substance: LgS;
property: crystal structure, physical properties

a-LarS3
crystal structure orthorhombic (36— Pnma)

lattice parameters

a 7.584 A 68S
7.587(7) A 81G

b 15.860 A 68S
15.863(4) A 81G

c 4.144 A 68S
4.149(2) A 81G

melting point

Tm 1950°C 81G

Debye temperature

©p 317(1) K 81G

heat capacity Fig. 1

B-LasSs

crystal structure tetragonal (20 — 14¢/acd)

a=b 15.62 A 73B
15.65(4) A 81G

c 20.62 A 73B
20.64(6) A 81G

energy gap

= 2.58 eV direct optical determination 80L
2.6eVv direct fundamental absorption edge 81S
1.38 eV indirect or impurity tail 80L

resistivity

0 2.102..4-164Qcm 82A



Figures and further references fBrLa,Ss:

phase transitionf3 - yat 1300C

heat capacity Fig. 2; for heat capacity, enthalpy and entropy, see also [69P]

optical spectrafor Nd-doped crystals: Figs. 3, 4; optical spectra for Nd, Ce-codoped crystals: Figs. 5, 6, 7
photoconductivity of a Ce-doped crystal: Fig. 8

photoluminescence, cathodoluminescencd# a Ce-doped crystal: Figs. 9, 10

ylLasSs

crystal structure cubic (ThsP,-defect structure, f — 14 3d)

lattice parameters

a 8.723 A 852
8.726(1) A 78K
8.731 A 60P
8.7253(8) A 76K
8.725 A 81K
8.69 A 80K

melting point

Tm 2080°C 60P
1980(30yC 76K,

81K

2100C 80K

density

d 4.93 g cm3 60P

linear thermal expansion coefficient

a 9.9-106K-1 66D

energy gap and other energy parameters

= 2.76+x 0.1 eV optical energy gap 85Z
2.8+ 0.25eV thermodynamic 857
19eV X-ray spectra 83S
29eV optical gap 80K
24eV T=148K optical gap 82B,

81B

2.8(1) eV optical gap 79Z

dEg/dT 4.9-10%eV/K T= 250K...350 K

797



Ep 4.8 eV

13.6 eV
18.9 eV

20.9 eV

36 eV
103 eV

104 eV
197 eV
209 eV
834 eV
851 eV
E 59eV
111 eV

16.1 eV
20.8 eV
27.5eV
=37eV
118 eV

thermal conductivity
K 2.3-102W cnTlK-1
Debye temperature

©p 320 K
285 K

phonon wavenumbers

195 cntl

230 cntl
301 cnrl

(VIo)to

(Vlo)Lo
dielectric constants

£0) 17.2
&(o0) 7.0

refractive index

n 2.6
2.8

electrical conductivity

o 10-100-1¢cnrl

S 3p-level
S 3s-level
La 5pg-level

La 5pjo-level

La 5s-level
La 4g,>-level

La 4d,-level
La 4p/o-level
La 4p/y-level
La 3g,>-level
La 3dj-level
S 3pEr

S 3p-ond. band,
surface plasmon

bulk plasmon

La 5pEr
La 5p-5d
La 5sEf

La 4d-4f

A=1..15um
A =0.55um

10°°..1010Q-1 cnrl

0.7-1012Q-1cnrl
1012Q-1cnrl

T=145K

Further figures and references fgilLaySs:

phase diagram Fig. 11
coordination polyhedra: Fig. 12

Raman spectrum Figs. 13, 14

absorption and transmission spectraFigs. 14, 15, 16

Mgld XPS, Fig. 24, rel. toEf)

Mgl XPS, Fig. 24
MgKa XPS, Fig. 24
MgKa XPS, Fig. 24

Mglé XPS, Fig. 25
MgKa XPS, Fig. 25
MgKa XPS, Fig. 25
MgKa XPS
MgKa XPS
AlKa XPS, Fig. 26
AlKa XPS, Fig. 26
ELS, Fig. 27

ELS, Fig. 27

ELS, Fig. 27
ELS, Fig. 27

ELS, Fig. 27
ELS, Fig. 27

ELS, Fig. 28

reflectivity: Fig. 29

72G

(vic) from Raman spectrum

91K

91K

72S
81G

79A

79A
T9A,
797

80K

80K

797

81B
82B



real and imaginary part of thiBelectric constant Fig. 17
reflectivity spectrum: Fig. 18

luminescenceand absorption of Nd-doped crystals: Figs. 19...23
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Fig. 1.

a-La,S;. Temperature dependence of heat capacity [81G].
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Fig. 2.

B-Lay,S3. Temperature dependence of heat capacity [81G].
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Fig. 3.
a-GdyS3:Nd, B-LaySziNd, YoS3:Nd. Absorbancé\ vs. wavelength [80L].
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Fig. 4.

a-GdyS3:Nd, B-LarSs:Nd, Y-S3:Nd. Photoluminescence intensity vs. wavelengthofedbd,S;:Nd excited at

752.5 nmf3-LayS3:Nd and ¥>S3:Nd excited at 600 nm [80L].
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Fig. 5.

B-LayS3:Nd,Ce. Absorption spectrum (absorption coefficient vs. wavelength) of Nd(1%) and Ce(1%) co-doped
crystals; unpolarized light [82S].
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Fig. 6.

B-LayS3:Nd,Ce. Fluorescence spectra (fluorescence intensity vs. wavelength) of (A) Nd (10%), Ce(1%) and (B)
Nd(1%), Ce (0.2%) codoped crystals [82S].
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Fig. 7.

B-LayS3:Nd,Ce; B-Lay,S3:Nd. Excitation spectra of Nd (fluorescence intensity vs. excitation wavelength)

registered a# = 900 nm for (A) Nd(1%) and (B) Nd(10%), Ce(1%) doped crystals. The codoped crystal (B)

shows efficient energy transfer from band excitation t8*N82S]. Q: quantum efficiency of the transfer to
Nd3+,

B-La;S; 1 Nd, Ce

900 nm)
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Fig. 8.
B-Lay,S3:Ce. Photoconductivity vs. wavelength for two crystals. (A): 1% Ce, (B): 0.05% Ce doping levels [82S].
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Fig. 9.

B-LayS3:Ce. Photoluminescence intensity vs.

wavelength: 540 nm.
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Fig. 10.

B-Lay,S3:Ce. Cathodoluminescence (intensity vs. wavelength) at two Ce doping levels for 20 kV electron beam
excitation [81S].

B-La,S5 : Ce

I
800 900 nm 1000

A —

1 |
500 600 700



Fig. 11.
LnS—-LnS; system, Ln = La, Gd, Dy. Phase diagrams [81K].
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Fig. 12.

ThaP4-type compounds. The coordination polyhedra of the cations and the anions. Full circles: Th- atoms, other
circles: P-atoms [66H].




Fig. 13.

y-LaxS3;. Raman intensity vs. Raman shift (in wavenumbers) [79A].
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Fig. 14.

vV-LaxS3, y-GdbSs. Infrared absorption and Raman intensity vs. wavenumber at 300 K [67B].
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Fig. 15.
v-LaxS3, y-NdyS3, y-Dy»S3. Absorption coefficient vs. photon energy [79Z].
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Fig. 16.

y-LaxS3. Transmission spectrum (transmission vs. wavelength) of adithick single crystal platelet [81K].
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Fig. 17.

y-LaxS3. Real and imaginary parts of the dielectric constant and energy loss function vs. photon energy [79Z].
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Fig. 18.
vV-LaxSs, y-NdoS3, y-Dy»S3. Reflectivity vs. wavenumber in the infrared range [79A].
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Fig. 19.
y-LaxS3:Nd. Absorption coefficient vs. wavelength at 300 K [80K]. Cf. Figs. 21, 22.
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Fig. 20.

v-LaxS3:Nd (0.9%). Luminescence spectra (intensity vs. wavelength) with 530 nm excitation {akéa) 15us
(b), and 1Qus (c) after excitation [83K2].
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Fig. 21.
v-LaxS3:Nd (0.9%). Luminescence intensity (a) and absorption coefficient (b) vs. wavelength at 4.2 K [83K2].
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Fig. 22.
v-LaxS3 Nd (0.9%). Absorption coefficient vs. wavelength at 300 K (a) and 600 K (b) [83K1]. Cf Fig. 19.
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Fig. 23.

y-(La;_,Ndy)»Sz. Temporal evolution of théFs/, neodymium population for x = 0.27)( 0.073 2), 0.046 8),
0.027 @), 0.009 ), and 0.003 &) after a short pulse excitation at 530 nm (a) and 600 nm (b). (Normalized
fluorescence intensitllg vs. timet) [83K2].
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Fig. 24

y-Ln»S3. MgK X-ray photoelectron spectra of the rare-earth sesquisulfides (Ln
the energy region below Fermi level down to Ln 5s core level [91K].
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Fig. 25

v-Ln,S3. MgK X-ray photoelectron spectra of the rare-earth sesquisulfides (Ln = La, Ce, Nd, Sm, Gd, Dy) in
the 4d core level region [91KEy relative toEr.
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Fig. 26

v-Ln,yS3. AIK 4 X-ray photoelectron spectra of the rare-earth sesquisulfides (Ln = La, Nd, Sm, Gd) in the 3d

core level region [91K]. The trivalence of Sm is testified by the value of the Sm 3d doublet line spin-orbit
splitting (= 27.6 eV)Ey relative toEg.
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Fig. 27.
v-Ln,S3. Electron loss spectra of the rare-earth sesquisulfides (Ln = La, Ce, Nd, Sm, Gd, Dy) for primary
electron beam enerdy, = 750 eV. All the peaks, revealed from the second derivadNielE? are indicated by

arrows [91K].
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Fig. 28

y-LnySs, Ln = La, Nd, Gd. 4f-4f giant resonance in energy loss spectra at primary electron Epergy
750 eV after Shirley background subtraction [91K].
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Fig. 29
v-LaxSs; y-SmpySs. Reflection spectra [83B].
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