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Synthesis and study of diabole~'te 

By R. E. WINCHELL 1 and H. E. W:ENDEN 

Depar tment  of Mineralogy, Ohio State University, Columbus, Ohio 

[Taken as read 7 November 1968] 

Summary. Diabole~te has been synthesized between 25 and 100 ~ C at atmospheric 
pressure and approximate water vapour partial pressures of 14-7 lb/in ~. Under 
similar conditions at 170 ~ C cumeng~ite appears to be the stable phase produced 
from a diaboleite composition. Synthetic diaboleite is much simpler morpho- 
logically than the natural mineral but the hemimorphic symmetry is more clearly 
demonstrated morphologically in the artificial specimens. A comparison of X-ray 
powder data for natural and synthetic diaboleite shows almost exact detailed 
correspondence in line position and intensity between 0 and 180 ~ 28. The cell 
dimensions obtained from X-ray powder data are a 5.869:j:0.002 A and c 5.495 -~- 
0.003 A. 

D IABOLE~TE, Pb2CuCI~(OH)4 , originally described incompletely 
by Spencer and Mountain (1923), has been described in detail  by  

Palache (1941) who has given crystallographic, optical, X-ray  single 
crystal, and chemical data  for the species. BystrSm and Wilhelmi 
(1950) have proposed a structure for the species and have given da ta  
from which a calculated powder pat tern  has been compiled (A.S.T.M. 
5-0220). No complete powder pat tern  obtained from powder diffraction 
methods is to be found in the literature. No synthesis, and very litt le 
information on the stabil i ty of diaboleite, have been reported in the 
literature. 

Synthesis. Diaboleite has been synthesized at  two different tempera- 
tures from solutions of CuCI~.2H20 and Pb(OH)~ in stoichiometrie 
proportions according to the formula given by  Palache (1941). Slow 
diffusion, evaporation, and hydrothermal  techniques were used in the 
synthesis experiments. 

The slow diffusion technique employed was tha t  described by  
Friedel (1892). In  the present study, a solution of CuCI~.2I-I~0 was 
allowed to diffuse through the wall of a cracked test  tube into a hydrous 
ba th  of Pb(OH)2 until  reaction appeared complete. In  the evaporation 
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experiment the components were mixed with excess distilled water 
and placed in a drying oven at 100 ~ C until evaporation was complete. 
Sealed Pyrex tubes were used for hydrothermal synthesis at 100 and 
170 ~ C. A sealed pot bomb with a Teflon liner was used for the hydro- 
thermal experiment above 170 ~ C. Table I summarizes the experimental 
conditions and the results obtained from the synthesis experiments. 

TABLE I. Summary of synthesis experiments for diabole~'te. 

Time 
Method Temp. (days) Phases obtained 

Slow diffusion 25 ~ C 339 Diaboleite 
Evaporation 100 ~ C 2 Diaboleite, chloroxiphite (?), unidentified phase 

/ 100~ C 55 Diaboleite, unidentified phase 
Pyrex tube ~ 170 ~ C 16 Cumeng6ite, cotunnite, unidentified phase 
Pot bomb 270 ~ C 9 Murdochite, unidentified phase 

Although the evaporation method yielded only microcrystalline to 
cryptocrystalline powder, the slow diffusion experiment and the 
hydrothermal experiment at 100~ produced small diaboleite single 
crystals, the largest of which were 0.07 mm parallel to the c-axis and 
0,18 mm parallel to the a-axis. 

The synthesis experiments indicate that  diaboleite is a low-tempera- 
ture phase whose upper stability limit under hydrothermal conditions 
is between 100 and 170 ~ C. Further, cumeng~ite appears to be the 
stable Pb-Cu phase formed immediately above the stability limit of 
diaboleite under hydrothermal conditions approximating those used in 
this study. A study of the association and occurrence of diaboleite at 
Mammoth mine, Tiger, Arizona, by one of the authors (H. E. W.) led 
him to the conclusion that  diabole~te and the associated species were 
formed at low temperatures consistent with those established during 
this study. 

Mo~'phology and optics. Synthetic diaboleite is much simpler morpho- 
logically than the natural crystals described by Palache (1941). Although 
the dominant forms present on the synthetic crystals gave excellent 
reflections, the crystals were too small to allow accurate measurement 
on the large two circle goniometer available, but  did show that  the 
dominant forms developed on all the crystals are ~{00T}, a{010} and 
e{011}. In addition to the faces of the dominant forms, smaller faces 
belonging to other forms were observed and the synthetic crystals may 
be divided into two groups on the basis of the presence or absence of 
these subordinate forms (fig. 1) : The first, to which most of the crystals 
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obtained belong, is characterized by a combination of the dominant 
forms in approximately equal development. The second is characterized 
by a combination of the equally developed dominant forms with the 
forms ~{011} and ~{02i}. Development of {011}, {010}, and {011} on the 
synthetic crystals is such as to lengthen the crystal in the direction 
of the c-axis and results in a decidedly more hemimorphic appearance 
than is exhibited by natural crystals and lend added weight to the 
morphological evidence in support of the hemimorphism of diabolei'te 
already given by Palaehe et al. (1941). 
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FIO. 1. Morphology of synthetic diaboleite. 

Synthetic diabolei'te is a transparent pale blue and yields a uniaxial 
negative interference figure under conoscopie conditions; no evidence 
of the distortion of the interference figure reported by Palache (1941) 
was observed in the synthetic material examined. 

X-ray investigation. Three specimens of natural material and several 
specimens of synthetic diabole~te were subjected to X-ray powder 
diffraction examination. All the natural specimens were from Mammoth 
mine, Tiger, Arizona, and were obtained from the Harvard Collection 
(H.N. 104521), the Royal Ontario Musemn (R.O.M. M24959), and 
the United States National Museum (U.S.N.M. 114577). Both the 
d-spacings and the line intensities of the natural and synthetic specimens 
are identical within the limit of error of the measurements. X-ray 
powder data for one of the natural and one of the synthetic specimens 
studies are tabulated and compared with the  calculated data taken 
from the work of BystrSm and Wilhelmi (1950) (A.S.T.M. 5-0220) in 
table II.  These data as well as the powder photographs from which 
they were obtained (fig. 2) show a remarkably close agreement in line 
position and intensity over nearly the whole interval from 0 to 180 ~ 20. 
In addition the weak lines obtained during this study further establish 
the lack of systematic omissions and confirm the space group P4mm 
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given for diaboleite by  Palache et al. (194:1) and  Bys t r6m and  Wilhelmi 
(1950). 

The Cu-Ka doublets for six relat ively sharp reflections known from 
the indexing to be single lines and  having 20 values greater t h a n  1t6 ~ 20 

Fio. 2. X-ray powder diffraction photographs for natural diaboleite (U.S.N.M. 
114577) (above) and synthetic diaboleite (below) prepared the slow diffusion 

method. 

were used to obta in  precise values for a and  c. The results, a 5.869~: 
0.002 ~,  c 5 .495•  A, are in reasonable agreement  with Palache 
et al. (1941; a 5"83~0"02 A, c 5"46~=0"02 A), and  in  excellent agreement  
with BystrSm and  Wilhehni  (1950; a 5"870 • 0"003 X, c 5"494 •  ]~). 
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