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@ The four first states of S1Hq are :

o e e mm mm mm mm mm mm mm mm Em = m— =

X ' Ay = [core (4@1)2(252)25(5(11)2
§ 21 Al ~ [core: (4{11)2(252)2(2b1)2
{&?E} :1"3 Bl ~ [core: (4{31)2(252)25\(5{11)(2!)1),5

___________________

5a1 . linearity

2b1 > TCu




1

E/ 10°em

'l

X

4(0)
o+
2 30
1
A g —
20
3 Z— e __—T
g
10—
( | |
RH[] 150

MNIC-CNIC

120 Gh) 6
Bending angle ¢t (degrees)

St

)

Si('D)+ H,

SiC°P)+ H,



1 11

11

]

- 16000
- 15000
-14000 |
-13000
12000 |
11000 |
-10000

9000
-8000
-7000
-6000
-5000
-4000
-3000
-2000

T T T T T 11

-1000
-0

The PES

180

160

1140

1120

1100

Calculated ab initio points

The dipole moments

Ha

140

120¢

100

0.10
0.05

-0.00
-—0.05

-0.10
-0.15
-0.20
-0.25

-—0.30
-—0.35
-—0.40

—0.45
—0.50



MC-CNIC

Fitting to analytical function

85 points 199 points
12 parameters 9 parameters



Details about the fitting

E/10°cm’
One cannot fit both the
_ g:gﬁgﬂ% o }ggi equilibrium region and the
15 — With o = 100° and 120°  small angle region.
'_'--\ﬁ
0
One has to exclude some
al points from the fit.
O . | : ! %H'E#""'#—?
100 120 140 160 180

Bending angle ¢ (degrees)
Std. Dev. = 31.7 cm™! with 90 points. Spurious inflexion points.
Std. Dev. = 30.1 cm™! with 85 points.
Std. Dev. = 24.6 cm™! with 92 points.




Details about the fitting

E/cm’

— Without ¢ = 100°

150 — Without ¢ = 120° —
\ — With a = 100° and 120°
100+ \ L/
50 \ /-
o | CT ] l l |
160 165 170 175 180
Bending angle o (degrees)

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 A, 165.5°, BL =~ 166 cm".
@j;j@ 1.466 A, 164.9°, BL =~ 155.4 cm.

44 lines for Si1);, — Std. Dev. = 4.6 cm™!
12 lines for S1H, — Std. Dev. = 27.1 cm!

7 cm! off for level 6000 cm1)

Refined fitting using

5 parameters including 1.4589 A, 165.37°, BL = 129 cm'!
o and 7

Si); — Std. Dev. = 1.6 cm!
S1H, — Std. Dev. = 2.4 cm!

MNIC-ChNC




Calculated term values for SiH,

(01, o, 3]

J K, K. (00,00 (0.1.0} (0,2,0) (L0.0y (0.0.1)
0 0 0 0.00  961.77 2053.97 2155.37 2287.26
I 0 1 7.81 96964 2061.87 2163.07 2294.93
1 1 383. 78 1485.87) 2621.96 251984 2654.07
1 0 383.92 | (1486.14) (2622.34] 2519.98 2654.21
2 0 2 23.43 U85.39 2077.66 217846 2310027
1 2 399.42 | (1501.37] 2637.45 2535.07 2669.38
1 1 399.32 | (1502.20) 2638.60 2535.49 2669.79
2 1 807.49 2020064 319089 29940 3114.71
2 0 807.39 202064 3190.88 299040 3114.71
3 0 3 46.86 100901 2101.34 2201.54 2333.27
1 3 412263 152461 266068 2557.92 2692.35
1 2 423.48 | |1526.27] 2663.00 2558.7H 2693.16
2 2 88100 2044.35 321468 3013.54 3138.04
2 1 S8L.00  2044.35 3214.64 3013.53 3138.04
3 1 1383.11 256949 378285 351085 3627.74
3 0 1383.11 256949 378285 3501085 3627.74
Std. Dev. (Obs — Calc) = 2.4 cm™
AIC-CARC

a, =165.3°

re =7 =1.45894

BL ~129 ecm™

ZPE =2599.26 cm™



Calculated term values for SiD,,

J K
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1837.51
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26007. 38
2607.38

1541.72
1770.47
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1553.34
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242836
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1702.76
1931.45
1931.76
2227 27
2227 27
2561.92
2561.92

k. 2

ZPE =1863.07 cm™'

Std. Dev.=1.6 cm™



Some of the observed spectra of S1H,
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AIC-CIC Y. Muramoto, H. Ishikawa and N. Mikami, J. Chem. Phys, 122, 154302 (2005)




Some orders of magnitude...

Rule of thumb : width of 10 cm™! — lifetime of 1 ps.
Bending quantum 1v, = 1000 cm't — 0.01 ps.

Sym/Asym stretching quantum 1v, 3 = 2000 cm* — 0.005 ps.

End-over-end rotation B~ 4 cm! — 2.5 ps.

Rotation around the a axis = 500 cm'! — 0.02 ps.

MNIC-ChNC




Dissociation path

Main dissociation path is : SiH, (B '4,) — Si(' D)+ H2(IZ; ).

Dissociation to SiH,(B '4,)—> SiH(*A)+ H(*S) impossible.

SiH + H

=~ 39037 cm'!
SiH, 1

] 5726 cm! Si+ H,

MNIC-ChNC




Calculated dissociation path

Main dissociation path is : SiH,(B '4,) — Si('D)+ Hz(lZ;).
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Concluding remarks

Can experimental lifetimes be
explained by tunnelling
probabilites ?

No crossing state which
could lower the barrier.




- Ab 1nitio calculations.

- Fitting to an analytical function of nuclear
coordinates.

- Refined fitting to a few experimental term
values.

. Discussion about dissociation.
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Fitting to experimental term values

Ab initio points — 1.437 A, 165.5°, BL = 166 cm™.
Fitting to these points — 1.466 A, 164.9°, BL = 155.4 cm™!.

Calculation of rovibrational levels with this fit and comparison with
a few existing experimental lines.

44 lines for Sil);, — Std. Dev. = 4.6 cm™!

12 Iines for SiH, — Std. Dev. = 27.1 cm™! (87 cm! off for level 6000 cm1)

1.4589 A, 165.37°, BL = 129 cm’!

Si); — Std. Dev. = 1.6 cm!
S1H, — Std. Dev. = 2.4 cm!

MNIC-ChNC
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Fitting to analytical function

V(n,15,0)= D Y, ¥lyi(cos p, — cos p)”
Jkm

1, (An, Ary, p) = sinp) q,,, A Arf (cos p, — cos p)”
o

yi=l-exp(-aq,Ar) ; An=r-r,

e
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Details about the fitting

150 — Without ¢ = Iﬂﬁ‘“
— Without ¢ = 120° .
— With ¢ = 100° and 120° Have the better behaviour for
\ small angles but poorly fit

_ 100~ / the equilibrium region.
n /i
8
m °

“ Equally describe the

equilibrium region.
oC | | | |
160 165 170 175 180
Bending angle o (degrees)

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




Details about the fitting

1.2e4+04 . . cannot fit both the
— Without o = 100 e .

- — Without ¢ = 120° librium region and the
lc+(}4_— — With ¢ = 100° and 120 1 angle region.
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Dev. = 24.6 cm™! with 92 points.
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Some of the observed spectra of S1H,
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Calculated ab initio points

The PES The dipole moments
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Fitting to analytical function
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