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/GéB�¬� Debye §Ý!L¡U!L¡Ør!¬�ëþ�K�wÍ.
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1 Ú ó

B�XÚdu3nØÚA^þ�­�5, ®
kØ�©zé§�(�!/�!>fUÌ�A5
?1
ïÄ [1−4], �é§�L¡5��ïÄ��.
1989 c©z [5] éØÓâ»� Au B�âf�Lz
§Ý?1
ÿþ, ¿æ^9åÆ�{O�
L¡U.
1997 c, �ö�Ä
B�âf��Ý�AÚ�f�
Ä��{��A, ±¥/ Ag B�âf�~, &?

§�L¡U�§ÝÚâ»�Cz5Æ [6]. 2006 c,
�öq± Ar B�âf�~, ïÄ
/GÚ�fê
éB�¬L¡U�K� [7]. 3ù
ïÄ¥, �ïÄ
B�¬�Ù¦L¡5�. 7f�´�M�¬Ná�,
k2��^å. é¬G7f��(�!5�, ®k
©z�
Øã [8], �éB�7f��5�, KïÄ
é�. 2010 c©z [9] òB�¬À�á�N, ïÄ

B�7f��L¡U, ���Ä�f�Ä��{
��AÚ/G�K�. �uB�7f�3nØþ�
­�5ÚA^þ�d�, �©3�Ä��f��{
��Ä�¹e, ïÄB�7f�� Debye §Ý!L
¡U, L¡Ør!¬�ëþ��fê!§Ý!/G
�Cz5Æ, &?�{��ÄÚ/GéB�7f�
L¡5��K�.

2 {�Xê��{�Xê

��f²þ�p�^³� ϕ(r), 3²ï � r0

NCÐm,  l ξ = r − r0 é��, k

ϕ(r) = ϕ(r0) +
1
2
ε0ξ

2 + ε1ξ
3 + ε2ξ

4, (1)

ª ¥ � ε0 =
(

d2ϕ

dr2

)
r0

Ú ε1 =
1
3!

(
d3ϕ

dr3

)
r0

,

ε2 =
1
4!

(
d4ϕ

dr4

)
r0

©O�{�XêÚ1�!1��

{�Xê.

©z [9] �Ñ7f��f�p�^³�� - p
B� - 7d³

u(rij) =
D

(b − a)

{
a

[
r0

c + rij

]b

− b

[
r0

c + rij

]a
}

,

(2)
ùp D �³²�, r0 � ϕ(r) = 0 �ü�fmål,
a Ú b �L�MÝÚ³��§�^�ëê, � b > a,
c ���Cü�fmål. 7f�´¡%á�Eª
�f, �²ï�ü�fm�áål� r, ü�f�p
�^³� u(rij), �º:�f�ë�:, K?�:�
º:�ål� rj = ajr. 3O9�C�!1 1, 2, 3
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gC��¹e, ¦����f�²þ�p�^³�

ϕ(r) ≈ D

b − a

arb
0

4(c + r)−b + 12

(
c +

√
8
3
r

)−b

+6
(

c +
4√
3
r

)−b

+ 12

(
c + 4

√
2
3
r

)−b


+
D

b − a

bra
0

4(c + r)−a + 12

(
c +

√
8
3
r

)−a

+6
(

c +
4√
3
r

)−a

+ 12

(
c + 4

√
2
3
r

)−a
 .

(3)

ò (3) ª�\{�Xê ε0 Ú��Xê ε1, ε2 �½Â
ª, ¦� ε0, ε1, ε2.

3 ��/B�¬�²þ� ê

�B�¬äk��/²18¡N/G, k Nb

��f?u.>, NS ��f?uýc, f = NS/Nb

¡�/GÏf . ��/B�¬~��ká�N/!
\/!A²Gn« (ã 1).

ã 1 n«/GB�¬�/GÏf

òo�fê N �� N = fN3
b/α, α ¡��

( � ë þ, § � n � ¬ N � � � Ý KS � ' X
� [1]α = π/bKS. n�B�¬�²þ� ê 〈k3〉 ´
�fê N Ú/GÏf f �¼ê, -¬G¬N²þ
� ê� k3(N = ∞), K

k3(N, f) =
〈k3〉

k(N = ∞)

= 1 −
(

α

f

)2/3 (2f + 1)
3N1/3

. (4)

n���/B�¬�NÈ V , L¡È A, �Ý d (=
�å���ü�fmål) ©O�

V = Nα[c(N, f)]3,

A = 6[c(N, f)]2αs(Nα)2/3ZS(f),

d = 31/2c(N, f)αd(Nα)1/3Zd(f), (5)

ù p c(N, f) ´ � C�� f ¥ % m � å l, αs

Ú αd ©O�: αS ≈ α2/3, αd ≈ α1/3, 
 Zd ≈
(2 + f2)1/2

31/2f1/3
´c>�/G¼ê.

4 Debye §Ý��fêÚ/G�Cz

©z [7] �Ñ3�f�p�^³ (2) ª�^e,
{�Cq���/B�¬� Debye §Ý�

θD0(N, f) = Aωξ3

[
−1 +

(
1 +

8D

kBAωξ2
3

)1/2
]

,

(6)
ùp

Aω =
5k3(N, f)ab(b + 1)~2

144(b − a)kBmr2
0

(r0

c

)b+2

,

ξ3 =
9

k3(N = ∞)
,

ª¥� kB Ú ~ ©O´ Boltzmann ~êÚ Planck ~
ê, m ��f��þ.

| ^ Debye § Ý � Debye Å ¥ kD � ' X

ª θD =
~v̄

kB
kD, ùp v̄ �²þ(�, d (6) ª�

��{�Cqe� Debye Å¥ kD0(N, f) �

kD0(N, f) =
3
4

kB

~v̄
Aωξ3

×

[
−1 +

(
1 +

8D

kBAωξ2
3

)1/2
]

. (7)

©z [6] �Ñ�{��Äe� Debye Å¥ kD �{
�Cqe Debye Å¥ kD0 'X�

kD =
[
1 +

(
15ε2

1

2ε3
0

− 2ε2

ε2
0

)
kBT

]
kD0, (8)

dd���{��Äe� Debye §Ý�

θD(N, f) = θD0

[
1 +

(
15ε2

1

2ε3
0

− 2ε2

ε2
0

)
kBT

]
. (9)

5 ��/B�¬�L¡U

dúª dF = −SdT − pdV + µdN + σdA, �
�L¡U�

σ(N,V, T ) =
(

∂F

∂A

)
N,V,T

. (10)

duL¡U�²þ� ê k3 k', 
 k3 q��f
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ê N Ú/GÏf f k', þªq���

σ(N,V, T ) =
(

∂F

∂k3

)
N,V,T

[(
∂k3

∂f

)(
∂f

∂A

)]
.

(11)
©z [7] �Ñ3�p�^³ (2) ª�^e���/
B�¬�gdU�

F = NkBk3(N = ∞)

×
[
k3(N, f)DU(R)

2kB
+

3θD

k3(N = ∞)

]
×

[
0.5 +

T

θD
ln(1 − e−θD/T )

]
, (12)

ª¥� U(R) Ú R �

U(R) =
aRb − bRa

b − a
,

R =
r0

c
.

ò (4) Ú (12) ª�\ (11) ª, � Debye §Ý�{�
Cq��, =- θD = θD0, ��{�Cqe�L¡
U�

σ0(N, f,R, T ) = −k3(N = ∞)DR2

12αsr2
0

Le0(N, f),

(13)
ùp

Le0(N, f) = U(R) +
18γ0(N, f)kBθD0(N, f)

(b + 2)Dk3(N, f)

×Ew

(
θD0

T

)
,

Ew

(
θD0

T

)
= 0.5 +

1
exp(θD0/T ) − 1

,

γ0 = −
(

∂ ln θD0

∂ lnV

)
T

=
θD0(1 + b)

6(θD0 + Aωξ3)
.

ò (4) Ú (12) ª�\ (11) ª, � Debye §Ý�
�{��Ä��, =- θD = θD(N, f), Ò���{
��Äe, ��/B�¬�L¡U�

σ(N, f,R, T ) = −k3(N = ∞)DR2

12αsr2
0

Le(N, f), (14)

ùp

Le(N, f) = U(R) +
18γ(N, f)
(b + 2)

×kBθD(N, f)
Dk3(N, f)

Eω

(
θD

T

)
,

Ew

(
θD

T

)
= 0.5 +

[
exp

(
θD

T

)
− 1

]−1

,

γ(N, f) =
[
1 +

(
15ε2

1

2ε3
0

− 2ε2

ε2
0

)
kBT

]
γ0(N, f).

6 ��/B�¬�L¡Ør

©z [9] �Ñ��/B�¬�L¡Ør Psf �

Psf = pLS(1 + ∆p), (15)

ª ¥ � pLS � . Ê . d Ø r, L « � � / B
� ¬ 3 / G Ú L ¡ U Ø C (= f Ú σ = ~ ê)
�, ÏL¡È�NÈ�CzéL¡Ør��z,

= PLS = σ

(
∂A

∂V

)
N,α,f

. ò (5) ª�\dª��

PLS =
4αs[1 − k3(N, f)]σ

cα
, (16)

Ù ¥ � σ � L ¡ U, { � C q �, σ =
σ0(N, f,R, T ), d (13) ªL«; 
�Ä��{�
�Ä�, σ = σ(N, f,R, T ), d (14) ªL«.

(15) ª¥� ∆p L«B�¬¥�fm�C�å

l c Cz�ÚåL¡U��éCz: ∆p =
1
2

∂ lnσ

∂ ln c
.

©Oò (13) Ú (14) ª�\þª, ��{�Cqe
� ∆p0 �

∆p0 = −1 − 1
2

{
U(R) − 54γ0(q0 − γ0ty0)

b + 2

×3kBθD0(N, f)
4Dk3(N, f)

Eω

(
θD0

T

)}
L−1

e0 (N, f),

(17)

ª¥ γ0 d (13) ª�Ñ, 
 q0, ty0 �

q0 =
(

∂ ln γ0

∂ lnV

)
T

= γ0
Aωξ3

θD0

[
1 +

Aωξ3

θD0 + Aωξ3

]
,

ty0 = 1 − 2
(

θD0

T

) exp
(

θD0

T

)
exp

(
θD0

T

)
− 1

,


�{��Äe� ∆p �

∆p = −1 − 1
2

{
U(R) − 54γ(q − γty)

b + 2

×3kBθD(N, f)
4Dk3(N, f)

Eω

(
θD

T

)}
L−1

e (N, f), (18)

ª¥� γ d (14) ª�Ñ, 
 q, ty �

q =
(

∂ ln γ

∂ lnV

)
T

= γ
Aωξ3

θD

[
1 +

Aωξ3

θD + Aωξ3

]
,

ty = 1 − 2
(

θD

T

) exp
(

θD

T

)
exp

(
θD

T

)
− 1

.
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©Oò (16)—(18) ª�\ (15) ª, ��{�Cqe
�L¡Ør�

psf0 =
4αs[1 − k3(N, f)]σ0(N,R, T, f)

cα
×(1 + ∆p0), (19)


�{��Äe�L¡Ør�

psf =
4αs[1 − k3(N, f)]σ(N,R, T, f)

cα
×(1 + ∆p). (20)

7 ��/B�¬¬�ëþ��éCz

B�¬NÈd V C� V + ∆V �, Úå�fm
åld c C� c + ∆c, üö'X� ∆V/V = 3∆c/c.
d�§�5�þ BT ½Âª BT = −V (∂p/∂V )T,
k ∆V/V = −∆p/BT. éB�¬, Ør�Cz5

uL¡Ør psf , = ∆p = pLS. dd��

3
∆c

c
= −4αs[1 − k3(N, f)](1 + ∆p)

cα
· σ

BT
. (21)

©z [9] L², B�¬� σ/BT = 0.014 nm. d
d¦�, {�CqeB�7f�¬�ëþ��éC
z�(

∆c

c

)
0

≈ −0.0186
αs[1 − k3(N, f)](1 + ∆p0)

cα
,

(22)
�{��ÄeB�7f�¬�ëþ��éCz�(

∆c

c

)
≈ −0.0186

αs[1 − k3(N, f)](1 + ∆p)
cα

. (23)

8 �{��ÄéB�7f�L¡5�
�K�

� R = 1 � O �, © z [9] � Ñ 7 f � �
a = 2.21, b = 3.79, D = 3.68 eV, r0 = 0.1545 nm,
c = r0 = 0.1545 nm. � \ (3) ª, 2 � \ ε0

Ú ε1, ε2 �½Âª, ¦� ε0 = 8.2974 J· m−2, ε1 =
–7.3606×1010 J· m−3, ε2 = 8.5327×1020 J· m−4. d
7 f � � ( � � � αs = 1.333, ( � ë þ α =
1.54. �� C �f��þ m = 1.993×10−26 kg,
k3(N = ∞) = 4; òù
ëþ�\ (4)—(23) ª, �
��B�7f�� Debye §Ý!L¡U!L¡Ø
r!¬�ëþ��fê!/GÚ§Ý�Cz'X .

ã 2 �Ñ
d (6) ªÚ (9) ªO�Ñ�á�N
/ (f = 1) Ú\G (f = 5) B�7f�3 T = 20 K
�� Debye §Ý θD ��fê�Cz, ã¥¢�´

{�Cq�(J, J�´�{��Ä�(J. dã 2
wÑ: á�N/Ú\GB�7f�� Debye §ÝÑ
��fê�Oõ
,p. �fê���, Debye §Ý
��fê�Cz�¯, �ü«/GB�¬� Debye
§Ý��O��; 
�fê���, K��; á�
NB�7f�� Debye §Ý�pu\G��. ��
fê�u 106 �, ü«/GB�¬� Debye §Ý�
�O��. dã 2 ��wÑ: �f��{��Äe
� Debye §Ý��u{�Cq��. d (6) ªÚ (9)
ª±9ã 2 ��, ��fêé� (= 1/N ªu")
�, Ø=/G�K���, 
�B�7f�� Debye
§ÝÒªu 550 K, �C¬G¬N�� 620 K. �É
�Ï´æ^�³U�Cq5.

ã 2 T = 20 K eØÓ/GB�¬ Debye §Ý��fê
�Cz

ã 3 �Ñ
d (13) Ú (14) ªO��á�N
/ (f = 1) Ú\G (f = 5) B�7f�3§Ý� T =
20 K ��L¡U��fê N �Cz, Ù¥¢�´
{�Cq�(J, J�´�{��Ä�(J. �

'�, ã¥��Ñ
©z [9] �âB�7f��L
:�Ñ�á�N/B�7f��L¡U�� (ã¥
ç:). �wÑ, ü«/G�B�¬�L¡UÑ��
fê�Oõ
O�, Ù¥, á�N/B�¬�L¡
U�'\G���, �f��{��Ä�L¡U�
$u{�Cq��; ü«/GB�¬�L¡U��
O�X�fê�Oõ
~�. ��fêé��, /
GéB�¬L¡U�K���, �� 1/N ªu"
�, §�L¡Uªu 22000 J·m−2

lã 3 ��wÑ, �Ä��f��{��Ä±
�, d (14) ªO���'{�Cq�(J��C¢
��, ��fê��, �{��(JÒ��¢��
C. ~X: lnN = 9 �, {�Cqe�Ø�� 9.5%,

�{�e�Ø�� 6.2%; 
 lnN = 5 �, {�C
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qÚ�{�e�Ø�©O� 4.5%Ú 2.4%. ùL²:
�Ý��, �f�Ä��{��A�wÍ, �¦n
ØO��¢����, ÒA�Ä�f��{��Ä
�A.

ã 3 B�7f��L¡U��fê�Cz

ã 4 �Ñ§Ý3 T = 20 K �, d (19) Ú (20)
ªO��B�7f�L¡Ør psf ��fê�C
z. Ù¥, ¢�©O´á�N/ (f = 1) Ú\G (f =
5) B�7f�3{�Cqe�(J, 
J�´á�
N/ (f = 1) 3�{�e�(J. dãwÑ: B�7
f��L¡Ør��fê�O�
~�, �{��
Ä�¹e�L¡Ør��u{�Cqe��; �f
ê���, á�N/Ú\GB�7f��L¡Ør
��O��, 
�fêé� (N > 107) �, ü«/G
�L¡Ør��, /G�K���. lã 4 ��w
Ñ: ��fêé� (= 1/N ªu") �, Ø=/G�
K���, 
�§�L¡Ørªu 0.3×1011 Pa.

ã 4 B�7f��L¡Ør��fê�Cz

ã 5 �Ñ§Ý©O� T = 20 K Ú T = 3000 K,
3 R = 1 �, d (22) Ú (23) ªOO��á�N

/ (f = 1) Ú\G (f = 5) B�7f��¬�ëþ
�éCz ∆c/c 3{�Cq (ã¥�¢�) Ú�{
��Ä (ã¥J�) �¹e��fê�Cz. dã
wÑ: 1) §Ý�$�, ¬�ëþ��éCz��f
ê�O�
~�, á�/B�¬�¬�ëþ�éC
z��u\G��, 
§Ý�p�, �¹K��;
2) ü « / G � B � 7 f � � ¬ � ë þ � é C
z ∆c/c ��O��fê�O�
~�; 3) �{
��Äe� ∆c/c ���u{�Cq��, ��f
ê��, �{��Ä�A�wÍ. lã 5 ��wÑ:
��fêé� (= 1/N ªu") �, Ø=/G�K
���, 
�§�¬�ëþ�éCz ∆c/c ªu 0,
¬�ëþ c = r0 = 0.1545 nm.

ã 5 B�7f�� ∆c/c ��fê�Cz

9 ( Ø

�©�O�Ú©ÛL²: 1) B�7f��
Debye § Ý � � f ê � O õ 
 , p, Ù ¥ \ G
� Debye §Ý θD �'á�/��$, �f��
{��Äe� Debye §Ý�pu{�Cq��; 2)
B�7f��L¡U��fê�Oõ
O�, Ù¥,
á�N/B�¬�L¡U�'\G���, �{�
�Äe�L¡U�'{�Cq���; ü«/G
B�¬�L¡U��O�X�fê�Oõ
~�,
��fêé��, /GéB�¬L¡U�K��
�; 3) B�7f��L¡Ør��fê�Oõ
~
�, Ù¥, \G�L¡Ør�puá�/��, �f
��{��Äe�L¡Ør��u{�Cq��;
4) §Ý�$�, B�7f��¬�ëþ��éC
z ∆c/c ��fê�Oõ
~�, á�/����
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u\G��; 
§Ý�p�, ∆c/c K��fê�O
õ
O�, á�/����u\G��; ØØÛ«
§Ý, �{��Äe¬�ëþ��éCzþÑ��
u{�Cq��, ��fê��, �{��Ä�A
�wÍ; 5) ��fêé� (= 1/N ªu") �, Ø=
/G�K���, 
�§� Debye §Ý!L¡U!
L¡Ør!¬�ëþ©Oªu 550 K, 22000 J·m−2,

0.3×1011 Pa, c = r0 = 0.1545 nm.
����Ñ: �©�?Ø´3B�¬��fê

Ø´����¹e���, �¬â��!°!p�
���Ýé� (X�u 10 �¬�~ê) �, �©�
�
b�^�òØ��÷v, Ù(Jòu)UC,
d«�¹ò3±�?Ø.
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Abstract

The influences of atomic number and shape on Debye temperature, surface energy, surface pressure and lattice are studied by

means of Me-lennard jones potential, then the influences of anharmonicity and shape on surface character are discussed. The result

shows that (1) the Debye temperature and surface energy increase as atomic number increases, and that of rod nanodiamond is lower

than that of cubic one. (2) The surface pressure and the variation of lattice parameter at low temperature decrease with the atom number

decreasing, and the rod sample change is more apparent. The harmonic atomic surface pressure is smaller than the anharmonic one.

(3) The above case is obvious when less atom number is small.
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