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Research on Structure and Vibrational Frequency of GaN
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Abstract The method of B3LYP/ 6-31G” in density functional theory (DFT) was used to optimize the geometrical
configuration and study the vibrational frequency of GaN, (m =2~7) and Ga,N, (m =3~ 6) neutral and ion
clusters. The structures and stability magic number regularity of the clusters were obtained, all structures of these

1

clusters are plane. The vibrational frequency of N-N band of nitrogen-rich GaN clusters is 2200 cm™'. There is N, or

N, unit in the structures of all cluster, and the length of two N-N bonds of N; of all clusters are equal mainly. The

band gap range of nitrogen-rich GaN ion clusters is broader than nitrogen-rich GaN neutral clusters.

Key words cluster;density functional theory(DFT); geometrical structure;vibrational frequency
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Fig. 1 Ground-state structures of GaN,, (m=2~7) and

Ga, N,, im=3~6) neutral clusters
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Table 1 The bond length of the ground-state structures of
GaN,,(m=2~T7) and Ga;N,,(m=2~6) clusters

Cluster Bond lengths /nm
GaN, 1-2 0.1124
2-3 0.2260
GaN; 1-2 0.1147
2-3 0. 1200
3-4 0.1920
GaN, 1-2 0.1116
2-5 0. 2360
GaN;s 1-2 0.1314
3-4 0.2202
GaNg 1-2 0.1140
2-3 0.1220
3-7 0.1910
GaN; 1-2 0.1986
2-3 0. 1390
2-8 0.1370
3-4 0.1343
4-5 0.1380
4-8 0.1346
5-6 0.1240
6-7 0.1140
Ga, N; 1-2 0.2133
2-3 0.1220
3-4 0.1140
1-5 0.2910
Gay, N, 1-2 0.1140
2-3 0.1230
3-4 0. 1840
4-5 0.1690
5-6 0. 2840
Gay N; 1-2 0.2220
2-3 0.2160
3-4 0.1233
4-5 0.1140
1-7 0.1150
Gay Ng 1-2 0.1140
2-3 0.1220
3-7 0.2120
GaN,, (m=2~T7)fl Ga,N,, (m=3~6) H
N T A5

GaN, : Kandalam 5" 7£ % £ 17 bR 0 (1) 5 ik
iz AR R i B U 5 AT GaN, BIEE R
#EH}] ; Song U FP-LMTO FEHE T GaN,
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Fig. 2 Structures of GaN,, (im=2~7), Ga,N,, (m=3~
6) and GaN; (m=2~7), Ga,N;} (m=3~6)
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7 2 GaN,, (im=2~7).Ga,N,, (m=3~6) 5

GaN,, (m=2~7) .Ga, N,; (m=23~6) 155 I % TR Pk Fn g K
Table 2 The symmetry and bond length of GaN,, (m=2~7),

Ga, N, (m=3~6)and GaN,;| (m=2~7),

Ga; N,, (m=3~6) clusters

FRBS. FAB PR T E RS S IR I 5 3251
(850
Structure Symmetry Bond length /nm

7c Cov 1-2 0. 2160
1-5 0. 3997

2-3 0.1250

3-4 0.1130

8c Cs 1-2 0.1132
2-3 0.2130

3-4 0. 2420

9a Cov 1-2 0. 2040
1-7 0.1187

2-3 0.2220

3-4 0.1210

4-5 0.1150

10a Dy, 1-2 0.1161
2-3 0.1210

3-7 0.2120

2-3 0.1240

3-4 0.1798

4-5 0.1770

5-6 0. 1840

9¢c Cov 1-2 0.2389
2-3 0. 1300

2-6 0. 1340

3-4 0.1320

4-7 0.2230

10c¢ Dy 1-2 0.1132
2-3 0.1240

3-7 0. 2060

Structure Symmetry Bond length /nm
la Cev 1-2 0.1154
2-3 0. 2080
2a Ceov 1-2 0.1171
2-3 0.1190
3-4 0. 2040
3a Cov 1-2 0.1139
2-5 0.2130
da Cs 1-2 0.1168
2-3 0.1190
3-4 0.2030
4-5 0.2170
5-6 0. 1140
2¢ Cev 1-2 0.1131
2-3 0.1220
3-4 0.1730
3¢ Cs 1-2 0.1130
2-3 0.1250
3-4 0.1790
4-5 0. 1850
dc Cs 1-2 0. 1140
2-3 0.1220
3-4 0.2030
4-5 0. 2430
5-6 0.1104
5c Cov 1-2 0.1130
Sa Cov 1-2 0.1161
2-3 0. 1200
3-7 0.2054
6a Cov 1-2 0.1154
2-3 0.1210
3-5 0.1950
4-5 0. 1800
Ta Cov 1-2 0.2170
1-5 0.2792
2-3 0.1210
3-4 0.1150
8a Cov 1-2 0.1131
2-3 0. 1250
3-7 0.1790
6c Cs 1-2 0.2284
2-3 0. 1420
2-8 0.1310
4-5 0.1330
5-6 0.1270
6-7 0.1120
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P N R FIE R T RE i N, 4544 .
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JE 5 M 8 Gau Ny (8a) i 45 44 7T L& L Je — 4
GaNy 451 Gas i F b EH:—A Ga Ji 71 #4
s Ga, N5 (Qa) il LLFEAE /& Ga, Ny (7Ta) 1) Ga, FlI
Gas JiF L PR 224 N 10 84 51

GaN/ (30) W45 #) v LU e — 4~ GaNy WA
BEEMW Ga i L EH—A N R 1 84 50 5
GaN; (445 5 GaNs S5 ARl H & No-N;-
Gad g A 3 Ga, N (8c) B 45 ¥4 1] LL B 12— 1~
GaNy S5 Ny J5 7 1 i 8 — 4 Ga J5 110 #4
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Table 3 The symmetry, total energy, zero-point vibrational energy, energy gap, heat capacity, standard entropy

and harmonic vibrational frequency of GaN,,(m=2~7) and Ga,N,,(m=3~6) clusters

Zero point Heat Standard Frequencies/cm ™'
Total energy/ Energy )
Cluster Symmetry energy/ capacity/ entropy/ Intensity Lowest
(a0 (kJ /mol) gap /eV [J/(mol « k)][J/(mol *+ k)] vibration frequency
GaN, Coy —55305. 28 15. 945 5. 86 44. 30 273.61 2141. 3 (sy) 148. 3 (a)
GaN;, Cov —56794. 90 34.595 5.19 50. 66 272.63 2279.9 (sy) 158.0 (pi)
GaN, Cov —58285. 77 33.108 5.62 80. 34 367.52 2194.6 (by) 67.4 (a;)
GaN; Coy —59773.79 59. 806 5. 36 61.96 317. 80 266.0 (a;) 74.9 (by)
GaNg Covy —61262. 60 66. 141 4. 31 94. 83 377.12 2225.1 (by) 46.9 (by)
GaN; Cs —62748. 63 79. 094 3.89 92.47 383. 44 2251.2 (a") 27.1 (a"
Ga, N, Coy —109120. 95 33.765 4. 26 72.84 357.72 2247.3 (a;) 55.3 (by)
Gay N, Cs —110610. 30 43.972 4.16 87. 60 373.81  2277.4 (a')  46.3 (a)
Gay N; Cov —112100. 83 51.372 4.26 110. 74 409.03 2239.6 (ar) 65.9 (by)
Ga, N Dy, —113591. 17 68. 966 4.03 119. 15 414. 87 2251. 8(by,) 44.7 (bs,)

%4 GaN, (m=2~7).Ga;N,, (m=3~6) 5 GaN,) (m=2~7).Ga, N} (m=3~6) FEMN
SRETE VR IR SRR VBRI B PR AR R PR AR
Table 4 The symmetry, total energy, zero-point vibrational energy, energy gap, heat capacity, standard entropy and

harmonic vibrational frequency of GaN,, (m=2~7), Ga;N,, (m=3~6) and GaN,! (m=2~7), Ga,N,} (m=23~6)clusters

Zero point Heat Standard Frequencies/cm ™!
Total energy/ Energy gap )
Cluster energy/ capacity/ entropy/ Intensity Lowest

(a. ) (kJ/moD) [V [J/(mol « k)] [J/(mol « k)] vibration frequency
la —55305. 16 16.673 0. 86 42. 34 256. 66 1958. 8(s,)  225.4 (pD)
2a —56795.03 32. 886 4.78 52.05 283.82 2231.0 (s,) 133.5 (&)
3a —58286. 17 35.789 2.14 75.57 330. 80 2030.9 (by) 92.2 (a;)
4a —59775.72 50. 666 4. 45 85.90 368. 65 2003.1 (a’)  59.4 (a)
Sa —61265. 56 65.673 3.93 95. 14 377. 39 2193.9 (by)  46.4 (b))
6a —62752.75 73.232 4.68 112. 94 411.15 2228.9 (by)  37.8 (b))
Ta —109121. 64 33. 282 1. 00 73.18 360. 84 2213.5 (a;) 21.1 (by)
8a —110612. 56 35.939 1. 90 93.54 398. 33 2167.9 (a,) 24.3 (b))
9a —112101. 55 52.080 1. 16 108. 66 407,97 2206.0 (a;) 72.2 (by)
10a —113591. 70 65. 481 0.98 113.94 410. 63 2213.0 (by,)  60.8 (by,)
2¢ —56785. 90 28.512 2.54 54.40 292. 88 1388.9 (sy)  109.1 (a)
3¢ —58270. 61 37.370 1.73 68. 17 321. 88 2273.7 (a) 93.0 (a)
4c —59766. 49 47.070 4,39 90. 50 389. 42 2004. 3 (a) 49.4 (ah)
Sc —61254. 44 66. 772 4. 05 94. 81 369. 60 2298.1 (by,)  49.0 (a1)
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(838
Zero point Heat Standard Frequencies/cm !
Total energy/ Energy gap .

Cluster energy/ capacity/ entropy/ Intensity Lowest
(8.0 (kJ/mol) [V [J/(mol » k)] [J/(mol » k)] vibration frequency

6c —62740.71 76. 841 4.63 103. 60 400. 12 2253.0 (a") 51.7 (a)
Tc —109115. 16 33.536 4.78 72.68 350. 28 2249.0 (a;) 77.5 (a;)

8c —110602. 16 42.270 5. 14 80. 17 368. 83 2308.2 (a') 41. 8 (a)
9¢ —112094. 46 61. 700 5. 60 77.89 373.12 222.0 (ap) 26.7 (by)
10c —113583. 35 67.502 4.46 120. 57 420. 98 2256.7 (by,) 40.8 (by,)
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