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A kinetic study of Hg” catalyzed solvolysis of 
linkage isomers [Pd(AAA)XCN/NCX]’ (AAA = 
1,1,7,7-tetraethyldiethylenetriamine (Et4dien) and 4- 
methyl-l ,I, 7,7-tetraethyldiethylenetriamine (MeEt, - 
dien); X = S, Se) has been carried out in methanol at 
25 “C The kinetic results show that the catalytic 
efficiency of mercury(H) in removing the thiocyanate 
or selenocyanate ligands is greater in the Pd-XCN 
substrates than in the Pd-NCX ones, depending on 
whether the sulfur or selenium atom on which the 
attack by Hg” takes place, is bonded directly to pal- 
ladium(H). The kinetic data for the isomerization 
and substitution reactions are also reported. 

Introduction 

Mercury(H) catalyzed aquation of octahedral 
systems containing coordinate halides and pseudo- 
halides has been mostly studied to provide models for 
inner-sphere electron transfer reactions [I-S] and to 
obtain information about the nature of “five-coordi- 
nate” intermediates, [6, 71. Referring to metal cata- 
lysis on square planar complexes of low spin da metal 
ions recently we published a kinetic study of Hg” 
and Cd” catalyzed removal of coordinate halides 
from some sterically hindered palladium(I1) com- 
plexes [8]. Analogous substrates containing N3 or 
NO2 as leaving groups undergo acid catalysis [9]. As 
part of a continuing study of the effect of metal ions 
on the rate and mechanism of solvolytic processes, 
we whish to report the kinetics of mercury(I1) 
catalyzed solvolysis of substrates of the type [Pd- 
(AAA)XCN/NCX]’ (AAA = 1 ,1,7,7-tetraethyl- 
diethylenetriamine (Et, dien) and 4-methyl-l, 1,7,7- 
tetraethyldiethylenetriamine (MeEtgdien); X = S, Se) 
in methanol at 25 “C. 

Experimental 

Preparation of Complexes 
[Pd(Et4dien)SCN] PF,, [Pd(Et,dien)SeCN] BPh4, 

[Pd(Etgdien)NCSe] BPh4 were prepared by follow- 
ing essentially the same procedures described in the 
literature [l@-121. 

[Pd(Et4dien)NCS] NOa was prepared by reacting 
[Pd(Et4dien)C1] Cl [13] with two equivalents of Ag- 
NOs in methanol under magnetic stirring for 24 hr 
at room temperature. AgCl was filtered off and the 
remaining solution was reacted with one equivalent 
of NaSCN and concentrated under vacuum to a small 
volume. The mixture, upon cooling, gave the final 
product which was isolated by filtration and 
recrystallized from methanol Anal. Calc. % for 
PdC,3H2f29N503S: C = 35.31; H = 6.61; N = 15.84. 
Found: C = 34.98; H = 6.12;N = 15.26%. 

The infrared spectrum of this complex is consis- 
tent with an M-NCS linkage showing a broad intense 
C-N stretching band at 2087 cm-’ (Nujol mull) 
[ll, 141. 

[Pd(MeEtddien)NCS] PF, was obtained by 
reacting [PdMeEt,dienCl] PF6 [ 131 with one equi- 
valent of AgN03 in methanol. The solution was stir- 
red for 36 hr at room temperature; after which AgCl 
was removed and the solution reacted with one equi- 
valent of NaSCN. After concentration, upon cooling 
the mixture gave the complex [Pd(MeEt,+dien)NCS] 
PF6 which was isolated by filtration and recristalliz- 
ed from methanol. Anal. Calcd. % for PdCrqHarNa- 
SPF6: C = 31.14; H = 5.79; N = 10.38. Found: C = 
32.70; H = 5.18; N = 10.12%. The complex exhibits 
an intense, broad C-N stretching band at 2088 
cm-’ [14]. 

All the compounds were characterized through 
their U.V. [lo, 11, 151 and i.r. [lo, 11, 14, 161 
spectra. The molar conductivities in methanol at 
18 “C are in the range 80-l 00 n2-’ cm2 mol-’ and are 
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consistent with those of 1 :l electrolytes [17]. We 
were not able to obtain as pure compounds either the 
adducts of the complexes with Hg” or the solvolysis 
products [Pd(AAA)MeOH]X, (X = Clog, PF6 or 

BPh4). 
The spectral characteristics in the U.V. region of 

solvo derivatives are identical to those already report- 
ed [8, 9, 181. Standard methanolic solutions of 
Hg(ClO,), were prepared according to the procedure 
previously described [8]. Methanol was purified by 
distillation after heating under reflux over Mg(OMe)*. 
All other products were reagent grade. 

Kinetics 
The rates of mercury(H) catalyzed processes as 

well as the Br- substitutions were followed by 
standard spectrophotometric techniques using either 
an OPTICA CF 4 R recording apparatus or a 
Beckman D.U. instrument equipped with a Saitron 
301 photometer and a Servogor S potentiometric 
recorder. The reactions were carried out at 25 “C 
keeping the ionic strength constant at 0.4 M by 
adding LiC104. In addition a constant excess of 
perchloric acid (0.1 M) was maintained in the kinetics 
with HP*+. To provide pseudo-first-order conditions 
a sufficient excess of reagent was used and the 
pseudo-first-order rate constants kobsd (s-l) were 
calculated from the slope of the semilogarithmic 
plots of log(D, - D_) against time. The starting 
solutions of [Pd(Et,dien)SCN]’ and [Pd(Et4dien)- 
SeCN]’ were prepared by dissolving the appropriate 
amounts in methanol and stored at -20 “C. Fixed 
volumes of these solutions were thermostatted for 
about ten minutes and then injected into the reaction 
cell (under these experimental conditions the degree 
of isomerization proved to be negligible). Methanol 
solutions of [Pd(Et4dien)NCSe]’ were obtained from 
the corresponding PdSeCN linkage isomer and were 
used once spectrophotometric evidence showed the 
isomerization had completely taken place. 

The Br- substitution reactions of [Pd(Et4dien)- 
SCN]’ were tested by the graphical method of 
Coleman et al. [ 191 . Using the appropriate absorban- 
ce matrix it was found that the condition of zero 
value for any 3 X 3 determinant related to the pre- 
sence of only two absorbing species was not maintain- 
ed. It is reasonable (see discussion below) to assume 
that three absorbing species are involved in these 
reactions, namely the S-bonded substrate, the 
N-bonded isomer and the bromide product. 

The contribution of each species to the total 
absorption at time t can be evaluated by solving 
equation systems of the type: 
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TABLE I. The Mercury(H) Catalyzed Solvolysis of [Pd- 

(AAA)X]+ at 25 “C in Methanol. Dependence of pseudo-first- 

order rate constants, k,bsd, on the metal ion concentration 
at ionic strength IJ = 0.4 M. 

Complex lo3 [HP’+], M knh.rl (6’) 

[Pd(EtQdien)SCN]+ 

(Pd(Et4 dien)SeCN] + 

[Pd(Etddien)NCS]+ 

[Pd(EtGdien)NCSe]+ 

[Pd(MeEtQdien)NCS] 

3 
5 

6 

1.5 
10 

3 8.0 x lo-* 

6 16.2 ” 

1.5 20.1 ” 

9 24.9 ‘I 

10 21.1 ” 

12 32.5 ” 

5 3.53 x lo-* 

6 3.83 ” 

9 3.12 ‘I 

10 3.43 ” 

12 3.11 ” 

30 3.64 I’ 

60 3.46 I’ 

100 3.11 ” 

3 8.0 X lo-* 

6 8.4 ” 

9 8.2 ‘I 

12 8.1 I’ 

15 8.5 I’ 

30 8.4 I’ 

3 1.31 x lo-* 

5 1.36 ” 
9 1.36 I’ 

10 1.26 r( 

12 1.34 ” 

30 1.39 ” 

60 1.30 ” 

100 1.39 ” 

2.2 x lo+ 

3.6 ‘I 
3.8 *I 
4.5 ” 
5.4 ” 
1.25 ‘I 

C tot = zci 
i 

in which A^ and Ah are the total absorbances at 
the wavelength hi and X2, efi and ea the molar 
extinction coefficients of the i species *and q the 
molar concentrations of the i species. Ctot is equal 
to the initial concentration. The rates at which the 
S-bonded species disappears were determined from 
the slopes of the linear plots of In Cpd-a VS. time. The 
rates of isomerization Pd-XCN -+ Pd-NCX were 
measured by following the changes in the optical 
density at 340 and 350 nm of solutions containing 
initially the Pd-SCN and PdSeCN respectively. 

The ionic strength was kept constant (0.4 M) 
using LiC104. The data gave good linear semiloga- 
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Figure 1. Dependence of pseudo-first-order rate constants, kobsd (s--l), on the concentration of mercury(II) in the reaction 
[Pd(AAA)X]+ + Hg*+ + MeOH + [Pd(AAA)MeOH]*’ + HgX+ in methanol at 25 “C, p = 0.4 h4. a) [Pd(Etadien)SCN]+; b) [Pd- 
(Etqdien)SeCN]+; c) [Pd(Etqdien)NCS]+; d) [Pd(Etadien)NCSe]+; e) [Pd(MeEtQdien)NCS]+. 

rithmic plots from which the first order rate 
constants ki (s-l ) were estimated. 

Results and Discussion 

Catalyzed Solvolysis 
The values of pseudo-first-order rate constants, 

k obsd (s-l), for the reactions: 

[Pd(AAA)XCN/NCS]’ t Hg2* t MeOH B 

[Pd(AAA)MeOH]” + HgXCN’ (I) 

(X = S, Se) are recorded in Table I. The kinetic 
behaviour of these reactions is completely different 
according to whether the fourth ligand of the 
complex is coordinated to the central metal ion 
through the nitrogen or through sulfur or selenium. 
By adding the Hg” metal ion in solution, the N-bond- 
ed substrates undergo an instantaneous change in the 
U.V. spectrum followed by a slow reaction towards 
the solvo derivative during which well defined isos- 
bestic points were maintained at 326, 328 and 334 

nm for [Pd(Ethdien)NCSe]‘, [Pd(Et,dien)NCS]’ 
and [Pd(MeEt,dien)NCS]’ respectively. 

In these cases no dependence on the metal concen- 
tration was found (Figure 1) and the rate law is: 

-d [Complex] /dt = k’ [Complex] (2) 

On the contrary the Pd-XCN complexes react with 
a gradual spectral change; the plots of kobsd vs. 
[Hg”] are straight lines with no intercept (Figure 
1) throughout the metal concentration range examin- 
ed and the rate law is: 

-d[Complex] /dt = kcHp2+) [Hg2’] [Complex] (3) 

The catalytic efficiency of Hg” and Cd’+ in the 
analogous complexes [Pd(AAA)X]’ (X = Cl, Br, I) 
has been ascribed to the affinity of the metal ions for 
the coordinate halide [8] . The first-order rate depen- 
dence on the metal ion concentration has been 
rationalized in terms of a mechanism involving the 
formation of binuclear adducts of the type Pd-X-M, 
in equilibrium with the substrate. Similarly, the 
kinetic results for mercury(I1) catalyzed displacement 
of coordinate thiocyanate and selenocyanate linkage 
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TABLE III. Kinetic Data for Uncatalyzed and Mercury(H) Catalyzed Solvolysis of [Pd(AAA)XCN/NCX]+ in Methanol at 25 “C, 
/.I = 0.4 M.’ 

Complex 10’ k, s-’ lo* k’ s-’ hz’ +I 
M-1 s-1 

[Pd(Etadien)NCS)+ 1.10 f 0.01 3.64 i 0.15 - 

[ Pd(Etddien)NCSe)+ 4.00 f 0.00 8.36 i 0.21 - 

[Pd(MeEtQdien)NCS]* 0.49 f 0.09 1.34 f 0.05 - 

(Pd(Et4dien)SCN]* 2.18 ?: 0.09 - 0.71 * 0.02 

[Pd(Et4dien)SeCN]* 2.11 f 0.06 _ 27.60 * 0.45 

%alues obtained by least squares treatment. 

kr value for the spontaneous solvolysis is irrelevant 
with respect to that referring to metal catalyzed 
process. The kr values 2.18 X lo-’ and 2.77 X lo-’ 
obtained in the nucleophilic substitution reactions 
with Br- of [Pd(Et4dien)SCN]+ and [Pd(Etadien)- 
SeCN]’ respectively, support this assumption. The 
slopes of straight lines give the values of the rate 
constants for the mercury-catalyzed solvolysis, 
hHg2 +), reported in Table III. 

The data reveal that the catalytic efficiency of 
Hg*’ in removing the thiocyanate and selenocyanate 
ligands from the coordination sphere of palladium(B) 
in the S or Se-bonded complexes is greater than that 
related to the N-bonded ones. This may be due to the 
fact that in the Pd-XCN substrates the attack by 
Hg*+ takes place on the sulfur or selenium donor 
atoms causing a greater labilization of the leaving 
group. Since the values of specific rate constant for 
the uncatalyzed solvolytic path for both the 
substrates [Pd(Et,dien)SCN]’ and [Pd(Et4dien)Se- 
CN]’ are about the same, the observed differences in 
the ktHgz+) values must be attributed to a different 
stability of the two adducts 

!Ig .Hg 

Pd-S’ 
\ 

or Pd-Sk 

CN 
\ 
CN 

leading to the final solvo derivative. In the case of 
Pd-SeCN complex, because of relief of steric strain 
and spreading of ethyl groups [22] the bulky 
Se-atom is less shielded to the attack by Hg*+ ion and 
the formation of the intermediate could be easier. On 
the basis of the rate law found, an alternative mecha- 
nism involving as rate determining step an electrophil- 
ic attack by Hg** cannot be excluded. However the 
circumstance that a mechanism such as that in the 
scheme has been proved to be operative in the case 
of the parent halide compounds [8] and the unmis- 
takable evidence of adduct formation for the N-bond- 
ed substrates are clear indications in favour of the 
pre-equilibrium shown in the general reaction scheme. 

Linkage Isomerization and Nucleophilic Displacement 
The nucleophilic substitution reactions of the Pd- 

XCN complexes with bromide ion follow the rate law 
k obsd = kr t k2 [Br-] , as shown by straight lines 
obtained when the rate constants (Table II) are plot- 
ted against [Br-] . In the case of Pd-NCX substrates 
the k2 term disappears and the reactions proceed 
through the solvolytic path only. The kinetic data of 
substitution reactions together with those of linkage 
isomerization are collected in Table IV. The kinetic 
behaviour of these series of reactions can be explain- 
ed looking at the following scheme: 

TABLE IV. Kinetic Data for the Isomerization and Substitution Reactions of [Pd(AAA)XCN/NCX]+ in Methanol at 25 “C, p = 
0.4 M.* 

Complex 10’ ki s-’ 10’ kl s-’ 10’ k2 
M-1 s-1 

[ Pd(Etadien)SCN]+ 

[ Pd(Etqdien)SeCN]+ 
[ Pd(Etddien)NCS] + 

[Pd(Et4dien)NCSe]’ 

[Pd(MeEtqdien)NCS]+ 

2.0 2.18 f 0.09 25.50 f 0.41 

3.2 2.11 f 0.06 52.90 f 0.3 
_ 1.10 + O.Olb 0 

- 4.00 ? o.oob 0 

0.49 f o.osb 0 

aValues obtained by least squares treatment. bValues of ki . 
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