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Fig. 1. Dp of polystyrene particle in water.
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Fig. 2. Dp of silica particle in alcohol.
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Fig. 3. Typical photon correlation function.
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Fig. 4. Sketch of dynamic light scattering system.
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KN ACS 2%, 2N GR . 7 B4 1 Bk
& 290.01%—0.09% 0 [l P9 (< BE 1 524 0.01%) 1
IR LM R+ 7K 43 B R AN A RE RO + 2
IR, 1E293.15 K. 8 R &AM TR IR P2
RAEENERBIREE R EE TR R EHTZ
DML B, BCHP A AR I A5 R, ik 2 AN
K 3FHI.

K1 FERBURL S
Table 1. Parameters of probe particle.
Bifg/mm W /gem™3  ¥HE/20°C  HaR/% /%
BRI LI RhL 200 1.05 1.59 5 3
ZARARREEURL 200 2.20 1.45 5 3

2 293.15 K, BRI LIHPRAE K AP SRR T BB 8 R $00E *
Table 2. Dp of polystyrene particle in water at T' = 293.15 K.

Dp /10712 m?.
e/ % Dg/10712 m?.s
1 2 YR 3 W& 4 R SFE
0.01 2.076 2.058 2.038 2.057 2.057
0.02 1.982 1.986 1.990 1.989 1.987
0.03 1.928 1.927 1.928 1.930 1.928
0.04 1.828 1.818 1.838 1.836 1.830
0.05 1.757 1.765 1.758 1.779 1.765 2.127
0.06 1.704 1.707 1.690 1.704 1.701
0.07 1.630 1.626 1.643 1.630 1.632
0.08 1.557 1.556 1.560 1.555 1.557
0.09 1.497 1.492 1.496 1.497 1.495

*VE: REMEATE /N T £0.01 K

#3  293.15 K, “SEMEERURLE LB PSR AR-P R Y BUR B0l
Table 3. Dp of silica particle in alcohol at T'= 293.15 K.

Dp/x10712 m2.s

w/% Do/10712 m2.s
1 & 2 & 3 K& 4 FHIE

0.01 1.945 1.947 1.948 1.946 1.946

0.02 2.055 2.064 2.063 2.053 2.059

0.03 2.207 2.197 2.228 2.188 2.205

0.04 2.353 2.364 2.354 2.352 2.356

0.05 2.433 2.442 2.501 2.457 2.458 1.825

0.06 2.577 2.573 2.606 2.578 2.583

0.07 2.700 2.701 2.695 2.701 2.699

0.08 2.807 2.792 2.812 2.807 2.805

0.09 2.977 2.941 3.009 2.948 2.969

* o EEEE A E/NT. £0.01 K
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PR R E Dy = 2.127x 10712 m?.s,
AR AR UK AE £ BE R ) B ORE SF B T H R 2
Dy =1.825 x 10712 m2.s.
FIH Eok RO F B R Ho) i A5 3 SE e
R O R — A AR SRR AR . BT
HO R, KRN 2 RE R FEAE 35 B KA dE R
W 78 BT AT BRI A 40 B8 12 5 b 44 250408 5 (NIST
Standard Reference Database 23 REFPROP 9.1)
HEARIP 29315 K, ®WIE T, KM L EER EAE
73 H1°41.0016 mPa-s, 1.1959 mPa-s, 1T 515 FIFrFR
HARHIA 200 nm [ 5K 205 A A ARV [k
&, 435108 201.56 nm A1196.72 nm, Fokik 20 &
25 5 FE SR BRSSO AR AR ELAR I M 2 4 Sl
0.78% F11.64%. K5 FIE 64 H T B 2K L) Bk
AR A R UL (1 9 4 T BB (SEM) 44
BIG, IS8 RS REA—

K5 JRZIEHIR SEM HL g4 R

Fig. 5. SEM result of polystyrene particle.

Kle —FLRERUR SEM HLERZE R

Fig. 6. SEM result of silica particle.

FE3RAT O F R2 3 B R B Do 5, T HL 2
FI(5) S0AE e i B L 1 TAR DT R, 5 b

AN 7 BRI 5 ORLF RS 5 B R B0 Do A1 ARL
PIFRFR E AN (5) X, THEA 2] &, 293.15 K
TN AKRN 2T ) B R S5 4E 43 3 29 1.009 mPa-s Al
1.177 mPa-s. KA 7 I ERAR %38 F H %
T 7 EE IR B W IR 293.15 K N 7K AN 2 1% (1 286 18 52
BOAH; 5 A SCK R T 26 5 S 06 45 SR R0t Bl 1
SIS, MRS Al LLE M, & K. 293.15 K F,
7K BRI A 5 SR A ) 4D AF K Al 22 268 %65 7 304 R
0.63%, H 5 EProK &M 2 (TAPWS) 4
F£{H 1.002 mPa-s b4z 291 A 22 8 0.70%; 2,
TRt (14 0 2 L 5 SRR AL 18] 1% T Al 22 468 % P S50 4F M
0.40%.

T4 KRB E293.15 K N HIB 1 Se 05500
Table 4. Viscosity data of water and alcohol at T =
293.15 K and p = 0.1 MPa.

il e

K Zhang[26] 2004 B 0.1

KFEIE RIS ATERE/%

Dominguez 271 2007  XUEHEE 0.6

Gong 28] 2011 EBME 0.5
Xu [29] 2015 EBQME 1
2 Kumaga [30] 1998 4 1.3
Fang [31] 2005 BYE 0.2
Fang [32] 2015 BRI 0.5

®5 KHZEEAEH E.293.15 K TR S SCHRE X EL *
Table 5. Experimental viscosity and literature data at
T =293.15 K and p = 0.1 MPa.

#H1 5 /mPa- S D
WA VI [mPa-s 100 x M/%

ASCIEAL  SCHRSEs i
K 1.009 1.002 [25,26] 0.70
1.003 1271 0.60
1.004 28] 0.50
1.002 [29] 0.70
AARD 0.63
7B 1.177 1.184 1301 —0.59
1.170 1311 0.60
1.177[32 0.00
AARD 0.40
N 100 X | mpr
*JE: AARD/% = WZ s 1‘
7 Tz
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Fig. 7. Agglomeration of particles.
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Abstract

Dynamic light scattering (DLS) technology has been employed to measure the hydrodynamic diameter of particle
and liquid viscosity by detecting the translational diffusion coefficient of Brownian particle in the suspending liquid.
The interaction between the particles in the suspension may lead to unpredictable deviations when the Stokes-Einstein
equation is applied directly in the measurement. In order to solve this problem, this paper deduced the Stokes-Einstein’s
equation and introduced the One-Parameter Models to modify the existing DLS measurement principle. Based on
the One-Parameter Models, the linear relation of collective translational diffusion coefficient with the single-particle
translational diffusion coefficient and particles concentration was established and verified by the measurement under
low particle concentration, which was introduced in the DLS principle. The improved method was able to obtain the
single-particle translational diffusion coefficient, then the problem caused by the change of particle size in the suspension
was solved. Compared with previous methods, the improved method can be used to measure the nominal diameter
of nanoscale spherical particles and absolutely detect liquid viscosity. The fundamental principle of detection by light
scattering was explained and a DLS experimental system was established for the measurement of viscosity and particle
size. The two dispersed systems of polystyrene particles + water and silica particles + alcohol were considered as
the samples for reference and measured to verify the reasonability of the improved method presented in this work. In
addition, the influence of temperature and particles concentration on the collective translational diffusion coefficient was
detected for this two dispersed systems. The interaction between the particles in the suspension was analyzed based on
the experimental results. In a two-component system composed of rigid particles and liquid, three types of force act
on a particle, which included the “Brownian” force, the direct interactions between the particles and the hydrodynamic
interactions. The combined effects of the three forces can be qualitatively described as attractive or repulsive. The
collective translational diffusion coefficient of the particles in the suspension increases with the increase of the particle
volume concentration, indicating that the force between the particles in the suspension is repulsive, and vice versa. In
addition, it was confirmed that in the ideal thin suspension, the Brownian motion of the particles increases with the
temperature increases. The experimental results indicated the attractive forces among the polystyrene particles in water
and the repulsive force among the silica particles in alcohol. The relationship between the second osmotic virial coefficient

and the law of particles’ collective translational diffusion coefficient with particles concentration is discussed.

Keywords: dynamic light scattering, translational diffusion coefficient, particle diameter, viscosity
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