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CHAPTER 1

WebFF

WebFF is an open and extensible molecular dynamics force-field (FF) repository, designed to support the Materials
Genome Initiative (MGI) for organic and related soft materials. The repository is built using the NIST Materials Data
Curation System (MDCS) [link] which supports ontology based database descriptions using XML schema.

1.1

Features

Here are some of the main features of WebFF:

Users interact with the repository through two main portals. The Data Exploration Portal [link] supports
search for force-field data based on the curated metadata descriptors and download in a number for common
formats. We will work with the user community to expand output format coverage per user requests.

The Data Curation Portal [link] supports upload of published force-field data with appropriate metadata de-
scriptors to support provenance based data sharing. New datasets may be curated interactively or using a python
based toolset to upload large datasets en masse. Data curation requires an authorized account.

The initial release of the repository features three integrated XML schemas:
1. Class I organic force-fields in such as OPLS, Amber and CHARMM style representations
2. Class II style force-fields such as CFF, PCFF, COMPASS and TEAMFF
3. Coarse-Grained models at various levels of granularity

For questions, comments and requests please contact: webff@nist.gov

If you use data from WebFF in your work, we ask that you please cite the following:

1.
2.

The main source or the data cited in the XML metadata

Frederick R. Phelan Jr., Kathleen Mullin, Pablo Garcia Beltran, Gule Teri, Priyanshu Mishra and Huai Sun,
“The Web Force-Field (WebFF) Project: Ontology Based Force-Field Repository for Soft Materials at Multiple
Levels of Granularity,” in preparation (2018).



https://mgi.nist.gov/materials-data-curation-system
https://webff.nist.gov/explore
https://webff.nist.gov/curate
mailto:webff@nist.gov
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1.2 External Resources

WebFF-Documentation
Materials Data Curation System (MDCS)

4 Chapter 1. WebFF


https://github.com/usnistgov/WebFF-Documentation
https://github.com/usnistgov/MDCS

CHAPTER 2

Force-Field Data Search
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CHAPTER 3

Force-Field Curation to WebFF

3.1 Manual Entry

3.2 Automated Entry
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CHAPTER 4

XML Schemas

4.1 Class 1 Organic Force-Fields
4.2 Class 2 Organic Force-Fields
4.3 Coarse-Grained Force-Fields

4.4 Water Models
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CHAPTER B

Python Tools

5.1 WebFF.py Module
5.2 WebFF Data Input: Excel to XML
5.3 WebFF Data Output Tools: XML to MD Format

5.4 Module Index

This module contains functions that translate data between Excel, XML, and molecular dynamics text formats

WebFF .ReadExcelAnglePotential_CHARMM (sheet, sub_root)
Reads in the AnglePotential-CHARMM sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelAnglePotential_COS2 (sheet, sub_root)
Reads in the AnglePotential-COS2 sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelAnglePotential_Class2 (sheet, sub_root)
Reads in the AnglePotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelAnglePotential_Cosine (sheet, sub_root)
Reads in the AnglePotential-Cosine sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelAnglePotential_ Harmonic (sheet, sub_root)
Reads in the AnglePotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

11
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WebFF .ReadExcelAnglePotential_Tabular (sheet, sub_root)
Reads in the AnglePotential-Tabular sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelAtomTypeAttributes (sheet, root)
Reads in the Atom-Types-Attributes sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelAtomTypeAttributes_DFF (sheet, root)
Reads in the Atom-Attributes-DFF sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelAtomTypeAttributes_Generic (sheet, root)
Reads in the Atom-Attributes-Generic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelAtomTypes (sheet, root)
Reads in the Atom-Types sheet from the webFF excel template. Arguments are the sheet and the XML element
that is the parent for the data.

WebFF .ReadExcelAtomTypes_ATDL (sheet, root)
Reads in the AtomTypes-ATDL sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelAtomTypes_CoarseGrained (sheet, root)
Reads in the AtomTypes-ATDL sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelAtomTypes_DFF (sheet, root)
Reads in the AtomTypes-DFF sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelAtomTypes_Generic (sheet, root)
Reads in the AtomTypes-Generic sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelAutoEquivalenceTable (sheet, sub_root)
Reads in the Equivalence-Table sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelBondIncrements (sheet, sub_root)
Reads in the Bond-Increments sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelBondPotential_ Class2 (sheet, sub_root)
Reads in the BondPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelBondPotential_ FENE (sheet, sub_root)
Reads in the BondPotential-FENE sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelBondPotential_ Harmonic (sheet, sub_root)
Reads in the BondPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelBondPotential_ Morse (sheet, sub_root)
Reads in the BondPotential-Morse sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

12 Chapter 5. Python Tools
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WebFF .ReadExcelBondPotential_ Quartic (sheet, sub_root)
Reads in the BondPotential-Quartic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelBondPotential_ Tabular (sheet, sub_root)
Reads in the BondPotential-Tabular sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelCrossPotential_AngleAngle (sheet, sub_root)
Reads in the BondPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelCrossPotential_AngleAngleTorsion (sheet, sub_root)
Reads in the BondPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelCrossPotential_ AngleTorsion (sheet, sub_root)
Reads in the BondPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelCrossPotential_BondAngle (sheet, sub_root)
Reads in the BondPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelCrossPotential BondBond (sheet, sub_root)
Reads in the BondPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelCrossPotential_ BondBondl3 (sheet, sub_root)
Reads in the BondPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelCrossPotential EndBondTorsion (sheet, sub_root)
Reads in the BondPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelCrossPotential MiddleBondTorsion (sheet, sub_root)
Reads in the BondPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelDihedralPotential CHARMM (sheet, sub_root)
Reads in the DihedralPotential-CHARMM sheet from the webFF excel template. Arguments are the sheet and
the XML element that is the parent for the data.

WebFF .ReadExcelDihedralPotential_ Class2 (sheet, sub_root)
Reads in the DihedralPotential-CHARMM sheet from the webFF excel template. Arguments are the sheet and
the XML element that is the parent for the data.

WebFF .ReadExcelDihedralPotential Fourier (sheet, sub_root)
Reads in the DihedralPotential-Fourier sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelDihedralPotential_FourierSimple (sheet, sub_root)
Reads in the DihedralPotential-FourierSimple sheet from the webFF excel template. Arguments are the sheet
and the XML element that is the parent for the data.

WebFF .ReadExcelDihedralPotential Harmonic (sheet, sub_root)
Reads in the DihedralPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and
the XML element that is the parent for the data.

5.4. Module Index 13
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WebFF .ReadExcelDihedralPotential Multiharmonic (sheet, sub_root)
Reads in the DihedralPotential-Multiharmonic sheet from the webFF excel template. Arguments are the sheet
and the XML element that is the parent for the data.

WebFF .ReadExcelDihedralPotential_ OPLS (sheet, sub_root)
Reads in the DihedralPotential-OPLS sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelDihedralPotential Quadratic (sheet, sub_root)
Reads in the DihedralPotential-Quadratic sheet from the webFF excel template. Arguments are the sheet and
the XML element that is the parent for the data.

WebFF .ReadExcelDihedralPotential Tabular (sheet, sub_root)
Reads in the DihedralPotential-Tabular sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelDissipativePotential_ Langevin (sheet, sub_root)
Reads in the DissipativePotential-Langevin sheet from the webFF excel template. Arguments are the sheet and
the XML element that is the parent for the data.

WebFF .ReadExcelEquivalenceTable (sheet, sub_root)
Reads in the Equivalence-Table sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelImproperPotential_ CHARMM (sheet, sub_root)
Reads in the ImporperPotential-CHARMM sheet from the webFF excel template. Arguments are the sheet and
the XML element that is the parent for the data.

WebFF .ReadExcelImproperPotential_COS2 (sheet, sub_root)
Reads in the ImporperPotential-COS2 sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelImproperPotential_CVFF (sheet, sub_root)
Reads in the ImproperPotential-CVFF sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelImproperPotential_Class2 (sheet, sub_root)
Reads in the ImporperPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and
the XML element that is the parent for the data.

WebFF .ReadExcelImproperPotential_Fourier (sheet, sub_root)
Reads in the ImporperPotential-Fourier sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelImproperPotential_ Harmonic (sheet, sub_root)
Reads in the ImporperPotential-Harmonic sheet from the webFF excel template. Arguments are the sheet and
the XML element that is the parent for the data.

WebFF .ReadExcelImproperPotential_ Umbrella (sheet, sub_root)
Reads in the ImporperPotential-Umbrella sheet from the webFF excel template. Arguments are the sheet and
the XML element that is the parent for the data.

WebFF .ReadExcelMetaData_ Header (sheet, sub_root)
Reads in the MetaData sheet from the WebFF excel template. Arguments are the sheet and the XML element
that is the parent for the data.

WebFF .ReadExcelMetaData_Keywords (sheet, root)
Reads in the Keywords sheet from the webFF excel template. Arguments are the sheet and the XML element
that is the parent for the data.

14 Chapter 5. Python Tools
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WebFF .ReadExcelMetaData_ References (sheet, root)
Reads in the Keywords sheet from the webFF excel template. Arguments are the sheet and the XML element
that is the parent for the data.

WebFF .ReadExcelNonBondPotential_ EnergyRenorm (sheet, sub_root)
Reads in the NonBondPotential-EnergyRenorm sheet from the webFF excel template. Arguments are the sheet
and the XML element that is the parent for the data.

WebFF .ReadExcelNonBondPotential_ LJ (sheet, sub_root)
Reads in the NonBondPotential-LJ sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelNonBondPotential LJ2 (sheet, sub_root)
Reads in the NonBondPotential-L.J2 sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelNonBondPotential LJ2AB (sheet, sub_root)
Reads in the NonBondPotential-LJ2AB sheet from the WebFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelNonBondPotential_ LJ96 (sheet, sub_root)
Reads in the NonBondPotential-LJRmin sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelNonBondPotential LJ962 (sheet, sub_root)
Reads in the NonBondPotential-LJ962 sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelNonBondPotential LJAB (sheet, sub_root)
Reads in the NonBondPotential-LJAB sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelNonBondPotential LJClass2 (sheet, sub_root)
Reads in the NonBondPotential-LJClass2 sheet from the webFF excel template. Arguments are the sheet and
the XML element that is the parent for the data.

WebFF .ReadExcelNonBondPotential LJGROMACS (sheet, sub_root)
Reads in the NonBondPotential-LJ-GROMACS sheet from the webFF excel template. Arguments are the sheet
and the XML element that is the parent for the data.

WebFF .ReadExcelNonBondPotential LJRmin (sheet, sub_root)
Reads in the NonBondPotential-LJRmin sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelNonBondPotential Mie (sheet, sub_root)
Reads in the NonBondPotential-Mie sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelNonBondPotential Tabular (sheet, sub_root)
Reads in the NonBondPotential-Tabular sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelNonBondPotential WCA (sheet, sub_root)
Reads in the NonBondPotential-WCA sheet from the webFF excel template. Arguments are the sheet and the
XML element that is the parent for the data.

WebFF .ReadExcelRelationTree DFF (sheet, root)
Reads in the RelationTree-DFF sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

5.4. Module Index 15
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WebFF .ReadExcelSoftPotential_ DPD (sheet, sub_root)
Reads in the SoftPotential-DPD sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelSoftPotential_SRP (sheet, sub_root)
Reads in the SoftPotential-SRP sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelWaterPotential_3Site (sheet, sub_root)
Reads in the WaterPotential-3Site sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelWaterPotential 4Site (sheet, sub_root)
Reads in the WaterPotential-4Site sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .ReadExcelWaterPotential 5Site (sheet, sub_root)
Reads in the WaterPotential-5Site sheet from the webFF excel template. Arguments are the sheet and the XML
element that is the parent for the data.

WebFF .XMLToFrcNonBondPotential_Class2 (root, output_file)

WebFF .XMLToFrcNonBondPotential LJ2_AB (root, output_file)

WebFF .XMLToFrcNonBondPotential_LJ_AB (root, output_file)

WebFF .XMLToFrcNonBondPotential_ LJ_GROMACS (root, output_file)

WebFF .XMLToFrcNonBondPotential_LJ_Rmin (root, output_file)

WebFF .XMLToFrcNonBondPotential_ Weeks_Chandler_ Anderson (root, output_file)
WebFF .XMLToParamsAnglePotential_ CHARMM (root, output_file)

WebFF .XMLToParamsAnglePotential_COS2 (root, output_file)

WebFF .XMLToParamsAnglePotential Class2 (root, output_file)

WebFF .XMLToParamsAnglePotential_ Cosine (root, output_file)

WebFF .XMLToParamsAnglePotential_ Harmonic (root, output_file)

WebFF . XMLToParamsAtomTypes (root, output_file)

WebFF .XMLToParamsBondPotential_Harmonic (root, output_file)

WebFF .XMLToParamsBondPotential_Morse (root, output_file)

WebFF .XMLToParamsDihedralPotential_ CHARMM (ro00t, output_file)

WebFF .XMLToParamsDihedralPotential Class2 (root, output_file)

WebFF .XMLToParamsDihedralPotential_ Fourier (root, output_file)

WebFF .XMLToParamsDihedralPotential_ FourierSimple (root, output_file)
WebFF .XMLToParamsDihedralPotential_ Harmonic (root, output_file)
WebFF .XMLToParamsDihedralPotential_ Multiharmonic (root, output._file)
WebFF .XMLToParamsDihedralPotential_OPLS (root, output_file)

WebFF .XMLToParamsDihedralPotential_ Quadratic (root, output_file)
WebFF .XMLToParamsImproperPotential_ CHARMM (root, output_file)

WebFF .XMLToParamsImproperPotential_COS2 (root, output_file)

16 Chapter 5. Python Tools



WebFF Documentation, Release 1.0.0

WebFF .XMLToParamsImproperPotential_CVFF (root, output_file)
WebFF .XMLToParamsImproperPotential_Class2 (root, output_file)
WebFF .XMLToParamsImproperPotential Fourier (root, output_file)
WebFF .XMLToParamsImproperPotential_ Harmonic (root, output_file)
WebFF .XMLToParamsImproperPotential_ Umbrella (root, output_file)
WebFF .XMLToParamsNonBondPotential_Class2 (root, output_file)
WebFF .XMLToParamsNonBondPotential_EnergyRenorm (root, output_file)
WebFF .XMLToParamsNonBondPotential_LJ (root, output_file)

WebFF .XMLToParamsNonBondPotential_LJ2 (root, output_file)

WebFF .XMLToParamsNonBondPotential LJ2_AB (root, output_file)
WebFF .XMLToParamsNonBondPotential_ LJ96 (root, output_file)
WebFF .XMLToParamsNonBondPotential_LJ_AB (root, output_file)
WebFF .XMLToParamsNonBondPotential_LJ_GROMACS (root, output_file)
WebFF .XMLToParamsNonBondPotential_LJ_Rmin (root, output_file)
WebFF .XMLToParamsNonBondPotential_Mie (root, output_file)

WebFF .XMLToParamsNonBondPotential_Soft (root, output_file)
WebFF .XMLToTableAnglePotential Tabular (root, output_file)
WebFF .XMLToTableBondPotential_ Tabular (root, output_file)

WebFF .XMLToTableDihedralPotential_Tabular (root, output_file)
WebFF .XMLToTableNonBondPotential_Tabular (root, output_file)
WebFF . XMLtoCitBib (root, output_file)

WebFF .XMLtoFrcAnglePotential_ CHARMM (root, output_file)

WebFF .XMLtoFrcAnglePotential_ COS2 (root, output_file)

WebFF .XMLtoFrcAnglePotential_Class2 (root, output_file)

WebFF .XMLtoFrcAnglePotential_Cosine (root, output_file)

WebFF .XMLtoFrcAnglePotential Harmonic (root, output_file)

WebFF . XMLtoFrcAtomTypes (root, output_file)

WebFF .XMLtoFrcAtomTypesCG (root, output_file)

WebFF .XMLtoFrcBondIncrements (root, output_file)

WebFF .XMLtoFrcBondPotential_Class2 (root, output_file)

WebFF .XMLtoFrcBondPotential_FENE (ro00t, output_file)

WebFF .XMLtoFrcBondPotential_Harmonic (root, output_file)

WebFF .XMLtoFrcBondPotential_Morse (root, output_file)

WebFF .XMLtoFrcCrossPotential_ AngleAngle (root, output_file)
WebFF .XMLtoFrcCrossPotential AngleAngleTorsion (root, output_file)

WebFF .XMLtoFrcCrossPotential AngleTorsion (root, output file)
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WebFF .XMLtoFrcCrossPotential_ BondAngle (root, output_file)

WebFF .XMLtoFrcCrossPotential_ BondBond (root, output._file)

WebFF .XMLtoFrcCrossPotential BondBondl3 (root, output_file)

WebFF .XMLtoFrcCrossPotential EndBondTorsion (root, output_file)
WebFF .XMLtoFrcCrossPotential_ MiddleBondTorsion (root, output_file)
WebFF .XMLtoFrcDihedralPotential_ CHARMM (root, output_file)

WebFF .XMLtoFrcDihedralPotential_Class2 (root, output_file)

WebFF .XMLtoFrcDihedralPotential_ Fourier (root, output_file)

WebFF .XMLtoFrcDihedralPotential_ FourierSimple (root, output_file)
WebFF .XMLtoFrcDihedralPotential Harmonic (root, output_file)
WebFF .XMLtoFrcDihedralPotential Multiharmonic (root, output_file)
WebFF .XMLtoFrcDihedralPotential_OPLS (root, output_file)

WebFF .XMLtoFrcDihedralPotential_Quadratic (root, output_file)
WebFF .XMLtoFrcEquivalenceTable (root, output_file)

WebFF .XMLtoFrcImproperPotential CHARMM (root, output_file)

WebFF .XMLtoFrcImproperPotential_ COS2 (root, output_file)

WebFF .XMLtoFrcImproperPotential CVFF (root, output_file)

WebFF .XMLtoFrcImproperPotential Class2 (root, output_file)

WebFF .XMLtoFrcImproperPotential_ Fourier (root, output_file)

WebFF .XMLtoFrcImproperPotential_ FourierSimple (root, output_file)
WebFF .XMLtoFrcImproperPotential_ Harmonic (root, output_file)
WebFF .XMLtoFrcImproperPotential Umbrella (root, output_file)
WebFF .XMLtoFrcNonBondPotential_EnergyRenorm (root, output_file)
WebFF .XMLtoFrcNonBondPotential_LJ (root, output_file)

WebFF .XMLtoFrcNonBondPotential_ LJ2 (root, output_file)

WebFF .XMLtoFrcNonBondPotential_ LJ96 (root, output_file)

WebFF .XMLtoFrcNonBondPotential_Mie (root, output_file)

WebFF .XMLtoFrcNonBondPotential Soft (root, output_file)

WebFF .XMLtoParamsBondPotential_Class2 (root, output_file)

WebFF .XMLtoParamsBondPotential_ FENE (root, output_file)

WebFF .XMLtoParamsCrossPotential_ AngleAngle (root, output_file)
WebFF .XMLtoParamsCrossPotential_ AngleAngleTorsion (root, output_file)
WebFF .XMLtoParamsCrossPotential_ AngleTorsion (root, output_file)
WebFF .XMLtoParamsCrossPotential_BondAngle (root, output_file)
WebFF .XMLtoParamsCrossPotential BondBond (root, output_file)

WebFF .XMLtoParamsCrossPotential_ BondBond1l3 (root, output_file)
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WebFF .XMLtoParamsCrossPotential_ EndBondTorsion (root, output_file)
WebFF .XMLtoParamsCrossPotential_ MiddleBondTorsion (root, output_file)

WebFF .XMLtoParamsNonBondPotential Weeks_Chandler_ Anderson (root, output_file)
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Importing Data

6.1 WebFF Account
6.2 Self Data Entry

6.3 NIST Data Entry
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CHAPTER /

Tutorial
7.1 Data Curation for Atomistic Force-Field Data
TFE Force-Field Data Source
THE JOURNAL OF rtice
PHYSICAL CHEMISTRY png

Parametrization of 2,2,2-Trifluoroethanol Based on the Generalized
Amber Force Field Provides Realistic Agreement between
Experimental and Calculated Properties of Pure Liquid as Well as
Water-Mixed Solutions

Jifi Vymétal and Jifi Vondrasek®

Institute of Organic Chemistry and Biochemistry, Academy of Scdiences of the Czech Republic (AS CR), Flemingovo nim. 2, 166 10
Praha 6, Czech Republic

Metadata

Atom Types and Attributes
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Force-Field Metadata

Instructions

S$chema Yersion 1.0.0

Force-Field Protocol &tomistic - Class|

MName TFE
Description
Units Mixed-Metric
Jifivymétal and Jifivondrasek, "Parametrization of 2,2,2-Trifluoroethanol Based on
Data Source the Generalized Amber Force Field Provides Realistic Agreement between

Experimental and Calculated Properties of Pure Ligquid as Well as Water-Mixed

o N 10.1021/jp505861h0
» URL https:/fpubs. acs.ora/doi 10,1021 /{p505861h0
» NOTES

Data Contact {(Mame) JifivJondrasek

» Affiliation Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Re
» email jiri.vondraseki@uochh. cas.cz

Atom-Types

MNomenciature DFF #Preset

comment #Entar data

AtomType-Name Substructure Description Flerment Atamichumber  Atomichgss

HC H[&C] 1 1.0079
HO HI&D] 1 1.0079
Josl Cl&FI&FIL&F] 3 12,011
o] ClEO[EHI[&H] 3 12,011
oH O[&H] ] 15,9994
F F[&C] 9 18,9954
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Atom-Attributes-DFF

Instructions

AtomType-Name

OH
OH
HC
HC
HO
HO

Index

Bond Increments

Instructions

AT-1
F
HO
HC
1
OH

Potentials

AT-1
C1
OH
C2
C2
C2

Bond Potential

style
Fformula
K-units
Ri-units

AT-1
Cl
C1l
c2
C2
OH

Harmonic
K*(R-RO)A2
kealfmolfAnz
A

AT-2
F

c2
OH
HE
HO

7.1.1 References

Coardination Ringsize Aramatic FormalCharge Blementsdllowed | ElementsOizallowed
1 2
2
1 1
2 4
1 1
2 4
Delta-1)  Delta-l  comment version reference
-0.3218
0,435
0.0841
-0.0589
-0.1569
#Preset
#Preset
#Choos e
#Choos e
K RO comment version reference
£32,3805567 1.344
926,8674699 1,535
5459887827 1.426
583.8824263 1.093
642, 4615704 0.974

1. Jiff Vymétal and Jifi Vondrasek, ‘“Parametrization of 2,2,2-Trifluoroethanol Based on the Generalized Amber
Force Field Provides Realistic Agreement between Experimental and Calculated Properties of Pure Liquid as
Well as Water-Mixed Solutions”, J. Phys. Chem. B, 118 (35), pp 10390-10404, (2014).

7.1. Data Curation for Atomistic Force-Field Data
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Angle Potential

style Harmonic #Preset

formula Ka*(Theta-Thetad)™2 #Freset

Ka-units kealfmolfdegrees”2  schoose

ThetaG-units degrees #Preset

AT-1 AT-2 AT-3 Thetad precedence comment version reference
Cl C2 OH BT.7 109,43

F Cl F 7L.3 107.16

F Cl C2 66,2 109,41

Cl c2 HC 46,4 110.07

C2 OH HO 471 108.16

HC C2 HC 39.2 108,55

HC Cc2 OH 51 109,88

Dihedral Potential

style Fourier #Preset

formula KL*[1-cos(N1*Phi-D1)]+K2*[1-cos(N2*Phi-D2)]+K3*[1-cos(N3*Phi-DI)|+K4*[1-cos(N4*Phi-D4) K5 *[1-cos(N5*Phi-D5) ] #hreset

convention cisiright #Choose

Kd-units keal #Choos e

Dd-units degrees #Preset

AT1 AT-2 AT-3 AT-4 L] 01 K2 Nz 02 K3 N3
F c1 c2 OH 0.077736367 3 0

c1 cz OH HO 0214627151 1 0 0079947419 3 0
F cl c2 HC 0.09500478 1 0 0.077796367 3 0
HC cz OH HO 0.083293499 3 0

style Lennard-Jones (12-6) #Pres et

formula 1*ppsilon*[(sigmafR)M12-(sigmafR)*6] #Preset

epgilon-units kealfmol #Choos e

sigma-units A #Chaos e

Combining-Rule Lorentz-Berthelot #Choos e

AtomType epsilon sigma comnent version  reference
HC 2,774 0,0157

HO 0,00001 0,00001

Cl 3,816 0,1094

C2 3,816 0,1094

OH 3,442 0,2104

F 362733 0.,0081%
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7.2 Data Curation for Coarse-Grained Force-Field Data

7.2.1 The Martini Coarse-Grained Force-Field

In this tutorial, we show step by step how to curate data for the Martini Coarse-Grained Force-Field into WebFF using
the WebFF Excel data template and the WebFFE.py Python library.

Martini Force-Field Data Source

7812 J. Phys. Chem. B 2007, 111, T812—7824

The MARTINI Force Field: Coarse Grained Model for Biomolecular Simulations

Siewert J. Marrink,*' H. Jelger Risselada,’ Serge Yelimov,’ D. Peter Tieleman,! and
Alex H. de Vries'

Groningen Biomolecular Sciences and Biotechnology Institute & Zernike Institute for Advanced Materials,
Department of Biophysical Chemistry, University of Groningen, Nijenborgh 4. 9747 AG Groningen,

The Netherlands, Zernike Institute for Advanced Materials, Depariment of Applied Physics, University of
Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands, and Department of Biological Sciences,

University of Calgary, 2500 University Drive NW, Calgary AB T2N IN4, Canada

Received: February 8 2007 In Final Form: April 25, 2007

; MARTINI FORCEFIELD V2.2
;i 8J MARRINK (last modified: 04-12-2012 by D4J)

; NOTE 1: Bead definitiniens in thisz file have not been changed with respect to

; martini_v2.l.itp. This file is purely here for clarity sake. Differences
i between V2.1 and V2.2 are created by the martinize script and can be found
i in martini_v2.2_amincacids.itp.

WebFF Excel Spreadsheet Data Entry

The data for the Martini force-field was ported to the Excel spreadsheet called: WebFF-DocumentationXMLCoarse-
GrainedWebFF-CoarseGrained-DataTemplate.xIsx

Metadata

There are three sections of Metadata to include

Atom Types

The atom types for Martini are general in nature, and each entry can stand for a number of similar but related chemical
moeities.

7.2. Data Curation for Coarse-Grained Force-Field Data 27
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Force-Field Metadata

Instructions

Schema Version 1.0.0

Force-Field Protocol Coarse-Grained

Mame Martini v2.2
Description
Units Mixed-Metric

Siewert J. Marrink, H. Jelger Risselada, Serge Yefimov, D. Peter Tieleman, and Alex H.
Data Source de Vries, "The MARTINI Force Field: Coarse Grained Model for Biomolecular
Simulations," J. Phys. Chem. B, 111 (27}, pp 78127324, (2007).

» Do ID.IDEIf]pDTIDB?f
» URL https://pubs.acs.org/doifabs/10.1021/jp071097f
» NOTES

Data Contact (Name) Siewert 1. Marrink

» Affiliation University of Groningen
» email s.j.marrink@rug.nl
Keywords

Instructions

Keywords Additional-Kewwords
Biomolecular compounds  Coarse-Grained
-Amino acids

- Lipids

- Peptides

- Froteins
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Additional References

instructions

Reference Do LIRL Notes
Siewert 1. Marrink, Alex H. de Wries, and Alan E. Mark, "The MARTINI Force Field: 10.1021/jp036508g https://pubs.acs.org/doifabs/10.1021 /) p036508a
Coarse Grained Model for Biomaolecular Simulations”, 1. Phys, Chem. B, 108 (2), pp

750-760, (2004),

Siewart J. Marrink, &lex H. devries and &lan E. Mark, "Coarse Grained Model for 10,1021/]p036508g https:/fpubs.acs.aorg/doi/10.1021/jp036508g
Semiquantitative Lipid Simulations", 1. Phys, Chem. B, 108({2), pp 750-760, (2004),

L Monticelli, S, Kandasamy, ¥, Periole, R, Larsan, D.P. Tieleman and 5.1, Marrink, 10,1021/ct700324x% https://pubs. acs.org/doi 10, 1021/ct 7003248x
"The MARTINI coarse grained force field: extension to proteins.", J. Chem. Th,
Comp., 4(5), pp 819-834, (2008).

Djurre H. de Jong, Gurpreet Singh, W, F. Drew Bennett, Clement &rnarez, Tsjerk &, 10.1021/ct3006468 https:/fpubs. acs. org/doi,/10.1021,/ct 3006468
Wassenaar, Lars V. Schafer, Xavier Periole, D, Peter Tieleman, and Siewert J.
Marrink, "Improved Parameters for the Martini Coarse-Grained Protein Force Field "

fdartini Coarse Grain Forcefield for Biomolecules http: /ey, cgmarting. nl
wikipedia: MARTIMI https:/fen. wikipedia, org/wiki/MARTINI
MARTINI FORCEFIELD /2.2 http:/fwwew.cogmartini nlfimages/paramete

Atom-Types

Nomenciature ? #CG Chemistry Nomenclature

comment Yersion 2.2 #Enter data

CG-Name CG-Chemistry Description Atomichdass-C5  Atomicsize-C5
PS5 Polar 72.0
P4 Polar 72.0
P3 Polar 72.0
P2 Polar 72.0
Pl Polar 72.0
MNda Intermediate Paolar 72.0
W] Intermediate Polar 72.0
MNa Intermediate Paolar 72.0
o] Intermediate Paolar 72.0

7.2. Data Curation for Coarse-Grained Force-Field Data
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Potentials

Bond Potential

style Harmonic #Preset

formula K*(R-RO)A2 #Preset

K-units K/mol/nmn2 #Choose

RO-units nm #Choose

AT-1 AT-2 K RO

X X 625.0
Angle Potential

style cosine/squared #Praset

formula (1/2)*Ka*[cos(Theta)-cos(Theta0)]#2  #Praset

Ka-units kJ/mol #Choose

Theta0-units degrees #Praset

AT-1 AT-2 AT-3 Ka Thetao

X X X 25

X X X a5

X X X as
Non-Bond Potential

giple Lennard-Jones (12-6) #Preset

formula Af(RM2)-Bf(RMG) #Pres et

A-units K*nm™.2fmol #Choos e

B-Units K*nm~a/maol # Choos e

AT-1 AT-2 A B
PS PS 0.0026027
5PS 5P 0.00067132
F4 Fa 0.0023238
BP4 BP4 0,0023238

Excel to XML Conversion

7.2.2 References

0.47

180
120
180

comment

precedence

0.24145

0.1062
0.21558
0.21558

comment

Aliphatic chains

Cis double bonds
Trans-unsaturated bonds

cornent

version f'E‘fE‘f'E'l".‘fE‘
2.0

Version f'EfE'fE‘f'.‘fE

version  reference
2.2
2.2
2.2
2.2

1. Siewert J. Marrink, H. Jelger Risselada, Serge Yefimov, D. Peter Tieleman, and Alex H. de Vries, “The MAR-
TINI Force Field: Coarse Grained Model for Biomolecular Simulations,” J. Phys. Chem. B, 111 (27), pp
7812-7824, (2007).

2. Martini v2.2 Force-Field Parameters, http://www.cgmartini.nl/images/parameters/ITP/martini_v2.2.itp

30
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@ Anaconda Prompt | =NRCN X

Chase) C:sCG_xlsx_to_MML_testing~CGtest3>python CoarseGrained_Excel_to_XML_py Ue
hFF-CoarseGrained—Hartini_2 .2 .xlsx WebFF-CoarseGrained-Martini_2._.2_HHML _

7.3 Data Curation for Water Model Force-Field Data

7.3.1 Water Models

Metadata

Comparison of simple potential functions for simulating
liquid water

William L. Jorgensen, Jayaraman Chandrasekhar, and Jeffry D. Madura

Department of Chemistry, Purdue University, West Lafaverte, Tndiana 47907

Roger W. Impey and Michael L. Klein

Chemistry Division, National Research Council of Canada, Ottaws, Canada K14 ORG
(Received 14 March 1983; accepted 5 April 1983)

3-site

7.3.2 References

1. William L. Jorgensen, Jayaraman Chandrasekhar, Jeffry D. Madura, Roger W. Impey and Michael L. Klein,
“Comparison of simple potential functions for simulating liquid water”, J. Chem. Phys., 79 (2), pp. 926-935,
(1983).

7.3. Data Curation for Water Model Force-Field Data 31
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Force-Field Metadata

Instructions

Schema Version 1.0.0

Force-Field Protocol Atomistic - Water Model

Mame TIP3FP
Description
Units Mixed-Metric

William L. Jorgensen, Jayaraman Chandrasekhar, Jeffry D. Madura, Roger W. Impey and
Michael L. Klein, "Comparison of simple potential functions for simulating liquid water”, J.

Data Source Chem. Phys.. 79 (2). pp. 926-935, (1983).

» DO 10.1063/1.445869
» URL https://aip.scitation.org/doi/10.1063/1.445869
» NOTES

Data Contact (Name) Jorgensen, William L

» Affiliation Department of Chemistry, Purdue University, West Lafayette, Indiana 47907
» email william.jorgensen@yale.edu

Instructions

Keywords Additional-Keywords
Water Rigid Water Model
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Water Model

name TIP3P #lnput

formula E=E_q+E_U #Choose

version #lnput

comment #lnput

R-OH-units A #Preset

Theta HOH-units degrees #Preset

A-units x10A-3 (kcal*Ar2 #rreser

B-units (kcal*Ang)fmol  #praser

sigma-units A #Chaose

epsilon-units kJ/mol #Choose

R_OH Theta_HOH A B q_0 q_H EnergyDispersion sigma epsilon

0.9572 104.52 582 505 -0.834 0.417 3.15066  0.63627

7.3. Data Curation for Water Model Force-Field Data 33
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CHAPTER 8

Publications

This page will attempt to keep an up-to-date listing of the papers which either use WebFF or used data from WebFF.

8.1 WebFF References

1. Frederick R. Phelan Jr., Kathleen Mullin, Pablo Garcia Beltran, Gule Teri, Priyanshu Mishra and Huai Sun,
“The Web Force-Field (WebFF) Project: Ontology Based Force-Field Repository for Soft Materials at Multiple
Levels of Granularity,” in preparation (2018).

8.2 WebFF Data Publications

Coming Soon
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CHAPTER 9

Contacts

* WebFF Help Email
* Dr. Frederick R. Phelan Jr., NIST NIST Home Page, GitHub

e Prof. Huai Sun, Shanghai Jiao Tong University Group Home Page, Department Home Page
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Legal

10.1 NIST Disclaimer

Any identification of commercial or open-source software in this document is done so purely in order to specify the
methodology adequately. Such identification is not intended to imply recommendation or endorsement by the National
Institute of Standards and Technology, nor is it intended to imply that the softwares identified are necessarily the best
available for the purpose.

10.2 NIST Terms of Service (WebFF)

As a user and/or an account holder on the NIST WebFF Repository, I understand that my actions and data on the system are su

1. The NIST WebFF Repository is a United States Government resource, and will only be used in support of
the sharing and dissemination of scientific data.

2. Data uploaded to this system are presented to users in as-provided condition. NIST makes no claims about
the utility, veracity, or reliability of data on this system.

3. Content uploaded to this server will be available to the general public, under suitable license terms selected
by the provider. The server will advise downloaders of the license status of hosted content, but NIST takes
no responsibility for license enforcement. This is the responsibility of the original data provider.

4. Content that is part of invitation-only collections or communities will be protected by available technolog-
ical mechanisms associated with the repository software. NIST does not guarantee that these protection
mechanisms will prevent all forms of unauthorized access. Content requiring more stringent guarantees of
protection should not be stored on this system.

5. If data community administrators determine that content uploaded to this server does not contribute to the
scientific data dissemination and discovery mission, which is the purpose of this server, the content may
be removed without notice.

6. While every effort is made to ensure the integrity of data deposited on the NIST WebFF Repository, NIST
does not guarantee data integrity on this system.
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7. Accounts are assigned to single users. Account holders may not share account credentials with others, or
allow others to access their sessions, except system operators, who may require such access for mainte-
nance purposes.

8. A user who has submitting or administrative rights to the system and who abuses their authority, or has
some change in status that disqualifies them for the role, can have their submitter or administrative rights
revoked by NIST management.

9. NIST may monitor system activities or view data uploaded to the server, and may disclose these activities
or data for any lawful Government purpose.

10. NIST remains committed to the operation of public data repositories. NIST may discontinue this service
at any time in favor of superior options. Any anticipated discontinuation of service will be announced in
advance.

10.3 NIST License (WebFF.py)

This software was developed by employees of the National Institute of Standards and Technology (NIST), an agency
of the Federal Government and is being made available as a public service. Pursuant to title 17 United States Code
Section 105, works of NIST employees are not subject to copyright protection in the United States. This software
may be subject to foreign copyright. Permission in the United States and in foreign countries, to the extent that NIST
may hold copyright, to use, copy, modify, create derivative works, and distribute this software and its documentation
without fee is hereby granted on a non-exclusive basis, provided that this notice and disclaimer of warranty appears in
all copies.

THE SOFTWARE IS PROVIDED ‘AS IS WITHOUT ANY WARRANTY OF ANY KIND, EITHER EXPRESSED,
IMPLIED, OR STATUTORY, INCLUDING, BUT NOT LIMITED TO, ANY WARRANTY THAT THE SOFTWARE
WILL CONFORM TO SPECIFICATIONS, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, AND FREEDOM FROM INFRINGEMENT, AND ANY WARRANTY THAT
THE DOCUMENTATION WILL CONFORM TO THE SOFTWARE, OR ANY WARRANTY THAT THE SOFT-
WARE WILL BE ERROR FREE. IN NO EVENT SHALL NIST BE LIABLE FOR ANY DAMAGES, INCLUD-
ING, BUT NOT LIMITED TO, DIRECT, INDIRECT, SPECIAL OR CONSEQUENTIAL DAMAGES, ARISING
OUT OF, RESULTING FROM, OR IN ANY WAY CONNECTED WITH THIS SOFTWARE, WHETHER OR NOT
BASED UPON WARRANTY, CONTRACT, TORT, OR OTHERWISE, WHETHER OR NOT INJURY WAS SUS-
TAINED BY PERSONS OR PROPERTY OR OTHERWISE, AND WHETHER OR NOT LOSS WAS SUSTAINED
FROM, OR AROSE OUT OF THE RESULTS OF, OR USE OF, THE SOFTWARE OR SERVICES PROVIDED
HEREUNDER.
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cHAPTER 11

Metadata

11.1 Force-Field Protocol
11.2 Force-Field Name
11.3 Description

11.4 Data-Source

11.5 Keywords

11.6 Additional Keywords
11.7 WebFF-Scribe

11.8 Additional References

11.9 Attachments
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cHAPTER 12

Atom Types

12.1 Atom Type - ATDL

12.1.1 XML Schema

The XML schema for the Atom Type - ATDL has the following representation (design mode representation using
Liquid XML Studio):

f, A | Nomenclature : string

Enumerafions ATDL

"\ A | comment : string
'. E | AtomType-ATDL

"\ A | Description : string
1.* .
"E f {[[E#] AtomType : ATDL (A | Element : string
(A | AtomicMumber : positivelnteger

f, A | AtomicMass : float

(CT) ATDL
["E | AtomType-Name : string

L [E| atom :string
I LE BondedAtoms : string

0.1
['E | FormalCharge : float

The general attributes (describing the entire set of atoms) are given by:
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General Attributes | Cardinality | Value/Definition
Nomenclature Fixed ATDL
comment Optional Comment attached to set of atoms

The specific attributes (attached to each atom

description) are given by:

Specific Attributes | Cardinality | Value/Definition

Description Required Description of the atom

Element Required Corresponding element of the atom
AtomicNumber Required Corresponding atomic number of the atom
AtomicMass Required Corresponding atomic mass of the atom

The specific elements (contained within each

instance of the atom template) are given by:

Specific Elements | Cardinality | Value/Definition
AtomType-Name Required Atom type name

Atom Required Atom

BondedAtoms Required Bonded atoms
FormalCharge Optional Formal charge of the atom

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

12.1.2 References

1. Atom-type description language.

2. Liquid XML Studio.

12.2 Atom Type - DFF

12.2.1 XML Schema

The XML schema for the Atom Type - DFF has the following representation (design mode representation using

Liquid XML Studio):
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(A ] Nomenclature : string

Enumerstions DFF

(A ] comment : string

[[E] AtomType-DFF
[ E+] AtomType : AtomTemplate-DFF

0.1
E | DFFRelationTree : string

((A] Description : string

(A ] Element : string

(A | AtomicNumber : positivelnteger
(A] AtomicMass : float

(CT) AtomTemplate-DFF

[[E] AtomType-Name : string
[[E] substructure : string

(CT) AttributeStyle-DFF

[[E] index  : positivelnteger

0.1
E | Coordination : string

&

[ g

E | Ringsize : string
(L] 1%
E | Atom-Attributes off [[E] Attribute : AttributeStyle-DFF B 0.1 B Aromatic : boolean

a1
E | FormalCharge : float

0.1
E | ElementsAllowed : string

o1
E | ElementsDisallowed : string

The general attributes (describing the entire set of atoms) are given by:

General Attributes | Cardinality | Value/Definition

Nomenclature

Fixed DFF

comment

Optional Comment attached to set of atoms

The general elements (describing the entire set of atoms) are given by:

General Attributes | Cardinality | Value/Definition

DFFRelationTree Optional Multiline DFF relation tree

The specific attributes (attached to each atom description) are given by:

Specific Attributes | Cardinality | Value/Definition

Description Required Description of the atom

Element Required Corresponding element of the atom
AtomicNumber Required Corresponding atomic number of the atom
AtomicMass Required Corresponding atomic mass of the atom

The specific elements (contained within each instance of the atom template) are given by:

Specific Elements Cardinality | Value/Definition
AtomType-Name Required Atom type name

Substructure Required Atom

Index Required Index of atom entry
Coordination Optional Coordination of the atom
Ringsize Optional Ringsize of the atom

Aromatic Optional Aromatic (true/false)
FormalCharge Optional Formal charge of the atom
ElementsAllowed Optional Elements allowed in the atom
ElementsDisallowed | Optional Elements disallowed in the atom

12.2. Atom Type - DFF
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Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

12.2.2 References

1. DFF User Manual.

2. Liquid XML Studio.

12.3 Atom Type - Generic

12.3.1 XML Schema

The XML schema for the Atom Type - Generic has the following representation (design mode representation using
Liquid XML Studio):

[E] AtomType-Generic

(A | Nomenclature : string

Enumerstions  Ganenc

(A | comment : string

3

1
E#] AtomType : AtomTemplate-Generic

(A | Description : string

(A | Element : string

(A | AtomicNumber : positivelnteger

(A] AtomicMass : float

(CT) AtomTemplate-Generic

E | AtomType-Name : string

E | BondPattem : string

01 -
[[E] Atom-Attributes

(CT) AttributeStyle-Generic

E] Index  :positivelnteger
0.1
£ BondOrder : intager

0.1
[E] Rring @ string
o1
e [[E'] Aromatic : boolean
] E | Attribute : AttributeStyle-Generic 3

0.1
[E] FormalCharge : fioat

0.1
[[E'] Hybridization : string
0.1
[E| ElementsAllowed : string

0.1
[E]] ElementsDisallowed : string

The general attributes (describing the entire set of atoms) are given by:

General Attributes | Cardinality | Value/Definition
Nomenclature Fixed Generic
comment Optional Comment attached to set of atoms

The specific attributes (attached to each atom description) are given by:

Specific Attributes | Cardinality | Value/Definition

Description Required Description of the atom

Element Required Corresponding element of the atom
AtomicNumber Required Corresponding atomic number of the atom
AtomicMass Required Corresponding atomic mass of the atom

The specific elements (contained within each instance of the atom template) are given by:
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Specific Elements Cardinality | Value/Definition
AtomType-Name Required Atom type name

BondPattern Required Atom

Index Required Index of atom entry
BondOrder Optional Coordination of the atom
Ring Optional Ringsize of the atom
Aromatic Optional Aromatic (true/false)
FormalCharge Optional Formal charge of the atom
Hybridization Optional Hybridization of the atom
ElementsAllowed Optional Elements allowed in the atom
ElementsDisallowed | Optional Elements disallowed in the atom

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

12.3.2 References

1. Liquid XML Studio.

12.4 Atom Type - Coarse Grained

12.4.1 XML Schema

The XML schema for the Atom Type - Coarse Grained has the following representation (design mode representation

using Liquid XML Studio):

(A | Nomenclature : string

Enumerafions  SMILES

[ E | AtomType-CoarseGrained

o

SMARTS
CurySMILES
LN

InChl

(A | comment : string

A Description : string

g%
E4| CGType : AtomTemplate-CoarseGrained

(A | AtomicMass-CG : float
(A | AtomicSize-CG : float

(CT) AtomTemplate-CoarseGrained

[E | CG-Name : string

&1
E | CG-Chemistry : string

The general attributes (describing the entire set of atoms) are given by:

General Attributes | Cardinality | Value/Definition
Nomenclature Fixed SMILES | SMARTS | CurlySMILES | SLN | InChi
comment Optional Comment attached to set of atoms

The specific attributes (attached to each atom description) are given by:
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Specific Attributes | Cardinality | Value/Definition

Description Required Description of the atom
AtomicMass-CG Required Corresponding atomic mass of the atom
AtomicMSize-CG Required Corresponding atomic size of the atom

The specific elements (contained within each instance of the atom template) are given by:

Specific Elements

Cardinality | Value/Definition

CG-Name

Required Atom type name

CG_chemistry

Optional Chemistry of the atom

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

12.4.2 References

1. Liquid XML Studio.
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cHAPTER 13

Bond Potentials

13.1 Class2 Bond

13.1.1 Functional Form

The class 2 bond potential has the functional form:

E =K ;;(R;; — R07ij)2 + K3;(Rij — RO,ij>3 + Kyi5(Rij — RO,ij)4

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
K 5 Bond coefficient for atoms [i,j] (quadratic term) | energy/length”2
K3 ; Bond coefficient for atoms [i,j] (cubic term) energy/length”3
Ky ij Bond coefficient for atoms [i,j] (quartic term) energy/length*4
Roq; Equilibrium bond length for atoms [i,j] length

13.1.2 XML Schema

The XML schema for the class 2 bond potential has the following representation (design mode representation using

Liquid XML Studio):
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A style : string

Enumersfions  Class2

(A | formula : string
Enumersfions  K24R-R0}*2+K3R-RO}" 3+ K4 R-R) 4

(A | K-units : BondPotential-Class2-
BondCoefficient-Units

K3 BOlA A3 | K4
K3 kdmolnm*3 | K4

Enumersfions

moliA * 4]
clnm® 4]

[ E | BondPotential-Class2

(A | RO-units : BondPotential-Class2-BondLength-
Units

Enumerafions  [4]
[rm]
(A | comment : string

- - . - =
. A | version : VersionString

1
.-E E+| Bond  : Bond-Class2 [T

(A | reference : string

(CT| Bond-Class2

[LE] AT-1 : string
[E]| AT-2 : string
LE] K2 : float
LE] K3 : float
[E| K4 : float
LE] RO : float
The relationship between the equation symbols and XML schema notations are given by:
Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1
Atom type of atom [j] J AT-2
Bond coefficient for atoms [i,j] (quadratic term) | Kj ;; K2
Bond coefficient for atoms [i,j] (cubic term) Ks3; K3
Bond coefficient for atoms [i,j] (quartic term) Ky g K4
Equilibrium bond length for atoms [i,j] Roi; RO
The general attributes (describing the entire data set) are given by:
General Attributes | Cardinality | Value/Definition
style Fixed Class2
formula Fixed K2#(R-R0)"2+K3*(R-R0)"3+K4*(R-R0)"4
K-units Required Enumerations specified in schema
RO-units Required Enumerations specified in schema
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The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

13.1.3 References

1. LAMMPS Class 2 Bond Potential.
2. Liquid XML Studio.

13.2 FENE Bond

13.2.1 Functional Form
The FENE bond potential has the functional form:
E=1K,R2, |1 (fu)’

= Ta3fijhg _<Ro’i].)

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
K Bond coefficient for atoms [i,j] energy/length”2
Roi; Equilibrium bond length for atoms [i,j] | length

13.2.2 XML Schema

The XML schema for the FENE bond potential has the following representation (design mode representation using
Liquid XML Studio):

13.2. FENE Bond 51


http://lammps.sandia.gov/doc/bond_class2.html
https://www.liquid-technologies.com/

WebFF Documentation, Release 1.0.0

(A style : string

Enumerafions FENE

(A | formula : string
Enumersfions  {-[{K*R0* 2):2)*In[1-{ 'R}~ )

(A | K-units : BondPotential-Harmonic-
BondCoefficient-Units

Enumerafions

0.1
E | BondPotential-FENE (A | RO-units : BondPotential-Harmonic-
BondLength-Units
Enumerafions  [4]
[nm]

:q33.333]
(A | comment : string
(A | version : Version String
Fzffern e~ L0, 13 0-91]
Whitespace [Collapes]

ot E#| Bond : Bond-FENE (A] reference : string

(CT| Bond-FENE

[LE] AT-1 : string
[E | AT-2 : string
[E] K : float
LE] RO : float
The relationship between the equation symbols and XML schema notations are given by:
Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] 1 AT-1
Atom type of atom [j] J AT-2
Bond coefficient for atoms [i,j] K K
Equilibrium bond length for atoms [i,j] | Ro; RO
The general attributes (describing the entire data set) are given by:
General Attributes | Cardinality | Value/Definition
style Fixed FENE
formula Fixed -[(K*R072)/2]1*In[1-(R/R0)"2]
K-units Required Enumerations specified in schema
RO-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:
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Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

13.2.3 References

1. LAMMPS FENE Bond Potential.

2. GROMACS FENE Bond Potential page 74.

3. Liquid XML Studio.

13.3 Harmonic Bond

13.3.1 Functional Form

The harmonic bond potential has the functional form:

E = Ky - (Rij — Ro)*

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
K Bond coefficient for atoms [i,j] energy/length"2
Roij Equilibrium bond length for atoms [i,j] | length

13.3.2 XML Schema

The XML schema for the harmonic bond potential has the following representation (design mode representation

using Liquid XML Studio):

13.3. Harmonic Bond
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(A style : string

Enumerafions Hammonic

(A | formula : string

Enumerafions K4{R-RO)*2

(A | K-units : BondPotential-Harmonic-
BondCoefficient-Units

Enumerafions  [kcalmolsI]

primounm
I £ | BondPotential-Harmonic [Reducsed]

(A | RO-units : BondPotential-Harmonic-
BondLength-Units

Enumersfions  [4]
[nm]

[Raducad]
(A | comment : string
1’ *
of2 E#| Bond  : Bond-Harmonic (A | version : VersionString
Paffem [o-3[k Ho-304
Whitespace

(A | reference : string

[CT| Bond-Harmonic

[E] AT : string

[E] AT-2 : string

o

[E]K : float
LE] RO : float
The relationship between the equation symbols and XML schema notations are given by:
Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1
Atom type of atom [j] J AT-2
Bond coefficient for atoms [i,j] K;; K
Equilibrium bond length for atoms [i,j] | Ro; RO
The general attributes (describing the entire data set) are given by:
General Attributes | Cardinality | Value/Definition
style Fixed Harmonic
formula Fixed K*(R_R0)"2
K-units Required Enumerations specified in schema
RO-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:
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Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

13.3.3 References

1. LAMMPS Harmonic Bond Potential.

2. GROMACS Harmonic Bond Potential page 71.

3. Liquid XML Studio.

13.4 Morse Bond

13.4.1 Functional Form

The Morse bond potential has the functional form:

E = D[1 — e~o(Ri—Roy))?

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units

D Depth of the potential well energy

« Stiffness parameter inverse length
Roq; Equilibrium bond length for atoms [i,j] | length

13.4.2 XML Schema

The XML schema for the Morse bond potential has the following representation (design mode representation using

Liquid XML Studio):

13.4. Morse Bond
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(A ] style : string

Enumersfions Mores

(A | formula : string

Enumerafions DM 1-axp{-A{R-RO))]*2

(A | D-units : BondPotential-Morse-D-Units

Enumerafions  [kealimol]
[kMmeal]

(A | A-units : BondPotential-Morse-A-Units

Enumerafions :|-—]_
E | BondPotential-Morse L]

(A | RO-units : BondPotential-Morse-R0-Units
Enumerafions  [4]
[nim]

(A | comment : string

(A | version : Version String

Faffem [[0-S L0 3 0-514]
Whifespace [Collapsd]
1% (A | reference : string

"E Bond : Bond-Morse

(CT| Bond-Morse

[E]| AT-1 : string
[E] AT-2 : string

g2 [ElD : float

A : float

[E]
[E]| RO : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2

Depth of the potential well D D

Stiffness parameter a A

Equilibrium bond length for atoms [i,j] | Ro; RO

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value/Definition

style Fixed Morse

formula Fixed D*[(1-exp(-A(R-R0))]"2

D-units Required Enumerations specified in schema
A-units Required Enumerations specified in schema
RO-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

13.4.3 References

1. LAMMPS Morse Bond Potential.
2. GROMACS Morse Bond Potential page 72.
3. Liquid XML Studio.

13.5 Tabular Bond

13.5.1 Tabular Form

The tabular bond potential has the parameters:

Parameter | Parameter Definition Units

N Number of tabulated values N/A

FP Derivatives of the force at the innermost (fplo) and outermost (fphi) bond lengths | force/length
EQ Equilibrium bond length length

The tabular bond potential has the tabulated values:

index | bond-length | energy | force
i_l bl_1 e_1 f 1
iN bl_N e n f N

13.5.2 XML Schema

The XML schema for the tabular bond potential has the following representation (design mode representation using
Liquid XML Studio):

13.5. Tabular Bond 57


http://lammps.sandia.gov/doc/bond_morse.html
http://manual.gromacs.org/documentation/2016.3/manual-2016.3.pdf
https://www.liquid-technologies.com/

WebFF Documentation, Release 1.0.0

o

1
- [ [E | BondPotential-Tabular

[ @ style

: string

Enumersfions  Tabular

@ bond-length-units @ string

| Enumersfions A

@ energy-units : string

Enumersfions  Kcalmole

@ force-units : string

Enumersfions Koalmoke-A

@ comment : string

@ version : VersionString

Faffern [[0-S] (.15
b‘.«'hﬂ‘asp.ar_\e [Coliapssa]

‘[E] AT1  :string

[E] AT-2  :string

E keyword : string

E N : integer

: BondTable

A& BondTable
5 H @ index

L bond-length : float

: integer

- %enemy : float

- % force : float

The relationship between the parameters/symbols and XML schema notations are given by:
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Parameter Definition Parameter/Symbol | Schema Notation
Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2
Section identifying keyword N/A keyword
Number of tabulated values N N
Derivative of the force at the innermost | FP fplo
Derivative of the force at the outermost | FP fphi
Equilibrium bond length EQ EQ

Index index index

Bond length bond-length bond-length
Energy energy energy
Force force force

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Tabular

bond-length-units Required Enumerations specified in schema
energy-units Required Enumerations specified in schema
force-units Required Enumerations specified in schema
comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

13.5.3 References

1. LAMMPS Tabular Bond Potential.

2. Liquid XML Studio.

13.5. Tabular Bond
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cHAPTER 14

Angle Potentials

14.1 CHARMM Angle

14.1.1 Functional Form

The CHARMM angle potential has the functional form:
E =K ijk(0iji — 9o,ijk)2 + Kupit(Rix — Rupir)’

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units

Ko ijk Angle coefficient for atoms [i,j,k] energy/degrees”2
00.ijk Equilibrium angle for atoms [i,j,k] degrees

Kb i Coefficient for Urey-Bradley potential [i,k] energy/length’2
Ryb.ik Equilibrium bond length for Urey-Bradley potential [i,k] | length

14.1.2 XML Schema

The XML schema for the CHARMM angle potential has the following representation (design mode representation
using Liquid XML Studio):
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(E style : string

(A | Ka-units : AnglePotential-CHARMM-
AngleCoefficient-Units

Enumerafions  [kcallmoldegrass® 2]
[kimoiidagrass” 2]

(A | ThetaO-units : AnglePotential-CHARMM-Angle-
i Units

i i
\[£] AnglePotential-CHARMM e

(A | Kub-units : AnglePotential- CHARMM-KUB-Units

Enumersfions  [kealimolid*g]
[kNmolnm® 2]

(A | Rub-units : AnglePotential- CHARMM-RUB-Units

Enumerafions  [4]
[nm]

1'"*
"E l '[E#] Angle  : Angle-CHARMM |- (A | version : VersionString

Patfern [00- S0 1H0-91°]
Whitespsce [Coliapes]

'(CT) Angle-CHARMM

- [[E] AT-1  :string
L [CE]] AT-2 : string
- [E] AT-3  :string
eg - [Elka : float
-~ [[E]] Thetad : float
—— [E] Kub  :float
- [E] Rub  :float

The relationship between the equation symbols and XML schema notations are given by:
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Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1
Atom type of atom [j] J AT-2
Atom type of atom [k] k AT-3
Angle coefficient for atoms [i,j,k] Ko ijk Ka
Equilibrium angle for atoms [i,j,k] 00,45k Theta0
Coefficient for Urey-Bradley potential [i,k] Ko,k Kub
Equilibrium bond length for Urey-Bradley potential [i,k] | Ruyp, ik Rub
The general attributes (describing the entire data set) are given by:
General Attributes | Cardinality | Value/Definition
style Fixed CHARMM
formula Fixed Ka*(Theta-Theta0)"2+Kub*(R-Rub)"2
Ka-units Required Enumerations specified in schema
Theta0-units Required Enumerations specified in schema
Kub-units Required Enumerations specified in schema
Rub-units Required Enumerations specified in schema
The specific attributes (attached to each set of parameters) are given by:
Specific Attributes | Cardinality | Value/Definition
precedence Optional Precedence of parameter set (where specified)
comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

14.1.3 References

1. LAMMPS CHARMM Angle Potential.
2. GROMACS CHARMM (Urey-Bradley) Angle Potential page 76.
3. Liquid XML Studio.

14.2 Class2 Angle

14.2.1 Functional Form

The class 2 angle potential has the functional form:
E =Ko ;jk(0ik — 90,ijk)2 + K31 (0i58 — 9o,ijk)3 + Kk (0ij5 — oo,ijk)4

The force-field parameters for this potential and units are given by:

14.2. Class2 Angle
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Equation Symbol | Parameter Definition Units

Ko ik Angle coefficient for atoms [i,j,k] (quadratic term) | energy/degrees"2
K35k Angle coefficient for atoms [i,j,k] (cubic term) energy/degrees”3
Ky i Angle coefficient for atoms [i,j,k] (quartic term) energy/degrees"4
00,ijk Equilibrium angle for atoms [i,j,k] degrees

14.2.2 XML Schema

The XML schema for the class 2 angle potential has the following representation (design mode representation using
Liquid XML Studio):

I'E | AnglePotential-Class2

@ style : string

Enumerzfiopns Clage2

(A | formula : string

Enumersfions  K2*| Thota-Thetad)* 2+ K3+ Thata-Thatad) ~3+ K4« Thata-
Thetat)» 4

(A | K-units : string

Enumersfions  K2:kcalmolradiane*2 | K3:kcabmolradiang*3s |
K4:koalmolradians® 4
KZkdmodradians*2 | K3 kWmolradianes |
K4:kMmodradians®4
K 2: kealmoldagrass™2 | K3kealmoldegrees*s |
K4:kealmolidegrass* £
K Zkdmoldegress 2 | K3:kMmoldegress™3 |
K4:kNmolidagrase” 4

(A | ThetaD-units : string

Enumerafions degress
Ca precedence : string

(A | comment : string

1' E
O-E Angle  : AnglePotential-Class2 Gl version  : versionsiring
Pattem [[0-S][LHO. 5]
Whifespace [Collapss]

(A | reference : siring

[CT] An glePotential-Class2

LE] AT : string
[E] AT-2 : string
LE] AT-3 : string
off [E]K2 : float
LE] K3 : float
[E] ke : float

[ E| Thetad : float

The relationship between the equation symbols and XML schema notations are given by:
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Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Angle coefficient for atoms [i,j,k] (quadratic term) | Ko ;% K2

Angle coefficient for atoms [i,j,k] (cubic term) K31 K3

Angle coefficient for atoms [i,j,k] (quartic term) Ky ijk K4

Equilibrium angle for atoms [i,j,k] 00.ijk ThetaO

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Class2

formula Fixed K2*(Theta-Theta0)"2+K3*(Theta-Theta0)*3+K4*(Theta-Theta0)"4
K-units Required Enumerations specified in schema

ThetaO-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

precedence Optional Precedence of parameter set (where specified)
comment Optional Comment attached to parameter set

version Optional Version number of parameter set

reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

14.2.3 References

1. LAMMPS Class 2 Angle Potential.

2. Liquid XML Studio.

14.3 COS2 Angle

14.3.1 Functional Form

The COS2 angle potential has the functional form:

E = K, ijk[cos (0ijr) — cos (6o,ijk)]

2

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
Ko ijk Angle coefficient for atoms [i,j,k] energy
00,ijk Equilibrium angle for atoms [i,j,k] | degrees

14.3. COS2 Angle
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14.3.2 XML Schema

The XML schema for the COS2 angle potential has the following representation (design mode representation using
Liquid XML Studio):

@ style . string

Enumerafions  coslna'squarsd

(A | formula : string

Enumerafions Ka{cos|Thets)-cos(Thetal)]2

(A | Ka-units : AnglePotential-C O 52-
AngleCoefficient-Units

[kealimol]
[kMmed]

E | AnglePotential-CO 52 T
(A | Thetad-units : AnglePotential-CO 52-Angle-Units
Enumerafions [dagrass]
(A precedence : positivelnteger

(A | comment : string

1’ &
.-E Angle : Angle-CO52

(A | version : Version 3tring

Fatfem [o-SIILH0.
Whifespace [Collapes]

("A | reference : string

(CT] Angle-CO52

[E] AT : string
[E] AT-2 : string

..E LE] AT-3 : string
[E] Ka : float

[ E | Thetad : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Angle coefficient for atoms [i,j,k] K ijk Ka

Equilibrium angle for atoms [i,j,k] | 0o,i; ThetaO

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value/Definition

style Fixed cosine/squared

formula Fixed Ka*[cos(Theta)-cos(Theta0)]*2
Ka-units Required Enumerations specified in schema
Theta0O-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

precedence Optional Precedence of parameter set (where specified)
comment Optional Comment attached to parameter set

version Optional Version number of parameter set

reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

14.3.3 References

1. LAMMPS cosine/squared Angle Potential.

2. GROMACS Cosine Based Angle Potential page 96.

3. Liquid XML Studio.

14.4 Cosine Angle

14.4.1 Functional Form

The cosine angle potential has the functional form:

FE = Ka,ijk [1 + cos (@”k)]

The force-field parameters for this potential and units are given by:

Equation Symbol

Parameter Definition

Units

Ko ijk

Angle coefficient for atoms [i,j,k]

energy

14.4.2 XML Schema

The XML schema for the cosine angle potential has the following representation (design mode representation using

Liquid XML Studio):

14.4. Cosine Angle
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m style : string

Enumerafions Coslne

(A | formula : string
Enumerafions  Ka1+ooa{thata)]

1 (A | Ka-units : AnglePotential-Cosine-Coefficient-
[ E | AnglePotential-Cosine Units

Enumerafions  [keal]
[Joutae]

[Raducad]
(A precedence : positivelnteger
1.* i - .
.-E E+| Angle : Angle-Cosine (A | comment @ string
(A | version : Version String

Paffem I
Whifespace |

(A | reference : string

(CT| Angle-Cosine
[E]| AT : string
[E| AT-2 : string

£

[E| AT-3 : string

[E]| Ka : float
The relationship between the equation symbols and XML schema notations are given by:
Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] 1 AT-1
Atom type of atom [j] J AT-2
Atom type of atom [k] k AT-3
Angle coefficient for atoms [i,j,k] | Kq 5 Ka
The general attributes (describing the entire data set) are given by:
General Attributes | Cardinality | Value/Definition
style Fixed Cosine
formula Fixed Ka*[1+cos(theta)]
Ka-units Required Enumerations specified in schema
The specific attributes (attached to each set of parameters) are given by:
Specific Attributes | Cardinality | Value/Definition
precedence Optional Precedence of parameter set (where specified)
comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set
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Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

14.4.3 References

1. LAMMPS Cosine Angle Potential.
2. Liquid XML Studio.

14.5 Harmonic Angle

14.5.1 Functional Form

The harmonic angle potential has the functional form:
E = Kgji - (0iji — eo,ijk)2

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
Ko ijk Angle coefficient for atoms [i,j,k] | energy/degrees"2
00,ijk Equilibrium angle for atoms [i,j,k] | degrees

14.5.2 XML Schema

The XML schema for the harmonic angle potential has the following representation (design mode representation
using Liquid XML Studio):
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style : string

Enumerations Harmonic

formula : string

Enumerations Ka*(Theta-Theta0)*2

Ka-units : AnglePotential-Harmonic-
AngleCoefficient-Units

Enumerations  [kcal/molidegrees”2]
[kJ/molidegrees”2]

I I Theta0-units : AnglePotential-Harmonic-Angle-
[LE] AnglePotential-Harmonic T

Enumerations [degrees]
precedence : positivelnteger

comment : string

version : VersionString

Pattern [[0-8][\.]1{0,1}[0-8]"]
Whitespace [Collapse]

1
<fs [E#] Angle  : Angle-Harmonic reference : string

Angle-Harmonic
AT-1 : string
[E] AT-2 : string

of$ [E] AT-3 : string
[E] Ka : float

[[E] Thetao : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1
Atom type of atom [j] J AT-2
Atom type of atom [k] k AT-3
Angle coefficient for atoms [i,j,k] Ko ijk Ka
Equilibrium angle for atoms [i,j,k] | 0o,i;x ThetaO
The general attributes (describing the entire data set) are given by:
General Attributes | Cardinality | Value/Definition
style Fixed Harmonic
formula Fixed Ka*(Theta-Theta0)"2
Ka-units Required Enumerations specified in schema
Theta0-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:
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Specific Attributes | Cardinality | Value/Definition

precedence Optional Precedence of parameter set (where specified)
comment Optional Comment attached to parameter set

version Optional Version number of parameter set

reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

14.5.3 References

1. LAMMPS Harmonic Angle Potential.
2. GROMACS Harmonic Angle Potential page 74.
3. Liquid XML Studio.

14.6 Tabular Angle

14.6.1 Tabular Form

The tabular angle potential has the parameters:

Parameter | Parameter Definition Units

N Number of tabulated values N/A

FP Derivatives of the force at the innermost (fplo) and outermost (fphi) angles | force/angle
EQ Equilibrium angle angle

The tabular angle potential has the tabulated values:

index | angle | energy | derivative
il a_l e_1 de 1
iN aN e n de_N

14.6.2 XML Schema

The XML schema for the tabular angle potential has the following representation (design mode representation using
Liquid XML Studio):
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0.1
|I| AnglePotential-Tabular =1

| (E style

: string

Enumersfions  Tabular

@ angle-units : string

| Enumerations dagrase

radiana

@ energy-units : string

Enumersfions  Kcalmola

@ energy-diff-units : string

| Enumerstions Koabmole-gagrass
Kealmols-radlans

(E comment : string

@ version : VersionString

Faffern (==L, TH0-4]]
Whﬂ‘aspane [Coilapes]

[E] AT-3  :string

El keyword : string

8

[E]N : integer
off J'E fplo float
i [E] fohi float
] [E]Ea float
%AngleTable
& | % index  :integer
i [E] Angle : AngleTable I %l angle  :float

- %enerﬂy : float

- % energy-diff : float

The relationship between the parameters/symbols and XML schema notations are given by:
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Parameter Definition Parameter/Symbol | Schema Notation
Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3
Section identifying keyword N/A keyword
Number of tabulated values N N
Derivative of the force at the innermost | FP fplo
Derivative of the force at the outermost | FP fphi
Equilibrium angle EQ EQ

Index index index
Angle angle angle
Energy energy energy
Derivate of energy derivative energy-diff

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Tabular

angle-units Required Enumerations specified in schema
energy-units Required Enumerations specified in schema
energy-diff-units Required Enumerations specified in schema
comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

14.6.3 References

1. LAMMPS Tabular Angle Potential.
2. Liquid XML Studio.

14.6. Tabular Angle
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cHAPTER 15

Dihedral Potentials

15.1 CHARMM Dihedral

15.1.1 Functional Form

The CHARMM dihedral potential has the functional form:

E = Kqjii [1 + cos (Noijr — do,ijrt)]

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
Kaijn Dihedral coefficient for atoms [i,j,k,1] energy
N Nonnegative integer coefficient N/A
$0,ijkl Equilibrium Dihedral for atoms [i,j,k,1] | degrees

15.1.2 XML Schema

The XML schema for the CHARMM dihedral potential has the following representation (design mode representation

using Liquid XML Studio):
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[ E | DihedralPotential-CHARMM

f:ﬂ style

Enumersfions CHARMM

: string

(A | formula : sfring

Enumerafions  KO*[1+cos{N*Phi-Phi}]

(A | convention : Conventions

Enumerafions  [cle]
[tran:

1
ftranerignt]
[trana: lart]

(A | Kd-units : Dihedral-Kd-Units
Enumerafions  [keabmod]

[kdmed]

(A | PhiD-units : string

Enumersfions degress

1
O-EE E+| Dihedral : Dihedral-CHARMM

(A | comment : string

(A | version : Version String
Fatfern [0S T 914
Whitespace [Collapes]

(A | reference : string

o
7)) Dihedral-CHARMM

&‘ Ffi—l AT : string
lf'_hi—l AT-2 : string
ﬁ_ﬂ AT-3 : sfring
..EE F_“‘L—l AT-4 : string
E_‘i—l Kd : float
B w
[{_‘i—l Phid : float

: positivelnteger

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] 1 AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Atom type of atom [l] l AT-4

Dihedral coefficient for atoms [i,j,k,1] Kaijri Kd

Nonnegative integer coefficient N N

Equilibrium dihedral angle for atoms [i,j,k,1] | ¢o,ijx Phi0

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value

style Fixed CHARMM

formula Fixed Kd*[1+cos(N*Phi-Phi0)]
convention Optional Enumerations specified in schema
Kd-units Required Enumerations specified in schema
PhiO-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

15.1.3 References

1. LAMMPS CHARMM Dihedral Potential.
2. Liquid XML Studio.

15.2 Class 2 Dihedral

15.2.1 Functional Form

The class 2 dihedral potential has the functional form:

E = Kkt [L = cos (Qijrt — ¢1,ijk1)] + Ko i [1— cos (2¢ix1 — b2.i11)]
+K3ijx1 [1 — cos (3¢ijk — P3.ijki)]

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units

Kiijr Dihedral coefficient for atoms [i,j,k,1] energy
K il Dihedral coefficient for atoms [i,j,k,1] energy
K3 Dihedral coefficient for atoms [i,j,k,1] energy
P1,ijki Equilibrium Dihedral for atoms [i,j,k,1] | degrees
D2,k Equilibrium Dihedral for atoms [i,j,k,1] | degrees
$3,ijki Equilibrium Dihedral for atoms [i,j,k,1] | degrees

15.2.2 XML Schema

The XML schema for the class 2 dihedral potential has the following representation (design mode representation
using Liquid XML Studio):
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(E style : sfring

@ formula : string
Enumersfions K 1*[1-cos{Phi-Phi1]]+ K2 1-con2Phl-PhiZ)]+KF{1-con
{5Phi-PRIZ)]

@ convention : Conventions

Enumersfions  [ol]
[trang]
[ce:right]
[etelert]
[trans:right]
[trane:laft]

{[E] DihedralPotential-Class2 |- (A | Kn-units : Dihedral-Energy-Units

@ comment & string

(E version : VersionString

Faffemn [9-SI[C{0. 1950
Whitespsce [Collapss]

1‘“2
- -E r [ E+#| Dihedral : DihedralPotential-Class2 |-

P& DihedralPotential-Class2

8 | % AT :string
1 % AT2  :sfring
a @ AT3  :string
a % AT4  :string
| 1 % K1 : float
8 a @ K2 : float
a % K3 : float
1 % Phi1  :float
a % Phiz  :float
a % Phi3  :float

The relationship between the equation symbols and XML schema notations are given by:

78 Chapter 15. Dihedral Potentials



WebFF Documentation, Release 1.0.0

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1
Atom type of atom [j] J AT-2
Atom type of atom [k] k AT-3
Atom type of atom [I] l AT-4
Dihedral coefficient for atoms [i,],k,1] Ky i K1
Dihedral coefficient for atoms [i,j,k,1] Ko i K2
Dihedral coefficient for atoms [i,j,k,1] K3 ijn K3
Equilibrium dihedral angle for atoms [i,j,k,1] | ¢1,i5m Phil
Equilibrium dihedral angle for atoms [i,j,k,1] | @2 ;%1 Phi2
Equilibrium dihedral angle for atoms [i,j,k,1] | ¢3,ijm Phi3

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value

style Fixed Class2

formula Fixed K1*[1-cos(Phi-Phil)]+K2*[1-cos(2*Phi-Phi2)]+K3*[1-cos(3*Phi-Phi3)]
convention Optional Enumerations specified in schema

Kn-units Required Enumerations specified in schema

Phin-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

15.2.3 References

1. LAMMPS Class 2 Dihedral Potential.
2. Liquid XML Studio.

15.3 Fourier Dihedral

15.3.1 Functional Form

The Fourier dihedral potential has the functional forms:

E = Ky ijki [L+ cos (N1opijrr — D1 ijut)] + Ky ijr [1 + cos (Nadijrr — Daijrt)]
+K3 5501 [1 + cos (N3dijrr — D3, ijkr) | +Kaijit [1 + cos (Nagijrr — Daiji)] + K555k [1 + cos (N5dijur — Dsijii)]
E = Ky ijki [1 — cos (N1¢ijri — Duijt)] + K3 ijki [1 — cos (Nadijrr — Daijrt)]

+ K3 3551 [1 — cos (N3dijrr — D3 ijii)]+Kaijr [1 — cos (Nadijrr — Daijrt)] + K5 3501 [1 — cos (Nsdijrr — Ds ijrt)]

The force-field parameters for this potential and units are given by:

15.3. Fourier Dihedral 79


http://lammps.sandia.gov/doc/dihedral_class2.html
https://www.liquid-technologies.com/

WebFF Documentation, Release 1.0.0

Equation Symbol | Parameter Definition Units
Kiiji Dihedral coefficient for atoms [i,j,k,1] energy
Ko ijki Dihedral coefficient for atoms [i,j,k,1] energy
K3 i Dihedral coefficient for atoms [i,j,k,1] energy
Ky i Dihedral coefficient for atoms [i,j,k,1] energy
Ks i i Dihedral coefficient for atoms [i,j,k,1] energy
Ny Nonnegative integer coefficient N/A
Ny Nonnegative integer coefficient N/A
N3 Nonnegative integer coefficient N/A
Ny Nonnegative integer coefficient N/A
N Nonnegative integer coefficient N/A

D1 ijm Equilibrium Dihedral for atoms [i,j,k,1] | degrees
Do ik Equilibrium Dihedral for atoms [i,j,k,1] | degrees
D3 ;i1 Equilibrium Dihedral for atoms [i,j,k,1] | degrees
Dy ijr Equilibrium Dihedral for atoms [i,j,k,1] | degrees
Ds i1 Equilibrium Dihedral for atoms [i,j,k,1] | degrees

15.3.2 XML Schema

The XML schema for the Fourier dihedral potential has the following representation (design mode representation
using Liquid XML Studio):
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| [E] DihedralPotential-Fourier |-| ;

,TE style string
'\Emmus Fourlar

| KA -orN P ILD R o
: DEQD

S

ITA] convention: Conventions
1

| Enymesations  olc

| clcdadt
1 cdcoright

I tranc

| tranciest
| trancoright

.

A Kn-units: Energy-Units
i

S

I Dm-units: stri
J(E n-units: string

| Enumsmetions
- dagreac

I ﬂm comment : string

; i ) 1
:m version : \ferslunstrlngl

|| Pattem E-=NL e 1R
| Whitsspace  [Colispcs]
"

| f@ j‘eferem::e: string :

B inedral-Fourier

|..E . T||E| Dihedral : Dihedral-Fuuria'l_; - E_—ﬁ‘ - string
AT-2 : string

- &l AT-3 : string

—&l AT4 - string

ﬁ : float

. @ o1 : float
aT y
I_T‘E] K2 : float

15.3. Fourier Dihedral

MEE] NS int
i an TR
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The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] 1 AT-1
Atom type of atom [j] J AT-2
Atom type of atom [k] k AT-3
Atom type of atom [l] l AT-4
Dihedral coefficient for atoms [i,j,k,1] Ky i K1
Dihedral coefficient for atoms [i,j,k,1] Ko i1 K2
Dihedral coefficient for atoms [i,j,k,1] K3 ik K3
Dihedral coefficient for atoms [i,j,k,1] Ky iji K4
Dihedral coefficient for atoms [i,j,k,1] Ks ijn K5
Nonnegative integer coefficient Ny N1
Nonnegative integer coefficient Ny N2
Nonnegative integer coefficient Ny N3
Nonnegative integer coefficient Ny N4
Nonnegative integer coefficient N5 N5
Equilibrium dihedral angle for atoms [i,j,k,1] | D1 ;5 D1
Equilibrium dihedral angle for atoms [i,j,k,1] | D2 ;;x D2
Equilibrium dihedral angle for atoms [i,j,k,1] | D3 ;1 D3
Equilibrium dihedral angle for atoms [i,j,k,1] | D4 ;% D4
Equilibrium dihedral angle for atoms [i,j,k,1] | Ds ;1 D5

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value

style Fixed Fourier

formula Fixed Enumerations specified in schema
convention Optional Enumerations specified in schema
Kn-units Required Enumerations specified in schema
Dn-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

15.3.3 References

1. LAMMPS Fourier Dihedral Potential.
2. Liquid XML Studio.
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15.4 Fourier (Simple) Dihedral

15.4.1 Functional Form

The Fourier (Simple) dihedral potential has the functional forms:

E =Ky i [1 4 cos (@ijrr)] + Koijri [1 + cos (@iju1)] + K3 5501 [1 4 cos (dijrr)]

Ks ijri [1 4 cos (dijri)]

E = Ky i [1 — cos (¢ijr)] + Koijr [1 — cos (dijri)] + Ka,ijrr [1 — cos (¢ijrr)]

K5 ik [1 — cos (¢ijkt)]

The force-field parameters for this potential and units are given by:

+ Ky ik [1 + cos (¢ijrr)] +

+ K45k [1 — cos (dijri)] +

Equation Symbol | Parameter Definition Units

Ky i1 Dihedral coefficient for atoms [i,j,k,1] | energy
Ko ik Dihedral coefficient for atoms [i,j,k,1] | energy
K3 i Dihedral coefficient for atoms [i,j,k,1] | energy
Ky ijr Dihedral coefficient for atoms [i,j,k,1] | energy
Ks i Dihedral coefficient for atoms [i,j,k,1] | energy

15.4.2 XML Schema

The XML schema for the Fourier (Simple) dihedral potential has the following representation (design mode repre-

sentation using Liquid XML Studio):

15.4. Fourier (Simple) Dihedral
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(A style : string

Enumersfions  Founar-Simpla

(A | formula : string

Enumerafions K 14[1+Co{PhIJ]«K2]1+cos{24Phi]]+ K3 1+co8| 3Ph)]
+ K 1+0B{ 4P| ]+ K54 1+C08{5PI)]
K 14[1-Co8{PI|] K2 1-C0B{ 2PNI|J+ K3 1-C0 [ PRI +K4*
[1-508{£Phi]]+ K54 1-co 8| 5Phij]

(A | convention : Conventions

Enumersfions  cle
clnclatt
claright
trana

E | DihedralPotential-FourierSimple trane:laft
trane:right

(A | Kn-units : Energy-Units

Enumersfions  [cal]
(A | comment : string
(A | version : Version String
Paffem [ 0. 130-914
1% Whitespace [ B8]
"E E+| Dihedral : Dihedral-FourierSimple

(A | reference : sfring

(CT| Dihedral-FourierSimple

[E] AT : string
[E| AT-2 : string
[E]| AT-3  :string
[E] AT-4 : string

of [E]K1 : float

0.1

[E| K2 : float
1l [E] K3 : float
i [E| K4 : float
il [E] K5 : float
The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation

Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Atom type of atom [I] l AT-4

Dihedral coefficient for atoms [i,j,k,1] | K1 51 K1

Dihedral coefficient for atoms [i,j,k,1] | Ko ;i1 K2

Dihedral coefficient for atoms [i,j,k,1] | K35 K3

Dihedral coefficient for atoms [i,j,k,1] | Ky 45 K4

Dihedral coefficient for atoms [i,j,k,1] | K5 ;511 K5

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value

style Fixed Fourier

formula Fixed Enumerations specified in schema
convention Optional Enumerations specified in schema
Kn-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

15.4.3 References

1. LAMMPS Fourier Dihedral Potential.
2. GROMACS Fourier (Simple) Dihedral Potential page 80.
3. Liquid XML Studio.

15.5 Harmonic Dihedral

15.5.1 Functional Form

The harmonic dihedral potential has the functional form:
E = Kqijii [L + Ngcos (Nijn)]

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
K ijm Dihedral coefficient for atoms [i,j,k,1] | energy
N Determines sign convention (-1 or +1) | N/A
N Nonnegative integer coefficient N/A

15.5.2 XML Schema

The XML schema for the harmonic dihedral potential has the following representation (design mode representation
using Liquid XML Studio):
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(A ] style : string

Enumersfions  Harmenl:

(A | formula : sfring

Enumersfions  Kd*[1+Necoa|N*Phi)]

(A | convention : Conventions

Enumersfions cls
claclalt
cle:right
trana
trana:tert

| E | DihedralPotential-Harmonic trana-rignt

(A_| Kd-units : Dihedral-Kd-Units

Enumerstions  [kealimaol]

[kdmaod

i %
©f [ E#| Dihedral : Dihedral-Harmonic

(A | comment : string

(A | version : Version String

Fatfem
Whitespsce

(A | reference : sfring

(CT) Dihedral-Harmonic

[E]| AT : string
[E]| AT-2 : string

[E] AT-3 : string

[E] AT4  :string
[E] Kd : float
E=| Ns : integer
Enumersfions -1
1
[E]N : positivelnteger

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Atom type of atom [] l AT-4

Dihedral coefficient for atoms [i,j,k,1] Kaijr Kd

Determines sign convention (-1 or +1) | Ng Ns

Nonnegative integer coefficient N N

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value

style Fixed Harmonic

formula Fixed Kd*[1+Ns*cos(N*Phi)]
convention Optional Enumerations specified in schema
Kd-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

15.5.3 References

1. LAMMPS Harmonic Dihedral Potential.
2. Liquid XML Studio.

15.6 OPLS Dihedral

15.6.1 Functional Form

The OPLS dihedral potential has the functional forms:

E = %Kl,ijkl (14 cos (¢ir)]  + %Kz,ijk:l 1 —cos(2¢im)] + %K&ijkl [1 + cos (3i;x)]
+%K4}ijkl [1 — cos (4¢sjm1)]

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units

Ky i1 Dihedral coefficient for atoms [i,j,k,1] | energy
Ko ijn Dihedral coefficient for atoms [i,j,k,1] | energy
K351 Dihedral coefficient for atoms [i,j,k,1] | energy
Ky ijr Dihedral coefficient for atoms [i,j,k,1] | energy

15.6.2 XML Schema

The XML schema for the OPLS dihedral potential has the following representation (design mode representation
using Liquid XML Studio):
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(A style : string

Enumersfions OPLS

(A | formula : string

Enumersfions  0.5%{K1*[1+c08{Phij]+ K2[1-c08{2Phi)]+ KF[1+C08
{3PNI]]+ K 4= 1-con{4PhI)]}

(A | convention : Conventions

Enumersfions cle
cleclatt
clecright
trane

E | DihedralPotential-OPLS transiatt
trane:right

(A | Kn-units : Energy-Units
Enumersfions  [kcal
[k
(A | comment : string
(A | version : Version String
1% Fatfern [0-SI0C40. TH0-504]
»—E E+| Dihedral : Dihedral-OPLS Whifespace [Collapss]
(A | reference : string
(CT) Dihedral-OPLS
[[E] AT : string

[E] AT-2 : string

LE] AT-3 : string

[E] AT-4  :string
o
[E] K1 : float
[E] k2 : float
LE] K3 : float
[E] K4 : float
The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation

Atom type of atom [i] 1 AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Atom type of atom [1] l AT-4

Dihedral coefficient for atoms [i,j,k,1] | K1 ;5% K1

Dihedral coefficient for atoms [i,j,k,1] | K25k K2
Dihedral coefficient for atoms [i,j,k1] | K3 ;5 K3
Dihedral coefficient for atoms [i,j,k,1] | K4 5r K4

The general attributes (describing the entire data set) are given by:
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General At- | Cardinal- | Value

tributes ity

style Fixed OPLS

formula Fixed 0.5*{K1*[1+cos(Phi)]+K2*[1-cos(2*Phi)|+K3*[1+cos(3*Phi)]+K4*[1-
cos(4*Phi)]}

convention Optional Enumerations specified in schema

Kn-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

15.6.3 References

1. LAMMPS OPLS Dihedral Potential.
2. GROMACS OPLS Dihedral Potential page 81.
3. Liquid XML Studio.

15.7 Quadratic Dihedral

15.7.1 Functional Form

The quadratic dihedral potential has the functional form:
E = Kaijn - (ijrr — doirt)’

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
Kaijn Dihedral coefficient for atoms [i,j,k,1] energy/degrees”2
®0,ijk1 Equilibrium Dihedral for atoms [i,j,k,1] | degrees

15.7.2 XML Schema

The XML schema for the quadratic dihedral potential has the following representation (design mode representation
using Liquid XML Studio):

15.7. Quadratic Dihedral 89


http://lammps.sandia.gov/doc/dihedral_opls.html
http://manual.gromacs.org/documentation/2016.3/manual-2016.3.pdf
https://www.liquid-technologies.com/

WebFF Documentation, Release 1.0.0

@ style : string

Enumerations Quadratic

@] formula : string
Enumerations Kd*(Phi-Phi0)*2

@ convention : Conventions
Enumerations cis

cis:left

cis:right

trans

= T . trans:left
£l DihedralPotential trans:right

-Quadratic .
@1 Kd-units : Energy-Units

Enumerations [kcal]
[kJ]

& Phi0-units : string

Enumerations degrees

ittty ]
{1 comment :

@ yersion : VersionString

Pattern [[0-91[\.1{0,1}{0-9]]
Whitespace [Collapse]

1.” (&4 Dijhedral : Dihedral-
Quadratic

@ reference : string

€ Dihedral-
Quadratic

(5] AT-1 : string
(el AT-2 : string
LEl AT-3 : string

ff
(&l AT-4 : string
[ElKd : float
LEl Phi0 : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] 1 AT-1
Atom type of atom [j] J AT-2
Atom type of atom [k] k AT-3
Atom type of atom [I] l AT-4
Dihedral coefficient for atoms [i,],k,1] Kaijn Kd
Equilibrium dihedral angle for atoms [i,j,k,1] | ¢o,ijx Phi0
The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value

style Fixed Quadratic

formula Fixed Kd*(Phi_Phi0)"2

convention Optional Enumerations specified in schema

Kd-units Required Enumerations specified in schema

PhiO-units Required Enumerations specified in schema
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The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

15.7.3 References

1. LAMMPS Quadratic Dihedral Potential.
2. ‘GROMACS Quadratic Dihedral Potential‘_.
3. Liquid XML Studio.

15.8 Multi-Harmonic Dihedral

15.8.1 Functional Form

The Multi-Harmonic dihedral potential has the functional form:

E = A1 iji + Az ijri cos (Gijit) + Az.ijricos? (dijii) + Aa,ijricos® (dijrr) + As ijricos® (dsjri)

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units

At ijrl Dihedral coefficient for atoms [i,j,k,1] | energy
Az il Dihedral coefficient for atoms [i,j,k,1] | energy
As ikl Dihedral coefficient for atoms [i,j,k,1] | energy
Ayijrl Dihedral coefficient for atoms [i,j,k,1] | energy
As ijkil Dihedral coefficient for atoms [i,j,k,1] | energy

15.8.2 XML Schema

The XML schema for the Fourier dihedral potential has the following representation (design mode representation
using Liquid XML Studio):
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E | DihedralPotential-Multiharmonic

fa__] style

Enumersfions Multiharmanic

: string

(A ] formula : string

Enumerations &1+ 2%008{Phi}+A3*00 5" 2{Phij+A4*c08" 3{Phi)
+A5c08"&{Phi)

(A | convention : Conventions

Enumerations  [clE]

(A | An-units : Energy-Units

Enumerafions

7]

"E E+| Dihedral : Dihedral-Multinarmonic

(A | comment : string

(A | version

Faffem | h
Whitespace | 84]

: Version String

(A | reference : string

(CT) Dihedral-Multiharmonic

[[E] AT : string
[E] AT-2 : string
[E] AT-3 : string
[E] AT-4 : string
[ N e
el E | A1 : float
[
E | A2 : float
[ B
E | A3 : float
[
E | Ad : float
&1z
E | Ab : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Atom type of atom [1] l AT-4

Dihedral coefficient for atoms [i,j,k,1] | A1 sk Al

Dihedral coefficient for atoms [i,j,k,1] | A2 ik A2

Dihedral coefficient for atoms [i,j,k,1] | A3 ik A3

Dihedral coefficient for atoms [i,j,k,1] | A4 5k A4

Dihedral coefficient for atoms [i,j,k,1] | As ik AS

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value

style Fixed Fourier

formula Fixed Enumerations specified in schema
convention Optional Enumerations specified in schema
An-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

15.8.3 References

1. ‘LAMMPS Multi-Harmonic Dihedral Potential®_.

2. Liquid XML Studio.

15.9 Tabular Dihedral

15.9.1 Tabular Form

The tabular dihedral potential has the parameters:

Parameter | Parameter Definition Units
N Number of tabulated values N/A
NOF Allows omission of forces (energy derivatives) in the table | N/A
DEGREES | Specify degrees as units for the angles N/A
RADIANS | Specify radians as units for the angles N/A
CHECKU | File to save interpolated energy table N/A
CHECKF File to save interpolated force table N/A

The tabular dihedral potential has the tabulated values:

index | angle | energy | derivative
il a_l e_1 de_1
iN aN e n de_ N

15.9.2 XML Schema

The XML schema for the tabular dihedral potential has the following representation (design mode representation
using Liquid XML Studio):
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| @ style

: string

Enumerafions  Tabular

(A] an

gle-units : string

@E‘ﬂ

ergy-diff-units : string

| Enumersfions  Kealmols-dagress
Kealmaols-radlans

@H’E

o

rzion : VersionString

1
- |_[E | DihedralPotential-Tabular |~
Faffen

Whitespace

[[0-S)IL] 0.1 3-5)°]

[Coliapss]

{[E] AT-1 string
{[E] AT-2 string
[E] AT-3  :string
‘[E] AT4  :string

E keyword : string
[E]N : integer

o1

-[E]NOF  :boolean

1‘"2
{[[E] Dihedral : DihedralTable |

H&) binedrarrabie
E‘ H % index

| - % angle
N ..E - ﬁl energy : float
o %l energy-diff : float

: integer

: float

The relationship between the parameters/symbols and XML schema notations are given by:
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Parameter Definition Parameter/Symbol | Schema Notation
Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3
Section identifying keyword N/A keyword
Number of tabulated values N N

Allows omission of forces in the table | NOF NOF
Specify degrees as units for the angles | DEGREES angle-units
Specify radians as units for the angles | RADIANS angle-units
File to save interpolated energy table CHECKU CHECKU
File to save interpolated force table CHECKF CHECKF
Index index index
Angle angle angle
Energy energy energy
Derivate of energy derivative energy-diff

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Tabular

angle-units Required Enumerations specified in schema
energy-units Required Enumerations specified in schema
energy-diff-units Required Enumerations specified in schema
comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

15.9.3 References

1. LAMMPS Tabular Dihedral Potential.
2. Liquid XML Studio.

15.9. Tabular Dihedral
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Improper Potentials

16.1 CHARMM Improper

16.1.1 Functional Form

The CHARMM improper potential has the functional forms:

E = Kqjii [1 + cos (Noijr — do,ijrt)]
E = Kgiji [1 4 cos (Ndijri + bo,ijkl)]

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
Kaijr Improper coefficient for atoms [i,j,k,1] energy
N Nonnegative integer coefficient N/A
0,5k Equilibrium improper angle for atoms [i,j,k,1] | degrees

16.1.2 XML Schema

The XML schema for the CHARMM improper potential has the following representation (design mode representa-

tion using Liquid XML Studio):
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I E | ImproperPotential-CHARMM

(A | style : string

Enumerstions CHARMM

(A | formula : sfring
Enumerstions  Ko*[1+co8{N*Phi-Phid)]

K[ 1+co8{ N*Phi-Phi)]
(A | convention : Conventions
Enumersfions e

clu:latt

clenight

trans

tranaciatt

trane:right
(A | Kd-units : Energy-Units

Enumerafions  [kcal]

(A | Phi0-units : string

Enumerafions  degrass

1’ £
»-E E<4| Improper : Improper-CHARMM

(A | comment : sfring

(A | version : Version String

Faffzm !
[Codlapes]

Whitespase

(A | reference : string

(CT) Improper-CHARMM

[E] AT : string
[E] AT-2 : string
[E] AT-3 : string

..E [E] aT-4 : string

[E] Kd : float
[E] N : positivelnteger
[E | phi0 : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] 1 AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Atom type of atom [] l AT-4

Improper coefficient for atoms [i,j,k,1] Kaijn Kd

Nonnegative integer coefficient N N

Equilibrium improper angle for atoms [i,j,K,1] | ¢0.55i PhiO

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value

style Fixed CHARMM

formula Fixed Kd*[1+cos(N*Phi-Phi0)], Kd*[14+cos(N*Phi+Phi0)]
convention Optional Enumerations specified in schema

Kd-units Required Enumerations specified in schema

PhiO-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

16.1.3 References

1. Liquid XML Studio.

16.2 Class 2 Improper

16.2.1 Functional Form

The class 2 improper potential has the functional form:

2
E = Kj ijk - (Xijki — X0,ijkl)

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
K i Improper coefficient for atoms [i,j,k,I] energy/degrees” 2
X0,ijkl Equilibrium improper angle for atoms [i,j,k,1] | degrees

16.2.2 XML Schema

The XML schema for the class 2 improper potential has the following representation (design mode representation

using Liquid XML Studio):

16.2. Class 2 Improper
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@ style : sfring

Enumersfions  Class?

(A | formula : string

Enumersfions  KR{Chi-Chid)*2

(‘A | convention : Conventions

Enumerafions  [ca]
[trang]

[trane:right]
[trana: lart]

(A | Ki-units : Improper-Ki-Units
E | ImproperPotential-Class2

Enumerafions  [kcalimaol]
[kimied]

(A | Chib-units : string

Enumersfions  dagreas
(A | comment : string
(‘A | version :VersionString
Faffern [-S] L0 H-3]]
Whitespage [Collapss]
(A | reference : string

1’ *
O-E E4#| Improper : ImproperPotential-Class2
(CT| ImproperPotential-Class2

LE] AT : string
[E ] AT-2 : string
LE] AT-3 : string
[E] AT-4 : string
LE]Ki : float

[E | chio : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] ) AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Atom type of atom [l] l AT-4

Improper coefficient for atoms [i,j,k,1] K ijr Ki

Equilibrium improper angle for atoms [i,j,k,1] | xo,ij# Chi0

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value

style Fixed Class2

formula Fixed Ki*(Chi-Chi0)"2

convention Optional Enumerations specified in schema
Ki-units Required Enumerations specified in schema
Chi0-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

16.2.3 References

1. LAMMPS Harmonic Improper Potential.
2. GROMACS Harmonic Improper Potential page 77.
3. Liquid XML Studio.

16.3 COS2 Improper

16.3.1 Functional Form

The COS2 improper potential has the functional form:
E = K; ;j11c0s? (Xijkt — X0,ijkl)

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
K ijr Improper coefficient for atoms [i,j,k,1] energy
X0,ijkl Equilibrium improper angle for atoms [i,j,k,1] | degrees

16.3.2 XML Schema

The XML schema for the COS2 improper potential has the following representation (design mode representation
using Liquid XML Studio):
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(A style : string

Enumersfions  cosina/eguarnsd

(A | formula : string

Enumerzsfions KFcos{Chi-Chi)2

m convention : Conventions
Enumersfions cla

cle:laft

clecright

trane

trana:iatt

trane:right

(A Ki-units : Improper-Ki-Units

E | ImproperPotential-C0 52 Enumerafions  [kcaime]
[kMmaod]

{"A | Chid-units : string
Enumerafions  dagress

fn. comment : string

(A | version : Version String

Paffemn [0-5] PR 0-5]4]
Whifespzce [Collapes]

(A | reference : string

1’ &
'-E E 4| Improper : Improper-CO 52
(CT] Improper-COS2

[E] AT-1 : string
LE ] AT-2 : string

[E] AT-3 : string

[E] AT-4 : string
[E] Ki : float
[E] chi0  :float
The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation

Atom type of atom [i] 1 AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Atom type of atom [] l AT-4

Improper coefficient for atoms [i,j,k,1] K i Ki

Equilibrium improper angle for atoms [i,j,k,1] | X0, Chi0

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value

style Fixed cosine/squared

formula Fixed Ki*cos(Chi-Chi0)*2

convention Optional Enumerations specified in schema
Ki-units Required Enumerations specified in schema
Chi0-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

16.3.3 References

1. LAMMPS COS2 Improper Potential.
2. Liquid XML Studio.

16.4 CVFF Improper

16.4.1 Functional Form

The CVFF improper potential has the functional form:
E = K;iji [1 + Ngcos (Nijr)]

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
K ijm Dihedral coefficient for atoms [i,j,k,1] | energy
Ny Determines sign convention (-1 or +1) | N/A
N Nonnegative integer coefficient N/A

16.4.2 XML Schema

The XML schema for the CVFF improper potential has the following representation (design mode representation
using Liquid XML Studio):
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fﬂ style : string

Enumersfions CVFF

(A | formula : string

Enumerafions KF[1+Ne‘cosN*Phi]]

(A | convention : Conventions
Enumerafions ©le

cle:lalt

clazright

trane

— t claft
E | ImproperPotential-CVFF tﬁ::ngnt

(A | Ki-units - Improper-Ki-Units
Enumerafions  [koalimol]
[dmed]
(A comment : string

(A | version :Version String

1.* Faffem [[0-S]ILH0. TH0-5]]
-EE [ E#| Improper : Improper-CVFF Whitespsce  [Collapss]

(A | reference : string

[CT) Improper-CVFF

[E] AT : string
[E]| AT-2 : string
[E] AT-3 : string

[E] AT4 : string
[E] Ki : float
E=| Ns : integer

Enumerafions -1

LE]N ¢ positivelnteger

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Atom type of atom [I] l AT-4

Dihedral coefficient for atoms [i,j,k,1] K; i K1

Determines sign convention (-1 or +1) | Ng Ns

Nonnegative integer coefficient N N

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value

style Fixed CVFF

formula Fixed Ki*[1+Ns*cos(N*Phi)]
convention Optional Enumerations specified in schema
Ki-units Required Enumerations specified in schema
Chi0-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

16.4.3 References

1. LAMMPS CVFF Improper Potential.
2. Liquid XML Studio.

16.5 Fourier Improper

16.5.1 Functional Form

The Fourier improper potential has the functional form:
E =K, ;i1 [Coijkr + C1ijki €08 (wijki) + Ca ikt cos (2wijkt)]

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
K ik Improper coefficient for atoms [i,j,k,1] energy
Co,ijki Real coefficient for cosine term #0 [i,j,k,1] | N/A
Chijkt Real coefficient for cosine term #1 [i,j,k,1] | N/A
Caijki Real coefficient for cosine term #2 [i,j,k,1] | N/A

16.5.2 XML Schema

The XML schema for the Fourier improper potential has the following representation (design mode representation
using Liquid XML Studio):
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m style : string

Enumersfions Fouriar

(A | formula : string

Enumerafions  KFCI+C1*cos{w]+C2cos| 2 w]]

(A | convention : Conventions

Enumerafions cle
clalstt
claright
trane
— i . trans:lart
E | ImproperPotential-Fourier trane:rignt

(A | Ki-units : Improper-Ki-Units

Enumerafions  [kcalmol]

kMme]
(A | comment : sfring

(A | version : Version String

Faffem

1.t [10-S0[LJ{0. O3]
o—E E 4| Improper : Improper-Fourier Whitespace [Co

(A | reference : sfring

(CT| Improper-Fourier

[[E] AT : string
[E ] AT-2 : string
[E] AT-3 : string

[E] AT-4 : string

[E] ki : float
[E] co : float
LE] c1 : float
LE] c2 : float
The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation

Atom type of atom [i] 1 AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Atom type of atom [l] l AT-4

Improper coefficient for atoms [i,j,k,1] K ik Ki

Real coefficient for cosine term #0 [i,j,k,1] | Co i CO

Real coefficient for cosine term #1 [i,j.k1] | C1 ik Cl1

Real coefficient for cosine term #2 [i,j,k,1] | Co ;i C2

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value

style Fixed Fourier

formula Fixed Ki*[CO+C1*cos(w)+C2*cos(2*w)]
convention Optional Enumerations specified in schema
Ki-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

16.5.3 References

1. LAMMPS Fourier Improper Potential.

2. Liquid XML Studio.

16.6 Harmonic Improper

16.6.1 Functional Form

The harmonic improper potential has the functional form:

2
E = Kk - (Xijkt — X0,i5kl)

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
K ijr Improper coefficient for atoms [i,j,k,I] energy/degrees”2
X0,ijkl Equilibrium improper angle for atoms [i,j,k,1] | degrees

16.6.2 XML Schema

The XML schema for the harmonic improper potential has the following representation (design mode representation

using Liquid XML Studio):

16.6. Harmonic Improper
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(A ] style : string

Ensymesations Harmonis

(A formula : string
Ensmersations FPGChi-Chid)a

A | convention : Conventions

Ensmesaiions a6
g el
i Tight
framc
trame tedl
Tanerignt

- [E£” ImproperPotential-Hamonic @ Ki-units : Energy-Units-5caled

Eromergtenr  [uzalcegresctl]
mairad 1

(A Chil-units: string

Enomemions  degreed

e (A version : VersionString
-2 E+| Improper: Improper-Harmanic ey
Whissnare [Coapos]

(A reference : string

@ Improper-Harmonic:

[E AT :string
LE AT-2 . string
[E AT-3  :string
[E AT - string
CE i  float

[CE Chi0  :foat

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] 1 AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Atom type of atom [] l AT-4

Improper coefficient for atoms [i,j,k,1] K i Ki

Equilibrium improper angle for atoms [i,j,k,1] | X0, Chi0

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value

style Fixed Harmonic

formula Fixed Ki*(Chi-Chi0)"2

convention Optional Enumerations specified in schema
Ki-units Required Enumerations specified in schema
Chi0-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

16.6.3 References

1. LAMMPS Harmonic Improper Potential.
2. GROMACS Harmonic Improper Potential page 77.
3. Liquid XML Studio.

16.7 Umbrella Improper

16.7.1 Functional Form

The umbrella improper potential has the functional form:
E=/{

The force-field parameters for this potential and units are given by:

16.7.2 XML Schema

The XML schema for the umbrella improper potential has the following representation (design mode representation
using Liquid XML Studio):
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(A style : string

Enumersfions Umbrslla

(A | formula : string
Enumerations  LSK{1+coa{wl)iein{w0]]* 2[cos|w]-coalwi)], wi # 0%
K*[1-coa{w]]. wi=0
(A | convention : Conventions
Enumersfions  cle
clezlatt
cle:right
trane
trang:laft
trane:rignt
E | ImproperPotential-Umbrella
(A | Ki-units i Improper-Ki-Units
Enumerafions [kcalimaol]
[kMmol]

(A | wo-units . string

Enumersfions dagress
(A | comment : string
o . . . .
5 A | version :Version3tring
'-E E<| Improper : Improper-Umbrella Faffem [0S Te-51]
Whifespace [Collapss]

(A | reference : string

(CT] Improper-Umbrella

[E] AT-1 : string
[E] aT-2 : string
[E] aT-3 : string
8
[E] AT-4  :string
LE] ki : float
LE] wo : float
The relationship between the equation symbols and XML schema notations are given by:
Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] 1 AT-1
Atom type of atom [j] J AT-2
Atom type of atom [k] k AT-3
Atom type of atom [] l AT-4
Improper coefficient for atoms [i,j,k,1] K i Ki
Equilibrium improper angle for atoms [i,j,k,1] | wo i;x w0

The general attributes (describing the entire data set) are given by:
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General At- | Cardinal- | Value

tributes ity

style Fixed Umbrella

formula Fixed 0.5*K*[{ 1+cos(w0) }/sin(w0)]*2*[cos(w)-cos(w0)], wO 0°; K*[1-cos(w)],
w0 =0°

convention Optional Enumerations specified in schema

Ki-units Required Enumerations specified in schema

wO-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

16.7.3 References

1. LAMMPS Umbrella Improper Potential.
2. Liquid XML Studio.
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Cross Potentials

17.1 Cross: Bond-Bond

17.1.1 Functional Form

The Bond-Bond Cross Potential has the functional form:

E =M (Rij — Ru5) (Rjk — Raji)

This term is part of the Class2 Angle Potential style.

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units

M Cross potential bond coefficient for atoms [i,j,k] | energy
Ry Equilibrium bond length for atoms [i,j] length
Ry ji Equilibrium bond length for atoms [j,k] length

17.1.2 XML Schema

The XML schema for the Bond-Bond Cross Potential has the following representation (design mode representation

using Liquid XML Studio):
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A style - sfring

Enumersfions BondBond

(A | formula : string

Enumerations MYR-R1YR-R2)

(A | M-units : string
Enumerafions kcald*2
— kdnm*2
E | CrossPotential-BondBond
(A | Ri-units : string

Enumerstions A
nm

A | version :Version3String
: CrossPotential-BondBond

"E ! E4#| Cross

Faffem L] AR FLR ()
mﬂpi:_ﬂ [Codtapses]

(A | reference : string

(CT) CrossPotential-BondBond

[E] AT : string
[E] aT-2 : string

[E] AT-3 : string

[E]™ : float
LE] R1 : float
LE] R2 : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Bond coefficient for atoms [i,j,k] M M

Equilibrium bond length for atoms [i,j] | Ry ;; R1

Equilibrium bond length for atoms [j.k] | R jx R2

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed BondBond

formula Fixed M*(Rij-R1)*(Rjk-R2)

M-units Required Enumerations specified in schema
Ri-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:
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Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

17.1.3 References

1. LAMMPS Class2 Angle Potential w/ Bond-Bond Cross term.

2. SklogWiki COMPASS Force-Field.

3. Liquid XML Studio.

17.2 Cross: Bond-Bond-13

17.2.1 Functional Form

The Bond-Bond-13 Cross Potential has the functional form:

E =N(Rij — Rij) (R — R3 1)

This term is part of the Class2 Dihedral Potential style.

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units

N Cross potential bond coefficient for atoms [i,j,k,1] | energy
Ry Equilibrium bond length for atoms [i,j] length
B3 1 Equilibrium bond length for atoms [k,1] length

17.2.2 XML Schema

The XML schema for the Bond-Bond-13 Cross Potential has the following representation (design mode representa-

tion using Liquid XML Studio):

17.2. Cross: Bond-Bond-13
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(A | style : string

Enumerafions BondBond13

(A | formula : string

Enumerafions  NY{RIFR1YRE-R3)

(A | N-units : sfring

Enumersfions  koalmolA*2
kMmeolinm®2

:EI CrossPotential-BondBond13
(A | Ri-units : string
Enumersfions A
nm

(A | comment : string

(A | version : Version 5tring

0. 11[0-5]4]

1
.-E E#| Cross : CrossPotential-BondBond13 Paftzm spes]

Whitespace
(‘A | reference : string

e
" CT ' CrossPotential-BondBond13

%

5] fil AT : string
=%

ril AT-2 : string
5

[;il AT-3 : string

..EE ril AT-4 : string

rl‘l N : float
ﬁi‘l R1 : float
ﬁi‘l R3 : float
The relationship between the equation symbols and XML schema notations are given by:
Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1
Atom type of atom [j] j AT-2
Atom type of atom [k] k AT-3
Atom type of atom [1] l AT-4
Bond coefficient for atoms [i,j,k,1] N N
Equilibrium bond length for atoms [i,j] | 1 ;; R1
Equilibrium bond length for atoms [k,1] | R3 1 R3
The general attributes (describing the entire data set) are given by:
General Attributes | Cardinality | Value/Definition
style Fixed BondBond13
formula Fixed N*(Rij-R1)*(RkI-R3)
N-units Required Enumerations specified in schema
Ri-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:
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Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

17.2.3 References

1. LAMMPS Class2 Dihedral Potential w/ Bond-Bond-13 Cross term.
2. SklogWiki COMPASS Force-Field.
3. Liquid XML Studio.

17.3 Cross: Angle-Angle

17.3.1 Functional Form

The Angle-Angle Cross Potential has the functional form:

E = M ikt (Biie — 61,45%) (Orji — O1,151) + Ms i1 (Bik — 61,i5%) (B30 — 62,451)
+Ms ik (01 — 02,551) (Orji — 01,551)

This term is part of the Class2 Improper Potential style.

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
M ik Cross potential angle coefficient for atoms [i,j,k,1] | energy
My ik Cross potential angle coefficient for atoms [i,j,k,I] | energy
ER Cross potential angle coefficient for atoms [i,j,k,1] | energy
01,i5k Equilibrium angle for atoms [i,j,k] degrees
02,451 Equilibrium angle for atoms [i,j,1] degrees
03 11 Equilibrium angle for atoms [k,j,1] degrees

17.3.2 XML Schema

The XML schema for the Angle-Angle Cross Potential has the following representation (design mode representation
using Liquid XML Studio):
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(A | style : string

Enumersfions  Anglaangls

(A | formula : sfring

Enumersfions M 1*| Thata-Thatai){ Theta-ThetaZ)+ M2+ Theta-Thetal)
| Theta-ThetaZj+ M3+ Thets- Theta2)| Theta- Thetss)

(A | Munits : string

Enumerations  koalh+~2
kdnm*2

[ E | CrossPotential-AngleAngle
(A | Theta-units : string

Enumersfions dagreas
(A | comment : string
(A | version : Version String

Paffern [ro-
Whitespace [Co

JO.THO-5)]
. 5]

1
"E E+#| Cross : CrossPotential-AngleAngle
(A | reference : sfring

(CT) CrossPotential-AngleAngle

[E] AT : string
[E] AT-2 : string
[E] AT-3 : string

[E] AT4  :string

[E]m : float
[E] mz : float
[E] M3 : float

[E] Thetat :float
[E] Thetaz : float

[E] Theta3 :float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] 1 AT-1
Atom type of atom [j] J AT-2
Atom type of atom [k] k AT-3
Atom type of atom [] l AT-4
Cross potential angle coefficient for atoms [i,j,k,1] | My ;. Ml
Cross potential angle coefficient for atoms [i,j,k,1] | Mo ;;x M2
Cross potential angle coefficient for atoms [i,j,k,1] | M3 ;. M3
Equilibrium angle for atoms [i,j,k] 01,55k Thetal
Equilibrium angle for atoms [i,j,1] 02,451 Theta2
Equilibrium angle for atoms [k,j,1] 03,151 Theta3

The general attributes (describing the entire data set) are given by:

118 Chapter 17. Cross Potentials



WebFF Documentation, Release 1.0.0

General At- | Cardi- Value/Definition

tributes nality

style Fixed AngleAngle

formula Fixed M1*(Theta-Thetal)(Theta-Theta3)+M2*(Theta-Thetal)(Theta-
Theta2)+M3*(Theta-Theta2)(Theta-Theta3)

M-units Required | Enumerations specified in schema

Theta-units Required | Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

17.3.3 References

1. LAMMPS Class2 Improper Potential w/ Angle-Angle Cross term.
2. SklogWiki COMPASS Force-Field.
3. Liquid XML Studio.

17.4 Cross: Bond-Angle

17.4.1 Functional Form

The Bond-Angle Cross Potential has the functional form:
E = Nyiji (Rij — Ru5) (0ie — Oo.ijk) + Naiji (Rjk — R jk) (0ijr — 00,ij1)
This term is part of the Class2 Angle Potential style.

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units

Niijk Cross potential bond-angle coefficient for atoms [i,j,k] | energy/length/degrees
Noijk Cross potential bond-angle coefficient for atoms [i,j,k] | energy/length/degrees
Ry Equilibrium bond length for atoms [i,j] length

Ry jk Equilibrium bond length for atoms [j,k] length

00,ijk Equilibrium angle for atoms [i,j,k] degrees

17.4.2 XML Schema

The XML schema for the Bond-Angle Cross Potential has the following representation (design mode representation
using Liquid XML Studio):
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[ E | CrossPotential-BondAngle

: string

m style

Enumersfions BondAngle

(A | formula : sfring

Enumersfions  H14R-R1)%{Thata-Thata0}+ N24{R-R2)* Thets-Thet a0}

(A | N-units : sfring

Enumerafions koalld*2
knme2

(A | Ri-units : string

Enumerafions A
nm

(A | Thetal-units : string

Enumersfions  dagreas

El

o-EE ! E+#| Cross

: CrossPotential-BondAngle

(A | comment : string

(A | version : Version 3tring

Paffem {o
Whifespace [ |

(A | reference : string

(CT] CrossPotential-BondAngle

[LE]| AT-1 : string
[E] AT-2 : string
[E] AT-3 : string
[E | Thetad : float
i’ LE] N1 : float
[E] N2 : float
LE] R1 : float
LE] R2 : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Equilibrium angle for atoms [i,j,k] 00,15k Theta0

Cross potential bond-angle coefficient for atoms [i,j,k] | Ny ;% N1

Cross potential bond-angle coefficient for atoms [i,j,k] | No;jx N2

Equilibrium bond length for atoms [i,j] Ry R1

Equilibrium bond length for atoms [j,k] Ry j R2

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value/Definition

style Fixed BondAngle

formula Fixed N1*(R-R1)*(Theta-Theta0)+N2*(R-R2)*(Theta-Theta0)
N-units Required Enumerations specified in schema

Ri-units Required Enumerations specified in schema

Theta0O-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

17.4.3 References

1. LAMMPS Class2 Angle Potential w/ Bond-Angle Cross term.
2. SklogWiki COMPASS Force-Field.
3. Liquid XML Studio.

17.5 Cross: Middle-Bond-Torsion

17.5.1 Functional Form

The Middle-Bond-Torsion Cross Potential has the functional form:
E = (Rji — Raji) [A1,ijki €08 (dijt) + A2,ijki €08 (2045k1) + Az ijki €08 (30ijk1)]
This term is part of the Class2 Dihedral Potential style.

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
At ik Cosine term coefficient for atoms [i,j,k,1] | energy/length
Az il Cosine term coefficient for atoms [i,j,k,1] | energy/length
As ikl Cosine term coefficient for atoms [i,j,k,I] | energy/length
Ry jk Equilibrium bond length for atoms [j,k] length

17.5.2 XML Schema

The XML schema for the Middle-Bond-Torsion Cross Potential has the following representation (design mode
representation using Liquid XML Studio):
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(A | style : string

Enumerafions MigdisBondTorslon

(A | formula : string

Enumerstions  (R-RZATC0MPI+ AT Co8 TP+ AT 00N PRI ]
(A | A-units : string

Enumersfions  kealld
kJnm

[ E | CrossPotential-MiddleBondTorsion
(A | R-units : string

Enumerstions A
nm
(A comment : string
(A | version : Version String

1.t Fattem [0~ S] L0, TH0-5]]
'-EE E+4| Cross : CrossPotential-MiddleBondTorsion Whifespace [Coliapes]

(A | reference : string

[CT) CrossPotential-MiddleBondTorsion
[E] AT-1 1 string
[E] AT-2 : sfring
[E] AT-3 : string

[E|AT-4  :string

.E [E] A1 : float
[E] A2 : float
[E] A3 : float
[E] r2 : float
The relationship between the equation symbols and XML schema notations are given by:
Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] 1 AT-1
Atom type of atom [j] J AT-2
Atom type of atom [k] k AT-3
Atom type of atom [1] l AT-4
Cosine term coefficient for atoms [i,j,k,1] | A1 ijm Al
Cosine term coefficient for atoms [i,j,k,1] | A2 i A2
Cosine term coefficient for atoms [i,j,k,1] | A3 ;jm A3
Equilibrium bond length for atoms [j,k] Ry jk R2
The general attributes (describing the entire data set) are given by:
General Attributes | Cardinality | Value/Definition
style Fixed MiddleBondTorsion
formula Fixed (R-R2)*[A1*cos(Phi)+A2*cos(2*Phi)+A3*cos(3*Phi)]
A-units Required Enumerations specified in schema
R-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:
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Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

17.5.3 References

1. LAMMPS Class2 Dihedral Potential w/ Middle-Bond-Torsion Cross term.
2. SklogWiki COMPASS Force-Field.
3. Liquid XML Studio.

17.6 Cross: End-Bond-Torsion

17.6.1 Functional Form

The End-Bond-Torsion Cross Potential has the functional form:

E = (Rjr — Riji) [Bu,ijki c0s (Gijri) + Ba,ijri cos (2¢ij1) + Bs ijki cos (3¢ijx1)]
+ (Ri — Ra.j1) [01 ijkl €08 (Dij1) + C2,ijk1 €08 (2045k1) + C3,45k1 €08 (3dsjk1)]

This term is part of the Class2 Dihedral Potential style.

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
B ijki Cosine term coefficient for atoms [i,j,k,1] | energy/length
B3 ijki Cosine term coefficient for atoms [i,j,k,1] | energy/length
B3 ik Cosine term coefficient for atoms [i,j,k,1] | energy/length
Chijki Cosine term coefficient for atoms [i,j,k,1] | energy/length
Cijki Cosine term coefficient for atoms [i,j,k,1] | energy/length
Csijki Cosine term coefficient for atoms [i,j,k,1] | energy/length
Ry ji Equilibrium bond length for atoms [i,j] length
R3 1 Equilibrium bond length for atoms [k,1] length

17.6.2 XML Schema

The XML schema for the End-Bond-Torsion Cross Potential has the following representation (design mode repre-
sentation using Liquid XML Studio):
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- [[E] CrossPotential-EndBondTorsion

(A] style : string

@ formula : string

| Enumerafions | R-R1J4[B1°C08{PNij+ B0 8{ZPNI}+ B3CoB{ 5PN |+{R-
R 3] *[C1*c08{Phi}+C2008{ 2+Phi}+C 3c08{3*Phi]]

(A | B-units : string
| Enumerafions  kcalid
Kdnm

| Enumersfions  koald
lkdnimi

(Il comment : string

(E version : \VersionString

Patfen [[0-S L0 130-5]°]
Whifespage [Collapss]

1.2 e
L -E i {[_[E#] Cross  : CrossPotential-EndBondTorsion |- (i reference : string

CrossPotential-EndBondTorsion

- [[E] AT-1  :string
— E] aT-2 : string
— EE] aT-3 : string
- [E] AT4 : string
I [EE] B1 : float
- [E] B2 : float
8 — [EE1 B3 : float
—[E] c1 : float
I EER c2 : float
I [EE] c3 : float
—[E] Rt : float
- [E]RrR3 : float

The relationship between the equation symbols and XML schema notations are given by:
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Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1
Atom type of atom [j] j AT-2
Atom type of atom [k] k AT-3
Atom type of atom [I] l AT-4
Cosine term coefficient for atoms [i,j,k,1] | B1 ijm B1
Cosine term coefficient for atoms [i,j,k,1] | B ;i B2
Cosine term coefficient for atoms [i,j,k,1] | B3 i;x1 B3
Cosine term coefficient for atoms [i,j,k,1] | Ci ik C1
Cosine term coefficient for atoms [i,j,k,1] | C2 45k C2
Cosine term coefficient for atoms [i,j,k,1] | C3 5k C3
Equilibrium bond length for atoms [i,j] Ry R1
Equilibrium bond length for atoms [k,1] R3 1 R3

The general attributes (describing the entire data set) are given by:

General Cardi- Value/Definition

Attributes nality

style Fixed EndBondTorsion

formula Fixed (R-R1)*[B1*cos(Phi)+B2*cos(2*Phi)+B3*cos(3*Phi)]+(R-
R3)*[C1*cos(Phi)+C2*cos(2*Phi)+C3*cos(3*Phi)]

B-units Required | Enumerations specified in schema

C-units Required | Enumerations specified in schema

R-units Required | Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

17.6.3 References

1. LAMMPS Class2 Dihedral Potential w/ End-Bond-Torsion Cross term.
2. SklogWiki COMPASS Force-Field.
3. Liquid XML Studio.

17.7 Cross: Angle-Torsion

17.7.1 Functional Form

The Angle-Torsion Cross Potential has the functional form:
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E

+ (051 — O2,511) [Ev,ijki cos (Gijri) + B2,k €08 (20ix1) + E3,ijx1 c0s (3¢ijkt)]

(Oijk — 01,55%) [D1,ijk1 €08 (dijr1) + Daijri cos (2¢i5k1) + D3, ijki cos (3¢ijx1)]

This term is part of the Class2 Dihedral Potential style.

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units

D1 ijm Cosine term coefficient for atoms [i,j,k,1] | energy/degrees
Do ik Cosine term coefficient for atoms [i,j,k,1] | energy/degrees
D3 ;i1 Cosine term coefficient for atoms [i,j,k,1] | energy/degrees
B ik Cosine term coefficient for atoms [i,j,k,1] | energy/degrees
Es ik Cosine term coefficient for atoms [i,j,k,1] | energy/degrees
E3 ik Cosine term coefficient for atoms [i,j,k,1] | energy/degrees
01,ijk Equilibrium bond length for atoms [i,j] degrees

02 ki Equilibrium bond length for atoms [k,1] degrees

17.7.2 XML Schema

The XML schema for the Angle-Torsion Cross Potential has the following representation (design mode representa-
tion using Liquid XML Studio):
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-[[E] CrossPotential-AngleTorsion

1' ES
[ ..E } [E' Cross  : CrossPotential-AngleTorsion |~

(A style

- Enumersfions

: string

(A | formula : string

{ Thiata-Thetal][D1*con|Phil+D2*cos{ 24Phij+ D3*cos
{3*PN1j]+{Thata-ThataZ|[E14co8{Ph]~E2c08{ 24Phi}
~EZ*00B{3PNI}]

\

@ D-units  : string

| Enumersfions  kealradian
kXradian

(A | comment : string

(Il wversion : VersionString

Paffern
Whitespace

[L0-3) L. TH0-5]°]

[Coliapes]

[ CrossPotential-AngleTorsion

L [EE]] AT : string
I [E] AT-2 : string
| [GE7] AT-3 : string
- [[E] AT-4 : string
B D1 : float
| [2E] D2 : float
|8 I [EE]] D3 : float
I [cEH] E1 : float
I [2E] E2 : float
I [EE] E3 : float
- [[E] Thetal :fioat
- [[E] Thetaz :float
The relationship between the equation symbols and XML schema notations are given by:
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Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1
Atom type of atom [j] j AT-2
Atom type of atom [k] k AT-3
Atom type of atom [I] l AT-4
Cosine term coefficient for atoms [i,j,k,1] | D1 i D1
Cosine term coefficient for atoms [i,j,k,1] | D2 i D2
Cosine term coefficient for atoms [i,j.k,1] | D3 ;51 D3
Cosine term coefficient for atoms [i,j,k,1] | E1 ;5 El
Cosine term coefficient for atoms [i,j,k,1] | E2 ;% E2
Cosine term coefficient for atoms [i,j,k,1] | E3 ;51 E3
Equilibrium bond length for atoms [i,j] 01,i5k Thetal
Equilibrium bond length for atoms [k,1] 02, ki Theta2

The general attributes (describing the entire data set) are given by:

General At- | Cardi- | Value/Definition
tributes nality
style Fixed AngleTorsion
formula Fixed (Theta-Thetal)*[D1*cos(Phi)+D2*cos(2*Phi)+D3*cos(3*Phi)]+(Theta-
Theta2)*[E1*cos(Phi)+E2*cos(2*Phi)+E3*cos(3*Phi)]
D-units Re- Enumerations specified in schema
quired
E-units Re- Enumerations specified in schema
quired
Theta-units Re- Enumerations specified in schema
quired

The specific attributes (attached to each set of parameters) are given by:

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

17.7.3 References

1. LAMMPS Class2 Dihedral Potential w/ Angle-Torsion Cross term.
2. SklogWiki COMPASS Force-Field.
3. Liquid XML Studio.
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17.8 Cross: Angle-Angle-Torsion

17.8.1 Functional Form

The Angle-Angle-Torsion Cross Potential has the functional form:
E = Mijri (Oijk — 01,i51) (051 — 02,511) cos (dijrr)
This term is part of the Class2 Dihedral Potential style.

The force-field parameters for this potential and units are given by:

Equation Symbol

Parameter Definition

Units

Mk

Bond coefficient for atoms [i,j,k,1]

energy

01,45k

Equilibrium angle for atoms [i,j,k]

degrees

02 ik

Equilibrium angle for atoms [j,k,I]

degrees

17.8.2 XML Schema

The XML schema for the Angle-Angle-Torsion Cross Potential has the following representation (design mode rep-

resentation using Liquid XML Studio):

fﬂ style

: string

Enumersfions AnglasngleTorsion

(A | formula : string

Enumerations  M{Theta-Thetal)4{Theta-Thetaz)*cos{Pn1)

(A | M-units : string

Enumersfions koaliradlan®2

E | CrossPotential-AngleAngleTorsion

klradian* 2

fﬂ. Theta-units : string

Enumersfions degrass

1%

o

E+| Cross : CrossPotential-AngleAngleTorsion

'rn. comment : string

'rn. version : VersionString

Psftem [IG-SILHO.THE-91]

Whifespace [Coliapes]
(A | reference : sfring

(€T) cro ssPotential-AngleAngleTorsion

[E] AT : string
[E] AT-2 : string
[E] AT-3 : string
..E [E]| AT-4 : string
[E]Mm : float

[E ]| Thetat : float

[E | Theta?2 : float

The relationship between the equation symbols and XML schema notations are given by:

17.8. Cross: Angle-Angle-Torsion
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Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1

Atom type of atom [j] J AT-2

Atom type of atom [k] k AT-3

Atom type of atom [1] l AT-4

Bond coefficient for atoms [i,j,k,1] | M M

Equilibrium angle for atoms [i,j,k] | 01 ;5 Thetal
Equilibrium angle for atoms [j.k,11 | 02 jx Theta2

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed AngleAngleTorsion

formula Fixed M(Theta-Thetal)*(Theta-Theta2)*cos(Phi)
M-units Required Enumerations specified in schema
Theta-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

17.8.3 References

1. LAMMPS Class2 Dihedral Potential w/ Angle-Angle-Torsion Cross term.
2. SklogWiki COMPASS Force-Field.
3. Liquid XML Studio.
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cHAPTER 18

Non-Bond Potentials

18.1 Non-Bond Lennard-Jones Potential

18.1.1 Functional Form

The non-bond Lennard-Jones potential has the functional form:

E=d-c [(RZ)H - (RZ)G}

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
€ Potential well depth for atom [i] energy/mol
o Interatomic cut-off distance for atom [i] | length

18.1.2 XML Schema

The XML schema for the non-bond Lennard-Jones potential has the following representation (design mode repre-
sentation using Liquid XML Studio):
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@ style : string
Enumerations Lennard-Jones (12-
6)

@ formula : string

Enumerations 4epsilon*[(sigma/R)
~12-(sigma/R)"6]

@& epsilon-units : LJ-epsilon-units

Enumerations [kcal/mol]
[kJ/mol]

'& NonBondPotentia | @ gjgma-units : LJ-sigma-units
i Enumerations [A]
[nm]

@ combining-Rule : Combining-Rules

Enumerations [Lorentz-Berthelot]
[Waldman-Hagler]
[Kong]
[Fender-Halsey]

() comment : string

i
'
i
........................... A

'

1.7
8 2% NonBond : NonBond-LJ - @& yersion : VersionString

Pattern [[0-9]1[.1{0,1}[0-9]"]
Whitespace [Collapse]

@ reference : string

© NonBond-LJ
'€l AtomType : string

-2 [El gpsilon : float

el sigma : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] (implicit) AtomType
Potential well depth for atom [i] € epsilon
Interatomic cut-off distance for atom [i] | o sigma

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Lennard-Jones (12-6)

formula Fixed 4*epsilon*[(sigma/R)*12-(sigma/R)"6]
epsilon-units Required Enumerations specified in schema
sigma-units Required Enumerations specified in schema
Combining-Rule Required Combining rule for mixed atom types

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set
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Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

18.1.3 References

1. LAMMPS Lennard-Jones Pair Potential.
2. ‘GROMACS Lennard-Jones Pair Potential‘_ page 66.
3. Liquid XML Studio.

18.2 Non-Bond Lennard-Jones Potential

18.2.1 Functional Form

The non-bond Lennard-Jones potential has the functional form:

E—d.c. [(R‘;)m— (Ri;-)?

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
€ Potential well depth for atom [i] energy/mol
o Interatomic cut-off distance for atom [i] | length

18.2.2 XML Schema

The XML schema for the non-bond Lennard-Jones potential has the following representation (design mode repre-
sentation using Liquid XML Studio):
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(A style : string

Enumersfions  Lennard-Jones |12-8)

(A | formula : string

Enumersfions  4*apellon [{ sipmaiR}* 12-{sigma'R] * §]

(A epsilon-units : LJ-epsilon-units

Enumersfions  [keavmol]

[kumed]

(A sigma-units : LJ-sigma-units
E | NonBondPotential-LJ2

Enumersfions  [4]
[nm]

(A Combining-Rule : Combining-Rules

Enumerzfions -Barthslot]

(A | comment : string

%

1 - - :
'-E E 4| NonBond : NonBond-LJ2 (A version : VersionString
L1105

Faffam
Whitzspace

(A | reference : string

(CT] MonBond-LJ2

LE]| AT-1 : string
LE]| AT-2 : sfring

['E | epsilon : float

[E] sigma :float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] (implicit) AT-1

Atom type of atom [j] (implicit) AT-2

Potential well depth for atom [i] € epsilon
Interatomic cut-off distance for atom [i] | o sigma

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Lennard-Jones (12-6)

formula Fixed 4*epsilon*[(sigma/R)*12-(sigma/R)"6]
epsilon-units Required Enumerations specified in schema
sigma-units Required Enumerations specified in schema
Combining-Rule Required Combining rule for mixed atom types
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The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

18.2.3 References

1. ‘LAMMPS Lennard-Jones Pair Potential‘_.

2. ‘GROMACS Lennard-Jones Pair Potential‘_ page 66.

3. Liquid XML Studio.

18.3 Non-Bond Lennard-Jones (9-6 Form) Potential

18.3.1 Functional Form

The non-bond Lennard-Jones (9-6 Form) potential has the functional form:

E=c [Q(RCZ,-)Q - 3(1{1)6}

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
€ Potential well depth for atom [i] energy/mol
o Interatomic cut-off distance for atom [i] | length

18.3.2 XML Schema

The XML schema for the non-bond Lennard-Jones (9-6 Form) potential has the following representation (design
mode representation using Liquid XML Studio):

18.3. Non-Bond Lennard-Jones (9-6 Form) Potential

135


https://www.liquid-technologies.com/

WebFF Documentation, Release 1.0.0

(A style : string

Enumerafions Lennard-Jones (3-5) [Clasa 2 Form]

(A | formula : string

Enumersfions  epallon{2%{slgma'R}*5-3+ sligma/R] * 8]

(A epsilon-units : LJ)-epsilon-units

Enumersfions

e - - - =
A | sigma-units : LJ-sigma-units
E | NonBondPotential-LJ96

Enumersfions [4]
[nem]
(A Combining-Rule : Combining-Rules

Enumersfions

[Fandsr-Halsey]

(A | comment : string

E

1
"E I:E+ et LG (A | version : Version String

Paffern
Whitespace

LHLI-5)]

ps]

(A | reference : string

(CT) MonBond-LJ96

[ E | AtomType : string

..E [ E | epsilon : float

['E | sigma : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] (implicit) AtomType
Potential well depth for atom [i] € epsilon
Interatomic cut-off distance for atom [i] | o sigma

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Lennard-Jones (9-6) [Class 2 Form]
formula Fixed epsilon*[2*(sigma/R)"9-3*(sigma/R)"6]
epsilon-units Required Enumerations specified in schema
sigma-units Required Enumerations specified in schema
Combining-Rule Required Combining rule for mixed atom types

The specific attributes (attached to each set of parameters) are given by:
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Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.
18.3.3 References

1. LAMMPS Lennard-Jones Pair Potential Class 2.
2. Liquid XML Studio.

18.4 Non-Bond Lennard-Jones Potential - AB Form

18.4.1 Functional Form

The non-bond Lennard-Jones (AB Form) potential has the functional form:

Aij Bij

E=fzz— 5
RZ? ~ RY

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
Aij General 12th power Lennard-Jones coefficient [i] | energy*length™12/mol
By; General 6th power Lennard-Jones coefficient [i] energy*length”6/mol

18.4.2 XML Schema

The XML schema for the non-bond Lennard-Jones (AB Form) potential has the following representation (design
mode representation using Liquid XML Studio):
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(A | style : string

Enumerafions  Lennard-Jonses | 12-5) [4-B Form]

(A | formula : string

Enumersfions A§R*12}-BYR"E)

(A | A-units : LJ-A-units

Enumersfiopns  [kealtA*12imol]
[knm 12mae]

(A | B-units : LJ-B-units

E | NonBondPotential-LJ-AB

Enumerafions [koata*Emol]
[kFnm* Simae]]

(A Combining-Rule : Combining-Rules

Enumersfions

[Lorantz-Barthalot]

-Haplar]

(A | comment : string

E

1
'E ':E+ s nt |LLAR (A | version : VersionString

Paffern
Whitzspace [C

(A | reference : string

(CT) NonBond-LJ-AB

[ E | AtomType : string

..E [E] A : float

LE] B : float
The relationship between the equation symbols and XML schema notations are given by:
Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] (implicit) AtomType
General 12th power Lennard-Jones coefficient [i] | A;; A
General 6th power Lennard-Jones coefficient [i] B;; B
The general attributes (describing the entire data set) are given by:
General Attributes | Cardinality | Value/Definition
style Fixed Lennard-Jones (12-6) [A-B Form]
formula Fixed A/(RM2)-B/(R76)
A-—units Required Enumerations specified in schema
B-units Required Enumerations specified in schema
Combining-Rule Required Combining rule for mixed atom types

The specific attributes (attached to each set of parameters) are given by:
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Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

18.4.3 References

1. Amber 2017 Reference Manual page 248.
2. Wikipedia AMBER (Force-Fields).

3. Wikipedia Lennard-Jones Potential.

18.5 Non-Bond Lennard-Jones Potential - AB Form (Two atom types)

18.5.1 Functional Form

The non-bond Lennard-Jones (AB Form) potential has the functional form:

12 6
R? RS

E — Aij Bij

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
Ajj General 12th power Lennard-Jones coefficient [i] | energy*length”12/mol
B;; General 6th power Lennard-Jones coefficient [i] energy*length”6/mol

18.5.2 XML Schema

The XML schema for the non-bond Lennard-Jones (AB Form) potential has the following representation (design
mode representation using Liquid XML Studio):
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A style : string

Enumerafions  Lennard-Jones {12-5) [4-B Form]

(A | formula : string

Enumerasfions A§R*12-BYR "8

(A | A-units : string

Enumerstions  koards12mel

0.17=
[ E | NonBondPotential-LJ2-AB krnm*13mol

(A | B-units : string

Enumerations  kcatA~&imol

kFnm*&imel
(A | comment : string 1
1.% - i
ef E+| NonBond : NonBond-LJ2-AB (A | version : float

(A | reference : sfring

(CT) NonBond-LJZ-AB

[E] AT : string
[E]AT-2 : string
§
[E]A : float
[LE] B : float
The relationship between the equation symbols and XML schema notations are given by:
Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] (implicit) AT-1
Atom type of atom [j] (implicit) AT-2
General 12th power Lennard-Jones coefficient [i] | A;; A
General 6th power Lennard-Jones coefficient [i] B;; B
The general attributes (describing the entire data set) are given by:
General Attributes | Cardinality | Value/Definition
style Fixed Lennard-Jones (12-6) [A-B Form]
formula Fixed A/(R*2)-B/(R™6)
A-—units Required Enumerations specified in schema
B-units Required Enumerations specified in schema
The specific attributes (attached to each set of parameters) are given by:
Specific Attributes | Cardinality | Value/Definition
comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.
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18.5.3 References

1. Amber 2017 Reference Manual page 248.
2. Wikipedia AMBER (Force-Fields).

3. Wikipedia Lennard-Jones Potential.

18.6 Non-Bond Lennard-Jones (Rmin Form) Potential

18.6.1 Functional Form

The non-bond Lennard-Jones (Rmin Form) potential has the functional form:

12 6
_ Ruin,ij _ Ruin,ij
E=e [(RU ) -2y ]

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
€ Potential well depth for atom [i] energy/mol
Rinin,ij Interatomic cut-off distance for atom [i] | length

18.6.2 XML Schema

The XML schema for the non-bond Lennard-Jones (Rmin Form) potential has the following representation (design
mode representation using Liquid XML Studio):
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(A style : sfring

Enumerafions  Lannard-Jonee {12-5) [Rmin Form]

(A | formula : sfring

Enumerafions  apelion | Rmin/R}*12-24 Rmin/R}*g]

(A epsilon-units : LJ-epsilon-units

Enumersfions

o
= (A | Rmin-units : LJ-Rmin-units
E | NonBondPotential-LJ-Rmin

Enumerafions  [4]

m)

(A Combining-Rule : Combining-Rules

Enumersfions

(A | comment : string

1
"E ’:E+ I HonELF-Hmiin (A | version :VersionString

Paffemn [
Whitespace [

(A | reference : string

(CT) NonBond-LJ-Rmin

[ E | AtomType : string

..E [ E | epsilon : float

[E | Rmin : float
The relationship between the equation symbols and XML schema notations are given by:
Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] (implicit) AtomType
Potential well depth for atom [i] € epsilon
Distance at the Lennard-Jones minimum [i] | Rpin,ij Rmin
The general attributes (describing the entire data set) are given by:
General Attributes | Cardinality | Value/Definition
style Fixed Lennard-Jones (12-6) [Rmin Form]
formula Fixed epsilon*[(Rmin/R)*12-2*(Rmin/R)"6]
epsilon-units Required Enumerations specified in schema
Rmin-units Required Enumerations specified in schema
Combining-Rule Required Combining rule for mixed atom types
The specific attributes (attached to each set of parameters) are given by:
Specific Attributes | Cardinality | Value/Definition
comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set
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Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

18.6.3 References

1. Amber 2017 Reference Manual page 248.
2. Wikipedia AMBER (Force-Fields).

3. Wikipedia Lennard-Jones Potential.

18.7 Non-Bond Lennard-Jones GROMACS Potential

18.7.1 Functional Form
The non-bond Lennard-Jones GROMACS potential has the functional form:

E=4-¢- [(R‘;)m— (R‘;)G} + S (Rij)

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
€ Potential well depth for atom [i] energy/mol
o Interatomic cut-off distance for atom [i] | length

18.7.2 XML Schema

The XML schema for the non-bond Lennard-Jones GROMACS potential has the following representation (design
mode representation using Liquid XML Studio):
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E | NonBondPotential-LJ-GROMACS

(A | style : string
Enumerstions  Lennard-Jonas | 12-5)

(A | formula : string

Enumerations  #*spalion*[| Bigmaii}* 12-{ ligmaif}“ 8] + 5_LYR)

‘A epsilon-units : Ll-epsilon-units

Enumerstions  [kzalimol]

kamod]
(A sigma-units : LJ-sigma-units

Enumerstions  [4]
=

(A | r-units  : string

Enumerstions A
nm

"E NonBond : NonBond-LJ-GROMAC S

(A | version : Version String

Psftem [T0- S0, 0-574
Whitespace [Collapss]

(‘A | reference : string

&5
" ET]'NonBond-LJ-GROMACS

@ fﬁi—l AT-1 : string
fl‘] AT-2 : string
fl—l epsilon : float
P‘L'I sigma : float
ﬁi‘] r_1 : float
fi] r_cuf : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] (implicit) AtomType
Potential well depth for atom [i] € epsilon
Interatomic cut-off distance for atom [i] | o sigma

Inner cut-off distance for atom [i] r_1

Outer cut-off distance for atom [i] r_cut

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Lennard-Jones (12-6)

formula Fixed 4*epsilon*[(sigma/R)*12-(sigma/R)"6] + S_LI(R)
epsilon-units Required Enumerations specified in schema

sigma-units Required Enumerations specified in schema

r-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:
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Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

18.7.3 References

1. ‘LAMMPS Lennard-Jones GROMACS Potential‘_.
2. ‘GROMACS Lennard-Jones Pair Potential (Modified non-bonded interactions)‘_ page 69.
3. Liquid XML Studio.

18.8 Non-Bond Lennard-Jones (Class 2 Form) Potential

18.8.1 Functional Form

The non-bond Lennard-Jones (Class 2 Form) potential has the functional form:

9 6
j— Rmin Rmin
B=c|2(B) -3

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
€ Potential well depth for atom [i] energy/mol
Roin Interatomic cut-off distance for atom [i] | length

18.8.2 XML Schema

The XML schema for the non-bond Lennard-Jones (9-6 Form) potential has the following representation (design
mode representation using Liquid XML Studio):
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A style : string

Enumersfions  Lannard-Jonas {3-E) [Claes 2 Form]

(A | formula : string

Enumersfions  epellon*[24 Rmin/R}* 3-{ Rmin/R}* 5]

A epsilon-units : LJ-epsilon-units
Enumersfions  [kealmol]

[k¥maol]

(A | Rmin-units : LJ-Rmin-units
E | NonBondPotential-Class2

Enumerafions [4]
[nm]
A Combining-Rule : Combining-Rules

Enumersfions

(A | comment : string

1
o-E E+| NonBond : NonBond-LJ-Rmin (A version : VersionString

Paffemn
Whitespace

[Coliapes]

(A | reference : string

(CT| MonBond-LJ-Rmin

[ E | AtomType : string

..E [ E | epsilon : float

[ E | Rmin : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] (implicit) AtomType
Potential well depth for atom [i] € epsilon
Interatomic cut-off distance for atom [i] | o sigma

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Lennard-Jones (9-6) [Class 2 Form]
formula Fixed epsilon*[2*(Rmin/R)"9-3*(Rmin/R)"6]
epsilon-units Required Enumerations specified in schema
sigma-units Required Enumerations specified in schema
Combining-Rule Required Combining rule for mixed atom types

The specific attributes (attached to each set of parameters) are given by:
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Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

18.8.3 References

1. LAMMPS Lennard-Jones Pair Potential Class 2.

2. Liquid XML Studio.

18.9 Non-Bond Energy Renormalization Potential

18.9.1 Functional Form

The non-bond Energy Renormalization potential has the functional form:

E=(ea—¢) {W} +ég

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units

€A Epsilon value in Arrhenius regime energy/mol
€g Epsilon value in glassy regime energy/mol
k Temperature breadth of the transition | N/A

Tr Crossover point of sigmoidal function | temperature

18.9.2 XML Schema

The XML schema for the non-bond Energy Renormalization potential has the following representation (design
mode representation using Liquid XML Studio):
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f:J\_] style

: string

Enumersfions Energy Renormallzation

(A | formula : string

Enumerafions

[epallon_g+[{epslion_s-apelion_g)y 1+exp]-k_sig4{T-

T_sigh 1T slgmaya T+ 0 R} 12 sigmay T+ DR 5]

A epsilon-units : EnergyRenorm-epsilon-units

Enumerafions  [kcalme]
[kvmol]

0.1
E | NonBondPotential-EnergyRencrm
Enumerafions  [4]
[nm]

CA sigma-units : EnergyRenorm-sigma-units

A T_sig-units : EnergyRenorm-T_sig-units

Enumersfions

[K]

B

-

E 4| NonBond : NonBond-EnergyRenorm

o

A | comment : string
(A | version : Version String
Patfam [0-5] (0. 1051

Whitespace |
(A | reference : string

(CT] MonBond-EnergyRenorm
[E] AT
[E] AT-2

[ E | epsilon_g : float

: string

: string

[ E | epsilon_A : float

..EE [E | sigma :float
LE] a : float
LE] b : float
[E ] k_sig :float
[E] T_sig :float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] (implicit) AT1

Atom type of atom [j] (implicit) AT2

Epsilon value in Arrhenius regime €A epsilon_A
Epsilon value in glassy regime €g epsilon_g
Temperature breadth of the transition | & k_sig

Exponent of attractive term Yatt n_att

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Mie

formula Fixed C*epsilon*[(sigma/R)*m_rep-(sigma/R)"n_att]
a_ij-units Required Enumerations specified in schema

I_c-units Required Enumerations specified in schema
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The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

18.9.3 References

1. LAMMPS Mie Pair Potential.
2. Liquid XML Studio.

3. Wenjie Xia, Jake Song, Cheol Jeong, David D. Hsu, Frederick R. Phelan Jr., Jack F. Douglas, Sinan Keten,
“Energy-Renormalization for Achieving Temperature Transferable Coarse-Graining of Polymer Dynamics,”
Macromolecules, 50 (21), pp. 8787-8796, (2017). DOI: 10.1021/acs.macromol.7b01717

4. Wenjie Xia, Jake Song, Nitin H. Krishnamurthy, Frederick R. Phelan Jr., Sinan Keten, Jack F. Douglas, “Energy
Renormalization for Coarse-Graining the Dynamics of a Model Glass-Forming Liquid,” Journal of Physical
Chemistry B, 122 (6), pp. 2040-2045, (2018). DOI: 10.1021/acs.jpcb.8b00321

5. Jake Song, David D. Hsu, Kenneth R. Shull, Frederick R. Phelan Jr., Jack F. Douglas, Wenjie Xia, Sinan
Keten, “Energy Renormalization Method for the Coarse-Graining of Polymer Viscoelasticity,” Macromolecules,
51(10), pp. 3818-3827, (2018). DOI: 10.1021/acs.macromol.7b02560

6. Wenjie Xia, Nitin K. Hansoge, Wen-Sheng Xu, Frederick R. Phelan Jr., Sinan Keten, and Jack F. Douglas,
“Energy renormalization for coarse-graining polymers having different segmental structures,” Science Ad-
vances 5(4), eaav4683, (19 Apr 2019). DOI: 10.1126/sciadv.aav4683

18.10 Non-Bond Mie Potential

18.10.1 Functional Form

The non-bond Mie potential has the functional form:

E=Ce [(%)WSP _ (%)%n}

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units

€ Potential well depth for atom [i] energy/mol
o Interatomic cut-off distance for atom [i] | length

Yrep Exponent of repulsive term N/A

Yatt Exponent of attractive term N/A

18.10.2 XML Schema

The XML schema for the non-bond Mie potential has the following representation (design mode representation using
Liquid XML Studio):
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o

1=
E | NonBondPotential-Mie

: string

m style

Enumerafions  Mia

(A | formula : string

Enumerstions  Capellon*[{ sigmalft)*m_rap-{sigmaiR}*n_att]

(A epsilon-units : Mie-epsilon-units

Enumerations

[Reducad]

(A sigma-units : Mie-sigma-units

Enumerafions  [4]

[Reducad]

&

1
o—E E 4| NonBond : NonBond-Mie

(A | comment : string

(A | version

Paffern

[ [0-517
Whitespace |

(A | reference : string

(CT] MonBond-Mie

[E] AT-1
[E] AT-2
[E]c

..E [ E | epsilon

[ E | sigma
[E ] m_rep
[E] n_att

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] (implicit) AT1

Atom type of atom [j] (implicit) AT2

Potential well depth for atom [i] € epsilon
Interatomic cut-off distance for atom [i] | o sigma

Exponent of repulsive term Yrep m_rep

Exponent of attractive term Yatt n_att

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Mie

formula Fixed C*epsilon*[(sigma/R)*m_rep-(sigma/R)"n_att]
a_ij-units Required Enumerations specified in schema

I_c-units Required Enumerations specified in schema

: Version String

: string

: string

: float

: float

: float

: float

: float
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The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

18.10.3 References

1. LAMMPS Mie Pair Potential.
2. Liquid XML Studio.

18.11 Non-Bond Soft Potential

18.11.1 Functional Form

The non-bond Soft potential has the functional form:
E=A; [1 + cos (%)}

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
Aij Coefficient for atom [i] energy/mol
R, Interatomic cut-off distance for atom [i] | length

18.11.2 XML Schema

The XML schema for the non-bond Soft potential has the following representation (design mode representation using
Liquid XML Studio):
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: string

(A | style

Enumerafions 50Tt

(A ] formula : string

Enumerstions  a_IF[1+coa{phrir_gj]

(A | a_ij-units : Soft-a_ij-units

Enumersfions

B3

0.1 7=
E | NonBondPotential- Soft
(A | r_c-units : Soft-r_c-units

Enumersfions  [4]

[Reducsd]

(CT| MonBond-Soft

[E] AT-1 : string
1 [E] AT-2 : strin

-E |—£| NonBond : NonBond-Soft "Ei _-I :
LE] 2 : float
LE] re : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] (implicit) AT1

Atom type of atom [j] (implicit) AT2

Coefficient for atom [i] Ajj a_ij

Interatomic cut-off distance for atom [i] | R, r_c

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Soft

formula Fixed a_ij*[1+cos(pi*r/r_c)]

a_ij-units Required Enumerations specified in schema
r_c-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

152 Chapter 18. Non-Bond Potentials



WebFF Documentation, Release 1.0.0

18.11.3 References

1. LAMMPS Soft Pair Potential.
2. Liquid XML Studio.

18.12 Tabular Non-Bond

18.12.1 Tabular Form

The tabular non-bond potential has the parameters:

Parame- Parameter Definition Units

ter

N Number of tabulated values N/A

R Interatomic distance (least: rlo, greatest: rhi) length

RSQ Interatomic distance squared (least: rlo, greatest: rhi) length”2

BITMAP Determines ordering of tabulated values (least: rlo, greatest: rhi) length

FPRIME Derivatives of the force at the innermost (fplo) and outermost (fphi) bond | force/length
lengths length”2

The tabular non-bond potential has the tabulated values:

index | r energy | force
il r 1 |e.l f1
i_N r N | en f N

18.12.2 XML Schema

The XML schema for the tabular non-ond potential has the following representation (design mode representation
using Liquid XML Studio):
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0.1
- [E]] NonBondPotential-Tabular

| @ style

: string

Enumersfions  Tabular

(A | Interpolation-style : string

@ version : VersionString

Faffem [00-SQL0.130-91°]
Whitaspase  [Coliapes]

E N integer

akd [E]ro float

.1pEss == m =
o3 [[E] rhi float

’ [E] fplo float

’ [E] fohi float

%Hon BondTable
ﬂ index

e e -

- E NonBond : HonBondTable [-— "E

: integer
: float
I @enerﬂy : float
- - force : float

The relationship between the parameters/symbols and XML schema notations are given by:
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Parameter Definition Parameter/Symbol | Schema Notation
Atom type of atom [i] i AT-1
Atom type of atom [j] J AT-2
Section identifying keyword N/A keyword
Number of tabulated values N N
Interatomic distance (least) R rlo
Interatomic distance (greatest) R rhi
Interatomic distance squared (least) RSQ rlo
Interatomic distance squared (greatest) RSQ rhi
Determines ordering of tabulated values (least) BITMAP rlo
Determines ordering of tabulated values (greatest) | BITMAP rhi
Derivative of the force at the innermost FPRIME fplo
Derivative of the force at the outermost FPRIME fphi
Index index index
Interatomic distance r r
Energy energy energy
Force force force

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Tabular

Interpolation-style Required Enumerations specified in schema
r-units Required Enumerations specified in schema
energy-units Required Enumerations specified in schema
force-units Required Enumerations specified in schema
comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

18.12.3

References

1. LAMMPS Tabular Pair Potential.

2. Liquid XML Studio.

18.13 Non-Bond Weeks-Chandler-Anderson Potential

18.13.1

Functional Form

The non-bond Weeks-Chandler-Anderson potential has the functional form:

E:4e[(

Tij
R;j;

1
1

Tij

)= )"+

The force-field parameters for this potential and units are given by:

18.13. Non-Bond Weeks-Chandler-Anderson Potential
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Equation Symbol | Parameter Definition Units
€ Potential well depth for atom [i] energy/mol
o Interatomic cut-off distance for atom [i] | length

18.13.2 XML Schema

The XML schema for the non-bond Weeks-Chandler-Anderson potential has the following representation (design
mode representation using Liquid XML Studio):

(A | style : string
Enumerafions 'Wasks-Chandisr-Andsrecn

(A | formula : string

Enumersfions  4apalion || sigma'f} " 12}-{{ sigmaR)“&}+{1/4]]

(A epsilon-units : WCA-epsilon-units

Enumerafions  [kealimo

0-1 [E | NonBondPotential-Weeks-Chandler- ((A] sigma-units : WCA-sigma-units
Anderson

(A | comment : string

(A | version : Version String

Fatfam
Whitespage [Collaps

- .
A | reference : strin
"E 1-*[E#] NonBond : NonBond-Weeks-Chand ler- \—] 3

Anderson
(CT)] MonBond-Weeks-Chandler-
Anderson

[E] AT : string

[E]AT-2 : string
..E [ E | epsilon : float

[E] sigma :float

[E ] r_cut : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] (implicit) AT-1

Atom type of atom [j] (implicit) AT-2

Potential well depth for atom [i] € epsilon
Interatomic cut-off distance for atom [i] | o sigma

Interatomic cut-off distance for atom [i] | N/A r_cut

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value/Definition

style Fixed Weeks-Chandler-Anderson

formula Fixed 4*epsilon*[((sigma/R)"-12)-((sigma/R)*-6)+(1/4)]
epsilon-units Required Enumerations specified in schema

sigma-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

18.13.3 References

1. The Journal of Chemical Physics 54, 5237 (1971); doi 10.1063/1.1674820.
2. Liquid XML Studio.
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cHAPTER 19

Table Potentials

19.1 Bond Increment Table

The XML schema for the bond increment table has the following representation (design mode representation using
Liquid XML Studio):

(A | comment : string

*

Bondincrement : Bondincrement-Type (A | version : VersionString
Fzffem [0-S] L0 10-9]
Whifespsce [Collapsd]
(A | reference : string
(CT) Bondincrement-Type
[[E] ATA : string
[(E] AT-) : string

E | Delta-lJ : string

E | Delta-JI : string

The specific elements (describing each set of parameters) are given by:

Parameter Definition Schema Notation
Atom type of atom [i] AT-1
Atom type of atom [j] AT-J

Increment step size for atoms [i,j] | Delta-1J
Increment step size for atoms [j,i] | Delta-JI
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The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

19.2 Equivalence Table

The XML schema for the equivalence table has the following representation (design mode representation using Liquid
XML Studio):

(A | comment : string
= - . = =
g s A | wersion : VersionString
E 4| Equivalence : Equivalence-Relation Paffem [0-S1LH0.20-5]]
Whitespace [Collapss]

(A | reference : string

(CT| Equivalence-Relation

[ E | AtomType : string
| E | NonBond : string
| E| Bond  : string
| E | Angle  : string
| E | Dihedral : string

| E | Improper : string

The specific elements (describing each set of parameters) are given by:

Parameter Definition | Schema Notation
Atom type of atom [i] | AtomType
NonBond

Bond

Angle

Dihedral
Improper

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set
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19.3 Auto-Equivalence Table

The XML schema for the auto-equivalence table has the following representation (design mode representation using
Liquid XML Studio):

A comment : string
(A | version : Version String

Faffem [00-5] (L. 10-514]
Whifespace [Collapes]

*

- AutoEquivalence : AutoEquivalence-Type
(A | reference : string

(CT) Auto Equivalence-Type

[ E | AtomType : string

[ E | NonBond : string

E Bondincrement : string
[E| Bond :string

[ E | AngleEnd : string

[ E | AngleApex : string

[ E | DihedralEnd : string

| E | DihedralCenter : string
| E | OutOfPlaneEnd : string

['E | OutDfPlaneCenter : string

The specific elements (describing each set of parameters) are given by:

Parameter Definition | Schema Notation
Atom type of atom [i] | AtomType
NonBond
BondIncrement
Bond

AngleEnd
AngleApex
DihedralEnd
DihedralCenter
OutOfPlaneEnd
OutOfPlaneCenter

The specific attributes (attached to each set of parameters) are given by:
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Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set
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cHAPTER 20

Mesoscale Potentials

20.1 Langevin Dissipative

20.1.1 Functional Form

The Langevin dissipative potential has the functional form:

E=y

The force-field parameters for this potential and units are given by:

Equation Symbol

Parameter Definition

Units

v

Langevin thermostat

mass/time

20.1.2 XML Schema

The XML schema for the Langevin dissipative potential has the following representation (design mode representa-

tion using Liquid XML Studio):
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(A | style : string

Enumerzfions  Langevin

(A | formula : string

Enumersfions gamma
o

—EI e al Langevin (A gamma-units : Langevin-gamma-units

Enumerafions  [amu/e]
(A | comment : string
" ®

.-E [[E#] Dissipative : Dissipative-Langevin (&] version : VersionString
Fatfem OS2 1 0-9]]
Whifespage  [Collapss]
("A | reference : string
(CT) Dissipative-Langevin

[E] AT-1 : string

..E [E] aT-2 : string

"E | gamma : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition | Equation Symbol | Schema Notation
Atom type of atom [i] | ¢ AT-1

Atom type of atom [j] | j AT-2

Langevin thermostat 5y gamma

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

style Fixed Langevin

formula Fixed gamma

gamma-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

20.1.3 References

1. Multiscale approach to equilibrating model polymer melts.

2. Liquid XML Studio.
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20.2 DPD Soft

20.2.1 Functional Form
The DPD soft potential has the functional form:
2
) —'y(l — };J) +o (1 — 1;;:) a(AT)fé

The force-field parameters for this potential and units are given by:

= Ay (1- 5

Equation Symbol | Parameter Definition Units

Aij Coefficient for conservative force | force

0 Coefficient for dissipative force force/velocity
R, Cutoff distance value length

20.2.2 XML Schema

The XML schema for the soft DPD potential has the following representation (design mode representation using

Liquid XML Studio):

20.2. DPD Soft
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(A style : string

Enumersfions DPD

(A | formula : sfring

Enumersfions  a_I]*{1-1r_c}-gammae{ 1-nir_c}* 2+ sigma+{1-ir_c}
sgipha*deiltaT*|-1/7)

(A | a_ij-units : DPD-a_jj-units

Enumerafions  [kcalmold s
:':.'.T:."T'"z]
[Reducad]
0.1 ;
E | SoftPotential-DPD (A | gamma-units : Langevin-gamma-units

Enumersfions  [amuw/e]

(A r_c-units : DPD-r_c-units

Enumersfions  [4]
[nm]
[Reducad]

(A | comment : string

1.% (A | version : Version 3tring

ol Soft : Soft-DPD
Faffem [0 S]TL. T30-51]
Whifespace [Collapes]

(A | reference : sfring

(CT) Soft-DPD
[E] AT-1 : string
[E] AT-2 : string

o [E] aj : float

[E gamma : float

[E rc : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1
Atom type of atom [j] j AT-2
Coefficient for conservative force | A;; a_ij
Y
R

Coefficient for dissipative force gamma
Cutoff distance value " rc

The general attributes (describing the entire data set) are given by:
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General Attributes | Cardinality | Value/Definition

style Fixed DPD

formula Fixed a_ij*(1-r/r_c)-gamma*(1-r/r_c)2+sigma*(1-r/r_c)*alpha*deltaT~(-1/2)
a_ij-units Required Enumerations specified in schema

gamma-units Required Enumerations specified in schema

r_c-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:

Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

20.2.3 References

1. LAMMPS DPD Pair Potential.
2. Liquid XML Studio.

20.3 SRP Soft

20.3.1 Functional Form

The SRP soft potential has the functional form:

E=Cy(1-52)

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
Cis Coefficient for repulsive force | force
R, Cutoff distance value length

20.3.2 XML Schema

The XML schema for the soft SRP potential has the following representation (design mode representation using

Liquid XML Studio):

20.3. SRP Soft
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m style

Enumersfions

: string

ERP

(A | formula : string

Enumersfions

o I 1-nr_c)

(A c_ij-units : DPD-a_ij-units

moUA * 2]

Enumersfions ki3
o1 ‘m LS
E | SoftPotential-SRP

(A | comment : string

*

1
"E E4#| Soft : Soft-5RP (A | version : VersionString
Faffen [ro-S]L]0. 13 0-914]
Whifespace [Collapes]

(A | reference : string

(CT) Soft-SRP
[E] AT : string
[E| AT-2 : string
.-E [LE] c_ii : float
[E]] rc : float

The relationship between the equation symbols and XML schema notations are given by:

Parameter Definition Equation Symbol | Schema Notation
Atom type of atom [i] i AT-1
Atom type of atom [j] J AT-2
Coefficient for repulsive force | Cj; c_ij
Cutoff distance value R, r_c
The general attributes (describing the entire data set) are given by:
General Attributes | Cardinality | Value/Definition
style Fixed SRP
formula Fixed c_ij*(1-r/r_c)
c_ij-units Required Enumerations specified in schema
r_c-units Required Enumerations specified in schema

The specific attributes (attached to each set of parameters) are given by:
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Specific Attributes | Cardinality | Value/Definition

comment Optional Comment attached to parameter set
version Optional Version number of parameter set
reference Optional Reference attached to parameter set

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left

unspecified.

20.3.3 References

1. LAMMPS SRP Pair Potential.

2. Liquid XML Studio.

20.3. SRP Soft
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CHAPTER 21

Water Models

21.1 3Site-Rigid Water Model

21.1.1 Functional Form

The 3Site-Rigid water model has the functional form:
E=E,+EL;

or alternatively:

E=FE;,+FEp;+ Epu

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units

E, Charge potential energy energy
Ery Lennard-Jones potential energy | energy
Eyo Average polarization correction | energy

21.1.2 XML Schema

The XML schema for the 3Site-Rigid water model has the following representation (design mode representation
using Liquid XML Studio):
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- [ E#] waterModel-3 Site-Rigid

» Water-35ite-Rigid

‘(CA] version : VersionString

Paffem [[0-3) (L0 1H0-5]°]
Whifespace [Collapss]

(CA7] A-Units : string

Enumerafions  X10*-3 (koala* 12)imad

| ..;T Water-3 Site-Rigid
—E R_OH :float

— [[E] Theta_HOH : float

- CE] A : float
- [EE] B : float
_*E L [LE] a0 : float
- [EE] q_H : float

0.1
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The general sub-elements (the actual data set) are given by:

Parameter Definition Schema Notation
Distance between O and H | R_OH
Angle between HOH Theta_ HOH

Lennard-Jones parameter A
Lennard-Jones parameter B

Charge of O q O

Charge of H q_H
EnergyDispersion
sigma
epsilon

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

name Required The name

formula Fixed E=E_q+E_LJ | E=E_g+E_LJ+E_pol
version Optional Version number of parameter set
comment Optional Comment attached to data set
R_OH-units Required Enumerations specified in schema
Theta_ HOH-units Required Enumerations specified in schema
A-units Required Enumerations specified in schema
B-units Required Enumerations specified in schema
sigma-units Required Enumerations specified in schema
epsilon-units Required Enumerations specified in schema

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

21.1.3 References

1. SklogWiki page for TIP3P Water Model.
2. Wiki page for Water Model.
3. Liquid XML Studio.

21.2 4Site-Rigid Water Model

21.2.1 Functional Form

The 4Site-Rigid water model has the functional form:
E=FE;,+ErL;

The force-field parameters for this potential and units are given by:

Equation Symbol | Parameter Definition Units
E, Charge potential energy energy
Ery Lennard-Jones potential energy | energy
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21.2.2 XML Schema

The XML schema for the 4Site-Rigid water model has the following representation (design mode representation
using Liquid XML Studio):
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- [ E#] WaterModel-4Site-Rigid : Water-4Site-Rigid

The general sub-elements (the actual data set) are given by:

(E version : VersionString

Faffemn [00-S] L0 H0-5]°]
bmaspac\e [Coliapss]

(E A-Units : string

Enumersfions  x10"-3, {keatA*12)imaol

'(CT) water-45ite-Rigid
—— [E]rROH :float

— [E]rROM :float

—— [[E] Theta_HOH : float

L EE] A : float
—eg—[EB float
- [E] a_m float
L [E] a_H float

21.2. 4Site-Rigid Water Model
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Parameter Definition Schema Notation
Distance between O and H | R_OH
Distance between O and M | R_OM
Angle between HOH Theta. HOH
Lennard-Jones parameter A
Lennard-Jones parameter B
Charge of M qQM
Charge of H q_H
sigma
epsilon

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

name Required The name

formula Fixed E=E_q+E_LJ

version Optional Version number of parameter set
comment Optional Comment attached to data set
A-units Required Enumerations specified in schema
B-units Required Enumerations specified in schema
R-units Required Enumerations specified in schema
Theta_ HOH-units Required Enumerations specified in schema
sigma-units Required Enumerations specified in schema
epsilon-units Required Enumerations specified in schema

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

21.2.3 References

1. SklogWiki page for TIP4P Water Model.
2. Wiki page for Water Model.
3. Liquid XML Studio.

21.3 5Site-Rigid Water Model

21.3.1 Functional Form

The 5Site-Rigid water model has the functional form:
E=E,+EL;

or alternatively:

E=S(Ri;)Eq+ Epy

The force-field parameters for this potential and units are given by:
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Equation Symbol | Parameter Definition Units
E, Charge potential energy energy
Ers Lennard-Jones potential energy | energy
S (Rij) Switching function N/A

21.3.2 XML Schema

The XML schema for the 5Site-Rigid water model has the following representation (design mode representation
using Liquid XML Studio):
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| [E#] waterMode!-5 Site-Rigid : Water-5 Site-Rigid | 1

@ formula : string

| | Ewrnerstions  E=E_gsE_LJ

E=R_FE_g+E_LJ

",

@ wversion : VersionString
Patern PR 01 He-2]
hw_'a,m [Collapee]

((A] comment : string

[CA] AdUnits  : string
Enmerations  £10°-5, jksab Rt Zvmal

((A] Theta-units : string

Enumerations  degresc

{((A] sigma-units : string

Ewmerations A
nm

”@ epsilon-units : string

|[ET) water-55ite-Rigid

b LEJ] R_OH : float

—EEJROL :float

~— [[E]] Theta_HOH : fioat

- {[E] Theta_LOL : float

i LE] A : float |
i LE] B : float |
—1 [E qlL : float |
— m qH : float |
L HEE] rL : float |
F [E] RHi : float |
o
| [E] sipma float
A —— e — T T T T
[E epsilon  : float
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The general sub-elements (the actual data set) are given by:

Parameter Definition Schema Notation
Distance between O and H | R_OH
Distance between O and M | R_OL
Angle between HOH Theta_ HOH
Angle between LOL Theta_LOL
Lennard-Jones parameter A
Lennard-Jones parameter B
Charge of L q L
Charge of H q_H

R_L

R_jj

sigma

epsilon

The general attributes (describing the entire data set) are given by:

General Attributes | Cardinality | Value/Definition

name Required The name

formula Fixed E=E_q+E_LJ

version Optional Version number of parameter set
comment Optional Comment attached to data set
A-units Required Enumerations specified in schema
B-units Required Enumerations specified in schema
R-units Required Enumerations specified in schema
Theta-units Required Enumerations specified in schema
sigma-units Required Enumerations specified in schema
epsilon-units Required Enumerations specified in schema

Note that an XML document will be rejected from being entered into the WebFF database if a required attribute is left
unspecified.

21.3.3 References

1. SklogWiki page for TIPSP Water Model.
2. Wiki page for Water Model.
3. Liquid XML Studio.
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Indices and Tables

* genindex
* modindex

e search
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Index

R

ReadExcelAnglePotential_ CHARMM () (in mod-
ule WebFF), 11

ReadExcelAnglePotential_Class2 () (in mod-
ule WebFF), 11

ReadExcelAnglePotential_COS2 () (in module
WebFF), 11

ReadExcelAnglePotential_Cosine () (in mod-
ule WebFF), 11

ReadExcelAnglePotential_Harmonic () (in
module WebFF), 11
ReadExcelAnglePotential_Tabular () (in

module WebFF), 11
ReadExcelAtomTypeAttributes ()
WebFF), 12
ReadExcelAtomTypeAttributes_DFF () (in
module WebFF), 12
ReadExcelAtomTypeAttributes_Generic ()
(in module WebFF), 12
ReadExcelAtomTypes () (in module WebFF), 12

(in module

ReadExcelAtomTypes_ATDL () (in module
WebFF), 12
ReadExcelAtomTypes_CoarseGrained () (in

module WebFF), 12
ReadExcelAtomTypes_DFF () (in module WebFF),

12
ReadExcelAtomTypes_Generic () (in module
WebFF), 12
ReadExcelAutoEquivalenceTable () (in mod-
ule WebFF), 12
ReadExcelBondIncrements () (in module
WebFF), 12
ReadExcelBondPotential_Class2 () (in mod-

ule WebFF), 12
ReadExcelBondPotential_ FENE ()

WebFF), 12
ReadExcelBondPotential Harmonic () (in

module WebFF), 12
ReadExcelBondPotential_Morse () (in module

(in  module

WebFF), 12
ReadExcelBondPotential Quartic () (in mod-
ule WebFF), 12
ReadExcelBondPotential_Tabular () (in mod-
ule WebFF), 13
ReadExcelCrossPotential_AngleAngle () (in
module WebFF), 13
ReadExcelCrossPotential_AngleAngleTorsion ()
(in module WebFF), 13
ReadExcelCrossPotential_AngleTorsion ()
(in module WebFF), 13
ReadExcelCrossPotential_BondAngle () (in
module WebFF), 13
ReadExcelCrossPotential_BondBond () (in
module WebFF), 13
ReadExcelCrossPotential_BondBondl3 () (in
module WebFF), 13
ReadExcelCrossPotential_ EndBondTorsion ()
(in module WebFF), 13
ReadExcelCrossPotential_ MiddleBondTorsion ()
(in module WebFF), 13
ReadExcelDihedralPotential_CHARMM () (in
module WebFF), 13
ReadExcelDihedralPotential_Class2 () (in
module WebFF), 13
ReadExcelDihedralPotential_Fourier () (in
module WebFF), 13
ReadExcelDihedralPotential_FourierSimple ()
(in module WebFF), 13
ReadExcelDihedralPotential_Harmonic ()
(in module WebFF), 13
ReadExcelDihedralPotential Multiharmonic ()
(in module WebFF), 13
ReadExcelDihedralPotential_ OPLS () (in
module WebFF), 14
ReadExcelDihedralPotential_ Quadratic ()
(in module WebFF), 14
ReadExcelDihedralPotential_Tabular () (in
module WebFF), 14
ReadExcelDissipativePotential_Langevin ()
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(in module WebFF), 14
ReadExcelEquivalenceTable ()
WebFF), 14

(in  module

ReadExcelImproperPotential_ CHARMM () (in
module WebFF), 14
ReadExcelImproperPotential_Class2 () (in
module WebFF), 14
ReadExcelImproperPotential_COS2 () (in
module WebFF), 14
ReadExcelImproperPotential_ CVFF () (in

module WebFF), 14
ReadExcelImproperPotential_Fourier () (in
module WebFF), 14
ReadExcelImproperPotential_Harmonic ()
(in module WebFF), 14
ReadExcelImproperPotential_Umbrella ()
(in module WebFF), 14

ReadExcelMetaData_Header () (in module
WebFF), 14

ReadExcelMetaData_Keywords () (in module
WebFF), 14

ReadExcelMetaData_References () (in module
WebFF), 14

ReadExcelNonBondPotential_ EnergyRenorm()

(in module WebFF), 15
ReadExcelNonBondPotential_LJ () (in module
WebFF), 15

ReadExcelNonBondPotential_LJ2 () (in mod-
ule WebFF), 15
ReadExcelNonBondPotential_ LJ2AB () (in

module WebFF), 15
ReadExcelNonBondPotential_ LJ96 () (in mod-
ule WebFF), 15
ReadExcelNonBondPotential LJ962 ()
module WebFF), 15
ReadExcelNonBondPotential_ LJAB () (in mod-
ule WebFF), 15
ReadExcelNonBondPotential_LJClass2 () (in
module WebFF), 15
ReadExcelNonBondPotential_ LJGROMACS ()
(in module WebFF), 15

(in

ReadExcelNonBondPotential_ LJRmin () (in
module WebFF), 15
ReadExcelNonBondPotential_Mie () (in mod-
ule WebFF), 15
ReadExcelNonBondPotential_Tabular () (in
module WebFF), 15
ReadExcelNonBondPotential WCA () (in mod-
ule WebFF), 15
ReadExcelRelationTree_DFF () (in  module
WebFF), 15
ReadExcelSoftPotential_DPD () (in module
WebFF), 15
ReadExcelSoftPotential_SRP () (in module

WebFF), 16

ReadExcelWaterPotential_3Site () (in mod-
ule WebFF), 16

ReadExcelWaterPotential_4Site () (in mod-
ule WebFF), 16

ReadExcelWaterPotential_5Site () (in mod-
ule WebFF), 16

W

WebFF (module), 11

X

XMLtoCitBib () (in module WebFF), 17

XMLtoFrcAnglePotential CHARMM () (in mod-
ule WebFF), 17

XMLtoFrcAnglePotential_Class2 () (in mod-
ule WebFF), 17

XMLtoFrcAnglePotential COS2 () (in module
WebFF), 17

XMLtoFrcAnglePotential_Cosine () (in mod-
ule WebFF), 17

XMLtoFrcAnglePotential_ Harmonic () (in

module WebFF), 17
XMLtoFrcAtomTypes () (in module WebFF), 17
XMLtoFrcAtomTypesCG () (in module WebFF), 17
XMLtoFrcBondIncrements () (in module WebFF),

17
XMLtoFrcBondPotential_Class2 () (in module
WebFF), 17
XMLtoFrcBondPotential FENE () (in module
WebFF), 17

XMLtoFrcBondPotential_Harmonic () (in mod-
ule WebFF), 17

XMLtoFrcBondPotential_Morse ()
WebFF), 17

XMLtoFrcCrossPotential AngleAngle ()
module WebFF), 17

(in module

(in

XMLtoFrcCrossPotential_AngleAngleTorsion ()

(in module WebFF), 17
XMLtoFrcCrossPotential_AngleTorsion ()
(in module WebFF), 17

XMLtoFrcCrossPotential_ BondAngle () (in
module WebFF), 17
XMLtoFrcCrossPotential_BondBond () (in

module WebFF), 18
XMLtoFrcCrossPotential_BondBondl3 ()
module WebFF), 18
XMLtoFrcCrossPotential EndBondTorsion ()
(in module WebFF), 18

(in

XMLtoFrcCrossPotential_ MiddleBondTorsion ()

(in module WebFF), 18
XMLtoFrcDihedralPotential_ CHARMM ()
module WebFF), 18

(in
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XMLtoFrcDihedralPotential Class2 () (in
module WebFF), 18
XMLtoFrcDihedralPotential_Fourier () (in

module WebFF), 18

XMLtoFrcDihedralPotential FourierSimple (XMLToParamsAnglePotential_Class2()

(in module WebFF), 18
XMLtoFrcDihedralPotential_Harmonic () (in
module WebFF), 18

XMLtoFrcDihedralPotential Multiharmonic (XMLToParamsAnglePotential_Cosine ()

(in module WebFF), 18
XMLtoFrcDihedralPotential_OPLS () (in mod-
ule WebFF), 18
XMLtoFrcDihedralPotential_ Quadratic ()
(in module WebFF), 18

XMLtoFrcEquivalenceTable () (in module
WebFF), 18

XMLtoFrcImproperPotential_CHARMM () (in
module WebFF), 18

XMLtoFrcImproperPotential_ Class2 () (in

module WebFF), 18
XMLtoFrcImproperPotential_COS2 () (in mod-
ule WebFF), 18
XMLtoFrcImproperPotential_ CVFEF () (in mod-
ule WebFF), 18
XMLtoFrcImproperPotential_ Fourier ()
module WebFF), 18

(in

XMLtoFrcImproperPotential_ FourierSimple ()

(in module WebFF), 18
XMLtoFrcImproperPotential_ Harmonic () (in
module WebFF), 18
XMLtoFrcImproperPotential_Umbrella () (in
module WebFF), 18
XMLToFrcNonBondPotential Class2 ()
module WebFF), 16
XMLtoFrcNonBondPotential_ EnergyRenorm ()
(in module WebFF), 18

(in

XMLtoFrcNonBondPotential LJ() (in module
WebFF), 18
XMLtoFrcNonBondPotential_ LJ2 () (in module
WebFF), 18
XMLToFrcNonBondPotential_ LJ2_AB() (in
module WebFF), 16
XMLtoFrcNonBondPotential LJ96 () (in mod-

ule WebFF), 18
XMLToFrcNonBondPotential_ LJ_AB () (in mod-
ule WebFF), 16
XMLToFrcNonBondPotential_LJ_GROMACS ()
(in module WebFF), 16
XMLToFrcNonBondPotential LJ_Rmin ()
module WebFF), 16
XMLtoFrcNonBondPotential_ Mie () (in module
WebFF), 18
XMLtoFrcNonBondPotential_ Soft ()
ule WebFF), 18

(in

(in mod-

XMLToFrcNonBondPotential Weeks_Chandler_Anderson ()
(in module WebFF), 16

XMLToParamsAnglePotential CHARMM ()
module WebFF), 16

(in

(in

module WebFF), 16
XMLToParamsAnglePotential_COS2 () (in mod-

ule WebFF), 16
(in

module WebFF), 16
XMLToParamsAnglePotential_ Harmonic () (in

module WebFF), 16
XMLToParamsAtomTypes () (in module WebFF), 16
XMLtoParamsBondPotential_ Class2 () (in

module WebFF), 18
XMLtoParamsBondPotential FENE ()

ule WebFF), 18
XMLToParamsBondPotential_ Harmonic ()

module WebFF), 16
XMLToParamsBondPotential_Morse () (in mod-

ule WebFF), 16
XMLtoParamsCrossPotential_AngleAngle ()

(in module WebFF), 18
XMLtoParamsCrossPotential_ AngleAngleTorsion ()

(in module WebFF), 18
XMLtoParamsCrossPotential AngleTorsion ()
(in module WebFF), 18
XMLtoParamsCrossPotential_BRondAngle ()

(in module WebFF), 18
XMLtoParamsCrossPotential_ BondBond () (in

module WebFF), 18
XMLtoParamsCrossPotential_ BondBondl3 ()

(in module WebFF), 18
XMLtoParamsCrossPotential EndBondTorsion ()

(in module WebFF), 18
XMLtoParamsCrossPotential MiddleBondTorsion ()

(in module WebFF), 19
XMLToParamsDihedralPotential CHARMM ()

(in module WebFF), 16
XMLToParamsDihedralPotential_Class2 ()

(in module WebFF), 16
XMLToParamsDihedralPotential_ Fourier ()

(in module WebFF), 16
XMLToParamsDihedralPotential_FourierSimple ()

(in module WebFF), 16
XMLToParamsDihedralPotential_ Harmonic ()

(in module WebFF), 16
XMLToParamsDihedralPotential_ Multiharmonic ()

(in module WebFF), 16
XMLToParamsDihedralPotential_ OPLS ()

module WebFF), 16
XMLToParamsDihedralPotential_ Quadratic ()

(in module WebFF), 16
XMLToParamsImproperPotential CHARMM ()

(in mod-

(in

(in

Index

187



WebFF Documentation, Release 1.0.0

(in module WebFF), 16

XMLToParamsImproperPotential_

(in module WebFF), 17

XMLToParamsImproperPotential_

module WebFF), 16

XMLToParamsImproperPotential_

module WebFF), 16

XMLToParamsImproperPotential_:

(in module WebFF), 17

XMLToParamsImproperPotential_.

(in module WebFF), 17

XMLToParamsImproperPotential_|

(in module WebFF), 17

Class2()
cos2 () (in
CVFF () (in
Fourier ()
Harmonic ()

Umbrella ()

XMLToParamsNonBondPotential_Class2 () (in

module WebFF), 17

XMLToParamsNonBondPotential_ EnergyRenorm()

(in module WebFF), 17

XMLToParamsNonBondPotential_LJ () (in mod-

ule WebFF), 17

XMLToParamsNonBondPotential_ LJ2 () (in

module WebFF), 17

XMLToParamsNonBondPotential_ LJ2_AB () (in

module WebFF), 17

XMLToParamsNonBondPotential_LJ96 () (in

module WebFF), 17

XMLToParamsNonBondPotential_ LJ_AB() (in

module WebFF), 17

XMLToParamsNonBondPotential LJ_GROMACS ()

(in module WebFF), 17

XMLToParamsNonBondPotential_ LJ_Rmin ()

(in module WebFF), 17

XMLToParamsNonBondPotential Mie () (in

module WebFF), 17

XMLToParamsNonBondPotential_ Soft () (in

module WebFF), 17

XMLtoParamsNonBondPotential Weeks_Chandler_Anderson ()

(in module WebFF), 19

XMLToTableAnglePotential_Tabular () (in

module WebFF), 17

XMLToTableBondPotential_Tabular () (in

module WebFF), 17

XMLToTableDihedralPotential_Tabular ()

(in module WebFF), 17

XMLToTableNonBondPotential_ Tabular () (in

module WebFF), 17

188

Index



	WebFF
	Features
	External Resources

	Force-Field Data Search
	Force-Field Curation to WebFF
	Manual Entry
	Automated Entry

	XML Schemas
	Class 1 Organic Force-Fields
	Class 2 Organic Force-Fields
	Coarse-Grained Force-Fields
	Water Models

	Python Tools
	WebFF.py Module
	WebFF Data Input: Excel to XML
	WebFF Data Output Tools: XML to MD Format
	Module Index

	Importing Data
	WebFF Account
	Self Data Entry
	NIST Data Entry

	Tutorial
	Data Curation for Atomistic Force-Field Data
	Data Curation for Coarse-Grained Force-Field Data
	Data Curation for Water Model Force-Field Data

	Publications
	WebFF References
	WebFF Data Publications

	Contacts
	Legal
	NIST Disclaimer
	NIST Terms of Service (WebFF)
	NIST License (WebFF.py)

	Metadata
	Force-Field Protocol
	Force-Field Name
	Description
	Data-Source
	Keywords
	Additional Keywords
	WebFF-Scribe
	Additional References
	Attachments

	Atom Types
	Atom Type - ATDL
	Atom Type - DFF
	Atom Type - Generic
	Atom Type - Coarse Grained

	Bond Potentials
	Class2 Bond
	FENE Bond
	Harmonic Bond
	Morse Bond
	Tabular Bond

	Angle Potentials
	CHARMM Angle
	Class2 Angle
	COS2 Angle
	Cosine Angle
	Harmonic Angle
	Tabular Angle

	Dihedral Potentials
	CHARMM Dihedral
	Class 2 Dihedral
	Fourier Dihedral
	Fourier (Simple) Dihedral
	Harmonic Dihedral
	OPLS Dihedral
	Quadratic Dihedral
	Multi-Harmonic Dihedral
	Tabular Dihedral

	Improper Potentials
	CHARMM Improper
	Class 2 Improper
	COS2 Improper
	CVFF Improper
	Fourier Improper
	Harmonic Improper
	Umbrella Improper

	Cross Potentials
	Cross: Bond-Bond
	Cross: Bond-Bond-13
	Cross: Angle-Angle
	Cross: Bond-Angle
	Cross: Middle-Bond-Torsion
	Cross: End-Bond-Torsion
	Cross: Angle-Torsion
	Cross: Angle-Angle-Torsion

	Non-Bond Potentials
	Non-Bond Lennard-Jones Potential
	Non-Bond Lennard-Jones Potential
	Non-Bond Lennard-Jones (9-6 Form) Potential
	Non-Bond Lennard-Jones Potential - AB Form
	Non-Bond Lennard-Jones Potential - AB Form (Two atom types)
	Non-Bond Lennard-Jones (Rmin Form) Potential
	Non-Bond Lennard-Jones GROMACS Potential
	Non-Bond Lennard-Jones (Class 2 Form) Potential
	Non-Bond Energy Renormalization Potential
	Non-Bond Mie Potential
	Non-Bond Soft Potential
	Tabular Non-Bond
	Non-Bond Weeks-Chandler-Anderson Potential

	Table Potentials
	Bond Increment Table
	Equivalence Table
	Auto-Equivalence Table

	Mesoscale Potentials
	Langevin Dissipative
	DPD Soft
	SRP Soft

	Water Models
	3Site-Rigid Water Model
	4Site-Rigid Water Model
	5Site-Rigid Water Model

	Indices and Tables
	Python Module Index
	Index

