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Density Functional Theory Study on the Structures
and Properties of (Mg;N,), (n=1~4) Clusters
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Abstract: Possible geometrical structures and relative stabilities of (Mg;N,), (n=1~4) clusters are studied by using
the hybrid density functional theory(B3LYP) with 6-31G* basis sets. For the most stable isomers of (Mg;N,), (n=
1~4) clusters, the electronic structure, vibrational properties, bonds properties, relative stabilities are analyzed.
The following tendencies shown in the calculated results: the Mg and N atoms bonded each other to form a cage
structure of the most stable isomers for [MgiN,], (n=1~4) clusters; the coordination numbers of N atoms are
usually 3 or 4; Mg-N bonds are favorable in energy and the bond lengths are about 0.194~0.218 nm for Mg-N
and 0.262~0.298 nm for Mg-Mg; the population analysis suggests the average natural charge of N atoms is about
—-2.06 e and that of Mg atoms about +1.37 e; the dynamic stability of (Mg;N,), cluster is higher than that of other

clusters.
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Fig.1 Geometrical structures and total binding energy (eV) of (Mg;N,), (n=1~3) cluster
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Table 1 Geometrical parameters in the stablest configuration of (Mg;N,), (n=1~4) cluster

Cluster Structure Symmetry Electronic state Bond length / nm Bond angle / (°)

Mg;N, al Dy, ‘A IN-3Mg 0.201 A (2,3,1) 62.3
3Mg-4Mg 0.298

(Mg:No) bl T, A, IN-6Mg 0.198 A(172) 132.0
5Mg-7Mg 0.295 A (6,7.5) 90.0

(MgzN>)s cl Cy, ‘A, IN-7Mg, 3N-10Mg 0.194 A (1,7,5) 140.8
3N-13Mg, 5N-7Mg 0.197 A (2,8.3) 132.6
IN-15Mg 0.200 A (2,8,15) 117.0
3N-15Mg 0.218 A (4,9.6) 128.6
8Mg-15Mg 0.269

(Mg3N,), dl1 Cy, 'A, IN-10Mg 0.198 A (13,2,15) 173.9
IN-19Mg, 3N-19Mg 0.196 A (16,3,19) 146.7
2N-13Mg 0.195 A (9.4,17) 112.8
2N-12Mg 0.208 A (15,4,20) 140.1
2N-15Mg, 4N-15Mg 0.210 A (2,9.5) 125.1
3N-12Mg 0.213 A (1,10,5) 130.8
4N-9Mg 0.201 A (3,11,20) 145.9
9Mg-15Mg 0.262 A (2,15,6) 99.6
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Fig.2 Geometrical structures and total binding energy (eV) of (Mg;N,), cluster




57

B £1 25 (Moo, (= ~<h) A .25 K 5 M I 10 95 2 42 6 T

1033

Mg-N [H] ¥ 0.208 4~0.217 9 nm"$F1 0.213 2 ~0.214 6
nmPHEALF G
2.2 (MgN,),(n=1~4)F 7% I #R 3h ¢ i

FH B3LYP J5¥E7E 6-31G* 7KF B X (Mg:N,),(n=
1~4) A1 7 f i S5 40 I 21 A 3 B 2 0335 AR 20
WIRIEAT 75 3% 2 51 T (MgyNy),(n=1~4) A 7% i
Tt 2 A B 1) e ANFR B % | DA R LA R 2 O 1 i
) 5 R S AR I A HR Sh A3 3R die /N B AR T LA

J W T A5 235 48] J2 75 A7 A0 R AL, 9 B8 e AR X I 9
Sy AT L) o % v f i WIS f 0 R 2
AL, AN R RS AT 1) I 3 R A7 A 3 BRI 22
S (BT A5 B Ik S A 88 Sy 1B AR, 2R W] A% AT A 45
F ¥ g Hemean B a3 KB (MgNy),(n=1~
4) PR E S5 R Y TR 5o 41 Sl e Xk 7 114 32 B
Mg-N S 45 IR 20, M Raman Y6 i 5 IR 3l 06 6
704 784 Mg B 00725 (45 3

R 2 (MgN,),(n=1~4)H #% & ¥2 ©E 1 2 B 1R 3 5L 1 701 4Rk 85 %

Table 2 Vibration spectrum and syntony frequencies in the stablest configuration of (Mg;N,),(n=1~4) cluster

T L IR Raman scattering | . Freq./ IR Raman scattering
cm™ intensity (a.u.) activity (a.u.) cm™! intensity (a.u.) activity (a.u.)

Mg;N, al 152.48 1.00 480.96 (MgsN,)3 cl 60.83 2.99 0.43

570.29 81.93 78.35 772.85 211.21 69.92
438.44 52 562.1

(MgsN>), bl 147.71 0 10.14 (MgsN,)4 d1 104.12 5.96 21.35
627.07 376.05 112.8 777.15 2442 33.99
351.97 0 936.39 527.74 127.8 1 143.14

2.3 (MgN,),(n=1~4)F] 7% i B8 77

ASCH B3LYP Jr¥ETE 6-31G* KF- 1, HAK
FEHILIE (NBO) J1 1 XF (MaNy)(n=1~4) A1 1 Fe Fo 0 4544
BRI HEAT T 00 Ar . 3R 3 9 T (MgsN,)(n=1~
4) A1 12 B R o A5 A Hh 4% D B far o0 A, T LA
Fil, 16 Mg Fl N AHEAE DR A #2 b &

Az D[R] (4 B 7 2 B | 3 A v £ 5 7% 1) 4 A5 141
fErh N R 2 e Mg IR B AR N JE TR
H AR HL ] 7 —1.58~-2.20 e Z ], ¥ AR ML 17 Ry
—2.06 e;Mg J5i 11 H AL 7E4+1.06~+1.54 e Z[H]
FH) AR 4137 e PR (MgyNy),(n=1~4) A 7%
Hh T (DA A FH S A R 1) S T

F 3 (MgNy,(n=1~4) AL R REME f & FFHI BT (Qle)
Table 3 Atomic charge (Q/e) in the stablest configuration of (Mg:N,), (n=1~4) cluster

Cluster  Structure Natural charge of atom

Mg:N, al N: -1.585 Mg 1.057

(Mg:N,), bl N: -2.035 Mg 1.357

(MgNo), cl IN: =2.134  3N: -2.131 5N: -2.101 7Mg: 1.422 8Mg: 1.397 9Mg: 1.446 13Mg: 1.359

(Mg:No), d1 IN: =2.060 2N: -2.162 3N:-2.202 4N:-2.173 9Mg: 1.417 10Mg: 1.399 11Mg: 1414 15Mg: 1.525 16Mg: 1.417
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