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SbH2 and BiH2 

21 ppt images 



Renner Effect 

2Πu 

A2A1 

~ 

X2B1 
~ 

NH2 

H=12000 cm-1 
Te=11000 cm-1 



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 

Bending cuts through the lowest six potentials  

using CAS-SCF MRCI for the full 3d surfaces 

   SbH2  

R = 1.719Å 

   BiH2  

R = 1.803Å 



SbH2: 
2Πu 

A2A1 
~ 

X2B1 
~ 

V+ 

V- 
CAS-SCF MRCI 

124 geometries 

3d potential  energy surfaces, V+ and V- 

3d dipole moment surfaces, μy and μz for each state 

3d transition moment surface, μx 

Te ~ 11000 cm-1 H ~ 12000 cm-1 NH2 

Te = 19255 cm-1 H = 26582 cm-1 SbH2 

Te = 19478 cm-1 CCSD(T) 

From now on we only talk about SbH2 



(±) 

yi  =  1 – exp(-aΔri2 ) 
where 

-(+) = X(A) state 

Gjk0 = Gjk0 

(+) (-) 

so that V+ = V- when ρ = 0  

V± = Σjkl Gjkl (y1)
j(y3)

k(1 - cos ρ)l 

i = 1 or 3 

3-dimensional potential energy surfaces V+ and V- 

52 Parameters fitted to energies at 124 geometries for SbH2  

Diagonalize Trve + V± in an MO-RB basis set for each state 



Trot  = A[Nz – Lz]
2 

 

          = A[Nz
2 – 2NzLz + Lz

2] 

(z) 

K2 2 2K<X|Lz|A>   

iΛ 

For SbH2 Λ = 1 

+ HSO = ASOLzSz 

As ρ→0 

    A→ 

The Renner Effect 

∞ 

Goto 12 later 

This is dealt 

with as an 

afterthought 



 A cut through our 3d PE surfaces (R = 1.719 Å)  

  and the calculated vibrational levels for SbH2  

ASO = 2528 cm-1 

(using Breit-Pauli operator)   

Then add spin-orbit coupling   

2Πu 



Vibrational 

level  

clustering 

of stretching 

excited states 

Rotational 

level 

clustering 

at high J 

A good local 

mode molecule 
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J = ½ term values 
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plot 

Rotational energy level clustering at very high J-values 

                        in the X 2B1 state of SbH2 

~ 

Rovibronic symmetry 
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Rotational energy level clustering at very high J-values 
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Four localized Primitive Cluster States 



J = 0 MORBID          RENNER             RENNER 

                          ASO = 0            ASO = 2528 cm-1 

(010)         806.19           806.20                789.28 

(020)       1628.87          1628.90             1613.66 

(001)       1871.69          1871.64             1882.78 

(100)       1874.88          1874.84             1885.49 

(030)       2459.12          2459.17             2448.32 

(110)       2673.45          2673.42             2680.77 

(011)       2674.05          2674.01             2682.88 

(040)       3282.77          3282.85             3270.10 

(120)       3488.07          3488.06             3489.85 

(021)       3488.79          3488.77             3492.50 

(101)       3699.13          3699.07             3710.49 

(200)       3699.83          3699.75             3711.13 

(002)       3745.29          3745.20             3756.61 

(050)       4088.86          4088.97             4075.76 

Goto 6 

(0,15,0)   11755.03        11744.98            11734.59 



MORBID          RENNER            

                          ASO = 0             

 (000) 
110         11.643             11.643             

111           8.730               8.730               

101           8.640               8.640              

220         34.921              34.921            

202         23.088              23.088            

550       174.316            174.313          

505       100.639            100.639          

1010,0      635.585            635.551           

100,10      344.092            344.098          

Effect of – 2ANzLz + ALz
2 



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 Peter 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 

As go from N to Bi the electronegativity goes down 



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

extremely 

weak 

rotational  

spectrum 

121SbH2  

1876.0/1873.4 cm-1 

NOW TO THE COMPARISON WITH EXPERIMENT 
15 



Experiment has ν3 > ν1 from NH2 

 

Stretching fundamental term values for X-state 

Matrix isolation infrared spectrum obtained by 

reacting laser ablated Sb with hydrogen. 

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

ΔK   0    ±1 
a-type   b-type 

ν1 > ν3  

Need 

Rotational 

resolution 



Flash-photolysis of SbH3 Visible absorption spectrum of  

Measured 

Q-branch 

heads 

Simulated 

spectrum 

green violet 

The visible absorption spectrum obtained by 

flash photolysis of stibine (SbH3). 

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

(0,v2’,0) ← (0,0,0)   



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

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

BUT THE ABOVE USES  

It’s what you call “fortuitous” 

AND WE KNOW  



5-0 0-3 

Simulation of emission spectrum.      

3 Å 

 

 

12 Å 
010-120 

Simulation temperature = 1200 K 

for predominantly A-state levels.  J(max) = 49/2 



5-0 0-3 

3 Å 

 

 

12 Å 
010-120 

Simulation temperature = 1200 K 

for predominantly A-state levels.  J(max) = 49/2 

The visible emission spectrum obtained by 

 UV laser photolysis of stibine. 

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



Auckland North Shore Campus of Massey University 



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

Better method for H and Te as a check for SbH2.    CCSD(T) 

The author has requested enhancement of the downloaded file. All in-text references underlined in blue are linked to publications on ResearchGate.The author has requested enhancement of the downloaded file. All in-text references underlined in blue are linked to publications on ResearchGate.


