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Effect of non-Gaussian term on dynamic light scattering measurement
at ultra-low concentrations
FU Xiaojun, WANG Yajing, SHEN Jin, LIU Wei, MING Hu

(School of Electrical and Electronic Engineering, Shandong University of Technology, Zibo 255049, China)
Abstract: The simulated dynamic light scattering data of particles with different distribution widths were
inverted using the methods of removing and retaining the non-Gaussian term. The distribution of the particle
size information in the light intensity autocorrelation function (ACF) with different distribution widths was
calculated by the differences between the light intensity ACF and the light intensity ACF corresponding to the
average particle size. The results show that for narrow distribution particle systems, the removal and retention
of non-Gaussian term have no obvious effect on the inverted particle size distribution at lower noise levels. As
the noise level increases, the performance indices of inversion results by removing non-Gaussian term are
better than that of by retaining non-Gaussian term. For wide distribution particle systems (coefficients of
variation typically greater than 3%), retaining the non-Gaussian term can yield more accurate inversion results.
The reason for the above results is that the content of particle size information in the non-Gaussian term
corresponding to particles with different distribution widths is different. Compared with narrow distribution
particle systems, the non-Gaussian term corresponding to wide distribution particle systems contains more
particle size information. The removal of non-Gaussian term can lead to the loss of some particle size info-

rmation, thereby reducing the accuracy of the inversion results. Since the long-delay period of the intensity
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ACF contains more noise, the inversion of narrow distribution particles not only cannot benefit from retaining

non-Gaussian term, but also reduces the accuracy of inversion results due to the increase of noise.

Key words: dynamic light scattering; ultra-low particle concentrations; non-Gaussian term; particle size

distribution; autocorrelation function
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Attenuation characteristic
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1 600 nm B2 i B4 75 R [ 7K B T B 5K 38 ACF B & 0
ACF R i i 2k
Fig.1 Light intensity ACF and ACF attenuation chara-
cteristic curves of 600 nm unimodal particles at diff-

erent concentrations
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Table 1 Parameters and properties of simulated PSDs

i ffici f
Pyu/im PSD widthtype g 0 (din» dinay) /MM Coefficient o

variation/%
564 Narrow 3.5 9.8 (400, 800) 1.76
592 Medium 0.5 6.2 (400, 800) 2.70
517 Wide 0.5 2.8 (200, 900) 11.62

TE(N)=12, 24, 48 51, Kl 2~ 4 DL J 3k 2

4 564 nm. 592 nm F1 517 nm 3% 3 ZH 0k K FH 95 Fh

J7 1% B S A SR KA R PR REFE A, T Ad)

R A3 7 FE, “ True PSD” 26 7 L 5K (1) R 4
A, AL 56 18 M 75 KO- 1R E Sk 5%10°7°,

0.06

——<N>=12 (KFR)
0.05 1 \ ——<N>=12 (NGS) |
—— True PSD

400 500 600 700 800

Diameter/nm
(a) <N>=12
0.06
——<N>=24 (KFR)
0.05 —o—<N>=24 (NGS) |
——True PSD

400 500 600 700 800

Diameter/nm
(b) <N>=24
0.06
——<N>=48 (KFR)
0.05 1 ; —o—<N>=48 (NGS) |
——True PSD

400 500 600 700 800
Diameter/nm
(c) <N>=48

2 RFNGS 7577 KFR 7R ERE T K% 564 nm
BUEFE 53 7 WAL BT HY PSD

Fig. 2 Recovered PSD of inverting 564 nm unimodal na-

rrow distribution particles by using NGS and KFR

methods at different concentrations
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Fig. 3 Recovered PSD of inverting 592 nm unimodal me-

dium distribution particles by using NGS and KFR

methods at different concentrations
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4 RFINGS & KFR HEEARRE T R#E 517 nm
BIEFE 5 7 BT 45 R PSD

Fig.4 Recovered PSD of inverting 517 nm unimodal wide

distribution particles by using NGS and KFR me-

thods at different concentrations

%2 X F NGS 77i5% KFR 773% R 564 nm. 592 nm #1 517 nm 41715 PSD M RETE 4R
Table 2 Performance indices for PSD of inverting 564 nm, 592 nm and 517 nm particles by using NGS and KFR methods

PSD width type Py/nm (N) T, NGSO KFRO
 neas/ MM E,/% Vi% Prneas/iM E,/% Vi%
Narrow 564 12 563 0.18 0.41 563 0.18 0.39
24 559 0.89 0.48 566 0.35 0.36
48 559 0.89 0.45 569 0.87 0.39
Medium 592 12 586 1.01 0.36 594 0.34 0.17
24 585 1.18 0.46 594 0.34 0.14
48 583 1.52 0.46 595 0.51 0.22
Wide 517 12 509 1.55 0.64 516 0.19 0.16
24 509 1.55 0.53 518 0.19 0.18
48 509 1.55 0.50 518 0.19 0.29

MWE 2~K 4 DL K& 2 A LLFEH, BT (N)=12
B, KFR J5 7% X%t 564 nm JUk: 4 W5 B A0 B 1R 22 S 1

S5 5 NGS J5 kM [ 2 5, fEBE 19 3 M BURL ik
JEF, KFR J5 4k %) 3 Ff AN [R] 43 413 5 J3E ) J0RE B 18
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564 nm BIE % 5 7 AL TS H) PSD
Fig. 5 Recovered PSD of inverting 564 nm unimodal na-

rrow distribution particles by using NGS and KFR

methods at different noise levels
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Fig. 6 Recovered PSD of inverting 517 nm unimodal wide
distribution particles by using NGS and KFR me-
thods at different noise levels
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%3 KA NGS 7% KFR 7% K8 564 nm 7 517 nm FH AR B RE K E THTSH PSD M EEIE4R
Table 3 Performance indices for recovered PSD of inverting 564 nm and 517 nm particles by using NGS and KFR methods at

different noise levels

NGS KFR

PSD width type Pie/nm 8
Peas/nM Ey/% VI% Pypeas/nm E/% Vi%
Narrow 564 5x10° 565 0.18 0.29 565 0.18 0.22
5x107 563 0.18 0.41 563 0.18 0.39
1x107 559 0.89 0.43 581 3.01 0.83
Wide 517 5x10° 514 0.58 0.61 518 0.19 0.23
5x107 509 1.55 0.64 516 0.19 0.16
1107 509 1.55 0.55 521 0.77 0.33
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Fig. 7 PSI distribution of 564 nm unimodal particle systems
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Table 4 Volume fraction and corresponding particle num-

ber of two series samples

Diameter/nm  Coefficient of variation/% Volume fraction (N)

203 2.3 3.2x10°* 9
6.3x10™ 17
1.3x107 35
693 2.9 1.7x10° 12
3.6x10°° 24
7.3x10°° 48
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& 9 fif 7, & A “ True peak” % 7~ B 52 PSD 1) 4 {4
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Fig. 8 Recovered PSD of inverting 203 nm particles by us-
ing NGS and KFR methods
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Fig. 9 Recovered PSD of inverting 693 nm particles by us-
ing NGS and KFR methods

%5 R NGS 7 %F KFR 77 3% K& 203 nm 7 693 nm
Bt T 5 PSD KM RETE AR
Table S Performance indices for recovered PSD of inverting

203 nm and 693 nm particles by using NGS and

KFR methods
NGS KFR

Prag/m (V) Po/tm  EJf%  Ppg/om  E %
203 9 202 0.49 203 0
17 202 0.49 203 0
35 202 0.49 203 0
693 12 672 3.03 696 0.43
24 768 10.82 696 0.43
48 720 3.90 696 0.43
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