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Nghién clu cac cdu trdc cla cluster Sc;Bs bang gidi thuat di truyén két hgp ly thuyét
phi€m ham mat d6 (GA-DFT) va sy hdp phu CO cuta ching

An investigation on the structures of Sc,Bs clusters by a combination of the genetic
algorithm and density functional theory (GA-DFT) and its CO-adsorption
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The structures of ScoBs were investigated by a combination of genetic
algorithm (GA) with PBE functional (GA-DFT). Its CO-adsorption were
studied by calculations with PBE functional. Many structures include
local minimum and global minimum structures were determined. The
structural parameters, relative energy, energetic properties, dissociation
energy were reported. Results indicated that CO molecule can be

adsorbed at many positions of these clusters. Scandium doped boron
cluster can be used to produce materials that can treat CO gas by
adsorption method.

Gidi thiéu chung

Boron la nguyén t& ban dan vai vo thiu hut electron
gém 3 electron héa tri. Boron cé nhiéu Ung dung
trong nhiéu finh vuc cda cudc séng nhu xdc tac cong
nghiép, dién t, y sinh, va vat liéu [1,2]. Do do, cac
cluster boron dugc nghién clu dé nang cao kha nang
Ung dung, phuc vu cho su phét trién khoa hoc, doi
séng xa hoi. Viéc pha tap cac cluster boron vdi céc
nguyén ti kim loai chuyén tiép cé thé lam thay déi tinh
chét cta cac cluster nay. V&t liéu dua trén nén boron
dudgc st dung dé xdy dung nén vat liéu siéu clng, vat
liéu ban dan, hdp phu tich trit khi [3,4]. Khi pha tap
nguyén t& kim loai chuyén ti€p nhu Sc, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Y, Zr, Nb, Mo, Tc, Ru, céu trdc va tinh

chét cla cluster thay déi, kha nang Ung dung clia céc
cluster dugc tang cudng [3,5-12].

Cluster gilf vai trd quan trong trong viéc gidi thich cac
tinh chat vat Iy va hod hoc cla vat chét co kich thudc
nhd nhu phan tir cho dén vat liéu ran. Tuy thudc vao
kich thudc, céac cluster cé hoat tinh hda hoc, sinh hoc
va céc tinh chdt quang hoc, tinh chét tur rat khac nhau.
Cau trdc ciia mét s6 cluster boron chifa scandi dugc
nghién cltu dugc nghién cltu bang cac phuong phap
bang cac tinh toan ly thuyét [3,8,9,11]. Cac cluster ScB,
o thé dugc tao thanh bang cach thay thé mét nguyén
tlr Sc vao vi tri nguyén t B cla cluster By, hay cdng
thém mot nguyén ti Sc vao cluster B, [9]. Mot s6
cluster boron pha tap kim loai chuyén tiép nhu CoBqs
va MnBi~ dad dugc nghién clu bang phé quang
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electron thuc nghiém vd&i bldc xa 193 nm va dugc
nghién cliu bang ly thuyét phiém ham mét dé, phuong
phép tinh da cau hinh [5,13]. Két qua tinh toan da xac
dinh cac cau tric cla cluster CoBig™ [13] va MnBis™ [5]
va da mo phong dudc phé quang electron cia ching.

Céc thong tin vé cdu tric cla cac cluster rat khod xac
dinh dugc bang thuc nghiém. Linh vuc nghién clu Hoé
hoc lugng t tinh toan ra ddi, phuc vu dat luc cho cac
nha nghién clu. Céu trdc hinh hoc va cdu tric
electron, nang lugng, tan sé dao déng diéu hoa cua
céc cluster boron va kim loai chuyén tiép déu co thé
tinh dugc bang hoé hoc luong ti véi do tin cdy cao.
Viéc téi uu hoa cu tric sé tim ra cau tric cuc tiéu gan
Vi céu truc déau vao. C4u trdc cuc tiu nay cé thé la
céu truc cyc tiéu dia phuong LM (local minimum) hodc
céu truc cuc tiéu toan bd GM (global minimum). Trong
do, cdu tric cuc tiéu toan b la cdu tric co nang luong
thdp nhat. Nhiéu phuong phép tra clu dugc si dung
dé xéc dinh cdu tridc cuc tiéu toan bd nhu phucng
phap t6i uu héa dong hat PSO (particle swarm
optimization), giai thuat di truyén GA (genetic
algorithm) [14,15].

Trong nghién clfu nay, chung toi nghién clu tinh toan
cac cau truc cuc tiéu trén bé mat thé nang clia cluster
ScBs bang phuong phap GA-DFT. Két qua tinh s& dua
ra nhiéu cdu tric cuc tiéu. Cac céu tric cuc tiéu thu
dugc sé déng gop thém vao ca s3 dif liéu cdu tric cla
cluster Sc;:Bs Bang phuong phép GA-DFT, cau tric cuc
tiéu toan bd GM s& dugc xac dinh vdi do tin cay cao
hon. Kha nang hép phu CO dugc tinh toén bang ly
thuyét phiém ham mat dé vdi phiém ham PBE dugc st
dung. Két qua sé cho du doan kha ndng hdp phuy, hoat
hoa lién két bén trong CO, gép phén dinh hudng thiét
ké vat liéu xt ly khi CO déc hai.

Thyc nghiém va phucng phap nghién cdu

C4u tric cla céc cluster Sc;Bs dugc nghién ciu bang
giai thuat di truyén két hgp vdi ly thuyét phiém ham
mat dé [14,16-19]. Giai thuét di truyén dugc thuc hién
vGi 20 cluster dugc tao ra vdi cdu tric ngau nhién ban
dau. Cac thé hé tiép theo bao gém 15 cluster bao gom
Cac cau tric thla ké, giao chéo, dét bién, hoac duagc
tao ra ngau nhién. Gidi thuat di truyén dugc thyc hién
bang code USPEX 10.3 [20-22] két hop vdéi code
PWSCF cuia gdéi Quantum Espresso 6.2 dé tinh nang
lugng cau truc [23]. Qué trinh dugc thiét 1ap dung tinh
toan néu nang lugng cla cu trdc cuc tiéu & mbi thé
hé trong 5 thé hé ké tiép khac nhau khéng qué 0,01 eV
hodc dat s thé hé t6i da la 10 thé hé. Két qua la qua

trinh tinh todn t6i uu hoda céu trdc cluser Sc.Bs bang
giai thuat di truyén da ding lai sau 7 thé hé.

Tat cad cac cdu truc thu dugc tU giai thuat di truyén
dugc t6i uu hoa khong rang budc déi xing bang
phi€ém ham PBE [24] v&i bd ham ca s& def2-SVP cho
tat ca cac nguyén t6. BE cai thién nang luong, cac ciu
tric da téi uu & muc ly thuyét PBE/def2-SVP dudc t6i
uu hdéa lai ¢ muc ly thuyét cao hon PBE/def2-TZVPP.
Cac cdu truc thu dudc co déi xing dac biét dugc toi
uu hoa lai vai su rang budc déi xiing. Cac phép tinh
bang phiém ham PBE dugc thuc hién bang phan mém
ORCA 421 [25].

H®&i phuc
cdu tric

Chon ciu tric
cha me tir quan
thé va @t bién

Tao ra ciu tric
ngau nhién
ban d&u va hoi

huc ciu tric

Chon 2 cu
triic cha me tr
quan thé va
giao chéo

Cép nhéat
quan thé

C8u tric d3 hoi
phuc

T6i vu bang DFT
(PBE/def2-5vP)

T8i wu hoa lai béng DFT
(PBE/def2-TZVPP)

Hinh 1: Cac budc tinh toan t&i uu hda cdu tric cluster &
cac muc ly thuyét khac nhau

Cac céu truc cluster bén dugc thuc hién qué trinh hap
phu 1 phan ti CO va 2 phan t& CO. Céc cdu tric hédp
phu phan t&r CO th&t nhat dugc thuc hién bang cach
dat 1 phan t& CO xung quanh cluster ScoBg & nhiéu vi
tri. C&u trdc hdp phu 2 phan tir CO dugc thuc hién
theo 2 cach bao gdbm dat ngau nhién 1 phan t CO lén
cdu tric bén ScBs-CO va dat 2 phan t& CO ngau
nhién tai cac vi tri ¢ thé cla cluster ScoBg bén.

Tén s6 dao déng diéu hoa dugc tinh toén. Néu tét ca
céc gié tri dao dong diéu hoa thu dugc déu duong thi
céu tric Ung vdi cuc tiéu trén bé mat thé nang. Néu
trong cac gia tri tdn s& thu dugc co gia tri am, cau tric
dugc t6i uu lai. Mot bd toa dé ngdu nhién clia cac
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nguyén tr dudc chon Iya khi thuc hién dao dong Ung
vdi tan s6 am do dé bat dau su téi uu hoa lai.

K&t qua va thao luan

Cdu trdc, ndng lugng tuong déi cua cdc dong phdn
SCng

C&u tridc, nang lugng tuong déi cla cac ddng phan
cla cluster ScoBg thu dugc nhu Hinh 2. Béng phan cuc
tiéu toan bd N1 co cdu trac déi xing Day véi 2 nguyén
tr Sc déi xing nhau qua tdm mét phang clia vong Bs.
K&t qua cau trdc N1 nay giéng véi cac cong bd trude
day [3,8]. Cac cdu truc N2-N4 c6 nédng luong tuong
d6i so véi cu tric cuc tiéu toan bd lan luct la 0,75;
0,82; 0,85 eV theo két qua tinh bang phiém ham PBE,
bd ham co s def2-TZVPP. Trong nghién cdu [8], hai
cdu truc tuong Ung vdi cdu trdc N1 va N4 da dugc
cébng bd vdi phiém ham B3LYP. Nang lugng tucong déi
G muc ly thuyét B3LYP la 0,00 eV va 0,95 eV. Nang
lugng tucng déi cla N1 va N4 [&n luct la 0,00 va 0,85
eV tinh bang PBE/def2-TZVPP. Nhu véy, cdu tric cuc
ti€u N1 va N4 tim dudc trong nghién cltu nay co cdu
trdc va nang lugng tuang déi phu hgp vdéi nghién clu.
C&u tric N2 bén hon cau trdc N4 0,10 eV theo két qua
tinh theo muc ly thuyét PBE/def2-TZVPP. Céu tric N3
c6 nang lugng gan nhu suy bién vai cau tric N4. Céu
triic clia cac dong phan N2, N3 va N4 c6 déi xiing lan
luct la Cs, Cs, Cav. Nhu vay, phép tinh GA-DFT trong
nghién ctu nay d& bS sung thém 2 cdu tric cuc tiéu
N2, N3 vai db bén & gilta dong phan N1va N4 & cong
bé trude day [8]. Ngoai ra, nhiéu cdu tric cuc tiéu cuc
bd cod nang lugng cao hon dugc xéac dinh bang tinh
toan.

S6 gia tri tdn s6& dao déng diéu hoa cua cluster tuan
theo quy tac 3N — 6 tinh cho hé khéng thang vai N 13
s6 nguyén tir trong cdu tric. Gia tri tan sé dao déng
diéu hoa cla dong phan N1 la 231,28; 231,31, 279,40;
279,40; 282,03; 282,64, 320,81, 321,52, 326,35; 357,30;
422,60; 422,60; 424,56; 480,74; 480,75; 521,09; 697,40;
851,87; 851,88, 1178,13; 178,41, 1355, 84, 1355,85;
1515,66. Sau dao déng o6 gié tri tan s6 bang 0 Ung vdi
3 dao déng quay va 3 dao dong tinh tién. Cac kiéu
dao dong lam thay d6i moment luBng cuc clia phan tir
cho pic tin hiéu trong phé dao déng hong ngoai. Phé
dao déng clia ddng phan N1-ScBg nhu Hinh 3 gdm
cac pic tai vi tri s6 song ~231 cm™!, ~357 cm™, ~852
cm™. Hai pic dau tai vi tri ~231 cm™, ~357 cm™" Uing
véi dao déng déi xiing. Pic tai vi tri ~852 cm™' Ung vdi
dao déng bét déi xing.

N18 C, N19 - C,
3.05 eV 3.19 eV
N15 - C, N16 - C, N17 - C,
257 eV 2.63 eV 274 eV

N12 - C, N13 - C, N14 - C,
213 eV 241 eV 2.53 eV
N9 - C, N10 - G, N11 - C,
1.95 eV 2.06 eV 2.09 eV
N6 - C, N7 - C1 N8 - C4
1.48 eV 1.60 eV 1.88 eV
N3 - C, N4 - C,, N5 - C,
0.82 eV 0.85 eV 1.26 eV

N1 - Dy, N2 - C,
0.00 eV 0.75 eV

Hinh 2: C4c cau tric cuc tiéu clia cluster ScoBg
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Hinh 3: Phé dao déng clia dong phan N1-ScoBs tinh
bang phiém ham PBE/def2-TZVPP

Ndéing lugng ion hda va di luc electron cua cluster ScaBs

Céc qua trinh tach electron, nhan electron cda cluster
trung hoa ScBg vdi cdu tric N1 cling dugc tinh toan téi
uu & muc ly thuyét PBE/def2-TZVPP. Cac cluster cation
va cluster anion tao thanh c6 cdu trdc nhu cluster
trung hoa. Gia tri nang lugng ion héa (IE) va ai luc
electron (AE) dugc tinh theo cong thuc:

IE = E (ScoBg™) — E (Sc2Bs)
AE = E (Sc2Bg) — E (ScaBg ™)

Trong d6, E (ScoBs), E (ScaBs®), E (ScBg™) lan lugt la
nang lugng cla cluster trung hoa Sc.Bg, cluster cation
ScyBg*, va cluster anion Sc,Bg™ & trang théi ca ban.

Gia tri IE va EA tinh dugc lan luct la 6,61 eV va 1,64 eV
theo phiém ham PBE, bé ham cg s& def2-TZVPP. Gi4
VIE va VvAE tinh & muc ly thuyét CCSD(T)/6-
311+G(2df)//B3LYP/6-311+G(d) lan lugt la ~8,7 eV va
~1,7 eV [8]. Gia tri VIE va VAE la nang lugng ion hda va
ai luc electron cua cluster trung hoa dugc tinh bang
cac gié tri B (ScoBg), E (ScaBs™), E (ScoBg™) & cau tric da
t&i Wu cla cluster trung hoa.

Su hinh thanh cluster ScaBsg tur cdc cluster kich thudc bé

Bién thién nang ludng phan Ung cla qua trinh A > B
dugc tinh theo cong thic: AE = Eg — Ea. Trong do: Ex la
t6ng nang luong clia cac cluster tham gia; Es 1a nang
lugng cla cluster san pham; cac gia tri nang lugng nay
thu dugc tU tinh toan & cung muc ly thuyét. Nang
lugng hdp phu CO trén cluster Sc,Bg cling dugc tinh
theo cong thuc nay.

Sa d6 cho thay cluster ScaBs o thé dudgc hinh thanh tir
cac cluster kich thudc bé hon nhu cluster Bg, ScBs,
ScoB7 qua sa do trong Hinh 4. Céc gia tri ndng lugng

tinh dugc bang phiém ham PBE, bd ham co s& def2-
TZVPP nhu Bang 1va Hinh 4.

Bang 1: Bién thién nang lugng phén Ung AE cla cac
qua trinh hinh thanh cluster Sc,Bsg

Qua trinh AE (eV)
Bs + Sc > ScBs - 8,52
ScBg + Sc > ScoBg - 7,51
Bs + 2 Sc —B > ScoB; -10,03
SCB7 + B > SoBs - 6,00
Bs + 2 Sc > ScBs - 16,03

Hai nguyén t& Sc co thé dugc hdp phu lan lugt 1én 2
bé mat cla cluster Bs dang vong phdng 8 canh tao
nén cluster ScBg va ScaBs. Cluster ScoBs cling co thé
dugc hinh thanh bang cach thém mét nguyén ti B di
vao mat phang vong B cuia cluster Sc,B.

\

B

Bg - 10,03 eV
+ 2 Sc

-1B

- 8,52 eV,
+ 1Sc

+ 2 5Sc|- 16,03 eV

ScBg

15c +18 Sc2B7
-7,51eV V 26,00 eV

ScoBg

Hinh 4: Su hinh thanh cluster ScoBg tU cac cluster kich
thudc bé tinh theo muc ly thuyét PBE/def2-TZVPP

Cdu tric hdp phu CO trén cluster ScoBg

Su hap phu mét phan tir khi CO trén cluster ScoBg bén
dugc trinh bay nhu Hinh 5. Mau séc hién thi clia céc

nguyén té tuong Ung: B — vang 3 Sc-nau ’ C-
xanh @, O — tim . D6 dai lién két cla C va O
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trong phan t& CO tinh bang phiém ham PBE, b6 ham
co s& def2-TZVPP 13 1,136 A. Trong céu tric hap phu
NATCO, phan t& CO bi luc tuong tdc manh cla cluster
ScaBg nén khoang cach gitta C va O bj dut ra, khoadng
cach tinh dugc 1& 3,79 A. C4u tric hap phu NB1CO c6
déi ximg Cs do dai lién két C-O 131,160 A, khoang cach
gitta C trong CO va B trong Sc:Bs 1a 1,450 A. Cac cau
trdc cuc tiéu thu dugc cho thdy phan t& CO bi hap phu
véi dau C (nguyén t& mau xanh) uu tién vao cluster.

NG

NE1CO - C,
0.53 eV ,
NC1CO - C, N%14C60 ;/CS
0.45 eV o
r——
NB1CO - C,
0.24 eV
NA1CO - C,
0.00 eV

Hinh 5: Cac cdu tric bén cla cluster ScoBg-CO

Céc céu tric hép phu 2 phan t&r CO trén cluster Sc2Bs
bén dugc trinh bay nhu Hinh 6. Mot phan t& CO bj cét
dut lién két, trong dé nguyén tr C di vao hé vong vdi
boron, nguyén t& O dich chuyén téi vi tri mat ngoai
cla cluster ScoBs. M6t phan t CO con lai c6 do dai
lién két 16n hon 1,136 A cho thay lién két C-O nay b
lam suy yéu trén bé mat hap phu. Nguyén tr C cling di
vao bé mat cluster thuan lgi hon déau O.

Nang lugng hép phu dugc liét ké trong Bang 2. Gia tri
nang lugng hdp phu I6n cé thé dudc gidi thich do su
phan tuong tac manh cla cluster ScoBg véi CO. Qué
trinh hap phu xdy ra bao gém su phan ly lién két gitta
C va O, déng thai c6 su bién déi cdu tric clia phan
céu tric ScBs. Trong céc ki€u hap phu khéng phan ly
lién két CO, dau C uu tién hon déu O vao cluster ScBs.
Diéu nay co thé dudc giai thich do d6 am dién cla C
(2,55) nhd hon do am dién cta O (3,44) nén cap
electron khong lién két cla C linh déng hon cap

issue 2 (2021) 64-70

electron khong lién két cta O. Do do, cap electron
khéng lién két cta C dé tham gia lién két cho nhan
hon so vdi cap electron khéng lién két cua O. Cap
electron nay sé hinh thanh lién két cho nhan vdi orbital
tréng (LUMO) cua cluster khac (hé boron thiéu hut
electron manh, vo héa tri scandi con nhiéu orbital

tréng).
ﬁ\ NE2CO - 0 79 eV

ND2CO - 0.58 eV

@ NC2CO - 0.28 eV
i Jd

NB2CO - 0.12 eV
NA2CO - 0.00 eV
Hinh 6: C4c cu tric bén cla cluster ScaBg-(CO),

Bang 2: Gi4 tri nang lugng clia qua trinh hdp phu CO
trén cluster ScoBs tinh theo PBE/def2-TZVPP

Céu truc Nang lugng hap phu
trung binh (eV)
NA1CO -1,88
NB1CO - 1,64
NC1CO - 143
ND1CO - 142
NE1CO - 1,34
NA2CO -2/43
NB2CO - 2,37
NC2CO -2,29
ND2CO -2,14
NE2CO - 2,04
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Anh ELF cla cac c&u tric NAICO va NA2CO dugc mo
phong bang phan mém Multiwfn 3.8 [26] nhu Hinh 7.
Mat do xac suét tim thay electron xung quanh nguyén
ti C cao cho thdy tuong tadc manh gitla C va cac
nguyén ti xung quanh. Diéu nay c6 thé do nguyén t&
B va C nam ké nhau trong bang hé théng tuan hoan
va nguyén té carbon c6 dé am dién I6n hon boron.
Nguyén t C (C13 cla CO thd hai) hinh thanh tuong
tac vdi nguyén tr B do cap electron khong lién két co
dé linh déng cao clia C va vo thiéu hut electron Idn
clia cau truc boron.

NA1CO

NA2CO

Hinh 7: Anh ELF ctia cdu tric hap phu 1-2 phan t CO
(isosurface value 0.70)
NATCO: cau tric hdp phu 1 phan tir CO
NA2CO: cu tric hap phu 2 phéan t&r CO

K&t luan

Cac cdu truc cuc tiéu trén bé mat thé nang cua cluster
SeBg dugc nghién clu bang phuong phap GA-DFT.
Mudi chin cdu tric cuc tiéu dugc béo céo bao gom 1
cdu trdc cuc tiu toan bd GM va 18 cdu tric cuc tiéu
cuc bd. Cau trdc cuc tiéu toan bd cla cluster ScoBs
gébm hai nguyén t Sc déi xing nhau qua tam cla
vong boron 8 canh ¢é déi xting Dan. Hai cdu tric cuc
tiéu N2 va N3 vdi déi xting Cs dugc bé sung vao ¢g s3
di liéu cdu truc co gia nang lugng tuong déi thédp haon
cdu truc N4 da dugc cong bé [8].

Qué trinh hép phu CO dugc thuc hién. Phan t& CO tha
nhét tuang tac manh vdi cluster ScoBs. Hai nguyén t& C
va O bj phan tach hoan toan. Vd&i phan t&r CO khong bi
phan tach, dé dai lién két gitta C va O I6n hon 1,136 A
trong phan t& CO ty do. Lién két CO da bj suy yéu trén
bé mat cluster ScoBs. Kiu hdp phu CO véi dau C di
vao uu tién han kiéu hdp phu véi ddu O. Cluster Sc.Bs
co thé tuong tac t6t véi CO cho thdy kha nang sur
dung loai vat liéu boron pha tap scandi dé hap phu
CO. Su suy yéu do bén lién két manh trong phan tu hai
nguyén t& CO md ra hudng Ung dung trong inh vuc
xUc tac phan Ung.
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