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ABSTRACT. Observed rate constants (k) for Hg2+-catalysed aquation of cts—{Co{en),{OH,)CI

12+, [Co(NHg);ClJ2+, cis-{Co(NHy),(OH,)ClJ2+, and [Co(NH;CH,);Clj2+ were measured at various
concentrations of Hg2+. The k,, was increased with increasing the concentrations of Hg?+. The kg, were
related to mechanistically derived rate constants by the relationship; Rate=k,K{complex](Hg+].
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 Hg2+ 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(1II) complexes.
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Table 1. Observed first-order rate constant, &qp, and
derived second-order rate constant, %, for.
Hg2+-catalysed aquation of cfs—[Colen)(OHCI)2*,
[Co(NH3)5Cl1)2*, cis-[Co(NH3)(OH)CI)2+, and
[Co{NHCH;3)5ClIJ2* in aqueous solution at 298.15K

[ng*]I 103

Complex moldm-? Ky fs-L k/dm?

¢is - [Colen)o(OHpCl)2 + 2 0.022
0.040 091
0.050 1.09
0.064 1.44
0.070 1.67
0.100 2.21

[CANHCLJ2+ @ 0.041
0.040 1.85
0.05¢ 2.06
0.064 2.72
0.070 3.10
0.100 4.37

cis = [Co(NHg)( OHCIP+ & 0.428
0.016 5.89
0.020 7.39
0.025 9.40
0.030 11.20
0.040 1125

[ColNH,CH)sCIJ2 + 0.987
0.010 9.59
0016 18.15
0.024 23.10
0.030 29.30
0.035 34.20

94,5 x 10-2 mol-dm=3, ¥9.0x 10-3 mol-dm-3, 5.6 x 10-3
mol-dm-3
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Fig. 1. Plots of &, vs.[Hg?+] for aquation of complexes
by Hg2+ at 298.15 K.
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Table 2. Activation parameters for Hg?+-catalysed
aquation

E, AH*  As”
Com, e
plex tkeal mol™%)  (heol mol™)  fe.w)
¢is - [Colen)o(OH)CIJ2* 16.90 1630 -1147
[CotNHsC1)2 * 1517 1457  -1600
<is - [Co{NH3)(OH)CI}2 * 13.10 1250 -18.98
[Co(NH,CH5CI2* 12.39 11.79 -19.10

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

Complex Ethanel, 10! |/
viv, % dm3mol-1s-!

¢is - [Colen)lOHC12* @ 0 3.49 0.219

10 3.31 0.243

20 3.05 0.278

30 2.72 0.208

[Co(NH»sClIJ2+ @ 0 0.412

10 0.457

20 0.522

30 0.565

cis ~[Co(NH4(OHHCI2+ & 0 3.695

10 4.464

20 5.125

30 5785

(Co{NHCHpsCIRZ+ @ 0.590

10 11.180

20 14.200

30 17.390

94 5 x 103 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 #s 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 agueous
solution at 298.15K

Complex Solvent, viv, % dmgrg::tl'w's'l
s -
[Colen)AOHHCIJ2+ @ ethanol 0 0.219
30 0.298
2-propanol 30 0.328
[Co(NHsCIJ2+ @) ethanol 0  0.412
30 0.565
2-propanol 30 0.620
€18 -
[Co(NH(OHHCIJ2+ & ethanol 0 3.695
30 5.785
2-propanol 30 7.110
{Co(NHCH2sClJ2+ 9 ethanol 0 9.590
30 17.390
2-propanol 3¢ 21.490

94.5x 10-3 mol-dm-3, Hg2+ = 0.05 mol-dm™3, #9.0x 10-3
mol-dm-3, Hg?+* =0.02 mol-dm-3, 95.6x 10-3 mol-dm-3,
Hg2+ = 0,01 mol-dm~3
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YRk B 5 ok oy gt A Heg' ol
g Co(lll) 2ol gt F3pikge) Asts} §7)
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Fig. 3. The model on the difference between in pure
water and in 30% 2-propanol-water mixtures for aqua-
tion of Co(l1l) complexes by an attack of Hg2*.
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fuble 5. Activation parameters for Hg2+-~catalysed
aquation in pure and binary aqueous solution

Alr* AS*

Complex Solvent. viv. % (kcal mol-1} (e.1.)
cis—
[Colem}fOH,CIZ+  ethanol 0 1630 -11.47
30 1223 2455
2-propanol 30 11.63 -26.35
[Co(NH3:Cl)*+ ethanol 0 1457 -16.00
30 1026 -29.85
2-propanol 30  $.32 -32.79
cis—
(Co{NH9{OH)CI]2+ ethanol 0 12.50 -18.48
30 725 -33.87
2-propanol 30 671 -36.72
[Co(NH,CH:CIE*  ethanol 0 1179  -19.10
30 6.39 -36.00
2-propanol 30 548 -38.65
ofg] Jix| ziztegaol 23t =2 7 Co(llD

2gel bl i $x9 Aole I-vshFE
9 ZAJe d9R 4 vk Table 19 A2
BE  cis-[Colen)(OH,)CIT**, [Co(NH3)<CIT,
cis-[Co(NH;),(OH,)CIJ**, [Co(NH,CH3)sJ* 22
of gt CI- ¢ #3t& w449 27]7} [Co(NHCH
3)sC11%* >cis-[[ Co{ NH3) s (OH) C1J** >[Co(NH3)s
C112* >eis-[Colen)(OH)CIT o] 42 F71%
t}. Table 62 Lay’e] Alsbubf o 2 ¥ €] 4 &2
27t=3 sejojel(a)] gtolth o714 o] e
G vzg FHozM viehfisich Table 692
5] 7t Co(IIDAZ2 A9 T2 cis-[Colen):(OH
2)CIIE* > [ Co(NH;)5C1%+ >cis-[Co(NH3):(OH,)
C12* >{Co(NH:CHy)sC1** 8] ¢4 2 5713}, o]
R& 7t Co(llD 2HE-2] F3EE9 AL o= 4
A DAV} dS€ Be{Ecth AE9 Agtel 24
2-go] ke Co(I)-Cl A}o) ) Z3te) 733l
Cl"9) szl7} o ofai] Az £ + At 2
22 A9 gol 37 F3EE7) =29 AL e}
zt o1 Co(IID-Cl #}o] &) Adto] o3t F3& 57}
Wty &4 slck

cis-[Colen)(OH)CIT* 2HE3  cis-[Co(NH3)s
(OH)CI* #ge wlzs) & o cs-[Colen),
(OH)CIIP* 282 cis-[Co(NH;)(OH)Ci)?* 2H5
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Table 6. Electronic spectral properties of ¢is-
{Cofen)OHCIZ+, [Co(NHsCl2*, cis—[Co(NH,
(OHCH2+, and [Co(NH,CHyC1J2 >

Complex A, 18 cml B. cm™!
s -
[Colen)AOH)CIP + 21.20 456
[Co(NH Q)2+ 20.90 550
cis—
{Co(NH2)4(OH)CIPP+ 20.87 501
[CoANHCHasCI+ 20.04 506

B} FEubge] £} o 208 FFANACH Table
D. o1A-& Aele 27t} visie AEe] )
& 27=7) WS X)) 9 AR} Ho| =
sled gl AHQ A 2 Hegx F5¢ 5
gl mekA efs-[Colen)(OH) C11%* 2Hg0]) ois-
[Co{NH;),(OH)C1J?* #AEgxrcl A =7} o] F7}
3t £E 9 ghol o Fasgele B 5 slok

[Co(NH,)sC1F** 283 [Co(NH.CH;):CI)** 32
£ vl B o [Co(NH,)sClJ** &) [Co(NH,
CH,)sCIPP+ 22 nr} 3457} o 7hisigd. $
) 29 A Table 1) 2HE 324 2 o amine
2Itenc} o 713 AAFE7RQ methylamine 27}
=7} o8 [Co(NH:CHa)sCl)** Ago] $AS5
o] &<l Co(liDe Az7} o] F43) A}z Yz
ot @ty Co(liD-Clel Agtel <kste] CIm9 3
27} 44 Qofut [Co(NH.CH;)CIT** 252 431
=7t [Co(NHs)sCl)*" 2R} o] Z7leldcn
€ 7 ok
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