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In size-exclusion chromatography (SEC), an equal detector response to com-
ponents of different molecular weight is of significance for accurate molecular weight
measurement of polymers. The consideration of UV absorbance in accordance with
the numbers of chromophore per molecule has confined the applicability of UV de-
tector only to polymers with a single double bond or similar chromophore per mol-
ecule for solute detection!. The same reason has led to the development of a chro-
matogram-peak-area correction method of molecular weight determination for sty-
rene oligomers? and epoxy novolac oligomers® using chemically-bonded phase high-
performance liquid chromatography (HPLC).

In this contribution, we will demonstrate that the molecular weight distribution
curve of polystyrene polymers obtained from SEC with UV detection can be cor-
rected and used for the determination of molecular weight. Both HPLC and SEC
results indicate the molecular weight (MW) deviation in between the uncorrected and
corrected values decreases as the MW of the sample increases.

EXPERIMENTAL

HPLC

The chromatographic system included a Perkin-Elmer series 3B microcom-
puter-controlled pump module, a Beckman 165 variable-wavelength detector, and a
Perkin-Elmer Sigma 10B chromatography data station. The UV detector was set at
a wavelength of 260 nm. A 25 cm X 4.6 mm Excaliber Spherisorb S5P (5 um)
phenyl-bonded phase column (Applied Science) was used for the separation.

SEC

The SEC system included a Waters Assoc. 6000A solvent delivery system, a
Perkin-Elmer LC 75 spectrophotometric detector, a HP 85 microcomputer and Nel-
son Analytical GPC software. The column set included four Waters Assoc. ultra styr-
agel columns (500 A, 103 A, 10* A and 10 A). The mobile phase was tetrahydrofuran
(THF) at 1 ml/min. The UV detector was set at 260 nm.
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Fig. 1. Gradient elution of PS 580, starting from THF-water (50:50) to 100% THF in 30 min with a
concave curvature of 2. The degree of polymerization (n) of oligomer peak is indicated in the figure.

Standards

A Perkin-Elmer polystyrene standard kit (ranging from 600 to 1.46 - 10°) was
used to determine the SEC molecular weight distribution curve. The PL polystyrene
standards (580, 1050, 1350 and 1770) were also used in the experiment.

RESULTS AND DISCUSSION

Our previous work showed that styrene oligomers can be separated on a phen-
yl-bonded phase column using either THF-hexane* or THF-water® eluents. Fig. 1
illustrates a base-line separation chromatogram of low-MW styrene oligomers PS
580 using phenyl-bonded phase HPLC with UV detection at a wavelength of 260
nm. For a sample of monochromophore, the number averaged molecular weight
(M,), weight averaged molecular weight (M,,) and z averaged molecular weight (M;)
can be expressed as

IMA;
M, = —— 1
n A, 4y)
IM?A;
= 2
"= M, ¢))]
_ IMA, )
*OIM?4,;

where M; and A4, are the increment of molecular weight and area, respectively. For
a sample of polychromophore such as styrene oligomers, the area corresponding to
the individual oligomer peak has to be corrected in order to represent the actual
amount of molecules, The corrected area can be written as eqn. 4.

A = A C)]
"Ton

where A; is the corrected area and # is the degree of polymerization. Tables I-1V list

the results of uncorrected and corrected values of M,, M,, M,, and polydispersity

(M, /M,) of polystyrene standards (PS 580, 1050, 1350 and 1770). As indicated in
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(A)

i L 1 i 1
24 28 32 36 40 44
Eilution volume (mil)

(B)
108+ PS 612 x 10°

PS 390 x 10°

1 PS 800
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A 1 1
23 33 43
Elution volume (mi}

Fig. 2. (A) SEC chromatogram of a polystyrene sample. (B) The plot of log MW vs. elution volume of
polystyrene standards.

these tables, the values of corrected M, are close to the nominal values of these
standards. The corrected values of polydipersity match the supplied values. The mo-
lecular weight deviation percentage of M,, M, and M, decreases as the MW of the
standard increases (Tables I, IIT and IV). The exception of PS 1050 (Table II) prob-
ably is due to a larger polydispersity. For the same sample, the percentage deviation
decreases in the sequence of M,, M,, and M,. This also indicates that the higher-MW
portion of the sample is less influenced.

Fig. 2A illustrates a molecular weight calibration curve of polystyrene stan-
dards. Fig. 2B shows the SEC chromatogram of a polystyrene sample. The equations
of M,, M, and M, of a monochromophore sample are written as

Zh,
" T ®)
_ ZhiMi
w = _Zhi 6)
_ ShM? -

M, =
ZhiM;
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where h; and M; are the increments of peak height and molecular weight of the
chromatogram curve, respectively. As expected, for a sample of polychromophore
such as polystyrene, the peak height has to be adjusted in order to represent the
actual amount of molecules. Eqn. 8 illustrates the adjusted peak height.

hy

h= M = oM,

®)

where ¢ is the combined mass of both end groups of the polymer, and M, is the mass
of monomer or repeated unit. For an anionically polymerized polystyrene sample,
¢ is the combined mass of a butyl group (-C4Hjy) and a hydrogen atom (-H), ¢ =
58, and M, = 104 (styrene). Table V lists the uncorrected and corrected values of
M,, M, and M_ for the polystyrene sample presented in Fig. 2A. In order to under-
stand the correlation of MW deviation with the MW range, we used a HP 85 micro-
computer to simulate the calculation. The elution peak in Fig. 2A was used as a
model peak. This peak was moving along the elution volume of the linear calibrated
MW range. Table V lists a partial portion of the calculated values. The results in
Table V are consistent with the HPLC method. The MW deviation decreases as the
MW increases, and also in the sequence of M,, M,, and M,. The uncorrected poly-
dispersity remains approximately the same over the whole linear calibration range.

In summary, the SEC MW distribution curve obtained with UV detection not
only can be used as qualitative comparison of batch to batch varison®, but also in
the determination of MW of regularly repeated polychromophore polymers provided
the repeated unit structure and the end groups of the polymer are given.
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