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1. Introduction 
You will be guided through the process of using the Adaptive Force Matching (AFM) algorithm to 

develop a force field for a solute in water. We will use 1,4 butanediol as an example.1    

 

Figure 1: Complete AFM cycle, showing all stages of FF development. The first step of the cycle is the MD step to sample phase 
space; the second step is the QM/MM step where forces will be calculated for the QM region; the third step is the FM Step where 
the CRYOFF code will be utilized to fit the force field parameters to the QM forces. Once new parameters are found, the cycle can 
be repeated until convergence, and a global fit will be performed after convergence to obtain the final force field. 

We assume the readers of this tutorial have experience doing MD simulations with Gromacs. We note 

that Gromacs versions released after 2020 no longer support tabulated potentials. Thus, we have to use 

earlier versions of Gromacs. We will begin with a gromacs xtc file produced by a previous MD simulation 

using a guess force field. With the help of AFM tools, we will iterate through the three steps of AFM. The 

QM calculations will be performed with ORCA, although the current AFM tools support other QM 

packages, including Gaussian, PQS, and GAMESS. We highly recommend reading the CRYOFF manual as 

well as the AFMtools manual, before starting any force field development on your own. Note that the 

AFM tools were written with perl under Linux. Thus, a working experience with Linux is assumed.  



3 
 

2. Setting Up the Tutorial Package 
All files needed for this tutorial are located in the gzipped archive, 14bud_tutorial.tar.gz on the group 

webpage or can be cloned from github at https://github.com/uark-wanglab/AFM-Tutorial. Move the 

gzipped file where you would like to perform the tutorial on your Linux computer, and unzip it using the 

command 

tar -xvzf 14bud_tutorial.tar.gz 

Three directories listed below should have been extracted  

AFMtools 

CRYOFF 

Tutorial 

The AFMtools directory contains the 1.2.2  version of our group’s AFM tools scripts to facilitate the AFM 

iterations; CRYOFF contains the code used to perform the force matching; Tutorial contains a complete 

example of one generation of force matching along with a directory that can be used to fit dispersion.  

Please create a directory to perform the AFM using the Tutorial directory as an example.  

 

Setting up AFMtools 
To use AFMtools throughout this tutorial, please source the setenv.afm script.  

Assuming the file is under  /home/alex/14bud_tutorial/AFMtools 

Type: 

source /home/alex/14bud_tutorial/AFMtools/setenv.afm 

This will put the AFMtools directory in your PATH. For frequent use of AFMtools, it may be convenient to 

put the above command in your .bashrc file. 

Compile and Install CRYOFF 
The best compiler for the CRYOFF executable is the intel Fortran compiler. For parallel execution, we will 

assume you have the intel MPI installed. Instructions for compiling and installing the CRYOFF fitting code 

is included in the CRYOFF manual.  

Assuming the intel compilers and MPI environment is installed under 

/usr/local/intel/oneapi 

One possibility to compile CRYOFF is  

source /usr/local/intel/oneapi/setvars.sh intel64 

mpiifort -fpp cry3.0.0.f90 -DMPI -O3 -mavx2 -axAVX,core-AVX2,core-AVX512 -lmkl_lapack95_lp64 -

lmkl_intel_lp64 -lmkl_intel_thread -lmkl_core -liomp5 -lpthread -lmpi -o cry.300.x  



4 
 

This should produce the CRYOFF run time executable cry.300.x 

 

The source code for version 3.0.0 of CRYOFF and a precompiled executable has been included in the 

tutorial files. The precompile executable may or may not work for your system depending on system 

libraries. It is recommended to compile a version of CRYOFF from the source code.  

Once the code is compiled. You may need to include it in the PATH so you can run it to perform the fit.  

The atom typing for the 1,4-butanediole is shown in Figure 2, which is useful to understand the rest of 

the tutorial.  

3. Fitting of Dispersion 
In AFM, we find it is better to fit dispersion to either SAPT or Grimme’s empirical dispersion 

correction for DFT before the AFM iterations. In this tutorial, we will fit to the Grimme D3 dispersion 

with Beck-Johnson damping (D3(BJ)).2 Since fitting to D3 dispersion is somewhat similar to the workflow 

from the MD to the FM steps and involves the same set of input files, we will present the fitted 

parameters in Table 1 but will postpone the discussion of the dispersion fitting to Section 8.  

 

Figure 2: Atom types for the 1,4-butanediol molecule. With AFM, generally no two atoms use the same atom type unless they are 
equivalent by symmetry or share almost identical chemical environment.  . 

 

Atom1 Atom2 C6 
(kcal/(mol Å6)) 

R0 
(Å) 

C1 O1 -840.73401 1.9970000 
C2 O1 -660.18209 1.9970000 
O1 O1 -339.99103 1.9494990 
C1 C1 -1256.8644 2.0447500 

OW O1 -386.64814 1.9494990 
OW C2 -995.00435 1.9970000 
OW C1 -1354.3569 1.9970000 

Table 1: C6 and R0 for different atom pairs. These are the parameters for the short-range-damped (SRD) dispersion. ,A description 
of the SRD interaction can be found in the CRYOFF manual. 

 

4. Creating the input files for QM/MM calculations  
We will start from a previous Gromacs simulation with the trajectory saved in the traj_comp.xtc file. While 

this initial guess simulation was run with an AFM model, this trajectory can be obtained with any force 
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field. From this file, conformations can be extracted as .gro files with the 01_runme.sh (Figure 3) script 

also in the Tutorial/01_QM_MM/298/conf directory. 

 

Figure 3: Script “01_runme.sh” to be run under the “Tutorial/01_QM_MM/298/conf” directory. 

Line 3 calls the gromacs trjconv function to save 101 .gro files from 2 to 10 ns in the trajectory. Each 

configuration is centered with the 1,4-butanediol molecule in the middle of the box (the “echo 2 0” 

selects the 1,4 butanediol to be centered) and each water molecule is made whole if it is broken by the 

PBC. (-pbc mol) This is important as not all AFM scripts understand PBC, and many AFM scripts assume 

the center of the QM region is close to the center of the QM/MM configuration.  

Line 5 passes the name of each of the configurations produced by the trjconv to BUU-master script to 

produce .pxyz files. A .pxyz file is an internal format used by AFM scripts that contains mark information 

to facilitate QM/MM region selection.   

 

Figure 4: General structure of a .pxyz file. Line 1 is an integer containing the number of atoms in the .pxyz file. Line 2 contains the 
box dimension (in Angstroms), and each line from Lines contain: Atom name, X, Y, Z, name of the molecule, and a mark value. 
(note that the .pxyz file can be viewed as a standard xyz file using graphical programs such as VMD.) 
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Figure 5: "BUU-master" script as found in "Tutorial/01_QM_MM/298/conf" 

The BUU-master script takes a gromacs configuration file and produces a .pxyz file that contains the 

QM/MM information. In AFM, the system is divided into a QM region and MM region. The QM region is 

further divided into a central zone and a buffer zone. Only the forces from the central zone are used for 

fitting. These regions and zones are distinguished by mark values. The central zone will have a higher 

mark value than the buffer zone, which in turn has a higher mark value than the MM region. Note that 

the AFM markup scripts (such as markup_random, markup_mol) will only increase the mark value and 
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will never decrease the mark value. Thus, if one molecule has been marked to be in the QM region, 

which has higher mark values, subsequent operations with a markup script will not lower its mark.  

Line 22 converts a .gro file into a .pxyz file, and pipes the .pxyz file to the script “mark_byname” which 

will mark the molecule named “BUU” with a mark value of 4.  

Line 25 calls “mark_within_range” script to mark all molecules within 3 Å of 1,4-butanediol (atoms 1 

through 16 to a mark of 2.  

Line 28 randomly selects 5 molecules from the first hydration shell of the 1,4-butanediol to be in the 

central zone of the QM region. (solvation factor 1). Thus, the markup_random script is called 5 times. In 

each call of markup_random one molecule with a mark of 2 will be marked up to a mark of 3.  

Line 29 create the buffer zone(mark of 2) by marking any water within 2.6 Å ($rcuboundary) of any 

molecule in the center zone (mark of 3).  

Line 32 will promote a molecule in the buffer zone to the central zone if there are no molecules with 

lower marks than 2 within 2.6 Å of such a molecule. Since we only fit forces for atoms in the central 

region, this step will allow more water to be fit as a buffer region molecules will be moved to central 

region if there is no nearby MM atoms.  

Line 35 marks all molecules within 9 Å of 1,4-butanediol to 1, which will be MM water.  

Line 38 cleans up the .pxyz file by removing all molecules with a mark of 0 or less and then sorts the 

.pxyz file from highest to lowest mark.. (Note the default mark created by gro2pxyz in Line 22 is -9) 

Line 39 generates a .xyz file to facilitate the examination of the conformation by VMD. In this file, the 

atom types and the marks are combined in way to make visualization of different regions easier. This file 

is also used by the ref_gen_step1_cord script. 

 

We generally refer these types of scripts as master scripts. The master scripts call other AFM tools 

scripts to generate QM/MM conformations for each configuration. The best approach to create a 

master script for a new system is to run the AFMTools scripts on a sample conformation to select the 

desired QM/MM region. After the sequence of scripts are tested, then the commands can then be put in 

the master script. We designed the AFM Tools scripts such that each step of the QM/MM selection 

procedure described in our publications can be accomplished in one line with an AFMTools script.  

An example of the QM/MM configurations generated is shown as Figure 6. All the generated 

configurations can be found in the directory Tutorial/01_QM_MM/298/conf in the tutorial package.  

 

After executing the “01_runme.sh” command 101 .pxyz files should have been created with names 

final000.pxyz to final100.pxyz.  
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Figure 6: QM/MM configuration for 1,4-butanediol in water with the QM region in CPK  and the MM region as lines. The blue 
waters are in the buffer region, shielding the QM region from the MM charges.   

4.1 Running QM/MM calculations to get Gradients.  
In this tutorial, ORCA will be used to perform the QM/MM calculations. We assume your system already 

has ORCA installed. The super computer cluster at University of Arkansas is named pinnacle. The job 

submission was accomplished with the runme.pinnacle script. You may need to write a similar script to 

run these jobs on your system.  

The script that generates input files for ORCA is 01_orca_inp_master.pl 
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Figure 7: Script “01_orca_inp_master.pl” as can be found in the directory “Tutorial/01_QM_MM/298/orca_inp” 

We assume a set of OCRA input files has been created and tested using some sample conformation 

before using the AFM scripts.  

The AFM scripts are designed to update an existing input file of a QM package (such as ORCA) using 

information from .pxyz file and won’t write an QM input file from scratch. In this example, the update of 

the ORCA input file is accomplished with lines 11 and 13 of the 01_orca_inp_master.pl.  

Line 11, select atoms with marks 4, 3, and 2, which is the QM region of QM/MM and creates a new input 

file using the MyMol.templ.inp file as template. The new input file retained everything in the 

MyMol.templ.inp file except update the configuration for the QM region. The temporary input file is 

named hold. The script that update the coordinate of an ORCA template input file is pxyz_orca_upd_xyz.  

The nam_translation file translates atom types in the pxyz file to the atom types for ORCA. 

Line 13, selects atoms with mark 1 and uses the pxyz_orca_upd_chg script to update the partial charges 

portion of the temporary ORCA input file (hold) and write the output to the file defined by the variable 

$orca_input file.  

The input files and a runme.pinnacle file are placed in a new directory ($dirname) for each QM/MM 

calculation.  

 

Since the BLYPSP-4F model in the simulation is a 4-site model, in line 11, one can see the MW lines in 

the input are removed when listing the QM atoms. Line 13 also removed the OW line as there is no 

charge on the OW site.  

  

The 01_orca_inp_master.pl script can take pxyz files as input and can be executed with the command  



10 
 

./01_orca_inp_master.pl ../conf/*.pxyz 

in Tutorial/01_QM_MM/298/orca_inp directory.  

 

The “02_run_orca.sh” script in the tutorial files takes the directory names where the ORCA simulations 

is to be performed as arguments, for example “./02_run_orca.sh final{000..100}”.  

 

4.2 Produce the ref file for CRYOFF 
After the ORCA calculations, the ref file will be created for the AFM fitting using the gradients computed 

by ORCA.  

A 03_Copy_Engrad.sh script can be provided in the conf directory to copy the output gradient files from 

OCRA to a separate directory for creating the .ref files.  

 

In the Tutorial/01_QM_MM/298/genref directory, the coordinates of each configuration are in the .xyz 

files copied from the selection from the Tutorial/01_QM_MM/298/conf directory. The 01_gen_ref.pl 

(Figure 8) script will create the .ref files and place them in the ref_files directory. 

 

 

Figure 8: Script "01_gen_ref.pl" as can be found in Tutorial/01_QM_MM/298/genref 

The first step in generating a ref file is to run ref_gen_step1_cord (Line 9, Figure 8) using a molinfo file 

(Figure 9).  

An in-depth discussion of the molinfo file can be found in the AFMTools manual. In short, each molinfo 

file contains a header, which is followed by the information for each molecule type. The information for 

each molecule type includes a line with the number of atoms, the molecule name, and the solvation 

factor, which is followed by one line for each atom of the molecule. The number in the atom line is the 

weight for computing the center for computing the torque of the molecule. If the weight is 1.0 as in the 

example, the centroid location will be put in the NetF and Torq field in the output pxyz file to compute 

molecular torque relative to this location. The “next” keyword indicates the end of the definition of this 

molecule.  
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In the example, (line 9 of Figure 8) the ref_gen_step1_cord takes its 

coordinates from standard input, the chunk 2 9999 removes the first 

line from the file defined by the variable $file. The Msite information in 

the file is removed by the grep command 

 The output of the ref_gen_step1_cord is a ref file without any gradient 

information. The gradient information is added by the 

ref_upd_orca_grad scripts taking them from the file defined by 

$gradname. Note that it is the user’s responsibility to make sure there is 

a one-to-one correspondence between the gradient in the $gradname 

file and the corresponding atom in the ref file generated by 

ref_gen_step1_cord. The ref_upd_orca_grad file does not check if the 

atom names match.  

Also, the ref_upd scripts replace the gradient information in the ref file 

by adding the gradients in the gradient file to those in the ref file. The 

ref_gen_step1_cord, will write the ref file with the gradients of all 

atoms being zero.  

Also on line 9, the ref_upd_net script computes the net force and net 

torques, the xyz_add_msite adds the msite back into the .ref file. The 

ref_fix_msite script puts the correct solvation factor and molecular 

name information on the msite.  

The reason that the Msite information has to be first removed and then 

added back in is that the gradient computed by ORCA does not have the 

M site. One has to first remove the Msite before the gradient 

information is updated to ensure the atom order in the ref file and in 

the gradient file match.  

Each .ref file contains the reference forces of each frame that will be 

used to fit your desired model. An illustrative sample of a .ref file can be 

seen in Figure 10. NetF and Torq lines are the net force and net torque 

of each molecule. The first line specifies the number of atoms (counting NetF and Torq lines), and the 

second line is a comment line. 

After these two lines, each line will contain the atom name, the location (x, y, z, in angstroms) of the 

atom, the forces (x-force, y-force, z-force, in kcal/(mol·Å)), the solvation factor, and the molecule name. 

These files will be concatenated together to create the final .ref file (total.ref) for the fit.  

 

Figure 9: The “molinfo” file used in 
the creation of the reference force 
(.ref) file 
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Figure 10: First few lines of a .ref file. The second to last column is the solvation factor. The CRYOFF code only fit lines with solvation 
factor greater than 0. However, coordinates of all the atoms must be in the .ref file for proper calculation of gradients on solvation 
factor 1 atoms by CRYOFF. NetF and Torq are the net force and torque of each molecule. They are not included for MM molecules 
in this example.   

To execute this script, first move the .xyz files from the conf/ directory to the genref/ directory, and then 

type the command 

./01_gen_ref.pl *.xyz 

This command will populate the directory “ref_files” with individual ref files for each configuration. 

From within the directory “ref_files”, to create the final .ref file, just run the command 

cat final* > total.ref 

The total.ref file needs to be copied to the directories “02_CRYOFF/inter” and “02_CRYOFF/intra” for 

the fitting. 

 

5. Performing the CRYOFF Fitting 
Once the reference forces have been produced and concatenated to create one large .ref file, the 

CRYOFF fitting must be performed to generate the parameters for the next generation of AFM. This is 

accomplished through the use of two files: inter.ff and intra.ff, which direct the fitting of intermolecular 

and intramolecular parameters, respectively. We will use a two-step fit procedure and fit the 

intermolecular forces before fitting the intramolecular forces. Several scripts have been designed to aid 
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the process in production of the intra.ff file using the output parameters after performing the 

intermolecular fit. 

It is worth noting that the dispersion parameters were already fitted before AFM iterations (In Section 3 

and 8). This section only covers the fitting of other parameters during an AFM iteration.  

 

5.1 Intermolecular fit. 
In the tutorial, all the files related to the intermolecular fit are in the Tutorial/02_CRYOFF/inter 

directory.  

The fit can performed by the command (assuming cry.300.x is in your PATH) 

cry.300.x inter.ff 

or in parallel over 4 CPUs.  

mpirun -np 4 cry.300.x inter.ff 

The precompiled version uses the intel MPI.  

 

The inter.ff file can be found in this directory. Please refer to the CRYOFF manual for a detailed 

discussion of this file.  

 

Figure 11: First three lines of the inter.ff file as found in directory "Tutorial/02_CRYOFF/inter" 

The first three lines of the inter.ff file are shown in Figure 11. In the first line, the [file] section specifies 

the name of the .ref file and the name of the output file. The CRYOFF code will not overwrite the output 

file. Thus, it will quit with an error if the output file already exists.  

The [opt] section (line 2) sets parameters related to the optimization. In the example, the word 

“simplex” will trigger the simplex algorithm to do a non-linear optimization. Note that if there are no 

nonlinear parameters defined when the force field terms are specified later in the file, a linear 

optimization will be performed regardless of whether non-linear optimization is requested in the opt 

section.  

The [keywords] section requested an intermolecular fit (Inter) and the default weight (norm=w) for each 

force questions. The default weight is the optimal in most cases. When the initial guess force field is very 

poor, the REL weight may work better.  

After the first 3 lines, the molecular specification and intermolecular terms follow. For detailed 

information regarding these sections, we will defer to the CRYOFF manual.  

The molecular definition has an exclusion list [Exc]. The CRYOFF code will compute all non-bonded pairs 

within the molecule unless it is excluded in this list explicitly. While these intramolecular non-bonded 
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interactions won’t affect net force and torque and does not affect intermolecular fit, it is important to 

make sure this list is correct for intramolecular fit. 

 

Figure 12: [Cou] section of inter.ff file as found in "Tutorial/02_CRYOFF/inter" 

Since CRYOFF only fits charge products instead of having atomic partial charges as parameters, all 

charge products are specified under the [Cou] section (Figure 12). Note that some charge products such 

as those between solvation factor 0 water and MM water are ignored as those won’t affect the fit of the 

solvation factor 1 molecules.  
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Figure 13: [Cstr]/Charge constraint section of the inter.ff file as it is found in "Tutorial/02_CRYOFF/inter" 

The neutrality of the molecules is enforced in the [CSTR] (Figure 13) section. The weight of the 

constraint is 103
. Note that the weight is squared in the charge restraint equations. Thus, it is not 

advisable to use very large weights. On the other hand, the parameters are relatively insensitive to the 

choice of the weight. Our tests show that any weight between 106
 to 102 should be fine. Please see the 

CRYOFF manual for more discussion.  

5.2 Intramolecular Fit 
The intramolecular fit directory is in Tutorial/02_CRYOFF/intra. The intramolecular fit is performed in a 

similar fashion to the intramolecular fit, with the command 

cry.300.x intra.ff 

However, the intra.ff file must be updated to include parameters obtained from the intermolecular fit. 

This can be accomplished with the off2ff scripts.  

5.2.1 The Intramolecular Template File 
The off2ff scripts are designed to modify/update an existing intra_template.ff file with intermolecular 

parameters obtained in the first step (Sec. 5.1). The easiest approach in practice is to write an intra.ff file 

with sections to be auto populated with the off2ff scripts. In the example, an intra_template.ff file is 

provided for this purpose.  
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Figure 14: Portion of the intra_template.ff that shows the EXP sections.  

Figure 14 shows a section of the intra_template.ff file where the EXPINTER section is empty and 

EXPINTRA has some initial values. The off2ff script can be used to either populate a section (e.g. 

EXPINTER) or update a section (EXPINTRA). Note that the CRYOFF program will treat both sections as 

EXP sections. The AFMTools will recognize these as two different sections to allow different actions to 

be taken for each section.   

5.2.2 protocol files.  
The off2ff script follows the protocol specified in the protocol files (proto)to update the template intra.ff 

file to create the final intra.ff for fitting.   

off2ff proto.copy inter.off intra_template.ff intra.ff 

where the parameter will be taken from the inter.off file following the protocols defined in the 

proto.copy file using the intra_template.ff file. The intra.ff file is the file that will be created for the 

intramolecular fit step and is provided in the tutorial directory.  

 

The proto.copy file (Figure 15) is provided with the tutorial 

 

Figure 15: Procotol file "proto.copy" as found in "Tutorial/02_CRYOFF/inter" 

The first line instructs the off2ff script to copy the parameters of  COU section from the .off file to the .ff 

file. It states the fourth column of line 1 through 31 in the .off will be copied to the COU section, where 

the parameter is in the fourth column and the line number is also from 1 through 31.  

 

Line 2 in Figure 15 states that the EXP section should be copied in whole to the [EXPINTER] section of the 

intra_template.ff file, and that those parameters should be fixed. 

Note that the [COU] section in the intra.ff contains charge products between pairs of solute atoms. 

These solute-solute intramolecular Coulombic pairs do not have to be included in the intermolecular fit 
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step as they do not affect the net force and net torque. However, these are important for the 

intramolecular fit. Line 3 of the proto.copy file will make sure all the charge products are properly 

computed using the information from the inter.ff file.  

For details of the off2ff script and the protocol files, please read the AFM manual.  

 

6. Next Generation Input Files 
After the fitting has been performed using CRYOFF, the next iteration of AFM starts from the MD step. 

We provide the off2top script to automatically update a template Gromacs topology file using the AFM 

parameters.  

Note that due to the limited support for the Buckingham type potential in Gromacs, tabulated potentials 

are used to simulate the final force fields. Unfortunately, Gromacs has dropped support for tabulated 

potentials in newer releases. Only gromacs 2019.6 and earlier can be used.  

6.1 off2top 
A detailed explanation of the off2top script can be seen in the AFMTools manual. Essentially, the off2top 

script updates the .top or .itp files used by GROMACS with parameters from the intra.off file obtained 

following the intramolecular fit step in Section 5. All of the files necessary for producing the topology 

files and tabulated potentials are located in the directory “Tutorial/02_CRYOFF/Tabpot_Topology”. To 

generate all required GROMACS input files, one can execute the runme.sh script in this directory.      

 

Figure 16: "runme.sh" script as found in "Tutorial/02_CRYOFF/Tabpot_Topology/" 

The commands related to production of the .top/.itp files are in lines 2-6. For example, Line 4 writes a 

new itp file, BUU.itp, using template_BUU as example. The output file, BUU.itp will take parameters 

from the intra.off file by following the protocol spelt out by the protocol.mol file.  

The partial charges produced by CRYOFF may not make 1,4 butanediol exactly neutral. This is fixed in 

Line 3 with the adjust_charge script. The adjust_charge script reads the QQequations file.   

 

Figure 17: QQequations file as found in "Tutorial/02_CRYOFF/Tabpot_Topology" 

Line 1 states that the sum of charges of 4 H2, 4 H3, etc, as seen on the left side of the equation is zero.  

Within the runme.sh script, a “chgfile” will be produced containing the final charges to be used in the 

next generation of gromacs simulations. 
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Below is the “protocol.mol” file, the first column specifies what to be updated, the section column 

specifies the source of the parameters, and the third column is the location of parameters in the top or 

itp file. The 4th column provides a unit conversion between .off and GROMACS units, while the last 

column provides some fine control. The details of the file formats can be found in the AFM manual.  

 

Figure 18: protocol.mol file as found in "Tutorial/02_CRYOFF/Tabpot_Topology" 

 

In the runme.sh script, the short-range repulsion and van der Waals interactions are generated with Line 

8 (Fig. 16) . In GROMACS, the tabulated potentials are scaled by the “C12” and “C6” parameters, thus 

there are more than one way to model the same short-range potentials with different choices of this 

scaling factor. If long range correction to energy and stress were to be used during Gromacs simulation, 

it is important that the C6 in the topology file is correct.  

The C6 parameters are copied from the intra.off file in Line 6 (Figure 16) and the corresponding 

tabulated potential are created in Line 8.  

 

Figure 19: protocol.tab file as found in "Tutorial/02_CRYOFF/Tabpot_Topology" 

 

Note that the scale=C6 in the protocol.tab file instruct the scripts to use the C6 in the topology file.  

Line 9 of the runme.sh script copies the intramolecular tabulated bond potential to a new name 

expected by Gromacs during execution of mdrun. 

 

6.2 GROMACS Simulation  
To perform the next generation of GROMACS simulations, copy all the necessary files from the 

Tabpot_Topology directory into the directory designated for the MD step of the next generation: 

cp -a BUU* nonbonded.itp ../../03_Next_Gen/298  

From there you may run GROMACS, and perform the sampling step, QM/MM step, and fitting step all 

over again. 
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7. The Global Fit 
Some AFM parameters may fluctuate from generation to generation. Thus, some less stable parameters 

may not seem to converge even after several generations. One way to judge convergence is to monitor 

selected radial distribution functions to ensure the simulated structures no longer change.  Once 

convergence has been reached, the global fit may be performed to generate the final model. This fit is 

typically done by using the .ref files generated by the most recent few generations. 4 generations were 

used when we developed the 1,4 butanediol potential. The .ref file for the global fit can be created by 

concatenating the .ref file of all the converged generations.  From here, inter and intra CRYOFF fitting is 

performed to obtain the final model.  

8. Fitting of D3 dispersion 
In AFM, dispersion parameters are generally fit using SAPT or D3 

calculations before the AFM iterations. We will fit D3(BJ) dispersion 

for the 1,4-butanediol. The D3(BJ) parameters are chosen to be 

consistent with the B3LYP exchange-correlation functional in the 

QM/MM step.  

We prefer to fit the dispersion using dimer conformations from an 

MD simulation. While fitting to SAPT will be done using SAPT 

energies with the FITE keyword of CRYOFF, the fitting of D3(BJ) 

dispersion can be done by fitting forces due to the availability of D3 

gradients.  

In the case of 1,4-butanediol, dimers were selected within a certain 

range of distances. We generally do not include dimers with nearest 

atom distances shorter than 5 Å to avoid excessive contributions 

from higher order terms. The C6 (or sometimes C6 and C8) fit in this 

step is designed to capture the long-range asymptotic behavior of 

dispersion.    

8.1 Fitting of Intramolecular Dispersion 
Intramolecular dispersion parameters were actually fitted as 

intermolecular parameters between two 1,4-butanediol molecules. 

Assuming the dimer geometries are in an xyz file, the AFM tools 

provide the “getd3force” script, which calls the dftd3 program of 

Grimme. (not included in the tutorial but can be obtained for free 

from Stefan Grimme’s website)   

The getd3force script writes the gradient in a .d3grad file. 

The ref file can be created in a similar fashion of other ref files using 

the .xyz files and .d3grad files. In the case of D3, the forces are 

added to the .ref file with the  “ref_upd_d3_grad” script. 

Figure 20: Sample input .ff file for fitting intramolecular 
dispersion parameters 
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In this tutorial, the completed .ref file for the intramolecular dispersion fit has been provided as 

“intra_dimers.ref”. The .ff file for the intramolecular fit is provided as intra_D3.ff (Figure 20) A sample 

output file is provided as intra_D3.off  

The only terms being fit in this case will be dispersion. In the example, we used the short-range-damped 

form3 with the SRD keyword.  

8.2 Fitting Intermolecular Dispersion 
 

In dispersion terms between 1,4-butanediol and water is fitted similarly as the 1,4-butanediol 

intramolecular terms, except the dimer involves a 1,4-butanediol and a water. The fitted parameters 

have been provided previously in Table 1. The files for this fit will be omitted.  

 

 

 

----------------------------------------------------------------------------------------------------------------- 
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