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Tom tat

Trong nhimg nim gan ddy, nghién cru tinh chat dién va tir cta vat lidu hai chiéu n6i chung va vat lidu chalcogenide
phét pho kim loai MPX3 néi riéng dugce quan tim boi cac tiém ning Gmg dung trong cong nghé dién tir va ning luong.
Dé ti uu hoa tinh chat dién tir cta vat liéu, mot trong nhitng phuwong phap 14 thay d6i ndng d6 cta hop kim. Trong bai
bao nay, chung t6i khao sat sy thay ddi cua tinh chét dién — tir cua vat liéu CrPSes don 16p khi pha tap 25% Fe vao vi tri
ctia Cr bang cach tiép can 1y thuyét sir dung phuong phap phiém ham mat 6. Két qua cho thay khi chua tinh dén twong
tac tir, viéc pha tap Fe lam cho vat liéu CrPSes 1a ban dan théng chuyén thanh vat liéu ban dan xién véi d6 rong ving
cAm tang 1én. Con khi tinh dén tuwong tac tir, viéc pha tap lam trang thai nén chuyén tir nAFM sang FM va tinh chat dién
cua vat liéu chuyén tir ban dan sang ban kim loai.

Tuwr khoa: Chalcogenophosphite; vat li¢u don 16p nguyén tir; 1y thuyét phiém ham mat do; tinh chit dién-tur.
Abstract

Recently, the electric and magnetic properties of two-dimensional materials, such as metal phosphorus chalcogenides
MPX; have been intensively investigated since their potential application in electronic and energetic technology. In
order to optimize the electro-magnetic properties of materials, one effective way is varying doping concentrations. In
this work, by the density functional theory, we entirely investigate the changing of electromagnetic properties of
monolayer CrPSes when doping 25% Fe to the Cr position. We find out that when omitting the magnetic interaction, the
Fe doping turns the semiconductor CrPSez with direct bandgap into the one with indirect bandgap whose width is
larger. When calculating the magnetic interaction, Fe doping changes the ground state from Neel-AFM to FM, and the
electric properties change from semiconductor to half-metallic material.
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1. Gigi thi¢u

Trong nhitng nim gan day, sb luong nghién
clru vé cac vit liéu c6 thé phan 16p dang ngay
cang tang 1én, tir cac loai vat liéu don nguyén td
dén da nguyén t6 duoc thir nghiém, nghién ctru
va ing dung mdi lién tuc. Nho viéc kham pha
vé cic dic tinh van chuyén hip dan cua
graphene [1-3] da kich thich sy quan tdm to 16n
dén ho vat liéu hai chiéu (2D), dan dén thanh
cong trong viéc téng hop cac vat li¢u 2D khac
nhau, nhu phét pho den [4], silicene [5,6],
dichalcogenides kim loai chuyén tiép [7,8] va
nhiéu loai khac. Mic du mét sé luong 16n céc
vat liéu 2D da duoc kham pha nhung hau hét
chung déu thiéu trat ty tir tinh noi tai. Liy cam
hing tir viéc kham pha ra tinh chét tir phu thude
vao s 16p trong vat liéu 2D Crls cach dién véi
nhiét @6 Curie (Tc) 1a 45 K [9], nhiéu vat lidu
tir tinh 2D gan day di duoc tong hop, ching
han nhu ban din Cr;Ge;Tes [10], kim loai
tuong tu cia no 1a FesGeTe, [11], va ban dan
MnSez [12] di tao ra duge su cha y 16n dén
nhom cac vat liéu 2D tir tinh [13,14].

Chalcogenophosphite, con dugc goi la
chalcogenide phdt pho kim loai MPXs, di thu
hut duoc sy quan tam 16n khong chi vi dac tinh
tir tinh ma con ¢ kha ning day hira hen trong
cac tng dung nang luong. Hién tai, cac nghién
clru ngay cang tdng va dang tip trung vao
trichalcogenides phdt pho kim loai chuyén tiép
ma cac tinh thé cta chiing ¢ thé d& dang tach
thanh don 16p [15].

Nhin chung, do sy da dang cua viéc chiém
dong hoan toan hoic mot phan ddi véi 16p d
cac orbital cua cac ion kim loai chuyén tiép,
nguoi ta co thé mong dgi mot loat céc tinh chét
tur tinh khac nhau cho cac 16p don 16p MPXa.
Vé van dé nay, cac don 16p 2D dugc nghién
ctru hau hét bang cac phwong phap 1y thuyét,
ngoai trir trudng hop kim loai chuyén tiép 1a Fe
d3 co sin cac két qua thuc nghiém [16]. Theo
cac nghién ctru 1y thuyét gan day, hau hét cac

don 16p 2D MPX3 c6 su sip xép phan sit tir
(AFM) ctia mOomen tur cuia cac ion kim loai
chuyén tiép & trang thai nén cua ching [17-20].

Qua trinh chuyén pha tir tinh cta vat liéu
MPX3 tir trang thai AFM sang trang thai FM c6
thé duoc thuc hién thong qua viéc ap vao mot
tmg suét [17] hodc thay ddi néng d6 hat tai
[21]. Vi duy, vé& mit Iy thuyét da chi ra rang khi
ap mot dién ap bén ngoai vao 2D MnPX3 (X =
S, Se) co thé duoc chuyén ddi tur trang thai ban
din AFM sang trang thai sat tir ban kim (HMF)
[17]. Mot cach tiép can khac dé thay d6i tinh
chat tir 1a hop kim héa. Tinh chit tir c6 thé
duoc diéu chinh voi su thay d6i nong do cua
mot mtrc do hop kim [21, 22].

R4 rang, trong cac nghién ctru trude do, viée
pha tap giita cac kim loai chuyén tiép trong vat
liéu MPX3 chua dugce khao sat thoa dang, va
khi pha tap s& anh huong thé nao dén tinh chat
dién-tir ciing chua duoc dé cap. Vi vay, trong
bao céo nay, chiing toi khao sat tinh chat dién -
tor cia vat liéu don 16p CrPSes va so sanh voi
tinh chat cua vat liéu CrPSes khi tap 25% Fe
vao vi tri cia Cr dé xem xét su thay doi cu
trac tinh thé cling nhu tinh chét dién-tir khi pha
tap thém nguyén t6 c6 tir tinh manh 14 Fe vao
vat liéu don 16p CrPSes. Ti 1& 25% Fe dé dé
dang trong cac tinh todn khi 6 mang (unit cell)
c6 4 nguyén tir Cr, s& dugc thay bang 1 nguyén
tu Fe.

2. Phwong phap nghién ciru

Trong bao cao nay, chiing toi tién hanh khao
sat cAu trac tinh thé, tinh chat dién, tinh chét tir
ctia vat liéu hai chiéu CrPSes pha tap Fe bang
phuong phdp md phong st dung 1y thuyét
phiém ham mat d6 (DFT). Cac tinh toan dugc
thuc hién theo ly thuyét DFT duoc trién khai
trong phan mém mo phong Quantum Espresso
(QE) str dung phiém ham GGA va ham gia thé
PAW [23, 24]. Pé xur Iy twong tac Coulomb tai
chd manh cia cac dién tr dja phuong, khong
dugc mo ta chinh xac boi phiém ham GGA, 1y
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thuyét Hubbard [25, 26] dugc st dung két hop
véi gia tri U =4 eV cho 16p d cua nguyén tir Cr
dé tinh toan ddi voi cac mdi tvong quan dién tir
manh. Gié tri U dugc tham khdo tir cdc cong
trinh nghién ctru trude day [27 - 29]. Céc tinh
toan cho tdi wu cu trac cua cac vat liéu khao
sat duoc thuc hién véi diéu kién hoi tu 10°Ry,
x4c dinh gia tri s6 song k trong tinh toan sir
dung luéi Monkhorst-Park [30] véi gia tri 6 X 6
x 1 va ning luong cat song phang (con goi la
nang lugng cut-off) vdi gia tri dugce sir dung la
50 Ry. Céu trac ving ning lugng duoc tinh tai
cac diém ddi xung dic biét trén mang dao
Brillouin T'-X-K. Dé bo qua cac twong tac do
diéu kién bién tuin hoan gay ra, chung t6i dua
vao mot vung chan khong c6 khoang céch 22 A
doc theo tryc ¢ cua mang tinh thé.

3. Két qua va thao luin

Tu mang tinh thé cua vat liéu khdi CrPSes
¢6 dang cau trac don ta (monoclinic) [27, 28],
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cdu truc tinh thé duoc sir dung trong mo phong
DFT duogc thé hién trén Hinh 1. Hinh 1 a,c thé
hién hinh chiéu trén mat phéng ab, va Hinh 1
b,d thé hién hinh chiéu trén mit phiang be lan
luot cua cau trac don 16p CrPSes va don 16p
CrPSes pha tap 25% Fe. Cau tric tinh thé cua
cac 16p CrPSes duoc cb dinh boi (P2Ses)* hai
hinh chép (bipyramids) duoc sip xép trong mot
mang tinh thé tam gidc bao quanh boi cac
nguyén tr Cr. O hinh chit nhat bang duong dut
nét mau den trén Hinh 1 a,c biéu dién 6 don vi
(unit cell) khi tinh toan mo phong. Mbi 6 don vi
hinh chit nhat chira bon nguyén tir kim loai
chuyén tiép (M) ctia mang con t6 ong. Nguyén
tr phdt pho (P) vudng goc v6i mat phang o tim
ciia mdi luc gidc mang t6 ong va ba nguyén tur
Se duoc lién két voi mdi nguyén tir P. Lién két
chalcogen trén va dudi c6 do xoan trong mait
phang twong ddi 12 60 d6 [17, 27].

(d (M

Hinh 1. (a),(b) CAu triic tinh thé cua don 16p CrPSe3; (¢),(d) Cau triic tinh thé ctia don 16p CrPSe3 pha tap 25% Fe;
(e),(f) 6 dai lién két, khoang cach, gdc lién ket gitra cadc nguyén tir.

Céc nghién ctru thyc nghiém vé tinh chét tir
cua cac thiophosphat Mn, Fe, Co, Ni da tim
thdy trang thai nén phan sit tir voi nhiét do
Neel nam trong khoang 82 K dén 155 K
[19,20]. Cac nghién ctru thiy rang tir tinh van

ton tai trong cac hop chit MPX3 don 1p.
Momen tir phat trién chu yéu & cac vi tri
nguyén tu kim loai cuc bg. Tai nhi¢t do thép,
trong vat licu MPX3, momen tur chu yéu nam
trén cac nguyén tir kim loai c6 cAu tric to ong
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trong mdi 16p, cAu truc tir ctia vat liéu don 16p
MPX3 chi c6 cc dang: sét tir (FM), phan sit tir
Néel (nAFM), phan sit tir Zigzag (zZAFM) va
phan sit tir Stripy (SAFM) [17-20]. Trén Hinh 2
biéu dién 4 loai cu trac tir trén trong 6 don vi
s€ dugc su dung trong mo phong khi céd tinh

toan dén tuong tac tir tinh. Hinh chit nhat biéu
dién bang dudng dut nét 1a 6 co so duoc v& &
Hinh 1. M6 men tr nguyén tu cua céac kim loai
chuyén tiép s& ndm doc truc ¢ cua truc tinh thé
voi cac trang thai spin up va spin down dugc
biéu dién trén Hinh 2.

SR
A
¢ 0
SR

Hinh 2. Ciu tric tir tinh cia mot 6 mang trong mé phong, hinh tron 1a nguyén tir kim loai chuyén tiép (Cr hoic Fe)
v6i mau do 1a trang thai spin up va mau xanh 1a trang thai spin down vdi cac cau truc tir tinh lan luot 1a
(@) FM (b) nAFM (c) zAFM (d) SAFM.

3.1 Tinh chat ciia vit liéu CrPSe3va CrPSes pha tap Fe khi chwa tinh dén twong tdc tiv tinh
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—CrPSe,-nonmag_U PDOS

(b)

— CrPSe,Fe025_nonmag_U PDOS

Hinh 3. Ciu tric ving nang luong va PDOS khi khong tinh dén twong tac tir tinh cta don 16p (a) CrPSe3;
(b) CrPSe3 c¢6 tinh dén 1y thuyct Hubbard (c) CrPSe3 pha tap Fe c6 tinh dén 1y thuyét Hubbard.

Hinh 3 thé hién tinh chit dién qua cac tinh
toan cau tric ving nang luong (Band structure)
va mat d trang thai riéng (Partial density of
states - PDOS) duoc biéu dién di qua cac diém
d6i ximg cao T, X, K trong ving khong gian
dao Brillouin thir nhat. Co thé thiy rd, trong
Hinh 3a khi khong xét dén tir tinh (nonmag) thi
vat liu don 16p CrPSes khong c6 ving cam
(band gap) thé hién tinh chit cta kim loai.
Nguoc lai thi Hinh 3b khong xét tir tinh c6 bd
sung 1y thuyét Hubbard (nonmag_U) véi U = 4
eV cho thiy mot ving cdm 0,71 eV ¢ trang thai
co ban, két qua nay phu hop véi két qua mo
phong [24, 27] va c6 gia tri thip hon so véi cac
gia tri dugc tinh toan & cac cong trinh [18, 28].
Va d6 rong vung cAm chung t6i tinh toan duoc
ciing cho thiy 1y thuyét Hubbard déng vai trd
quan trong trong vi¢c tinh todn chinh xac do
rong ving cam [31, 32] trong vat liéu don 16p
CrPSes, va ly thuyét nay cho phép xur Iy céac
obital 3d ctua Cr cing nhu Fe dugc chirng minh
trong cong trinh nghién ctru trudc day [33]. Do
d6, tir phan sau, cac tinh toan cua chung toi s&
stt dung 1y thuyét Hubbard khi tinh toan cho

cac nguyén t6 nhom 3d 13 Cr va Fe véi gia tri
U =4eV.

Céc cu trac toi vu di dugce tinh toan cho vat
liéu don 16p CrPSes voi cac diéu kién khéac
nhau: khong xét tir tinh (nonmag) va khong xét
tr tinh c6 bo sung 1y thuyét Hubbard
(nonmag_U) vdo1 U = 4 eV dugc ligt ké trong
Béang 1. Cac tham s6 sau khi t6i wu hoa dugc
thé hién trong bang. Céac két qua t6i uu hoa nay
tuong thich véi cac két qua 1y thuyét trude do
[26, 28]. Cac thong sd & cac trang thai tuong
dbi on dinh véi cac gia tri khong chénh léch
nhau nhiéu, tuy nhién & trang thai khi khong
tinh dén twong tac tir tinh thi vat liéu pha tap Fe
c¢6 khoang cach Cr-Cr giam dang ké so véi khi
chua pha tap nhung khoang cach Cr-Se lai tang
1én, chinh diéu nay lam cho géc lién két Cr-Se-
Cr giam nhiéu nhung géc lién két giita Se-P-Se
lai khong d6i. Va chinh sy thay d6i khoang
cach giita cac nguyén tir Cr trong tinh thé lam
cho cdu tric ving nang luong bi thay d6i. Khi
chua pha tap CrPSes thé hién 12 mot ban dan
thang voi Eg = 0,71 eV va sau khi pha tap Fe
thi chuyén thanh ban dan xién c6 d6 rong ving
cAm ting 1én Eg = 0,9 eV (Hinh 3).
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Bang 1. Céc thong sb ciu triic cua don 16p CrPSes va CrPSes pha tap 25% Fe khi khong tinh dén

tuong tac tur tinh.

Thong s6 Khi khong tinh dén twong tac tir tinh (non-mag)
CrPSes_ | CrPSes_nonmag_[ CrPSes_nonmag_ | CrPSes pha tap Fe_
nonmag U=4eV U=4eV nonmag_U=4eV

tham khio
P) rong ving cAm |  --—--- 0,71 0,70 [24]; 1,11 0,9
(eV) [18]
a(A) 5,879 6,220 6,364 [17] 6,138
L,: Cr-Cr (A) 4,041 3,591 3,674 [17] 3,553
L.: Cr-Se (A) 2,392 2530 | - 2,528
L;:P-Se (A) 2,306 2,245 | e 2,250
L.:P-P (A) 2,195 2,169 | e 2,157
L.:Se-Se (A) 3,825 3,773 | mmmmmee- 3,814
GocC ey _se—cr (°) | 103,377 90,425 85,300 [17] 86,813
GOC Bz —p—s. (°) 118,071 118,071 113,500 [17] 114,745

3.2. Tinh chit ciia vit ligu CrPSes va CrPSes
pha tap Fe khi tinh dén twong tic tiv tinh

Cac vit liéu don 16p CrPSes va CrPSesz pha
tap Fe dugc tdi wu hoa cho 4 loai céu tric tur
tinh khac nhau dugc thé hién & Hinh 2 bao
gom: cdu tric sit tr (FM), phan sat tr loai
zigzag (zAFM), phan sit tir loai Neel (nAFM)

va phan sit tir loai Stripy (SAFM). Ching t6i
xét dén tong nang lugng (total energy) cua cac
cau trac d6 dé du doan cau triic tir tinh & trang
thai nén. Bang 2 thé hién cic céu tric va hiéu
nang luong giita cac cdu tric tir tinh, ciing nhu
tinh chat dién dugc du doan tir d6 thi cau tric
vung nang luong.

Bang 2. Tong ning lugng va trang thai tir tinh ctia vat liéu CrPSes va CrPSes pha tap Fe

Trang thai CrPSe; CrPSe; pha tap Fe
tir tinh E — Enaru (RY) Tinh chat dién E — Egy (RY) Tinh chat dién
FM 0,0868 Kim loai Kim loai [27] 0 Béan kim loai
nAFM 0 Ban din | Ban dan [27] 0,0469 Ban kim loai
ZAFM 0,1107 Kim loai - 0,0504 Kim loai
SAFM 0,0941 Kim loai - 0,1374 Kim loai

Tir cac gia tri ning luong tir Bang 2, ¢ thé
nhan thay rang, ciu tric tir tinh nén cta vat lidu
don 16p CrPSes s€ la dang Neel-AFM va &
trang thai tur tinh nay, vat li¢u sé thé hién dic
tinh 13 vat liéu ban dan (Hinh 4a), cac két qua
nay phu hop véi cac tinh toan cua cadc nhom tac
gia trude d6 [27, 28]. Nhung dbi véi vat licu
don 16p nguyén tu CrPSes pha tap 25% Fe,
chung t6i nhan dugc két qua 1a nang luong &
trang thai sat tir (FM) méi 1a trang thai nén cua
loai vat li¢u nay va khi ¢ trang thai FM thi vat

liéu lai thé hién tinh chat ban kim loai (half-
metal) (Hinh 4d). Viéc chuyén trang thai tir
nAFM sang FM cua nhom vét li¢u 2D MPX3
ciing dd dugc ghi nhan khi thay doi cac diéu
kién bén ngoai nhu tao Gmg sudt hay thay doi
néng do hat tai [17, 21], trong bdo céo nay,
chung t61 da chi ra thém mot cach dé vat liéu
chuyén pha tir trang thai ban dan nAFM sang
ban kim loai FM do6 la pha tap thém 25% Fe
vao vat li¢u don 16p CrPSes.
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Bang 3. Cac thong sb cau tric cua cac don 16p CrPSes va CrPSes pha tap 25% Fe & céc trang

thai tir tinh FM va nAFM.
Théng sb FM NAFM
CrPSes CrPSes |CrPSespha| CrPSes CrPSes | CrPSes pha

[27] tap Fe [27] tap Fe

a (A) 6,331 6,320 6,245 6,331 6,325 6,308

L, (A 3,655 3,100 3,586 3,592 3,235 3,544

L, (A) 2699 | - 2,529 2,654 | - 2,545

Li(A) 2203 | - 2,216 2210 | - 2,202

L.(A) 2229 | - 2,222 2,228 | - 2,221

L(A) 3997 | - 3,974 4,033 | - 4,015
Brr—se—cr (°) 85,220 [ = ------- 84,004 82,633 | - 83,704
Bee_p—se (°) 113,384 | - 112,688 113,153 | = - 111,508

Bang 3 liét ké cic thong sd cdu trac nhu
khoang cach, goc lién két cua cac ciu trac tbi
uu da dugc tinh todn cho véat liéu don 16p
CrPSes va vat li¢u don 16p CrPSes pha tap 25%
Fe dbi v6i cac trang thai tir FM, nAFM dé so
sanh, trong cac tinh toan nay c6 bd sung ly
thuyét Hubbard d6i v6i nguyén tir Cr va Fe véi
U =4 eV. Cac gia tri cia tham sb a va khoang
cach trung binh L1 gitra 2 nguyén tu kim loai

cua vat li¢u CrPSes co pha tap Fe déu giam so
— P H O el —y—dom  pOgg

b AL DM

=
=
==}

(b)

E_Ex (o)

voi vat liu khong pha tap, sy gidm nay gidi
thich do ban kinh cta ion nguyén ti Cr 16n hon
so v61 ban kinh ion nguyén tor Fe [34]. Tuy
nhién, khoang cach Li theo tinh toan 1y thuyét
cua bao cao nay c6 nho hon gia tri cua bao cao
[27] nhu di thiy trong Bang 3, do két qua cua
bao cao trén 1a tinh cho hé CrPSes dang khdi.
Déi voi cau tric dang khoi, cac tuong tac gitta
cac 16p phan tir 1am cho lién két nay giam di so
v6i dang mang don 16p.
A

(e Flts—p—iom PO
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-
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(d)

Hinh 4. Két qua tinh toan cau tric ving ning luong va PDOS ciia don 16p c6 ciu trac tir dang nAFM va FM
ctia vét liéu don 16p nguyén tir (a, b) CrPSes ; (c, d) CrPSe; pha tap 25% Fe.
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Pé so sanh tinh chat dién cua vat liéu don
16p CrPSes va don 16p CrPSes pha tap 25% Fe,
Hinh 4 biéu dién cdu trac ving ning lugng va
PDOS ctia 2 vt li¢u khi tinh dén hai loai céu
trac tor khac nhau 1a FM va nAFM. Ta nhan
thdy vat liéu don 16p CrPSes s& 1a vat liéu ban
dan néu céu trac tir dang FM va la vat liéu kim
loai néu c6 ciu traic nAFM. Con vét liéu don
16p CrPSes pha tap 25% Fe c6 tinh chat dién
khac han cdu triic chua pha tap, né thé hién tinh
chat ban kim loai (half-metal) & ca 2 dang cau
trac tt FM va nAFM. Tuy nhién, dang ban kim
loai ciing hoan toan khac nhau, tai cdu tric tir

dang nAFM, vét li¢u nay s€ dan dién & trang
thai spin-down, con ban din véi ving cAm nho
(~0,5e¢V) dbi voi trang thai spin-up. Khi cdu
trac tir c6 dang FM thi vt liéu s& thé hién ban
chat kim loai & trang thai spin-up con trang thai
spin-down lai 1 ban dan v&i viing cdm 16n hon
nhiéu (~1,7eV). T cac gia tri ning luong &
Bang 2, trang thai tur tinh nén cta vat liéu don
16p CrPSes 1a nAFM con trang thai nén cua vat
liéu CrPSes pha tap Fe la FM, két qua mo
phong da chi ra rang, di c6 su thay d6i khong
chi tinh chat tir ma con c6 su thay doi tinh chat
dién cua vat li€u khi pha tap thém Fe.

Hinh 5. Ham electron cuc bd (ELF) cta vt liéu CrPSes pha tap 25% Fe & trang thai sat tir (EM):
(a) Hinh 2D; (b) Hinh 3D.

Ly do khi pha tap Fe, ta lai thu dugc vat li¢u
ban kim loai khi ¢ trang thai FM, khac vai khi
khong pha tap, ta thu duogc trang thai ctua vat
lidu 1a kim loai, co thé giai thich nhu sau. Thu
nhat, khi nhin vao Hinh 4 ¢ va d, ta nhan thay
gan muc nang luong Fermi cua ca 2 hop chat
déu cha yéu 1a do lién két giira nguyén tir Cr
orbital loai d va Se orbital loai p chiém git, va
chinh lién két giira 2 nguyén tir nay déng vai trd
chu dao trong tinh dan dién cua vat liéu va
trang thai spin-up & ca 2 vat liu gilttr nguyén
tinh dan dién do ton tai lién két Cr-Se nay. Khi
pha tap Fe vao vat liéu, thi cac electron cua

nguyén tir Fe khong chiém nhiéu trong mirc
ning luong gan ké mic Fermi va cac electron
ctia Fe ciing chu yéu chiém trang thai spin-up.
Vi vay, khi pha tap thém Fe vao, thiéu khuyét
lién két Cr-Se & trang thai spin-down lam cho
trang thai spin-down c6 ton tai mot ving cam.
Thir hai, tir Hinh 5, biéu dién mét do electron
cuc bd (ELF) ciing chi ra diéu trén, co thé thiy
rfmg lién két Cr-Se dugc tao rat tdt voi nhiéu
vung electron xen phu gitra cac nguyén tir Cr va
Se nay, con Fe lai khong tao dugc vung xen
phu t6t ddi v6i nguyén tir Se.
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4. Két ludn

Bang phuong phap phiém ham mat do voi
ham thé GGA két hop vdi 1y thuyét Hubbard,
chung t6i da so sanh dugc tinh chét cua vat liéu
don 16p nguyén tor CrPSes va vat li¢u don 16p
nguyén tr CrPSes pha tap 25% Fe. Khi chua
tinh dén tuong tac tur tinh, hai loai vat li¢u déu
¢ tinh chit ban din, v&i CrPSes 1a ban dan
théng vl vung cAm 1a 0,71 eV, con vat liéu
CrPSes pha tap Fe 1a ban dan xién véi do rong
ving cam 1a 0,9eV. Khi tinh dén tuong tac ti,
cac tinh toan vé nang luong da chi ra duoc vat
liéu khong pha tap cho trang thdi nén coa tir
tinh 1a nAFM, con trang thai nén cua vt liéu
pha tap 1a FM. Tir d6 cho thdy, ¢ trang thai nén,
vat liéu khong pha tap s& thé hién tinh chat dién
1a vat liéu ban dan, con ddi véi vat lidu pha tap
trang thai nén cta vat liéu sé& 1 ban kim loai.
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