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ABSTRACT

A combination of genetic algorithm and density functional theory
(GA-DFT) was used to calculate the minimum structures of ScVBs
clusters. The thirteen isomers of ScVBs cluster were investigated at the
level of PBE/def2-TZVPP, TPSSh/def2-TZVPP, and TPSSh/def2-QZVP
levels. The relative energies, the structural geometry, ionization
energy, affinity energy of neutral isomers were reported. The ScVBs
cluster can be formed by adding atom into smaller clusters. The
proposed structure of ScVBs cluster for COz treatment is a pentagonal
bipyramid in the Cs symmetry with vanadium atom at one of the
vertices and scandium atom in the base of bipyramid. The favor
position for adsorp CO2 by the ScVBs cluster were at around of Sc and
V atoms. The dual transition metal-doped boron clusters can interact
with CO2 molecules stronger than pure boron clusters.

Gidi thiéu chung

Van dé dm lén toan cau va bién déi khi hau anh hudng
I6n dén cudc séng con ngudi va sinh vat. Mot trong
nhing thanh phan gay nén hiéu Ung nha kinh la khi
carbon dioxide (COz). Khi CO2 dudc tao ra do qua trinh
dét cac nhién liéu hda thach, chét hitu co dé tao ra
nang lugng phuc vu nhu céu sinh hoat, san xuét, van
chuyén, cong nghé hda hoc. BE giam lugng COz trong
khi quyén, nhiéu phuong phap dugc thuc hién nhu
ngan chan tan pha rung, trong thém cay xanh, su
dung nhién liéu sinh hoc, cdc ngudn nang lugng tai
tao, chuyén hoa CO: thanh cac san phém khac nhu
CH3OH bang hé xtc tac CuO/ZnO/AlOs [1], oxalic acid
[2], h&p phu COz bang vat liéu [3-6].

Vat liéu boron cé nhiéu tiém ndng Ung dung trong
hép phu khi COz. Nhiéu nghién clu cdu tric, do bén,
tinh chét clia cac cluster boron, cluster boron pha tap
mot hodc hai nguyén tir kim loai chuyén tiép M (MyBy,
M = Sc Ti, V, Cr, Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, Tc,
Ru...) da dugc nghién clu nhiéu bang cac nghién clu
thuc nghiém va cac tinh toan hoda hoc lugng ti [7-16].
Céc két qua cho thdy cdu trdc, do bén, tinh chét cla
cluster c6 thé dugc thay déi bang cach pha tap kim
loai chuyén tiép. Cac cluster kich thudc I6n co thé duac
hinh thanh tUr cac cluster kich thudc bé.

Céc nghién clu khad nang Ung dung chua dugc thuc
hién nhiéu, dac biét la cac nghién clu so sanh kha
nang Ung dung gilta cluster tinh khiét va cluster pha
tap. Vat liéu x6p boron nitride (BN) cé cédu truc 3D
dudc t6ng hgp thuc nghiém ti borane va thiuorea cé
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khd nang hép phu tét COz [4]. Cau tric Ca@C4Bs2
dang 16ng vdi nguyén t& Ca bén trong c6 kha nédng
hap phu CO:z t6t hon 16ng C4Bs2 theo két qud nghién
ctu bang phiém ham PBEQ [5]. Phéan tir CO2 cd tuang
tac manh vdi cluster boron (B7") va cluster boron pha
tap kim loai chuyén tiép VB/Y7,  VaB;
Co@B8/Co@Bs™ va M@Bo/M@Bs~ (M = Ir, Rh, Ru)
theo co ché acid — base Lewis [3,6]. Tuy nhién, cluster
pha tap vanadi VB/*%", V2B;*Y~ c6 kha nang bat gitr
CO> kém hon cluster By~ [3]. Céc cluster cia ScO va Sc
c6 khad nang phan Ung manh vdéi CO2 tao thanh dang
mudi ScCOs3 va OCScCOs theo két qud nghién clu
thuc nghiém va tinh toan ly thuyét [17]. Tuang tac yéu
s& han ché kha nang bét gitt CO», nguac lai, tuong tac
qua manh s& gidm kha nang gidi hap phu COz. Trong
bai viét nay, cau tric, tinh chét va kha nang hép phu
CO:2 clia cluster ScVBs dudc nghién clu dé gop phan
thém ca s& cho viéc thiét ké vat liéu xtr ly COo.

Thyc nghiém va phuong phap nghién ctu

C&u truc cla céc cluster ScVBs dugc nghién clu bang
gidi thuat di truyén két hgp vai ly thuyét phiém ham
mat doé [18-22]. Viéc t&i uu hda cdu trdc s8 tim ra céu
tric cuc tiéu gan vdi cdu tric dau vao. Cau tric cuc
tiéu nay co thé la cdu trdc cuc tiéu dia phuong LM
(local minimum) hodc cdu tric cuc tiéu toan bd GM
(global minimum). Phuong phép t6i uu héa bang ky
thuadt may hoc nhu gidi thuat di truyén GA (genetic
algorithm), gidi thudt t&i uu hoda dong hat PSO
(particles swarming optimization) la cac phuong phap
tét gidp tim ra cdu tric GM [22-24].

Giai thuat di truyén dugc thuc hién véi 20 cluster dugc
tao ra vdi cdu trdc ngdu nhién ban dau. Cac thé hé
ti€p theo bao gdm 10 cluster bao gébm céc cau tric
thira k&, giao chéo, dét bién, hodc dugc tao ra ngau
nhién. Giai thuat di truyén dugc thuc hién bang code
USPEX 10.3 [25-27] két hgp vd&i code PWSCF cla goi
Quantum Espresso 6.2 dé tinh nang lugng cau trdc
[28]. Qué trinh dugc thiét 1ap dung tinh toan néu nang
luong clia cdu tric cuc tiéu & mdi thé hé trong 5 thé
hé ké tiép khac nhau khong qué 0,01 eV hodc dat s6
thé hé t6i da. Két qua 1a qué trinh tinh bang giai thuat
di truyén da dung lai sau 9 thé hé.

T&t cd cac cdu truc thu dudgc tUr gidi thudt di truyén
dudc t6i uu hda khong rang budc déi xiing bang
phiém ham nhu PBE [29] va TPSSh [30]. v&i bd ham co
s& def2-SVP, def2-TZVPP, def2-QZVP [31]. Cac phép
tinh DFT dudc thuc hién bang phan mém ORCA 4.2.1
[32].

Qué trinh hap phu COz dugc thuc hién trén cac céu
trdc Bs va ScVBs nang lugng thdp. Cac cdu tric hap
phu phan t& COz thr nhét dudc thuc hién bang cach
dat ngdu nhién 1 phan t& COz xung quanh cluster
ScVBs & nhiéu vi tri. Cau trdc hdp phu 2 phan tr CO2
dugc thuc hién theo 2 cach bao gébm dat ngau nhién 1
phan t& CO2 1én cau tric bén ScVBs-COz va dat 2 phan
t&r CO2 ngau nhién tai cac vi tri c6 thé clia cluster ScVBs
bén. Cdu trdc hdp phu 3 phan tir COz dugc thuc hién
tuong tu nhu trudng hap hép phu 2 phan t&r CO: lén
cluster ScVBs.

Chon ciutric
cha metlr quan
Taora cau tric thé va dit hién

ngau nhién
han dauva hoi
huc cau tric

Chon 2 cau

cha me tir
quéan thé va
giaochéo

Cap nhat
quén thé

CAu tricd3 hoi
phuc

Tdi u lai bAng DFT

Cac cautricLM, GM,
ccgid tri ndng lwgng cla
SCVB;

Tinhtoan cau tric
ScVBs-1CO; bang phiém ham
PBE, bd ham co so def2-TZVPP

Hinh 1: Tém tat so d6 cac budc tinh toan
Tén s6 dao dong diéu hoa dugc tinh toan. Néu tat ca
cc gié tri dao déng diéu hoa thu dugc déu duaong thi
céu tric Ung vdi cyc tiéu trén bé mat thé nang. Néu
trong céc gia trj tan sé thu dugc co gié tri &m, cdu tric
dugc t6i uu lai. M6t bd toa dd ngdu nhién cla cac
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nguyén tU dudc chon lya khi thuc hién dao dong Ung
vdi tan s6 am do dé bat dau su t6i uu hda lai.

Két qua va thao luan
Cdu tric, d6 bén cua cdc ddng phdn ScVBs

Cau trdc, dé bdi spin, nang lugng tuang déi (NLTD),
khodng cach gitta hai nguyén tir scandi va vanadi, tan
s6 dao dong diéu hoa cla cluster ScVBs thu dugc nhu
Bang 1 va Hinh 1. Cac phép tinh ly thuyét phiém ham
mat dé dugc thuc hién & cac muc ly thuyét PBE/def2-
TZVPP, TPSSh/def2-TZVPP, va TPSSh/def2-QZVP. Gia
tri nang luong diém khong (ZPE) cla cac dong phan
gan nhu nhau nén cac gia tri NLTD khong hiéu chinh
ZPE va NLTD c6 hiéu chinh ZPE c6 gié tri khong khéc
nhau nhiéu.

Gia tri NLTD cla cac dong phan tinh & 3 muc ly thuyét
cho thay su phu hgp tét trong xac dinh cac cau tric
cyc tiéu, trong do cd céu tric cyc tiéu toan bd cla
cluster ScVBs. Bong phan N1 dugc xac dinh 1a cdu tric
cuc tiéu toan bd. Cau tric cuc tiéu toan bd (N1) co déi
xing Cs v&i dang gan vdi nita cai 16ng chim cat theo
truc chda hai nguyén ti scandi va vanadi. Cac dong
phan N2, N3, N4, N5, N6, N7, N8, N9 ¢& ning lugng
tuong déi so véi dong phan N1 1&n lust la 0,32, 0,39,
0,40, 0,42, 0,54, 0,56, 0,56, 0,60, va 0,66 eV theo két
qua tinh & muc ly thuyét PBE/def2-TZVPP. Bdng phan
N2 c6 dang ludng thap vdi hai nguyén tir scandi va
vanadi & vong ngl giac. Gia tri NLTD cla N3, N4, N5
gan nhu suy bién.

Pong phén N3, N4 ¢6 dang ludng thap ngii giac vdi 1
nguyén tU kim loai & dinh thap va nguyén t kim loai
con lai & day thap. O muc ly thuyét nay, ba déng phan
N10, N11, N12 ¢b nang lugng cao han déng phan cuc
tiéu toan bo N1 lan luot 1& 0,81, 0,83, 0,87 eV; doéng
phan N13 kém bén hon déng phan N1 la 1,22 eV. Su
khac biét nang luong gitta cac dong phan trong moi
nhom kha bé cho thady su pha tap déng thai hai kim
loai chuyén tiép scandi va vanadi d& tao ra nhiéu déng
phan cé néng lugng gén nhu suy bién.

H&u hét cac dong phan nay co trang théi spin thap vdi
gié tri spin bang 2. Ba déng phan N3, N8, va N13 c6
trang thai nang luong cuc tiéu véi dé béi spin bang 4.

S6 gia tri tan s6 dao déng diéu hoa cua cac dong
phan ScVBs tuan theo quy tdc 3N - 6 tinh cho hé
khéng phang, véi N = 7 1a t8ng s& nguyén ti cla
cluster ScVBs. Tan s6 dao dong cua cac dong phan co
gia tri tir 76,17 cm™ dén 1359,40 cm™ cho thay cac ciu

trdc thu dugc 1a cac cdu tric cuc tiéu trén bé mat thé

nang.

YAY

N13-1,22 eV

%

N11-0,83 eV N12 - 0,87 eV
N9 - 0,66 eV N10 - 0,81 eV
g% i’ @
N7 - 0,56 eV N8 - 0,60 eV
N5 - 0,42 eV N6 - 0,54 eV
éﬁ’ éﬁi
N3 - 0,39 eV N4 - 0,40 eV
N1 - 0,00 eV N2 - 0,33 eV

)

Hinh 2: C4u tric, NLTD cla cac dong phan ScVBs
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Bang 1: Cau truc, dé bdi spin, ndng lugng tuang déi (NLTD), khodng cach dscv clia cac déng phén ScVBs

bdng
phan

Bo
boi
spin

NLTD (eV)

dSc—V

PBE/
def2-TZVPP

TPSSh/
def2-TZVPP

TPSSh/
def2-QZVP

Tan s6 dao déng (cm™)

&

N1

2

0,00

0,00

0,00

178,57: 272,65; 293,74: 322,60; 331,12;
2,649 | 366,65; 387,39; 439,53; 471,44; 580,64
601,02; 865,02; 1058,60; 1239,34; 1359,40

N2

0,32

0,45

0,46

128,32: 288,30; 347,74; 428,21; 440,95;
3,039 | 449,31; 492,11 528,65; 601,19; 636,50;
724,36; 770,90: 808,07; 972,35; 1038,10

N3

0,39

0,40

0,40

201,96; 224,41; 278,66; 376,27; 404,04;
2,590 | 454,76; 463,18; 485,54; 632,15; 674,63;
748,97; 800,38; 918,64; 1031,60; 1043,31

N4

0,40

0,41

0,42

205,14: 221,75; 338,15; 390,51; 392,79;
2,482 | 475,09; 515,53; 572,60; 654,26; 696,14;
758,60; 802,35; 976,71; 1016,71; 1082,58

N5

042

0,55

0,57

183,22; 284,11; 291,75; 324,53; 369,06;
3,823 | 480,40; 505,62; 572,53; 606,87; 658,68;
684,62; 691,87; 773,49; 857,91; 961,96

N6

0,54

0,52

0,53

157,44 171,60; 315,07; 351,17; 386,48;
3,005 | 422,70; 470,85; 496,28; 530,69; 560,05;
667,74 777,48; 966,73; 1092,75; 1188,63

N7

0,56

0,71

0,72

182,78; 196,12: 385,07; 407,37; 467,35;
2,790 | 475,31; 529,13; 548,30; 589,46; 631,15;
661,42: 760,18; 855,08: 967,06; 1098,43

N8

0,60

0,50

0,50

131,05; 240,83; 268,49; 338,03; 354,41;
2,128 | 387,87: 394,14; 447,21; 479,43; 520,05;
587,62; 760,31; 986,68; 1092,34; 1208,33

N9

0,66

0,73

0,73

99,05; 229,14; 306,01; 332,99; 386,36;
2,987 | 419,60; 487,85; 515,68; 598,97; 624,79;
652,16; 779,60; 868,53; 1061,62; 1176,42

N10

0,81

0,92

0,93

107,70; 205,05; 238,65; 336,41; 399,18;
3,729 | 453,12: 489,20; 503,21; 546,55; 633,89;
658,89; 759.89: 849,97; 893,32; 1029,62

NT1

0,83

1,03

1,04

164,99; 213,17; 263,43; 312,86; 370,90;
2,606 | 422,67; 473,04; 534,66; 596,92; 609,79;
689,96; 763,81; 862,20; 934,93; 1103,97

N12

0,87

76,17; 156,70; 293,19: 300,90; 346,32;
3,931 | 362,53; 408,89; 485,56; 597,81; 652,63;
714,46; 846,96; 929,62: 1058,00; 1227,10

N13

1,22

2711; 144,97: 147,98; 254,84; 301,26;
2,902 | 362,42: 417,75; 498,54; 585,00; 614,56;
759,22; 802,00; 962,78; 1139,46; 1277,61

* Gid tri dscv (B) va f (cm™) thu dugc & muc ly thuyét PBE/def2-TZVPP

Cac phép tinh & ba muc ly thuyét PBE/def2-TZVPP,
TPSSh/def2-TZVPP, va TPSSh/def2-QZVP xac dinh th
tu cac cdu trdc cuc tiéu véi do tuong déng cao. Phép
tinh vé&i phiém ham PBE, b6 ham cg s& def2-TZVPP co
uu diém vé thai gian tinh nén muc ly thuyét PBE/def2-

TZVPP dugc si dung dé tinh t6i uu hda hda cdu tric
cla cac cluster anion, cac cluster cation tuong Ung tu
cluster trung hoa va cac qua trinh hinh thanh cluster
kich thudc I6n tU cac cluster kich thudc bé. Tu gia tri
nang lugng cac cluster thu dugc, ndng lugng ion hoa,
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ai luc electron, sy bién thién nang luong clia cac qua  Cdc qud trinh hinh thanh cluster ScVBs

trinh hinh thanh cluster dugc tinh toan. Trong Hinh 3,

chu thich ScVBs, 2 nghia 1& cluster ScVBs vdi trang thai  Su bién thién nang lugng clia cac qua trinh hinh thanh
nang lugng cuc tiéu c6 do boi spin bang 2. cac dong phan bén cla cluster ScVBs tUf cac cluster kich

ScVB,, 3

thuéc nhd hon dugc tinh toan nhu Hinh 3.

- 6,36 eV - 6,25eV
_— — 9
+V + Sc

ScVBs, 2
+B | -583eV
ScVB,, 3
+B | -545eV
N4-ScVB;
_-637eV, @‘ - 441 eV <}ZT
ScVBs, 2 cBS,
+ Sc
A +w2 &V Sa1ev
+V
-4,62 eV | + Sc +V| -449 eV
- 4,00 eV, /
Bs, 2
4 70 eV - 6 21 eV
+ Sc
VB, 3 ScVB, 2 ScVB,, 3
+B|-6,10 eV
ScVBy,, 1

Hinh 3: Su hinh thanh cluster ScVBs tU cac cluster kich thudc bé tinh theo muc ly thuyét PBE/def2-TZVPP
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Cac qué trinh bién déi dugc tinh toan gém:
Sc + Bs 2 ScBs
V + Bs 2 VBs
Sc+V + Bs 2 ScVBs
Sc + VBs = ScVBs
V + ScBs = ScVBs
ScVB4 + B = ScVBs

M®i kich thudc cluster dugc thuc hién véi mét s6 dong
phan dugc t&i uu hoda va tinh tan sé & cung muc ly
thuyét PBE/def2-TZVPP. Cac qué trinh phan Ung nay
déu cé bién thién nang lugng am cho thady néng lugng
clia ScVBs thdp hon t6ng nang lugng clia cac tiéu phan
phan Ung. Cluster ScVBs cé thé dugc hinh thanh tir cac
cluster bé bang cach cong thém cac nguyén ti tuong
ung.

Nding lugng ion héa va di lyc electron cua cluster ScVBs

Cac qua trinh tach electron, nhan electron cula cluster
trung hoa ScVBs cling dugc tinh toadn & muc ly thuyét
PBE/def2-TZVP. Gi4 tri nang lugng ion hda (IE) va ai luc
electron (AE) clia cac dong phan trong Bang 2 dugc
tinh theo cong thuc:

IE = E (ScVBs™) — E (ScVBs)

AE = E (ScVBs) — E (ScVBs)

Trong dé, E (ScVBs), E (ScVBs*), E (ScVBs) lan luct la
nang lugng cla cluster trung hoa ScVBs, cluster cation
ScVBs*, va cluster anion ScVBs~ & trang thai ca ban.

Bang 2. Gia tri IE va AE cla cac déng phén clia ScVBs

Pong phan | IE(eV) | AE (eV)
N1 6,71 1,63
N2 6,01 1,32
N3 6,41 1,51
N4 5,89 1,49
N5 6,01 1,52
N6 6,44 1,29
N7 6,40 1,53
N8 6,32 1,54
N9 6,46 1,35
N10 5,96 1,92
N11 6,78 1,83
N12 6,44 1,67
N13 6,12 1,87

Gi4 tri nang lugng ion hda clia cac dong phan thu dugc
nam trong khodng ti 5,49 eV dén 6,78 eV. Qué trinh

nhan electron c6 gia tri AE nam trong khoang 1,11 eV
dén 1,92 eV. Bong phan bén nhat N1 co gié tri IE va AE
lan luct 1a 6,71 eV va 1,63 eV. Gia tri ai luc electron AE
clia ScVBs thu dugc ¢b do 16n bang vdi ndng luong
tach electron ADE (adiabatic electronic detach energy)
cla cluster anion ScVBs™. Cac théng tin vé nang lugng
cac qua trinh tach, nhan electron goép phan thém vao
o s& dif liéu cdu truc cla cluster.

Cdu trdc hdp phu CO: trén cluster Bs va cluster ScVBs

DE& xac nhan sy phu hgp clia phuong phap, phan ti
COz t6i uu hda & muc ly thuyét PBE/def2-TZVPP 6 céu
trdc Dun v&i d6 dai lién két C=0 bang 1,171 &, cac gia tri
tan s6 dao déng la 644,87, 644,87; 1320,69; 2357,50
cm”, phu hgp véi dir liéu thuc nghiém [33] tai thu vién
NIST (https://cccbdb.nist.gov): dé dai lién két C=0 la
1,162 A, cac gia tri tan s6 dao déng la 667; 667; 1333;
2349 cm™.

Cau truc, nang lugng tuong déi clia cac cdu trdc hap
phu COz cla cluster Bs nhu Hinh 4. K&t qué tinh cho
thdy cluster Bs c6 hai cau trdc dong phan bén nhét la
N1 va N2 (Hinh 4a) vdi su khac biét ndng lugng la 2,11
eV theo muc ly thuyét PBE/def2-TZVPP va 2,14 eV theo
muc ly thuyét TPSSh/def2-TZVPP. Sy khéc biét nang
lugng > 2 eV cho thdy cluster Bs c6 déng phan N2 rét
kém bén so vdi dong phan N1. Trong Hinh 4b, cdu tric
hdp phu mot phan t& CO2 & dang khéng phan tach
phan tir CO; ¢6 nang lugng cao han rat nhiéu so vdi
cac céu truc N1 va N2 cla cluster Bs-COz. Biéu nay cho
thay qué trinh hdp phu COz trén cluster Bs c6 xu hudng
phén tach CO; tao thanh hai loai lién két manh CO va
BO. B&n cdu truc nang lugng thép cla cluster Bs-2CO2
déu cé sy phan tach ca hai phan t& CO> tao thanh 2
nhém CO va 2 nhom BO.

Dé nghién clu su hép phu CO: trén cluster ScVBs, sau
doéng phan nang lugng thap nhat N1-N6 cla cluster
ScVBs dugc sit dung dé tao cau tric ngau nhién ban
dau véi COu. V&I mdi déng phan, t6i thiu 30 cau tric
ban dau dudc xdy dung ngau nhién dé thuc hién qua
trinh t6i vu hda. Qua trinh t&i uu hda thu dugc céu trdc,
nang lugng tuong déi nhu Hinh 5, Hinh 6, Hinh 7.

T&t ca cac céu truc hdp phu dugc tinh tan s¢ dao déng
diéu hoa & cung muc ly thuyét. Tat cd cac gia tri tan s6
dao déng diéu hoa clia cac cdu tric déu duong, xac
nhan day la cac cau tric cuc tiéu trén bé mat thé nang.
Do s6 lugng cac gia tri tdn s6 dao ddng cla tat ca cac
dong phan rét nhiéu, chdng téi khdong dua vao bai viét.
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Hinh 4: C4u truc, nang lugng tuong déi clia cac cluster a) Bs; b) Bs-CO2; ¢) Bs-2CO: tinh theo mutc ly thuyét
PBE/def2-TZVPP (gia tri trong ngodc tinh theo miic TPSSh/def2-TZVPP)

Trong céc hinh danh s& tUr 5 dén 7, cac dong phan dudc
ky hiéu dang AdxNy. Trong do, x la s6 phan t& COz hép
phu 1én cluster ScVBs (x=1-3), y la s& th( tu dong phan.
Trong Hinh 5, cdu tric AdINT la dong phén néang lugng
thdp nhat cla cluster ScVBs-CO.. Céu truc AdIN2 va
AdIN3 kém bén hon cdu tric AJINT Ian lugt 1a 0,38 eV va
0,64 eV. Cac dong phan Ad1N4 — AdIN14 c6 néang lugng
tuong déi nam trong khoang 1,04 eV dén 1,96 eV.

Hai cdu trdc t6i uu AJINS va AdINTT dudc tao thanh bdi
déng phéan N3 véi 1 phan tir CO» thu dugc nhu trong Hinh
5. Néng lugng clia hai cdu tric hdp phu nay cao hon ciu
tric AdINT [an luct la 1,06 eV va 1,84 eV. Céac cau tric
ScVBs-CO2 c6 su phan ly phéan ti COz thanh 2 phan CO
va O, phan CO uu tién tao lién két & dau C. biéu do dudc
gidi thich do nguyén t C c6 dé am dién nho hon nguyén
tr O, cac cap electron khong lién két clia nguyén tir C dé

tham gia tao lién két cho nhan han nguyén tir O. Nguyén
t O tao lién két vai cac nguyén t kim loai hoac tao lién
két vai nguyén tir B. K&t qua hinh thanh nén céc lién két
manh BO, CO, MO. Céc cau truc AJIN5, AJIN7, AdINS,
AdIN9, AdINTI, AdINT2, va AdIN14 la cac cdu tric hap
phu khéng pha hiy phan t&r COz, dang phéan t&r CO; hinh
duding thang bién dang thanh dang gap khuc.

Hinh 6 va Hinh 7 trinh bay mét sé c&u trdc nang lugng
thdp cla cac dong phan ScVBs-nCO. (n = 2, 3). Trong
Hinh 6, cdu tric nén clia ddng phan N4 clia cluster ScVBs
dugc quan sat thdy trong cdu tric hép phu Ad2N2. Cau
tric Ad2N2 c6 mét phan to CO2 bi bién dang va mét
phén t&r COz phan ly thanh CO va O. Bong phan Ad2N1
€6 nang lugng thép nhat gdm 2 phan tir CO; déu bi phan
ly. Nang lugng tuong déi clia cdc dong phéan Ad2NT,
Ad2N2, Ad2N3, Ad2N4, va Ad2N5 [&n lugt la 0,00, 0,64,
https://doi.org/10.51316/jca.2022.008
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1,18, 1,24, va 1,38 eV theo két qua tinh bang phiém ham
PBE, b6 ham cd s& def2-TZVPP. Hau hét cac cau truc
déng phan clia cluser ScVBs khdng thé tim théy trong cac
cdu tric nang lugng thép nay. Diéu nay cé thé duoc gidi
thich do su tuong tac manh gitta cluster nén va CO> dan
dén su phan ly lién két trong CO2 va su bién déi cau tric
nén cla cluster ScVBs. Tuong tu, trong Hinh 7, cdu tric
Ad3N3 bao gdm cdu tric dong phan N4 cla cluster
ScVBs, mét phan t&r CO2 biphan ly, hai phan ti CO2 bi
bién dang. Hai dong phan Ad3NT va Ad3N2 bén hon
déng phén Ad3N3 [an luct la 1,22 eV va 0,06 eV. Tuy
nhién, cdu trdc ScVBs trong hai ddng phan nay dugc hinh
thanh do su tudng tac cla 3 phan t& COz vdi cdu tric
cluster ScVBs ban dau. Béng phan Ad3N4 cé nang ludng
cao hon doéng phan Ad3N3 0,09 eV. Céu tric cla dong
phan Ad3N4 gdém hai phéan t& COz bi phan ly va mét
phan tr COz c6 dang gan nhu duding thang.

Nhin chung, cdu tric, néng lugng tuong déi cla cac
cluster ScVBs-nCOz (n = 1-3) cho thay nhiéu cau tric cé su
phan ly lién két clia phan t CO: tao lién két BO, CO, MO.
Su tuong tac manh cla cluster ScVBsvdi cac phan tir CO2
cho thay kha nang st dung loai vat liéu boron pha tap
scandi vanadi dé hap phu, hoat hoa lién két, cat dut lién
két trong phan t& CO2. Qua do cho thédy vat liéu boron
pha tap ludng kim loai scandi va vanadi c6 nhiéu tiém
nang Ung dung trong inh vuc hdp phu CO», vat liéu xtc
tac vdi sy hoat hda lién két, cat dut lién két trong CO2. Mt
s6 dong phan clia cluster ScVBs bi thay déi cdu tric khi
tuang tac véi COz. Do kha nédng tuong tac, hdp phuy nhiéu
phan t&r CO2 ma dang cau tric nén khéng bi bién déi nén
dong phan N4 cua cluster ScVBs dugc dé xuat la cau tric
thich hgp cho Ung dung hép phu CO».

Cau tric dong phan N4 cuia cluster ScVBs co dang ludng
thap ngl giac vdi nguyén tif vanadi & mét dinh thap,
nguyén tf scandi ném & phan day clia 2 thap nhu Hinh 4.
C4u truc hinh hoc clia dong phan N4 thudc nhom diém
déi ximg Cs vdi trang thai co ban 1a A" Theo két qua
phép tinh téi uu hda bang phiém ham PBE, bd ham ca s&
def2-TZVPP, dé dai lién két Sc-V bang 2,482 A; hai lién két
Sc-B gbm céc gia tri 2,198 va 2,367 A; dé dai cla cac lién
két V-B gdbm hai gia tri tinh dugc [a 2,042 va 2,176 A; d6
dai clia cac lién két B-B c6 gié tri tir 1,586 dén 1,687 A. Gia
tri tan s6 dao déng diéu hoa tinh dugc & muc ly thuyét
PBE/def2-TZVPP cla ddng phan N4-ScVBs la 205,14;
221,75; 338,15; 390,51, 392,79; 475,09; 515,53; 572,60;
654,26; 696,14; 758,60; 802,35; 976,71, 1016,71; 1082,58 cm”
T Theo s dd Hinh 3, cau tric cluster (ScVBs, 2) co thé
dugc hinh thanh tUr nhiéu cluster kich thudc bé nhu
(ScVBy, 3), (VBs, 3), (SBs, 1), (Bs, 2). Cac cau trdc nay phu
hgp vai cac két qua tinh trong cac nghién clu da cong bd
trudc day [12,14,24].

Ad1N14 - 1,96 eV

Ad1N13 - 1,87 eV

L
Ad1N12 - 1,86 eV

Ad1N11 - 1,84 eV
o—o—

N10 - 1,77 eV

x>
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L.

AdTNG6 - 1,08 eV

AdTNO - 1,58 eV

o

Ad1N7 - 1,32 eV

2

Ad1N5 - 1,06 eV

AdTN4 - 1,04 eV

>

Ad1N1 - 0,00 eV

Ad1N3 - 0,64 eV

Ty
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Hinh 5: Cac cau tric néng lugng thap clia ScVBs-CO2

https://doi.org/10.51316/jca.2022.008
55


http://doi.org/10.51316/jca.2020.008

Vietnam Journal of Catalysis and Adsorption, 11— issue 1 (2022) 48-58

@ Ad3N4 - 1,31 eV
@ Ad3N3 - 1,22 eV
el /%

Ad3N2 - 1,16 eV

Ad2N2 - 0,64 eV
*—o—

Ad2N1 - 0,00 eV Ad3N1 - 0,00 eV

Hinh 6. Cac cdu tric néng lugng thép clia ScVBs-2CO: Hinh 7: Cac cdu tric néng lugng thap clia ScVBs-3CO:2

https://doi.org/10.51316/jca.2022.008
56


http://doi.org/10.51316/jca.2020.008

Vietnam Journal of Catalysis and Adsorption, 11— issue 1 (2022) 48-58

Méat dé electron dinh cu trong cdu tric cla céc cluster
ScVBs-nCOz (n = 1-3) dugc md phong nhu Hinh 8 bang
phan mém Multiwfn 3.8 [34] vdi gia tri tinh bang phiém
ham PBE, bd ham ca s& def2-TZVPP. Vd&i phan tir CO:
khéng phan ly, lién két cho-nhén gitta C va B dugc hinh
thanh tU cac electron pi ciia COz va cac orbital tréng cua
B. VGi phén phan ly CO tu phan t& COy, lién két cho
nhan dugc uu tién hinh thanh ti dau C do C c6 dé am
dién nhd hon clia O nén c3p electron dé tham gia tao
thanh lién két cho-nhan hon cac cap electron khong lién
két ctia O. Tuong tac gitta nguyén tir O va cac nguyén tl
kim loai Sc, V xung quanh la cac tuang tac tinh dién gitta
phi kim co d6 am dién I6n va kim loai chuyén tiép.

Hinh 8: Anh ELF clia CO2, ScVBs, ScVBs-nCO: (n = 1-3)
(isosurface value = 0,77)

Gi4 tri nédng lugng hép phu trung binh nhu trong Bang
3. Qua trinh h3p phu mét phan t CO:2 trén déng phan
bén nhét cla cluster Bs la —2,37 eV. Gi4 tri nang lugng
hap phu trung binh tinh dugc cla cac dong phan
AdINT, Ad2N2, Ad3N3 cla céc cluster ScVBs-nCO:
(n=1-3) Ian lugt la —4,45 eV, —3,38 eV, —2,62 eV. Nang
lugng hap phu cla cluster ScVBs c6 dé Ién hon cla
cluster Bs cho thdy viéc pha tap dong thdi scandi va
vanadi lam tang tuong tac vdi CO:z so vdi cluster boron
tinh khiét.
Bang 3: Nang lugng hép phu trung binh

Cluster Pdng phéan Na;%!}f&i;?&g)hu
Bs-CO2 N3 -2,37
ScVBs-CO2 AdIN1 —4,45
ScVBs-2CO2 Ad2N2 -3,38
ScVBs-3CO2 Ad3N3 -2,62
K&t luan

Mudi ba céu trdc cuc tiéu cla cluster ScVBs dugc tim thay
bang phuong phép GA-DFT. C4u tric cyc tiéu toan bd
(N1) c6 ddi xting Cs vdi dang gan véi nifa céi 16ng chim cat
theo truc chtia hai nguyén tr scandi va vanadi. Dong phan
N2 c6 dang lung thap vdi hai nguyén tf scandi va vanadi
& vong ngl gidc. Bong phan N3, N4 cé dang Iudng thap
ngl giac véi mét nguyén t kim loai & dinh thap va mét
nguyén ti kim loai & day thap.

Pa tinh cac qua trinh tach electron, nhan electron clia céc
doéng phan cla cac cluster ScVBs & muc ly thuyét
PBE/def2-TZVPP. D& tinh su bién thién nang lugng cla
cac quéa trinh hinh thanh cluster ScVBs tir cac déng phan
clia céc dluster kich thudc nhd hon nhu Bs, ScBs, VBs,
ScVBa. Bién thién nang lugng phan Ung clia cac qua trinh
nay déu dm cho thay cluster ScVBs cd nang luong thép
hon téng nang Iucng clia cac cluster bé. Biéu dé cho thdy
qué trinh hinh thanh cluster ScVBs la chiéu tang do bén
nhiét dong clia hé.

Cac cdu tric hdp phu n CO2 (n=1-3) trén cluster ScVBs
dugc tinh toan. Két qua tinh cho thdy cac dong phéan cla
cluster ScVBs cé khd nang hdp phu COz t6t, t6t haon
cluster boron tinh khiét Bs. Cluster Bs tuong tac véi CO2
hinh thanh 2 lién két bén BO va CO tao ra kha nang bat
gitt nhiéu phan t&r CO,. Khi ¢6 kim loai M pha tap, lién két
gita M va O manh la gép phan tang tucng tac vdi cac
phan t& COz. Phan CO tuong tac vai B vdéi dau C uu tién
han dau O. Bong phan N4 cla cluster ScVBs dudc dé xuat
la cdu trdc thich hap cho Ung dung hap phu CO> do céu
trdc it bi bién déi va tuong tac manh véi nhiéu phan t
CO..
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