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Multiple Angle-weighting Based on Mie Scattering Intensity in the
Multiangle Dynamic Light Scattering

HUANG Yu, SHEN Jin, XU Min, SUN Cheng, WANG Ya-jing, LIU Wei, MAO Shuai
(School of Electrical and Electronic Engineering » Shandong University of Technology ., Zibo, Shandong 255049, China)

Abstract: In order to solve the problem on the information utilization and noise reduction of angular
weighting methods by Mie scattering calculation for multiangle dynamic light scattering, multiple angle-
weighting method was proposed, in which the Mie scattering’s spatial character of all granularities at
each angle is as the angular weighting factor and that of each granularity is as the nuclear matrix
weighting factor. By using this multiple angle-weighting method, the regularization inversions for both
simulated and measured multiangle dynamic light scattering data were carried out. Compared with the
inversion results of the light intensity ratio method and the light intensity mean method, the inversion
results for multiangle dynamic light scattering are closely related to the angular weighting methods. In
the absence of noise, the intensity ratio method and the multiple angle-weighting method can obtain
accurate particle size distributions, but the information utilization for the light intensity mean method is
not sufficient. With the increase of the noise level, the inversion results of the ratio of light intensity are
rapidly getting worse, which shows the lower noise reduction capability. Multiple angle-weighting
method, taking the information utilization and noise reduction capability into account, can better show
the advantage for increase of information and effectively suppresses the noise influence when the

scattering angles are increased. The method significantly improves the accuracy of particle measurement
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in the multiangle dynamic light scattering, especially for the multi-peak distribution particle system.
Key words: Dynamic light scattering; Particle size distribution; Inverse problem; Particle size
measurement; Angular weighting; Mie scattering
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Table 1 Four groups of particle system simulation parameters
Sample D,/nm D,;/nm D;/nm D/nm N, o, o, o a b ¢
S 400 - - 1~800 150 0.08 - - - -
S, 300 750 - 1~1100 150 0.105 5  0.055 - 0.5 0.5 -
S; 200 800 - 1~1 200 200 0.23 0.08 - 0.5 0.5 -
S, 300 600 900 1~1150 200 0.15 0.075 0.07 0.4 0.3 0.3
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Fig.1 PSDs of 400 nm unimodal particles in different angular weighting methods
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Table 2 Performance parameters of 400 nm in different angular weighting methods

Noise level Method Peak positon/nm E R \%4
0 Sim PSD 400 0 - 0
0 Wm 394 0.015 - 0.03
Wr 397 0.007 - 0.013
Wa 410.7 0.026 - 0.052
0.001 Wm 394 0.015 - 0.026
Wr 400 0 - 0.112
Wa 410.7 0.026 - 0.055
0.01 Wm 394.7 0.013 - 0.029
Wr 469.3 0.173 - 0.177
Wa 410.7 0.026 - 0.08
0.1 Wm 396.7 0.008 - 0.026
Wr 197.3 0.506 - 0.204
Wa 421.3 0.053 - 0.115
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Fig.2 PSDs of 300/750 nm bimodal particles in different angular weighting methods
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Table 3 Performance parameters of 300/750 nm in different angular weighting methods

Noise level Method Peak positon/nm E R \%
0 Sim PSD 300/750 0 1:0.759 0
0 Wm 308/740.7 0.026/0.012 1:0.564 0.037
Wr 292/748 0.026/0.002 1:0.774 0.023
Wa 315.7/770 0.052/0.026 1:1.109 0.062
0.001 Wm 308/748 0.026/0.002 1:0.586 0.042
Wr 308/755.3 0.026/0.007 1:0.556 0.111
Wa 315/770 0.05/0.026 1:1.081 0.064
0.01 Wm 315/740.7 0.05/0.01 1:0.645 0.036
Wr 242/- 0.193/- - 0.138
Wa 330/755.3 0.1/0.007 1:1.529 0.083
0.1 Wm 300.7/740.7 0.002/0.01 1:0.654 0.05
Wr 176/- 0.413/- - 0.152
Wa 344.7/755.3 0.149/0.007 1+ 3.289 0.109

B3 FIZR 4 ] LLE H o 6 0 {EREFE AH BE AL 19 200 nm 1 800 nm UKL K 5 , 76 TG M 7 5 L F , =
TS 7 v A 68 S 1t XU 73 A, 5 PE BV 20 A 1% 22 e /MR 0,018  (EL i 249 {8 vk O I8 (i L 5 552 s JURE 22
SR L W5 7 7T 19 T SR Lk 1) BT 4 2R SR 22 L S R AR K S IR E 0.01 I, FUREZp B i/
L R 7 G 38 0 5 A5 D' 50 49 (L 3% 08 {1 b 5 O S 25 S 0 DR AR MR A ISP 0.1 ISR 1+ 9,072, 5 H 5L
(91 ¢ 0.702 AHZE B 7S 1038 I B A 5 1R A2 G IBLE B 245 SRR RE 2 ) o 3% 2 4.

0.03 - 0.03 -
—Sim PSD —Sim PSD
—— Wm
——Wr
) 0.02 1 3
2 £
= =
e z
0.01
0 il
0 400 800 1200 0 400 800 1200
Diameter/nm Diameter/nm
(a) Noise level is 0 (b) Noise level is 0.001
0.03 ‘ g - 0.03 " " " ‘ " "
— SimPSD — Sim PSD
—— Wm | —— Wm
- Wr | —— Wr
2 0.02 | = Wa 1 2 0.02
E E
= =
£ z
0.01 |
0 % ] j
0 400 800 1200 0 400 800 1200
Diameter/nm Diameter/nm
(c) Noise level is 0.01 (d) Noise level is 0.1

B 3 200/800 nm W & Bk F B A JE w7 R T 8y KE SR
Fig.3 PSDs of 200/800 nm bimodal particles in different angular weighting methods
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Table 4 Performance parameters of 200/800 nm in different angular weighting methods

Noise level Method Peak positon/nm E R 1%
0 Sim PSD 200/800 0 1:0.702 0
0 Wm 205/780 0.025/0.025 1:1.076 0.033

Wr 203/800 0.015/0 1:0.66 0.018
Wa 288/798 0.44/0.002 1:2.677 0.084
0.001 Wm 198/780 0.01/0.025 1:1.094 0.035
Wr 192/762 0.04/0.047 1:0.344 0.074
Wa 306/798 0.53/0.002 1:4.06 0.09
0.01 Wm 192/774 0.04/0.003 1:0.933 0.031
Wr 186/- 0.07/- - 0.093
Wa 330/810 0.65/0.012 1:6.401 0.096
0.1 Wm 201/780 0.005/0.025 1:0.576 0.029
Wr 180/~ 0.1/~ - 0.093
Wa 330/810 0.65/0.012 1:9.072 0.098
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Table 5 Performance parameters of 300/600/900 nm in different angular weighting methods

Noise level Method Peak positon/nm E R \%4
0 Sim PSD 300/600/900 0 1:0.7:0.5 0
0 Wm 304/598/897 0.013/0.003/0.003 1:0.5:0.5 0.021
Wr 295/598/902 0.016/0.003/0.002 1:0.7:0.6 0.015
Wa 304/621/885 0.013/0.035/0.016 1:1:0.9 0.031
0.001 Wm 304/645/908 0.013/0.075/0.008 1:0.5:0.4 0.024
Wr 287/632.5/- 0.043/0.054/- 1:0.7: - 0.069
Wa 322/621/879 0.073/0.035/0.023 1:1.5:1.5 0.049
0.01 Wm 287/603/891 0.043/0.005/0.01 1:0.5:0.3 0.025
Wr 391/-/- 0.303/-/- - 0.079
Wa 335/626/897 0.116/0.043/0.003 1:3.3:3.8 0.069
0.1 Wm 287/626/897 0.043/0.043/0.003 1:0.5:0.4 0.045
Wr 166/-/- 0.446/-/- 0.083
Wa -/644/920 -/0.073/0.022 -— 0.084
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Fig.5 PSDs of 306/974 nm bimodal particles in different angular weighting methods
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Table 6 Performance parameters of 306/974 nm in different angular weighting methods

Method Peak positon/nm E R
True PSD 306/974 0 1:1
Wm 294.7/1023 0.036/0.05 1:0.638
Wr 346.7/- 0.133/- -
Wa 359.7/632.7/996.7/1 180 0.175/-/0.023 3/~ 1:-:7473:-
We 289/799/966 0.055/0.179/- 1:0.92: -
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(B AN BE 43 9 Hh R BORL , D69 B 1 78 K L/ NIURL A & 77 2 — A IR R HER L 5 & AUy L Re 8 1 21 B
Fz 30 S R AURL AR R 1 B T 25 L

0429002~ 8



R, GF L JE T Mie TSGR B9 22 A 3 350U B 45 A BE AL 5 i3

4 it

S FE I8 7 v T A R 5 B0 P A L A 1 1) B AR SCHR T R T Mie BUSHG R 9 2 #0 E Bh S 6
ST 4 PR A T 5 9485 4 16 WA D7 B S0 AT T BB R S £ 22 £ 2 38 265 06 B 500 I 0. 5 5 Y6 3 I (8
o I 3R 350 (3 0 T 45 0 B4 0 1 S 3 245 S P 6 WA 2 0 3 3 285 06 TSI IS 3 4% 1L 15 44 A 6 o 25
YA 36 6 M 7 B LI Y6 38R 3% R0 5 A9 B 62 0 i 75 380 o ) OR339 {1 3% 47 7 1)
B 13 ) P SRS 1 0 M 2 A R U (O 25 2 DR P K T OSSR (8 9 I B R TR A 2%
) X T 2 0 D4 R G 1 R 7 K P T S i 4 R LI 0, 5 A R AR MR M R ST
41 TN 7 L 78 15 DGR L (8 LT AR 7 9 135 S5 R TR 1 O R4 T . 0 5 4 0 7 MR e o — Iy
3 3 3ot S 5 7R R e BOE T 16 75 40 A A0 2 3 25 0 SO AR vl £ L8 22 0 0 5 LA B 4T 0
S, SUREA I 80 FEE AR K MR 7 B L, BT R 5 25 A9 B 30 25 0 B S AT DU D B A 1 X 2 W 3 A
AL VA 28 T R 14 o W
5% 3

K SIPT R SEE Je R T AR R SR I 3B Wy AR ZE Jorge R. Vega 3 I% 3R A 23245, 7 b B0

5 % 3Lk

[1] KULIKOV K G, KOSHLAN T V. Measurement of sizes of colloid particles using dynamic light scattering[J]. Technical
Physicss 2015, 60(12) . 1758-1764.

[2] CLEMENTIL A, VEGA J R. GUGLIOTTA L M, et al. A Bayesian inversion method for estimating the particle size
distribution of latexes from multiangle dynamic light scattering measurements [ J ]. Chemometrics & Intelligent
Laboratory Systems, 2011, 107(1) . 165-173

[3] LIU X, SHENJ, THOMAS J C.et al. Multiangle dynamic light scattering analysis using a modified Chahine method[]J].
Journal of Quantitative Spectroscopy & Radiative Transfer, 2012, 113(6); 489-497.

[4] GAO S, SHEN J, THOMAS ] C, et al. Effect of scattering angle error on particle size determination by multiangle
dynamic light scattering[ J].Applied Optics, 2015, 54 (14): 2824-2831.

[5] LIL, YANG K,LI W, et al. A recursive regularization algorithm for estimating the particle size distribution from
multiangle dynamic light scattering measurements[J]. Journal of Quantitative Spectroscopy & Radiative Transfer
2016, 178 244-254.

[6] XU Min, SHEN Jin, ZHU Xin-jun, et al. Recovery of bimodal particle size distributions with multiangle dynamic light
scattering[ J]. Acta Photonica Sinica, 2017, 46(2): 0229001.

REL PR, RMTAE A U A3 A URLAR 3R 1 22 ff 2 gl A8 G RO B S i [T . 67243k, 2017, 46(2): 0229001.
[7] CUMMINS P G, STAPLES E J. Particle size distributions determined by a "multiangle" analysis of photon correlation
spectroscopy datal J].Langmuir, 1987, 3(6): 1109-1113
[8] BRYANT G, THOMAS ] C. Improved particle size distribution measurements using multiangle dynamic light scattering
[J].Langmuir, 1995, 11(7) . 2480-2485.
[9] BRYANT G, ABEYNAYAKE C, THOMAS ] C. Improved particle size distribution measurements using multiangle
dynamic light scattering. 2. refinements and applications[ J].Langmuir, 1996, 12(26) . 6224-6228.
[10] VEGA J R, GUGLIOTTA L M, GONZALEZ V D G, et al. Latex particle size distribution by dynamic light
scattering: novel data processing for multiangle measurements[ J]. Journal of Colloid and Interface Science, 2003, 261
(1) 74-81.

[11] LIU X, SHEN J, THOMAS J C,et al. Multiangle dynamic light scattering analysis using angular intensity weighting
determined by iterative recursion[ J]. Applied Optics, 2012, 51(7) . 846.

[12] CACHORRO V E, SALCEDO L L. New improvements for Mie scattering calculations[]J]. Journal of Electromagnetic
Wawves & Applications, 2001, 5(9): 913-926.

[13] ARIAS M L, FRONTINI G L. Particle size distribution retrieval from elastic light scattering measurements by a
modified regularization method[J].Particle & Particle Systems Characterization, 2006, 23(5) . 374-380.

[14] BELGE M, KILMER M E, MILLER E L.Efficient determination of multiple regularization parameters in a generalized
L-curve framework[ ] |. Inverse Problems, 2001, 18(4): 1161-1183.

[15] BERMEO L A, CAICEDO E., CLEMENTI L, et al. Estimation of the particle size distribution of colloids from
multiangle dynamic light scattering measurements with particle swarm optimization[]J]. Ingenieria E Investigacion ,
2015, 35(1): 49-54.

[16] ZHU X, SHEN J, THOMAS J C. Analysis of noisy dynamic light scattering data using constrained regularization
techniques[ J]. Applied Optics, 2012, 51(31): 7537-7548.

[17] WANG Xue-min, SHEN Jin, ZHU Xin-jun,et al. Angular combination issue of multiangle dynamic light scattering[J].
Acta Photonica Sinica, 2016, 45(8): 0829003.
EEGH, BHE. KBE, F AEASGNZAESCBAIEM LTI 6T ¥, 2016, 45(8): 0829003.

Foundation item: The Natural Science Foundation of Shandong Province (Nos. ZR2014FL.027, ZR2016EL16, ZR2017LF026)

0429002~ 9



