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That such is practically the case was shown by the fact that the 
gas evolved consisted of Si Fl4 and that the substance left behind 
in the boat was found to be almost pure sodium chloride. 

A better method of preparing amorphous silicon fleemed to be 
the decomposition of silicon chloride by sodium. When boiled in 
bel1zene-solution with sodium Ol' potassium no action took place. 
A reaction, however, took place on heating sodium in the vapour 
of silicon chloride, but it became very violent; the brown powder 
obt.ained could certainly be readily freed from sodium chloride by 
means of water, but on heating in a Clll'l'ent of chlorine a large 
amount of Si O2 (about 30 %) was left behind showing that even 
this process does not lead to pure amorphous silicon. 

Much more simple is the preparation of crystallised silicon accor
ding to the method recently published by R. A. KÜHNE (Chem. 
Centr. 1904, r. 64) if we introduce a slight modification. A mixture 
of 200 grams of aluminium shavings or powder, 250 grams of 
sulphur and 180 gl'ams of fine sand is put into a Hessian crucible 
placed in a bucket with sand. Upon the mixture is sprinkled a thin 
layer of magnesium powder and this is ignited by means of a 
GOLDSCHMIDT cartrÛIge. The mass burns with a beautiful light and 
the contents of the crucible beeome white hot. When eold, the mass 
is treated with dilute hydrochloric acid, which dissolves the aluminium 
sulphide nnd leaves the silicon in a beautifully crystallised state. 
The yield amounts to about 30 gl'ams. On heating in a CUl'rent of 
chlorine Si C1 4 is very l'eadily formed, only 3% remaining as non
volatile pl'oducts. It is a material eminently suited for the pl'epa
ration of Si 014, but Mr. SLIJPER did not succeed in converting it into 
r,ilicon sulphide by heating with sulphur. 

G1'oningen, Lab. Univers. March 1904. 

Crystallography. - "Un the p1'eservütion of the c1'ystallogmphical 
symmetry in the substitution of position isomeric derivatives of 
the benzene series". By Dr. F. M. JAEGER. (Oommunicated by 
Prof. A. P. N. FRANCHIMONT). 

(Communicated in the meeting of June 24, 1904). 

Some time ago when engaged in a research as to the connection 
between molecular and crystallographical symmetry of position-isomeric 
benzene derivatives1

), I demonstrated, that of the six possible t1'ibromo-

1) JAEGER, Crystallographic and Molecular Symmetry of position·isomeric Benzene
derivatives. Dissertation, Leiden 1903. (Duteh). 
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toluenes, the 1-2-4-6 and the 1-2-3-5 derivatives exhibit an isomorphy 
bordering on identity. I then endeavoured to explai~ the simiJar 
molecular structure of these two substances by referring to the 
analogy of the (CHa)-group and B1'-atom in the positions 1 and 2, 
particularly in a spacial respect. The smaIl differences in crystalline 
form, melting point etc., are then caused by the difference which of 
course exists between CHa and B1'. 

We may now inquire how matters will be in both molecules as 
l'egards the substitution of the two l'emaining H-atoms of the core 
fol' instance. It is interesting 10 notke th at as rcgal'd& the substitution 
by (N O2 ) 1he two H-atoms in each of the two isomers are quite equi
valent and - what IS still more stL'iking - that this substitution doeb 
not perceptlbly alter the moleclllal' symmetry of the two molecules, 
so that t!te crystallograpldcal 1'el(ltion of the initial p1'oclucts is l)1'e
se1'ved in the suûstit~ttion cle1'ivatives. 

If we nitrate the 1-2-4-6-tribromotoluene with nitric acid of 1,52 
sp. gr. a dinitro-prodnct is obtained, as shown bj NEVILE and 
WINTHER 1). 

'VROBLl!}WSKY 2) had previously obtained a mono-mtro-derivative 
which differs in its meJting point but little from the dinitro-product. 

But notwithstanding many efforts, I have nevel', succeeded in 
obtaining a mononitro-compound not even as a bye-product, when 
using fuming nitric acid. 

The mere formula of j -2-3-5-tl'ib1'omotoluene does not at onee raise 
a suspidon that a dinitl'o-product wiII be formed in this case. If, 
however, the analogy of (CRa) in the position 1 and Br in the 
position 2 is really so great that the difference amounts almost to 
nothing, we may surmise that the 1-2-3-5-t1'ib1'omotoluene will behave 
on nitration also nearly quite analogously to the other isomer. The 
experiment shows that in this case also not a trace of any mononitro
derivative is obtained; we obtain exclusively a dinit1'o-producf, which 
is in all respects quite analogous with the above named dinitl'o
derivative. 

Aftel' nitration by red fuming nitric acid (sp. gr. 1,516 at 160
) in 

the cold, separation by adding an excess of water, agitation with 
benzene und ether and recrystallisation from benzene, in which both 
isomers are vel'y soluble, t1le two substanees nre at onee obtained 
pure in large colorless Ol' pale sherry-colored erystals, whose bromine
amount correspollds with that of the dillitro-derivafive. 

1) NEVILE alld "WINTHER, Journ. Chem. Soc. Vol. 37. 438; Berl. Ber. 13. 974. 

2) WROBLEWSKY, Ann. d. Chemie 168. 147. 
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The 1-2-4-6-t?'ióJ'omo-3-5-clinit1'o-toluene melts at 220"; the 1-2-3-5-
tl'i01'Orno-4-6-dinitl'o-toluene at 210 0

• 

Like the two tribl'omotoluenes themselves, these substances are again 
quite isomo1'phous and owing to peeu Hal' twin-formatton, they &0 

resem bIe each other, that at first sight we cannot distinguish the 
two kinds of crystals from each other. 

a. 1· 2-4-6-t1'ib1'omo-3-5-dinitl'o-toluene. 
Ca Br . BI' . Br . (N0 2) • (N0 2 ) • (CHa); melting point 220~. 

(6) (4) (2) (5) (a) (I) 

From benzene this substance crystallise8 in large appal'ently qua
dratie, eolorless erystals whieh are nearly all twins, -- whieh may be 
reeognised at once by a very fine diagonal on two of the broadest 
planes. We a180 may obtain needIe shaped Ol' very elongated thick 
pillar shaped crystals. The planes are generally angular and give plural 
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l'efIexes. The crystals are also frequently bordered by curved planes 
and by vicinal forms in the prism-zone. These CirCUffiE,tances render 
an accurate investigation very difficult; occasionally, ho wever, I 
obtained better formed crystals, which gave very sharp reflexes and 
served for the following accurate measurements. 

They are monoclino-prisrnatic with the axial relation . 

a: b : c = 0,5217 : 1 : 0,7803 

fJ = 85°12'. 

Forms observed are: rn = 11101 and p = {120I, broad and lustrous; 
a = {1001 and n={130I, very narrow; a is generally hazy; b={0101, a 
Httle broader, but is generally absent; c={0011, large and vel'y lustrous ; 
r = {W11, weIl developed and lustrous ; t = {1041, narrower and 
is often absent; 0 = {1121, generally sm aH and dull, occasionally a 
little broader and better reflecting; s = f1321, large and lustrous, but 
generally there are only two parallel planes present. 

Uombinatiol1s of all the forms l'arely occur. Generally snch with 
111, p, C, 1'; rn, p, b, c, 1', t, s and 0; m, p, a, band c, etc. The more 
typicaL crystals are shown in figures 1-3. 

i 
I 
I 
I 

fI 
I ~ 
i 
I 
I 

Fig. 2. Fig. 3. 

In the properly formed crystals, the angnlal' values are vel'y 
constant; the reflexes are as sharp as possible. 'l'he substance has 
a decided tendency 10 twin-formation; in this, one form {1021 is a 
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twin-plane with a twin-axis nOl'mally standing on it. On the 
plane of p may be of ten observed a delicate line parallel p : IJ; 

in this vel'tical zone the most important geometrical anomalies a,re 
found. 

The following are the calculated and ob&erved angular values. 

Obse1'ved: 

"'m: m = (110) : (110) = 54° 561/ 2' 

1n : a = (110) : (100) = 27 281/ 4 

m: l' = (110) : (101) =.,13 20 

.,.,C: l' = (001): (iOl) = 59 39 

r: a = (lOl): (TOO) = 35 20 
c : a = (001) : (100) = 85 15 

'*c : m = (001) : (110) = 85 441/ 2 

c:p = (001): (120) = 86 40 
c : n = (001) : (130) = 87 30 

C: b = (001) : (010) = 89 58 
P : n = (120) : (130) = 11 12 
m : p = (110) : (120) = 18 35 

l!: r = (1.20): (101) = 55 25 

C: t = (001) : (10.,1) = 21 12 

C: 0 = (001) : (112) = 41 521/2 

C : S = (001) : (132) = 55 49 

m: s = (ilO) : (132) = 47 361/2 

A distinct cleavability was not obsel'ved. 

Uabdated: 

35 33 
85 12 

86 36 
87 25 

90 0 
11 13 
18 39 

55 29 

21 2 

41 52 

55 54 

47 351
/ 2 

On c, '1', and a the position of the optical elasticity-axis is orien
tated perpendicularly to the direction of the orthodiagonal; the 
symmetrical angle of extinction on m amounts to 23° with regard 
to the vertical axis. An axial image could not be observed. 

The sp. gr. of the crystals is 2,456 at 15°; the equivalent volume 
is, therefore: 170,6. 

The topical axes are: 
: tfJ : (.() = 3,9087 : 7,4921 : 5,8461. 

b. :t.-2-3-5-tl'ibl'omo-4-6-dinii'l'otoluene. 
OG . BI'. BI' . BI'. (N02) . (N02) . (OHa); melting, point: 2100 O. 

(5) (3) (2) (6) (4) (I) 
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This compound crystallises from 
benzene in very large, colorless, iso
metrical-deveJoped crystals, ';hich are 
always twins and of exactly the same 
form as that of the previous compound 
with which this substance is isomol'-
phous. 

The geometrical anomalies caused 
by the curvature Ol' angulation of the 
planes are more considerable with this 
del'i vative, than with the previous one; 
the development of the crystaIs is less 
perfect and they also exhibit a smaller 
number of combining forms. From 
ether and\ acetone we obtain besides 

Fig. 4. twin-crystals also single needies which 
cau be measured more accurately. 

The symmetry is rnonoclino-prismatic; the axial relation is: 

a: b: c =: 0,5392: 1 : 0,7574. 

~ =: 86°28'. 
) 

Forms obsel'ved are: ra = 11101 and 'P = 11201, broad and lustrous; 
c = 10011, very lustrons and weIl developed; l' = 11011, smaller 
but properly measurable; ~ b = {Ol 0l, narrow and of ten absent. 
Angulal' values: 

Obsel'ved: 

*p : p = (120) : (120) = 94°13' 

*)): C = (120) : (001) = 87 351/~ 

*p : l' = (120): (101) = 56 531/~ 
P : ra = (120) : (110) = 18 50 

ra: rn = (110) : (110) = 56 54 

?n: l' = (110) : (101) = 44 57 

c : l' = (001) : (101) = 57 6 

111: C = (110) : (001) = 86 59 

A distinct cleavability was not observed. 

Calculated: 

18°49' 

5636 

45 2 

5655 

86 521/~ 

This substance also has a decided tendency to twin-formation 
towal'ds 11021 as twin-plane; single crystals are rare. Owing to this 
peculiarity, the external resemblance of this isomet' with the former 
is increased in a high degree. It should be observed that these twins 
and also those of the former substance of ten also show {010I and 
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symmetrical vertieal lines on the pl'ism p, with l'egard to t11e twin-
5ection. The sp. gr. of a pel'fectly homogenous fragment of a cl'ystal 
was found to be 2,465 at 1))°; the equivalent-volume is therefore 
169,98 and the topica] axes become: 

X: t~: w = 4,0286: 7,4713 :'5,6580. 

I have tried, of course, to gain some insight into the progressive 
course of t11e binary meltingpoint-line of these two isomorphons 
derivative§, although the want of sufficient snpply of material proved 
a great obstacle. 

This investigation had, 11Owever, soon to be abandoned because Ihe 
mixtures of the two snbstances assnming a mnch darker colour are 
decomposed at their melting point with violent evolution of gas; the 
temperatm'es are situated between 210:> and 220? The more the mixture 
contains of the componnd with the higher melting point, the more 
readily the decomposition takes plare, and therefore the only mixtures 
of which I could sharply detel'mine the melting point, were those 
containing from 00

/ 0 to 441
/ 2

0
/ 0 of the derivative with the higher 

meIting point; this melted at 214", the others between 210 0 and 214°. 
I, therefore, suspect that we have here a continuo us melting curve; 
whether an absolute maximum occurs in the meltingpoint-line, such 
as happens with the two non-nitl'ated initial products, could not 
be decided. The mutual behaviour of these two isomOl'phous deri
vatives probably corl'esponds entirely with that of the two tribro
motoluenes. 

From mixed solutions of the two nitro-deriyatives in benzene we 
obtftin large curve-planed and badly formed mixed crystals which 
exhibit the same typical twin formation as the two components, but 
which generally possess only 11101, 11201 and 10011. They are unsuitable 
fol' measuring purposes. 

c. 1-3-4-5-tribromo-2-6-dinit1'o-to luene. 

Co . BI' . BI' . BI' . (N0 2 ) • (N0 2) • (cHu) ; melting point: 216 0 C. 
(5) (4) (3) (6) (2) (I) 

Wh en reerystallised from benzene, in whieh this compound, whieh 
was prepared in the same manner as the pl'eceding ones, is less 
soluble at the ordinary temperature than the two othe1' isomers, the 
substanee is obtained in thiek, quadratically-bounded, crystalline 
plates, which at first sight appeal' tetragonal l an occurrence to be 
expeeted, when taking into account the slight morphotropical force 
of the (N0 2)-group, and the previously found tetragonal symmetry 
of the corresponding tribromotoluene. 
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The investigation, howevel', soon showed that the symmetl'y is 
not tetragonal, and I first thought I had before me a monoclinic 

r 

compound, - certainly with plenty of geometrical anomalies, - but still 
reasonably ronforming to all the requirements of the monoclinic 
symmetry. This would also have agreed with everything that I 
have fOl'merly communicated as to the formrelation of tetragonal 
and mono clinic crystals. 

I hesitated a long time before I could give up this last idea, 
particularly because the meaSllrement of a very large number of 
crystals taught me, that in this case just as with the two t'ormer 
compollnds, the peculiar softness of the substance causes geometrical 

\ 

disturbances of the crystals during the crystallisation, and because 
the axÏttl elements of this compound w hen assuming the monoclinic 
symmetry exhibited an analogy bordering on isomorphy with those 
of the two investigated isomeJ·s. 

The deviations of the angles from the values l'equil'ed for the 
monoclinie symmetl'y appeared ho wever, to be so systelllatical, that 
there could be no longer a doubt as io the triclinie symmetry of 
these remarkable crystals, even though they were found to represent 
a rnonoclinic lirnit-fom~. 

Afterwards, 1 have a1so been able to find exceedingly smaIl de via
tions in the optical orientation of the directions of extinction which 
again corroborated my belief, that triclinic crystals of a pseudo
monoclinic form are present here. This makes us feel convinced that 
even if the morphotropical force of the single (N02 ) group is gene
rally fee bIe two such groups may cause a comparatively strong 
deformation of the crystal-molecule; and also that the spacial stl'uctUl'e 
of the benzene derivatives is not fully explained by the usual fOl'mu
lation of these substances. For the ol'dinary schematical mannel' of 
writing alone does not explain why a compound of the type 1 shou1d 
have anothel' symmetl'y tban one of the type II, - even though, owing 

\ 

to the OCCUl'l'ence of the pseudo-monoclinic lirnit-fo1'rn, the close 
re1ation of the two kinds of symmetry is in each case very plainly 
perceptible : 

I II 
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The crystals of the 1-3-4-5-tribromo-
2-6-dinitro-toluene are represented in 
Fig. 5 in the form in which they 
crystallise from a mixture of carbon 
disulphide and benzene. The quadra
ticallooking p1ate-like crysta1s, deposited 
from benzene onIy, exhibit nearly the 
same forms; in their ca::le, however, the 
form a is very predominating; then 
follows c, whilst the other forms are 
narrow and little developed; moreover 
the form q is always and 0 of ten 
absent. I a1so occasionally obtained 
from benzene, thiek prismatic crysta1s 
wUh a, band c aud even o. 

Tl'iclino-pinacoïdal. The axiaI rela
tion is: 

Fig. 5. 

a : b : c = 0,5322 : 1 : 0,9581 
a = 88°21'. A = 8ts°26'. 
{J = 95° 4'. B = 95° 2'. 
r = 90°58'. C = 90°50'. 

Forms observed are: a = {lOOI, and 6 = {0101 equally strongly 
developed, a generally more lustrous than 6; c = {0011 very lustrous; 
0= {1221 well developed and lustrous ; W = {1121 smaller than 0 

but very lustrous; q = {0121, small and less conspicuous; m = 11101, 
narrow, but broader than p = {1101, which form is of ten present 
with a single plane; s' = {3441 very narrow and not properly 
measurab1e 1). 

06se1'Ved: 
*a : b = (100) : (010) = 89° 10' 
*a: c = (100) : (001) = 84 58 

*6: c = (010) : (001) = 91 34 

*0 : a = (122) : (100) = 59 35 

*0 : C = (122) : (001) = 55 25 1
/ 2 

a : p = (100) : (110) = 27 32 

a : m = (100): (110) = 28 7 

Ca lculated : 

1) lf, in view of the symbol of Si we l'alher choose 0 = {2431, /IJ = {2231 
8' = {3431, whilst relaining lhe olher symbols, we gel a: b : c = 0,5322: 1: 0,7186, 
which agrees belter with the olher two isomers. 
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Observeel. Calculated. 

b o = (010) : (122) = 54 33 ('54 34 

b . 'In = (010) : (110) = 62 40 62 51 
b : p = (010) : (110) = 6:1 33 61 241

/ 2 

G : q = (001) : (012) = 26 5 25 50 
b : q = (010) : (012) = 65 39 65 49 

o : 1n = (122) : (110) = 43 21 43 39 
o : s' = (122) : (344) = 11 52 (circa) 12 8 
w: b = (112) : (010) = 108 49 1

/ 2 108 47 
w : 0 = (112) (122) = 16 51 16 39 
W : G = (112) : (001) = 48 1 1

/ 2 48 01
/ 2 

W :112 = (112) ; (110) = 47 30 47 131
/. 

a : W = (100) : (112) = 53 35 53 351
/ 2 

a : q = (100) : (012) = 85 37 85 55 
w: q = (ï12) : (012) = 40 35 40 301

/. 

q : 0 = (012) : (122) = 38 56 38 54 
'In: G = (110) : (001) = 84 47 84 453

/ 4 

P : G = (110) : (001) = 86 22 86 19 

The position of the optical elasticity-axis on a was determined by 
means of a very thin lamelle, with the aid of a BERTRAND Qnartz
Ocular, and found to be 4° with the side (100): (010); on b the 
angle amounts to more than 45° with respect to the side (110) . (010). 
An axial image could not be observed. _ 

Ey means of a TnouTJET's solution, the sp. gr. of the crystn.ls was 
found to be 2,459 at 17°; the equivalent volume is, th,erefm·e, 
170,39, and the topical axial relation becomes: 

x: tI' : w = 3,6982 : 6,9496 : 6,6584. 

Thc close relation of this tl'iclime del"ivn.tive with the two 111ono
clinic isomers is thercfore obvious That there is still fin cssential 
dIfference iu LIle nature of Ow molecular orielltatiol1, which in thebe 
three cases determineb the crystalline strllcture, is also shown by 
the fact, that the first two del'ivatives exhibit a decided tendency to 
a similar and typical twin-formation, whieh is utterly absent in t11e 
latter isomer . 

I will give latel'on some infOl'mation as to the ot11er nitro-prodllcts 
of the isomerie iribromotoluenes, as these luwe not as yet been 
obtainable in lUoasul'l1blc cl'ybtaIs. 


