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Tém tit: CAu tric hinh hoc va tinh chat electron cta cluster GenCr ~*(n = 6-10) duwoc nghién cttu bang
phuong phap phiém ham mat d¢ ¢ muc ly thuyét B3P86/6-311+G(d). Két qua tinh toan vé ciu tric cho
thdy cluster GenCr ~ tao cau tric [ong bén véi n = 10, trong khi d6, cluster GeaCr * van ton tai cdu tric ho.
Quy luét hinh thanh cta cluster 1a thay thé 1 nguyén tit Cr trong cluster Genn1 bang 1 nguyén tix Cr d6i véi
cluster cation va céng thém 1 nguyén tit Ge vao cdu tric bén nhét cta cluster Gen1Cr~ ddi véi cluster
anion. Cac théng s6 nang luwgng nhw nang luwong lién két trung binh (Er), nang luong phéan ly (Ey), ndng
luong vung cdm HOMO-LUMO, ning luong ion hoa (IP) va ai luc electron (EA) dugc thao ludn mot cach
chi tiét. Phan tich méat d9 electron cho thay nguyén t&¢ Cr mang dién tich dwong d6i vdi toan bd cluster
cation va cluster anion véi n <8 con véi n > 9 thi ngwoc lai.

Tu khoa: Cluster germani pha tap, cluster cation GenCr*, cluster anion GenCr-, cau truc cluster.
1 Gioi thiéu

Khoa hoc cluster thu hut dugce su quan tam ctua nhiéu nha khoa hoc trong nhitng nam
gan day boi nhiing tinh chat mdi va nhitng ¢ing dung quan trong cua no trong nhiéu linh vuc
nhu vat liéu, dién t&, xtc tac, y sinh ...[1] Trong s6 d6, cluster germani la véat liéu tiém nang cho
nhiéu linh vuc nén duoc nghién ctu rong rai ca ly thuyét va thuc nghiém nham lam rd nhitng
van dé nhu cau truc, tinh chat, ti tinh va tim kiém nhiing tinh chat méi [2-5]. Nhiéu két qua
nghién cttu cho thdy cluster germani nguyén chét ¢ hoat tinh héa hoc cao nhung khi pha tap
cac kim loai thi tinh chat cua né thay doi va c6 thé tng dung dé€ xay dung nén vat liéu khoi véi
nhitng tinh chat ddc biét [6-11]. Vi vay, nghién ctu sy anh huwong ctua kich thude, vi tri ctia
nguyén t pha tap cling nhu s6 luong electron dén tinh chat vat ly va hoa hoc cta cluster cd y

nghia rét 16n.

Bén canh d6, dudi anh sang ctia hda hoc luong tit da tao nén nhitng chwong trinh tinh
toan cho phép kham phd thém nhiéu dac diém va tinh chdt méi ctua cluster. Mot trong nhitng
phuong phap thuong dugc sit dung 1a phwong phap phiém ham mat d6 (DFT) [6-11]. Pay la
phuong phap tinh toan cho két qua c6 dd tin cay cao véi nhiéu muc ly thuyét khac nhau. Hon
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nira, khi mtec ly thuyét cang cao thi két qua cang chinh xac nhung thoi gian tinh lai kéo dai. Vi
vay, cac cau triac sé duoc toi wu hda 6 mikc thip roi ting dan ¢ mirc cao nham kiém soat thoi

gian cho pht hop.

Crom 1a mot kim loai chuyén tiép 3d va thuong dugc dung dé pha tap vao cac cluster
khac nhau nhung chua duwoc hé thong mot cach day da va chi tiét [8-11,18). Két qua ciia nhom
nghién cttu Neha Kapila cho rang tit tinh ctia cluster GeaCr (n = 6-10) ¢6 gid tri cao (6uB) va cdu
tric ho van ton tai khi n = 10[8]. Diéu nay dat ra nghi ngo cho cac nha nghién cttu vi cac cluster
pha tap kim loai thuwong tao cdu tric I6ng voi n = 10 va khi d6 ching ton tai ¢ trang thai spin
thap[4-6, 10]. Tuy nhién, khi nghién cttu cluster germani pha tap crom dang trung hoa GenCr (n
= 1-10) bang phuong phap phiém ham mat do da cho thay cau trac [ong xudt hién véin =10 va
d6 bén cluster tang khi pha tap crom[9]. Gan day, nhém nghién cttu cua Kapil Dhaka khi
nghién ctru vé ciu trac va tir tinh ctia cluster GenCr (n = 1-17) ciing nhén thay cluster GewCr tao
cau truc 1ong bén. Ttr tinh cha cluster ¢ gia tri cao (2uB) tai n = 6 do sy phan bé khong dong
déu cua electron anlpha va beta trén obian d ctia Cr va khi kich thudc tang (n = 7-17) thi ti tinh
khong con nita (OuB)[10]. Nhung khi nghién cttu cluster GenCr véi kich thude 1on hon (n = 15-
29) lai thdy cac cau trtc bén la cau truc Iong va tir tinh ctia chang khé 16n (2,1-6uB)[11]. Nhuw
vay, & day chua co sy thong nhéat vé cau truc cting nhu tinh chét ctia cluster germani pha tap
crom dang trung hoa dong thoi chuwa tim thdy duoc quy luat ro6 rang. Hon nita, chua c6 su so
sanh va danh gia mot cach chi tiét viéc thém hodc bét electron c6 anh huong gi dén cdu trac va

tinh chat cua cluster germani pha tap crom[9-11].

Tt d6 cho thay, viéc tim hiéu cadu truc, tinh chat caa cluster c6 kich thude nho dwdi anh
huong cua dién tich va kich thudce ¢6 y nghia quan trong ddi véi viéc tim hiéu quy luét hinh
thanh cluster va xay dung nén cac vat liéu mdi tir cac don vi ciu tric nho. Vi vay, ching toi
mudn nghién ctu “Cdu triic, tinh chit cia cluster germani pha tap crom Ge.Cr*(n = 6-10) &
dang anion va cation” bang phuong phap phiém ham mat d6 nham lam rd anh hudng caa dién

tich dén ciu truc va tinh chat cua cluster.

2 Phuong phap tinh toan

T4t ca cac cdu tric cua cluster GesCr™ (n = 6-10) duoc t6i wu héa bang phuong phép
phiém ham mét d¢ (Density Function Theory) ¢ muic B3P86/6-311+G(d). Phuong phap B3P86 la
phuong phap phiém ham lai héa véi su két hop ctia phiém ham twong quan goém 3 tham s6 cua
Becker va phiém ham trao doi Pewang (P86). Day la phuong phap hiéu qua trong tinh toan
cluster pha tap kim loai chuyén tiép[9,13,14]. B6 ham co s tach ba 6-311+G(d) la bd ham co s6 &
muc cao két hop véi ham phéan tan va ham phén cuc, cho phép tinh toan toan bd electron cua
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hé. Tan s§ dao dong ao ciing duoc tinh todn dé chic chan rang nang luong cta cluster la cuc
tiéu trén bé mit thé nang. Phan tich mat d9 electron bang chwong trinh NBO 5.0[15] & cling mtic
ly thuyét B3P86/6-311+G(d). Tat ca moi tinh toan dwgc thyc hién trén chwong trinh Gaussian
E03[16] tai phong thi nghiém Hoéa hoc md phdng va tinh toan, Pai hoc Quy Nhon.

3 K&t qua va thao luan

3.1 C4u trac cta cic dong phan cluster GenCr 7 (n = 6-10)

Tién hanh t3i wu hoda cdu truc caa cluster GenCr 7 (n = 6-10) voi cac dang hinh hoc khac
nhau tuwong tng v6i d6 boi spin khéc nhau, ching toi thu dugc cac dong phan bén c6 mtic nang
luong tir thap dén cao va thé hién trong Hinh 1. Chung t6i quy wdc qua cau mau xanh 14 cay la
cua nguyén tt Ge, qua cau mau vang la ctia nguyén tt Cr va ki hiéu trong [] lan luot 1a nang
luong twong d6i, nhém diém d6i xting va trang thai electron. Cac dong phan duoc sap xép theo
thit tw nang luwong tuong ddi tang dan va ki hiéu na-1, na-2, na-3 ... cho cluster anion va nc-1,

nc-2, nc-3 ... cho cluster cation.

Cluster GesCr 7+: Cdu tric ¢ nang luong thap nhat ctia ca anion 6a-1 va cation 6c-1 déu c6
dang ludng thap ngti gidc nhung khac nhau vé vi tri ctia nguyén tit pha tap Cr, nhém diém d6i
xtng, trang théi electron va déu duwoc hinh thanh béng cich thay thé 1 nguyén ti Ge trong
cluster Ger bang 1 nguyén tir Cr. Pong phan anion 6a-1 c6 nguyén tit Cr ¢ dinh cta ludng thap
ngl giac voi ddi xting cao Cso, O trang thai quartet A1 voi do dai lién két nho nhat cua Ge-Ge la
2,52A va &6 dai nho nhat ctia Ge-Cr 1a 2,66A con dong phén cation 6¢-1 thi nguyén tie Cr ndm &
trén ngii giac, d8i xting Cz, & trang thai sextet 6A1 va c6 d6 dai lién két Ge-Ge nho nhat bang
2,5A con dd dai lién két Ge-Cr nhé nhat 1a 2,7A. Cau tric 6a-1 ciing 1a dang cdu tric bén nhat
cua cluster GenM™ (M=Co, V, Zr)[4,6,12] con cdu trac 6¢-1 1a cdu tric bén nhat cua cluster dang
trung hoa GesCr[8]. Co cdu truc twong tu nhw dong phan cation 6¢-1, dong phan anion 6a-2 c6
nang lugng tuong doi cao hon dong phan 6a-1 la 0,49eV. Hai dong phéan 6a-3 va 6a-4 c6 cau
truc tuwong tw nhau va c6 nang luong twong doi so voi 6a-1 lan luot 1a 0,86 va 0,87eV. Dong
phan 6¢-2 ¢ cdu trac twong twe 6a-4 va ¢ nang luong cao hon 6¢-1 1a 0,15eV. Bong phan 6¢-3 c6
cau tric va nhom diém d6i xting giong véi dong phan bén nhat ctia dang anion 6a-1 nhung ¢
nang lugng tuong doi so véi 6¢-11a 0,99eV. Dong phan 6¢-4 ¢6 ciu truc twong tw 6¢-1 nhung &

trang thai spin thap (doublet) va cé nang luong cao hon 6¢-11a 1,58eV.
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6a-1[0,00; Cso; 4A1] 6a-2[0,49; Cao; 6A] 6a-3[0,86; C5 4A”]  6a-4[0,87; Cas; 5A1]
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Ge7, Dsh 6¢-1[0,00; Cas; 6A1] 6¢-2[0,15; Cs; 6A'] 6¢-3[0,99; Csu;5A1] 6¢-4[1,58; Cav; 2B2]
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7a-1[0,00; Cs; 6A’] 7a-2[0,18; Cs; *A”] 7a-3[0,23; Cav; 6A] 7a-4[0,41; Cs; 2A"]

&

Ges, Cs 7¢-1[0,00; Ci; 6A] 7¢-2[0,32; Czv; *A2] 7¢-3[0,34; Cs; *A’]

.
&
&

8a-1[0,00; Cz; 4B2] 8a-2[0,43; Cs; 6A’] 8a-3[0,46; C1; 6A] 8a-4[0,83; C; SA’]

i

Ges, Cov 8¢-1[0,00; Cs; #A’] 8¢-2[0,11; Cs; #A’] 8c-3[0,47; C5;#A’]  8c-4[0,54; Cs; *A”]

Hinh 1. Cac déng phén bén cua cluster GenCr 7+ (n=6-8)
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Cluster Ge7Cr 7*: Ddng phan bén nhat ctia anion 7a-1 va cation 7¢-1 ¢6 cdu truc tuong tw
nhau va twong tw cdu tric cluster dang trung hoa GerCr[8]. Ca 2 cung ¢6 dang ludng thap ngi
giac véi 1 nguyén tir Ge nam & bé mat ludng thap. Pong phan nay duoc tao thanh bang cach
cong thém 1 nguyén tr Ge vao cluster GesCr ~* bén nhat hodc thay thé 1 nguyén ti Ge trong
cluster Ger bang 1 nguyén tix Cr. Dong phan 7a-1 bén & trang thai sextet A1, véi do dai lién két
Ge-Ge va Ge-Cr Ian luot 1a 2,46 va 2,67A. CAu tric 7a-1 ciing la dong phan bén nhét cua cluster
dang anion germani pha tap V, Ti, Co[3,4,11]. Xiangy Kong ciing cho ring day la cdu trtc cta
doéng phan c6 nang lwong thap nhat cta cluster SizCr[18]. Pong phan 7a-2 ¢6 dang ludong thap
tkr gidc v6i 2 nguyén tit Ge ndm & 2 mat va c6 nang luong cao hon so véi dong phan 7a-1 la
0,18eV. Pong phan 7a-3, 7a-4 déu c6 dang ludng thap ngii gidc v6i 1 nguyén tir Ge hodc Cr gan
vao bé mat cua noé va c6 nang luong cao hon so véi dong phan 7a-1 Ian luwot 1a 0,23 va 0,41eV.
Dong phén 7c-1 c6 doi xtiing C1 ¢ trang thai sextet 6A v6i do dai lién két Ge-Ge va Ge-Cr lan
luot 1a 2,49 va 2,70A. Dong phan 7c-2, 7¢-3 va 7c-4 ¢6 cu tric twong tw nhuwe d6ng phan 7¢-1 chi
khac nhau vé vi tri ctia nguyén ti Cr va ¢ nang luong cao hon dong phan 7c-1 lan luot la 0,32;
0,34 val,29eV.

Cluster GesCr7*: Déng phan bén nhat cta anion 8a-1 ¢6 dang ludng thap ngi giap voi
dinh 1a Cr va 2 nguyén tr Ge ¢ mét ludng thap, c6 ddi xting cao Cso, & trang thai quartet *Bz2 voi
d6 dai lién két Ge-Ge va Ge-Cr lan luot 12 2,46 va 2,64A. Pong phan nay duoc hinh thanh bang
cach cong thém 1 nguyén ti Ge vao dong phan bén cua cluster GesCr+. Day ciing la cdu trac bén
khi pha tap kim loai V, Ti, Co vao cluster germani[4,5,12]. Trong khi d6, d6ng phén 8a-2 c6 cdu
tric giong voéi cluster Ges va c6 nang luong tuong doi so voi dong phan 8a-11a 0,43eV. Cau tric
8a-2 1a ciu truc bén cua cluster SisCr[18] va GesCr[9]. Hai dong phan 8a-3, 8a-4 ¢6 dang ciu
tric tuong tw 8a-1 nhung vi tri cia 2 nguyén tit Ge gdn & mét bén caa ludng thap thi khac nhau
va c6 nang lwong cao hon dong phan 8a-1 lan luot la 0,46 va 0,83eV. Déi véi dang cation, dong
phan bén nhat 8¢c-1 ¢6 cdu truc dang lang tru hinh thoi léch ¢ trang thai quartet *A’ voi d¢ dai
lién két Ge-Ge 14 2,50A va d6 dai lién két Ge-Cr 1a 2,63A. C4u tric nay ciing xem nhu duoc hinh
thanh bang cach thay thé 1 nguyén tit Ge trong cluster Ges bang 1 nguyeén tit Cr. Cac dong phan
8¢-2, 8¢-3 va 8¢c-4 kém bén hon va c6 nang luong twong ddi so voi 8c-1 lan luot la 0,11; 0,47 va
0,54eV.

Cluster GesCr*: Cau trtic ¢6 nang luwong thap nhat cta cluster anion 9a-1 c6 dang ban

[ong va duoc tao thanh béng cach thém 1 nguyén tir Ge vao cluster bén nhét ctia GesCr~. Cau
tric bén nhat ciia GesCr~ khdac véi cdu tric bén nhét cua SisCr[18] va GesCr[9] nhung gidng véi
cau trac bén nhat caa GesM~(M=Co, V, Ti)[4,5,12]. Pong phan 9a-1 bén véi doi xing cao Cso, 0
trang thai doublet 2A1 véi dd dai lién két Ge-Ge va Ge-Cr Ian luot béng 2,65 va 2,38A. Cac dong
phan 9a-2, 9a-3 va 9a-4 kém bén hon va cd nang lugng twong doi so voi dong phan 9a-1 Tan luot
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la 0,26; 0,43 va 0,51 eV. Dong phan c6 nang luong thdp nhat cta cation la 9¢-1; dong phan nay
c6 dang gom 3 tam gidc chong léch 1én nhau va nguyén tieu Cr ndm trén dinh ctia né, c6 ddi
xung cao Cs,, O trang thai quartet *A1véi do dai lién két Ge-Ge va Ge-Cr lan luot 14 2,5 va 2,78A.
C4u trac nay duogc hinh thanh bing cach thay thé 1 nguyén tit Ge trong cluster Gew bang 1
nguyén ti Cr. Pong phan 9¢-2 cling kha bén, chi chénh léch so véi dong phan bén nhét 0,04eV.
Cac dong phan 9¢-3 va 9¢c-4 kém bén hon va c6 nang luong cao hon so véi 9¢-1 lan luot 1a 0,12
va 0,22eV.

Cluster Ge1Cr7: D6i voi dang anion, dong phan bén nhat 10a-1 1a cdu trac [6ng va c6
d6i xting cao Cav, ¢ trang thai spin thap doublet 2A1 véi d6 dai lién két Ge-Ge lan luot 1a 2,59 va
2,43A. Dong phan 10a-1 thi dugc hinh thanh bang cich cong thém 1 nguyén tit Ge vao ctia dong
phan 9a-1. Bong phéan 10a-2 ¢6 dang 2 ludng thdp ngi giac voi dinh chung la nguyén ti Cr va
c6 nang luong 16n hon dong phan 10a-1 1a 0,15eV. Cac dong phan 10a-3, 10a-4 kém bén hon va
c6 nang luong 16n hon 10a-1 Ian luot 1a 0,78 va 0,89eV. Cau truc c6 nang lugng thap nhat cua
cation 10c-1 ton tai & dang ho ¢ trang thai spin cao quartet ‘A1 v6i d¢ dai lién két Ge-Ge va Ge-
Cr Tan luot 12 2,56 va 2,54A; c&u tric nay c6 thé xem nhu dugc tao thanh bang cach thay thé 1
nguyén tix Ge trong cluster Gen: bang 1 nguyén tit Cr. Dong phan 10c-4 c6 cau tric gidng véi
cau trac cua dong phan bén nhat dang anion 10a-1 nhung c6 nang lwong tuong d6i so voi 10c-1
la 0,94eV. Dong phan 10c-2 va 10c-3 c6 nang lugng cao hon so v6i 10¢-1 lan lwot 1a 0,50 va
0,77eV. Cau tric cua dong phan 10a-1 ciing la ciu tric ¢ trang thdi co ban cta cluster trung hoa
Ge1Cr va cluster anion GenM~(M=Tj, V, Co, Zr)[4-6,12]. Tit d6 cho th&dy cdu tric hinh hoc cua

cluster dang anion twong tw cluster dang trung hoa nhung khac véi cluster dang cation.

Tém tai, sau khi xem xét va so sanh cdu trac cta cluster germani pha tap crom dang
anion, cation, trung hoa va cluster germani nguyén chat ching toi thay rang cdu tric bén ctia
cluster c6 sy khac nhau nho nhung mdi cluster lai c6 quy luat hinh thanh riéng. Trong d6, quy
luat hinh thanh cta cluster GesCr* 1a thay thé 1 nguyén tix Ge trong cluster Gens bang 1 nguyén
tee Cr, trong khi d6 d6i voi cluster anion GenCr~ la cong thém 1 nguyén ti Ge vao dong phan
bén nhat caa cluster Gen1Cr~. Cluster dang anion tao cau truc 16ng bén véi n = 10 tuwong ty nhw

cau truc dang trung hoa con cluster cation thi van wu tién cdu trac ho.
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9a-1[0,00; Cso; 2A1] 9a-2[0,26; Cs; 4A”] 9a-3[0,43; Ci; 6A] 9a-4[0,51; Cs; 6A’]
Geu, Cav 9¢-1[0,00; Cai; #A1] 9¢-2[0,04; Cs; 4A”] 9¢-3[0,12; Cs; 4A’] 9¢-4[0,22; C1; 4A]
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10a-1[0,00;Cz:; 2A1] 10a-2[0,15; Cas; 4B2] 10a-3[0,78;Cs2A’]  10a-4[0,89; Cs; 2A"]
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Gen, C1 10c-1[0,00; Cy; *A] 10c-2[0,50; Cav; 2A1] 10c¢-3[0,77;Cs; *A] 10c-4[0,94;Coav; 2B2]

Hinh 2. Cac d6ng phan bén cta cluster GenCr 7* (n=9-10)

3.2 Do bén cuaa cluster

D€ tim m6i quan hé gitta cdu tric va do bén cua cluster GeaCr7 (n = 6-10), ching t6i xac
dinh cac thong s6 nang luong nhu nang lwong lién két trung binh (Ev), ndng lwong phan ly (Ey),
ai luc electron (EA) va ndng luong ion hoda (IP) qua cac biéu thitc nhu sau:

Ex(GeniCr ) = [E(Cr) + E(Ge™) + (n-1)E(Ge) — E(GenCr)]/(n+1) (1)
Eb(Gen+1Cr +) = [E(Cr+) + nE(Ge) — E(GenCr+)]/(n+1) ()
Ef(Gen+1Cr—/+) = [E(Gen-1Cr —/+) + E(Ge) — E(GenCr—/+) 3)
EA(GenCr) = E(GenCr) - E(GenCr—) )
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IP(GenCr) = E(GenCr+) - E(GenCr) (5)

Trong d6 E la tong nang luong cua hé twong tng 6 trang thai co ban. Két qua dugc thé
hién trong Hinh 3, Hinh 4 va Bang 1.
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Hinh 3. Nang luong lién két trung binh ctia cluster
GenCr™ (n = 6-10)

Hinh 4. Ai lyc electron va nang leong ion héa ctia
cluster GenCr (n = 6-10)

Tt Hinh 3 cho thdy nang luong lién két trung binh cta cluster dang cation va anion tang
khi kich thudc tang. Trong d6, nang luong lién két trung binh cta cluster GenCr/* (n = 6-10)
giam dan theo thit tw GenCr- > GenCr* > GenCr. Diéu nay chi ra rang, khi thém hay bét 1 electron
trong cluster GenCr déu lam cho d6 bén cua né ting 1én. Nhu vay, thong qua nang luong lién
két trung binh c6 thé dénh gia rang cluster anion bén hon cluster trung hoa va cation con cluster
cation bén hon cluster trung hoa. Gid tri nang luong phan ly cua cluster GenCr 7+ dugc tinh toan
va thé hién trong Bang 1. Cluster anion dat gia tri I6n nhat véin = 6, 8, 10 va nho nhat véin =7
trong khi d6 cluster cation dat gia tri cao nhdt v6in = 6, 10 va nho nhét véi n = 8. Diéu nay chi ra

rang, nhiing cluster nay c6 d6 bén 16n hon so v6i cac cluster khac.

Bang 1. Nang lwong phan ly (eV) cua cluster GenCr—*(n = 6-10)

Cluster 6 7 8 9 10

GenCr~ 3,64 2,92 3,64 3,42 3,69
GenCr 3,49 3,12 2,94 3,61 3,46
GenCr* 3,65 3,20 2,92 3,37 3,73
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D€ hiéu ro hon khi thém hay bdt electron ¢é anh huong nhu thé nao dén d bén hda hoc
cua cluster, chiing t6i xem xét nang Iiong ion hoa va ai Iitc electron ctia cluster GenCr™7(n = 6-
10) va thé hién trong Hinh 4. Gia tri ndng lwong ion hoa cua cluster GenCr thay ddi rat nho, ti
6,98-7,25eV chiing td khong c6 su bién doi 16n vé cdu truc cua dang cation va dang trung hoa.
Gia tri nay xdp xi v6i nang luong ion hoa cta cluster germani Gen+ twong ting ma thuc nghiém
do duoc, trong khoang 6,55-7,76eV[3]. Ai luc electron ctia cluster GenCr ¢ gia tri tir 2,81-3,56 va
chénh léch rat nho. Thuc nghiém ciing da xac dinh duoc, 4i luc electron cua cluster Gens ¢6 gia
tri 1,8-2,92 eV thap hon so vdi ai luc electron cuia cluster GenCr[2]. Chuing t6i cling so sanh voi
s0 liéu thuc nghiém khi tinh ai luc electron ctia 1 s8 cluster nhu GeaV[4], GenCo™[12], GenTi[5],
SinCr7[18]. Két qua cho thdy, i luc electron cua cluster GenCr déu 16n hon so vo6i cluster khac va

chi chénh léch nhau mot lrgng nho.

3.3 Nang luwgng viing cim HOMO-LUMO

Nang luong vung cam HOMO-LUMO 1a sy chénh léch ndng luong gitta obitan bi chiém
c6 nang luwgng cao nhat (Highest occupied molecular orbital) va obitan tréng c6 nang luong
thdp nhét (Lowest unoccupied molecular orbital). Néu ndng luwong vung cam cao thi cluster ¢

hoat tinh héa hoc thap va dé bén cao.

Tt két qua cua Bang 2 cho thdy, nang luong vung cam cua cluster anion dat gia tri cuc
dai tai n =9 va cuec ti€u tai n = 6, con cluster cluster cation dat gia tri cuc dai tai n = 6 va cuc tiéu
tai n=10. Trong khi 46, gia tri HOMO-LUMO cta cluster trung hoa dat gia tri ciec dai tai n = 10.
RO rang la khi cluster trung hoa bén thi cluster dang anion va cation sé kém bén. Cu thé la
cluster Ge1oCr bén thi cac cluster Ge1Cr~ va GewCr+ sé kém bén hodc khi cluster GesCr* bén va
cluster GesCr~ kém bén thi gia tri HOMO-LUMO ctia dang trung hoa nam trung gian. Nhu vay,
dd bén caa cluster trung hoa c6 méi lién hé mat thiét véi cluster anion, cation; do bén tang khi

cluster cation va anion kém bén va nguoc lai.

Bang 2. Nang luong vung cdim HOMO-LUMO (eV) cua cluster GeaCr7(n = 6-10)

Cluster 6 7 8 9 10

GenCr~ 1,50 1,55 1,79 2,07 1,71
GenCr 1,98 1,47 1,71 1,46 2,61
GenCr* 2,71 2,12 1,61 1,76 1,18

34 Suphan bé electron cua cluster GeaCr7* (n = 6-10)

Chung t6i st dung chuong trinh NBO 5.0 d€ phan tich su phéan bd electron trén nguyén
t pha tap Cr va khung Ge cua cluster GexCr (n = 6-10). Két qua duoc thé hién trong Bang 3.
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Bang 3. Dién tich va cdu hinh electron cua Cr trong cluster GeaCr7+(n = 6-10)

n Dién tich trén nguyén ti Cr Cau hinh electron cua Cr

GenCr™ GenCr* GenCr GenCr~ GenCr* GenCr
6 0,29 0,85 0,63 4505635054005 4502134924 po01 45030315044 p002
7 0,26 0,75 0,68 4504435164006 450243d4994p02 4502535064 p001
8 0,017 0,59 0,59 4504535304 p005 4503535004 p0.04 4502235154002
9 -1,56 0,57 0,68 4504736804 p0.08 402835044007 4502935014001
10 -2,29 0,50 22,41 4504237434 p011 403835044004 450463d7.694p005

Dai véi cluster anion, khi n = 6,7,8 thi trén nguyén ti pha tap Cr mang dién tich duong
ching to electron phan bd nhiéu trén khung Ge. Nhung véi n = 9,10 thi ngwoc lai, trén nguyén
te Cr lai mang dién tich &m, mat do electron phan bd nhiéu trén nguyén ti Cr. Diéu nay la do
khi tao cdu tric ban I6ng hodc cdu trac 16ng thi nguyén tit Cr can nhiéu electron dé€ xen phu voi
khung Ge tao lién két dong thoi cac electron cua nguyén tr Cr déu ghép déi tuwong ting trang
théi spin thap cta cluster (doublet). Hién tuong nay ciing xay ra twong tu nhu cluster GenCo™,
khi tao cau trac 16ng thi n = 9,10 thi electron chuyén tir khung Ge sang Co (-1,81 va -3,11e)[12].
Két qua chuyén electron ciing xay ra twong tw khi cluster tao cdu trac 16ng[4-7]. D6i véi cluster
cation thi nguyén tir Cr luén mang dién tich duong va electron chuyén tir nguyén tt pha tap
sang khung Ge. Khac v6i dang cation va anion, cluster trung hoa chi c6 Cr mang dién tich am
trong cluster Ge1Cr; diéu nay cting phtt hgp voi quy luét tao ciu truc 1ong thi nguyén ti pha
tap m6i mang dién tich &m. Dya vao cdu hinh electron cuia nguyén tit Cr ¢ thé thdy duoc
electron chu yéu tap trung trén obitan d ctia nguyén tt Cr, hay ndi cach khac, cluster dwoc hinh

thanh nho syt xen phti ctia obitan d ctia Cr va obitan s, p cua nguyeén tit Ge trong khung cluster.

Nhu vay cé thé thay rang, sy phan bd electron trén nguyén tit pha tap Cr va khung Ge
cta cluster germani pha tap Cr dang anion, cation va trung hoa la khac nhau va cac cluster c6
d0 bén cao nho sy xen phu cta cac obitan d trén nguyén ti Cr voi cac obitan s, p trén nguyén ti
Ge.

4  Kétluan

Trong bai bao nay, chung t6i da nghién cttu mét cach cd hé thong cau trac va tinh chat
ctia cluster GeoCr* (n = 6-10) bang phwong phap phiém ham mat d6 ¢ muc ly thuyét B3P86/6-
311+G(d) va rut ra duwgc mot sd két luan nhu sau:

Xac dinh dwoc cau trac bén nhat ciing nhw cac dong phan cua cluster GeaCr’* (n = 6-10).

Khi n <9, cdc dong phéan cua cluster dang cation va anion déu ton tai @ dang ho. Vi n = 10,
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cluster dang anion tao cau tric [ong bén tuong tw nhu dang trung hoa con cluster cation thi van

ton tai cdu trac dang hd khi n =10.

Quy luét hinh thanh cta cluster GenCr™* (n = 6-10) theo hai huwdéng chinh. D6 la thay thé'1
nguyén tit Ge trong cluster Gen1 bang 1 nguyén tit Cr d8i véi dang cation, con véi anion thi

cong thém 1 nguyén ti Ge vao dong phan bén nhat cua cluster Gen1Cr.

Do bén cta cluster GenCr7* (n = 6-10) tang khi kich thudc cua cluster ting. Thit tw d0 bén

cluster germani pha tap crom la anion > cation > trung hoa.

Nguyén ti pha tap Cr mang dién tich duwong trong trong tat ca cac cluster cation. Con déi
véi cluster anion thi nguyén tit Cr mang dién tich dwong khi n = 6, 7, 8 va nguoc lai khin =9,
10.
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STRUCTURES AND PROPERTIES
OF ANIONIC AND CATIONIC CHROMIUM DOPED
GERMANIUM CLUSTER GenCr™ (n=6-10)
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Abstract. Geometrical and electronic properties of GenCr7*(n = 6-10) clusters have been investigated by
using density function theory (DFT) at the B3P86/6-311+G(d) level. The results show that endohedral
structure of the GenCr~ clusters appear at n = 10, while the GenCr* clusters are exohedral structure. The
growth behavior of GenCr* clusters can be derived by replacing one Ge atom on Gen+1 cluster by one Cr
atom and for GenCr~ clusters by adding one Ge atom on the Gen1Cr~ clusters. The binding energy (ED),
fragment energy (Ef), band gap HOMO-LUMO, electron affinity (EA) and ionization potenial (IP) are
discussed in details. Natural population analysis show that the Cr atom carries postive charge for all
cationic clusters and for anionic clusters with n <8 while n > 9 are contrast.

Keywords: Doped germanium cluster, GenCr* cationic cluster, GenCr- anionic cluster, structures of clusters
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