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Abstract: The effective surface charge of colloidal particles is an important parameter for calculating
inter-particle interaction potentials. In this study, we investigated the effective charge of seven kinds of
polystyrene particles having different diameters and surface charges. Two methods, conductivity-number
density relationships and conductometric titration, were used to measure the effective charges. The results
obtained from the two different methods show small variations of 7% . The effective charges were also
calculated from empirical formulas and found to be twice as large as the experimental values, indicating

these formulas cannot be universally applied to all colloidal dispersions.
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Fig.1 Sketch of the experimental setup
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Fig.2 Changing tendency of the conductivity of water in

the process of deionization
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Table 1 Transported effective charge measured by
conductivity—number density method

2a/nm PDI 10%u,/(m?- V™" +s7™") Z,
PS0524 106 0.04 -5.0 561
PS1213 92 0.03 -55 600
PS0927 84 0.03 -6.2 575
PS0530 94 0.05 -4.6 781
PS0817 100 0.05 -53 980
PS1201 102 0.03 -5.1 969
PS0906 112 0.04 4.4 970

a: radius, PDI: polydispersity index, u,: mobility of particle,
Z,: transported effective charge

IS, SRR T b oI — g K, RETT
Jeb i B AL KAE RGN RIS 25 181, TR I 0L
W T R AR, K 3 R A AR A
i, 1 #% W 2% (Eppendorf Research, Germany)#%
W H KPS LB (R I PS SR 2 0, B
HURE D 100-150 L ANS) N 2 fi it b B A
(1) PS FLIBUAE U5 2 ARG ik~ S KIR G A
—[RIEE AR R G LR T, L TR R KGR
Pl 1 IR 1 A4 T 8 i, X 5 SR>
7 VR R AL, SE T A L B T TR A E AN 2
o PR S AT D PP RS A /) ST AT RE B
BRI ALK, D 25 1 B IR AE 25 8 T 2 AN L e
M. AR RIS )G, SR BEHEAG S 25, LA
E G 0] P R A B . RS R L AR AN
AT, R B0 e (29 2-3 min) 5 i @RI T
L ANEUR LRI R S TR A
HUm LT I, B U2 K PS LR AT 3RAF
FEAN B0 LN A L 3 ) Tl % S e R R T
KU LB 2 RTA] 15 2T 88 A S A, ARG o)
HTANSLIG 25 2R 0L 3.1 71y
223 WMEAREAHMNELE

P, 3V U R E A R A I, SR T
PS KL JiHE 53 UAE 1%—2% 2 1) (¥ IR AR 5 98, 48
FH B W45 N 20-40 pL ¥ & 24 0.01 mol - L™ (1
NaOH ¥, & 245 Ja il A I (s 1k 3 Pk 5 2
2-3 min) ¥ LT A, BRI — X NaOH #5 ¥ J
WOk KR IR R B T RS BT
1) Ay, 3k B 5858 10 b I B Bk BRI A5 0k oA
NaOH ¥ ¥, 18 32 73 B ¥ 0 HL 3 2 BE I\ NaOH
FR) 5% 28 i 2k mT 45 21030 58 A R RLA, AH G2 BT A S
gL 3.2

T BE S L M AT A 0 A ) S )



No.6 Ji 5 A 5 AL 3 TR A 230 HLA ) S5 B 1263

FEBEAT LA, AR SO BEAT I A7 280 B 00 A
(1 2 FL 5 230 — 0 o 2 R 2 TR A v R O
HABHE 1%—-2%2 [7)).

3 #FR5E
31 IBEYHERHNEREMERSH

Hessinger 55 "I\ ¥ -0 T A w7 L4170 112 8))
TR OO W 5 e AT Dk, e T B A A
I, FLRR T — A SRR R AR B — A 43 A
RSN R

0=0¢t+0os= neZ;(,up )t og (1)
Horh o JE R LT 2., a0 Mo 43 ) Ak 1 () FEL
5 ORI SR AR (R YR T K ) R R
). nRERLF B S, e &AWL F BTy f i, g, F
Lo 53 A AR T H (E 2R T PS MAOkL T 3%
T P RBE T A /K P PR L) (R IT RS 26, 2, B0 A R A
DA RE 1TV e SRR SRV R i /AN W G D LSRR T
$(36.5%107 m*+ V" e s7), p, 1] LUFH O 22 35 40 0
ACINAR, LERRAC IR 5T 0, B H50350 255 365 i v 386K, 0%
FEE 8 v I, g, R i 0, S0 I A g, T Y TR Dy 4
10°-8x10" m*- V"'+s7". AR, WV 1) HL T R o TR 1
BB n Z TH) AL S 1k O 2R, 3l I ) X o 2 ()
(IR &R, kil LAV 5743 BER G R A 5 2,

SEIG T AS I R AARE T PS0524 llo—n % R TN & 3
P, B () mi 2 S Bl A I L 3 2R, B4R R Stk
PG B 5 L, T D Jle A A 2R (1) v 5 2R ROR T B

TR RIFMENECR, @RI AR 2,

561, HZ K1 o—n KR MW E 4 P, W] Wo—-n 1t
JIAT AR & P R R AR AP IR e 1 DG R T LR
(52, T, BIASTA]L, T 4 P RN AN REAR 3
T loRL 7~ 3R TH AT B 2 D ARSCEST T T RloRiAR

12r = conductivity el
---- linear fitting u

10+

o/(uS-cm™)
»
"

0 EI') 1IO 1[5 2]0 215 310 35
n/um=
3 PSOS24RYE(ER-_HEEXR
Fig.3 Relationship of conductivity—number density for
PS0524

20+
15+
=
[&]
@ 10}
=
B —a— PS0524
—e—PS1213
S5t ——PS0927
—v— PS0530
—e—PS1201
0 1 1 1 1
0 10 20 30 40

n/um=
El4 EXHRATERRNBSE-HEEXR
Fig.4 Relationship of conductivity—number density for
more charged particle systems

KNS B AN 7] 1 PS KE 1 (KT R AT R Ay, &5
g 1 fior.
3.2 FEEBYMEBFHNEREBMERSH

FEREAT H T 00 22 I, IR 46 HL T R e, 1T LA
B kR R

0o =Ay[H']s + 2, [P] (2)
FL P D R 2= 4 S0 Ay 8 15— RO 119 A B R R H 5
2, [H AP435 0 1 B A R B T Aok 1
I 2. B NaOH [N, OH 1 H' [ H Fl s b fiff
T H R BE BT RN, HL T A B
T 0T 26 RN, T HOR 8 A T AR, W 3 R
Fl e /ME. AR5 B NaOH 4k 220 N, OH ¥k Ji Y
K, BRI H S R TP UG B TE. e 2 &, W
W H 58 44 1] 5 Y Na B G H Na AN 2378 PS Fi 1
T = AR e R B 7 B Na B R T 2 1 (1) 43
A 15 UF0 HARARL, B2 30 7 2% RN HL 5 R o
CINYNEYSE

0e=Ang[Na'ls + 4, [P7] 3)
T e H Na (R4 BR B IR L 53556, [Na' o B0 51
(R FE, BB EL AN H ) A 25 T4, fREE A 2R (2)F1(3)
sty DA H e

[H']r =(00 =0} (A = Aone) 4
M) T a] LU Y, 3 A H S T AR
N AR 52 ¢ s NI 22 501, 32 LR YR T HOR Na i B
R 2 ). RT3 THI (1T 1 2 2 50 mT DR 48 7 e 2%
U I FE 119 NaOH AR FR Vaaon FIHK S Crvaon V5 HY
ke

[H 1= CraonVxaon/ V (5)
T VT e 2 R AR, B A (4 AI(5)
ST AVHEH B H RS



1264 Acta Phys. -Chim. Sin. 2013

Vol.29

SAHT/[H o (6)
L1~ (R0 2 3 11T LA 2 B o P R pR T Sk B4 )
_ 104CNaOHVNaOHD
0, = 6mW (7)

2 DKL (R LA, mw 2 ¥ 28 T AR I TR A4
PR J5 R A o BT F 5 2 B 3 A HL i i
Z. 550 5 FoA o LA IR RO

2
ZHZM (8)

e

1380 M Z )5, 43 WA LL B B T R BT LS 2
T 2 7 255 HE o 3 P o R S A R AT B 2.

AR S E I T B ) 7 B PS R
T, RN TR 2 20 WER T AT LU H, AT R e
K Z Lo M W AT B Z /MR 22, U B B O
H 9k & ) R4l b 1 3R T, RS AR 5 1) B A
M, A D80 AR T 802, 13550 H iy
H A FIORL T 1A B0 AT S (A R . B H AR L HY
(R EE AR AR A A H B 1 AR B AR S A 1) A
0.039-0.078 Z [1], FtSCHR " b A (0.3 22 A7) /MR
%, AE R SCHR 2 A i be A e, DR [RI AR =T
K AR B BT A B PS BT T R B
FHERONIIE2
3.3 ZRBERSR

TR b, AT e A S Z R
BHART Zo" LA B P A 22 56 28 sCTE B 1R A7 R0 LA 41
TR 3, 2K AT R A10(Z/a) % 1532
J e L Z, 043 Z.; 450 4 N1 Ine=0.49In6,~1.0,"
1380, 2 Ja FHEL Z, J7 iR o X (8) 5L

MR LUE H, 6 T AR SO BT F ) 7 R PS R
T, JCVE A i IR A LI, RO T R
SE FALAar BRI A% HEL AT SO AR 200, IR ZEAE T% LAWY,
IF) IR 3 i 20050 2 LU 3 o P ey BORS /— 2, JR [A]

R2 RSBEENSHRTSH
Table 2 Parameters of the particles measured by
conductometric titration method

o./(uC-cm™) A f o/(uC-cm™)  Z
PS0524 4.12 9085 0.065 0.27 591
PS1213 5.37 8920 0.069 0.37 615
PS0927 5.69 7879 0.078 0.44 615
PS0530 6.16 10682 0.074 0.46 790
PS0817 8.73 17133 0.061 0.53 1045
PS1201 8.93 18233 0.055 0.49 1003
PS0906 10.4 25602 0.039 0.41 998

0. analytical charge density, Z.: analytical charge, f: fraction of free
ion coefficient, o.: titrated effective charge density,
Z.: titrated effective charge number

R3 MEAYRG.IBAYRGT.ZRARNAHBRETZ
18] ) EL %2
Table 3 Comparisons among titrated, transported, and
empirical effective charges

Z. Zs Relative error/% Zepiicatt Zempiica/Ze Zempiricain
PS0524 591 561 -5.00 1483 2.5 1623
PS1213 615 600 -2.51 1319 2.1 1392
PS0927 615 575 -6.44 1196 1.9 -
PS0530 790 781 -1.20 1391 1.8 -
PS0817 1045 980 -6.23 1607 1.5 -
PS1201 1003 969 -3.37 1653 1.6 -
PS0906 998 970 -2.85 1906 1.9 -

Z.: titrated effective charge number, Z,: transported effective charge,
Zewpisicart, Zempiican: €ffective charge calculated from empirical

formula I and IT
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