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The geometries of (XN )iR4 clusters

Fig. 1

a) (RCN)4, b) (CNR)4, ¢) (RXN), (X =Si, Ge), d) (XNR), (X =Si, Ge)
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Table 1 =~ The geometries and point group of (XN ).R; clusters
Cluster Piont group  X1-N2/nm  X3-N2/nm X(N)-R/nm N-X-N/(°) X-N-X/(°) N-X-R/(°) X-N-R/(°)
(HCN), Si 0. 1278 0. 1390 0. 1080 127.2 120. 3 114. 6
(H;CCN). S 0. 1303 0. 1390 0. 1500 125.0 120. 2 114.8
(H:NCN), Si 0. 1300 0. 1370 0. 1360 129. 5 121. 8 113. 4
(HOCN), S 0.1293 0. 1366 0.1338 131.5 122.2 113.1
(CNH ). Doy 0. 1389 0.1378 0.1010 102. 6 112.0 126. 6
(CNCHs)4 Coy 0. 1389 0. 1377 0. 1452 104. 3 110.6 126.9
(HSiN )4 Tq 0. 1804 0. 1804 0. 1470 93.6 86. 3 122.7
(HsCSiN)4 D2q 0. 1808 0. 1808 0. 1850 93.4 86. 4 122.8
(H2NSiN), D4 0. 1800 0. 1801 0. 1688 94. 8 85. 1 120. 6
(HOSIN ), D: 0.1788 0. 1801 0. 1620 94. 1 85.9 119.6
(SiNH)4 Tq 0. 1921 0. 1921 0.1013 82.1 97. 4 119. 8
(SiNCH); D»y 0. 1920 0. 1920 0.1473 83.4 96. 3 118.7
(SiNNH:)4 D4 0. 1919 0. 1931 0. 1453 82.9 96. 3 117.1
(SiNOH )4 D: 0. 1915 0.1933 0. 1438 80.7 99.7 113.3
(HGeN), Ts 0. 1939 0. 1939 0. 1536 92.7 87.3 123. 4
(H;CGeN)4 D:qy 0. 1941 0. 1941 0. 1947 92.7 87.3 123. 4
(H:NGeN), Dy 0. 1940 0. 1950 0.1818 94. 1 85.9 120. 5
(HOGeN), D: 0. 1925 0. 1942 0. 1760 93.7 86.3 120. 1
(GeNH ), Tq 0. 2035 0.2035 0.1015 81.0 98. 4 119.0
(GeNCHs)4 N 0.2037 0. 2037 0. 1467 82.3 97.2 118. 1
(GeNNH>), Dy 0. 2036 0. 2050 0. 1450 82.1 96. 8 116. 0
(GeNOH ), D: 0. 2033 0. 2056 0. 1439 79.7 99. 2 111.7
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Table 2 The vibration frequencies and IR of (XN).R; clusters
Cluster X v/em”
H CH; NH. OH
(RXN), ¢ 230. 4.(0) 92.4(0) 76.3(0) 77.5(0)
1687. 8(376) 1691. 9(454) 1679. 6(992) 1735. 4(869)
Si 408.9(0) 117.3(0) 34.9(0) 54.9(0)
908. 0(439) 907. 8(318) 250. 9(659) 852.6(773)
Ge 236.0(0) 66.6(0) 42.7(0) 11.6(0)
712.5(243) 639. 8(215) 514. 5(646) 724.7(321)
(XNR), C 94.1(0) 91.1(0)
701.7(291) 3037.9(235)
Si 305.2(0) 150. 7(0) 39.9(0) 121.1(0)
1054. 1(380) 664. 4(315) 686.1(441) 698. 4(362)
Ge 170.2(0) 140. 8(0) 93.9(0) 127.5(0)
969. 2(205) 563. 4(225) 586.9(334) 595. 1(226)
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Table 3  The total energy Et, zero point energy Ezp and energy gap A E of (XN).R; clusters
R Er/a. u. Eze/kJ * mol ™' A E/eV
C Si Ge C Si Ge C Si Ge
(RXN), H -373. 86 -1379.63 —-8529. 45 227.6 157.8 129.1 4.87 6.38 5.36
CH; -531. 19 -1537.01 —-8686. 80 516.8 457.5 435.9 4.98 6.64 5.31
NH. —595. 42 -1601. 30 -8751. 02 408. 8 341. 8 321.6 5.28 5.71 4.79
OH —624. 89 —-1680. 83 —-8830. 53 281.5 221.8 190. 1 4.68 5.36 4.38
(XNR)4 H -373. 80 -1379. 67 —-8529. 67 234. 4 187.2 171. 4 6.18 4.46 4.46
CH; -531.07 —-1536.92 -8585.91 525.2 475.6 460. 2 6.15 4.41 4.41
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Structure and Chemical Bonding of (XN).R. Cubic Clusters*
Wu Hai-Shun ~ Xu Xiao-Hong  Zhang Cong-Jie ~ Zhang Fu-Qiang
( Department of Chemistry, Shanxi Normal University, Linfen — 041004)

Abstract  Using density function theory (DFT), the geometries, electron structure, vibration frequency and en-
thalpy variation of the chemical reaction of (XN),R, (X =C, Si, Ge; R =H, CH;, NH:, OH) and its precursor
compound (RXNR ). have been calculated at BBLYP/6-311G"* level. The results show that (RCN), is more stable

than (CNR).. Ezp is the smallest when R = H and the largest as R = CHs, and decreases generally as R is C, N and
0.
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