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SUMMARY 

Gas chromatography has been used to study the complexing reactions between 
tetradentate /I-ketoamine (Schiff base) nickel(H) chelates and aliphatic amines or 
alcohols (electron donors). Using some theoretical considerations, the equilibrium 
constants and thermodynamic functions of the reactions where a single 1: 1 complex 
is formed are calculated. The results are discussed in relation to the electron-donor 
ability of the derivatives. 

INTRODUCTION 

The formation of complexes between electron donors and acceptors has been 
studied extensively. Besides spectrometric methods’, gas-liquid chromatography has 
been used particularly for the measurement of equilibrium constants in systems in- 
volving benzene derivatives as donors and carbon tetrabomide, trinitrobenzene or 
phthalate esters as acceptor9. Usually the equilibrium constants are calculated from 
equations generalized by Cadogan and Pumel13. However, these equations do not 
take into account some entropy effects resulting from mixed stationary phases and 
which lead to important errors in the calculation of equilibrium constants. 

This study is concerned with interactions between volatile aliphatic amines or 
alcohols and: metal chelates mixed with squalane as the inert solvent. The equations 
formulated by Eon et aL4 were used and compared to the experimental results. 

EXPERIMENTAL 

The following /I-ketoenamines and their nickel(I1) chelates were prepared ac- 
cording to methods described earlier? 
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Systematic name Abbreviation 
4,4’-(Ethane-1,2-diyldiimino) bis (pent-3-en-2-one) aaed 
4,4’-(Propane-1,3-diyldiimino) bis (pent-3-en-2-one) aapd 
[4,4’-(Ethane-1,2-diyldiimino) bis (pent-3-en-2-onato)(2-)]nickel(II) Ni(aaed) 
[4,4’-(Propane-l,3-diyldiimino) bis (pent-3-en-2-onato)(2-)]nickel(II) Ni(aapd) 

These compounds were characterized by elemental analysis, melting points and IR 
spectra in carbon tetrachloride solution. The IR spectra of the nickel(I1) complexes 
of aaed and aapd agree with those reported6*‘. 

Gas chromatographic (GC) measurements were performed with a Model 504 
gas chromatograph (MERA-ELWRO, Wroclaw, Poland) equipped with a flame ion- 
ization detector and stainless-steel columns (2 m x 4 mm I.D.). All experiments were 
carried out in the temperature range 80-125 f 0.05’C. Specially purified nitrogen 
was used as carrier gas. The liquid stationary phases were prepared by mixing carbon 
tetrachloride solutions of squalane (BDH, Poole, U.K.) and the appropriate amount 
of chelate. Columns were prepared from solutions of chelate in squalane having the 
following Ni(aaed) or Ni(aapd) mole fractions: 0.00,0.17,0.68 and 0.95. Chromosorb 
P AW DMCS (6&80 mesh) (Johns-Manville, Denver, CO, U.S.A.) was used as a 
support. The coating of the support by the liquid phase was about 20%. 

The anhydrous aliphatic amines and alcohols, all of analytical reagent grade, 
were obtained from different suppliers. 

Calculations were based on four individual values of the retention time for 
each set of solute, column and temperature. 

RESULTS AND DISCUSSION 

The specific retention volumes, I’*, for each solute have been calculated from 

V, = j(t, - tM) Fo (1 - pwlpo) 273.16 I WLT~ (1) 

where j denotes the compressibility factor according to James and MartinQ, tR the 
retention time of the solute, tM the transit time of an inert compound (cyclohexane), 
F, the volumetric flow-rate of the carrier gas at the pressure and temperature mea- 
sured at the column outlet, T,, the column temperature, pw the pressure of water 
vapour at this temperature, pO the outlet pressure of the carrier gas and wL the amount 
of stationary phase. 

Partition coefficients, &, and enthalpies of solution in pure squalane, Ati, or 
in a mixture of squalane and a nickel(I1) chelate, AZ&, were calculated for each 
solute by the classical methods*. These characteristic data measured at 80°C on each 
liquid phase studied are given in Table I. The molar volume, vX,$ of the stationary 
phase can be expressed as 

where X and it4 denote the molar fraction and the molecular weight of species A and 
S respectively, dA,s the density of the liquid phase containing the non-volatile com- 
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plexing agent, A, mixed with an inert solvent, S (squalane). The linear variation of 
KR& with XA for solutes giving I:1 complexes may be expressed according to eqn. 

&v~,s = x”,vg [l + (Y + K*)Xd (3) 

where KR denotes the partition coefficient of the volatile solute, B, on the liquid phase 
containing the non-volatile complexing reagent, A, at the molar concentration X,, 
PR the partition coefficient of solute B on the pure inert liquid phase S, v$ the molar 
volume of phase S and K* the equilibrium constant of the complexing process be- 
tween A and B. The values of !P were calculated from 

Y + 1 = (vi / vg) . exp (v:/vi - v$$) (4) 

where vi, vg and v; are the molar volumes of the nickel(I1) chelate, volatile solute B 
and squalane respectively. The function Y can be considered as constant in the nar- 
row temperature range studied. 

TABLE II 

BEST-FIT REGRESSION DATA FOR THE FUNCTION Ks& = f(&) 

6 = Slope; & = standard error of the slope, n = Y intercept; s. = standard error of the Y intercept; R2 
= correlation coefficient; N = number of determinations. 

Solute b sb a sa RZ N 

Ethylamine 2.4047 0.01252 8.9362 0.06035 0.9997 12 
Propanol-2 2.0776 0.01643 7.263 1 0.07915 0.9867 12 
Propanol 0.1662 0.00833 6.7003 0.00404 0.9998 12 
Ethanol 0.01843 0.00459 5.5864 0.00224 0.9989 12 

Changes of &vO*,s with the composition of the liquid phase containing 
Ni(aaed) chelate were determined at 80°C for ethylamine, propanol-2, propanol-1 
and ethanol. In all cases the dispersion of the experimental points is small and there 
is an excellent agreement between the experimental values and those calculated from 
the linear functions obtained by least-squares fit of the experimental results (Table 
II). A least-squares treatment of the data obtained yielded the equilibrium constants 
ZP of the association reactions at infinite dilution in squalane (see Table III). It is 
then possible to determine the free energies, AG*, the enthalpies, AH*, and the en- 
tropies, AS*, of the association reactions at infinite dilution in squalane: 

AG* = RTlnP (5) 

AP I lnK*= _-.- +ds+ 
RT R 

The AH* and ASC values were obtained from graphs of In K* vs. l/T. The data in 
Table III fit such linear plots very well resulting in a small standard deviation (< 7%) 
for AIP and As* (Table IV). 
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TABLE IV 

BEST-FIT REGRESSION DATA FOR THE FUNCTION In X, = f(l/T) OBTAINED ON COL- 
UMNS WITH Ni(aaed) CHELATE 

Parameters as in Table II. 

Solute b 

Triethylamine 0.5738 
Dipropylamine 0.5308 
Butylamine 0.4810 
Ethylamine 0.4529 

sb a 3. RZ N 

0.00811 - 1.5568 0.01085 0.9998 12 
0.05856 - 1.6363 0.07838 0.9442 12 
0.00215 -1.7189 0.00288 0.9999 12 
0.00239 - 1.8103 0.06552 0.9998 12 

As stated earlier+, a hyperbolic relationship exists between the enthalpy of 
solution, A@*,s, of a given solute and the mole fraction of the complexing reagent, 
X,, in the inert stationary phase: 

AI?& = AH$ + AH*[PX,/l + (Y’ + ZP)XA] (7) 

This function was tested by our experimental results and a small relative error, 
R.S.D., less than 2%, in the difference (AHd A,S - At@ has been achieved when X, 
was sulTiciently large (> 0.5). 

It should be pointed out that the results described above confirm the validity 
of the theoretical equations formulated by Eon et al .4. They also indicate that it does 
not seem possible to relate the equilibrium constant of the complexing reactions, P, 
to the molecular structures of the compounds studied. As shown in Table III, very 
small differences are observed between the values of P determined for aliphatic 
amines and alcohols. We can assume that rather stable associations are formed when 
the molecules have a localized unshared electron pair. For example, the electron pair 
on the nitrogen atom in ethylamine can interact with the Ni(aaed) chelate giving a 
0 complex. However, it is not possible to establish the precise structure of the complex 
formed. 

The values shown in Table I indicate that for all the modified liquid phases 
the chromatographic elution order of the amines or alcohols is essentially identical 
to that in squalane. However, modification of the stationary phase with nickel(I1) 
chelates considerably increased the column selectivity. 
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