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Study on structure,stability and chemical bonding of small Pb-doped Li clusters

JIANG Qun-Ying . LEI Ke-We:
(Faculty of Materials Science and Chemical Engineering, Ningbo University. Ningbo 315211, China)

Abstract: The geometrical structures of lower energies Li,Pb(n=7~9) binary clusters have been investi-
gated through B3LYP method of density functional theory where the basis set includes the all electrons
6-311++g(d,p) to lithium atom and relativistic effective core potentials to lead atom. Simultaneously,
we have studied the chemical bond and stability of the lowest energy structures. The investigations sug-
gest that the chemical bond between the impurity lead atom and lithium atoms is covalent bond, bonding
valence electron pair tends to lead atom. The energy gap between the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital (LUMO) of LisPb cluster’s ground state configu-
ration is larger than those of Li,Pb(n=7,9) clusters’ ones. In addition, based on the atomization energy
per atom, vertical ionization energy and vertical electron affinity calculations, LigPb cluster’s ground
state configuration is the most stable one.
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Fig. 1 The lower energy stable geometrical config-

urations of binary clusters of Li, Pb
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Tab.1 Total energies,energy differences,average value of
square of total spin magnetic moment and lowest
vibrational frequencies of binary clusters of Li, Pb

oy 4 Er/(a.u.) (kcalA-Ir;n/ol’l) <S?> wu/em!
LigPb—1(2) —71.23704 0.0 0.76 23
LigPb—2(2) —71.23151 3.5 0. 81 52
LigPb—3(2) —71.22701 6.3 0.93 36
LigPb—4(4) —71.22134 9.9 3.78 31
LigPb—5(2) —71.22059 10. 3 0. 80 43
LigPb—6(4) —71.21654 12.9 3.76 47
LigPb—7(4) —71.21556 13.5 3. 80 50
LigPb—8(4) —71.21435 14.2 3.78 25
LigPb—9(4) —71.21270 15.3 3.79 15
LigPb—10(4) —71.20771 18.4 3.79 50
LigPb—11(6) —71.19780 24.6 8.76 61
LigPb—12(6) —71.19616 25.7 8.76 79
LigPb—13(4) —71.19465 26. 6 3. 87 28
LigPb—14(6) —71.19363 27.2 8.76 39
LigPb—15(6) —71.19308 27.6 8.76 46
LigPb—16(6) —71.19177 28.4 8.76 48
LigPb—17(6) —71.19161 28.5 8.77 20
LigPb—18(6) 71.18359 33.95 8.76 26
LigPb—19(6) —71.17444 39.3 8. 77 49
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Tab.2 Total energies,energy differences,average value of
square of total spin magnetic moment and lowest

vibrational frequencies of binary clusters of LisPb

g 7 Er/(a. u.) (kcalA-il/ol’l) <S*> v/em”!
LisPb—1(1) —63.70389 0.0 0.00 24
LisPb—2(1) —63.70287 0.6 0.00 30
LigPb—3(D) —63. 70287 0.6 0.00 30
LisPb—4(1) —63.70207 1.1 0.00 32
LisPb—5(1) 63.69993 2.5 0.00 46
LisPb—6(3) —63.69363 6.4 2.02 44
LisPb—7(3) —63.69208 7.4 2.03 50
LisPb—8(3) —63. 69086 8.2 2.02 24
LisPb—9(3) —63. 68882 9.5 2.07 39
LisPb—10(1) —63.68695 10. 6 0.00 49
LisPb—11(3) —63.68535 11.6 2.04 52
LisPb—12(3) —63.68518 11.7 2.04 55
LisPb—13(1) —63. 68366 12.7 0.00 14
LisPb—14(3) —63.67843 16.0 2.05 29
LisPb—15(5) —63. 67476 18.3 6.01 33
LisPb—16(5) —63.67476 18.3 6.01 33
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LisPb—18(5) —63.67224 19.9 6.01 42
LisPb—19(5) 63. 67090 20.7 6.01 37
LisPb—20(5) —63.67025 21.1 6.01 17
LisPb—21(5) —63.67025 21.1 6.01 17
LisPb—22(3) —63. 64596 36. 4 2.04 13
LisPb—23(5) —63. 64017 40. 0 6.03 21
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Tab. 3 Total energies,energy differences,average value of

square of total spin magnetic moment and lowest

vibrational frequencies of binary clusters of Li;Pb

iy Y Er/(a.u.) AE/(kcal » mol 1) <S?> ¢/cm !
Li;Pb—1(2) —56.16741 0.0 0. 86 39
Li;Pb—2(2) —56.16485 1.6 0. 89 37
Li;Pb—3(4)  —56.15210 9.6 3.76 20
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FWEFE Li, Pb(n=7~9) — JC A1 7 3 54 1 i
EME.FAMFIH T L, Pb—1(2)  LisPb—1(1),
Li, Pb—1(2) 5L 254 BY 19 - 24 )i 7 fL Bk (<E,>)
B HLERE (Ev) IE L R FTRE (Eva). M5 S AT 4L
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SLAS A RUA P 35 5 T AL BB LU/ )N 439 oy 26. 05,26,
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Tab. 4 The average atomization energies, vertical detachment

energies, vertical electron affinity and molecular heat
capacities of binary clusters of Li, Pb(n=7~9)

<E.>/ Evi/ Eva/ Cyv/

o 74 (kcal » (keal « (kcal » (J+mol !«
mol 1) mol 1) mol 1) K™D
LisPb—1(2) 26.05 90. 50 21.14 49. 29
LigPb—1(1) 26.03 99. 11 15.25 43.83
Li;Pb—1(2) 25.74 91.75 16. 98 38.72

&5 Li,Pb(n=7~9)ZmBAHKEESHEMN HOMO
LUMO KgEER HBERR

Tab.5 HOMO and LUOMO energies and its gaps be-
tween them of binary clusters of Li,Pb(n=7~9)
Hy T Enomo/(eV)  Epomo/(eV) E./(eV)
LiyPb—1(2) —2.88 —1.57 1.32
LisPb—1(1) —3.15 1.22 4.37
Li;Pb—1(2) —2.81 —1.65 1.16
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