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NGHIEN CUU CAU TRUC VA MOQT SO TiNH CHAT CUA CAC
CLUSTER KIM LOAI NHOM BANG PHUONG PHAP PHIEM HAM
MAT PO

Lé Khic Phwong Chi', Vi Hitu Viét', Nguyén Thi Nga>
"Truong Dai hoc Tdy Bdc, ? Truong Dai hoc Su pham Ha Noi

Tém tit: Cau triic va tinh cht ciia mét s6 clusters Al (n=2+6) duoc ching toi nghién ciru bang phicong phdp

phiém ham mdt @6 (DFT) B3LYP véi bo ham co s¢ Aug-cc-pvtz. Tir d6, ching t6i d xdc dinh cdc cau tric bén

nhat véi g boi spin khdc nhau va mét sé tinh chat nhi nang heong lién két, nang lwong lién két trung binh, mirc

chénh léch nang lwong LUMO-HOMO. Mot 56 két qua nghién ciru da dwoc so sanh voi 56 lieu thuc nghiém cho

théy sw phit hop tot.

Tir khéa: Cluster nhém, phirong phdp phiém ham mat dp (DFT), mirc chénh léch nang hrong LUMO- HOMO.

PAT VAN DE

Hoa hoc lugng tur 1a mot nganh khoa hoc ung
dung co hoc lugng tir dé giai quyét cac van dé
cua hoa hoc. Pac biét n6 cho phép nghién cuu
li thuyét vé cdu trac phan tir va kha nang phan
mg, du doan cac thong sd cua phan tng thi
nghiém,... Ap dung cac phuong phap va phan
mém tinh toan dé chi ra cac thong sé ciu truc,
loai nang luong, co ché phan Gmg, thong s6 nhiét
dong hoc, cac phd hong ngoai, phd khéi. ...

Trong nhiing ndm gan déy, cong nghé nano di
tao nhitng budc dot pha trong linh vuc vat li¢u,
dién tir, cong nghé thong tin, y hoc.... Nganh
Hoéa hoc vat liéu nano tré thanh mdi quan tam
nghién ctru ctia nhiéu nha khoa hoc trén ca Iy
thuyét va thuc nghiém. Kim loai nhom cling la
mot vat liéu dugc cac nha khoa hoc quan tam
nghién ctru va phat trién theo cong nghé nano.
Bang cach str dung phuong phap phiém ham mat

d6 ching t6i tién hanh nghiém ctru céu tric va
tinh chat ctia mot s6 cluster kim loai Al (n=2-6).
PHUONG PHAP NGHIEN CUU

Tét ca céac tinh toan duoc thuc hién bé“mg
phan mém Gaussian 0912 va cac phan mém hd
trg khac nhu GaussView, ChemCraft, Excel.

Mot s phuong phap DFT thudng duogc sir
dung dé xé4c dinh céu trac va tinh chét cua cluster
kim loai nhu: B3LYP, B3PW91, PB86, BLYP. T6i
uu hoa ciu trac dong théi tinh nang luong diém
don, nang luong diém khong va cac thong s6 nhiét
dong hoc cua cac phan tir theo phuong phap da
chon ¢ trén véi by ham co sé twong tmg Lanl2dz,
Aug-cc-pvdz, Aug-cc-pvtz, 6-311++G(d, p).

Két qua tinh toan cho cluster Al, dugc so
sanh voi sO liéu thuc nghiém tr d6 lya chon
phuong phap phu hop nhét di nghién ciru cdu
tric, tinh chat cua céc cluster Al . Tt céc tinh
toan trén ta thu dugc cac gia tri trong bang sau:

Phuong phép B6 ham d(A) S(i;)s)" flem™) Sai s (%)
Lanl2dz 2884 | 6,775 220,63 22,80
Aug-ce-pvdz 2,805 | 3,850 238,88 16,42
BLYP
Aug-cc-pvtz 2,790 3,295 241,37 15,55
6-311++G(d, p) 2,799 | 3,628 236,39 17,29
Lanl2dz 2867 | 6,146 231,93 18,85
ps6 Aug-cc-pvdz 2,779 | 2,888 253,27 11,38
Aug-cc-pviz 2,766 | 2,407 254,87 10,82
6-311++G(d, p) 2,773 | 2,666 250,64 12,30
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Lanl2dz 2,839 5,109 245,74 14,02
B3PWIl Aug-cc-pvdz 2,502 7,368 341,33 19,43
Aug-cc-pvtz 2,487 7,923 344,35 20,49
6-311++G(d, p) 2,758 2,110 257,95 9,74
Lanl2dz 2,855 5,702 234,82 17,84
Aug-cc-pvdz 2,771 2,592 256,21 10,35
B3LYP

Aug-cc-pvtz 2,744 1,592 265,07 7,25
6-311++G(d, p) 2,762 2,258 254,14 11,08

Thuc nghiém [ 2,701 285,8

Tir két qua ciia bang 1, chung ta co thé thay
rang cac gia tri vé d6 dai lién két, tin sé dao
dong cua cluster Al, duogc tinh bang phuong
phap va bo ham B3LYP/Aug-cc-pvtz cho két
qua phu hgp véi cac tinh toan va thyc nghi¢m
trude dayP. Cu thé do dai lién két Al-Al la
2,744 A va tan s6 dao dong 1a 265,07 cm™ dugc
tham chiéu véi thyc nghiém véi do dai lién két
Al-Al 14 2,701 A va tan s6 dao dong 1a 285,8
cm! cho sai s6 nho nhat. Tir d6 chang t6i lua
chon phuong phéap va bd ham B3LYP/Aug-cc-
pvtz cho céc cluster Al .

KET QUA NGHIEN CUU
CAu tric ciaa cac cluster Al

Déi véi cluster Al,, chang t61 thu dugc hai
cau trac. Trong do, hinh dang tam giac déu D,
(3a) c6 nang lugng di€ém don thap hon hinh
dang tam giac can C, (3b) 1a 59,738 kcal/mol.
Nén cau tric bén nhat 1a tam giac déu D, véi
trang thai spin doublet.

Trong truong hop cua Al,, cdu tric bén
nhét 1a hinh thoi C, (4a) v¢i trang thai spin

quintet. CAu truc C,, (4b) cb nang lugng cao
hon (4a) 1a 4,079 kcal/mol. Ngoai ra, mot
ddng phan tir dién C, (4c) co trang thai spin
quintet nhung lai ¢6 ning lugng twong d6i
cao (7,216 kcal/mol).

Vi cluster Al ta thu dugc ba cAu trac.
Trong d6, cau tric C,, (5a) phing véi trang
thai spin doublet 1a dong phan bén nhat. Mot
ciu tric C,, (5a) khac cao hon (5b) c6 trang
thai spin sextet 19,453 kcal/mol. Bén canh
do, nang lugng cua ludng chép D, véi trang
thai spin sextet (5¢) c6 nang lugng cao hon
19,829 kcal/mol.

Vi cluster Al, ta thu duoc hai clu trac.
Trong d6, ciu tric C, (6a) ¢ trang thai singlet la
dong phan bén nhat. Cau tric C, (6b) cao hon
(6a) co trang thai singlet 1,130 kcal/mol.

Trong cac dong phan thu dugc, ciu tric co
ning luong thip nhat va cé tinh dbi xtimg cao
dugc xac dinh 1a dang bén cua céc cluster Al
(céc cdu triic a trong hinh). Cac dang bén cta
cac Al tuong g déu c6 cau trac kha ddi xtmg.
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Bang 2. Cac cau tric dwgc toi wu hoa cia cac cluster Al

Al Céu trac ti uu héa cua cluster Al_
Al, b 2.758
Dooh
Al, (3a) (3b)
2541
- 2.547
: 2547
2541 724
D3h C2v
(4a) (4b) (4¢)
Zakt 2773
Al,
Al
Al
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Bang 3. Do bi spin, nhém diém doi xirng (PG), ning lwong diém don (SPE), niing luweng dao
dong diém khong (ZPE), ning hrgng tong (E) va ning lwong twong doi (AE) caa cac cluster

Al (2-6)
Al Dizfi PG SPE (a.u) ZPrEngf)cal/ E (a.u) AE (kcal/mol)
AL Triplet | D, -484,8291 0,369 -484,8285 0,000

o 2| Doublet | D, 727,2897 1,146 ~727,2879 0,000
" |b| Sextet | C, -727,1943 1,035 -727,1927 59,738

a| Quintet | C, -969,7389 1,551 -969,7365 0,000

AL o T Singlet C, -969,7328 1,716 -969,7300 4,079

¢ | Quintet | T, -969,7280 1,883 -969,7250 7,216
Doublet | C, | -12122182 2,699 11212,2139 0,000

Al T Sextet C, “1212,1865 2,516 [1212,1829 19,453
¢| Sextet | D, | -1212,1863 2,299 [1212,1823 19,829

o LAl singlet | G, -1454,6960 3,550 -1454,6903 0,000
“|b| Singlet | C, -1454,6942 3,596 -1454,6885 1,130

Nhu vy, cac cluster Al nho (n=2-6) bén
hon ¢ dang phing. Piéu nay phu hop voi thuc
nghiém va céc tinh toan trudc day. Doi vai
cac cluster chutra tdi da 5 nguyén tur, dic diém
ciu tric cua cac dong phan c6 ning luong
thap nhat 1 mit phang (planar), phu hop
véi cac nghién ctru thyc nghiém trude dayl!.
Vi cluster Al dac diém ciu triuc phét trién
theo cau truc khong gian ba chiéu (three —
dimentional).

Mot s6 dai lwong dic trung caa cac
cluster Al

Ning lwong lién két E

Al-Al.

Ning luong lién két Al — Al cho biét cu thé
hon vé dd bén va su phu thudc do bén cua cac
cluster vao kich ¢ cua chiing va dugc tinh theo
cong thuc:

E E n-1 + EAl' EAln

ALAL(AIn) Al

Gia tri niang lugng lién két dugc chung
toi tinh toan va so sanh véi thyc nghiém cho
két qua phu hop cao mot 1an nira khing dinh
phuong phap va bo ham dugc lya chon 1a hoan
toan phu hop.

Bang 4. Ning lrong lién két Al-Al (eV) ciia cac cluster Al (n=2-6).

Aln EnEY) (thi'\cl"ﬁgfi;gm)
AL 1331 1,432
Al 1,889 1,870
Al 1,595 2,092
Al 2,380 2,289
Al 2352 1,916

Khi t6i uu hod céu trac cac cluster Al cua
B.K. Rao, P. Jena da su dung phuong phép
BPWO91, ta thdy két qua tinh toan bang phuong

phap B3LYP/Aug-cc-pvtz gan véi gia tri thuc
nghiém hon.
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Nang luwgng lién két trung binh E E

LKTB LKTB

(mxE, -E, )n

Al Aln
Ning luong lién két trung binh duogc tinh
theo cong thic:

Bang 5. Gia tri ning lrong lién két trung binh (E, rp)(€V).

Aln E _(eV) B V)
LKTB (Thuc nghi¢m!*)
Al 0,660 0,707
Al 1,070 1,088
Al 1,201 1,340
Al5 1,437 1,524
Al, 1,589 1,587
So sanh voi thuc nghiém ta thiy két qua tinh Do chénh léch nang lwogng LUMO -

toan nang luong lién két trung binh cia cac  HOMO.
clusters Al (n=2-6) co6 két qua phu hop tot v6i

I Két qua tinh toan cac gia tri nang lugng
thuc nghiém.

ELUMO’ EHOMO va ALUMO . HOMOﬂL’UM O—HOMO
duogc trinh bay trong bang sau:

Bang 6. Gia tri ning lwgng LUMO (eV), HOMO (eV) va mirc chénh léch nang lwgng LUMO
—HOMO (eV) cua cac cluster Al

Al E vo (€Y) E om0 (€V) ﬂLUﬁ;iM;;{;{M{: (eV)
Al 2,93 421 1,28
Al 3,18 -464 1,46
Al -3,47 -4,67 1,20
Al 3,33 -4,98 1,65
Al 3,41 -5,08 1,68

Phan tich gia tri mirc chénh léch ning luong st dung phd bién hién nay (bang 7) co thé
LUMO —HOMO (eV) cua cac cluster Alnbién d6i  dy doan ring cac cluster Al s€ tr¢ thanh vat
khong déu, gid tri cao nhét ciia Al img v6i 1,68 ¢V, ligu ban din ddy tidém ning hodc 1am chit nén
gia tri th‘élp nhét 12 cta cluster Al tmg v6i 1,28 €V. . ho cac vat liéu ban dan 11T — IV (InGaAs

So sanh v6i mirc ning lwgng LUMO —  va GalnNAs), duoc sir dung trong dén LED
HOMO cia mdt sé vét liéu ban dan duogc héng ngoai....
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Bang 7. Gia tri chénh léch ning lwong LUMO — HOMO ciia mot s6 vt liéu ban din phd
bién hién nay'.

i A LUMO- HOMO
Mot :0 Vat}\ hf?l: ban ﬂLUMG —HOMOD Ung dung
dan pho bién N into—nomo
(eV)
Si 1,11 Lam cac mach tich hop,..
GaAs 1,43 Lam nén cho cac vat liéu ban dan III — IV (IsGaAs va
GalnNAs), duoc sir dung trong dén LED hong ngoai...
SiC 2,30 - 3,00 Str dung trong dén LED
InN 0,7 Str dung trong té bao nang luong mat troi...
GaN 3,44 Str dung trong dén LED xanh, lase xanh,...
BN 5,96 - 6,36 Str dung trong dén LED UV
KET LUAN Trudng Dai hoc Su pham Ha Noi, (2011).

D3 toi vu hoa cdu tric cac déng phan cua
cluster Al vo6i cac trang thai spin khac nhau va
chi ra dang bén 1a cac cau triic c6 nang luong
thip nhat twong tmg c6 do bén cao nhat. Tir cac
céu tric bén tinh mot sé dai lugng dic trung
cua cac cluster Al nhu gia tri nang lugng lién
két Al-Al trong mdi cluster, gia tri nang lugng
lién két trung binh, da so sanh v&i thuc nghiém
cho két qua twong dong cao. Tinh muc chénh
léch nang lugng HOMO va LUMO, két qua thu
duoc cho thiy céc cluster kim loai Al _1a nhiing
vét liéu ban dan ddy tiém ning.
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D3 t6i wu hoa cdu tric cac ddng phan cia cac
cluster Pd_v6i cac trang thai spin khac nhau va
tim ra dang bén Ia cac cdu tric c6 ning luong thip
nhét tuong tmg cd do bén cao nhat. Tir cac ciu
trac bén tinh mot s6 dai luong dac trung cua ca
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THEORETICAL STUDY OF THE STRUCTURES AND SOME
PROPERTIES OF ALUMINIUM CLUSTERS BY METHOD CHEMICAL
CALCULATION

Le Khac Phuong Chi', Vi Huu Viet', Nguyen Thi Nga*
"Tay Bac University
’Hanoi National University of Education

Summary: Structure and some properties of Al clusters (n=2+6) have been investigated
using the density functional theory (DFT) with the generalized gradient approximation at B3LYP
level and the Aug-cc-pviz basis set. We have identified the most stable geometries of the investigated
clusters with different spin multiplicities and their properties such as binding energies, LUMO-
HOMO gaps.

Keywords: Aluminium cluster, density functional theory (DFT), LUMO-HOMO gap.
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