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APIEZON L AS A STATlONARY PHASE FOR THE DETERMINATION OF 
ACTIVITY COEFFICIENTS BY LIQUID-LIQUID CHROMATOGRAPHY 

SUMMARY 

The use of rt stationtu-y phase of high molecular weight in the determination 
of activity coellicients at infinite dilution by liquid-liquid chromatography (LLC) is 
described. 

\Vith Apiezon L as the stationary phase, the problem of mutual sofubifity with 
the mobile phase is overcome. Activity cocfkients of hydrocarbons in acetonitrile 
and aniline determined by LLC are in good agrccnwnt with those reported in the 
literature. 

INTRODUCTION 

Liquid-liquid chromato~rttpli~r (LLC) is useful in the determination of thermo- 
dynamic quantities. lhr csampfe activity coetlicients, in those cases where gas-liquid 
chr~~matogrrtph~ (GLC) fails. that is when volatile solvents arc used as the stationary 
phase. However. the activity coetlicients obtained by LLC are higher than those found 
by other techniques_ 

In earlier \vork*-‘_ we ascribed these discrepancies mainly to the mutual, even 
it‘ sfi& sofubifities of the two solvents used as stationary and mobile phases. There 
arc t\vo nleans of fmvering these mutual sofubifities: decreosine the temperature (as 
discussed in previous lvork”), or cfmxjng the stationary phase. As rhr sofubilities of 
the compounds of ;I homologous series in a pure solvent generafly decrease with in- 
creasinp molecular iveight. in this work we have studied the vmiation 01‘ activity 
cortkienrs determined by LLC with changes in the n~ofccular lveight of the stationary 
pll:lsc_ 

ESPERlMENTAL 

The esperinwnts were carried out \vith an LLC apptlratus of our own con- 
struction_ The whole system was thermostatically controlled at 25 5 0.0 I _ The sepa- 
ration columns were made of stainless steel with a length of7 m and an I.D. 01-4 mm 
while the pre-columns were 1 m long. The packing for both columns \vere 35>:, 
(w/w) of stationary phase (rr-hcsadecanc. squalane. Apiezon L) supported on 60-80 
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mesh Chromosorb P. The mobile phases (aniline_ ncetonitrile) were denerated before 
use. The analyses of the fractions were carried out by GLC. As the main coiumn 
pressure was close to 1 atm_ the pressure term (A) in eqn_ 1 (see later) \vas not con- 
sidered because its value was ne&ibie_ 

The GLC apparatus was tl thermal conductivity chromatograph (Fractovop 
Mode1 B_ Carlo Erba_ M&m_ ItaIy)_ The eiuent used \vas high-purity hydrogen_ The 
stainless-steel pre-columns and colunms were 2 III long and 4 mm 1-D.. packed \vith 
25 :r’; (\v+v) of stationary phase supported on 60-SO mesh Chromosorb P. The station- 
ary phases were Apiezon L, squalane saturated with aniline and whesadecane sat- 
urated with aniline. saturation being achieved by equilibrating the two solvents at 
25 _ The various quantities appearing in eqn. 2. \vhich gives the activity coelticients, 
\t’cre evaluated according to refs. 3 and 4_ The solvents and solutes used in the LLC 
and GLC tests were reagent-grade products (FIuka. Buchs, Switzerland and BDH. 
Pooie. Great Britain) \vith a minimum purity of995 mole->;. 

RESULTS AKD DlSCUSSlON 

By combining LLC and GLC_ it is possible to determine the activity coeflicients 
of solutes in polar solvents (mobile phase in LLC) using as the stationary phase in 
bath GLC and LLC an apoIar solvent of high mokcular \\-eight_ for esampIc_ a 
paraifin (jr-hesadecnne_ squaiane, etc.). Ho\vever, even for these solvents, the influence 
of the mutual solubilities is considerable. as confirmed by the results obtained using 
acetonitriirj and aniline as mobile phases (Tables I and II). In fact, the values ab- 
tained by LLC in these solvents should be considered as the activity coetlicients 01‘ 
the solutes not in the pure solvents but rather in the saturated solvents. because the 
sol\-ems as used in LLC are saturated_ as shown in previous \vorki’_ 

TABLE i 

COMPXRISON BETWEEN sACi-IVITY COEFFICIENTS IN ANILINE AT 15 DETERMISED 
Bl- LLC USLXG SQtiALANE (In ;*;f). M-HESADECANE (ln y;!yt) AKD APIEZON L (In ;‘;y;if! 

AS Sl-ATIOXARY PH.L\SES AND THOSE IN THE LITERXTURE’ fin ;*/--‘) 

:_-?o 
3.67 
-I 50 -_ 
1.71 
‘-9-t 
3-I 
1x 

3.10 
O.iY 

326 3-17 
.:.%a 3_-t1 
3.70 3.67 

133 -? 50 -_ 
Z-76 2.71 

In particul:tr_ Table I reports the activity caefcients of solutes in aniline as 
obtained by LLC in combination with the GLC determination of the activity cost% 
cients of the same sofutes in the stationary phases saturated with aniline (see eqn. I)- 
From this table. it can be seen that the increase in molecular weight of the stationary 
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TABLE II 

COMPARISON BETWEEN ACTlVlTY COEFFICIENTS iN ACETONITRILE AT 25’ DETER- 
MINED BY LLC USING SQUALANE: (In y;; “.s;) AND APIEZON L (In ;,;;Fr) AS STA- 

TIONARY PHASES AND THOSE IN THE LITERATURE’= OBTAINED BY OTHER 

ri-Pcntanc 
jr-Hcsane 
n-Hcptane 
n-Octane 
I-Pa~tcne 
I -Hesene 
t-Heprent 
I-Octcne 
Cydohesane 
Mcthylcyclohcsanr 
Ethylc_vclohesane 
Benzene 
Tducnc 
Eth_vlbenzene 

0.99 (ref. 6) 

phase has B positive intluence: the discrepancy bmveen the experimenta results and 
those t-eported in flit literature decreases on passin g from mhesadecme to squalant_ 

Therefore _ a stationary phase \\-ith a higher molcculnr Lveight must be chosen_ 

s~tch as pamftin \vases, -_ “reases and polwners. N’hen polymers are employed, the ad- 

sorption phenoniena and the risk of s\velling by the action of the mobile phase give 
rise to some dilliculties. 

For 41 the abo\~ substances_ ho\ve\;er_ there is the problem of the lack of‘ CL 

~~11 detined nmleculrtr weight (,lf.*)_ which intertires in the determination both of 
the ratios of activity coctticients by LLC” and of the activity corfticicnts of the station- 
ary phase by GLP: 

\k here l’!;‘! _ . 13 the retention volunie_ M,,x 
bile and kationary phase_ 

and ?\I, at-e the molecuktr \vci$its or the WO- 
c,,* is the density of the mobile phase. Py is the vapour 

pressure of pure solute. A is the pressure correction term and 5 is the correction tbt- 
nonideality in gas phase. 

This diiticulty can be overcome by determining. by G LC_ the quantities 
y;“ Al, = wg instead of the activity coeficients (7;.’ )_ Considering eqns. I and 2 and 
taking into account ;$‘” AI, = m.,._ we obtain 

O? 
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Consequently. as the retention quantities are known from LLC and the term In wS 
from GLC, it is possible to calculate the activity coefficients of the solutes in the 

mobiIe phase. 
According to eqn_ 3. the activity coeficients of different hydrocarbons in 

aniline were determined by LLC using Apiezon L as stationary phase in GLC and 
LLC [Table I)_ The resuks obtained by LLC agree exactly with those found by GLC 
or by other methods’, as confirmed by the complete insolubility between Apiezon L 
and aniline- 

Apiezon L was then used for the determination of activity coeffkicnts in 
xetonitrile, for which only a fe\i- values have been reported in the Iitrr:~turc_-_ The 

vahws so determined were compared with the “apparent activity coefficients” ob- 
tained by Locke” using squalane as the stationary phase and. lvhere possible. \vith 
the x&.~cs in the literature that had been obtained by other methods”-:_ The agree- 
ment between the literature vttlues and the values obtained by LLC using Apiezon L 
as stationary phase was very zood_ 

It fofIows that an incrense in the molecular xvei&t of the solvent used as the 
stationary phase has the same etTect as :t decrease in the operatin% temperature: in 
both instances the mutual solubility decreases so that the activity cotflicients in pure 
solvents can be determined direct&. 

It can therefore be stated that Apiezon L can be used successfuIly as a station- 
ary phase in LLC \vith all polar solvents that are insoluble in it I this opens :t new arid 
interesting method, complementary to GLC_ for the determination of activit_\. coctti- 
cients_ 
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