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NGHIEN CUU CAC TRANG THAI ELECTRON CUA CAC CLUSTER MnB," ™
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Tém tit
Trong nghién ciru nay, cau triic hinh hoc va cdu triic electron cua cdc cluster MnBZO/ " dwoc
tinh todn bang phwong phap tinh da cau hinh CASSCF/CASPT2. Cdu hinh electron, thong sé cdu triic
va nang lwong twong doi ¢ cdc trang thdi nang lrong thap cua cdc cluster dwgc bao cdo. Két qua
tinh cho thdy ham song ciia cdc trang thai nang lhrong thap c6 tinh chat da cau hinh manh. Pong
phdn hinh tam gidc dwoc dw dodn on dinh hon dong phan hinh dwong thang ¢ cluster trung hoa va
cluster anion. Vi cluster cation, dé bén ciia cluster hinh tam gi&c va cluster hinh dwong thing la gan
nhu twong dwong nhau. Két qua tinh dwoc cho thdy nang heong ion héa va di luc electron cia trang
thdi co ban cua cluster MnB, co gid tri lan luot la 7,76 eV va 1,42 eV. Cluster MnB, hinh tam giac
tao ra bang cach thém mdt nguyén tir B vao cluster MnB ¢6 tinh bén véi téc nhdn oxy héa va tac nhan

khir cao hon cluster MnB.

Tir khéa: Céc cluster MnB,"™"*, phirong phdp CASSCF/CASPT2, ndng lwong ion héa, di lhec

electron, trang thdi electron.

1. Mé dau

Céc cluster ctia boron véi kim loai chuyén
tiép Sc, V, Cr, Mn, Fe, Co thu hut sy chi y cua
cac nha khoa hoc bdi cac ng dung trong cong
nghiép xtic tac va vat liéu nano [6], [7], [8], [9],
[12]. Su pha tap kim loai chuyén tiép vao céc
cluster ctia boron c6 thé hinh thanh nén cac cu
tric co tinh chat dic biét. Cluster FeBg va
cluster FeBy c6 d6 bén cao ung voi céu truc ddi
xung hinh banh xe [9]. Céc cluster CoBjs va
MnBjs c6 ciu tric hinh tréng [6], [8]. Céc
cluster VB," (n = 3-6) c6 kha ning tach hydro ra
khoi phén tir hitu co bén vimng 1a methane ¢ diéu
kién thudng [3]. Cau truc cua cac 16p MnB; hinh
mang ludi nhu graphene dugc du dodn c6 do
clig va do bén cao [15].

Céc cluster cua boron pha tap mangan dugc
nghién ctru nhiéu vé ciu trac hinh hoc, ciu trac
electron va tinh chét tir. C4u trac va tinh chét cia
cac cluster MnB,, (n < 7) va Mn,B (n = 2-12)
duoc nghién ciru bang 1y thuyét phiém ham mat
d6 [4], [7]. Cau trac cua cluster MnBis duoc
tham do bang phd quang electron va cac tinh
toan ab initio [6]. Cau triic electron va do dai lién
két cua trang thai co ban va mot sb trang thai
nang luong thdp cta cluster MnB dugc nghién
ctru bang phuong phap tuong tac céu hinh dwa
trén ham song da cau hinh (MRCI) [12]. Véi
phuong phép tinh nay, trang thai co ban cua
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cluster MnB duoc du doan 1a °IT véi ning lugng
lién két 1a 20 keal/mol.

Trong nghién ctru nay, chiing t6i tinh toan
cu trac hinh hoc va céu trac electron cla céc
trang thai electron c¢6 niang lugng thip cua cac
cluster MnB,”"* bang phuong phap tinh da ciu
hinh CASSCF/CASSPT2. Tuy ciu trac hinh hoc,
cAu truc electron, tinh chét tir cua cluster MnB;
da duoc nghién ctru bang 1y thuyét phiém ham
mat d9, chi c6 trang thai quartet cia dong phan
hinh tam giac cia MnB, dugc bao cdo. Nguyén
tr Mn ¢6 cau trac electron v m¢ voi cau hinh
electron [Ar]3d°4s?, do d6, c6 thé dy doan rang
céc cluster MnB,”" ¢6 nhidu dong phan va
nhiéu trang théi electron gan nhu suy bién véi
nhau vé mat nang luong [12]. Trong truong hop
d6, phuong phap tinh da céu hinh
CASSCF/CASPT2 can duogc sir dung dé nghién
ctru cdu tric hinh hoc va ciu tric electron cia
cac dong phan quan trong [10]. Bang phuong
phap CASSCF/CASPT2, cau hinh electron, ning
lugng tuong ddi, do dai lién két cua cac trang
thai electron cta cac cluster MnB,” duoc tinh
toan. Nang lugng ion hoa va ai lyc electron cua
cluster trung hoa dugc tinh tr nang luong cua
cac trang thai co ban cua cac cluster MnBZOH -
Két qua nghién ctru s& cung cap hiéu blet tuong
d6i day du vé cdu trac hinh hoc va cau tric
electron cua cac cluster MnB,” ",

2. Phuwong phap tinh

Phuong phap CASSCF/CASPT2 dugc dung
dé tinh toan cac thong s cau triic va nang luong
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cua cac trang thai electron cua cac cluster
MnB,”"* [11]. C4u tric hinh hoc ciia cac trang
thai electron co ning luong thip cua céac cluster
MnB,”"" dugc t6i wu héa biang phwong phap
CASPT2 [11]. B ham co s¢ aug-cc-pwCVTZ-
DK va aug-cc-pVTZ-DK duge st dung lan luot
cho nguyén t6 Mn va B [2], [14]. Electron trén
cac orbital 3s va 3p cua Mn dugc phép tham gia
Vao c&c qua trinh kich thich electron trong budc
tinh ning lugng CASPT2 [11]. Tat ca cac tinh
toan  cdu  tric  bang phuong  phap
CASSCF/CASPT2 dugc thyc hién bang phan
mém MOLCAS@UU 8.0 [1].

Ham song cho phuong phap CASPT2 dugc
tao nén tir cac tinh todn bang phwong phap
CASSCF. Khong gian hoat dong trong tinh toan
CASSCF duoc lua chon dua trén cac orbital hoa
tri cia Mn va B. Cu thé, khong gian hoat dong
ctia cac cluster MnB,” " bao gdm céc orbital 3d,
4s ctia Mn va cac orbital 2s, 2p cta B. Két qua
hinh thanh nén cac khéng gian hoat dong véi 13,
14, hodc 12 electron phan bd trong 14 orbital.
Khong gian hoat dong voi 14 orbital da duoc
ching minh 1a pht hop dé nghién ctru ciu triic
clia cac cluster chira kim loai chuyén tiép [11].

3. Két qua va thdo luin

3.1. Dong phin bén nhit caa céc
cluster MnB," ™"

Céc cluster MnB,” " ¢6 hai dong phan quan
trong nhu trinh bay trong Hinh 1. Cac dong phan
hinh tam giac v6i d6i xtmg Ca, dugc ky hiéu 1a t-
MnB,"™"", trong khi cac dong phan hinh dudng
thang v&i d6i xting Cyy duge ky hi¢u la |-
MnB,” ", Do phan mém tinh toan cau tric
MOLCAS chi hd tro tinh toan cho cac nhom
diém Abel nén nhom diém ddi xung Cyy dugc s
dung cho ddng phan hinh duong thang trong cac
tinh toan CASSCF/CASPT2 [11].

0/=/+

n

-MnB,"

I-MnB;

Hinh 1. inu tric hinh hoc cia dfing phéan hinh tam
giac va dong phan hinh dwong thang cia cac cluster
MnBz"H"

Ning luong tuong ddi cua cac dong phan
hinh tam giac t-MnB,” " va déng phan hinh
duong thang |- MnBZOH * tinh bang phuong phap
CASPT2 duoc thé hién trong Bang 1. Két qua
cho thdy véi cac cluster trung hoa va cluster
anion, dong phan hinh tam gidc c6 do bén cao
hon ddng phan hinh duong thiang. Cu thé trong
cluster trung hoa, trang thai B, cua déng phan
hinh tam gidc bén hon trang thai *L” cua dong
phan hinh duong thang 1a 1,08 eV. Két qua nay
pht hop véi cac tinh toan bang 1y thuyét phiém
ham mat d9, trong do, trang thai quartet ciia dong
phan hinh tam gidc dugc du dodn la trang thai co
ban cua cluster MnB; [7]. Pdi véi cluster anion,
trang thai *A; ciia dong phan hinh tam giac co
ning luong thip hon trang thai 3% cua dong
phan hinh duong thang 1,25 eV. Déi voi cluster
cation, cac dong phan t-MnB," va dong phan |-
MnB,* ¢6 do bén tuong duong nhau theo ning
luong tinh bang phuong phap CASPT2. Cuy thé,
trang thai °B; cua dong phan t-MnB," va trang
thai °L” ctia déng phan I-MnB," ¢6 ning luong
chi khac nhau khoang 0,02 eV. Cac két qua trén
cho thiy & cluster trung hoa va cluster anion,
dong phan t-MnB, c¢6 d6 bén cao hon ddng phan
I-MnB,"; & cluster cation, hai déng phan t-MnB,"
va I-MnB," ¢ d6 bén tuong duong nhau.

)

Bang 1. Niing lgng twong ddi (NLTD) ciia cac dong phan hinh tam gidc va dong phan hinh dudng thing cia

cluster MnB,""*
Pong phin Trang thai Db dai lién kétri; r, (A) NLTP (eV)
t-MnB, B, 1,978; 1,616 0,00
I-MnB, O 2,137; 1,591 1,08
t-MnB, A 1,994; 1,593 0,00
| -MnB; 3 1,957; 1,644 1,25
t-MnB," °B, 2,202; 1,596 0,00
| -MnB," 5 1,985; 1,569 0,02

3.2. Céc trang thai electron cta cluster MnB,
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thip cua cluster MnB; tinh bing phuong phap
CASPT2 dugc trinh bay trong Bang 1. Trang thai
co ban cua cluster MnB; dugc dy doan la trang
thai *B; cuia dong phan t-MnB,. Trang thai co
ban “B; nay c6 do dai lién két Mn-B va B-B lan
lugt 12 1,978 A va 1,616 A. Hinh anh céc orbital
phan tir va s6 electron chiém cua trang thai *B;
dugc trinh bay trong Hinh 2. Dya vao s6 electron
chiém cua cac orbital phan tr, ciu hinh electron
cia trang thai co ban ndy duoc dé& xuit la
72,°82:°9a,°10a;'11a,°3b,°4b,"4b,*5h, 1a,".  Céu
hinh nay chiém ti 18 41% cho thay ham song cua

trang thai nay co tinh chat da cdu hinh manh.
Trong do, orbital 7a; dugc tao thanh chu yéu tur
orbital 2s cua phéi tir B,; cac orbital lién két 8ay,
9ay, 3by, va 4b, dugc tao thanh tir cac orbital 3d
ctia Mn va cac orbital 2p cua By; cdc orbital 10a,,
5b,, va 1a; 1a cac orbital khong lién két duogc tao
thanh tr cac orbital 3d ctia Mn; cac orbital 11ay,
4b,, va 6b, 1a cac orbital phan lién két duoc tao
thanh tir cac orbital 3d cua Mn véi cac orbital 2p
cua B,. Ngoai ra, orbital 12a; duoc tao thanh chu
yéu tr orbital 4s ctia Mn, cac orbital 7b, va 2a,
duoc tao thanh chu yéu tur cac orbital 2p cua B..

Bang 2. CAu hinh electron (NLTD), d¢ dai lién két, ning lwong twong doi ciia cac trang thai electron cé ning
lwgng thap cia cluster MnB,

bong Trang A 1s Dbo dailien NLTD
phan thai Cau hinh electron két ri; 1> (A) (eV)
t-MnB, ‘B, ...72,°8a,°9a,°10a, 11a,°3b,°4b,%4b,’5h, 1a," (41%) 1,978:1,616 0,00
(C) A ...72,°8,°9a,"10a,"11a,°3b,%4b, 4b,’5b, 13, (72%) 2,118;1561 0,59
jBl ...7a1§8a1§9a1;1Oalillal(l)Sb1§4b1‘i4b2§5b221agi (28%) 2,137;1,621 0,62
B, -72,°821°93,°10; 11, °3b; b, *4b,"5b, 12, (36%) 1,949; 1,513 1,02
B, ...72;°82;°92,°10a;11a; 3b;“4b,"4b,"5b, 14, (35%) 1,887; 1,604 1,11
A ...7a,°82,°9a,°10a,"11a,°3b,°4b,°4b,°5b,%1a,” (51%) 1,895;1,582 1,51
A, ...7a,°82,°9a,°10a,°11a,°3b,°4b,%4b,°5b,%1a," (40%) 1,925;1,544 1,69
I-MnB, A, ‘S ..82,°9a,%10a,°11a,12a,113a,°3b,%4b, "3b,?4b, 13, (7%) 2,137: 1,591 1,08
(Cos Coy)  °A5 °A  ..88;,%9a,%10a,%11a,'12a,13a,°3b, 4b,*3b,%4b,1a," (7%)  2,186; 1,578 1,19
A, St ..82,°9a,%10a,°11a,"12a,"13a,°3b,%4b, "3b,?4b, 18, (9%)  2,010: 1,558 1,56
°B,, °I1  ...8a,°9a,%10a;'11a,"12a,"13a,°3b,%4b,"3b,?4b, 18, (42%)  1,901: 1,545 1,61

Céac trang thai kich thich cia ddng phan
hinh tam gidc cua MnB;, dugc trinh bay trong
Bang 2. Két qua cho thiy cac trang thai °A; va
®B, cua t-MnB; c6 ning luong twong dbi 1a 0,59
va 0,62 eV. Hai trang thai sextet nay co thé duoc
hinh thanh tir trang thai *B; bang cach di chuyén
mot electron tir orbital 9a; sang orbital 4b; va
sang orbital 11a;. Vi orbital 9a; 1a orbital lién két

v ®

q

1a, (0,46)

S- #g e

6b,(0,09)

102 (1.00)  4b; (0.45)

9
bo

9a, (1.55)

Qs

8a(1.87)  3b,(1.54)

7a;(197)

5b,(1.01)  lay(1,00)

Hinh 2. Céc orbital phén tir va s6 electron chiém
ciia trang thai ‘B ciia dong phén hinh tam
giac t-MnB,

duoc tao thanh tir orbital 3d ciia Mn véi orbital
2p cua B, trong khi orbital 4b; va 1la; la cac
orbital phan lién két nén d¢ dai lién két Mn-B
tang tir 1,978 A trong trang thai *B; 1én 2,118 A
trong trang thai °A; va lén 2,137 A trong trang
thai °B;. Cac trang thai kich thich nhu “B,, By,
2A;, va A, kém bén hon trang thai co ban ‘B,
lan luot 1a 1,02, 1,11, 1,51, va 1,69 eV.
Yo -8 -of

142,(0,02)  5b,(0,05)  5b,(0,05)

Qo
B = 0‘@ x ..

4b, (0,80)  4b,(0.80) 1a,(1,00)

o —

12a, (1,00)

11a,(1,00)

10a, (1,27)

O

9a, (1.94)
8a, (1,97) 3bp (1,18)  3by(1,18)
Hinh 3. Cac orbital phén tir va sb electron chiém
ciia trang thai ‘A, (") ctia ddng phan hinh dwong
thang | -MnB,
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Ning luong twong d6i ciia cac trang thai
electron c6 ning lugng thip ciia ddng phan hinh
duong thang I-MnB; dugc trinh bay trong Bang
2. Két qua cho thy trang thai *Y~ ciia dong phan
I-MnB; c6 niang lugng cao hon trang thai ‘B, cta
ddng phan t-MnBs, 1 1,08 eV. Trong nhom diém
doi xung Cyy, cAu hinh electron cua trang thai
electron *L” cta dong phéan hinh duong thang I-
MnB, dugc dé xuat 1a
83.1293.1210a1211a11123.11133.103b124b103b224b201a2.
Céu hinh electron nay chi chiém 7% trong tong
s6 cac cau hinh c6 trang thai quartet nay theo két
qua tinh bang phuong phap CASSCF. Do ti 1¢
chlem cua cau hinh chinh kha nhd, nén tong 5O
céc cdu hinh c6 ti 16 chiém nho con lai 1a rat 16n.
Diéu d6 cho thay ham song cua trang thai nay c6
tinh chét da cdu hinh rat manh.

Céc orbital phan tir clia trang thai “X~ duoc
trinh bay trong Hinh 3. Trong do, 10a; va 13a, la
céc orbital o va o*; 12a; va la, la céc orbital 6
khong lién két; 3b1 va 3b; la cac orbital 7z lién
két; 4b; va 4b, 1a céc orbital z* phan lién két; va
11a; la orbital dugc tao thanh tir orbital 4s cua
Mn. Céc trang thai kich thich °A, 22, va °IT c6
nang lugng tuong ddi 1an luot 1a 1,19; 1,56 va

1,61 eV so voi trang thai co ban “B; cia dong
phén hinh tam giac t-MnB,.

3.3. Cac trang thai electron cia cluster MnB,

Céc trang thai ning luong thip cua cluster
MnB, tinh bang phuong phap CASPT2 dugc
trinh bay trong Bang 3. Két qua cho thiy trang
thai co ban cua cluster anion Ia trang thai A cia
dong phan t-MnB; . Trong trang thai co ban
quintet ndy, d6 dai lién két Mn-B va B-B lan luot
1a 1,994 va 1,593 A. Céu hinh electron dugc dé
xut cho trang thai °A; la 7a,%8a,°9a,%10a;*11a,°
3b,%4b,*4b,?5b, 1a,". Cac trang thai kich thich
5By, 'Ay1, °A,, *By, 'B; va 2°B; kém bén hon trang
thai co ban °A; 1an luot 12 0,38; 0,48: 0,55; 0,77;
0,79 va 1,02 eV. Ngoai ra, trang thai %% cuoa
d6ng phan I-MnB,~ ¢6 ning luong cao hon trang
thai °A; cta déng phan t-MnB, 1a 1,25 eV. Chu
hinh electron dugc dé xuit cua trang thai °% tir
tinh toan theo phuong phap CASSCF Ila
83.1293.12103.1211a12123.11133.103b124b103b224b2013.2.
Hai trang thai °TII va 'TI cuoa dong phén hinh
duong thiang I-MnB; ™ c6 ning luong cao hon
trang thai °A; ciia dong phan t-MnB, lan luot 1a
1,28va 1,43 ¢eV.

Bang 3. CAu hinh electron, dd dai lién két, ning lwgng twong ddi (NLTD) ciia cac trang thai ning lwong thip
cia cluster MnB,

bong Trang A bo dailien NLTD
phan thai Cau hinh electron Két et ( A) €V)
t-MnB,~ °A;  ..72,°8a,°9a,"10a;'11a,°3b,’4b, 4b,°5b, 1a," (51%) 1,994:1,593 0,00
(Cx) °B,  ..72,°8a,%9a;°10a; 11a,"3b,%4b,"4h,?5h, 1a," (32%) 2,103;1,597 0,38
A ...7a,°8a,%9a,'10a,'11a,'3b,%4b, 4b,?5b, 18, (77%) 2,189; 1,555 0,48
A, ...7a,°8a,%9a,°10a,'11a,°3b,%4b,%4b,’5b,%1a," (47%) 1,911;1,697 0,55
B, ...7a,°8a,°9a,°10a,*11a,°3b,°4b,%4b,?5h, 1, (17%) 2,041:1,607 0,77
B, ..7a,°8a,°9a,°10a;*11a;'3b,'4b,*4b,?5h, 13, (29%) 2,229:1,598 0,79
2°B;  ...72,°8a,°9a,°10a,*11a,'3b,°4b, 4b,?5h, 12, (18%) 2,185:1,603 1,02
I-MnB, °A, % ..8a,°9a,°10a,°11a,%12a,'13a,°3b,%4h,°3b,%4b, 1a," (19%)  1,957;1,644 1,25
(Cov, C.w)  °By,°IT  ...83,°9a,%10a;%11a,"12a,"13a,°3b,%4b,"3b,%4b, 1a," (19%)  2,075;1,565 1,28
B, ' ...88,°9a,%10a,'11a,"12a,'13a,"3b,%4b,°3b,%4b, 1a," (24%)  2,106;1,555 1,43

3.4. Cac trang thai electron ctia cluster MnB;"

Két qua tinh cta cac trang thai ning luong
thip cua cluster MnB," duoc trinh bay trong
Bang 4. Két qua cho thdy trang thai °B; cua dong
phan hinh tam giac t-MnB," 1a trang théi co ban
cua cluster cation MnB;". Trang thai co ban nay
c6 cdu hinh electron 1a 7a;°8a,°9a;"10a;"11a,"
3b1°4b,4b,?5b,'1a,". Do dai lién két Mn-B va B-
B cua trang thai °B; tinh toan duoc la 2,202 va
1,596 A. Trang thai *A; c¢6 ning luong cao hon
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trang thai co ban °B; 1a 0,29 eV. Trang thai
triplet nay co thé duogc tao thanh tir trang thai °B;
bang cach chuyén mot electron tir orbital khong
lién két 5b, sang orbital lién két 9a;. Qua trinh
chuyén nay lam giam do dai lién két Mn-B tur
2,202 A trong trang thai °B; xudng 2,008 A trong
trang thai 3A,. Ngoai ra, trang thai 'B; c6 thé
dugc hinh thanh tir trang thai °B, bﬁng cach kich
thich mot electron tir orbital lién két 3b; dén
orbital phan lién két 4b;. Do d6, do dai lién két
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Mn-B ting tir 2,202 A & trang thai °B, 1én 2,323
A & trang thai 'B;. Céc trang thai °Ay, *By, va °A;
¢6 ning lugng tuong ddi lan luot 12 0,80; 0,83 va
0,88 eV so voi trang thai co ban °B,.

O dong phan I-MnB,*, két qua tinh bang
phuong phap CASPT2 cho thiy c6 vai trang thai
electron gan nhu suy bién véi trang thai °B; cia

dong phan t-MnB,". Cac trang thai °%", 5%, va
A ctia dong phan I-MnB," kém bén hon trang
thai °B; cua dong phan t-MnB;" 1an luot 13 0,02,
0,12, va 0,29 eV. Trang thai kich thich 'Z* cua
dong phan dong phan I-MnB," rat kém bén so
v6i trang thai °B; voi gia tri nang lugng tuong
ddila 1,04 eV.

Bang 4. CAu hinh electron, d9 dai lién két, ning lwrgng twong d6i (NLTD) ciia cic trang thai ning lwong thip
ciia cluster MnB,"

P dai lién

Dan Trz_llr%g Céu hinh electron kétri;r, NLTTD
phéan théi A) (eV)
t-MnB," °B, ...7a,°828,°9a,"10a,"11a,°3b,°4b,%4b,’5b, 18, (42%) 2,202;1,596 0,00
(Ca) A, ...73,°8a,°9a,°10a,*11a,°3b,°4b,%4b,?5h, 1a," (27%) 2,008;1,537 0,29
B, ...73,°8a,°9a,'10a,*11a,°3b,'4b, 4b,?5h, 13, (78%) 2,323:1,601 0,38
A, ...73,°8a,°9a,'10a,11a,"3b,?4b,%4b,?5h, 1a," (11%) 2,198:1,532 0,80
°B, ...73,°8a,°9a,°10a,%11a,°3b,?4b,%4b,*5h, 1a," (31%) 1,951;1,693 0,83
Ay ...73,°8a,°9a,°10a,11a,°3b,'4b,%4b,?5h, 1a," (40%) 2,265:1,729 0,88
I-MnB," A, % ...8a,%9a,°10a,°11a,°12a,"13a,°3b,°4b,°3b,%4b, 13, (8%)  1,985;1,569 0,02
(Cos o) °A, %% ...8a,°9a,%10a, 113, 122, 132,°3b,%4b,°3b,%4h, 1a," (13%)  2,015;1,566 0,12
Ay, A ...82,°92,°10a, 112,122, 13a,°3b,'4b,*3b,?4b,*1a," (20%)  2,071;1,560 0,29
A, 'Y .8a,%9a,°10a,'11a,"12a,"13a,°3b,"4b,°3b,%4b, 18, (18%)  2,042;1,586 1,04

3.5. Cac tinh
cluster MnB;

Nang luong ion hoa IE (ionization energy)
va ai luc electron AE (affinity energy) cua cluster
trung hda MnB, dugc tinh bang cac cong thirc:

IE = E(MnB,") — E(MnB,) 1)

EA = E(MnB;) — E(MnB;) 2

Trong cac cong thiic nay, E(MnB)),
E(MnB;), va E(MnB,") lan lugt 1a ning luong
cua cac trang thai co ban cua cac cluster trung
hoa, cluster anion, va cluster cation tur cac phép
tinh CASPT2 [13].

Gia tri nang lugng ion hoda tinh cho budc
chuyén tur trang thai ‘B, dén trang thai °B; cua
cac ddng phan t-MnB,Y* 1a 7,76 eV. Trong budc
chuyén nay, mot electron duoc tach ra tir orbital
lien két 9a;. Do dai lién két Mn-B ting tir 1,978
A 1én 2,202 A. Ning luong ion hoa tinh bang
phuong phap CASPT2 (7,76 e¢V) la nho hon so
voi nang luong tach electron VDE (vertical
detachment energy) tinh bang 1y thuyét phiém
ham mat do (8,03 eV) [7]. Két qua c6 thé duoc
giai thich 1a do trong céc tinh toan nang lugng
ion héa VDE, chi hinh hoc cua trang thai co ban
cta cluster trung hoa duoc téi wu, trong khi ciu
tric hinh hoc cua cluster cation dugc gitt ¢ dinh
gidng v6i hinh hoc di t6i wu hoa cua trang thai
co ban cua cluster trung hoa [7], [13]. Gia tri ai

chit ning lwong cia

luc electron tinh cho budc chuyén tir trang thai
*B; dén trang thai *A; cua cic dong phéan hinh
tam giac t-MnB,"" ¢o gid tri 1a 1,42 eV. Trong
budc chuyén nay, mot electron dugc thém vao
orbital phan lién két 4b; cua trang thai ‘B,. Két
qua 1am ting d6 dai lién két Mn-B tir 1,978 1én
1,994 A trong budc chuyén tir trang thai “B; sang
trang thai °B;. Trong nghién ctu trudc day, gia
tri IE va AE cua cluster MnB tinh duogc b?mg
phuong phap CASPT2 lan luogt 13 6,71 va 1,67
eV [5]. Cac két qua tinh cho thay khi thém mot
nguyén to B vao cluster MnB tao thanh cluster
MnB; hinh tam giac, gia tri nang lugng ion hoa
tang tr 6,71 eV 1én 7,76 eV va gid tri ai lyc
electron giam tir 1,67 eV Xuéng 1,42 V. Do do,
cluster MnB; hinh tam giac c6 do bén vaGi tac
nhan oxy hoa va va tic nhan khir cao hon
cluster MnB.

4. Két luan

Ham song cua céc trang thai electron cua
cac cluster MnB," " ¢c6 tinh chat da cdu hinh
manh. Dya vao nang luong tuong ddi tinh bang
phuong phap CASPT2, d6ng phan hinh tam giac
bén hon ddng phan hinh duong thang hon 1 eV
ung vai cac cluster MnB, va MnB;". Tuy nhién,
trong cluster cation, ddng phan hinh dudng thang
chi kém bén hon dong phan hinh tam gidc
khoang 0,02 eV. Trang thai co ban cua cac
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cluster MnB,” " duoc x4c dinh lan luot 1a *B,

*A;, Va °Bj clia dong phan hinh tam giac. Gia tri
ndng lugng ion hda va ai lyc electron cua cluster
trung hoa lan luot 1a 7,76 va 1,42 eV. Cluster
MnB; hinh tam gidc kho bi oxy hoa va kho bi
khir hon cluster MnB. Ciu hinh electron va céac

orbital phan tir tinh bang phwong phap CASSCF
dugc dung dé giai thich sy thay di cdu triic hinh
hoc trong céc budc chuyén electron.

Loi cam on. Nghién ciru nay dugce hd tro
boi Truong Pai hoc Pong Théap cho d& tai ma sé
SPD2018.02.47./.
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A CASSCF/CASPT2 INVESTIGATION ON THE ELECTRONIC STATES
OF MnB,” ™ CLUSTERS

Summary

This study investigated the geometrical and electronic structures of MnB,” " clusters with the

multiconfigurational CASSCF/CASPT2 method. The leading configuration, structural parameters,
and relative energies of the low-lying states of the studied clusters are reported. The results indicated
that the wave functions of low-lying states show a strong multi-reference property. The triangle
isomer is predicted to be more stable than the linear one in both neutral and anionic clusters.
Meanwhile, in cationic clusters the triangle and linear isomers have almost the same stability. The
calculated ionization energy and electron affinity of the neutral ground state are 7.76 and 1.42 eV,
respectively. By adding one B atom to MnB cluster, the obtained triangular-MnB; cluster has higher
stability than that of MnB cluster in anti-oxidation and anti-reduction.

Keywords: MnB,” " clusters, CASSCF/CASPT2 method, ionization energy, electron affinity,
electronic states.
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