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Tab. 1 List of participating companies in collaborative value assignment of particle size

standard materials and types of particle size analyzers used

Data ) Equipment used

sets No. Companies Types Manufacturers
1 OMEC Analytical Co. NS-90 OMEC analytical Co.
2 Dandong Bettersize Instrument Ltd. BT-90+ Dandong Bettersize Instrument Lid.
3 Zhuhai Linkoptik Co. Nanolink SZ900 Zhuhai Linkoptik Co.
4 China Univ. of Petroleum Zetasizer Nano ZS Malvern Panalytical Co.
5 National Center for Nanoscience and Technology Zetasizer Nano ZS Malvern Panalytical Co.
6 Beijing Center for Physical & Chemical Analysis Zetasizer Nano ZS Malvern Panalytical Co.
7 Tsinghua Univ. Zetasizer Nano ZS Malvern Panalytical Co.
8 Malvern Panalytical Co. 7S XPLORER Malvern Panalytical Co.
9 Malvern Panalytical Co. Zetasizer Ultra Malvern Panalytical Co.
10 Shanghai Institute of Measurement and Testing Technology NanoBrook Omni Brookhaven Instruments
11 Shanghai Institute of Measurement and Testing Technology Nano Brook-90Plus Zeta Brookhaven Instruments
12 Bering Institute of Petrochemical Technology Nano Brook-90Plus Zeta Brookhaven Instruments
13 South China Normal Univ. Nanoplus-3 Micromeritics
14 SYMPATEC GmbH~-Suzhou NANOPHOX SYMPATEC GmbH
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Fig.1 TEM image of standard material QBW 12001  Fig. 2TEM image of standard material GBW12011b
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Tab.2 Summary of average values, overall average and measurement deviations for QBW 12001

Data sets  Number of Z-average diameter*/nm . Intensity— - Volume- . Number— ‘ o
No. easurements Average Residual error welghled average wmghled average welg'hled average  Polydispersity index
value diameter/nm diameter/nm diameter/nm
1 5 40.2 0.12 424 36.0 31.4 0.016~0.047
2 5 40.7 0.64 43.0 34.3 28.8 0.034~0.041
3 3 38.6 1.40 37.2 36.1 30.9 0.033~0.065
4 6 40.2 0.18 43.1 35.8 30.8 0.043~0.086
5 6 39.6 0.46 414 36.0 31.9 0.002~0.036
6 6 40.0 0.025 422 35.1 29.4 0.057~0.079
7 6 40.4 0.39 429 36.1 31.5 0.018~0.044
8 3 40.1 0.09 424 36.1 31.5 0.009~0.013
9 3 40.1 0.09 41.8 36.7 32.7 0.032~0.045
10 6 39.3%% 0.77 40.0 37.7 354 0.010~0.061
11 2 39.5%%* 0.54 40.4 379 35.6 0.037~0.046
12 6 39.9%* 0.14 41.6 352 29.1 0.075~0.110
13 5 413 1.30 424 39.1 36.5 0.110~0.033
14 5 40.6 0.54 40.9 39.9 38.9 —
Overall average/nm 40.000 — 41.50 36.60 32.50
Deviation/nm 0.663 — 1.65 1.55 3.02
Relative deviation/% 1.700 — 4.00 4.20 9.30
Notes: *, also called light intensity harmonic mean diameter; **, effective diameter.
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%3 GBWI2011b#mp) Z FHRE
Tab.3 Z-average mean diameters of GBW12011b sample

Data Number of Z—average mean . . L
sets No. easurements diameter/nm Average value/nm Residual error/nm Polydispersity index
1 5 78.6,79.6,79.3,79.6, 79.2 79.3 0.86 0.003~0.043
2 3 77.4,779,78.6 78.0 2.16 0.038~0.060
3 3 78.8, 78.8, 78.7 78.8 1.36 0.020~0.044
4 4 81.4, 81.0, 82.8, 82.3 81.9 1.75 0.053~0.088
5 6 79.7,79.9,79.3,79.3,78.6,79.6 79.4 0.72 0.002~0.021
6 6 79.2,80.7,80.2,80.8,80.2,79.5 80.1 0.02 0.007~0.113
7 3 82.3,80.5,80.5 81.1 0.98 0.002~0.029
8 3 80.1,80.0,79.7 79.9 0.19 0.016~0.018
9 3 80.2,79.9,79.3 79.8 0.32 0.010~0.018
10 6 78.2,79.0, 79.4, 79.5, 79.2, 79.2 79.1 1.02 0.025~0.057
11 2 79.4, 78.3 78.9 1.27 0.029~0.073
12 6 83.8, 81.1, 82.3, 83.8, 82.8, 84.0 83.0 2.84 0.065~0.079
13 5 83.7,82.8,82.9, 82.8, 833 83.1 2.98 0.006~0.022
14 4 79.7, 78.8, 79.8, 79.8 79.5 0.60 —
Overall average/nm 80.10 —
Deviation/nm 1.57 —
Relative deviation/% 2.00 —
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Tab.4 Measurement data for homogeneity testing of standard material QBW 12001

Sample No. 1#/nm 2#/nm 3#/nm Average/nm
1 40.5 40.0 40.2 40.2
2 40.9 39.9 40.7 40.5
3 40.2 40.5 40.6 40.43
4 40.1 40.3 39.9 40.1
5 40.5 40.8 39.9 40.4
6 40.7 40.5 40.6 40.6
7 40.6 40.0 40.3 40.3
8 41.0 40.3 40.5 40.6
9 39.9 40.5 40.1 40.2

10 404 40.2 40.7 40.4
11 40.5 40.5 40.6 40.5
12 40.3 40.5 40.2 40.3
13 40.5 40.6 40.1 40.4
14 40.1 40.3 40.2 40.2
15 41.0 404 40.6 40.7

Overall average of Z—diameter/nm 40.4
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Tab.5 Measurement data for homogeneity testing of standard material GBW12011b

Sample No. 1#/nm 2#/mm 3#/nm average/nm
1 82.5 82.2 81.6 82.1
2 82.0 81.5 82.4 82.0
3 83.0 82.4 81.8 82.4
4 81.4 81.7 82.3 81.8
5 81.0 81.5 82.1 81.5
6 82.9 82.7 82.0 82.5
7 82.0 81.7 82.1 81.9
8 81.4 81.7 82.7 81.9
9 81.8 82.5 82.6 82.3

10 81.8 82.3 82.0 82.0
11 81.3 82.6 82.1 82.0
12 82.0 81.0 81.9 81.6
13 81.6 81.1 82.1 81.6
14 82.3 82.8 82.5 82.5
15 81.9 81.6 82.1 81.9

Overall average of Z—diameter/nm 82.0

24 BREMER
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Tab. 6 Measurement data for stability testing of standard material QBW 12001

Month. 1#/mm 2#/mm 3#/nm Average/nm
0 40.3 40.5 40.1 40.3
6 40.4 40.2 40.6 40.4
12 40.0 40.5 40.2 40.2
18 40.3 40.4 40.5 40.4
24 40.5 40.2 40.3 40.3
Overall average of Z—diameter/nm 40.3
standard deviation/nm 0.1

®7 GBWI2011b KEARREMEE RN E LR
Tab.7 Stability check measurement data of GBW12011b’s Z-average diameter

Month. 1#/nm 2#/nm 3#/nm Average/nm
0 81.6 81.5 81.8 81.6
6 82.2 82.1 82.1 82.1
12 81.7 81.9 81.8 81.8
18 82.2 81.9 82.1 82.1
24 82.1 82.0 81.9 82.0
Overall average of Z—diameter/nm 81.90

standard deviation/nm 0.22
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Tab.8 Uncertainties of measurement value of particle size standard materials

CRM No. u,,./nm u,, /nm w, /nm U /MM Upgpy/mm
QBW12001 0.18 0.05 0.10 0.22 0.5
GBW12011b 0.42 0.16 0.36 0.58 2.0

2.6 BE%

e 5 (U AN o B2 5 P — Rl iR . PR (A s — L 5 AN o B2 A e Je — 3 — 2
KRR EY) R B REE R IR 9 PR
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Tab.9 Certified diameters and uncertainties of certified reference materials

CRM No. Z-average diameter/nm Uncertainties/nm
QBW12001 40.0 0.5
GBW12011b 80.0 2.0

TR F8RE B A v ) 5 AN ff 5 B2 FT BCR . Thermofisher 23 ) [F) 2SR EEARVEY) A 24 . 55 40, MR 48 [ b
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H 2. 3FTAHL, SN 5250 % 1Y 14 6 2h A G HURRLEE S 5 i 1R 25 4853 3/ T 2.1 F 4.5, T A
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Development of particle size standard materials for
dynamic light scattering measuring instruments

CHEN Shengli, ZHU Xiugin

College of Chemical Engineering and Environment, China University of Petroleum (Beijing), Beijing 102249, China;
Beijing Nanowize Standard Materials Co. , Ltd. , Beijing 102200, China

Abstract

Objective As there is currently no dedicated particle size standard material for dynamic light scattering (DLS) measurement in
China, manufacturers and users of particle size analyzers in China primarily rely on standard materials produced by Thermo
Fisher Scientific. The study aims to develop particle size standard materials for dynamic light scattering particle size analyzers.
Methods In this study, dynamic light scattering particle size standard materials with nominal particle sizes of 40 nm and 80 nm
were synthesized using microemulsion polymerization. A total of 12 institutes used 14 dynamic light scattering particle size ana-
lyzers from different manufacturers to determine the particle size values of the developed standard materials.

Results and Discussion The study results showed that the two synthesized polystyrene microspheres exhibited good sphericity
and uniform particle size, with stable and homogeneous sample quality. The harmonic mean particle sizes based on scattering
light intensity were 40. 0+0. 5 nm and 80+2 nm, respectively. The measurement uncertainties of the assigned values were com-

parable to those of similar particle size standard materials from the European Community Bureau of Reference and Thermo Fisher
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Scientific. Among the dynamic light scattering particle size analyzers produced by different manufacturers, the harmonic mean
particle sizes based on scattering light intensity showed the best consistency, the mean particle sizes based on scattering light
intensity were relatively consistent, the volume-based mean particle sizes showed less consistency, and the number-based mean
particle sizes had the poorest consistency. The repeatability of different mean particle sizes measured by the same instrument fol-
lowed the same order.

Conclusion Two types of dynamic light scattering polystyrene microsphere particle size standard materials, with sizes of 40 nm
and 80 nm, were developed. These standard materials exhibit good sphericity, uniform particle size, and stable sample quality.
The harmonic mean particle sizes based on scattering light intensity for these two standard materials were determined to be 40. 0+
0.5 nm and 80+2 nm, respectively, with results traceable to the dynamic light scattering method (1SO 22412:2017). Among
the dynamic light scattering particle size analyzers produced by different manufacturers, the harmonic mean particle sizes based
on scattering light intensity showed the best consistency, the mean particle sizes based on scattering light intensity were rela-
tively consistent, the volume-based mean particle sizes showed less consistency, and the number-based mean particle sizes had

the poorest consistency.

Keywords: particle size; standard materials; polystyrene latex; dynamic light scattering
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