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Fig. 1 pe-pH predominance area diagrams of component A, B and C
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p £-pH diagram for the chlorine system with
HCIO., ClO.~, HOCI, OCl-, Cl:(aq)
and C1- (298K, 1.013 x 10°Pa, Cra=
0.03mol - L~') [HCIO.] =[Cl0:"] =
{HOCI] at the equilibrium point (1. 94,
26.38); [HOCI] = [CL]=[Cl"] at
the equilibrium point (1. 35, 24. 64);
[HOCI] ={Cl0O;"] = (CI"] at the
equilibrium point (4. 00, 23.31)
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*®1 2~4FZIBREX M pe-pH H12
Table 1 pe-pH Equations for Drawing the Boundaries between Oxychlorine Species
in Fig. 2, Fig.3 and Fig. 4 (298K, 1.013 x 10°Pa, Cr,c=0.03mol + L"')

No. of equations p e-pH equations standard electron activity (p£®)  boundaries between oxychlorine species

2 pe =24.64* 23.64 CL-Cl-
3 pe=27.31-pH 27. 31 Cl0."-Cl-
4 pe =28.32-pH 28. 32 HCl0.-HOCI
5 pe =25.99 - pH* 26.99 HOCI-Cl;
6 pH =1.94 HCI0.-Cl02 "~
7 pe=29.31-1.5pH 29.31 ClO.~-HOCI
8 pe=25.31-0.5pH 25.31 HOCI-C1-
9 pe =25.56 - pH* 25. 81 Cl0:-Cl.

10 pe =25.39-0. 8pH 25.39 Cl0O:-Cl-

11 pe=17.63 17.63 Cl0,-Cl0;"~

12 pe =20.39 - 2pH 20. 39 Cl0s--ClO:

13 pe=24.53-1.2pH" 24.73 Cl0;~-Cl,

14 pe=24.55-pH 24.55 ClOos--Cl-

15 pe=20.6 -pH 20.6 0:-H:0

16 pe= -pH 0 H20-H.,

a: The first coefficient in the equation is different from the standard electron activity {p.®) because the coefficient
associates with the concentrations of oxychlorine species (see literature 17). The boundaries in Fig. 2 are drawn
by Equation 2 ~ 8. The boundaries in Fig. 3 are drawn by Equation 2, 3, 9 ~11. The boundaries in Fig. 4 are
drawn by Equation 2, 9, 12 ~ 14. Equation 15 and 16 describe the boundaries of 0:-H>0 and H20-H., respectively.

pH /pF 0.92 BF, Cl10: 5 Cl(aq) REFKFH R, EWTUBBRESN CI0: HRBERKAR, X4
ClO, ¥R FEFEARAT, C10, ¥R @ % £ 7+ PO, — 830k > 2 HER T ClO: ZE K BB B+ HFH (pH
12), HERI L, 7% pe % F 17.63 H pH XF 9. 68 B, FHIE R+ ClO, WHESET ClO. HE,
7 pH A+ F 0. 92 ~ 9. 68 Z [A] B, ClO, BE5 Cl- 37, B UL ClO, KIBEW LR EH €103,

M Cl0: W Fe B F7EX I, (B 3) 7T I, HEE W BT FHOE e, Cl10, 7] A% 4K R C1- (Ls) 3¢
Ch(aq) (L7) ; MW PR FEHHMET, Cl0, T LUF4L R C1- (Li Ls # Ls) . Clz(aq) (Ls) 5% CIO,"
(Ls) , Bt , XF Bl 3 Brs 46U, IR F 3O F N mEBMA R T Clo. WIRE. R, HFER
F R FHOE A (Ls) 8L FHR A (L) BE, ClO. B FEMBE. BR, HE 3 MRBHRIER
(ZEAFBTRIAE) SIHRBEAAK, TRHTER 3 PRER Cl0, #9818 R,
THEHE AR 4 fEif—F 0,

B 3 iR 89 Clo, Bt E B R T Clo. A& 4 Cl0s - 4k 3k 5 1b 3 B AR K A9 & 14
T, B 4 MR Cl10, RAM ClO: AN ERENBRL V4, Hit, EXRR ClO, BHEXTRE
RE. ME 4TI, CIO, (NEBRRMEFMTIE, HYBREFRMKA, ClO;, Bk Cl10,~# Cl, fF
PLL#ZEH L pH JEE A Cl10. REEE .

B4, MW F RFEOE AT, Clo, AT LA%E 1k Cl(Ls) ; M & B F 888 7508 4
B, Cl0; AT LAFE4LH Cl0s~ (Ls F1 Le) ; X B FHUE MET, C10, AT LI¥ LA Cl(aq) 5L C1- (Ls) o B
R, B4R ClIO, BRERARRTEI, B TE4ZRT ClO. WELER, B ERRENE
BEAE L,

S0 E AR 2 ME3)H,CL FUKRARXKFRE, YKkERRARREN,CL
EBREFE,BRE TLRKERTRABMEENBREME FEE, T KT BRFH
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Fig. 3 pe-pH diagram for the chlorine system with Fig. 4 pe&-pH diagram for the chlorine system with
Cl0;, HCIO;, Cl0.", HOCI, OCl-, Cl:(aq) €105, Cl0,, HC10:, ClO;~, HOCI,
and C1~ (298K, 1.013 x 10°Pa, Cr.a= 0.03 0OCl-, Cl(aq) and C1- (298K, 1.013
mol + L") x 10°Pa, Cr.c =0. 03mol * L")
[C10:] = [CL] = [C1"] at equilibrium point [ClO:] = [Cl0;~] =[Cl] at the
(0. 92, 24.64); equilibrium point ( - 5. 17, 30.8);
[ClO.] = [ClO."] = [C1"] at equilibrium [Cla] =[ClOs-]1=[Cl"] at the
point (9. 68, 17.63) equilibrium point (0. 09, 24.64)
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Effects of Electron Activity and pH on the Generation
and Stability of Chlorine Dioxide

PEI Yuan-Sheng*' LUAN Zhao-Kun' CHEN Hui®
(*SKLEAC, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085)
(2 Department of Chemistry, Northwest Normal University, Lanzhou 730070)

The predominance area diagrams of electron activity (pé&) as a function of pH for chlorine
system with multi-oxychlorine species have been constructed. On the base of the diagrams, electron
activity and pH directly dominate the generation and stability of chlorine dioxide. Generation pro-
cesses are in fact to shift the equilibria of chlorine system into the predominance area of chlorine
dioxide, which correspond to the processes of acidification, oxidization and/or reduction. It is
practically not achievable to generate pure chlorine dioxide from chlorate and chlorite. For different
water environments, chlorine dioxide may be present a variation on stability owing to the changed pe
and pH values. If no disproportionation of chlorine dioxide into chlorate occurred in aqueous solu-
tion, chlorine dioxide would be relatively stable and coexist with chlorite (p& 17.63 and pH >
9. 68), molecular chlorine (pH <0.92), or chloride ion (pH 0.92 ~9. 68). When chlorine system
has already reached the ultimate equilibria, chlorine dioxide is a stable species only in strongly acid
media. As the acidity decreases, chlorine dioxide disproportionates into chlorate and molecular

chlorine. Aqueous chlorine dioxide is unstable within the normal pH range.

Keywords: chlorine dioxide stability electron activity

p £-pH predominance area diagram



