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abstract

The thermoluminescence behavior of long-range ordered crystals is usually explained by the 
band structure model, using first- and second-order kinetics. However, feldspars have order-disorder 
phenomena and twinning, and consequently these mathematical descriptions are not helpful in most 
cases. In this work, the thermally stimulated intrinsic blue luminescence at 440 nm from X-ray 
induced defects of the K-rich feldspars is used to show a progressive behavior change along the 
order-disorder series. It is observed a gradual conversion of the TL signal from a very asymmetric 
peak with exponential rise and power law decay in microcline and orthoclase, where a t coefficient 
in log-log plots decreases with twin/domain size, to a more symmetric signal in a partially disordered 
sanidine, up to reach a completely symmetric Gaussian peak in fully disordered sanidine. These 
results are compatible with the Bässler’s model of disorder, which suggest that atomic disorder 
involves the transformation of delocalized bands first into band tails as the source of electron traps, 
and later in localized density of states following a Gaussian distribution.
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introDuction

Solids are driven away from equilibrium after ionizing irra-
diation with metastable electron-hole pair formation as defects 
at the atomic scale. Intrinsic defect complexes are formed in 
which charge traps are intimately linked with subtle host lattice 
reorganization. In oxide wide band gap insulators, like (K>Na)
AlSi3O8 (K-rich feldspars), the dissipation of the absorbed 
energy to lattice relaxation take place by radiative electron-
hole recombination. Thermally stimulated luminescence (TL) 
experiments are used to analyze the relaxation phenomenon as 
well as to inform about their band structure. The TL phenom-
enon is exploited commonly for dose reconstruction method-
ologies, supposing that the amount of released light is directly 
proportional to the previous received dose. The order-disorder 
degree of the K-feldspar structure is intimately linked with 
their applicability in dosimetry applications. Feldspars exhibit 
a wide continuum emission band that extends from ~325 to 650 
nm with maximum at 440 nm known as the broad blue band, 
found in many oxygen containing compounds. This emission in 
disordered feldspars is useless because of “anomalous fading”, 
i.e., trapped electrons escape from their traps on a timescale 
much shorter than it is expected from the kinetics parameters 
determined by quantitative analysis of their TL curves. This 
phenomenon has been explained by “tunneling” and the in-
crease of fading with the rise of temperature indicates that this 
quantum mechanical effect is thermally stimulated (Visocekas 
et al. 1994). J.T. Randall recognized long time ago that one of 

the chief problems to be solved in the mechanism of intrinsic 
luminescence is concerned with the extent to which the whole 
structure is involved, a problem that is here addressed.

Spectral analysis of the light emissions and interpretations 
in terms of emission centers of feldspar crystals are available in 
literature (e.g., Krbetschek et al. 1997), but the particular effect 
of order-disorder states has not been addressed in detail. The 
samples studied in this work have been already analyzed from 
the spectral point of view by García-Guinea et al. (1997), Clarke 
et al. (1997), Clarke and Rendell (1997), and Sánchez-Muñoz 
et al. (2006a, 2006b). Here, we concentrate in the 440 nm emis-
sion band only, which is observed in most K-feldspars by the 
majority of the luminescence techniques. The particular aim of 
this work is to follow the manner in which the order-disorder 
and the twin structures of K-rich feldspars affects the nature of 
the electronic structure inferred from TL data. Previous results 
have found power law decays in the high-temperature slope of 
the 290 and 440 nm emission bands in TL experiments of K-
feldspars having intermediate degrees of local order, suggesting 
that it is an effect of disorder from long-range elastic strain 
fields derived from twin wall boundaries (Sánchez-Muñoz et 
al. 2006a, 2007a, 2007b). This phenomenon is here analyzed in 
detail along the order-disorder series, from the totally ordered 
“low microcline” end-member to the fully disordered “high 
sanidine” end-member (see Sánchez-Muñoz et al. 2013 for a 
detailed NMR characterization). In particular, we explain the 
highly symmetric TL signal of “high sanidine” where twin-
domains are absent, as a consequence of pseudoperiodicity 
from atomic disorder.
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