KATHOLIEKE UNIVERSITEIT

LEUVEN

Chemical Bonding in C,, and Byg,

Tshishimbi Muya, Jules
Quantum Chemistry
KULeuven

July 20th, 2012
VBW-UPMC, Paris




KATHOLIEKE UNIVERSITEI

LEUVEN

Introduction
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(A) Alpha Boron sheet

Snub boron
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Boron Buckyball BBO
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Leapfrog operation
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Group Theoretical Background

Th |E[12Cs|12C57|20C5]12C, |1 12810)128,5° 2086|156

Ay 111 1 1 1 1 1 1 1 ]
T.]3|X X 0 -1 3 |1X X 0 -1
T 131X X 0 -1 3 |IX X 0 -1
G441 |1 1 Jo |2 |1 |1 1 Jo
w50 o |1 [T |5 [0 o |1 [1
Ayl 1 1 1 -1 -1 -1 -1 ]-1
T3 X X 0 -1 3 1-X 1-X 0 ]
T3 X X 0 -1 3 -X |-X 0 |
Gy |4]-1 -1 1 0 -4 11 1 -1 |0
H, |510 0 -1 1 -5 |0 0 1 -1
« , (1+V5) =, [1-V5)
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Reducible representation LEUVEN
M9 =A +T,, + 2T, +T,, +2T,,+2G, +2G, +3H, +2H,
M, =A +A +3T, +3T, +3T, +3T, +4G, +4G, +5H _+5H,
[ =A+T,+T,, +G, +G, +H,_
M2 =T, +T, + T, +T,, +G, +G, +2H  +2H,

r¥=A+T,+T,,+G,+G, +2H +H,

-" SN =T, + Ty + T,y +T,, +G, +G, +|-| +H.
h\'a\ 4

30 bonds
» 60 bonds
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Chemical Bonding in Cy, B3I

[ ona (Ceo) =3A, +T,, +4T, +T, +4T,, +4G, +4G, +7H +4H




-

.

KATHOLIEKE UNIVERSITEIT \
The Valence shell of By, L3Sl

s

3a,

4ty

St

Calculated at B3LYP/SV(P) level using TURBOMOLE

Energy
(e V)

-21.965

-21.595

-20. 688
-20.161
-153.0%6&
-18.7776
-T7772E
-17. 166
-16.091
-14.572
-14.340
-14.376

program package

o s
2,

-
4hy,
4ag
Gt
Oy,
LY
Gty
2h

g
Tt

fgy

Energy
(e. V)

-13.837

-13.06

12 643
-12. 157
-12.115
-12.005
-11.7726
-11.263
-11.147
-11.10%
-100.217
-9 226

Energy
oS (2.1

-8, 664
-
Sh, -&.085
Tty -8.04%5
Jo,  -1E0T
10k, -7.5
g, -1312
1Th, -6.497
th,  -5.633
Bty  -3.711
3ty -3.197
Bty  -5.031




/" THs A iy 5 |
# Tgg 6gg
L——=""10hg 10hg\ e

KATHOLIEKE UNIVERSITEIT \

Comparison between valence
orbitals occupied MOs of By, and
C60
B3LYP/SV(P)
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Spherical shells and - and  [R41)"%4}

n-band of By,

L I a-band  -band
( Ag Bﬂg 5 a,

1 T, Ay, Ty

2 H, 5 h, 10h,

3 T, +G, Aty + 4g, Tt g,
4 G,tH, g, + th 7g, 11 111g
5 Ty, +T,, +H, 5ty + 5ty + 3N, 6,

6 A, +T,+G,+H, da, +2t, +5g,+7h,
7 T,,+T,+G,+H, 6t +6t, +5g +4h
8 T, +G,+2H, 2t,, +6Gg, + 8h, +0h,
0 T, +T, +2G,+H, 6g +5h,
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The bonding role of the caps LR34l

Mosg 23 2p 2e+2pr™

r60 i, (0 0 (0
g - .51 0.31 0O.52 1
/ fte 0 094 094 0
I f, 121 240 362 3
\‘ t2e 0 040 040 0
30 30 & 1.84 1.05 289 3

ra +rCTD H Y06 1172
g, 206212 418 4
g, 153103 256 4
hg 287 6.35 911 10
ho 0 468 468 5
Total 10.0119.28 29.29 30
- /







KATHOLIEKE UNIVERSITEIT \

Concluding Remarks

-Bg, IS isoelectronic to Cg,

-The chemical bonding in Bgy Is similar to that of
Ceo

-The caps contribute to reinforce essentially 30
sigma bonds along the 6-6 edges

-The HOMO in Bg, is 6h, and is located on the
truncated icosahedral frame and its shape is
similar to that of Cg,
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