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# %13 InS (indium monosulfide) D E FHEEHHAIT-> TV 5D, ZD—E%
ELT, WEDHRNEREEZIT- O THET 5.

InS WM -VIBEALEYEBHERD 1 >THS. CORTE, GaSe KALN B L ST
ZCRBIKME LIS, LIchi- THRBABIOZBVICE->T, 2OZEAEL S, InS
LbLDRDEED 1 DEEZONDED, InS OHEREEIRIKEEL ST, 3K
1SRV ERICIS B . £ 12, cation-cation FHOVDAN IS VHTOREBELAAHTHL L, B
RYIETI, =5 v FTobhnsd, ERXDEE (eclipsed configurafion) Y L,
—Jj, InS T “FNEE" (staggered configuration) Y LT 5. O &
(3, InS MAEIIC ‘Hume-Rothery fIf” o @ NTWEE0HEKT, O
NTHRESMEEZSHTED, BHEHIMETHS.

—7%, InS BCORIC—BHROBKYHELEAHNICE-> TW S, ZOYERR
FERMICH, HEGRMICORBIIMERE R LIt EREENTVL D08k TH 5.
Flo, BFEHBEOMBHIMARBEI TREINTVE L, AFREZO—-EBAIET 4
DTH5.

2. BEFHHEELHSR
sy REELEAS, RIS BRICRTE LTS W Schrodinger A2,
Hyrn = Enrn W
EROT, BAE E, BEBHE v, kDL E1RFHTE. i vb=T7Y HEZ
—EBFIOUOETEL &,
H“’W:%%+Wﬁ o)
L1585, —EFAUTRIRD 2 5ARET %o
1) FIRRBIRICHETEE, ZOEHIHILLTVLELTERSNADTHE
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LT#%#2Z 5. (Born-Oppenheimer #1{))
2) BRADEFREEMOBFHOL PSR T VY v vOhEEHT HET
% . (JFiFickd %, Hartree, Hartree-Fock #1{ll)
o3, ~NInvb =7y HiZRD XS IL—-EFO/ERE (r), E8E (p) DAD
B E L TERT I ENTES.

L L, COEBBEIET-TH, LUK ERCOEIBETREB L. —F, »3Iw
F=7 ¥ H(r, p) OFICI3ESD b2, ERBIHESEENREINTED, O
B L TEREINE, REFTET S &8, HMEICLITORBSELEML I ENTES.
(1) Brillouin HHN®D& k STOEABORIRE,

(2) & k SCTOBHBHBKDID 5 5 Wi,

(3) & k HMTORFENIRTEHICHT 5, WHEEETRRA,

BETHD. nsxELHTNE, FIziE, 5 k ATEEEI RS S L0, BRm
BZETFOOLONE, FEINCEGBEAEAT, 2OV FHAOELELOHEICK
BTHAH. QOEFNG, HHEEBBEZEEST HDIC, KFTarvF-10TREL, R
Kb EZTEETHCENTE, RAMBR TR ECIKENTHS. 5B, UTOEET
BAE Y —FEHAEFREERICED TRV EAFLLTEL .

3. InS "DOBROEALEHER

BRO N Y KRRAOBM &3, BARDSFETEAE k BOBWELR LIFERE KD
AT EitHxB, COBIHOOTNERHEBHLTHL .

BT InS OB EWHEIEIC>OTR~NS., K1, InS OEEBED 2/
Wiz, BRI Bravais BFIRBFLAKFICE S, MEN x, y, 2z A5G o b, ¢ &
BATICED B, BFHEI~Z b (g, 0, 0), (0, b, 0), (0, 0, &) % &, tz, ts &L
9. Bl InS AT 24l 28UPRETOMNES 1 ~8 THESEMN I HIC
adlL7c. Table 1, 2 IR A& &R FRIBEBEAGCL TH W, A8, F~2 bl
BEHLTESOASETESHTH L. FAIF, (0.0,-0.125, 0.871) & (0.0, 0.875,
0.871) LitdH % In JF-F3ETHS. InS OEREIE D T, HEONRERESE
Table 3 ICOETH 5.V ERIBHIAB L BERIFICK > THREN S, SBE D T
Hb. ERERGICT B2, SEHOMHRIEOKE S In(4)-InB) #EDOH LIS
<. B, EEREOMIC, x, y, z HBIDO & [OlEx, SEMEBEERORERIESH
5. BlZE G BIEAR(TH &, HFOBENIL,

128, a7, @26, 45,
L130, B4, In, S RFELEMNENS. 1-8) OBEAEE-THEE, DRFOMNE
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InS @ Bravais ¥ &RFALE. < HUIHPMRIEORNZ /RS .
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e [ndium atom
O Sulphur atom

Table 1. The atomic positions in InS.
number | atom x y z
1 In 0.0 0.125 0.121
2 S 0.5 0.495 0.145
3 S 0.0 - 0.005 0.355
4 In 0.5 0.625 0.379
5 In 0.5 0.375 0.621
6 S 0.0 0.005 0.645
7 S 0.5 0.505 0.855
L 8 In 0.0 - 0.125 0.879

!
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Table 2. The unit cell dimensions, and the shortest
interatomic distances in InS. n in nln or

nS i1s number of atoms at equal distance.

aQ

distances A
a 3.944
b 4.447
c 10.648
In—In 2.806
In—18 2.553
In—2S 2.595
S—18 3.088
S—48 3.719

Table 3. The list of symmetry operation of Dij

Operation
E identity

{C2:10} +7 rotation about ¢ .

{Ceylt} +7 rotation about # and translation with t
{Cz:l7} +7 rotation about ;3 and translation with t
{110} space inversion

{0:10} mirror plane -L¢

{oyl7} mirror plane L# and translation with
{o:17} mirror plane L¢3 and translation with 7

ti=Ca, 0, 0);: £=(0, b, 0); t=(0, 0, ¢
T =(a/2, b/2, ¢/2)

FEAZEIL Table 1 » 5, (0, 0.125, 0.121) &EbHhrb,

C22(0, 0.125, 0.121)=(0.0, 0.875, 0.879),

(0.0, 0.875, 0.879)—t.=(0.0, —0.125, 0.871)
E15D, (1-8) In HFHBED, 45, [Ekic C, BIEEITS &, BEE, K&
TR MG TREEEFHELS kT, Fmulit, r=1/2(t+&+t),
PUBITE . Chid, MUREOFRAB L TOHA L CLDBOARNLELDTH
5. t ZGUBENAMED S (Coy, Coz 0y, 02). DL, Kz r %
BUZEMEHIIERTY (non-symmorphic) TH 5 &L, r DIVHA (symmorphic) 7578
RIBHCBANTHMET, k BAEHET 5L %, &< Brillowin SERTHESSLE &
5.

wIT, K 21iC InS OHKETFOFE 1 Brillouin AR U, HBF~X7 b,
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B2 InS ®% 1 Brillouin & ZOHhDHFEDO SO R DEHR.
PRFIIEMELIETTH S

b, b2, bs (L,

b =2z(t:", 0, 0), b2=2z(tz"", 0, 0), bs=2n(ts', 0, 0),
EHZzond, o, InS DEAKFICHLTEET D, HEF~7 b, #EFXb
v, FERRERORNICI,

biZti/7x, b/t 7y, ba/ts/ 2,

L, BT, WESEGENBEINTY A, § 1 Brillouin D k &
k=p1bi+p2b2tpabs; (—0.5<p;=0.5),

LFGTENTES. k1T Bloch BIMORVWEB Y THS. LT kBAEZLS. kB

i3, Brillouin D k 2 AEIROIFMREIEICK > THEK I NS, HEOEBEDO IS

Bic1i 3. Bloch BASDEE NS, Ml ~7 bviZinBins, k& kK 8F LV E

4%, M, ‘

k=k+K,

EEL. LEed->T, ROLS% kK EF LW, (0.5, 0.0, 0.0) & (0.5, 0.0, 0.0)
WETHS. ZHELED

k=pib; |p|<0.5,

WO FFT k BA DL > THB. Table3 iTmn L AXBMRIEDOR T, BT G, (3

C:yk= — k,

LD, FLWV EIKHDoT, k AAREICERDEBETEEL. COXHITLT,

E, Cix, 0y, 02
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D4 HS>OEIED k AAZIRED. T, BIREOTVWAH T LEBEDO 4 MY 2iE L
TWAZ ExELONELV. BRI,
6y0.= Cax,

EY, BCEHLTHALCTWS, BETHE. LT, ZTHED K BLELE -7, T L
THUMBEOHKD C EAME (g) Ly, D58, g=4 THAH. v o, B
DRD—EHEREHNT, EERELLHH LTS,

() BEIREHOME (n,) BHEOME (no) 1CH L.

i) BERRBEOKIT (d) D 2RI (9 EROBGEMSH 5.

@ 358K (character table) T2 TDITRZ biv, FIRT b VvOFK AL DEITHKT

%.

SOEGE, no=nc 130D, BHEXRBFEOKI4METHA. Q05 di B1IRLTHAHTE
Bbrb. 1RTEOEE, EENZOTF, BHERBICKS, Coksicl, EBITKD
tzb D% Table 4 DXDETAICDRTHS. BQODBEFEMNKITLL TS LD, EE
CHEAEFNEEBicbr s, 8EOEMHE, I' X, Y, Z, S, T, U, R 12KD&E %R
#, 2, D,C, A A P E B 4, G Q H TKH/EEL£%E T T Tabled i€
OETHVI. FHEHE <D, Brillouin R TIE, DY M¥imiiiE r 250k
W, FDG)~G7F TRIEEEMKE 53, Herring D H#E? ik~ 7. Table 4 i» 5
OPABEFRDEHTEETH 5.

Table 4. Thederived character table for 8 high symmetry points and 12 high symmetry
lines. % is shown in unit of (a, b, ¢)/x. 7t is the fractional traslation;

(a/2, b/2, ¢/2).

I k=0, 0, 0), reality=1

E | calo)| (o) | tculn | 10y | (0) | (@sle) | touie)
It 1 1 i 1 1 1 1 1
I'p* 1 -1 1 —1 1 -1 1 —1
R
I's* 1 1 -1 -1 1 1 —1 -1
—
st 1 -1 -1 1 1 -1 -1 1
Iy 1 1 1 1 -1 ~1 -1 —1
]
I 1 -1 1 —1 -1 1 -1 1
I's” 1 1 —1 —1 —1 ~1 1 1
Iy 1 -1 —1 1 -1 1 1 -1
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InS OEFHEOR

0 0 0 2 2 0 0 0 - 4 31
0 0 0 = Z 0 0 0 Z- 2 Y
{7+2 {1+2 {3+2 ‘ {2 +2
‘2)%0} {7 ‘0i*9} 21720} (71*%0} {01*2D} ‘1|€0} (2 "ol 21429} P14} (01}
(99 *y=1 ‘[=A[8_I ([ '] ‘1))=Y Y
0 0 o | Z 2 o(ljjj\olJ - 4 _S
0 0 0 Z- 2 0 o | o z- 2 .S
v 0es TR \Jj
{2 01”0} {2 ‘01*9} ‘2142)} | 11} {011} ‘2170} {7 "0172D} ‘11€0} (13} {013}
- (0 '@ *g)y=1 ‘1=A®dI ‘(0 'l ‘1)=%:S
0 0 0 ¢ | Z- 0 0 L o | 7 4 N
0 0 0 Z- Z 0 0 0 2- Z N
{7+2 {?+2 {7+2 {3+2
21429} {2 0|79} 21720} (7t} {011} ‘1|40} {# 01"} ‘1{70} (17} {01d)
(8 ‘g ‘MZ)=1 ‘I=K1red1 (1 ‘0 ‘D)=¥ N1
0 0 0 Z 2~ 0 0 0 2- 4 4
0 0 0 Z- Z 0 0 0 Z- ¢ 'z
{2+2 {1 +2 {?+2 {3+2
‘2)%0} {2 "01*%0} 21720} {70} {010} 214729 } 7 ‘olr} 2140} 714} q
(8 ‘0 ‘o)=? ‘I=A11B8I ‘([ ‘0 ‘0)=¥ ‘Z
0 0 0 Z Z— 0 0 0 - 4 ¢
0 0 0 72— 2 0 0 0 2- 2 A
{7+2 {7+ {7+2 (7+2
‘1|40 {7 ‘01*D) 2142} {7170} {0179} 21720} {# "oir) 2170} 714} q
(09 ‘0)=1 ‘1=41IB21 ‘(0 ‘1 ‘0)=%":4&
0 0 0 2 z- 0 0 0 2- 2 D'
0 0 0 z- 2 0 o | o0 Z- 4 X
{3 +2 {342 (2+2 :f
21429 {? ‘0i*9} ‘1{¢0} {31720} {01720} ‘2172) } {7 ‘olr) 2|0} (114} il

(0 '0 =1

—£3BAI (0 ‘0 ‘D)=¥ X
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T: k=(0, 1, 1), reality=3, ¢t=(0, 2¢&, t3)

E {o:l7} {Elt} | {o:l7 {Cex10} | {oyl7) {Caxlt} | {oylr
+ t} +t}
7 1 i ~1 —i 1 i ~1 ~i
Tt 1 -1 -1 i 1 —1 -1 i
Ty 1 i ~1 ~i ~1 —i 1 i
T 1 —~1 -1 i -1 i 1 -1
T 1 i ~1 -1 1 i ~1 -1
T 1 —1 -1 i 1 -1 -1 i
] . .
T 1 i -1 -1 -1 -1 1 i
Ty 1 —1 ~1 i -1 i 1 —1
{110} {Ca.17} {Il¢} {Cozlr {o:10} | {Csylz} {o:1t} {Caylr
+t +¢t
1 ) —1 -1 1 i —1 -1
1 —1 —1 i 1 -1 -1 i
1 i -1 -1 ~1 -1 1 i
1 -1 ~-1 i —1 i 1 -1
-1 —1 1 i | —1 1 i
-1 3 1 —1 -1 v 1 -1
-1 -1 1 i 1 i -1 -1
-1 i 1 —1 1 -1 -1 i
* continued
> k=(a, 0, 0), reality=1, A=exp (ian/2)
{E]| 0} {C2410} {oy]7} {o2l7}
pap 1 1 A A
22 1 1 —A —A
3 1 -1 A - A
24 1 -1 — A A
4 : k=0, a, 0), reality=1, A=exp (iaxn/2)
{E| 0} {Caylt} {o.l7} {o:10}
4, 1 A A 1
4, 1 A —A -1
43 1 —A A -1
44 1 —A —A 1




A: k=(0, 0, @), reality=1, A=exp (ian/2)

InS OEFHBEOHGHER

7

{E| 0} {Czelt} {0210} {oylr}
A 1 A 1 A
Az 1 A -1 —A
A3 1 —A 1 - A
Ag 1 —A -1 A
E: k=(a, 1, 1), reality=3, t=(0, 28, t;), A=exp (iax/2)
{EI0} {E!lt} {o.l7} {o:l7 {oyiz} {o,ir {Cax 10} | (Caxlt}
+ t} +t}
E; 1 -1 A —A A —A 1 -1
E; 1 -1 —A A —A A 1 —1
E 1 -1 —A A A —A — 1 1
Ey 1 -1 A —A —A A — 1 1
B: k=(0, «, 1), reality=3, t=(0, 0, t3), A=exp (ian/2)
{E10} {E|t) {o:l7} {GZ)it} {0:10} {o:18} | {Ceylt} {Cgiﬁz
A 1 -1 A - A 1 -1 A —A -
'B 1 —1 —A A T~ -1 —A A
tg’ 1 -1 —A A -1 1 A —A
'B’ 1 -1 A —-A -1 1 —A A
H: k=(0, 1, a), reality=3, t=(0, &, 0), A=explian/2)
{EI0} | {Ele} | {010} fo:lt} {oyich | {oylr {Cozlt} | {Colr
+ ¢t} + t}
g 1 -1 1 -1 A —A A —A
‘H 1 -1 1 -1 —A A —A A
:H" 1 -1 -1 1 —A A A —A
'H" 1 —1 -1 1 A —A —A A J
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A: k=(a, 0, 1), reality=1, t=(0, 0, t3)
{E|0) {E| t} {olr, o+ ¢t} {C2:10, t} {oylr, t+t}
A 2 -2 0 0 0
G: k=, 0, @), reality=1, t=(t, 0, 0)
| o (El8) | (0:10, 88 |{Cule, e+ 8} | (oyle, e+ 8)
G 2 -2 0 0 0
P: k=(1, a, 1), reality=1, t=(Q2t, 0, t3)
(El0) (El) |(Cyle, e+t | tode, c+0) | (ail0, 0
P, 2 —2 0 0 L 0
Q: k=, 1, @), reality=1, t=Q24, t, 0)
{E| 0} {E| t} {Cazlr, v+ ¢} {0210, t} {oylz, v+ ¢t}
@ 2 -2 0 0 0
D: k=(1, a, 0), reality=1, t=(t, 0, 0)
{EIO} {El t} {CZyIT,T+t} {Uz‘T, T+t} {01|0, t}
Dy 2 -2 0 0 0
C: k=(a, 1, 0), reality=1, t=(0, t,, 0)
{E|0) {E| t}) {C2:10, t} {oyle, e+ ¢} | {o:lr, c+ ¢t}
G 2 -2 0 0 0

Table 4. continued

(1) Brillouin AW (', X, 4, ) TR T XTI KRLEREN -T2 -T, REV
ZBROT, EREOHERIZIS.

Brillouin iR LT3, E, B, H, T 2B\ iceaTH2ReEELNLE. C
nold, BuER{ oy ), {o:]7)}) EOHAMUC,I ), {Cl 7)) iTX BN
v FO&E (sticking together of the band) DHEUSDTHS. L, AW
RN SF L RCRBEICIE S, E B, H, T 31 KReRHTHHH, HEH*E
BUERB LN ->TVH0T, BRI E2ZET 5 &, ERLELERE (LT
&) BHEET L. (3.2) RONINVE =T VTR, ABREISEEZEZ T RLDT,
BRI RS L S 5. fE-> T, BRmETHE, E, B, H, T 68T, X
TEE@IT2EICHEESTS. 755, Table 4 T Reality &b 2 D3, BIXKEFR
WEMAfc L&, WMESELBVOOEL, £LB6D%E3LLTHS. 1, ~7

(2)



vt id, Herring LT, L EEZ DL ABICHW AN E N7 bV TH

5.

oI, EEERL o, HATBAR LR FERAR FERICH 28I 2Kk 7.
Table 6 *4%5&, X, R, U, S S C24KL LD
R ICHFRER L1050, oA THE, BSREAICH L GRRADHEL S, ol &

% Table 5, 6 ICF EDTHBL.

InS OEBEFHEDORRIIELE

HEIHBREZEE VS, InS OEVLEFRMEICHE S <.

Table 5. Compatibility relation

X X Y, Y, Z 2
PRI 23+ 2y 4,+4, 4,4+ 45 Mt A3 Ae+ Ay
ry I3 ;3 r; Iy Iz s r;
2 20 22 2 2 2 2 23
4 1 4 2 4 4 4 3 4 2 4 1 4 3 4 4
M As Az Az Az A3 n A

Z Z Y, Y, R, R,
2B +1B 2B"+1'B" H +'H’ H'+'H" E\+E; Es+ Es
Tt T3 T3 T T T: T T:
E E, E, E; E E, E; E;
2 g g 1 :g 1 g” 2g g g
‘H '/ tH" 'H” 'H” tH" YH ‘H

ZTno
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Table 6. Selection rules for optical dipole fransitions

initial state

accesible final state

E J «x E) y E J z
= I's® I's* Iy
Is* 'y ry’ Irs®
rs* Iy~ Iy~ Iy*
Iy I's* I's® =

Y Y,
Y, Y,
Xi X X
X2 Xi X
Z 2
Z Y
U+ U= U~ U=
S* S+ S+ S*
R, R, R
R, R, R,
* T T* TsF
'712: Ty* T,* 5
T5* (EN T® Tr*
T Ty " /AN
2 2 24 DI
22 DI 23 24
23 23 22 P
P 24 2 22
A JAYS A Ay
Ay Ay A, As
A A A A
Ay A, Ay A
Ay Ay As Ay
A, A, As A,
As A, Ay Aj
Ay Ay A, Ay
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E B E B
E E E E
B E B, B
E E 2 2
B g ' B
'y ‘g ¥ g
g B g B
g g B 'y
iy e ¥ gt
¥ gz ‘i ¥
g y ye e
T ‘g 'H '

4. #H®
BB RICL VB ONIER/RILUTOL I L EDTHS .
1. Brillouin HATHE, EAMREZRO THREZ L.
2. Brillouin HH# F TR, BEIRKEEGHREEZSH LS LEAMII, 9<8CEb2E
ICHEE S 5.
3. Table b i 7 BAf%, Table 6 (T FE SR TELICH T 2 INAE T &0
THWi.
IS DFEFERIL, InS IKOVWTHEFHTHRONILEDTHS. Kh, HistR%E2E
OB PG EE, SREERLTHS,

5. i

HE, WALWABRUNBENT LAV WTOARFERIINNE:, R BEIZITR
HotcLEg. /o, B EERAEARER 4 F4, NWHEFEICBhABEEN LT L.
BT,

EEXH

1. K. Schubert, E. Dérre and E. Giinzel: Naturwissenshaften, 41 (1954) 448,

2. RIERER, HATTA, NEFFEFE - ICHEGR WY EBEB —, (B¥KE, 1976).

3. C.J. Bradley and A.C. Cracknell: The Mathematical Theory of Symmetry in
Solids, (Clarendon Press, Oxford, 1972).
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Group Theorical Considerations on the Electronic

Band Structure of InS

Kenichi TAKARABE

Department of Natural Science, Okayama University
of Science

(Received September 30, 1986)

Group theoretical considerations on the electronic band structure of InS
were performed at the first time. On 8 high points and 12 high symmetry
lines the character tables were derived. Compatibility relation and selection
rules for optical dipole transitions were also derived. The results were

summarized in Tables 5-7.



