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Tém tit

Phiém ham B3LYP va phwong phap CASSCF/CASPT 2 dwoc sur dung dé nghién ciru cdu triic
hinh hoc va cdu triic electron cia cluster MnS;"°. Két qua cho thay dé bén vé mat nang luwong cua
cdc dong phan thudc cluster anion (cluster mang dién tich dm) giam dan theo chiéu tir 5’-(S;)MnS~
dén MnSs;™ va cudi cdmg la ;72-(S3)Mn7. Dé bén cia cdc déng phan thuoc cluster trung hoa dién giam
dan theo chiéu tir n’° -(S2)MnS den n’ (S3)Ml’l va cudi cing la MnSs. Trang thdi electron co ban cia
cluster anion la °B; cia dong phan 7 -(S2)MnS, trong khi trang thai co ban cua cluster trung hoa
dién la B, thudc dong phan n’>-(Sy)MnS. Phé quang electron cua cluster anion dwoc giai thich dua
vdo cdc qud trinh tach electron ra khéi dong phdn bén nhat n’-(S))MnS va cdc dong phéin khéng bén

MnS3;™ va n’-(S3)Mn".
T khoa: cluster MnS 37/0,

1. D3t van dé

Cluster ciia kim loai chuyén tiép va luu
huynh dugc nghién ciru nhiéu vi cac cluster
nay lién quan truc tiép dén cac qua trinh xuc
tac va van chuyén sinh hoc [5]. Nhiing cluster
thudc loai nay dugc thira nhéan 1a c6 clu tric
hinh hoc va céu trac electron phuc tap [6], [7],
(81, [9]. Theo do, img vO1 moi cluster thuong
xuét hién nhleu ddng phan c6 d6 bén twong
duong nhau vé mit nang lugng. Hon nira,
trong moi dong phan thuong ton tai cac trang
thai electron gan nhu suy bién v&i nhau. Cac
dic diém trén day cua cluster gitra kim loai
chuyén tiép va luu huynh dugc tao nén tir cdu
truc electron chua bao hoa cua cac orbital 3d
va 4s cia kim loai chuyén tiép. Su phirc tap vé
cdu trac hinh hoc va cau tric electron cua cac
cluster nay c6 thé bat gip trong truong hop cua
cluster FeS, "* (n=1-4) [6], [8] va Mn,S,, " (n =
1 -10, m =1 -10) [7], [9]. Viéc nghién clu
céc cluster nay thuong tién hanh bing céc ky
thuat thyc nghiém nhu phd khdi luwong, phd
hong ngoai, pho quang electron [3], [8], [9],
[10]. Hoa hoc tinh toan véi cac phuong phap
tinh phu hop cho cluster chtra kim loai chuyén
tiép nhu 1i thuyét phiém ham mat do, phuong
phap CASSCF/CASPT2, hay CCSD(T) thuong

® Hoc vién cao hoc, deng Pai hoc Cn Tho.
) Truong Pai hoc Pdng Thap.

84

cau triic hinh hoc, cdu triic electron, phwong phdp CASSCF/CASPT?.

duoc st dung dé nghién ciru cac cluster nay
[6], [7], [8]. ,
Trong bai bao nay ching to1 nghién ctru cau
tric hinh hoc va ciu tric electron cua cluster
MnS;7°. Vé mit thuc nghiém, céac cluster cua
Mn va S duoc tong hop bang cach hoéa hoi hdn
hop cia Mn va S bang tia laser [9]. Sau do,
cluster MnS;  duoc chon loc béng phé khdi
lugng do thoi gian bay (time-of-flight mass
spectroscopy). Va  phd quang electron
(photoelectron spectroscopy) dugc sur dung dé
thim do ciu trac hinh hoc va cdu trac electron
ctia cluster MnS; °. Tuy nhién, nhiing thong tin
thu dugc tr phd quang electron cua cluster
MnS;~ van chua dugc hiéu mot cach déy du. Cu
thé, phd quang electron cua cluster MnS;~ duoc
do vdi tia laser c6 nang luong 355 nm va thu
duoc ba day phé chinh 1an luot & cac vi tri 2,18;
2,60 va 3,30 eV [9]. Cac két qua tinh dugc gan
day cho thdy diy phd thi nhat ¢ vi tri 2,18 eV 1a
két qua cua qua trinh tach electron ra khoi déng
phan khong bén #°~(S;)Mn’, trong khi ddy phd
thir ba & vi tri 3,30 eV 1a két qua cua qua trinh
tach electron ra khéi déng phan bén nhat MnS;~
[2]. Day pho thir hai ¢ vi tri 2,60 eV trong phd
quang electron ciia cluster MnS;~ van chua duogc
gidi thich bang cac két qua tinh duoc [2]. Mat
khac, chung t6i thdy rang cac két qua tinh duoc
gan ddy van chua nghién ctru ddy du cac dong
phan quan trong ciia cluster MnS; . Cac két qua
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nghién ctru cluster FeS; ° bang hoa hoc tinh toan
cho thiy 7%-(S;)FeS ™ méi 1a dong phan bén nhit
[6]. Tuy nhién, ddi véi cluster MnS;°, dong
phan #°<(S;)MnS™ van chua dwgc nghién ciu
bé“mg hoa hoc tinh toan. Do vay, trong bai bao
nay, ching toi 4p dung 1i thuyét phiém ham mat
d6 va phuong phap CASSCF/CASPT2 dé nghién
clru cdu trac hinh hoc va ciu trac electron cua
cac dong phan #7°-(S)MnS™°, MnS; ™ va -
(S3)Mn . Cac két qua tinh duoc sir dung dé giai
thich tat ca nhitng diy phd trong phd quang
electron cua cluster MnS; .
2. N§i dung nghién ctru
Cau trac hinh hoc va céu trac electron cua
cluster MnS; va cluster MnS; dugc nghién ctu
bang hoa hoc tinh toan. Li thuyét phiém ham mat
d6 dugc sir dung cho cac phép tinh tdi wu hoa
hinh hoc va tinh tan sé dao dong diéu hoa. Vi
phiém ham B3LYP di dugc sir dung dé nghién
ctru cluster MnS™ va cluster MnS, " [7] va cho
két qua tinh phu hop véi thuc nghiém nén phiém
ham nay tiép tuc duoc sir dung cho cluster
MnS;°. B4 ham co s¢ 6-311++G(3df,3pd) dugc
st dung cho cd Mn va S trong céc phép tinh
phiém ham mat d6. Cau trac hinh hoc cia cac
dong phan 7*(S)MnS™°, MnS; " va -
(S3)Mn " dugc trinh bay trong Hinh 1. Theo do,
déng phan #>-(S;)MnS ™ c6 mot phdi tr S, lién
két véi Mn theo chiéu ngang va mot phdi tu
nguyén tir S lién két véi Mn. Pong phan MnS; "
co ba phéi tr S lién két voi Mn. Va df)ng phéan
17°-(S3 )Mn 0 c6 mot ph01 tr Ss lién két voi Mn
theo chidu ngang. V& mit dbi ximng, dong phéan
7>-(S;)MnS " thude nhom diém C,, ddng phan
MnS; " ¢6 thé thuoc nhom diém Ds, hay nhoém
diém C,, va ddng phan #>-(S;)Mn " thuéc nhém
diém C,. Dé thuén loi cho cac phép tinh hoa hoc
lugong tu nhom diém Coy dugc sir dung cho dong
phan 7*-(S;)MnS ™ va MnS{ trong khi nhom
diém C, duogc st dung cho ddng phan 7 ~(S3)Mn . 0
Véi li thuyét phiém ham mét do, phép tinh t6i wu
héa hinh hoc dugce tién hanh trude dé tim kiém
ciu tric hinh hoc can bang cua cac dong phan.
Sau d6, phép tinh tan sb dao dong diéu hoa dugc
tién hanh dé xac nhan rﬁng hinh hoc cua cac
ddng phan thu duoc tir phép tinh t6i uu hoa la
tuong ung véi cac diém cuc tiéu nang lugng trén
bé mat thé nang. Cac phép tinh li thuyét phiém

ham méat d0 duoc thuc hién voi phén mém
ORCA 3.01 [4].
z

. 0 r
MnS3 0

2_ (S3)M n/0

n? —(S2)MnS~"0
Hinh 1. Hinh hoc ciia cic dong phéan #°-(S;)MnS™,
MnS; ™" va #*-(S;)Mn " ciia cluster MnS; ™"

Trén co s& cau trac hinh hoc thu duge tur
cac phép tinh phiém ham mat do, phuong phap
CASSCF/CASPT2 dugc s dung dé tinh ning
luong diém don cho cac trang thai electron khac
nhau cua cac dong phan thudc cluster MnS; "
Phuong phiap CASSCF dugc st dung dé tinh
nang lugng tuong quan tinh cho céc trang thai
electron. Trong cac phép tinh CASSCF, khong
gian hoat dong (active space) duoc lua chon bao
gom cdc orbital phan tr co phan déng gop chu
yeu cua cac orbital 3d, 4s cia Mn va 3p cua S.
Két qua thu dugc khong gian hoat dong c6 19
hay 20 electron phan bd trén 15 orbital phan tir.
Trén co s& ham song thu dugc tir phép tinh
CASSCF, phuong phap CASPT2 dugc sur dung
dé tinh ning luong twong quan dong. Trong cac
phép tinh CASSCF/CASPT2, bd ham co so
ANO-RCC dugc st dung cho ca Mn va S, va cac
hiéu tmg twong d6i duoc hiéu chinh théng qua
toan tir Hamilton Douglas-Kroll-Hess bac 2. Tt
ca cac phép tinh CASSCF/CASPT2 duogc thuc
hién v&i phan mém MOLCAS@UU 8.0 [1].

3. Két qua nghién ciru va thao luin

3.1. P) bén vé mit ning lwong cia cac
dong phén

Ning lugng tuong dbi va cau triic hinh hoc
clia cac trang thai electron thudc cac dong phan
7-(S)MnS ™, MnS; ™ va #*~(S;)Mn"° duge
trinh bay trong Bang 1. Dbi voi cluster anion
(cluster mang dién tich &m), cac két qua tinh
duoc bang phlem ham B3LYP va phlIO'ng phap
CASPT2 déu cho thay trang thai °B, cua dong
phan 1’-(S2)MnS~ 1a trang thai co ban. O trang
thai °B,, cac lién két Mn-S c6 d6 dai 2,134 va
2,306 A va goc lién két SMnS c6 gia tri 54,66°.
Ciing thudc vé dong phan 7°-(S;)MnS, céc trang
thai °B, va °A, duoc tinh bang phuong phap
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CASPT2 c6 nang lugng cao hon trang thai co
ban °B, 1an luot 13 0,87 va 0,93 eV. Ngoai ra, két
qua tinh dugc bang phuwong phap CASPT2 con
cho thdy trang thai °B; va °A, cia dong phan
MnS; c6 nang lugng cao hon trang thai co ban
°B, twong tng 1a 0,43 va 0,48 eV. Ciing theo
phuong phap CASPT2, trang thai ’A’ cta dong
phan 7%-(S;)Mn”~ kém bén hon 1,44 eV so véi

trang thai co ban °B,. Nhin chung, cac két qua
tinh dugc cho thay d6 bén vé mit nang lugng cua
cic dong phan giam dan tir #’-(S;)MnS~ dén
MnS;~ va cudi cing 1a 7*-(S;)Mn . Két qua tinh
dugc nay hoan toan mdéi vi cac cong trinh nghién
chru trudc ddy déu bo qua viéc khao sat dong
phan #%-(S;)MnS™ [2].

Bang 1. Céu triic hinh hoc va niing lwong twong doi ciia cac trang thai electron thudc cac dong
phan #°-(S)MnS™°, MnS; ™" va #°-(S3)Mn ™" thu dwore tir phép tinh B3LYP va CASPT2

Pong phan  Trang thai

Thong so cau tric

Ning lwong twong doi (eV)

(ri(A).r; (A).0 (), ¢ () B3LYP CASPT2
n*-(S)MnS~  °B, 2,134, 2,306, 54,66 0,00 0,00
°B, 2,267,2,312, 56,83 0,72 0,87
Ay 2,150, 2,540, 47,02 0,71 0,93
MnS;~ ’B, 2,074, 2,087, 123,20 1,06 0,43
Ay 2,110, 2,074, 117,59 1,06 0,48
A, 2,092, 2,092, 120,00 1,18 0,84
'A 2,003, 2,003, 120,00 1,48 0,82
n”-(Ss)Mn~ A’ 2,431, 2,114, 85,18, 179,79 1,50 1,44
A’ 2,382, 2,127, 89,44, 163,70 1,76 2,11
7-(S;)MnS  “B; 2,124,2.379, 49,87 0,00 0,00
‘B, 2,225, 2,407, 49,93 0,05 0,47
5B, 2,132, 2,404, 49,40 0,07 0,13
Ay 2,169, 2,249, 54,95 0,30 0,14
‘B, 2,226, 2,434, 49,32 0,39 0,56
MnS; A, 2,038, 2,036, 120,00 1,38 0,48
‘B, 2,024, 2,050, 107,22 1,77 1,16
7-(S;)Mn A’ 2,294, 2,124, 94,23, 126,82 0,06 0,20
A’ 2,570, 2,019, 80,09, 179,87 0,92 0,87

Dbi voi cluster trung hoa dién, cac két qua
tinh dugc cho thdy trang thai co ban cua cluster
nay la “B; cua déng phan 7*-(S;)MnS. Trong
trang thai nay, dé dai cua céc lién két Mn-S c6
gia tri 2,124 va 2,379 A va goc lién két SMnS co
gia tri 49,87°. Ngoai trang thai co ban ‘B,
phuong phap CASPT2 con tinh dugc cac trang
thai °B;, “A,, ‘B, va °B, cua déng phan -
(S2)MnS véi ning luong tuong ddi so véi trang
thai co ban *B, tuong tng 1a 0,13, 0,14, 0,47 va
0,56 eV. Trang thai A, cua dong phan MnS; va
trang thai °A’ ciia déng phan #°-(S;)Mn c6 ning
lugng cao hon trang thai co ban ‘B, lan luot 1a
0,48 va 0,20 eV theo két qua tinh dugc bang
phuong phap CASPT2. Tém lai, cac két qua tinh
duoc cho théy dd bén vé& mit nang luong cua cac
dong phan giam theo chiéu tir #°-(S;)MnS dén
7°~(S3)Mn va cudi cung 1a MnS;.
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3.2. Céu tric electron ciia cic trang thai
electron

Céu tric electron cia cic dong phan cua
cluster MnS;”° dugc thé hién qua su phan bd
electron trén cac orbital phan tu. Cac orbital
phan tir quan trong va s electron chiém cua
trang thai °B, cua déng phan 7°-(S,)MnS~ duoc
trinh bay trong Hinh 2a. Theo hinh nay, c6 thé
thdy rang trang thai °B, c6 bon electron chua
ghép d6i chiém bon orbital c6 phan dong gop
16n cua cac orbital 3d cua Mn (18a;, 19a;, 7b,
va 3a,), trong khi orbital 4s (20a,) va 3d (11b,)
con lai cuia Mn thi khéng c6 electron chiém.
Néu so sanh cdu hinh electron ciia Mn & trang
thai co ban °B, va cdu hinh electron cia nguyén
td Mn tu do ([Ar]3d54s ) thi co thé théy réng
nguyén tir Mn trong dong phén ;1 -(S,))MnS™ ¢o
trang thai oxi hoa bang +3. Bit dau tir trang thai
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co ban >B,, néu tach mot electron ra khoi orbital
3a, sé thu duoc trang thai *B,. Khi d6 nguyén tur

Mn cua ddng phan 7°-(S,)MnS c6 trang thai oxi
hoa bang +4.

o 0ol

e leg B g
20a1(0,03) 11b>(0,40) 20,6 05) P 13a"(1,00) 14a"(1,00)

[ o :3 | %8> &>
19a1(1,00) 3a2(1,00) 19a,(0,28) 3a2(0,39) 25a'(1,00) 26a'(1,00)
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18a1(1,00) 7b1(1,01) 18a,(1,00) 7b1(1,03) 23a'(1,00) 24a'(1,00)

(a) Trang thai °B, (b) Trang thai *B, (c) Trang thai 'A’
cuia dong phan #°-(S))MnS~ ciia dong phan MnS;” cuia dong phan #°-(S3)Mn~

Hinh 2. Cic orbital phin tir quan trong va s electron chiém twong tng ciia trang thai °B, ciia dong phan #’-
(S)MnS’, ciia trang thai *B, ciia dong phan MnS;” va ciia trang thai A’ ciia dong phan #°-(S;)Mn~

Hinh anh cia mot s6 orbital phén th co phﬁn
dong gop 16n cua céc orbital 3d va 4s cua Mn va
s0 electron chiém tuong tng véi trang thai ’B) cua
dong phan MnS; tinh dugc bang phuong phap
CASSCF dugc trinh bay trong Hinh 2b. Hinh anh
nay cho thay cac orbital 18a; va 7b; déu c6 mot
electron chiém, trong khi cac orbital 19a;, 20a,,
12b, va 3a, déu khong ¢o electron chiém. Do vay,
trang thai oxi hoa cua Mn trong trang tha1 3B1
dugc xac dinh 1a +5. Bat dau tir trang thai °By, néu
chuyen mot electron tlI orbltal 7b, dén orbital 3a,
s€ thu duoc trang thai Az Can luu y 1a trang thai
‘B, va 3A2 c¢6 ngudn goc tur trang thai suy bién béc
hai *E” trong nhém dlem d6i ximg Dsp. Nhimg
trang thai electron suy bién nhu vy la khong bén
va hinh hoc cua phan tir & bi bién dang dé chuyén
vé dang hinh hoc c¢6 d6i xtng thip hon dudi tac
dung cua hi¢u Gng Jane-Teller. Thyc vy, trang
thai *E” ctia dang hinh hoc thudc vé nhoém diém
ddi xu’ng D3y, d4 bi tach ra thanh hai trang thal 3B,
va *A, thuoc nhom diém dbi xting Cyy. Ddi voi
cluster chira kim loai chuyén tiép, viéc tach muc
ning luong cta cic trang thai electron suy bién
dudi tac dung cua hi¢u ung Jane-Teller thuong 1a
khong dang ké. Theo két qua tinh bang phuong
?hap CASPT2, ning luong cta trang thai °B; va
A, chi khac nhau khoang 0,05 eV. Mat khac,
ncu tach mot electron ra khoi orbital 7b; sé& thu
dugc trang thai A, clia dong phan MnS;. Khi do,
trang thai oxi héa cia Mn trong dong phan MnS;
s la +6.

Hinh anh cac orbital phan tir quan trong va
sO electron chiém cia trang thai A’ cua dong

phan #°-<(S;)Mn” dugc trinh bay trong Hinh 2c.
Qua hinh anh nay, co6 thé thay rang tat ca cac
orbital c6 phan dong gop 16n cla cac orbital 3d,
4s cua Mn (23a’, 24a’, 25a’, 26a’, 13a" va 14a")
déu bi chiém boi mot electron Nhu Vay, nguyén
tr Mn trong dong phan n*-(S3)Mn~ ¢cb trang thai
oxi hoa 1a +1. Bat dau tir trang thai ’A’, néu tach
mot electron ra khoi orbital 26a s€ thu duoc
trang thai *A’ ctia dong phan " (S3)MH Khi do,
nguyén td Mn trong dong phan 7*~(S;)Mn co
trang thai oxi hoa bang +2.

3.3. Giai thich phd quang electron ciia
cluster MnS;"

Pho quang electron cua cluster MnS;  da
duogc do vai tia laser c6 nang lugng 355 nm [9] va
dugc trinh bay lai trong Hinh 3. Hinh anh nay cho
thay c6 ba day phé véi cuong do khac nhau. Day
pho tha nhét 1a mot diy phd rong, co cudng do rat
thip va c6 nang luong tich electron ADE
(adiabatic detachment energy) va VDE (vertical
detachment energy) 1an lugt 1a 1,56 va 2,18 eV.
Dy pho tht hai cling 13 mot ddy phd rong va co
nang luong tach electron VDE la 2,60 eV. Day
pho thir ba c6 cuong do cao nhat trong cac day
phé va co ning luong tach electron VDE vao
khoang 3,30 eV. Vi ndng luong cua tia laser da su
dung dé tach electron ra khoi cluster anion khong
da cao nén day pho thir ba thu dugc khong day
di. Dya trén cac két qua tinh dugc bang phiém
ham BLYP, phd quang electron cua cluster MnS;
dé dugc giai thich so luge [2]. Cu thé, day pho thir
nhit duoc cho la két qua cia qua trlnh tach
electron ra khoi dong phan khong bén #72-(S3)Mn’,
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trong khi ddy phé tht ba dugc xac dinh la két qua
cua qua trinh tach electron ra khoi dong phan bén
nhit MnS; . Ket qua tinh duoc bang phuong phap
BLYP cho thdy ning luong tach electron ra khoi
cac dong phan nay co gia tri la 1,23 va 3,31 eV.
Ngoai ra, day pho thtr hai voi ndng lugng tach
electron bang 2,60 eV trong phd quang electron
ctia cluster MnS;~ van chua dugc giai thich bang
cac két qua tinh duogc. Mac du ndng luong tach
electron ra khoi dong phan MnS; 1a rat gidng véi
vi tri cia day pho thr ba ¢ 3,30 eV trong pho
quang electron, cac két qua tinh duoc bang phiém
ham B3LYP va phuong phédp CASPT2 da chi ra
rang dong phan 7°-(S;)MnS™ méi 1a déng phan
ben nhit chir khong phéi la dong phan MnS; .
Diéu nay mang dén yéu cau phai giai thich lai ph6
quang electron cua cluster MnS; .

1%-(S2)MnS ™0 :%B, — *B1,%B1,*As
MnS370:3B; —
132—(53)M n~0 . TAT . 264 .
s “
g PP-(S3Mn 0|
§ Tal Bar ?
s A'—°A \ -
-] 132-(S3JMn"‘0 v i
0 \_’b
0,0 1,0 2,0 3,0

nang lugng lién két electron (eV)
Hinh 3. Phd quang electron va cic qua trinh tach
electron ra khéi cac dong phan cia cluster MnS;™

Céc két qua tinh dugc béng phuorng phéap
B3LYP va CASPT2 cho thay 7*~(S:)MnS~ 1a
dong phan bén nhit vé mit nang luong cua
cluster MnS;™ nén c6 thé du doan dong phan nay
c6 ti 18 16n nhat trong hdn hop cac dong phan
tong hop dugc bang thuc nghiém. Khi d6, phd
quang electron cua cluster MnS;  phai dugc giai
thich cht yéu dua trén cac qua trinh tach electron
ra khoi dong phan bén nhat 7°-(S;)MnS ™. Ning
luong tach electron ra khoi cac ddong phan
7*~(S))MnS”, MnS;~ va 7’~(S;)Mn~ dugc trinh
bay trong Bang 2. Qua bang nay, co thé thiy
rang cac qua trinh tach electron ra khoi trang thai
°B, dé tao thanh cac trang thai ‘B, °B; va ‘A,
ciia dong phan #°-(S;)MnS ™ ¢ ning luong tach
electron ADE va VDE rat phu hop véi gia tri
3,30 eV thu dugc tir phd quang electron cho diy
phd thtr ba. Cu thé, ning luong tach electron
ADE (VDE) cua céac qua trinh tach electron nay
tinh bang phuong phap CASPT2 1a 3,10 (3,11),
3,23 (3,26) va 3,24 (3,28) eV. Trong cic qua
trinh tach electron trén day, mot electron lan luot
bi tach ra khoi orbital 3a,, 2a, va 7b; cua trang
thai °B,. Cac két qua tinh dugc nay cho thay diy
pho thir ba trong pho quang electron cua cluster
MnS; duoc tao nén tir cac budc chuyén B, —
4B1, 5B2 d 6B1 va 5B2 b 4A2 cua d(’\)l’lg phﬁl’l
7*~(S))MnS ™.

Bang 2. Ning lwgng tach electron ADE (adiabatic detachment energy) va VDE (vertical
detachment energy) ciia cac dong phan #°-(S)MnS~, MnS;™ va #°~(S;)Mn~ thu dwgc tir

cac phép tinh CASPT2
A . . . ADE (eV) VDE (eV)

Dong phan Trang thai orbital CASPT2 TN CASPT2 TN

n>-(S)MnS~ °B,

7-(S;)MnS  *B; 3a, 3,10 3,11 3,30
°B, 2a, 3,23 3,26 3,30
‘A, 7b, 3,24 3,28 3,30

Ml’lS3_ 3B1

MnS; A, 7b, 3,15 3,24 3,30

m~(S)Mn~ A’

n”-(Ss)Mn  1°A’ 26a’ 1,86 1,56 2,30 2,18
2°A 22a’ 3,43 3,30
U\ 22a’ 2,53 2,75 2,60

Didy phd thir nhit voi ning lwong tach
electron ADE va VDE lan lugt bang 1,56 va 2,18
eV va ddy phd thir hai véi ning lugng tach
electron VDE 1a 2,60 eV trong phd quang
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electron cua cluster MnS;~ duogc giai thich bang
cac qua trinh tach electron ra khoi cluster khong
bén #>-(S3)Mn . Cac két qua tinh nhu trinh bay
trong Bang 2 cho thiy khong c6 bét cir qua trinh
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tach electron nao ra khoi dong phan bén nhit
7*-(S))MnS~ ¢6 ning lugng tach electron & vao
khoang tir 1,56 dén 2,60 eV. Cac qua trinh tach
electron c6 nang lugng tach electron & vao
khoang nay 1a budc chuyén A’ — 1°A’'va A’ —
8A’ thuoc dong phan phan #7°-(S;)Mn . Trong
cac budc chuyén tir trang thai A’ d&én cac trang
thai 1°A’ va ®*A’, mot electron da duoc tach ra
khoi orbital 26a’ va 22a’ ciia ddng phan 7°-(S3)Mn .
Cic két qua tinh dugc bang phwong phéap
CASPT2 cho thay ning luong tach electron ADE
va VDE ciia budc chuyén A’ — 1°A’ ¢6 gia tri
lan luot 1a 1,86 va 2,30 eV, trong khi budc
chuyén A’ — ®A’ ¢6 ning lugng tach electron
VDE bang 2,75 eV. RS rang, cac gia tri ning
lugng tach electron cta cac budc chuyén thudce
dong phan #7°-(S3)Mn " 1a rat pha hop véi vi tri
ctia diy pho thtr nhat va thir hai. Nhu vay, diy
pho thir nhit va diy pho tht hai trong phd quang
electron cua cluster MnS;~ 1a két qua cia cac qua
trinh tach electron ra khoi dong phan khong bén

7>-(S3)Mn . Diéu nay c6 nghia la trong qua trinh
tong h0’p cluster MnS; ', bén canh dong phan bén
nhat #° (Sz)MnS con xuat hién dong phan
khong bén ;7 -(S3)Mn .

Céc két qua tinh dugc bang phlem ham
B3LYP va phuong phap CASPT2 cho thiy do
bén cua cac dong phan giam dan tir 7 -(S2)MnS*
dén MnS;~ va cudi cung 1a »? -(S3)Mn . Vi ddng
phan kém ben nhat #°-(S3)Mn~ xuét hién trong
qua trinh tong ho op cluster, nén c6 thé du doan la
ca ba dong phan 7°-(S,)MnS, MnS;" va 7 ~(S3)Mn"
déu c6 kha nang xuat hién trong qua trinh tong
hop cluster. Khi d6, diy phd thir ba trong phd
quang electron ctia cluster MnS;, ngoai phan
doéng gop chinh cua cac qua trinh tach electron
ra khoi dong phan n (Sz)MnS nhu da trinh bay
& trén, con c6 phan dong gbp nhod cua cic qua
trinh tach electron ra khoi ddng phan MnS; va

17>-(S3)Mn . Cac két qua tinh duoc bang phuong
phap CASPT2 nhu trinh bay trong Bang 2 cho
thiy budc chuyén °B, — *A; thuoc dong phén
MnS; " va budc chuyen A" — 2°A thudc dong
phan #°-(S3)Mn " ¢6 ning lugng tach electron

VDE lan lugt 1a 3,24 va 3,43 eV. Cac gia tri
nang lugng tach electron VDE tinh dugc ¢ day
la rat gan voi gid tri thyc nghiém 3,30 eV.
Trong cac budc chuyén nay, mot electron da bi
tach ra khoi orbital 7b;, cua dong phan MnS; va
ra khoi orbital 22a’ ctia ddng phan 5*-(S;)Mn .

4. Két luin

CAu triic hinh hoc va ciu tric electron clia cac
ddng phan #*-(S;)MnS ™, MnS; ™ va #*-(S3)Mn "°
d3 duoc nghién ctru bang hoa hoc tinh toan véi
phiém ham B3LYP va phuong phap
CASSCF/CASPT2. Cac két qua tinh dugc cho
thdy trang thai co ban cua cluster anion 1a °B,
thuoc dong phan #*-(S,)MnS”, trong khi trang
thai co ban cua cluster trung hoa dién 1a ‘B,
thudc cung dong phan. Do bén vé mit ning
luong cua cluster anion giam dan theo chiéu tir
7>-(S;)MnS~ dén MnS; va cudi cung la #*-
(S;)Mn". Do bén cua cluster trung hoa dién giam
dan theo chiéu tir #*-(S;)MnS dén #°-(S;)Mn va
cubi cung 1a MnS;. Nguyén tr Mn trong céc
ddng phan *-(S))MnS~, MnS;~ va 7°-(S;)Mn~ ¢o
trang thai oxi hoa lan luot 1a +3, +5 va +1. Trang
thai oxi hoa cia Mn trong cac dong phan tuong
ung cua cluster trung hoa dién tdng mot don vi
s0 véi truong hop cua cluster anion. Phd quang
electron cia cluster MnS;~ dugc giai thich bang
céc qua trinh tach electron tir dong phan bén nhat
7”*-(S;)MnS~ va tir cac ddng phan khong bén
MnS;~ va *(S;)Mn . Cy thé, ddy phd thir nhat
va thtr hai duoc cho 1a két qua cua cac budc
chuyén A" — 1°A’ va "A’ — BA’ thudc ddng
phén n*-(S3)Mn . Day pho thir ba dugc cho 1a
két qua cua cac buoc chuyen B, > ‘B, °B, —
B, va *B, — *A, ctia dong phan #°~(S;)MnS ™"
budc chuyén °B; — ?A, ciia dong phan MnS; " 0,
va budc chuyén A’ — 2°A’ clia dong phan i’
(S3)Mnf . Trong do, cac budc chuyén thudc
dong phan bén nhit 7 ~(S2)MnS* 7% ¢6 phan dong
g6p chil yéu vao diy phd thir ba.

Loi cam on: Nghién ciru nay duoc hd tro

boi dé tai ma s B2016.SPD.03.
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INVESTIGATION ON THE GEOMETRICAL AND ELECTRONIC STRUCTURES
OF MnS; " CLUSTERS BY COMPUTATIONAL CHEMISTRY
AND INTERPRETATION OF THE ANION PHOTOELECTRON SPECTRUM

Summary

The B3LYP functional and CASPT2 method are utilized to investigate the geometrical and
electronic structures of MnS; " clusters. The results show that the stability of the anionic isomers
decreases from 7°-(S;)MnS” to MnS;~ and to #-(S;)Mn". The stability of the neutral isomers
decreases from #%-(S;)MnS to 7*-(S;)Mn and to MnS;. The ground state of the anionic cluster is
calculated to be the °B, of nz-(Sz)Mnsf isomer, while that of the neutral is the “B; of the same isomer.
The photoelectron spectrum of MnS;™ is interpreted by electron detachments from the most stable 7>
(S2)MnS~ isomer and from the metastable MnS; ™ and #°-(S;)Mn isomers.
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