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Predictions and discovery 
 

• The presence of anions in astrophysical sources 
was first considered by Dalgarno and McCray, in 
1973  

• In 1981, Herbst predicted anion formation in 
dense clouds from radicals of more than four 
atoms. 

• On the base of large stabilities of charged linear 
chains, the existence of negative species in the 
ISM was also predicted theoretically by Rosmus, 
who determined many spectroscopic properties 





 
 



Discovery 

• The actual interest  for anions is recent 
coming from the discovery of C6H- by 
McCarthy et al., in 2006 

• This detection has been crucial and has 
generated the search of other anions and 
laboratory studies. 

• Actually, 6 anions are discovered: C4H-, C6H-, 

C8H-, and CN- , C3N-  , and C5N-. 



C2H
-??         IRC+10216 (1 single line!) 

“A parallel search for the small anion C2H− remains inconclusive, despite the previous tentative identification 
of the J = 1−0 rotational transition. The abundance of C2H− in IRC +10216 is found to be vanishingly small, 
<0.0014% relative to C2H” (Agúndez et al, 2010) 





Estimated astrophysical abundances depend 
on: 
a) molecular stabilities and spectroscopic properties 
b) radiative and collisional excitation parameters  
c) reaction probabilities 
 
a) b) and C) → ab initio studies   
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Structure and spectroscopy 





Masso, Hochlaf, Senent, Rosmus , JCP (2006) 
Senent Hochlaf ApJ (2010) 
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Senent et Hochlaf, Apj (2010) 



Non-reactive collisions 



Transition probability 

Collisional probabilities and rates 
Radiative probabilities  

Einstein coefficients 

Intensities and band shapes 

Cross sections and rates 

Excitation and de-excitation rate  



Ab initio calculations of  collisional cross sections s 

Van-der Walls Surface 

Molecule + H2 (or He) 

Fit 

4 6 8 10 12

-5000

0

5000

10000

15000

SO = 0

SO = 45

SO = 75

SO = 90

SO = 135

 = 0 ;  = 0

In
te

ra
ct

io
n

 e
n

er
g

y
 (

cm
-1

)

R (A)

Close Coupling Equations CC  

(Coupled States CS,  

Infinite Order Sudden IOS) 

 

s K j →i    K i →j 

Collision packages 
MOLSCAT 

HIBRIDON 

MOLCOL 



C2H
 ( or C2H

- )+  He (T  Geom = cte ) 

PES (Coordinates: R and θ  
 
MOLPRO 2006 
Method: RCCSD(T)/CASSCF/RHF  (C2H) and RCCSD(T)/RHF (C2H-) 
Basis set: aug-cc-pVQZ) +midbond functions (Cybulski and Toczylowski) 
(placed at mid-distance between the C2H  (or C2H-) center of mass and He) 
 
Geometries: 684 (C2H) and 1254 (C2H-) 

GRID: (C2H) R(4-25bohr), θ=10º   ;   (C2H-) R(4.25-40bohr), θ=10º  
 
BSSE (Boys and Bernardi, 1970); FIT: Werner et al. 1989 
Minimum: (C2H)  E=-25.5 cm-1 ,R=8.0 ,θ=180º ; (C2H-)  E=-37.8 cm-1 , R=7.9, θ=72.3º  

C2H(X2Σ+)         C2H-(X1Σ+)  

Geometry: rigid body model  (in bohr) 
C2H: rCC =2.299, rCH = 1.968  
C2H-: rCC =2.361, rCH = 2.023   
 

He 



C2H   : HIBRIDON modified for  hyperfine structure  (Alexander theory 1982) 
State-to-state cross sections between the 25 first rotational levels  (up to 
800 cm-1, T=100K) 
C2H−: MOLSCAT:  Full close coupling approach (CC ), State-to-state cross 
sections between the 13 first rotational levels  (up to 100 cm-1, T=100K) 
 
Rotational parameters: 
C2H   : B0=1.456825 cm−1, D0 = 3.589 10−6 cm−1  , γ0= -002089678 cm-1 

C2H−: B0=1.3889354 cm−1, D0 = 3.2345 10−6 cm−1 

 

The energy range was spanned to take into consideration the presence of 
resonances 
 
Data available in LAMBDA and BASECOL 

SCATTERING CALCULATIONS 
 

C2H
 ( or C2H

- )+  He (T  Geom = cte ) 



RATES (Propensity rules) C2H(X2Σ+) +He  ,  C2H-(X1Σ+) +He  

Both systems Rates ↑  if ΔN is even  (Why? Near homonuclear symmetry)  
C2H: Rates ↑  if  ΔJ=ΔN and if ΔF=ΔJ; not proportional to the degeneracy 2F+1 
Both systems: Rates for ΔN=2 ↑ if  N ↑ 
The depth wells for both species are of the same order of magnitude (-37.8 cm−1 for 
C2H−-He and –25.5 cm−1 for C2H-He) 

J=N+S 
F=|J+I|…..|J-I|) 

C2H-(X1Σ+) +He rates  =  10 x C2H(X2Σ+) +He rates  

=  10 x  



Formation processes 



CARBON CHAINS ANIONS: FORMATION AND DESTRUCTION 
Anions can be produced via a variety of mechanisms  

(dependence on n) 

Cn
- +H CnH- 

CnH- CnH + e- 

Cn
 + e- Cn

- 

………………………. 

CnH- Cn-m
 + CmH- 

 
CnH2

 + e- CnH- + H n ↑exoT 
n  ↓ endoT 

CnH2
 + H- CnH- + H2 

………………………. etc 

Cn
- +H2 



Senent Hochlaf ApJ (2010) 
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