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The p-dichlorbenzene oxidising dechlorinating in the presence of copper (II) complexes and
nitrogen (I, I'V) oxides in the ultrasonic field

Abstract. The results of oxidising dechlorination in solution CuCI2-TBP-HCI-NaNO2-02-H20 in an
ultrasonic field kinetics research are presented in the article. Influence of all system components, influence
of modulation frequency and time of the ultrasound exposition is studied and quantitatively described. It
is shown that in the presence of ultrasound the system redox potential increases by 200 mV, the binuclear
copper(Il) complex formation constant increases by one order at smaller (approximately by one order) acid-

ity of the solution.
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Introduction

The action of ultrasonic waves to chemical re-
actions was revealed for the first time in 1927. The
number of the publications devoted to the study-
ing of reactions considerably changing the rate or
the direction in the ultrasonic field increases every
year. In relation to influence of acoustic vibrations
sonochemical reactions can be divided on two
groups: one of them are accelerated in an ultrason-
ic field, but can pass also at its absence although
with smaller rate, and others do not proceed abso-
lutely without influence of ultrasonic vibrations.
For the actualization of both groups of reactions
are applied high- (2-10 MHz), mid- (20-100 kHz)
and low-frequency (2-10 Hz) vibrations.

Not only the rate of homogeneous catalytical
reactions increases but also the number of cata-
lytical cycles increases under the influence of ul-
trasound. The ultrasound is one of the factors in-
fluencing on catalytical activity of the ferrum(III)
meso-tetrakis(2,6-dichlorophenyl)porphyrinchlo-
ride (Fe(TDCPP)CI) in homogeneous system
where reaction of cyclohexanol formation from
cyclohexane proceeds on the classical mechanism
of hydroxylation with the participation of iodo-
sylbenzene: PhlO is restored to iodobenzene ox-
idising the Fe(TDCPP)CI with the result that cata-
lytically active particles of the ferrum(IV)oxo-

porphyrin radical are formed which immediately
hydroxylate the cyclohexane [1]. Optimum condi-
tions of reaction are gathered up: [Fe(TDCPP)CI]
= 3-10* mol-I"! in 1,2-dichloroethane, ultrasonic
stirring at 273K in plenty of PhlIO. The ultrasound
allows to reach extraordinary high exit of the cy-
clohexanol (96%) and more than to double (from
45 to 96) number of reaction cycles. The catalyst
Fe(TDCPP)CI operating in an ultrasonic field may
be considered as good biosimilar model. It is the
stable, steady and selective catalyst allowing to re-
ceive the cyclohexanol as the sole product.

The number of catalytical cycles with the par-
ticipation of the water-soluble rhodic catalyst of
the alkenes hydroformylation considerably in-
creases under the influence of an ultrasonic field
(35-40 kHz). The number of such cycles at the re-
ception of aldehydes in the water solution contain-
ing the carbon monoxide and hydrogen in the ratio
1:1 at the pressure 2.5 MPa and also to hex-1-en
and rhodic complex HRhCI(CO)[P(C,H,SOH),],
amount 11,34 under the influence of ultrasound
whereas it is equal 3.24 in the conditions of me-
chanical stirring with a speed 500 r-min.

Thusly, the ultrasound is capable to accelerate
a number of homogeneous catalytical reactions,
changing their mechanisms in certain cases, and
to raise stability of homogeneous catalysts [1].

It is shown for the first time on the example
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of paradichlorobenzene (p-DCB) that p-DCB
catalytical oxidizing dechlorinating is possible to
implement in an ultrasonic field at the presence of
nitrogen (II-IV) oxides and complex compounds
of copper.

Experiment

The process was studied in the static conditions
in the kinetic mode using the isothermal device
supplied by the potentiometric device consist-
ing of platinum and calomel half-element. The
reaction rate was watched by the oxygen absorp-
tion rate in the system p-DHB-TBP-HCI-CuCl-
NaNO,-O,-H,0.

The reaction products was defined spectro-
photometrically and quantitatively determined by
the known technique. The received results have
shown that the sole product of the p-dihlorbenzene
oxidising dechlorinating in the studied conditions
is p-benzoquinone.

The laboratorial installation for research of so-
nochemical reactions is presented in [2].

Results and discussion

In the studied conditions (20-60°C), modula-
tion frequency 60-200 kHz, at using of air instead
of oxygen and in the absence of natrium nitrite
as the nitrogen oxides donor the nitrogen oxides
concentration in the solution amount ~10°-107
mol/l and is insufficient for the realisation of p-
DHB oxidising dechlorinating process.

In the gas phase over the solution nitrogen
oxides NO and NO, appear which was identified
IR-spectrophotometrically, using Specord—7-25
by intensive absorption bands  (cm™): NO, (749,
1318, 1617), NO (1880) and N,O (2190, 2220).
The increasing of bands intensity characteristic
for NO, and the fall of NO bands intensity corre-
sponds to the increasing of oxygen absorption rate
on conversion curves and to the redox potential
increasing in the solution. The given fact allows
to assume that autocatalytic character of curves is
conditioned by the occurrence of NO, as a result
of HNO, disproportionation and NO oxidation by
oxygen to NO,.

ZHN02 —> N02 +NO+ Hzo

2NO+ 02 —> N02

The basic part of the process carries at constant
NO, content in the gas phase and invariable
redox potential. This fact allows to assume that
p-dihlorbenzene oxidising dechlorinating catalysis
is linked with this particle. The redox potential value

RT, [NO,]-[H"] RT

¢=109+—In
F [HN

The increasing of sodium nitrite concentration
in the solution p-DCB-TBP-HCI-CuCl-NaNO,-
O,-H,0O leads to the increasing of oxygen absorp-
tion rate W0, and quantity of the absorbed oxygen
Qo ; the correlation Cyyyo, /Q, =4 corresponds
to the stoichiometry of the reaction:

4HNO,+0,—4NO,»+2H,0

The increasing of modulation frequency in the
interval from 0 to 150 kHz leads to increasing of
oxidation rate and maximum shift on curve Wo, =
f (Qo,) to the axis of ordinates and the maximum
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is in the interval 0,6-1,1V, at that dgp/da(H,0") > 0,
d(I)/dCHN03 >0, dq)/dCCuClz >0, d¢/dCq,;< 0.
Thereunder potential of an electrode for the studied
systems can be presented in the form:

2+
_ 0544 R [Cu ]
F o [Ccu™]

disappears absolutely at the frequency more than
125 kHz (figure 1a). The increasing of modulation
frequency leads to the increasing both initial and
stationary redox potentials on the potentiometric
curves. IR-spectra testify that intensity of absorp-
tion bands characteristic for NO, (743, 1318, 1617)
increases and decrease for NO (1880) with the fre-
quency increasing. The results of the ultrasonic ir-
radiation (at 150 kHz) time influence to the p-dihlor-
benzene oxidising dechlorinating rate in the solution
are received. Optimum time of the ultrasonic irra-
diation is 40 minutes (figure 2).
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Figure 1 — The p-dihlorbenzene oxidizing dechlorinating in the ultrasonic field
T=323K, Py, =1latm., a,b: Cyo, =2.0-10% mol/l, C, = 1.3:107 mol/l, C, ey =1,2-10"' mol/1, Cha =05
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Figure 2 — The p-dihlorbenzene oxidizing dechlorinating in the ultrasonic field
T =333K, Py = 1 atm., modulation frequency 60 kHz
2

a,b:C =2,0-10" mol/l, C, y = 1,8:107 mol/l, C,, = 0,6 mol/l, Cyxs = 1,0-10*mol /1,

NaNO,

The dependence of oxygen absorption rate on is described by the equation of the second order (figure 3a, b)
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Figure 3 — The p-dihlorbenzene oxidizing dechlorinating in the ultrasonic field.
T =333K, P, = 1 atm., modulation frequency 60 kHz, irradiation time 40 min.
2

a,b: Cpyoy = 2,4:10° mol/l, C,, = 0,4 mol/l, C,_peg =1,0-10*mol /1, W=k-C2,, at333K,k=1,010’

HNO,
I/mol-min
The received value k by two order more than absorbed oxygen in the process of p-dihlorbenzene
the similar value presented for the reaction in the oxidising dechlorinating is studied in the Ccycry
absence of ultrasound. interval from 1-107 to 1-10? mol/l and Cy,, from
The copper(Il) chloride concentration influence 1-10" to 7-10" mol/l (figure 4).
to oxygen absorption rate and quantity of the
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Figure 4 — The p-dihlorbenzene oxidising dechlorinating in the ultrasonic field
T = 333K, P, = 1 atm., modulation frequency 60 kHz, irradiation time 30 min.
2

a,b: Cyuno, = 2.0:10° mol/l, C,, ps =1,0-107' mol /1
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The results demonstrate that fact that selectivity
of process does not change in the studied Cg,
interval. The quantity of the absorbed oxygen remain
constant and corresponds to the stoichiometry of
nitrobenzoquinone reception from p-dihlorbenzene.

The dependence of oxygen absorption rate in
the solution p-DCB-TBP-HCI-CuCl-NaNO,-H,0
from initial concentration of copper chloride is
described by the equation

_ k, 'CCuCI 0

W - s
02 1+ (05N CCuCl

where o — the constant of equibalance
CuCl; + CuCl; «—*2— Cu-Cl-Cu+CIl" (7)

at 333K, a = 6.5-10?1/mol, k = 3.75-10? /mol-min.
Thus, redox potential of the system CuCl-

NaNO,~ HCl-p-DCB increases on ~200 mV in the
presence of ultrasound, at the same mechanism of
oxidising dechlorinating without ultrasound the
copper(Ill) binuclear complex formation constant
increases approximately by an order even at smaller
(approximately by an order) acidity of the solution.
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B.C. EmenpsnoBa, XK K. Kaiieipoekos, T.B. [1lakuesa, H. Hempikuna, b.T. [locymosa, ¥.H. )KatkambaeBa
VabrpaapiobicTbIK opicTe azot (11, IV) okeuai men mbic (I, IT) kommiekcTepidin KaTbicybIMeH
M-IUXJI0POEH30/1bI TOTHIKTHIPA AEXJI0PJAY

Maxamnana n-muxiaopoenrzonasl CuCl2-TED-HCI-NaNO2-02-H2O0 epitiaaige ynTpaabIObICTHIK OpPICTEe TOTHIKTHIPA
JIeXJIopiay KHHETHKACBIH 3CpTTEYNiH HOTIDKeNnepi kepcerinreH. JKyiemeri OapiblKk KOMIOHEHTTEPIiH ocepi MEH
MOJIYJISILIUS] KHIJIT] KOHE YABTPAABIOBICTBIH AKCIIO3UIHS YAKBITHI aHBIKTANIBIN KOPCETUII. YIBTPaIbIObICTBIH KATHICHIH 1A
JKYWEHIH CYPBINTAYIIBUIBIFEl ©3TepME i, TOTHIFY-TOTBIKCHI3NaHAbIpy ToTeHnnansl 200MB rneitin eceni, epitiHmine
Cu2+KOHIIEHTPAITHSCH JKOFapBbIIai/Ibl, COHABIKTAH JIEXJIOpIIay TPOIECiHIH KbUTIaMIBIFEI 1a )KOFapblTaiael. EpiTiHIiHIH
KBIIIKBUIIBIFEI TOMeH Oonranma (6ip ece) mbic (II) OMAIPONBIK KOMIUIEKCIHIH TY3UTy KOHCTAaHTAachl Oip ecere eceTiHi
TEPMOJIMHAMHKAIIBIK €CeNTep apKbLUIbl KOPCETIITEH.

Tyiiin co30ep: TOTHIFY, EeXJIOpIay, M-AUXJIOPOSH30J, KaTaln3aTop, YIbTPabl0bIC, KHHETHKA, MEXaHH3M.

B.C. EmenssaoBa, XK. K. Kaup6exos, T.B. [llakueBa, H. Hempixuna, b.T. Jlocymosa, Y.H. [l>xarkambaeBa
OKHCIUTEIbHOE AeXJOPUPOBAHUE N-TUXJI0POEeH301a B IPUCYTCTBUM KoMIliekcoB Menu (IT) m okcuaoB azora
(IL, IV) B y1bTpPa3ByKOBOM I10JI€

B crarbe npencraBieHbl pe3ysbTaThl NCCIEOBAHNSI KUHETUKH OKHCIUTEIBHOTO JEXJIOPUPOBAHUS T-IUXJI0pOeH30I1a
B pactBope CuCl2-Thb®-HCI-NaNO2-02-H20 B ynbTpa3BykoBoM mojie. M3yueHo 1 KOJIM4eCTBEeHHO OIMCAHO BIHSHUE
BCEX KOMIIOHEHTOB CHCTEMbI, BJIMSHHE YaCTOThl MOMAYJISLMHM W BPEMEHM DKCIO3MIMU YIbTpa3Byka. [loka3aHo, 4To B
MIPUCYTCTBUH YJIBTPa3BYyKa CEIEKTHBHOCTB MIPOLIECCca He MEHSIETCs, PelOKC-TIOTEeHIIMAll CUcTeMbl Bo3pacTtaeT Ha 200 MB, B
pacTBOpe Bo3pacTaeT KoHIeHTpaius Cu2+, 1 Kak CIeACTBHE BO3PACTACT CKOPOCTh AEXIOPUPOBaHUs. TepMoanHaMUYECKIe
pacyeThl oKa3aju, 4YTo KOHCTaHTa 00pa3oBaHus OusiiepHoro Komruiekca mesu (11) Bo3pacraer Ha mopsiioK Npy MEHbIIEH
(TIpuMepHO Ha MOPAAO0K) KUCIOTHOCTH pacTBOpa.

Kniouegvle cnoea: oxucieHue, AeXJIOPUPOBaHHE, II-AUXJIOPOEH30J, KaTalU3aTOp, YJIbTPa3BYK, KUHETHKA,
MEXaHHU3M.
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