
Short Communication 

Reversed-phase separations of high-molecular-weight 
polystyrenes in a dichloromethane-acetonitrile solvent system 
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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 106. 

Time (mm) 

Fig. I. Separation of polystyrenes on various columns. (a) PBondapak, (b) Serva, (c) Hibar 25 cm, (d) 
Hibar 12.5 cm. Molecular weights: i = 17 500; ii := 50 000; iii = 1 IO 000: iv = 200 000; v = 410 000; vi = 
929 000 dalton. Elution conditions: dichloromethane-acetonitrile (4X:52): dichloromethane-acetonitrile 
(64:36); gradient run time 5 h on curve 3; flow-rate 1 ml/min. 
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IlXPERMEhTAL 

All chromatographic experiments were perfhrmed using two M600OA pumps. a 
660 solvent programmer and U6K injector (Waters .Assoc., Milford. M,4. VSA). The 
detector used was variable-wavelength UV VTS 300 set at 262 nm (Activon Scientific 
Products. Thornleigh, Austl’alia). Data acyuisition and analysis was ~OJIL’ ~\i~h ‘L 
laboratory-built system. The columns used were a IIBondapak C‘, x. 30 cm x 3.9 mm 
I.D.. nominal pore size 120 A. carbon load 1 Cl’! 0 (Waters Assoc). 3 Scria 300 A C’!3, 5 
/ml particle si/;e, 25 cm X 3.6 mm I.D., nominal pore sire 300 ;l. carbon load 1 1 .6”‘h 
(Scrva, Heidelberg, German! ), and two Hibar C 1x carlridgr: i:olumns. of 25 cm and 
12.5 cm column length, 4.0 mm l.D.. Ifi /mu particle siLe. nominal pore hire 60 .A 
(Merck). C’olumn temperature was maintained at 75.O’C’ in L. 1 ther~nostatted \t-atc‘r. 

jacket. The solvent composition at the peak maxmxt M;IS calculated using the cyu;~- 
tion representing the gradient profile [2J and these \;~Iucs cc~r~sp~~ndetl 10 the L aluc\ 
obtained from gradicni protiich. 

Acetonitrile and dichloromethanc (HPCL, grade) were obtained from Mallinck- 
rodt Australia. The monodisperse polystyrene standards used were molecular weights 
3600, 1 10 000, 200 000. 310 1HlO and 929 000 dalton (Watcrc 4ssoc ). and I7 NO and 
50 000 dalton (I’olycciences. Warrington. P,4. USA). 

Gradient elution of high-molecular-weight polystyrenes on small-pore-size col- 
umns in a methanolLdichloromethane solvent system gcncrally produced peaks 
which had severe tailing or formed into multiple peaks [I]. III contr:tst. similiar expert- 
ments in a dichloromethane~ acetonitrile solvenl system produced gaussian like 
peaks. The initiai separations were obtained on the same columns which were used 
for the previous work [I]. and Hibar cartridge coIum11s gave similiar results. NC~E 
linear gradients gave best separations. beginning aith an initial mohiie phase compo- 
sition of dichloromethane acctonitrile (4X:52) followed bv convey gradient clutior: 
(NO. 3 on the Waters 660 solvent programmer) to it tinal Abile phase composition 
of dichloromethanc~~acetonitrilc (63:36) using a gradient run time ~jf 5 11, Elution oi 
the highest-molecular-weighI polystyrene occurred well within thth time E’ig. I il- 
lustrates the separations on the various column\. It is obvious That these separations 
compare very favourahly to size-exclusion chromatography j3 O] and field-tlou frac- 
tionation [7,8]. Separation of broad-range polystyrene< alcil comp;ircd fa\-ourabl\, 
with size-exclusion methods. 

The optimal flow-rate for separations was found to hc wi:hm range of 1 2 
mlimin, although this ma) be an effect of the gradient function. Ifigh floN/-rates (5 
mljmin) had littlc aEect on the resolution and elution clf!hc highest-mc~lecular-weight 
polystyrene was obtained within 16 min (Fig. 2). 

The mobile phase elution composition ye, of- all the poiyrt>rrnes was greater 
than that of’the polymer solubility composition, ~17~ (Table 1). ~I‘his is in strong con- 
trast with the methnnr~l ciichll,rr,methane colvent <ystem used in ~hc prc~:ioui paper 
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Time (mm) 

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. 

[l]. 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 et al. [9] and 
was refered to as the “softball” model. Lochmiiller and McGranaghan [lo] 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 I 

ELUTION COMPOSITION, cp. (X DICHLOROMETHANE), OF THE POLYSTERENES ON THE 
pBONDAPAK, SERVA AND HIBAR 25 cm COLUMNS 

cpi (initial mobile phase composition): dichloromethane-acetonitrile (48:52); qr (final mobile phase compo- 
sition): dichloromethaneeacetonitrile (64:36); gradient curve 3, run time = 5 h; how-rate = 1.0 ml/min. 
Polymer solubility composition ‘p,, is also tabled. 

Molecular 
weight 

‘p, (%) ‘p, (%) 
-_ 

PBondapak 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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Fig. 4. Separalion oi  polyst) rcnc uiigomcrs tluough to I]]O}CCllhJI" w c i g h [  i)2!I tiil{! '/;i : ~1){)'!~ acctonhnlc 
f r a m i n g  to  d i c h h ~ r o m e t h a n c  a c c h m h r i t c  {40:60)  l i n e a r  g r a d i e n t  a~. I %  ra in  f i q i ~ c d  b~ tt im~in  h o l d  .,.hen ~ 
c o n v e x  g r a d i c n l  ( c u r v e  3) to  a ihml  m o b i l e  p h a s e  c o m p o s i t h m  o f  d i c h i o r o m c d m n <  v tcc ton i l r i i c  {(x6: ~4} m 6 
h [ : i o ~ - r a l c  k~.as 1.0 m l  ra in .  S a m p l e  COllCCll].l'uiit)l] v¢~./s 4 m g  I]]1 I'tH [l]c oli~.o~t!t..t E{)(} HII,.i [ i t lg lit] i,)} fh¢ 
mo ecuhH- weighb, greater than 17 ~,00. ln icct ion ~olumc '.4 ul. [ l ' , H i ~  ordc~ :~< dc.,,.'!ib,.d hl t:ie i 
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Studies showing the oligomeric separations of polystyrenes in various solvent 
systems were reported in detail by Lewis er al. [1 I]; oligomeric stereoisomers were 
shown to be separated in an acetonitrile-dichloromethane solvent system but not in 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 OOO-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 dichloromethaneemethanol 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 ~1 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 Glbckner [12] and by Lochmiiller and McGranaghan [lo]. Studies to 
determine the mechanism of retention are in progress and will be published at a later 
date. 
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