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Structure and Spectral properties of moleculars
and ions cluster for Hg,Se,(m=1,2,3,n=1,2)

SHANG Long-Chen, LI-Jiao, LI Shu-Ping, LIAO Hong-Hua ,LLIU Xin-Ping
(Key Laboratory of Biologic Resources Protection and Utilization of Hubei Province and Department

of Chemistry, Hubei Institute for Nationalities, Enshi 445000, China)

Abstract: This work has been carried out the structure optimization, the natural key atomic orbital and
frequency calculation and absorption spectrum of Hg, Se,(m=1,2,3,72=1,2) moleculars and ions clus-
ters by using the LANL2DZ pseudo-potential basis sets, B3LYP and TDDFT method. The microscopic
properties of Hg,,Se,(m=1,2,3,n=1,2) moleculars and ions clusters’ ground state have been got, such
as geometric structures, electronic properties, Eb,Eg, dipole moment, etcetera. Furthermore, frontier
molecular orbital characteristics, absorption spectroscopy properties, High precision to identify all the
simple harmonic vibration mode of the troupe cluster has been analysed systemically. The results show
that: the ground state structure of Hg,, Se, (m +n=1~3) is linear and angle, Hg,,Se, (m +n=4~5) is the
ringlike structure, and stable order is HgSe, > Hg, Se, > Hg, Se, > Hg, Se>HgSe, Hg,, Se, > Hg,, Se, >
Hg, Se, . FMO analysis identified clusters good conductivity for Hg, Se,(m=1,2,3,n=1,2), ability or-
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der of the electronic transition is HgSe, >Hg, Se>HgSe>Hg, Se, >Hg;Se,. The correlation and regulari-

ty is not strong for maximum absorption wavelength of clusters, there are different degrees of red shift

or blue shift. There are maximum E, and,.,and minimum Eg for HgSe, than other clusters. The results

can provide an important predictive value reference for future experimental research, the essence and the

better help us to understand the experimental phenomena and laws of some properties of bulk condensed

matter.
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Fig. 1 The optimized structures of (Hg, Se,) (m=1,2,3.7n=1,2)
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Fig.3 The optimized structures of (Hg, Se,) (m=1,2,3.,n=1,2)
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Tab. 1 calculated results of micro— properties for Hg,, Se, (m=1,2,3,n=1,2) moleculars and ions
state Total energy E/a. u.  Dipole monent/Debye state Total energy E/a. u. Dipole monent/Debye

HgSe(®Sg) —51. 9684 2.1141 Hg:Se™ (?A) —94. 8444 0.0003
HgSet (4Sg) —51.6613 1.7764 Heg, Ses (1A) ~103. 9988 0. 0049
HeSe— (23g) —52.0419 5.1731 Hg:Se; t (A0 —103. 7055 0.0081

HgSe, GCA") —61.2277 0.5638 Hg>Se: ~ (1A —104. 0621 0.0042
HgSe, T (2A") —60. 9284 1. 0005 Hgs Se, (1 A) —146. 7965 4.0100
HgSe; ~ (2 A) —61.3070 7.3741 Hg:Se; * (FA™) —146. 5177 2. 9456
Heg:Se (!Sg) —94. 7640 0. 0000 Heg;Ses~ (FA) —146. 8509 4.1992
Hg,Se™ (2A) —94. 4915 1.8114

%2 Hg,Se,(m=1,23,n=12)FEFRUNAEHSHE(EK:om,BHR_HTH 0:0)

Tab. 2 Optimized parameters for Hg,, Se, (m=1,2,3,n=1,2) moleculars and ions(bond length:nm,bond and dihedral angle 0:0)
HgnSey e 6/0 K /nm A 6/0
HgSe(*Sg) Atz 180 R,..—0.2984
HgSe' ('Sg) Acrz 180 Ry.=0.3173
HgSe™ (*3g) Ac1.2) 180 Ri.2= 0.3185
HgSe, CA™) Ac1.5.2)120. 5027 Ri.3=0.2336 R;,3;=0.3714
HgSe, " (?A") Aci1.3.2)113.3730 Ry.3=0.2316 R, 3;=0.2934
HgSe, ~ (A Ac1.3.2)137.5548 Ri,5=0.2459 Ry.3=0.3284
Hg:Se(!Sg) Ac.)180 Ri.— Ri3—0.2717
Hg>Se™ (2 A) Ac1.2.5132.9946 Ri2= Ry.5=0.2760
Hg,Se™ (2 A) A (1,2.,3179.9967 Ri2= Ry,5=0.2898
Hg,Se, (' A) A1,3,20110. 9943  A1.,4,2)110. 9986 Ri,35=0.2753 Ry,3=0.2754 Di.2.3.10. 000
Hg,Se; T (2A) Ad.s.2) 99.2870 A 99.3095 Ry.3=0.2740 R, 3;=0.2739 Dai.2.5.1,0. 000
HgsSe, ~ (1 A) Actss 89.1381  Acras 89,0978 Ri5—0. 2997 Ry.;—0.2997 Disoz.s.10. 000
Hg;Se, (1 A) A1, 152.3368  Ag,z,0 112.8195 Ry,1= 0.2649 Ry,= 0.2794 Des.1.4.2)0. 000
Aq.o 81,012 Ap.s.s) 112.8175 Ry.5=0.2977 R;.5=0.2794 Di.2.3.5 0. 000
Hgs;Se, T (PA™) A 174.0325  As,2.0) 70. 3306 Ry, = 0.2641 R,,,=0.2973 D¢s.i.1.2) 180.0
A,u,2) 106.6852 A, 3.5, 70,3304 Ry, 5= 0.7277 R;,5=0.2973 Dai.z2.3.5 0.000
Hg;Se, ~ (1 A) A5 141.597 Az, 100. 745 Ri.,= 0.3051 R3.4=0.2895 Dea.2.4 0,000
Ac,4,2) 98.4568 Az, 3,5, 100. 7385 R,,35=0. 4683 Rj3,5= 0.2895 D¢,1.2,4) 0. 000
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Tab. 3 The properties paraneters of the frontier molecular Orbital for Hg, Se,(m=1,2,3,n=1,2)
HgSe HgSe, Hg, Se (HgSe)» Hgs Se,
Orbitals energy Epomo/eV —6. 0085 —6.8602 —5.6438 —5.9594 —5.9431
Orbitals energy ELumo/eV —4. 1553 —6.5912 —3.8396 —3.6519 —3.2709
Energy gap E,/ eV 1. 8531 0. 2690 1. 8042 2.3075 2.6722
The Binding energy E,/ eV 0.2612 2.5743 0.5633 2.2096 2.5688
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Tab. 4 Absorption wavelengths,oscillator strengths(f)and electronics computed for Hg,, Se, (m=1,2,3,n=1,2)
State Amax /DM { State Amax /M f
HgSe 443.90 nm 0. 1815 Hg,Se ™ 402. 47 nm 0. 0394

HgSe™ 188. 77 nm 0. 5815 Hg: Se; 529. 94 nm 0. 1544
HgSe™ 420. 15 nm 0.0059 Hg>Se, ™ 2257.56 nm 0.0010
HgSe» 667.08 nm 0. 0405 Hg,Se; ~ 964. 54 nm 0.0371
HgSe, © 490. 43 nm 0.0014 Hgs; Ses 653. 76 nm 0.2502
HgSe, ™ 1086. 37 nm 0.0334 HgsSe, * 1361. 09 nm 0. 0285
Hg, Se 375.09 nm 0.6833 Hgs Se; — 971. 25 nm 0.1502
Hg,Se ™ 351.75 nm 1. 3329
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Tab.5 Theoretical vibrational frequencies and assignmentsfor Hg, Se,(m=1,2,3,n=1,2)
Hg,,Se,* (=0 +1,—1) Calc/ em™! Infrared Assignment

HgSe* 99.10(89. 10, 85.75) 0.0430(0. 0237, 6.3267) VHgSe
HgSe;* 12.31(53. 64, 8.84) 0.0423(0. 8036, 0.5534) VHg2Se3Sel
25.82(107.53, 49.29) 0.6517(1. 1528, 6.7487) VHg2 Se3
320.95(309. 43, 271.48) 4.0825(4. 2380, 0.1509) VSes Sel
Hg, Sex 38.72(25.21, 22.42) 6.0119(0. 9786, 2.8303) WHg3 Se 1 Hg?2
81.97(108. 85, 55.70) 0.0010€0. 3869, 0.0001) Vs Hg3 Sl Hg?2
154. 78(144. 43, 100. 88) 17.7367(29. 4944, 2.7681) Vas Hg3Sel Hg2
HgsSe; * 56.35(23.21 , 14.33) 4.5300(2. 6201, 2.7029) WSe2 Sel
84.42(59.67, 41.10) 0. 0000(0. 0012, 0.0000) 6Sc2 Hg3Sel T 0Se2 HgtSel
114.22(64.50,73.07) 0.0525(0. 0000, 0.0004) TSe2 Hg3Sel T TSe2 Hgd Sel
115.72(126. 37, 92.66) 4.7020(0. 0001, 10.3987) WSe2 Hg3Sel T wSe2 Hgd Sel
179.27(136.10, 94.51) 0.0068(4. 8315, 4.0300) RB
187.62(183. 82, 94.76) 17.9321(0. 0000, 2.8520 ) OSe2 HgsSel T 08e2 HgtSel
Hg;Sey* 34.62(10.38,5.21) 0.0000€0. 0261, 0.0052) WSe5 Hgl Sed T WHg3 Hg2 Se
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