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QM geometry optimization of alanine

A PDB file of alanine 
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QM geometry optimization of alanine
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QM geometry optimization of alanine

Geometry optimized 
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QM geometry optimization of alanine

Final geometry 
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QM geometry optimization of alanine
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QM geometry optimization of alanine

Atomic charges 



Page  9

QM geometry optimization of alanine

Geometry optimized 
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QM oscillations of alanine

Coordinates after 
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QM oscillations of alanine

Molecular oscillations 
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QM oscillations of alanine
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QM oscillations of alanine
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QM oscillations of alanine

IR intensity as a function 
of oscillation frequency 
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QM electrostatic potential of alanine

Copy and paste 
optimal geometry 
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QM electrostatic potential of alanine

Electrostatic 
potential at the 
atomic positions 
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QM electrostatic potential of alanine

Final values of the 
electrostatic 
potential at the 
atomic positions 
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QM electrostatic potential of alanine
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at the grid points 
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QM electrostatic potential of alanine

Definition of the grid 
points 

Number of grid points 
in the x direction 
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QM electrostatic potential of alanine

Results are written in 
the plot.esp file
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QM electrostatic potential of alanine

Electrostatic potential 
at one points
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QM electrostatic potential of alanine

Three diemsional grid 
definition
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QM electrostatic potential of alanine

Results of electrostatic 
potential grid calculations
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QM geometry optimization of cytosine

Initial geometry of 
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QM geometry optimization of cytosine

Initial geometry of 
cytosine 
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QM geometry optimization of cytosine

Geometry optimization 
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Basis set 
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QM geometry optimization of cytosine

Geometry optimization 
is converged 



QM geometry optimization of cytosine

Converting qchem 
output into a PDB file 
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QM geometry optimization of cytosine

Final geometry of 
cytosine 
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QM molecular oscillations of cytosine

Coordinates after 
geometry optimization 
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QM molecular oscillations of cytosine

Frequency calculations 
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QM molecular oscillations of cytosine

Calculations are finished 
correctly 
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QM molecular oscillations of cytosine

Frequency (cm-1) 

IR Intensity

Atomic 
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QM molecular oscillations of cytosine

Generating two pdb files 
of a molecular oscillation 
from q-chem output
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QM molecular oscillations of cytosine

The program generates 
two PDB files of two 
phases of the oscillation
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QM molecular oscillations of cytosine

Visualization of the 
molecular 
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QM electrostatic potential of cytosine

Optimal coordinates after 
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Details of the plot 
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QM electrostatic potential of cytosine

Results of the grid 
calculations are written in 
the plot.esp file
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QM electrostatic potential of cytosine

Executing the 
converting 
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QM electrostatic potential of cytosine
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QM electrostatic potential of cytosine

Visualization of 
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Plane cut through 
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Plane cut through 
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QM geometry optimization of alanine and water
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QM geometry optimization of alanine and water

Initial coordinates of the 
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QM geometry optimization of alanine and water

Geometry optimization 
using cartessian 
coordinates
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QM geometry optimization of alanine and water

Optimization 
converged
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QM geometry optimization of alanine and water

Geometrical 
parameters of 
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QM geometry optimization of alanine and water

Geometrical 
parameters of 
the dimer - 2
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QM geometry optimization of alanine and water

Geometrical 
parameters of 
the dimer - 3
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QM geometry optimization of alanine and water

Geometrical 
parameters of 
the dimer - 4
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QM geometry optimization of alanine and water

Geometrical 
parameters of 
the dimer - 5
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QM geometry optimization of alanine and water

Geometrical 
parameters of 
the dimer - 6
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QM geometry optimization of alanine and water

Results of the 
calculations
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QM energy of alanine-water dimer

Intermolecular 
distance R
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QM energy of alanine-water dimer

Geometry optimization 
with a constrained 
distance

Distance

Atom #1 ValueAtom #2
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QM energy of alanine-water dimer

Final energy for a 
constrained distance
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QM energy of alanine-water dimer

Final energy for a 
constrained 
distance
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QM properties of alanine-water dimer

Atomic charges 
before and after 
hydrogen bonding
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QM properties of alanine-water dimer

Atomic charges 
before and after 
hydrogen bonding

   O
-0.64
-0.60

   H
+0.58
+0.48

   O
-0.98
-0.93
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QM properties of alanine-water dimer

Vibration involving 
the hydrogen 
move

ω = 1802.8 cm-1
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QM geometry optimization of cytosine and water

Initial geometry 
of the cytosine 
and water dimer 
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QM geometry optimization of cytosine and water

Initial geometry 
of the cytosine 
and water dimer 
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QM geometry optimization of cytosine and water

Geometry 
optimization 
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QM geometry optimization of cytosine and water

Optimization 
converged 
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QM geometry optimization of cytosine and water

Final geometry 
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QM geometry optimization of cytosine and water

Final geometry 
of Dimer -2 
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QM geometry optimization of cytosine and water

Final geometry 
of Dimer - 3
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QM geometry optimization of cytosine and water

Final geometry 
of Dimer - 4
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QM geometry optimization of cytosine and water

Final results
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QM geometry optimization of cytosine and water

Calculations with a 
constrained distance
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QM geometry optimization of cytosine and water

Constrained distance 
between two atoms
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QM geometry optimization of cytosine and water

Final energy with a 
constrained distance
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QM geometry optimization of cytosine and water

Energy as a function 
of a constrained 
distance
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QM proton transfer in Thymine and Adenine dimer

Initial geometry of Thymine 
and Adenine dimer
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QM proton transfer in Thymine and Adenine dimer

Initial geometry of the 
dimer taken from an 
experimental PDB file
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Geometry optimization 
of the dimer



Page  4

QM proton transfer in Thymine and Adenine dimer

Optimization 
converged



Page  5

QM proton transfer in Thymine and Adenine dimer

A series of calculations for 
the constrained R value
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QM proton transfer in Thymine and Adenine dimer

A constrained distance 
between two atoms
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QM proton transfer in Thymine and Adenine dimer

Final energy for a 
constrained distance
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QM proton transfer in Thymine and Adenine dimer

The energy as a 
function of the 
R(N-H) distance
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QM proton transfer in Thymine and Adenine dimer

A constrained 
interatomic distance



Page  10
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The energy as a 
function of the 
R(N-H) distance
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QM tautomerization - Alanine

Two tautomers 
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QM tautomerization - Alanine

Geometry 
optimization 
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QM tautomerization - Alanine

Final results 
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QM tautomerization - Alanine

Geometry 
optimization with 
a constrained 
distance 



Page  5

QM tautomerization - Alanine

Final results 
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QM tautomerization - Alanine

Alanine and 
water dimers 
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QM tautomerization - Alanine

Geometry 
optimization 
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QM tautomerization - Alanine

Final results 
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QM tautomerization - Alanine

Calculations with a 
constrained 
distance  
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QM tautomerization - Alanine

Energy of the 
proton transfer  
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QM tautomerization - Alanine

Alanine dimers
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QM tautomerization - Alanine

Geometry 
optimization 
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QM tautomerization - Alanine

Final results 
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QM tautomerization - Alanine

Geometry 
optimization with 
a constrained 
distance 
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QM tautomerization - Alanine

Energy of proton 
transfer in the 
dimer 



Page  16

QM tautomerization - Alanine

Electrostatic 
potential 
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QM tautomerization - Alanine

Electrostatic 
potential of 
hydrogen 
bonded dimer 



Page  1

QM tautomerization - Cytosine

Geometry 
optimization of 
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QM tautomerization - Cytosine

Geometry 
optimization of 
three cytosine 
tautomers 
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QM tautomerization - Cytosine

Final results of 
the calculations 
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QM tautomerization - Cytosine

Energy of the 
first phase of 
proton transfer 
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QM tautomerization - Cytosine

Energy of the 
second phase of 
proton transfer 
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QM tautomerization - Cytosine

Two tautomers 
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and water dimer 
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QM tautomerization - Cytosine

Energies of 
the calculated 
dimers 
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QM tautomerization - Cytosine

Energy of proton 
transfer 
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QM tautomerization - Cytosine

Two 
tautomers of 
the cysteine 
water dimer
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QM tautomerization - Cytosine

Results of the 
calculations
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QM tautomerization - Cytosine

Energy of proton 
transfer between 
tautomers of the 
dimer



Page  12

QM tautomerization - Cytosine

Two tautomers 
of a cysteine 
water trimer
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QM tautomerization - Cytosine

Results of the 
calculations
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QM tautomerization - Cytosine

Energy of proton 
transfer in cytosine 
dimer and trimer
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QM tautomerization - Cytosine

Electrostatic 
potential of 
cytosine
tautomer - 1 
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QM tautomerization - Cytosine

Electrostatic 
potential of 
cytosine 
tautomer - 2
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QM tautomerization - Cytosine

Electrostatic 
potential of 
cytosine
tautomer - 3  
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QM tautomerization - Cytosine

Electrostatic 
potential of 
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QM tautomerization - Cytosine

Electrostatic 
potential of 
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QM tautomerization - Cytosine
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potential of 
cytosine water 
dimer (CW)  



Page  21

QM tautomerization - Cytosine
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QM Reaction Profiles - Menshutkin reaction
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reaction
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QM Reaction Profiles - Menshutkin reaction
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coordinate for 
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QM Reaction Profiles - Menshutkin reaction

Constrained 
geometry 
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QM Reaction Profiles - Menshutkin reaction
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coordinate for 
products 
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QM Reaction Profiles - Menshutkin reaction

Constrained 
geometry 
optimization 
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QM Reaction Profiles - Menshutkin reaction
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Products
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QM Reaction Profiles - Menshutkin reaction

Reaction profile
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QM Reaction Profiles - Peptide Reaction

Creating a 
peptide bond
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QM Reaction Profiles - Peptide Reaction

Reaction 
coordinate in 
reactants
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QM Reaction Profiles - Peptide Reaction

Geometry 
optimization with 
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distance
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QM Reaction Profiles - Peptide Reaction
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coordinate in 
products
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QM Reaction Profiles - Peptide Reaction

Geometry optimization 
with a constrained 
distance
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Results of the 
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QM Reaction Profiles - Peptide Reaction

Reaction profile
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QM Reaction Profiles - Peptide Reaction

Transition state 
structure of the 
peptide reaction
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QM Reaction Profiles - Peptide Reaction

Transition state 
structure of the 
peptide reaction, 
which is stabilized 
by a water 
molecule
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QM Reaction Profiles - Peptide Reaction

Reactants 
and products 
of the peptide 
reaction in a 
presence of a 
water 
molecule 
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QM Reaction Profiles - Peptide Reaction

Reaction 
coordinate for 
reactants
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Geometry optimization 
with a constrained 
distance
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Reaction 
coordinate for 
products
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QM Reaction Profiles - Peptide Reaction

Geometry 
optimization with 
a constrained 
distance
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QM Reaction Profiles - Peptide Reaction

Final results

Reactants

Products
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QM Reaction Profiles - Peptide Reaction

Reaction profile of the 
peptide reaction with a 
presence of a water 
molecule
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QM calculations of pKa in amino acids and base pairs

Definition of pKa 
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QM calculations of pKa in amino acids and base pairs

Reactants in the 
deprotonation 
reaction of 
aspartic acid 
with water 
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QM calculations of pKa in amino acids and base pairs

Products in the 
deprotonation 
reaction of 
aspartic acid 
with water 
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QM calculations of pKa in amino acids and base pairs

Geometry 
optimization with 
constrained distances 
and angles  
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QM calculations of pKa in amino acids and base pairs

Final results  

Reactants  

Products  
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QM calculations of pKa in amino acids and base pairs

Potential energy 
surface of the 
deprotonation reaction  
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QM calculations of pKa in amino acids and base pairs

Separate 
calculations for 
all molecules 
used in the 
reaction  

Neutral 
molecules 

Anion and 
Cation 
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QM calculations of pKa in amino acids and base pairs

Calculations of 
the anion in 
the singlet 
electronic state  
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QM calculations of pKa in amino acids and base pairs

Aspartic Acid  

Deprotonation 
energy:  

E = 173 kcal/mol  
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QM calculations of pKa in amino acids and base pairs

Cysteine  

Deprotonation 
energy:  

E = 181 kcal/mol  
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QM calculations of pKa in amino acids and base pairs

Glutamic Acid  

Deprotonation 
energy:  

E = 199 kcal/mol  
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QM calculations of pKa in amino acids and base pairs

Histidine (δ)  

Deprotonation 
energy:  

E = 181 kcal/mol  
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QM calculations of pKa in amino acids and base pairs

Histidine (ε)  

Deprotonation 
energy:  

E = 175 kcal/mol  
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QM calculations of pKa in amino acids and base pairs

Threonine  

Deprotonation 
energy:  

E = 196 kcal/mol  
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QM calculations of pKa in amino acids and base pairs

Triptophan  

Deprotonation 
energy:  

E = 180 kcal/mol  
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QM calculations of pKa in amino acids and base pairs

Tyrosine  

Deprotonation 
energy:  

E = 178 kcal/mol  
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QM calculations of pKa in amino acids and base pairs

Final results  
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QM calculations of pKa in amino acids and base pairs

Stabilization of 
neutral aspartic 
acid and water by 
two water 
molecules  
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QM calculations of pKa in amino acids and base pairs

Stabilization of 
ionic aspartic acid 
and water by two 
water molecules  
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QM calculations of pKa in amino acids and base pairs

Deprotonation energy 
of acetic acid 
stabilized by a water 
molecule 
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QM calculations of hydronium ion

Optimal geometry 
of hydronium ion
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QM calculations of hydronium ion

Optimal geometry 
of a dimer of 
hydronium ion 
and a water 
molecule
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QM calculations of hydronium ion

Geometry optimization 
with a constrained 
distance and angles
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QM calculations of hydronium ion

Results of the 
calculation
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QM calculations of hydronium ion

Potential energy 
surface of the 
deprotonation reaction 
of hydronium ion
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QM calculations of hydronium ion

Deprotonation energy 
of hydronium ion 
calculated in a 
presence of a water 
molecule
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QM calculations of excited electronic states

Schrodinger equation 

 gg EΨ

 Ψ=Ψ EH

 ee EΨ

Ground electronic state 

Excited electronic state 
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QM calculations of excited electronic states

Bacteriorhodopsin 
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QM calculations of excited electronic states

The reaction cycle of 
bacteriorhodopsin 
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QM calculations of excited electronic states

Molecular function of 
bacteriorhodopsin 
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QM calculations of excited electronic states

Experimental UV 
spectrum of bR 
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QM calculations of excited electronic states

The active site of 
bacteriorhodopsin 
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QM calculations of excited electronic states

The trans conformer 
of retinal

E = 570 nm
(17500 cm-1)
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QM calculations of excited electronic states

The cis 
conformer of 
retinal 

E = 410 nm
(24400 cm-1)
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QM calculations of excited electronic states

A small computational 
model of retinal
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QM calculations of excited electronic states

Geometry optimization 
of retinal with a 
constrined dihedral 
angle
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QM calculations of excited electronic states

Calculations of five 
excited electronic 
states of retinal model 
using TD-DFT
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QM calculations of excited electronic states

Results of the 
calculations for the 
ground electronic 
state, the excited 
singlet and triplet
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QM calculations of excited electronic states

Results of the 
calculations for the 
ground electronic 
state, the excited 
singlet and triplet
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QM calculations of excited electronic states

The bigger model of 
retinal
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QM calculations of excited electronic states

Results of the 
calculations for the 
ground electronic 
state, the excited 
singlet and triplet
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QM calculations of excited electronic states

Results of the 
calculations for the 
ground electronic 
state, the excited 
singlet and triplet
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QM calculations of excited electronic states

The full model of 
retinal
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QM calculations of excited electronic states

The results of the 
calculations
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QM calculations of excited electronic states

Energies of the 
ground electronic 
state, the first 
excited singlet and 
triple




