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1. R RRFIERR R

JASRIBETER (RIEHK) ,CRTHI2

F 2.2 A uJZFR M Mulliken 755

A4, B: —4, B y(4/B)=1

TiF: =4 B y(T/F)=3; FRTEKIRSEE, 78T 8BF [ E

%t o, BAERAT, B 7(o,)=1

o Mo 87T H35 B E RN,
RIS // 2R T I B A O

e 2¢, 30 /ﬁﬁﬂ@%

A, |11 1 1| ||T. x2+y2, z"

Al 1 =1z,

E |2 —1 O0|((%. T) (R, R) |(x?-? xy), (xz, yz)
s NRr AT R TSR, ©
A A9 R 2
Mullikenf¥ 5 BT

fi = i
ARy

B o, BEARH, B 4(0,)=-1
(@)
g Wi, 8 () =1
ws X RIERRATR, B () =1
_ (b) Xf 4. BFR
T

1: gﬂ'CzEEO'V‘E%{/E%X‘—JL%: EHZ(CZ)ﬁZ(O})=1
2 3 Clo, BN, B 2(C,) 5 2(0,) =1
T FEMT

THRIECY 1. 2, g u MEXFAL, HERAREX G Ho,
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2. PRI AT IR 558 (1D

1. 70 S8 A P 2 (R A AT OB, s JE M b B B SR B R & AR R R
] Wyckoff 1/ & ;
2+ SR KL P IR R AL 2 ) B R AR AR L RN R E AR, B SR T 7%,
BN ST THTR, 573, RS TWNEIETIREER R IR
(1) JEHE B JE - LR S AR UL B AE N W] 9 FROR B EAR
2(R)=N,(1+2cosb,) (2-42)
Horb O 9 {RIe S IRAEXS BLHI e M1, Ne RNERIE TASIKE 78 A, +40
RAF), —REFFERHED;
(2) JEMLFFE XTI (1) ] 2 2 AR B RFAE AR 9 -
x(T)=x(1+2cosd,) (2-43)
Heh, +R&EHED), —REAFFEAEES).
(3) JEML 7T RS XS R AT 29 R AR B RFEAR A«
2(T") =[Ny (s)—1][+(1+2cos ;)] (2-44)
Horp Np(s)RR1E R XFRIRAE TR, EOAERHFEEFEHE .
(4) G A 7T Bl X L AT 29 3R R B RFAE A5 9 «
¥ (RY=N,(s-v) [i(] +2cosb, )] (2-45)

3. RIS, ML

n, -1 Z Z"'(R)Z(ka):l Z 2" (R)(E1+2c080,)U . (2-47)

{Rlrg ) {Rlrg}
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£NnGer aﬂ)ff‘
(I mupllmﬂ||m||ml||||ul||||m||mq|||||m|||mmu|muun,uumm
¢ 9 W B R WA

Wyckoff i1 | XFFRE x ¥ z
Zn A 4b 2 0 0 12
Ge B 4a 3 0 0 0
P c 8d 3 u 1/4 1/8
- : Number
42d g 25, ¢ 2 20 Symmetry Activity
Optic  Acoustic
A, 1 1 1 1 1 X, 2 R 1
A> 11 1 -1 -l ia 2
. B, 1 -1 1 1 -1 Xy’ R 3
| 424 B |1 a1 1 a1 0,2 R, ir 3 1
E 2 0 -2 0 0 (xz, y2); (x, y) R, ir 6 1

Hop R R A A Dao =18, +1E Q
I, =1A +2A, +3B, +3B, +6E
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http://www. cryst. ehu. es/rep/sam. html

IR Raman and Hyper-Raman Modes

Check | WP | Representative

@® OPTION 1: Space group r D 16e Xv,Z
Enter the sequential number of group as given in International Tables for Crystallography, > @ 8d X, 1J'r4, 1/8
Vol. A or choose it: l
[ 8c 0,0,z
o
© OPTION 2: Structure 4b 0,0,172
Structure Data H. .. E 4a 0,0‘0
[in CIF format] HINT: [ The option for a given filename is preferential ]
# Comments start with # -
# Space Group ITA number
167

# Lattice parameters

4, 7597 4. 7597 12,9935 90 90 120

% Number of independent atoms in the asymmetric unit
# [atom type] [number] [WP] [x] [y] [z]

Al 1 12c¢ 0.0000 0.0000 0.3523

0 1 18e 0.3065 0.0000 0.2500

Structure



http://www.cryst.ehu.es/rep/sam.html
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2 R IR B (2)

Information of the Point Group D24 (-42m)

IR Active Modes
Character Table' WP|A1|A|Bi| B |E
8| - | - -12]3
Dog(-42m) | # | 1| 2 | -4 | 2« | mg functions 4b 112
Mult. -11(11212] 2 . 4a | - ) 1112
A Cof1f1] 111 x*+y? 2% , _ :
Infrared active modes: 3B; + 6E (Acoustic modes not included)
Az 11111111 Jz
B, i1l 1]-1]1]-1 x2y? Raman Active Modes
WP|A |A2|Bi|B| E
= Mal1]1 1111111 Z,Xy
8 (1] -[1]2]3
E s(2(-210]0 0 |(xy)(xz,yvz),(JyJ
5 (x,y).(x2,y2),(Jxdy) w1
da |- | -[1]1]2

Acoustic and Optic modes: _ _ _
Raman active modes: A; + 3B; + 3B; + 6E (Acoustic modes not i

ramustic = BE + E

roptic=A1 + 2A- + 3B4 + 3B> + 6E Q
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o TN EHSKTINA? . . IR
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p || RTTTROD | RRRRTRROT o s R # DU, ZDANE LR
TR | AN NR | RO | A ¥R A A 2 B U O T Ta) AR AR AL
“ o AEMIRBN T IH], FHFT (o) MM
B w o PRBNITT, SR ANGE I I ) 5 ) R AR
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3. ZLANE ERELO-TOEE 2L 1 1T 18

Uniaxial crystals:

if short-range forces dominate: if long-range forces dominate :
- E | TO LO
TO LO TO LO A E A E
Raman shift (cm™!) Raman shift (cm™)
—1 —1

U U

2 .2 2 2 2 2__ 2 2 2 . 2
Kk ©? = Wj 7o) €0S% O+ W} o Sin® O 2= 2 in2 6+ w2 29
E(TO) E(LO) » w = sz(LO) sin wE(LO) cos .

under certain propagation and polarization conditions —
quasi-LO and quasi-TO phonons of mixed A-E character
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4. P = PEAE S b AR

4
Wt 17 = (@ wa) & - s 'ei|2 (n, +1)
o efle A NSCATHUR 6 Wk 7 17
o n, YR t-% RIAE 3R EL
o a N K --- XA K

o B RAERE Ry 2 TEIRE RS AT LB R AT 21

Raman Tensors

A B Ba(z) E(x) E(y)
al - -lel -1 -1dal-1-1-1-1- -1 1e
a c d e
N R S e e
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o Directions of the Directions of the
*%L E’(J @E‘E propagation of /N polarisation of
WHE (Porto) FTis incident (i) and ki (El ES )ks incident (i) and

scattered (s) light

scattered (s) light

Geometry Sample Laser Polarisation
" X(YV)X X(YZ2)X X(Z2)X
Backscatering s b EllEs E;l/Es E;//Eq
7 X k; (¢2,0,0) Qyy Ay 7 Qzz
an

n: X=LOand Y.Z=TO
a3

Y k Y(XZ)X Y(XY)X Y(ZZ2)X
Right angle = Ei /Es Ei — | Es Ei // B
Z QXZ aX Y az A
X ?ki\ (qﬂ:,qy?O) aﬂ
ki = ks + q,Eisalways | tok ap M XY=LO+TOandZ=TO

M R R
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Polarization Selection Rules

Right angle scattering geometry

Back scattering geometry If you want to know more about this configuration please click here.
If you want to know more about this configuration please ¢
A B: | Bo(LO+TO) | By(TO) | E(LO+TO) | E(TO)
Aq B1 B2(LO) E(LO) X(YY)Z X «
-X(YZ)X . . . X X(ZZ)Y X
-X(ZZ)X X . . . Y(XX)Z X X
Y(XX)Y X X . . Y(XY)X : : : X
Y(XZ)Y . . . X Y(XY)Z : : X
Y(ZZ)Y X . . . Y(XZ)X : : : : X
Z00z | x | x : : YEZ)X | x
zZovz | - | - X g x| x
Z(XY)X . .
Zvz | x | x (xY) X
Note: x = represents the modes that can be observed in each ¢ Z(XZ)X : : . : : X
In the first column the experimental configuration in Porto's no
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AbinititE TiEL IR (#HFElesson on static non—linear properties)

Y% Chk: Phys. Rev. B 71,

125107 (2005).

YAEANADDB [ out SUAF BB MRS IS BRIE, IR 5 B RAF RS FRAE

e with ANADDB (output file):

Analysis of degeneracies and characters
Symmetry characters of vibration mode #

(maximum tolerance=0.000001

SESRS) see®

SRR

degenerate with vibration modes # 2 to 3
3.0-3.0-1.0 1.6 -1.0 1.0 -1.0 1.0 1.0 -1.0 -1.0 1.0 1.0 -1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 -1.0 1.0 -1.0 1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 1.0 -1.0 -1.0 1
Symmetry characters of vibration mode # 4
degenerate with vibration modes # 5 to 6
3.0-3.0-1.0 1.6 -1.0 1.0 -1.0 1.0 1.0 -1.0 -1.0 1.0 1.0 -1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 -1.0 1.0 -1.0 1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 1.0 -1.0 1.0 -1.0 -1.0 1
Symmetry characters of vibration mode # 7
degenerate with vibration modes # 8 to 9
3.0 3.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 1.0 1.0 -1.0 -1.0 1.0 1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 -1.0 -1.0 -1.0 -1.
0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 1.0 1.0 1.0 1.0 -1.0 -1.
e assignments:
modes E 4 2 3 2° 1 -4 m-3 m
-3 3 1-1 0-1-3-1 1 0 1> Flu
46 3 1-1 0-1-3-1 1 0 1> Flu
7-9 3-1-1 6 1 3-1-1 0 1> F2g

a.u.)

e
eSe e
|
[
SRR

)
S
|
[
SRS

)
[
(R
SRS




A AN 77]'/',‘7‘5./%“5]

A= N RS vy

For pure transverse optical phonons, (9)(1(;)/ d7,z can be
computed as a mixed third-order derivative of the energy
with respect to an electric field, twice, and to an atomic dis-
placement under the condition of zero electric field

{Eanaddb 4 N\ 250 1B
HU) 7 1]

ax;:; 6
oXij_ - _ —ETKAEiSj' (29)
ITex | e=0 Q # Wave vector list no. 2
#
nph?21 5 ! number of directions in list 2
optical coefficients x,7. For longitudinal optical phonons, Tpgzlo 0 oo 00
Eq. (29) has to be modified as follows:*® 00 10 0.0 0.0
0.0 0.0 1.0 0.0
1.0 0.0 1.0 0.0
1.0 -1.0 0.0 0.0
axtd  ax) g 2 2l St 50)
= A Xzﬂ(h
aTK?\ aTK)\ E=0 QU E[,f’ qlé‘”rqlr I

M. Veithen, X. Gonze, and Ph Ghosez, Phys. Rev. B 71 (12), 125107 (2005).
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(e]

m=24 ;

%mode number

g=2; % FEFLTE, HAiem-1

w=[0:0. 1:600] ; %%t 75 1 R YE LR K

T i=1.4404/300 ; %N et P s FE R, =i 300K
el=[1, 1, 0]; BN G B AR 7 17
e2=[0; 0; 11; BECE Y AR 77 7]
wl=19436.34;  %HEOLIR, Hficm-1

A=[ ], %hr 2Tk E

wm =[ ]; BAAE SR B AR

I b=0;

for i=4:m

aC: , 1)=A(3%i-2:1:3%1 , :);

I p(i)= (elxa(: , :,
Planetary Interiors. 2009:174(1 -4):113-21

I b=I b+ I p(i)*g./((w—wm(i)). 2+g 2):
i=i+l;

end;

dw=[w,I b ];
plot(w, I b);

i)*e2) "2/ (wm (i) *(1-exp (-wm (i) /T i)));

%Ref :

Physics of the Earth and




ZnGeP,

1 42d

Number

42d 25, ¢ 2 ¢ 20, Symmetry Activity
Optic  Acoustic
4, 11 1 1 x4y, 2 R 1
A 1 1 -1 -1 ia 2
B, 11 -1 Xy’ R 3
B, -1 1 -1 1 Xy, z R, ir 3 1
E 0o -2 0 0 (xz, ¥2); (x, ¥) R, ir 6 1

TABLE 1. Polarization configuration and selection rules in the backscatter-
ing geometry for the three faces used in this experiment. We define a

=(110) and 5=(110).

Crystal face Geometry Allowed symmetry type
01) z(ab)z B,
r z2(xy)z_ B,(LO)
z(aq)z_ A, +B2(1LO)
(010) v(zz)& A,
| y(xzy_ E(LO) l
. y(xx)y_ A, +B,
(110) b(aa)b A,+B,(TO)
b(az)b E(TO) |

Shirakata S. Journal of Applied Physics. 1999;85(6):3294.
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Cal. (arb.units)

ki=<001>

k_=<001>

—

Cal.
Expt.

z(ab)z B,

B

1

ys

100

200 300
Raman Shift (cm™)

400

Intensity(arb.units)

Intensity(arb.uintes)

Cal. B,(LO)
Expt.
A1
z(aa)z A +B(LO) B,(LO)
S—
100 200 300 400
Raman Shift (cm™)
Cal. B,(LO)
Expt.
z(xy)z B,(LO)
B,(LO)
B,(LO)
A
<
100 200 300 400

Raman Shift (cm™)




Intensity(arb.uintes)

<010> 5 A B 7= -1

Cal.
Expt.

E(LO)

y(xz)y E(LO)

E(LO)

100

200 300
Raman Shift (cm™)

400

Cal. (arb.units)

<110>F5 R £

E(TO) Cal. E(TO)
Expt.

b(az)b E(TO) gmoy

A

100 200 300 400
Raman Shift (cm™)

9






