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The results of theoretical and experimental studfesxygen and water adsorption effect on thernobete
work function for GeS single crystals are presenttatface bending of the energy bands under oxygen
and water molecules adsorption has been determiméerms of the theoretical approach developed by
W.A. Harrison based on LCAO and pseudopotentiahatt. Calculated values of surface bending of the
energy bands under oxygen and water adsorptiorGe® single crystals are in quantitative agreement
with experimental values for thermoelectric workdtion changes obtained from the measurements of
contact potential difference.

INTRODUCTION band diagrams, we uged the a‘gomic terms within Har-

tree-Fock approximation and intra-atomic Coulomb
The steady interest to the investigation of repulsion energies. The surface bending of theggner

AVBY narrow-band-gap semiconductors during last band was calculated as a difference between the en-

decades is due to the specific optoelectronic prope ergy of surface states before reconstruction aad th

ties of these materials allowing their use in e@lyst  Fermi level. Fermi level was determined with ac-

line, glassy, colloidal nanostructure forms foricgit count of position of the levels formed by homopolar

data recording and storage, sensors, switching de-bonds, non-bonding and hybrid orbitals according to

vices, etc. [1, 2]. In recent years intensive thtcal the procedure described in Ref. [7].

works on the effect of adsorption on the surfage co The energy positions of valence band maximum

ductivity and work function for the semiconductor (E,) and conduction band minimunk) for GeS

substrates are carried out (see, e.g., [3] ancbrefes were determined using the universal tight-binding

therein). This interest is determined by the ireeda  parameters from the expressions:

attention to the development of sensor electrosic d gGe s U 1

vices. The lack of experimental data for verifizati =L (VP2 +AE ,+ V+A Epd’f? )

of different theoretical models is mentioned by ynan

authors. Germanium sulphide attracts special atten- AT TRV 2

tion being in the intermediate state between a true O \“

layered structure and a three-dimensional one [2]. whereAEy is the upward shift of the valence band

The present work is intended to clarify the effafct due topd-coupling in terms of the lowest order per-

ambient gases adsorption on the band gap structureturbation theory:

G S
P

E.=

for germanium sulphide layered single crystals. e - EZ, _ _10J15 #? F 3)
COMPUTATION e ey S 37 md*
The procedure of simulation of the energy In these equations, &, andg are Hartree-Fock

bands and electronic states in the band gap wed bas terms,r, andry arep- andd-state radii [4, 8]; the me-
on the combination of tight-binding and pseudopo- tallic bond energy; = (& - &)/4, covalent bond en-
tential picture proposed by W.A. Harrison [4] and ergy V, = 2.967/md?[9] and energy of polar bond

developed by us for binary chalcogenides [5, 6¢ Th ., Ge L , .
energy values have been determined in the centre of 2= & —&)/2; It is Planck's constant divided by

the Brillouin zone. When constructing the energy 2m, mis the electron masd,is interatomic distance.
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The values for the intra-atomic Coulomb repulsion Table 2.Interatomic thdistance, energy parameters,
. . ayy H []e] H ex|
energy,U, and spin-orbit splittingAEs., were deter- theoretic A®™) and experimentalA®*?)
mined as mean value for two components [10]. values of work function shift for oxygen and
Changes in the Fermi levél;, and work func- water molecules

tion, A@, under adsorption of oxygen and watere d Vo Vs U2 Ef A®MY AQS®,
calculated following the equations nm eV eV eV eV eV eV
o O, 0.120 6.77 - 7.23 9.54 0.16 0.12

ces_ 1| —ce £§e+£§ 0, — O U
= =3 Est > | Eer =&+ 5 H,O 0.153 4.00 1.59 6.02 9.17 -0.21 -0.25

G

gro gl +&l +(UJH20, A :‘Eges— EO 0
2 2
In the simulation of surface electronic structure
under adsorption of oxygen and water molecules we
have accounted for the interatomic distances dnd di
ferent state types reported in [11, 12, etc].

EXPERIMENTAL

The starting GeS material was synthesized in
sealed to 133 Pa silica ampoules by melting high-
purity (5N) Ge and S components [13]. Germanium Fig. 1. lllustration of the rergy bands formation frc
sulphide single crystals were grown by Bridgman- the atomic terms for GeS and Fermi level for-
Stockbarger technique in vertical two-zone fur- mation for Qand HO molecules
nace at a temperature gradient in the growth zone
of 3-5 K/mm and a pulling rate of 0.12-0.18 mm/h.
The studies of the oxygen and water molecules ad-
sorption effect on the crystal properties were con-
ducted by means of the device providing specified
pressure of adsorbing substances. Thermoelectric
work function was determined from the measure-
ments of the contact potential difference. Refarenc
electrode was made of gold. All the measurements
were conducted at 300 K.

Fig. 2 shows electronic states in the band gap of
GeS single crystals attributed to the intrinsicedtf,
possible band-to-band transitions, and Fermi level
GeS single crystal. Numbers in parentheses ara give
for the comparison of the calculated energy values
with the experimental data on electroreflectanae an
photoluminescence in GeS single crystals presented
in Ref. [14]. Close quantitative agreement of thle ¢
culated gap states with experimental data is seen.

E, ev_ 0.30 (027
RESULTS AND DISCUSSION 4 ows» 0.76 (0.63) 2 0:9)
Calculated energy parameters for GeS single a*(Ge 455 39) X -
crystals and for @and HO molecules are given in T T T T30x(Ge 4s/Ge 4p) L) 08
Table 1 and Table 2, respectively. Fig. 1 illussat sl Gegs | (169)
energy bands formation from @p and S3p atomic T CGeaplS3pl— + Ef
terms via antibondingy*, and bondingg, states for 1.00
GeS with account of spin-orbit splitting and @i11n)  oF | O
pd-coupling. Fermi level is fixed between §& ;
hybrid and Gelp'S3p levels. It is assumed that r Ev
Fermi level for Qand HO molecules is formed by  Fig. 2. Electronic levels, band-toband transition
the shift of O2p and H190 2p hybrid levels for the Fermi level in GeS single crystal

respectivil)/2 values (see, Table 1). Oxygen and water adsorption effect on the en-

Table 1.Interatomic distance and energy parameters ergy bands for the surface of GeS single crystal is
for GeS single crystals shown in Fig. &, b, respectively. Dotted lines corre-
& Vi Va Ve U2 AE., AE spond for the perfect GeS surface. '
nm eV eV eV eV eV eV Calculated value.s' for the electronic s'gates of
GeS 0.286 253 277 214 424 0.06 008 GeS and energy positions of_ the states attribated t
oxygen and water molecules in the band gap suggest
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that adsorption of the oxygen decreases the work

function and thus, increases the conductivity, when b 1 4
water adsorption tend to increase the work function 0.05 .
and to respective decrease in conductivity. Y A R LR
:— -0.05 |- P, 108 Pa_|
E T e .
Vacl _"_ E, eV 015k i
514] -4 o2 2 |
EC‘T__/ J_ -5.30
a
Eq=1.76 eV 4 -{
Ep ——————— -
0.1 1 T
6 i ]
Ev > oo 2 4 6 8 10
v 0 T T T T ™|
aE 2_005_ t,min_
vac] T E, eV -
;L N 0.1 ) i
- ~ 0.15 [~ -
-5.14 -4
Ep — ez | -4.93 b
Fig. 4. Thermoelectric work function changes vel
-4 -5 X
- | pressure § and versus time at a presswe
Er - 1.310° Pa p) for GeS single crystals unc
A®=-0.21 eV 5 oxygen (curvel) and water (curvg) adsorption
E St TR
' 1 i CONCLUSIONS
_ b Surface bending of the energy bands under
Fig. 3.Energy band diagram under oxygea) gnc oxygen and water adsorption has been calculated

water b) adsorption for GesS surface within modified theoretical approach developed

For the verification of theoretical results ob- by W.A. Harrison. The thermoelectric work func-
tained within the proposed procedure we have tion for GeS single crystals under oxygen and
conducted the experiments on oxygen and water water adsorption has been measured by contact
adsorption effect on conductivity and thermoelec- potential difference. Opposite sign effect of oxy-
tric work function for GeS single crystals. Similar gen and water molecules adsorption on the sur-
behaviour for both dark current and work func- face bending of the energy bands and thermoelec-
tion under oxygen and water adsorption was ob- tric work function for GeS single crystals has
served. Opposite sign changes in thermoelectric been found. A quantitative agreement has been
work function with pressure under oxygen revealed between the calculated values of the sur-
(curvel) and water (curv@) adsorption is shown  face bending of energy bands and the experimen-
in Fig. 4a for GeS single crystals. Work function tal work function values for GeS single crystals
increases with pressure up to-+® Pa and than under oxygen and water molecules adsorption.
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IIpedcmaeneno pesyromamu meopemuyHux ma eKCHepUMEeHMAaIbHUX 00CTIONCeHb 6NIUEY A0COPOYIT MONEKYL KUCHIO
ma 600u Ha mepmoenekmpudny pobomy euxody monoxpucmanie GeS.Ilosepxuesuti gueuH eHepeemuyHux 30H npu
aocopoyii KUCHIO Ma 800U BUSHAYABCS 8 PAMKAX MeoPemuyHo20 nioxody, po3pobaenozo Y.A. Xappiconom na ocrosi
memodis JIKAO ma ncesdonomenyiany. Pospaxosani 3nauenns nogepxnesozo usuty eHepeemuiHux 304 npu aocopoyii
MONEKYI KUCHIO ma 800U 0/isi MOHOKpucmanie GeSKiNbKICHO y32002CyIombCst 3 eKCRePUMEHMATTbHUMU 3HAYEeHHIMU
3MIHU MePMOeNeKMPUYHOL pOOOMU 8UX00Y, 00EPAUCAHUMU 3 BUMIPI6 KOHMAKMHOI Pi3HUYT NOMEHYIANis.

Bausinue agcopOuum KMcJI0poaa M BOAbI HA TEPMOIEKTPUYECKYI0 padoTy BbIX01a
MOHOKpHcTaLI0B GeS

H.J. CaBuenko, T.H. lllyposa, .. Onauxo, T.HA. Ilanaur, K.O. IlonoBuu

Vorceopoockuii nayuonanvuwlii ynusepcumem
yn. Kanumynsnas 13, Yorceopoo 88000,Vkpauna, shchrv@ukr.net
Hayuno-uccnedosamenvcroe oouecmeo HanoTexIenmp
yi. @panya uxnepa 32, Baiiy A-8160,46cmpus, karl.popovic@ntc-weiz.at

Ilpuseoenvi pesyrbmamul meopemudeckux U dKCNePUMEHMANbHbIX UCCAe008AHUL BAUAHUL AOCOPOYUU MOEKY
KUCAOpOOa U 600bl HA MeEPMOINeKMPU1eckylo pabomy evixooa monoxpucmainoe GeS.Ilosepxnocmuulii uzeud
9Hepeemu4ecKux 301 npu a0copoyuu MoIeKya1 KUCIOPOOad U 600bl ONPedesICS 8 PAMKAX MeOPEemuiecko2o nooxood,
paspabomannozo V.A. Xappuconom na ocrose memooos JIKAO u nceedonomenyuana. Paccuumanivie @eauyunbvi
NOBEPXHOCMHO20 U32UOA IHepeemuyecKux 30H npu aocopoyuu MoaeKysl KUCI0pood U 800bl 015 MOHOKPUCMALIO8
GeS konuuecmsenno co2naco8bi8aOmMcs ¢ IKCNEPUMEHMATbHLIMU 3HAYEHUAMU USMEHEHUS TePMOINEKMPUYECKOl
pabomul 8b1x00aA, NOLYYEHHIMU U3 USMEPEHUL KOHMAKMHOU PA3HOCMU NOMEHYUAL08.
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