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Dependence of interaction force between condensed polystyrenc-latex (PSL) particles and atomic force microscope
(AFM} tip on diameter of PSL particle is studied from the force curve measured in dry atmosphere. In the diameter
range of PSL particle from 42 nm to 1 pm, it is found that this dependence is different from that of geometric mean ra-
dius which is detived from DMT theory, These results can be analyzed in terms of PSL patticie deformation effect and
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contribution of surrounding PSL particles.
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Fig. 1 Typical force curve between AFM tip and PSL parti-
cles. Diameter of PSL particles is 42 nm. Force curve
measurement is carried out in dry atmosphere (4%
RH, 20°C).

(b)

Fig.2 SEM images of AFM tip. (a) Cantilever tip. (b} The
apex of SiNg tip covered with Au film (20 am in
thickness). Radius of curvature of tip apex is approxi-
mately 40 nm.
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Fig.3 AFM images of PSL particles condensed on Si{100} surface. The particles condense
into closed-pack structure. As a flat surface, PS sheet is used in this experiments.
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Fig. 4 Dependence of interactive force on diameter of PSL
particles. (a) Jump-out force. (b) Jump-in force. Inter-
action forces are mean value obtained from 20 runs
on various points on the PSL particles. Error bar indi-
cates standard deviations, Geometric mean value
(Rip RPSL/{R TR esi)) is alsa plotted.
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Fig. 5 TEM photograph of PSL particles (136 nm in diame-
ter) dispersed in an electrolyte.
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Fig. 6 Elastic deformation of PSL particle by contacting
with the AFM tip estimated by finite element method.
The value of Poissen’s ratio for AFM tip and PSL
particle are (.24 and (.34, respectively. The value of
Young’s modulus for AFM tip and PSL particle are
150 GPa and 2.7 GPa, respectively.
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Fig. 7 Effect of PSL particle deformation on jump-out force.
Revised geometric mean curve is derived from eq,
(2), where R fs.=1.7 Ros1.

4.2 Yy A LEOREES A0 PSL HIZ i

Y T A R OULIEMR AT ik, AFM Hg ok
EDPSLEFOERIIHELRWLELZ RS, L
L, Fig. 4 (o) i2d5 X 5z, B4R 100 nm &L _E o PSL
BF T, ST () RRE-THEA, FRIEY
INEWPSLEIF L OB i, (1) REVAEL
RoTWEG, TZC, BETAEAMO PSL T 08
BEBRTE,

() Rk, —HoBRE IR T 2MERE Dz
T 55l Tho. B TR PSLETFIL, Fig iz
AT AFMB L VLA L S CRBEREEERR- T
Wh, ZDH, AFM ESHTHEHTE T O @ PSL i
FOHLHEFEHLTWBOTRL, Fig8iwhadk
HIHEETAABROPSLEF 2 LEERERAE LTV
LEIBhE, 22T, (1) ROMEERAL, ThE
b, HEBOMEERMNZ 3) R0k ickbia,

A g.m RuRes
Fow= 6 E'_:D,? Rrip+Rest )

ZZC Dok i E O PSL AT F & AFM 2RO JERET,
ndIEERED T FHET A PSLE FORTH S, SEHEE
B D, ERUNFREEESE Do O (D/D o 2T B L,

A A RrpRest
Rw—aﬁg ————— (4)

T ol R+ Res
THDENLD,

AFM f5&] & PSL T 7 D55 /MR T 1 BE B Do D B /M
W vdWREBRELEZZ bND e, RIMEEE DO
BAMEIZ0Amm BEL LY, @) RS BEd
HEPSLETE#ER ULCHAEER ) © PSL HiR kG
% Fig.9 (a), (b) w275 %. Fig.9 ) @ X 54z, B
TémLﬁT@%@@ﬁ(?ﬁ#)ﬁ,%Lﬁ%@ﬁ
B 20nm LTz A2 % B, PSLE FOEB O T
BmLThWd, 208, BEHERAL, PSLETOR
BE20mm BLFTHRMLTWwWA., Zhid, PSLEFORE
PRI BWNTREREL TWAIBESOBIE, BIY

Fig. 8 Schematic definition of interactive length between
AFM tip and surreunding PSL particles.
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Fig. 9 Simulation result of contribution of surrounding parti-
cles affect to size dependence as a function of distance
between AFM tip and PSL particles. (a) Contribution
of surrounding particles to interaction defined as eq.
{4). {b) Revised adhesion force derived from eq. (4).
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Fig. 10 Effect of contribution of surrcunding particles on

jump-in force. Revised geometric mean curve is de-
rived from cq. (4), where Do=4 nm.
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