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Characteristics of Some Typical Inorganic Oxyacid Free Radicals
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Abstract Carbonate radical, nitrate radical, phosphate radical and sulfate radical are all important intermediates of chemical
reactions with oxidizing ability. They have a significant effect on the transfer of pollutants in natural environment. In this
review, the redox potential, modes of production, detection methods of these radicals and the mechanisms of their reactions
with organic compounds are introduced. It can be found that: these four radicals have different reaction rates with organic
compounds because of their various redox potential; Carbonate radical is not a scavenger of hydroxyl radical. For some easily
oxidized compounds, carbonate radical shows higher oxidizing ability than hydroxyl radical; Hydroxyl radicals can be con-
verted into other four types of radicals. Meanwhile, these four types of radicals react with organic matters by electron trans-
fer, hydrogen abstraction and addition, which is basically consistent with hydroxyl radicals. It can be predicted that the
mechanism of organic compounds degradation by these four types of free radicals is similar with that of hydroxyl radicals. In
the future, it is necessary to study the mutual conversion principles between these free radicals and hydroxyl radicals and the

degradation mechanism of these radicals when reacting with some representative organic compounds.
Keywords carbonate radical; nitrate radical; phosphate radical; sulfate radical; hydroxyl radical
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Figure 1 A possible mechanism for carbonate radicals generation in the
presence of carbonate ion and hydrogen peroxide
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Table 1 EPR parameters of the carbonate radical in various media at
25 C
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Media g value Line width a(*C)
KCI matrix 2.0113 3.7 11.9
KBr matrix 2.0121 4.8 11.9
(KHCO:s), crystal 2.0066* 6.1 11.3
Aqueous solutions 2.0113 5.5 11.7

* Principle g value (g.).
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Table 2 Rate constants for the reaction of carbonate radical and hydrox-
yl radical with organic compounds

w/(moleL 'es ")

Reactant

Cco;™" ‘OH
Atrazine 40X 10008 8.2 1081
Hexazinone 2.4%10°08 6.2X10% 1
Carbendazim®” (6+2)%x10° (2.24+0.3)X10°
Isopropanol™®"! 4x10* 1.9%x10°
Tertiary butanol®'! 1.6X10? 6X%10°
Oxcarbazepine®!) 8.6X 10’ 1.7X10"
Sulfamethoxazole!"”  (2.68+0.71)X 10 (7.89+0.07) X 10°
Trimethoprim!'”! (3.45+0.49) X 107 (8.53+0.12) X 10°
Fenuron® ((7~12)£3)X 10° (7£1)X10°
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Medium Type of radiation g/ g Qav
oz KNO; gamma ray 2.005 2.025 2.018
3 Eﬁ Egi g EE % NaNO; gamma ray 2.017
. e . . _ Pb(NO;), e 1.998 2.029 2.0195
=2.48+0.01 VI R —Fh AL BE SRR B 222, K:Ce(NO3)s UV 2018
FEBIER TG ERERSTRE 1:':1[25,28]' Sr(NOs), e 2.0030 2.0259 2.0183
. - DT NH4NO; gamma ray+UV 2.0195
3.1 MWEREAREEKMEFHAESN NaNO, gamma ray 20047 2.0231
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Table 4 Rate constants for reactions of SO, °, 'OH, and NOs’in aqueous
solutions

w/(moleL 'es ")

Reactant SO, ‘OH NO;
Formic acid 1.4Xx10° 1.5%10° <1.0X10°
Methyl alcohol 3.2X10° 9x10* 2.1X10°
Ethyl alcohol 1.6X 107 1.8X10° 1.4%X10°
Isopropyl alcohol 3.2X10’ 22X%X10° 2.4X10°
Tetrahydrofuran 1.0x10* (1.4~2.7)X10° 1.2X10’
Fumaric ion 1.6X 107 1.1X10° <1.0X10°
Acrylamide 1.6X10* 5%10° 3.4X%10°
Crotonic acid 7.7X10 2.7X10° 5.1X10’
Anisole 49%10° 6X10° 3.2%X10°
Phenylacetic acid 3.1x10° 5% 10° 1.4%X107
Pyridine 2.0X107 2X10’ <1.0Xx10*
Br- 3.5X10° 1X10" 4x10°
clr 2.0%10°% 4X10° 7.1X107
Mn** 2.0X10’ >14X10° 1.1X10°
TI** 1.7X10° 8X10° 8.6X10’
Ag” 1.8X10° 1.5X10" 3.1%X10°
Co*' 2.0X10° 2X10° <7.0X%10*
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Figure 2 Possible mechanism for the cooperative effect of Pt and
phosphate
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SOSEEER, DCABEIR B I XU N S 0 R R AR R
AV
4.4 TR EHERRTT

IR 1 EH 2 AR AN E SR TS e E B 5 1,
NEPEH PR, EBRE hIEEE AR KERTIRS
s A 2 53, AR B R RIS A

5 WMEEEHRE

SO, "fbrE E A AL E°(SO, /S0, 7)=2.6 VI®,
ERIPEETRE S04 HIHRH R, 2o e g
R A, SR S P M S,08 R
HSOs 5% 5 4h, AT WYGATERE SO, HILE R, S
B AL ] WO R AR R L, AR 1 it A E
0,7, 0, AL OH, "OH 5 S,05 R SO, .

0, "+H'—'0O,H
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"0,H+S,04—S80, "+HS0, +0,

SO, "5HMMM R X FEAHTHE . FA
UM B, — et i, SO, AR B R F 2 ZFAEFS
FHrnHTF>FNE o BTCER)>ZF a-H>ZF3E a-H,

SO, "7 H B PR BE AUR TR 2 (1 [ H Ak, —2b
HON AT TN RS, AT EAPELER
E HH R PR AR B3 A sl 7.

51 HMERERESEEHENHEERK

FERRPEER, SO, 5 OH ™ e b AE R OH Y,

SO, "+OH —S0,> +'OH

k=6.5X10" moleL 'ss”!

SO, "5 H,0 Je i pk"oH

SO, "+H,0—-HSO, + OH

k=360+90 moleL 'es

"OH ZFHL HSO, 1 H AT 4 & SO, "2,

"OH+HS0, —S0, "+H,0

k=(3.540.5)X10° molsL 'es™!

5.2 BB HRENENE
52.1 EBRA&NEE

Tang 25RO NG EAR 0.001~0.005 molsL
S,05" B 9T SO, ", F YAG #0t:(266 nm), i KfkiffE R
40 mJ, k% 6 ns. 7E pH 1.06~5.3 %4FF, M5 SO,
) e RIS I K & 443 nm, JERWOG R B 1385
mLemol 'eem ™!, AL TAE pH FERER H B3 A K
W AT K e JBE JR T s B L% 5.

F5 AR O bR R

Table 5 Comparison of SO, * peak extinction coefficient in different
conditions

pH A/nm g/(Lemol 'scm ')
0 450 1050

5.5 455 45045
1.3~4.38 455 460

6.8 450 1600

1.06~5.3 443 1385

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Morimoto 2 ik e g ff FU BRI 1 ER 36 5 AT
VIR BL KRS EI R IR A AR R
A 10 MeV, H 7 AUK R T8 BN 1 s, JEEEAE I &R
G 300 W U AE M 6IR, KuS,0g FITE S ris .
N,O ¥ 0.005 moleL ™" KSCN 7K & IRAE ik o1
FUEF. SRIGLERE, SO, HIE KM K 475 nm,
BE SRR S B % e=7600 mLemol 'ecm .

522 W fardikik

o H HEMGE A b2y DMPO #iskE, W5
EPR B d SO, "B A ML 1 : 1 ¢ 1 45L&, "OH B
BREELL 10202 0 1 T,

Clément 25°1f] DMPO {3k, M1 SO, "I
ESR Z#: a(N)=1.35, a(H)=0.92, a(P)=4.58, g=
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 F % #R

2.0061.
Chawla ZFUTHI & DY AR 9 3557, W3 SO, 11
ESR Z4{: a,"'=20.21, a"=15.58, g=2.00320.

6 HES5RE

THLE AR B RN RN TR, 5%
HHFEARAL, HRE TR FEMIN T kT, =
BRI &b L2 ] S S HE 52 A g AN [

THEAREHE. BEHESEIW. LK
T ARMIREIR FE SR B A: FETRZ H, Ikl
WRCAZF m L FONRTHE. H iSRS o-H AlHE o-H; B
P R AR o AR T B R HAT
B T XBRER H IR BT RIZE H RS FURRA
Ah, W HE =R E H IR T TH T AR

H BT CAF B AR R B A2 [ 3 2 W] DUM B %
LI,

‘OH+S0,> =H,0+S0,™"

PHOH AEZFEL SO+ O M FXF BRI T,
SO, "HEEZFEL H,O H O FFH 7% LA L7

MR B L BEIR A AR IR B 3t 2 H it
(AR B AR, PTCATS, AMER E t2E. SR B h 3
A B R REA LR AL, T HI T R S BE AT

‘OH+NO; =H,0+NO5’

"‘OH+H;P0O,=H,PO, +H,0

‘OH+H,PO, =2H,PO,/HPO, "+ OH /H,0

‘OH+HPO,=HPO, /PO,* "+ OH /H,0

BEARBRTR H BRI E 1 B AR AL AR Z IR K,
BN B P47 S A AT BEAEAE.

‘OH+HCO; /CO5* =HCO;/CO5 "+ H,0

UREE B EHL & AR H BRI 2 R 2 Il mT
DU B B4R, AT it — 50 B e AT TR A ML R LB
SEARBA.

=Rk

T2, 1994 fh & Tl #l B, MLk 2012 £ £
2016 42z Rk X5 ZAR AR FAL; 2016 F £ 43T X
EHEFREFRFZILETL BHNEIZARTGHZHRAAKL
RALBA AT K, @i . TE L2 BELEFEEFLTER
Wty 57 R BAT MR, PR LR EIEF i hkeitn 24
HAE. EBFFERFIY LA & SCl £ X = 4.
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