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The oxidative p-dichlorobenzene dechlorinating in the presence of copper (II) complexes
and nitrogen (11, I'V) oxides

Abstract. The results of dechlorination in the solution CuCI2-TBP-NaNO2-02-H2O kinetics research
are presented in the article. All system components influence to the dechlorination process is studied and
quantitatively described. The composition of copper intermediate complexes participating in reaction is
studied by the instrumentality of UV-spectroscopy. Established part of binuclear copper complexes in the
catalytic intermediate complex constants of formation were estimated and compared with the kinetic and
spectrophotometric methods. The composition of the intermediate complexes responsible for process is
defined, the mechanism scheme is offered, the p-dichlorobenzene dechlorination limiting stage including
redox-disintegration of the intermediate complex consisting of dimeric complex of copper (I, I) chloride,

nitrogen oxide and p-dichlorobenzene is defined.
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Introduction

Despitegradualreductionofthepolychlorbiphenyl
(PCB) application in economic activities, it continue
to pollute environment and the problem of aromatic
compounds dechlorinating stands sharply enough.

The possibility of low-temperature (40-60°C)
oxidative dechlorinating is shown on the example
of paradichlorobenzene in the present work and the
kinetics of process described in details and studied
quantitatively, conditions of it realization are
optimised.

At the chemical methods of PCB neutralisation
various reagents, conditions of reaction realization,
catalytical systems and devices are applied including
oxidative methods among which burning prevails.
Among disadvantages of burning it is possible to
note high cost, additional fuel consumption, fast
deterioration of the equipment in the conditions
of an aggressive environment (Cl, and HCI) and
high temperatures, and also irreversible loss of a
hydrocarbonic component.

Some scattered works are devoted to researches
in the area of PCB catalytical oxidation. Application
of catalysts allows to reduce considerably process
temperature and consequently to reduce capital and
power expenses.

Experimental part

On the example of p-dichlorobenzene (p-DCB)
we have shown that in the presence of copper
complex compound and nitrogen (II, IV) oxides
it is possible to implement catalytical oxidative
dechlorinating of p-DCB. Kinetics was studied
in static conditions in a kinetic mode using the
isothermal reactor equipped with the potentiometric
device consisting of platinum and calomel half-
elements. Reaction rate was monitored by rate of
oxygen absorption /mol/l's in the system p-DCB—
TBP-HCI-CuCl,-NaNO,-O,-H,O.

Tributylphosphate has been chosen as solvent
for p-dichlorobenzene besides molecules of the
phosphoric acid tributyl ether (C,H,0) ,P=0, (TBP)
are capable to formation of donor-acceptor or dative
bonds at the cost of phosphoryl atom of oxygen pz-
orbital (HOMO). At that insinuating into coordina-
tion sphere of many compounds, they push out oth-
ers ligands, in particular, hydrate water and derive
these compounds in the organic phase. Therefore
TBP is one of the most active and widespread ex-
tractant. It is applied in radiochemistry for uranium
separation, for extraction of rare-earth elements, in
analytical chemistry for division and concentrating
of microimpurities. Low mutual solubility (3.4 g/l of
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TBP in water and 64 g/l of water in TBP) of system
water—TBP promotes their good extraction property.
At the cost of weak hydrogen bonds water and TBP
form compound with composition 1:1, discovered
in a benzene solution and characterized by the con-
stant of stability equal 10.8 1/mol at 298°K.

Wo, -10%,mol /1-s

The results and discussion

The results of p-dichlorobenzene dechlorination
in the solution CuCl,~-TBP-NaNO,-O,-H,0O kinet-
ics research are presented in the article.

Typical conversion curves are is exposed in figure 1.
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2

Figure 1 — p-dichlorobenzene oxidizing dechlorinating in the solution HCI—LiCl—NaNO, —TBP-H,O

Designation of the curves: Caa .1072:1.-1.0; 2.-2.0; 3.-3.0; 4.-5.0; 5.-10.0 mol/l

Oxidation conditions: Po, =1atm., T = 333K, Ny =4.0mol/1, N, =4.0mol/l, Cyyo, =3 107 mol/1,
Cp—DCB =1-10"mol/l
Conversion curves pass through a maximum
to which the solution redox potential increase 2HNO, = NO, + NO+H,0 (1)
on 350-400 mv corresponds on potentiometric
curves. In the gas phase above the solution nitrogen 2NO+0,; »>NO, 2)

oxides NO, NO,, N,O appear which identified
IR- spectrophotometrically, using Specord-725 on
intensive absorption bands (cm™): NO, (749, 1318,
1617), NO (1880) and N,O (2190, 2220). The
increase of bands intensity, characteristic for NO,
and fall of the NO bands intensity corresponds to the
increase of oxygen absorption rate on conversion
curves and to redox potential increase in the solution.
The given fact allows to assume that autocatalytic
character of curves is caused by occurrence NO,
as the result of HNO, disproportionation and NO
oxidation to NO, by oxygen.

ISSN 1563-0331

The basic part of process come about at the
constant NO,content in a gas phase, this fact allows
to assume that the catalysis of p-dichlorobenzene
oxidising dechlorinating is is linked to this particle.
The redox potential value is in an interval 0.6—1.1V,
except but do / da (H,0") > 0,d¢/ dNNaNO >0,
do/ dCC cl,” 0 (figure 1). According to it for the
studied systems it is possible to present potential of
an electrode in a kind:

p=1. 09+—1 [NO,J-[H] —0.54+Eln[cu”] 3)
F [HNO, ] F  [Cu™]
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Figure 2 — The dependence of p-dichlorobenzene oxidising dechlorinating rate from the concentration of sodium nitrite
in the solution: HCI-LiCl—NaNO, —TBP—H,0O

Designation of curves:

107:1-0.5,2-1,2,3-2.4-3

Oxidation conditions: Po, = latm. T = 333K, Ceuc, =1-102mol/l, Cyq =1,0mol/, Cp;q =3,0 mol/],

Cp—DCB

The received value k is ten times more than
the similar value presented for reaction (4) in the
solution NaNO,—H,O and ten times less than the
corresponding value in the solution NaNO,—
NaAsO,—KI-H,O presented in the literature.
That is the donor strength of the molecules
participating in process influences to the constant
of sodium nitrite oxidation by oxygen rate.

In the process of p-dihlorbenzene oxidising
dechlorinating, as it seen from the data presented
in figure 1, the copper complexes (II, I) are
compounds accelerating process also.

UV-spectroscopic research of CuCl solutions
in chloride solutions of various acidity has been
conducted for an establishment of copper (II, 1)
complexes structure depending on Cy;. Measu-

rements spent in area from 200 to 1200 nano-
meters using spectophotometer Shimadzu with
use quartz cuvet with volume 1 cm?® (figure 3a).
The displacement of an absorption band is
observed at A = 700 nm to the short-wave part at
the increase of hydrochloric acid concentration in
the Cy, interval from 0.2 to 1,097 mol/l that,

possibly, is connected with formation of of cop-

=1-102mol/1

per (I) complexes of type CuCl, and CuCI?
more complexed by chlorides-ions. The for-
mation of multinuclear complexes CuzClﬁf and

Cu3C13_ is observed at Cy > 1 mol/l [1, 2].

n+3
The coordinatively saturated forms of CuCl?f
are not observed at Cy; <5 mol/l. The diagram-

me of various copper(l) chloride complexes sha-
res distribution (y;) depending on concentration
of the hydrochloric acid calculated for complexes

CuCl, and Cu,Cl;™ is presented in figure 3b
(the bottom part). Functions Wo, =f(Cy) are
compared with function y;=f(Cyc). The
function X cuzci =f(Cycy) possesses biggest

symbasis, that is, p-dihlorbenzene oxidising
dechlorinating rate accrues with formation of bi

nuclear complex Cu2Cli7 by (6).

CuCl+ HCl «——CuCl; +H" (5)

CuCl; + CuCl, <2 Cu,Cl (6)
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Figure 3 — Oxidizing p-dihlorbenzene dechlorinating in the solution: CuCl —HCl-NaNO, — p—DCB-H,0
Oxidation conditions: Po, =larm. T=333K, N, =0.3-102 mol/I;
Absorption spectra: Cycy: 1. —0.2; 2. — 0.55; 3. — 2.20; 4. — 4.40 mol/I;
jx: 1.=2CuCl; - — Cu,Cl3~

Additional data about influence of copper

() complexes structure on the p-dihlorbenzene Wo, = f(QOz) (figure 1) .dif.fer b}f initial
oxidising dechlorinating kinetics are presented in concentration of copper (I) chloride in solution CuCl
figures 1 and 4. Conversion curves in co-ordinates in the C,, interval from 0.5x107 to 6x107 mol/l.
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Figure 4 — Oxidizing p-dihlorbenzene dechlorinating in the solution: CuCl—HCI-NaNO, — p—DCB-H,0
Oxidation conditions: Py, =latm. T =333K, C,;, =0,55mol/]; Cyano, = 10" mol/1l; Ccuci-10%: 1.-0,3;2.-0,3;

3.-1,0;4.—-2,0;5-4,0; 6.— 6,0 mol/l;
a) UV-spectra b) y;: 1.— CuCl, 2. — CuCl,, 3.— Cu,Cl,.
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The influence of copper (I) chloride concentration
for oxygen absorption rate and quantity of the
absorbed oxygen in the process of p-dihlorbenzene
oxidising dechlorinating is studied in the CCuCl2
interval from 1-107 to 1-10 mol/l. The selectivity
of process does not change; the quantity of the
absorbed oxygen remains to constants in the studied
Ccucl interval and corresponds to the scheme (4).

The dependence of oxygen absorption rate in
the solution p-DHB-TBF-HCI-CuCl,-NaNO,-
H,O from initial concentration of copper chloride is
described by the equation:

2
k, 'CCuC12 o+ Kk, Coya, -y

WO2

2
1 + O(] * CCU.C12 ° CCUC12 * C(] * az
(7

The UV-spectra of the copper (I) chloride
complexes received at different initial concentration
of CuCl in the solution CuCl — HCI — H,O are
presented in figure 4a. As well as on the previous
spectra, moderate bands with a maximum ~600 nm
and ill-defined shoulder at ~900 nm are observed
in | area from 200 to 1200 nm. The intensive band
around 700 nanometers moves in near UV-area of a
spectrum with increase of C, , that is characteristic
for dimeric copper (I) complexes with the chloride-
ion in quality of bridging ligand [3, 4].

Constants of the equibalances (5)-(6) calculated
on data of the C_ ., and Cg,,, influence on the
p-dihlorbenzene oxidising dechlorinating kinetics
and on spectrophotometrical data are compared

below:

Method B,, /mol B,, /mol
C, Influence data
Spectrophotometr. 402 15.23
Kinetics 103 87
Ccycr, Influence data
Spectrophotometr.  240.3 54
Kinetics 233.0 110

The distinction of binuclear complexes forma-
tion constants (,) found on the basis of the kinetic
and spectrophotometrical data attracts attention.
At that B, for copper (II) complexes more than for
copper (I) halogenides that does not contradict an

electronic and structural condition of copper com-
plexes. It is necessary to notice that under all identi-
cal concentration conditions nitrogen oxides in the
form of NaNO,, HNO,, NO", NO,, NO which added
in a solution directly ahead of kinetic characteristics
reading participated in a solution in a kinetic meth-
od additionally besides copper halogenides and hy-
drochloric acid. The given experiment testifies that
nitrogen oxides influence to oxidising condition of
copper and to binuclear halide complexes formation
that indirectly point at nitrogen oxides intromission
in inner sphere of copper complexes.

The diagram of copper complexes distribution
presented in figure 4b (the bottom part) gives the
possibility to assume that binuclear copper com-
plexes are responsible for oxygen activation in the
process of p-dihlorbenzene oxidising dechlorinat-
ing.

The results showing influence of p-dihlorben-
zene concentration to oxygen absorption rate are
presented in figure 5. The quantity of the absorbed
oxygen in a solution increases with C,_pcB in-
creasing. IR-spectra show reduction and in the end
of experience disappearance of absorption bands
around 600-660 cm™ characteristic for C—Cl-bond
in p-dihlorbenzene and occurrence and increasing of
the absorption band around 1720 cm' characteristic
for ArC =O.

The p-dihlorbenzene influence to UV-spectra
of copper chlorides is presented in figure 5a. UV-
spectra do not change with p-DCB introduction as
for chlorides of copper (I) and copper (1), only in-
tensity of both bands at 650 nm and 900 nm changes
with C_, increasing.

The reaction order on oxygen is close to the first,
the system potential does not depend from Po, in
the conditions presented in figure 6. Relation of the
rate constant with the oxygen concentration in a so-
lution looks like:

Ko koyCo»

where kO = 0,07 ¢!, Y= 7,910* I/mol. These
values point at that steady enough complex is
formed among oxygen and a reducer.
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Figure 5 — Oxidizing p-dihlorbenzene dechlorinating in the solution HCl—CuCl—NaNO, — p —DCB- H20
Oxidation conditions: T=333K; PO2 =latm. Cy =1,0mol/l, CCuClz =3-10" mol/1 a) UV-spectra:

CHCI =0,55 mol/1; p-DCB-10°; 1- 0,1; 2—- 0,2; 3— 1,0; 4 2,0; 5— 3,0 mol/; - 1= CuCl, 2- CuClz, 3- CuxCly~
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Figure 6 — The dependence of p-dihlorbenzene oxidising dechlorinating rate from O, concentration in system p-DCB-—

TBP-HCI-CuCl,-NaNO,-O,—H,0

T =333K, T;= 303K, Ro, = 93,3 kPa, modulation frequency 30 kHz, irradiation time 25 min. Ccycy,= 0,5 10 mol/l,

Cpncs = 1,0:10™ mol/l, Cnano, = 2,010 mol/l
Co, (%): 1) 30; 2) 50; 3) 70; 4); 5) 80; 6) 100.
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The received results allow to assume that
p-dihlorbenzene oxidising dechlorinating is carried
out through formation and redox-disintegration
of the intermediate complex including dimeric
complex of copper (I, I)chloride, nitrogen oxide
and p-dihlorbenzene:

ON—Cu—Cl—Cu—NO

NV

The formation of m-complex NO* with electron-
donating substrata, as a rule, passes easily inasmuch
as bond energy of NO* with nucleophiles of arenes
type surpasses their protonation energy thanks

Cl Cl
NO,

+ NO, — »

Cl Cl
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B.C. Emenbsirona, XK.K. Kaiisipoekos, T.B. I1lakuesa, H. Hembikuna, b.T. Jlocymosa, ¥ .H. [IxatkambacBa
Aot (11, I'V) oxenai men mbic (II) koMILIeKkcTepiHiH KaTbICYybIMEeH MN-IMXJOPOEH30/11bI TOTHIKTHIPA
AexJyiopJyiay

Maxkanana n-guxnop6ensonapl CuCl-ThbD-NaNO~O,~H,0 epitingize nexjopnay NpPOLECIHIH KMHETHKACHIH
3epITey HOTHXKeEJIepi KepcerinreH. Jlexyiopinay mporeciHe Kydemeri OapiblK KOMIIOHCHTTEPAIH OocCepi 3epTTelin
KepceTireH. Peakiusira KaThICaThlH MBIC apaliblK KOMIUIEKCTEpiHIH Kypambl YK-crekTprnep KeMmeriMeH 3epTTeNreH.
KaramuTukasiblk apanac KOMIUIEKCTEPiHIH KYPaMbIHAAFbl OUSIIPOIBIK MBIC KOMIUICKCTEPIHIH KaThICATBIHBI aHBIKTAJIBIIL,
OJIapJIblH KMHETHKAJIBIK YKOHE CIEKTPO(OTOMETPIIl diCTep apKbUIbl OarajaHbIIl, CANBICTHIPBILIBL. EpiTiHAIHIH KypaMbl
e3repreHiHe OailaHbICTBl OMSACPIIK KOMIUICKCTEPIiH JKMHATNY AudarpamMmanapbl kepcerinred. I[Iporecke sxayanThb
apaJblK KOMIUICKCTEP/IiH KYpaMbl aHBIKTAIFaH, MEXaHU3M ChI30aHYCKACHI YCHIHBUIFAH. ApajblK KOMILICKCTIH TOTBIFY-
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TOTBIKCBI3/IaHy BIABIPAYBIHAH TYPATHIH H-AUXJIOPOCH30IbI AEXJIOpiIay MPOIECIHIH HIEKTIK CaThIChl aHBbIKTalFaH. byn
apanblK komrieke gumepii Meic (1,IT) Xsropuisl, a30T OKCHIBI MEH IT-TUXJIOPOSH30JIIaH Typabl.
Tyitin co3dep: TOTHIFY, AEXJI0pIay, N-TUXJIOPOCH30I, KATaIU3aTOp, KHHETHKA, MEXaHU3M.

B.C. EmenssaoBa, XK. K. Kaup6ekos, T.B. [llakueBa, H. Hempixuna, b.T. JlocymoBa, Y.H. [l>xarkambaeBa
OxkucanTeJbHoOe 1eXJOPUPOBAHUE n-IMXJI0OPOeH30/1a B IPUCYTCTBUU kKoMmIuiekcoB meau (I1) n
oxcuaoB azora (II, 1V)

B crarbe mpesicraBiieHbl pe3yJbTarThl MCCICIOBAHWS KUHETHKH JCXJIOPUPOBAHUSI I-AUXJIOPOEH30/1a B PacTBOpE
CuCl~Thb®d-NaNO,~0O,~H,0. VI3y4eH0 1 KOMMYECTBEHHO ONMCAHO BJIUSHUE BCEX KOMIIOHEHTOB CHCTEMBI Ha MPOLECC
nexsopupoBanusi. C moMorpo YO-CeKTpOCKOUHN H3yUeH COCTaB MPOMEKYTOYHBIX KOMITJIEKCOB MEJIH, YIaCTBYOIIHX
B peakiuu. YCTAHOBJICHO ydacThe OHSIIEPHBIX MEAHBIX KOMIUIEKCOB B COCTABE KATAIUTHYECKUX MPOMEXKYTOUHBIX
KOMIIJICKCOB, KOHCTaHThl 00pa30BaHUsI KOTOPHIX OLEHEHBI M COMOCTABICHBI C MOMOIIbI0O KHHETHYECKOTO M CHEKTPO-
(horomerpuuecknx MeTo10B. Onpe/esiéH COCTaB IPOMEKYTOYHBIX KOMILIEKCOB, OTBETCTBEHHBIX 3a IIPOLIECC, IPEI0KEHA
cXeMa MeXaHU3Ma, OIpeiesieHa JIMMUTHPYIOIIAs CTaus JeXJIOPHUPOBAHUS M-IUXJIOPOSH30IIa, BKIIIOUAIONIAS PEIOKC-
pacna mpoMeKyTOYHOTO KOMITIIEKCa, KOTOPBIN BKITIOUAET B ce0st AMMEPHBIN KoMILIeKe xinopuna meau (11, 1), oxcuo azoma
U n-Oux10pOen3oI.

Knioueswie cnosa: oxucienue, 1eXJI0pUpOBaHKe, M-IUXI0OPOCH30I, KaTAIN3aTOp, KWHETHKA, MEXaHN3M.
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