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NGHIEN CUU LY THUYET CAU TRUC VA MOT SO TiNH CHAT CUA

CAC CLUSTER KIM LOAI PALADI BANG PHUONG PHAP HOA HQC
TINH TOAN
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Tém tit: Ciu triic va tinh chdt ciia mot s6 clusters Pd (n=2+12) dugc chiing t6i nghién ciu bang phuong
phdp phiém ham mét do (DFT) BP86 véi bo ham co sé LANL2DZ. Tir dé, chiing t6i di xdc dinh cdc cau triic bén
nhét véi @é boi spin khac nhau va mot $6 tinh chat nhw nang lwong lién két, mirc chénh léch nang lwong LUMO-
HOMO, nang luong ion hoa thir nhat. Mot sé két qud nghiém ciru da dwoc so sanh voi s6 liéu thue nghiém cho

thay suw phi hop tot.
Tir khéa: Cluster Paladi, phicong phép phiém ham mét dé (DFT), mirc chénh léch nang lwong LUMO- HOMO.

1. Pit van dé

Nhing ndm gan day, cong nghé nano ra doi
khong nhiing tao nén budc nhay dot pha trong
nganh hoa hoc vat li€u, dién t, tin hoc, y sinh
hoc ma con dugc ung dung rong rai trong doi
song. Trong sb cac vat liéu co kich thude nano,
cac cluster chiém mot vi tri rat quan trong vi
ching 1a cac khdi xay dung nén khoa hoc nano. ..
Nho ¢6 hiéu tmg bé mit 16n, c6 nhiéu sb phdi tri,
¢6 kha nang hip thu cac phan tir khi nho ciing
nhu tinh quang hoc, céac cluster kim loai d@ mo ra
nhiéu hudng nghién ctru vé kha ning tmg dung
trong vat liéu ban dan, thiét bi dién tir, y hoc va
vat li¢u xtic tdc moi [1, 7, 8, 12].

Paladi 13 kim loai chuyén tiép hiém, co
nhiéu tng dung trong cac linh vuc khac nhau
nhu y hoc, hod hoc, vat li... Paladi duoc su
dung trong nhiéu do dién t nhu tivi, may tinh,
dién thoai, tu dién nhiéu 16p,... va dac biét la
chét xuc tac hitu ich cta nhiéu quy trinh cong
nghiép. Bén canh d6 hiéu ung bé mat va kha
ning hap phu tt cac phan tir nho mo ra ung
dung 16n trong vat liéu xtic tic nham giam 6
nhiém moéi truong [3, 5].

Bing 1. Gia tri ) dai lién két d

Pd-Pd

(A) va ning hrong lién két trung binh E

2. Phuwong phap nghién ciru

T4t ca cac tinh toan duoc thuc hién béng phﬁn
mém Gaussian 09 [11]. CAu triic hinh hoc cua
céc cluster Pd (n=2+12) va mot s6 dai luong
dic trung nhu: tan sé dao dong, ning luong ion
hoa thir nhat, niang lugng lién két, ning luong
lién két trung binh, mirc chénh 1éch ning luong
LUMO-HOMO dugc tinh theo phuong phap
phiém ham mat d6 & mic BP86/ LANL2DZ.
Mot s6 két qua tinh toan cta chung t6i duoc so
sanh voi két qua thuc nghiém.

3. Két qua nghién ciru
Cau truc cua cac cluster Pd,

Chung t6i str dung cac phuong phap phiém
ham mat d6 (DFT) nhu: B3LYP, B3PWOl,
BPS86... dé khao sat cac gia tri vé do dai lién két
va niang luong lién két trung binh cua cluster
Pd, véi d6 boi spin 1a 3, cac két qua tinh toan
duogc so sanh vaéi so li¢u thue nghiém (bang 1).
Tir d6 cho thay phuong phap BP86 phii hop t6t
nhat véi thuc nghiém nén dugc lya chon dé xac
dinh cu triic bén va mot sb tinh chét dic trung
cua cac cluster Pd .

(eV) cia

LKTB

cluster Pd, & trang thai spin la 3.

Pd, B3LYP B3PWI1 BP86 Thye nghi¢m
d (A") 2,527 2,504 2,503 2,48
E, 0 (€V) 0,474 0,452 0,681 0,57
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CAu trac cac ddng phan bén cua céc cluster
Pd_duoc biéu dién trong hinh 1 theo chiéu giam
dan nang luong tuong ddi.

Déi v6i cluster Pd,, ching i nghién ctru 2
dang 1a dang duong thang va dang tam giac. O
dang tam giac can C, cho cuc tiéu nang lugng
thue su.

Cdu triic bén nhat doi voi Pd, la dang céu
tric tir dién v6i nhém diém déi xtmg 1a D, va
do boi spin 1a 3.

Déi voi Pd,, chiing t6i nghién ctru 2 dang céu
trac 1a ludng thap tam giac va chop vudng. Tuy
nhién dang bén hon 1a dang ludng thap tam giac
D,, c6 nang lugng thap hon dang C 4+ 120,005 eV.

Cluster Pd, cho 2 dang céu trac, do 1a
dang ludng chop tir giac O, ¢6 do boi spin la 1
(dang 6-a), dang C, vd&i do boi spin la 5 (dang
6-b). Két qua cho thiy dang O, co dbi xtmg cao
nhét 12 cdu tric bén nhat dbi véi cluster Pd,.

Cluster Pd, cho 2 dang ddng phan khac nhau,
d6 la cac dang D, (dang 8-a), dang C, (dang
8-b). Dang bén nhat ddi vai cluster Pd, la dang
D,, ¢6 dd boi spin la 5.
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Pd
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Déi véi cluster Pd,, ¢6 2 dang cu tric d6 1a
dang céu trac c6 d6i xing C,, vo1do boi spin la
7 (dang 9-a) va dang ciu triic D,,. Dang bén dbi
voi cluster Pd,la dang C, v6i do boi spin la 7.

DPéi véi cluster Pd , thu duogc 4 dang cAu

10°
tric trong do dang D, ¢6 do boi spin a 5 co
ning luong thap nhat do d6 chung t6i chon dang

nay 1a cdu triic bén nhat cho Pd .

Cluster Pd,, cho rat nhiéu c4u trac khac nhau,
nhu dang cdu tric bén tng véi ning luong thap
nhat déi véi cluster Pd | 1a dang C, c6 doi boi
spin 5.

Cluster Pd,, cho 2 ciu trac 1a D,.,D,, c6 tat
ca cac tan s6 déu duong. Trong d6 dang D,
(dang 12-a) véi do boi 1a 7 c6 niang luong thap
nhat, do d¢ cau triic bén dbi véi cluster Pd , 1a
cdu tric co ddi xing D,

Trong cac dong phan thu duoc, ciu trac co
ning luong thip nhét va co tinh d6i xing cao
dugc xac dinh 1a dang bén cua cac cluster
Pd_(cac clu tric a trong hinh). Cac dang bén
cua cac Pd tuong ung déu co6 cdu trac kha
ddi xung.
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Hinh 1. Cdu triic cac dang dong phan cia cluster Pd,

Mot sé dai lwong dic trung cia céc Ning lugng ion hoa thir nhat (I)), ndng lugng
cluster Pd_ lién két Pd-Pd (E, 45> nang lugng lién két trung
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binh dugc tinh nhu sau, 1, = E(Pd ") — E(Pd )
(Pd )= E(Pd) + E(Pd_) - E(Pd)

EPd—Pd

E = (n*E, -E,, )n

LKTB

Cac két qua nay duoc trinh bay trong Bang 2.
Tir céc gia tri nang luong thu duoc ¢6 thé thiy rang
gia tri ning luong lién két Pd-Pd ting dan theo s6
nguyén tr cluster khi n=2-+4, tir Pd, dén Pd, , thi cac
cluster c6 s nguyén tir Pd chén co gi tri ning luong
lién két 16n hon céc cluster c6 sb nguyén tir 16 ké no,
tir Pd,, tré dén Pd , thi gid tri nay bat dau giam dan.

Gia tri nang luong lién két trung binh lai
tang déu nhung ti 18 tang lai giam khi s6 nguyén
tir Pd trong cluster ting dan.

Nhin vao d0 thi (Hinh 3) ta thdy niang lugng
ion hoa thir nhat cua cac cluster Pd_c6 chira tur
2-6 nguyén tir c6 nang luong ion hoa thir nhat
cao hon céc cluster khac.

Céc két qua vé muc chénh 1éch niang luong
cia LUMO — HOMO (Bdng 2) bién d6i khong
déu, gia tri cao nhat 12 cluster Pd, 2,325 eV

Bang 2. Mt s6 gia tri diic trung cia cluster Pd (n=1+12)

Pdn Trang , 1 Momen Nhf’)m EPd-Pd ELKTB IPdn AE IPdn
thai | 1(M7) | 1ygng | diém | V) | (V) | (V) LUMO- | thyre
. Ao HOMO oA
spin cuce (D) (‘!01 V) ngiém
xirng
Pd 0,000 | 0,000 | 8,923 0,510 8,34
Pd, | Triplet | 208,80 0,000 D, 1,363 | 0,681 7,793 2,142 7,70
Pd, | Triplet 137,26 0,138 C,, 2,470 1,277 | 8,026 2,325
Pd, | Triplet 102,31 0,000 D,, 2,976 1,702 | 7,456 1,722
Pd, | Triplet 52,79 0,000 D,, 2,229 1,821 7,013 0,825
Pd, | Singlet | 105,06 0,000 O, 2,649 1,959 | 7,785 0,010
Pd, | Triplet 7,59 0,000 C, 2,274 1,987 | 6,640 0,621
Pd, | Quintet 63,87 0,000 D,, 2,528 | 2,070 | 6,444 0,613
Pd, | Septet 47,30 0,170 C,, 2,398 | 2,106 | 6,285 0,712
Pd | Quintet 33,90 0,000 D,, 2,879 | 2,183 | 6,568 0,542
Pd,, | Quintet 33,34 0,397 C,, 2,392 | 2,202 | 6,604 0,069
Pd | Septet 7,95 0,000 D, 1,812 | 2,170 | 6,380 0,491
—8—EPd-Pd —@—ELKTB
' g 5]
—_ = - 8 4
3 £% 0 e S
2 ¥ 5
= EE ¢
5 wE 2]
z 5 1
0 z 0 ; .
2 4 6 8 10 12 0 5 10 15
S nguyén tir Pd trong cluster Pd, Sé nguyén tir Pd trong cluster Pd,

Hinh 2. P6 thi bién déi nang lwong lién két Pd-Pd

(E,, ) va nang luong lién két trung binh (E, )
cua cdc cluster Pd,

4. Két luin

Da to1 wu hoa cau triic cac dong phan cua
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Hinh 3. Do thi bién doi nang lwong ion héa
thit nhdt cua cac cluster Pd
cac cluster Pd_véi cac trang thai spin khac
nhau va tim ra dang bén 1a cac cdu tric co
ning luong thap nhit twong tng c6 do bén



cao nhat. T cac cau triic bén tinh mot s dai
lugng déc trung cua céac cluster Pd nhu gia tri
ning lugng lién két Pd-Pd trong mdi cluster,
gia tri nang luong lién két trung binh, gid tri
ning luong ion héa thir nhit cua cac cluster,
da so sanh vé&i thyc nghiém cho két qua tuong
dong cao. Tinh mirc chénh léch ning luong
HOMO va LUMO. Két qua thu duoc cho thay
cac cluster kim loai Pd_1a nhirng vat liéu ban
dan day tiém nang.
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THEORETICAL STUDY OF THE STRUCTURE AND PROPERTIES
OF PALADIUM CLUSTERS BY CHEMICAL CALCULATION
METHOD

Le Khac Phuong Chi', Vi Huu Viet!, Kieu Ngoc Huynh?
"Tay Bac University
’Phieng khoai Yen Chau- Son La high school

Abtract: The structure and properties of some Pd clusters (n=2-+12) were investigated using
the density functional theory (DFT) with the generalized gradient approximation at BP86 level and
the LANL2DZ basis set. We then identified the most stable geometries of the investigated clusters
with different spin multiplicities and their properties such as binding energies, LUMO-HOMO
gaps, first ionization potentials. A number of research results were compared to experimental data,

showing good relevance.

Keywords: Paladium cluster, density functional theory (DFT), LUMO-HOMO gap.
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