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We offer professional software solutions for numerical simulation in computational material science, computational chemistry and nanotechnology.










    
        
        
Tremolo-X
 
TREMOLO-X is a powerful software package used for the numerical simulation of interactions between atoms and molecules, the molecular dynamics. It provides the environment to design new innovative materials.
 
TREMOLO-X uses highly efficient state of the art algorithms for the treatment of short- and long-range potentials, where much emphasis has been placed on the parallel implementation and its efficiency. All potential types are included which are commonly used for modeling of systems in the areas material science, nanotechnology and biophysics.
 
TREMOLO-X includes also TREMOLO-X-GUI, which is an user-friendly graphical user interface frontend. This provides an easy set-up and analysis of numerical experiments.
 
TREMOLO-X is already successfully applied in many different practical projects in different areas. The focus is on computations in nanotechnology, material science, biochemistry and biophysics.
 
 










    
        
        
History
 
TREMOLO-X has been implemented over the last decade by the research group of Michael Griebel at the INS.
 
Since 2010 it is further developed by SCAI in cooperation with the INS and is distributed by SCAI and the scapos AG.












    

    



    
        
            
    
                Features

                    

        
        
        
	User-friendly GUI frontend to setup simulations
	Parallel version for distributed memory computers (MIMD) with the message passing interface (MPI)
	Implementation of reactive many body potentials, like e.g. ReaxFF, COMB, COMB3, Brenner, Marian, Tersoff, Feuston-Garofalini, Stillinger-Weber and Sutton-Chen
	Implementation of several core shell models (also anistropic)
	Implementation of fixed bond, angle, torsion (dihedral) and inversion potentials
	NVE, NVT and NPT ensemble, structural optimization and dissipative particle dynamics (DPD)
	Several time integrators and local optimizers: Verlet, multistep like Beeman-Verlet as well as Fletcher-Reeves and Polak-Ribière
	Replica exchange methods like Hybrid Monte Carlo and Parallel Tempering
	Computation of many measuring quantities, e.g. diffusion coefficients, stress-strain diagrams, elastic constants, distribution functions, correlation functions and shortest-path-ring statistics
	Fast implementation of short-range potentials via linked-cell method and parallelization by dynamic load-balanced domain decomposition
	Fast algorithms for long-range potentials: Particle-Mesh-Ewald with domain decomposition and parallel 3D-FFT and parallel multigrid. Also Barnes-Hut/fast multiple methods and parallelisation by space-filling curves
	Including various parameter sets
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Tremolo-X supports many different potential types. In addition it includes various different parameters sets for different systems and purposes.
 
 
 
A selected list is given in the following:
 
	Ag	[ATVF87,SKC+11,WMH06,ZJW04]
	Ag, Al	[SKC+11]
	Ag, Al, Au, Co, Cu, Fe, Mg, Mo, Ni, Pb, Pd, Pt, Ta, Ti, W, Zr	[ZJW04]
	Ag, Al, Au, Cu, Ir, Ni, Pb, Pd, Pt, Rh	[RTS91]
	Ag, Al, Ba, Be, Ca, Co, Cr, Cu, Er, Fe, Gd, Ge, K, Li, Mg, Mn, Na, Nd, Ni, O, P, Sc, Si, Sn, Sr, Ti, Zn, Zr	[PMM+06]
	Ag, Au, Cu, Ir, Ni, Pd, Pt, Rh	[KQCG98]
	Ag, Au, Cu, Ni, Pt, Rh	[CDUT99]
	Ag, Cu	[WMH06,WT09]
	Ag, Cu, Zr	[FGS+10,SKC+11]
	Ag, H, Pd	[HWZZ13]
	Al	[LEA04,MKBA08,MFMP99,SKC+11,SL00,WKG09,ZJW04,ZM03]
	Al, As, Ga	[NNFK00]
	Al, As, Ga, In, N, P, Sb	[PMC07b]
	Al, C, Ca, Cs, Cu, H, K, Mg, N, Na, O, S, Si, Sr	[PMJvD15]
	Al, C, Ca, H, O, S, Si	[LJBGIS12]
	Al, Ca, Fe, K, Mg, Na, O, Si, Ti	[GS07]
	Al, Ca, Mg, O, Si	[JM07,Mat94]
	Al, Ca, Na, O, Si	[PGM12]
	Al, Cu	[SKC+11]
	Al, Cu, N, O, Si, Ti, W	[IM01]
	Al, Cu, Zr	[CMS09,SKC+11]
	Al, Fe	[MSAH05]
	Al, H, Li, O, Si	[NvDK+12]
	Al, H, Ni	[AMB95,BSAM97]
	Al, Mg	[LOA+97,MARH09]
	Al, Mn, Pd	[SBFT12]
	Al, N, O	[OL09]
	Al, Nb, Ti	[FJ96]
	Al, Ni	[KT08,MMP02,Mis04,PPM09]
	Al, O	[SFT13]
	Al, O, P, Si	[VBKVS90]
	Al, O, Si	[JC88]
	Al, Pb	[LWS+00]
	Al, Sm	[MZY+15]
	Al, Ti	[ZM03]
	Al, Zr	[SKC+11]
	As, Ga	[ANNK02,FTH+11,HKS08]
	As, Ga, In	[NNFK00]
	As, In	[HKS08]
	Au	[ATVF87,BJN12,GRS05,Ols10,SKC+11,ZJW04]
	Au, H, O	[KFJvD10]
	B, C, N	[MFM00]
	B, H, N, O	[WDLY10]
	B, H, N, Si	[MG00]
	B, N	[MSH03,MH05,MSH07]
	B, N, O	[OL09]
	B, N, Si	[GGM03,MI01]
	Ba, C, H, N, O, Pt, Si, Ti, Y, Zr	[NLGI+13]
	Be, C, H	[BJT+09]
	Be, H	[BJT+09]
	Be, W	[BHPN10]
	C	[BS12,EA05,LB10,SvDG15,Ter94,Ter89]
	C, Cl, F, H, N, Ni, O, Pt, S	[MvDG10]
	C, Co, Cu, H, N, Ni, O, Pt, S, Si, Zr	[NvDO+05]
	C, Cr, Fe, H, O, S	[SKV+15]
	C, Fe	[HN09,HA08]
	C, Fe, H, O	[AvDK10]
	C, Ge, Si	[Kea66,Mar70]
	C, H	[JET+05,LB10]
	C, H, N, O	[BTZ09,SvDC+03]
	C, H, N, O, S	[MLC+10]
	C, H, N, O, S, Si	[KTGS+12,NSF+12,ZZvD+09]
	C, H, N, O, Ti	[JBAC+12]
	C, H, Ni, O	[TSZ+15]
	C, H, O	[CvDG08]
	C, H, O, Si	[CCVD+05]
	C, H, O, V	[CvDG08]
	C, H, W	[EA05,JET+05]
	C, Pt	[ANA02]
	C, Si	[DDdlRW98,EA05,Ter90,Ter94,Ter89]
	Ca	[SKC+11]
	Ca, F	[MF93]
	Ca, F, Na, O, P, Si	[LMC+08]
	Ca, H, O, Si	[DGH07,FG90,LG01,SG04]
	Cd, Hg, S, Se, Te, Zn	[ZWM+13]
	Ce	[SKC+11]
	Cl, Na	[MF93,AFN03]
	Co	[PM12,ZJW04]
	Cr, Fe, Ni	[BCT13]
	Cu	[ATVF87,MKBA08,MMP+01,SKC+11,ZJW04]
	Cu, Fe	[HWW+12]
	Cu, Fe, Ni	[BPCM09]
	Cu, Mg	[SKC+11]
	Cu, Zr	[MSK07,MKO+09,SKC+11]
	Er, H	[PYL+11]
	Fe	[ABCH97,BAJ00,MHS+03,MEA07,ZJW04]
	Fe, Ni	[BPM09,ME95]
	Fe, P	[AMS+04]
	Fe, Pt	[MKA07]
	Fe, V	[MHS+07]
	Ga, In, N	[ZJ15,ZCG+11]
	Ga, N	[NAEN03]
	Ga, N, O	[OL09]
	Ge, O	[MSM+09]
	Ge, O, Si	[CLL+13]
	Ge, Si	[Gab08,LLD95,Ter90,Ter89]
	H, He, W	[BGT14]
	H, N, O, Si	[BCFA06]
	H, N, Si	[dBMJF99]
	H, O	[PISS12]
	H, O, Si	[Yas96]
	H, O, Zn	[RvDS+10]
	H, Pd	[SJvD14,ZZWH08]
	H, W	[LSL+11]
	Hf, O	[AVJ15]
	Hf, O, Si	[BOLM14]
	Hf, O, Si, Ta, Ti	[THW+13]
	Hf, O, Zr	[WZWG12]
	In, N, O	[OL09]
	Ir	[SKC+11]
	K, Li, Na, O, Si	[PMC+07a]
	Li, Nb, O	[AVJ15]
	Li, O, Ti	[KRYL10]
	Li, S	[IOB+15]
	Mg	[SMB+06,ZJW04]
	Mg, O	[MF93]
	Mg, O, Si	[LN88,MAM87]
	Mg, Ti	[SKC+11]
	Mg, Y	[SKC+11]
	Mo	[ZJW04]
	Mo, S	[JPR13]
	Mo, U, Xe	[SKS+13]
	N, Ti	[CLM+14]
	Na	[WGM15]
	Nb	[FPW10]
	Ni	[ATVF87,MKH+12,MFMP99,SKC+11,ZJW04]
	Ni, P	[SKC+11]
	Ni, Zr	[MKH+12,SKC+11,WM15]
	O	[EJG+06]
	O, Si	[SDH+10,MMMS07,TS02,Yas03,YSP07]
	O, Ti	[MA91,HBD+10]
	O, Y, Zr	[SPW01]
	O, Zn	[EJG+06,NNP+96]
	Pb	[SKC+11,ZJW04]
	Pd	[SKC+11,ZJW04]
	Pd, Si	[SKC+11]
	Pt	[ANA02,SKC+11,ZJW04]
	Pt, Zr	[SKC+11]
	Rh	[SKC+11]
	Ru	[FMBS08]
	Se	[OJRS96]
	Si	[EA05,SW85,Ter88a,Ter88b]
	Sr	[SKC+11]
	Ta	[LSAL03,RGG+13,SKC+11,ZJW04]
	Ti	[Ack92,MUABP,ZJW04]
	U	[SSS12]
	W	[ZJW04]
	Zn	[EJG+06]
	Zr	[SKC+11,ZJW04]

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	
 
 ABCH97 

	
 GJ Ackland, DJ Bacon, AF Calder, and T Harry. 
 
 Computer simulation of point defect properties in dilute Fe-Cu alloy using a many-body interatomic potential. 
 
 
 Philosophical Magazine A, 75(3):713-732, 1997.
  
 

	
 
 Ack92 

	
 Graeme J Ackland. 
 
 Theoretical study of titanium surfaces and defects with a new many-body potential. 
 
 
 Philosophical Magazine A, 66(6):917-932, 1992.
  
 

	
 
 AFN03 α

	
 Jamshed Anwar, Daan Frenkel, and Massimo G. Noro. 
 
 Calculation of the melting point of NaCl by molecular simulation. 
 
 
 The Journal of Chemical Physics, 118(2):728-735, 2003.
  
 

	
 
 AMB95 

	
 James E Angelo, Neville R Moody, and Michael I Baskes. 
 
 Trapping of hydrogen to lattice defects in nickel. 
 
 
 Modelling and Simulation in Materials Science and Engineering, 3(3):289, 1995.
  
 

	
 
 AMS+04 

	
 GJ Ackland, MI Mendelev, DJ Srolovitz, S Han, and AV Barashev. 
 
 Development of an interatomic potential for phosphorus impurities in α-iron. 
 
 
 Journal of Physics: Condensed Matter, 16(27):S2629, 2004.
  
 

	
 
 ANA02 

	
 Karsten Albe, Kai Nordlund, and Robert S Averback. 
 
 Modeling the metal-semiconductor interaction: Analytical bond-order potential for platinum-carbon. 
 
 
 Physical Review B, 65(19):195124, 2002.
  
 

	
 
 ANNK02 

	
 Karsten Albe, Kai Nordlund, Janne Nord, and Antti Kuronen. 
 
 Modeling of compound semiconductors: Analytical bond-order potential for Ga, As, and GaAs. 
 
 
 Physical Review B, 66(3):035205, 2002.
  
 

	
 
 ATVF87 

	
 GJ Ackland, G Tichy, V Vitek, and MW Finnis. 
 
 Simple n-body potentials for the noble metals and nickel. 
 
 
 Philosophical Magazine A, 56(6):735-756, 1987.
  
 

	
 
 AvDK10 

	
 Masoud Aryanpour, Adri C. T. van Duin, and James D. Kubicki. 
 
 Development of a reactive force field for iron−oxyhydroxide systems. 
 
 
 The Journal of Physical Chemistry A, 114(21):6298-6307, 2010. 
 
 PMID: 20455552.
  
 

	
 
 AVJ15 

	
 R. M. Araujo, M. E. G. Valerio, and R. A. Jackson. 
 
 Computer modelling of hafnium doping in lithium niobate. 
 
 
 ArXiv e-prints, May 2015.
  
 

	
 
 BAJ00 

	
 Anatoly B Belonoshko, R Ahuja, and Börje Johansson. 
 
 Quasi-ab initio molecular dynamic study of Fe melting. 
 
 
 Physical Review Letters, 84(16):3638, 2000.
  
 

	
 
 BCFA06 

	
 Salomon R. Billeter, Alessandro Curioni, Dominik Fischer, and Wanda Andreoni. 
 
 Ab initio derived augmented Tersoff potential for silicon oxynitride compounds and their interfaces with silicon. 
 
 
 Phys. Rev. B, 73:155329, Apr 2006.
  
 

	
 
 BCT13 

	
 G Bonny, N Castin, and D Terentyev. 
 
 Interatomic potential for studying ageing under irradiation in stainless steels: the FeNiCr model alloy. 
 
 
 Modelling and Simulation in Materials Science and Engineering, 21(8):085004, 2013.
  
 

	
 
 BGT14 

	
 Giovanni Bonny, Petr Grigorev, and Dmitry Terentyev. 
 
 On the binding of nanometric hydrogen-helium clusters in tungsten. 
 
 
 Journal of Physics: Condensed Matter, 26(48):485001, 2014.
  
 

	
 
 BHPN10 

	
 C Björkas, KOE Henriksson, M Probst, and K Nordlund. 
 
 A Be-W interatomic potential. 
 
 
 Journal of Physics: Condensed Matter, 22(35):352206, 2010.
  
 

	
 
 BJN12 

	
 M Backman, N Juslin, and K Nordlund. 
 
 Bond order potential for gold. 
 
 
 The European Physical Journal B, 85(9):1-5, 2012.
  
 

	
 
 BJT+09 

	
 C Björkas, N Juslin, H Timko, K Vörtler, K Nordlund, K Henriksson, and P Erhart. 
 
 Interatomic potentials for the Be-C-H system. 
 
 
 Journal of Physics: Condensed Matter, 21(44):445002, 2009.
  
 

	
 
 BOLM14 

	
 G Broglia, G Ori, L Larcher, and M Montorsi. 
 
 Molecular dynamics simulation of amorphous HfO
 2 for resistive RAM applications. 
 
 
 Modelling and Simulation in Materials Science and Engineering, 22(6):065006, 2014.
  
 

	
 
 BPCM09 

	
 Giovanni Bonny, Roberto C Pasianot, Nicolas Castin, and Lorenzo Malerba. 
 
 Ternary Fe-Cu-Ni many-body potential to model reactor pressure vessel steels: First validation by simulated thermal annealing. 
 
 
 Philosophical Magazine, 89(34-36):3531-3546, 2009.
  
 

	
 
 BPM09 

	
 Giovanni Bonny, RC Pasianot, and Lorenzo Malerba. 
 
 Fe-Ni many-body potential for metallurgical applications. 
 
 
 Modelling and Simulation in Materials Science and Engineering, 17(2):025010, 2009.
  
 

	
 
 BS12 

	
 Edson P. Bellido and Jorge M. Seminario. 
 
 Molecular dynamics simulations of ion-bombarded graphene. 
 
 
 The Journal of Physical Chemistry C, 116(6):4044-4049, 2012.
  
 

	
 
 BSAM97 

	
 MI Baskes, Xianwei Sha, JE Angelo, and NR Moody. 
 
 Trapping of hydrogen to lattice defects in nickel. 
 
 
 Modelling and Simulation in Materials Science and Engineering, 5(6):651, 1997.
  
 

	
 
 BTZ09 

	
 Joanne Budzien, Aidan P Thompson, and Sergey V Zybin. 
 
 Reactive molecular dynamics simulations of shock through a single crystal of pentaerythritol tetranitrate. 
 
 
 The Journal of Physical Chemistry B, 113(40):13142-13151, 2009.
  
 

	
 
 CCVD+05 

	
 Kimberly Chenoweth, Sam Cheung, Adri CT Van Duin, William A Goddard, and Edward M Kober. 
 
 Simulations on the thermal decomposition of a poly (dimethylsiloxane) polymer using the ReaxFF reactive force field. 
 
 
 Journal Of The American Chemical Society, 127(19):7192-7202, 2005.
  
 

	
 
 CDUT99 

	
 T Cagin, G Dereli, M Uludoğan, and M Tomak. 
 
 Thermal and mechanical properties of some FCC transition metals. 
 
 
 Physical Review B, 59(5):3468, 1999.
  
 

	
 
 CLL+13 

	
 Claire Y Chuang, Qiming Li, Darin Leonhardt, Sang M Han, and Talid Sinno. 
 
 Atomistic analysis of Ge on amorphous 
 SiO2 using an empirical interatomic potential. 
 Surface Science, 609:221-229, 2013. 
 

	
 
 CLM+14 

	
 Y-T Cheng, T Liang, J A Martinez, S R Phillpot, and S B Sinnott. 
 
 A charge optimized many-body potential for titanium nitride (TiN). 
 
 
 Journal of Physics: Condensed Matter, 26(26):265004, 2014.
  
 

	
 
 CMS09 

	
 YQ Cheng, E Ma, and HW Sheng. 
 
 Atomic level structure in multicomponent bulk metallic glass. 
 
 
 Physical review letters, 102(24):245501, 2009.
  
 

	
 
 CvDG08 

	
 Kimberly Chenoweth, Adri CT van Duin, and William A Goddard. 
 
 ReaxFF reactive force field for molecular dynamics simulations of hydrocarbon oxidation. 
 
 
 The Journal of Physical Chemistry A, 112(5):1040-1053, 2008.
  
 

	
 
 dBMJF99 

	
 F de Brito Mota, JF Justo, and A Fazzio. 
 
 Hydrogen role on the properties of amorphous silicon nitride. 
 
 
 Journal of applied physics, 86(4):1843-1847, 1999.
  
 

	
 
 DDdlRW98 

	
 R Devanathan, T Diaz de la Rubia, and WJ Weber. 
 
 Displacement threshold energies in β-SiC. 
 
 
 Journal of nuclear materials, 253(1):47-52, 1998.
  
 

	
 
 DGH07 

	
 Jorge S Dolado, Michael Griebel, and Jan Hamaekers. 
 
 A molecular dynamic study of cementitious calcium silicate hydrate (C-S-H) gels. 
 
 
 Journal of the American Ceramic Society, 90(12):3938-3942, 2007.
  
 

	
 
 EA05 

	
 P. Erhart and K. Albe. 
 
 Analytical potential for atomistic simulations of silicon, carbon, and silicon carbide. 
 
 
 Physical Review B, 71(3):035211, 2005.
  
 

	
 
 EJG+06 

	
 Paul Erhart, Niklas Juslin, Oliver Goy, Kai Nordlund, Ralf Müller, and Karsten Albe. 
 
 Analytic bond-order potential for atomistic simulations of zinc oxide. 
 
 
 Journal of Physics: Condensed Matter, 18(29):6585, 2006.
  
 

	
 
 FG90 

	
 BP Feuston and SH Garofalini. 
 
 Onset of polymerization in silica sols. 
 
 
 Chemical physics letters, 170(2):264-270, 1990.
  
 

	
 
 FGS+10 

	
 T Fujita, PF Guan, HW Sheng, A Inoue, T Sakurai, and MW Chen. 
 
 Coupling between chemical and dynamic heterogeneities in a multicomponent bulk metallic glass. 
 
 
 Physical Review B, 81(14):140204, 2010.
  
 

	
 
 FJ96 

	
 Diana Farkas and Chris Jones. 
 
 Interatomic potentials for ternary Nb-Ti-Al alloys. 
 
 
 Modelling and Simulation in Materials Science and Engineering, 4(1):23, 1996.
  
 

	
 
 FMBS08 

	
 Andrea Fortini, Mikhail I Mendelev, Sergey Buldyrev, and David Srolovitz. 
 
 Asperity contacts at the nanoscale: Comparison of Ru and Au. 
 
 
 Journal of Applied Physics, 104(7):074320-074320, 2008.
  
 

	
 
 FPW10 

	
 Michael R Fellinger, Hyoungki Park, and John W Wilkins. 
 
 Force-matched embedded-atom method potential for niobium. 
 
 
 Physical Review B, 81(14):144119, 2010.
  
 

	
 
 FTH+11 

	
 Kristen A Fichthorn, Yogesh Tiwary, Thomas Hammerschmidt, Peter Kratzer, and Matthias Scheffler. 
 
 Analytic many-body potential for GaAs (001) homoepitaxy: Bulk and surface properties. 
 
 
 Physical Review B, 83(19):195328, 2011.
  
 

	
 
 Gab08 

	
 Alice-Agnes Gabriel. 
 
 Atomistic simulation of solid-phase epitaxial regrowth of amorphous Germanium. 
 
 Diplomarbeit, Technischer Universitaet Dresden, 2008.
  
 

	
 
 GGM03 

	
 Marcus Gastreich, Julian D Gale, and Christel M Marian. 
 
 Charged-particle potential for boron nitrides, silicon nitrides, and borosilazane ceramics: Derivation of parameters and probing of capabilities. 
 
 
 Physical Review B, 68(9):094110, 2003.
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This is a list of a few selected projects and cooperations which use TREMOLO-X as the primary tool for molecular dynamics simulations. This gives you an impression of what TREMOLO-X can do for you. If you are interested in licensing TREMOLO-X, please contact us.
 
Have a look at the Gallery and the Literature for additional simulation results obtained with TREMOLO-X.
 
	Multi-scale simulation software for modelling of growth and diffusion in materials systems
  	BMBF, under the Eurostars project E!9389 MultiModel

 
	Atomic-scale Modelling of novel metal-oxides in electronics
  	BMBF, under the Eurostars project E!6935 ATOMMODEL

 
	CODICE - Computationally Driven design of Innovative Cement-based materials
  	EU: FP7 - Nanosciences, Nanotechnologies, Materials and new Production Technologie

 
	ScaFaCoS – Scalable Fast Coulomb Solver
  	BMBF support program: Mathematik für Innovationen in Industrie und Dienstleistungen

 
	Numeric Methods for Multiscale Models and Singular Phenomena
  	Collaborative Research Center 611 of the German Research Foundation (DFG)

 
	Multiscale QM/MM simulations of the growth process and the material properties of inorganic nanotubes and nanotube composites
  	DFG Priority program 1165: Nanowires and Nanotubes - From Controlled Synthesis to Function

 
	Inorganic Solids without Translational Symmetry – Synthesis, Structure and Modelling
  	Collaborative Research Center 408 of the German Research Foundation (DFG)
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  	Asociacion CIC nanoGUNE - Self-Assembly
	Labein Centro Technologico, Bilbao, Spain
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