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Fig.1 Quasiperiodic oscillations and chaos of
unbuffered chlorite-thiosulfate system in a CSTR
[NaClO:] =9.92 x 10~ mol*L""; [Na.S:0:;] =8.45 x 10"
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Fig.2 Mixed-mode oscillations of unbuffered
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chlorite-thiosulfate system in a CSTR
[NaClO>]1 =9.92 x 10" mol*L""; [Na:S:0:;] =6. 76 x
10~* mol*L~"; [HoSO41=3.6 x10 " mol*L~'; T=25 C
10° ko/s™'1a)3.12; b)2.86; ¢)2.41; d)2.05
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Table 1 The relationship between ApH and A[H* ] in some thiosulfate-based oscillators
Oscillation system Range of pH oscillation ApH A[H*]/mol + L™ Ref.
H:0:-S:03;" -SO3™ —H* 5.00 ~7.00 2.00 9.90 x10~° [15]
H>0: - S:05” —Cu’* -H* 5.00 ~ 8. 50 3.50 1.00x10°° [18]
105 -S,03” —=SO3™ -H* 4.90 ~7.00 2.10 1.25%x10°° [19]
105 - S.05" 4.10~6.20 2.10 7.88x107° [20]
ClO; -S,05™ —-H* 2.73~2.83 0.10 3.83x10°* Fig. 1d
®2 W NEUHNEHN—RERURERFTEMEREY
Table 2  Reactions, rate equations and rate constants of the general model for the S(-1I) system
No. Reaction Rate equation Rate constants at 25 C
R1 OX +S(-1)—S(0) +OH"~ k[OXIIS(-1ID] ki1=0.021 L * mol™"*s™!
R2 S(0) +S(-IH—S(-1) +OH" k[S(0)[S(-1D 1 k2=50L * mol~'*s”!
R3 S(- 1) + 0OX—2S(0) ks[S(-) 11OX1 ks=0.01L* mol™"+s™!
R4 S(-I) +OX +OH —2S(0) + OH" ki[SC-DTIOX][OH"] ki=8.0x10°L* * mol * * s~!
R5 S(0) +O0X—S(ID) ks[S(0)]1[OX] ks=1.0L *mol'*s™!
R6 S(0) +OX +OH —S(Il) + OH" ks[S(0)I[OX][OH"] ke=1.2x10°L** mol ™+ s~!
R7 S(II) + OX—HSO; +2H* k-[SCID110X] k:=1.0x10" L * mol™"' * s~!
R8 HSO; +0X—S0Oi” +H* ks [HSO5 1[OX] ks=7.0L *mol™'*s™!
R9 HSO; +OX +H*—SOi~ +2H* ko[HSOs 1 [OXT[H* ] ko=2.0x10°L** mol 2 * s~!
R10 SO3™ + OX—SO0i~ kin[SOi~][0X] kiw=0.2L " mol™" *s”!
R11 HSO; —SO;™ +H* ki [HSOs ] kn=3.0x10"s™"
R12 SO~ + H*—HSO; ki2[SO3™][H* ] ki2=5.0x10""L * mol ™'+ 7'
R13 H.O—H* + OH~ kis[H.O] kis[H:O]l=1.0x 10 mol * L™" + 57"
R14 H* + OH —H:0 kulH*][OH" ] kiu=1.0x10" L *mol ™" *s~!

OX, S(-11),S(=1),S(0), S(II) denote oxidant, S-0;",

S40;7, HOS:0;5 and HO.S,0;, respectively.
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Fig.3 Calculated pH mixed-mode oscillations in

a CSTR using the general model (R1 ~R14)
[0X]=0.014 mol * L="; [S(-11)]=0.0026 mol * L~";
[H*1=4.80x10"*mol * L™'; T=25C;

10" ko/s™':a)6.80; b)6.76; ¢c)6. 70
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Complex Kinetics of the Chlorite-Thiosulfate in an Unbuffered Reaction System *

Wang Shun'* Gao Qing-Yu' Wang Xin-Hong' Lin Juan-Juan® Lai Shun-An' Mo Yan-Xue'
('College of Chemical Engineering, China University of Mining and Technology, Xuzhou, 221008,
?Department of Chemistry and Material Science, Wenzhou Normal College, Wenzhou — 325027)

Abstract The complex kinetics of ClOz - S;03™ nonlinear reaction system in an unbuffered solution has been
investigated in a CSTR. Both quasiperiodic and mixed-mode oscillations of pH and Pt potential were observed. At
relatively low [NaClO:]o/ [Na:S:0s], ratio, the system changed from small-amplitude oscillations and quasiperi-
odic oscillations to chaos and pure large-amplitude oscillations with increasing the flow rate. At higher initial
concentration ratio, however, quasiperiodicity was given way to mixed-mode oscillations in which each period
consists of one large and n small peaks (LS"). LS, LS? LS’ -+-, LS" were obtained when the flow rate was
decreased. For a narrow range of flow rate between each pair of periodic regions(LS”, LS”"*'), a region of
aperiodic behavior, an apparently stochastic mixture of LS" and LS"*', was also observed. A general model
based upon changes in the oxidation state of sulfur in the presence of a generic oxidant simulated the mixed-mode

oscillations and aperiodic behavior.
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