
C3 – linear or bent at 

equilibrium? 
    

• Very Long Ago (before 1984): C3 generally 

believed to be linear. 
 

 

 

• 1984: ab initio calculation, CI-SD with TZP 

basis set: Barrier to linearity 21 cm-1,  

   (C-C-C)e = 162 
W. P. Kraemer, P. R. Bunker, M. Yoshimine, J. Mol. Spectrosc. 107, 191 (1984) 

G. O. Sørensen, in: Topics in Current Chemistry, Vol. 82 (M. J. S. Dewar 

et al., eds.), Springer-Verlag, Heidelberg, 1979. 



For comparison: C3O2 

is believed to be bent 
    

• 1981: ab initio calculation produces barrier 

to linearity for CCC bend 
 

 

• 1986: Analysis of experimental spectra 

(semirigid bender) produces barrier to 

linearity of 28 cm-1 for the CCC chain. 
 P. Jensen, J.W.C. Johns, J. Mol. Spectrosc. 118, 248 (1986) 

R. L. Lozes, J. R. Sabin, J. Oddershede, J. Mol. Spectrosc. 86, 357 

(1981) 



C3 C3 chain in C3O2 

P. Jensen,  Collection of Czechoslovak Chemical Communications 54, 1209-1218 (1989).  

2. W. P. Kraemer, P. R. Bunker, M. Yoshimine, J. Mol. Spectrosc. 107, 191 (1984), ab initio 

5. P. Jensen, J.W.C. Johns, J. Mol. Spectrosc. 118, 248 (1986) 

r 

Jensen and Johns 1986, 
fitting 

Jensen  1989, 
fitting to J ≤ 1 
levels 

Kraemer, Bunker, 
Yoshimine  1984 
ab initio 



The general scheme of  things 
    (at least in this lecture….) 

Simulated rotation-vibration spectra 

Potential energy surface 
Dipole moment surface ... 
 
in general obtained from ab initio calculations 
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Nuclear-motion program: 
   

MORBID  (Morse Oscillator Rigid Bender 

Internal Dynamics) 

treats triatomic molecule in isolated 

electronic state 

 

So is C3 linear or bent at 
equilibrium? 

P. Jensen, J. Mol. Spectrosc. 128, 478 (1988) 



New ab initio  potential energy 

surface: 
   

CASSCF, (13s8p6d4f) basis contracted to 

[5s4p2d1f], outermost s and p functions 

uncontracted. CASSCF active space 

included 12 electrons in 12 orbitals derived 

from the carbon 2s and 2p valence space 

(114000 configurations) 

  P. Jensen, C. M. Rohlfing, J. Almlöf, J. Chem. Phys. 97, 3399 
(1992) 



R+ = r1 + r3   
     = r1 + r3 – 2re 

R- = r1 –  r3   
     = r1 –  r3  

r 

Barrier to linearity H = 0 cm-1 



New fitted 
potential energy 

surface: 
 

   

Input: Experimentally 

derived term value 

spacings below 5000 cm-1 

involving J ≤ 2 

Standard deviation 8.2 cm-1 

 
 P. Jensen, C. M. Rohlfing, J. 
Almlöf, J. Chem. Phys. 97, 3399 
(1992) 

Jensen, Rohlfing, 
Almlöf  1992 
ab initio 

Jensen, Rohlfing, 
Almlöf  1992 
fitted 



MORBID calculations of  the 

fundamental term values: 
   

C. A. Schmuttenmaer, R. C. Cohen, N. Pugliano, J. R. Heath, A. L. Cooksy, K. L. 
Busarow, R. J. Saykally, Science 249, 897 (1990) 

F. J. Northrup, T. J. Sears, J. Op. Soc. Am. B 7, 1924 (1990) 

K. Kawaguchi, K. Matsumura, H. Kanamori, E. Hirota,  J. Chem. Phys.  91, 1953 (1989) 



H=16.5 cm-1 H=0 cm-1 

Conclusion: Barrier H = 0 cm-1 



() () 

  

max 

(0+) = I(f i)  LSF () 
max = I(f i)  LSF (0) 

0 

Line shape functions (LSF): 
   Theory Experiment: 

~ ~ 

~ 

~ ~ ~ 



Intensities 
    

• 1984: ab initio calculation, max (3)  20-30 
         max (2)  
 

 
 

• 1990: Experimental observation: max (3)  
max (2)  

W. P. Kraemer, P. R. Bunker, M. Yoshimine, J. Mol. Spectrosc. 107, 191 (1984) 

C. A. Schmuttenmaer, R. C. Cohen, N. Pugliano, J. R. Heath, A. L. Cooksy, K. L. 
Busarow, R. J. Saykally, Science 249, 897 (1990) 



Intensities 
    

• 1992: ab initio calculation of the dipole 

moment function + experimental information 

(J. R. Heath) Trot = 10 K, Tvib = 50 K, 

Gaussian LS functions with FWHH = 6 MHz 

for 2 and 90 MHz for 3  
 

•  max (3)  2max (2)  
 P. Jensen, C. M. Rohlfing, J. Almlöf, J. Chem. Phys. 97, 3399 (1992) 

 Considered to be within the error limits of the 
experimental determination (J.R. Heath) 



This paper uses ab initio intensity data from P. Jensen, C. M. Rohlfing, J. Almlöf, 
J. Chem. Phys. 97, 3399 (1992) 

But these data are 20 years old – maybe update and probable 
improvement are due! 


