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Abstract — I present the behavior of colloidal adsorption to an oil-water interface in the presence of electrolyte in an
aqueous subphase. The optical laser tweezers and the piezo controller are used to trap an individual polystyrene micro-
sphere in water and forcibly transfer it to the interface in the vertical direction. Addition of an electrolyte (i.e., NaCl) in
the aqueous subphase enables the particle to attach to the interface, whereas the particle escapes from the trap without
the adsorption in the absence of the electrolyte. Based on the analytical calculations of the optical trapping force and the elec-
trostatic disjoining pressure between the particle and the oil-water interface, it is found that a critical energy barrier between
them should exist. This study will provide a fundamental understanding for applications of colloidal particles as solid sur-
factants that can stabilize the immiscible fluid-fluid interfaces, such as emulsions (i.e., Pickering emulsions) and foams.
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EAE w, A o z.20] FARNAAE n]gitt. fA] AlelA] YAe]
R = (wettability) = FHAAF71E-E) AldolA 2] =57 (three-
phase contact angle, 0,)°l 2Jali4 533k 4= Qlct. & &9, &
$ A-&(neutral wetting, 0,=90°)2] 445 ZH= 1 vlo]AE F7]9
A2} 715-E Atele] Al g2 w, 1 ofluX|:= digF ~10°
kyTEA], B3] 2 oll=]e] afdsith2]. 1714 kT & 70 &
27F A Y& 4 oY (thermal energy)ell 3338, kye= &=
“*(Boltzmann’s constant), 12]1l T <55 2u|git}, o]23t &
2oz 2] M71E, A7 Aldell ks = dde] n)7tei o),
TS A ] oUAIZE FEEA i #, AT APt e ®
Al © 2 HE] &2(desorption or detachment) 2 4= SIth= = 9
ulgtch, AA7HA] 0|9} wadE W A7 FEE] s, 7
FHtoll= slshd o & o F /o] S A oFFA YA} (Janus
particles)’} -2 Aol 22 v, 52 o|AE Artstar, o]
e Asshs @S AP, olEz o= dlsiRlths-11]. o] A7kl
olebd, Ao Rk A7), F3)H](aspect ratio), 121 HAS
(wettability)el] whe} Q=xR= Adel tisl] Hulz A 4= )3 (upright
configuration), 22 71201 (tilted) MI&-S- 712 4= Ql}6,7]. &=
Sk JzkEo] Aol S22 wl, 3AF 7H] AFS 28-(interactions)
& FY dR=el 9 fA Yol #AtE o] gls we] A
%] etk Aol A3 o] & FallA Wol AgEo] &
TH12-18]. o]ef &k Al 4=} 3ke] A ahgel gk A=, 7l
Hol dojshd asha] S WAEsky szt lojA A
A 07 Mg|ofof gt} o E EH, T Q] YA T FEAE-9 o]
%4 (interaction heterogeneity)ell thet FASHE A=, 22 YA
E2 74 WA (bulk) AENIA 2] 97} 7 AE RN o] HH A 0 7
9GS vXth= ARo], B 7152 AlE#°] A (Monte Carlo
simulation)®]l ]34 SHEATH17].

Fxo|E Jare] Ald del gt W Ak AlA T2/
kAl Akl Al Afelel] AR o7 EASH: e agel
Sk A= Wl vt AdEolt). o) $ e 2he-2, YA AlHe|
H7tdd o7 F2w7] Qe EAet] wlitel, FEolE Y
A SGAZL] F8-5 S8l RE=A] AdE|ofof sz ATtolth &
8] ®helra 7159 Bl JalA B A Ae <] et
(negative charge)s #IU1L Qlth= AMdo] A4 cw Fw it
[19]. RFeF 22] Aats 7 2ol A} Al Aoz st
Al =9, 77712 WP (electrostatic interactions)y> AL} Al o]
TS As A Ha, A5 AW SPARAML ¢S T
A =t

2 AFelAE, dATE Aol F2=7] gk 23S F8A
(optical laser tweezer)?} 3] 1| Z(piezo controller)=E ©]-2 ZA
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3 T HAE A

) m

¢

2. 4 EXt

+201¢] A2 715 (n-decane, Acros Organics, 99+%)2} & (Ultra-
purified water, resistivity > 18.2 MQ-cm)°l| 2Jali4 & Eti16]. ©]
A&t A4 A B2 02 $A8HE EA| He, gk g~ -80 mV
o] A3 FalA weFTH19]. ollSS B dshs 7892, A
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F(a)°] 3.17to] A& 2 -8 E2| 2| (polystyrene, Invitrogen
Corporation)s E&3l=d], YA+ WL kS 15 (sulfate
group, surface charge 6=7.4 pC/cm? and C-potential y =~ -80 mV)=
ZHAAL it} 8ol dajde] sE S7I717] Slel At
EFNaCl)e] A7k} o] A7t E-7152 Aldel Hx]3 o, 34
7457} (three-phase contact angle, 8,y &F 90°% 7% )31, 0|5
JAke] A&k Z4 (center of mass, COM)O] FA|2] Az} A=)k
oJu]gir}20].

FA ] (optical laser tweezers apparatus)v= =3 3 Hv
74 (inverted microscope) = AAX|ETH21]. 4W CW Nd:YAG 2
O]A 2~ @ A=1064 nm, Coherent Compass 1064-400M)1| 2]
2] drAE o)A Wl (laser beam)> W] 9] thE# = (63x water
immersion objective, NA 1.2, Zeiss C-Apochromat)s- 533+ &, &
7o 7 R (-130°)81 ¥, 24 A =7 Al HH,
71 iR ApEA 02 Hl(beam)®] 2 O % o]FSHA Ht. ofuj
AOD (Acousto-optic deflectors, AA Opto-electronics AA.DTS.XY-
400y5 AHg-ste] dlolA Wl WEke] =2 gk Y (X Y-plane)’dellA 2]
NHE 24 = Qlek. wlo] A Jiat Fag ko w iAo SIAE
2743171 Y8l Tl 2 (Piezo controller)’} A==, o]5S T
Eel=o] Bul4 $IR1E sk, wEbA o)A 23S sk vt
e e 2]

FRAALE vl x5 o] et IAFE 7I5-E Aol dolA7]7]
S8, = Soll Fatkd IAE AR Ef(trap)sitt. vlolxE
o]gsto] o] EfE YRS 10 nmX Aol 22 w7 9155 ek
o7 ol At AT Aol FAE L W F, #lolA 230l ¢
7 SRl gk Sof], ok ko = HlolA 23S ol FAIXITh
o|uf 348+ Fn| 747 CCD 7h|2k(Hitachi KP-M1, 29.97 frames/s)yS
olg3le] Gt o ek ek ofu g Rtk ofmlA] 24
F 1 (Imagel)y o]-&3to] Z7e] f1x]ellA] Q1Ake] ¥17](brightness)
off tigk X5 Ferh23].

3. 20 9 EQf

Fig. 10 Hojx|i= nle} o], Bof wAkel QIAE oA = E3Y
Sh, Rk A= Fdo] glo) A 2] 27 (laser focus(LF)=focal plane)©.
2 olzsHA| Hr}. oo #|o]#] <] WAL (radiation or scatting force)ell
oJ3f IRke] A Filo] oA 2 Eet A flof Y1X|5HA &
|, 27} 38785 27 vl FATE = QlrH24,25]. WA, 9
A7F =550l glolA el oA EfE uf, oA o] 23 (LF)% ¢
2ke] Ak FH(COM) o] Fdstttar 7P 5= SltkFig. 1914 A
Ao g Q). vol|ze] oJair YA A o ® o] FstaL, A
WO R Hol7} dofvhs &3t Aks ApdAoR HdH, =
90°9] HEFZ1E o]F7] 3l & Ul 9F L= o)F3Hl |hFig. 1).
ojuf Yate] A T4l wlol A 2R F T ff%el $1AIsH =
I (LF==COM), o]l alldat= YAFS] 817 (brightnessy= 550114
FHL olE u] (LF=COM)Q] 17 Rt} gt

g0 el A7g=ke] AallE (0.1 mM NaClye H7FHAl =4, o
A7F A o= oA Efie] oJsiA dAlols d wf, AptA 0w &
2= dao] W) Fig 25 A Efshal Qi dlo)A 9
H & (displacementy’} $1%: 12|31 o}efZ 0 F Wsk= B9t YA
U719 ®igks Rt 731 a-b & Soll YA EA1E o), §
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Fig. 1. Schematic of experimental setup. A particle trapped by the
optical laser tweezers in the aqueous phase translates toward
the decane-water interface via the piezo controller. The focal
plane after the adsorption to the interface is not identical to
the laser focus.
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Fig. 2. Profile of the brightness change during displacing the z-posi-
tion of the optical trap which holds a polystyrene particle. The
schematic indicates the relative position between the parti-
cle and the laser trap focus (black dot) while the trap position
is translated upward and downward. The scale bar is 10 pm.
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158 2] Eth(Fig. 2014 AA). A= 71
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3 & o ApAIgE e oR bl A RS i) Iz A
o] EsHAl = Ak FRUA (32 (L))ol &al AP ow 3
FJeell meEsil =L, olu] HEZ FFdE 2] 3(0,790°) 7}
A A ArkFig. 20014 A-9--c). HolA Fo] AL %o 7 o) F3F
of we} QIxke] ¥l AR FhasAl Ha, o)A 24 YAk
A2 H} 2o oA DrkFig. 2014 A¢-d). T52 0= Ho]
A z700] olgf o 7 ol sslel wlz} Jxte] Wrle SUIsHA =
T, 1 YEE % Ao o)Fske A2t FYUsIth(Fig. 20014
Ao} A A8, of71A Fo8 He, dxp) Ao F8lar b
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gl AL W G e YAt Ao Ao
© @io] MAEA] k=T oA iRk} frAl A Afelel] &
Aeh= 47714 W (electrostatic disjoining pressure, 2] E)
o] EAI] wzelek o AL F o) Ba sk = hyE

I, = — = 64“°kBTtanh2(Y)e*’9 3)
K 4

o] Hof|A yi= FAI2} -4 Alol] 3 ¥ (surface tension), k =
[(1000eN 2D/(g, ks DI & Exle] 7Fd A2 (inverse Debye screening
length), h = kh = )2} AT} A Ajo]¢] A2 GEak), ng=1000N I
= FEWge] o] 4 W (number density of ions), N i= o}=7}
=2 $(Avogadro’s number), = 58242 0]-2-A|7] (ionic strength), e
7]+ A3k elementary charge), 131 g 2} g =2 X373 EN]
Aot o] A2 ka>>1Y A-%-oll, "lAz] ZAPH (Derjaguin
approximation)l] ]34 518 URe} Fs3 3k Al Alo]e] WA o=

284 5 Qlrh AR o ® 2ozl Fe el sfdshe (A
714 WP double layer interaction force)> Tha-2} 2t}
~ kF,, 12 kT -
Fo= yd = —@irﬁ)—@—tanhz(w)e g @)
Y

A2 So], 5573k 7|55 Ao thslod, y=50 mN/m, k~'~200 nm,
I ~-80 mVO] 1L, h=300~200 nm% ™, 3 T2k F, ~ 150~250 pNo]
o} 0.1 mMe] AAS Bl 718 W, «'*30 nm ©]az, o]uf
AREE 2 ©F F, ~ 1~6 pN i FHAsit), o] 8§ 7, A3l
Aol 3] Sl Wi dapr kel W fA4 Ave] &
W A3FE 71e)7] (screening) WE-oll AYECE. glo] A We) &) @
Az A P Ho] S8 ZAPH (ray optics approximation)©l]
SJai Ak 5= =, ElolA TR17E P=150 mW A o i By ~
70 pNoJth24,25]. ]2 &t #lo]A] Hof| o5k H v} 12 dafda X
TS 7392 R4 Wi ETR= A3 I3 #%ke A9E
U= At} weba] dAxke] A glolA Bl Rt Ao = o]
A e TR A5 AR, A1) e aEA Atk
olf gt Ail=, g Wde] Aafd wevt, AT AAAE S2E =
21& AAE T3 Q%08 vkl
4.4 E

Ao, FEOIE YA FAIS) A Atole] Ao A
old wl YAk} AATRE] FH71A wbdre o] kel sl Akl
o}, galdel] Maldo] xgkE o] Q1S wl, 3 HSk(surface charge)
7} HHl % o] (counterions)?ll 2]&l 7}e#]7] (screening) wWhit-el, <
A= 2 Aol 2P o 2 o, o]uf ZJst F2 el ] Wi
of] IR= SA] B S5 2 Fvk 2 dsjde 2
shebA] oks Aol A v U= Hdl 3 (maximum
trapping force)°] U] FAlAte] €] Wbl =584 Fstar, u)
2hA] Al 0 2 0] o7k JojuhA] obA] Frt. 2 Arellx] dojxl A
Y=, 3A (AP F201E AW AR o] 84 o, dE 4= gl
T ANES R o® ofdlaly] flal &8 = AlvkE HelM 1
TS AL QT ko ® O] AT, WA oS m|AlekA 24
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