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ABSTRACT. Observed rate constants (k) for Hg2+-catalysed aquation of c1s—[Co(en),(OH,)Cl
12+, [Co(NH;);Cl2+, cis-[Co(NH3),(OH,)Cl)2+, and [Co(NH,CH,);ClJ2+ were measured at various
concentrations of Hg?+, The ky, was increased with increasing the concentrations of Hg2+. The k,, were
related to mechanistically derived rate constants by the relationship; Rate =k, Klcomplex][Hg2+].
Various mixed aqueous-organic solvent have been successfully employed for Hg2+-catalysed aquation
of octahedral metal complexes. From the slope of the plot of log k againt Y (solvent ionizing power),
the mechanism on the aquation of Co(III) complexes by Hg?+ has been suggested to be I;-mechanism.
The change in a rate on aquation of each Co(III) complex was related to the ligand field parameters ( 4),
for Co(III) complexes.
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Table 1. Observed first-order rate constant, %ue, and
derived second-order rate constant, %, for.
Hg2+-catalysed aquation of cis~[Colen)(OHCI]J2+,

[Co(NH3)5Cl]12+, cis~[Co(NH3),(OH,)Cl]2+, and
[Co(NH4CH3)sClIJ?2+ in aqueous solution at 298.15K
2+ 3
Complex r[nlt{)ﬁim}g koigs_ | kdm?
cis - [Colen)OH)CI2+ @ 0.022
0.040 0.91
0.050 1.09
0.064 1.44
0.070 1.67
0.100 2.21
[Co(NH3)5C1)2+ o 0.041
0.040 1.85
0.050 2.06
0.064 2.72
0.070 3.10
0.100 4.37
¢is — [Co(NH3)(OH)CI2+ & 0.428
0.016 5.89
0.020 7.39
0.025 9.40
0.030 11.20
0.040 11.25
[Co(NH,CH)sCIJ2 + 9 0.987
0.010 9.59
0.016 16.15
0.024 23.10
0.030 29.30
0.035 34.20

94,5 x 10-3 mol-dm=3, $9.0 x 10-3 mol-dm-3, 95.6 x 10-3
mol-dm-3
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Fig. 1. Plots of k,, vs. [Hg?+] for aquation of complexes
by Hg2+ at 298.15 K.
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Table 2. Activation parameters for Hg2+-catalysed
aquation

E, AH*  As*
Comple. @
plex (keal mol™)  (hcal mol™)  (e.w)
cis - [Colen)o(OH)CI)2 + 16.90 16.30  -11.47
[Co(NH3)5CIJ2 + 15.17 14.57  -1600
cis —[Co(NHa){{OHy)CIJ2 * 13.10 1250  -18.98
[Co(NH,CHR)5C112+ 12.39 11.79  -19.10

Table 3. Second-order rate constant, k, for Hg2+-
catalysed aquation of complexes in pure aqueous solu-
tion and binary aqueous mixtures at 298.15K

Complex Ethanol, 10! K/
viv, % dm3mol-1s-!

cis —[Colen)x(OH)Cl]2+ @ 0 349 0.219

10 3.31 0.243

20 3.05 0.278

30 2.72 0.298

[Co(NH3):CI2+ @ 0 0.412

10 0.457

20 0.522

30 0.565

cis ~[Co(NH94(OHACIZ*+ ® 0 3.695

10 4.464

20 5.125

30 5.785

[Co(NH,CH3)sClJ2+ @ 0 9.590

10 11.180

20 14.200

30 17.390

945 % 10-3 mol-dm=3, Hg2+ = 0.05 mol-dm=3, #9.0x 10-3
mol-dm-3, Hg?+ = 0.02 mol-dm-3, 95.6 x 10~3 mol-dm™3,
Hg2+ =0.01 mol-dm=3
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Fig. 2. Plots of log k vs Y for aquation of complexes by
Hg2+ in pure water and ethanol-water mixtures.
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Table 4. Second-order rate constant, k, for Hg?*-cata-
lysed aquation of complexes in pure and binary aqueous
solution at 298.15K

Complex Solvent, v/v, % dm;l’?li)l'k/ls'l
cis—
[Colen){OHC1)2+ @ ethanol 0 0.219
30 0.298
2-propanol 30 0.328
[Co(NHgsClJ2+ @ ethanol 0 0.412
30 0.565
2-propanol 30 0.620
cis—
[Co(NH2) OH)CI]2+ & ethanol 0 3.695
30 5.785
2-propanol 30 7.110
[Co(NH,CH3)sClJ2+ 9 ethanol 0 9.590
30 17.390
2-propanol 30  21.490

045 x 10-3 mol-dm-3, Hg2+ = 0.05 mol-dm™3, #9.0 x 10-3
mol-dm-3, Hg2+ =0.02 mol-dm™3, 95.6 x 10~3 mol-dm™3,
Hg?+ =0.01 mol-dm™3

2g 9ustxn’, F3pubge] A eishFeR
APy B £ glok gepa] FEAx Hg? o
g Co(Il) =Eol 3t 3o Ashs} £7]
£0)-8 Egguie] Co(lIDAEo gk 4=3hit
29 AFE B o Co(IIDAEAAM Cl-9 &9t
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g3tz okn B 4 sl o] w Hg?*of Co(IID
g st Cle] sjel=l o] H07F A
g5+ L7 EeE AYAda & 5 ok
Co(II)a}Boll chgt Ba&=l 2] (99} o]
Ad =FRIEAA 1A Aol [Co(liD
— —Cl— —Hg]** el 4] Hg?** o] Co(IIl) E-2] Cl™ ol
TAge N F3pbgel] A nAAE A
817 ¢l8led 30% F718v-B EgEuilAe 4
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ble 49] A2 e 7t AFo] L Agglel =277}
30% 2-TEHL-E>30% dE&-E>EY TAHR
Z7He 2 Fr). o] A 30% 2-ZEHE,

N
3+
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) ~‘/r + ——n 4ol 2
N Neen N "7 N
30% 2-Prod H0

Fig. 3. The model on the difference between in pure
water and in 30% 2-propanol-water mixtures for aqua-
tion of Co(III) complexes by an attack of Hg2+.
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Table 5. Activation parameters for Hg2+-catalysed
aquation in pure and binary aqueous solution

Al* AS*

Complex Solvent, viv, %(kcal mol-) ()
cis —
[Colen)(OH)C1]2+ ethanol 0 1630 -11.47
30 1223 -24.55
2-propanol 30 11.63 -26.35
[Co(NH3)5ClJ2+ ethanol 0 1457 -16.00
30 1026 -29.85
2-propanol 30 9.32 -32.79
cis—
[Co(NH9)4OHCI]2+ ethanol 0 1250 -18.98
30 7.25 -33.87
2-propanol 30 6.71 -36.72
[Co(NH;CHgsCIZ*  ethanol 0 1179 -19.10
30 6.39 -36.00
2-propanol 30 548 -38.65
oia| Jhx| BjZIEAEON o8t B3 2 Co(IID

g9 ks 3 $x9 Aol L-HFPE
o] AW Hgd 5 v} Table 19 A2
¥ cis-[Colen),(OH)CIT*, [Co(NH;)sCI%,
dS-[CO(NH3)4(OH2)C1]2+, [CO(NH2CH3)5]2+’:‘-}‘%
o tlgk CI™ o F3& 2] 27]7} [Co(NH.CH
3)sCIJ%* >cis-{Co(NH;) s (OH,) C1J** >[ Co(NH3)s
ClI#* >cis-[Colen),(OH)CI* 9] M2 F71’
t}. Table 62 Lay’e} Al tub o2 ¥ E] 73 &9
2 ke stepulel(A) 2 3ol o714 o] gEL
22 vl 2oz Jehligde)t. Table 6202
2e} 7} Co(IID #HE-2] A2l & cis-[Colen)(OH
2)C112* >[Co(NH;)5CI1]** >cis-[Co(NH;),(OH;)
CI?* >[Co(NH.CH3)sCl1]** 2] =42 731t} o]
2 7 Co(lIDAES 8w} A9 e I
A3 BA7} 9JEE BAEh FE Agte] 24
#5o] A st Co(IID-Cl Alo]2) Agte] 7}ale]
Cl 9 #=l7l o oj=ig) Az & F Ut 28
22 A9 gl 31 F3Enrt 2en] AL Fhel
2tom Co(IlD-Cl Atel 9] Agte] ofsle] F3& s}
wl2oia & -4 gfch
cis-[Co(en),(OHy)CI)** &3}  ¢is-[Co(NH3),
(OH)CIP* &2 wwsl ¥ o cis-[Colen),
(OHo)CI1** #H&-2  cis-[ Co(NH;),(OH) CI 12 2H&
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Table 6. Electronic spectral properties of ¢is-—
[Colen){OH)CI2+, [Co(NH3)5Cl)2+, cis—{Co(NH3),
(OHCIE+, and [Co(NH5CH3)sCIJ2+

Complex A, 103 cm! B, cm™!
cis —
[Colen){OH,)CI]2+ 21.20 456
[Co(NH2sCIJ2* 20.90 550
cis—
[Co(NH2)4(OH)CI2 + 20.87 501
[Co(NH,CH)5CI2+ 20.04 506

2o} 3ubge £} oF 20u) Fha3tdck(Table
D. °)H& Aeole e7l=s} wig]sl ZEo] A
olE 27t=r} Wi A ¢3& AEH) Ho|gulR
Hed Al ARE w4 "Hdan 22g 5
dek. m2ba  cis-[Co(en),(OH) CI1** 2HE-0] cis-
[Co(NH;),(OH)CI]** 2EH ) et xr) of 7}
gte] a9 o] o gt B 4 gl

[Co(NH;);C11** &3} [Co(NH,CH;)sCl]?* 22
< #lus & o [Co(NH;)sCl]** #Eo] [Co(NH,
CHy)sCIP* 2 do} #3457} o grasigdch ¢
9] Ay A3K(Table 1) ZHE F538 £ o amine
g 7t=rc} o 73 HAFE)4]l methylamine 2]%F
=71 wi$ig [Co(NH:CH3)sCl** 2HEo) FA1 34
o} &l Co(llD)el] A7} o Exa) Atz AYzted
ot a2t Co(lID-Cle] ZAgle] <fsled Clm2] 3
217} 47 e} [Co(NH,CHy)sCIT 29| 48
%57} [Co(NH;)sCl1 283} o ZF7lsiaivin
g 5 ik

& E=ES 1989 Fui VExateA A7
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