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Objective Working Scheme of CHARMM-GUI Nanomaterial Modeler

Merge 3 major existing community programs with 10+ | Nto://www.charmm-gui.org/?doc=input/nanomaterial

year usage record for open source, accurate
simulations of nanomaterials and biomaterials.
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o
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Supported Nanomaterials from IFF

Box Options
https://bionanostructures.com/interface-md/ M:;::rlndex 001 @ Select Size bl AL Gt 3T
| - Xlength () |20 A D Sttt
* Fcc metals: Ag, Al, Au, Cu, Ni, Pb, Pd, Pt bulk minerals, Yiength A) 20 :j:::::d,: :;:;:;:: ::;t:(,
Including different cleavage planes (up to 3), a variety of Zlength (A) 20 P e b
shapes (i.e., sphere, cylinder, rod, polygon, and box), and lon Options @ Select Modifications FCC _Meta' §S|I|ca _
. Phosphate Mineral : Carbonaceous Materials

Wulff construction. In particular, ligand-protected Au 6 NeMd SOl e e oas e saren e Lo ONT * Graphite -
nanocluster/nanoparticle/surface are also provided. lon Type  sodium (Na*) [
+ Clay Minerals: Kaolinite (AL,Si,O(OH),) and Periodic Options |
Montmorillonite (K, Na),[Si,Og][Al,.,Mg,O,(OH),]. In the x [y [z ® Select Periodicity
case of Montmorillonite, users can control the contents of Sysiom Typa
Mg defect and ion types. O Solvated ® Select Solvation Type
» Mica: Muscovite (KAL,(AlSi;)O,4,(OH),).
* Calcium Sulfates: Gypsum (CaSO,-2H,0), Hemihydrate _ _ _ _ _ o
(CaS0,-1/2H,0), and Anhydrite (CaS0O,) with different . gl;tgr:nw?&c generation of simulation-ready files in different formats: LAMMPS, NAMD, GROMACS,

cleavage planes and Wulff construction.

« Cement Minerals: Tricalcium Silicate (Ca;SiOz) and
Tricalcium Aluminate (CaAl,Og) with different cleavage Curating and testing of force fields on OpenKIM  https://openkim.org/
planes and Wulff construction.
 Calcium Silicate Hydrate: Tobermorite

« Next step: automated integration of biomacromolecules into model building

The Open Knowledgebase of Interatomic Models project curates force fields (FFs) with full
provenance control, issues them DOIs so that they can be cited in publications, and tests them

(Ca,Sig0,5(0OH),-5H,0). exhaustively using "KIM Tests" that compute a host of material properties and "Verification Checks" (VCs)
« Silica: bulk minerals (a-quartz, a-cristobalite) as well as on coding correctness. FFs archived in OpenKIM conform to the KIM Application Programming Interface
surfaces of different degree of ionization for specific pH (API) that allows them be used in plug-and-play fashion with a variety of major simulation codes. The
values and particle sizes overall aim of the project is to improve the reliability and reproducibility of molecular simulations of

« Phosphate Minerals: bulk mineral of Hydroxyapatite materials including bionanomaterial systems.
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« Carbonaceous Materials: Carbon Nanotube, Graphene, with OpenKIM through a Gateway

and Graphite. website where they can Web App > Make new items available to > Queue jobs to run
upload/download FFs and > Curate and accept Director/Workers

Newly Added Metals and Oxides Vis“?”ze Test and VC [ ;T:;I::/I\:It:nir::nd S Worker
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! | T Atomization energy automated Processing
Sr (100) Rh (100)  per [hkl] surface area Pipeline framework, which
consists of a cloud-based < First simulator models for bonded potentials (IFF) were built and tested,
« Provide force ~ MO:Nioicaomgo  M(OH),: Ni(OH)/Ca(OR), system of a Gateway, adding a new category of widely used force fields into OpenKIM
field, structures, Director, and workers that < Standardized property validation protocols (surface energies, hydration
and IFF surface perform the computations. energies, mechanical) in progress
model database
_ b | [ | [ | [ | [
to CHARMM G_UI L 3.0 |- FCC Fe (100) Symmetric Tilt 1 m-m LennardJones612_Universal 1108
d Nanomaterial > 4 10 ennardJones612 _Universa [ . ]
an m-m LennardJones612_UniversalShifted [109]
Modeler e—e@ Pair_Johnson_Fe [112, 113]
. 2.5 o o Pair_Morse_Shifted_GirifalcoWeizer_HighCutoff_Fe [66, 114]
e Assist OpenKIM e—e Pair_Morse_Shifted_GirifalcoWeizer_MedCutoff_Fe [66, 115]
: 171 & o0 Pair_Morse_Shifted_GirifalcoWeizer_LowCutoff_Fe [66, 116]
with StandardlZIng S 2.0 e—e EAM_Dynamo_Ackland_Bacon_Fe [117, 118]
prOtOCOIS for :-,\ o © *model_Fe_PF_DudarevDerlet [119, 120]
~ 0 © *model_Fe_PF _chiesa_quinticsplines [120, 121]
property @ 15 o o *EAM_Dynamo_Mendelev_Han_Fe_5 [122, 123]
: : T o o *EAM_Dynamo_Zhou_Johnson_Fe [103, 124]
EaA‘Ilc\:Aul\l/laﬁgnS I?I : S © © *EAM.Dynamo.Mendslev.Han.VF F[1F2:3[, 125] ]
. _ o0 ¥ _Dynamo_Ackland_Mendelev_FeP [126, 127
] ce Mineral _ Crystal type, Space group 8 1.0 o o *EAM_Dynamo_Hepburn_Ackland_FeC [128, 129]
pal‘ameters, MO Cubic, Fm3m o o *EAM_Dynamo_Mendelev_Han_Fe_2 [123, 130]
M(OH), Tri l, P-3m1 o o *EAM_Dynamo_Bonny_Pasianot_FeNi [131, 132]
surface energy1 M,O, T:gz::I p_3:1 0.5 o o *EAM_Dynamo_Bonny_Pasianot_FeCuNi [133, 134]
hydl’ation energy : ' o o *EAM_Dynamo_Mendelev_Srolovitz_AlFe [73, 123]
hanical ! Surface Energy | o o0 *model_Fe_PF_mendelev [123, 135]
: N 0.0
properties at 298 £, RN 5« Bs =By 0O 10 20 30 40 50 60 70 80 90 , ,
K and 101 kPa 5553333333333§§3§§ T Tilt angle (degrees) Runnels et al, in preparation (2020).

* Assisting in testing and
guality improvement
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| Example: Comparison of FF prediction for grain boundary (GB) excess energy in FCC Fe as a function of
\ symmetric tilt angle about the <110> axis for FFs in OpenKIM.
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