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molecule. If the L-J potentials are optimized correctly,
I A TMLJ yields some of the most accurate results available
I ) for numerical CCS and mobility. The optimization of L-J
parameters can be done straightforward if empirically
accurate information is available. IMoS allows to change
the L-J parameters quite easily through a tabulated table.
Each different gas requires a different set of L-J
parameters. IMoS includes optimized parameters for C, H,
O, N and F in He and N2 and has general values for other
atoms. Even when L-J parameters are not exactly known
for a small fraction of the atoms, the calculations may still
be reliable for large ions, in particular when the unknown
atoms are not on the surface. The error is approximately
2% on average for TMLJ calculations in N2 and He with
optimized L-J parameters. A cartoon of the soft interaction
when using an all-energy interaction 4-6-12 potential is
shown in Figure 3.4.

or N2 gas, IMoS offers the possibility of adding an ion
quadrupole potential together with gas orientation
Figure 3.4 IMoS cartoon of the TMLJ 4-6-12 potential interaction. averaging. The quadrupole moment is obtained by placing
one negative charge of 0.4825e on each nitrogen and one
positive charge of 0.965¢ in the center of the molecule. In such a way, the quadrupole potential can be expressed as[15]:

3 n
Dp(ry,2) = ) Y zzed/r

j=1i=1

The index j denotes three different N2 charges (where 2 is the center charge) and index i indicates the charges on the ion.
The orientation of the N2 molecule is taken into account by assuming that the interaction potential may be averaged over
the rotational degrees of freedom. This assumption arises from the expectation that molecular rotation of N2 is not quenched
and that only partial locking may occur. The ion quadrupole potential could have an effect on very small molecules. Given
the high computational cost of adding the ion-quadrupole potential, the ion quadrupole should be considered only if its
effect has the same order of magnitude as the rest of the potential interaction and may not be embedded in the L-J potentials
directly.

A final method considered in IMoS is that of the diatomic trajectory method (DTM)[6]. This method takes into account the
moment of inertia of the N2 molecule together with a 4-co potential and conserves not only linear momentum but also
angular momentum of the gas molecule. Similarly to TDHSS, the re-emission may be chosen to be elastic/inelastic and
specular/diffuse depending on the choice of accommodation. The results from DTM follow the same trend as those of
TDHSS although the resulting CCS may be larger due to augmented effective size of the gas molecule. Rotation and
scattering effects due to the diatomic nature seem to be increasingly important for very small ion sizes (in particular, smaller
than the gas molecule). The DTM subroutine is not parallelized and hence its performance falls behind the other subroutines
specified above.

A table is provided in the next section outlining the different methods, characteristics of the methods with advantages and
disadvantages. A benchmark comparison is also provided using the TMLJ method. Refer to the table for speed comparisons
to other methods.
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3.4 CALCULATION METHODS TABLE
A table describing possible methods.

Method Definition Advantages Disadvantages Speed
Comparison
It lacks any kinetic
Most Efficient. theory behind it. Apreimeialy 40-
Result may be Results could be up .
. . . 100 times faster than
Projection analytically adjusted to 300% wrong. .
PA S S TMLJ assuming 500
Approximation to accommodate Adjusting . .
. orientations are
other effects: parameters might be calculated
Q=L-&-PA difficult to calculate ’
for all ions
Se.cond Most Does not take into
efficient. Very fast account any
Exact Hard.Sphere and useful for very potentials. Setting Approximately 10-
Scattering large molecules and . .
. . accommodation 20 times faster than
EHSS with nanoparticles. Takes : o )
. . coefficient to 90% TMLJ assuming the
/DHSS specular/diffuse, into account the &
o . . for small molecules | same number of gas
elastic/inelastic scattering parameter. | . . . .
. . in N2 is ill-advised collisions.
reemission The accommodation . .
arameters can be and disagrees with
pa results from TMLJ
adjusted to any gas.
Trajectory Method | Trajectory method Approximately 20%
with 4 — oo that takes into Accommodation faster than TMLJ
TDHSS potential and account the ion- parameter is when partial charges
specular/diffuse, induced dipole complicated to set | are present and up to
elastic/inelastic potential. Fastest out for all ions. 50% faster without
reemission of all TM methods. partial charges.
Slower compared to
: Most well-rounded other methods.
Trajectory Method . o
; method. Gold Requires optimized See benchmark
TMLJj with 4 — 6 — 12 . . .
. standard in terms of | L-J parameters for | graph in section 3.5.
potential .
accuracy. all gases which are
difficult to obtain
Traj ec‘Fory Method Adds the ion Slow compargd to .
for Nitrogen that uadrupole potential TMLYJ. Requires Approximately 5-7
TMLJ gpol | includes the ion d polep optimized L-J times slower than
to the N2 .
quadrupole calculations parameters different TMLIJ.
potential ) from those of TMLJ.
Add two rotational Ve.ry.slow and r}ot
optimized. Requires . .
. . . degrees of freedom . On a single core, it
Diatomic trajectory to the N2 molecule an accommodation is an order of
DTM method with 4 — oo coefficient that is

potential

and accounts for the
ion induced dipole
potential.

different from
TDHSS. Not
parallelized.

magnitude slower
than TMLJ.




User Guide Page 14

IMoS V1.10

3.5 BENCHMARK COMPARISON.

Benchmark comparison using a set of atoms ranging from 17 to 720 atoms for the TMLJ Method for 3 orientations and
900000 total number of gas molecules (300000*3). The benchmark was done using a TimeStep of 100, on a 3.6Ghz
computer using 6 physical cores. Use this result as an approximation as speed varies from computer to computer.

BenchMark Comparison
1000 — T —— T

E 720 atoms @ 415seconds E
[ @ :
- ) X@/ -
- ’ a
3 100 & .
< n _® ]
9 ' e ]
@ I o 2 i
N R -
s b5
S e
[ 17 atoms @ 7.62 seconds ]
i * TMLJ @6cores 3.6Ghz
1 1 1 1 1 1 I | 1 1 1 1 1 11 1

10 100 1000
Number of atoms

Figure 3.5Benchmark comparison for the TMLJ method.
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4 INSTALLATION AND SETUP

4.1 WINDOWS INSTALLATION
In order to run IMoS, Matlab Compiler Runtime (MCR) version 9.5 (check if different) must be installed. Navigate to the
link below (or to the Mathworks website if required) to download the appropriate runtime files.

http://www.imospedia.com/imos/download-area/

Once downloaded, run the MCR executable and follow the prompts. Administrator privileges will be required for
installation. You may also download the IMoSv110 install.exe that will install the software as an app.

Next, the IMoS files will be downloaded. Navigate to the link below and download the desired version of the IMoS software.

http://www.imospedia.com/imos/download-area/

Extract the files to a directory that does not require administrator privileges to write to. Once extracted, open the
IMoSXXX.exe file. There is no installation required but note that the first run may take longer than usual, as initial
files/directories are created. Follow the examples below to run the code appropriately.

4.2 LINUX INSTALLATION
1.) In order to run IMoS, Matlab MCR version 9.8 (Check if different) must be installed. Navigate to the link below to
download the appropriate runtime files.

https://www.mathworks.com/products/compiler/matlab-runtime.html

2.) Once downloaded, write down the filepath of the runtime folder. Next, the IMoS files will be downloaded. Navigate to
the link below and download the desired version of the IMoS software.

http://www.imospedia.com/imos/download-area/

3.) Extract the files to a directory and allow the appropriate permissions Once extracted, follow the instructions located in
the “readme.txt” file. One has to add the Library Path to the MCR prior to executing IMoS. To do so, execute the following
two commands:

export
LD_LIBRARY PATH=$LD LIBRARY PATH:/PATHTOMCR/MCR/v98/runtime/glnxa64:/PATHTOMCR/MCR/v98/bi
n/glnxa64:/PATHTOMCR/MCR/v98/sys/os/glnxa64:/PATHTOMCR/MCR/v98/extern/bin/glnxa64

export XAPPLRESDIR=/PATHTOMCR/MCR/v98/X11/app-defaults

Here substitute “PATHTOMCR” for the path to MCR in your comp (normally usr/local/matlab/). Also change “v96” for
the appropriate version of MCR if needed. One the library paths have been added, you can run the shell script:

e ./run_ IMoSXXXL64.sh /PATHTOMCR/MCR /v98

to run IMoS. The above commands can be (and should be) added to your batch or profile files in order to not have to execute
them every time you run IMoS.


http://www.imospedia.com/imos/download-area/
http://www.imospedia.com/imos/download-area/
https://www.mathworks.com/products/compiler/matlab-runtime.html
http://www.imospedia.com/imos/download-area/
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4.) Submit a JOB to a QUEUE in a Super-Computer using IMoS. The Linux version comes with an example, runimos2,
of how to submit a job queue. It is a general version of a queue submission for IMoS and details of how to submit a proper
queue to your super-computer of choice should be addressed with IT personnel.

4.3 MAC INSTALLATION

The Mac version of IMoS is available and its installation follows closely to that of Linux. Make sure you understand how
shell scripting works in Unix systems before attempting the installation. Follow Matlab documentation on standalone
application to learn how to run the application properly. A summary of how to install and run is provided below:

If installing IMoS as an application, the installation process will install the appropriate MCR. If only the distribution files
are installed, install the appropriate MCR version (currently v9.9).

1)

2)

3)

4)

Download the appropriate files.
http://www.imospedia.com/imos/download-area/

Install.

A) If the application file is downloaded, click on it and follow the process of installation. It is recommended that
the installation folder is a folder you have easy access to. The process will ask you to install the MCR. Take
note of the folder where the MCR is installed.

B) If only the files are downloaded, place them on a folder of easy access and extract them. Download and install
the appropriate MCR (v 9.9 as of now) from:

https://www.mathworks.com/products/compiler/matlab-runtime.html
Take note of the location where the MCR is installed.

Once installed, open a terminal and go to the folder where IMoS has been installed. Make sure you provide writing
access to this folder. To provide access to write in the folder (and subfolders) use the command “chmod -R 777
foldernameandpath”.

From the terminal, run: “./run_IMoS110Mac64.sh /ApplicationssMATLAB/MATLAB_ Runtime/v99”

If the MCR is installed in a custom folder, substitute the path “/Applications/ MATLAB/MATLAB_Runtime/v99”
for the appropriate path. If the version is different than v99, also choose the appropriate version.


http://www.imospedia.com/imos/download-area/
https://www.mathworks.com/products/compiler/matlab-runtime.html
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5 FILE EXPLANATIONS

The following table lists the different files that are provided with IMoS. While the number of files may change from
version to version, most of the files should be similar to the ones that appear here.

Title Description

Root

Readme.txt "Readme" file detailing the installation process.

IMoSXXWin64 exe IMoS Yl .10 executable. The version and platform may change as well as the
extension.
Component technology file. This file will create a folder with some of the files

. required to run MCR. If the program becomes corrupt. You may delete the mcr folder

IMoSXXWin64.ctf co?npletely and the .ctf file \Sillfiecreate anew one. llz/[ake sure t};lat you have
permission to write in the folder where IMoS is installed.

Icon.ico Icon file.

Splash.png Splash screen picture.

IMoS.cla Master configuration / input file. Edit with a text editor to change inputs to IMoS.

IMoS2.cla Input file to run interface parallel computations. NOT the master configuration.

Litable xlsx Excel file defining the Lennard Jones parameters for multiple gasses. Use sheet 8 to

enter custom values when needed.

IonColor.xIm

Excel file defining the plot colour of all atoms.

Vdwimos.xlsx

File contains the Van der Waals radii of the atoms. It also contains the masses of the
atoms to be used if necessary. This may be altered at will.

Filefolder

1IGY .pdb

Humanin Protein pdb file.

Anallainb.xlIsx

16 DFT structures provided from ref. [16].

Anthracene pop.mfj

Mobcal .mf]j type file that can be run with IMoS.

C60positions.xlsx

Several fullerene structures.

Nal coors.xIsx

Several DFT calculations of Sodium Iodide Clusters.

N-Ethylanilene pop.mfj

Mobcal .mfj type file that can be run with IMoS.

pdbly32mod12.pdb

Humanin molecule with different models.

xtal-fix-charge6-cytoc.pdb

Crystal structure of Cytochrome C directly taken from PDB database.

Spheretest.xlsx

Sphere to test Millikan and Epstein’s 1.36 value.

Smallions.xlsx

DFT of small ions to test High Fields and Effective temperatures

Explanations Folder

IMoSManualv110.pdf

This Manual.

LarribaJPCA2013.pdf

The explanation folder contains multiple published works that explain how the
different subroutines of IMoS work as well as how to optimize LJ parameters.

Larriba] CP2013.pdf

More computational aspects of IMoS.

LarribaJoChemPhys2014.pdf

Diatomic version of the code

LarribaPCCP2015.pdf Difference between N2 and He gases. Why is one more diffuse and the more specular?
ShrivastavASMS2017.pdf Test of IMoS vs. Mobcal results.

WuJPCMS2018.pdf Optimization of Lennard-Jones potentials.

savefolder

saveme.txt Results file example created with IMoS.




User Guide Page 18
IMoS V1.10
saveme.cla CLA file, created with IMoS. .Includes all input parameters used for the associated
results file. Can be used to quickly re-run calculations when needed.
SPEED folder
speed.exe File used to transform Gaussian outputs into excel files to be used with IMoS.
Optimizer folder
Savefolder Folder specific to L-J optimization. Any optimization results will be saved here.
. Contains inputs to run the optimizer. “interface 0 1”” will run the optimizer as well the
Optinput.txt . . .
appropriate checkbox in the interface.
These are the LJ parameters that the optimizer will use and modify. For convenience,
LJTable.csv

default csv values are also provided in different csv tables.

Vdwimos.csv

VdW radii that the optimizer will use and modify. For convenience, default values are
also included.

ResultsoptX.txt

Results output from optimization calculation.

Workhorse folder

Different coordinate files

“interface 0 2 option or “interface 1 0” with appropriate checkbox will run all .xls,
.pdb or .mfj files contained in this folder.

Workmulecla folder

Different IMoS.cla files

“interface 0 3” option or “interface 1 0” with appropriate checkbox will run all .cla
files contained in this folder

Platform only files

Msverl120.d11

Visual C file required to run some C code subroutines. Most Windows platforms
already have this file, but some do not.

Run_IMoSXXL64.sh

Shell Script required to run IMoS from the command line or when submitted to a
queue.
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6 STRUCTURE FILES

This section deals with the creation of a structure file to be used with IMoS. IMoS supports the use of .xIsx, .mfj and .pdb
files. IMoS only has compatibility with Mobcal .mfj files but please refer to the authors of Mobcal on how to write .mfj
files.

6.1 STRUCTURE FILE FOR EXCEL

Excel maybe used to create and store structure files to be used in IMoS. One can write a different structure per excel sheet
so that many structures can be organized within a single file. Figure 6.1 shows an example of a sheet file. The structure file
contains 4 to 7 “Data” columns. The first 4 are required to use PA and EHSS/DHSS methods. Columns 1-5 are required to
run TDHSS and TDM algorithms and columns 1-5 and 7 are required for TMLJ with or without gpol.

X, Y and Z Coord VdW radii P. Charge
A B C D E G H
0.149 0.31 -0.331 1.7} 0.350817 12
-0.424 -0.914 -0.694 1.7) -0.27724 12
-0.628 1.343 0.197 1.7) -0.23731 12
-1.784 -1.116 -0.499 1.7 -0.19007 152 12
-1.993 1.142 0.388 1.7 -0.27805[Crosssectia 12
-2.575 -0.089 0.043 1.7) 0.420172 12
-3.889 -0.356 0.201 1.52) -0.56208 16
1.563 0.5494 -0.568 1.55 -0.60237 14
2.557 -0.024 0.074 1.7) 0.684439 12
2.383 -0.951 1.221 1.7) -0.41605 12
3.808 0.196 -0.264 1.52 -0.50018 16
1.789 1.195 -1.319 1.1) 0.391226 1
0.182 -1.699 -1.136 1.1 0.1892 1
-0.177 2.293 0.467 1.1) 0.191966 1
-2.255 -2.054 -0.77 1.1 0.20297 1
-2.601 1.94 0.805 1.1) 0.186204 1
-4.371 0.399 0.567 1.1} 0.447165 1
2.526 -1.981 0.874 1.1} 0.186273 1
1.392 -0.859 1.664 1.1) 0.149795 1
3.163 -0.744 1.959 1.1) 0.195939 1
3.941 0.776 -1.034 1.1} 0.467198 1
» ... Anthracene Choline Phenanthrene Acetylcholine C60 | C70 | Naphtaler

Figure 6.1 Structure File for Excel

6.1.1 Letter Label Column

An atom label column maybe used as the first column of the file (see for example Nal coors file). In it, one can label the
atoms using letters for convenience. This column is, in general, ignored unless TMLJ is run and “Data” column number 7
is missing. If that is the case, then IMoS will attempt to use Column 1 as a guide to give L-J parameters to the atoms based
on their atom label. The atom label (e.g. Na for sodium) commonly used by IMoS can be taken in in vdwimos file.

6.1.2 Coordinate Columns
The first 3 data columns correspond to the x, y, and z coordinates of the center of the atom. Their values are given in
Angstroms.
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6.1.3 VdW Radii Column

The 4™ data column corresponds to the VdWs radii of the atoms given in Angstroms. This column may not be blank but if
the value of the first row is set to -1, it will ignore the rest of the column and instead pick the VAW values directly from
the vdwimos file.

6.1.4 Partial Charge Column

The 5™ data column is reserved for charges and partial charges. One can choose to give partial charges to all atoms or just
set particular charges in different atoms of choice. The total sum of the charges in this column must be equivalent to the
charge set in column 5 or to the charge set in the imos.cla file or at the interface. The sum of all partial charges must be
within 0.8% of an integer. The column may be left blank. If this is the case and a Trajectory Method is selected, the charge
in column 5 will be set at the geometrical center of the molecule prior to the calculation starting.

6.1.5 Total Charge Column/Total Mass Column

In the 6™ data column, one may set the total charge (integer) and total mass in Da of the ion on the second and fourth row
respectively. The values set on this column override any other value in either the imos.cla or the interface if it is used. This
is very useful when running several structures in a batch as there will be no need to change the mass and charge on each
and every ion. The column may be left blank and the values of charge and mass will be taken from either the imos.cla file
or the interface. If a -1 is set as the total mass, IMoS will read the masses from vdwimos file.

6.1.6 Atom Number Label Column

The 7" data column is used to assign the L-J potential parameters (as well as the color for plotting) used in TMLJ. The
values that must be used for each particular atom can be taken from the vdwimos file but they, in general, correspond to
the rounded mass of the ion. Some atoms have the same rounded atomic number (e.g. Ar and Ca). In such cases, check the
file (Ca is set to 40 and Ar is set to 41). The corresponding L-J parameters for the particular gas of choice will be selected
from the LJtable.xlIsx file.

6.2 STRUCTURE FILE FOR PDB

The structure file for .pdb is basically the structure file that can be taken from the Protein Data Bank. A few changes can be
made to the file to add partial charges and or different models. In what follows, a few explanations of how IMoS treats the
.pdb files are explained.

6.2.1 Skipping Headers. Reading Coordinates, atom labels and integer charges.

IMoS will skip any headers and look for rows with that start with ATOM to start reading coordinates. It reads the coordinates
in the respective pdb columns for coordinates and then reads the atom label in column 78-79. IMoS then attempts to read
column 80 to look for charges. If no charges are specified in this column, it will take the value from imos.cla or the interface
and center it.

6.2.2 Removing Water Adducts

IMoS will try to remove any water adducts that exist in the structure prior to starting the calculation. IMoS looks for the
lines that start with HETAM and ignore those values. The command window will specify whether or not water molecules
were subtracted from the molecule. Check the mAb 1IGY protein file to see how it works.

6.2.3 Adding Partial Charges to pdb files.

IMoS allows the possibility of reading partial charges from the .pdb if the charges are there. This can only be done from
imos.cla no-interface routine. To allow partial charges, the parameter “partialc” should be set to 1 within the imos.cla file.
Note that the partialc parameter may be hidden. If the partialc value has been set to 1, IMoS will look for a second parameter
labeled “chargelines”. The parameter chargelines has two inputs the beginning and end column of the pdb file where the
partial charges are located (e.g. chargelines 55 62). IMoS will then look for values between columns XX and Y'Y of the pdb
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7.1.3.1 Title
Name of Job (Pyrene).

7.1.3.2 Calculation
Type of calculation (i.e. optimize geometry).

7.1.3.3 Processors
Maximum number of cores to be assigned to job.

7.1.3.4 Theory and Basis

There are different Theories and related Basis for ab initio methods. A description of some of the methods may be found at
which is described here®. According to our observations, the final answer of collision cross section with L-J potentials only
is almost the same regardless of the basis used. B3LYP/6-31G(d) is one commonly used.

7.1.3.5 Charge
The charge applied on molecule (can be positive or negative but an integer).

7.1.3.6 Multiplicity
Spin multiplicity after applying the charge. The spin multiplicity is the number of possible orientations of the spin angular
momentum corresponding to a given total spin quantum number for the same spatial electronic wave-function.

7.1.3.7 Output
Type of partial charge/dipole moment listed in output. Standard output gives Mulliken charges only. By adding ‘pop=cm5°,
at the end of 2™ line, user can get Hirshfeld partial charges too.

7.1.3.8 Checkpoint

If during the n™ iteration, the calculation stops and/or gets cancelled, the calculation can be started by taking values from
checkpoint file. Checkpoint (.chk) file is a backup file of parameters and values of the (n-1)" iteration. To create checkpoint
file, the checkbox is marked and the name of (.chk) file must be provided. To use the previously created checkpoint file,
‘Opt = restart’ should be added to a new file as shown in Figure 7.6

Format: Cartesian b

%MNProcShared=24 ~

%Chk=Pyrene_backup.chk

#n B3LYP/6-31G(d) Opt=restart pop=cm3

Pyrene

12

C -2.79060 1.22210 0.00170

C -3.45700 0.00000 0.00110

C -2,.79060 -1.22210 0.00010

C -1.29850 -1.27180 -0.00030

C -0.69940 -2.47580 -0.00070

C 0.69960 -2.47580 -0.00070 ]
Reset Use Form Generate... Close

Figure 7.6 - Manually edited Gaussian file

7.1.3.9 Generate
Finally, click on Generate.. to produce a Gaussian (.com) file.

3 https://barrett-group.mcgill.ca/tutorials/Gaussian%20tutorial.pdf



