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Theoretical Study of Structure and Infrared Vibration Spectra about
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Abstract: The geometry structures, stabilities and infrared vibration spectra of AlB,(n=2~9)
Clusters were investigated based on density functional theory. The ground state structures of
AlB,, AlB;, AlB; and AlB; clusters and their relative stabilities were discussed in detail. For the
AlB, (n=2~9) ground states, their chemical bonds were evaluated by considering the structures,
which obtain and loss one electron. The effect of doping Al atom and the revolution of geometry
structures were also discussed. It was found that the difference of stabilities becomes smaller
after doping Al atom; however, the group of B atoms still plays a dominant role in the whole
cluster, especially for the stability; AlB;, AlB; and AlBg clusters are local stable among all the
clusters studied; for infrared vibration spectra, the modes of vibration, which have higher
symmetry and more B atoms involved in, are prior.
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Table 1 Geometry symmetry, Electronic state, Shortest Al-B
and B-B bond lengths, and Lowest vibrational frequencies

of AIB, and B, Clusters for the lowest-energy structures

Cluster Sym State Bond R/nm E (Hartree) Freq/cm™!

AlB, Cyn *A, AIFB0.2025—291.927 8 521.72
B-B 0.155 3

AlB;,  Cyn 'A, ALI-B0.218 6 —316.780 6 105.295
BB 0.1515

AlB, Cs *A" AIFB0.204 1 —341.624 3 209. 608
B-B 0.153 4

AlB; Cs 'A" AIFB0.220 6 —366.4716 81.631
B-B 0.154 2

AlBy Cs *A" ALB0.207 3 —391.304 3 220.531
B-B 0.156 1

AlB,  Ciw *A AlFBO0.273 8 —416.171 7 176.163
BB 0.157 5

AlBs Ci/Cs A" AlFB 0.212 1 —441.057 7 144.879
B-B 0.154 3

AlB, Ds; 'A” AlFB0.2253 —465.896 1 143.124
B-B 0.154 1
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Fig. 1 Lowest-energy and some metastable structures of
AlB, clusters and lowest-energy structures of pure
B, clusters(the black ball stands for Al atom, and
white ball stands for B atom)
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BEARFFIE C L BE. Co A Co 5 E ) A 45 H # B
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By P i BL S A B 1 iy 9a, 3% 5 3CHR
(3]s g 25 R — 3. X T AlBy, BlE.IFES RS
SCHRLL7 IR BN TR 113545 21 1 RE o A (I i 7Y 2
— AETSE R (B 1 9a), Hidh AL &b T 8 5
T H LTI L 3K — 5 1 SRR FRPEJE Dy A1
T SCRL17JB2A G MR SR CRAER 1
I D) 5 9a 25 44 1 B 5 2 HiF 0 B Ak 58 AT R Y B
A H AR (WL ER 2) R W Bl P RS i 38 T8 i
9 STHE IR RE S8 T AE MR iR R R
FEMIE L AL-B 8, JF HANE A B Z 18] 1 B <
oAb T 38 S R K R 3 o X e 2 4 < T 2 i
15 T2 TR 22 40 B AR 8 0 b 27 5 £ 0 TR AR
I Ra 2 M. T ALB, SR, ALLB 8K H
0.225 3 nm, k2 —HFJ5 (AIB) ), AL-B K h
0.201 7 nm, 1§ 3] — 4~ 7 (AIB; ). AI-B K
0.202 0 nm, %t W 2% £ 3043 3 — AW+ J5 ., #F & fi
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Table 2 Evaluating the chemical bonds by considering the ground states [ AIB, (n=2~9)],

which obtain and loss one electron

Cluster Bond R /nm Cluster Bond R /nm Cluster Bond R/nm
AlB, Al-F-B 0.2025  AIB; Al-B 0.206 9 AlB, Al-B 0.199 1
B-B  0.1553 B-B 0.155 2 B-B 0.150 1

AlB; Al-B  0.2186  AlB{ Al-B 0.217 1 AlB; Al-B 0.206 7
B-B 0.1515 B-B 0.152 9 B-B 0.152 5

AlB, AlFB 0.2041 AIB/ AlFB  0.2232  AlB, AlFB 0.205 4
BB 0.1534 B-B 0.152 4 B-B 0.151 4

AlB; AlFB - 0.2206  AIBS AlFB 0.2081  AlB; Al-B - 0.208 3
B-B 0.154 2 B-B 0.154 0 B-B 0.157 1

AlB; AlF-B 0.207 3 AIB{ Al-B 0.208 8 AlB; Al-B 0.216 9
B-B  0.156 1 B-B 0.158 1 B-B 0.158 2

AlB; Al-F-B 0.2738  AIB/ Al-B 0.217 2 AlB; Al-B 0.263 2
B-B  0.157 5 B-B 0.156 4 B-B 0.157 0

AlBy AlFB  0.2121  AlB{ Al-B 0.242 3 AlBg Al-B 0.236 8
B-B  0.154 3 B-B 0.154 5 B-B 0.154 4

AlB, AlFB  0.2253  AlB/ Al-B 0.2017 AlB; Al-B 0.202 0
B-B 0.1541 B-B 0.154 6 B-B 0.154 7

2.2 REMMILMEL PHE T RRE(E) . g — W 25 (E) . HOMO-

BT WG AIB, (n=2~9) A% ) 48 X £ 2 P

LUMO feB A Al B 7 A X T 4l 0 7 7% 19 25 4 BE
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Fig. 2 The size dependence of the fragmentation energy
(E;) of AlB, and B, clusters
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Al X AIB, F % i AH X e M 4 o M i 4
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Fig. 3 The second-order energy differences(E,)
of AlB, and B, clusters

X f o i B0 A B IR A i (HOMO-
LUMO) B REBL, Hi Bl n A5k 1) i £2 WL & 4. A< SCrp
B2 8 EE(E ) ME 3 e IkE4(ED i
BER 43 0 5 SCHRL L7 ] A0 N B W A B AR 4 32
AT 4 15380 i RS SCERL L7 JJN A R KON
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Fig. 4 The size dependence of the HOMO-LUMO gaps of
AlB, and B, clusters
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for Al atom of AlIB, clusters
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AL LUE AR AR B 7 1 20 00 ] % 1) Sk 25 7
IR BN TR MRS RE M. J3 b B A7 A e ik 2y B o —
51 2R BT - TG B THIAG R X R TR RO £
4 CBE » LB IS 1.
2.3 dOHMREhEE

THI TR PR A A 25 B R AT I B /iR
SRR 1B T R P A A L Y dee /AR B
WA TR PR IR E R R L A B T AT AR R ROUL
R G LA R C R IR S AIB, " (n=
2~9) MIRELLAMEIE - L BE. 32 3 O AIB, (n=2~
9 A1 2 e A Ay PR 1 R 21 S O 3% i B AR AH L 335 WA At
AR S N R LD MG LR T 0 SR B A
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Table 3  Vibration frequencies and infrared vibration spectra

of ground state AIB, Clusters

Cluster Frequencies/(em™')[ IR intensities/(km ¢ mol ') ]

AIB, 1051.41[5.155] 521.71[5.13] 561.96[0. 58]

AlB; 1 017.29[173.39] 1 275.00[64. 99] 333.69[35.19]
AlB, 472.00[28.34]  431.04[18.947] 1 311.58[14.99
AlB;  451.00[115.43] 1 192.51[49.15] 302. 28[45. 79
AlB; 1 041.81[109.25] 667.58[50.89] 1188.20[48.55]
AlB, 572.93[46.67] 255.11[28.12] 730.08[23.85]
AlBg 688.93[33.89]  534.01[28.94] 343.85[16.31]
AlBy 801. 84[22. 44] 408.99[3.70]  129.10[3.09]

n =2 B, 205 4k 3 0t 3% 1 A% o 0 0 B 7R
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