
CHAPTER 4

D E T A IL  OF C A L C U L A T IO N S

In this chapter, detail of the investigations regarding first part of the semi­
automatic Fortran program have been given. These focus on how to generate 
complex configurations.

The selected configurations are used by the Gaussian 98 program [24], which 
is one of well known programs for quantum chemical calculations, to calculate total 
energy of the complex as well as those of individual molecules or ions. The outputs 
of the Gaussian program are extracted automatically in order to get interaction 
energy of the pair.

The program name is “G E N E R A TE” version 1.0. The source code was 
written in FORTRAN-77 running in the UNIX system. See the manual of the 
program in appendix. The program was separated into three parts:

1. Reading initial input file,

2. Selection o f representative geometries of the pairs,

3. The ab initio  calculations.

The flowchart o f the G E N E R A T E  program is shown in Figure 4.1.
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Figure 4.1 The sequence of G E N E R A TE  program version 1.0.

4.1 Reading initial input file 

S u brou tin e R e a d ln p u t

This routine reads all information from the input file and keep them for 
processing. The initial input file structure is shown in Figure 4.2. And the example 
initial input file forNH3-Li+ system is shown in Figure 4.3.
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method
head
basis
change3 spin3 -'V

y Section 1

ท_monol 
change 1 spinl 
coordinates of molecule A

>- Section 2

ท_mono2 
change2 spin2 
coordinates of molecule B

► Section 3

ท_interval A 
start_interval(l) end_interval(l) drinterval(l) 
start_interval(2) end_interval(2) dr_interval(2) Section 

> 4

start_interval(n_interval) end interval(n interval) dr_interval(n_interval)>
start_A(l) end_A(l) 
start_A(2) end_A(2) 
tum_A(l)
turn~A(2) ->

* Section 5

start_B(l) end_B(l) 
start_B(2) end_B(2) 
start_B(3) end_B(3) 
tum~B(l) 
tum_B(2)
tum_B(3) J

V. Section 6

Figure 4.2 The initial input file structure.
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# R H F
d 9 5  *  *
1  1

4
0  1
N 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0
H 0 . 9 3 7 7 6 0 0 . 0 0 0 0 0 0 - 0 . 3 8 1 4 7 0
H - 0 . 4 6 8 8 8 0 - 0 . 8 1 2 1 2 0 - 0 . 3 8 1 4 7 0
H - 0 . 4 6 8 8 8 0 0 . 8 1 2 1 2 0 - 0 . 3 8 1 4 7 0

1
1  1
L i 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0

4
1 . 5 1 . 7  0 . 1
1 . 7 3 . 0  0 . 0 5
3 . 0 6 . 0  0 . 5
6 . 0 1 0 . 0  2 . 0

0 1 8 0
0 6 0
3 0
3 0

0 0
0 0
0 0
0
0
0

Figure 4.3 Initial input file for NH3-Li+ system,
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The initial input file is separated into six sections. First section contains 
parameters necessary for Gaussian 98 program, number of cases for calculated the 
interaction energies, namely the SCF method and names of the basis set, and the line 
giving the charge and spin multiplicity of complex. Second section is details of 
monomer A, that are number of atoms of monomer A and followed by the 
molecular. The molecular specification section begins with a line giving the charge 
and spin multiplicity of the molecule: charge = 0 (neutral molecule) and spin 
multiplicity = 1 (single) in this case. The next lines describe location of each atom in 
the molecule using Cartesian coordinates. The third section is the same as section 2 
but it is for monomer B, Li+ for this example. The first 3 sections are required for the 
Gaussian 98 program in order to calculation total energies of the super-system and 
sub-systems, and hence interaction energy of the systems. The last three sections 
contain parameters required for generating complex configurations. More details are 
given in 4.2.

The flowchart of part 1 is shown in Figure 4.4.
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^  P a rt 1 ^

\ /

/  M e th o d  fo r  ab in itio  c a lc u la tio n s  /

\ L________________________
j  H ead  fo r  ab in itio  c a lc u la t io n  j

\ เ
j  B as is  set เ

\ /
j  C ha rge  and s p in  m u l t ip l ic i t y  fo r  the  c o m p le x  j

\ L________________________________
/  D e ta ils  o f  m o le c u le  A  /

\ เ
/  D e ta ils  o f  m o le c u le  B  /

\ เ
j  B o u n d a ry  o f  m o le c u le  A  j

__ _______ \ /
j  S ym m e try  o f  m o le c u le  A  j

\ เ
/  S ym m e try  o f  m o le c u le  B  j

\ เ

V  E nd  )

Figure 4.4 The flowchart of part 1 ; Reading initial input file.
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4.2 Selection o f representative geometries o f the pairs 

Subroutin  e Gen erate_ Configuration

The input that this subroutine requires is the last three sections of the initial 
input file structure shown in Figure 4.2.

Details of the related parameters are:

ท_interval ะ number of interval of r 
start_interval(l) : minimum value of interval 1 
end_interval(l) ะ maximum value of interval 1 
dr_interval(l) ะ Ar of interval 1

start_interval(n_interval) : minimum value of interval ท_interval 
end_interval(n_interval) ะ maximum value of interval ท_interval 
dr_interval(n_interval) ะ Ar of interval ท_interval

start_A(l) ะ lower bound of 9 
end_A(l) ะ upper bound of 0 
start_A(2) ะ lower bound of <j) 
end_A(2) ะ upper bound of (j) 
tum_A(l) ะ A0 
tum_A(2) : A(j)
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startJB(l) : lower bound of a  
end_B(l) : upper bound of a  
start_B(2) : lower bound of p 
endJB(2) ะ upper bound of p 
start_B(l) : lower bound of Y 
end_B(l) ะ upper bound of Y 
tum_B(l) ะ Aa 
tum_B(2) ะ Ap 
tum_B(2) : Ay

The flowchart of this subroutine is shown in figure 4.5.

This routine gets the input from subroutine R ead  ln p u t. Then, numerous 
position of molecule B around A can be automatically generated.
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r  P a r

\

Ï D

s '  C a rte s ian  coo rd ina te s  o f  m o le c u le  A  yS

\ L__________________________

^ y Z ' '  C a rte s ian  coo rd ina te s  o f  m o le c u le  B  ^ y Z ^

\ เ  .
y s '  B o u n d a ry  o f  m o le c u le  A  y Z ^

\ เ
y Z ^  S ym m e try  o f  m o le c u le  A  y Z ^

\ เ
^ z ' '  S ym m e try  o f  m o le c u le  B  ^ y Z ^

\ เ
G ene ra te  c o n f ig u ra t io n  o f  m o le c u le  B

\ เ
^ y Z ' '  W r ite  the  o u tp u t f i le  ^ y Z ' '

C z
ad ^

Figure 4.5 The flowchart of subroutine Generate_Configuration.
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4.3 The ab  in itio  calculations

In this step, quantum chemical calculations have been performed for the 
aforementioned configurations using Subroutine C a lc u la te e n e rg y . All calculations 
are run using Gaussian 98 program with the parameters selected from Figure 4.2.

S ubrou tine C alcu la te energy

The routine is designed to calculate interaction energy for the following 3 
choices: either with or without BSSE corrections or both.

Part I Calculated interaction energies without BSSE corrections.

To calculate interaction energy of the complex without BSSE corrections, 
the total energies (in atomic units) of the sub-systems were calculated once and 
were kept constant throughout the computation. Then the total energies of super­
systems were calculated with respect to each configuration of B, which are 
generated from subroutine G enerate_C onfiguration . Then A E scf has been 
computed using equation (3.1).

Part II Calculated interaction energies with BSSE corrections.

With the BSSE corrections, the total energies of the two subsystems and of 
the complex have to be calculated for all configurations. That means that time 
requirement for this procedure is almost twice of those calculations without BSSE 
corrections. The A E scf has been computed using equation (3.10). The example input 
file for Gaussian 98 program shown in Figure 4.7.



T h e  f lo w c h a r t  o f  th is  s u b ro u t in e  is  s h o w n  in  F ig u re  4 .6 .

Figure 4.6 The flowchart of subroutine Calculate energy.



# R H F /d 9 5 * M a s s a g e

g 9 8

0  1
N 0 . 0 0 0 0 0 0
H 0 . 9 3 7 7 6 0
H - 0 . 4 6 8 8 8 0 -
H - 0 . 4 6 8 8 8 0
N 0 . 0 0 0 0 0 0
H - 0 . 0 8 3 0 7 2
H 0 . 1 1 9 9 5 7 -
H - 0 . 8 9 5 1 9 3 -

5  0 o o

6  0

o๐

7  0

๐๐

o00 ๐๐

. 0 0 0 0 0 0  0 . 0 0 0 0 0 0

. 0 0 0 0 0 0  - 0 . 3 8 1 4 7 0

. 8 1 2 1 2 0  - 0 . 3 8 1 4 7 0

. 8 1 2 1 2 0  - 0 . 3 8 1 4 7 0

. 0 0 0 0 0 0  1 0 . 0 0 0 0 0 0  

. 9 8 5 7 2 1  1 0 . 2 1 5 3 2 7

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

. 4 2 0 9 1 8  1 0 . 2 1 5 3 2 4

0
0
0
0
0
0
0
0

Figure 4.7 The input file for Gaussian 98 program for 
calculate with BSSE corrections.
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