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SUMMARY 

The selectivity effect caused by the formation of olefin-silver ion complexes in 
systems of propanol-water-AgNO,/porous polymers (like Porapak Q) were studied 
under static and dynamic conditions. 

Liquid as well as thin-layer chrornatographic separations of higher olefins from 
mixtures with other hydrocarbons are possible with a selectivity equivalent to seven 
carbon atoms when comparing the chromatographic retention of gz-paraffin and 
yz-olefin (heptane, tetradecene) under conditions used. 

INTRODUCTION 

Olefins form unstable z-complexes with Ag +. The bond between the olefinic 
ligand and the metal ion is formed1 by donation of electrons from the double bond to 
the vacant s-orbital of Ag+ and then donation of d-electrons from the metal ion to the 
.antibonding orbitals of the olefin. Because the symmetry is not correct for interaction, 
the two bonds are distinct. Stability of n-complexes is therefore, low, formation 
depending a great deal on the steric hindrance of a double bond. This fact has been 
utilized in gas chromatography (GC) by BRADFORD et al.2 for selective separation of 
isomeric butenes; they used glycol saturated with AgNO, as a stationary phase at 
o”. GIL-Av et aZ.3 gave a survey of positive results on the separation of cyclic olefins 
having a four- to seven-membered ring by GC on columns containing AgNO, solutions 
at temperatures up to 50”. However, the optimum working conditions of this type of 
chromatographic system are within the temperature range 0-30~. The complex 
,stability at temperatures exceeding 50-60” drops to a value that is no longer significant 
for the separation. Further, the stability of AgN03 solutions in the organic solvents 
used is poor even at room temperature and chromatogra.phic columns only retain their 
,original properties for a few minutes. Therefore, only very volatile olefins can be 
separated in this way. In addition, on account of reasons mentioned above, this 

‘This work has been carriccl out during the stay of %. JACARIC in the UNESCO Longtcrtn 
Postgradual Course in Noclcrn Mcthocl of Analytical Chemistry (UNALCO) 1gGg/rg70 in the 
Institute of Instruxnental Annlytical Chcrnistry. 

l l Present ncldrcss : Orp,nslco Kcniijska Inclustria, Zagreb, Yugoslavia. 
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method is suitable only for research work and fails in common analytical practice. 
However, the very separation of higher olefins from paraffinic, cyclic, and aromatic 
hydrocarbons is important from an analytical point of view. 

To solve this problem we utilized the high sorption affinity of porous polyhydro- 
carbons (stryrene-ethylvinylbenzene copolymers, type Porapak) to hydrocarbons; 
this has lately led to successful separations in liquid-solid systems*, li. Using a complex 
forming solution as mobile phase, a change in partition coefficients of paraffin (aroma- 
tic compound)-olefin pairs can be expected also with higher olefins. Since olefins 
should be eluted before the corresponding paraffins, the separation should be more 
rapid unlike the experiments of BRADFORD et aZ.2 and GIL-AV et al.” in which olefins 
were retained more than paraffins. The method may not be limited due to the low 
stability of AgNO, solutions because Ag+ solutions remain only a short time in the 
column. We carried out static and dynamic measurements of the partition stage of 
model hydrocarbons (paraffin-olefin-aromatic compounds) using the system Porapak 
Q-AgN03 in propanol containing various quantities of water. Our results are promising. 

EXPERIMENTAL AND RESULTS 

Static wzeasatmnamts 
The established equilibria ,of some hydrocarbons were measured in the system 

Porapak Q/AgNO,-propanol-water, expressed by adsorbed* hydrocarbons on 
Porapak Q, gz-Nonane, N-decene and benzene (pure products of BDH, London) were 
used as a model mixture. Porapalc Q (IOO-120 mesh, batch. No. 558, Waters Associates 
Inc., Framingham, Mass., U.S.A,) and a mixture of ?z-propanol (Lachema N.B., Brno, 
Czechoslovakia), water and AgNO, were used as sorbent and solvent, respectively. 
The concentration of AgNOS and the propanol-water ratio were changed when 
necessary. 

The mixture of hydrocarbons was dissolved in a known amount of the solvent; 
then a known amount of sorbent was added and the decrease in concentration of the 
solution was determined. The quantity of adsorbed hydrocarbons was determined by 
GC from the ratios of the chromatographic peak heights of hydrocarbons obtained 
before adding Porapak and after establishing equilibrium. The complex of an olefinic 
hydrocarbon with silver is unstable and a temperature above 100“ in the injection 
chamber allows complete complex breakdown. 

A dark glass column (43 cm long and 0.3 cm I.D.) was used for liquid chromato- 
graphy and Teflon tubing was used for all connections to prevent the reduction of 
AgNO,. The concentration of AgNOB was 0.08 g/ml of mobile liquid in all cases. 
Porapak Q (150-200 mesh, batch No. 413) served as the column packing. Since the 
paraffins and olefins used give no adequate signals when using,conventional liquid 
chromatographic detectors 6, the column effluent cbmposition was followed by GC 
(data in chromatograms mean GC peak heights according to ref. 7). 

Fig. I illustrates the effect of the concentration of AgNO, on the adsorption of 
gz-nonane, 92;decene, and benzene. The propanol-water ratio was kept constant (2 : I). 

’ The tcrrn adsorption is usccl in this paper but it is unclear whcthcr the process is ad- or ab- 
sorption, or both. 
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The quantity of adsorbed hydrocarbon does not change within the concentration range 
of AgNO, examined (o-o.10 g/ml) in the case of nonane as well as of benzene. However, 
in the case of olefin the fraction of adsorbed decene changes with the concentration of 
silver salt in the solvent. With the increasing AgNO, concentration the quantity of 
olefin adsorbed on Porapalc Q decreases. The fraction of adsorbed decene is less than 
that of nonane but still higher than that of benzene in the concentration range 
0.015-0.045 g/ml. The quantity of decene adsorbed at still higher concentrations of 
silver salt is the least of all model mixture compounds; the quantity within a concen- 
tration range of about 0.060 up to 0.100 g/ml remains constant. 

x n-nonane 

•J benzene 

Qp n-decene 

I 

0.01 0.02 0.03 0.04 0.05 006 0.07 008 0.09 0.10 

g AgN03/ml of solvent 

Fig. r, Effect of the AgNO, concentration in tlic solvent on hydrocarl~on adsorption on LJorapnk Q. 
0.2 g of Porapalc $2, 5 nil of propmol-water (2 : I), 0.x OA, hydrocarbon solution in a given misturc. 

The effect of the propanol-water ratio on adsorption equilibria of hydrocarbons is 
given inTable I. The concentration of AgN03 was 0.10 g/ml; the quantity of adsorbed 
hydrocarbons was always measured before and after adding AgNOi3 for each mixture 
again. The quantity of adsorbed hydrocarbons on Porapalc Q increases with increasing 
water content for all three compounds investigated as espectecl. With nonane and 
benzene there are no concentration changes after adding silver salt to the solvent 
nlisture. With decene the quantity of adsorbed hydrocarbon decreases regular13 

G .Bl!?1~l!lll’ Cl” 
___ _._._. _ _._..._ -..---_ __ ___.______.____ _.._.. -. - .----_--_ 

I :2 0.0 OS*3 7’ a5 97.5 0.98 

I :2 0. I c).5~.5 71.4 89.3 I .o7 
I :I 0.0 08.2 49.5 72.0 0.04 
1:1 0.1 GS.0 49.7 40..\ I .a 

2 : I 0.0 42,4 31.2 48.9 0.87 
2: I 0. I 42.2 31 .o 25.6 I .Gg 

_.____ __...__ ..___,___ -._-.---___ __-._. -.--- -...--. - . ----. -_--_.-_- 

. 
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again. The adsorption selectivity which is represented by the ratio C&, increases 
with increasing water content up to a propanol-water ratio of I : I; CO/C,, ratio tends 
to be constant for the mixtures I : I and 2: I. . 

benzene 

n-nonane 

2 4 6 8 10 12 Ii 16 18 20 22 24 ml 

Fig. 2. Liquid chromatogram of a model mixture. Solvent: mixture of ut-propanol-water (2 : I) ; 
flow rate: 0.3 ml/min. 

. . 

I benzene 

Fig. 3. Liquicl chromatogram of a model mixture - the effect of AgNO,. Solvent: mixture of 
n-propanol-water (2: I), and AgNO, (0.08 g/ml) ; flow rate: 0.24 ml/min. 

The chromatogram of a model mixture containing ?t-nonane, vt-decene, and ben- 
zene eluted with propanol-tiater (2 : I) is shown in Fig. 2. The retention sequence is 
the following: benzene, st-nonane, qz-decene. The effect of complex formation on the 
retention behavior of hydrocarbons mentioned is evident from Fig. 3. The retention 
sequence is principally changed; decene forming a silver complex has the lowest 
retention volume, Thus the results confirm the data obtained by static equilibrium 
measurements. 

Fig. 4 shows the chromatogram of the hydrocarbon mixture which consists of 
. I * ‘* 
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&leptane, gz-nonane, qz-dodecene, and ?z-tetradecene separated under the same condi- 
tions as given in Fig. 3. It is evident that the effect of the complex formed is so high 
that the tetradecene peak overleaps the peak of heptane so that the selectivity effect 
achieves 7 carbon atoms. 

The effect of the ratio of propanol-water on the retention of model compounds is 
evident from Fig. 5. Higher relative propanol content shifts the adsorption equilibrium 
of all hydrocarbons in favor of the mobile phase which is manifested by more rapid 
elution. 

c 

n-heptane 

2 4 6 8 IO 12 14 16 18 20 22 

Fig. 4. Liquid chromatogram of a more complex mixture. Solvent: misturc of wpropanol-water 
(z: I), and &NO, (0.08 g/ml) ; flow rate: 0.25 ml/min. 

n-tetradecene 

\ 
x 

2 14 16 ml 

Fig. 5. I3fect of an incrcascd water content on retention of moclcl conlpouncls. Solvent : misture of 
,wpropanol-water (3 : I), rtncl &NO, (0.08 g/ml) ; flow rate: 0.27 ml/min. 

CONCLUSIONS 

The ,-c-complex formation of olefinic hydrocarbons and silver ions in liquid 
mobile phase produces a change of their retention volumes.This allows the separation 
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of olefins from the mixture containing other hydrocarbons by liquid chromatography 
and/or thin-layer chromatography. The olefin elution is more rapid in the system men- 
tioned, as compared with systems in which the mobile liquid does not contain Ag+ 
while the retention of aromatic and paraffinic hydrocarbons does not change. The 
selective effect is considerable; a shift equivalent to the effect of 7 carbon atoms has 
been found. 
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