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SUMMARY 

A theory has been developed that makes it possible to determine the com- 
plexation constant between two non-volatile complexing molecules by gas-liquid 
chromatography in an inert solvent as the stationary phase by use of gaseous alkane 
solutes and gaseous complexing solutes. The calculations require that the constant 
between a complexing solute and each complexing agent be determined separately in 
the same inert solvent. The theory for such determinations has been presented earlier. 

The theory has been used for the determination of the complexation constant 
For a 1 :l complex between dodecyl laurate and I-chlorooctadecane at 50, 60 and 
70 “C, with squalane as an inert solvent. 

Ten complexing solutes were used in the investigations, giving ten different 
values of the equilibrium constant between the non-volatile complexing agents. The 
average values of the constant at 50, 60 and 70 “C were found to be 0.16. 0.13 and 
0.26, respectively. 

INTRODUCTION 

Rapid development in the use of gas-liquid chromatography (GLC) for the 
investigation of complexing reactions in organic solutions has occurred during the 

I past few years - ‘. III all instances, models have been used for the calculations that 
involve a complexing reaction between a gaseous solute, Iz, and a non-volatile com- 
plexing agent, C, dissolved in an inert non-volatile solvent, S, as the stationary phase. 
The method is limited by the requirements that B must, at the chosen temperature, 
be sufficiently volatile to be eluted and that the bleeding of the stationary phase, at 
the same temperature, can be neglected. It has therefore not been possible to study 
the complex&ion between two non-volatile complexing agents. When diflerent solutes, 
B, are chromntographed over solutions thut contain two complexing agents, C and D, 
in an inert solvent, the contribution from the BC and BD complexes to the solubility 
of B will be affected by possible complexation between C and D. It is therefore pos- 
sible to study the complexation between C and D in an indirect manner, as outlined 
under Theoretical Investigation below. If complexation constants between various 
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solutes and two different non-volatile complexing agents. C and D, are known, it is 
even possible to determine the complexing constant for a CD complex. By,decreasing 
the temperature, even at moderate temperatures, relatively volatile complexing agents 
can be investigated, provided that sufficiently volatile complexing solutes for injection 
at the chosen temperature are available. 

In this work, the idea has been adapted to the system consisting of I-chloro- 
octadecane and dodecyl laurate as complexing agents in the stationary phase with 
squalane as the inert solvent. The gaseous solutes were different benzene derivatives, 
alkene derivatives and alkanes. Equilibrium constants between the complexing solutes 
and l-chlorooctadecane and dodecyl Iaurate, respectively, were determined in previ- 
ous work**2 and the equations derived in the theoretical section below are partly 
based on equations from previous papers1s3. 

EXPERIMENTAL 

The experimental procedures used were the same as in the earlier investigations 
on dodecyl laurate-squalane and I-chlorooctadecane-squalane systems**2. and in- 
volved the same apparatus, glass columns. chemicals, support and column loading 
and the same means of determining the loading and the stationary phase densities. 
The flow-rate of the carrier gas (hydrogen) was about 55 ml/min, and the James and 
Martin factor was about 0.90. One column of I-chlorooctadecane and dodecyl 
laurate, each with a molar fraction of 0.250 in squalane, was run at 50, 60 and 70 “C. 
The column loading was 19.79% (w/w) of organic phase on a support of Supasorb. 
40-60 mesh, acid washed and treated with hexamethyldisilazane (BDH. Poole, Great 
Britain). A total packing of 0.62327 g was used. 

All solutes previously investigated in both the I-chlorooctadecane-squalane 
and the dodecyl laurate-squalane systems were used in this investigation, i.e., ten 
complexing solutes and four alkanes (see Table II). 

THEORETICAL INVESTIGATION 

Equations for the behaviour of a gaseous solute, B, in a stationary phase 
consisting of two complexing agents, C and D. in an inert solvent. S. are derived 
below. The symbols used are listed at the end of the paper. 

1. C ard D $orm a 1 :I co~~~pfes with B but IIO! witlt each otlte) 
The equilibria and equations below need to be considered. 

KR = W(&WI 
---ma- 

where A is the mixture of C and D. 

(1) 

(2) 

(3) 
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[WAS)1 = [fP(A,S)] + [BC(A,S)I ,-t- /BD(A,S)I (4) 

x,3 -I- 
[B(A,S)] = -- XHC + ~~,1, 

(3 

Vi,, is the molar volume 

B+C+BC 

B+D+BD 

V0 A.S 

for a mixture of C. D and S used as the stationary phase. 

K1 (equilibrium constant) (6) 

K2 (equilibrium constant) (7) 

X,3‘! K, == xI1xc. 
yl&*.sJ 

Ylc4 S) YCCASJ 

(IO 

(9) 

As & is very diluted in the stationary phase, even BC and BD are very diluted, and 
therefore the symbol 00 is used to indicate infinite dilution of B, BC and BD in the 
stationary phase. 

By combining eqns. 1, 2, 4, 5, 8 and 9, we obtain 

&J,& zz +$.(-” -t- K,,Y,* yccA.s’ -k K2Xt,. *’ y0CA.S) 

I3 Y&S, Yl%A.S, Y&A,Sb 
) 

By combining eqn. 10 with eqn. 3. and 

Y&s, = c’<,o s,*G 
I3CA.Sl 

I I I 
-- = 

a; 
co 

fWUA,SJ 
aY 

BISJ 

-t-(-$---_ 

*Y 

@XA 

BIAJ UfSJ 

one obtains 
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(14) 

assuming that the activity cocfIicients for C and D areconstant, which is approximately 
true when the behaviour of the C + D -t- S solution is quasi-ideal, the infinitely dilute 
solution of components C and D in S can be taken as the reference state and the 
thermodynamic equilibrium constants K; and KT. referring to infinite dilution in S, 
are obtained. This proposal was valid for complexing agents in inert solvent in earlier 
worklm3. With the activity coefficients for C and D constant, eqn. I5 will become 

where 

a%(S) 
y --_ -- 

“y” 
l 

U(A) 

and 

Eqns. 3 and 17 give 

W’:.s = K:: V," [l + (vp -I- KF) *Xc -1- (y + K:) *Xv1 

(18) 

(19) 

(20) 

(21) 
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T/J can be derived by means of the Flory-Huggins calculation of athermal activity coef- 
ficients for components in a solution combined with an experimental procedure for 
non-complexing reference solutes described earlier’. For infinite dilution of B, the 
Flory-Huggins treatment gives 

Eqns. 18, 22 and 23 give 

(22) 

(23) 

(24) 

and, according to the previous paper’ 

where 

1 ’ 

lJV - ; L (Y’cxlwk;,nc - ~vc‘,lc;,,~i,“a) 

~~~~~~~~~~~~ is determined by setting Kf and Kz for alkanes to zero in eqn. 17 and II is 
the number of allcanes used to determine the average value, _+I. 

V& and Vi can be calculated by means of the equations 

V0 A,S = I/so+ (VI - v&Y, (27) 

and 

where .Yg is the molar fraction of D in the C + D solution, which in this instance 
means initial molar fractions calculated from weighings. 

KY and K!j can be determined separately by mixing C with S in one investigation 
and D with S in another, as outlined in previous papersy12. If eqn. 21 is satisfied for 
solutions of C and D in S, this is evidence that complexation between C and D in the 
stationary phase is negligible. Note that the initial molar fractions of C, D and S 
calculated from weighings are approximately equal to equilibrium molar fractions, as 
B is so diluted that the arithmetic values of .YI1. X,, and A!,,, are very small. 



52 L. MATNIASSON 

N. C and D form a I :I complex with B and also a I :I complex with each other 
Except in the rare instances where steric hindrance occurs, one usually expects 

complexation between two complexing agents to occur on dissolution in an inert sol- 
vent. Complexation between C and D affects molar fractions, molar volumes ( V&s) 
and the value of IJJ in eqn. 17. 

The equilibrium in eqn. 29 must also be taken into consideration. 

C+D+CD 

with an equilibrium constant given by 

X cDcq 
K= YCD(A.S) 

xc,, xu,, Yccas) YD(A.s) 

eqn. 30: 

(29) 

(30) 

Xc and X, must be replaced with equilibrium concentrations Xcvcl and X&,,, and X, 
with Xi = xccq + XD,, + &Daq9 where &Deq is the equilibrium concentration of the 
CD complex formed. Eqns. 12 and 17 are cllanged to 

1 
-= 

“y” 
BCA,S) 

(31) 

and 

The change in V& and YXA in eqn. 17, which follows upon the complexation between 
C and D, is usually less than the change in Xc and Xu, and the cllange in KRVi,s and 
KiVt* (1 + TJ,JXA) is analogous. This is the case, for example, when equal molar frac- 
tions of dodecyl laurate and 1-chlorooctadecane are used as complexing agents in 
squalane as inert solvent. It is therefore possible to calculate equilibrium concentra- 
tions by an iterative procedure as described below. 

To a first approximation, V& = Vi., and y~‘Xi = wXA. Xc,, and X0,, are 
calculated from eqn. 32, where KR is determined by GLC with a C + D + S solution 
and Kg with pure S solution as the stationary phase. K: and KZ are determined from 
separate GLC investigations with C 4 S solutions and D + S solutions as stationary 
phases. From the calculated values of Xccs and Xu_, it is possible to calculate Xouc(l, 
the new average molecular weight of the C + D + CD + S solution and the C i- 
D + CD solution, and V& Xi and y’ through eqns. 33, 34 and 35: 

Mhv = XC,,& + XD,,MD + ‘&D,,&D + x&f, (33) 

(34) 
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where X2.,,, X&, and X&,, are equilibrium molar fractions of C, D and CD in a 
C + D + CD solution. The values of X&,, X&,, and XgDcq can be determined from 
X&V XD,, and XCD,, by as&ning that tile quotient )‘c&c)$ of the activity COeffiCientS 

for C, D and CD is the same in C + D -I_ CD -t- S and C + D + CD solutions. 

x; = XC’,, + XD,, -t- '&Dcq 

(36) 

(37) 

(38) 

(39) 

(40) 

In eqn. 4% &pnLLDno is determined as before by setting K: and Kf for alkanes to zero 
in eqn. 32 and n as before is the number of alkanes used to determine the average 
value of A@. 

The density of solutions that contain moderately complexing components is 
usually unaffected by the complexation and it can therefore be calculated from 
densities or molar volumes of pure components and initial molar fractions. This is 
the case, for example, when dodecyl laurate or 1-chlorooctadecane is used either 
alone or in combination with complexing agents in squalane. 

If the initial molar fractions calculated from weighings are Xc, Xn and Xs in 
a C 4 D + S solution and X,!j! and X,!j in a C + D solution, it follows from values 
of Vzas and Vi calculated from eqns. 27 and 28 that 

and 

d 
A 

= xi?& + X;MD 

v:: 

(41) 

(42) 

Of course, da,s and dA can also be determiped experimentally, e.g., by picnometric 
measurements. The calculated values of V” A,S, y’ and Xi are used in eqn. 32 to give 
new values X&, and XL,, of Xcea and Xn , and the iterative procedure is repeated. 

The calculations can be considera&ly simplified if one makes solutions with 
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equal molar fractions of C and D in S. With Xc and Xu equal, Xcc, and X,,‘, will 
also be equal, and eqn. 32 can then be written as 

(43) 

Xc_, determined from the iterative procedure should be independent of the choice of 
the complexing solute, B. IF several solutes are investigated, one can use the average 
Xc., value in each step For the next iteration, and use the difference between two con- 
secutive average values of Xc,, as a criterion For stopping the iterative procedure, 

With Xc,, calculated and the initial number of moles of C, D and S calculated 
From the weighings, XcDeq can be calculated and eqn. 30 will give the value 
of K* YCCA.S, - ~ti~.s,l~cma.s,- 

IF it is desired to take the infinitely dilute solution of C, D and CD in S with 
activity coefficients r”, as a reference state, the equilibrium constant K*, given by eqn. 
44. must be determined: 

X C&q 
K* = . Y:D 

XC,” X DCQ 7: y& 
(44) 

Dividing eqn. 44 by eqn. 30 gives the relation between K and K*: 

K*/K - $;; / YcD(A.s) 
Yc(A.s~ YD(A.s) 

(45) 

K* can be determined either From the experimental value of Xcu,,/Xc,, XD., followed 
by a calculation OF $-&j $j from classical thermodynamic equations or by deter- 
mining xCD,,,/&,, xDc, for different initial molar fractions of C and D in S followed 
by an extrapolation to infinite dilution of C and D in S. The accuracy of the last 
method is limited by the great uncertainty in the determination of Xc,” From eqn. 43 
for low initial molar Fractions of Xc and Xu, as the values oFK,Q, and Ki VO, in this 
instance will be nearly equal. It is probable that, by assuming the activity coefficients 
for C, D and CD to be unity on going from dilute solutions of C and D in S to infinite 
dilution in S, no significant errors arise in most instances. The stationary phase com- 
ponents, C, D and S, are of similar size and, except For the complex-forming groups, 
are often structurally alike. They therefore often give quasi-ideal solutions. In this 
instance, 

x CDcq 

K,* = K = xc,, x,,, (46) 

Expressing the activity coefficients as products of athermal and thermal factors ac- 
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cording to eqn. 12, and by setting the thermal factors equal to unity, which is a good 
approximation for quasi-ideal solutions, one can write 

(47) 

The Flory-Hupgins treatment for infinite dilution of C, D and CD in S gives, accord- 
ing to Eon et ala3: 

I VZ 
- = -*exp(V~/V~- 
“t V: 

C 

1 VZ - = ?.exp (VE/V,” 
“t D 

I> 

and 

1 Vi -= 

“G 
-*exp (V,s,/ v; - 1) 
v:D 

CD 

Substitution of eqns. 48-50 into eqn. 47 gives 

dD v: V& 
PC 

Yc YD 
-*exp (V:/Vz -I- Vi/V,” - V&/V: - I) 

C D 

(48) 

(49) 

(50) 

(51) 

If it is assumed, as before, that the density of a solution of C and D is unaffected by 
the formation of a CD complex, then V& can be estimated by means of eqn. 52: 

V0 CD = v; + v; 

From eqns. 51 and 52, it follows that 

(52) 

(53) 

For a system with dodecyl lautate and I-chlorooctadecane as complexing agents in 
squalane, $D/~~ yg at 60 “C is calculated to be 1.02. For this complexation reaction, 
the difference (1.02 - I) in K* values calculated from eqns. 30, 45 and 53 or eqn. 46 
is small. 
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TABLE I 

MOLAR VOLUMES (VP>, MOLAR WElGHTS (Md) AND DENSITIES (d,,.s, d,,) FOR THE 
CALCULATlON OF THE EQUILIBRIUM CONSTANT FOR A 1:l COMPLEX BETWEEN 
DODECYL LAURATE (C) AND l-CHLOROOCTADECANE (D) IN SQUALANE (S) 

A rcprescnts a mixture of C and D with equal initial molar fractions. 
.--- --.- ---. -..-- .__.. -_.-_.--._- ._--_- _._._. . . _- ._.__..__..__ ___ _.__ --__-... ..--..-- _.._ ..- _..__._._... ._. .._ _..._.. .__._ - ..-__._ 
Tmperatitre 0 

(7; ;j 
v,? ,s 

2 73 2 

d 4,s d4 
PC) (0 (&-I0 (&?I0 

__.. -._- .__.._.... - - ._..._. -__-._.-.-..--__--__. 
50 0.3920 0.5352 0.4636 368.65 288.95 422.83 810.6 838.8 
60 0.3953 0.5399 0.4676 368.65 288.95 422.83 803.7 831.8 
70 0.3986 0.5442 0.47 I5 368.65 288.95 422.83 797.1 824.9 

. ..-..---- ..--.- _..- . . .._ ._.^ _..- ..-.._..._ . . . _ _ ._.. __--- - -.. _... ._ . . . . _. _..._ ._.... --..- _...._...._. ..-_.-_.-...- . .._ __^ -_ 

CALCULATIONS 

Equilibrium molar fractions of dodecyl laurate (C) and I-chlorooctadecane 
(D) in squalane (S) were calculated from eqn. 43 by means of the iterative procedure 
described above. The initial molar fractions in squalane for both complexing agents 
were 0.250. The calculations were made with a program written in the BASIC language 
for the four alkane solutes and ten complexing solutes, and involved five iterative steps. 
The program is easy to change to any desired number of solutes and interative steps, 
and is available as a paper-tape copy on request. The calculations were performed on 
a mini-computer with a 16K memory (ALPHA LSI-2). Two sets of data were used 
for the calculations (Tables 1 and II). In Table II, the set of data is valid for a tem- 
perature of 60 “C. Similar sets of data were used at 50 and 70 “C. The same molar 
volumes for solutes used in an earlier paper’ were used in these calculations. Values 
of Kill, K; and K: are taken from earlier papers l**. The K;I/so values are average 
values of the Kg Vt values given by the regression lines in the previously investigated 
system of dodecyl Iaurate and 1-chlorooctadecane in squalane. 

With equal molar fractions of C and D in squalane. the equilibrium molar 
fractions X,+ and X,,_, of C and D are equal. Using initial molar fractions of 0.25 for 
each gives the relationship between X,+ and X,-D,q: 

I - 4 Xcc4 
X CDEq = 3 (54) 

The values of X&,, X& and X&,,, necessary for performing the iterative procedure 
were calculated from eqns. 55-57 

X CDcq 
K =Tg- (55) 

when Xce, = xDcn in eqn. 46. 

x& = 1 
.__- 

1/K+1+1 
(56) 

(57) 
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TABLE IV 

VALUES OF EQUILIBRIUM CONCENTRATIONS AT 60°C OF DODECYL LAURATE 
(Xc,,). AVERAGE VALUES /Tccq OF Xc,, AND STANDARD DEVIATIONS(s) OF dycc4 FOR 
THE FIVE ITERATIONS 

. ____ _..._. _.__ __._. _____. __._.-.__ __ .._.... ._._... .._ ._-_. _ . ..,. _.. . . . .._. _ ._. . _ _ 
Sollr?e Xc,, . ..-._ -._. .-.---. .-_.. ._ ..- _......-.- ._ _. ^ 

Ileraliorr rtirrmber _..__ __.... _ . ______... ,. _. _. . _____. --..-... 

I N III IV ti- .’ ” .’ 
___.__- __. . _ ____ _ __.. ._ . .._._._ _ ,_.-..--. .._. .__ . .._ -. _ _. .._ __.. _. 

p-Xylene 0.23608 0.23708 0.23695 0.23697 0.23697 
Tolucnc 0.24129 0.24176 0.24170 0.24171 0.24170 
Benzene 0.24174 0.24171 0.24171 0.24171 0.24171 
Fluorobenzene 0.24s93 0.24632 0.24627 0.24628 0.24628 
Chlorobenzenc 0.24076 0.24134 0.24126 0.24127 0.24127 
Benzotrilluoridc 0.24947 0.24663 0.24648 0.24650 0.24650 
Octafluorotoluenc 0.27000 0.27170 0.27148 0.27151 0.27151 l 

Mcthoxybcnzcnc 0.24039 0.24126 0.24115 0,24116 0.24116 
Trichloroetbene 0.24771 0.24762 0.24763 0.24763 0.24763 
Tetrachlorocthcnc 0.24938 0.24868 0.24877 0.24876 0.24876 

P d ccq 0.24588 0.24641 0.24634 0.24635 0.24635 
s 9.36*10-3 9.60, 1O-J 9.57~10’” 9.57.10-J 9.57~10’3 

_....._.. --_.._ .._.._.. -,- ._... - .._. - .._--_-_.--- . .._.. . .._.__. -..-_._- .._.._.- _...... . . .._......... - .-._...._. - _-.._..--..-_ --..-.. .._.-.. _.__...-... 
* The value of Xc, in step V for octafluorotoluenc can bc rejected by Dixon’s r-test at a signifi 

cance lcvcl of 0.05. In &is instance, the values of -rc,q and s are 0.2436 and 3.9, 10W3, respectively. 

The equilibrium constants for the CD complex at 50, 60 and 70 “C were cal- 
culated by means of eqns. 54 and 55. As stated earlier, the difference between constant 
values calculated from eqns. 54 and 55 or 45, 53, 54 and 55 is small. Values of the 
complexation constants at the three temperatures and limits for the values of the 
constants are given in Table VI. 

TABLE V 

VALUES FROM THE FIFTH ITERATION OF EQUILIBRIUM CONCENTRATlONS AT 50. 
60 AND 70 “C OF DODECYL LAURATE (Xc,,,), AVERAGE VALUES&, OF Xc,, AND 95% 
CONFIDENCE INTERVALS (I) FOR rp~,~ 

. - .-..._ - . . . . .._-...__ -- -.-_ .____._. . .._. _... . _ . . 
Sollrrc x5q _...__.. .__ _ ._._ - __.. _ .- ,. . .-- 

50 OC 60 “C 70 OC 
--^-- .--._. --- . ..-_ . _- .--_-_..- -_--.._ - ._-- __._.. -. .._......--_.. 
p-Xylene 0.2390 0.2370 0.2325 
Toluenc 0.2446 0.2417 0.2384 
Benzene 0.2384 0.2417 0.234s 
Fluorobenzenc 0.2434 0.2463 0.2394 
Chlorobenzene 0.2457 0.2413 0.2402 
Benzotrifluoride 0,242G 0.2465 0.2480 
Octafluorotolucno (0.2639)’ (0.2715)’ 0.2608 
Methoxybenzenc 0,2407 0.2412 0.2345 
Trichloroethonc 0.2509 0.2476 0.2454 
Tetrachloroethene 0.2437 0.2488 0.2203 

-cc P‘, 0,243 0.244 0.239 
I ~0.003 f0.003 & 0.008 .._. . .._.-.-. ___- .-___ - .___ -.-.--.- -._. ----_-__-_ 

l The values of xccq for octafluorotoluene at SO and 60 OC can be rejected by Dixon’s r-test at 
a siyniilcancc level of ‘0,OS and were, not used in the calculation of d%‘cO and 1. 
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TABLE VI 

VALUES OF TWE EQUILIBRIUM CONSTANT (K,*) AT 50. GO AND 70 “C FOR A 1 :I COM- 
PLEX BETWEEN DODECYL LAURATE AND l-CHLOROOCTADECANE 

Upper and lower limits of the constant at the three temperatures, calculated from the limits of the 
95% confidence intervals for .--,,, in Table V, are also given. 
____.__ -..-.-.-- ._.. ._. _... _ __^_ _ __._ __,.. ___ _._ _, 
Tcnrpcrarrtre K :’ Lower arld upper 
PC) limits of K,* 
.-_-...- ._._. __ .__ .--._._ . - ._ --_.-._-_-_ ._ . .._. 
50 0.16 0.09-0.23 
GO 0.13 0.07-0.21 
70 0.26 0.07-0.47 
_.~______ ___._._......_.. - -- --..-__ _..____.... .-.-_._ 

A study of Table V shows that the variation between the Xcen values deter- 
mined from different solutes is small, except for octafluorotoluene at 50, 60 and 70 “C 
and tetrachloroethene at 70 “C. The behaviour of octafluorotoluene can be explained 
by the unexpectedly low value of the complexation constant for the octafluorotoluene- 
I-chlorooctadeqane complex2, as an underestimation of Kz will give an overestimation 
of Xc,, when eqn. 43 is used. The low value for tetrachloroethene at 70 “C is probably 
due to an accidental error in the experimental determination of KR. The values of 
X ccq obtained from octafluorotoluene and tetrachloroethene, respectively, can be re- 
jected with Dixon’s r-test at a significance level of 0.10. In this instance, r,-,q = 0.239 
and I = 0.004, that is, the average value is the same but the confidence interval is 
now considerably smaller and about the same as at 50 and 60 “C. The interval for 
K,* at 70 “C is now 0.16-0.36. 

Whether the variations of Xc,, determined from the other solutes at the three 
temperatures are due to experimental errors, differences in the structures of the 
solutes or a combination of both is difficult to say. In any event, it should be borne 
in mind that the value of the equilibrium constant is small, which makes the deter- 
mination rather uncertain, independent of the method used. The GLC measurements 
in this investigation give about the same precision as optical and NMR methods. 

The valuedetermined for the equilibrium constant is oftheexpected magnitude. 
The magnitudes of the constants at 60 “C between the solutes used in this investigation 
and dodecyl laurate and 1-chlorooctadecane were 0.20-0.68 and 0.1 l-0.44, respective- 
ly. As the solute molecules are considerably smaller than either of these complexing 
agents, it is not surprising that the equilibrium constant between a solute molecule 
and one of the complexing agents is in general larger than the constant between the 
two long-chain molecules in the stationary phase containing only one functional group 
each. 

CONCLUSIONS 

It has been shown that equilibrium constants between two non-volatile com- 
plexing agents can be determined indirectly by GLC. The method described, which 
avoids the previous necessity for the use of one volatile and one non-volatile com- 
plexing agent for determinations of complex constants by GLC, has further increased 
the usefulness of GLC for the study of complexation in organic solvents. 
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LIST OF SYMBOLS 

A 

;YS),. IBY&S)l 

[W&WI 

C, D 
EC, BD, CD 

WW,S)I, WXA,S)I 

.ff: 
KI, Kz 

K:. K: 

K 

K* 

G 

KU 

Vi’. vi;, 

x,9 xg 

Mixture of two complexing agents, C and D. 
Volatile solute. 
Concentration of uncomplexed solute in pure solvent S and 
A + S solution, respectively. 
Total concentration of B in an A + S solution including 
complexed species. 
Complexing agents in the stationary phase. 
1 :l complex between B and C, B and D and C and D. re- 
spectively. 
Concentration of BC complex and BD complex, respectively, 
in an A + S solution. 
Density of a solution of C + D -I- S and of a solution of 
C + D, respectively. 
Fugacity of pure B vapour in equilibrium with pure B liquid. 
Equilibrium constants for the reactions between B and C in 
S, and B and D in S, respectively. 
Thermodynamic equilibrium constants for the reaction be- 
tween B and C, and B and D, respectively, using an in- 
finitely dilute solution of each chemical species in solvent S 
as the reference state for chemical potentials. 
Equilibrium constant for the reaction between C and D in 
a C + D + S solution. 
Thermodynamic equilibrium constant for the reaction be- 
tween C and D using an infinitely dilute solution of each 
chemical species in solvent S as the reference state for chem- 
ical potentials. 
Partition coefficients of the solute between the pure inert 
solvent S and the gas phase. 
Apparent partition coefficient, i.e., the ratio of the total con- 
centration of solute B (including complexed species BC and 
BD) in the liquid phase to the concentration in the gas phase. 
Molecular weight of the species i. 
Average molecular weights of a C + D + S solution and a 
C + D solution, respectively, when complexation occurs be- 
tween C and D. 
Solvent. 
Molar volume of species i. 
Molar volumes of C + D solutions and C + D + S solu- 
tions, respectively, if complexation between C and D does 
not occur. 
Molar volumes of C + D solutions and C + D + S solu- 
tions, respectively, if complexation occurs between C and D. 
Molar fraction of species i in a C + D + S solution and a 
C + D solution, respectively, if complexation between C and 
D does not occur. 
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X leq’ XL 

X C-7 

x,, xi 

T 

YlCJ) 

%(J)’ tyf(J, 

YTiJJ, 

Equilibrium molar fraction of species i in a C + D + S solu- 
tion and a C + D solution, respectively, if complexation oc- 
curs between C and D. 
Average value of the equilibrium concentration of C calcu- 
lated from the complexing solutes B. 
Sum of the molar fractions of all species except S in a 
C + D + S solution with and without complexation be- 
tween C and D, respectively. 
Absolute temperature. 
Activity coefficient of the species i in a j solution, where j 
cun be pure S or a C -1_ D + S solution (A + S solution). 
Athermal and thermal contributions to the activity coeffi- 
cient yfcJ,. 
Activity coefficient for infinite dilution of species i in a j 
solution, wherej can be pure S, a C + D solution (A solu- 
tion) or a C + D 4 S solution (A -I- S solution). 
Athermal and thermal contributions to the activity coef- 
ficient rq”, J)’ 

Activity coefficient of the species i with an infinitely dilute 
solution of all species i in S as the reference state for the 
chemical potential. 
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