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Abstract: The insertion reactions of the germylenoid H,C—GeLiCl with RH(R=F, OH, NH,) were studied using the
DFT B3LYP and QCISD methods. The geometries of the stationary points on the potential energy surfaces of the
reactions were optimized at the B3BLYP/6-311+G(d,p) level. The calculated results indicated that the mechanisms of the
insertion reactions of H,C—GeLiCl with HF, H,O, and NH; were identical to each other. The QCISD/6-311++ G(d,p)//
B3LYP/6-311+G(d,p) calculated potential energy barriers of the three reactions were 173.53, 194.48, and 209.05 kJ -
mol™, and the reaction energies for the three reactions were 60.18, 72.93, and 75.34 kJ -mol™, respectively. Under the
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same situation, the insertion reactions should occur easily in the following order: H—F>H—OH>H—NH..
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Fig.1 Geometries of the stationary points calculated at B3LYP/6-311+G(d,p) level
bond length in nm, bond angle in degree
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F 1 REY.GEERS. P EEF =Y R4E 33882 (k] - mol™)
Table 1 Relative energies (k]J-mol™) of reactants,
transition states, intermediates, and products

Species R=F R=OH R=NH,
H.C—GeLiCI+RH 7.09 5.78 3.20
Q 0.00 0.00 0.00

TS 173.53 194.48 209.05

™M -69.54 -53.93 -45.33
H,C—GeRH+LiCl 67.27 78.71 78.54

calculated at QCISD/6-311++G(d,p)//B3LYP/6-311+G(d,p) level and
including vibrational zero-point energy (ZPE, without scale) corrections
determined at B3LYP/6-311+G(d,p) level
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TS3 14 FE #4351 1319.8i.1387.21 1 1449.1i cm™.
IRC TR, i A SOV 5 A, o A
TS1.TS2 Fl TS3 #XF T4 A Hi K IAE G 91(Q HIAH
XFRER 439 173.53.194.48 £ 209.05 kJ - mol (L
0.

2.2 HEMEFFEHHNEESEE

IM1, IM2 Fl IM3 535512 =/ A S0z 1 o ]
RALE ). W1 RTRVE H, = AR [HC--
LiClF 4 25 ¥ AR L, 17 55 A0 R A P 2 P i [HC -+
LiCl]EB /0 FLARFEAS K. B v B 44 5 56 g el 9 24
HIZ5He, AT L H, HR B R XGeH(X=F, O, N)§#ff
B KT i JE A B XGeH 8 £ : IM1 1 fi FGeH
(105.9°) kb TS1 AU FGeH(39.6°) K 66.3°; IM2 (] ff)
OGeH (111.0°) tt TS2 19 fi OGeH (44.1°) K 66.9°;
IM3 11 NGeH(108.3°) k. TS3 i NGeH(47.8°) K
60.5°. Hhal At I R—H 4 Se 2 WL, =4
[ A () Ge—H #8 Al Ge—X(X=F, O, N)## 4 b 4%

H Xt B 2 S TR ) Ge—H Il Ge—X i : IM1L
A Ge—H ##(0.1534 nm) tt. TS1 H Ge—H ##(0.1608
nm) % 0.0074 nm, Ge—F ##(0.1774 nm) It TS1 +
Ge—F ##(0.2147 nm)%4 0.0373 nm; IM2 # Ge—H
H#(0.1537 nm) It TS2 # Ge—H ##(0.1634 nm) 55
0.0097 nm, Ge—O ##(0.1791 nm) . TS2 H Ge—O%#:
(0.2058 nm)%44 0.0267 nm; IM3 H Ge—H ##(0.1531
nm) kb TS3 #' Ge—H ##(0.1653 nm) %4 0.0122 nm,
Ge—N ##(0.1826 nm) kb TS3 ' Ge—N % (0.2017
nm)% 0.0191 nm. ¥68] Ge—H F1 Ge—X L &3k
AFE R M1, IM2 Fl IM3 F5%F T-4% B BT 9RIA R 59
(Q) KA X AE £ 43531 —69.54, —53.93 Fl1-45.33 kJ -
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A 279.91 em™). P2’ [ BE It P2 I RE R AL 4.43 KJ -
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Table 2 Mulliken charges (e) for some selected
atoms of the stationary points in the reaction of
H,C—GeLiCl with HF

Species Ql TS1 M1 P1
Ge 0.413 0.482 0.838 0.791
F -0.249 —-0.345 -0.405 —-0.390
H3 0.201 0.152 —0.049 -0.027
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Fig.3 Schematic pathways for the insertion reactions
of H,C—GeLiCl and RH(R=F, OH, NH,)
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