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Chemiluminescence in the oxidation of Na2S by oxygen in water solutions 
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Chemiluminescence was observed in the the oxidation of Na2S by oxygen in aqueous 
solution< One of the luminescence emitters was identified as the triplet state (SO2)* 
(~'-,n~x = 420 rim) generated without participation of free radicals at the first stage of 
oxidation of Na2S to Na2S203 Oxygen is a necessary reagent for CL and isa quenching 
agent. CL was shown to increase in the presence of Ru(bpy)3Cl 2 as a restllt of the transter of 
energy from (SO2)* to form Ru(bpy)32+*, which emits at Lma × = 593 n m  
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Weak chemiluminescence (CL) has been observed 
previously in the oxidation of aqueous solutions of" 
NaHSO 3 (in the presence of metal salts) ! and Na2SO3 z by 
oxygen. The associate (O2)2" is the emitter in the former 
reaction (Lma x = 480 nm); in the second case the emitter 
is not identified. CL reactions of 0 3 with sulfur-contain- 
ing organic compounds and O atorns with CH3SH, 
CH3SCH3, SO are also known, 3 where the triplet state of 
the (SO2)* (Lma × = 340 nm) is the emitter. 

Chernihiminescence was observed in tile oxidation of 
Na2S (I)  by oxygen in aqueous solutions. A freshly 
prepared  so lu t ion  of 1 in water  (10 -2 tool L - i  
t/ = 20 mL) emits  light (/max = 1.7" I0 > 
photon/s"  mL), the intensity of which decreases 50 % 
alter 3 min. This auto-CL disappears when O 2 is re- 
moved by evacuation or by bubbling the solution with 
N 2. After the introduction of 0 2 into the solution of ! 
the intensity of chemihiminescence  jumps  tip and then 
begins to :;lowly decrease. A more pronounced jump in 
CL intensity is observed if N 2 has been preliminarily 
bubbled through the sohition (Fig. I). Thus, 0 2 in this 
system is both tile initiator of CL and the "quencher" of 
the CL entitter~ 

Products of the oxidation of 1 by oxygen are SO 2, 
Na2S20 3 and Na2SO4 4 We established that CL arises at 
the first stage of the oxidation that results ira Na2S20 3 
formation. Oxidation of Na2S20 3 and Na2SO 3 by oxy- 
gen under  similar conditions is not accompanied by C L  
In contrast to the CL that occurs during NaHSO 3 
oxidation, which is attributed to the recombinat ion of 
free radicals 2 HO 2 --+ H 2 + (O2)2", and is inhibited by 
the addition of phenol, I we did not observe a decrea~se in 
CL intensi ty  with the addi t ion of phenol  (up to 
10 4 tool L - i )  to the oxidized solution of I This allows 
us to assume that in Na2S oxidation CL occu~  generates 
without the participation of free radicals. The CL spec- 
trum that was measured with the help of cut-off  filters 
consists of three maxima (Fig. 2). The solutions of I 
before and after oxidation do not possess noticable 
photohimmescence PL (300 K). It can be assumed that 
one of the emitters of CL in Na2S oxidation is the triplet 
state (SO2)* (7~ma X ....... 420+-15 nm). The itature of the 
other maxima of the CL spectrum are not clear yet. 
According to the data, 5 oxidation of Na2S can proceed 
both with and without the fornmtion of elemental  sulfur. 
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Fig. I Dependence o f C L  imensity (D on time in the oxida-. 
tion of Na2S (10 '2  tool l -I ,  I :~ 20 m L  300 K) by air 
oxygen in aqueous solutions The following moments are 
marked by arrows: a, d, air bubble is on; b; air bubble is offand 
nitrogen bubble is on: c, nitrogen bubble is off (the par*. of the 
curve before moment a ...... mto-CI ) 

It was shown in d i r e c t  exper in tents  that when  a sulfl~r 
suspens ion  in water  c a m e  in con tac t  with O? no C L  was 
observed.  T h e r e f o r e  most probably fornta t ion  o f  (SO?)* 
occurs  as a result o f  the oxidat ion of  the pr imary  in t e rme-  
diate SO ( S c h e m e  1, react ion (I)) .  

S c h e m e  ! 

S > + % ~ SO ~ (SO~}' 

SO 2 + llv 1 (420 nm) (I) 

(SO2)" + [Ru(bpy)3] 2+ ~ SO 2 + [Ru(bpy)a] 2." 

[Ru(bpy)3]2+ + hv 2 (593 rim) (2) 

The  p roposed  m e c h a n i s m  is ana logous  to the m e c h a -  
nism of  C L  in the ox ida t ion  of  su l fu r - con t a in ing  c o m -  
potmds  by o z o n e  in the gaseous phase 3 It does  not 
inchtde  the step o f  S fo rmat ion ,  in the cont ras t  to the 
m e c h a n i s m  proposed  for C L  in the ox ida t ion  of  sulfur-  
c o n t a i n i n g  c o m p o u n d s  by ozone  in H2SO 4 in the pres- 
ence  o f  C L  ent i t ters ,  l an than ide ,  or  uranyl  salts 6 (in the 
absence  o f  these  salts C L  is caused by emiss ion  o f  the 
tr iplet  state (SO2)*) The  spec t rum of  nonac t iva ted  C L  
is not  g iven 6 (only) .ma~ = 420 nm is m e n t i o n e d ) .  

Addi t ions  of  aqueous  solut ions o f  Ru(bpy)3CI 2 • 6 H 2 0  
(2) ac t ivate  C L  ( in tensi ty  increases  1.5 t imes  when  
[Rul = 5" 10 -4 mol L -~) as a result  o f  the t ransfer  of  
energy  from (SO2)* with the R)rmation o f  [Ru(bpy)3] 2+*, 
w h i c h  e m i t s  l igh t  ;%,ax = 593-+15 n m  (F ig .  2; 
S c h e m e  I, reac t ion  (2)). 
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PHc. 2 CLspectra  measured with the help of the set of cut-off 
I]lte~ in the oxidation of Na2S (10 1 tool L ' l )  by air oxygen 
in aquaous solutions ~i thout  t l) and with addition of 
Ru(bpy)3CI 2 (5" 10 4 tool L -I) (2) 

Experimental 

Na2S "pure for analysis" grade was purified by double 
recrystallization from oxygen-free bidistilled water, dried at 
110 °C, and kept in a ni trogen a tmosphere .  The 
Ru(bpy)3Cl2"6H20 complex was synthesized according to 
methods in R e f Z  Salts Na?S203, Na2SO 4, Na2SO 3 of"chemi-  
cally pure" and phenol of "pure tbr analysis' grades were used 

Absorption spectra were measured on a "Specord M-40" 
spectrophotometer Photoluminescence spectra were recorded 
on a home-made specrtrofluorimeter, based on an MDR-29 
scanning monochromatof  The procedures of CL time-course 
and spectra measurement have been described earlier8 
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