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AbStrAct

7KH�WHPSHUDWXUH�GHSHQGHQFH�RI�WKH�XQLW�FHOO�GLPHQVLRQV�DQG�WKH�FU\VWDO�VWUXFWXUHV�RI�WKH�ÀXRU-
perovskite neighborite, NaMgF3 (analyzed in the Pbnm setting of the space group), have been deter-
PLQHG�DW����WHPSHUDWXUHV�EHWZHHQ���DQG�����.�IURP�KLJK�UHVROXWLRQ��WLPH�RI�ÀLJKW��SRZGHU�QHXWURQ�
diffraction data. Lattice parameters exhibit saturation at low temperatures, before developing linear 
WKHUPDO�H[SDQVLRQ�FRHI¿FLHQWV�DW�WHPSHUDWXUHV�DERYH�a����.��7KH�WHPSHUDWXUH�GHSHQGHQFH�RI�HDFK�
D[LV�KDV�EHHQ�DQDO\]HG��DQG�¿WWHG��XVLQJ�D�WZR�WHUP�H[SUHVVLRQ�UHODWHG�WR�DQ�(LQVWHLQ�LQWHUQDO�HQHUJ\�
function. The unit-cell parameters a and c behave in a conventional manner, however, an unexpected, 
and previously unobserved, region of negative linear thermal expansion has been found for the b axis 
LQ�WKH�WHPSHUDWXUH�LQWHUYDO������T������.��(VWLPDWHG��KLJK�WHPSHUDWXUH�D[LDO�WKHUPDO�H[SDQVLRQ�FRHI-
¿FLHQWV�GHULYHG�IURP�WKH�ODWWLFH�SDUDPHWHU�¿WWLQJ�DUH�LQ�JRRG�DJUHHPHQW�ZLWK�WKRVH�H[SHULPHQWDOO\�
determined from an earlier synchrotron study, and indicate that high-temperature saturation has been 
achieved in neighborite by 440 K. The unit-cell volume varies smoothly and monotonically over the 
whole temperature interval, and the two-term Debye model of Barron has been successfully used to 
¿W�WKHVH�GDWD�ZLWK�FKDUDFWHULVWLF�WHPSHUDWXUHV�RI��������DQG����������.��)RU�WKH�WHPSHUDWXUH�LQWHUYDO�
313.15–443.15 K, the thermodynamic Grüneisen constant has been determined using the Debye param-
eterization of the unit-cell volume, coupled with literature values of the isobaric molar heat capacity. 
The evolution of the crystal structure as a function of temperature is presented, and explained, in terms 
of the temperature dependence of the amplitudes of the seven symmetry-adapted basis-vectors of the 
aristotype phase that are consistent with the orthorhombic space group. The calculated temperature 
variations of the bond lengths are in excellent agreement with those experimentally determined. The 
primary order parameters for centrosymmetric, zone-boundary phase transitions in perovskite-structured 
compounds, i.e., the amplitudes of the basis vectors that transform as the irreducible representations 
R+

4 (anti-phase tilt) and M+
3��LQ�SKDVH�WLOW���KDYH�EHHQ�¿WWHG�WR�D�/DQGDX�IUHH�HQHUJ\�H[SDQVLRQ�WKDW�

incorporates low-temperature saturation. Within the temperature range studied, the temperature de-
pendence of the displacement corresponding to the anti-phase tilt is consistent with tricritical behavior. 
Experimental evidence is presented for a quadratic coupling of the in-phase tilt to the anti-phase tilt for 
WHPSHUDWXUHV�JUHDWHU�WKDQ�a����.��VXJJHVWLQJ�FULWLFDO�EHKDYLRU�DW�WKH�RUWKRUKRPELF±FXELF�WUDQVLWLRQ�LV�
purely related to an instability at the R point of the pseudocubic Brillouin zone.
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introduction

For over 30 years, the thermoelastic, physical, and structural 
properties of the fluoroperovskite mineral neighborite (Chao et 
al. 1961), NaMgF3, has been used as an isostructural, isoelec-
tronic, easily synthesized stable phase to provide experimental 
insight into the potential behavior of mantle MgSiO3 perovskite 
(O’Keeffe et al. 1979; O’Keeffe and Bovin 1979; Cheeseman 
and Angell 1981; Anderson et al. 1985; Zhao et al. 1993a, 1993b, 
1994a, 1994b; Umemoto et al. 2006). In the original mineral-
ogical description of neighborite (Chao et al. 1961), the space 
group setting Pcmn of Pnma was chosen by analogy with earlier 
work carried out on CaTiO3 perovskite (Kay and Bailey 1957). 

Subsequent crystallographic investigations of neighborite have 
settled on the alternative setting of the space group Pnma, space 
group Pbnm (Zhao et al. 1993a, 1993b, 1994a, 1994b; Mitchell 
et al. 2007), and it is this setting that we use in the work to be 
described in detail below.

Experimental investigations of neighborite have included the 
determination of the elastic moduli (Zhao and Weidner 1993), 
the temperature dependence of the isobaric heat capacity above 
room temperature (Topor et al. 1997) and the equation of state 
(Liu et al. 2005; Martin et al. 2006). Contradictory experimental 
results were found for the presence of superionic conductivity 
in neighborite at high temperatures (O’Keeffe and Bovin 1979; 
Anderson et al. 1985), which remain to be resolved. The crystal 
structure of neighborite has been determined at high tempera-
tures (Zhao et al. 1993a, 1993b), at low temperatures (Mitchell 


