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TOM TAT

Siéu nguyén ti, dbi twong méi dang
dwoc nghién cu réng rai trong nhieng ndm
gén day, cé thé tré nén an dinh hon khi té hop
VGi cac nguyén tir kim loai chuyén tiép tao
thanh cac nhém nguyén t. Muc dich caa
cong trinh nay la trinh bay mét sé két qua
nghién ctru ly thuyét méi trong viée ting dung
céc tinh toan luong tor dé khdo séat cau tric va
tir tinh cda cac cac nhoém nguyén tir durgc tao
thanh tor sw t6 hop cac siéu nguyén to
Nax(x=1-12) vé&i nguyén tie kim loai chuyén
tiép vanadium, V. C&u tric téi wu cua céc
nhom nguyén tr Na,V(x=1-12), da dwoc xac

dinh bdng cach s dung céc tinh toan
TPSSTPSS/DGDZVPDFT. Pdéc trung vé tir
tinh cda cau tric téi wu, cac gia tri moment tur
trén cac orbital trong tteng nhém nguyén te,
da duoc xéc dinh. Cac két qua thu duoc chi
ra rang: (1) nhém nguyén tr NagV an dinh
nhét trong cac nhém nguyén tr NaV (x=1-
12) va (2) gia tri moment tir cda nhém NagV it
bi chi phéi béi cac nguyén tir Na trong nhém
ma chd yéu a chju dnh hudng ctia moment
tir do cac orbital d cta nguyén tr V géy ra,
day la sw khac biét so véi cac nhdm nguyén
t&r NayV (x #8) con lai.

T khéa: Siéu nguyén tr, nhdm nguyén tir, DGDZVP (céng hoéa tri phédn cwc doéi zeta),
TPSS (Tao-Perdew-Staroverov-Scuseria), DFT (ly thuyét phiém ham mat dé) Moment tcr.

MG PAU

Mot sb két qua nghién ciu Iy thuyét va thuc
nghiém duoc cdng bd gan ddy cho thiy rang cac
siéu nguyén tir c6 thé tro nén an dinh khi duoc két
hop véi nguyén tir kim loai chuyén tiép [1]. Trong
bai béao nay, cac tinh toan theo ly thuyét phiém
ham mat do (DFT, Density Functional Theory)
dugc &p dung dé khao sat ciu tric va tir tinh cua
mot s6 nhém nguyén tir NaxV (x= 1-12).

Khanna va cong su [2] d& cong bd rong rai
céch tiép can ly thuyét caa ho vé viéc thiét ké cac
vat ligu méi c6 tir tinh nhu thiét ké cac nhom
nguyén tir tr. Cac vat liéu da dugc nghién ciru c6
chta cac nguyén tir vanadium gan trén nhom kim
loai kiém, v&i VCsg 1a vat liéu dau tién. Nghién
ctu ly thuyét cia ho lién quan dén nghién ctu thuc
nghiém anh hudng 1én mang mong cua cac nguyén
tir Na, K, Cs c6 chta c4c tap chat V c6 gié tri
moment tir twong dbi lon.
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Bang cac phuong phap thuc nghiém cd thé xac
dinh dwgc moment tir cia ca nhdm nguyén tir
nhung viéc xac dinh moment tir do tung orbital
trong nhoém nguyén tir gay ra la rat kho khan, viéc
tinh toan ly thuyét c6 thé giai quyét tét van dé nay.

PHUONG PHAP NGHIEN CUU

CAc cu truc ban dau khac nhau co thé c6 cua
nhom nguyén tir NayV (x=1-12) dwoc xay dung
bang phan mém Gaussview 5.08. Viéc téi wu hoa
cau triic duoc thuc hién véi phan mém Gaussian 09,
Revision A.02 theo cach tinh
TPSSTPSS/DGDZVPDFT cho nhom nguyén tir
trung hoa NayV, cation (+1) NaxV* va anion (-1)
Na,V". Cac két qua tinh toan duoc hién thi bing
phan mém Gaussview 5.08. Tir két qua tinh duoc,
tién hanh x4ac dinh cic dic trung cua cac cau trlc

t6i wu, nhu nhom diém ddi xung, nang luong lién
két trung binh (Ep), ning luong twong dbi (AE),
hiéu ning lwong HOMO-LUMO (E_.4) va nang
luong tach (Ef) mot nguyén tir Na ra khoi nhédm
nguyén tir NaxV. Sau d6 xac dinh moment tir caa
cac nhdm nguyén tu.

TPSSTPSS 1a phiém ham tinh toan dugc Tao-
Perdew-Staroverov-Scuseria thiét lap va sau do
dugc diéu chinh lai vao nam 2009 vé6i kha ning tinh
toan ¢6 do chinh xac cao [3]. Mot s cong trinh
nghién ctu vé phiém ham TPSSTPSS cho biét
phuong phap st dung phiém ham nay c6 nhiing wu
diém riéng va c6 do chinh xéc cao dac biét ddi voi
cac kim loai chuyén tiép [4].

KET QUA THAO LUAN

Xay dung cAu tric cic nhém nguyén tir
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Hinh 1. Cu trdc ciia cac nhom nguyén tir NaxV (x=1-12), nhém diém va ning luong trong dbi (AE, eV).
Xac dinh cac dai lwgng lugng tir

Céc nhém nguyeén tir khac nhau caa ciing mot Nang lugng tong cong cua nguyén tir Na va
nhom nguyén tir duoc xdy dung, nhém nguyén ty vV tinh  toan  theo  phuong  phap
c6 nang luong tng cong am nhét (twong tng voi  TPSSTPSS/DGDZVP lan luot 14 -162,26035
ning luong twong ddi 1a 0,000 eV) 1 an dinh nhét, (hartree) va -943,78672 (hartree). Nh6m nguyén
tién hanh tinh todn cc dai luong luong tirkhac ¢ T tro'nén an dinh hon khi céc gia tri nang luong
so sanh su an dinh gitra cac nhom nguyén tir khac la cyc dai.
nhau. Céc tinh toan nhu sau:

Er (Na,V) = E(Naw1V) + E(Na) - E(Na,V) [5].
[ XE(Na)+E(V)-E(Na,V) |
X+1

E(Na,V) = (6]

AZE (NaV) = E(Nax1V) + E(Naw1V) — 2E
(NayV) [5,7].
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Bang 1. Nang luong tach (Ey, eV), nang luong lién két trung binh (Ep, eV), sai biét ning luong
bac hai (A’E, eV) va hiéu ning luong (EL-, €V) cua cidc nhom nguyén tir NayV (x = 1-12)

Na,V Er Es A’E Ein
NaV 0,882 0,441 - 0,280
NazV 0,748 0,543 -0,155 0,279
NasV 0,903 0,633 0,027 0,662
NasV 0,876 0,682 -0,252 0,418
NasV 1,127 0,756 20,140 0,485
NasV 1,267 0,829 0,244 0,633
NayV 1,023 0,856 20,435 0,554
NagV/ 1,458 0,920 0,498 0,762
NagV 0,960 0,924 0,092 0,611
NazoV/ 0,868 0,919 0,010 0,629
NayV 0,857 0,914 -0,145 0,706
Nay,V 1,002 0,921 - 0,699
15

2 || /

%‘f —_

> 1 .

2 e o

g . e // ’

05/7\/ \/\”

"~ /\/\ -

-0,5

1 2 3 11 12
S6 nguyén tir Na

Hinh 2. B4 thi biéu din nang lugng tach, ning luong lién két trung binh, sai biét nang luong bac 2 va higu ning
luong HOMO-LUMO cua cac nhom nguyén tir NaxV (x = 1-12)

Tir két qua tinh toan cho thay nhém nguyén 0,920 eV, cac gié tri ning lugng con lai Er, A’E va
tir NagV c6 céc gid tri nang luong dic biét, véi gid ELn dat gia tri cao nhit, do d6 NagV la nhém
tri nang luong lién két trung binh khé cao la nguyén tir co tinh an dinh nhét.

Tir tinh ctia cac nhom nguyén tir

Bang 2. Gia tri moment tir (us) trén cac nguyén tir Na, trén cac orbital 3d, 4s, 4p cia nguyén tir V
va caa cadc nhom nguyén tir NaxV (x=1-12) theo phwong phap TPSSTPSS/DGDZVP.

[ | Moment tur |
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Nhom V
NaxV/ Nax 3d 4s 4p Téng NaxV
NaV -0,333 3,862 0,478 -0,006 4,333 4,000
NazV 0,429 3,896 0,594 0,081 4,571 5,000
NazV 1,258 3,971 0,597 0,173 4,742 6,000
NasV 0,348 3,908 0,603 0,142 4,652 5,000
NasV -0,424 3,811 0,369 0,244 4,424 4,000
NasV 0,233 4,030 0,433 0,303 4,767 5,000
Na7V -0,540 3,981 0,281 0,279 4,540 4,000
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
Na1oV 0,166 4,125 0,356 0,353 4,834 5,000
NauV -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
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Hinh 3. D6 thi biéu dién gia tri moment tir trén cAc orbital va ciia ca nhom nguyén tir NaxV (x=1-12)

Tir két qua Bang 2 va Do thi Hinh 3 cho thay
cac nhém nguyén tir cd gid tri moment tir cao nhét
la NagV va NagV véi gia tri l1a 6 pg va Nai2V c6
gia tri moment tir thdp nhét 12 1 pg.Vi cac gia tri
moment tir cia Nax rat nho va gan nhu bang khéng
trong khi gia tri moment tir tong lai 16n, do d6 cac
nguyén tir Na anh huong khong nhiéu dén moment
tong cua Na V. Sy gidng nhau vé dang duong
cong cia moment tir tong va Nay 1a do moment tir

cua V gan nhu 6n dinh theo kich thugc. Nhom
nguyén tir NagV c6 tong gia tri moment tir trén cac
nguyén tir Na trong nhom tién vé gia tri 0 g,
moment tir trén orbital 3d dat gia tri 16n nhat 1a
4,255 ug va trén orbital 4s dat gia tri nho nhat 1a
0,272 pg. Piéu nay cho thdy nhém nguyén tu
NagV c6 c4c gia tri moment tir rat dic biét, gan
gidng vai nguyén tir V tinh khiét.
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Mat do spin ctia cac nhom nguyén tir NaxV (X = 1-12)

Bang 3. Hinh dang mat d spin va gia tri moment tur (us) trén cac nhém nguyén tir NaxV (x=1-12)

Hinh nhém nguyén tir

Hinh nhém nguyén tir

N \ guy NMoment ti
va mat do spin Moment tir va mat dé spin oment tur
71
NI /’ é\N/a g?miﬁ?
Ny 2Na -0333453 | 4 :
NaV Tara:2.000 ¥ 3 Na 0214483
me NazV Téng: 5,000
1V 4741584 1V 4,652294
2 Na -0,155162
) 2 Na 0,419472
. ? 3Na 0329015
& 3 Na 0,419472 — ,
/ o 4Na 0,329015
NasV/ 4 Na 0419472 NasV/ 4Na 0320015
Tong: 6,000 Téng: 5,000
1V  4,423814 1 Na -0,010259
2 Na -0,010259
2 Na -0,084763 'Y
f 3 Na -0,010259
3Na -0,084763 | ¢ |
9 e ® 4 Na -0,010259
‘ 4 Na -0,084763
5 Na -0,010259
: 5 Na -0,084763 > 9 5N
NagV 20,284098
6 Na_-0,084763 6
Tong: 4,000 7 V_ 4767200
e Téng: 5,000
1 Na -0,025869 1 Na 0,011886
2 Na 0,011886
2 Na -0,037596
3 Na 0,011886
3 Na -0,037596
4 Na 0,011886
4 Na -0,025869
5 V 4,904915
5Na -0,102262
6 Na 0,011886
6 Na -0,163255
7 Na 0,011886
- 7V 4,540275
147828 8 Na 0,011886
8’T\I‘a - 4 80 9 Na 0,011886
ong: 4,90 Téng: 5,000
1 Na 0,123078 1 Na0,061968
2 Na -0,165080
2 Na 0,123078
3 Na 0,061968
3 Na 0,083899
4 Na -0,164816
4V 4,967620
5V 4834309
5 Na 0,114043
6 Na 0,061929
6 Na 0,123078
7 Na 0,061968
7 Na 0,123078
- 8 Na 0,061968
8 Na 0,114043
9 Na 0,061929
9 Na 0,114043
10 Na 0,114043 10 Na 0,061929
Téng: 6,000 11 Na 0,061929

Téng: 5,000
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1 Na -0,115202
2Na 0,010217
3Na 0,010217
4 Na -0,125807
5V 4818076
6 Na 0,001757
7 Na -0,028299
8 Na -0,028299
9 Na 0,001757
10 Na -0,279061
11 Na -0,290627
12 Na 0,025274
Téng: 4,000

1 Na -0,258254
2Na -0,286404
3Na -0,305891
4 Na -0,349690
5Na -0,303709
6V  4,698697
7 Na -0,303709
8 Na -0,349690
9 Na -0,305891
10 Na -0,286404
11 Na -0,258254
12 Na -0,345400
13 Na -0,345400
Téng: 1,000

Moment tir trén nguyén tir mang gia tri duong
(+) thi mat do spin thé hién trén hinh 12 mau xanh
duong, nguoc lai néu moment tir mang gi tri am
(-) thi mat do spin thé hién mau xanh I4 cay.
Nhitng nhdm nguyén tir c6 gia tri moment tir 16n
nhu NazV va NagV la 6 pug, NaoV va NagV 1a 5 pg
thi phan Ién 1a cac gia tri moment tir trén cac
nguyén tua trong nhom nguyén ta mang gia tri
duong nén hinh dang vé& mat do spin thé hién mot

mau xanh duong.

Tuy nhién co6 truong hop dac biét d6 1a NasV,
mac di 5 nguyén tir Na déu c6 gia tri moment tir
am nhung nhom van ¢ mat do spin thé hién toan
mau xanh duong, nguyén nhan nhu vay do dac
diém cau trGc cua nhoém nguyén tir 1a cau tric
phang (Dsn), ca 5 nguyén tir Na nam trén ciing mat
phing véi nguyén tir V, diéu nay ciing tuong tu
nhu dbi véi nhém nguyén tir khac nhu NagV,
Na;V,... khi nhém nguyén tir c6 cau truc phang.

Sw twong dong vé dic diém tir tinh ciia mdt s6 nhém nguyén tir va kim loai hoiic ion kim loai

chuyén tiép

Bang 4. Su twong ddng vé cu hinh dién tir cia cac nhom nguyén tir va cac kim loai hoic ion kim

loai chuyén tiép

A1 Ao Kim |Oai hOé.C A1 Ao
NaxV Cau hinh dién tir ion kim loai Cau hinh dién tir
NagV 18%1P°1D? Mn2* 1s22s?2p®3s?3p°©3d°
NagV 18%1P°1D% 28} Cr 1522s%2p°3s%3p°3d° 4st
NaoV 1S%1P°1D° 28° Mn 1522s22p°3s23p°3d° 452
NawsV/ 1S?1P°1D°1D cu?* 15° 25 2p°3*3p°3d’
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Hinh 4. Hinh dang v& mat do spin gitta nhom nguyén tir NaxV (x=8, 9, 10, 12) va cac kim loai hoic ion kim loai

chuyén tiép theo phwong phap TPSSTPSS/DGDZVP

Tir hinh dang v& mat do spin caa cac nhom
nguyén tir cho thay cadc nhom nguyén tir c6 su
tuong dong vé trang thai moment tir voi céc
nguyén tir hoac ion cua kim loai chuyén tiép c6
cting cau hinh dién tir. Két qua nghién ciu mo ra
huéng thay thé cac kim loai chuyén tiép trong cac
vt liéu tir bang cac nhom nguyén tir khac.

KET LUAN

Mot nhém nguyén tir ¢ thé cd nhiéu dang
cau tric khac nhau, trong sb cac cau tric ay thi cau
tric ¢6 nang luong tong cong cang am thi cang
bén. Cac nhém nguyén tir bén hon thuong c6 cau
trdc nho gon hon, véi nguyén t V duoc bao boc
xung quanh bai cac nguyén tir Na. Trang thai an
dinh cia cac nhém nguyén tir khac nhau c6 thé
dugc xac dinh thdng qué gia tri nang luong lién
két trung binh, sai biét nang lwong bac 2, hiéu ning
lvong HOMO-LUMO va néng luong tach.

Céc két qua nghién cttu nhom NayV(x=1-12)
cho thay NagV la nhém nguyén tir ¢ trang théi an
dinh cao nhat. Didu nay kha phd hop véi mét sé
cong trinh nghién ctru trude day vé nhém nguyén
tir cua CsgV [8] hoac CagFe [9]. Nném nguyén tur
€6 8 nguyén tir co ban bao xung quanh mét nguyén
tir kim loai chuyén tiép thuong c6 trang théi an

dinh hon so véi cac nhém nguyén tir con lai. Cac
gi& tri moment tir cia Nay rat nho va gan nhu bang
khong do d6 anh huong khéng nhiéu dén moment
téng cua NayV. Piém dac biét 1a nhém nguyén tir
NagV co cac dic diém tir tinh gan giéng voi
nguyén tir V tinh khiét. Cac nhém nguyén tir va
cac kim loai hozc ion kim loai chuyén tiép c6 ciing
cau hinh dién tir hoa tri thi c6 hinh dang mat do
spin gan gidng véi nhau va gia tri moment tir thi
bang nhau, diéu ndy mé ra hudng nghién ciru thay
thé céc vat liéu tir tinh tir cac kim loai chuyén tiép
bang cac nhém nguyén tir. Phuong phap tinh toan
ly thuyét DFT c6 thé xac dinh dwoc cac gia tri
moment tir caa tirng orbital co trong nhém nguyén
tir va cua ca nhoém nguyén ti. Qué trinh téng hop
cac nhom nguyén tir thuong khong dé dang, vi
vay viéc nghién cau ly thuyét cac nhém nguyeén tir
bang c4c tinh todn mé phong sé& rat hitu ich, nho
d6 co thé co dugce cac thong tin dan duong, dinh
huéng cho cac nghién ciru thuce nghiém tiép theo.
Loi cdm on: Nh6m tac gid xin giri [oi cam on dén
Quy Thay/Cé ciia phong thi nghiém Héa tin, Khoa
Hoa, Truong Dai hoc Khoa hoc Ty nhién, PHQG-
HCM d& tao diéu kién thudn loi dé ching t6i tién
hanh cac thi nghiém.
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ABSTRACT

Superatoms, novel entities have been
studied extensively in recent years, can be
stabilized by mixing with transition metal
atoms for forming atomic clusters. The aim of
this contribution is to present some recent
theoretical results on the application of
guantum calculations for examining the
structures and magnetic properties of the
atomic clusters NayV (x=1-12) made from the
mixing of Nax superatoms with vanadium, a
transition metal atom. Optimized structures
of NaxV (x=1-12) are determined by using the

TPSSTPSS/DGDZVP DFT calculations.
Characteristics of optimized structures, as
structural parameters, values of the magnetic
moment on the atomic orbitals are
determined. The obtained results point out
that: (1) the NagV cluster is the most stable in
NaxV (x=1-12) atomic clusters and (2) the
value of themagnetic moment of NasV cluster
is mainly influenced by the orbital magnetic
momentof the atom V and this is an
interesting difference from other remaining
NaxV(x#8) clusters.

Key word:Clusters, DGDZVP (Density Gauss Double-{valence plus polarization). TPSS
(Tao-Perdew-Staroverov-Scuseria). DFT (Density Functional Theory). Magnetic moment.
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