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Abstract 8 

Vermiculite is a layered silicate with a crystalline complex structure, even in the 9 

case of the most pure vermiculite (e.g. Santa Olalla, Huelva (Spain)), characterized by 10 

the existence of a large density of defects. As a result of their lamellar structure, 11 

vermiculite presents a broad diversity of behaviour and it is an interesting mineral from 12 

both the applied and basic point of view. Vermiculite is used to examine interesting 13 

physical properties such as mixed-cation effects and two-dimensional magnetism. The 14 

existence of frustration and disorder is a key feature for understanding the mechanisms 15 

of spin-glass (SG), for example. The dimensionality of magnetic interactions, which 16 

plays a central role in controlling the critical dynamics of SG systems, is still not 17 

resolved. Probably, magnetic studies on ordered structurally vermiculites will allow 18 

elucidate the true nature of the spin-glass-like phases. One way to provide structurally 19 

ordered vermiculites might be by irradiation with ultraviolet or gamma rays. These 20 

types of radiation induce structural order in vermiculites leading to materials with the 21 

enhanced opto-electrical properties and improving its utility as an electronic insulator 22 

and a thermoluminescence dosimeter for innovative dosimetry applications in radiation 23 

rich environment (Kaur et al., 2014). Other layered minerals irradiated with gamma rays 24 

can enhance their radiation shielding capacity and electronic insulating property. 25 
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 29 

Body text 30 

Kaur et al. (2014) investigated, for the first time, the opto-structural, dielectric, 31 

chemical and thermoluminescence properties of gamma-irradiated vermiculite and 32 

concluded that irradiation induced structural changes that led to the creation of a 33 

material with enhanced opto-electrical properties. They observed a notable increase in 34 

the dielectric constant of the vermiculite with a gamma dose of 1000 kGy which 35 

improved its utility as an electronic insulator. They also concluded that vermiculite is a 36 

good material for thermoluminescence dosimeter for innovative dosimetry applications 37 

in radiation rich environment.  38 

Vermiculite is a layered silicate whose basic building block is composed of two 39 

sheets of SiO4
– tetrahedra coupled symmetrically to another sheet of MgO6

4– octahedra 40 

in a tetrahedral-octahedral-tetrahedral layer lattice. As a result of their lamellar 41 

structure, vermiculite presents a broad diversity of layer charge associated with 42 

numerous isomorphic substitutions, disorder effects, ability for dehydration-rehydration 43 

and swelling process. Consequently, vermiculite is an interesting mineral not only from 44 

the applied point of view (Strand & Stewart, 1983; Hindman, 1992; Suzuki et al. 1989, 45 

2001; Bergaya et al. 2006; Klein and Dutrow, 2007; Abollino et al. 2008; Zhang et al. 46 

2009; Marcos et al., 2012; Marcos et al., 214), being an attractive material due to its 47 

high thermal and insulation applications and sensitivity to ionizing radiation as gamma 48 

rays, but it is also remarkably important as a model system in physics, chemistry and the 49 

biological sciences (Satapathy et al., 2011; Wu et al., 2011; Eom et al., 2011).  50 



The complex crystalline structure of the Santa Olalla vermiculite (Huelva, Spain), 51 

one of the most studied vermiculites due to is purity, is characterized by the existence of 52 

a large density of defects as demonstrated by Marcos et al. (2004). It has been 53 

successfully refined from X-ray powder diffraction data by a method based on a 54 

recursive description of faulted structures by using the DIFFaX+ software (Argüelles et 55 

al. 2009 and 2010). This disordered structure has also been confirmed for the iron- and 56 

nickel-intercalated vermiculite prepared from the Mg-vermiculite by means of an ion 57 

exchange (Argüelles et al. 2011). Therefore, the structural disorder appears to be the 58 

most common configuration of vermiculite. 59 

 Because of the large c-axis repeat distance, vermiculite is used to examine 60 

interesting physical properties such as mixed-cation effects and two-dimensional 61 

magnetism (Zhou et al., 1993; Suzuki et al., 2001). In particular, it is well known that the 62 

existence of frustration (i.e. competing interactions of spins) and disorder are key features 63 

for understanding the mechanisms of spin-glass (SG), crystallographic disorder or a 64 

geometrically frustrated lattice being the principal reasons usually preventing the 65 

magnetic moments of a magnetic system from being long-range ordered. The subject of 66 

SG has been challenging both experimentalists and theoreticians for more than forty years 67 

(Dekker et al., 1989). The dimensionality of magnetic interactions plays a central role in 68 

controlling the critical dynamics of spin-glass (SG) systems: the lowest critical 69 

dimensionality of short-range Ising SG is between two and three. In the case of 70 

dimensionality three, equilibrium of ordered phase is reached at a finite temperature, 71 

whereas for two-dimensional systems, this situation is only achieved at 0 K in which 72 

competing ferromagnetic and anti-ferromagnetic interplanar exchange interactions are 73 

responsible for the complex magnetic behaviour found. Additional experiments will be 74 

needed in order to elucidate the true nature of the spin-glass-like phases.  75 

Marcos et al. (personal communication) also have observed structural order in 76 

different commercial vermiculites irradiated with ultraviolet radiation. The structural 77 



ordering of the irradiated vermiculite with gamma or ultraviolet radiation could be 78 

attributed to the improvement in the crystallinity due to an increase of crystallite size, 79 

reduction of defects and a decrease in structural disorder and microstrain.  80 

 Magnetic studies on ordered structurally vermiculites will allow researchers to 81 

better elucidate the true nature of the spin-glass-like phases. One way to provide 82 

structurally ordered vermiculites might be by irradiation with ultraviolet or gamma rays. 83 

Additionally, other layered minerals irradiated with gamma rays can enhance their 84 

radiation shielding capacity and electronic insulating property. 85 

 86 

 87 

References 88 

Abollino, O., Giacomino, A., Malandrino, M. and Mentasti, E., 2008. Interaction of 89 

metal ions with montmorillonite and vermiculite. Applied Clay Science, 38 (3-4), 90 

227-236. 91 

Argüelles, A., Leoni, M., Blanco, J.A. and Marcos, C., 2009. Structure and 92 

microstructure of Mg-vermiculite. Zeitschrift fur Kristallographie Suppl., 30, 429-93 

434.  94 

Argüelles, A., Leoni, M., Blanco, J., Marcos, C., 2010. Semi-ordered crystalline 95 

structure of the Sta. Olalla vermiculite inferred from X-ray powder diffraction. 96 

American Mineralogist, 95 (1), 126-134. 97 

Argüelles, A., Khainakov, S. A., Rodríguez-Fernández, J., Leoni, M., Blanco, J. A. and 98 

Marcos, C., 2011. Chemical and physical characterization of iron-intercalated 99 

vermiculite compounds. Physics and Chemistry of Minerals, 38, 569–580. 100 

Bergaya, F., Theng, B.K.G., Lagaly, G. (Eds.), 2006. Handbook of Clay Science, 101 

Elsevier. 102 



Dekker, C., Arts, A. F. M., Wijn, H. W., van Duyneveldt, A. J. and Mydosh, J. A.,  103 

1989. Activated dynamics in a two-dimensional Ising spin glass: Rb2Cu1-xCoxF4. 104 

Physical Review, B, 40, 11243–51. 105 

Eom, J.H., Kim, Y.W., Jeong, D.H. and Lee, S.S., 2011. Thermal conductivity and 106 

compressive strength anisotropy in vermiculite–ceramic composites with layered 107 

structure. Journal of the Ceramic Society of Japan, 119, 319–21. 108 

Hindman, J.R., 1992. Vermiculite, Vermiculite Technology, News Letter, 3A, 12p. 109 

Kaur, S., Singh, S., Singh, L., 2014. Opto-structural, dielectric, chemical and 110 

thermoluminescence properties of gamma irradiated Vermiculite mineral. American 111 

Mineralogist in press. 112 

Klein, C. and Dutrow, B., 2007. Manual of Mineral Science. 23 p. Wiley, New York. 113 

Marcos, C., Rodríguez, I., de Rennó, L.C. and Paredes, J.I. 114 

Vermiculite surface structure imaged by contact mode AFM. European Journal of 115 

Mineralogy, 16,  597-607.       116 

Marcos, C., Argüelles, A., Khainakov, S. A., Rodríguez-Fernández, J. and Blanco,  J. 117 

A., 2012. Spin-glass freezing in Ni-vermiculite intercalation compound. Journal of 118 

Physics: Condensed Matter, 24 (34), 346001-3460010. 119 

Marcos, C. and Rodríguez, I., 2014. Some effects of trivalent chromium exchange of 120 

thermo-exfoliated commercial vermiculite. Applied Clay Science, 90, 96-100.  121 

Satapathy, B.K., Patnaik, A., Dadkar, N., Kolluri, D.K., Tomar, B.S., 2011. Influence of 122 

vermiculite on performance of flyash based fibre-rein forced hybrid composites as 123 

friction materials. Mater Design, 32, 4354–4361.  124 

Strand, P.R. and Stewart, E., 1983. Vermiculites. In Industrial Mineral and Rocks, 125 

Stanley J. Lefond, ed., The Society of Mining Engineers of the American Institute 126 

of Mining, Metallurgical and Petroleum Engineers, Inc., New York, 1375-1381. 127 



Suzuki, M., Yeh, M., Burr, C.R., Whittingham, M.S., Koga, K. and Nishihara, H., 1989. 128 

Magnetic susceptibility of vermiculite intercalation compounds with magnetic ions 129 

as intercalants. Physical Review B, 40 (16), 11229-11236.  130 

Suzuki, M., Suzuki, I.S., Wada, N. and Whittingham, M.S., 2001. Superparamagnetic 131 

behaviour in a Ni vermiculite intercalation compound. Physical Review B, 64 132 

104118. 133 

Wu, T., Xie, A.G., Tan, S.Z. and Cai X., 2011. Antimicrobial effects of quaternary 134 

phosphonium salt intercalated clay minerals on Escherichia coli and Staphylococci 135 

aureus. Colloids and Surfaces B, 86, 232–6. 136 

Zhang, K., Xu, J., Wang, K.Y., Cheng, L., Wang, J., y Liu, B., 2009. Preparation and 137 

characterization of chitosan nanocomposites with vermiculite of different 138 

modification. Polymer Degradation and Stability, 94 (12), 2121–2127. 139 

Zhou, P., Amarasekera, J., Solin, A., Mahanti, S.D. and Pinnavaia, T.J., 1993. Magnetic 140 

properties of vermiculite intercalation compounds. Physical Review B, 47, 16486–141 

93.  142 

 143 




