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Fig. 1 Morphology of montmorillonite particles in NaCl solution ( Scope of the image is 5 pm X 5 wm)
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Fig. 2 Height image of montmorillonite in different electrolyte solutions ( Scope of the image is 5 wmx 5 pm)

Li', B FEBHR, K. Rb". CsIRR P 2 BB MRBR R E AKX/ NG

S OB B RS, & MAREK <Rb" < T2 300 Pl U BE S P8 I R 558 Pl A1 TR 7 AS ] R fige
Cs™o DALy Hre WIes X S i BoRE ) A B R M Hofmeister U0, IR 208
PN Z Y Hofmeister S o BB T E R, ETEAE (K2) F

(5]

http: //pedologica. issas. ac. cn



3 1 XUDLEREE 5257 AR TFORLER £ v 14 8 T3 S PR 677

R (Section ) 3 HL— A~ JUk i 45 21) H: 44 1w 141
(F3) . 10 mmol LA Z& v 52 it 47 ks i BE ¥ 76
1 nm Z£47, SWIE2HLIT, Na', K. Rb KRS
WA PR 291 nm, KA AR RE, MiCs' kKR
HURE & A T R SR, 30 mmol LTYAR LI,
Na“, K'. Rb/KZR T MM POk s EAEL ~ 1.5
nm G, T Cs R R T 5 WA 0K S 3027
nm., Z5EE2, Li'. Na'. K'1E R P45 054
Tk PR AR, RO A2 v B0 TR 1) SR A 1Y

0L, CsIRFR IR I & 1 ) AR ) SR 4R . 50
mmol L™'AZR M, Li™ & Z v 58 A1 0k 14 25 B 7
0.7 nm 7247, Na /& 5 5B A1 WOk = 5 73 A £
0.8 nm ZeAy o KM 52 i A0 J0RE g B i 1
2 nm, PP U BIKER HBURES B9 & RS
Rb M Z FP S A1 WKL S JEAE2 ~ 14 nm Z ], WA
[IRLNEES ey S i AR 5 S N =3 /IE- SN
AIR10R e . CsTIRR T, A MUk B9 SR AR 1
OUSE IR, R B2 IR E) T 60 nm PLE .

L6r 10 mmol L™ 30 mmol L™ 707 50 mmol L™
_ 30t
g 1.2+
£
0.8 25¢ /\
Q
jast
il ol
w04

1
0.0
0 60 120 180 240 0 60 120 180 240 300 0 150 300 450 600 750

K J& Length (nm)
——LiCl ——NaCl

K J& Length (nm)
——KCl1

K& Length (nm)

——RbCl1 —+—CsCl1

P3P 2 20 2 o7 ) A A T ]

Fig. 3 Sectional view of the particles at the position of red-line in Fig. 2
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R J¥ Concentration {51 £ Height
Cmmol L) Cam) LiCl (%) NaCl (%) KCI (%) RbCI (%) CsCl (%)
10 0.6~0.8 — 45.45 17.65 11.54 —
0.8~1.1 100.00 54.55 70.59 17.31 —
1.1~2.0 — — 11.76 71.15 —
2.0~3.0 — — — — 100.00
30 0.7~1.0 31.82 49.00 22.66 10.00 —
1.0~2.2 68.18 51.00 77.34 45.00 —
2.2~6.0 — — — 45.00 11.11
6.0 ~20.0 — — — — 61.10
20.0~50.0 — — — — 27.79
50 0.2~0.6 60 20.13 9.52 — —
0.6~1.0 26.20 66.23 35.71 1.47 18.18
1.0~2.0 13.80 13.64 44.05 30.89 9.09
2.0~3.0 — — 10.71 29.41 4.55
3.0~10.0 — — — 32.35 18.18
10.0 ~20.0 — — — 5.88 27.27
20.0~30.0 — — — — 4.55
30.0~50.0 — — — — 9.09
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Fig. 4 Diameter-height distribution map of the particle in the solution relative to type of electrolyte
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Specific Ion Effect of Aggregating Montmorillonite Nanoparticles

LIU Hanyi LIU Xinmin TIAN Rui LI Hang LI Rui’

( Chongqing Key Laboratory of Soil Multi-scale Interfacial Process, College of Resources and Environment, Southwest University,

Chongging 400715, China )

Abstract [ Objective ] The phenomenon of aggregation of colloid particles varying from ion to
ion the same in valence in solutions the same in electrolyte concentration is referred to as specific ion
effect or Hofmeister effect. In this study, aggregation of montmorillonite colloid particles were observed
under an atomic force microscope ( AFM ) and their adhesion force measured, in an attempt to analyze
specific ion effect of the particles in aggregation and hence to provide experimental support to theoretical
studies on interactions between ions and particles, and references for further studies on specific ion effects
of aggregating particles in strong electric fields. [ Method ] The montmorillonite particles that had gone
through a 200 mesh sieve were added into LiCl, KCI, NaCl, RbCl and CsCI solutions 10, 30 and 50 mmol
L™ in concentration, separately, and prepared into montmorillonite suspensions, which were then dripped
onto mica sheets, separately, air dried, and scanned with AFM. [Result] (1) With rising concentration
of electrolyte in the system, aggregation of montmorillonite particles occurred horizontally first and then
vertically. (2) In solutions varying in electrolyte, but the same in concentration, the montmorillonite
particles aggregation degree exhibited obvious specific ion effects. The montmorillonite particles in all
the electrolyte solutions 10 mmol L™ in concentration were all around 1 nm in height; in the Cs' system,
montmorillonite particles were about 300 nm in diameter, and aggregated horizontally, while those in the
other ionic systems were merely 100 nm, and did not aggregate horizontally. In the electrolyte solutions
30 mmol L' in concentration, Montmorillonite particles in the Rb" system reached 400 nm in diameter and
about 4 nm in maximum height, which indicates that the particles aggregated horizontally, and vertically,
too, though not much, and in the Cs’ system, Montmorillonite particles did aggregate horizontally and
vertically. And in the solutions 50 mmol L' in concentration, Montmorillonite particles in the Li ", Na ',
K*, Rb " and Cs " systems were approximate 0.7, 0.8, 2, 2 ~ 14 and 60, respectively, which indicates that
Montmorillonite particles exhibited weak superposition in the K' system, strong aggregation process in
the Rb" system with the particles vertically stacked up to 10 layers, and more significant aggregation in
the Cs” system. (3 ) In solutions with a given ionic concentration, the maximum adhesion force between
Montmorillonite particles and the probe varied in the order of Li' < Na < K" < Rb" < Cs’, showing
significant specific ion effects. The variation was slight when the electrolyte concentration of the solution
was low, but great when it was high. [ Conclusion ] Through direct AFM observation, it was found that
strong specific ion effects existed in the aggregation of montmorillonite particles and varied in the sequence
of Li' < Na" < K' < Rb" < Cs . The colloid particles aggregated mainly horizontally in solutions low in
ionic concentration, and then began to do vertically with increasing ionic concentration. The higher the
aggregation degree, the higher the adhesion force.

Key words Atomic force microscope; Montmorillonite; Aggregation; Specific ion effects; Adhesion
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