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1. General note 

The supramolecular systems investigated with APARM and UD-APARM are systems formed 

with two parts for which a derived (xyz) and a reference (XYZ) cartesian axes are constructed. 

Both software reads a simple text file comprising the cartesian coordinates of a supramolecular 

system. Within the simple inputs files, the first set of data corresponds to atoms that will be 

associated with the xyz axes. The second set of data corresponds to atoms that will be 

associated with the XYZ axes. The colors of the axes are related to the moment of inertia. Red 

for the axis associated with the higher moment of inertia (Z-axis for molecule 2, and x-axis for 

the molecule 1), green with intermediate and blue, for the axis associated with the smaller 

moment of inertia (z-axis for molecule 1 and Y-axis for molecule 2). For a Cyclodextrin host-

guest system, the first cartesian coordinates correspond to the guest data and the second set, 

to the host data (Cyclodextrin cartesian coordinates). Both software generates a single file with 

the supramolecular system under study with the indication of the association parameters (r, θ, 

φ, α, β, and γ) in the .xyz file name.   

 

2. Input and output for APARM     

APARM software reads the file “input-GEOMETRY.xyz” and generates in the screen the 

association parameters. The data is also printed in the “LOG-PARAM-ONLY.txt” along with 

other information. The APARM also generates a .xyz file comprising the supramolecular 

system under investigation (with XYZ vectors in the origin of the cartesian system) and the 

indication of the association parameters. Also, a .bild file with axes (for use with the UCSF-

Chimera software) is generated. For a system with a distance of the center of mass between 

molecules equals to 9 Å, a polar angle equals to 20 degrees, an azimuth equals to 178 degrees 

and no relative Euler rotation (α, β, and γ=0), the following files are generated:    

[0009.0-020-178]-(000-000-000)-APARM.xyz 

[0009.0-020-178]-(000-000-000)-APARM-UCSF-Chimera.bild 

The file names comprise the parameters in the following order:  

[r-θ-φ]-(α-β-γ)-APARM.xyz 

[r-θ-φ]-(α-β-γ)-APARM-UCSF-Chimera.bild 

 

Input file for APARM software:  
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3. Input and output for UD-APARM 

UD-APARM software reads the file “UD-input-GEOMETRY.xyz” and generates in the screen 

the user-defined association parameters. The data is also printed in the “UD-LOG-PARAM.txt” 

along with other information. The UD-APARM generates a .xyz file comprising the 

supramolecular system under investigation (with XYZ in origin) with the spatial arrangement 

defined by the user. Also, a .bild file with axes (for use with the UCSF-Chimera software) is 

generated. For a system with a distance of the center of mass between molecules equals to 9 

Å, a polar angle equals to 20 degrees, an azimuth equals to 178 degrees and no relative Euler 

rotation (α, β, and γ=0), the following files are generated:    

 

[0009.0-020-178]-(000-000-000)-UD-APARM.xyz 

[0009.0-020-178]-(000-000-000)-UD-APARM-UCSF-Chimera.bild 

 

The file names comprise the parameters in the following order:  

 

[r-θ-φ]-(α-β-γ)-UD-APARM.xyz 

[r-θ-φ]-(α-β-γ)-UD-APARM-UCSF-Chimera.bild 

 

The structure of the input file, named “UD-input-GEOMETRY.xyz”, is similar to the input for the 

APARM with additional parameters defined by the user. Such a set of parameters will be 

passed to the software to construct a user-defined spatial arrangement.  

 

Input file for UD-APARM software:  

 

 

4. Variables 

The implementation of the APARM  and UD-APARM comprises six parameters: r, θ, φ, α, β, 

and γ, as discussed in the original contribution (Anconi, C. P. A., ACS Omega 2020, 5, 5013-

5025.). The parameters correspond to two sets: one stands for the relative position [r θ φ] and 

the other for the relative Euler rotation (α β γ).   
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APARM: for a given supramolecular geometry (from X-ray or theoretical calculations), the six 

parameters are evaluated.  

 

UD-APARM: the user defines relative position [r θ φ] and relative Euler rotation (α β γ) for a 

system comprising two parts (or two molecules). Then the software will produce the cartesian 

coordinates of the system with the user-defined relative position and relative rotation. 

 

Specific information for use with UD-APARM: (variables implemented in the same form in the 

APARM). 

Relative position: 

• r  (distance from each center of mass). Unit: Å  (1 Å =10-10m). The r parameter can 

vary from 0 (zero) to other particular value. Such a variable can only assume positive 

values. To change the position of a molecule to pass through a cavity of another 

molecule, the polar angle (θ) must be altered, as illustrated.   

 

• θ (polar angle). Unit: degrees. As implemented UD-APARM, such a variable can vary 

from zero to another value equal or smaller than 1800. Increase θ implies in a 

counterclockwise change in the position as illustrated (from positive reference Z-axis, 

the red arrow). It is noticeable that Euler's relative rotation does not change with a 

modification in the polar angle (θ), as also illustrated below. Will not be defined for an 

r<0.1 Å. For such a small distance, the “NAD” notation will appear in the polar position 

in the filename.   

 

• φ (azimuth angle). Unit: degrees. As implemented in UD-APARM, such a variable can 

vary from zero to another value equal or smaller than 3600. Increase φ implies in a 

counterclockwise change in the position as illustrated (in the XY plane, from positive 

X-axis, the green arrow). It is noticeable that Euler's relative rotation does not change 

with a modification in the azimuth angle (φ), as also illustrated below. Will not be 
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defined for an r<0.1 Å. For such a small distance, the “NAD” notation will appear in 

the azimuth position in the filename. I also undefined for a polar angle equals to zero 

or 1800. The “NAD” notation (from Portuguese “Nenhum Ângulo Definido”) will appear 

in the azimuth position in the filename for θ=zero or θ=1800.    

 

If a user-defined position implies in the minimal distance in the atoms of distinct molecules, the 

term “SHORT-CONTACTS-IDENTIFIED” will appear in the file name. The specific distances and 

corresponding atoms will also be printed on the screen. In such a situation, the supramolecular system 

should be checked.    

Relative rotation: 

• α Euler angle. Unit: degrees. The relative rotation α, as implemented in UD-APARM, 

corresponds to clockwise rotation of the molecule 1 (derived system, xyz) along its z-

axis. It is noticeable that the derived system, a right-handed Cartesian system, is 

mounted over the center of mass of the molecule 1, no matter its position. Such a 

rotation from 0 to 360 degrees is illustrated below. Even for a molecule 1 with 

inclination, the α rotation takes place over the z-axis of such a molecule.  
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• β Euler angle. Unit: degrees. The β Euler rotation angle accounts for the inclination of 

the z-axis, in the derived system, with respect to the Z-axis of the reference system. 

Therefore, it is distinct from the polar angle θ that accounts for the position of the 

center of mass and the whole system. The user can change the “angular” position 

(varying θ and φ) without modifying the inclination of the molecule 1. (see images for 

θ and φ descriptions). The β Euler rotation angle varies, as implemented, in a 

clockwise sense, from 0 to 180 degrees, and its application is illustrated below.   

 

• γ Euler angle. Unit: degrees. The γ Euler rotation angle accounts for the rotation of 

the molecule 1 (and its derived xyz right-handed Cartesian system) along with the Z-

axis of the reference system (the system mounted over the center of mass of the 

molecule 2. The γ Euler rotation angle varies, as implemented, in a clockwise sense, 

from 0 to 360 degrees, and its application is illustrated below. When the β Euler angle 

corresponds to zero or 180 degrees, α and γ Euler angles become equivalent. As 

implemented in UD-APARM, in such a case, the γ will correspond to zero, and the α 

Euler angle will control the rotation along the Z-axis. The modification of the γ Euler 

angle, as implemented in a clockwise sense, is illustrated below.   
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5. How to install 

• Linux version 

APARM: Download and uncompress the “LINUX-APARM-and-UD-APARM.tar.gz” file ($ tar -xzf 

LINUX-APARM-and-UD-APARM.tar.gz). In the APARM folder, though a terminal, use the command 

“chmod” to make APARM-1P13P10-ST11 executable:   

chmod ugoa+x APARM-1P13P10-ST11  

To use the software, in the folder containing the input-GEOMETRY.xyz, just type in the terminal: 

./APARM-1P13P10-ST11 

UD-APARM: Download and uncompress the “LINUX-APARM-and-UD-APARM.tar.gz” ($ tar -xzf 

LINUX-APARM-and-UD-APARM.tar.gz). In the UD-APARM Linux folder,  though a terminal, use the 

command chmod to make UD-APARM-1P14 executable:  

chmod ugoa+x UD-APARM-1P14-ST11  

To use the software, in the folder containing the UD-input-GEOMETRY.xyz, just type in the 

terminal: 

./UD-APARM-1P14-ST11 

• Windows version 

Just uncompress the “WINDOWS-APARM-and-UD-APARM.rar”, and start to use. The folders 

contain an input sample and pre-compiled executables. You have to open a prompt in Windows and 

type APARM-1P13P10-ST11.exe or UD-APARM-1P14-ST11.exe in the folder of the software. The 

folder must contain a correct input file, input-GEOMETRY.xyz for APARM, and UD-input-

GEOMETRY.xyz for UD-APARM. Gfortran must be previously installed with the adjusted path in your 

machine. Note that GNU compilers (gcc, g++ and gfortran) and GNU Make are available using MinGW 

for native Windows (and is recommended).  

Links to vídeos showing how to use the Windows and Linux versions of APARM and UD-APARM 

will be available at http://www.dqi.ufla.br/portal/anconi-group-homepage. Also, the “How-to” material 

will be available in the Cleber Paulo Andrada Anconi YouTube channel 

(https://www.youtube.com/channel/UCSos1AtSo5wwsovQVJ_wGCQ). 

6. How to cite 

The ideas related to the implementation are described in the contribution ”Relative Position and 

Relative Rotation in Supramolecular Systems through the Analysis of the Principal Axes of Inertia: 

Ferrocene/Cucurbit[7]uril and Ferrocenyl Azide/β-Cyclodextrin Case Studies” (ACS Omega 2020, 5, 

5013 – 5025). The codes were improved and revised since the publication, and therefore, the version 

employed in your work should be identified. For the sake of reproducibility, the present versions do 

not handle high symmetric molecules, such as Ferrocene. The multiple possible values for the 

supramolecular parameters, for highly symmetric systems, are under investigation. The goal is to 

establish a general convention (part of the new codes were already written).  
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LICENSE INFORMATION: To download and use APARM and UD-APARM, you are required to 

read and agree the following terms: 

(a) Currently APARM and UD-APARM are free of charge for both academic and commerical 

usages, anyone is allowed to freely distribute the original or their improved versions to others. 

(b) APARM and UD-APARM can be distributed as a free component of commercial code.  

(c) If APARM and UD-APARM is utilized in your work, the original ACS Omega paper MUST BE 

cited in your work (with the version of the software used):  

Anconi, C. P. A.  ACS Omega 2020, 5, 5013 – 5025. APARM, version 1.13.10, revision ST11. UD-

APARM, version 1.14, revision ST11.  

(d) There is no warranty of correctness of the results produced by APARM and UD-APARM, the 

author does not hold responsibility in any way for any consequences arising from the use of the 

APARM and UD-APARM software. 

 


