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Electron Beam Pulse Radiolysis of Hydroxysemicarbazide
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China Institute of Atomic Energy, P. O. Box 275(26), Beijing 102413, China

Abstract: The kinetics of reactions between hydroxysemicarbazide(HSC) with water-radio-
active particles (e, » *OH and *H) as well as single-electron oxidant «CO; during pulse
radiolysis were studied. The reactions are approximately quasi-first-order reactions, and the
reaction rate constants are k(e,) =1.41X10° L./(mol * s), k(+OH)=1.05X10" L/(mol -
s), k(+H)=2.68X10" L/(mol * s), £(+CO; ) =14.25X10° LL/(mol * s), respectively.
Among them, the reaction rate constant of HSC and *OH is the largest, so the reaction of
HSC and *OH is the main reaction during the pulse radiolysis process.
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Fig. 1 Schematic diagram of pulse radiolysis equipment
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Fig. 2 Transient spectra of HSC solution saturated

with N, after pulse radiolysis
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Table 1 Reaction rate constants of e,, with

hydroxylamines and hydrazines in aqueous solution

k/(mol ™! «
) pH L s syb 275 SCHK
NH;OH 9.0 9.2X108 [14]
NH,OCH, 9.1 4.4X108 [14]
CH;NHOH 9.0 2.4X108 [14]
(CH;)>;NOH 9.1 1.3X10° [14]
10.0 1.7X108 [4]
(C2H;);NOH 9.1 2.4 108 [14]
10.0 9.1Xx107
NH,C(O)NHOH 6.8 4.8X108 [4]
H;NNH, 10. 5 2.3X106 [15]
CH; HNNH, 11.0 2.7X108 [15]
CH; HNNHCH; 12.4 6.1X10° [15]
(CHj3) 2 NNH; 12.0 2.4X107 [15]
(CH3), NNHCH; 10. 4 27108 [15]
NH,; NHC(O)NHOH 10.0 1. 41 X108 AR TAE
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Fig. 5 Transient spectra of HSC solution saturated

with N, O after pulse radiolysis
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Table 2 Reaction rate constants of «CO;

with hydroxylamines in aqueous solution

. k/(mol ™! « S 2%

SR ) pH .

Les DD SCHik

(CH3)>:NOH 10. 0 3.9X107 [4]
(CyH;5),NOH 10.0 4.2X107 [4]
NH,; NHC(O)NHOH 10.0 4. 25X 108 A TAE

D WS kRN 157

2.3 HSC 5-0OH 8y & M

2.3.1 WYGEE Bl 10 mmol/L i KSCN &
WS T oo A KOH ¥, % W pH=10. 0,3
AN, O 25 20 min, JE47 Bk vb 58 % 52 56, 15 3
KSCN 5+OH Jz i ity e 2 Wi B s T RIS, M
Kl 8 A F it . KSCN /K i Wi 75 42 Fa ¥ o 4 B 5 78
A70 nmAb H B d5 R i

0.012

0.009

= 0.006

0.003F

0.000 1 | 1 1 )
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c(KSCN) =10 mmol/L,pH=10. 0
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Fig. 8 Transient spectra of KSCN solution saturated

with N, O after pulse radiolysis
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WME 10 fiR % LR k(«OH) /k(SCN™ ) =
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Fig. 9 Kinetic attenuation spectrum

of (SCN), « absorbance over time at 470 nm

3 (SCN), W K Ay ((SCN), <)/
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Table 3 Absorbance of (SCN), « and value
of Ag((SCN), «)/AC(SCN), +)—1

c(HSC) c(HSC)/ Ay ((SCNDy «)/
AC(SCN)7 +)
(mmol » L™ 1) ¢(SCN" )P A((SCN); ) —1
0 0 0.0115 0

10. 0 1 0.005 6 1. 054
20. 0 2 0.003 1 2. 710
30.0 3 0.003 1 2. 710
40.0 4 0.002 2 4,227
60.0 6 0.001 7 5. 765
80. 0 8 0.001 6 6.188

#:1) ¢(KSCN) =10 mmol/L,pH=10.0,470 nm
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A5 -OH S i 5 509 T 3R4. B TR
T EMGREA R ZES OIS
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Table 4 Reaction rate constants of *OH with

hydroxylamines and hydrazines in aqueous solution

4 pH flmol e 28
Les DD ik
NH,OH 9.0 9.5X10° [14]
NH,OCH; 9.1 1. 41010 [14]
(CH;3)>NOH 9.0 4.5X10° [14]
10.0 6.2X10° [4]
(C2H;5)>,NOH 10.0 2.7X108 [14]
H,NNH, 10.0 1.4X 100 [15]
CH;3; HNNH, 10. 1 2.4 1010 [15]
CH; HNNHCH; 10.1 1. 4X 101 [15]
(CH3);NNH; 9.7 1. 6101 [15]
NH; NHC(O)NHOH 10.0 1. 05X 101 A TAE

H:D o R EIRENEI5%

R RMAT A XA AP 5 -OH O # #64H
L HNTEREA it — 205

2.4 HSC 5-H WM

2.4.1 WPOBRE BEH 20 mmol/L B PhOH &
W A A HCLO, ¥ 3 pH=2. 0,3
AN, O 2y 20 min J5 #F 17 ik vl 48 g 55 50, 15 2
PhOH 5 -H J N /) W &5 WG B FEI1L, |
& 11 Al F 5,310 nm.340 nm % 400 nm 4bF =
AN e R Mg, o 310 nm AT 340 nm U5
EHE KT 340 nm T8 5 /), € £ 340 nm fE
Ry e R RS W Wi K, BF9E PhOH 5 «H (1 )
N3l 7] % fE 340 nm 4b, PhOH 5 «H J i B 25
77 WL TR (4 ) g 2 S T R T 12 X0 5
IO N B A 455 8] PhOH 5 -H
N R £ (PhOH) =9. 3X10° L/ (mol » s).,

0.002r
0.001F
=~ 0.000F

—0.001F

-0.002 ' ' ' ' '
280 320 360 400 440 480

A/nm

¢(PhOH) =20 mmol/L,c(t+-BuOH) =0. 1 mol/L,pH=2.0
B 0.070 4s.@ —0.080 pus. A—0. 090 ps
B 11 N, O f ATy PhOH ¥ i ik vh 4 i O 1% ]
Fig. 11 Transient spectra of phenol solution saturated

with N, O after pulse radiolysis

2.4.2 RRiEh A B 0.10.0.30.0,40.0,
60.0,80.0 mmol/L. HSC-8 mmol/L. PhOH &
W s ) RV 43 i A HCLO, ¥ ¥ 187 W)
pH=2.0,3 A N,O %y 20 min 5 #F17 K vl 45 f#%
S ARATFAE A d RS R K 340 nm Ab
Bl 1 2% = oR T 13, A HSC J5 . c(HSO)/
¢(PhOH) ,340 nm 4t PhOH WEYGEE K A, (+C;H; OHD/
ACCHOH) — 1 {84 73 5. M4 HSC,PhOH
5eH kAR RN KR LL A, («C;HOH) /
ACCsHyOH) —1 %} ¢ (HSC) /e (PhOH) 1 [ 1%
P —FHEZRTE 14, ME 14 ProR, HLRE
k(+H)/k (PhOH) =0. 028 8,k (PhOH) =9. 3 X
10° L/(mol « s), 1 i A 5K 1% HSC 5 «H Jz i 1)
R R(-H)=2.68X10" L/(mol « s),
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=
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‘ T $=0.028 8x+0.014 4
0.0012F b =0.996
< 0.2
~ 0.0006} =
T
Q
0.0000} T 0.1
Q
—0.000 6} e
0.0 r 1 1 1 J
—0.0012 . . . . . , 0.00 3.00 6.00 9.00 12.00
0.000 5.000 10.000 15.000 20.000 25.000 30.000 ¢ (HSC) /¢ (PhOH)

t/us

20 mmol/L PhOH.pH=2. 0
K 12 340 nm 4k« Cs Hy OHWE S BE
W RF 8] A2 4k 1) 3y ) 2 S i
Fig. 12 Kinetic attenuation spectrum

of +CsH;OH absorbance over time at 340 nm

—0.0008 !
0.000  5.000

10"000 15.I000 20.I000 25.I000
t/ps
pH=2.0
1——8 mmol/L. PhOH,

2——10. 0 mmol/L. HSC-8 mmol/L. PhOH

K’ 13 4 HSC B} 340 nm 4k« Co Hy OHWE S B
I RF ¥ A2 A B By 7 2
Fig. 13 Kinetic attenuation spectrum

of +C; H; OH absorbance over time at 340 nm with HSC

25 PhOH WL E K A, («C,H;OH) /
A(Cs HyOH) —1 f91{E
Table 5 Absorbance of PhOH and value
of Ay (+CsH;OHD /A(+Cs H;OH) —1

c(HSC)/ c(HSC)/
(mmol « L™  ¢(PhOH)V

Ao (+C¢HsOH) /
ACC¢HsOH) —1

AC-C;Hs OHD

0 0 0. 001 95 0
10. 0 1. 25 0. 001 84 0. 059
30.0 3.75 0. 001 65 0.177
40. 0 5. 00 0. 001 66 0.172
60. 0 7.50 0. 001 58 0. 230
80. 0 10. 00 0. 001 50 0. 295

1) ¢(PhOH) =8 mmol/L,pH=2.0,340 nm

B 14 A, (+CsH;OH)/A(+CsH;OH) —1
5 ¢(HSC) /e(PROHD I X R K
Fig. 14 A, (+CsH;OH) /A(+CsH;OH) —1
vs. ¢(HSC)/c(PhOH)

2.4.3 SVHUERIPHT el BAT ISR B9 IR A
HARMERJE R AL —2.9 V, S5 R &
ey fe, o H A B AT B0 0938 I L AR e
JE AL — 2. 1V H 5 R AR i A AR ) B e R
W RSN R A Al S B PRk, 4 eH 5 HSC
R LR AT LR AR A

HSC++H —>/=4) 1D
i i SR 4 TR IO e S HEAT A= 9 45« H RO Y 3k
RN T 6. 3k 6 B nl . B SCHERMAT
AW e H R ORI R A 2 LT HSC 5 - H Y O
AR MR N TE LA Rt — 05T

F 6 FEM R EATEY S H SN F AL
Table 6 Reaction rate constants of *H

with hydroxylamines in aqueous solution

R T
Les DD SCHR
(CH3);NOH 2.0 7.3X10¢ [4]
(C2H;5),NOH 2.0 8.0X10* [4]
NH;NHC(O)NHOH 2.0 2. 68X10° AT AE

D W R EIRZENE15%
3 &

(1) R ok o 5 i B 9 SR H BCRE 3 7 °F
Jrigt HSC HiE YRR ¥ ey s cOHL <H.-CO; B
SR Bl 328 AT T 5 A5 2 AH B AY SR R 5
FEANF

—dc(HSC) /dt=1. 41 X 10%c(HSC) ¢ (e;, )

—dc(HSC) /dt=1. 05X 10" ¢(HSC)c(+OH)
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—dc(HSC) /dt=2. 68X 10°c(HSC)c(+H)

—dc(HSC) /dt=4. 25X 10°c(HSC)c(+CO35 )

(2) HSC 5 P4 5 Z 18] 47 75 58 5+ S DL

PO A4S S I S BT 1, HSC 5 - OHL e i ik
RN ¢ U NNITEE R s WA RLE Y8 & U N S |
IBX . 2BX B &2 246 M5 . HSC 45 «OH K i

H IR .
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