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INTRODUCTION EXPERIMENTAL

During the synthesis of copolymers, homopolymers are System: Waters® Alliance® HPLC system
often formed as by-products. These are considered 2695XE, 2420 ELS detector,
impurities in the copolymers because of the significantly 2996 PDA

different chemical and physical properties. It is Software: Waters Empower™ Software
necessary to monitor the homopolymer content fo ensure Column: Waters Nova-Pak® 4 ym, C18 3.9

mm x 150 mm, 60 A

Column Temp:  30°C

Injection volume: 5 plL

ELSD seftings: Drift tube temperature 50 °C,
Nitrogen supply 60 psi, Nebulizer
heating level 80 %, ELSD gain = 1.

Sample prep: Copolymers A, B and C were

that the requisite properties of the copolymer product
are retained. Copolymers of styrene and isobutylene are
used as coating materials for certain medical devices

including drug eluting stents'2. In this example, the
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presence of polystyrene (PS) in styrene/isobutylene
copolymer must be monitored.

Gradient elution chromatography with a reverse-phase dissolved in THF at @ nominal

column is useful in measuring PS content in styrene-co- concentration of 10 mg/ml. PS

standards concentrations ranged from
0.4 10 1.9 mg/ml.

isobutylene as dissimilar polymer chemical compositions
allow for the separation of homopolymer from

copolymer. PS has a strong UV absorption at

approximately 260 nm so that a UV detector can be HPLC Measurements: Samples and standards were run

used. An evaporative light scattering detector (ELSD) is using the conditions in Table 1. With these

also suitable and has the odvantoge of showing measurement condlhons, it was necessary to inject a

minimum baseline variation with mobile phase THF blank after each sample injection to remove

composition change as in gradient elution, compared residual sample from the column.

with UV detection. However, the ELS response does not

change linearly with sample concentration or mass Time Flow THF% ACN%  Curve
load, making it important to establish a calibration (min) Rate
curve to thoroughly characterize the relationship of the (ml/min)
ELSD response to sample quantity. Initial 10 30 70 6
This application note illustrates the HPLC separation of 5 1.0 30 70 6
PS in styrene- co-isobutylene, and the quantification of 15 10 100 0 6
PS in the copolymer products. UV and ELS detectors are
used and the data from both defectors are compared. 16 1.0 30 70 6
25 1.0 30 70 6

Table 1. Gradient elution program for HPLC analyses.
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RESULTS

To quantify PS, a good separation of homopolymer and
copolymer is needed. Three copolymer samples were
analyzed with gradient elution using a Nova-Pak
column. The ELS chromatograms showing a separation of
homopolymer from copolymer are in Figure 1. The peaks
at approximately 16 minutes are the PS homopolymers;
the peaks starting at approximately 19 minutes are the
copolymers.

PS standards at various concentrations were
chromatographed to generate calibration points for both
ELS and UV detection. Figure 2 is an overlay of the ELS
chromatograms of the PS standards. To obtain the
calibration curve with highest square of correlation
coefficient (R?), three types of curve fits were performed
for the ELS data. The first is log-log or power law fit, the
second is a linear or 1st order polynomial fit, and the
third is a quadratic or 2nd order polynomial fit.

Fitertion Tise (Mis)

Figure 1. ELS Chromatograms of copolymer products A, B
and C.

The R? value for the log-log fit and the quadratic fit are
0.9969 and 0.9972, respectively, while the R? value for
the linear fit is 0.9914. These values indicate that
logarithmic and quadratic curve fits are better than the
linear curve fit. The calibration curves using the
quadratic fit and logarithmic fit are in Figures 3 and 4.

The UV chromatograms at 260 nm are in Figure 5. In
addition to the PS (16 minutes) and copolymer

(19 minutes) peaks, the tiny peaks before 5 minutes are
most likely solvent impurities. The baseline in the UV
chromatogram shifts due to the changing absorption with
the change in the mobile phase composition during the
gradient. Figure 6 shows the linear calibration curve
from these chromatograms.
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Figure 3. Calibration curve (Quadratic fit) for ELS
detector response to PS content. Equation Y = 4.06 x
103X2+4.57 x 104X -3.82x 104 R? = 0.9972,
where Y is peak area, X is mass in pg.
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Figure 2. Overlay of ELS Chromatograms for PS
homopolymer standards at various concentrations.

Figure 4. Calibration curve (log-log fit) for ELS detector
response to PS content. Equation: Log(Y) = 4.4307 +
1.4785 log(X]; R? = 0.9969, where Y is peak area, X
is PS mass in pg.
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Figure 5. UV detection: Chromatogram overlay of
copolymer products A, B, and C with PS calibrants;
chromatogram extracted at 260 nm.
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Figure 6. Calibration curves for UV (260 nm) detection
(peak area) response to PS content (mass). Equation: Y
=3.808x 10°X +7.97 x 10%; R2 = 0.9998, where Y
is peak area, X is PS mass in pg.

Using the calibration curves from both ELS and UV
detectors, the PS content in each copolymer sample A,
B and C was calculated and expressed as weight
percentage of PS in the total sample weight. The total
sample weight is calculated from the sample
concentration and injection volume. For the ELS results,
only the log-log and quadratic curves were used in the
calculations. Since the UV detector shows excellent
linearity in its calibration, and is well established
(Beer's Law), the UV results for the PS

content are treated as the “true” values. ELS results
from both types of calibration curves (logarithmic and
quadratic) are compared with the UV results. Table 2
shows the results for both detectors. The ELS calibration
curves yield results that are very similar to the UV data;
an exception is the quadratic calibration curve that has
a large error for sample A (13.4% deviation). Overall,
the logarithmic calibration curve yields better results

than the quadratic calibration curve.

Three injections of THF blank samples were made to
establish system noise and the peak areas were
determined in the same manner as PS. The limit of
detection was calculated using 3 to 1 signal to noise
ratio. The limit of detection is 0.450 pg for ELS
(logarithmic calibration curve) and 0.204 pg for UV,
respectively.

Sample Sample PS wt.% PS wt.% Relative Difference in ELSD
load uv ELS Detection
(ug) Linear fit Quadratic fit Logarithmic fit Quadratic fit Logarithmic fit
A 51.0 3.02 3.43 3.14 13.4% 3.90%
B 53.1 5.37 5.38 5.33 0.14% -0.81%
C 51.3 7.31 7.16 7.16 -2.03% -2.05%

Table 2. Quantitation results for copolymer samples and comparison of results from different calibration

curves.
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DISCUSSION

Polymer molecular weight can affect ELS response and,
consequently, the calibration curve, particularly when
the sample is in the low molecular weight range. An
ideal calibration should use standards with the same
molecular weight distribution as in the copolymer
samples. In this study, a narrow molecular weight
distribution PS standard (molecular weight of 102,000
Dalton) was used as the PS calibrant. For this study, the
assumption was made that the molecular weights of the
homopolymer in copolymer samples and PS standards
are close enough to ignore the effect of molecular
weight on ELS response. However, for extensive
quantification work, a more detailed investigation of
the molecular weight effect on the ELS response is
recommended.

CONCLUSIONS

PS homopolymer can be easily separated from styrene
isobutylene copolymer by gradient elution
chromatography on a reverse-phase column. Both ELS
and UV chromatograms were used to quantify and
compare the PS homopolymer content in copolymer
products. The ELSD results were better fit by either a

quadratic or a logarithmic curve than a linear curve fit.

WATERS CORPORATION
34 Maple St.

Milford, MA 01757 U.S.A.
T 508 478 2000

F: 508 872 1990
www.waters.com

However, the logarithmic calibration curve provided the
most accurate results compared with the results from UV
data. UV detection gives excellent linear response to PS
standards with a detection limit lower than that from ELS
deftection. However, the baseline in a UV chromatogram
is susceptible to the mobile phase chemical composition
when the mobile phase contains UV chromophores. That
is to say, a gradient elution program typically upsets the
baseline. This can be a concern when non-linear
gradient mobile phase elution is needed for a
separation with quantification of components.
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