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aBstract

Te-rich raspite, Pb(W0.56Te0.44)O4, from the Grand Central mine, Tombstone, Arizona, U.S.A., was 
studied with single-crystal X-ray diffraction, Raman spectroscopy, and electron microprobe analysis. 
7KH�PLQHUDO�UHSUHVHQWV�WKH�¿UVW�QDWXUDO�H[DPSOH�RI�7H6+ substitution for W6+. It displays monoclinic 
symmetry with space group P21/a and unit-cell parameters a = 13.621(3), b = 5.019(1), c = 5.586(1) 
Å, G = 107.979(5)s, and V = 363.2(2) Å3. Its structure consists of distorted MO6 (M = W + Te) octahe-
dra sharing edges to form zigzag chains running parallel to [010]. These octahedral chains are linked 
together by seven-coordinated Pb2+�FDWLRQV��,Q�DGGLWLRQ��D�UH¿QHPHQW�RI�WKH�UHJXODU�UDVSLWH�VWUXFWXUH�
with measured chemistry Pb1.00W1.00O4, P21/a symmetry, and unit-cell parameters a = 13.5773(8), b 
= 4.9806(3), c = 5.5670(3) Å, G = 107.658(3)s, and V = 358.72(4) Å3 is presented. Compared with 
regular raspite (PbWO4), the partial substitution of the small radius Te6+ for larger W6+ results in a 
decrease in the MO6 octahedral distortion, with a concomitant increase in the MO6 octahedral volume 
DQG�WKH�DYHUDJH�3E�2�ERQG�OHQJWK�� ,Q�DGGLWLRQ��DV�VKRXOG�EH�H[SHFWHG�IRU�PL[HG�RFFXSDQF\�FRP-
SRXQGV��PRVW�5DPDQ�EDQGV�IRU�WKH�PL[HG�7H�ULFK�UDVSLWH�DUH�EURDGHU�WKDQ�WKH�FRUUHVSRQGLQJ�RQHV�IRU�
WKH�HQG�PHPEHU�UHJXODU�UDVSLWH��+LJK�WHPSHUDWXUH�DQQHDOLQJ�H[SHULPHQWV�UHYHDO�WKDW�7H�ULFK�UDVSLWH�
transforms irreversibly to the stolzite structure at 590(10) sC, which is considerably higher than the 
reported transformation temperature of 395(5) sC for regular raspite.
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introduction

Naturally occurring lead tungstate (PbWO4), has been re-
ported to crystallize in the high-temperature tetragonal I41/a 
stolzite structure (Plakhov et al. 1970) or the low-temperature 
monoclinic P21/a raspite structure (Fujita et al. 1977). These 
phases are useful as compounds in scintillators that possess many 
unique physical properties, such as high density, short radiation 
length, short decay constant, and high radiation hardness (e.g., 
Arora and Chudasama 2007; Yeom and Lim 2012). They have 
been used as laser host materials (Chen et al. 2001), scintilla-
tors in high-energy physics detectors (Kobayashi et al. 1998; 
$QQHQNRY�HW�DO���������DQG�DQ�R[LGH�LRQ�FRQGXFWRU��7DNDL�HW�DO��
1999). Furthermore, considerable efforts have been devoted to 
synthesize nanobelt or bamboo-leaf-like raspite to understand its 
luminescence properties (George et al. 2008; Zheng et al. 2010).

Relative to the tetragonal stolzite, the low-temperature 
monoclinic raspite is rare in nature and transforms irreversibly 
to stolzite between 400 and 450 sC (Shaw and Claringbull 1955; 
Bastians et al. 2004). In addition, a third monoclinic (P21/n) 
phase, PbWO4-III, can be synthesized by quenching from high-

pressure and high-temperature conditions (Richter et al. 1976). 
Raspite was originally described by Hlawatsch (1897) from 
Broken Hill, New South Wales, Australia. Shaw and Claringbull 
(1955) conducted the first X-ray structural analysis on this min-
eral, but only located the positions of Pb2+ and W6+. A detailed 
structural model of raspite was reported by Fujita et al. (1977) 
without anisotropic displacement parameters for O atoms (R 
= 0.080). This paper reports the structure determinations of a 
Te-rich raspite, Pb(W0.56Te0.44)O4, and a regular raspite of ideal 
composition PbWO4��IURP�VLQJOH�FU\VWDO�;�UD\�GLIIUDFWLRQ�H[-
periments along with Raman spectra measured before and after 
heat-treatments, revealing that the substitution of Te6+ for W6+ 
FDQ�DSSUHFLDEO\�H[SDQG�WKH�SKDVH�VWDELOLW\�ILHOG�RI�UDVSLWH�DV�D�
function of temperature.

experiMentaL procedures
The Te-rich raspite specimen used in this study is from the Grand Central mine, 

Tombstone, Arizona, U.S.A., and is in the collection of the RRUFF Project (http://
rruff.info/R130514). The crystals are pale yellow-to-colorless, elongated, and pris-
matic-to-tabular. They are associated with chlorargyrite, emmonsite, ottoite, quartz, 
and jarosite. The regular raspite specimen is from Broken Hill, New South Wales, 
Australia (http://rruff.info/R050567) and the crystals display similar morphology to 
the Te-rich raspite. The chemical compositions of the two samples were analyzed 
using a Cameca SX100 electron microprobe at 20 kV and 20 nA with a beam size 
of <1 mm. The following standards were used: NBS K458 glass (Pb), scheelite (W), 
zinc telluride (Te), and anorthite (Al). The average compositions (wt%) (9 analysis 
points for both samples) are PbO 50.79(51), WO3 30.93(1.55), TeO3 18.26(1.75), 
and Al2O3 0.12(4) for Te-rich raspite, and PbO 48.85(28) and WO3 50.93(32) for 
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