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9. The species Hy occurs as an intermediate in the hydrogen exchange

reaction — e
T
Ho+H+=H;+= H+ H> Quantum emistry
Spring Term 2002
Is Hs a linear or a triangular molecule? For both the linear and equilateral Professor S. M. Blinder shiinder@untich.edu

triangular configurations. apply a variant of the Hiickel theory based on
hydrogen 1s orbitals (rather than carbon 2p) to predict which has the lower
energy. Also predict the shapes of the ions Hy and Hy .

9. For linear Hy, the secular equation is

r 1 0
1 2 1|=2%=9%2 =0
0 1 a

with roots 22 = 0, /2. Thus the three MO energies are a—v/23, a. a++/24.
The energy of the three-electron ground state is 3a + 2v/23 & 3a + 2.82843.

For triangular Hj,

r 1 1
1 o 1|l=a=-32+2=0
1 1 x

One obvious root is 2 = 1. Division of 2% — 32 +2 by 2 — 1 gives 22 + x — 2.
with roots # = 1 and —2. The three MO’s are o + 20.a — 3.0 — 3. The
energy of the ground state is 3a + 3/3.

Apparently the triangular form of Hy has a slightly lower energy.

http://www.umich.edu/~chem461/Ex11.pdf
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H; as the benchmark for rigorous ab initio theory

Christopher P. Morong *!, Jennifer L. Gottfried 2, Takeshi Oka

Departments of Chemistry, Astronomy & Astrophysics, The Enrico Fermi Institute, University of Chicago, Chicago, IL 60637, USA

H; is the simplest polyatomic molecule and hence serves as the
benchmark for rigorous ab initio theory. With two electrons like H,,
but with three protons instead of two, namely, with three inter-nu-
clear coordinates rather than one, the rigorous treatment for Hy is
much more demanding than for Hs. After its discovery by |.J. Thom-
son in 1911 [8], the divalent nature of bonding was a mystery to
authors of early theoretical papers including illustrious names such
as Bohr [9], Massey [10], Hirschfelder [11-15], and Eyring [12,13].
With Lennard-Jones’s suggestion, Coulson [16] applied the molec-
ular orbital method to Hy and concluded that its equilibrium struc-
ture is an equilateral triangle although the calculation was severely
criticized [12]. These pioneering papers were followed by a great
many theoretical works especially after the advent of modern com-
puters (see Oka [17], McNab [18] and Anderson [19] for review). 13
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EERMEEFRE
SHMo2 Data Table
triagular H3+

Number of Electrons =2  Net Charge =1
LUMO = (2) alpha + 1.000 |beta] HOMO = (1) alpha - 2.000 |beta|
Lowest lonization Energy (Koopmans' Theorem) = 14.60 eV

Lowest Excitation Energy = -5.310 eV

Orbital Energies / Coefficents Table O . 667

Orbital energies in units of |beta] relative to alpha

Energy --> 1 2 3

# Symbol -2.000 1.000 1.000

1 C -0.577 0.000 0.816 0667 0667
2 C -0.577 0.707 -0.408

3 C -0.577 -0.707 -0.408

Population Tables
06670667 0%

# Symbol hX Electron Pop. Net Charge
1C 0.00 0.667 0.333
2 C 000 0.667 0.333
3 C 0.00 0.667 0.333

Bonds

i j X--Y kXY Bond Order
12 C--C -1.000 0.667

2 3 C--C -1.000 0.667

3 1 C--C -1.000 0.667
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P, = 2(;11c21 pu=1la=1b=2, n=2

u=2,3, n,=n,=0 E=a-p LumO
=2x0.5774x0.5774
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D,y = 2C,,Cy  HLA20=302 p=1,n,=2 —T_l_ E =qa+2p HOMO
=2x0.5774%x0.5774
=0.6668

P31 = 2031011 u=1.a=3,b=1, n,=2 0.667 0.667
=2x0.5774x0.5774

=0.6668 0.667 16
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R6.2 ~TURFDONNTA-F

FFX ax wEXY bxy
N 0.5 CN 1.0
N 1.5 C—N 0.8
0 1.0 C=0 1.0
0 2.0 C-0 0.8
F 3.0 N-0 0.7
Cl 2.0 C—F 0.7
Br 1.5 Cc—Cl 0.4

C—Br 0.3

Streitwieser Jr., A. : Molecular Orbital Theory
for Organic Chemists, John Wiley & Sons, New
York (1961)
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