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Exercise 1
This exercise proposes to discover QP through the computation of Hartree-Fock and FCI1

energies for the singlet and triplet states of CH2. The geometries are from Ref. [1].

1.1 Singlet CH2

1.1.1 Creation of xyz file and script file for master

1. Create a file, CH2_singlet.xyz, that contains the geometry (xyz file) with coordinates in
Angström.
3

#Singlet state

C 0. 0. 0.1734

H 0. 0.8623 -0.5202

H 0. -0.8623 -0.5202

In this tutorial, we show how to properly run calculations in master. However, Quantum
Package offers a shell mode. More informations are available on the Quick-start guide on the
QP website.

Download the master_template.txt file on Slack (or my website) and copy it to ch2_singlet.txt.

In Appendix 1, the output of qp create_ezfio -h shows you how to define the EZFIO directory
that contains all needed informations for the calculations and outputs. We start by defining
the needed parameters. According to the manual, the mandatory parameters are the basis-set2,
-b, and FILE, the xyz file)

1For a system of this size, 𝐸CIPSI ≃ 𝐸FCI.
2The list of available basis is available in the data/basis folder of the program. If interested by basis-set

definitions, have a look at the references available on the basis-set exchange website.
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2. Define variables for the basis-set and the xyz file in ch2_singlet.txt.
basis=sto-3g

xyz_file=CH2_singlet.xyz

3. Add the following command line to create the EZFIO directory.
qp create_ezfio -b ${basis} ${xyz_file}

1.1.2 Generate molecular orbitals through SCF calculation

The first step of any electronic structure calculation is the definition of the (one-electron)
molecular orbitals generated from the basis-set3. This is done by the SCF program (info). A
great introduction to the SCF procedure is provided on Ref. [2].

4. Add the following command in the script file:
qp run scf | tee scf.out

5. Save the script, close it, and enter
qsub ch2_singlet.txt

Appendix 2 gives you an extract of the output. At this stage, do not hesitate to go through the
CH2_singlet.ezfio folder to see the other available informations.

To visualize the wave-function
It is possible to visualize the generated orbitals using molden. For that, you need to add qp run

molden after the calculations command (here after the scf calculation). However, you will need
to copy the .mol file on your own computer as no visualization are possible on master.

From the set of generated molecular orbitals, QP will generate determinants from which you
can get:

• the Hartree-Fock determinant : determinant with the lowest energy.

• configuration interaction states : CIS (HF + singly excitated determinants), CISD (HF +
Singly and doubly excited determinants).

• selected configuration interaction states : CIPSI.

• perturbation theory calculations.

• ... 4

1.1.3 Configuration interaction using single excited determinants (CIS)

We start by launching a CIS calculation and print the determinants.

6. Add the following command in the script file:
qp run cis | tee cis.out

qp run print_ci_vectors | tee ci_vectors.out

7. Save the script, close it, and enter
qsub ch2_singlet.txt

3See slides of the presentation
4A non-exhaustiv list of available programs: A non-exhaustive list of available programs
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In the cis.out file (Appendix 3) you found at the very end, the energy of the state asked (1 =
ground state) and the 𝑆2 value. The later being 0, you have a singlet state. Next exercise shows
you how to treat the triplet state.

If you go back in the file, you find for example the number of determinants generated for the
CIS: 4. I invite you to explore this output file and come discuss the informations you found on
it ! (And don’t forget to go through the ezfio folder for more data.)

In the ci_vectors.out, you can found a representation of the CIS determinants. You should
recognize the singly excited determinants showed in the presentation slide. The coefficients
under each determinants are the 𝑐𝑟𝑎 coefficients.

8. Replace the qp run cis command by any other CI method. For CIPSI, you should write
qp run fci.

1.2 Triplet CH2

1. Create a file, CH2_triplet.xyz, that contains the geometry (xyz file) with coordinates in
Angström.
3

#Triplet state

C 0. 0. 0.1027

H 0. 1.0042 -0.3081

H 0. -1.0042 -0.3081

2. Copy the master_template.txt to ch2_triplet.txt

3. Define variables for the basis-set, the xyz file and the multiplicity.
basis=sto-3g

xyz_file=CH2_triplet.xyz

multiplicity=3

4. Replace the qp create_ezfio line by
qp create_ezfio -b ${basis} -m ${multiplicity} ${xyz_file}

5. Continue following Sec. 1.1 steps.

References
[1] Diptarka Hait and Martin Head-Gordon. “How Accurate Is Density Functional Theory at

Predicting Dipole Moments? An Assessment Using a New Database of 200 Benchmark
Values.” In: Journal of Chemical Theory and Computation 14.4 (2018), pp. 1969–1981.

[2] Attila Szabo and Neil S. Ostlund. Modern Quantum Chemistry: Introduction to Advanced
Electronic Structure Theory. Dover Publications, Inc., 1996.

3



Appendix 1 : qp create_ezfio
q p _ c r e a t e _ e z f i o − Quantum Package command

Usage :

q p _ c r e a t e _ e z f i o [− a ] −b < s t r i n g > [− c < i n t >] [−d < f l o a t >] [−h ] [−m < i n t >]
[−o EZFIO_DIR ] [−p < s t r i n g >] [−x ] [ − −] FILE

Arguments :

F ILE I n p u t f i l e i n xyz format or z−m a t r i x .

Opt ions :

−a −−au I n p u t geometry i s i n a tomic u n i t s .
−b −− b a s i s =< s t r i n g > Name o f b a s i s s e t f i l e . Sea r ched i n

$ { QP_ROOT } / d a t a / b a s i s i f not found .
−c −− charge =< i n t > T o t a l charge o f the mo lecu l e . D e f a u l t i s

0 . For n e g a t i v e v a l u e s , use m i n s t e a d o f
− , f o r ex m1

−d −−dummy=< f l o a t > Add dummy atoms . x ∗ ( c o v a l e n t r a d i i o f the
atoms ) .

−h −−h e l p P r i n t s the h e l p message .
−m −− m u l t i p l i c i t y =< i n t > Sp in m u l t i p l i c i t y ( 2 S +1 ) o f the mo lecu l e .

D e f a u l t i s 1 .
−o −−o u t p u t =EZFIO_DIR Name o f the c r e a t e d EZFIO d i r e c t o r y .
−p −−pseudo =< s t r i n g > Name o f the p s e u d o p o t e n t i a l .
−x −− c a r t e s i a n Compute AOs i n the C a r t e s i a n b a s i s s e t ( 6 d ,

10 f , . . . ) .

D e s c r i p t i o n :

C r e a t e s an EZFIO d i r e c t o r y from a s t a n d a r d xyz f i l e or from a z−m a t r i x
f i l e i n Gauss ian format . The b a s i s s e t i s d e f i n e d as a s i n g l e s t r i n g
i f a l l the atoms a r e taken from the same b a s i s s e t , o t h e r w i s e s p e c i f i c
e l e m e n t s can be d e f i n e d as f o l l o w s :

−b " cc −pcvdz | H : cc −pvdz | C:6 −31 g "
−b " cc −p v t z | 1 ,H : s to −3g | 3 ,H:6 −31 g "

I f a f i l e with the same name as the b a s i s s e t e x i s t s , t h i s f i l e w i l l
be read . Otherwise , the b a s i s s e t i s o b t a i n e d from the d a t a b a s e .
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Appendix 2 : Extract of the scf output (singlet)
( . . . )
Nu c l ea r C o o r d i n a t e s ( Angstroms )
===============================
================ ============ ============ ============ ============

Atom Charge X Y Z
================ ============ ============ ============ ============
C 6 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 1 7 3 4 0 0
H 1 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 8 6 2 3 0 0 −0 . 520200
H 1 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 −0 . 862300 −0 . 520200
================ ============ ============ ============ ============
Minimal i n t e r a t o m i c d i s t a n c e found : 1 . 1 0 6 6 Angstrom
( . . . )
S o r t i n g the map
AO i n t e g r a l s p r o v i d e d :

S i z e o f AO map : 3 . 0 7 4 6 4 5 9 9 6 0 9 3 7 5 0 0 E−003 MB
Number o f AO i n t e g r a l s : 228
cpu t ime : 0 . 3 2 4 2 1 0 0 0 0 0 0 0 0 0 0 1 1 s
w a l l t ime : 3 . 1 3 0 8 3 0 8 2 4 3 7 5 1 5 2 6 E−002 s ( x 1 0 . 3 5 5 3 9 8 2 3 7 2 9 3 9 4 7 )

( . . . )
∗ Nu c lea r r e p u l s i o n energy 6 . 0 4 5 0 6 8 0 1 0 9 6 7 9 3 7
( . . . )
Energy o f the gues s = −3 7 . 8 2 2 0 9 2 2 7 6 4 8 6 4 5 8

==== ================ ================ ================ ================
N Energy Energy d i f f D I IS e r r o r L e v e l s h i f t

==== ================ ================ ================ ================
1 −3 8 . 1 5 2 4 9 6 7 0 2 5 −0 . 3 3 0 4 0 4 4 2 6 0 0 . 1 3 0 2 1 0 2 8 5 5 0 . 0 0 0 0 0 0 0 0 0 0
2 −3 8 . 1 7 0 9 0 8 2 5 0 7 −0 . 0 1 8 4 1 1 5 4 8 2 0 . 0 4 6 8 3 0 7 4 3 6 0 . 0 0 0 0 0 0 0 0 0 0
3 −3 8 . 1 7 3 5 3 1 7 8 9 9 −0 . 0 0 2 6 2 3 5 3 9 2 0 . 0 0 2 7 9 5 8 1 5 5 0 . 0 0 0 0 0 0 0 0 0 0
4 −3 8 . 1 7 3 5 3 6 1 5 8 7 −0 . 0 0 0 0 0 4 3 6 8 8 0 . 0 0 0 3 9 7 6 4 9 3 0 . 0 0 0 0 0 0 0 0 0 0
5 −3 8 . 1 7 3 5 3 6 3 4 7 6 −0 . 0 0 0 0 0 0 1 8 8 9 0 . 0 0 0 0 5 3 7 7 0 1 0 . 0 0 0 0 0 0 0 0 0 0
6 −3 8 . 1 7 3 5 3 6 3 4 9 4 −0 . 0 0 0 0 0 0 0 0 1 8 0 . 0 0 0 0 1 2 1 6 6 9 0 . 0 0 0 0 0 0 0 0 0 0
7 −3 8 . 1 7 3 5 3 6 3 4 9 6 −0 . 0 0 0 0 0 0 0 0 0 1 0 . 0 0 0 0 0 3 4 4 5 9 0 . 0 0 0 0 0 0 0 0 0 0
8 −3 8 . 1 7 3 5 3 6 3 4 9 6 −0 . 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 1 2 0 3 1 0 . 0 0 0 0 0 0 0 0 0 0

==== ================ ================ ================ ================
( . . . )

MOs a r e now ∗ ∗ C a n o n i c a l ∗ ∗
E i g e n v a l u e s
−−−−−−−−−−−
======== ================

1 −1 0 . 9 1 2 1 1 5 1 4 0 7
2 −0 . 7 6 1 8 2 4 8 3 1 0
3 −0 . 4 6 1 8 7 2 1 7 7 6
4 −0 . 2 1 2 8 6 3 5 4 9 1
5 0 . 1 2 5 2 3 7 4 7 3 4
6 0 . 7 2 5 8 1 2 9 6 0 4
7 0 . 7 8 7 2 0 2 1 9 5 1

======== ================
( . . . )
∗ SCF energy −3 8 . 1 7 3 5 3 6 3 4 9 5 7 0 9 0
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Appendix 3 : Extract of the cis output (singlet)
( . . . )
∗ Number o f a c t i v e MOs 7

A c t i v e MOs :
1 2 3 4 5

6 7
∗ Number o f v i r t u a l MOs 0
∗ Number o f i n a c t i v e MOs 0
( . . . )
E n e r g i e s o f the s t a t e s :

1 −3 8 . 3 0 6 2 0 4 5 7 8 5 0 4 3 4 2
∗ Saved d e t e r m i n a n t s 4

D i a g o n a l i z a t i o n o f H u s i n g Lapack
( . . . )
∗ Energy o f s t a t e 1 −3 8 . 3 0 6 2 0 4 5 7 8 5 0 4 3 4
∗ S ^2 o f s t a t e 1 0 . 2 3 5 0 3 6 1 7 6 3 2 9 9 4 2 4 E−26
( . . . )

Appendix 4 : Extract of the print_ci_vector output (sin-
glet)

Determinant 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 7 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 F
|+++−+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−|
|++++−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−|

0 . 7 0 1 7 0 4 7 2 8 4 2 2 E+00

Determinant 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 F | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 7
|++++−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−|
|+++−+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−|

0 . 7 0 1 7 0 4 7 2 8 4 2 1 E+00

Determinant 3
0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 7 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 F
|+++−−−+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−|
|++++−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−|
−0 . 8 7 2 3 8 0 3 1 3 3 3 1 E−01

Determinant 4
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 F | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 7
|++++−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−|
|+++−−−+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−|
−0 . 8 7 2 3 8 0 3 1 3 3 3 1 E−01
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