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The four first states of SiH2 are :
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Calculated ab initio points
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Fitting to analytical function
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199 points

9 parameters

85 points

12 parameters



Details about the fitting

One cannot fit both the 

equilibrium region and the 

small angle region.

One has to exclude some

points from the fit. 

Std. Dev. = 31.7 cm-1 with 90 points. Spurious inflexion points.

Std. Dev. = 30.1 cm-1 with 85 points.

Std. Dev. = 24.6 cm-1 with 92 points.



Details about the fitting

Have the better behaviour for

small angles but poorly fit 

the equilibrium region.

Equally describe the 

equilibrium region.

Although not the smallest std. dev., better compromise.



Fitting to experimental term values

Ab initio points → 1.437 Å, 165.5°, BL ≈ 166 cm-1.

Fitting to these points → 1.466 Å, 164.9°, BL ≈ 155.4 cm-1.

SiD2 → Std. Dev. = 1.6 cm-1

SiH2 → Std. Dev. = 2.4 cm-1

1.4589 Å, 165.37°, BL ≈ 129 cm-1

Refined fitting using

5 parameters including
eand r1

e

44 lines for SiD2 → Std. Dev. = 4.6 cm-1

12 lines for SiH2 → Std. Dev. = 27.1 cm-1 (87 cm-1 off for level 6000 cm-1) 



Calculated term values for SiH2

e  165.3

r1
e  r3

e 1.4589Å

BL 129 cm1

ZPE  2599.26 cm1

Std. Dev. (Obs Calc)  2.4 cm1



Calculated term values for SiD2

Std. Dev. 1.6 cm1

ZPE 1863.07 cm1



Some of the observed spectra of SiH2
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Some orders of magnitude…

Rule of thumb : width of 10 cm-1 → lifetime of 1 ps.

Bending quantum 12 ≈ 1000 cm-1 → 0.01 ps.

Sym/Asym stretching quantum 11,3 ≈ 2000 cm-1 → 0.005 ps.

End-over-end rotation B ≈ 4 cm-1 → 2.5 ps.

Rotation around the a axis ≈ 500 cm-1 → 0.02 ps.
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Dissociation path

5726 cm-1

SiH2

Si + H2

SiH2(B 1A1)Si(1D)H2(1g

 ).Main dissociation path is : 

SiH2(B 1A1) SiH( 2)H( 2S)Dissociation to impossible.

SiH + H

≈ 39037 cm-1



No differences between Cs or C2v symmetries.

Calculated dissociation path

SiH2

Si + H2

SiH2(B 1A1)Si(1D)H2(1g

 ).Main dissociation path is : 

V (cm-1)

Distance Si — H2 (a.u.)

≈ 2.67 eV



Concluding remarks

?

Can experimental lifetimes be

explained by tunnelling 

probabilites ?

No crossing state which 

could lower the barrier.



Summary

• Ab initio calculations.

• Fitting to an analytical function of nuclear 

coordinates.

• Refined fitting to a few experimental term 

values.

• Discussion about dissociation.



Thank you for your 
attention !

Thank you for your 
attention !

Questions ???Questions ???



Fitting to experimental term values

Ab initio points → 1.437 Å, 165.5°, BL ≈ 166 cm-1.

Fitting to these points → 1.466 Å, 164.9°, BL ≈ 155.4 cm-1.

Calculation of rovibrational levels with this fit and comparison with

a few existing experimental lines.

44 lines for SiD2 → Std. Dev. = 4.6 cm-1

12 lines for SiH2 → Std. Dev. = 27.1 cm-1 (87 cm-1 off for level 6000 cm-1) 

SiD2 → Std. Dev. = 1.6 cm-1

SiH2 → Std. Dev. = 2.4 cm-1

1.4589 Å, 165.37°, BL ≈ 129 cm-1



Bending potentials
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˜ a : 3B1
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Correlation diagram 

between bent and linear 

configurations

bent linear



Fitting to analytical function

q
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V (r1,r3,)  Y jkm y1
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k (cose  cos)m

jkm



q (r1,r3,)  sin q jkmr1
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yi  1 exp(airi ) ; ri  ri  re



Details about the fitting

Have the better behaviour for

small angles but poorly fit 

the equilibrium region.

Equally describe the 

equilibrium region.

Although not the smallest std. dev., better compromise.



Details about the fitting

One cannot fit both the 

equilibrium region and the 

small angle region.

One has to chose a 

‘cut-off’ in the energy.

Std. Dev. = 31.7 cm-1 with 90 points. Spurious inflexion points.

Std. Dev. = 30.1 cm-1 with 85 points.

Std. Dev. = 24.6 cm-1 with 92 points.



Some of the observed spectra of SiH2
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Calculated ab initio points

The PES The dipole moments
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Fitting to analytical function

Obs-calc (cm-1)


