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«Ab initia

sLimited to tens of atoms and best performed using a supercomputer,

*Can be applied to organics, organo-metallics, and molecular fragments (e.q.
catalytic components of an enzyme).

“Vacuum ar implicit solvent environment,

+Can be used to study ground, transition, and excited states (certain methods).
+Specific implementations include: GAMESS and GAUSSIAN.

*Semi empirical

'Limited to hundreds of atoms.

«Can be applied to organics, organo-metallics, and small oligomers (peptide,
nucleotide, saccharide),

*Can be used to study ground, transition, and excited states (certain methods).
+Specific implementations include; AMPAC, MOPAC, and ZINDO

Hello everyone, welcome to the course on computer aided drug design, we will continue on the
topic of quantum mechanics. I did introduce 2 different quantum mechanics method; one is
called the Ab initio method, other is called the semi empirical method. The Ab initio method is
detailed calculations, very accurate, so it is limited to tens of atoms only okay, so we need a

very good computational resource.

It can be applied to organics, organometallics, molecular fragments and so on; enzymes and so
on, it can be done in vacuum or implicit solvent okay, we can look at ground state, transition
state, excited states okay, some of these software's like GAMESS, Gaussian they all work on
Ab initio. So, it is not really useful for computer aided drug design, semi empirical methods or

that way much more relevant for us.

We can go quite lot hundreds of atoms unlike tens of atoms okay, this can be applied to
organics, organometallic, small oligomers, peptides, nucleotide, saccharides, we can look at

again ground, transition excited states but a little bit approximate, so there are many methods;



AMPAC, MOPAC, ZINDO and so on. Of course, the other one molecular mechanics, which we

spent a lot of time in the previous classes, is good for thousands of atoms.

And generally we use that for docking purposes, so for limited active site maybe you can go
into this side of semi empirical methods okay whereas, rest of the protein you use molecular
mechanics method, so nowadays a combination of semi empirical methods and QM methods
are coming into MMQM, so predominantly we use MM method and only the active site, you
use a QM method, so that your computational effort is not too much.
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Born-Oppenheimer Approximation
Decouples the electronic and nuclear degrees of freedom. Assumes the
nuclear centers of mass are fixed for a given calculation. | &., the wave
function is parameterized with respect to the nuclear coordinates.

Hartree-Fock Approximation

The many electron problem is approximated by a sequential calculation of
the response of the i" electron in the average potential of the rest of the
electrons. This one-electron operator is called the Fock operator.

So, we looked at some approximations, one the most important is the Born-Oppenheimer
approximation. What it does is it reduces the degrees of freedom between decouples the
electron and nuclear degrees of freedom, so they assume; this approximation assumes that the
nucleus is fixed, so we have only degrees of freedom for the electrons okay. Then came the

Hartree-Fock; this is a very important one as well.

So, the main electron problem is approximated by a sequential calculation, so you take the ith
electron and you take the average potential of rest of the electrons and then see the interaction
okay, so it becomes one electron operator. Then you take the next electron, then take the
average of rest of the electrons and then see the interaction. So, you do not look at all the
electrons which maybe; if you look at each electron interacting with the remaining electron, you

are going to have huge number of calculations.



Whereas, by doing this you reduce the calculations tremendously but still Ab initio methods
take more time, so semi empirical methods take care of many of these calculations using as
certain fitted equations and parameters.

(Refer Slide Time: 03:43)

Semi-Empirical Methods

sParameterize the Hamiltonian by fitting it to experimental data or
the results of first principles calculations.

*These calculations are less demanding but less accurate.

*They cannot be applied to systems which are radically different
from those used in the parameterization procedure.

+Can be used to obtain heats of formation, ionization potentials,
optical spectra, electrostatics

Some of the major methods in Ab initio GAMESS and Gaussian, semi empirical method; so
parameterize the Hamiltonian by fitting into experimental data or results from Ab initio, so
these calculations in semi empirical are much less demanding unlike Ab initio and they cannot
be applied to systems which are radically different from those used in the parameterization. It
can be used for heat of formation, looking at ionization potential, optical spectra, electrostatic.
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Semiempirical Molecular Orbital Methods

«Semiempirical approximations involve the neglect of three- and four-
center integrals arising in the J and K terms of the Hartree-Fock
equation.

*For malecules with large numbers of electrons, evaluation of these
integrals can be computationally impractical.

Experimentally determined parameters (or in some cases,
parameters determined from ab initio calculations on model systems)
are used to compensate for the missing integrals,

*Such parameters are obtained from measured or calculated
ionization potentials, electron affinities, and spectroscopic quantities.

So, we can simulate some of the spectroscopic behaviour of molecules and so on, so the

molecular orbital methods, most of the semi empirical methods are based on molecular orbital,



so it approximates neglect of 3 and 4 center integrals in the J, K terms of the Hartree-Fock
equation okay, so some methods give certain parameters or certain equations to consider these

three and four okay.

So, for molecules large number of electrons evaluating of these integrals can be very
computationally challenging, experimentally determine parameters or sometimes from the Ab
initio for compensate the missing integrals three and four okay, so it can be obtained from
measured or calculated from ionization potentials, electron affinity, spectroscopy and so on.
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Semiempirical HF Methods

1 Extended Huckel Theory (EHT) - FORTICONS.

2 Complete Neglect of Differential Overlap (CNDQ) and enhancements
(CNDO/M, CNDQ/2, CNDO/S, etc.).

3.Intermediate Neglect of Differential Qverlap {INDQ),

4.Modified INDO (MINDQ) and enhancements (MINDO/2, MINDO/2', and
MINDO/3) - AMPAC (MINDO/3 only).

5 Michael Zemer's INDO (ZINDO) - ZINDO.

6.Modified Neglect of Diatomic Overlap (MNDO) - AMPAC, MOPAC, Gaussian.
7 Austin Model 1 (AM1) - AMPAC, MOPAC, Gaussian.

8 Parametric Method 3 (PM3) - AMPAC, MOPAC, Gaussian.
9.5emiChem Austin Model 1 (SAM1) - AMPAC. Explicitly freats d-orbitals,

So, some of these methods, large number of methods are there for semi empirical methods okay
CNDO, CNDO/1, CNDO/2, CNDOS then intermediate neglect of differential overlap INDO,
we looked at the some of those definitions yesterday then MINDO that is modified INDO, then
we have the AMPAC, then we have the INDO ZINDO, then modified neglect of diatomic
overlap MNDO, MOPAC is there, MOPAC takes care of that.

Then we have AMI1, Austin model 1, then parametric model PM3, then SAM1 and PM3 has
become even PM6, so large number of semi empirical methods generally, MOPAC is a good
program and we can use these methods which are really good for your calculations.
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Semi-Empirical Approximations

« “Ignoring” of core electrons
— Core electrons reduce nuclear charge

— Introduction of function to model combined
repulsion due to nuclei and core electrons

Jensen, F. Introduction to Computational Chemistry. John Wiley & Sons,
England 1999, 81,

So, what it does is; it ignores core electron; semi empirical method, so it takes only core
electrons reduce nuclear charge, introduction of function to model combined repulsion due to
nucleus and core electron. So, you have function which take care of that rather than using
integrals okay. This is taken from this reference, a minimum basis set of functions to account
for valence electrons okay.
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Limitations

~1000 atoms, due to diagonzalization of Fock matrix
Calculations are extremely close, but not exactly

Unable to predict unknown compound types
No guarantee to trust calculations

So, we have a basis set, I will be defined what is the minimum basis set, so we take that to
model the valence electrons that is electrons in the outermost orbit. So, what are the limitations?
We can do thousands of atoms due to diagonalization of Fock matrix, calculations are
extremely close but not exact, it cannot predict for unknown compound, so you need to keep
that in mind, cannot predict for unknown molecules and unknown compounds.
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Advantages

Once atom has been parameterized, all possible
compounds can be calculated

Ability to describe bond breaking and forming

reactions

Provide methods for calculating electronic wave
functions

Save on amount of time for calculations

So, sometimes you cannot trust the calculations because there are lot of parameterization and
equation fitting. but once the atom has been parameterize to all possible compounds can be
calculated, so that is the advantage and for especially for drug discovery, we are talking about
carbon, nitrogen, oxygen and sulphur maybe chlorine, so there is no problem at all okay, mostly

for drug discovery, semi empirical methods can be used without any problem.

So, it can look at bond breaking and forming reactions that is very important. Suppose I am
making a prodrug, as you know prodrugs are not really drug but molecules which go inside the
body and they get broken because of action of some enzymes, then the active ingredient comes
in, so we can look at bond breaking energies for that bond forming reactions also we can look

at.

Whereas molecule mechanics methods cannot be used for that, that is the main advantage of
semi empirical quantum mechanics method. We can look at electronic wave functions also
okay, that is another advantage of that, so we can look at energies of various orbitals, we can
calculate them that is another advantage. So, what is the energy difference if you want to move

an electron from one orbital to one unoccupied orbital, so we can do that sort of calculations?

And of course, it saves lot of time for calculations although it is quantum mechanics, it is much
faster, so we get lot of information but with less amount of time, so that is the advantage of
using semi empirical methods okay.
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Summary

+ Semi-Empirical methods === relatively-reliable, time-
efficient calculations of chemical systems via minimal
basis sefs

+ Some good methods:
- NDQ's, MINDO, AM1, PM3

So, semi empirical methods relatively reliable, time efficient calculations of chemical systems
by a minimal basis set, so that is the main advantage of a semi empirical method, it is relatively
reliable, time efficient calculations chemical system, so we can look at the bond breaking, bond
forming, moving activated state, ground state of molecules, so we can look at all these energy

values using this electronic energy, nuclear energy.

So, we can calculate all that using semi empirical method, so some good methods like I
mentioned; neglect of differential orbitals okay, AM1, PM1, PM3, they are all very good
methods actually okay, so these are all really good methods, okay.
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List of quantum chemistry and solid-state physics software
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Let us look at one of those website, where there are a lot of methods are given in this website

okay, so you see a list of quantum chemistry and solid state physics software's, huge number of



softwares are given, so this is a very nice resource for you guys, so have a look at it, licensed;
academic license generally we get it free commercial means, you may have to pay, so these are

the various packages.

So, we can look at what these methods are by clicking on that so, you can see so many different
MOPAC, commercial is also there, academic is also there, so if you show that your academic
they give you a license key okay, so large number of methods you can see this okay, so many
different methods, the language they have used Fortran 1995, okay basis set, what is the basis

set?

They have used okay molecular mechanics calculation, some of them do molecular mechanics
as you can see, SSS some of them cannot do, semi empirical calculations some of them can do,
some of them cannot do okay, Hartree-Fock calculation; some of them can do, some of them
cannot do, density function method; some of them can do okay and so on, so large number of

methods we can use.

As you can see some of them are academic, so it is free, free academic, academic, free, free
okay, some of these are downloadable, executable some of them needs to be compiled, so if you
need to compile them obviously you may require certain library functions and all those things
actually and so if you get a help from some IT person, it is easy for you to compile them, so you
can see free, free, free, free academic.
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Academic means you get academic license claiming that you are a student or a faculty, free
GPL, so we can see free, free of them okay, quite a lot of these methods. So, look at this
Columbus, as for example if you click on that Columbus, the computational chemistry software
suit for calculating Ab initio molecular electronic structures designed as a collection of
individual okay.

(Refer Slide Time: 12:23)
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It has got of course; Ab initio, so it has got a Hartree-Fock self-consistent field and so on, so let
us look at something which has got semi empirical also. AMPAC is there, there is an academic,
so AMPAC is a general purpose semi empirical, marketed by SemiChem was developed
originally by Michael Dewar, so in some methods are now a graphical user interface, whereas
the older methods will not have graphical user interface okay.
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External links [«




So, look at some other semi empirical method; DFT is there, DIRAC, Dmol3, these are all
commercial methods, MOPAC is academic, so that means you have to show that you are in
academic and then it also has the semi empirical okay, so we can go to MOPAC okay, so this is
a very popular; MOPAC is a very popular computer program using computational chemistry,

semi empirical quantum chemistry.

MOPAC has a several thing; PM7, PM6, PM3, AM1, MNDO, RM1, so I would suggest that
you should go for MOPAC 2016 okay, so it is for academic, it is free, various methods are
there, so many different methods for calculating the molecules is there, it is good for; very good
for small molecules and enzymes okay, so MOPAC is available in Windows, Linux, Macintosh,
so if you can get completely downloadable MOPAC16 claiming that you are an academic.
(Refer Slide Time: 14:10)

o

MOPAC2016 is available free for academic, not-for-profit use

http://openmopac.net/Download MOPAC_Executable_Step2.html

http://www.scbdd.com/mopac-optimization/optimize/

Then you can start using and you can use all these various semi empirical methods; PM6, PM3,
PM1, MNDO, RM and so on, so it is really nice to have them okay. For example, let us look at
the MOPAC, as I said MOPAC 2016 is available free for academic and non-profit
organizations, so I suggest that you all get that and then start using some of the semi empirical
methods okay.
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So, you see MOPAC2016, so you can get a license okay, so you have download standalone 32
bit MOPAC2016 for Windows, you can get here license from them, once you get the license
you can run the program and insert the license key okay, so as you can see here, it gives you zip
okay then we can run and then we can put the license key inside and so on actually, so it is not
difficult okay.

(Refer Slide Time: 15:19)
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So, but in order to get a license, you need to go okay to get a license okay, so okay, so if you
give the name of the institutions; name, city, state, country, email address for a license key, so
email address has to match your academic institution okay, so that they will confirm it is a
bonafide academic institution okay, from bonafide academic institution is required okay, so you

cannot give any email id, which does not reflect your institution.



So, if you do that and you submit to that particular mail, you will get the license key and once

you do that we can download like I said we can download and then okay, we can download the

32 bit version and then incorporate the license key, so it is one of the best semi empirical

methods I can think of.
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What is MOPAC2016™ 7

MOPAC2016 is the succavsso[—h: MOPAC2012. MOPAC2012 will no longer
be supported. Customers with MOPAC2012 support will be able to upgrade
to MOPAC2016 at no cost

What's new in MOPAC2016™ 7

* Improved handling of large biomolecules. This includes the ability
1o more easily manipulate macromolecules, e.g., to ionize and de-
ionize individual atoms and residues. superimposition and
calculation of RMSD for pairs of systems, and easier specification of
individual atoms.

New in MOPAC 20127

= The semisempirical method PM7. This has improved accuracy for
systems that were not used in the parameter optimization process.
New in MOPAC20097™

* The MOZYME function. This is a linear-scaling SCF technique
suitable for modeling proteins

re i i Jisch A o

MOPAC is a software which can be used for calculating the semi empirical quantum mechanic

features of any molecule, it is
type of calculation.
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What MOPAC is

MOPAC2016

PM7

Recent publications
GPU

References
and Citations
Instructions and
Manual

Maintenance record

PM&

a free software downloadable and as I mentioned it can do PM3

MOPAC®

MOPAC (molecular Orbital PACkage) is a semiempirical quantum chemistry program based on Dewar and Thiel's
NDDO approximation.  Most users use MOPAC with a Graphical User Interface.

MOPAC2014 Is MOPAC2012 with improved handling of blomolecules. If a bug Is detected, please send a message by
E-mall to MrMOPAC@ATT.net, along with an example lllustrating the bug. If you qualify for Academic not-for
profit use and already have a password for MOPAC 2012, o straight to download, otherwise request a password
and download. For commercial and governmental prices, see Prices

Instructions for use with Chem3D.

Commercial users in Europe and America, please contact CAChe Research (see Resellers)
Commercial users in Japan, please contact MOL 815 Inc,
Commercial users in Korea, please contact KRELS I&C

PM7 s a modified form of PM6. A few errors in NDDO theory that affect large systems have been removed. All
atomic and diatomic parameters were re-optimized, Average errors in organic compounds have been reduced by
~10%, and errors in large organics and solids have been significantly reduced, see EM7 Accyracy.

Abstracts of recent articles, and links to files that were used for generating the results, can be viewed.

Recently, MOPAC2016 was modified to allow NVIDIA GPU acceleration to be used, for details, see GPU, this allows
large systems that do not use MOZYME to run between two to just over three times faster than with just MKL and
parallelization. MOZYME jobs do not run faster when a GPU chip s used. Read Requirements for GPU MOPAC before
installing it.

MOPAC2016 MOPACIO09, PMé, PMT

Amanyal is available for MOPAC2016. Please try finding answers to questions there before sending an E-mail
message requesting help. For individual topics of interest, see Discussion Topics.

MOPAC2016 is under constant maintenance. If your copy of MOPAC2016 does not work correctly, check the
maintenance record to see if there is a more up-to-date version.

PM& s a re-parameterization of the NDDO method. Three modifications to the appraximations were made, these
mainly affect the way the core-core interaction was defined. Parameters were optimized for most elements, the
exceptions being 12 of the lanthanides and all of the actinides. The lanthanides can be represented by sparkles.
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And now currently, it does a PM7 type of calculation, so we can download and then we can

install that and then we can get the semi empirical features of molecules.
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For example, let us take aspirin; aspirin you need it in the dot MOP file, we can use open babel
to convert as I said any format any format, so aspirin we can download the mol2 or SDF file
from zinged.

(Refer Slide Time: 17:05)

7| aspumop - Notepad
File Edt Format View Help

(5 yMME TRY

Aspirin

C -1.42380 1 1.42210 1 1,35550 1
o 1.34410 1 -0.08130 1 1.19040 1
0 =1.45320 1 -0.73780 1 2.19880 1
o -1.1519%0 1 -0.69140 1 O.00930 1
C -0.98220 1 -2.037%0 1 0O.00800 1
C 0. 29350 1 -2.57900 1 ©0.05770 1
C 0.46470 1 -3.94910 1 O0.05570 1
C -0.63300 1 -4.79330 1 0. 0470 1
C -1.90780 1 -4.27390 1 -0.04470 1
C -2.09660 1 -2.88820 1 -0.03790 1
C =3.45640 1 =-2.32570 1 -0.08440 1
o -4.42560 1 -3.07110 1 -0.12430 1
o -3.61700 1 -1.11300 1 -0.08300 1
H 1.58150 1 1.73170 1 2.29080 1
H =-0.49320 1 1.85220 1 0.B88750 1
H -2.25440 1 1.76980 1 0O.64340 1
H 1.15430 1 -1.92800 1 0.09760 1
H 1.46050 1 -4.36540 1 0.09380 1
H -0.4B820 1 -5.B8635%0 1 0.00320 1
W -2.76040 1 -4.93570 1 -0.08440 1

And then we can use open babel to convert, so if you look at the aspirin, this tells you the XYZ
coordinates okay, tells you the XYZ coordinates and then okay, so and then it also tells we can
optimize the structure, so basically MOPAC can optimize using semi empirical methods, so you
have carbon, carbon, oxygen, carbon and what are the various XYZ coordinates of each one of
them, so you can see carbon oxygen hydrogen.

(Refer Slide Time: 17:58)



asp.out - Notepad

= cite this program as: MOPAC2016, wersio
* Stewart Computational Chemistry, web: HTTP:

CALCULATION DOME: wed Jan 31 13:20:25 2018

SYMMETRY SYMMETRY CONDITIONS TO BE IMPOSED
T A TIME OF 172800.0 SECONDS REQUESTED
DUM P = - RESTART FILE WRITTEN EVERY 7200.000 SECONDS

PARAMETER DEPENDENCE DATA
REFERENCE ATOM FUNCTION NO. DEPENDENT ATOM(S)

DESCRIPTIONS OF THE FUNCTIONS USED

SYMMETRY
Aspirin
ATOM  CHEMICAL X ¥ z
NUMEER SYMBOL (ANGSTROMS ) (ANGSTROMS ) (ANGETROMS )
1 © -1.42380000 = 1.42210000 1.25770000 =
s < -1. 34410000 - -0. 081 30000 1.19040000 it
3 o -1.45320000 - -0. 73780000 2.19880000 -
4 o -0 0.00930000 =
H < -2 0. -
6 < 2 0. -
7 < -3 0. N
8 < -a 0. -
9 [ -4 -0. ~
10 < 0. "
11 < 2 0. -
12 o 3 -0. -
13 o 1 -0. -
14 H 1.7 2.29080000 =
15 H 1.85220000 0.BET 50000 N
16 H 1. 76980000 0. 64340000

So, everything is there, this is called a dot MOP file, we can give that okay. Now, we can run
this using MOPAC and I have it on my desktop in the back, so I just say aspirin MOPAC and
then they transit okay, so you get the aspirin out file. The out file gives you all the information;
the semi empirical information, so it runs a PM7 calculation okay, it gives you the symbol, the

coordinates has given by us okay.

Then, it does; in this particular case, I think 10 different conformation, we can give 100, 200 so
that you get the best minimum energy conformation based on electronic semi empirical
calculation. So, as you can go, it gives you a lot of electronic features okay electrons and so on
okay, then gives you the heat of formation, total energy, electronic energy, core repulsion all the

information okay, molecular weight, Lumo, ionization potential.

So, everything that is related to electronic is given using MOPAC okay that is the usefulness of
having MOPAC because the force field or molecular mechanics calculations cannot be used for
getting these type of electronic information okay, it gives you the heat of formation and gives
you electronic energy, core repulsion everything, okay all related to and it uses this particular
case PM7 as | mentioned here.
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So, we can give different types of semi empirical method also for doing the calculation, we can
play around with that and MOPAC is very, very useful for us to run and we can view the
structure of this using a software called and jmol which we have okay, this is software called
jmol and so we can look at the structure of the output from MOPAC, okay so we can look at the

structure as you can see here.

This is the aspirin which I have done okay, we can use in the jmol and as you know jmol has lot
of features which it can calculate lot of information, whatever data which we have collected
from MOPAC okay, actually we collected from MOPAC that is the advantage of using this
particular software, we can do measurements, we can look at distances and we can vibrate, we
can do vibration.

(Refer Slide Time: 22:13)
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So, many things can be done; surface tools, okay all the spectra as we can simulate spectras
okay, so we can simulate by NMR spectras, all these can be done using jmol, that is the beauty
of this software and you need this software if you want to look at the output from the MOPAC,
surface tools, look at the surfaces and so on okay.

(Refer Slide Time: 22:41)

ChemDes

An integrated web-based platform for molecular descriptor and fingerprint computation %

9 What is ChemMOP?
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Then, look at this particular resource also, this is also very useful, SE BDD; okay, so what it
does is; we can input the smile and then we can select which method, so it will create files;
output file format based to that method and then we can go to MOPAC, say 2012 or MOPAC
2016 and run that okay, so basically this particular page helps you to create files, we can input
the smile file very simple okay.
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And then we can select which method you want to file for okay and then select the output file
and then we submit and then you get the output file in that particular format for that method and
then we go to MOPAC and run that particular system. So, it can be done for MNDO, MNDOD,
AMI1, PM3, 1 said PM6 is a reparamerization of the NDDO okay, 3 modifications to the

approximations made.

Beside that all main group elements are transitional or parameterized in PM6, so you get all the
main group elements and transition metals okay. PM7 is a modified version of PM6, a few
errors in DDO theory are improved on that. PM3 uses a Hamiltonian that is very similar to M1
okay, Hamiltonian but the parameterization strategy is different, AM1 has parameterization

largely based on a small number of data.

PM3 is parameterization which large number of molecular properties okay, so PM3, I would
use rather than M1, whereas PM6 is taken re- parameterization of NDDO method, so MOPAC
contains all these different methods, as you know MNDO modified NDO; neglect of diatomic
overlap for the quantum calculation of molecular electronic structures. It is based on the neglect
of differential diatomic overlap integral approximation okay.
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So, this can do all these calculations, this software is web based software is very useful, we will
look at it later in the course of our work okay because it calculates many molecular properties,
it calculates many molecular properties, large number of properties or it is called descriptors;
molecular descriptors, once we give the molecular structure okay, so we can sign in or we can

use as a public also and then we can do this type of calculations.



We will come to that when we talk about QSAR, looking at descriptors and so on actually okay,
so what does that mean? So, we come to the end of the quantum chemical techniques, so
quantum chemical techniques basically deal with the Ab initio and semi empirical Ab initio
method is a very detailed type of calculations, so it can be done only for a few atoms but not for

large set of atoms.

Even for doing that you need to use certain approximations like Born-Oppenheimer
approximations and Hartree-Fock type of approximation okay, so whereas semi empirical
method, parameterises many of these calculations, it takes in some equations thereby it
simplifies the number of calculations involved but advantage of this is we can still use it to

determine electronic energy, we can use it to determine the nuclear energy.

We can use it for finding bond; energy required for bond breaking, bond formation, we can look
at energies of transition state, the ground state and so on actually, which cannot be done with
molecular mechanic’s method. So, molecular mechanics methods have limitations although it is
very, very fast, highly parameterised, the force field methods are highly parameterised but it

cannot do the chemistry related calculations.

So, you need to go for quantum mechanics methods and basically these are there and in semi
empirical method, MOPAC is one of the best packages I would recommend, which is free for
academic users and so it can do lot of semi empirical calculations based on say, AM1, PM3,
PM6, PM7, okay, neglect of differential, NDO type of methods, so as I said it is free, you can

download it get the license and start using them.

And it can give you a lot of information regarding the molecule under study okay, so we will
continue further on the computer aided drug design in the next class as well. Thank you very

much for your time.



