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Abstract: Geometries associated energy gap and electronic properties of adenine, DNA base
interaction on the ZnO model cluster have been investigated by using density functional theory with
the B3LYP exchange-correlation potential and effective core potential (ECP) LanL2DZ basis sets.
The most stable interaction characteristics were analysed with respect to the binding energy, frontier
orbital, elemental positions. Natural population analysis charge is also examined to understand the
associated charge transfer in structures of cluster and complex. In the Zn-N bonding, combination
coefficient from atom orbitals of nitrogen is much higher than that of zinc. The corresponding
weight for this coefficient is 94.80%. The results of this study can serve as an orientation for the
design of composite material in biomedical nanotechnology.
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Nghién ctru sy twong tac adenine voi cluster Zn2O12 bang
phuong phap phi€ém ham mat do
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Tom tat: Cau trdc hinh hoc, khoang cach ning lwgng HOMO-LUMO va tinh chit electron cua
adenine, mot loai base DNA, twong tac v6i ZnO cluster dugc nghién ciru bang phuwong phép phiém
ham mat d¢ sir dung phiém ham trao d6i - twong quan B3LYP két hop vai bo co sa thé 16i hidu dung
LanL2DZ. C4c tinh chat ddc trung ciia Su tuong tac trong cau tric bén nhat dugc nghién ctu thong
qua vi tri, nang luong lién két, orbital phan tir bién. Phan bd dién tich NPA ciing dugc str dung dé
tim hiéu qué trinh chuyén dich dién tich trén cluster va phuc tao thanh. Trong lién két Zn-N, hé sé
t6 hop tir cac orbital nguyén tir caa Nitrogen (N) 16n hon nhiéu so véi caa Zinc (Zn). Trong sé tuong
ng véi hé s6 nay 1a 94,8%. Két qua cua nghién ctru gop phan dinh huéng cho céc nghién ciu thiét

ké vat lieu té hop trong cong nghé nano y sinh.

Tir khoa: B3LYP/LanL2DZ, ning lugng lién két, ZnO clustes, cau tric cluster.

1. Mé dau

ZnO la hop chat quan trong nhat cua Zn,
duoc biét dén trudc ca kim loai Zn vi né 1a san
pham phu cia qua trinh san xuét dong thau tur
thoi tién si. Gan day, cac hat nano ZnO nhan
dugc su quan tdm I6n caa cac nha nghién ciru do
cac (ing dung tiém ning ctia chung trong linh vuc
dién tir, khoa hoc vat liéu va y hoc. ZnO duoc sir
dung trén quy mé Ién cho nhiéu wng dung bao
gom pin, dwoc pham, myc in, xa phong, cao su
va cac san pham nhwa, my pham, v.v. Trong
nhiéu thap Ky qua, ZnO ciing di dugc nghién ciru
qua cac ng dung vé cam bién khi, bong dén,
thiét bi phét tia UV, thiét bi dién tir va cac bo
chuyén d6i dién 4p [1,2].

Céc cau tric dang vong ¢ trang thai co ban
cua cac cluster (ZnO), trong d6 n =2—7 da dugc
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tim thay trong nghién ciu ciia Matxain, Fowler
va Ugalde [3]. Vi n =8 va 9, cau tric hinh cau
ba chiéu da duoc phat hién.

Trong mét nghién caru khac, Xin Lu va cong
su cling da xac dinh dugc nang lugng gén ding
RHF (restricted Hartree - Fock) cho céc cluster
(ZnO), trong d6n =3, 4, 5, 6, 10 va 13 [4]. Bang
cach sir dung phuong phap HF va da cau hinh
MC-CEPA (multiconfiguration - coupled
electrons approximation) két hop véi bo ham co
so TZ2P, Staemmler va cong su da thanh cong
trong viéc xac dinh nang luong hip phu cia CO
trén bé mat cua ZnO [5].

CAc hat nano ZnO co thé tiéu diét té bao ung
thu va kich hoat té bao T & nguoi. Diéu nay mo
ra nhiing tiém nang ung dung tri liéu sinh hoc
cho vat liéu nay. Cac cau triic nano vo co (day
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nano, dng nano, soi nano va chiam luong tu)
tuong tac vai cac phén tir sinh hoc (adenine,
guanine, cytosine, thymine va uracil) dé tao ra
cac vat liéu lai méi trong twong lai. Su két hop
cua ZnO véi cac phan ti sinh hoc 1a chu @& dac
biét hap dan cho cac nghién cau ké tir khi né mo
ra co hdi cho cac ung dung cdng nghé sinh hoc
va cdng nghé nano méi [6]. Su twong tac hap phu
cua DNA base guanine trén cluster kich thuoc
nho (ZnO), véin = 2, 3, 4 da ting dugc nghién
ctru bang ca ly thuyét va thuc nghiém. Sir dung
mac tinh B3LYP/LanL2DZ, nhém tac gia
Chandraboss V. L. di xdy dung dugc cau tric
hinh hoc ciaa md hinh céc cluster ZnO trong su
hip phu vat ly véi guanine [7]. Trong cac ciu
tric ndy, ZnO wu tién lién két voi nguyén tir
nitrogen vi tri vong c6 cap electron khéng lién
két hon so v&i Cac nguyén tir nitrogen & vi tri
khéc cua cac base DNA [6,7].

Theo tim hiéu cuia ching t6i, sy twong tac ctia
DNA base adenine trén (ZnO);, chua tirng duoc
khao sat. Trong bai bao nay, ching tdi s& trinh
bay két qua nghién cau hinh hoc, tinh chat
electron cua cac cau trac hinh thanh tir sy tuong
tdc cua adenine véi ZnO théng qua md hinh
cluster Zny,01, bang phuong phap phiém ham
mat do.

2. Phuong phap nghién ciru

Trong nhiéu nam tré lai déy, ly thuyét phiém
ham mat d6 (DFT) duoc str dung nhiéu trong tinh
toan lugng tir nham du doan ciu trac, do bén va
tinh chét electron cua cac clusters oxide kim loai
ZnO. Mét trong nhitng phiém ham duoc sir dung
nhiéu dbi véi phuong phap DFT trong cac
nghién ctru nay do l1a phiém ham 3 théng sé
B3LYP [7-10]. Khi két hop phiém ham nay voéi
bo ham co so thé 16i hiéu dung LanL2DZ [11-
13] trong tinh toan cau trlc cé4c cluster (ZnO), da
t6 ra dat duoc két qua tét [7, 8]. Do do, tat ca cac
qué trinh thuc hién ti wu hinh hoc, tinh tan sé
dao dong va niang luong ciia cac cau trlc trong
nghién cau nay sir dung mic B3LYP/LanL2DZ
cho cac phép tinh toan thdng qua phan mém
Gaussian 09 [14]. Két qua tinh mat d¢ trang thai

DOS (Density of State) nhan dugc tir chuong
trinh GaussSum [15].

Ning luong lién két (Ep) dugc tinh theo
phuong trinh:

Eb = Eadenine + EZn.01 - Ephl.'IC

Trong d6, E 1a ning luong tong cua ning
lugng diém don va ning lugng diém khong cua
md&i cau trdc.

Hinh 1. C4u trdc hinh hoc cua cluster Zn120x,
adenine, do dai lién két (A).

3. Két qua thao luin
3.1. C4u trac hinh hoc

Cau tric hinh hoc cua cluster Zni2Osa,
adenine va ky hiéu danh sb cac nguyén tir H, N
dugc thé hién trén hinh 1. Cluster Zn:,012 ¢6 cu
trdc 16ng thuée nhom diém dbi xang Dan, ddy co
thé xem 14 t6 hop cua 8 vong (Zn0)s va 6 vong
(Zn0),, twong tng vai 8 hinh luc giac (hexagon)
va 6 hinh vudng (square). Cau tric tim thay
tuong dong voi két qua nghién ctiu caa Jon M.
Matxain va cong su [16]. Do dai lién két Zn-O
lan luot 12 1,985 A va 1,911A va 1,910 A. Diéu
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nay ciing phu hop véi cac két qua nghién cau
trudc day tuong tng 12 1,98A va 1,91 A [17-19].

Trong phan ti adenine, cac nguyén tir N déu
mang dién tich &m, thuan lgi cho su hinh thanh
lien két véi nguyén tir Zn trén cluster. Trong do,
Zn dong vai tro la electrophile (electron-
acceptor), con N dong vai tro la nucleophile
(electron - donor). bién tich ty nhién (Natural
charge) cua cac nguyén tir N nay thay doi tir -
0,818 tai N3 dén -0,533 & Ns (Bang 1).

Bang 1. Phan bd dién tich ty nhién NPA trén nguyén
tu cua adeninne, Zn;,012 va Al

Nguyén ti Adenine/Zni201, Al
N1 -0,533 -0,094
N2 -0,612 -0,421
N3 -0,576 -0,328
N4 -0,597 -0,057
Ns -0.818 -0,611
H> 0,446 0,451
Zn 1,411 1,020
0 -1,411 -1,044

Su tuong tac cua cua DNA base adenine trén
(ZnO)12 cluster c6 thé tao ra 6 dong phan. Céac
ddng phan nay duogc sinh ra tiy theo céc vj tri
tuong tac khac nhau cua nguyén tir N1, N3 va Na
trong adenine va&i vi tri nguyén tir Zn trong
cluster. Ching tdi khong tim thiy su tuong tac
tai cac vi tri N2 va Ns, mac du cac nguyén tir nay
c6 dién tich rat am. Diéu nay cd thé giai thich la
do céc nguyén tir N nay con c6 cac lién két N-H

hudng ra phia ngoai vong da can tré su lién két
cuia cac nguyén tir N nay véi Zn. Tat ca 6 dong
phan nay déu c6 lién két hydrogen H-O, duoc
dat tén tir A1+A6 theo chiéu ting dan cla ning
luong tuong quan cua mdi cau tric. CAu tric
hinh hoc, nang lugng twong quan tinh theo
electron-Von ing véi dong phan ¢ niang luong
tong thap nhat cung tinh chat nhém diém ddi
Xung cua cac ddng phan tir A1+A6 duoc thé hién
6 Hinh 2.

A4 (0,153eV),C1  A5(0,161eV),C1 A6 (0,164eV), Cs

Hinh 2. C4u tric bén cua 6 ddng phan A1+A6.

Bang 2. Do dai lién két, nang luong tong, ning lwong lién két, nang lugng tuong quan,
nang lugng HOMO, LUMO va khoang cach nang lugng HOMO-LUMO cua céc cau trdc

Chutrie | 2N dho Ning luong tong Ep Eei | HOMO | LUMO | Eq
A &) (a.u) (kd/mol) | (eV) (eV) (eV) (eV)
Zn1201, -1690,64019 6,828 | -2,793 | 4,035
Adenine -467,113770 -6,326 -1,071 | 5,255
Al 2,098 | 1,506 -2157,817005 165,5 0 6,564 | -2,604 | 3,960
A2 2,101 | 1521 -2157,816523 164,3 | 0,013 | -6,538 | -2,613 | 3,925
A3 2,106 | 1,604 -2157,811408 150,8 | 0,152 | -6,432 | -2,504 | 3,928
A4 2,101 | 1,613 -2157,811383 150,8 | 0,153 | -6,467 | -2,497 | 3,970
A5 2,092 | 1,643 -2157,811106 150,0 | 0,161 | -6,443 | -2,593 | 3,850
A6 2,099 | 1,636 -2157,810985 149,7 | 0,164 | -6,428 | -2,603 | 3,825
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3.2. Phan h¢ di¢n tich va tinh chdt electron

Sau khi hinh thanh phirc Al, dién tich tu
nhién trén cac nguyén tir N déu ting 1én so voi
ban ddu ¢ adenine (Bang 1), dién tich trén
nguyén tir Zn (lién két véi N) lai giam manh
chirng té6 mat d6 electron trén cac nguyén taer N
giam va nguoc lai mat do electron trén Zn tang
Ién. Trong cluster Zn;,012, tt ca cac nguyén tur
Zn déu c6 cau hinh electron giéng nhau Ia
[core]4s%283d%%84p%3, Trong Al, nguyén tir Zn
(lién két voi N) ldc nay c6 cau hinh electron
[core]4S°2313d%%84p23°, Nhu vay, mat do electron
& cac orbital 4s tang, con ¢ 4p giam nhe.

Két qua phan tich NBO (Natural Bond
Orbital) cho thay, lién két Zn-N ¢ A1 dugc hinh
thanh tir su t6 hop cac orbital nguyén tir theo ty
16 0,2281 Zn(sp?#d®%2) + 0,9736 N(sp278). Hé sd
t6 hop 0,9736 tir N 13 16n hon nhiéu so véi tir Zn,
trong s6 dong gop vao lién két trong Gmg voi hé
s6 nay 1a 94,80%, chung to trong lién két nay
electron tham gia vao su hinh thanh lién két chu
yéu dén tir nguyén tir N.

35 —— DOS spectrum
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Bang 2 dua ra cac két qua vé ning luong
HOMO, LUMO, khoang cach nang luong
HOMO-LUMO (Eg). Hinh 3 trinh bay cac két
qua vé mat do trang thai trong Zn;2012 va Al. Sy
tuong tac voi adenine di 1am ting dong thoi ning
lugng HOMO va LUMO so vaéi cluster Zn12012
ban dau. Cu thé, trong Zni0iz, ning luong
HOMO 12-6,828 eV, va LUMO 12-2,793 eV déu
nho hon so ctia Al twong tng la -6,564 eV va -
2,604 eV. Gia tri Eq cua adenine va cluster
Zn1201, déu 16n hon cua cac dong phan nén vé
mit hoa hoc c6 thé nhan dinh cac dong phan nay
kém bén hon adenine va cluster Zni;01,. Gia tri
Eq cua cluster Zn12012 da giam nhe tir 4,035 eV
xudng con 3,960 eV & Al. Cac dong phan con
lai, trir A4, déu c6 E4 16n hon so véi Al, diéu nay
g6p phan cang ¢ nhan dinh chidng kém bén hon
so voi Al. Hinh anh HOMO va LUMO cua Al
trén Hinh 3 cho thay, khac véi HOMO, trong su
hinh thanh LUMO, sy dong gop cua adenine la
rat it, phép tinh cho thay chi duy nhat orbital 3s
ctia nguyén tir N (lién két vai nguyén tir Zn) tham
gia vao qua trinh nay véi hé sé 1a -0,06.

DOS/electron/eV

E, = 3.960 e\/

=5.0

11 1 Wil B0
-17.5 =150 -125 -10.0
Energy (eV)

-7.5

-2.5 0.0

Hinh 3. D4 thi mat d6 trang thai ciia Zn12012 (1) va Zn12012-adenine Al (11).

4. Két luan

CAu trdc hinh hoc, d6 bén, tinh chét electron
ctia c4c cau trac hinh thanh trong sy twong tac
cua adenine voi cluster Zn1;012 da dugc nghién
ctu khao sat tai muc ly thuyét B3LYP/LanL2DZ.

Hinh hoc céu tric cluster Zn;201, thuoc nhém
diém d6i xang Dz Khoang cach ning luong
HOMO-LUMO cua cluster Zn;,01, va phuc bén
nhét tao thanh cé gi4 tri lan luot 14 4,035 eV va
3,960 eV. Sy twong tic khong lam thay déi nhiéu
dén khoang cach nang luong HOMO-LUMO. Sy
twong tac wu tién xay ra tai vi tri nguyén tir N
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nam trén vong 6 xa nhdm amino —NH; nhit cua
phén tir adenine, va tai cac nguyén tir Zn va O
nam ddng thoi trén ca hai mit (ZnO)s va (Zn0),
cua cluster Zn1,01,.
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