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Comment on “Higher Surface Energy of Free
Nanoparticles”

In a recent Letter by Nanda et al [1], a surface energy
of y(D) = 7.2 J/m? for Ag nanoparticles (D is diameter)
has been determined by studying size-dependent evapo-
ration of nanoparticles relating to the Kelvin effect,
which is significantly higher than the corresponding
bulk value vy, [1]. The authors argue that this fact is usual
since similar situations have been found in PbS, CdS, and
Pd [1-3]. We comment on this prediction.

v and surface stress f are defined as the reversible work
per unit area involved in, respectively, forming a new
surface of a substance and elastically stretching a surface
[4]. f=1vy+ dy/dA where A is the surface area [4].
v = f for liquids while y < f for solids very often [4],
although there are exceptions depending on the sign of
dy/dA [5]. The obtained larger y value [1] thus denotes
the f value while f > 7 is understandable. Note that the
cited f values of CdS [2] and Pd [3] are wrongly inter-
preted as 7y values by the authors [1].

The f value at melting temperature T, reads [4]

f = (h/z) 3Svibl_lm/(RKv)r (1)

where £ is the atomic diameter, S;, the vibrational part of
melting entropy S,,, H,, the bulk melting enthalpy, R the
ideal gas constant, k the compressibility, and V the gram
atom volume of crystals. Equation (1) was originally
derived for a solid-liquid interface where f decreases
with T since the specific heat of an undercooled liquid
has a negative slope [4]. Because the f here considered is
for the surface, it decreases with T as y does. The f
determined by Eq. (1) should be thus its minimum f;,.
The f i, values for the crystals mentioned in Ref. [1] are
calculated and shown in Table I, where f,;, > 7y as ex-
pected and f,;, < f except for Pt since the experiments
considered are performed at room temperature.

In addition, y(D) can be related with the size-
dependent cohesive energy E(D) of nanocrystals where
v(D) « E(D) since y(D) is a function of the broken bond
number of surface atoms. Thus, y(D)/v, = E(D)/E,,
which leads to [10]

y(D) _2D/h—2 T 25,
v,  2D/h—1 Xp[ 3R(2D/h — 1) } 2)

where S, denotes the bulk coherent entropy. y(D) de-
creases with D, against the argument of the authors [1].
This is because an energetic difference between the sur-
face and the interior atoms decreases as the energetic state
of the interior atoms increases [10]. For Au nanoparticles
with (111), (100), and (110) facets, Eq. (2) gives y(D =
3.8 nm) values of 0.87, 1.10, and 1.15 J/m2 (the corre-
sponding y,, values are 1.28, 1.63, and 1.70 J/m? [9] with
S, = 106.8 J/g-atom K [4]) while the theoretical results

179601-1 0031-9007/04/92(17)/179601(1)$22.50

TABLE I. Comparisons among f ., the experimental results
f[1-3]and y [1,9] in J/m2. All data of metals are from Ref. [4]
while for CdS and PbS, V in cm3/g-atom and & in A, H,, in
kJ/g-atom and S.;, in J/g-atom K, k in 1072 /Pa from Refs. [6],
[71, and [2,8], respectively.

Ag Au Pt Pd CdS PbS
h 2.89 2.88 2.78 2.75 2.11 2.97
1% 10.3 10.2 9.1 89 15.0 15.7
H, 11.3 12.6 19.6 17.6 29.0 18.4
Svib 9.16 9.38 9.58 9.64 6.02 4.96
K 9.65 5.85 3.62 5.35 15.6 15.1
Smin 2.80 3.13 6.22 4.94 1.73 1.77
f 7.2 3.19 4.44 6.0 2.50 2.45
02 1.25 L5 2.5 2.0 0.75 1.4

are y(D = 3.8 nm) = 0.93, 1.15, and 1.18 J/m? [11]. A
good agreement is found.

Moreover, exp(—x) = 1 — x when x is small, Eq. (2) is
rewritten as y(D)/y, = 1 —4h/D when S,/R = 12 for
metallic elements, which is the same as Tolman’s equation
for the size-dependent liquid-vapor interface energy
vi(D) [1]. This consistency is because the structural
and energetic differences between solid and liquid are
much smaller than those between them and vapor.

H.M. Lu and Q. Jiang*
Key Laboratory of Automobile Materials (Jilin University)
Ministry of Education
Changchun 130025, China

Received 26 September 2003; published 29 April 2004
DOI: 10.1103/PhysRevLett.92.179601
PACS numbers: 68.35.Md

*Email address: jiangq@jlu.edu.cn

[1] K K. Nanda, E E. Kruis, and H. Fissan, Phys. Rev. Lett.
91, 106102 (2003).

[2] A.N. Goldstein, C.M. Echer,
Science 256, 1425 (1992).

[3] R. Lamber, S. Wetjen, and N. L Jaeger, Phys. Rev. B 51,
10968 (1995).

[4] Q. Jiang, D.S. Zhao, and M. Zhao, Acta Mater. 49, 3143
(2001), and references therein.

[5] S. Olivier, A. Saul, and G. Tréglia, Appl. Surf. Sci. 212—
213, 866 (2003).

[6] Joint Committee of Power Diffraction Standards
(JCPDS) 05-0592 and 41-1049.

[7] A.R. Regel and V.M. Glazov, Semiconductors 29, 405
(1995).

[8] S.H.Wei and A. Zunger, Phys. Rev. B 55, 13605 (1997).

[9] L. Vitos, A.V. Ruban, H. L. Skriver, and J. Kollar, Surf.

Sci. 411, 186 (1998).

Q. Jiang, J.C. Li, and B. Q. Chi, Chem. Phys. Lett. 366,

551 (2002).

[11] J.H. Shim, B.J. Lee, and Y.W. Cho, Surf. Sci. 512, 262
(2002).

and A.P Alivisatos,

[10]

© 2004 The American Physical Society 179601-1



