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Fig. 1. Normalized ACF of intensity (a) and field (b) in DLS; the distribution of the data noise (c) and the particle
size information (d) in the field ACF, and the distribution of the weighted parameter in the IWCR method (IWD)
as well as the distribution of the weighted parameter in the CWCR method (CWD) (e).
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#*1 PSD Mtz HA st
Table 1. Parametes and properties of the simulated PSDs.

Sample PP/nm Rpp Rpp

dy

o1 da o2 a b 1) D

Narrow 475

Unimodal

Broad 464

3x10~% 468

475 0.050 1.00 3 x 1073 466

3x 1072 442

3x10~% 473

464 0.143 1.00 3 x 1073 470

3x 1072 443

150/500 3.33:1 1.019:1
Bimodal

350/500 1.43:1 0.632:1

150

350

3x10~* 468

0.100 500 0.030 0.50 0.50 3 x 1073 462

3x 1072 452

3x107% 395

0.080 500 0.035 0.50 0.50 3 x 1073 393

3x 1072 385

X, f(d), HIP, PP J& PSD Je oA i i
f7E; true Fl meas 7375l 2 7~ L SR AN e 36 21
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3 x 1072) W R 7KSF T [ B BE (90°) = A1 B (70°,
90°, 110°). 7N & (30°, 50°, ---, 130°) PSD % i
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Fig. 2. The recovery of 475 nm unimodal narrow PSD by using single-(1), three-(2) and six-(3) angle analysis at 3 x 10~
(a), 3 x 1072 (b), 3 x 1072 (c) noise levels.
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Table 2. The performance values about the recovery of 475 nm unimodal narrow PSD.

5 PP/nm EPP RPH \%4
True 475 0 — 0
o Tik-CR 470 0.011 — 0.0105
ne
CW-CR 470 0.011 — 0.0093
Tik-CR 486 0.023 — 0.0079
3x 1074 Three
CW-CR 475 0 - 0.0037
. Tik-CR 475 0 . 0.0033
1
* CW-CR 475 0 . 0.0014
o Tik-CR 465 0.021 — 0.0100
ne
CW-CR 465 0.021 — 0.0067
Tik-CR 486 0.023 - 0.0074
3x 1073 Three
CW-CR 475 0 . 0.0035
. Tik-CR 475 0 — 0.0035
1X
CW-CR 475 0 — 0.0021
o Tik-CR 427 0.101 — 0.0191
e CW-CR 427 0.101 - 0.0248
Tik-CR 103/480 —/0.011 0.156 : 1 0.0074
3x 1072 Three
CW-CR 475 0 — 0.0042
o Tik-CR 204/465 —/0.021 0.045 : 1 0.0046
1X
CW-CR 475 0 - 0.0031
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Fig. 3. The recovery of 464 nm unimodal broad PSD by using single-(1), three-(2) and six-(c) angle analysis at 3 x 10~
(a), 3 x 1073 (b), 3 x 102 (c) noise levels.
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Table 3. The performance values about the recovery of 464 nm unimodal broad PSD.

5 PP/nm Epp Rpm 1%
True 464 0 — 0
Tik-CR 464 0 — 0.0044
One
CW-CR 459 0.011 — 0.0022
Tik-CR 449 0.032 — 0.0018
3x 104 Three
CW-CR 460 0.009 — 0.0013
Si Tik-CR 481 0.037 — 0.0014
ix
CW-CR 460 0.009 — 0.0008
o Tik-CR 465 0.002 — 0.0038
ne
CW-CR 460 0.009 — 0.0015
Tik-CR 449 0.032 — 0.0015
3x 1073 Three
CW-CR 465 0.002 — 0.0006
5i Tik-CR 465 0.002 — 0.0008
ix
CW-CR 470 0.013 — 0.0007
o Tik-CR 476 0.026 — 0.0035
ne
CW-CR 465 0.002 — 0.0021
Tik-CR 454 0.022 — 0.0013
3x 1072 Three
CW-CR 460 0.009 — 0.0005
Si Tik-CR 460 0.009 — 0.0008
ix
CW-CR 470 0.013 — 0.0005
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Fig. 4. The recovery of 150 nm/500 nm bimodal PSD by using single-(1), three-(2) and six-(3) angle analysis at 3 x 10™% (a),

3 x 1073 (b), 3 x 102 (c) noise levels.
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Table 4. The performance values about the recovery of 150 nm/500 nm bimodal PSD.

5 PP/nm Epp Rpp 14
True 150/500 0/0 1.019:1 0
o Tik-CR 114/428 0.240/0.144 1.384 : 1 0.0173
ne CW-CR 114/432 0.240/0.136 1.299:1 0.0167
4 Tik-CR 151/502 0.007/0.004 0.522:1 0.0195
3 x 10 Three
CW-CR 151/502 0.007/0.004 0.106 : 1 0.0263
Si Tik-CR 156/502 0.004/0.004 0.949 : 1 0.0061
ix
CW-CR 151/502 0.007/0.004 1.074: 1 0.0060
o Tik-CR 92/369 0.387/0.262 0.841:1 0.0227
ne
CW-CR 108/438 0.280/0.124 1.311:1 0.0157
Tik-CR 146/502 0.027/0.004 0.325:1 0.0198
3x 1073 Three
CW-CR 146/497 0.027/0.006 0.624 : 1 0.0062
Si Tik-CR 162/502 0.080/0.004 0.756 : 1 0.0078
ix
CW-CR 151/502 0.007/0.004 0.608 : 1 0.0049
o Tik-CR 77/353 0.487/0.294 0.816 : 1 0.0242
ne
CW-CR 77/353 0.487/0.294 1.007: 1 0.0247
5 Tik-CR 140/502 0.067/0.004 0.362: 1 0.0244
3 x 10~ Three
CW-CR 151/502 0.007/0.004 0.415:1 0.0087
S Tik-CR 124/502 0.173/0.004 0.508 : 1 0.0087
ix
CW-CR 146/502 0.027/0004 0.694 : 1 0.0059

134201-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 13 (2018) 134201

(a1)

PSD

0 200 400 600

Diameter/nm

~—True
—-Tik-CR
“*CW-CR

PSD

1000

(b1)

PSD

0 200 400

600

Diameter/nm

~— True
—Tik-CR
“*CW-CR

PSD

1000

PSD

~—True
—-Tik-CR
“*CW-CR

PSD

0 200 400 600

Diameter/nm

1000

0.08

0.06

0.04

0.02

(a2)

600
Diameter/nm

800 1000

0.06

0.04

0.02

(b2)

0.12

400 600

Diameter/nm

200 800 1000

0.10

0.08

0.06

0.04

0.02

—True
< Tik-CR
*CW-CR

0
0

200

600

Diameter/nm

800

1000

0.07 (a3)
a3
0.06
0.05
9)004
¢ 0.
0.03
0.02
0.01
o :
0 600 800 1000
Diameter/nm
—True
—-Tik-CR
- CW-CR
0 ' ’
0 200 400 600 800 1000
Diameter/nm
0.07
(c3) —True
0-06 ~Tik-CR
0.05 “*CW-CR
A 0.04
n
A 0.03
0.02
0.01
0
0 200 400 600 800 1000
Diameter/nm

5 350 nm/500 nm MWIESALE3 x 1074 (a), 3 x 1072 (b), 3 x 1072 (c) BEAHACF PRI (1) = (2) FIr (3) R s 45 5
Fig. 5. The recovery of 350 nm/500 nm bimodal PSD by using single-(1), three-(2) and six-(3) angle analysis at 3 x 10~

(a), 3 x 1072 (b), 3 x 10~2 (c) noise levels.
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Table 5. The performance values about the recovery of 350 nm/500 nm bimodal PSD.

5 PP/nm Epp RPH \%
True 350/500 0/0 0.632:1 0
o Tik-CR 406 — —:1 0.0107
ne
CW-CR 369/614 0.054/0.228 3.140: 1 0.0133
4 Tik-CR 327/375/513 —/—/0.026 0.485/0.516 : 1 0.0130
3x 10 Three
CW-CR 348/512 0.006/0.024 0.584 : 1 0.0505
Si Tik-CR 343/508 0.020/0.016 0.707: 1 0.0037
i
* CW-CR 348/502 0.006,/0.004 0.594 : 1 0.0034
o Tik-CR 396 — —:1 0.0193
ne
CW-CR 369/640 0.054/0.280 1.658 : 1 0.0127
Tik-CR 332/497 0.051/0.010 0444 : 1 0.0133
3x 1073 Three
CW-CR 343/502 0.020/0.007 0.567: 1 0.0032
Si Tik-CR 343/497 0.020/0.010 0.591:1 0.0048
ix
CW-CR 347/502 0.009/0.007 0.638 : 1 0.0031
o Tik-CR 374 — —:1 0.0167
ne
CW-CR 364/625 0.040/0.250 2.834:1 0.0132
5 Tik-CR 310/497 0.114/0.006 0.433:1 0.0177
3 x 10~ Three
CW-CR 300/502 0.167/0.004 0.547: 1 0.0106
si Tik-CR 332/502 0.051/0.004 0.739: 1 0.0052
ix
CW-CR 337/502 0.037/0.004 0.718 : 1 0.0047
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Fig. 6. The distribution of the particle size information in the ACFs from 475 nm unimodal narrow PSD and 464 nm
unimodal broad PSD (a), as well as 150 nm/500 nm and 350 nm/500 nm bimodal PSD (b).
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Fig. 7. The recovery result from the 300 nm unimodal standard polystyrene latex particle by using single-(1), three-(2) and
six-(3) angle analysis at 3 x 1074 (a), 3 x 1073 (b), 3 x 1072 (c) noise levels.

134201-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 13 (2018) 134201

#6300 nm bRl SR 20 LI AURL B R I8 1 RE S H

Table 6. The performance values about the recovery of

the 300 nm unimodal polystyrene latex particle.
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Fig. 8. The recovery result from the 300 nm/502 nm bimodal standard polystyrene latex particle by using single-(1), three-(2)
and six-(3) angle analysis at 3 x 1074 (a), 3 x 1073 (b), 3 x 1072 (c) noise levels.
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Table 7. The performance values about the recovery of the 300 nm/500 nm bimodal polystyrene latex particle.

s PP/nm Epp Rpy
True 300/502 0/0 5.000 : 1
o Tik-CR 410/690 0.367/0.375 5.237:1
ne
CW-CR 370/640 0.100/0.275 2.031:1
Tik-CR 250/460 0.167/0.084 1.248 : 1
3x 104 Three
CW-CR 300/520 0/0.036 1.859 : 1
S Tik-CR 280/500 0.067/0.004 3.145: 1
ix
CW-CR 300/520 0/0.036 5.396: 1
o Tik-CR 410/680 0.367/0.355 6.617 : 1
ne
CW-CR 360/590 0.133/0.175 7.821:1
Tik-CR 300/520 0/0.036 1.831:1
3x 1073 Three
CW-CR 300/520 0/0.036 2.200: 1
i Tik-CR 290/520 0.033/0.036 4.503 : 1
1X
CW-CR 300/500 0/0.004 3.662 : 1
o Tik-CR 410/720 0.367/0.434 3.840: 1
ne
CW-CR 370/630 0.100/0.255 2.607:1
Tik-CR 280/520 0.067/0.036 1.746 : 1
3x 1072 Three
CW-CR 300/520 0/0.036 1.885:1
S Tik-CR 280/500 0.067/0.004 2.400: 1
ix
CW-CR 300/520 0/0.036 6.894 : 1
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FEE I V8 HE iff P . 3 A2 1) T I U7 6 ACF
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Abstract

In particle sizing with dynamic light scattering (DLS) technique, the determination of particle size distribution
(PSD), via inversing the autocorrelation function (ACF) of scattering light, is usually limited by the inherently low
particle size information in ACF data and, the lack of targeted inversion on the noise restriction and the particle size
information utilization. For the ACF data in DLS measurement, most of particle size information is centrally contained
in the decay section and the larger noise is contained in the larger delay section. However, no consideration of the particle
size information distribution in the ACF data for the routine inversion method increases the difficulty of the accurate
PSD inversion, especially the broad and bimodal PSDs. Until now, it is still a difficult problem to obtain an accurate
recovery of the broad and bimodal PSDs, specifically the bimodal PSD with a peak position ratio less than 2 : 1 and
containing large particles (> 350 nm). In this paper, a character-weighted constrained regularization (CW-CR) method
is proposed, in which, the particle size information distribution in the ACF as the base and the adjustment parameter
as the exponent are used to weight the ACF. By using the weighting coefficients corresponding to the particle size
information distribution along the delay time in ACF, the CW-CR method can enhance the utilization of the particle
size information in ACF data, and effectively weaken the effect of noise at large delay time. With this method, the
closely spaced bimodal PSD (with nominal diameters of 350 nm : 500 nm in simulation, 300 nm : 502 nm in experiment)
is recovered successfully at a high noise level of 0.01. It shows that the CW-CR method, combined with the multiangle
DLS (MDLS) measurement, can effectively make the best use of the particle size information hiding in the noisy ACF
data, and improve the resolution of bimodal PSD as well as the capability of noise suppression. So it can make the
advantages of MDLS more highlighted than the routine method in the recovery of the broad and bimodal PSDs.

Keywords: dynamic light scattering, particle size distribution, inversion problem, constrained regular-
ization

PACS: 42.25.Fx, 42.40.My, 02.30.Zz DOI: 10.7498/aps.67.20172377

* Project supported by the National Natural Science Foundation of China (Grant No. 61601266) and the Natural Science
Foundation of Shandong Province, China (Grant Nos. ZR2018MF032, ZR2017LF026, ZR2016EL16).

1 Corresponding author. E-mail: shenjin@sdut.edu.cn

134201-15


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172377

	1引    言
	2DLS理论
	3ACF中的噪声抑制与粒度信息 利用
	3.1 ACF中的噪声分布
	Fig 1

	3.2 ACF中的粒度信息分布
	3.3 ACF的噪声抑制与粒度信息利用

	4模拟数据的特征加权反演
	Table 1
	Fig 2
	Table 2
	Fig 3
	Table 3
	Fig 4
	Table 4
	Fig 5
	Table 5
	Fig 6


	5实验验证
	Fig 7
	Table 6
	Fig 8
	Table 7


	6结    论
	References
	Abstract

