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FEATION OF THE PGLfUUTY OF POLYMERIC SORBE&ITS BASED 
MEI’HACRYLIC ACID a 
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SUMMARY 

In order to cxprcss the polarity of polymeric sorbents based on mcthac&c 
acid cstcrs, the Rohschneider method has been modified by replacing squalane with 
a non-p&r adsorbent, CarWpack B. Using ethanol sorption as an exampIe, it was 
shown that the mod&d Rohnchneider constants may be correlated with the thenno- 
dynamic function AH, de&Wig the direct pazticipation of spccik adsorbate 
polymeric sorbcnt interactions. Hence, by using the mod&d Rohrshneider constaats 
it is possii to dassii the polarity of these polymeric sorbents simpiy and with 
Boodaoauacy. 

INTRoDucnoN 

charadcrization of the polarity of statiowy phases in gaAiquid chromato- 
graphy (GLC) has been attempted by many workers. The method most widely used 
is that suggested by RobrschnciidetL ad its modikl form described by McReynoW. 
Both procedures chasacterizc the polarity of the stationary phase by mans of five 
amstants derived fkom the difkcncc between the Kotits retention indices of five 
standard~~~~ontheaatioaaryphaseupdnstadyand~ntaptianiadices 
obtained on a reference column with squahuc (lOoh at the same tcmperatam. . 
Dndxantagss of the methods are tbe low thermal stability of the r&ice squalanti, 
the possiiii~ of cbanp in the retentions of compounds on squaleno due to its 
ox&iation4and the scatter of rttention data obtained with diffiyent supports caused 
by tEsd cU&mcc in their adsorptiuitic& Bearing these objections in mind, several 
+orkcmhavcsuggcstcdothcr- for the characterizatian of the polarity of 
stationaly phase&+*? Despite these reservam the polaxity of stationary paeses is 
now most -tIy cxpr=ed in tcsms of Rohchneider or McReynolds coctstanw. 
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into four groups and adsorbates into three groups on the basis of chemical com
position which pre-determines possibilities of specific or non-specific interactions.
Using the retention volumes of adsorbates on the sorbents under investigation, they
derived the thermodynamic quantities (potential of intermolecular interactions, heats
of adsorption, free energy of sorption, entropy, etc.).

In the past 10 years, polymeric sorbents characterized with a macroporous
structure due to the pore size, shape and distribution and to the specific surface area
have been widely used in GSc. Interactions of adsorbates with polymeric sorbents
have mostly been investigated by correlating retention data with thermodynamic
quantities-vv"; the retentions on styrene-divinylbenzene sorbents were interpreted in
relation to the electron polarizability of adsorbate molecules'? .18, to their dipole
moments'? and to the number of carbon atoms in the adsorbate molecules's-!". In
many instances these dependences were obtained on commercial polymeric sorbents,
the chemical compositions of which were not exactly known, so that the interaction
between the adsorbate and polymeric sorbent could not be interpreted from the stand
point of their chemical composition.

Earlier papers from this laboratory dealt with the investigation of the basic
chromatographic properties of copolymers based on glycidyl esters of methacrylic
acid'", and of these copolymers modified by reactions with a number of amines, or
by acid hydrolysis followed by cyanoethylation'". The effects of morphology on the
chromatographic properties of these copolymers were also studied'". The polarity of
polymeric sorbents mentioned above was characterized by employing modified
Rohrschneider constants-"-". In the modification of the Rohrschneider method, the
Kovats retention indices of five standard sorbates on squalane were replaced with
their retention indices measured at the same temperature on a non-polar sorbent,
Carbopack B. It is the aim of this paper to present a theoretical basis for the modi
fication of the Rohrschneider method for the expression of the polarity of polymeric
sorbents and to demonstrate that these empirical quantities, which represent the
participation of specific interactions between the adsorbate and the polymeric sorbent,
may be correlated with thermodynamic quantities.

EXPERIMENTAL

The procedure employed in the preparation of copolymer samples, the mea
surements needed for the calculation of the Kovats retention indices of the Rohr
schneider standards, the modification of the Rohrschneider method and the charac
terization of Carbopack B (Supelco, Bellefonte, Pa., U.S.A,) as a non-polar standard
for adsorbents have already been published",

The isosteric heats of sorption of ethanol were calculated from adsorption
isotherms by a procedure described earlier-". Chromatographic measurements needed
for the calculation of adsorption isotherms were carried out with a Perkin-Elmer F-I1
apparatus (Perkin-Elmer, Beaconsfield, Great Britain), equipped with a flame
ionization detector (FID) and glass columns (100 x 0.3 em J.D.), at 100°, 125°, 150°
and 175°.

The differences between the isosteric heats of sorption and the heat of evapo
ration of ethanol were used to calculate the excess enthalpies of sorption (ilHa) on the
individual copolymers. The average heat of evaporation of ethanol (26 kJjmole) for
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pressun ofctbanol on tcmpcnatnrc was derived fkom tabulated equilibrium data=. 

lR&ULSSANDDrscussHlN 

when charaderidng polymeric sorbeats a!3 adsorbam, one myit &St try to 
decide which of the pIwases invohed in the chromatographic separation of corn- 
pounds on Ix==opo~us copolyn%ss plays the, decisive role. It is well known that 
a~~vi~difiTcronthispointandthatnonnAmbigwusevidencehaskeno~red 
so far in support of the individual standpoints. For Wtancc, HOW assumes that 
the da&&c factor which a&cts the rctcntion of compounds on macroporous co- 
po~ymersisrriatedtoabsorption.Theviewthatpredo - ‘Aatpresentisthatthc 

. 
rIzsbum of interaction of sorbates wiih macroporous co&lymers is a combiitio~ 
of adsorption and absorption”. Results of the investigation of the chromatographic 
properties of a soak of poly@ycidyl mcthacryla~ykne dimethacrylate) indicate, 
ho-, that the main qaration process which takes place on these copolymers is 
@ysical adsorption. One of&c indkxitors that amSm3 this statement are values of 
thiRoluschei&i cxmstants (T’ablc 9. If&sorption were theproass pred&ninaGng 
in thc’chromatographic seperation on glycidyl metbaqlate copolymers, the Rohr- 
sdmci&r amstan& of these copolymers should be approximatciy the same as those 
ofthe~~phasesbascdonpolycstcrsaadm~ti~above.Ascanbesccp 
tim Tabk I, the Rohrschcider amstants for copolymers are lower, which indicates 
that so*~iymer ifwradons are urcaker than sorbatHtationary phase inter- 
actions of a simiIar type. Tci elucidate the mechanism of interactions between the 
SorbatcaQdtbc macroporous copolymer, the properties of these copolymeB were. 
invcsti~ovrrawidettmptraturcrangc,n~invorviagtheirglasstransition 
tern- Within the range 75;175”, the de-den= of the logarithms of the 

TAELEI 





by all types of fonxs iuvohed ii the interactions oh4xlkeswiththe-of 
polymeric sorbcnts, and may therefore become a soufcc of information on such 
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The Rohrschneider method of expressing the polarity of stationary phases
eliminates the non-specific interactions by subtracting values of the Kovats retention
indices of the sorbate on non-polar squalane from the retention index obtained on
the given stationary phase. The utilization of this procedure with adsorbents consists
in the replacement of squalane with a non-polar adsorbent, Carbopack B. Such a
modification of the Rohrschneider method allowed us to extend its application and
to include the evaluation of the polarities of polymeric sorbents'"."; Smith et aU7

modified the McReynolds constants in a similar way in order to describe the selectivity
of polyaromatic copolymers.

By using the non-polar adsorbent Carbopack B as the standard in the Rohr
schneider method, objections concerning the inadequacy of squalane are eliminated.
Carbopack B was selected as a standard because its specific surface area and porosity
are close to those of the samples of macroporous copolymers used.

Using the isosteric heats of sorption and the heat of evaporation of ethanol,
the excessenthalpies ofsorption (ilHa) of ethanol on the individual types of copolymers
were calculated. This chromatographic quantity can be correlated with the modified
Rohrschneider constants (Fig. 4). The high sn, values (33-52 %) from the overall
heat of sorption indicate that not only non-specific, but also specific interactions play
a role in the sorption of polar sorbates on the copolymers under study, and it is
because of these specific interactions that a higher energy is needed in desorption than
in mere evaporation. Because under the conditions of chromatographic measurements
(i.e., at a relatively high working temperature and a low concentration of the sorbate)
no interactions between molecules of the sorbates can be assumed, the il H, values
may be regarded as a measure of specific interactions between molecules of the sorbate
and the surface of the copolymers. A general dependence relating the excess enthalpy
of sorption and the modified Rohrschneider constants of ethanol (Fig. 4) proves that
these empirical chromatographic quantities express the sum of all of the specific
interactions between sorbates and polymeric sorbents. Thus, by employing the
modified Rohrschneider method, it is possible to classify in a simple way and with
very good accuracy the polarity of macro porous copolymers of the methacrylate type.

5

3

10 20 30
tlH~ I kJ/mol

Fig. 4. Dependence between modified Rohrschneider constants of ethanol and its excess enthalpies
of sorption determined on five macroporous copolymers of the methacrylate type.
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