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ABSTRACT. Kinetic studies and theoretical investigations were made to illustrate the mechan-
ism of the aquation of ¢is-[Co(en), YCI)**(Y=NH; NO,”, NCS-, H;0) in Hg?" aqueous solution
UV /vis-spectrophotometrically. The aquation of ¢is-[Co(en);YCI]"* have been found to be second
order for overall reaction as first order for each of substrate and Hg?* catalyst. The reaction rate
was increased in the order of Y=NHs<NCS-<H,0<NOQO,~, which are neighboring group of Cl.
The step of bond formation was found to be the rate determining one, because the net charge of
central metal ion run parall with the observed rate constant. On the basis of rate determining
step, kinetic data and the observed activation parameters, we have proposed the Id mechanism for
the reaction system. The rate equation derived from the proposed mechanism has been in agree-

. ment with the observed rate equation,
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Table 1. Rate constant for various amount of cis-
[Cofen){NO;) CIJ* in various amount of Hg?*

¢is—[Co(en)»(NO,) [Hg** obs
CIJ*(x10°M) (X 1¢2M) (sec™t)
8.33 1.761
5.56 1.753
4.18 1.61 1.750
3.33 1751
2.51 1.756
1.754

0.81 0.8%4

1.07 1.177

4.18 1.61 1.7654
2.14 2.334

3.22 3.511

Table 2. Rate constant for various amount of cis-
[Co(en)YCI])™ in various amount of Hg**{(Y=H,0,
NCS?)

“El %o(en)z [Hg?* (sec™!)

(X 10°M) (X107 Y=H,0 Y=NCS-
£.33 0. 354 0. 246
5.56 0. 355 0.243
418 1.61 0.358 0. 239
3.33 0,352 0. 248
2.51 0350 0.2

0. 354 0.244

0.81 0. 186 0.134

1.07 0.235 0.172

4.18 161 0. 354 0.244
214 0.484 0.333

312 0. 696 0.487

5(25°C)ol A wg71 A5 Heg™ Fele] F= 9
o o& FAE AIE FYNA FT AFS
EAF Gk kaw & Table 19 VeRf i
a2z FAE Wl 4 cis—[Colen):(H0)
Cl12*9} cis-[Colen),(NCS)CI]*9) Afellx A
o] oE FAE ARE A FEFSSR
T3t ke & Table 20 FER et
o| & Table 13 Table 2914 B% & v}
Zo] Hg?*e ¥=7t QAEA cis-[Colen),
YCII* 9 =7t A3 eE IEFSE 4T Ko
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Table 3. Activation energy and activation Parame-
ters for cis~[Co(en),YCI]+

Y  Ea(Kcal/mol} 4dH*(Kcal/mol) J5*(e.u)
NH,3 13.5 12.9 -19.3
NO,- 10.8 10.6 —22.9
HO 12.3 11.6 -21.6
NCS~ 12.4 12.0 —21.0

Fig. 1. Plot of-lak,,, versus-In[Hg?*]at 25°C. (cis-
[Co(en),YCI]™* :4.18X10¥ M, Y=NH;:-, H0;
0, NO,~;[[], NCS~; A, p¢=0.67M),

A dFEE 97 dedl (Y=NO; ;5 1.7
54-sec™, HyO; 3.54X1071-sec™ NCS~; 2.440
X107! sec™l, NHg; 8.030X1072 sec™!), °]&
T g7 A cis-[Colen),YCIJ o W) A &
At A2 whge] YL -g 4 Ak

2.8 2 cis-[Co(en)YCI]™9] ¥E7t 4R E
@ Hg?*9] Fxisle] @& AZ5E4F £ 9
wELE 472y Hg?d 3E F74 o2 3%
S2AT kw9 @0l F7HEE ¢ 9 e,
ol Hg*7F & 43 AF Fddx ALL
g g dor, Hg* o] 329 FSEZAT ko
o zp7he] dighel did Yoz £ v
A7 A& 2ot Hg? 7t Sl 2 3 43hx gl
+& ¢ & A% za A Hg?oll A3 ukg-3t
m 7 Zlof Q3 WS EAT byt F AR
71 1% o8] Fx2 Hg* o] o B545=
AT ke & Fig. 19 A i},

Fig.19] 49 71&7] 2458 Fel¢] Hg®o)
W R E mE FTE 7 ded 2 e
A& Hg¥*ell Wi o 13 48 ¢ F e
a2z olE FHAY BHLBHEH FFF Fujd
et EEFEAT ugt v Y7F NHé NO.,
H,O, NCS] =2} 1.65%X107%- mol-sec™, 1.
3807 mol™}-sec™?, 3. 605X 107 -mol-sec™), 2.187
X107%-mol-sec™! F&T LU, ol 4¥
Vol.32, No.5, 1988

o] A7z R gAY 2SN EH
24
V="kyg+ {[(Hg** ]}
{cis—{Co(en),YCI]™} M
9 zko] FFubgel o 2Aolc},

o} 9] cis-[Co(en).YCIT*e] Hg®* &
HO A #utg-Hre] 49 Astzys d&
$45E A&d e Cl1Y AA =g FR7
w2t NHa<NCS"CHO<KNO; 8 o0& &7}
st 222 Hg** 8quol 4 cis-[Colen),
YClJ*9] Cle] H,0 2 HEsEe dge 4A
cis=[Colen),Y (H,O)]"* 0¥ 7k A5z dF 2
AAZEF 2 ARt trans—[Colen) Y (H0)]
g o] AN} dol oz cis—oj 4 AH2)
WEEAA cis—ol 3AA ] YA EE JAH)
FA 5ol trans—ol 4 AH 2 o|JA3I} Lot}
Al $x4sE 74t 22 as—ol Y
Ao ZAZol LAA Tl 2 AR} trans
—o|ARAA 2 o] A8}t Yol @] cis—o| 4 A
A2t trans—ol JAA ] YAu &L cis—o] 42
A7t 2k 95%, trans—o|JAAI}L % 5% 4|
£2 cis—o]AAR ] Y4 ZFol Aol ot

22| & A A4S A Eae B4
Aql Arrhenius plot & 7] €724 F3az
FHA B G JH*3} FHE AERT] 457 9
EMA AFg Aol oA T3t Table 34 4
e qicet,

Table 30 A 2] A" J4H™] 3%
HlZA 2 ol ZAYSUERH 45% & HA
2 2 %9 #& e,

-2 EHMO Y 22° A 4ét Co(Ill) Fo)F
$4ge FAI}ARTG HeS= FRA
& YANAHNA  cis~[Colen),YCIJ* (Y=NH,,



480 A - SRR

-6068 F -2252
S A
1039 9
955 Cog 5968 C%\s o ;
0.37% NH3 . NCS
-036 1430
-6956 -3ésls
0537 % 0978
5970 Col 6029 Co&’;
0298y, 038\o,
\, -0523 -0044

Fig. 2, Reduced overlap population and net charge
of ¢is-[Colen),YCI1)7*(Y=NH,;, NCS-,H;0, NO;")

complexes.

Table 4. Comparison of kgp-with EHMO calculated
data in cis-[Co(en},YCIJ™* (Y =NH,;, NCS-, H;0,
NO—3) complexes

Y k;‘.;lg 5;13_21) net charge R.O.pP*
Co(IIT) Cl Co-Cl
NH,3 1.65 5955 —6.068 1.039
NCS- 21.87 5.968 —2.252 0. 955
H:0 36.05 5.979 —6.956 1. 083
NO,~ 138.00 6.029 —3,358 0.978

+ ; R.O. P=Reduced overlap population.
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