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Kinetics of the oxidative hydroxylation of sodium hypophosphite in the presence of copper(1I)
chloride modified by humic (fulvo-) acid

Abstract. It was established that in soft conditions (50-700C, PO2 = 1 atm) sodium hypophosphite
effectively is oxidized by oxygen in water solutions of copper(Il) chloride to give mainly a phosphorous
acid. Humic (fulvo-) acid was extracted from brown coal of domestic deposit Kiyakty. For determination of
optimum parameters of fulvo-acid extraction the laboratory experiments were carried out using the method
of experiment planning. The kinetics, the intermediate and final products, optimal conditions of new catalytic
reaction of NaH2PO2 oxidation by oxygen in water solution were defined by kinetics, volumometry, redox-

potentiometry and a titration.
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Introduction

Despite the big achievements in the field of
reactions with participation of hydrophosphoryl
compounds (HPC) such as sodium hypophosphite
(NaH,PO,), it is necessary to note the absence of
researches in such direction, as catalysis by metal
complexes. The kinetics and the mechanism, cata-
lytic activity of transition metals complexes Cu(ll),
Fe(IlI), Hg(II), Pd(II), Ag(l) and the mixed systems
on their basis in reactions of an oxidative alkoxyl-
ation of phosphorus low-valency compounds (P,
PH,, Cu,P, Zn,P,) were studied for the first time
by Dorfman Ya.A. with employees [1-5]. However
these compounds are toxic reagents. In this regard
in present work for the first time in reaction of an
oxidative hydroxylation rather harmless sodium hy-
pophosphite was used as the initial phosphorylating
agent. To study oxidative hydroxylation of sodium
hypophosphite in the presence of metal-complexion
catalysts is important for consideration of the gen-
eral questions of reactive ability of HPC and expan-
sion of possibilities of synthesis of phosphorus-con-
taining compounds.

The purpose of this work is the development of
effective catalysts of an oxidative hydroxylation of
sodium hypophosphite in the presence of copper(Il)
chloride modified by humic (fulvo-) acid, obtained
from brown coal of domestic deposit Kiyakty.

Materials and methods

The kinetics of NaH,PO, oxidative hydrolysis in
water solutions of copper(Il) chloride was studied
by a volumometric method of oxygen absorption
in thermostatic glass reactor of the type «catalytic
duck» supplied by the potentiometric device and
gasometric burette. The technique of experiment is
in detail described in [1]. Sodium hypophosphite
and CuCl,- 2H,0 are used without additional clean-
ing. For determination of optimal parameters of ex-
traction of fulvo-acid (FA) the laboratory experi-
ments were carried out using the method of experi-
ment planning [6]. The matrix of the 4th factorial
of experiment plan at the 4th levels was made and
optimal conditions of transfer to alkaline solution
of fulvo-acid from brown coal of domestic deposit
Kiyakty are determined. Optimal conditions of
extraction of fulvo-acid: X, - extraction tempera-
ture — 80°C; X, — duration of experiment — 45 min;
X, — concentration of alkali — 1,0 %; X, - ratio of
coal and alkali in solution - 1:25. The experiment
realized in these conditions was coordinated with
sampled data. Determination of phosphorous and
humic (fulvo-) acids concentration carried out by
acidic-alkaline titration according to a technique
given in [7].
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Results and discussion

It is found that at oxidation of NaH,PO, by oxy-
gen in water solution of copper(Il) chloride at 50-
70°C phosphorous acid is formed:

H,PO,” + 0,50, + H,0 — H,PO,+OH (1)

The concentration effect of components
of the reactive environment and temperature
produced on process velocity (1) is studied. The
reaction conditions and products yields of sodium
hypophosphite oxidation by oxygen in water
solution of CuCl, are presented in the table.

Table — Oxidation of NaH PO, by oxygen in water solution in the presence of CuCl, modified by humic (fulvo-) acid

Composition of solution, mol/l T, °C Yield of
[CuCl,-2H,0] [NaH,PO,] [H,0] [FA] H.PO,, %

0,28 0,34 44 4 0,06 60 96
0,57 0,34 44 .4 0,06 60 93
1,14 0,34 44 4 0,06 60 79
0,57 0,34 33,3 0,11 60 90

- 0,34 - 0,11 60 87

- 0,34 - 0,11 60 65

- 0,34 - 0,11 60 51
0,57 0,17 50,0 0,03 60 92
0,57 0,34 50,0 0,03 60 92
0,57 0,68 50,0 0,03 60 96
0,57 0,17 39,0 0,08 60 85
0,57 0,34 39,0 0,08 60 91
0,57 0,68 39,0 0,08 60 97
0,57 0,34 50,0 0,03 60 87
0,57 0,34 39,0 0,08 60 91
0,57 0,34 33,3 0,11 60 94
0,57 0,34 28,0 0,14 60 93
0,57 0,34 50,0 0,03 50 82
0,57 0,34 50,0 0,03 60 92
0,57 0,34 50,0 0,03 70 96

In the case of absence of catalyst CuCl, and ful-
vo-acid the oxidative hydroxylation doesn’t proceed
and oxygen absorption by water solution of sodium
hypophosphite isn’t observed. Increase of CuCl,
concentration to 1,14 mol/l leads to insignificant de-
crease in velocity of oxygen absorption. The amount
of the absorbed oxygen doesn’t depend on [CuCl].
The order of reaction found from dependence of Ig
W __ -lg [CuCl], is close to the first.

Stability of the catalyst is studied by consecutive
introduction of sodium hypophosphite in CuCl -FA-
H,0-0, solution. Entering of a NaH, PO, into light
green water solution of CuCl, in the atmosphere of
O, is accompanied by shift of redox-potential of pair
of Cu(IT)/Cu(I) (@) in the cathodic area from 0,47
to 0,40 V in within 10 minutes, solution decolou-
ration, formation of a white deposit and the begin-
ning absorption O,. In process of oxygen absorption
the potential ¢ gradually moves in anodic area,
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the color of solution comes back to the initial. The
reaction velocity, insignificant at the beginning of
experiment, quickly increases and reaches a maxi-
mum point, then gradually reduces to zero. Extreme
character of kinetic and conversion curves are in ac-
cordance with @ shift on potentiometric curves. It
was established that catalytic solution can oxidize
till four consecutive portions of NaH, PO, without
appreciable loss of activity.

Introduction of NaH, PO, into light green water
solution of CuCl, in the presence of fulvo-acid ex-
tracted from coal of the Kiyakty field at [FA] = 0,03
and 0,08 mol/l in atmosphere O, is accompanied by
discoloration of solution, formation of a white de-
posit and beginning of absorption of O,. In process
of oxygen absorption color of solution comes back
to the initial. The reaction velocity insignificant at
the beginning of experience, quickly increases and
reaches a maximum point, then gradually reduces to

KazNU Bulletin. Chemical series. Ne4 (68). 2012



40 Kinetics of the oxidative hydroxylation of sodium hypophosphite in the presence of copper(Il) chloride modified ...

zero. At increase in quantity entered into reactionary
solution of NaH, PO, from 0,17 to 0,68 mol/l there is
an increase of speed of reaction and amount of the
absorbed oxygen in compliance of a stoichiometry
of reaction (1).

In the studied conditions the main product of
reaction of oxidation of sodium hypophosphite by
oxygen in water solutions of copper(Il) chloride is
phosphorous acid (85-96 %).

The influence of pH on reaction velocity studied
by addition of humic (fulvo-) acid extracted from
coal of the Kiyakty field, in the range of concen-
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Conditions of reaction, mol/I: [CuCl,] 0,57; [NaH,PO,] 0,34; [H,0] 28-50; 60°C; P
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tration from 0,03 to 0,17 mol/l. It is shown (picture
below) at increase in concentration of humic (ful-
vo-) acid to 0,11 mol/l the absorption velocity of
oxygen grows, but further increase of [FA] to 0,14
mol/l slightly reduces the reaction velocity. Extreme
nature of dependence of reaction velocity (picture)
from concentration of FA is connected with double
influence of this additive. On the one hand humic
(fulvo-) acid accelerates a hydrolysis of sodium hy-
pophosphite, related to the formation of OH™-ions,
according to the equation (1) and by shifting of the
balance to the right side.

of 1 atm; [FA]: 1 -0,03;2 —0,05;

02

3-0,08;4-0,11;5-0,14.

Figure — Conversion (a) and kinetic (b) curves of NaH, PO, oxidation by oxygen in the water medium in the presence of
copper(Il) chloride and humic (fulvo-) acid extracted from brown coal of domestic deposit Kiyakty

On the other hand the increase of solution acidity
slows down reaction of water deprotonation, being
one of the most important stages of process of an
oxidative hydroxylation. The increase in temperature
in an interval 50-70°C positively affects on reaction
velocity and yield of a target product (table).

Conclusion

Thus, the promotive influence of an added hu-
mic (fulvo-) acid extracted from coal of the Kiyakty
field, on velocity of an oxidative hydroxylation of
NaH,PO, in the presence of copper(Il) chloride is
revealed. The optimum conditions of reaction course
of sodium hypophosphite oxidation with formation
of phosphorus acids are: temperature 60°C; P, 1
atm; H)O = 60 vol. %; FA = 30 about. %; CuCl/
NaH,PO, = 1,7, FA/NaH,PO, = 1:10.
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JK.K. Kaupbekos, JI.H. Axbaesa, JK.T. EmoBa, M.A. baxxanosa
I'ymuH (pynbB0o-) KbIIKbLILIMEeH Moau(uuupaenren Moic(Il) xmopuai Kareicbinga HATPUIi rUNodochaThIH
TOTBIKTBHIPA THAPOKCHINPIIEYTiH KHHETHKACHI

Kymcak xarnadinapma (50-70 °C, P, = 1 atm) CysbI-TONYOJIBI €PITiHIINEPAE HATPHi THIIOPOCPHUTI TyMHUH
(pynbBO-) KpIIKBUIAapEIMEH Momuduimpnenren Mbic(Il) xmopuai kareickiHza Gochop KBIIIKBUIBIH TY3€ OTTEKIICH
TUIMJII TOTBIFATBIHBI alKbIHAAIABL. ['yMuH ((QyTbBO-) KBIIKBUTEI KUSKTHI KEH OpHBI KOHBIP KOMIPIHCH OOIIHIT aJIbIHIBL.
['yMUH KBIIKBULIAPEIH O6JIiIT alry/(bIH KOJIAHIIBI 91icTepi TOXKIpHOEH] BIKTHMaIIbl 00JDKay 9/1iCi KOJIaHBLIBII KYPTi3iLi.
BomomomeTpusi, peioKC-IOTCHIMOMETPHs, KHHETHKA, TUTPJIEY 9JICTEpIMEH KMHETHKA, apaliblK JKOHE COHFbI OHIMIEp
seprrenin, cyinsl epiTinginepae NaH,PO, oTTekneH TOTBIKTBHIPYJBIH JKaHA KaTalu3IiK PEKIHMAIapBIHBIH KOJTaHIbI
JKaF1aiiapbl, KHHETHKAJIBIK AHBIKTAJI/IBL.

Tyitin ce30ep: nampuii eunogocgumi, momeiey, ommex, eyMut (Qyrveo-) KbluKblLibl, eudpoxcunoey, gocgopray
KbIUKBLIbL, KUHEMUKA, KOLAULbL HCA20ANap.

K.K. Kaupbexkos, JI.H. Axbaesa, XK.T. Emosa, M.A. baxxanosa
KuHeTnka okMCIUTENbHOTO THAPOKCUIMPOBAHUS rUIIOpochuTa HATPUA B IpucyTecTBUU Xjaopuaa meau(ll),
MOAM(HUUMPOBAHHOIO 'YMUHOBOI ((yJbB0-) KMCJI0TOM

VYcranosneno, uto B MArkux ycnosusx (50-70°C, P, = 1 artm) runodochut Hatpus >PHEKTUBHO OKHCIAETCS
KHCJIOPOIOM B BOIHBIX pacTBopax xiopumaa Mean(Il) ¢ mpemmymiecTBeHHBIM 0Opa3oBaHHeM (GOchOpUCTOIl KHCIOTHI.
I'ymunoBas (¢ymbBO-) KHcioTa ObUTa BBIACTICHA W3 OypoOro YN OTEYECTBEHHOTO MecTOpokiaeHHs KuskTel. s
OTIPEACICHUs] ONTUMAIbHBIX IApaMETPOB H3BICUCHUS! TYMHUHOBBIX KHCIOT IIPOBEIEHBI J1a0OPaTOpPHBIE OIBITHI C
UCTIONIb30BAaHNEM METO/la BEPOSTHOCTHO-AETEPMUHHPOBAHHOTO IUIAHWPOBAHUS SKCIEPHMEHTa. MeTojaMu KHHETHKH,
BOJIOMOMETPHH, PEIOKC-NOTEHIMOMETPUN M TUTPHUMETPUH HCCIEJOBAaHbI KUHETHKA, MPOMEXYTOUYHBIE M KOHEUHbIC
HPOMYKTBI, ONPEICTCHBI ONTHUMAJIBHBIE YCIOBHS HOBOH KaTaluTHIECKOW peakuuu okucaenus NaH PO, kucioponom B
BOJHBIX CPEax.

Knrouegvie cnosa: cunogocum nampus, oxucienue, KUC10poo, 2YMUH08As ((y1660-) KUCI0ma, 2uOPOKCUTUPOSAHIUE,
@ocghopucmas kucioma, KuHemuKa, ONMUMALbHBLE YCTOGUSL.
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