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Table 1. Effect of ammonia

Run NH pH Ordera) Rate " ti/zd) Type Brown )Remarks
Number (M) Constant Compound
A-1-1 0.003 6.80 — —_ 19 B X  0.91 mM CuSO,
A-1-2 0.005 7.35 1.8 1.05 5.1 B X 1.5M (NH,),SO,
A-1-3 0.010 7.90 1.8 2.33 2.3'" B X 0.08 M H,O,
A-1-4 0.012 7.95 1.7 1.70 2.3' B X 30 °C

A-1-5 0.015 8.10 1.7 1.65 2.4' B X

A-1-6 0.019 8.25 1.7 1.59 2.5 B X

A-1-7 0.029 8.50 1.6 0.80 3.0! B X

A-1-8 0.039 8.62 1.6 0.77 3.3 B X

A-2-1 0.04 10.7 © 1 2x10-8 92! A O 0.09 mM CuSO,
A-2-2 0.06 11.1 O 2.2x10-5 38! A O 0.13 M H,0,
A-2-3 0.08 .11.2 O 4.4x10-5 14.5' A O 300C '
A-2-4 0.10 11.3 O 7.0x10-5 2'20" A o)

A-2-5 0.14 11.6 — —_ <10" B X

A-2-6 0.20 11.6 — —_ =~ 10" B X

A-2-7 0.50 lligjz — —_ | 21" B X

A-3-1 0.08 1.1 0.23 18" B 0.20 mM CuSQ,
A-3-2 0.10 1.2 0.60 15" B 0.04 M H,0,
A-3-3 0.13 1.3 1.9 13" B 16.5 °C
A-3-4 0.21 1.5 7.0 11" B

A-3-5 0.25 1.3 2.2 11" B

A-3-6 0.30 1.2 1.1 11" B

A-4-1 0.04 O 0.84x10-2 £8! A O 0.44 mM CuSO,
A-4-2 0.10 o) 2.6x10-2  18.3%' A O 0.13 M H,0,
A-4-3 0.20 — i =51 B o 30 °c

A-_4 -4 0.50 _ . — = 3 B X

A-4-5 1.0 S — S = 8 B X

A-5-1 o0.011 o) 0. 0104 180! A O 0.52 mM CuSQ,
A-5-2 0,022 o) 0.030 68! A O 0.05 M H,0,
A-5-3 0.055 - — — 30m B X 30 ©C




Table 1. Effect of ammonia (continued)

Run NH, pH Ordera) Rate b)ti/Zd) Type Brown C)Remarks
Number (M) Constant Compound
A-6-1 0.011 o} J0.16x10~3 100! A O 0.25 mM CuSO,
A-6-2 0.022 0 0.73x10-3 241 A O 0.04 M H,0,
A-6-3 0.042 0 2.0x10-3 6.4' A O 30 ocC

A-T-1 0.032 0 0.95%x10-3 13.4' A O 0.30 mM CuSO,
A-T7-2 0.049 0 2.1x10-3 4.5' A O 0.04 M H,0,
A-7-3 0.065 0 4.1x10"3 1.2' A O 30 °c

A-8-1 0.049 0 1.7x10-3 9.7* A O 0.30 mM CuSO,
A-8-2 0.050 0 1.9%10-3 7.2' A O ©0.046 M H,O,
A-8-3 0.059 0 2.0x10-3 6.3'" A o 30 °c

A-8-4 0.074 0 3 .6x10-3 2.0' A 0

a) The order of reaction in hydrogen peroxide.
b) M'"® min~' for the n-th order reaction.
c) O : The brown compound was formed.

X : No brown compound.

d) The half-life time : min (') and sec (").
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Table 2.

Effect of Ammonium Sulfate

22

Run (NH, ) ,S0, pH Order® Rate y Type Brown )Remarks
Number Constant Compound

S-1-1 0.13 8.85 — —_— B o) 0.91 mM CuSO,
$-1-2 0.20 8.70 1.7 3.8 B 'O 0.016 M NH,
S-1-3 0.27 8.68 1.7 7.9 B o) 0.083% M H,0,
S-1-4 0.30 8.60 1.7 11.2 B o 30%

S$-1-5 0.33 8.55 1.7 7.4 B o)

S-1-6 0.3%7 8.55 1.7 6.7 B o)

S-1-7 0.40 8.50 1.7 5.9 B X

5-1-8 0.43 8.40 1.7 4.7 B X

$-1-9 0.47 8.37 1.7 4.0 B X

$-1-10 0.50 8.35 1.7 2.9 B X

s-2-1 0.03 8.54 — — (2579 B 0  0.91 mM cuso,
§-2-2 0.10 8.19 1.6 6.3( 40m) B o} 0.007 M NHj,
§-2-3 0.17 8.08 1.6 5.2( 50") B 0 0.045 M H,0,
S-2-4 0.20 7.90 1.7 6.8( 60") B X 30 °c

s-2-5 0.26 7.87 1.7 3.4(113") B X

s-2-6  0.33 7.80 1.6 0.9(287") B X

S-2-7 0.40 T7.80 1.8 2.1(310") B X

S-3-1 0.07 8.28 — — B o) 0.91 mM CuSO,
S-3-2 0.10 8.00 1.7 9.3 B 0 0.005 M NH,4
S-3-3 0.13 8.00 1.7 11.3 B 0 0.044 M H,0,
$-3-4 0.20 7.98 1.7 7.1 B X 30 °c

$-3-5 0.2 7.72 1.7 1.6 B X

S$-3-6 0.40 7.72 1.7 1.3 B X

S$-3-7 0.53 7.08 1.7 0.5 B X

a) The order of reaction in hydrogen peroxide.

b) M

c) O :

min™ for the n-th order reaction.

The brown compound was formed.

d) The half-life time (sec).

X

No brown compound.
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Table 3 Effect of Hydrogen Peroxide

gnger H%3§ Ordera Coizzzntb Type Cog;gzgd

P-1-1 0.071 1.6 6.2 B X

P-1-2 0.086 1.6 6.1 B X 1.6mM CuSO,
P-1-3 0.10 1.6 7.0 B X 0.032M NH,
P-1-4 0.12 1.6 6.4 B X 0.5M (NH, )5S0,
P-1-5 0.13 1.6 6.7 B 0 30°%¢

P-1-6 0.145 1.6 6.2 B o}

P-1-7 0.16 1.6 7.2 B 0

P-2-1 0.033 1.7 3.1 B X

P-2-2  0.050 1.7 2.8 B X 0.8mM CuSO,
P-2-3  0.069 1.7 2.5 B X 0.011M NH,
P-2-4  0.085 1.7 2.6 B X 0.5M (NH,),S0,
P-2-5 0.10 1.7 2.7 B o) 30°¢ '
P-2-6 0.12 1.7 2.6 B 0

P-2-7 0.14 1.7 2.6 B 0

P-3-1 0.020 1.4 0.45 B X 0.22mM CuSQ,
P-3-2 0.032 1.4 0.53 B X 0.02M NH,
P-3-3 0.069 1.4 0.51 B X 0.2M (NH,),SO0,
P-3-4 0.10 1.4 0.54 B X 30°¢c

P-3-5 0.14 1.4 0.51 B X '

P-4-1 0.021 1.5 0.33 B X

P-4-2 0.032 1.5 0.32 B X 0.22mM CuSO,
P-4-3 0.045 1.5 0.33 B X 0.01lM NHg4
P-4-4  0.069 1.5 0.29 B X 0.3M (NH,),SO,
P-4-5 0.10 1.5 0.31 B X

P-4-6 0.14 1.5 0.30 B X

p-5-1 0.032 0  55x107° A o 0.44mM CuSO,
P-5-2 0.067 O  17x10™° A o 0.06M NH,
P-5-3 0.14 O 135x10 A 0 30°%¢
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Table 3. Effect of Hydrogen Peroxide (continued)

Ni;ger H%S? Order® CoiZijnt Type nggzgnd Remarks
P-6-1 0.034 O  1.75x10"° A o 0.44 mM CuSO,
P-6-2 0.071 0  1.14x107° A o 0.04 M NH,
P-6-3 0.145 0O  0.85x10°° A 0 30 °c

P-7-1 0.034 O 2.8x107° A o 0.44 mM CuSO,
P-7-2 0.049 0 1.8x10™" A o 0.05 M NH,
P-7-3 0.071 O 1.3x10"> A o 30 °c

P-7-4 0.14 0 1.1x10™> A 0

P-8-1 0.037 O  0.93x10"° A o 0.44 mM CuSO,
P-8-2 0.075 O  0.73x10"° A o 0.0% M NH,
P-8-3 0.15 o  0.68x10"° A o) 30 °%c

P-9-1 0.024 O 2.1x10"° A o 0.25 mM CuSO,
P-9-2 0.032 O 1.7x107° A 0 0.04 M NH,
P-9-3 0.045 O 1.4x10"° A o 30 %

P-9-4 0.048 o) 1.3x10"" A o

P-9-5 0.068 O 1.0x10™° A o

P-10-1 0.023  © 3.6x10"° A 0 0.46 mM CuSO,
P-10-2 0.035 0 2.4x107° A o 0.05 M NH,
P-10-% 0.046 o 2.2x107° A o] '

P-11-1 0.025 O B 0 0.30 mM CuSO,
P-11-2 0.029 O 6.8x10™° A 0 0.06 M NH,
P-11-3 0.043 O 3.9%x107° A 0 30 °c

P-11-4 0.051 © 2.7x107° A 0

P-11-5 0.10 o) 1.5x107% A 0

P-11-6 0.20Q o) 1.2x10"° A o)

a. The order of reaction in hydrogen peroxide.
b. M "™ min™! for the n-th order reaction.
c. O: The brown compound was formed.

X: No brown compound.
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Table 4 Effect of Temperature

Run Temperature Order Rate Type Remarks
Number ( °c ) Constant

T-1-1 15.5 0 2.5x10-3 A 0.3 mM CuSO,
T-1-2 20.3 0 5.1x10"3 A 0.052 M NH,
T-1-3 25.0 o] 9.7x10°3 A 0.09 M H,O0,
T-144 30.3 0O 18,6x10"3 A E=102%4 kJ mol-t
T-2-1 22.6 0 0.13x10"4 A  0.25 mM CuSOQ,
T-2-2 28.1 o] 0.27x10"4 A  0.045 M NH,
T-2-3 32.5 0 0.47x10-4 A  0.04 M H,O0,
T-2-4 38.5 o) 1.04x10-4 A  E=100%(4 kJ mol-t
T-3-1 25 0 0.23x10-2 A 0.44 mM CuSQ,
T-3-2 30 O  0.43x10-2 A  0.13 M NH,
T-3-3 35 0 0.77x10-2 A  0.06 M H,0,
T-3-4 40 o} 1.32x10-2 A E=91%4 kJ mol-1
T-3-5 45 o) 2.28x10-2 A

T-4-1 14.5 1.4 4.8 B 0.3 mM CuSO,
T-4-2 12 1.4 3.8 B 0.27 M NH,
T-4-3 10 1.4 3.1 B 0.04 M H,0,
T-4-4 8 1.4 2.7 B E=64%2 kJ mol-1
T-4-5 6.5 1.4 2.25 B

T-4-6 4.5 1.4 1.8 B
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Fig. 6. Spectra of the reaction mixture through the path A at 30 °C : 1. 1 min, 2. 35
min, 3. 48 min, 4. 217 min after the mixing. The broken ‘line A indicates the spectrum of
the supernatant solution of the mixture of copper(II) sulfate and the dilute ammonia.
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Table 5. The Rates of Linear Part, k_ , Versus the

Optical Density at 360 nm

Temperature 300C

The initial concentrations of

H,0, NH, CuSO, P360 nm Ko

(10%Mm) (10°M) (10°M) (10°M min™")
45 5.8 3.0 0.52 2.6
45 5.8 4.4 0.74 3.4
45 5.8 5.9 1.00 4.0
20 4.8 4.6 0.47 3.6
31 4.8 4.6 0.49 2.4
42 4.8 4.6 0.51 1.8
46 4.9 3.0 0.52 1.6
46 5.9 3.0 0.52 2.0
46 7.4 3.0 0.55 3.4
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Fig. 8. The D360 vSs. [Cujo plot.
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4. 0.25 mM CuSO), and 0.04 M H,0, (O)
Fig. 10. The log ko vs. log [NH3]° plot.
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Current / uA

Fig. 12-a. Polarograms of the reaction mixture at 0.8 mM CuSOu, 0.12 M NH3, 0.14 M H2O2 and

1 M NaCl0y :

¢ : 0V uvs.

1. 10 min, 2. 75 min, 3. 150 min, 4. 300 min, and 5. 310 min after the mixing.
SCE.

gt
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Current / uA

20 |

Fig. 12-b. Polarograms of the mixture of copper(l) chloride,
ammonia and ammonium chloride : 1. 10 min, 2. 22 min, 3. 45 min
after the mixing. 1 : 0 V vs. SCE. '
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BSH3. TRbS, BERIMT -T2 (% S =3B ERT
ESR=IFv (. BR AR B =0 7w e8RS ) B 4g S 3,

Ropid Quenching sE1c8,7, Rivil S o BABME £XFD
AESEAESRAVHIMUETRIR L,  0.05M CusSla € W0 M NH; CE
B AR 09 M H0u KB RELERL, 1hT hosk 1R
LT AERoSEAN ARET|H TR R L. CuS0s -NH3 IR sk
b\ R E) A ENRNT, @), IRV @ etho s® 3,5 RIR 2D
FiLB BRAMI T M. LA B EIOCTT, ESR =T FIVVEER
Tt b, 1R, |

2OV o sE B o, Fig. Bo @&V &)= T BSR
=P AR BN Thire EBEABE = H0.ABE TR 0 0
AHRETIRS, INSoFNE o (M0, Lu-NHIETRFEIC
ERTELD, R, WoYFe ERT TN (Yoo a e )
VX, 194 KT 25 he e IRH3 ¢, Fig. 14-0 \= T EISR =9 C
Chofr, =OTWIE W IEH R el = 1L, LS he 2 TR
EER4 Fra lbe-a ‘T I&8 U =7 i, ( Fig 1d-a o B,
Fig. B-a o B o /I THI),

Fia. 13-bo ESR=DFILVERT TR (B0 b) W, 194 kT
P IRty {0 BSR=YFIL\s BRIOI RSkt sl Fig.
-b)e HToub = W ) he BBEIFIC, Fig \e-Cc 0o BSR =
YFiectiatee Sae Sa NV ATICHLU S u<S B AR < LT w3,
=yFic =R ARIDEICITR SAL D=, LELRAS, OVEEZRL
REEVAT R 194 KT 40 win JaTR 93¢, Fig. l4-d » BESR =) F v
Toke O3, #2202 194 KT MIPLRIHA SESR
D" Figo -a) ¥ B 4G —2R LT W,

LT =P heEn W0, KIBsh BT RT SAM UV 8BS ET L Tig
RN Ol Y= b0 BSRET SV E Fig. B-C s Rmd (ks
Fig. 13-b © /3 Do 0Tl HAHOBHXTALT VSIS S W,
7o b ®o BESR=7F 1L (Fig. 3-5) ¥ THIR N £BOAL, Sy 0 9T
. O o i ¥t —FERLTLWTI, \PLBA'S, Fig. 3-coy 29" 31n
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(o)

DPPH

Fig. 13. ESR spectra of the quenched sample of the reaction
mixture (a and b) measured at 77 K.



L2

v

(e) : 100 G

Sensitivity : 1/3

1/3

Sensitivity

Eu

Fig. 13. ESR spectra of 02' radical formed by the UV
irradiation for five minutes (c) and the frozen CuSOu agqueous
solution (d) measured at 77 K.
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(e)

(f)

100 @

Fig. 13 ESR spectra of the ammine-copper(II) complex ion
with the isotropic g-tensor (e) and the

anisotropic g-tensor (r)
measured at 77 X. ‘
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(a)

Sensitivity : 1/3

(b)

DPPH

Fig. 14. ESR spectra of the sample a (a) and b (b) annealed
at 194 K.



Fig. 14. ESR spectra of the sample B irradiated by the UV
light for one hour (c) and annealed at 194 K after the UV
irradiation (d4).
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194K T \O/ﬂré\ﬁz\@?n\rds_\— EQb R S

Mol BEI 0TV H T3 ESR=IF LT ER ) INDHHR b\
A\ UV B 332 Tig R-C e MUESR =) FIVER L, }94-
KT Fie s RIL=oT, ¥ ¥l o Ha0a ) K5 B LT &L
= 0" \2i3tox f&iE I A3,

RAE LR CulSla KB R SR ATARE =7 F e R L (F\g_\a-a),
SRR E ¥\ AL b, R,

INEO BESREZ)FIen ¢- @& & Table § 1= T,

HLr0iw b o SEREMAHAIL T Fg v = mE. 6 o % SR
IT AL B EE THRIH b3,

Y eI ORI -0 EEE o RRENE LR VT G
SREBLLENL, 10 LEAF LT G.R. RRS AT AHdELE
A5, AU AT LT AR LN Hh TR <L E&F Uk, B4
e \=33fF ., B4 B3R L Table Y =T, @B
€ (Fa0a +20,)/ Cu ® TEIE\T F<—2RLTW3(E 4RA), &
B BA/A BR )= 8,7 M0 Y LT R T N3IOT, W0 LT L
., IR, BEAER =T 0B ReEF3 St R IMRLD
W Cu =@z iiLTnwt Ho, ‘Lﬁ: LSN3. 1w, RfGE 3%\
) A EE LR WA o (M0+202)/Cu o TELE $9 0. THDI
O, Ay BEEM L tu= 2\ o VWIXVASHET
ITXCRW b I. ARV EB R o AR ENAR TR LTWIte v
=, Lot At h Bt =hN,RtordE I3, Auy-Lsis
$o0 TRALY O NHy B AAFTURCS I, Do BALE LB BRB T Wb,

A OTRAL 2 M BB LEBA O FEIRTARL R Y hug, A
BoRlo FEMLT) o APV (( Fy. b03) XI3le -2k,

OB TR EARE 3¢ 0. e R E TR HE W T RBUS LR
Y, ERBT X 74 7"IL— o (LR FD LR, =, xé:;-@_ﬂﬁ% FF VR
AL TIVF BESR= Y S s ds =,

WS )-ivFTat B D), Hadu B3, (uSle kIT3f,

B3V CuSOe -th0: SR BAKIESRE, PLE=PleiLs) -1 TS R




Table 6 g-Value

Compound g Remarks
Sample a s, 1.999 Fig. 13-a
SSym 2.090
Sample a Sg 2.048 Fig. 14-a
(194 K)
Se 2.113
S, 2.174
Sample b S, 1.999 Fig. 13-b
s, 2.042
S, 2.103
Sa 2.164
Sample b Sy 2.087 Fig. l4-c
(UV irradiation) Sy 2.150
Ammine-Copper (II) g, 2.048 Fig. 13-f
Complex g, 2.216
% eo 2.112 Fig. l3-e
CuSO, d, 2.066 Fig. 13-d
da 2.226
0," 9. 1.999 Fig. 13-c
g, 2.093




127 K

167 K

217 K

Fig. 15.
temperature.

108 K

149 K

185 X

100 G

——
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Dependence of the signal b in Fig. 13 on the
4 : DPPH
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Table 7. Analysis of the Brown Precipitate

Time of Ratio of mols.
reaction H,0,/Cu 0,/Cu (H,0, 20,)/Cu
O day 0.59 0.05 0.69 b
( 0) (0.33) (0.66)
1 day 0.16 0.02 0.20
( 0) (0.09) (0.18)
2 day 0.01 0.04 0.09
( 0) (0.04) (0.08)
10 day 0.00 0.02 0.04
( 0) (0.02) (0.04)
2 min® 0.83 0.00 0.83
30 min® 0.70 0.04 0.78
120 min® 0.81 0.00 0.81
a. The sample was separated from the solution

in which the reaction was undergoing.

b. ( ) self-decomposition.
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AE3e, BB IR CuShe-Ha 0o 3R A 2B ST T (LS AL By

BRI . BRERET, Az -0 RRBRatRA DL

FEHLR . WD - EEOE, Y0, A FRB AR = & XTI s b
FhIL O R = LTR K I>T L fudh, Lurxy AL &6
CoRRATETER T I RS nins ™
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24, &

241, REEA0RRYREsE

AR ORROITHA, BAREAEE R 1T G H3U" N o REDY
n‘%x CRETY, 0,0 SRE NP T L AT< 33 (Tables. 1,3,5). L
NHS, AhSFRR 2 Ro 20T, Figs. -1 = RTSOVTFEITRE N
TIE3ewTIndLT. 3R, koS Dace = \T A €3 (Table 5), 45
A 0. AR ERESTILoT IR bd 3, JIiBi-
Cull) AR A4 =2 e Lt B 1T, AR Y B (BleLUF < Bk fE v M 02
AEREE s TR W REITHTEYT FREIEROIRR.TVD,

iAo E 0 0 REN WD ELTIONER RTINS,
ToEEYY, AR EUST) o R AR N <, aosFob v his BEggeEs
e Cull) A% G by E LT a0 /) B B W (RUET M3 L) e 5 o5 T
W3, IOVT, LluS0e)e —ENCENX Dago W AT Tt 45
2RI R EEIN AT VLY Re W R AV CWOER = FETRFT WD
(Table ),

Ry Dago VR BEBIRN BIREICEIHS, 0.0 EN =
BSI3 eI EESERIHICELSRI, BARLS Do \I -
(B2 330\, EA W NBWMMBIIT =T Yo 0 v s 33
( Fig. T 5 Fig. 3 1= RSAI O NG o VR VnWiT ¢ AoA LV s RTI W),
T R IPHENXILSW. |

O LB AUTALEIIITOT{REEIATLI=LZ. FThbs, X
AT B EE I VAL FoaRIBEEFILE W\ =g
T .
W fBRURTIER LSS =i EES Hhiu £ 0Ty LR LS o
B ((Fig13-b), £ 5% L’r;ﬁ%\;ﬁsmu\:ta BARRRBE R B, TS
CER RN = ARaRRHERINIE Iz ES,
MR Fhe Ee SR - R OB Y RERS R -3/ ihbn.  (himEkig
Rfiesm 057 B SR B e RRAEE <o = FRP L F IR G or 4] S v =
LV EASH, RERIE R T RN TES.
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INH3 ) IR S tho A BT R T E <R3 B, HI/HELAETII *
fe BB S WSSO AT <CT I (Table 1), =#id, ONHeJe l= th Ay LT PLIL-
Cu®) ABEAFT Lo SEEAA N L b3 e TR LT w3 CRee).

HaOx = B H 3R R SREIOE, HaOu 47 SE AN N 45 sSRIESI 308
BINTOH, vy S Eo PR EIR <R3 (Tbles. 1-3), AR af

eV, M 0T BV R TV, ToHaJo AT v e X, pHH Eue iz U,

2.4 2, BEYR SR Y as
- CulD-NH: SRAFR, Mo BRI PHIN BTS2 o P - Lal@)
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TRV, AT T =TIER~EARLT B o TLIU- L) AAF L
DREAH ZEHRIIC Fig. born=T3, KW U $REARRT, 2M
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H3 Tz -GMEEATLAB L A0ITRILoTI KL, it MK
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BRI WIzxih bbb 3. INHJe 0TSl K2 < h3 e Tow (M), 2T
AX 2RI, BT w< S R <, LRS-, Loulonyded* T 4
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[Cu(_II)(NH3)J(OH2)4_32+] / 10" M

Total concentration of ammonia / M

Fig. 16. The distribution of the ammine-copper(II) complex ions at 0.49 mM CusO, and

1.5 M (NH4)2SOU : 1. aquo-complex ion, 2. monoammine-, 3. diammine-, 4. triammine-, and
5. tetraammine-complex ion of the copper(II).
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Fig. 17. Reversible polarogram of the mixture of the
oxidant and the reductant. . |

a. Reduction wave (CRed =0, Cy, =C)

b. Oxidation-reduction wave (COx = CRed = C)
c. Oxidation wave (Cy = 0, Creg = ©)
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Table 8 .Principal g-Values of O,  Trapped

in Different Matrices

Matrix g, g, ref.
Water ’ 1.9987 2.118 1
Methanol 2.0018 2.077 1
Na, 0, 1.991 2.188 1
2.000 2.175 2
>

KC1 1.9512 1.9551 2.4359

1) J. E. Bennett, B. Mile and A, Thomas, Trans. Faradéy
Soc., 64, 3200 (1968).

2) A. D. McLachlan, M. C. R. Symons and M. G. Townsend,
J. Chem. Soc., 952 (1959).

3) W. Kadnzig and M. H. Cohen, Phys. Rev. Lett.,.i, 509
(1959).

W. Kanzig, J. Physics Chem. Solids, 23, 479 (1962).
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Fig. 18. Schematic diagram of the reaction paths of the

decomposition of hydrogen peroxide catalyzed by the ammine-

copber(II) complex ions.



66

BEoop i3 AR RRB A =& M0 A BERR- N/ IHF3., LPL
BHS, 4oBARR B T LRI E A RS LR TH, T
RARHRL, Bl s BEeyCh.L EE SRS BREITLS, Fhiss,
Fig.1¥ » Riw 2,3,6,T € X 23T U= LT AR oM A LS R TS,

B oRfuieBued, R | $1°5 =250 Vho4 B8 R D\ 47
33, SELE B WMo RCANEI =T R W 8REI TR, B
s A £ XTIt =\T, ERWIRT RRILFSIF3H, B
I ¥ LA MMIBAAIIRS =, aOFS REMT L3, FThiss
Rfw3d R SL®OTdhf el v, HECAMH £XFTITY
=V LB Y LY IV ARESIRITIN, BerhaWmo A TrLR
e E BN BRAEIONARET WS (Table 2 0 341, -2, S3FRID.
T, Ao RREG T o R LN FRINIRHNCEISKS .

BRE ST, Fig 180 ReR¥-L = E, T BARERT 1T S ik F85ET
o e fR TG = BRRTYY. R (o ¥ B LsX3hm g,
ARRB AR TAEE =B 5 TI3IFOHh R FFE T W &7 <l
¥ B THI. Trit-@ARAF SRR O R IRAe Y, MMRAS
Hobito RANARBHEAE LWELITLRSIRH AR UTHI.
Ak, 40TOT Ha0 /T BETYR 0 AL TR IEF3RRI=ITAIL v in
THITCH EFEFERIY RSP THI5.



6T

25 & U

Przy- QD ABAAL &Y M0 o HBLS B Rife o w7, & &
IR II L, Rt o Ba i oKL ¥ Ty T8 O \= > WAy
FERJRMEILE., e, Aittas WD o Z &) 550" cu-RRTRFRR
E RIS WO TR EEILE R E LR, EWME kR oI edy
E‘Hb‘b 50 F

ERRE R E o A RE - B U B ioMIR 2RI,
YL 220 XFEIBHEH >, Fhbd, ARt e Xsd
A -HRE kR (RESKRSEIRE) L, S YT\ &
1=VE AL O RREBA (a0 =TRIZIFRR AT \ ~2:2) B3,

THIT CRATY - Call) A (b CHE R Y T T2 R 240 ¥\,
Cu P B ERILE) o Tri b\ 11\ oo REATE o~ \WA XY -0 B F T dR3 <X
WORSH =Dk, 3R, IoBEALEN T o HRESL B Fs
FI3ILnTVERuwIety bisk,

RICEANE o sB BB s, B o Lu4F 1 \= o Lt O 7,17)\/
THRL Lo OSBRI, ERRAIEEE I HL o E XN TE L0 TH3
SXHB[TRIERLTHI. 10X, L) ALTALERTLERHE I i,

B RS ABAAL TR EAR IS, b Rethsbie h (L

Ffe v PV TPz BEFnXxy Cul@) BB A4 T3 i X h=.

REZNE 0 4D B P T 1%, F°-5 1754 o R R_Y ESR AT MU o Y
RoF), Cull) KEMTHIn TERL TS N Cull) B Y5 v 18 U,

TRITOERROE EFBIME LS WV, BEYTEo £ 5 wofx
F), HEV LR IIRREIG T\ ) 0 2 BN BB B, HRILTE o
SRR ARAA LR AR LR AR 1, B D B Rf 0 A% by A
Tk B, B2YWFose) b BY LU 0.7 5 peofkl
e, 2RAAOTHE A -onwl B nmR 2B R, <oul H0.o0%

AR WO BEMEIET- AT I s ol T3tk .



3)
4)

5)
6)
7)

8)

9)

1o}

11)
12)

13)

68

Bibliography
F. Haber and J. Weiss, Proc. Roy. Soc. (London),
A147, 332 (1934).
G. Wada, T. Nakamura, K. Terauchi and T. Nakai,
Bull. Chem. Soc. Japan, 37, 447 (1964).
J. H. Wang, J. Amer. Chem. Soc., 77, 4715 (1955).
S. B. Brown, P. Jones and A. Suggett, '"Inorganic
Reaction Mechanism," edited by J. O. Edwards,
Interscience Publishers, New York (1970) p. 159;
F. Basolo and R. G. Pearson, ''Mechanism of Inorganic
Reactions," 2nd edition, John Wiley and Sons, New
York (1967) p. 487.
T. Kaden and H. Sigel, Helv. Chim. Acta, 51, 947 (1968).
H. Sigel and G. Blauer, ibid., 51, 1246, 2246 (1968).
H. Erlenmdyer, P. Waldmeier and H. Sigel, ibid., 51,
1795 (1968).
R. Grieser, B. Prijs and H. Sigel, J. Amer. Chem. Soc.,
91, 7758 (1969).
KRB, B3R, T4, 44, 166 (1923)..
AR, RREEREKEE (48), 20, 6T (1968).
B. Kirson, Bull. Soc. Chim. France, 957 (1952).
I. B. Bersuker and S. Budnikov, Theor. Eksp. Khim.,
3, 799 (1967).
W. T. Dixon and R. O. C. Norman, J. Chem. Soc.,
3119 (1963). |



14)
15)

16)
17)

18)

19)

20)
21)

22)

23)

24)

25)

26)

27)

28)

6§

H. Fisher, Ber. Bunsenges. ?hys. Chem., 71, 685 (1969).
F. Sicilio, R. E. Florin and L. A. Wall, J. Phys. Chem.,
70, 47 (1966).

K. Takakura and B. Ranby, ibid., 72, 164 (1968).

Y. S. Chiang, J. Craddock, D. Mickewich and J. Turkevich,
ibid., 70, 3509 (1966).

A. R, Metcalfe and W. A. Waters, J. Chem. Soc., 340
(1967) .

M. S. Bains, J. A. Arthur and O. Hinojosa, J. Phys.
Chem., 72, 2250 (1968).

Y. Shimizu, T. Shiga and K. Kuwata, ibid., 74, 2929 (1970).

T. Ozawa, Y. Kirino, M. Setaka and T. Kwan, $S4L, 92,

304 (1971); J. Catal., 15, 209 (1969).

E. Saito and B. H. J. Bielski, J. Amer. Chem. Soc.,

83, 4467 (1961).

A. Samuni and G. Czapski, J. Chem. Soc. (Dalton),

487 (1973).

A. Samuni, J. Phys. Chem., 76, 2207 (1972).

R. D. Gillard and A. Spencer, J. Chem. Soc., A, 1761 (1970).
A. Glasner, J. Chem. Soc., 904 (1951).

J. H. Baxendale and J. A. Wilson, Trans. Faraday Soc.,
53, 244 (1957).

L. G. Sillén and A.'E.‘Martell, "Stability Constants of
Metal-Ion Complexes', The Chemical Society, London:

(1964) p. 152.



29)

30)

31)
32)

33)

34)

70

T. J. Swift and R. E. Connick, J. Chem. Phys.,

37T, 307 (1962).

J. F. Below, Jr., R. E. Connick and C. P. Coppel,

J. Amer, Chem. Soc., 80, 2961 (1958); R. E. Connick
and C. P. Coppel, ibid., 81, 6389 (1959).

B. Kirson, Bull. Soc. Chim. France, 404 (1953%).

I. S. Teletov and A. D. Veleshinetz, Ukrainskii Khim.
Zhur., 4, 463 (1929); ibid., 6, 53 (1931); Chem. Abstr.,
24, 5248 (1930); 25, 5633 (1931).

T. P. Vorobeva, V. M. Berdnikov and A. P. Purmal,
Kinet. Katar., 11, 100 (1970).

J. E. Bennett, B. Mile and A. Thomas, Trans. Faraday

Soc., 64, 3200 (1968).



% 3%

AR(D 44 > 1= D L-TATILE LER oBRACRAL

3.

3.2.
3.2..

322,
3.2.3,

3.3.

3.3.1.

3.3.2.
3.3.3.

3.4

3.4 1.
3.4.2,

3.5,

\-+:x Sl

‘f‘i 5

EE#meyE|E

SRR AT &EW ESRACIFVO
A

BRM)AA LIRSS LPAIILE YR
BRI R

RiSRsR o S B A Fiv
EREHEYBER

R A%

L-PRIIELER - AR (E) 8 (& i

AR CBAR AV Fiu
ESRAVH FIL

J -
ROy



U
3. ¥ ©

o L-TRORELEAR EYIL LT RS M, Yo st eI h e B ik 0
v BEF = &I ERRR (8 # B (LRIR) \= o0, 79 <0 BRFL AR I
T Y5, BER o TADILELER A ¥ =5 - \F, L-TAINKE L
B o BEIER (LR =3 U B 111—51&»\ 0B e TEER P = Ik
I CDAAL I E LS HTNS, iR, L-TAIRLELEL o B
BREAC RIS, CulD), Fe(L,E), Cd(1), Znll), AQ(M) he A& ER O
TIATL ®EV /it-vf?!' LT RRE R R AE T3, Cu(M)A4AL =83
R sH=E L,

Call)AF Lt BEdE oLt L-TRINE LB E%ﬁ@&mm\t y:it - 4rd
1936 & \= Baxron, DeMeio ¥v" Klewperer = TR R, 408 1144
F\= Weissberser L Luvo.\\e ¥ .\E.K"\ﬁ ERPAF-RIe =3 VS fte,  WEE
'3, Khon @ Martell  REV A F S 15T EE MR MIATR N s i, <
Moo B ERMEIHE =T, L-TAILELEL — Cull) AB G o £7X &V
TAIWELEL S 2 i £ LE R ﬁflﬁ O IR X W=,

1961 F \= Yamazaki = Piette “3-, FTRAILELRE I X = 9% \= &
IBEMRR &FV Ho-wdt = 9% B AR H = F 1B CHIRI= Ky,
TAINELEEIZ AL £ TLESRAVIPVEFTHRE LR, 10 if,
T PSR T O BB, (D -H, SRE T\ B = 3 B

e, ME AR B b 0BT RE AR LT LT
7~3\\/b“ TE 7= DILE LKL, 4OBRSRAVIMCE) BT HEES = hiua AL,
TR ROV BB EEEIR OV TR NS Sk. . LHLHHS,
CulMf AL 2 REEE L LR L-TRAWLLBE n BERRMC B R I h nwe g,
BT EE S b IL b £ B 53 SO EERHL\IAE ST,

L-TA2NLLELES -Cu (D) BB & 0 £ WX 1onT, Khanwe Martell 13
SEABYO pHoBERNE L, AN BATLT AKF £ N o3ERn L,
A, FHERIEERCLT lig Kown = 1511003 23T RS LHLBHS, YoR
SRR RIBRABIAT, AF ST RINTHBIRA VI =3 A b £ 6N
OEEBEAT £521T, Sty - EDTA - L-TRINE L BB SR o



2

P UYEUISVRE I TE SO LY -t SR FEIVER - SRS o A
HA™ B3 53) o PBNTLE -) 4 s nm FEBE M A\ =753 LG L
ZHE Cull) - EDTA - HA™ B ATy BR4% ERLTNITLO N L
Eik.
Stolyarov ¥ Amantova '3, HEoARRRITORREAN L L-TRI
VE LB oA B =oAL F B RTR T LR, SoMR
REL-T, ER AL 0B FAATL T L-PRAILELER ¢ BRAT LKL,
PH -G T1T 3%0- 420 nwm\= "BYRL'-) WBRF T, A7 ¥ PRI NWE
R3S o b ente,  LELBATS, RS\ BB RIE o Cull)q
Ar¥% Fel@MAd L eonerr i Lads, =, ‘ |
Lourence Y Ellss 3, AFw72F70-=2ER WU Fe(@D)4F > ¥ L-PR
AL B Lo A TN RECERME L, ABAT L 0 RV v & ¥ U e REUR
HREET= o“) L-TAI T LB - Fe(m) &% U \T 560 nwm 1= "BURE-D &
HU, B IVE T RIER A B R BRA T R s e W
Sheh, =,
) Mehvotra S, L-TAIRELERA © LFRe(E) (e P 4T > Lo T\ o R
oo JE B30I RTEEATR.T, 10K o B33 13 HA™ « Fel(wn)? 4%
Lo B ERMTHI CIEE LTu3
BT MRS, BRTTIT Cula 2 L-PATIRELEBRC 0 Riels T
CalD-FTEVF R PRAIVLELBIRS EH £ L, 10 BIXR V) Hva k-
V720 nm wET T90 nw S BFLE TR RS LIV,
PALERAAR L= &0z, B BRAIE0BRAT L HEY Fel@d4fX 2= 2
NWE, L-PATE LB Lo AR G £ K eonw AR B B EE Sy 45 S T
W3, @A o MGeiX mR LT 1oBRRIL sy TS
It U= 1 B A T T MT .
ARE  =®H0WTE, L-TAILELEL ¢ CulDIA AL o AR E R D
WL MREIFIFEIT, HSHUHBEFEIRI. Lt L-TRAILL LEBEKIE
A e Cull)A AL KA LIRS LT, PRIRA VY Fiv e AT AN 2
BB uke. 10BR BIR W IAS =L -7 B G(E)
AZL 1= E) TEYRTPAILELER < BafIM3<edl bt 42T




73
B R L-TAINE LB e LWAA > LR 0 F B o EIRTE AT oo
CulM AT L PR LB o R0 B SR GIATE TS, HAT =1L
3L 25 nmo Bk o R E) toRiERLE Firky, ouwnit
Fi"’ Tir‘_\:"\l:—‘\‘ %i.'&.. ‘ﬁ\:ﬂ (he o =® '5% \%\'C \T, RE (ko £ = 5 BARANY
P o ZACERRRITITUE T b -Re 43T, &E B (ool - oMK
BB TR AL, A F oL X =B5 CuDAT 0 d-d EA VI g
RACE T LUTARLBIRAV I FLEHE LR . S ER 04 LKE
EETEPLYL, 420 am RBURE-) T # > FEFHA o ¥ T U o SRARAVT +
wE{FR.  Rapid Quev\c\nth% TRIIESRAVVI MU o R\ =V, %
o ¥ T FHY L PR LB -G AR G 3 Lo TR SRR R U,
5‘{'—%?’2\'\" p‘“\"& Q\AEM)\M& Byl Quenc\r\in}:ﬁan‘c‘*\zx,‘(‘ ﬁﬁ‘\a‘z”;a’%\
DESRAVIFLCER|RATEBES ZHL 0 RCERTA RY, 4ok
L BIS T TERD TR



74
32 R OB

FRUGAR L BFIRAR S, SRRAB B E e AR F R, LA
AL LR, L-PRIVE LER ) TR LY, BEBL &y o BEERF F UYL T B AR
SeT 1NETRALE. L-PAILELEosE T, £5347 R st B L This
BAR LR BLOIEIE LR, CuALLosRED, 4 XRCELT )
GLFE E 253398 HE L TAMPRE., AR LREEINET RS
HERELH R 30AT MR L RY T RAEF EHR LR, B
OEEE =%, 0UMEEBLHEY 01 M BFR RS FY L0k S U RIR L,

L-TAIL LB -G ARG o A T GBI S0 tRS = &, | MEEESR
BEV IMBEBERLF Y WA AT CE R WU R BT s R ER . L-PR
T LEL K BE ST R oA LIS HRRLL, Gll) KIEsfT af fi
WS T FE W R TA MR LT IRA L,

3.2.2. EEEHEI R R |
| L-PRINLE SEf o BYRM AT, TIER AP TR 5 v l=, Bidesh
SH T TIT 245 w2 HT, AR M TRAILELER V@B P=AL (HA™) &
VABREL 0 PATLELES (Ad \m&3.") RRTES TRk
pPH 4-6 0 S W T, HA™ By HaA HED A ( 7AIWELBL A P= A1)
FILH <, 265 nm o HA =1 BB oKV 5 HAT o KV EE
IR, SEE, BHov-soRRAEEES e 20K %
B oOAFLITFIR-EE (SwuBReVEE®I) T ETLE. TE &
SO sREBT LA & Fig | B RT, Dead Twa \d s Isad ¢
T oo ms T"H3I,

C BEERIBAOT AL T EY \mM LuS 04 ASESRUT 265 naw 1S 1T SRR v
FTbu (T 4 o BRI, KMo & o B8 A7 1=13 41 B 553 ¢ W
Wi, RIE Y 03246 BEE £ R< ohis, RRCIE SRR L Kk
3045 B NabRETRT ixNE,

PHo SR I=ix, FL-1E5 F-5 pHA-9-2 KB LU, RRE$H



5
Hsteo pHe R ndxst o pH Lo VT 0,02 ATT 1. R
EEY pH 4-b TR LR, PHKA T3 HaAlR § 3vBUR KL= ED,
R, PHY> L TH QoA PR BENE —ER o £ 1=E), 245nm ®
BE B LI RREEARIEN B ThI. 245 nm =873 HA 0 43
B FRECI Rt v (~10* M ow) oy, pPH 4-bT1 03 MM PAL O L-TR
L LER T RIAIIs e TItdL T,

L B A « BERARCT RRES \=AMAE 3 LHS B b=,

3.2.3. TARZVCIFLEFVESRAV D Fivo R

00l -0 Mo REETFEERWT, At,7°F7n- SEIFINA LI
B (=1 RA-1300 BE BfC RPR T ) 1= 5. TSR MBI Z VY Rz
HAELRE, FBW LEEH=BHEELEPII< =51 T35 IS0
nm wms? o FBINEBHTRE LTI, 407 0.0 18 2 Fig. 2= T4,

SREoRRIE LR H3 v BB e KL, iy
S B TRBARPLEI, BEULEMOEXKE FFV 40k
CBIRANVCT VR, Ny o PRI RSB SEABLEEMR WETER =Y, Na T
BREDIEOERELRLTh e LRI, T, BE ST oS ALBIX
AVOFILo PEATR VTS, Na 2RERNTH L,

BRE2%P 7 L-PRanbr B ) 7Y WA LE € 0,05 M CusOy A S,
SELAS L. 5 <O B TR LT ESRAN DR iv 2 SR LT .
3, R B AT PP n s E WM LT IR LT .. ESRAV
Dhive 33 ==\, 455 kHa FREIAE TR X-weF ESRA LB RAL
o



76

(a)

1. Shimadzu SV-50
Spectrophotometer
2. Optical Cell (10 mm

or 5 mm)

. Mixing Chamber

. Reactant Syringe

. Stop Syringe

. Reactant Reservoir
. Bubbling Glass Ball
Thermostated Place

O 00~ O Ul &= W

To pH Measurement
10. Motor

Fig. 1. Diagram of the stopped-flow apparatus (a).and the
optical cell (light path length 5 mm or 10 mm) and the mixing
chamber (b)
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Fig. 2. Rapid scanning spectrophotometer diagram.
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Fig. 3. The D265 vs. [HA™] plot. The concehtration
of the monoanion of ascorbic acid was calculated by the use
of the acid-dissociation constant of ascorbic acid (K1 = 1.08
x 1074 M). | -
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Fig. 5-a. The Vo, vs. [H2A]o plot at pH 4.80 ; CusSQy :
1, 0.48 mM, 2, 0.40 mM, 3, 0.32 mM, 4, 0.24 mM, 5, 0.16 mM.
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Fig. 5-b. The Vo vs. [H;Alo plot at pH 4.96 ; CusSO, :

1, 0.48 mM, 2, 0.40 mM, 3, 0.32 mM, 4, 0.24 mM, 5, 0.16 mM.



1,

84

1
8 L
/O/
(o]
/ 2
6 L o) O/
7 0/
/7]
o /
— o] . 3
(o)
~ 4 /////// O///
o /
= / /
/
5
o
2 o/
0 L
0 1 2
 [HxAle / 10%wm
Fig. 5-c.. The Vo, Vs. [H2A]° plot aﬁ pH 5.25 ; CusS0, :
0.48 mM, 2, O.“O.mM, 3, 0.32 mM, 4, 0.24 mM, 5, 0.16 mM. -
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Fig. 5-d. The Vo Vs. [HZAJO plot at pH 5.50 3 CuSOy :

1, 0.48 mM, 2, 0.40 mM, 3, 0.32 mM, 4; 0.24 mM, 5, 0.16 mM.



Table 1. Apparent First Order Rate Constant k'

Temperature 30°C, (H,A),(0.73-2.53)x 107%M

Cusb4 k' (sec'i)
(x10°M)  pH=4.80 pH=4.96 pH=5.25 pH=5.50

4.81 170%2 20412 34514 - 45715
4.01 12812 .161%5 2623 ' 33515
3.21 951 10211 18513 24112
2.40 - 5913 6514 14711 16813

1.60 4722 4612 96x7 11314
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Fig. 6. The k' vs. [Culo® plot ; pH : a, 4.80, b, 4.96,
¢, 5.25, d, 5.56 at 30 °C.



Table 2. Rate Constant k" and

2 in Equation (3) at 30°C

PH k" a

-8 -1 - -
(x10 sec M 2) (sec 1)

4.80 611 2914
4.96 813 23r4
5.25 11913 6914

5.50 1661 711
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Fig.7. Dependence of the initial rate at 0.37 mM Cu(II)
ion and 0.11 mM H,A on pH (QOor I ) and the dependences of the
concentration of mono- and bis-acetatocopper(II) complex ions
on pH (broken line A and B respectively). The solid line is

calculated from the equation (3.6).
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Table 3. Effect of Temperature

and Activation Parameters

pH 4.95, [CusO,), 3.01x10™“M,

[H,A),(0.6-2.5)x 10™'M

Temperature k!
(°c) (sec'i)
24.5 7013
32 1373
38 28114
42 3606
* . F
aH" = 17 kcal, aS = 8.3 cal/deg,
AG¢ = 15 kcal
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Fig. 9. Absorption spectra of the reaction mixture at 10 ms after the mixing (solid
line), which was measured at pH 4 by the use of the 10 mm cell, 0.05 M CuSOu (A), and

0.10 M ascorbic acid (B).
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Fig. 10. The absorption spectra of the product by the
oxidation of ascorbic acid in an alkaline solution (time

1>2>3).
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Fig. 11. Dependence on time of the absorption band of the reaction mixture at

30 °C (measured with 2 mm cell) ; 25 mM CuS0, and 20 mM NaHA.

3. 400 ms, 4. 1600 ms.
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Fig. 12. ESR spectra of the reaction mixture (a) and the’
copper(II) sulfate aqueous solution measured at 77 K.
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BIREI MR L E< -ERLTLLS,



103

. L-PAILELBA® Ya &) E&sv_m"\, = ﬁ LT, % L ﬁtﬁ‘%»‘r‘s-t
9 CulMAF L L-TRAAIRELER Lo FEE{FR 1z >t 2R 2153
TRy, BEREIRWER TR EEREL 1005 R
Vo ﬁ,& @YIFME LA N1, 4o R RoTUW RS I e ls.ix,

RN AL LEWE A =L, LLPAALELER W Lu@mAA L\, T
Fefn —\’z:\\\,_\-:*/@‘s‘:\:\’ﬁ&w_w\a T bbsfze KTT, 4o Rie®
EETSRIME TNV, Yol ' L-TALELE \= TR L\ R,
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ERAIEERN TR T,

L-FAINLLEL E?\nﬁéﬁﬁ?\ftfiruﬂmr»%97fﬁ‘i'b> L-TAD
LELER- Cw(DAE B o KN TER I WBNS, A B EERS{E S
htuhdohe YU, R =&V & R2/BIAA AT =3 TR
AV ) Pvo R R v, Rapid Quenc,\m‘ng H REIESRA VIRV O SR R
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CORE IR O AV T HUoRIRE-) Wi v, ATULBRS, Ak thodREl
PR o IR RT3 SR T ER L,
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