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1E# a/A b/A c/A V /A3
Trevino % 2) 5.183 6.236 8.518 275.31
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#®2  BRIUIETEARIN NM SRS G5 BOV BT A R S Trevino ZHISURE IR E)

fe# a/A b/A ¢/A Vv /A3

Sorescu 4 ) 5.212 (0.56%) 6.342 (1.7%) 8.646 (1.5%) 285.77 (3.8%)

Manaa 2 b) 5.279 (1.85%) 6.46 (3.59%) 8.863 (4.05%) 302.27 (9.79%)

Liu % ©) 5.317 (2.59%) 6.754 (8.31%) 8.98 (5.42%) 322.49 (17.14%)
Appalakondaiah % @) 5.05 (—2.6%) 6.24 (0.1%) 8.44 (—0.9%) 266.43 (—3.2%)
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Sorescu % &) 5.1654 (0.34%) 6.2825 (0.75%) 8.5259 (0.09%) 276.67 (0.50%)
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M F Liu 2 02 283 R0 R b A 2% R AR R AR &R
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180
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N T =X NM 73145 AT 7T, B4 (a)
M (b) 4t =N C—HEK M & C—N#KFE &
S AR A, B H T DUE H C—N B 78 K AR AR A
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C1—H2 88 K 58 1 560 1R 328 347 18 0 7 B AR, 70 AH A2 B
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1O 7 XF, B IR/ NMAK R A28t C—H
oo ORI S TR AR 2%, 15 (b) 1) 12 GPa
H, TR R KRR, {ERE NM 4r 1 E/N T 2.4
AH A O 7 Xk b, {B1E 12 GPa i () NM 4

T, FRAE RN 2378 ATH 10 J51%F, %8
LG 7E NM 23 7 9 0% B0 55 1) 2 1 1B 208k A
K5 (c) PR LAE 512 GPalf ik R ML, BEE
JESRIG N, TEAAS 5 41 AR 21 H A O JE-1-%F
F 2 0 SR T PG, B ISR FE I 0. Citroni %5 [°]
I8 T SIS kT TE A ik G AR R B AR T IRAE AR i
e, T oy TR AR Y K, SRR IRAR AR
R A, T AR SOl v R ILAE AR AR 1 S AL
as AREENARKET BN BTHER
R [T 1 e 2 e B o), A 45 S0 B8 DA B2 T 7 181 1)
O - -H—CH B E B N 5 O- - H A B
WO - - H—C M B o0 TR 4 ) AU B 1X
FhAR AL B AEARAR 2 B, NM A R4 R A4 1A
JRF#H, K CHANO, Al CHoNO, HI#4%, T (E
FHAR J5 WIAFAE 43 1) [0 S0 B 0 7% R0 40 TN T
R WIRN R B AR, AR fE i T R A R R Y
B CHoNOOH #8428, 31X 5 A AT i % 26— 1
JEHE 5y F B0 3 2 VTR 8. 135 4y 1 3h 7 2 19
A3 3 (1) NM 7E =i N 1R B AR — 2L

———————————

(b) [ i ()

5 NM #E &R O F-7H H JE-1 i

3.4 EOSHNE

3 A A NM B3R & By A A 46 e o
S% B). KM DFT 250 MD U3] i 5545 21 iy 34
158 & By Ll ik 52 56 %400 ) & (1 38 14 45 & By {8
i, 10K RS IE ) DFT J7 ik B39 i 543 21 iy 50
YRR By 5cnaf Ri%iL, (HMD, DFT BL K
DFT-D 152 56 19 31 1) 4] 46 s 5 5 48 B 1A EL 8L
$eik. fEDFT-D J7¥ 9, A5 Appalakondaiah
2 53] g B RE AT, T 5 Landerville %5 P2 2 &
BOR, X2 i T AN R R 5 3E AT S S B
E Tt

T ) A AR T S A ok o R AR R AT
5, RIEMZE Z 8, SRR /N 1 km /s,
KR AR 2 v o i 9 96 R R (13) W EOS #4705,
183 ¢ F s 43 51 9 2.093 F11.306, I 5 9 55 &
W

us = 2.093 + 1.306u, + 1.876us.  (17)

FERAAR 2 J5 ORL T R T 1 km/s, SR G
BRFZRN (12) X EOSHEATIE, 193] c Ml s Jy2.413
A11.333, el phi ok RN

us = 2.413 + 1.333u,,. (18)
Yarger 25 10 if [ A0 NM 7E 5 R s o ¢
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s = 2.686 + 1.651u,,. (19)

W AR SR M X #1531 (17) 5 Yarger
2 1OV 15 3] 1 (19) AT L, RIAA S H 453
FE N 45 R S0 25 IR EL AL

H HHAZ I JG ) ¢ A s AR (15) F1(16) 5K, 53
FHAZ /T Bo A1 Bl 43 9 8 6.75 GPa fi16.75, #1745
Bo M B, 7y 519 8.97 GPafl4.3. X 5% 3 A
T3 VR AT B B MR KN B 8L R
Murnaghan J5 F£ 115745 2l 542 5 1 #PEA  By K
T AR JE BB By, TR H b i ok R 45 5
AR A I J 5 A5 By A IGURE U AR S, (HR T P
T 75 0 SEAS B HI 46 1R 5 3 4 By AR a5 —
B, B AR AR PR R T AR AR S5 A

#3 SRS TSR NM 5 18 PR By

SNBSS 4 B,

[E5%/ GPa By / GPa  B|
Cromer 2 2) 0—7 8.3 5.9
Yarger % P) 0—15 10.1 5.77
» 0—15 9.25 5.7
Citroni 2 ©)
15—30 8.3 7.4
Sorescu % 4) 0—7 6.78 5.88
0—6 5.37 5.76
Liu 2 e)
0—15 6.37 5.03
Landerville % D) 0—8 7.88 7.48
Appalakondaia 2% &) 0—30 11.6 6.5
0—11 12.27 5.122
A3z )
12—30 10.2 4.95

a), b) fil c) 7> %8 Cromer % 51 Citroni % (8] 1 Yarg-
er 2% [10) 75 298 K 19 FIS2 B 451, o) Fl £) A SR
DFT-D 77135 0 K (9458, d) 4 Sorescu % 1131 5%
2 Ji MD 75 I #4548, e) A Liu % (121 R Jl GGA-PBE
BE| 4R, f), g) N Landerville % 32 Appalakondaiah
4z [33] ] GGA-PBE-G06 (251 1851 g 45 3.

3.5 [EfHNM R FEEHfEERAIEN

AR PSSy 1 R 445 21 H TR T [ AH NM &
fL A1 B R 3.337 eV, Liu%s 12 % I DFT J7 7518
BB N 3.61 eV, Manaa 5 [ 13 45 50 3.28
eV, Appalakondaiah %5 3 % F] DFT-D 15 I ) 4
BN 3.8 eV. AIHEAG 225 R 5 Manaa 55 (1)1}
MR R R, 1175 Liu % 2 Fl Appalakonda-
iah & B3] {1 B 45 A ZOK.

Pl 6 9 AN 7] e 50 T[] AH NI () 7 B3 B s 538 (1)
Ak, fE11 GPa by HILAESE ARk, R HE R
1511 GPa T & AEAAR. XA AR FT o 45 B bt
o 1 AR A 2 PR R BOE AT LG, 45 RERINM 7E
111 GPa I 77 B il 0 1) A2 AL TG 1224 GPa iy
7 B BE IR 5 A AR AL B ., X 5 Liu %% 2 R HI DFT
TETHEAS B 4518 —

3.4
y = 3.294—0.0281x JE5i#
3.2
%
g 3.0
#2
2.8 /
y=3.307—0.02 x JE5#
26 1 1 1 1 1
0 5 10 15 20 25

58/ GPa

K6 [EAH NM (¥ B s 5 R A2 1L

BT 79 0.0001 GPa, 6 GPa, 11 GPa i [#]
AHNM (7% BEREAT 704, R I A NM &%
(1) &5 A6 R Vg A B T S R 38 I i A8 4k, 4 s/ T
11 GPalf, £ —10.0 eV #| -5 eV, 7.5 eV £ 10 eV
(R B DX TA] PN, i TS TR RG24 23 R4 v s 1R X
WL ¥y, fE —5 eV #| —2.5 eV HIBE & [X [A] I BB
() B UG 25 44

24r 0.0001GPa

18

15F 6GPa

AE)E Jelectrons-eV !

L i L
—20 —10 0 10
ap e,

fEEt/eV

Bl7 WS 11 GPa B EAR NM 25 % B2 FE M 32 122 1k

AE R AR BT 25 85 FEE T 1 5 ) A2 AL T 1 8 o

098105-8
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FHAREIGIE —7.5 eV 2] -5 eV FI 7.5 eV F] 10 eV it
A E NS R AL, R 12 GPa ki,
TE —10 eV PRI FI —5 eV PRI (175 %5 B 1A 0 A 1 fIK
REJT M2, 1M 10 eV BT F VB 1) = R J7 A1 B2 ).

18

151 ‘ 12 GPa

A /electrons-eV !
o

—20 —10 0 10

Aei/eV

K8 11 GPa #|24 GPa B[ FH NM (¥4 % FZ 8 3 1 22 1k

T8 I 0 BURH A % FE nR AR A A #r, RE
£ 12 GPa W), & RETHFE M KA R, 4%k
SRAKT 11 GPa B, fEREEIX[A]/NT 0 eV KA FE
(1) WALt A s 5 1) 385 I it iR BE A% 307, BE =R IX [A)K
T0 eV A% FE W R Re T M S 3. XA %
A RCWLE TR R P (A5 BE I 450, (BAE R AR
FHAZES () 12 GPa i, 1 2 K 58 2 B i i 48 % B2 R
AR 1AL

4 % #®

K H DFT-D J7 %, %% T NM 7> 7 5
A B A S B AT, DAL G NM 25444
WIUREEH, BRI N 1 GPa %30 GPa, % a, b, ¢
ARV B R RS, 7E11—12 GPal), &
1S B0 A E B2 1) A, RI\TEF KL T RA
FHAZ. X NM 150 F G347 700, KIHR K T
£ M 155.3° B4 N F 177.5°, FIIAE NM & R H 3k
BREE M C 1A H R 1 5 i 5 B R A1 LT L1,
HIE B REA e B g SR ). Hh T NM R AR AR, (75
C—N A C—H #th A= Ak, 1 LAY 75 H A AR A1
(1 53 - IR S8 D 2 AR AR AR S5 1 4 A A 41 (]
PRFRAS [ U

F Murnaghan 77 #25%F [ A NM & 44 (1) EOS i
TG, RIAEFRASH 5 0 5t AR A — P 2 4
fEANF, 1@IE 5] N\ Hugoniot % 2 177 1% [E AH NM

fa R [ EOS HEAT #0045, & BLLE [ A NM AHAS /i &,
T TR MDA TR 2 T (1 96 R A AN [

Xof [ AH NI A4 22 76 AH AR Aif J5 6 B -1 5, By
Pt 1 25 % g o 1 i () AR AR AT TH B, R B NMUAA &
7£1 GPa 3| 11 GPa I 7 Bl H s 3246 LE 12 GPa
F| 24 GPa iy Bt b & 5 B8 4b K. i Je g A % R
175307, REERRIC T AR R 11 GPa i, &
B FEAE I B8 AR RE I I R AR T IR AR AL, T
£ 11 GPa 112 GPa B, 7E oK e I ()78 %
WRAE T RN, fEFKEERT, f85 X
INT0 eV RS B PR P Ve o o s 5 P 185 0 g 1 K
REfezh, AEEIX I KT 0 eV (145 % FE M 1= BE 7 )
.
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First principles calculations of solid phase transition of

nitromethane
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Abstract

The solid phase transition in crystals prepared from molecular energetic materials under extreme conditions is

important for understanding the detonation mechanisms. By applying the first principles density functional calculations,

a detailed theoretical study of the lattice parameters and molecular structures, equations of state, densities of state for

solid nitromethane is reported. By analyzing the pressure dependence of lattice parameters, a sudden change of the

lattice parameters occurs between 10-12 GPa, implying that a transition has taken place. It is also found that the

maximum dihedral angle of H-C-N-O has increased from 155.3° to 177.5°, indicating that a rotation of the methyl group

from a staggered to an eclipsed conformation occurs in the pressure range 11—12 GPa. Before the phase transition, the

intramolecular O --- H—C interactions are mainly of hydrogen bonds. After the phase transition, the intramolecular

and intermolecular O --- H interactions are mainly of the hydrogen bonds. Phase transition also affects the reduced

ratio of band gap and the density of state near the Fermi level.

Keywords: phase transition, nitromethane, DFT-D
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