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Measurement of non-spherical nanoparticles based on polarized
image dynamic light scattering

WANG Bingyao, CAl Xiaoshu, CAl Tianyi, ZHOU Wu
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The functional properties of nanomaterials are closely related to their particle size and
morphology. Image dynamic light scattering is a fast, accurate, non-contact method for measuring
nanoparticles. Combining image dynamic light scattering with polarization scattering, a method for
measuring the morphology of non-spherical nanoparticles was proposed. Theoretical analysis showed if

the incident light was vertically linearly polarized, the scattered light at different polarization direction
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related to the shape of measured particles. A polarizing camera was used to measure the dynamic light

scattering signals of spherical and non-spherical particles at 0° (vertical direction), 45°, 90° (horizontal

direction) and 135° at 90° scattering angle. The results show that the degree of linear polarization of

spherical particles is close to 1, that of octahedral particles is slightly less than 1, and that of rod

particles is less than 1. The degree of linear polarization of non-spherical particles such as nanoplates

and nanowires has been reduced to different degrees. The linear degree of polarization was defined as

the optical sphericity to characterize the particle morphology. The particle morphology distribution of

nanoparticles can be rapidly measured by using the polarization image dynamic light scattering method.

Keywords: dynamic light scattering; nanoparticle; particle morphology; polarized light scattering;

distribution
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Fig.1 Schematic of polarized image-based dynamic light
scattering measurement system
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Fig.3 Electron micrographs of several non-spherical particles
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Fig.4 Polarized light scattering intensity of nanoparticles with different morphologies
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Tab.1 Normalized polarized light scattering intensity based on total light intensity of particles with different morphologies

URIANSE I/l L/l Lo/l Iiss/l

BRI 122 nm 0.996 0.492 0.004 0.502
ZKHFE 20 nmx34 nm 0.895 0.497 0.105 0.514
YK 20 nm*46 nm 0.775 0.498 0.225 0.512
YoKHE 20 nmx51 nm 0.755 0.500 0.245 0.509
A% 20 nmx60 nm 0.743 0.500 0.257 0.516
J\TE{A 89 nm 0.993 0.473 0.007 0.525
\THIA 121 nm 0.993 0.471 0.007 0.528
J\Ti{A 223 nm 0.989 0.480 0.011 0.516
KA 0.761 0.511 0.239 0.501

YK HB 0.765 0.502 0.235 0.511

ELP/S54 0.675 0.424 0.325 0.588




388 FoW T Ok % R 2024 1F 2B 46 &
1.0 1.0 1.0
0.8} 0.8} 0.8}
— I
0.6 0.6} 0.6}
s 3 3
— LI 0.4+ 0.4} 0.4}
— Ll 02} 02F 02F
0 500 1 000 0 500 1 000 0 500 1000
USRSV S R Bk 8 Bk
(a) 9K#% 20 nmx34 nm (b) #>KAHE 20 nmx46 nm (c) AKAE 20 nmx51 nm
1.0 1.0 1.0
0.8} 0.8} 0.8 L
— I
0.6 0.6} 0.6}
s 3 , 3
— Lyl 0.4} 0.4} 0.4}
— a1 02f 02} 0.2 [+
0 500 1 000 0 500 1000 0 500 1000
e Bk e Bk 8 Hicht ke
(d) 442K HE 20 nm*60 nm (e) KA [OE:ES::
1.0F 1.0 1.0
0.8+ 0.8} 0.8}
— I Y W g
06} 0.6} 0.6 o ey
— LI ~ ~ ~
45 ::b r' :m E
— Lyl 0.4 0.4t 0.4 [mrimhmnm bt imng g
— sl 02} 02 02 " 4
0 500 1000 0 500 1000 0 500 1000
8 Bk e Bk 8RRtk
(g) /\TE A 89 nm (h) BRIEZAORL 122 nm () Ak

5 ARERIRMAKBH Y RIRACST LR (BERIF—)

Fig.5 Polarized light scattering intensity of nanoparticles with different morphologies (normalization of total light intensity)
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Fig.6 The degree of linear polarization of nanoparticles with
different morphologies
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Fig.7 Electron microscopic photographs and DoLP of three kinds of octahedral particles(the red square in the picture)
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Fig.9 Measurement results of octahedral particle
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Fig.10 Optical sphericity (DoLP) distribution of nanoparticles with different morphologies
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