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 NaCl (�� TiC 3pØe
��55�!>f(�Ú9åÆ5�. O�¤�"§"Øe�¬�~ê!N��þ9�5~ê�¢��ÎÜ�é
Ð. "§e�5~êÚ�5�þ�ØrO�O�.ÏL��ÝÚ>Ö�Ý�©Û, Ti—C ��ØrO�Or. $
^O��~�., ¤õO�
 TiC 3p§pØe�N��þ!�!9)äXê!÷~§Ý!Grüneisen ëêÚ'9
N. (JL²ØréN��þ!9)äXêÚ÷~§Ý�K��u§ÝéÙ�K�. 9N�XØr,p~�, 3
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1 Ú ó

���«��LÞ7á%zÔ, TiC ä�p
L:!pMÝ!ûÐ��9!�>5UÚ4Ð�
|@¡A5�A:. 3á�U5�¡, §�±��
æ�á�¦^, ��±��V\á�¦^. TiC �2
�A^u��>b!��ä!F�F»á�!
Ê�Ú�7�+� [1,2]. TiC ®�Ü¤Ì�æ^%
9��{!���A{!M�v�{!í�{!
7á9��{Ú�Å{ [3], Ü¤§Ýþ3 1000 ◦C

±þ. 3pØe�( TiC, U¦Ù�\�� [4−6].

Ïd, ïÄ TiC 3pØe��5Ú9åÆ5�Òw
�c��.

8c, ®²k�
¢�±9nØé TiC �9
åÆ5�?1
ïÄ. ¢�þ, 1965 c Klerk[7] æ
^(¯�((�ÿþEâé TiC(110) ��þ�(
�?1
ÿþ, ¿ÏL(�O�Ñ�5~êÚ¿

§e�÷~§Ý. 2003 c Dodd � [8] æ^�(Å
(�óÀ£ÅUC�ÿþ
§Ý3 135—295 K

Ú¿§eØå3 0—0.2 GPa �LÞ7á>b%z
Ô TiC0.98 Ú TaC0.98 ��5�þÚ9åÆëê. (
JL² TiC0.98 Ú TaC0.98 �N��þÚ}��þ
��, �N��þÚ¼�þ�§Ýü$,p.

nØþ, Chang � [9] ©Oæ^�5~êÚ$§9
N Cp é÷~§Ý?1O�, O�(J©O� 940 K

Ú 845 K. Wolf � [10] æ^1�5�n�³�5
M\²¡Å�{O�
 TiC �55�Ú9)ä5
�. 'u�=C¯K, ¢�þ, 1999 c Dubrovinskaia

� [11] y²3 300 K �O·YØ�� 18 GPa �, TiC

¬d NaCl (B1) (�=C�!¡N(�, �æ^
�³�5 muffin ;�nØO��{éd(Ø?1
�y, �´O�=�Ñ
oUÓ!¡N�Ý�'X.

2008 c Winkler � [12,13] ÏL¢�y²�Ør�
� 25 GPa �, vku)�C, ¿�æ^ CASTEP[14]

O�^�?1�y, �Ør�� 40 GPa �, B1 (
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� TiC E,½. nØþ, 1996 c Ahuja � [15] æ
^1�5�n�³�5 muffin-tin ;�nØýÿ

 TiC 3pØed B1 � CsCl (B2) (���=C
Ør� 490 GPa. 2011 c Srivastava � [16] æ^1�
5�n�Åð�³�{Û��ÝCq (LDA) Ú2
ÂFÝCq (GGA) ��³O���� TiC �=C
Ør� 709 GPa Ú 691 GPa, �´"y�A�¢�
y². 8c, ·�EÎvké�'u TiC �CØr
�¢���. �âþã©Û, TiC 3�pØreâ
k�=C. ·�ò,©?Ø TiC 3pØe��=C,

e©¤� TiC þ� B1 (�. 8c, éu TiC 3pØ
e�åÆ99åÆ5��ïÄEÎ"y. Ïd, k
7�é TiC 3pØe�åÆÚ9åÆ5��?�
ÚïÄ.

1�5�n²¡Å�³�{®²2�A^u
á��(��OÚ5UO� [17,18]. Äud�{�
©é B1 (� TiC 3pØe��55�Ú>f(�
?1
O�, ¿ÏLO��~�., ��
Ù9å
Æ5�, � TiC á����9A^JønØ�â.

2 nØO��{

2.1 OOO������{{{

TiC 3~§~Øe�¡%á� NaCl (�, Ù
�m+� Fm3m (No. 225), Ti �f3 (0, 0, 0) ?,

C �f3 (1/2, 1/2, 1/2) ?. �©æ^��?1O
�, ����� 20.31 Å3. ¬�`zÚpØe��
55�´æ^Äu�Ý�¼nØ²¡Å�³�{
� CASTEP §S [14] �¤�. ���'�^O�À
^ GGA � Perdew-Burke-Ernzerh (PBE) �{ [19,20].

æ^�^�³ [21] £ãlf¢�d>f�m�p�
^. d>f|�� C 2s22p2 Ú Ti 3s23p63d24s2. ²
LÂñ5ÿÁ, ²¡Å�äUÀ� 700 eV, �fU
þÂñ°Ý� 1.0×10−6 eV/atom, ��AåÂñ°
Ý� 0.005 GPa, �� £Âñ°Ý� 0.001 Å, Bril-

louin «È©æ^ Monkhorst-Pack[22] � 14×14×14

?1©�.

2.2 ���555555���

�5~ê£ã
¬Né	\AC ε ��Af
Ý, 3ACé���¹e, NX�SU�AC��
��3�g�5'X (��½Æ), �5~ê Cij Ò

´£ãù«�g�5'X, =�g�5��Xê.

æ^ Voigt IP, xx → 1, yy → 2, zz → 3, yz → 4,

xz → 5, xy → 6. ACÜþ ε ½Â� [23]

ε =


e1

1
2
e6

1
2
e5

1
2
e6 e2

1
2
e4

1
2
e5

1
2
e4 e3

 , (1)

��ý9�5~ê�

Cij =
1
V

∂2E(V, εk)
∂εi∂εj

. (2)

Ïd, À�A½�AC ε = e = e(e1, e2, e3,

e4, e5, e6), O�Ñ�|ØÓÌÝeACc�NXo
U�Cz, éoUCzþÚAC?1�g¼ê[Ü
���g�Xê, =��¬N�,��5~ê½�
5~ê|Ü. éuØÓ¬X�¬N, Ï�é¡5�
'X, ÙÕá��5~ê´(½�. éuá�¬N,

�5~ê�kn�Õá©þ C11, C12 Ú C44
[24]. }

��þ�d Voigt-Reuss-Hill Cq [25−27] ��. �
â Voigt Cq [25] Ú Reuss Cq [26], ©O��:

GV =
C11 − C12 + 3C44

5
, (3)

GR =
5(C11 − C12)C44

4C44 + 3(C11 − C12)
. (4)

Hill[27] lnØy², }��þA� Voigt Ú Reuss

¤�Ñ��â²þ�, =

G =
GV + GR

2
. (5)

N��þ´ïþá��|ØUå��ëê, éu
á�¬N,N��þ B �d�5~êO�¼� [24]

B =
C11 + 2C12

3
. (6)

¼�þ´Aå�AC�', Ì�^5£ãÔ��
f5; Ñt'L«�5/C�NÈUCþ, ùü�
ëê�dN��þÚ}��þí��Ñ:

E =
9BG

3B + G
, (7)

σ =
E − 2G

2G
. (8)

éuá�¬N, ÙåÆ½5�¦Ù�5~êÓ�
÷v [28]:

C̃11 >
∣∣∣C̃12

∣∣∣ , C̃11 > 0, C̃44 > 0,

C̃11 + 2C̃12 > 0, (9)

Ù¥ C̃αα = Cαα − P (α = 1, 4), C̃12 = C12 + P .
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2.3 999åååÆÆÆ555���

�
ïÄ TiC �9åÆ5�, æ^
O��
~�. [29], ù«�.�2�A^u�«7áz
ÜÔ�9åÆïÄ [30−32]. �²ï�� Gibbs ¼
ê G∗(V ; p, T ) �L«�

G∗(V ; p, T ) = E(V ) + pV + Avib[Θ(V );T ], (10)

3 � ª (10) � m >, E(V ) L « z � � � � o
U þ, p, V © O L « Ø r ÚNÈ, Avib ´ � Ä
� Helmholtz g d U, Θ � � ~ § Ý. � Ä � O
�Cq¿¦^(f��Ý��~�., Avib �L
«Xe [33,34]:

Avib(Θ;T ) = nkBT

[
9
8

Θ

T
+ 3 ln(1 − e−Θ/T )

− D(Θ/T )
]
, (11)

D(Θ/T ) ´�~È©, n ´z���¥�¹��f
ê, kB ´Å�[ù~ê. éu��Ó5��N5`,

Θ �L�� [29]

Θ =
~
kB

[6π2V 1/2n]1/3f(σ)

√
BS

M
, (12)

Ù¥ M ´z���¥©f��þ, σ ´Ñt', BS

´^5L«¬NØ Ç�ý9N��þ [29], �L
��

BS ≈ B(V ) = V

(
d2E(V )

dV 2

)
, (13)

f(σ) �L«� [35]

f(σ) =
{

3
[
2
(

21 + σ

31 − σ

)3/2

+
(

11 + σ

31 − σ

)3/2]−1}1/3

. (14)

éu�½� (p, T ), �²ï Gibbs ¼ê G∗(V ;

p, T ) éNÈ¦���, =(
∂G∗(V ; p, T )

∂V

)
p,T

= 0. (15)

ddÒ�±��9åÆG��§9zÆ³, l
�±���§N��þ BT!� S!9N CV!
9)äXê α:

BT(p, T ) = −V

(
∂p

∂V

)
T

, (16)

SD(T, V ) = 3nkB

[
4
3
D

(
Θ

T

)
− ln

(
1 − e−Θ/T

)]
, (17)

CV,vib = 3nkB

[
4D(Θ/T ) − 3Θ/T

eΘ/T − 1

]
, (18)

α =
γCV

BTV
, (19)

Ù¥, γ ´ Grüneisen ëê, �±L«�

γ = − d lnΘ(V )
d lnV

. (20)

�·���±��ý9N��þÚ�§N��
þ�'X [36]:

BS = BT(1 + αγT ). (21)

3 (J�?Ø

3.1 AAAÛÛÛ(((���`̀̀zzz

² L A Û ` z, � � " § " Ø e TiC ¬N
²ï¬�~ê� 4.33 Å, �¢�� 4.33 Å[37] 9
nØ� 4.38 Å[38], 4.27 Å[39], 4.31 Å[40], 4.26 Å[41]

Ú 4.33 Å[41] ��.ã 1 �Ñ
¬�ëê�Ør�C
z'X. �XØr�O�, ¬�ëêÅì~�. ù´
du3Ør�^e, ¬N�Ø .ã 2 �Ñ
 TiC o
U�Ør�Cz'X. ·�æ^ E = b + b1p + b2p

2

éÙ[Ü [42], ¤�êâ�uL 1. lã¥�±wÑ
oU�ØrA��5O�, Ïd b2 ��u b1. ù´
Ï�3 0 GPa �, ¬N(���²ïG�, oU�
$, �XØrO�, �fm�p�^åOr, ��¬
N³UO\, oUþ��XO\. lã 1 Úã 2 ¥,

·���±uy, 3 0—40 GPa, ¬�ëêCzÇ�
�, UþCzÇ��; 3 40—160 GPa, ¬�ëê
CzÇ��, UþCzÇ��, `²¬N�|Ø
5ÅìOr. le¡�©Û¥·��±?�Úy¢
ù�(Ø.� � �� � �� � �� � � � �� �� � � � � � ��	
 � �  � �

ã 1 ¬�~ê a �Ør p �Cz'X
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 � � � ��� � � � � � �
ã 2 oU E �Ør p �Cz'X

L 1 Uþ�ØrCz�õ�ª[Üëê

ëê ê� Ø�

b −1759.94112 0.01859

b1 0.0073 0.00054

b2 0.00004 3.2503 × 10−6

3.2 TiC 333pppØØØeee������555555���

·�é"§"Øe� TiC �5~êÚ�5�
þ?1
O�, O�(J�uL 2. dL 2 �±w
Ñ·��O�(J�¦<�nØ(JÚ¢��Î
Ü�éÐ. L 3 �Ñ
"§e 0—160 GPa ��5
~ê (Cij)!N��þ (B)!¼�þ (E)!}�
�þ (G), B/G ÚÑt' (σ). �â (9) ª, �5~

ê3"§ 0—160 GPa �÷våÆ½5'X, y
²
Ù(�½5, ùÚ Winkler, Ahuja, Srivastava

� [12,13,15,16] �*:���. �5~êÚ�5�þ
þ�ØrÅìO�. �
��*/*	 Cij , B, E

Ú G �Ør�Cz, ·�±�
ã 3. ÏLã 3,

·�uy�XØr�O�, C11, B Ú E O��¯,

 C12, C44 Ú G �CzÌÝ�é��
. Ïd,

B/G ��ØrO�. B/GÏ~^5©Ûá��y
5ÚòÐ5 [43]. éuá�Ú8�é¡5�7áz
ÜÔ, �õêïÄæ^ 1.75 5��«©òÐ5á
�Úy5á� [44−46] �IO. B/G pu 1.75 �á
��òÐ5á�, ��K�y5á�. dL 3 �,

�XØr�O�, TiC �òÐ5Or, �Ør�
� 60 GPa �, TiC dy5á�=C�òÐ5á�,

LyÑ�r�7á5. ù�U´du�XØr�O
�, Ti—C m�p�^�d>fOõ, Ti—C �?�
ÚOr¤�. 'u Ti—C ��CzÚ>f��p
�^, ·�ò3e©�?�Ú?Ø. Ñt'�ü�
C/¤Úå�NÈUCþk', �p�Ñt'¿�
X���NÈUC.Ï~@� σ = 0.5 �, vkNÈ
UC. dL 3 wÑ, �XØr�O\, Ñt'�3O
\, ù¿�X�Ó�ü¶/CòÚå���NÈC
/. d	, Ñt'��±�N¤��fm��p�
^å�A: [47]. Ñt'3 0.25—0.5 �m��N�
¥%å�N [48]. dL 3 ��, 3 50 GPa ±e, TiC

´�¥%å�, �´3 50—160 GPa, TiC =C�¥
%å�N.

L 2 T = 0 K, p = 0 Pa � TiC ��5~ê (Cij )!�5�þ (B, G, E) ÚÑt' (σ) �Ù¦nØ�Ú¢���'�

C11/GPa C12/GPa C44/GPa B/GPa G/GPa E/GPa σ

�© 518 117 176 250 186 446 0.203

O�� [41] 519 115 183 249 190 455 0.196

O�� [49] 527 112 159 250 177 429 0.214

O�� [50] 470 97 167 221 175 415 0.187

O�� [51] 610 124 173 286 201 489 0.215

¢�� [52] 513 106 178 242 188 448 0.192

¢�� [53] 500 113 175 242 182 437 0.199
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L 3 T = 0 K, p = 0—160 GPa � TiC ��5~ê (Cij )!�5�þ (B, G, E), B/G ÚÑt' (σ)

p/GPa C11/GPa C12/GPa C44/GPa B/GPa G/GPa E/GPa B/G σ

0 518 117 176 250 186 446 1.35 0.203

10 605 132 183 290 203 494 1.43 0.216

20 689 148 189 328 218 536 1.50 0.228

30 768 164 194 365 232 574 1.58 0.238

40 844 179 197 401 243 607 1.65 0.247

50 913 191 200 432 254 636 1.70 0.254

60 988 212 202 471 263 665 1.79 0.265

70 1057 227 203 504 272 691 1.86 0.272

80 1125 243 205 537 280 716 1.92 0.278

90 1192 258 207 570 289 742 1.97 0.283

100 1259 273 210 602 298 767 2.02 0.287

110 1326 288 213 634 307 793 2.06 0.291

120 1391 302 216 665 316 819 2.10 0.295

130 1456 316 219 696 325 844 2.14 0.298

140 1520 331 222 727 333 868 2.18 0.301

150 1583 345 224 758 341 890 2.22 0.304

160 1646 360 226 788 349 913 2.26 0.307� � � �� � � �� � �� � � � � �� �� � � � � � �� �� 	
 	� 	��� � � � � � �
� � �� � � � � ��� �

ã 3 TiC � � 5 ~ ê (Cij )!N� � þ (B)! } � �
þ (G) Ú¼�þ (E) �Ør p �Cz'X

3.3 TiC 333pppØØØeee���>>>fff(((���

ã 4 �Ñ
 TiC ¬N3	.Ør 0, 30, 60, 90,

120 Ú 160 GPa ����Ý©Ù�¹. du¤�U
?NC�>f��ÝÌ��N�fm�¤��¹,

Ïd�©=�Ñ
 −15—12 eV ���Ý©Ù. ·
�¿vk�Ñ 0—160 GPa e�Ü�>f��Ýã,

�ÀJ
,
;.�¹, ù®²�±éÐ/�NÑ
��Ý�Ør�Cz'X. �
�B'�, ·�ò
��ÝÌ�©�n�Ü©. 1�Ü©Ì�d C2s�
>f|¤, �,
�þ� Ti3p Ú Ti3d >f, ©Ù
3 −15—−7.5 eV. du3ù�Ü©Ì�d C2s ¸�
¤, ·�Ì�?Ø C2s ¸. 0 GPa �, C2s =k��
¸, Ì�©Ù3 −12—9 eV, �Ù¦d�S�U?m
Ã²w�p�^, w«Ñ�r�½�5. lã 4 �
±²wwÑ, �Ør� 30, 60 Ú 90 GPa �, C2s ¸3
��ü�¸, ���Ý°ÝO\, O\Ü©Ì�Ñ
y3$U??. �XØrUY,p (120 GPa), C2s

¸q/¤
ü��¸, �´�p:?��Ý�$
u 0, 30, 60 Ú 90 GPa �¸�. �Ør�� 160 GPa

�, ��Ý#©��ü�¸, �¸ � 30, 60

Ú 90 GPa ��$U��u)
 £, Ó���Ý
°Ý?�ÚO\. 1�Ü©Ì�d C2p >fÚ Ti3d

>f|¤, ©Ù3 −7.5—0 eV. C2p ;�Ú Ti3d ;
�u),z, /¤�d�. rÍÜ�>f�éu|
}�/CÚMÝåXÈ4��^ [54,55]. 0 GPa �,

186501-5
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1�Ü©��Ý3 −2.5 eV k��Ì¸, �XØr
,p (30, 60 Ú 90 GPa), Ì¸C°, ¿3Ì¸�>
�$Uþ?Ñy��gr¸, �pUþ?Ñy��
�¸, ��1�Ü©��ÝC°, LyÑ�½�5.

120 GPa �, 1�Ü©q�Ñy��Ì¸, �Ì¸�
 �3 −3.5 eV, � 0 GPa �ü$
 1 eV, �1�Ü
©��Ý�N°Ý� 0 GPa O\
 1.5 eV. �Ør
UYO\, �� 160 GPa �, qÑy��Ì¸!��
gr¸Ú���¸, ��N �� 30, 60 Ú 90 GPa

�$UÜ©?�Ú £. 1�Ü©�õ¸Ú��Ý
C°y�L² C2p Ú Ti3d ;��r,zy�, ¿�
�XØå�O�, d�UÚ;�,zOr, ùò
�� Ti—C �d��Or, l��}��þ�O
�. l¥·���±uy�XØr�O�, ��Ý
¸C°, ��$U £, �½�5Or. 1nÜ©Ì
�d Ti3d ;�Ú�þ� C2p ;�|¤, ©Ù3 0—

12 eV. ùÜ©k�õ�¸, �XØr�O�, ��
Ý¸�pU��£Ä. ùÜ©��Ý©Ù3¤�U
?±þ, áu��, XJùÜ©U?�>fÓâ, ò
/¤ Ti—Ti 7á�, 7á�é}��þå�4
�^ [54].

�
�\�*/*	>Ö©Ù�Ør�Cz,

·��Ñ
 0 GPa Ú 90 GPa � TiC(110) ¡�>
Ö©Ùã (ã 5). ©¥vk�Ñ�ÜØre�>
Ö©Ùã, ´Ï�§�>Ö©Ù�q, À� 0 GPa

Ú 90 GPa �>Ö©Ùã?1'�©Û, ®²�±
`²Øré>Ö©Ù�K�. Xã 5(a) ¤«, Ti �
fÚ C �f�m�3²w�>f,zy�, Ti3d >
f� C2p >f/¤�d�.ã 5(b) kaquã 5(a)

�(�, �´ Ti �fÚ C �f�m�>fU«
�²wO°, `²k�õ�>fë�¤�. Ïd�
XØr�O�, Ti—C �d�?�ÚOr, Úþã>
f��Ý©Û¤�(Ø��.

3.4 TiC 999åååÆÆÆ555���

�©O�
Ør3 0—160 GPa ��S�9å
Æ5�. Äk, À�
�X��¬�~ê, O�Ù
�A���NÈÚoU, �� E-V êâ, À^n�
� Birch-Murnaghan[56] G��§?1[Ü�� E-

V � (ã (6)). lã¥�±wÑ·��O��Ú
[Ü��±éÐÜ.
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 � � � �� � � 	 � � � � �
� 
 � � 
 �� 
 �� 
 �� 
 �� 
 �� 
 � � � � �� � � � � � � �� � � �� � � �� � � �� 
 �� 
 �� 
 �� 
 �� 
 �

���� � � � ����� � � � ����� � � � ����� � � � ����� � � � ����� � � � ����� � �!" #$%& '�( )*
ã 4 TiC 3"§ØÓØre���Ý (DOS) Ú©Å��Ý (PDOS), 0 eV ´¤�U?
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ã 5 TiC 3 0 K �, 0 GPa (ã 5(a)) Ú 90 GPa (ã 5(b))(110) ¡>Ö�Ý©Ùã, ¥m´ Ti �f, o�´ C �f

ã 6 TiC oUþ (E) Ú��NÈ (V0) �'X çÚ�¬
´�©O��, �^´ÏL Birch-Murnaghan G��§�[
Ü�

ã 7 � TiC 3ØÓ§Ýe8�z��éNÈ
�Ør�'X, Ù¥ V0 �"Ø²ïNÈ. dã 7 �
�, �Ó§Ýe�éNÈ V/V0 �Ør�O\~
�. ��5¿�´, p§��$§�eü�¯,

L²p§�N�N´�Ø . d9)äXêÚN�
�þ�§ÝÚØr�Cz�U���Ó�(Ø.

9)äXê�±�*/�Ná�(��½
5. ã 8 Ð«
 TiC 9)äXê�ØrÚ§Ý�C
z'X. 3{�Cq¥, �f��p�^³U�
�é¡��Ô�/ª, ÏØ¬k9)äy�u).

O��~�.�Ä
�{��A, ¬N�9)ä
Xê9 Grüneisen ëêâØ�". lã 8(a) �±w
Ñ, §Ý�½!Ør�u 20 GPa �, 9)äXê�
ØrOp×�~�, �u 20 GPa �, ü$ª³C�
�ú, L²pØeá�Pk�Ð�NÈØC5. X
ã 8(b) ¤«, �Ør�½!§Ý�u 500 K �, 9
)äXê�§Ý,p×�O�; 500 K ±þ, Ør�
p, 9)äXê�§Ý,p��éO\þ��, ù

�N
á�3�ÑÐÏ��²w�NÈ)ä�, p
§ePk�Ð�NÈØC5.

ã 7 TiC 3ØÓ§Ýe�éNÈ V/V0 �Ør p �'X.

V0 �"Ø²ïNÈ

ã 9 ©O�Ñ
ØÓ§ÝeN��þ�Ør
�CzÚØÓØreN��þ�§Ý�Cz'X.

�§Ý�½, N��þ�ØrA�¥�5O\, �
O��¯, ù´du�XØr�,p, TiC ¬�NÈ
ò �, �fm��pü½å?�ÚO�, ���
fm�p�^Uþ,, TiC ò�\J±�Ø , ù
Úã 2 �éA. �dã 1 ·���±uy, �X
Ør�,p, ¬�~ê�ØrCz�ª³3Åì~
�, ù�`² TiC �Ør,pò�5�J�Ø ,

L² TiC (�äkûÐ�(�½5Ú|ØUå.

�Ør�½�, N��þ�§Ý,pü$, �´
ù«eüª³�ú, L²
 TiC äkûÐ�p§(
�½5. TiC �N��þ�§ÝÚØr�Cz'
XL²ÙäkûÐ�p§!pØ(�½59|
Ø5U, y¢
Ù��p§!pØe(�á���
15.
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ã 8 TiC �9)äXê α �Ør p Ú§Ý T �Cz'X

� � � � � � � � � � � � � � � � � � 	 
 � �� � �� � �� � �� � �� � � 
 � �� � �� � �� � ���� � ��� �� � � � � � � �
� �� � � �� � � � � � � �� � � � � 
 � � � �� � � � �	 � � � � �� � � � �  � !  " !

ã 9 TiC �N��þ B �Ør p Ú§Ý T �Cz'X

ã 10 Ð«
÷~§Ý�ØrÚ§Ý�Cz'
X. ·�O����~§ (T = 300 K) e�÷~§
Ý� 915 K, ù� Chang � [6] ÏL(�O�¼�
� 940 K, Klerk[4] æ^(¯�(�ÇÿþC�ÿ�
� 920—935 K ±9 Dodd � [5] æ^�(£ÅU

ÿþ¤ìÿ�� 929 K (TiC0.98) ���. �§Ý�
½, ÷~§Ý�Ør,pO��¯; �Ør�½, ÷
~§Ý�§Ýeüü$�ú. Ïd, O\ØrÚü
$§ÝÑ�±��O\÷~§Ý��J. �´, ÷
~§ÝÉØrK���, É§ÝK���.

ã 10 TiC ��~§Ý Θ �Ør p Ú§Ý T �Cz'X
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L 4 TiC 3ØÓ§ÝØåe�� S/J·mol−1·K−1 Ú Grüneisen ëê γ

T/K p/GPa 0 20 40 60 80 100 120 140 160

300 S 20.870 16.966 14.364 12.490 11.038 9.838 8.940 8.157 7.488

γ 1.834 1.690 1.606 1.548 1.501 1.460 1.428 1.397 1.370

600 S 48.881 43.114 39.057 35.947 33.415 31.227 29.491 27.922 26.532

γ 1. 853 1. 699 1. 612 1. 552 1. 504 1. 463 1. 430 1. 399 1. 372

900 S 68.448 61.661 57.422 53.897 51.007 48.498 46.456 44.608 42.956

γ 1.878 1.703 1.619 1.557 1.508 1.467 1.433 1.402 1.374

1200 S 83.220 75.983 71.394 67.411 64.587 61.936 59.741 57.763 55.994

γ 1.908 1.717 1.627 1.559 1.513 1.471 1.436 1.405 1.377

� � � � � � � � � � ��� �� �� �� �� �
� � 	 � 
 � �� � 
 � �� � � 
 � ��  � 
 � �� � 
 � �� � � � � � � � � � � � � � � � �� ��� ��� !" �# !"

ã 11 ØÓØre TiC �9N CV �§Ý T �Cz'X

ÏLO��~�., ·�O�
 TiC 3ØÓ§
Ý (300, 600, 900 Ú 1200 K) ØÓØå (0, 20, 40, 60,

80, 100, 120, 140 Ú 160 GPa) e�� S Ú Grüneisen

ëê γ, �L 4. lL¥�±wÑ, �§Ý�±ØC
�, S Ú γ �Ør,p~�; �Ør�½, S Ú γ

�§Ý,pO�. �Ørl 0 O\� 160 GPa,

§Ý©O� 300, 600, 900 Ú 1200 K �, S �g~
� 64.12%, 45.72%, 37.24%Ú 32.72%; γ ©O~�

 25.30%, 25.96%, 26.84%Ú 27.83%. �XØr�
,p, $§e� S 'p§e~���\×�, γ �
��Cz��, p§e~���¯.

9N CV ´9åÆ��ëê��. ã 11 �
Ñ
ØÓØre9N�§Ý�Cz'X. 3�Ó�
Øre, CV �§Ý,pO�; éuÓ�§Ý, CV

�Ør,p~�, ù`²O�Ør��uü$
§Ý. CV ��§ÝÚØr�Cz'XL²ÙéØ

r�¯a§Ý�$. du���A, T < 500 K �,

CV �§ÝÚØr�Cz��²w. 3p§pØ
e, 9NªCu Dulong-Petit 4� 3nNAkB(NA �
CÏ³�Û~ê, n �©f¥��f�ê, kB �Å
�[ù~ê). éu TiC, n = 2, Dulong-Petit 4��
� 49.90 J·mol−1·K−1.

4 ( Ø

Äu�Ý�¼nØ�1�5�n²¡Å�³
�{, �©O�
 TiC 3pØe��55�, >f
(�99åÆ5�. O����"§"Øe�¬
�~ê!N��þÚ�5~ê�¢��ÎÜ�Ð.

"§�, �XØrO� TiC ¬�~ê~�, �5~
ê!�5�þ!B/G ÚÑt'O�. L²Ør�O
�r¦¬N�Ø , �´|C/UåOr, Ó�ò
Ð5Or. ÏL��ÝÚ>Ö©Ù��, �XØr
�O�, C2p Ú Ti3d ;�,zOr, k�õ�d>
fë�¤�, Ti—C �Or. ÏLO�÷~�., �
�~§e TiC �÷~§Ý� 915 K, �ÏL(�ÿ
þ¼�� 920—935, 940 Ú 929 K ���. §Ý�
±ØC, �éNÈ!9)äXê�Ør,p~�,

N��þ!�~§Ý�Ør,pO�; Ør�½,

N��þÚ÷~§Ý�§Ý,p~�. Øré9
)äXê!N��þ!÷~§Ý�K��u§Ý
éÙ�K�. 9N�Ør,p~�, 3p§e, 9
N�Cu Dulong-Petit 4�.

a�oA�Æp©fá�ó§I[:¢�¿é^�
�|±.

186501-9



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 186501

[1] Gotoh Y, Fujimura K, Koike M, Ohkoshi Y, Nagura M, Akamatsu

K, Deki S 2001 Mater. Res. Bull. 36 2263
[2] Koc R 1998 J. Mater. Sci. 33 1049
[3] Sen W, Xu B Q, Yang B, Dai Y N, Sun H Y, Ma W H, Wan H L

2010 Light Met. 12 44 (in Chinese) [Ü�, M�r, R, �[c,

�ùÿ, ê©¬, �å| 2010 �7á 12 44]
[4] Holt J B, Munir Z A 1986 J. Mater. Sci. 21 251
[5] Yamada O, Miyamoto Y, Koizumi M 1987 J. Am. Ceram. Soc. 70

C-206
[6] Aeiji A, Wada T, Mihara T, Miyamoto Y, Koizumi M, Yamada O

1989 J. Am. Ceram. Soc. 72 805
[7] Klerk J D E 1965 Rev. Sci. Instrum. 36 1540
[8] Dodd S P, Cankurtaran M, James B 2003 J. Mater. Sci. 38 1107
[9] Chang Y A, Toth L E, Tyan Y S 1971 Metall Trans. 2 315
[10] Wolf W, Podloucky R, Antretter T, Fischer F D 1999 Philos. Mag.

B 79 839
[11] Dubrovinskaia N A, Dubrovinsky L S, Saxena S K, Ahuja R, Jo-

hansson B 1999 J. Alloys. Compd. 289 24
[12] Ahuja R, Eriksson O, Wills J M, Johansson B 1996 Phys. Rev. B

53 3072
[13] Winkler B, Juarez-Arellano E A, Friedrich A, Bayarjargal L, Yan

J, Clark S M 2009 J. Alloy. Compd. 478 392
[14] Winkler B, Friderich A, Bayarjargal L, Juarez-Arellano E A 2010

High-Pressure Crystallography from Fundamental Phenomena to

Technological Applications in Boldyreva E, Derap (Pedl). (Nether-

lands Springer)
[15] Segall M D, Lindan P J D, Probert M J, Pickard C J, Hasnip P J,

Clark S J, Payne M C 2002 J. Phys.: Condes. Matter 14 2717
[16] Srivastava A, Chauhan M, Singh R K 2011 Phase Transitions 84

58
[17] Li S N, Liu Y 2010 Acta Phys. Sin. 59 6882 (in Chinese) [o

A, 4[ 2010 ÔnÆ� 59 6882]
[18] Li X F, Liu Z L, Peng W M, Zhao A K 2011 Acta Phys. Sin. 60

076501 (in Chinese) [o¡Â, 4¥|, $¥¬, ëC� 2011 Ô
nÆ� 60 076501]

[19] Marlo M, Milman V 2000 Phys. Rev. B 62 2899
[20] White J A, Bird D M 1994 Phys. Rev. B 50 4954
[21] Vanderbilt D 1990 Phys. Rev. B 41 7892
[22] Monkhorst H J, Pack J D 1976 Phys. Rev. B 13 5188
[23] Zhang X D, Shi H F, Quan S Y 2011 Journal of Shenyang Univer-

sity of Technology 33 50 (in Chinese) [ÜRÀ, ¤°¸, �õ�
2011 !�ó��ÆÆ� 33 50]

[24] Slaughter W S 2002 The Linearized Theory of Elasticity (Basel:
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Abstract

First-principle investigations of the elastic, electronic and thermodynamic properties of TiC in NaCl structure under high pressure

are conducted by using the plane-wave pseudopotential method and quasi-harmonic Debye model. The obtained lattice parameters,

elastic constants and moduli at p = 0 GPa and T = 0 K are in very good agreement with the available experimental data and other

theoretical results. According to the analysis of the density of states, the Ti—C bond becomes stronger with pressure increasing. The

values of bulk modulus, thermal expansion coefficient, Debye temperature, entropy, Grüneisen parameter and heat capacity (CV) at

different pressures and temperatures are obtained successfully by using the quasi-harmonic Debye model. The influence of pressure

on bulk modulus, thermal expansion parameter and Debye temperature is greater than that of temperature. The CV decreases with the

increase of pressure under the same temperature and tends to the Dulong-Petit limit at high temperature.

Keywords: TiC, elastic properties, density of states, thermodynamic properties
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