PNC TJ1602 98-001

KL 5 HSHRIARI T B B (V)

(By24F - MAHEARERE PIHERAEHRES)

1998423
A T B T T A



Eﬁ#ﬁ@#ﬁﬂ@ﬁﬁ%ﬁﬁ%ﬁbéf N 5
T DTIEN . E#. 5IEERTHIL
&ﬁﬁ#&m&v%ﬁbf<f %7240
f&‘t‘ct 2 G\-ﬁ&\-t{ﬁ L/-C < fn—é

ﬁﬂ#ﬁ
FL O
C':&rzl ‘

AR OV TOMWE
'rw7ﬁ%ﬂﬁﬂﬁg




HUF KA T 5 IR R B I B 9™ B WT5E (IV)

(B - BRBPEEERE RSN RESE)

1998 4 3 A

RAKFLFEHMBERF I TET e



PNC TJ1602 98-001
19984 3H

HFIRAEZT0 g 5 AT & IZ B9 S Wt5E (IV)

BN

BE

= L AUVBEE QMBS IZ B B REEOERDI-DITITHT K
DILFREOHEEINERE T, (FEREICRIITEREIRFELTH
TAFTCORSBBERICORMNBEL LS, KEKRFTTOHD
DR DBEHREIGED Y 2 N 2FHEE Ulco RBA A IdHT
IKFEBOWEFA AV ThH AT, REKIBR OB IS DBE
BEILD. ZTORSBRBEICKL D RES V7)1 HCOs* or CO3™) At
R A0 Z O pKa EIZITHRERETL - JoFHENE X Tz,
V—H—T 5 MU YR, 7RSS VFY U REICEK D, pKa fE%E 9.5
102 EREL, BADA AV EORIGEFARE LU, X5IT, A7 R
Bl b B EC SR R 22 B U & & ORESHRSRA R D[
BE I —YarvEERL, N M4 FROIEERI KX
HETLIEEZPLMNILTINS, &BID. REVKEROBSTHR
BRETRAERT 5 F B, ¥ 2 VBREREFMEROMAT -5 b
77

SRS SRR TSR E I - S B S B DRI X )
St LI TR DR 5 5. “
L EEAE T W B R T T A



PNC TJ1602 98-001
March, 1998

Study on Radiation Induced Reactions in Groundwater (IV) *
Yosuke Katsumura**
Abstract

In order to simulate the radiation induced reactions in groundwater,
reaction sets of several aqueous solutions have been re—éurveyed and summarized.
Since carbonate ion is a predominant solute dissolved in groundwater, radiation
induced reactions of the carbonate ion should be clarified. By laser photolysis
and pulse radiolysis methods, the correct value of this pKa of the carbonate
radical has been determined to be 9.53—.0.2 and several reactions were investigated
at Jower and higher than the pKa value. In addition, éoﬁlputer simulation o.f the
spatial behaviors of the water decomposition products around the vitrified FILW
as a function of time was also carried out and it was found that the behavior is
strongly dependent on the diffusion constants of the species. Finélly, a
preliminary analytical experiment on the radiolysis of carbonate solution was

also carried out.

*: Work performed by the Faculty of Engincering, the University of Tokyo under the contract with
Power Reactor and Nuclear Fuel Development Corporation.

**: Nuclear Engineering Research Laboratory, Faculty of Engineering, The University of Tokyo
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B TOMMEREOBRICBTRICOBEMOERE LL50. IHoOMRERBT4 TR
WDT, ERPUREE BT LENH S LN,



K2l KOy EEHICLIKSEERYO G
B G-values of vy -Radiolysis for Diluted Agqueous Solutions

Ejergbakke* Draganic* Elliot$ Burns%
Ge-aq 2.7 2.63 2.64 2.70
G 0.51 0.55 0.57 0.61
G 0.45 0.45 0.45 0.43
GoH 2.67 2.72 2.82 2.86
G202 0.72 0.68 0.645 0.655
G120 4.11 4.08 411 4.17

GHoz is neglected. The values are corrected by a material balance relation.

* E. Bjergbakke et al.; Risg-M-2430 (1984)

# 1. G. Draganic et al.; J. Phys. Chem., 73, 2564 (1969)

$ A. J. Elliot et al.; J. Chem. Soc., Faraday Trans., 89, 1193 (1993)
% W. G. Burns and P. Moore;Radiat. Effects , 30, 233-242 (1976)

R22  KOEEPHEFESICE BKMEERDO G &
@ G-values of water decomposition by irradiation with fast
neutrons at room temperature

Gypz Gx Geaqg Gon Guzoz  Gamo

Genietal, (1995) 6eV/A2 1.07 058 0.43 0.86 1.145 3.15

Gordon et al. (1983) b 0.85 041 0.15 037 095 2.27

a: experimentally determined
b: theoretical estimation

taken from G. R. Sunaryo et al., Radiat. Phys. Chem., 44, 273-280 (1994)



E£23 kO o RBEIT L BAKGBLERPO G
i G-values of water decampaosition by irradiation with alpha

particles at room temperature

GH Ge-ag Gom GHe GH2o2  GHoz  Ghzo

G-values 0.21 0.06 0.24 1.3 0.985 0.22 2.65

H. Christensen and E. Bjergbakke
"Radiolysis of Groundwater from HLW Stored in Copper Canisters"
Studvik Energiteknik AB, 82-02, 1-33 (1983}

= 2-4 TREMRAE BRI RN A I =
@ Material balance relation

G.hzo = 2GH2 + Gy + Ge-ag - GHoz = 2GH202 + GoH + 2GHo?

If Gro2 can be neglected.

|| GHoo = 2GH2 + GH + Ge-aq = 2GHp02 + GoH ||

10



#2-5 AFEOHTKRO pH EEERBA A L BE
B Four types of groundwater and their typical chemical composition

Type Rain type Rain type Sea-water Sea-water type
low pH high pH type low pH high pH
pH 5.74 8.74 6.30 7.98

COsM™ 3.27x102 2.47x107°5 1.16x102 2.81x10™*
HoCOga /M 3.26x102 2.47x1075 1.14x102 2.74x10°*
HCO5 M 8.86x107° 6.61x103 1.50x1072 1.73x1072
COs% /M1 3.12x107 2.23x10* 3.75x10° 2.07x10™
cr ! - - 5,75x10"" 5.76x10™
Br m - - 8.75x10™* 8.77x10™

11



= 2-6 25°CTOKROSFERIGEERT Z it v b

Reaction Set for the Radiolysis of Water at 25°C
Katsumura-86 (June 3, 19986)

Reactions Reaction Constants /M1s™

(1) OH + OH — Hy05 . 5.5x10°

@) OH + eaq — OH 3.0x1070

(3) OH+H — Hs0 2.5x101°

(4) OH+ 0O — HOy 1.8x10'°

(5) OH + HOz — Ho0s 6.0x10°

(6) OH+ Oy — OH + 0o 8.0x10°

(7) OH + Oz — HOp + Oy 8.5x10°

(8) OH + HoOp — Hp0 + Op + H* 2.7x107

(9) OH + HOp" — H0 + O 7.5x10°

(10)  OH+Hz = HO +H 3.15x107  *

(11)  @aq+eaq — Ho+20H" 5.2x10°

(12)  €aq+H — OH +Hy 2.5x1070
(18)  egq+ 0O — 20H 2.2x101

(14)  eaq+02 — HOy +OH 1.3x101°

(15)  €aq+H202 — OH + OH" 1.1x10°

(16)  €aq+HO2 — O +OH 3.5x10°

(17) eaq+H" —H 2.3x1070

(18)  €aq+02 — O 1.9x10°

(19) H+H — H» 5.5x10°

(20) H+HO; — H202 1.0x101°

(21)  H+0s — HOy 2.0x107°

(22)  H+H02 — Hp0 + OH 3.5x107 ox

(23) H+HOy — Ho0+0O 1.2x10° ok

(24)  H+OH — e5q+H0 2.2x107

(25) H+0p — Oy +HY 2.0x101°

(26) H+0O — OH 2.0x10%°

(27) O +0O — HoOo | 1.3x108

(28) O + 0y — Op+20H 6.0x108

(29) O +0s — 2072 7.0x108

(30) O +Hx0p — Oy +H20 - 5.0x108

12



O +HO2 — OH + Oy

(31) 4.0x108
(32) O +05 — 05 3.6x10°
(33) O +Hy =H+OH 8.0x10"
(34)  HO2+HOz — Hp0z+ Op 7.6x10°
(35) HO2+ Op” — O+ HOy 8.5x107
(36)  HoOsz — Oz + Hg0 2.0s™

(37) O3 =0 +0s 2,7x10%
(38) Oz +H" = OH+0Os 5.2x101°
(39)  Hz0p — H*+HOs 0.050

(40)  H*+HO2 — H20p 2.0x1010
(41)  HeO — H*+OH 2.0x107° 57
(42) H*+OH — H»0 1.1.x10"
(43)  OH+OH — O +Hy0 1.3x101°
(44) O +Ho0 — OH + OH 2.0x108
(45)  HOp — H*+ Oy 7.4x10°s™
(46) H*+0y — HO» 5x1010
(47) H —H'+e'y 65’

(48) €ag+H20 — H+ OH’ 19

* Comparison of simulation with reporied.

C. D. Hochanadel

"Effect of Cobalt y-Radiation on Water and Aqueous Solutions"
J. Phys. Chem., 56, 587-594 (1952)

** 8. P. Mezyk and D. M. Bartels,

"Direct EPR Measurement of Arrhenius Parameters for the Reactions of H® Atoms with

H202 and D Atoms with D202 in Aqueous Solution”
J. Chem. Soc. , Faraday Trans.,91,3127-3132 (1995)

# Inthe presence of NO gas, the following reaction should be taken into consideration.
€aq+NoO — Np+ O 9.1x10°

## In some reactions, H20 was neglected. For example,
(11)  €aq+€aq (+2H20) — Ha+20H 5.2x10°

13



#2717 REOKBRTORNBRIEAERT I RIEEy b
Rate constants for the redo¥ reactions of agueous solution of
carbonate system

Reaction Rate Constants /M 's-1

H2C03 — CO2 + Ho20 1557 K=6.36 M

COp + HoO — HoCO3 7.8x107 a

HoCOs — H* + HCOg™ 1X107 71 K=2x10"*M

H* + HCO3z  — H2CO3 5x101¢ b

HCOz — H*+ COg% 2345

H+ + COs% — HCO3" 5x101° pKa = 10.3 b

OH" + HCO3™ — CO3% + Ho0 10°

Ho0 + COs% ~— HCO3 + OH" 3.6x10° pKa = 10.3 c

CO2+€aq — CO" 7.7x10%1.1x10%° d, e

CO2+H — +COOH 8x10°8 f
— HCOO-

COs+OH — <1x108

HCO3 + OH — CO3" + Hp0 8.5x105, 1.4x107,1.0x107, 1.7x107 e, g, h
— HCO3" + OH"

HCOg +H — Ho+ CO3™ 4.4x10% 1

COs% + &g+ H20 — COp" +20H  3.9x10° j

HCOgz + €aq — <1x10° k

COz% +OH — COz" + OH 3.9x108, 4.1x108, 4.2x108, 4.5x108,

3.65x10%, 3x108 e, h, I, m

COs" + CO3~ — CO4% +CO» 7.0x10°8 n

HoO + CO4% — HO2" + OH + CO» 025" n

CO3" +H05 — 0032- + 0" + 2HY 4.3x10° n

CO3" + HOy — 0032" + 0" +H? 3.0x107 0

CO3™+ 02" — CO3% + 0o 4X10%, 6.5x10° m, p

CO3" + HCOy — HCO3 + CO5” 1x10° n

CO3™ + COy™ — COs% +CO2 5x107 n

COu" + €7aq + HaO — HCOZ + OH ox10° ?

COs™ + COo™ — Co04% 4X108, 1.26x10% (2k) n

COx" +0p — COz+ 02" 2x10° q

CO," + HpO» — COp + OH + OH 7.3x10° r

14



*COOH — COx" + H*

CO5" + H* — «COOH 5x1010 pK=1.4
CO2" + HCO3™ — HCO2 + CO3~ 2x10° 0
HCOOH — H*+ HCO» 1.4x107 71
H* + HCO2" — HCOOH 5x101° pKa= 3.55 b
HCO2 + OH — H0 + CO," 3.2x10° t
HCOz + 0" — OH + CO," 1.4x10° u
HCOz +H — Hp+ COs™ 2.1x108 t
02042' +€y — C204.3- 3.1x107 * \%
C204% + OH — C04" + OH" 7.7x10°8 X
Co04% + O — Co04" + 20H" 2.6x10° y
C204~ — CO2™ + CO» 2x108 §71 z
Co04" + 02— 02" + 2C0s 5x108 (assumed)  z
HCOO- + HCOO+ — 2HC*0 + O, ? «
— HCOOH + CO,
HCQO-+ + HCHO — *CHo0OH + O» 7 a
*COzH + *CO2H — (COOH)» 2.1x10° e
— COjs + HCOOH
*CO2H + HCHO — +CH»0H + 05 ? o]
HC+O + H C*O — CO + HCHO ? o
— (HCO)2
HC-0 + «COsH — HCOCQOH ? glyoxalic acid o
*CH20H + *CHp0H — (CHoOH)» 2.25x10° B
— CH30H + HCHO 1.5x108 a
*CH20H + «COsH (HCQOo#)
— CH30H + CO» ? o
*CH20H + HC+O - HCOCH,0OH ?  Glycolaldehyde o
CO + €5q — CO 1x10° Y
CO+H —HC-0 1x108 5
CO+OH — «COOH 4.4x10° Y

References

(a) M. Eigen, W. Kruse, G. Maas and L. De Maeyer, Rate constants of protolytic reaction in aqueous
solution in Progress in Reaction Kinetics, vol. 2 edited by G. Porter, chap.6, Macmillan, New York,
1964

(b) Cotton and Willkinson, Advanced Inorganic Chemistry, 4th ed., John Wiley, New York, 1980
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Rate constants of radiation induced reactions in aqueous oxychloride

solution
Reaction Rate Constants / M ls™ reference
CI" ++OH — CIOH 4.3x10° g
CIOH —+OH+CI 6.1x10% s g
CIOH™ + H* — «Cl + Ho0 2.1x101C g
*Cl + HoO — CIOH + H* 1.6x10%s™! i
«Cl + OH — CIOH" 1.8x1010 j
+Cl + *OH — HCIO 1x10° assumed
Cl ++Cl — Cly 8.8x107
«Cl + CI"— Clp" 2.1x1010 g
Cly" —«Cl+ CI' 1.1x10%s™ g
«Cl+ ClI'| Clp™ K=1.9x10°Mm™" g
(K=4.7x10° M) u
CIOH — «Cl + OH" 23 s j
CIOH + CI"— Clo™ + OH" 9x10* t
Cla" + OH™ — CIOH +CI 4.5x107 m
Clo™ +=H — 2CI" + H* 8x10°, (7x109) K, |
Clg" + *OH — HCIO + CI" 1x10° . n
Clz" + HaO — «OH + H* + 2CF° 7.2x10%, (1.3x10%) s n
*OH + H* + 2CI" — Clp™ + Ho0 211x107 M3g7 n
Cl2" + HoOg — HOs* + 201 + H¥ 1.4x10° m
Cla” + HOg* — 2CI" + H* + O 1.0x10° |
Cla" + Cly™ — Clg + Ol 4.0x10° | (2k)
Cly" + «Cl — Cly’ 6.3x10°8 r
Clz + HOg* — Clo™ + H* + Qo 1.0x10° q
Clo+ ClI" — Clg 1.8x10° i
Cla+HoO —HCIO + H* + CI" 11 s c
HCIO + H* + CI" — Cla + Ho0 1.8x10% M2s™ c
Cly + OH — HCIO + CI 3.8x10"" y
Cip + 2CI0y" — 2CIOo* + 2CI° 2.1x10" [Cly(aq)] [CIOx] b

HCIO + 2C102" + H* — 2C105+ + CI" + Ho0
2HCIO + ClOs” — ClO35™ + Cla + Ho0

HCIO + *Cl — CI" + ClQ« + H*

2.1x10°3 M2
3x10°

17
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HCIO + HoOo — HoO + O + HY + CI

Clo + HoO — Clo0OH + H*

CloOH +H* — Cls + Ho0
CloOH + H* — Clo + OH + H*
Cla + OH + H* — CloOH + H*
Clg = Cla+ CI

Clg+*H — CI"+Cly” + HF

Clg +HOp* = Cla"+ ClT+HY+ Oy
HCIO + ezq —= CI"+ +OH

ClO"+ g = CI'+ 0"

HCIO + «H — HC| + +OH

HCIO + «OH — CI" + Ho0

ClO™ + *OH — ClO+ + OH"

CIO™ + O (+ Ho0) — ClO= + 20H"
ClO" +«Cli — CIO*+ CI
CIO+0" =0 "+0:+CI

ClO™ + H202 — Ha0 + CI" + O
ClO+HOy - OH +ClI'+ 09
HCIO — CIO™ + H?

CIO" + H* — HCIO

HCIO + ClO2 + H* — CloO9 + Hs0
Clx0z + CIOy — 2CI05 + CI°
2CI205 — 2CIOg* + Cl»

ClOs + Clp — Clo00 + CI

CloOs + HoO — ClOa + CI” + 2H*

ClO® + ClO« + HoO — CIO™ + ClOy + 2H*

ClOs + ClIOg — CIO™ + ClQg2¢
ClO2 + e — CIO + 0"

ClOs™ + *OH — CiO2 + OH"

CiOo+ O (+ HoQ) — ClOg + 20H
H* + ClOs” — HCIO»

HCIO2 — H* + CIOs”

ClO2* + HOp" — ClO2™ + HO2*
ClOz* + 02" — CIOs” + Qo

ClOgo* + ClO* — Clo03

3.4x10° assumed
6.12x102 s c
2x1010 c
2x10° c
1010 c
1.6x10° i
3x101° X
1.0x10° q
6.5x10°8 v
(5.3x10'°, 7.0x10%, 8.3x10° Kk, p,v
3x10° assumed
1.4x10°8 v
(9.0x10%), 2.7x10° k, v
2.4x108 k
8.2x10° j
7.7x10° e
3.4x10% h
4.4x107 h
3.0x10? pKa=7.53
10%0 z
1.12x108 M3s™ d
5.4x10% (-105) d
6x1010 M5 d
4,0x10% d
1(-10) s™ d
2.5x10° i
9.4x108 s
(4.5x10"°, 2.5x10% 4.0x10° ko, v
(6.3x10°,7x10%),7.9x10° k, 0,V
(1.9x108), 2.0x108 o, k
1.0x1010 pKa=2.5
3.16x10" 57! b
8x10%, (1.3x10%) o, f
3.3x10° o
1x10° assumed

18



Cl03 + H;0 — ClO™ + ClOg™ + 2H* 1x10* assumed
ClOo* + *OH — over all (4.0x10%), 3.5x10° a,v
ClOs. + *OH — HCIO + O» 1.4x10° a
ClO2* + *OH — ClOg + H* 2.6x10° a
ClOs* + O™ — over all 2.7x10° a
ClOz* + 0" — ClO + 0o - 4.9x108 a
ClOg* + 0" — CIO5 2.2x10° a
ClOp* + €5q — over-all kq =2.1x101° v
ClOs* + €aq — ClOo qd Kq
ClOg2* + e'3q — ClO* + O™ (1-q) kq
ClOgz* + *H - over-all ks = 1x10° assumed
ClOz* + *H — H* + ClOy" s ks
ClOg* + *H — ClO= + *OH (1-s) ke

* The dissociation rate is calculated after the assumption of the recombination rate constant of H* with

anion to be 10'® M1s"! when the pK, value is known.
** The rate constants in the bracket are reported but not used for calculation.
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Rate constants of important radiolfysis products in nitrogen oxides in
aqueous solutions

reactions rate constant /M s reference
(1) NOgz +e7aq — NOg* 9.7x10° b
(2) NO2+e€aq — NOy 1x101° assumed
(8) NOz +e5q — NO* 4.1x10° b
(4) HNOz+eaq — HNOy 4x10° assumed
(5) NO +eqzq — NO 2.3x10'° c
(6) NoO+e'aqg = No+ O 9.1x10° ’ b
(7) NOs +H — HNOg 1.4x10° r
1.0x107 s
8) NOz+H —> HNOy 1.0x101° s
(9) NOz +H — HNOy 7.1x108 r
(10} HNOz + H — HoNO» 4.5x108 assumed
(11) NO+H — HNO 1.1x101° d
(12) N2O+H — No+OH 2.1x10° b
(13) NO2 + OH — ONOOH 1.3x10° e
1.2x10'° J
4.5x10° s
(14) NO2 + OH — NOg + OH" 1.0x101° b
6.0x10° s
(15) NO2™ + O + He0 — NO» + 20H 3.1x108 b
(16) HNO2 + OH — NO» + Ho0 2x10° f
(17) NO + OH — H*+ NOy 1.2x1010 g
1.0x101° m
(18) H* + NOs> — HNOgz 5x101° h
(19) HNO3™ — H* + NO3*> 1.6x10%s™ pKa=7.5 e
(20) H*+ HNOg — HoNO3 5x1010 h
(21) HoNO3 — H* + HNOg 7.9x10%s7  pKa=4.8 e
(22) NO3® + HoO — NO, + 20H" 1.0x10% s e, s
(23) HNOg — NOj + OH" 2.0x105 5™ e,s
(24) HoNO3z — NO2 + Ho0O 7.0x10° ™ s
(25) NO3% + OH — NOz + OH" 3.0x10° s
(26) H* + NOp> — HNOy ' 5x1010 h
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(27) HNOy™ — H* + NO,*

(28) H* + HNOy — HoNO»

(28) HoNO2 — H* + HNOs

(30) NO2% + HoO — NO + 20H"
(31) HNOg” — NO + OH"

(32) HoNO2 — NO + H20

(33) H* + ONOO" — ONOOH
(34) ONOOH — H*+ ONOO"

(85) ONOOH — H*+ NOg"
(86) ONOO™ + H* — H*+ NO3"
(37) NO2 + NO2 — N5Qg4

(38) N20Os — NOs + NO2

(39) NoOy4 +HpO — 2H* + NO3™ + NOo”

(40) NO + NOy — N»Os
(41) N2Oz — NO +NO»
(42) NO + NO2 + HoO = 2HNO»
(43) 2HNO2 — NO + NO2 + Ho0

(44) N2Ogz + HoO — 2H* + 2NO»

(45) N2O3z + OH™ — H* + 2NOQy"
(46) NO + NO” — NyO5
(47) NoOs — NO + NO
(48} N2Os — NoO + O
{(49) NO + HNO - HN»Os
(50) HN202 — NO + HNO
(61) NO + NoOp” — NaOg
(62) N3O3™ — NoO + NOy
(63) NO + HN2O» — HN304
(64) HNaO3z — N2O + HNO»
(65) H* + NO" — HNO

(66) HNO — H'+NO"

(57) H + N2O2™ — HN2O»
(68) HNpO2 — H*Y + NoOo
(59) H* + N3Oa” — HN30s
(60} HN3O3 — H* + N3Og

1.0x10°
5x1010
1.0x10%
1.1x10°
5.8x10% 5™
5.8x10% s

5x101°
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2.5x10% 5™
1.6x10% s
1.1 s

17
4.5x108
6.0x10% 51
18
1.1x10°
2.2x10%
2.9x10°
13.4

36

1x108
1.7x10°
6.6x10%
3.5x10%s™
1.7x10°
8.0x10°
3.0x10°
2.4x102
8.0x10°
1.6x10%
5x101°
1.0x10°8
5x101°
2.8x107
5x101°
2.3x108

PKa=7.7 i

h
pKa=5.7 i

i

i

assumed

h
pKa=5.3 |
PKa=6.5 s

o o

pK=4.4

pK=2.33

- 3 33 3333 3 3

pKa': 47 v .

pKa=3.2sm

pKa = 3.1 v



(61) NO2 + HO» — O,NOCH 1x107 n
1.8x10° t
(62) NOo + Oy — ONOO 4.5x10° t
(63) O;NOOH — HOs + NO» 8.6x10° s n
(64) O2NOOH ~ HNOg + O» 7.0x10™ s t
(65) 02NOO™ — Og + NOy 0.04 s n
1.0s™ t
(66) 02NOOH + HNOg —» 2H* + 2NOg” 12 t
(67) H*+ O,NOO™ — O,NOOH 5x1010 h
(68) Oo,NOOH — H* + O.NOO" 5x10% s pKa=5.0 n
7.1x10%*s7  pKa=5.851
(69) H*+ NOy — HNO» 5x101° h
(70) HNO2 — H* + NO2 3x107 s™ pKa=3.2 n
(71) H* + HNO2 — HoNOo* 5x1010 h
(72) HoNOo* — H* + HNO, 4.3x10% 57 0
(73) NO2 + Oy ~— NOs + O, 2x108 n
(74) NO3* + Op — NOg + Oy 5.0x10° assumed
(75) NO + H202 ~— NOs + HoO 0.1 assumed
(76) 2NO + 0o — 2NOs omitted q
(77) H202 + HNO2 — H*+ NOz™ + Ho0 pH dependent
4.6x10% [H*) u
(78) NO2 +NO3z — NoOs 1.7x10° W
(79) HNO3 + OH — NOg + H20 1.4x10® w
(80} N20s + HoO — 2HNO3 - W, X
(81) NO+ 0y — ONOO 6.7x10°%, 4.3x10° Y, Z
3.8x10° a
(82) NO + HO, — ONOOH 3.2x10° z
(83) 4NO + Oz + 2H20 — 4NOy + 4H* K = 2.1x10% M%s™

-d[O2)/dt = k[NOJ?[02] B

References _

(a) The units of the rate constants are s for unimolecular reactions and Ms™! for bimolecular
reactions. {H20] = 55.5 M. In some reactions, H20, H*, and OH are omitted.

(b) ; G. V. Buxton, C. L. Greenstock, W. P. Helman and A.B. Ross, J. Phys. Chem. Ref. Data,
17, 513 (1988) _ '

(c) ; W. A. Seddon and M. J. Young, Can. J. Chem., 48, 393 (1969)

(d) ; R.J. Knight and H. C. Sutton, Trans. Faraday Soc., 63, 2628 (1967)
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(1) ; E. Trenin and A. Hayon, J. Am. Chem. Soc., 92, 5821 (1970)

(m); W. A. Seddon, J. W. Fletcher and F. C. Sopchyshyn, Can. J. Chem., 51, 1123 (1973)
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(x); R. E. Huie and P. Neta, J. Phys. Chem., 90, 1193 (1986)
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E2-10  kihgha 7 OBILBTRIEE v ~

Reaction set for Fe2* and Fe3* in agqueous solution
(August 25, 1997)

Reactions Reaction Constants /M's"  reference
&g + Fe?t — 1.6x108 a
> F3* Finally Fe®* isformed ? pH4.9-57 s
€'aq + Fe®* — Fe?* 6.0x101° Acidic b
& aq + Fe(OH)?* — FeOH* 6.0x101° pH ~7 c
H + Fe®* — FeH?* 7.4x10°  pH<0.0 d
7.5x10° pH 0.0 e
FeH?" + H* — Fe* + H, 1.06x10* | e
H + Fe® — Fe2* + H* <2x108 pH 1.0-2.0 f
<7.5x10° pH 0.3 g
1x10° pH 4.9-5.7 s
H + FeOH?* —Fe?t + H* 1.2x10° pH 1.0-2.0 f
| 1.2x10° pH 0.3 g
OH + Fe?* — FeOH2* 4.6x108 pH 3.0 h
3.2x108 pH 7.0 i
2.3x108 pH 1.0 j
3.5x108 pH 4.5-6.2 - k
Fe?* + HOp ~» Fe®*HO, 1.2x108 0.1M HCIO4 |
ax10° 0.1M HCIO4 |
2.1x108 pH 0-2.1 e
Fe3*HOo” — Fe®* + HO," 1.8x10° 0.1M HCIO4 |
8x108 pH 0-2.1 e
O + Fe?* - Fe® + OH 3.8x10° pH ~4.6 k
OH + Fe(OH)4 — Fe(OH)n2™ + HoO + OH"
>8.5x107 0.2M NaOH m
HO, + Fe?* — Fe® + Ho0p 1.2x10° pH 1.0-7.0 t
1.2x108 pH 1.2 |
HO2 + Fe?* — Fe3* + HOo' 2.1x108 pH 0.0-2.1 e
02 + Fe?* — Fe® + Ho0s 1x107 pH 1.0-7.0 t
HOz + Fe® — Op+ Fe + H*  2.0x10% pH 1.5, 3.1x105 pH 2.7 in HaSO4 n
2.1x10°pH 1.5, 1X10% pH 2.7 In HCIO, n
4.5x10° pH 1.0 0
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6.6x10° 0.25M HoS04

p
<1.2x10% pH 0.4, 1x10% pH 2.1 q
1.3x10° pH 2.0, 3.6x10° pH 2.7 r
Oy + FeOH* — Op + FeOH™  1.5x108 pH 7.0 t
0% + Fe® — 0, + Fe?* 1.8x10°8 neutral s
Ho0s + Fe?* — Fe3* + OH + OH"
60 ‘ pH 0.4 u, v
Reference

[a] J.H.Baxendale, E. M. Fielden, J. P. Keene, Proc. Roy. Soc. (London) Ser. A, 286
320-336 (1965)

[b] C.D.Jonah, J. R Miller and M. S. Matheson, J. Phys. Chem.,81,1618-1622 (1977)
[c] G. L. Greenstock, C. Banerjee and G. W. Ruddock, The 4th Tihany Symposium on
Radiation Chemistry, (Keszthely, Hungary, 1-6 June, 1976} P. Hedvig and R. Schiller
(eds.) Akad. Kaido. 1977, pp871-8789

[d] F.S. Dainton, B. J. Holt, N. A. Philipson and M. J. Pilling, J. Chem. Soc., Faraday
Trans. 1,72, 257-267 (1976)

[e] G.G.Jayson, J. P. Keene, D. A. Stirling and A. J. Swallow, Trans. Faraday Soc., 65,
2453-2464 (1969)

[l J.H.Baxendale, R.S. Dixson and D. A. Scott, Trans. Faraday Soc., 64, 2398-2401
(1968)

[4] G. Navon and G. Stein,J. Phys. Chem., 70, 3630-3640 (1966)

[h] H. Christensen and K. Sehested, Radjat. Phys. Chem.,18,723-731 (1981)

[l Z Stuglik and Z. p. Zagorski, Radiat. Phys. Chem., 17, 229-233 (1981)

[ G.G.Jayson, B.J. Parsons and A. J. Swallow, J. Chem. Soc., Faraday Trans. 1,68,
2053-2058 (1972)

(kI D.Zahavi and J. Rabani, J. Phys. Chem., 75, 1738-1744 (1971)

[l G.G. Jayson, B. J. Parsons and A. J. Swallow, J. Chem. Soc., Faraday Trans, 69,
236-242 (1973)

[m] J.D. Rush and B. H. J. Bielski, J. Am. Chem. Soc., 108, 523-525 (1986)

[Nl K. Sehested, F. Bjergbakke, O. L. Rasmussen and H. Fricke, J. Chem. Phys., 51,
3159-3166 (1969)

[o] J. Pucheault, C. Ferradini and A. Buu, Int. J. Radiat. Phys. Chem., 1, 209-218 (1969)
[l G. Dobson and G. Hughes, Trans. Faraday Soc.,57,1117-1122 (1960)

[ W.G. Rothschil and A. O. Allen, Hadiat. Res., 8, 101-110 (1958)

[l A.O.Allenand V. D. Hogan and W. G. Rothschild, Radiat. Res., 7, 607-608 (1957)
[s] R.W.Maththews, Aust. J. Chem., 36, 1305-1317 (1983)

[f J.D.Rush and B. H. J. Bielski, J. Phys.Chem., 89, 5062-5066 (1985)

[u] W.Barb. P. Baxendale, P. George and K. Hargrave, Trans. Faraday Soc., 47,591
(1951)

V] H.N.Poand N. Sutin, /norg. Chem., 7,621 {1968)
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R2-11 A F L OMKSE
Hydrolysis reactions at pH 3-4

(1) Fe®aq— FeOH?* + H* 2.6x10%™ a
(@) FeOH® + H* — Fe3*,, + Ho0 1.5x10°M1s™ a
(8) FeOH;q —Fe (OH)p*aq+ H* 6.1x10%™ b
(4) Fe(OH)z*aq+ H* = FeOHZ*3q+ HoO 8x10°M s b

Fe?* is hexahydrated ferrous ion, Fe2*(Ha0)s.

Fe®*; Fe*,q is hexahydrated ferric ion, Fe®*(Ho0)s.

FeOH?*; FeOH?*,q is hexahydrated ferric ion, Fe®*(OH)(H.0)s.
Fe(OH)2"; Fe(OH)o*aqis hexahydrated ferric ion, Fe®*(OH)a(H20).4.

[a] Z. Luz and R.S. Shulman, "Proton Magnetic Resonance Shifts in Aqueous
Solutions of Paramagnetic Metal lons", J. Chem. Phys., 43, 3750- 3756 (1965)

[b] P.Hemmes, L. D. Rich, D. L. Cole and E. M. Eyring, "Kinetics of Hydrolysis of Ferric
lon in Dilute Aqueous Solution", J. Phys. Chem., 75, 929-932 (1971)
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—p=1 HCHO | formaldehyde Bedox reactlons Of (o)

8¢

. - carbonate system
X
(HCO)p | 1 He.co B oo 2 (+1)
X2 x2
glyoxal
e .
H q pK = 3.55
.‘_
=1 CO #~1 HCOOH | —p»] HCOO™ | formate / formic acid (+2)
oy A 1 OH
l PK = 1.04 pK = 3.82 X2 l PK =14
HooccooH [5] Hooccoo | fooccoor| | | Heoo- | [t -coor [Z5] -CO;" | (+3)
A oxalate / oxalic acid A * A A %2 |
...b. F -
- _ G
0, : 0, H €ag pK = 6.35 pK=1033| ¥
H . N
=1 co, || H2C03 [ Hoos =] cog? (+4)
E—— T —
carbon|[dioxide carbonéte] | )
N\ *
2 pK 7 x2
. (e— - OH, H
HCO4 | -COg OH (+5)
x2 + OH r
\
CO,%|  (+6)
oxidation
state

21 REUKESE T OB MR R TR



k=
. > o fe— HOCL | ~1
i OH — OH +
...... ‘ . oL 7] _lm+aydno
] - 2 C13 = +
Ca CIOH" |" + —> q, 0
HCIO O +1
% OH-
Y
i « C10 + 2
O°,0H
HCIO, +3
4
- ClO, +4
lOH
OH ?
HCIO, : to
Y
direct effect :
— -
HCIO, | -a—] €10, T
pK~—10 : stable compounds
bore| IO, +8
direct effect
: transient compounds  OXidation
number

B22 SRR FVEBKERO ST SRR TR
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.OZNOOH < 0,NOO™ Vi

peroxymitric acid
peroxynitrate

HO,, Oy

ONOOH < ONOO~ V
peroxynitrous acid

v
11

H,oNO,, & HNO,™ ¢ NOo* Il

\NO
- ©ag, H
\ NO g
HNO & NO~

\ I

0

ER1E2L
R23 kR EEB DM R ER RIS
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HIE REET VAIVO pKa [EOEREM & Kt D =Bk

3.1 {FL»IZ .
ZNFETIZ HCOz- S5 U H LD pKa {Ei= > Tit 2 DD - 775‘#5% LT3, -Chcn

5 [1]i&. Co(NHs) COs* K, 33U MO Co DBED L —F— 75 » ¥ 27 4 b Y

YRIZ &Y HCO3+ (CO5™) 5 UM VAL U TEBA T o 20 BIES B UNLT LY ) BT

DRI RN FIVIZ—ET 3, o1 ﬁ1dol-3-pr0pionic acid (IPA) %33R U TS UL
EDFUSHEIZDWTHE Uiz, PA X7 0 E VB (CH;CH,COOH) DHFBIA T, 20D

PRafEI3#Y 4 TH Do M Ty RERUT N ) 4R TS ET ORET -1 ICHEEE L
Tnd, RIRT U & PA QRIEDB—RIRGEED pH &4 4 L EA 4 L o
WTRIE Ulco MBALFEBOKEE T CORISEIEIIA 4 LB ITKT . Bronsted -

Debye =,
IIIZ

k .
logwiﬂ— = 1.02 ZaZ,b—————~-1 - 0817 1 -

TEOING, TIT. LIEEOA A VHEE, Ky K IZE 4 A VIET= 0, IMTOR
ICEEEREH 2o Zp 2 2, b THLEBOH R S BN BN TH B0 B 31 i0Fd &5 0.
€057 & IPA DRISBERBODA A L IE 1/ (14+0.8 P/2) (et D 2 pH v, pH T T
A A VBB LA ¥ o T, pH#INE & b 1In#mL., pH 11 Tt 1.0 1273 3 o
SN S PHT TR S D4 VRS L Th 53 h T, pH11 Tl -1 It E LTINS
e Uice A 24 VIR 0.IM IZEE L. k(CO5” + IPA) DR SHEED pH it % #~
PKa %9.6:0.3 LJH U7z (B 3-2) , MEEOEAEN I N-acetyltriptophan < B,p'- dithtodipro
pionic acid T DINVT HRAN TS, .

Hﬁ\&Mméﬂﬂdﬂw25ﬁivvzﬁ%ﬁh\waﬁﬂ%ﬂmﬁmﬁﬁammx
DEICED pHAEFHERE Lz (R33) o ZORDSHISES 12 pH 9 BT TRAE
DEPIRA B0 HyCO03 « HCO3™ + H* D pKa=62 £, HCOy o pH7 LI FTOME
(4 CO DREDI-DRFETH 5, OH 5 U H IV DFEHEA OMRE AT 1010 Mls ThHh
(£ 35kGy BT TIZ HCO3 & 94% L Lo -OH SR Isd % L% . HCO3+ (D pKa {#{Z pH
7 & pHB2 DMITH B & Uiz, 6000m TOEVBRAMEID M £ (HCO3+) /& (CO5) % 0.25
EUN ROEI BT 4 w74 v 7Ic kD pKa=7.9 FHIEF L7 -,
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ULD XS IRERS DA )VD pKa [l DWT, 2 DDRN - 1EPREINTINBE I &I
8% REKBROBSMINREHRTTS 2 LTRRZ D4V pKa OFHISIER ICEE
Ty~ BEM & TIVA VAITTRIGHESRS 5 D0 —BITH B, FOEB)IHIT K
RO pH ERCBEU DTS EEZ SN B0 FEEXETICHOBEFMET - 720

3.2 EB _

IWZRSGDF) VAR V=Y =T 3 P} VRV RT AT DWTHEICINE TlElse
LT3 [4, 5], AEIIL THERZ F . Millipore Tk 230 Uiz, pH OFE -3 Y
VER. BIEEE. KEBLF P U T LERN, ERIIEER 298K) TT - 77,

3.3 EBER

3.3.1 —¥—T4 M) 2HEE :
HCO3+ (C03™") T VA IVid. SO S VAN ERBAA Y ORGTRES B, JDEER
WM B, RS D AIIVDOBEICONTHRE T EHENDH D,

3.3.1-1 WEEZ VHNORE

BiBR S 277V (SO4) iZ~UVF ) ZBRERA A 2 (S2082) O U —H—-HAFIC L H AR U,
%@ﬁﬁéﬁéﬁﬁotprﬁwbtoE34MPH$?%mm@¥ﬁ%®WWEXﬁ
DHIMBREOHEHITH T HEEFEERLIcBDTH B, LWEREERT I ENSHOH
S DANVERIIART LD B 2ROBEERISICE > TREL TS Z &5,

SO, + S04~ — S,05% )
EVBIAREE 1600 Mlem!s &L OXEBEES 1.8 cm, (1) QRIGROEEEH & (-
51=0015MT7.58x 108 M1st, I=0 4L T, 5.9x 108 M1s! TH 5, pHS5, 10T
k) DA F VIBEMRESEER 3-5, 3-6 iIZRF, PHS TIE1=0TD X, i3 4.6 x 108 M1s3, pH
10T S Ix 18 MIs1 E3kE 570, S Ky b pH IR F, 1=0 T (5.2+0.7) x 108
M%J&ﬁb\Mﬁ@yﬁﬁﬁﬁ%bﬁh%MHMJ=UT®¢&1WM%4&;hﬁﬁ%
e EZANPHS11 DT IVA VERFTHE. V—¥—iaE, HaEEEIckE LR
WS E TR A A VREICIKE LT 0 B, BRI OH MERINCHE - T
me 5. B3-7ICZ OFERERT . WS VAV E O LORIRFRD LD THB,

S04 + OH: — S0,2* + +0H 3)
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HEEHIL 1= 0.02M T 7.4 x 105M 5L, 1= 0M T 5.6x 108 Milsl g o, o ik
i Redpath &5 [6] D#4s (8.3x 107 M1sL, I=0.06 M, 5.4x 107 M1sL, [ = 0) jr—3 LT
5,

3.3.1-2 HERZ DVANERBA XV RORBIKEAA Y EORIE .
RIS @) ICk D OH 5 DU ER Uy RBBA 4V ERIEUT. ShbmRmsS o5 LA
ERTEDT, OH I IHMEt-T5 ) —WARNTHR U BiRS Dh L & go 4 >
DRIGEBRRI UTzo BRISEEIE 600 nm QRIS U VDI H kit D 28HIT 2 = &T pH
18 11.49-11.81, 1= 0.256 M & Z 1 & OABE [ = O M Tsksd 7o, Z DFER %K 3-8, 3-9
WA RIS (3) OFEEEHE T=0M T 5.7x106 MlsT Lghie Ly,
S04 + CO32 — S042 + COz™ (4)

T, HyCO3 BUF HCO5 ) pKa fiild 6.4 +10.3 T 3,

H,CO3 <> HCO3™ + H <o CO52" + 2H* G)
R (5) % pH #HIR, 7.2-10.1 ORITEH L7 -,
S04~ + HCO3™ ~» SO, + HCOs- | (6)
HCO3+ <> CO5~" + H* Q)
600 nm TRASN B RBS I A NDIE LD ok kobs HRD &S BB IND, 0
Kobs = k' [HCO57] ®
k' = kcos? [CO3ZT/ [HCO37] + kyeos™ ®
= keos® K/ [H*] + Kycoy | 10)

3-10205 3-14 {3 kobs £[HCO57] DRAGHA pH 7.2, 8.0, 9.0, 9.7 £10.1 Tskd7- DT, I
= 0.115 MT k' {33.08 x 106, 3.5 x 106, 2.96 x 10, 4.59 x 106 & 1.03 x 107 M-1s-1 E1r 5,

CNOOMRE ) RIEE ] TT 0y FLASOBE S THY, 2070y Fo
B LA DS koo™ & kucos 13 1.1 x 107 & 2.8 x 106 M st Lk b 1=0 MZoEL

T65x 105 1.6 x 106 M1s] L EHTXZ, =D koos? 1S @) X TR -8 LT3 —H
95,

3.3.13 B (kFE) SIUVHNOEE
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e

pH> 11 7 )VA ) OFEETO CO3™ S VR INOBELEt-TF ) —Jb@ﬁ:ﬂ&@%’z#ﬁ‘@
FARIe t-T 7/ —NERMTEE. TUVHNVOBREI—RDESI THY., 44 BEC
K L7, Chen 5 [1HE pHS.6 Tt-7% J —JI/&O)EMS% 160 M st L4R&E L TUN B,
UUs 2IREUSEERT S &L pHI1LS TR Ix 100 M st EHFETE B, 75 ) —
ZEMUSTNETRET 2RRIETH S, K 3-16 5 3-18 [FREHED A 4 Vﬂﬁfgﬁﬁ
HTHB, &I TE3-17 Tld Weeks and Rabani [7] {744 [V2 (140.8 1V2)1 £ BT LB,
3-18 [Z V2 (1+112Y1 - 021 TH B, B3-17 2AND LMXIZLIB TR L TH Y, 1]
Hitko #E5Z %, [=0MTO kg £ 6.0 x 106 M-1s-1 ¢ Weeks and Rabani [7] jZ5H5d 5.
PH=10TH, 2IROTT v MIEREDSTAD 60% T, 10ms ORI THE < BHET Do
Ik, COs” OFHEENH0, (BB HO) AL, H0, DERIZLD COs
Z D HyO0p EDRIGHEEERICED SREIN TN B,
CO;* + CO5™ — CO,+ CO2% (10)
CO,2 + HyO — CO, + HO, + OF- kig=0.2 571 (11)
CO5" + HyOp (HO5) — HCOs + HOp+ (Oy") ki =4.3 x 105 Mils! (12)
CO3™" + 0, — product 0K ) I
U i ko @ 2 RIS 1/ ABS 20 &3 LT b pH 8.39 Tl A o W MEERIFIEN B
ST T pH T THEIE SR EEFEL TS, HCO5+ 0 pK ZEHIT
BC LRI 5 T,

3.3.1-4 R OkFE) Z VA NDOTERE

REES DA NDENEARRERET B 100 RIS @) 53U (6) 2F0A Ui,
WERS DAV aBRIKBR T UV VICEBRIE270Di1C, 1mMKS;0 BEARENS &1
x 105 MOBEES DA NVRERT 5, KRB OKF) 14 VBERLIMELE, FORE

DOWERZ VANNKREES DAVICERT 250 FACSIMILE 2B THE L2 A, T
77 ) EBTRERG G) RTHERS D HU0 1 &18E3 205, 96.6% Ll g }ﬁézh,% &
P ntc, X 3-19 (3 600 nm TORNE % pH 2 X TR ONIER T pH MM?

LS EH It RA 3, K 3-20 {4 600 nm TD EJVRIEARELD pH 4£77 1% T & = 2000 Mlom'
THB, Chen & [1] DF|EEFE LT,
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3.3.2 NNWRSVFY v RER
3.3.2-1 OH S VHNVORE IkFE) 5 VHN~DOER

V=¥ =T34 b Y RERTRIRE (kF) J UHNDENBIAEED pH kEHEL
SNT\ JORRIIY 50T Erikson DEBGER L3RI T 5, £ TEF. Erkson DSz
BR[2] CRIUEBRET - /2. 0.5 RUFOIMDBEERAL A . 5B I RBIKEAS F ks
T\ HCIO4  NaOH T pH S %217 » oo X 3-3 AREORERNE S, ZDRER iEl 3-
It EEN TS,

O DfER OV X AR dus OWSLED pH M A T LT3, Erkson ORI
U ®PHMTEEEEIHEMT 5, ZORE T TEBREIBEL TS DTER L?‘:' 3

0 ERIELS Oy &80 REES VAN EORBHEIZEL . 2 OBy — )I/‘Ciim
RS VH VO EIIHER OH ICHE L TIN5,

ST, R -OH BN L ORISEEEM k LSIRAISE S O, b, mige
K[SHIARE T2 T &0 541, K[S] 238in4- 2 1060 X0 $— e D «OH ETHRTE
LR LDOTHEIMT S EHBPEXN TS, ZZ T RO ISFRUELES Ty pH& BE
U «OH O RIEHEF O RER M A > OIEBEH HCO5 COs2 (2 & (k4 5,

~OH #B 1IN DR AR 77 1 D BRI HCOOH [8-11], HCOO- [9], Fe(CN)g™ [12] %

SCN- [13] ZH#A & U TAVHREIN TS, K[S]= 105, 10851 T& 4 2.8, 3.3 LEff
NTHN3 [14], Ea®UVRS U4 Y ¥ X Tld 100 ps TO «OH INEIE 5.9 LERIXH
[15]. MRERNEO S 7S5 XE#EFVEFHEE LA T L. BED stochastic
simulation [14] ¢ & L { —F 4 3.

FRBEFHORIE OKFE) A4 VBE0SM OBl pH 7.2 & 7.9 T 6.5x105, 1x1065-1 &
EXohd, Thhsd, pH7.2,7.9 & 11.1 TR GEIL 2.7, 2.8 & 3.3 jo71 h, Th%
RAUWT, RS VA VDEIVENRHEE T2 & 1990, 2040, 2060 Mlem? &73 1) 1) —
V—71 MR [1] ERBOFMIRLNS, B

FsTs —RUTV—H¥F—T4 MYV RESNZS UAY VARG 1 FIET AR
2525 XD ICRADHHERAIBEIC XL X - RKIE~OEBEEET LR D&% 3
EF Do UL, COBERDL—H—7 4 M) VRIZEBHEZENF LOFEH S .
Bt 7 VBETOMDYWE & ORISR ELHETH D, #-Ty ZOHETT-
THRSNIT VA NVOBRNED pH FEFEORERDIE S NERIERE SIS N3,
SOl FIHNEMDIEYORIGEED pH &4 & L BEREE A BT 5055, 5
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B> IANDpKa PSR SEL TS EEZ 1B,

3.3.2-2 B OKFE) SIHIEFe(CN)H £ F > ORIGOD pH IKEH: _

B 3-21 (358 Ok 5 D7)V OWIR 600 nm TOEE)% [Fe (CN)g 1% DR - i
FBETTHANICDDTH B, [Fe (CN)s I* BEOHEIMICTEN, KB OKE) 5 VHLVOR
EHMESNE S Eithinb, 4200m Tl [Fe (CN)s - O 5 L) SEHTE S (B
3-22) , RISIEETOXHILHDTH 3B,

OHe + HCO3- = HCO3- + OH- (17)
«OH + C03% — COj™ + OH- (18)
*OH + [Fe (CN)g ]* — [Fe (CN)s J* (19
HCO3+ <> CO5™ + H* (6)

HCOj3+ + [Fe (CN)g 1+ — HCO;" + [Fe (CN)g J> (20)
CO5™ + [Fe (CN)g 1+ — CO3% + [Fe (CN), J*- (21)

600 nm TOWEEFEIIKRD L) IcETF LI,
Kobs = (ka1 + koo [H*]/Kg) / (1 + [H*] / Ko) (22)

Koo, Koy (3540 RIS (20), (21) ORIGHEATRT . Ko WS (6) OFMERAT LTL
B, 1323 4 HeNe (633 mm) £ AHEE LT, RIGEE A X { kops @ 1= 05 M
TCD PH EFHEEFDIHRER LT B, R (22) 17T koo, Kogs pRe &Y § 2 b
YardhHEI=05MTEL, (5.9x0.1) x 108 M1s1, (3.0:0.1) x 108 M-1s-1, 9.60 =+ 0.05
pE L,

3.3.2-3 kBB OKFR) VAN ESCN A4 DORIGOD pH RiFH:

2 RIFRDEEE SCN A F 2N TITo 7o, 1mMKSCN 2430 A ViR 1=0.5
MOl (k) A A KB D k(CO3™ + SCNY) %K 3-24 1Z7R T, BHEIC L —¥—%4
Bk LTRHNTO S, SN 5, pKa=940£0.05 ZHETE D, JhSDHEN S
RER S VAN OBISEBETHIL 9.5+ 02 FRETE, Z DR Chen & [1] © HCO3.

SUANDpKafi & k< —&d 5,
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3.3.2-4 RREE OKFK) SUHNOELLEREEDORISHE
ﬁ@7/ﬁk®ﬁ#%%?%t®f\u®ﬁ®iﬁﬁmH%#T£O#®4i/&®E
CEERHERE UIe CITHLV—F— %I ANTE D F— & OREIZE L,
CORRIIEILITE LD TE . TNSEAF VIBE1=05M TOEGT THRESH
to:nivmﬁ%m7wﬁUﬁﬁ?@%@ﬁﬁ%ﬁfﬁotmuﬁb\$ﬁ%?@@ﬁ
TOFEEZRELUI-Z &iTi B, X THRON-EEEHIT |
BEMED LOHIEERLUTOBM, SON' EQORETIRBEEE “H b ASTERENE,
o508, COEBIIRHATH S,

3.3.2-5 ﬁ@(*%)avww&#@&mﬁm, .

RBR UKIR) A4 v 2 EUKEROHEHRBEIC X D FBO R D—o & Ui
N3, Eﬁbt#@&m@7/ﬁW@EKﬁME&%®ﬁ%%%&&%E%ﬁH%T%5
LEZ RRREEHLT,

CNODRIGIES RO TEBRES VI NVOREOEDBEE 2425 & T
KD LFTELG, FRBEOHINC LD RBES VHLOEKBIRD T2 O
EIRBR OKFR) A4 VO THEREIRI 272D TH 5, BUTO LS HREAEE L.
RRUCFBRRELTERWTE DL LINNTA—F—RIEE 2 L0k - CHEEABH
Lico B13-25,3-26 {354 0.5 M DRERS 5 WIERIBIKEA 4 VKBRR P TE LN LD
THBD, BINORRBONI NS A—F X TFICET,

pH 8.4 PH 11.8
COz™" + COx™" — (2+1)x108 (1.5+1.0)x10° M5! (23)
HCO3¢ + CO "™ (2+0.5)x10% M5! (4)
COs3™ + COy"— | (1.8+0.5)x10° M1s? (25)
HCO3+ + HCO™—  (1.421.0)x10% Ms! (26)
COs™ + HCO2"'— (2=1)x10° Mg (27)

REGNENT A~ 5 — DU L OEBRERABRTE B &0 5. BEOEL\EETH
BRET DO ENTEI EHWE LI,

3.3.2-6 R (Ok#F VAN ERMBA L O

R OK3FE) SUANEEMBAA Y EORGHFHED X7 4 &Rk Ebtb Cin
HRAA VREEAEMNITLEOERT— 5 LBEEHIT, Y ialb—a vind D

37



S5 A — 5 B U, [€3-27,328 ICEBRERE VI 2 L—Y g VOBEETE,

3.3.3 RIGEEEHOT—-ARETBHERICLIEXK
DI THRE L RIS EREICHIET 3 RISRKO £ K— LU TEAETE 5,
HCOz+ + D' = HCO3" + D* (28) |
COs" +D — CO3%+De (29)
ZITy D BT SO [Fe(CN)sI™, SCN', 8057, I, NOy, HCOO" Z41iC CI0; TH 3.
Huie & [16] 3RBT D 7 VOEREEPEE T DAV & ORININBE OE FHEME
WTETTS ERELTND,
AE® = E°(CO5~*, H*/HCO5) - E° (D / D) | (30)
E*(CO5™, H*/HCO3) {3 pH ITHRE L. D pH £H-TOREIX
E°(CO3™, H*/ HCO3")
= Eo + 0.059 log [(Kz K3 + Kz [H'] + [H*]2) / (K1 + [H*])] (31) |
LD ZIZTKy, Ky, K3 1330 (7) ET O (32), 33) OFEHEHTH D Eo ldpHOTO
BILRT V¥ ¥ IV TH 5B, |
H,CO; < HCO3 + H*  pK,=6.33 (32)
HCO;3™ <> COs% + H* pK3 = 10.35 (33)
I 2T, $E&E@ pH 12 T B(CO5™, H*/HCO5) = 1.59 V/NHE % i vhld, E(COs™, H/
HCO3) @ pH IREFHENEHE T #RIEIE 329 IIRULTH B, HdSbh b L5 i2 pH<
6 Tid B (CO5~, H/HCO3") fllZ pH 23 1 D3 & 59 mV 3 o8iind 3, pH84 T 1.63V
Ty ZHUEpH> 11 &9 0.04 VERMEIZIE 5 Tinb, —H Ty D (BTG ) 133808
EZZ 54, PH> T TR E (D-/D) i3—F T, [Fe(CN)gl*, SCN,, I, NOy, ClOy™ {344
0.69 V [17], 1.6 V(1.3 V for (SCN),"/2SCN)), 1.3 V ( 1.0 V for L /2, 1.0V, 0.9 V [18] &

&1 5,
HCOOH & HCOO- (D pKa {3 3.75 [19] &1.4 [20] T 8. SO5™ /8052 254 vTid H,S0;

& HSO5" 0> pKa % 1.86, 7.2 75 5 [19] 45/ &, HSO3 @ pKa 13 2 U F LF SN, 2D

BILART ¥ v VS pH> 7.2 T0.63 VTEDGIRINEEL I [21], - Ty = (30) D AE
"I NTIETpH > 11 OBO L pH 8.4 DB X b 0.04 V FETRIE (28) DFHH (29)
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KO BBENEITTRD, 31 DAF VBEL= OM DAFBEE L OHEERL TS,
Uin U HaOp 122U Tid pH 8.4 s ESIL pH 11.8 1 1y %/J\‘c‘:fa‘fﬁ&fa.—:TL\éo

H,0, & HOp» DR - BMEFH L 2RO LH 1T B,

H20; <> HOz + HY pKs4 =11.62 [19] (34) -

HOz2e <> 02" + H* pKss = 4.8 [22] (35)
E*HOz+, HY/ Hy0) IR Uk 5 iZ pHIKET 200 5

E'(HOz¢, H*/ H202) = Eo + 0.059 log{(Ka4 + [H*]) / (K35 + [H*])} (36)

Eo & U T 142 V/NHE % FiU T (18], 2 (30) @ E'(HOe, H*/ Hy05) & (30) D Eyd

PHARTFHEZ R LI dDER 3-29 107, AE i3 pH> 5 THITL. K EFEAL D 7L
AVRDFNESIEDZ EFRL. EREER L5435, pH frﬁ%@ﬁmﬂfﬁ“%ﬁ%i
BEICHRE X T3 [23],

3.4 ¥ :

RER TR TS VAN LR KB A4V ORBAR. L—F—7 5 b1 o2
KETRR KR 5 VA NVDENVEIREIEERE Ulco B3 PHITIKIE LT, X5
ISy 7VRG VY Y RER, HCO30 5 U7 L& [Fe(CN)sJ* DREIED pH HIEH & 25~
5 &izkD, HCOse 5 V7LD pKa % 9.7(x0.2) LRFET B EHVTE, Chen 5 (1o
HWENE LT EERLTNS,
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(037

#3-1

Table 1 Rate constants for reactions of the carbonate radical with inorganic reactants (D) at pH 8.4 and pH 11.8 at

room temperature

D- ~ Rate constants (dm? mol-! s'1)

pH=8.4 pH=11.8 literature data

1=0.5 I=0.5 I=0*
FoOag  Bex10F | B0X108 61X100  8.6X10°GHILA 1=03) 127X 105GH 116, [50)1
sov BoXI0T | 20X10 76X108  16X1GHILEI®E
L exies | 20x108 Texlor  25X1eHIL4I0®®
Nor L7X100 | 8OX105 B.0X108  6.6X105GH 1L4 I15) M, 40X105GH1LO, 1-0) 4
Gor | arxi | saxion 1px  sa@GHLL4T0HN
HO0O | 10X105 | L8XI10  68X10¢  L1X10°@H 6.4, =008 15X 105 @H>11, I15~3)
Som 1 aaxir | 47X107 67X108  2.9X107H 114, =08, 18X 107 GH 110,1=0) %
mO, 08X100  2.0X107 76X108  BOX105GHS9,1=8)7, 5.6X107GH1514,1=8)7

* astimated from data at I=0.5 by: log(k/ko)= 1.02 ZaZp 1V2(1-+11/2)-1



L) T T ) ¥ —i_
7 - T -
QO
ol
o )/( 9] i
80 . . . 8-
- 1
= 1
o 6 i - .
o
x -t
‘ &
.
lom 5 -
~ Y
>
0 04 02 03 04 4 J
‘ 1/2 ’ 1 ! 1 1 1
O T . 7 8 9 1 1 12 13
1 00.8;(1/2 o pH
Figure 5. Dependence of K{CO3~ + indole-3-proplonic acid) on " Figure 6. Dependence of K{COa— + Indol -3-propionic aci
jonic strength {varied by l\f-asCI04)1 {CO{NH?NCO;;'*] = 5-°'>'_<l pH at consta[:'lt lonic st(r)eng((h -(30.1 M)n: ?C?)?Nﬁ:)ﬁl{?)gl::icgl 5?3
10-5 M, [IPA] = 1.1 X 10-° M: O, pH 7.0; @, pH 8.3 A, p X 10-5 M, [IPA] = 1.1 X 10~5 M. Error flags represent th
9.9;: B, pH 11.0; O, pH 12.0. - uncertainty (£10%) in the determination of the value of k. :
H3-1 REBIVHINEPAD : ’ K3-2 REBSIHNEPAD
FUGERE D pH {K{FHE [1] RISERE RO pH REHE (1]

0D

pH

Y T T T T T
7 8 9 10 1" 12

Fig. I. pH dependence of the optical density at 600 nm,
recorded 5 ps afler the end of the electron pulse. Air sat-
urated solutions conlinuing HCOy, C0O}~; ionic strength
0.1 M. Dosefpulse == 35 Gy. O Experimenlal points. Solid

‘line: calculated assuming pK, = 7.9 and £§{20,/c8%;, =
. 0.25.

B3-3 RERZ V74V (600 nm, B Sps, 35 Gy /UL R) OEIE D pH {KEH [2]
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A%

t”2/s

sod-inten2.grf,1997.1.28
2.5 107

2 10 ' <

1.5 10° /

/
110% o

510°

1/0D
max

——y = 1.8641e-06 + 1.9044e-06x R=0.99118 ~ System: K S, 0, pH5

3-4  BBRTZ U VOEEI OB O & OFHRS pH 5



ev

logk

so4-decay21.grf, 1997.1.28

8.95 /

/
8.9
e ] //

8.8 @/

8.75

0.1 0.15 0.2 0.25 0.3
V2(1+112)-1.0.2]

——y=28.6658 + 1.126x R=0.99264  system: K?_szoa, pH5

B3-5 BB IOHNeHS TORE Q) OEEDA 4 VigBIKERE



vv

logk

so4-decay31.grf, 1997.1.28
9.05

N

8.95 /

P
e

8.9

8.85 .

8.8

0.1 0.15 0.2 0.25 0.3
1214172y 1.0.21

—— vy =8.7071 + 1.0448x R= 0.98904 System: K, 5,0, pH10

3-6 GREES V)0 pH 10 TORKIE (2) DEBEHD A A 18K



S

/s

obs

6 10°
5.5.10°
510°
4.5 10°
4 10°
3.5 10°
310°

2.5 10°

—— Y =2.0704e+05 + 7,4071e+07x R= 0.99873 System: K28 20 g at 1=0.02M

so4-decay4.grf, 1997.1.29

v

e

s

0

0.001 0.002 0.003 0.004 0.005  0.006
[NaOH}/moldm™3

3-7  BBRZ VANVOREERE & NaOH BEREH
1=0.02M



97

ks04-C03.ar6, 1997.2.7
1.4 10°

N

1.2'108
€

' e

/s’

kobs

8 10°

6 10° @/
4 10° _
0 0.02 0.04 0.06 0.08 0.1
[(’.‘Okﬁz']/moldm“3
y = 4.396e+05 + 1.0858e+07x R= 0.98913 System:pH11.49-11.81, 1=0.256
k{(1=0)=5.7e6

3-8  WHEBRS VAN ERERA A VORIGEEDRBRA A v BEREE
pH 11.5-11.8, I=0.256 M



Ly

8 10°

7.10%

6 105

5105

4 10°

3105

2105

kso4-CO3.gr7, 1997.2.7

)]
6]
/O

p

7

e

8/0

0 0.02 0.04 0.06 0.08
[CO_*]/moldm™®

——Y = 1.8809e+05 + 5.6428e+06x R= 0.99493

0.1 0.12

pH11.5, I=0

3-9 BT OANERBRA G ORIGEEDRERA I v EERERE
pH11.5-11.8, A VEBE I=0MIZAFH LIz b D,



8¥

. -1
kobs/s

kso4-HCO3.gr1, 1997.2.21

310°

. : ¢
25 105 o //
| A

210° :

0/
1.5 10° P '
1 105 c/

T

D

5 10*

0 0.02 0.04 0.06 0.08 0.1
[HCO, Vmoldm™

y = 38158 + 3.0829¢+06x R= 0.99517  System: pH' 7.2, 1=0.115
k{l=0)=1.79e6/Ms

3-10 HEBRS DHV LERBIKERA F v ORIGEEDRBKRA A BEREE

pH7.2, [=0.115M



6¥

kso4-HCO3.gr2,  1997.2.21
3.5 10°

m

3 10° : ' e

2.5 10° /@ /

210° =
1.5 10° /

1 10° E/
-

0 0.01 0.02 003 0.04 005 0.06 007 008
[HCO ']

y = 34008 + 3.5107e+06x R= 0.98639 System: pH8.0, 1=0.115
K52 [CO,S1/[HCO ]1=0.05e6, k. =3.46e6, k(|=0)=2.0e6, error 0.1

5 104

3-11 BB PANERBIKFEA X v ORIGHEE ORBKEA 4 v BEREE
pHS, I=0.115M



0S

/s’

obs

kso4-HCO3.gr3,1997.2.10

310°
Q
2.5 10° R
O/
2 10°

1.5 105 /8,/
110° /////

5 10* 6

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
[HC03']/moldm‘3

y = 33541 + 2.9625e+06x R= 0.99544 System: pH9.0,l1=0.115

Kooa[CO, 1/[HCO ]=0.49e6, Kk, ., =2.48e6, k(i=0)=1.44e6, error 0.08

3-12 BT VAV ERBIKEA & DRISEEDRBIKE A A REARERE

pHO, I=0.115M



LS

kso4-HCO3.gr4, 1997.2.10
3.5 10°

310° ' /@

P

/

2,5 10° ' /9/
2108 %/
1.5 10% |-t : //
110° /g/
5104 &
0 0.01 . 0.02 0.03 0.04 0.05 0.06 0.07

[HCO J/moldm™

—— ¥ = 29024 + 4.5939e+06x R= 0,99838 System: - pH9.7,1=0.115

2- -1 —_ ) T
Koo [CO,*1/[HCO '1=2.4606, k.. =2.13e6,  k(i=0)=1.24e6

3-13 BRSSPV EIRBIKEA A v ORISHEE D RBIKEA A B R
pH 9.7, I=0.115 M



¢S

/s

obs

kso4-HCO3.gr5, 1997.2.10

6 10°
. 0]
5 10° ' 0
/ >
O
3 10° /O)/
2 105 /
G
110° @/
0
0 0.01 0.02 0.03 0.04 0.05
[HCO, J/moldm™
y = 32884 + 1.0285e+07x R=0.99112 System: pH10.1, [=0.115
Keosa[CO,*1/[HCO J=6.18e6, K., =4.02e8, k{l=0)=2.33e6

B3-14 BERT D7V ERBUKTEA &V OREEBEORBKSEA 4 L BEREE
pH10.1, I=0.115M



€9

k'/dm®mol s

kso4-c03.dat

1.2 107
1107 Q
//
8 108 : : iz

. 106 /

/ °
4 108

2 108

0 0.1 0.2 0.3 0.4 0.5 0.6
K/H*

y = 2.787e+06 + 1.1106e+07x R= 0.97556

kco32-=1,11e7 {I=0.115), 6.566 dm3mol-1s-1 (1=0)
kHCO03-=2.79e6(1=0.115), 1.6e6 dm3mol-1s-1 (1=0}

K3-15 RO RECHURISEED H]ick3 7oy b

0.7



4]

fogk

- 7.15

7.25

co3-decayi.gri, 1997.2.7

7.2

7.1

7.05

o

o

0.156 0

2 0.25 0.3 0.35

11/2(1 +l1f2)-1

y = 6.7726 + 1.3089x R= 0.9895 System: pH 11.5

k(l=0)=5.9e6mo!'dm®s™

5 3-16

KRR P HNORBEEEDA A BB
/2 1+ 11/2)-1 iﬁ’é‘}]:[”;ﬁ



SS

logk

CO3-decayl.gr2, 1997.2.7.
7.25

7.2 | | Z

7.15 , /
7.1 /

. 4
| //
o

0.15 0.2 0.25 0.3 0.35 0.4
172(1+0.811/2)"1

y =6.7886 + 1.1785x R=0.99037  System: pH11.5

k(I=0)=6.1e6dm®mol's™! (e=1860dmmol'cm)

B3-17 RS OHINOBERE DA A Gk
V2 (1 + 0.8 TV2y1 3K F



9g

logk

CO3-decayl.gr3, 1997.2.7
7.25

7.2 <

e

7.15 /

7.1 / O
/

7.05 ]

D

7

0.16 0.18 0.2 0.22 0.24 0.26 0.28
1'2(1+11/2)-1.0.21
—— y = 6.7043 + 1.7643x R= 0.98202 System: pH11.5
k(I=0)=5.1e6dm*mol's" |

B3-18 [REES DANDBEREDA F L RERENE
COIV2(1 4+ XV2) 1. 021 HAFIA

. 0.3
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3-19 K58,051mM £0.1 MHCO; /CO3% 2L KBHKDO LV —Y—T 4 MY X TH
KU RBE S O 7 VIRB OB (A) & ZESER 0.5 (O) RUF0.9 M(@) RER
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B Oh NIREDOWE D pH KTENHE -
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extinction coefficient

2000 |

pHOD®600.gr2
2500

1500

1000

500
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59

=0. 02

10

ime]/microsecond

[T
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ETHEIDEORIKE LY EBEEL BEIN D, #->Ts ZOMEREBRERBR
ODRBIKRA T L IKBEFTD 10M VRNVOFBE Y 2 TBDA A2 7 o< h ki &
BANTFIHREREN T A ERENE LTINS,

5.2 EEE

ﬁhtﬁﬁﬁﬁﬁﬂ@Hﬂﬂyz%A?bﬂ%@ﬁ&f\anﬁaA#-f?\b
TA0VUV 74 77 5 — LU0 EREEET 4 77 7 —. L7500 F— & Y 251 &
1200l 4 > F)Vb—Tin SR I N TN 3,

ST #2740 7 =% U3 A 5 L (¢ 4.6x150 mm) |2 phthalic acid & tristhydeoxymethyl)
-aminometane FERER & UTHL, A —7 VEEIL 40°C, FEHiT 30kgfcm?., R 1.5
ml/min TH %, ¥R D pH i1 phthalic acid 7k #K 1< tris(hydeoxymethyl) -aminometane |
ABIEREDIT o7, BBHIAE 1ml, BB R 100mg ¢ Varian 1 SCX (strong cation
exchange) 7 — bV w PEHNTNE, #— Y o Vi Im DY ) — L& 5mi @ Millipore
DB TR RRERTIC Ba2% L7,

2T OFPHI Millipore DMK TIER L. 2 TOBRIIEETH 5,

5.3 #REEZH |
5.3.1 {REFMREEXET 5EF

HDBNT LERN AN TOREFINHEEER BHB/ NS A — 5 —i2ldh S LEE.
B, BHEAR. BELHDH S, B, 75 LEESHREE LT 5 SREENT
BYT B, LU #2740 7 =4 LMH 5 LT 584 BERSER T 40
C\ MR LSmPRERTH B, —HRUMO A A > % &¢:0 T phtbalic acid % Fr
EUTEBRUIce R=R 54 v OSENE SN B LS5 ko, pH, phthalic acid . Water tip
N VRTLE=Z A= MYy VHROREM E— 7 ORE AR L,
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5.3.1-1 %R pH

B 5-1 1279 & D i, BHERRIC 1.0 mM phthalic acid B 265 F 9~ 2 3541714 pH iz
it U Water tip LISV L TR 5%, £0L. pHOEMIZL OB ES LOE—2 04
BREDEA T 5, &V pH TIXFBOSITICIE Water tip TRV KEBEZELS5Z I
NWHOOD, BRAETLEE Y o VBLE AP OSREICERENE S, Va8
(HC,04 & C204%) DML PKa1=1.27, pKip = 419 2] TH B Z ED S, pHS TV n
TBREAMPE - BEET S, —F5 BpH TEAMFREOMERE, Y avBE—-7 LA
WP E— 7 OHBED B SIIITFEASTH BHS, Watertip NYBOFEBIBL B, -
THEY)E pH FURIZ 6 T 755, :

5.3.1-2 AHHKEBE

pH 4.6 & 6.8 T phthalic acid BE DRFHHNEZ 5 HEEZH 52 1I77, BHRE
ENERTHICLD > TENThORSORFREIZEL LI 00, lEH LOoE—
7M. BICY 2 TER, Y — 7 & Water tip (3EL LB, €D/, BEESHT
BHIoOITId, SRR LN T U REE B ENME LD, B S2 I EE L RRREER %
o TaERex LT 5 -0 IB3REL D b pH ORBOHPESTH DI EBTT,

5.3.2 BRHBEICHELEX AT
5.3.2-1 #HE

FEE Y 2 TBROMIEEE & UV MIEOHEELFFA TE 5, B phthalic acid
DFE UV IZEBFB &Y 2 VRO EEE & O BERENE LN, BELHSS UV
FIE W pPHIIEB TR & { B &N 5. PHYED TS & UVIIED /) 1 XNt 5,
pH4.6 TIX UVHEIED / A RIIRE\EFEH TE L, phthalic acid O UV RITLE D, 5
TORIAFEOERERICERD S5 EBbN%, £ 5V TOERBAD 230 m Tk
NF—IFBIHTHAD . K 531275 L) I pHE T T phthalic acid DRI/ F &€
JVIBSAGED S 7 b E 5, pH 6.8 Tl 272 nm , 7.9x102 Mlem! - pH 4.6 T3 280 om ¢
1.3x103 Mlemr! TH %, pH Fefk SMEDSERICHK T - TO B dd BE & pH 13
HEEDBEDHNEIARSEENEVEEEN o7 UL L. BEE LD SEERES
HENTIBICiE UV ) 1 XOBRPOSRED &5 pH EMASLEE L, ‘

5.3.2-2 WEEE
5-4,5-5 TG LT, FB. V2 VBOZEENEROREII—%E pH TIHRE
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ISy —RBE T pHBICRNOET B, 5Ty (BEEHIEICIZE pH DR X H

5o
Fritz [3] &1 JAUTEBERIRE X D ST R E OBE S KIRICEL B4 6:5(]‘%%%

RO B IREEOEAITRD &S ICRBRTX 5,

AK = [(AB++AA-)] 0,.C./ 107°K (1)

ToNy 7750 FMeEERRO LS K15,

Xp= (AE+ + AE—) aECE/lo-sK (2
% BRZEE T S om2 mol-! DAL A2,
Apor My Ax. BERRAFA V. MBRAA Y EHRBET =4 L Th 5,
Cp Ca SR S B g oBE
O+, QA BRER &St B OB ER
K I EH

KO KLY, BEESRBAEDOBEDS I O3, WHEY %ﬂ' /Q)%E'ff R
RIS B0 RIS, MRT =4 VI bIKET 5. RO SISy 225 Y Nz&
BUSHBEE I 74 2 &7 =4 v O %BIEEE S MRk 3 5. Phthalic acid i% pKa
=2.1,pKa2 =5.5 T, FBRIL pKa1 =375, ¥ 2 W EIE pKag = 1.27, pKp = 4.19 DB TH

o BHBE—EDHE. PH OB THIE ag, bIRPT 3720, Os- & Ay OEEITHD

50 TDL, AFV I LALF 2 (350 S cm2 mol- 1} {3 Tris ammonium* (<80 S cro- 2 mol1 )
FOREW D, BEBRETX S8 3 4], —5 PH THMKRELBY 2 E4id
Ny 7752 FOGREEORIIBRERINC L3 THAS,

5.3.2-3 REESEM: :
IEEBLO pH S REDRFFIFE, SMEEERE~NOBE AL L. B&I- #2740 15
L% 40°C, 1.5 ml/min "THEMAT 535412 0.5 mM phthalic acid + 0.8 mM tris EBIRN U, A
BEFB. YaVBOI u< bS5 LR KRB, REUKEA 4 L OBE UIRRE& &, B
ETDHEERS6 05 511157 F, £RKOMHE 35 min 2843 DD, £TODH,
HMISBETEFBHEY o VBROKHBRERNERIN S, :

5.3.3 FHMPREBRBEOME
5.3.3-1 RERAF VELET COBEERNFE
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BRINKE. REBIKRA A Y OREZITOY FREV 2 VBEERNET 5 &%
Fotte LNU. R=XF5A VORE KU 7 MSRERA A VIt DFIERE Sh. BX
MERDN T LV ESTBOAMESPBRINS o, BEIRED T 5, Nuclosil 100-
10S (10pm, $4.6x250 mm), 60°C, 1ml/min T 4.0 mM phthalic acid + 0.8 mM tris T3k HEKE

BZ20uM TH ol ZD/S, REAFT VOBRENBEELT S,

5.3.3-2 SCXA— M) w IR KBKEE. KEIKFRA A D COp {LALEIT X 5 4347

B R EME Rk LBOAMICET A AEE TS /0w b5 T 4 —DFHE
THBo, DFHEIIMTHRYE LRI MRS ZHROCTETH. BILEWE DA 2 FRF
B ETIT) . BOAFA UZTHITWA 5 L (SCX) O H ZHFHAK PO Nat L3
THEZEITLY, REBERBIKFEAA L CO KEHBREINS, UL, #— MY w i
SRDEREITIL B 7DD URRER R T 2080 H 5,

5.3.3-3 SCXH— Yy VUETHRTZE—/E

B 5-6 7h 5 5-11 % Wl UTH B X 9 i, 50 mM NaCOs/NaHCO; (2, &~ 7 EBAE S
A — Yy VBT B &5 D0 E— 7 interferance (T = 2.0, 2.9, 4.8, 5.9 and 13.9

min) HEbHI S & &b ICKROEELMNT 5. FLHE LY -7 OEEREAT
9 7o¥ . Miliipore 7k & S0 mM NaHCO3 %2747 5 LB U TR Lic, £FD 7 a< b 7/S5 A
ZE 512005 51512 Lv T, CORDSHB LS IHE—2 A — b v DichRT B
bOTHD, RBAA LV IFE— 72 EBHEI EM S, ThBiESCX A— kY v JODER
RS 5 BRI RS L b0 L Bbh Bo Tr=3.7 min FFBE— 7 ISHIEL, B
BHEED LD FB Y VFIVBECHBE 5L 2R TFERET20ENH 5,

5.3.4 Z— MYy DVOFALE

5.3.4-1 A& ) —IlXs08E
H— Uy DDYY HEEGIER VB Y ANT 4 VEECIERLT B 725 EREEA S
/= VTHESNG, o T BEAS ) —VHEOEFREFBY 7 FVERDTHD

Ohd LT, 6.8 uMHCOONa, 6.8 nM{& 6.8 uM HCOONa + 2% CH;0H O 1§ 5% Hi

Ulzo IR SVIEEDTH D, A5/ —NVEENGFET DD, FRRESZEDT
WBI ENON 5T, RIEENTTOERDKTH— MY v D%t d 200 ME LI
Do
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551 FBO S 7 F VBB D ks |
Sample Area Counts Hight Counts Area Counts Height Counts -

by Conductance | by Conductance by UV by UV
6.8 uM HCOONa 8.8e2 9el 9.2e3 6.7¢2
6.8 uM HCOONa 8.9¢2 %1 8.5e3 6.3¢2
6.8 uM HCOONa
1.3e3 1.3e3 1.3¢4 7.0e2
with 2% CH,0H

5.3.4-2 Millipore 7Kk} & 2 gt .
416 L SCX A — M) v VOBREIKAREIZH LT, BRAIXH 3 6.8 pMHCOO", 12.6

M C0> FEENDERERL TS, HENMSRB &, HEIc L 25RI34D ARV
S TTRY 2 VBRIBEEDN. FRIIEEEMCENED L. —FEEH2, FROR
FFiFRId water ip lEU T, Y2 TBIIINLDBHTHBIDAY ) — LOEE LB
DPUOHBEER DNV 2 UBICIBE LR, A— MY v DA IEkB R {8
AV 2 VBDBIRENEBOLMERITI LIRS, 22 CTHERAED 375 5ml
BEOKTH— M) v IRk $TII LI LT,

5.3.5 KIEhE
BEGHAMOBINCL S, AUFELHATOREEIRET~ETH S, S0mM
B REBUKRA A OFHOLEOEEE L UVRIHICE S E— /B, WA AL

B, ¥ a2 VEOKEMSEIE U, B EEREEAR 517 h S 528 IoRd,

5.3.5-1 RERA AL OUREREICHT 2508

529 & 530 TIREBAA VOERI I BFE, ¥ o TBOBRHBESLE LTINS,
RBATVOERILLST. UVVHRHBOREIEEEE LY 3EREFSL, ¥ 2 Y80
BRERWREEL S SCKAFIZLY ., BP43, Chid SCX Itk 3WEIL LS b0TH
5o —H\ FRITSCX BT LBESEM L. SHRBEASY ) =itk d 255
N, BREDSNS UV BRHIEEIH S, E
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5.3.5-2 EMEICEA5HE

M S53LIcmE E B 0. RNORBBE & 5T, EREOHBKEIZ 1.0 1ITH, L
U FECEREHTRIET 5, 45108 pH T UV RINO E— 7 B S iR XV Bl T
¥, Shik pH BT LD, SHELHEC— 2 ORINIC X 5, HRNICIE UV REIC X
B E— /B OBERER. BT FBAICEE LU,

5.4 R
S0mM [RERKIBEF O pM A — 7 —DFW, ¥ 2 VBR%E IC TS 358 DEHIE. pH,

BEOFREHE., BREHBREESCX A— M) v DTORIAEIIODWTHRE U, MET S
Sbth S FHRAREY Utco IC Zfld #2740 ($4.6x150 mm) T 0.5 mM phthalic acid & 0.8 mM

tris(hydeoxymethyl) -aminometane %8R & UTHL. 40°C, 30 kef/em?, 1.5 mimin THAE
T3, Bx REVKER CEAEOD XWRIEMRIE o
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Fig.l pH Dependence of retention time of analytes and interferences
using 1lmM phthalic acid as eluent
(column #2740, temperature 40°C , pressure 30kgf/cm?, flow rate 1.5ml/min)
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Fig.2 Dependance of t; on concentration of phthalic acid at pH 4.6 and 6.8

with column #2740, column temprature 40°C, flow rate 1.5ml/min, column pressure~30kgf/cm2, eluent: phthalic acid + Tris
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- Fig. 3 UV spectra of mixture of phthalic acid at various pH
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Sensitivity(10° Area Count/M)
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Fig. 4 Dependence of conductance detection sensitivity of formate and oxalate

on concentration of phthalic acid at pH 4.6
with column #2740, temprature 40°C, pressure 30kgf/cm2, flow rate l.Sx_nllmin
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Fig. S Dependence of conductance detection sensitivity of formate and oxalate
on pH using 1.0mM phthalic acid as eluent
with column #2740, temprature 40°C, pressure 30kgflcm2, flow rate 1.5ml/min
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©3/¢9/98

SEQ 3
ATT 2  OFFS 2@

5. 0@

2

S¥S
cC.5s

FILE 1
CH. 1<&>

Fig. 6 Ion chromatograph of 6.85 12 M formate(t,=3.6min) and 12.8 it M oxalate(t;=17min)
by conductometric detection .
Column: #2740( $ 4.6 X 150mm); column temperature 40°C, pressure 30kgf/cm®;
eluent 0.5mM phthalic acid + 0.8mM Tris;flow rate 1.5ml/min, injection volume 100 L 1.
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@3/69/98

OFFS Z&

3

SEQ
aTT 2

2
5. g2

¥8
3

.
AT Y wa

1 =3}

Fig. 7 Ion chromatograph of 6.85 &t M formate(ty=3.6min) and 12.8 £ M oxalate(t;=17min)
by indirect UV detection
Column: #2740( ¢ 4.6 X 150mm); column temperature 40°C, pressure 30kgf/cm?;
eluent 0.5mM phthalic acid + 0.8mM Tris;flow rate 1.5ml/min, :caoson volume 100 r:
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S¥S 2 SEQ 1@
aATT 2

FILE 1
- CH. 1<&5

83/16,s88 23:Z29

OFFS 49

5. 6o

C.S

Ly

BET ]

Fig. 8 Ion chromatograph of 6.85 /£ M formate(ty=3.6min) and 12.8 & M oxalate(tg=17min)
in 50mM NaHCO, by conductometric detection after passing SCX cartridge
Column: #2740( $ 4.6 X 150mm); column temperature 40°C, pressure 30kgf/cm?
eluent 0.5mM phthalic acid + 0.8mM Tris;flow rate 1.5ml/min, injection volume 100 221

36. 67

MANUS S.P 2&& ManUl

3. P 499

R 5-8
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@3/1e,98 23:29

SEQ 19
OFFS 2o

&TT 2

5. 6@

2

Fig. 9 lon chromatograph of 6.85 4 M formate(ty=3.6min) and 12.8 £ M oxalate(ty=17min)
in 50mM NaHCO, by indirect UV detection after passing SCX cartridge
Column: #2740( ¢ 4.6 X 150mm); column temperature 40°C, pressure 30kgf/cm?
eluent 0.5mM phthalic acid + 0.8mM Tris;flow rate 1.5ml/min, injection volume 100 £ 1.

3. 71

g3

an

ha

—t

X 5-9
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Fig. 10 Ion chromatograph of 5.97 & M formate(ts=3.6min) and 25.3 £ M oxalate(tg=17min)
in 50mM Na,CO, by conductometric detection after passing SCX cartridge
Column: #2740( ¢ 4.6 X 150mm); column temperature 40°C, pressure 30kgf/cm?
eluent 0.5mM phthalic acid + 0.8mM Tris;flow rate 1.5ml/min, injection volume 100 1 ],
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Fig. 11 Jon chromatograph of 5.97 M formate(t,=3.6mi,

nyand 253 4 M oxalate(ty=17min)

in 50mM Na,CO, by indirect UV detection after passing SCX cartridge
Column: #2740( ¢ 4.6 X 150mm); column temperature 40°C, pressure 30kgf/cm?;

eluent 0.5mM phthalic acid + 0.8mM Tris;flow rate 1.5

P A ke
~893
837

8

. 28:57

' @3/17/98
3. 70

2. 84

11
OFFs 20

2

SELQ
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. 5, 08

ml/min, injection volume 100 & 1.

16. 95
3@. 23

€5 -11
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SEQ

S5¥S 2
C.

FILE 1

4&

OFFS

5. &g &TT 2

5

CH. 1<&>

Fig. 12 Ion chromatograph of millipore waterby conductometric detection after passing SCX cartridge
Column: #2740( ¢ 4.6 X 150mm); column temperature 40°C, pressure 30kgf/cm?;
eluent 0.5mM phthalic acid + 0.8mM Tris;flow rate 1.5ml/min, injection volume 100 1.
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£3,16/98

OFES 29

[L4]

SEQ
a8TT 2

ea

" N

Fig. 13 Ton chromatograph of millipore water by indirect UV detection after passing SCX cartridge
Column: #2740( $ 4.6 X 150mm); column temperature 40C, pressure 30kgf/cm?;
cluent 0.5mM phthalic acid + 0.8mM Tris;flow rate 1.5ml/min, injection volume 100 1.
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SEQ

SYS 2
C.

"FILE 1

v

&IT 2 OFFS Z@ &3/89/98

5. 9¢

3

CH. 1<&>

L7

nLl

Fig. 14 Ion chromatograph of 50mM Na,CO, by conductometric detection
after passing SCX cartridge _
Column: #2740( $ 4.6 X 150mm); column temperature 40°C, pressure 30kgf/cm?
eluent 0.5mM phthalic acid + 0.8mM Tris;flow rate 1.5m!/min, injection volume 100 £ 1.
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OFFS 2& @3/99/798 19:45

SEQ
ATT 2

5. &8

2

oan
ooy

Fig. 15 lon chromatograph of 50mM Na,CO, by indirect UV detection after passing SCX cartridge
Column: #2740( ¢ 4.6 X 150mm); column temperature 40°C, pressure 30kgf/cm?
eluent 0.5mM phthalic acid + 0.8mM Tris;flow rate 1.5ml/min, injection volume 100 2 1.
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Area Counts by Conductance

Fig. 16 The influence of water rinsing volume on signal of formate, oxalate and interference

25000

—&-—formate, tR 3.6min /./—\.

20000

—— oxalate, tR 17.0min

—A—interference, tR 13.7min

15000

10000

5000

1 2 3 4 5 6 7
Volume (mi)

B5-16




601

Area Counts

Fig.17 Calibration curve of HCOO™ measured by IC without using SCX cartridge
(Column: #2740 $4.6x150mm, Tempreture 40°C, Pressure: 30kgflcmz, Flow Rate: 1.5ml/min, tz 3.6min)
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oLt

Height Counts

Fig.18 Calibration curve of HCOO™ measured by IC without using SCX cartridge
(Column: #2740 $4.6x150mm, Tempreture 40°C, Pressure: 30kgf/cm’, Flow Rate: 1.5mi/min, tz 3.6min)
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Area Counts

5.00EH05 —

4.50E+05

Fig.19 Calibration curve of C,0,> measured by IC without using SCX cartridge
(Column: #2740 $4.6x150mm, Tempreture 40°C, Pressure: 30kgflcm2, Flow Rate: 1.5ml/min, tg 17min)
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Height Counts

Fig.20 Calibration curve of C,0,~ measured by IC without using SCX cartridge
(Column: #2740 $4.6x150mm, Tempreture 40°C, Pressure: 30kgflcm?, Flow Rate: 1.5mi/min, tr 17min)
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Area Counts

ELi

Fig.21 Calibration curve of HCOO™ in 50mM NaHCO; measured by IC after passing SCX cartridge
(Column: #2740 ¢4.6x150mm, Tempreture 40°C, Pressure: 30kgf/cm?, Flow Rate: 1.5ml/min, tz 3.6min)
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Fig.22 Calibration curve of HCOO™ in 50mM NaHCO, measured by IC after passing SCX cartridge
(Column: #2740 $4.6x150mm, Tempreture 40°C, Pressure: 30kgflcm?, Flow Rate: 1.5ml/min, tr 3.6min)
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Fig.23 Calibration curve of C,0,% in 50mM NaHCO; measured by IC after passing SCX cartridge
(Column: #2740 ¢4.6x150mm, Tempreture 40°C, Pressure: 30kgf/cm?, Flow Rate: 1.5ml/min, tz 17min)
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Fig.24 Calibration curve of G,0,° in 50mM NaHCO, measured by IC after passing SCX cartridge
(Column: #2740 $4.6x150mm, Tempreture 40°C, Pressure: 30kgf/ cm’, Flow Rate: 1.5ml/ min, tg 17min)
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Fig.25 Calibration curve of HCOO™ in 50mM Na,CO; measured by IC after passing SCX cartridge
(Column: #2740 $4.6x150mm, Tempreture 40°C, Pressure: 30kgf/cm?, Flow Rate: 1.5ml/min, tg 3.6min)
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Fig.26 Calibration curve of HCOO™ in 50mM Na,CO; measured by IC after passing SCX cartridge
(Column: #2740 $4.6x150mm, Tempreture 40°C, Pressure: 30kgf/cm?, Flow Rate: 1.5ml/min, tg 3.6min)
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1 Fig.27 Calibration curve of C,0,* in 50mM Na,CO; measured by IC after passing SCX cartridge
(Column: #2740 ¢4.6x150mm, Tempreture 40°C, Pressure: 30kgflcm2, Flow Rate: 1.5ml/min, tg 17min)
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Fig.28 Calibration curve of C,0,2 in 50mM Na,CO, measured by IC after passing SCX cartridge
(Column: #2740 $4.6x150mm, Tempreture 40°C, Pressure: 30kgf/cm?, Flow Rate: 1.5ml/min, tz 17min)
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Fig. 31 Comparison of R? of Regression Straight lines with Different Matrix and Detection Methods
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