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Linear molecule:

• Equilibrium structure is linear by definition.

• What about the average structure?

• We say it is bent.

• But many spectroscopists

disagree!
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Linear molecule:

• Example of protest:

“… the bending motion is like a dog wagging its 

tail. Half of the time the tail is left, half of  the 

time it is right, and on the average it is in the 

middle, neither left nor right.“

Renowned experimental spectroscopist,

private communication, 2017
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„Left-tail“           „Right-tail“
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„Left-tail“              „Left-tail“
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„Left-tail“          „Right-tail“

r12 r12

r32 r32
 𝜚  𝜚
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„Left-tail“            „Left-tail“

r12 r12

r32 r32

 𝜚  𝜚

„Left-tail“ 

and „right-

tail“ have

the same 

structure!
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HCO+

ab initio 3D potential energy surface, calculated at RCCSD(T)/[aug-cc-

pCVQZ(C,O), aug-cc-pVQZ(H)] level of theory with the MOLPRO 

2010.1 suite of programs (T. Hirano and U. Nagashima, private 

communication)

Rotational structure very well reproduced by ab initio potential energy

surface, vibrational energies somewhat off. Nuclear-motion calculations

with MORBID.

Therefore:

Refinement of potential energy surface simultaneous least-squares fitting of

ab initio data and available experimentally derived energy spacings for

HCO+ and DCO+.
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Bending potential curves

for HCO+
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Structure? Can we measure the square of ?

Yes, in a Coulomb Explosion Imaging (CEI) experiment!

R. Wester, U. Hechtscher, L. Knoll, M. Lange, J. Levin, M. Scheffel, D. Schwalm, A. Wolf, A. Baer, Z. Vager, D. Zajfman, 

M. Mladenović, S. Schmatz, Relaxation dynamics of deuterated formyl and isoformyl cations, J.  Chem. Phys, 116 (2002) 7000-

7011.
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Bending probability density
Simulated with fitted potential energy surface



14

SCHOOL OF MATHEMATICS AND NATURAL SCIENCES

PHYSICAL AND THEORETICAL CHEMISTRY

Simulated F() functions
T = 300 K

is the differential 

probability that the 

bending coordinate 

of a molecule in the

ensemble is in the 

interval between 

and  + d
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Simulated F() functions for DCO+

Increasing temperatures T

CEI experiment

In the CEI experiment, 

the ions spend 12s in 

the TSR

Too short for 

equilibration at 300 K. 

But the measurements 

are consistent with 

bent average structure 

( > 0)
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Calculated  values for DCO+

Increasing temperatures T
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Thank you for your attention!


