
DAFTAR PUSTAKA 

 

Allen, P.G., Bucher, J.J., Shuh, D.K., Edelstein, N.M., Craig, I., 2000. 
Coordination Chemistry of Trivalent Lanthanide and Actinide Ions in Dilute 
and Concentrated Chloride Solutions. Inorg. Chem, 39, 595–601. 

Angelo, P.D., Spezia, R., 2012. Hydration of Lanthanoids (III) and Actinoids 
(III): An Experimental/Theoretical Saga. Chemi. Eur J., 11162–11178. 

Ansoborlo, E., Prat, O., Moisy, P., Auwer, C. Den, Guilbaud, P., Carriere, M., 
Gouget, B., Duffield, J., Doizi, D., Vercouter, T., Moulin, C., Moulin, V., 
2006. Actinide Speciation in Relation to Biological Processes. Biochimie, 88, 
1605–1618. 

Armunanto, R., 2004. Simulation of Ag+, Au+,Co2+ in Water, Liquid Ammonia, 
and Water-Ammonia MIxture, Dissertation. Leopold-Franzens-universitat 
Innsbruck,Austria. 

Armunanto, R., Schwenk, C.F., Rode, B.M., 2004a. Gold ( I ) in Liquid 
Ammonia : Ab Initio QM / MM Molecular Dynamics Simulation. J. Am. 
Chem. Soc, 126, 9934–9935. 

Armunanto, R., Schwenk, C.F., Rode, B.M., 2005. Ab Initio QM/MM Simulation 
of Ag + in 18.6% Aqueous Ammonia Solution: Structure and Dynamics 
Investigations. J. Phys. Chem. A, 109, 4437–4441. 

Armunanto, R., Schwenk, C.F., Tran, H.T., Rode, B.M., 2004b. Structure and 
Dynamics of Au+ Ion in Aqueous Solution : Ab Initio QM / MM MD 
Simulations. J. Am. Chem. Soc, 126, 2582–2587. 

Atta-fynn, R., Bylaska, E.J., Schenter, G.K., Jong, W.A. De, 2011. Hydration 
Shell Structure and Dynamics of Curium ( III ) in Aqueous Solution : First 
Principles and Empirical Studies. J .Phys. Chem. A, 115, 4665–4677. 

Audi, G., Bersillon, O., Blachot, J., Wapstra, A.H., 2003. The Nubase Evaluation 
of Nuclear and Decay Properties. Nuc. Phys. A, 729, 3–128. 

Berendsen, H.J.C., Postma, J.P.M., van Gunsteren, W.F., DiNola, A., Haak, J.R., 
1984. Molecular Dynamics with Coupling to an External Bath. J. Chem. 
Phys, 81, 3684. 

Borchardt, P.E., Yuan, R.R., Miederer, M., Mcdevitt, M.R., Scheinberg, D.A., 
2003. Targeted Actinium-225 in Vivo Generators for Therapy of Ovarian 

86 
 

SIMULASI DINAMIKA MOLEKULER ACTINIUM(III) DALAM AIR DENGAN PENDEKATAN GAYA
HYBRID AB INITIO QM/MM
MUHAMMAD SALEH, Dr. rer. nat. Ria Armunanto, M.Si ; Dr. Akhmad Syoufian
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/



87 
 

Cancer Targeted Actinium-225 in Vivo Generators for Therapy of Ovarian 
Cancer 1. Cancer Res., 63, 5084–5090. 

Canaval, L.R., Weiss, A.K.H., Rode, B.M., 2013. Structure and Dynamics of the 
Th4+-Ion in Aqueous Solution – An Ab Initio QMCF-MD Study. Comput. 
Theor. Chem., 1022, 94–102. 

Cotton, S., 2006. Lanthanide and Actinide Chemistry. John Wiley & Sons, West 
Sussex, England. 

Cramer, C.J., 2004. Essentials of Computational Chemistry Theory and Models, 
Second. ed. John Wiley & Sons, Ltd., West Sussex, England. 

Dean, J.A., 1999. Langes’s Handbook of Chemistry, Fifteenth. ed. McGraw-
Hill,Inc, New York, United States Of America (USA). 

Denecke, M.A., 2006. Actinide Speciation Using X-Ray Absorption Fine 
Structure Spectroscopy. Coord. Chem. Rev., 250, 730–754. 

Dirac, P.A.M., 1958. The Principles of Quantum Mechanics, Fourth. ed. Oxford 
University Press, London, UK. 

Dolg, M., 1997. Lanthanides and Actinides. In: Encyclopedia of Computational 
Chemistry. pp. 1–9. 

Dulaiova, H., Sims, W.W., Charette, M.A., Blusztajn, J.S., 2013. A New Method 
for the Determination of Low-Level Actinium-227 in Geological Samples. J. 
Radioanal Nucl Chem, 296, 279–283. 

Dunning, T.H., 1970. Gaussian Basis Functions for Use in Molecular 
Calculations. I. Contraction of (9s5p) Atomic Basis Sets for the First-Row 
Atoms. J. Chem. Phys, 53, 2823. 

Emsley, J., 2014. Nature’s Building Blocks. Oxford University Press, London, 
UK. 

Farkas, I., 2001. Coordination Chemistry of Actinide and Lanthanide Ions. Royal 
Institute Of Technology, Sweden. 

Fillaux, C., Berthet, J.-C., Conradson, S.D., Guilbaud, P., Guillaumont, D., 
Hennig, C., Moisy, P., Roques, J., Simoni, E., Shuh, D.K., Tyliszczak, T., 
Castro-Rodriguez, I., Den Auwer, C., 2007. Combining Theoretical 
Chemistry and XANES Multi-Edge Experiments to Probe Actinide Valence 
States. C. R. Chim., 10, 859–871. 

 
 

SIMULASI DINAMIKA MOLEKULER ACTINIUM(III) DALAM AIR DENGAN PENDEKATAN GAYA
HYBRID AB INITIO QM/MM
MUHAMMAD SALEH, Dr. rer. nat. Ria Armunanto, M.Si ; Dr. Akhmad Syoufian
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/



88 
 

Frick, R.J., Pribil, A.B., Hofer, T.S., Randolf, B.R., Bhattacharjee, A., Rode, 
B.M., 2009. Structure and Dynamics of the U4+ Ion in Aqueous Solution: 
An Ab Initio Quantum Mechanical Charge Field Molecular Dynamics Study. 
Inorg. Chem, 48, 3993–4002. 

Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; 
Cheeseman, J. R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; 
Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian, H. P.; Izmaylov, A. F.; 
Bloino, J.; Zheng, G.; Sonnenb, W.C., 2009. Gaussian 09 Citation. 

Geibert, W., Rutgers van der Loeff, M.M., Hanfland, C., Dauelsberg, H.-J., 2002. 
Actinium-227 as a Deep-Sea Tracer: Sources, Distribution and Applications. 
Earth Planet. Sci. Lett., 198, 147–165. 

Hay, P.J., Martin, R.L., 2000. Computational Studies of Actinide Chemistry. Los 
Alamos Sci., 382–391. 

Head-Gordon, M., Head-Gordon, T., 1994. Analytic MP2 Frequencies without 
Fifth-Order Storage. Theory and Application to Bifurcated Hydrogen Bonds 
in the Water Hexamer. Chem. Phys. Lett., 220, 122–128. 

Heb, B.A., 1997. Relativistic Effects in Heavy-Element Chemistry. Phys. Chem, 
101, 1–10. 

Hinchliffe, A., 2008. Molecular Modelling for Beginners, Second. ed. John Wiley 
& Sons, Ltd., The Atrium, Southhern Gates, Chinchester,West Sussex. 

Hofer, T.S., Pribil, A.B., Randolf, B.R., Rode, B.M., 2005. Structure and 
Dynamics of Solvated Sn(II) in Aqueous Solution: An Ab Initio QM/MM 
MD Approach. J. Am. Chem. Soc, 127, 14231–14238. 

Hofer, T.S., Randolf, B.R., Rode, B.M., 2006a. Sr ( II ) in Water : A Labile 
Hydrate with a Highly Mobile Structure. J .Phys. Chem. B, 110, 20409–
20417. 

Hofer, T.S., Randolf, B.R., Rode, B.M., 2008. Al(III) Hydration Revisited. An Ab 
Initio Quantum Mechanical Charge Field Molecular Dynamics Study. J 
.Phys. Chem. B, 112, 11726–11733. 

Hofer, T.S., Scharnagl, H., Randolf, B.R., Rode, B.M., 2006b. Structure and 
Dynamics of La ( III ) in Aqueous Solution – An Ab Initio QM / MM MD 
Approach. Chem. Phys., 327, 31–42. 

Impey, R.W., Madden, P.A., McDonald, I.R., 1983. Hydration and Mobility of 
Ions in Solution. J. Phys. Chem., 87, 5071–5083. 

 
 

SIMULASI DINAMIKA MOLEKULER ACTINIUM(III) DALAM AIR DENGAN PENDEKATAN GAYA
HYBRID AB INITIO QM/MM
MUHAMMAD SALEH, Dr. rer. nat. Ria Armunanto, M.Si ; Dr. Akhmad Syoufian
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/



89 
 

Inada, Y., Mohammed, A.M., Loeffler, H.H., Rode, B.M., 2002. Hydration 
Structure and Water Exchange Reaction of Nickel ( II ) Ion : Classical and 
QM / MM Simulations. J .Phys. Chem. A, 106, 6783–6791. 

IUPAC, 2014. IUPAC Gold Book - solvation [WWW Document]. URL 
http://goldbook.iupac.org/S05747.html (accessed 9.15.14). 

J.N.Murrel, S.F.A.Kettle, J.M. Tedder, 1985. The Chemical Bond, second. ed. 
John Wiley & Sons, Ltd., New York, United States Of America (USA). 

Jeffrey, 2000. Re: What percentage of the human body is composed of water? 
[WWW Document]. URL http://www.madsci.org/posts/archives/2000-
05/958588306.An.r.html (accessed 9.15.14). 

Jensen, F., 2007. Introduction to Computational Chemistry, Second. ed. John 
Wiley & Sons, Ltd., West Sussex, England. 

Johansson, G., Magini, M., Ohtaki, H., 1991. Coordination around thorium(IV) in 
Aqueous Perchlorate, Chloride and Nitrate Solutions. J. Solution Chem., 20, 
775–792. 

Kerdcharoen, T., Rode, B.M., 2000. What Is the Solvation Number of Na + in 
Ammonia? An Ab Initio QM/MM Molecular Dynamics Study. J. Phys. 
Chem. A, 104, 7073–7078. 

Kirby, H.W., 2006. The Chemistry of the Actinide and Transactinide Elements. 
Springer Netherlands, Dordrecht. 

Kuchle, W., Dolg, M., Fulde, P., Physik, M., Stra, B., Dresden, D.-, Stuttgart, D.-, 
1998. Ab Initio Study of the Lanthanide and Actinide Contraction. Dresden, 
Germany. 

Kuchle, W., Dolg, M., Stoll, H., 1997. Ab Initio Study of the Lanthanide and 
Actinide Contraction. J .Phys. Chem. A, 5639, 7128–7133. 

Leach, A.R., 2001. Molecular Modelling Principles and Applications, Second. ed. 
Prentice Hall, Harlow Essex, England. 

Lewars, E., 2004. Computational Chemistry Introduction to The Theory and 
Aplications of Molecular and Quantum Mechanics. Kluwer Academic 
Publisher, Dordrecht. 

Liu, W., Kuchle, W., Dolg, M., 1998. Ab Initio Pseudopotential and Density-
Functional All-Electron Study of Ionization and Excitation Energies of 
Actinide Atoms ¨. Phys. Rev. A, 58. 

 
 

SIMULASI DINAMIKA MOLEKULER ACTINIUM(III) DALAM AIR DENGAN PENDEKATAN GAYA
HYBRID AB INITIO QM/MM
MUHAMMAD SALEH, Dr. rer. nat. Ria Armunanto, M.Si ; Dr. Akhmad Syoufian
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/



90 
 

Lutz, O.M.D., Hofer, T.S., Randolf, B.R., Weiss, A.K.H., Rode, B.M., 2012. A 
QMCF-MD Investigation of the Structure and Dynamics of Ce 4 + in 
Aqueous Solution. Inorg. Chem, 51. 

M.P. Allen, Tildesley, D.J., 1987. Computer Simulation of Liquids. Oxford 
University Press, New York, United States Of America. 

M.Tuckerman, B.J. Berne, G.J. martyn., 2011. Reversible Multiple Time Scale 
Molecular Dynamics. J. Chem. Phys, 1990. 

Marini, G.W., Liedl, K.R., Rode, B.M., 1999. Investigation of Cu 2 + Hydration 
and the Jahn - Teller Effect in Solution by QM / MM Monte Carlo 
Simulations. J .Phys. Chem. A, 103, 11387–11393. 

Marjolin, A., Gourlaouen, C., Piquemal, J.D.J., 2012. Toward Accurate Solvation 
Dynamics of Lanthanides and Actinides in Water Using Polarizable Force 
Fields : From Gas-Phase Energetics to Hydration Free Energies. Theor Chem 
Acc, 131. 

Marquardt, D.W., 1963. An Algorithm for Least-Squares Estimation of Nonlinear 
Parameters. J. Soc. Indust. Appl. Math, 11, 431–441. 

Martell, A.E., Handcock, R.D., 1996. Metal Complexes in Aqueous Solution. 
Plenum Press, New York, United States Of America (USA). 

Matt, T., Tranter, T., Mcalister, D., Lewis, L., Snyder, J., 2013. Medical Actinium 
for Therapeutic. Idaho Natl. Lab.,. 

McQuarrie, D.A., 1983. Quantum Chemistry. University Science Books, 
California. 

Mochizuki, Y., Tatewaki, H., 2001. Four-Component Relativistic Calculations on 
the Complexes between a Water Molecule and Trivalent Lanthanoid and 
Actinoid Ions. Chem. Phys., 273, 135–148. 

Mochizuki, Y., Tsushima, S., 2003. On the Electronic Structures of Th 4 + and Ac 
3 + Hydrate Models. Chem. Phys. Lett., 372, 114–120. 

Moll, H., Denecke, M.A., Jalilehvand, F., Sandström, M., Grenthe, I., 1999. 
Structure of the Aqua Ions and Fluoride Complexes of Uranium(IV) and 
Thorium(IV) in Aqueous Solution an EXAFS Study. Inorg. Chem, 38, 1795–
1799. 

More, J.J., 1978. Numerical Analysis, Lecture Notes in Mathematics. Springer 
Berlin Heidelberg, German. 

 
 

SIMULASI DINAMIKA MOLEKULER ACTINIUM(III) DALAM AIR DENGAN PENDEKATAN GAYA
HYBRID AB INITIO QM/MM
MUHAMMAD SALEH, Dr. rer. nat. Ria Armunanto, M.Si ; Dr. Akhmad Syoufian
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/



91 
 

Nozaki, Y., 1984. Excess 227Ac in Deep Ocean Water. Nature, 310, 486–488. 

Ohtaki, H., Radnai, T., 1993. Structure and Dynamics of Hydrated. Chem. Rev, 
93. 

Pantazis, D.A., Neese, F., 2011. All-Electron Scalar Relativistic Basis Sets for the 
Actinides. J. Chem. Theory Comput, 7, 677–684. 

Plathe, F.M., 1998. Practical Quantum Chemistry, Lecturer Notes. Stutgart, 
German. 

Pople, J.A., Hehre, W.J., Radom, L., Schleyer, P. von R., 1986. AB INITIO 
Molecular Orbital Theory. John Wiley & Sons, Inc., New York, United 
States Of America. 

Poulikakos, D., Maruyama, S., 2003. Molecular Dynamics Simulation in 
Nanoscale Heat Transfer. Microscale Thermophys. Eng., 7, 181–206. 

Pranowo, H.D., 2011. Pengantar Kimia Komputasi. Cv Lubuk Agung, 
Bandung,Indonesia. 

Pyykko, P., 1988. Relativistic Effects in Structural Chemistry. Chem. Rev, 88, 
563–594. 

Reed, A.E., Weinhold, F., 1983. Natural Bond Orbital Analysis of near Hartree–
Fock Water Dimer. J. Chem. Phys, 78, 4066–4073. 

Reich, T., Reich, T.Y., Amayri, S., Drebert, J., Banik, N.L., Buda, R.A., Kratz, 
J.V., Trautmann, N., 2013. Application of XAFS Spectroscopy to Actinide 
Environmental Science. Mainz, Germany. 

Rode, B.M., Schwenk, C.F., Hofer, T. s, Randolf, B.R., 2005. Coordination and 
Ligand Exchange Dynamics of Solvated Metal Ions. Coord. Chem. Rev., 
249, 2993–3006. 

Saleh, M., Konomi, T., Katoh, M., 2013. Laser Compton Scattering at UVSOR-III 
Storage Ring Using 2 Micron Fiber Laser. Okazaki, Aichi, Japan. 

Sansonetti, J.E., Martin, W.C., 2005. Handbook of Basic Atomic Spectroscopic 
Data. J. Phys. Chem, 34. 

Schrӧdinger, E., 1926. An Undulator Theory of The Mechanics of Atom And 
Molecules. Phys. Rev., 28. 

Schrӧdinger, E., 1935. The Present Status of Quantum Mechanics. 
Naturwissenschaften, 23, 1–26. 

 
 

SIMULASI DINAMIKA MOLEKULER ACTINIUM(III) DALAM AIR DENGAN PENDEKATAN GAYA
HYBRID AB INITIO QM/MM
MUHAMMAD SALEH, Dr. rer. nat. Ria Armunanto, M.Si ; Dr. Akhmad Syoufian
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/



92 
 

Schwenk, C.F., Rode, B.M., 2004. Ab Initio QM / MM MD Simulations of the 
Hydrated Ca 2+ Ion *. Pure Appl. Chem, 76, 37–47. 

Seth, M., Dolg, M., Fulde, P., Schwerdtfeger, P., 1995. Lanthanide and Actinide 
Contractions: Relativistic and Shell Structure Effects. J. Am. Chem. Soc, 117, 
6597–6598. 

Shah, S.A.A., Hofer, T.S., Fatmi, M.Q., Randolf, B.R., Rode, B.M., 2006. A QM / 
MM MD Simulation Study of Hydrated Pd 2+. Chem. Phys. Lett., 426, 301–
305. 

Skanthakumar, S., Antonio, M.R., Wilson, R.E., Soderholm, L., 2007. The 
Curium Aqua Ion. Inorg. Chem, 46, 3485–91. 

Tan, X., Fang, M., Wang, X., 2010. Sorption Speciation of Lanthanides/Actinides 
on Minerals by TRLFS, EXAFS and DFT Studies: A Review. Molecules, 15, 
8431–8468. 

Tongraar, A., Hannongbua, S., Rode, B.M., 2010. QM / MM MD Simulations of 
Iodide Ion ( I - ) in Aqueous Solution : A Delicate Balance between Ion - 
Water and Water - Water H-Bond Interactions. J .Phys. Chem. A, 114, 4334–
4339. 

Tongraar, A., Liedl, K.R., Rode, B.M., 1998. Born - Oppenheimer Ab Initio 
QM/MM Dynamics Simulations of Na + and K + in Water: From Structure 
Making to Structure Breaking Effects. J .Phys. Chem. A, 102, 10340–10347. 

Walker, R.C., Crowley, M.F., Case, D.A., 2007. The Implementation of a Fast 
and Accurate QM / MM Potential Method in Amber. J. Comput. Chem., 29, 
1019–1031. 

Wiebke, J., Moritz, A., Cao, X., Dolg, M., 2007. Approaching Actinide ( + III ) 
Hydration from First Principles W Z. Phys. Chem. Chem. Phys, 9, 459–465. 

Wilson, R.E., Skanthakumar, S., Burns, P.C., Soderholm, L., 2007. Structure of 
the Homoleptic Thorium(IV) Aqua Ion [Th(H2O)10]Br4. Angew. Chemie, 
119, 8189–8191. 

Young, D.C., 2001. CHEMISTRY COMPUTATIONAL CHEMISTRY A Practical 
Guide for Applying Techniques to Real-World Problems. John Wiley & 
Sons, Inc., New York, United States Of America. 

 

 

 
 

SIMULASI DINAMIKA MOLEKULER ACTINIUM(III) DALAM AIR DENGAN PENDEKATAN GAYA
HYBRID AB INITIO QM/MM
MUHAMMAD SALEH, Dr. rer. nat. Ria Armunanto, M.Si ; Dr. Akhmad Syoufian
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/


