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1. Introduction:
PolaBer! is a program, which calculates atomic polarizability tensors from electric field perturbations of a
partitioned electron density distribution. Among many possible partitioning schemes PolaBer is currently
interfaced with software applying quantum theory of atoms in molecules (in particular AIMAIl software).
The calculation of the atomic tensors follows the idea suggested by Keith?, which enables the removal of
the intrinsic origin dependence of the atomic charge contributions to the molecular dipole moment. This
scheme allows to export, within chemically equivalent functional groups, of properties calculated from
atomic dipoles, such as for example the atomic polarizabilities. The software permits visualization of the
tensors and calculation of straightforward optical properties of a molecule (like the molar refractive index)

or a crystal (assuming the molecule in a given crystal lattice).
2. How to install

PolaBer_GUI works in JAVA environment, thus it is necessary to install on the personal computer JAVA
software. Here is the link to the website where you can download necessary executables

https://java.com/en/download/manual.jsp.

! Krawczuk A., Perez D., Macchi P. (2014) J. Appl. Cryst. 47, 1452—-1458.
2 Keith T. The Quantum Theory of Atoms in Molecules: From Solid State to DNA and Drug Design, (2007), Eds. C. F.
Matta & R. J. Boyd. Weinheim: Wiley-VCH.
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In order to run visualization tool on any platform simply copy the folder PolaBer_GUI on the PC and run
PolaBer.jar. If you want to run calculations using the GUI version make sure that in the PolaBer_GUI folder

executable PolaBer.exe is present.

3. Before using PolaBer — pre-calculations

Since polarizabilities obtained with PolaBer are numerical derivatives of the corresponding atomic dipoles
with respect to applied electric field EF, following calculations have to be carried out before entering

PolaBer:

e Calculations of wave functions at zero electric field and small electric field, max 0.005 a.u. (that value

assures linear response of a system on applied electric field), directed towards +X, Y 1Z, respectively.

Let’s take a look on the first example, water molecule. In the folder H20 you will find two subfolders
wfn_files and sum_polaber. In the first one you will find a file called polar.gjf. It is an input Gaussian file
used for calculations of wave functions with no electric field and with electric field applied along +X, Y

1Z. Based on that file you should obtain seven wave functions. Fragment of the polar.gjf file is given below:

%chk=polar.chk # generate checkpoint file

%Nproc=12

#P b3lyp/6-311++g(2d,2p) # use following functional/basis set
#P out=wfn # generate wave function

Calculations for H20

01 # charge multiplicity

o] 0.000000 0.000000 0.116672 # coordinates in cartesian system
H 0.000000 -0.763495 -0.466686

H 0.000000 0.763495 -0.466686

zero.wfn # wfn file name as output
--linkl--

$chk=polar.chk

%Nproc=12

#P b3lyp chkbasis nosymm # no change in the definition of coord. sys
#P geom=checkpoint # get the geometry from polar.chk file

#P out=wfn field=x+50 # apply electric field along +X direction
x=50

01

xp.wfn

--linkl--

schk=polar.chk

$Nproc=12

#P b3lyp chkbasis nosymm geom=checkpoint
#P out=wfn field=z-50
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z=-50
01
zm.wfn

Since during the workshop we do not have access to Gaussian, all wave functions calculated using polar.gjf

file, are already included in the H20 folder (wfn_files). We will need those files for the next step.
e Partitioning of electron density (using AIMAIl software).

Since we are interested in atomic polarizabilities, we have to partition the electron density. In order to
perform this partitioning of the electron density we will use AIMAIl program. PolaBer is compatible with
that software. Let’s set up the calculations. For that purpose we need wave functions and we need to
prepare the input command. In general, we will only use one of the subroutines: AIMQB. Example of a
command line is given below (Calculations are set upon default settings. For more details go to

http://aim.tkgristmill.com/manual/aimgb/aimgb.html):

aimgb.ish -nogui zero.wfn

You can also create a bash file including command lines for all 7 seven wave functions.

Note: During this workshop we use standard version of AIMAII, which allows calculations for systems with limited
number of atoms (max 12 atoms) and 3 wave functions per batch job. If you want to work with more advanced

systems it is necessary to get the Professional version of AIMAII.

In the Windows version double click on the AIMQB icon and after clicking Browse, choose the appropriate
wave functions. Remember that with the standard version you may choose up to three files. Since we are
running calculations on default settings click OK.

AIMQB (Version 17.11.14, Professional) - a X |

Wavefunctions Atoms Methods Properties Other

' Browse... |v Recent v Clear Pre-Verify Wavefunction Validity: [Yes ¥

Processors: |1 3| AtomsataTime: (1 '3

4

Cancel Help
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If everything goes correctly, for each wave function you should obtain a number of files, among which the
most important ones are the *.sum files, which will be further used with PolaBer. In case you are not able

to run AIMAII, in the folder /H20/sum polaber you will find the necessary *.sum files.

As was mentioned in the introduction in order to calculate atomic polarizabilities, information on total atomic dipole
moments is necessary. Due to QTAIM partitioning scheme total dipole moment may be introduced as a sum of
atomic contributions and each atomic contribution can be expressed as the sum of atomic polarization y,({2) and
charge translation u. () components. Atomic polarization (origin independent) comes directly from the integration
of the dipolar density function within the atomic basin, whereas charge translation (origin dependent) one is
dependent on the nature and number of the groups bonded to selected atom and includes information on so called
bond charges (more information on that subject you will find in Krawczuk A. et al., 2014). If you have access to
professional version of AIMAII, which is assisted with visualization tool, you can visualize the total atomic dipole
moments, as well as the polarization and charge translation part of the atomic dipole moments. For that purpose
you will need *.sumviz files which are automatically generated after partitioning of electron density with AIMQB.

Below you can see an example for such a visualization.

g 4

atomic polarization charge translation total atomic dipole moment

4. PolaBer calculations

Since we already have *.sum files from AIMAII calculations, we can now proceed to calculations of atomic
polarizabilities with PolaBer software. In order to run calculations, apart from *.sum files, we need to

prepare the control file which has to be named: dipolar.inp. Let’s prepare this control file:

AIMALL WEIGHT VERBOSE 1 # format of read files #weighting scheme applied
7 # number of sum files used: min. 4, max. 7
zero.sum EFIELD 0.000 0.000 0.000 # *.sum fname

Xp.sum EFIELD 0.005 0.000 0.000 # electric field applied along +X
Xm.sum EFIELD -0.005 0.000 0.000 # electric field applied along -X

yp . sum EFIELD 0.000 0.005 0.000

ym.sum EFIELD 0.000 -0.005 0.000

Zp.sum EFIELD 0.000 0.000 0.005

Zm.sum EFIELD 0.000 0.000 -0.005
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This is the simplest control file which will be used to calculate atomic polarizabilities for the studied water
molecule. Later on, we will show you how to update the dipolar.inp file in order to calculate some of the

optical properties.

Note: For visualization purpose the VERBOSE command has to be set up to 1, 2 or 3.

In order to run PolaBer, go to the folder PolaBer_GUI and double click on polaber.jar — GUI version of
PolaBer will appear. For Linux version in the command window go to the folder containing the polaber.jar

executive and enter in a command line: java -jar polaber.jar. (Also for Mac it works like that.)

To run calculations with PolaBer, in GUI window click on PolaBer.exe button and specify the path where

all your input files are:

¥ input X

e Please specify the absolute paths to your input files

oK Cancel

Once you enter the path PolaBer will run in the background. When all calculations are done you will see
in the text window a list of checkpoints ending with statement: program ended with end status 0. That
means that all the calculations are completed. In the folder (here examples/H20) where you were running

calculation you will now find additional files:

e bond.out — contains summary of calculations of atomic/bond polarizability

e bond.x3draw — supporting file for visualization purpose (necessary for previous version of PolaBer

GUI)
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In case you are not able to run PolaBer, the above output files are available in the

examples/H20/sum _polaber folder.

Let’s now take a look on the bond.out file. For the sake of clarity only the part containing data on
polarizabilities is shown (data given in atomic units). Most important properties are highlighted with colors
(yellow — full tensor of atomic polarizability, green — molecular polarizability tensor, pink — isotropic

atomic polarizability, cyan — bond polarizability).

ATOMIC PROPERTIES

g(A) - Atom charge (EF=0)
alphall, alpha22, alpha33, alphal2, alphal3,
alpha23 - Tensor components of atomic polarizability

Atom g (A) alphall alpha22 alpha33 alphal2 alphal3 alpha23 alphaiso Vol

o1 -1.112 7.354 6.621 6.105 0.000 -0.000 0.000 149.691
H2 0.556 0.352 1.180 0.967 -0.000 0.000 -0.741 23.492
H3 0.556 0.352 1.180 0.967 0.000 0.000 0.741 23.492

alphall alpha22 alpha33 alphaiso
8.038 8.057 8.982 8.359
MOLAR VOLUME 196.6750

BOND PROPERTIES

dipB - Projection of total dipole moment of atom B on A-B bond
bonddip = dipA + dipB

A-B D(A-B) dl d2 rho delrho elips bcharge polA polB bondpol dipA dipB bonddip

H2 01 1.816 0.325 1.442 0.374 -2.700 0.025 0.556 1.817 6.431 8.247 0.037 0.454 0.491
Ol H3 1.816 1.442 0.325 0.374 -2.700 0.025 -0.556 6.431 1.817 8.247 -0.454 -0.037 -0.491

Let’s visualize the atomic polarizabilities. PolaBer_GUI requires only the bond.out file. Go to GUI window
and choose File/Import... and load the bond.out file for water molecule. After loading the file you should

obtain the following picture:
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Description
1 Set transparency level for all atomic polarizabilities

2 ATOMS: show/hide all atomic polarizabilities
Size factor: set scale factor for polarizabilities (default 0.2Bohr?)
3 BONDS: show/hide all bonds
Size factor: set thickness of bonds
4 AXES: show/hide global coordinate system
Set pos.: set position of global coordinate system XYZ (atom name or xyz coordinates)

5 SHOW GRID: Show/hide grid pattern on tensor
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6 Mode 2D - turn on/off perspective
Res.up/Res.cent. — set the view to default
7 Look at any point (atom name or xyz coordinates) or look on plane (defined by three atoms (eg. 01 C2 C3)
8 Set the view along a direction (two atom names or Miller indices)
9 Set scale factor for molecular polarizability (if visualized)

10 Atom table — apply action for each atom: polarizability on/off, label on/off, local polarizability axes on/off
11 default — color polarizability ellipsoids by element type;
colors — set color for chosen atom (in ‘atom table’ box)
12 Set transparency level for atom chosen in ‘atom table’ box
13 Bond table — apply action for each bond: bond on/off, dashed on/off (by default weak non-covalent
interactions are visualized with dashed bonds)
14 Object info:
e ifan atomis selected its xyz coordinates are displayed together with polarizability tensor

e ifabond is chosen its length in au is displayed together with bond polarizability

Mouse control:

Mouse buttons Function

Left button Hold: rotate

Double click on tensor: show/hide tensor
Scroll (hold) rotate along axis perpendicular to the screen
Right button Hold: move molecule

Click: show menu

Scroll button zoom in / zoom out

If you want to save the picture go to File and choose ‘Export as png’ and choose the name of the file *.png.

Save the file either in the PolaBer GUI folder or any other destination.

Now, as mentioned in the introduction, PolaBer not only calculates atomic polarizabilities but also some
of the linear optical properties of a crystal, in particular refractive indices, crystal susceptibility and crystal
dielectric constant. For that purpose, we need to modify dipolar.inp file. First of all, we need to place the
molecule in a crystalline environment, thus unit cell parameters together with symmetry operations have
to be entered. Moreover, we need to define types and number of atoms belonging to an asymmetric unit.

Example of how the dipolar.inp file should look like is given below (example given for urea crystal).
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AIMALL WEIGHT VERBOSE 3 # set verbose to 3
7

zero.sum EFIELD 0.000 0.000 0.000

Xp.sum EFIELD 0.005 0.000 0.000

Xm.sum EFIELD -0.005 0.000 0.000

yp.sum EFIELD 0.000 0.005 0.000

ym.sum EFIELD 0.000 -0.005 0.000

Zp.sum EFIELD 0.000 0.000 0.005

zZm. sum EFIELD 0.000 0.000 -0.005

cell parameters

5.5682 90.000  90.000  90.000 # s
0.000 0.000 0.000 # esds of

0.0003 0.0003

5.5682 ter

cell para

11 eters
LATT -1 # lattice type (notation as in SHELX)
sysm 1 0 0O O 1 O O O 1, 0.0 0.0 0.0 # symmetry codes
sysm -1 0 0 0-1 0 O O 1, 0.0 0.0 0.0 # x1 yl z1 x2 y2 z2 x3 y3 z3, tx ty tz
sysm 0 1 0-1 0O O O O-1, 0.00.00.0 # e.g. x1 yl z1 - 1st row of rotation matrix
symm 0-1 0 1 0 O O O0O-1, 0.00.00.0 # tx ty tz - translational components
syMMm -1 0 0 O 1 O O O0-1, 0.50.50.0 # in decimal notation +/- 0.25, 0.33,
sysm 1 0 O O0-1 0 O O0-1, 0.50.50.0 # 0.5, 0.67, 0.75
sysm 0-1 0-1 0 0 O O 1, 0.50.50.0
sym 0 1 0 1 0 O O O 1, 0.50.50.0
TYPE 4 # number of atom types in asymmetric unit
SFAC C H N ] # scattering factors for each atom type
NIT 2 8 4 2 # number of atoms of each type in a studied
Lorentz rconv 20. # radius of calculation in direct space

In the directory examples/urea crystal/sum polaber, you will find dipolar.inp and *.sum files necessary

to calculate the crystal properties. Run calculations (If you are unable to do that, output files are already

present in the directory).

When calculations are completed you will find following output files: bond.out, bond.x3draw and
bond.res. The bond.res file is written in standard crystallographic format, read for example by Mercury.
Instead of U parameters, atomic polarizability tensors in fractional coordinate system are given, scaled
by factor of 0.1 (for visualization purpose). Values of atomic polarizabilities are taken from bond.out file,

since PolaBer give them in both fractional and Cartesian coordinate systems.

Take a look on the bond.out file. Here, for the sake of clarity, we show you only the part containing data
on physical properties, which is listed at the end of the file. Carefully analyze the data, notice that
calculations of physical properties are done applying different models: based only on molecular
polarizability of isolated molecule, on summation over molecules in a unit cell with an assumption that

molecules don’tinteract and when Lorentz correction is applied (for more information see Piero’s lecture).

DIAGONALIZED MOLECULAR POLARIZABILITY TENSOR IN CARTESIAN SYSTEM




25.437 38.629 39.445

MOLAR VOLUME 531.2539

MOLECULAR REFRACTIVE INDEX
1.2656 1.3834 1.3903

CRYSTAL PROPERTIES

CRYSTAL SUSCEPTIBILITY CHI

0.8216 -0.0000 0.0006
-0.0000 0.8216 -0.0001
0.0006 -0.0001 1.0117

CRYSTAL DIELECTRIC CONSTANT EPSILON

1.8216 0.0000 0.0000
0.0000 1.8216 0.0000
0.0000 0.0000 2.0117

REFRACTIVE INDICES
nl < n2 < n3
nl n2 n3
1.3497 1.3497 1.4183
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# based on sum of unperturbed
# polarizabilities calculated in the gas phase

# refractive indices based on summation over
# molecules in a unit cell. Molecules don’t
# interact with each other

ANISOTROPIC LORENTZ FACTOR FIELD CORRECTION

CRYSTAL SUSCEPTIBILITY CHI

1.1196 -0.0000 0.0012
-0.0000 1.1196 -0.0003
0.0012 -0.0003 1.5715

CRYSTAL DIELECTRIC CONSTANT EPSILON

2.1196 0.0000 0.0012
0.0000 2.1196 0.0000
0.0012 0.0000 2.5715

REFRACTIVE INDICES
nl < n2 < n3
nl n2 n3
1.4559 1.4559 1.6036

positive UNIAXIAL OPTICAL INDICATRIX

# Lorentz corrections applied.
# Additional field coming from surrounding
# molecules taken into account

You can also run calculations in PolaBer when a molecule is embedded in a cluster of surrounding

molecules (up to 200 atoms). If you want then to extract information on how the atomic polarizabilities

of a central molecule are affected by surrounding neighbors or what are the optical properties based only

on the chosen fragment, in the dipolar.inp file you can enter additional instructions at the end of the

input:

ATOMLIST

8 # number of atoms in a considered fragment

10
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Cl 02 N3 H4 H5 N6 H7 HS # atom names with the fragment

Entering that command, in the bond.out file you will receive additional information including data based

only on the defined fragment:

ATOMIC POLARIZABILITIES FOR A CHOSEN FRAGMENT, CARTESIAN SYSTEM, AU"3

Atom alphall alpha22 alpha33 alphal?2 alphal3 alpha23 alphaiso
Cl 2.055 7.344 5.628 0.003 -0.004 -0.002 5.009
02 11.425 5.137 16.960 0.012 0.004 0.001 11.174
N3 6.244 12.856 9.085 0.001 -0.006 -2.391 9.395
H4 0.293 3.507 0.673 0.007 -0.006 0.980 1.491
H5 0.300 0.725 2.586 -0.004 -0.006 0.180 1.203
N6 6.243 12.852 9.073 -0.004 0.001 2.406 9.389
H7 0.301 3.512 0.678 0.007 0.003 -0.971 1.497
H8 0.303 0.730 2.584 -0.002 -0.002 -0.179 1.205

TOTAL POLARIZABILITY TENSOR FOR A CHOSEN FRAGMENT, CARTESIAN SYSTEM, AU"3

DIAGONALIZED MOLECULAR POLARIZABILITY TENSOR FOR A CHOSEN FRAGMENT, CARTESIAN SYSTEM,
AU"3

alphall alpha22 alpha33 alphaiso
27.162 46.661 47.268 40.364
MOLECULAR VOLUME OF THE CHOSEN FRAGMENT 476.5284

REFRACTIVE INDICES OF THE CHOSEN FRAGMENT
1.3101 1.4935 1.4988

11
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5. Exercises

Task 1: Repeat steps from points 3 and 4 and run calculations for water dimer and water trimer. Compare

values of atomic polarizability tensor for water molecule in isolation and involved in hydrogen bond

‘,, -’-“ ‘*
3

e Do you see any characteristic behavior of atomic polarizabilities?

formation. Visualize atomic polarizabilities in PolaBer_GUI.

e Do you see any difference in the behavior of atomic polarizabilities when hydrogen bond is
created?

e Are atomic polarizabilities affected by the presence of hydrogen bonds?

Task 2: Run calculations for ethane, ethylene, acetylene and benzene. Compare obtained results.

/ ‘ \

\

Axes in the Figure represent global coordinate system. External electric field was applied along those three directions

(red — X, green — Y, blue — 2).

e What are the values of isotropic polarizabilities of carbon atoms in studied molecules? Is there
any correlation?
e Analyze bond polarizabilities® of carbon-carbon bonds in studied molecules. Is it possible to

correlate bond order with atomic bond polarizabilities?

3 Macchi P. Krawczuk A. (2015) Comput. Theo. Chem. 1053, 165.

12



Task 3:

data).
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Is there any correlation between shape of atomic polarizability ellipsoids and symmetry of carbon-
carbon bond?
Can you explain why atomic polarizability tensors of C7 and C1 atoms in benzene differ from

atomic polarizability tensors of other carbon atoms?

Run calculations for the isolated molecule of formic acid and the formic acid dimer (or use ready

How much is the polarizability ellipsoid of oxygen atom affected by the creation of hydrogen
bonds?

Do other atoms respond to the presence of hydrogen bond?

Calculate the group polarizability of a carboxylic group in isolation and within a dimer. Does it
change significantly due to the formation of hydrogen bond?

In order to calculate the group polarizability of a carboxylic group you need to sum up the atomic
polarizabilities of that group. You will find necessary values in the ATOM PROPERTIES table. Below
is an example of how the summation over atomic polarizabilities in isolated formic acid molecules
is done. Do the same summation for the carboxylic group in the dimer of formic acid. Remember

that there are two carboxylic groups to consider.

Isolated molecule of formic acid
a1 Az 33 a1 a3 23
C1 5334 | 4571 3.360 | 0.040 | 0.000 0.000
02 8.392 | 8.042 5.209 | 2.997 | 0.000 0.000
03 10.976 4.469 4.592 | -1.025 0.000 0.000
H4 0.263 1.775 0.294 | -0.247 0.000 0.000
COOH | 24.965 | 18.857 | 13.455 | 1.765 | 0.000 0.000

13
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Since different global coordinate systems are defined for both examples, we cannot directly
compare the values of polarizability tensor. Instead we can compare the eigenvalues of the
diagonalized polarizability tensor for both systems. In order to do that, sum up the a,,, a,, 33

components taken from DIAGONALIZED ATOMIC POLARIZABILITY TENSORS IN CARTESIAN SYSTEM

table in bond.out file.
Isolated molecule of formic acid
11 az2 a33 iso
C1 3.360 4.568 5.336 4.422
02 5.209 5.215 11.219 7.214
03 4.312 4.592 11.134 6.679
H4 0.224 0.294 1.814 0.777
COOH 13.105 14.669 29.503 19.092

Task 4: Calculate atomic polarizabilities (or use ready data) for the zwitterionic isolated molecule of

glycine and visualize the atomic polarizabilities:

e Do you see any change in the atomic polarizabilities of the interacting groups due to the presence
of the intramolecular hydrogen bond? What about other atoms? (below for comparison you have
a visualization of atomic polarizabilities together with the values of atomic polarizabilities for the

glycine molecule when no hydrogen bond is formed)

Data for glycine molecule when no aqq 129 as3 aq2 aq3 ay3

intramolecular hydrogen bond of N1 6.269 | 11.696 5.207 -3.424 0.000 | 0.000

N-H...O type (N1-H5...04) is present. | €2 6.648 | 12.767 4.407 0.234 0.000 | 0.000
c 5.362 | 12.392 2.791 2.524 0.000 0.000
o4 13.090 5.028 5.815 1.165 0.000 0.000
05 8.831 | 14.853 6.252 -5.056 0.000 | 0.000
Hé6 1.795 | -0.022 0.498 -0.667 0.000 | 0.000
H7 2.602 1.317 2.764 0.542 -1.499 | -0.474
H8 2.602 1.317 2.764 0.542 1.499 0.474
H9 0.508 | 1.960 1.352 0.163 -0.049 | -1.183
H10 0.508 | 1.960 1.352 0.163 0.049 | 1.183

Molecular | 48.216 | 63.267 33.201 3.815 0.000 | 0.000

14
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e Does the molecular polarizability change when you compare the system when there is no
hydrogen bond with the one including intramolecular hydrogen bond? Compare the molecular

polarizability tensors for both cases.

Task 5: Run calculations (or use ready data) for ammonia (NHs), methylamine, dimethylamine and

trimethylamine.

e
N

/ X
X
" ; 3 ” 5
v S \’
. . H

e Calculate the anisotropy of the polarizability tensor for the nitrogen atoms using following

formula:
1 1/2
Aa = {E [3Tr(a?) — (Tra)z]}
where « is the polarizability tensor for the nitrogen atom.
e Isthere any correlation between the degree of substitution of the amine atom and the anisotropy
of the polarizability tensor?
e How does the atomic polarizability of the nitrogen atom change due to the degree of substitution?

e Are there any characteristic features due to a symmetry of a molecule?

Task 6: Calculate atomic polarizabilities for benzene and pyridine (or use already prepared files). Compare

the values of atomic polarizabilities of carbon atoms within the aromatic ring.

e What is the influence of the heteroatom on the atomic polarizabilities of the carbon atoms within
the ring? Do you see any characteristic behavior in atomic polarizabilities? Which atoms are the
most influenced?

e Compare bond polarizabilities of C7-C9 and C7—C5 bonds in benzene with C5-N11, C1-N11 bonds
in pyridine. What is the influence on the polarization of electron density due to the presence of

heteroatom?

15
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Task 7: Calculate atomic polarizabilities of urea and thiourea molecules (or use already prepared files).

Visualize obtained results.

e Compare atomic polarizability tensors for non-hydrogen atoms in both molecules.

e Compare bond polarizabilities of C1 — 02 and C2 — S1 bonds in urea and thiourea, respectively.

e Does the presence of the sulphur atom influence the behavior of other non-hydrogen atoms?

e What is the change in polarizability of the carbon atom when the oxygen atom is replaced by a

sulphur one?

e Hs H7 Ha

Task 8: Calculate (or use ready file) atomic polarizabilities of LiF, LiCl and LiBr molecules in order to observe

behavior of a metal ion due to different halogen atom attached.

e Compare bond polarizabilities for Li-X bond and the contribution of lithium ion to the bond
polarizability (in bond.out file value named polB). How does the polarization of a bond change?
e Canyou see the correlation between the size of halogen atomic polarizability and the number of

electrons?

16
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L

e Notice dashed bond between Li and halogen atoms. This is due to ionic character of that bond. PolaBer by

the analysis of electron density recognizes the shared-shell and closed-shell interactions.

Task 9: Run calculations in PolaBer for a cluster built of 7 molecules of urea, where the central molecule
is involved in all possible interactions. Since partitioning of electron density takes a long time, use *.sum

files prepared in examples/urea cluster7m/sum polaber directory. Input file for PolaBer is also given

there.

e Compare atomic and molecular polarizabilities of a central urea molecule with the ones for
isolated molecule of urea from Task 7 (since in the input file ATOMLIST command was enter, data
on the central molecule is given in bond.out file in the Table: ATOMIC POLARIZABILITIES FOR A
CHOSEN FRAGMENT, CARTESIAN SYSTEM, AU”3)

e What is the change of the polarizabilities due to the presence of neighboring molecules?

e What is the change in the anisotropy of molecular polarizability of urea embedded in a cluster,
with comparison to isolated molecule of urea?

e  What is the behavior of donor and acceptor groups of hydrogen bonds when the urea molecule

interacts with other molecules?

Task 10: Calculate with PolaBer optical properties of crystalline urea based on the files in

examples/urea crystal/sum polaber.

e Can we reproduce experimental refractive indices? (experimental values extrapolated to infinite
wavelength are n,=1.47 and n,=1.58 (Halbout et al. ,1979)

e  Which of the models for calculating refractive indices is the best fit to experimental data?

17



