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Khéo sat Iy thuyét cau tric va tinh chat

electron cua cac nhom nguyén tr NagTM
(TM = Sc, T1, V, Cr, Mn, Fe, Co, N1, Cu, Zn)

Nguyén Vin Hong', Nguyén Vin That!, Lé Thi Bong', D6 Thi Thanh Huong',
Huynh Thi Thanh Trtc?

Tom tit—Cac nhém nguyén tir NasTM (TM = Sc,
Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn) dugc t6i wu hoa
bang tinh toan DFT két hop ham co s cong hoa tri
phan cuc zeta (TZVP), tr dé6 xac dinh cac gia tri
moment tlr trén cac orbital, nhém diém, clu tric
electron va hinh anh vé mat d9 spin ciia cic nhém
nguyén tir. Két qua nghién ciu chi ra ring cac
nguyén tir Na cé trong nhém nguyén tir NasTM danh
hwong 16n dén tong moment tir ciia ca nhom nguyén
tir. Trong nhém nguyén tir, méi nguyén tir Na dong
gop 1 electron héa tri, két hgp véi cic electron hoa
tri ciia nguyén tir kim loai chuyén tiép tao ra téng s6
electron héa tri cia cd nhéom nguyén ti. Nhom
nguyén tir c6 moment tir cao nhit 1a NasV (5us) va
nhém nguyén tir khéng mang tir tinh 1a NasNi,
NasZn. Cac nhém nguyén tir ¢6 sy twong dong vé ciu
tricc electron va tir tinh so véi mét sé kim loai va ion
kim loai chuyén tiép. Két qua nghién ciru nay sé dinh
hwéng cho viée thay thé vat ligu tir tinh bing cac
nhom nguyén ti kim loai.

Tir kh6a—DFT (Iy thuyét phiém ham mat do).
Moment tir. Nhém nguyén tir. TM (Kim loai chuyén
tiép). TZVP (cong héa tri phan cuc zeta)

1 GIOI THIEU

hém nguyén ti 1a tdp hop cac nguyén tlr co

kich thuédc trong khoang kich thudce gitta cac
nguyén tir va cic pha ngung tu [1]. Day la ddi
tugng dwoc nghién ctru rong rdi trong linh vuc
khoa hoc vat liéu mdi, dac biét 1a vat liéu tu tinh.
Céac nhém nguyén tir duoc 6n dinh bang cach pha
tron gitra cac kim loai co ban nhu kim loai kiém
v6i kim loai chuyén tiép. Nghién ciru cac nhom
nguyén tir dwoc tao ra tir cac nguyén to Na va
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nguyén tir kim loai chuyén tiép s& cung cip céc
thong tin hitu ich vé ddc diém tir tinh ciia nhom
nguyén tir.

S6 8 dugc nha nit vat ly Maria Goeppert-
Mayer goi 1a s6 ky diéu trong diy s6 8, 20, 28,
50, 82 va 156 vi c6 cac y nghia dic biét lién
quan dén s6 nay [2], khi nhom nguyén tir ¢ sb
nguyén tir Na duoc tao ra tir diy s6 ky diéu thi
c6 dd bén dic biét hon cdc nhom nguyén tir
khac. Cac nhém nguyén tir dugc xdy dung sao
cho 8 nguyén tu Na bao xung quanh nguyén tr
kim loai chuyén tiép, cac nguyén tir kim loai
chuyén tiép dugc xét trong cung chu ky Sc, Ti,
V, Cr, Mn, Fe, Co, Ni, Cu, Zn. Bé'mg phuong
phap tinh toan 1y thuyét phiém ham mat do
(DFT, Density Functional Theory) c6 thé xéic
dinh duogc cAu triic, nhom diém, mat do spin va
moment tlr ciia cac orbital trong nhdm nguyén tir
va cua ca nhom nguyén ti.

Mot sb cong trinh nghién ciru lién quan dén
vat ligu ¢ tir tinh, véi CssV la vat ligu dau tién.
Céc nghién ctru 1y thuyét lién quan dén nghién
ctru thye nghiém anh hudng I1én mang mong cua
cac nguyén tir Na, K, Cs c6 chtra céc tap chat V
c6 gia tri moment tir twong ddi 16n [3, 4]. Ngay
nay cac nha khoa hoc da va dang nghién ctu
theo hudng chung nhat tir nhom nguyén tir dén
vat ligu nhom va cubi cliing 1a dén tmg dung vat
liéu nhém nguyén tur.

Bing cac phuong phap thuc nghiém co thé
xac dinh dugc moment tir cia ca nhdm nguyén
to nhung viéc xac dinh moment tor do tung
orbital trong nhom nguyén tir dong goép 1a khong
thé, viéc tinh toan 1y thuyét c6 thé cung cip chi
tiét hon sy dong gop cua cac orbital trong nhom
nguyén tir. Tir d6 dinh hudng cho cac nghién ctru
tiép theo trong viéc lua chon kim loai chuyén
tiép phu hop dé ché tao vat lidu tir.
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2 PHUONG PHAP NGHIEN CUU

Céc cdu tric ban ddu cua nhom nguyén tir
NagTM duoc xay dung bang phan mém Gaussview
5.08 [6] sao cho cac nguyén tir Na bao xung quanh
nguyén tir kim loai chuyén tiép (TM), day ciing 1a
dang céu tric di dugc chimg minh 1a bén hon so
v6i cac dang cau triic khac nhu dang phang, dang
nguyén tir kim loai chuyén tiép nim & bé mit
ngoai, ... Viéc tdi wu hoa ciu trac duge thuc hién
v6i phan mém Gaussian 09, Revision A.02 [7] theo
tinh toan DFT, str dung phiém ham TPSSTPSS, véi
ham co s TZVP cho cac nhom nguyén tir NasTM.

TPSSTPSS 1a phiém ham tinh toan dugc Tao-
Perdew-Staroverov-Scuseria thiét lap va sau dé
duoc diéu chinh lai véi kha nang tinh toan cé do
chinh xac cao [8, 9]. Phiém ham TPSSTPSS c6
nhitng vu diém riéng va co do chinh xic cao dic
biét ddi v6i cac kim loai chuyén tiép [10].

3KET QUA VA THAO LUAN

Hinh 1 trinh bay cdu trac hinh hoc ciia cac
nhém nguyén tir NagsTM (TM = Sc, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn).

Trong cac cu triic dugc khao sat, hai nhom
nguyén tir NagV va NagZn c6 cdu trac nhd gon
nhét, thudc nhom diém Daq, cac cu trac con lai co
nhom diém C,,. Khoang cach giita cic trong nhom
nguyén tir dai nhat va ngin nhat thudc nhom
nguyén tir NagCu (Cu-Na: 3,57947A va 3,089624A;
Na-Na: 6,35717A va 3,46804A). Piéu nay c6 thé
giai thich 1a do nhém nguyén tir NagCu c6 kiéu ddi
xtng Cay, nguyén tir Cu bi 1éch nhiéu vé mot phia
cua nhom nguyén ti, tao khoang cach 1éch hon so
véi cac nhom nguyén tir con lai.

Bang 1. Nhém diém va do boi spin ciia cic nhém nguyén tir
NasTM (TM = Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn)

NasTM  Nhém diém D0 P¥
spin
NagSc Cay 4
NasTi C 2v 5
NasV D4d 6
NagCr Cyv 5
NagMn Dug 4
NagFe Cyv 3
NagCo Cyv 2
NagNi Dyg 1
NagCu Cyy 2
NagZn Dug 1

NasMn

NasZn

Hinh 1. Céu tric cta cic nhom nguyén tir NagTM

Moment tir cia cac orbital trong nhém
nguyén tir va cia cd nhom nguyén tir NasTM
(TM =S¢, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn)

Spin electron dugc dinh nghia 1a sy quay
electron quanh truc cua no. Spin electron 1a mot
trong ba thudc tinh cua mot electron (spin
electron, dién tich va khéi lugng). Huéng spin
cua hat electron sé cung cép mot s6 dic diém cua
electron nhu mic d6 ty do, xung lugng géc, $6
luong tir, ... Trong ly thuyét luong tor, céac
electron dugc xem nhu mét thanh tir cuc nho, va
cac diém spin cta n6 1a cic diém cyc bic cua
thanh tir d6. Néu hai electron gan nhau quay
cung mét hudng thi lyc tir dwoc ting cuong va
hinh thanh mot tr truong 1é6n hon. Con cac
electron c6 huéng quay ngugc nhau thi tir truong
s€ bi triét tiéu.
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Bang 2. Gia tri moment tir (ug) trén nhom nguyén tir Na, trén cac orbital 3d, 4s, 4p clia nguyén tt V va ctia nhém nguyén tur
NasTM (TM= Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn) theo phuong phap TPSSTPSS/TZVP

Moment tir (ig) ciia nhom NagTM ) o
Nbom . ™ | ot Moment tti O(;B) cua kim

NagTM s P Tong

NagSc 1,249140 0,073070 0,223510 1,454280 1,750860 3,0 Sc 1,0
NagTi 0,626680 0,193500 0,344100 2,835730 3,373320 4,0 Ti 3,0
NagV 0,095088 0,271300 0,378710 4,256310 4,904915 5,0 A% 4,0
NagCr -1,562380 0,342130 0,391380 4,828870 5,562380 4,0 Cr 6,0
NagMn -1,597600 0,343730 0,287550 3,966120 4,597600 3,0 Mn 5,0
NagFe -0,898660 0,223970 0,132270 2,542410 2,898660 2,0 Fe 4,0
NasCo -0,545820 0,115640 0,060970 1,369120 1,545730 1,0 Co 3,0
NagNi 0,0 0,0 0,0 0,0 0,0 0,0 Ni 2,0
NagCu 0,774260 0,194940 0,023000 0,007640 0,225580 1,0 Cu 1,0
NagZn 0,0 0,0 0,0 0,0 0,0 0,0 Zn 0,0

Két qua Bang 2 cho thiy cic nhom nguyén tir
c6 gia tri moment tir cao nhét 12 NagV véi gia tri
la Spg, NagNi va NagZn khong mang tir tinh. Cac
nguyén tr Na c6 thé lam ting hodc giam tir tinh
clia nguyén tir kim loai chuyén tiép.

Orbital d ciia nguyén tir kim loai chuyén tiép
dong gép nhidu nhét vao tong gia tri moment tir
cua nhom nguyén ti. Trong cac nhom nguyén tu
mang tur tinh, cadc nguyén tir Na c6 sy dong gop tu
tinh it nhit trong nhém nguyén tir NagV
(0,095088pp) va nhidu nhat trong nhém nguyén tir
NagSc (1,249140pp). Néu so véi cac kim loai
nguyén chét thi Na lam ting tir tinh nhiéu nhit &
nhém nguyén tir NagSc (tang 2ug), gidm tu tinh
nhiéu nhit & nhom nguyén ti NagCr, NagMn,
NagFe, NagCo, NagNi (gidm 2pg), va tu tinh
khong d6i ddi voi nhém NagCu va NagZn.

Trong nhom nguyén tir NagTM, mdi nguyén
tir Na dong gop 1 electron hoa tri, két hop vai cac
electron héa tri ciia nguyén tir kim loai chuyén
tiép tao ra tong sd electron héa tri ciia ca nhoém
nguyén tir. Cac electron héa tri nay dugc sap xép
lan luot vao cac phan 16p 1S, 1P, 1D, 28, IF, ...

Vi vdy su xudt hién cia cac nguyén tir Na s& lam
thay doi so electron hoa tri din dén ting hodc
giam gia tri moment tur so v&i nguyén tir kim loai
nguyén chat.

Mat do spin va moment tir cia cac nguyén ti
trong ciac nhom nguyén tir NasTM (TM = Sc,
Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn)

Moment tur trén nguyén tr mang gia tri
duong (+) thi mat d6 spin thé hién trén hinh la
mau xanh dwong, nguoc lai néu moment tir mang
gia tri &m (-) thi mat d¢ spin thé hién mau xanh l4.
Nhitng nhom nguyén tir NasSc, NagTi, NagV,
NagCu thi phan 16n 1a cdc gia tri moment tir trén
cac nguyén tir trong nhoém nguyén tir mang gia tri
duong nén hinh dang vé mat do spin thé hién mot
mau xanh duong.

Hai nhom nguyén tir NagNi va NasZn khong
c6 electron doc than nén khong mang tur tinh. Cac
nhom nguyén tir co ciu trac ddi xing cao (D)
nhu NagV, NagMn thi cac nguyén tir Na dong gop
gidbng nhau vé gia tri moment tir. Cac nhém
nguyén tir con lai c6 kiéu ddi xtmg Cay thi cac
nguyén tir Na dong goép gia tri moment tir khac
nhau vao téng gié tri cia ci nhom.
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Bang 3. Hinh anh mat d¢ spin va gia tri moment tir (up) trén cac nhém nguyén tir NagTM
(TM = Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn)

57

Hinh nhém nguyén tir

va mat do spin

Moment tir (ug)

Hinh nhoém nguyén tir

va mat d9 spin

Moment tir (pg)

NasSC

1 Na 0,132750
2 Na 0,174740
3 Na 0,174740
4 Na 0,132750
5Na 0,158540
6 Na 0,158540
7 Na 0,158540
8 Na 0,158540
9 Sc 1.750860
Téng: 3,0

1 Na -0,123970
2 Na -0,109300
3 Na -0,109300
4 Na -0,123970
5Na -0,108030
6 Na -0,108030
7 Na -0,108030
8 Na -0,108030
9 Fe 2.898660
Téng: 2,0

1 Na 0,078310
2 Na 0,078310
3 Na 0,078310
4 Na 0,078310
5Na 0,078360
6 Na 0,078360
7 Na 0,078360
8 Na 0,078360
9 Ti 3.373320
Téng: 4,0

1 Na -0,068330
2 Na -0,068160
3 Na -0,068160
4 Na -0,068330
5Na -0,068210
6 Na -0,068210
7 Na -0,068210
8 Na -0,068210
9 Co 1.545730
Téng: 1,0

1 Na0,011886
2Na0,011886
3 Na0,011886
4 Na 0,011886
5V 4904915
6 Na0,011886
7 Na 0,011886
8 Na 0,011886
9 Na 0.011886
Téng: 5,0

0,0

1 Na -0,294160
2 Na -0,116870
3 Na -0,116870
4 Na -0,294160
5Na -0,185080
6 Na -0,185080
7 Na -0,185080
8 Na -0,185080
9Cr 5.562380
Téng: 4,0

1 Na 0,096590
2 Na 0,096600
3 Na 0,096600
4 Na 0,096590
5Na 0,096970
6 Na 0,096970
7 Na 0,096970
8 Na 0,096970
9Cu 0,225580
Téng: 1,0

1 Na -0,19970
2 Na -0,19970
3 Na -0,19970
4 Na -0,19970
5Na -0,19970
6 Na -0,19970
7 Na -0,19970
8 Na -0,19970
9 Mn 4.59760
Téng: 3,0

0,0
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Sw twong dong vé ciu hinh electron va mat dd
spin ctia cidc nhom nguyén tir NasTM so véi
kim loai va ion kim loai chuyén tiép

Céu hinh electron ctia mdt s6 nhom nguyén tir
duoc xay dung dya vao md hinh Jellium, theo
nguyén tic dién cac electron lan lugt vao cac phan
lop 1S, 1P, 1D, 28, 1F, ... véi cac s6 electron tbi
da trén cac phan 16p S, P, D, F lan luot 13 2, 6, 10
va 14.

Nguyén nir

3dl¢
3s?
2p°

1s?

4)

NATURAL SCIENCES, VOL 2, ISSUE 2, 2018

O Hinh 2A hat nhan mang dién tich duong
nén duoc ¢d dinh tai tAm cua nguyén tu, Hinh 2B
la m6 hinh Jellium cia nhém nguyén tir, & dod cac
dién tich duong bén trong hat nhan chuyén dong
hon loan bén trong nhém nguyén tir hinh thanh
nhu khdi cau.

Nhom nguyeén t

2p*
1FH
257

1D
1P

1s?

B)

Hinh 2. A) M6 hinh cia mét nguyén tir va thir tu cac orbital nguyén tur;
B) M6 hinh cia mét nhoém nguyén tir va thir ty cac orbital cia nhdm nguyén tir

Bing 4. Sy tuong ddng vé cAu hinh electron gifra cac nhom nguyén tir NagTM
50 v6i cac kim loai va ion kim loai chuyén tiép

NasTM Céu hinh electron ;zinmk:;fil:;éc Sli:t:iﬁh
NasSc 1S’1P°1D? v 3sB3p3d°
NayTi 1s’1P°1D? e 3s"3p3d*
NasV 1S’1P°1D? Mn?, Fe' 3s73p°3d’
NagCr 1S’ 1P°1D] 1D} Fe?* 3s23p®3d°
NagMn 1S’1P°1D] 1D;, Co™ 3s%3p®3d’
NagFe 1S’1P°1D] 1D}, Ni** 3s23p®3d®
Na;zCo 1S’1P°1D] 1D}, Cu* 3s73pf3d’
NagNi 1S*1P°1D] 1D}, Cu', Zn*' 3s73p3d"”
NagCu 1S’1P°1D; 1D; 28, Cu 3s%3p°3d'%s!
NagZn 1S’1P°1D] 1D; 28], 28}, Zn 3s%3p°3d'%4s
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NagSc NasMn
NagTi Nagke
NagV Mn?"  Fe’* NagCo
NagCr NagCu

Hinh 3. Hinh dang vé mat d6 spin giita cic nhom nguyén tir NagTM va cac kim loai hodc ion kim loai chuyén tiép
Két qua Bang 4 va Hinh 3 cho thiy cdc nhom  ion cua kim loai chuyén tiép. Két qua nghién ctru

nguyén tir c6 sy tuong ddng vé cau hinh electron  md ra hudng thay thé cac kim loai chuyén tiép
va trang thai moment tir v6i cac nguyén tr hodc  trong cac vat liéu tir bing cdc nhom nguyén tir.

E(V) 0

1S’ 1P°1ID]

6 =

Hinh 4. Hinh dang cic orbital cia nhém nguyén tir NagV theo phuong phap TPSSTPSS/TZVP
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E(au)o + |
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w
4
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Hinh 5.

4 KET LUAN

Céac nhom nguyén tir duge khio sat co kiéu
dbi xtmg khac nhau Dyg hodc Cay, tily thudc vao
cAu triic ctia nhdm nguyén tir ma sy dong gop cac
gia tri moment tir cia cac nguyén tr vao nhom
khac nhau. Nguyén tir kim loai chuyén tiép khi
pha tron vai cac kim loai Na cé thé lam tang hoac
giam gia tri moment tir so v&i nguyén tir kim loai
chuyén tiép ban dau. Nhom nguyén tir NagV cé
gid tri moment tir cao nhat (5pg), hai nhém
nguyén tr khong mang tir tinh 1a NagNi va NagZn.
Céc nguyén tor Na lam ting tir tinh nhiéu nhét
trong nhém nguyén tir NagSc.

Két qua nghién ctu chi ra ring cic nhém
nguyén tir c6 cdu hinh electron va tir tinh twong
ddng v4i mot sd kim loai va ion kim loai chuyén
tiép.

Phuong phap tinh toan 1y thuyét DFT c6 thé
xac dinh dugc cdc gid tri moment tr cua tung
orbital c6 trong nhom nguyén tir va cta ca nhém
nguyén tir. Viéc nghién ctu thyc nghiém cac
nhém nguyén tir con gip nhiéu khé khin vi vay
phuong phap tinh toan bang 1y thuyét s& cung cip
cac thong tin hitu ich, dinh huéng cho cac nghién
ctru thue nghiém lién quan dén cac vat lidu tir.
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Abstract—NasTM (TM = Sc, Ti, V, Cr, Mn, Fe,
Co, Ni, Cu, Zn) clusters are optimized by DFT
calculations combining the Triple zeta valence plus
polarization (TZVP) method to determine magnetic
torque values on orbits, point groups, electron
structures, and spin density images of the atomic
groups. The results indicate that Na atoms in
NasTM cluster strongly affect the total magnetic
moment of the whole group of atoms. In a cluster,
each Na atom contributes one electron which

combines with valence electron of transition metal
for creating a sum of valence electron of the
cluster. Atomic groups with the highest magnetic
moments are NasV (5us) and non-magnetic clusters
are NagNi and NasZn. The electronic structure and
magnetic properties of the clusters resemble those
of some metals and transition metal ions. This
study will orientate to substitution in magnetic
materials by metal clusters.
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