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Abstract: In order to analyse the influence of the angular combination on the dynamic light scattering
measurement, five groups of simulated bimodal particle system (114/457 nm, 202/800 nm, 307/541
nm, 433/721 nm and 600/900 nm) were measured at different combinations of three, four, five and six
scattering angles respectively. The inversion results show that, the different angular combinations with
the same numbers of scattering angles give different measuring results. When Mie-scattering intensitys
corresponded to the selected angles are different significantly, especially including the maximum and
minimum points, the more accurate measurement results can be gotten. The results were verified by the
experimental results of a dilute bimodal suspension of polystyrene latex standard spheres. The reason for
the combination influence is that the information of particle sizing is added as the number of scattering
angle increases, but only when the added angles located at the points of Mie-scattering intensity different
significantly would provide more information about particle sizing. However, if improper angles are
choose, the benefits from increase of angles would be offset by the losses caused by angle calibration
noise.
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Table 1 Particle size range and sampling points for five

groups of bimodal simulation PSD

Size/nm Size range for simulation/nm  Points
114/457 0.01~600.01 100
202/800 0.01~1000. 01 100
307/541 100.01~700. 01 100
433/721 200.01~1000. 01 100
600/900 400.01~1200. 01 100
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Fig. 1

Inversion results of 114/457 nm bimodal simulation particle size distribution at different combination

for 3 scattering angles with different level of noise
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Table 2 Simulated and estimated particle size,relative errors between them and the performance errors of 114/457 nm

bimodal simulation particle size distribution

i ) 30°,70°,110° 50°,90°,130° 10°,50°,90° 15°,45°,110°
Size/nm  Noise level
Peak value/nm  Error V  Peak value/nm  Error V  Peak value/nm  Error V  Peak value/nm  Error Vv
0 145/457  0.281/0 0.053  225/440  0.974/0.037 0.168  58/448  0.491/0.020 0.167  130/449  0.140/0.018 0.023
114/4 0,001 83/457  0.272/0 0.067  210/440  0.842/0.037 0.173  42/448  0.632/0.020 0.193  145/449  0.272/0.018 0.113
4/457
0.01 90/457  0.211/0 0.080  210/400  0.842/0.125 0.188  42/448  0.632/0.020 0.195  193/449  0.693/0.018 0.132
0.1 137/457  0.202/7 0.102 -/417 -/0.088 0,267 -/- -/- 0.214  209/449  0.833/0.018 0.155
0.09 y T 0.09 T T
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Fig. 2 Inversion results of 202/800 nm bimodal simulation particle size distribution at different combination
for 4 scattering angles with different level of noise
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Table 3 Simulated and estimated particle size,relative errors between them and the performance errors of 202/800 nm

bimodal simulation particle size distribution

10°,30°,70°,100° 30°,60°,90°,120° 20°,60°,80°,110° 50°,70°,100°,140°
Size/nm  Noise level
Peak value/nm  Error V  Peak value/nm  Error V' Peak value/nm  Error V  Peak value/nm  Error A4
0.015
0 205/793 0,009 0.059  361/805  0.787/0.006 0.175  325/793  0.609/0.009 0.348  170/793  0.158/0.009 0.073
0.015 ~
0.001 205/793 0,009 0.059  360/805  0.782/0.006 0.175  300/793  0.485/0.009 0.315  158/793  0.218/0.009 0.068
202/800 '1 ‘/
0.139
0.01 230/792 0,009 0.081  360/800 0.782/0  0.182  340/793  0.683/0.009 0.243  158/793  0.218/0.009 0.067
0139/ ) ;
0.1 230/780 0.0%5 0.082  400/817  0.980/0.021 0.186  420/793  1.079/0.009 0.933  217/800 0.074/0 0,055
.025

B UG A7 1) 06 (I 1% 25 2 R 4% 25 P S 188 R, e 9% o T R S A L {H S MR R KO R 0 ) 0. 1 I, g {E 1R
MR I R 22 35 0 B 0. 055/0. 083, 1 fig 15 22 1 ZHENE] 0.166/0. 133, AR IR ZEH INF 0. 219. A 5
HnE] 0. 07, HUHH£A EE A (o) B, &5 1R 75 A9 K SR #R FZFE 6 TLAE ML X T 600/900 nm R 7 A5 1k £ L 1
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Fig. 3

Inversion results of 307/541nm bimodal simulation particle size distribution at different combination

for 4 scattering angles with different level of noise
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Table 4 Simulated and estimated particle size,relative errors between them and the performance errors of 307/541 nm

bimodal simulation particle size distribution

30%,60°,90°,120°

20°,50°,80°,110°

30°,70%,110°,150° 20°,70°,90°,130°

Size/nm  Noise level

Peak value/nm Error V' Peak value/nm  Error V' Peak value/nm  Error V' Peak value/nm  Error %
0.033
0 297/515 0,048 0.003  316/541 0.029/0  0.136 407/- -/- 0.114  299/523  0.026/0.033 0.020
~ 0.033/ _
0.001 297/515 0048 0. 004 316/- -/- 0.153 407/- -/- 0.216  289/514  0.059/0.050 0.028
307/541 '
~ 0.033/ _
0.01 297/515 0048 0. 020 307/- -/- 0.141 290/- -/- 0.218  299/523  0.026/0.033 0.012
0.033/ _
0.1 297/470 o " 020 343/- -/- 0.249 343/- -/- 0.209  309/540  0.007/0.002 0.013
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Inversion results of 433/721 nm bimodal simulation particle size distribution at different combination

scattering angles with different level of noise
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Table 5 Simulated and estimated particle size,relative errors between them and the performance errors of 433/721 nm

bimodal simulation particle size distribution

30°,60°,90%,120°,150°

20°,60°,100",140°,180°

10°,30%,50°,80°,110° 20°,60°,90%,120°,140°

Size/nm  Noise level

Peak value/nm  Error V  Peak value/nm  Error V  Peak value/nm  Error V  Peak value/nm  Error Vv
0.023
0 445/733 0 017/ 0.005  457/781  0.055/0.083 0.070 ~ 481/781  0.111/0.083 0,114  299/523  0.026/0.033 0.004
0,023/ _ _
0.001 445/733 0.017 0,006  469/781  0.083/0.083 0.070  481/793  0.111/0.100 0,219  289/514  0.059/0.050 0.005
433/721 '
0.023/ _
0.01 445/733 0.017 0.009  469/781  0.083/0.083 0.070  469/780  0.083/0.082 0.213  299/523  0.026/0.033 0.009
0.023 - -
0.1 445/745 0.033 L011  469/781  0.083/0.083 0.071  505/817  0.166/0.133 0.221  309/540  0.007/0.002 0.012

0829003~ 6
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Fig.5 Inversion results of 600/900 nm bimodal simulation particle size distribution at different combination

for 6 scattering angles with different level of noise
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Table 6 Simulated and estimated particle size,relative errors between them and the performance errors of 600/900 nm

bimodal simulation particle size distribution
30°,60°,90°,120°,150°,180° 10°,40°,70°,100°,130°,160°

V  Peak value/nm  Error V  Peak value/nm  Error

40°,60°,80°,100°,120°,160°
V  Peak value/nm  Error Vv

20°,40°,80°,100°,140°,160°

Size/nm  Noise level
Peak value/nm  Error

0.008
0 595/897 oons 0% -/897 -/0.003 0098  310/897  0.483/0.003 0.164  589/911  0.018/0.012 0.064
0,008 i _
0,001 WSRO 0031 /883 /0,019 0,094 310/897  0.483/0.003 0,162  575/911  0.042/0,012 0,058
600/900 '
0,008/ _
0.01 /BT, 0081 /89T /0,003 0,094  310/897  0.483/0.003 0.166  575/911  0.042/0.012 0.066
0.005/ i
0.1 603/905 ooos 0% -/ /- 0,097 /- -/- 0.178  575/911  0.042/0.012 0.067

IR B A A0 A S A SR 6,38 7 45 T EL S R
R R R EAE IR ZE M RE IR EE. AR T P,
“True PSD” 3R 52 46 I 45 0 JURL KL BE 43 457, “a” . “b” |
“e Ay 2 R TE ST AR 4 S 9 €307, 407, 60°, 80°,
100°,120°”,%30°,50°,70°,90°,110°,130°” A1 30°,60°,
90°,110°,120° 130 it iUl 45 19 UKL KL BE 43 A . & 7 s
“True PSD” /R 5L (1) WURLRL BE 4340, 38 5 & BT 8L
B “a” bR A RN X A B AT &R
75 B UKL AL BE 43 A 1 2 8.
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Rl B ZR 0 ORLRE i DR 4E e L T=298. 15K, R R
AR FR TR R 4390 A (306 +8) nm A1 (974410) nm,
RCERTRE L y 2+ 1. Ol 3R OC o B I 5 43 I 7E 6 A
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Fig. 6 Light-scattering intensity variation for different
particle sizes at different scattering angles
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Table 7 “True” particle size,estimated particle size, relative
errors between them, performance errors and the number
ratio of two peaks for the bimodal experimental

particle-size distribution

True PSD a b c
Particle size/nm 303/975  309/980  310/603/981 365/840/980
Error 0.020/0. 005 -/- -/-
\%4 0.101 0.137 0.244
Number ratio 21 1.57+1 4.23:1:3.15 5:1:8
0.12 : :
—— True PSD
L —+—a i
—e—Db
—a—c
0.08

Ad)

0.04

0 uml B Bk . a2l Y
0 400 800 1200
Diameter/nm
B 7 306 nm A 974 nm R LI oA HK R E 6 A
WARERAEAATHRELER
Fig. 7 Inversion results of 306 nm and 974 nm bimodal
experimental particle size distribution at different

combination for six scattering angles
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Fig. 8 Light-scattering intensity variation for 306 and 974 nm

particle sizes at different scattering angles
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