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Abstract:  We present a density-functional theory study of the influence of ligand substitutions on the
geometric structure, electronic structure, and magnetic properties of Mn4 single-molecule magnets (SMMs),
in order to investigate the role of ligands in controlling these features, as well as in developing new SMMs
and single-chain magnets (SCMs). Our results show that the peripheral ligands play an important role in
controlling the magnetic ground-state of Mn4 SMMs. A new model is proposed to explain the spin state of
manganese ions in Mn4 molecules. This model shows that the saving energy from distortion, which can be
controlled by peripheral-ligand substitutions, plays a crucial role in determining the spin state of manganese
ions in Mn4 molecules. The mechanism of strong exchange couplings between manganese ions in Mn4
SMMs is  revealed.  The strength of exchange-couplings between manganese ions in Mn4 SMMs as a
function of their charge and spin state can be also controlled by substituting peripheral-ligands. The results
demonstrate the possibilities of developing new Mn4-based SMMs. In addition, strong spin polarizations on
peripheral ligands containing sp2-hybridized carbon sites show that using ligands containing sp2-hybridized
carbon sites can enhance exchange couplings between Mn4 building blocks to develop new SMMs and
SCMs which operate at high temperatures. ?? the Owner Societies. 
 
Year: 2009 
Source title: Physical Chemistry Chemical Physics 
Volume: 11 
Issue: 4 
Page : 717-729 
Link: Scorpus Link 
Correspondence Address: Anh Tuan, N.; School of Materials Science, Japan Advanced Institute of Science
and Technology, 1-1 Asahidai, Nomi, Ishikawa, 923-1292, Japan; email: natuan@jaist.ac.jp 
ISSN: 14639076 
CODEN: PPCPF 
DOI: 10.1039/b806661b 
Language of Original Document: English 
Abbreviated Source Title: Physical Chemistry Chemical Physics 
Document Type: Article 
Source: Scopus 
Authors with affiliations: 

http://www.scopus.com/inward/record.url?eid=2-s2.0-58149260371&partnerID=40&md5=8b3cdd55521b57162355e4433e1459a0


1.

2.

3.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Anh Tuan, N., School of Materials Science, Japan Advanced Institute of Science and Technology, 1-1 Asahidai, Nomi,

Ishikawa, 923-1292, Japan, Faculty of Physics, Hanoi University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi, Viet Nam 

Katayama, S.-I., School of Materials Science, Japan Advanced Institute of Science and Technology, 1-1 Asahidai, Nomi,

Ishikawa, 923-1292, Japan 

Hieu Chi,  D.,  School of Materials Science, Japan Advanced Institute of Science and Technology, 1-1 Asahidai,  Nomi,

Ishikawa, 923-1292, Japan, Faculty of Physics, Hanoi University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi, Viet Nam 

References: 
Sessoli, R., Tsai, H.-L., Schake, A.R., Wang, S., Vincent, J.B., Folting, K., Gatteschi, D., Hendrickson, D.N., (1993) J. Am.

Chem. Soc., 115, p. 1804 

Milios, C.J., Vinslava, A., Wernsdorfer, W., Moggach, S., Parsons, S., Perlepes, S.P., Christou, G., Brechin, E.K., (2007) J.

Am. Chem. Soc., 129, p. 2754 

Friedman, J.R., Sarachik, M.P., Tejada, J., Ziolo, R., (1996) Phys. Rev. Lett., 76, p. 3830 

Thomas, L., Lionti, F., Ballou, R., Gatteschi, D., Sessoli, R., Barbara, B., (1996) Nature, 383, p. 145 

Leuenberger, M.N., Loss, D., (2001) Nature, 410, p. 789 

Murugesu, M., Habrych, M., Wernsdorfer, W., Abboud, K.A., Christou, G., (2004) J. Am. Chem. Soc., 126, p. 4766 

Ako, A.M., Hewitt, I.J., Mereacre, V., Cl??rac, R., Wernsdorfer, W., Anson, C.E., Powell, A.K., (2006) Angew. Chem., Int.

Ed., 45, p. 4926 

Milios, C.J., Raptopoulou, C.P., Terzis, A., Lloret, F., Vicente, R., Perlepes, S.P., Escuer, A., (2004) Angew. Chem., Int. Ed.,

43, p. 210 

Milios, C.J., Vinslava, A., Wood, P.A., Parsons, S., Wernsdorfer, W., Christou, G., Perlepes, S.P., Brechin, E.K., (2007) J.

Am. Chem. Soc., 129, p. 8 

Tasiopoulos, A.J., Vinslava, A., Wernsdorfer, W., Abboud, K.A., Christou, C., (2004) Angew. Chem., Int. Ed., 43, p. 2117 

Christou, (2005) Polyhedron, 24, p. 2065 

Ni, Z.H., Zhang, L.F., Tangoulis, V., Wernsdorfer, W., Cui, A.L., Sato, O., Kou, H.Z., (2007) Inorg. Chem., 46, p. 6029 

Yang, C.-I., Wernsdorfer, W., Lee, G.-H., Tsai, H.-L., (2007) J. Am. Chem. Soc., 129, p. 456 

Cl??rac, R., Miyasaka, H., Yamashita, M., Coulon, C., (2002) J. Am. Chem. Soc., 124, p. 12837 

Gatteschi, D., Sessoli, R., (2003) Angew. Chem., Int. Ed., 42, p. 268 

Glauber, R.J., (1963) J. Math. Phys., 4, p. 294 

Bashkin, J.S., Chang, H., Streib, W.E., Huffman, J.C., Hendricson, D.N., Christou, G., (1987) J. Am. Chem. Soc., 109, p.

6502 

Wang, S., Filting, K., Streib, W.E., Schmitt, E.A., McCusker, J.K., Hendrickson, D.N., Christou, G., (1991) Angew. Chem.,

Int. Ed. Engl., 30, p. 305 

Hendrickson, N., Christou, G., Schmitt, E.A., Libby, E., Bashkin, J.S., Wang, S., Tsai, H., Streib, W.E., (1992) J. Am. Chem.

Soc., 114, p. 2455 

Li, Q., Vincent, J.B., Libby, E., Chang, H., Huffman, J.C., Boyd, P.D.W., Christou, C., Hendrickson, D.N., (1988) Angew.

Chem., Int. Ed. Engl., 27, p. 1731 

Wemple, M.W., Tsai, H., Folting, K., Hendrickson, D.N., Christou, G., (1993) Inorg. Chem., 32, p. 2025 

Wang, S., Tsai, H., Libby, E., Folting, K., Streib, W.E., Hendrickson, D.N., Christou, G., (1996) Inorg. Chem., 35, p. 7578 

Andres, H., Basler, R., G?del, H., Arom??, G., Christou, G., B?ttner, H., Ruffl??, B., (2000) J. Am. Chem. Soc., 122, p.

12469 

Aubin, S.M.J., Dilley, N.R., Pardi, L., Krzystek, J., Wemple, M.W., Brunel, L., Maple, M.B., Hendrickson, D.N., (1998) J.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Am. Chem. Soc., 120, p. 4991 

Wernsdorfer, W., Aliaga-Alcalde, N., Hendrickson, D.N., Christou, G., (2002) Nature, 416, p. 406 

Han, M.J., Ozaki, T., Yu, J., (2004) Phys. Rev. B, 70, p. 184421 

Park, K., Pederson, M.R., Richardson, S.L., Alcalde, N.A., Christou, G., (2003) Phys. Rev. B, 68, p. 020405 

Park, K., Pederson, M.R., Bernstein, N., (2004) J. Phys. Chem. Solids, 65, p. 805 

Leininger, S., Olenyuk, B., Stang, P., (2000) Chem. Rev., 100, p. 853 

Swiegers, G.F., Malefetse, T., (2000) Chem. Rev., 100, p. 3483 

Ferbinteanu, M., Miyasaka, H., Wernsdorfer, W., Nakata, K., Sugiura, K., Yamashita, M., Coulon, C., Cl??rac, R., (2005) J.

Am. Chem. Soc., 127, p. 3090 

Miyasaka, H., Nezu, T., Sugimoto, K., Sugiura, K., Yamashita, M., Cl??rac, R., (2005) Chem.-Eur. J., 11, p. 1592 

Kajiwara, T., Nakano, M., Kaneko, Y., Takaishi, S., Ito, T., Yamashita, M., Kamiyama, A.I., Kojima, N., (2005) J. Am.

Chem. Soc., 127, p. 10150 

Miyasaka, H., Madanbashi, T., Sugimoto, K., Nakazawa, Y., Wernsdorfer, W., Sugiura, K., Yamashita, M., Cl??rac, R.,

(2006) Chem.-Eur. J., 12, p. 7028 

Hohenberg, P., Kohn, W., (1964) Phys. Rev. B, 136, p. 864 

Kohn, W., Sham, L.J., (1965) Phys. Rev. a, 140, p. 1133 

Delley, B., (1990) J. Chem. Phys., 92, p. 508 

Ozaki, T., (2003) Phys. Rev. B, 67, p. 155108 

Hammer, B., Hansen, L.B., Norskov, J.K., (1999) Phys. Rev. B, 59, p. 7413 

Perdew, J.P., Burke, K., Ernzerhof, M., (1996) Phys. Rev. Lett., 77, p. 3865 

Delley, B., (1998) Int. J. Quantum Chem., 69, p. 423 

Troullier, N., Martine, J.L., (1991) Phys. Rev. B, 43, p. 1993 

Mulliken, R.S., (1955) J. Chem. Phys., 23, p. 1833 

Junquera, J., Paz, O., Sanchez-Portal, D., Artacho, E., (2001) Phys. Rev. B, 64, p. 235111 

Soler, J.M., Artacho, E., Gale, J.D., Garcia, A., Junquera, J., Ordejon, P., Sanchez-Portal, D., (2002) J. Phys.: Condens.

Matter, 14, p. 2745. , references therein 

Jean, Y., (2005) Molecular Orbital of Transition Metal Complexes, , Oxford University Press 

Zeng, Z., Guenzburger, D., Ellis, D.E., (1999) Phys. Rev. B, 59, p. 6927 

Gubanov, V.A., Ellis, D.E., (1980) Phys. Rev. Lett., 44, p. 1633 

Liechtenstein, A.I., Katnelson, M.I., Antropov, V.P., Gubanov, V.A., (1987) J. Magn. Magn. Mater., 67, p. 65 

Boukhvalov, D.W., Lichtenstein, A.I., Dobrovitski, V.V., Katsnelson, M.I., Harmon, B.N., Mazurenko, V.V., Anisimov,

V.I., (2002) Phys. Rev. B, 65, p. 184435 

Park, K., Pederson, M.R., (2004) Phys. Rev. B, 70, p. 054414 

Kortus, J., Hellberg, C.S., Pederson, M.R., (2001) Phys. Rev. Lett., 86, p. 3400 

Boukhvalov, D.W., Dobrovitski, V.V., Katsnelson, M.I., Lichtenstein, A.I., Harmon, B.N., K??gerler, P., (2003) J. Appl.

Phys., 93, p. 7080 

Postnikov, A.V., Kortus, J., Bl?gel, S., (2003) Mol. Phys. Rep., 38, p. 56 

Bellini, V., Olivieri, A., Manghi, F., (2006) Phys. Rev. B, 73, p. 184431 

Lichtenstein, A.I., Katsnelson, M.I., Antropov, V.P., Gubanov, V.A., (1987) J. Magn. Magn. Mater., 67, p. 65 

Antropov, V.P., Katsnelson, M.I., Harmon, B.N., Van Schilfgaarde, M., Kusnezov, D., (1996) Phys. Rev. B, 54, p. 1019 

Lichtenstein, A.I., Katsnelson, M.I., Gubanov, V.A., (1984) J. Phys. F: Met. Phys., 14, p. 125 



59.

60.

Antropov, V.P., Katsnelson, M.I., Lichtenstein, A.I., (1997) Phys. B, 237-238, p. 336 

Matveev, A., Staufer, M., Mayer, M., R??sch, N., (1999) Int. J. Quantum Chem., 75, pp. 863-873 


