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Abstract— Concentration profiles of spherical solutes both in a slit pore and in a bulk are obtained for a wide range of
solute concentrations by employing the Gibbs ensemble Monte Carlo scheme, in which two kinds of stochastic pertur-
bations are performed with a random displacement of solutes and random interchanges of solutes. In principle, the solute
particle is in motion due to a combination of Brownian movement and convective displacement by the surrounding fluid.
The hydrodynamic coefficient for diffusive hindrance factor applied in this study is the recently provided result using an
asymptotic matching technique. The long-range electrostatic interactions between the particle and the adjacent wall and
between the particles are determined by solving with the singularity method, which provides accurate solutions to the
linearized Poisson-Boltzmann equation. The obtained concentration profiles indicate that, whether both solutes and pores
are uncharged or of like charge, solute-solute interactions promote concentration buildup near the pore wall. Due to the in-
terplay of solute-solute and solute-wall interactions associated with repulsive energy, the hindered diffusion coefficient of
charged system is predicted to increase with increasing solute concentration or ionic strength of solution, for a given rela-
tive pore size. Present investigation with the Gibbs ensemble Monte Carlo has made it possible to provide a proper estima-
tion for the charged systems at non-dilute concentrations.
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F23lc}t. gl Wi o 2 gk4 ¥ (bounded or restricted) -2 27}
Aol $A4sixE2] atAlS7} S (unbounded) Z7H] ¥ =40
A 9] 2R} YobA)E o] Eu AR B4 (hindered diffusion) &
73 =44 (hydrodynamic) & }2} 33 %1} (equilibrium partitioning)
7} B oz A= o] glH6] HYHQ F& T3He HAE}
W1l el o3 A of g AE~ 3} (Stokes drag)
7RI FAlol| 3AHe] 0] % (mobility) & 7HAAA 2, 3
Tole dA-gEzEe QA (steric) o 3Fo|t 913 ¥ wlA (potential)
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ol ZZo|=Ab% a4 (colloidal interaction)ol] &3] 7)F- 1 =i}
o FE7} e

ef 20134, Brenner$} Gaydos[7]e 953#e 3.2& ol 13q]
Ate] A|gHA o) (hindered transport)el] w3l A3l §J=te] 3}
7 &5l x)dof] Ay+El AgHe) A hindrance factory5-g o] &3 0.
2 Aolsle] A)A)FF v}l gjc}. Malones} Anderson[8]- track-etched
wre] Ay 712S 3 2l 2 (latex) YJA1E., Baltuse} Anderson
[9}& =}&-= 8 (thombic) 7|41 9] asphaltene?] FAHASTE A
Ao g &A5le] HAatgode] o] 23} A7](jonic strength)} 74314
RSl BAASE 240 Helth AYghel o2 dZuch
& AsERE] A7) A (electrostatic) A3 2H-4-0] of gFo] w2 =]o]
of & Aokgt v} glr}. 7 Foll, Lin} Deen[10}2- potassium poly-
styrene sulfonate(K-PSS)2] track-etched =7]Zel] it Alghd &4t
Al4*(hindered diffusion coefficient)S AP o2 ZAsl A3 3
A sl vy ds] fEE o) E2WAIA T wlmsA
A3 s AMS gt 159 AdE o238 A7
dgo] bl glojA FRFE 5 o] WHI] e Fvl A
Ay 7)Fellrde] £s)xte] A Fatol] HFt = A=
AASH o]8H Qe T3] HIol= AL UxF T glc). Nitsche
2} Balgi[11}= #-Z3Hasymptotic matching)]-& 2]-8-3}¢} Brenner
9} Gaydos[7]7} A| A&t T3 g)ztel] g AU & Bedsle],
Nitsche[12]&= 3]} &4} (rotational diffusion)o] ¢}A] =+ ¥} Bz}
g} ¥]7-3 (non-spherical) 31A}l] A S AJ3ledct. At AF7t
218 XAl ATFAFES FEA LR A9 Ferl FEE] F
2(infinite diluted) 74-¢-l| 2t H8-2 5 glo] 449 FEr} 2% 4
A2 73-5el] AgA) 7l ol 24 IS AW 9l

F2 T AA FxE clok’t el 2 EA)sR]E, £ dFell4
< Fig. 15} 7| & 53t gYso] AARN IHAS Fu " e &
Bl (slit)d 7]3-& well-defined 2.2 A3}t a2, FA3E
&, xrighate] yEsn g 7|5l Tl vlRE s w49 &
FAdol g3 H=c) 2 del £ YRLEe] 7H4 Wal £33 7]
Foll e A4, 7134 o GabAS Do) Wzl A 2] E4bA 5 D.
7+2] ¥ (ratio)q] AlgHH 2H4HA|4=(hindered diffusion coefficient) H:
o8 #¥%g

D?

H=—
Dm

=kQ, »
AAellA, K= 7185 HaddedAe] $455e] vjel F3 a4
4(partition coefficient)e] 71, Q= §4-do] U2l £x2 F93 o]|F
el me} 71 38 wsle 2akAIREel AH(diffusive hindrance
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B=x/h
Fig. 1. A schematic illustration of the hindered diffusion of colloidal
particles through the slit-like pores.
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K= [ @/ [c@as, ®
Q= I;—loc(ﬁ)dﬁ/ I;—AC(ﬁ)dB, 3)
o374, M=d/W=d2hy= -3+ Q=k=27], Bix/mye -3k 1Rk

], OBy 71349 F=EE, Q= 83 A+ (hydrodynamic
coefficient)22] BA|Folx]2] olF=ol 37T FANAY Q)
o] 5=} ulejct. £33 7|3 o) s} Paware} Anderson[13}2 3
LI g o e A f=d FH F
2 RE Aol g A G2 N (regular expansion)E 3=+ QA
£ frEstea, 2 Ale] AE] F-& 71T At 0.64E71R] )0l
= A48 5 &5 A Fct A7 2] (long-range) 20| =45
Sofl 2T 2PN E E@RME 53] & 489 Aol
C(B)= exp(- E(B)KT)o]}.

(1) Alell AAE ule} ro] AgEA FiAF HE AHE317] 984
< 7133 X $AYA] FEREE FHok S U+ Y
th o] 9o, FEFEE AT A FENA QA9 2]
A AT FE2o|eAdT AN o8 FolRl BAMAT} 2
A Eedo) oF A} &, £45 7 AEAHE Foludde
A SAYAE I EA e TR VIR F23 st
7} dolgg fA & 4 9l ol E2olx BAHd A} A
T4 2 934 glvH14]. Chun3t Phillips[15Fs 2713 i1 4]
AR FRolerilEel dijt H2aYE EH|71E82(Gibbs en-
semble Monte Carlo : GEMC) x| ¥ ALS F313)e] glA}e] px &l
A 4>(concentration partition coefficientys <=3} 1529 A=
$ ZA3)}= virial expansion[16]0]1} density functional o] 2[17]3} 7+
& 71E0 up e 2= AGE] At el X3 Fxe FEe|=
FA A o gt #fAfe] 7hadhg Bed i)

B AT, GEMCell 23] AL2E RulAl4-2 242 3o 4]
A FatAl HhE o] 2422 AAslgc) glAle] sxe) 49
2] o] 23} A7) vl £XA L2 ZAAH /|F 2 HAANAY B
HEEF BT, 429 Ak Filaee] W3AFE A3 BAs)
Ark ol FTFHLE AW QTEoR] F2o|=yzle] e
28] Aol g} Al E oldslx £a] WS FEsherle
sllA 7124l 22 E Zer)
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2-1. ZAAAHE BE|FHEZ(Gibbs ensemble Monte Carlo:
GEMO)Y

7h 3ol Ui YAt FEEEE T317] 13 GEMC BAE ¢
Fatelct. GEMCHell tigt FAAHQ ale 7122) =FE(18-20]
oAl ZohHE 4= qlck. 71¥A o2 A1 A (stochastic process)?]
GEMC<= canonical(NVT), isobaric-isothermal(NPT), 12) 5. grand ca-
nonical(VT) F4-8{21,22]¢] 23e 2, 7137 Wad9E S0 A
et 7z el Ao qlatEe] 9le)d Ale]ulF (random displace-
ment)?} F J7ke] ¥-wdste} qlalE2] Fi(interchangeyS 99
2 HEAgstd A HYP2-g WEIEE ) 2, 7]
Y A133 3 (vapor-liquid equilibria) ¥4[19,20]¢} @2], Fig. 15} e
7134l 7= solid boundary 2 FAH B2 ¥ o7ke] setx el
o] o 7|AlH Y2 AL AF A Hog Bavg e
4 237 FoH15]. $714 7 A2 (periodic boundary condition)]
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Fig. 2. Particle-wall interacting system; surface points on the particle
are spaced at /32 rads in 6 and ¢ directions.

AL HIY]L x, y, 28] ZE Wl di&, 71 3FSL yo} 2%
ol A g5t ool whe} shte) F714 7]k (periodic
unit cellye W3 3 Aol AW, 718l e 2L o
AeA AR 2AL 20 o} yo} 2ibspolAl e =) Wizt
A& ZA) fet .

7t AelA AR o)A Alejul B & NVT HlE2Ee)
23 [23)0l] w2t} NVT alEollA aAle] Al exp(- E7KT)el
HlE3he gE2 dojuedl M2 vl (configuration)e- thg-2l
HEE Y=

pp =min [1 , €Xp [— Ak’}i:I ﬂ O]

714, A ke AejubE AFo dig Aoz Wsle)
o 7P et 424 224 =706 2% AA AF5 AR (steric
interaction)tto] EAN3= A-Foll=, F YR = -4k
M2 AARE Aol lelAl g x| o], 1 0]9]9] A9
0 RIS Zterh. F, S (overlap)e] A = H2&
W Aol AdAle] mid-g At JH R o] EsE Al
27 o2 Azl

dx=(scaled step x)x (2.0 X dmunf()— 1.0)
dy=(scaled step y)Xx (2.0x dmunf()— 1.0)
dz=(scaled step z)X (2.0 X drnunf() - 1.0) ®)

A4 dmunf( )= A%< GEMC Ao we} 05} 14}o] o 4]
%1912 AA¥ 5% (generated random number)o] i, scaled step>
714 Z1Esiele) A, 428019 =, 223 Hdo)EA 2] (max-
imum displacement)el| A AA ). 74 AAZAL Lul2 72
3to] A HAES AR F, H2o] YA wjdel] O BHE )
# AR}, oofl tf’} criterias=, random numberz} (4) A]ol|A] Al
g pp gtuc) 2bom A2 wldg sz, WHE random number
7} po FhRTh = BRI} o]oX, IAkmE A Q) uVT Aol A =
oAl A BAIZ 3lxl7}t AR, aellAE QIAlrE AnEE ulu ),
BellX& 427} 1k A 2ol AAEL). o] FA o] W lApul
& Auldls BEL FHFT Ao gy 7do)

p,=min |1, exp

N*VE AE® + AEf
In [’(NB+ l)Va] - kT } 6)

FEe[15,20], Azo] B4 wide] chak B ANE NVT
@A} ohzkx)eleh. NVIL NPT £8)7}229} ge) GEMCelA]
£ 2 992 QA AsRBeR YAl Asd ez Wt
B2 2 Aol e BEILE ol njel kA Heh.

2-2. AHI|H AISERO| SN

Y99 RS 2 4 YRS B4 B2o|=gae)
75, " 71F Wi A7 Asatgd) 23 ouA|s) ¢
A1) (42} (6) A9l ARIFL Eoll 71o481A] Hr}. Beke dA
W4l kT/e B} 2] o8 FRA-S 71 FHEZL] AA7H A
3A48o] tsAl= Debye-Hiickel A} A 4=0] chee) 43 =
o}<=-E-zwHPoisson-Boltzmann : P-By*] o] Qd¢iz1t}[24, 25].

V2= (ka2¥ ™

$12] A8 P-BA]oll4], A €] (electrostatic potential) W= DA gF T
Z el (surface potentia)Z, elZatAlel dalatel Vi £49)x1e]
A a2 FA218)7] 2o, x= Debye 0153 S| (double layer
thickness)?] |2 A o)}, 25 °CollA o]-&E0] 1-12 el
WA Al A g Eeld 4SS =glad
K(nm~)=3.278 ionic strength (Mol)>-2 FH¥c}. 34 IzSe] &
g HellA AfouiR) = A A Aateke] ARG A9} AAI A
o ZREe] AT F A5 2 A4 B 5 Uk w2, ()
A9 HE T3] A% AARA 2 ohgF) o] qlAle] HA
37} 44 7-%-(constant charge)?} S1Ate] FEelMdo] U
73-9-(constant potential)7} t}-2-3} 7to)

- V¥=0 on S (8a)
=y on S (8b)

..EI:!

dedl, & d7olids o 7| 329 SU YA ZRAsUE
& z+ AR A58 A 43P 2 Pt 7|4, n e 23R}
EdellA 42 s el B2, ZIUTHA Yo
UBE FAle] AAZAE 31219 S gld] old] HEt sjAle W
THE FAZF et A% THAske] AAlzA] gigt A3 P-BA
o] #ASA L oA F o] AFR3] shrle] 2’ A4l i}
A=}, olef’t A=l= A7} obd w2 (short-range) A 2t-g-olL
A9 dgozx $ele) FAWtel AR ok} w3, EAY
gy o]l AEA da)g Fal FL o) e3} A7|o ZEa
oll4] hypemetted chain/mean-sphere ZA}2] limiting case.24] P-BAl2]
ehAde] &=l A AR vl et F, B Aolx) Y P-BAq] 9]
& T3 A5 U] Fozl FRo|tgoo] GEMC RAFS
AT AAPA, 28] 3 Aok ASL gl n & 5 QJrH15).

(8a) ] AAZAE 2 A% P-BAY s 2ol Phillips[26]
o f3 A= Sold (singularity) W02 T}, A=) Dabros
27k o] #hgell 23] e #HolE=go Ut s 241 A
& vt glch. 2 7184 Pl Folal Afield)olA] oIH iRt gt
EJAe dutdle, D Bk A9 RG] Xk
& (point force, A1 Ae) A+ point charge)e] L3 9= Eola)
(known singularity)2 A chs AMde]th. N7 QJa}So] EAjsls
5ol 2 slAks FAlolAe BolAat gAle) nlx)e FAle]s]
£o]% (unknown off-center singularity)y5-2] s}ojo) o}t A= E=Tead
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¥, ¥,) 3oz 289 slek &, 73 YA-AAe) At
SellXe U4 JAAA XN 2R = s

N
n- vvc(g,>=i§1(g VE, &)
+2 (1 VL)) (1M ©)

o AN FAEE A | EY 2 (matrix)l A A==, Bo)
7 A|7](singularity strengthygt5-2 JAlell Fo1x1 MAN] EHA (sur-
face point)el] o3l AAIZA A BloIbA] AAAEE residual B 3
4233tz FFH oz ez} Fig 28 73 JAFHS A &
1986702 EHAHES ¥oF 1 ¢l 3, 243} 742 Integrated Mathe-
matics Subroutine Library(IMSL)®} Double-Precision Least-Square
Regression Routine(DLSQRR)S- A4-§]t}[15,26]. 3+, Y47}
9] A3 ARg-olale FHil HA W disf) vkab (method of reflec-
tionyo] A-4Hc}. Z, 2t7ke] Al BolWE el ol hYAA AL

E-o] 4] (image singularity)5-& 372435}

§ (n V¥, ()+n- V‘I’;’:"i(gj))-t-g V¥, ()

i=1

+3 (2 V¥, @)+ V¥ @))=n - VR G)(RIM) (10)
i=1
s} 7o) AR

2-3. AHS0|L4X|(interaction emergy) HJAH
AAY ¥rh oA Tz ow oj25e e o] FAY FE
T3 S gled,

F= js'r - ndS 1)

Maxwell S #ix] T= Lo 2
T=(IT+¢E - E/2)I - éEE (12)

FHEH15]. 93714, et= oAb (dielectric constant), I ] &4
(identity tensor), E(= -V¥)= AN, 28la H=ex¥2)y= 45
Sholeth. wb3 a2l 7 )}l ofa) @sPdE(Q e, e, 6,5 A5
THRIA A HH B (11) 4L che} 2t} &,

F= [T ndS=e - [T-nds

= [ [cos6e, - T- ¢, ~sinbe, T-¢,]ds

= js[cosoT,, —sindT,, | r2sin 6dOde 13)
o714,

T, = [T+ e(E2+E2)/2 - ¢E,E, (14a)

T, =-¢E, E, (14b)

olch. P iAtell bRl = Y Frl PR, A hikg "o
A YA ARE 28] 2 QAR w7k oA R 2

E= ledx (15)

2.2 4EEch A3 BE9) B dig AA oRle B4 >
19l 2 A& pair-wise additive 7}73-& F-2]glo] =23 4 9l

B1aESE H36H H23 19981 48

A8 A AnE 4L 5 9irh14,15,26]. N Y] glx}So] ¥
Fol| EAshe 9= YAE AE7)(s-s)2] pair-wise additive FA|
23

N N
Bt —phk = 3 3 E, (16)
j=i+ti=1
o], N7H¢ qlxlgo] 713l &gk A4 ohaa 2o 4RE
A& 7Hs-s) 2|3 YRS} 7]1F Hidzks-w)oll thal pair-wise addi-
tive S 283k}

N N 2 N
Eo=E +E% =3 YE + 2 LE, amn
jei+li=1 w=ti=1
o|ZHE GEMC 24} $3fo] 15 o2 275hE @t (6) Alel
Al oiA) Egko] AT,

3. MADALTH

& A9 GEMC AHAkRALeA 3 F7|(cycleys, 7153} ¥
Aol 29 SlALE Alejuly Ad3Ge) £ 7] QJAE s
& A A3leg o]Fezlct slabAsel Abgle] dRAddle At
ANE AEE 53] 22 URHEA 500-1,30000)E, 22l% H&2
el =413l (face-centered cubic) AzpE R JH A7} £
Akl R 20nm e 2 A7) 5 713 ZPAW) 3h& HSHAA
A f3ks GA71F=2719] B AE AT} wbEA AL 913 A Y
oA gets]= 2 dxHadjust parameter)?) A5} g-go] F£23}
Al 2H-8340H20,23). F, IxES] A=Al x, y, 233
29 A olFAE ™ F714 8t 2719 50%2
st d2Ee] Bl M= 7 Qe EAlshe YAE A5 4-
8% M7t AAZ wBE =5 FRAAZ). BE criteria®] B o)
wE YAkde] AFES B AR} W 7H4 9 7)FellA
F7(F 70-80%), YAFEES} AG4S 227 A12HA0] F24
5 ZFa( 30-40% FE)=9ch # A79] GEMC 2AAE 4
¥ 3}Eo] G4} 2-4x 10* configurationF-¢]] th3-H0] 33 A el o))
E9EAT, a1 o]F Al AAEE 4-20x10° configuration o
2 FEEE dF Fdge AEsld). sEEEe) Mg 2
°ol7] A AktraolA AARE Hol Eald HRT T4
metx] CPUAIZEe] Zei3le Zhapdllol gtk =& AARS Hewlett-
Packard 9000, 715/100 A=yl )= ~6]o])d (Palo Alto, CA)C
2 Sosigeh

Pair-wise additives]) #}a] slele] sl5o] Qsle] 7)o 2T
ol w2 A oAl e} Abze] 75| AR EEA ul2] A3
A A2]o] 2ol T3t el x|+= Newton-Gregory forward polynomials
uhalel] o5k 74} c}dkAl e 2 Ak(interpolation)dted ZRIs)eic). W
Al 875 = 5 203670 A2, 23} }3HAle] w831
Zre F714 A5 A= 24432714 Smithe} Deen{28)
o] v}&3} 7ol

2
E(h) = 21 A, exp(-A, ;) (18)
j=

A A2k 2] <(exponential) 3] Fel 2 7FasE x| L2 9} v,
st 714, regression 2 2 AR = A2} A, = Debye ©)
% A% BUASL R o)), ool o3k FE EajAS
£ e (18) Aol o] Hoizl AT} vl wE AT} FAD 9l 9
ApHe1el 4% o)1) Aolg veplct. A A Alatel] LT7EE A7
< Al siAke] 7ol dIE HojubA] 20-30 CPU hourE 4-m)3}
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Ak
4. Za ¥ DF

A, €Y 71 FA9 AP 45 HE 97) Y8 879
£ AR (3) AolA A AL Q) AAA o iyt
] $Q3}c}. Happels} Brenner[29}= $4141 ZAH(centerline approxi-
mation) of] ©]3)), 72) 7 3-Zol] Paware} Anderson[13}& 233}
el ofs] 72} o8-} zdo)

Querine =1 — 1.004A+0.4181’+0.214" ~ 0.1691°+O (L")
Quaching =[1+(9/16)A In A — 1.193581+0.159317A°]/(1 - )

Fr=ste] AAsidc) o714, Q7 A%ke] Felmz (1) AlellA H
=KQs} Ft}. wlshdo] L F48] F-& N9 ASolE Kel-Ae

19
(20)

hindered
diffusion coefficient, H

08 |-
06 -
0.4

02+

0.0

5 1.0 A S
L NS
8 [ S centerline approximation
- 0.8 o~ [Happel & Brenner, 1983]
8 I S ]
8§ _ 06 4 .
2o I R
s 04 asymptotic matching . 7
% [Pawar & Anderson, 1993} . )
0.2 - -1
£ (® :Weinbaum, 1981) ]
° 0.0 —t
1.0 -

asymptotic matching
. T I .

0.0 0.2

0.4 0.6 0.8
solute diameter/ pore width, A

1.0

Fig. 3. Comparison of the predictions of diffusive hindrance factor
K and resulting hindered diffusion coefficient H for uncharged
case under centerline approximation, matched asymptotic me-
thod, and the exact numerical results of Weinbaum([29].

dimensionless density profile

3

2 -

T T T T T T I

Cp=52% 1

! ' ! I

0.2 0.4 0.6 0.8 1.0
dimensionless distance, X, /(W/2)

Fig. 4. Density profiles of uncharged solutes in slit pores for A=03
and solute concentrations of 5.2 and 20.9 %.
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2 dt}. Fig. 32 F2234 93 Q7} $AI4 A6l 9% A
¥} Weinbaum([30]2] 52| A 3}ol] Nl 2 Ux)3he Hods] Hod
2 ek F At ARk ATe F) A Adwl g, Ak
gzt Qell deiME A<0.5¢0 7R A9 Ax)slz, Hell §le]
Al A<082 WH7R] A2xse] AW Yy Anz Py
o} ol FAA SARY] - HdellA He] golal AR
A8 A E 7182 7] wFel 2 Ae) AHS-olut Ay
< 2, A2z ol e lAle) Hi A= oWl W e A)
o W (imneryd Nt el 4] Holl FA41R-2olA] 9 9%
(outer)A Mol W AT z3pbrlo)7] wFolrt. t]So], H2zs}
Hell A&l F-=3 (20049) AP oz uispAel H9E oh]al A
2] Az5ahgo] gle Aol dubHQl Ao shssids e 3
Safjof et obF-E, £ A7olA FAA ZAMHAl) A2z e
43l A FAASE T3 Ao N elhAdo) Fig. 3¢ £
ZAEE 90k st

Fig. 4%} 5& ZRo|=A5at8o] glo] 224 QI AFsabaut
sle Hlskdal 7399 7123} Wasdxe] =836 93 GEMC
AE 89l Zelth. «17149) Ale, 713elAE S48 Wzt
A h2, e $8R1e] Ao Zbzt 218447 Ao
o} 849 FEr) 209 %(H-I)E FU181 FEEE FHe) wEE
= AR 5L B3] 7] 34 QollAs i EZolA 9] 557} Al (enhan-
cingyd-$ ¥ < Qlr}. Fig. 59} & Feuistel] tigt Weaie] A
T duiAQl Z2ole FabelA QolA= wbwer By
(radial distribution function)®] 533} Jx]¥c}H[14]. Fig.6& v]s}4
A 7ol Al YAFEE 314 %BEF 7R AstAIZ o) mhE A3
A B HyS] 24324 Ul ARSZE, 7)) Fold4E)
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Fig. 5. Density profiles of uncharged solutes in the bulk for A=03
and solute concentrations of 5.2 and 20.9 %.
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: constant found by regression of Eq. (18)
: solute radius
: solute concentration
: diffusion coefficient
o : diffusion coefficient in the bulk
: solute diameter

agoga-e

dx, dy, dz : distance of random displacement
: potential energy

: unit vector

: electrostatic force

: number of off-center singularities
: hindered diffusion coefficient

: half width of slit pore

: identity tensor

R o= = omoe mie

: partition coefficient
: Boltzmann thermal energy

-
~

: number of surface points

: total number of solute particles
: unit normal vector pointing into the solvent
: pressure

: governing probability

: hydrodynamic coefficient

: diffusive hindrance factor

: surface

: temperature

: Maxwell stress tensor

: volume

€<HAHLOO® Y Z 2

: width of slit pore
: Cartesian coordinates for periodic boxes in the pore and bulk

o
o
N

aaloja 2&

: dimensionless solute position(=x/h)

: dielectric constant

: inverse Debye length

: ratio of solute diameter to pore width(=d/W)
: chemical potential

HFE A" o o

: osmotic pressure
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G : dimensionless surface charge density
b 3 : electrostatic potential
P, : surface potential
SHA XL
i : each of spheres
j : each of surface points
r,0, ¢ :elements of spherical coordinate
ARXL
o p : specified subsystem
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