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Density Functional Studies on Structures of Close Heteroboranes

LI Ping
(Department of Chemisiry, College of Chemisiry of Sichuan University, Chengdu 610064)

Abstract: 10 vertex close heteroboranes show the widely application potency in synthesis chemistry. By using
density functional theory G96PW91/6-31+G (3d,2p), the stabilities of series of close heteroboranes and positional
isomers have been studied to prognosticate the structures for experiments. The significant conclusions have been
deduced through contrastively discussions that small heteroatoms tend to occupy a position to produce the stable
heteroboranes. If the heteroatom with high electronegativity enters into e position to combine with more boron
atoms, the structure is unfavorable to three dimensions aromaticity and stabilization. When the heteroatoms
occupy the different positions, the different structures and stabilities are produced. It has been concluded that the
stabilities of 1-PBgH,pand 1-AsBgH,, are lower than those of 2-PBoH,, and 2-AsB¢H g, respectively. In contrast, 1-
SByHy and 1-SeBgHy have higher stabilities than 2-SBgHy and 2-SeBgH,, respectively. The weak acidity at X-H

bonds makes molecules dehydrogenate easily to interlink with various radicals.
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Fig.1 Stereo configurations of heteroboranes originated from 10 vertex closo-boranes
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Table 1

Total and stabilized energy of heteroboranes YB,H,, and ZB,H, (Y=N, P, As; Z=0, S, Se)

calculated at G96PW91/6-31+G(3d,2p) level

Molecules ~ Sym.  State DM Er/ au. Ex/ aq. Es/ au. AL Hovo LUMO
Debye (kJ-mol™)  Sym. E/au Sym.  E/au.
BioH o™ Du A 0.0 -254.602 60  -251.497 70 -3.104 90 — E, 0.102 5 E, 0.233 3
1-CBH,y  Cu A 2.906 -267.94594  -264.6890 74  -3.256 20 -80.52 E  -0.0814 E 0.119 3
2-CBH,,  C, AT 2354 -267.915 26 -3.22552 0.0 A" -0.069 1 A" 0.124 7
1SiBLy  Co A 4.400 -519.293 93  -516.22221  -3.071 72 0.0 E  -0.0699 A 0.098 3
2-SiBH G A 3.330 -519.312 24 -3.090 03 -4806 A’ -0.0738 A 0.095 9
1-GeBoHyw  Co A 6.240 -2305214 16 -2302.12657  -3.087 59 0.0 E  -0.0695 A 0.098 2
2-GeBolly €, A’ 4922 —2305.233 27 -3.106 70 -50.16 A’ -0.0730 A 0.098 4
I-NBH,, €, A 4.610 -284.504 92 -281.43322 307170 -14033 E = -02621 E  -0.080 1
2-NBH,,  C. A’ 3498 -284.451 45 -3.018 23 0.0 A 02537 A" -0.083 7
1-PBH,  C, A 5.406 -571.065 03  -568.120 53  -2.944 50 0.0 E  -02569 A -0.088 4
2.PBH,  C AT 4.099 ~571.069 81 -2.949 28 -1255 A" -02563 A" -0.094 7
1-AsBH,  Co A 5708 -2 463.886 81 -2460.970 89  -2.915 92 0.0 E  -02540 A, -0.1037
2-AsBH,, G, A’ 4544 -2 463.895 50 -2.924 61 -2281 A"  -02535 A’ —0.098 9
1-OB,H, Cu A 1.780 -304.34524  -301.40541 -293983  -15241 E = -02777 E 01051
2-0B,H, C. A’ 1.189 -304.287 17 -2.881 76 0.0 A" 02570 A" -0.136 8
1-SB,H, Cu A 3.154 -627.35763 —624.468 59  -2.889 04 -57.19 E  -02717 E  -0.1031
2-SBoH, C, AT 2335 -627.335 84 -2.867 25 0.0 A" 02643 A" -0.118 6
1SeBH, € A 3745  -2629.000 67 -2 626.12556  -2.875 11 -3307 E  -02684 E  -0.1060
2SeBH,  C, A’ 2951  -2628.988 07 -2.862 51 0.0 A" -0.260 6 A" -0.1219

Note: Ey=E(X)+mE®B)+nE(H),(X=C, N, 0, Si, P, S, Ge, As, Se), H: 1s': E(H)=-0.503 76 a.u., B: [He]2s2p": E(B)=-24.646 01 a.., C: [He]
2s?2p* E(C)=-37.838 06 a.u., N:[He|2s2p* E(N)=-54.581 54 a.u., O:[He|2s2p* E(0)==75.057 49 a.u., Si:[Ne]3s3p* E(Si)=-289.370 53 a.u., P:
[Ne]3s%3p™ E(P)=-341.268 85 a.u., S:[Ne]3s3p* E(S)=-398.120 67 a.u., Ge:[Ar|3d"4s’4p* E(Ge)==2 075.274 88 a.u., As:[Ar|3d"4s™4p* E(As)=—
2 234.119 21 a.u., Se:[Ar]3d"4s*4p*: E(Se)=-2 399.777 64 a.u.. E are the energy differences between a and e isomers, when the higher energy are

selected as zero point.

2.2 ZFFEFFEE G Z TR E R R
closo-BoH,»" 2 N 4% B-B #1322 5t iE A%

SEHI TR TR AR R LM A A Al %
B (1) 2 TR T o i, B ARIE LA 4 0 f e



E2 M P TR P A2 i

KL 11 %5 B 7 e 5T 261

KA, A W8 DU 5 #E Y-B 1 Z-B S Bl 2 4 b
KK 8 B-Y-B Al B-Z-B B Z W/, 5 —
Uiy MR U 5 HERY B-B B WS AR/ WL 2, (2)
ZRIFF 55 e 7, JUM B AR ARAR K, 24 R+
B Y-B Fl Z-B A DL SR 43 4B 45 ) B-B K
B T2 AR RO I R MGG AR S A A B A B A
I N UL 38 ZBH, T 5 a e B S A1 2E 7

TR DR 22 50 1 B I R e TR I B R A
Ko BIMEEHERT o B, 5 A8 2] 095 e A
¥, X YBH,, 1M 5 , e BUSF AR II[(2)-0))EHK
T AR o T8 5 A6 1 2 1R D BT A R U A Y-
B, 5 e BAM LK fli e BIAREM KT o B,
Horpr ) P SRR RN 2 AR 5 N WL R 3R
e 0 st 1 SR Ao 481 1

#z 2 G96PW91/6-31+G(3d,2p)it B A F L, ZMkE 1-YBH,o 1 1-ZBgH, BI 4 JL 1A 44 B
Table 2 Optimized geometries of 1-YB,H,, and 1-ZB,H, at G96PW91/6-31+G(3d,2p) level

Parameters 1-CBsH,  1-OBgH, LB 1-SeBsHs  1-NBoHy,  1-PBsH,  1-AsBoHo
This work Ref[3]  X-ray* Mw*
X(1)-B(2) 161.1 160.7 194.3 194.2 192 194.4 207.1 159.4 192.5 202.5
B(2)-B(3) 185.0 187.6 194.2 193.7 193 193.7 195.9 188.1 199.3 211.0
B(2)-B(6) 181.0 178.1 178.0 177.5 178 176.5 177.5 178.8 179.1 178.3
B(6)-B(7) 184.8 185.5 185.8 185.0 184 185.0 186.1 185.5 186.3 186.5
B(6)-B(10) 171.0 172.3 172.1 170.7 169 170.7 172.1 171.9 171.3 171.2
B(2)-X(1)-B(3) 70.1 714 59.9 59.8 60 59.7 56.5 7.3 62.3 59.8
B(2)-X(1)-B(4) 108.6 1113 89.9 89.7 90 89.4 84.0 113.1 94.1 89.7
B(2)-B(6)-B(3) 61.5 63.6 66.1 66.1 65 66.4 67.0 63.5 67.6 69.0
B(6)-B(2)-B(9) 61.4 62.8 62.9 62.8 62 63.6 63.2 62.5 62.7 63.1
B(6)-B(10)-B(7) 65.4 65.2 65.3 65.6 66 65.5 65.5 65.3 65.9 66.0
X(1)-B(2)-H(2) 119.0 111.9 110.7 110.8 112 — 110.1 115.1 115.0 114.6
B(10)-B(6)-H(6) 120.2 119.9 119.5 119.7 122 — 119.0 119.9 119.7 118.8
B(6)-B(10)-H(10) 1302 1304 1302 1230 130 — 130.1 1303 129.7 129.6
B-H" 120.1 118.9 119.1 — — 119.2 119.1 119.3 119.3
X-H 108.5 — — — — — — 101.7 140.8 149.3
* Bond distances (pm) and angle (°) of 2,2-(1-SBsHy), dimmer in Ref.[10]; * B-H is the average bonds length.
#& 3 G96PW91/6-31+G(3d,2p) it &7k F L, Z: M kE 2-YBH,, A 2-ZBgH, B JL T #g B
Table 3 Optimized geometries of 2-YB,H,, and 2-ZB,H, at G96PW91/6-31+G(3d,2p) level
Parameters 2-CBoH,¢ 2-SiBoH ¢ 2-GeBgHyy 2-0OByHy 2-SBoHy 2-SeByHo 2-NBoH 2-PBsH o 2-AsBgH g
B(1)-X(2) 163.0 194.4 196.0 154.6 191.8 204.4 159.8 188.7 198.8
X(2)-B@3) 176.0 210.2 2115 202.4 210.1 2219 181.7 205.4 215.8
X(2)-B(6) 173.8 205.6 207.4 168.8 205.2 217.3 174.1 199.8 209.8
B(6)-B(9) 184.4 194.1 195.4 190.5 198.0 201.4 189.4 197.5 201.5
B(6)-B(1 ) 169.9 170.7 170.2 169.2 169.6 169.5 168.7 170.6 169.9
X(2)-B(1)-B 63.7 68.4 68.4 74.6 69.0 70.1 65.9 67.5 68.6
B(7)-X(4)- B(S) 60.6 61.2 61.2 59.9 60.9 61.1 60.4 61.0 61.2
B(2)-B(6)-B(3) 59.5 63.8 63.6 68.3 64.1 65.3 60.7 62.8 63.7
B(6)-X(2)-B(9) 64.1 56.3 56.2 68.7 577 552 65.9 59.2 57.4
B(6)-B(10)-B(9) 65.7 69.3 70.1 68.5 714 72.9 68.3 70.7 72.8
B(3)-B(1)-H(1) 129.8 130.6 130.7 127.8 130.7 131.0 1289 130.7 130.9
B(10)-B(6)-H(6) 124.8 120.8 120.7 128.8 126.0 125.5 129.9 1249 1254
B(6)-B(10)-H(10) 129.5 129.0 129.1 130.4 127.4 127.5 128.9 127.8 128.1
B-H 120.0 120.1 119.9 119.1 119.1 119.2 119.1 119.2 119.2
X-H 108.9 148.7 151.3 — — — 102.2 141.0 150.0
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Table 4 NBO atomic charge in heteroboranes YB,H,, and ZB,H, (Y=C, Si, Ge, N, P, As; Z=0, S, Se)

Atomic charge of natural bond orbital (NBO) / e

Molecules Sym.
’ 1* P 3 4 5 6 7 8 9 10
BioH o™ Du -0.280  -0.207 -0.207 -0.207 -0.207 -0.207 -0.207 -0.207 -0.207 -0.280
1-CBoH - C,, -0.806 0.004 0.004 0.004 0.004 -0.219 -0.219 -0.219 -0.219 -0.186
1-NBoHo C,, -0.923 0.150 0.150 0.150 0.150 -0242 -0.242 -0242  -0242  -0.074
1-OByHyo Cy, -0.657 0.232 0.232 0.232 0.232 -0.267 -0.267 -0.267 -0.267 -0.041
1-SiBoH,¢- C, 1.005 -0.386 -0.386  -0.386 -0.386 -0.210  -0.210  -0.210  -0.210  -0.211
1-PByH o Cy, 0.751 -0.227 -0.227 -0.227 -0.227 -0.225 -0.225 -0.225 -0.225 -0.112
1-SByH o Cy, 0572 -0.136 -0.136  -0.136 -0.136 -0.237 -0.237 -0.237 -0.237 -0.054
1-GeBoH,y Cy 0911 -0.366 -0.366  -0.366 -0.366 -0.215 -0.215 -0.215 -0.215 -0.206
1-AsBgHyo Cy 0.831 -0.224 -0.224  -0.224  -0.224 -0.243 -0.243 -0.243 -0.243 -0.103
1-SeB¢Hy Cy, 0.776  -0.184 -0.184  -0.184  -0.184 -0.241 -0.241 -0.241 -0.241 -0.051
2-CBBgH,y C, -0.074  -0.713 -0.083 -0.173 -0.083 -0.050  -0210 -0210  -0.050  -0.246
2-NBoH o C, 0.070  -0.851 0.047 -0.182 0.047 0.080  -0.239 -0.239 0.080  -0.234
2-0BsH,o C, 0200  -0.601 0.106  -0.248 0.106 0.177 -0.301 -0.301 0.177 -0.231
2-SiBoHye C, -0.455 1.127 -0290  -0.237 -0.290 -0.383 -0.207 -0.207 -0.383 -0.225
2-PByHo C, -0.296 0.857 -0.175 -0.223 -0.175 -0.255 -0.219 -0.219 -0.255 -0.195
2-SByH, C, -0.171 0.582 -0.113 -0.215 -0.113 -0.131 -0.246 -0.246  -0.131 -0.215
2-GeBoH;g C, -0.422 1.037 -0.273 -0.254  -0.273 -0354  -0219 -0.219 -0.354  -0.239
2-AsBoHyo C, -0.282 0930  -0.161 -0.257 -0.161 -0236  -0240 -0.240  -0.236 -0.225
2-SeByH, C, -0.202 0.791 -0.139  -0.238 -0.139 -0.160  -0.256 -0256  -0.160  -0.228
Note: * 1 and 10 numbers represent apex atoms in cages; " 2~5 numbers represent equatorial atoms e;; © 6 ~9 numbers represent

equatorial atoms e,.
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Table 5 NBO atomic charge of hydrogen in heteroboranes

Charge BioH ¢ 1-CBgH ¢ 2-CBoH,p 2-SiBgH,¢” 2-GeBoH,o 1-NBoH;o 2-NBoH o 1-PBgH o
H(1)(-B) / e* 0.026 0.053 0.059 0.070 0.066 0.075 0.085 0.110
H(2)(-B) / ¢* 0.026 0.064 0.066 0.074 0.076 0.108 0.118 0.114
H(-X) / e — 0.321 0.333 -0.096 -0.064 0.524 0.526 0.158

Charge 2-PB¢H o 1-AsBoHg 2-AsBoH g 1-OBsH, 1-SByHy 2-SByHy 1-SeBoH, 2-SeByH,
H(1)(-B) / e 0.103 0.103 0.095 0.067 0.101 0.097 0.099 0.093
HQ)(-B) / e 0.122 0.117 0.125 0.114 0.114 0.128 0.115 0.131
H(-X) / e 0.150 0.145 0.133 — — — — —

Note: * The charges are average value. H(1) are near to X atom (including 2,3.4,5 in 1- isomer and 1,3,5,6,9 in 2-isomer). H(2) are remote

to X atom (including 6,7,8,9,10 in 1- isomer and 4,7,8,10 in 2- isomer).
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