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ABSTRACT. Dioxygen binding and homogeneous catalytic oxidation of hydrazobenzene were investi-
gated by employing tetradentate Schiff base Cobalt(II) complexes such as Co(IINSED)Py})., Co{lISOPD)
(Py); and Co{II}SND)Py). in saturated oxygen methanol solvent. The major product of hydrazobenzene
(H.AB) oxidation by catalysts of superoxo type [Co(IIISED)Py)O,] and [Co(lIIXSOPD)Py)O.] comple-
xes are frans-azobenzene ((-AB) and rate constants & for oxidation reaction was 7.692X 1072 M/sec for
[Co(IIINSEDXPy)O,] and 5.076X107% M/sec for [CoIIISOPD)Py)O,]. But cis-azobenzene {(c-AB) are
obtained as a major product with p-peroxo type [Co(lIISND)(Py)1.0: catalyst, and rate constant % is
1.266 X 10~ 2 M/sec. The rate constants of oxidation reaction has been studied spectrophotometrically and
the rate law established. A mechanism involving a intermediate activated comp]exes of catalyst, hydrazo-
benzene and oxygen has been proposed. H:AB+Co(II)(Schiff base)(Py),+ O, 4—-—Co(lII)(Schlff base)

MeO

(Py)O,H.AB + Py LN Co{II)(Schlff base)(Py), +¢-AB+ HzOz(Scchlff base : SED and SOPD). HAB+
2Co(II{SND)(Py). + 02 [CO(IID(SND)(Py}]zoz H,AB + 2Py SLEN (Co(ITXSND)Py). +c-AB+H,0,
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Fig. 1. Changees in absorption spectra at 320 nm du-
ring reaction in O, saturated methanol (at 5°C). [Co
(IN(SED}Py),]=1X10"°M, [H.AB]=1X10"*M.
Time order (min): 1) 0, 2) 3.30, 3) 7.30, 4) 10, 5)
14.30, 6} 23.30, 7} 33.30.
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base)(Py)1,0.2 3A3ls] ol 0,72 prewaved]
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(Schiff base)Py)I°’2 U= AUI7l B, Y Eppel]
4] [Co(IlIXSchiff base)(Py)]0.~ 2 [Co(li)Schiff

o.e t
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Fig. 2. Changes in absorption sectra at 328 nm du-
ring reaction on Q. saturated methanol {at 25°C). {Co
(IMSOPD)(Py),]=1X10"*M, [HAB]=1X10"*M.
Time order {min): 1) 0, 2) 3, 3) 6, 4) 493, 5 1522,
6) 34.30, 7} 45.30.
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Fig. 3. Changes in absorption spectra at 298 nm du-

ring reaction in Q; saturated methanol {at 25°C). [Co

IDSND)(Py)»]=1Xx10"°M, [H:AB]=1X10"*M.

Time order {min): 1) 0, 2) 7, 3) 11, 4) 15, 5) 28,

6) 41, 7) 59.

Table 1. Amax and € data (maxima absorption) of hydrazobenzene, trans-azobenzene; cis-azobenzene in methanol,

25°C.
Hydrazobenzene(H.AB) trans-azobenzene{t-AB) cis-azobenzene’(c-AB)
Amax € Amix € Amax 4
{nm} QM 'ecm™) (hm) QM 'ecm™Y (nm) (1M 'ecm™")
245 2181 227 13.10 240 861
289 523 315 16.10 298 642
{315) (2.32) 437 0.509 425 1.36
298) 4.24)

“Maxima absorption in ethanol, 25°C (Ref. 29).
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[HAB]7} Ak 7k #9 #4209 0,9 2
Fgoh cis- L trans-AB2| 343e) 7153k UV.
visible spectrum Z o)A cis-AB(S A Amax
=240, 298 ¥ 425nm)v 71X Y (-ABRF A
BEE & AUk

o] uhgAAEL F7k Al ¥4 8E(inter-
mediate complex)-2- HAof ¥ e}, o] Fxe
[HABle] = 7ol 4802171 44 #H7F 259
A Abe} S-Ale] 2l cis¥ el azobenzened
4717 ¥ 2BE t+-ABEA [HAB] ¥ 444217}
superoxod sl Co(IlD)O,~2) terminal 4kA K] =}
HAYE7 & Bl 22 Yoz Agslo +
ABe] o} @)} Ze] skAsA YA HAem
o A=,

Table 2. The initial rate R, against varing [H,AB] on the oxidation of hydrozobenzene in O; saturated methanol,

[Co(I]r=1X10"%M, 25°C

CoIIXSEDXPY),  Amn=320nm

(H,AB] (dA/dt) R¢ R R kot [H.AB]"!
10°5M 10~ *sec™! 10 M/sec™ 10 *Mfsec™' 1073 M/sec™! 10! sec 100 M
1 442 5.40 168 524 19.1 10.00
2 8.22 10.04 300 974 10.27 500
3 1141 13.96 436 13.52 740 333
4 15.12 18.50 5.82 17.92 558 2.50
5 17.33 21.25 7.09 20.54 487 2.00
6 19.11 23.49 844 2265 4.42 1.67
8 23.04 28.35 10.53 27.30 3.66 125
10 26.35 3248 1251 3123 320 1.00
20 34.88 4341 20.82 41,33 242 0.50
Co(IXSOPD}Pyl: Amn=328nm
1 3.23 3589 168 383 2641 10.00
2 518 6.44 3.00 6,14 16.30 5.00
3 7.37 9.17 4.36 8.74 1145 333
4 8.86 11.08 582 10.50 9,52 2.50
5 10.42 13.06 700 12.35 8.10 2.00
6 11.96 15.01 844 14,17 7.06 1.67
8 14.95 18.76 1053 17.17 5.65 125
10 16.88 21.25 1251 20.00 5.00 1.00

Ry initial rate of the reaction mixture, Ry initial rate on the autoxidation of [H,AB] (without catalyst), Ro:
Re—RyY, by '=[Co(ID) complex)/Ry ([Co(I}]r=1X1075M), Ae™'=1185X10"* M cm, Ry= Ac™{dA/dth.
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Table 3. The initial rate R, against varing [H,AB] on the oxidation of hydrazobenzene in O, saturated methanol,

[Co{IN(SNDYPy)1=1X10"°M at Amu=298 nm, 25°C

[(HAB] (dA/dty Ry R R k! (HAB] !
10°°M 1075 sec™! 107 °M/sec™t  107°M/sec™'  107° M/sec™! 10 sec 104 M
1 1.50 8.58 168 6.90 14.49 10.00
2 262 15.00 3.00 12.00 833 5.00
3 398 2261 4.36 1825 548 333
4 4.96 28.60 582 22.76 4.39 250
5 6.14 35.23 709 28.14 355 2.00
6 737 42.25 8.44 3381 2.96 167
8 917 52.61 10.53 4208 238 1.25
10 10.58 61.05 1251 48.54 2.06 100
20 15.48 9183 20.82 71.01 141 0.50

Ry': initial rate of the reaction mixture, R: initial rate on the autoxidation of [H.AB] (without catalyst), Ry:
Ry =Ry, ko™ '=[Co(Il)SND)Py)1/Rs, A '205=4.587X 107! M cmm, Ro=Ac~*(dA/dt).

K
H,AB+ ColIl}Schiff base)Py),+0, —=
MeOH

ColI)(Schiff base)Py)O, HAB +Py

s CollTXSchiff base)(Py);+-AB+ H,0,
(Schiff base ; SED % SOPD.) @

a2y} AbArh 23R (25°C) ulskg 904 1
X 10~ M-[H:AB]7} y-peroxod &) 4ka M7k 1X
1075 M-[ Co(IIISND)(Py) 1,0, @A Zofo] 2 4

v Fig. DN c-AB(BA 78 An=298 Y
430 nm2| F7ho] AAE <} F, 298 nmel| A ¢-ABS]
F3xE A7hEge)] qelx Fohsln 9les 430
nmd FFEe AZhE e gely 47t FAsin
dck o] -2 60% HEeA) SAF A uE ukg
E% +ABRY 4 m2A] dojdg & 5 9t
olF WAL 4 ()9} o] doh= Rz 4
A}

K
H:AB + 2Co(IISND}Py). + 0, —
MeOH

Co(II(SND)(Py) 1.0, H,AB+ 2Py
2 2Co(I(SND)Py); +c-AB+ H;0, ®)

A7) ZoE ofEHE Aol A HIHE Co
(TIX(Schiff base}Py),2| 7% A8 Kool ofgt
Hydrazobenzene2| 4131k HIFH|E2 ST abs.
Ao} F2)7F E3H25°0)E gk £o4 1X
10-5M [Co(ll)Schiff base)Py).] (Schiff base ;
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SED, SOPD 3 SND)¢l A%t Fxel ¥ 84
Zof3lel) A} 1~20X 1075 M[H,AB]S] $E3}e)
3k 27|E4% ReE 320, 328 22) T 298 nmellA]
UV-visible ¥25g o8 F3t9 Table 2~59] L}
ehfict. o) ReE [HAB] ¥Xo Wil plotalz
Fig. 4, 53t o) A7 259 oebg g4 H,
ABe] A} W34 = V)71 E3E ke £
oA B} of 3v) Yz w2 Yopdrh o] 27
45 Re the A 622 Aisd.

Ro=1""Ae™"(dA/dt) ®

o714 I AR cellUV-cell)e] ZZA1Z o)1 cm)
o] Aet WHEEH YAEY FHE I2ZA 1185
X107* M-cmol (dA/dt), & A7) T 27
¥ WS e

Rh-o] od of £-AB R ois-AB7} YAIE] 7] Sig
2433} transition stateo] A F7+ #A3} FBL Co
(I1XSchiff base)L).[CoL], H.AAB ¥ Q,E°] i3
A-E(ternary complex)Z4] o]Fo{Fcid whg-A2
€ F 24 H3¥en YA Aol fAtglch

we}s] FAAsHEQ Col -0, HAB7E HAIEd
ol 4 (N7} 2ol W &3 ikxo] +ABs}
=3l 45 F c-AB7l A4 FoR AAdd

Superoxod A ZofjolA]:

k
CoL-Q;*H,AB — CoL +£-AB+ H,0:



%02 W3 - B - 2108 - HEEH - FRRD

Table 4. The initiat rate R, anainst varing (H;AB] on the oxidation of hydrazobenzene in air saturated methanol,
[CiD]r=1X10"%M, 25°C

Co(IIXSED)(PyY),  Amax=320 nm

[H-AB] (dA/dth Ry R R ko ! [H:AB]™!
107 M 107+ sec™! 1078 M/sec™ 107 M/sec™’ 1072 M/sec™! 10 sec wmM!
1 3.05 3.76 147 362 2764 10.00
2 575 7.09 2.75 6.81 1468 5.00
3 831 10.24 393 9.85 10.16 333
4 10.60 13.11 546 12.56 7.96 2.50
5 1257 15.55 6.60 14.89 6.72 2.00
6 14.46 17.94 8.00 17.44 5.83 1.67
8 17.77 22.05 9.94 21.06 475 1.25
10 20.62 25.62 11.89 2443 4.09 100
Co(IDSOPD)PY),  Amsx=328 nm
1 281 376 147 333 30.08 10.00
2 519 642 275 6.15 16.27 5.00
3 7.54 933 393 893 1119 333
4 946 11.79 546 11.21 892 250
5 10.98 13.67 6.60 1301 769 200
6 12.46 15.56 8.00 14.76 6.78 167
8 14.84 18.58 994 17.59 5.69 1.25
10 16.83 21.13 11.89 19.94 5.02 1.00

R: initial rate of the reaction mixture, R®: initial rate on the autoxidation of [H;AB] (without catalyst), Ry:
Re—Re, ko '=[Co(I)]+/Ro, Ro=Ac"YdA/dt), Ac '=1.185X10"*M cm.

Table 5. The initial rate R, against varing [ H.ABJ on the oxidation of hydrazobenzene in air saturated methanol,
[Co(IINSND)Py),]:=1X1075M at Aqy=298 nm, 25°C

(H:AB] dA/dt Ry R R Ry ! [H.AB]™!
1075 10 S sec™! W0 9M/sec™ 107 °Mfsec™! 107°M/sec™! 10 sec 10 M
1 1.23 7.92 229 563 17.76 10.00
2 247 14.29 296 11.33 883 5.00
3 370 20.02 307 16.95 5.90 3.33
4 492 28.17 560 22.57 443 2.50
5 6.17 35.14 6.85 28.29 3.54 2.00
6 7.47 43.32 907 34.25 292 1.67
8 9.73 54.92 1028 44.64 224 1.25
10 1218 6748 1161 56.87 179 100
20 24.77 132.09 1845 113.64 0.38 0.50

Ry initial rate of the reaction mixture, R: initial rate on the autoxidation of [H,AB] (without catalyst), Rq:
Re—RSE, ko ' =[Co(IIXSNDXPy):)/Ro, Ac '200=4.587X107* M cm, Ro=Ac " dA/dD):.

p-Peroxodl #A2v]e] A : 57} [0,]>[HAB]>[Col)e) Y27 sl 4
b HHEEAL O3 2] 5k 5 AXYE -AB
(LC0)-0p  HAAB— CoL+¢-AB+H:0: (7)) % ¢c-ABY AAEEAL 4 9 3k
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Fig. 4. Plots of initial rate R, against [H,AB] in O,
saturated methano! (at 25°C). [Co(II}complexes]=1X
1075 M, [H:AB1=1X10"*M. (a) [Co(IINSED)Py),];
(b) [CoIIXSOPD)(Py):]; (¢} [Co{ID(SNDNPy),).

5 PN

Col- Oz * HzAB

V‘

Col + HAB+ 02 \
K\ / !
’ CoL+0z+HzAB N

Scheme 1

=

>

d[+-AB)
dt

d[c-AR]
dt

=k[CoL-0, H,AB]

=k[(CoL),0,* H,AB] @)

Scheme 12} Ko, Ky 3 Ky 8} ”3‘3*&*’%‘% 2 sby
[CoL+0,-H.AB]=Ky'Ko[CoLI[0,J[H,AB] (9)
Zre] Fe5Ql [Coli=
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Fig 5. Plots of initial rate R, against [H,AB] in air
saturated methanol (at 25°C). [Co(IDcomplexes]=1X
107*M, [H.AB1=1X10"*M. (2) [Co(ID(SED)}Py).):
(b) [Co(I(SOPD)(Py).; (c) [Co(IIXSND)(Py).].

[Colr=[CoL]+ [CoL+0,]+ [CoL-H,AB)
+[CoL+ 0.+ HAB] (10)

A (10)2.2 56 oo gid = 4] (11)9} 2o}
[CoLl=

[Colr an
1+ K,[ 0.1+ Kx[H,AB] + Ky'K,[H,ABI[ O]
A ADE A 9l dsishy,
[CoL- 0, HAB)=
Ky’ Kol O:)(H.ABI[Colr 1

1+ K[ 0]+ K[HAB]+ Ky Ko [HABILO,]

KoKy =KuKo=K<% o, t-AB 9 ¢-ABY A<=
A e Y @) 1225 4 (13)0] 2R}

_ dlt-AB] _ dl¢-AB]

Tooa

_ kX' K[ 0,]J[HAB)[Col;

T I+KLL H:AB] + Ko O: 1+ Ky'Ko[H.AB][O:]
kK[ 0,][H,AB][Co);

1+ Ka[HAB] + Ko[0.] + K[H,ABI[0.]

Ry

(13)
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Fig. 6. Plots of k™! against [H,AB]~? in O, saturated

methanol (at 26°C). [Co(ID)r=1X10"*M. (@) [CKID)

(SEDXPy)J: (b) [Co(iSOPD)®y)]: (¢} [CollD)
(SND)(Py). .

ko™ '=197X10 M/sec, £=5.076X10"2 M/sec

(SND)(Py).].
R/[Colr=kyd o} & (14)7} =9}
1 1 ( L, 1 ) Co(I)(SNDXPy), ;
ke  [HAB] ‘K&  RK[O;] ko' =7.90X 10 M/sec, £=1.266X 1072 M/sec.
+ 1—(1+ K;‘g}) a0 =Y B0 239 oeke SelFig HlHE o}
2 S3 o] A)ibslr}

k

(017 4A4E ol 4 (144 &' W [HAB] '
plot{Fig. 6, N Ao 2 Fofr| 2 py 49 YL
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U FoT )
Scheme 194 YA CoL-H,AB 222 4
A F{IRA -] K,:Oo_l-_y_ k—la f‘-o‘lél-_
JEl2] koo g Ky=00]Z HB b9 g ColSNDYPY),

ky '=7.94X 10 M/sec, £=1259X10"2M/sec.

EAF ke T 24 Fool o3l it 23
® ogke Sl N(Fig 7) B 2ol A4EZ

Co(l1)(SED)(Py). :
ko '=132X 10 M/sec, k=7576X10"? M/sec.

Co(ID(SOPD)(Py), ;
ko '=2,02X10 M/sec, £=4.950X 1072 M/sec.

Co(IISED)Py), ; 2 4E =R 1992495 REE7|sF AT
by = 130X 10 M/sec, k=T692X 107 Mfsec.  ®)] A Qo) elato] FaslSE WHI o)) 2
RETIEY

Co(ID(SOPD)(Py).
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