
Lab 3: Energy point calculations for CASSCF/RASSCF and 
CASPT2/RASPT2

Coordinate files:
● phenyl_iodine.xyz (handed out seperately)
● CH4.xyz
● ethene.xyz (extract from the text)

Input files:
● Phenyl_iodine.input (handed out seperately)
● CASSCF.energy.CH4.input
● RASSCF.energy.CH4.input
● CASPT2.energy.CH4.input
● CASPT2.energy.CH4plus.input

Introduction
In  this  lab  we  shall  experience  energy  point  calculations  for  the  CASSCF,  for  the  partially 
correlated RASSCF, and CASPT2 methods. We will first spend some time on a typical chemical  
problem in which we will select occupied, inactive and active orbitals. We shall than proceed with 
some examples where the focus is to find our way around in the output. We shall experience using 
the post processing utility GV to analyze the results from the calculations. This will be followed by 
a simple example in which we write an input from scratch. The structures of the molecule and ion 
are not equilibrium structures. Optimization will be the subject of a later lab.

Exercise 1: Active orbitals

The process of selecting active orbitals  is  the major  difficulty in  CASSCF calculations.  In this 
exercise we will try using GSSORB and SCF orbitals as the starting orbitals for CASSCF. The 
GSSORB are  the  default  staring  orbitals,  which  are  automatically  generated  by  the  SEWARD 
module (you actually only need to generate the one-electron integrals 
(keyword ONEONLY) for  the  GSSORB orbitals  to  be  generated). 
The GSSORB orbitals tend to be localized. While the occupied SCF 
orbitals tend to be delocalized and the virtual SCF orbitals are not 
well defined. We will explore this difference.

The example here is for the phenyl iodine molecule. The molecule is
placed in the YZ plane with the iodine-carbon bond in the z-direction.
We will select an active space which would allow us to explore the
dissociation of the iodine atom after a photo excitation within the π-
system.

Task 1: Before we even start with the real calculations we will decide the selection of the inactive 
and active orbitals. We could do that by hand on a piece of paper. However, we will in this exercise 
use the GSSORB orbitals and GV to guide us. The first thing we need to do is to compute the 
number of valence orbitals. The input file phenyl_iodine.input has been rigged for that purpose. 
Here we will  run only the  GATEWAY module in  combination  with the explicit  assignment  of 
MOLCAS_PRINT=VERBOSE. Run the job with the command  molcas -f phenyl_iodone.input. 
This will generate a detailed list of the symmetry adapted basis functions. View the log file with 
your favorite editor and add up the number of valence orbitals! Remember that the valence orbitals 



for H, C, and I are 1s, 1s2s2p, and 1s2s2p3s3p4s3d4p5s4d5p, respectively (right answer: 30, 4, 18 
and 10). Next compute the number of inactive orbitals! Clue: we trivially have the C 1s and I 
1s2s2p3s3p4s3d4p5s4d inactive. Furthermore, we have all sigma orbitals, except for the C-I ( i.e. 
2px on carbon and 5px on iodine) are inactive. Finally we recognize that at infinite dissociation 
distance the 5px, 5py and 5pz of the iodine are degenerate, hence we keep them in the active space.  
This information is enough for us to find the inactive space (right answer: 22, 2, 12, and 5., this is 
split up as; the trivial core on C and I:
12, 2 5 5; sigma CH: 3 0 2 0; and sigma CC: 3 0 3 0). Make sure that you completely understand 
how to get all these numbers! At the same time we identify that the active space is generated from 
the 2px of the carbons, the 2pz and 5pz from the sigma C-I, and the 5px and 5py lone-pairs on the 
iodine (right answer: 2, 2, 1 and 5).

Task 2:  Let us now look at the active orbitals as suggested by the GSSORB orbitals. Modify the 
input and make sure that the correct orbitals are generated by Grid_It (I have already done that for 
you, make sure that you understand the input). Run it! If you did everything alright you should after 
having cd:ed to phenyl_iodine/ and issued the command molcas gv phenyl_iodin.grid and pressed 
F3 see the following (see Illustration 1).

We identify the orbitals as: sigma C-I, sigma* C-I, pi, pi, y lone-pair, pi, pi, pi, and pi orbitals. Note
that one of the lone-pairs of iodine mix with the conjugated system on the phenyl ring.

Task 3:  The next task is to run an SCF calculation and view the same set of orbitals. We have 
already the inactive orbitals and we need only to sort out which of the active orbitals are occupied at 
the SCF level of theory. The pi system contains 6 electrons, the lone-pair 4 electrons and the sigma 
C-I 2 electrons, hence we should have an additions 6 orbitals. From the orbital picture above we 
have that the following orbitals are double occupied at the SCF level of theory: 1, 3, 5, 6, 7 and 8, 
that is sigma C-I, pi. From this we deduce the occupied orbitals (right answer: 23, 3, 13, and 8). Use 
you favorite editor to activate the computation of two-electron integrals is Seward, inactivate the 
first Grid_it input and activate the SCF and the subsequent Grid_it input. Run the input, please.  
Then use GV to look at the corresponding SCF orbitals (see Illustration 2)! In particular, we note 
that in the place of the antibonding sigma C-I orbital we don't find what we anticipated.

This example is included to demonstrate the difficulty to get good starting vectors for the CASSCF  
or RASSCF procedure. We recommend that the you visually inspect the starting orbitals and the  
final CASSCF/RASSCF orbitals to make sure that you got what you anticipated. Remember that the
CASSCF wave function has multiple solutions and that the starting orbitals are instrumental in  
helping  you to  find  the  correct  solution  for  your  particular  choice  of  active  space  and active  
electrons. Some times DFT orbitals might be helpful. Sometimes particular CASSCF active spaces  
are only stable if a state average CASSCF (SA-CASSCF) approach is used. This is in particular the  

Illustration 2: GSSORB starting orbitals. Illustration 1: SCF starting orbitals



case if in the ground state an orbital and its correlating partner is close to doubly occupied and  
empty. By including an Ciroot for which this is not the case will stabilize these orbitals presence in  
the active space.

Exercise 2: CASSCF

In  this  example  we  shall  use  the  CASSCF wave  function  model  applied  to 
methane, in combination with a STO-3G basis set.. The 1s orbital of the carbon 
atom will be inactive and all the valence orbitals will be in the active space. We 
shall compute the ground state first (a singlet).

Task 1: Look in the input (or see Illustration 3) and identify how we specified
a) that the 1s orbital is doubly occupied (inactive),
b) how the active orbitals are specified,
c) how many electrons are used in the active space, and
d) the spin.

Task 2: Run the job with the command molcas -f CASSCF.energy.CH4.input!
In the output identify (see Illustration 4 for the orbital section of the RASSCF
module).
a) the occupation numbers of the orbitals,
b) the orbital energies (explain),
c) the coefficient of the most important configuration state function (CSF),
d) describe the second most important CSF,
e) view the orbitals with GV (see Illustration 5) and identify the color coding for
active and inactive orbitals. Why are there no virtual orbitals?

Task 3: Modify the input and make a calculation for the CH4 cation (a doublet).
What is the computed CH4 ionization energy?
Illustration 4: Orbital output from the RASSCF module.
Illustration 5: CH4 CASSCF orbitals

Illustration 3: 
CASSCF.energy.
CH4.input

Illustration 4: Orbital output from the RASSCF module.



Exercise 3: RASSCF

In this exercise we shall use the RASSCF model to reduce the number of CSFs in the calculation. 
The orbitals which in the CASSCF calculation were the closest to perfect double occupation are 
moved to the RAS1 space (space with limited number of holes) and the least occupied orbital of the 
RAS2 space are moved to the RAS3 space (see Illustration 6). Compare the inputs of exercises 2 
and 3 and identify the difference.

Illustration 5: Methane  CASSCF orbitals.

Illustration 6: CSF and Occupation numbers from the CH4 CASSCF calculation.



Task 1: Run the job (molcas -f RASSCF.energy.CH4.input ) and identify the differences in
a) occupation numbers,
b) coefficients of the CSFs, and
c) total energy between the CASSCF and RASSCF calculations.

Exercise 4: The ethene molecule

Task  1:Generate  the  input  for  a  point  energy 
calculation for ethene (see Illustration 7), for a) HF, b)
DFT/B3LYP, and c) CASSCF in combination with a 6-
31G** basis set.
Using the following xyz file:

6
Bohr
C 1.243000 0.000000 0.000000
C -1.243000 0.000000 0.000000
H 2.313000 1.731000 0.000000
H 2.313000 -1.731000 0.000000
H -2.313000 1.731000 0.000000
H -2.313000 -1.731000 0.000000

Task 2: Run and
a) identify in the output which orbitals were the most important to correlate,
b) identify the two most important CSFs, and
c) compare SCF and DFT orbital energies of the HOMO and LUMO.

Create pictures of the HOMO and LUMO using the GV facility!

Exercise 5: CASPT2/RASPT2

The CASPT2 program accepts any general CASSCF/RASSCF type of reference states, i.e., radicals
and excited states with arbitrary spin and electronic structure can be used in addition to closed-shell
ground state electronic structures. The CASPT2 program uses a single CASSCF wave function, of
arbitrary complexity, as the reference. The CASPT2 module can also do multi state calculations 
(MS-CASPT2),  where  several  CASSCF  wave  functions  (normally  SA-CASSCF)  are  used 
simultaneously. The wave CASPT2 function is built from single and double excitations from the 
reference state.

Task  1:Run  the  job!  In  the  CASPT2 
output,  find "Total  number  of  CASPT2 
parameters" (Trick question!). There are 
two  numbers  given.  Try  to  explain  the 
difference.  Identify  the  “Reference 
energy”,  “Total  Energy”  and  the 
“Reference  weight”  in  the  CASPT2 
output (see Illustration 8).

Task 2 (If you have time): Modify the input to do a RASSCF/RASPT2 calculation!

Illustration 7: The ethene molecule.

Illustration 8: Section of the output from the CASPT2 
module.



Exercise 6: Methane cation (if you have time)

The CH4+ ion  is  a  radical,  since  it  has  an unpaired electron.  It  can be computed  by UHF or 
(unrestricted)  DFT, but then all  the alpha and beta  orbitals  will  differ,  and the resulting single 
determinant  is  then  not  a  pure  doublet,  i.e.  it  breaks  spin  symmetry.  This  may  be  a  serious 
disadvantage; sometimes it is, however, an advantage to have spin-polarized orbitals. If one wants a
pure spin, there is in this and some other very simple cases a possibility to use the restricted open-
shell HF (and DFT) method. Such programs are not included in MOLCAS, instead we use generally 
the CASSCF/RASSCF module which allows any general structure of the wave function.  When 
spin, symmetry, number of active orbitals, etc., is such that the CI expansion is predetermined, so 
only orbitals remain to be optimized, the wave function is an open-shell HF wave function.

Task 1: Run the provided input. Identify that the CASSCF is a single determinant wave function
(corresponds to a ROHF) . Identify the reference weight and which are the important according to 
the CASPT2 analysis (see Illustration 9).

Task 2:  Take  the  information  from  Task 1 and  increase  the  active  space  to  include  the  most 
important excitations of the CASPT2 already in the CASSCF wave function.

Illustration 9: CASPT2 analysis of important external excitations.
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