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Recent theoretical calcs by

Sousa-Silva, Polyanski, Yurchenko and Tennyson

From UCL, UK.

Yield the tunneling splittings given on the next slide

Schwerdtfeger, Laakkonen and Pekka Pyykkö,

J. Chem. Phys., 96, 6807 (1992)

Barrier height = 12300 cm-1

THE PH3 MOLECULE
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SbH2 Bending 

Potential Curves

R = 1.719Å

BiH2 Bending 

Potential Curves

R = 1.803Å

H=26582 cm-1 H=29464 cm-1

Te=19255 cm-1

H=26470 cm-1 Te=19478 cm-1 CCSD(T)  a better ab initio method

Using CAS-SCF MRCI for full surfaces



Ab Initio method used for full surfaces.  CAS-SCF MRCI

Better method for H and Te as a check for SbH2. CCSD(T)
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CAS-SCF MRCI

124 geometries

The Group 15 (N-P-As-Sb-Bi) Hydrides



52 Parameters fitted to energies at 124 geometries for SbH2

3-dimensional potential energy surfaces V+ and V-



A cut through our 3d PE surfaces and 

the calculated vibrational levels for SbH2

ASO = 2528 cm-1

(using Breit-Pauli operator)  
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Also calculate dipole and transition moment surfaces

SbH2 0.02 D

BiH2 0.62 D
X-state dipole moments at equilibrium

To understand the trend in dipole moments we made

scalar relativistic MP2 calculations using double-zeta

quality basis sets to obtain:

NH2 PH2 AsH2 SbH2 BiH2

-2.32     -1.14      -0.54        0.06        0.72

Mulliken charges N -0.48

H +0.24

Bi +0.12

H   -0.06



Simulation of SbH2 absorption spectrum, 0 to 5000 cm-1

extremely

weak

rotational 

spectrum



Simulation of SbH2 absorption spectrum in visible

green violet



Experiments:

1. Matrix isolation infrared spectrum obtained by

reacting laser ablated Sb with hydrogen.

Wang, Souter and Andrews, JPCA, 107, 4244 (2003)

2.   The visible absorption spectrum obtained by

flash photolysis of stibine (SbH3).

Basco and Lee, Spectrosc. Lett.  1, 13 (1968)

3.   The visible emission spectrum obtained by

UV laser photolysis of stibine.

Ni, Yu, Ma and Kong, CPL 128, 270 (1986)



Experiment has ν3 > ν1 from NH2

Laser ablated Sb + H2 → matrix isolationIR spectrum of



Flash-photolysis of SbH3Visible absorption spectrum of 

Measured

Q-branch

heads

Simulated

spectrum

green violet





Te (CAS-SCF MRCI) = 19255 cm-1

Te (CCSD(T)) = 19478 cm-1

BUT
It’s what you call

“fortuitous”
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Emission spectrum.      ArF laser photolysis of SbH3

3 Å

12 Å
010-120

Simulation temperature = 1200 K

for predominantly A-state levels.  J(max) = 49/2
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Emission spectrum.      ArF laser photolysis of SbH3
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Simulation temperature = 1200 K

for predominantly A-state levels.  J(max) = 49/2
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Rovibronic energy level clustering at very high J-values
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