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294: J. W. Mallet-&lmide of BUJtnuth from Guana;uaw. 

ART. XLIV.-On the chemical composition of Guanajuatite, ur Sel· 
enide of Bi.smuth.,fro:n. Guanajuato, Mexico; by J. W. MALLET, 
University of V1rginia. 

Tms mineral seems to have been first noticed by Senor Cas
t illo in March, 1878, and was by him partially described* as 
a sulpho-selenide of bismuth. · 

In the Guanaj uato journal "La Republica" for J u 1 y 18, 
1873, Fernandez t publis hed a full descripti on, giving to the 
mineral the name Guanajuatite, and stating thllt it is solely a 
selenide of bit�muth, a small am ount of sulJ>hur found bemg 
attributed to adm ix ture with a little pyrite. In the same year 
or 1874 Rammelsberrl obtained as the result of a part ial exam
ination on a very small quantity, 

Selenium • •  --- •••• •••• . ••• . _. . 16·7 
Biamuth . . . • •••. •••• • .•• . • . •  _ 66 ·4 

82•1 

and suggested the presence of zinc. The mineral was more 
fully examined by Frenzel,§ whose analysis yielded, 

Selenium .••••••• . •• • ••• ••••• 24•13 
Sulphur •••••• . .  _ . • • • . •• • • _ •. . _ 6·60 
Bismuth . . •.. • •. • •• • • _ •. _ ••• _ 67•38 

98•11 

whence the formula has been deduced-2Bi,Se1• Bi,S,. 
In the 2d Appendix to the 5th edition of Dana's Mineral

ogy I the name Frenzelite was proposed for the species, but 
th1s has subsequen tly been retracted, in favor of the prior 
claim of the name Guanajuatite given by Fernandez. 

The above are up to this time, I believe, the only published 
notices of the mineral in question. They leave two doubts in 
regard to its composition, namely, whether sulJ>hur is really a 

constituent or only found from accidental admixture, and 
whether zinc is present or not. 

At the Philadelphia Exhibition of 1876, my friend Senor 
Mariano Barcena, of the Mexican Commission, was kind enough 
to give me authentic specimens of this mineral, partly in the 
original eondition as found, and partl.y reduced to �wder. I 
have availed myself of the opportuni ty thus afforded of at-

• Naturaler.a, ii, 11' (18'1'3); Jabrb. KiD. (18"), 226. 

2d App. to 6� ed. DaDa'e Kineralogy (Karch. 1816), p. 22. 
Jahrb. Kin. (187,), 6'1'9. 

fQuoted iD this Journal, April, 18'17, p. 319. 

Loo. oil , Thil Joumal, loc. cit.. 
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J. W: Malkt-&lenide of Bismuth from Guana}uato. 296 · 

tempting to settle the above questions by careful repetition of· 
the chemical analysis. The already pulverized specimen was· 
chiefly used, but was supplemented by a porti(\n of the other· 
-neither was. altogether free from the bydrous silicate of 
aluminum which constitutes the gangue. 

The method employed was the following. Water having· · 

been driven oft' by careful beating in a slow stream of carbon' 
dioxide gas, collected and weighed, the mineral was mixed 
with ten times its weight of potassium cyanide and fused in an· 
atmOfJpbere of hydrogen. The mass on oooling was treated 
with water, and the solution filtered ; the residue on the filter 
dried and again fused with the cyanide to ensure comP,lete de· 
composition, repeating the treatment with water and filtration. 
From the mixed filtrates selenium was thrown down b,r addi
tion of hydrochloric acid in excess, filtered after thtrty-six 
hours on a weighed filter, cautiously dried and weighed ; it 
was then burned, and a minute amount of silica left behind 
was determined. The solution from which the selenium bad 
been precipitated was treated with potassium per-manganate as 
long as decolorization took place, and barium chloride then 
added; from the weight of barium sulphate thrown down sul
phur was determined. The remaining solution was then evap
orated to dryness at 100° C., the residue moistened witb 
hydrochloric acid and treated with boiling water, leaving a 
further trace of silica ; manganese (from the per-manganate 
used) and aluminum were now precipitated by ammonium sui- . 
pbide, and separated by barium carbonate, the alumina being 
determined. �he original residue of bismuth, left on the filter 
when the selenio-cyanate of potassium was filtered off, was dis
solved in nitric acid, eva�rated to dryness to separate a· 
furt.her portion of silica, redtssolved, the bismuth thrown down 
by hydrosulphuric acid, filtered oft', and a further portion of 
alumina (with a trace of ferric oxide) recovered frOm the fil
trate. Lastly, the bismuth sulphide was carefully reduced by 
fusion with potassium cyanide, and weighed as metal. 

The results were, 
Selenium . • • . • • • • . • • • • • • • . • • • S I '64 
Sulphur ••• � •••• • • •••• :. . • • . • •61 
Bismuth ••.. . ••• • • •• .• . _ _  ••• • 59•92 
Alunrlna • • . • •• •• •. •• •• • . • • •• •  2�8 
Ferric oxide . • • • • • • • . • • • • • • • . trac4 
Silica .•• _ •• _ •• •• _. • . • . . • • . . • 8•4 7 
Water . . .• . . . . •••• _ • .  _ • . • • • • 1•46 

99'63 

Zinc was specially looked for, both in the general analysis and 
using a separate portion for this purpose alone, but none could 
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296 J. W. Malkt-&kmae of Bi1muth from Guanajuato. 

be foun d. Possibly, as Ramm elsb erg bad but a very small 
qu antity of material on which to work, h e may have been led 
to suspect the presence of zinc by a precipitate of al umi num 
hydrate derived from gangue. 

No evidence, physical or chemical, could be found of the 
presence of pyrite; the trace (unweighabl e) of iro n appears to 
belong to the gangue. 

It is stated that this gangue is galapectite (Halloysite); if the 
amount of such mineral present be calculated from the alumina 
lhe above figures represent the specimen as composed of-

Guanajuatite . • • • . . • . • • . . . 92•17 

Gangue j Halloysite........ 6:'12 l Quartz.__________ 66 
Moisture •. _ . •• • .  _ _ __ • _. _. _ ·JS 

99•68 

apd the Gua naj uatite in the pure state would consist of 
Selenium .. .... . •  ___ • _ .•. _ _ 84•38 
Sulphur __ • .....•. _ . . . _ .•. _ "66 
Bismuth . . _. _ . _. __ . _ ... _.. 661)1 

100"00 
Hence we have the atomic ratio, 

Bi: Se: 8= 810:432:21, 

6r, uniting the sulphur with selenium, 
Bi: Se= 810:458 = 2·000: 2"922, 

a close approximation to 2: 8, justifying of course the formula 
Bi1.Se 1 • 

. The CJ_Uantity of s ulphur present is too small to warrant the 
assumptiOn that it bears a simple atomic proporti on to the 
selenium, but the former element certainly is present, and not 
as pyrite. One can scarcel.v suppose that in Frenzel's analysis 
nearly six per cent of iron was overlooked, as it must have 
been if pyrite were the cause (as suggested by Fernandez) of 
ihe occurrence of the sulphu r foun d. 

It seems clear that the mineral in quest ion must be viewed 
us sesqui-selenide of bismuth, with isomorphous replacement 
w a variable extent of seleniu m by sulph ur. 

It is also mentioned (th is Journal, April, 1867) th at Fernan
dez has described a second selenide of bismuth from th e same 
loca li ty, and bas derived from his analyses of more or less pure 
specimens the fo rmu la Bi,Se. This formula is very improbable, 
mnce it involves the presence of an odd number of perissad 
atoms. Perhaps there may have been an admixture of native 
(metallic) bismuth. 
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