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Fig. 25. Continuous curve: cranial indices of Smith Sound Eskimoes, recorded by BESSELS. 
Dotted curve: indices of the Long Barrow skulls, measured by THURNAM and 
PARSONS. 

Fig. 26. Continuous curve: cranial indices of the New-England skulls, measured by BOAS. 
Dotted curve: cranial indices of the neolithic skulls from North-East and 
Middle-Germany, recorded by SCHUZ. 

Biochemistry. - A lew remarks on the iodine~amylum reaction. By G. V. 

ITERSON JR. and J. COUMOU. 

(Communicated at the meeting of June 29, 1935). 

1. F. MVLIUS (16) contended in 1887 that besides the presence of 
iodine the presence of iodides or of hydriodic acid is required to form 
the blue iodo~amylum. Results apparently in contradiction with th is should 
be explained, according to MVLIUS, by the formation of potassium iodide 
or hydriodic acid, the glass being of special influence in th is matter. 

This idea has been contested among others by L. BERCZELLER (4) in 
1917, who stated that the iodine reaction may take place without the 
presence of iodine ions, for example, by using pure iodine in boiled quartz 
9Iass~ware. 

In point of fact the iodine reaction succeeds, if executed according to 
the method of C. NÄOELI (17), with a slight variation, a crystal of pure 
iodine in water on a quartz slide being used. H, however, it is considered 
that .grains of starch contain exchangeable ash constituents, then neither 
BERCZELLER'S observation nor the experiment indicated by us proves 
convincing. BERCZELLER's statement is besides impaired since he assumes 
that the pres en ce of iodine ions intensifies the colour of iodo~amylum, 
omitting to state, however, why this should be the case. 

Furthermore, the arguments against MVLIUS put forward by N. VON 
EULER and K. MVRBÄCK (8) in 1922 are weak, thus making MVLIUS' 
conception still maintainable. 

2. In the course of time a great number of compounds have become 
known which produce a blue coloration with iodopotassium iodide, similar 
to the one produced with starch. In particular G. BAROER (1, 2 and 3) and 
cooperators have enlarged our knowledge in th is respect. Only recently 
D. KRÜOER (14) added a new example. 

From these data it appears that the occurrence of the blue reaction is 
connected with either the pres en ce or formation of crystals, or with the 
colloidal state of the reacting product. In the real solutions no blue iodine 
reaction has been observed up to now. Assuming that "crystallites" are 
present in the colloidal state, we can reduce the condition necessary for 
the occurrence of the reaction to the requirement that the matter must be 
in crystalline state. 
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In th is connection especially the agreement of the iodine reaction of 
narceine crystals and the iodo~amylum reaction indicated by W. STEIN 
(19) as early as 1869 is of importance. We call special attention to the 
"dichroism" of narceine crystals coloured blue with iodine and that of 
many periodides of alkaloids, of which herapathite forms the most inte~ 
resting example. This dichroism, namely, makes it probable that the iodine 
has been fixed in the crystal lattice in very specific spots. 

The presence of iodides or hydriodic acid beside~ that of iodine appeared 
to be required, or at any ra te to act favourably, in many of the above~ 
mentioned reactions. Sometimes other ions also, especially polyvalent 
cations, were effective G. BARGER and E . FIELD (1) drawattention to 
the fact that double transpositions could have taken place here and that 
iodides could have been formed, but they prefer a colloid chemical expla~ 
nation for this phenomenon (the iodine is considered to be colloidal in 
th is case). 

3. In 1915 G. BARGER and W. W. STARLING (2) concluded that "it 
is probable that the addition of iodine by the organic substance is aresuit 
of residual affinity". Although G. BARGER and F. D . EATON determined 
in 1924 that the physical nature of the material is also of essential impor~ 
tance for the occurring of the iodine reaction, the first mentioned con~ 
clusion had not to be withdrawn. 

The observations of M. BERGMANN (5) and those of M . BERGMANN 
and M . GIERTH (6) in 1925 and 1926 on iodine reactions with compounds 
containing "etheroxygen" (where hydriodic acid or potassium iodide were 
also required) led BERGMANN to the supposition that "molecular com~ 
pounds" are formed, in which the ether~oxygen atom should be active. 
BERGMANN supposes that something similar happens with the formation 
of iodo~amylum. 

In th is connection we refer to the investigation of W. V. KAUFMANN 
and A. LEWITE (13) who concluded in 1919 that the behaviour of starch 
to formaldehyde may best be explained by supposing that ether groups 
in the starch with formaldehyde may form a compound which decomposes 
in water. 

With reference to P. PFEIFFER's Org. Molekülverbindungen 2. Aufl. 
1927, ahd especially to the recent treatise of G. BRIEGLEB and W. LAUPPE 
(7) we eniphasize that there are three possible structures of compounds 
of starch, iodine and potassium iodide or hydriodic acid. Firstly a 
"pseudosalt" may be formed in which oxygen is active with four valencies. 
Secondly a salt of "oniumform" may develop, where ions are bound 
together. Thirdly, a coordinative trivalent oxygen may play a role. 

From the considerations of A. HANTZSCH (11) on the relation between 
the constitution and the colour the first mentioned type of structure would 
appear the most probable one for the blue iodo~amylum (according to 
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HANTZSCH, iodine, of all halogens, shows the greatest tendency to form 
"pseudosalts " ) . 

4. A. LOTTERMOSER and A. OTT (15) made it probable in 1930 that 
starch from an iodo-potassium iodide solution fix es the following ions or 
molecules: 

I3-ions, I2-ions, I-ions, KI3- and Kl-molecules. The I3-ions are fixed 
by preference, then come the I2-ions, and so on. 

If all these facts are combined, it becomes probable that, in dealing 
with the blue starch iodine reactions, inside the crystallites molecules of 
the following type are present: 

where Me represents a monovalent metal atom or a hydrogen atom. We 
leave it undecided as to whether the etheroxygen, present in the hexagons 
of the starch molecule accordinH to HAWORTH, plays a role here. or 
whether this is done by the etheroxygen supposed to be present as a 
connecting link between the hexagons. 

The objection might be raised that F. L. GILBERT. R. R. GOLDSTEIN 
and T. M. LOWRY (10). when determining the absorption spectra of 
7 aroma tic polyhalides and of 8 caesiumpolyhalides. found absorptions 
characteristic of the "brown iodine solutions". However, it should be 
borne in mind that these spectra have been determined for "reaI" solutions 
and that the solid CsI3 (as weIl as several solid polyiodides of alkaloids) 
is blue-black. We shall not enter further into discussions as to how the 
iodine in the group 13 , present in the crystallites, may be connected up, 
but will only indicate how it is possible that iodine occurs bound in such 
a way that during light absorption a process occurs of the nature proposed 
by J. FRANCK (9) which causes the violet colour of iodine vapours. 

5. To confirm the above conception, we have asked ourselves whether 
it might not be possible to demonstrate the influence of iodine ions, while 
reacting with iodine for starch, more convincingly than is done according 
to the method of MYLlus. 

We took as our starting point the observation that a suspension of 
starch in Kl solution of 10% concentration, saturated with iodine, could 
not be brought to "gelatinization" by boiJing. This appeared to be parti­
cularly striking because of the observations of M. SAMEC (18) and of 
J - VAN DER HOEVE (12) who found that a potassium iodide solution of 
th is strength without iodine lowered the gelatinization point of starch 
considerably. 

It is known that iodo-amylum is a negative lyophobic colloid; the possi­
bility exists, therefore, that the observed raising of the gelatinization point 
is due to the precipitation of the iodo-amylum by the K-ions, added in 
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great excess. The lyophobic properties of iodo~amylum. however. are not 
strong - vide BARGER and FIELD (1) - that is why it was considereq. 
of importance to investigate whether the raising of the gelatinization point 
could be observed also with low concentrations of iodo~potassium iodide. 
With these low concentrations thc precipitating action of the K~ions may 
be considered improbable. In fact, this appeared to be the case. 

L. BERCZELLER (4) described a few observations in 1917 on the geIati~ 
nization of iodo~amylum. He experimented with starch which had first 
been soaked with iodo~potassium iodide solution (e.g. a saturated solution 
of iodine in a normal solution of potassium iodide). Next, the supernatant 
liquid was decanted and replaced by distilled water. In the most favourable 
case he observed a raising of the gelatinization point of IOC. We obtained 
definitely greater increases by our method. 

6. For the determination of the gelatinization point we applied the 
method of M. SAMEC (18), with the one variation that the temperature 
of the water~bath was not allowed to rise during the experiment but kept 
at 74.00 C. The suspension of potato starch used contained I gram of 
air~dry starch in 800 cm3 of liquid. Below we give a few of our obser~ 
vations. We note that the liquids of the concentrations indicated were 
poured onto the air~dry starch in the above~mentioned ratio. The solution, 
which contained iodine only, had been prepared by shaking pure iodine 
with distilled water; no special care was taken to obtain eIectrolyte~free 
solutions, it being sufficient for our purpose to obtain a comparison of 
the gelatinization temperatures. 

Liquid in which starch was suspended 

1. Distilled water . . . . . . . . 

2. O. 014 Ofo I sol. . . . . . . . . 

3. 0.014 % 1 sol. + 10f0 KI sol. 

4. 1 % KI sol. . . . . ... 

5. 0.006 Ofo I sol. + 1 % KI sol. 

6.0.014% I sol. + 0 .05 0/0 KI sol. 

Observed temp. of Raise with respect to 
gelatinization in oe. starch in water 

~ M~O 
( 64.1 

~ 65.2 

( 65.4 

~ 70.4 

( 69.6 

63.8 

~ 68.0 

( 68.1 

69 .6 

~ 6.4 

( 5.6 

-0.4 

~ 4.0 

( 4 . 1 

5.9 

After our remarks sub 1., it will not be considered surprising that an 
iodine solution without potassium iodide produces a slight raise of the. 
tcmperature of gelatinization. We call special attention to the last obser~ 
vation, because it demonstrates clearly, in comparison with the results 
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of the experiments numbered 2 and 3. how large an influence is exerted 
on the point of gelatinization by the addition of a very low concentration 
of potassium iodide in the presence of free iodine. 

7. Immediately the question arises wh ether in this experiment hydriodic 
acid may be substituted for the potassium iodide. As will be apparent 
from the foIIowing data, this happens to be the case. It may be noted 
that the solution of hydriodic acid was made iodine~free by means of 
hydrogen sulphide. 

Observed temp. of Raise with respect to Liquid in which starch was suspended gelatinization in °C. starch in water 

7. 0.01 Ofo I sol. + 0.05 Ofo Hl sol. 

8. 0.01 % I sol. + 1 % Hl sol. 

9, 1 % Hl sol. . . 

71.3 7.3 

64.1 o 

Thus in this case also the addition of Hl in a concentration which of 
itself has no effect appears, in the presence of iodine, to have a definite 
influence on the gelatinization point. 

8. IE our theory is right, it is to be expected that iodine ions will show 
a specific action on the gelatinization point, compared with other anions, 
if present together with free iodine. 

The results of experiments made to determine this point, to which a few 

Liquid in which starch was suspended Observed temp. of Raise wlth respect 
ge1atinization in oe. to starch in water 

° ° 10.0 .01 010 I sol. + 0.5% H2S04 sol.. 65.5 l.i 

11. 0 .01 Ofo I sol. + 0.06% H2S04 sol. 65.1 1.0 

12.0 .01% I sol. + 0.07 % KN03 sol. 65.7 1.6 

13. 0.01 % I sol. + 1 % KN03 sol.. 68.i i.3 

H. 0.01 % I sol. + 0.01 % HCI sol. M.3 0.3 

15. 0.01 DJo I sol. + 0.035 Ofo Ca Cl2 sol. . 65.9 1.9 

16. 0.01% I sol. + 0.035% BaCI2 sol.. 65.5 1.5 

17. 0.01 Ofo I sol. + 0.075 % Ba CI2 sol. . 66.5 2.5 

18. 0.015% I sol. + 0.050f0 K2 S04 sol.. 65.7 1.6 

~ 68.3 ~ 
i.3 

19. 0 .01 % I sol. + 0 . 1 % La(N03h sol. . 
67.7 3.7 

20. 0.015% I sol. + O.Oi% AICl3 s:>l. . 69.3 5 .3 

21. 0.015 % I sol. + 0.1 % Ca 12 sol. . >7i.0 >10.0 

22. 0 . 1 % CBI2 sol. M.3 0.3 
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observations on the influence of cations have been added, follow below. 
Comparison of the data 7 and 11. 6 and 12, and also 7 and 14, supports 

our opinion that among the anions the iodine ions exert a specific action. 
The polyvalent cations produce a definitely higher increase than the 
monovalent ones. This is not surprising, however, if we consider the fact 
that iodo~amylum is a negatively charged colloid. The interesting effect 
of the combination of iodine and calcium iodide (vid. Nr. 21 and compare 
with Nr. 15 and Nr. 22) is in agreement with th is explanation. 

The result with 1 % KN03~solution bids us to be careful; the possibility 
exists however that potassium iodide is formed by double exchange. 

9. The investigation of the possible influence of other free halogens 
on the gelatinization point of starch was next taken in hand. SAMEC'S 

method being used, neither a bromine or a chlorine solution as such, nor 
with the addition of potassium chloride, showed an appreciabIe influence 
on the gelatinization point. At most, differences of a few tenths of a 
degree could be seen. 

It appeared, however, that with some of the experiments with bromine 
no "complete" gelatinization of the starch grains occurred. As a matter 
of fact it could be observed macroscopically and without doubt that the 
presence of bromine and potassium bromide together had its effect on 
the gelatinization. A starch suspension in water saturated with bromine 
could be made to gelatinize completely by boiling, but the addition of 
potassium bromide prior to boiling produced only a swelling of the starch 
grains on boiling. The swelling resulted in a yellow mass, which settled 
as a gel on standing. A solution of soluble starch is changed neither by 
the addition of potassium bromide nor by the addition of bromine; 
however, a mixture of bromine and potassium bromide produces a gelati~ 
nous precipitate. 

With chlorine, no similar results could be observed. 

Delft, June 1935. Laboratory for Technical Botany. 
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Mathematics. - Über allgemeine konforme Geometrie in projektiver 
Behandlung. Von J. A. SCHOUTEN und J. HAANTJES. 

(Communicated at the meeting of June 29. 1935). 

Wir kündigen hier ein Theorem an. dessen Beweis an anderer Stelle 
veröffentlicht werden solI. 

In einer X n 1) sei ein Fundamentaltensor bis auf einen beliebigen 
Zahlenfaktor gegeben. Entweder ist dann die konforme Geometrie in der 
X n konformeuklidisch. d. h. der Konformkrümmungsaffinor verschwindet. 
oder dieser Affinor verschwindet nicht. Im ersten FalIe gilt bekanntlich 
der Satz: 

Die Geometrie der X n ist identisch mit der Geometrie einer quadra­
tischen Hyperfläche in einer Pn + 1 2). 

der sich genauer folgendermassen formulieren lässt: 

1) X n = n-dimensionale Mannigfaltigkeit mit gewöhnlichen nicht homogenen Koordinaten. 

2) Pn + 1 = (n + Ij-dimensionale Mannigfaltigkeit einer gewöhn1ichen projektiven Geometrie. 


