
- 1 -

Huygens Institute - Royal Netherlands Academy of Arts and Sciences (KNAW)
 
 
 
Citation:
 
Haga, H. & F.M.Jaeger, The Symmetry of the Röntgen-patterns of Tetragonal Crystals, in:
KNAW, Proceedings, 18 II, 1916, Amsterdam, 1916, pp. 1350-1357 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This PDF was made on 24 September 2010, from the 'Digital Library' of the Dutch History of Science Web Center (www.dwc.knaw.nl)

> 'Digital Library > Proceedings of the Royal Netherlands Academy of Arts and Sciences (KNAW), http://www.digitallibrary.nl'



- 2 -

1:150 

tbe same for Su\, viz. (G"u + SuJ, th en the meiastable unary melting 
'point of S112' (S'U2 + Vu), the cOl'l'espondmg point for SUl' (S'\11 + L",,), 
and finally at a still higher pressure the unary transition point, 
(S·' + s" ) U2 UI • 

OBSERVATION. 

As is known it of ten oecurs that thongh the vapour tension eurves 
of two different modlfieatiolls do not interseet below theil' melting 
point tempel'atures, the melting point curves of the'3e two states do 
yield a point of interseetion. In this case the system is monot?'opic 
unde1' the VrtpOU1' preSS1l1'e, but ena17tiot?'opic undB7' t!te melting ln'essw'e. 
As it is illogical to appIy the terms monotropie and enantiotropie 
only to the case that the suhstanee is nnder the vapour pressUl'e, 
it is expetiient to state when mentioning these phenomena, under 
what eircumstances the system is eonsidel'ed to be. And just as we 
can now speak of monotropie and enantiotroplc for a system that 
is under constant pressnre, the same denominations can also be 
appJied, when the temperature is thollght to be constant, as this lias, 
mOt'eO\'el', been repeatedly done in thls rommnnieation. 

An01'!J' Clwrn. Lan01'. of t!te Unive?'sity. 
Amsterdam" Jan. 19, 1916. 

Physics. -" The Symmetl'y of the Rontgen-patterns of Tetmgonal 
CJ'ystal.~". By Prof. H. HAGA and Prof. F. M. JAEGER. 

(Communicated in the meeting of February 26, 1916). 

§ 1. Fol' the p\lrpose of flll,ther completing onr experiments on 
the specific symmetry of the dlffl'aetion-ima~es, which eau be obtained 
by radiating throllgh cl'yRtals by means of RONTGEN-rays, we pnblish 
in the following paper the results, which were obtained by us in 
the study of tetraqonal erystals. 

It appeared ro be rathel' difficult to study an object of all seven 
classes of tlle telragonal system, while many of the hitherto kJlown 
representations of the menhoned symmeky-classes could hardly be 
obtained in sueh a degree of pelfeetion, as is lequil'ed for Ihis , 
kind of experirnents. Moreovel', from toe tetragonal-bisphenoidlcal 
class no repl'esentatives are hitherto known,l) with certainty. 

1) lt is not yet cerlain, wh eiber tbe compound' 2 CaO. Al~03 . S~O~, mentioned 
by WEYBERG (Anz d. Akaû. d Wiss. in Kl'akau, 611- 616) (1906), may indeed be 
considered 10 be a representalive of llus symmelry·class. 
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Finally we were obliged to limit Our stndy to the following 
reystal-species' R~ttlle; Cassitaite; i-Erythrite; 8cheelite; .LV ickel'Jul
phate (6 f12 0); Nickelselenllte (6 H 2 0); Potassiurndihyd1ooplwspltate; 
Penta-e1oytlzrite; and Wulfenite. 

§ 2. The symmetry of' tbe RONTGENpatterns for definite sections 
of tetl'agonal crystals of dtffel'ent classes has been alt'ead)' deduced 
by us 1), and the results reviewed. We ean thel'efore re fe I' here to 
them, and begin witbout delay wIth dlscll&sing the different crystal
species studied by us. 

r. Ditetragonrd-bipyramiclal Class. 
a. Rutile: Ti02 , with axial ratio: a: c = 1 : 0.6442, OUI' rrjstals 

originated from Rart.de in .N orwl1y. They wet'e onIy imperfectly 
transIucld as weil as the sectIons of them, and fnll of very fine cracks. 
The obtained RONTGE~patterns were not very beauttf'nl, and unsuit
'able for l'eproduettOn. Thel'efore only a stel'eogl'aphi<'al prqjection 
is reprod Llced hel'e (fig. 1 on Plate IV) of the image obtmned in 
radlatwg thl'ollgh a crystaI-plate parallel to (001); its thickness was 
1.50 mmo The patteI'll evidently shows a quatemary axis, and four 
vertlral plan es of symmetry passmg through lt. 

b. Bettel' l'eslllts were obta.ined wtth C;'a'Jsitel'ite: 8n02 • I Our 
crystals, whose pal'ametel's were' a: c = 1 : 0.6724, originateci rt'Om 
Sclda,q.qp711vald in Bohenua. Of the resulting images of crystal-plates 
parallel to 10011, 11001 and 11101 only thai pal'aileI 10 10011, ethiek
ness of the plate: 0,20 mm.) appeal'ed to he l'eprodllceable (fig. 1 
on Plafe I); lt possesses, as can be seen from its stereogntphical 
projectIOn on Plate IV (fig. 2), also a Cjllaternary axis and four 
verttcal plan es of Rymmetry. Of' the images obtained wlth plates 
pal'allpl to 11001 and 11101 (d = 0,22 and 0,23 mm.) 8tereogmphical 
pl'ojectiolls al'e l'eprodllced m fig. 3 and 4 on Plate IV: tlley possess 
lWO perpendicuIal' planes of symmetry and a binary axis pel'pen
dlCulal' to the photogl'aphic plate, quite lil COIlcOl'dance with the 
theoretical deductions. 

1I. Ditetmgonal-pymmidal Class. Notwithstanding numel'OUS 
tentativE's we did not sllcceerI in obtaming any othel' object of this 
rlass than Penta-eryth1oite in a sllitable form The rrystals of SilvlJ1'
fbw1'ide were too hygroscopie, tbose of loc/o-succinicimicle too smal!. 

Howe\'er we were able to get very beautifuI, tl'ausparent crystals 
of Penta-erytlwite: CóH12 0 4 (= C (CH2 0 H)4)' ~pt: 2530 C. This 
compollnd, which accol'ding to MARTIN 2) must belong to this 

1) HAGA anu JAEGER, these Proceed. 18 543. (1915). 
2) MARTIN, N. Jahrb. f. Miner. Beil. Bd. 7. 18. (1!:i91). 
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erystal-elass (a: c = 1 . 1,0236), possesses a ,erJ perfert cleavability 
parallel to (001), which made it possible to pl'epal'e very beautiful, 
homogeneous plates parallel to (001), and of val'ied thickness; their 
accurate orientation could be controlled suftieiently in convergent 
polarized light. By means of' f'aultless prêparations of Ihis kind, 
which had a thickness of respectlvely 0,34 and 1,30 mm., we 
obtained yery good and agreeing RONTGENpatterns, of J hit'h one is 
reproduced in fig. 11 on PI~te lIl, and as 5tereogeaphical pl~ojection 
in fig. 17 on Plate IV. 

From these irna,qes it can be seen with ~ertaintJl, that' the crystals 
certainly possess rt quatemm'y pl'incipal aa::is, but not vertical planes 
of symm,etry. It follows immediately from this, that penta-el'ythrite 
cannot belong to this symmetry-elass, but that it is tetragonal-bipy
l'aI7lidal, just like scheelite, or, what is far more probable in respect 
to the hemimorphy found by MARTIN, that it bfllongs in the same 
symmetl'y-class as wulfenite, I:tnd th us must be considered to be 
tetragonal-pyramidal. ln any case the compound can be no Jonger 
rf'ckoned to be a l'epresentative of the ditetr:tgonal-pyramidal class 
of this system. 

IJ I. Tetragonal-bipyramidrtl Glass. 
a. From a crystal of i-Erythl'ite plates parallel to 1001/ and 11 OOI 

were cut with a thicknebs of 0,85 and 0,81 mm., and radiated 
through. The I:txial ratio of tbis compound, whose composition is: 
G4 0JI,.o, is: a:c = 1: 0,3762. The obtained RONTGENpattel'ns were 
too feebie for reproduction; however their stereographieal projeetions 
are reproduced in fig. 5 and 6 on Plate IV. Fl'om fIg. 5 it 
appears, that the pattern of a basal seetion possesses only a single 
quaternal'Y axis, but nu planes of symmetry; while from fig. 6, 
which because of' the very weak negative can be only comidered 
ab an approximation, it may be seen, th at there is only a horizontal 
plane of sjmmetry present. This faet also is iJl ful! agreement with 
the conclllsions dl'awn from the theoretical interpretation of the 
representative of this phenomenon. 

b. Other reslllts we re obtained in the case of Scheelite: Ga WO 4' 

whose axial ratio is: a:c = 1: 1,5359, and whieh according to the 
development of its limiting planes must be considered also to belong 
to this to symmetl'y-class. 

Ol'iginally we had at Out' disposition very beautiful plates, ent 
from a crystal, which evidently seemed to be a homogeneolls, single 
individual; this scheelite-crystal ol'iginated from Schl((g,qenwald in 
Boltemia, while later crystal-plates of a crystal fi'orn Schwa1'zen
berg, Gelbe BÏ1'ke, Erzgebi1'fJe were alsoinvestigated. Already soon the 
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very beautiful Röntgen-pattern obtained by means of a section perpen
dicular to the principal axis (d = 0,24 mm.) appeal'ed to possess 
not only a ql1aternal'y ·axis, but also four vertical planes of symme
try passing thl'ol1gh it. MOl'eover, also the images of plates parallel 
to (100) and (110), whieh had a thickness of resp. 0,19 and 0,18 
mm., showed the pr€'sence of two planes of symmetry pel'pendi
eular to eat'h othet·, and a binary axis. The original photos are 
reprodnced In figs. 2 and 3 on Plate T, while then' stereographlcal 
projections are' published in figs. 7, 8 and 9 on Plate IV. The men
tioned phenomenon may be observed therein immediately as weIl as 
the great number of spots; not the slightest indi('al1on ean be found 
pointing to El, 10wer degree of symmetry of these images. 

Tt IS natlll'al to gi ve an analogous explanation of this abnormal 
behavIOur in the same way, as formerJy was given in the case of 
q1wrtz, namely by supposing a twin-stl'llctl1re to be the cause of it. 
lndeed 8cAeeiite of ten shows a twin-formation, whlch cOllld be the 
cause of this strange behaviour: not seldom scheelite-twins are found 

fit 

with parallel axial-systems, which may be eonsidered to be penetl'a-
tion-twins wüh an apparent SJ' mmetry aftel' fOIl!' planes, passing 
through th€' "ertieal axis; the RÖNTGENogmms of sneh a penetl'ation
twin would indced show the symmetJ'y observed by us. But oUt' 
crystals showed ueither a stl'~ation of the pyl'amldal faces, nol' the 
OCCUl'l'ence of allgles, nor any further indication for the correcmess 
of tlle '3UppositlOn, thai l'eally sneh a penetratlOn-tw1I1 is present 
here. Of course al1 optical Investigation cannot _decide the questIOn 
here in any way. 

We tl'led to find out a]so the nOl'l1lal ease, bJ studying in the 
same way a numbel' of scl~eelzte·crystals of the best quality, and 
from all kinds of places: fl'om Travel'sella 111 Piemont, from Kal1W1lfJg 
)n Guttllnnen (Beme1' Ob erland) , fI'om Sc/iwal'zenbe,'f}, etc. In fig. 4 
of Plv,te [ we have again l'epl'OdllCed one of these photos, obtained 
with a plate parallel to (001), and 0,26 lIJm. thick, cut from a 
el'ystal of Gnttannen. But also here thel'e could be no doubt whatever 
abollt the fact, tha,t the RONTGEN-pattel'lls of all tbese sclteelite-el'ystals 
showed quite the same phenomenon. The image e. g. of the crystals 
from Traverse/la, altlJough not completely eentt'ically orientated, 
showed cleady the pl'esellce of planes of syIllmetl'y. 

We must thel'efoJ'e eonclude from thls, th at even extemally pel'
feetly single individllals, of scheelite, in l'eality must be polysynthetic 
intet'gl'owths of right- and left·handed erystals. We do not see th at 
anothel' explanation of the obset'ved phenomenon is possible in this 
case, if not aftel' all one wel'e inclined to doubt the essential correctness 
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of the flOW established general theoretical interpretatiou of the sym- -
metry of the diffl'action-phenomenon studied; and this wiII no longer 
be possible aftel' all proofs, which wer~ g'athered hilherto in favoul' 
of its COl'rectness. lVloreo\'er, - even th en it would be hardly pos
sible to understand, why the symmetry of ~hese RÖNTGEN-patterns' 
appeaJ's to be so remal'kably high. Thl1$ we are for the present 
rather strongly compelled to accept the snpposition of a polysynthe
tic twin-structure of all scheelzte-indi vidllals. 

IV. Tl3tragonal-tmpezohedrical Class. 
a. Nickelselenate: NiSe04 + 6H,O. This compound was prepal'ed 

from pure, cobaltfree colloïdal nickeloxide, by sol ving it-with an aqueous_ 
solution of pure selenic acid and evapol'ating the fillel'ed sollltion in 
vacuo. The beautiful green cl'ystals l'epresent pyramidal C'l'ystals with 
the forms: /1121, 11111. 0011. 12031, /1011 and /1001. and an axial 
!'atio: a: c = 1: 1,8365. The obtained RÖN'I!GENpatterns are reprodu
ced in figs. 6, 7, and a on Plate JI, while in figs. 11 and 12 on 
Plate IV their stereogl'aphical projections are shown. The image 
obtained with a plate cut parallel to (001), - th is being 0,72,rrml. 
thiek, - possesses evidently a quaternary axis and fom plan es of 
symmetry passing thl'ough it, while the images parallel to (100) and 
(110), (a = 1,11 mmo in both cases) manifest IwO plan es of symme
try perpendicular to' each other, their intersection tbns being a binal'Y 
axis. Tbe higher symmetr·y of the three patterns is thel'l"f'ore also 
in this case in full agreement witb the theoretical ~xpectations. 

b. Also to obtain a new case of Röntgenpatterns of isomor
phously l'elated substances, we in vestigated moreovel' tbe analogous 
Nicke1.'Jztlpluzte: NiS04 + 6H, n. At J'oom-tempel'ature we always 
obtained from aqueolls solutions the rhombic-bisphenoïdical slllphate 
with 7H~O, whose Röntgen-pattern parallel to /0011 appeal'ed 
generally similar to the corresponding one of zinc-sulphate. Between 
30° and 40° C. the tetragonal form is obtained, uetween 50° and 
70° C., howerer, the monoclinic form of the hexahydrate, which mono
clinic fOl'm e.g. in the case ,of the corrE'sponding, isodimorphous 
cobalt-stût appears to be the more sIabIe form even at ol'dinal'y 
temperatures. The tetragonal modificati'on is deposited ft'om solutions 
also at room-temperatures, if an excess of fi'ee sulphuric acid ls 
added before 1). The cl'ystals of J.ViS04 + 6H2 0 have an axial 
ratio: a: c = 1: 1 ,9061; they al'e pel'fectly cleavable parallel to (0011. 

J) It may remarked here howevel', tv.at in this case too, first monoclinic crystals 
are deposited, changing subsequently into the more stabie tetragonal modificatiun. 
Here thus the so-called mie of the reaction-steps lGAY LUSSAC, OSTWALD) is again 
illustrated in a rather striking way. 
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By means of sl1ch a cleavage~lamella, 1,65 mm. thick, we obtained 
a Röntgen~image, completely analogous to th at of tbe cort'esponding 
selenate, and which only manifested another distl'ibution of fhe 
intensities of the diffl'action-spots; th is last phenomenon will be 
discussed in the following paper more in detail. 

The obtained pboto is l'epl'oduced in fig. 5 on Plate II, and 
in stereographieal pl'ojection in fig. 10 on Plate IV. The Röntgen
pattem possesses a quatel'llal'y principal axis, and tour planes of 
symmetry ~ntersecting at angles of 45°, - just as was theoretically 
expected. 

c. Finally we im'estigated also a plate of St1'ychnine-sulplzate: 
(Cn R22 N 2 O2\ • B 2 S04 + 6 H 2 0, cut perpendicular to the optical 
axis. This lae"ogyratorJT substanre, whose parameters al'e: a: c = 
1 : 3,312, belongs to this symmetry-class too. 

Indeed the pattel'l1 obtained with sueh a plate parallel to 10011, 
and 1,76 mm. thiek, showed the aspect of the projection-figure 18 
on Plate IV. Here also the quaternal'y axis and the four plan es of 
symmetry passing through it, are imrnediately discel'nible. In con
nection with the l'elatively great ratio a: c, the principal spots appear 
crowded in a smaller distance from the centl'al part of the figure. 

On a former occasion. we have mentioned all'eady the very 
strongly dextl'o-, resp. laevogyratory T1'iethylenecliamine-cobalti-bl'o
mide (+ 2 H2 0), which also cl'ystnllises in the tetragonal system, 
alld which belongs eithel' in this class, or in the bipyramidal one. 
In every case it ran be seen ffam the approximative stereogl'aphical 
projection of: the Röntgenpatte1'l1 parallel (001), whieh is reproduced 
once more in fig. 19 on Plate IV, that notwithstanding the strong 
rotatory power of the cl'ystals, clearly fom planes of symmetry can 
be disce1'l1ed passing thl'ongh the pl'incipal axis. 

V. Tetra,r/onal-scaleno!tee!?'ica[ Class. 
a. The only substance belonging to th is class, which could be 

obtained in crystals suitable for our pUl'pose, was Potassium-cliAyd1'O~ 
O1,tlw-pha.'Jplwtl': KR

2
P0

4
, with the axial ratio: a: c = 1: 0,9391. 

The Röntgenpntterns, which were obfained witl! crystal-plates parallel 
to (001), (100) and (110), (cl = l'e"p. 1,20, 1,13 and 1,25 mm.), 
were só feebie, that with the excepfion of the imnge p~rallel to (110) 
(see fig. 9 on Plate lIL), theJ were unsuitable for direct repl'OdLlC~ 
tion. Thel'efore tbe eorl'esponding stel'eographical projections are 
given in fig. 13, 14 and 15 on Plate IV. 1'hey prove, that the 
image parallel to (001) possesses a qua!ernary axis and fom vertical 
planes of symmeb'Y passing through it, while bath the other patterns 
show a binal'Y axis and two pItmes of symmetry perpendicular to 
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eaeh other. Also in this case, therefore, the agl'eeme'nt between 
observed and expected symmetry appeal's to qe beyond doubt.-

.' Vl. Tetmgonal-p.1J1't'lmiclal Class. 
The oniy rep1'esentative of th is class at out' disposal was ~W~t1;fenite:,' 

PbMo0
4

; the results' obtained with it are thel'efo're l'evie~ed h,e1'e. -
The axiaJ ratio of this mineral is: Cl: G = 1: 1,5'777. The bealltiful" 
ol'ange-coloilrerl ' crystals': originated from' Ywna Co in A1'izona; 
'later-on we .investigated also yellow crjrstals of ,Má1nmotli ~Mine in 
the same coup try. , _ 

The Röntgen-pattem parallel to (001) (cl = 0,24 mm.) is reproduced 
, ~ 

in- fig. lOon Plate IU, and as a stereographical projeèti9n' 'in fig~ '16 
on' Plate'IVf Apparently, perhaps also really, tl~is'iÓlàge'shows' ~n 
analogolis 'lnc1'ease of the theoretical sym'tnetry, as was' found in-the 
case of scheeHte. Tlte' images parallel to (100) and (110)' also, al
though t~o féeble' to be' rep1'oduced here as proof, make the p1'e-' 
sence 'of tvvo plan es of sjTrnmetry, 'pel'pendicular to each other, very 
'pl'obable. Ho'wever; the, innermost cil'cles of spots show on' 1he 
negative parallel to' (001) a distribution of the intensities, as is 
indicated, also in t11e corresponding stereographical pl'ojection, and 
which might prove that alowel' s,rmmet1'y yet manifests iteelf in 
this 'Röntgen-image, alt.hough only in ,.a very feebIe degree: In' con-

'nection with the mentioned symmetry of the il!lages pat'alleI (0 (WO) 
and. (110) howevel'" this supposed lowel' symme~rJ may appeal' still 
rather doubtfuI 1

). And in ihat case here again the question must at'ise, 
what, the cause èan be of this increase of (he expected symrnetl'y? 
Here too, a 'possible explanation of Ihe fact, cOllld only be 
based' upon the supposition of a twinformation, wbich ho wever in 
the case' of. wulfenite has been observed rarely or not at all. The 
not' completely ad,jl!sted image of the crystal of Afam11'wth ",Mine, 
betrayed the 'pressure of planes of symmetl'y also. 

Of the t~t1'a:qonal-bispkenoidical claNS, thel;e à;'e, as alre'l1dy men
tjoned n~~' i;èpl~ésentatives lmowi1 with cel'tainty . 
• . , .i. : .::: . 

'~3.. If thus we review here tlle results obtained' in this invest
igatión, we can' draw' att'eittion to the fact, that fol') si~ of the 
seven' classes 'of the tetragonal system, a sludy of Ihe 'degl'ee' of 
symmétry of the RÖN'l'GEN-difft'action-images' was' mac!e; and that, 
with the exception of the cases Of scheelite, anel perltaps ,arso of 
imJJfenite, -: which' bath show an abnorrnal inc1'ease of theil' degl'ee 

1:) 'l'he partiêular shape of the spots in this case too makes it doubtful, ifreally 
no twin·structure plays 'a certain role here: , 
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of symmetl'y probabl,v by twinning, - we found in all rases an agree
ment between the actually obsel'ved and the theoretically pl'edlcted 
sym metr)' of the RONTGB.N-pattel'ns of the5e tetragonal cl'ystals. The 
prmClpal corrertness of the diffl'actlOn-theory is thus proved here 
sufïiciently for tetragonal crystals also. 

Furthermol'e it could be shown, th at penta-eryth1'ite eannot be of 
ditetragonal-pyralDldal symmeLry, as hith~l'to assumed, but that 
1t ean probably be onIy tetragonal-pyralDldal. 

Labomtol'ies fo?' Physics and fo?' lnorganic 
and Pltysical Chemistry of the University. 

G1'ol1ingen, February 1916. 

Mineralogy. - "On Rontgen-pattetns of [somol'ZJhous Crystals." 
By Prof. F. M. JAEGEB aI~d Prof. H. RAGA. 

(Communicated m the meeting of February 26, 1916). 

§ 1. In the following paper w~ wish to discuss the results, which 
were obtained by us in l'adiatlllg thl'ough the similarly ol'ientated 
planparallel plates cut fl'orn crystals, which are related to each other 
as direct "isomorphous" ones. To avoid unneeessary complreations, 
we used fol' this purpose crystals of inol'ganic snbRtanees of relatively 
simple chemical composltion, in whose analogously bml(-înolecules 
every ti.me one slllgle specIes of atoms was subshtuted hy anothel' 
closely l'elated speries. Thns In comparing one tel'm of a series 
with anothel' one, onIy one smgle of the stl'uctul'al elements is 
subshtnted by another one. 

§ 2. The isomorphous eomponnds, whose Rontgen-patterns were 
compal ecl with each other, were the following: 

a. The series of the rhombic-blpyramidaI, typÎ<'ally pselldo-hexagonal 
carbonates of c(dci~t1n, st1'ontium, bal'iu,m, and lead, whieh are found 
in nature us thc minerals . ar)'(lgonite, st,'ontianite, wit/zerite and ceJ'llssite. 

b. T/w carbonates of calcium md manganese, which are found 
as the ditrigonal-sc.tlenohedriral mll1ol'als cabte anel 1'/wdochrosite 1) 
in beau Llfnl rrystllis. 

c. The series of the rhomblt~-blpyramidal SU~J/lates of the 1rwtals 
cabitln, gtrontium, banit1n and lead, which are known in minel'alogy 
as the minerals anhy(l1'ite, coelestine, bm'yte ancl anglesite. 

1) Or dialogûe. 


