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1. Introduction

easyPARM is a computational tool with two primary functions. First, it derives bond-
stretching and bond-angle bending force field parameters for metal-containing molecular
systems using the Seminario method.! This ensures accurate parameter generation
tailored for the AMBER software suite?, based on the Hessian matrix produced by
frequency calculation in Gaussian software.?

Second, easyPARM enables charge restraints on specific atoms using the Restrained
Electrostatic Potential (REsP) fitting approach.* This helps achieve a more accurate
electrostatic potential around the molecule while keeping charge distribution physically
meaningful.

With these capabilities, easyPARM is an efficient tool for accurately modeling metal-
containing systems, ensuring both structural and electrostatic precision.
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The easyPARM code was written by Abdelazim M. A. Abdelgawwad under supervision
Dr. Antonio Francés-Monerris. This code version 1.00 is free: you can redistribute it
and/or modify it under the GNU LESSER GENERAL PUBLIC LICENSE Version 2.1,
February 1999.

1.1 Key Features

e Generates parameters for metal-containing systems using a combination of the
general AMBER force field (GAFF) or the AMBER force field and the missing
parameters for bond stretching and angle bending involving metalsand linked atoms
with Seminario method

e Capable of generating parameters for entire structures in non-metal systems using
either GAFF or AMBER

e Outputs essential files (frcmod, pdb, mol2, and lib) for initiating simulations or
preparing metal-containing systems

1.2 Citation
Please cite the following references if you use the easyPARM code:

e Paper/preprint
e Github (https://qgithub.com/Abdelazim-Abdelgawwad/easyPARM.qit)

2. Installation

2.1 Prerequisites

To successfully install and run easyPARM, ensure that the following prerequisites are
met:

e Python 3 or higher: easyPARM requires Python version 3 or above to function
properly. You can download the latest version of Python from the official Python
website.

e periodictable package: This package provides access to the periodic table of
elements, which is essential for the metal-specific calculations in easyPARM. To
install it, use the following command in your terminal or command prompt:

pip install periodictable

e scipy package: SciPy is a scientific computing library that easyPARM utilizes for
various numerical calculations, including those related to force fields and molecular
mechanics. To install SciPy, use the following command:

pip install scipy

Additional package requirements may arise during execution. If prompted, install them
via pip or contact us for assistance.

Once the necessary dependencies are installed, you'll be ready to run easyPARM to
generate the required force field parameters.
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2.2 Running easyPARM

Choose one of the following methods:

1. Run the script directly: Navigate to the directory containing the easyPARM script
and execute the following command.

./easyPARM. sh

2. Set up an alias for easy access: To run easyPARM from any location in your
terminal, you can create an alias by adding the following line to your .bashrc file:

alias easyPARM='/full/path/to/easyPARM.sh'
3. Usage Guide

3.1 Required Input Files

1. Checkpoint File (.chk): Contains the Hessian matrix from a Gaussian calculation.
2. Optimized Structure (XYZ Format): Contains the optimized molecular geometry.
3. Gaussian Charge Output: Contains charge distribution information (ESP charge).
3.2 Step-by-Step Tutorial

1- AMBER Configuration

The code will prompt you to confirm whether AMBER is already loaded or if you need
to specify its path. You will see the following prompt:

Select your option:

1- Amber is already loaded
2- Provide the Amber path

Enter your choice (1 or 2):

e If you can use the module load amber command, select option 1.
e If you prefer to manually provide the AMBER installation path, select option 2.

Option 1:

Enter your choice (1 or 2): 1
Amber is assumed to be already loaded. Skipping sourcing.

Option 2:

Enter your choice (1 or 2): 2
Please provide the path for Amber:

2- System Charge.
Please provide the total charge:

3- mol2 File Generation
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After setting the total charge, the code will prompt you to select the input format for
generating the mol2 file. You'll be presented with the following options:

Please select the input format:

1- Gaussian output (log)

2- Resp (gesp)

3- PDB structure (pdb)

Enter the number corresponding to the input format:

Next, you'll need to select the charge method for the system. The recommended method
is RESP, but other options are available:

Please select the charge method (recommended: RESP):
1- RESP (resp)

2- Mulliken (mul)

3- ESP (esp)

4- AM1-BCC (bcc)

Enter the number corresponding to the charge method:

Finally, you'll be asked to select the atom type for the system. The recommended choices
are GAFF or AMBER, but you can also choose Sybyl:

Please select the atom type:

1- Amber Force Field (AMBER)

2- General Amber Force Field (GAFF)

3- General Amber Force Field (GAFF2)

Enter the number corresponding to the atom type:

After selecting the atom type, the code will prompt you to provide the output file that
contains the charge information. The accepted file formats include .log, .resp, and .pdb.
The prompt will look like this:

Please provide the charge output file (e.g., .log, .resp, .pdb):
4- Seminario Method Setup

You must provide the checkpoint file required to run the Seminario method. The
checkpoint file should have a .chk extension.

Please provide the checkpoint file (.chk or .fchk):
1. Handling a .chk file:

If you provide a .chk file, the system will prompt you to check for Gaussian availability.
The system will ask you to choose whether Gaussian is already installed and available on
your system or if you need to provide the path manually.

Select your option:

1- Gaussian is already loaded (formchk is available)
2- Provide the Gaussian path

Enter your choice (1 or 2):

2. Handling a .fchk file:
If you provide a .fchk file, the system will automatically proceed to the next step.

5- Providing the Optimized Structure for Seminario Method
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To proceed with the Seminario method, you will need to provide the optimized XYZ
geometry file. The code will prompt you to enter the name of this file:

Please provide the optimized XYZ geometry file:
6- Output Generation

After successfully completing all the preceding steps and ensuring that all required inputs
are correctly provided, the software will generate the necessary parameter files for further
use. Upon completion, you will receive a set of output files that may include:

Here is your mol2 COMPLEX.mol2

Here is your frcmod COMPLEX.frcmod
Here is your pdb COMPLEX.pdb

Here is your lib COMPLEX.lib

7- Atomic Charge Restraint (Optional)

The program provides the option to restrain the atomic charge on specific atoms. Upon
execution, the following prompt will appear:

Would you like to restrain the charge on specific atoms? (Yes or No):
e Selecting No will terminate the operation.
e Selecting Yes will allow you to provide details for one or more atoms
8.1 Specify the Number of Atoms
If you choose to proceed, the following prompt will appear:
How many atoms do you want to restrain?

At this point, you will be required to specify the exact number of atoms for which the charge is
to be restrained.

8.2 Providing Atom-Specific Information
You will see the following prompt:
Please provide the atom number and its charge for atom 1 (e.g., 12 -0.834):

You are required to input both the atom number and its corresponding charge for each
selected atom.

8.3 Inputting Gaussian Output
You will see the following prompt:
Please enter the name of Gaussian output that contains all the ESP charges:

Here, you must specify the file name containing the Electrostatic Potential (ESP) charges
from the Gaussian output.

8.4 Generating the Output

After processing, a new mol2 and library file will be generated, containing the updated
atomic charges based on the information you provided.
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4. Appendix

Example for Generating the Required Files Using Gaussian

When using Gaussian to generate the required files, note that the choice of the level of
theory is up to the user and is not mandatory to match the examples provided. Follow the
steps below:

4.1 Structure Optimization and Frequency Calculation

First, optimize the molecular structure and run a frequency calculation. Upon completion,
you will obtain the optimized structure in .xyz format, along with the checkpoint file
(.chk).

%mem=30GB

%nproc=24

%chk=output.chk

#p B3LYP/def2tzvp symmetry=none opt scf=(MaxCycle=60,xqc)
freq(noraman) int(ultrafinegrid)

#Comment

charge multiplicity

coordinates

4.2 Charge Calculation Using the RESP Method

Next, calculate the molecular charge using the RESP method in Gaussian. This step will
produce the charge output in the .log file.

%mem=30GB

%nproc=24

#p B3LYP/gen pseudo=read SCF=tight Pop=(mkuff) iop(6/33=2)
iop(6/42=6) iop(6/50=1)

#Comment
charge multiplicity
coordinates

CNHO®O
6-31G*
* KK K

Ru ©

SDD
k% k ok

Ru ©
SDD

output.resp
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output.resp
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