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ABSTRACT 

The enthalpies of the reactions in 0.5 mole dm- 3 (K)N03 at 25 “C between 
1,7-diaza-4-thiaheptane (2,2-NSN) and 1,8-diaza-4-thiaoctane (2,3-NSN) and Cu2+ 
and Ni2’ ions have been determined by direct calorimetric titrations. AG values 
reported elsewhere have been used to calculate the corresponding AS values. It is 
found that in ail the complexes the co-ordination of the sulphur atom is achieved, 
and that in the I : 1 complexes of Cu2+ and Ni2+ both ligands are acting as triden- 
tates. Evidence is found for the incomplete coordination of the second ligand mole- 
cule in the CuL,2+ complexes, whereas the NiL:+ complexes are six coordinate_ 

INTRODUCTION 

As indicated by a spectroscopic study of Taylor and Barefield’, the ligand 1,7- 

diaza-4-thiaheptane (2,2-NSN)** is chelated by its three donor atoms (N, S and N) 
to Cu2+ and Ni2’ in solid state complexes. In aqueous solution however, it remained 
uncIear as to whether 2,2-NSN acted as a bi- or as a tridentate towards these metal 
ions’9 3. 

Therefore, we recently reinvestigated potentiometrically the complex formation 
of Cu2+ and Ni2+ in aqueous solution with a series of sulphides containing cc,o- 
diamines, i.e. 1,7-diaza-4-thiaheptane (2,2-NSN), 1 ,%diaza-4-thiaoctane (2,3-NSN), 
1,9-diaza-4-thianonane (2,4-NSN) and 1,9-diaza-5thianonane (3,3-NSN)4. 

in order to obtain a more reliable picture of the complex formation, we have 
now completed a calorimetric study of the coordinating properties of 2,2-NSN and 
2,3-NSN towards Cu2+ and Ni2’. 

* Present address: Laboratory of Chemical Analyses of Food from Animal Origin, Casinoplein 24, 
B-9000 Ghent (Belgium). 
** The abbreviation of the name of a ligand contains consecutively the donor atoms, preceded by 
the number(s) of methylene groups between two donor atoms. 
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EXPERIMENTAL 

Mareriafs 
The preparation of the two ligands has already been described’. Solutions of 

the amines, potassium hydroxide, nitric acid, and copper(I1) and nickel(M) nitrate 
were obtained and standardized as previously reported”. 

Calorifmtric titrafions 
The calorimetric titrations were performed with a LKB-8X10/2 titration calori- 

meter, thermostated at 25 I-t_ 0.001 “C. The procedure for the determination of the 
reaction heats has already been described’. For the copper complexes, the 
calorimetric measurements involved stepwise addition of KOH solution (C,,, = 
0.994 mole dm- 3 in 0.5 mole dm-‘ ’ KN03) into solutions (ca. 0.080 dm3) ofcopper 
nitrate, ligand and nitric acid. The copper(I1) ion concentrations were varied over a 
fourfold range (0.2-0.S x lo-’ mole dm - 3, for four sets of solutions, in which the 
ligand-to-copper ion ratios were 2: 1, 2.5 : I, 3 : 1 and 4: 1. For the nickel(U) com- 
plexes, the calorimetric vessei contained ca. 0.080 dm3 of a solution of the complexes. 
The complexes weIe then decomposed by stepwise addition of a HNO, solution 

(GN0, = 0.495 mole dm- 3). Th e nickeI(I1) ion concentration was varied over a 
four-fold range (0.25-1.0 x lo-* mole dm- 3, for three sets of solutions in which 
the ligand-to-nickel ion ratios were 2 : 1, 2.5 : 1 and 4 : 1. 

The -log[H+] ranges covered in the titrations were 4.3-10.5 for copper and 
10.8-3.5 for nickel. All the measurements were at I = 0.5 mole dmW3 (K)NO,. 

Calcrtlatiom 

The enthalpy changes AH for the formation of the complex species were 
calculated with a FORTRAN IV program. The details concerning the calculation 
procedure have already been reported’. 

The value for the entropy change dS for a complex formation reaction was 
calculated using the obtained d K value and the stability constant for the complex. 
Values for the stability constants were taken from material already published”. 

RESULTS AND DISCUSSION 

Conqdexes of copper(H) 
There are three complexes of CuZt with the iigand 2,2-NSN: CuL’*, CuL$+ 

and Cu(OH)L*, and five complexes with the ligand 2,3-NSN: CuL2+, CuHL3+, 
CuL;+, CuHL;’ and Cu(OM)Lt. The stability constants for the formation of these 
complexes have already been reported4. Their heats of formation have been measured 
and the results are shown in Table 1. 

The heat of formation of [Cu(2,3-NSN)]‘+ is not only appreciably more 
exothermic than that for the 1: 1 complex of Cu2* with l-aza-4-thiapentane6 (-33.3 
kJ mole-l), but is also more exothermic than that for the 1: 1 complex of CuZf with 
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TABLE 1 

THE STABILITY CONSTANTS3 AND THE THERMODYNAMIC FUNCTION+ OF THE COPPER AND NICKEL(I1) 

COMPLEXES WITH 1,-bDIAZA-4-THIAHEPTAhE AND I$-DIAZA-bTHIAOCTANE 

Rcac~ionC ,7,2-NSNa -3,3-NSNc 

Ios K --dH Lls log K -AH LIS 

cu t L* CUL 9.020 51.4(1)f 0.2(5) 10.035 59.0( 1) -5.8(5) 
Cu t HL+ CuHL 4.66 29.3(S) - 9(3) 
CUL -t L + CuLa 5.238 33.7(3) -12(l) 2.56 32.7(3) --54(l) 
CuL + HL f CuHL:! 2.44 31 .S(9) - 59(3) 
CUL 4 OH+ Cu(OH)L 5.90 1 SO(S) 52(4) 4.60 13.4(9) 43(4) 

Ni +- L + NiL 7.377 41.9(2) O-7(6) 5.959 39.0(2) - 16.2(S) 
Ni f HL + NiHL 2.75 21.3(5) - 1 S(2) 
NiL + L + NiLq 
NiL + HL + Ni-HLs 

6.142 48.6(3) -45( 1) 3.36 38.9(3) -56(l) 
I .ss 29.7(S) - 63(2) 

Data from ref. 4. 
25°C; 0.5 mole dm-3 (K)NO:I; :lH in kJ mole-l; ~1s in JK-1 mole-*. 
Charges of ions are omitted. 
2,2-NSN = 1,7-diaza-4-thiaheptane. 
2,3-NSN = 1 ,S-diaza&thiaoctane. 
Values in parentheses are the standard deviations on the last significant figure; the reliability of the 
values is estimated to be better than four times the standard deviation. 

ethyIenediamineg (-52.6 kJ mole-‘) by an amount comparable with the strength 

of one CU-S bond (about 6.7 kJ mole -‘)‘. This is a strong indication that in 
[Cu(2,3-NSN)]’ + the ligand is bound by its three donor atoms, thus acting as a 
tridentate. 

The heat of formation of [CU(~,~-NSN)]‘~ is lower than that of [Cu(2,3- 
NSN)-j2+. It is even slightly less exothermic than that for the I : 1 compIex of Cu2* 
with ethylenediamine. The difference is about 1.2 kJ mole-‘. That does not neces- 
sarily mean that the sulphur atom is not bound to the Cu2+ ion, but it rather indicates 
that the chelation of 2,2-NSN as a tridentate induces more strain in the two linked 
five membered chelate rings than is the case for 2,3-NSN where there is an alternation 
in the sizes of the two linked chelate rings. Supplementary to this may be the large 
nephelauxetic effect of the sulphur atom which may lead to an increase in the Cu- 
donor atom bond lengths. This is supported by the electronic” and EPR” spectral 
data reported for [Cu(2,2-NSN)] 2+. 

For the second compIexation step, the heats of formation of [Cu(2,2-NSN),] 2+ 
and of [CU(~,~-NSN)~]~ + are not very different, but they are appreciably less exo- 
thermic than for the first complexation step. In fact, their values are comparable 
with the value for the heat of formation of the 1: 1 complex of Cu2+ with I-aza-4- 
thiapentane6 in which one Cu-N and one Cu-S bond are formed. From this com- 
parison we can deduce that in the two former complexes there is incomplete co- 
ordination of the second molecule of ligand, leaving one amino group free. 
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The two protonated species, [CuH(2,3-MN)] 3 c and [CuH(2,3_NSN),] 3 c7 
have vaIues for their heat of formation very close to that for [CL@,~-NSN),]~“. 

Their coordination occurs consequently through one nitrogen and one sulphur 
donor. The protonated aminogroup is probably the one on the trimethylene arm, 
since it has the largest basicity5. 

The entropy changes accompanyin, m the formation of the normal and the 
protonated complex species are all appreciably less favourable than for the corre- 
sponding complexes with triamine ligands. The main reason for this is the greater 
degree of hydration of the triamines relative to the sulphur containing diamines, so 
that more hydrated water is released when the former ligands coordinate to a metal 
ion6. 

Finally, the greater stability of the hydroxo-complexes [Cu(OH)(2,2_NSN)] * 
and [CU(OH)(~,~-NSN)]~ relative to the hydroxo-compIexes with the corresponding 
triamines”, is also reflected by their greater heat of formation. It is therefore possible 
that the hydroxo-complexes with the sulphur containing ligands have a different 

structure from those with the triamines. 

Complexes of itickel(II) 

There are two compIexes of Ni” with the Iigand 2,2-NSN: NiLZf and NiLsi, 
andfourcomplexeswiththeligand2,3-NSN: NiLZf,NiHL3+, NiL$+ andNiHLq+.The 
stability constants for the formation of these complexes have already been communi- 
cated&. Their thermodynamic functions are reported in Table 1. It was found that 
the stability of the complexes [Ni(2,2-NSN)]2’ and [Ni(2,3-NSN)]2f was lower 
than for the analogous complexes with diethylenetriamine’ 3 and ethylenediamine’ ‘. 
Their heats of formation, however, are more exothermic than that for the 1 : I com- 
plex of NiZr with ethylenediamine (-38.7 kJ mole-‘)’ ‘. Then let us assume that 
the sulphur atom is coordinated to the NiZf ion in both complexes. With 19.3 kJ 
mole- ’ as the value for the exothermic contribution of one Ni-N bond6 in the forma- 
tion of the two complexes, it becomes clear that the strength of the Ni-S bond in 
[Ni(2,2-NSN)12’ (about 3.3 kJ mole-‘) and in [Ni(2,3-NSN)]‘+ (about 0.5 kJ 
mole- ’ ) is smaller than in the 1: 1 complex of Ni2+ with I-aza-4-thiapentane (about 
4.2 kJ mole-‘)6. The donor strength of the sulphide group appears to be weakened 
when linking the two chelate rings present in the complex. 

Contrary to that observed for the 1: 1 complexes with Cu2+, both the stability 
and the heat of formation of [Ni(2,3-NSN)] 2 -t are lower than for [Ni(2,2-NSN)]‘+. 
A possible explanation can be looked for in different percentages of the facial and 
meridional isomers in a tetragona! ligand field for both 1: 1 complexes’6. As for the 
1: 2 complexes, one can notice that the addition of the second ligand molecule takes 
place with a d Hz value greater than d H, for 2,2-NSN, but equal, within the standard 
deviation, to AH, for 2,3-NSN. Differences in Iigand soIvation and/or steric hindrance 
between the two molecules of 2,3-NSN can therefore be an explanation. It remains, 
however, very probable that the 1: 2 complexes with both ligands are six coordinate. 
The heat of formation relative to the reaction 
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Ni” f- H(2,3-NSN) + +[NiH(2,3-NSN)j3 -t 

is about 17.7 kJ mole- * less exothermic than the enthalpy change for the formation 
of Ni(2,3-NSN)2 +, but only 2. I kJ mole -I less exothermic than the heat of formation 

ofthe I : I complex of Nit + with 1-aza-4-thiaheptane (NH2CH,CH,SCH,CH,CH,)r7. 
The Iatter difference can be attributed to the destabilising effect exercised by the 
protonated aminogroup upon the stability of the chelate ring in the complex. 

Finally, it can be noticed that the low stability of [NiH(2,3-NSN),J3C is due 
to the very negative value for the entropy change, although the heat of formation is 
more exothermic than for [NiH(2,3-NSN)] 3i. The more unfavourable entropy 
changes for the formation of both [NiH(2,3-NSN>J3’ and [NiH(2,3-NSN)2]3f 
relative to the corresponding normal complexes can be explained by the greater 

solvent orientating power of the protonated complexes” and by the greater rigidity 
of the aiiphatic chain bound to the ammonium group”. 
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