This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

Journal of

COORDINATION
CHEMISTRY

THERMOCHEMICAL STUDY OF THE STEPWISE PROTONATION OF

i | 1,4 DIAZA-7-THIANONANE, 1,4-DIAZA-7-THIA-8,8 ' -

i . . s 1.. |DIMETHYLNONANE AND 1,5-DIAZA-8-THIANONANE, AND OF
alr X 4 i THEIR COMPLEX FORMATION WITH COPPER(IT) AND NICKEL(II)
NS IONS IN AQUEOUS SOLUTION

& : . G. G. Herman®; A. M. Goeminne®
-1 ®« # «*32 | Laboratory for General and Inorganic Chemistry B, State University of Ghent, Ghent, Belgium ®

Laboratory for General and Inorganic Chemistry B, University of Gent, Gent, Belgium

To cite this Article Herman, G. G. and Goeminne, A. M.(1979) "THERMOCHEMICAL STUDY OF THE STEPWISE
PROTONATION OF 1,4-DIAZA-7-THIANONANE, 1,4-DIAZA-7-THIA-8,8 ' -DIMETHYLNONANE AND 1,5-DIAZA-8-
THIANONANE, AND OF THEIR COMPLEX FORMATION WITH COPPER(IT) AND NICKEL(IT) IONS IN AQUEOUS
SOLUTION, Journal of Coordination Chemistry, 8: 4, 231 — 236

To link to this Article: DOI: 10.1080/00958977908076502

URL: http://dx.doi.org/10.1080/00958977908076502

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornmul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be |iable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958977908076502
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:27 24 January 2011

Downl oaded At:

J. Coord. Chem.
1979, Vol. 8, pp. 231-236

© Gordon and Breach Science Publishers Ltd., 1979
Printed in Great Britain

THERMOCHEMICAL STUDY OF THE STEPWISE PROTONA-
TION OF 1,4-DIAZA-7-THIANONANE, 1,4-DIAZA-7-THIA-
8,8-DIMETHYLNONANE AND 1,5-DIAZA-8-THIANONANE,
AND OF THEIR COMPLEX FORMATION WITH COPPER(I)

AND NICKEL(I) IONS IN AQUEOUS SOLUTION

G. G. HERMANY and A. M. GOEMINNE

Laboratory for General and Inorganic Chemistry B, State University of Ghent, Ghent, Belgium

{Received December 12, 1977; in final form April 26, 1978)

The formation constants and the enthalpy changes of the reactions in 0.5 mol dm™® (K[NO, ]) at 25°C between
1,4-diaza-7-thianonane (2,2-NNS(Et)), 1,4-diaza-7-thia-8,8'-dimethyInonane (2,2-NNS(t.But)) and 1,5-diaza-8-
thianonane (3,2-NNS(Me)), and protons, copper(1I) and nickel(II) ions in aqueous solution have been determined
respectively by means of potentiometric and of direct calorimetric titrations. The corresponding AS values have
also been calculated. For the reaction with protons, a tautomeric equilibrium between HL® species protonated on
either the primary or the secondary aminogroup has been proposed. It is also shown that at the second protonation
step, chain stiffening is increasingly weakened, when the alkyl substituent on the sulphur atom becomes larger.
2,2-NNS(Et) and 2,2-NNS(t.But) form both with copper(Il) and nickel(II) the complexes ML** and ML, **. 3,2-
NNS(Me) forms with copper(II) the complexes CuL?* and Cu(OH)L*, whereas with nickel(Il) only the formation of

a NiL?* complex could be detected.

The obtained values for the thermodynamic functions have been discussed. The three ligands act as tridentates
in the 1:1 complexes with both Cu®* and Ni**. In the 1:2 complexes with Cu®* a pentacoordinative structure is
proposed, whereas with Ni®* there is complete coordination of the two ligand molecules. Finally, the complexes
formed with 3,2-NNS(Me) are less stable than those with 2,2-NNS(Me).

INTRODUCTION

The study of the coordinating properties of sulphur
containing polyamines towards copper(Il) and
nickel(IT) ions in aqueous solution has now been
extended with 1,4-diaza-7-thianonane, 1,4-diaza-7-

thia-8,8"-dimethylnonane and 1,5-diaza-8-thianonane.

As it was shown previously,! the sulphur atom in the
aliphatic chain of polyamines can act as a donor to
copper(11) and nickel(Il) ions. In the investigation
described here, we have turned our attention to the
influence of the nature of the -S(Alkyl) group and to
the influence of the chelate ring size on the thermo-
dynamic behaviour of the complexes with ligands,

in which there is a donor sequence N, N, S. The
basic properties of these ligands are also reported
and discussed.

tCorrespondence can be sent to: Dr. G. G. Herman,
Laboratory for General and Inorganic Chemistry B,
University of Gent, K.L. Ledeganckstraat 35, B-9000,
Gent, Belgium.
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EXPERIMENTAL

Materials

The three ligands were prepared by a method,
analogue to that for 1,4-diaza-7-thiaoctane' (abbrev.
2,2-NNS (Me)), using different starting materials.
For the preparation of 1,4-diaza-7-thianonane
(abbrev. 2,2-NNS(Et)) and 1,4-diaza-7-thia-8,8'-
dimethylnonane (abbrev. 2,2-NNS(t.But)) N-(-2-
hydroxyethyl)-ethylene diamine (Fluka Chem.) was
used as the starting alcohol and ethylmercaptan,
respectively tert. butylmercaptan (Fluka Chem.) as
the mercaptans. For the preparation of 1,5-diaza-
8-thianonane (abbrev. 3,2-NNS(Me)), N-(-2-
hydroxyethyl)-propane-1,3-diamine (Ega Chem.) and
methylmercaptan (Fluka Chem.) were used. The
final products were distilled three times under
reduced pressure through a Vigreux column, and
only the middle fractions were taken. Their molecular
weight was determined by potentiometric titration
with standardized nitric acid. Anal. 2,2-NNS(Et):
b.p. 112°C/2 mm Hg, M.W.caicq.: 148.27, MW.exp
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147.9; 2,2-NNS(t.But): b.p. 130°C/2 mm Hg,
MW.cajeq.: 176.33, MW gxp 1 176.2; 3,2-NNS(Me):
b.p. 109°C/2 mm Hg, M.W.1cq.: 148.27, MW exp
148.4.

The solutions of the amines, copper(1l) nitrate,
nickel(If) nitrate, nitric acid and of potassium
hydroxide were prepared and standardized as
previously described.! To all the solutions an appro-
priate amount of solid potassium nitrate was added
to bring the total nitrate concentration up to 0.5
mol dm ™3,

Potentiometric Titrations

pH Data were obtained by potentiometric titrations
with the apparatus and [H']-calibration method
previously described.! For each titration, the cell
contained 70.0 or 80.0 cm?® of a solution in which
known amounts of amine, nitric acid and, for metal-
ligand equilibria, metal salt were present. The
solution was then stepwise titrated with standardized
KOH solution (1.0040 mol dm™? in 0.5 mol dm™3
KNO;). For each ligand, several titrations were
performed at different total ligand concentrations
(1.1t0 2.8 x 1072 mol dm™?), different total metal
ion concentrations (0.3 to 0.8 x 10~% mol dm~3) and
at a total acid concentration of about 8.2 x 1072 mol
dm™3. The ligand: metal ion ratio was varied
between 2.1 and 6.1. All measurements were carried
out at 25° +0.05°C.

Calorimetric Titrations

The calorimetric titrations were performed with a
LKB-8700/2 titration calorimeter, thermostatted at
25° +£0.001°C, following the procedure proposed by
P. Paoletti and coworkers.?

For the protonation of the ligands, solutions of
the ligand (Cp, =ca. 1 x 1072 mol dm™?) were
titrated in the calorimeter with standard nitric acid
(Cuno, =1.0124 mol dm~?).

For the nickel(IT) complexes, the calorimetric
measurements involved stepwise addition of standard
nitric acid into an alkaline nickel(1I)-ligand buffer
solution (Cy, =ca. 2.1 x 1072 mol dm™3, Cy; = ca.
0.7 x 1072 mol dm™3), starting at -log[H"] = ca.
8.5.

For the copper(ll) complexes, a reversed proce-
dure was preferred to avoid precipitation of
copper(11) hydrolyse products, when mixing a
copper(I]) solution with an alkaline ligand solution.
Therefore, standard KOH solution (Cxoy = 1.0040
mol dm~2 in 0.5 mol dm~2 KNO;) was added step-

wise up to -log[H'] = ca. 10.5 into a mixture of
copper(II) (Ccy = ca. 0.8 x 107% mol dm™?), ligand
(Cp =ca. 2.4 x 102 mol dm™~?) and nitric acid
(C =ca. 6 x 1072 mol dm~?). The heats of dilution
of the titrant were determined by stepwise addition
of standard HNO; or KOH into a 0.5 mol dm™3
KNO; solution. The heat of formation of water was
determined by adding standard KOH to a solution of
HNO; in 0.5 mol dm~3 KNO,.

The formation enthalpy of water, AHwy, was found
to be —55.73 kJ mol~*.

Calculations

The protonation constants for each amine, and the
enthalpy changes for the formation of both proto-
nated and complex species were calculated with
appropriate FORTRAN IV programmes, based upon
the minimisation procedure of Davidon.® The details
concerning these calculation procedures have
already been reported.! The stability constants of
the metal complexes were calculated with the
programme LEAST.* R-factors® of 0.3—0.5% were
achieved. The values for the protonation constants
and for the stoichiometric ionic product of water
(pKw =13.72)" were kept constant. Starting values
for the free concentration of metal ion and of
ligand at each titration point were calculated with
the programme EQUIL,® using estimates for the
stability constants and available concentration data.

RESULTS

The protonation constants and the thermodynamic
functions of the stepwise protonation of the ligands
are reported in Table 1. The calculations were con-
sistent with a two step protonation scheme:

H"+ L == HL';logK;p, AHjp, AS1p
H'+HL' == H,L%;log Kyp, AHyp, ASyp

The overall stoichiometry of the complexation
reactions and preliminary values for the stability
constants of the complexes were established from
their formation curves. It was found that these
curves were coincident for different values of the

total metal ion concentration. The formation curves
for the copper(Il) and nickel(Il) complexes with 2,2-
NNS(Et) and 2,2-NNS(t.But) indicated the formation
of only two complexes : ML?** and ML,** (fip 4 =
2).” The preference of Cu®* to form 4-coordinated
square planar complexes® makes it probable that not
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TABLE 1
The protonation constants and the thermodynamic functions of the stepwise grotonation of 2,2-NNS(Me)?,
2,2-NNS(Et), 2,2-NNS(t.But) and 3,2-NNS(Me)

Ligand log Kip log K2p -AH1p -AHpp ASyp ASHp
2,2-NNS(Me) 9.596 6.631 47.7 43.1 23 -18
2,2-NNS(Et) 9.610(3)° 6.605(4) 47.6(1) 42.5(3) 24(1) -16(1)
2,2-NNS(t.But) 9.605(3) 6.532(4) 48.4(2) 40.5(3) 21(1) -11(2)
3,2-NNS(Me) 10.259(2) 8.190(4) 53.7(2) 47.72) 16(1) - 3Q1)

AData from Ref. 1.

b25°C, 0.5 motdm™* (K[NO, 1); AH in kJ mol’*, AS in JK™! mol™'; Standard State : 1 moldm™.
®Value in parentheses is the standard deviation on the last significant figure. The reliability of the values is estimated to be

better than four times the standard deviation.

all six donor atoms in the Cul,* complexes are
coordinated.

For the Cu®*/3,2-NNS(Me) system, the formation
curve raised above fi = 1, showing a horizontal part
at fi = 1 for ~log[L] between 9 and 5. There was no
symmetry about fi = 1. The calculations with the
potentiometric data revealed a best fit for a set
containing a mononuclear 1:1 complex and a
hydroxo-complex [Cu(OH)L)*. For the Ni**/3,2-
NNS(Me) system, only the formation of a NiL**
complex was found (i ax = 1).

The stability constants and the thermodynamic
functions of the stepwise complexation of Cu®* and
Ni** with the three ligands are reported in Table II
and IIL The data concerning the ligand 2,2-NNS(Me)
are also given.

DISCUSSION

Protonation of the Ligands

Protonation of 2,2-NNS(Et), 2,2-NNS(t.But) and
3,2-NNS(Me) may occur at both the primary and the
secondary nitrogen atoms. Therefore, the HL ion
can exist in two tautomeric forms, the one proto-
nated on the primary aminogroup and the other on
the secondary aminogroup:

NH, (CH, ),NH(CH, ), S(Alk) =—
(y)

NH, (CH, )}oNH, (CH, ), S(ALK)
() n=23

An analogue tautomeric equilibrium has also been
suggested for the first protonation step of N-
methylethylenediamine,” N-(-2-hydroxyethyl)-
ethylenediamine’® and of 1,4-diaza-7-thiaoctane

(2,2-NNS(Me)).! For the series 2,2-NNS(AIk), the
values for log Kyp, AHyp and AS, do not differ
appreciably. We assume therefore that the percentage
of the two tautomeric forms is similar for the three
ligands. At the second protonation stage, there is a
distinct decrease in both basicity and protonation
heat, when going from methyl to tert. butyl. The
thermodynamic behaviour at the second protonation
stage, is thus clearly influenced by the nature of the
alkyl substituent on the sulphur atom. We suggest
therefore that at the first protonation step the tau-
tomeric species I wilt be dominant. Consequently,
the secondary aminogroup will be protonated
largely at the second protonation step, and, in its
protonated form, it will exercise a “chain-stiffening”
effect’! on the -(CH, ), S(AIK) branch of the ion.
This effect, however, should become negligible for
that part of the chain further than four atoms away
from the ammonium group. This could be deduced
from an analysis of the thermodynamic data on the
protonation of primary n-alkyl amines,'? since the
decrease in the positive entropy change for the proto-
nation of these amines levels out, when going from
methylamine to n-pentylamine. For the series
2,2-NNS(Alk) however, the entropy change AS,
becomes less unfavourable in the sequence methyl,
ethyl, tert. butyl. Therefore, we assume that the
alkyl substituent on the sulphur atom is no longer
stiffened, but increasingly weakens the stiffening of
the chain part between the secondary ammonium
group and the sulphide group, when the alkyl sub-
stituent becomes larger. As this effect is undoubtedly
endothermic, the values for -AHj,, decrease steadily
with increasing size of the alkyl substituent.

For 3,2-NNS(Me), an increased basicity and a
larger value for -AH,, is found for both protonation
steps, relative to 2,2-NNS(Me). This is also the case
when comparing log K and -AH values for the proto-
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nation of 1,3-propanediamine with those of
ethylenediamine and an explanation for this has
already been given.'®> The observation that for 3,2-
NNS(Me) ASyp is less favourable and ASyp, is less
unfavourable than for 2,2-NNS(Me), is in complete
agreement with the “chain stiffening” explanation
given for diamines with increasing chain length
between the two aminogroups.'?

Copper(Il) Complexes

Since 2,2-NNS(Et) and 2,2-NNS(t.But) only differ
from 2,2-NNS(Me) in the nature of the alkyl substi-
tuent on the sulphur atom, one can expect an ana-
logue complexation behaviour of the three ligands
towards the copper(II) ion. Indeed for the complexes
Cu[2,2-NNS(Alk)] ** the values for ~AH, are
between the corresponding values for the 1:1 com-
plexes of Cu** with diethylenetriamine'® and with
N-methylethylenediamine,'® respectively 75.3 kJ
mol™" and 48.3 kJ mol™! . We assume therefore that
in the 1:1 complexes with Cu®*, the three ligands
are acting as tridentates and are bound through their
donor atoms N, N and S, with the Cu—S bond being
much weaker than the Cu—N bonds. -AH, for
Cu[2,2-NNS(Et)]** is somewhat larger than for
Cu[2,2-NNS(Me)] **. Although ligand solvation
effects contribute to differences in complex forma-
tion enthalpies, the enhanced donor strength of the
sulphide group by the greater electron donating
power of the ethyl substituent relative to methyl
must also be considered. On the other hand, -AH,
for Cu{2,2-NNS(t.But)] ** is appreciably lower than
for the two other complexes, while AS; is more
positive. This should indicate that more water mole-
cules are expelled from the hydration sphere of the
copper(1l) ion when tert. butyl is the substituent on
the sulphide group. Since the liberation of water
molecules is an endothermic process, the formation

S(ALK)
N

S(Alk)
/N I / A

N N

N

N S(Alk)
( Cu /

N
NS(ALK)

FIGURE 1 Two possible isomeric pentacoordinative
structures for the Cu[2,2-NNS(AIk)] 2" complexes.

of the complex Cu[2,2-NNS(t.But)] ** will be accom-
panied by the lowest enthalpy change. The enthalpy
change -AH, for the second complexation step is
for the three complexes lower than for the first step.
For the complex Cu[2,2-NNS(Me)]3* incomplete
coordination of the second ligand molecule has
already been suggested.! Since hexacoordination of
the copper(I1) ion can generally be excluded,? we
propose a pentacoordinative structure for the three
1:2 complexes (Figure 1). The total enthalpy change
(-AHr) for the two complexation steps is also more
positive for Cu[2,2-NNS(Me)]3* and Cu[2,2-NNS-
(Et)]3* than for the 1:2 complex of Cu®* with
N-methylethylenediamine'® respectively 103.8,
103.0 and 99.3 kI mol ™! .

The possibility of two uncoordinated ligand arms
in these 1:2 complexes can therefore be excluded.
For Cu[2,2-NNS(t.But)] 3" the value for -AHr (98.6
kJ mol™") is somewhat lower than 99.3 kJ mol~!.
The reason for this can be a steric effect due to the
bulkiness of 2,2-NNS(t.But), when a second ligand
molecule enters the coordination sphere of the
copper(1l) ion.

Relative to 2,2-NNS(Me), the complexation of
Cu? with 3,2-NNS(Me) occurs with a smaller heat of
formation but with a more favourable entropy
change. The same has been observed when comparing
the complex formation of 1,3-diaminopropane

TABLE II

The stability constants and the thermodynamic functions of the stepwise complexation of Cu®* with 2,2-NNS(Me)?3,

2,2-NNS(Et), 2,2-NNS(t.But) and 3,2-NNS(Me)

Ligand log K, log K, -AH, -AH, As, AS,
2,2-NNS(Me) 11.377 6.306 58.5 45.3 244 -31
2,2-NNS(EL) 11.596(5) 6.299(7) 59.7(2) 43.3(4) 21.7(8) -24(1)
2,2-NNS(t.But) 10.843(4) 6.388(6) $3.7(1) 44.9(3) 27.2(8) -28(1)
3,2-NNS(Me)© 11.009(5) — 55.1(2) - 26(1) -

4Data from Ref. 1.
bFor the remarks, see Table 1.

CFor the reaction Cul.?* + OH™ = Cu(OH)L": log K = 5.147(16), -AH = 12.1(7) kJ mol™*, AS = 57(4) JK™* mol*.
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relative to ethylenediamine.'® Since the formation
of the complex Cu[3,2-NNS(Me)]** is more exo-
thermic than the formation of the corresponding
complex with 1,3-propanediamine (-AH; =46.1 kJ

‘mol~'), we may assume that 3,2-NNS(Me) is bound

to the copper(Il) ion through its three donor atoms.
It is therefore interesting to observe that in the
complex Cu[3,2-NNS(Me)]**, where a six-membered
chelate ring is linked to a five-membered one, there
is apparently no extra stabilization relative to the
complex Cuf2,2-NNS(Me)]?*, in which two five-
membered chelate rings are linked. This is in contrast
to what was found for the 1:1 complexes of Cu**
with triamines, where 1,4,8-triazaoctane (2,3-NNN)
forms a more stable complex with Cu®* than diethy-
lenetriamine (2,2-NNN) or 3,3’-diaminodipropyla-
mine (3,3-NNN).!7 This was attributed to the
presence of two alternate chelate 5,6-membered
rings in the complex Cu[2,3-NNN)]?* which
decreases the cumulative ring strain.'® As the strength
of the Cu—N bond (about 26.3 kJ mol™") is much
greater than that of a Cu—S bond (about 9.6 kJ
mol ™), the stability of the complexes Cu[2,2-
NNS(Me)] >* and Cu[3,2-NNS(Me)]** will be deter-
mined predominantly by the strength of the chelate
ring formed through the two nitrogen donors. The
lower stability of Cu{3,2-NNS(Me)]** than agrees
with the fact that the five-membered N-Cu-N chelate
ring is more stable than the six-membered one.'® It
is also found that Cu®* cannot coordinate a second
molecule of 3,2-NNS(Me). Instead, it readily coordi-
nates a hydroxide ion. The enthalpy change for the
reaction Cu[3,2-NNS(Me)]** + OH- == Cu[(OH)-
3,2-NNS(Me)]* is not very different from the values
found for the corresponding reaction of Cu(tri-
amine)?* complexes.!” It is therefore reasonable to
assume that all these hydroxo complexes have the
same structure: i.e. a square planar coordination of
the tridentate ligand and the hydroxide ion to the
copper(Il) ion.

Nickel(IT) Complexes

The enthalpy change for the formation of the
complexes Ni[2,2-NNS(Et)] * and Ni[2,2-NNS(t.-
But)] ?* is almost equal to the value for the formation
of Ni[2,2-NNS(Me)] **, for which complete coordina-
tion of the ligand through its three donor atoms has
been suggested.! It is therefore reasonable to assume
that in the two former complexes the ligands are
also completely coordinated to the nickel(IT) ion. In
contrast to the 1:1 complexes with Cu?*, the value
for AS,; decreases with increasing volume of the
alkyl substituent on the sulphur atom. This decrease
can be attributed to different percentages of the
facial and meridional isomers of the 1:1 complex
for the three ligands. As the meridional isomer has a
smaller dipole moment than the facial one,'? it will
be able to orientate fewer water molecules. The
trend in the AS, - values therefore indicates that the
percentage of the facial isomer increases when the
volume of alkyl substituent on the sulphur increases.
At the second complexation step -AH, is higher
than -AH, for the three ligands. This behaviour is
usually encountered for successive coordination of
Ni®* in the absence of steric hindrance.'® However,
the difference (AH, -AH,) is appreciably smaller for
2,2-NNS(t.But) (0.3 kJ mol™!) than for 2,2-NNS(Me)
(8.1 kJ mol™!) and 2,2-NNS(Et) (7.9 kJ mol™"). This
is indicative of steric hindrance between the two
molecules of 2,2-NNS(t.But) in the 1:2 complex with
Ni**. Nevertheless, complete coordination of the two
ligand molecules through the six donor atoms in the
complexes Ni[2,2-NNS(AIk)]3* can be put forward.
The structure of these 1:2 complexes is probably
octahedral, with a certain degree of tetragonal
distorsion, since all the six donor atoms are not
equivalent. As it was the case with Cu?*, 3,2-NNS(Me)
forms with Ni** a less stable 1:1 complex than 2,2-
NNS(Me). It is also found that the complex forma-
tion of Ni** with the former ligand is less exothermic,

TABLE IlI

The stability constants and the thermodynamic functions of the stepwise complexation of Ni?* with 2,2-NNS(Me)?

2,2-NNS(Et), 2,2-NNS(t.But) and 3,2-NNS(Me)b

Ligand log K, log K, ~-AH, -AH, AS, AS,
2,2-NNS(Me) 7.063 5.858 36.3 44 .4 13.4 -37
2,2-NNS(Et) 7.230(9) 5.63(1) 37.7(2) 45.6(1) 11.8(8) —45(1)
2,2-NNS(t.But) 6.516(4) 4.659(6) 36.2(3) 36.5(6) 3(D) -33(2)
3,2-NNS(Me) 6.881(2) - 34.0(1) — 17(1) -

4Data from Ref. 1.
bFor remarks, see Table 1.
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while the entropy change is more favourable. So, the
ring size of the chelate ring formed by the two
nitrogen donors and the central ion also determines
the overall stability of the two 1:1 complexes
involved, and is in agreement with the fact that
nickel(II) complexes with a single five-membered
chelate ring are more stable than those with a six-
membered one.'®
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