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Abstract — The classical Volmer’s theory of heterogeneous nucleation on solid surfaces was applied to a condensing system
of water vapor on n-hexadecane liquid surface. The Volmer’s equation was newly analyzed in the case of liquid surface and an
experiment was carried out to study the condensation of water vapor on the surface of n-hexadecane in a thermal diffusion
cloud chamber. The observed critical supersaturation was smaller than the theoretical value calculated from the Volmer'’s the-
ory. And the critical supersaturation predicted by a kinetic theory was found to be equal to that by the Volmer's equation. The
discrepancy of critical supersaturation between experimental and theoretical values probably stemmed from the difference in
the value of interfacial tensions between macroscopic and microscopic states. Also this discrepancy seemed to be reasonable
since the theoretical and empirical definitions of the critical supersaturation were different.
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Fig. 1. Gibbs free energy change for nucleation with increasing radit

of water droplet.
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Fig. 2. A spherical cap embryo of liquid (C) in contact with its vapor
(V) and a nucleating surface (S).
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Fig. 4. Gibbs free energy changes for nucleation with increasing radius
of water droplet: in homogeneous nucleation and in heteroge-
neous nucleation on solid and liquid surfaces.
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Table 1. Surface and interfacial tensions of liquids at 26.17€

Water n-Hexadecane Ref.
Surface tension 0.0721 0.0269 [5]
Interfacial tension* 0.0532 [5]

Unit: N/m
*n-Hexadecane-Water

Table 2. Experimental nucleation results of water vapor on n-hexadecane

surface
0, 0, (01, 8iquia S Surface temperature
373 124.9 0.3838 1.078 26.18 °C

g

< Zteth £ 26.18°CHlX &3 n-hexadecarid 384 9 AA
32 Table Bl A=lstsict.

o] kg o]8-5te] HA EHANA Y &9 FEFE TR E 6,2 37.3

0|3 8= 124.90]t}. o] Grom 2 (12)= o]&-8te] 53] £8 18y, 8))jquia
£ Fajr 0.3838] Hr} o] £ AS- 7Y @
] dojuis QA FEfAM 2] Aol x] M3 AG™E 2F 10 Joul
o] 2718 Zherh 26 1(6), 8)q07t 0.3838) el A= o) o)
& FHxse= BEF 2.32 FHolof # RGN ] AE w4 g
she whs Zheth 2efu 2 A3l 42 #arst g2 1.048-1.078)
o]¢] Zho|r}. ol HA 22 Hgle] AZILE ViKeH F1 &% Fo}
oF Sl=H) ek £(8,, 6)que’t 10°9] 712 7FA ok @tk o]8A &
53 282 E0] #d AP o] dofd v BF RN 7R Y
AR o]FolF[2-4]15 & wo Er/Fs3lvh meEbs Volmerd-g ©]
Lot 2h& x| A Aol dofihiz A FAE A58 A
2 tha FE7t vk Table 21 n-Hexadecanét™ $lol E°] 55
T wio] dA) FHxeP} o] RoH LA o] e Y] 3hg A
3t

e AFAES] AEE Volmer 21 F= o} lvk dapatsict.
B ARy 28 gro 2= Mitchell[51S 1.014514 1.0167] 3k
Zrerhal ISR, 7] AR W 9o 9] A3 d4-gk Chens
[6] 1.0052A %= &g do] dojdriar 31T}t Scheludksl Chakarof
[14]= 22 n-hexadecan&™ oA T HgA] 7= HHo R 85
XA YA =8 d7g v 1.3 =Y thh & 3 It

Table 341= n-hexadecané] ¢l n-tetradecan& acetophenore &
oY FHo T ARE-E Wl UA) A25E B} n-Tetradecar
wAE e 28]% Fo| n-hexadecang =LA thExX| frky Agzk
& AR AP 437t n-hexadecand vl Blw. A d Wk
o2 A37F e @9t Mitchell[51 €471 121191 n-dodecang
AHEete] A& & A3 shape factor €, 8,)q,0c 3.5% 8% Fa
s A FAEsh= 0.25%2 °F7F FUISIARAIT A8 24 W9 k9
At dolHri B 4= 3T} Acetophenong Eod THOE A}
|3 A9e A Az a4 g FeR A7EAT Thermal
diffusion cloud chamberidll ZE3}7t FA =S 9 A Eo)
SEEO LA AA L o Folrt, e ofgjHe] 2kx oF 25-
26°C Atofo]az amje] FE 31 == 1.00B14 1.0024F0[t}. Mitchell[51-
B2} Fx20) €527]7F 9l n-dodecyl alcohdt 28-S & Az} A%
s daslA] Foket & AllAe AE717F 2= acetophenorsg

b

X

Table 3. Critical supersaturation of various surfaces

n-Hexadecane radecane Acetophenone
S 1.048-1.078 1.05-1.078 1.001-1.002
Surface tension*[17]: 0.0271 0.0261 0.039

*: Unit: N/m, and Temperature at 26.
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0,50.+0, 3 57t HH §580] 714 £0.2 Eort 22 B
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T2 £50] 3 ov s AEE 59383] 2Rl Fol gt o]
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Fig. 6. Nucleation rates, JB+a), of water vapor on n-hexadecane with
respect to number of water molecules.
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Table 4. Nucleation rates of water vapor on n-hexadecane surface gt S

=2.3
Number of molecules B J@) J@+a)
5 2.714x18° 1.600x162  1.602x162
10 5.198x16P 2.435x10°  2.440x10°
20 1.707x18° 6.350x10°  6.367x10°
50 8.822x10 2.426x10°  2.435x14°
100 1.108x1B 2.475%x10 2.486x10
200 4.377x1% 9.101x18 9.145%18
500 4.377x1% 9.101x16 9.145%16
Unit: numbers ri? st
n(1)=1x16"m2
n(1) sin
R= M (29)
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: condensate-substrate interfacial area

: vapor-condensate interfacial area

: original substrate surface area

:lens shape vapor-substrate interfacial area of one water molecule

adsorbed

: lens shape condensate-substrate interfacial area of one water mole-

cule adsorbed

: original substrate surface area of one water molecule adsorbed
: two-dimensional van der Waals constant

: preexponential factor

: surface area of condensate

: backward rate, the rate at which molecules leave the cluster

: two-dimensional van der Waals constant

: forward rate, the rate at which molecules are added to the cluster

shape factor concerning a water droplet on solid surface

f(81, B2)iquia * Shape factor concerning a water droplet on liquid surface

AG
AG
[

J
J(i)
J@)

JB)

JB+a) :

o
7

i

: change in Gibbs’s free energy

: change in Gibbs’s free energy at critical supersaturation

: number of water molecules

: nucleation rate per unit volume per unit time

: nucleation rate of size i per unit area per unit time

: nucleation rate by migration of absorbed water molecules per

unit area per unit time

: nucleation rate by direct condensation from the vapor per unit

area per unit time
nucleation rate per unit area per unit time

: Boltzmann’s constant
: constant related to the strength of adsorption
: circumferential length of one water molecule adsorbed in lens

shape

: mass of one molecule

: number of molecules per unit volume in vapor phase
: number of molecules of condensate per unit volume

: number of molecules of size i per unit area

: number of water molecules on liquid surface per unit area
: pressure

: equilibrium pressure

: radius of condensate

: radius of condensation at critical supersaturation

: ratio of two-dimensional migration to direct vapor addition
: radius of one water molecule adsorbed in lens shape
. supersaturation defined as Szp/p

: critical supersaturation

: Volume of condensate

: minimum reversible work required to form a cluster

2~ 2%
: rate of two dimensional migration per unit circumferential length

per unit time

: rate of direct vapor addition per unit interfacial area per unit time
: condensate-substrate interfacial tension

: vapor-condensate interfacial tension

: vapor-substrate interfacial tension
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