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Construction of a Low-Angle Light Scattering Photometer and

Examination of its Performance
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A low-angle light scattering (LALS) photometer was constructed and its performance as a molecular

weight detector for gel permeation chromatography (GPC) was examined, together with the reliability of

GPC/LALS method.

The LALS photometer consists of a cylindrical flow-cell of 30 #¢ in volume, combined with a He-Ne

laser as light source. The fluctuation in the intensity of incident beam is compensated by adopting the

two-detectors optical system, Scattered light intensity at angle as low as 5° can be measured with high

accuracy and good stability.

High performance of the photometer was ascertained by a series of GPC/LALS measurements made on

various polystyrene samples of known molecular weight. High resolution GPC equipped with a LALS

photometer would be a powerful tool in the polymer characterization field.
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Table 1 Effect of P(#) and concentration

on R,
R,=KcMP(#) (1-24,P(0) Mc)

1. Effect of P(6)

Mo <sse

<stsr PO

(cm?) (A) 5° 30°
10* 1.0x10°18 33 1.00 1.00
105 1.5%x10712 120 1.00 0.99
108 2.1x1071t 460 1.00 0.92

107 3.0x1071 1,700 0.98 0.40

2. Effect of concentration

'- 1-24,Mc (c : g/mg)

M AP

(mol-mg/g?) 10°% 107" 3x107¢
104 1.1x107% 1.00 1.00 0.99
10° 5.8 x107* 1.00 1.00 0.97
10° 3.0x107* 1.00 0.99 0.82

107 1.6x107* 0.97 0.68 —

1) Based on the data for benzene solution of

polystyrene
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Fig. 1 Chromatograms corresponding to the res-
ponses of a defferential refractcmeter
(RI) and a low-angle light scattering
photometer (LALS). ¢; ard M; ate
concentration and molecular weight of
i-th effluent, respectively.
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Fig. 2 Schematic drawing of projecting and receiving optical systems in Mcdel LS-8.
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Fig. 3 Diagram of 1eceiving opti.a! system for
measuzement of I, at the scattering angle
between 6, and 5.
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Fig. 4 Structure of a cylindrical flow-cell.
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Fig. 5 Electric diagram of P.M. volt control
units in two-detectors system.
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Fig. 6 Outview of optical design in Model LS-8.
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20 20

Fig. 7 GPC elution chromatograms of polystyrene
F-80 (M=7.75%x10%) measured in THF
on two-2ft columns, GMHs: flow rate,
1 mf/min. Same sample solution was twice
injected. Upper chromatogram correspor:ds
to RI detector, and the lower to LALS
detector.
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Fig. 8 Effect of molecular weight on thke constant
k2K/ky in eq. (9) determined in THF
and MEK on a series of standard poly-
styrenes.
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Fig. 9 Elution volume dependence of h;LS/h;RI
on polystyrene F-80 (M=7.75x 105) and
F-4 (M=4.28x10%) measured in THF
on two-2ft columns of GMHs.

0 RAPRA PS2

Fig. 10 GPC elution chromatograms of poly-
styrene RAPRA PS2 measused in MEK
on two-2{t columns of GMHg: flow rate,
1mf/min. Upper chromatogram corres-
ponds to RI detector and the lower to
LLALS detector.
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Table 2 Weight average molecular weights

M, of polystyrene from GPC/
LALS measurements in tetrahy-
drofuran (THF) and methyl ethyl

ketone (MEK).

M, %104
Sample Observed Supplier’s
THF MEK data
NBS 705 17.9 17.3 17.93
NBS 706 28.1 27.8 25.78
RAPRA PS2 31.7 32.8 34.03
S-21° 19.9 20.0 20.7%

1) Mixture of three monodisperse polystyrenes
(M x1074=9.72, 16.0, and 41.1).
2) Calculated value.

0.10 NBS 706 ]

Weight fraction

e

=

o
I
1

. L . 1
10 10° 10°F
Molecular weight

Fig. 11 Molecular weight distribution of poly-
styrene NES 706 cbhtained {rom GPC/
LALS measurement.
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