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Fig.1 A diagram of position of the shear plane in the diffusion double layer
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Table 1 Chemical and physical properties of the soil samples
T Y
Eyil SRAEH CEC HHLE Content of mineral ( % )
pH
Soil type Location (emol kg’1 ) oM ( g kgil ) £ KA hiviipa 3 e [y
Quartz  Feldspar Ilite Smectite  Vermiculite
R R
R4 0 1
Tongnan, 4.65 13.1 17.98 68.0 2.4 9.7 4.5 6.8
Acidic purplish soil
Chongqing
i RALES
IS Suea '
Beibei, 6.99 25.8 20.35 242 33.2 8.6 8.8 8.7
Neutral purplish soil
Chongqing
ARV A HIKE)
Calcareous purplish  Hechuan, 8.70 17.1 3.58 56.6 10.9 10.5 5.5 8.3
soil Chongqing

3 4iR5THE
3 EMEETRARERHEE

R B0 e A R % T TR OB A E B
Na'5Ca™ RA KRR T I %
_ SCN x Fx10 "
- S
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PSR O MR B 2 T L e R R AR — Y, AR

(13)

G,

At9,

2RT

(14)

A F o T RER, oA F
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Ca Na
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Hp.,=-0.02131n1""+1.2331, f\,=2-fc.,» NANa Fi
Ca AW PR i, 12 R AR R V5 0 HP S 58 B 14 SF
o fERPE (R pHLA AT ) KT, M4EE
WM S B VR RN N 43 S0 B I b T
Ca” FINa" W (o’ ena’) VUK AT 45 21 A 1 )
Vi, IRY B2 WM T4 (Ne,. Ny,) , #HiX
HRARIRARK (13) ~X (15) , Bt 6
TR AT A, MO T 3R2,

Hak FR SR AL, SR R A E A8 B =
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Table 2 Surface charge density of colloidal particles of three purplish soils in neutral condition
e c on U I Ne, Ny, s ? %
Soil type — (107 mol L") — (nm)  (107mol L) — (102 molkg”) —  (10°m’kg™) (mV) (10°Cm™)
FRPE4tnt 237£0.17 825+041 248023 887+042 9.15+020 210034  73.1+24 -82.8+52  2.69+0.33
Acidic purplish
soil
PPt 022+0.06 7.73+£042 336+0.15 4302045 11702024 2732032  362+3.0  -159.6+103 6.95+0.57
Neutral
purplish soil
ARGt 1.29+0.08 7.92+0.15 2.83+0.05 6.54+025 1040+0.10 2.50+0.18 72.7+1.9 —98.1+0.5 3.09+0.09

Calcareous

purplish soil
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3, RMBAEAE (-102.9 = 3.3 ) ~ (249.7 =
7.6) mVZIE, X575 Y R 0k
TF 5T — ol 5% €0 - JoURE 35 7 H far M T 245 R AR — B
TE3. U, FTH A fr 5 BEE AR I SR A 1 >
ARG > REEO L, PHEEO - RIKR
A7 J5 et A HERORE L o B e 22, DR O T LA 408 %)
(EEE NS

=R AR BUR R L ¢ VR H i R R

#3 1 1EBRBRARTERELREREEMSzeta B AIE LR

Table 3 Zeta potential ( { ) and surface potential (¢,) in 1 : 1 electrolyte

el 0.0002 mol 1" 0.0005 mol L™

0.001 mol L™

0.005 mol L™ 0.01 mol L™

Soil type ¢, (mV) { (mV) ¢, (mV) { (mV)

¢0(mV)

 (mV) ¢, (mV) ¢ (mV) ¢,(mV) { (mV)

R At -2024+38 -455+3.0 -1789+4.4 -39.7+1.7 -161.1 +4.9 -37.9+2.3 -1202+2.8 -343+2.4 -102.9+3.3 -30.9+ 1.9

Acidic purplish

soil

PRt 2497476 -44.8+2.6 -2262+87 -43.9+3.3 -2084+83 -40.4+29 -167.2+59 -38.7+1.1 -149.4+64 -33.6+23

Neutral purplish

soil

ARPEEMA L —2103+£24 —41.1+2.0 -186.8+1.9 -40.1+2.5 -169.0+1.6 -40.7+1.8 -128.0+1.5 -383+1.6 -110.5+ 1.4 -324+1.7

Calcareous

purplish soil

zetaBL A (HTE (=30.9+1.9) ~ (-455%£3.0) mV
ZIE, X5 AR LT P AR E Y
H I A R zeta L SZ 7E - 15 ~ =60 mV 2Z 8] 1 45 5 &
FLEE WA 1) o N33R AT LU H 7 A [m] H g o ok i
AT, IR AANIUR, 2 18 FL A 5 zeta FEL AV {H AH 22
e R, XEEME DRI Lows T Y 534
b 52 i A0 0 ) et L A7 RT3 T LAV 2 5 465 SR — 3
M o 33X A 3R W i 21 J2% 2 UK 2% 18T Stern BE 29 00
PR, AR A6 A (] 4 A0k 2 187 H A Al zeta BV {E T
B ZEE AT, L 1R R R D
Wit 5 FL i S e B A, =R R (A v i A
Hzeta o7 4 X R BB/ N H, {HzetaHd
A7 28 X6 V8 /)N 118 i R 22 S A1 T 3R T FL 6 A Y AR Ak
MR .
33 1 12ERERATEGLRET #BNBEE

HEHNEEE

W 3275 A B A A AR R 2% 1T H A i R
zeta L AP EAC AR (3) . 2 (4) Ik (5)

] I = N W BV i NI e S A O S e 4
PR ITORE Y 2h 2 T A 2 R A, HR RS
RF) T R4, B B FETREMN0.01 mol L™'FEAE
% 0.000 2 mol L', FRM: LR+ i (A ks i 5 )2 8
FEM2.97 nm3EANE18.19 nm, k88 1 e 4 i
iU 2R 3.09 nm¥E N E 19.00 nm, £ KM
St R IORE M 3 J2 5 BE L 2.94 nm 3 il %220.28
nm, ?%@jgggi@%Xﬂ%%EPSternE? (EE%%%E
290.5 nm ) ik, H/NFHE R TR )ZEE
E, BDEETGouy)Z . [AIMF, 781 o fif I ik 3 45 1
T (0.000 2 mol L7") , =48 (n + i A ks i 3l
FIEEREAREEZER (p<0.05) , TEKHfF 5
WP ZE TR, I 3.2795 AT 0 = b 48 0 4 i A BkE 36
T FL AV (R AR A A G K Frzeta i (7 AR LG H, X
Sk HE A R 1 B )2 T R R M A JUR 2 1T R S
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Table 4 Thickness (x,) of the shear plane of purplish soil colloidal particles in 1 : 1 electrolyte
K7 0.000 2 mol L' 0.000 5 mol L™ 0.001 mol L™ 0.005 mol L™ 0.01 mol L'
Soil type I/k (nm)  x, (nm) I/k (nm)  x, (nm) 1/ (nm)  x, (nm) 1/k (nm) x, (nm) I/k (nm)  x; (nm)
PR 2 5 1 21.7  18.19+0.24 13.73  12.87+0.21 10.65  9.27+0.15 434  3.64+0.19 3.37 2.97x0.12
Acidic purplish
soil
kg 21.7  19.00+0.27 1373 12.11+0.13  10.65 9.21+0.23 434 4.10%0.22 337 3.09£0.16
Neutral purplish
soil
LRPEZM L 217 2028 £0.19 13.73 1276 +0.15  10.65 8.76+0.18 434 420x0.17 337 2.94x0.11

Calcareous

purplish soil

=R SR 0 B A URE Sl R R B B A 2
(p>0.05) , Kt HUAR AR EERTIN, 3 BOBUE JZ 98
Fedii, AN [ - S AR R i L S A zeva HEL (L 22 57728
JIN, TR A S AR R 6 2 2 TR 2 S AN
T 8 e A AT 149 2 B i 6 L e D
. HEERIEEASH, X S A8
M 430 0] H B F A Tk B2 S, S A
B J2 B U R J2 TS AT o Bl VL e o v JEE
S, PR AL UL 2 JE R T 4, 3 i HL S (L
zeta LA (H 7R AL IR BE R REAS — B, BT AR B St ML
Hro BRI R, AR R R R B B
RLEER Oy BUAE R, AR S S,
BER . WARBIIEETRKE , Bk, Hah
JRIEREASHE, A A T AR AN BLRE AT, 0K [R5
TSR, B RAEER

34 2 1BBERBRARTEELEEKT BWNER

HiENREEE

H 0 Y R T L er 2 EE AR (12) TR RN
MV EE T2« 1RVEL R IR R T R ALAL, 2545
TF5, HAETE (-403+2.1) ~ (1124% 47) mV
ZIE, R R E s A S A ST
Ko+, Eflzeta B HAE (-12.9£1.7) ~
(-19.4+0.9) mVZ[H, =F5@t7E2 0 178§
fiff ST K 22 v 2 TR b 57 0 zeta L 57 1 A P, 90 J500 AR JF 344
TN AEfE R S 1 1AL R R R R A — . (1
S, TEAHF AL MR UM BE 2R, A 2 1A AL I
1A 25 v 2 T FL A Rl zeta LS, 46 (B 4 G2 1 1 = 178
HURFIR R, HAFgeE 0 7 WA A R A A,
PRI A BH B 0L H 23 v Rl F 3 1) i ) LR
FT—MHET.

x5 21 EBBRARTERELRERE RS zeta B AI{E LR

Table 5 Zeta potential ( { ) and surface potential ( @,) of purplish of soil colloid in 2 : 1 electrolyte

T 0.000 2 mol !

0.000 5 mol L' 0.001 mol L™ 0.005 mol L™ 0.01 mol L™

Soil type ¢, (mV) { (mV)

Btk t 887+ 1.5 -17.1+12
Acidic purplish

o (mV) ¢ (mV) 9 (mV) ¢ (mV) @ (mV) ¢ (mV) @ (mV) ¢ (mV)

-77.0+£2.0 -17.6 1.8 -68.2+23 -157+1.6 -483+0.9 -174+0.5 -403+2.1 -129+1.7
soil

PG L -1124247 -194209
Neutral purplish

-100.6 £3.5 -19.7+12 -91.7+3.6 -169+2.1 -712+19 -165+08 -625+2.7 -173+14

soil

LIIRNEZE(M 4 —92.8 +1.4 -18.6+1.4

Calcareous

-81.0+1.7 -189+13 -72.1x15 -17.6+06 -520+1.1 -147+19 -438=x13 -148+09

purplish soil
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PR s A3 E]2 ¢ 1 H A AR FR o g i AR
L2 T L AE Ml zeta A EBIEICA (9) . =
(10) Ak C11) v, BERrpass g2 - 150 e

JEUAN [ e JBE 2% P 55 €0 e SR A ORI 1 2l 2 P2 JEE TR
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MO T A, Bifi % A% BT B2 JL0.01 mol L7

F6 2 1EBMBRAR D LIRREBRIBHEEEX,

Table 6 Thickness (x;) of the shear plane of purplish soil colloidal particles in 2 : 1 electrolyte

eS| 0.000 2 mol L' 0.000 5 mol L' 0.001 mol L™ 0.005 mol L™ 0.01 mol L
Soiltype 1/ (nm) x, (nm) 1/ (nm) x, (nm) I/« (nm)  x, (nm) I/k (nm) x, (nm) 1/ (nm) x, (nm)
[irdes S 628  5.98+0.11 396  3.56+0.18 280  2.69+0.07 125  091£0.12 0.86 0.78+0.13
Acidic purplish
soil
LR SN 628  5.52+0.12 3.96  3.39£0.06 280  2.72+0.23 125  1.17£0.05 0.86  0.75+0.08
Neutral purplish
soil
ARG L 628 5.59+0.09 396  3.37+0.04 280  247+0.17 125 1.14£0.07 0.86 0.72+0.15
Calcareous
purplish soil

FEARZE 0.000 2 mol L7', PRPE %80 4 Jise 14 i her 1
HEEFEMN0.78 nmIE M ES5.98 nm, PIEEM 4+
Ji AR ok i 3h )2 R 0. 75nm BN E5.52 nm, A
A 50, - e (A UK 1 202 R 0. 72 nm 3 fin &
5.59 nm, fE2 @ VAYAL M TR & b i 3l )2 5 AE ]
FEFEI R 2 WAL 2 FStern)Z (RS R MM Z0.5 nm )
W, ¥/NTEEEIETARZEREME, WET
Gouy)2, MHLff# iV K F0.005 mol LB, R
PO 2 R 5 Stern 28, B BHENES
Stern)ZHE B A/, 72+ THLEIUIRR T, [FIFER
U FEAR AR R 2R (0.000 2 mol L7") iR
PR (0 4 5 A PR 5 (0 RO M Bh )2 R
BEMLER (p<0.05) , ERABEMITRESNGT,
F 22 ST 0 = ol 28 0, - e A UK 26 THT FEL A7 {28 1k
WEIE K T reta bl 7 AR fLREH, R J0C (A J00AE M 3
J2 VP (RS P U5 A T % 1T R A7 1 Al zeta FEL 07 {3
e, FrlhieflZ mAsfbiaios Rk, 153
F14) Vi 3 J2 D5 A 2 St R o T 24 R R A A
i (0.001 ~0.01 mol L™") , =Fp4&(m 4 i A ks
BRI 2R, B R ORI,
PRS2 PRS- 398 i R 2 18 B S Fll zeta
FL T 25 578 /0N, PRI A M e A U e s S22 DL
SR AN, R TR AT, AR
2 VAL IR R P T B 2R EE T L
R ER, R A BB T R 46 BB )2 B fE i

KF—-NMHEF, EMHETFFEENERD, W
HLZ RS, AR )2 el =48, X IEeme 1
(ﬁﬁ%ﬁﬁ?ﬁﬁﬁ%ﬂ%%qjﬁg(;ouy)%o

4 45 ®©

MG [ /% B Gouy-Chapman BV 43 4 A,
AW FEHE A5 2 14 B — HL A BT AR 2R R I AR i
XU 2 rp i sl 2R B iR A 2, HBRAGURL 1Y
R AT, BRI RUAS [A) 1A 28 4% ok T 1y 3R
AL, DAMERR T Wzetalihi, R HRIEIES
5O R AU B =M 5 (0 A UKL T 3l 2 T8
B WFFRESREN, 752 « 1RIRIL « 1R g BT IR &
Hh 15 3] = 58 00 AR IR T 21 2 5 AU )2 Stern
Bk, SRR )ZEF Gouy)ZEET, M HAE2 « 18IH
fifp VAR 28 TP A T B0 2 IR R AR T - 1 RL R S AR
o AEHUEBUR LRI (0.000 2 mol L7) =Fi%E
R AR ORI B 2 R A B E 2 [,
Wi P AR T A R I, s A UK e B )2 R
AR, AN TE] R B 25 SR 0N 5 BEE H AR DT
AT, 498 e A S0 i ) J2 o S 3 XL )2 H Gouy
2o ARG TR iR R T SRR
FERGHTBEE AT ik, Ry i — 20 T W AR 2 45
PR R S e D A, W T
W R AR HOM A 2 i BARALE , BIEE L Gouy
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CALCULATION OF THICKNESS OF SHEAR PLANE IN DIFFUSE DOUBLE LAYER OF
CONSTANT CHARGE SOIL COLLOID IN SINGLE ELECTROLYTE SYSTEM

Ding Wuquan" > Zhu Qihong' Wang Lei' Luo Yaxue’ Li Qiang' Zhu Hualing® Hu Feinan®
Zhu Longhui® Li Hang’

(1 Chongqing Key Laboratory of Environmental Materials & Remediation Technologies , Key Laboratory of Water Environmental
Restoration, College of Material and Chemical Engineering, Chongqing University of Arts and Sciences, Chongqing 402160, China )
(2 Chongqing Key Laboratory of Soil Multi-scale Interfacial Process, College of Resources and Environment, Southwest

University, Chongqing 400716, China )

Abstract When a colloidal particle carrying surface charge is dispersed in an aqueous solution,
it adsorbs a large volume of ions, reverse in charge at its solid/liquid interface, thus forming an electric
double layer ( EDL) , which plays a vital role in ion sorption and desorption at the solid/liquid interface of
charged colloidal particles and in stability of the colloidal particle suspension and stability of protein system
According to the theory of the EDL model, a shear layer exists between the shear plane where Zeta potential

( L ) exists in the electric double layer and the particle surface, and thickness of the shear layer is the
distance between the shear plane and the particle surface. Thickness of the shear layer is not only an important
physical parameter in the research on colloid and interface chemistry, but also closely related with some
electro-chemical properties, such as electrodialysis, electrophoresis, streaming potential and sedimentation
potential. Nowadays, researchers commonly use the colloidal particle double electro layer model and DLVO
theory in their studies on thickness of the shear layer and hold that the shear layer is very close to the Stern
layer or the outer Helmholtz layer; and as thick as the diameter of about 2 ~ 3 water molecules, about 0.5
nm, because they deem zeta potential approximate to the surface charge of colloidal particles. Meanwhile
some researchers have figured out that the shear layer is 0.03 pm, 0.1 pm, < 0.25 pm or no more than 2

p m and believe that particle surface charge is infinite. And also some researchers have concluded through

http: //pedologica. issas. ac. cn
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theoretical analysis that the shear layer is very closed to the Gouy plane in the electric double layer,
however, its actual position is hard to determine. In light of the above described analyses, it is quite clear
that the results the researchers obtained as to thickness of the shear layer vary sharply, mainly because it is
very hard to measure accurately colloidal particle surface charge. In the colloid diffuse electro double layer
theory, although it is still not clear where the particle shear layer actually is, it is certain that it lies in-
between the outer Helmholts layer and the Gouy layer. Therefore, it is feasible to use the Gouy-Chapman
potential distribution equation to describe the relationship between potential @ (x ) of any point in the double
electro layer and its corresponding point x. In this paper, from the Gouy-Chapman theory an equation was
derived to calculate thickness of the shear layer ( xg) in the single electrolyte system. Based on the soil
colloid surface potential and zeta potential measured by zetaPlus, thickness of the shear layer ( xg5) was
calculated. (1) Surface potentials and zeta potentials of colloidal particles in acidic, neutral and calcareous
purplish soil samples are much higher in the 1 : 1 type electrolyte system than in the 2 : 1 type electrolyte
system, and in the two single electrolyte systems, the variation of surface potential with concentration of the
electrolyte is much sharper than that of zeta potential. (2 ) In the two single electrolyte systems, all the three
purplish soils show the colloidal shear layer is quite far away from the Stern layer, but quite close to the Gouy
layer in the diffuse double layer ( DDL) , and the shear layer is much thinner in the 2 : 1 type electrolyte
system than in the in 1 : 1 type electrolyte system. (3 ) The shear layer gets thinner with rising concentration
of the electrolyte in all the three soils. On different soil colloidal particles with surface charge, the shear
layers differed significantly in thickness when concentration of the electrolyte is low ( p<0.05) , and not so
significantly when concentration of the electrolyte is high ( p>0.05) . This study has not only brought forth
a new theory and method for calculating thickness of the shear layer of soil colloidal particles in the single
electrolyte system, but also provided some bases for enriching the theories of colloid diffuse double layer
structure.
Key words Thickness of shear layer; Constant charged soil; Colloidal particle; Surface potential;

Zeta potential
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