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TOM TAT

Siéu nguyén t&, dbi tvong méi dang
dwoc nghién ctru rdng réi trong nhiing nam
gén day, co thé tré nén an dinh hon khi t6
hop véi céc nguyén tir kim loai chuyén tiép.
Muc dich cda cbng trinh nay la trinh bay mét
sé két qud nghién cuu ly thuyét méi trong
viéc ung dung céac tinh toan luwong tor dé
khdo sat cac nhém nguyén tr Na,V (x= 1-
12) duoc tao thanh tir sw té hop siéu nguyén
ttr Na, v&i nguyén tir kim loai chuyén tiép
vanadium, V. C4u tric téi wu cda cac nhom
nguyén td trung hoa Na,V, cation Na,V' va
anion Na,V" da duoc xac dinh bang cach st

dung céc tinh toan TPSSTPSS / DZVP DFT.
Céc déc trung cda cu trac téi wu, nhw nhém
diém déi xumg, do ctng hoéa hoc (), d6 am
dién tuyét déi (x), chi sé electrophil (w), ndng
lwong tach (E;), ndng leong bac hai (AZE),...
da duoc xac dinh. Cac két qua thu duoc chi
ra rang trong sé cac cau tric khac nhau cda
mét nhém nguyén td, ndng lwong téng céng
clia cdu tric cang am thi cdu trdc cang an
dinh va nhém nguyén t NagV & én dinh
nhét trong cAc nhom nguyén tr NaV (x = 1-
12).

Tee khéa: Siéu nguyén tr, nhom nguyén tr, DZVP (céng hoéa tri phan cuc déi zeta). TPSS
(Tao-Perdew-Staroverov-Scuseria), DFT (ly thuyét phiém ham mét do), IP (thé ion hoa), EA
(éi luc dién td), n (d6 cting héa hoc), x (46 &m dién tuyét dbi), w (chi sé than dién ti), E; (ndng

lwong tach), AE (néng lwong béc hai).

GIOI THIEU

Mot sé két qua nghién cau ly thuyét va thuc
nghiém duoc cong bd gan day cho thiy ring cac
siéu nguyén tir c6 thé tro nén an dinh khi dugc
két hop vai nguyén tir kim loai chuyén tiép [1].

Trong bai bdo nay, céac tinh toan theo ly
thuyét phiém ham mat do (DFT, Density
Functional Theory) duoc &p dung dé khao sat ciu
trdc va tinh chét dién ti, tinh an dinh cua mot sé
nhém nguyén tir Na,V (x=1-12).

VAT LIEU VA PHUONG PHAP

Céc cau trac ban dau khac nhau c6 thé c6 cua
nhom nguyén tir NaxV (x=1-12) dugc xay dung
bang phan mém Gaussview 5,08. T nhitng cau
trac don gian s€ thém hodc giam bt nguyén ti
Na dé thu dugc cau tric khac (theo chiéu miii tén
& Hinh 1). Viéc téi wu hoa va tinh tan sé cac ciu
trac dwoc thuc hién véi phan mém Gaussian 09,
Revision A.02 theo cach tinh TPSSTPSS / DZVP
DFT cho nhém nguyén ti trung hoa Na,V, cation
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(+1) Na,V* va anion (-1) Na,V". Céc két qua tinh
toan dwoc hién thi bang phan mém Gaussview
5.08. Tir két qua tinh duoc, tién hanh xac dinh
cac didc trung ctia cac cAu trdc toi wu, nhu nhom
diém ddi xung, ai lyc dién tir (EA), thé ion hoa
(IP), @6 cung hda hoc (1), do am dién tuyét doi
(%), chi s6 than dién tir (o), nang lugng tach (Ex)
mot nguyén tr Na ra khoi nhém nguyén tir Na,V,
ning lugng bac hai (A’E) va niang luong tuong
quan (AE) gitra céc cAu tric khéac nhau cua cling
nhom nguyén tir.

KET QUA VA THAO LUAN
Céu tric toi wu ciia nhém nguyén tir Na,V va
cac dac trung co lién quan

Cau trdc t6i wu ctia nhém nguyén tir Na,V
duoc mé ta trong Hinh 1.

Céc tinh toan gia tri do cing hoa hoc (n), do
am dién tuyét ddi (y), chi sé electrophil (©), ning
luong tach (Ej) cua cau tric bén nhit, co ning
luong téng cong (Eww) Am nhét trong cing mot
nhém nguyén tie. Cac gia tri nay dugc tinh véi
céc chi tiét sau day [4-7]:

Etotar (N&) = -162,26035 (hartree);
EA = E(NaV) — E(Na, V') (eV);
n= (P -EA)/2 (eV);

Etotar (V) =-943,78672 (hartree);
IP = E(Na,V*") — E(NaV) (eV);
x=(IP +EA)/2 (eV);

E: = E(Na,1V) + E(Na) — E(Na,V) (eV);

® =1/(2n) (V);

A?E(NayV) = E(NaV) + E(NagV) — 2E(Na,V) (eV).

Qué trinh tinh toan t6i wu hoa theo phuong
phap TPSSTPSS / DZVP dbi véi cac nhom
nguyén tu
NagV-1V, Nay V-1, Nay V-1V va Nap,V-V thi
thanh cong, nhung tinh toan theo tan sb thi chua

thuc hién dugc nén chua xac dinh dwoc nang
luong tuong quan.

Bang 1 liét k& nhom diém d6i xing va niang
lwong tong c6ng Em cua Na,V, Na,N*, Na, V.

Bang 1. Nhom diém ddi xiing va nang lugng tong cong (Eqewm, €V) cia NaV, NaN*¥, Na,V (x = 1-12)

. , « R Etotal
Nhém Na,V | Nhém diém Na,V Na,\ Na V"
NaV Cov -1106,079 | -1106,098 | -1105,842
Na,V Cov -1268,367 | -1268,390 | -1268,208
NasV Cayv -1430,661 | -1430,685 | -1430,509
Na,V Cov -1592,953 | -1592,983 | -1592,802
NasV Dsp, -1755,255 | -1755,283 | -1755,095
NagV Csy -1917,562 | -1917,593 | -1917,410
Na;V Cs -2079,860 | -2079,894 | -2079,710
NagV Dag -2242,174 | -2242,199 | -2242,027
NagV Cu -2404,469 | -2404,489 | -2404,347
Na;oV Cov -2566,762 | -2566,786 | -2566,634
Na;,V Cs -2729,054 | -2729,086 | -2728,918
Na,V G -2891,351 | -2891,393 | -2891,216
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Bang 2. Ai luc dién tir (EA, eV), thé ion hoa (IP, eV), d6 cimg hoa hoc (1, eV), 6 am dién tuyét ddi (y,
eV), chi sb than dién tar (o, eV), nang luong tach (E¢, eV) va ning lugng bac hai (AZE, eV) cua cac nhom
nguyén tir Na,V (x=1-12)

Nhom Na,V EA IP n X © = A’E
NaV 0501 | 6,468 | 2,984 | 3485 | 2,035 | 0,882 :
NayV/ 0,621 | 4327 | 1,853 | 2,474 | 1,651 | 0,748 | O1%°
NagV/ 0,649 | 4144 | 1,747 | 2,307 | 1644 | 0903 | 90?7
NagV 0,829 | 4,026 | 1,598 | 2,428 | 1,844 | 0862 | 2%
NasV/ 0,757 | 4363 | 1,803 | 2,560 | 1,817 | 1,141 | “0140
NagV 0,850 | 4132 | 1,641 | 2,401 | 1,801 | 1,067 | 9?¥
Na;V 0,915 | 4,048 | 1,567 | 2,481 | 1,965 | 1,023 | 043
NagV/ 0,601 | 3995 | 1,652 | 2,343 | 1,662 | 1,458 | 2498
NagV/ 0,527 | 3330 | 1402 | 1,929 | 1,327 | o960 | %09
NagoV 0,654 | 3483 | 1414 | 2,068 | 1,512 | 0868 | *010
Nag,V 0,950 | 3,609 | 1,375 | 2,325 | 1,966 | 0,857 | 0%
NagV 1145 | 3671 | 1,263 | 2,408 | 2,295 | 1,002 !
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Hinh 1. Ciu trac ciia cac nhom nguyén tir NaV (x=1-12), nhom diém va ning lugng twong quan (AE, V).
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S6 nguyén tir Na

Hinh 2. Sy bién thién cua do cimg hoa hoc, d6 am dién tuygt doi va chi s6 than dién tir cia
c&c nhom nguyén tir Na,V (x=1-12) theo s6 nguyén tir Na.

Nh6ém nguyén tir cang bén viing néu do cing  cac diéu kién trén nén c6 trang thai an dinh hon
(n) cang Ién, chi sé than dién tr (w) cang nho, cac nhom nguyén tir con lai, c6 cac orbital duoc
nang luong tach (Ef) cang 16n va nang luong bac trinh bay trong Hinh 5.
hai (A’E) cang 16n [4-7]. Tir @b thi Hinh 3 va
Hinh 4 cho thdy nhém nguyén tor NagV hoi du
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Hinh 3. Su bién thién ning luong tich ctia c&c nhom nguyén tir Na,V (x=1-12) theo sb nguyén tir Na.
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Hinh 4. Su bién thién ning luong bac hai cta cAc nhom nguyén tir Na,V (x=1-12) theo sb nguyén tir Na.
Céu triic dién tir ciia cAc nhém nguyén tir

Tur két qua thu duogc xac dinh ciu hinh dién tir ciia cac nhém nguyén tu.

Bang 3. Cau tric dién tir ciia cic nhom nguyén tir NaV (x=1 - 12)

Nhém Na,V | P bdi spin | Cau tric dién tiv | Nnom Na,V | Dd bdi spin | Cau tric dién tir
NaV 5 1s*1D! Na,V 5 1S*1P°1D!
Na,V 6 181D’ NagV 6 1$°1P°1D’
NazV 7 1$*1P'1D’ NagV 7 1S°1P°1D? 2S;,
Na,V 6 1S*1P1P,1D] NayoV 6 1S°1P°1D’ 25°
NasV 5 1S*1P?1P 1D} Nay,V 5 1S1P°1D31D? 2S,,
NagV 6 1§°1P1P;1D? Nay,V 2 18*1P°1D] 1D},

Hinh dang cac orbital cia nhém nguyén tir

NagV . A 4o P N AL

ds nhom nguyén tir NagV c6 tong cong 13 dién tur

Nguyén tr V c6 5 dién tir hoa tri va 8 héa tri, cau tric dién tor cua nhém nguyén tir
nguyén tir Na co tong cong 8 dién tir hoa tri nén NagV Ia: 1S*1P°1D°
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1S°1P°1D’

6 L
Hinh 5. Hinh dang céc orbital ciia nhém nguyén tir

Tu cac két qua trong Bang 2 va cac do thi
trong cac Hinh 2-4, c6 thé nhan thiy rang nhom
nguyén tr NaV c6 do cung héa hoc cao nhit
(2,984 eV) nhung chi s6 than dién tir ciing rat cao
(2,035 eV) con nang luong tach nguyén tir Na ra
khoi nhom nguyén tir thi qué thap (0,882 eV) nén
tinh 6n dinh cia NaV s& khong cao. NagV (Dsq)
Ia nhém nguyén tir bén nhit voi ning luong tach
cao nhit (1,458 eV), ning luong bac hai cao nhit
(0,498 eV), do cing hda hoc kha cao (1,652 eV)
va chi sb than dién tir kha thap (1,662 eV).

Nhém nguyén tir NagV co do bén dic bist
hon so v&i c&c nhém nguyén tir con lai do ¢6 cau
tric dién tir bdo hoa & phéan 16p 1S, 1P va ban béo
hoa & phan 16p 1D (ciu tric cac nhém nguyén tu
thugc Bang 3).

KET LUAN

Mot nhém nguyén tir c6 thé cd nhiéu dang
céu tric khac nhau, trong sb cac céu trac dé thi
céu tric co nang lugng tong cong cang am thi
cang bén. Cac nhém nguyén tir c6 ciu tao céc
nguyén tr Na bao xung quanh nguyén ta V,

Na8V
T T T

6 | — Alpha DOS spectrum

—— Beta DOS spectrum U)

— Total DOS spectrum (scaled by 0.5) O

~—— Alpha Occupied orbitals
5t —  Alpha Virtual orbitals ()

Beta Occupied Orbitals

— Beta Virtual Orbitals
a4l
3L
2+
| A A
-6 -5 -4 -3 -2 -1
Hinh 6. Mat d6 trang thai tong (DOS) ctia nhém

nguyén tir NagV

nhém nguyén tir ¢6 cau tric phang thuong kém
bén hon cic nhom nguyén tir con lai.

Trang théi 6n dinh cua cac nhdm nguyeén tir
khac nhau c6 thé duoc xac dinh thong qua gia tri
d6 cing hda hoc, chi sé than dién tir, nang luong
tach (nang lwong can thiét dé tach mot nguyén ti
ra khoi nhém nguyén tir) va nang lugng bac hai.

Céc két qua nghién ciru nhom Na,V (x=1-12)
cho thiy NagV 1a nhém nguyén tir ¢ trang thai an
dinh cao nhit. Biéu nay kha phu hop véi mot sb
cong trinh nghién ctru trude day vé nhém nguyén
tor cia CsgV [8] hodc CagFe [9], trong do 8
nguyén tir co ban bao xung quanh nguyén tir kim
loai chuyén tiép tao thanh cau trdc bén, con sé 8
thuoc ddy sb ky diéu ma nha nit vat ly hoc Maria
Goeppert-Mayer phat hién trong nghién cau vé
vat ly nguyén ta [10].

Qud trinh tdng hop cac nhém nguyén tir
thuong khong dé dang, vi vay viéc nghién cau ly
thuyét cac nhém nguyén tir bang cac tinh toan mo
phong phan tir s& rat hitu ich, nho d6 c6 thé cé
duoc cac thong tin dan duong, dinh huéng cho
cac nghién cau thyc nghiém tiép theo.
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ABSTRACT

Superatoms, novel entities being studied
extensively in recent years, can be stabilized
by mixing with transition metal atoms. The
aim of this paper is to present some recent
theoretical results on the application of
guantum calculations for examining the
atomic clusters Na,V (x=1-12) made from the
mixing of Nay, superatoms with vanadium
transition metal atom. Optimized structures
of NayV, Na,V" and NaV are determined by
using the TPSSTPSS / DZVP DFT

Na,V (x=1-12) atomic

calculations. Characteristics of optimized
structures, as point group symmetry,
chemical hardness (n) absolute

electronegativity (x), electrophilicity index
(w), fragmentation energy (E;), secondary
energy (A°E), are calculated. The obtained
results point out that among different
structures of an atomic cluster, the more
negative total energy the more stable
structure and the NagV cluster is the most
stable in Na,V (x=1-12) clusters.

Key words: Superatoms, Atomic clusters, DZVP (Double-{ valence plus polarization), TPSS
(Tao-Perdew-Staroverov-Scuseria), DFT (Density Functional Theory), IP (lonization Potential).
EA (Electron Affinity), n (chemical hardness), x (absolute electronegativity), w (electrophilicity
index), E; (fragmentation energy), AE (secondary energy).
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