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Study on Properties of La and S Co-doped SnO; by First Principles
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Abstract: Using the generalized gradient approximation method based on the first-principles of density
functional theory and the ultrasoft pseudopotential method, the doping parameters of La and S co-doped
SnO, were calculated, and their stability, elastic properties and electrical conductivity of the doped
structure were analyzed. The results showed that the formation energy of doping systems increased with S
atom doping concentration, and that the stability decreased with increase of doping S atom. Compared
with individual either La or S doping, the hardness of the co-doped structure was reduced, while its
toughness was increased, and its toughness gradually decreased with the increase of S atom concentration.
La and S co-doping still belonged to P-type doping, and new impurity levels were introduced in the
forbidden band, so the band gap was narrowed, leading to the enhancement of the conductivity of the
co-doped system. The hybridization of S-3p orbital with Sn-5s and La-5d orbital was enhanced with the
increase of S doping concentration. and the conductivity was further improved with the increase of
impurity levels introduced in the forbidden bands.
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(a). AL SnO, £5#4)(Crystal structure of intrinsic SnO,); (b). La-S #%%4(La-S doping); (c). La-2S(La-2S doping)
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Fig.1 Doped structure model
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Tab.1 Lattice constant, volume, total energy and doping formation energy

Parameter Sn0O, Sn0O,-S Sn0O,-La Sn0O,-La-S Sn0,-La-2S
a/nm 0.4737 0.5000 0.4977 0.4974 0.5075
c/nm 0.3186 0.3342 0.3413 0.3569 0.3663
V/nm’ 0.2354 0.2506 0.2535 0.2644 0.2816
E/eV -5814.691 -5655.935 -6584.444 -6425.757 -6266.535
EfeV 3.030 -3.570 -0.600 2.880
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Tab.2 Elastic coefficients (Cy) of intrinsic SnO, and each doping system /GPa
A Cu Ci Ci; Cxn Cs; Cua Css Css
SnO, 204.4 131.2 114.3 204.4 357.0 86.90 86.90 177.6

SnO,-La 318.8 -0.718 138.1 274.5 309.4 54.35 82.47 28.16
Sn0,-S 309.1 106.3 118.4 307.5 282.8 30.40 67.00 68.95
SnO,-La-S 228.7 137.3 107.6 303.6 235.1 25.60 14.26 74.84

Sn0O,-La-2S 273.2 1.616 95.80 198.0 231.8 33.02 65.24 19.84
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Tab.3 Bulk modulus(B), shear modulus(G), Young’s modulus(£), poisson’s ratio(y) of SnO, before and after doping

T By/GPa Br/GPa By/GPa Gv/GPa Gr/GPa Gy/GPa E/GPa Gy/By y
SnO, 165.0 158.1 161.6 107.34 85.14 96.24 219.6 0.59 0.251
SnO,-La 152.1 142.6 147.4 77.65 57.44 67.54 175.8 0.46 0.301
SnO,-S 148.9 140.4 144.6 78.56 60.29 69.42 179.5 0.48 0.293
SnO,-La-S 143.1 137.0 140.0 56.76 32.25 44.51 120.7 0.32 0.356
SnO,-La-28 118.0 111.1 114.6 58.52 40.61 49.57 129.9 0.43 0.310
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(a). AE SnO,(Intrinsic SnOy);  (b). S Hi#5(S doping); (c). La Hi45(La doping); (d). La-S £ (La-S doping); (e). La-2S $£4%(La-2S doping)
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Fig.2 Band structure of SnO, doping systems
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Fig.3 Total density of states under different doping conditions
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K4 AABRELT &R THRARENRESRR)EH
Tab.4 Atomic populations and bond populations of SnO, under different doping conditions
" Atom charge Bond population
R
Sn (0] La Sn-O La-O Sn-S La-S
SnO, 1.900 -0.950 - 0.535 - - -
Sn0,-S 1.755 -0.900 - -0.570 0.349 - 0.477 -
SnO,-La 1.748 -0.875 1.740 0.361 0.220 - -
SnO,-La-S 1.690 -0.878 1.630 -0.410 0.353 0.252 0.350 0.210
SnO,-La-2S 1.662 -0.878 1.460 -0.490 0.365 0.190 0.120 0.400
§5, 10 Sn-S S HESAMEHONT La-O 8, HLWME W TE: S5S8RBERMI, La. S LBRHH P

B kB A, BRI A E R R B A
La JRTHISNER T5 S T IEAEN, RREE T
RSLOH(La-S #), I HEEE S R TR EZRIHTR,
R R T RS, 8 Lay S BT ZAH)
T B IR, BT IR IR, R,
BREAMG IR, KH La-2S AR R A RLTHEA N
Jal, SFHIEREEL La-S B At — BRI .

3 Zw

HBERNFEEREE S BT IRERHE K

I3 SnO, M#IME, JFHBEE S IR TIRFERIE K,
BRIV BT T BAEAT 3 T AAE SnO, FlE
BIRR.
2) La. SHBET P ABA, La. SHBE,
RSN T AR, ENT W, FRER
ﬁﬁﬁ W& S BAIKRE MRS, BT R RE
J5 1A B4, S-3p BB 5 La-5d $UiE 240 4E 15,
ﬂﬁﬁ%@%@fﬁ£M@J%¥%ﬁ%ﬁ§%ﬁ,
AR RSN T 2 AR REL, s SR — DN,
.%Lms BRI NE Sno, S HME, JFHBE
£ SR FIRERIIER, SRl — 5.
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