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• ■■ Isggl <Uber einen inte^rarrheîrtbener Vektoren

von
S. Borbely

(Aut dem Institut fiir angewandte Mathematik)

In einer vorigen Arbeit1 habe ich fiir die graphische Integration 
ebener Vektoren einer skalaren Verănderlichen von der Form S^(«.)elad^ = 
— R(<?)eW*> eine Konstruktion angegeben. Sie ist eine Naherung vierter 
Ordnung, da die difîerentiellen Bedingungen denen die vektorische Integ- 
ralkurve unterworfen ist keine, mit der Rungeschen reellen Integralkon- 
struktion vergleichbare exacte graphische Auswertung zulăsst.

Demgegeniiber ist es leicht ein mechanisches System anzugeben, 
welches diese Bedingungen (abgesehen von den technischen Măngel der 
Ausfiihrung) prinzipiell erfiillt, und somit die Grundlage zur Konstruktion 
eines Vektorintegraphen lieîert.

In der Abb. 1 sind zwei zugehorige Vektoren des Integranden (i) 
und des Integrals (/) dargestellt. Es gilt: * + = <p und p = r wobei p

den Krummungsradius der Integralkurve, und 
z den Tangentenwinkel gegenuber dem Ra- 
diusvektor R bedeutet. D. h. die Evolute (E) 
der Integralkurve ist dadurch gekennzeichnet, 
dass sich ihre Bogenlănge als Differenz der 
entsprechenden Absolutbetrăge des Integran- 
den darstellen lasst, wobei alle ihre Tangen- 
ten auf die entsprechenden Radiusvektoren 
des Integranden senkrecht stehn. Falls wir 
diese letzte Bedingung dahin abândern, dass 
die Tangenten der Evolute dauernd zu den 
entsprechenden Radiusvektoren des Integran- 
den parallel sein sollen, die erste Bedingung 

dagegen aufrecht erhalten, erscheint die Integralkurve um einen rechten 
Winkel in sich gedreht.

Diese beiden Bedingungen sind nun aber durch einen passend ge- 
fiihrten Evolutenwagen und durch eine, die Integralkurve (oder eine

1 Zei£«chrif£ fur angewandte Mathematik und Mechanik, Bd. 22 (1942) 5, 273.
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ihrer Parallelkurven beschreibende) Evolventenfuhrung auch hinsichtlich 
der technischen Ausfiihrung leicht erfiillbar.

Der Fahrarm m m gehe durch den Koordinatenanfangspunkt 0 (Abb. 2) 
und sei dort drehbar und verschiebbar gelagert. Mit dem Abtastpunkt P 
befahren wir die Kurve des Integranden. Durch die beiden Parallelfuhrungen 
F und F' wird der Fahrarm M M, durch den die um — gedrehte Integ- 
ralkurve erzeugt wird, parallel zu m m gefiihrt. Der Arm M trăgt, gegen- 
iiber achsialen Vorschiebungen gesichert, ein schweres scharfkantiges 
Evolventenrad Rt, dessen Rollenebene senkrecht zu M steht. Die scharfe 
Kante und das Eigengewicht lassen fur den Auflagepunkt Pt nur Ver- 
schiebungen in der Spurgeraden 5 der Rad- und Auflageebene zu.

Den zweiten Auflagepunkt des Armes M liefert der Evolutenwagen 
E, der auf M in Richtung des Armes verschiebbar angeordnet ist. Der

Abb. 2.

Evolutenwagen rollt auf zwei scharfkantigen Rădern Ru auf der Auflage
ebene, deren gemeinsame Achse senkrecht zu M steht, so dass die Pro- 
jektion des Achsenmittelpunktes Pu in die Spur von M und der Auflage
ebene falit, wobei die Spuren der Radebenen mit der Auflageebene parallel 
zu M liegen. Dieser Wagen bewirkt also, dass bei einer Bewegung des 
Armes M der Punkt Pu (falls E auf M festgehalten wird) nur Verschie- 
bungen parallel zu M ausfuhren kann, welche aber gerade durch Rt ver- 
hindert werden. In diesem Falie kann also ein jeder Punkt von M nur 
Kreise um Pu beschreiben. Wird bei der Bewegung von M der Evoluten
wagen auf M selbst verschoben, so beschreibt eine Kurve, deren 
Norma^rFchtung111^ daurend in Richtung von M falit, wobei der Kriimmungs- 

radius der Kurve Pt durch die Strecke | PuPt | dargestellt wird, und die 
Differenz der Bogenlange (j„)2 — (ju)x auf der E Kurve gleich der Differenz 
von | PuPt |2 — | PuPt |t ist.
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Wird E auf M so gefuhrt, dass dauernd | PUP\ | = r(?) sei, so be- 
schreibt der Fahrstift in Pr die zur Evolvente Pt parallele Integralkurve 1, 
und Pu deren Evolute. Dabei muss selbstverstăndlich in der Ausgangslage 
(Anfangswinkel <p0) der Fahrstift Pt so eingestellt werden, dass | PUPX |0 = 
= r (?0) sei. Der Anfangspunkt 0' des Koordinatensystems der Integral- 
kurve falit mit (Pi)0 zusammen und die Nullrichtung ist um — -%■ gegen- 
uber der Richtung <p = 0 gedreht.

Die Verschiebung des Evolutenwagens kann theoretisch durch zwei 
undehnbare Făden bewirkt werden, deren Enden an dem festen Lager 
in 0, und beiderseits auch am Wagen E befestigt, uber die Zapfenpunkte 
1, 2, 3, 1', 2', 3' der Parallelfiihrung straff gespannt gefuhrt werden. Die 
Gesamtlănge des Fadens ist bei jeder Lage des Systems theoretisch 
konstant, eine Radialverschiebung des Armes m bewirkt also eine gleich 
grosse Verschiebung von E auf M.

Bei einer praktisch verwertbaren konstruktiven Ausfiihrung des Integ- 
raphen sind zwei Schwierigkeiten zu iiberwinden. Erstens, dass die beiden 
Fahrarme und die entsprechenden Stangen der Parallelfiihrung stabil ge- 
lagert und gefuhrt werden miissen. Weiterhin, da Kreuzungslagen im 
Allgemeinen vorkommen, miissen die entsprechenden konstruktiven Ein- 
heiten in verschiedenen Hohenebenen liegen. Zweitens, dass die Făden 
praktisch nicht uber die angegebenen ZapfenpanÂ’te, sondern nur uber 
Rollen gefiihrt werden konnen, wobei die Gesamtfadenlănge in verschie
denen Lagen des Systems nicht mehr als konstant betrachtet werden kann. 
Diese Schwierigkeit wird aber durch Einschaltung eines Obertragungs- 
aggregates, dessen Prinzip aus Abb. 3 ersichtlich ist, leicht behoben.

Abb. 3.

Auf den vertikalen Zapfen (Achsen) 1, 
sind die Trommeln Z1( T'lt T2,... drehbar

1', 2,... der Parallelfiihrung, 
gelagert. Die an dem festen 

Lager 0, in den Punkten A, Ă! befestigte Făden /j, /' liegen auf Zi, Z' 
mit einigen Windungen straff gespannt auf. Die Trommeln -p sind mit p 

■* 2 •* » 
durch die Făden gekoppelt. Die Trommeln Ts, T'3 arbeiten durch /4, 
auf die Befestigungspunkte B, B’ von E entsprechend wie A, A' durch /1( /, 
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auf Ti, T’t. Falls also der Abtastarm in radialer Richtung unverruckt 
bbibt, sich aber uni 0 dreht, sind die Trommeln Tlt fixiert, Tît Ts 
drehen sich zwar beziiglich den Stangen 12, 2 3,... bleib’n aber, da 
sie ja im Prinzip wiederum je ein Gelenkvierek representieren beziiglich 
den Richtungen 1 1', 2 2', 3 3' in Ruhe, E erleidet keine Verruckung. 
Bei einer radialen Verschiebung von m wickeln sich die Fâden

Trommel ab diese Abwickelung wird auf T3, T't iibertragen, womit 

E dieselbe radiale Verschiebung erleidet, wie m.

Egy vektorintegrâfrol
Borbely Samu

(A Matematikai Intezet kdzlemenye)

Osszefoglalăs

Egy kenyszerkapcsolâsos eles kerekeken gordulo mechanikai rend- 
szer leirâsa, mely valds-egyvăltozos, sik vektorok integrălgorbGjet (elme- 
Ietileg exacte) szolgăltatja.



A Deduction of Schrodinger’s Equation
by

I. F e n y e s
(Contribution from the Institute of Theoretical Physics)

In the following paper a method is given by which Schrodinger’s 
equation can easily be deducted. A basis of our deduction is the 
Heisenberg’s uncertainty relation. According to the uncertainty principie 
h (Planck’s constant) represents an absolute limit to the simultaneous 
measurement of co-ordinate (#,) and momentum (p,). We have the relation

............................. 0)
if tsqi and A# are defined as root-mean squares. In consequence of this 
it is not possible to characterize the state of a system with the co-ordi- 
nates qi and with the conjugated momenta ți. Instead of this we will 
characterize the stationary states with a țrobability distribution: p(qî) in 
the configurational space. For the sake of simplicity let us confine our- 
selves to the problem of a single-body. Our consideration, however.'will 
be valid to the problem of n-bodies aswell. In order to determine p(g<) 
let us investigate the behavior of a great number of the systems in ques- 
tion. Let us prepare a statistical survey of the position of the particles 
in a common space. (For instance in the case of LZ-atoms we determine 
the position of each electron in relation to the nucleus.) This statistical 
ensemble can be taken as a fictive ideal gas in which, however, the 
particles do not come into collision with each other. In a common ideal 
gas, as a consequence of the collisions, there also exists an uncertainty 
relation similar to (1):

Aqt bți mD . . . ................(2)
where D is the diffusional coefficient and m the mass of a partide. The 
lacking collisions in our fictive case are substituted by the Heisenberg’s 
uncertainty relation. Thus the complete stream vector, written as complex 
quantity, is _> _>

I = n v 4* iD grad n..................................... (3)

where n represents the density of our fictive gas.
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Taking into consideration that by the law of great numbers the density 
of our fictive gas, mentioned above, is proporțional to the probability 
distribution of a partide. And so we get instead of (3) by comparing (1) 
and (2) for the „stream vector* of this probability distribution

H-^gradp.....................................(4)

Hence the „density* of the particle’s energy is

y = + . . . ............................. (5)

where V is the potențial.
We can substitute p and v by a single variable. Let be

v = — grad s m s
and

2jw

<Pi — e ~~ 5
Thus

~ grad
where

Let furtheron be
P = ?2

According to these substitutions we get

i = — 2^ (f • f* §rad fi + fî fi fa §rad fa)................. <6)

where we multiply the second term by <p* Ti = 1- From (6) by the sub- 
stitution

Ta = 4’» (tf<P2 = 4»*, 4<*<l'=p) • • ......................(7)
we get

7= - ăik *'grad *............................... <8)

and so the „density* of a particles energy

+ w............. ... • • -<9)
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(10)

The total energy has a minimum in a stationary state and so

81Udt = 0

where dt is the volumen element. In consequence of the meaning of p

(11)

From (10) and (11) ultimately follows

being Schrodinger’s equation.

A Schrodinger egyenlet levezetese
Fenyes Imre

(?lz Elmeleti Fizikai Intezet kozlemenye)

Osszef oglalâs

A kvantummechănikai bizonytalansâgi relăciâ (1) es a klasszikus 
statisztika analdg relăcidja (2) alapjân egy rendszer „valdszinusâgi elosz- 
lăsa“ egy ideâlis gâz surusegevel azonosithatâ. Ebbâl a tânybfil igen 
egyszeruen kovetkezik a Schrodinger egyenlet. A Born-fSIe hipotâzis 
szinten kovetkezmenykent szerepel.



Beitrăge zum Mechanismus des Krîstallwachstums
von

Z. Gyulai
(Institut fur Experimental-Physik)

§. 1. Der Mechanismus des Krîstallwachstums wird theoretisch von 
Kossel und Stransky auf ■ Grund molekularer, von Volmer auf Grund 
thermodymamischer Betrachtungen behandelt. Experimentell kann man 
noch nicht zwischen den beiden Theorien entscheiden. Gyulai 1 fand, durch 
einige experimentelle Beobachtungen die Kosselschen Uberlegungen un- 
terstiitzen zu konnen, aber die Obereinstimmung ist nur rein qualitativ. 
Kossel rechnet in seinen Betrachtungen mit dem Anlagern von einzelnen 
Ionen und Ionenschichten an den Kristallkorper, wogegen man in der 
Wirklichkeit Anlagerungsschichten von ungefăhr 10.000 Ionen beobachtet. 
Diese lonenschicht iiberragt diese Dicke, die zu der Theorie als Grund- 
Iage dient, viei zu stark. Kossel selbst meint, dass es notwendig sein 
wird, seine Betrachtungen auf Ionenpaare und auf das mehrfache von 
lonenpaaren auszudehnen und dass bei dem Kristallwachstum aus der 
Losung auch die Hydratation der Kristalloberflăchen in Rechnung zu 

•ziehen ist. Die Beobachtung findet doch zwischen der Wachstumsart 
und der Theorie gewisse formelle Ubereinstimmung und diese Tatsache 
lasst auf tiefere Zusammenhănge schliessen.

§. 2. Im folgeaden wollen wir die theoretischen Uberlegungen im 
Sinne von Kossel ergănzen und die Resultate mit einigen neueren Beob
achtungen vergleichen. Diese Ergănzung wollen wir zunăchst in bezug 
auf die Kosselschen Bauelemente durchfiihren. Kossel rechnet nur mit 
Ionen, wogegen in der Wirklichkeit diese Bauelemente wenigstens teil- 
weise Ionenpaare sind. Wenn diese Kristallisation aus der Ldsung statt- 
findet, sind die Bauelemente moglicherweise schon Ionenpaare. Das Kris- 
taliwachstum făngt erst an, wenn die Losung schon gestattigt ist. Bei ge- 
sdttigten Losungen sind aber die Ionen teilweise nicht dissoziert. Man 
kann also daran denken, dass in gesăttigten Losungen die nicht dissozierten 
Ionen — Ionenpaare — diejenigen Elemente sind, welche am Kristallwachs
tum am ehesten teilnehmen. Wenn sich das Kristallwachstum aus Dampf

1 Z. Gyulai i Zeifachr. £. Kri4(all«|r»phi« 1935.



(2) Beitrăge zum Mechanismus des Kristallwachstums 9
/

vollzieht, dann sind die Bauelemente Ionenpaare — wahrscheinlich auch 
vielfache von Ionenpaaren — weil nach der allgemeinen Auffassung die 
Dămpfe von lonenkristallen keine Elektrizitătsleiter d. h. nicht ionisiert 
sind. Die KossELsche Betrachtungsweise erleidet dadurch keine Verănde- 
rung; es wird nur die Energie des wiederholbaren Schrittes geăndert. Diese 
Energie ist aber leicht zu berechnen dadurch, dass man die KossELsche 
Energiegewinne fur zwei Ionen nimmt, welche bei zwei nacheinander 
folgenden loneneinlagerungen gewonnen werden, und davon wird die Ver- 
einigungsenergie von zwei Ionenpaaren abgezogen, weil die Vereinigung 
von zwei Ionenpaaren schon vorher geschehen war. Durch dieses Vor- 
gehen kann man die KossELsche Rechnungstechnik auf auch die neue Be
trachtungsweise ubertragen.

§. 3. Bei den bisherigen Beobachtungen ist der KossELsche Grund- 
satz, nam ich, dass das neue Anwachsen vom Schichten seinen Anfang an 
Ecken und Kanten nimmt, immer in Giiltigkeit; in den physikalischen 
Umstânden aber besteht doch ein gewisser Unterschied.

In der Losung ist die Oberflâche des Kristalls immer hydratisiert. 
Die Oberflâche, auf welcher eine Ionenschicht gerade fertig geworden ist, 
wird gleichzeitig auch mit Wassermolekiilen iiberzogen, weil die Kristall- 
flăche mit Wasser umgeben ist. Diese Hydratschicht besteht vielleicht 
nicht bloss aus Wassermolekiilen, sondern moglicherweise aus einem mehr 
oder weniger geordneten System von Wassermolekiilen und Ionen oder 
Ionenpaaren. Dieses System bildet an der Oberflâche eine ziemlich stabile 
Schicht. Beim Kristallisieren aus Dampf diirfte diese Oberflăchenschicht 
viei weniger bedeutungsvoll sein. In diesem Falie diirfte nur eine Oxygen- 
schicht im Betracht kommen. Ober diese Oxygenschicht bei 800 C° Grad 
Temperatur lăsst sich nichts aussagen, hochstens etwa soviel, dass wegen 
der hohen Temperatur diese Oxigenschicht dem Kristallwachstum gegen- 
iiber weniger behinderlich sein diirfte, als eine Hydratschicht. Die Kossel- 
schen Oberlegungen gelten fur Systeme von dem Typ Kristall-Vakuum. 
Fur diesen Fall gibt es meines Wissens bis jetzt keine experimentellen 
Beobachtungen.

§. 4. Kossel behandelt das Kristallwachstum als einen sehr lang- 
samen Vorgang. Die beobachteten langsamsten Falie 1 sind noch immer 
zu rasch, und die von Gyulai beobachteten Falie beziehen sich absichtlich 
auf rasches Wachstum. Gyulai macht schon in seiner ersten Publikation 
darauf aufmerksam, es sei nicht unmoglich, dass das ausscheidende Material 
schon unmittelbar vor der Ausscheidung in halbgeordnetem Zustand vor- 
handen sein solite. Es ist nămlich fur den anschaulich denkenden Beob- 
achter sehr schwer sich vorzustellen, dass die geordnete Ausscheidung so 
rasch vor sich gehen konnte, wie es beobachtet wird. Es ist also notig, die 
Moglichkeit einer solchen vorhergehenden Ordnung zu iiberlegen. Diese 
Oberlegung ist auch deshalb notwendig, weil in der Literatur Bemerkungen 
geaussert wurden,2 welche die Richtigkeit der Kosselschen molekular- 
kinetischen Betrachtungsweise iiberhaupt in Frage stellten. Wir wollen

8 Spanțenberg und Nauhau».
8 W. Klebar ; Kolloidzeit«cbri(t. 94.1941-39, «nd «banda D. Balaraw t 96,1941,—23,
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also hier den von Kossel aufgestellten idealisierten Fall und die experi- 
mentellen realen Verhăltnisse mit der Hilîe einiger eigenen Betrachtungen 
zu iiberbrucken trachten.

Wir wollen also den einfachsten beobachteten Fall hier nochmals 
in Betracht ziehen. Nehmen wir an, ein Tropfen von NaCl-Losung befinde 
sich im Verdamplen, und im Tropfen sei ein Kristall im Wachsen begriffen. 
An der Oberflache entweichen Wassermolekiile und die freiwerdenden Ionen 
verteilen sich im Inneren der Losung durch Diffusion gleichmăssig. Es sei 
dieser Vorgang staționar. Weil die Losung ubersăttigt ist, ist es nicht aus- 
geschlossen, dass einige Ionen sich paarweise zu neutralen Molekulen 
vereinigen.

Die Beobachtung1 zeigt, dass sich auf einmal auch eine Schicht von 
0,001 m/m Dicke bilden kann. Man kann gewohnlich nur einen kleinen 
Ausschnitt aus der Oberflache des Kristalls beobachten, wobei die Aus- 
scheidung nach Kossels2 Voraussage pulsierend geschieht. Die ausge- 
schiedene NaCl-Masse — 0 001 m/m dick — wurde in der Losung bei gleich- 
mâssiger Verteilung eine 7-mal dickere Schicht ausfullen. Wenn man aber 
bedenkt, dass nur diejenigen Ionen ausscheiden konnen, welche liber die 
Săttigungsgrenze die Obersăttigung verursachen, so fullen die ausgeschie- 
denen Ionen in der Losung eine viei dickere Schicht. Man kann sich sehr 
schwer vorstellen, dass die ausscheidenden Ionen durch Diffusion im 
Augenblick der Ausscheidung bis zur Kristalloberflăche plotzlich einen so 
langen Weg zuriicklegen konnten.

piese Oberlegung war es, welche schon in der ersten Publikation 
auf einen vorher vorhandenen halborientierten Zustand schliessen liess. 
In den folgenden Zeilen wollen wir die Wahrscheinlichkeit dieses Gedan- 
kens mit Hilfe noch weiterer Annahmen bekrăftigen.

Die Ionen des Kristalls bringen uber die Oberflăchenschicht hinaus 
ein elektrisches Feld zustande, wie das Hirschel 3 nach der Methode von 
Madelung ausgerechnet hat. Nach dieser Rechnung Iăsst sich die elek
trische Feldstărke als Funktion des Abstandes von der Kristalloberflache 
mit Hilfe folgender Formei ausdrucken:

„ e -îxfz.—E —- ztc • 16 • e a ,a1

wo e das elektrische Elementarquantum, a die Gitterkonstante, z den Ab- 
stand von der Oberflache bedeutet. Diese ^Feldstărke reicht also uber die 
Oberflache hinaus, und sie nimmt mit zurtehmendem Abstand sehr stark 
ab, kann aber in unmittelbarer Nâhe bedeutend werden. Die Feldstărke 
wird infolge der hohen Dielektrizitătskonstante des Wassers bedeutend 
erhoht.

Wir wollen uns nun iiberlegen, was fur Wirkungen diese elektrische 
Feldstărke in der Năhe der Oberflăche zustande bringen kann. In der 
Losung sollen auch Molekiile vorhanden sein, weil die LOsung gesăttigt

1 Gvuîal: Zeitschr. fdr Kristallopraphi» 1935.
* Kossel i Lelpziger Vortrâ^e. 1928.
1 Hirschel t Phys. Zs. 1921.
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ist. In der Nâhe der Kristalloberîlache trachten sich diese NaCI-Molekiile, 
d. h. NaCl-Dipole, unter der Wirkung der elektrischen Feldstarke senk- 
recht auf die Kristalloberîlache zu stellen. Es ist moglich, dass diese Dipole 
inîolge ihrer Dipolkrafte so aufeinander wirken, dass eine geregelte Ord
nung umso Ieichter zu Stande kommt. Die elektrische Feldstarke, welche 
nach aussen falit, iibt auf die Dipole eine Anziehungskraft aus. Infolge- 
dessen werden die Molekiile in der Oberflăchennâhe verdichtet. Die Mole- 
kiile wandern also von den entfernteren Teilen der Losung gegen die Ober- 
flache. Es entsteht also in der unmittelbaren Nahe der Kristalloberîlache 
eine gewisse Ordnung der NaCl-Ionenpaare. Die Dichte der NaCl-Molekule 
wird also in dieser Schicht grâsser als sonst in der Losung. In dieser Ober- 
flachenschicht werden auch Wassermolekule vorhanden sein, aber Wasser- 
molekiile sind auch Dipole und infolgedessen kann man annehmen, dass 
moglicherweise auch diese Wasserdipole an der Ordnung dieser hypo- 

tetischen Oberflăchenschicht teilnehmen. 
Diese Ordnung wird durch die Wărmebe- 
wegung der Molekiile gestort. Diese sto- 
rende Wirkung der Wărmebewegung gegen 
die ordnende Kraft durfte als Ausgangs- 
punkt fur eine matematische Behandlung 
des Problems dienen. Die Ausbildung dieser 
Schicht braucht eine gewisse Zeit, und 
hăngt von der Temperatur und von dem 
Grad der Ubersattigung ab.

Nach diesen Oberlegungen kdnnen 
wir wirklich an der unmittelbaren Năhe 
der Krisstallflăche eine Losungsschicht an
nehmen, in welcher die NaCI-Molekiile 
gewissermassen geordnet und dichter vor
handen sind. Siehe Fig. 1. Die experimen- 
telle Priifung dieser halbwegs geordneten 
Losungsschicht wăre erwiinscht und diirfte 
auch nicht so schwer sein.

§. 5. Wir wollen nun weiter gehen. Die Verteilung der elektrischen 
Feldstarke um den Kristall ist so, dass diese um die Kanten und Ecken 
noch grosser ist als iiber die Flâchen. Infolgedessen wird die Anziehungs
kraft auf die NaCI-Molekiile und infolgedessen auch die Ordnung um die 
Kanten und Ecken der NaCl-Dipole grosser. Diese geordneten Dipole — 
welche Ordnung teilweise der Kristallordnung âhnlich sein wird, — werden 
nach der Formei von Madelung ihrerseits wieder zu der elektrischen Feld- 
stărke beitragen und infolgedessen werden die NaCI-Molekiile in der 
Năhe von Kanten und Ecken noch dichter gelagert sein. Man kann also 
erwarten, dass, wo die Dichte der NaCI-Molekiile die grosste und der vor- 
handene halbgeregelte Zustand der beste ist, — also an den Ecken und 
Kanten — die NaCI-Molekiile die an der Oberlăche sitzenden Wasser
molekule am leichtesten verdrăngen kfinnen. Wenn einmal in einem Punkt 
der vorhandenen halbgeordneten Schicht die NaCI-Molekiile ihre stabile 
Lage an der Kristalloberflăche erhalten, geht dieser Vorgang in der 

□
Diff.- richîiîng

Fig. 1. Schematisches Bild des halb
geordneten Zustandes an der Kristall- 

oberflache.
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Schicht von Punkt zu Punkt weiter. Kommt in der Schicht irgendeine 
Art Hindernis vor, wodurch dieser Vorgang gestort wird, hort das weitere 
Anlagern der NaCl-Molekule auf, bis eine neue Gelegenheit zum weiteren 
Anlagern kommt. Wenn diese nicht kommt, kann ein neuer Kern entstehen, 
wie man es immer beobachtet, dass in der Năhe eines Kristalls sehr leicht 
neue Kerne entstehen.1 Man kann sogar die schon lang beobachtete Tat- 
sache, dass Kerne uberhaupt an kleinenFremdkdrpern (Staubkorner, u. s. w.) 
leicht entstehen, in dem Sinne erklăren, dass in der Năhe eines Staub- 
kornes eine Art Anziehungs- und ordnende Krăfte auf die NaCl-Molekule 
wirksam sind.

Wenn also der Vorgang einmal in einem Punkt seinen Anfang 
genommen hat, spielt er sich mit grosser Schnelligkeit ab, der ganze 
Vorrat an NaCl-Molekiilen setzt sich also an den Kristall als eine neue 
angewachsene Schicht. Diese Schichten sind es, welche man im Mikro- 
skop beobachten kann. Die Oberflăche wird natiirlich wieder mitWasser- 
molekulen iiberzogen und der Vorgang făngt von neuem an. Aus den 
Beobachtungen wissen wir, dass die Wachstumsgeschwindigkeit nicht 
gleichmăssig ist, einzelne Individuen wachsen in einer Richtung sehr 
langsam oder sehr schnell: manchmal wachsen einzelne Săulen in der 
Lăngsrichtung sehr schnell. Es wirken hier gewiss noch sekundăre Um- 
stande mit. Wie man sieht, geschieht das Wachstum des Kristalls — nach 
Kossels Ausdruckweise — pulsierend, aber es setzt sich auf einmal nicht 
eine einzige Ionenschicht auf den Mutterkristall, sondern eine dickere 
Schicht. Der Grund des pulsationsartigen Wachsens ist urprunglich der 
KossELsche Gedanke, nur modifiziert in seiner Auswîrkung. Kossels Grund- 
gedanke war, dass an den Ecken der Energiegewinn am grossten ist. In 
unserer Betrachtung ist die Austrahlang der elektrischen Feldstărke an 
den Ecken am grossten und infolgedessen die Molekiildichte und die Dicke 
der halbwegs geordneten Schicht auch, und der Vorgang des Anwachsens 
nimmt hier seinen Aufgang. Der KossELsche idealisierte Fall ist also hier 
der Wirklichkeit angepasst, also die Kluft zwischen dem Ideallfall und 
Wirklichkeit uberbruckt so, dass das von Kossil vorhergesagte pulsations- 
artige Wachsen auch in der der Wirklichkeit angepassten Uberlegung 
begrundet bleibt.

Die Diffasionsmoglichkeiten haben wir hier weiter nicht berucksich- 
tigt, aber zu den Ecken geht die Diffusion aus einem grOsseren Raum 
vor, infolgedessen kann sich dort diese halbgeordnete Schicht fruher aus- 
bilden. Auf diese Moglichkeit weist auch diese Tatsache hin, dass in der 
Năhe der Ecken auch neue Kerne leichter gebildet werden. Diese Tat
sache beobachtet auch Lengyel,2 bei seinen Spherokristallen. Er hat durch 
ausserordentlich rasches Verdampfen aus LCsungen Kristalle wachsen 
lassen. Diese Kristalle nehmen alle ihren Anfang aus einem Punkt. Wenn 
sich also in einem Punkt schon ein Kristallkern gebildet hat, bilden sich 
dort sehr rasch viele neue Kerne.

§. 6 Der Vorgang des Kristallwachstums spielt sich im Dampf auch 
ungefăhr in der vorher geschilderten Weise ab. Die Oberflăche ist wahr-

* I. c. Z. Gyulai‘1935.
1 Le»cy«l t Spherokriatalle. Z®i£«chr. £, Kriatallegrapbia. 1037.
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scheinlich viei weniger mit einer fremden Schicht uberzogen. Die Tem- 
peratur ist doch 800 C°. Im Dampfraum treten sehr intensive Luîtstro- 
mungen auf, aber in der unmittelbaren Năhe (IO-3 m/m) der Oberflâche 
sind diese Stromungen schon wegen der Reibung schwach, so dass man 
wenigsten an gewissen Stellen von diesen absehen kann. Im Dampfraum 
ist es also auch moglich, dass eine Schicht ausgebildet wird, weil die 
Krăfte hier auch vorhanden sind. Diese halbgeordnete NaCl-Molekulschicht 
wăchst dann in einem Akt zu dom Kristall an. Dass dieser Vorgang auch 
im Dampfraum zu verwirklichen ist, zeigt die geschichtete Struktur der 
in Dampf gebildeten Kristalle. Ich muss hier auf meine Kristallisations- 
arbeit von 19441 verweisen, wo reiches Bildmaterial vorhanden ist. Dass 
die Ecken auch bei den aus Dampf gebildeten Kristallen eine Sonderrolle 
spielen, sieht man aus meiner Kristallisationsarbeit aus dem Jahre 1935. 
Die Beweglichkeit der Ionen oder Molekulen wird durch die hohe Tempe- 
ratur mo Jlich gemacht.

Bei Kristallwachstum aus Losungen wird die Beweglichkeit der 
Ionen durch die Losung ermoglicht. In der hypotetischen halbgeordneten 
Schicht, welche schon nicht als iibersăttigte Losung, sondern als eine 
Art neue Phase gelten kann, sind auch Wassermolekel vorhanden, welche 
die Struktur genugend auflockern. Die letzte Phase der Kristallisation 
besteht also eben darin, dass die Ionen die fremden Wassermolekel aus 
den Zwischenraumen herausdriicken, und sie ihre enJgultige regelmăssige 
Gitterlage aufnehmen.

§. 7. Das theoretische Ergebnis, dass eine regulare Ionen-Kristall- 
flăche um sich ein elektrisches Feld erzeugt, wird auf die von Kossel 
entwickelten Gedanken des Kristalwachstums angewendet. Es werden 
qualitativ folgende Resultate abgeleitet:

1. In der Nahe einer Kristalloberfiache bilden Ionen und NaCl-Molekiile 
eine halbwegs geordnete Struktur. Die Wirkung an Ecken und Kanten ist 
grosser, so dass das Anlagern an den Mutterkristall an den Ecken und 
Kanten ihren Anfang nimmt.

2. Die halbwegs geordnete Dipolschicht selbst trăgt zu der ordnenden 
Feldstărke bei.

3. Fur die Dicke dieser kritischen Schicht ist die Feldstărke, die 
Temperaturbewegung der Molekule und die Verdampfungeschwindig-ieit 
der Losung massgebend.

4. Diese Uberlegung kann man auch auf den Fall des Kristallwachs- 
tums aus dem Da ^pf anwenden.

1 Z. Gyulai: Pohlacher Fe«£band 1944.
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Adalekok a kristălyndvekedes mechanizmusahoz
Gyulai Zoltăn

(A Kiserleti Fizikai Intezet kdzlemenye)

Osszef oglalâs

A KossEL-fele molekulâris szemlelodes igen âttekintheto kepet ad a 
kristălynovekedes egyes pontjairol. Az elmelet azonban tobb ellenzore 
is talâlt. Igy Balarew azt âllitja, hogy semmi igaz sincs benne. Ezzel 
szemben egyes megfigyelheto jelensegek formailag igazoltâk Kosselt,1 
bâr a KossEL-fele elmeleti ideâlis eset — egyes ionok — es a megfigyel
heto retegvastagsâg — 10.000 ion kozott tenyleg tâg ter van. Szerzo itt 
felhasznâlja HiRscHELnek a Madelung modszere szerint levezetett formulă- 
jăt, amely szerint a kristâly maga korul elektromos teret hoz letre. Az 
elektromos ter:

~ - Z IC Vz7~-
JS —zn • 16 • e a 

a2

Ennek az elektromos ternek a felhasznălăsăval el lehet kepzelni 
azt, hogy a kristâlyfelulet kozvetlen kozeleben NaCl-molekulăk felig el- 
rendezett âllapotban, egyes vizmolekulâkkal egyiitt, mintegy folytatăsât 
kepezik a kristălyrâcsnak. Ez az elrendezettsâg nagyobb az eleken es 
legnagyobb a csucsokon. Igy a teljes szabâlyos elrendezodes a csucsokon 
indul meg. Ebben a felig elrendezett retegben a NaCl-molekulăk surusege 
nagyobb mint az oldatban es igy a diffuziâ lassusăgăbol kovetkezo nehez- 
segek is meg vannak oldva.

Ezzel az elgondolăssal a Kossel fele ideâlis eset es a valosâgos le- 
folyâsa a kristâlyosodăs jelensegenek olyan âthidalăst nyert, amelyben 
a KossEL-fele fontos kovetkeztetesek formailag megmaradnak.

1 Gyulai : Zcitschr. f, Kri«(alloeraphie. 1935,



On the Asymmetry of Electrodes of the Second Class

L. Im re and F. Sarusi
(Contribution from the Institute of General and Physical Chemistry)

INTRODUCTION

In order to understand the thermqdynamic properties of chemical 
systems composed of more than one pure substances, one may have a 
peculier interest in studying the solutions of extreme dilution, especially 
in view of the very simple behaviour of such solutions as ideal mixtures. 
On the other hand, such systems often seem, for the moment, rather 
„abnormal", because of the non-validity of the laws applied for solutions 
of common concentrations. So it could be shown by the senior author1 
that the electrochemical potențial values on the boundary of very diluted 
ion solutions and polar crystall lattices do not always hold for Nernst’s 
general formula concerning the electrode potențial values. This statement 
could be made by studying, in general, the connexion between the 
adsorption phenomena and the electrode function on the surface of such 
crystalls.

The surface phenomena of the mentioned kind are characterised by 
the fact that the affinities to the surface, of the cations and anions, are 
in general not equivalent with oneanother, i. e. the adsorption isotherms 
of the two sorts of ions have a certain asymmetry, concerning both their 
form and arrangement, with respect to the saturated solution of the 
adsorbent crystall as starting solution. The asymmetry appears also in 
the so called self-adsorption-systems (made up of a crystall and a solution 
of one sort of its ions), both in the true adsorption and the exchange 
adsorption (this latter being easily detected by the method of the radio
active indicators), to an equal measure. The asymmetry in the adsorption 
of the two kinds of ions results in a specific electrical surface charge, 
characteristic of the crystall, and so it may be expected that the same 
asymmetry manifests itself also in the electrochemical potențial values of 
the crystall as electrode of second kind, being immersed once into the

1 L. Imrei Muzeumi Fdzctck, Kolozivir (Cluj) 1943.» I, No. 5.
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solution of the one sort of its constituent ions, and then into the solution 
(with the same concentration) of the other sort of its ions.

The author in his cited work has investigated this question only 
with respect to the silver chloride electrode, immersed into Ag+ and C/-- 
ion solutions, having demonstrated that a causal connexion exists between 
the adsorption an i the electrode function, wich can be expressed also in 
a strict mathematical manner. In the mean time further experiments have 
been carried out, in the course of which the connexion of the two phenomena 
(adsorption and electrode function) could be disclosed more precisely, 
and now it seems possible, based upon our theoretical and experimental 
investigations, to discuss in more details the necessity of confining within 
limits the validity of the Nernst formula dealing with electrode potențial 
values.

A.) EXPERIMENTAL PROOF OF THE CAUSAL CONNECTION BETWEEN 
ION ADSORPTION AND ELECTRODE FUNCTION

In the preliminary investigations, mentioned above, a fused silver 
chloride wedge played the role of the electrode. But, apart from the fact 
that fusing may somewhat change the surface of the electrode substance, 
this method could not taken into account with respect to materials of 
very high melting point, such as e. g. the very little soluble salts of the 
alcali earth metals. On the other hand, these salts nearly suggest them- 
selves for studying the problem, as far as the adsorption on the sui face 
of their microcristalline modifications can easily be measured. Fortunately, 
some of these substances occur also in natural minerals, and in such a 
pure state, too, that they can be used for electrode materials. Finally, 
most of the electrodes, to be accounted for below, have been produced also 
by electrolysis, e. g. the silver iodide in such a way that a potassium 
iodide solution has been electrolysed with a silver-plated platinum anode. 
No material differences could be detected in the behaviour of electrodes 
of the same substances, produced in different ways.

The electrode potentials have troughout been measured with the 
aid of a quadrant electrometer (in view of the very high resistance, e. g., 
of the natural crystall electrodes), in such a way that the solution in 
pure distilled water of the respective electrode material has been taken 
for ground solution. Therefore, the figures communicated in the Tables 
1.—6. below (the values of s— su) denote the electromotive forces of such 
concentration cells, inwhich one of the electrolyte concentrations corresponds 
to the pure watery solution of the electrode substances. The diffusion 
potentials have been eliminated in the usual way, by inserting a potas
sium nitrate solution between the two component solutions of the con
centration element.

The adsorption measurements have been carried out with the aid of 
microanalytical methods or with the method of the electrical conductometry, 
yet when it was possible, also with the method of the radioactive indi- 
cators. These procedures having been described in previous works of 
one of the authors (L. I.), may not taken a detailled notice of here.



(3) Oft the Asymmetry of, Electrodes of the Second Clașș 17

TABLE 1.
The electrode potențial ol the silver crystall electrode, relative to solutions of its 

constituent ions of various concentrations. Temp.: 20 C°.

Electrolyte- 
solvent

Concentration 
of Ag+-ion

€—e0 
in milli- 

volts

Electrolyte- 
solvent

Concentration 
of CI -ion

e—e, 
in milli- 

volts

pure wat. sol. ros. io5 nnrni. 0-00 pure wat. sol. ros. io-5 iorm. o-oo

0-85.10°n. 1'092 „ , + 1-49 — — —

i-o „ „ 1'10 „ , + 4-74 1. 10-6n. HC1 l-io. io5 nortn. - 2-96

2'0 „ „ 1153 , „ + 5-62 2. , 1'153 „ „ - 3.8

30 „ „ 1'21 „ „ + 6-5 3- n » 1-21 „ „ — 5-9

5'0 „ „ 1'32 „ „ + 9-4 & » » 1'32 „ , - 7-9

8'0 „ „ 152 „ „ + 123 8* » » 1'52 „ , - 10-7

1'0 10-5n. „ 166 „ „ 4- 15'8 1. 10'5n. „ 1'66 „ „ - 13-4

2'0 „ „ 2-44 , „ 4- 22-9 2- » jț 2'44 „ „ — 21-0

4'0 „ „ 4'27 „ „ + 35-6 » 4'27 „ „ - 33-6

80 „ , 8'10 „ „ + 50-4 8. » „ 8'10 „ „ - 47-4

1'0. lO^n. „ 10-02 „ „ + 55-4 1-0. 10“n. „ 10'02 „ „ - 53-4

5'0 „ „ 50-01 „ „ + 93-8 5* n n 50-01 „ „ - 91-3

to. 10’3n. „ ioo-o „ „ +110-6 l-o. 10-3n. „ ioo-o „ , -107-8

TABLE 2.
The potențial of the silver bromide, relative to the solutions of its ions, at 20 C‘.

E lectrolite- 
solvent

Concentration 
of Ag+-ion

e— 
in milli- 

volts

Electrolyte- 
solvent

Concentration 
of CI -ion]

«—ffl 
in milli- 

volts

pure wat. sol. 0-47. 10® norm. o-oo pure wat. sol. 9-47. i6-6(iarm. o-oo

1. 10'7n. 5-0 n n + 5-3 1. 10’7n. KBr 5-0 9 9 — 2-7

3. 9 9 6-21 » + 13-0 3. 9 n 6.21 9 9 - 7-6

5. n 9 7-62 » n 18-4 5. 9 n 7.62 9 V - 13-6

7. 918 n n + 22-9 7. 9 9 9.18 9 9 - 17-2

1. 106n. „ 11-71 n 9 + 30'3 1. 10-°n. „ 11.71 9 9 — 24-3

2. 20-95 n 9 + 44-5 2. 9 9 20.95 9 9 - 38'6

4. W 9 40-49 n 9 + 60-9 4. 9 9 40.99 9 9 — 55-4

1. 105n. „ 1000 9 9 + 84-6 1. 10sn. „ 100.0 9 9 - 78-4
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TABLE 3.
The potențial of the silver iodide crystall electrode, relative to solutions of its 

constituent ions of various concentrations. Temperatur: 20 C°.

Electrolyte- Concentration 
of Ag+-ion in milli- 

volts
Electrolyte- 

solvent
Concentration 

of J -ion

(e—«o) 

in milli- 
voltssolvent

pure wat. sol. 0.85. io-8 uorm 0.00 pure wat. sol. 0-85.10-■’ norm. o-oo

4. 10~9n. AdNOh 1.80 0 0

ca
+ 12-5 4. 10-9n. KJ 1-80 » n - 3-3

7. .-*• n n 1.97 0 »

ca
+ 15-5 7. 0 » 1-97 n n — 5-8

1. 10-*n. „ 2.16 » 0 + 18'4 1. 10~8n. , 2-16 n n - 7-9

3. » n 3.68 » n + 31'8 3. 0 n 3’68 n — 21’6

5. n n 5.46 n n + 42 7 5. 0 0 5’46 » n — 31-5

7. » » 7.34 » » + 49-6 7. n » 7-34 » n - 38-2

1. 10-’n. „ 10.1 0 » + 60-4 1. 10-’n. „ 10-1 » » - 46'5

5. 0 0 50 0 0 + 100’8 5. » » 50 » 0 — 87*7

5. 10-*n. „ 500 0 n + 160 5. 10-Gn. „ 500 » 0 -145’0

TABLE 4.
The potențial of lead chromate crystall electrode, relative to solutions of its 

constituent ions of various concentrations. Temperatur: 20 C°.

Electrolyte- 
solvent

Concentration 
of Pb++-ion (milli- 

volts)

pure wat. sol. 2-27. io-’ norm. o-oo

2.10- ’n. K), 3'88 „ „ + 6-9

4. „ „ 5’36 jț » + 13'1

6. „ „ 7-04 „ „ + 17-5

8. „ „ &82 „ „ + 20-0

2.10-»n. ■„ 20-35 „ „ + 32-5

3. „ 30-24 , „ + 40-0

6'6. „ „ 66-1 „ „ + 47-5

Electrolyte- 
solvent

Concentration €—ert 
(milli- 
volts)of CrO/ -ion

pure wat. sol. 2-72.10-7 norm. o-oo

2, ia-’n.xttio4 3-88
0 0 - 4-4

4. „ 5'36 0 0 — 8-1

6. „ 7-04 0 0 — 12-5

8- „ 8-82 0 0 - 14-1

2.10- cn. „ 20-35 0 0 — 25-6

0 0 30-24 0 0 — 325

6’6. „ „ 66-1 0 0 - 39-4
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TABLE 5.
The potențial of the bariumsulphate crystall electrode, relative to solutions of its 

constituent ions of various concentrations. Temperatur: 20 C’.

Electrolyte- 
soivent

Concentration 
of Ba++-ion

e— 
(milli- 
volts)

Electrolyte- 
solvent

Concentration 
of SO4 -ion (rnmi- 

volts)

pure wat. sol. 2-23.10-6 jiorm. o-oo pure wat. sol. 2-23.10-6 norm. 00)

0-5.10—5n-BaCI, 2 26 „ „ + 1-6 — — —

0-7 „ „ 2-40 „ „ + 2-5 0-7.10- 6n. HaSOi 2-40.10r-snorm.. — 2-3

ro.io~5n. „ 2 56 „ n + 3-0 T0 „ 2’56 „ „ - 2-7

3’0 „ 4*0 „ „ + 9-1 3-0 „ 4-0 „ — 8-7

vo „ 5-7 „ „ + 13’3 5’0 „ 57 „ „ — 12*6

7-0 „ 7-57 „ + 17-4 T0 „ 7'57 „ „ — 16-6

1-0.10-*n. „ 10-4 „ „ 4- 21’2 1-0.10-4n. „ 10-4 „ — 20-3

TABLE 6.
The potențial of the lead sulphate chrystall electrode, relative to solutions of its 

constituent ions of various concentrations. Temperatur: 0 C°.

Eleclrolyte- 
solvent

Concentration 
of Pb++-ion

(rnim- 
volts)

pure wat. sol. 2-o. io~4 norm. o-oo

1.10~6n. Pb(NO,)s 2-05 „ „ + 0-3

4 » n 2-21 „ „ + 1-6

8 ,, „ 2'44 „ „ + 2-6

1.1O~‘n. , 2'56 „ „ + [3-1

2 » „ 3’24 „ „ + 6-5

4
n n 4’83 „ „ + 10-7

6 6-61 „ , + 14-8

1.10- ’n. „ 1O39 „ , + 20-0

Electrolyte- 
solvent

Concentration 
of SOf -ion

e—e„ 
(milli- 
volts)

pure wat. sol. 2-o. io-4 norm- o-oo

— — —

4. 10-6n. KaSD* 2-21. io-4 norm. - 1-3

8 „ 2-44 „ „ - 2-5

1. 10-4n. „ 2*56 » „ - 3-0

— — —

4. 1O~4n. K.SO, 4-83. io-4 norm. — 10-7

6 n n 661 „ „ - 14-7

1. lO-’n. , 10-39 „ „ - 20rQ
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The experimental results collected in the following tables admit at 
once to find out that the electrodes, talked about, show up potențial 
values, relative to the solutions of their constituent ions, the absolute 
values of wich often considerably differ from oneanother, the same ion 
concentrations being compared. This asymmetry is relatively important 
in the case of silver halides, in the sens that it increases from the silver 
chloride through the silver bromide towards the silver iodide. According 
to the above cited preliminary investigations of the senior author, this 
fact is a necessary consequence of the former statement1 that the adsorption 
power of the silver halides, too, increases in the same succession, in the 
way that the measure of the adsorption of the halide ion, relative to that 
of the silver ion is greatest on the silver iodide surface. Also the lead 
chromate shows a greater adsorption power against the negative ion2 
(CrOi--), and this corresponds to our finding that the PbCrOt electrode, 
dipping into a PZ>++-ion solution, appears more positive (compared with 
the pure watery saturated solution of lead chromate) than shows itself 
negative, when immersed in a CrO;--ion solution of the same concen- 
tration. Considerabily less is the asymmetry on the bariumsulphate elec
trode (TABLE 5), corresponding to the fact that the adsorbent power, too, 
of the bariumsulphate against Ba++- and S01""-ions is almost the same 
(TABLE 8). Finally, on the lead sulphate electrode we could not at all 
establish any asymmetry (TABLE 6), in full accord with previous experi- 
ments3 giving evidence for the equality of the adsorbent power of lead 
sulphate against the Pb++~ and the SO4--- ions.

TABLE 7.
The adsorption of Ag+- and of Cl~-ion on silver chloride surface, at 20 C*. 

Adsorbent: 20'16 gr AgCl Adsorbent: 10'08 gr AgCl

C, a c c. a c

1.10—6n. AdIo3 1'332. io-7[i! moies 0'778.10~sn 1. 10-6n. ICI 0-80. îo-’or moies 0'867.10- 6norm

2'5 „ , 2-02 „ „ 2'13 „ „ 2'5 „ 1-445 „ „ 2'225 „ „

3'5 , „ 2'40 „ B 3'10 „ „ — — —

5'0 , , 2-88 „ „ 2'25 „ „ 5'010-‘n. KCI 3'01- io-’gr moies 4'50.1O~•norni.

Deslgnations: c, = concentration of the adsorptiv before adsorption
c — ■ » n » after n
a = adsorbed quantlty. Volume: throughout 60 ccm.

1 A. LoUeruoscr aad A. Ro(ho i Z5. phy«. Chem. 62. (1906). 564.
’ L. I-r. ; Koll.-ZS. 99 (1 »<2). 147.
• L. Imr. i Koll. ZI. 91. (1940). 31.
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table;8.
The adsorption of Ba++- and of S04 -ions on bariumsulphate surface, at 20 C‘. 
Volume: 50 ccm. The other designations: like in Table 7. Adsorbent: 10 gr. BaSO,

c0 a c c. a c

1.10—Bn. Baci. 0-52.10-’or moles 0-792. IO-5 n. 1.10-5n.HA 0-53. io-’or mole» 0-758.10—“norm

2 „ » 0-73 „ 1'708 „ „ 2 n v 0'84 „ „ 1'664 „ ,

3 » » 0'78 „ „ 2'688 „ „ 3 » n 0'98 „ „ 2'607 , ,

— — — n w 1'04 „ „ 3'584 „ ,

5.10—6n. BaCI2 0-89. io- ’or moles 4'645.10-’ n. 1'08 „ „ 4'570 „ „

7 „ „ 0'92 „ „ 6'63 „ „ 7 „ „ 1'14 » „ 6'545 „ ,

1.10-4n. „ 0'95 „ „ 9-62 „ „ 1.10-4n „ 9'44 „ „ 9'54 „ „

In the data of the above tables not only the qualitative proof of 
an equal character of adsorption and electrode function is comprised, 
but also a more quantitative information about the reciprocity of the 
two phenomena. According to the above cited investigations of the 
senior author, the values of the electrode potențial, relative to the pure 
watery solution of the electrode (i. e. the values of e—e0) can be expres- 
sed as follows:

RT . C+ 1 RT
6 s° ~~ vF n (C+)o 2 vF In X- 

X+
the foliowing symbols being used:

X — number of the active spots on the surface of the electrode, 
provided for the negative resp. positive ions, in the presence of the pure 
watery solutions [(X_)o, (X+)o] resp. of any other solutions (X-, X+); 
(C-|-)o, C+ = concentration of the positive ion of the electrode substance 
in the pure watery solution resp. in any other solution; v = valency of 
the ion; F = Faraday number. (The equation in this form applies only 
for binaer electrolytes). Sufficiently precise adsorption data, which may 
admit a rather exact evaluation of Equ. 1, are available, for the present, 
only with reference to the following elecțrodes: silver chloride, silver 
iodide, lead chromate and bariumsulphate.

From the adsorption isotherms, constructed on the basis of the data 
of TABLE 7., we derived (with the aid of a graphical analysis) the value 
T28 ior (X-),/(X+)0, referred to silver chloride. On the other hand, with 
increasing ion concentration the two values of the active spots become 
more and more equal: X+ -> X- = (X_)o. (We have always observed 
this equisation, in all adsorption systems, examined thoroughly enough 
so far; the phenomenon shall exactly be mctivated in a later publication). 
Thus, the silver chloride electrode appears (at 20 C° temperature), when 
immersed into somewhat more concentrated /Ig4--ion solution, by ca.

0'029 . log . 1‘28 ~~ millivolts 
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more positive (relative to the pure watery silver chloride solution), than 
when dipped into Cl~-ion solutions oi the same resp. concentrations. 
This theoretical conclusion is in rather good agreement with the experi
mental result (see: TABLE 1). According to the analogous calculation, the 
silver iodide electrode, immersed into z4g+-ion solutions, becomes at best 
by about 16—17 millivolts more positive, than when immersed into 
ion solutions of the same resp. concentrations. This theoretical result, 
too, is in good accord with the experimental data, see TABLE 3.

The surface of lead chromate, in contact with its pure watery 
saturated solution, possesses about 3-times as much active spots for 
CrO^-ions as for PZ>++-ions,1 i. e.

(X-/X+)o 3
[X- being, here too, throughout equal to (X-)0J. Thus, one derives from 
Equ. 1, putting X-/X+ = 1, at 20 C° temperaturi

[(s—e0)+ — (e—e0) _ ] max = â (s—e0) m» y • -y8 ’ log 3^8 millivolts;

this, too, agrees rather well with the experimental results (see: TABLE 4). 
Adsorption experiments made with bariumsulphate (TABLE 8) yielded 

the value
(X_/X+)a 1-25.

Thus, it can computed that at 20 C° temperatur

A(s—so)mai • V g5— • log 1’25 »» millivolts;

essentially the same result have been found by the experiments (TABLE 5.) 
Now, there is still the question to be cleared up, if the Equ. 1, 

holds only for the maximum of the electrode asymmetry (i. e. for somewhat 
greater ion concentrations), or if it is in conformity to all experiments 
made with any ion concentrations. When there are adsorption measur- 
ments available, then this question may be studied very simply in that 
way that one compares the tangents of the adsorption isotherms (con- 
structed in the sens of Langmuir’s formula) with the values of the elec
trode potențial. It is namely, according to Langmuir:

dc\aj X

Now, we have made experiments on the exchange adsorption of lead 
chromate (measured with the aid of radioactive 77?B-indicator), the results 
of which, represented according the formula:’

quantity of ThB, remained in the solution_ Cj_. consț 2 )
adsorbed quantity of ThB X±

‘ L. lmrei Koll.-ZS. 99. (1942). 155.
• L. Imrei Koll.-ZS. 99. (1941). 152. Equ. 18., 
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yielded the following values for the number of the active spots:
at C+— 3.17-’ gr moles/Iitre concentration: X±/X+ = 2*2; 
»»==l"106» » » • »= 3*5;
„ „ = 3*3.10-® „ „ „ : „ = 4*34.

These figures admit (on the basis of Equ. 1.) the following values of 
the electrode asymmetry [= A(s_s0)] on the lead chromate surface (putting 
within brackets the corresponding experimental data from TABLE 4.):

5 mV (5*9); 7 mV (6*9); 9 mV (8*1) respectively.
The agreement is sufficiently good. But the real importance of the prob
leme is not so much implied by the question : how depends the electrode 
potențial on the relative numbers of the active spots, but rather by this 
one: how varies the electrode potențial with varying ion concentrations. 
The quantitative details of this question shall be discussed in one of our 
later publications, but we make already here the attempt of outlining the 
ground ideas, in the limits of which our further investigations are made.

B.) THE ELECTRODE ASYMMETRY AS THEORETICAL FUNCTION 
OF THE ELECTROLYTE CONCENTRATION

Electrodes of the second ciass may often be very useful for purposes 
of potentiometric analysis, especially in systems, which are agressive 
chemical agents against the resp. metal electrodes. Already this practicai 
point of view alone, apart from other, meanwhile only more theoretical 
problems, justifies enough our attempting to discover the real laws, 
according which the potențial values of electrodes of this kind depend 
on the existing ion concentrations. A single look cast at the above tables 
will be enough, to make one convinced of the fact that Nernst’s electrode 
potențial formula becomes uncertain in the region of very small ion con
centrations. Stil! more curious appers the question of the validity of 
Nernst’s formula by our observing the circumstance that not every sort 
of ion gives rise to deviations from Nernst’s theory. The lead sulphate 
electrode, for example, in contact both with P£++- and 504_"-ion solu
tions, throughout behaves so as is prescribed by Nernst’s formula. The 
silver halide electrodes, too, obey the prescription of Nernst’s formula, 
downwards to the slightest ion concentrations available, when immersed 
into the corresponding halide ion solutions, whereas the concentrations 
of /4g+-ion solutions are not yet indicated by these electrodes in the 
same way as it is ex tected on ground of Nernst’s theory. Similarly, the 
asymmetrical behaviour of the lead chromate electrode, too, consists 
mainly in the indicating the PZ>++-ions in a manner inconsistent with 
Nernst’s formula, whilst, on the other hand, in contact with Cr01""-ion 
solutions it strictly corresponds to the requirements of this formula, over 
the whole region of concentration. Also the bariumsulphate electrode is 
„regular" against the S04_“-ions, but in P<j++-ion solutions it already 
shows up weil observable deviations from the classical theories etc. etc. 
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It is clear, therefore, that the „abnormities" of the electrodes of second 
type, being observed in the slight-concentrated solutions, are not due to 
the mere presence of any slight concentration, but one has to take into 
consideration some individual effects of ions, especially with respect to 
the surface, in order to understand the deeper character of the phenomenon.

The most important common feature of these specific ion properties 
will at once be discerned, if one bears in mind the new definition of 
the active spots (centres of adsorption) of the phase surface, given in 
the above cited works of the senior author. The variation of the free 
enerjy of the surface layer, which has most interest for our purpose, may 
be illustrated by the following exemple, relied on experiments with 
silver iodide.

The silver iodide adsorbes the /"-ions toahigher amount than the 
z4g+-ions; the reason of this lies in the energy of hydration of the Ag+~ 
ions being greater than that of the /"-ions. As a consequence of the 
differences in the energies of hydration, the /"-ions stay, in the average, 
during a longer time on the surface of silver iodide than do the /4g+-ions, 
i. e. the /"-ions will be solved back from the surface of silver iodide 
with a smaller speed than do the z4g+-ions. Now, the speed of dissolution 
of molecules of the solid surface wall at all is determined, according to 
general kinetic principles, by that component of the molecules, which has 
the smallest speed of dissolution: consequently, the solution tension of 
the solid crystall at all depends, in this case, on the solution tension o 
the /"-ions. Thus, the solution tension of the solid lattice wall is deter
mined by the free energy of the /"-ions, wich, for its part, can be ex- 
pressed by the logarithme of the product

1
(Mo

(Sv)0 being the phase volume of the adsorbed /"-ions, Eo their adsorption 
energy. On the other hand, one gets the number of the active spots for 
wichever adsorptiv ion by summing aii the products1

1 .
Sv

referred to the surfaces elements, and dividing this into the above product 
1 .

(Mo
If, therefore, the sum

^■^ov
referred to anyone sort of adsorptiv ion may vary in a different way 
than do the fundamental product

1 lym 
(Mo’* ’

> L. Imre: Koll..Z5, 91. (1940), 32. 
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then the number, (X) of the active sports for the resp. ion will be changed. 
It is evident that, as a matter of course, also the number (X+) of the 
active spots for ^4g+»ions on silver iodide surfaces will be changed, if 
the solution tension of the adsorbed negative ions (/"-ions) varies in an 
other rate than does the solution tension of the /4g+-ions.

Now, inquiring for reasons that make one understand possible changes 
(with varying ion concentrations) of the solution tension, one may 
at first consider the Debye—Hockel effect existing in the electrolyte 
solutions. In the theory of this effect the Ma“-parameter, i. e. the small- 
est possible distance between the ions (in the liquid phase), plays an 
important part. Many experiments admit to believe that the values of 
this parameter is, in the case of well soluble electrolytes, often of the 
same order of magnitude as the corresponding lattice constants1 2, whereas 
the „a“-parameter of the slightly soluble electrolytes is, as a rule, much 
smaller, and even, especially in the application of the original theory, 
sometimes it must be supposed negative.’

At any case, one has to bear in mind a relatively rapid decrease 
of the coeificient of ion activity, when the /'-ions are together with 
j4g+-ions present in the solution. And since this decrease of the coefficient 
of ion activity indicates, at the same time, the change of the free energy 
of the whole solid surface (see above), so by increasing AgNOs con
centration also the fundamental product 

will be decreased. At the same time, however, the activity coefficient of 
the z4g+-ions decreases but a little, since the 24g+'ions mainly collide with 
7V03_-ions, and the „a“-parameter of these collisions are relatively large.

It follows from all this that in the presence of excessive /"-ions 
(e. g. KJ) the relative number of the active spots throughout remains 
equal to the siarting value:

X-/X+ = (X-/X+)o,
that is, the electrode potențial obeys, according to Equ. 1., with full 
exactness the formula of Nernst:

3.

In contrast with this, the presence of excessive /lg+-ions may considerably 
diminish the value of X-jX^-. At the same time, one sees quite clearly 
that, when there is the negative ion that Iattice-constituent, which has 
the smaller solution tension, then one has throughout the whole region 
of ion concentrations:

1 P. Debye and E, Hackcli Phys, ZS. 24. (1923), 185ț T. fi. Gronwell, V. K. L* Mer and K. Sandved t 
Phy». ZS. 29. (I9?8), .5*8; V. K. La Mer, T. II. Gronwall and L. J. GrcifE. ). phy». Cbem. 35, (1931), 2245.

2 O. Schăreri Phy.. ZS. 25. (1924), 145.
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conseqently, one may write the Equ. 1. also in the form:

e—s0
RT . C+ , 1 RT X+ 
'JF ' n(C+)0 + 2 ‘ vF (X+)o 4.

Unfortunately, there are just the substances of extremely siight 
solubility and, accordingly, of the highest adsorbent power, on the „a“- 
parameter of which, as yet, no reliable data are available. On roughly 
estimating the Debye—Hockel effect, on ground of any reasonable nume- 
rical values of the „a“-parameter, one gets the belief that the above 
considerations can hold up only iî, computing the free energy of the 
surface layer, one takes into account not only the actual lattice constituent 
ions (/"-ions in the above example), but also the strânge ions being 
present (NOs'-ions, when the excessive /g+-ions be added in form of 
/4gNO3), as adsorptiv ions. Little as the exchange adsorption of these 
latter (NOa"-ions) may be, it is to be considered, for this extremely 
siight 2VO;-ion content of the solid surface wall, too, raises in relatively 
very high degree the average solution tension of the negative crystall 
constituent ions (being in the upper layer of the solid), i. e. it dimi- 
nishes the value of the fundamental product

1 E<JRT
(Mo

and thereby raises the value of the number of the active spots for the 
positive lattice constituent ion (z4g+-ion). In our next publication on this 
subject some further experimental data shall be treated in all quantitative 
details, from the standpoint of both the Debye-Hockel effect and the 
effect of the exchange adsorption, altering the surface layer, of the 
strânge ions.

Masodfaju elektrodok aszimmetriajărol
Imre La jos es Sarusi Ferenc

(Az Altalânos es Fizikai Kemiai Intezet kdzlemenye)

Osszef oglalâs

Egyik răggebbi doglozatăban (Muzeumi Fiizetek, 1943. 6vf. I. kotet) 
a szerzok egyike (I. L.) arra az elmeleti kbvetkeztetâsre jutott, hogy a 
mâsodfaju elektrâdok potenciălja az igen kis koncentrâciâju elektrolit- 
oldatokkal szemben a NEBNST-fâle formulătâl eltâro ârtâkeket Vehet fel. 
Ha az elektrddpotenciâlt az elektrâd anyagânak tiszta vizes telitett olda- 
tdra vonatkoztatjuk, vagyis ha olyan koncentrăcibs galvdnelemet kâszi- 
tiink, melyben a (C4-)0 koncentrâciâju, telitett tiszta vizes oldat ăll szem-
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ben a tetszâsszerinti mâs, C+ koncentrăcioju oldattal (C+ = az elektrâd 
pozitiv ion-alkatreszânek koncentrâciâja ez utâbbi oldatban), akkor ennek 
a galvânelemnek az elektromâtoros ereje a szerzo elmeleti vizsgâlatai 
szerint:

2 ’ vF In X. ............ 1.

(X-, X+ = az aniân ill. kation aktivhelyeinek a szâma a tetszesszerinti 
C+ koncentrăcio eseten, (X_) , (X_j_)0 — ugyanaz a (C+)o katidn-koncen- 
trăcio eseten, vaiamennyi az elektrod egyazon feliiletreszletere szâmitva, 

= ionvegyertek, F = FARADAY-îele szăm.) A jeleu dolgozatbân ennek 
az elektrodpotenciâl-formulănak a kiserleti vizsgălatărol es az eimelet 
tovăbbepiteserol van sz6.

Az 1. egyenletet ugy ellenoriztek a szerzok, hogy kiildnbdzâ, ter- 
meszetes es mesterseges kristâlyok elektrodpotenciăl-ertekeit (melyeket 
quadrânselektrometerrel vegzett meresek utjăn nyertek) osszehasonlitottâk 
ugyanezen kristâlyok anyagâbol kesziilt, nagyfeliiletu poroknak a katibn- 
es anion-alkatreszeikkel szemben tanusitott adszorpciâkepessegevel. Ez 
utobbi (adszorpciâs) mâreseknek a LANGMuiR-fele izoterma-egyenlet sze
rint valo âbrâzolâsa râven, graîikusan levezetett X ertekeket az 1. egyen- 
letbe helyettesitven, olyan szâmadatokat nyertek, melyek ăltalâban joi 
egyeztek a kozvetlen potenciâlmeresi adatokkal.

Az eimelet tovâbb-epitese azt celozza, hogy az elektrâdpotenciăl 
szârnârtekeit adszorpciomeresek nelkul is megadhassuk, mint az elektrolit- 
koncentrâciâ fiiggvenyet. Ez a feladat szinten megoldhatânak lâtszik a 
szerzo ăltal definiâlt aktivhely-fogalom (Koll.-ZS. 91., 1940., 32.) segit- 
segevel. Az erre vonatkozo reszletes szâmităsokat a szerzo egy kovetkezd 
dolgozatâban fogja kozzetenni, a jelen kozlemenyben kârvonalazott gon- 
dolatok alapjân, melyek a hatârfeluleti kristâlyrâteg szabadenergiâjânak 
a Debye—HocKEL-îele effektus es az idegen iânok kicserelâdesi adszorp- 
cioja kovetkezteben beâlld vâltozâsăt tartjâk szem elott.



. Investigations on Furan Compounds
I. Communication: Conversion of 2-Aceto-furan 
into Hexen-2-dion-4, 5-acetal-l and Pyrocatechol

by

L. Vargha, J. Ramonczai and P. Bite

(Contribution from the Institute of Organic Chemistry)

Several investigators have already tried the synthesis of the 2-amino- 
furan. R. Leimbach has attempted to reach this aim through the hydro- 
lysis of furan-2-ethylurethan1, while H. M. Singleton and W. R. Edwards2 
through the hydrolysis of the 2-benzoyl and 2-propionyIamino-furan, 
respectively. But aii these experiments remained unsuccessfull, only tar- 
like products and ammoniac has been produced thereby; the formation 
of 2-amino-furau could not, even in traces, be demonstrated. These cir- 
cumstances showed us clearly, that the 2-amino-furan must be an extremely 
sensitive substance, and that its production is to be expected only under 
the mildest experimental conditions. We, therefore, thought of the appli- 
cation of a process, discovered by P. W. Neber, wich proceeds really 
under the mildest conditions. For Neber and v. Friedolfsheim3 have found 
that the p-toluenesulphonyl esters of certain aromatic ketoximes transform 
into amines in alcoholic medium even at room-temperature. Thus, for 
example, p-toluenesulphonyl benzyl-methyl-ketoxime and p-toluenesulpho
nyl acetophenon-oxime gave rise to the p-to'uenesulphonic acidic salts 
of benzylamine3 and aniline4, respectively, in good yields, when the esters 
were shaken in ethyl alcohol. As an interpretation of this remarcable 
change the outhers suppose3 that the mentioned esters (A) undergo first 
the Beckmann’s transformation, then the thus formed products (B) suffer 
hydrolytical decomposition under the influence of water traces (C, D)

1 Leimbach, R., Joum. f. pr, Chem. (2) 65,20 (1902).
* 5infile(on, II, M and Edwurd», W. R1( Journ. Amer. chem. Soc. 60, 540 (1938),
* Neber. P. W., Ann. 449, 109 (1926).
* Neber, P. W. and Huh, G,, Ann. 515, 292 (1935).
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It could, therefore, be hoped that the p-toluenesulphonic acidic salt 
of the 2-amino-furan (II) would be formed from the p-toluenesulphonyl 
ester of the 2-aceto-furan-oxime (I) according to the analogy of Neber’s 
reaction:
HC-CH HC-CH

II II 2H,0 || ||
HC C-C-CH, ------- ► HC C-NH2.HO.S-CGH4-CH3 + CH,-COOH

II
o n-o-so,-cgh4-ch, o

I II

The experiments, however, which we carried out with ethanol exactly 
according to Neber’s prescription, did not justify our supposition. For, 
instead of the expected 2-amino-furan salt, a nitrogenless yellowish green 
liquid and the ammonium salt of the p-toluenesulphonic acid could be 
isolated from the reaction product in very good yield. The liquid can be 
distilled in vacuo at constant temperature without becoming decomposed, 
it showes a strong reducing power even in the cold and is very sensitive 
•toward heat. These remarcable properties of the new compound have 
drawn our interestedness and now we set forth the problem to clear up 
its constitution and the mechanism of its formation.

At the beginning of these examinations we have started from the 
consideration that the substance is formed as a result either of a further 
transformation of the primer product expectable according to Neber’s 
formulas (A, B, C, D) or of a process quite of an other nature. As Neber’s 
mechanism could not give a reliable basis relating to the structure, we 
had to start from the very beginning.

First of aii, from the analysis and the result of the determination 
of the molecular weight, ensued the elementary formula C10Hi6O4 (III), 
on the basis of which it could be set up the elementary equation of the 
reaction-process as weil:

CGHGO-N-O-SO2-CGH4-CH3 + H3O + 2C1H5OH=CJon,50< + ch3-cgh4-so3nh4

The alcohol is involved in the building of 111, for the reaction with 
methanol instead of ethanol gives rise to the same ammonium salt and 
to a substance, different from III but in its properties very similar to them, 
which, according to our analysis, has the elementary formula CaH^Og 
(IV) and is formed according to the following equation:

C,H.O-N-O-SO,-C0H4-CH, 4- H,0 + 2CHIOH=C8H12O4-f- CH3-CGH4-SO3NH<
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It is difficult to reconcile these formulas with the presence of the 
original furan structure. Also the observation that from 111 no adduct with 
maleic anhydride originates5, is inconsistent with the furan structure. III 
and IV take up, at the catalytical hydrogenation, only one mol. of hyd- 
rogen easily in the presence of palladium catalist giving rise to two 
liquids of the elementary formulas C10H18O4 (V) and C8H14O4 (VI), respec- 
tively, while a furan compound would require 2 mol. of hydrogen at least.

These experiments showed, consequently, that the furan ring opens 
during the reaction with alcohol and the substances (III, IV), formed 
thereby, are to be regarded as unsaturated aliphatic compounds.

In spițe of the strong reducing power of the substances III—VI the 
presence of free aldehyde groops could not be supposed in them, because 
they redden the fuchsin sulphurosic acid solution only after hydrolysis. 
It was, however, presumable, that the entered 2 alcohol groups are 
linked like acetals. There were in favour of this the results of the hydro
lysis of III—VI, at which, in the presence of deluted acids, from III and 
IV even at standing in cold aqueous solution, the formation of ethanol 
and methanol, respectively, can be established. It is surprising that from 
the unsaturated compounds III and IV acetic acid is also formed during 
the hydrolysis. The acetal character of 2 oxygen atoms in III and IV 
could be proved, finally, by the reaction with aqueous hydroxylammonium 
chloride, whereby, at room-temperature, the same oxime of the formula 
C6H6O2 = NOH (VII) was formed with splitting off of 2 mol. alcohol, 
The fact that VII is a true aldoxime or ketoxime, was proved by ben- 
zoylation, at which the expected benzoyl ester CGH6O2=N—O—CO—C6H5 
(VIII) was produced. The oxime VII is formed, therefore, according to 
the following equation:

C6H6O2(OR)2 4- H2N0H = C6H602 = N0H + 2R0H

From the remaining both oxygen atoms of III and IV was to be 
presumed that they are present as carbonyl groups, for no activ hydrogen 
could be demonstrated in equivalent quantity according to Zerewitinow’s 
method. One of these carbonyls could be experimentally demonstrated 
by phenylhydrazine. It was formed, namely, from III and IV the same 
bisphenylhydrazone of the formula CGHGO(=N—HN—CGH5)2 (IX) at room- 
teimerature splitting off 2 mol. of alcohol. The second carbonyl group 
showes a reduced reactivity, its presence, however, could not be demon
strated, owing to the fact, too, that the substance suffers thorough de- 
composition heating it with the usual carbonyl reagents on the water-bath.

According to the experiments, detailled above, it seemed probable 
that in III and IV one acetal group, one acetyl group and one carbon 
double bond occur and the character of 3 oxygen atoms could be deter- 
mined. The forth oxygen atom might, eventually, be also in ether linkage, 
which, however, could hardly brought into accordance with the supposed 
open chain.

The oxydative degradations have given us a further evidence of 
the structure. Treating IV by ozone glyoxal is produced, which was iso-

» Alder, K. ud Schmidt, C. H.. Der. 76, 18 (1943).
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lated in form of its phenylosazone. The oxydatiomby potassium perman- 
ganate leads to the formation of acetic acid and oxalic acid. The formation 
of glyoxal at the oxydation by ozone on one hand proves the position 
1 of the acetal group and thus its aldehyd character, just as the position 
2, 3 of the double bond. The formation of acetic acid, duringthe oxyda
tion by potassium permanganate, is in accordance with the result of the 
hydrolytical cleavage; the presence of an acetyl group may, therefore, 
be taken as proved.

Having these experimental proofs the elementary formulas of III—VI 
can be dissolved into the following structure formulas:

OR OR
CH3-CO-CO-CH = CH-Ci/ CHs-CO-CO-CH2-CH,-CH\

OR OR

III, R = -C2H5. IV, R = —CHS. V, R = -C2H5. VI, R = -CH,.

III and IV are, therefore, to be designated as hexen-2-dion-4, 5-diethyl- 
-acetal-1 (dimethylacetal-1, respectively) V and VI ăs hexan-dion-4, 
5-diethylacetal-l (dimethylacetal-1, respectively).

The correctness of these structure formulas could be confirmed also 
by other degrading reactions. A. F. Hollemann6 and J. Boeseken7 have 
shown that the oxydation of the 1,2-diketones by hydrogen peroxyde 
results in the corresponding carbonic acids according to the following 
scheme:

R—CO—CO—R' + H,O2 —+■ R-COOH + R'-COOH.

Having carried out the oxydation of IV in glacial acetic acid solution, 
we obtained maleic acid, in consequence of the simoultaneous hydrolysis 
of the acetal linkage and further oxydation of the so formed aldehyde 
to acid:

CH3-CO-CO-CH-=CH-CH(OCH3), -> CH3-COOH+HOOC-CH=CH-CHO + 2CH3OH-> 

HOOC-CH = CH-COOH

The formation of the second excepted reaction product, the acetic acid, 
evidently, could not be demonstrated under the applied conditions. This 
result confirmes not only the correctness of the structure formulas, estab- 
lished by us, but it proves also the cis configuration of IV, which could 
exist in 2 geometrical isomer modifications.

The oxydation of VI by silver oxyde in aqueous solution resulted 
in succinic acid, in good accordance with the result of the previous 
experiment. With the position 1,4 of the acetal and of one carbonyl group 
is as weil in accordance the formation of a substance from VI with

1 Hollemann, A, F.j Recueil Trav. Chim. P*ya»Ba», 23, 169 (1904).
7 B&eaclcen, J.; Recucil Txav. Chim. Paya-B»«, 30, 142 (1911).
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penylhydrazine, which is, according to the analysis, to be regarded as the 
penylhydrazone of the l-penyl-3-aceto-dihydropyridazin 
(X). Accordingly, VI reacts with penylhydrazine like 
certain other 1,4-dicarbonyl compounds forming pyrida- 
zine derivatives, as known from the literature.8

In the course of our further work we have inten- 
ded to study the free aldehydes, corresponding to the 
acetals III—VI, for it might be expected that these 
compound-types, less known in the literature, would 
show an enhanced reactivity.

As already mentioned, the unsaturated diketoalde- 
hyde (hexen-2-dion-4, 5-al-l, CHS—CO—CO—CH=CH—CHO, XI), corres- 
pondent to the acetals III and IV, could not be produced by hydrolysis, 
because its carbon chain suffers a hydrolytic cleavage between the 
adjacent ca bonyl groups 4 and 5 even upon the action of cold water. 
Unfortunately, we did not succeed to isolate any other scission product 
besides acetid acid and alcohol, though, the formation of maleic dialdehyde 
might be expected. Certainly, this easy cleavage of the carbon linkage 
between the neighbouring carbonyls is to be attributed to the loosening 
effect of the double bond beeing in position 2, 3.

x The hydrolysis of the saturated acetals V and VI also lead to a 
surprizing result, because instead of the expected diketoaldehyde (hexan- 
-dion-4, 5-al-l, XII) a crystalline substance could be isolated, which, 
according to its properties, melting point and the analysis, proved to be 
pyrocatechol. The formation of the pyrocatechol, however, can easily be 
explained through the enol form XIII of XII according to the following 
scheme:

OH OH OH
I I I

CH3—CO—CO—CH2—CHa—CHO CHa = C — C = CH-CH=CH

XII XIII

/^-OH
— II\ZOH + H,o

It could doubtlessly be demonstrated by estimation of the active hydro- 
gen according to Zerewitinow that even VI is present partially in the eno 
form.

Since the pyrocatechol derivatives are very common in nature, even 
the pyrocatechol itself occurs in certain plants, it is perhaps of interest 
to show a possible way, by which these aromatic compounds can even- 
tually be formed from the carbohydrates through furan derivatives. The 
formation of pyrocatechol from VI, at the same time, can be regarded 
as a firm support of the structure formulas established by us.

At present no definitive interpretation can be given of the mecha- 
nism of the conversion of I into III and IV. The reaction can hardly go 
according to Nebeh’s formulas (A, B, C, D) through 2-amino-furan, because 
the formation of a six-membered carbon chain can not be explained 
thereby. It is probable that here a reaction of an entirely other nature

• Smlth, A.; Aan. 089,310 (1896); Bar. 35,9169 (1909).
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proceeds, which perhaps is in connection with the specific properties of 
the furan ring. It is known that the furan ring often opens even to quite 
mild influences. For example, from the 2-methyl-furan, in methyl-alcoholic 
hydrogen chloride solution, levulinaldehyde-dimethylacetal forms.9

EXPERIMENTAL

2-Aceto-furan-oxime.

A solution of 2-aceto-furan10 (40 g.), hydroxylammonium chloride 
(30 g.) and anhydrous sodium acetate11 (40 g.) in ethyl-alcohol (200 c.c.) 
was boiled for 5 hours under reflux on the steam-bath. Then the hot 
solution was filtered from the precipitated sodium chloride, the filtration 
concentrated in vacuo and to the residue ice water was poured. The 
substance, separating oily at first, became crys alline at friction very soon. 
It was filtered off, washed with a little water and recrystallised from 
methanol. Yield, 90%. M. p.: 104°.

p-Toluenesulphonyl 2-aceto-furan-oxime, I.

50 g. of fine-powdered p-toluenesulphonyl chloride was added gra- 
dually to a solution of 2-aceto-furan-oxime (30 g.) in anhydrous pyridin 
(140 c.c.) at —10° with stirring. The reaction mixture, after standing for 
2 hours at 0°, then for 30 minutes at room-temperature, was poured into 
ice water. The crystallised ester was filtered off, washed with water, 
dried in vacuo and recristallised from benzene by addition of petroleum 
ether. Colourless needles were obtained, which melts at 80° with decom- 
position. Yield: almost quantitative. The pure ester is long lasting, the 
impure one decomposes rapidly. It is easily soluble in ether, benzene 
and acetone, sparingly soluble in alcohol, practicai insoluble in water 
and petroleum ether.

Found: C 55'95%, H 4'61%. Calc, for C13HlsO4NS (279 3): C 55'90%, H 4'69%.

Hexen-2-dion-4,5-diethylacetal-l, III.

50 g. of the p-toluenesulphonyl ester (I) was shaken at room-tem
perature in 250 c. c. of 95% ethyl-alcohol 5 days by the machine. Then 
the separated p-toluenesulphonic acidic ammonium was filtered, the filtra
tion was concentrated in vacuo at 30—35° bath-temperature to a small 
volume and to the residue 250 c. c. of ether was poured. After filtration 
of a small quantity of precipitated ammonium salt, the ether solution 
was agitated with a little water, dried with anhydrous sodium sulphate 
and the solvent distilled off at first under atmospheric pressure, finaly 
in vacuo. The remaining liquid distilles at 75—90° under 3 mm. The 
bath temperature, however, may not rise above 130°, because the

» Harrle., C.i Bor 31.37 (1898).
Sandolln, 5. S.i Ber. 33.492.1176 (1900). Torrey, II. A.i und ZaneUI. I. F..t C. 1911. 1. 81.
Sandolin applled sodium carbonate Inatead o£ aedium acetate and tbe yield was only 50%.
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resineous residue decomposes at overheating with explosion-Iike violence. 
At the rectification the substance distilled mostly at 65—68° under 1 m. m. 
Yield: 80% of the theoretical. The obtained acetal is a yellowish green 
liquid easily soluble in water and in the usual organic solvents. It reduces 
the Fehling solution and the ammoniacal silver solution even in the cold. 
Its freshly prepared aqueous solution does not redden the fuchsine sulphu- 
rosic acid, reacts to litmus neutral, after staying, however, it becomes 
sour in consequence of the formation of acetic acid.

Found: G 59'64%, H 8'25%. Calc, for C,0H16O4 (200'2): C 59'96%, H 8'06 %. 
Mol. weight found, by determination of the freesing point depression in ben- 
zene,: 198.

Hexen-2-dion-4i5-dimethylacetal-l, IV.
The preparation of the dimethylacetal was carried out like that of 

the diethylacetal (III), but methanol was applied instead of ethanol. The 
obtained yellowish green liquid showes the same properties as III. B. p.: 
80’5—81'5° under 3 m. m. Yield: 80—90% of the theoretical.

Found: C 55'93%, H 7'11%. Calc, for C8H12O4 (172'2); C 55'78%, H 7'03%.
Mol. weight found, estimated as above,: 171'6.

Attempt to produce an adduct from III with maleic anhydride.
An ether solution of the equivalent quantities of III and maleic an

hydride was left to stay for 2 days in ice-safe. After distillation of the 
solvent the starting material was recovered unchanged almost quantita- 
tively. The formation of an adduct could not be demonstrated.

Hexan-dion-4,5-diethylacetal-l, V.
20'2 g. of hexen-2-dion-4, 5-diethylacetal (III), in 100 c. c. of ethyl- 

alcohol, was hydrogenated in the presence of 3 g. of palladised charcoal 
(10% Pd) at room-temperature under atmospheric pressure. The substance 
took up 1 mol. hydrogen during a îew hours, then the reaction velocity 
decreased. At this time the hydrogenation was interrupted, the filtered 
solution evaporated in vacuo and the remaining liquid destilled. B. p.: 
73—75° under 3 m. m. An almost colourless liquid was obtained, which 
reduces the ammoniacal silver solution even in the cold. It is easily 
soluble in water and in the usual organic solvents. Yield: 80 % of the 
theoretical. According to Zerewitinow’s method the substance contains 
ca. 0'3 atom active hydrogen.

Found: C 59'45%, H 9'19%. Calc, for C,0H18O, (202'2): C 59'41%, H 8 91%.
Mol. weight found, determinated as above,: 200'5.

Hexan-dion-4,5-dimethylacetal-l, VI.
This substance was prepared from the dimethylacetal IV like V from 

III. The properties of both saturated acetals (V and VI) are very similar 
to one another. B. p.: 79—82° under 2 m. m. According to Zerewitinow’s 
method the substance contains 0'2 atom active hydrogen.

Found: C 54'64%, H 8'21%. Calc, for C8HUO4 (174'2): C 55'14%, H 8'10%.



(8) Investigationș on Furan Compound* 35

Hydrolysts of the hexen-2-dion~4,5~dimethylacetal-l.
A solution of the acetal IV (5 g.) in 2 % sulphuric acid (50 c. c.) 

was boiled 30 minutes under reflux. The solution gets at first yellow 
then brown and at last some resinous product precipitates. Then the 
filtered solution was evaporated in vacuo, the distillate neutralised exactly 
with 0'1 n-sodium hydroxyde and then ca. 2/3 of its volume distilled 
again. In this distillate the presence of methyl-alcohol could be de- 
monstrated by DenigEs’s reaction. The residue was evaporated to dryness 
on the steam-bath and mixed with a saturated silver nitrate solution. 
The formed crystalline precipitate was filtered off, washed with a little 
cold water and dried in vacuo. It was proved to be silver acetate.

Found: Ag 64‘182%. Calc, for C2H3O2Ag: Ag 64'64°/0.

Hexen-2-dion-4}5-aldoxime-l, V11.
To the solution of one of the both unsaturated acetal (0'5 g. of III 

or IV) in water (10 c. c.) was added a concentrated aqeous solution of 
hydroxylammonium chloride (0’5 g.). The formed oxime very soon preci- 
pitated crystalline. It was filtered and recrystallised from hot water. 
Colourless light-sensitive needles were obtained. M. P.: 236° with decom- 
position. The oxime is easily soluble in aikalies,/ sparingly soluble in 
water and alcohol and almost insoluble in the other usual solvents. Its 
aqueous solution showes a red colouration with ferric chloride.

Found: 0 51-26%, H 5-18%, N 99970. Calc for CcH,O3N (141-1): C 51'0370, 
H 4-9670, N 9-9270.

Benzoyl hexen-2-dion-4,5-aldoxime-l, VIU.

0'1 g. of the oxime VII, dissolved in 15 c. c. of 2n sodium hydroxyde, 
was shaken with 0‘5 g. of benzoyl chloride 15 minutes. The formed ester 
was filtered, washed with water and recrystallised îrom alcohol. Colourless 
needles, m. p.: 468°.

Found: N 5’7770. Calc, for C„HUO4N (246-4): N 5-717».

Bisphenylhydrazone of the hexen-2-dion-4,5-al-l > IX.
1 g. of the acetal III or IV, dissolved in 30 c. c. of water, was mixed 

with a solution of 3 g. of hydrochloric phenylhydrazine in 15 c. c. of water. 
The bisphenylhydrazone, precipitated at first oily, became soon crystalline. 
It was then filtered, washed with water and recrystallised from alcohol 
with charcoal. Orange-red needles, m. p.: 209° with decomposition.

Found: C 7O'487o, H 5’9470, N 18’1970. Calc, for C18H18ON4 (306'4): C 70’55%, 
H 5’92%, N 18-29%.

Oxydation of the hexen-2-dion-4,5-dimethylacetal-l by ozone.

Into a solution of the acetal IV (6 g.) in anhydrous chloroform (30 
c. c.) 1'1 mol. of ozone was introduced. Then the solvent was distilled
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off in vacuo and the oily residue was boiled with water (60 c. c.) for 2 
hours under reflux. Beeing the substance completly dissolved, an acetic 
acidic solutiun of phenylhydrazine was added. The thus obtained preci
pitate was recrystallised from alcohol. It proved to be glyoxal-bisphenyl- 
hydrazone, according its m. p. alone and in admixture with an authentic 
specimen (169°).

Oxydation of hexen-2~dion-4,5-dimethylacetal~l with potassium permanganate.

To the acetal IV (6’8 g.) dissolved in water (50 c. c.), which was 
made slightly alkaline by adding a few drops of potassium hydroxyde, 
a solution of potassium permanganate (28 g.) in water (500 c. c.) was 
dropped at 5—10° during 12 hours with stirring. After finished oxydation, 
the solution, filtered from the precipitated manganese dioxyde, was con- 
ce.ntrated in vacuo to 100 c. c., then acidified with deluted sulphuric acid 
to congo and ca. 70 c. c. of them distilled. The acid distillate was exactly 
neutralised with 0'1 n sodium hydroxyde and evaporated to dryness on 
the steam-bath. To decompose the formed formic acid, the dry residue 
was treated with conc. sulphuric acid, then deluted with water and dis
tilled again. From this distillate the acetic acid, produced by the oxyda
tion, could be isolated in form of its silver salt.

Found: Ag 64 12%. Calc, for C2H3O,Ag (166 9): Ag 64 64%.

From the residue of the first distillation, by adding an acetic acidic 
solution of phenylhydrazine, a colourless substance crystallised in plates, 
which was recognised as the phenylhydrazine salt of the oxalic acid. 
M. p.: 182°, in admixture with an authentic specimen there was no 
depression.

Oxydation of IV with hydrogen peroxyde.

1 g. of the acetal IV, dissolved in 10 c. c. of glacial acetic acid, 
was refluxed with a solution of 10 c. c. of 15% hydrogen peroxyde for 
4 hours. The colourless substance, obtained after evaporation of the solu
tion in vacuo and recrystallisation of the solide residue from water, was 
recognised as maleic acid. M. p. alone and in admixture with an other 
specimen of maleic acid: 132°.

Oxydation of hexan-dion-4,5~dimethylacetal-l with silver oxyde.

4 g. of the acetal VI, dissolved in 100 c. c. of wath°r, was boiled 
with 4 g. of freshly prepared silver oxyde for 1 hour under reflux. Then 
the hot filtered solution was saturated with hydrogen sulphide, filtered 
from precipitated silver sulphide and evaporated to dryness on the steam- 
bath. The solide residue was recrystallised from abs. alcohol. A colourless 
substance was obtained, which proved to be suucinic acid. M. p. alone 
and in admixture with an authentic specimen: 183°.
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l-Phenyl-3-aceto-dihydropyridazin-phenylhydrazon, X.

The acetal V or VI (0'5 g.) was heated with phenylhydrazine (1 g.) 
in glacial acetic acid (5 c. c.) for 10 minutes on the steam-bath. The 
precipitated substance was filtered and washed with water and alcohol. 
It is a pale yellow crystall-powder, practicai insoluble in water.and the 
other usual solvents. It does not smelt up to 280°.

Found: C 74'51%, H 6'44%, N 19'12%. Calc, for C18H18N4 (290'3): C 74'41%, 
H 6'24%, N 19'34%.

Hydrolysis of hexan-dion-4,5-dimethylacetal-l. The formation of pyrocatechol.

A solution of the acetal VI (2'5 g) in 2% sulphuric acid (60 c. c.) 
was boiled for 1 hour under reflux. After cooling the solution, turned 
faintly brown, was saturated with sodium bicarbonate and extracted with 
ether. Then the ether extract was, after drying with anhydrous sodium 
sulphate, evaporated and the residue distilled in vacuo. B. p.: 111—112° 
under 3 m. m. The distillate crystallised from ligroine in colourless plates. 
The substance showes aii the characteristic properties of the pyrocatechol, 
its aqueos solution gives with ferric chloride an emerald green colouration, 
and smelts alone or in admixture with an authentic specimen of pyro
catechol at 104°.

Found : C 65'78%, H 5'59%. Calc, for C6H(iO, (110'05): C 65'45%, H 5'45%.

Vizsgâlatok a furan-vegyiiletek kdrebol 
I. kdzlemeny: hexen-2-dion-4,5-acetal-l es pyrocate- 

chin kepzodese 2-aceto-furanbol
Vargha Lâszlo, Ramonczai Jeno es Bite Pdl

(A Szerves Kemiai Intezeț kdzlemenye)

Osszef oglalăs

A 2-amino-furan eldăllităsâra irănyulo kiserleteink kdzben azt talăltuk, 
hogy ha p-toluolsulfo-2-aceto-furan-oximot (1)* aethylalkohollal reakciâba 
hozunk, p-toluolsulfonsavas ammonium es egy sârgâs-zâld nitrogenmentes 
folyadăk keletkezik igen j6 hozammal, amely feltunâ k6miai sajâtsăgokat 
mutat. Az uj anyag ugyanis erosen redukăl, igen ărzâkeny hâ 6s kemiai 
behatăsok irânt, mindazonâltal vâkuumban bomlăs nelkiil desztillâlhatâ. 
Megăllapitottuk, hogy az anyag elemi osszetetele a C10H16O4 (HI) tapasz- 
talati k6plettel fejezhetâ ki. Amikor a reakcidt aethanol helyett methanollal 
hajtottuk vâgre, p-toluolsulfonsavas ammoniumon kiviil egy III-hoz igen

* A IcZ-plctcket irodalml ld£ie(oke£ /. «ngol •x^vegber,
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hasonld, de vele nem azonos folyadek keletkezett, melynek tapasztalati 
keplete az analizisek alapjăn C8Hi2O4 (IV).

III es IV szerkezetet, valamint conîiguratiojăt sikeriilt felderlteni 
alkalmas modszerek segelyevel. Vizsgălataink eredmenyekeppen bebizo- 
nyitottuk, hogy III szerkezete a CHS—CO—CO—CH = CH—CH(OC2H5)2 
strukturkeplettel fejezheto ki es racionălis neve, tekintetbe veve a con- 
figuratiot is, cis-hexen-2-dion-4, 5-diaethylacetal-l, IV pedig a megfelelo 
dimethylacetal (cis-hexen-2-dion-4, 5-dimethylacetal). Ez anyagok kepzo- 
desenek mechanizmusăra vonatkozolag meg nem tudunk hatărozott kepet 
nyujtani.

E telitetlen acetaloknak megfelelo telitetlen aldehydet (cis-hexen-2- 
dion-4, 5-al-l, XI) nem sikeriilt III vagy IV hydrolyzise utjăn eloăllitani, 
mert az mâr hideg vizes oldatban is elbomlik. A vărhatâ bomlăstermekek 
koziil ecetsavat sikeriilt izolâlni, melynek kepzodese jelzi, hogy a szen- 
lănc a 4-es es 5-os carbonyl-csoportok kozott hydrolytikus bomlăst szen- 
ved. Foltetelezheto, hogy a szenlănc ketteszakadăsa, mely ilyen feltiinoen 
enyhe hatâsra is bekovetkezik, a 2, 3-heIyzetu kettos kotes lazitd hată- 
sânak a kovetkezmenye.

A telitett aldehyd (hexan-dion-4, 5-al-l, XII) sem bizonyult stabil 
vegyuletnek. Ugyanis amikor a megfelelo telitett acetalokat, melyeket III 
es IV katalytikus hydrogenezese utjăn âllitottunk elo (V es VI), hydro- 
lyzisnek vetettiik ală, a vârt telitett aldehyd (XII) helyett meglepo mădon 
pyrocatechin kepzodott. A pyrocatechin kepzodese azonban konnyen 
erthetove vălik, ha kozbeeso termekkent XII trienol alakjât (XIII) tete- 
lezziik fel.

Ez utdbbi tăny alapot szolgâltat ahhoz a felteveshez, hogy talan a 
termeszetben nagy szămban elofordulo pyrocatechin-szârmazekok a szăn- 
hydrâtokbâl furan-vegyiileteken keresztiil hasonlo folyamatok kovetkeztă- 
ben keletkezhetnek.
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IV. Communication: 2, j-Anhydro-l-idit 

ty

L. V'argha, T. Puskas and E. Nagy
(Contribution from the Institute of Organic Chemistry)

In the III. communication1 of this series it has been reported on 
researches, resulted in clearing up the constitution and configuration of 
a monotoluenesulphonyl anhydro-hexit2. It has been demonstrated doubt- 
lessly, that this compound is to be regarded as 1-p-toluenesulphonyl 
2, 5-anhydro-I-idit ((). Our experiments, however, failed to prepare the 
2,5-anhydro-l-idit itself from this 1-idit derivative by hydrolysis or from 
the 1,6-dijodo derivative1 in the usual way. It has not been possible to 
isolate any well defined substance, since the reactions did not go on 
uniformly. In the meantime Prof. K. Freudenberg has kindly called our 
attention to one of his earlier experiments, by which he has succeeded 
to produce diacetone glucose from the 3-p-toluenesuIphonyl diacetone 
glucose reducing it by sodium amalgame3. As we have, in general, been, 
interested in the elimination of the p-toluenesulphonyl groups from its 
ester derivatives, we tried to apply this reducing method not only to our 
1-idit derivative, but also to p-toluenesulphonyl esters of other polyalcohols.

Treating the 1-p-toluenesulphonyl 2, 5-anhydro-l-idit (I) in diluted 
alcohol by sodium amalgame we obtained, besides the sodium salt of 
the p-toluenesulphinic acid, a sirupy product, which in its acetate form 
can be separated into two fractions by distillation under strongly dimi- 
nished pressure. Having saponified the fraction of higher boiling point, 
we could obtain a uniformly crystallised substance which proved to be 
the expected 2, 5-anhydro-l-idit (II). The fraction of lower boiling point 
however could not be brought into crystalline state even after saponifying 
it. We suppose, according to our analysis, that this substance is a dian- 
hydro-hexit, the constitution of which, however, has not been examined 
thoroughly.

1 V.reha.’.L. «„.i Pu.U . T. s Ber. 76,859 (1943).
’ Varsha,’L. ; Ber. 68.1377 (1935).
3 l'rcudenberg, K. and lirauns, F. i Ber. 55,3238 (1922), Wc wlah to thank to Prof. K. Freudenberg for 

hi* klnd information.
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We tested, in a similar way, also the reduction of the 6-p-toluene
sulphonyl4 and of the 5,6-di-p-toIuenesulphonyl 1,2-acetone glucofuranose5. 
We have obtained, thereby, 1,2-acetone-glucofuranose (ca. 40% yield) 
and a sirupy substance from the 6-p-toluenesulphonyl 1,2-acetone-gluco
furanose and 5-p-toluenesulphonyl 3,6-anhydro-l, 2-acetone-glucofuranose6 
besides a small quantity of a undefined product from the 3,6-di-p-toluene- 
sulphonyl compound.

These examinations showed us the fact that though the reductive 
cleavage of the p-toluenesulphonyl esters, into alcohols and p-toluene- 
sulphinic acid, can often be carried out, but simultaneously, as a unde- 
sirable by-product, anhydro compounds can be also îormed during split- 
ting off of p-toluenesulphonic acid, probably an influence of the alcaline 
medium. To hinder the formation of such anhydro compounds, we carried 
out the reduction in an approximately neutral medium also by introducing 
in it carbon dioxide. These experiments did not give the desired result 
neither, since from the 6-p-toluenesulphonyl 1,2-acetone-glucofuranose, 
in surprising good yield, the 5,6-anhydro-l, 2-acetone-glucofuranose7 has 
been îormed, while the 5,6-di-p-toluenesulphonyl 1,2-acetone-glucofura
nose remained unchanged.

EXPERIMENTAL
Reduction of the 1-p-toluenesulphonyl 2,5-anhydro-l-idit by sodium amalgame. 

Tetraaeetyl 2,5-anhydro-l-idit and diacetfl dianhydro-hexit
10 g. of l-p-toluenesulphonyl 2, 5-anhydro-I-idit (I) in 160 c. c. of 

80% alcohol was stirred 3 days at 15° with 200 g. of 2% sodium amal
game. Then the solution was poured off from the mercury, neutralised 
by carbonic acid and filtered from the precipitated sodium bicarbonate. 
Having repeated the described procedure, the alcoholic solution was 
evaporated and the residue extracted by 30 c. c. of pyridin. The part 
insoluble in pyridin was dissolved in a little water, the solution strongly 
acidified by sulphuric acid and the thereby crystalline precipitated sub
stance was filtered off, washed with a little cold water and dried. The 
substance proved to be p-toluene sulphinic acid according to its melting 
point alone (88°), or in admixture with an authentic specimen. Having 
evaporated the pyridinic solution in vacuo, we obtained a thick sirup 

4 Oble, H. and Spencker, K. ; Ber. 59,1836 (1926).
s Oble. H. and Dickhăuaer. E. ; Ber. 58,2593 (1025).
• Ohle. H., Varsba, L. and Erlbach, II. Ber. 6|,1211 (1928).
’ Oble. II. and Vargha, L. t Ber, 62.2435 (.929),
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(4'6 g.), which could not be crystallised. To be acetylated, therefore, it 
was left during the night in 30 c. c. pyridin with 20 c. c. of acetic 
anhydride at room temperature, Then we distilled the pyridin off in 
vacuo, dissolved the residue by water and chloroform and after drying 
and evaporating the chloroform solution, the obtained sirup was distilled 
under 0’003 mm. pressure. Two fractions were taken, the first one distilled 
at 108—124° bath temperature, the second one at 124—140°. Yields: 1'8 
g. and 3’3 g., respectively. The first fraction represents, according to the 
analysis, an diacetyl dianhydro-hexit. It is a clear sirup, easily soluble 
in alcohol, ether, chloroform aud benzene, almost insoluble in water and 
petroleum ether.

jajp = + 515° (chloroform, c = 2'329).

Found: C 52-14%, H 6'25%, Calc, for C10H14O6 (230-2): C 52-17%. H 6-13%

The second fraction showes similar solubility and is, according to 
our analysis, tetraacetyl 2,5-anhydro-l-idit. Not one of the both sunstanees 
could be obtained in crystalline form.

Hd = ~ 1319° (chloroform, c = 1'9556).

Found: C 50'97%, H 6'52%. Calc, for C,4H,„O9 (332'3): C50-60%, H 6'06%.

2,5-Anhydro-l-idit, II.

Adding 11 g. of barium hydroxide dissolved in 130 c.c. of water 
to the solution of 3’3 g. of tetraacetyl 2,5-anhydro-l-idit (second fraction) 
in 20 c. c. of alcohol, the mixture was shaken 24 hours by the machine. 
Then the excessive barium hydroxide was saturated with carbonic acid, 
the barium carbonate filtered off and the soluted barium precipitated by 
the equivalent sulphuric acid. After filtration the solution was evaporated 
in vacuo, the remaining sirup dissolved in a little abs. alcohol and the 
solution mixed with abs. ether until it begins to trouble. Standing in 
ice-safe, the substance was crystallised in colourless prismes, easily so
luble in water and alcohol. M. p.: 111—113°. Yield: 1.1 g.

^aj20 = 4. 12-60 (water, c = 2'525).

Found: C 43'94%, H 7'55%, Calc, for C6H12O6 (16416): C 43'90%, H 7’37%.

Dianhydro-hexit.
The solution of 1'8 g. diacetyl dianhydro-hexit (first fraction) in 12 

c. c. of alcohol was shaken 20 hours with 7 g. of barium hydroxide in 
80 c. c. of water. After removing the barium, as described above, and 
evaporating the solution in vacuo, we obtained a sirup, easily soluble 
in water and alcohol, which could not be brought into crystalline form.

= 4- 12'3’ (water, c = 3'079).

Found: C 49 63%, H 7 02%. Calc, for C0H„O4 (146'14): C 49-31%, H 6'80%.
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Reduction of the 6-p-toluenesulphonyl 1, 2-acetone-glucofuranose by sodium 
amalgame.

2 g. of the substance was stirred 24 hours in 30 c. c. of 80% al- 
cohol with 25 g. of 2% sodium amalgame at 15°. Af er neutralising it by 
carbonic acid and removing the barium, as described above, the solution 
was evaporated in vacuo and the residue extracted by ethyl acetate. 
The part remained unsoluble proved to be the sodium salt of the p-toluene- 
sulphinic acid; from its solution in little water the p-toluenesulphinic 
acid (m. p. 88°) could be isolated. From the concentrated ethyl acetate 
solution the 1,2-acetone-glucofuranose (m. p. 158°) crystallised out. Yield : 
0-5 g. After evaporation of the mother liquid an oily resideu (0’6 g.) 
remained, that could not be get crystalline.

The reduction was carried out also introducing carbon dioxide si- 
moultaneously. In this case a colourless substance could be isolated, 
which showed, after recrystallisation from benzene, all the properties of 
the 5, 6-anhydro-l,2-acetone-glucofuranose. Yield: 70%. M. p.: 132°.

Hd = ~ 26’4° (water>c = 3-025).

The reduction of the 5,6-di-p-toluenesulphonyl 1, 2-acetone-glucofuranose by 
sodium amalgame.

The reduction was carried out as described above. From the con
centrated ethyl acetate extract a colourless substance was obtained, 
which proved to be identical with the 5-p-toluenesulphonyl 3,6-anhydro- 
1,2-acetone-glucofuranose. M. p. alone and also in admixture with an 
authentic specimen 133°. The ethyl acetate mother liquid still contained, 
in small quantity, an oily product.

At the reduction, introducing carbon dioxide simoultaneously, the 
starting material was recovered almost quantitatively.

Vizsgalatok a cukoralkoholok korebol 
IV. kdzlemeny: 2,5-anhydro-l-idit

Vargha Las zio, Puskâs Tibor es Nagy Endre
(A Szerves Kemiai Intezet kdzlemenye)

Osszefoglalăs*

Megeldzâ kozlemenyiinkben1 beszămoltunk azokrol a vizsgălatokrdl, 
melyek sorăn bebizonyitottuk, hogy az l-p-toIuolsulfo-2,4-benzal-5,6-an- 
hydro-d-sorbit-bol eldăllithatâ monotoluolsulfo-anhydro-hexit2 szerkezete 
es konfiguratioja I. formulăval âbrăzolhatâ, tehăt az anyag 1-p-toluolsulfo- 
2, 5-anhydro-l-idit. Nem sikeriilt azonban magăt az alapanyagot, a

Kdplclekct ii irodalmi idtreteket 1. as angol oyelvd azGvegben.
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2, 5-anhydro-l-iditet (II) sem I hydrolyzise utjân, sempedigaz 1,6-dijod- 
szârmazâkon1 keresztul egyseges âllapotban eloâllitani. Kozben Prof. K. 
Freudenberg levelben felhivta figyelmiinket egy regebben publikâlt mun- 
kăjăra, melynek sorăn neki sikeriilt 3-p-toluolsulfo-diaceton-glykose-bol 
nătriumamalgammal vald reduktio utjân diaceton-glykoset jo termelessel 
elâ llitani, tehât az emlitett vegyiiletbol a toluolsulfo-csoportot p-toluol- 
sulfinsav alakjâban mellekreakciâk nelkiil eltâvolitani3. Mivel minket a 
toluolsulfo-csoport eltâvolitâsa polyalkoholokkal alkotott estereibol âlta- 
lânoan erdekelt, megvizsgâltuk e reduktiv mddszernek az emlitett celra 
valo alkalmazhatosâgât. Kiserleteink eredmenyet az alâbbiakban foglaljuk 
ossze.

1. I nătriumamalgâmmal valo redukcioja nem vezet egyseges ter- 
mekhez, mert a vârt 2,5-anhydro-l-iditen (II) es p-toluolsulfinsavon kiviil 
p-toluolsulfonsav lehasadâsa kovetkezteben egy dianhydro-hexit is kep- 
zodik egyidejiileg. A ket termeket azonban acetatjaikon keresztul sikeriilt 
elkiiloniteni es igy Il-t egyseges, kristâlyos âllapotban eloâllitani. A dian
hydro-hexit szirupszeru anyag, szerkezetet meg nem vizsgăltuk meg 
behatobban.

2. A 6-p-toluolsulfo-l, 2-aceton-glykofuranose4 es az 5,6-di-p-toluol- 
sulfo-1, 2-aceton-glykoîuranose5 redukcioja sem vezet egyseges termek- 
hez. Az elobbibol a vârt 1,2-aceton-glykofuranosen (hozam 40%) kiviil 
meg egy szirupszeru anyag is, az utobbibol pedig foleg, 3,6-ahydro- 
1,2-aceton-glykofuranose6 keletkezik, tehât ez utobbi esetben a reakcio 
csaknem kizârdlag p-toluolsulfonsav lehasadâsa kozben megy vegbe.

3. Mivel fel lehetett tetelezni, hogy a p-toluolsulfonsav lehasadâsa, 
tehât anhydro-vegyuletek kepzodese a lugos kemhatâs kovetkezmenye, a 
redukciot megkozelitoleg neutrâlis kozegben, szendioxid bevezetese koz
ben is vegrehajtottuk. Ezek a kiserletek meg kevesbbe vezettek a kivânt 
eredmenyre. Ugyanis ebben az esetben a 6-p-toluolsulfo-l, 2-aceton-glyko- 
furanosebol 5, b-anhydro-1,2-aceton-glykofuranose1 keletkezett igen jo 
hozammal, mig az 5, 6-di-p-toluolsulfo-l, 2-aceton-glykofuranose vâltozat- 
lan maradt.

Kiserleteink tehât azt mutatjăk, hogy bâr a p-toluolsulfonsav tobb 
ertekii alkoholokkal kepezett esterei reduktiv uton gyakran a megfeleld 
alkoholokkâ es p-toluolsulfinsavvă bonthatok, azonban p-toluolsulfonsav 
lehasadâsa kovetkeztâben egyidejiileg anhydro-vegyuletek is kdpzddhetnek.



The Influence of the Mndole-acetic Acid on the 
Growth and MultipEcation of the Algae

by 
I. Peterfi

(Contribution from the Institute of Plani Physiology)

The physiological roii of the heteroauxin on the growth and mul- 
tiplication of the algae is studied relativly very little. The results obtai
ned generally are contradictorials, and the experiences repeated by diffe- 
rent authors, upon the same species of algae, have given unconcludent 
or contrary results.

Consulting the literature published in this matter, we see that Weij 
(1933) is announcing the presence of growth substance in the marine 
algae. Later on Granick and Dunham (1936) are studiing the action of 
the P-indole-propionic acid upon the Chlorella pyrenoidosa and Cystococcus 
cohaerens in pure cultures, without finding any difference of growth among 
the cultures treated with the P-indole-propionic acid and the controled 
ones. In 1937 more studies are made concerning the importance and 
physiological roii of the heteroauxin in the physiology of the growth of 
the algae. According to Albaum, Kaiser and Nestler (1937) the penetra- 
tion of the Mndole-acetic acid in the cells of the Nitella is in relation 
with the hydrogen-ion concentration. The penetration of the growth sub
stance in the cells is more rapid at pH 3'98 then at pH 6’80. Brannon 
(1937) in a preliminary note brings in evidence the elfect of the growth 
substance upon the Chlorella vulgaris, Chlorella pyrenoidosa and Oocystis sp. 
Leonian and Lilly (1937) are asking if heteroauxin is a growth sub
stance ? The authors based upon the cultures made with heteroauxin on 
synthetic nutrient mediums (one part per million and one part in one 
hundred thousand) are getting to the conclusion that the heteroauxin 
does not activate, but inhibits the growth of the unicellular algae Chlo- 
rella pyrenoides, Chlorella viscosa, Oocystis Naegelii and Cystococcus coha
erens. In the Fucus, according to Olson and Du Buy (1937) the P-indole- 
acetic acid determines the polarity of the egg; the rhizoides are formed 
on that part of the egg, which is placed in contact with the solution of 
heteroauxin. According to the researches made by Yin (1937) the P-in- 
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dole-acetic acid is not producing the activation of cell multiplication of 
the Chlorella vulgaris, but the growth (with 30% against the normal cells) 
of the diameter respective of the cell’s volume. Contrary to the results 
obtained by Yin, Pratt (1938) states that the P-indole-acetic acid does 
not provoke the growth of the volume of the cells at the Chlorella vul
garis, but is activating the cellular division (there are 300 times more cells 
formed in the culture with heteroauxin, than in the control cultures). 
The researches made by Brannon and Bartsch (1939) show the influence 
of the growth substance upon the growth and cell division of the green 
algae: Chlorella zulgaris, Coccomyxa simplex and Mesotaenium caldariorum. 
In certain concentrations the P-indole-acetic acid stimulates the multipli
cation of the algae Chlorella vulgaris and Coccomyxa simplex, but it has 
not a stimulent effect upon the multiplication of the Mesothaenium calda
riorum. At Chlorella vulgaris and Coccomyxa simplex the heteroauxin does 
not activate the growth of the size of the cells. But, at Mesotaenium was 
jemarked an enlargement of the cell’s size. According to the results 
obtained by Rădulescu (1933) the effect of the heteroauxin upon the de- 
veiopment of the Stichococcus bacillaris and Scenedesmus quadricauda is 
limited upon the division of the cells.

For making a study of the physiologic roii of the P-indole-acetic 
acid in the multiplication phenomen and the growth of the algae I have 
made experiences with green algae cultivated in pure cultures, unialgale 
and without strânge organisme (Bacteria, Fungi etc.).

The species of algae used for the experiences were the following 
ones:

1. Stichococcus exiguus Gerneck, (Grintzesco—PGterfi 1933).
2. Stichococcus mirabilis Lagerheim, 3585, origin: Roumania, Lacul 

Ghilcoș—Gyilkosto 20. IX. 1942.
3. Stigeoclonium variabile Naegeli, 3277, origin: Roumania, Cluj— 

Kolozsvâr, Someș—Szamos, 1. VI. 1940.
4. Stigeoclonium nuaiusculwn Kiitzing, 3620, origin: Roumania, Cluj— 

Kolozsvâr, Fânațe—Szenafu 8. VI. 1939.
5. Microthamnion Kiitzingianum Naegeli (Paterei 1937).
6. Pseudendoclonium basiliense Vischer, 3554, origin: Roumania, Cluj— 

Kolozsvâr, Valea Pleșca—Plecska volgy 26 IV. 1942.
7. Pseudopleurococcus Printzii Vischer, 3518, origin: Roumania, Bicaz — 

Bekâs, Părăul Șugăului—Sugopatak. 18. IX. 1942.
In all my experiences I used flasks (Erlenmayer flasks, balloons, 

eprouvettes, etc.) made of Schott-Jena glass, washed them before using 
with an oxidant mixture of sulfuric acid and potassium bichromate, then 
with water, distillated water and then bidistillated water. The waier 
used for preparing the nutrient solution was a bidistillated water, second 
time distillated in a distillating apparatus, constructed of Schott-Jena glass.

The used chemicals were „pro analysi" or „purissimum** substances 
from Merck-Darmstadt.

The used nutrient solution is a variety of the Benecke solution with 
the following composure: H20 bidestill. .. . 1000 cm3, Ca(NO.3)2 . . . 0’12 
g., MgSO4 . . . 0 02 g„ KH2PO4 ... 005 g., FeCl, . . . 0 001 g. The 
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nutritive solution was divided in certain quantities in glass balloons and 
then sterilised in autoclav at a temperature of 105° C for 30 minutes. 
At one of the sterilised Benecke solution I added the P-indole-acetic 
acid (neoauxin Scheering) in a quantity of 1'75 mg. Out of this solution 
of neoauxin, by succesiv diluation with correspondent quantities of Be
necke solution, 1 realised 10 types of concentrations given in the follo
wing table:

The concentration of the ^-indole-acetic acid (neoauxin-Scheering) 
at 100 cm3 Benecke solution.

10. Benecke solution, control.

1. 1x10- 4 Mol . . . = 1-75 mg. i% =
2. 1x10- 5 » . . . = 0’175 mg. % =
3. 1x10- 6 . . . = 0-0175 mg. % —
4. 1x10- 7 n . . . = 0-00175 mg. % =
5. 1x10- 8 n . . . = 0’000175 mg..% =
6. 1x10- 9 . . . = 0’0000175 mg. % =
7. 1x10—10 » . . . = 0’00000175 mg. % =
8. 1x10-11 ,, . . . = 0 000000175 mg. % =
9. 1x10 -12 . . . = 0-0000000175 mg. % =

1750 v %
175

17-5 Y %
1-75 Y%
0.175
0-0175 Y %
0-00175 Y'%
0-000175 Y% 
0-0000175-/%

Inoculation have been made out of the culture made in Benecke 
solution and homogenised by the agitation of the eprouvette, with the 
help of graded pipette 120 mm3 were inoculated in each flask of culture. 
For each series of culture the inițial density of the algae in the culture 
liquid was determinated. Out of each experience I have made three 
parallel series. The cultures were placed and kept for 30—40 days at 
the room’s temperature (20—24° C) and at northern light. I also determi- 
ned the inițial pH of the liquids of the culture. At the end of the expe
rience I determinated the number and the size of the cells or of the 
thalli, as weil as the final pH of the nutrient solution.

The quantitative determination of the growth has been made by 
centrifugal method (with special tubes with 2 mm3 divisions) or by hae- 
matometric method (with the aid of Tuerck haemocytometer). The deter
mination of the dimensions of the cells and thalli was made at the 
microscope with the aid of the Reichert-mikrometer okular. The pH was 
determined with the aid of Hiltner colorimeter, using as indicators: 
Bromcresolpurple-Merck, Bromthymolblue-Merck, Bromphenolblue-Schu- 
chardt, Methylred-Riedel-Haen and Phenolred-Schuchardt.

1. THE INFLUENCE OF THE (3-INDOLE-ACETIC ACID ON THE GROWTH 
AND DIVISION OF DIFFERENT ALGAE

Experiences with the St ichococcus species

I have studied the action of the neoauxin upon the Stichococcus 
exiguus Gerneck and Stichococcus mirahilis Lagerheim. On the liquid nut
rient mediums, Benecke solutions with addition of neoauxin in the con
centration given in Table I and II, certain quantities of the both Sticho- 
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coccus species were inoculated, determinating the number of the inocu- 
lated cells in the culture medium and the inițial pH of the nutrient so
lution. After 28 (at Stichococcus exiguus) respectivly 37 days (at Sticho- 
coccus mirabilis) the cultures were examined at the microscope, determi
nating the number of the cells with Tuerk haematocytometer per mm3 of 
nutrient solution, mesuring the dimension of the cells (d ameter and the 
lenght) as well as the final pH of the culture media. The results of the 
experiences with the Stichococcus species are given in Table I and II, 
Fig. 1, 2 and 8.

Fig. 1. Multiplication of Stichococcus exiguus-------------- and Stichococcus mirabilis —...........
in scveral concentrations of ^-indole-acctic acid.

From the results of these experiences can be established that the 
Stichococcus species behave differently towards the p-indole-acetic acid. 
From the two Stichococcus species, Stichococcus exiguus is much more sen
sibil toward this substance than the Stichococcus mirabilis. Such concent- 
ration as (FI75 mg per centum of neoauxin is inhibiting the multiplica
tion of the cells of the Stichococcus exiguus, while a concentration of 1’75 
mg per centum of neoauxin is toxic for the Stichococcus exiguus stoping 
completely the development. The Stichococcus mirabilis Lagerheim tolera- 
tes a higher concentration of p-indole-acetic acid, although the cell’s 
multiplication is more reduced than in the control cultures.

The optimal concentration for the activation of the cell’s division 
of Stichococcus exiguus is 0’175'( % of neoauxin. In this concentration with
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290'9 % were produced more cells than in the control culture. The growth 
in lenght of the cells of the Stichococcus exiguus is activated by the 
neoauxin. The optimal concentration for the growth in lenght of the cells 
is 0'0175 y % of P-indole-acetic acid. The growth in lenght of the cells 
in this concentration is with 193'75 % greater than at the cells develo- 
ped in the control medium.

Fig. 2. Cells lenght of Stichococcus exiguus---------  and Pseudopleurococcus Printzii
in several eoncentrations of /3-indole-acetic acid, in acid medium.

The stimulatory effect of the P-indole-acetic acid upon the rate of 
multiplication of the Stichococcus mirabilis is more reduced. The optimal 
favourising concentration is 1'75 f% of neoauxin, at which might be ob- 
served a cell division with 70'90 % bigger than in the control cultures. 
In Table II could be seen that the dimensions of the cells grown in a 
medium with P-indole-acetic acid does not vary in comparison with the 
dimensions of the cells formed in the nutrient solution of control.

Experiences with the S tigeoclonium species.

For studying the effect of the P-indole-acetic acid upon the deve- 
lopment of the Stichococcus I have made pure cultures of the species 
Stigeoclonium variabile Naegeli and Stigeoclonium nudiusculum Kiitzing on 
solutions made of Benecke solutions adding neoauxin in different small 
eoncentrations given in Table III and IV. In each culture flask I inocu- 
lated in aseptic way, a certain number of thalli. The cultures were ex- 
posed to northerly light at the room’s temperature. I also determined 
the inițial pH of the nutrient solution.

At the experiences with the Stigeoclonium variabile the results were 
taken and studied after a month from the date of inoculation. Then I 
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determined the terminal pH of the culture media too. The determination 
of the quantity of the thalli developed ou different media with different 
concentrations of growth substance was made by centrifugal method. 
The cultures were examined at microscope, measuring the thalli’s lenght, 
the cell’s diameter and the lenght of the terminal and subterminal cells 
of the thalli.

Fig. 3. Multiplication of Stigeoclonium nudiusculum in several concentrations 
of 0-indole-acetic acid.

In the case of the experiences with Stigeoclonium nudiusculum being 
that this species is developing slowly, the results were taken only after 
5 months. At this date I determined the final pH, the dimensions of 
the thalli and of the cells.

The results of these two experiences are given in Table III and IV. 
Fig. 3, 4 and 5.
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We can see that the multiplication of the Stigeoclonium variabile is 
very much activated by this auxin. The quantity of 1’75 mg of P-indole- 
acetic acid added to 100 cm3 of Benecke solution stopes complecteley 
the development. The optimal concentration of heteroauxin for the acti- 
vation of the multiplication of this species is 0’01757—0’00175 y per 
centura. In this concentration zone with 200 % more thalli were produced 
in comparison with the quantity of the thalli formed in the control cul- 
ture. At this optimal concentration the thalli’s growth in lenght is at the 
maximum too. The increase of the thalli’s growth at this optimal con
centration is of 60’7 % reported to the control culture. Examining the 
cell’s dimension we do not find in plus any growth in lenght, in com
parison with the cells developed in solution without auxin. Therefor the 
neoauxin at the Stigeoclonium variabile activates the multiplication and the 
division of the cells.

Examining Table IV and Fig. 3 and 4 we can see that the Stigeoc- 
lonium nudiusculum is very sensitive under the action of this growth sub- 
stance. The action of the neoauxin in this case is more evident due to 
the fact that the Stigeoclonium nudiusculum develops very slowly in a 
mineral solution. It is verified that after five months there could be found 
only those two thalli, in the Benecke solution, which were inoculated 
at the beginning of the experience. In a concentration of 0’0000175 y % 
the neoauxin activates all ready the reproduction through the zoogoni
dium of the Stigeoclonium nudiusculum, so that thalli are formed out of 
the germination of the zoogonidium fixed on the walls of the culture 
flasks. On a 34’6 mm2 surface there could be found one thallus. In higher 
concentration (0’175—1’75 mg %) the Stigeoclonium nudiusculum suffers, 
the reproduction is withhold. Starting from this maximal extrem con
centration to higher diluation of neoauxin, the reproduction of the algae 
is more and more accentuated, till the optimal concentration (0'00175 7%) 
at which the reproduction and the development is maximum (there are 
143’6 thalli fixed on a 25 mm2 surface). At the same time is verified an 
activation or the thalli’s growth too. But, having in consideration that 
an activation of the growth in the cell’s growth is not manifested in an 
accentuated way, the difference in the dimension of the thalli is due to 
the number of the cells. So being, the neoauxin exercises an evident 
acceleration of the reproduction through the zoogonidium and through 
the division of the cells of the Stigeoclonium nudiusculum.

The experience with Pseudendoclonium basiliense Vischer.

For the experience made with Pseudendoclonium I used a Benecke 
nutrient solution with total concentration as in the previous experiences. 
With this solution I prepared the whole series of solutions of the 
different neoauxin concentration, beginning with the lxlO-4 Mol concent
ration and till lxlO-11 Mol. In each culture flask there was inoculated 
120 mm3 homogenised suspension of thalli. I determined the inițial pH 
of the solutions. The cultures were placed at northerly light and at the 
room’s temperature. The results of the experiences were taken after a
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month; the îinal pH, the centrifugal determination of the thalli and the 
microscopical examination.

As it could be seen in Table V. and Fig. 5. the Pseudendoclonium 
basiliense tolerates in greater concentration too the neoauxin. The maxi
mum of the development might be observed in the lxlO-10—lxlO-11. 
Mol eoncentrations. The 0-indole-acetic acid activates the multiplication 
of the Pseudendoclonium. An activation of the cell’s growth could not be 
observed.

2. THE INFLUENCE OF THE p-INDOLE-ACETIC ACID IN RELATION 
WITH THE pH OF THE NUTRIENT MEDIUM.

Experiences with Microthamnion Kiitzingianum Naegli and 
Pseudopleurococcus Printzii Vischer.

For seeng the physiological relation between the effect of the 0-in- 
dole-acetic acid and the hydrogen-ion concentration I used the Microt
hamnion Kiitzingianum and Pseudopleurococcus Printzii. We know that the

&oo-
T---------- 1— ------- rT

X

?bo -
X 

X
X

Goo-

Soo.

4oo- 

îoo- 

2oo -
✓ 

✓

z /'-""''a------- -------- - --------------- S:
I / neoauxin concentration

ZA J.Z

Fig. 4. Lenght of thalli in several eoncentrations of p indole-acetic acid. Stigeoclonium 
nudiusculum -............ , Microthamnion Kiitzingianum ............, in acid medium

and Microthamnion Kiitzingianum ------------------- in alkalinc medium.

Microthamnion Kiitzingianum is a euryionical species, which grows on 
acid, neutral and alkaline media, having an optimal development at pH 
5‘S—6 (PAterfi 1937). The Pseudopleurococcus Printzii is a calcophil species, 
which developes, however on acid or neutral nutrient media too.
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I have realized two series of nutrient media. The fundamental nut- 
rient solution was a Benecke solution to which I added by succesive 
dilutions neoauxin in different concentration. One of the series was pre- 
pared with KH2PO4 0’136 g%o producing the acid reaction of the Be
necke solution, whiie the other was prepared with K3PO4 0.28 g %0, 
giving to the nutrient solution a basic reaction. On the both series of 
nutrient solution I inoculated 120 mm3 of homogenised suspension of 
thalli of the Microthamnion respectivly of the Pseudopleurococcus. The cul- 
tures were placed at the room’s temperature to northerly light. After ino- 
culation I determined the inițial pH of the nutrient solution and I deter- 
mined the number of the inoculated thalli. At the end of the experien
ces I measured the final pH of the nutrient liquide, as well as the di- 
mensions of the cells and thalli. The quantitative dose of the formed 
thalli was made by centrifugal method. The results of the experiences 
are given in Table VI—IX, Fig. 2, 4—8.

It is established that the neoauxin activates the reproduction through 
the zoogonidium at the Microthamnion Kiitzingianum, more in an acid 
medium and less in basic medium. This fact is corresponding with the 
dataes known from the physiology of the reproduction of the Microtham
nion (Peterfi 1937), namely that the acid reaction of medium accelerates 
the reproduction through gamets and zoogonidia. In alkalin medium the 
gametangium is formed more slowly.

Comparing the results obtained for the Microthamnion on acid and 
basic media, we can see from the Table VI, VII and Fig. 5 that in the 
acid medium the neoauxin activates more the multiplication of the thalli, 
and less in basic medium. In acid medium the lxlO-4 Mol concentration 
of neoauxin is toxic, restrains completely the development of the thalli. 
In basic medium the toxicity decreases, the development of the thalli 
in solution with lxlO-4 Mol concentration of Mndole-acetic acid is made 
with the same intensity as in the control medium. In acid medium the 
optimal concentration of neoauxin is lxlO-7 Mol, in basic medium the 
optimal concentration rises to lxlO-7—lxlO-5 Mol. The result is that 
the toxicity of the P-indoIe-acetic acid is increasing through the alkalinity 
of the nutrient medium. This result is in concordance with the researches 
made by Albaum, Kaiser and Nestler (1937), according to which the 
hydrogen-ion concentration regulates the penetration of the P-indole-ace- 
tic acid in the cells. In acid medium at the optimal concentration of 
neoauxin the growth of the thalli is with 89’47% bigger than in mine
ral medium of control. In the basic media the quantity of the developed 
thalli at the optimal concentration of neoauxin is oniy with 20 % grea- 
ter than the one from the control solution.

Examining Table VIII, IX of the experiences with Pseudopleurococcus 
Printzii we can see that in this case too could be observed the same 
relations. In acid medium the neoauxin in concentration of lxlO-4 Mol 
is toxic, stopes completely the development of the thalli. In basic me
dium the toxicity is put aside and at this greater concentration the al
gae developes as vigorously as in the control solution. At Pseudopleuro
coccus the optimal concentration varies too after the pH of the medium,
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probably in relation with the toxic concentration. Comparing the maxi
mum growth obtained at the optimal concentration of the neoauxin from 
the media of different reactions, we can see, that in the acid medium 
in a relativ way there are formed more thalli than in the basic medium.

Fig. 5. Multiplication of algae in sevcral concentrations of p-indolc-acetic acid. 
........................ = Pseudendoelonium basiliense, 
.........................- = Stiqeoclonium variabile,
------------------ = MicrolJiamnion Kiilzingianum, in alkalinc medium and 
------------------ = Microthamnion Kiilzingianum in acid medium.

In acid medium at the optimal concentration of the neoauxin (lxlO-11 
Mol), there is formed a growth of thalli with 1275 % greater than in 
the mineral control medium. In alkaline medium at the optimal concentra- 
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tion of neoauxin (lxlO-9 Mol) the quantity of the thalli is only with 
67’44 % greater than the thalli’s quantity found in the Benecke solution.

Examining the lenght of the cells from Microthamnion Kiitzingianum 
which were formed on solutions with different concentration oî neoauxin 
and of different chemical reactions (Table VI, VII, Fig. 4, 8) we establish 
that generaliy the lenght’s growth of the cells is more accentuated in 
the acid media. In the acid solutions the optimal neoauxin concentration 
for the activation of the cell’s growth is of lxlO-8—lxlO-7 Mol. In this

Fig. 6. Cells lenght of Microthamnion Kiitzingianum in sevaral concentrations of 
jS indole-acetic acid. .

Lenght of terminale cells in'acid medium-------------------
and alkaline medium"'------------------ .

Lenght of subterminale cells in acid solution........................
and in alkaline solution------------------- .

concentration the growth of the cell’s lenght is with 48’27 % greater in 
comparison with the control culture. In basic medium the growth in 
lenght of the cells is activated by neoauxin. The optimal concentra
tion of neoauxin in basic medium for the lenght growth of the cells is 
lxlO-10—lxlO-11 Mol. In this concentration the growth in lenght of the 
cells might be with 90% greater than of the cell’s formed in the con
trol solution. For the evaluation of these results we have to consider 
the results published by Migula, Plterfi, Vischer, according to which the 
acidity of the medium provokes a greater growth of the algae’s cells, 
the ones prodused by a neutre or basic reaction (PLterfi 1937).

At the Pseudopleurococcus Printzii the growth in lenght oî the cells 
is more accentuated in acid medium and much more redused in basic 
medium. In acid solutions the optimal P-indole-acetic acid concentration 
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for the growth in lenght of the cells is of lxlO-5— lxlO-6 Mol. In the 
optimal concentration the growth of the cells in lenght is with 45'45% 
greater than in the control medium. The optimal concentration in basic 
medium is between lxlO-9 Mol and lxlO-5 Mol, at which the growth 
is with 50 % greater than in the control solution.

Fig. 7. Multiplication of Pseudopleurococcus Printzii in scveral concentrations of fi- 
indole-acetic acid.

—.................in acid medium (pH 4’5—4’6) and
------------------- alkaline medium (pH 8'3—8’4).

The neoauxin is not presenting any activating effect on the diamet- 
rical growth of the cells of the Microthamnion and Pseudopleurococcus.

The lent>ht of the thalli depends of the number and of the lenght 
of the cells. The number of the cells for the pluricellular thallus repre- 
sents the grade or the speed of the cellular division. The neoauxin in-
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fluences the lenght of the thalli too. Examining the dataes shown in 
Table VI and VIII, concerning the dimension of the thallus of Microt
hamnion, we can see, that the optimal concentration for the lenght,of 
the thallus (lxlO-7-—lxlO-8 Mol) in acid medium, coiricides, more or less,

Fig. 8. Effcct of p-indole acetic acid upon growth of algae: a) Stichococcus exiguus, neoauxin 
conc. IXIO-9, pH 6't). — b) Stichococcus exiguus, control, pH 6'5. — c) Microthamnion, 
neoauxin conc. 1X10-10, pH 8'3. — d) Microthamnion, control, pil 8'4. — c) Microthamnion, 
neoauxin conc. 1X10-7, pil 6'4. — f) Microthamnion, control, pil 6'1. — g) Pseudopleuro
coccus, neoauxin conc. IXIO-0, pil 4’5. — h) Pseudopleurococcus, control, pH 4'6. — i) Pseudo- 
plcurococcus, neoauxin conc. IX IO-9, pil 8'3. — k) Pseudopleurococcus, control, pil 8'4. 

(Mikromctcr in p).
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with the optimal concentration for the growth in lenght of the cells. 
At the optimal concentration the lenght of the thallus with 55*55 % is 
greater than in the control medium. Taking the difference between the 
percentage of the lenght of the thallus at its optimum and the percen- 
tage of the cell’s growth in lenght one finde that the cellular division 
of the thallus of Microthamnion is with 7*28%' more active than of the 
thalli from the control solution. In the basic medium the optimal con
centration for the lenght of the thallus of Microthamnion (lxlO-11 Mol) 
corresponds with the optimal concentration for the lenght of the cells. 
The percentage increase of the lenght of the thalli at the optimal con
centration is 141*53%, while the difference with the percentage of growth 
in the cell’s lenght is 51*53%, representing by percentage the activity 
of the neoauxin upon the process of cellular division.

The lenght of the thallus of the Pseudopleurococcus presents variati- 
ons in report to the neoauxin concentration. In acid medium the opti
mal concentration for the growth of the thallus is lxlO-5 Mol, at which 
there are formed with 130*76% longer thalli than in the Benecke solu
tion without neoauxin. Cellular divisions at this optimal concentration 
are very rare, fact that can be established at the microscopic examina- 
tion too (Fig. 8.) In alkaline media I have found the longest thalli at 
lxlO-12 Mol of neoauxin, at which there were formed with 50% longer 
thalli than in the control medium. The lenght of the thallus compared 
to the cell’s growth in lenght is showing that in the optimal neoauxin 
concentration the cellular division is less active, with 5% greater than 
in control medium.

Conclusions

After the researches made for the action of the P-indole-acetic acid 
upon the development of the studied algae I could verify that in certain 
concentrations the neoauxin presents a toxic effect upon the develop
ment of the algae, inhibiting completely their development. The toxic 
concentration of neoauxin varies with the species of the algae. The hyd- 
rogen-ion concentration influencing the penetration of the growth subs
tance in the cells, is regulating its toxicity. In acid medium the neoauxin 
activates more toxic, in alkaline medium its toxicity is more reduced. In 
a bigger diluation the neoauxin stimulates the development of the studied 
algae. The optimal concentration of neoauxin is different, it varies after 
the algae species and with the pH of the solution. The favorable action 
of the neoauxin upon the algae’s development is manifested in the sti- 
mulation of cellular division [vegetativ cellular division (Stichococcus, Mic
rothamnion, Stigeoclonium) and the formation of special cells of reproduc- 
tion: zoogonidium, gamet (Microthamnion, Stigeoclonium)] and in an acti
vity effect .of the cellular growth in lenght (Stichococcus, Microthamnion, 
Pseudopleurococcus).

The auxogenic effect of the neoauxin in alkaline medium is manifes
ted more favorably at Microthamnion and Pseudopleurococcus. The percen
tage of the cellular division and of the cellular growth in lenght, resul- 
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ted after the influence of the growth substance, is greater in alkaline 
medium. The cellular growth and division more accentuated in acid me
dium is apparent and is explaned through the insummation of the hyd- 
rogen-ion effect upon the acceleration of cellular division and growth 
and of the auxogenic influence of the neoauxin. Therefore, it is evident, 
that the neoauxin is not influencing by its hydrogen-ions or by its 
—COOH radical. Discarding the acidity from the culture medium we can 
see that in alkaline medium the neoauxin not anly remains active, but 
in reality is producing a greater effect.
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A P-indolecetsav hatăsa az algăk ndvekedesere 
es szaporodăsâra
Peterfi Istvan

(A Ndvenyfiziologiai Intezet kdzlemenye)

Ossz ef oglalăs

A heteroauxim physiologiai hatăsăval foglalkozo irodalombăl lâthatjuk, 
hogy a kulonbozo szerzok âltal, kulonbozo vagy azonos algafajokon veg- 
zett tenyesztâsi-kiserletek eredmenyei elteroek, sot ellentetesek. A ?■ 
indolecetsav novekedes- es szaporodăsphysiologiai hatăsât Stichococcus, 
Stigeoclonium, Pseudendoclonium, Microthamnion es Pseudopleurococcus fajokon 
tanulmânyoztam, melyeket Bakteriumoktol es Gombâktăl mentes tiszta- 
tenyeszetekben neveltem. A 0’191 °/00-es totâlis koncentrâcioju Benegke- 
fele tăpoldathoz ScHEERiNG-fele neoauxint hasznâltam 1X IO-4—1X10-12 Mol 
hfgităsban. A tâpoldat kezdeti es veg-pH ârteket kolometrikus modszerrel 
mârtem. A kepzodott thallusok mennyisegi meghatârozâsât fajok szerint 
haemocytometerrel illetoleg nitrocentifugălăsi modszerrel vegeztem. Oku- 
lâris nikrometer segitsegevel mertem es mikronban fejeztem ki a sejtek 
es thallusok dimenzioit.

A kiserletek szămeredenyeit az angol szovegben talălhato tăblăza- 
tokban (I—IX) es ăbrăkban (1—8) foglaltam ossze.

A Stichococcus fajokkal vegzett kiserletek mutatjăk, hogy ezek a 
neoauxinnal szemben kulonbozâ modon viselkednek; fajok szerint vâltozik 
a neoauxin toxikus es optimâlis koncentrăcioja. A Stichococcus exiguus nevu 
fajnâl a neoauxin elosegiti a sejtosztodâst es sejtmegnyulâst, ezzel szem
ben a Stichococcus mirabilisnel csak a sejtosztodâs gyarapodâsăt eszleltem.

Stigeoclonium es Pseudendocloniummai vegzett kiserleteim csak thallus- 
es sejtgyarapodâst mutattak, ezeknel a fajoknăl tehât a neoauxin optimâlis 
tomenysegben a sejtek vegetativ osztădâsât es a zoogonidiemok kepzo- 
deset segiti elo.

A neoauxin serkento hatâsa es a tâpoldat hidrogenion koncentrâcio- 
novekedesphysiologiai hatăsa kozotti osszefuggest a Microthamnion Kiitzin- 
gianum es Pseudopleurococcus Printzii fajokon tanulmânyoztam. Mindket faj 
erzekeny, egyreszt a neoauxin, mâsreszt a hidrogenion koncentrâciă fej- 
lodesbefolyăsolo hatâsâra. A neoauxin hatăsa ezeknel a fajoknăl a zoo- 
gonidiumokkal illetoleg ganetâkkal vală szaporodâs, a sejtek vegetătiv 
osztodăsa es a sejtek megnyulâs âltal vală novekedese stimulălăsăban 
nyilvănul meg. Az eredmenyek pontos leertâkelhetese câljâbol, szăzale- 
kosan szâmitottam ki, az ellenorzo kiserlethez arănyitva, a neoauxin 
serkento hatăsăra elââllâ gyarapodăst a thallus mennyisâge, a sejtek 
megnyulăsa es a sejtek osztădăsa esetăben. Ezen Osszehasonlităsbăl ki- 
tunik, hogy a Microthamnion 6s a Pseudopleurococcus telepek szaporodăsăt 
(zoogodinium ăs gameta kepzodăst) a neoauxin erăsebben aktivălja a 
a savanyu kâmhatâsu, mint a bazikus reakciât mutată tăpoldatokban, 
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ezzel szemben viszont a sejtnovekedes es sejtosztodăs neoauxin okozta 
szâzalekos gyarapodăsa a lugos kemhatăsu tăpoldatokban nagyobb.

A kiserletek eredmenyei azt mutattăk, hogy a neoauxin nagyobb 
koncentrăciokban (IX IO-4—1X10”5 Mol) toxikusan hat az algăk fejlode- 
sere, megakadâlyozva teljesen a fejlodest. A neoauxin mergezo hatâsu 
koncentrăcioja vâltozik a tăpoldat pH-ertekevel. Savanyu kemhatăsu 
oldatokban a neoauxin îejlodesgătlo hatăsa nagyobb, mig az oldatok 
bazikus hatăsa csokkenti ezt a toxikus hatăst. Nagyobb higităsban 
(1X 10~’—1X10-11) a 3-indolecetsav stimulălja az algăk fejlodeset. Ez az 
optimălis neoauxin koncentrăcio vâltozik fajok es az oldat pH erteke 
szerint. A P-indolecetsav kedvezo, auxogenikus hatăsa erosebben nyilvă- 
nul meg a băzikus kemhatăsu tăpoldatokban fejlodâ algăk eseteben. 
A savanyu tăpoldatokban eszlelheto, lătszălagos nagyobb sejtosztodăs es 
sejtnovekedes a hidrogenion koncentrăcio es a neoaxin hatăsănak ossze- 
gezodesevel magyarăzhato. A neoauxin novekedesserkento hatăsa nem 
hidrogenionjainak illetâleg savgyokenek tulajdonithato. Ha kikuszdboljiik 
a tâpoldatok acidităsăt, a neoauxin serkentd hatăsa nemcsak hogy meg- 
marad, de nagyobb eîîecttussal ervănyesul a bazikus oldatokban.
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Despre un integrat de vectori plani

Samuil Borb61y
(Comunicarea Institutului de Matematică Aplicată)

Rezumat

Descrierea unui dispozitiv mecanic rulând pe roți ascuțite, care ne 
dă (teoretic exact) curba integrală a vectorilor plani de o variabilă reală.

O deducție a ecuației lui Schrodinger

I. Fenyes
(Publicația Institutului de Fizică Teoretică)

Rezumat

Pe baza relației de incertitudine a mecanicei cuantice (1) și a relației 
analoage a statisticei clasice (2), „distribuția probabilității" unui sistem, 
poate îi identificată cu densitatea unui gaz ideal. Din acest fapt rezultă 
foarte simplu ecuația lui Schrodinger. Și ipoteza lui Bobn urmează ca 
un rezultat al acestui fapt.

Contributiuni la mecanismul creștorei cristalelor

Zoltan Gyulai
(Publicația Institutului de Fizică Experimentală)

Rezumat

Teoria moleculară a lui Kossel ne dă o imagine clară în ce privește 
unele puncte relative la creșterea cristalelor. Insă teoria are și mulți 
adversari. Astfel Balarew își exprimă neîncrederea că ar putea să fie ceva 
adevărat în această teorie. Dar totuși unele fenomene experimentale 



74 L. Imre și F. Sarusi: Asimetria electrozilor eic. (Rezumai) (2)

justifică în mod formal pe Kossel, deși între cazul ideal prevăzut de 
teoria lui Kossel (ioni singulari) și între grosimea stratului pe care-1 
putem cbserva (10.000 de ioni) există o mare diferență. Autorul între
buințează aici formula lui Hirschel, dedusă după metoda lui Madelung, 
după care un cristal produce în jurul său un câmp electric. Intensitatea 
câmpului electric:

Admițând acest câmp electric ne putem închipui că în imediata veci
nătate a suprafeței de cristal, molecule de NaCl împreună cu molecule de 
apă se găsesc într’o stare mai mult, sau mai puțin aranjată și formează 
astfel continuarea rețelei de cristal. Aceasta aranjare e mai mare la muchii 
și cea mai accentuată este la vârfuri. Astfel aranjarea complect regulată 
va porni dela vârfuri. în acest strat, mai mult sau mai puțin aranjat, 
densitatea moleculelor de NaCl e mai mare ca în soluție și astfel sunt 
înlăturate și greutățile rezultate din vitezele mici de difuziune.

In această concepție cazul ideal a lui Kossel și procesul adevărat 
al fenomenului de cristalizare sunt în așa fel în legătură, încât deduc- 
țiunile importante ale teoriei lui Kossel rămân în mod formal valabile.

Despre asimetria electrozilor de ordinul al II-lea
Ludovic lmre și Francisc Sarusi

(Contribnțiunea Institutului de Chimie Generală și de Chimie Fizicală)

Rezumat

într’o lucrare precedentă („Muzeumi Fuzetek" anul 1943 voi. I.) unul 
dintre autori (L. I.) a ajuns la concluzia teoretică, că potențialul electro
zilor de ordinul al II-lea față de soluțiunile electrolitice de foarte mică 
concentrație, poate avea valori diferite de valorile prescrise de formula 
lui Nernst.

Raportând potențialul electrodic Ia soluțiunea saturată în apă pură 
a electrodului, adică dacă construim un element galvanic de concentrație 
în care avem soluțiunea cu concentrațiunea arbitrară (C'+)o, față de solu
țiunea cu concentrațiunea arbitrară (C+ = concentrațiunea în această 
ultimă soluțiune a componentului de ion pozitiv al electrodului) atunci 
vom găsi conform cercetărilor teoretice ale autorului următoarea valoare 
pentru forța electromotrice a elementului galvanic de concentrațiune:

RT , C’+ 1 RT
“ “ •ln (C’.b)0 2 ' v/<’ — ln ■ • • O)-
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(X_, X4. — numărul locurilor active al anionului, respectiv al cationului, 
în cazul concentrațiunii arbitrare C+- „

X_, X+ = aceleași valori în cazul concentrațiunii (C-|-)o a cationului; 
toate valorile fiind calculate în legătură cu aceași suprafață 
a electrodului, .

v = valența ionului, F — numărul lui Faraday.)
In lucrarea de față se tratează examinarea experimentală a acestei 

formule de potențial electrodic precum și desvoltarea mai departe a 
teoriei mai sus menționate.

Controlul experimental al formulei Nr. (1) a fost făcut de autori în 
modul următor: Au comparat valorile potențialului electrodic ale diferitelor 
cristale naturale și artificiale (valorile au fost obținute prin electrometru 
cu cadran) cu puterea de adsorpție față de componentele de anioni și 
cationi ale pulberilor fine cu mare suprafață de adsorpție, făcute din 
aceleași cristale. Prin reprezentarea grafică a acestor măsurări de 
adsorpție conform ecuației-isoterme dată de Langmuir, s’au dedus valorile 
lui X, care fiind substituite în ecuația Nr. (1), au condus la rezultate 
numerice, care în general au fost în perfectă concordanță cu datele 
obținute de măsurările directe de potențial.

Desvoltarea mai departe a teoriei de mai sus are de scop determi
narea valorilor numerice ale potențialului electrodic în funcțiune de con
centrația electrolitului, fără efectuarea măsurărilor de adsorpție. Această 
problemă se prezintă deasemenea rezolvabilă cu ajutorul noțiunii de 
„loc-activ“, a cărui definiție a fost dată deasemenea de autor (Koll. Zs. 
91, 1940., 32). Calculele amănunțite referitoare la această problemă vor 
fi publicate de autor într’o lucrare următoare, și aceste calcule vor fi 
bazate pe ideile arătate în publicațiunea de față. Aceste idei au ca punct 
de plecare variația energiei libere a stratului cristalin de pe suprafața 
de separație a fazelor în urma efectului Debye—HockEl și în urma 
adsorpției de substituție a ionilor străini.

Cercetări în domeniul combinafiunilor turanice.
Comunicarea I.: Hexen-2-dion 4,5-ace£al-l 

și formarea pirocafecbinei din 2-acetil-furan 
Ladislau Vargha, Eugen Ramonczay și Paul Bite

(Comunicarea Institutului de Chimie Organică)

Rezumat
Cu ocazia încercărilor făcute pentru obținerea 2-amino-furanului am 

găsit, că prin acțiunea alcoolului etilic asupra p-toluensulfo-2-acetil-furan- 
oximei (I)*, se formează p-toluensulfonat de amoniu și, cu randament

* Formulele ți vitatelc din literatură v. în textul englez.
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bun, un lichid galben verzui fără azot, care prezintă proprietăți chimice 
remarcabile. In adevăr noua substanță reduce energic, este foarte sensibilă 
față de căldură și agenții chimici cu toate acestea poate fi distilată în 
vacuum fără descompunere. Am stabilit, că compoziția elementară a 
substanței poate fi exprimată prin formula moleculară C10H16O4 (III). Când 
am făcut să acționeze alcoolul metilic în locul alcoolului etilic, am obținut 
pe lângă p-toluensulfonat de amoniu un lichid foarte asemănător cu III, 
dar totuși nu identic cu el, care pe baza analizelor are formula molecu
lară C8HiaO4 (IV).

Cu ajutorul metodelor potrivite am reușit să lămurim constituția și 
configurația substanțelor III și IV. Ca rezultat al cercetărilor noastre am 
dovedit, că structura substanței III poate fi exprimată cu formula de 
constituție: CH3-CO-CO-CH = CH-CH(OCa-H6)a și luând în considerare 
și configurația are numele rațional cis-hexen-2-dion-4,5-diethilacetal-l, 
iar substanța IV este dimetilacetalul respectiv (cis-hexen-2-dion-4,5-di- 
metilacetal-1). Asupra mecanismului de formare al acestor substanțe încă 
nu putem da o schemă precisă.

Aldehida nesaturată (cis-hexen-2-dion-4,5-al-l, XI) corespunzătoare 
acestor acetali nesaturați nu a putut fi obținută prin hidroliza acefalului 
III sau IV, căci aceasta se descompune deja la rece în soluție apoasă. 
Dintre produșii de descompunere așteptați am reușit să izolăm acid acetic, 
a cărui formare arată, că lanțul de carbon se rupe hidrolitic între grupă- 
rile-carbonilice-4 și -5. Probabil, că ruperea catenei, care se produce deja 
printr’o acțiune atât de blândă, se datorește acțiunei labilizante a dublei 
legături din poziția 2, 3.

Nici aldehida saturată (hexan-dion-4,5-al-l, XII) nu s’a dovedit a fi 
o combinație mai stabilă. In adevăr, când am supus hidrolizei acefalii 
saturați (V și VI), obținuți prin hidrogenarea catalitică a acetalilor III și 
IV, în locul aldehidei saturate (XII) așteptate în mod surprinzător s’a 
format pirocatechina. Formarea pirocatechinei se poate înțelege ușor, dacă 
presupunem ca produs intermediar forma trienolică (XIII) a aldehidei XII.

Acest din urmă fapt servește de bază presupunerii, că derivații 
pirocatechinei atât de răspândiți in natură, poate se formează din hidrații 
de carbon prin intermediul combinațiunilor furanice în urma unor procese 
asemănătoare.

Cercetări în domeniul alcoolilor zaharici. 
Comunicarea IV: 2,5-anhidro-l-idi£a 

Ladislau Vargha, Tiberiu Puskas și Andrei Nagy 
(Comunicarea Institutului de Chimie Organică)

Rezumat*
In comunicarea1 anterioară am făcut o dare de seamă asupra cerce

tărilor în decursul cărora am dovedit, că structura și configurația mono-
* 1‘ormulclc ți citatclo din literaturi v. în textul cnglci.
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toluensulfo-anhidro-hexitei2 obținută din l-p-toluensulfo-2,4-benzaI-5,6-an- 
hidro-d-sorbită se poate reprezenta prin formula I, deci substanța este 
l-p-toIuensulfo-2,5-anhidro-l-idita. Nu am reușit însă să obținem în stare 
unitară substanța de bază 2,5-anhidro-l-idita, nici prin hidroliza combi
nației I, nici prin intermediul derivatului 1,6-diiodat.1 între timp prof. K. 
Freudenberg într’o scrisoare ne-a atras atenția asupra unei lucrări publi
cate de el mai de mult, în care el a reușit să obțină cu randament bun 
diaceton-glucoza prin reducerea 3-p-toluensulfo-diaceton-glucozei cu amal
gam de sodiu, deci să îndepărteze din combinațiunea amintită gruparea 
toluensulfonică sub formă de acid p-toluensulfinic fără reacții secundare.3 
Fiindcă pe noi ne-a interesat în mod general îndepărtarea grupei toluen- 
sulfonice din esterii formați cu polialcooli, am cercetat aplicabilitatea în 
scopul amintit al acestei metode reductive. Rezultatul cercetărilor îl 
rezumăm în cele de mai jos.

1. Reducerea substanței I cu amalgam de sodiu nu conduce la un 
produs unitar, căci pe lângă 2,5-anhidro-idita (II) și acidul p-toluensulfinic 
așteptat, prin scindare de acid p-toluensulfonic se mai formează și o 
dianhidro-hexită. Cei doi produși pot fi separați prin intermediul acetaților 
lor așa, că am reușit să obținem substanța II în stare unitară, cristalizată. 
Dianhidro-hexita este o substanță sirupoasă, constituția ei încă n’am 
studiat-o mai de aproape.

2. Nici reducerea a 6-p-toIuensulfo-l,2-aceton-glucofuranozei4 și a 
5,6-di-p-toluensulfo-l,2-aceton-glucofuranozei5, nu conduce Ia un produs 
unitar. Din prima pe lângă 1,2-aceton-glucofuranoza (randament 40%) 
așteptată se mai formează și o substanță sirupoasă, din ultima în mare 
parte se obține 3,6-anhidro-l,2-aceton-glucafuranoză6, deci în acest ca 
din urmă reacția merge aproape exclusiv în sensul scindării de acid 
p-toluensulfonic.

3. Fiindcă se putea presupune, că scindarea de acid p-toluensulfonic, 
deci formarea combinațiunilor anhidro se datorește reacțiunii alcaline, am 
efectuat reducerea și în mediu aproape neutru prin introducere de bioxid 
de carbon. Aceste încercări au condus și mai puțin la rezultatul dorit. 
In adevăr în acest caz din 6-p-toluensulfo-l,2-aceton-glucefuranoză s’a 
format cu randament bun 5,6-anhidro-l,2-aceton-gIucofuranoză’, iar 5,6- 
di-p-toluensulfo-l,2-aceton-glucofuranoză a rămas neschimbată.

Cercetările noastre arată deci, că cu toate, că în multe cazuri esterii 
acidului p-toluensulfonic cu polialcooli pot fi scindați prin reducere în 
alcoolii corespunzători și acid p-toluensulfinic, totuși din cauza scindării 
de acid p-toluensulfonic se pot forma concomitent și derivați anhidro.
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Influenta acidului P-indol-acetic asupra creșterii 
și multiplicatei algelor

I. P e t e r f i
(Publicațiunea Institutului de Anatomie și Fiziologie Vegetală)

Rezumat

Din literatura care se ocupă cu rolul fiziologic al heteroauxinei Ia 
alge reese, că rezultatele obținute sunt în general contradictorii, experien
țele repetate de diferiți autori, chiar la aceeaș specie de algă, au dat 
rezultate neconcludente sau contrare.

Am studiat acțiunea acidului P-indolacetic asupra fiziologiei creșterii 
și multiplicației Ia speciile de Stichococcus, Stigeoclonium, Pseudendoclo
nium, Microthamnion și Pseudopleurococcus cultivate în culturi pure fără 
Bacterii și Ciuperci.

La soluția nutritivă Benecke — de o concentrație totală de 0,191°/00 — 
am folosit neoauxina Scheering în concentrație de IX IO-4—1X1O~12 Mol. 
Valoarea inițială și finală a pH-ului soluției nutritive am determinat-o cu 
metoda colorimetrică. Determinarea cantitativă a recoltei am făcut-o după 
specii, cu ajutorul haemocytometrului și prin metoda de centrifugare. 
Dimensiunea celulelor și a talurilor am măsurat-o cu ajutorul micrometru- 
lui ocular exprimând-o în microni.

Rezultatele numerice ale experiențelor le-am rezumat în Tabelele 
fi—IX) și Figurile (1—8) ce se află în textul englez.

Experiențele cu speciile de Stichococcus arată că ele se comportă 
diferit față de acțiunea neoauxinei; concentrația toxică și optimă a neo- 
auxinei variază după specie. La specia Stichococcus exiguus neoauxina 
stimulează diviziunea celulară și creșterea în lungime, în schimb la Sticho
coccus mirabilis n’am observat decât stimularea diviziunii celulare.

Experiențele cu Stigeoclojiium și Pseudendoclonium arătau numai 
o creștere a talurilor și a celulelor, deci la aceste specii neoauxina ad
ministrată în concentrație optimă stimulează diviziunea celulară vegeta
tivă și formarea zoogonidiilor.

Raportul dintre efectul auxogenic și concentrația pH a soluției nutri
tive am studiat-o la speciile Microthamnion Kutzingianum și Pseudo
pleurococcus Printzii. Ambele specii sunt sensibile atât la acțiunea auxo- 
genică a neoauxinei, cât și la concentrația ionilor de hidrogen. Acțiunea 
neoauxinei la aceste specii se manifestă prin: stimularea înmulțirii prin 
zoogonidii și gârneți, stimularea diviziunii celulare vegetative și al creșterii 
în lungime a celulelor. Pentru stabilirea exactă a rezultatelor am calculat 
procentual creșterea cantitativă a talului, lungirea celulelor și sporirea 
diviziunii celulare sub influența stimulatoare a neoauxinei raportată la 
experiența de control. Din această comparație rezultă că, înmulțirea talu
rilor (formarea zoogonidiilor și gârneților) la Microthamnion și Pseudo
pleurococcus este activată mult mai intens de neoauxină în soluțiunile
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nutri! ive cu reacție acidă decât în cele cu reacție bazică. In schimb crește
rea celulelor și diviziunea celulară exprimată procentual este cu mult mai 
mare în mediu bazic.

Rezultatele experiențelor au arătat că neoauxina în concentrațiuni 
mai mari (1 x 10-4—1X 5~5 Mol) are un efect toxic asupra desvoltării 
algelor, împiedecându-le complect desvoltarea. Concentrația toxică de 
neoauxină variază cu valoarea pH a mediului. In mediu acid neoauxina 
acționează mai toxic, pe când în mediu alcalin toxicitatea ei este mai 
scăzută. într’o diluțiune mai mare (1X IO-7— 1 X IO-11) acidul p-indolacetic 
stimulează desvoltarea algelor. Concentrația optimă de neoauxină variază 
după speciile de alge și cu pH soluției. Acțiunea favorizantă, auxogenică 
a acidului P-indolacetic se manifestă mai intens în cazul algelor cultivate 
în mediu bazic. Creșterea și diviziunea celulară mai accentuată în mediu 
acid este aparentă și se explică prin însumarea efectului ionilor de hidro
gen și al influenței auxogenice al neoauxinei. Evident că neoauxina nu 
influențează prin ionii săi de hidrogen sau prin radicalul său acid. înlătu
rând din mediul de cultură aciditatea vedem că în mediul alcalin neo
auxina nu numai că rămâne activă, dar în realitate produce un efect 
mai mare.


