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ABSTRACT. The kinetics of the reaction of [Mo,O4(H,0)¢)2* with VO,* have been studied at
25°C by spectrophotometric method. Stoichiometry of the oxidation of (Mo,04(H;0)6)2* is followed
as Moy’ +2VVe==2Mo"+2V". Observed rate constants are dependent on (H*] and [VO,*}. Mecha-
nism for the redox of (Mo,O,(H;0)g)?t and VO,' is proposed and discussed.
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Fig.1. Stoichiometry of the reaction of [MosO4(Hs

0)e)?" with VOz+ at 25°C. [Moy04(H,0)62") =2. 47
X10™*M, [HClO4)=3.0x10"2M.

Table 1. Rate constants for the reaction of [MoyOy
(H:0)¢)2* with VOz+ at 25°C

(MoyO,(H:0)6)2* = (VO5*) (H*) X kobsa X 104,

X104 M X105 M 13 M sec™1
1.85 4.95 2.25 16.9840. 43
1.8 4.46 2.25 15.71%0. 35
1.85 3.96 2.25 14.914+0.25
1.85 3.47 2.25 11.8240.21
1.85 2.97 2.25 10. 5140. 49
1.85 2.48 2.25 7.12%0.18
1.85 1.98 2.25 6.3610. 61
1.85 1.49 2.25 5.5140.31
2.96 3.96 2.80 8.59+0.21
2.66 3.96 2.80 8.611+0.14
2.37 3.96 2.80 10.15+0. 34
2.07 3.96 2.80 9.54+0.27
1.78 3.96 2. 80 9.47+0.43
1.48 3.96 2.80 10.73+0. 26
1.18 3.96 2.80 8.73+£0°53
1.48 3.96 0.9 12.9140. 30
1.48 3.96 1.10 13.94+0.29
1.48 3.96 1.24 14.1140. 83
1.48 3.96 1.45 15.1340. 62
1.48 3.96 1. 80 17.484+0.37
2.47 3.30 3.17 6. 8710. 54¢
2.47 3.30 3.17 8.59+0. 41*
2. 47 3.30 3.17 9.53+0. 37¢
2.47 3.30 3.17 11.2440. 224
2. 47 3.30 3.17 12.51%0. 42¢

@~d_ and ¢ are 20°, 25° 30°, 35° and 40°C,
.- respectively.
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Fig.2. Dependence of kug on [VO,*) at 25°C.
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Fig.3. Hydrogen-ion dependence of %yq at 25°C.

{Mo04 (H20)62+] =1.48x1074M, [V02+] =3.96x10"3
M, [(ClOs)=1.80x1072M.
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Fig. 4. Arrhenius plot for the reaction of [MoyOs

(H20)g)% with VOz5.  [Moy04(Hz0)62") =2.47 X 1074
M, (VO;71=3.30x1073M, (HCIOg)=3.17x1072M.
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Table 2. Rate constants for the oxidation of (MozOy(Hz0)g)?t and (MoyO4(edta))2~ by the various oxidants
Reactant Oxidant k, M 1571 k/ky, AH*, kcal mol™! 4S%, cal K1 mol™!
Mo04(Hz0)6)2* (Fe(phen)s)3  1.60x10! 280.7 10.9 —18.4
VO,+ 3.60x1071 6.3 4.7 —56.9
(ItClg) 2 5.70X102
{(MozO4(edta)}2-  (IrClg)2- 6.6 13.3 ~10.0
(Fe(phen)3)3* 1.9x103 287.9 16.6 12.2

o) A$E —5.6~+36.5cal mol 'K o)1} 3
A FL ol o & 39 #d —13~—
30calmol K10 2 Fo{ A, (Moy04(HA0))
9 VO agte] At obF & o] FAshd
2% Hed oA Aol dedlA g4
& o] EFAEC] A FAH L YE HoE
ofde] AgAF A JHHAE (MoOy(Hy
0)e)2+e] Azhib-ge] w7 EL o3t 2ol
@< (e F74 Az A74E F ek

9 /O\(u) k (”) o2t
MO\ /MO(aq) #H—Mo- 0-M
O O (a@)
0
it o2+ ky
Mo-0-Mox +VO,*—> (@
¢ (aq)
¢ Q
Mo-0-Mo-0-V 0, *
O 0]

I 3 fast
Mo-0-Mo-0-VOy ¥t —>products

i/ 0 N (n) ke
Mo\ /Mo2+ +He—
0 k.
0O 0
Mo-0O -Mo-OH (aq) 3+
o o0 (b)

i k

Mo-0-Mo-OH ,p* + VO, —>
Mo- 0] —I\/IO—OH—VOQ (aq) 4t

9 (“) fast
Mo-0O-Mo-OH-V Oy, **—>products

o] W7 FolA AMA AR (@ F4ol
e5Ed JRg VARE, 2Lt BolA
= FAolx FoA A2 ()& (Mo Ou(Hy-

0)eJ#+7} Frazol ol SJal A whel Arart BolA
o 0

= o} whE A=A Mo-O-Mo-OH7t 44
=t wrgolrh, 7 whgelE Oy OHE el
2 & Mo-0-V 1} Mo-OH-V o] A=z ul
£ S22 AFY4ER gl Add

o] Wsl &4 OH ¥ vhelz & A4 E°l
Azt sk (6)4

_d (Moy0,(H,0)¢*] — koks (H*)
ar ok + 22 Z+]}

[VO,*) (Mo;04(H;0)6**] (6}

A7 k> (VO 3ot 7HA S 9142 4
(D) 7o) =it}

— A M OO _ 1K+ (ko £-) (H7))
(VO.*) (Mo,04(H0)6**) (7}

o] FENA ko= (1K + (keks/k_2) (H']}
(VO,1} 7t H 3 kK=ky 0| 3L koks/ky=ku ol

o) WA EANA FEd SEAE AYSEY
7 & A% o] AN FEAAIAET
Mo—OH—V & 4481 89 & ¢ + ek,
o] @Al A vhtg(V)elA vitEAV)E 34
gol et ot O wE A oAe
2 FASAS ol F29) dsoh dol i ek,
o F-2M & Subshe vl AR A2 A4 A
7 A Ayl aA g Aol oA AL
o] @AY dkgol HFEAAGAI & AT A
At Rguee) FAe Fuae
9] g e V0¥ (Fe(CN)e)* 9 uk-g-5}
AZF (VD2 (Fe(CN)g)*", (Fe(bipy) (CN)4?,

Journal of the Korean Chemical Society



oot S g ag (V)ol &4 A& whtEg(V)ae] el A $= A5k F

2.2} (Fe(bipy)2(CN)2) b-g-ol A9} zko] Absh
Arcke FAA A A A FH 2156 o] ut
&2 ool OH & vhigel A 2ot SQA9
ZEndeA AFHAE Aoz 445}

2 g8 &8 #

. R.K. Murmann and M.E. Shelton,
Chem. Soc., 102, 3984 (1980).

2. F.A. Cotton and S. M. Morehouse, Inorg. Chem.,

4, 1377 (1965).

M. Ardon and A. Pernick, Inorg. Chem., 4,

1377 (1965).

. G.R. Cayley, R.S. Taylor, R.K.Wharton, and
A.G. Sykes, Inorg. Chem., 16, 1377 (1977).

. G.A. Chappelle, A. Macstay, S.T. Pittenger,

K. Ohashi, and K. W. Hicks,

23, 2768 (1984).

R.C. Thompson, Inorg. Chem., 21, 859 (1982).

J. Am.

Inorg. Chem.,

Vol. 30, No. 6, 1986

7

10.

11.
12.

13.

14.

15.

16.

537

. K.M. Rahmoeller and R.K. Murmann,
Chem., 22, 1072 (1983).

C.S. Kim and R.K. Murmann, Inorg. Chem.,
23, 263 (1984).

C.S. Kim, R.K. Murmann, and E. O. Schlemper,
Transition Met. Chem., 9, 260 (1984).

Y. Sasaki, R.S. Taylor, and A.G. Sykes, J.
C.S. Dalton Trans, 396 (1975).

R.K. Murmann, Inorg. Chem., 19, 1765 (1980).
Y. Sasaki, Bull. Chem. Soc. Jpn., 50, 1939
1977).

Y. Sasaki and R. Kawamura, Bull. Chem. Soc.
Jpn., 54, 3379 (1981).

R. Mecallister, K. W. Hicks, M. A. Hurless, S.
T. Pittenger, and R. W. Gedridge, Inorg. Chem.,
4, 98 (1982).

J.P. Birk and S.V. Weaver, Inorg. Chem., 11,
95 (1972).

J.P. Birk, J. Am. Chem. Soc., 9, 125 (1970).

Inorg.



