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tion entirely to us, for which we hereby tender him OUl' best thanks, 
and .also for the mRny vaJuable hints we received from him as 
regards the techniealities of the investigatioll. 

Tbe allotropy of carbon, as was most natm'al so to say, was, 
aftel' souie expel'imenting investigations examined Röntgenographi­
cally, the accompanying photo is a reproduction of the interference­
figurei' obtained hy letting Cu-raJs 1) fall upon a har of compressed 

. graphite ') and upon a bar of diamond-powder '). 
From them we noticf, qllalitatively too, how different the inter­

ference-figures of these two allotropic forms are, ac{'ol'ding to 'the 
quite different Cl'ystaJ-systems (diamond is l'eguJar, graphite is mono­
clinic) in which they are met with. We tberefore expect that this 
method will bring light in many cases in whieh it is doubtful whethel' 
there is really allotropy, or where two materials that cannot he 
ehemically separated are present side by side. Also in those cases 
in whieh it is doubtful whether we have to do with the amorphous 
Ol' with the crystalline state, the Röntgen-im'estigation wiIl, as 
Dlmn: himself dedares, enable us to make the matter clear. 

At the same time we dit'ect the attention to the possibility of 
making a qualitative Rönlgen analysis of, say, a mixture or an aHoy 
without anv los8 of maleria!. 
• About tl;e pal'tieulal's of Ihis investigl1tion· and the further l'esults 
of it, we hope to be ~ble 10 say something at some other time. 

Chemistry. - "Amy.qdlllin a.'? nutl'iment JOl' .4spel'gillus niger." 
By Dl'. H. J. WAT~RMAN. (Communicated by Prof. J. HöESJ.:KEN.) 

(Communicated in tbe meeting of January 27, 1917). 

PrRIKWITSCH 4) has proved that the extract of the eells of Asper­
.qillus ni!Ïer splits up amygdalin into glucose, benzaldehyde and hy­
drogen cyanide, whereas the living mycelz:um. of this species of mould. 
behaves in quite a different manner towards amygdalin. 

In the latter case· benzaldehyde and hydrogen cyanide are not 

1) For tbc :&Cu·line À = 1.549 X 10-8• 

2) As made by. MOISSAN and prepared from pure C in tbe electrical furnace, 
3) Average diameter of the parts 2 à 3 ,... 
4) H PURIEWITSCH, Ueber die SpaJtun~ der G1ykoside durch die Schimmelpilze. 

Ber. d. deutsch. Bol. Ges. 16, 368 (1898); Also compare : F. l!zAPU, Biochemie der 
Pflanzen. lster Band, 2e Autl. 1913, p. 363-365; F. LAP'AR, Handb. d. techn_ 
Mykologie, Bd. IV, SpezielIe Morpbologie u. Physiologie der Heren und Scbimmel· 
pilze, 190;;-07, p. 250-251. 
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formed and FEHLlNG-reducing substances do not appear in the liquid 
containing amygdalin. lt was demonstr'ated that in this case amyg­
dalin was absorbed and utilized by the mycelium because as the 
quantity of mycelium increased tbe quantity of amygdalin in Ihe 
Soilltion at the same time diminisbed. 

These apparenti.}' contradictol'y results of PURII<:WITSCH and of other 
investigators in analogous cases ha\'e frequently been a subject of 
discussion. HÉRISSEI I) fol' in stance says: "It' during tbe metabolism 
amygdalin and ('orresponding glucosides, in a similar way as in 
vitro byemulsin, are th'st split up into compounds which are easily 
assimilated such as glucose. on one hand and into noxious compounds 
on the other' hand, it may be expected that these poisons wil] be 
convel'ted at on ce into othel' chemical compounds." But tbis is a 
matter of uncertainty, HÉRISSEY says and be does not gi\'e a detinite 
opinion. 

W. KRUSE') is sllrprised at the said experiments of PURIEWITSCH 
alld points to the fact thai othel' investigators ha\'e not obtained the 
same l'esults. The ulleertainty about this subject made me take it 
up in order to try to cleal' it up. 

Solutions eontaining 2 ulo amygdalin and the ne(~essary inol'ganic 
nutriment were ino('ulated with spores of Aspergillus niger. The 
temperature during cultivation was 33°. 

Many times in the co\u'se of development the quantity of dry 
substance on one hand and t.he polal'isation of the solution on the 
other hand were determined f"om which the assimilated amygdalin 
could be calculated. The mould layer, aftel' being washed with distilled 
wt$tel', was therefore dried at 1050 

10 constant weight. (Tab. I p.924) 
My experiments con til' med. the obsel'vatioll .of PURIEWJTSCH that 

amygdalin is assimilated by the living mycelium, whilst the pro­
ouction of young mycelium occurs at the cost of the assimilated 
amygdalin. (Tahle 1). This table shows (00 that amygdalin is a 
better nuh'iment (han glucose at least with regard 10 the dry weight 
of mouJd obtained. 

This conclusion ag rees with l'esnlts which I obtained before, viz. 
that. tlte presence of a benzolnucleus in the assimilated ol'ganic 
chemical eompound increases the quantity of mould fOl'med at the \ 
cost of Ibis lIutriment. 3

) 

Formerly 1 demonstl'a.ted with great probability that in a special 

I) E. H. HÉ1\ISSEY, Recherches sur ·l'érnulsine. Thèse Paris 1899. 

11) W. KaUSE, Allgemeine Mikrobioloiie, 1910, p. 458. 
3) H. J. W ATERJlAN, Zeitschr. f. Gär'ungsphysiologie, Bd. 8, Heft 1 .(lMS). 

59* 
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TABLE r. 

GlUCOM as exclusive 
organic food 

Amygdalin as exclusive 
organic food 

Composition of the culture liquid: 
50 cm.3 of tapwater, in which dissolved O,150f0 NH.cN~, 0,15% KH2P04, 

0,1 Of. magnesiumsulfate (crystallised). Temperature 33°. 
------------,-------,--------------
A. 2 Oio glucose (1000 mgr.) I 

----- Number of : -
B. 2 % amygdalin (1000 mgr.) 

•• I
1 

Obtained dry days after . 
Asslmdated i weight of inoculation , 

glucose (mgr.) I mould (mgr.) t i 

1000 320 6 

12 

16 

1000 242,264 38 

42 
I 

Assimilated 
amygdaJin (mgr.) 

6'70 = 
.S! '- " 

610, '710 "!:S°t 
-=~ i" I 

635 .. UI" .: =S""I '~-=È§ ! 

'750 l:: bil" e ! 
::s "-i cu"! I 

680 ".c : .c- c -
..., ..... 

95 ! not deter- .= c.c 

I mined 

Obtained dry 
weight of 

mould (mgr.) 

315 

298,215 

251 

271 

200 

214,23'7,203 

case sucrose can be assimilated without preceding dissociation into 
glucose and fructose. 1) 

In th is case, too, it migbt. be supposed that the assimilation of 
amygdalin will not be preceded by aconversion int.o glucose, ben­
zaldehyde and HeN outside the organism. 

Benzaldehyde and to a small degree HUN too, especially iJl high 
concentrations, diminish or swp tlle development of A<tpergillus niger 
in nutriÉmt liquids containing glucose. (Tabie Il). 

The solutions pand q were prepared as follows: 
p. 42,5 mgr. KUN dissoJved in distilled water and filled up to 

100 cm'. Added 10 cml
• of 0,98 X 1/10 Normal slllfuric acid. 

q. 100 cm'. of distilled water, added 10 cm3 of 0,981 X 1/10 
Normal sulfurie acid. 

Both solutions were used immediately af ter their preparation. 
The purpose of the experimell's 7,8 and 9 was only to demon­

strate th at the qnantity ~ of sulfurie acid added in N°. 4, 5, and 6 
could have no retarding influence. 'l'he phenomena of growth which 
were observed in N·. 2 aftel' six days and in N°. 3 af ter ten days 
could not be attributed to the total evaporation of the benzaldehyde 
becallse the nutrient liquid of N°. 3 distinctly smelled of benzal­
dehyde even aftel' 10 days. 

1) Zur Physiologie der Essigbakterien, Centralbt. f. Bakteriologie, ie Abt. Bd. 88, 
451 (1913). 
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. Retardinf injluence of "bensaldehyck and hydrogen ganick. 
Culture liquid: 50 cm.s tapwater, JO which dissolved 0,15 Ofo NH~Oa, 0,15 Ofo KHaP04, 0,1 oio magnesiumsulfate 

(crystalIised) and 2 Oio glucose. Temperature 33°. 

Added 

1 drop of pure 
benzaldehyde 1) 

Course of development. 

-Aftert-r· 3 
--1-4--- I 6 I ,------------------. 

10 days 

? 

beginning I vigorous I vigorous I vigorous I wth growth, growth, growth, 
gro many spores,many spores many spores vigorous 

1 - --- ,-- vigorous I' growth, 
! no owth ? I growth, many spores 

gr ! hardly any 

vigorous growth, many 
spores 

- ----- --- -- -- --~~- -- \ 

3 drops of pure I I' -~ ~·-:--I The Iiquid has 
benzaldehyde 1) no growthi no growth no growth no growth no growth eg ~~g the smeU of 

i, gro benzaldehyde 
,---~c----:---

0,5 cm.3 of a HCN 
contalning Iiquid (P) 

2 cm3• of a HCN 
containing liquid (P) 

? !ra1~~~~n-y-I'-v:goro~~ -I 11-:----... --'-:----

____ , _____ 1 spores , growth, 
, I· I many I 

1

1 v~g~h~ I spores I 
, I many sporesi ' 

? 

---

I 5 cm.3 of a HCN 
6 containing liquid (P) 

---;-'n-Ogrowth;-b-egi-nn-i-n-g-I
I 

vr:~~~s-II 
growth growth, vigorous vigorous 

71 0.5 cm.3 of a H2504 
containing liquid (q) 

-_._-
8\ 2 cm.3 of a H~04 

containing liquid (q) 

91 
5 cm.3 of a H~04 
containing Iiquid (q) 

.ol 

begin-Ij 

ning I 

g,owth I1 

vigorous 

growth, 

many 

spores 

I few spores 1-/----/ 
vigorous 

growth, 

many 

spores 

beginning lVigOrOUS vigorous 
_ lYt"r"'A,th "....,... .......... 

growth, growth, 
vigorous growth, 

many many 
many spores 

spores spores 

~ 
t.:I 
~ 

• 
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From other experiments it has become evident that benzaldehyde 
when used in very slight concentrations, may serve as nntriment . 
for Asper.qillus niger. 

From the above results it mar a)so be expected that in amygdalin 
containing liquids to which emulsin has been added Aspel'gilltt.'/ niger 
wiII not de\'elop. 

This follows too from the experiments which are \lnHed in 
Table lIJ. 

T ABLE 111. 

50 cm.3 tapwater, in which dissolved 0,15 OIo NH.N03r 0,15 % KH2PO .. , 
0,1 Oio magnesiumsulfate (crystallised). Temp. 330. 

Dissolved 

; 
I, 2, 3 ' 2 0J0 glucose 

4, 5 2010 glucose + 0,04 Oio emulsin 

6 i 2 010 gl ucose + 0,1 0J0 emulsin 

7, 8, 9 i 2 Oio amygdalin 

10, 11 2 OIo amygdalin + 0,04 oio emulsin 

12 2 % amygdalin + 0,1 0;0 emulsin 

Development 

I After 3 

i 
irather vigor. growth, 
!beginning formaUon! \ 
i of spores I 
I, vigorous growth, 

l many spores 1 
,rather vigor. growth, , 
'rather many spores , 

5days 

vigorous 

growth, 

many spores 

" of the liquid resem- • just as after 'I no growth,the smeul I 
I bles benZaldehYde,,' 3 days I) 
I or (and) HCN. 

The emulsin used (MERCK) had no retarding influence on the 
development of Aspergillus niger with glucose as source of carbon. 

The retarding influence of emulsin stated in sohuions containing 
amygdalin cOl1ld therefore only be ascl'ibed to tbe products of 
hydrolysis of the amygdalin viz benzaldehyde and HeN. 

The above experiments l'rove tbat when important quantities of 
amygdaJin, befol'e being assimilated, are already dissociated into 
glucose, benzaldehyde and HeN outside the organism Aspergillus niger 
will not develop. It is proved, too, that this is caused especially by 
the retarding action of benzaldehyde. 

The strong retarding action of benzaldehyde can on one side be 
explained by its strong soll1bility in fats (benzaldehyde in every 
proportioll is miscible with olive oil) and on the othet' side' by the 
possibility of a rapid conversion illto uenzoic acid. Benzaldebyde 

I) Aftel' 30 days Nos. 10, 11 and 12: no growth, but the smeU ofbenzaldehyde 
or tand) HeN can no more be slate~:l. 
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wiII immediately overburden cells 1). Only Ir care is taken that this 
does not happen benzaldehyde can he used as nutriment. 

As follows from. the above (his is the case when we use very 
sJight ~oncentrations of benzalhyde. Amygdalin which is amongthe 
subst.ances that do not cause overburdening phenomena call be 
converted in cells into glucose, benzaldehyde and HC.N without any 
slackening influence on the growth '). 

In the communications mentioned we have demonstrated that 
generally speaking it is not the nature of the substance absorbed 
bnt in the first instanee the quantity, that eanses overburdening of 
cells and the accompanying retarding:of growth. In this way we 
have at the same time aspecific ror bringing narcotic substances 
into the organism without any harm to the latter. 

For this purpose the nareotic substance should be combi:Aed with 
one Ol' more ot her chemical compounds, so that a complex chemical 
compound reslllts, which can not overburden cells, but from which 
tbe desired active substance may be formed within the cello 

Dordrecht, December 1916. 

Chemistry. -- "In-, mono- and divariant equilibria." XIV. By 

Prof. F. A. H. ScHREIN~MAKERS. 

(Oommunicated in the meeting of January 27, 1917). 

22. The occurrence of three indifferent phases; the equilibrium M 
is constant singnlar. 

In the previous communications we have discusserl the oecurrenee 
of two indifferent phases; now weshall briefly consider the oeeur­
rence of three indifferent phases. 

Again we take the two reaction-equations: 

alFI + ... + flpFp + (lJ+1 ~+1 + .... = 0 . (1) 
and 

flolalFI. + ... + flo/JapFp + flo,+l ap+l F p+1 + .... = 0 (2) 
in which al and flol are positive and at the same time: 

flol > ... > flop > 1-'1'+1 > 1-'J+2 > . . . . (3) 

When we put: 

1) J. BÖESEKEN and H. J. W AT~;RMAN, These Proceedings, January 24, 1912 
p. 608; H. J. WATERMAN, DisserLation Delft, 1913. 

11) When at tbc same moment any conversion into the just mentioned 
substanees oecurs too outside the ce!! of course retarding of growth will aU thc 
same be· stated. 


