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Abstract

Polyethylene glycol (PEG) 20 000 in low-density polyethylene has been determined using column switching and inverse
temperature programming in reversed-phase packed capillary liquid chromatography with evaporative light scattering
detection. PEG 20 000 was extracted into water from the polyethylene dissolved in toluene and PEG 35 000 was added as an
internal standard (1.S.). The samples in aliquots of l0@vere reconcentrated on the enrichment column using a loading
mobile phase of acetonitrile—water (3:97, v/v) at a flow-rate ofVBnin for 3 min, then back-flushed and separated on the
analytical column with acetonitrile—THF—water (40:5:55, v/v) as mobile phase. The column temperature was reduced from
68 to 55°C with a ramp of—1.5°C/min, held constant for 3 min and then reduced further t6Gwith a —1.5°C/min
ramp and kept constant for 1 min. The analysis runtime was 20 min. The recovery of PEG 20 000 was determined to 65.1%
with 2.8% RSD and the mass limit of detection of PEG 20 000 was Lg5The within-assay and between day precision of
the retention times of both PEG 20 000 and PEG 35 000 displayed RSD of less tham£2ypWhile the overall area ratio
RSD of 100 ug/ml PEG 20 000 over PEG 35000 was 1.3%=0). The method was linear within the investigated
concentration range 25-12&/ml 0?220.9983). In addition, a mixture of PEG 4000, 8000, 10 000, 20 000 and 35 000 was
analysed on the system to demonstrate the possibility of analysing several PEGs in a sample with the use of temperature
gradient elution.
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1. Introduction tives in order to improve the physical properties and
extend the lifetime of the polymers. Additives such
Most synthetic polymeric materials contain addi- as UV stabilizers, antioxidants, antistatic agents,
metal deactivators and antiblock agents are often
*Corresponding author. Tel.+47-22-855-573; fax:+47-22- used [1]. Po_lye_thylene egC_OIS (PEGs) are com-
855-441. pounds consisting of a varying number of polymer-
E-mail address: i.l.skuland@kjemi.uio.nql.L. Skuland). ised ethylene oxide (EO) units with two fregw-

0021-9673/03/% — see front mattef] 2003 Elsevier B.V. All rights reserved.
doi:10.1016/S0021-9673(03)01186-5


mailto:i.l.skuland@kjemi.uio.no

32 I.L. Skuland et al. / J. Chromatogr
hydroxyl end groups. Native PEGs are non-toxic and
water-soluble and have been widely used in technical
as well as pharmaceutical and biochemical indus-
tries. PEGs and their derivatives have been used as
non-ionic surfactants, wetting agents in laundry and
industrial cleaners and as emulsifiers in pharma-
ceutical preparations. Low-molecular-mass PEGs
have been used as intestinal permeability prdBgs
mainly due to their low toxicity and the facts that
they are not metabolised by intestinal bacteria and
almost completely excreted in uriff8]. PEGs and
their derivatives also serve as important ingredients
in the food and perfume industries. In the polymer o
industry PEGs of various sizes have been employed
for their properties as water treeing retardant in
insulation materials for electric cables, to avoi
water to breakthrough the insulation material and
cause degradation of the polymer in contact with the
electrical field[4].

Traditionally,
by size exclusion chromatograply—7], but gradu-
ally reversed-phase systems have taken over, par-
ticularly for oligomer separation of the lower molec-
ular masse$8—18]. In general, PEG 3000 marks the
upper limit for oligomer resolutiof12], although
capillary electrophoresis have separated PEGs up to
M,,=5000 after derivatizatiof19]. One of the few

(p
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perature gradient on a packed microbore reversed-
phase analytical column and detection by evaporative
light scattering would allow method automation in
the future. To illustrate the possibility of analysing
samples with varying PEG sizes, a mixture of five
different PEGs with molecular masses of 4000-
35 000 were examined. The emphasis has been on

the reconcentration and separation of groups of

relatively high-molecular-mass PEGs, not separation
of individual oligomers.

Experimental

d 2 1. Materials and chemicals

The PEG 4000, 8000 and 10 000 standards were

obtained from Clariant (Gendorf, Germany) and the
PEGs have been chromatographed PEG 20000 (with the molecular mas#$/j of
16 000—-24 000 Dalton) and 35 00®I,~35 000 Dal-
ton) were purchased from Fluka (Buchs, Switzer-
land). Tetrahydrofuran (THF) (p.a. grade) was pur-
chased from SDS (Peypin, France) and the toluene

.a. grade) was obtained from Merck (Darmstadt,

Germany). The water used was purified on a Milli-Q
system from Millipore (Billerica, MA, USA). HPLC-

examples of separation of larger molecular mass grade acetonitrile was purchased from Rathburn

PEGs was demonstrated by Lochmuller et[af],
which showed that the retention process for PEGs is
endothermic, with positive changes in enthalpy. This
fact was utilized later to obtain baseline separation of
all the oligomers of PEG 1000 by a negative
temperature gradient, with improved resolution com-

in

SGE (Kiln Farn’l, Milton Keynes,
Kromasil Gz 100 A 3.5um d, particles purchased

from Eka Chemicals (Bohus, Sweden). The LDPE
sample containing 2500 ppm PEG 20000 was

(Walkerburn, UK). The columns used were packed

house in glass-lined stainless steel obtained from
UK) with

pared to the resolution obtained by a solvent gradient Prepared by Borealis (Stathelle, Norway).

[17]. In a recent paper, Cho et dR0] studied the

retention mechanism of poly(ethylene oxide) in 2.2. Chromatographic system

reversed-phase and normal-phase chromatography
and concluded that a hydrophobic entropy effect was

Glass-lined stainless steel enrichment- and ana-

responsible for the increase in retention with increas- lytical-columns of 0.5 mm I.D. and lengths of 3 and

ing temperature.

The purpose of this study was to develop a model
for the quantitative determination of PEGs in low-
density polyethylene (LDPE). The model would
include extraction of PEGs into water and loading
the extract onto a microbore reversed-phase enrich-
ment column. Combining preconcentration using a
column switching system and separation by a tem-

10 cm, respectively, were packed with Kromasil,C

100 A p3rb-d, particles by a liquid slurry

technique developed in house. A Merck Hitachi

(Darmstadt, Germany) L-7110 isocratic LC pump
served as the sample loading pump and a Shimadzu
(Kyoto, Japan) LC-1@pAl3ocratic pump was

used as the mobile phase delivery system. The
Endurance autosampler was equipped with a Rheo-
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dyne (Cotati, CA, USA) six-port injector and a 4 ml of I.S. solution was prepared in an ultrasonic
1004l sample loop, and a modified Mistral column bath for 5 min. Five concentration levels in the range
oven was programmed for temperature gradients, of 1258l PEG 20 000 were prepared from

both the Endurance and the Mistral were from Spark this stock solution by diluting with the I.S. solution.

Holland (Emmen, The Netherlands§)ig. 1illustrates
the schematic set up of the switching system. The 2.4. Extraction and separation of PEGs
analytical column was mounted in the oven, but both

valve 1, which was mounted on the Endurance Approximately 1 g of the polyolefin sample was
autosampler, and valve 2, a six-port injector from accurately weighed into a 125-ml flask and 2.5 mg of
Valco Instruments (Houston, TX, USA) with the PEG 35000 was added as the internal standard.
enrichment column were placed outside the column Then, 25 ml toluene was added and the sample was
oven. An Alltech Varex MKIIIl (Deerfield, IL, USA) heated and refluxed with stirring at 3CGor 20—30
evaporative light scattering detector (ELSD) was min until the polymer was dissolved. The solution
used for detection. The detector had previously been was allowed to cool while stirring for 5 min before
modified in order to allow operations at low flow- adding 25 ml of water and stirred for an additional
rates[21,22]. The nebulizer gas flow was kept at 2.2 10 min. The mixture was then transferred to a
I[/min and the drift tube temperature was 10 separatory funnel. The toluene and water phases
throughout the study. The loading mobile phase was were separated, the water phase was removed, passe
acetonitrile—water (3:97, v/v) and the analytical through a n2-filter and 100p! aliquots of the

mobile phase was acetonitrile—THF—water (40:5:55, filtrate were loaded by the autosampler and pump 1
v/v). Both the loading mobile phase and the ana- onto the enrichment column, back-flushed with mo-
lytical mobile phase were degassed with helium for bile phase from pump 2 into the analytical column
5 min prior to use. The loading flow-rate was and separated with a temperature gradient, either
75 pl/min and the analytical flow-rate was continuous or step-wise.

20 pl/min.

2.3. Sandard solutions 3. Results and discussion

PEG 35 000 was used as an internal standard (1.S.) 3.1. Mobile phase and temperature considerations
at a concentration of 10Q.g/ml in water. This I.S.

solution was used to dissolve and dilute the standard The fact that, in reversed-phase liquid chromatog-
solution of PEG 20000 in order to maintain a raphy, the retention of native PEGs increases with
concentration of 10Qug/ml of I.S. in the standards. increasing column temperatures, as opposed to the
A stock solution of 4 mg PEG 20 000 dissolved in normal trend where the retention of solutes is

decreased, was demonstrated by Lochmuller et al.
[11]. According to Melander et al8] this phenom-

TEMPERATURE ena can be explained by the conformational changes
CONTROLLED AREA of PEGs at different temperatures. PEG molecules
Analytical greater than nine repeating unit1 (>500) are
Pump 1 column Pump 2 . . . . .
coiled in solution at ambient temperature. This
Valve 1 Valve 2 coiling is temperature dependent, and as the tempera-

ture increases the degree of coiling will be reduced,
the molecular surface area will increase, hence most
p— Waste likely increase the interaction between the,,C
ligands of the stationary phase and the PEG mole-
cules and therefore increase the retention. Further-
Sample loop more, the solubility of PEGs in aqueous solutions
Fig. 1. A schematic diagram of the column switching system.  decreases with increased temperature and this corre-

Injection port
(autosampler)

Pre-column
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lates with the increase in retention as the temperature PEG 20 000 area RSD of all the different flow-rates
increaseq23]. (n=12) was 2.2%

Lochmuller et al.[11] used a temperature con- By using elevated column temperatures for the
trolled circulating water bath with both heating and chromatographic analysis, the viscosity of the mobile
cooling units for column temperature regulation in phase was reduced, allowing the use of a higher
their study. Alternatively three individual heated or analytical flow-rate; hence the flow-rate was set to
cooled aluminium blocks were employed as column p20min, the column backpressure varied from 11
holders at the inlet, the middle and the end of the to 25 MPa from the start to the end of the analysis.

column. Thus, a thermal gradient could be generated

along the columrn11]. By using a column oven with

both a heating and a cooling function the analytical 3.2. Separation of a mixture of different sized
system will be much more flexible with regards to PEGs

temperature programming during the analysis. There

will not be a temperature gradient along the column, In order to demonstrate the possibility of identify-
and the temperature may be used to improve the ing PEGs of different sizes in the same sample, a
separation and to some extent the peak shapes of a standard mixture of 5 PE®&,wihging from

mixture of different PEGs. From a practical point of 4000 to 35000 Dalton was analysed. An inverse
view it is known that commonly used silica-based temperature program was emplkage@.displays

C,s phases rapidly degrade in aqueous mobile phases the separation of PEG 4000, 8000, 10 000, 20 00C
at constant temperatures above 100 At tempera- and 35 000. The concentrations of the different PEGs

tures below 70C few problems are experienced

with most reversed-phase materifdd]. Andersen et

al. [17] used temperature gradients up to°80for a

month without significant changes of thg of the 35KD
PEG 1000 oligomers. Therefore, to obtain optimum ]
selectivity and at the same time avoid extensive 75 heee..
degradation of the silica-based stationary phase the
column temperatures used did not exceed@5

The enrichment column was placed outside the
column oven. Due to the fact that the sample extract
was dissolved in water, it was easy to reconcentrate
the solutes on the enrichment column without the use
of temperatures different from ambient. To avoid
collapsing of the G; surface groups of the stationary
phase in pure water, the aqueous loading mobile
phase contained 3% acetonitrile (v/v).

The loading flow-rate was tested at 20, 50, 75 and
100 pl/min (n=3) without any sign of sample
breakthrough. Flow rates greater than 100 min
were not tested due to the pressure limitations of the
loading pump. Even though using a loading flow-rate
of 100 pl/min would mean a loading time of 2 min, 0 PR 6
the sample was loaded onto the column for 3 min at
75 pl/min throughout the remaining experiments,

mainly to avoid working close to the pressure limit
10 000, 20 000 and 35 000 Dalton. Temperature prograniC75

of the pump. At a loading flow-rate of 7l/min the for 1 min, then reduced to 4T with a —1.5°C/min ramp. The
peak area RSD of PEG 20 000 and PEG 35000 fow-rates used were 7%l/min for the sample loading and

(1.S.) were 0.5 and 1.4%, respectively. The overall 20 wl/min for the chromatographic separation.
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Fig. 2. Temperature programmed separation of PEG 4000, 8000,
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were 14, 25, 24, 26 and 28g/ml, respectively. The
PEG 20 000 peak shows a distinct shoulder on the
chromatogram Kig. 2), this is due to the oligomer
distribution of the sample. This shoulder is apparent
in both the standard and the sample chromatograms.

3.3. Determination of PEG 20 000in LDPE

The sample preparation was based on a method
used by Borealis, where 2 g of LDPE with PEG
20 000 was dissolved in 100 ml toluene, followed by
extraction into 100 ml water in a separatory funnel.
The water phase was evaporated to dryness, re-
dissolved in 5 ml water and analysed by size

LS.
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Fig. 3. Chromatogram of the analysis of a 1@Daliquot of the
LDPE sample extract. Separation of PEG 20 000 and PEG 35 000
Dalton (I.S.). Temperature program: the initial temperature was
68°C then reduced to 5% with a —1.5°C/min ramp, kept
constant for 3 min, and reduced further to°@5with a —1.5°C/

min ramp and kept constant for 1 min. The flow-rates used were
75 pl/min for the sample loading and 2@l/min for the
chromatographic separation. Peaks marked with asterisks are
impurities from the sample.

35

exclusion chromatography and refractive index de-
tection.
In the current method the amount of LDPE was 1

gram and the amount of both water and toluene was
reduced to 25 ml. With online preconcentration of

the solutes on the enrichment column prior to the
analysis by micro-LC—ELSD, direct injection of the
water phase became possible, avoiding the evapora-
tion step.

The extraction of PEG 20 000 from LDPE was

performed with a recovery of 65.1%, with 2.8% RSD
n=(@2). Aliquots of the extracts were loaded onto
the enrichment column atl/fBin for 3 min. In

order to improve the resolution between PEG 35 000

and PEG 20 000 even more thign Ma stepwise
temperature program was developed. This provided
base line separation of higher concentrations of PEG
20 000 and PEG 35000. The separation and the
chromatographic conditions are displayedFig. 3.

The mass limit of detection (mLOD) of PEG
20 000 was determined to 1.2pbg, and the con-
centration LOD (cLOD) was 12.5ug/ml. The
within-assay and between-day precision of retention
times for a standard solution of 1Q0y/ml of both
PEG 20 000 and PEG 35 000 displayed RSDs less
than 1.1% 16=9). The overall RSD of the peak area
ratio of 100 wg/ml PEG 20 000 and I.S. was 1.3%
(n=9). The method was linear within the investi-
gated concentration range 25-135%g/ml (R°=
0.9983).

4, Conclusions

Temperature gradient LC have previously been
demonstrated to be able of separating individual
oligomers of low-molecular-mass PEGs. This paper
has shown that temperature gradients can also be
used as an alternative to solvent gradients in group
separation of larger molecular mass PEGs. The mass
limit of detection obtained with the microbore-LC
system (1.25ng) was improved compared to the
5 pg detection limit (for PEG 1000) reported
previously with conventional HPLC-ELSO10].
After extraction of PEGs from LDPE into water, a
combination of automated reconcentration and col-
umn switching allowed determination of PEGs at
low ppm levels with good precision.
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