€

THRBAFZFELLE ¢ EM

o

.. I

U0

RRPAST061047

BT E AR RS

BOTFTorFadesEdtzmRIERE

Ab-initio study of dynamical properties of molecular crystals under pressure
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Abstract

In this report, we explore the structural,
vibrational, and electronic properties of
prototypical quasi-molecular layered solids
Asl, and Sbl, under hydrostatic pressure by
means of first principles density functional
calculation. We find that compression
mechanisms of these compounds including
the anisotropic structural response to pressure
and a pressure-induced unusual non-
monotonic variation of the zone-center
phonon corresponding to the pressure-
enhanced charge transfer can be described
appropriately by our quantum mechanical
simulations. We also examine the accuracy
of different approximations of the electron
exchange-correlation interactions.

Keywords: Quasi-molecular Crystal,
Hydrostatic Pressure, First Principles Density
Functional Calculation, Charge Transfer

=~ %A

B TR ESE TS ER &
) B £ (anisotropic) 4 B (&L.36 & Ak & 4% -
SAMK S T SRS BT
FE)zsBmRre k2B a2) wIE
F Vik& /B et iy (Asls it Sbls) B — i L B
FEHBZ s TFLRBE (B ) RiL B
B X At T34 3R S5 THHBeL
BAOEEmEL s THME—RKEH
%, @ % & f1 € (Raman) % 5x[3.4] & 84 57
Asly 2 Sbls 2 4 F3h @ $H FS R B3EA % €1
BhmiARREF gl s Rt g =
4% 0 Bp 4% B 5% 40 R 32 (ab-initio) ¥R
RAFELERAMERZAEBA L B
FHME - A —F T HERAEITZS
TIEERET TR Ez Bl K
HHENEBRAETRZAMEF—E-FR
Ja 48 5 (B 40 5 A6 M(LDA) & AR & 415
ME(GGA) E F A shda B E &6 £ 4o
F Rt 2 EEMH .

= R

HWFERT2 Asly A GCGA s R = &
oA a=7.248 A0 c=21.547 A; UK B
(a=7208 A c=21.415 A) thag > 488§ 4 o
Wbt Bz s R (2.57 A)ELéE A (999

i

/MWHIIIJ/MH(

i




.Y

TR EEELRST A & 100° )4 H it
GGA tF 55T sl 48 & ok i o Asl, T % B
T e B Rl LDA
MUK EAT Asly W R H, &R
SRS A% E H(a=7.031 A>c=20.223 AMB LK
Ehdcdh o Rt LDA sz it Rt
(277 A B 90" ) 5 » 5p4F il Asly 2 R 4
MEA K o B4k 0 £ SbL, ¥R R
SH(SMESHa > Bibic k4t
At E+GGA & R(7.780 A~21.854 A ~
2.70 A~95.2° }#x LDA 3} H.(7.401 A-21.367
A~298 A~90° )@ 453 K ER{E(7.505 A -
20996 A ~2.83A-~96°) - dystiiz » LDA
WA BE R T S 2 SR - AT
BRHSRUHE > F4%A GGAHE -

WA Asly B RABEHHEENER N2
3% 88 7 #2(Equations of State) » 7 # & £ B
B Az GGA 3 E43 5 - B A7 B
PRIALE Z SR EHE ML S GCGA T &
F—fx:; M H A% 4 e Buk
Modulus(55.2 GPa)R # — k& &% % (9.14)
1 B L HE(62 GPa ~ 9.55)th$% » g § E
ko B ybiE T4 GGA M F xR R R
HE A EOERRERNUYT » 4T
S Asl, Z SRS - THMESEATR
Frig Asl 2 ik BB 42 > T AF A £ 65
GPa #hiBf2 ¥ > Asl, K RAFMAE 2R
G A BT EBaY
{2 Asl, 4 -F Rl SESRBPE R A) 38 o W S 4 -
EaTrEayTReknds  5@s
FIz AsEFABRGABATTZIRT
ek MR KEW - SR ARIET
o rEsES TRtk o TRER
Bt — o F—R kB XA E LIS R
H1i2%] S0GPa A4 o

GGA #1 LDA z bt > & B&RE
FEEZ ARG HES - AR R RIE
A% 3R By 3t HoGE[5] 0 & T AR B
Brillouin-zone # s 48z SiikiREAE R
IRENID AR 42 B BB 5 TER
&4 A7 Raman-active S48 3% » sAfE 8

Raman 241 5 tb#2 )4 Asl, f2 % B 1%
(12K F » o Raman 45 44 ) %o e 18 4 4 2%
P BRI 2 B AR (1, AL AN 1)
RS A 5 2 2069 - 180 - 83.8 & 70.6
e g GGA 3 3(209.0 - 177.7 - 83.6
74.9 em™M it LDA 3+ 5.(167.1-125.1+69.9
85.5 cm B RERAIL— R H 4 GGA
HRK4EY LDA -

BT ERTHRSMEY 4 » Raman T8 A7
WEDARSGAEHE H 2 R4t
#.40 GGA 3+ H & RAQE) o 5l 4a & B A 87
50 GPa ®} > Asl, ¥Rl 5 F A H 45 As—I
SeAb s 2 B4R A IRSIIAE(206.9 cm ) &1
FE 51 38 ho i BEAR (K B A1 A # mode-
Gruneisen parameter %-3.9); & Ao /B 48 1% 50
GPa 1% > REIAEGFER A e LA -
MMz FERMITE  FHAEAEKRZZLESR
32[6] - o [ = Fi1 » GGA 3+ H T AE4F Bl 4o
LA RATE - WIRFHEERR A2
i TRATTEHBE LT F—
BakAn gt 2 W Mtz 4 H 0 T S
WRAHEEFEMB2Z B EMITE -

BERTETE&MHEER RHEH
7 GGA #2 LDA i 474 F S+ 5 (v 18]
) HFEiE—F  SHRBRANTEFEMHZ
SbEy o R RBEARRDHRES T Pt
B2EF o SEENSEMI A5 TN
FEMEAR 0 BATH A4 TS E 0 Mt
MRS ST Z T8t o B AR
LA TFNEasTHETFEEMRAZ
WL TR MRS RRETFEN S
oo 48 B T F kAR B MRS AR
- THRERNEREHZ TR
gnhz oh 0 sb— B A3 A2 E T4
PP IAA LB 2 AR ESARE—R AT A
% A& & 8%(< 50 Gpa) » B E T K Ao B i F 47
St BMESTFRRZETFTEREER > &
R EZRSAERIRERTE ST —
S G Ak B AR A > 50 Gpa)z ik - BT
FEMARMDBIKGE P » BT
B Bk B A RS AR REEYETE



It BEEHBREMEEREN IS ™
3% fa o

. EARER

AHERR FMEHARBE  RAHE
ST AMARNTF YL RSMLEY
Z R% R AT AR GGA {8 LDA ¥4
ZAEHLE, RAMREE  TRTTHEM
ZEyHHE SN BAHEES TR
MR AME - B A EZHR
HBPERSTFLBOLSTEEO R
(anisotropic)# # Z R 14T A » BE G F M
(isotropic) 4 % (f#]4w:Si~Ge ¥ %)F A Y
TomATREAIEBLEREE - Bk

FWmAREARMEMMTFEIEER L
EARE  NRAREHBEHHEHN
MR SEHENME 25K M
RERREIEGMATEZRR B8 K
itz 5k > 2k 897 Physical
Review B 3% » mMA & T 7 +=A
£ Vol.58 No.22 pp. 14812-14822( £ £ w4
.._) a

_E_ Y

%4 ik

[1) B. A. Weinstein and R. Zallen, Light

[5]

6]

Scattering in Solids 1V, edited by M.
Cardona and G. Guntherodt (Springer-
Verlag, Berlin), 463 (1984)

J. M. Besson, J. Cernogorn, and R.
Zallen, Phys. Rev. B, 22, 3836 (1980)

H. C. Hsueh, W. C. K. Poon, H. Vass,
and J. Crain, Europhys. Lett, 35, 689
(1996)

T. Komatsu, T. Karasawa, T. lida, K.
Miyata, and Y. Kaifu, J. Lumin., 24/25,
679 (1981)

H. C. Hsueh, M. C. Warren, H. Vass, G.
J. Ackland, S. J. Clark, and J. Crain,
Phys. Rev. B, 53, 14806 (1996)

A. F. Goncharov, V. V., Struzhkin, M. S.
Somayazulu, R. J. Hemley, and H. K.
Mao, Science, 273, 218 (1996)




