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Then we ma)' say: the properties are valid, as long as the equi
libria (Fl ), (F2 ) antI (Fl F 2 ) are situated within the tUl'ning-line of -
the field (Fl F 2 ) 

A" in a P, T-diagram sevel'al. fields are situated around the in va
riant point, we have to take into consideration the tUl'l1ing-line of 
each field; th en we may say: the properties are valid as long' as 
we consider those parts of the rurves and the fields, whieh are 
&ituated within the cOl'l'esponding turning-lines. 

We have to bear in mind that "witbin the tllrning-line" means _ 
here "belonging to tbe same leaf on which the inval'Îant point is 
situated" . 

The meaning of "not toa far" and "not toa much" in the con
ditiollE 1 and 2 is consequently indicated here sornew bat more exactl,)'. 

Above we have already stated that we may' imagine that tbe 
phuses of the equilibrium (Fl F 2 ) satisfy reaetion (3) casllally in 
the invariant point; then the point i is situated in fig. 5 accidentally 
on tbe tllrning-line. Then tlle t\\'o curves (Fl ) and (F2 ) co me in 
contact with one another and with the turning-line in this point i. 
The cOl'l'esponding P,T-diagram forms then, as we have already 
mentioned, a transitiontype, to whieh we shall refer later. 

Leiden. lnorg. Chem. Lab. 
(Ta be contimted). 

Physics. - "On t!te Symmetr.z; oJ the Bö'ntgen-pattems oJ Pi'iclinic 
and same Rlwmbic Crystals, anc! same Remarlcs on the Diff1i(fC
tion-Images oJ Qual'tz". By Prof. Dl'. H. HA GA and Prof. 
Dr. F. M. JAEGER. 

(Communicated in the meeting of March 25, 1916). 

~ 1. In the following paper we wis1i to communicate in the 
first place tbe results of the experiments, whieh a.s a sequel to 
our previous studies, were made with crystals of tbe triclinic 
system. Tbe crystals of each of the two syrnmetry-classes of this 
system: ~those of the triclinic-pedial and those of the t?'iclinic-pina
coïdal class, -of w hich rrystals the fil'st mentioned are wholly 'ttn

syrnmetrical, while the second possess only centn'cal symmetl'Y,
will of course necessarily beha"e in the same way, as far as the 
diffl'action-phenomenon of Röntgen-rays is concel'ned. But because 
the cenh'e of symmetry cannot manifest itself in the stl'ucture of 
the Röntgen-images in any way, all obtained Röntgenogl'ammes vvill 



- 3 -

appear completely unsyrnmet1'ical, with every 'orientation of the 
in vestigated- crystal- plates. 

Of the tL'iclinic-pedial class we had no representatives at our 
disposal; of the triclinic-pinacoïdal class we investigated 0111y the 
crystals of coppe1'Sulp!t(fte (5B 2 0), and of potassiumbichromate. 

Coppe1'.mlplthte: CuS04 + 5H2 0, possesses the following para
meters: a:b:c=0»721:1: 0,5554; a=. 82°5'; ~=107°8'; y= 
= 102\1:1'. Potassiwnbiclu'omate: ](2 Cr'2 Op can likewise easily he 
obtained in gooel, homogeneous crystals. They have the parameters: 
a: b: c = 0,5575: 1:- 0,5511 ; a = 82°0' ; ~ = 90°51'; y = 83°47', and 
a perfect cleavability para,llel to j0101. Of both crystals planeparallel 
sections were prepared, parallel to the three pinacoïdes 11001, j0101 
and 1°011; th ase of coppenulpltate had a thickness of resp.: 1,08, 
1.03, anel 0.94 mm., those of potassiumbic!z.rornate of: 0.68, 0.67., 
and 0.65 mmo 

The obtained Röntgen-patterns are reproduced in figs. 1, 2 and 3 
on Plate I, and in figs. 5, 6, and 7 on Plate IT. The unsymme
tri cal structure of these six diffraction-images is immediately discem
ible; it may be remarked, that in all six cases the superficial 
habit of tlle images is closely similar to those of monoclinic cl'ystals, 
as fur as those images are characterised by a single plane of sym
metry. However, the distribution of the spots and of their intensity 

\ is such, that there can be no doubt whatever about the lack of 
symmetry in the diffraction-images. 

The concOl'dance of theory aud experiment thus is proved suff!
ciently also for the case of triclinic crystals. It is of no importance 
to investigate mOl'e repl'esentatives of this kind anel in the same 
way; thus o UI' systematicaL expel'iments in this direction bave reaclled 
an end here. 

§. 2. Only as a completion of our previous investigations we 
wish to publish however here again some results obtained with a 
number of 1,hombic minerais, namely with b1'onzite, diaspo1'e, man
ganite, antimonite and o livine. 

Aftel' thttt we will again draw aUention for a moment to tlle dif
fmction-images of dextrogyratory QUa7'tz, and this with respect to 
the anomalies of them formerly stated by us l). Some l'emul'ks on the 
RÖNTGEN-pattet'n of b1'ucite, and, - as a completion of OUl' pt'eYious 
investigations on monoclinic ct'ystals ~), - of lithiwnsulpltate, will 
end this papet'. 

B1'onzite is a rhombic PY1'oxene with the composition: (~fg, l?eMSi 03)2 
1) These Pl"oceed., 18, 550. (Sept. 1915). 
2) These Pl"oceed., 18, 1201. (Jan. 1916). 
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and 'the ptll'ameter5; a: b: c = 0,9702 : 1: 0,5701. Three plates parallel 
to (100), (010) and (001) and resp. 1,09, 1.10, and 1.06 mmo thick; 
were cut froUl a beautiful cl'ystal of Kupffjrber,q, BaY1·euth. Tbe 
plate parallel to (010) showed a slight deviation ti'om its nOl'mal 
orientation; the RÓNTGEN-patterns are l'eproduced in fig. 9, 10, and 
11 on Plate lIl, and in stereographical pro,jection in fig. 1, 2, and 
3 on 'Plate V. The symmetry with respect to two perpelldicuJal' 
plan es is immediately discernible. 

For the purpose of comparison of diaspo1'e and manganite, also 
from these minerals sections parallel to the th ree pinacoides were 
cut and radiated thrOllgh. In the case of diaspo1'e: AlO( OH), wirh 
the parameters' a: b: c = 0,4686 : 1 : 0,3019, and originating fl'om 
Emery Mines (Jllass.) , only the image parallel to (010) was suitable 
for direct repl'oduction (fig. 4 on Plate I); the corresponding stereo
graphical pro,jections, also for an image parallel to (001), al'e repro
duced in fig. 4 alld 5 on Plate V. The thiekne5s of the used plates 
of diaspo1'e was resp. 0,96, 0,93 and 1,02 mmo In. the case of 
manganite (from Ilfeld, i/d Harz) patterns were obtained, showing 
instead of spots, long radiating stripes. This fact was also stated by 
us in the case of göthite; it seems to be connected partially with 
contusions of the material, and with intergrowths and twinning of 
fibl'e-shaped individualsr in these crystals. Hitherio we were not ab Ie 
to get undisturbed diffraction-images suitable for clear interpretation. I 

Of manganite: llfnO( OH), whose parameters al'e: a: b: c = 0,8441 : 
1 : 0,5448, orlly a somewhat reliable pl'ojection could' be made fol' 
the image obtained parallel (100); the thickness of the cl'ystal-plate 
used was here J ,04 mm., and the figul'e is shown in fig. 6 
on Plate V. 

Of antimonite: 8b2 8 3 , with its parameters: a: b : c = 0,9844: 1 : 
1,0110, we had the very beautiful crystals of 8l1i/coklt Japan, at 
our disposal, the same, which were formerly used in the invAstiga
tions of Ol1e of us 1), on the illfluence of the light-l'adiation upon the 
electrical condllcti vity of this in so many respects l'emarkable mineral. 
We studied a lamellH, obtained by cleavage parallel to (010), whieh 
was not thicker than 0.43 mmo Notwithstanding the presence of a 
nllmber of folds parallel to the sliding-plane (001) the ûbtained 
difl'l'action-image yet appeared to be perfectly undisturbed; it is 

\ 

l'eprOdllced in fig. 16 on Plate IV, and as a stereogl'aphical projection 
in fig. 7 on Plate V. This fact eould be used as an argument in 
fayon!' of the corl'ectness of the view, aecOl'ding to which such 
sliding along' perfpct sliding-plan es, does not alter the intel'nal arran-

1) F. M. JAI:GER Zeits. f. Kl'yst. 44. 45. (H~08); these P!·oceed. 9. 809. (1907). 

I
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gement of the molecules, these layers evidenti)' remaining parallel 
to theil' original position. 

Fl'orn a beantiful, colourless cl'ystal of o livine, originating from 
Boltemict, a rl'ystalplate parallel to (010), and 1,33 mmo was prepared, 

.. 1nd thell rautated throngh. The ve!'y nice RONTGEN-pUUel'll of this 
silicate, whose composition is: n J.lfg~ 8i04 + m Fe3 8i04 , and wbose 
parameters are: a: b : c = 0,46!.J7 : 0,5865 is l'eprodueed in tig. 8 
on Plate H, and in stereographical projection in fig. 8 on Plate V. 
Also in this case the normal sJ'mmetr,v ean be diseerneà immediately, 
so that (he l'esults here obtained with these rhombic crystals can be 
cOIl&iderecl to be a welcome completion of OUl' pl'evious expel"i
ments IJ, when we were abJe to prove the corl'ectness of the theo1'e
tical deduction also in the case of rhombic cl'ystals. 

~ 3. Already pl'eviously we have dl'a~n attention 2) to the remark
able abnorrnalrty, which was observed bJ' us in the case of the 

dIifl:aetion-image parallel to (1210), obtained witb a crystal of qUCl7'tz 

from St. Got!w1'd; it consisted in 1.he image not only pos&essing a 
single binary axis perpendicnJar to the photograrhic plate, but nlso 
two planes of symmetry, perpendicutar to each other. On that 
occasion we expl'essed the sUl'mise, tbat tbis abnorma,lity could be 
explained by the fact, that tlle smdied plate was pl'epared fl'om a 
pol~'synthetic twin of quartz, according to the so-called bra&ilian 
law of twinning. Indeed, on this supposition the apparent increase 
of the symmetry of this image ('an be easily explained. But at th at 
time we were not able to give an)' proof of the correetness of this 
view, becallse of the fact, that the ratber imperfect Röntgen-image 

obtained with a plate cut parallel to (1010), seemed to be likewise 
symmetrical aftel' two planes of symmetry. However since that time 
we ha\'e studied some othel' plates orientated with tlJe utmost care 

parallel (10TO), and have rndiated them throug-IJ during very diffel'ent 
time!; of expositioJl. By these experiments we got absolute certainty, 

11 that the _images are only symmetl'lcal aftel' a veJ'tical'plane, perpen

dienIar to (1010). The photo in fig. 14 on Plate lV, and its stereo
gl'aphieal projection in fig. 10 on Plate V ean pl'Ove tbis. By 
shortening more and more the time of exposition, we &ucceeded e.g. 
in making only the most intensive spots -appem': it could be cleady 
seen then, tbat in the direction of the c-axis at the upper end there 
were two, at the 10wel' end thne of sneh intensive spms on the 

1) These Proceed., 18. 559 (Sept. 1915). 
2) These PL'oceecl., 18. 550. (Sepl. 1915) 

100 
Proceedings Royal Acad. Amsterdam. Vol. XVIII 
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great circ1e, whic,h IS drawn in fig. 10. So with this fact also tlle last-
impedimen t to tlle fOl'merly gi ven explfl.H~'\,tion of the abnol'malit.y 
of qual'tz has been i'emoved; tlms the relllarlmbie deviaiion of the-

,image pal:allel to (1210) 'can now l:ie~explaï"n~d withoilt difficulty as 
a l'esult of ihe mentioned twill-structure of the miuel'al. While we -
moreover formerly did not succeed in obtaining good images of a 
quartz-plate cut parallel la (0001), we have now again made a'seI'ies 
of systemaLical expel'iments' with qua1'tz-plates of' different",thickness; -' 
it wàs found that fol' the pUl'pose of getting well reprod~.lCible nega
tives it was necessary, to radiate through l'êI,ther t!Lick cry,staI.:.plates. 

'The Röntgen-pattern, whi/-:h is l.'epl'oduced 'in fig. 13 Oll Plate IV, 
and in stereographical projection in' fig. 9 on Plate V, was obtaüied 
by means of a qZla1,tz-plate of 3,7J5 mmo thickness. In this wa,}' the 
Rönlg'en-pattel'lls of qUCt1'tz have now become complete, and the 
exactnesl:l of the theory is ~'\,lso here pl'Oved fol' qUct1'tz, - at least 
in nOl'mal cases. , 

A beautiful crystal of a pale green bJ'ucite: Afg( 0 H)2' from Hey
daZe,' S/wtZand [slands, Scotland, enabled us to get also an j'mage 
of a basal section of this minel'al, which bas so simple a chemica! 
constitution" and the axial ratio: a: c = 1 : 0,5208. It is reprodur.ed 
in tig. 15 on Plate IV, and in stel'eographical projection in fig. J 1 
on Plate V. A study of the influence of hearing basal sections of 
this minel'al in tlle fm'nace fOl'merly descl'ibed by ns, on the Röntgen
image, is now planned. 
, ,Finally we have published in fig. 12 on Plates IU and V also 
the l.'esnlts of radiating t1l1'ongh a basa} 'plate, 1,09 m.m. thick, of 
the illc)JJoclinic-sphenoidical lit/tiumsulphate: Li2S04 + 8

2 
O. This 

s.ubsta~c.e, with the parameters: a: b : c = 1,6102 : 1 : 0,5643, and 
fl = 87°29', is yet an object of ,the said symmetry-class, Jlot showing' 
an opti,c!1! activity ,in solution, as was the case in the formerly 
investigated cases 1): cane-sugar, tarh'ic a~id, etc.. Therefore this .. 
experiment lll[LY be considel'ed a welcome completion of the re-
~searches~ regardlng sneh monoelinic erystals. [n tbis case too the image ., 
parallel' to (001) appears to possess a single vertical plane of aym
metl'J, notwithstanding the fi.-tct, that the crystals thernselves have 
onIy a single binat'y axis. Also this fact proves once more the gene-
ra! justification of the conclusions dl'awn in that paper. I) 

Labomtories fol' Physics ancl JOl' In01'flanic and 
Physical Chemist1'y oj the Un-iversitfi 

G1'oningen, 15 Febl'uary 19J 6. 

1) These Proceed. 18. 1201 (Jan. lUIS). 
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Fig. l. 
Stereographical Projectioll of the Röntgen-pattern of 

Bronzite. Plate paraJlel to (lCD). 

Fig. 5. 
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" 

Stereographical Projection of the Röntgen-pattern of 
Diaspore. Plate paraJlet to (001). 

. . . . . . 
e .••. 

:. . ,. 
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• ' • ! . .. 
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Fig. 9. 
Stereographical Projedion of the Röntgen.paltern of 

dextrogyratory Quartz. Plate parallel to (COOl). 

.: ..•... 

~l··? ........ 
... .. : .. 

' . ...... : 
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Fig. 2. 
Stereographical Projection of the Röntgell-pattern of 

Bronzite. Plate parallel to (010). 

, . 
: ... ~. 

.. 

Fig. 6. 
Stereographical Projection of the Röntgen·patlern of 

Manganite. Plate paraJlel to (tOD) 

.' .' .- .. •.... 
~: • . 0. ',' I . ': ~ . 
..:./.:~ .. 

• 0 .... 

.... 

c'l, 
Fig. 10. 

Stereographica( Projedion of the Rüntgel1ipatt~n of 
dextrogyratory Quartz. Plate paraJlel tc< (1010), 

Proceed. of the R. Acad of Sc. Amsterdam, Vol. XVI!!. 1915/16. 

Fig. 3. 
Stereographical Projection of the Röntgen-pattern of 

Bronzite. Plate parallel to (001) . 

. .... 

Fig . .? 
Stereographical Projection of the Röntgen.pattern of 

Antimonite. Plate paraJlel t9 (Oto). 

• .. 

Fig. I!. 
Stereographical Projectioll of the Röntgen-pattern of 

Brucite. Plate paral1el to (0001). 

Plate V. 

" 

Fig, 4. 
Stereographical Projection of the Röntgen-patlern ot 

Diaspore .. Plate paraJlel to (010). 

Fig. 8. 
Stereographical Projection of the Röntgen-paUern of 

Olivine. ! Plate parallel to (010). 

., . 
· ... . 
• •••• Cl. :..... . ... . . , 
• • t r · " ~ ". ".,. " 

Fig. 12. 
Stereographical P,~ojection of the Röntgen·pattern of 

LithillmslIlpllate. Plate parallel to (001). 


