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ABSTRACT

An atomic group is a collection of atoms or molecules with the size ranging
between atoms and condensation phases. This object has been widely studied in
the field of new materials science, especially magnetic materials. They are
stabilized by a mixture of basic metals, such as alkali metals and transitional
metals. Atomic groups which are studied by Na and V atoms would provide
useful information about the magnetic properties.

The groups of Na,V (n = 8 - 12) are optimized by TPSSTPSS/DGDZVP DFT to
identify the electronic structures and the value of the moment on the atomic
orbitals in each group. The results of this study indicate that the atomic groups
are in balance regarding the electronic structures and magnetic properties
compared to some metals and transitional metal ions.

TOM TAT

Nhém nguyén tir la tdp hop cac nguyén tr hogc phan tir ¢o kich thudc trong
khodng kich thwdc gia cac nguyén tir va cdc pha ngung tu. Pdy la doi twong
duwoc nghién cuu réng rdi trong linh vuc khoa hoc vt ligu méi, dac biét 1a vat
lieu tir tinh. Chiing dwoc én dinh bang cach pha trgn giiza cac kim logi co ban
nhir kim logi kiém véi kim logi chuyén tiép. Nghién cizu cac nhém nguyén ti
duwoC tqo ra tir cAc nguyén tir Na va nguyén tir V sé cung cap cac thdng tin hizu
ich vé ddc diém tir tinh ciza nhém nguyén ti.

Cac nhém nguyén tir Na,V (n = 8 - 12) diroc t6i wu héa bang cach sir dung céc
tinh todn TPSSTPSS/DGDZVP DFT, tir d6 xdc dinh cdu trlc electron va cac
gia tri moment tir trén cac orbital trong timg nhém nguyén tir. Két qua nghién
citu chi ra rang, cac nhém nguyén tir ¢ su twong dong vé cdu tric electron va
tir tinh so véi mét so kim logi va ion kim logi chuyén tiép.

1. GIOI THIEU

vao kich thudc va thanh phan cau tao cua ching.

Céc nha khoa hoc da chirng minh rang, nhiéu nhom
nguyén tir bén ving thé hién hoat tinh hda hoc tuong
tu nhu céc nguyén to trong bang hé thong tuan hoan
va dugc goi la siéu nguyén tir (Jones, 1991). Cac
nhom nguyén tir ¢6 cac tinh chit dic biét vé
electron, tir tinh, hda hoc, quang hoc,... phu thuéc

30

Vi thé, viéc nghién ciru cac dic diém vé cau tric va
tinh chét electron cua nhém nguyén tir cling co thé
cung cap nhing hiéu biét sau sic vé su tuong tac
gitra cau tric hinh hoc véi cac tinh chat electron nhu
moment tir, do cimng héa hoc, d6 am dién tuyét doi,...
Ngoai ra, nghién ctru vé nhém nguyeén tir ciing c6 thé
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cung cap nhiig can ctr dé kiém tra cac mo hinh Iy
thuyét bang céc tinh chat héa ly khac nhau.

Ngay nay, cac nha khoa hoc da va dang nghién
ctru theo huéng chung nhat tir nhém nguyén tir
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Ung dung

Hinh 1. Fullerenes, nhém nguyén tir dwoc sir dung nhw cac nguyén té hay nhém nguyén tir cho téng hep cac vat
liéu mai (Claridge va cs., 2009)

Khanna va cs. da cong bd rong rai cach tiép can ly
thuyét cua ho V& viéc thiét ké cac vat lieu mai cé
tir tinh nhu thiét ké cdc nhém nguyén tir tir. Cac
vat liéu da dugc nghién cau c6 chua cic nguyén
tir V gan trén nhom kim loai kiém, véi VCsg la vat
licu dau tién. Nghién ctu ly thuyét cua ho lién
quan dén nghién ciu thuc nghiém anh huong Ién
mang mong caa cac nguyén tir Na, K, Cs cé chira
c4c tap chat \V c6 gié tri moment tir twong di Ion
(Reveles va cs., 2009; Chattaraj, 2011). Cac vat
liéu tir tinh duoc &p dung trong cam bién do tir
truong, 18i dan dién, cudén cam, nam cham dién, 6
cang luu trir thong tin, ...

Bing cac phuwong phap thuc nghiém cé thé xéc
dinh duwgc moment tir cia ca nhom nguyén tir
nhung viéc xac dinh moment tur do tung orbital
trong nhém nguyén tir gy ra la rat kho khan, viéc
tinh toan ly thuyét c6 thé giai quyét tot van dé
nay.

2. PHUONG PHAP TiNH TOAN

Céc nhom nguyén tir duoc tao ra bang cach pha
tron céc nguyén t Na va nguyén ti V. Bing
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phuong phap tinh toan 1y thuyét phiém ham mat
d6 DFT c6 thé xac dinh dugc cau tric va tinh chat
electron, moment tir cua cac orbital trong nhém
nguyén tir va ciia ca nhém nguyén tir. Cac ciu
trdc ctia nhom nguyén tir Na,V (n = 8 - 12) va céc
nguyén ti, ion kim loai chuyén tiép duoc xay
dung bang phan mém Gaussview 5.08. Viéc tdi
vu hoéa cau tric, tinh tan sd, tinh ton cac gié tri
moment ti,... dugc thyc hién véi phan mém
Gaussian 09, theo phap tinh
TPSSTPSS/DGDZVP.

TPSSTPSS la phiém ham tinh toan dugc Tao —
Perdew — Staroverov - Scuseria thiét 1ap. Mot sb
cong trinh nghién ciu vé phiém ham TPSSTPSS
cho thay, phuong phap nay c6 nhiing wu diém
riéng va c6 d¢ chinh xac cao (Schultz, Zhao &
Truhlar, 2005). Phiém ham nay duoc diéu chinh
va t6i wu héa hon vao nam 2009 dé tinh toan cho
cac kim loai chuyén tiép (Perdew, Ruzsinszkyl,
Csonka, Constantin & Sun, 2009).

phuong
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3. KET QUA VA THAO LUAN.

3.1 Hinh anh mat d¢ spin va gia tri moment
tir cia cac nhom nguyén tir Na,V (n = 8 -
12) véi cac kim loai va ion kim loai chuyén
tiép

Spin electron dugc dinh nghia 1a sy quay electron

quanh truc ctia n6. Spin electron & mét trong ba

thudc tinh ctia mot electron (spin electron, dién

tich va khdi luong) (Weil & Bolton, 2007).

Huéng spin cua hat electron s& cung cip mot sb

ddc diém cua electron nhu muc do tu do, xung
lwong goc, s6 lugng tu,... Trong ly thuyét lwong
twr, cac electron dugc xem nhu mot thanh tir cuc
nho va cac diém spin cua no 1a cac diém cuc béc
cua thanh tir d6. Néu hai electron gan nhau quay
cung mot hudng thi luc tor duge tang cudng va
hinh thanh mot tir truong I6n hon. Con cac
electron ¢6 hudng quay ngugc nhau thi tir truong
S€ bi triét tiéu.

Bang 1. Hinh dang mat d spin va gia tri moment tir (uB) trén cac nhém nguyén ti NanV (n = 8 - 12) véi cac nguyén
tir va ion kim loai dwgrc tinh theo phwong phap TPSSTPSS/DGDZVP

Hinh nhém nguyén

A Moment tir trén
tr va mat dg spin

cac nguyén tir (us)

Hinh dang mat d¢ spin electron
cia nguyén tir hoac ion kim loai

Moment tir trén
céc orbital (us)

electron
1 Na 0,011886
2 Na 0,011886
3 Na 0,011886
Mn@e, s 0,000000

4 Na 0,011886

p 0,000000
5 V 4,904915

d 5,000000
6 Na 0,011886 R

Téng: 5,000000
7 Na 0,011886
Mn2+

8 Na 0,011886
9 Na 0,011886
Téng: 5,000000
1 Na 0,123078
2 Na 0,123078
3 Na 0,083899
4V 4967620 Cr@m s 1,000000
5 Na 0,114043 p 0,000000
6 Na 0,123078 . d 5,000000
7 Na 0,123078 Tong: 6,000000
8 Na 0,114043 Cr
9 Na 0,114043

NagV

10 Na 0,114043
Tong: 6,000000
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1 Na 0,061968
2 Na-0,165080
3 Na 0,061968

A
i
§—%

P2 o 4 Na -0,164816 e
f 5V 4834309 s 0,298170
6 Na 0,061929 p 0,000000
7 Na 0,061968 d 4,701830

8 Na 0,061968 Téng: 5,000000
9 Na 0,061929
10 Na 0,061929
NawoV 11 Na 0,061929

Tong: 5,000000

1 Na 0,059400
2 Na -0,098960
3 Na -0,075440
4 Na -0,075470

5Na -0,099170 Fe(@abe)
O s 0,733350
6V 4813280
p 0,000000

7 Na -0,075440
d 3,266650

8Na -0,099180 ,
Téng: 4,000000
9Na -0,099170 Fo

10 Na -0,075270
11 Na -0,099180
12 Na -0,075470
Téng: 4,000000

Nai VvV

1 Na -0,258254
2 Na -0,286404
3 Na -0,305891
4 Na -0,349690
5 Na -0,303709

6V 4,698697 s 0,000030
7 Na -0,303709 p 0,000000
8 Na -0,349690 d 0,999970
9 Na -0,305891 Téng: 1,000000
10 Na -0,286404 Cu®
11 Na -0,258254

NapV 12 Na -0,345400

13 Na -0,345400
Téng: 1,000000

33



An Giang University Journal of Science — 2017, Vol. 16 (4), 30 — 39

Tir két qua Bang 1 cho thay, hinh dang vé mat do
spin electron trén cac nhdm nguyén tir cling cé su
tuong dong véi mat do spin electron trén cac
nguyén tir va ion kim loai twong ng.

Trong nhém nguyén tir Na,V, mdi nguyén tir Na
dong g6p 1 electron hoa tri, két hop véi 5 electron
hoa tri cia nguyén tr V tao ra tong s electron
hoa tri cia ca nhém nguyén tir 1a (n + 5) electron.

Céc electron hoa tri nay duoc sip xép lan luot vao

cac phan 16p 18, 1P, 1D, 2S, 1F,... Vi vdy, su xuat

hién cua cac nguyén tir Na s& lam thay doi s6

electron héa tri dan dén tang hodc giam gia tri

moment tir So véi nguyén tir V tinh khiét.

3.2 Moment tir caa cac orbital trong nhém
nguyén ti, caa ca nhom nguyén tir NanV
(n = 8 - 12) va chaa nguyén tx V

Béng 2. Gia tri moment tir (uB) trén cac nguyén tir Na, trén cac orbital 3d, 4s, 4p cia nguyén tir V va ciia nhém

nguyén tir NanV (n =8 - 12)

Moment tir (ug)
Nhom
\%
NanV Nan _ NanV
3d 4s 4p Tong

NagV 0,095 4,255 0,272 0,379 4,905 5,000
NagV 1,032 4,194 0,390 0,384 4,968 6,000
NaioV 0,166 4,125 0,356 0,353 4,834 5,000
Nai1V -0,818 4,170 0,299 0,349 4,818 4,000
Na2V -3,699 4,090 0,302 0,307 4,699 1,000

Két qua tinh todn nguyén tir V theo phuong phap
TPSSTPSS/DGDZVP c¢6 gia tri moment tir trén
céc orbital 3d, 4s va 4p lan luot 12 4 pg, 1 usva 0
us, VAy tong gia tri moment tir caa nguyén tur V 1a
5 ug.

Tir két qua Bang 2 cho thay, cac nhém nguyén tir
c6 gia tri moment tir cao nhat la NagV gia trj 12 6
ug va NapV c6 gia tri moment tir thip nhit 1a 1
ug. Tur tinh cua ca nhém nguyén tir thay di tay
thudc vao sb lugng nguyén tir Na ¢ trong nhom
nguyén ti.

Trong cac gia tri cia n, thi n = 8 ¢6 téng moment
tr cua Na la nho nhit (sat gia tri 0 ug nhat),
moment tir trén orbital 3d ctia nhom nguyén ta

34

NagV dat gia tri I6n nhat 1a 4,255 ug va trén
orbital 4s thi dat gia tri nho nhét 12 0,272 pg. Piéu
nay cho thiy, nhém nguyén tir NagV c6 céc gia tri
moment tir rat dac biét, it bi anh huong nhat bai
cac nguyén tir Na trong nhdm nguyén tir.

3.3 Cau hinh electron cia mdt s6 nhom
nguyén tir, kim loai va ion kim loai chuyén
tiép

Cau hinh electron caa mot s6 nhém nguyén tir
dugc xay dung dua vao md hinh Jellium, theo
nguyén tic dién cac electron lan luot vao cac phan
I6p 1S, 1P, 1D, 2S, 1F,... Vi céc sb electron tdi
da trén cac phan 16p S, P, D, F lan luot 12 2, 6, 10
va 14.
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Nguyén tir Nhoém nguyén tir
3dv S———
3pS p—
3s? —ast
2p° Pe—— A
2¢2 S— 1
1s? _ 1%
a) b)

Hinh 2. a) M6 hinh ciaa mgt nguyén tir va thir tu cac orbital nguyén tir
b) M6 hinh ciia mgt nhdm nguyén tir va thir tw c&c orbital caa nhém nguyén tir (Jena, 2013)
O Hinh 2a) hat nhan mang dién tich duwong nén dugc cb dinh tai tdm cua nguyén tir, Hinh 2b) 13 md hinh
Jellium caa nhdm nguyén tir, & d6 cac dién tich duong bén trong hat nhan chuyén dong hdn loan bén
trong nhém nguyén tir hinh thanh nhu khéi cau.

Bing 3. Sw twong ddng vé cau hinh electron ciia cac nhdm nguyén tir va cac kim loai hoic ion kim loai chuyén tiép

Kim loai hoic

NanV CAu hinh electron CAu hinh electron

ion kim loai
NagV 1S1P°1D? Mn2* 1s°2s*2p°®3s*3p°®3d°
NagV 1S%1P°1D? 2S!, Cr 1s%2s?2p°3s?3p°®3d° 4s’
NaioV 1S%1P°1D° 2S? Mn 1s*2s*2p®3s*3p°®3d’ 4s°
NaV 1S*1P°1D}1D} 25° Fe 1s*2s*2p°©3s*3p°3d°®4s®
Naz,V 1S%1P°1D%1D} Cu?* 1s*2s*2p°3s*3p°3d’
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Hinh 3. Hinh dang céc orbital caa ion Mn?* theo phwong phap TPSSTPSS/DGDZVP

1T
E(au) J

° 3

3524513(°

4 4

Hinh 4. Hinh dang céc orbital ciaa nguyén tir Cr theo phwong phap TPSSTPSS/DGDZVP
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E(V) 0

5 4+

1S'1P° 1D}

6 L
Hinh 5. Hinh dang c4c orbital ciia nhém nguyén tir NagV theo phuong phap TPSSTPSS/DGDZVP
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i

E(eV) 0

6 1

1S°1P°1D72S],

Hinh 6. Hinh dang c4c orbital ciia nhém nguyén tir NagV theo phwong phap TPSSTPSS/DGDZVP

Tur hinh dang vé mat dé spin electron va cau hinh
electron cua cac nhom nguyén tir cho thdy, cac
nhém nguyén tir c6 sy twong dong Vé trang thai
moment tir va cau hinh electron héa tri véi mot s6
nguyén tir hoac ion cua kim loai chuyén tiép.

Hinh dang cua cac orbital trén cac nhom nguyén
tr NagV va NagV cho thay, & orbital S va P c6 sy
phan bé trén toan b nhém nguyén tu, trong khi
d6 orbital D chi c6 phan b trén nguyén tir V.
Diéu nay cho thay, nguyén tir V anh huong Ién
dén tir tinh ciia ca nhoém nguyén tir.

Khi so sanh Hinh 3 va Hinh 5 cho thay, su giéng
nhau vé hinh dang caa cac orbital giita ion kim
loai Mn?* va nhém nguyén t NagV. Tuong tu
nhu vy ddi véi Hinh 4 va Hinh 6, nhém nguyén
tr NagV ¢6 cau hinh electron la 1S°1P°1D° 2S!
s& ¢ dic diém vé hinh dang cac orbital gan giéng
nhu cac orbial cta kim loai Cr, tuy nhién thir tu
cac mirc nang lugng cua cac orbital trong Cr khac
so Vi trong nhém nguyén tir NagV, cau hinh

38

electron theo muc nang lugng cua kim loai crom
la 1s2s’2p°3s”3p°4s'3d’. Tuong tu nhu
vay, su twong dong vé hinh dang cua cac orbital

cua cadc nhom nguyén tr NaeV, NanV, NapV
twong ung véi kim loai Mn, Fe va ion Cu?*.

4. KET LUAN

Nguyén tir V tinh khiét c6 gia tri moment tir 1a 5
ug, khi pha tron véi cac kim loai Na c6 thé lam
tang hoac giam gid tri moment tir nay. Nhém
nguyén tir NagV co cac dic diém tir tinh it phu
thudc vao nguyén tir Na c6 trong nhom.

Céac nhdm nguyén tur va cac kim loai hoac ion kim
loai chuyén tiép c6 cung cau hinh electron héa tri
thi ¢6 hinh dang mat do spin gan giéng véi nhau
va gia tri moment tir thi bang nhau, diéu ndy mo
ra huéng nghién ciu thay thé cac vat liéu tir tinh
tir cac kim loai chuyén tiép bang cac nhom
nguyeén tir.
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Phuong phap tinh toan 1y thuyét DFT c6 thé xac
dinh dugc cac gia tri moment tir cia tirng orbital
6 trong nhom nguyén tu va cta ca nhom nguyén
tor. Viéc nghién cau thuc nghiém cac nhém
nguyén tir con gap nhiéu khé khan vi vay phuong
phap tinh toan bang ly thuyét s& cung cap cac
théng tin hitu ich, dinh huéng cho cac nghién ciru
thuc nghiém lién quan dén céc vat liéu tir.

Két qua nghién cttu mé ra hudng thay thé cac
nguyén tir Na bang cac nguyén tir kim loai kiém
khac nhu Li, Cs, K,... hodc thay thé kim loai V
bang cac kim loai chuyén tiép khac nham tim ra
nhom nguyén tir c6 d6 bén téi vu va tir tinh theo
mong muén.
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