
iiiiI 

:iJS 

The aspect is short p!'ismatic ill the direction of the c-axis, oe

casionally also isometrically developed. 

A ngular Va lues : Observea: 
a: m = (100) : (110) =* 60° 13W 
a: r = (110): (101) =* 67 51112 

m:m=(110):(ïlO)= 5933 

r: r = (101) : (101) = 44 17 
r: m = (lOl): (110) = 79 10 
0: m = (523): (110) =ca.50 56 

o : 0 = (523) : (523) = ca. 48 50 

0: 0 = (523): (523) = 117 30 

Calculated: 

59°33' 

44 17 
79 12% 
51 51 

49 121/2 

117 0 

No distinct. cleavage was obsel'ved. 

~ 5. There is f1vidently no distinct form-analogy present between the 
two isomerie chloro-tetmcetyl-d-fructoses, in contradietion to ,,,'hat was 
formerly stated in the case of both CI- and {J-pentacetyl-d-fructoses. 
Thc substitution of a Cl-atom fol' bydrogen, bas evidently, ho wever, 
not ft, lowering of the degree of sy mmetry of the Ol'iginal substanees 
as a consequence, all fom acety l-deri vati ves being r/wmbic-bispheno
idical. However, ft'Om the l'esults obtained, it appears still to be 
impossible to demonsh'ate a more intimate analogy of the crystal
forms of the (J- and l'l-derivatives of th is series and tbat studied 

formerly. 
Labomtory for Jnorganic and Physical Cltemistf'y 

of the Unive1'sity of Groningen. 

Chemistry. -- "On the Crysta{forills of some 8ubstituted A mides 
of Pam-Toluenesulphonic Acid." By Prof. F. iVf. JAEGIm. 

(Communicaled at the meeting of June 26, 1920). 

~ 1. In the following tbc results arc commllnicated of an inves
tigation concerning tbc crystallogl'aphical pt'operties of a series of 
substituted ml/ides derived from p-toluene-sulphonic acid I), already 
prepared· bJ Prof. VAN ROMBUIWH in j 902. These pl'eparations, which 
in general oec\ll' in beantiful cl'ystals, were ceded to me a long 
time ago by the said ellernist fol' the purpose indicated; but the 
resuIts of these meaSlll'ements have not been publisbed hithel'to. 

To colleagne VAN ROMBURGH'S benevolence I arn indebted also fol' 
some still laeking data on the specifk weight of several of these 

su bstances. 
In the text occasionally attent ion has been drawn to 50me l'egu

larities of the cl'ystalforms of these derivatives, which, ft'orn a che
mical standpoint, are dosely l'elated to each ottler; a review of the 
numerical data is, mOl'eover, added to this paper at thc end. Distinet 
relations in t he erystal fOl'lns of these del'i v ati ves have, however, not 
been found in great nnmbet" notwithstanding their close chemical 

relationship. 

~ 2, I. Nitro-p-Toluene-sulpho-amide. 

This sllbstance, whieh mellR at 141°C., cr'ystallizes fwm ethyl
alcohol in big, very tr'ansparent. cl'ystals, which often possess cUl'ved 

--------'_.-_. 
Fig. 1. Nitro-1J-Toluene-sulpho-amide. 

1) Cf. also: P. VAN HOMBURGI-I, Proceed. Acad. of Sciences Amsterdam, Februari, 

(1902). 
23 
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faces, making the measurements rather diffirult. From etbylacetate 
\ .. e obtailled oceabionally also gl'eat, bexagonally bonnded, tabular 
individnals. The most exact measurements we re made with \'01')' 

small, alrnost colourless cl'ystals, showing very constant angular values. 
Althollgb they belong, according to their optical proport.ies, to the 

mOlloelinie systern, their angle {'/, bowever, does not differ from 90°. 

Monoclinic-rJrismatic,. pseuclo-T'ltmnbic. 
a: b : c = 1,2289 : j : 1,1812. 

tI = 900. 

F'orrns ()bserved: q = l012l, predominant and yielding perfect 
reflexes; T = l1011, large and strongly reflecting; rn = P l0L smaller, 
but weil developed and lustrous ; b = lOl01, narrow and dull, often 

absent; 0 = f~12l, weIl developed and lustrous; a = POO!, very 
smal! and dull, but at least measurable; finally an extremely small 

pyramid x = (711! (?) was obsel'ved, which, however, was mostly 
absent and vel'y badly reflecting. The aspect of the cr)'stals is thick
prismatic pal'l:\,llel to q, with elongation in the direetioll of the a-axis; 
howe\'e1', the cl'ystals are oftell most iI'f'egnlarly distorted. Ordinarily 
r is present only with a single face. 

Angular Va lues: Observed: Calculated: 

q:r=(012):(101) =* 51°381fs' 

m:q=(110):(012) =* 66 46 

q: q = (012) : (012) = 61 3 61° 8' 

q: b = (012) : (010) = 59 29 59 26 

q : a = (01 2) : (1 00) = 90 0 90 0 

0: 0 = (212): (2'12) = 46 41
/2 46 8 

0: q = ("212): (012) = 39 341/2 39 37 

0: q = (212) : (012) = 67 59 68 10 

m:o=(110):(212)= 45 2 45 4 

o:r=(212):(101) = 23 4 23 4 

m:q=(110):(011) = 66 50 66 '46 

a:x=(100):(711) = 18 48 19 3 

There is a distinct eleavage parallel to l010!. 
Altbough tbe angle tI does not differ apPI'eeiably, tbe optical pro

perties prove, however, that the compound bas monoelinic symmetry : 
on !012! tbe extinction-angle is abont 23° with respeet to the a-axis; 
in the same way the extinetion-angle on l010l is about 42° with 
respect to tbe a-axis. The optical axial plane is probably parallel 
to !0101. 
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The specific weight of the erystals at 15° C. is: 1,612; the equi
valent-volume is thel'efol'e: 133,99. The topical parameters are cal
culated to: X: tI': w = 5,5537 : 4,5194: 5,3383. 

§ 3. Comparing the axial ratio with the parameters of the three 
isomerie toluene-sulplwnarnides themselves, their form-reJationship 
becornes very clear, if only the interpretation is made somewhat 
deviating from that given in the literature 1). 

Adopting the symboJs of the different combination-forrns, as given 
by WmBuLL, we can give the following survey of the modified data: 

Ortho·toluene-sulphonamide; mpt: 156°,3 C. 

Tetragonal-bipyramidal. 

p=lI101; v=llll!; 0=lI13!; u=1313!. 

Meta-toluene-sulphonamide; mpt: 108° C. 
Monoc\inic-prismatic ; pseudo-tetragonal. 

a = l100!; b = lOlOl; m==l2\o!;0 = lI12!;s = l1121;:", =l122I;r= l102!. 

Para-toluene-sulphonamide; mpt: 137°,5 C. 

Monoc\inic-prismatic. 

b = 101O!; p = lOI1!; 0 = l312!; v = l310!; r = l302!. 

Nitro·p-toluene-sulphonamide; mpt: 141° C. 

Monoc\inic-prismatic; pseudo-rhombic. 

a=IIOO!; b=lolO!; q=1012j;m=lI1O!; r=II01!; 0=f2121. 

~ 4. II. p.Toluene-sulpho-methylamide. 

This sllbstance, which has the formula: 

CBs 

/"'
I I 
"'/ elIs 

SO~--NH 

a: a: c = 1,000 : 1 : 1,033~;--1 
~=90°. 

a: b : c = 1,0453: 1 : 1,0333; 
(3 = 88°27W. 

a: b: c= 1,2016: 1: 0,9364; 

(3 = 87°29'. 

a : b : c = 1,2289 : 1 : I, 1812 ; 

(3= 90°, 

and which melts at 76° C., erystallizes from alcohol in the form of 
very thin, transparent, colourless, reetangular little plates. 

1) M. WEIBULL, Zeit. f. Kryst. u. Miner. 15, 251. (1889); O. MÜGGE, Diss. 
Göttingen, (1879), p. 15; cf. also: K. WALLJN and P. KLASON, Ber. d. d. Chem. 
Ges. 12, 18~1. (1879). The crystals were obtained from alcohol or water. On the 
binary melting point-curve of o· and p- toluenesulphonamide, cf. P. V. Me. KIE, 
Journ. Chem. Soc. London, 113, 799, (1918). 
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Fig. 2. p·Toluene-sulpho-methylamide. 

Rlw77ibic-bipYT'alnidal. 

a: b: c = 1,0358: 1 ::2,6074. 

'I'he crystals l'epresent evidently pseudo-tetragonal limiting fonns; 
also optically tbey approach 10 let.ragonal symmetry. 

Observed Porli/s: C = 10()1!, vel)' lustl'oUS, predominant, giving 
splendid reflexes; l' = 1101 Land q = 1011 L qJmost equally broad, 
well reflecting; 0 = P 2li, small, dull, anti difticnlt to meaSUI'G 
accurately. Tbe aspect of tbe cl'yslals is thin labnlal' parallel 101°01 L 
often with a slight elongatioll lH the direction of the b-axis. 

Angular va lues .' Observed .' Caleulated .' 

e: r 0'':= (001) : (101) =:* fi8"20' 

e: q = (001): (011) ==* 69 1 

r: r = (101): (lOf) = 43 20 43°20' 

q : q = (011) : (01 f) c= 41 58 41 58 

e: 0 = (001) : (121) = 80 25 80 12 

0: 0 = (121): (121) ==: 18 10 18 36 

Cleavage parallel to 1001!. 
The plane of the optieal axes is 1100!, c heing 1st biseetor. The 

apparent axial angle is very small, the erystals approaching also ill 
this respect to uniaxity. 

The specific gl'avity of tbe cl'ystals at room-tem peratuJ'e was: 
d40 = 1,340; the moleculal' volllme 'is therefore: 138,06, and tbe 
topical parameters becorne: X: 'trY : w = 3,8442 : 3,7113 : 9,6770. 

~ 5. In. Nitro-p-Toluenesulpho-methyl-amide. 

'l'bis eomponnd is detived from the fh'st by substitution of a 
hydrogen-atom of the NH~-group by C'lia, Fl'om etbylacetate tbe 
substance erystallizes in bealltiflll, pale yellow prisms, and melts at 
91 0 C. The crystals are generallJ d uIl and not easily measul'able. 

M onocl in ic-prisma tic. 
a: b : C = 1,0522 : 1 : 0,3948; 

f/ = 86°40~. 

:~51 

ForJlls Ob.Yel'ved: m = 11101, the lal'gesl developed 
a = p.OO!, naJ'row, and 'I' = p011 yel smallel'; 
0=111 11, smalI, bnt yielding good roflexes. 

The aspect of the Cl'ystals is that of long 
Ileedles Ol' pl'isrns parallel 10 the (~·axis. 

Angular Va lues : 
m: a = (110): (100) =* 
0: 0''''''' (111): (111) =* 

m: 0 = (110): (111) =* 
m: 0 = (110): (111) = 

m:m= (110): (110) = 

c :m= (001): (110) = 

r: 0 = (lOl) : (111) = 

Observed: 

46°241/2' 

71 52 

78 18 

'49 35 

87 11 

35 58 

Caleulated' 

49~391/2' 

87 11 

87 4211z 

35 56 

Perfec!!y cleavable p~lrallel to pOll-
As the el'ystals were in evel'y case dull and 

m 

of all fonns; 

, 
" , , , , , , , , 
" , , 
" . , 
: ' , ' 
" 
~'m' , , , , , , 

~ 

eurvi-planed, more exact measUl'ements appeal'ed Fig, 3. Nitro.ptoluene

almost illllSOI}. sulpho·methyl amide. 

The extinction on a was normally, on m obliq uely ol'ientated with 
l'espect to lhe edge a: m. 

Thc specifie weigbt of the cl'ystals was: J ,48f5 at 16° C.; the 
equivalent-volume is, tbel'ef'oJ'c: 154,21, and the topical axes are 
ealculated at: x: IJ!: W = 7,5664: 7,1910: 2,8390. 

§ 6. IV. p.Toluene-sulpho.methylnitramide. 

rI'his compound, whieh possesses the structure: 

and melts at 60° U., crystallizes 
from a mixtnre of ligroin and 
ether in al most colollrless flat 
needles, or in thick, short prisms. 
They are weil built and give 
good l'eflexes. 

111 on oe linie-prismatie. 
Cl: b: C'= 1,3210: 1: 0,6892; 

(J = 78°6'. Fig. 4. p-'Poluene·sulpho-ethylnitram'ide. 
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Farms Observ.ed: q = 10! 11, large and vcry lustt'ous; a = 110°1. 
large, rnostly wIth one rudlmental'y face, but yielding good I'eflexes; 
IJ = 10101, nal't'owel', sometimes cUl'ved; r= 11011. great and lustrous ; 

In = 11101, perfectly l'eflecting; w = 11111, mostly narrow, but in 
the needle-shaped individuals as large as m, while l' is here lacking 

in most cases; finally ij = f3111, often weil developed. Tbc aspect 
of the crystals is thick prismatic, with a slight elongation parallel 
to the a-axis; l'al'ely needIes parallel to tbe same axis. 

Angular va lues " 

q: q = (011) : (011) =* 
q: a = (011) : (100) =* 
a :m= (100): (110) =* 
q : b = (011) : (010) = 

a: r = (100) : (101) = 

q: r = (011) : (101) = 
b : m=:= (010) : (110) = 
a: w= (100) : (1I 1) =--= 

w: q = (TI 1) : (01I) = 
a: 0 == (100) : (311) = 

0: q = (311) : (Oll) = 

No distinet cleavage was found. 

Obsetved,' Calculated,' 

67°59iM 

80 9 
52 14112 

56 0 
53 14 

41 14 

37 44 

74 49 

25 1 

40 50 

59 1 

56° 0' 

53 21 

41 9 

37 45112 

75 2 

24 49 

40 58 

58 53 

The extinction-angle on 101°1 is 31 ° with respect to the a-axis. 
The s~ecific weight of the crystals is: 1,454 at room-temperature; 

the eqUIvalent-volume is tb us : 165,06, and the topical axes are 
calculated at: x: tI' : w = 7,5309 : 5,7009 : 3,9291. 

§ 7. V. p.Toluene.sulpho-ethylamide. 
This compound, which melts at 64° C., has the structUl'e: 

CHa 

(~ 
"""/ sû.NH(C.H5) 

It cl'ystallizes fl'om a mixture of absolute alcohol and ether in 
colourless: parallelogram-shaped, thin plates, or smal! prismatic crystals. 
The BolllLlOns have a tendency to supersaturation. 

l'ric linic-pedia 1 
a : b : c = 0,6481 : 1 : 0,4136 ; 

a = 77°39!; 
jj = 88°6' ; 
y = 102°55~; 

A = 77°37t 
B = 88°21V. 
C = 102°53~. 
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Fig. 5. p.l'oluene-sulpho-ethylamidé. 

Farms observed: l' = POll and v = (ToTI, large and vel'y lustrous, 
mostly predominant, the crystals therefore being often tabular parallel 

to these planes; t = ITol I. also I uStl'OllS, somew hat smaller than r 

and v; s = 11011, smaller than t, and showing commonly a fine 

striation parallel to the edge s: v; ct = POOl and al =!1 00I, narrow, 
but weil reflecting; m = 1110l, large, al ways showing a striation 

parallel to the edge lil: r; p = 1'11 Ol, n = 111: Ol, and h = 1110l, 

large and highly Illstrous; w = 11 2 i1 and ). = p2T!, very narrow 
aml badly reflecting, ). generally striated parallel to m: v; probably 

again q = 1011L very small and commonly not measurable. Tbe 
aspect of the cl'ystals is tabular parallel to 1', or t.bick pdsmatic 
towa,l'ds the c-axis. A cleavage OCCll\'S pumllel 10 POlI. 

Angular Va lues " Observed,' 
a: r = (100) : (101) =* 58°34' 

a: s = (100) : (lOl) =* 56 14 

a: p = (100) : (110) =* 37 11 

a :m= (100): (110) =* 29 23 

r:p = (101): (110) =* 58 17 

r: t = (101): (101) = 65 18 

s: v = (101) : (101) = 65 10 

s: p = (lOf): (110) = 70 40 

s :m= (101): (110) = 56 39 

r:m= (lOl): (110) = 

w : p'= (121) : (110)= 

68 24 

51 2 

Calculated,' 

65°12' 

65 12 

70 24 

56 37 

68 351/2 

51 13 

On all faces the optiral extinction oecuJ's obliql1ely with respect 
to the borders: on l' aboll t 46° with respect to the edge 1': p; on 
]J about 36°, on a about 43°, on In abollt 34° with respect to the 
direction of the c-axis. On rand p is the emel'genee of an optical 
axis observable, excentrically in tbe field of the microscope. 
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The specific gravity of the cr,)'stals is 1,307; tbe equi,-alent-volume 
thel'efore: t52,26, and tbe topical parameters become: X : ir' : w = 
= 4,6805 : 8,4202 : 3,4825. 

§ 8. VI, p·Toluene-sulpho-diethylamide. 

This compound havillg tlle sll'uetul'e: 
CBa /'" 

i I "'/ SO,-N(C.H5h 

and meIling at 59° C., el'ystallizes from a 
mixtlll'O of absolute aleohol and ethylacetate in 
the shape of tIlin, eolourless, hexagonally border
cd little plates, Ol' ill somevvIJat thieker tabl1lal', 
and often opaque erystals. 

Monoclinic-prismatic. 
a : IJ : c = j ,0149 : 1 : 0,6762 ; 

~= 72°1'. 

t' i i 
, , 
: : , , , , 
, ' , , 
, ' , ' , ' , ' 
' .. l.. 

a 

:»-.>--c-.-'" 
',~\ >. k. W 

: b 

~'ig. 6. p-Tolwme
sulpho· diethylamide. 

Obsel'ved 11'0)'1118: a = 11001, predominant and very lustrotls ; 

0=11111, q = 1011 L ')11 = P 101. p = 11201, all about equally broad 
and yielding splendid l'eflexes; 7' = 11 01 L Vet~.v lustrolIs, wel! developed; 

w = 1111 I, somewhat nalTOWet' titan 0, but yieldingalso sharp images; 
n = 12101, and b = 10101, extl'emely narl'OW, often absent and giving 
feebie l'etlexes. The cl'ystals are weU built, and allow exact measure
ments. Their aspect is tabular parallelto ct and elongated in the 
direction of the c-axis. The cl'ystals are very brittIe. 

Angular va lues : Observed: Calculated: 

a: 0 = (100): (111) =* 49°40' 

a: q = (100) : (011) =* 74 57 

a: r = (100) : (101) =* 44 171/2 

0: q oe= (111) : (011) = 25 17 25°17' 

q : cu = (011) : (111) = 32 18 32 201/2 

(,) : a =-co (111) : (100) = 72 45 72 421/2 

0: r = (111) : (101) "CC; 25 15 25 17 

b : 0 = (010) : (111) = 64 45 64 43 

a :m= (100): (110) = 43 581/2 43 591/2 

m:p= (110): (120) = 18 34 18 321/2 
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Angular va lues : Observed: Calculaied: 

p: b = (120) : (010) = 27 23 27 23 

b :m= (010): (110) = 46 2 46 01/~ 

a: n= (100): (210) = 26 9 25 46 

n :m= (210): (110) = 17 59 18 13112 

a: p = (100): (120) = 62 31 62 37 

No distinet eleavage was fOllnel. 
rfhe optical axial plano is 1°101. Very stl'ong, illelined dispersion, 

with (J < 'V; on 11001 olie axis emerges excentrically in the field of 
the microscope. 

Tbe specifie weight of the eJ'y'stals at 15° C. was: 1,230; the 
equivalent-volume is therefore: 184,,55, and the topica] parameters are 
ealelliated to: X :~) : w = 6,66J1 : 6,5633 : 4,4381. 

§ 9. VII. p.Toluene-sulpho-ethylnitramide. 

This slIbstanee, whieh has the eonfiguration: 

el'ystallizes from etber ill big, eololll'less el'ystals, Ol' in hexagonally
shaped tables, lt melts at 69° C. 

Monoclinir:-prlsrncttic. ' 
ct: b: c=1,Ot78: 1 : 1,tOO.5; ~. _----- i-----;~----------....,-- w 

f'1=88°11'. _----iii" .----,-'--------------- m 

Forms ObseJ''Ved: c = ~0011, m ---------- 1f/-

stl'ongly predominant and lustrous ;w a 'W 

a = P 00j, sometimes large, often i 

also naàower, but always yieleling 

shal'p l'eflexes; Tn = 113°1. weil 
developed, but often with eUl'ved 
faeesand somewhat dull; r = 
12031, welll'efleeting, often absent; 
w = p 331, extremely narl'OW, in Fig. 7. p-Toluene'8ttlpho-ethylnitramide. 

most cases absent, and onl)" approximately measurable. Tbe aspect 
of the crystals is eit.her short pl'ismatic with an elongation parallel 
to tbe b-axis, Ol' thiJl lamellal' parallel to 1001). 
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Angular Va lues : Observed: Calculated: 

a: c = (100) : (001) =* 88°11' 

a: m= (100) : (130) =* 71 511/2 

a: r = (100) : (203) =* 55 25 

c: r = (001): (203) = 36 24 36 24 

m:m= (130): (130) = 36 27 36 17 

c: w= (001) : (133) = 50 8 49 29 

m:w= (1'30): (133) = 4058 41 5 

c:m=(001):(130)= 8924 8926 

Very perfectly cleavable parallel to !OOll. 
On a and c the extinction is norrnally orientated, but oflen of 

llndulatory dlaraeter, as tlle resnlt of geometrieal anomalies in the 
St.l'llctuJ'e of the erystals. 

The specific g'ravity of the crystals was 1,450; the equivalent
volume is therefore: 168,27, and the topical parameters become: 
X: 1$' : w = 5,4115 : 5,3169: 5,8513. 

§ 10. VIII. Nitl'o-p-Toluene-sulpho-ethylnitl'amide. 

This substance, which melts at 76° C., can only rarely be obtained 
in measllrable crystals. Those here investigated were deposited from 
a hot satlll'ated solution in carbon tetrachlol'ide by vel'y slow eva
poration. 

'1'hin, yellow, very. lllst.rolls and transparent plates, commonly 
with hemimorphic development (fig. 8). 

~'ig. 8. Nitro-p-Toluene-sulpho-ethyl-nitramide. 

Monoclinie, probably sphenoidical. 

a : b : c = 0,4812 : 1 : 0.8766 ; 

{J = 85°5'. 
F01'ms Obse1'ved: c = ! OOil, predominant, and very lustrous, 0 = 

1'1111, J'ielding ideal l'eflexes, of ten with only a single plane; 

a = ! 100 L giving gOOG minor-images; b = 1010 I, often ábsent, but 
otberwise weil reflecting; l' = ! 7051, very nal'I'OW, often totally 
absent. The cl'j'stals often show oseillatory angular valnes, pl'incipally 
in the zóne of the orthodiagonal, and multiple reflexes. 'I'he aspect 
is tabular parallel to ! 00ll, and stl'ongly elongated towal'ds the 
b-axis. 
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Angular va lues : 

c : a = (001) : (100) =* 
c: 0 = (001): (IÜ) =* 
a: 0 = (100): (111) =* 
c: r = (001) : (705) = 
r: a = (705): (100) = 

c: b = (001) : (010) = 

0: r = (1 Ü) : (705) = 

Observed: Calculated: 

85° 5' 

67 16 

37 21 

64 42 

20 16 

89 52 

54 23 

90 0 

54 24 

No distinct cleavage was fonnd. 
The optical axial plane is parallel to ! 010 l; on c and a both an 

optical axis emerges excentrically. 
'rhe speeific weigbt of the crystals is: 1,555; the tlquivalent-volurne 

the1'efore: 156,91, and the topical parameters are calculated at: 
X: lP: w = 3,4652 : 7,2001 : 6,3119. 

.§ 11. IX. p.Toluene-sulpho-benzylamide. 

Strllcture: 

From a mixtlll'e of ether and alcóhol the compound erystallizes 
in large, colourless crystals with varying aspect. It melts at 113° O. 
The crystals are weIl built and allow exact measurements. 

, 
, 

~'~, 9. p-Toluene-sulpho-benzylamide. 

lh·clinic~pinacoidal. 

a : b : c = 0,9778 : 1 : 0,8991. 
A = 83°32' a = 83°2Jr. 
B = 90°56' {J =- 91 °33'. 
C = 95°15 y = 95°96'. 

j?o1'ms Obse1'ved: a = 11001, and c = !0011, large and vel'y lustrous ; 

in most cases a is somewhat larger than c; w = P 111 and 0 = lIJ 11, 
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lal'ge, lustl'oUS, alld about equally weIl developeJ; IJ = 10101, nal't'OW, 
somewhat dull, commonly with only a single face, often totally 

absent; x = iJ j I!, small, dull, bui weIl measul'able, Tbe aspect of 
the ct'ystals is ordillarily prismatie parallel tbe b-axis, 

Angular values: Observed: 

a: c = (100) : (001) =* 89° 4' 

c: oe.=: (001): (111) =* 47 33 

c:w=(OOl):(l11)=* 5547 

a: 0 = (100) : (111) =* 59 4 

a: w= (100): (111) =* 
o:w=(lil):(11l)= 

0: b = (lT1) : (010) c= 

b :w= (010): (111) = 
x: a = (ÜiY: (100) = 

b: x = (ÓfO): (ln) = 

0: x = (!Tl) : (lH) = 

x:c=(lll):(OOl)= 

51 l2 lh 

66 451
/2 

55 381
/2 

57 331
/2 

57 38 

62 50 

77 52 

54 24112 

Calculated: 

66°50W 

55 46 

57 231
/2 

57 38 

62 421
/2 

77 53 

54 34 

No distinet eleavability was obsel'ved. 
'rhe extinction on ct and c was oblique witli t'espeet 10 the 

edge a: c, 
'rbe specifie weight of t.he el'ystals was: 1,313 at 17° C.; the 

equivalent-volume is thus: 198,78, and the topical parameters become: 

X :I.P : ti) = 5,979~5 : 6,1150 : 5,4981. 

§ 12. X. Nitro_p.Toluene-sulpho.benzylnitramide. 

This compound, melting at 153' C" cl'ystallizes from ethylacetate 
ill smalI, very lLlstrous, colourless crystals, They often show some
what oscillatory angular vall1esi the faces of \0011 al'e, moreovel', 
often eUl'ved, l1Jxact measnrements were, howevel', possible, 

Fig. 10, Nitro.p·1'olttenesulpho.benzylnitr'Ctmide. 
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Triclinic-pinacoidal. 

a: b: c = 1,809.1: 1 : 1,3139. 
A = 95°34' (I = 100°50' 
IJ = 101°22' /:1 = 104°43' 
C) -- 67°20' ° y = 65 33', 

FOJ'ms Obsl1?'ved: c = 1('01(, large !lIJd Illslrolls, sornetimes a little 
curve~; a. = 1100(, nal'l'owet', bnt very lustl'OllS; m - p 1 Ol allel 

0= 1111(, almost equally wel! developed, and yielcling good l'eflexes; 
s = 1°11(, small, hut weil measlll'able; th iR fOl'ln is oflen absent. 

Furtbel' sornetimes again: J' = 1101 I, very nal'I'OW, The aspeet of 
the crJstals is tabu lal', tbin pln,les parallel (0 C, aI]{! ()ften elongated 
in the dil'ectioll of the b-axis, . 

Angular va lues : Observed: Calculated: 

a: c = (100) : (001) =* 78°38' 

c: 0 = (001) : (111) =* 62 2811z 
a :m= (100): (llO)c=* 79 13 

c :m= (001) : (1l0) =* 77 25 

o :m= (T11): (110) =* 
a: 0 = (fOO): (lH) := 

0: s = (11ïj : (011) = 
s: a == (OiT): (100) = 

a: r == (100) : (fOI) = 

r: c =--= (Tal) : (001) oc_= 

s: c = (011) : (001) = 

54 101/2 

56 481/2 

44 19112 

79 3 

59 16 

42 6 

No distinct eleavage was observec1, 

56°47' 

44 10 

79 Pll 

59 7 

42 15 

50 52 

On 1001( t.be extinction-angle is 8° with respect to the ec1ge a: c. 
In' convergent polarizec1 light one hyperbola is visihle at the border 
of the field, 

The specifie gmvity of the crystals is: 1,530 at 17° C, i the equi· 
valent-volume is therefoJ'e: 229,54, and the topieal parametm's al'e 
calculated at: X: tr) : (J) = 8,6739 : 4,7934: 6,2983, . 

§ 13. XI. p-Toluene:sulpho-piperidide. 

Strnctnre: 
CHa /'" 

I i "'/ SO •. NCóH,o 

This substance, which melts at 98° C., was obtained from ether 
in tbe form of large, flat, eoloudess, vel',)' lnstrons cl'ystals of ree-
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tanglllar shape. They are weil built, beaulifu-lly translucid, and 

allow ver.)' accurate measl1l'emellts. 

"rr---r----+---------'----;-

:: 
f, 

" 
" 

a 

tl~ .. """)-·----""-"---- .. 

, , , 

, , , , , 
, , 

~ .. ~. 

Fig. 11. p-l'oluene.sulpho-piperidide. 
Rltombic-bipyramidal 

a : b : c = 0,7474 : 1 : 0.3790. 

Forms Observed: a = 1100\, predominant and yielding good reflex es ; 
m = !1101 and b = 10101, large and very Illstrous; p = P201, very 
narrow; r= POll, large and giving good reflexes. 

Angular Va lues : Observed: 

a: m= (100) : (110) =* 
a: r = (100) : (101) =* 
m:p = (110): (120) = 
P : b = (120) : (010) = 
r: r = (101) : (f01) = 

360 461/2' 

63 61
/2 

19 23112 
33 50 

53 461
/2 

Caleulated: 

19°26W 

33 47 

53 462
/3 

No distinct cleavage was found. 
The optical axial plane is 1°°11, with the b-axis as fir'st bisector; 

the dispersion, of rhombic character, is very appreciable: (J < v. The 

apparent axial angle is only small. 
'The specific weight of the crystals is: 1,281 at 15° C.; the equi-

valent-volume thél'efore: 186,57, and the topical axes become: 

x: l/': (l) = 6,5029: 8,7005 : 3,2967. 

§ 14. XII. Nitro_p_Toluene.sulpho.piperidide. 

The substance melts at 108° C., and crystallizes from ethylacetate 
in splendid large, somewhat pale yellowish, translucid, very lustrous 
crystals. They are weIl built, and allow good measurements. 

A4 onoclinic-J)Tisma l'ic. 
a: IJ : c = 0,7466 : 1 : 1,5713. 

(I = 78°39'. 

]i'orrns observed: c = 1°°1 \, 
predominant; m = plO\, large 
and lustrous, shows sometimes 
a fine striation parallel to the 
edges m: C; 0 = !111 I, and 

w = p11j, about equally large, 
but ft, little bit narrower than 
m; r = 1101 \, weIl reflecting; 

3.61 

~-_ .......... 
, " \ 

'IJl ______ --.\. ~ \_ 0-' 
.. ' ~. C', /~ ... , , , , , , 

" 

,j W ------t 
s = 11011, somewhat smaller Fig. ] 2. Nitro-p-l'oluene sulpho-piperidide. 

tban r, of ten absen t ; t = fTt 0 lej, extt:emely nart'Ow and not measnrable 
only rarely present; b = 101°1, small and nal'l'OW, dull; q = 10111 
clearly developed, yielding good reflexes. The aspect is often isome
metrical, or somewhat flattened parallel 10 10011. 

Angular Va lues : . Observed: Calculaied: 

c: W = (001): (111) =* 77°11' 

Cl):W = (111): (111)=--:::* 71 221/2 

m: c = (110): (001) =* 80 52 

c: r = (001) : (101) = 55 28 55°34%' 

r: s = (101): (IOn = 50 13112 50 161/8 

s : c = (i01) : (001) = 74 11 74 9 

c : q = (001) : (011) = 56 57 57 0% 

b : q = (010) : (Oll) = 33 3 32 591/s 
w: s = (111): (fol) = 35 41 35 4P/, 

m:m= (110): (Ho) = 72 22 72 241/2 

c : 0 = (001) : (111) = 61 20 61 131
/2 

o :m= (111): (110) = 19 30 19 8 

m : Cl) = (110) : (111) = 21 571
/2 21 57 

m: b = (110): (010) = 53 49 53 478/, 

Very pel'fectly cleavable parallel to 1001 \, distinctly parallel to 
111 0l. On 1001 I diagonal extinction. 

The specifk weight of the crystals at 1;-)° C. was: 1,384; the 
equivalent-volume is therefore: 205,20, and the topical parameters 
become: X: t~ : w = 4,2031 : 5,6259 : 8,8455. 
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Zoology, "The ColoU7'-markings on tlw body oj Lepidoptera, compa1'ed 
to those of their la?'vae anc! pupae, and to tlwse of their 
w~'ngs", By Prof. J. F. VAN BI~Ml\U:LIDN. 

(Communicated at the meeting of January 31, 1920), 

In former communications I have expressed rny conviction, th at 
originally an intimate connection must have existed bet ween the 
colonr-mul'kings of cateJ'pillal', pupa and bntterfly of the same species, 
all three being only varieties of one and the same ul'chaic forrn. 

ConsequentI)' the few cases, in which tbis connection is evident at 
tir'st sig'h t, should not be considered as mere casualilies, bu t as 
resnlting ft'om the preseJ'vation of the pJ'imitivecondition. SCHII<:RBKI<:K, 

who chiefly stndied the setal pattern of the youngest instars of cater
piIJat's, but also ga\'e bis attention to the coloul'-rnarkings of a few 
oldel' caterpillars, and to pupae, has full)' cOl't'oborated m)' views. 

DE MRYl<~lm on the contrar,)' ,in bis paper: ZUl' Zeiehnung des Inseeten
im besonderen des Diptel'en- und Lepidopterenflügels, 1916, has 
expressed his doubts about them, whel'e he says on p. 131: "In 
m)' opinion tbo stl'iking differonco between the pupal- and the 
irnaginal mal'kings preeisely shows tbat they have had an inde
pendent ol'igin, and have followed different ways: - just as we 

fonnd it in nead)' J'elated Diptera, we here see it in different stages 
of the same animaI" , 

Alld fUl'thel' on: 

"Acco,'ding 10 'my view the colour-markings of tbe pnpa of 
diut'nal Lepidoptera are as mueh of recent OJ'igin as their fl'eql1ently 
grotesque shape and their vel'y varying mode of fixation, Tbe same 

might apply to pIlpal mttrkings in comparison to those of cate"pillal's". 
In his second paper': ZUl' Evolution del' Zeiehnung bei den holo

metabolen Insecten, he writes on p, 70: 

"J eonsidet' the stl'iking' colour·mal'kings of many butterfly-pupae 
as a secondal'y feature in these organisms, exposed to light as tbey 
are, In a similar mannel' the pupa of Ab1'a:1'as gl'ossulaJ'iata, which 
seUles unhidden in shl'ubs, shows special coloration. V AN BJ<:MM~~LEN'S 
assertion, that this Geometrid should show a primiti ve colOl'atjon in 
all instal's, does not seem right to me, at least in regal'd to tbe 
pupa , . , , The pupa of Abr. sylvata, which hibernates in tbe eartb, 
is quite dark; without doubt in this case, the oldor eondition. The 
real pl'irnitive condition I believe to OCCur iJl tbe light-brown 
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