, 2 - carbonic acids, 3 - carbonyl complexes

The kinetic curves of the accumulation of
products of reaction following oxidation of the
nonanon-4 in the presence of Co®*,Cu?*, Ni**
ions are shown in Fig. 2,3,4. As is seen from the
figures above, the nonanon-4 oxidation leads
mainly to the formation of carbonic acids. The
ion Co*" is distinguished by high initiating

property. The activity of ions Cu®* and Ni** is
rather small, so the reaction runs rather weak. In
Fig.5, there are kinetic curves of thermal
oxidation of nonanon-4. With the absence of
catalyst in the selected conditions, the rate of
reaction is quite insignificant.
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Fig. 2. Kinetic curves of the accumulation
of nonanon-4 oxidation products. T-120°C,
catalyst (PEPA) Co®*. 1- hydroperoxides,
2 - carbonic acids.

Fig. 4. Kinetic curves of the accumulation
of nonanon-4 oxidation products. T-120°C,
catalyst (PEPA) Ni*. 1- hydroperoxides,
2 - carbonic acids.

As shown above, the oxidation of
aliphatic alcohol and ketone leads to the
formation of mainly carbonic acids, the
accumulation of which occurs most intensively
in the presence of Co®* ions in comparison with
Ccu* and Ni** ions, which indicates a higher
activity of cobalt ions.

Fig. 3. Kinetic curves of the accumulation

of nonanon-4 oxidation products. T-120°C,
catalyst (PEPA) Cu?®*. 1- hydroperoxides
2 - carbonic acids.

C, mal/l

Fig. 5. Kinetic curves of the accumulation
of nonanon-4 thermal oxidation products.
1- hydroperoxides, 2 - carbonic acids

Oxidation of alcohol in the presence of PEPA
with sorbed cobalt ions can be represented as
follows: when it enters into a reaction with
nonanol-4, PEPA combined with sorbed cobalt
ions o forme a complex with the atoms of
oxygen.

[PEPA] Co?>" + O, — [PEPA Co’™ 0, |
CH3 - CHZ - CHz- CHOH - CH2 - CH2 - CH2 - CH2 - CH3 + 02 —

CH; - CH,- CH, - CHOH - CH - CH, - CH, - CH, - CH,

OOH

R

CH, - CH,- CH, - CHO + CH, - CH,- CH, -CH, - CHO + H,0

The created two molecules of aldehyde are further oxidized into a carbonic acid.
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2CH; - CH,- CH, - CHO + O, —» 2CHj; - CH,- CH, - COOH
2CH3 - CHz- CHz -CHz - CHO + 02 —> 2CH3 - CHz- CH2 - CHZ - COOH

When the oxygen molecule joins the other created, which are also oxidized into a carbonic
methylene group, both ketone and aldehyde are acid, namely:

CH, - CH, - CH,- CHOH - CH, - CH, - CH, - CH, - CH; + 0, —»

CH; - CH,- CH, - CHOH - CH, - (le -CH, - CH, - CH; —>
OOH

CH, - CH,- CH, - CHO + CH; - C - CH, - CH, - CH; + H,0 —>
0

2CH, - CH,- CH, - CHO + O, — 2CH, - CH,- CH, - COOH

CH, - C - CH, - CH, - CH; + O,——»CHj- ﬁ - |CH - CH, - CH,

! O OOH

CH,CHO + CHj - CH, - COOH

2CH; -CHO + 0, —— 2CH; - COOH

Thus, as a result of oxidation from one In the presence of polyethylen-
molecule of aliphatic alcohol, nearly four polyamine with the sorbed ions Co*', the
molecules of carbonic acids are obtained. oxidation of nonanon-4 is as follows:

[PEPA] Co*" + O, — [PEPA Co*** O, ]
CH3 -CH2 - CH2 -C- CH2 - CH2 - CHz-CHZ - CH3 + 02 —
¢}
CH3-CH2-CH2-(|Z|-CH- CH, -CH,-CH, - CH; —»
O OOH
CH, - CH, - CH, - CHO + CH; - CH, - CH, - CH, - COOH

2CH, - CH, - CH, - CHO + O,——®2CHj, - CH, - CH, - COOH
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Thus, as a result of oxidation from one
molecule of naonanon-4, one molecule of
carbonic acid and one molecule of aldehyde are
obtained which are also oxidized into a carbonic
acid.

CH; -CH, - CH, - C - CH, - CH, - CH,-CH, - CH; + O,

O

CH; - CH, - CH, - C - CH, - CH -CH,- CH, - CH,

O OOH

In case of the oxygen molecule joining
another methylene group, the reaction can be
presented as follows:

D

—_—

CH, - CH, - CH, - C - CH; + CHj - CH, - CH, - COOH

O

CH, —CHZ—CHZ—ﬁ—CH3+02—>CH3 -CH,-CH -C-CH;—>

0
CH, - CH, - COOH + CH; - CHO

OOH O

2CH; - CHO + O, —» 2CH; - COOH

If the presented schemes of the oxidation
of aliphatic alcohol and ketone are fair, then the
observed high yield of carbonic acids becomes a
logical consequence of existing reactions.

It should also be noted that in oxidation

reactions in the presence of complex
[PEPA]Co* decarbooxidation of carbonic acids
is practically absent. Obtained results are
presented in Table 1.

Table 1. The quantity of evolved carbon dioxide in different systems.

Compound Metal ions Quantity of CO,, mol
Nonanol-4 Co* 0.2
Nonanon-4 Co** 0
Nonanon-4 cu® 2.15
Nonanon-4 Ni* 2.2
Nonanon-4 Therm 0
On the basis of the obtained experimental process of oxidation of aliphatic alcohol and

material we can conclude that the ions Co?
sorbed on polymer matrix PEPA initiate the

ketone and selectively lead the reaction towards
the preferential formation of carbonic acids.
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 METAL POLjMER KOMPLEKSL ORIN i§TiRAKI 1';@ OKSIGEN .
TORKIBLI ALIFATIK KARBOHIDROGENLORIN KATALITIK OKSIDLOSMOSI

R.H. Siileymanova, N.A. Zeynalov, O.T. Badalova, L.N. Qulubayova,
A.R. Quliyeva, U.8. Mammadova

AMEA akademik M.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu
AZ 1143 Baki sah., H. Cavid pr. 113, e-mail:suleyman.rena@gmail.com

Doayiskan valentli metal ionlart (C02+, Cu?*, Ni2+) sorbsiya  olunmus polietilenpoliamin
komplekslorinin istirak: ilo oksigen torkibli alifatik karbohidrogenlaorin, o ciimlodan nonanol-4 va
nonanon-4-iin maye 2fazada oksidlaosma reaksiyasi 6yranilmisdir. Gostorilmisdir ki, oyronilmis
sistemda  Cu®* vo Ni** ionlarimin istirak: il> nonanol-4 va nonanon-4-iin oksidlosmasi zamani
katalizatorlarin aktivliyi azalir, Co** ionlarinin istirakinda iso artir, belo ki, kobalt ionlarinin
istirakt ilo tursularin dekarboksillosmasi praktiki olaraq bas vermir, bu da 2sasan karbon
tursularmmin  yaranmasina gatirib ¢ixarir. Miiayyon edilmisdir ki, oksidlogsma reaksiyasinin
xarakteri polimer matrisasina boarkidilmis metal ionlarimin xassalarindan ahamiyyatli daracada
asilidr.

Acar séozlar: maye faza, oksidlagma, metal polimer komplekslar, nonanol-4, nonanon-4, karbon
tursular

KATAJTHTHYECKOE OKUC/TIEHUE KHC/IOPO/ICOAEPKAILITUX AJIHDATHYECKHX
YITIEBO/IOPO/IOB B IIPUCYTCTBHHU METAUVIOIIOJTHMEPHBIX KOMIIVIEKCOB

P.I'. Cyneiitmanosa, H.A. 3eiinanos, O.T. baoanosa, /1. H. Kynubexoasa,
A.P. Kynuesa, Y.A. Mameoosa

HUnemumym Kamanuza u Heopeanuueckou xumuu umenu axademuxa M.Hazcuesa
Hayuonanvnoti AH Asepbatioocana
AZ 1143 Baxky, np. I'. JIorcasuoa, 113, e-mail: suleyman.rena@gmail.com

H3yuenvr  peakyuu  oHcuOKohasHo2o — OKUCTEHUS — ANUDAMUUECKUX — KUCTOPOOCOOEPAHCAUUX
Yeneeo0opooos, 6 YACMHOCMU HOHAHONA-4 U HOHAHOHA-4 8 NpUCYMCMBUU KOMNIEKCO8
NONUIMUNEHNONUAMUHA ¢ UOHaMU Memaiios nepemennoli sarenmuocmu (Co®, Cu?*, Ni*).
Hokaszano, umo npu okucienuu nonanona-4 u nonarnona-4 ¢ npucymemeuu uonos Cu’*, Ni** g
UBYUEHHOU CcucmeMe aKMUueHOCMb KAMAnu3amoposé Huskas, a 6 ciyuae uonos Co**  ona
yeenuuugaemcs,  M.K.  NPAKMUYECKU OMCYMCmeyem OeKapOoKCUIuposanue Kuciom, 4Ymo
npueooum 6 OCHOBHOM K 00paz08aHuio KapOOHOBLIX KUCIOM. YCMawoeneHo, 4mo Xapaxmep
peaxkyuu OKUCIeHUs CYUWeCmBeHHO 3a8UCUM OM CE0UCME MemAaiios, 3aKpenieHHbIX Ha NOIUMEPHO
mampuye.

Knrouegvie cnosa: owcuokas ¢hasza, okucienue, memanionoiumepHvle KOMNIEKCbl, HOHAHON-4,
HOHAHOH-4, KapOOHOBbIE KUCIOMDbI.
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