Journal of Chromatography, 538 (1991) 440445
Elsevier Science Publishers BV . Amsterdam

CHROM. 23 5380

Short Communication

Reversed-phase separations of high-molecular-weight
polystyrenes in a dichloromethane—acetonitrile solvent system

ROSS ANDREW SHALLIKER* and PETER EDWIN KAVANAGH

Chemical and Analviical Sciences. Deakin University, Wairn Pondy, Vicioric 3217 Lustralia
and

TAN MAXWIELL RUSSELL

CSIRO, Division of Wool Technology, Belmont, Vicioria 3216 7 Ausiralia

(First received March 12th, 1991 revised manuscript recerved June I8th, 19913

ABSTRACT

High-resolution separation of polystyrenes ranging from monomer and oligomers o the high-molec
ular-weight polymers { = 900 000 dalton) has been achieved in a single gradicnt separation o a varicty of
small-pore-size reversed-phase columns. Separation of the high-molecular-weight polvmers i the aceto-
nitrile- dichloromethane solvent svstem appeared to be based on retentive interactions with
phuse. despite the et that the palymers were nominally too Jarge to enter the pores of the sn

Cosiiionar:

column

INTRODUCTION

In a previous publication [1] we examined the retention behaviour of polysty-
renes in a methanol-dichloromethane solvent system on C, reversed-phase columns
of various pore sizes. Elution of the polystyrencs generally oheved the principles of
adsorption chromatography except when the polymer was excluded from the pores.
at which point the elution was complicated by additional mechanisms which resulted
in the polymer cluting at the polymer solubility composition according 1o the preci p
ttation redissolution process. or prior o the polymer solubility u»mpm; won by oy
process we have previously described as pre-clution. The process of pre-clution con-
tributed to band broadening and the formation of multiple peaks of the higher
molecular-weight monodisperse polvstyrenes on a 120-A column and a 300-A col-
umn. These eflects resulted vy virtually zero selectivity and hnuted the separation of
molecular weights. In this mcthanol dichloromcethane sehven svsicm, clution of the
polystyrenes was also dependent upon the mass load and the Bow-raie pre-clution
being dominant at low muss foads and high Jow-rates
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In the present study we report the separations of polystyrenes of various molec-
ular weights in a solvent system of acetonitrile and dichloromethane. By selection of
gradient shape it is possible to achieve single-column separation of polystyrenes from
monomer through to molecular weights of 10°.
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Fig. 1. Separation of polystyrenes on various columns. (a) uBondapak, (b) Serva, (c) Hibar 25 cm, (d)
Hibar 12.5 cm. Molecular weights: i = 17 500;ii = 50 000; iii = 110 000: iv = 200 000; v = 410 000; vi =
929 000 dalton. Elution conditions: dichloromethane—acetonitrile (48:52); dichloromethane-acetonitrile
(64:36); gradient run time 5 h on curve 3; flow-rate 1 ml/min.
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EXPERMENTAL

Equipment

All chromatographic experiments were performed using two M6000A pumps.
660 solvent programmer and U6K injector (Waters Assoc., Milford. MA. USA). The
detector used was variable-wavelength UV--VIS 200 set at 262 nm (Activon Scientific
Products. Thornleigh, Australia). Data acquisition and analysis was done with a
laboratory-built system. The columns used were a uBondapak Cys. 30 cm x 3.9 mm
[.D.. nominal pore size 120 A carbon load 10% (Waters Assoc), a Serva 300 A (4. 3
am particle size, 25 cm x 4.6 mm 1.D., nominal pore size 300 A. carbon load 11.6%,
(Serva, Heidelberg, Germany), and two Hibar Cyy cartridge columns, of 25 em and
12.5 cm column length, 4.0 mm L.D.. 10 um particle size. nominal pore size 60 A
{Merck). Column temperature was maintained at 25.0°C 1n a thermostatted water-
jacket. The solvent composition at the peak maxuna was caiculated using the equa-
tion representing the gradient profile [2} and these values corresponded to the values
obtained from gradient profiles.

Chemicals and reagents

Acetonitrile and dichloromethane (HPCL grade) were obtained from Mallinck-
rodt Australia. The monodisperse polystyrene standards used were molecular weights
3600, 110 000, 200 000, 410 000 and 929 000 dalton (Waters Assoc.). and 17 300 and
50 000 dalton {Polysciences. Warrington, PA, USA).

RESULTS AND DISCUSSION

Gradient elution of high-molecular-weight polystyrenes on small-pore-size col-
umns in a methanol-dichloromethane solvent system generally produced peaks
which had severe tailing or formed into multiple peaks [1]. In contrast, similiar experi-
ments in a dichloromethane-acetonitrile solvent system produced gaussian like
peaks. The initial separations were obtained on the same columns which were used
for the previous work [1], and Hibar cartridge columns gave similiar results. Non-
linear gradients gave best separations, beginning with an initial mobile phase compo-
sition of dichloromethane -acetonitrile (48:52) followed by convex gradient elution
(NO. 3 on the Waters 660 solvent programmer) to a final mobile phase composition
of dichloromethane—-acetonitrile (64:36) using a gradient run time of 5 h, Elution of
the highest-molecular-weight polystyrene occurred well within this time. Fig. 1 il-
lustrates the separations on the various columns. It is obvious that these separations
compare very favourably to size-exclusion chromatography {3 6] and field-flow frac-
tionation [7.8]. Separation of broad-range polystyrenes aiso compared favourably
with size-exclusion methods.

The optimal flow-rate for separations was found to be within range of 1.2
mi/min, although this may be an effect of the gradient function. High flow-rates (5
ml/min) had little affect on the resolution and elution of the highest-molecular-weight
polystyrene was obtained within 16 min (Fig. 2).

The mobile phase elution composition ¢, of all the polystyrenes was greater
than that of the polymer solubility composition, ¢, (Table I). This is in strong con-
trast with the methanol -dichloromethane solvent system used in the previous paper
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Fig. 2. Separation of polystyrenes on a Hibar 12.5 cm columns at a flow-rate of 5.0 ml/min. Elution order
and conditions as in Fig. 1.

{1]. With the current solvent system it appears that polymer-stationary phase interac-
tions were likely to be occurring even for the highest molecular weights. As the
higher-molecular-weight polystyrenes would be excluded from the pores in all four
columns in a good solvent such as dichloromethane, such interactions would only be
expected if (a) the surface area outside the pores was sufficient for adsorption interac-
tions to retain the polymer, (b) the polymer underwent solvent induced configuration-
al changes, or (c) dissentanglement of polymer chains allowed retention by “‘snaking”
into the pores. The latter mechanism was proposed in detail by Larman ef al. [9] and
was refered to as the “softball” model. Lochmiiller and McGranaghan [10] have
demonstrated that adsorption of the higher-molecular-weight polystyrenes is possible
on small-pore-size columns as illustrated by the isocratic elution of these polysty-
renes.

TABLE 1

ELUTION COMPOSITION, ¢, (% DICHLOROMETHANE), OF THE POLYSTERENES ON THE
uBONDAPAK, SERVA AND HIBAR 25 cm COLUMNS

@, (initial mobile phase composition): dichloromethane—-acetonitrile (48:52); ¢, (final mobile phase compo-
sition): dichloromethane—acetonitrile (64:36); gradient curve 3, run time = 5 h; flow-rate = 1.0 ml/min.
Polymer solubility composition ¢, is also tabled.

Molecular @, (%) o, (%)
weight
uBondapak  Serva Hibar

929 000 56.98 58.13 56.17 53.0
410 000 56.62 57.40 55.83 51.0
200 000 56.31 56.96 55.63 48.5
110 000 55.38 55.71 54.90 46.5

50 000 53.88 53.97 53.71 39.5

17 500 52.43 52.47 52.45 28.5
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Studies showing the oligomeric separations of polystyrenes in various solvent
systems were reported in detail by Lewis er al. [11]; oligomeric stereoisomers were
shown to be separated in an acetonitrile-dichioromethane solvent system but notin a
methanol solvent system. Similiar stereoisomer separations have also been achieved
in the present study (Fig. 3). The stereoisomers were verified by mass spectroscopic
examination of collected fractions. We were then able to combine the separation of
the higher-molecular-weight polystyrenes with oligomeric separations in the same
analysis. The final separation ranged from styrene monomer up to the 929 000-dalton
polystyrene (Fig. 4). The gradient shape is somewhat complicated, although it would
still be adaptable to any computer controlled system on a routine basis.

In the dichloromethane-acetonitrile solvent system the mass load of the poly-
mer was not important. No change in the retention behaviour was observed for
sample loads from 0.5 to 50 pg, in complete contrast to results obtained in the dichlo-
romethane—methanol solvent system. This indicates that solvation effects within the
polymer are playing an influential role in the dichloromethane-methanol system yet
they do not affect the results to the same degree in the current dichloromethane—
acetonitrile system.

As expected, injection in large volumes (greater than 40 ul of strong solvent,
dichloromethane) gave poor results. Peaks size decreased as the injection volume
increased. This was probably due to polymer eluting within the solvent front as
described by Gldckner [12] and by Lochmiiller and McGranaghan [10]. Studies to
determine the mechanism of retention are in progress and will be published at a later
date.
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