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Non-aqueoas solvents such as acetone, ethanol and methanol are exten- 
sively used as media for the preparation of coordmatlon complexes Reac- 
tions of these complexes, such as hgand exchange reactions, are normally 
carned out m non-aqueous solvents Very little is, however, known about the 
thermodynarmcs of complex formation reactions m non-aqueous solvents 
The thermodynarmcs of the reaction between silver(I) and pyrldme as well 
as substituted pyndme hgands m acetone were reported recently [l] This 
study was continued and extended to include the effect of the solvent on the 
thermodynanucs of the complex formation reaction The Ag+/N, N, N ‘, N ‘- 
tetramethylene dlamme (tmen) system was chosen as model for the mvestl- 
gation 

EXPERIMENTAL 

The expenmental procedure, entropy titration method [2,3], was described 
previously [l] The hgand N, N, N’, N ‘-tetramethylene dlamme (purum), was 
obtamed from Fluka and used without further punflcatlon Stock solutions 
of the hgand (ca 10 mol dmp3) were prepared by dlssolvmg the reqmred 
amount of hgand m the solvent Silver(I) solutions ranging from 2 0 x 10v3 
to 1 0 X lo-* mol dmp3, were used Acetone, methanol and ethanol (Merck, 
pro analyst) were used without further punflcatlon 

RESULTS AND DISCUSSION 

The titration curves obtamed by titrating a 10 x lo-* mol dmp3 silver(I) 
solution with 1 0 mol dme3 tmen m acetone (curve B) and ethanol (curve A) 
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are shown m Fig 1 The curve obtamed usmg methanol as solvent was very 
smular to that obtained m ethanol The curves indicated that the silver and 
tmen react m a mole ratio 1 2 m both solvents The endpoint of the 
titration curve m acetone IS much sharper than that obtained for ethanol 
Tlus suggests larger formation constants for the reaction m acetone 

The thermodynanuc constants wbch were extracted from these curves are 
summansed m Table 1 The formation of Ag(tmen)+ and Ag( tmen) 2’ are 
enthalpy driven m all three solvents The values indicated that the reaction IS 
more enthalpy dnven m acetone than m methanol or ethanol The formation 
constants, log B,, for the reaction 

Ag+ (solv) + tmen(solv) + Ag(tmen) + + solv 

seems to decrease for the various solvents m the order acetone > ethanol > 
methanol 

Liqand added 

Fig 1 The titration curves of silver(I) (1 OX 10m2 mol dm-3) with tmen (10 mol dmV3) m 
A, ethanol, B, acetone 
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TABLE 1 

Thermodynarmc constants for the sllver(I)/N, N, N’, N’-tetramethylene dlamme system m 
different solvents Concentrations silver(I) = 0 01 mol dm-3 and tmen = 1 00 mol dmw3 

Thermodynarmc parameters Acetone Methanol Ethanol 

log BI 
log 4 
AC, (kJ mol-‘) 
AG, (kJ mol-‘) 
A HI (kJ mol-‘) 
A H2 (kJ mol-‘) 
AS, (J mol-’ K-‘) 
AS, (J mol-’ K-‘) 

403 3 74 3 82 
8 00 8 09 8 09 

-2302 -2133 -21 82 
-45 69 -46 19 -46 17 
-75 11 -3982 -25 30 

- 198 07 -97 39 -8824 
- 174 71 -6202 -1167 
-51108 - 171 72 - 141 10 

An interesting aspect was that AH, seems to be dependent on the mltlal 
Ag+ concentration ([Ag+],) It increased from a value of - 75 11 kJ mol-’ 
for [Ag+], = 9 334 x 10P3 mol dmP3 to - 36 56 kJ mol-’ for [Ag+], = 4 667 
x 10e3 mol dmP3 Such a change m AH, was not observed when the 
reaction was carried out m ethanol and methanol TUG could be due to 
either simultaneous equlhbna dunng the mltlal stages of the reactlon, since 
no rigorous measures were employed to exclude water from the reaction, or 
the fact that the lomc strength was not controlled durmg the titration 

The degree of formation of Ag(tmen)+ was very similar at different 
concentrations m acetone, however m methanol and ethanol it was found 
that the degree of formatlon of Ag(tmen) + increased (Table 2) 

The formation constant, B, was found to be very slrmlar for the reaction 
m all three solvents (Table 1) at a [Ag+], z 1 0 X low2 mol dmP3 Using 
more dilute Ag+ solutions did not change the value slgmflcantly when 
acetone and ethanol were used as solvents A value of log B, = 6 82 was, 
however, obtamed when methanol was used as solvent 

It 1s clear from the above results that very Interesting thermodynarmc data 
can be extracted from the reactions taking place m non-aqueous media, 

TABLE 2 

The degree of formation of Ag(tmen)+ found m the various solvents 

Degree of AgL+ Imtlal [Ag+ ] 
(%) (mol dme3) 

33 8 9 334x10-3 
29 4 4667~10-~ 
19 5 1065~10-~ 
52 1 5 325~10-~ 
22 9 1071 x 10-2 
40 7 5 356~10-~ 

log 4 Solvent 

403 Acetone 
402 Acetone 
3 74 Methanol 
3 77 Methanol 
3 82 Ethanol 
4 19 Ethanol 
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usmg the entropy titration method Important differences and slmllantles 
exist for the reaction m the various solvents A detaled study IS m progress 
and a full report ~11 appear later 
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