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Table 1. Parameters of colloidal particles.

14
BiF f/;lm PDI miz-jv—ls—l dexp /duni
PSL-1  80.9  0.022 4.31 0.93
PSL-2 820  0.049 5.05 0.95
PSL-3  85.8  0.047 5.07 0.89
PSL-4 825 0.017 4.25 0.88
PSL-5 901  0.053 2.99 0.96
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Fig. 1. Conductometric titration curve of PSL-4.
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Fig. 2. Relationship between electric conductance and

number density of particles for PSL-4.
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Fig. 3.
interaction potential before and after modification:
(a) PSL-4, not considered voids; (b) PSL-4, consid-
ered voids and using SI potential; (¢) PSL-4, consid-

Parameter fitting using shear modulus-

ered voids and using Yukawa potential.
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K2 JRARLT O E A R AN R R A
Table 2. Intrinsic and effective charge of colloidal par-

ticles.

BT Z z: zy 2y 7y Zhge

PSL-1 9173 668 277 368 372 487

PSL-2 11514 650 302 380 412 495
PSL-3 10289 705 299 370 416 517
PSL-4 14296 736 300 459 529 499
PSL-5 12622 672 380 466 572 544

2 60%, 5 3CHR [11] RS R B B DL Rk
d A AR E FLRRIN b C R0 28 Ay v BEOKE ] A
AR A, Bl o Sae I ) BT DR R A T
R AT R i, (8 A2 IR BB 2 B AL BRI
SN FEAR A L EE).

5 % i

A S X LAy RORE T R A AE FLBEE R
PR AR R, A E L IRIE I T A AR
Kot By DI, s S AR B TR T
PEA AT, TR IR SR 5T A R AT
A R AT AT TS b R R R, R
ikt 7 A B A, R T I S A FLER
s, AELE A o8 R R 5N T SRR I
AH JFEA T STAH AT I #5oRAH Yukawa 1
. i SEIE A5 RN R B, A R IE 1Ok R
RUAG B (5 A R AT I S T 23 A — A &
HELAT 10 4 R BE ORI, TR U [ B A R AR
B E N 512937 )7 — R Z IR, WA
ROGAE T AR O A B, £ — SRR R T
LRI AN B8 FHIE A2 A 2% Ay BT 237 9 — A A 20
Al BT DI SR PERCR I AL Bk, BB T A F TR
A ROBAT 2 RN R AR, FEE R DY A ATk
—b T EAE R AR5 A RO AT R 2%
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Abstract

According to the existing shear modulus-pair potential relationship model for colloidal crystal comprised of highly
charged colloidal particles, the calculated shear moduli of colloidal crystals are much larger than the measured values
by the torsional resonance spectroscopy (TRS). Moreover, by using the relationship model, the effective surface charge
of colloidal particles, obtained by fitting values of shear moduli measured by TRS (effective elasticity charge), is smaller
than that obtained through the experimental method of conductivity-number density relationship (effectively transported
charge). So far there has been no practical explanation to this discrepancy. Our analysis shows that this discrepancy is
because the existing relationship model is for the perfect crystals and does not include the defects such as voids which
can result in the decrease of mechanical properties of materials. The existing shear modulus-pair potential model will
be improved by introducing the effect of voids, which is inspired from the Gibson-Ashby model in the study of cellular
solid. The Yukawa potential, which considers Coulomb repulsions between colloidal particles and is usually used in
the model expressions, will be substituted by Sogami-Ise potential, which considers a long-range attraction in addition
to that Coulomb repulsions and accepts the existence of voids inside the colloidal crystals. For five different kinds of
highly charged colloidal particles, the shear moduli with different volume fractions are measured by TRS. Then the
fitted effective surface charges using the original and improved model respectively are compared with each other. It can
be concluded that the effective elastic charge obtained by the improved model is more suitable and much closer to the
renormalized charge obtained from Alexander’s method. It is also clear that neither the effectively transported charge
nor the Alexander’s renormalized charge can be used to evaluate the shear moduli of colloidal crystals with voids inside.

These results can also let us further understand and use the effective surface charge in the colloid studies.
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