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Synergism and antagonism in model system of oxidation of sulfur-containing wastewaters
Abstract: The joint oxidation of cysteine and sodium sulfide by molecular oxygen is investigated. Identified the mutual influence of these processes in strongly alkaline media in the presence and in the absence of a catalyst, which causes the occurrence of synergism and antagonism in the system. The causes of these effects can be: sequential course of oxidation of sodium sulfide and cysteine in a mix solutions to show negative effects (antagonism). Positive effect (synergism) due to the influence of the cystine (oxidation product of cysteine) on the oxidation of sodium sulfide.
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Synergism or synergistic effects are very common in chemistry, especially in catalysis. Here below them understand the non-additive increase in activity, selectivity, stability, and other positive characteristics of the catalytic system (in the simplest case of two components) when the change of the proportion or the total concentration of its components. The opposite of synergy is antagonism.

The role model pairs for the study of the phenomena of synergism in complex catalytic system were selected oxidation reaction of sodium sulfide and cysteine molecular oxygen. They allowed thermodynamically and kinetically, and, individually, is described in the literature. The choice of these, and not any other reactions, can be useful for understanding the feasibility and optimization of conditions for carrying out oxidation processes in mixtures of sulfur-containing wastewaters.
For the detection and investigation of synergistic effects in the presence of two catalytic reactions, was selected metal complex catalyst based on polyacrylamide gel. The catalyst of this type has several advantages compared with catalysts on the hard drives. The catalyst Cu(II)/PAAH was obtained by impregnation of the dry polymer, kinetic experiments were carried out at 313 K in a static system, as described in [1, 395], at atmospheric pressure, under conditions that are close to zero order in O2. The objects of study were non-catalytic and catalytic systems separate and combined oxidation of sodium sulfide and cysteine by molecular oxygen in aqueous solution

	{Na2S+O2+H2O}

{Cys+O2+H2O}                                                 {Na2S+ Cys+O2+H2O} 
	{Na2S+O2+H2O+Cu(II)/ПААГ}

{Cys+O2+H2O+Cu(II)/ПААГ}      

{Na2S+ Cys+O2+H2O+Cu(II)/ПААГ},


Cys ( HOOC-CH(NH2)-CH2-SH ( RSH.
To determine the role of catalyst in separate and joint oxidation of sodium sulfide and cysteine investigated the oxidation of substrates in the absence of catalyst.
Processing and comparison of the initial kinetic data showed that when non-catalytic oxidation of sodium sulfide and cysteine mixtures of any composition absorb oxygen smaller than the corresponding additive values. Therefore, a formal estimate of the effect of non-additivity leads to negative values (Fig. 1).

Received a negative effect (antagonism) may have two explanations:

1) one or both of the substrate in the mixture are oxidized more slowly than in the individual oxidation;

2) their oxidation mixture passes consistently.
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	Fig. 1. Dependence of non-additivity effects ( versus [Na2S]/[Cys], without catalyst.


Comparison of the kinetic curves of the oxidation of mixtures with curves oxidation individual substrates shows that the mixture of substrates are oxidized with speeds close to the speed of oxidation of individual cysteine. It can be assumed that in the first mixture is almost completely oxidized cysteine and only then is the oxidation of sodium sulfide. Due to the fact that no catalyst substrates are oxidized with a fairly low rates, the next stage of the study was to investigate the separate and combined oxidation of sodium sulfide and cysteine in the presence of a catalyst.

On the influence of the catalyst on the maximum rate of oxygen uptake during separate the oxidation of sodium sulfide and cysteine data presented in table. 1.
Table 1. The role of a catalyst in the process of separate oxidation of Na2S and Cys

	[Substrate], М
	Wmax, 10-8 molО2 / с
	Wcatalytic
W

	
	Without catalyst
	With catalyst
	

	Na2S
	0,02
	1,5
	14,1
	9,5

	
	0,10
	8,2
	35,7
	4,4

	Cys
	0,02
	0,7
	50,6
	68,4

	
	0,10
	1,5
	72,9
	49,0


The transition from non-catalytic systems for catalytic systems leads not only to increased oxidation rates of each substrate separately, but also changes the ratio of these rates: if in the absence of catalyst, the sodium sulfide is oxidized at a greater rate than cysteine, in the presence of a catalyst, the situation is reversed and the rate of oxidation of cysteine is more than twice the rate of oxidation of Na2S. That is, there is an inversion of the ratio of rates of separate oxidation of substrates.

The effects of values of non-additivity with catalytic oxidation of substrates is shown in Fig. 2. As seen from this figure, in this case manifested itself not only negative (antagonizes), but positive (synergistic) effects of the system.

To explain the positive effects refer to the literature data [2, 397-409; 3, 51-62], according to which, the catalytic oxidation of sodium sulfide can be carried out by polysulfide mechanism.
	
[image: image2.png][1]

04

02

00

-02

-04

-06

-08

-10

soszo

sonn

1m0

4,50/ (Cys)





	Fig. 2. The non-additivity effects in the presence of a catalyst Cu(II)/PAAH.


Schematically polysulfide mechanism can be represented as follows:

the growth of chain polysulfide -

HSn- + OxKt → RedKt + 0,5S2n2- + H2O




(2)

RedKt + O2 → OxKt







(3)

S2n2- + HS- ↔ Sn+12- + Sn2- + H+






(4)

formation of sulphur – 
HSn+8- → S8↓ + HSn- 







(5)

formation of oxygen sulfur compounds -

S2n2- + О2 + 2ОН- → SO32- + S2n-12- + H2O




(6)

SO32- + S2n-12- → S2O32- + S2n-22-
,




(7)

When the reaction of oxidation of the sulfide anion in polysulfide mechanism chain length of the polysulfide can grow in accordance with (4) or decrease (6, 7), and, according to literature data, the rate of oxidation of sodium sulfide, the higher, the longer the polysulfide chain.

Growth polysulfide chain contributes to the presence in the mixture of cystine (the oxidation product of cysteine), which triggers the following chain of transformations associated with the interaction of the hydrosulfide anion with cystine:

HS- + RSSR ↔ RSSH + RS-,






RSSH ↔ RSS- + H+, 







RSS- + RSSR ↔ RSSSR + RS-, 





RSS- + RSSSR ↔ RSSSSR + RS-, 





RSS- + R(S)9R ↔ R(S)10R + RS-,  





R(S)10R → S8↓ + RSSR  







This explains the mutual influence reactions to each other through part of the product of one reaction in the course of another. Although the scheme is simplified, it allows to explain the observed phenomena.
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