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17.  Neutralisation processes in the interstellar medium 

As noted  in Section 14, most of the molecules observed  in the  interstellar medium are neutral, while the 
products of the ion‐molecule reactions discussed in the previous section are ionic.  There are a number of 
pathways by which an ion may be transformed into a neutral molecule within the interstellar medium.  We 
have already covered one of these.  In electron‐ion dissociative recombination (Section 16.2.2), an ion and 
electron combine to form a neutral, which then fragments into two or more neutral products.  Similarly, a 
negative  ion and a positive  ion may recombine to  form a neutral complex, which dissociates  into neutral 
products.   

Examples:  CO
+ + e     C + O        electron‐ion dissociative recombination 

    HCCCNH
+ + e       HCCCN + H / HCCNC + H  electron‐ion dissociative recombination 

    O  + O2
+    O + O2        ion‐ion dissociative recombination 

 

18.    A simple model for calculating the rate of ion‐molecule reactions 

State‐of‐the‐art QCT and quantum scattering calculations are capable of predicting reaction cross sections 
and  rate  constants  for  ion‐molecule  reactions.    However,  these  calculations  are  only  possible when  a 
detailed potential energy surface is available for the reaction under study, which is often not the case.  In 
the  following, we will  show how we  can use basic principles of  collision physics  to understand  the  key 
factors determining the rates of  ion‐molecule reactions, and to develop a simple expression which can be 
used to calculate approximate rate constants.   The model we will derive  is known as the Langevin model, 
and is the simplest of a variety of capture theories that have been developed to describe the rates of ion‐
molecule  reactions.    Such  models  assume  that  reaction  is  governed  by  the  long‐range  part  of  the 
interaction potential, a region  that can be  treated classically  to a reasonable approximation.   To develop 
the Langevin model, we need to  introduce the concepts of  impact parameter, orbital angular momentum 
and centrifugal barriers.  These will already be familiar to anyone taking the Molecular Reaction Dynamics 
option. 

The impact parameter quantifies the initial perpendicular separation of the paths of the collision partners.  
Essentially, this is the distance by which the colliding pair would miss each other if they did not interact in 
any way,  and  can be  found by  extrapolating  the  initial  straight‐line  trajectories of  the particles  at  large 
separations to the distance of closest approach. 

 

In the context of a collision, the orbital angular momentum  is an angular momentum associated with the 
relative motion of  the collision partners as  they approach and collide.    It  is not to be confused with  the 
quantum mechanical  orbital  angular momentum  of  an  electron  in  an  atomic  orbital.      Even  for  two 
particles travelling in completely straight lines, there is an associated orbital angular momentum when their 
relative motion is considered.  We can illustrate this by looking at the line of centres of the two particles at 
various points in their trajectory. 

impact parameter
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We  see  that even  though  the particles are  travelling  in  straight  lines,  the  line of centres of  the particles 
rotates  about  their  centre  of mass.    Only  head  on  collisions  with  an  impact  parameter  b=0  have  no 
associated orbital angular momentum.   

Mathematically, the orbital angular momentum for a colliding pair of particles is given by  

L = r x p           (18.1)   

where r is the (vector) separation of the particles and p =  vrel is their relative linear momentum (m is the 
reduced mass  of  the  particles,  and  vrel  =  v1  –  v2  is  their  relative  velocity).   We  can  therefore  find  the 
magnitude of L from 

|L|  = |r x p|  =  |  r x vrel| =  vrel r sin         (18.2) 
     

where   is the angle between r and vrel.  At large separations, rsin  is simply equal to the impact parameter, 
b, giving  

|L|= vrelb            (18.3)   

Because  the  total  angular momentum  (the  sum  of  the  orbital  angular momentum  L  and  any  rotational 
angular momentum J of the collision partners) must be conserved throughout the collision, this is true right 
up until the point that the particles collide, assuming the rotational states of the particles do not change.   

The relative kinetic energy of the two particles can be written either as the sum of their  individual kinetic 
energies  relative  to  the centre of mass, or as  the  sum of  the kinetic energy ½  vrad

2 associated with  the 
‘radial’ velocity component vrad along their line of centres (the line joining the two particles) and the kinetic 
energy L2/2I (where I =  r

2 is the moment of inertia of the molecules) associated with their orbital motion.  
Since angular momentum must be conserved throughout the collision, the kinetic energy associated with 
the orbital motion is not available to help surmount an activation barrier, and because it has the effect of 
reducing the available energy, this term is often referred to as a centrifugal barrier.  The centrifugal barrier 
term is often combined with the potential energy surface to give an effective potential. i.e. 

          Veff(r) = V(r) + 
L
2

2 r
2            (18.4) 

As shown in the figure below, the centrifugal barrier can give rise to an effective barrier to reaction, even 
when the potential energy surface itself has no barrier. 

 

effective potential
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term is often combined with the potential energy surface to give an effective potential. i.e. 

          Veff(r) = V(r) + 
L
2

2 r
2            (18.4) 

As shown in the figure below, the centrifugal barrier can give rise to an effective barrier to reaction, even 
when the potential energy surface itself has no barrier. 
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17.  Neutralisation processes in the interstellar medium 

As noted  in Section 14, most of the molecules observed  in the  interstellar medium are neutral, while the 
products of the ion‐molecule reactions discussed in the previous section are ionic.  There are a number of 
pathways by which an ion may be transformed into a neutral molecule within the interstellar medium.  We 
have already covered one of these.  In electron‐ion dissociative recombination (Section 16.2.2), an ion and 
electron combine to form a neutral, which then fragments into two or more neutral products.  Similarly, a 
negative  ion and a positive  ion may recombine to  form a neutral complex, which dissociates  into neutral 
products.   

Examples:  CO
+ + e     C + O        electron‐ion dissociative recombination 

    HCCCNH
+ + e       HCCCN + H / HCCNC + H  electron‐ion dissociative recombination 

    O  + O2
+    O + O2        ion‐ion dissociative recombination 

 

18.    A simple model for calculating the rate of ion‐molecule reactions 

State‐of‐the‐art QCT and quantum scattering calculations are capable of predicting reaction cross sections 
and  rate  constants  for  ion‐molecule  reactions.    However,  these  calculations  are  only  possible when  a 
detailed potential energy surface is available for the reaction under study, which is often not the case.  In 
the  following, we will  show how we  can use basic principles of  collision physics  to understand  the  key 
factors determining the rates of  ion‐molecule reactions, and to develop a simple expression which can be 
used to calculate approximate rate constants.   The model we will derive  is known as the Langevin model, 
and is the simplest of a variety of capture theories that have been developed to describe the rates of ion‐
molecule  reactions.    Such  models  assume  that  reaction  is  governed  by  the  long‐range  part  of  the 
interaction potential, a region  that can be  treated classically  to a reasonable approximation.   To develop 
the Langevin model, we need to  introduce the concepts of  impact parameter, orbital angular momentum 
and centrifugal barriers.  These will already be familiar to anyone taking the Molecular Reaction Dynamics 
option. 

The impact parameter quantifies the initial perpendicular separation of the paths of the collision partners.  
Essentially, this is the distance by which the colliding pair would miss each other if they did not interact in 
any way,  and  can be  found by  extrapolating  the  initial  straight‐line  trajectories of  the particles  at  large 
separations to the distance of closest approach. 

 

In the context of a collision, the orbital angular momentum  is an angular momentum associated with the 
relative motion of  the collision partners as  they approach and collide.    It  is not to be confused with  the 
quantum mechanical  orbital  angular momentum  of  an  electron  in  an  atomic  orbital.      Even  for  two 
particles travelling in completely straight lines, there is an associated orbital angular momentum when their 
relative motion is considered.  We can illustrate this by looking at the line of centres of the two particles at 
various points in their trajectory. 
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We  see  that even  though  the particles are  travelling  in  straight  lines,  the  line of centres of  the particles 
rotates  about  their  centre  of mass.    Only  head  on  collisions  with  an  impact  parameter  b=0  have  no 
associated orbital angular momentum.   

Mathematically, the orbital angular momentum for a colliding pair of particles is given by  

L = r x p           (18.1)   

where r is the (vector) separation of the particles and p =  vrel is their relative linear momentum (m is the 
reduced mass  of  the  particles,  and  vrel  =  v1  –  v2  is  their  relative  velocity).   We  can  therefore  find  the 
magnitude of L from 

|L|  = |r x p|  =  |  r x vrel| =  vrel r sin         (18.2) 
     

where   is the angle between r and vrel.  At large separations, rsin  is simply equal to the impact parameter, 
b, giving  

|L|= vrelb            (18.3)   

Because  the  total  angular momentum  (the  sum  of  the  orbital  angular momentum  L  and  any  rotational 
angular momentum J of the collision partners) must be conserved throughout the collision, this is true right 
up until the point that the particles collide, assuming the rotational states of the particles do not change.   

The relative kinetic energy of the two particles can be written either as the sum of their  individual kinetic 
energies  relative  to  the centre of mass, or as  the  sum of  the kinetic energy ½  vrad

2 associated with  the 
‘radial’ velocity component vrad along their line of centres (the line joining the two particles) and the kinetic 
energy L2/2I (where I =  r

2 is the moment of inertia of the molecules) associated with their orbital motion.  
Since angular momentum must be conserved throughout the collision, the kinetic energy associated with 
the orbital motion is not available to help surmount an activation barrier, and because it has the effect of 
reducing the available energy, this term is often referred to as a centrifugal barrier.  The centrifugal barrier 
term is often combined with the potential energy surface to give an effective potential. i.e. 

          Veff(r) = V(r) + 
L
2

2 r
2            (18.4) 

As shown in the figure below, the centrifugal barrier can give rise to an effective barrier to reaction, even 
when the potential energy surface itself has no barrier. 

 

effective potential

Langevin capture model

the translational energy of reactants must
only surpass a long-range centrifugal
barrier for reaction to occur

Model rate coefficient

k = 2πe
√

αD
µ

(temperature independent)



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction
1. Overview

2. Kinetic models

3. Ion-neutral
reactions

4. C + CH+

reaction

II. PES

III. Dynamics

IV. Kinetics

V. Conclusions

I. Introduction
4. C + CH+ reaction

lowest-energy reaction channel

C (3P0) + CH+ (X1Σ+) → C+
2 (X4Σ−

g ) + H (2S1/2)



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction
1. Overview

2. Kinetic models

3. Ion-neutral
reactions

4. C + CH+

reaction

II. PES

III. Dynamics

IV. Kinetics

V. Conclusions

I. Introduction
4. C + CH+ reaction

lowest-energy reaction channel

C (3P0) + CH+ (X1Σ+) → C+
2 (X4Σ−

g ) + H (2S1/2)

CH+

firstly detected
in the ISM in 1941



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction
1. Overview

2. Kinetic models

3. Ion-neutral
reactions

4. C + CH+

reaction

II. PES

III. Dynamics

IV. Kinetics

V. Conclusions

I. Introduction
4. C + CH+ reaction

lowest-energy reaction channel

C (3P0) + CH+ (X1Σ+) → C+
2 (X4Σ−

g ) + H (2S1/2)

CH+

firstly detected
in the ISM in 1941

C+
2

comtes Halley and
Jacobini-Zinner



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction
1. Overview

2. Kinetic models

3. Ion-neutral
reactions

4. C + CH+

reaction

II. PES

III. Dynamics

IV. Kinetics

V. Conclusions

I. Introduction
4. C + CH+ reaction

lowest-energy reaction channel

C (3P0) + CH+ (X1Σ+) → C+
2 (X4Σ−

g ) + H (2S1/2)

CH+

firstly detected
in the ISM in 1941

C+
2

comtes Halley and
Jacobini-Zinner

Model k(T)
1.2×10-9 cm3 s−1

(KIDA and UDfA)



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction
1. Overview

2. Kinetic models

3. Ion-neutral
reactions

4. C + CH+

reaction

II. PES

III. Dynamics

IV. Kinetics

V. Conclusions

I. Introduction
4. C + CH+ reaction

lowest-energy reaction channel

C (3P0) + CH+ (X1Σ+) → C+
2 (X4Σ−

g ) + H (2S1/2)

CH+

firstly detected
in the ISM in 1941

C+
2

comtes Halley and
Jacobini-Zinner

Model k(T)
1.2×10-9 cm3 s−1

(KIDA and UDfA)

Compare model versus dynamics k(T)



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction
1. Overview

2. Kinetic models

3. Ion-neutral
reactions

4. C + CH+

reaction

II. PES

III. Dynamics

IV. Kinetics

V. Conclusions

I. Introduction
4. C + CH+ reaction

lowest-energy reaction channel

C (3P0) + CH+ (X1Σ+) → C+
2 (X4Σ−

g ) + H (2S1/2)

CH+

firstly detected
in the ISM in 1941

C+
2

comtes Halley and
Jacobini-Zinner

Model k(T)
1.2×10-9 cm3 s−1

(KIDA and UDfA)

Dynamics calculations

1. Sample configuration space

2. Compute a set of ab initio energies

3. Fit them with a functional form

4. Run the dynamics on the obtained PES

5. Work out observables

HA HB

HC

rAB

rBC

q5 q5q5 q5q5 q5

Distribute AI runs and get the PES

q5

d5

Distribute scattering E ’s and get reactive P’s

Compare model versus dynamics k(T)



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
5. SRBO

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018

V (r)

0

De

2De

rmin re rmax

Configuration-space sampling

Conventional (BL) approach:

regular grid on r1

regular grid on r2

regular grid on φ

H

H H
r1

r2
φ



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
5. SRBO

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018

V (r)

0

De

2De

rmin re rmax

SRBO approach

switch from BL to BO space
introduce space-reduction param f

n = e−β(r−re)

f = 1−nmin
nmax−1

= 1−e−β(rmax−re)

e−β(rmin−re)−1



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
5. SRBO

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018

SRBO approach

switch from BL to BO space
introduce space-reduction param f

n = e−β(r−re)

f = 1−nmin
nmax−1

= 1−e−β(rmax−re)

e−β(rmin−re)−1

V (r)

0

De

2De

rmin re rmax

V (n), f = 1

0

De

2De

nmin 1 nmax e
βre



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
5. SRBO

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018

SRBO approach

switch from BL to BO space
introduce space-reduction param f

n = e−β(r−re)

f = 1−nmin
nmax−1

= 1−e−β(rmax−re)

e−β(rmin−re)−1

V (r)

0

De

2De

rmin re rmax

V (n), f = 2

0

De

2De

nmin 1 nmax e
βre



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
5. SRBO

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018

SRBO approach

switch from BL to BO space
introduce space-reduction param f

n = e−β(r−re)

f = 1−nmin
nmax−1

= 1−e−β(rmax−re)

e−β(rmin−re)−1

V (r)

0

De

2De

rmin re rmax

Configuration-space sampling

SRBO approach:

regular grid on n1

regular grid on n2

regular grid on φ



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
5. SRBO

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018

SRBO approach

switch from BL to BO space
introduce space-reduction param f

n = e−β(r−re)

f = 1−nmin
nmax−1

= 1−e−β(rmax−re)

e−β(rmin−re)−1

V (r)

0

De

2De

rmin re rmax

V (n), f = 2

0

De

2De

nmin 1 nmax e
βre

n = e
−β(r−re)

f = attr./rep. space ratio



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
5. SRBO

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018

SRBO approach

switch from BL to BO space
introduce space-reduction param f

n = e−β(r−re)

f = 1−nmin
nmax−1

= 1−e−β(rmax−re)

e−β(rmin−re)−1

V (r)

0

De

2De

rmin re rmax

V (n), f = 2

0

De

2De

nmin 1 nmax e
βre

n = e
−β(r−re)

f = attr./rep. space ratio



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
5. SRBO

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018

−0.1

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

0.5 1.0 2.0 3.0 5.0

ro
o

t−
m

e
a

n
−

sq
u

a
re

 e
rr

o
r 

/e
V

attr./rep. space ratio f

SRBO−Sh 
SRBO−AP 

Best f, test on H2

RMSE fit vs true diss. curve

N = 13

modified-Shepard interpolation

Aguado-Paniagua fitting



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
5. SRBO

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018

−0.1

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

0.5 1.0 2.0 3.0 5.0

ro
o

t−
m

e
a

n
−

sq
u

a
re

 e
rr

o
r 

/e
V

attr./rep. space ratio f

SRBO−Sh 
SRBO−AP 

Best f, test on H2

RMSE fit vs true diss. curve

N = 13

modified-Shepard interpolation

Aguado-Paniagua fitting

Optimal performances for f = 2



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
5. SRBO

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 10  20  30  40  50

ro
o

t−
m

e
a

n
−

sq
u

a
re

 e
rr

o
r 

/e
V

grid points N

BL−Sh 
BL−AP 
SRBO−Sh 
SRBO−AP 

SRBO vs BL, test on H2

RMSE fit vs true diss. curve

f = 2

modified-Shepard interpolation

Aguado-Paniagua fitting



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
5. SRBO

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 1.6

 200  400  600  800  1000

ro
o

t−
m

e
a

n
−

sq
u

a
re

 e
rr

o
r 

/e
V

grid points N

BL−AP 
SRBO−Sh 
SRBO−AP 

SRBO vs BL, test on H3

RMSE fit vs true full 3D PES

f = 2

modified-Shepard interpolation

Aguado-Paniagua fitting



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
5. SRBO

S Rampino, Configuration-space sampling in potential energy surface fitting: a space-reduced
bond-order grid approach, The Journal of Physical Chemistry A, 2016, DOI: 10.1021/acs.jpca.5b10018

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 1.6

 200  400  600  800  1000

ro
o

t−
m

e
a

n
−

sq
u

a
re

 e
rr

o
r 

/e
V

grid points N

BL−AP 
SRBO−Sh 
SRBO−AP 

SRBO vs BL, test on H3

RMSE fit vs true full 3D PES

f = 2

modified-Shepard interpolation

Aguado-Paniagua fitting

SRBO outperforms BL in converging the PES
with increasing number of grid points



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
6. Fitting

 0
 1

 2
 3

 4
 5

rCBH /Å
 0

 1
 2

 3
 4

 5

rCACB
 /Å

−8

−6

−4

−2

 0

 2

 4

 6

V /eV

CACBH 120°

SRBO−AP
NEVPT2



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
6. Fitting

 0
 1

 2
 3

 4
 5

rCBH /Å
 0

 1
 2

 3
 4

 5

rCACB
 /Å

−8

−6

−4

−2

 0

 2

 4

 6

V /eV

CACBH 120°

SRBO−AP
NEVPT2

Configuration-space sampling

f = 2
10-point SRBO grids
5-point angular grid



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
6. Fitting

 0
 1

 2
 3

 4
 5

rCBH /Å
 0

 1
 2

 3
 4

 5

rCACB
 /Å

−8

−6

−4

−2

 0

 2

 4

 6

V /eV

CACBH 120°

SRBO−AP
NEVPT2

Configuration-space sampling

f = 2
10-point SRBO grids
5-point angular grid

Ab initio

PC-NEVPT2/CASSCF
DKH Hamiltonian
ANO-RCC basis set



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
6. Fitting

A Aguado, M Paniagua, A new functional form to obtain analytical potentials of triatomic
molecules, The Journal of Chemical Physics 96, 1265-1275 (1992)

 0
 1

 2
 3

 4
 5

rCBH /Å
 0

 1
 2

 3
 4

 5

rCACB
 /Å

−8

−6

−4

−2

 0

 2

 4

 6

V /eV

CACBH 120°

SRBO−AP
NEVPT2

Configuration-space sampling

f = 2
10-point SRBO grids
5-point angular grid

Ab initio

PC-NEVPT2/CASSCF
DKH Hamiltonian
ANO-RCC basis set

Fitting

775 ab initio energies
6th-degree polynomial fit for two-body terms
7th-degree polynomial fit for three-body term

Many-body expansion

V(r1, r2, r3) =

V(2)
1 (r1) + V(2)

2 (r2) + V(2)
3 (r3)+

V(3)(r1, r2, r3)



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
7. Channels

L Pacifici, M Pastore, E Garcia, A Laganà, S Rampino, A dynamics investigation of the C + CH+
→ C+

2 + H
reaction on an ab initio bond-order like potential, The Journal of Physical Chemistry A, 2016, submitted

CA + CBH+ → CAC+
B + H

 0
 1

 2
 3

 4
 5

rCBH /Å
 0

 1
 2

 3
 4

 5

rCACB
 /Å

−8

−6

−4

−2

 0

 2

 4

 6

V /eV

CACBH 120°

SRBO−AP
NEVPT2

esoergic, favoured

CA + HC+
B → CAH+ + CB

 0
 1

 2
 3

 4
 5

rHCB
 /Å

 0
 1

 2
 3

 4
 5

rCAH /Å
−8

−6

−4

−2

 0

 2

 4

 6

V /eV

CAHCB 120°

SRBO−AP
NEVPT2

isoergic, less deep well



School on Open
Science Cloud -

Quantum Dynamics
II

S Rampino
7 June 2017

I. Introduction

II. PES
5. SRBO

6. Fitting

7. Channels

8. Reaction paths

III. Dynamics

IV. Kinetics

V. Conclusions

II. PES
8. Reaction paths

L Pacifici, M Pastore, E Garcia, A Laganà, S Rampino, A dynamics investigation of the C + CH+
→ C+

2 + H
reaction on an ab initio bond-order like potential, The Journal of Physical Chemistry A, 2016, submitted

Rectangular relaxed plot

reaction coordinate
η = arctan (rCH/rCC)

angular coordinate
Φ = ĈCH
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Temperature dependence of k(T) better
conforms to the `deformed Arrhenius' law
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Interaction

new bond-order based high-level ab initio PES
close inspection reveals alternative reaction paths

Dynamics

Langevin model fails at low T
competitive mechanisms (microscopic-branching) singled out

Kinetics

Langevin model at low T improperly enhances CH+ destruction route
temperature dependence better conforms to the `deformed Arrhenius' law
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