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TIInSe, UCUN FAZA KECIDi, ELASTIKi SABITLOR VO AKUSTiK DALGALARIN
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Sixliq Funksionali Nozariyyssinin Lokal Sixliq yaxinlagsmasi istifado olunmaqla 0+~50 GPa hidrostatik tozyiq intervalinda
TlInSe; zoncirvari birlogmasindo struktur faza keg¢idinin méveudlugu agkar olunmusdur. Miisyyan edilmisdir ki, 038 GPa tozyiq in-
tervalinda kristal hacmomorkazlosmis tetragonal fazada, 38 GPa-dan yuxari tozyiglords ise tizomerkazlogmis kubik fazada dayaniqli-
dir. Hor iki faza iiglin tozyigdon asili olaraq elastiki sabitlor vo mithiim kristallografik istiqgamatlords yayilan enino vo uzununa akus-
tik dalgalarin siirotlori hesablanmigdir.

Acar sézlar: TlInSe,, zoncirvari kristal, tomal prinsipler, Sixliq funksionali nazariyyssi, lokal sixliq yaxinlagmast, elastiki sabitlor,
enins vo uzununa akustik dalgalarin yayilma siiratlori, faza kegidi
UOT: 53.092; 534.22; 539.32

TlInSe, kvazi-birdlgiilii birlosmosi hacmomorkozlog-
mis gofaso vo zoncirvari qurulusa [1] malik olub adi sora-
itdo tetragonal sinqoniyada kristallagir. Birlogsmodo TI
atomlar: topolorinds sokkiz odod Se atomu olan bir godor
deformasiya olunmus vo azaciq burulmus kublarin morko-
zinds yerlogir. In atomlar1 topslorinds dord odod Se atom-

[2]-ds ilk dofa olaraq TlInSe, birlasmasinin zona qu-
rulusu empirik psevdopotensial tisulu ilo hesablanmigdir.
Valent vo kegiricilik zonalarinin qurulugsunda daha doagiq
noticalor oldo etmok {iglin sonralar psevdopotensialin gey-
ri-lokallig1 nozars alinmagqla yeni hesablamalar aparilmis
Vo miisyyan olunmusdur ki, kristalda fundamental udma

larindan ibarat tetraedrlorin markozinds durur vo bu tetra-
edrlor tetragonal ox boyunca diiziilorok zoncirlor amalo
gotirir (sokil 1).

konar1 diiz kegidlarlo formalagir [3, 4].
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Sakill. Hocmomarkazlogmis tetragonal TlInSe; birlogsmasinin kristal qurulusu.
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[5]-da TISe vo onun ii¢qat analoqu TlInSe, tetraqo-
nal birlosmaloari Gigiin Brilliien zonasinin A simmetrik Xxatti
tizro zoncirlora paralel [001] vo A simmetrik Xatti {izro
zoncirlara perpendikulyar [010] istigamatlords fonon sim-
metriyalar1 vo agagi tezlikli fononlara uygun atom ragslori
toyin edilmisdir.

Toqdim edilon iso qodor TlInSe; zancirvari birlogsmo-
si ti¢lin struktur faza kegidi, elastiki sabitlor vo bu kristal-
da yayilan akustik dalgalarin siirstlorinin tayinins dair na-
zori vo eksperimental todgiqatlar aparilmamigdir. Bu ba-
ximdan birlogsmads tozyiq altinda faza kegidinin 6yranil-
masing, elastiki sabitlorin vo akustik dalgalarin tozyigden
asih olaraq deyisma mexanizminas baxmaga ehtiyac duyu-
lur.

Isdo hesablamalar 0+50 GPa tozyiq intervalinda Six-
lig Funksionali Nazoriyyasi (DFT-Density Functional
Theory) [6] ¢ar¢ivasinds Lokal Sixliq Yaxinlagmasinda
(LDA-Local Density Approximation) [7], Quantum Wise-
Atomistix Tool Kit (ATK) program tominat1 istifads olun-
maqla hayata kegirilmisdir. Elektron-ion garsiligh tosi-
rinin nozoro alinmasi normam ¢qoruyan FHI (Fritz-
Hubber-Institute) [8] psevdopotensiallar: ilo yerino yetiril-
misdir. Strukturun optimallagdirilmasi zamani atomlarara-
st qarsihiglt tasir qlivvasinin vo mexaniki garginlik tenzo-
runun maksimal giymoati uygun olaraq 0.0001eV/A vo
0.0001eV/A® olmus, dalga funksiyalarinin atom orbitallari
iizro ayriliginda kinetik enerjinin maksimal qiymati
150Ha-ni agsmamusdir. Brilliien zonasi tizro integrallama
Monkhorst-Pack sxemi iizro [9], 7x7x7 gridlori istifado
olunmagqla xiisusi ndqtolor tizra camlama ilo ovoz Olun-I

musdur. Korrelyasiya effektlori Ceperley-Alder-Perdew-
Zunger [10] sxemi {izro nozors almmigdir.

Faza kecidinin mévcudlugunun aragdirilmasi mogse-
di ilo 0+50 GPa hidrostatik tozyiq intervalinda TlInSe;
birlosmasinin ¢ sistemi todqiqat obyekti kimi segilmis-
dir: tetragonal, kubik vo rombohedral. Entalpiyanin toz-
yigdon asililiglar1 hesablamalarindan miisbst tozyiglords
hocma morkoazlogmis tetragonal (foza simmetriya qrupu
14/mecm) va tizo markozlogmis kubik (Fm-3m) modifikasi-
yalarmin dayanigli olduglart miioyyon edilmisdir. Hocma
moarkazlosmis tetraqonal pl va iizo markazlosmis kubik p2
modifikasiyalar1 tigiin kristallografik elementar 6zokdo
atomlarin movqelori asagidaki kimidir: p1 modifikasiya-
sinda Tl atomlari 4a (0, 0, %), In atomlar1 4b (0, %, %), Se
atomlar1 8f (x, 0.5+x, 0) vo p2 modifikasiyasinda TI atom-
lar1 4a (0,0,0), In atomlar1 4b (%%, Y%, %), Se atomlar1 8c
(Y4, Ya, Ya) kristallografik movgelards yerlogir. Yerino yeti-
rilmis hesablamalar noticasindo miioyyon edilmisdir ki, 0
GPa tozyiqdon 38 GPa tazyigs kimi dayanigli olan hacmo
mozkozlosmis tetragonal faza 38 GPa-dan baslayaraq tizo-
morkozlosmis kubik faza ilo ovoz olunur.

Isdo elastiki sabitlorin tozyigdon asililiglart imumi-
losmis Hooke ganunundan istifado olunmagla hesablan-
migdir. Hocmomarkazlogmis tetraqonal kristal {igiin 6 asi-
liolmayan elastiki sabit - €11, Cy, C13, C33, Caq Vo Cgs, KUbIK
faza ti¢iin iso 3 elastiki sabit - ¢q1, €15, C44 mOvcuddur.

Hesablanmug elastiki sabitlorin giymotlori (GPa-lar-
la) asagidaki kimidir:

tetragonal fazada ((0+30) GPa)

€11=59.82, C1p= 22.07, €15=30.03, C33=84.56, C,=15.92, C5=13.87 (0 GPa);

€11=130.11, C1p= 42.64, C15=56.44, C35=164.72, C24=31.18, C5s=47.07 (10 GPa):
€11=195.57, C1p= 63.64, C13=82.49, €33=230.98, €14=36.42, C5=75.63 (20 GPa):
€11=249.51, C1p= 67.87, C15=109.05, C33=289.4, C,,=60.05, C5s=87.86 (30 GPa):

kubik fazada ((40+50) GPa)

C11:298.42, Cqo= 18167, C44:89.87 (40 GPa),
€11=336.65, c1,= 206.04, ¢4,=104.93 (50 GPa)

Gorilindiiyti kimi tozyiqin artmasi ilo hor iki fazada elastiki
sabitlorin giymotlori monoton olaraq artir.

Isda, homginin tetragonal fazada [001], [110], [100],
[101] va [111], kubik fazada ise [100], [110], [111] =sas
kristallografik istigamotlords yayilan akustik dalgalarin
stiratlori (v — uzununa, vy, vy — enino) hesablanmigdir.

Tetragonal fazada TlInSe; iigiin akustik dalgalarin
stiratlori malum Christoffel tonliklori hollindon tapilmig-
dir:

PUzgikuk =T Uy voya (Fik ‘5ik,002)1k =0, 1)

burada I =Cy,Nn;n, — Christoffel tenzorunun kompo-

nentlari, p — sixliq, v — verilmis istiqgamoatdo U, Maxsusi
vektoru ils toyin edilon polyarlasmaya uygun siiret, nj, n;—
baxilan istiqamotde vahid vektorun j vo | komponent-
laridir. |
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Sixligin hesablanmasi ii¢iin istifado olunmus TI, In

Vo Se atomlarinin kiitlalori uygun olaraq
mpy = 33.93-10%%g, M, = 19.06-10%g Vo
Mmse = 13.12:10%kg, tozyiqdon asili olaraq qofos
parametrlori iso asagidaki kimi gétiirtilmusdiir:
tetraqonal fazada

a=7,814, c=6,754 (0GPa);

a=7,314, c=6,544 (10GPa);

a=7,024, c=6,434 (20GPa);

a=6,834, c=6,334 (30GPa),

kubik fazada
a=6.514 (40GPa);
a=6.384 (50GPa).

Christoffel tenzorunun komponentlori [100] kristal-
lografik istigamatda:

c, ©O )
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[001] kristallografik istigamatdo:

[110] kristallografik istiqamotdo:

[101] kristallografik istigamatdo:

1

E (Cl3 + C44)
[111] kristallografik istigamatdo:

1

5(011 +Cygt 066)

1
g(ClZ + Cee)

1
3 (013 + C44)

soklindadir.

0 0
Cua 0 ©))
0 Css
1
E(ClZ + Cee) 0
1
S(Curces) 0 4)
0 Cus
0 7(C13 + C44)
1
E (c66 + C44) 0 ®)
1
0 E (C33 + C44)
1 1
5(012““366) 5(013"'(344)
1 1
§(C11+C44+Cee) 5(C13+C44) (6)
1 1
5(013+C44) 5(033+2044

Bu gayda il hesablanmig akustik dalgalarin yayilma siiratlori va polyarlagsma istigamotlari cadval 1-da verilmisdir.

Cadval 1.

Tetraqonal fazada TIInSe, ti¢iin tozyiqdon asili olaraq hesablanmig
akustik dalgalarin yayilma stiratlori vo polyarlagsma istigamatlori

Istiqamot Siirot, Polyar- | 0GPa | 10GPa | 20GPa | 30GPa

m/san lasma

v 3121 4239 4948 5395

[100] vy [010] 1503 2549 3077 3201

U [001] 1610 2073 2135 2656

[001] U 3711 4769 5377 5810

Dy=Up [100] 1610 2073 2135 2656

U 2988 4293 5068 5061

[110] Ly [-110] 1753 2457 2873 2729

U [001] 1610 2073 2135 2646

U 3324 4300 4811 5285

[101] Ly [-101] 1816 2482 2846 2941

U [0-10] 1557 2321 2648 2722

U 3119 4187 4780 5127

[111] Ly [11-1] 1896 2336 2650 2705

U [1-10] 1594 2278 2636 2598

Codval 1-don goriindiiyii kimi [100] istigamotinds
[001] polyarlagsmali (vy), [001] istigamstinds [100] ve
[010] polyarlagsmal1 (vy = vy), [110] istigamatinds [001]
polyarlasmali (vy) dalgalarin yayilma siiratlori eynidir.

Hidrostatik 38 GPa tozyiqdan sonra akustik dalgala-
rin stiratlori kubik faza tigiin hesablanmigdir. [100], [110]

'va [111] kristallografik istigamatlords Christoffel tenzoru
diaqonal sokil aldigindan siiratlorin hesablanmasi sadsle-
sir. Gostorilmis istiqamotlordo tenzorun komponentlori,
uzununa va enina siiratlorin giymetlari vo polyarlagma is-
tigamatlari Cadval 2-ds verilmisdir:
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Cadval 2.
Kubik fazada TlInSe; ti¢iin Christoffel tenzorunun komponentlori
Vo tozyiqdon asili olaraq hesablanmig akustik dalgalarin yayilma stiratlori
Va polyarlagma istigamatlori

Istigamot | Polyar- r Siirat, | 40GPa | 50GPa
lasma ik m/san
(100) Cu =vg | 3120 | 3278
[110] (C11+C12+2044)/2 U 5977 6208
[110] (110) (C]_]__Clz)lz Ut 2514 2586
[001] Cu ve | 3120 | 3278
[111] [111] (C11+2C12+4C44)/3 U 6072 6495
(111) (C]_]__C12+C44)/3 Uy =Up 2731 2835

Qeyd edok ki, kubik fazada [001] istigameti [100] "nal fazada [001] kristallografik istiqamstinds, yoni tetra-
ilo, [101] iso [110] ilo ekvivalentdir. [100] istigamotinds  gonal ox boyunca, kubik fazada iss [111] istigamatindo
(100) polyarlasmali (vy=uy) Vo [110] istigamatindo [001] ~ Uzununa akustik dalganin yayilma siiroti on bdyiikdiir.
polyarlasmali (vy) dalgalarin yayilma siiratlori eynidir. Umumiyyatls, uzununa dalfalarin yayilma siirati enino

Codvallordon goriindiiyii kimi TIInSe, birlosmosinin  dalgalarin yayilma siirati il miiqayisada toxminan iki do-
hor iki fazasinda biitiin istiqamotlordo tozyiq artdiqca, o bdyiikdiir.
akustik dalgalarin yayilma siirati monoton artir. Tetrago-
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Ab initio CALCULATION UNDER PRESSURE OF PHASE TRANSITION, ELASTIC CONSTANTS AND ACOUSTIC
WAVES VELOCITIES IN TlInSe, CRYSTAL

Structural phase transition in the pressure range 050 GPa using density functional theory in local density approximation for
TlInSe, chain compound was detected. It was determined that in the pressure range 0+38 GPa the body-centered tetragonal
modification, at pressures above 38 GPa the face-centered cubic modification is stable. The pressure dependence of elastic constants,
velocities of propagation of longitudinal and transverse acoustic waves in important crystallographic directions have been calculated
for both structures.

H.A. Ucmaiinaosa, I'.C. Opymkes, B.H. I:xkadpapoBa

PACYETBI U3 NEPBbLIX IPUHIIUIIOB IO JABJIEHUEM ®A30BOI'O IIEPEXOJIA, YIIPYI'UX KOHCTAHT U
CKOPOCTH YJbTPA3BYKOBBIX BOJIH B KPUCTAJLJIE TlInSe,

C ucrnosnp30BaHueM TEOpUH (YHKIMOHATA IJIOTHOCTH B MPHOIMKEHUH JIOKAIBHOW MJIOTHOCTH B IEMIOYEYHOM COCTUHEHUH
TlInSe; B nuanasone gasnenuit 0+50 I'Tla oOHapyXeH CTPYKTYpHBIH (a3oBblil mepexon. OnpeneseHo, YTo B IHana3oHe AaBJICHHI
0+38 I'Tla ycroitunBa 00BEeMHOLICHTPUPOBAHHAS TeTparoHaibHas ¢asa, a eime 38 ['Tla — rpanenenTpupBanHas Kyoudeckas. s
00erX CTPYKTYp PacCUMTAaHBI 3aBUCHMOCTH OT JIABJICHUS yINPYTWX KOHCTAHT, a TaKXkKe CKOPOCTH PAaCHPOCTPAHEHUS MPOJOIBHBIX H
MOTIEPEYHBIX aKyCTHUECKUX BOJIH B BAYKHBIX KPHCTAIIOTPadMIECKUX HAIIPABICHUSX.
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