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UNTERSUCHUNG DER ZUSAMMENSETZUNG
VON EINHEIMISCHEN UND AUSLANDISCHEN
ATHERISCHEN OLEN, I

KOMBINIERTE METHODE ZUR ANALYSE VON ATHERISCHEN OLEN MITTELS
WIRKSAMER TRENNUNG DER GEMISCHE UND INSTRUMENTELLER IDENTIFI-
ZIERUNG DER KOMPONENTEN

K. BELAFI-RETHY*, S. IgLEWSKI*, E. KeRENYI* und R. KoLTA**

(* Uhgarisches Erd6dl- und Erdgas-Forschungsinstitut, Veszprém und **Betrieb fiir Kosmetik
und Haushallschemie, Budapest)

Eingegangen am 14. Februar 1972

Zwecks Aufklarung der Zusammensetzung von &therischen 6len wurde eine
kombinierte Analysenmethode entwickelt, die auf wirksamer Trennung und danach
folgender instrumcnteller Strukturuntersuchung der Komponenten beruht. Die quan-
titative Analyse der Ole wurde mittels Kapillar-Gaschromatographie durchgefiihrt.
Zur qualitativen Analyse lieRen sich die Komponenten voneinander trennen, d. h., durch
Kombinierung von Rektifikation, Elutions-Flussigkeitscliromatographie, praparativer
Gaschromatographie und chemischer Trennung aus den atherischen Olen in reinem
Zustand herstellen. Die ldentifizierung der Komponenten wurde durch Anwendung
von IR- und UV-Spektrometrie, Massenspektrometrie, Kernrcsonanz-Spektrometrie
und chemischen Methoden erreicht. Die kombinierte Analysenmethode wird am Bei-

spiel der Untersuchung eines importierten »dementliolisierten« Minzéls aus Mentha
arvensis vorgefuhrt.

Die Aufklarung der Zusammensetzung von dtherischen Olen ist fiir die
Lebensmittelindustrie und fur die kosmetische, pharmazeutische und organisch-
chemische Industrie von grofRer Bedeutung. Die Anwendung hzw. die Anwend-
barkeit der &therischen 6le beruht wesentlich auf der Gegenwart einer oder
mehrerer Hauptkomponenten, wéhrend die Gegenwart von Nebenkomponenten
die Brauchbarkeit bedeutend beeinflussen bzw. modifizieren kann [1].

Bis zur Mitte der funfziger Jalire stiutzte sich die Untersuchung der
Zusammensetzung hauptsédchlich auf chemische Methoden und beschrédnkte sich
auf die Identifizierung und Bestimmung der wichtigsten oder am meisten
charakteristischen Komponenten [2]. Eine bedeutende Entwicklung erlebte
die Bestimmung der Zusammensetzung durch die Anwendung der Gaschroma-
tographie und Dinnschichtchromatographie; diese vermittelten eine viel einge-
hendere Kenntnis der Zusammensetzung zahlreicher d&therischer d&le [3].
Bei den chromatographischen Untersuchungen erfolgt die qualitative Analyse
der Komponenten meistens durch die Untersuchung der Retentionsverhalten
mit Hilfe von Modellsubstanzen; auf diese Weise ist jedoch die Identifizierung
— gerade wenn es sich um unbekannte Komponenten handelt oft undurch-
fihrbar oder irrefihrend. Demzufolge sind die in der Fachliteratur verdffent-
lichten und nur auf chromatographischer Analyse beruhenden Zusammen-
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2 BELAFI-RETHY und Mitarb.. ZUSAMMENSETZUNG VON ATHERISCHEN OLEN, |

Setzungsdaten ziemlich luckenhaft und nicht immer verldRlich (z. B. [4, 51]).
Uber die spektrometrische Untersuchung der getrennten Komponenten wurde
bisher in nur sehr wenigen Arbeiten berichtet (z. B. [6, 7]), so dall die Zusam -
mensetzung hei der Mehrzahl der dtherischen Ole auch heute noch nur in groben
Zigen bekannt ist.

Kombinierte Methode zur Analyse von &therischen dlen

Einer der Ausgangspunkte unserer Methode war die Erfahrung, daf
eine eindeutige ldentifizierung der Komponenten nur mittels spektrometrischer
Methoden mdglich ist, weiterhin dall die Vorbedingung der spektrometrischen
Identifizierung die Trennung der einzelnen Komponenten in ausreichender
Reinheit ist. Demgem&R beruht die qualitative Analyse nach unserer Methode
auf der Herstellung und der instrumentellen Strukturbestimmung der reinen
Komponenten.

Der zweite Ausgangspunkt war die Erfahrung, daB die Komponenten
der é&therischen 6le unter entsprechenden Bedingungen mittels Kapillar-
Gaschromatographie analytisch getrennt und mit befriedigender Genauig-
keit quantitativ bestimmt werden kdénnen. Die quantitative Analyse wird daher
bei unseren Untersuchungen mit Kapillar-Gaschromatographie durchgefihrt.

Das Schema der entwickelten Methode zur Analyse der &therischen 6le
ist in Abb. 1 dargestellt. Demgem&R wird die Probe des zu untersuchenden
atherischen Oles zwecks qualitativer Analyse zuerst durch Fliissigkeitschro-
matographie in Kohlenwasserstoffe und Kohlenwasserstoffderivate getrennt.

Aus dem hauptsdchlich aus Terpenen bestehenden Kohlenwasserstoff-
gemisch werden dann mittels wirksamer Rektifikation Monoterpene, Ses-
quiterpene, gegebenenfalls Kohlenwasserstoffe hdherer Kohlenstoffatom-
zahl gewonnen. Aus den engen Kohlenwasserstoff-Fraktionen werden endlich
mittels grober und anschlieBend feiner prédparativer Gaschromatographie
reine oder fast reine Kohlenwassertoffe erhalten. Bei einfacher Kohlenwasser-
stoff-Zusammensetzung fallt die Rektifikation aus und das Kohlenwasserstoffge-
misch wird unmittelbar der préparativen Gaschromatographie unterworfen.
Sa&mtliche Trennungsoperationen werden durch Kapillar-Gaschromatographie
kontrolliert.

Das hauptsdchlich sauerstoffhaltige Terpenderivate enthaltende Gemisch
wird ebenfalls mittels Rektifikation in Monoterpenderivate, Sesquiterpenderi-
vate, Diterpenderivate, gegebenenfalls in sauerstoffhaltige Derivate anderer
Kohlenstoffatomzahl getrennt. Bei den Terpenderivaten kann man auch so
Vorgehen, dall Alkohole, Aldehyde-Ketone, Karbonsiduren und Ester durch
verschiedene chemische Methoden aus dem Gemisch gewonnen werden.
Die reinen Verbindungen werden aus diesen Fraktionen engen Siedepunkt-
bereiches durch prdparative Gaschromatographie hergestellt. Die Rektifika-
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BELAFI-RETHY und Mitarb.. ZUSAMMENSETZUNG VON ATHERISCHEN OLEN, |

Abb. 1. Schema der zur Analyse von atherischen dlen ausgearbeiteten kombinierten
Methode

tion oder die chemische Trennung wird nur bei Gemischen verwickelter
Zusammensetzung angewendet, hdufig kann das Gemisch unmittelbar der
prdparativen Geschromatographie unterworfen werden. Auch hier wird die
W irksamkeit der Trennung durch Kapillar-Gaschromatographie kontrolliert.

Die reinen Komponenten wurden durch Studieren ihrer verschiedenen
Spektren bzw. durch Untersuchung der Spektren der verwandten Verbindungen
identifiziert, in die sie eindeutig umgesetzt wurden. Dazu lieBen sich vor

1* Acta Chim. (Budapest) 76, 1973



4 BELAFI-RETHY und Mitarb.. ZUSAMMENSETZUNG VON ATHERISCHEN OLEN, 1

allem IR- und UV-Spektrometrie, Massenspektrometrie und Kernresonanz-
Spektrometrie verwenden. Dabei wurden zur Bestdtigung der Struktur in
der Literatur verdffentlichte Spektren in Betracht gezogen und in einzelnen
Fé&llen Synthesen von Modellverbindungen, eventuell chemische Methoden
herangezogen.

Die quantitative Analyse der zu untersuchenden Probe bestand aus der
quantitativen Auswertung der Kapillar-Gaschromatogramme des dtherischen
Oles und ihrer getrennten Grundfraktionen.

Trennung der Komponenten

Die Kohlenwasserstoffe und Kohlenwasserstoffderivate wurden mit
Hilfe von Elutions-Flussigkeitschromatographie an Silikagel getrennt. Die
chromatographische Sdule war eine 1400 mm lange Glasréhre mit 35 mm
innerem Durchmesser und war mit einem ausgeweiteten Flissigkeitsbehdlter
und mit einer verjungten AusfluRéffnung versehen. Die Sdule wurde zur
Trennung mit aktiviertem Silikagel der Firma Davison (Korngréfe 100 —200
mesh) gefillt. Die Menge der zu trennenden &therischen Olprobe pro Zyklus
war je nach der Zusammensetzung 150—250 g. Die Kohlenwasserstoffe
wurden mit n-Hexan, die Kohlenwasserstoffderivate mit Methanol eluiert. In
einigen Féllen wurde, um die vollkommene Trennung der beiden Verbindungs-
gruppen zu foérdern, Elution mit Benzol zwischengeschaltet. Das Elutions-
mittel lief sich aus den erhaltenen Fraktionen durch gelindes Erwé&rmen
unter Vakuum entfernen.

In bestimmten F&llen wurden die flissigkeitschromatographischen
Grundfraktionen durch Rektifikation mittels Halbmikro-Drehbandkolonne,
Monoterpene bzw. Monoterpenderivate, Sesquiterpene bzw. Sesquiterpenderi-
vate, gegebenenfalls in Fraktionen hoherer Kohlenstoffatomzahl getrennt.
Das zur Rektifikation angewandte Gerdt bestand aus einer 500 mm langen
Kolonne mit 6 mm innerem Durchmesser, versehen mit einem zugeschmol-
zenen Vakuummantel und einem totraumfreien Kopfteil. In der Kolonne
befindet sich ein sdurefestes Stahlband, das durch magnetischen Antrieb
mit einer Umdrehungszahl von 1000 3000 U/min rotiert. Unten ist die
Kolonne mit einem Siedekolben, oben mit einem Kiuhler und einer Vorlage
verbunden. Die elektrisch geheizte und mit magnetischer Ricklaufregelung
versehene Kolonne kann bis etwa 250 °C Kopftemperatur und 1 Torr Druck
verwendet werden. lhre Trennféhigkeit entspricht bei optimaler Belastung
einer Trennstufenzahl von 35; ihr Betriebsinhalt und ihr Druckverlust sind
gering [8, 9]. Die gewdhnlich getrennte Menge betrug 5—60 g. Der De-
stillationsdruck wurde jeweils so gewéhlt, dal die Temperatur im Kolben
150—160 °C nicht Uberstieg.

Acta Chim. (Budapest) 76, 1973



BELAFI-RETHY und Mitnrb.: ZUSAMMENSETZUNG VON ATHERISCHEN OLEN, | 5

Bei Kohlenwasserstoffderivat-Gemischen bzw. -Fraktionen komplizier-
ter Zusammensetzung wurden auch chemische Methoden zur Trennung der
Komponenten angewendet. Eine gut bewé&hrte Kombination bestand aus
der Gewinnung von Borsdureestern der urspringlichen Alkohole, aus der
Verarbeitung der Ester mittels Hydrolyse und &hnlicher Umsetzung der
entstandenen Alkohole und aus der Trennung der Aldehyde und Ketone durch
deren Hydrierung und danach folgende Borsdureesterbildung. Die aus den
Borsdureestergemischen schrittweise zurickgewonnenen Alkoholgemische be-
stehen aus Alkoholen, deren Struktur den urspringlichen Sauerstoffderivaten
entspricht, wodurch die Untersuchung der aus vielerlei Verbindungen zusam-
mengesetzten Gemische zur ldentifizierung der Terpenalkohole vereinfacht
wird [10]. Auch andere, selektive und quantitative chemische Trennungen
wurden fur bestimmte Derivatgruppen, insbesondere fiir Oxoverbindungen,
mit Erfolg verwendet [11, 12].

Die Anreicherung oder Herstellung der einzelnen Komponenten bei
Gemischen, die aus wenigen Bestandteilen &hnlicher Struktur bestehen, erfolgte
meistens in zwei Schritten mittels pré&parativer Gaschromatographie. Zur
Grobpréparierung wurde teils das Gerédt Fractovap P von der Firma Carlo Erba,
teils das Gerdt Chrom IIl von der Firma Kovo verwendet. Die Kolonne war
4 m lang, mit einem inneren Durchmesser von 10 mm. Die Fullung bestand
meistens aus dem Trdger MH-1 [13] mit 10% Carbowax-20 M benetzt. Die
Einwaage betrug liier etwa 1—5 ml. Als Trégergas wurde W asserstoff ver-
wendet. Die Trennungstemperatur wurde je nach den Siedepunkten und
W éarmeempfindlichkeiten der Komponenten gewahlt.

Die Feinpraparierung der angereicherten Komponenten erfolgte anfdng-
lich mit einem fir analytische Zwecke gebauten und in unserem Institut fur
praparative Zwecke modifizierten Gerdt Typ GCHF 18 von der Firma W. Giede,
spédter mit dem Grdt Typ 105 von der Firma Pye. Bei dem mit Vorlagcsystem
versehenen Giede-Gerdt wurde eine 4 m lange Sdule mit4 mm innerem Durch-
messer verwendet. Die Verteilungsphase war hier meistens ebenfalls Carbowax-
20 M. Die Geschwindigkeit des Wasserstoff-Trédgergases betrug 2 Liter/h.
Im Pye-Gerdt bastand die Fillung der S&ule (Abmessungen 5 m x6 mm) aus
mit Carbowax-20 M benetztem Celit. Die Geschwindigkeit des Argon-Trégerga-
ses betrug hier 1,5 Liter/h. Bei der Feinpréparierung wurden Einwaagen von
10 200 /N1 verwendet; die Versuchstemperatur wurde auch in diesen Féllen
der Natur der Komponenten entsprechend gewahlt.

Die bei den Trennungen erhaltenen reinen Verbindungen ermdglichten

auBer der Sicherung der Vorbedingungen fir die Identifizierung der Kom-
ponenten — die Untersuchung zahlreicher, bisher wenig studierter oder
unbekannter Komponenten der &therischen dle.
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Identifizierung der Komponenten

Die IR Spektren der abgetrennten reinen Komponenten wurden mit
den Gerdten UR-10 bzw. UR-20 von der Firma Carl Zeiss, Jena aufgenommen.
Dabei wurden Prismen und Kivetten aus KBr, NaCl und LiF und Schicht-
dicken von meistens 0,0025 oder 0,01 cm verwendet. Das Wellenzahlgebiet
lag zwischen 4000 und 400 cm 'L

Zur Aufnahme der UV-Spektren wurde ein registrierendes Spektropho-
tometer mit doppeltem Strahlengang von der Firma Perkin-Elmer (Mod. 137)
benitzt. Die Schichtdicke betrug 0,1—4,0 cm; die Proben wurden mit aro-
matenfreiem Benzin oder mit Alkohol verdinnt.

Die Massenspektren der Komponenten wurden mit dem Massenspektro-
meter M1 1305 (System Nier) von der Firma ZEME aufgenommen. Der MeR-
bereich des Gerétes betrdgt 1 —400 Masseneinheiten, das Auflésungsvermo-
gen 300. Das fiur chemisch-analytische Zwecke geeignete Einwaagesystem
des Gerédtes wurde in unserem Institut hergestellt, es war aber fir Proben
hohen Siedepunktes ungeeignet. Die Beschleunigungsspannung betrug bei
den Messungen 4 kV und die lonisierspannung 50 Y. Die Aufnahmege-
schwindigkeit war einheitlich etwa 2 Masseneinheiten pro Minute.

Zur Aufnahme der Kernresonanzspektren wurde frither das Gerdt ZKR-60
von der Firma Zeiss verwendet. Die Aufnahmen lieBen sich in 10%igen Ldsun-
gen mit Tetrachlorkohlenstoff durchfihren. Der MeRbereich lag (bezogen auf
Tetramethylsilan) zwischen Verschiebungswerten (6) von 0 und 8 ppm.
Spéater wurden die Spektren mit dem GerédtVarian T-60 aufgenommen. Dieses
arbeitet mit einer Frequenz von 60 MHz und einer Induktionsstarke von 14
KG; sein Auflésungsvermdgen betrdgt 0,4 Hz.

Bei der ldentifizierung der reinen Komponenten von &therischen dlen
ergab sich h&ufig die Notwendigkeit, die Spektren der chemisch eindeutig
umgesetzten Derivate der Komponenten zu untersuchen. In dieser Beziehung
wurden vor allem ungeséttigte Kohlenwasserstoffe durch Hydrieren in geséttigte
umgewandelt, gegebenenfalls wurde der Sauerstoffgehalt bestimmter Sauer-
stoffderivate durch Hydrieren entfernt. Die Spektren der durch Reduktion
erhaltenen Kohlenwasserstoffe trugen zur genauen Kldrung der Kohlenstoff-
Skelettstruktur bei. Die Mikrohydrierung wurde mit Substanzmengen von
einigen Zehntel Gramm bei 200 250 °C in einem Mikroreaktor durchgefihrt,
der mit Palladiumkatalysator auf Aluminiumoxyd-Trager gefullt war [14].
Bei sauerstoffhaltigen Derivaten wurden auBer der Hydrierung auch andere
chemische Umsetzungen angewandt [10]. Bei der Identifizierung der reinen
Komponenten ergab sich auch die Gelegenheit zum Registrieren von Spek-
tren wenig bekannter oder bisher unbekannter Komponenten &therischer
Ole.
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Quantitative Analyse

Zur quantitativen Analyse der zu untersuchenden &therischen 6le und
zur Kontrolle der mittels Flissigkeitschromatographie oder anderer Methoden
erhaltenen Grundfraktionen wurde die Kapillar-Gaschromatographie verwendet.
Dahei wurden die Gerédte Carlo Erha P-AID/F, KOYO Chrom 11l und Pye 105
benittzt. In den meisten Fdllen wurde mit einem 50 m langen Kapillarrohr
mit einem inneren Durchmesser von 0,25 mm gearbeitet; die Yerteilungsphase
war Carbowax 1000, die Analysentemperatur lag zwischen 100 und 150 °C, die
Stromungsgeschwindigkeit des Argon-Trégergases um etwa 1,5 ml/Min. Die
Auswertung der Geschromatogramme erfolgte teils durch Planimetrieren,
teils unter Anwendung eines Integrators; dabei wurden, wenn ndtig, auch die
Empfindlichkeitsfaktoren der Komponenten in Betracht gezogen. Die aus
den zur quantitativen Analyse und zur Kontrolle der Fraktionen aufgenom-
menen Gaschromatogrammen erhaltene laufende Numerierung der Komponen-
ten war zugleich der Ausgangspunkt fiur die qualitative Analyse.

Analysenbeispiel eines »dementholisierten« Minzoles
auslandischer Herkunft

Das 61 der Pflanze Mentha arvensis ist der wichtigste Rohstoff des in
der Lebensmittelindustrie, in der kosmetischen und pharmazeutischen Indu-
strie ausgedehnt verwendeten Menthols. Aus dem 6l wird das Menthol im
allgemeinen durch Filtrieren, durch Kihlen und Filtrieren oder eventuell
durch Umkristallisieren mit Lésungsmitteln gewonnen. Das dementholisierte
Minz6dl enth&lt noch betrdchtliche Mengen an Menthol und &8t sich deshalb
vor allem in kosmetischen Produkten als Riechstoff verwenden. Um die
kombinierte Analysenmethode zu kontrollieren, wurde von uns zuerst die
Zusammensetzung eines aus Brasilien importierten »dementholisierten«
Minzdls untersucht.

Bei der Untersuchung dieser Probe wurde die entwickelte kombinierte
Methode - wegen der verh&ltnismaRig groBen Zahl der zur Verfigung
stehenden Literaturangaben [1, 2] und der nicht allzu komplizierten Zusam -
mensetzung — in einer etwas vereinfachten Form angewendet und einige
Trennungs- und ldentifizierungsschritte wurden weggelassen. Die durch-
gefihrten Operationen und Prifungen sind in Tab. | zusammengefalit.
Die Identifizierung der angereicherten oder reinen Komponenten wird im
folgenden an zwei Beispielen vorgefihrt.

Im Kapillar-Gaschromatogramm des Minzdéls zeigt das mit Nr. 3 bezeich-
nete Peak die Gegenwart einer geringen Menge (0,2 Gew.%) einer Komponente
an, die sich gemdaR der flussigkeitschromatographischen Trennung und gas-
chromatographischen Aufnahme als Terpenkohlenwasserstoff erwies. Aufgrund
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Tabelle |

Operationen und Prifungen bei der Bestimmung der Zusammensetzung eines »dementholisierten«
Minzdls

Operation bzw. Priifung.

Messen von physikalischen
Konstanten des atherischen Oles

Analitische Gaschromatographie
des &therischen Oles

Flussigkeitschromatographische
Trennung des atherischen Oles

Analytische Gaschromatographie
der Terpenfraktion und der
Terpenderivat-Fraktion

Praparative und mikropraparative
gaschromatographische Trennung
der Terpenfraktion und der
Terpenderivat-Fraktion

Hydrierung einzelner angereicherter
oder reiner Komponenten

Aufnahme des Massenspektrums, des
IR-Spektrums und des Kernresonanz-
Spektrums der angereicherten oder

reinen Komponenten bzw. der hydrierten
Produkte

Verarbeitung der Informationen

Ergebnis

Grunddaten, orientierende
qualitative Informationen

Zahl der Komponenten, quantitative
Zusammensetzung

Terpen-Kohlenwasserstoffe und
Terpenderivate

Ergédnzende Angaben (ber die
Anzahl der Komponenten und uber die
quantitative Zusammensetzung

Angereicherte oder reine
Komponenten

Reine oder angereicherte gesattigte Kohlen
W asserstoffe

Spektren reiner Substanzen,
Informationen {ber die Natur
der Komponenten

Qualitative Zusammensetzung,

Identifizierung der Komponenten

des Massenspektrums ergab sich das Molekulargewicht dieser Komponente zu
136, ihre Bruttoformel zu C10H]6. Die Hydrierung der Komponente ergab
wie gaschromatographisch und spektrometrisch festgestellt werden konnte —
2,6-Dimethyloktan; die gesuchte Komponente war also ein 2,6-Dimethylokta-
trien-lsomer. Es sind insgesamt 42 Isomere madglich, die keine kumulierten
Doppelbindungen enthalten; von diesen sind nur 9 Isomere bekannt, und
im Falle von 6 Isomeren (c-a-Ocymen, tr-oc-Ocymen, c-/?-Ocymen, tr-/3-Ocymen,
a-Myrcen und /3Myrcen) kennt man auch die Spektren [15]. Die bekannten
Spektren der Isomere weisen neben &hnlichen Spektrumteilen auch mit ihrer
chemischen Struktur tUbereinstimmende charakteristische Abweichungen auf.
Bei uns wurden nur IR-spektrometrische und massenspektrometrische Auf-
nahmen der Komponente Nr. 3 gemacht; diese standen in guter Ubereinstim-
mung mit den bekannten Spektren und mit der Struktur des /1-Myrcens
(2-Methyl-6-Methylen-2,7-Oktadien). Die Zuordnung der Spektrumteile ermdg-
lichte den AusschluR der Anwesenheit anderer Isomere. Demzufolge konnte
die Komponente Nr. 3 als /3-Myrcen identifiziert werden.
Die Mdglichkeit der Anwesenheit von /3Myrcen im Minz6l wird auch
in der Fachliteratur erwé&hnt [1].
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Im Kapillar-Geschromatogramm des »dementholisierten« Minzdls zeigt
das quantitativ auswertbare Peak Nr Il die Gegenwart einer Komponente
in Mengen von 0,1 Gew.% an. Die Ergebnisse der flussigkeitschromatogra-
phischen Trennung wiesen auf Terpenalkohol hin, jedoch gelang es wegen der
geringen Menge und des mit Neomenthol identischen Retentionsverhaltens
nicht, die Komponente in reinem Zustand zu isolieren. Die Einzelheiten des
IR-Spektrums der angereicherten Probe und sonstige Beobachtungen sprachen
dafiir, daB es sich um einen ungesdttigten Terpenalkohol handelt, dessen
Skelettstruktur der des Menthols dhnlich ist. Da die Fachliteratur nur drei
derartige Alkohole kennt (Pulegol, Isopulegol und Piperitol) [1, 2], beweist
die bei der angereicherten und nur geséttigte Verunreinigung (Neomenthol)
enthaltenden Probe gefundene IR-Rande bei 890 cm-1, die einer endstdndigen
Doppelbindung zuzuordnen ist, daR es sich um Isopulegol (I-Methyl-4-Iso-
propenyl-Cyclohexanol-3) handelt. Die Konformation des vorliegenden Iso-
pulegols (d- und /-Isopulegol, d- und /-Neoisopulegol oder d- und Z-Neoiso-
Isopulegol) wurde nicht bestimmt.

Bis jetzt wurde die Anwesenheit von lIsopulegol im Ol der Mentha ar-
vensis noch nicht festgestellt [1].

Die durch Flissigkeitschromatographie und préparative Gaschromato-
graphie erhaltenen oder angereicherten Komponenten wurden, wie aus den
angefiuhrten Beispielen hervorgeht, aufgrund der verschiedenen aufgenomme-
nen Spektren und mit Hilfe der Spektrumaufnahmen von Modellsubstanzen,
der zu Verfugung stehenden bekannten Spektren, der Assignation der Spek-
trumbanden und gegebenenfalls der zusétzlichen Informationen (z. B. mittels
chemischer Umsetzungen) identifiziert. In Tab. Il sind die Methoden und Er-
gebnisse der ldentifizierung, die relativen Retentionszeiten (Limonen = 100)
und die Mengen (in Gew.%) der in auswertbaren Konzentrationen (0,1 Gew.%
oder mehr) vorliegenden Komponenten angefihrt. Die gaschromatographi-
schen Angaben stammen in diesem Falle aus Aufnahmen, die mit einem Gerét
P-AID/F von der Firma Carlo Erba und mit einer mit Carbowax-1000 benetzten
Kapillarsdule von 50 m Ld&nge bereitet wurden. Die Temperatur betrug 125°
und die Geschwindigkeit des Argon-Trdgergases 1,6 ml/Min. Aufler den in der
Tabelle angefiihrten Komponenten konnte die Gegenwart von geringen
(unterhalb 0,1 Gew.% liegenden) Mengen an 3,7-Dimethyl-1,6-Oktadienol-3,
Neoisomcnthol, e-Cadinen und weiteren 10 unbekannten Komponenten
(hauptsdchlich Sesquiterpenen) nachgewiesen werden.

Demgemdl enth&lt das untersuchte dementliolisierte Minzdl insgesamt
34 nachweisbare Komponenten, davon liegen 21 Komponenten in aus-
wertbaren Mengen vor; diese bilden den 99,3prozentigen Anteil des Minzdls.
Von diesen letzteren konnten 17 Komponenten, d.h. 98,5 Gew.% des Minz-
Ols identifiziert werden. Die nicht identifizierten wesentlichen Komponenten
waren alle Sesquiterpene in der GréfRenordnung von je 0,1%.
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Tabelle 11
Identifizierung und Mengenanteil der signifikanten Komponenten eines »dementholisierteni
Minzdls
Methode der Identifizierung
Nr. Modell- Bekannte  Zuordnung  Zusétzliche Komponente %?éﬁti;gen Gew. %
vebrig - Spakren  Jer SpelC - Informe
| + + a-Pinen 81 0,7
2 + + B-Pinen 91 0,6
3 + + + /S-Myrcen 93 0,2
4 .+ + + Limonen 100 54
5 + + 1,8-Cineol 104 0,2
6 + + L p-Cymol 104 0,2
2,6-Dimethylok-
7 + n+ tanol-2 140 0,4
8 + Sesquiterpen 191 0,1
9 + + Menthon 191 31,6
10 + Sesquiterpen 208 0,3
11 + + Isomenthon 208 8,7
12 + + + Menthylacetat 253 55
13 + + + Neomenthol 273 4.8
14 + + Isopulegol 290 0,1
15 + Cariophyllen 307 1,7
16 + + + Menthol 330 32,7
17 - + + Isomenthol 356 1,5
18 + + Sesquiterpen 403 0,2
19 + + Piperiton 450 aa
20 Sesquiterpen 518 0,2
21 + + Chalamenen 741 0,1

K 99,3

Der zur Trennung der Komponenten verwendete praparative Gaschromatograph Carlo
Erba Fractovap-P wurde vom Organisch-chemischen Lehrstuhl der Universitat fir chemische
Industrie, Veszprém zu Verfiugung gestellt; die Kernresonanzspektren wurden mit dem Geréat
ZKR-60 am Organisch-chemischen Lehrstuhl der L. E6tvés-Universitat, Budapest aufgenom-
men. Es sei an dieser Stelle beiden Lehrstihlen unser Dank ausgesprochen.
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The present work is aimed at eliminating uncertainties in evaluating and hand-
ling ultracentrifugal data of approximate sedimentation equilibria for the determination
of the molecular weight of polydisperse macromolecular materials in non-ideal solu-
tions. The Lamme differential equation has been solved numerically for the Archibald
conditions, taking into account the concentration dependence of diffusion and sedi-
mentation coefficients as well. From the solution the following experimental conditions
have been obtained for the applicability of linear extrapolation of the concentration
gradient to the meniscus on the Schlieren pattern

m> 0.05 and Dt > 0.75 X10-Zm2.
Sto2rl

In the case of non-ideal solutions and/or polydisperse solutes the apparent
molecular weight changes with time. In this case linear extrapolation with respect to
tW2 has been shown to give better results than that with respect to I. The use of the
Trautman diagram for linear extrapolation of the concentration gradient to the initial
concentration and for determining Mz was extended to non-ideal solutions.

Introduction

The ultracentrifugal molecular weight determinations of macromolecules
are based on the Svedberg equation expressing the proportionality of the mo-
lecular weight and the ratio of the sedimentation (S) and diffusion (D) coeffi-
cients. In sedimentation equilibria this ratio is determined by the Lamme
differential equation as follows:

X 1 8 8c
rl) Sa>2r2c 0 (1)

dt dr 8r
where c is the solution concentration, r is the distance from the center of ro-
tation, t is the time and o is the angular velocity.
For the meniscus and bottom of the ultracentrifugal cell Archibald
[1] extended the validity of equation (1) for non-equilibrium conditions. In
this way it becomes possible to evaluate the molecular weight by the fol-
lowing expression:

18c
1 \8r )
ae rmcem 2)
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14 BLAZSO, CZUPPON: MOLECULAR WEIGHT DETERMINATION

Archibald’s simple and rapid method is strictly valid only in the case
of monodisperse materials and ideal solutions, since otherwise expression (2)
varies with time during the experiment. Several efforts have been made to
extent the method [2—5]. For polydisperse ideal systems Kegeles [4] has
demonstrated that the value at t= 0 equals the weight average of S/D.
Values fort= 0 are obtained by extrapolation. Most of the authors extrapolate
to zero time linearly, others by assuming proportionality to the square root
of time. Both assumption are arbitrary. In the case of non-ideal systems, for
the values att = 0 the following expression is valid (Kegeles [4]):

D
+ B*c+(0)c2+ ... 3)

S w,app

where B* is proportional to the second virial coefficient [6].

Trautman, on the other hand, in the case of polydisperse ideal systems,
regarded (6c/6r)m as a function of the meniscus concentration and proposed
extrapolation to the initial concentration [7]. He has shown that the substi-
tution of this extrapolated value and of the initial concentration into Eq. (2)
leads to the weight average of S/D. Moreover, he has also shown that the slope
of the (dc/6r)mvs. cm curve in the point cm= cO corresponds to the z average.

Numerical solution of the Lamme equation if S/D depends
on the concentration

The Archibald and Trautman methods involve values of concentra-
tion and concentration gradient at the meniscus. Their evaluation is done by
extrapolation which, in turn, requires certain information about the concen-
tration distribution. The variation of the meniscus concentration and its gra-
dient as a function of time becomes important when the ratio of these values
also changes with time because of non-ideality and polydispersity. In this
case an extrapolation to the initial state (zero time) is needed. Therefore,
solution of the Lamme equation is necessary for a study of the conditions for
correct extrapolations.

La Bar [8] and Yphantis [5] solved the Lamme equation for the case
of ideal solutions and drew some conclusions regarding the above mentioned
extrapolations. The purpose of the present paper is to extend their studies
for non-ideal solutions, numerically solving the Lamme equation for a mono-
disperse solute in the case when both S and D depend on the concentration.

For the concentration dependence the following functions were used:

S = S°
1 -\-kc
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D = Dul + kD) )

where Kk and kD are constants.
First, the Lamme equation isre-written in terms of dimensionless param -

eters:
c(r,t
r = 2w2S0t; 0 (x, t) (.0 >
£ 2D, ; <= kc0; B = kDcO.
SOw2rm
This leads to the equation
90 3
(1+/S0) T®'U (6)
9r dx i+«0 J)
to the initial condition:
2
0=1 1< *< rb o 1T=0
.rm
and to the boundary condition:
B .
£ 1+ R@) X=1 or X — r, T>0
0x 1+a0 m 1

where rbis the distance of the cell bottom from the center of rotation.

We computed 0 and bQjbx values in the range x = 1to x = 1.4 (corre-
sponding approximately to the common ultracentrifugal cell length), for
fixed values of the other independent variable t. This again was varied in the
range from zero to a time when a finite meniscus concentration still existed,
and the constant concentration range between bottom and meniscus did not
disappear.

The values for the constants of the Lamme equation were chosen so
that they reflected all the cases of practical importance. The following ranges
have been considered:

e: 0.01-0.20; a: 0-1.0; R\ -0.5 - +0.5.

The equation has been solved numerically by the grid method. The
estimation of errors was carried out on the basis of the Runge principle.
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Application of the calculated solutions

1. Evaluation of the concentration gradient at the meniscus

The simplest way of evaluating the refraction index gradient at the
meniscus on the pattern of the ultracentrifugal cell taken by Schlieren optics
would be the linear extrapolation from the non-distorted part of the gradient
curve. La Bar [8] — who examined the possible errors of this extrapolation
for ideal solutions, solving the Lamme equation by the Faxén approximation
found that, within less than 5% error, the concentration gradient is a linear
function of r, in a range of 0.75 mm in the neighbourhood of the meniscus
when £ > 0.5 and Dt = 10~~2cm2 Unfortunately, this condition corresponds
to a very small concentration change at the meniscus (zJO <[ 0.05).

In our calculations we assumed linearity only for about half of La Bar’s
range (1.005 < x < 1.015) and found that the error of the extrapolated value
does not exceed 5% if £ >0.05 and >6xKy (Dt>0.75x10"2cm?2).
This is a better approximation of the usual experimental conditions. Our
calculations were not limited to the case of ideal solutions. Moreover, if con-
ditions £ > 0-05 and gr > 6 X 10-1 are fulfilled for the component charac-
terized by the smallest value of £, we obtain the same results for polydisperse
solutes. For ideal solutions this is a simple conclusion if there is no interaction
between the solutes of different size.

2. Time dependence of the apparent molecular weight

In Figs 1. and 2 the calculated relative apparent molecular weights are
plotted against time and the square root of time, respectively, for solutions of

time fl/e

Fig. 1. Variation of apparent molecular weight as a function of time. The different curves
refer to non-ideal solutions characterized by the following constants. 1.a=0,8 = 0;2.a = 0.2,
R=103a=051R=0;4.a=02,B= +0.2: 5.a= 02,R= —02
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different deviations from ideality. The relative apparent molecular weight
is the ratio to the value at zero time. In order to show the direct relation of
the numerical values on the x axes to the real experimental time, we have shown
the curves of two relative concentrations of the meniscus (0Om) by dotted
lines. The comparison of Figs 1 and 2 is convincing: the linear extrapolation
of the apparent molecular weight against the square root of time leads to
a much smaller error than that against time.

The same statement is valid in the case of an ideal solution if the change
of the apparent molecular weight is caused by polydispersity. Linear extra-
polation with respect to t112seems to be good enough if 0 m values below 0.6
are avoided. Fig. 3 shows the functions calculated for model mixtures of two
components in equal weights, characterized in Table I. Since the dimension-
less r involves SO changing from component to component, the time scale

Fig. 2. Variation of apparent molecular weight as a function of the square root of time. No'
tations as in Fig. 1

Fig. 3. Variation of apparent molecular weight as a function of the square root of time for
ideal solutions of two-component model mixtures characterized in Table |

Acta Chim. (Budapest) 76, 1973



18 BLAZSO, CZUPPON: MOLECULAR WEIGHT DETERMINATION

has to be returned to t. For this reason r/t=2c02S0 values are also given in
addition to 1/ £ for all components in the table.

3. Determination of the z-average molecular weight in non-ideal solutions

As already mentioned, Trautman has shown that the z-average mole-
cular weight can be determined by taking the initial slope of the (dcldr)mvs. cm

Fi £. 4. Trautman diagram of four two-component model mixtures characterized in Table |
in ideal solutions

function [7]. Figure 4 shows the Trautman diagram plotted for the model
mixtures of Table I. The slope of the curve at Qm = 1 is equal to the corre-
sponding z averages. For non-ideal solutions, the meniscus concentration gra-
dient as a function of the concentration is also nearly linear in a relatively
wide range of meniscus concentrations according to the calculated data given
in Fig. 5. Therefore, we can extrapolate also by the Trautman diagram in
order to obtain the apparent weight average molecular weights in non-ideal
solutions, and at the same time we can evaluate the initial slopes correspond-
ing to the apparent z-average molecular weight as follows:

(ryapp LWIPP ] @)
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Table 1
Characterization of two-component model mixtures used for the numerical calculations

COMPONENTS
Ne .
Model 1 2 (Ve)« 0/ «), (I /«)»
ils 2 BaSex sec I/e 2 (0*S0x sec
A 4 5X 10“6 8 7X10 -0 6 6.67 1.11
B 4 5X10-5 16 IX10 -0 10 13.6 1.36
C 4 5X 10 -0 36 1.5X10 -* 20 32.8 1.64
D 4 5X10 -0 64 2X10-* 34 60.4 1.78

Fig. 5. Trautman diagram of various non-ideal solutions characterized by the following con-
stants. 1.a= 0,8 = 0;2.a= 02,8=0;3.a= 02,8= +0.2;4a= 10,8= 0;5a= 0.2,
B=—02

Nevertheless, the apparent z-average values have to be extrapolated to in-
finite dilution as well. In order to demonstrate the concentration dependence
of the z-average values, we start from Eq. (3) expressing the concentration
dependence of the weight average molecular weight. The terms of second and
higher powers of concentration are negligible in the expression when the
solution is sufficiently dilute.
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20 BLAZSO, CZUPPON: MOLECULAR WEIGHT DETERMINATION

+ Bc (8)
M., app

where B is the second virial coefficient. Inserting this into Eq. (7) we have:

Mw ¢ M,
de | 1-]-M wBe 1+ MwBcf

©
Generally, in Eq. (9) the square term is not negligible. Since the ratio of ap-
parent weight average and z-average molecular weight depends on the con-
centration as follows:

(Mw)app = Mw,1+ M Bc) (10)
(M z)app Mz

we suggest linear extrapolation to infinite dilution by means of Eq. (10).

*
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The kinetic parameters of the dissolution of iron were studied in acetone-water-
sodium acetate mixtures. The polarization curves were measured by using a potentiostat
equipment with automatic compensation of the resistance polarization because of the
high resistance of the solutions. The slopes of the Tafel’s plots were measured and the
corrosion-current density values of iron were evaluated in various mixtures.

The constant (b) of Tafel’s equation was found to be independent of the acetone
concentration while a decrease of the constant was observed by increasing the acetate
concentration. The corrosion-current density decreased by increasing acetone concentra-
tion while acetate ion concentration had an opposite effect.

Several workers have investigated the electrochemical properties and
corrosion of iron because of the great practical importance of the latter. Here
we report on an investigation aimed at studying the effect of acetone on the
kinetics of iron dissolution in acetone—water—sodium acetate mixtures.

The method used was the measurement of the polarization resistanc
and the evaluation of the corrosion current density (icorr) characterist-
to the rate of corrosion. Constants ba and bk characteristic to the anod-
and cathodic processes, respectively, were obtained from the slope of th
Tafel’s plots. The corrosion current density was calculated according to th
following formula (1)

ic= — -ba‘-k (1)
Rp batbK

where Rp= (<H?/d')i=0 is the polarization resistance, as determined from
the polarization curve in the neighbourhood of some mV of the steady-state
potential. The determination of the above-mentioned constants would have
been inaccurate by the usual potentiostatic method because of the high resist-
ance of the mixtures g= 15—1000 Ohm cm). Thus, an automatic compen-
sating system was employed for the elimination of resistance polarization in
the measurement of the polarization curves (2).

The experimental equipment is shown in Fig. 1. The details have been
reported previously [2]. The measurements were performed in a three-electrode
cell. The working electrode ¥ was an iron foil with a surface area of 0.25 cm?2
sealed in a glass tube by means of Epokitt resin. Anormal calomel electrode K
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served as reference electrode, while the platinum electrode E was the counter
electrode. The working electrode was polarized in the potential range from
0tO;k2.5V.Priorto the measurements, the surface of the electrodes was cleaned
by means of emery paper and etched in dilute sulphuric acid for 5 minutes,
then rinsed with distilled water and dried.

Fig. 1. Block diagram of the equipment. 1. Cell; 2. X —Y recorder; 3. Measuring resistance;
4. Wave analyser; 5. Demodulator; 6. Potentiometer; 7. Kipp generator; 8. Filter circuit;
9. Potentiostat; 10. Modulator; 11. Filter circuit; 12. Amplifier

The sodium acetate concentration of the solutions was 0.01, 0.05, 0.1
and 0.5 M, respectively. The acetone content of the solutions was varied from
0 to 30 per cent. Analytical grade reagents were employed for the prepara-
tion of the solutions. The electrodes were pretreated before each measurement.
The measurements were performed at room temperature.

A few examples of the polarization curves are shown in Figs 2 through 5.
The plots obtained by employing the automatic compensation system are indi-
cated by full lines while the dotted lines refer to the measurements performed
without compensating the resistance polarization. It is apparent that the two
types of curves differ considerably.

The slopes of Tafel’s plots were determined by means of the lineariza-
tion of the polarization curves and examined as a function of the concentration
of sodium acetate and acetone, respectively. The constants are listed in Table I.
It is apparent from the data that the values referring to the anodic and cathod-
ic processes, respectively, were independent from the acetone concentration
in solutions containing an equal amount of sodium acetate. baand bk decreased
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Fig. 2. Polarization curve of the iron electrode in a 0.01 N sodium acetate solution containing
10 per cent acetone

Fig. 3. Polarization curve of the iron electrode in a 0.05 jV sodium acetate solution containing
20 per cent acetone

Fig. 4. Polarization curve of the iron electrode in a 0.1 N sodium acetate solution containing
10 per cent acetone
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Fig. 5. Polarization curve of the iron electrode in a 0.5 N sodium acetate solution containing
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10 per cent acetone

Table 1
Acetone Cathodic process ~ Anodic process
per cent b 6[V] [y Jl'ffcr:rTZJ
0 0.111 0.177 68.5
10 0.099 0.152 55.5
20 0.109 0.161 50.4
30 0.098 0.204 47.5
0.104 0.174
0 0.100 0.137 104
10 0.091 0.170 90.7
20 0.096 0.140 70.6
30 0.103 0.121 68
0.097 0.142
0 0.087 0.124 127
10 0.074 0.087 109
20 0.073 0.098 92.5
30 0.083 0.110 80.8
0.079 0.105
0 0.067 0.087 147.5
10 0.074 0.085 134
20 0.074 0.073 123
30 0.063 0.096 112
0.069 0.085
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by increasing the sodium acetate concentration, as shown in Fig. 6 represent-
ing the mean values of the constants as a function of the sodium acetate
concentration.

The measurement of the polarization resistance of the systems was per-
formed by means of the above mentioned equipment without employing the

log Cel

Fig. 6. b constants of Tafel’s equation as plotted vs. the sodium acetate concentration

automatic compensation system. The compensation of the ohmic potential
drop was not necessary in this case, as the current flowing through the elec-
trode was in the order of some pA only, in the neighbourhood of a few mV of
the steady-state potential, thus the ohmic potential drop on the resistance of
the solution was negligible as compared to the polarization voltage.

The results of the measurement of polarization resistance are shown in
Fig. 7. It is apparent in Fig. 7 that in this potential range the polarization
curves were linear to a fairly good approximation, and the slopes differ
considerably.

The effect of resistance Rm had to be taken into consideration in the
evaluation of the polarization resistance on the basis of the measured data.
The voltage recorded on the axis of the current-potential curve was the sum
of the electrode potential and the voltage, iRm, appearing on the standard
resistance.

U=E+iRm 2)
where

U is the measured voltage
E is the electrode potential
i is the current intensity
Rm is the standard resistance
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Acetone = 0 10 20 30 per cent

Fig. 7. Corrosion current density data as a function of sodium acetate and acetone concen-
trations, respectively

The derivation of Eq. 2 at i = 0 yields

ldu\ 1
| dE + Rm* ?)
di ) (=0 dit=0

and it follows that the polarization resistance (R,,) is

dE IdU R @)
RP= . L,
di 1=p 1di

The values of were determined by a graphic differentiation of the
curves represented in Fig. 7, while the corrosion current densities were eval-
uated by means of Eq. 1 and the above-mentioned values of baand bk.

The corrosion current densities expressed in /xA/cm2 units are shown as
a function of the acetone concentration in Fig. 8.

It is apparent that the corrosion current densities decreased by increasing
acetone concentration, while an increase in the concentration of acetate ions
had an opposite effect. The concentration of acetate ions apparently affected
the corrosion current density values in the acetone—water—sodium acetate
mixtures to a considerable extent, similarly to the case reported by Kiss et al.
[8] relating to the anodic dissolution of iron in glacial acetic acid. Acetate ions
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Fig. 8. Corrosion current density data as a function of the acetone concentration

were found to exhibit a catalytic effect similar to the one shown by hydroxil
ions in aqueous medium [3]. An increase in acetone concentration slightly in-
fluenced the effect of acetate ions. However, the corrosion current density de-
creased by an increase in acetone concentration in solutions containing con-
stant amounts of sodium acetate in the concentration range of the latter
investigated in this work.
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Second and third harmonic A.C. polarography was used for the simultaneous
determination of depolarizers having half-wave potentials differing by less than 150
mV. The results showed that in such cases the above techniques were more convenient
than D.C. or fundamental harmonic A.C. polarography.

The relative merits of second and third harmonic A.C. polarography were also
discussed. The simultaneous determination of two electroactive species could be
performed in a concentration ratio depending on the quality of the depolarizers even
when the difference in the respective half-wave potentials is 40 mV only.

In our previous communication [1] we have dealt with the application
in chemical analysis of the second and third harmonic A.C. current flowing
through the cell containing a d.m.e. when a small amplitude sinusoidal
A.C. voltage is superimposed on the D.C. polarizing potential. It has been
proved experimentally that the sensitivity of higher harmonic A.C. polaro-
graphic analysis is higher by at least one order of magnitude than that of
conventional D.C. or fundamental harmonic A.C. polarography as the effect
of the double-layer capacity, i.e., the interference caused by the condenser cur-
rent is eliminated. This is in accordance with theoretical expectations [2].
Further, the effect of the ohmic potential drop across the cell resistance has
been investigated both theoretically and experimentally in order to establish
optimum working conditions in higher harmonic A.C. polarographic analysis
[3].

The present paper deals with the simultaneous determination of ions
in the case when their respective half-wave potentials differ by less than 200
mV. It is well-known that under these circumstances D.C. polarographic
analysis is not reliable.

Breyer et at. [4] have shown that the determination of a given compo-
nent in fundamental harmonic A.C. polarography is not hindered by the
presence of a relatively large amount of an ion having a half-wave potential
more positive than that of the depolarizer to be determined when the differ-
ence of the half-wave potentials of the components is greater than 150 to
200 mV. Even in the case when the difference of the half-wave potentials of

*On study leave from Ain-Shamps University, Cairo, UAR.
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the depolarizers is smaller than 150 mV, quantitative evaluation of the polaro-
gram obtained by this technique is still feasible under favourable circum-
stances [5]. However, the simultaneous determination of such depolarizers in
fundamental harmonic A.C. polarography can be carried out with some ac-
curacy only when the components have approximately equal diffusion cur-
rents. Furthermore, the evaluation of the data of multicomponent systems
is rather cumbersome even in this case, as the polarograms of each depolarizer
are to be traced separately and the concentrations of the components are to
be calculated by means of geometrical plotting [4]. When the diffusion cur-
rents of the components are different, the error in the concentration deter-
mination of the depolarizer having a smaller diffusion current tends to in-
crease and if there is a sufficiently large difference in the diffusion currents
of the components, even the presence of the depolarizer is hardly detectable.

Bond and Canterford [5] have recently made a thorough study on
the simultaneous determination of two electroactive species by fundamental
harmonic A.C. polarography and they have concluded that the maximum
values exhibited at the half-wave potential of each depolarizer were only
suitable for qualitative analysis in the case of overlapping waves. The authors
have recommended the use of a selective complexing agent to increase the
difference in the half-wave potentials of the depolarizers to be determined.
Thus, a complete separation of the waves can be achieved.

Bauer [6] and Neeb [7] have suggested that the measurement of the
second harmonic A.C. current can be used more advantageously than the
fundamental harmonic for the analysis of multicomponent systems. In Neeb’s
paper some quantitative data are also presented regarding the simultaneous
determination of some depolarizers having half-wave potentials differing by
approx. 200 mV. However, Neeb did not examine in detail such depolarizer
systems where the difference in the half-wave potentials is less than 200 mV,
though the latter are especially worth of interest. According to Neeb, the
simultaneous determination of indium and thallium in perchloric acid is not
feasible by the measurement of the second harmonic A.C. current, as the dif-
ference in the respective half-wave potentials of these ions is about 50 mV,
while even a hundredfold excess of cadmium and a thousandfold excess of
indium does not hinder the determination of 4 pg/ml lead. The former ions
have half-wave potentials more negative by approximately 150 to 200 mV
than that of lead.

Considering the fact that only meager data have been published in the
literature, it was deemed necessary to examine systematically the simultaneous
determination of various depolarizers by means of higher harmonic A.C.
polarography.

It has been established (c/. [1], [8]) that the first, second and third har-
monic A.C. polarographic currents vs. potential functions have similar forms

Acta Chim. (Budapest) 76, 1973



DEVAY et al.: HIGHER HARMONIC A.C. POLAROGRAPHY 31

to the first, second and third derivatives, respectively, of the D.C. current
vs. potential functions. Thus, the fundamental harmonic A.C. component
exhibits a maximum at the half-wave potential of the electroactive species
and tends to the condenser current flowing through the double-layer capacity
at more positive and more negative potential, respectively, than the half-
wave potential. The amplitude of the second harmonic A.C. current vs. poten-
tial functions exhibit two peak values in the case of fast polarographic reac-
tions at potentials equal to

0.034
+ [volt] (1)
z

where z is the number of electrons involved in the electrode reaction and
7712 is the half-wave potential, while the curves have a minimum near to or at
the half-wave potential. The minimum is zero and it is located at the half-
wave potential in the case of reversible polarographic reactions. The second
harmonic A.C. current shows a rapid decrease when the potential is made
more negative than that corresponding to the negative peak potential. Simi-
larly, the second harmonic A.C. current rapidly decreases at more positive
potentials than the positive peak potential as shown in Fig. 1.

Fig. 1 represents a second harmonic A.C. polarogram of 1.10-5 M Pb2+
in 1 M HC104 as supporting electrolyte. It is apparent in Fig. 1 that the
second harmonic A.C. was found practically negligible at ~70 mV as referred
to the half-wave potential.

The amplitude of the third harmonic A.C. component vs. potential func-
tion exhibits one maximum at the half-wave potential and two ones at more
positive and more negative potentials, respectively, than the half-wave po-
tential. The former potentials are equal to

0.060
2= Vll2z , [volt] (2)

(where the notations are the same as in Eq. 1). The two lateral peak values
are one third of the central peak in the case of a reversible polarographic
reaction. The potentials corresponding to the minimum amplitudes between
the peak values are equal to the peak potentials of the second harmonic
(cf. Eq. 1). The minima are equal to zero in the case of reversible polarographic
reactions. A third harmonic A.C. polarogram is shown in Fig. 2 as a function
of the potential for 5+10-5 M Pb2+ in 1M HC104. The rapid decrease in the
current at more negative and more positive potentials than the respective
lateral peak values is clearly apparent. The decrease in the intensity of the
A.C. harmonic components with the potential is shown in Fig. 3, representing
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Fig. 1. Second harmonic A.C. polarogram of 510 5M Pb2+ in 1 iVf HC104 as supporting
electrolyte

the logarithm of the ratios of the second harmonic (full line) and the third
harmonic (dotted line) A.C. current to their maximum values, respectively,
as a function of the absolute value of the D.C. potential, the half-wave poten-
tial being taken as the origin of the abscissa, in the case of reductions where
one and two electrons, respectively, are exchanged in the electrode reactions.

In the case of reversible A.C. polarographic reactions the amplitudes
of the harmonic components of the A.C. current as functions of the D.C.
potential are symmetrical to the half-wave potential. Hence the analysis of
a depolarizer is equally influenced by any component having either more
positive or more negative half-wave potential than that of the ion to be de-
termined. Thus, only the absolute value ofthe potential as referred to the half-
wave potential is represented in Fig. 3.

The plots show that the decrease in the second harmonic A.C. current
at more negative (or more positive) potentials than the corresponding peak
potential becomes increasingly rapid when the number of electrons involved
in the electrode reaction is higher. E.g., the calculations show that in the
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Fig. 2. Third harmonic A.C. polarogram of 510 6 M Pb2+ in 1 M HC104 as supporting
electrolyte

case of 2= 1,the second harmonic A.C. current is about 1 per cent of its maxi-
mum value at a potential 150 mV more negative (or more positive) than the
half-wave potential. In the case of a two-electron electrode reaction the sec-
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ond harmonic A.C. current attains 1 per cent of its peak value when the
absolute value of the potential is 85 mV as measured from the half-wave
potential, while at a potential 150 mV more negative (or more positive) than
the latter, the A.C. current decreases to 0.01 per cent, i.e., itispractically neg-
ligible. It is apparent in Fig. 3 that the relative decrease in the current inten-

Fig. 3. The relative decrease of the second and third harmonic A.C. current intensity as a func-
tion of the potential for z= 1 and 2

sity of the third harmonic A.C. component is slightly larger than that of the
second harmonic. It is noteworthy that the effect of the cell resistance has
been neglected in the calculation of the relative decrease in the intensity
of the A.C. harmonics. According to recent studies [3] the amplitude of the
A.C. harmonics decreases due to cell resistance, while the difference in the
peak potentials of the second harmonic increases.

The maximum value appearing at the half-wave potential of the third
harmonic A.C. component is affected by the ohmic potential drop to a relative-
ly larger extent than the other two peaks. Thus, the slope of the curve repre-
senting the relative decrease in the intensity of the second harmonic A.C.
is decreased to a similar extent than that of the third harmonic A.C. compo-
nent due to cell resistance. Thus, according to these calculations, the simul-
taneous analysis of depolarizers having a difference of 150 mV or more in their
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half-wave potentials is practically simple in higher harmonic A.C. polarog-
raphy. However, the cases when this difference is about 100 mV &rless, deserve
further examinations.

In addition to the relative decrease in the current intensity of the higher
harmonic A.C. components, two other factors affect the simultaneous deter-
mination of two or more depolarizers in the case of reversible polarographic
reactions. Namely, the number of electrons involved in the electrode reaction
and the change in the relative phase angles of the A.C. harmonics as a func-
tion of the potential. (In the case of slow transition reactions the heteroge-
neous rate constants and the transfer coefficients also modify the current vs.
potential relations.) (rf. e.g. [2], [8], [9])

The formulas relating to the A.C. polarographic currents [2], [8] indicate
that the potential range of the current ys. potential functions is smaller when
the number of electrons involved in the electrode reactipn is higher, as it is
apparent in Fig. 3. ’

The simultaneous determination of two electroactive, species is also af-
fected by the fact that the second harmonic A.C. component increases pro-
portionally to the third power of the number of electrons involved in the
reduction, while the third harmonic increases proportionally to the fourth power
of the number of electrons. Consequently, the depolarizer involving a higher
number of electrons in its electrode reaction, interferes to a larger extent
in the determination of an electroactive species involving a smaller number
of electrons in its reduction than vice versa. Obviously, this effect is more pro-
nounced in the case of the third harmonic than in that of the second harmonic
A.C. component,

The following considerations refer to the phase angles of the A.C. har-
monics. The theory of the A.C. polarography of a reversible electrode reaction
indicates that the phase angles of the second harmonic A.C. current referred
to that of the fundamental harmonic are 45° and 225° at the respective peak
values [8], [10], if adsorption does not take place on the electrode surface
[11]. Smith’s [12] phase selective measurements as well as the results of
Kooijman and Stuyters [13] proved this fact experimentally. It is obvious
that the resultant of the second harmonic A.C. components of the diffusion
currents of various ions at a given potential is obtained by vectorial summation
as represented in Fig. 4. The pointed line shows the phase sensitive second
harmonic A.C. polarogram of a one-electron reaction, while the dotted line
represents that of a two-electron electrode reaction, the half-wave potential
of the latter being more negative by 50 mV than that of the former electrode
process. The resultant of the two components is represented by a full line.
This calculated example shows that at potentials more negative (or more
positive) than the half-wave potentials of both components, the amplitude of the
resultant second harmonic current is increased, as the phase angles of each
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components are nearly equal. The superposition of the second harmonic A.C.
currents of the two depolarizers at potentials between the respective half-
wave potentials result in a current of relatively small amplitude, as the phase
angles of the components differ by nearly 180°.

Fig. 4. Vectorial summation of second harmonic A.C. polarograms Z= 1, z= 2),
(G resultant polarogram) in case of 50 mV difference in the half-wave potentials of the
respective depolarizers

On the basis of these theoretical considerations the maximum ampli-
tudes appearing at more positive and more negative potentials than the half-
wave potentials of both ions can be used for their respective determination when
both are simultaneously present in the solution.

The relative concentration of the ions when their half-wave potentials
are very close, obviously represent a limitation in the evaluation of the polaro-
grams (cf. Fig. 3).

According to the results referring to the third harmonic A.C. component
[2], the phase angles of the peak values at the half-wave potential and at
more negative (or more positive) potentials than the latter differ by 180°.
Consequently, in the case of the reduction of two depolarizers involving
and z2 electrons, respectively, in the electrode reaction, the peaks of the third
harmonics at the respective half-wave potentials decrease proportionally to
the current of the other ion appearing at the same potential when the differ-
ence in the half-wave potentials is

i~y (72220 > 0.034 [volt]
as in Fig. 5/a. However, when
1
Ixliz2)t - Oh1)21<0.034 [volt] (4)

Ai
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Fig. 5. Vectorial summation of third harmonic A.C. polarograms (explanation in the text)

as in Fig. 5/b, the summation of the diffusion currents of the two electroactive
species follows the same considerations as in the case of the fundamental
harmonic A.C. current [5]. Namely, the third harmonic A.C. polarographic
current at any potential is the vectorial resultant of the current relating to
each depolarizer. The peak currents of the depolarizers are generally indis-
tinct in the latter case, except when the current relating to one ofthe depolar-
izers is negligible as compared to that relating to the other because of the
large difference in the respective concentrations and the number of electrons
involved in the electrode reaction. We can conclude as a consequence of these
considerations that second harmonic A.C. polarography is generally more
advantageous than the third harmonic one for the simultaneous determina-
tion of two or more depolarizers when the respective half-wave potentials are
close to one another. However, third harmonic A.C. polarography can be use-
ful to eliminate the interference of a one-electron reduction in the determina-
tion of a depolarizer involving a larger number of electrons in the electrode
reaction.
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Experimental part

The measurements were made on a modified A.C. Polarographie Unit attached to a
Controlled Potential Polarograph of Radelkis type OH 102 [14]. The block diagram of the
instrument is shown in Fig. 6. The polarographic cell employed in the measurement contained
three electrodes. A calomel reference electrode was placed near to the dropping mercury
electrode to control the potential of the latter, while a mercury pool served as counter elec-
trode. The D.C. polarizing voltage (E) supplied by the T).C. polarograph was branched to one
input of the potentiostat (P) built into the instrument. The variable amplitude A.C. voltage
was generated by an oscillator (O) tuned exactly to 60 s-1 and superimposed on the D.C.

Fig. 6. Block diagram of the A.C. polarographic instruments

voltage and was also stabilized by the potentiostat. The reference electrode was branched
to the other input of the potentiostat, while the output of the latter controlled the current of
the cell through the counter electrode in order to secure that the potential of the working
electrode referred to the reference electrode should be equal to the voltage of the voltage
devider (E) branched to the input. The A.C. current flowing through the cell is obtained by
measuring the A.C. voltage proportional to the A.C. current on the standard resistance (R)
inserted into the counter electrode circuit. A selective vacuum tube voltmeter (A) provided
for the measurement of either the fundamental harmonic or the second or the third harmonic
components of the A.C. current. The output of the vacuum tube voltmeter was recorded after
rectification (zl) by the pen recorder (R) of the D.C. polarograph. Thus A.C. polarograms were
automatically recorded. The instrument was operated at 10 mV (effective) 60 c.p.s. A.C.
voltage throughout the experiments. The drop time of the d.m.e. was adjusted to about 5s.
The test solutions were prepared using reagent grade chemicals. The test solutions were de-
aerated with pure nitrogen prior to the measurements.

Measurements were carried out in solutions containing lead(ll) and thallium(l) ions
at various concentrations in 1 AT HC1 and 1 MHC104, respectively, as supporting electrolytes,
as well as in solutions containing cadmium(Il) and indium(l11) ions at various concentrations
in 1M HC1 as supporting electrolyte. Solutions of lead and cadmium ions were also tested.

Results

The experimental results are in general agreement with the theoretical
expectations.

Fig. 7 represents the polarogram of a solution containing 5.10“4 M Pb2+
and 5¢10-4 M T1+ in 1 M HC1 as supporting electrolyte. The half-wave
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Fig. 7. a) Fundamental harmonic, b) second harmonic and c) third harmonic A.C. polarogram
0f 5.10-4 M Pb3+ and 5.10-4 M TI+ in 1 M HCL1 as supporting electrolyte

potentials of the reduction of lead(Il) and thallium(l) in 1 M HC1 as support-
ing electrolyte are —0.435 and 0.475 ¥ vs. S.C.E., respectively [10]. Fig.
7/a shows the fundamental harmonic A.C. polarogram of the system. It is
apparent that the thallium(l) peak isjust discernable on the latter curve, while
on the second harmonic A.C. polarogram in Fig. 7/b the positive peak of lead(ll)
and the negative peak of thallium(l) are well-developed and they could he
employed for the quantitative evaluation of lead and thallium concentration,
respectively, of solutions containing these ions in the presence of each other
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The negative peak of lead(ll) and the positive peak of thallium(l) do not
exhibit a linear relation with the concentration of the respective ion. Though
the half-wave potentials of lead (11) and thallium(l) differ by only 40 mV in
1 M HC1 as supporting electrolyte, the concentration ofe.g. 1«10~5to 1.10“4
M T1+ can be determined in the presence of lead (1) up to a five- to sevenfold
excess of the latter. The determination of e.g. 1+10-5 M Pb2+ was possible
even in the presence of a twentyfold excess of thallium(l).

It is apparent from Fig. 3 that the second harmonic A.C. current exhibits
a less rapid decrease with potential (the half-wave potential being taken as
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origin) when the number of electrons involved in the electrode reaction is
one than in cases when this number is higher. Thus a depolarizer of a one-
electron electrode reaction interferes in the determinations in a wider potential
range than an ion of a two- or three-electron electrode reaction. However,
it is also to be taken into consideration that the second harmonic A.C. current
is proportional to the third power of the number of electrons involved in the
electrode reaction (1) and thus the second harmonic A.C. current of a depolar-
izer is considerably higher at a given concentration — when higher num -
ber of electrons are involved and an A.C. voltage of equal amplitude and
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Fig. 8. a) Fundamental harmonic, b) second harmonic and c) third harmonic A.C. polarogram
0fl.10-4 MPb2+ and 5.10 1 MT1+ and of 5.10-4 M Pb2+ and 3/10-4 MT1+, respectively, in
1M HCIO, as supporting electrolyte

frequency is used (the diffusion coefficients of the various depolarizers do
not differ to a great extent). These effects account for the experimental
result that the presence of lead (lIl) ions causes a more severe interference
in the determination of thallium(l) than vice versa. Fig. 7/c represents the
third harmonic A.C. current of the above mixture as a function of the poten-
tial. The quantitative evaluation of the curve is not possible, as the respective
half-wave potentials of the two ions are very close to one another.

The separation of these ions Could be further improved to a certain
extent by using A.C. voltage of an amplitude lower than 10 mV. In this case,
however, at low concentrations the A.C. current becomes very low.

As far as the simultaneous analytical determination of lead(ll) and thal-
lium~) is concerned, it is more practical to employ 1 M HC104 as supporting
electrolyte instead of 1 M HC1 because in the former the half-wave potentials
of lead(Il) and thallium(l) (—0.400 Y and —0.485 V), respectively, as
referred to a saturated calomel electrode [15] differ by 85 mV, thus the separa-
tion of the peaks is much improved.
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Fig. 8 represents a polarogram of 1-10“4M Pb2+ and 5-10~4 M TI+
in 1 M HC104 as supporting electrolyte. It is apparent in Fig. 8/a that the
fundamental harmonic is also better developed than in the previous case
represented in Fig. 7. Fig. 8/b shows the second harmonic A.C. polarogram
of the system. The determination of the concentration of lead(ll) is based
again on the measurement ofthe peak current at a more positive potential than

the half-wave potential of lead(ll), while the negative peak of thallium(l)
serves the evaluation of its concentration. Plotting the usual calibration
curves, the determination of e.g. 1+10-5to 1+10~4 M thallium(l) in the pres-
ence of a twentyfold excess of lead(ll) is still possible, while e.g. 1+10~5 M
Pb2+ can be detected even when the concentration of thallium(l) in the sys-
tem is fifty time higher than that of lead(Il).

The third harmonic A.C. polarogram of the system is shown in Fig. 8/c.
The peaks appearing at the half-wave potential of the respective ions are suit-
able for the determination of the respective concentrations on account of
the larger difference in the half-wave potentials. (The part of the polarogram
in the potential range of the reduction of timllium(l) was traced at a higher
sensitivity setting of the instrument than the rest of the polarogram.) It is
noteworthy that the peak related to lead(ll) is about fifteen times greater
than that of thallium(l), as the third harmonic A.C. current is proportional
to the fourth power of the number of electrons involved in the electrode reac-
tion.
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Observing the calculated curves represented in Fig. 3 one can predict
that in the case ofelectrode reactions where two or more electrons are involved,
the simultaneous determination of the depolarizers is even more convenient.
A solution containing cadmium (Il1) and indium(l1l) in the presence of each
other illustrates this case. Though the difference of the half-wave potentials

of cadmium(ll) and indium(Ill), respectively, is only 40 mV in 1 M HC1
as supporting electrolyte [15], the simultaneous determination of both
ions is feasible within wide limits of concentration. Fig. 9 shows a typical
polarogram of the above system, containing 5-10~4 M Cd2+ and 1mwl0-4 M
In3+ini M HC1 as the supporting electrolyte. Fig. 9/a representing the funda-
mental harmonic polarogram exhibits a slight shouldering at the half-wave
potential of indium (l11l1) which is not suitable for the quantitative determina-
tion ofthe latter. However, on the second harmonic polarogram of the system
shown in Fig. 9/b, the negative peak of indium (I1l) and the positive peak of
cadmium (I1) are clearly separated. The third peak in the middle of the polaro-
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gram is the resultant ofthe A.C. currents caused by the reduction of cadmium
(I1) and indium (I11) at potentials between the respective half-wave potentials.

Fig. 9/c represents the third harmonic A.C. polarogram of the above
system. (The second part of the polarogram, in the potential range of the half-
wave potential of cadmium(ll) was recorded at a higher sensitivity of the

212 On3¥ 7)/2(Cd2+) -E= [mVI

Fig. 9.a) Fundamental harmonic, b) second harmonic and c) third harmonic A.C. polarogram
of 1.10-4 M In3+ and 5.10-4 M Cd2+ and of 1.10-4 M In3+ and 5.10"5M Cd2+, respectively,
in 1 M HC1 as supporting electrolyte

instrument than the first part of the polarogram.) The maxima appearing at
the half-wave potentials can he used for the evaluation of the respective con-
centrations of the depolarizers.

The determination of the concentration of the depolarizers is carried out
by means of calibration curves, as usual in polarography. It is advisable to
trace sets of polarograms where the concentration of one of the ions is kept
constant while the other is varied over the concentration range where its
determination is feasible. Such a calibration curve is shown in Fig. 10 repre-
senting the values of the positive peak of the second harmonic A.C. current
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of indium (I11) in the presence of various concentrations of cadmium(ll)
ions in 1 M HC1 as supporting electrolyte. It is apparent in Fig. 10 that the
straight lines corresponding to various cadmium(ll) concentrations are
parallelly shifted at increasing cadmium (11) concentration and the intercepts
of these lines with the ordinate, i.e., the current intensities extrapolated to zero

indium (111) concentration are proportional to the cadmium(ll) concentration.
This is in accordance with the theoretical interpretation given above regard-
ing the superposition of second harmonic currents of various depolarizers.

Thus, the determination of e.g. 1°10“4 M In3+ is not affected by a ten-
fold excess of cadmium(I11), while the determination ofe.g. 110-5 M Cd2+ is
still possible when an approximately twentyfold excess of indium (I11) is pres-
ent.

Fig. 11 also represents the calibration curve of indium(Ill). The peak
values of the third harmonic A.C. current are plotted as a function of the
indium (111) concentration in solutions containing various amounts of cad-
mium(Il). It is apparent in Fig. 11 that 1+10~4 M Cd2+ did not interfere in
the determination of 5¢10-5 to 3+10-4 M In3+. In the presence of 5¢10-4 M
Cd2+ the curves are parallelly shifted to smaller current intensities as the
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[fiA]

diffusion current of cadmium(ll) at the half-wave potential of indium (111)
lowers the peak value of the third harmonic current of the reduction of in-
dium (I111), as the difference in the phase angles of these components is 180°
at the given potential.

The above examples concerning the simultaneous determination of
various ions demonstrate some limiting cases where the difference in the half-
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Fig. 10. Maximum values of the second harmonic A.C. current intensities as functions of the
indium(I11) concentration in the presence of various amounts of cadmium(ll) in 1 M HC1 as
supporting electrolyte

Fig. 11. Maximum values of the third harmonic A.C. current intensities as functions of the in-
dium(I11) concentration in the presence of various amounts of cadmium(ll) in 1 M HC1 as
supporting electrolyte
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wave potentials of the respective ions is small. Practically no mutual inter-
ference is encountered in the simultaneous determination of the depolarizers
when the difference in their respective half-wave potentials is higher than 150
mV. For instance, the calibration curves of 1«10_0to 1+10~3 M lead(ll) and
cadmium (11), respectively, are not altered even when the other ion is present
in 1+10-33 M concentration.

The results of these experiments lead to the conclusion that second and
third harmonic A.C. polarography is a useful technique for the analysis of
multicomponent systems even in such cases when the half-wave potentials
of the components differ by less than 200 mV.

The experimental results —in accordance with theoretical expectations -
established that the simultaneous determination of two or more ions could
be performed by higher harmonic A.C. polarography even in such cases when
fundamental harmonic A.C. polarography was found to be inefficient. The
range of the concentration ratios of the depolarizers which permitted the
quantitative evaluation of the polarograms in a given case depended on the
number of electrons involved in the electrode reaction of each component and
on the difference in the half-wave potentials of the depolarizers as well as on
the kinetic parameters of the polarographic reaction when the latter cannot
he considered reversible.

Second harmonic A.C. polarography was found to be more advantageous
than third harmonic A.C. polarography in the cases investigated in this study.
The determinations were feasible in a larger range of the concentration ratios
of the depolarizers and by a smaller difference in the half-wave potentials of
the latter when second harmonic A.C. polarography was employed than in
the case of third harmonic A.C. polarography. This conclusion, however,
cannot be accepted as a general one, as some properties of the third harmonic
A.C. component (as e.g., the proportionality of the latter to the forth power of
the number of electrons involved in the electrode reaction) may advantageously
be employed in certain cases.
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The determination of the heterogeneous rate constant of the transition reaction
has been examined by means of the second and third harmonic components of the
a.c. current flowing through the electrode polarized by a small amplitude sinusoidal
a.c. voltage superimposed on the d.c. potential. The rate constant can be evaluated
by comparing the experimental data with the curves calculated by a computer prog-
ram.

In previous communications [1, 2] a mathematical treatment has been
given of the current passing through a redox electrode under the effect of
an a.c. voltage superimposed on the d.c. potential in the case of transfer
and diffusion polarization. Expressions have been derived for the harmonic
a.c. components as a function of the potential, the amplitude and frequency
ofthe a.c. voltage, the concentration of the electroactive species in the solution,
as well as of the kinetic parameters of the electrode reaction, namely the
heterogeneous rate constant and the transfer coefficient.

In the present paper the possibility of the determination of the heteroge-
neous rate constant will be discussed on the basis of computations performed
using the above-mentioned relations.

Grahame [3], Gerischer [4] and Kambara [5] pioneered the study
of the influence of the rate of the charge-transfer reaction on the Faradaic im-
pedance and on the fundamental harmonic a. c. polarography.

Matsuda derived a generalized equation ofthe a.c. fundamental harmonic
passing through the d.m.e. for the case of both reversible polarographic
reactions [6] and charge-transfer polarization [7]. Matsuda’s theoretical cal-
culations have shown that the maximum current intensity of the funda-
mental harmonic decreases with the decreasing rate of the transfer reaction,
other parameters, such as frequency and amplitude of the a.c. voltage, etc.,
being equal. The potential corresponding to the maximum a.c. intensity is
equal to the half-wave potential and is independent of the transfer coefficient
in the case of relatively rapid electrode reactions {k 1X10~2ems-1). How-
ever, if the transfer reaction is slow, the peak potential differs from the half-
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wave potential. The shift in the peak potential is a complicated function of the
rate constant of the electrode reaction, the transfer coefficient and the
frequency of the a.c. voltage. The maximum current of the fundamental har-
monic depends linearly on the square root of the angular frequency of the a.c.
voltage if the rate constant of the transfer reaction is relatively high
(fe>1X 10~2cm r1) (the current passing through the double layer capacitance
is disregarded). A deviation from the above linear relationship is observed in
the case of low reaction rates (K <[ 1xKO ~2cms~1). The extent of this devi-
ation is considerably affected hy the transfer coefficient. Ata low rate constant
of the transfer reaction the current of the fundamental harmonic as a func-
tion of the d.c. potential is symmetrical with respectto the peak potential only
if the transfer coefficient is a = 0.5. At other values of the transfer coeffi-
cient the shape of the current-potential curve depends on the rate con-
stant and the transfer coefficient as well as on the frequency of the
a.c. voltage.

Smith and McCord [8] extended their calculations on the a.c. passing
through the d.m.e. to very low rate constant charge-transfer reaction
(k 1 X 10~® ems-1) and showed that —eontrary to previous expectations

an a.c. fundamental harmonic was detectable even in these cases, however,
the a.c. density was very low.

The second harmonic component ofthe a.c. passing through the electrode
polarized by an a.c. voltage superimposed on the d.c. potential was also the
subject of numerous studies (cf. Ref. [1]).

The current density vs. potential function of the second harmonic a.c.
component was found to be more sensitive to the kinetic parameters of the
electrode reaction than the fundamental harmonic [9].

Van Cakenberghe [10] noted that the potential corresponding to the
maximum value of the second harmonic was affected by the transfer coefficient
and the latter could be calculated from the shift of the potential corresponding
to the minimum value of the second harmonic relative to the half-wave
potential. Bauer and Etving [11] employed this method for the determina-
tion of the transfer coefficient of various electrode reactions. However,
Reinmuth [12] questioned the reliability of this technique because the mini-
mum value of the second harmonic is zero only when a = 0.5.

Bauer [3] studied the dependence of the a.c. second harmonic on the
rate constant of the electrode reaction and on the transfer coefficient. Numeri-
cal calculations showed that these parameters effect the dependence of the
second harmonic a.c. intensity on the d.c. potential and the ratio of the two
maximum values. Bauer concluded that the periodic functions describing the
concentration changes at the electrode surface and the effect of the sinusoidal
a.c. voltage did not contain higher harmonics. Later Bauer and Foo [14]
corrected this statement.
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McCord and Smith [15] derived the formulas for the second harmonic
component of the a.c. polarographic current as a function of the d.c. potential
and performed numerical calculations in order to evaluate the effect of the
kinetic parameters of the electrode reaction on the second harmonic a.c. polaro-
gram and on its frequency dependence. Smith’s treatment was based on
Matsuda’s theory [7], thus due consideration was given to the effect of the
drop time of the d.m.e. on the a.c. second harmonic, as Matsuda employed the
“expanding plane” electrode model in his calculations. According to Smith’s
theoretical treatment the current density and the phase angle of the second
harmonic as a function of the d.c. potential was affected to a greater extent by
the drop time of the d.m.e. in the case of a slow transfer reaction than in the
case of a reversible polarographic process [9, 16]. The kinetic parameters of an
electrode reaction cannot be evaluated in an explicit form from the formulas
relating to the second harmonic a.c. intensity and thus they could only be
determined by a comparison of the experimental data and the functions
calculated, assuming various kinetic parameters. The diffusion coefficients
of the components taking part in the electrode reaction and the half-wave
potential have to be calculated from independent measurements [15]. Our
mathematical treatment [1] has led to the same general results. The third
harmonic component of the a.c. intensity was also examined [2].

Results

Our theory concerning the harmonic components of the a.c. passing
through the electrode polarized by a small amplitude sinusoidal voltage super-
imposed on the d.c. potential is based on the solution of the equation of linear
diffusion with appropriate boundary conditions and refers to well-defined
hydrodynamic conditions. The current density of the fundamental, the second
and of the third harmonic a.c. components were given as functions of the time
average value of the overpotential (i?=), the amplitude and the angular
frequency (co) of the a.c. voltage, the concentration of the components taking
part in the electrode reaction (c10, c20), as well as the transfer coefficient (a)
and the heterogeneous rate constant of charge-transfer reaction (k). The kinetic
parameters of the electrode reaction could not be obtained in an explicit
form as the mathematical expressions were too complicated. However, the
dependence of the amplitude of the a.c. harmonic components on the kinetic
parameters could be investigated by means of numerical calculations assuming
various values of the parameters (co, rj*, r c10, c20) susceptible to experimental
control.

The programming and the calculations were performed by the Computer
Center of the Hungarian Academy of Sciences.
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We present here some of the results of these calculations. The calculations
were made on some simplifying assumptions, namely c10= e20 and Dx= D.,
i. e., the concentrations and the diffusion coefficients of both the oxidized and
the reduced form of the component taking part in the redox reaction were
assumed to be equal; further, the cell resistance was assumed to be zero.
It is easier to make a comprehensive survey of the results with these assump-
tions. The parameters employed in the calculation were the following: c10 =
=¢c20=Ix10~4 mol/l, D1=D 2=1 x 10~5 cm2 s_I, C — 25 pF, co = 500
s~Xx Tjr= 1X10-3¥, z— 2 and z = 1 in the calculations relating to the
third harmonic a.c. density; the values of the heterogeneous rate constants
and of the transfer coefficients are indicated in the Figures.

1. Fundamental harmonic a.c. component of the current

The results of the calculations concerning the fundamental harmonic
are shown in Figs 1to 3. Fig. 1 represents the current density of the a.c.
fundamental harmonic as a function of the d.c. potential for various charge-
transfer rate constants. The transfer coefficient was assumed to he x = 0.5.

Fig. 1. Fundamental harmonic a.c. density as a function of the potential in the case of oo>
> k> IX10-3 cms-1 and a = 0.5 (other parameters in the text)
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It is apparent from Fig. 1that the curves relating to the fundamental harmonic
exhibit a maximum at the half-wave potential, while at more positive and
more negative potentials than the latter they rapidly decrease and tend
to a limiting value corresponding to the current across the electric double
layer. Thus the fundamental harmonic a.c. component is the vectorial sum of
the Faradaic current and the condenser current. The maximum current density
of the fundamental harmonic decreases with decreasing values of the rate
constant. The decrease in the maximum current density of the fundamental
harmonic, as compared to the case of K — 00, is not greater than 5 per cent
in the range of oo *>k*> 1 cms"1l However, at values of the rate constant
ranging from 1X10“1> k > 1X 10-3, this decrease becomes very important.

Fig. 2 illustrates the influence of the transfer coefficient on the a.c.
fundamental harmonic vs. potential curves. The parameters of the curves in
Figs 2 and 1 are identical except that the transfer coefficients are a = 0.7
and a = 0.5, respectively. A comparison of Figs 1 and 2 indicates that the
shape of the curves is not modified when the transfer coefficient differs from
a= 05atk> 1X10—-4cms—1in the case of the parameters employed in the
calculations. However, at lower values of the rate constant (1 X10—1> «k >

Fig. 2. Fundamental harmonic a.c. density as a function of the potential in the case of oo>
> K> 1xHO“3cms-1 and a = 0.7 (other parameters in the text)
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1X10—3cms-1) the symmetry of the fundamental harmonic a.c. functions
related to the half-wave potential is altered, i.e. the maximum of the funda-
mental harmonic a.c. density is exhibited at a potential differing from the half-
wave potential. The peak potential is more positive than the half-wave poten-
tial when the transfer coefficient is a < 0.5, while the opposite occurs when
a > 0.5.

10 20 30 40
Va [st]

Fig. 3. Maximum current density of fundamental harmonic a.c. as a function of the square
root of the frequency of the a.c. voltage

In Fig. 3 the effect of the frequency of the a.c. voltage on the a.c.
fundamental harmonic peak currents is shown for various values of the
charge-transfer rate constant. The maximum values of the fundamental
harmonic a.c. are plotted against the square root of the angular frequency
of the a.c. voltage. It is apparent from Fig. 3that the peak values of the funda-
mental harmonic linearly increase as a function of the square root of the
angular frequency when It > Ix 10-1 cms"1 and o< 200 s—x while the
curves are convex from below when o > 200 s—x. These results can be ex-
plained by the fact that the condenser current proportional to co C is negligible
compared to the Faradaic current when coe< 200 s— in the case of the param-
eters employed in the calculations. The Faradaic component of the funda-
mental harmonic a.c. decreases with decreasing rate constants of the electrode
reaction in the range 1X10-1 ]>k > 1XHK-3 cms-1. Consequently,
it becomes gradually smaller as compared to the current passing through
the impedance of the double-layer capacity. At about k = 1X10—3 cms-1,
the current density of the fundamental harmonic a.c. Faradaic current is so
small, that it is practically indiscernible from the current passing through
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the impedance of the double-layer capacity. Thus, the results concerning
the fundamental harmonic a.c. density are in good agreement with the results
described in the literature (cf. Matsuda [6, 7], Smith [9], etc.).

2. Second harmonic a.c. component of the current

The second harmonic a.c. density deserves a more detailed examination.

First, the effect of the heterogeneous rate constant on the second har-
monic is considered, assuming = 0.5.

The second harmonic a.c. density is shown in Fig. 4 as a function of the
d.c. potential assuming the above parameter values in the case of a = 0.5 and
00 K > 1X10“3ems-1. 1t is apparent from Fig. 4 that the amplitude of the
second harmonic a.c. density exhibits a minimum at the half-wave potential
and two maxima, one at more positive and one at more negative potentials
than the latter. The difference of the peak potential and the half-wave potential
depends on the number of electrons involved in the electrode reaction and
on the heterogeneous rate constant. The current density ofthe second harmonic
decreases with the decreasing rate constant of the electrode reaction when k >
1 X10~3 cms-1. It is interesting to note that only a slight decrease of about
5to 10% in the maximum current density of the second harmonic is found
when the rate constant is 1 ems-1 as compared to the case when k-+ oo.
However, the second harmonic current density rapidly decreases at lower
values of the rate constant (k < 1X10“1cms* 1). The latter considerably affects
the magnitude of the current density of the second harmonic in the range of
1X10-1 ~>k*> 1X 10”3cms-1. The decrease in the rate constant also modifies
the shape of the current-potential curve. Thus, the difference in the potentials
corresponding to the maximum values cf the second harmonic increases with
a decreasing rate constant.

It is apparent from Fig. 4 that the curves are symmetrical with respect
to the half-wave potential when a = 0.5. However, this symmetry is not
maintained ata » 0.5. The asymmetry of the curves is enhanced by decreasing
rate constants and by an increasing deviation of the transfer coefficient from
a = 0.5. It is noteworthy that, according to the calculations of Smith et al.
[8], based on the ‘expanding plane’ electrode model of the d.m.e., the sym-
metry of the second harmonic vs. potential curve is not maintained, even
when « = 0.5, in the range of rate constants: 1 X10—=2> k > 1X 10~4eins-1.
Thus, according to these authors, the second harmonic a.c. density vs. potential
functions are symmetrical with respect to the half-wave potential only when
K> 1X10~2ems-1land « = 0.5.

The effect of the transfer coefficient on the second harmonic a.c. compo-
nent at various values of the rate constant is shown in Fig. 5representing the
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Fig. 4. Second harmonic, a.c. current density as a function of the potential in the case
of oo> k> 1X10 3cms'land a= 0.5 (other parameters in the text)
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Fig. 5. Second harmonic a.c. current density as a function of the potential in the case
of o0 > t> 1XHK)- 3cms-1 and a = 0.7 (other parameters in the text)
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function for oo *>k*> 1X 10-3 cms-1 and & = 0.7. It is apparent from Fig. 5
that the curves are practically independent of the transfer coefficient when
K 1cms-1, as in this case the deviation from the curves calculated forac = 0.5
is smaller than the expected experimental error. The deviation of the transfer
coefficient from a = 0.5 is manifested by the distortion of the symmetry
of the curves when kK < 1 cms-1. It is noticeable in Fig. 5 that the ratio of

Fig. 6. Maximum second harmonic a.c. current density as a function of the square root of the
frequency of a.c. voltage in the case of 00> ft> IXW-2 cms- 1

the maximum values of the second harmonic a.c. polarograms differs from
unity. This difference increases with the increasing deviation of the transfer
coefficient from * = 0.5. The shape of the second harmonic vs. potential
curves is considerably altered, when a = 0.7 and the rate of the electrode
reaction is K < 1X10-1cms-1. The minimum amplitude of the second har-
monic is not zero and the potential corresponding to this minimum is shifted
towards more negative values from the half-wave potential. This shift in the
potential increases with the increasing frequency of the a.c. voltage and
with the decreasing rate constant of the charge-transfer reaction. The mini-
mum of the current density differs from zero when a 0.5 [12].

It is noteworthy that in the case of « 0.5 the functions obtained for
transfer coefficients of @ and l-a are mirror images.

The dependence of the second harmonic a.c. current density on the
frequency is shown in Figs 6 and 7, where the peak values of the current are
plotted against the square root of the frequency of the a.c. voltage for various
values of the heterogeneous rate constant.
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It is apparent from the curves that the maxima of the second harmonic
current densities increase linearly with the square root of the angular frequency
of the a.c. voltage in the case of reversible polarographic reactions. However,
at smaller values of the rate constant, the slope of the curves decreases. The
deviation of the curves from linearity exhibited at k —moo is not larger than 10

Fig. 7. Maximum second harmonic a.c. density as a function of the square root of the frequency
of a.c. voltage in the case of IXIO-3 < k < 1XHK-2 cms-1

per cent in the frequency range most suitable for the measurements (co 2000
s—) when k > 1 cms-1, while the peak values of the second harmonic a.c.
densities tend to a limiting value with increasing frequencies in the range
of heterogeneous rate constants 1X10-1 K5X10—2 cms-1, as shown in
Fig. 6. It is noteworthy that the curves representing the peak values of the
second harmonic a.c. density as plotted against the square root of the fre-
quency exhibit maxima at lower frequencies (co < 200 s—) in the case of
Ix10 -2 K> 1X10-3 cms-1. The maximum is shifted to lower frequen-
cies with decreasing values of the heterogeneous rate constant.

3. Third harmonic a.c. component of the current

Many analogies can be found between the functions relating to the
third harmonic a.c. component of the current and the above data on the
second harmonic, as it is app arent from Fig. 8 representing the amplitude of
the third harmonic a.c. current density plotted against the potential for oo ]> K
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> IX10-2 cms'land a = 0.5. The curves exhibit a maximum at the half-
wave potential and two other maxima at more positive arid more negative
potentials, respectively, than the half-wave potential. Two minima appear
between the peak values at potentials corresponding to the maxima of the
second harmonic a.c. component.

Fig. 8. Third harmonic a.c. density as a function of the potential in the case of 00> K >
> |X 10“2cms-1 and a = 0.5 (other parameters in the text)

The functions relating to the third harmonic a.c. component are sym-
metrical with respect to the half-wave potential when a = 0.5 as in the case
of the second harmonic a.c. density vs. potential curves. At smaller values
of the heterogeneous rate constant, the amplitude of the third harmonic
a.c. density decreases, while the differences between the peak potentials and
the half-wave potential, as well as between the potentials corresponding to
the minimum current density increase. The ratio of the maxima appearing
at the half-wave potential and at more negative (or more positive) potentials
than the latter decreases with decreasing values of the heterogeneous rate
constant. The maximum appearing at the half-wave potential is three times
larger than the others in the case of diffusion polarization, while it is 1.8 times
larger only when k = 1X10—2 cms-1.

The effect of the transfer coefficient on the third harmonic a.c. density
vs. potential functions is shown in Fig. 9. The parameters employed in the
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calculations were the same as in the case of Fig. 8, except that a = 0.7 was
assumed instead ofa = 0.5. The symmetry of the curves with respect to the
half-wave potential is distorted at transfer coefficient values differing from
a = 0.5, similarly to the case of the functions relating to the second har-
monic a.c. component. This phenomenon is observed at lower frequencies by
decreasing values of the rate constant and by increasing deviation of the trans-

Fig. 9. Third harmonic a.c. density as a function of the potential in the case of 00> k >
> 1X10-2 cmsland a = 0.7, for z = 1 (other parameters in the text)

fer coefficient from x = 0.5. For smaller values of the rate constant, the peak
value appearing at the half-wave potential is shifted towards more negative
potentials when x > 0.5. The maxima exhibited at more positive and more
negative potentials than the half-wave potential gradually disappear. Two
peak values are observed at sufficiently high frequencies in the case of
K 1X10—=2cms"1L

If other parameters are identical, the functions belonging to x and 1—x
in the case of the third harmonic a.c. component are mirror images of each
other. The dependence of the maximum amplitudes of the third harmonic a.c.
component on the square root of the frequency is similar to that of the second
harmonic peak values (Fig. 10). It is noteworthy, however, that the deviation

from linearity is larger and is observed at lower frequency values in the former
case.
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4. Determination of the heterogeneous rate constant
of the charge-transfer reaction

The results of the calculations briefly outlined in the previous paragraphs
lead to the conclusion that the heterogeneous rate constant of the charge-
transfer reaction can be determined by the measurement of the harmonic
components of the current as a function of the potential and the angular
frequency of the a.c. voltage superimposed on the d.c. polarizing potential.

The results obtained in this study relating to the fundamental harmonic
a.c. component (i.e. the Faradaic impedance) are in good agreement with the
results reported in the literature [5—10]. As far as the determination of the
kinetic parameters of the transfer reaction is concerned, the study of the
higher harmonic components of the current appears to be superior to the inves-
tigation of the fundamental harmonic by virtue of the elimination, or at least
considerable decrease, of the interfering effect caused by the current flowing
through the double-layer capacity. The results relating to both the second and
the third harmonic a.c. component give evidence that these techniques are
fruitful in the range of rate constants 1 ]> k > 5xHK ~3cms"1 The harmonic
components of the a.c. are equal within the experimental error to the relation-
ships valid for diffusion polarization in the case a relatively rapid charge-
transfer reaction (k ]> 1 cms* 1) Thus, the results concerning the Kinetic
parameters of the electrode reaction become unreliable. On the other hand,
the potential and frequency dependence of the higher harmonic components
of the a.c. are only slightly affected by the rate constant of the charge-transfer
reaction when the latter is relatively slow (k< 5X 10~3ems-1) and the measure-
ment of small currents also causes experimental difficulties in these cases.
The study of the d.c. polarization curves yields reliable data when /c Ix 10-3
ems-1 [18].

The experimental method for determining the rate constant of the
charge-transfer reaction consists in the selective measurement of the a.c.
harmonic components as functions of the potential, by the superposition of
a small amplitude sinusoidal a.c. voltage at various frequencies. The a.c.
harmonic components vs. potential plots are obtained from the experimental
results after correction for the ohmic potential drop across the cell resistance
[19]. The experimental results are compared with the calculated data by
means of a computer program. The rate constant and the transfer coeffi-
cient of the electrode reaction are evaluated by fitting the experimental curves
to the calculated ones in the frequency range employed in the experiments.

The frequency dependence of the peak values of the a.c. harmonic
components yields informative data on the proper selection of the range of
parameter values needed in the computer program and gives an approximate
value of the rate constant of the charge-transfer reaction.
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It is apparent from Figs 6, 7 and 11 relating to the second harmonic,
as well as from Figs 10 and 12 relating to the third harmonic, that the peak
current density varies linearly with the square root of the a.c. frequency,
irrespective of the value of the transfer coefficient, when k > 1X 10— cms'L
A deviation is observed from the linear relation valid for diffusion polariza-

Fig. 10. Maximum third harmonic a.c. current density as a function of the square root of the
a.c. frequency

1 2 3 4 56789T1 20 30 40 50
log w

Fig. 11. Maximum second haimonic a.c. current density as a function of the logarithm of the
a.c. frequency
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tion by decreasing values of the rate constant of the heterogeneous reaction
(k *<1X10"1cms-1); the smaller the rate constant, the lower the frequency at
which this occurs. The peak values of the current density gradually become
proportional to the logarithm of the frequency at the rate constant k< 1 X 10—
cms-1.1t is apparent from Figs 11 and 12 that the maximum amplitudes of the
higher harmonics are not independent of the transfer coefficient at small values
of the rate constant. However, the determination of approximate data is not
prevented by these deviations. The a.c. harmonic components vs. potentia

Fig. 12. Maximum third harmonic a.c. current density as a function of the logarithm of the
a.c. frequency

Fig. 13. Second harmonic a.c. current density as a function of the potential in the case of
5 < 0 < 2000 s-1 and a = 0.7 (z = 1; other parameters in the text)
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curves at various a.c. frequencies also give a certain amount ofinformation. An
example of this is shown in Figs 13 and 14 representing the amplitude of the
second and the third harmonic a.c. component, respectively, as a function of
the potential at various frequencies, assuming k = 1 X 10—2cms-1 and x = 0.7.
At low frequencies the curves are slightly different from those calculated
for the case of diffusion polarization. It is also apparent from Fig. 13 that
the minimum of the second harmonicisnot equal to zero and the potential cor-

2=- 212 [mV]

Fig. 14. Third harmonic a.c. current density as a function of the potential in the case of
5< < 2000 s_1land a = 0.7 (z= 1; other parameters in the text)

responding to the minimum is shifted towards more negative potentials at
ft) <C 100 s_1, while the ratio of the maximum amplitudes considerably deviates
from unity, at higher frequencies (in contrast to the case of a = 0.5). At
sufficiently high frequencies only one maximum is observed and an inflexion
point appears instead of the minimum. It is apparent from Fig. 14 that in
the case of the third harmonic a.c. component the minima become indefinite
in the frequency range ccx”lOOs-x, while at higher frequencies two approxi-
mately equal maxima are exhibited instead of the peak values appearing at
the half-wave potential. The ratio of the peak values differs from unity upon
further increasing the frequency. These phenomena are observed at lower
frequencies when the rate constant becomes smaller. Thus, the evaluation of
the results is facilitated by extending the measurements to lower frequencies
(co< 50 s“1).

It is noteworthy that the difference between the potential corresponding
to the minimum of the second harmonic a.c. component and the half-wave
potential (calculated for the reversible polarographic reaction) depends charac-
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teristically on the frequency fora 0.5. It is apparent from Fig. 15 that the
difference of the minimum potential of the second harmonic a.c. component
and of the half-wave potential (A rj = rJmin ~ 721/2) increases linearly with
the square root of the frequency in the range co < 1000 s-1 when K 1X10~2
cms-1. However, the plot is only linear at io < 100 s-1 when kK — 5xt0 _3
cms"1l In the latter case A r]is a linear function of the logarithm of the fre-
quency in the range 50 < o< 500 s—h At higher values of the rate constant
the logarithmic A r) vs. co relation is observed from higher frequencies. The
dependence on the frequency of the difference between the peak potential
of the third harmonic a.c. component and the reversible half-wave potential
is similar to that encountered in the previous case.

In the present paper we focused our interest mainly on the determina-
tion of the rate constant of the charge-transfer reaction by examining the

Vo [s-j]

a)

Fig. 15. Difference of the peak potential of the second harmonic a.c. density and the half-
wave potential as a function of a) square root, and b) logarithm of the a.c. frequency in the
case of a= 0.3.
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second and third harmonic components of the a.c. current flowing through
the electrode polarized by a small amplitude sinusoidal a.c. voltage super-
imposed on the potential. The determination of the transfer coefficient and
the investigation of the effect of hydrodynamic parameters will be described
in a subsequent paper.
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Two simple equilibrium models have been outlined to interpret experimental
chemical shifts in water-acetone mixtures. The first model covers a wide range: 0.9 >
> *HrO > 0.02 and implies a solvate exchange in which any one molecule is an active
participant. Equilibrium constants determined by three different resonance tech-
niques equal 0.62 (water 41); 2.04 (carbonyl 10) and 1.32 (carbonyl 13C) unequivocally
suggesting that water-water solvation slightly dominates over the water-acetone one.
The second model seems to be valid for the range 0.14 > *HsO > O and implies step-
wise hydrogen bonding between water and acetone but neglects water-water inter-
action. Since the second model considers three individual water states, it is non-deter-
minate and can be tested only by introducing arbitrary equilibrium constants.

Introduction

In a previous study on hydrogen isotope exchange between water and
hydroquinone, acetone has been used as a medium [1]. NMR spectroscopy
provides good possibility for studying the more simple, two-component water-
acetone system owing to chemical shift dependences on the concentration*.
Recently there is increasing interest in studying the properties of solvent
mixtures [2, 3] and in interpreting medium effects [4]. Several papers dealing
with investigations of water-acetone mixtures have been published [5, 6, 7]
but the question whether the results would be consistent with any simple
model of the mixture has not been considered. Attempts to characterize
the water-acetone system in terms of simple equilibrium treatments are
presented here.

Experimental

Reanal acetone of analytical grade was used after drying on P2 5 and bidistilling.
Water-acetone mixtures were prepared by weighing both components. Mixtures of low water
concentrations were prepared by diluting aqueous acetone with dehydrated acetone. The
lowest water concentration was determined by the NMR spectrum measuring the line intensity.
The NMR spectra were recorded at 60 MHz on an AEI spectrometer Type RS-Z. Proton chem-
ical shifts were calibrated by the normal side-band technique. The line positions were meas-
ured relative to acetone methyl protons, with a precision of 0.1 Hz (0.0017 ppm). Spectra
were obtained at 25 + 1 °C. The overall precision of chemical shift measurements — in a

situation quite similar to ours — has been thoroughly investigated by F. Podo and ¥. Viti [3].
On that basis we estimate our error in chemical shift data to be not greater than j;0.010 ppm.

‘ The statement in [1] that the proton chemical shift of water is independent of the
concentration in the range 0 < [H2] <5.0 mole/l, is erroneous.
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Results

Unfortunately, different authors have usually referred their proton
magnetic resonance data to different reference signals. It could be of some
help in clarifying the situation to collect all those NMR lines in a graph which
might be involved in particular studies.

There are different published values for monomer water solved in several
media and in the gas phase [8,9,10,11]. Though some ofthese values are contra-

Fig. 1. Positions of some NMR lines referred to gaseous methane (20 atm, 180 °C). The
chemical species and shifts in p.p.m. are as follows: a, CH4(g): 0.00; 6, H20(g): —0.56 [8];
¢, TMS (2: —1.54 (calculated); d, CH4 (solved in H2, 25 °C): —1.84 [8]; ¢, H2 (solved in
C6H6, 25 °C): —2.10 [9];/, HD(g): —2.44 [10]; g, H20 (solved in cyclohexane, 25 °C): — 2.86
[8]; h, H20 (solved in CCl4, 25 °C):—3.12 [8]; i, Acetone (2): —3.57 (calculated);j, H20 (solved
in 1,2-dichloroethane, 25 °C): —3.85 [9]; k, H2 (solved in nitrobenzene, 25 °C): —3.91
[9]; Z H2 (in acetone 25 °C, *hD —m0):—4.25 (this work); m, H2 (solved in propylene
carbonate): —4.54 [11]; n, HD (Z 100 °C): —5.72 [8]; o, HO (Z 25 °C): —6.43 [8]; p, H2
(Z 0°C): —6.72 [8]; g, HD (Z —15 °C): —6.91 [8]

dictory, it is clear that they cover a relatively wide range of magnetic field
(Fig. 1) which is located between the more reliable chemical shift of water
vapour [8] and that of pure liquid water*.

The proton magnetic resonance spectra of water—acetone mixtures consist
oftwo main lines, i.e. that of the methyl and OH protons. The chemical shift
of water moves in an approximately 2.2 ppm wide interval, as the concentration
varies. The chemical shift ofthe methyl protons is also dependent on concentra-
tion but to a much less extent. De Jeu [7] published a figure on the con-
centration dependence of the chemical shift of acetone protons in a range
of approximately 0.16 ppm when the mole fraction of acetone varied

* The large drift caused by an inert solvent on the chemical shift of water as com-
pared to water vapour is in close agreement with Mayo’s conclusion on solvation effects [12].
The same can be seen on the CHA4 line drifted when CH4 is solved by water.
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between 0.2 and 0.8. In case of xx < 0.2 the chemical shift of methyl protons

was essentially constant.

Chemical shift ofthe water protons at 25 °C referred
to the acetone protons in water-acetone mixtures

XH,0

0.0007
0.0015
0.0026
0.0032
0.0052
0.0080
0.0131
0.0152
0.0159
0.0259
0.0314
0.0356
0.0510
0.0759
0.1208
0.1315
0.1428
0.2200
0.2772
0.4650
0.7010
1.0000

Table 1

—<1,p. p. M.

0.705
0.710
0.736
0.740
0.720
0.770
0.758
0.784
0.770
0.805
0.820
0.852
0.882
0.943
1.178
1.235
1.208
1.363
1.572
1.892
2.223
2.633

We have measured the chemical shift of water protons referred to the
acetone signal (Table I). The shift of the methyl protons can be estimated
by comparing our results with that of Satake et al. [5] who referred their
results to TMS. The difference between the curves in Fig. 3 is in agreement
with the dependence of the methyl chemical shift published by de Jeu [7].

Our measurements as well as those of Satake et al. [5] are insufficent
to observe the unexpected maximum of the water chemical shift at mixtures
of about 3 mole per cent [6]. That suggests the stabilisation of water structure
by interstitial solute molecules [6, 13], in contrast to views that no profound
changes may be expected by small changes in the concentration of a predomin-
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antly aqueous medium [14, 15]. The extreme behaviour of the chemical shift
dependence mentioned above represents only a slight deviation (*0.03 ppm)
from the monotonous curve and will therefore be neglected.

The water-acetone system has also been studied by carbonyl 13C and
170 resonance methods [7]. These data will be used in one of the simple models
to be outlined.

Figs 2 and 3. Dependence of the chemical shift of water protons as a function of the concen-

tration of water-acetone mixtures. Key: O this work, referred to the actual acetone signal;

¢ original measurements of [5], recalculated so as to be referred to avirtually constant ace-
tone signal

The first model

The shift of the position of an NMR signal with concentration is usually
interpreted to be the consequence of a rapid exchange between different
(e.g. bonded and free) states [8]. This results in the

a«P= 2«t*t (1)
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weighted average of the individual 0- chemical shifts. If the d{ values are

known, the system is determinate for not more than two different individual

states [16]. Since we have only two independent equations (Eq.[I] and E xt— 1),
i

Xj weighting factors cannot be calculated in case of three or more individual
states, hence, the system isthen regarded as non-determinate by NMR measure-
ments.

Would the approximation of two independent states be valid for a proton
involved in hydrogen bond, the equilibrium constant of a hydrogen-bonded
complex of 1 :1 composition could be determined by the equation

Kit = (2
«i {Ca-C tf(1-*i)}
where xx is the weighting factor of the free proton state, Ca and Cd are total
concentrations of the proton acceptor and proton donor, respectively.

In the first simple model, we distinguish only livo individual states to
see how far the experimental data will allow us to make the system determinate.
These two states are

a. , water protons solvated by acetone molecules and

b. , water protons solvated by water molecules.

It is assumed that these two states are involved in the equilibrium

Hww1-aX HX+ LI D 3)

where and Hx stand for water protons solvated by water and acetone,
respectively, while a and b are average stoichiometric numbers of acetone
and water molecules needed to exchange the solvate shell. Since all water
protons should be in either of the two states (according to our assumption),
the total water concentration can be given by

[HJ _ [Hw]

[H20]0 = .

“4)

where xx denotes the weighting factor of water protons solvated by acetone
molecules. As for individual chemical shifts, the limiting values in pure acetone
and in pure water may be used (Fig. 1) and aa can be determined from
Eq. [1]. Assuming that molecules either solvated or participating in solvate
shells are all active X or H20 species of the equilibrium, we can write:

[HX] [H 208 alILOK
K (5)
[HI[X]S 1 <[Xlg

*This equation is given as Eq. (35) in [16] in a misprinted form.
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Substituting the chemical shifts for a2, Eq. (5) can he given the form:

op O _i [Xg ot

AX-"exp [H 20]g

where dx and (Gh2 are limiting values of the chemical shift in pure acetone
and water, respectively. The logarithm of Eq. (6) has a simple form only if
a = b. In this case we have

|Og ~exp AHaO |Og K+ a |Og [X_Ip 0)
7oy [H 2010

Eq. (7) represents a straight line, according to which the logarithm of the
chemical shift ratio depends on the logarithm of total concentration ratio.
The slope gives the stoichiometric number while the intercept equals log K.
If, on the contrary, Eq. (7) is a curve, then a and b are not equal or the above
model is unsatisfactory.

Since carbonyl 170 and 13C chemical shifts are also available [7], we may
apply the simple model also to these results by distinguishing two different
states (solvated by water or acetone) for the oxygen and carbon atom of the
carbonyl group and deriving similar equations as (7). Thus three different
sets of data afford the test of Eq. (7) (Fig. 4).

For plotting 1M and 13C curves, the original data of de Jeu [7] have
been used. In case of proton resonance, some points of the curve itself in
Fig. 2 were used since our measurements extended to low water concentration
that was near the dx limiting value and the experimental scatter would have
been highly magnified by using Eq. (7). Fig. 4 indicates that all the three

-2 -1 0 +1 +2 +3 +4

1°9 5—
NH20

Fig. 4. Test of Eg. (7). Key: O carbonyl 10 resonance data [7]; x carbonyl 13C resonance
data [7]; < water proton resonance data taken from the curve in Fig. 2
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different sets of experiments satisfy the linearity of Eq. (7) within a wide
concentration range, thus suggesting the equality ofthe stoichiometric numbers
a and b. In the range of low water concentrations, the proton resonance data
show significant deviation from the straight line. The concentration where
linearity ceases is n;Hd ~ 0.02 which is equivalentto ~ 0.3 M water. It seems
probable that below this concentration water molecules are separated from
each other to such an extent that water-solvated protons may no more exist,
hence our model cannot be applied.

The parameters of Eq. (7), determined from Fig. 4 are given in Table II.

Table 11
Parameters of Eq. (7)

Method a log K
Water proton resonance 0.88 —0.21 0.62
Carbonyl 170 resonance 0.98 0.31 2.04
Carbonyl 13C resonance 0.92 0.12 1.32

Although the above model has been originally outlined for the convenience
of having a determinate system, in light of the results shown in Fig. 4 we
may realize that this model is tenable and probably gives some information
on the properties of water—acetone mixtures. Before interpreting the data in
Table 11, it is necessary to explain more thoroughly the equilibrium given
by Eq. (3). It is essentially a solvation equilibrium in which any particle may
act either as a solute or as a solvent molecule. By studying the process on three
independent ways — collecting informations on three different atoms (H,
O and C) —we may compare the solvation effects of the corresponding sites.
The water protons are probably in both states involved in hydrogen bonds, hence
the results characterize the difference between the two hydrogen bonds. The
carbonyl oxygen atom is bonded when solvated with water, while it is free
when solvated with acetone. The carbonyl carbon atom probably cannot
be directly involved in hydrogen bonding though it may be a ‘sensor’ for
the hydrogen bonding on the oxygen atom. An important feature of hydrogen
bonding is that it is seriously affected by non-specific solvation phenomena
[16 - 19]. Hence, even if water—acetone hydrogen bonding would be the
basic reason determining the properties of the system, it may be differently
reflected through the three differently solvated molecular sites [20].

According to the values given in Table II, less then one molecule is
sufficient on an average for the solvate exchange process in both directions.
The reciprocal of ‘a’ values may be interpreted as the ‘functionality’ of mole-
cules participating in the solvate exchange. Since these functionalities slightly
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exceed unity, the existence of molecules involved simultaneously in two
solvates may be assumed. This conclusion is, however, connected with the
fulfilment of the physical conditions of Eq. (1). The K value from proton
resonance is 0.62 suggesting that water—water solvation slightly dominates
over the water—acetone one in an equimolar mixture in accordance with the
statement that the water—water hydrogen bond is stronger than the other one
[6]. Similar conclusion may be drawn from the heteroresonance studies since
the K values are greater than one suggesting that the acetone—acetone solvation
slightly dominates over the acetone—water one*. Moreover, the reciprocal
of the K values from 170 and 13C studies is close to that obtained from proton
resonance studies, and the differences between them can be accounted for
by considering different solvations on the three atoms. The idea that different
equilibrium constants may hold for different types of contact between the
segments of which the component molecules are composed, has been put
forward by Huggins [21] as a fundamental concept of his new solution theory
[22].

Thus, the above simple model offers surprisingly acceptable results.
Two weaknesses are, however, implied:

a) the model does not hold in cases of low water concentrations;

b) it treats water protons as if they were separated from each other
and not linked, at least, pairwise to one oxygen atom.

The second simple model tries to improve these weaknesses.

The second model

At low water concentrations water—water interaction may be excluded,
hence, the chemical shift dependence is due to the different possible solvations
of water protons by acetone molecules. Thus we may write stepwise hydrogen

bonding equilibria:
K
HOH+X HOH ... X (8)

K,
HOH... x + X X. .. HOH. . X. (9)

The two equilibria imply three different states for water, i.e. free, partly
bonded and doubly bonded species. As far as water—water interaction can be
neglected, all water molecules are involved in one of the three states. Con-
sequently, if the probabilities ofthe states are a, B and y, the following equations
are valid for the mole fractions of the three individual states:

% ...hoh...x = «*hlo (10)

* Eq. (3) is written as water-acetone hydrogen bond formation for X4 nuclei while il
represents the fission of water-acetone hydrogen bonds for 13C and 10 nuclei.
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#hoh... X = B*H,0 (11)
*HOH = v x H (12

and, obviously,
et R+ Y=l (13)

The equilibrium constants are as follows:

_ RXHIO__ R

K, (14)
Y x Hyo *[xI Yx1x]
and
K= (15)
Bxix]

While «h2o0 is the total water content expressed in mole fraction, #[xi refers
to the ‘equilibrium’ acetone concentration which is different from the total
concentration,

*[xI = *x  *nh2o (2x-\-B). (16)
The experimental chemical shift can be given by
= a(5i+/36a+y64 (17)

where and 64 are the individual chemical shifts for doubly bonded and free
water molecules, respectively, while dais an average value of d2and 63 corre-
sponding to the equimolar protons in the partly bonded water molecule. From
Eqs (13), (14) and (15), the probability factors can be expressed, as follows”

« = ——-KiK 2*fg--mmmm- (18)
KAX & j+ K*[x]+ |

B = ("] (19)
K IK 2x[i]+ K Ix[x]+ 1

y= : (20)

KIK XIh + K xIx]+ 1

The above expressions can be substituted into Eq. (17) which will then contain
five unknown quantities (two equilibrium constants and three individual
chemical shifts). We have no reason for substituting the limiting values of
G6exp in water and acetone for and 04, respectively. The chemical shifts in
pure water depend on the concentration of ‘structured’ and ‘unstructured’
water [11] which are not similar in structure to a species doubly bonded to
acetone molecules. On the other hand, we are now dealing with mixtures of
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low water concentration where overwhelmingly water monomers exist and
<xp still varies with concentration. We may arbitrarily choose the H20(c.
C6H 12) line for a4 (cf. Fig. 1).

Since the values of and da cannot even be estimated, we have still
four unknown quantities which is far more than allowable in a single equation
is a straight line depending on agX]. The following values were used: & = 0.71
relative to acetone; K+= 1.0; K2= 0.1. The plot of Eg. (21) is shown in Fig. 5.

for a determinate system. Hence, there is no hope to obtain accurate values
for these quantities.

We may, however, test our second model in the following way. By
substituting arbitrary values for the equilibrium constants, only Ox and (a
remain unknown. As far as the model has some validity, these individual
shifts should be constant. Eq. (17) in the rearranged form

_PP~ 1- = 4PVK»= K+ *M+ D (21)

Since the equilibrium constants have been chosen arbitrarily, only the
fact is important that at low water concentrations we get a straight line.
Deviation from linearity begins at agX] ~ 0.77 that corresponds to xh2o = 0.16
or 2.5 M water concentration. It is one order of magnitude higher than the
value obtained from the first model to the limit of water solvated water protons.
Thus, it seems that the second model would be partly valid in a concentration
range where water—water interaction might take place. It is, however, true
that the curve does not provide a very sensitive indication of the deviation
from linearity. We may conclude that our second simple model can be fitted
to the experimental data in the range of 0.8 Agx] <C 1-0 or 0.14 IrH2o 0.
This particular treatment gives ba= - 9.70 ppm and 6X= —76 ppm that
is of no importance in light of the arbitrary values introduced.
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Conclusion

In spite ofthe complex character of water structure, NMR data of water-
acetone mixtures may he rationalized by means of very simple models if no
attempt is made to cover the entire concentration range. Of the two models
outlined, the first allows a somewhat deeper insight into the physical nature
of the system, and suggests that the basic reason of the chemical shift depen-
dence is a solvate exchange equilibrium. Since this type of interaction is weak,
it is different from a chemical equilibrium. AIll molecules participate in the
solvate exchange, hence there is no bonded molecule in the chemical sense.
Essentially, one molecule is sufficient to cause a solvate exchange*. In other
words, the consideration of the first neighbour is sufficient to account for the
magnetic behaviour of nuclei. The first model cannot be applied in case of
mixtures of low water concentration. The second model resembling the chemical
equilibrium appears to be valid just at low water concentrations where water-
water interactions can be practically disregarded.

*

We are grateful to Miss F. Podo for helpful discussions, and to Miss I. Kovacs for her
participation in the experiments. The suggestion of Prof. Maurice L. Huggins on the applica-
bility of his structon theory to our data is gratefully acknowledged.
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The structure and mechanism of formation of dialkyl-[1,3,5-trichloro-5-dialkyl-
amino-2,4-diazapentadiene-(2,4)-ylidene]-ammonium chlorides, obtained from the reac-
tion of disubstituted cyanamides with phosgene, were investigated. The structural
relationship  between these compounds and chloromethylenedialkylammonium
chlorides was confirmed by spectroscopic methods. The effects of water and heat on
the derivatives prepared were studied and the structures of the compounds resulting from
these processesverified.

Bredereck and Richter [1] prepared a compound with N-acylchloro-
formamidine structure (1) from dimethylcyanamide and p-nitrobenzoyl chloride.

(CHYNCN + i>-N02—ColLl—COCL - - (CHa)iN—C=N—CO—ColLl—NOa (» )
a

Salt-like products of type 2 were obtained from dimethylcyanamide,
N-cyanopiperidine and N-cyanomorpholine with the more reactive bifunctional
phosgene; the structures are very similar to those ofthe amide chlorides result-
ing from the reaction of N,N-dialkyl acid amides and phosgene.

R R R

2 \CN + 2COClo Nee= —f:=n—c
R i 1

2a: R=R'= OH3—

2b: R+R'= —(CH2r—O— (CH2)2—

2c: R+R'= — (CH2r—

2d: R=R'=CH3CH2—

2e: R=R'= CHXHZXHZ2—

2f: R=R'=(CH32XCH—

29 R=R'=CHB3CH23—

2h: R= CHs—; R’= CiiHj—

According to the authors mentioned above, the reaction is strongly

dependent on the space requirement of groups R and R' and their conjugation
conditions. No reaction takes place with diethylcyanamide and N-methyl-N-
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phenylcyanamide, since the collision due to the free rotation of the methyl
groups in the former compound and the conjugative interaction between the
phenyl group and the free electron pair of the amine nitrogen in N-methyl-N-
phenylcyanamide, prevent the formation of a salt-like product of type 2.
The cyclic structure of N-cyanomorpholine and N-cyanopiperidine hinders
the rotation of the methyl groups in the B position, therefore compounds 2b
and 2c can be obtained in the phosgenation reaction.

This explanation is in contradiction with the usual ideas about steric
hindrance. Collisions due to free rotation always decrease the reaction rate
but, in general, they do not prevent the occurrence of a reaction. Therefore,
in our work the interaction of various substituted cyanamides with phosgene
was investigated and the formation of products of type 2 and the reaction
mechanisms supported by spectroscopic and preparative evidence.

The disubstituted cyanamides required were prepared from the corre-
sponding secondary amines with cyanogen bromide [2].

The Stuart (“Eugon”) models of compounds 2a and 2d have shown
that the steric hindrance between the methylene groups acting against the
formation of molecule 2d is not significant, since the alkyl parts of the diethyl-
amino groups may rotate without considerable collision. Neither did the effect
seem significant in the case of bulkier substituent groups, such as n-propyl-,
n-butyl or even isopropyl.

The models revealed that the spatial arrangement of the molecule is
only slightly influenced by the space requirement of groups R and R'. Steric
hindrance occurred in the arrangement of the chlorine atoms. In view of the
syn-anti isomerism at the C = N double bonds, compounds of type 2 can be
assumed to occur as four (A, B, C, D) geometric isomers:

cl R
\ */
™ 9
d C=N R’ d C=N R
\ / \ o/
R\ /C:N R\ /C:N C=N
/N N cl \:z
R’ 1é
A B
d @] R
\ o/ q
R C=N p=N R C=N

\/ \ \ \

N C=N R N C=X R
/ / / \ o/
R @] R cl /c::N\

d R'
c D
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If the steric arrangement ofthe bulky chlorine atoms permits coplanarity
of the double bonds, mesomerism should he considered, thus the following
formula seems to be more correct than, e.g., A;

cl /R
a v-IN
o eed R
\
o N
/
N

If rapid mesomeric change, i.e. the coplanarity of the molecule is supposed
two methyl signals of equal intensity can be expected in the NMR spectrum
of compound 2a, while in the case when coplanarity cannot develop because
of the collision of the chlorine atoms, three different positions of the methyl
groups should be detected: the equivalent methyl groups in the dimethyl-
amino group and the methyls of the dimethylammonium group being in cis
and trans positions. Their signals may appear separately in the spectrum, i.e. a
singlet representing six protons and a doublet each representing three pro-
tons can he expected in the spectrum.

The NMR spectrum of 2a in deuterochloroform had two signals of equal
intensity (6j = 3.90, d2 = 3.80 ppm); thus the molecule has mesomer struc-
ture. Though the NMR spectrum of chloromethylenedimethylammonium
chloride (3), prepared from dimethylformamide with phosgene with a structure
analogous to that of product 2a, contains one single methyl signal (d = 4.04
ppm) in accordance with the literature data [3] and in contrast with the well-
known example of dimethylformamide; this signal is probably a doublet
like in the case of 2a if higher resolution is used.

C=N cl

Thus in the NMR spectrum of 2a, the two signals appearing at 3.90
and 3.80 ppm represent the resonance absorption of the methyl groups of the
equivalent dimethylammonium groups in cis and trans positions with respect
to chlorine.

The experiments carried out with respect to the above statements have
confirmed the assumptions, and it has been found that diethyl-, di-n-propyl-,
diisopropyl-, di-n-butyl-, and N-methyl-N-phenylcyanamide can be convert-
ed with excess phosgene into the corresponding dialkyl-[1,3,5-trichloro-5-
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dialkylamino-2, 4-diazapentadiene-(2,4)-ylidene]-ammonium chlorides (2), irre-
spective of the alkyl substituents; differences occur only in the yields. In the
case of dimethylcyanamide 90% vyield was obtained, which decreased with in-
creasing length of the alkyl chain in the normal series, while the reaction of
di-isopropylcyanamide gave the derivate 2f in 75% yield.

The reaction of N-methyl-N-phenylcyanamide with phosgene confirmed
that the conjugation of the free electron pair of the amine nitrogen and the
aryl substituent has no disturbing effect, either.

Products 2d, 2e and 2g were isolated as oils, while 2f and 2h were crystal-
line substances. Their structures were identified by means of spectroscopic
methods, in addition to analytical examinations.

In the infrared spectra recorded in anhydrous chloroform, the most
characteristic bands are those of the C = N stretching vibrations appearing
at 1530 —1560 cm -1 and 1620 —1640 cm-1 and those ofthe stretching vibration
of the alkyl groups found at 2850 —3000 cm “1.

The ultraviolet spectra of compounds 2d—2h also confirm the correctness
of structure 2. The bands observed at 310—320 nm and at 247 nm have shapes
intensities similar to those of the dimethyl derivatives 2a.

In the NMR spectra the group ofsignals with a multiplicity corresponding
to the alkyl groups can be found twice, showing 0.1 ppm shift as it had been
observed in the case of compound 2a.

Bredereck and Richter supposed the following mechanism for the
formation of compounds of type 2:

R R R
\ \ / cocy,
2 NCN + COCk N--C=N—C—N=C—N
1

ot B b LV

R +/R co2

\

/N—C=N—C=N—C=N cr 22, 0%

R" d ococt a V

The first step of the reaction is the formation of a tetrasubstituted urea
derivative, whose carbonyl group reacts then with phosgene according to the
mechanism reported for tetrasubstituted urea derivatives [4] and the carbonyl
oxygen is exchanged against chlorine with C02 evolution.

Our investigations support this reaction path. The reaction of dimethyl-
cyanamide with phosgene in 2 : 1 mole ratio was carried out in absolute ether
at 0—5 °C to obtain a white crystalline product which was identified as com-
pound 4a on the basis of the IR spectrum (carbonyl band at 1720 cm-1)
halogen content (30.2%).
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This structure was also confirmed by the chemical behaviour. On the
effect of water compound 5a (N, N-bis-dimethylcarbamoyl-urea) was formed
[5] with the elimination of hydrogen chloride; on the other hand, treatment
with phosgene converted the product gradually into 2a..

R R
\CNC / H20 \NCNHCNHCN/
N—C=N—C—N=C—N —C—NH—C—NH—C—
/, \ -HCI /, \
R d a R o R
C0C12 5a: R=R'=CH3—
5b: R+ R'= — (CH22— O0—(CH2)2—
jia: R= R'=CH3— 2 5¢c: R+ R '= — (CH2)5—
51: R= R'=CH3CH2—
5e: R R'= CH3((H22—
5f: R = R'=(CH32XCH—
59: R = R'= CH3(CH2)3—
5h: R = CH3—; R'=s CoH5—

Bredereck and Richter prepared 2a in absolute dichloromethane.
When isolation of the intermediate is not desired, dichloromethane should
be preferred to ether, since thus both reaction steps take place in homogeneous
phase.

The identical structures of the unstable compounds of type 2 obtained
on the effect of excess phosgene were also confirmed by their chemical behaviour,
in addition to the spectroscopic evidence. They are strongly hygroscopic
substances which undergo decomposition even on the effect of the moisture
content of air with the evolution of hydrochloric acid, being transformed into
N, N'N-bis-dialkylcarbamoyl-urea derivatives (compounds of type 5) which
can be easily crystallized and used for identification.

On the basis of the infrared spectra it is concluded that compounds
of type 5 can probably be characterized in the solid state by structure 6a
containing a hydrogen bridge.

H H
R C Tr r
I 1 /IR I }'Il ]
Os. , X
H Tr Tt ( H ) 0
I
0
6a 6b

In each compound, structure 6a is

indicated by the IR bands charac-

teristic of weakly associated NH groups in the 3260—3240 cm -1 region and
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by vNH bands between 3200 cm -1 and 3000 cm -1 representing NH groups
involved in strong (but not cyclic dimeric) association. In accordance with
these, the very intense absorptions in the 1790—1740 cm -1 region and the
weak bands between 1675 and 1660 cm-1 can be assigned to the vasC = 0
and vsC = 0 coupled vibrations of non-associated imide carbonyls, while
the rather intense band in the 1650—1635 cm -1 region can be identified as
the absorption of the carbonyl groups participating in the intramolecular
hydrogen bridge. The bands found in the 3000—2850 cm -1 region must be
due to the alkyl groups.

However, the spectral data do not exclude structure 6b, which also
contains a hydrogen bridge, since the absorptions found at 1640—1650 cm -1
may be due to a C = N bond.

Similarly to 2a, 2d, 2e and 2f, can be converted by heating into 1,3,5-
triazine derivatives [5] with the elimination of alkyl halides.

2a

2d 140-160°

2e

2f

7a: B = R’= CH3—

7d: B = K'= CH3CH2—
7e: B = B'= CH3(CH2:2—
7f: B= B'= (CH3)CH—

The 2,4-dichloro-6-alkylamino-1,3,5-triazines (7) are easily crystallizable
products; their structures were proved by means of spectroscopic methods,
in addition to elemental analytical results.

Since in nitrogen-containing aromatic compounds the presence of the
nitrogen atom has such an influence on the aromatic y (= CH) and y CC band
frequencies as ifthe compound were a benzene derivative carrying a substituent
at the place of the nitrogen atom, 1,3,5-triazines can be regarded as trisubsti-
tuted aromatic rings. In the infrared spectra of compounds of type 7 the
skeletal stretching vibrations appear in the 1600 —1560 cm-1 and 1470—1450
cm -1 regions. In the 800 cm _1 and 790 cm _1 interval a strong band is found
which can be attributed to the out-of-plane skeletal vibration corresponding
to the 1,3,5-trisubstitution of an aromatic ring; this bond is somewhat shifted
because of the presence of the two halogen atoms.

The NMR spectra shows the presence of alkyl groups in identical
positions.
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The structures of the compounds of type 7 obtained by heating were
also verified by mass spectroscopy. Since in the future we intend to study
the nucleophilic cyclization reactions of trichlorodiazapentadiene derivatives
resulting in 1,3,5-triazines, the triazine derivatives prepared in the course
of the present investigations were examined in detail by means of mass spec-
troscopy. It was expected that the evaluation of the mass spectra might provide
common characteristics which would later facilitate the identification of such
compounds.

All the four compounds (7a, 7d, 7e, 7f) give a molecular ion peak (M+)
of significant intensity; this intensity decreases with increasing length of
the alkyl chain. The molecular formulas of the parent ions were confirmed by
means of precise mass measurements.

Primary splitting of the parent ions and the most intense ion peaks
are due to the fragmentation of the substituted amino group. The same obser-
vation was made by Joérg et al. [6] in the case of a related compound
Simazine.

It is common to the spectra compound that the (M—R)+ ion is present,
formed from the parent ion by means of homolytic alkyl radical splitting;
in the case 7a and 7d methyl and ethyl, while from 7e and 7f propyl radicals
are split off, respectively. The probable structure of the ion type produced
is:

c

(M—R)*

In monosubstituted aminotriazines this type of ions was not observed,
but the splitting of an R—H olefin from the parent ion was detected [6, 7].
A common feature is the ~-splitting of the alkyl group with respect to the
amino nitrogen, resulting in ions of mass numbers M-l (7a), M-l and M-15
(7d), M-29 (7€) and M-15 (7f). The important fragmentation path of this ion
type is the splitting off of an R—H olefin, which equally occurs in compounds
7d, 7e and 7f.

Special paths can he observed in the fragmentation of the dimethyl-
amino derivative 7a: the ion peaks of mass number 163 and 149 are due to
the loss of NCH3 and Cl12 = NCH3, respectively, from the parent ion. This
was confirmed by accurate mass measurements and the detection of the
corresponding metastable ion peaks. In the spectrum of 7a the very intense
peak of mass number 44 corresponds to the composition C2H eN, thus it is

Acta Chim. (Budapest) 76, 1973



88 CSUROS et al.. ACYLATION OF DISUBSTITUTED CYANAMIDES, |

a diinethylamino group; the ion of mass number 42 is obtained from this by
splitting off of H2 The fragment ion of mass number 30 corresponds to CH4N.
In the spectra of the other compounds the ions R2N + analogous to the peak
obtained at m/s 44 could not be observed. At the same time, the alkyl group
R gives a significant ion peak in the spectra of 7e and 7f (mje 43, C3H 7+)
and its further fragments can also be found (m/e 41, 39).

A large number of fragment peaks due to the splitting of the triazine
ring can be found in the spectra of all the four compounds. Their intensities
are relatively not high, in accordance with the great stability of the skeleton.
The majority of these ions is known or can be traced back to ion species result-
ing from the splitting of the ring, as detected in the mass spectra of amino-
dichloro-s-triazine and ethylamino-dichloro-s-triazine [7]. Among them the ion
at m/e 55 has the greatest intensity; this was identified as a C2H3N2 atomic

group which is supposed to have the structure CH2= N — C = NH in the

Fig. 1. Line diagram of the mass spectrum of 2,4-dichloro-6-dimethylamino-1,3,5-triazine

Fig. 2. Line diagram of the mass spectrum of 2,4-dichloro-6-diethylamino-I,3,5-triazine
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case of compounds 7d and 7e. In 7a, however, the possibility of structure

+
CH3—N —Cs=N should also be taken into account. In 7f the ion with m/e
55 cannot he formed because of the branching of the alkyl chain. In each

spectrum we can find the ion peak at m/e 62 (CI—CH=NH) characteristic
+

of chloro-substituted triazine rings and the ion peak at m/e 87 (CI—Ch=N —CN).
In compounds 7d and 7fthe ion with the formation C4H4N3 (m/e 94) can also
be attributed to the splitting of the ring; its probable structure is CH3—CH =

=N —C =N —CN. Such an ion cannot be formed from compound 7f because
of the branching structure of the alkyl group; its homologue higher by a CH2
group, i.e., the fragment ion with m/e 108 is formed here. In compound 7a
containing a dimethylamino group, the ion peak at m/e 96 appears instead

Fig. 3. Line diagram of the mass spectrum of 2,4-dichloro-6-di-ra-propylamino-I,3,5-triazine

Fig. 4. Line diagram of the mass spectrum of 2,4-dichloro-6-diisopropylamino-1,3,5-triazine
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of that at 94; this contains two more hydrogen atoms. The molecular formula
was confirmed by means of accurate mass measurements: its probable struc-

ture is (CH32N—CN—CN. The line diagrams of compounds of type 7 well
illustrate the above facts (Figs 1—4).

Experimental

All melting points were determined with a BUCHI 320—388 apparatus. The NMR
spectra were recorded at 60 Mc/s with a VARIAN 60 A instrument, using tetramethylsilane
internal standard. The chemical shifts are given in @ppm units.

The UV spectra were recorded with a Perkin —E Imer 124 spectrophotometer, and a
Perkin—E Imer 237 instrument was used for recording the IR spectra.

The mass spectra were obtained with a mass spectrometer of type MS-902; the samples
were introduced at 120 °C by means of a glass-ball system. The temperature of the ionization
chamber was 190 °C. The accurate mass measurements were carried out with a resolution
power of 16.000 with an accuracy of 2 ppm.

Dialkyl-[1,3,5-trichloro-5-dialkylamino-2,4-diazapentadien-2,4-ylidene]
ammonium chloride (2)
General procedure

A solution of dialkyl- or aryl-alkyl cyanamide (0.1 mole) in absolute methylene chloride
was added dropwise to a solution of phosgene (0.15 mole) in absolute methylene chloride, cooled
with ice under stirring; the absence of moisture must be ensured. The mixture was allowed
to warm up slowly to room temperature, when a strong evolution of gas began. The solutioi
was allowed to stand overnight, then the solvent was distilled off and the residue washed
with absolute ether and dried in vacuum.

Dimethyl-[1,3,5-tricliloro-5-dimethylamino-2,4-diazapentadien-2,4-ylidene]
ammonium chloride (2a)

A yellow crystalline product (2a) (14.5 g; 99%) was obtained from phosgene (14.8 g;
0.15 mole) and dimethylcyanamide (7.0 g; 0.1 mole) in absolute methylene chloride (50 ml).
The substance was strongly hygroscopic; m.p. 123—126 °C (lit. m.p. 125 °C).
C7H12ClaN & (239.82). Calcd. Cl48.40. Found Cl 50.10%.

IR (CHC13): v CHaliphatic 3000, 2920 cm*1

.C= N 1640, 1560 cm-1
UV (CHC13): 310 nm (4.28); 247 nm (4.22)
NMR (CDC13): 3.80 (s, 6H, —CH3

3.90 (s, 6H, —CH,).

Diethyl-[l,3,5-tricliloro-5-diethylamino-2,4-diazapentadien-(2,4)-ylidene]
ammonium chloride (2d)

A yellow oily product (2d) (11 g; 63%) was obtained from phosgene (14.8 g, 0.15 mole)
and diethylcyanamide (9.8 g, 0.1 mole) in absolute methylene chloride (50 ml). The substance
was strongly hygroscopic.

CnHAMCIJN, (349.83). Calcd. Cl 41.50. Found Cl42.30%.

IR (CHC13): v CHaliphatic 2950, 2930 cm -1
vC= N 1625, 1550 cm™1

UV (CHC13): 316 nm (4.32); 247 nm (4.25)

NMR (CDC13): 142 (t, 6H, J = 7.2 Hz, -CHYJ)
155 (t, 6H,J = 7.2 Hz,-CH3J3)
401 (q, 4H,J = 72 Hz,-CH?2—)
4.09 (q, 4H,J = 72 Hz,-CH)-).
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Di-n-propyl-[l,3,5-trichloro-5-di-n-propylamino-2,4-diazapentadien-(2,4)-yliden e]
ammonium chloride (2c)

A yellow-brown oily product 2e (12.1 g; 60%) was obtained from phosgene (14.8 g,
0.15 mole) and di-n-propylcyanamide (12.6 g, 0.1 mole) in absolute methylene chloride medium
(50 ml). The substance was strongly hygroscopic.

C15H 28C14N 4 (405.93). Calcd. Cl 34.80. Found Cl 34.50%.

IR (CHCIj): v CHaliphatic 2970, 2940, 2880 cm -1
>C= N 1625 1550 cm -1

UV (CHC13): 316 nm (4.45); 247 nm (4.39),

NMR (CDCIj): 1.02 (t, 6H, J =6.7 Hz, -CH 3

1.09 (t, 6H, J = 6.7 Hz, -CH3)
1.42—2.28 (broad m, 8H, —CH2—)
3.30—4.30 (broad m, 8H, —CH2—N).

Di-isopropyl-[l,3,5-trichloro-5-diisopropylamino-2,4-diazapentadien-(2,4)-ylidcne]
ammonium chloride (2f)

A light yellow crystalline product (2f) (15.2 g; 75%) was obtained from phosgene (14.8 g,
0.15 mole) and diisopropylcyanamide (12.6 g, 0.1 mole) in absolute methylene chloride (50 ml).
The substance was strongly hygroscopic, m.p. 85—86 °C.

C15H 28C14N 4 (405.93). Calcd. Cl 34.80. Found CI 33.50%.

IR (CHC13): v CHaliphatic 3010, 2980, 2940 cm*1
>C= N 1610,1530 cm -1

UV (CHC13): 316 nm (4.53); 248 (4.47),

NMR (CDC13): 151 (d, 24H, J = 6.8 Hz, -CH 3
439 (g, 2H, J = 6.8 Hz, >CH-)

483 (q, 2H, J = 6.8 Hz, >CH-).
Dibutyl-[1,3,5-trichloro-5-dibutylamino-2,4-diazapentadien-(2,4)-ylidene]
ammonium chloride (2g)

A brownish oily product (2g) (12 g; 52%) was obtained from phosgene (14.8 g, 0.15
mole) and dibutylcyanamide (15.4 g, 0.1 mole) in absolute methylene chloride (50 ml). The
substance was strongly hygroscopic.

CI9H36CIAN4 (461.31). Caled. ClI 30.3. Found CI 31.2%.

IR (CHC13): v CHaliphatic 2970, 2930, 2870 cm -1
vC = N 1620,1540 cm -1
UV (CHC13): 317 nm (4.51); 249 nm (4.50).

N-Phenyl-N-methyl-[1,3,5-trichloro-5-niethylanilino-2,4-diazapentadien-(2,4)-ylidene]
ammonium chloride (2h)

A yellowish crystalline product 2h (14.3 g; 70%) was obtained from phosgene (14.8 g,
0.15 mole) and N-phenyl-N-methylcyanamide (13.4 g, 0.1 mole) in absolute methylene chloride
(50 ml). The substance was strongly hygroscopic, m.p. 129—131 °C.
CITH16Cl4N4 (417.13). Caled. CI 33.9. Found CI 34.1%.
IR (CHC13): 3040-3000 cm*“1
v CHaliphatic 2980 cm -1
vC = N 1600,1530 cm-1
UV (CHC13): 247 nm (4.71)
NMR (CDC13): 3.66-4.10 (t, 6H, -CH?J
7.4—7.8 (broad s, 10H, -C 6H5).

I,5-Dimethylamino-1,5-dichloro-2,4-diazapentadien-3-one (4a)

A solution of phosgene (3.95 g, 0.04 mole) in absolute ether (15 ml) was added dropwise
to a solution of dimethylcyanamide (5.6 g, 0.08 mole) in absolute ether (10 ml) cooled with
ice under stirring. The absence of atmospheric moisture must be ensured. In a short time a
white precipitate separated; it was filtered off after agitating for half an hour, washed with
absolute ether and dried in vacuum. J1 white crystalline product (4.98 g; 52%) was obtained,
m.p. 138-140-142 °C.
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C71112CI2N4 (223.09). Calcd. CI129.7. Found CI 30.2%
IR (KBr): v CHaliphatic 2950 cm -1

»C =0 1720 cm -1
vC= N 1650, 1640 cm-1.

N,N'-bis-Dialkylcarbamoylurea (5)
General procedure

Compound 2 was allowed to stand in a crystallization dish exposed to atmospheric
moisture for several days. The substance first liqguefied then gradually solidified with the
evolution of hydrochloric acid. Recrystallization gave a white crystalline product (5).

N,N'-bis-Diinethylcarbamoylurea (5a)

2a (1.0 g, 3.4 mmole) gave 5a (0.6 g; 86.4%), m.p. 140—142 °C (lit. [5], m.p. 142 °C).
C7H 14N40 3 (202.15).
IR (KBr): vNH 3260 cm-1
v CHaijphatic 3000, 2940 cm-1

vC= 0O 1740, 1690, 1650 cm -1
y NH 750 cm-1.

N,N/-bis-Diethylcarbamoylurea (5d)

2d (2 g, 5.7 mmole) gave 5d (1.18 g; 80%). The product was recrystallized from water;
m.p. 120-121 °C.
C14H 22N 40 3 (258.23). Calcd. C51.2; H 8.55; N 21.70. Found C50.8; H 8.45; N 21.35%_
IR (KBr): vNH 3280 cm-1
v CHa]jphatjc 3000 —2850 cm-1
»C = 0O 1760,1660,1640 cm-1
y NH 762 cm-1

N,N*-bis-di-n-Propylcarbamoylurea (5e)

2e (2 g, 4.95 mmole) gave 5; (0.8 g; 51.0%). The product was recrystallized from a mix-
ture of acetone and water to obtain long needles, m.p. 130—131 °C.
Ci5H30N40 3(314.32). Calcd. C 57.02; H 9.20; N 17.92. Found C56.72; H 9.40; N 17.90%.
IR (KBr): vNH 3240 cm-1
v CHaijpfajjc 2960—2870 cm™'1
vC= O 1760, 1680, 1650 cm-1
y NH 765 cm-1

N.N'-bis- Diisopropylcarbamoylurea (5f)

2f (2 g, 4.95 mmole) gave 5f (0.6 g; 28.8%). The product was recrystallized from water
to obtain a white crystalline product, m.p. 150—152 °C.
Ci5H30N403(314.32). Calcd. C57.02; H 9.20; N 17.92. Found C57.80; H 9.10; N 17.65%.
IR (KBr): v NH 3240 cm-1
®CHjliphatic 2950, 2880 cm-1
vC=0 1760, 1665, 1640 cm-1
y NH 760 cm-1.

.W-bis-ili-n-Hutylrarbamoylurea (59)

2g (2 g, 4.33 mmole) gave 5g (0.65 g; 40.3%). The product was recrystallized from
a mixture of acetone and water to give white, long needles, m. p. 98—99 °C.
CI9H 38N 403(370.52). Calcd.C 61.58; H 10.30; N 15.18. Found C62.80; H 10.66; N 15.15%
IR (KBr): v NH 3240 cm-1
v CHaliphatic 2950-2865 cm-1

=0 1760, 1680, 1640 cm-1
"NH 760 cm-1.
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N,N'-bis-Methylauilinocarbamoylurea (5h)

2h (2 g, 4.79 mmole) gave 5h (1.3 g; 83.2%). The product was recrystallized from a
mixture of acetone and water. A white crystalline substance was obtained, m.p. 148 —149 °C.
CjjHjgNjC~ (326.34). Calcd. C62.20; H 5.51; N 17.19. Found C62.64; H 5.80; N 17.07%.
IR(KBT): v NH 3240 cm*“1
v CHaromapc 3100—3000 cm-1
v CHaiiphatic 3000 —2900 cm-1
vC= 0O, C= C 1790, 1680, 1660, 1600 cm*“1
y NH 760 cm-1.

2,4- Dichloro-6-dialkylamino-1,3,5-triazine (7)
General procedure

Product 2 was heated to 140—160 °C or to 150—170 °C on a paraffin oil bath in a round-
bottomed flask equipped with a thermometer and an outlet for gases. On gradual increase
of the temperature the substance melted, and a strong gas evolution started. After the evolution
of the gas had ceased, the brownish product was cooled and recrystallized from aqueous
methanol to obtain a white crystalline substance.

2,4-Dichloro-6-dimethylainino-1,3,5-triazine (7a)

2a (2 g, 6.82 mmole) yielded 7a (0.95 g; 72%) after heating at 150—170°C for 2.5
hrs. The product was recrystallized from a mixture of methanol and water, m.p. 117—118 °C
(lit. [5, 8], m.p. 121-122 °C).

CjHeCIjN, (193.0). Calcd. C31.18; H 3.15; CI 36.74; N 29.03. Found C 31.67; H 3.43;
Cl 36.62; N 29.08%.

IR(KBr): v CHaliphatic 2980-2900 cm*“1
vC= N 1600, 1550 cm*1
y = CH 796 cm-1

NMR (CDC13): 3.25 (s, 6H, dimethylamino-CH3).

2,4-Dichloro-6-diethylamino-1,3,5-triazine (7d)

2d (2 g, 5.74 mmole) gave 7d (0.7 g; 55.2%) on heating at 140—145 °C for 2.5 hrs.
The product was recrystallized from a mixture of methanol and water; m.p. 78—79 °C (lit.
[8] m.p. 85°C, from hexane).
C7™ ,0C1,,N4 (221.08). Calcd. C38.0; H 4.88; Cl 31.9; N 25.38. Found C 38.04; H 4.90;
Cl1 30.5; N 24.77%.
IR(KBT): U v CHallphatic 3000-2890 cm*“1
vC= N* 1590, 1560 cm-1
y = CH 790 cm -1
NMR (CDClg); 1.28 (t, 6H, J = 6.6 Hz, diethylamino—CH?3)
3.75 (q, 4H, J = 6.6 Hz, diethylamino—CH?2).

2,4-Dichloro-6-di-n-propylamino-I,3,5-triazine (7€)

2e (2_&14.93 mmole) was converted into 7c (0.52 g; 42.5%) by heating at 140 —145 °Cc
for 2.5 hrs. The product was recrystallized from a mixture of methanol and water; m.p. s6 —
58 °c (lit. [91, M.p. 56-58 °C).
C9H, ,CUN4 (294.13). Calcd. C 43.45; H 5.68; Cl 28.40; N 22.50. Found C 43.10; H 5.55;

Cl 28.80; N 22.50%.
IR (KBr): v CHalip|latic 3000-2990 c¢m -1

vC= N  1585—1555 cm-1

y = CH 795 cm*1 . .
NMR (CDClg): 0.95 (t, 6H, J = 6.6 Hz, di-n-propylamino—H3)

1.40—2.00 (m, 4H, di-n-propylamino—cH2—)

358 (t, 4H, J = 7.9 Hz, di-n-propylamino—¢H2—).
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2,4-Dichloro-6-diisopropylamino-1,3,5-triazine (7f)

2f (2 g, 4.93 mmole) gave 7f (0.62 g; 51.0%) on heating at 140—145 °C for 2.5 hrs.
The product was recrystallized from a mixture of methanol and water; m.p. 103—105 °C
(lit. [9] m.p. 103-105 °C).
CI9H 14C12N 4 (249.13). Calcd. C43.45; H 5.68; Cl 28.40; N 22.50. Found C44.50; H 5.70;
Cl 26.08; N 22.30%.
IR(KBT): v CHaliphatic 3000-2890 cm -1
vC= N 1565 cm-1
y = CH 788 cm-1
NMR (CDC13); 4.40 (d, 12H, J = 6.6 Hz, diisopropylamino-CH?3)
4.20—4.80 (m, 2H, J = 6.6 Hz, diisopropylamino—"CH)
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PREACTION OF 2’-OR-CHALCONE DIBROMIDE WITH AMMONIA;
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Investigation of the bromine addition to 2’-OR-chalcone derivatives (1) has
shown that the protective groups may be split off during this reaction depending on
the substituent in ring B of the molecule, the polarity of the solvent and the character
of the protective group.

2’-OR-chalcone dibromides (2) react with ammonia to give a flavone (when
R = H), or (r<ms-2-(4-R’-phenyl)-3-(2’-OR-benzoyl)-ethyleneimine (9) (when R =
CH2C6H5 or CH20CH3), depending on the character of the protective group.

The aziridine 9 can be benzoylated to obtain the N-benzoylaziridine derivative
10, which is converted into 2,3-iraras-3-(N-benzoyl)-aminoflavanone (11) with acid.

The reaction mechanisms and the role of stereochemical factors, as well as the
stereochemistry of the end products are considered, the suggestions being supported
by IR and NMR spectrometric results.

As it has been known, 2’-OR chalcone epoxides (R = CH2COH5; CH2—
OCH3J3) can be converted into various flavonoid derivatives of different states
of oxidation [1—7]. Chalcone aziridines analogous to chalcone epoxides have
been investigated by several authors [8—9], but the preparation of aziridines
from chalcones containing a hydroxyl group at C-2’ has not been studied up
to now.

In 1971, we reported the preparation of cis- and <rans-lI-cyclohexyl-2-
(4-R’-phenyl)-3-(2’-OR-benzoyl)-ethyleneimines (R = CH2CcH5  CH.,OCHS3;
R” =1I; Cl; N02 obtained from 2’-OR-chalcone derivatives [10]. It was
stated that the 3-aminoflavonoid derivative could not be prepared from the
isomeric aziridine derivatives under the conditions examined. It was reported
at the same time, that the reaction of 2’-hydroxychalcone with cyclohexylamine
in the presence of iodine resulted in 3-(N-cyclohexyl)-aminoflavanone, 3-(N-
cyclohexyl)-aminoflavone and 2-benzalcoumaranone (aurone) [10].

In the present paper, the preparation of 2’-OR-chalcone aziridines and
the possibilities of their conversions are discussed. The formation of the aziri-
dine in the presence of a 2’-hydroxy substituent was studied, and the reaction
mechanisms were compared with those of the analogous <rans-2’-OR-chalcone
epoxides.

* Part XXIV: Litkei, Gy., Neubauer, A., Bognar, R.: Magy. Kém. Foly. 78, 359
(1972)
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Preparation of 2’-0R-chalcone dibromides

Non-substituted aziridines can be obtained from the corresponding
dibromides by allowing then to react with ammonia [11].

2’-Acetoxychalcone dibromide (2b) can be obtained from the chalcone
Ib with a calculated amount of bromine in satisfactory vyield [12], but
chalcones 1c, lIg give the stable dibromide 2a instead of dibromides 2c, 29
expected under similar conditions; i.e., the protective group is split off. This
product was also obtained in the bromination of la in glacial acetic medium.
The same dibromide can be obtained by the condensation of co-bromo-o-
hydroxyacetophenone with benzaldehyde in glacial acetic acid containing
hydrogen bromide [13].

In a similar manner, the chalcone Id yielded the dibromide 2i, which

proved to be identical with the dibromide obtainable from li [14].
a: R=R'=H
b: R=COCH3; R'=H
¢ R=CHXVH5 R'=H
d: R=CH2CeH5; R'=OCH3
e: R=CHXCiH5 R'=N02
f: R=CH2C6H5; R'=Cl
g: R=CHO0OCHS3; R'=H
h: R=CH20CH3; R'=N02
12

R=H; R'=OCH3

According to our investigations, if ring B of the initial chalcone is sub-
stituted with a nitro group or chlorine, even the methoxymethyl protective
group, which is otherwise unstable, is not split off during bromination. Thus,
the chalcones le, f, h could be converted into the dibromides 2e, f, h with
bromine in carbon tetrachloride.

Thus, the substituent in para position of ring B of the chalcone molecule
influences significantly the stability of the protective group in the ortho
position of ring A. A similar effect can also be observed in other reactions of
chalcone derivatives [5, 6, 15].

Acetylation of 2a results in 2b being identical with (=h)-eryfhro-2’-
acetoxychalcone dibromide whose structure was proved by Fischer and
Arit [15].
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The corresponding chalcone dibromides could also be prepared by bromi-

+ -
nation with pyridinium hydrobromide perbromide (CSH5NHBTr3). In glacial
acetic acid, the chalcones la-f could be converted into the dibromides 2a-f
in satisfactory yields by this procedure. According to the experiments the
methoxymethyl protective group is split off in the course of the reaction.
Bromination in glacial acetic acid did not cause splitting off of the protective
group, thus the dibromide 2c could be obtained from Ic.

In the course of the bromination experiments, another reaction also
takes place simultaneously, in addition to the bromine addition which prob-
ably involves an ionic or radial mechanism, depending on the polarity of the
solvent. In glacial acetic acid the protective group is not split off, only bromine
addition occurs, while in carbon tetrachloride the protective group is split
off, too.

The products obtained are {")-erythro-chalcone dibromides, as shown
by the NMR spectroscopic investigations, in accordance with the findings of
Weber and Brosche [16]. The coupling constant of the Ca—H and —H
doublets is 11.5 Hz.

Reaction of 2’-OR-chalcone dibromides with ammonia

The dibromides 2a, i were made to react with methanolic ammonia
resulting in flavone (3, R’ = H) and 4’-methoxyflavone (3, R’ = OCHYJ)
in satisfactory yields. The same product was obtained in the reaction with
cyclohexylamine or sodium hydroxide.

Similarly, a mixture of 3-bromoflavanone isomers [17] also yielded
flavone when treated with ammonia in absolute methanol.
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According to the experiments, the aziridine derivative probably is not
formed in the course of the reaction; in the first step 3-bromoflavanone is
obtained, and the subsequent trans-elimination of hydrogen bromide results
in 3. The formation of either the aziridine intermediate or its conversion into
3-aminoflavanone and flavone is not probable, since the reaction of 3-amino-
flavanone with ammonia in methanol gave exclusively 3-aminoflavone under
the experimental conditions applied.

The treatment with cyclohexylamine of 2a in dry benzene afforded 3-
cyclohexylaminoflavanone (5), 3-cyclohexylaminoflavone (8) and 2-benzal-
coumaranone (7). A similar product was obtained from la with cyclohexyl-
amine in the presence of iodine [10]. As supposed previously, a mixture of
the cis- and traas-aziridine derivatives (4) is the intermediate product in this
reaction. The phenolate anion of the intermediate (4) attacks 5 at the Ca or
CR carbon atom; in the case of 7, the attack occurs through 6. Product 8 can
be obtained from 5 in a secondary reaction [19].

2’-Benzyloxychalcone dibromide (2c) was allowed to reactwith methanolic
ammonia to obtain the aziridine 9c. No isomers were formed in the course
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of the reaction. Under similar conditions, the dibromides 2e, f, h yielded homo-
genous products 9e, f, h in satisfactory yields. Previously, it was found that
the reaction of Ic with cyclohexylamine in the presence of iodine or that
of 2c with cyclohexylamine resulted in a mixture of cis- and <rans-l-cyclohexyl-
2-phenyl-3-(2’-benzyloxybenzoyl)-ethyleneimine [10, 19]. The two isomers
can also be obtained from 2f with cyclohexylamine.

2c,e, f, K

According to the spectroscopic and analytical investigations, 9c, e,
f, h were found to be traras-2-(4-R,-phenyl)-3-(2°-OR-benzoyl)-ethyleneimines.
Thus, e.g., in 9f, the vco and rNH vibrations can be assigned to the bands
appearing at 1659 cm -1 and 3228 cm -1, respectively, which are characteristic
of irons-ethyleneimine derivatives [20]. In the NMR spectrum, the complex
multiplet of the aromatic protons are found at 2.17—3.07 ppm, the CH2
singlet at 5.02 ppm, while the singlet of the Ca—H and C*~—H protons appear
at 6.3 ppm and 6.9 ppm, respectively; the signal at 7.4 ppm can be assigned
to N—H (r scale). The Ca—H and C"—H signals can be found in the region
characteristic of trans-etliyleneimine protons [21].

The spectroscopic data of aziridines 9 are shown in Table II.

The colourless aziridine derivatives are rather unstable compounds.
They decompose with discoloration when exposed to light and air. The for-
mation of 3-amino-flavanone derivatives could not be detected on treatment
with hydrochloric acid.

The N-benzoylaziridine derivatives 10 were obtained from the aziridines
9 with benzoyl chloride in absolute benzene, in the presence of triethylamine.
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In the course of the reaction the opening of the ring did not occur, as it is
shown by the NMR spectrum (Table IV). In the NMR spectrum, the Ca—H
and Cjg—H signals appear at ppm values lower than those of non-substituted
derivatives.

The boiling of N-benzoylaziridines 10 with hydrochloric acid in ethanol
resulted in splitting offthe protective group and the formation of 3-(N-benzoyl)-
aminoflavanone derivatives 11. The structure of 11 (R’ = H) was verified
by benzoylation of the known compound 3-aminoflavanone (12, R’ = H);
the products obtained in the two different ways were identical.

According to our former investigations, in cis- and trans-N-cyclohexyl-
aziridine derivatives the protective group is not split off with acid, only the
aziridine ring is cleaved [19].

On the basis of our experimental results, the opening ofthe ethyleneimine
ring of 2°-OR-chalcone aziridines and the splitting off of the protective group
at C-2’ is determined by the electronic structure of the ethyleneimine
ring.

In N-benzoylaziridine derivatives the electron-withdrawing effect of
the carbonyl group results in decreased electron density on the B carbon
atom. This favours internal nucleophilic attack by the ethereal oxygen,
similarly to the corresponding epoxides [6].

The protective group is split off and the aziridine ring is opened simul-
taneously, followed by cyclyzation after inversion of the R carbon atom,
resulting in 2,3-trans-3-(N-benzoyl)-aminoflavanone. This concept has been
confirmed by the NMR spectroscopic investigations (Table V). The 2-phenyl
and 3-NH-COCG6H5 groups are in trans configuration. The coupling constant
of the C2—H and C3—H protons is in agreement with the literature data

[25].
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Experimental

Melting points are uncorrected. The NMR spectra were recorded with a JEOL JNM-100
MHz instrument in CDC13, the infrared spectra with a UNICAM SP 200 G spectrophotometer
in KBr pellets.

2’-Hydroxychalcone dibromide (2a)

(a) Chalcone Ig (10 g) [22] was dissolved in carbon tetrachloride (50 ml) and bromine
(5.97 g) in carbon tetrachloride (20 ml) was added. Strong evolution of hydrogen bromide
was observed during the reaction. After 1 hr the solvent was evaporated in vacuum at 40 °C
and the residual oil crystallized from absolute ethanol to obtain 3.2 g (22%) of 2a, m.p. 190—
192 °C, (lit. [13] m.p. 192 °C).

The product prepared similarly from chalcone Ic [1] in 37% yield had m.p. 190—191 °C.

(b) Chalcone la (5.6 g) was brominated in glacial acetic acid. The crude product which
separated was recrystallized from ethyl acetate to yield 3.3 g (34%) of 2a, m.p. 190—192 °C.

(c) Chalcone Ig (4 g) was dissolved in glacial acetic acid (35 ml) and pyridine hydro-
bromide perbromide (4.25 g) [23] was added to it under stirring. After 2 hrs the precipitate
was filtered off and recrystallized from ethyl acetate to give 4 g (52%) of 2a, m.p. 190—192 °C.

C15H120 2Br2 (384.08). Calcd. Br 41.60. Found Br 42.18%.

2’-Hydroxy-4-methoxychalcone dibromide (2i)

The chalcone Id (0.01 mole) was allowed to react with bromine (0.01 mole) as described
above under (a). The product was crystallized from glacial acetic acid to yield 46% of 2i,
m.p. 143-145 °C (lit. [14] m.p. 144-145 °C).

C16H140 3Br2 (414.10). Calcd. C46.30; H 3.39; Br 38.60. Found C46.54; H 3.52; Br
37.44%.

2’-Acetoxychalcone dibromide (2b)

(a) Dibromide 2a (1 g) was allowed to react with a mixture of acetic anhydride (10 ml)
and 70% perchloric acid (2 drops) at room temperature for 24 hrs. The product obtained on
pouring the solution onto ice was crystallized from absolute ethanol to yield 0.75 g (67.5%)
of 2b, m.p. 106-108 °C.

(b) Chalcone Ib (2.66 g) [12] was treated with pyridinium hydrobromide perbromide
(3.5 g) in glacial acetic acid (35 ml) at room temperature, with stirring. The product which
separated on the addition of water was crystallized from absolute ethanol to obtain 3.65 g
(85%) of 2b m.p. 107-108 °C (lit. [12] m.p. 107 °C).

C17H,4Br30, (426.11). Calcd. C48.00; H 3.29; Br 36.20. Found C48.17; H 3.28; Br
35.14%.

2’-Benzyloxychalcone dibromidc (2c)

(a) Chalcone Ic (0.01 mole) was made to react with pyridinium hydrobromide per-
bromide (0.011 mole) according to the procedure described above under (c). The product
was crystallized from absolute ethanol to obtain 3.3 g (70%) of 2¢, m.p. 90—92 °C.

(b) Chalcone Ic (3.14 g) was dissolved in glacial acetic acid (50 ml) and mixed with
a solution of bromine (0.54 ml) in glacial acetic acid (10 ml). The product which separated on
the addition of water was recrystallized from absolute ethanol to give 3.25 g (68.5%) of 2c,
m.p. 91-93 °C.

C22H180,,Br2 (474.19). Calcd. C55.90; H 3.81; Br 33.70. Found C55.94; H 3.90; Br
32.76%.

2’-Benzyloxy-4-mcthoxychalcone dibromide (2d)

The product obtained from Id with pyridinium hydrobromide perbromide was recrystal-
lized from carbon tetrachloride to yield 83% of 2d, m.p. 115—118 °C.

C23H2003Br., (504.22). Calcd. C55.00; H 3.98; Br 31.70. Found C55.34; 114.20; Br
29.95%.
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2’-Benzyloxy-4-chlorochalcone dibromide (2f)

Chalcone If [6] was treated with bromine in carbon tetrachloride. The residue was
recrystallized from a mixture of benzene and petroleum ether to yield 76% of 2f, m.p. 127 —
128 °C. In the pyridinium hydrobromide perbromide procedure the yield was 82%; m.p.
126 —128 °C.

C22H 170 2Br2Cl (508.64). Calcd. C52.00; H 3.36. Found C52.41; H 3.58%.

2’-Benzyloxy-4-nitrochalcone dibromide (2e)

Chalcone le [6] was brominated in carbon tetrachloride and the product was crystallized
from a mixture of benzene and petroleum ether to obtain 2e in 88.5% yield; m.p. 138—140 °C.
In the pyridinium hydrobromide perbromide procedure the yield was 88%; m.p. 138 —140 °C.

C22H 170 4Br2N (519.19). Calcd. N 2.70; Br 30.80. Found N 2.62; Br 31.15%.

2’-Methoxymethoxy-4-nitrochalcone dibromide (2h)

The product obtained from chalcone Ih [22] withf bromine in carbon tetrachloride
according to the procedure described in the previous section (a), was crystallized from a
mixture of ethyl acetate and petroleum ether to obtain 2h in 45% yield; m.p. 128 —130 °C.

C17H 150sBr2N (473.12). Calcd. Br 33.80; N 2.96. Found Br 33.98; N 2.83%.!j

Flavone (3; R' = H)

(a) The dibromide 2a [1 g] was dissolved in absolute methanol saturated with dry
ammonia (25 ml) and the mixture was kept in a refrigerator for 15 hrs. The solution was
evaporated to dryness and the residue extracted with hot petroleum ether (5 X 15 ml). The
crude product was crystallized from aqueous ethanol to give 0.4 g (67%) of flavone m.p.
94_96 °C (lit. [17] m.p. 95.5-97.5 °C).

(b) The dibromide 2a (1 g) was treated with 2N NaOH solution (2.9 ml) in ethanol
(50 ml) at room temperature for 30 min. The product which precipitated on the addition of
water was crystallized from aqueous ethanol to yield 50% of flavone, m.p. 94—96 °C.

(c) The dibromide 2a (1.2 g) was allowed to react with cyclohexylamine (2.5 ml) in
absolute methanol (25 ml) for 24 hrs. The product which separated on the addition of water
was crystallized from aqueous ethanol to yield 40% of flavone, m.p. 94—96 °C.

(d) A mixture of 3-bromoflavanone isomers [17] obtained by the bromination of
flavanone (1.14 g) was allowed to react with absolute methanol (25 ml) saturated with dry
ammonia for 24 hrs. Flavone was obtained in 71% yield, m.p. 94—96 °C.

These products synthetized in different ways did not show melting point depression
in admixture with pure authentic flavone, and also the spectroscopic properties were iden-
tical.

4’-Methoxyflavone (3; R’ — OCH3)

The product obtained from the dibromide 2i in 90% yield according to the previous
procedure (a) was crystallized from methanol; m.p. 156 —158 °C (lit. [24] m.p. 157 —158 °C).

Ci6H 1D 3 (252.26). Calcd. C 76.10; H 4.75; OCH3 12.30. Found C76.26; H 4.57; OCH3
12.68%.

trans-2-(4-R’-Phenyl)-3-(2’-OR-benzoyl)-ethyleneimine (9c, e, f, h)

The dibromides 2c, e, f, h (0.01 mole) were dissolved in absolute methanol saturated
with dry ammonia (50 ml) and let to stand in a refrigerator for 48 hrs. The product which
precipitated was crystallized from absolute ethanol. The data of the products are given in
Table 1, and their spectroscopic data are shown in Table II.

trans-N-Benzoyl-2-(4-R,-phenyl)-3-(2°-OR-benzoyl)-ethyleneimine (10c, e, f, h)

The ethyleneimine (9c, e, f, or h) (0.03 mole) was treated with benzoyl chloride (0.031
mole) in the presence of triethylamine in absolute benzene (25 ml) at room temperature for
24 hrs. After filtering off the salt, the benzene solution was washed with water, dried and
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Table |
Irans-2-(4-71’-Phenyl)-3- (2'-OR-benzoyl) -ethyleneimines(9)

i Cald. Found
IT- R vield, M. p.

c H N/CI c H N/Cl

9c H CH2C,H5 83 106-8 80.50 5.82 4.26 81.40 5.72 4.27
9e NO. CH2C,H5 90 116—8 70.70 4.85 7.50 70.88 4.92 7.91
9f cl CH2C6H 5 80 93—4 72.80 4.96 3.87 72.53 4.55 3.92
9.76 10.38

9h NO. CH.0CH3 70 115—7 62.40 491 8.54 62.66 4.70 9.00

Table 11

1R and N MR spectroscopic data of trans-2-(4-R'-phenyl)-3-(2,-OR-benzoyl)-ethyleneimincs (9)

| REcm~*4 NMR [T]

VOO W\H Aromatic protons CH2 Ha+ Hp \Ik
9c 1666 3237 2.19—3.28* 5.00c 6.54 7.30d
9e 1664 3258 1.91—2.93"” 4.97e 6.50 7.24d
of 1659 3228 2.17—3.01b 5.02e 6.63 7.40d

a the centre of doublet; b complex multiplet; esinglet; d the centre of broad singlet

concentrated to half of its original volume. The product which precipitated on the addition
of petroleum ether was crystallized from absolute ethanol. The data of the products are summa-
rized in Tables Il and IV.

Table 111
trans-N-Benzoyl-2- (4-R'-phenylJ-3-12'-OR-benzoyl) -ethyleneimines (10)

, Yield, M.p., Cald. Found
R R % °C
C H N C I N
toc H CHjCjH, 78 128—130  80.05 5.33 3.24 80.04 5.32 3.52
lOc o CH,COH5 80 146-148  72.90 4.62 585 7274 527 5.97
10f d CHZCeH 5 84 135— 137  74.30 4.74 299 74.06 4.69 3.12
10h  NO, CH20CH3 75 103—105  66.80 4.63 6.48 66.87 4.23 6.57

3-(N-Benzoyl)-aminoflavanonc (11; R' = H)

(a) Ethyleneimine 10c (1 g) was boiled in absolute methanol (50 ml) in the presence
of cone. 1IC1 (0.5 ml) for 1 hr. The product which separated was crystallized from ethyl acetate
to give 0.4 g (50%) of the product m.p. 239—241 °C.

(b) 3-Aminoflavanone hydrochloride* (0.23 g) [18] was allowed to react with benzoyl
chloride (0.12 ml) in absolute benzene (20 ml) in the presence of triethylamine (0.3 ml) at

*The authors’ thanks are due to M. Rakosi for supplying 3-aminoflavanone hydro-
chloride and 3-aminoflavone samples.
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Table IV

Infrared and NMR spectroscopic data of trans-N-benzoyl-2-(4-R'-phenyl)-3-(2'-OR-benzoyl)
ethyleneimines (10)

IR [cm-1] NMR[t] Ne HT)
""c-0 Aromatic protons CH2 Ha+Hp O-CHs
10c 1670, 1686 2.02—3.10° 4.9314 5.75* (2.8)
I0e 1676 1.91-3.12° 4971 5.76* (2.8) —
IOf 1675, 1687 2.11—3.15° 4.97i 5.78* (3) —
10h 1689 1.74—3.12¢ 5.00% 5.77* (3) 6.771

° complex multiplet; iisinglet; “centre of quartet

room temperature for 4 hrs. The substance which separated was washed with water and crys-
tallized from a mixture of ethyl acetate and dioxane to give 0.25 g (86%) of the product,
m.p. 239—241 °C.

The substances obtained in the two different ways did not show melting point depression
in admixture, and their infrared spectra were also identical.

C2H 170 3\ (343.36). Calcd. C 77.00; H 4.96; N 4.08. Found C76.58; H 4.80; N 4.08%.

3-(N-Benzoyl)-amino-4’-chloroflavanone (11; R’ = CI)

Ethyleneimine 10f (1 g) was treated with hydrochloric acid as described above under
(a). The product was crystallized from a mixture of ethyl acetate and dioxane to obtain 0.4 g
(50%) of the pure substance, m.p. 248 —250 °C.

C2H 160 3C1IN (377.81). Calcd. C 70.00; H 4.24; N 3.71; Cl 9.40. Found C70.15; H 4.38;
N3.87; Cl9.28%.

3-(N-Benzoyl)-amino-4’-nitroflavanone (11; R’= NO,)

(a) The product, prepared from 10h according to the previous procedure (a) in 65%
yield, had m.p. 224—225°C.
Table V

IR and NMR spectroscopic data of 2,3-trans-3-(N-benzoyl)-amino-4'-R-flavanone (11)

IR [em-1] NMR [1] [J Hz]
R Aromatic
- »NH protons® H* HS Ja NH» 73H;NH
1647
H 3307 2.1—29 4.22 4.77 12.4 131 8.4
1710
1642
NO, 3324 1.70—2.86 4.04 471 12.4 1.23 8.6
1710
1647
Cl 1710 3332 2.1-2.89 4.21 4.77 12.4 1.30 8.4

“complex multiplet
“centre of doublet
“centre of quartet
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(b) The product made from IOe in a similar way in 30% yield melted at 224 —225 °C.
C2H ,e0 6N2 (388.37). Calcd. C68.00; H 4.12; N 7.21. Found C67.04; H 4.19; N 7.14%.
The infrared and NMR data of the 3-(N-benzoyl)-amino-4’-R-flavanones prepared are

summarized in Table Y.

*

The authors’ thanks are due to Z. Dinya, A. Lévai, L. Szilagyi and S. Szabé for the

accomplishment of the spectroscopic investigations, to E. D. Rakosi for the microanalyses
and to Mrs. S. Hajnal for her valuable technical assistance.
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In continuation of former research, the nitration and bromination of 2-(m-tolyl)-
4-chloromethylthiazole was studied in order to establish the influence of the methyl
group on the para position of the benzene ring and on position 5 of the thiazole ring.

To complete our former studies on the bromination and nitration of
2-(p-X-phenyl)-4-chloromethylthiazoles [1], in the present work the bromina-
tion and nitration of 2-(m-tolyl)-4-chloromethylthiazole was studied; unlike
the former group of compounds, in this case there are two very reactive posi-
tions: position 5 of the thiazole and position 4 of the benzene ring.

The bromination of 2-(m-tolyl)-4-chloromethylthiazole (I) showed that,
depending on the amount of bromine and even in the absence of a catalyst,
both the monobromo derivative (M) (with 1.2 moles of bromine) and the
dibromo derivative (Il1) (with 6 moles of bromine) can be prepared.

The position occupied by the bromine atom was established both in a
synthetic way and by oxidative degradation.

The monobromo derivative (1) obtained by the bromination of | is
not identical with 2-(4-bromo-3-methylphenyl)-4-chloromethylthiazole (IV)
which we obtained by the condensation of the corresponding thioamide with
dichloroacetone; thus in Il the bromine did not enter the para position of the
benzene ring. The acid obtained by oxidative degradation contains no bromine
and its dimethyl ester is identical with dimethyl isophthalate. The IR spectrum
of Il does not show the band characteristic of the unsubstituted thiazole CH
group. All these facts suggest that the bromine occupies position 5 of the
thiazole ring.

The dibromo derivative (1) obtained by the bromination of | with
excess bromine is identical with the compound obtained in the bromination
of 2-(4-bromo-3-methylphenyl)-4-chloromethylthiazole (IV), and it is converted
by oxidation into 4-bromoisophthalic acid. In Ill the lack of the 3075- 3100
cm-1 band is observed, which shows that one of the bromine atoms occupies
position 5 of the thiazole ring, while the other one position 4 of the benzene
ring.
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The experiments also prove that further bromination of the monobromo
derivative Il results in the dibromo derivative I1I.

Like in former investigations, it seems that the presence of Ag2504
facilitates bromination of the benzene ring. The bromo derivative obtained
in this way has an IR spectrum identical with that of 2-(3-methyl-4-bromo-
phenyl)-4-chloromethylthiazole (IV) and the mixture of the two substances
gives no m.p. depression. Thus, under catalytical conditions the bromine enters
position 4 of the benzene ring.

Both 2-(m-tolyl)-4-chloromethyl-5-bromothiazole (I1) and 2-(3-methyl-4-
bromophenyl)-4-chloromethyl-5-bromothiazole (IIl) can be transformed by
the Sommelet reaction in the corresponding aldehydes (V, YI) which confirms
the applicability of this reaction to the thiazole series, even if an electrophilic
group is present in position 5.

The aldehyde VI is converted by oxidation into the corresponding acid
(VII), which is identical with the product of the haloform reaction of 2(-m-
tolyl)-4-acetylthiazole when the solution is acidified without previous destruc-
tion of the excess of bromine [2].

In the bromination of 2-(m-tolyl)-4-carboxy-thiazolic acid a similar
behaviour was found to that of 2-aryl-4-chloromethylthiazoles, i.e., a small
amount of bromine (1.2 mole) leads to a monobromo derivative (VIII) which
isidentical with the oxidation product of 2-(m-tolyl)-5-bromo-4-formylthiazolic
aldehyde.

W hen the acid is brominated with an excess of bromine, the dibromo
acid (VI1) identical with the product of the haloform reaction, is obtained.

Thus, the carboxylic group does not influence the character of the brom -
ination reaction.

In the nitration reactions with a mixture of sulfuric acid and nitric
acid 2-(m-tolyl)-4-chloromethylthiazole (1) or 2-(m-tolyl)-4-hydroxy-4-chloro-
methyl-Z12-thiazole hydrochloride [3] give 2-(3-methyl-4-nitrophenyl)-4-chloro-
methylthiazole (1X) as the main product; the oxidation of the latter compound
yields 4-nitroisophthalic acid.

If the nitration is effected in acetic anhydride, although the isolated main
product is a dinitro derivative, chromatography shows the presence of other
nitro derivatives, independently of the amount of HN O3used (1 or 6 moles).

Since the oxidation of this dinitro derivative results in 4-nitroisophthalic
acid and its IR spectrum has no absorption band characteristic of the valence
vibration of hydrogen attached to the thiazole ring, the compound must be
2-(3-methyl-4-nitrophenyl)-4-chloromethyl-5-nitrothiazole (X).

The nitration with HNO03-H2504 mixture of 2-(m-tolyl)-4-chloromethyl-
5-bromothiazole (Il) occurs in position 4 of the benzene ring and the same
product results (XI) as in the bromination of 2-(3-methyl-4-nitrophenyl)-4-
chloromethylthiazole.
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Experimental
2-(m-Tolyl)-4-chloromethyl-5-bromothiazole (I1)

To 0.003 mole of 2-(mtolyl)-4-chloromethylthiazole dissolved in cither acetic acid or
acetic anhydride, 0.0036 mole of Br2was added. The mixture was kept 30 min. at room temper-
ature, then poured on ice. The isolated substance was recrystalized from aqueous alcohol and
decolorized with active charcoal, m.p. 91—92 °C.

CuHB8CIBrNS (302.629). Calcd N 4.63. Found N 4.89%.

3-Methyl-4-bromo-benzonitrile

To a solution of 26.7 g CuS04+5H2 and 6.94 g NaCl in 86 ml water there was added
a solution of 6.85 g anhydrous Na,S03and 1.56 g NaOH in 43 ml| water during 10 min. After
sedimentation of the cuprous chloride the liquid phase was syphoned off and replaced by 43
ml of water. To this CuCl supension 13.8 g NaCN in 22 ml water was added under continuous
mechanical stirring. When the precipitate dissolved completely, the solution was externally
cooled with ice and 250 m| benzene was poured on its surface in order to extract the cuprous
cyanide formed.

15.9 g 3-methyl-4-bromoaniline was mixed with 16.5 ml cone. HCL1 in the presence of ice,
maintaining the temperature of the mixture at 0—5 °C. The amine was diazotized with 5.98 g
NaNO02in 16.5 ml water, keeping the reaction temperature always under 5 °C. After 15 min.
the solution was neutralized -with about 17 g anhydrous Na2C03; the pH of the solution was
controlled several times for 15 min., the temperature still being maintained below 5 °C. The
neutral reaction mixture was introduced gradually with continuous stirring, into the cooled
benzene solution of cuprous cyanide as prepared above. The cold mixture was stirred for 30
min., then it was allowed to warm up to room temperature, but stirring was continued for
another 2 hrs. It was then warmed for 30 min. at 50 °C without stirring, the benzene layer
separated and the benzene removed by distillation. The solid substance which remained
was recrystallized from aqueous alcohol and decolorized with charcoal; m.p. 54—54.5 °C.

C8H6BrN (196.052). Calcd. N 7.14. Found N 7.54%.

3-Methyl-4-bromothiobenzamide

8 g 3-methyl-4-bromobenzonitrile was dissolved in about 100 ml ethanol saturated
with gaseous ammonia. With cooling H2S was bubbled for 5 hrs through the solution. The
reaction mixture was then refluxed for 1 hr and then the alcohol removed by distillation.
The solid substance was recrystallized from water, m.p. 139— 140 °C.

CgHgBrNS (230.134). Calcd. N 6.08. Found 6.23%.

2-(3-Methyl-4-bromophenyl)-4-hydroxy-4-chloromethyl-J2-thiazoline hydrochloride

3.45 g 3-methyl-4-bromothiobenzamide was dissolved in 27 ml acetone and 1.8 g symo-
dichloroacetone was added to the solution. The reaction vessel was closed and shaken until
the dichloroacetone completely dissolved, then allowed to stand for 24 hrs. The crystalline
substance was filtrated off and washed on the filter with a little acetone; m.p. 152—152.5 °C.

CuH]2CI2BrNOS (357.110). Calcd. N 3.92. Found N 4.13%.

2-(3-Methyl-4-bromophenyl)-4-chloromethylthiazole (1V)

(a) 7 ml cone. H2S04 was added to 1.8 g 2-(3-methyl-4-bromophenyl)-4-hydroxy-4-
chloromethyl-zp-thiazoline hydrochloride. The mixture was kept 30 min. at room temperature,
then poured on ice. The product was recrystallized from aqueous ethanol; m.p. 97—98 °C.

CnHOICIBrS (302.63). Calcd. N 4.62. Found N 4.70%.

(b) 0.004 mole of 2-(m-tolyl)-4-chloromethylthiazole |1 was dissolved in 15 ml cone.
H2S04, and 0.002 mole of Ag2S04 then, after thorough shaking of the suspension, 0.004 mole
of Br2was added. The reaction mixture was stirred for 4 hrs and allowed to stand overnight.
It was then filtered through a sintered glass filter and the filtrate poured on ice. The dried
product was dissolved in warm ethanol, filtered, and the organic substance precipitated by the
addition of water. The crude product was recrystallized from aqueous alcohol in the presence
of decolorizing charcoal, m.p. 93—94 °C.

CuHB8CIBrNS (302.63). Calcd. N 4 .64. Found N 4.66%.
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2-(3-Methyl-4-brornophenyl)-4-chloromethyl-5-bromothiazole (I11)

(a) 0.004 mole of 2-(m-tolyl)-4-chloromethyl-thiazole (1) was dissolved in glacial acetic
acid, and 0.024 mole of bromine, in glacial acetic acid, was added. After 30 min. the solu-
tion was poured on ice. The product was recrystallized from aqueous alcohol and decolorized
with charcoal: m.p. 97 °C.

Cn HB8CIBr2NS (381.537). Calcd. N 3.67. Found N 3.91%.

(b) 0.003 mole of 2-(m-tolyl)-4-chloromethyl-5-bromothiazole (Il) was dissolved in
glacial acetic acid and 0.015 mole of Br2 in glacial acetic acid, was added. After standing 30
min. at room temperature, the solution was poured on ice. The crude product was recrystallized
from aqueous ethanol and decolorized with charcoal; m.p. 97—98 °C.

Cn H8CIBr2NS (381.537). Calcd. N 3.67. Found N 3.87%.

(c) 0.003 mole of 2-(3-methyl-4-bromophenyl)-4-chloromethylthiazole (IV) was dis-
solved in glacial acetic acid and 0.0036 mole of Br2was added to the solution. After 30 min.
the solution was poured on ice. The product which precipitated was recrystallized from aqueous
ethanol; m.p. 98—98.5 °C.

Cn H8CIBr2NS (381.537). Calcd. N 3.67. Found N 3.70%.

Hexamethylenetetramine salt of 2-(3-methyl-4-bromophenyl)-4-chloromethyl-5-
bromothiazole

A solution of 1.4 g hexamethylenetetramine in 20 ml chloroform was added to 3.14 g
2-(3-methyl-4-bromophenyl)-4-chloromethyl-5-bromothiazole dissolved in 10 ml chloroform.
The reaction mixture was refluxed for 11/2 hrs, then cooled and the hexamethylenetetramine
salt was filtered off; m.p. 209— 210 °C.

2-(3-Methyl-4-bromophenyl)-4-formyl-5-bromothiazole (VI)

3.3 g hexamethylenetetramine salt of 2-(3-methyl-4-bromophenyl)-4-chloromethyl-5
bromothiazole and 0.88 g hexamethylenetetramine were refluxed in 110 ml 50% acetic acid
for 30 min. The solution was cooled, the crude product filtred off, and recrystallized from
aqueous alcohol in the presence of decolorizing carbon; m.p. 130—130.5 °C.

Cn H7Br2NOS (361.072). Calcd. N 3.88. Found N 3.87%.

2-(3-Methyl-4-bromophenyl)-4-carboxy-5-bromothiazole (VII)

(a) 0.1 g 2-(3-methyl-4-bromopbenyl)-4-formyl-5-bromothiazole was thoroughly ground
in a morter with 0.044 ¢ KMn04, and mixed with the cooled solution of 0.1 g NaOH in
about 4 ml water. The reaction mixture was kept for 48 hrs at room temperature with occa-
sional stirring. It was diluted with a little hot water and filtered through a fiuted filter. The
filtrate was decolorized with alcohol and filtered again. The filtrate was acidified with cone.
HC1 and the suspension heated on a water bath until the alcohol evaporated. It was then
cooled and filtered. The isolated acid was recrystallized from aqueous acetic acid, m.p. 212—
212.5 °C.

CIIH7Br2N02S (377.072). Calcd. N 3.71. Found N 3.74%.

(b) A suspension of 0.002 mole of 2-(m-tolyl)-4-acetylthiazole in 100 ml 2.5% NaOBr
solution was vigorously shaken for about 3 hrs. The reaction mixture was filtered, the filtrate
acidified with cone. HC1 and let to stand at room temperature for 24 hrs. It was then filtered,
and the acid recrystallized from aqueous ethanol, m.p. 207— 208 °C.

C1IH7Br2N02S (377.072). Calcd. N 3.71. Found N 3.81%.

(c) 0.005 mole of 2-(m-tolyl)-4-carboxythiazole was dissolved in glacial acetic acid
and treated with 0.03 mole of Br2. After 1 hr the solution was poured on ice. The crude prod-
uct was recrystallized from aqueous alcohol and treated with decolorizing charcoal; m.p.
207—207.5 °C.

CuH7Br2N02S (377.072). Calcd. N 3.71. Found N 3.92%.

Hexamethylenetetramine salt of 2-(m-tolyl)-4-chloromethyl-5-bromothiazole

3.02 g 2-(m-tolyl)-4-chloromethyl-5-bromothiazole was dissolved in 10 ml chloroform
and treated with 1.68 g hexamethylenetetramine in 20 ml chloroform. The solution was re-
fluxed for 1 1/2 hrs, cooled and filtered. The isolated hexamethylenetetramine salt had m.p.
196— 197 °C.
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2-(m-Tolyl)-4-formyl-5-bromothiazole (V)

3.2 g hexamethylenetetramine salt of 2-(m-tolyl)-4-chloromethyl-5-bromothiazole and
0.99 g hexamethylenetetramine were dissolved in 110 ml 50% acetic acid and refluxed for 30
min. After cooling, the aldehyde which precipitated was recrystallized from aqueous ethanol
with decolorizing charcoal; m.p. 85—85.5 °C.

CnH8BrNOS (282.164). Calcd. N 4.96. Found N 4.86%.

2-(m-Tolyl)-4-carboxy-5-bromothiazole (VIII)

(a) 0.005 mole of 2-(m-tolyl)-4-carboxythiazole was dissolved in glacial acetic acid and
0.006 mole of Br2 was added to the solution. It was allowed to stand 1 hr and poured on ice.
The precipitate was recrystallized from aqueous ethanol with decolorizing charcoal; m.p.
192_ 1925 °C.

CuHsBrN02S (298.164). Calcd. N 4.69. Found 5.00%.

(b) 0.2 g 2-(m-tolyl)-4-formyl-5-bromothiazole was thoroughly ground in a mortar with
0.13 g KMn04; the mixture was treated with a cold, cone, aqueous solution of 0.2 g NaOH.
The reaction mixture was stored about 24 hrs at room temperature with occasional shaking.
It was then diluted with warm water and filtered through a fluted filter. If necessary, the
filtrate was decolorized with alcohol, filtrated again and acidified with cone. HCL. The isolated
ei%iéj vl\/g§ recrystallized from aqueous ethanol, in the presence of decolorizing carbon; m.p.

CjjHgBrNOjS (298.164). Calcd. N 4.69. Found N 4.62%.

2-(3-Methyl-4-nitrophenyl) -4-chloromethylthiazole (I1X)

(a) A cooled mixture consisting of 1.5 ml cone. H2S04and 1 ml HNO3 (d = 1.42) was

added to 0.5 g 2-(m-tolyl)-4-chloromethylthiazole, the temperature being kept below 60 °C.
The solution was let to stand for 30 min. at 60 °C, and then poured on ice. The isolated
substance was recrystallized from alcohol and decolorized with charcoal; m.p. 125— 126 °C.

CUHO9CIN20 2S (268.721). Calcd. N 10.42. Found N 10.48%.

(b) 1.4 g 2-(m-tolyl)-4-hydroxy-4-chloromethyl-/I2-thiazolinehydrochloride was added
in small portions into a cold nitration mixture consisting of 3.8 ml cone. H2S04 and 2.6 ml
HNO3(d = 1.42). The solution was stored at room temperature for 30 min., then poured on
ice. The isolated substance was recrystallized from ethanol and decolorized with charcoal;
m.p. 125 °C.

CuHsCIN2 2S (268.721). Calcd. N 10.42 Found N. 10.44%.

2-(3-Methyl-4-nitrophenyl)-4-chloromethyl-5-nitrothiazole (X)

2.5 g 2-(m-tolyl)-4-chloromethylthiazole was dissolved in 30 ml acetic anhydride, the
solution was filtered and 10 ml HNO03 (d = 1.42) was added to it while maintaining the tem-
perature below 60 °C. The mixture was allowed to stand at 60 °C for 30 min. and poured on
ice. The crude product was recrystallized from aqueous ethanol and decolorized with charcoal;
m.p. 151—152 °C.

CnHB8CIN30 45 (313.721). Calcd. N 13.39. Found N 13.62%.

2-(3-Methyl-4-nitrophenyl)-4-chloromethyl-5-broniothiazole (XI)

(a) A mixture of 2.0 ml cone. 112S04and 1.4 ml HNO03(d = 1.42) was added to 0.003
mole of 2-(m-tolyl)-4-chloromethyl-5-bromothiazole, the temperature being kept below 60 °C.
The solution was let to stand at 60 °C for 30 min., then poured on ice. The precipitate was re-
crystallized from ethanol and treated with decolorizing carbon; m.p. 137— 138 °C.

C,,H8CIBrN2 2S (347.629). Calcd. N 8.06. Found N 8.14%.

(b) 0.004 mole of 2-(3-methyl-4-nitrophenyl)-4-chloromethylthiazole was dissolved in
glacial acetic acid, and with continuous cooling 0.0048 mole of bromine was added to the
filtered solution. It was let to stand at room temperature for 30 min., then poured on ice.
The crude product was recrystallized from ethanol and decolorized with charcoal; m.p. 138—
139 °C.

CnHB8CIBrN20 2S (347.629). Calcd. N 8.06. Found N 8.27%.

Acla Chim. (Budapest) 76, 1973



112 SIMITI, FARKAS: STUDY OF SOME HETEROCYCLES, XXVII

REFERENCES
1. Simiti, |., Farkas, M.: Ann. (in press)
2. Simiti, |., Farkas, M.: Bull. soc. chim. France, 9, 3862 (1968)
3. Simiti, I., Coman, M.: Rev. Roum. (in press)

I. Simiti

. Cluj, Str. V. Babes 41, ROMANIA.
Méria Farkas

Acta Chim. (Budapest) 76, 1973



INDEX

INORGANIC AND ANALYTICAL CHEMISTRY - ANORGANISCHE UND ANALYTISCHE CHEMIE
- HEOPFTAHWYECKAA N AHANTNTUYECKAA XUMUA

Bélafi-Réthy, K., Iglewski, S. Kerényi, E. und Kolta, R.: Untersuchung der Zusam-
mensetzung von einheimischen und ausléandischen &therischen Olen, 1. Kombinierte
Methode zur Anal se von atherischen Olen mittels wirksamer Trennung der Gemi-
sche und instrumenteller Identifizierung der Komponenten. (Investigation of the
Composition of Hungarian and Foreign Volatile Oils, I. Composite Method for the
Analysis of Volatile Oils on the Basis of Efficient Separation and Component
Identification by Large INStrUMENtS) ..o

PHYSICAL CHEMISTRY - PHYSIKALISCHE CHEMIE - ®U3NYECKAA XUMUA

Blazs6, M. and Czuppon, A.: Study of Problems Arising in the Molecular Weight Deter-
mination by the Approximate Sedimentation Equilibrium Methods ...
Dévay, J., Ratkovics-Schutz, R., and Mészaros, L.: Investigation of the Rate of Cor-
rosion of Iron in Acetone-Water-Sodium Acetate MiXtUres ...
Dévay, J., Garai, T., Palagyi-Fényes, B., Mészaros, L. and Sayed Sabat Abd-E1I
Rehim: Higher Harmonic A.C. Polarography ofMulticomponent Systems
Dévay, J., Garai, T. and Mészaros, L.: Determination of the Heterogeneous Rate
Constant of the Transition Reaction by means of the Harmonic Analysis of the
Current on the Electrode Polarized by a Sinusoidal A.C. Voltage Superimposed on
the D.C. POTENTIAL e bbb
Simonyi, M., Kardos, J. and Neszmélyi, A.: Equilibrium Treatment of the Water-Ace-
BONE  SYSTEM et b et b bt b bbb bbb bttt

ORGANIC CHEMISTRY - ORGANISCHE CHEMIE - OPFAHWYECKAA XMWNA

Cstiros, Z., Soés, R., Antus-Ercsényi, A., Bitter, I. and Tamas, J.: Acylation of Disub-
stituted Cyanamides with Phosgene, |. Preparation and Some Reactions of 1,3,5-
trichloro-2,4-diazapentadiene D eriVatiVesS. ... s

Litkei, Gy., Bognar, R. and Ando, J.: Flavonoids, XXV. Reaction of 2’-OR-chalcone
Dibromide with Ammonia; Preparation of Chalcone Aziridine and 3-Aminoflava-
L] =TSPTSRO PSSP

Simiti, . and Farkas, M.: The Study of Some Heterocycles, XXVII. The Halogenation
and Nitration Reactions of 2-(m-Tolyl)-4-X-Thiazoles ...,

13
21
29

51

69

81

95



Printed in Hungary

A kiadasért felel az Akadémiai Kiaddé igazgatéja Miszaki szerkeszt6: Zacsik Annaméria
A kézirat nyomdaba érkezett: 1972. X. 21. — Terjedelem: 10.25 (A/5) iv 71 &bra, 1 melléklet

73.74139 Akadémiai Nyomda, Budapest — Felel6s vezet§: Bernat Gyorgy



ACTA CHIMICA
TOM 76-BblM 1

PE3IOME

WccnepoBaHre coctaBa OTEYECTBEHHLIX U MHOCTPaHHbIX JIETYYUX Maces, |

KomMBUHMpOBaHMIA MeTO4 aHann3a feTy4ynx Macesl Ha OCHOBOE e(eKTUBHOIO
pasfeneHns U MHCTPYMEHTAIbHOTO MAEHTUDWLMPOBAHUS KOMMOHEHTOB

K. PETU-BENA®W, W. MTNEBCKW, 3. KEPEHW n P. KONbTA

Bbin paspaboTaH KOMOGMHMPOBAHHbIA METOZ A1 aHanu3a NeTyunx Maces, OCHOBaHHbIN
Ha 3((EKTUBHOM Pa3feseHUun U UHCTPYMEHTANbHOM UCCef0BaHUM CTPYKTYPbl KOMMOHEHTOB.
KONNYecTBeHHbI aHanM3 NPOM3BOAU/CSH C MOMOLLBIO KanuaispHO ra3oBol XpoMmatorpaguu.
C UeNblo KauecTBEHHOTO aHa/in3a fieTyune Macna nojsepranvch PeKTUdUKaunn C Bpalaro-
Leiics BCTABKOIA, 3MOLMOHHOI XUAKodasHol XpomaTorpaguu, npenapaTBHOM rasoBO Xpo-
MaTorpagum 1 XMMUYECKOMY PasfeieHnto. B pesynbTtate GbliM MoMyYeHbl YUCTblE KOMMOHEHTI,
WAEHTU(MLMPOBaHME KOTOPbIX NPOM3BOAMIOCH C MoMoLbio MK 1 Y® a Takke macc-, CreKTpo-
mMeTpun, AMP 1 Ha OCHOBE XMMWYECKMX MpeBpalleHuid. KOMBUHMPOBaHHbIA METOf aHaiu3a
WNAKOCTPUPYETCA aHanM3oM 06pasLia, «0Ge3MeHTONEHHOr0» UMMOPTUPOBAHHOTO Mac/a MsTbI, Bbl-
AeneHHoro u3 Mentha arvensis.

O HEKOTOPbIX npo6nemax onpeaenieHnAa MOJIEKY/IAPHOro Beca MeETOAOM
I'IpI/I6I'IVI)KeHHOI7I paBHOBECHOVI cegnmeHTaunmn

M. BIAXKO un A. LUYNMNOH

Bbiny caenaHbl NOMbITKM UCKIIOYEHUs HEOMPeAeNeHHOCTU B MOMYYeHUU U 06paboTKe
[aHHbIX NPUBKEHHOW PaBHOBECHOW CeAVMEHTALMM Ha OCHOBE YNbTpa LEHTPUYranbHOro
MeTofa Ans OMpefiesieHUss MOJEKYNSIPHOTO Beca MOMMAMCTEPCHBIX MaKpPOMOJEKYSPHBLIX Be-
LLECTB B HemfeanbHbIX pacTBopax. JuddepeHyuanbHoe ypaBHeHne Slamme Ans ycnoBuii Apxu-
6anba 6b10 PELLEHO HYMEepUYecku, MPUHUMAs BO BHUMaHWE 3aBUCUMOCTb ,D,VI%(*)ym/IOHHOFO u
CceVMEHTaLMOHHOr0 KO3((MLIMEHTOB OT KOHLIEHTpauuu. Ha OCHOBE 3TOro peLleHus Gbiin ycTa-
HOB/IEHbI CfIEytoLLME IKCNIEPUMEHTA/IbHBIE YC/I0BUS, NMO3BO/ISOLLIE NPUMEHEHWE IMHENHOMW 3K-
CTPanonsALMM KoHLEHTPaLMOHHOTO FpaAueHTa K MeHrcKy no LLnvpeHy

.gv\?z.r?o,os n Dt> 0,75 +10-2 CM2.

B cyyae HempeanbHbIX PaCTBOPOB U (1) NOMANCNEPCHBIX CMeceik, Habntoaaembiii Monekynsp-
HbII BEC M3MEHSIETCS CO BpeMeHeM. Bbio HalifieHo, YTO B 3TOM c/lyyae IMHeliHas aKCTpanonsuus ¢
yueToM tIn gaeT nyylive pesynbTaThl, YeM € yueToM (. icnonb3oBaHue guarpaMmbl TpayTMaHa
AN151 3KCTPANoNsALMN KOHLEHTPALMOHHOIO rpajMeHTa K UCXO4HBIM KOHLEHTPALMAM, a TakXe 41
onpefeneHns M2 6bIi0 PacNpOCTPaHEHO K HeWfeasbHbIM PacTBOpPaM.

Onpe,qeneHVle CKOPOCTWM KOppo3nn >XXenesa B CUCTEME aUETOH — BOAa —
auerar Hatpud

V. JEBAW, P. LUKOTL-PATKOBWNY w n. mecapow

BbinM u3yyeHbl KUHETUYECKME napamMeTpbl PacTBOPEHMA >Kefe3a B CUCTemMax aueToH
— BOJa — aueTarT HaTpumsa pasnyHbIX COCTaBOB. BCneacTene 0THOCMTENbHO BLICOKOTO COMPOTUB-
NIeHNA paCTBOPOB, NONAPN3ALMOHHBIE KPUBBLIE CHMaNINCL C MOMOLLbIO NOTEHLMOCTATa, CHabXXeH-
HOro aBTOMaTU4ecKol KOMI'IeHCI/IpyIOLLLEI/I yCTaHOBKOI/I I'IpI/IFOp,HOI/I Ana UCKNKYeHna nondapusa-
UMy conpoTvBneHns. Ha OCHOBe 3KCMepUMeHTaNbHbIX AaHHbIX ObIn onpeaeneHbl HaKMNOHbI
I'IpFIMbIXTa(*)e}'IFI, KOTOpPbIE MUCMONb30Ba/INCb AONA ONnpeaeneHna nNoTHOCTM TOKa KOPpPOo3uw.



BblN0 YCTaHOB/IEHO, YTO BEIMYMHbLI & U b He 3aBUCAT OT KOHLEHTpaL MM aueToHa U YMEHb-
wakTCa C yBENIMYEHNEM KOHUEHTPaUMM MOHa aueTata.

[110THOCTN KOPPO3MOHHOIO TOKA YMEHbLLLUAKTCA C YBENIMYEHVEM KOHLEHTpauuu aueToHa
N yBENNYMBAKOTCA C YBE/IMYEHMEM KOHLEHTPaLUMN MOHa aueTata.

CoBMeCTHOe onpepesnieHnMe MOHOB METa//10B C MOMOLLbHO nonﬂporpa(pmm
CBEPXTapMOHMYECKOro rnepemMeHHOro TokKa

. LEBAW, T. TAPAWU, B. I'IAI'IA,EI,I/I-QJEHFI’EELI;I(MI’JI. MECAPOLWU n CAE[ CABET AB[ 3J1b

MeTog nosnsporpagy BTOPOr0 U TPETbEr0 rapMOHWUYECKUX KOMMOHEHTOB MEPEMEHHOro
TOKa MPUMEHSICA [/1s1 COBMECTHOrO OMpefeNieHns Takux Nonsporpaduyeckn o6paTuMbIX nap
AEenonsapu3aTopoB, pasHULA MOTEHLMANOB MNOJYBO/HLI KOTOPbIX MeHblie 200 MB. Ha ocHoBe
pesynbTaToB GblI0 YCTaHOBEHO, YTO — B MPOTMBOMO/IOXHOCTL MONAPOrpadum OCHOBHOMO
rapMOHMYECKOr0 MepeMeHHOro TOKa — B [JaHHOM C/lyyae COBMECTHOE Onpe/enieH e MOXeT GbiTh
OCYLLECTB/IEHO YCMELLHO B MHTEPBaNe KOHLEHTPaLiA, 3aBUCALLMX OT NPMPO/bI eM0NAPN3aTOPOB,
A2Ke U N5 pasHOCTW NOTEHLMANOB MO/YBO/HbI, paBHol 40 MB.

Orlpep,eneHme KOHCTaHTbl CKOPOCTU peakunn nepeHoca C MOMOLLbHO
aHa/in3a FapMOHMHeCKOVI KOMIMOHEHTbI TOKa, BO3HUKAIOLIETO Moj
B/IMAHNEM TMEPEMEHHOI0 HanpsA>XeHud CI/IHyCOVI,CI,HOVI (pOprI

V. OEBAW, T. TAPAN n N1. MECAPOLL

Bbin paspaboTaH MeTof OMPeAeneHns KOHCTaHTbI CKOPOCTY peakuuy nepeHoca C ro-
MOWIBIO M3MEPEHUS BTOPO/ W TPETbel rapMOHUYECKON KOMMOHEHT MEepPeMEHHOr0 TOKa, BO3-
HMKAIOLWEro Ha 3neKkTpoge, Nonspu30BaHHOM MepeMeHHbIM TOKOM HeGOMbLUOA aMnanTyabl W
CUHYCOWAHON (DOpMbl, CYMeproHMPOBaHHbIM Ha Hanps>keHue MNOCTOSHHOrO Toka. KoHCTaHTa
CKOPOCTY peakuun repeHoca MOXET ObITb OnpefiefieHa Ha OCHOBE CPaBHEHWS 3KCMEPUMEHTASTb-
HbIX [AaHHbLIX C paccyMTaHHbIMM Ha IBM.

PaBHOBecMe B CUCTeMe aLeTOH—BOJA
M. LUMMOHM, 0. KAPAOLL u A. HECMEM

MpuBoaATCS fABe MPOCTble PABHOBECHbIE MOAENN ANA WHTEPnpeTauum XUMUYECKUX
casuros B cnektpax AMP cucTem Boga — aueToH. [epBasd MOAeNnb NPYMEHWMA B LUMPOKOM
MHTEpBane KoHUeHTpaumii: 0,9 > XH2d > 0,02 1 B CBOIO OCHOBY BK/tOYaeT COMbBATALMOHHBIN
06MeH, B KOTOpPOM Ntobas M3 MONeKy/n SBASETCS aKTMBHLIM Y4YacTHWKOM. KOHCTaHTbl paBHO,
BECMSl, OMpe/ie/ieHHble C MOMOLLIO TPEX PasNNUHbIX PE30HAHCHbIX METOAOB, pasHbl 0,62 (Boga HJ)
2,04 (Kap OHWAbHBIW OI7) 1 1,32 (kap6oHUbHbIN C13. PacXxoXaeHnsa B 3HAYEHUSX KOHCTaHThI,
BEPOSTHO, Bbi3BaHbl TeM, 4TO COMbBATaLMs TWNa BOAA-BOAA LOMWHMPYET Haj cOnbBatauuei
TuNa BoAa-aLeToH. BTopas Modenb KaxeTca npuMeHnmMoit ana untepsana 0,14 > xHio > Own
0CHOBaHa Ha CTyreH4aToM 06pasoBaHNy BOAOPOAHOM CBS3N MeXAy aueToHOM W BOJOM, € npe-
HebpeXxxeHMeM B3aNMOJEiCTBMA BOAa — BOAA. TaK Kak BO BTOPOW MOAENN YYWUTLIBAKOTCA TpU
VHAUBUAYaNbHBIX BOAHLIX COCTOSAHWSA, TO BTOpas MOfe/b ABMAETCA HEONpeAeNeHHON U MOXeT
6bITb peLleHa nLWb NPy BBEAEHNM NPOW3BO/bHbLIX KOHCTAHT paBHOBECHS.

AUMNMpoBaHKe AM3aMeLLeHHbIX LuaHaMuaoB ocreHom, |

[MonyyeHne M HekoTOpble peakuum npomsBoAHbIX 1,3,5-Tpuxnop-2,4-
[mnasaneHTajgneHa

3. YIOPELL, P. LLIOOLW, A. AHTYLW-3PYEHW, WU. BUTTEP u 1. TAMALL

Bbifn nccnefoBaHbl CTPOeHMe M MexaHu3M 06pasoBaHWs Xnopuctoro awankun-[1,3,5-
TPUXNop-5-AnankunamMmmHo-2,4-anasaneHtagnen-(2,4)-unneH]-aMmmMoHms  Npu  B3aUMOAENCTBUM



unaHammnaos C (*)OCFEHOM. CneKkTpoCKOMNuYecku Obl1a AOKa3aHa CTPYKTypHaa aHanorna c
X/IOPUCTLIM  X/IOPMETUNIEHAVANKMNAMMOHNEM. BblNn  M3yyeHbl peakuuu MoMy4YeHHbIX Mpo-

OYKTOB, MPOTeKalolMe MOJ BAMSHWEM BOAbl M Tenna, U GblN0 MAEHTU(MLMPOBAHO CTPOEHWE
MoNyYaeMbIX B [aHHbIX PeakuusxX MpoayKToB.

dnaBoHOMAbl, XXV

Peakuunsa 2'-OP-xankoHanb6poMuga ¢ aMMWAKOM: MOAYYEHWe XanKOH-
asypugmHa n 3-amuHonaBaHOHa

Ob. NNTKEW, P. BOTHAP n . AHOO

Mpu unccnegoBaHUM NpucoefuHeHns 6poma K npousBofHbiM 2'-OP-xankoHa (1) 6biio
YCTaHOB/IEHO, YTO B 3aBUCMMOCTMOT 3aMecTuTens [-Kofibua, MOAAPHOCTU PacTBOPUTENs U
NpUpoabl 3aWWTHOA rpynnbl, HapsAy C NpUcoeavMHeHWeM 6pOMa MPOMCXOAMT OTLLenneHue 3a-
LMUTHON TpynMbl.

Onépomuapl 2'-OP-xafikoHa (2), pearpys ¢ aMMWMakoM, JatoT, B 3aBUCUMOCTU OT Mpu-
pOAb! 3alMTHOIA rpynnbl, aMbo nasoH (ecnim R = H), nubo /npaHc-2-(4-P’-theHwnn)-3-(2'-OP-
6eH30m)-aTuneHuMKH (9) (ecnn R = CHZC8H6unmn CH2OCH3).

AsnpuanH 9 6eHsounupyetcs 4o N-6eH30MasMpUAYHOBOro npoussoaHoro (10); npu
06paboTke nocnefHero KMCAoToi 6bin nonyyeH 2,3-TpaHc-3 (MY-6eH3ounn)-aMMHOGIaBaHOH (11).

W3naratoTcs npeacTaBneHns OTHOCUTENIbHO MeXaHU3Ma peakLinil, CTepUYecKMX yCnoBuiA
MpoTeKaHWs peakunii, a TakXkKe CTEPEOXUMUM KOHEYHbIX NPOAYKTOB, KOTOPbIE OCHOBbLIBAIOTCA Ha
JaHHbIX K 1 AMP cnekTpocKonnyeckux nccneaoBaHuii.

M3yyeHne HeKOTOpbIX retepouunknos, XXVII

WccnegoBaHue rafioreHNpPoOBaHUS U HUTPOBaHUS 2-(M-TofnM)-4-X-T1as3onoB
n. WAMNTN n M. PAPKALL

Mpogo/mkeHreM npefplayllein paboTsl ABNIAETCA HACTOSALLEE UCCNEAOBaHNE HUTPOBAHMA
n 6poMmpoBaHus 2-(M-TOMWNM)-4-XN0PMETUTMA30/1a C Lenbio M3yyeHWUs 3addekta MeTUIbHOM
rpynmnbl B Napa-nofioXXeHnn 6eH30/1bHOM0 KOMbLa ¥ B MOMOXEHUN 5 TMa30NbHOro KonbLa.






ATLAS OF THERMOANALYTICAL
CURVES LW

TG-, DGT-, DTA-curves measured simultaneously

edited by G. LIPTAY

This series, whose third volume is presented here, supplies a great want. Up to now the
various results obtained by different thermoanalytical methods and instruments could not
be compared with one another, owing to difference in experimental conditions. Now the
two most frequently used thermoanalytical methods, differential thermoanalysis (DTA)
and thermogravimetry (TG) have been completed by the derivative thermogravimetric
curves (DTG); thus the thermal behaviour of different materials can be examined simul-
taneously on the same sample. — This third volume, similarly to the second, contains a
collection of the thermal analysis diagrams of a wide range of materials obtained from
various sources, such as inorganic and organic compounds, synthetic organic materials,
minerals, rocks, coals, etc.

In English « Approx. 100 pages ¢ Cloth

AKADEMIAI KIADO Budapest HEYDEN and SONS Ltd. London

A co-edition — distributed in the socialist countries by Kultura, Budapest, in all other
countries by Heyden and Sons Ltd., London

ASCORBINOMETRI1C TITRATIONS

by L. ERDEY and GY. SVEHLA

It was at the and of the fourties that L. Erdey and his research team began to deal with
ascorbimetric titrations. This book gives an account of the principle and system of their
research method, and describes in detail the results achieved between 1949 and 1965.
In the course of time, a number of researchers joined in continuing the author’s and his
co-workers’ pioneering work in the field of ascorbimetric titrations, opening up new vistas
of industrial applications of this method. The book will be helpful to analytical chemists
who already use this titration method, or want to explore its possibilities in their daily
laboratory work.

In English « Approx. 150 pages ¢ Cloth

AKADEMIAI KIADO
Budapest



RECENT FLAVONOID RESEARCH

edited by R. BOGNAR, Y. BRUCKNER and CS. SZANTAY
(Recent Developments in the Chemistry of Natural Carbon Compounds 5)

This new volume of the series deals with a branch of organic chemistry which has great
traditions in Hungary. The material of the book consists of two parts: it contains the lectures
held at the 3rd Hungarian Bioflavonoid Symposium, and it gives a survey and summary
of Hungarian chemical research on flavonoids from 1950 till today.

In English « Approx. 130 pages ¢ Cloth

ASSIGNMENTS FOR VIBRATIONAL SPECTRA
OF 700 BENZENE DERIVATIVES

by GY. VARSANYI

Infrared spectra are very effective means of identification and differentiation of chemical
substances. The book lists 700 benzene derivatives, denoting the structural units repsonsible
for various vibrational modes, i.e. for the bands observed with a given intensity at a certain
wave-number. With the aid of these data it becomes possible to analyse the structure of
benzene derivatives other than those listed in the book, assigning the bands to known
structural units or to determine the new constitutional features of the compound from the
intensities and wave-numbers of the spectral bands observed.

In English « Approx. 640 pages V 100 illustrations « 350 spectra « 700 structural
formulas < 800 tables ¢ Cloth

AKADEMIAI KIADO
Publishing House of the Hungarian Academy of Sciences
Budapest
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SEPARATION OF ANTIPYRINE DERIVATIVES
BY ION EXCHANGE CHROMATOGRAPHY

J. GAAL and J. InCZEDY*

(Institute of General Chemistry, Technical University,
Budapest)

Received September 6, 1971

An ion exchange chromatographic method has been developed for the separa-
tion of antipyrine, 4-aminoantipyrine and dimethylaminoantipyrine. The optimum
conditions of the separation and the eluent composition were determined by calcula-
tions. The protonatiori constants, ion exchange equilibrium constants, and the Kinetic
parameters required for the calculations have been determined separately.

It has been shown [1] that the optimum composition of the eluent for
the separation of organic bases can be predicted by calculation if the protona-
tion constants of the bases and the ion exchange constants of the protonated
bases are known.

Now a method was developed for the separation of antipyrine (A), 4-
aminoantipyrine (AA) and dimethylaminoantipyrine (pyramidon, (DAA)) on
a macroporous cation exchange resin column using the previously reported
calculation methods.

Since in the literature we could find protonation constant data only for
antipyrine [2] and dimethylaminoantipyrine [3], the protonation constants of
all bases were determined in solutions containing 20% ethanol (ionic strength:
10~2). The protonation constant of antipyrine was determined by the photo-
metric method, while those of the other two bases by the potentiometric
method. The constants obtained are listed in Table I.

For the calculation of the ion exchange constants of the protonated bases
relative to sodium ion, distribution measurements were carried out using the

Table 1

Protonation constants of the bases in 20°/o alcohol solution (20 °C)

Base Method used Ig A,

ig
Antipyrine photom. 1.38
4-aminoantipyrine pH-metric 3.96
Dimethylaminoantipyrine pll-metric 4.92 1.44

* Present adresse: Institute of Analytical Chemistry, University for Chemical Engineer-
ing, Veszprém, Hungary
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114 GAAL, INCZEDY: SEPARATION OF ANTIPYRINE DERIVATIVES

static, batch method. The distribution coefficients of the bases on the sodium-
form resin were determined from 20% ethanolic solutions of different pH, but
of constant sodium ion concentration. Plotting the experimental distribution
coefficients against the pH, Eq. (1) was fitted to the points, and the K x values
(i.e. the ion exchanges constants) were calculated. Since the amount of the
base was kept low relative to the amount of sodium ions, the following equation
could be used in the calculations:

D [Na+] [I + [|l|_+]i%J
where Dw denotes the weight distribution coefficient, K the first protonation
constant of the base, Q the capacity of the resin (mequ/g) while Kx is the ion
exchange constant of the protonated base. Since the measurements were
carried out with solutions of pH larger than 2, where the diprotonated form of
DAA was practically absent, only the first protonation constants of the bases
were used in the calculation.
The calculated K x values are collected in Table I1.

Table 11

lon exchange equilibrium constants
of the protonated base cation relative to sodium ion (Lewalit S—100; 20 °C)

Base ABH-Na
Antipyrine 0.57
4-aminoantipyrine (0.32)
Dimethylaminoantipyrine 0.25

Elution measurements using ion exchange columns were also carried out
for the determination of volume distribution coefficients. Since the elution
peaks obtained at room temperature were found to broaden, the dynamic
measurements were performed at 60° C. The volume distribution coefficients
obtained from elution data at various pH were converted to weight distribution
coefficients, and compared with those obtained by static measurements at
room temperature. The conversion was made using the following relation:

— = Dw (2)

a

where D and the Dw are the volume and weight distribution coefficients,

respectively, while a is the column density (g of dry resin in 1 ml ofthe column).
The calculated weight distribution coefficients obtained in two different

series of experiments under different conditions are shown in Fig. 1. The

deviation between the corresponding curves is not significant.

Acta Chim. (Budapest) 76, 1973
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pH
Fig. 1. Weight distribution coefficients of the bases at constant sodium ion concentration
(10_1IM) and at various pH of the solution. --------—- static measurements (20 °C );------------ elu-

tion measurements (60 °C)

It has been shown [4] that the best separation of two successively running
components can be obtained if an eluent is used, for which the ratio of (D -|- a)
values for the two components has a maximum (a is the void fraction of the
column). The optimum ratio for the separation of A from AA was found to
occur at pH 3.60, while that for the separation of AA from DAA at pH 4.40.
Therefore the separation of the three bases was performed with an eluent of
constant sodium ion concentration, with its pH changing stepwise from 3.6
to 4.4.

To obtain information on the necessary size of the column, first the plate
height of the column was calculated from the elution curves using Glueck auf’s
[5] equation

i= b
) ©)

8 (Ymax 2

B!

where h denotes the plate height (cm), L the length of the column used (cm),
vmax the total eluent volume (ml), and s the band width (ml) for cmax X 0.368.

The h value for A was found to be the largest: 5.11 cm, while those for AA
and DAA, were 0.58 and 0.61 cm, respectively, under the given conditions
(60 °C; flow rate: 0.028 cm/sec). For the investigation of the peculiar behaviour
of A, the inner diffusion coefficients of the bases were calculated. Assuming
that under the given conditions the mass transfer was controlled mainly by
particle diffusion, according Glueckauf [5], h can be expressed as:

D 0.142 r2F

h -1.64r (4)
(D -)-a)2 dr

where r denotes the radius of the resin particle, a is the void fraction of the

1% Acta Chim. (Budapest) 76, 1973
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resin column, F the linear velocity of the eluent (cm/sec), and dr the inner
diffusion coefficient (cm2sec).

Using the above equation dr can be calculated.

At the same time kinetic measurements were also made to determine the
diffusion coefficients of the bases in question. The agreement found between
the values obtained in two different ways was very convincing. Antipyrine, in
spite its small molecular weight, excelled in low diffusivity.

The expected behaviour of antipyrine may be explained partly by its
lower protonation constant. Thus in solutions of medium pH only a very small
fraction of the base is present as cation. However, at lower pH values, where
the ion exchange process is appreciable, the loading of the resin is quite different
from that observed in solutions of higher pH.

The diffusion coefficients obtained are summarized in Table III.

Table 111

Calculated inner diffusion coefficients of the bases (Lewatit S—100; 60 G)

Base From elution data From kinetic
cm2sec measurements cm2sec
Antipyrine 8.15X 10-8 7.93x10-*
4-aminoantipyrine 2.99X10-7
Dimethylaminoantipyrine 2.50x 10~7 2.25X10-7

The column length necessary for quantitative separation was calculated
using the following formula [6]:

J), -fa
_j_ a
D24"

-Hi+ a

+1
N > 2n

©)

Fig. 2. Chromatographic apparatus for the separation of antipyrine derivatives. 1 peristaltic
pump; 2 ion exchange column with heating jacket; 3 cooler; 4 mixing coil; 5 photometer; 6
thermostat
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Fig. 3. Separation of antipyrine (A), 4-amino-antipyrine (AA) and dimethylaminoantipyrine
(DAA). lon exchange column: Lewatit S—100 (0.2—0.4 mm) 6.5x187 mm. Flow rate:
33 ml/hr; Eluent: sodium acetate—acetic acid buffer; [Na+] = 10_JAf; 60 °C

where DI and D2are the volume distribution coefficients of the two successive
species, N is the required number of theoretical plates of the column.
Using the optimum column, flowing rate and elution composition, the
separation of the three bases was realized. The feeding of the column and the
continuous, automatic detection of the separated species in the effluent were
carried out with an apparatus of our own design (see Fig. 2).
The chromatogram of the separation is shown in Fig. 3.

Experimental

Reagents. In all experiments a.g. reagents were used.

The commercially available bases (antipyrine, 4-aminoantipyrine,
pyramidon) were dissolved in ethanol, treated with charcoal and crystallized
after filtration. The alcohol containing stock solutions were prepared from the
purified substances.

lon exchange resin. Commercially available Lewatit SP—100 resin was
sieved and the fraction with the particle size of 0.2—0.4 mm was treated with
acid and alkali in the usual way, then converted to the sodium-form and
washed with deionized water and finally extracted in a Soxleth apparatus with
96% ethanol. The extracted resin was dried at room temperature and stored
in a glass bottle. The capacity of the resin was determined by the usual method
[7] and found to be 4.98 inequ/g of air dried resin. The column density of the
resin was a — 0.365.

Instruments. The quantitative determination of the bases was made with
a Spektromom 201 (MOM, Hungary) spectrophotometer; the estimation of the
bases in the visible range was carried out with iron(l1l) sulfate as reagent and
a Spekol (Carl Zeiss, GDR) photometer. The pH was measured with a Universal
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pH meter (RADELKIS, Hungary) for feeding the column automatically in the
column experiments, a Peripump (KUTESZ, Hungary) peristaltic pump was
used.

Determination of the protonation constant of antipyrine. The optical
densities of the solutions of various pH, containing 4x10 5M antipyrine and
20% alcohol, were measured at 260 nm on the spectrophotometer and the log K
value was calculated by the usual method [8].

Determination of the protonation constants by pH-metric titration. 10 ml of
10-1 M alcoholic stock solution was diluted with water to 45 ml and titrated
against standard 0.2 M hydrochloric acid. Nitrogen was bubbled through the
solution during titration; the pH was measured using glass and calomel
electrodes. From the data obtained the log K values were calculated.

Determination of the distribution coefficients by static method. A 0.25 g air
dried, pretreated resin sample of the sodium form was weighed in a glass
stoppered bottle. The solution of various pH containing 10~1M sodium
chloride and 10-3 M base, investigated in 20% ethanol/water mixture, were
prepared from known portions of stock solutions. The pH was adjusted by
addition of dilute hydrochloric acid, and the solution filled up to 50 ml in
volumetric flask. The concentration of sodium ions was kept constant at 10-1 M
in all experiments. 25 ml of the solution prepared was pipetted to the resin
sample and, after closing the bottle, it was allowed to stand for 24 hrs with
periodic shaking for equilibration. After equilibration, a part of both the
original and the equilibrated solutions were analyzed for the base content
spectrophotometrically. At the same time the pH of the equilibrated solution
was also measured. The optical densities of the antipyrin solutions were
measured at 230 nm, while those of pyramidon at 270 nm after the addition of
hydrochloric acid. The concentration was determined using calibration graphs,
then the weight distribution coefficient (Dw) of the bases was calculated:

n mmol base/g air dried resin \
[T B i
mmol base/m1 solution

Elution experiments. For elution experiments an ion exchange column of
size 6.5x72 mm was prepared from the pretreated sodium-form resin. The
column was heated with a heating jacket and kept at 60 °C. The column was
equilibrated with the eluent before the elution experiment, then 0.25 ml of the
stock solution (containing 10-1 M base) was poured onto the resin column and
the elution was carried out with the eluent of the desired pH but of constant
sodium ion concentration. The eluents were sodium acetate-acetic acid buffers
of constant sodium ion concentration, containing also 20% ethanol. They were
fed to the column by means of a peristaltic pump at a rate of 33 ml/hour. The
effluent was cooled first in an ice bath (see Fig. 2) then the iron(lll) sulfate
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reagent (0.5% cryst. iron(I1l1) ammonium sulfate and 0.2 M hydrochloric acid)
was added at a rate of 43.8 ml/hour. After mixing, the optical density of the
solution was measured in a flow-through cell at 460 (antipyrine), 530 (4-amino-
antipyrine), or 570 nm (pyramidone). From the data obtained elution graphs
were constructed and the peak eluent volumes (nmax> ml) determined. The
volume distribution coefficient was also calculated [5]:

ble vmax o t#

where X is the column volume (ml), a is the void fraction of the column.

Separation of bases. According to calculations, a resin column of 187 nm
length is required for quantitative separation of the bases if eluents of pH 3.60
and pH 4.4 are used. Therefore, a column of size 6.5x187 nm was prepared,
kept at 60 °C and the mixture of the three bases (40 “mol A; 20 “mol AA and
50 jitmol DAA) was poured onto the column and the elution was carried out
using the apparatus shown in Fig. 2.

Kinetic measurements. 100 ml of a test solution containing 10~4 M base
and 20% ethanol was prepared, the temperature adjusted to 20 or 60 °C;
0.365 g of hydrogen-form resin was then added to the vigorously stirred
solution. Time to time 1 or 2.5 ml samples were taken by a pipette and the
base content of the solution determined by means of the spectrophotometric
method. From the data obtained kinetic curves were constructed and the half
reaction time established. For calculation of the diffusion coefficient the fol-
lowing equation was used [9]:

*i/.= 0.030-"-, (8)
dr
where t12 is the half reaction time, r is the mean radius of the resin oarticles
(cm).
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UNTERSUCHUNG DER CHEMISCHEN
ZUSAMMENSETZUNG YON BITUMINA AUS
ROMASCHKINO UND AUGYOQ, I

TRENNUNG DER BITUMINA IN VERBINDUNGSGRUPPEN
MIT HOMOGENER CHEMISCHER STRUKTUR

L. Zalka

(Donau-Mineral6lwerke, Szazhalombatta)

Eingegangen am 1. Oktober 1971

Das Ziel der experimentellen Arbeit war die Untersuchung der chemischen
Zusammensetzung und Struktur von Bitumina aus Romaschkino und Algyd. Nach
einem neu entwickelten Verfahren wurden die Bitumina in Fraktionen mit relativ
homogener chemischer Struktur zerlegt. Es wurde die Elementarzusammensetzung
und das Molekulargewicht der einzelnen Fraktionen bestimmt und ihre UV-, IR- und
NMR-Spektra wurden aufgenommen.

Das Trennverfahren umfalit folgende Operationen: Abscheidung der Asphaltene
mit n-Hexan, Trennung des Maltenteiles durch Flussigkeitschromatographie an Silika-
gel, fraktionierte Kristallisation, Trennung der ra-Paraffine durch Adduktbildung mit
Harnstoff, Molekulardestillation und zuletzt Trennung der Aromatcn gemaR der Zahl
der Ringe durch Flussigkeitschromatographie an mit Pikrinsdure préapariertem Ad-
sorbens.

Das Bitumen ist ein Produkt &ufRerst komplizierter Zusammensetzung
des Erddls. In den durch verschiedene technologische Verfahren (Destillation,
Extraktion, Blasen) gewonnenen Bitumina sind diejenigen Bestandteile des
Erddls enthalten, deren Zusammensetzung am kompliziertesten und deren
Molekulargewicht am hdchsten ist. Im Bitumen konzentrierte sich — in den
hochmolekularen Komponenten eingebaut — auch der Uberwiegende Teil der
im Erdéle befindlichen Heteroatome.

Die Theologischen und mechanischen Eigenschaften des Bitumens sind
stark abhdngig von seiner chemischen und kolloidchemischen Struktur. Wegen
der verwickelten chemischen Struktur beschrdnkte man sich lange Zeit hin-
durch auf die Untersuchung der physikalischen Eigenschaften. In den letzten
Jahrzehnten wurde jedoch eine tiefere chemische Deutung der physikalischen
Eigenschaften des Bitumens immer dringender notwendig. Forschungen dieser
Art werden durch das Ausbreiten neuer Trennungsmethoden und instrumentel-
ler analytischer Untersuchungen fir die Prifung von Bitumina wesentlich er-
leichtert. Da es sich um ein duBerst kompliziertes Vielkomponentensystem
handelt, wird die Isolierung charakteristischer Verbindungsgruppen ange-
strebt, wobei die Trennungsverfahren immer mehr verfeinert werden. Ein
kurzer Uberblick iiber die Entwicklung der Gruppenanalyse des Bitumens
sowie seiner Trennung in mehr oder minder einheitliche Verbindungsgruppen
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zeigt, daB mehr und mehr zusammengesetzte Trennschemen entwickelt und
modernere analytische Methoden zur Feststellung der chemischen Bestand-
teile angewendet wurden.

Verfahren zur Trennung von Bitumina

Die eingehende Untersuchung der Bitumina durch Fraktionieren mit
selektiven Ldésungsmitteln begann im Jahre 1916 mit der Arbeit von Marcus-
SON [!]* Er prufte die Zusammensetzung natlrlicherund aus Erddl stammender
Bitumina. Die unldslichen Bestandteile des Bitumens wurden mit Leichtbenzin
gefédllt und die schwereren Komponenten wurden aus der Benzinldsung an
Fullererde adsorbiert. Letztere wurde dann mit Schwefelkohlenstoff extrahiert.
Die auf diese Weise erhaltenen Stoffe bezeichnete Marcusson als Harze. Eine
weitere Fraktionierung der an Fullererde nicht adsorbierten Ole fiihrte
Marcusson nicht durch. Er entwickelte auch ein Verfahren zur quantitativen
Bestimmung derim Bitumen enthaltenen Asphaltogensduren und Asphaltogen-
sdureanhydride. Nach dem in 1931 entwickelten Verfahren von Poll [2]
wurden die Asphaltene mit Petroldther geféallt und die Lésung mit Fullererde
behandelt. Der adsorbierte Teil, das sog. Olharz, wurde mit Chloroform
extrahiert. Aus dem nicht adsorbierten Teil der Lésung wurde der Petroldther
abdestilliert und auf diese Art der 6lige Teil des Bitumens erhalten. Die voran-
gehend mit Petroldther gefdllten Asphaltene wurden in Chloroform geldst und
anschlieBend mit Fullererde behandelt. Durch Extraktion des adsorbierten
Teils mit Pyridin wurden die Asphaltharze erhalten. Der in Pyridin unldsliche
Teil wurde mit einem Gemisch aus Pyridin und Schwefelkohlenstoff (1:1)
extrahiert. Den so gewonnenen Teil nannte Poll Hartasphalt. Hoiberg und
Garris [3] trennten die Bitumina in funf Fraktionen. Die Asphaltene wurden
mit Hexan geféllt und aus dem in Hexan geldsten Teil wurden durch fraktio-
nierte Fdallung mit verschiedenen Ldsungsmittelgemischen vier Fraktionen
abgesondert, und zwar Hartharze, Weichharze, Ole und Ceresine.

Eine verfeinerte und wirksame Trennmethode wurde von O’Donnel
entwickelt [4]. Er trennte die Asphaltene mit Isopentan ab und trennte dann
die Maltene durch Molekulardestillation in 10 Fraktionen. Die Destillate wur-
den auf Silikagcl chromatographisch in gesdttigte Verbindungen, aromatische
Verbindungen und Harze zerlegt. Die gesdttigte Fraktion wurde entparaffi-
niert und das erhaltene Paraffin durch Adduktbildung mit Harnstoff, das Ol
durch Thermodiffusion in weitere Fraktionen getrennt. Die aromatische Ver-
bindungen wurden durch Chromatographieren auf Aluminiumoxid in mono-
und bicyklische Fraktionen getrennt. Durch Oxydation dieser Fraktionen
lieRen sich die Schwefelverbindungen in Sulfone uUberfuhren. Aus den Mole-
kulardestillaten wurden die polaren Stickstoff- und Schwefelverbindungen
durch Behandeln mit Quecksilberchlorid entfernt (Abb. 1).
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[Bit umenl

Extraktion
AO'l i-Pentan

Abb. 1

Bestougeff und Bargman [5, 6] befalBten sich ebenfalls eingehend
mit der chemischen Zusammensetzung der Bitumina. Nach ihrem Verfahren
wurden die Asphaltene mit n-Heptan gefdllt, der Maltenteil entparaffiniert
und durch Destillation, fraktionierte F&llung und Flussigkeitschromatographie
auf Silikagel und Aluminiumoxid in Verbindungsgruppen getrennt. Die
Asphaltene lieBen sich endlich durch fraktionierte Féallung in drei Fraktionen
trennen. Die genannten Verfasser entwickelten auch ein Verfahren zur Tren-
nung der im Bitumen vorkommenden Schwefelverbindungen. Kileinschmidt
[7] untersuchte die Verdnderung der chemischen Zusammensetzung von
Bitumina im Laufe von Alterungsvorgédngen. Diese Verédnderungen wurden
durch Gruppenanalyse verfolgt. Die Asphaltene wurden mit re-Pentan geféllt
und die Losung in einer mit Fullererde beschickten Sdule chromatographiert.
Als selektive Lésungsmittel wurden n-Pentan, Methylenchlorid und Methyl-
&thylketon verwendet. Die erhaltenen Fraktionen wurden als wasserhelles 61,
dunkles 61 und Asphaltharz bezeichnet. Chelton und Traxler [8] chromato-
graphierten die nach der Fallung der Asphaltene mit Pentan erhaltene Malten-
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lI6sung in einer mit Silikagel gefillten S&ule. Die Sdule wurde mit Methylcyclo-
hexan, Benzol und i-Butanol eluiertund das benzolische Eluat auf Magnesium-
silikat erneut chromatographiert. Die Asphaltene wurden aus der benzolischen
Ldsung durch Zugabe steigender Methanolmengen fraktioniert geféllt (Abb. 2).
Traxler und Schweyer [9] entwickelten ein Verfahren zur Zerlegung des
Bitumens in drei Bestandteile. Zuerst wurde das Bitumen mit Butanol-1
behandelt, wodurch ein Niederschlag erhalten wurde, der die Asphaltene und
eine geringe Menge an Harzen enthielt. Dieser wurde als asphaltischer Teil
bezeichnet. Die in Butanol I8slichen Bestandteile wurden in heifem Aceton
gelést. Nach dem Abkihlen der Lésung auf —23,3° wurden die von den Ver-
fassern als gesdttigte Verbindungen bezeichneten Substanzen ausgeschieden.
In der acetonischen Lésung verblieben die ungesattigten Ole, die als cyklische
Verbindungen bezeichnet wurden. Mit Hilfe der auf diese Weise bestimmten
drei Gruppen stellten die Verfasser die Zusammensetzung der Bitumina im

Thermodiffusion

zehn Fraktionen 1

Abb. 2
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6]
Dreieckdiagramm dar und folgerten aus ihrer Lage im Diagramm auf ihre

Eigenschaften. Boyd und Montgomery [10] extrahierten die I8slichen Teile
eines bitumenhaltigen Sandes aus Athabasca mit n-Pentan und anschliefend
die Asphaltene mit Tetrachlorkohlenstoff. Der Extrakt wurde an Fullererde
chromatographiert. Als Eluenten wurden Pentan, Tetrachlorkohlenstoff, Ben-
zol, Chloroform und Methanol verwendet.

Die Gruppenzusammensetzung des Bitumens aus Romaschkino wurde
von mehreren Verfassern untersucht. Prinzter und Mitarbeiter [11] unter-
suchten die Gruppenzusammensetzung eines Destillationsrickstandes aus
Romaschkino durch Flissigkeitschromatographie auf Silikagel. Die Paraffine
und Naphthene wurden mit Petroldther, die 6lharze mit einem Gemisch aus
Benzol und Petroldther 1:1, die Asphaltharze mit Aceton und schlieBlich
die Asphaltene mit Pyridin eluiert. Die Paraffine und Naphtene enthaltende
Fraktion wurde erneut chromatographiert, wobei eine Paraffin/Naphten-
Fraktion und eine monoaromatische Fraktion erhalten wurde. Die Paraffine
wurden durch Adduktbildung mit Harnstoffin Normalparaffine und verzweigte
Paraffine getrennt. H rapia [12] befalRte sich ebenfalls mit der Gruppenanalyse
des Bitumens aus Romaschkino. Er trennte die Asphaltene mit Pentan ab
und trennte dann die Maltene durch Molekulardestillation und Chromato-
graphie in 360 Fraktionen. Der Cg-, Cp- und CN-Gehalt der einzelnen Fraktio-
nen wurde durch Strukturgruppenanalyse bestimmt. Die Maltene wurden
durch Molekulardestillation in 12 Fraktionen getrennt und dann jede einzelne
Fraktion durch Chromatographie an Aluminiumoxid in weitere 30 Fraktionen
zerlegt. Als Elutionsmittel lieRen sich Benzin 60/70, Benzol und ein Gemisch
aus Benzol und Methanol verwenden.

Leibnitz und Papp [13] trennten ein Bitumen aus Nagylengyel durch
Chromatographie an Aluminiumoxid in 32 Fraktionen, deren Strukturgruppen-
zusammensetzung ebenfalls bestimmt wurde. Sie bestimmten die Anzahl und
Verteilung der Naphtenringe und der aromatischen Ringe in den einzelnen
Fraktionen. Corbett [14, 15] trennte die Bitumina in vier Gruppen, wobei er
sich der Elutions-Adsorptionschromatographie bediente. Nach dem Ab-
scheiden der Asphaltene erhielt er mittels Chromatographie eine gesdttigte
Fraktion, eine aus Naphthenen und Aromaten bestehende Fraktion und eine
aromatische Fraktion. Zur Bestimmung der durchschnittlichen chemischen
Zusammensetzung verwendete er die densitometrische Methode von van
Krevelen. Die Asphaltene wurden mit n-Heptan geféllt. Die Maltenldsung
wurde in einer mit Aluminiumoxid gefullten Sdule chromatographiert. Als
Elutionsmittel wurden n-Heptan, Benzol, Benzol-Alkohol (1 : 1) und zuletzt
Trichlordthylen verwendet (Abb. 3). Middleton [16] trennte schwere Erddl-
fraktionen, darunter auch Bitumina mittels Flissig—Fest Gradientenelutions-
chromatographie an Aluminiumoxid. Die Probe wurde vorher an einem Teil
der Sdulefullung adsorbiert. Die Elutionsmittel, die eine optimale Trennung
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I Bitumenj
Fcillung
n-Hei)tan
1Maltene Asphaltene
Flussigkeitschromatographie
an Aluminiumoxid
Abb. 3

ermdglichten, wurden experimentell bestimmt. Das Gradientenelutionssystem
bestand aus funf Ldésungsmitteln, und zwar n-Pentan, n-Hexan, Dichlor-
methan, Tetrahydrofuran und Methanol. Es wurden folgende Fraktionen er-
halten: gesattigte Verbindungen, mono- und diaromatisches OIl, polyaromati-
sches Ol, Weichharz, Hartharz und Asphaltene. Das Eluat wurde kontinuier-
lich durch UV-Spektroskopie kontrolliert und die Fraktionen auf Grund dieser
Ergebnisse geschnitten.

In der Sowjetunion entwickelte Sergienko [17] ein Verfahren zur
Zerlegung von Bitumina. Dabei wurden die Asphaltene mit n-Pentan gefallt
und die Maltenlosung an Silikagel Chromatographiert. Als Elutionsmittel
wurden Petrolather, Tetrachlorkohlenstoff, Benzol, Aceton und ein Gemisch
aus Alkohol und Benzol vertvendet.

In Ungarn befalRten sich Nyual, Mézes und Zakar [18—21] im Ungari-
schen Erdél- und Erdgas-Forschungsinstitut mit der Untersuchung der
Gruppenzusammensetzung von Bitumina. Nach einem ihrer Verfahren werden
die Bitumina in drei Komponenten, und zwar in Asphaltene, 6lige sowie
harzige Bestandteile getrennt. Die Asphaltene werden mit leichtem Benzin
abgeschieden und anschlieBend die harzigen Bestandteile an Fullererde ad-
sorbiert. Durch Extraktion der Fullererde wird die Harzkomponente erhalten.
Der olige Teil bleibt in der Benzinlésung. Nach einer anderen Methode der ge-
nannten Verfassir werden die Asphaltene mit n-Hexan abgetrennt und die
Maltenldsung an weitporigem Silikagel chromatographiert. Der dlige Teil wird
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mit re-Hexan, die Olharze mit Benzol und die Asphaltharze mit Chloroform-
Aceton (1:1) eluiert. Dieses zweite Verfahren liefert wesentlich besser repro-
duzierbare Werte als die erste Methode.

L.Vajta und Zs. Vajta [22—24] fanden die Methode von Traxler und
Schweyer am glnstigsten und verwendeten sie in ihren ausgedehnten Bitu-
menuntersuchungen. lhrer Meinung nach ist diese Methode zum Vergleich
verschiedener Bitumina sehr gut reproduzierbar und die Trennung einfach
durchfuhrbar.

Aus dem Gesagten zeigt sich, daR die anfdnglich fur die Gruppenanalyse
von Bitumina eingefihrte Perkolation mit aktivierter Fullererde und die
danach folgende selektive Extraktion im weiteren durch die einfachere und
besser reproduzierbare Ergebnisse liefernde Elutions-Fliussigkeitschromato-
graphie abgeldst wurde. Als Adsorbens wird weitporiges Silikagel oder aktivier-
tes Aluminiumoxid verwendet. Da praktisch S&ulen beliebiger Gréfe gebaut
werden kdénnen, die dabei leicht zu handhaben sind, stieg die Menge des auf
einmal trennbaren Bitumens an, wodurch eine Reihe weiterer Trennungen er-
maoglicht wurde. Zur Desorption der drei wichtigsten Bestandteilgruppen —
geséttigte Verbindungen, 6lharze bzw. Asphaltharze — werden Lésungsmittel
mit steigender Polaritdt verwendet: Elutionsmittel fir die gesattigten Verbin-
dungen sind Leichtbenzinfraktionen oder reine gesdattigte aliphatische Kohlen-
wasserstoffe kleiner Kohlenstoffatomzahl, fir 6lharze wird meistens Benzol
als Elutionsmittel eingesetzt, widhrend Asphaltharze durch stark polare Ver-
bindungen wie Methylalkohol, Pyridin, Aceton, Chloroform, bzw. deren Ge-
mische eluiert werden. Vor der chromatographischen Trennung werden die
Asphaltene meistens abgetrennt. Die Menge der gefdllten Asphaltene héngt
weitgehend von dem verwendeten Ldésungsmittel ab. Die in der Ldsung ver-
bleibenden Maltene werden chromatographiert, gegebenenfalls noch vor dem
Cliromatographieren durch Molekulardestillation in Fraktionen getrennt. Die
geséttigte Verbindungen enthaltenden Fraktionen werden in einigen Fdllen
bei tiefen Temperaturen (—30...—50°) entparaffiniert und das erhaltene
Paraffin durch Adduktbildung mit Harnstoff in Hart- und Weichparaffine
getrennt. Der 06lige Maltenteil kann auch durch Thermodiffusion [4, 8, 25]
zerlegt werden.

Herstellung von Bitumenfraktionén
mit homogener chemischer Struktur
Der Uberwiegende Teil der in der Literatur verdffentlichten Trennver-
fahren flir Bitumina ermdglicht nur die Bestimmung der Gruppenzusammen-
setzung, liefert jedoch keine Fraktionen, deren Zusammensetzung genigend
homogen wéare, um die chemische Struktur kldren zu kdénnen.
Uber das Bitumen aus dem Romaschkinoer Erddl stehen ebenfalls nur
Gruppenzusammensetzungsangaben zur Verfiigung. Eine ausfihrlichere Unter-
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suchung des Bitumens von Algy6 wurde bisher {berhaupt nicht durch-
geflhrt.

In unserer Arbeit wurde ein Trennverfahren entwickelt, das die Her-
stellung von zur Klarung der Struktur geeigneten Fraktionen mit homogener
Struktur ermdglicht. Daneben wurde eine Kombination der analytischen
Methoden ausgearbeitet, wodurch eine tiefgehende strukturelle Charakterisie-
rung der Fraktionen durchgefihrt werden kann.

Ziel unserer Arbeit war auch der Vergleich der Struktur von Bitumina,
die aus Erddlen verschiedener Herfkunft und mittels verschiedener Technolo-
gien hergestellt worden sind.

Bei der Entwicklung des Trennverfahrens wurden die verschiedenen
Trennmethoden derart kombiniert, daB das Ziel der Herstellung von Bitumen-
fraktionen mit relativ homogener chemischer Struktur so weit wie mdglich
angendhert werden konnte. Das Schema des entwickelten Trennverfahrens ist
in Abb. 4 dargestellt.

Der erste Schritt war die Abscheidung der Asphaltene. Die von den
Ubrigen Bestandteilen des Bitumens hinsichtlich des Molekulargewichtes, der
Léslichkeit und der chemischen Struktur wesentlich abweichenden Asphaltene
werden wegen ihrer charakteristischen Eigenschaften und wegen ihrer wichti-
gen Rolle im Aufbau des Bitumens zweckmdRig gesondert behandelt und
untersucht.

Der erste Schritt in der Trennung der Maltene war die Elutions—Fl{issig-
keitschromatographie. Dabei wurden vier charakteristische, voneinander in
sdmtlichen Eigenschaften abweichende Fraktionen erhalten. Diese sind die
folgenden:

1. paraffinisches 01,

2. naphtenisch-aromatisches Ol,

3. Olharz,

4. Asphaltharz.

Die weiteren Trennungsschritte dienten zur Absonderung von Verbin-
dungsgruppen noch einheitlicherer Zusammensetzung innerhalb der oben ge-
nannten Fraktionen. Die Fraktionen 1—3 wurden bei —30°C entparaffiniert,
wodurch die Paraffine von den verzweigten, hauptsdchlich Naphten- und
aromatische Ringe enthaltenden Verbindungen getrennt wurden. Aus den
Paraffinen wurden durch Adduktbildung mit Harnstoff die hochmolekularen
geradkettigen oder nur wenig verzweigten Paraffine abgesondert. Danach
wurden sdmtliche bis dahin erhaltenen Fraktionen durch Molekulardestillation
ihrer MolekiulgroRe entsprechend in zwei Fraktionen getrennt. Als letzte
Trennungsoperation folgte die Trennung der aromatischen Fraktionen nach
ihrer Ringzahl durch Flussigkeitschromatographie. Dadurch wurden wertvolle
Informationen uber die Zahl und Art der nicht kondensierten und konden-
sierten aromatischen Ringsysteme erhalten.
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Bei den Endfraktionen wurde das Molekulargewicht und die Elementar-
zusammensetzung bestimmt und die chemische Struktur der einzelnen Frak-
tionen mit IR-, UV- und NMR-Spektroskopie untersucht.

Es wurden vier Bitumenproben untersucht:

1.
2.
3.
4.

Romaschkinoer Extraktbitumen,
Romaschkinoer Destillationsbitumen,
Romaschkinoer geblasenes Bitumen,
Algyoer Extraktbitumen.

Das Romaschkinoer und Algyoer Extraktbitumen wurde im Entbitumi-
nierbetrieb der Donau- Mineralélwerke, Szazhalombatta hergestellt. Das
Destillationsbitumen wurde im AV-lI-Betrieb desselben Unternehmens ver-

fertigt.
Erdol-

Das geblasene Bitumen wurde im Versuchsreaktor des Ungarischen
und Erdgas-Forschungsinstituts aus Romaschkinoer Gudron (Erwei-

chungspunkt 43 °C) hergestellt. Einige charakteristische Eigenschaften der
Bitumina sind in Tab. | zusammengestellt.

Tabelle 1

Charakteristische Eigenschaften einiger Bitumina
aus Romaschkino and Algyé

Bitumen aus Romaschkino
E i en schaft Extrakthi en
o l RS Bfl[gljyrg

T
Extr. Destill. Geblas.

Erweichungspunkt, (»Ring und

Ball«-Methode), °C 54 50 50 47
Penetration bei 25°C, 1/10 mm 31 59 134 nicht
meRbar
Duktilitat bei 25°C, mm 1000 1000 600 nicht
melbar
Brechpunkt nach Fraass, °C +2 —10 -18 -25
Paraffingehalt, Gew.% 1,44 2,09 2,26 3,43
Dichte bei 25 °C, g/ml 1,0288 1,0125 0,9997 0,9705
Conradson-Zahl, Gew.% 20,7 210 17,1 13,0
Flammpunkt nach Marcusson, °C 345 349 331 346
Elementaranalyse:
C, % 85,2 85,2 85,1 87,6
H, % 10,3 10,3 10,7 11,7
S, % 36 31 32 08
0, % 10 1,4 15 0.4
Molekulargewicht 860 880 770 850
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Elutions-Fliissigkeitschroinatographie

Mit Rucksicht auf die Anzahl der geplanten, nacheinander folgenden
Trennungsoperationen wurde eine verhdltnismdaRig groBe Probenmenge von
etwa 1 kg Bitumen verarbeitet. Um die Arbeit zu beschleunigen, projektierten
und bauten wir eine groe chromatographische S&ule mit hoher Leistung
(Abb. 5). Darin sind funf S&ulen mit L&ngen von je 2500 mm in Reihe ge-
schaltet. Der Durchmesser der ersten Sédule betrdgt 80 mm, der Durchmesser
der Ubrigen vier S&ulen 40 mm. Die gesamte Lange der S&ule betrdgt 12 500

Abb. 5. Einrichtung zur Chromatographie von Bitumina. 1- Stickstoff-Flasche; 2 — Druck-
regler; 3 — Ld&sungsmittelbehdlter; 4 — Zwischengeschaltetes GeféaR; 5 — Schauglas; 6 —
Sdule mit 80 mm Durchmesser; 7 Sdule mit 40 mm Durchmesser; 8 Sammelgefal

mm. Um eine gleichmé&Rige Temperatur zu sichern, wurde im Kihlmantel der
Sé&ulen Wasser von 25 °C in Zirkulation gehalten. Die Maltenlésung, bzw. die
Elutionsmittel wurden in den mit einem Niveauanzeiger versehenen L6sungs-
mittelbehé&lter 3 eingefiihrt und daraus mittels Stickstoffdruck 1 Uber ein da-
zwischengeschaltetes GefdR 4 auf die Sdule 6 geleitet. Der Stickstoffdruck
wurde durch einen Druckregler 2 auf den gewdilnschten Wert (im allgemeinen
unterhalb 0,5 atl) eingestellt. Die Entnahmegeschwindigkeit des Eluats
betrug 500 ml/h. Die S&ule war mit 12 kg weitporigem Silikagel (KorngréRe
0,1—0,5 mm) gefullt.

Nach dem Abscheiden der Asphaltene mit n-Hexan wurde die Ldsung
der Maltene in n-Hexan auf die Sdule aufgegeben. Die S&ulenbelastung betrug
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4 —6% auf Malten bezogen. Zur Benetzung der Sdule wurde rc-Hexan, als
Elutionsmittel wurden n-Hexan, Benzol und Aceton verwendet. Die Lésungs-
m ittel wurden vorangehend mit Molekularsieb entwé&ssert. Bei der Elution mit

n-Hexan wurden zwei Fraktionen erhalten: ein paraffinisches Ol und ein

naphtenisch-aromatisches 01. Die Erscheinung des naphtenisch-aromatischen

Oles wurde durch den Farbumschlag des Eluats nach BlaR-Zitronengelb ange-
zeigt. Die Grenze zwischen den beiden Fraktionen wurde auch refraktome-

trisch iberwacht. Die Olharze wurden mit Benzol eluiert, die Asphaltharze mit

Aceton. Die prozentuelle Verteilung der erhaltenen insgesamt funf Fraktionen

ist in Tab. Il zusammengestellt.

Tabelle 11
Gruppenzusammensetzung von Bitumina aus Romaschkino
und Algyé
Bitumen aus Romaschkino E_xtrakt—
Fraktion bitumen
aus
Extr. Destill. Geblas. Algyo
Paraffinisches 01, Gew.% 9,2 n,i 19,1 31,3
Naphtenisch-aromatisches 61, Gew.% 3,0 49 6,6 53
Olharz, Gew.% 61,4 55,4 44,9 43,5
Asphaltharz, Gew.% 13,0 12,0 111 13,5
Asphaltenteil, Gew.% 10,2 13,4 15,0 6,1
Verlust, Gew.% 3,2 3,2 3,3 0,3

Ein Vergleich der verschiedenen Romaschkinoer Bitumina zeigt einen
wesentlichen Unterschied in der Gruppenzusammensetzung des Extrakt-
bitumens und des Destillationsbitumens. Das erstcre enthalt weniger Ol und
mehr Harz. Diese Abweichung ergibt sich aus der unterschiedlichen Herstel-
lungstechnologie und wirkt sich auch auf die Verwendbarkeit des Bitumens aus.
Der hohere Asphaltengehalt, der verhéltnismaBig geringe Harzgehalt und der
hohe Olgehalt des Romaschkinoer geblasenen Bitumens zeigt an, daR das
unter milden Umstédnden durchgefiihrte Blasen in erster Reihe die Umsetzung
der Harze in Asphaltene und in wesentlich geringerem Male die Umsetzung
des Oles in Harz bewirkte. Einige analytische Angaben der auf chromato-
graphischem Weg erhaltenen Fraktionen sind in Tab. IlIl zusammengefaRt.
Das Molekulargewicht der Fraktionen steigt vom paraffinischen Ol bis zu den
Asphaltenen gleichmdRig an. Auch der Schwefelgehalt steigt an, wé&hrend der
Sauerstoffgehalt den maximalen Wert in der Asphaltharzfraktion erreicht.
Das Gewichts- bzw. Atomverhdltnis C : H steigt von den geséttigten Verbin-
dungen in Richtung der Asphaltene an.
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Molekulargewicht, Elementaranalyse, Kohlenstoffgehalt in aromatischer, paraffinischer und naphtenischer Bindung

Tabelle 111

der bei der chromatographischen Trennung von Bitumenproben erhaltenen Fraktionen

Romaschkinoer Extrakt-
bitumen

Romaschkinoer Dest.-
Bitumen

Romaschkinoer geblasenes
Bitumen

Algyoer Extraktbitumen

Fraktion

Ausgangsbitumen
Paraffinisches Ol
Naphtenisch-aromatisches Ol
Olharz

Asphaltharz

Asphaltenteil

Ausgangsbitumen
Paraffinisches Ol
Naphtenisch-aromatisches Ol
Olharz

Asphaltharz

Asphaltenteil

Ausgangsbitumen
Paraffinisches Ol )
Naphtenisch-aromatisches Ol
Olharz

Asphaltharz

Asphaltenteil

Ausgangsbitumen
Paraffinisches Ol
Naphtenisch-aromatisches Ol
Olharz

Asphaltharz

Asphaltenteil

Vol Gaw

860
637
726
840
1160
3540

880
622
775
764

1100

3200

770
584
698
751
980
3540

850
707
732
730
1140
2800

85,2
86,3
85,4
85,6
83,5
85,7

85,2
86,2
85,2
84,5
82,1
85,9

85,1

85,7
84,4
80,8
85,2

87,6
85,8
86,1
87,6
85,9
87,3

Elementaranalyse,
Gan% v

1l S

5 6
10,3 3,6

138 —
12,9 18
10,4 33
11,2 38
81 4,0
10,3 31

139 —
12,9 16
9,9 41
9,6 37
7.2 4,4
10,7 3.2
13,9 —
12,7 1,7
9,7 3,4
9,6 3,4
7.9 41
11,7 038
14,2 —
13,3 038
10,2 12
10,6 3.2
9,1 1.4

Verhéltnis
C:H
in G Al
wicht zahl
8 9
83 069
62 0,552
66 0,55
82 069
74 062
10,5 .88
82 0,69
62 052
66 0,55
85 0,70
85 0,70
11,9 0,90
79 0,66
6,2 051
6,7 0,56
87 072
84 070
108 0,99
74 062
60 0,50
6,4 0,54
86 072
81 068
96 0,80

IR-Spektrometrie
(e)) N
n 2
+ +

64,3 357
653 22,3
558 116
+ +
+ +
+ It
66,8 33,2
614 271
48.1 9,4
-f +
+ +
-b 4-
63,2 36,8
69,6 182
56,6 7,0
+ +
+ +
+
857 143
83,9 2,2
576  —
+ +
+ +
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Aus dem IR-spektroskopisch bestimmten Anteil des aromatisch, paraffi-
nisch und naphtenisch gebundenen Kohlenstoffgehaltes der einzelnen Fraktio-
nen kann festgestellt werden, dall der paraffinisch gebundene und haupt-
sachlich der naphtenisch gebundene Kohlenstoffgehalt mit zunehmendem
Molekulargewicht der Fraktionen abnimmt, wd&hrend ihr Aromatengehalt
zunimmt. Dieser Befund weist auf eine wesentliche Anderung der Molekiil-
strukturen hin.

Entparaffinierung

Aus den durch Elutionschromatographie erhaltenen Fraktionen wurden
die kristallisierbaren Paraffine durch Losungsmittel-Entparaffinierung bei
—30 °C abgeschieden. Die Entparaffinierung des paraffinischen Oles und des
naphtenisch-aromatischen Oles war leicht durchfiihrbar. Aus dem Olharz
wurden die Bestandteile paraffinischen Charakters bereits schwerer abge-
schieden, jedoch lieBen sich auch hier wesentliche Mengen an bei —30 °C
kristallisierenden Bestandteilen hersteilen. Aus dem Asphaltharz wurde er-
wartungsgemaB Kkein filtrierbarer Niederschlag erhalten. Die Materialbilanz
der Entparaffinierung der vier Proben ist in Tab. IV, das Molekulargewicht
und der aromatisch, paraffinisch und naphtenisch gebundene Kohlenstoff-
gehalt ist in Tab. Y und VI gezeigt.

Tabelle IV

Festparaffingehalt verschiedener Fraktionen von Bitumina
aus Romaschkino und Algyé

Paraffinisches ol Naphtenisch-aromatisches 61 6lharz
Fliissiges Fest- o Fest- o Paraffin-
Probe P f?. paraffin Paraffinfreies paraffin Paraffinfreies haltiges
Aarg 'P' ) 61, Ausbeute, 1, Ol, Ausbeute, dlharz,
é’s eolje* Ausbeute, Gew.% Ausbeute Gew.% Ausbeute,
ew.% Gew.% Gew.% Gew.%
a b a b a b a b a b a b

Romaschkinoer
Extraktbitumen 141 130 859 790 601 180 39,9 120 919 567 81 50

Romaschkinoer

Dest.-bitumen 16,7 185 833 925 559 2,74 441 216 931 516 6,9 38
Romaschkinoer
geblasenes
Bitumen 53,2 10,14 46,8 896 73,1 482 27,0 1,78 91,3 41,0 8,7 39
Algyoer Extrakt-
bitumen 152 4,7 848 266 537 285 46,3 245 886 386 114 49
a = auf die Operation bezogen
b = auf das Bitumen bezogen
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Tabelle V
Molekulargewicht und Verteilung des Kohlenstoffgehaltes bei den paraffinischen

und naphtenisch-aromatischen Olfraktionen von Bitumina
aus Romaschkino und Algyo

Paraffinisches 6l

Probe Flissiges Paraffin Festparaffin |

bW, Ciooe e HOE e e N
Romasclikinoer Extraktbitumen 550 - 52,2 478 755 — 80,2 19,8
Romaschkinoer Dest.-bitumen 598 — 52,1 47,9 720 — 83,7 16,3
Romaschkinoer geblasenes Bitumen 577 — 57,1 429 670 — 89,8 10,2
Algyoder Extraktbitumen 585 — 60,3 39,7 773 — 91,8 8,2

Naphtenisch-aromatisches 6l

Probe Paraffinfreies 6l Festparaffin 11
Z’I:\IIV_ Ci Cp cN '\ég\ll\;( ci Cp CN
Romaschkinoer Extraktbitumen 644 151 595 254 810 105 895 -
Romaschkinoer Dest.-bitumen 747 134 595 27,1 842 102 871 2,7
Romaschkinoer geblasenes Bitumen 623 155 545 30,0 770 110 89,0 —
Algyder Extraktbitumen 710 18,2 63,6 18,2 940 10,7 89,2 —
Tabelle VI

Molekulargewicht und Verteilung des Kohlenstoffgehaltes
bei den Olharzfraktionen von Bitumina aus Romaschkino und Algyo

Olharz
Probe entparaffiniert paraffinhaltig
Yon  Ci co on ML Ci cp CN
Romaschkinoer Extraktbitumen 760 345 47,4 18,1 990 20,7 79,3
Romaschkinoer Dest.-bitumen 690 440 43,0 13,0 1140 28,2 71,2 —
Romaschkinoer geblassenes Bitumen 742 38,5 534 8,1 1240 231 76,9 —
Algyder Extraktbitumen 715 47,8 52,2 — 970 26,3 73,7 —
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Die Menge des aus paraffinischen und naphtenisch-aromatischen OlI-
fraktionen erhaltenen festen Paraffins liegt bei Romaschkinoer Bitumina um
10% (auf Bitumen bezogen), wdhrend sie beim Algyoer Extraktbitumen fast
30% erreicht. Dies ist das Mehrfache des mit den Ublichen Methoden bestimm -
ten Paraffingehaltes. Der aus dem Olharz abgesonderte paraffinische Teil kann
jedoch nicht als Gemisch reiner Paraffin-Kohlenwasserstoffe betrachtet wer-
den, sondern es handelt sich um Verbindungen, in denen lange Paraffinketten
an aromatische Ringe gebunden sind.

Bei allen drei Fraktionen ist das Molekulargewicht des festen Teiles
wesentlich hoher als das Molekulargewicht des entparaffinierten Teiles. Der
Naphtenringgehalt ist am hdchsten im entparaffinierten Teil des paraffinischen
Oles, wesentlich geringer im entparaffinierten naphtenisch-aromatischen Ol
und duRerst niedrig im entparaffinierten Olharz. Dagegen liegen Naphtenring-
strukturen im paraffinischen Teil des naphtenisch-aromatischen Oles und des
Olharzes praktisch nicht vor. Dieser Befund zeigt, daR die Naphtenringe
grofRtenteils nicht mit paraffinischen Seitenketten verbunden sind, sondern
an aromatische Ringe gebunden vorliegen.

Naphtenringe mit langen Seitenketten bilden einen wesentlichen Teil
der gesittigten Olfraktionen.

Abtrennung der Normalparaffine

Die aus der paraffinischen Olfraktion der Bitumina stammende Fest-
paraffinfraktion I wurde mittels Adduktbildung mit Harnstoff in Normal-
und Isoparaffine getrennt.

Die Probe wurde in warmem Benzol gelést und der in Methanol geldste
Harnstoff bei 50 °C unter Rihren dazu gegeben. Die Adduktbildung setzte
sofort ein, wobei ein dichter weiler Niederschlag gebildet wurde. Nach ein-
stindigem Ruhren wurde das Addukt abfiltriert, mit Benzol gewaschen und
das Benzol vom kristallinen Addukt abgedampft. Die Zersetzung des Adduktes
lieB sich auf die Ubliche Weise durchfihren.

Die aus der naphtenisch-aromatischen Olfraktion stammende Fest-
paraffinfraktion 1l wurde ebenfalls auf die oben beschriebene Weise behandelt,
wobei jedoch nur ein &uferst geringer Teil an Normalparaffinen erhalten
wurde. Wahrscheinlich wird die Adduktbildung durch die mit den langen
Paraffinketter verbundenen aromatischen oder naphtenischen Ringe gehindert.

W ir fanden, daB etwa eine Halfte der Festparaffinfraktion | aus Normal-
oder in geringerem MafRe verzweigten Paraffin-Kohlenwasserstoffen besteht,
wéhrend der mit Harnstoff kein Addukt bildende Teil Kettenverzweigungen
bzw. Naphtenringe enthédlt. Das Molekulargewicht und die Verteilung der
Kohlenstoffatome bei der Festparaffinfraktion | sind in Tab. VII zusammen-
gestellt.
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Tabelle VII

Molekulargewicht und Verteilung des Kohlenstoffgehaltes
bei den aus der Festparaffinfraklion |1 gewonnenen Normal- und lIsoparaffinen

Festparaffin |

Probe Normalparaffin Isoparaffin
Mol.- Ca cp cN Mol.- Ca Cp CN
gew. gew.
Romaschkinoer Extraktbitumen 855 - 1000 - 657 - 60,8 39,2
Romaschkinoer Dest.-bitumen 829 — 1000 — 674 — 62,0 38,0
Romaschkinoer geblasenes Bitumen 780 — 1000 — 612 — 80,7 193
Algyoer Extraktbitumen 790 — 1000 — 640 — 80,6 194

Molekulardestillation

Die nach den oben beschriebenen Operationen erhaltenen Fraktionen
wurden der Molekulardestillation unterworfen, wobei die bereits gewisser-
mafRen als homogen betrachtbaren Fraktionen nach dem Molekulargewicht in
engere Fraktionen zerlegt werden konnten. Aus jeder einzelnen Fraktion
wurden zwei weitere Fraktionen erhalten, das Destillat und der Rickstand.
S&mtliche Destillationen wurden bei 10“° Torr (am Stutzen gemessen) durch-
gefiihrt. Die Temperatur war bei Olfraktionen 220—230 °C, bei Harzen
250—270 °C. Das Molekulargewicht der erhaltenen Destillate war ziemlich
&hnlich (zwischen 500 und 600), obwohl die Ausgangsfraktionen sowohl hin-
sichtlich des Molekulargewichtes als auch der Zusammensetzung grofle Unter-
schiede aufwiesen. Das Molekulargewicht und die Menge des Destillations-
rickstandes Avar selbstverstdndlich in hohem Male verschieden, je nach der
Zusammensetzung der Ausgangsfraktion.

Trennung der aromatischen Verbindungen
nach der Ringzahl

Die weitere Trennung der durch Molekulardestillation erhaltenen Frak-
tionen des naphtenisch-aromatischen Oles und des entparaffinierten Olharzes
nach der Zahl der aromatischen Ringe wurde an mit Pikrinsdure prapariertem
Adsorbens mittels Flussigkeitschromatographie durchgefuhrt. Das Prinzip
des Verfahrens besteht darin, dal Verbindungen mit einem, zwei oder mehre-
ren aromatischen Ringen — infolge der unterschiedlichen Stabilitdt ihrer mit
Pikrinsdure gebildeten Komplexe — durch Elutionschromatographie getrennt
werden kdnnen [26, 27].

Zur Trennung wurde ein mit Pikrinsédure préparierter Aluminiumsilikat-
Krackkatalysator verwendet. Die chromatographische Séule war eine 1000 mm
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lange Glasréhre mit 12 mm innerem Durchmesser, umgeben von einem Tem-
periermantel aus Glas. Die S&ulenbelastung betrug 0,5—1,7%. Die Elutions-
bedingungen waren die folgenden:

— Gesattigte Verbindungen und einen aromatischen Ring enthaltende
Verbindungen: bei 20 °C; Elutionsmittel: aromatenfreies Benzin mit einem
Siedebereich von 60—120 °C;

— Verbindungen mit zwei aromatischen Ringen: bei 40 °C; Elutions-
mittel: Tetrachlorkohlenstoff;

— Verbindungen mit mehreren aromatischen Ringen: bei 60 °C; Elutions-
mittel: Tetrachlorkohlenstoff;

— Rickstand: bei 40 °C; Elutionsmittel: Aceton.

Nach diesem Verfahren gelang es, aus den meisten Fraktionen weitere
Fraktionen zu erhalten, die die Verbindungen mit einheitlicher Struktur in
konzentriertem Zustand enthielten, wodurch die analytische Untersuchung
der Struktur der letzteren Verbindungen wesentlich erleichtert wurde.

Molekulargewicht und Elementarzusammensetzung

Zur Molekulargewichtsbestimmung der Bitumenfraktionen wurde die
thermoosmometrische Methode gewdhlt. Im Falle eines entsprechend ge-
wdahlten Ldésungsmittels erwies sich diese Methode als geeignet sowohl fir
Fraktionen hdchsten als auch geringsten Molekulargewichtes. Ein wichtiger
Vorteil der Methode ist, dal nur geringe Substanzmengen erforderlich sind.
Als Losungsmittel wurden Tetrachlorkohlenstoff und Chloroform verwendet.
Die Molekulargewichte und die Elementarzusammensetzungen der wichtigeren
Fraktionen sind in Tab. 11l zusammengefasst.

Das erlduterte Verfahren zur Trennung von Bitumina ermdglicht die
Trennung der Bitumenproben in 32 Fraktionen, deren chemische Zusammen-
setzung einzeln charakteristisch und bis zu einem gewissen Grade gleichartig
ist. Nach jeder Trennungsoperation wurde sowohl bezliglich der Operation als
auch der Bitumenprobe eine volle Materialbilanz zusammengestellt. Auf diese
Weise konnte die Richtung der Konzentrierung der einzelnen Verbindungs-
gruppen verfolgt und auf dieser Grundlage der nachste Trennungsschritt ge-
wdahlt werden. Neben der quantitativen Auswertung wurde selbstverstdndlich
auch eine laufende qualitative Kontrolle durchgefihrt, in erster Linie durch
Spektrometrie. Die Elementarzusammensetzung und das Molekulargewicht
der wichtigeren Intermedidr- und Endfraktionen wurden bestimmt und ihre
UV-, IR- und NMR-Spektren ebenfalls aufgenommen. Dadurch wurde ein
nédherer Einblick in die durchschnittliche chemische Zusammensetzung der
einzelnen Fraktionen erhalten. Dieser Teil unserer Arbeit sowie der Vergleich
der chemischen Struktur der verschiedenen Bitumina soll in unserem nachster
Artikel behandelt werden.
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UNTERSUCHUNG DER CHEMISCHEN
ZUSAMMENSETZUNG VON BITUMINA AUS
ROMASCHKINO UND ALGYO, Il

UNTERSUCHUNG DER BITUMENFRAKTIONEN MIT HOMOGENER
CHEMISCHER STRUKTUR

L. Zalka,* K. Bélafi-Réthy** und E. Kerényi**

Eingegangen am 1. Oktober 1971

Die nach den in der ersten Mitteilung beschriebenen Trennverfahren gewonnenen
Bitumenfraktionen mit homogener chemischer Struktur wurden mittels UV- und IR-
Spektroskopie, NMR-Spektrometrie und mit sonstigen Methoden untersucht. Durch
Anwendung dieser, fur Bitumenuntersuchungen neu eiltwickelteir oder adaptierten
Methoden und durch die Summierung der erhaltenen Ergebnisse gelang es, Uber Einzel-
heiten der chemischen Struktur der verhaltnisméaRig homogenen Fraktionen Angaben
zu erhalten. Diese ermdglichten die Feststellung der strukturellen Merkmale der tradi-
tionellen Bitumenfraktionen; es konnten strukturelle Unterschiede bei Bitumina ver-
schiedener Herkunft nachgewiesen und einige Abweichungen in der Struktur geklart
werden, die durch die Herstellungstechnologie der Bitumina bedingt sind.

Die Zusammensetzung bzw. Struktur von Bitumina ist trotz ihrer viel-
seitigen Verwendung verhdltnism&Rig wenig bekannt. Dieser Umstand er-
schwert die Charakterisierung der Bitumensorten und die Feststellung von
Zusammenhdngen zwischen der Qualitdt und den technologischen Parametern
der Bitumenherstellung bzw. den anwendungstechnischen Parametern den
Bitumenverwendung. Durch die Entwicklung von wirksamen Methoden zur
Erforschung der Struktur, neben der Einfuhrung von wirksamen Trennver-
fahren, kénnen die genannten Zusammenhdnge mehr und mehr angendhert
werden.

Bekannte Methoden zur Strukturuntersuchung
von Bitumina

Infolge der allgemeinen Verbreitung der Ultraviolett- und Infrarot-
spektroskopie und der Kcrnresonanzspektrometrie konnten diese Methoden
auch zur Untersuchung von Bitumina angewendet werden. Die spektrosko-
pisch erhaltenen Angaben trugen wesentlich zur genaueren Aufkl&rung der
Kohlenwasserstoffstruktur der Bitumina bei.

Die spektroskopische Untersuchung von Bitumina begann vor etwa
anderthalb Jahrzehnten, als Ergebnis der Ausdehnung der fur Erddlprodukte
kleinen Molekulargewichts entwickelten Methoden auf Produkte hohen Mole-

*Donau- Mineral6lwerke, Szazhalombatta und ** Ungarisches Erddl- und Erdgas-Forschungs.
institut, Veszprém
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kulargewichts, darunter auf Bitumina. Ein Teil der Mitteilungen Uber Bitumen-
analyse beschrdnkte sich auf den Vergleich der Spektren von Bitumina ver-
schiedener Herkunft und auf deren qualitative Charakterisierung [1, 2].

Spater suchten Fischer und Schram [3] bereits Zusammenhédnge zwi-
schen der Menge der mit den sogenannten traditionellen Methoden bestimmten
Strukturgruppen und dem IR-Spektrum. Sie fanden einen engen Zusammen-
hang zwischen dem nach dem ndM-Verfahren bestimmten aromatisch bzw.
paraffinisch gebundenen Kohlenstoffgehalt und der Intensitdt der Banden des
IR-Spektrums bei 1600 cm-1 bzw. 730 cm "1 Dadurch ergab sich die Mdéglich-
keit, den aromatisch bzw. paraffinisch gebundenen Kohlenstoffgehalt der OlI-
fraktion von Bitumina durch IR-Spektroskopie zu bestimmen.

Chelton und Mitarbeiter [4] berichteten bereits Uber die quantitative
Bestimmungsmdglichkeit von Kohlenwasserstoffgruppen, die ohne instrumen-
telle Untersuchungen nicht erfaBbar sind. Sie fanden einen Zusammenhang
zwischen dem IR-Spektrum und der durchschnittliche Menge der Methyl- und
Methylengruppen pro Molekiil. Ahnliche Ergebnisse erhielten auch Boyd und
M itarbeiter [5].

Smith und Mitarbeiter [6] untersuchten die anwendungstechnische Eigen-
schaften von Bitumina in Abhdngigkeit von der Struktur und suchten einen
Zusammenhang zwischen der Struktur der Kohlenstoffkette und der W etter-
bestdndigkeit des Bitumens.

Knotnerus [7] besché&ftigte sich mit der chromatographischen Fraktio-
nen einiger Bitumina und bestimmte die Anzahl der €H3, CH2, NH-, SO-
und CO-Gruppen im durchschnittlichen Molekiul aufgrund des IR-Spektrums.

Durch die Entwicklung der NMR-Spektreometrie wurde die Erkenntnis
der Kohlenwasserstoffstruktur von Bitumina durch wertvolle Angaben er-
weitert. Es ergab sich die Mdglichkeit der Bestimmung der genauen Verteilung
der Wasserstoffatome in der Kohlenwasserstoffkette.

Chamberlain und Mitarbeiter [8, 9, 10] charakterisierten die gesattigten
und aromatischen Fraktionen von Bitumina — neben anderen physikalischen
Kennwerten — durch die auf NMR-spe ktrometrischen Weg bestimmte W asser-
stoffverteilung.

Die gemeinsame Auswertung der IR-spektroskopischen Daten und der
durch NMR bestimmten W asserstoffverteilung lieferte ausfihrliche Informa-
tionen Uber die Kohlenwasserstoffketten von Bitumina [11—13].

Middleton [14] verwendete die Madglichkeiten der instrumentellen
Analyse zur Ergdnzung der Ergebnisse der wirksamen Trennung von Bitumina.

Die wichtigsten Angaben aus der Fachliteratur der spektrometrischen
Analyse von Bitumina sind in Tab. | zusammengestellt.

Diese Angaben beziehen sich iberwiegend entweder aufeinzelne Bitumen-
fraktionen oder auf das urspringliche Bitumen. Diejenigen Forscher, die ein-
zelne Fraktionen untersuchten, verzichteten auf eine umfassende strukturelle
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Tabelle 1

Methoden zur IR-spektroskopischen Analyse von Bitumina
in der Fachliteratur

Spektralbereich,

cm-1

5000-1250

5000-1250
2500-700

2000-700

1610
720

3300 2780

3000 700

2920
1380
720

4000-700

3480
1720
1460
1380
1035

4000-700

3600
3480
1740-1655
1600

4000-700

1720
1610
1380

720

Losungsmittel d?cCEéCTm
Tetrachlorkohlen- 0,0018
Stoff
i-Oktan 0,01
Tetrachlorkohlen- 0,05
Stoff 0,01
Dekalin 0,01
0.01
0,01
Tetrachlorkohlen- 0,015
Stoff
Tetrachlorkohlen- 0,015
Stoff
Tetrachlorkohlen- 0,01
Stoff
Schwefelkohlen- 0,01
Stoff
Tetrachlorkohlen- 0,01
Stoff 0,005
0,01
Schwefelkohlen- 0,005
Stoff 0,01

Ergebnis

qualitative
Analyse

qualitative
Analyse

qualitative
Analyse

Cp%

CH3

CH2

Cn%
qualitative
Analyse

CH3
CH,
CH3

qualitative
Analyse

CH2
ClI3
CH2

qualitative
Analyse
NH
co
CH2
CH,
S0

qualitative
Analyse
OH
NH
CO
Aromaten

qualitative
Analyse
C=0
Aromate
(w,
CH2

Vorbereitungsoperationen

Flassigkeitschromato-
graphie

Flussigkeitschromato-
graphie an Al® a

Flassigkeitschromato-
graphie an Silikagel,
Thermodiffusion

Flussigkeitschromato-
graphie an Fuller-
erde bzw. Silikagel

Originalbitu men

Flassigkeitschromato-
graphie

Molekulardestillation,
Flussigkeitschro-
matographie

Flussigkeitschromato-
graphie

Acta Chim. (Budapest) 76, 1973



144 ZALKA und Mitarb.: CHEMISCHE ZUSAMMENSETZUNG VON BITUMINA, 11

Charakterisierung der Bitumina, wahrend jene Verfasser, die sich mit dem
Gesamtbitumen befaBten, wegen der komplizierten Zusammensetzung nur zu
einem oberflachlichen, durchschnittlichen Bild UGber die Struktur gelangen
konnten.

Zur Untersuchung
der Bitumenfraktionen verwendete Methoden

In unserer Arbeit wurden vor der ausfihrlichen Strukturuntersuchung
unserer Bitumenproben verschiedener Herkunft und verschiedener Herstel-
lungstechnologie wirksame Trennungsoperationen durchgefiihrt, wodurch hin-
sichtlich ihrer Struktur ziemlich homogene Fraktionen erhalten wurden. Uber
das Trennverfahren wurde im ersten Teil unserer Mitteilung berichtet [15].

Die durchschnittliche Molekulstruktur der aus den Bitumenproben er-
haltenen engen Fraktionen wurde einerseits durch UV-, IR- und NMR-
Spektrometrie, anderseits durch Bestimmung der Elementarzusammensetzung
und des durchschnittlichen Molekulargewichts untersucht. Das Ziel der
Bitumenuntersuchungen war die Charakterisierung der Struktur bzw. Zusam -
mensetzung des Gesamtbitumens aufgrund der Daten der Fraktionen mit
homogener Struktur.

Die Methoden der spektrometrischen Analysen wurden durch die W eiter-
entwicklung der friher ausgearbeiteten bzw. der von der Literatur Uber-
nommenen Prifmethoden erhalten.

Die zur Untersuchung des Aromatengehalts von Erddldestillaten durch
Balint entwickelte UV-Absorptionsmethode wurde auf die Untersuchung der
Bitumenfraktionen ausgedehnt. Dadurch konnte der Gehalt an Aromaten mit
einem zwei und mehr Ringen bei den fur Verbindungen mit verschiedenen
Ringzahlen charakteristischen Wellenldangen von 2000 A, 2300 A und 2600 A
bestimmt werden. Die spezifischen Extinktionskoeffizienten der einzelnen
Aromatentypen sind — bei einer Kalibrierung mit auf chromatographischem
Wege getrennten Aromatenkonzentraten aus schweren Destillaten — allein
vom durchschnittlichen Molekulargewicht des Erddlproduktes abhéngig.
Folglich konnte die quantitative Bestimmung der aromatischen Kohlenwasser-
stofftypen in schweren Erddlprodukten, in Kenntnis des durchschnittlichen
Molekulargewichts der zu untersuchenden Probe durchgefiihrt werden. Zur
Ausarbeitung der Methode wurden die aus schweren Erddlprodukten durch
Flissigkeitschromatographie gewonnenen aromatischen Fraktionen verwen-
det, demzufolge enthalten die so bestimmten Konzentrationswerte aufler dem
entsprechenden Aromatentyp auch die bei der chromatographischen Trennung
mitlaufenden z. B. schwefelhaltigen Verbindungsgruppen. Die Genauigkeit
der Methode wird auf etwa "5% geschatzt.

Die Messungen wurden mit einem automatisch registrierenden UV-
Spektrophotometer der Firma Perkin-Elmer (Typ 137 UV) durchgefihrt. Die
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Spektren wurden im Bereich zwischen 1900 A und 3000 A registriert. Als
Lésungsmittel wurde aromatenfreies Benzin verwendet. Die Schichtendicke in
der Klvette betrug 0,1 cm. In Abb. 1 wird das UY-Spektrum einer Bitumen-
probe gezeigt; die drei MeBpunkte sind bezeichnet.

Wellenldnge A

Abb. 1. UY-Spektrum der Olharzfraktion des Romaschkinoer Extraktbitumens. (--------- 0,15
g1, —------ 0,62 g/1; Schichtdicke 0,1 cm)

Der aromatisch, paraffinisch und naphtenisch gebundene Kohlenstoff-
gehalt der Bitumenproben wurden durch IR-Absorptions-Spektrophotometrie
gemessen. Der Zusammenhang zwischen den auf verschiedene Weise gebundenen
Kohlenstoffgehalten und dem IR-Spektrum wurde von Brandes [17, 18] fest-
gestellt; spater lieB sich dieser Zusammenhang bei Bitumina verwenden [3].
Dabei wurde der paraffinisch gebundene Kohlenstoffgehalt durch Intensitats-
messung der Bande bei 720, bzw. 730 cm-1 (Pendelschwingung der —CH.,-
Gruppen), der aromatisch gebundene Kohlenstoffgehalt durch Intensitats-
messung der Bande bei 1610 bzw. 1600 cm-1 (Schwingung des aromatischen
Ringes) bestimmt. Der naphtenisch gebundene Kohlenstoffgehalt wurde aus
dem Unterschied zwischen dem Gesamtkohlenstoffgehalt und der Summe des
paraffinisch und aromatisch gebundenen Kohlenstoffgehaltes berechnet. Die
Spektren wurden nach der sog. Grundlinienmethode ausgewertet. Das IR-
Spektrum einer Bitumenprobe im bendtigten Spektralbereich von 1900 cm~]
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bis 660 cm-1, unter Bezeichnung der MeRpunkte, ist in Abb. 2 dargestellt.
Der Fehler der Methode betrdgt nach unseren Erfahrungen kaum mehr als der
far Erddldestillate bestimmte Messfehler der urspringlichen ndM-Methode
und kann auf hdchstens 3—4% geschétzt werden.

1900 1700 1500 1300 1100 900 700 3100 2900 2700
6 cm’l o cm'l
Abb. 2. Teile des IR-Spektrums der Olfraktion des naphtenisch-aromatischen Teiles aus

Romaschkinoer Extraktbitumen, zur Bestimmung der Werte CA%, CP%, nCHsund nCH2. a)
Schichtdicke 0,01 cm; b) Schichtdicke 0,01 ¢m; 15,2 g/1

Die Anzahl der Methyl- und Methylengruppen im durchschnittlichen
Molekil der Bitumenproben wurde — nach einer im Institut »MAFKI«
friher entwickelten und jetzt auf Bitumina ausgedehnten Methode — eben-
falls durch IR-Spektroskopie gemessen [19]. Die Bestimmung beruht auf der
Intensitdtsmessung der antisymmetrischen Valenzschwingungsbande bei 2960
cm-1 fur Methylgruppen bzw. 2930 cm-1 fir Methylengruppen. Das Spektrum
der Ldésungen der Bitumenproben wurde im Bereich zwischen 3100 und 2700
cm -1 bei Konzentrationen von 20 g/lregistriert. Die MeRRgenauigkeit wird mit
Ricksicht auf das hohe durchschnittliche Molekulargewicht auf #j-1—2
Gruppen geschdtzt. In Abb. 2 ist auch der Valenzschwingungsbereich der
Methyl- und Methylengruppen bei einer untersuchten Bitumenfraktion ge-
zeigt. Die IR-Spektren wurden mit einem Gerdt UR 20 der Firma Carl Zeiss
Jena aufgenommen. Es wurden Prismen aus NaCl und Kuvetten mit einer
Schichtdicke von 0,012 cm verwendet.

Die NMR-Spektrometrie ermdglicht die quantitative Bestimmung der
verschiedene Gruppen bildenden Wasserstoffatome und dadurch der verschie-
denen Strukturgruppen. In unserer Arbeit wurden die einzelnen Struktur-

gruppen — in guter Ubereinstimmung mit anderen Methoden — auf der
Integralkurve der Spektren innerhalb der in Tab. Il angeflihrten Grenzen
gemessen.

Acta Chim. (Budapest) 76, 1973



ZALKA und Mitarb.: CHEMISCHE ZUSAMMENSETZUNG VON BITUMINA, II 147

Abb. 3 zeigt das NMR-Spektrum einer Bitumenprobe, unter Bezeich-
nung der bestimmten Gruppen. Die Messungen wurden mit einem 60 MHz
Protonresonanz-Spektrometer VARIAN Type T-60 durchgefiuhrt. Es wurden
10—20%ige Losungen in Tetrachlorkohlenstoff bei 30° untersucht; als innerer
Standard wurde Tetramethylsilan verwendet. Die Spektren wurden im Bereich
von 0—8 ppm, d. h. 0—500 Hz registriert, unter gleichzeitiger Aufnahme der
Integralkurve.

Tabelle 11

Speklralbereiche zur Auswertungen der NMR-Speklren
von Bilumenfraktionen

Bindungatyp des \Wasser- Chemische Ver-

stoffs schiebung (d), ppm

-CH3 0,7-1,2

—CHj— 1,2-1,4

>CH — 1,4-1,8

Ar—CH3 1,8-2,6

Ar-CH 2- 2,6-3,2

Ar-H 6,6-8,0
Nl Y o o S o O O Y | LTl »yemelm, m, ||
8.0 70 6.0 5.0 4.0 3.0 20 10 0

PPM (6)

Abb. 3. Naphtenisch-aromatischer Teil aus Algyder Extraktbitumen: NMR-Spektrum der
einringigen Fraktion aus dem Destillat der Olfraktion
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Die Bestimmung der Elementarzusammensetzung der Bitumenproben
wurde nach den traditionellen Methoden durchgefiihrt. Kohlenstoff und
W asserstoff wurde nach Pregl bestimmt, mittels gravimetrischer Messung
des gebildeten Kohlendioxids und Wassers.

Zur Schwefelbestimmung wurde die Methode von Schoniger verwendet.
Die Probe wurde in Sauerstoff verbrannt und die entstandenen Sulfationen
mit einer MalRkldsung aus Bariumperchlorat in Gegenwart von Thorin als
Indikator titriert.

Der Sauerstoffgehalt wurde durch die Methode von Unterzaucher be-
stimmt. Der gebundene Sauerstoff der Probe wird dabei zu Kohlenmonoxid
umgesetzt, letzteres mit Jodpentoxid zu Kohlendioxid oxydiert und das frei-
werdende Jod titrimetrisch bestimmt.

Zur Bestimmung des durchschnittlichen Molekulargewichts der Bitumen-
fraktionen erwies sich die tliermoosmometrische Methode als am besten ge-
eignet [21, 22]. Die Messungen wurden mit dem KNAUERschen Dampfdruck-
osmometer unter Anwendung von Ldsungen in Tetrachlorkohlenstoff bei Kon-
zentrationen von 0,1 Mol/1 durchgefiihrt. In einigen Fdllen, als die Trennung mit
keiner wesentlichen Verdnderung des Molekulargewichtes verbunden war,
wurde das Molekulargewicht der getrennten Fraktionen als identisch mit dem
Molekulargewicht der Ausgangsfraktion angenommen.

Zusammensetzung der Bitumenfraktionen

Wie bereits erwé&hnt, wurden vor den Zusammensetzungs- bzw. Struktur-
untersuchungen wirksame Trennungsoperationen durchgefihrt, die bereits hin-
sichtlich der Zusammensetzung und der Struktur gewisse Aufklarungen liefer-
ten [15]. Zundchst wurden die Ausgangsproben entasphalteniert, anschlieBend
mittels Flussigkeitschromatographie in Fraktionen getrennt, die paraffin-
haltigen Fraktionen bei —30° entparaffiniert und einer Adduktbildung mit
Hanrstoffunterworfen und endlich die Fraktionen mittels Molekulardestillation
und Flissigkeitschromatographie an praparierten Sdulen in weitere Fraktionen
mit verhdltnisméaRig homogener Zusammensetzung zerlegt.

Die vier untersuchten Bitumenarten waren Romaschkinoer Extrakt-
bitumen, Destillationsbitumen und geblasenes Bitumen bzw. Algyoer Extrakt-
bitumen. Im weiteren werden die Ergebnisse der Untersuchungen einzelner
charakteristisch homogener Fraktionen vorgefihrt.

Die geséattigten Kohlenwasserstoffkomponenten der Bitumenproben sind
hauptsdchlich in der nach der Entparaffinierung der chromatographisch ge-
wonnenen paraffinischen Olfraktion erhaltenen Normalparaffinfraktion und
flussigen Paraffinfraktion enthalten. Um sie zu charakterisieren, werden die
Analysen des Molekulardestillationsriickstandes im weiteren ausfihrlicher be-
handelt.
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Im Molekulardestillationsriickstand der Normalparaffinfraktion des
paraffinischen Olteiles sind die geradkettigen Normalparaffin-Kohlenwasser-
stoffe, d. h. die Bitumenbestandteile mit einfachster Struktur konzentriert.
Die Yersuchsergebnisse dieser Fraktion sdmtlicher Bitumenproben sind in
Tab. Il angefihrt.

Tabelle 111

Ergebnisse der Untersuchungen des Destillationsrickstandes aus der Normalparaffinfraklion
des paraffinischen Oles

Herkunft des Bitumens

Methode Geprifte GroRe Romaschkinoer
Algyoer
Extrakt
Extrakt Destill. Geblas.
IR cA% 0 0 0 0
Cp% 100,0 100,0 100,0 100,0
CN% 0 0 0 0
nCHs 4,0 5,8 2,8 4,2
nCH: 56,8 50,7 53,6 57,3
NMR nCH 2,2 4,9 2,4 3,2
nCH: 57,2 49,8 54,2 57,4
nCHs 4,2 6,3 2,9 4,6
Dainpfdruck-
Osmometrie MG 892 854 820 912
Menge der Fraktion, auf das
Bitumen bezogen, Gew.% 2.8 4,5 1,1 10,3
Anndhernde Rruttoformel CdHI0 "BINM23 GoH20 e

In den Tabellen, die die Versuchsergebnisse der Bitumenfraktionen ent-
halten, wurden die MeRmethode, die MeBergebnisse und die daraus berechne-
ten GrofRen angegeben. Die Erklarung der in den Tabellen befindlichen Abkur-
zungen ist wie folgt:

CA% prozentuelle Menge der aromatisch gebundenen Kohlenstoffatome

CP% prozentuelle Menge der paraffinisch gebundenen Kohlenstoffatome

CN% - 100 - (Cpg -j- Cp) = prozentuelle Menge der naphtenisch gebundenen Kohlen-
stoffatome

nCHs - Anzahl der Methylgruppen pro durchschnittliches Molekil

nCH:2 - Anzahl der Methylengruppen pro durchschnittliches Molekil

nCH — Anzahl der Methingruppen pro durchschnittliches Molekil

nAr-H - Anzahl der an Kohlenstoffatome der aromatischen Ringen gebundenen W asser-
stoffatome pro durchschnittliches Molekil

NAF-CH2 Anzahl der an Kohlenstoffatome der aromatischen Ringen gebundenen Methy-

lengruppen pro durchschnittliches Molekil
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nAr-CHs Anzahl der an Kohlenstoffatome der aromatischen Ringen gebundenen Methyl-
gruppen pro durchschnittliches Molekil
Einringig Gehalt der Probe an Aromaten mit einem Ring, in Gew.%
Zweiringig Gehalt der Probe an Aromaten mit zwei Ringen, in Gew.%
Mehrringig Gehalt der Probe an Aromaten mit mehreren Ringen, in Gew.%
MG durchschnittliches Molekulargewicht der Probe
0
nc — MG 10((:)le = Anzahl der Kohlenstoffatome im durchschnittlichen Molekiil
HCa nc 100 = Anzahl der aromatisch gebundenen Kohlenstoffatome im durch-

schnittlichen Molekil

ncP Rc Cl;b%) = Anzahl der paraffinisch gebundenen Kohlenstoffatome im durch-
schnittlichen Molekl
. CNAO _ . )
“Cu Ac g0 = Anzahl der naphtenisch gebundenen Kohlenstoffatome im durch-
schnittlichen Molekul
S% B . o ;
»S MG 100x32 - Anzahl der Schwefelatome im durchschnittlichen Molekil
MG 0% = Anzahl der Sauerstoffatome im durchschnittlichen Molekil
nc 100x16

wurde nichtuntersucht

Die Bruttoformeln der Fraktionen wurden aus den Ergebnissen der
Elementaranalyse und dem Molekulargewicht, oder aus der spektrometrisch
bestimmten Gruppenzusammensetzung und dem Molekulargewicht berechnet.

Aus Tab. Ill geht hervor, dal der paraffinisch gebundene Kohlenstoff-
gehalt bei sadmtlichen vier untersuchten Bitumenfraktionen 100% betrégt;
dies ist ein Beweis flir die Wirksamkeit der Trennung und fir die Homogenitat
der Fraktion. Die Anzahl der Verzweigungen pro durchschnittliches Molekil
betrdgt 2—4; dies beweist, dal eine hohe Anreicherung der geradkettigen oder
wenig verzweigten Paraffine erreicht wurde. Die aus dem Molekulargewicht
und aus den spektroskopischen Daten berechnete Bruttoformel der Fraktionen
stimmt anndhernd mit der Formel der Paraffine tUberein.

Es war Uberraschend, daB die untersuchten Bitumina einen hohen
Gehalt an anndhernd normalen Paraffinen aufweisen. In den verschiedenen
Romaschkinoer Bitumina erreicht die Menge der Normalparaffine 3—5%, im
Algyoer Bitumen etwa 15%.

Die Analysenergebnisse des Destillationsriickstandes der paraffinischen
Olfraktion sind in Tab. IV angegeben. Im Falle samtlicher Ausgangsbitumina
ist diese Fraktion aromatenfrei und die Menge der paraffinisch und naphtenisch
gebundenen Kohlenstoffatome ist fast gleich; allein bei der entsprechenden
Fraktion des Algyoer Bitumens ist die Menge der paraffinisch gebundenen
Kohlenstoffatome bemerkbar hdher.

Die Romaschkinoer Fraktionen enthalten pro durchschnittliches Molekil
vier Naphtenringe, wahrend beim Algyoer Bitumen drei Naphtenringe gefun-
den wurden. In Ubereinstimmung damit war auch der Verzweigungsgrad der
Kohlenstoffketten bei der Algyoer Bitumenfraktion geringer: gegeniber den
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Tabelle IV

Ergebnisse der Untersuchungen des Destillalionsrickstandes
aus der flussigen Paraffinfraklion des paraffinischen Oles

Herkunft des Bitumens

Methode Gepriifte GréRe Romaschkinoer
Algyoer
Extrakt
Extrakt Destill. Geblas.
IR cA 0 0 0
Cp 54,3 52 4 527 61.1
CN 45,7 47,6 47,3 38,9
nCHs 7,7 8,0 7,0 7,4
»CHa 26,6 30,9 30,6 31,0
NMR nCH 11,3 10,5 10,7 8,6
“CHa 25,7 31,1 29,5 30,4
nCHs 71 7,6 7,0 7.1
Dampfdruck-
Osmometrie MG 620 690 660 644
Menge der Fraktion,aufdas Bitumen
bezogen, Gew.% 0,74 1,04 1,74 3,16
Annahernde Bruttoformel chh 8l NGNI5 f-uHgl ~GaL

durchschnittlich 11 Methingruppen bei den Romaschkinoer Fraktionen fanden
wir hier etwa 9. Einige mdgliche Strukturvarianten des Destillationsrickstan-
des der flussigen Paraffinfraktionen des paraffinischen Oles sind in Abb. 4
dargestellt.

Die Olfraktion des flussigkeitschromatographisch abgetrennten naphte-
nisch-aromatischen Teiles enthielt — neben einem geringen Gehalt an geséttig-
ten Kohlenwasserstoffen — einen wesentlichen Teil der ein- und zweiringigen
aromatischen Bestandteile der Proben. Die ein- und zweiringigen Fraktionen,
hergestellt durch Flussigkeitschromatographie aus dem Destillat und dem
Rickstand der Molekulardestillation, wurden eingehender untersucht. Der
ein- und zweiringige Aromatengehalt dieser Fraktionen erreicht zwar nicht
das 100%, jedoch gelang es, infolge der 60—90% igen Anreicherung der einzelnen
Aromatentypen, ein klares Bild Uber die durchschnittliche Molekilstruktur
dieser etwa 3—4% der Bitumenproben ausmachenden Fraktionen zu erhalten.

Die einringigen Fraktionen des Destillats und des Riickstands wichen von-
einander allein in der Lange der an den aromatischen Ring gebundenen Alkyl-
ketten ab; die Substitutionsverhdltnisse des aromatischen Ringes und die
Struktur der Alkylkette waren dagegen fast gleich. Die diesbezuglichen Ergeh-
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CH3

CHs

Abb. 4. Paraffinischer Olteil aus Romaschkinoer Extraktbitumen: einige Strukturvarianten
des Destillationsriickstandes der Olfraktion (Zn = 26)

nisse unserer Untersuchungen sind in Tab. ¥ und V1 enthalten. Die Ergebnisse
zeigen eine durchschnittlich 3 bis 4fache Stibstitution des aromatischen Ringes
an. Die Zahl der unmittelbar an den aromatischen Ring gebundenen Methyl-
gruppen war bei beiden Fraktionen zwischen 1 und 2, wé&hrend die Zahl der
ldangeren Alkylketten 2 bis 3 betrug. Die Kohlenstoffskelettstruktur der Seiten-
ketten, d. h. die Zahl der Verzweigungen und der Naphtenringe liegt zwischen
den bei den Normalparaffin- und paraffinischen Olfraktionen des paraffini-
schen Oles beobachteten W erten.

Der Schwefelgehalt der Fraktionen lag zwischen 0,8 und 1,6%, woraus
sich ein Wert von etwa 0,3 Schwefelatomen pro durchschnittliches Molekil
ergibt, d. h. es muB sich in jedem dritten Molekil ein Schwefelatom befinden.
Drei mdgliche Varianten der Molekilstruktur, die die einringige Fraktion ge-
meinsam charakterisieren, sind in Abb. 5 dargestellt.
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Methode

NMR

uv

Dampfdruck-
Osmometrie

Chemische Analyse

Berechnete Werte

Menge der Fraktion
aufdas Bitumen
bezogen, Gew.%

Annahernde
Bruttoformcl

Tabelle V

Ergebnisse der Untersuchung der einringigen Fraktion
aus dem Destillat der Olfraktion des naphlenisch-aromatischen Teiles

Gepriifte GroBe

cA%
cP%

cN%o
nCH:
nCHs

nCH
nCH:
nCHs
nAr-H
nAr-CHs
nAr-CHs

Einringig
Zweiringig
Mehrringig

MG

c%
H%
S%

nc

"CA
ncP

ncN

"0

Extrakt

16,2
59,3
245
22,3

5,9

6,0
20,8
4,7
2,5
2,5
17

76,0
2,5
0,2

583

86,4
12,5
1,6

42,0
6,8
24,9
10,3
0,3

0,34

N427T7370°3

Herkunft

Romaschkinoer

Destill.

17,0
58,2
24,8
25,2

6,8

6,3
22,14
4,9
2,4
29
14

77,4
4,2
0,4

614

86,0
12,7
14

44,0
75
25,6
10,9
0,3

0,44

NMANTEND'3

Acta Chim.
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Bitumens

Algyoer

Extrakt

Geblas.
14,6 12,1
59,4 67,4
26,0 20,5
21,0 27,4
6,2 6,2
8,5 6,2
19,2 24,5
6,2 55
2,8 2,3
2,1 2,7
1,2 1,0
77,9 69,9
71 8,7
603 650
85,9 87,0
12,1 12,7
1,0 0,8
43,2 47,1
6,3 5,7
25,7 31,7
11,2 9,7
0,2 0,2
2,23 1,06
ARA3NTIN U2 N4TNB27072
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Tabelle VI

Ergebnisse der Untersuchung der einringigen Fraktion aus dem Destillationsriickstand
der Olfraktion des naphlenisch-aromatischen Teiles

Methode

NMR

uv

Dampfdruck-

Osmometrie

Chemische
Analyse

Berechnete
Werte

Gepriifte Grosse

cA%
cP%
Cn%
nCH:
nCHs

nCH
nCH:
"CHs
nAr-H
nAr-CH:
nAr-CHs

Einringig
Zweiringig
Mehrringig

MG

c%
H%
s%
0%

nc
nc,
nCp

nCv
nc*

Menge der Fraktion auf
das Bitumen
bezogen, Gew.%

Annéhernde Bruttoformel

Acta Chim. (Budapest) 76, 1973

Extrakt

10,3
62,9
26,8
37,6

9,0

115
36,9
9,7
16
29
16

63,5
57

890

86,2
131
10

63,9
6,6
40,2
171
0,3

0,47

A64"117803

Herkunft des Bitumens

Romaschkinoer

Destill. Geblas.
4. 5.
122 13,4
64,3 59,4
23,5 27,2
37,0 37,8
9,2 8,0
7,9 11,2
33,3 34,4
7,0 9,2
2,8 1,6
3,0 2,3
1,7 1,6
69,3 62,5
3,8 8,8
0 0
823 853
86,0 86,7
13,2 12,7
0,9 0,8
59,0 61,6
7,2 8,3
37,9 36,6
139 16,7
0,2 0,2
— 0,2
0,70 0,74

6'5911108"0,r 62080,2°0,2

Algyder Extrakt

123
69,3
18,4
44,2

7,0

8,7
40,8
6,6
2,2
2,5
11

60,4
13,5

910

86,6
13,0
13

65,7
455

12,1
0,4

1,29

CoTHLP04
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(CH,,,

CHs3

Abb. 5. Naphtenisch-aromatischer Teil aus Romanischkinoer Extraktbitumen: einige Struk-
turvarianten der einringigen Fraktion aus dem Destillationsriickstand der Olfraktion (i-’n = 38)

Die Herstellung reiner zweiringiger Fraktionen war ein schwieriges
Problem; das Konzentrat war sowohl durch einringige als auch durch mehr-
ringige Aromaten verunreinigt. Die Wirksamkeit der chromatographischen
Trennung wurde in diesem Fall auBer durch die Gegenwart von Komponenten
mit hohem Molekulargewicht auch durch den hohen Gehalt an Heteroatomen
vermindert. Die Ergebnisse unserer Untersuchungen sind in Tab. VIl und V 111

zusammengefalt.
Ahnlich wie bei den einringigen Fraktionen und in Ubereinstimmung mit

dem Unterschied im Molekulargewicht, wichen die aus dem Destillat und aus
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Tabelle VII

Ergebnisse der Untersuchung der zweiringigen Fraktion
aus dem Destillat der Olfraktion des naphtenisch-aromatischen Teiles

Herkunft des Bitumens

Methode Gepriifte GroBe Romaschkinoer
Algyoer
Extrakt
Extrakt Destill. Geblas.
1 2 3. 4 5 6.
IR c A% 18,6 18,4 18,4 21,3
Cp% 60,4 61,7 65.3 60.2
CN% 21,5 19,9 17,7 18,5
nCH> 215 23,2 24,6 28,6
nCHs 55 5,6 5.3 5,9
VMR nCH 6,2 6,6 53 6,7
nCH:2 20,4 20,7 21,2 251
NCHs 37 4.8 54 6,2
nAT-H 2,9 18 28 21
nATr-CHa 31 3,0 43 3,7
NAr-CHs 10 10 09 0.8
uv Einringig 4,2 0,8 13 12,2
Zweiringig 51,5 65,8 1 66,1
Mehrringig 11,5 1,6 15,5 0
Dampfdruck
Osmometrie MG 583 614 603 650
Chemische c% 84,3 83,3 83,1 85,9
Analyse Ho/ 12,5 12,0 12,1 12,8
S% 39 3,8
S% 3,9 3,8 3,8 11
0% — — 1,0
Berechnete nc 41,0 42,6 41,8 46,5
Werte ncA 7,6 7,8 6,2 9,9
ncp 24,8 26,3 27,3 28,0
nCN 10,0 8,5 74 8,6
s 0,7 0,8 0,7 0,2
n o
Menge der Fraktion, auf das
Bitumen bezogen, Gew.% 0,16 0,08 0,72 0,21
Annéhernde Bruttoformel AINTINT CItH735()700i4 NT7-783M0,2
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Tabelle VIII

Ergebnisse der Untersuchung der zweiringigen Fraktion
aus dem Destillationsriicksland der Olfraktion des naphlenisch-aromatischen Teiles

Herkunft des Bitumens

Methode Gepriifte Romasehkinoer
GroRe
Algyoder Extrakt
Extrakt Destill. Geblas.
1 2 3 4. 5. 6

IR cA% 11,8 16,7 17,6 16,4
cP% 62,6 64,3 59,7 63,1
CN% 25,6 19,0 22,7 20,5
nCH> 36,8 34,4 33.8 39,6
nCHs 58 8,8 7.9 6,2
NMR 9.6 8,4 10,9 10,6
nCH. 32,8 31,3 34,5 36,2
NCHs 4,6 5,9 7,0 5.2
nAr-H 3,8 1,3 2,5 2,8
n Ar—CHs 28 3,6 38 45
nAr-CH3 16 2,9 17 0,7

uv .Einringig 0 0 0 0
Zweiringig 38,7 57,8 56,9 415
Mehrringig 21,8 9,0 9,5 51

Dampfdruck—

Osmometrie MG 890 823 835 910
Chemische c% 84,7 84.1 84,6 84,8
Analyse H% 11,9 12,1 11,4 11,9
S% 3,4 2,8 2,7 1,4
% 0,9 0,5 0,7
Berechnete nc 62,8 57,7 60,1 64,3
Werte ncA 73 9,6 10,6 10,5
ncP 39,3 37,1 35,9 40,6
nCN 16,7 11,0 13,6 13,2
ns 0,9 0,7 0,7 0,4
no — 0,5 0,3 0,4

Menge der Fraktion auf das
Bitumen bezogen. Gew.% 0,28 0,39 0,48 0,22

Annédhernde Bruttoformel OBHIESN9  "S8MO0N0 705  CmhIs0io 03 CEHI08S040m
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dem Destillationsrickstand gewonnenen zweiringigen Fraktionen voneinander
allein hinsichtlich der L&nge der an den aromatischen Ring gebundenen Alkyl-
ketten ab. Die Substitutionsverhéltnisse der Ringe und die Struktur der Alkyl-
ketten war anndhernd gleich.

Die Substitution der aromatischen Ringe war durchschnittlich 5- bis
6fach; davon waren nur 1—2 Substituenten Methylgruppen. Bei der Destillat-
fraktion enthielten die ldngeren Alkylsubstituenten neben durchschnittlich
10— 15 Methylgruppen 1—2 Naphtenringe und 5—6 Methingruppen, d. h.
Verzweigungen. Bei der Rickstandfraktion war die Lange der Alkylsubstituen-
ten selbstverstdndlich hdher, jedoch ohne wesentliche Abweichungen in den
Proportionen.

Es wurden keine wesentlichen Unterschiede zwischen dem Aufbau der
Bestandteile in den zweiringigen Fraktionen verschiedener Herkunft gefunden.

Abb. 6. Naphtenisch-aromatischer Teil aus Algyéer Extraktbitumen: einige Strukturvarianten
der zweiringigen Fraktion aus dem Destillationsriickstand der Olfraktion (Sn — 36)
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Erwé&hnenswert ist allein der abweichende Schwefelgehalt: die aus Romasch-
kinoer Bitumina erhaltenen Fraktionen enthalten pro durchschnittliches
Molekil fast ein Schwefelatom, wé&hrend die Algyder Fraktionen nur ein
halbes Schwefelatom enthalten. Einige Strukturvarianten fiir die aus der Ol-
fraktion des naphtenisch-aromatischen Teiles gewonnenen zweiringigen Frak-
tionen sind in Abb. 6 dargestellt.

Die Olharzfraktion reprisentiert einen betrachtlichen Teil der unter-
suchten Bitumina. Eine Trennung der Fraktion in homogenere Fraktionen
konnte — wie Ubrigens zu erwarten war — mit den verwendeten Operationen
nicht erreicht werden. Vermutlich enthalten die Komponenten des Olharzes
innerhalb eines Molekils Einheiten mit verschiedener Ringzahl. Demzufolge
konnte nur eine geringe Anreicherung bei den Trennungsoperationen erhalten
werden. Zur Charakterisierung der Olharzfraktion werden deshalb in den
Tab. IX und X die Versuchsergebnisse des Destillationsrickstands des »ent-
paraffinierten« Olharzes (dieser Riickstand macht den iiberwiegenden Teil der
Fraktion aus) sowie des Destillationsrickstandes der »paraffinhaltigen«
Fraktion angegeben.

Auffallend ist der hohe aromatisch gebundene Kohlenstoffgehalt der
Fraktionen. Dieser betrdgt in der »paraffinhaltigen« Fraktion 3—4 aromatische
Ringe pro druchschnittliches Molekul, in der »entparaffinierten« Fraktion 4—5
Ringe. An die mehrfach kondensierten aromatischen Ringsysteme schliefRen
sich bei beiden Fraktionen durchschnittlich 5—7 Wasserstoffatome, 5—6
Methylengruppen und 2—3 Methylgruppen an. Eine Ausnahme bilden die
entsprechenden Fraktionen des Algyder Bitumens, wo der Substitutionsgrad
der aromatischen Ringsysteme etwas geringer ist, als bei den Fraktionen aus
den Romaschkinoer Bitumina.

In der aus dem 0Olharz erhaltenen »paraffinhaltigen« Fraktion konnten
keine naphtenisch gebundenen Kohlenstoffatome nachgewiesen werden. Die
Ringanalyse der »entparaffinierten« Fraktion des Algyder Extraktbitumens
konnte wegen dem hohen Gehalt an aromatisch gebundenem Kohlenstoff
nicht durchgefuhrt werden. In den Fraktionen Romaschkinoer Herkunft zeigte
die Ringanalyse, dall die Anzahl der aromatischen Ringe etwa 2 bis 3mal
hoher ist als die der Naphtenringe.

Das Kohlenstoffskelett der an aromatische bzw. Naphtenringe gebunde-
nen Alkylketten ist sowohl bei der »paraffinhaltigen« als auch bei der »entparaffi-
nierten« Fraktion durchschnittlich 5—6mal verzweigt; zugleich ist die Zahl
der Methylengruppen, d. h. die Ldnge der Seitenketten in der »paraffinhaltigen«
Fraktion wesentlich hdher.

Die chemischen Analysen ergaben in den Algyder Fraktionen pro durch-
schnittliches Molekiul 1 Schwefelatom und 1,5—2 Sauerstoffatome, in den
Romaschkinoer Fraktionen 3—4 Schwefelatome und ungefdhr ein Sauerstoff-
atom. Unsere mit Pyrolyse verbundenen gaschromatographischen Unter-

Acta Chim. (Budapest) 76, 1973



160 ZALKA und Mitarb.: CHEMISCHE ZUSAMMENSETZUNG VON BITUMINA, 11

Tabelle IX

Ergebnisse der Untersuchung des Destillationsriickstandes
aus dem entparaffinierten Olharz

Herkunft des Bitumens

Methode Gepriifte GroRe Romaschkinoer
Algyoer
Extrakt
Extrakt Destill. Geblas.
1 2 3 4. 5. 6
IR cA% 337 39,7 416 47,6
cP% 45,9 42,9 46,2 .
CN% 20,4 17,4 12,2
nCH» 292 27,5 38,2 29,7
NCHa 75 8,2 116 6,7
NMR nCH 8,6 7,0 9,8 6,8
nCH» 27.1 22,9 29,9 23,6
nCHs 5,6 5,9 6,8 38
nAr-H 4,9 4,8 5,6 7,2
n Ar—CHa 59 4,8 56 41
nAr—CHs 24 19 38 1,6
uv Einringig 33,4 25,0 33,8 13,2
Zweiringig 16,7 11,9 14,7 17,2
Mehrringig 38,2 39.1 37,1 37,2
Dampfdruck-
Osmometrie MG 997 834 1100 806
Chemische % 85,3 83,5 84,4 86,6
Analyse K% 10,4 10,1 10,1 10,3
s% 3.8 3,8 3,7 1,2
0,6 1,1 1,9 1,9
Berechnete ne 70,9 58,0 774 58,2
Werte 11CA 23,9 23,0 32,2 27,7
nCp 32,5 24.9 35,8 -
nCN 14,5 10,1 9,5
ns 12 1,0 13 0,3
no 04 0,6 13 1,0
Menge der Fraktion auf das
Bitumen bezogen, Gew.% 429 40,4 19,6 20,8

Annghernde Bruttoformel enfliofa& 04 ~5878471.0006 C»h ls13013  A5gag3ng3nt0

*Wegen des hohen Aromatengehaltes gelang es nicht, die Angaben zu bestimmen
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Tabelle X

Ergebnisse der Untersuchung des Destillationsrickstandes
aus der hparaffinhalligeM Fraktion des Olharzes

Herkunft des Bitumens

Geprifte Romasckinoer
Grole
Extrakt Destill. Geblas.
2 3. 4 5
cA 21,9 32,1 24,0
Cp 78,1 67,9 76,0
Cn 0 0 0
"CH. 59,2 51,0 66,2
nCHs 59 6,2 8,6
nCH 8,8 9,1 14,4
nCH. 49,6 46,2 57,8
NCHs 4,5 45 6,2
nAr-H 613 611 712
nAr-CHr 6,1 5,2 50
nAr-CHs 16 20 2,4
Einringig 19,7 25,7 14,7
Zweiringig 15,0 15,9 20,9
Mehrringig 20,3 24,6 23,8
MG 1100 1190 1475
c% 85,2 83,3 85,1
H°o 12,1 11,1 11,7
s% 2,7 31 2,9
0% — 11 13
ne 78,1 82,6 104,6
nCA 17,1 26,5 251
ne? 61,0 56,1 79,5
ncN 0 0 0
“g 0,9 1,2 13
no — 0,8 1,2

Menge der Fraktion auf
das Bitumen, Gew.% 4,65 3,4 31

161

Algyoer Extrakt

25,0
75,0

53,4
57

9.2
48,4
44
38
38
15

10,2
24,6
52,5

1110

87,3
118
0,9
14

80,8
20,2
60,6

0,3
1,0

4,41

Annéhernde Bruttoformel N78r133809 83HI32M®PO08  a1p5n173~1,371,2  C8IHIBISOB01)0
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suchungen zeigten, dall der Schwefel grdéfRtenteils in Form von Thiophen-
derivaten bzw. Benzothiophenderivaten vorliegt. In den Pyrolyseprodukten
konnte die Gegenwartvon Benzothiophen nachgewiesen und die Gegenwart von
Thiophen mit hoher Wahrscheinlichkeit vermutet werden.

Die Bindungsverhéltnisse der Sauerstoffatome lieRBen sich durch unsere
bisherigen Arbeiten noch nicht eindeutig aufkldren. Die Bande mittlerer
Intensitdt im Valenzschwingungsbereich der C=0-Gruppe weist darauf hin,
dalR nicht alle durch die chemische Analyse bestimmten Sauerstoffatome (1—2
pro durchschnittliches Molekil) in C=0-Bindungen vorliegen kénnen. Es kann
angenommen werden, dal ein Teil der Sauerstoffatome pseudoaromatische
Ringe bildet, die sich &hnlich verhalten wie die aromatischen und die schwefel-
haltigen pseudoaromatischen Verbindungen.

CHs
CHs CH— (CHs),,—CHs

Abb. 7. Einige Strukturvarianten des Destillationsriickstandes des »entparaffinierten« OI-
harzes aus Romaschkinoer Extraktbitumen (.En = 30)
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Einige Varianten der durchschnittlichen Struktur der »paraffinhaltigen«
und »entparaffinierten« Fraktion des Olharzes sind in Abb. 7 dargestellt.

Die Asphaltharzfraktionen machen etwa 10% der Bitumenproben aus
und bestehen den Erwartungen entsprechend aus Verbindungen mit hohem
durchschnittlichen Molekulargewicht und hohem Gehalt an Heteroatomen.

Bei der spektrometrischen Untersuchung der Asphaltharzfraktionen
stellte es heraus, dafl diese Methoden zu deren Untersuchung nicht oder nur
teilweise geeignet sind, da die Zusammensetzung und Struktur der Asphalt-
harze recht wesentlich von denen der Olfraktionen abweichen. Die Fehler bei
den UV-Absorptionsmethoden und bei den IR-spektrometrischen Gruppen-
analysen sind vermutlich durch den hohen Gehalt an Heteroatomen (4%
Schwefel, 2,6% Sauerstoff) bedingt. Die Elementarzusammensetzung, das
durchschnittliche Molekulargewicht und die mittels den NMR-Spektren be-
stimmte Protonenverteilung ist in Tab. X1 angegeben.

Aufgrund der qualitativen Auswertung der IR-Spektren konnte festge-
stellt werden, daB ein Teil des bedeutenden Sauerstoffgehaltes des Asphalt-

Tabelle XI

Ergebnisse der Untersuchung der Asphaltharzfraklion

Herkunft des Bitumens

Methode Geprifte Romaschkinoer
GroRe
Algy6er Extrakt
Extrakt Destill. Geblas.

NMR nCH 13,9 8,3 6,3 90
nCHa 29,9 25,8 25,7 33,3
nNCH3 9,1 79 10,3 6,7
nAr-H 615 414 7,3 5,5
nAr-CHa 7,0 5,7 5,6 51
25

NAr-CH3 31 2,2 3,5 ,

Dampfdruck-

Osmometrie MG 1160 1100 980 1140
Chemische c% 83,5 82,1 80,8 85,9
Analyse H% 11,2 9,6 9,6 10,6
5% 38 3,7 3,4 3,2
0% 2,3 4.8 57 2,7

Menge der Fraktion auf
Bitumen bezogen,
Gew.% 13,0 12,0 111 13,5

Annahernde Brutto-

AN N N
formel £73710671,303,3 CBcH3A.003 £327 1247 SOl.0
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harzes in Form von C=0-Bindungen vorliegt. Im Valenzschwingungsbereich
der C= 0-Gruppe (1750—1650 cm-1) wurden zwei Banden beobachtet, von
denen die Bande hoherer Frequenz (1700 cm-1) der an ein aliphatisches
Kohlenstoffatom gebundenen Karbonylgruppe entspricht, wadhrend die Bande
bei 1660 cm-1 einer mit einem aromatischen Ring in konjugierter Position
befindlichen Karbonylgruppe zugeordnet werden konnte. Das IR-Spektrum
der Asphaltharzfraktion, die aus der Romaschkinoer Destillationsbitumen-
probe erhalten wurde, ist in Abb. 8 dargestellt.

Abb. 8. IR-Spektrum der Asphaltharzfraktion aus Romaschkinoer Destillationsbitumen
(KBr-Tablette, 3,2 mg)

Die im vorliegenden Teil unserer Arbeit behandelten Analysenmethoden
erwiesen sich als unzulédnglich bei der Strukturuntersuchung der Asphalten-
fraktion. Demgem&B wurden andere Untersuchungsmethoden verwendet, um
ein Bild iber die Struktur des Asphaltens zu gewinnen. Uber diese Versuchs-
ergebnisse wird in einer spédteren Mitteilung berichtet.

SchluRfolgerungen

Aufgrund der Ausbeuten und Strukturanalysendaten der aus vier
Bitumenproben verschiedener Herkunft gewonnenen Fraktionen kdénnen
einige Bemerkungen lUber die Zusammensetzung der Bitumina gemacht werden:

1. Die Ausbeute an verschiedenen Fraktionen mit homogener Struktur
zeigt typische Abweichungen bei den Bitumenproben verschiedener Herkunft.

So kann aufgrund der Mengenverhdltnisse der Fraktionen ein entschiedener
Unterschied einerseits zwischen den Extraktbitumina aus Algyé und Romasch-
kino und andererseits zwischen aus Romaschkino stammenden, jedoch mit
verschiedenen Technologien hergestellten Bitumina nachgewiesen werden.
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2. Infolge der Eigenart der angewendeten wirksamen Trennungsoperatio-
nen wurden keine wesentlichen Unterschiede in der Zusammensetzung bzw.
Struktur der erhaltenen analogen Fraktionen aus den verschiedenen Bitumina
gefunden. Die in den Trennungsoperationen erhaltenen Fraktionen erwiesen
sich zugleich als ziemlich homogen in ihrer chemischen Struktur und unter-
schieden sich voneinander charakteristisch.

3. Trotz der Ahnlichkeit der analogen Fraktionen aus Ausgangsmateria-
lien verschiedener Herkunft konnten zwischen diesen geringere Unterschiede
nachgewiesen werden. So wurden z. B. in den Fraktionen des Algyder Bitumens
gegenuber den Fraktionen Romaschkinoer Herkunft im allgemeinen weniger
Verzweigungen und naphtenische bzw. aromatische Ringsysteme gefunden.

*

Die spektrometrischen Analysen und sonstigen Untersuchungen der Bitumenfraktionen
wurden im Ungarischen Erddl- und Erdgas-Forschungsinstitut, die Elementaranalysen zum
grofRten Teil am Institut fiir organische Chemie der Edtvos-Lorand-Universitat durchgefuhrt.
Es sei an dieser Stelle den wissenschaftlichen Mitarbeitern Frau Dr. H. Medzihradszky
und Frau B. Marké6-Monostory fur die Elementaranalysen und Herrn M. Kantor fir die
pyrolysegaschromatograpliischen Untersuchungen gedankt. Endlich mdchten die Verfasser
den Donau- Mineraldlwerken fur die finanzielle Unterstitzung der experimentellen Arbeit
ihren Dank aussprechen.
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UNTERSUCHUNG DER ZUSAMMENSETZUNG
VON EINHEIMISCHEN UND AUSLANDISCHEN
ATHERISCHEN OLEN, II

ANALYSE EINES UNGARISCHEN PFEFFERMINZOLES

K. BELAFI-RETHY,* S. Iglewski,* E. Kerényi* und R. Kolta**

Eingegangen am 14. Februar 1972

Die qualitative und quantitative Zusammensetzung des ungarischen Pfeffer-
minzdles wurde mit einer fur die Analyse von &therischen dlen entwickelten kombi-
nierten Methode untersucht. Im Ol wurden mittels Kapillar-Gaschromatographie 38
Komponenten nachgewiesen, deren Anteil einzeln mehr als 0,01 Gew.% betrégt;
darunter betrug die Menge von 24 Komponenten jeweils mindestens 0,1 Gew.%. Nach
einer wirksamen Trennung konnten mittels spektrometrischer Methoden die wesentli-
chen Komponenten: a-Pinen, /1-Pinen, Limonen, 1,8-Cineol, p-Cymol, 2,6-Dimethyl-
oktan-2-ol, 3,7-Dimethyl—1,7-oktadien-3-ol (Linalool), Menthon, Menthofuran, Iso-
menthon 3,7-Dimethyl-I,6-oktadien-3-ol (Linalool), Menthylacetat, Neomenthol, Neo-
isomenthol, Caryophyllen, Menthol, Isomenthol, Piperiton und Calamenen identifi-
ziert werden. Unter den in Spuren vorliegenden Begleitkomponenten wurden /S-Myr-
cen, lIsopulegol, Menthylisovalerianat und e-Cadinen gefunden. Die quantitative Zu-
sammensetzung des Pfefferminzdles wurde gaschromatographisch bestimmt. Die Menge
der identifizierten Komponenten betrug mehr als 98,6% der untersuchten Probe.

Uber die Zusammensetzung des Oles der ungarischen, zum Mitcham-Typ
gehdrenden Pfefferminze (Mentha piperita Huds. var. officinalis forma rubes-
cens Camus) stehen nur wenig Angaben zur Verfugung; allein die Hauptkom -
ponenten und deren Konzentrationen sind bekannt [1]. Auch die in jingster
Zeit im Betrieb fir Kosmetik und Haushaltschemie durchgefliihrten gaschro-
matographische sowie die im Heilpflanzenforschungsinstitut durchgefiihrten
dinnschichtchromatographischen Untersuchungen beschrédnkten sich auf die
Trennung und Identifizierung der Hauptkomponenten [2].

Literaturangaben lber die Zusammensetzung
der Pfefferminzole

Abgesehen vom ungarischen 81 befassen sich verhdltnismaRig viele Ver-
6ffentlichungen mit der Zusammensetzung der Pfefferminzdle [3]; die unter-
suchten dtherischen Ole stammten jedoch aus Pflanzen verschiedener Varieté-
ten und Formen, die in verschiedenen Gegenden angebaut und meistens zu ver-
schiedenen Zeitpunkten geerntet wurden. Das Ziel der Analysen war auBer
der eingehenden Kenntnis des Pfefferminzdles [z. B. 4, 5, 16] in einigen Féllen
ein Vergleich des Oles aus Pflanzen verschiedener Art, Varietit und Form

*Ungarisches Erdél- und Erdgas-Forschungsinstitut, Veszprém und **Betrieb fir Kosmetik
und Haushaltschemie
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[z. B. 6, 7] oder die Beobachtung der pflanzenphysiologischen Verédnderungen
und der Biosynthese der Komponenten [z. B. 8, 9].

Uber die Zusammensetzung der Pfefferminzéle wurden ziemlich viele
Angaben angehduft [1, 4, 10]. Eine Literaturibersieht der im Ol der Mentha
piperita gefundenen Komponenten liegt in Tabelle | vor. Die Angaben stam -
men teils aus chemischen Untersuchungen, teils aus gaschromatographischen
und dinnschichtchromatographischen Bestimmungen und zum Teil auch aus
spektrometrischen Analysen. Abgesehen von den letzteren Methoden liefern
die erwédhnten Methoden bei der qualitativen Analyse unbekannter Substanzen
oft irrefihrende Feststellungen; daher ist es mdglich, dal die Tabelle viele
falsche Angaben enthidlt. Die Zusammensetzung der Ole der in verschiedenen
Gegenden angebauten verschiedenen Varietdten und Formen kdnnen charak-
teristische Abweichungen aufweisen; folglich sind die in der Fachliteratur
vorhandenen Angaben auch in dieser Hinsicht nur als Mdglichkeiten aufzu-
fassen.

Wegen der Unsicherheit der Literaturangaben Uber die Pfefferminzdle
und in Ermangelung von Angaben Uber die Zusammensetzung des einheimi-
schen hochwertigen Pfefferminzdles erschien es uns wichtig, eine genaue und
ausfuhrliche Analyse des ungarischen Pfefferminzdles durchzufihren.

Analytische Methode

In der vorangegangenen Mitteilung [17] wurde ausfuhrlich Uber die von uns entwik-
kelte Methode zur Bestimmung der Zusammensetzung von &therischen Olen berichtet. Bei
der Analyse des ungarischen Pfefferminzdles wurde ein vereinfachter Analysengang angewen-
det. Zur lIsolierung der reinen Komponenten wurden nur Flussigkeitschromatographie und
praparative Gaschromatographie angewendet und bei der Identifizierung der Komponenten
wurde auBer den spektrometrischen Methoden nur Hydrierung in Anspruch genommen.

Bei der quantitativen Analyse der Probe wurde der Chromatograph P-AID/F der Firma
Carlo Erba teils mit gefullter Saule, teils mit Kapillarsdule verwendet. Die Analyse wurde auf
Grund der Aufnahmen des Pfefferminzéles und seiner flissigkeitschromatographischen Frak-
tionen durchgefihrt. Bei zusammenfallenden Komponenten stutzten wir uns auf die spek-
trometrischen Untersuchungen.

Die Kohlenwasserstoffe und ihre sauerstoffhaltigen Derivate wurden durch Flussig-
keitschromatographie an Silikagel unter Anwendung von n-Hexan und Methanol als Elutions-
mittel getrennt. Zur Grobpréparierung der Komponenten wurde das Gerat Fractovap P der
Firma Carlo Erba, zur Feinpréparierung eine abgeédnderte Form des analytischen Gaschromato-
graphen GCHF 18 der Firma W. Giede angewendet.

Die IR-Spektren der reinen oder angereicherten Komponenten und ihrer hydrierten
Produkte wurden mit einem Gerat UR-10 der Firma Carl Zeiss Jena aufgenommen; die Mas-
senspektren wurden mit einem Massenspektrometer ZEME MI 1305, die NMR-Spektern mit
einem Gerat ZKR-60 der Firma Zeiss erhalten. Die Auswertung der Spektren beruhte auf der
Untersuchung der Spektren von Modellverbindungen, auf dem Vergleich mit bekannten
Spektren und auf den Zusammenhéngen zwischen den Spektren und der Struktur.

Versuchsergebnisse

Das Kapillar-Gaschromatogramm des untersuchten aus der Balaton-
Gegend stammenden Pfefferminzdles ist in Abb. 1 gezeigt. Das Kapillar-
Gaschromatogramm der durch Flussigkeitschromatographie erhaltenen, 16-
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Kohlenwasserstoffderivate
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In Pfefferminz6l gefundene Komponenten aufgrund der Literatur

y-Cadinen
e-Cadinen
a-Cadinen
Caryophyllen
Aromadendren
/J-Elemen
a-Muurolen
y-Muurolen
e-Muurolen
Chalamencn

Menthol

Thymol
n-Amylalkohol
Hexenol
Athylamylcarbinol
tr.-Sabinenhydrat

Caryophyllenalkohol

Acetaldehyd
i-Valeraldehyd
Phenylacetaldehyd
tr.-2-1lexenal

Menthon
Piperiton

Jasmon
Methylamylketon

Tabelle 1
Monoterpene
a-Pinen 1. 4, 11]
jS-Pinen [11, 13]
Limonen [1. HI
Dipenten [1. 4]
y-Terpinen [1. 12]
a-Phellandren  [1, 4]
Camphen [1. 12]
213/)-Menthen 1£
0-Cymol [1 , 13]
p-Cymol [11, 12]
j3-Myrcen [11, 12]
Sesquiterpene
[1, 4] Cubenen
[5] Ylangen
[5] a-Burbonen
11 4] R-Burbonen
[4] S-Guajazulen
[5] Humulen
[5] e-Bulgaren
[5] a-Maalien
[5] Bicycloelemen
[5]
Alkohole
[z.B. 1] Neomenthol
[1, 4] Carvacrol
|1. 4] i-Amylalkohol
[1, 4] Oktanol
[1, 4| jo-Bethulenol
1, 4] Chlovandiol
bj
A ldehyde
[1. 4] i-Butyraldehyd
11. 4] Benzaldehyd
[15] Furfurol
[12]
Ketone
[7.B. 1] Athylamylketon
[1. 4] Isomenthon
[1. 4] Pulegon
11] Aceton
i-Pulegon

3-Methylcyclohexanon [1, 4]

Essigsaure
Menthylacetat

Sauren und Ester

E ' B‘?] 1]

Hexenylphenylacetat [1]

i-Y aleriansaure

[12]
(4]
[1]

[15]
[1. 4]

o
[4]

[

1. 4
Menthylisovalerianat [1_4]
Athylamylcarbinolacetat ElS]

Sonstige Sauerstoffverbindungen

Cineol (Eucalyptol)

[1, 4, 11, 12]
Sonstige Verbindu

Dimethylsulfid [1, 4]

Menthofuran

ngen

Ada Chim.

[1, 4, 11]
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sungsmittelfreien Kohlenwasserstoff-Fraktion ist in Abb. 2, die Aufnahme der
lIosungsmittelfreien Kohlenwasserstoffderivat-Fraktion in Abb. 3 dargestellt.
Die Analysen wurden in 50 m langen, mit Carbowax-1000 benetzten Kapilla-

Abb. 1. Gaschromatogramm des ungarischen Pfefferminzdéles
Gerat: Carlo Erba P-AID/F;
Sdule: 50 m lange Kapillare, mit Carbowax-1000 benetzt. Temperatur: 125 °C; Trégergas:
Argon, Tragergasgeschwindigkeit: 1,6 ml/min

Abb. 2. Gaschromatogramm der Kohlenwasserstoff-Fraktion des ungarischen Pfefferminzéles
Versuchsbedingungen wie in Abb. 1
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ren, bei 125 °C und einer Tradgergasgeschwindigkeit von 1,6 ml/min, mit Argon
als Tragergas durchgefiuhrt. Die nachweisbaren Komponenten wurden in den
Abbildungen aufgrund der flissigkeitschromatographischen, gaschromato-
graphischen und spektrometrischen Befunde mit Nummern versehen. Die
Angaben Uber die qualitative und quantitative Zusammensetzung lieBen sich
auf diese Nummern beziehen. Aus den Abbildungen ist ersichtlich, daB zwei
Hauptkomponenten und — ohne weitere selektive Konzentrierungsoperatio-
nen — insgesamt 38 Komponenten in der Probe nachgewiesen werden konnten.

Uber die Ergebnisse der Reinigung der einzelnen Komponenten, iiber die
Spektrumaufnahmen der reinen oder angereicherten Fraktionen (bzw. ihrer
hydrierten Produkte) und Uber die Methode der Identifizierung gibt Tab. Il
eine Ubersicht. Die durch Hydrierung hergestellten Verbindungen sind in der
Tabelle mit I/a, 3/a, 4/a bezeichnet. Die Konzentrate der Komponenten wurden
als rein betrachtet, wenn keine oder nur geringe Verunreinigungen nachge-
wiesen werden konnten. Sie wurden als angereichert betrachtet, wenn sie die
zu bestimmende Komponente in einer zur ldentifizierung ausreichenden Kon-

Abb. 3. Gaschromatogramm der Kohlenwasserstoffderivat-Fraktion des ungarischen Pfeffer-
minzoles
Versuchsbedingungen wie in Abb. 1
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Tabelle 11

Trennung und ldentifizierung der Komponenten des ungarischen Pfefferminzédles

Reinigung Spektrum Identifizierung
Relative Zuord-
Nr.  Reten- Bekann- nung Komponente
tion , ange- Modell- s der

rem  reichert IR Massen-  NMR velrjtr)]ign— Spek- Spek-
trum trum-

banden
I 81 + + + ¥ ¥ [21] L a-Pinen

I/a — + 4" 122 + Pinan

2 91 + + 1211 + /j-Pinen

3 91 + + + 1187 4" 13-Myrcen

3la — + + + 2,6-Dimethyloktan

4 100 + + + + 21 - Limonen

4/a + + [22 + p-Menthan

5 104 4- + + + 121] + 1,8-Cineol

6 104 + + [22] 4-  p-Cymol

7 104 Kohlenwasserstoff

8 115 Kohlenwasserstoff-
derivat

9 132 Kohlenwasserstoff

10 140 + + + + 2,6-Dimethyl-oktan-
-2-ol

1 179 + + + + [21] + 3,7-Dimethyl-1,7-
oktadien-3-ol
(Linalool)

12 179 Sesquiterpen

13 191 Sesquiterpen

14 191 + + + [19[ + Menthon

15 191 + -f [21] + Menthofuran

16 203 Sesquiterpen

17 208 + + + [19] + Isomenthon

18 228 + + + + 4~ 3,7-Dimethyl-1,6-
-oktadien-3-ol
(Linalool)

19 253 + + + [191 + Menthylacetat

20 273 + + [20] 4- Neomenthol

21 273 Sesquiterpen

22 290 + 4- [21] + Isopulegol

23 290 Sesquiterpen

24 307 + + |201 + Neoisomenthol

25 307 + + 1211 + Caryophyllen

26 330 o+ + + [20] -J- Menthol

27 356 + + [20] Isomenthol

28 372 Sesquiterpen

29 383 Sesquiterpen

30 403 Sesquiterpen

31 450 + 4« + [21] i Piperiton

32 450 4~ (Abb. + J- Menthylisovalerianat

4)

33 450 Sesquiterpen

34 518 Sesquiterpen

35 563 Sesquiterpen

36 587 Sesquiterpen

37 741 + 4 [23] + Chalamenen

38 741 + + * [23] + e-Cadinen
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Tabelle 111
Quantitative Zusammensetzung des ungarischen Pfefferminzdles

Komponenten

a-Pinen
[?-Pinen

Limonen
1,8-Cineol

p-Cymol
Kohlenwasserstoff-
derivat

2.6- Dimethyloktan-2-
ol

3.7- Dimethyl-1,7-
-oktadien-3-ol

Mono-
terpene

04
07

12

0,5

Menge

Son-

stige

Sesqui- Alko- OXover- g ar.
terpene  hole  bindun- ot
gen verbin-

dungen

6,5

0,2

0,7

0,9
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14
15

25

Menthon
Menthofuran

Sesquiterpen
Isomenthon

3,7-Dimethyl-1,6-
-oktadien-3-ol
Menthylacetat

Neomenthol
Neoisomenthol

Caryophyllen
Menthol

VLT
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Nr.

27
30

31
33

34
37

Tabelle 111 (Fortsetzung)

Komponenten

Isomenthol
Sesquiterpen

Piperiton
Sesquiterpen

Sesquiterpen
Chalamenen

Menge

Son-
stige
Mono- Sesqui-  Alko- OXOVer- gajer.
terpene terpene  hole  Pindun- gioff
Verbin-
dungen

1.8
0.1

1,2
0.1
0,1
0,1

2.8 1,7 53,2 27,9 13,7
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zentration enthielten. Im Laufe der Analysen strebten wir auller der ldentifi-
zierung auch die Untersuchung der Spektren von weniger bekannten reinen
Komponenten an, diese sind in der Tabelle angefihrt. Die zur Identifizierung
verwendeten Modellverbindungen wurden teils durch den Betrieb fir Kosmetik
und Haushaltschemie zu Verfligung gestellt, teils im Ungarischen Erddl- und
Erdgas-Forschungsinstitut hergestellt. Bei den F&llen von Identifizierungen
aufgrund bekannter Spektren wurden die entsprechenden Literaturhinweise in
der Tabelle angegeben. Als Beispiel fir in der Fachliteratur unbekannte
Spektren ist in Abb. 4 das Spektrum des Menthylisovalerianats dargestellt.
Das IR-Spektrum der ausreichend angereicherten Probe wurde in einer Kivette
mit Kaliumbromid-Fenster und einer Schichtdicke von 0,0020 cm aufgenom-
men.

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800700 600 500 400
Wellenzahl (i~cnrfl

Abb. 4. IR-Spektrum des Menthylisovalerianats
Gerat: Zeiss UR-10; Schichtdicke; 0,020 mm

Die Raumstruktur der meisten identifizierten Komponenten war auf-
grund der Literaturangaben oder unserer Versuchsergebnisse eindeutig; sonst
wurde die Konformation der Komponenten nicht untersucht.

Die quantitative Zusammensetzung des ungarischen Pfefferminzdles ist
in Tab. Ill angegeben. Hier sind nur Komponenten angefihrt, deren Anteil
0,1 Gew.% erreicht. Die Mengen wurden nach Verbindungsgruppen summiert.
Im ungarischen Pfefferminzdél befinden sich in nachweisbarem, jedoch 0,1
Gew.% nichterreichenden Mengen /3Myrcen, Isopulegol, Menthylisovalerianat,
e-Cadinen und einige andere, nicht ndher untersuchte Sesquiterpene.

In Ubereinstimmung mit den Literaturangaben wurden als Hauptkom -
ponenten des ungarischen Pfefferminzéles Menthol und Menthon gefunden. In
beachtlichen Mengen sind auch das fur Pfefferminzdl charakteristische Mentho-
furan sowie Limonen, 1,8-Cineol, Isomenthon, Neomenthol, Menthylacetat,
Piperiton und Caryophyllen vorhanden. In Ubereinstimmung mit anderen
Untersuchungen konnten zuletzt cc-Pinen, /3-Pinen, /9-Myrcen und ein Oktanol-
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Isomer nachgewiesen werden. Da wir uns nicht mit der Untersuchung von in
duBerst geringen Mengen vorhandenen Komponenten befaBten, kam es nicht
zum Nachweis einiger Monoterpene sowie Alkohol-, Aldehyd- und Keton-
derivate. Es ist jedoch beachtenswert, dal das als bedeutende Komponente
betrachtete Pulegon nach unseren Untersuchungen nicht nachweisbar Avar.
Dagegen stellten wir — im Gegensatz zur Fachliteratur — fest, dal im
Pfefferminzdl geringe Mengen an zweierlei sonst bekannten OKktadienol-
Isomeren (alle beide sind in der Fachliteratur als Linalool genannt), sowie
beachtliche Mengen an Neoisomentliol und Isomenthol vorhanden sind. Die
Menge der identifizierten Komponenten machte mehr als 98,6% des &theri-
schen Oles aus.
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Xenon difluoride which can be easily dosed and safely used, oxidises in weakly
acid medium at about 100 °C in 25 minutes chromium(Ill) to chromate. This can be
used for the iodometric determination of 1—20 mg chromium. The accuracy of the
method is low. However, 20 ng—0.001 mg chromium can be determined photometri-
cally with good accuracy.

Usually chromium is determined by the oxidation of chromium(Ill) to
chromium(VI), and the latter is measured gravimetrically, volumetrically or
photometrically. Thus the chromium content of steels, alloys, minerals, electro-
plating baths, tanning liquors, dilute agqueous solutions (reactor water) can he
measured [2—4]. Oxidation can be performed both in acid and alkaline media.
In the alkaline medium several oxidising agents, (e.g. H20 2or Br2) can be used
whereas in acid medium peroxidisulfate and silver ions are applied.

The chromium content of samples to be decomposed is converted to
chromate by alkaline oxidative fusion. On leaching with water and filtering
chromium can be separated from many of the accompanying elements.

In our preliminary communication [5] we have reported that chromium
(I11) can be oxidised in acid solution with xenon difluoride to chromium(Y).
It has been found, however, that in strongly acid and in close to neutral
solutions the oxidation is not quantitative and it does not preceed with a
satisfactory rate. Also it has been established that the material of the vessel
and large quantity of xenon fluoride do not affect the reaction.

In view of all these, it seemed expedient to investigate more extensively
those conditions, under which xenon fluoride might be used as an oxidising
agent for the determination of chromium. A micro method for the determina-
tion of chromium has been considered since xenon fluoride can be used even in
highly dilute solutions.

The reaction is the following:

2Cr3+ + 3 XeF2+ 8H2O ~ 3Xef + 2CrOp + 6F“ + 16 H+

*For Part | see [1]
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It can be calculated from the well known pH dependence of the redox
potential ofthe Cr(l11)/Cr(V 1) system [6] that xenon difluoride (redoxpotential,
E = 2.2Y [7]),isable to oxidise chromium (I11) to chromium (V1) in acid media.

The redox couple, Cr3+/CrOf~ has aredox potential of -]-1.36 Y at pH =0.

The hydrolysis of xenon difluoride gives the following products:

XcF3+ H2O > Xef+2HF+ y,02

Between pH 4 and 9 the rate of decomposition of xenon difluoride is the
lowest [8]. The halftime of the hydrolysis is about 7 hours. In alkaline medium
the rate of the reaction is very high. Thus all our experiments were performed
in acid media between pH 0 and 3.2. The pH of the aqueous chromium alum
(KCr(S04)2 w12 HXD) solution is 3.15.

First the oxidation of chromium(lll) was investigated at different pH
values. For this reason about 70 measurements were carried out in the pH
range from 0 to 3.15 in the following way:

About 1.6 g of pulverised alum was weighed, dissolved in distilled water
and the solution diluted to 1 litre. Then 5.00 ml was withdrawn and the
chromium content determined iodometrically. 5.00 ml of the stock solution
corresponds after oxidation to 4.80 ml of 0.01 n Na2S20 3, so contained 0.8319
mg of chromium.

Data plotted in Fig. 1 show only the lowest and heighest values of our
results obtained at identical pH values. These two data are connected with a
continuous line, so that also the scattering of the measurements can be evaluat-
ed from the figure. It can be seen that the measurements (about 30) carried
out between pH 0 and 1.5 do not give satisfactory results. W ith increasing pH
however, both the accuracy and the reproducibility of the results improved.

Fig. 1. The measure of the oxidation as a function of the pH
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It is also observable that the best results were obtained between pH 1.5 and
1.7. 1t follows from the data of Fig. 1 that at pH 1.65 the oxidation is pre-
sumably complete, and this may give a basis for the determination of chromium.

Procedures
a) Volumetric method

Into a titration flask, a sample containing 1—20 mg of chromium is
introduced. The solution is adjusted to pH 1.65. 10—200 mg of xenon di-
fluoride is added, the mixture is allowed to stand for 5 minutes, then placed
on a water bath for 25 minutes. During this time, the oxidation of chromium-
(111) to chromate is complete, the excess of xenon difluoride is decomposed,
and the gaseous decomposition products (Xe, 02 are removed from the
solution. After cooling, 40 ml of 2 iV hydrochloric acid and some solid potas-
sium iodide are added to the yellow solution, and iodine is titrated with 0.1
or 0.01 N standard sodium thiosulfate solution.

Attempts were made to measure the chromium content of industrial
tanning liquors, but owing to melasse used for the reduction of bichromate,
substantially more reagent was consumed for the oxidation than the cal-
culated value. Thus, the use of the rather expensive xenon difluoride is not
justified in this case.

For the determination of small amount of chromium photometry is the
most suitable method. Diphenylcarbazide was applied as a reagent; sensitivity:
1.6 ng chromium/cm2 [4]. 1—100ng/ml chromium was determined using this
reagent. For this purpose, a known amount of chromium alum was dissolved
in a volumetric flask, the pH of the solution was adjusted with sulphuric acid,
and after dilution, a solution containing 831.9 ng/ml of Cr was obtained.

b) Photometric method

To 1—4 ml of a chromium solution a few grains (not more than 0.1 mg)
of xenon difluoride are added (chromium in 1 mg of alum is oxidised with
0.508 mg of xenon difluoride to chromate). To this colourless mixture 10 ml of
2 N sulfuric acid and 4 ml of freshly prepared 0.15 per cent diphenylcarbazide
solution in ethanol are added in a 50-ml volumetric flask, and the intensive
violet solution is diluted to the mark with water. Then the solution is measured
on a Hilger H 700 spectrophotometer at 540 nm using a 1 cm cell. The chro-
mium content is obtained from a calibration curve. 830 # 50 ng/cm3of chro-
mium has been found in the solution.

It can be concluded that xenon difluoride is a satisfactory oxidising
agent for the determination of small quantities of chromium. Under the ex-
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perimental conditions used by us, the procedure cannot be considered as an
accurate analytical method for the determination of more than 1 mg of chro-
mium.

The authors are indebted to Dr. Peter Gréz, Chemical Department of the Central
Research Institute for Physics for giving us the xenon difluoride preparation.

REFERENCES

1. Erdey-Schneer, A., Kozmutza, K.: Magy. Kém. Foly. 77, 97—99 (1971); Acta Chim.
Hung. 69, 9-13 (1971)

2. Erdey, L.: A kémiai analizis suly szerinti mdédszerei (Gravimetric methods of chemical
analysis) Akadémiai Kiadé, Budapest, 1960

3. Fresenius-Jander: Handbuch d. analytischen Chemie. Teil 3, Bd. VI b a, Springer
Verlag, Berlin, Goéttingen, Heidelberg, 1958

4. Sandell, E. B.: Colorimetric determination of traces of metals. Interscience Publ. New
York, London 1959

5. Erdey-Schneer, A., Kozmutza, K.: Magy. Kém. Foly. 75, 378 (1969); Acta Chim. Hung.
61, 235 (1969)

6. Analytical Pocket Book 3rd ed. p. 366. M(szaki Kiadd, Budapest, 1966

Pourbaix, M.: Atlas of electrochemical equilibria in aqueous solution, p. 257 —259.
Pergamon Press, Oxford, 1966

. Appelman, E. H.,, Maim, I. G.: J. Am. Chem. Soc. 86, 2297 (1967)

Beck, M, Dézsa, L.: Magy. Kém. Foly. 73, 522 (1967)

0~

Anna Schneer-Erdey

- 1088 Budapest, Muzeum krt. 6—8.
Kornélia Kozmutza

Acta Chim. (Budapest) 76, 1973



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 76 (2), pp. 183—192 (1973)

SOME CHEMICAL REACTIONS OF THE ELECTRODE
GAP AND THEIR ROLE IN SPECTROCHEMICAL
ANALYSIS, XI

SEPARATION OF THE REACTIONS OCCURRING IN THE ANODE AND CATHODE
SPACES. THE METHOD OF SEPARATION

Z. L. Szabo and L. Poppl

(Department of Inorganic and Analytical Chemistry,
L. E&tvdés University, Budapest)

Received February 28, 1972

A method has been devised for the separate quantitative determination of
carbon dioxide formed in the anode and cathode spaces. A suitable gas cell has been
designed from which the gas mixture can be selectively removed during burning of the
arc by suction through bore holes in the two electrodes. Optimum conditions for the
application of this technique have been established; under these, the gaseous reaction
products from the two electrode spaces can be measured separately with an error of
3.6% in the separation.

In former communications [1—10] we reported on the chemical reactions
of polarized A.C. arcs burning between a rotated aluminium electrode and
carbon or copper counter-electrodes, on the effect of these reactions and on
their dependence on the experimental conditions. In these studies we utilized
the data of spectral analysis [1, 2], as well as the gas chromatographic [3—6]
and gas-titrimetric [7—10] results relevant to changes in the gas phase. Thus
we determined the consumption of oxygen or carbon dioxide by the arc, and
the production of carbon dioxide, carbon monoxide and nitrogen oxide as a
function of various parameters. These processes were found to be redox re-
actions, the extent of which depends also on the polarity of the electrode.
A deeper study of the phenomena inevitably required a method for the sepa-
ration and separate determination of the gaseous products of stationary,
standard anodes and cathodes, even if both are made of the same substance,
e.g. carbon. The separation of the gas spaces by suction proved to be an
adequate way to accomplish this.

A carbon-aluminium electrode pair was used in our exploratory tests.
Carbon electrodes, even under experimental conditions to be discussed later,
produce a considerable amount of carbon dioxide in an oxygen-containing
atmosphere, whose determination can be carried out with relative ease and
rapidity. As we intended to utilize also emission spectral data and, since,
owing to its large heat of oxidation, aluminium is a good model substance, we
decided to use aluminium electrodes. According to our hypothesis, the carbon
dioxide generated in the arc will be derived from the carbon side only and with
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an efficient separation, no carbon dioxide (or only negligible amounts) will be
obtained from the aluminium side.

The first tests were carried out in air. In these, besides carbon dioxide,
some carbon monoxide, nitrogen oxide and aluminium oxide, and a small
amount of cyanogen were formed. Nitrogen oxide and dicyan interfere with
the acidimetric determination of carbon dioxide. Therefore, after the optimum
conditions had been established, a mixture composed of 20% oxygen and 80%
argon was used to demonstrate the adequate separation efficiency.

Apparatus and Method

The electrode support shown in Fig. 1 was designed for these studies. In
essence, this is an exchangeable, 50 mm high glass or quartz tube with a
volume of 13 to 25 cm3. Lateral gas inlet and outlet tubes were mounted on
the cells. The interchangeable cell types are shown in Fig. 2. At the top and
the bottom these cells were covered with stainless steel plates pressed firmly to

Fig. 1. Electrode stand with gas cell
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Fig. 2. Gas cell types

Fig. 3. Four-way stopcock

the cells by Lucite insulated screws. Rubber rings between the cell-ends and
the steel plates served as sealing gaskets. Steel tubes, with a conical opening at
one end, served as the electrode holders; the rod shaped electrodes were fixed
by pushing into these conical wells. The electrode holder steel tubes were
mounted through rubber gaskets into the end plates of the cells. Two evacuated
flasks, 600 cm3 each, were used to maintain the gas flow, and also served as
reactors for gas analysis and as titration vessels [7]. For the control of gas flow
rate, glass capillaries of the same dimensions were inserted into both gas lines.
By varying the inner diameter (from 0.3 to 0.4 mm) and the length (from 20 to
100 mm) of these capillaries, various flow rates could be selected: these re-
mained practically constant over the short time of the used arc generation.
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The communication line between the flasks and the cell was ensured by rubber
tubing and a four-way stopcock (Fig. 3). The capillaries were placed between
the cell and the four-way stopcock. A steady gas flow was maintained by an
overpressure of a few cm H2, from a mercury-sealed gasometer. Between
gasometer and cell, a water-sealed bubble-tube could be inserted to show the
gas flow. The device complete with cell No. 8, is shown in Fig. 4.

Fig. 4. Gas cell with reaction flasks assembled

Experimental conditions

Excitation: By an arc generator controlled also in the arc circuit (constructed by O.
Szakacs [111).

Mains voltage 220 V.

Ignition at maximum voltage.

Control and polarization: by Thyratron valves and a Feussner motor, simultaneously.

Number of discharges: 50 sec1(0 + 1 arcs).

Average current: 12 A (short-circuit current in a complete period: 25 A).

Burning time of the arc: 8 sec.

Electrode pair. Normal, standard shape RW-II carbon electrode, diameter 6 mm,
length 20 mm and 99.99% pure aluminium electrode.

Distances between the electrodes were 3, 5, and 8 mm, from test to test.
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5 ml pentane was poured into each of the two 600 cm3flasks and, according to the
amount of carbon dioxide expected, 5.00 to 25.00 cm3 0.1JV Ba(OH)2solution was allowed to
flow underneath the pentane. After dilution with 50 cm3of boiled-out, hot distilled water, the
flasks were evacuated with a water pump and cooled to room temperature. Then the apparatus
was assembled. The gas cell and the connection tubing were flushed with carbon dioxide-free
air from the gasometer, the flasks were short-connected with the four-way stopcocks, then the
stop-cocks of the flasks were opened. Through an appropriate turning of the four-way stop-
cock, the suction into the two flasks was brought to effect simultaneously and after about one
second the arc was switched on for eight seconds. Suction was continued until the pressure
in the flasks became equal to the atmospheric. The carbon dioxide content of the gas samples
thus captured was determined according to a method described earlier [7].

Discussion

Based on earlier considerations, we supposed that a successful separation
of the gases in the anode space from those in the cathode space would depend
on the volume and shape of the gas cell, on the distance between the electrodes
and on the rate of gas flow. Therefore, experiments were carried out first to
establish the optimum values for these parameters. In early tests we used
glass cells No. 1 and 2 (cf. Fig. 2), of about 25 cm3capacity each, and electrodes
5 and 8 mm apart. The gas flow rate at both exit ports was 910 cm3 min-1.
This value was chosen on the basis of the following considerations. In prelimi-
nary work we found that during the 8 sec burning time in air, the electric arc
with an upper carbon anode (a.c. polarized excitation with a current of 12 A)
produces 10 cm3of carbon dioxide. In the most unfavourable, but unlikely case
that this carbon dioxide would form in 1/4 of the 8 sec burning time (a 0 -)- 1
arc ignited at peak voltage), i.e. in 2 sec, which would amount to a production
of 300 cm3carbon dioxide per minute, the complete removal by suction would
require a threefold amount of gas, i.e. 900 cm3 min-1 at both sides of the
electrodes.

The results obtained with an electrode gap of 8 mm and a 12 A arc are
shown in Table I. All results are mean values of five parallel tests. Apart from
some exceptions, single values deviate by less than 5% from the mean.

The separation ratio is defined as the amount of carbon dioxide from the
carbon side divided by that from the aluminium side.

Table |

Effect of gas inlet position in the case of compact electrodes

COa found (cm3

Separation
Cell No. . ratio
Carbon side Aluminium Total
side
| 3.66 143 5.09 2.6
2 3.58 0.87 4.45 4.1
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Apparently owing to the more uniform flow ofthe gas, a better separation
can be achieved with cell No. 2. The total amount of carbon dioxide produced
is less because of direct cooling of the electrode by the gas stream. The sub-
stantial amount of carbon dioxide found on the aluminium side suggests that
the flow and suction patterns in the cell do not ensure satisfactory separation.

In the following we used electrodes of the same size as before but each
with a 2 mm bore drilled along its longitudinal axis; through this hole the gas
was removed by suction from and into the flasks. This hole seemed suitable in
so far as it did not cause a further pressure drop in the gas streams that pass
the 0.4 mm capillaries used as flow regulators. As the gas cell, the 25 cm3
glass vessel No. 4 (cf. Fig. 2) was used; into this, carbon dioxide-free air from
the gasometer was fed through a lateral tube at the middle part of the cell.
We employed an upper carbon anode and a lower aluminium cathode; this
arrangement was adhered to in further work. Here too, a 5 mm gap between
the electrodes was first tested. The results are:

carbon dioxide from the carbon side 4.88 ¢cm3
carbon dioxide from the aluminium side 1.40 cm3
total carbon dioxide recovered 6.28 ¢cm3
separation ratio 35

As compared to previous results, these data do not show any substantial
improvement in separation efficiency. Only the amount of carbon dioxide did
increase owing to the fact that the drilled electrodes had smaller masses thus
became more strongly incandescent in the arc. The poor separation was due to
mixing by diffusion and convection, therefore, some improvement was expected
from an increase of the electrode gap, though this would affect also plasma
conditions. So tests were made both with a smaller (3 mm) and a greater gap
(8 mm). With a 10 mm gap, the constant burning of the arc was impeded. The
pertinent results together with the above data are shown in Table II.

Upon increasing the electrode gap, the amount of carbon dioxide pro-
duced also increases, owing to the change in the same direction of the amount
of energy conveyed into the arc gap. The separation efficiency is also improved

Table 11
Effect of the length of the electrode gap

C02 found (cm3

Electrode Separation
gaP . Alumini ratio
Carbon side uminium Total
side
3 mm 2.99 1.10 4.09 2.7
5 mm 4.88 1.40 6.28 3.5
8 mm 7.95 221 10.16 3.6
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since over a greater distance, gas exchange occurs to a smaller degree. Here
the difference in this respect between the 5 mm and 8 mm gaps was not quite
as pronounced as in subsequent tests, where we expected a stronger effect
under other experimental conditions.

By using smaller cells, we tried to further reduce mixing of the gas. In
a 17 cm3cell of the same shape as before (No. 4) but with electrodes 8 mm
apart, separation became, in fact, better:

carbon dioxide from the carbon side 8.12 cm3
carbon dioxide from the aluminium sidel.75 cm3
total carbon dioxide recovered 9.87 cm3
separation ratio 4.6

The total amount of carbon dioxide was essentially the same as before.

We also checked whether the gas Mony rate used was sufficient for the
removal of the carbon dioxideformed. By changing the dimensionsof the
capillaries acting as *“valves”between the cell and the reactorflasks we
obtained the results shown in Table Ill. For comparison, the above data are
again included.

Table 111

Effect of gas flow rate

CO02found (cm8

Flowrate, Separation

in- - ratio
cm3min-1 Carbon Aluminium Total

side si

2x500 7.08 1.91 8.99 3.7
2x910 8.12 1.75 9.87 4.6
2x1100 8.58 2.23 10.81 3.8

This table shows that with the increase of air supply, the total amount
of carbon dioxide formed increases in proportion to the enhanced oxygen
supply. The separation efficiency passes through a maximum because at
higher gas velocities, the stronger mixing effect brings more carbon dioxide
over the aluminium electrode. This phenomenon can be observed visually: the
arc burns at, and flares out from the electrode side anyay from the lateral
feed-inlet tube. Using cell No. 5 (cf. Fig. 2) with gas inlets at two sides, the
mixing effect is even stronger and the separation ratio drops to about 3.

The placing of the gas inlet farther from the middle part of the plasma
seemed to be a better solution. Therefore, we tested the 17 cm3 cell No. 6
(cf. Fig. 2) with electrode gaps of 5and 8 mm. The results are shown in Table IV.

A further but still insufficient improvement can be noted. Also it is
obvious that an 8 mm gap should be employed.
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Also the bores through the electrodes were expected to affect the results.
The corresponding data are collected in Table V; they show again that if the
mass (wall thickness) of the electrode is decreased, the carbon electrode, owing
to more intense incandescence, produces more carbon dioxide. From the
viewpoint of gas removal and gas flow patterns, the 3 mm bore ensures the
least mixing in cell No. 6. This finding was utilized in further tests.

W e attempted to further increase the efficiency of separation by suppres-
sing the mixing of the gas. By constricting the middle part of the cell to 10 mm
and modifying the way of the air feed, a satisfactory arrangement was found.
The results with cells Nos. 7, 3 and 8 (cf. Fig. 2) are shown in Table VI. These

Table IV
Results of tests with cell No. 6

€02 found (cm3

Electrode Sep?_ration
- ratio
P Carbon side Aluminium Total
side
5 mm 6.28 1.23 7.51 5.1
8 mm 10.22 1.74 11.96 5.9
Table ¥

Effect of the hole diameter through the electrode

C02found (cm3

Bore Thickness i
diameter,  of electrode . 53‘32{%'0”

mm wall, ™M carhon side Alumémum Total

side

2.0 2.0 10.22 1.74 11.96 5.9

3.0 1.5 13.72 2.03 15.75 6.8

4.0 1.0 14.50 3.20 17.70 4.5

Table VI

Results with cells constricted at their middle heights

CO02found cm3

Separation
Cell ] Alumini ratio
Carbon side uminium Total
side
No. 7 10.31 1.06 11.37 9.7
No. 3 12.30 1.77 14.07 6.9
No. 8 10.61 0.85 11.46 12.5
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three cells were made of quartz since glass was prone to cracking when so
close to the arc. The capacity of cells No. 3 and 7 was 17 cm3each, the same as
that of the inner compartment of cell No. 8.

Results with cell No. 7 showed that the constriction at the middle part
of a cell did enhance separation as expected. However, the reduced mixing in
the gas phase retards oxidation since the electrode side lying farther from the
point of air intake is poorly supplied with oxygen. The two-sided air feed in
cell No. 3 furnishes ample oxygen hut again separation is worse owing to the
more intense turbulence. The best separation was achieved with the double-
wall gas cell No. 8. The advantage of this type of cell consists in the uniform
supply of air entering at its top and bottom through six 1.5x 2.0 mm holes
arranged in a circle. Thus the one-sided burning of the arc is avoided, and the
mixing of the gases from the anode and cathode spaces is reduced.

As already mentioned, in an arc that burns in air, a parallel reaction
produces also nitrogen oxide which, by its reaction with barium hydroxide,
interferes with the acidimetric determination of carbon dioxide. Nitrogen oxide
is chiefly formed within the plasma [10], therefore, its removal by suction
yields nearly equal amounts from both electrode side as confirmed by direct
tests. The nitrogen oxide amounts to a few tenths of a cm3 from each side
and, though this hardly affects the accuracy of carbon dioxide determinations
for the carbon side, it is nearly equal to the amount of carbon dioxide passed
over to the aluminium side. Therefore, the results discussed up to now are to be
regarded as relative values only. The true separation ratio in cell No. 8 was
expected to he about 2 times higher. This was checked by the use of this latter
cell and the results with a feed mixture of 20% oxygen and 80% argon have
confirmed this assumption. The experimental conditions were as follows:

Excitation: A.C. polarized arc,

Burning time: 8 sec,

Ignition: at peak voltage,

Number of discharges: 0 -1,

Type of cell: No. 8,

Electrode pair: upper carbon anode, lower aluminium cathode,

Electrode gap: 8 mm,

Hole drilled along the longitudinal axis of the electrodes: 3 mm in
diameter,

Mean current: 13 A (short-circuit current over the entire period: 27 A),

Gas atmosphere: 20% 02+ 80% A,

Gas flow rate: 2x910 cm3 min-1.
The results:

CO02 from the carbon electrode side: 7.16 cm3,

CO02 from the aluminium electrode side: 0.27 cm3,
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Total C02 found 7.43 cm3,

Separation ratio: 26.

5.

This ratio shows that only 3.6% of the total carbon dioxide formed in
the arc passed over to the aluminium side. Thus the systematic error of this
separation method under the given experimental conditions is 3.6%.

A further study of this method and its applications will be described in

a forthcoming paper.
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A study of our separation method has shown that the amount of carbon dioxide
formed, and the possibility of separation depend on the polarity of the electrodes and
on their position. The primary effect must be ascribed to the direction of the gas stream
(to or from the anode), it being modified by the upwards convection of hot gases. From
a comparison of data referring to air and to a mixture of argon and oxygen, information
about the nitrogen-oxygen reactions can be obtained.

In the preceding paper [1] of this series we have reported on a method
developed for the separate study of the gaseous reaction products formed
simultaneously in the anode and in the cathode spaces. For a further study of
the method, and of the phenomena involved, it was necessary to examine the
effects of the direction of gas flow, of the upward convection of hot gases, of
the polarity of the carbon electrode and of its position. In these tests carbon
dioxide free air or a mixture of 20% oxygen and 80% argon were used.

Effects of the Direction of Gas Flow,
and of the Upward Convection of Heat

The electrode holder, already described [1], was used with a gas cell.
The gas cell was a glass tube 50 mm in length, with an inner diameter of 24 mm,
its volume being about 22 cm3. The experimental conditions were as follows.

Excitation: Polarized A.C. arc excitation.

Ignition at peak voltage.

Discharge number: 0 + 1.

Average current: 12 A (short circuit current in a complete period: 25 A).

Electrode pair: RW —II type carbon electrodes 6 mm in diameter and
20 mm long, each with a 2 mm hole drilled along its longitudinal axis.

Electrode gap: 5 mm.

Air flow rate: 910 cm3min-1.

The gap and hole dimensions previously stated as optimum values we
decreased to the above values in order to avoid overheating the electrodes
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and thus make the variations in the small amounts of carbon dioxide formed
more noticeable. The two carbon electrodes were placed so that alternately
the upper and the lower one could be used as the anode. The air was introduced
through the hole of the lower electrode and exhausted through that of the
upper electrode, or the other way round. Thus four possible variants were
realized. The carbon dioxide formed in the arc discharges was determined by
titrimetric gas analysis as described previously [2]; the results shown in
Table | represent mean values of five tests.

The differences between the values shown are due to three effects, viz. to
the CO02removing and 0 2supplying effect of the gas stream, to the heating
and convection effect of the gases moving upwards, and to the cooling effect
of the gas stream. The last is, perhaps, of secondary importance since the gas
flow rates were the same in all four cases thus the cooling effect could not have
been very different from case to case. If the data of Table | are arranged in
increasing order, it becomes apparent that a decisive role can be attributed to
the circumstance whether, through the electrode hole, the air flow removes
carbon dioxide from the more strongly heated anode space which, therefore,
produces more carbon dioxide and replenishes it with oxygen-rich gas, or tha
air flow carries the carbon dioxide containing gas to the surface and into ths
hole of the anode. This effect is modified by the upward flow of heat in so far ae

Table 1

Effect of the direction of gas flow

COa(cm3 found

Gas introduced through

' upper carbon lower carbon
anode anode
lower electrode 7.6 9.5
upper electrode 8.3 7.8
Table 11

Effect of the direction of gas flow

Direction of gas flow Direction ~ of Total of
relative to the upward heat negative ~ CO2 found
anode flow relative to signs (cm3
the anode

- - - 3 9.3

— — 2 8.3

+ 1 7.8

+ + 7.6
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it either helps the removal of carbon dioxide or works againstit. Ifthe direction
of C02-containing air flowing away from the anode is marked by a minus sign
whereas that of the flow towards the anode by a plus sign, and, for the pur-
poses of illustration, the gas flow with the stronger effect is given a two-fold
weight relative to the ascending flow of heat, then we obtain the same sequence
as that of the experimental values (Table II).

These results have been verified by tests in a cell provided with a lateral
tube at its middle height (cf. previous paper, Fig. 2, cell No. 1). Here the air
was admitted in two streams each through one of the holes in the electrodes
and removed through the lateral tube, or this direction of flow was reversed.
The gas flow rate way adjusted to 910 cm3min-1 per electrode to allow com-
parisons. The data for the four possible cases are shown in Table I11.

Table 111

Effects of the position (polarity) of the electrode
and of the direction of gas flow

CO, (cm3 found

Air introduced through

upper carbon lower carbon
anode anode
electrodes 11.8 101
lateral tube 10.7 9.8
The results in Table 11l show that, for electrodes arranged similarly,

more carbon dioxide is always formed at electrodes through the holes of
which oxygen is being supplied. This reveals that near the front surface of the
electrode some oxidation takes place also in the hole, and the more oxygen is
carried by the gas, the more carbon dioxide is produced. If the supply stream
passes through the plasma, it becomes depleted in oxygen and enriched with
carbon dioxide when arriving at the comparatively cooler parts of the electrode
hole. This would further decrease the reactivity which is small already. If an
oxygen-rich gas mixture enters the hole, appreciable oxidation may occur even
at sites of very low reactivity. To this effect will be added the heating of the
upper electrode by ascending hot gases.

Separation of the Electrode Spaces Studied by Varying
the Position and Polarity of the Carbon Electrode

In possession of the above facts and of the optimum conditions of sepa-
ration [1], we studied how the amount of carbon dioxide and the efficiency of
separation depend on the polarity and position of the carbon electrode in the
case of carbon—aluminium electrode pair. Thus, in comparison to previous ex-
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perimental conditions, the electrode material was changed, the electrode gap
was fixed at 8 mm, and electrodes with 3 mm holes were used. Two series of
tests were carried out, one with excitation in carbon dioxide free air (Table 1V)
and one with excitation in a mixture of20% oxygen and 80% argon (Table V).
As for the position and polarity of the carbon electrode, here also four variants
could be realized.

In air, as known, also nitrogen oxide is formed which falsifies the results
of the acidimetric determination of carbon dioxide. This interference is con-
siderable and causes greater relative errors in the analyses on the aluminium
side. Consequently, the experimental results obtained in air are to be regarded
as indicative only, however, they do not influence the direction of the effects
studied, but reduce the “apparent efficiencies” of the separations.

From separate consideration of Tables IV and V, the following con-
clusions can be drawn.

Table IV

Effect of the position and polarity of the carbon electrode in air

C02found (cm3

Position and polarity of Separation
the carbon electrode - ratio*
carbon side  aluminium total
side
upper, anode 10.6 0.85 115 125
lower, anode 9.6 0.82 10.4 11.7
upper, cathode 2.68 0.56 3.24 4.8
lower, cathode 2.36 0.71 3.07 3.3

* The separation ratio is the quotient of the amounts of carbon dioxide from the
two electrodes [1].

Table V

Effect of the position and polarity of the carbon
electrode in a gas mixture of 20% oxygen and 80% argon

€02 found (cmg)

* The separation ratio is the quotient of the amounts of carbon dioxide from the

Position and polarity of Separation
the carbon electrode - ratio*
carbon  aluminium total
side side
upper, anode 7.2 0.27 75 26.5
lower, anode 6.2 0.35 6.6 17.8
upper, cathode 151 0.19 1.70 7.9
lower, cathode 1.18 0.32 1.50 3.7

two electrodes [1].
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As already found in earlier experiments [2—4], a carbon anode produces
more carbon dioxide than does a carbon cathode in the same position, because
the anode is heated more strongly and the positive polarity favours oxidation
reactions.

Owing to the upward flow of heat, if polarities are the same, it is always
the upper carbon electrodes that is heated to incandescence and is oxidized to
a greater degree.

Ascending hot gases not only heat the upper electrode but, through con-
vection of gases, carry part of the carbon dioxide formed upwards and this
considerably affects the separation efficiency. It is the quantity of carbon
dioxide carried over to the aluminium side in which this causes the relatively
greater difference, as unequivocally shown by the data pertinent to aluminium
electrodes of the same polarity but different positions.

The degree of separation depends also on the amount of carbon dioxide
formed: when this is greater, the separation ratio also increases. However, the
relationship is not linear, which suggests that certain parts of the electrode
surface are not exposed to the convection (chiefly the inner side of the hole
and, on the cylinder surface, areas farther from the front surface of the elec-
trode) and, on the other hand, that carbon dioxide is formed not only on the
surface of the electrode.

On comparing the amounts of carbon dioxide formed in the two kinds of
gas atmosphere it is apparent that in air anodic polarization produces 1.56
(1.54 and 1.58) times and cathodic polarization 2.0 (1.93 and 2.05) times more
carbon dioxide than in the oxygen—argon mixture with the same percentage
of oxygen in it as in air. Since the flow rate and oxygen content of the two gas
mixtures were the same, the cause of this difference must be sought in the
behaviour of the other reaction partner, i.e. the carbon electrode, in differences
of the physical character of the gas atmosphere and in the state of the plasma.
On arc excitation in oxygen—argon mixtures the evaporation of aluminium is
less intense than in air and, therefore, at equal currents the mean temperature
of the plasma is higher in oxygen—argon mixtures and the spectrum is more
spark-like [8, 3]. In the same way, the destruction of the carbon electrode
material should be less. Taking into account the poor heat conductivity of
argon, the precondition of this is, of course, that the electrode-cooling effect
of the gas should be of minor importance. The experimental data support this.
The data and the separation ratios shown indicate also that most of the carbon
dioxide is formed on the surface of the carbon electrode and only a smaller
part of it in the plasma sheath (aureole). Other authors [6] have found that in
the presence of nitrogen oxide a greater number of oxygen atoms is produced
by the arc. Consideration of this finding prompts the suggestion that also the
reaction here discussed is partially controlled by the amount of atomic oxygen
present. In the anodic case when the carbon electrode gets appreciably incan-
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descent and carbon dioxide formation is more extensive, the effect of the gas
atmosphere is smaller, in accord with the circumstance that, on more intense
evaporation, the side-effects gradually loose their importance [4, 7].

From the factors of 1.56 and 2.0 for the deviation in the formation of
total carbon dioxide, an approximate calculation gives the actual efficiency of
separation also for the cases when air is used in the cell. Disregarding the
differences in physical and chemical effects due to the different gasatmospheres,
and considering the absolute amount of mass transfer by diffusion and con-

Table VI

Separation ratios calculated and found

Separation ratio

Position and polarity of

the carbon electrode in the oxygen-  calculated for

-argon mixture air
upper, anode 26.5 255
lower, anode 17.8 17.4
upper, cathode 7.9 7.5
lower, cathode 3.7 3.7

vection to be proportional to the amount of carbon dioxide formed, as a first
approximation we may use the factors 1.56 and 2.0 for a calculation of the
values to be expected in air from values noted for the aluminium side in the
oxygen—argon mixture. In this way the following results are obtained:

upper anode: 0.42 cm3 carbon dioxide,
lower anode: 0.55 cm3 carbon dioxide,
upper cathode: 0.36 cm3 carbon dioxide,
lower cathode: 0.64 cm3 carbon dioxide.

W ith these values we can calculate the separation ratios, disregarding
the few tenths of a cubic centimeter of nitrogen oxide in the side of the carbon
electrode which accompany also the greater amounts of carbon dioxide. In
this way the values presented in Table VI are obtained; they agree fairly well
with the results found in tests with the oxygen—argon mixture.

Some informative data for the nitrogen—exygen reaction can also be
obtained from the separation ratios in argon—exygen mixtures and from the
values noted for the two electrode sides in air. Though previous findings [5]
suggest that nitrogen oxide production is not the same on the carbon and the
aluminium sides, as a simplifying assumption we considere these to be equal.
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Now, dealing with the aluminium side only, we obtain (showing the lower
aluminium cathode instead of the corresponding upper carbon anode):

lower cathode: 0.86 cm3 nitrogen
upper cathode: 0.54 cm3 nitrogen
lower anode: 0.40 cm3 nitrogen
upper anode: 0.20 cm3 nitrogen

oxide,
oxide,
oxide,
oxide.

It is of interest to note that the total amount (1.06 cm3) of nitrogen
oxide calculated for the lower aluminium cathode and upper aluminium anode
agrees quite well with the total amount (0.94 cm3) of nitrogen oxide calculated
for the upper cathode and lower anode, and the average value of the four data
is 0.50 cm 3. This value agrees well with our single direct measurement according
to which, on the carbon anode side 0.51 cm3, and on the aluminium cathode
side 0.62 cm3, altogether 1.13 cm3, of nitrogen oxide was formed. However,
these findings may only serve as a starting point for a further and more
detailed study of the oxygen—nitrogen reaction.
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Direktionsbereich Forschung)

Eingegangen am 10. April 1972

Nach einem kurzen Uberblick iilber Methoden, die aus der Literatur bekannt sind,
wird auf ein Verfahren von Kerekes-Cséti ndher eingegangen. Es wird eine Empfeh-
lung gegeben, in welchem Fallen graphische oder rechnerische Verfahren anzuwenden
sind.

1. Uberblick tber bekannte Verfahren

Im Gegensatz zu »gewdhnlichen« spektroskopischen Arbeiten zeichnet
sich die Restgehaltbestimmung durch die Besonderheit aus, dall eine gréBRere
Zahl von MeBwerten (Einwaagen, Schwéarzungs- oder Intensitdtsmessungen)
zu einem Ergebnis fuhrt, das in einer einzigen Konzentrationsangabe besteht.
Dies bedingt eine notwendige Verflechtung mit mathematischen Methoden.
Will man zusdtzlich zum eigentlichen Ergebnis Angaben uUber die mdgliche
Fehlerhaftigkeit bzw. uUber die Vertrauenswirdigkeit haben, so steigt der
mathematische Aufwand rasch an, und es ist nicht immer leicht, die Vor- und
Nachteile bestimmter Verfahren zu erkennen.

Generell kann man die in der Literatur [1—15] beschriebenen Verfahren
in graphische und numerische unterteilen. Da graphische Verfahren den Vor-
teil der Anschaulichkeit haben, ist es kein Zufall, daB das erste bekannte Ver-
fahren [1] ein graphisches ist. Auch der Zeitpunkt der Verdffentlichung (1938)
ist nicht ganz zuféllig; in den dreiliger Jahren flhrten sich emissionsspektral-
analytische Methoden als Routinemethoden ein.

Pierce und Nachtrieb [2] wiesen darauf hin, daR der Restgehalt zu
hoch bestimmt wiirde, wenn die Untergrundintensitdt unberlicksichtigt bliebe.

Die erste umfangreichere Arbeit stammt von Gatterer [3]. Hier wird
deutlich der Grundgedanke des Additionsverfahrens ausgesprochen, daBR man
zur Restkonzentration, die bestimmt werden soll, Zusdtze in der gleichen
GroRenordnung zufiigen muf, um einen deutlichen Effekt zu erzielen, wobei
jedoch die Wirkung der Restkonzentration noch merklich und somit meRbar
sein muB. Es werden sodann zwei graphische Verfahren geschildert, von denen
das eine nur auf Schwérzungsmessungen beruht (ohne Kenntnis der Anstiege
der Schwaérzungskurve und der Eichkurve; der Anstieg der Eichkurve wird im
Verlauf des Verfahrens bestimmt); das zweite basiert (wegen des nicht ganz
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gradlinigen Verlaufs der Schwdrzungskurven) auf der Konstruktion der
Schwérzungskurve mit Hilfe eines Stufenfilters. Beide Verfahren sind auch
rein rechnerisch anwendbar.

Von Eichhoff und Mainka [4] werden die Additionsverfahren als leit-
probenfreie Verfahren schlechthin empfohlen. Der Begriff »leitprobenfrei«
scheint uns jedoch nicht zweckmdRig, weil man darunter nur das Arbeiten mit
Haupteichkurven verstehen sollte. Die gleiche Arbeit [4] enth&lt eine W eiter-
entwicklung des Verfahrens von Gatterer [3] und einen Versuch zur Berech-
nung des Fehlers der Restgehaltbestimmung, der allerdings nicht die ge-
wiinschte Ubereinstimmung mit dem Experiment ergab.

Von Addink [5] wird darauf hingewiesen, dal das Additionsverfahren
nur dann angewandt werden darf, wenn das zu bestimmende Element aus der
Probe unter den gewdhlten Bedingungen in gleicher Weise verdampft und
angeregt wird wie aus der zugefligten Menge.

Wegen seiner Einfachheit wurde von uns versuchsweise das (numerische)
Verfahren von Kerekes-Cseti [13] auf ein praktisches Problem angewandt.
Dabei stellte sich heraus, daR es (wie alle numerischen Verfahren) Voraus-
setzungen erfordert, die nicht immer erfillbar sind, worauf hier kurz einge-
gangen werden soll. (Es wird aus Griunden der Verstdndlichkeit nicht genau
die Nomenklatur der Autorin verwendet).

2. Bemerkungen zum Verfahren von Kerekes-Cséti

Das Verfahren basiert auf folgenden Uberlegungen: Wenn cx die zu be-
stimmende Restkonzentration darstellt, cxbis c3 die (in bekannter Menge zuge-
gebenen) Zusétze, AS1 bis ZIS3 die entsprechenden Schwérzungsdifferenzen
zwischen Analysen- und Vergleichslinie, n und v den Anstieg bzw. das absolute
Glied der Gleichung fur den geraden Teil derEichkurve, So gibt

Z1S1= wnlog (q +cx) + *» (la)
AS2= nlog (c2+cx) -fv (Ib)
AS3= wunlog (c3+cx) + v (Ic)

Durch Subtraktion, Division und Umformung kann man daraus erhalten

C
1+ @ ! =1 (2)

cx + C1

wobei
dS3
a_

2a
AS2 - dSi ( )

ist.
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Abb. 1. Restgehaltbestimmung nach Duffendack und Wolfe (cx = 0,0037%)

Wenn c2 <[ 2G ist, so dall der Ausdruck c2 —cjcx -(- cx< 1 bleibt, so
kann die linke Seite der Gleichung 2 in Reihe entwickelt werden. Vernach-
l&ssigt man die Glieder von hdherer Ordnung als zwei, so erhdlt man

&=1 _a(«-4c2- A _aQ 3

2 c3 C1 a (c2 Cl)

In der Arbeit [13] wird sodann mathematisch begriindet, daf der
Fehler fir cx bei cx:e2:¢3= 1:2 :3 und bei a = 1,6 am kleinsten ist.

Wir méchten dem hinzufiigen, daB sich bei Einhaltung des Verhéltnisses
G:c2:¢3= 1:2:3 die Gleichung 3 vereinfachen 148t zu

L=, (« _i) (4)
202 .

Man arbeitet also trotz des vorausgehenden mathematischen Aufwandes
nach einer auffallend einfachen Gleichung. Wéhrend nun aber die Forderung
cx:c2:e3= 1:2:3 leicht erfillbar ist, liegt ein Nachteil des Verfahrens
darin, dall die GroBe a, deren Wert nur von den Schwéarzungen der Analysen-
und Vergleichslinien in den Spektrogrammen der drei Proben abhéngt, eben
nicht immer gleich 1,6 sein wird. Eine Anderung der Anregungs-, Aufnahme-
und Entwicklungsbedingungen oder die Variierung anderer Parameter wie z.
B. der Vergleichsintensitat, wodurch evtl, der Wert a = 1,6 anndhernd erreich-
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bar wadre, bedeuten aber Eingriffe in das spektrochemische Verfahren, die un-
zuldssig sind, weil dadurch u. U. der Fehler der Messungen stark ansteigen
kann. Es ist auch anzunehmen, daB schon geringfligige Abweichungen vom
Idealwert 1,6 betrachtliche Fehler verursachen, da man schon fir alle Werte
a 2 physikalisch sinnlose Ergebnisse erhélt, wovon man sich anhand von
Gleichung 4 leicht Gberzeugen kann. Einen schwer abschdtzbaren, starken
EinfluBR hat auch die Wahl von cx, durch die festgelegt wird, welcher Ab-
schnitt der Eichkurve benutzt wird. Nach unserer Erfahrung erhdlt man fur
cx zu niedrige Werte, wenn cx zu klein gewdahlt wird und zu grofle Werte, wenn
cx zu grofRR gewé&hlt wird.

Die Problematik sei abschlieBend an einem Beispiel demonstriert: Zur
Herstellung von Eichproben fiur die spektrochemische Bestimmung von
Silikondl in Mineraldlen [16] stand uns zeitweise kein absolut silikondlfreies
Mineraldl zur Verfliigung. Zur Bestimmung der »Basisverunreinigung« wandten
wir das (graphische) Verfahren von Duffendack und Wolfe [1] und das
(numerische) Verfahren von Kerekes-Cséti [13] an. Nach dem graphischen
Verfahren (siehe die Abbildung) ergibt sich eine Basisverunreinigung von
0,0037%.

Beim numerischen Verfahren ist das Ergebnis jedoch stark davon ab-
hdngig, in welchem Konzentrationsbereich man arbeitet. Wahlt man z. B.
cx= 0,001%, so sind

= 0,001% AP* = -87
= 0,002% ap2 = -72
= 0,003% AP3 = -62

Nach Gleichung 2a ergibt sich a = 1,67, nach Gleichung 3 oder 4 erh&lt man
cx = 0,00069%.
W ahlt man cx= 0,005%, so sind

cx = 0,005% APX = -48
c2= 0,010% AP2 = —25
c3= 0,015% AP3 =- 9

Nach Gleichung 2a ergibt sich a = 1,70, nach Gleichung 3 oder 4 erhdlt man
cx = 0,0049%.
W ahlt man cx= 0,01%, so sind

cl =0,01% APX= —25
c2= 0,02% AP, = 3
c3= 0,03% AP3 23

* Es wurde mit der P~-Transformation gearbeitet. Die P-Werte der Analysenlinie
sind in bezug auf den Untergrund Korrigiert.
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Nach Gleichung 2a ergibt sich a = 1,72, nach Gleichung 3 oder 4 erhdlt man
cx= 0,012%.

Es zeigt sich, daf man nur im mittleren Konzentrationsbereich ein Er-
gebnis erhé&lt, das dem Ergebnis nach dem Verfahren von Duffendack und
Wolfe nahekomint.

3. Schluf3folgerungen

Wie schon von Gatteber [3] vor l&ngerer Zeit erwéhnt wird, ist bei der
Anwendung numerischer Verfahren zur Restgehaltsbestimmung die Gefahr
besonders groR, dall bestimmte Voraussetzungen (z. B. konstanter Anstieg fur
Schwérzungs- und Eichkurve) nicht ausreichend erfullt sind, was bei Nicht-
beachtung zu falschen Ergebnissen fuhrt. Diese Erfahrung bestdtigte sich
auch bei der Anwendung eines neueren numerischen Verfahrens [13].

Es ist deshalb zu empfehlen, bei der erstmaligen Ausfihrung einer Rest-
gehaltbestimmung, bzw. falls solche Bestimmungen selten durchzufihren
sind, unbedingt ein graphisches Verfahren zu verwenden. Vor der Anwendung
rechnerischer Verfahren ist genau zu prufen, ob alle Voraussetzungen dafur
erfullt sind.
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The dielectric relaxation of n-pentanol has been investigated in the liquid phase
between —60°C and + 60 °C within the frequency range from 300 kHz to 250 MHz.
In this frequency range, the first absorption region of n-pentanol is exhibited, for which
the value of Cole-Davidson’s a parameter was found to be 0.5. The average enthalpy
of activation is 6.7 kcal/mole. The enthalpy of activation of n-alcohols has been corre-
lated to the number of carbon atoms (n);

JH “(kcal/mole) = 7.72 In n + 1.35

The change of the enthalpy of activation with the number of carbon atoms allows
to conclude that relaxation in this frequency domain is caused by molecular units.

The investigation of dielectric properties gives often valuable infor-
mations on the structure of liquids [1]. In the course of these investigations
both the statical dielectric constant [2—4] and dielectric relaxation processes
[5—7] are made use of. References cited above indicate that small electric
field strengths are applied in general recently, however, attention has been
directed also to the investigation of dielectric saturation [8, 9].

There are only a few publication, which report on the investigation of
the dielectric properties of liquid alcohols in a relatively broad temperature
and frequency range.

In the present paper the complex dielectric constant on n-pentanol is
studied in the temperature range from —60 °C to -f-60 °C in the frequency
domain from 300 kHz to 250 MHz. The Cole—Davidson [1] a-parameter and
the Arrhenius activation energy [1] were determined for n-pentanol and a
relationship was found between the number of carbon atoms of aliphatic
alcohols and the activation energy of their relaxation processes.

Results

n-Pentanol A.G., was distilled on a column of 20 theoretical plates, and
the middle fraction (b.p. 138 °C, a refractive index nD(20) = 1.4100) was used
for the investigations. Special thermostated cells, made of stainless steel, were
used. Measurements were carried out by the bridge method. Specification of
the bridges used are listed in Table I.
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Table 1

Bridge Frequency range

Dielectric coefficient and loss factor testing

set, Tr—9701 300 kHz ~
Siemens, Scheinwiederstandsmessbriicke, Rel. 1 MHz »
3 R 277

Radelkis Universal Dielectrometer, Type:
OH-301 3 MHz

Wayne Kerr, Y.H.F. Admittance bridge,
Type R 901 50-250 MHz

W ith the first three bridges listed in Table I, the static dielectric con-
stant has been measured. (At 3 MHz frequency, there was a deviation from the
static dielectric constant only below —40 °C). Our results are shown in Tables

Il and 111, and Figs 1 and 2. Denotations used in the tables and the figures are
as follows:

t — temperature (°C), e°—static dielectric constant,

e’ — the real part of the complex dielectric constant,

e" — the imaginary part of the complex dielectric constant.

Fig. 1. The real part of the dielectric constant of n-pentanol as a function of frequency and
temperature
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Fig. 2. The imaginary part of the dielectric constant of n-pentanol as a function of frequency
and temperature

The complex dielectric constant (e*) can be expressed as follows

Ex = e'—je" 1)
where j is the imaginary unit. Data listed in Table Il were obtained by the
graphical interpolation of a great number of data. The dielectric constant has
been determined a temperature intervals of 2° C, but for the sake of briefness,
values are given only per 10 °C intervals.

In Figs 1 and 2 dotted lines represent calculated values.

Discussion

The classical theory of Debye [1], gives the following relationship
between the complex dielectric constant frequency:
e"- n2 _ 1

(2)
e’ —n2 1+ jcoT

In Eq. (2) e® is the static dielectric constant, u=the angular frequency, T
the macroscopic relaxation time, n2the square of the refractive index referred
to infinite wavelength, which includes the effect of electron and atomic polari-
sation, but is independent of the orientation polarisation. Eq. (2) is not valid
for associative liquids, particularly for those composed of molecules containing
hydroxy groups. (The deformation of the “Debye semicircle” [1] can be
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Table 11

Table 11

100

14.0
14.4
15.2
15.3
14.4
13.0
10.9
8.5
6.1
4.0
3.4

e°

14.0
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15.8
16.8
18.0
19.1
20.1
21.4
22.5
23.7
25.2
26.6

MHz

2.8
3.6
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1.7
0.2
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noticed.) For substances of this kind, Cole and Davidson [10] recommended
the following equation:

e* - re2 _ 1

3
£° — M2 (1 -\-jcoty )
where 0< a <1 is an empirical constant. In the case of x = 1, Eq. (3) is

reduced to Eq. (2). On introducing the denotation cor — ®, the racionalisation
of Eq. (3) gives the following expressions:

= cos“®cos xP (4)

cos“ d sin x®P. (5)

In the coordinate system e"/e®—re2 vs. s'—n2e° —n2 the so called reduced
Cole—Davidson diagram is obtained, which for a = 1 is a semicircle, and if
x < 1, the shape of the diagram differs from semicircular, and this difference
isthe more marked, the greateristhe deviation of x from the unity. The reduced
Cole—Davidson diagram of n-pentanol is shown in Fig. 3. In the system in-
vestigated x = 0.5. This is to be considered as an average value, since x decreas-
es slightly with increasing temperature, and at —50 °C a value by about 10 per
cent higher has been obtained than at -(-50 °C.

In knowledge of «, and using Eqs (4) and (5) the macroscopic relaxation
time as the function of temperatures could be calculated. The results are pre-
sented in Table IV. Data in Table IV represent averages of relaxation times,
calculated from the experimental results obtained at various frequencies. At a

Fig. 3. The reduced Cole—Davidson diagram of n-pentanol
50 MHz 75 MHz 100 MHz
150 MHz 200 MHz
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given temperature, the error of experimental data caused an uncertainty of
about 6 per cent in the calculated relaxation time.

Table TV

Macroscopic relaxation time as a function of temperature

<0 r m108(sec)
30 0.31
20 0.53
10 0.93
0 1.41
-10 1.93
-20 3.10
-30 4.70

Dielectric relaxation is a process requiring activation energy. The
temperature dependence of relaxation can be described with good approxi-
mation by the so called Arrhenius equation

. \
r= A expl--—-—- 1
1RT 1

where AH* is the enthalpy of activation. The preexponential coefficient, A,
comprises the entropy of activation, the moment of inertia of the molecule and
the temperature (see e.g. [1] and [11]), so that it cannot be considered in
principle as constant. However, practically it is constant in a rather broad
temperature interval. The temperature dependence of A is analysed extensively
e.g. in Ref. [1]. Fig. 4 shows the log T vs. 1/T plot. The enthalpy of activation
is 6.7 kcal/mole. This value is almost the same as the energy of the hydrogen
bond [12], which permits certain considerations on the mechanism of dielectric
relaxation.

For liquid monovalent aliphatic alcohols it is customary to distinguish
three dielectric relaxation regions [13,14]. The first is the absorption belonging
to a broad, relatively low region of frequency. The second and third absorption
regions belong to considerably narrower and higher frequencies [21]. In our
work, the first absorption region of n-pentanol has been investigated. The
second absorption region arises presumably from the rotation of the monomer
molecules or the —OR group (where R denotes a hydrocarbon), while the
third absorption region may be caused by the rotation of the —OH group
around the C=0 bond [7]. No unequivocal explanation has been given so far
for the first absorption region. This absorption region disappears gradually,
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Fig. 4. 1g T vs. 1/T plot for the calculation of the enthalpy of activation

when the alcohol is diluted with an apolar solvent [15—17]. Its other charac-
teristic feature is that the relaxation time belonging to it increases gradualy
with the number of carbon atoms of the n-alcohols.

We tried to correlate the activation enthalpy values with the number of
carbon atoms. The enthalpies of activation are given in Table Y.

Table V

Alcohol A H*(kcul)mole Ref.
Methanol 3.66 [i]
Ethanol 3.67 [i]
n-Propanol 5.00 [i1
n-Butanol 5.96 [18]
n-Pentanol 6.7 present work
n-Heptanol 79 [19]

In Fig. 5the enthalpy ofactivation is plotted as a function ofthe logarithm
of the carbon atom number. According to the figure, enthalpy of activation
changes linearly with the logarithm of the number of carbon atoms. This re-
lationship is not valid for methanol, the first member of the homologus series.
The equation of the straight line in Fig. 5 is the following:

dH* = 7.721gn + 1-35

where n is the number of carbon atoms. Such regular change in the enthalpy
of activation [7] with increasing carbon number indicates that relaxation is
caused by molecular units. In principle, three possibilities should be considered:

1. Chain associates are formed, and the relaxation of the associates is
measured in the absorption region investigated. In this case, the broadness of
the absorption band should change considerably with a change in temperature,
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tgn

Fig. 5. The enthalpy of activation of re-alcohols as a function of the logarithm of the number
of carbon atoms

since equilibrium is shifted with increasing temperature towards the smaller
associates. Fig. 2 does not show such tendency.

2. It is assumed [2] that strongly polar cyclic tetramers are formed,
and these cause the relaxation. This assumption would explain the monotonic
change of the enthalpy of activation with the number of carbon atoms, and it
agrees well with the experimental finding that this type of relaxation dis-
appears in the dilute solutions of n-alcohols in apolar solvents. In this case
namely, the association equilibrium is shifted by the dilution towards the
monomeric alcohol, the first absorption region disappears gradually, and the
second region becomes decisive.

3. In view of the fact that the enthalpy of activation of the relaxation is
almost identical with the energy of the hydrogen bond, a mechanism, which
inclused the breaking of the hydrogen bonds and the rotation of the monomers
cannot be excluded. In this case, the relatively low relaxation frequency were
to be explained by the assumption that the breaking of the hydrogen bonds is
a slower process than the rotation of the monomeric alcohol molecules. In
dilute solutions with apolar substances, the association equilibrium is shifted
towards the formation of the monomeric molecules, and the first absorption
region gradually disappears by dilution.

Investigations reported in this publication support the explanations 2
and 3.The exact mechanism of relaxation, however, still awaits for clarification.
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Progress in Drug Research

Vol. 15.

Ed. by E. Jucker, Birkhauser Verlag, Basel, 1972. 395 pages

Similarly to the former volumes of the series, it was the editor’s intention to include
in this monograph papers interesting for both pharmaceutical chemists and pharmacologists.
In view of this endeavour and considering the actuality and skilful treatment of the problems
discussed in the individual chapters, this new volume of the well-known series may command
considerable interest. The book consist of the following chapters;

Ayurvedic Medicine — Past and Present (by S. Sharma); The Psychotomimetric Agents
(by S. Cohen); Pharmacology of Clinically Useful Beta-Adrenergic Blocking Drugs (by A. M.
Karow Jr., M. W. Riley and R. P. Ahlquist); On the Understanding of Drug Potency (by
Y. M. McFarland); Stoffwechsel von Arzneimitteln als Ursache von Wirkungen, Nebenwir-
kungen und Toxizitat (by O. Wintersteiner); Cyclopropane Compounds of Biological Interest
(by A. Burger) and Drug Action and Assay by Microbial Kinetics (by E. R. Garett).

Index for Vol. 12— 15, Subject Index for the whole series, as well as Author and Papers
Indices are also included in the book.

Gy . Deak

William G. Davies: Introduction to Chemical Thermodynamics

The author of this book, published by Saunders, is a professor at St. Mary’s College,
South-Bend (Indiana). He has aimed at introducing university freshmen to the thermodyna-
mics of chemical equilibria in a clear and descriptive way, primarily bearing in mind the
molecular structure of matter. In hisview the feelings of the vast majority of students can only
be “hostile” towards thermodynamics, when presented merely as abstract concepts. The book
aims at throwing light on the nature of chemical equilibria, but it is not its intention to give
a complete chemical thermodynamic picture, and so it does not deal, for example, with a
theoretical explanation of reversibility, or with the thermodynamics of machine s.

The author has also strived, using the minimum amount of mathematics, to describe
as many concepts as possible on a molecular basis, and in so doing makes a point of ensuring
that his findings should be strictly exact.

The book is divided into 11 chapters, which are followed by a summary of the funda-
mental physical concepts, tables and solutions to problems. At the end of each chapter are
found problems requiring in part simple calculation, and in part merely qualitative considera-
tion. The individual chapters are:

1 Equilibrium and probability 22 pages
2. Population of energy levels 27 pages
3. Energy level spacings 22 pages
4. Competition of energy level sets 15 pages
5. Internal energy 29 pages
6. Entropy 29 pages
7. Energy and entropy in action 15 pages
8. Enthalpy 19 pages
9. Entropy increase and free enthalpy decrease 28 pages
10. Ideal gases 18 pages
11. Free enthalpy and equilibrium 40 pages

264 pages
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1. Equilibrium and probability. In the introduction chemical reactions are characterized
by “upwards” and “downwards” tendencies (affinity). Equilibrium is defined as the most prob-
able state. The example is treated throughout of how equal numbers of hydrogen and deu-
terium atoms may be distributed among the molecular species they can form. It shows how
the gradation of the probability increases with the rise in the number of particles.

2. Population of energy levels. In this chapter the microstates of a few particles are
defined for a given energy content, and the number of microdistributions belonging to a given
macrodistribution is calculated by induction. The Boltzmann factor is introduced without
proof, and the properties of exponential distribution are illustrated on numerical examples.

3. Energy level spacings. Starting from the wave nature of particles and from the de
Broglie equation, the energy of a particle closed in a one-dimensional potential box is deduced,
and hence the translational energy level spacings are characterized. The same formula is
used to calculate the orders of magnitude of the rotational and vibrational energy level spac-
ings too, by substituting the atomic distance and the vibrational amplitude into the dimensions
of the box.

4. Competition of energy level sets. The author considers the population at various
temperatures of two energy level sets, in which the energies of the ground level and the
energy level intervals differ. He establishes that atlow temperature the difference in the ground
levels is the decisive factor, whereas at high temperature it is the difference in the energy level
intervals. He already mentions at this stage that thermodynamics characterizes the former
by the difference in internal energy, and the latter by the difference in entropy.

5. Internal energy. The internal energy is defined as the average energy of an energy
level set. The macroscopic state of the system, the change of the state due to an external
effect, the work of volume change and the heat are also defined. The equation of the first law
is given and explained. Next follows the Hess theorem and a method of calculating the energy
changes in chemical reactions with the use of the bond energies.

6. Entropy. The maximum thermodynamic probability (Boltzmann probability) is
interconnected with the temperature and the density of the energy levels. Entropy is defined
as K In W, and the additivity of entropy is established on the basis of the product of the partial
probabilities. The author discusses in detail how the standard entropies of some simple mole-
cules depend on the moment of inertia and on the frequencies of the normal vibrations. The
principle of calculating the absolute entropy from molecular parameters is described, but the
relations are not deduced, and only the expression for the translational entropy is given. From
the change in the thermodynamic probability upon the action of heat, the macroscopic ex-
pression for the entropy change is deduced. In order to avoid the concept of reversibility, it is
noted merely that the expression is valid only in the state of Boltzmann distribution.

7. Energy and entropy. A detailed treatment is given of the “low energy in action
— high entropy rule”. Concrete numerical data are used to illustrate how equilibrium is esta-
blished atvarioustemperatures between chemical substances of different energies and entropies.
A separate treatment is given to simple nitrogen compounds, equilibria between single and
double bonds, and dissociations.

8. Enthalpy. The problems of compression and expansion work and heat measured at
constant pressure are discussed on an experimental basis. The change of enthalpy is defined
as the heat transfer at constant pressure (work other than that of volume change is not men-
tioned). The heat of form ation is defined. It is established that the general observations refer-
ring to the energy can be correlated to the enthalpy too, and in this way attention is drawn
to the importance tabulated heats of formation.

9. Entropy increase and free enthalpy decrease. From the spontaneous increase in the
probability the increasing tendency of the entropy is established. This is referred to as the
second law of thermodynamics. The definition of free enthalpy is arrived at via the elimination
of the environment at constant pressure. Since the concept of reversibility was not introduced
earlier either, no explanation is given as to why one may use the real heat and temperature
of the system in considering the entropy change of the environment. The condition of equi-
librium is defined as the state of minimum free enthalpy. Special discussions are given to the
water-ice equilibrium, the N 02— N2 4 equilibrium and the dependence of the yield on the
normal free enthalpy difference. The free enthalpy of formation is defined. In conclusion it is
stated that the free enthalpy cannot be given such a molecular interpretation as the energy
or entropy.

10. Ideal gases. A study is made of the energy, enthalpy and entropy changes in the
isothermal expansion of perfect gases. The probability quotients can be unambiguously inter-
related with the volume quotients and thus the logarithm of the latter with the entropy change.
The expression for the free enthalpy of gases is arrived at by means of the entropy of gases.
The isothermal mixing of perfect gases is discussed in a similar way.
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11. Free enthalpy and equilibrium. On the basis of the preceding chapter it is first
shown how to calculate the vapour pressure of a pure liquid from the free enthalpy difference
of the liquid and vapour states. The author then turns to the chemical equilibrium between
two volatile substances, to epuilibrium between two gases, and generalizes the relation for gas-
eous equilibrium between several components. The equilibrium constantis explained, and its
calculation illustrated on numerical examples. A detailed treatment is given of how the free
enthalpy of formation can be estimated from bonding considerations. Finally general state-
ments are made on the relation between normal free enthalpy difference and yield. Equilibrium
reactions in condensed phases are not dealt with.

The author emphasizes in the introduction that he does not strive for completeness or
exactness. The book undoubtedly gives an interesting view, and can he considered as a very
noteworthy enterprise, especially if its content is regarded as a preliminary study for exact
thermodynamics. It gives many useful ideas,and even some which it does notemploy its elf. For
example, in the same way as it treats the probability conditions of the mixing of perfect gases,
it would be possible to avoid the definition of thermodynamic probability and the Stirling
formula too, if the concept of the probability of a single microdistribution were introduced,
this being the reciprocal of the thermodynamic probability. The author is undoubtedly right
in that such a method of treatment presents thermodynamics to the university student in a
more favourable way. It is also possible perhaps to combine this method of instruction with a
more exact treatment. | should welcome the appearance of a Hungarian translation of this book.

G. Varsanyi

Ada Chim. (Budapest) 76, 1973
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TOM 76-BblM. 2
PE3IOME

PasgeneHve Npov3BOAHbIX aHTUMUPMHA C MOMOLLLKD WMOHOOOMEHHOW
Xpomarorpagum

N. TAAT n N. MHUEAW

Bbin paspaboTaH MeTof XpoMaTorpamyeckoro pasfeNneHns aHTUMUPUHA, 4-aMWUHOaH-
TANUPUHA U AUMeTUNaMUHOaHTUNUpuHa (MMpamMupoHa) Ha MakKTPOMOpWUCTON KaTMOHOOG6-
MEHHOW KONOHKe. ONTUMaNbHOCTb YCMOBUWIA pasfeneHus M cocTaBa MposBuTens 6bina ycra-
HOB/IEHA Ha OCHOBE KOHCTAHT paBHOBeCUS (KOHCTaHTa MNPOTOHMPOBAHUS, KOHCTaHTa WOHO-
06MEHHOro pPaBHOBECUS), @ TAKXKE Ha OCHOBE KUHETWUYECKUX [aHHbIX, OMPEAeNeHHbIX PaHee.

ViccnegoBaHue XMMMYECKOr0 COCTaBa paMallKMHOBBLIX UM aslbAEBCKUX
6utymos, |

PasgeneHne GUTYMOB Ha rpynnbl COEAMHEHUI C XapaKTEPHbIM
XUMWUYECKMM COCTaBOM

n. 3ANKA

Llenbto nccnefoBaHuii 6bi10 N3yYeHNe XMMUYECKOTO COCTaBa M CTPOEHWS pamaLll KMHCKNX
1 anbAEBCKMX 6MTYMOB. C NOMOLLbIO HOBOTO MeToAa 6UTYMbl 6bin pa3geneHbl Ha hpakumm ¢ oT-
HOCWUTE/IbHO FOMOTEHHBIM XUMUYECKMM CTPOEHWEM. 11151 OTAe/bHbIX (IpaKuuii Gbiv onpejeneHs
3NeMeHTapHbI COCTaB U MONeKynsapHbid Bec. [anee 3T (pakyuu 6binvM MccnefoBaHbl € Mo-
MoLpo YO, MK 1 AMP cnekTpocKonnYeckux MeToz0B.

MeToz, pasfeneHns 3ak/Il0u4aeTcs B Cedyloliem: oTaeneHue achabTeHOB H.-FeKCaHoM,
M-26 H hpakumK XnaKodasHON xpomaTorpamen Ha cunmkarene, GppakLMOHNPOBaHHas Kpuc-
Tannm3alus, oTaeneHme H. napamHoOB ¢ 006pa3oBaHNEM Kapb6aMUAHOTO afAyKTa, MOJIEKynsapHas
JecTunnauus v pasfefieHne apoMaTtMyecKuX NPOAYKTOB MO YWUC/Y YNEHOB LKA C MOMOLLBO
XMAKO(asHOM xpomatorpadum Ha agcopbeHTe, 06paboTaHHOM MUKPUHOBOA KUCNOTOM.

VccnepgoBaHne XMMWYECKOrO coCTaBa PaMallKMHOBbIX U afbAéBblX
6utymeHos, Il

WccnepoBaHuii pakyuii ¢ XapakTepHbIM XUMUYECKUM CTPOEHUEM
N. 3ANKA, E. KEPEHU n K. BEJIAGU

®pakumn GUTYMEHOB C XapaKTepHbIM XUMUYECKUM CTPOEHWEM, U30MPOBaHHbIE COTTaCHO
MeToAy, ONMcaHHOMY B npedblayLiem coobLueHuu, 6b1amn uccneaosaHbl Metogamn UK, Y® n AMP
CMEKTPOCKOMNWiA, a Takxe Apyrumu metofamu. C NoMOLLbIO MCCNefoBaHUIA, paspaboTaHHbIX K
MPUMEHEHHBbIX AN GUTYMEHOBbIX PPakuui, a Takxke ux 0606LLeHNs, yaanocb Nony4mTb Mog-
pOBHble CBELEHNS OTHOCMTENIbHO XMMMWYECKOTO CTPOEHUS CPaBHUTENIbHO FOMOTEHHbIX PPaKLuid.
MpuBoAVMbIE flaHHbIE MO3BONAKOT ONpefjeNeHne napaMeTpoB XMMUYECKOTO CTPOEHUA BUTYMEHO-
BbIX (DPaKLMiA 1 pa3numnii B CTPOEHUN BUTYMEHOB Pa3NMUYHOT0 NPOMCXOXAEHUA, @ TaKXKe pas3nun-
4uii, 06YCNOBMEHHbIX TEXHONOTMYECKUMU YCIOBUAMM.



MccnepoBaHme coctaBa OTEYECTBEHHbLIM WY MHOCTPAaHHbIX JIETYHNX Macen, |

AHanu3 macna OTEeYeCTBEHHOI MEePUYHON MATbI
K. PETU-BENTA®W, W. NTTEBCKW, 3. KEPEHW un P. KONTA

C nomoubio HOBOTO KOMGMHMPOBAHHOTO METOAa MCCNEeA0BaHUS NeTy4nx macen, Obin
M3yYeH KayeCTBEHHbIW W KONMYECTBEHHbIA COCTaB Macna OTEYeCTBEHHOW mepuyHoi mATbl. Ha
0CHOBE AaHHbIX KanunasapHO rasoBoii xpomaTorpaduu .6bi10 YCTaHOB/EHO, YTO Macno BeHrep-
CKOVi NepuYHO MATbI COLEPXUT 38 KOMMNOHEHTOB B KOMMyecTBe, npesbiwatowiem 0,01%, cpean
KOTOPbIX 24 KOMMOHEHTa Haxo4uiuCb B KO/M4YecTBax 6onbwnx wunu pasHbiX 0,1%. Mocne
3 eKTUBHOrO pasfeneHns Cpeay BaXHbIX KOMMOHEHTOB Obinv MAEHTUMULMPOBaHbLI CMNeKTPO-
CKOMWYECKUM NyTeM CledytoLyie COeAMHEHNS: a-NUHEH, /3-NUHeH, nuMyneH 1,8-LnHeon, n-uumMon,
2,6-0UMeTUNOKTaH-2-00, 3,7-AUMeTuN-1,7-0KTaAueH-3-01 (IMHaN0o0n), MeHTOH, MeHTOoQypaH,
N30MEHTOH, 3,7-auMeTus-1,6-okTaaneH-3-on (IMHaNoon), MeHTWNaueTar, HeOMEHTON, Heou3o-
MEHTO/1, KAPMOMUNINEH, MEHTO/, U3OMEHTON, MUMEPUTOH 1 KaNlameHeH. B CONPOBOXAAIOLIMX KOM-
MOHEHTax, NPUCYTCTBYIOLWNX NNLLIb B BUAE CNEAOB, OblM HaiifeHbl /J-MUPLEH, N30MY/IEroN, MeH-
TUNIN30BANEPUAHAT U e-KadHeH. KoJMUecTBeHHbI COCTaB Mac/na nepuyHoOi MaTbl Bbil onpeje-
NeH C NOMOLLbIO ra3oBoi xpomaTorpaduu. ObLlee KONMYECTBO MAEHTUHMULMPOBAHHbIX BELLECTB B
M3y4deHHbIX 06pasLax npesbiwano 98,6% oT Bcero Beca obpasLa.

OndhTopng KceHoHa Kak aHanMTuyeckuin peareHT, |l

M3MepPeHne copepxxaHna Xpoma
A. lWWHEP-3PAEN n K. KOSMYTLA

Jlerko nopumoHMpyemblii 1 HafeXHO Mcnonb3yemblii XeF2B cnabo Kucnoi cpege, npu
Temnepatype okono 100°C, 3a 25 muHyT okucnset Cr(LL) go xpomarta. Ha ocHose atoro, Cr B
Konnyectse 1—20 Mr MOXeT ObITb OnpegeneH NPUOAMKEHHO BOMOMETPUYECKUM METOLOM, a B
konuyectBax 20 Hr — 0,001 Mr — POTOMETPUYECKUM METOLOM.

HekoTopble XMMWYeCKUe peakuMn B 3IEKTPOAHbLIX LLUeNsX U UX posb
B CMEKTPOXMMUYeckom aHanuse, Xl

PasfeneHne peakuuii B aHOAHOM M KaTOAHOM MpPOCTPaHCTBAX.
MeTog pasgeneHus

3. 1. CABO u /1. NENMNA

Bbin paspaboTaH MeTog pa3fensHOro 3MepeHns KonuyecTs BYOKUCK yriepoja, obpasy-
OLWMXCA B aHOAHOM W KaTOAHOM MpPOCTPaHCTBaX. BbinnM CKOHCTPYMpOBaHbl Takue rasoBble
AYekn, B KOTOPbIX Fa3oBas CMeCb OTCAaCbiBaiaCb Yepe3 XO4bl B 3NeKTPoAax BO BpPeMs ropeHus
Lyru. Bbinn yCTaHOB/EHbI ONTUMa/IbHbIE YCIOBUSA METOAA, YTO KacaeTcs pasfieNieHuns, KoTopble
No3BONAKT U3MEPEHNE ra3oBbIX NPOAYKTOB B 3N1eKTPOAHbLIX NPOCTpaHcTBax. MorpewHocTs pas-
feneHunsa B 4BYX mpocTpaHcTBax 3,6%.

HekoTopble XUMWYeCKME peakumn B 3MIEKTPOAHbLIX LWENsAX U UX Posib
B creKTpoxumunyeckom aHanuse, Xll

PasfieneHne aHOAHbIX W KaTOAHbIX peakuuit. Ponb HampaBneHWs moToka
rasa, NoNIAPHOCTM W PacronoXeHUs 31eKTPoaoB

3. 1. CABO u /1. NENMNN

PaccmaTpurBas faHHbIi MeToZ pasfeneHus, Gblo YCTaHOBMIEHO, YTO KOIMYECTBO 06pa3yio-
Leiics ABYOKMCM Yrfiepofia, a TakxXKe BO3MOXHOCTb pa3fiefleHUss 3aBUCUT OT MOJSPHOCTUA U
pacnonoXeHUs 3MeKTpofa. MepBOCTENEHHYIO PO/b 3A€Ch UIPaeT HampaBfieHUe NOTOKa rasa no
OTHOLUEHWIO K YTNIEPOAHOMY aHOAy, T. €. B HanpaBfieHUU K HEMY WM OT Hero. 310 BAUSHME MO-
AUULMPOBAHO TEMOBLIM NMOTOKOM, ABUXYLLUMCS BBEPX. [Py CpaBHEHWW aHHbIX, OTHOCALLNX-
€A K BO3/lyXy ¥ CMecu aproHa C KUC/I0POJOM, MOXHO MO/TYUYNTh CBEfIEHUS OTHOCUTENIbHO PO/IU
rasoBoil aTMOC(epbl U PeakLMu a3oTa C KMCIOPOLOM.



OnpegeneHre OCTATOUHOIO COAEPXXaHWsi (OCHOBHbIX MPUMECER) B
3MMUCCUOHHOM CMEKTPasIbHOM aHasnse

r. XAYNTMAHH, M. XAYNTMAHH un I'. ETEP

lMoc/ie KOPOTKOr0 PacCMOTPEHNS U3BECTHBIX B INTEPAType METOA0B, 6bi1 NOAPOGHO pac-
cmoTpeH MeTog Kepekewa—UYeTu. Bbinn caenaHbl NpeanoXeHnsi OTHOCUTENBHO TOTO, B KaKnX
CNyyasix MOXET BbITb MPUMEHEH FpatMuecknii, a B KaKUX Cyyasx — pacueTHbIl METOAbI.

[nanekTpuyeckasi penakcauus H-MeHTaHosa B XXMAKONM hase
n. nucn

[uanekTpuyeckas penakcaumsa H-neHTaHona 6bina u3ydeHa B MHTepBane vactoT 300
Kru, —250 MI'y 1 B uHTepBane temneparyp —60 ----- |-60°C. B 3TOM MHTepBasie 4acToT Habnoaa-
eTca nepsas 06nacTb gucrnepcun. CornacHo NOy4YeHHbIM pe3ynbTatam, BenvmHa napamerpa
a no Konb-[aBnacoHy B nepBoii obnactv gucnepcun pasHa 0,5. BennumHa appeHMyCOBCKOM
3HTaNMbNUM aKTUBaUUW paBHa 6,7 KKan/Monb. Bblna nsyyeHa 3aBUCUMOCTb IHTaNbNUN aKTUBA-
LMW OT ymMcna aToMoB yrnepofa (/1) H-CNUPTOB, U 6blN0 HailAeHO CredytoLliee BblpaXKeHue:

AH* (kkan/monb) = 7,72 lgn ( 1,35

JT0 perynsipHoe U3MeHeHue 3HTaIbNUN akTUBaL M CBUAETE/NLCTBYET O TOM, YTO pefiakca-
uns§, Ha6mo,qaemaﬂ B AaHHOM MHTepBasie 4acToT, Bbi3BaHa MOJIEKYNAPHLIMU 3BEHbAMMN.






RECENT FLAVONOID RESEARCH

edited by R. BOGNAR, V. BRUCKNER and CS. SZANTAY
(Recent Developments in the Chemistry of Natural Carbon Compounds 5)

This new volume of the series deals with a branch of organic chemistry which has great
traditions in Hungary. The material of the book consists of two parts: it contains the lectures
held at the 3rd Hungarian Bioflavonoid Symposium, and it gives a survey and summary
of Hungarian chemical research on flavonoids from 1950 till today.

In English ¢« Approx. 130 pages ¢ Cloth

ASSIGNMENTS FOR VIBRATIONAL SPECTRA
OF 700 BENZENE DERIVATIVES

by GY. VARSANYI

Infrared spectra are very effective means of identification and differentiation of chemical
substances. The book lists 700 benzene derivatives, denoting the structural units repsonsible
for various vibrational modes, i.e. for the bands observed with a given intensity at a certain
wave-number. With the aid of these data it becomes possible to analyse the structure of
benzene derivatives other than those listed in the book, assigning the bands to known
structural units or to determine the new constitutional features of the compound from the
intensities and wave-numbers of the spectral bands observed.

In English « Approx. 640 pages . 100 illustrations < 350 spectra « 700 structural
formulas « 800 tables . Cloth

AKADEMIAI KIADO
Publishing House of the Hungarian Academy of Sciences
Budapest



ATLAS OF THERMOANALYTICAL
CURVES 1

TG-, DGT-, DTA-curves measured simultaneously

edited by G. LIPTAY

This series, whose third volume is presented here, supplies a great want. Up to now the
various results obtained by different thermoanalytical methods and instruments could not
be compared with one another, owing to difference in experimental conditions. Now the
two most frequently used thermoanalytical methods, differential thermoanalysis (DTA)
and thermogravimetry (TG) have been completed by the derivative thermogravimetric
curves (DTG); thus the thermal behaviour of different materials can be examined simul-
taneously on the same sample. — This third volume, similarly to the second, contains a
collection of the thermal analysis diagrams of a wide range of materials obtained from
various sources, such as inorganic and organic compounds, synthetic organic materials,
minerals, rocks, coals, etc.

In English « Approx. 100 pages ¢ Cloth

AKADEMIAI KIADO Budapest HEYDEN and SONS Ltd. London

A co-edition — distributed in the socialist countries by Kultura, Budapest, in all other
countries by Heyden and Sons Ltd., London

ASCORBINOMETRIC TITRATIONS

by L. ERDEY and GY. SYEHLA

It was at the end of the fourties that L. Erdey and his research team began to deal with
ascorbimetric titrations. This book gives an account of the principle and system of their
research method, and describes in detail the results achieved between 1949 and 1965.
In the course of time, a number of researchers joined in continuing the author’s and his
co-workers’ pioneering work in the field of ascorbimetric titrations, opening up new vistas
of industrial applications of this method. The book will be helpful to analytical chemists
who already use this titration method, or want to explore its possibilities in their daily
laboratory work.

In English « Approx. 150 pages * Cloth

AKADEMIAI KIADO
Budapest



The Acta Chimica publish papers on chemistry, in English, German, French and
Kussian.

The Acta Chimica appear in volumes consistiLg of four parts of varying size, 4 volumes
being published a year.

Manuscripts should be addressed to

Ada Chimica
Budapest 112/91 M{iegyetem

Correspondence with the editors should be sent to the same address.

The rate of subscription is $ 24.00 a volume.

Orders may be placed with “Kultira” Foreign Trade Company for Books and
Newspapers (1389 Budapest 62, P.O.B. 149 Account No. 218-10-990) or with representa-
tives abroad

Les Acta Chimica paraisscnt en francjais, allemand, anglais et russe et publient des
mémoires du domaine des sciences chimiques.

Les Acta Chimica sont publiés sous forme de fascicules. Quatre fascicules seront réunis
en un volume (4 volumes par an).

On est prié d’envoyer les manuscrits destines a la redaction a l'adresse suivante:

Acta Chimica
Budapest 112/91 Miegyetem

Toute correspondance doit étre envoyée & cette mérne adresse.

Le prix de Tabonnement est de $ 24,00 par volume.

On peut s’abonner a I’Entreprise pour le Commerce Exterieur de Livres et Journaux
»Kultira» (1389 Budapest 62, P.O.B. 149 Compte-courant Ne. 218-10-990) ou a I’étranger
chez tous les representants ou dépositaircs.

«Acta Chimica» W3[AlOT TPaKTaTbl M3 06/1aCTU XMMUYECKOA HayKU Ha pycckoM, dpaH-
LLy3CKOM, aHI/INACKOM W HEMELIKOM $i3blKax.

«Acta Chimica» BbIXOAST OTZAEMbHbIMU BbIMyCKaMu pasHOro 06bema. 4 BbiMycka COCTaB-
NS0T OfWH TOM. 4 TOMa My6AUKYHTCS B rog.

MpegHasHayeHHble AN My6AMKALWU PYKOMUCK CriefyeT HanpaensTh MO ajpecy:

Ada Chimica
Budapest 112/91 Megyetem

Mo atomy >e ajpecy HanpasfiATb BCAKYIO KOPPECMOHAEHUMIO NS pefakuuu.

MognucHas ueHa — S 24,00 3a TOM.

3akasbl MpUHMMaeT MpPeanpusTME MO BHELUHEW TOProBfie KHWM W raseT «ultira»
(1389 Budapest 62, P.O.B. 149 Tekywuii cueT J1° 218-10-990) nan ero 3arpaHuyHble npea-
CTaBUTENbCTBA W YMONHOMOYEHHBIE.
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PHOTOMETRIC MICRODETERMINATION OF
ALUMINIUM WITH ARSENAZO 11

Y. Mikhaylova
(Department of Chemistry, University of Sofia, Sofia 26, Bulgaria)

Received October 15, 1971

Aluminium forms a violet 1 :1 complex with Arsenazo Ill in the pH range
2—8. The absorption spectrum of the complex reveals two peaks, at 550 and 583 nm,
the maximum absorbance being reached at pH 4.

The molar absorptivity is 19 800 + 200 at pH 3.5 and 23 500 + 200 at pH
5.0; the corresponding spectrophotometric sensitivity is 0.0014 fig Al ecm-2 and
0.0011 fig Al ecm-2 for A = 0.001.

Beer’s law is followed in the range of 0.01—0.60 fig AL eml-1 at pH 3.5. The
reaction has been applied for the photometric microdetermination of aluminium in
calcite. The sensitivity of the reaction, as determined by statistical methods, is 0.01 fig
Al emI”1

The photometric determination of small quantities of aluminium by
recommended methods is complicated because of the ability of aluminium to
form hydroxo complexes which are kinetically inert. At pH 1 only negligible
amounts of hydroxo complexes are formed, but at higher pH values their
amounts are already considerable and this complexation competes with, and
retards, the development of the colour reaction.

The use of organic azo-compounds containing an arsonic group as photo-
metric reagents for aluminium is favoured by the fact that Al3+ reacts readily
with the -AsO(OH)2group in moderately acidic media. For this reason these
reactions proceed rapidly and are sensitive. An illustration of these reactions
is that of AI3+ with Arsenazo | [1, 2].

The use of Arsenazo Il (I,8-dihydroxynaphthalene-3,6-disulfonic acid-
2,7bis [(azo-2)-phenylarsonic acid]) as photometric reagent for Al3+ has not
been studied in detail. Moreover Savvin [3] has indicated that the molar
absorptivity of the AI3+-Arsenazo IlIl complex is e = 0. However, in our
previous work [4] it has been shown that there is complexation between
Al3+ and Arsenazo Ill. The investigation of this reaction with regard to its
analytical application is the subject of the present work.

Experimental
Reagents

Arsenazo 111 solution. A 10-4 M aqueous solution was prepared by weighing the reagent

(Fluka), and standardized by spectrophotometric titration with 4.10 X10*5M thorium(IV) at
A= 600 nm and pH 3.1. The Arsenazo Ill concentration found was 7.45X10-5 M.
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Aluminium(I1l) nitrate (Schering—Kahlbaum, p.a.). A 10-2 M solution was checked
complexometrically by back-titration with zinc, with xylenol orange as indicator. Solutions
of lower concentrations were prepared by dilution with water.

Reagent grade Ca(NO03),, Cd(N032«6H2, CuS04 +«5H,0, KSCN, MgS04+«7HX,
Mn(N03)2«H2D, Pfa2Si03-8H20, Ni(N032«6H2, ZnS04+7H»0 were used to prepare
solutions of various ions.

Buffer solutions pH 2—8 were prepared from analytical grade reagents as described
by Kolthoff [5].

Apparatus

Absorption spectra were recorded with a Specord XJV—VIS spectrophotometer (Zeiss).
Spectrophotometric measurements were performed with a Zeiss Universal Spectrophotometer
VSU—1. Photometric determinations were carried out with a FEK—56 photometer (USSR).
For pH measurements a pH-meter (Z. Seibold, type GLD) with a glass electrode was used.

Result and Discussion

Aluminiutn(lll)-Arsenazo 111 complex formation

In order to find the optimal pH for complex formation, the reaction of
aluminium (I111) with Arsenazo IlIl was carried out in the pH range of 2—8.
Arsenazo Il was found to form violet complexes with Al3+ in this pH range.
The absorption spectra (Fig. 1) show that at pH 3 the complex formation is
already considerable and the maximum absorbance is achieved at pH 4. The
complex spectra have two well defined peaks at 550 nm and 583 nm. AtpH > 5
the absorption maximum at 550 nm decreases and in more alkaline media the

Fig. 1. Dependence of the absorption spectrum on the acidity Cai — 1*20X 19 4M, CArsenaz0 in
= 1.49x10 @M; Arsenazo 111 curve (1) pH 5.1; aluminium-Arsenazo 11l curves, pH: (2) 3.1,
(3) 4.0, (4) 5.1, (5) 5.5, (6) 6.1, (7) 7.8
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two peaks collapse into one broad band. It is very likely that at about pH 5,
the AI3+-Arsenazo IlIl complex begins to add OH- groups, i.e. hydrolysis
takes place accompanied by the decrease of the absorbance. In the present
case buffer solutions (biphthalate—hydrochloric acid, biphthalate—alkali and
boric acid-alkali buffers) were used to maintain the required pH.

If. however, the excess acid is neutralized with sodium hydroxide, the
spectra do not have two maxima even atpH 4,their shape being the same as that
observed at pH ]> 5. Seemingly, the local excess of alkali is unavoidable, the
hydrolysis starts in more acidic media, resulting in a decrease of the absorbance.

Fig. 2. Difference between the absorbances of the complex and the reagent at 600 nm

Because of the fact that an absorption maximum of Arseno Il (Amax =
= 540 nm) is close to that of its aluminium complex, it is practically not
possible to measure on the wavelength range corresponding to maximum
absorbance of the complex. The difference between the absorbance of the
reagent and that of the complex was found to be the greatest at A= 600 nm
in the pH range of 3—4 (Fig. 2).

Composition of the complex

As reported by Savvin [3], Arsenazo IIl usually forms 1 :1 complexes
with di- and trivalent cations. The composition of the AI3+-Arsenazo Il
complex was checked by means of several methods: the continuous variation
method applied in the same way as in the case of the calcium—alcon complex
[6], the mole ratio method, the method of straight line of Asmus [7] and by
the Bent—French method [8].

The data shown in Table | were used for calculating the quantities
required by the last three methods.

The results obtained by the methods applied are shown in Figs 3, 4, 5, 6.
A 1:1 complex composition was proved.
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Table |
VR ml 0.70 1.00 1.50 2.00 3.00 4.00
CR X 10s 0.35 0.50 0.75 1.00 1.50 2.00
A 0.054 0.077 0.114 0.152 0.222 0.296
AA 0.022 0.033 0.048 0.063 0.091 0.124
5.00 6.00 7.00 8.00 9.00 10.00 11.00
2.50 3.00 3.50 4.00 4.50 5.00 5.50
0.362 0.424 0.487 0.540 0.593 0.642 0.690
0.145 0.152 0.159 0.164 0.169 0.175 0.181

Fig. 3. Continuous variations study for the determination of the complex composition.
= 600 nm, pH = 39, CL+ cwm = 2.98xH0-5M. 1— absorbance of complex and ligand,
2 — absorbance of ligand, 3 — absorbance of complex

Fig. 4. Mole ratio method Cm = 2.5x10 5M
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m. JA
Fig. 5. Method of straight line of Asmus. CM = 2.50 X 10_° jVf, Vr — volume of Arsenazo III,
AA L .
mAA = —— 1T = 1cm,n = — ratio

Fig. 6. Bent-French method. Cg| = 2.50x10 6Af, the slope = 1.0

Concentration of metal in all the cases is CM = 250 xI10-5 M. AA is
the difference between the absorbances of the complex and the reagent at
600 nm, 1=1 cm.

pH = 3.9 (biphthalate buffer).

Sensitivity of the reaction

The molar absorptivity of the complex was determined at various acid-
ities in the pH range of 3.5—6.2.

For each pH value, series of solutions were made with the reagent to
metal mole ratio equal or greater than 3 and their absorbance was measured
with a VSU—1 instrument A= 600 nm. The molar absorptivity was deter-
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mined by applying a least squares procedure to the AA = eel straight line
(Table 11).

Table 11
Molar absorptivity of the aluminium-Arsenazo |11 complex at 600 nm
pH 3.5 3.9 4.5 5.0 5.5 6.2
e X10~4 (1 mol-1 cm-1) 1.98 1.98 2.14 2.35 2.33 2.10

The values of e were calculated at pH 5.0 and pH 3.5 and were found
to be e = 23 500 + 200 and e = 19 800 + 200, respectively. The sensitivity,
as defined by Sandell, is 0.0011 pg ALcm-2 at pH 5.0 and 0.0014 pg Al cm-2
at pH 3.5.

From the optical characteristics of the aluminium(lll)-Arsenazo 111
complex it is obvious that this compound can be used for analytical purposes.
The experimental conditions depend upon the composition of the material
to be analyzed. As reported in a previous paper [4], the selectivity of the
reaction is greater in more acidic media. On the other hand, in acidic media
the reaction sensitivity decreases. The experiments carried out with various
ions show that a pH of 3.5 is suitable regarding both sensitivity and selectivity.

The interference hy various foreign ions was studied at pH 3.5 (acetate
buffer) in solutions containing 10 pg Al3+ per 25 ml volume.

The results are listed in Table Ill, where b is the maximum amount of
the ion in 25 ml, which does not yet interfere.

Table 111

Interference of foreign ions

lon Cuz+ Ca2+ Ni2+ Co2+ Mn"+ 1 Zn2+ = Mg*+ Cd2- SiO;- SCN-

v>1'g 5 10 i 60 170 200 540 1 700 8o Q0 2900

The ions Fe(ll), Fe(ll1), Ag(l), Ti(lll), interfer seriously, as well as F
C20 r, CAHLOuy~, C2H50 b do at concentrations of 2—4 pg.

Photometric determination of aluminium (I11)

The recommended procedure for the determination of microamounts of
aluminium (111) is as follows.

Procedure. Into a 25 ml volumetric flask are added 10.0 ml of 7.45 X
X10“5M Arsenazo |11, 5.0 ml buffer solution of pH 3.5 (biphtlialate or
acetate) and the corresponding volume of a 1.82 XI10~4M aluminium (111)
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solution. The violet colour develops immediately and persists for 2 hours.
The photometric measurements were performed with an FEK—56 photometer
(red filter) in 30 nm cells against a reagent blank treated in the same way.
The order of mixing the reagents is not important at pH 3.5. If, however, the
reaction is used in more alkaline media, the buffer should he added in solution
after mixing the reagents.

At 600, mm (red filter) and pH 3.5 the absorbance of the complex follows
Beer’s law in the range 0.01—0.60 uyg A1 ml-1.

The method described was applied to the determination of aluminium-
ul!) in calcite.

Analysis of calcite

The sample (0.3—0.5 g) was decomposed by fusion with 2.5 g sodium
carbonate in a platinum crucible and dissolved in about 30 ml of 5% hydro-
chloric acid. The precipitation of aluminium and iron was carried out as fol-
lows. 1—2 drops of concentrated hydrogen peroxide were added, then the
excess of peroxide was destroyed by gentle boiling. Precipitation with 20%
pyridine was made in the presence of Methyl Red indicator. The solution was
heated on a water bath to coagulate the precipitate, filtered and washed with
a 0.5% solution of pyridine and 3% ammonium chloride.

The separation of aluminium(Il1l) from iron(lll) was carried out by
means of the thiocyanate method followed by the extraction of thiocyanate
iron complexes with amyl alcohol. The precipitate was dissolved in 3 ml 6N
hydrochloric acid and 10 ml of 20% potassium thiocyanate was added. The
complexes of iron(lll) were removed by 4—5 extractions with amyl alcohol.
The aqueous solution obtained was evaporated and the excess of thiocyanate

Table IV

Determination of aluminium in calcite

N i Alee AR
(% Aljo,)

1 0.3024 3 0.14

2 0.3056 5 0.13

3 0.4025 3 0.13

4 0.4025 5 0.14

5 0.5009 3 0.12

6 0.5002 3 0.13

* Average of 3 determination from separate aliquots
Average value of A1 —0.13% A1.,03
Standard deviation = ~ 0.01% A1l,,03
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destroyed with 3 ml cone, nitric acid. The solution was evaporated to dryness.
The residue was dissolved in water and collected in a 100 ml volumetric flask.
The aliquots of this solution were used for the photometric determination of
aluminium by the recommended procedure. The aluminium contents were
calculated from a calibration curve plotted for the range of 0.10—0.60 pg
Al eml-1. The results obtained for calcite are shown in Table IV.

By statistical methods [9J, the sensitivity of the reaction at pH 3.5
was found to be 0.01 /tg Al » ml-1.
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DER KATALYTISCHE EINFLUSS EINIGER
KOBALT(I1)-KOMPLEXE AUF DIE OXIDATION
VON JODID DURCH PEROXODISULFAT

H. Bartelt und M. Schneider
Sektion Chemie der Humboldt-Universitat zu Berlin, 108 Berlin, Bunsenstr. i, DDR

Eingegangen am 20 Juli 1972

Es wurde der katalytische EinfluR der Co(lll)-Komplexionen

[Co a3+, [Co en3]3+, [Co pn3]3+, [Co chn3]3+ und [Co phan3]3+

auf die Redoxreaktion zwischen S20 |“ und J- untersucht.

In Gegenwart der Co(lll)-Komplexe vergroBert sich die Reaktionsanfangsge-
schwindigkeit um den Faktor 10 ... 200 je nach Art des Komplexes. Diese Zahlen
gelten fir eine Co(lll)-Komplex-Konzentration von 1« 10-3 M und

[S20]-]0= 5+10~4 M, [J-]0= 2,5 +10-3 M.

Die Katalysewirkung steigt, wenn das Konzentrationsverhaltnis Komplex : Redox-
partner vergrofRert wird, (vorgelagertes Gleichgewicht).

Bis auf [Co phan3]3+ unterscheiden sich die Komplexe nur wenig in ihrer kata-
lytischen Wirkung.

Aus der Beeinflussung der Reaktionsanfangsgeschwindigkeit durch Zugabe von
Cl_ wurde eine Beziehung zur angendherten Berechnung der Stabilitdtskonstanten fur
die outer-sphere-Komplexe zwischen Co(lll)-Komplex und CI“ abgeleitet.

1. Einleitung

Die Reaktion
S.001-+2J- -* 2501-+17, (1)

wurde bereits von King und Jacobs [1], Indelli und Amis [2] sowie von
Indetti und Prue [3] untersucht. Es ist bekannt, daB diese Reaktion nach
einem Zeitgesetz 1. Ordnung beziglich beider Reaktionspartner verlauft.

Die Geschwindigkeitskonstante 2. Ordnung wurde von Indelti und
Amis [2] bei einer lonenstdrke von J = 6,75 « 10~3 und einer Temperatur
von 25 °C zu Kk = 1,310 »10-3 I.Md-1 esec-1 bestimmt.

Da die Reaktion (1) zwischen gleichsinnig geladenen lonen ablduft, ist
der relativ langsame Reaktionsablauf verstandlich. Im geschwindigkeitbestim-
menden Schritt missen die AbstoBungskrafte iberwunden werden.

Bei Anwesenheit von Komplexkationen wie z. B. [Co(NH3)e]3+ nimmt
die Geschwindigkeit der Reaktion (1) stark zu. Diese Katalysewirkung ist
durch eine outer-sphere-Komplexbildung zwischen Reaktionspartner und
Komplexkation zu erkldren [4, 5].
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Unter outer-sphere-Komplexbildung versteht man die Anlagerung von
Liganden in der zweiten (d4ufReren) Sphére an ein Komplexion:

Fur den Vorgang der outer-sphere-Komplexbildung, der abhéngig ist von der
Art und der Konzentration der lonen [6, 7, 8], gilt das MWG [9]. Die Einstel-
lung des Gleichgewichtes erfolgt sehr schnell [10]. Die Stabilitatskonstanten
der outersphere-Komplexe sind relativ klein und liegen im Bereich Ig K =
= 0,5 ... 4. Es konnen mehrere Liganden in der duferen Sphére angelagert
werden, so dall sich mehrere Stabilitdtskonstanten angeben lassen.

Zur Erkldrung der outer-sphere-Komplexe missen vorrangig elektro-
statische Kréafte betrachtet werden. Einige experimentelle Ergebnisse [11, 12]
zeigen aber, daB man weitere Krafte bertucksichtigen muRB.

Die Katalysewirkung der Komplexkationen auf die Reaktion (1) l&Rt
sich im wesentlichen durch die folgenden Vorstellungen deuten:

a) Durch die outer-sphere-Komplexbildung nach (2) wird ein Reaktions-
partner im outer-sphere-Komplex gebunden, der eine positive Gesamtladung
trdgt. Fur die katalytisch ablaufende Reaktion fallen damit die elektrostati-
schen AbstoBungskrdfte weg und es resultiert eine Verringerung der Aktivie-
rungsenergie.

b) Eine weitere Mdoglichkeit der katalytischen Wirkung ist die der
Elektronenvermittlung zwischen den Redoxpartnern durch den inner-sphere-
Komplex. Dieser Mechanismus setzt die gleichzeitige Bindung beider Reak-
tionspartner im outer-sphere-Komplex voraus. Das ist jedoch prinzipiell
mdglich. Nitkotlasev und Beck [5] konnten z. B. die bevorzugte Existenz
eines ([Fe phan3]S20¢j}- outer-sphere-Komplexes nachweisen.

Es ist anzunehmen, dal S20g~ und J- die &uRere Sphdre in irons-Stel-
lung besetzen. Zwischen Liganden in trans-Stellung wurde von Chatt und
M itarbeitern [13] eine elektronische Wechselwirkung festgestellt. Hierbei dient
der inner-sphere-Komplex als Elektronenvermittler.

In dieser Arbeit sollen einige Co(lll)-Komplexe bezuglich ihrer katalyti-
schen Wirkung auf die Reaktion (1) untersucht werden. Dabei soll festgestellt
werden, ob die Reihenfolge der outer-sphere-Komplexstabilitdt der Co(lll)-
Komplexkationen identisch ist mit der Folge der gemessenen Reaktionsge-
schwindigkeiten.

Aus der Literatur sind, wenn man die unterschiedlichen experimentellen
Bedingungen bertcksichtigt, nur wenig gut vergleichbare outer-sphere-Kom -
plexstabilitdtskonstanten von Co(lll)-Komplexkationen bekannt. Die zu Ver-
gleichzwecken in dieser Arbeit geeigneten Literaturwerte sind in Tabelle |
zusammengefalt.
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Tabelle 1
Outer-sphere-Komplexstabilitdtskonstanten (Rol) von einigen

Co(111)-Komplexen
Komplexkationen

Ligand [Co a.]- [Co cn,]1* [Co pn,]s* [Co phan3|3+ Lit.
ci- 1,48 1,72 1,60 [14]
Bre 1,66 1,32 [15]
J- 1,23 0,93 [15]
sor 3,30 3,23 [16]
sor 3,56 3,45 3,76 [14]
505 3,26 3,10 [17]
j- 1,69 [18]

Fur die experimentellen Untersuchungen wurden folgende Komplexe
verwendet:

1. [Co a6]CI3 a= NH3

2. [Co en3]CI3 +311,0 en = Athylendiamin

3. [Co pn3]CI3 pn =1,2 Diaminopropan

4. [Cochn3]CI3s IH.,0 chn = trans-1,2-Diaminocyclohexan
5. [Co phan3]CI3 « 7H..0 phan = 1,10-Phenanthrolin

Diese Komplexe sind sehr stabil. Die Bruttostabilitdtskonstanten der Komplex-
kationen sind in Tabelle Il zusammengestellt. Hierbei wurden die aus der
Literatur nicht bekannten Co(lll)-Komplexstabilitdtskonstanten berechnet
nach (3).

Eilomp. = £iW = N\ In4iL 3)

Tabelle 11

Bruttostabilitdtskonstanten der verwendeten Co(lll1)-Komplexe

Komplexe An Rn EfomplE»V] gfge»
[Co a,]« 34,36 [25] 5,11 [25] —183 [7]
[Co en3]3+ 48,69 [25] 13,82 [25] -495 [26]
[Co pn33+ 50,34 14,72 [28] -503 [27]
[Co chn3]3+ 50,90 15,22 [30] -515 [26]
[Co phan3]3+ 45,55 19,90 [31] + 86 [29]
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Bw, Bu\ = Bruttostabilitdtskonstanten der Co(ll)- und Co(lll)-Komplexe

EJvdr = Standardredoxpotential des hydratisierten Redoxsystems
Bhydr; = 1,84 Y1920
= Standardredoxpotential des Redoxsystems der Komplexionen

2. Experimentelles

2.1 Herstellung der Komplexverbindungen

Zur Préaparation der Komplexe [Co a6]CI3, [Co en3]CI3«3H20 und
[Co pn3]CI3 wurden oft erprobte Standardmethoden angewendet [32, 33, 34].
Die Verbindungen [Co chn3]CI3+1H2 und [Co phan3]CI3+«7H20 wurden ein-
mal aus [Co a3 Cl]JC12 sowie aus Na3[Co(C03)3] « 3BH2 [21] hergestellt. Beide
Ausgangsverbindungen eignen sich gut zur Herstellung der Aminkomplexe.

Die erhaltenen Co(lll)-Komplexverbindungen wurden (bis auf eine ein-
malige Umkristallisation bei [Co pn3]CI3) mindestens zweimal umkristallisiert.
Fir alle Arbeiten wurde bidestilliertes W asser verwendet.

Bei der Herstellung, der Lagerung und dem Gebrauch der benutzten
Co(ll)-Komplexsalze wurde ihre Lichtempfindlichkeit [22, 23] berlicksichtigt.

2.2 Bestimmung der Reaktionsgeschivindigkeit

Der Ablauf der Reaktion (1) wurde photometrisch tUber die Jodkonzen-
tration verfolgt. Hierzu war eine sehr empfindliche und stabilisierte Appara-
tur erforderlich, da sehr kleine Jodkonzentrationen (ca. 10-7 M) zu messen
waren. Den Aufbau der Apparatur zeigt Abb. 1.

Die Anfangsgeschwindigkeit der Reaktion wurde bestimmt, indem die
Zeit gemessen wurde, die bis zum Erreichen einer sehr geringen Jodkonzen-
tration (5 ¢« 10-e M J2 erfordlich war. Die Anfangsgeschwindigkeit ergibt sich
dann zu

Vo (4)

mit /1CSj0j 2— = zICj2= 5 « 10~e M.

Die entsprechenden Jodkonzentrationen wurden durch Eichkurven ermit-
telt. Hierbei wurde die jeweilige Konzentration an KJ und dem Co(lll)-
Komplexsalz bericksichtigt.

Die Messungen wurden bei einer Wellenldnge von 350 nm durchgefihrt.
Bei den Messungen mit [Co phan3]3+ muflite mit 400 nm gemessen werden,
da die Eigenabsorption des Komplexes bei 350 nm zu hoch ist.

Bei den Reaktionen in Gegenwart des [Co phan3]3+-Komplexes trafen
z. T. Stérungen durch eine sehr geringe kolloidale Trubung auf, die wahrschein-
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lieh auf eine CT-Komplexbildung des freien Jods mit dem n-System des Phen-
anthrolins zuriickzufihren ist [24]. Dieses Verhalten wurde jedoch bei der

Aufstellung der Eichkurven berlcksichtigt.

Abb. 1. Schematischer Aufbau der MeRapparatur

Bei allen Messungen betrug die Konzentration an Co(lll)-Komplex

1 «io-3 M.
Die MeRtemperatur war 25 °C.

3. Melergebnisse

3.1 Reaktion ohne Komplexzusatz
Zur Prifung der Apparatur wurde die Reaktion (1) zundchst ohne

Komplexsalz gemessen.
Bei den Konzentrationen [J-]0= 2,5 «10~3M und [S20 |J0= 5+10'4M

ergab sich eine Anfangsgeschwindigkeit von

v0= 8,35 ¢10"8 M emin"1

Die Geschwindigkeitskonstante 2. Ordnung ergibt sich mit

(9)

1,11 -10 3 1 Mol 1esec 1

ZU K =
6,66 «10“2 1 «Mol"lemin“l

Dieser Wert stimmt mit den Literaturangaben [2] gut Uberein.
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3.2 Variation der S20g - und J -Konzentration

Diese Messungen wurden nur mit [Co en3]3+ als Katalysator durchge-
fihrt. Sie sollten dazu dienen, einen Uberblick uUber die Verhéltnisse beim
katalytischen Ablauf der Reaktion (1) zu vermitteln.

Abb. 2. Anderung der Anfangsgeschwindigkeit bei Variation von C|0 2— und C°
Bei Variation von C8§0 2—: C°% 5 m10“4 M
Bei Variation von C™_ @90 2 =5-10M

Die Totalkonzentrationen Cg0s2—und C° wurden im Bereich 5 «10/4. ..
30 ¢« 10-4 M variiert. Dabei wurde jeweils die Konzentration eines Reaktions-
partners bei 5 «10-4 M konstant gehalten.

Die erhaltenen Anfangsgeschwindigkeiten in Abhdngigkeit von der Aus-
gangskonzentration der Reaktionspartner sind in Tab. Ill zusammengefalt
und in Abb. 2 graphisch dargestellt.

Tabelle 111

Anderung der Anfangsgeschwindigkeiten bei Variation der Konzentration
der Reaktionspartner

owoo-w v0 [Al emin-1] Cj- [Ai] v0 [M emin-1]
5+10_4 2,31 w10~7 5.10“4 2,28 «10-7
10 . 10-4 4,22 +10-7 10 « 10-4 4,25 « 10"7
15 « 10~4 5,30 + 10“ 7 15 + 10-~4 5,02 «10~7
20 . 10-4 6,52 « 10" 7 20 < 10" 4 7,58 « 10-7
25 m10-4 7,15 m10“7 25 m10-4 9,33 + 10“ 7
30 «10-4 7,85 «10-7 30 mio-4 10,70 « 10“ 7
C— = 5 +i0-4M CSjO0,2 — ==5 + 10-4 M
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3.3 Zugabe von KCI

Ha&alt man die Ausgangskonzentration der Reaktionspartner sowie des
Co(ll)-Komplexes konstant und setzt KCIl zu, so sinken die Reaktionsge-
schwindigkeiten.

c KCt

Abb. 3. EinfluR der KCI-Konzentration auf die Anfangsgeschwindigkeit
Cg0 2- = 5mIO“1 M (bei [Co phan3]3+ ist C«0>2- = 5+« 10“5 M)
cj= 25103 ™

Die Cl“-Konzentration wurde im Bereich Cq = 0...22,3 m10~3 M

xariiert.
Die konstanten Totalkonzentrationen der Reaktionspartner waren:

Csbe2 = 5¢10“4M (bei [Co phan3]3+: C%0\~ = 510"5M)
Cj_ =5 10~3M.

Die Co(lll)-Komplexkonzentration betrug immer 1 «10“3 M.

Die Reaktion mit [Co phan3]3+ als Katalysator verlief so schnell, dal
hier die Peroxodisulfatkonzentration auf5 « 10“5 M verringert werden mufite.
Das ist bei einem Vergleich der Reaktionsgeschwindigkeiten zu beachten.

Die graphische Auftragung der Anfangsgeschwindigkeiten in Abhé&ngig-
keit von der KCI-Konzentration zeigt Abb.3. Die MelRwerte sind in Tabelle IV
zusammengefalt.
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Tabelle 1V

EinfluR der KCIl-Konzentration auf die Anfangsgeschwindigkeit vc

cgi- [Co «]»e [Co en,]at+ [Co pn33+ [Co chn3|3+ [Co phan3]3+
0 9,02 10,18 11,90 7,66 23,26
4,46 . 10~3 7,22 8,06 9,45 6,08 16,95
8,92 . 10“3 6,31 7,01 8,35 5,32 14,39
13,40 - 10-3 5,66 6,31 7,61 4,76 12,50
22,30 - 10-3 4,70 5,24 6,31 3,96 8,66
Cg20s2 =5 - 10“4M  (bei [Co phan3]3+ist Cg2082 = 5¢10~5M)

C}_ = 25+1<'3M

Geschwindigkeitswerte in M mmin 1+ 107

4. Diskussion der MelRergebnisse

4.1 Zur Kinetik der katalytischen Reaktion zwischen Peroxodisulfat und Jodid

Bei der katalytisch ablaufenden S208 /J“-Reaktion ist dem geschwindig-
keitbestimmenden Schritt das Gleichgewicht der outer-spere-Komplexbildung
vorgelagert.

Die langsame nichtkatalytische Parallelreaktion kann vernachléssigt
werden.

Folgende outer-sphere-Komplexgleichgewichte sind mdglich, dargestellt
am Beispiel des [Co en3]3+:

[Coen3]3+ + SO _ {[Co en3]SD 8}+ (6)

[Coen3]3+ + J- — {[Co en3]J} 2+ )
{[Co en3]S,08}++J- ~  {[Co en3]S20 &1} 8)
{[Coen8]d}*++SD r ~ {[Co en3]S20 &} )

Von den ebenfalls mdglichen hdheren outer-sphere-Komplexen wie z. B.
{[Co en3]J2}+ oder {[Co en3](S20 8)2}~ soll hier vereinfachend abgesehen werden.
Aus den Gleichgewichten (6) ... (9) ergeben sich folgende Realisations-
maoglichkeiten:
k,
{[Co en3]S20 8}+ -f- J~ Produkte (10)
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K,
{[Co en3]j}2+ + S208~ 5=* Produkte (11)

{[Co en3]SD 8{ t-a Produkte (12)

Bei der Formulierung der Geschwindigkeitsgesetze fiir die katalytisch ablau-
fende Reaktion wurde von der Annahme ausgegangen, dall analog zum nicht-
katalytischen Ablauf (1) am geschwindigkeitbestimmenden Schritt ein S20 8 -
und ein J--lon beteiligt ist.

Fur die Reaktionen (10) ... (12) ergeben sich dann mit den Gleichge-
wichten (6) ... (9) die Geschwindigkeitsgleichungen:

®i = *i [{[Coen3|SND8}+] [J-]
4 = KK~Co en*+] [S20 n [J-] (13)

r2= f2[{[Co en3]j{2+] [S20 n
v2 = krK2[Co en3+] [J-] [S20 n (14)

v3 = k3 [{[Co en3]S20 81J]
v3= k3K IK3[Co en3+] [S20 H [J-] (15)

Die Gesamtgeschwindigkeit ist dann:
v=uvy+ v2+ v3
ErfahrungsgemdnB ist Kv K.,, so dal man vereinfachen kann zu
v = vl-\-v3

Es soll nun untersucht werden, welchen Beitrag v3 zur Gesamtgeschwindigkeit
leiste. Bei den flr diesen Reaktionsweg entscheidenden outer-sphere-Komplex-
gleichgewicht (8) muB es sich um ein Gleichgewicht mit relativ kleiner Bil-
dungskonstante K3 handeln. Dies ergibt sich aus dem fast linearen Anstieg
der Reaktionsgeschwindigkeit bei Anderung der J “-Konzentration (Abb. 2).

Die GroBenordnung der festgestellten Beeinflussung der Reaktionsge-
schwindigkeit durch Cl~-Zusatz (vergleiche Abschnitt 3.3) spricht jedoch
daflir, daB der outer-sphere-Komplex (8) nicht geschwindigkeitbestimmend
ist: Chloridionen bilden meist geringfligig stabilere outer-sphere-Komplexe als
Jodidionen. Die Messungen zeigen aber, dal eine Senkung der Reaktionsge-
schwindigkeit von etwa 50% erst bei einer Cl“-Konzentration eintritt, die
zehnmal gréRer als die J “-Konzentration ist. Dies deutet daraufhin, dafl durch
die Chloridioncn ein Komplex verdrdngt wird, der stabiler als der entspre-
chende J “-Komplex (8) sein muRB.
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Aus den geschilderten Zusammenhdngen kann geschlossen werden, daB
die Reaktionsgeschwindigkeit vorwiegend durch bestimmt wird.
Damit gilt:
vVooVX

Wegen der relativ schwachen outer-spliere-Komplexbildung der Jodidionen
14kt sieh (bei den hier vorliegenden Konzentrationsverhdltnissen) die Gleich-
gewichtskonzentration durch die Totalkonzentration ersetzen:

[J-1 ~ 10“k-
Man erhalt:
vrv 1= kx[{[Coen3]S208}+] [J“]0 oder
vrvx= fcrtCo en{+] [S20]|-] [J-]0. (16)

4.2 Zugabe von KCI

Die Zugabe von KCI verringert die Reaktionsgeschwindigkeit, da die
Chloridionen selbst outer-sphere-Komplexe bilden und dadurch die Konzen-
tration des »katalytisch aktiven« Komplexes gesenkt wird.

Die GroRe der Wechselwirkung zwischen den outer-sphere-Komplexen
wird bestimmt durch das Verhdltnis der Stabilitdtskonstanten und der Kon-
zentrationen.

Neben den vorhandenen Gleichgewichten wird das outer-sphere-Kom-
plexgleichgewicht der Chloridionen wirksam:

[Co en3]3+ + CD {[Co en3]Cl}2+. (17)

Die Reaktionsgeschwindigkeit wird bei héheren Chlorid-Konzentrationen
durch die Gleichgewichte (6) und (17) bestimmt.

Fur die Konzentration des »katalytisch aktiven« Komplexes (6) gilt dann:

[{[Co en3]S208}+] = [Co en3+]0 [{[Co en3]CI}2+]. (18)

Entsprechend den Gleichgewichten (6) und (17) gilt:

K _ [{[Coen3]S20 8}+]
1 [Coen3+] [S,09-]
K [{[Co en3] Cl}2+] a3 _ [{[Coen3] CI}2+]
5 [Coen3] [CI*] ~ '3 Ks[C1-]
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Durch Substitution von [Co en3+] in (18) erh&lt man:

[{[Co en3] S20 8}+] = [Co enjj+Jo - [{[Coen3] CI}»+]m (19)
lu JK5

Die Gleichgewichte (6) und (17) sind uUber die Gleichgewichtskonzentration
[Co en3+] gekoppelt.
Damit ergibt sich:

[{[Coen3]CI}2+] = [{[Coen3] Sa0 8}+]
K5[C1-]
K5[ClI ][{[Coen3] S20 8}+]
K 1[S20 §]

[{[Co en3] CI}2+] — 20y

Nach Einsetzen von (20) in (19) erhdalt man:

[{[Co end S20 8}4] = [Coenat]o  LtLCOEN3I S EH]

K r[S20f-]
K3 [C1-] [{[Co en3] S20 8}~]
N [S20 -]
und nach Umformung:
1 . I+ K js~n k,[ci-]
[{[Co en3] S20g}+] [Coen|+]0K T [S20 |- ] [Co eng+]OK, [S20 |-]

Eine wesentliche Vereinfachung tritt ein, wenn in Gleichung (21) die Gleich-
gewichtskonzentrationen [CI“]und [S20g ] durch die bekannten Totalkonzen-
trationen [CI~]Ound [S208~]0 ersetzt. Diese Ndherung ist bei CI“ unproblema-
tisch, da hier nur relativ schwache outer-sphere-Komplexe gebildet werden.

Bei S20g~ dagegen wird diese Vereinfachung nur bei hohen Chloridkon-
zentrationen annédhernd zutreffen, da hier die Gleichgewichtskonzentration der
S20 3*-lonen zunimmt.

Nach Einfohrung der N&herungen

[C1-] ~ [CI-]0
[S20g- ] [S208_]0 (bei hdheren Cl“-Konzentrationen)
erhélt man:

1 I+XJS"Og-lo JC5[CI-]0
[{[Co en3] S20 8}+] [Coen3+]0K x[S20g-] I [CoenU+]0 Kx[S20 t]0
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Da die Reaktionsgeschwindigkeit der Konzentration des »katalytisch aktiven«
Komplexes (6) direkt proportional ist, sollte eine graphische Auftragung 1/u0
gegen [CI“]0 entsprechend der Gleichung (22) eine Gerade ergeben. Dies ist
bei hoheren Cl_-Konzentrationen auch der Fall. (Abb. 4).

Abb. 4. Abhé&ngigkeit der reziproken Anfangsgeschwindigkeit von der KCI-Konzentration
Cso, 2- = 5101 M (bei [Co phan]3+ ist Cg”™ 2- = 5+«10~5 M)
c» = 25 «10“3 M

Durch Beriicksichtigung von (13) ergibt sich der direkte Zusammenhang
mit 1/r0:

JL= 1+g1sg]0 k s[CI-]u

*0 [Co en3+]0[S201 10[J—}0 ' [Coen|+]0[S20 ~]0[J-]10k, K, °

Aus dem Ordinationsabschnitt der Geraden (23) erh&lt man fiur K'L

[S20]-]0J— [Coeni+Jofl-Jo~-I
fo

Ohne Kenntnis von k1 kann man aus (24) keinen numerischen Wert fur K1
oder fir AIK 1lerhalten.
Aus dem Anstieg m der Geraden (23) ergibt sich eine Beziehung fir Ks:

Ko = m e« [Co en3]0[S202-]0[!-],Ne (25)

Acta Chim. (Budapest) 76, 1973



BARTELT, SCHNEIDER: KATALYTISCHER EINFLUSS EINIGER KOBALT(III)-KOMPLEXE 241

Die nach dem Einsetzen der experimentellen Werte in (24) und (25) erhaltenen
Ausdricke fur kxKt und K5sind in Tabelle V zusammengestellt.

Tabelle V

Ausdricke fur fc, A, und A- bei den verwendeten Co(lll)-Komplexen

Komplex * Kl E,
[Co ac]3+ 656 + 0,328 A, 32,8 + 0,0164 A,
[Co en3]3+ 729 + 0,364 A, 33,1+ 0,0165 A,
[Co pn3]3+ 852 + 0,426 Aj 30,6 + 0,0153 A,
[Co chn3]3+ 550 + 0,276 A, 33,3 + 0,0167 A,
[Co phan3]3+ 16 700 + 0,835 A, 49,7 + 0,00248 A,

Setzt man fir Kx in Anlehnung an bekannte Stabilitdtskonstanten fir
SOI”M-outer-sphere-Komplexe einen Wert von etwa 103 ein, so ergeben sich
fur Kb Ergebnisse, die mit den Literaturwerten gut Ubereinstimmen.

Dies kann jedoch nur als Himveis dienen, da die genauen Kj-Werte
nicht bekannt sind.

4.3 Zur katalytischen Aktivitat der verwendeten Co(lll1)-Komplexe

Mit Ausnahme von [Co pban3]3+ unterscheiden sich die Komplexe nur
wenig in ihrer katalytischen Wirkung. Die Anfangsgeschwindigkeit der Reak-
tion ist zehnmal grd6Ber als beim nichtkatalytischen Ablauf.

Die Reaktionsgeschwindigkeit in Gegenwart von [Co phan3]3+ ist dage-
gen (bei vergleichbaren Konzentrationsbedingungen) etwa um den Faktor 20
gegenuber den anderen Komplexen vergréfRert. Diese hohe Geschwindigkeit
ist nicht durch eine etwas hdhere outer-sphere-Komplexstabilitdt zu erkléren.
Es ist anzunehmen, daB hier die Teilgeschwindigkeit v3 (15) einen grdéReren
Beitrag zur Gesamtgeschwindigkeit leistet. Die Fahigkeiten des Phenanthro-
lin-7r-Systems zur Elektronenlbertragung kdnnen hierbei wirksam werden.

Der Elektronenaustausch bei der katalytisch ablaufenden Reaktion
kann demnach in verschiedener Weise erfolgen:

Einmal Uber den Co(lll)-Komplex als Elektronenvermittler und zum
anderen nach einem Mechanismus analog zum nichtkatalytischen Ablauf.

Im letzten Fall besteht die Katalysewirkung der outer-sphere-Komplex-
bildung nur in der Aufhebung der elektrostatischen AbstoBung bei Anné&herung
der Reaktionspartner.

Abgesehen vom [Co phan3]3+-Komplex scheint der Elektronenaustausch
Uber den inner-sphere-Komplex nur einen geringen Anteil zu haben.
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A detailed interpretation is given of the infrared spectra of thirty-five 1,2,3,5-
tetrasubstituted benzene derivatives containing so-ealled light atoms (atomic weight
less than 20) in positions 2 and 5 and so-called heavy atoms (atomic weight greater
than 20) in positions 1 and 3. Correlations were established between the intensity and
frequency of the spectral bands, and the influence of substituents on the electron
distribution. The coupling of certain vibrations having identical symmetry was demon-
strated and the association structure of the individual compounds was established.

Introduction

The subject of this paper is the interpretation of the infrared spectra of
1,2,3,5-tetrasubstituted benzene derivatives characterized by the general for-
mula A. Here, the atom ofthe substituents in positions 2 and 5, directly bonded
to the aromatic ring, is a light atom (atomic weight less than 20) and the sub-
stituents in positions 1 and 3, respectively, are halogen atoms (atomic weight
greater than 20) identical in all of the compounds. The thirty five compounds
investigated are listed in Table I.

A

Similarly to Part | [1], the normal vibrations are divided into two
groups [2]. The first group consists of vibrations of the aromatic ring (Fig. 1)
with a possible contribution from the bonds connecting the substituents with
the ring; the second group comprises the internal vibrations of the substituents.
The ring vibrations are indicated according to Wilson’s numbering [3] of the
normal vibrations of benzene and discussed in nine groups. These are as
follows:

Tangential skeletal vibrations;

radial skeletal vibrations;

out-of-plane, skeletal vibrations;

*Part I: Varsanyi, G., Sohar, P.: Acta Chim. (Budapest) 74, 315 (1972).
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Table 1

Compound R R' X
| OH COOH Cl
" OH COOH Br
hi OMe COOH cl
v OEt COOH Br
\Y% O-Allyl COOH cl
Vi OAc COOH 1
Vil OH COOMe cl
VI OH COOMe Br
IX nh?2 COOMe cl
X OH conh?2 Br
Xl OMe conh?2 Cl
X OMe CONH, Br
X111 OEt CONH, Br
XV O-nPr CONIC Br
XV 0-Allyl CONIC cl
XVI O-Allyl CONH, Br
XVII OMe CONHMe Br
XV O-Allyl CONHMe Br
XIX OMe CO—NHOH a
XX OMe CO0C1 Cl
XXI OMe CcoC1 Br
XX OMe CHO Cl
XX OMe Ac c
XXIV OMe CH=NOH cl
XXV OMe CN Br
XXVI OMe C=NHNH, Cl
XXV OMe C=NHNH, Br
XXV OMe C=NHNHOH Cl
XXIX OMe C=NHNHOH Br
XXX OMe CSNH, Br
XXXI OH NO, Br
XXX OMe no2 Br
XXX OMe CH,N+H3-fCI- cl
XXXIV OMe nh2 cl
XXXV OMe NH, Br
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C—H stretching vibrations;
in-plane bending C—H vibrations;
out-of-plane C—H vibrations;
C—Q stretching vibrations;
in-plane bending C—Q vibrations;
out-of-plane C—Q vibrations.

[+-..
1 16b 1

Acta Chim. (Budapest) 76, 1973



246 VARSANYI, SOHAR: INFRARED SPECTRA, Il

Fig. 2. 3,5-dichloro-4-hydroxybenzoic acid (I)

Fig. 3. 3,5-dibromo-4-hydroxybenzoic acid (Il)

Fig. 4. 3,5-dichloro-4-methoxybenzoic acid (IlI)

Fig. 5. 3,5-dibromo-4-ethoxybenzoic acid (1V)

Acta Chim. (Budapest) 76, 1973



VARSANYI, SOHAR: INFRARED SPECTRA, Il 247

Fig. 6. 3,5-dichloro-4-allyloxybenzoic acid (V)

Fig. 7. 3,5-diiodo-4-acetoxybenzoic acid (VI)

O R
3000 2000 1400 1000 600 400

Fig. 8. Methyl 3,5-dichloro-4-hydroxybenzoate (VII)
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Fig. 10. Methyl 3,5-dichloro-4-aminobenzoate (I1X)

Fig. 11. 3,5-dibromo-4-hydroxybenzoic acid amide (X)

Fig. 12. 3,5-dichloro-4-methoxybenzoic acid amide (XI)

Fig. 13. 3,5-dibromo-4-methoxybenzoic acid amide (XII)
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Fig. 14. 3,5-dibromo-4-ethoxybenzoic acid amide (XI11)

Fig. 15. 3,5-dibromo-4-n-propoxybenzoic acid amide (XIV)

Fig. 16. 3,5-dichloro-4-allyloxybenzoic acid amide (XV)

Fig. 17. 3,5-dibromo-4-allyloxybenzoic acid amide (XVI)
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Fig. 18. 3,5-dibromo-4-methoxybenzoic acid N-methylamide (XVII)

Fig. 19. 3,5-dibromo-4-allyloxybenzoic acid N-methylamide (XVIII)

3500 3000 2500 2000

Fig. 20. 3,5-dichloro-4-methoxybenzohydroxamic acid (XIX)
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Fig. 21. 3,5-dichloro-4-methoxybenzoyl chloride (XX)

Fig. 22. 3,5-dibromo-4-methoxybenzoyl chloride (XXI)

Fig. 23. 3,5-dichloro-4-methoxybenzaldehyde (XXII)
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Fig. 25. 3,5-dichloro-4-methoxybenzaldoxime (XXIV)

Fig. 26. 3,5-dibromo-4-methoxybenzonitrile (XXV)

Fig. 27. 3,5-dichloro-4-methoxybenzamidine (XXVI)

Fig. 28. 3,5-dibromo-4-methoxybenzamidine (XXVII)
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3000 2000 K00 1000 600 400
Fig. 29. 3,5-dichloro-4-methoxybenzamidoxime (XXVIII)

Fig. 30. 3,5-dibromo-4-methoxybenzamidoxime (XXIX)

Fig. 31. 3,5-dibromo-4-methoxybenzoic acid thioamide (XXX)

Fig. 32. 3,5-dibromo-4-hydroxynitrobenzene (XXXI)
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Fig. 33. 3,5-dibromo-4-methoxynitrobenzene (XXXII)

Fig. 34. 3,5-dichloro-4-methoxybenzylamine hydrochloride (XXXIII)

Fig. 35. 3,5-dichloro-4-methoxyaniline (XXXIV)

Fig. 36. 3,5-dibromo-4-methoxyaniline (XXXV)
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Here, Q means the first atom of substituent. The usual signs are employed to
distinguish the individual vibration types[4].

Experimental

The spectra were taken in KBr pellets by means of a Perkin—EImer 457
spectrometer, with the exception of XIX which was examined by using a
UR-10 (Zeiss, Jena) spectrometer. The spectra are shown in Figs 2—36.
Beside the individual hands, the numbers of the corresponding aromatic
normal vibrations are also shown in the Figures.

Discussion

1. Tangential skeletal vibrations (8, 14, 19)

The frequency of skeletal vibration 8a is relatively insensitive towards
the substituents. The band is strong, except for acid amides (X—XVIII), thio-
amide (XXX), benzylamine hydrochloride (XXXIII), hydroxamic acid (XIX)
and the nitro derivatives (XXXI, XXXII). The frequency interval is 1575—-1600
cm“l independently of the halogen substituent. In the spectra of the two
anisidines (XXXIV, XXXV) the frequency is higher and also different for the
chloro and bromo derivative (1613 and 1598 cm “ 1, respectively).

The frequency of skeletal vibration 8b is substantially more sensitive to
the substituents. The values observed are as follows.

Carboxylic acids: 1570 (1), 1560 (II), 1557— 1558 (lll, V), 1545 (VI) and
1538 cm“ 1 (IV).

Esters: 1561 (VII), 1568 (IX) and 1555 ¢ m 1 (VIII).

Acid amides: 1555 (XVII, XVIII) 1551— 1553 (XI, XV), 1550 (X), 1539
(XIV), 1536 (XI1), 1536 (XVI) and 1534 cm “ 1 (XIII).

The frequencies of nitro derivatives XXXI and XXXII are anomalously
high because of the coupling with the rasN 02 vibration. The hand is always
strong.

The band of vibration 14 appears between 1200 and 1260 cm “1 and, in
general, it is weak. However, it is found above 1330 cm”1in the spectra of
compounds containing a phenolic hydroxyl group (I, Il, X; XXXI), as a conse-
quence of coupling with the /30H vibration; it is even shifted beyond 1400 cm “1
and appears with a much greater intensity in methyl esters VII and VIII.

The band of vibration 19a is nearly always strong. The intensity of this
band is medium in the bromo derivatives of acids and acid amides and weak
in the only iodo compound (VI). The frequency is sensitive to all substituents
to a small extent. The bands of the chlorophenols are at 1493 cm“1 (I) and
1490 cm“1 (VII), respectively; the frequency interval of bromophenols (I,
VIl and X) is 1476— 1483 cm*“ 1 An exception is compound XXXI, where the
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band appears at 1446 cm-1 in the spectrum. The frequency range of the chloro-
anisoles (I, XI, XIX, XX, XX, XXI, XXIV, XXVI, XXVIII and XXXIV)
is 1476— 1484 cm-1. In this group, amidine XXVI shows an anomalously low
frequency (1469 cm”1) while the oxime and amidoxime vibrate with anomalous
high frequencies (1490 and 1492 cm*“1, respectively). The frequency region of
bromoanisoles XII, XVII, XXI, XXV, XXVII, XXIX, XXX, XXXII and XXXV
is 1470— 1479 cm“1 Here again, the frequencies of the band of amidine XXVII
and nitro compound XXXII (1463 and 1464 cm “1, respectively) are anoma-
lously low, however, the frequency of the band of amidoxime XXIX (1486
cm*“1) is anomalously high. The frequency of vibration 8b is also very low in
the spectra of the amidines. In iodo compound VI, the band appears at
1452 cm-1.

The band of vibration 19b is similarly strong. Exceptions are the spectra
of amidines (XXVI, XXVII) and anilines (IX, XXXIV, XXXV), where this band
is very weak. The frequency interval of phenols (I, I, VII, VIII, X and XXXI)
is 1407— 1420 cm*“1 (insensitive to halogens). Methyl esters (VII and VIII)
show an anomalously high frequency (1434— 1438 cm*“1). Here, the only
exceptions are the N-methylamides (XVII, XVIII) (1410 cm”1), in consequence
of the strong coupling with the amide IlIl band of secondary amides.

2. In-plane bending C— Q vibrations (3, 9, 15)

The vibrations 3, 9a, 9b and 15 belonging here show low frequencies
and therefore cannot be identified.

3. In-plane bending C— H vibrations (18)

The features of vibrations 18a depend to a small extent upon the halogen
substituent: in the spectra of the 2,6-dichloro derivatives, both the frequency
and the intensity of the corresponding band are higher (i.e. the amplitude is
larger). The frequency interval is 1075—1095 cm “1 in the spectra of chloro
derivatives, 1055—1080 cm“1 in bromo derivatives and 1054 cm”1 in that
of the iodo compound.

The band of vibration 18b is generally weak and cannot be identified in
many cases. The frequency interval is 1143— 1163 cm*“1

4. Radial skeletal vibration (1, 6, 12)

The symmetry of normal vibration 1 is trigonal. The substituent in
position 2 and the carbon atom attached to it vibrate with a smaller amplitude.
Therefore, the vibration is less sensitive to the substituent in position 2. Its
frequency is the highest in the spectrum of aldehyde (XXII) (553 cm”1) and
lowest in those of the two acid chlorides (XX, XXI) (462 and 441 cm*“1, re-
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spectively). The frequencies of the bromo derivatives are generally lower by
15 cm-1 than those of the chloro derivatives. The larger masses of substi-
tuents X cause a further decrease in frequency by 15 cm-1 in the iodo com-
pound (VI). Remarkably, the frequencies of anilines (XXXIV—XXXV) are
medium. Presumably, in consequence of the -|-M effect of the primary amino
group, the carbon-halogen bond is stronger (and more rigid) and thereby fre-
quency 1 is somewhat decreased.

Skeletal vibration 6a is strongly coupled with stretching vibration 7a of
identical phase for both halogens. As a result of coupling, the band of vibra-
tion 6a appears at wavenumbers higher than 860 cm-1. The difference between
the halogens has little influence on the frequency, similarly to the higher
frequency components of such coupled halogen vibrations. Exceptions are the
two aniline compounds (XXXIV and XXXV) where, as mentioned above, the
carbon-halogen bonds are stronger and, therefore, the frequency splitting
6a—7a is greater (frequency of 6a is higher) and a greater difference exists
between frequencies of the chloro and bromo derivative (952—925 cm-1).
The frequency changes periodically with the mass of substituent in position 2.
Namely, a frequency minimum (870 and 865 cm-1, respectively) appears in
the case of an ethoxy substituent (IV, XIII). The frequency is also decreased
(to 868 cm-1) by a 2-acetoxy group (VI). The frequency is anomalously high
in aldehyde (XXII) (944 cm-1) and in the anilines (IX: 903 cm-1, XXXIV:
952 cm-1, XXXV: 925 cm-1).

Skeletal vibration 6b is also strongly coupled with the carbon-halogen
stretching vibration 7b. The frequency interval of the bromo derivatives is
750—785 cm-1, that of the chloro compounds falls between 800 and 820 cm-1.
The frequencies of nitro derivatives (XXXI and XXXII) are anomalously low
(725—740 cm-1). In general, the band is intense. Exceptions are the amides
of ethers containing more than one carbon atom (IV, V, XIHI—XVI, XVIII).

The substituent in position 2 exerts practically no influence on breathing
vibration 12, except on that of the nitro compounds (XXXI, XXXII) where a
significant decrease in the frequency (697 and 670 cm-1) is observed. The
frequencies of the bromo derivatives are lower by about 30 cm-1 (730—755
cm-1) than those of the corresponding chloro compounds (760—790 cm -1).
In addition to the nitro derivatives, the frequency of the aldehyde (XXII) is
anomalously low (746 cm-1), which can be explained by coupling with the
RCO vibration. The frequency of iodo compound VI is also anomalously low
(716 cm-1). The band is generally intense.

5. C— Q stretching vibrations (2, 7, 13)

Normal vibration 2 is the identical-phase C—Q stretching vibration of
the substituents in positions 2 and 5. Accordingly, it is not sensitive to chang-
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ing of the halogen. The frequency interval of the majority of methoxy deriva-
tives is 1255—1280 cm-1.The frequencies of carboxylic acids (I—VI) and esters
(VH—IX) are anomalously high (1285— 1310 cm-1) because of coupling with
the VC—O0(H) and VC-—O types, respectively, of ester vibrations. The frequency
of the thioamide (XXX) (1297 cm-1) is also high, under influence of the
rC=S vibration. The frequencies of the compounds containing a phenolic
hydroxyl group are generally higher than those of anisoles, other phenol ethers
have lower frequencies. An exception is nitrophenol XXXI, because of coupling
with the rsNO2vibration.

Normal vibration 7ais mainly an identical-phase carbon-halogen stretch-
ing vibration, however, to a lesser degree it has also features of a radial skele-
ton vibration. The frequency range of rCCIl vibrations is 360—400 cm-1, that
of rCBr vibrations is 310—340 cm 'L The band is generally weak. The fre-
quency of the carboxylic acids is the highest.

The rCBr frequencies are sensitive also to the substituent in position 2.
Thus, the range of vibration 7a is 335—355 ¢cm-1 in the dibromophenols.

Normal vibration 7b is predominantly the opposite-phase carbon-halo-
gen stretching vibration with some skeletal vibration character. The interval
of the rCCI frequency is narrow: 500—525 cm-1. The rCBr frequency depends
upon the substituent in position 2 similarly as does vibration 6a (a minimum
is found for ethyl ethers IV and XIII: 346 cm ']). In general, the band is weak
with a frequency interval of 380—400 cm-1. The frequency of the C—1 stretch-
ing vibration is 328 cm -1 (VI).

Vibration 13 isthe opposite-phase stretching vibration of the substituents
in positions 2 and 5. The halogen atom exerts no influence on the frequency.
On the basis of frequencies, the compounds can be divided into two groups.
The frequency is lower than 1160 cm-1 for carboxylic acids, esters, amides,
N-methylamides and nitro compounds, and higher than 1190 cm 1 for all
other substances. The band has anomalously low frequencies (1122 and 1087
cm "1, respectively) for two anisic acid amides (XI, XII). The band intensity is
medium or strong except for acetophenone (XXIII), amidines (XXVI, XXVII)
and hidroxyamidines (XXVIII, XXIX).

6. CH stretching vibrations (20)

The band ofrCarH vibrations 20a and 20b is in general of weak or medium
intensity and in many cases it cannot be identified. The frequency range of
vibration 20a is 3060— 3100 cm !, that of vibration 20b 2995—3045 cm '],
7. Out-of-plane skeletal vibrations (4, 16)

The frequency and intensity of vibration 4 is quite characterless. Irre-
spective of the halogens, the vibration shows a high frequency in acid amides,
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as a result of coupling with the amide ¥ and amide VI vibrations. In the
spectrum of benzylammonium chloride (XXXIII), the frequency (738 cm-1) is
similarly increased by coupling with the GasN H 3 vibration.

The hand of vibration 16a is found between 400 and 500 cm-1; it is
generally weak and difficult to identify. In the case of single-atom substituents,
this vibration would be forbidden in the infrared region.

In the out-of-plane skeletal vibration 16b, halogens participate to a small
degree since they exert nearly no influence on the frequency. The band is
mostly weak, except for nitrile (XXV), where it is strong. The frequency inter-
val is 530—560 cm-1. Anomalously high frequency hands are observed in the
spectrum of propyl ether (XIV), acetoxy derivative (VI) and nitrile (XXV).
Presumably, the high frequency is caused by coupling with the internal out-
of-plane vibrations of the long side-chains and with the yCN vibration, re-
spectively. In the latter case, the band appears at 618 cm-1.

8. Out-of-plane C— Q vibrations (10, 5, 17b)

Vibrations 5 and 17b show low frequencies and are outside the measur-
ing range.

The frequencies of vibrations 10a and 10b are also low, however, the
frequency of vibration 10b may accidentally lie above 300 cm”1. In conse-
quence of the above facts, the weak bands that appear in some spectra in the
region under discussion, should be only conditionally assigned to vibrations
10 or 9.

9. Out-of-plane CH vibrations (11, 17a)

The band of vibration 11 is always strong, except for ethyl and propyl
ethers (IV, X1, XIV). The frequency can be given by using the formula (1)
of the preceding paper [1]. The Platt moments given there can be completed
on the basis of the compounds studied in the present paper as follows:
COC1 —35, CONHCHj —34,CSNH, 30,CONHOH—20,C=NHNHOH —20,
C=NHNH2 —18, COCH3 —12, CII,NH, *«HC1 0, CH=NOH +2, Cl +4.5,
Br +4.5, 1 +5, NH2 +14. The parameters given in the preceding paper [1],
furthermore, the frequencies calculated and measured are summarized in
Table 11.

Vibration 17a in the point-group C.,, is inactive in the infrared. However,
it can be identified in some spectra as a result of the solid state of the substance
and the asymmetry of the substituents, mainly in t,he spectra of compounds
with positive or low negative Platt moments with an amino group in position
5, the band may be strong. On the basis of Formula (1) of the preceding paper
[1], the frequencies measured and calculated are as follows.
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Table

Compound M Mm
| —32 9
ii —32 9
in —32 9
1\ —32 9
\Y% —32 9
Vi —31 10
VII —29 9
VI —29 9
1X —29 9
X —23 9
X1 —23 9
X1 —23 9
X111 —23 9
Xrv —23 9
XV —23 9
XVI —23 9
XVII —25 9
XVI1 —25 9
XI1X —1 9
XX —26 9
XXI1 —26 9
XXI1 —10 9
XX — 3 9
XXIV + 11 11
XXV —1 9
XXVI — 9 9
XXVII — 9 9
XXVII —1 9
XXIX —1 9
XXX —21 9
XXXI —36 9
XXX —36 9
XXX + 9 9
XXXIV + 23 23
XXXV + 23 23
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Calculated
(cm-3

907,5
907,5
907,5
907,5
907,5
906

904,5
904,5
904,5
898,5
898,5
898,5
898,5
898,5
898,5
898,5
900,5
900,5
886,5
901,5
901,5
885,5
878,3
860,5
886,5
884,5
884,5
886,5
886,5
896,5
911,5
911,5
863,5
842,5
842,5

Experimental

(cm-1)
912
908
899
902
913
906
904
907
912
896
907
900
896
899
897
899
901
900
887
900
903
883
879
860
883
884
886
885
886
896
903
905
864
843
842
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Table 111
Compound C?Lanil_a't)ed
XXI11 899
XXI11 896
XXIV 885
XXX 887
XXXIV 875
XXXV 875

Experimental

(cm-9

890
893
881
883
856
860

The frequency intervals of thirty ring vibrations are given in Table IV

Table IV
Numbering Numbering
of ring Frequency of ring
vibration (cm-J) vibration

[ El

1 440—555 11

2 1255- 1310 12

3 <300 13

4 665—740 14

5 <300 15

6a 865—955 16a

6b 725—820 16b

Ta 310—400 17a

7b 325—525? 17b

8a 1575— 1615 18a

8b 1530—1580 18b

9a <300 19a

% <300 19b

10a <300 20a

10b <300 20b
v 500—525 n 1,3-dichloro compounds
380—400 n 1,3-dibromo compounds
328 n 1,3-diiodo compound VI
* 760—790 n 1,3-dichloro compounds
730—755 n 1,3-dibromo compounds
716 n 1,3-diiodo compound VI

x 1330-1415 n phenols

+ 1075—1095 n 1,3-dichloro compounds
1055—1080 n 1,3-dibromo compounds
1054 n 1,3-diiodo compound VI

Frequenc
(c?n ) y

840 915
716-790*
1085—1220
1200-1260x
<300
400-500
530—620
855-895
<300
1050—1100+
1140 1165
1450-1495
1370—1440
3060-3100
2995—3045
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Il. Vibrations of the side-chain

1. Methyl group. All types of vibration appear in the frequency range [5]
of the aliphatic methyl groups. Frequencies of the methoxy group, however,
should he dealt with separately. The rsCH3 band is generally found between
2820 and 2850 cm 'l but between 2855 and 2862 cm-1 in the spectra of nitro
compounds (XXXI and XXXII), aldehyde (XXII) and nitrile (XXV). The 6sCH3
vibration results generally in a very weak band between 1274 and 1308 cm-1
for chloro derivatives and between 1286 and 1327 cm -1 for lirnmo compounds.
Therefore, the vibration is less coupled with vibration pair 19 in the bromo
derivatives, clearly because the larger bromine atoms force the methoxy group
more strongly out of plane of the ring.

The band ofthe & CH3vibration is strong in the case of a methoxy group.
The band of the component with lower frequency is found between 1413 and
1438 cm -1 for chloro derivatives and between 1413 and 1426 cm 1for bromo
derivatives, however, in the latter case it is always at a wavenumber lower
by 5— 10 cm-1 than in the corresponding chloro compound.

The band of the 6~CH3 vibration is even stronger. Both vicinal halogen
atoms force the methoxy group out of the plane and, therefore, the frequency
is anomalously low for all methoxy derivatives. It is interesting, however,
that the frequency is hardly influenced by differences in the halogens. In some
cases the frequency is split as a result of Fermi resonance. The frequency inter-
val is generally 965—1003 cm 4 .

2. The vibrations of saturated methylene and methine groups usually result
in weak bands which cannot be identified in all cases.

3. Characteristic bands of the allyl group (v, XV, XVI, XVIII)

vasCH,: 3068—3082 (medium); rCH: 3018— 3020 (weak);
vsCH,: 2980-2990 (weak); BSCH2: 1410— 1427 (strong);
yCH: 978—980 (strong); ysCHa: 927—941 (strong);
yasCH2: 595—615 cm -1 (medium).

4. vC—C vibrations. This band appears at 975 cm-1 in the spectrum of
acetophenone (XXIII), as a shoulder of the (5*CH3band.

5. vC—0 and vO—C coupled vibrations. The C—0 stretching vibration
of the carboxylic group appears always as an intense band between 1270 and
1285 ¢cm 'l Sometimes, it partly coalesces with the band of the ring vibration 2.

The vO—C type group vibration of the methoxy group is always strongly
coupled with the 6~sCH3 vibration. The arithmetic mean of the frequencies is
1093— 1095 cm'1 in one group of chloro derivatives (benzylamine hydro-
chloride, aldehyde, acid chloride, acid, aniline) and 1086—1087 cm"' 1in the
other group (acid amide, hydroxamic acid, oxime, amidine). In the spectrum
of dibromoaniline (XXXV), it is 1086 cm' 1while in the other bromo deriva-
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tives 1081—1083 cm-1. The degree of splitting is greater, the stronger electron
acceptor is the substituent in position 5. The wavenumbers of splitting are:
corn 227, NO, 214, CHO 211, COOH 210, C= NHNH, 200—209, CSNH, 204,
CN 197, CH=NOH 195, CH,NH, «HC1 193, CONH2 190, NH, 185—190,
CONHOH and CONHCH3 174 cm -1

vC—C—C, vC—O—C and rO—C—C vibrations. The frequency interval
of both coupled stretching vibrations of the ester group falls between 977—986
and 1264—1268 cm “1, respectively. The first interval depends somewhat on
the halogen substituents too because the-frequencies of the chloro derivatives
(VII, 1X) are 983 and 986 cm-1, respectively. All the bands are very intense.

Two bands arise from stretching vibrations of the ethoxy group: a strong
band at 912—916 cm-1and a medium one at 1104— 1112 cm-1. Stretching
frequencies of the propoxy group in compound XIV are 800 (shoulder), 952
(strong) and 1125 cm' 1l (medium). These frequencies are lower than those
found in the spectrum of 4-n-propoxy-3,5-dimethoxybenzoic acid described
in the preceding paper [1] (denoted there as IV) (820, 964, 1130 cm-1), however,
in compound XIV, instead of methoxy groups there are bromine atoms adja-
cent to the propoxy group.

The stretching frequencies of the acetoxy group are as follows: 914
(strong) and 1182 cm 1(very strong). In the foregoing paper, as acetoxy group
was present in compounds V and XV. The frequency was 944 and 1182cm-1 when
the acetoxy group was sterically hindered by two vicinal methoxy groups.
However, when one of the vicinal positions was free, the band appeared at 957
and 1205 cm 'l In compound VI of the present series, the acetoxy group is
located between two iodine atoms and thereby by low frequency is justified.

6. Carbonyl bands. The rC= 0 frequencies of the carboxyl group are
found between 1680 and 1710 cm h A dimeric structure develops for each of
the six acids (I -VI), but the dimeric form is looser in the case of an allyloxy
or methoxy group in position 2; the frequency is lower than 1695 cm-1 in
all other cases. The band is of course very intense. The frequency of the ester
carbonyl group is 1707 cm-1 in the case of a hydroxyl group in position 4,
and 1731 cm' lin case of a primary amino group in position 4. However, when
chlorine atoms are in vicinity of the hydroxyl group, a further carbonyl band
appears at 1718 cm-1. (Simultaneously, the rOH band is doubled.)

The frequency is 1664 cm 1in the spectrum of hydroxamic acid (XIX);
1681— 1690 in that of acetophenone (XXIII): 1694 in that of aldehyde (XXII);
and 1746 and 1762 cm' 1in those of acid chlorides. The latter difference in
frequency can be explained by the fact that the electronegativity of the
chlorine atom in the acid chloride group is decreased by the chlorine atoms in
positions 2 and 6 relative to the bromine atoms and, therefore, the C—ClI
bond order increases, and the C= 0 one decreases (the frequencies are 682
and 1746 cm-1). The corresponding frequencies are 669 and 1762 cm“1lin the
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bromo derivative. The band splitting cannot be explained by Fermi resonance
in the spectrum of the acetophenone for a considerable difference exists be-
tween intensities of both bands and, on the other hand, the yC= 0 band is also
split. Instead, two types of conformation may be suggested in the solid phase.
The frequency is 1771 cm-1 in the acetoxy group.

The BC= 0 band appears between 718 and 745 cm*“1in the case of a car-
boxyl group, it lies above 740 cm-1 when a methoxy or an allyloxy group
occupies position 2, and it is lower than 732 cm*“1lin other cases. The position
of the band is 722—724 cm*“1in the ester group, 773 in the hydroxamic acid,
777 in the aldehyde, 803—804 in the acid chloride and 866 cm“1in the ketone.
The band shows medium or weak intensity.

The yC=0 band appears between 645 and 655 cm 1 in the carboxyl
group, except for the allyloxy derivative, and at 672 cm*“1in the spectrum of
the allyloxybenzoic acid (V). The band is usually weak. The yC=0 band of
the ester group is very weak and cannot be identified in any spectrum.

The frequencies of other compounds containing a carbonyl group are as
follows: CHO (XXII): 673; COCH3(XXIII): 610 and 640 (two conformations?);
COC1: 640 (XX) and 653 (XXI), respectively; CONHOH (XIX): 675 cm“1 The
bands are always weak.

7. Hydroxyl bands. The phenolic rOH frequencies lie at 3445—3455 cm -1
in acids, at 3340 and 3355 cm “ 1lin esters and at 3392 cm “1in nitro compounds.
An additional band appears at 3420 cm*“1in 3,5-dichloro-4-carbomethoxyphe-
nol (VII). The intermolecular bonding of the phenolic hydroxyl groups is
probable in acids. In esters and in nitro derivative XXXI, a weak hydrogen
bond is formed with the carbonyl or nitro group, respectively. The other band
in compound VII presumably corresponds to the internal O—H ... CI bond
because it is absent from the spectrum of the bromo derivative (VIII). The band
at 3420 cm*“1may conceivably correspond to the phenolic dimer similarly to
the acids not realized in the bromo derivative because of steric hindrance.
This is to be rejected because bromine atoms do not impede the formation of
the dimer in the acids. In those cases, however, the carboxylic dimers would
orientate the molecules in a different way (OH opposite to OH). In the only
acid amide derivative (X) containing a phenolic hydroxyl group, the band
appears at 3462 cm*1

The frequency of the phenolic /50H band is 1245 and 1252 cm*“1, re-
spectively, in the two acids, and 1244 and 1225 cm“1 respectively, in the two
esters (the hydrogen bond is weaker in the dibromo derivative). However, an
additional band is found in compound VIl at 1191 cm*“1, according to the
weak O—H ... Cl bond. The band is observed at 1233 cm*“1 in nitrophenol
XXXI, and at 1242 cm 1in hydroxybenzamide X. The band is strong in all
cases. The yOH band appears at 612 and 592 cm*“1, respectively, in the two
acids (I, W), at 595 and 580 cm respectively, in the two esters (VII, VIII),
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at 565 cm-1 in amide X, and at 600 cm-1 in nitrophenol (XXXI). The band is
rather strong and always very diffuse.

The rOH bands of the carboxyl groups of the six carboxylic acids appear
2500 and 3100 cm-1 as dimeric structures showing several maxima. The /lOH
band is always intense between 1405 and 1416 cm-1.The yOH band is always
diffuse and, therefore, in some cases it is observed as a shoulder between 900
and 940 cm-1.

The frequency of the rOH band lies at 3240 cm*“1in the spectrum of
hydroxamic acid (XI1X) and is very strong and very diffuse; it lies at 3328 cm-1
in oxime (XXIV) and is strong; it appears at 3245 and 3280 cm -1, respectively,
in amidoximes (XXVIII and XXIX) being strong and very diffuse. The dimeric
bond is weaker in compound XXIX as indicated by the higher frequency. The
/30H bands are very weak and cannot he usually identified. The yOH hand
of amidoximes appears close to 400 cm*“1; in the spectrum of XXIX, it over-
laps with the band of vibration 7b.

8. NH vibrations. In the spectra of the three aniline derivatives (IX,
XXXV, XXXV) the bands of NH2 stretching vibrations show two kinds of
structure. When the primary amino group lies near to the ester group of another
molecule (IX), the vasNH2hand is found at 3440 and vsNH2at 3332 cm“1, the
latter being stronger. When the amino group is near to the identical group of
another molecule, a hydrogen bond is formed, too, but no uniform structure
is present. Therefore, two rsNH2 bands appear and in this case, the raNH2
band is the strongest. The frequencies of the latter are 3400 and 3415 cm-1,
respectively; those of the former ones are 3225 and 3320 as well as 3235 and
3338 cm*“ 1 respectively. The hydrogen bond is weaker in the dibromo derivative
as a result of steric factors. The /?AH., frequencies of aniline derivatives are
the following: 1618 c¢m “1in the ester; 1637 and 1631 cm“1in the anisidines
(the hydrogen bond is weaker in the latter case). The ysNH2bands are diffuse
between 600 and 630 cm “1, while a weaker, very diffuse absorption appears
in the spectrum of both anisidines at wavenumber above 700 cm*“ 1

The mean value of the NH2stretching frequencies of the amide group is
3268—3308 cm*“1 The position of both hydrogen atoms in the dimeric struc-
ture is most symmetric in the hydroxy derivative (X) and most asymmetric in
the methoxydibromo derivative (XII). The splitting between the frequencies
of the antisymmetrical and symmetrical stretching vibrations is the weakest
in the former and the strongest in the latter case. It can be concluded from the
extensive splitting that neither of the two bands can be assigned in this case
to the antisymmetrical and symmetrical vibration form, they should rather be
considered to be a free and a hound NH stretching vibration.

In the N-methylbenzamide group (XVII, XVIII), the vNH frequency lies
at 3296—3300 cm*“1, a fact showing that the dimeric structure is looser than
that in the unsubstituted amides, since the bound j»NH frequency is just as
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high as the mean value in the free amides. On the other hand, the dimeric
structure is stronger in the amidines which is supported by the mean frequency
lying at 3140—3145 cm-1. In these compounds, the r(=NH) band of the
imino group can be identified as a shoulder at 3350 cm-1. In {he amidoximes,
two i'lNH bands appear at 3488—3490 and at 3390—3392 cm*“1 From the dif-
fuse vOH band appearing beside these, the conclusion can be drawn that the
amide hydrogens are not involved in hydrogen bonds. Therefore, the higher
frequency can be assigned to the rNH vibration.

From the bending vibration bands of the amino groups, only those of a
few out-of-plane vibrations are identifiable (the amide bands will be discussed
separately). Thus, in the spectra of amidines, the ysNH2vibration gives a strong
and diffuse band at 705—710 cm 'L In the spectra of amidoximes, the y(= NH)
band is identifiable as an intense absorption at 660 and 648 cm-1.

Tn compound XXXIII, the frequency of the ammonium group are as
follows: rasN+1132940 cm -1 (very strong, very diffuse); vsN+H3 2630 and 2712
cm-1 (medium and strong, respectively); d*s N+H3 1607 cm-1 (strong) and
dasN +H 3 627 ¢cm“1 (strong).

9. CN stretching vibrations. The rC= N band appears at 2245 cm “1in the
spectrum of nitrile (XXV).

The vC—N frequencies of amidines (XXVI and XXVII) are 1101—1102
cm“1 The bands are very weak. In the same spectra, the rC= N band is found
in the form of a very strong maximum at 1676 cm“1 In the spectra of amid-
oximes (XXVIII and XX1X), the band of the latter vibration is similarly very
intense at 1664 and 1659 cm “1, respectively.

The stretching frequencies of the CNO chain of hydroxamic acid (XIX)
lie at 952 cm*“1 (strong) and at 1340 cm*“1 (shoulder, partly covered by the
&CH3 band of the methoxy group). In the spectrum of the oxime (XXIV) the
stretching vibrations of the C= N—O0 chain can be better separated into C= N
and N— O stretching vibrations. The strong band at 1630 cm 1can be assigned
to the former one, and the medium intensity band at 957 cm*“1to the latter
one. The frequencies of the CNO chain of amidoximes are as follows: 946 and
943 cm “1 (strong and very strong, respectively); 1100 and 1098 cm “1 (weak
and medium).

The bending frequencies of the C= N bond are also identifiable in the
spectra of amidines and amidoximes. The /2C= N band lies at 722—725 cm*“1
in the spectra of chloro derivatives, at 708—711 cm-1 in those of the bromo
derivatives; the band is very intense in the sjtectra of amidines, medium in
those of amidoximes. The yC=N band appears at 622—623 cm*“1 in those
of bromo derivatives. The intensity is medium in the spectra of amidines and
weak in those of amidoximes.

The mean frequency of the rNH., vibrations of compound XXX is 3268
cm*“1 i.e.,it is identical with that of acid amides but somewhat less than that
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of amides of methoxy acids. The /?SNH,, (amide Il) band appears at 1642 cm -1,
7asN H2at 823 cm -1, ysNH2at 591 ¢m '1, each in the form of a strong maximum.
The rNH band at 3290 cm-1 and the yNH band at 675 cm-1 may correspond
to the hydrogen of the primary amino group which participates in the cyclic
dimeric association: or perhaps to the tautomeric thioiminohydrine form.
Three further bands of the thioamide group appear at 930 cm-1 (strong), at
1136 cm' 1(rC = S, medium, broad) and at 1409 cm “ 1(very strong). The yC= S
band shows medium intensity at 505 cm*“1

10. Vibrations of the nitro group. rsN 02: 1325 and 1348 cm“1(very strong);
vasN 02: 1514 and 1519 cm “1(very strong); BRSO.,: 820 and 802 cm “1(medium);
/7asN 02: 543 and 547 cm*“1 ysN02: 746 and 750 cm*“1 (strong). Because of
hydrogen bonding, the vsN02frequency in nitrophenol (XXXI) is lower than in
nitroanisol (XXXII). The difference in frequencies of the scissoring vibrations
can be explained by the fact that to a certain extent this accompanies the
vibration of the skeleton, too, and thus the difference between the masses of
the hydroxyl and methoxy groups is reflected in the frequency.

11. Amide vibrations. The amide | vibration of the unsubstituted amides
appears as an intense maximum at 1659 cm“1 and at 1690 cm 1lin the only
hydroxy derivative. This supports the former finding for the rNH 2 vibrations
that the carbonyl group occupies here a quasi-symmetric position between the
two hydrogen atoms of the amino group. The amide Il frequency of the primary
amides is 1608— 1620 cm*“1 and 1604 cm*“1for the hydroxy derivative (X),

since — according to the above considerations — the N—H ... O angle here
deviates the most strongly from 180°. The amide Il frequency of secondary
amides is 1537— 1538 cm*“1

The amide Il1l band of the primary amides is observed between 1389 and

1405 cm*“1 and it is invariably strong. This band lies at 1387 cm“1 in the
spectrum of compound X. The low frequency is caused by coupling with vibra-
tion 19b which, in turn, is sensitive to mass and appears, therefore, at wave-
numbers above 1400 cm*“1lin the presence of a hydroxyl substituent and at
wavenumbers below 1400 cm®“1in case of other substituents. The amide Il
frequency of secondary amides is 1327— 1328 cm “ 1

The amide IV vibration gives a far weaker band and, in several cases, it
cannot be identified. The frequency interval is 783—797 cm*“1 and 798 cm*“1
in secondary amide XVII. The frequency range of the group vibration amide
V, being mostly yC=0 in character, is 641—673 cm*®“1in the spectrum of
primary amides, however, it is 633 cm“1in the spectrum of compound X
As mentioned aboVte, the carbonyl group is located between two hydrogen
atoms in this latter substance. In secondary amides, the band is found at 655
and 666 cm 1with a medium intensity. The amide VI vibration, being mostly
of the ysNH2type (but of yNH type in secondary amides) appears at 615—635
cm 1in the presence of a saturated ether group in position 2, and at 652—661
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cm-1 in the case of an allyloxy substituent. (The yC= 0 frequency of the allyl-
oxybenzoic acid (V) is also anomalously high.) This vibration cannot be identi-
fied in the spectrum of compound X. Similarly, it cannot be unambiguously
identified in the spectrum of secondary amides.

*
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The reproducibility of the determination of adsorption capacity and specific
surface excess has been investigated on a binary liquid mixture—solid adsorbent system.
It has been found that the scattering of the values of the specific surface excess is, to
a smaller extent, due to the uncertainty of the method applied for determining the
variation of the composition of the liquid phase, and, to a greater extent, due to the
inhomogeneity of the adsorbent. On the basis of the adsorption of benzene-ra-heptane
mixtures, the adsorption capacity of silica gel, chosen as model, has been determined
both by the extrapolation method of Schay and Nagy, and by the generalized Everett
representation. Confidence intervals of the values obtained have been estimated for
both cases. An adsorption capacity value of 2.02 + 4.25% mmol benzene/g of adsorbent
has been obtained by the first method, and 2.03 + 3.81% by the second, at the statisti-
cal probability level of 95%, in very good agreement with the result of BET surface
area determination.

Introduction

It is known that in certain cases the adsorption capacity of an adsorbent
may be determined from the adsorption of binary liquid mixtures on the sur-
face of a solid adsorbent, used the functional relationship between the specific
surface excess and the equilibrium composition of the homogeneous solution
phase [1].

The specific surface excess, referred to unit mass of the adsorbent, can
be given by the following equation:

NO . s
n"= m (*,-.0 X) = Nm.i (i)
where n" is the specific adsorption of the mixture (mmol/g adsorbent),
m is the mass of the adsorbent (g),

is the total amount of liquid mixture (mmol),

is the mole fraction of the ith component in the mixture before
adsorption,

is the mole fraction of the ith component in the homogeneous
phase at equilibrium,

is the amount of the ith component in the adsorption monolayer
(mmol/g),

is the total material content of the adsorption layer (mmol/g).
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It can be seen from the equation that in order to determine the adsorption
capacity values, directly not measurable, on the right hand side of the equation,
the amounts of the phases should be known and the composition change of
the liquid phase, taking place until the equilibrium is reached, should be
determined.

In our former studies [2] dealing with the reproducibility of adsorption
capacity determinations it has already been assumed, and this permissible
assumption will also he made here, that random errors occurring in the deter-
mination of phase amounts by mass measurements can be neglected in com-
parison with the scatter of the change in the mole fractions determined by
refractive index measurements. Consequently, the investigation of the repro-
ducibility of surface excess can be limited to the study of the standard devia-
tion of concentration change, and to the determination of the increase of
scatter due to inhomogeneities in the adsorbent.

If the nj vs. xxrelation, i.e., the surface excess isotherm, is known, a direct
route is available for the determination of adsorption capacity in cases, when
the adsorption isotherm can be regarded as linear in a sufficiently wide range.
According to Eqg. (1), the constants describing the linear section of the curve
can be identified as the material content of the adsorption phase (“extrapola-
tion method” of Schay and Nagy).

In certain cases also the so-called generalized Everett representation is
suitable for the determination of adsorption capacity:

X, x2 1 J L X B
(2)
10 X 1
where nejo0 denotes the total monomolecular capacity of the adsorbent
expresses in mmol/g for component 1,
f — —-2- is the substitution ratio i.e., the ratio of the molar surface
aml
areas, and
n is the separation factor of the adsorption
*1 x2
X% Xzt

Ifa B, 1(first of all in the case of type Il excess isotherms), the xx2n{ vs. xL
Everett representation practically yields a straight line passing through the
origin.

Consequently, the determination of the adsorption capacity and its
reproducibility is, in both methods, equivalent to the evaluation of the par-
ameters (and their confidence intervals) of the linear section that gives the best
fit to the values calculated from the experimental results with inherent ran-
dom errors.
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1. Reproducibility of the determination of concentration change

Since the composition of the liquid phase is generally determined by
refractive index measurements, the scatter of concentration data depends first
of all on the uncertainty of this measurement, and on the random error of the
calibration diagram or multiplication factor (k) used for the calculation of
mole fraction changes from measured refractive index differences:

Ax = KAn ©)]
bl )AX= + AAn Ne (4)
(sd)*x % 2= bl ) K% 2+ (sd)An % 2. (5

This last relation can also be written as

(sd)ax% = «M U % , (6)

where two special cases can be mentioned that will occur several times in the
following discussion:

C= 1, if (sd)i{= 0, and

c= Y2, if (sd),(% = (sd)Jn %.

The first case, in fact, implies that a relation, free of random errors, is known
between the composition and the refractive index (AWj&reas in the second case
the use of a mole fraction vs. refractive index calibration diagram is assumed
that has been obtained by refractive index measurements of similar repro-
ducibility.

The scatter of the measured data can be substantially reduced, and this
procedure may be necessary not only in the case of refractive index measure-
ments, by applying the criterion of Chauvenet [3], which has been success-
fully used in the practice of radiation chemistry and nuclear measurements.
According to the procedure, measured data are subjected to a test for ‘correct-
ness’, and the data that do not pass the test are discarded.

The Chauvenet criterion can be given in the following form:

A measurement is acceptable if

In-n, max —---h kd1 )

if 3 < z< 11, and otherwise
lim (n —n,)max <[ 3 \sd (8)

z — 200
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where |sd denotes the absolute value of the standard deviation of the

measurements,
n is the arithmetic mean value of the measured data,
ni is the result of the individual measurements,
z is the number of measurements.

The scatter of concentration change values was calculated from the
refractive index data given in Table I.

Table |
The scatter of refractive index measurements

Liquid mixture: benzene-n-heptane

Apparatus: differential refractometer

10—1 change in mole fraction equiv. to 1.2 divisions, i.e., K — Ax/An = 8.33 X10~5
mole fr/div

Selection on the basis of the Chauvenet criterion

Table la
" Anx N«,)2 UK)2 All (In,)2
1. 640.5 —0.6 0.36 —0.3 0.09 —0.1 0.01
2. 642.0 0.9 0.81 1.2 1.44 —
3. 641.0 —0.1 0.01 0.2 0.04 0.4 0.16
4. 640.3 —0.8 0.64 —0.5 0.25 —0.3 0.09
5. 643.0 1.9 3.61 — — — —
6. 641.0 —0.1 0.01 0.2 0.04 0.4 0.16
7. 640.0 —11 121 —0.8 0.64 —0.6 0.36
+0.1 6.65 0.0 2.50 —0.2 0.78
Al= 6411 1 (sd)= %= 1.06 2. (sd) = + 0.71 1. (sd) = = 0.44
1.7x1.06 = 1.80 16 xO.71 = 1.13 1.5 X0.44 = 0.66
Upon discarding Upon discarding All values
value No. 5 value No. 2 acceptable
ii, = 640.8 nt = 640.6

The variation of the refractive index is
An = — @2— corr

where the correction term is equal to the difference between n\ and ni, which
have been determined simultaneously with the measurement of nx and n2
from a mixture of unchanged composition.

The results are summarized in Table I1.

It is clear from the data that the scatter can be substantially reduced by
the Chauvenet selection.
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Table Ib
n2 Ant (Jn,)2 An2
1 212.0 —0.1 0.01 0.3 0.09
2. 2125 0.4 0.16 0.8 0.64
3. 211.0 —11 121 —0.7 0.49
4, 211.5 —0.6 0.36 —0.2 0.04
5. 214.0 1.9 3.61 — —
6. 212.0 —0.1 0.01 0.3 0.09
7. 2115 —0.6 0.36 0.2 0.04
—0.2 5.72 +0.3 1.39
n.- 2121 1. (sd) = + 0.97 2. (sd) = + 0.53
1.7 x0.97 = 1.65 1.6 x 0.53 =» 0.85
Upon discarding All values acceptable
value No. 5
Sj = 211.7
Table Ic
" An* (an«)2 Jn? <a<)’
1 330.0 —0.6 0.36 —0.3 0.09
2 330.0 —0.6 0.36 —0.3 0.09
3. 330.0 24 5.76 —
4, 330.0 —0.6 0.36 -0.3 0.09
5. 331.0 0.4 0.16 0.7 0.49
6. 329.0 —16 2.56 —13 1.69
7. 3315 0.9 0.81 1.2 1.44
0.3 10.37 —0.3 3.89
hij = 330.6 1. (sd) = £ 131 2. (sd) = + 0.88
17 x1.31 = 2.23 16x 088 141
Upon discarding All values
value No. 3 acceptable
nl = 330.3

It is also noted here that the absolute value of the standard deviation of
refractive index change, as is shown by the corrected scatter of the individual
refractive index measurements, is not in a characteristic functional relation-
ship with the composition, therefore, the application of the constant value
(sd)Ar = + 1.25 in the whole composition range appears to he justified in
calculating the scatter of concentration change (see below).
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Table Id
An° An\ (4»8)*
1 341.0 0.3 0.09 0.5 0.25
2. 341.0 0.3 0.09 0.5 0.25
3. 340.0 —0.7 0.49 — 05 0.25
4. 340.0 —0.7 0.49 —05 0.25
5. 340.0 —0.7 0.49 -0.5 0.25
6. 342.0 13 1.69 — —
7. 341.0 0.3 0.09 0.5 0.25
0.1 3.43 0.0 1.50
ng = 340.7 1. (sd) = = 0.75 2. (sd) = + 0.55
1.7 xO.75 = 1.28 1.6 x 0.55 = 0.88
Upon discarding All values
value No. 6 acceptable

ng = 340.5

Table 11

Scatter of refractive index change and mole fraction change data

Without e Chavenst
method
ni 6411+ 1.06 640+ 0.44
n, 2121+ 0.97 211.7+ 053
N 330.6+1.31 330.3+ 0.88
. 3407+ 0.75 340.5+ 0.55
An 439.1 439.1
@dhn +2.07 +1.25
bl ) An% +0.47% +0.28%
c= 1 +0.47% +0.28%
(«Onx = ¢ = yp +0.66% +0.40%

2. Scatter of the specific surface excess values

The calculations on the reproducibility of adsorption capacity and the
measured specific surface excess are demonstrated by the detailed analysis of
the data given in Table III.

Measurements were carried out at eight different equilibrium liquid com-
positions; for each of them seven adsorption excess values,yiy, were determined,
and two values that deviated most from the average were discarded in each
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Table 111
Summary of data on liquid mixture adsorption isotherms

Mixture: benzene(l)-n-heptane(2)
Adsorbent: silica gel — 360 m2g += 5% (BET — N2
Liquid/adsorbent ratio: L/m = 5 (g/g)
Temperature: 25 £ 1°C
Simplified notations: = X
i, lj = yij (mmol/g)

1 n
i YH = viI (mmol/g)

j H Moy «E
1 0.022 141 —0.03 0.0009
2 1.39 —0.05 0.0025
3 1.49 0.05 0.0025
4 1.48 0.03 0.0009
5 1.45 0.01 0.0001
Y, = 144 0.01 0.0069 + 0.041 +2.85 0.0149
1 0.098 1.66 0.03 0.0009
2 161 —0.02 0.0004
3 1.59 —0.04 0.0016
4 1.66 0.03 0.0009
5 1.63 0.00 0.0000
vi= 163 0.00 00038 +0.031 + 1.90 0.0542
1 0.223 1.46 —0.06 0.0036
2 155 0.03 0.0009
3 1.50 —0.02 0.0004
4 1.53 0.01 0.0001
5 1.58 0.06 0.0036
vi= 152 0.02  0.0086 +0.047 +3.07 0.1140
1 0.363 1.37 0.08 0.0064
2 1.22 —0.07 0.0049
3 1.29 0.00 0.0000
4 1.30 0.01 0.0001
5 1.27 —0.02 0.0004
yt= 1-29 0.00 0.0118 +0.053 +4.10 0.1792
1 0.471 1.02 —0.04 0.0016
2 1.03 —0.03 0.0009
3 111 0.05 0.0025
4 1.07 0.01 0.0001
5 1.09 0.03 0.0009
1 yt = 1.06 0.02 0.0060 +0.039 + 3.65 0.2350
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Table Il11. cont.
P i w w (%0)m EP) "
6 1 0.555 0.90 0.00 0.0000
2 0.96 0.06 0.0036
3 0.90 0.00 0.0000
4 0.84 -0.06 0.0036
5 0.89 —0.01 0.0001
Yl = 0-90 —0.01 0.0073 +0.043 + 478 0.2742
7 1 0.675 0.60 -0.03 0.0009
2 0.69 0.06 0.0036
3 0.63 0.00 0.0000
4 0.58 —0.05 0.0025
5 0.66 0.03 0.0009
Y1l — 0.63 0.01 0.0079 +0.044 + 7.06 0.3482
+0.066 +10.6
8 1 0.819 0.33 -0.04 0.0016
2 0.41 0.04 0.0016
3 0.41 0.04 0.0016
4 0.35 -0.02 0.0004
5 0.36 -0.01 0.0001
yt= °37 0.01 0.0053 +0.036 + 9.85 0.4010

+0.054 +148 4

set. The remaining five values, given above, have satisfied the Chauvenet
criterion in every case as can be seen from the comparison of columns 5 and
7 of the Table.

It should he noted here that in two sets, belonging to the highest benzene
concentrations (i — 7 and i = 8) the liquid to adsorbent ratio was 10/3 (g/g).
In order to render the scatter values belonging to different liquid compositions
comparable, the lower values of (sd)y >and (sd)y. °/0standard deviations obtained
from the measured adsorption excess values were recalculated for the phase
ratio of 5 g/g, at which the other data were determined. In these cases two data
can be found in the Table. The recalculation is based on the assumption that
the scatter of the specific adsorption excess is determined by the random error
of refractometric measurements alone. As will be discussed below, this assump-
tion is incorrect, i.e., the scatter has been overestimated by this correction.
The true value is between the original and the corrected one, being much closer
to the original value.

Considering that in the whole composition range the measurements were
carried out at the same phase ratio (and the data obtained under different
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conditions were approximately corrected), it may be expected that the absolute
value of the standard deviation of the specific surface excess should be inde-
pendent of the composition. The values of (sd)na in column 7 of Table IIlI,
indeed, scatter only randomly around an average value of about + 0.045.
Consequently, the percent deviation, (sd)na®/0, of the measured value (see
column 8 of Table Ill) is, obviously, the function of the composition, and the
trend of this function is qualitatively opposite to that of the n1— xx excess
isotherm (see Fig. 1). It should be noted that the validity of the following

Fig. 1. Deviations of n” values measured in the benzene (1) - n-heptane (2) - silica gel system
as a function of the composition

regression analysis is bound to the condition that the isotherm is determined
at a constant liquid mixture to adsorbent ratio, or more precisely, that (sd),,\
is constant, which follows from the constant ratio of phases.

As a further step, the random errors of the specific surface excess, arising
from the scattering of refractive index data, have been evaluated for the indi-
vidual points of the above isotherm. The calculations were based on the follow-
ing relations:

N N
= il® Ax, = kAn 9)
m m

kNn
(sd)tf % = (sd)Ml % = c (sd)A % = c(sd).a, 100. (10y

In the equations it is assumed that the phase ratio, NJm, is not a sto-
chastic variable, i.e., the standard deviation of mass measurements is zero.
It is noted that the phase ratio (L/m = 5, and 10/3 g mixture/g adsorbent)
should he substituted in mol mixture/g adsorbent units (NJm). In the calcula-
tion the average molecular weight of the original liquid mixture (before the
adsorption) should be used.
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The calculations were performed with a value of (sd)Anh= + 1.25,
obtained from refractive index data satisfying the Chauvenet criterion, so
there is ground for the comparison of the calculated (sd),,“% values and the
percent scatter of the measured surface excess values (see Table Ill), which
also satisfy the above criterion.

Table 1V shows the percent standard deviation of the specific surface
excess, (sd),“%, as a function of the equilibrium mole fraction of the liquid
phase, acj.

Table 1V

The deviation of specific surface excess, (sd)no %

Values calculated from (sd)”rj %Zzz%rgg

(sdk=0 («9*%=(*<0dn% n;’ data
0.022 + 0.37% + 0.52%, + 2.85%,
0.089 + 0.33% + 0.47%, + 1.90%
0.223 + 0.36% + 0.51%, + 3.07%,
0.363 + 0.44% +0.63% +4.10%,
0.471 + 0.55% + 0.78% + 3.65%
0.555 + 0.68% + 0.96% + 4.78%,
0.675 + 0.98% + 1.38%, + 7.06—10.6%,
0.819 + 1.72% + 2.43% + 9.85—14.8%

It is apparent from the data that the actually observed deviations of the
specific surface excess are 4 to 9 times higher than the calculated values; in
other words, the random error of refractive index determination may be re-
sponsible only for 10 to 20% of the deviation of results. The greater part of the
scatter and, consequently, of the uncertainty of the final results, i.e., the
adsorption capacity and specific surface area, must be attributed to the
application of the so-called multi-sample isotherm determination technique.

It follows from the nature of the “multi-sample’ isotherm determination
method that each specific surface excess value measured, ri[, arises from a
different portion of the adsorbent. Consequently, the homogeneity of the
adsorbent and representative sampling are of basic importance in the measure-
ment. It is obvious, however, that with a certain probability, depending on the
nature of the adsorbent and its dispersity, samples of adsorption capacity far
different from the average value are also obtained, so sampling errors may
strongly affect the reproducibility. In the case of the silica gel used in our
experiments this effect increased the scatter of the individual points of the
isotherm by a factor of 5 to 10 as compared to the scatter caused by the
uncertainty of refractive index measurements.
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3. Least squares approximation of the linear section of the surface
excess isotherms and of the Everett representation [4]

In the following the curve fitting procedure and the estimation of the
confidence intervals of the parameters obtained will be discussed. Some
assumptions are made:

The values of mole fractions xt( are defined quantities (i.e., (sd)xj #= 0),
whereas the corresponding measured surface excess values, n”; are treated
as random variables of normal distribution, having the same variance for all
ox The mean expectation value of h\ s is a linear function of the equilibrium
concentration, xt

Let this linear function be represented by the following equation:

Y= Bo+ BIX (11)

In the Schay—Nagy method for the measurement of adsorption capacity
the actual form of the equation is

»l = —nm x| (1)

whereas in the generalized Everett representation it takes the following form:

XXX 2 1 R 1 x —B
(2

n\ nw,l,0 *_ nom 1,0 *_
Now the expectation values of the constants Baand B,, and their esti-
mated confidence intervals should he determined. Using the method of least

squares, the regression line of form

Y = d0+ dx (12)
has the following parameters:
d _ EXi x)(j/—y) (13)
£ (xi—x)2
and
do— Y — dx (14)

where regression parameters dnand dt are estimates for BOand Bv The extent
of deviation of the measured data from the estimated regression line is charac-
terized by the ‘square of residuals’:

(sd)gx = (15)
n

where n is the number of xt — y ¢ pairs.
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If it is assumed that the random variables, y,-, are of normal distribution,
the estimates for dHand d, form a two-dimensional normal distribution, and
their estimated quadratic error can be given by

M, =018 (16)
nZ(Xj- xy
(sd)yx
_ 17
(sd)lIl = 0 ix-x)2 (17)

If the above conditions are fulfilled, it can be proved that the confidence
limits of constants BO and obey the so called (-distribution of Student,
so the confidence intervals can be given as

d0 tA{sd)di<; B,f”< dO+ tA(sd)Jo
(18)
dl tA(sd)dI<i B)A°<7 dl-\-tA(sd)Jl

where tA denotes the critical value of a (-distribution of n — 2 degree of free-
dom, at a statistical probability level of A°/0.

The parameters of the linear section ofthe xI1x2/nl vs.xyEverett represen-
tation, and their confidence intervals can also be approximated by the above
method. It should be noted, however, that the procedure is less justified in
this case, since the quadratic error of the x”*.Jril function does depend on the
composition at a constant liqguid mixture to adsorbent ratio. As it is known, in
this representation a well defined linear section appears only for type Il (and
transition type I—I1I) n\vs. x1 excess isotherms, so the above calculation
procedure is demonstrated on the model of benzene-n-heptane-silica gel
system. This system has a pure type Il isotherm, which has already been studied
in connection with investigations on the scatter of the surface excess, n“. This
choice gives the opportunity for a direct comparison of the results obtained by
the extrapolation method of Schay and Nagy and from the generalized
Everett representation.

It is further noted that the model calculations do not take into account
that the lines to be fitted should pass through a given, fixed point (in the
extrapolation method n\ = 0 at = 1, and in the Everett representation
x~.Jnl = Oat” = 0). Consequently, the calculations yield two parameters. Now,
if BOsir — B 1lis obtained from the linear section of the n°vs. xx function, or
ifBO” Ois obtained from the linear section of the x*x.Jn'l vs. x1 function, this
proves that the excess isotherm is really of type II.

For the sake of simplicity, in the following demonstration of the calcula-
tion process the independent variable xt!is denoted by xh and the correspond-
ing average of the function n{t (or x1{2,/n”,) is denoted by yt.
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3.1 The method of Schay and Nagy

Eight points of the isotherm were chosen for demonstration purposes
(Table Il and Fig. 2). Three points, corresponding to the lowest benzene con-
centrations, are in the nonlinear range, the remaining points fall on the linear

Fig. 2. n" vs. x Kexcess isotherm of the benzene (1) - n-heptane (2) - silica gel system; (nm,)%% =
= 2.02 + 4.25% (from 5 measured points)

section of the isotherm. In the regression analysis given below (see also Table
V) only these latter points are taken into account.

Table V

Regression analysis for the Schay—Nagy method

Table Va
* A (&) v 4y* Axi mAyi
4 0.363 +0.2136 0.0456 1.29 0.44 + 0.0940
5 0.471 + 0.1056 0.0111 1.06 0.21 + 0.0222
6 0.555 + 0.0216 0.0004 0.90 0.05 ~0.0011
7 0.675 0.0984 0.0097 0.63 -0.22 + 0.0216
8 0.819 0.2424 0.0588 0.37 —0.48 + 0.1163
E X 0.5766 0.0000 0.1256 y = 0.85 0.00 + 0.2552

0.1256
0.850 + 2.03 xO.5766 = 0.850 + 1.170 = 2.02
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7.67x 1(T4

(sdyyx — x 256 X10.
3

2.56 X KT4

(sd)dt = 20.4x 10~4
0.1256
1 787R
(«*)1. = 204X 10-4— ° = 7.28 X 10~4
B, = — 2.03 + 452 x10 -2

Ba= 202+ 270X 10 2= 2.02 * 1.34%  ppj

Bi-Bo = 0.01 + 5.26X10-2 = 0.01 + 526 % .,

Table Vb

i v yt-Y, bl —vYiy 1 4

4 1.283 0.007 49 0.1317
5 1.070 —0.010 100 0.2218
6 0.893 0.007 49 0.3080
7 0.650 —0.020 400 0.4556
8 0.357 0.013 169 0.6707
27 4.253 —0.003 767 1.7878

3.2 Generalized Everett method

3.2.1. Regression analysis by taking into account all the eight
isotherm (see Table Via, b)

Table VI

Regression analysis for the generalized Everett method

Table Via

i X *4 @1r n 4

1 0.022 —0.381 0.1452 0.0149  —0.1877
2 0.098 —0.305 0.0929 0.0542  —0.1484
3 0.223 —0.180 0.0324 0.1140  —0.0886
4 0.363 —0.040 0.0016 01792  —0.0234
5 0.471 0.068 0.0046 0.2350 0.0324
6 0.555 0.152 0.0231 0.2742 0.0716
7 0.675 0.272 0.0739 0.3482 0.1456
8 0.819 0.416 0.1730 0.4010 0.1984
£ x = 0.403 —0.008 0.5467 y = 02026  -0.0001
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Table VIb
i Yl yi- VYl (N—Til* 10~ *1
1 0.0150 —0.0001 1 0.0005
2 0.0515 0.0027 729 0.0096
3 0.1139 0.0001 1 0.0497
4 0.1827 —0.0035 1225 0.1317
5 0.2360 —0.0010 100 0.2218
6 0.2770 —0.0028 784 0.3080
7 0.3372 0.0110 12 100 0.4556
8 0.4075 —0.0065 4 225 0.6707
E 1.6208 —0.0001 19 165 1.8476
0.2688
= 0.492
0.5467
dn= 0.2026—0.492 x0.403 = 0.2026—0.1983 = 0.0043
P 1.9165x10“4 i Irt .
(sd)yX = semmmmmmmeeee = 3.194 x 10~a
(sd)@l = - N194X10 5 = 5.84x 10'5
0.5467
1.8476
(sdfdo= 5.84 x 10-5 1.35x10-*
6
Bl= 0492 + 7.65 X 10-3
Bu= 0.0043 + 3.68 x10-3 = 0.0043 + 85.5%
— = 2.03+ 3.16 X10-2= 2.03 + 155 % = nml0
Bi
since ir>]o__1 B—’\On, ie ar oo,
<,1,0 a 1
therefore,
) 1 a-B
Bi
«m,10 * 1 vn,1,0
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3.2.2. Regression analysis by taking into account five arbitrarily chosen points
(Tables Vic, (9

Table Vic
1 1 Xi Ax1 (A)1 Y1 4>i Ax{ Ayi
1 0.022 —0.420 0.1764 0.0149 —0.2077 0.0872
3 0.223 —0.219 0.0479 0.1140 —0.1086 0.0238
5 0.471 0.029 0.0008 0.2350 0.0124 0.0004
7 0.675 0.233 0.0543 0.3482 0.1256 0.0293
8 0.819 0.377 0.1421 0.4010 0.1784 0.0673
Z x = 0.442 0.000 0.4215 y = 0.2226 0.0001 0.2080
Table Vid
i Yi .y yi— y Xi
1 0.0155 -0.0006 36 0.0005
3 0.1146 -0.0006 36 0.0497
5 0.2369 -0.0019 361 0.2218
7 0.3227 0.0255 65 025 0.4556
8 0.4085 —0.0075 5625 0.6707
y 1.0982 0.0149 71 083 1.3983
0.2080
d, = 0.493
0.4215

do= 0.2226 — 0.493 xO0.442 = 0.2226 — 0.2179 = 0.0047
7.1083 x KI4

(sd)% = 2.369 X 10~4
3
2.369 x 10~4
Md = 562X 10-4
0.4215
13984
N

(sdfdo = 5.62 X 1074 1.57X1074

R, - 0.493 + 2.37 X 10~2
B, = 0.0047 £ 1.25X 10 2= 0.0047 = 266%

- 203+ 9.78x10~2= 2.03+ 4.82% = nmW

from consideration similar to the above.
As the results indicate, the monomolecular adsorption capacity values
determined by the two different methods are in excellent agreement, the
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difference of about 0.5 per cent being substantially lower than the standard
deviations. This agreement, although indirectly, indicates in itself that the n®

vs. x1excess isotherm is of type Il. It can also be seen that in the x*x.Jnl vs. xi
representation the deviation of the points falling on the curved section of the
nlvs. xlisotherm (i = 1, 2 and 3), which points cannot be taken into account

in the extrapolation method, is also within the limits of the random scatter
of the results around the line determined by the rest of the points (Fig. 3). This

(L
‘nT 10
Fig. 3. -vs.  plot for the benzene (1) - n-heptane (2) silica gel system EN]""*-
A\ ,i,0J
—0.492 + 3.81% + E T— (from 8 measured points), and = 0.493 + 15.3% Q
— 0 - O (from 5 measured points)

fact indicates that even in this range the separation constant, a, is much higher
than unity, or than . The fact that the absolute values of nm2(= — Bl — Bn)
determined by the Schay—Nagy method, and those of

! B
[, 1,0 1

B o)

obtained in the Evebett representation are very close to zero, proves unambi-
guously that the vs.  excess isotherm is indeed oftype L, This is even more
convincing if one takes into account that standard deviations are close to, or
in certain cases many times exceed 100%.

On the basis of Table VII, which summarizes the results of the calcula-
tions and lists the absolute values of the monomolecular adsorption capacity,
nmU and the specific surface area of the adsorbent, a'\ as well as their standard
deviations at statistical probability levels of 80, 90, 95 and 99%, enables one
to compare the specific surface area values obtained by the Schay—Nagy
method and by the Everett method, and to compare both with the BET
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Table VII

Deviations of the adsorption capacity

Method of No. of  nimg Statistic probability

surface area ey (mmol ?*
determination data ben- (="Ve)
zenelg) 80% 90% 95% 99%
Schay—Nagy 5 2.02 363.6 («0%: +2.19 + 3.15 + 4.25 + 7.82
Generalized 8 2.03 365.4 (sd)%: +2.24 + 303 + 381 + 578
Everett 5 2.03 365.4 (sd)%: =+7.87 +11.3 +15.3 +28.1
360
BET—N,
+5%

surface area obtained from the nitrogen gas adsorption isotherm. The agree-
ment is very good in every case. If the results of the two calculations by the
Everett method are compared, it turns out that the reduction of the number
of experimental data, particularly at higher statistical probability levels, con-
siderably increases the deviation.
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THE REACTIVITY OF
5-NITROHYDROXYHYDROQUINONE ETHERS

SYNTHESIS OF 3-SUBSTITUTED DERIVATIVES
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The formation of 6-hydroxy-3-methoxy-5-nitro-2-hydroxybenzyl alcohol methy-
lene ether affords evidence for the reactivity of the 3-position in the 1-methyl ether of
5-nitrohydroxyhydroquinone. The 3-substituted phenylthioacetic and phenylacetic
acids fail to undergo lactonization.

In a previous work [1], the behaviour of 2,4-dihydroxy-lI-methoxy-5-
nitrobenzene (1) towards chlorination, chloromethylation and Mannich con-
densation was reported. It was suggested that the products carry the new
substituent in the 3-position, and the present communication provides addi-
tional supporting evidence. This was sought, inter alia, by transformation of
the substituent to a carboxyl-containing group to find out if it is capable of
lactonization.

3-Chloro-2,4-dihydroxy-I-methoxy-5-nitrobenzene (lIl), previously ob-
tained by chlorination of I, reacts with thioglycollic acid in alkaline medium
to give 2,6-dihydroxy-3-methoxy-5-nitrophenylthioacetic acid (I11). Methyla-
tion of Il with diazomethane affected both hydroxyl groups giving 3-chloro-5-
nitro-1,2,4-trimethoxybenzene (IV). The latter compound failed to react with
thioglycollic acid, but the action of alkali caused demethylation of the group
para to the nitro group yielding 3-chloro-1,4-dimethoxy-2-hydroxy-5-nitroben-
zene (V). The structure of V was supported by its preparation from 1,4-dimeth-
oxy-2-hydroxy-5-nitrobenzene (VI) by chlorination with sulfuryl chloride. This
reagent introduced the halogen in the same position in 1,2-dimethoxy-4-
hydroxy-5-nitrobenzene (VII), and had the additional effect of demethylating
the methoxyl group para to the nitro group, giving Il.

The activity of the 3-position in | was also demonstrated by another
series of reactions starting from 2,4-dihydroxy-lI-methoxy-5-nitro-3-piperidino-
methylbenzene (VIIl) obtained by Mannich condensation [1]. Reaction with
potassium cyanide gave 3-cyanomethyl-2,4-dihydroxy-lI-methoxy-5-nitro-
benzene (IX) as the main product, in addition to bis(2,6-dihydroxy-3-methoxy-
5-nitrophenyl)methane (X) and 2,6-dihydroxy-3-methoxy-5-nitrophenylethyl

*Part I, Acta Chim. Acad. Sei. Hung. 42, 41 (1964)
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VI

acetate (XI) as by-products. Methylation of X with diazomethane gave bis(5-
nitro-2,3,6-trimethoxyphenyl)methane (XIl). The NMR spectrum of the com-
pound XII contained a singlet at b 7.51 for the hydrogen proton at C-4, a
singlet at 6 4.25 due to the two protons of the methylene group, three singlets
at b 3.92, 63.85 and b 3.72, due to the protons of the three CH30 groups
attached to C-2, C-5 and C-6. Alkaline hydrolysis of both IX and XI gave the
same 2,6-dihydroxy-3-methoxy-5-nitrophenylacetic acid (XIIl) from which an
acid chloride (XIV) was prepared; both the methyl ester (XV) and the ethyl
ester (X1) were made by the action of methanol and ethanol, respectively, on
XI1V. Treatment of XV with diazomethane afforded methyl 5-nitro-2,3,6-tri-
methoxyphenylacetate (XVI1), from which the free acid (5-nitro-2,3,6-tri-
methoxyphenylacetic acid, XVII) was obtained by saponification. These reac-
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tions are in agreement with structure Ill in showing that no lactone formation
has occurred. Moreover, the possibility of location of the acetic acid group
ortho to the nitro group was dismissed on the basis of the reaction of the two
free acids XIIl and XVII with acetic anhydride, whereby the corresponding
anhydrides, XVIII and XIX, resulted and not the acetylanthranils [2].

In an attempt to obtain 2,6-dihydroxy-I-methoxy-5-nitrobenzyl alcohol
(XX), the piperidinomethyl derivative VIII was treated with acetic anhydride,
and the product (2,6-diacetoxy-3-methoxy-5-nitrobenzyl acetate, XXI) was
saponified with alkali; surprisingly, no trace of XX resulted hut, instead, a
compound was obtained which was identical with the diphenylmethane
derivative (X). The hydrolysis of XXI with hydrochloric acid in ethyl or methyl
alcohol gave 2,6-dihydroxy-3-methoxy-5-nitrobenzyl ethyl (or methyl) ether
(XXl and XXI11). Treatment of XXI with paraformaldehyde in acidic medium
afforded a compound for which the structure of 6-hydroxy-3-methoxy-5-nitro-
2-hydroxybenzyl alcohol methylene ether (XXIV) is now proposed. The NMR
spectrum of compound XXIV has a singlet at 6 3.91 for the three protons of the
CH ;O group, two singlets at d 7.18 and b 5.41 for the two CH,, groups and two
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singlets at ©07.18 and 7.50, one for the hydrogen proton at C-4 and the other
for the (OH) proton. The reaction leading to this product provides evidence
for the reactivity Iff the 3-position in | despite the absence of ability of the

obtained o-hydroxyphenylacetic acid (XIIl) and o-hydroxyphenylthioacetic
acid (II1) to undergo lactonization.

Experimental
2,6-Dihydroxy-3-methoxy-5-nitrophenylthioacetic acid (111)

A mixture of 3-chloro-2,4-dihydroxy-l-methoxy-5-nitrobenzene (Il; 0.88 g), methanol
(20 ml), aqueous sodium hydroxide solution (5%, 20 ml) and thioglycollic acid (80%, 1.2 ml)
were refluxed on a steam bath for 4 hrs. The reaction mixture was concentrated to half its
volume, cooled and acidified with dilute hydrochloric acid. The precipitate was filtered off
and crystallized from methanol; if only a little or no precipitate was formed, the acidic solution
was extracted with chloroform, dried, evaporated to dryness and the residue crystallized from
methanol to give Il m.p. 196 °C; yield, 95%.

COHINO-S (275.23). Caled. C 39.29; H3.27; N 5.09; S 11.67.
Found C 39.22; H 3.40; N 4.87; S 12.15%.

3-Chloro-5-nitro-l,2,4-trimethoxybenzene (1V)

An ethereal solution of diazomethane, prepared from nitrosomethylurea (2 g), was
added to 3-chloro-2,4-dihydroxy-l-methoxy-5-nitrobenzene (Il; 0.88 g) suspended in ether.
The mixture was allowed to stand 2 hrs at room temperature and then kept overnight in a
refrigerator. After evaporation of the ether, the residue was crystallized from methanol to
give 1V (0.9 g) m.p. 104 °C.

CI9H10CINO5(247.63). Calcd. C 43.63; H 4.04; Cl 14.34.
Found C 43.28;H 4.04; Cl 13.67%.

3-Chloro-l,4-dinielhoxy-2-hydroxy-5-nitrobenzene (V)

(a) A solution of the chloronitrotrimethoxybenzene (IV, 1 g) and potassium hydroxide
(4 g) in methanol (50 ml) was refluxed on a steam bath for 2 hrs. The solution was concen-
trated and diluted with water, filtered from any unreacted material, and acidified with hydro-
chloric acid. The resulting precipitate was collected by filtration and crystallized from methanol
to give V (0.6 g) m.p. 154 °C.
C8H8N 05 (233.61). Calcd. C 41.12; H 3.45.
Found C 41.19; H 3.60%.
(b) To asuspension of I,4-dimethoxy-2-hydroxy-5-nitrobenzene (VI, 0.5 g) in dry ether
(20 ml), freshly distilled sulfuryl chloride (2 ml) was added. The mixture was refluxed gently
on a steam bath for 2 hrs. The solvent was evaporated and the residue was recrystallized
from methanol to give V in quantitative yield, m.p. 154 °C.

3-Chloro-2,4-diliydroxy-I-iiiethoxy-5-nitrobenzenc (I1)

I,2-Dimethoxy-4-hydroxy-5-nitrobenzene (VII) was treated with sulfuryl chloride as
described above to give Il in quantitative yield, m.p. 190 °C. Mixed melting point determina-
tion with an authentic sample gave no depression.

Action of potassium cyanide on 2,4-dihydroxy-I-inethoxy-5-nitro-3-piperidinomethylbenzene

A mixture of 2,4-dihydroxy-I-methoxy-5-nitro-3-piperidino-methylbenzene (VIII,
11.5 g), ethyl alcohol (120 ml) and a solution of potassium cyanide (15 g) in water (20 ml)
was heated and stirred under reflux for 8 hrs. The reaction mixture was concentrated to half
of its volume, diluted with water, and acidified with hydrochloric acid. The resulting precipi-
tate was filtered off and treated with boiling ethanol to leave an alcohol-insoluble material
(0.46 g), which was bis(2,6-dihydroxy-3-methoxy-5-nitrophenyl)methane (X), m.p. 275 °C
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(decomp.; from dioxan). The alcohol-soluble part was concentrated and cooled to give 3-cyano-
methyl-l,4-dihydroxy-lI-methoxy-5-nitrobenzene (I1X; 3.9 g), m.p. 216 °C (from alcohol). The
mother liguor was diluted with water, when 2,6-dihydroxy-3-methoxy-5-nitrophenylethyl
acetate (XI; 3.1 g) separated; m.p. 185 °C (from aqueous ethanol).

Compound X:  ~15Hi4N2010  (382.28). Calecd. C 47.12; H 3.69; N 7.32.
Found C 47.51; H 4.06; N 7.38%.

Compound IX: c% 81205 (224.17). Calcd. C 48.22; H 3.57; N 12.55.
Found C 48.33; H 3.66; N 11.99%

Compound XI: c,,h13no7 (271.22). Caled. C 48.71: H 4.79; N 5.16.
Found C 48.98: H 4.98; N 5.13%.

Bis(5-nitro-2,3,6-trimethoxyphenyl)methane (XI1)

A sample of X (0.5 g) was methylated with diazomethane as described above for 1Y.
XIl was obtained and had m.p. 135— 6 °C (from methanol).
CI1H,,,,N2010 (649.55). Calcd. C 52.05; H 5.06: N 6.39.
Found C 52.65; H 5.16; N 7.21%.

2.6- Dihydroxy-3-methoxy-5-nitrophenylacetic acid (XI11)

The 3-cyanomethyl derivative (IX; 6.7 g) or the ethyl acetate derivative (XI; 8.1 g)
was added to a 20% solution of potassium hydroxide (15 ml) in ethanol (10 ml). The mixture
was refluxed for 8 hrs. After evaporation of most of the alcohol, the cooled solution was acidified
with dilute hydrochloric acid. XIII precipitated; it was filtered off, washed with a little cold
water, dried and crystallized from ethyl acetate; the product had m.p. 233—4 °C, yield 80—
95%.

CI9H7N 07 (241.15) Calcd. C 44.44; H 3.7.
Found C 44.46; H 3.9%.

2.6- Dihydroxy-3-methoxy-5-nitrophenylacetic acid methyl (or ethyl) ester (XV and XI)

To a suspension of XIIl (0.78 g) in carbon disulfide (30 ml), thionyl chloride (3 ml)
was added. The mixture was heated under reflux until XIIl completely dissolved. The solution
was then evaporated to dryness in vacuum to leave the acid chloride XIV, which was directly
converted to the esters XIV and XI by crystallization from methyl or ethyl alcohol. XI had
m.p. 185 °C and it was identical with the compound prepared previously. Compound XV
melted at 190 °C.

CI10HNn NO7 (257.2). Calcd. C 46.92; H 4.31.
Found C 46.88; H 4.40%.

Methyl 5-nitro-2,3,6-trimethoxyphenylaeetate (XVI)

An ethereal solution of diazomethane prepared from nitrosomethylurea (4 g) was added
to X1 (or XV) (0.5 g) suspended in dry ether (10 ml). The mixture was stored in a refrigerator
overnight. After evaporation of the ether, the residue was crystallized from aqueous methanol
to give XVI in 85% yield; m.p. 50 °C.

CI2H15N 07 (285.25). Caled. C 50.52; H 5.30.
Found C 50.48; H 5.37%.
5-Nitro-2,3,6-trimethoxyphenylacetic acid (XVII)

The above ester (XVI; 0.5 g) was saponified for a day at room temperature with a 5%
aqueous solution of potassium hydroxide (10 ml) containing few drops of alcohol. The resulting
clear solution was then acidified with dilute HC1. The free acid XVII separated as crystals;
m.p. 134 °C (from benzene—petroleum ether); the yield was nearly quantitative.

CnHI3NO, (271.22). Calcd. C 48.71; H 4.8; N 5.16.
Found C 48.53; H 5.0; N 5.13%.
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Bis(2,6-diacetoxy-3-niethoxy-5-nitrophenylacetic) anhydride (XVIII)

2,6-Dihydroxy-3-methoxy-5-nitrophenylacetic acid (XIII; 0.5 g) was refluxed with
excess acetic anhydride (15 ml) for 2 hrs. After removal of the reagent in vacuum, XVIII
separated and it was crystallized from ethyl acetate to obtain 0.3 g, m.p. 207 °C.

C,,H.4AN.,017 (636.47). Calcd. C 49.21; H 3.77; N 4.40.
Found C 49.17; H 3.68; N 4.18%.

Bis (5-nitro-2,3,6-trimethoxyphenylacetic) anhydride (XI1X)

Compound XVII (0.5 g) was treated in the same manner as described above. XIX
was then crystallized from benzene—petroleum ether to obtain 0.36 g, m.p. 125 °C.

C2H2N,,013 (522.42). Caled. C 50.37; H 4.58; N 5.34.
Found C 50.15; H 4.65; N 5.0%.

2,6-Diacetoxy-3-methoxy-5-nitrobenzyl acetate (XXI)

A mixture of 2,4-dihydroxy-lI-methoxy-5-nitro-3-piperidinomethylbenzene (VIII; 2 g),
sodium acetate (0.2 g) and acetic anhydride (10 ml) was refluxed for 2 hrs. The reaction mixture
was evaporated and the residue recrystallized from ethyl acetate to give XXI (1.45 g). Recrystal-
lization from benzene—petroleum ether gave m.p. 114 °C.

CHH 151MD9 (341.24). Caled. C 49.56; H 4.40.
Found C 49.59; H 4.58%.

Alkaline hydrolysis of XXI

Compound XXI (0.5 g) was treated with a 20% aqueous sodium hydroxide solution
(10 ml) for 24 hrs at room temperature. The solution was then filtered and acidified with
dilute hydrochloric acid, the resulting precipitate was filtered off, washed with water, dried
and crystallized from dioxan ethanol to give X (0.2 g) m.p. 275 °C (decomp.).

2,6-Dihydroxy-3-methoxy-5-nitrobenzyl ethyl (or methyl) ether (XXII and XXIII)

Compound XXI (0.5 g) was dissolved in the appropriate alcohol (ethanol or methanol)
and the solution was treated with 1 ml of cone. HCL. The mixture was then refluxed on a steam
bath for 1 hr. After evaporation of the solvent, the residue was dissolved in benzene,
filtered from the impurities and then petroleum ether was added to the filtrate. On cooling,
a crystalline substance (XXII or XXIII, according to the alcohol used) was obtained in satis-
factory yield. The ethyl ether (XXI1) had m.p. 130 °C.

C10H 13NOp (243.21). Calecd. C 49.50; H 5.35.
Found C 49.32; H 5.52%.
The methyl ether (XXIV) melted at 117 °C (lit. (1) m.p. 117 °C).

6-Hydroxy-3-methoxy-5-nitro-2-hydroxybenzyl alcohol methylene ether (XXIV)

A mixture of the triacetate XXI (0.5 g), acetic acid (10 ml), cone. HC1 (3 ml) and para-
formaldehyde (0.2 g) was refluxed for 3 hrs. The mixture was evaporated under reduced pres-
sure to dryness, and the residue crystallized from methanol to give XXIV (0.39 g). A second
recrystallization from dioxan-alcohol (1:8) gave an a analytical sample, m.p. 192—3 °C.

COHOINOY (227.17). Caled. C 47.58; H 3.99; H 6.17.
Found C 47.65; H 4.13; N 6.28%.

The authors’ thanks are expressed to Mr. Maher El-Soekary, Petroleum Depart-
ment, for the NMR analyses.
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Twelve new alkyl esters of I,3,4-thiadiazol-(5-methyl-1,3,4-thiadiazol or 5-tri-
fluoromethyl-1,3,4-thiadiazol)-2-yl dithiocarbamic acid were synthesized, where the
alkyl group is methyl, ethyl, n-propyl or carbethoxymethyl. The compounds were
prepared to be tested for their fungicidal activity.

It is well known that dithiocarbamates are active against fungi, especially
human dermatophytes [1]. Several compounds containing the dithiocarbamate
group have been synthesized [2, 3] and the mechanism of their fungicidal
action [4] as well as their structure-activity relationship studied [5, 6].

On the other hand it has been reported that compounds containing sulfur
as a member of the ring have antifungal activity. Among such sulfur-containing
nuclei are thiazoles [7], benzothiazoles [8], 1,2,4-dithiazoles [9], 1,2,4- [10]
and 1,3,4-thiadiazoles [11, 12], benzothiadiazoles [13] and 1,3,4-oxathiazoles
[14]. More recently salts and esters of I|,3-thiazol-2-yl dithiocarbamic acid
were synthesized and described to have fungicidal activity against phyto-
phthora and piricularia [15,16]. Thus the idea of synthesizing some compounds
containing both the thiadiazole ring and the dithiocarbamate moiety seem-
ed reasonable in the hope that these compounds may have fungicidal prop-
erties.

The compounds were synthesized via the following route:

N —N
N \ cs,/Koll ' \ RX / N" N4
ky \ s'N nh2 bomr ' R’ g~"NHZC <§K Meoll R/™\ sA NHCng.
I-111 1V-VI VI XVIII

(R=H, CH.,, CF3; R=CH3 C,H5 n-C3H7 or CH,COX2HY)

This route is similar to the method described in the recent literature [16] with
slight modification in the process of separation of the products. The antifungal
testing of these new compounds is in progress.
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Groups R,R', percentage yields, the melting points and microanalytical data of the prod ucts are given in the following table

Comp.
No.
VIl

VI

Xl
XIl
X1
X1V
XV
XVI
XVII

XVI

CH3

CH3

CH3

CH3

CF3

CF3

CF3

CF3

R

CH3

C.,H5

C3H,

CH2CO,CH5

CH3

C2H5

C3H,

CH2C02CHs

CHS

CH3

C3H7

CH2COX2H5

Yield

85

87

90

85

85

90

90

85

85

88

90

87

Table 1

M.p.,
°c

189-91

165-7

172-4

162-4

195-7

159-61

160-1

144.5-5.5

224-6

203-4.5

199-201

149-51

Molecular formula

cdh5n 33

cbh n 33

c,h9n 33

CTHIND 5j

c3hn 33

cOh 9 33

CiHuN3S3

c8hun 3023

c3h 4F3n 33

CBHFEINS3

CMH8F3N 33

CsHgFijN§OgSy

Microanalyeis
()
Calcd. 25.11
Found 25.46
Calcd. 29.25
Found 29.24
Calcd. 32.85
Found 32.94
Calcd. 31.92
Found 31.80
Calcd. 29.25
Found 29.20
Calcd. 32.85
Found 32.84
Calcd. 36.02
Found 35.87
Calcd. 34.64
Found 34.50
Calcd. 23.16
Found 23.05
Calcd. 26.36
Found 26.22
Calcd. 29.26
Found 29.03
Calcd. 29.89
Found 29.67

H%

2.64
2.90
3.44
3.60
4.15
4.30
3.45
3.56
3.44
3.51
4.15
4.20
4.76
4.90
4.01
4.20
1.59
1.93
2.22
2.05
281
2.96
251
2.70

N%o

21.87
21.94
20.47
20.42
19.16
19.43
15.95
16.10
20.47
20.31
19.16
19.28
18.00
18.35
15.15
14.99
16.21
16.60
15.38
15.70
14.63
15.18
13.08
12.90
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Experimental

All m.p.-s are uncorrected.

Potassium 1,3,4-thiadiazol-(5-methyl-1,3,4-thiadiazol or 5-trifluoro-nicthyl-1,3,4-thiadiazol)2-yl
dithiocarbamates (IV—V1)

0.05 mole of 2-amino-l,3,4-thiadiazole (2-amino-5-methyl- or 2-amino-5-trifluoro-
methyl-1,3,4-thiadiazole) (I—111) was dissolved in 30 ini dimetliylfformamide. To this solution
there was added 2.85 g potassium hydroxide followed by the gradual addition of 3 ml carbon
disulfide during 15 min so that the temperature of the reaction mixture did not rise above
35 °C; it was then allowed to stand 1 hr. Chloroform was added gradually with shaking, and
the yellowish crystals of the potassium salt that separated were filtered off and washed with
chloroform.

Group R, the melting points and the percentage yields of the products are listed below:

Comp. No. R M.p., °C Yield, %
1\ H 246—50° (decomp.) 88
\% CH3 215—20° (decomp.) 85
Vi CF3 240—45° (decomp.) 85

Esters of 1,3,4-thiarfiazol-(5-methyl-1,3,4-thiadiazol or 5-trifluoro-methyl-1,3,4,thiadiazol)-2-yl
dithioearbamie acid (VII—XVIII)

0.005 mole of the potassium 1,3,4-thiadiazol-(5-methyl-1,3,4-thiadiazol or 5-trifluoro-
methyl-1,3,4-thiadiazol)-2-yl dithiocarbamate (IV—VI) was refluxed with 20 ml absolute
methanol and then 0.006 mole of an alkyl halide (CH3I, C2H5Br, n-C3H7Br or CICACOjCjHj)
was added gradually. The reaction mixture was refluxed for 5—10 min, poured on excess

water and the precipitate that separated was filtered off; it was washed with water and recrys-
tallized from aqueous alcohol.
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OF AMIDOALKYLATION INVOLVING CYCLIZATION
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Kinetic studies were carried out on the reactions of phenylacetonitriles and
phenylacetic amides carrying alkyl substitucnt(s) in the a-position with benzaldehyde,
in polyphosphoric acid, yielding 4-alkyl-lI-phenyl-1,4-dihydro-3(2Jf)-isoquinolinones.
IR spectrometric and gas chromatographic methods were used for concentration deter-
mination. It has been found that the space requirement of the alkyl substituent(s)
has a considerable influence on the reaction rate. Comparison of the constants and the
half-life periods indicate that the hydration of nitriles and the cyclization reactions
probably proceed by similar mechanisms.

Of the heterocyclic carbonyl compounds, lactamtype derivatives of
quinoline and isoquinoline have been relatively little investigated so far. The
compounds can be classified into three types, according to the position of the
nitrogen and oxygen atoms in the ring: 3,4-dihydro-2(IH)-quinolinone (hydro-
carbostyril), 3,4-dihydro-I(2if)-isoquinolinone (hydroisocarbostyril) and 1,4-
dihydro-3(2H)-isoquinolinone. In the literature there are almost no data in
connection with the last compound; its 1l-aryl derivatives were successfully
prepared [1] by the reaction of aromatic aldehydes with arylacetonitriles in
polyphosphoric acid (PPA) medium. When this reaction was extended to the
synthesis of derivatives carrying alkyl substituent(s) in position 4, the reaction
conditions required (time, temperature) were found to be strongly dependent
on the number and nature (straight- or branched-chain structure) of the alkyl
groups. Since investigations on the hydration of nitriles in PPA led to similar
observations, kinetic studies seemed to be promising. Therefore, in the present
work such studies were carried out on the hydration of nitriles and the pre-
paration of isoquinolinone from the nitrile or acid amide; the comparison
of the Kkinetic curves and the rate constants was expected to yield infor-
mation on the mechanism of the amidoalkylation reaction involving cycli-
zation.

According to former investigations [1], the synthesis of the parent sub-
stance and certain derivatives substituted in the nucleus can be carried out
starting with either the aromatic nitrile or acid amide:
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CeHSCH2CN  +  ArCHO
CHXCHZONH2 + ArOHO

In the course of the reaction, benzyl cyanide is assumed to produce an
intermediate ion (denoted by 1) stabilized by charge delocalization; it is then
converted into the end-product in an aromatic SE reaction:

H?2

(HP = polyphosphoric acid)

W hen starting from the acid amide, benzylidene-bis-(phenylacetamide)
is formed first, and this yields the end-product through an intermediate ionic
state similar to I:

NHCOCHzCfiHs

i S
CeH&CH -

NHCOCH&C'eHs

Considering that, according to our results, conversion of the bis-amide
into the product is such a rapid reaction that no bis-amide can be detected in
the reaction mixture, the determination of the following compounds in the
presence of one another was necessary in the kinetic studies planned.

Starting material(s) Compound to he determined
Nitrile Nitrile

Nitrile -|- aldehyde Nitrile, aldehyde and product

Acid amide -f- aldehyde Aldehyde product

The first task was the development of suitable analytical methods.

Nitriles and aldehydes were successfully determined quantitatively by
means of gas chromatography. The sample taken from the polyphosphoric
acid solution was made neutral with 2% sodium hydroxide, then the aldehyde
and nitrile were separated from the rest by steam distillation. Since autooxi-
dation of benzaldehyde under the conditions of the distillation would cause a

Acta Chim. (Budapest) 76, 1973



DEAK et al.: KINETIC STUDIES 301

large error, a few crystals of hydroquinone were added to the solution to be
distilled, and the operation was carried out in nitrogen atmosphere. The end
of the distillation was decided by treating one droplet of the distillate with
iodine vapours on a glass plate coated with a Kieselgel layer. When no dark
spot was observed, the distillation was finished. The aqueous distillate was
repeatedly extracted with chloroform, the combined extracts were dried and
examined by gas chromatography. Calibration curves were used for quanti-
tative determination. In order to check the reliability of the method, the
starting materials and the product were dissolved in polyphosphoric acid in
amounts corresponding to different stages of the progress of the reaction, and
gas chromatographic analysis was accomplished after the isolation procedure
applied. On the basis of these investigations the method seemed to be satis-
factory for the present purposes.

A solid residue was obtained in the distilling flask after the steam distil-
lation; this consisted of the product, the by-product (acid amide) and an
inorganic salt. The solution containing a precipitate was made alkaline (pH 9),
then cooled to —20 °C for 3 hr, the solid was filtered off and dried; it was then
suitable for the determination of the isoquinolinone content. IR spectroscopy
was selected for this determination. The IR spectra of I-phenyl-l,4-dihydro-
3(2fi)-isoquinolinone (Spectrum 1) and phenylacetamide (Spectrum 2) were
compared and the bands at 1320 cm-1 and 1355 cm“1were found to be suit-
able for differentiating between the two compounds, since these bands are ab-
sent from the spectrum of phenylacetamide. Differences exist, of course in the
700—600 cm 1range, too, but the bands in this interval do not seem suitable for
quantitative analytical purposes. Although the Amide | band appears at 1670
cm-1 and 1645 cm-1 in the spectra of the isoquinolinone derivative and phe-
nylacetamide, respectively, the bands are too broad and cannot be used for
quantitative determination of the two compounds in the presence of each other.

Microns
25 3.0 35 4.0 5.0 &0 70 8.0 1Q0 120 16.0
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Spectrum 3 was recorded on a 50—50% (w/w) mixture of the isoquinoli-
none derivative and phenylacetamide.

In this spectrum the bands most characteristic of the isoquinolinone
and of phenylacetamide are those appearing at 1320, 1350, 1400, 1485, 1665
cm-1 and 1420, 1640 cm -1, respectively.

Spectrum 4 is the infrared spectrum of an experimental sample. The
reaction was carried out between benzyl cyanide and benzaldehyde in poly-
phosphoric acid (1 : 1.5) at 70 °C for 120 min.

Microns

Spectrum 2. IR spectrum of phenylacetamide (in KBr)

Spectrum 3. IR spectrum of a 1:1mixture of J-phenyl-1,4-dihydro-.'l(2ff)-isoquinolinone and
phenylacetamide (in KBr)
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Microns

Spectrum 4. IR spectrum of the product of the reaction of benzaldehyde and benzyl cyanide
in PPA (in KBr)

Comparing Spectra 4 and 3, it is striking that the hands characteristic
of the isoquinolinone derivative (1665, 1485, 1400, 1350 and 1320 cm-1) are
the stronger ones, in accordance with the preparative experiments.

In the further work, the hand appearing at 1350 cm-1 was used for the
determination of the isoquinolinone derivative content of the samples, using
a calibration diagram.

As mentioned in the introductory part, the hydration of benzyl cyanide
derivatives carrying alkyl substituent(s) in the a-position, accomplished in
polyphosphoric acid, and the reaction with benzaldehyde of nitriles and of
the acid amides obtained from them were investigated. For these measure-
ments the preparation of the following nitriles and acid amides was required:

CBHEC(R',R2X
X = CN or CONH2

R1 R* Name

H H Benzyl cyanide

H CH,, a-|)henylpropionic nitrile (amide)

CH3 CH3 a-phenylisobutyric nitrile (amide)

H iPr a-phenylisovaleric nitrile (amide)

ch3 iPr a-phenyl-a-methylisovaleric nitrile (amide)
H nBu a-phenylcaproic nitrile (amide)
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Two methods were used for the preparation of the phenylacetonitriles
substituted in the a-position. a-Phenylpropiononitrile was prepared according
to the method of Makosza [2] using methyl iodide for alkylation in the pres-
ence of benzyltriethylammonium chloride which prevents disubstitution. The
other nitriles were obtained as described by Taranko [3], in dimethyl sulf-
oxide solution.

Hydrogen peroxide hydration of the nitriles was attempted in order to
prepare the acid amides. This proved to be successful except for the case of
a-plienyl-a-methylisovaleramide; the nitrile corresponding to this com-
pound could not be hydrated with either hydrogen peroxide or in polyphosphor-
ic acid medium, even if rather vigorous conditions were applied. The reactions
of the other nitriles were effected under identical conditions. The highest yield
(71%) was obtained for a-phenylpropionamide, the lowest (35%) for a-
phenylisobutyramide which has two methyl substituents in the a-position.

a-Phenylisovaleramide carrying only one alkyl substituent in the o
position, as well as the hexanamide could be prepared in higher yields (41%
and 49%, respectively).

Comparing the IR spectra of the acid amides and the isoquinolinone
derivatives prepared from them (Spectra 5— 14), the following bands were
found to be suitable for quantitative measurements:

I-phenyl-l,4-dihydro-4-methyl-3(2f/)-isoquinolinone 1355 cm-1
I-phenyl-1,4-dihydro-4,4-dimethyl-3(2H)-

isoquinolinone 1350 cm “1
I-phenyl-1,4-dihydro-4-isopropyl-3(2H)-

isoquinolinone 1285 cm-1
4-butyl- 1-phenyl-1,4-dihydro-3(2H)-

isoquinolinone 1360 cm-1

In the case of I-phenyl-l,4-dihydro-4-isopropyl-4-methyl-3(2H)-isoquinolinone
the method could not be applied, since no band undisturbed by that of the
corresponding amide could be found in the spectrum.

In order to check the method, 1:1 mixture were prepared from the
amide—tactam pairs, and the lactam contents were determined from the IR
spectra. Although the error of the method is relatively high (3—5%) as com-
pared with other analytical procedures, it seemed satisfactory for the present
purpose.
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Spectrum 5. IR spectrum of a-phenylpropiouamide (in KBr)
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Spectrum 6. IR spectrum of a-phenylisobutyrainide (in KBr)
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Spectrum 7. IR spectrum of a-phenylisovaleramide (in KBr)

Spectrum 8. IR spectrum of a-phenyl-a-methylisovaleramide (in KBr)
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Spectrum 9. IR spectrum of a-phenylhexanamide (iu KBr)
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spectrum 10. IR spectrum of 1-phenyl-1,4-dihydro-4-methyl-3(2iT)-isoquinolinone (in KBr)
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spectrum 12. IR spectrum of 1-phenyl-1,4-dihydro-4-isopropyl-3(2fT)-isoquinolinone (in KBr)

80¢€

S31ANLS J1LINIM e )9 My3ad



(1sadepng) ‘wiyd eV

€L6T ‘9L

Spectrum 13. IR spectrum of 1-phenyl-1,4-dihydro-Il-isopropyl-t-methy1-3(2Z/)-isoquinolinone (in KBr)

spectrum 14. IR spectrum of 4-butyl-I-phenyl-1,4-dihydro-3(2H)-isoquinolinone (in KBr)

“le )0 My3a

S31ANLS JIL3NIA

60€



310 DEAK et al.: KINETIC STUDIES

Kinetic measurements

The kinetic measurements were made under standard conditions (100 °C,
in polyphosphoric acid of 1 : 1 composition, nitrogen stream). For easier com-
parison of the results, 1 :1 mole ratios of the nitrile : aldehyde and amide :
aldehyde were used, at nearly identical mole/l concentrations.

Each experimental series was repeated, and in the case of satisfactory
agreement the results of the parallel measurements were plotted on the same
concentration (c) vs. time (t) diagram. The curves constructed in this way
were used in the calculation of the kinetic parameters.

In the first series the hydration of nitriles was studied (see Fig. 1 for
the parent compound). In the measurement of the rate of hydration, the reac-

Fig. 1. Reaction of benzyl cyanide in PPA at 100 °C; Co=1.09xI10 3 mole/g

tion was supposed to follow first-order kinetics. This assumption seems to he
confirmed by the fact that graphical representation of the In c values as a
function of time gave a linear relationship for all nitriles (see Fig. 2 for
the parent compound). The rate constants calculated from the slope of the
lines are summarized in Table I.

According to the measurements, hydration brought about by PPA is a
time-reaction. It is known that earlier the hydration of nitriles catalyzed by
mineral acids was represented by the following scheme:

R—C=N + HC1 R—C=NH R—C=NH OHR—C=0
| | |
Cl OH NH,

In the former scheme the slowest, rate-determining step would be the rupture
of the carbon-halogen bond. Recently, Oran et al. [4] have shown that the
following salt-like compound

©
R—C=N + HCl1*>* R—C=NHCI1Q
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Table |

Hydration of nitriles to amides in 1 :1 polyphosphoric acid at 100 °C

Nitrile kt 302 HalT-life,
Benzyl cyanide 2.63 26.0
a-Phenylpropiononitrile 2.00 34.5
a-Phenylisobutyronitrile 1.80 36.0
a-Phenylisovaleronitrile 1.64 42.0
a-Phenyl-a-metbylisovaleronitrile 0.25 240.0
a-Phenylhexanenitrile insoluble

is formed under the experimental conditions applied by them. This salt-like
compound would then yield the amide with water in the rate-determining

slow step:
R—C ®NH + H,0 — »RCONH2+ H®

Thus, if such a salt-like compound were formed also with PPA, the slow step
would be the reaction with water in this case, too, since protonation is an instan-
taneous reaction. This is inconsistent, however, with the fact that the reaction
of the PPA solution with ice-water yields the amide immediately. Still it can
be supposed that the nitrile and PPA (which has acid anhydride character)
give compound b shown in the following scheme:
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0 0 0
1 ] 1
R-ChhN+ HO - p 0o p- O-P-OH
1 1 1
OH L OH OH
0 o -l 0
© © 1 i
RC= NH O- P- O-P -OP-0H
1 1
OH OH Ji OH
«)
-c= NH
0 0
1 1
O-P- -0 -P- -0 -P-OH
1 1
OH OH n OH
b)

Formally, compound b can be regarded as the imino derivative of the
mixed anhydride of the corresponding RCOOH carboxylic acid and poly-

phosphoric acid, which, in accordance with its anhydride character, can rapidly
react with water:

R —C=NH
0 r 0 1 O
1 1 1 4H,0
O-P- -0-P- -0 P OH R—CONHo + (n  2)H3P04
OH OH-n OH

b)

According to the former statements, the rate-determining step can only
be the formation of compound b, since the latter should rapidly transform into
the product when acted upon by water.

The rate constants obtained for the nitriles well agree with the results
of the preparative experiments, namely, that the alkyl groups in the a-position
may have a considerable influence on the rate of the reaction.

The reaction takes place most readily with non-substituted benzyl
cyanide; a somewhat lower rate is observed with the derivatives carrying
methyl, dimethyl or isopropyl substituents in the a-position. A significant
change appears in the case of a-phenyl-a-methylisovalerionitrile, since its
conversion is very low even in 360 min.

On the basis of the rate constants and half-life periods, the following order
is obtained for the reactivity of nitriles: benzyl cyanide > a-phenylpropio-
nitrile ~ a-phenylisobutyronitrile ~ a-phenylisovaleronitrile a-phenyl-a-
methylisovaleronitrile.
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On the basis of the mechanism outlined above, the rate-determining
step of the reaction is the formation of a carbon-oxygen bond. This means that
the P~ anion (HP = polyphosphoric acid) has to approach the carbon atom
of the nitrile group of benzyl cyanide. During the establishment of the bond,
the state of hybridization and, together with this, the valence orientation of
this C atom is altered; the sp hybrid transforms into an sp2hybride. It can be
supposed that the presence of alkyl groups in the a-position, particularly the
simultaneous presence of isopropyl and methyl, affect unfavourably both the
accessibility of the carbon atom and the change of the valence angle. In other
words, the activation energy of the reaction is increased. An examination of
the Stuart-Briglieb models of the compounds supports this hypothesis: proxi-
mity of the groups having great space requirements makes the actual part of
the molecule very crowded, the carbon atom of the nitrile group is greatly
hindered, and the cyanoalkyl group practically cannot rotate.

In the next measurement series the condensation reaction between nitri-
les and benzaldehyde was studied measuring the variation in the concentrations
of the starting materials (nitrile, aldehyde) and of the product (lactam).
In Figs 3 and 4 the data of the reactions taking place with benzyl cyanide
and its derivative carrying an isopropyl substituent in the a-position, are
shown; kinetic curves of similar character were obtained with the other nitriles,
too.

In PPA the hydration of nitriles should also be taken into account in
addition to the reaction of the nitrile with benzaldehyde; thus two simulta-
neous reactions take place, and therefore the results of measurement cannot
be used for the calculation of rate constants. Consequently, the kinetic curves
were evaluated only qualitatively and the half-life periods were determined
from the curves (Table I1).

The kinetic curves and half-life periods clearly show that nitriles always
react more rapidly than benzaldehyde does. This can be attributed to the
occurrence of two simultaneous reactions.

A comparison of the data in Table Il and | gives the same result: the
nitrile is consumed faster in the presence of benzaldehyde than in its absence.
The order of the half-life periods of the nitriles is essentially identical with
that obtained in the ease of hydration; a-methyl-a-phenylisovaleronitrile
reacts again very slowly. This indicates that the rate-determining step in the
hydration and condensation reactions of nitriles depends on the substituent
in the a-position in an identical way.

Since, according to the preparative experiments, acid amides also react
with benzaldehyde, the possibility of a consecutive reaction between the acid
amide (or its precursor) formed from a nitrile and benzaldehyde should also be
taken into account. If the rate of this reaction is not higher than that of the
main reaction, it has no disturbing effect. Therefore, the reactions of benz-
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Fig. 3. Reaction of benzyl cyanide and benzaldehyde in PPA at 100°C
O benzyl cyanide, C0=1.18x10 ~3 mole/g
0 benzaldehye Co=1.04x10~3 molelg
O I-phenyl-l,4-dihydro-3(2H)-isoquinolinone

Fig. 4. Reaction of a-phenylisovaleronitrile and benzaldehyde in PPA at 100°C
0 a-phenylisovaleronitrile, C0=1.07x 10_3mole/g
4 benzaldehyde, CO= 1.11 X10“3 mole/g
O I-phenyl-l,4-dihydro-4-isopropyl-3(2H)-isoquinolinone

aldehyde with the acid amides formed from the nitriles were also investigated.
In these experiments the benzaldehyde consumption and the formation of the
isoquinoline derivative were measured. Since, as mentioned above, the accu-
racy of the determination of the concentration of isoquinolinone (IR spectro-
scopic method) is lower than that of the gas-chromatographic measurements
applied for benzaldehyde, the scattering of the points regarding the former is
greater, but still significant.
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Table 11
Reaction of nitriles and benzaldehyde in 1 :1 polyphosphoric acid at 100 °C

Half-life periods
Nitrile

Benzalde- Nitrile Isoquin-

hyde T,/2, min olinone
Benzyl cyanide 24 19 40
a-Phenylpiopionitrile 36 28 42
a-Phenylisobutyronitrile 41 32 48
a-Phenylisovalcronitrile 44 37 83

a-Phenyl-a-methylisovaleronitrile 320 216 "

* Not measured in lack of a suitable analytical method.

In Figs 5 and 6 the data regarding the condensation of phenylacetamide
and a-phenylisovaleramide with benzaldehyde are shown.

The reaction of a-phenylhexanamide could also he studied, since in
this case solubility problems did not occur.

Since only one reaction is to be considered in this case, the determina-
tion of the kinetic order of the reaction and the rate constants was attempted.
On the basis of theoretical considerations, a second-order reaction was assumed;
the plot of the reciprocal value of the concentrations as a function of time gave
a straight line (for the reaction of a-phenylhexanamide, see Fig. 7).

The rate constants calculated from the correlation 1/c = kx + |l/c, are

listed in Table III.

Fig. 5. Reaction of phenylacetamide and benzaldehyde in PPA at 100°C
4 benzaldehyde, C0=1.13x10 -3 molelg
O I-phenyl-l,4dihydro-3(2H)-isoquinolinone

Acta Chim. (Budapest) 76, 1973



316 DEAK et al.: KINETIC STUDIES

Fig. 6. Reaction of a-phenylhexanamide in PPA at 100°C
4 benzaldehyde, Co=0.97xH0 _3 mole/g
0O 4-butyl-1-phenyl-1 klihydro-3(2//)-isoquinolinone

It can be seen from the table that the order of the rate constants is
identical with that obtained in the hydration of nitriles and in the reaction of
nitriles with benzaldehyde. It is interesting to point out the significant effect
exerted by the a-butyl group on the reactivity of the acid amide group. Com-
parirg the data in Tables Il and IIl, it can be seen that the amide reacts
somewhat more rapidly than the corresponding nitrile, but this difference in
the rates can be neglected in evaluating the reaction of nitriles.

Comparing the rate constants and half-life periods of the three reactions
(i.e., hydration of nitriles, and the reactions with benzaldehyde of nitriles
and acid amides), it can be supposed that the reactions proceed by analogous
mechanisms.

Table 111

Reaction of phenylacetamide and its derivatives substituted in the 1-position with
benzaldehyde in 1:1 PPA at 100 °C

Acid amide T of lt-r'lagf_flin]:eide

g/mole *min T2 min
Phenylacetamide 30.4 36
a-Phenylpropionamide 29.6 38
a-Phenylisobutyramide 24.5 43
a-Phenylisovaleramide 22.5 43
a-Phenylhexanamide 18.0 49
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Fig. 7. Reaction of a-phenylhexanamide and benzaldehyde in PPA at 100°C

Experimental
a) Materials

The nitriles were prepared according to the methods of Makosza [2] and Taranko [3];
elemental analysis, IR spectra and gas chromatography were used for checking their purity.

The amides were synthesized as described by Vasiliu [5]; the respective nitrile was
hydrated in the presence of H2 2 in alcoholic solution at pH 8.

The synthesis of isoquinolinone derivatives will be published in a forthcoming paper [6].

Polyphosphoric acid was also prepared by us by mixing phosphorus pentoxide and
85% phosphoric acid in 1:1 weight ratio and heating the mixture to 100 °C for 4 hr, with
stirring; moisture should be carefully excluded.

b) Kinetic measurements

The reactions were carried out in a cylindrical glass apparatus (Fig. 8), immersed into
a therrnostated oil bath, equipped with a magnetic stirrer. Polyphosphoric acid was weighed
into this, heated to 100 °C and maintained at this temperature for 20 min while the passing
of a stream of dry nitrogen was started through it. Then calculated amounts of the reaction
components and a few crystals of hydroquinone were added. Samples of nearly identical weight,
withdrawn with a calibrated pipette, were cooled rapidly, weighed and analyzed according to
the procedure described.

Gas-liquid chromatography was performed in an Aerograph A-600-C chromatograph,
equipped with a hydrogen flame ionization detector. A coiled stainless steel column of 1/8"
o.d. and 5 ft long was used. The column was packed with acid-washed Chromasorb W, 80—100
mesh, coated with 3% SE—30 (Applied-Science). The chromatography was performed iso-
thermally at 150 °C. The carrier gas was nitrogen at a flow rate of 25 ml/min.

The calibration curves used in the quantitative measurements were obtained with
solutions prepared from known amounts of nitriles and aldehydes. Owing to the good separa-
tion and sharpness of the gas chromatographic peaks, the peak heights were used for calibration.

The lactam content of the samples was determined on the basis of the IR spectra, by
means of a calibration curve, f or its construction a sample series was prepared consisting of
750 mg of KBr and 1—5 mg of pure isoquinolinone derivative each. After homogenization,
650.0 mg of the individual samples was compressed for precisely 1 min under a pressure of
200 atm, after evacuation. In this way pellets of identical and constant cross-section were
obtained. The spectra were recorded in the preselected region containing the bands chosen
for measurement, then the log /,,// values were calculated according to the base-line method.
Plotting these values as a function of the lactam concentration of the sample, a linear correla-
tion was obtained up to about 3.5—4 mg/pellet concentration. The IR spectra were recorded
with a Zeiss UR—10 spectrophotometer, with a slit width of 4.
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Sampling neck

Fig. 8. Apparatus designed for the kinetic measurements
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The validity of the Ai1frey—Goldfinger equations for the calculation of the
composition of terpolymers from known reactivity ratios was confirmed by numerous
authors in the last years. For the special cases of one or more components being not
homopolymerizable but copolymerizable with the other partners, equations have been
proposed in which one factor, R, must be determined experimentally if the reactivity
ratios are known from binary copolymerization experiments.

In this paper the system acrylonitrile-acrilic acid-4-vinylcyclohexene and acrylo-
nitrile-maleic anhydride-4-vinylcyclohexene are examined. Important changes are
found in the factor R owing to the influence of the penultimate unit, solvent effects,
etc., therefore, the proposed equations for the special cases give different results depend-
ing on the reaction conditions. An average value of the factor R is proposed, so that
the solutions of the terpolymerization equations for special cases should approximate
the real composition as closely as possible.

In addition, the terpolymer compositions calculated by the simplified Ham’s
equations are compared with the values calculated from the Alfrey —Goldfinger
equations and the experimental values for systems involving one or more mono-
mers with very low self-propagation rates.

Introduction

The first theoretical and experimental investigations on multicomponent
copolymers were carried out in the late 1940’s, in the 1950’s few papers on
this subject were published hut since 1960 the literature devoted to them has
been increasing rapidly.

The practical importance of multicomponent copolymers, especially
terpolymers, is growing continuously. The addition, in a small amount, of a
third component to a binary copolymer may result in certain properties
(solubility, vulcanizability, adhesivity, dyeability, etc.), different from those
of the copolymers consisting of only two monomers, which make it suitable
for particular applications.

Relationships between the composition of a terpolymer and that of the
corresponding monomer have been proposed for the first time by Arfrey and
Gotdfinger [1]. The theory of copolymerization of vinyl monomers developed

* Presented in part at the IUPAC International Symposium on Macromolecular Chem-
istry, Budapest, 1969
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by these authors was subsequently extended to n-component systems by
W alling and Briggs [2] and by Skeist [3] to allow the calculation of the
composition vs. conversion curves.

Experimental verifications for low conversion three-component systems
were also reported.

According to Atfrey and Goldfinger, the well known terpolymeriza-
tion equations are [1]:

d[Mi] :d[M2] :d[M3] = ml:m2:m3=

g [MA+LLA + LT JM]- 2, v

'Si'A r21ra3 r3ira3 g i riz ri3

S[ME O\ w4 w o+ w jU . M1] | [Ms]

Iri2r3l r12r32 razru \ [ r21 ra3
([MJ W + W + W [M 3] [MJ-_]-[MZ\
ri3r21 r23ri2 ri3ra3 r-il ra2

where rtj= KujKuy # 0,the amounts in square brackets represent concen-
trations in the monomer mixture, rn's are the monomer concentrations in the
terpolymer and are the rate constants of nine elementary reactions con-
structed from the combinations of three polymer radicals and three monomers.

Ai1frey and Goldfinger [4] have shown that these equations cannot be
employed if the system contains one or more components that do not undergo
homopolymerization, i.e. reaction with a growing chain ending in a monomer
unit of their own type, e.g. diethyl maleate, crotonic acid, etc.; if monomer M,
is of such type, then Kit= 0 and all the r,, = 0. For the case of three mono-
mers, three cases can be found:

1) Monomer M3 does not homopolymerize (K33 = 0) but can copoly-
merize with Mxand M2 (K3l ¢ 0, Kz o 0).

2) Monomer M2 and M 3 cannot homopolymerize (Kz= K= 0, r2=
= r23= r3l= r®2= 0), but can copolymerize with one another and with Mv

3) Monomers M2and M 3 can neither homopolymerize, nor copolymerize
with one another (Kz= K33 = K= K= 0).

Our attention was focused on the first two cases, therefore, we decided
to choose the system acrylonitrile(l)—acrylic acid(2)-4-vinylcyclohexene(3) for
the first case and the system acrylonitrile(l)—maleic anhydride(2)-4-vinyl-
cyclohexene(3) for the second.

Experimental

The solvent and monomers were distilled under reduced pressure in order to free them
from inhibitor and were stored at — 10 °C. Acrylic acid could be stored as a solid for several
days in this way, but dioxan was always freshly distilled before use. Commercial azobis(iso-
butyronitrile) used in these experiments was purified by recrystallization twice from ether.
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Mixtures of the monomers of different composition and the solvent (the mole ratio of solvent
to monomer mixture was 1 :1) were introduced into glass ampoules and 1% (based on the
monomer mixture) of azobis(isobutyronitrile) was added.

The ampoules were sealed under a slight nitrogen pressure after evacuating and filling
with nitrogen for several times. They were then kept in a water bath thermostated at 60 +
+ 0.1 °C and turned over for the time necessary to obtain a conversion of a few per cent; the
time required for this increased with increasing 4-vinylcyclohexene content in the monomer
mixture. The contents of the ampoules were added dropwise to methanol containing hydro-
quinone under slight stirring. The copolymers were collected by filtration and after prolonged
washing with methanol were dried under high vacuum for 24 hrs. The conversion was calculated
from the weight of polymer obtained from a known amount of reaction mixture. The oxygen,
nitrogen and carbon content of the copolymer samples were then determined by elemental
analysis.

Results and Discussion

A. Monomer M3 does not homopolymerize, but can copolymerize with

M, and M.,.
In possession of experimental data the question arises of how they can
best be used to estimate the parameters of interest.

Table |

Experimental data for the system acrylonitrile(1) acrylic acid(2)

Feed composition Copolymer composition
No. of (mole Copolymer y (mole fr.
Solvent yield (%) [¢%)
[AT] m, m2
| 0.670 0.330 2.95 13.50 0.587 0.413
2 0.744 0.256 5.33 15.33 0.653 0.347
Benzene
3 0.816 0.184 1.48 17.60 0.731 0.269
4 0.855 0.145 0.50 18.78 0.770 0.230
5 0.754 0.246 1.28 14.43 0.621 0.379
6 Bulk 0.820 0.180 2.35 16.71 0.701 0.299
u
7 0.862 0.138 171 18.26 0.753 0.247
8 0.912 0.088 3.77 20.55 0.827 0.173

The runs with the lowest conversion in each of the respective series were
considered (Tables I—111). Fineman —Ross [5] plots were used to determine
the reactivity ratios in the usual manner, e.g., in Figs 1—3, F/f (f—1) is plotted
against F~If, where Fis the initial mole ratio of the two monomers in the feed
and f is the same ratio in the copolymer.

The dependence of the results on the polarity of the solvents is not sur-
prising because for some systems containing one or two polar monomers
(acrylic acid-acrylonitrile, acrylic acid-methyl methacrylate, acrylonitrile-
styrene), different reactivity ratios for different solvents were reported [6—8].

In the cases where all the monomers can homopolymerize, binary copoly-
merization experiments are sufficient for determining the necessary ratios
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Table 11

Experimental data for the system 4-vinylcyclohexene(1)-acrylic acid(2)

Feed composition Copolymer composition
No. of (mole fr.) Copolymer c+H (mole fr.)
Solvent yield (%) (%)
[Aid M.] mi m.
| 0.664 0.336 3.25 62.37 0.109 0.891
2 0.769 0.231 2.18 64.80 0.148 0.852
Benzene
3 0.843 0.157 0.93 65.52 0.162 0.838
4 0.854 0.146 1.20 65.68 0.164 0.836
5 0.614 0.386 1.07 62.62 0.111 0.889
6 . 0.741 0.259 5.35 65.00 0.152 0.848
Dioxan
7 0.865 0.135 4.50 66.58 0.180 0.820
8 0.882 0.118 3.80 66.92 0.185 0.815
9 0.651 0.349 0.82 60.65 0.080 0.920
10 Bulk 0.776 0.224 1.06 62.95 0.119 0.881
u
11 0.872 0.128 1.15 65.38 0.158 0.842
12 0.908 0.102 1 0.42 66.08 0.167 0.833
Table 111
Experimental data for the system 4-vinylcyclohexene (1) —acrylonitrile(2)
Feed composition Copolymer composition
No. of (mole fr.) Copolymer N (mole fr.)
Solvent yield (%) 0/
(V1 [AL] 9
| 0.678 0.322 4.00 18.08 0.184 0.816
2 0.756 0.244 2.38 16.20 0.236 0.764
Benzene
3 0.853 0.147 3.82 14.76 0.292 0.708
4 0.911 0.089 2.15 13.98 0.313 0.687
5 0.659 0.341 0.96 20.19 0.130 0.870
6 . 0.743 0.257 5.30 18.60 0.178 0.822
Dioxan
7 0.844 0.116 1.65 13.83 0.321 0.679
8 0.898 0.102 3.10 13.08 0.334 0.666
9 0.672 0.328 3.66 20.40 0.126 0.873
10 Bulk 0.744 0.256 2.16 18.91 0.160 0.840
11 0.843 0.157 5.56 16.70 0.231 0.769
12 0.893 0.107 2.97 14.93 0.288 0.712

and subsequently the terpolymer composition, no terpolymerization experi-
ment being required for this purpose.

It was already reported [9— 10] that 4-vinylcyclohexene reacts with
free alkyl radicals; on reacting with azobis(isobutyronitrile), 4-vinylcyclo-
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Fig. 1. Fineman—Ross plots and reactivity ratios for the copolymerization of acrylonitrile(l)
with acrylic acid(2);
(O) copolymerization in benzene at 60 °C; r, = 0.48, r2= 0.75
(O) copolymerization in bulk at 60 °C; r, = 0.43, r2= 125
copolymerization in dioxan at 60 °C; r, = 1.06, r2= 1.25 [6]

Fig. 2. Fineman—Ross plots and reactivity ratios for the copolymerization of 4-vinylcyclo
hexene(l) with acrylonitrile(2):
0 copolymerization in benzene at 60 °C; r( = — 0.025 + 0.025, r. = 6.5
copolymerization in dioxan at 60 °C; r, = 0.020 + 0.020, r2= 11.4
(O) bulk copolymerization at 60 °C: r, = 0.000, r2= 124

hexene forms l-cyanoisopropyl-4-vinylcyclohexene as the main product [11]
and for this reason this monomer cannot homopolymerize by a radical
mechanism with azobis(isobutyronitrile) as initiator. For our first system,
acrylonitrile(l)-acrylic acid(2)-4-vinylcyclohexene(3), instead of classical
equations (1), the following equations are valid [4]:
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Fig. 3. Fineman—Ross plots and reactivity ratios for the copolymerization of 4-vinylcyclo-
hexene(l) with acrylic acid(2);

0O copolymerization in benzene at 60 °C; r, = — 0.061 + 0.061, r2= 12.0
(@) copolymerization in dioxan at 60 °C; r, = — 0.065 + 0.065, r2= 10.0
(O) bulk copolymerization at 60 °C; rt = — 0.045 + 0.045, r2= 19.3

where R = K31K32 r12 r21, r13and rZare known from binary copolymerization
experiments. A single terpolymerization experiment gives R and its value
must be constant (in a given system).

However, the R value may change similarly to the reactivity ratios with
temperature, solvent, etc., and there may be an effect of nonterminal units on
the reactivity of polymer radicals.

As shown by Barb [12], if the penultimate unit exerts a detectable
effect, a ternary copolymer would have a composition somewhat different
from that calculated on the basis of copolymerization data for pairs of mono-
mers (deviation up to 5 mole per cent); it may he noted that electrostatic
effects due to nonterminal monomer units should be dependent on the dielectric
properties of the medium. For our system, in the copolymerization of acrylo-
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nitrile(l1) with 4-vinylcyclohexene(3), penultimate effects occur with the
reactivity ratios of ri3= 5.47 and r{8= 17.21 for copolymerization in benzene
and rr! = 9.95; r13= 20.00 for bulk copolymerization, determined by Barb’s
method [12] (see Figs 4, 5).

W ith the reactivity ratios determined under various conditions (feed
composition, solvent) the R values shown in Table IV. are obtained. In Table
Y, terpolymer compositions calculated with different R factors are compared
with the experimental results; owing to the scatter of the values obtained, an
average R factor is proposed, Rm = — 0.69, so that the solution of terpoly-
merization equations (2) for this special case should approximate the real
composition as closely as possible.

If in the simplified equations of Ham [13], Eqs (4) and (3), M3 is the
component with vanishing self propagation rate, i.e., Kzz= 0, r3l= r®= 0,
then Eq. (3) remains unaltered because the ratio of ml : m2 does not depend

F

Fig. 4. Copolymerization of acrylonitrile and 4-vinylcyclohexene in benzene at 60 °C. Plot
according to Barb’s equation

F

Fig. 5. Bulk copolymerization of acrylonitrile and 4-vinylcyclohexene at 60 °C. Plot according
to Barb’s equation
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Table IV

Values of R factor for different solvents calculated by means of
Alfrey —Goldfinger’s EQqs (2)

o Feed Experimental
Solvent Reactivity composition copolymer Factor R
ratios (mole %) composition
(mole %)
ria=0.48 [MJ = 24.84 m, = 41.47
ra2= 0.75 [M]= 2484 m2= 55.92 Rt= —0.88
Benzene
r3= 6.50 [M3] = 50.32 m3= 261
r3= 12.0
r2=0.48 [M,] = 40.14 mL= 5410
ra2=0.75 [M2] = 19.51 m2 = 38.03 JR = —0.53
Benzene
ri3 - 6.50 [M3] = 40.35 m3= 7.87
r3= 12.0
r2= 1.06 [ill,]] = 41.20 mt = 5494
/(= 10.92 M2] = 19.62 m2= 34.98 Rs = —0.59
Dioxan ( (M2
r3= 114 [M3] =39.18 m3 = 10.08
r3= 10.3
r2= 0.43 [M,] = 2475 Tn = 37.38
Bulk 2= 125 [M2] = 24.82 m, = 59.25 A, = —0.77
r,3= 124 [M3] — 50.43 m3=3.39
rz3= 19.3

on the addition to M 3. However, as K3 approaches zero, Eq. (4) may be modi-
fied by multiplying the numerator and denominator by r3 becoming in the
limit [14]:

U LAE P U T ( T +[Ml]+>K [ ©)
m2 r2l m #13

mi iy [M3] [M,] [M3] /['\/I I ['V'2

m3 r3i ri3 * [M,] ' r:lMli (4)
Hence:

m] [MJR [M3] (5)
where:

R = K3YK32 ni,,[Mj\, rtj and Kt have the same meaning as in the usual
terpolymerization equations (1).

On comparing the A1frey—Goldfinger equations (2) with Eqs (3, 5)
obtained by Ham for the same case, it is evident that in the simplified equations
the ratio m™m» is independent of the factor R; this independence has a nega-
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Comparison between the experimental values of the composition of terpolymers and those calculated by means of Aifrey —Goldfinger’s

Solvent

Benzene

Dioxan

Bulk

Feed

composition

(mole %9
[M,] = 2484
[M2] = 24.84
[M3] = 50.32
[M,] = 41.20
[M] = 19.62
[M3] = 39.18
[Mj] = 24.75
[M,] = 24.82
[M3] = 50.43

Table V

Eqs (2) with different R values and Rm= — 0.69

Experimental

mt =
m_:
m3=

41.47
55.92
2.61

54.94
34.98
10.08

37.38
59.23
3.39

Calculated
with /?,
mi = 41.47
m,, = 55.92
m3= 261
ml = 64.55
m2= 28.56
m3= 6.89
nij = 42.65
m., — 54.43
m3= 292

Copolymer composition (mole %9

Calculated
with R2
m, = 42.73
m,, = 51.36
m3= 5091
m, = 65.99
m2= 28.94
m3= 5.07
m, = 39.69
m2= 56.05
m3 - 4.26

Calculated
with I3
ml = 42.65
w2= 52.35
m3= 5.00

= 54,94
m, = 34.98
m3= 10.08
mj = 39.33
m2= 56.24
m3 - 4.43

Calculated
with R4
ml = 42.75
m. = 51.13
m3= 6.12
mj = 61.15
m2= 30.42
m3= 842

= 37.38
m., — 59.23
m3=3.39

Calculated
with Rm
ml= 42.69
m,, = 51.83
m3= 548
mt = 63.55
m2= 27.63
m3= 8.82
mt = 40.43
m2 = 55.56
m3= 4.01
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tive effect on the calculation of terpolymer composition because the data
obtained experimentally and used for the calculation of the factor R with
Eqg. (5) and calculated again with Eqs (3,5), are not the same; this discrepancy
does not appear in the case of the A1frey— Goldfinger equations(2).

The values of the R factor calculated by means of the simplified Eq. (5)
are presented in Table VI.

Table VI

Values of the R factor calculated by means of simplified equation (5)

Feed Experimental

Solvent %%n;ﬁeo;it)ion c%?r’]jg(ljé?gi%rn Fagtor

(mole %)
M1 - 2484 mx- 4147
Benzene M, - 2484 m2 - 5592 + =.-838

M3- 50.32 m3 - 261
M, - 40.11 nij - 54.10

Benzene M2- 19.54 m2- 38.03 Ro - 0.47
m j = 40.35 m3- 7.87
M, - 41.20 m, - 54.94

Dioxan M2- 19.62 m, - 34.98 Rs = 0.20
M3- 39.18 m3- 10.08
M- 2475 m, - 37.38

Bulk Mo - 24.82 m2- 59.23 Rt - 1.08
M3- 5043 m3-  3.39

In Table VII, terpolymer compositions calculated from Eqs (3, 5) are
compared with the experimental results and with the values obtained by
means of the Alfrey— Goldfinger equations (2).

The underlined data show the copolymer composition which would
correspond to the experimental values after recalculation with the values of
factor R, implicitly calculated from the respective experimental data. It is
difficult in these cases to propose an average R factor analogous with Rm of
the A1frey— Goldfinger EQqs (2), owing to the scatter of the values obtained.

Since in the copolymerization of the binary system acrylonitrile-4-vinyl-
cyclohexene penultimate effects occur, Eqs (3, 5), can be rearranged, with
Ham’s indications [14], to yield:

/ [M3] \
IMi] [M2] + G3(G3-[Mi]/[M3]+ I) M i]
o ' 112 r[3-(M4/[M3] + 1
[M2]

™ + [m ]+ [M3]
12 ri2 r23
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Solvent

Benzene

Benzene

Dioxan

Bulk

Table VII

Comparison between the experimental values of the composition of terpolymers obtained in different solvents and those

calculated by means of the Aifrey —Goldfinger’s EQs (2) or simplified Eqs (3, 5) with different R values

Feed
composition
(mole 9
[M]]= 2484
[M2] = 24.84
[M3] = 50.32
[Mj] = 40.11
[M2 = 19.51
[M3] = 40.35
[Aij] = 41.20
[M] = 19.62
[M3] = 39.18
[JVj] = 24.75
[M2 = 24.82
[M3] = 50.43

Experimental

mj
m2
m3

ml
m,

m3

41.47
55.92
2.61

54.10
38.03
7.87

54.94
34.98
10.08

37.38
59.23
3.39

Calculated
from Egs (2)
with Rm
mi = 42.69
m.,, = 51.83
m3= 548
ml = 56.63
m2= 33.98
m3=9.39
ml = 63.55

, = 27.33
m3= 8.82
mv= 40.43
m2= 5556
m3= 4.01

Copolymer composition (mole %9

with RI
m, = 39.06
m2= 58.47
m3= 247
mL= 57.88
m2= 38.61
m3= 351

= 68.93
m., = 27.87
m3= 3.20
nt! = 25.65
m2= 73.49
m3= 0.86

Calculated

with R2
= 35.93
m2= 53.74
m3= 10.33
m, = 55.66
m, = 36.82
m3= 8.02
ml = 66.05
m2= 26.71
m3= 7.24
= 24.96
m, = 71.73
m3=3.67

from Egs (3, 5)

wtih Rs
ml= 32.81
m2= 49.17
m3= 18.02
mx= 52.31
m2= 34.90
m3= 12.79
ml — 62.98
m,, = 25.47
m3= 1155
mj = 23.57
m2= 67.55
m3= 8.88

with 2
ml= 37.40
m2= 55.99
m3= 6.61

= 56.47
m2= 37.67
m3= 5.86
wl= 67.45
m, = 27.27
m3= 528
mj = 25.28
m2= 7242
m3= 230
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/ [Mi]

m1 I "IMI+ 1T

m3

(7

Ka(lr13-[M i1/[~3]+1) (IM.] 4 +[M 2))
rxr-LLYTT, ] 1
W ith these equations other values of the factor R were obtained; thus, Ri =
= 0.0175 (corresponding to from Eqgs (3,5) )and tiw = 0.0059 (correspond-
ing to R3 from the same equations). The experimental and calculated results
are compared in Table VII1I.

Table VI

Comparison of terpolymer compositions calculated by means of Eqs (6, 7) with
the experimental values

Copolymer composition (mole %)
Feed

Solvent composition Calculated from Eqs (s, 7)
(mole %) Experimental
with fij with
[MJ = 2484 ml = 41.47 m, = 36.91 mj = 36.76
Benzene [M2] = 24.84 m, = 55.92 m2 = 60.76 m2 = 60.57
[M3] = 50.32 m3= 261 m3— 2.33 m3= 2.66
[Ai,] = 24.75 m, = 37.38 mj --- 24.80 mY= 24.43
Bulk [M2] = 24.82 m2= 59.23 m2= 74.47 m2= 73.35
[M3] = 50.43 m3= 3.39 m3= 0.73 m3= 222

The independence of the mjm,, ratio of the R values has also a negative
effect, this fact being better observed, as below, in the case of bulk copoly-
merization, but the results are improved relative to those obtained with

Eqgs (3, 5).

B. Monomers M2 and M 3 cannot homopolymerize (Kz= K33 = 0)?
(rh — rz3 = r3l= r®= 0) but can copolymerize with one another and with Mv

For this case, Aifrey— Goldfinger [4] proposed the following equa-
tions:

o [MI(rKIM1+122[MZ+ii3[M3]) [MJ + + LU

. M\ L M2, [M 8

m M2 R, | M2 . [M3 (MM,] + [M3)

ri2 13
m1 [MARAM ;] +R2[M2]+R3[M3))+ [My] + N3
m3 P_[M, M2 M ©)
(M3 tx2[ ] 1[ ] 1[ 3 (R3[M,]+[M2])

112
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where R2= K2UK23 and R3= K3I/K32 In principle, a single terpolymeriza-
tion experiment is enough to determine R2 and R 3 provided r12 and r13 are
known. The simplified Ham’s equations (3, 5) become [14]:

[MjIRLI[M]+ A 1 + WA

+12 ri3 10
m. [M2] e
(m«s+ [m3)

[MJ + (M3

ml ris

(ii)

ris

where R2= K2K23 R3= K3JK 32

For illustration, the system acrylonitrile(l)-p-dioxene(2)-maleic anhy-
dride(3) has been chosen, using Iwatsuki and Yamashita’s data [15].

For the cases where in the feed p-dioxene and maleic anhydride were in
the 1:1 mole ratio, their incorporation into the copolymer was assumed to
be in the same ratio [15]; for the other cases, only (m2-- m3) was estimated
by deducing the amount of acrylonitrile from the polymer. Taking thus the
system: [MJ = 78.69, [M2] = 10.98, [M3] = 10.33. ml = 87.00, m2= 6.50,
m3 = 6.50, with reactivity ratios r12= 5.9 [15], r13= 6.0 [16], the following
values for R were obtained, R2= 0.0795, R3= 0.0394 (calculated from EqQs
(8, 9) and R2= 0.0566, R3= 0.0543 [calculated from Eqgs (10, 11)].

In Table IX the terpolymer composition calculated from the simplified
Eqs (10, 11) are compared with the experimental data and with the values
obtained from Eqs (8, 9).

The compositions calculated according to the simplified Eqs (10,11) show
as good in agreement with the experimental values as those calculated by
means of the Alfrey— Goldfinger EQqs (8, 9). In the cases in which the
agreement between experimental values and the compositions given by the
Alfrey—Goldfinger Eqs (8, 9) is rather poor, the compositions given by
the simplified Eqs (10 11,) are also rather erratic.

W ith the average values of R2 R3, R2and R3these estimates are probably
in a better agreement with the real compositions, more so as the authors have
observed solvent effects in the above terpolymerization, some of which are
considered to be due to the equilibrium complex formation between p-dioxene
and maleic anhydride; as a consequence of this complex, lwatsuki and
Y amashita suggest that this terpolymerization consists not only of the nine
elementary reactions assumed in the usual theory of terpolymerization.
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Table IX

Comparison of the experimental terpolymer compositions with those calculated
by means of Aifrey- Goldfinger’s Eqs (8, 9) and simplified Egqs (10, 11)

Feed Copolymer composition (mole %)

C(()rrgtg)lgs"’t/logn Experimental Cal%alst?g fgr)om CaIIEcquSIa(tf& f{g)m
[M,] = 10.00 ml = 3.30 ml= 220 niy = 1.98
[M2] = 45.00 m2 == 48.35 m2= 50.00 Tm: = 48.37
[M3] = 45.00 m3= 48.35 m3= 47.80 m3 = 49.65
[MJ = 50.10 mt= 5270 my= 4256 my = 41.15
[M2] = 25.10 m2 = 23.65 m2 —29.23 m2= 29.14
[M3] = 24.80 m3= 23.65 m3= 2821 m3= 29.71
[M,I = 51.60 ml —69.70 = 68.29 m, = 63.65
[Mo] = 43.30 m2+ m3= m2= 19.85 m2 — 21.45
[M3]= 5.10 = 30.30 m3= 11.86 m3= 14.90
[iM,] = 50.10 my— 60.50 m(= 4195 my = 41.92
[MZ = 20.20 m2 f- m3 = m2 = 28.95 m2= 28.18
[iM3] = 29.70 = 39.50 m3= 29.12 m3= 29.90

For the cases in which penultimate effects are observed for only one of
the two possible binary combinations (Mr, M2 and Mv M3, Eqs (10, 11)
become:

[MIR'A[M1]+ LI A + x
riz (12)
M2 M + M3

M)its [MIT+ M+ x

(13)
X ([M r]ian' + [M 2])
where
[M 3]
. (14)
r'x\rVXM, 1 +i

For the illustration, the system acrylonitrile(l)-maleic anhydride
(2)-4-vinylcyclohexene(3) was chosen, with copolymerization in benzene. The
reactivity ratios in this case are: r22= 6.0 [16], r13= 6.5, from the terminal
model, and r22= 6.0, r13= 5.47, r]3 = 17.24, from the penultimate model.
Taking an initial feed composition ([M,] = 20.25, [M2] = 39.91, [M3] =
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= 38.84) and the copolymer composition corresponding to it (mL= 24.43,
m., = 38.69, m3= 36.88), the values of the factor R are as follows: R,, = 0.4137,
R3 — 0.1567 (calculated from Eqs (8, 9); R., = 0.2615, R3= 0.3026 (calcu-
lated from Eqs (10, 11) ) and R%= 0.3375, W3 = 0.0018 (calculated from
Eqs (12, 13)).

The calculated and experimental results for another feed composition
are compared in Table X.

Table X

Comparison of the experimental terpolymer composition with those calculated by
means of Ai1frey —Goldfinger’ EqQs (8, 9), the Ham Egs (10, 11) and
the modified Ham Eqs (12, 13)

Feed Copolymer composition (mole %)
C?,rr?&gSié/ir,r;n Experimental Calculated Calculated Calculated
Eqs (8, 9) Egs (10, 11) Eqgs (12, 13)
[M,] = 23.38 ml — 25.79 m, = 27.82 ml = 3061 mt= 36.25
[M,] = 46.02 m2 = 49.28 mj = 34.60 m2 = 34.49 m2 = 43.40
[M3] = 30.60 m3 = 24.93 m3 = 37.58 m3 = 34.40 m3 = 20.40

Certainly both in the first and second cases Alfrey— Goldfinger
equations with the penultimate modifications can be constructed. But when
Alfrey—Goldfinger’s Eqs (2) or (8, 9) and the simplified Eqs (3, 5) or
(10, 11) show a good consistency in the results, the problem may be appreciably
simplified by utilizing, instead of the Alfrey—Goldfinger equation, the
simplified expression (6, 7) or (12, 13) due to Ham as a basis.
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M. A. Brown: X-ray Methods
Merrow Publ. Co., Ltd., Watford (England), 1971, pp. 58

The idea of this booklet is a good one — to give newcomers to the subject (e.g. under-
graduates) or even experts in different fields of chemistry a brief description of the basic
principles and the manifold applications of X-rays in science. It is comprised of eight chapters.
The first is an introduction to the production, absorption, scattering, diffraction, monochro-
matisation, intensity recording and measurement of X-rays. The second presents various
methods (absorption, emission, fluorescence and diffraction) of quantitative analysis provided
by X-rays to chemistry. The other six, equally short (3—5 pages) chapters give the essentials
of the following subjects: qualitative analysis, preferred orientation and its effect upon dif-
ferent X-ray techniques, particle size determination, measurement of degree of crystallinity
in polymers, microradiography, etc. It should be welcomed that the author omitted discussing
the X-ray structure determination, planning to publish a separate monograph on this compre-
hensive subject.

The highly condensed text with clear drawings helps to form fundamental thoughts on
quite diverse problems in which only one thing is common; the usage of X-rays. In order to
serve this goal, it would have been worth-while to present properly detailed practical examples
after each independent item.

It is a pleasure to recomend this booklet to everyone who is seeking a popular short
survey of various applications of X-rays in chemistry.

A. KALMAN

Topics in Current Chemistry; Volume 28. n-Complexes of Transition Metals

Springer Verlag, Berlin—Heidelberg—New York, 1972, 181 p.

This volume of the series is devoted to some diverse aspects of the chemistry' of tran-
sition metal a-complexes in which olefins, acetylenes and unsaturated cyclic systems act as
ligands. Owing to the large amount of information notv available on metal s-complexes, the
contents of the book can obviously cover only some special problems of current interest in
this field of chemistry.

The first chapter (39 pp, 129 refs) is a contribution by G. Hafetlinger (Lehrstuhl fur
Organische Chemie der Universitdt Tubingen, G. F. R.) and is entitled “Theoretical Considera-
tions for Cyclic {pd)n Systems”. This is a fully theoretical paper based on the MO treatment
of cyclic molecules containing heteroatoms whose d orbitals may participate in the formation
of the delocalized s molecular orbitals. Examples of such systems which are of interest to
the chemist working with transition metal complexes are the transition metal chelates of
diimines.

The second chapter (43 pp. 173 refs) written by J. Tsuji (Basic Research Laboratory,
Toray Industries Inc., Kamakura, Japan) on “Organic Synthesis by Means of Transition
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Metal Complexes” treats some general patterns of organic reactions using transition metal
complexes mainly in the form of catalysts although stoichiometric transformations constitute
a significant part too. The review is based on the reactions of noble metal complexes and seeks
to deal with the rather complex reaction sequences as a succession of simple fundamental
reactions like oxidative addition, metal—-metal bond cleavage, insertion reactions, etc.

The paper by L. D. Pettit (Department of Inorganic and Structural Chemistry, The
University, Leeds, U. K.) and D. S. Barnes (Department of Chemistry, The University, Keele,
Staffs., U. K.) on “The Stability and Structures of Olefin and Acetylene Complexes of Tran-
sition Metals” constitutes the third chapter (54 pp. 153 refs). This review does not attempt to
give a comprehensive survey of all known olefin and acetylene complexes, but restricts itself
to stability data and characteristic structures, both of which furnish some information about
the nature of bonding in these compounds. The emphasis laid on numerical values of stability
is to be welcomed, since — in contrast to other types of co-ordination compounds — the
thermodynamic data on transition metal a-complexes are rather scanty.

The last section (40 pp. 166 refs) is a contribution by H. Werner (Anorganisch-che-
misches Institut der Universitdt Zirich, Switzerland) entitled “Ringliganden-Verdrangungs-
reaktionen von Aromaten-Metall-Komplexen” which treats the substitution of C5H5 ligands
(or their derivatives) in transition metal complexes. This reaction has not been reviewed
before at all since these ligands are usually firmly bound and other ligands (if present) are
substituted more easily. The mechanism of these reactions is not yet clear and the author
proposes a new general scheme which is based on the electrophilic attack of the new ligand.

All chapters are up-to-date and cover the literature up to 1971. This book is a useful
addition to the bookshelf of the chemist working in transition metal chemistry, although a
somewhat more oriented selection of the topics and thus a restriction to a more limited part
of a-complex chemistry would have been advantageous.

L. Marko

D. W. van Krevelen: Properties of Polymers

Correlations with chemical structure
W ith the collaboration of P. J. Hoftyzer

Elsevier Publ. Co., Amsterdam—London—New York, 1972; with 126 illustrations and
98 tables

The enormous development of the industry requires information about the properties
of new high polymers whose physical properties have never been investigated or measured
experimentally. The design of manufacturing and processing equipment as well as the applica-
tion and use of the final products require considerable knowledge of the processed materials.

Van Krevelen’s book aims at providing methods for the estimation of the most
important properties of high polymers in solid, liquid and dissolved states in cases where
experimental data are not available.

Using the chemical constitution of the repeating unit, it is shown that a number of
quantities have additive properties — within certain limits of precision — so these quantities
can be calculated in a simple manner from group contributions or increments and each func-
tional group in the high polymer molecule actually performs a function which is reflected in
the properties.

The book is written for specialists working on practical problems in the field of macro-
molecules, for chemical engineers who are often forced to execute designs without having
enough data at disposal and who look in vain for numerical values of the quantities needed
under the conditions of the process, for manufacturers and polymer technologists who try to
get a better insight into the relationships in their branch and for all who are interested in the
correlation between chemical structure and properties.

The book consists of six main parts, which are as follows:

Part I: Introduction: Polymers and additive properties.

Part Il: Thermophysical Properties: Volumetric, calorimetric, cohesive and adhesive prop-
erties as well as transition temperatures.

Part I111: Properties in Fields of Force: Behaviour of Polymers in mechanical and electro-

magnetic fields of force.
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Part IV: Transport Properties: Transport of heat, momentum and matter, heat conductiv-
ity, viscosity, diffusivity.
Part V: Physical and Chemical Change: Crystallization, orientation, degradation as well
as thermochemical properties.
Part VI: Retrospect: Correlations and interrelations between physical properties.
Tables of the properties of polymers enhance the value of the book as a reference work.
There are but a few slight inaccuracies in the book, as for instance: the molar refractive
index (Mn) was introduced first by Eisentonr (c.f. Ber. 53, 1746, 2053 (1920), 54, 299 (1921);
57, 1808 (1924)) and not by Voger. The results of the Soviet and other socialist researchers
are — with the exception of the works of E xner — not treated so as it would be desirable.
Nevertheless, owing to its content the book will undoubtedly win high acclaim among macro-
molecular chemists. It may be recommended to specialists of high polymers as well as chemical
engineers and technologists.

I. GECzY
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PE3IOME

DOTOMETPUYECKOE OrpefesieHne antoMUHUA ¢ nomollblo JlpceHaso I
B. MUXANNOBA

Anomunni 00pasyeT ¢ ApceHaso 111 Npu pH = 2—8 (UONETOBbI KOMM/IEKC C COCTABOM
c L A600p6gI/IOHHbII/I CMeKTp Komnsekca o61aaaeT ABymMa nukamu npu 550 n 583 w/i C Mak-

cmmaanom abcopbumein npu pH = 4.
MonspHoe ceetonornoweHHe npy pH = 5 pasHo 18 800 £ 200 m 23 500 = 200. Co-

OTBETCTBYHOLUME CMEKTPOPOTOMETPUYECKME YYBCTBUTENbHOCTU paBHbl 0,0014 /<rAlmcm~2 1
0,0011 ur Ale cm-2npu A= 0,001

3akoH bapa cobntogaetca B uHtepsane 0,01- 0,60/« Al-mn-1npu pH = 3,5. Peakuus
MOXET ObITb UCMOMb30BaHA AN (POTOMETPUYECKOTO MUKPOAHAIMTUYECKOrO ONpeAeneHns anto-
MUHWA B KanbumTe. YyBCTBUTENBLHOCTL peakuun pasHa 0,01 /«r Al « Mn-1, UCNONb3YA CTATUCTY-

YECKMe MeToAbl.

KaTanMTuyeckoe BNSIHWE HEKOTOPbIX KOMMIeKcoB KobanbTa Il Ha
OKUC/IeHVe 1Aogmaa MepokcnancynbhaTom

X. BAPTENbT u M. WHENJEP

BblI0 M3YyYEHO KaTalIUTUYECKOe BWUSHME CMefyoLMX KOMMIEKCHbIX MOHOB [Co(a)6]+3

[Co(en)3] +3, [Co(pn).,]+3 [Co(clw)3+3 u [Co(chn)3]+3 [Co(phen)3]+3 Ha peakuyuto S0s“2u |-
HavanbHas CKOpOCTb peakuun B MpUCyTCTBMU Kommekco Co(M1) Bo3pacTaeT B 3aBu-

CMMOCTN OT NpUpoAbl komnekcos B 100 . . . 200 pas. 371 3HA4EHWs cNpaBef/IMBbl i1 KOHLEH-
Tpayuii [komnnekc Co(LU)]= 10-3V, [82<V2]0— 5- 10~4 M n [1-]0= 2,5- 10~3 M.

KatanuTuyeckoe BAMAHWE BO3pacTaeT MpU YBEIMYEHWN KOHLEHTPaLuW pPefoKCHOro
napTHepa KoMneKkca (npegsapuTtensHoe pasHoBecue). KaTaimTuyeckve BAUSHUSA KOMIMJIEKCOB,
3a UCK/IHOYEHVEM [Co(phenf,]ﬁi NINLLb CNerka pasnnyaroTcs.

Vcxoaa M3 M3MeHeHUs HadvaibHOW CKOPOCTM NOA BAMAHMEM [06aBNeHWUS XOPUAHBLIX
MOHOB, 6bIN0 BbIBEEHO YpPaBHEHWE pacyeTa KOHCTAHT YCTOWUMBOCTM KOMM/IEKCOB TWUMa BHELLUHEN
chepbl, 06pazoBaHHbIX MeXAY KOMMIeKCHbIM noHom Co(1 ) n CL .

WHppakpacHble cnekTpbl 1,2,3,5-TeTpasamMelleHHbix 6eH3ona, |l
Ab. BAPWAHW un M. WWOXAP

MpuBoANTCA NOAPOGHBIA aHanus VK cnektpos 35 pasnunuHbix 1,2,3,5- TeTpasameLieHHbIX
NPON3BOAHLIX OEH30/13, B KOTOPbIX B MOJIOXKEHNSX 2 U 5 HAXOAATCS NIETKIUE aTOMbl (ATOMHbIIA BEC
MeHbLUe 20), a B NONOXeHMsAX 1,3 — TsKeNble aToMbl (aTOMHbIA Bec 60nbLue 20). Bbinn onpege-
NeHbl 3aBUCMMOCTU MEXAY WHTEHCUBHOCTAMM MOMOC CMEKTPOB, a TaKXe UX YacTOT U BAUAHUEM
3amMecTuTeneil Ha pacnpefeneHne 3NeKTPOHOB. YKa3blBaeTCa Ha MepeKpblBaHME HEKOTOPbIX KO-
nebaHnin 0JMHaKOBOA CUMMETPUM, & TaKXKe OblI0 YCTAHOB/IEHO CTPOEHUE acCOLMATOB OTAe/bHbIX
COefIHEHUN.



Bocnpon3BoavMocTb aAcopOLMOHHOM eMKOCTU, OnpefeneHHon U3
M36bITOYHON afCcOPOLMOHHON M30TEPMbI CMECU KMUAKOCTEN

Ob. ®OTW, N1. Ab. HAAb n . LLAR

Bbina nccnegoBaHa BOSMOXHOCTb BOCMPOM3BOAMMOCTM AaHHbIX MO W36bITKY YAenbHOM
MOBEPXHOCTWN U afCOPOLMOHHON eMKOCTU B CUCTEME ABYXKOMMOHEHTHON CMECH >XUAKOCTel C
TBepAbIM afcopbeHToM. MpnunHO pasbpoca faHHbIX M0 U36LITKY yaeNbHOW MOBEPXHOCTU SBAS-
eTCsl, B OCHOBHOM, HEOAHOPOAHOCTb afAcop6eHTa, a TakXKe, HO B MEHbLUEA CTeneHN, HeHaaeXHOCTb
MeTofa, MPUMEHAEMOrO A7 W3MEPeHWs WM3MEHeHWs coCTaBa >KMAKOM (asbl. ALCOpPOLMOHHANA
eMKOCTb CW/IKarens, BbI6paHHOro B KayecTse Mofenu, Obina onpefeneHa Ha OCHOBE [aHHbIX
afcopbumm M3 CMecu XMAKOCTEN GeH30N — H-TenTaH M Kak C MOMOLLbI0 3KCNPanoisLMOHHOrO0
metoga LLain-Hapas, Tak v ¢ MOMOLLbLIO 0606LLEHHOr0 BbipaXKeHns 3dBepeTTa. B ob6omx cnyyasax
OL,eHMBA/ICA MHTEPBa HafeXHOCTN MOMYYEHHbIX 3HA4YeHWA. [ NA BENNUYNHBI EMKOCTU C MOMOLLbIO
nepsoro mertofa 6bl10 Nosy4veHo 3HauveHwe 2,02 + 4,25%, a C MOMOLLLID BTOPOro MeTofa:
2,03 + 3,81% wmMmons 6eH3ona/r apcopbeHTa npu 95%-HOW CTATUCTUYECKOW HafeXHOCTMW, YTO
HaxoAmUTCA B XOPOLUEM COrnacuu ¢ pesy/nbTaTaMu OMpefeneHus MOBEpXHOCTM MeTogom BET

HuTpodeHonsl, I

PeakTMBHOCTb 3()MPOB 5-UHTPOTMAPOKCUTULAPOXMHOHA.
CuHTe3 3-3ameLleHHbIX NPOU3BOLHbIX

A. ®. ABYJIE33 n B. C. 3/1b-XAMY /TN

O6pa3oBaHue MeTUNEeHOBOro aupa 6-rMapoKCU 3-MeTOKCU-5-HUTPO-2-0KCUBEH3MUM0BOro
CrnupTa fl0Ka3blBaeT PeakTUBHOCTb No3numu 3 B 1-MeTUNOBOM admpe S5-rapoKCU-rugpoxXnHoHa,

HecMoTpsA Ha TO, YTo 3-3aMeLLeHHas CpeHI/l}'ITI/onKcyCHaﬂ n (*)EHVII'IchyCHaﬂ KNCNOTbI HE CMOCOGHbI
Ha NTaKTOHWU3aLUuto.

CUWHTe3 COeUHEHWN, BEPOSATHO o6nafatolimx QYHIMUUAANbHOVW aKTUBHOCTbLIO
w. A. WAMC 91b-VHE n O. KTANAEP

Bbiny cuHTe3MpoBaHbl 12 HOBLIX anKUbHbIX 3QUpoB 1,3,4-Tuagnasosnb-, 5-metun-1,3,4-
Tnagunasonb- n 5-tputhtopmetun-1,3,4-tmagnasonb-2-mn-gUTmokapbammHoBoin Kucnotel. B Ka-
YeCcTBe aNnKW/bHbLIX FPYNN CAYXWNW MeTanbHas, aTWIbHAA, H-MPONUIbHAA U KapbeToKcume-
TUNbHaA. 3Ta COeAMHEHWS GblM MPUTOTOBAEHbI ANA MPOBblI UX PYHIMUWMAANBHON aKTUBHOCTMU.

KunHeTnyeckoe uccnefosaHve nonydeHnsa 1-gpeHun-1,4-gurngpo-3(2H)-
N30XMHOMMHA W ero 4-anKubHbIX MPOM3BOAHbBIX C MOMOLLbIO
UUK/IU3UPYIOLLErO0 aMUA0a/TKUIMPOBaHUSA

Ob. AEAK, K. TANI-UWITOK, XX. KAJIMAH 1 HO. XALUKO-EPOVEP

Bbln0 NpoBefeHO KNHETMYECKOE MCCNeA0BaHNE PeakLun HUTPUIOB (eHUNYKCYCHOM Kuc-
NOTbl WM aMMA0B, COLEPXALLUX B a-MOMOXKEHUN aNbKUNbHbIN 3aMeCTUTENb WU 3aMeCTUTENN, C
6eH3anbaerngoM B nomdocqopHoin KUCnoTe, NpUBOAALLEA K 06pa3oBaHnto 4-ankun-1-gpeHunn-
1,4-purnapo-3(2//)-n30XMHONNHOB. N5 onpefeneHns KOHUEHTpauuu 6biiM ncnonb3osaHsl MK
CNEeKTPOMETPUYECKMI 1 ra30BOXpPOMATOrpatnyecknii MeTodbl. Bbl0 YCTaHOBAEHO, YTO 3aMofHe-
HMe NPOCTPAHCTBA a/IKU/IbHLIMU 3aMeCTUTENAMUN OKa3blBAeT BaXHOE B/IMAHWME Ha CKOPOCTb pe-
akuum. Ha 'oCHOBe CpaBHEHMS! KOHCTAHT CKOPOCTell 1 BpeMeH MmoJjiypacnaja MOXHO nofaratb,

4To rnapatayna HUTPUNOB U peakunun UMKNnsaynm npoTekaroT Ha OCHOBE I'IO,IJ|06HbIX MeXaHN3-
MOB.



MHOrOKOMMOHEHTHAsA cononunmvepusaums. O6 ypaBHEHUSIX TPOHOIA
COMOIMMEPM3ALUN B HEKOTOPBIX CMELMUBUYUECKUX ClyYasnx

K. CUMWOHECKY, H. ACAHAEW n N. HETYNECKY

CnpaBefMBOCTL YpasHeHUii Anbdpesa— onbAguHrepa s pacyeTa COCTaBoB Tepronu-
MEpPOB Ha OCHOBE W3BECTHBIX OTHOLLEHUI PEAKTUBHOCTEN SIBASNACH NPEAMETOM MHOTOUMC/IEHHBIX
cTaTeii B mocnedHve rogpl. s crneumgnyecknx cnyyaes, KOTAa OAWH UM 60/ee KOMMEHEHTOB
He CMoCoGHbI K rOMOMONMMEPU3aLK, HO COMONMMEPU3YIOTCS C APYTMMKU NapTHepamu, OGbuin
MPeanoXeHbl YpaBHEeHNs, B KOTOPbIX OAVH 13 (hakTOPOB R fomkeH GbiTb ONpejeneH sKcrnepu-
MEHTa/IbHO, EC/I OTHOLLIEHUS PEaKTUBHOCTEN W3BECTHbI U3 CC/IeA0BaHNiA GHAPHOW ComonMMepu-
3aumm.

BbI/M U3yUeHbl CUCTEMbI aKPUNOHUTPUA — aKpU/I0Bas KNCN0Ta — 4-BUHUILMK/IOTeKCeH
U aKpUMOHWUTPUN — MaleUHOBbLIA aHrMApUg — 4-BUHULWKIOTEKCEH. BbiNo HalifeHo, uTo
3HaunTeNbHble M3MEHeHUs B (DakTope R ABMAIOTCS pe3ynbTaToM BAUSHWS MPEANOCNeqHEro ue-
Ha, abthekTa pacTBOpUTENA M T. A. Takum 06pasoM, npeanaraemble ANA CREUNMUYECKUX CNy-
UaeB YpPaBHEHWS JAlOT pasnnuHble pe3y/bTaTbl, 3aBUCALLME OT YCMOBUIA peakuuu. MpegnaraeTcs
BBEZIEHVE CPEAHEro 3HaueHus (hakTopa R, Tak YTo peLUeHre YpaBHEHWIA TpoliHOi cononmMepusa-
UMM AN CeLMUYeckUX crydyaeB faeT Hausyullee NpuGAVKeHWe Ans [eliCTBUTENbHOMO CO-
CTaBa.

MoMMMO 3TOro, COCTaBbl TEPMOAMMEPA, PACCUMTAHHbIE C MOMOLLBID YMPOLLEHHbIX YpaB-
HEHUIA X3Ma, CpPaBHMBAKOTCS C BEJIMUMHAMM, PACCUMTAHHBIMU C MOMOLLBIO YpaBHEHW Anbdpes-
FonbaduHrepa, a TakKe C IKCNEPUMEHTANIbHLIMU BESIMUMHAMU AN CUCTEM, COAEPXKalMX OAuH
UM Goslee MOHOMEPOB C OYEHb HMU3KOW CKOPOCTbIO COGCTBEHHOTO POCTa LIEMM.
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STUDY ON THE SOLUBILITIES OF SILVER HALIDES
IN SOME AQUEOUS AND NON-AQUEOUS
SOLVENT MIXTURES

N. A. KAZARJAN and E. PITNGOR

(Mendeleev Institute of Chemical Technology, Moscow and Institute for General and Analytical
Chemistry of the Technical University, Budapest)

Received June 12, 1972

A simple method is suggested for the determination of the solubility products
of silver chloride, silver bromide and silver iodide and the data obtained in mixtures
of water with methanol, ethanol, re-propanol, iso-propanol, acetone and dimethylform-
amide are reported.

In our earlier works [1, 2] the silicone rubber based ion-selective elec-
trodes were studied in alcohol-water, in acetone—water, and dimethylformam-
ide—water mixtures from the point of view of swelling of the electrodes in these
solvents. The swelling to a bigger extent dislocates the connections of the active
particles in the membrane and so the electrode response ceases. The results
enabled us to conclude that the heterogeneous membrane electrodes are appli-
cable in a wider range of these mixed solvents.

To study the theoretical basis of the application of the membrane elec-
trodes it is necessary to determine the solubility products [3] of the appro-
priate precipitates in these solvents. For the determination of these data several
methods are available. In our present investigation we used the potentiometric
method applying an iodide electrode.

Experimental

The potentiometric measurements were carried out on a precision pH meter (Model OP
205, Radelkis, Budapest) with an expanded scale having a high input resistance of 102 Ohm.
The electrodes for the determination of iodide, bromide and chloride were manufactured by
Radelkis. The reference electrode was in every case a saturated calomel electrode and the
connection of the two half cells was assured by a saltbridge containing potassium nitrate.
The data were registered by using a millivolt recorder.

The solubility products were measured in the knowledge of the original halide concen-
tration (X0) by the titration procedure. After the end-point the excess amount of the silver
(Ags) is known too. The potential difference between the points of overtitration and begin-
ning stage of the titration can be measured. At the end-point of the titration the halide and
silver concentrations are equal (Xe, AgA So

<dE = 0.059(pXr— pX0) + 0.059(pAg, — pAgs)
1P
pX'= T ol + 172(N0 + AM)

From that

1 Ada Chim. (Budapest) 76, 1973



340 KAZARJAN, PUNGOR: SOLUBILITIES OF SILVER HALIDES

From the pXevalues the solubility product is calculated. The application of this simple
equation is based on the assumption that the potential response of the electrodes during the
whole titration is a Nernstian one. This assumption was strengthened through many experi-
ments carried out in aqueous and non-aqueous solvents in our laboratories.

Mixtures of water with methanol, ethanol, propanol, iso-propanol, acetone and dimethyl-
formamide, respectively, were used as solvents.

Results and discussion

The results of our investigations for the six organic solvents mixed with
water in various proportions are compiled in Tables I—IIl. The tables contain

Table 1

Solubility products of silver chloride in mixtures of water with different
organic solvents

Solvent @A
solvent O/®(y°) Measured values Meanvaluesrevious
h 2 100 9.8, 9.98 9.9, 9.8,
CH30H 10 10.02 op=* 10.0, on.
40 10.40 10.3, 10.3, 10.4,
60 10.72 10.74 11.3, 10.93 10.7,
90 11.50 11.6, 11.5, 11.5,
C2H50H 10 10.1,,
40 104,,
) 60 10.74
90 11-5.
i-C3H,0H 10 9.83
20 10.1
30 10.2,
40 10.2,
ra-C3H,0H 10 9.9
20 9-9
30 9.9«
40 10.0,
(CH32CO 10 9.80 9.80 2 8o 28,
20 9.7, 10.0, 9.8, 10.0,
30 9.5, 10.24 9.8, 10.2,
40 9.2g 10.5, 08¢ 10.5,
HON=C-(CH3)?2 10 10.04
40 10.3,
60 10.6,
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the experimental data and the mean values of our latest me asurements of
the solubility products at 25 °C and our previous values obtained with labora-
tory made halide electrodes.

Table 11

Solubility products of silver bromide in mixtures of water with different
organic solvents

Solvent TeAGBr
sotvent Ne %9 Measured values Mear:/alueSPrevious
HD 100 123, 122 12.3, 12.3,
CH3OH 10 12.4, 12.4,
40 Bo, 13.0,
60 134, 133, 13.4, 13.38
90 146, 143, 14.4, 14.4,
CH,OH 10 1032 125, If.'-, 131, 12.6, 12,5,
40 12.7, 128, 12.7, 12.9,
60 1312 133, 1352 13.3, 13.2,
90 1432 14.2, 14.4, 14.3, 14.3,
i-CH,0OH 10 124, 123, 12.5, 12.3,
20 12.4, 12.4, 12.4,
30 12.6, 12.6, 12.6,
40 12.7, 12.7, 12.7,
n-CH,0H 10 122, 125, 12.3, 12.5,
20 126, 127, 12.6, 12.6,
30 12.7, 12.7, 12.7,
40 12.82 12.8, 12.82
(CH3Zo 10 122, 124, 126, 12.4, 12.4,
20 126, 1272 1156, 12.3, 12.6,
30 112, 1262 11.9, 12.6,
40 10.0, 126, 11.2, 12.6,
HON=C—(CH32 10 12.22
40 12,5,
60 12.7,

D. Feakins et al. [4] and H. A. Parton el al. [5] respectively, deter-
mined the solubility product of silver chloride in various methanol—water
mixtures. The data for comparison are given in Table IV. It can be seen that
our data are close to the literature values.
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Solvent

H 20
CH,OH

C,H50H

i-C3H,0H

n-C3H,0H

(CH3)2c0

KAZARJAN, PUNGOR: SOLUBILITIES OF SILVER HALIDES

Table 111

Solubility products of silver iodide in mixtures of water with different
organic solvents

100

10
40
60
90

10
40
60
90

10
20
30
40

10
20
30
40

10
20
30
40

HON=C—(CH3), 10

40
60

Solvent

(»»%)

Measured values

15.8,
16.14
16.4.
16.7,
17.4,
16.0,
16.6,
16.84
173,
16.2,
16.4,

16.2,
16.24
16.3,
16.4,
16.12
16.04
16.04
16.2,
16.0,
15.7,
15.34

PsAgl
16.3,
16.5, 16.64
16.8, 17.1,
17.7,
16.1,
17.4,
16.2, 16.14
16.2,
16.1, 16.2,
16.24

Mean

15.94
16.1,
16.5,
16.8,
17.4,
16.14
16.4,
16.7,
17.2,
16.14
16.2,
16.2,
16.2,
16.14
16.2,
16.2,
16.3,

16.1,

16.1,
16.0,

16.1,

15.9,
15.7,
153,

Previous
values

15,9,
16.1,
16.4,
16.7,
17.4,

16.1,
16.4,
16.6,
173,

16.04
16.1,
16.2,
16.2,

16.2,
16.24
16.3,
16.4,

16.2,
16.2,
16.24
16.2,
15.9,
15.7,
15.34

We determined for each electrode the standard deviation of the pS
values. For this calculation we have used the values for every solvent mixture
and found that the standard deviation for iodide electrode is 0.12 pS, for the
bromide electrode 0.40 pS and for the chloride electrode 0.28 pS.
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Table IV

Solubility exponents in methanol—water mixtures

P3AGCI (25 °C)

Methanol-water
measured b d b this work
gl/g % Feak?ns ané/ rgeﬁ?gﬂe an i
coworkers coworkers mean value previous value
8.2 10.0, 10.1,
10 9.99, 10.03
2.2 10.233 10.24
33.4 10.566
345 10.35 10.4,
43.1, 10.83,
54.2 1093 10.74
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Some relations between various variational principles in irreversible thermody-
namics have been derived. It is shown that Gyarmati’s principle and the local po-
tential principle of Prigogine and Glansdorff are equivalent when the phenome-
nological coefficients are correlated by extended Onsager relations. A Lagrangian
function for the generalized Navier—Stokes equations is derived through the local
potential approach and, by its comparison with the corresponding Lagrangian function
derived from Gyarmati’s principle, it is shown that the two functions are equivalent
except for their method of representation. Such equivalence has also been demonstrated
in the case of the Lagrangian’s for heat conduction equation and Fick’s equation for
multicomponent diffusion. Biot’s variational principle is a particular case of the local
potential principle. A particular form of Ziegter’s principle is derived from Gyar-
mati’s integral principle.

1. Introduction

The variational formulation of a problem, when possible, provides the
powerful tool of direct methods of variational calculus for obtaining an ap-
proximate solution to the problem. There have been several attempts [1, 2, 3]
to interpret Onsager’s relations by means of variational principles. This
resulted in several variational principles in irreversible thermodynamics, for
example, Onsager’s principle of least dissipation of energy [1], the principle
of minimum production of entropy formulated by Prigogine [4] and the prin-
ciple of least irreversible force given by Ziegler [3, 5, 6]. For the class of non-
linear and non-self-adjoint equations to which the non-steady conservation
equations of mass, momentum and energy with variable coefficients belong,
a variational formulation in the classical sense is not possible, and recourse is,
therefore, made to looser or extended variational formulations based on func-
tions having some physical meaning. Gyarmati’s principle [7], the local
potential principle [8] and Biot’s variational principle [2, 9] are examples
of such approaches.

Gyarmati [7, 10, 11] has treated the variational principles of non-equi-
librium thermodynamics. In these papers he has clarified the relation between
Prigogine’s principle [4] and Gyarmati’s principle [7], giving an alternative
description for the principle of least dissipation of energy. He has also asserted
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[71 that every variational principle in which the potential functions exist can
he derived from Gyarmati’s principle. Gyarmati [12] has formulated his
principle in a general manner and has shown that it can be applied to certain
types of quasilinear and non-linear equations, where the extended Onsager
relations hold true. Verhas [13] and Borocz [14] have applied Gyarmati’s
principle to generalized Navier—Stokes equations in which convection type
terms are also present. Gyarmati [12] has discussed the relation of his prin-
ciple to Yojta’s functional variational principle and has shown that the two
different formulations are but two alternative representations of a single gen-
eral principle. Verhas [15] has applied Gyarmati’s principle to plastic flow.
Sandor [16, 17] has given many applications of the universal form of Gyar-
mati’s principle to non-linear problems and also to some quasilinear problems.
The object of this paper is to show that Gyarmati’s principle [12] and
the local potential principle formulated by Gransdorff and Prigogine [8, 18]
are equivalent when relations of the type Ljk(r) = Lki(r) and Likj — Lkj —...
.= LjM are valid (the variables ' are state parameters or internal para-
meters with respect to the forces). Generally, the application of Gyarmati’s
principle depends upon the existence of these Onsager type relations. In
section 3 of this paper Lagrangian functions derived for some quasi-linear
and non-linear equations are given and the local potential is derived for gen-
eralized Navier—Stokes equations. It will be shown that the Lagrangian
functions derived by the two approaches, viz. those of Gyarmati and of the
local potential are equivalent except in their method of representation. In
sections 4 and 5, Biot’s variational principle [9, 19] is derived from the local
potential principle and a special form of Ziegter’s principle [3] is derived
from Gyarmati’s integral principle [12].

2. Relation between Gyarmati’s principle and
the local potential principle

In this section it will be shown that Gyarmati’s variational principle
[12] and the local potential principle [20, 21] are equivalent when Onsager
type relations bUIM) = bUII) and Lik = Lki,= ...= Ljki are valid. Let
OF be the variation of time-dependent local potential given by Glansdorff
[20]

dF = 2 2.1)

where Ja denotes fluxes Xa — forces and V — volume. The validity of the
local potential principle depends upon whether or not OF in Eq. (2.1) is a
total differential in the extended sense of Prigogine and Glansdorff [18];
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here the parameters with superscript ‘O’ refer to the reference state with
respect to which variations are taken, and thus are not to be varied. The basic
state may either be stationary or time-dependent. However, dF in Eq. (2.1)
may be an exact differential even if Lik are functions of the parameters and,
in some cases, even if Onsager type relations are not valid. Moreover, if
Onsager type relations are satisfied, Eq. (2.1) will be an exact variation and
dF can he written as

°g° 3nf
3% T g 4V, (22)
31 31 3t

where g denotes density, e—energy per unit mass, t—time, T —temperature,
v—velocity and //—chemical potential. Therefore, the corresponding Lagran-

gian function is given by
3(g°e° dvf
(9°e°) T

1+ - T mo (2.3)

L= ViJaX,
dt dt C

For energy only, Eq. (2.3) takes the form

L — ) B -r-i, (2.4)

dt

since
ds = y-i de (2.5)
dt dt

ds
L O — 2.6
. g (2.6)

Here L(T, Tw/ir,p“ r-, n").

In general, there will be a surface integral too, but if the intensive parameters,
whose gradients are forces, are kept fixed at the surface or the flux at the sur-
face is zero, then the surface integral term will vanish. With the above con-
ditions of variation, the Euler—Lagrange equations (2.2) will be the con-
servation equations with the subsidiary conditions that

T—T° ur=jr and Vj= t" (2.7)

Gyarmati [12] has given a very general form of his principle, which can be

written as
6J 1~ (V+0)]dF = 0, (2.8)
\Y

with integration over the total volume V of the continuum.
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Here

d(J,X) =2 J1X1>0 (2.9)

a

and ® and m are the dissipation potentials.

In the case of transport processes the forces can always be generated
as the gradients of certain variables “T’which are state parameters or internal
parameters with respect to the forces, i.e.

X (= V™. (2.10)
Utilizing the entropy balance equation
£+ V'I$ —a-e (2.11

Eqg. (2.8) can be formulated in an alternative way as

Oros+ V.Js-(y,+0)]dV =0 (2.12)
v
Also

p=m=—" (2.13)

In the case of linear processes @ and f are homogeneous quadratic functions

WX , X)) £ L*XiXk> 0, (2.14)
2 ixk=1

®(J,J)=~-2 RikJiJk >0 (2-15)
2 ik=i

Eqg. (2.12) can also be written as

o ('[*-(v+0)]dU+0O \'Js-dS = 0. (2.16)
\' S

Since the variation is with respect to variables ' which are state parameters
or internal parameters with respect to the forces, Eq. (2.16) can be reduced to

6 \(os-0)dv+0O \Js dS = 0. (2.17)
\% S
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If the parameters at the surface are kept fixed or the flux at the surface is
zero, the surface integral will vanish, thus the Lagrangian function derived by
Gyarmati’s approach will he @ — a which we denote by La

La — Qa—a. (2.18)

It can be seen that the variation in both approaches iswith respectto state para-
meters or internal variables; time derivatives are not varied in either approach
and the Lagrangian functions are equivalent. The difference between the Lag-
rangian functions is in their method of representation: while one is

UT. T°, fin L(? v,, vf),

the other is LC(I"), where the ' /s correspond to T, fj, and tfrespectively. From
Eqgs (2.6) and (2.18)
L——La. (2.19)
Therefore, 6L — —dLa
OL — 0 if and only if 6Lgq = 0.

From the above discussion it is also clear that the local potential prin-
ciple is derivable from Gyarmati’s principle and vice versa. Gyarmati [12]
has shown that Eq. (2.8) is applicable to quasi-linear equations if

bl T3, r2 ...rn)= Lkt(L, r2 ...rn), (2.20)

and to non-linear equations if

Ljkj .. mn —Lkij ... n ... —Jn-jki1 (2.21)
and
Rk —Rl
Rikj = R/tfj m « « — Rjki

Rikji m@ n —Rkj ... n ... —Rn_jkt, (2.22)

whereas the local potential principle is applicable whenever dF is a total
differential in the extended sense of Prigogine and Glansdorff [18]; it is
applicable when the above relations hold true.
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3. Derivation of the local potential for generalized
Navier—Stokes equations

In this section the local potential for generalized Navier— Stokes
equations will be derived. The Lagrangian function derived in this way will
be compared with that deduced by Borécz [14] and Verhas [13]. Some
other Lagrangian functions, e.g. for heat conduction [13] and Fick’s equation
[13] will be compared. The generalized Navier— Stokes equations are given
by [14]

d
q---Y---l gradp—qgF —rjAv- V+ W grad div(v)—
(3.1)
frrot (2c0—rotv) — 0,
and

2rjr (rot v—2co) = 0, (3.2)

where v denotes velocity, p—density, p —pressure, F —external force per unit
mass, rj is the coefficient of viscosity, rjvthe coefficient of bulk viscosity, rjrthe
coefficient rotational viscosity, to denotes the mean angular velocity which is
determined in every point of the fluid by the rigid rotation of the particles,
0 denotes the mean internal moment of inertia per unit mass of the constitu-
ent particles.

By proceeding in the same way as Hays [22] and Kumar [23], the local
potential function can be derived. Now consider a volume V of an isotropic
fluid with the boundary surface S. The family of velocity distributions in the
volume considered may be thought of as having the appropriate macroscopic
velocity distribution v° plus small and arbitrary variations of the velocity
dv around the macroscopic distribution, Similarly the mean angular velocity
1o can be regarded as a sum of co® and dm:

vV = (3.3)
o = co°-f-6co . (3.4)
If we assume g, rj, r]v, frto he constants, the Lagrangian function for Eqs (3.1)
and (3.2) can be derived in the following way. By multiplying both sides of

Eqgs (3.1) and (3.2) by dv and dm, respectively, and taking co = co°in Eq. (3.1)
and v = v° in Eq. (3.2) one obtains

08-9\-/-- ov dv gradp + gF dv
dt dt
div |2°(gradu)s g m div (d) dv (3.5)

+ rot {"r(2ft)°>—rot(fl)} dv ,
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and
bco-\-2rjr(rot v°— 2co) boo, (3.6)
at at
since
bFl1= - [(bv)2dV and
6F = bF1+bF2<0. 3.7)

Consequently, the required velocity distribution v, and the mean angular ve-
locity co are characterized by the extremum conditions

and (3.8)
bv »

with the subsidiary conditions v = v° and (0 = co® (3.9). Therefore, the Lagran-
gian function as derived from the local potential is

e NE L gradp» - oF (div i5)2
B » - q ivi)2-f
dt "+ 7T
(3.10)
3 . . d o
novoo%d e 000 rot10)2.
4 0jh  exs 9%/ dt 2

Thus the Lagrangian functions derived from Gyahmati’s principle by Verhas
[13] and Borocz [14] are the same as Eq. (3.10) except for their representa-
tions. The actual form of the Lagrangian function for some equations as derived
from Gyarmati’s principle [7] and the local potential principle is given below.
For heat conduction

La= oCvl~~ - vT)2e 3.11
q a | 1( ) (3.11)

Eq. (3.11) has been given by Gyarmati [7],
L = oCuT %T-----i—’f(\mu, (3.12)

t 2

Eq. (3.12) is quoted by Hays [22].
Similarly in the case of Fick’s equation of multicomponent diffusion,
Verhas [13] and Sandor [16] have given

k 1 K-1
N+ (3.13)
dt * k=l

K~\. v dc
8 > (mk—/*K) —
Nt=i
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This can be easily derived also by the local potential method giving

K-i 1K1
L=gqg N (pk— - 1~~~ Lik\7({ii—(tK)-\>(/xk—[iK). (3.14)
*=j dt 2 iJLx

Thus it can be seen that the Lagrangian functions are the same except for their
way of representation.

Thus it appears that Gyarmati’s integral principle and the local po-
tential principle are equivalent; the basic difference between the two is their
starting point. While Gyarmati has started from Onsager’s relationships
and developed a variational principle from which the equations of irreversible
thermodynamics follow, the approach of Glansdorff and Prigogine [8]
is to start from the equations and construct a principle from which these fol-
low. Neither variational principle is a variational principle in the classical
sense; both depend on the cognizance of two types of variables, the ones which
are varied and the others which are kept fixed while performing the variation.
In our opinion, both lead to the necessary extension of the classical variational
calculus so as to include processes involving mechanical dissipation.

4. Derivation of Biot’s variational principle from
the local potential principle

In this section it will be shown that Biot’s variational principle can be
derived from the local potential principle. Biot’s variational principle is
based on Onsager’s reciprocal relations, but Biot [19] has shown that even
if Onsager’srelations are not valid his variational principle is still applicable
to certain types of non-linear problems. Biot [2] has also shown that his va-
riational principle reduces to the solution of equations of the type

Qv | dD

4.1
dai oqt @1

where V is the potential energy, D is the dissipation function and Q is the work
done at the surfaces; q( are the generalized coordinates, gt denote the differ-
ential of gt with respect to time:

= * g -
v \2 2i.J aub*j (4-2)

D bijiiij (4.3)
2 iJ
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In irreversible thermodynamics, the principle is developed through the

use of a heat flow vector H whose rate of change with time, H, is the heat
flux across an area normal to it:

H = dH . 4.4
. (4.4)

In the case of isotropic conduction as given by Biot [9] the variational for-
mulation has the form

6V + OD = -T =« OH, (4.5)
where
v= f\(CT)dTdx, (4.6)
xT
D = '— {H)2dx. 4.7)
J 2K
X

If the heat flow vector H is defined in terms of time-dependent generalized
coordinates as

H = H(qi, x, t) i=1,2,...n, (4.8)

then, as shown by Biot [9], the transient heat conduction equation with
temperature dependent specific conductivity and specific heat is equivalent
to Eq. (4.1). In asubsequent paper Biot [19] has shown that eve» if a convec-
tion term is present, a suitable definition of V and D reduces it to Eq. (4.1).
Eq. (4.1) can also be written as

ap Vv
Qi (4.9)
9%i 99/
If
dv
X, = <), (4.10)

then Eq. (4.9) takes the form

ap
aq " X, (4.11)

where X tis total disequilibrium force. Biot [2] has defined the function

P=D - (4.12)
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and has shown that his variational principle is equivalent to P being an ex-
tremum when ; are fixed and  are varied and, conversely, if ¢ are fixed and
gt are varied. Upon re-writing Eq. (4.12) in Gyarmati’s notation, we have

D=—o0=Yy), (4.13)
2
2 xidi=2 X*J°- (4-14)
Therefore, Eq. (4.12) takes the form
P=(y> — a), (4.15)

which is the same as the Lagrangian function defined by Gyarmati [7]. Also
the conditions of variation are similar to a particular form of Gyarmati’s
integral principle [7]. Therefore, it follows that Biot’s variational principle is
derivable from Gyarmati’s integral principle. Also in section 2 of this paper
we have shown that the Gyarmati principle [12] and the local potential prin-
ciple [18] are equivalent except for their physical meanings. Thus it follows
that Biot’s variational principle is derivable from the local potential prin-
ciple.

From Biot’swork [9] it is evident that his discussion is based on a hypo-
thesis that is correct from the viewpoint of mathematics but is physically
empty. The displacement vector H introduced by Biot [9] has no physical
meaning. Theoretically Biot’s variational principle is applicable to problems
in two and three dimensions, too, but in practice it can he applied to one-
dimensional problems only, owing to the presence of the divergence term

fcdT=h= -V -9. (4.16)
\

5. Relation between Gyarmati’s principle and
Ziegler’s principle of least irreversible force

In this section it will be shown that a special form of Ziegler’s principle
of least irreversible force |3] can be derived from Gyarmati’s principle.
Ziegler [3] has stated the principle of least irreversible force and has given
its alternative forms as the principle of maximum rate of entropy production
and the principle of maximum rate of dissipation work. One of the forms of
the principle of least irreversible force is equivalent to

Xik{*k-A)> 0 (5.1)
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in which X k denotes the actual irreversible force, xk — the actual velocity,
M — the corresponding value of the dissipation function D(xk), and xk is any
other velocity with a dissipation function D(xk) <[ M. The equality sign holds
whenever xk is another solution. Also dual forms of the principle exist in force
space where the forces are kept fixed and the variation is carried out with
respect to velocities. In other cases, velocities are kept fixed and the forces
varied. Ziegler’s principle is based on statistical foundations and it can be
applied to both linear and non-linear problems.

The approach of Ziegler [3] is similar to the local potential approach
where one considers the variation around an average state and the two types
of functions become equal when they represent an actual solution. If we as-
sume that the dissipation function as well as all the other functions involved
are continuous and have continuous derivatives, D is positive semidefinite and
D satisfies the relation

N-x k=f(D), (5.2)
dxk
then D is quasi-homogeneous and f is an arbitrary function. Ziegler [3] has
defined the following quantities

D (ID, (5.3)
* .\ ]f(D)
5 (5.4)
XK= gk '
.r D'
v= ai’, (5.5)
l«(*>')
3
k= w? (5.6)
3X1-

Also Ziegler [3] lias shown that if the velocities xk can be defined, then

P+ V -V X \xk. (5.7)
K

Now we will derive Eq. (5.7) from Gyarmati’s principle [12]. Gyar-
mati [12] has given a global form ofthe universal principle as

ale—@>-(-0)]dF = 0. (5.8)
\%

Therefore, the corresponding Lagrangian function is given by

L=a—(y+ o), (5.9)
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where

0=2 x ljt=2 x kik. (5.10)

i K

Thus it can be seen that Eqs (5.7) and (5.9) are equal in a local case, and
under these conditions the Ziegler principle is derivable from Gyarmati’s
principle. It is necessary to define the velocities but in general this is not pos-
sible for continuous media. However, in the case of non-continuous media,
Onsager [1] and Onsager and Machlup [24] have shown that Onsager’s
‘afd parameters and the fluxes can be obtained from the internal parameters
by means of the time derivative operator d/di, i.e. for example

internal parameter
or (5.11)
state variable

Thus it can be seen that in such cases the xk parameters of Ziegler [3]
are identical with the ok parameters of Onsager. Also Vojta [25, 26] applied
the flux representation of Onsager [1] to continua and non-local media. Thus
with some difficulty Ziegler’s representation in Eq. (5.7) can be applied to
continua with the aid of a functional formalism. Also in section 2 of this
paper it has been shown that the Gyarmati principle [12, 27] is equivalent to
the local potential principle. Therefore, it can also be seen that in this special
case Ziegler’sprinciple is derivable from the local potential principle. More-
over, the similarity in these principles is the occurrence of two types of func-
tions (T and T°, where T° is at the average state).

Finlayson and Scriven [28] have critically examined the mathematical
formulation of the variational principles of Biot [29] and of Glansdorff
and Prigogine [18]. It has been shown that the above variational principles
are outside the scope of classical variational calculus and are closely related to
the method of weighted residuals. While agreeing with the observation of the
above authors, it is felt that the physical meaning of the Glansdorff—Pri-
gogine [18] method has a definite advantage over that ofthe method of weight-
ed residuals and its formulation has led to the extension of classical variational
calculus to non-linear and quasi-linear problems and also to problems where
convection or inertia effects exist.

Doubtless, formulations (2.1) and (2.8) can be considered the most gen-
eral principles of the dissipative process. Also Eq. (2.8) is very closely related
to Vojta’s [25] principle. But the special advantage of the local potential
over other variational principles is that it is supported by the fluctuation
theory. It may be stated that the very existence of the local potential expresses
the stability of an arbitrary macroscopic state with respect to small fluctua-
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tions. Moreover, K ruskat [30] has used the local potential to construct a satis-
factory condition for convergence and, owing to the existence of two types
of functions, it can be applied in practice more easily than other variational
principles. The use of local potentials has proved to be of real practical interest
because it opens the way to the use of variational techniques in most non-linear
and quasi-linear problems.

The authors are grateful to Prof. I. Gyarmati for many useful suggestions and for bring-
ing to the notice of the authors some very recent literature. The authors thank Dr. R. R.
Aggarwal for his interest in the work, and the Director of Defence Science Laboratory for
his permission to publish this paper.
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BETRACHTUNGEN ZUM KOALESZENZPROZESS
ZWISCHEN UNGLEICHARTIGEN TEILCHEN*

H. Sonntag

(Deutsche Akademie der Wissenschaften zu Berlin, Zentralinstilul fir Physikalische Chemie
Berlin-Adlershof)

Eingegangen am Mai 2, 1972

Die verschiedenen Mechanismen der Koaleszenzstabilitat im Dreiphasensystem
wurden fir mischbare und nichtmischbare disperse Phasen vom theoretischen Standpunkt
aus betrachtet und durch Experimente an verschiedenartigen dispersen Systemen
experimentell geprift. Im Gegensatz zum KoaleszenzprozeR gleichartiger Teilchen
kénnen ungleichartige Teilchen gegen Koaleszenz im thermodynamischen Sinne stabil
sein. Bei der thermodynamischen Betrachtung wirde man diese Stabilitdt mit einer
Zunahme der freien Grenzflachenenergie in Verbindung bringen, vom molekularphy-
sikalischen Standpunkt dagegen durch die Vorzeichendnderung der Dispersionskréfte.
Fur die Erklarung der koaleszenzstabilisierenden Wirkung von Adsorptionsschichten
werden zwei Mechanismen erdrtert.

W é&hrend man zur Stabilisierung von Emulsionen und Schdumen unbe-
dingt grenzflachenaktive oder makromolekulare Stoffe bendtigt, kann man
Feststoffdispersionen auch ohne grenzfldchenaktive Zusdatze stabilisieren. Bei
der Wechselwirkung von ungleichartigen Teilchen, z. B. Gasbladschen auf Fest-
stoffpartikeln in einer Flussigkeit, kann man Koaleszenzstabilitdt je nach
dem betrachteten System sowohl mit und ohne Adsorptionsschichten errei-
chen.

Die Wirkungsweise grenzflachenaktiver und makromolekularer Stoffe
ist Gegenstand zahlreicher Untersuchungen gewesen, wobei die meisten Auto-
ren versuchen, eine Korrelation zwischen den mechanischen Eigenschaften
der Adsorptionsschichten und ihren Stabilisierungsvermdgen zu finden [1—5].
Als MeRgroRe verwendet man dabei meistens die Oberfldchenscherviskositat
oder die Scherfestigkeit, die man an ausgedehnten Phasengrenzen ermittelt.

Aus den publizierten Ergebnissen kann man entnehmen, daB in vielen
Fallen eine hohe Scherfestigkeit der Adsorptionsschicht auch mit einer guten
stabilisierenden Wirkung dieser Stoffe verbunden ist. Auf der anderen Seite
gibt es dagegen auch eine Reihe von Tensiden, z. B. die Alkalisalze der Fett-
sduren, die trotz duBerst geringer Scherfestigkeit sehr gute Stabilisatoren sind.
Man hat deshalb in den letzten Jahren auch andere Methoden zur Kldrung
des Stabilsierungsvermdgens grenzfldchenaktiver Stoffe herangezogen, und
zwar wurde die Oberflachenelastizitdt aus der Kapillarwellenddmpfung [6, 7],

*Zum Teil vorgetragen auf der 1. Kolloidchemischen Konferenz, 24—26. Mai, 1971,
Matrafired, Ungarn.
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nach der Methode der Blasenschwingungen [8] und aus der Anderung der
Filmspannung bei Expansion gemessen [9], aulRerdem wurde die Kompres-
sions-Dilatationsviskositat [7] ermittelt. Alle diese Versuche ergaben, daf
weder die Elastizitdt noch die Dilatationsviskositdt von Adsorptionsschichten
an ausgedehnten Phasengrenzen in Beziehung zur Schaum- oder Emulsions-
stabilitdt stehen. Die Experimente ergaben weiterhin, dal zwischen dem Ver-
lauf der Elastizitdts-Oberflaichenkonzentrations-lIsotherme von unldslichen
(z. B. Fettsduren) und Idslichen grenzflachenaktiven Stoffen keine Unter-
schiede bestehen, obwohl nur die letzteren als Stabilisatoren geeignet sind.
Das legt nahe, daB man die Vorstellungen Uber die stabilisierende Wirkung
von Tensiden neu durchdenken mufl. Es soll deshalb die Frage aufgeworfen
werden, ob man tatsdchlich aus den Eigenschaften einer einzelnen Adsorptions-
schicht auf die Wechselwirkung zweier Teilchen mit je einer Adsorptions-
schicht riickschlieBen darf. Um das zu uberprifen, wurden von uns zahlreiche
Koaleszenzuntersuchungen zwischen ungleichartigen Teilchen durchgefihrt,
weil man dabei die Wechselwirkung zweier Teilchen studieren kann, von
denen nur eines eine Adsorptionsschicht tragt bzw. die unterschiedliche Ad-
sorptionsschichten aufweisen.

Koaleszenzmechanismen

Zum leichteren Verstdndnis des Koaleszenzvorganges im dispersen Drei-
phasensystem sollen zundchst die Koaleszenzmechanismen erdrtert werden.
Der einfachste Fall liegt vor, wenn beide Teilchensorten miteinander vollig
mischbar sind (vgl. Abb. 1), denn die Koaleszenz fuhrt hier unter Abnahme
der Oberflache zu einem neuen Teilchen. Da die Grenzflachenspannung bei
den meisten Mischungen infolge der Grenzfladchenaktivitdt einer der beiden
Substanzen geringer ist als die der idealen Mischung, wird die Koaleszenz
aullerdem von einer Abnahme der Grenzflaichenspannung begleitet. Anders
liegen die Verhdltnisse bei der Wechselwirkung zweier nicht mischbarer Teil-
chen. Hier sind verschiedene Félle denkbar, und zwar das Teilchen 1 spreitet
vollstandig auf der 2. Partikel und inkludiert dieses (vgl. Abb. 2). Da die to-
tale Oberfliche dabei zunimmt, kann der Prozef nur freiwillig verlaufen,
wenn die Grenzfldichenspannungsédnderung cr2l—a.,0 die Zunahme der freien
Enthalpie mit der OberflachenvergrofRerung kompensiert. Bei unvollstandiger
Spreitung wird sich ein Zustand einstellen kénnen, der in Abb. 3 schematisch
dargestellt ist. Als Grenzfall muR man Abb. 4 ansehen, wenn sich nur noch ein
punktférmiger Kontakt einstellt. Wesentlich ist nach unserer Meinung fir
die Koaleszenz, daB der Flissigkeitsfilm des Dispersionsmediums zwischen
den beiden Teilchen zerreilt, unabhdngig davon, wie groR die Beruhrungs-
flaiche zwischen den beiden Teilchen ist.
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Abb. 1 4

Koaleszenzmessungen im System Quecksilber/Ol
mit Tensid/W asser

In einer friher beschriebenen Modellapparatur [10] werden ein Queck-
silbertropfchen mit einem Wassertropfchen zur Wechselwirkung gebracht,
die durch ein Olmedium getrennt sind. In der Olphase wird der grenzflachen-
aktive Stoff aufgeldst. Wasser- und Quecksilbertrépfchen im apolaren Medium
stellen einen Kondensator dar und durch die sprunghafte Anderung der Ka-
pazitdt beim direkten Kontakt von Quecksilber und Wasser kann man den
Koaleszenzvorgang leicht verfolgen.

Gibt man der Olphase als grenzflichenaktiven Stoff Olsaure zu, so ist
bekannt, daR die Olsidure die Koaleszenz von Wassertropfchen untereinander
nicht verhindern kann [11]. Sie ist fur W/O-Emulsionen kein Emulgator.
Auf der anderen Seite vermag Olsdure an der Quecksilber/OI-Phasengrenze
je nach der verwendeten Konzentration sehr dicke Adsorptionsschichten
bis zu 40 nm auszubilden, die Quecksilber/OI-Emulsionen hervorragend stabi-
lisieren und eine hohe mechanische Scherfestigkeit aufweisen [12]. Bei der
Wechselwirkung eines Wassertrépfchens mit einem Quecksilbertrépfchen in
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Olsdurelialtigem Oktan bildet sich nur an einer der beiden Phasengrenzen eine
dicke Adsorptionsschicht hoher Scherfestigkeit aus. Diese Adsorptionsschicht
ist nicht in der Lage, die Koaleszenz des Wassers auf dem Quecksilber zu ver-
hindern, auch nicht bei sehr hohen Olsdurekonzentrationen. Die Koaleszenz
zwischen Wassertropfen und Quecksilber ist am plétzlichen Abfall der
Kapazitdt leicht zu erkennen. Man kann daraus schluRfolgern, dall die hohe
Scherfestigkeit einer mehrmolekularen Adsorptionsschicht kein ausreichendes
Stabilitatskriterium ist.

Koaleszenz im System Polymer/Wasser mit Tensid/Ol

Schon vor einigen Jahren hatten wir uns mit dem Waschvorgang be-
schéftigt [13] und dabei das Koaleszenzverhalten von polaren und unpolaren
Oltropfen auf verschiedenartigen Polymerfolien studiert. Die Ergebnisse die-
ser Untersuchungen sind fiir die Betrachtungen ber die Ursachen der Koales-
zenzstabilitdt wieder interessant. Vergleicht man n&dmlich die Konzentrationen
ein und desselben grenzflachenaktiven Stoffes, die man zur Stabilisierung von
Oltropfchen untereinander und von Oltrépfchen gegen die Polymerphase
bendtigt (Tab. I), so sieht man ebenfalls deutlich, dafl eine stabile Adsorptions-
schicht an nur einer Phasengrenze — in diesem Fall an der Ol/W asser-Phasen-
grenze — nicht die Koaleszenz verhindern kann. Die Stabilisierungskonzentra-

Tabelle 1

Stabilisierungskonzentration von Tensiden fiir Cyclohexantropfchen untereinander und gegen
verschiedene Polymerphasen

System @ Mol/1
CoHI2ZHD + NP 20* /C6H12 2.10-6
CcHIZH2D + NP 20/Polyamid 1.4 «10-“
C,H2H2 + 20/Polyester 12 m10-4
C6H12ZH2D + NP 20/Polyathylen instabil
CoHIZHD + NP 20/Teflon 15 .10-4
CoHIZH2D + NaDS**/C6H12 4 .10-5
CeHi2ZH2D -f- NaDS/Polyamid 5.10"3
C6HI2ZH2D + NaDS/Polyester 5.10-3
CeH,2H20 + NaDS/Polyathylcn instabil
CEHIZHXD + NaDS/Teflon s

*NP 20 Nonylphenolathylenoxidaddukt 20
** NaDS Na-dodecylsulfat-1
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tion der Tenside fiur Oltropfchen gegen Polymer liegen um eine bzw. zwei
GroRenordnungen hoher als fiir die Oltropfchen allein. Gegen Polyédthylen
kénnen die beiden verwendeten Tenside Uberhaupt keine Stabilitdt erzeugen.
Die Stabilisierungskonzentration der beiden Tenside gegen die Polymeren
liegt in der GréRenordnung der kritischen Konzentration der Mizellbildung
(cmc fur NP 20 = 1,4 «10~4 Mol/1, cmc fir NaDS = 8 « 10-3 Mol/l1).

Zerstérung von W/O-Emulsionen durch Deemulgatoren

Der ProzelR der chemischen Deemulgierung zeigt nach unserer Meinung
ebenfalls sehr deutlich, daR die Koaleszenzstabilitat stets an das Vorhanden-
sein zweier Adsorptionsschichten (d. h. an den beiden wechselwirkenden Teil-
chen je eine) einer sogenannten »Sandwich«schicht gebunden ist. Denken wir
z. B. an die Wasser/Erdél-Emulsionen, in der die Wassertropfchen durch
Feststoffpartikeln von etwa 25 nm TeilchengrdoRe stabilisiert werden [14, 15].
Bekanntlich kann man diese Emulsionen zerstdren, wenn man im Erdd6l de-
emulgatorhaltiges Wasser emulgiert. Der Deemulgator ist starker grenzfla-
chenaktiv als der Stabilisator in der Erddlphase und verhindert somit die
Anreicherung des Stabilisators an der Wasser/Ol-Phasengrenze. Diese W asser-
tropfchen, die keine stabilisierende Adsorptionsschicht aufweisen, da der
Deemulgator W/O-Emulsionen nicht zu stabilisieren vermag, kénnen ohne
Schwierigkeiten mit den stabilisierten Wassertréopfchen koaleszieren. Der
Grund dafir ist wieder, daB eine »formal stabile« Adsorptionsschicht fur die
Koaleszenzstahilisierung zweier Teilchen nicht ausreichend ist.

Kompression von Sandwichschichten

Die oben genannten Beispiele machen es verstandlich, dal die Unter-
suchungen der mechanischen Eigenschaften an ausgedehnten Phasengrenzen
zur Erklarung der Koaleszenz nicht zum Erfolg fihren kann. Mit anderen
W orten ausgedrickt, die Entstehung eines Loches in der Adsorptionsschicht
als Ursprung des ZerreiBens kann nicht der entscheidende Schritt der Koales-
zenz sein. Die Aufgabe besteht vielmehr darin, nach Methoden zu suchen,
mit denen man die mechanischen Eigenschaften der Sandwichschichten be-
stimmen kann. An Quecksilbermodelldispersionen in Olmedien [16] kann
man die Sandwichschichten zwischen zwei Tréopfchen einfach dadurch kom-
primieren, daB man ein &uleres elektrisches Feld an die Tropfchen anlegt
und die Kompression der Schicht kapazitiv miRt. Aus der reversiblen Dicken-
&nderung bei Kompression durch das elektrische Feld berechneten wir die
Elastizitdt senkrecht zur Phasengrenze. Fir polymolekulare »Sandwich«-
schichten aus Olsdure erhielten wir je nach der verwendeten 6lsdurekonzentra-
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tion stabile Schichtdicken von 20 und 80 nm, mit einer dickenunabhdngigen
Elastizitdt von 105dyn/cm2und fir extrem dinne 6ls&dureschichten von 5,4 nm
Dicke einen Wert von 106dyn/cm2 Zwischen 5,4 nm und 20 nm konnten keine
koaleszenzstabilen Schichten erhalten werden. Das ist verstandlich, wenn
man annimmt, daB nur die extrem dinnen, die sogenannten schwarzen Filme
eine so hohe Elastizitit aufweisen, wahrend alle dickeren Schichten einen
Wert von 105dyn/cm2besitzen. Die elastischen Kréfte senkrecht zur Phasen-
grenze mussen ndmlich die Dispersionsanziehungskrdfte kompensieren kdén-
nen. Nur wenn sie groBer als diese sind, kdnnen sie die weitere Anné&herung
und damit die Koaleszenz verhindern. Der Vergleich mit den Dispersions-
kraften zwischen den Teilchen [16] zeigt, daBR unterhalb 20 nm Abstand der
Teilchen die Dispersionskrdafte pro Flacheneinheit groBer als 10adyn/cm2 wer-
den. Daraus resultiert, da kleinere Adsorptionsschichten nicht stabil sein
kénnen, was experimentell auch gefunden wird.

Eine madgliche Ursache der Koaleszenzstabilitdt von Adsorptionsschich-
ten grenzflachenaktiver oder makromolekularer Stoffe besteht also darin,
dal sie bei Druckbeanspruchung infolge der zwischenpartikularen Kréfte
sich elastisch verformen, so daB durch Kompression der Molekile oder durch
gegenseitiges Durchdringen der orientierten Adsorptionsschichten eine Ab-
stofung stattfindet. Das ist aber nur eine Mdglichkeit der koaleszenzstabili-
sierenden Wirkung von Adsorptionsschichten. Betrachtet man an Stelle von
Quecksilber/O1-Emulsionen  Wasser/Ol-Emulsionen, so kann man ebenfalls
wieder die Dickendnderung als Funktion eines &ufReren Druckes untersuchen.
Fur Wassertropfchen, die mit Span 80 stabilisiert wurden, erhielten wir be-
stdndige Schichten von etwa 40 nm Dicke. Bei einer &ufleren Kompression
kann man nur eine geringe Dickendnderung nachweisen, bis plotzlich bei
einem bestimmten Druck die Sandwichschicht zerstért wird. Die Ursache
liegt nach unserer Meinung darin begriindet, daR die Tensidadsorptionsschicht
dem &uReren Druck ausweicht und in die wdaRrige Phase abgedrangt wird,
d. h. die von auBlen angelegte Energie entspricht der Desorptionsenergie der
Alkylreste aus der Olphase und der Umorientierungsenergie der Wassermole-
kile beim Einbringen der Alkylreste in die Wasserphase.

Wenn man diesen Mechanismus als zweite Mdglichkeit der Koaleszenz-
stabilitdt von Adsorptionsschichten annimmt, erhdlt man eine zwanglose
Deutung der Bancroft’schen Regel, nach der ein Tensid immer die dispersen
Teilchen stabilisiert, in denen es nicht I8slich ist. Die Bancroft’sche Regel kann
man dagegen nicht erkldren, wenn man die alte Vorstellung zu Grunde legt,
daB die Ursache der Stabilitdt auf der Ausbildung einer gelartigen Adsorp-
tionsschicht mit hoher Scherfestigkeit beruht. In diesem Falle sollte es ndm -
lich unwichtig sein, ob sich die gelartige Schicht vom Dispersionsmedium
her oder von der dispersen Phase her ausbildet und somit mufiten beide Emul-
sionstypen stabil sein.
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Thermodynamisch stabile Systeme

Eine dritte Mdglichkeit der Emulsionsstabilitdit hat man vorzulegen,
wenn das Tensid in der 61- und W asserphase etwa in gleichem Male I6slich
ist. In diesem Fall wird bei geeigneter Tensidkonzentration die Dispersions-
energie so gering, dafl zwischen den Tropfchen praktisch keine Dispersions-
krafte mehr auftreten. Man kann bei diesem Beispiel von einer quasithermo-
dynamischen Stabilitdt sprechen.

Eine echte thermodynamische Stabilitdt kann man nur bei der Wechsel-
wirkung ungleichartiger Teilchen beobachten.

W adhrend der Koaleszenz gleichartiger Teilchen verringert sich die Ober-
flache, sie stellt somit einen freiwillig unter Abnahme der freien Enthalpie
verlaufenden ProzeBR dar. Anders hegen die Verhdltnisse bei der Koaleszenz
ungleichartiger Teilchen. Dieser Vorgang mufl nicht von einer Abnahme der
freien Enthalpie begleitet werden, einmal weil dabei die Grenzfldche nicht
zwangslaufig verkleinert werden muB und zum anderen, weil die Anderung
der Grenzflachenspannungen zu einer VergréBerung der freien Enthalpie
fuhren kann. Flussigkeitsfilme zwischen verschiedenartigen dispersen Teilchen
kénnen somit in einem thermodynamisch stabilen Zustand vorliegen.

Betrachten wir den Koaleszenzvorgang zwischen ungleichartigen Teil-
chen im System dreier nicht miteinander mischbarer Phasen, wie das in Abb. 4
schematisch angedeutet ist. Die GrofRe der Kontaktfliche kann dabei je nach
der Deformierbarkeit der dispersen Teilchen in weiten Grenzen schwanken.
Solange die Teilchen nicht aufeinander spreiten, kann man die Fldchené&nde-
rung bei der Koaleszenz vernachldssigen. Die Bedingung fiir thermodynamische
Stabilitdt 148t sich dann durch die Ungleichung darstellen:

ffL! ff20 "b <710

Drei charakteristische Beispiele, an denen von uns experimentelle Arbeiten
durchgefihrt wurden, sollen nachfolgend analysiert werden.

a) Wechselwirkung im System Polymer/WasserjOl-Modell fiir das Schmutz-
tragevermdgen

Verwenden wir als Polymerphase Stoffe wie Polyamid oder Polyester
[9], so ist die Grenzflichenspannung zur Olphase (<12 sehr klein und nur wenig
von 0 verschieden, so dalR immer Koaleszenz eintritt. Eine Stabilisierung ist,
wie oben ausgefuhrt wurde, nur mit Tensiden mdglich. Bei polaren Polymeren,
wie z. B. Cellulosederivaten, wird die Grenzflachenspannung erl0 sehr klein
und wassrige Filme auf dieser Polymerphase sind thermodynamisch stabil
wenn <12 >e al0 ist.

b) Wechselwirkung im System Quecksilber/Oll Wasser

Fur die Auswahl dieses Systems waren verschiedene Grinde malge-
bend, einmal standen uns zu den dazugehdrigen symmetrischen Systemen,
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Quecksilber/O1- und Wasser/OI-Emulsionen, ausreichend Versuchsergebnisse
zur Verfligung und zum anderen gestatten die hohen Grenzflachenspannungen
ff12 und crl0 eine breite Variierung.

Durch die Wahl des Olmediums und durch Zugabe von Tensiden, die
bevorzugt ander Phasengrenze Quecksilber/Ol adsorbiert werden, kann man
die Grenzflichenspannung so verdndern, daR thermodynamisch stabile Olfilme
zwischen Wasser und Quecksilbertropfen auftreten, die bei jeder Dicke be-
stdndig bleiben. Die Stabilitdtsbedingung lautet:

OHg/HjO /> °Hg/Ol + OHjo/OI
°Hg/H,0o = Grenzflachenspannung Hg gegen Wasserphase
°Ha/oi = Grenzflachenspannung Wasser gegen Olphase

ffHg/6i — Grenzflaichenspannung Hg gegen Olphase

Die Grenzfldchenspannung nach dem Koaleszenzvorgang, d. h. im obi-
gen Beispiel Quecksilber mit adsorbierter Tensidschicht gegen Wasser, kann
man direkt messen. Die Grenzflaichenspannungen OIl/Wasser wurden nach
der Methode des hdngenden Tropfens oder nach de Nouy bestimmt. Die Grenz-
flaichenspannung Hg/Ol bzw. Hg mit Monofilm/Wasser ermittelten wir nach
einer in [20] angegebenen modifizierten Wilhelmymethode mittels einer amal-
gamierten Platinplatte. Der adsorbierte Monofilm bleibt nach dem Absaugen
der tensidhaltigen Olphase an der Quecksilberoberfliche zuriick. Die mit der

Abb. 5. (7-c-Kurven von Olsaure-Monoglyzerid in Oktan. « uHg + Monofilm/H2, O f/Hg/Ok-
tan, A <rH,0/0ktan,-------- crHD/0ktan -f- uHg/Oktan
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Abb. 6. a-c-Kurven von Span 80 in Oktan. » wHg + Monofilm/H20, O oHg/Oktan,
A <7TH2 /0ktan,--------- aH2/0ktan -f- oHg/Oktan

lgc tg/U

Abb. 7. (7-e-Kurven von Span 65 in Oktan, « oHg + Monofilm/H2, O oHg/Oktan,
A crH2/0ktan,----—-— oH2/0Oktan -f- oHg/Oktan

Adsorptionsschicht bedeckte Hg-Oberflaiche wurde danach mit der wéaRrigen
5 «10~2nKCI-Lésung Uberschichtet und in Ublicher Weise die Grenzfldchen-
spannung bestimmt.

Aus den folgenden Diagrammen, in denen die einzelnen Grenzfldchen-
spannungen des Quecksilber/OlI/W asser-Systems als Funktion des Tensid-
gehaltes dargestellt sind, geht hervor, dal eine Stabilisierung im thermody-
namischen Sinne maoglich ist, wenn Tenside der Olphase zugesetzt werden
(Abb. 5—7). Bei geringen Tensidkonzentrationen ist das System thermody-
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namisch instabil, denn die Summe der Grenzflaichenspannungen Quecksil-
ber/O1 und Wasser/Ol, die als gestrichelte Kurve in den Diagrammen einge-
zeichnet wurde, liegt unterhalb der Grenzflachenspannungskurve Quecksilber
mit Monoschicht/Wasser. Steigern wir die Tensidkonzentration, so schneiden
sich die beiden Kurven. Das System erfullt die oben angegebene Ungleichung,
d. h. es wird im thermodynamischen Sinne stabil.

Vergleichen wir die durch die Grenzflachenspannungsmessungen ermit-
telten Stabilisierungskonzentrationen der Tenside mit den am Versuchsmodell
erhaltenen, die in den Diagrammen mit einem senkrechten Strich dargestellt

Abb. 8. (7-c-Kurven von Natriumdecylbenzolsulfonat in Wasser mit Oktan als Olphase.
« trHg/Wasser, O nHg/Oktan, AH,0/O ktan,--—--—--- niLO/Oktan + crHg/Oktan

sind, so stellen wir im Rahmen der Fehlergrenze Ubereinstimmung fest. Dar-
aus folgt, dal zumindest bei den Stabilisierungskonzentrationen das System
Quecksilber/O1/W asser im thermodynamischen Sinne stabil ist, ob bei héheren
Tensidkonzentrationen noch zusdtzlich eine Koaleszenzstabilisierung durch
stabile Adsorptionsschichten auftritt, kann durch das Verhalten bei der Kom-
primierung der stabilen Filme bzw. der Adsorptionsschichten durch Anlegen
zusdtzlicher Anziehungskréfte, z. B. durch ein duBeres elektrisches Feld, ent-
schieden werden [10].

Eine Stabilisierung von Heterosystemen ist prinzipiell nicht nur durch
Zugabe von Tensiden in die Olphase mdglich, sondern kann auch durch eine
tensidhaltige waRrige Phase erreicht werden.

Aus den Abb. 8 und 9 geht jedoch hervor, dall die von uns gewdhlten
Olphasen bzw. tensidhaltigen Wasserphasen nach den gemessenen Grenz-
flaichenspannungen und auch defacto nicht thermodynamisch stabil sind.
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c) Wechselwirkung im System Gas/Flissigkeit 1/ Flussigkeit 11

In derin Abb. 10 gezeigten MefRzelle wurden Cyclohexanfilme auf Wasser
ausgebildet und die Dicke der Cyclohexanfilme interferometrisch [3] unter-
sucht. In dem Glasring von 1 mm Stédrke befindet sich eine Bohrung von 5 mm.
Diese Bohrung wird zunéchst vollig mit dem Olmedium gefillt. Zum Absau-
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Abb. 9. a-c-Kurven von Natriumdecylbenzolsulfonat in Wasser mit m-Xylol als Olphase.
*« oHg/Wasser, O oHg/Xylol, A oH2/m-Xylol, ——— <7H,,0/m-Xylol + aHg/m-Xylol
Olfilm
Gasphase
zur
Wasserstrahlpumpe
Mikro-
meterventil
Wasserphase
Glasfritte Urohrmanometer
Abb. 10

gen des Olfilmes und zum Erzeugen eines definierten Unterdrucks ist seitlich
eine Kapillare angesetzt. Die Austrittséffnung der Kapillare wird mit Glas-
pulver geflllt und zu einer Fritte zusammengesintert. Von der Porenweite
dieser Fritte hdngt der Maximalwert des Unterdruckes ab und kann somit
im gewilnschten Male eingestellt werden. Bevor mit dem Absaugen begonnen
werden kann, wird die waBrige Phase mit Hilfe des Mikroventils luftblasen-
frei mit der Olphase in Kontakt gebracht. Saugt man nun die Olphase aus der
Bohrung aus, entsteht ein kreisformiger Olfilm auf Wasser. Ein Unterdriick
entsteht erst, wenn die gesamte Offnung des Glasringes mit einem kreisfor-
migen Film bedeckt ist. Der Unterdrick wird mit einem U-Bohrmanometer
gemessen.

Acta Chim. (Budapest) 76, 1973



370 SONNTAG: BETRACHTUNGEN ZUM KOALESZENZPROZESS

Besondere Aufmerksamkeit schenkten wir den Heterosystemen OIl/Was-
ser/Luft und Wasser/Ol/Luft, weil zu den dazugehdrigen symmetrischen Dis-
persionen, den Emulsionen und Schdumen ebenfalls zahlreiche Publikationen
vorliegen.

Den Koaleszenzvorgang zwischen Gasblaschen und Oltropfchen sowie
zweier Oltropfchen in wéaBrigen Tensidlésungen untersuchten wir mit der
in [21] beschriebenen Frittenzelle. Zur Messung der Schaumstabilitdt benutz-
ten wir eine Glasringzelle, wie sie von Scheludko und Mitarbeitern [22] be-
schrieben wird. Die Stabilitit von Olfilmen zwischen Wassertropfchen und
Gasphase studierten wir mit der in Abb. 10 skizzierten Mefzelle.

Je nach der verwendeten Olphase sollten entweder Olfime zwischen
Gasblase und Wasserphase bzw. Wasserfilme zwischen Gasblischen und Ol-
tropfchen thermodynamisch stabil sein kdnnen. Allerdings muB man bemer-
ken, daB die Beurteilung der thermodynamischen Stabilitdt allein aus den
Grenzflachenspannungsmessungen zu Fehlinterpretationen fihren kann. Zum
Beispiel stehen Benzol oder Olsaurelinsen auf einer Wasseroberfliche mit
einem Monofilm der jeweiligen Olphase im Gleichgewicht, d. h. beim ZerreiBen
des instabilen Olfilmes zwischen Gasblase und Wassertropfchen verbleibt
ein stabiler Monofilm. Man mufl deshalb als Endwert der Grenzfldchenspan-
nung nach dem ZerreiRen des Olfilmes die Grenzflichenspannung — bzw.
Filmspannung-W asser + Olmonofilm/Luft verwenden und diese sind natiirlich
aus Grenzflachenspannungsmessungen mit den tUblichen Methoden nicht er-
haltlich. Bei Olsaure kann man die Filmspannung auf einer Langmuirwaage
direkt messen, beiorganischen Lésungsmitteln dagegen ist die Messung so nicht
durchfuhrbar.

Zur Beurteilung, ob thermodynamische Stabilitdt vorliegt oder nicht,
sollte man deshalb nicht von den Grenzflaichenspannungswerten ausgehen,
sondern sollte die Ursache auf die zwischenpartikularen Krafte zuriuckfihren.
Im dispersen Dreiphasensystem kodnnen die Dispersionskrafte zwischen den
verschiedenartigen Teilchen ihr Vorzeichen dndern, d. h. die Dispersionskréfte
sind AbstoRungskréfte und keine Anziehungskrédfte. Das ist molekularphysi-
kalisch schwierig zu verstehen, folgt aber sowohl aus der makroskopischen
als auch mikroskopischen Theorie der Dispersionkréfte zwischen Partikeln [22].

Fir die Dispersionskrafte, bezogen auf die Flacheneinheit (Mc), zwischen
den plattenfdrmigen Teilchen 1 und 2 in einem Dispersionsmedium erhélt
man gem&R der makroskopischen Theorie von Lifschitz [1] fir Absténde,
die kleiner als die Londonsche Wellenldnge sind, die Né&herungsgleichung:

i (fi eo)(e2 eo)

16[813 J (ﬂ+€)(e2+® W

n D
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h = Plancksches Wirkungsquantum, d = Abstand der beiden Teilchen, sv
e2 = komplexe Dielektrizitditskonstante der Teilchen, e0= komplexe DK
des Dispersionsmediums, f = imagindrer Teil der komplexen Kreisfrequenz.

Nach Gleichung 1 erhdlt man positive Dispersionskrafte, wenn die Dif-
ferenzen der komplexen DK-Werte (ex—e0) und (e2—s0) ungleiches Vorzeichen
besitzen.

Nach der mikroskopischen Theorie von Hamaker erh&lt man fir die
Wechselwirkung plattenférmiger Teilchen bei Abstdnden kleiner als die Lon-
donsche Wellenldnge

A*

0= 2
6n d3 £

A* ist die zusammengesetzte Hamaker-Konstante. Die zusammengesetzte
Hamaker-Konstante 148t sich darstellen durch

A* —A0 A2 AW AXQy

AQ ist die Hamaker-Konstante des Dispersionsmediums, A 12 die Hamaker-
Konstante fiir die beiden Teilchen und A20und A 10charakterisieren die Wechsel-
wirkung zwischen den Teilchen und dem Dispersionsmedium. Da in der Regel
auBer Uber den MM0-Wert keine Angaben Uber die GroRe der Hamaker-Kon-
stanten gemacht werden kdnnen, sind Voraussagen lUber die Vorzeichendnde-
rung der Dispersionskrdafte nur selten mdéglich. Aus den Untersuchungen Uber
die Spreitung von Flissigkeiten auf festen oder flussigen Trdgern ist bekannt,
unter welchen Bedingungen sich multimolekulare Flissigkeitsschichten aus-
breiten. Von diesen Experimenten her kann aber nicht auf das Vorliegen
positiver Dispersionskrdfte geschlossen werden. M etastabile »dicke« FIlissig-
keitsfilme erh&lt man auch in Gegenwart elektrostatischer AbstoBungskréfte,
wie aus den Stabilitditsmessungen an Schaumfilmen und Emulsionstrépfchen
bekannt ist.

Die Gleichgewichtsdicke des Olfilms auf Wasser ohne Verdnderung des
&uBeren Druckes wird vom Krimmungsdruck und von der Summe der
W echselwirkungskréfte, bezogen auf die Fladcheneinheit, bestimmt:

n~r"in((d).

Aus den Untersuchungen Uber die Stabilitdt in apolaren Medien ist bekannt,
daB sowohl fiir Schaumfilme als auch fiir W/O-Emulsionen die elektrostati-
schen Kréfte vernachldssigbar klein sind, so dafl wir die EM zundchst nur auf
die van der Waals-Kréafte zurtckfihren wollen.

Bei Kenntnis des Krimmungsdruckes kdnnte man fir einen d-Wert
die Wechselwirkungskrafte ermitteln. Allerdings ist der Krimmungsdruck
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in unserer MeRanordnung nicht konstant, sondern hdngt vom Radius (R) der
kreisférmigen Beruhrungsflache ah.

Zum Nachweis, ob tatsdchlich die Dispersionskrafte die dominierende
Rolle spielen, wurde durch Verédnderung des dufleren Druckes (Ma) die Gleich-
gewichtsdicke variiert und gepruft, oh die Gleichung

*
Ma-\rMa—
6n1d3
erfallt ist (vgl. Abb. 11).
Die Ergebnisse zeigen, daf bis etwa 35 nm Schichtdicke, das entspricht
Unterdricken von etwa 2400 dyn/cm2 abstoRende Dispersionskrafte die do-
minierende Rolle spielen. Aus der Steigung der Geraden errechnet man eine

Abb. 11. Anderung der Gleichgewichtsdicke (11d3) mit dem angelegten Druck

Hamaker-Konstante von 3,8 ¢« 10~12 erg. Fir unser Beispiel setzt sich die
Hamaker-Konstante A* zusammen aus der Differenz A q, — "0i/Wasser e« Da
die Dispersionskrafte positives Vorzeichen tragen, wird die Dispersionswechsel-
wirkung allein von der gegenseitigen Wechselwirkung der Wasser- und Olmole-
kiule bestimmt. Das ist zunachst Uberraschend, denn die Adhéasion zwischen
W asser und Olphase ist sehr gering. Man entnimmt aber Abb. 11, daB bei
kleineren Abstinden die Gleichgewichtsdicke des Olfilmes mit wachsendem
Druck viel stdrker abnimmt. Daraus muB man schluRfolgern, daB in diesem
Dickenintervall zusétzliche Anziehungskrafte wirksam werden, Uber deren
N atur wir aber zunédchst keine Angaben machen kénnen. Es konnte aber expe-
rimentell gezeigt werden, daB auch bei kleinen Abstdnden stets die AbstoBungs-
krafte Uberwiegen, d. h. dal keine sprunghaften Dicken&dnderungen —
ZerreiRdicken im symmetrischen Fall [23—25] — im Olfilm auftreten.
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Ahnlich wie in Cyclohexanfilmen auf Wasser existieren auch in Alkan-
filmen bis zum Oktan auf Wasser positive Dispersionskrafte, bei den hdheren
Alkanen tritt eine Vorzeichenumkehr ein. Fir Oktanfilme auf W asser berech-
neten wir aus der Il A-Abstandsisotherme eine Hamaker-Konstante von
4,8 «10_12 erg. Auch heim OKktan tritt keine ZerreiRdicke auf, d. h. Oktanfilme
sind ebenfalls bis zum Monofilm hinab stabil. In Olfilmen von Aromaten wie
Benzol oder Xylol treten ebenfalls wie bei den hoheren Alkanen negative Dis-
persionskrafte auf.

Aus diesen Versuchen kann man gewisse Rickschlusse auf die komplexe
D K des Wassers ziehen. Vergleicht man die in Tab. Il angegebenen statischen
DK-Werte — fir unpolarisierbare organische Verbindungen sind statische
und komplexe DK gleich — mit der Vorzeichendnderung der Dispersionskréfte,
so kann man feststellen, daB die komplexe DK des Wassers bei ~2,0 liegen
muf.

Tabelle 11

Statische DK-Werte fiir verschiedene organische Losungsmittel und
Vorzeichen der Dispersionskrafte fur diese Olfilme auf Wasser

Loésungsmittel stat. DK Dispcrsionskrafte
lleptan 1,92 positiv
Octan 1,95 positiv
Decan 1,99 negativ
Cyclohexan 2,02 positiv
Decalin 2,13 negativ
Benzol 2,28 negativ

Entsprechend dem Wert der komplexen Dielektrizitdtskonstanten fir
W asser und Dekalin sollten Wasserfilme zwischen Gasphase und Dekalin-
tropfen stabil sein, weil Dispersionsabstofungskréfte auftreten. Auf der an-
deren Seite ist nach Harkins [23] bekannt, daB Wasser auf Dekalin nicht
spreitet, mit anderen Worten, es sollten keine DispersionsabstoRungskrafte
vorhanden sein. Diesen scheinbaren Widerspruch konnten wir auf experimen-
tellem Wege aufkldren. Gem&R der Theorie der zwischenpartikularen Kréafte
erhdlt man bei groBeren Schichtdicken Dispersionsabstofungskréfte, im Un-
terschied jedoch zu den Untersuchungen mit Cyclohexan (vgl. Abb. 11)
und Octan auf Wasser uUberwiegen bei kleinen Abstidnden die Anziehungs-
krafte, deren Natur wir noch nicht vollstdindig aufkldren konnten, gegeniiber
den DispersionsabstoBungskraften. Die Folge davon ist, dal W asserfilme auf
Dekalin nur in einem begrenzten Dickenintervall thermodynamisch stabil
sind. Bei kleineren Filmdicken zerreilen dann die Wasserfilme. Diese Er-
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scheinung ist sehr wichtig, weil sie zeigt, dal zur Berechnung der Wechsel-
wirkung zwischen zwei Teilchen bei kleinen Abstdnden die ausschlieBliche
Berlcksichtigung von elektrostatischen und Dispersionskrdften zu Fehlinter-
pretationen fuhrt. Sie zeigt weiter, dal grole Anstrengungen unternommen
werden missen, die Natur und GesetzmdaRigkeiten dieser zusétzlichen Anzie-
hungskréfte aufzuklaren.
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The hydrogen-bonded pyridinium—pyridine system is examined using the ex-
tended Huickel method. With a simplex minimization for two variables it is confirmed
that the total electron energy reaches no minimum as a function of the N. ..N and
H...N distances. Taking the distance of the N atoms at a fixed value of 3.85 A, a polar-
izing effect of the moving proton on the valence electrons was observed.

The hydrogen bond in pyridinium-pyridine

A Rein—Harris type calculation performed for pyridinium-pyridine
[1, 2] raised the question whether the method provides the expected bond
distances under the restrictions that the rings of the two molecules be coplanar
and the H-bond linear. The calculation yielded a symmetrical double-well
potential but the energy of the complex increased monotonously as the pyri-
dine and the pyridinium approached one another. This calculation is repeated
here treating the valence electrons with the extended Hiickel method and
using a more detailed variation of geometry. The numbering of the atoms is
shown in Fig. 1. The coordinates ofthe pyridine molecule are taken from Sutton’s
tables [3]. The ionization potentials and the Slater exponents of the atomic
orbitals are collected in Table I. The calculations were carried out with K= 1.45.

To find the N..,N and H .. ,N distances corresponding to the minimal
energy, the usual treatment would be to fix the H .. .N distance at its equi-
librium value in the separated pyridinium and to vary only the N ...N dis-

Fig. 1. Pyridinium-pyridine
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tdncé. But a more correct way of obtaining the most energetically favourable
geometry is minimization in two variables. Here the simplex procedure (see
Appendix) has been applied for this purpose. The points of the simplex with
the corresponding energy values are shown in Fig. 2. One can see that at a
H ...N distance of 0.8 A the energy is almost constant and is equal to the
sum of the energies of the separated pyridinium and pyridine (—1003.729 eV).

Table 1
Slater exponents and ionization potentials
QY]
Exponents 1S 2s 2p
H 1.000 13.60
0.5 3.40 3.40
c 1.625 — 21.40 11.40
N 1.950 — 26.00 13.40

Fig. 2. Simplex minimization for two variables. Numbers above the circles are in units of
10_2eV. The integer part of the energy is —1003. eV

The simplex does not converge to a single point. Hence, according to our cal-
culation linear and coplanar pyridinium-pyridine does not exist — in agree-
ment with the result of the previous calculation [2]. We obtained 0.8 A for
the H ...N distance in pyridinium.

We were also interested in the proton potential in the hydrogen bond
and the polarization effect of the proton on the electronic system. The effective
proton potential picked up ataN .. N separation of 3.85 A is shown in Fig. 3.
Table Il compares the atomic charges on pyridine alone, pyridine in the com-
plex, and pyridinium alone. The only remarkable changes are on the nitrogen,
the hydrogen and — to a smaller degree — on the alfa carbon. This last is
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interesting, because it implies that the electron charge increases on this C-atom
as the proton approaches the nitrogen. The same phenomenon has been ob-
served by others also [4]. The increase in the N—Ca overlap population (Table
I1) corresponds with that of the frequency of the skeletal oscillation in the
pyridinium, in relation to the pyridine. Table Il shows in detail the change
in the electron population of the nitrogen orbitals under protonation. One can
see that the drop in charge is concentrated on the 2px orbital, as would be

Fig. 3. The total electron energy as a function of the proton position

Table 1l
Atomic charges and overlap populations between the core atoms and the proton of the
H-bond
n- h(A) H G cB Cy H N..H N—Ca Ca CR CR-Cy
Pyridine — —1.2393 0.4422 —0.1565 0.0419 — — 0.7636 1.0305 0.9822
3.05A —1.2379 0.4422 —0.1565 0.0419 0.4779 0.0015 0.7636 1.0305 0.9822
g z 2.75 —1.2327 0.4421 —0.1564 0.0419 0.3761 0.0061 0.7636 1.0305 0.9822
£ O 2.25 —1.1363 0.4408 —0.1531 0.0418 0.1667 0.0554 0.7660 1.0298 0.9822
3 1.925 —0.8313 0.4424 —0.1320 0.0433 0.0572 0.1726 0.7812 1.0213 0.9835
- 1.60 —0.5593 0.4308 —0.1286 0.0422 0.1667 0.3556 0.7926 1.0240 0.9830
£ 1.40 —0.5299 0.4186 —0.1383 0.0413 0.2616 0.4632 0.7937 1.0309 0.9821
é £ 120 —0.5336 0.4079 —0.1446 0.0412 0.3385 0.5612 0.7959 1.0353 0.9816
*e 110 —0.5620 0.4035 —0.1472 0.0412 0.3761 0.5957 0.7963 1.0367 0.9815
o 0.80 —0.6218 0.3918 —0.1516 0.0413 0.4779 0.6806 0.7974 1.0396 0.9816
Pyri-
dinium 080  —0.6203 0.3917 —0.1515 0.0413 0.4777 0.6815 0.7975 1.0396 0.9816
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expected, for this orbital is directed towards the hydrogen atom. There is a
minimal charge on the nitrogen and its 2px orbital at 1.3—1.4 A, which is
also manifested in the N2px net orbital population.

Calculations including the 2s and 2p orbitals of the bonding hydrogen
atom were also carried out. No electron population was found on these orbitals,
all population numbers are negative.

Table 111
Electron numbers on the nitrogen orbitals
N-H
n 2s Px 2Py 2
Pyridine — 1.7221 1.7963 1.1566 1.5643
3.05 1.7220 1.7950 1.1566 1.5643
A A 2.75 1.7217 1.7899 1.1566 1.5643
S 2.25 1.7195 1.6958 1.1566 1.5643
© 1.925 1.7142 1.3965 1.1566 1.5643
> 16 1.7031 1.1352 1.1566 1.5643
N
2 1.4 1.6933 1.1157 1.1566 1.5643
n 12 1.6814 1.1312 1.1566 1.5643
-a |//|\
4 11 1.6754 1.1656 1.1566 1.5643
Pk
0.8 1.6560 1.2449 1.1566 1.5643
Pyridinium 0.8 1.6559 1.2434 1.1566 1.5643

Appendix: The simplex method

Suppose we may calculate the function

ft = f(xi) = f(xh mmmx0
on an area of the n variables. We do not know the explicit form of the function
and we have to determine its minimum point, if one exists. We calculate the
function in n 1 points which form a non-degenerate re-dimensional simplex.
This simplex may also be regular provided we transform the variables to di-
mensionless units. The coordinates of such a regular simplex centered at the
origin are given in the rows of the matrix below:

ri r2 r3 rn
; r3
PO n where r:= 1/[/2i (i-fl)
0 A2 r3 rn Ri=ioec
0 0 -R3. m e
0 0 0 .

Ada Chim. (Budapest) 76, 1973



SUTO, HEGYHATI: HYDROGEN-BONDED PYRIDINIUM-PYRIDINE SYSTEM 379

By replacing these points with better ones, i.e. with points in which the
value of the function is smaller, we get simplexes progressively approaching
the minimum. The only rules are: 1. to replace only with a better point, 2. to
replace always the worst point. To do this, we calculate the function in all
the n points and arrange them in the order

Jo < i < eeoeo< /|,

The worst point (xn) will then be reflected to the center of the others:

= — ~ |
xn, - %:Oxx, xnf M

If the new value
mn <fn (2)

we change xn with x*. The points are rearranged and the process repeated.
If (2) fails, the criterion has to be applied to the next largest subscript. We
finish when (2) fails for n — zero subscript. The process may be continued
around x0 with a smaller simplex.

The minimum can be reached more rapidly if we give up the regularity
of the simplex and use instead of (1)

i ifn- fk) xk<

< = 2N f *x (la)
2 (fn-fk)
k=0

The computer program of a variant of the simplex method is available

5 6l.

We are indebted to Dr. J. Hoijderith for useful discussions about the simplex method.
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MECHANISM OF ELASTIC AFTER-EFFECT
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USSR, Moscow)

Received August 28, 1972

1. The micromechanism of the reversible after-effect in dilute colloidal ben-
tonite suspensions has been considered to involve fast and slow stages of elastic de-
formation (with time constants of the order of a few hundredths of a second and of
102 sec, respectively). Approximate quantitative estimates are given for the main para-
meters describing this process, viz. the equilibrium elastic module and the viscosities,
which agree with the experimental data.

2. As a mechanism explaining the existence of reversible deformations under
small shear stresses, the manifestation of the preferential mutual orientation of aniso-
metric particles in the coagulation structure is considered; an increase of the entropy
connected with this texturization permits to estimate the value of the equilibrium
module of elasticity (~104dyne/cm?2).

3. The two observed stages of reversible after-effect can be described by the
Kelvin model (with the given value of the equilibrium module of high elasticity) as
involving two various mechanisms for the change of mutual particle orientation; the
coiling of particles against each other and the sliding of contact points over a particle
surface. In the first case, the viscosity of the elastic after-effect estimated on the basis
of the model of immobilized dispersion medium (water) flowing from cell to cell in the
random network of particles, amounts to (104— 105) r],,, where 2w is the viscosity of
water; in the second case, the viscosity of the elastic after-effect obtained on the basis
of estimating the viscous resistance in coagulation contacts under conditions of sliding,
reaches 108

Serb-Serbina et al. [1—3] have shown that thixotropic coagulation
structures formed in aqueous suspensions of clays, especially of bentonite,
display elastic after-effect, a peculiarly high elasticity. Under the influence
of a constant shearing stress deformation is observed in these structures, cha-
racterized by a slow increase in time and a continuous decrease after removal
of the load. These effects were explained in terms of their entropic nature [4, 5].

The rheological properties of highly disperse (colloidal) suspensions of
bentonite in water with a low content of the solid phase (3% by volume) were
thoroughly studied by Fedotova [6]. The coagulation structures developed —
three-dimensional networks of particles — are capable of reversible restoration
after collapse, i.e. possess thixotropic properties. The dependence of a uniform
shear deformation rate on the applied stress in steady-state flow reveals typical
regions different in their physical nature.

* Lecture held by E. D. Shchukin at the 1st Conference of Colloid and Surface Chem-

istry, May 24—26, 1971, Matrafired. Hungary.
** Died on July 12, 1972.
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Over the stress range of about 50 to 500 dyne/cm2a slow creep appears —
Shvedov’s region with a maximum constant plastic viscosity of rj0 109 poise.
This is characteristic of a rigid structure in which the fraction of destroyed
contacts between particles at the given moment is small, i.e. the structure
has time to restore thixotropically in a flow process. Under the conditions
of higher stress a viscous plastic flow with significant deformation rates (Bing-
ham region) takes place. W ith the increase of stress, the effective viscosity
drops sharply, reaching the minimum constant value rfm” 0.1 poise; this
corresponds to viscous flow of the system (according to Einstein) with a
totally destroyed structure.

Fig. 1. Dependence of shear deformation on time in the process of elastic after-effect at stages
of fast and slow elastic deformations

Under the conditions of small shear stresses below 40—50 dyne/cm?2,
creep in the systems examined is practically absent. The above deformations
are truly reversible (in value) and develop, up to their equilibrium value in
correspondence with the applied stress, i.e. they are purely elastic deformations
of the elastic after-effect. The dependence of shear deformation, e*, on time
with a stress of t 50 dyne/cm?2 (slightly lower), corresponding to the initial
part of the rheological curve where residual deformations are absent, is shown
schematically in Fig. 1. This dependence reveals strongly pronounced stages
of ‘fast’ and ‘slow’ elastic deformations. Both can be described, as a first ap-
proximation, by the Kelvin after-effect, i.e. by the exponential increase of
deformation after loading (and its exponential decrease after unloading) with
characteristic time constants. For the first, fast stage this time constant tj is
about 1/100; for the second, slow stage it amounts to ts 102 sec. The final,
equilibrium value of the reversible deformation reached at the above stress
x at the first stage is approximately ejm 0.1%. At the second stage, the
value of elastic deformation is somewhat greater: esm” 0.3%. Thus the module
of high elasticity equals ~ 104—105dyne/cm2.

*The quantity characteristic of shear deformation, £, corresponds in the mechanics
of continua to the value usually called ‘technical shear’, y, i.e. to the double value of ‘pure
shear’.
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This distinctive behaviour of colloidal suspensions strikingly displayed
even in dilute systems has been explained [4, 5] as follows.

The reversibility of deformations under these conditions (when the
‘usual’ elasticity peculiar to solids and characterized by high modules of the
order of 1010to 1012 dyne/cm2 cannot be observed) is attributed to entropy
effects due to changes in the mutual orientation of particles, similarly to the
description of the high elasticity of polymers caused by the statistics of the
configurations of macromolecular chains [7]. Moreover, the relatively rapid,
first stage of the after-effect may be connected to the coiling of particles with-
out linear displacement relative to each other, while the second, slow stage

%
" rtiriE
t
'yl W, y3gL*
6f Gs a)

Fig. 2. Rheological models describing the two stages of highly clastic after-effect

corresponds to the subsequent reorientation process which involves mutual
sliding of the particles, i.e. gradual displacement of the points of coagulation
contacts over the particle surface.

These processes of the elastic after-effect may be described by a simple
rheological model consisting oftwo Ketvin cells in series (it should be empha-
sized that this model shown in Fig. 2a refers apparently only to the region of
small stresses before the development of Shvedov’s creep).* According to this
model, we have the following values of fast and slow elastic deformation
modules:

T 50

\r/v ) = 5x104 dyne/cm2;
Em 103
r 50

n = 1.7 x 103 dyne/cm 2.
esm  3xio0-3

* We use the combination of the simplest models of Kelvin’s elastic after-effect, taking
into account mainly the analysis of equilibrium states (the superposition described) and the
estimation of conventional time constants for the after-effect. The kinetics of the development
and decrease of deformation are usually more complicated then in this simplest model [8].
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In accordance with the ideas developed, in both cases we deal with a
similar reversibility of deformation (entropy factor), therefore it is more ex-
pedient to consider one ‘common’ module of high elasticity, Gel, determined
by the sum of equilibrium deformations

em= e€m+ em” 0/1 + 03 = 0-4%, viz.

0
G = - A = 1.25X 104 dyne/cm2.

The deformabilities at the two stages indicated, corresponding to two
different elements with viscosities rjj and rjs are different and contribute about
1/4 and 3/4, respectively (see Fig. 2).

Since the constant of elastic after-effect is the ratio of viscosity to the
corresponding module of high elasticity, the values of the above two viscosities
are given by the following expressions:

N = Gf mj" 5 X104x10-2= 5 x102poise;
Vs = Gs -ts~ 1.7 XI04X102= 1.7 XIO6poise.

Consequently, the effective viscosity of the structure at the stage of
fast, high elasticity is 104to 105times greater than the viscosity of the disper-
sion medium—water; at the stage of slow elastic deformations this ratio
reaches 108.

On the basis of the concepts about microprocesses in the thixotropic
coagulation structures, the following approximate description is possible for
the macrorheological parameters corresponding to the behaviour of colloidal
disperse suspensions at small shear stresses.

Module of high elasticity

Consider structurized system under the conditions of uniform shear at
constant temperature T, and stress r replacing in this case the pressure p.
The behaviour of this system can be described by the thermodynamic poten-
tial per unit volume:

(T, T) = U-ST-Te,

where the deformation is e = e(T, t) and the sign of term re corresponds to
the condition that the work is positive if it is performed on the system. True
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elastic deformations are neglected because they are very small under the
given stress and only the high elastic deformations connected with changes in
the mutual arrangement of particles are considered. Then we assume that

U = const; S = Sj+ S, (e),

where Sj does not depend on deformation s, hut S2= S2(e) is the ‘configura-
tional” entropy component; let us assume that e= 0 and S2= 0 if X= 0.

At constant T and r, an equilibrium in the system considered corresponds
to the minimum of potential ®. The only variable parameter is deformation e:

0P
0f T,t

Since £ and T have the same sign, this corresponds to a decrease in entropy
with increasing deformation.

The following expression proves that the extremum is, in fact, a mini-
mum:

829 |
>0

, 9e2 It,t

This means that the entropy decreases with increasing deformation no less
sharply than does —£2.

As a model of the coagulation structure, we examine a system of similar
anisometric particles with linear dimensions O. For a pronounced anisometry
of particles, sticks or platelets, let us take 6 = |, where | is the largest size;
for particles with slightly pronounced anisometry let 6 — | — d, where | and
d are the largest and the smallest size, respectively.

In accordance with the proposed method [4] developed in this laboratory
by Pertsov and Yushchenko [9], a system at equilibrium in the absence of
stress is in a random arrangement with equally probable orientations of parti-
cles; in addition, the average projection z of particle size Ofor every direction
has the same magnitude

where N is the number of particles of the disperse phase per unit volume of
the system.

Indeed, in coordinates # and y> the projection of the particle size onto
a polar axis z= 6 sin i? (Fig. 3). In the element of space angle do>=cos # d$ dop>,
the number of particles is

diV = - cos 2?dp
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Fig. 3. Estimation of particle size projection onto a given axis

(here a hemisphere is, naturally, considered: 0 < ®< 251 and $<C$ < a/2).
Hence it follows that the average value of the projections of all particles onto
the selected axis is

165in AN = | . m stin &cosﬁd#dwz -

J N 2n | ?

W ithin the range dz = 6 cos &d#, i.e. in ‘spherical segment’ dot’= 2n cos $ d#,
the fraction of particles is given by

N 2n

*2n cos *&d$ = f(z) dz = f(z) = 6cos$ d# ;

consequently, the distribution function will have the following form
f{z) = const = 1/0,

and the dispersion of value z is determined by the following equation:

Let us suppose now that as a result of stress applied in the direction of
the selected polar axis, a partial mutual orientation of the particles (‘tex-
turization’) in the given direction will take place and the mean projection of
particle dimensions onto this direction will increase. To determine the préba-
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bility of such a state of the system, we use the following approach (develop-
edby Yushchenko).* Since the projection of each particle, z, is a chance value,
Lyapunov’s central limit theorem is applicable to the system, and the dis-
tribution of the mean projection zis anormal distribution with a mathematical
expectation of fi = &/2 and a dispersion of a2 = <2iV = 6212IV.

Thus the function

r— 3 ,/r-ary

1 e~(r-y)f2a* _ 1J) _ ViV A 2 VEX2 ]
YIn O n 3]

expresses the probability of this deviation of the mean projection of particle
sizes onto the selected axis from the most probable mean value in the absence
of coorientation <52

Besides, this deviation (owing to its physical meaning) may be consider-
ed as a value close to the deformation in the system:**

In this case the probability of deformation e caused by the coorientation
of particles is determined by the distribution function

f6 Vn
/ A 6 g

n

and the change in the logarithm of probability upon transition from e = 0 to
some definite e will be:

AlnW — - —Ne2;
2

This corresponds to a change in the entropy of the system given by

AS., = - —Nks2.
2

* Acad. A. N. Kolmogorov has called our attention to this way of evaluation.
** A case of ‘strong’ anisometry of particles is supposed. If the anisometry of particles
is less expressed, it can be supposed that deformation e is related in a definite way to the char-
acteristic degree of anisometry. In the simplest case with linear connection we have

I I I & where | — maximum size of particles.
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Along a curve corresponding to the minimum of thermodynamic potential @,
i.e. along the equilibrium curve s = e(r), we obtain:

T= —T — 3NkTe ;
9e

hence, the equilibrium module of high elasticity is
Get= 1/e = 3 NKT.

The particles of the colloidal bentonite suspension examined are thin plates.
Let us assume that their largest dimension I~ 100—200 A, thickness d »

10 A, and the volume concentration C = 3%. Then for the number of
particles in unit volume we find:

iV "M -q« 1017cm -3.
Pd

The equilibrium module of high elasticity (at room temperature) will be:
Get ™ 3 XI0I7X4 X10“1M4= 1.2 XIO4dyne/cm2;

which agrees with the above experimental value (1.25 XIO4dyne/cm2. Here,
indeed, importance should be attached only to agreement in the order of
magnitude. This agreement may be considered as corroboration of the concept
developed for the mechanism of the observed reversible deformation.

Viscosity of elastic after-effect

The analysis of this quantity also requires the introduction of a definite
model. First we shall discuss the initial stage of after-effect, i.e. the fast elastic
deformation connected with the manifestation of an elastic after-effect vis-
cosity rif ~ (104—105"~, where 7lw—viscosity of water (dispersion medium).

The deformation of coagulation structure cells, caused by mutual turns
of particles (plates without the sliding of contact points) is schematically shown
in Fig. 4a, b.

The contact is assumed to be an ‘ideal joint’ requiring no work, thus
‘coorientation’, i.e. the increase of the mean projection of particles in a given
direction, is observed. It is quite evident, however, that in this ‘regular’ model
there is no reason for a significant increase of the effective viscosity relative
to the viscosity of the dispersion medium, immobilized water, since the de-
formation of each cell occurs through the same uniform shears to which
the whole system is exposed.
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A possible increase of viscosity in small volumes of the liquid owing to
contact with the particle surface is not considered here; this factor requires
special examination. However, it should be noted that this factor in itself
cannot explain the fact that the effective viscosity of the system exceeds the
viscosity of water by many orders of magnitude. The observed thixotropic
reversibility of the examined structures proves this. Indeed, in the case of
complete collapse of the network, the viscosity of these systems sharply falls
and the remaining relatively small difference from the viscosity of the dis-
persion medium, not exceeding one order of magnitude, conforms to the con-
cept of Einstein flow. The mean ‘cell’ size in the dispersion medium remains

Fig. 4. Shear deformation in idealized (a, b) and real (e, d) coagulation structures

4* Acta Chim. (Budapest) 76, 1973



390 SHCHUKIN, REKHBINDER: MECHANISM OF ELASTIC AFTER-EFFECT

approximately the same, in this case ofthe order of 100 A, i.e. the whole volume
of the dispersion medium remains essentially a thin boundary layer, a few tens
ofan A in thickness; if the main cause of a high effective viscosity ofthe system
were the influence of aboundary solid phase upon these layers, then destruction
of the network would not cause such a significant decrease in the viscosity.

If the shear e acts during a period of time t at an average rate of s=
= e/t then the work of viscosity forces in unit volume is determined by the
value of 7]ke » for a cell of volume a7/3it is

An obvious solution of this contradiction is an examination of the true,
random particle structure in which cell deformation is connected with the flow
of immobilized water from one cell into another through relatively narrow
gaps (see Fig. 4c, d). Following this method, we assume that the shear changes
the volume approximately by +Z3e and, consequently, makes some water
flow through gaps between the cells: Y = RPe, where 8 is a factor of the order
of a few units, taking into accountthat a microprocess of in the random ‘irregu-
lar’ structure of particles extends to some neighbouring elementary volumes.

If the flow occurs in a gap, a in thickness, b in width and c in length
(Fig. 5), then the average flow rate is w — RPe/abt. The flow rate distribution
is described generally by the parabolic law:

L AP a2, yjy
2 colw  .2( /2

where Ap is the pressure drop over the gap c. It is easy to show that

R13e

a abt

o

Ap— 3y C ol —
I’u
2

The dissipation of energy in the gap is

Wf = ApRPe = 12rw--"-(B13e)3- —
bai t

If this expression is equated to tj/e2/3i, then we find the effective viscosity rjf

under the conditions of ‘fast’, highly elastic deformation:

12R2— — P.
v/ihw bas
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Now letus assume that the thickness and length of the gap are approximately
equal to the thickness of the particles (platelets) while the gap width — to
the maximum particle size: a= c¢c” d, b™ [|. Hence one obtains

Vihw"12/32

Let factor B be equal to a few units, and the ratio I/d be approximately equal
to 10 (or a few times); the effective viscosity of a fast, highly elastic deforma-
tion should exceed the viscosity of water by 104—105. This correctly predicts
the order of magnitude of the above experimental results.

At the same time it is necessary to emphasize the tentative character
of the estimate of r\j. In particular, the ratio obtained obviously does not in-
clude the concentration of the disperse phase. Nevertheless, this concentration
is specified by the model used: it equals several (re) particles per volume RP,
where also B "~ re; consequently, the volume concentration of the disperse
phase is supposed to be approximately

nl2d d

i.e. of the order of 10-1 or somewhat less, in agreement with the experimental
conditions [6].

The above evaluation of fast, highly elastic deformation viscosity may
be simply applied also to the second stage of after-effect involving a consider-
ably higher viscosity. In this case, the mutual sliding of particles, i.e. a slight
displacement of contact points over the particle surface without destruction
of the majority of the contact may be considered as a proposed mechanism
for the increase of particle coorientation relative to each other [5]. This sliding
process may be approximately described in the same terms of viscous flow of
a dispersion medium in a gap. However, in this case the gap is considerably
narrower; in the first case, we have assumed it to be roughly equal to the
thickness of the platelets (a® dis of th™ order of 10 A or slightly more), but
now we assume that the gap thickness is only a few A, i.e. a = dd, where
factor «&”~ 10_1. Substitution of this value into the expression of effective
viscosity gives at the stage of slow elasticity:

L
NHW 122 & 4

i.e. approximately by three orders of magnitude more than at the first stage.
This value (~10° poise) has been experimentally determined.
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However, the last estimate includes some elements of conditionality
and requires further, more accurate calculations. In particular, certain changes
in the properties of the liquid in a narrow gap which are of great importance,
should be taken into account, because the layers equal only a few molecules
in thickness. At the same time a special analysis is required for the above ratio
of ‘deformabilities” at the stages of fast and slow elastic deformations:

e/me®m-~1:3.

REFERENCES

1. Serb-Serbina, N. N., Rekhbinder, P. A.: Kolloidn. Zhurn., 9, 381 (1947)
2. Abduraghimova, L. A.,, Rekhbinder, P. A, Serb-Serbina, N. N.: Kolloidn. Zhurn., 17,
184 (1955)
3. Rekhbinder, P. A.: in New Methods for the Physico-chemical Study of Surface Phenomena,
1st Edition, p. 5. 1zd. AN USSR 1950. Rekhbinder, P.: Disc. Faraday Soc., 18, 151
1.954 o
4. Shcl‘fukin), E. D.,, Rekhbinder, P. A.: Vth National Conference on Colloid Chemistry. Pro-
ceedings, p. 166. lzd. AN USSR 1962
5. Rekhbinder, P. A.: in Physico-chemical Mechanics of Disperse Structures, p. 3. Hauka 1966
6. Fedotova, Y. A., Khodzhaeva, Kh., Rekhbinder, P. A.: Doki. AN USSR, 170, 1133
(1966); 177, 155 (1967)
.Volkenstein, M. V.: Configurational Statistics of Polymeric Chains. lzd. AN USSR, 1959
.Rekhbinder, P. A,,Ivanova-Chumakova, L. V.: in Advances in the Chemistry and Technol-
ogy of Polymers, Yol. 2, p. 146. Goskhimizdat 1957; Z. phys. Chem., 209, 1 (1958)
9. Pertsov, A. V.: Thesis, Moscow, 1967

E. D. Shchukin 1Disperse Systems Department, Institute of Physical Chem-
P. A.Rekhbinder] istry, Academy of Sciences of the USSR, Moscow, USSR.

Acta Chim. (Budapest) 76, 1973



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 76 (4), pp. 393—398 (1973)

FORMATION OF GLUCOSE-1,2-ORTHOESTERS
FROM TETRA-O-ACETYL-a-D-GLUCOPYRANOSYL
BROMIDE UNDER THE EFFECT OF PHOSPHORANES

I. Pintér, J. Kovacs and A. Messmer
(Central Research Institute for Chemistry of the Hungarian Academy of Sciences, Budapest)

Received February 7, 1972

Glucose-1,2-orthoesters are formed from tetra-O-acetyl-a-D-glucopyranosyl
bromide under the effect of ethoxycarbonylmethylenetriphenylphosphorane or cyano-
methylenetriplienylphosphorane in alcohol-containing solvents. The absence of the
Bestmann reaction (formation of acetylaldosylphosphoranes) can be attributed to
strong steric hindrance from the triphenylphosphine group.

Application of the Staudinger reaction to aceto-azido sugars resulted
in new types of acetylaldosylphosphine imines (I) which proved to be advanta-
geous for use as starting material in the preparation of acetylaldosylcarbodiimi-
des and, from these, different N-glucosides [1].

Similar favourable synthetic properties can be expected in the case of
the analogous sugar phosphoranes [(I1): like(l), CR instead of N] — un-
known up to now — therefore the application of the Bestmann reaction [2]
to carbohydrates has been attempted.

In the case of the resonance-stabilized phosphoranes the Bestmann
reaction takes place only with acyl halides [3] or highly reactive primary alkyl
halides [2], because of the decreased nucleophilicity of the ylide carbon atom.
Similarly, it can be expected that only the more reactive acylglycosyl halides
will undergo this reaction, while structurally similar but non-activated sec-
ondary halides will fail to react.

In our experience, ethoxycarbonylmethylenetriphenylphosphorane (I1I)
and sec-butyl bromide or cyclohexyl bromide do not react with each other,
and the phosphorane can be recovered almost quantitatively.

At the same time, the boiling of 1 mol of 2,3,4,6-tetra-O-acetyl-a-D-
glucopyranosyl bromide (1Y) with 2 moles of the phosphorane in chloroform
resulted in the hydrobromide of the starting phosphorane, i.e., ethoxycarbo-
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nylmethyltriphenylphosphonium bromide (VI) was obtained. As the other
product, strikingly, the well-known [4] compound |,2-ethylorthoacetyl-3,4,6-
triacetyl-a-D-glucopyranose (V) was isolated in 68% yield, instead of the ex-
pected acetylglucosylphosphorane.

Evidently, the ethanol present in small amounts in the chloroform so-
lution and not the ethoxycarbonyl group of the reagent is responsible for the
ethoxy group in the orthoester Y. This is confirmed by the fact that under
otherwise identical conditions cyanomethylenetriplienylphosphorane (VII)
gave the same 1,2-orthoester in 69% yield; in this case the by-product was
cyanomethyltriphenylpliosphonium bromide (VIII). In alcohol-free chloro-
form the formation of orthoesters could not he detected.

In accordance with this, in benzene solutions containing ethanol, iso-
propanol or t-butanol, the corresponding 1,2-alkylorthoacetyl derivatives
were obtained. The data of the products from the phospliorane reactions are
summarized in Table I; the physical constants reported in the literature [5, 6]
for these orthoesters are given in brackets.
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Alcohol
Yield,
%
Ethanol 66
Isopropanol 57
i-Butanol 42

Table 1

1,2-Alkylorthoacetyl-
3,4,6-triacetyl-a-D-glucopyranoee

Mg M b (CHCE; c= 1)
95—6 + 31.0° (+31°)
(95-6)

118—20 + 28.5° (+30°)
(120—21)
149—51 + 34.0° (+34.5°)

(152.5-154.5)

395

Phosphonium salt

Yield, M.
% c
84 1 158—9
93 156—9
92 156—8

In order to explain the reaction, two possible mechanisms can be con-
sidered. Lemieux [5] showed that the formation of an 1,2-orthoester from
tetra-O-acetyl-oc-D-glucopyranosyl bromide on the effect of bases starts with
anomerization (conversion of the a-anomer (IV) into the /S-anomer (IX)); the
intermediate acetoxonium cation X is formed by means of neighbouring-group
participation of the C-2 acetoxy group in the pyranose ring, and X gives then
the orthoester (XI) with the alcohol present.

(V)

Br

toC
(1X)

ROH

OR

BroO

On the other hand, Khorlin, Bochkov and Kochetkov [7] suggested
that the synthesis of orthoesters in ethyl acetate starts with SN2 (nucleophilic
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backside) attack by the carbonyl oxygen of ethyl acetate (XIl) on the C-I
atom. The resulting intermediary complex (XIII) is then converted into the
orthoester with alcohol via the acetoxonium cation X, involving again C-2

acetoxy participation.

In the case examined by us it must be supposed that the mechanism of
the reaction is analogous to that suggested by Kochetkov. In the first step,
the nucleophilic betainic oxygen atom of ethoxycarbonylmethylenetriphenyl-
phosphorane (IIl) or, in the case of the cyano derivative (VII) its nitrogen
atom, attacks by SN2 mechanism on the C-l atom. (A similar but stable phos-
phonium salt was isolated from the reaction of ethyl iodide and acylphosphor-
anes [8]). From the unstable intermediate XIV, the phosphorane will again
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lie eliminated on the effect of the neighbouring C-2 acetoxy group, giving rise
to the acetoxonium cation X. The final step is again the reaction with alcohol,
yielding the orthoester, while the phosphorane reacts with the hydrogen bro-
mide liberated.

Thus, in the interaction of the acylglycosyl halide and the phosphorane,
it is probably not the ylide carbon atom of the phosphorane but its betainic
hetero atom that launches the nucleophilic attack. This is explained by the
fact that in this case the hetero atom has stronger nucleophilic character than
the ylide carbon atom, owing to the electron delocalization. Furthermore,
the three phenyl groups attached to the phosphorus atom have such a strong
steric effect on the ylide carbon atom that it prevents effective collisions on
the C-1 carbon atom.

Experimental

Of the reagents used in the experiments, tetra-O-acetyl-a-D-glucopyranosyl bromide
[9], ethoxycarbonylmethylenetriphenylphosphorane [10], and cyanomethylenetriphenyl-
phosphorane [11] were prepared as described in the literature.

Ethoxycarboiiylmethyleiietriphenylpliosphorane and sec-butyl bromide

sec-Butyl bromide (0.69 g; 5 mmoles) and the phosphorane (3.48 g; 10 mmoles) were
refluxed in dry benzene (30 ml) for 15 hrs. No precipitation of salt was observed. After evapora-
tion to dryness, 80% of the phosphorane was recovered unchanged: m. p. 127—8 °C. No in. p.
depression occurred in admixture with the original sample.

Etlioxycarbonylmethyleiietriphenylphosphoraiie and cyclohexyl bromide

Cyclohexyl bromide (0.82 g; 5 mmoles) and the phosphorane (3.48 g; 10 mmoles) were
refluxed in benzene (30 ml) for 20 hrs. No precipitation of salt occurred. After evaporation
to dryness 78% of the phosphorane could be recovered unchanged: m. p. 127—9 °C (no m. p.
depression with the original sample).

I, 2-Ethylorthoacetyl-3,4,6-triacetyl-a-D-glucopyranose

(a) Tetra-O-acetyl-a-D-glucopyranosyl bromide (12.33 g; 3 cmoles) and ethoxycar-
bonylmethylenetriphenylphosphorane (20.91 g; 6 cmoles) were refluxed in chloroform solution
(100 ml) for 12 hrs, then anhydrous ether (450 ml) was added, and the wall of the vessel was
scraped. A crystalline salt (13.7 g) separated which gave pure ethoxycarbonylmethyltriphenyl-
phosphonium bromide (11.0 g; 86%) on dissolution in chloroform and precipitation with ether:
m. p. 158- 9 °C. No m. p. depression occurred with an authentic sample.

The oil which remained after the evaporation of the mother liguor was treated with
cold absolute ether (150 ml) to obtain the starting phosphorane (4.35 g; 21%). On crystalliza-
tion of the evaporation residue of the ethereal mother liquor from alcohol (30 ml), 1,2-ethyl-
orthoacetyl-3,4,6-triacetyl-a-D-glucopyranose (7.7 g; 68%) separated, m. p. 92 4 °C. It was
recrystallized from cyclohexane (60 ml) to give the pure product (7.2 g; 64%); m. p. 94—
96 °C; [oda 4 30° (chloroform, ¢ = 1).

The mother liquor of crystallization was evaporated to dryness and recrystallized
from cyclohexane to yield triphenylphosphine oxide (3.1 g; 37%), in. p. 155—7 °C.

Tetra-O-acetyl-a-D-glucopyranosyl bromide (4.11 g: 1 cmole) and cyanomethylene-

triphenylphosphorane (6.02 g: 2 cmoles) were refluxed in chloroform (50 ml) for 11 hrs.
After cooling, cyanoinethyltriphenylphosphoniuin bromide (3.40 g: 98%) was obtained as
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crystals, m.p. 256—8 °C. No m.p. depression occurred with an authentic sample. Evaporation
and treatment of the chloroform filtrate with ether yielded further 11% of the phosphonium
salt.

The mother liquor of the ethereal reaction mixture was evaporated to dryness and the
residue crystallized from ethanol (18 ml) to give crystalline |,2-ethylorthoacetyl-3,4,6-triace-
tyl-a-D-glucopyranose (2.6 g; 69%), m.p. 92—4 °C. The mixed m.p. and the infrared spectrum
showed perfect identity with the product obtained in the former reaction; [«]a + 31.0° (chloro-
form, ¢ = 1).

The processing of the mother liquors of crystallization yielded a total amount of 1.45 g
(52%) of triphenylphosphine oxide, m.p. 153—6°C.

(c) Tetra-O-acetyl-a-D-glucopyranosyl bromide (4.11 g; 1 cmole) and ethoxycarbonyl-
methylenetriphenylphosphorane (6.97 g; 2 cmoles) were refluxed in 5% benzene solution of
ethanol (100 ml) for 6 hrs, and the ethoxycarbonylmethyltriphenylphosphonium bromide
which separated on cooling was filtered off. The evaporation residue of the mother liguor was
recrystallized to obtain crystalline 1,2-ethylorthoacetyl-3,4,6-triacetyl-a-D-glucopyranose
(66%), m.p. 95— 6 °C; [«]d + 31.0° (chloroform, c = 1).

1.2- lIsopropylorthoacetyl-3,4,6-triacetyl-a-D-glucopyranose

Tetra-O-acetyl-a-D-glucopyranosyl bromide (1 cmole) and ethoxycarbonylmethylene-
triphenylphosphorane (2 cmoles) were refluxed in benzene containing 5% of isopropanol for
6 hrs, cooled and the crystalline ethoxycarbonylmethyltriphenylphosphonium bromide re-
moved by filtration. Processing of the mother liquor yielded the pure product in 57% yield,
m.p. 118— 120 °C; [idd -f- 28.5° (chloroform, ¢ = 1).

t
1.2- t-Butylorthoacetyl-3,4,6-triacetyl-a-D-glucopyranose

Tetra-O-acetyl-a-D-glucopyranosyl bromide (1 cmole) and ethoxycarbonylmethylene-
triphenylphosphorane (2 cmoles) were refluxed in benzene containing 5% of i-butanol for
6 hrs. The reaction mixture was processed according to the above procedure to obtain the
product in 42% vyield; m.p. 149—51 °C; [a)i> + 34.0° (chloroform, ¢ = 1).
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Stable, crystalline N-nitroso derivatives (I1) of secondary N-arylglycosylamine
O-acetates (1) and methyl ethers have been prepared. Non-acetylated N-nitroso com-
pounds (I11) containing an aldo-hexose sugar component are non-crystalline and strongly
hygroscopic, while the aldopentose derivatives are crystalline substances. They can be
re-acetylated and give crystalline benzal derivatives (IV).

The N-nitroso structure of the compounds was confirmed by the acid hydrolysis
of 11l and by azo-coupling reaction. The structures of the non-sugar decomposition or
conversion products obtained (11l A—G) could be traced back to primary aromatic
N-nitrosamines. The reaction of compounds Ill with /3naphthol resulted in the corre-
sponding dyes of phenylazo-/?-naphthol type (V).

A significant structural difference between secondary N-glycosides and
secondary amines is that the nitrogen atom of a secondary N-glycosylamine
is involved in forming a mixed O0,N-acetal with one of its covalent bonds.
Therefore this bond, and therewith the glycosyl group can be readily split
off hydrolytically, even if the other substituent on the nitrogen atom is an
electron-withdrawing aryl or substituted aryl group.

In the course of our investigations on N-arylglycosylamines, the reactivity
ofthe NH group ofthese compounds has been studied from several points of view
(hydrolysis, stability, acylation, alkylation, quaternization, nitrosation, etc.).

In the present paper the nitrosation reactions of secondary N-arylglyco-
sylamines, as well as the preparation, properties and structure determination
of N-nitroso derivatives are reported.

Preparation of N-nitroso derivatives of N-arylglycosylamines

Because of the sensitivity of free-N-glycosides to acids [1, 2], their O-
acetates were used in the nitrosation reactions, which were effected with so-
dium nitrite in glacial acetic acid. It is known that in glacial acetic acid me-
dium the actual nitrosating agent is N2 3formed by the interaction of nitrite
ion and self-protonated nitrous acid; the nucleophilic attack of N ,03may result
in C-, N- or O-nitroso derivatives [3, 4, 5]. In the case of N-glycosides of aro-
matic primary amines, the possibility of nitrosation in the para or ortho positions
ofthe aromatic ring should also be taken into account, in addition to the reaction
with the NH group. In the compounds examined, however, this process was
shown to play no part, and the products obtained were N-nitroso derivatives.
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The O-acetylated N-nitrosoglycosylamines (Il) are crystalline substances
obtainable in high yields. They can be saponified with sodium methoxide
according to Zemplén, to give acetyl-free N-nitroso derivatives (Il1). Of these,
however, only the free N-nitroso-N-arylglycosylamines containing pentose
(arabinose or xylose) were isolated as crystalline products; the aldohexose
derivatives are strongly hygroscopic amorphous substances. Re-acetylation
gave, however the crystalline starting acetates, and crystalline benzal deriv-
atives (IV) could also be prepared from the free N-nitroso derivatives [12].

Similarly to N-glycosides acetylated in the sugar moiety, the O-methyl
ether derivatives can also be nitrosated.

Catalytic hydrogenation with Pd/C removed the nitroso group from com-
pound 3b (Table I) and N-/»-tolyl-tetra-0-acetyl-D-glucosylamine was obtained.

In the infrared spectra of both the free and acetylated or benzal-N-
nitroso derivatives characteristic N—N =0 bands appear at 1420—1380
cm-1, 1240—1260 cm-1, 1300—1330 cm-1 and 1130 cm-1 frequency values

The absorption maxima of their ultraviolet spectra are shifted towards
shorter wavelengths by 25— 70 nm as compared with the parent compounds;
thus, N-nitrosation results in a hypsochromic shift.

The data in Table | show that laevorotatory /9-anomeric O-acetates give
dextro-rotatory compounds on both N-acetylation and N-nitrosation; further
on, identical N-nitroso and N-acetyl derivatives are obtained on the acetylation
or nitrosation of either a- or y3anomeric N-aryl-glycosylamine O-acetates.

Chemical evidence of the N-nitroso structure of the compounds

In addition to the analytical, infrared and ultraviolet spectroscopic
results, the structures of the compounds were also proved chemically; e.g.,
in the case of N-nitroso-N-p-nitrophenyl-D-glucopyranosylamine, this was car-
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Table |

Specific rotations of N-glycoside derivatives

kdd values
No. Compound a b . d . ; .
i.  N-Phenyl-D-glucopyranosylamine + 216 + 24 + 63 + 145 + 88*
2. N-Phenyl-a-D-galactopyranosylamine + 205 + 48 +96
N-Phenyl-/I-D-galactopyranosylamine — 341  +48 +96°
N-p-Tolyl-D-glucopyranosylamine — 78 + 17 + 64.2 + 58
N-p-Tolyl-D-galactopyranosylamine — 53 + 36 + 82 + 66
5. N-p-Bromophenyl-a-D-glucopyranosylamine + 168 + 16 + 64
N-p-Bromophenyl-~-D-glucopyranosylamine — 65 + 16 + 64 + 51
6. N-p-Bromophenyl-a-D-galactopyranosylamine + 189 +36 + 85
N-p-Bromophenyl-/?-D-galactopyranosylamine — 53 + 36 + 85 + 70 -123.3 + 110*
7.  N-p-Nitrophenyl-D-glucopyranosylamiiie —204 + 93 + 115 + 87
8. N-p-Nitrophenyl-D-glucopyranosylamine — 70 + 125 + 160
9.  N-p-Tolyl-D-xylopyranosylamine — 25 + 26.5 + 32 — 128
10.  N-p-Bromophenyl-D-xylopyranosylamine — 23 + 6.5 + 36 —62 + 36
11.  N-p-Bromophenyl-L-arabinopyranosylamine + 70 + 48 -71 +72 —73
12.  N-p-Chlorophenyl-D-xylopyranosylamine — 25 +7 +35 —62 + 35
13.  N-p-Chlorophenyl-L-arabinopyranosylamine + 75 + 56.5 —90 +66.8 —90
14.  N-p-Nitrophenyl-D-xylopyranosylamine - 37 + 15.6 + 117 +79
15. N-p-Nitrophenyl-L-arabinopyranosylamine + 130 + 1714  + 140 + 257

*c= 1, in 96% ethanol; c= 1, in pyridine
The values of optical rotation in the columns refer to:

(a) Compound, acetylated in the sugar moiety [6—10]; (b) N-nitroso, acetylated in the sugar moiety; (c) N-acetyl, acetylated iu the sugar
moiety; (d) N-nitroso, non-acetylated; (e) N-acetyl, non-acetylated in the sugar moiety [13—15]; (/) methylated in the sugar moiety [11]; (Q)
N-nitroso-N-glycosides methylated in the sugar moiety.
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ried out as follows. The free N-iiitroso-N-glycoside, obtained by saponification
of the O-acetate with CH30Na, was treated with dilute acid; nitric acid was
liberated and a precipitate separated at room temperature, or more readily
on heating. In the course of the reaction, D-glucose, nitrobenzene, p-nitro-
phenol, p-nitroaniline and 4,4’-dinitrodiazoaminobenzene were formed.

The compounds were identified as described in Experimental.

The ratio and amounts of the products formed depended on the condi-
tions of the hydrolysis (temperature and time of heating). For example, the
amount of p-nitrophenol increases with increasing temperature and duration
of heating at the expense of the diazo compound.

The formation of the decomposition products takes place according to

the following reaction equations:
4

HF G

The hydrolysis products, N-nitroso-p-nitroaniline and its tautomeric
form, isonitrosamine (LU B), are not stable even at room temperature [16].
Treatment with dilute hydrochloric acid gives partly p-nitroplienyldiazonium
chloride (111C) which is hydrolyzed to p-nitrophenol (HID); on the other hand,
in agqueous medium (111B) is decomposed in an equilibrium reaction to yield
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p-nitroaniline (II1IE) and nitrous acid. The reaction of p-nitroaniline with
N-nitroso-jp-nitroaniline or p-nitrophenyldiazonium chloride results in 4,4’-
dinitrodiazoaminobenzene (I1IF). The latter is hydrolyzed by hot acid to
nitrobenzene (111G).

The other compounds in Group d of Table | also decompose in a similar
way on treatment with hot dilute aqueous acids.

The N-nitroso structure of the compounds and the first step of the above
hydrolytic reaction, i.e., the formation of nitrosamine or isonitrosamine and
the diazonium salt, are also confirmed by the experimental fact that the acetyl-
free compounds Id and 7d can be coupled with /3-naphthol in the same way
as usual in the preparation of azo dyes; the reaction results in the correspond-
ing azo dyes, i.e., phenylazo-/?-naphthol and p-nitrophenylazo-/?-napht.hol.

HO

The reactions discussed verify unambiguously that the site of nitrosation
is the nitrogen atom of the N-glycoside, and nitrosation of the benzene ring
at para position does not occur in the case of N-phenyl-D-glycosylamine de-
rivatives, either.

Further investigations on this group of compounds, as well as the elu-
cidation of the anomerism conditions by means of spectroscopic methods are
in progress and will be reported in a forthcoming paper.

Experimental

Preparation of N-nitroso-N-arylglycosylamines acetylated in the sugar moiety

The ~-anomer or an anomeric mixture of the N-glycoside-O-acetate (0.01 mole) was
dissolved in five parts of glacial acetic acid and solid sodium nitrite (0.03 mole) was added to
the solutions, with stirring, during 1 hr at room temperature. The reaction mixture was poured
onto 100 parts of crushed ice, under stirring; the yellowish product which precipitated was
filtered off and washed with cold water until free from acid. The air-dry product was recrystal-
lized from ethanol in the presence of decolorizing carbon (Table II).

Preparation of N-nitroso-N-arylglycosylamines

The N-nitroso-N-arylglycosylamine acetylated in the sugar moiety was dissolved in a
minimum amount of absolute methanol or a mixture of absolute chloroform at room tempera-
ture and it was saponified with a catalytic amount of O.liY sodium methoxide. The reaction
mixture was allowed to stand at room temperature for 30 min, then at 0 °C for 24 hrs. After
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2b
3b
4b
5b
6b
b
8b
9b
10b
lib
12b
13b
14b
15b

59

Table 11

Compound

N-Nitroso-N-phenyl-2,3,4,6-tetraacetyl-D-glucosylamine
N-Nitroso-N-phenyl-2,3,4,6-tetraacetyl-D-galactosylamine
N-Nitroso-N-p-tolyl-2,3,4,6-tetraacetyl-D-glucosylamine
N-Nitroso-N-p-tolyl-2,3,4,5-tetraacetyl-D-galactosylaminc
N-Nitroso-N-p-bromophenyl-2,3,4,6-tetraacetyl-D-glucosylamine
N-Nitroso-N-p-bromophenyl-2,3,4,6-tetraacetyl-D-galactosylamine
N-Nitroso-N-p-nitrophenyl-2,3,4,6-tetraacetyl-D-glucosylamine
N-Nitroso-N-p-nitrophenyl-2,3,4,6-tetraacetyl-D-galactosylamine
N-Nitroso-N-p-tolyl-2,3,4-triacetyl-D-xylosylamine
N-Nitroso-N-p-bromophenyl-2,3,4-triacetyl-D-xylosylamine
N-Nitroso-N-p-bromophenyl-2,3,4-triacetyl-L-arabinosylamine
N-Nitroso-N-p-chlorophenyl-2,3,4-triacetyl-i>-xylosylamme
N-Nitroso-N-p-chlorophenyl-2,3,4-triacetyl-L-arabinosylamine
N-Nitroso-N-p-iiitrophenyl-2,3,4-triacetyl-D-xylosylamine
N-Nitroso-N-p-nitrophenyl-2,3,4-triacetyl-L-arabinosylamine
N-Nitroso-N-phenyl-2,3,4,6-tetra-0-methyl-D-glucosylamme

N-Nitroso-N-p-bromophenyl-2,3,4,6-tetra-0-methyl-D-galactosylamine

Yield,

78
76
69
75
68
62
72
65
56
67
58
74
60
78
70
58

65

M.p.,

105

102
115—6
105

132

116

160

142

100

121
119—20
119-21
108—9
161
131—2

82.5—
83.5

87—88

Calcd.

6.19
6.19
6.01
6.01
5.27
5.27
8.41
8.41
7.10
6.10
6.10
6.75
6.75
9.88
9.88
8.23

6.67

N %

Found

6.16
6.24
6.05
6.00
5.20
5.29
8.43
8.30
7.28
6.25
5.98
7.00
6.92
9.69
9.75
8.31

6.52

C%

Calcd.

53.09
53.09
54.07
54.07
45.19
45.19
48.29
48.29

Found

53.20
53.23
53.97
54.27
45.28
45.38
48.41
48.26

Calcd.

5.34
5.34
5.61
5.61
4.36
4.36
4.66
4.66

H %

Found

5.24
5.12
5.73
5.78
4.34
4.43
4.69
4.49
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this the solution was neutralized with glacial acetic acid and evaporated to dryness on a water
bath at 40 °Cin vacuum. In the presence of aldohexose sugar components, hygroscopic yellow
foams were obtained which could not be crystallized. If the sugar component was an aldo-
pentose, the solid residue was dissolved in pyridine, treated with decolorizing carbon and ev-
aporated to dryness in vacuum; then some absolute ethanol was added to it repeatedly, and
the mixture was evaporated to dryness to remove pyridine. Finally the product was crystallized
(Table I11).

Table 111

Symbol Compound NLS
9d N-Nitroso-N-p-tolyl-D-xylosylamine 162
10d N-Nitroso-N-p-bromophenyl-D-xylosylamine 156
12d N-Nitroso-N-/)-chlorophenyl-D-xylosylamine 147
14d N-Nitroso-N-p-nitrophenyl-D-xylosylamine

lid N-Nitroso-N-p-bromophenyl-L-arabinosylamine

12d N-Nitroso-N-p-chlorophenyl-L-arabinosylamine

15d N-Nitroso-N-p-nitrophenyl-L-arabinosylamine 136

Re-acetylation of N-nitroso-N-arylglycosylamines

The N-nitroso-N-arylglycosylamine was acetylated with 10 parts of acetic anhydride
and 10 parts of absolute pyridine at room temperature for 24 hrs; the N-nitroso-N-arylglycosyl-
amines acetylated in the sugar moiety were obtained in high yields. The reaction mixture
was poured onto 100 parts of crushed ice, the product which separated was filtered off and
washed with cold water until free from acid. The air-dry product was recrystallized from etha-
nol or methanol using decolorizing carbon.

Benzal derivatives of N-nitroso-N-aryl-D-glycosylamines

The N-nitroso-N-aryl-D-glycosylamine (0.003 mole) was shaken with freshly distilled
benzaldehyde (0.025 mole) and freshly ignited zinc chloride (0.005 mole) in a closed vessel for
5 hrs. Ice-water, then petroleum ether were added to the mixture. The solid product was fil-
tered off and washed with cold water and petroleum ether. The air-dry substance was treated
with decolorizing carbon and recrystallized from ethanol. The data of the compounds are given
in Table IV.

Hydrolysis of N-nitroso-N-arylglycosylamines

N-Nitroso-N-arylglycosylamines can be hydrolyzed in 1—5% aqueous hydrochloric
acid solution by heating on a water bath at 80 C for 5 min, then allowing the mixture to stand
at room temperature. During hydrolysis a copious precipitation occurs, accompanied by a
characteristic smell. The nitrous acid formed was detected with a paper impregnated with
potassium iodide and starch. The hydrolysate was cooled to 0 °C and filtered.

The sugar content of the filtrate was examined quantitatively by means of paper chro-
matography. Schleicher—Schiill 2043 b Mgl paper and n-butanol—pyridine—water (6:4:3)
solvent mixture were used; the development took 28 hrs; the spots were detected with aniline
hydrogen phthalate, and heating to 105 °C for 10 min; the expected amount of D-glucose was
found by means of measuring the spot weight.

The filtrate was extracted with ether, treated with decolorizing carbon, concentrated
to one-fourth of its volume, and the corresponding phenols were identified after recrystalliza-
tion on the basis of their melting points and mixed melting points; TLC was used for the identi-
fication of the amines (Merck Kieselgel G layer; benzene developing solvent; 1% aqueous
FeCl3reagent for the detection of phenols; diazotization and dye-coupling reactions were used
for the detection of amines, beside standard substances).

The precipitate was crystallized from methanol, acetone or benzene after repeated treat-
ment with decolorizing carbon. The orange-yellow product had indicator properties. Its
0.1% alcoholic solution had lemon-yellow and cherry-red colours in acid and alkaline media.
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Compound

N-Nitroso-N-phenyl-4,6-benzal-D-glucosylamine
N-Nitroso-N-p-tolyl-4,6-benzal-D-gliicosylamiiie
N-Nitroso-N-p-brornopheiiyl-4,6-benzal-D-glucosylamine
N-Nitroso-N-p-bromophenyl-4,6-benzal-D-galactosylamine
N-Nitroso-N-p-nitrophenyl-4,6-benzal-D-glucosylamine

Table IV

Yield,
%

45
38
35
40
49

Mp.,
°c

123
86
80
92

176

N %

» Cdod  Found

—84 7.51
—46.6 7.25
—170 6.20
—18 6.20
+37.3 10.07

7.39
6.96
5.98
6.00
10.02

C%

Cdod  Found  Calod

52.41

52.50

4.87

H %

Found

4.80
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respectively. The pH range of the colour change was 11.07— 11.57 determined in glycine NacCl
NaOH buffer solution according to Sorensen. The compound was found to be 4,4’-dinitro-
diazoaminobenzene by comparison of its TLC, IR, UV and melting point data with an authentic
sample.

Preparation of phenylazo-jS-naphthol from N-nitroso-N-phenylglyeosylamines

N-Nitroso-N-phenylglycosylamine (0.001 mole) was dissolved in 10% hydrochloric
acid (2.5 ml) and the solution was cooled to 0 °C./S-Naphthol (0.144 g; 0.001 mole) was dissolved
in 10% sodium hydroxide (0.83 ml) and the solution placed into an ice bath. The cold acid
solution of the N-nitroso compound was added to it slowly, dropwise, under stirring. A red
colour appeared, then a red substance precipitated. The reaction mixture was allowed to stand
in ice for 30 min, then filtered off and the precipitate washed with cold water. The air-dry
product was recrystallized from ethanol after treatment with decolorizing carbon, to obtain
0.03 g of the product, m.p. 130 °C (lit. in.p. 131 °C). The substance was run on a Kieselgel G
thin layer in benzene together with authentic phenylazo-/?-naphthol; the samples were found
to be identical.

p-Nitrophenylazo-/?-naphthol (Para Red)

This compound was obtained from N-nitroso-N-p-nitrophenylglycosylamines accord-
ing to the procedure given for the preparation of Para Red [17]. Recrystallization from to-
luene gave 0.05 g of the product, m.p. 246 °C (lit. m.p. 246—48 °C). The product was identical
with an authentic sample on the basis of TLC (Kieselgel G; benzene).

Preparation of N-nitroso-N-arylglycosylamines methylated in the sugar moiety

Nitrosation was carried out in the same way as in the case of acetyl derivatives. The
nitroso derivatives were extracted with CHC13 after having poured the reaction mixture onto
ice. The combined extracts were dried over Na,,SO,, and evaporated to dryness on a water bath
at 40 °C in vacuum. The residue was dissolved in petroleum ether, b.p. 60—80 °C, treated
with decolorizing carbon, and the crystalline pl;oduct was obtained on cooling.

The authors’ thanks are due to the Hungarian Academy of Sciences for supporting this
work, to Dr. E. David-Rakosi for the analyses, and to Mr. G. Horvath for his assistance in
the work on pentosides.
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The experimental results of the dehydration of 1,3-diols of various structures
on copper catalysts are reported. The experimental work leads to the finding that a
suitably prepared copper catalyst catalyzes the dehydration of 1,3-diols. Depending
on the structure of the diol, three main reactions take place: the formation of oxo com-
pounds with the same number of carbon atoms as those of the diol, 1,2-elimination
and fragmentation processes.

It has been experimentally confirmed that the transformation of the diols with
the accompanying formation of oxo compounds can be observed not only on the vi-
cinal diols but, with the change of the experimental conditions, on certain types of
1,3-diols too.

In this paper we deal with the investigation of the transformations of
1.3- diols on metal catalysts. This is a timely problem, not only because of its
practical importance, but also because at the beginning of our studies both the
general regularities of the dehydration of 1,3-diols and the dehydrating abil-
ities of metal catalysts were often discussed and interpreted in the literature in
an incorrect manner. With a few exceptions, the reason for this is seen in the
lack of suitable experimental data and in the fact that the experimental
results which had been obtained were not analyzed in the best way.

Up to the present no regularities of general validity have been put forward
for the possible transformations of 1,3-diols (we disregard the incorrect assertion
often cited in organic chemistry textbooks that under condition of dehydration
1.3- diols are converted mainly to cyclic ethers). It must be stressed at once
that the dehydration of 1,3-diols mostly does not lead to the formation of
cyclic ethers. It is possible, however, to find literature data [1—4] which
describe the formation of unsaturated alcohols, dienes, oxo compounds and
various fragments on the dehydration of 1,3-diols.

From a survey of the literature it can be established that there have
been attempts in the field of 1,3-diols to systematize the various experimental
data and to draw certain general conclusions from these [5, 6]. This work did
not succeed, however, due to the contradictory experimental results. Since
new experimental data related to this were not obtained, it was not possible
either to study for example whether the pinacol type rearrangement can be
extended to the entire family of diols. It is certain that progress is not assisted

* Part XXX: Acta Phys. ct Chein. Szeged, 18, 85 (1972)
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by findings such as those which consider the transformation of 1,2-diols with
the accompanying formation of oxo compounds as a feature of vicinal diols,
separate vicinal glycols quite rigorously from other diols, and hence try to
compare the transformations of 1,3-diols particularly to the reactions of 1,4-
and 1,5-diols.

Detailed accounts were given in our earlier work [7—10] of the experi-
mental results on the dehydration of 1,3-propanediol and 1,3-butanediol in the
presence of various metal catalysts. This work has led to the finding that the
most active of the Raney type metal catalysts is Cu/Al. In order to prove
the catalytic role of the copper, and also for preparative purposes, a study was
made of the dehydration of 1,3-butanediol with copper catalysts on aluminium
oxide and silica gel supports. It turned out during these studies that as regards
its activity, cycle-time and life-time, the copper catalyst on a silica gel support
prepared by a suitable chosen method is better than the Cu/Al catalyst, and its
selectivity does not decrease either. It could thereby be proved that the cata-
lytic effect can be attributed to the appropriate form of copper. On the above
basis a procedure was developed [11] for the preparation of methyl ethyl
ketone from the C3fraction: by means of the P rintsreaction [12] the propylene
content of the C3fraction is converted with formaldehyde to 1,3-butanediol,
using cation-exchange resins as catalyst.

The 1,3-butanediol can be dehydrated to methyl ethyl ketone and
butyraldehyde on a Cu/SiO., catalyst at 200— 250 °C.

The present paper reports the experimental results of the dehydration
of 1,3-diols of various structures on metal catalysts. The following model
compounds were selected for the study of the dehydration of the 1,3-diols.
Some of these (I, IV—VII, X—XIV) were commercial products, while others
(1, T, X, XV—XVII) were prepared by ourselves on the basis of literature
methods.

Diprimary 1,3-diols [13]:

R R
I 1 in \% \% \Yl Vi
CH,—C—CH,
| | R H i-Pr Bu Me Me Et Et
OH OH
R H H H Me Pr Et Bu
Primary-secondary 1,3-diols:
R R’
v/ Vil IX X Xl
CH—~C—CH—R"
| R H H H Me
OH OH
R H H Et Me
R Me Ph Pr i-Pr
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Disecondary 1,3-diols:

R"
I XN X1 XIV
R—CH—CH—CH—R’
| | R Me Me Me
OH OH
R Me Me Me
R H Me Pr

Primary-tertiary, secondary-tertiary and ditertiary 1,3-diols:

/ICH3 /ICH3 CH34
CH,--CH,—c< CH3—CH--CH.,—c< >C—CH,,-V
1 1X CH3 1 \CH3 CHI/ 1 Ix <
OH OH OH OH OH OH
XV XVI XVII

The dehydration of the 1,3-diols listed was studied mainly on Cu/Al and
Cu/Si02 and also on Pt/C catalysts. The reactions were carried out in a con-
tinuous system at 150—300 °C in the apparatus described earlier [7]. The
description of the method of investigation and the preparation of the catalysts
can also be found in earlier papers [7, 11, 14]. In addition to the above, we
also carried out the transformation of 1,3-butanediol on platinum, palladium
and rhodium catalysts on a thermolite (T) carrier, using an impulse technique.

The experimental results are summarized below. During the transfor-
mation ofthe 1,3-diols on Cu/Aland Cu/Si0O2catalysts itwas possible to observe,
depending on the structure of the diol, the three main reaction paths outlined
in the following scheme:

I. Splitting of the molecule into two parts; this is the characteristic
direction of decomposition in the transformation mainly of polysubstituted
1,3-diols on Cu/Si02and Cu/Al catalysts. The probability of the occurrence of
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this process increases with the order of both the carbon atoms bearing the
hydroxyl groups (with the exception of the ditertiary diols), and the carbon
atom at position 2.

Il. Intramolecular dehydration accompanied by the formation of oxo
compounds with the same number of carbon atoms as the diols; this process is
characteristic for the primary-secondary, disecondary and primary-tertiary
diols, mainly in those cases where there are no substituents on the carbon
atom at position 2.

Fig. 1. Variation of the conversion of 2-methyl-2,4-pentanediol (1) and 2,4-dimethyl-2,4-
pentanediol (2) as a function of the volume flow rate, on a Cu/Al catalyst, at 224 °C

1. 1,2-elimination processes resulting in the formation of a, /3-unsaturat-
ed alcohols and dienes; these can be observed only in the case of ditertiary
diols not containing substituents on the carbon atom at position 2.

The experimental results serving as the basis of the above conclusions
can be found in Table I, for some of the model compounds.

From a comparison of the data relating to compounds XVI and XVII
of Table | with the experimental data given in Fig. 1, it can be seen that for
those 1,3-diols (ditertiary 1,3-diols) where as a result of the structure of the
molecule dehydrogenation is a hindered process, the elimination of water
leading to the formation of unsaturated alcohols and dienes becomes the
determining reaction direction and is faster than the fragmentation, even in the
case of metal catalysts.

The three primary processes given above (I, Il, Ill) are followed by the
hydrogenation, dehydrogenation, decarbonylation, dehydration (formation of
dienes in the case of ditertiary diols), and decomposition of the primary
products, and by intermolecular hydrogenation—dehydrogenation processes
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Formula

CH,—CH,—CH,

| m m ]
OH OH

i-C3H7

1

CH,—CH—CH,,
1 1
OH OH

CH3 CH3

\ /
CH,—C—CH,,
1 1
OH OH

CH,—CH,—CH—CH3
1 1
OH OH

CH,,— CH-—CH—C6H5

1 1
OH OH
C2H5
1
CH,— CH—CH—C3H7
1 1
OH OH
CH3 CH3
\ .
CH.—C—CH—i—C3H.
1 1
OH OH
/ICH3
CH—CH,—C<
\CH 3
OH OH

Table |

VI

IX

X

Xl

XV

CH3—CH—CH2—CH—CH3

OH SH

Xl

Yield of fragmen-
tation products

9

10

40

90

min.

30

85

90

75

35

Main directions of the transformation of 1,3-diols on a Cu Al catalyst
(volume flow rate 0.1 hr-1; temperature 200— 250 °C; conversion 100°/0)

Yield of oxq
compounds with
same number of
carbon atoms as

0

80

60

95

60

15

15

65
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Table I (cont.)

Yield gf o>_<oh

Yeld of fragmen- G Rumber of

Formula tation products carbon atoms as
) dioi
@9

CH3—-CH—CH—CH—CH3
1 1 1 80 0
OH CH3 OH X1

CH3—CH—CH—CH—C3H7

95 0
OH CH3 OH X1V
/ICH3
CHo—CH—CH,—C<f  XVI 95 0
I « NCH3
OH OH
CH34 XHS3
>C CH,—C< XVII 0 0*
CH/I . m |[\CH3
OH OH

*40% dimethyl isobutenyl carbinol and 60% 2,4-dimethyl-1,3-pentadiene are formed.

as secondary reactions. The role of the secondary transformations becomes
more important at higher temperatures.*

In the interpretation of the mechanism of dehydration of 1,3-diols on a
Cu/Al catalyst importance is attached to the process of dehydrogenation of
1,3-butanediol observed at low conversions, in the course of which the formation
of I-butanol-3-one could be observed with high selectivity.

The experimental results of the transformations of 1,3-diols on Pt/C and
Pt/T catalysts are summarized below. The activity of platinum catalysts is
lower than those of Cu/Al and Cu/Si02catalysts. In the case ofthe Pt/C catalyst
the main directions of the transformations are essentially the same as those
observed for copper catalysts. The lower activity of the Pt/C catalyst, however,
requires a higher reaction temperature, and as a result of the increase of the
rates of the secondary processes, therefore, the transformation proceeds with
lower selectivity. A significant difference can be observed between the trans-
formations of 1,3-butanediol on Pt/C and Pt/T catalysts. While methyl ethyl
ketone is formed as the major product on a Pt/C catalyst in a continuous
system, at the same time on a Pt/T catalyst (under the conditions of the
impulse technique) in addition to the formation of methyl ethyl ketone (20%)
a much larger amount of acetone (40%) is also obtained.

* 1t should be noted that in the absence of catalysts, but under otherwise identical ex-
perimental conditions, the diols studied do not react.

Acta Chim. (Budapest) 76, 1973



ENFANNEN

o o,

7.
8.
9.
10.
11.
12.
13.
14.

Mihaly Bartok

BARTOK, MOLNAR: STUDY OF THE TRANSFORMATIONS, XXXI 415

REFERENCES

.Bauer, F.: Monatsh., 25, 1 (1904)
. Kadiera, V.. Monatsh., 25, 332 (1904)

Winfietd, M. E.: Catalysis, Vol. VII, (Ed. Emmett, P. H.) Reinhold, New York 1960

. Glycols. ACS Monograph Ser. No. 114 (Ed. Curme, G. O., Johnston, F.) Reinhold, New

York 1952

. Barbot, A.: Ann. Chim. 11, 599 (1939)
.Mathieu, J., Allais, A.,, Valls, J.: Cahiers de Synthese organique, Vol. VI, Masson et Cie.,

Paris 1960
Bartok, M., Kozma, B.: Acta Phys. et Chem. Szeged, 9, 116 (1963)
Bartok, M., Zatotai, L.: Acta Phys. et Chem. Szeged, 14, 39 (1968)
Zalotai, L., Bartok, M.: Acta Phys. et Chem. Szeged, 14, 47 (1968)
Bartok, M, Pragai, B.: Acta Phys. et Chem. Szeged, 16, 85 (1972)
Barték, M., Koranyi, Gy., Kovacs, K., Notiieisz, F.: Patent application, 8 Sept. 1971
Prins, H. J.: Chem. Weekbl., 14, 267, 932 (1917); J. Chem. Soc., 114, 261 (1918)
Barték, M., Kozma, B., Gitde, A. S.: Acta Phys. et Chem. Szeged, 11, 35 (1965)
Barték, M., Fényi, Sz.: Acta Phys. et Chem. Szeged, 12, 157 (1966)

6701 Szeged, D6m tér 8. Hungary.

Arpad Molnar

Acta Chim. (Budapest) 76, 1973






Acta Chimica Academiae Scientiarum Hungaricae, Tomus 76 (4), pp. 417—429 (1973)

STUDY OF THE TRANSFORMATIONS OF DIOLS
AND CYCLIC ETHERS, XXXII

STUDY OF THE TRANSFORMATIONS OF 2-METHYL-OXACYCLOALKANES
ON METAL CATALYSTS

M. Bartok, |I. Torok and |. Szabo
(Department of Organic Chemistry, A. Jézsef University, Szeged)

Received February 21, 1972

The reactions of 2-methylethylene oxide, 2-methyloxcthane, 2-methyltetra-
hydrofuran and 2-methyltetrahydropyran have been studied in the presence of Pt/T,
Pd/T, Rh/T, Cu/Al, Ni/Al and Zn/Al catalysts, under identical experimental conditions,
by the impulse technique. In the experimental work an analysis was made of the reac-
tion directions which depend on the ring size and the catalyst: isomerizations to the
corresponding aldehydes, ketones and unsaturated alcohols, and hydrogenolysis with
the formation of the corresponding alcohols.

Under the influence of metal catalysts oxacycloalkanes can in principle
isomerize to oxo compounds and unsaturated alcohols, while on the action of
catalytically activated hydrogen they may undergo hydrogenolysis, with the
formation of alcohols. Before our investigations were begun (1958) only the
isomerization reactions of epoxides had been reported and, therefore, the opin-
ion had evolved that these were characteristic of epoxides in general [1].
Our aim which arose from this (and towards which we worked in cooperation
with the Organic Catalysis Group, Organic Chemistry Institute, Academy of
Sciences of the USSR) was the study of the regularities of the isomerization and
hydrogenolysis of oxacycloalkanes containing low numbers of carbon atoms in
the rings. In the course of this joint research we demonstrated the general
character of the isomerization of the oxacycloalkanes to oxo compounds
[2—8]. It must be stressed that, in spite of the fact that reference can be found
in the patent literature to the isomerization of oxacycloalkanes, this process
had previously been experimentally confirmed and hence was a scientifically
accepted reaction only for epoxides [9—11].

In the present paper we wish to report our more recent studies which
were carried out with regard to the isomerization of 2-methyl-oxacycloalkanes
in the presence of various metal catalysts, and which made use of the possibil-
ities provided by the impulse technique. In our earlier work the isomerization
of the oxacycloalkanes had beeu established only qualitatively and in its
main outlines, and only the isomerizing activity of platinum catalysts had
been studied. Investigations were not made to study the transformations of
oxacycloalkanes of various ring-sizes under the same experimental conditions,
nor with the experimental parameters ensured by the impulse technique.
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On the above basis our aim was to study the behaviour of 2-methyl-
ethylene oxide, 2-methyloxacyclohutane, 2-methyltetrahydrofuran and 2-
methyltetrahydropyran in the presence of platinum, palladium and rhodium
catalysts on thermolite supports, and of Raney type copper, zinc and nickel
catalysts (in the following metal/T and metal/Al) at 150—400 °C. The studies
were carried out with the impulse technique, using hydrogen as carrier gas.
The impulse technique described earlier [12] was modified merely in that
Rasotherm glass was selected as the structural material of the microreactor.
The description of the preparation of the catalysts used in the experimental
work and of their individual properties can be found in our earlier publications
[L12— 14]. In the experimental work we generally used 1 ml of the thermolite
supported catalysts containing 10% metal, and 0.2 ml of the Raney type
catalysts. The internal diameter of the microreactor was 6 mm. The experi-
mental method consisted in the study of the selected oxacycloalkanes under
identical experimental parameters. The extent of conversion of the individual
compounds was measured as a function of temperature, and the products
formed were determined both qualitatively and quantitatively.

An account of the experimental results now follows. In the presence of
both Pt/T, Pd/T, Rh/T and Ni/Al, Cu/Al, Zn/Al catalysts the conversion of the

AC™mA O-

Fig. 1. Conversion (%) of 2-methyloxacycloalkanes at 250 °C on various catalysts
(1: PU/T; 2: Rh/T; 3: Pd/T)
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2-methyloxacycloalkanes varies in the following order: 4 >3 >5 ~ 6 (where
the numbers are the numbers of atoms in the ring) (Fig. 1).

Because of the greater strain of the three- and four-membered rings
and the easy fragmentation of the latter, the above order for the rate of
decomposition can readily be explained. As will be seen later, the different
effects of the catalysts on the stabilities of the cyclic ethers can be correlated
mainly with the various transformating directions. The most active are the
hydrogenating Pt/T, Rh/T and Ni/Al catalysts.

The main products of 2-methyloxacycloalkanes on the above catalysts in
the presence of hydrogen can be seen from the following schemes.

The main products of the transformation of 2-methylethylene oxide:

CH3 CH3 -CH2-CHO + CH3-CO-CH3-

CH2= CH-CH20H + CH3 -CH2-CH20H * CH3-CHOH-CH3

The main products of the transformation of 2-methyloxacyclobutane:

CH3-ch2-ch2-cho +ch3-ch2-co- ch3
CH2=CH-CH2-CH?20H + CH3-CH =CH-CH20H
CH3-CH2-CH2-CH20H +CH3-CH2-CHOH-C;H3

A high degree of selectivity can be observed in the transformations of 2-methyl-
tetrahydrofuran and 2-methyltetrahydropyran on the individual catalysts:

N L ch3 ch3 -ch2-ch2-c- ch3
ch3 H? *e ch3 - ch2-ch2-ch2-c- ch3
0

The main directions of transformation, therefore, are isomerizations accompa-
nied by the formation of oxo compounds and unsaturated alcohols, and hydro-
genolysis resulting in the formation of saturated alcohols. The extents to
which the main processes take place are determined decisively by the ring
size and the catalysts. Before a more detailed discussion of these questions
some characteristic plots are given for the four model compounds: the variation
of the product composition as a function of temperature (Figs 2— 11). The
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Fig. 3

Figs 2 and 3: Variation of the product composition as a function of temperature in the
transformation of propylene oxide (1: propylene oxide; 2: propionaldehyde; 3: acetone; 4:1-pro-
panol)
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Fig. 8

Fig. 9

Figs 4— 9. Variation of the product composition asafunction of temperature in the transforma-
tion of 2-methyloxacyclobutane (1: 2-methyloxacyclobutane; 2: butyraldehyde; 3: methyl
ethyl ketone; 4: 1-butanol -f- 2-butanol; 5: allyl carbinol -)- crotyl alcohol)
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Figs 10— 11. Variation of the product composition as a function of temperature in the trans-
formations of 2-methyltetrahydrofuran and 2-methyltetrahydropyran (1: 2-methyltetra-
hydropyran; 2: methyl propyl ketone; 3: 2-methyltetrahydropyran; 4: methyl butyl ketone)
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amounts of products formed vary with temperature according to a maximum
curve; this can understandably be explained by the secondary transformation
of the primary products. The study of these secondary processes was not
included in our programme.

The figures for the parallel experiments in the case of 2-methyloxacyclo-
butane draw attention to the effect of the nature of the active sites of the cata-
lysts on the directions of transformation. It appears that the surface state of
the catalysts, and hence their activity and selectivity, change during the
experiments. It seemsjustified to study not only the role ofthe catalysts without
support but also the structures of the catalysts during the reaction and the
effects of these on the reaction directions. In our experimental work the change
of the activity of the Pt/T catalyst was studied as a function of the number of
impulses. With the exception of the first one or two impulses, however, no
essential change was observed, not even after 50 impulses. If these observa-
tions are compared with the data for the parallel experiments reported above,
it seems likely that the changes caused in the activities of the catalysts have a
substantial effect on the surface states of the catalysts.

The individual characteristics of the transformations of cyclic ethers,
depending on the catalysts and the ring size, can be readily explained on the
hasis of Figs 12—17. In these figures the maximum vyields of aldehydes,
ketones and unsaturated alcohols formed by isomerization, and the alcohols
resulting from hydrogenolysis, are plotted in the temperature range studied as
a function of the catalyst and the ring size.

As a summary of the experimental data, in the following we report the
main characteristics of the transformations of 2-methyloxacycloalkanes. For
all six catalysts the transformation of three- and four-membered cyclic ethers
in the presence of hydrogen is a complex process, with the formation of several
products, and essentially all the mentioned reaction directions can be observed.
In the case of the five- and six-membered cyclic ethers, however, of the studied
reaction directions only the isomerization to the corresponding ketones takes
place.

Propylene oxide isomerizes mainly to propionaldehyde. However, iso-
merization to acetone and hydrogenolysis are also appreciable. In the case of
2-methyloxacyclobutane, each reaction direction can be observed, the propor-
tions being affected considerably by the nature of the catalyst and by the
quality and state of its active sites. With 2-methyltetrahydrofuran the most
considerable reaction is the isomerization to methyl ethyl ketone under the
action of platinum. Rh/T has a similar role, but on the other catalysts various
decomposition processes (mainly dehydration), not yet studied, can he ob-
served only at higher temperatures. Similar observations can be made for the
transformation of 2-methyltetrahydropyran, with the difference that the
isomerization to ketone proceeds on Pd/T too.
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Fig. 12

Fig. 13
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Fig. 14
11 LCi___ Li__11W __\'Tyr!
C*N Cl
Vo7
Fig. 15

The dependence of the reaction directions on the ring size can be summa
rized as follows.

Variation of the isomerization to aldehyde: 3 >4; the formation of
aldehydes was not observed for the five- and six-membered cyclic ethers.

Variation of the isomerization to ketone: 5~ 6 >4 ~ 3.

Isomerization to unsaturated alcohols can he observed only for 2-methyl-
oxacyclobutane on all catalysts with the exception of Ni/Al (it should be noted
that in the case of propylene oxide allyl alcohol can he detected on the Zn/Al

catalyst too).
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Fig. 16

N\ /\O

Fig. 17

Fig. 12— 17. Maximum yields of isomerization and hydrogenolysis products of 2-methyloxa-
cycloalkanes on various metal catalysts (1: aldehyde; 2: ketone; 3: alcohols; 4: unsaturated
alcohols; 5: methyl vinyl ketone)

Hydrogenolysis can be observed only in the cases of three- and four-
membered cyclic ethers, to an extent depending on the nature of the catalyst
(it must he noted that on the action of superactive catalysts 2-methyltetra-
hydropyran too undergoes hydrogenolysis).

Although the catalysts studied by us can be systematized on the basis
of their effects on the directions oftransformation of 2-methyloxacycloalkanes,
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such a classification nevertheless had to be passed over since -without making
the experimental data more accurate significant changes cannot be established.
There is, however, one clear conclusion: the isomerization of cyclic ethers
with the formation of ketones is catalyzed by the platinum group metals
studied (although it has to be noted that in the case of the five-membered
cyclic ether palladium does not exhibit the necessary activity), while their
hydrogenolysis is catalyzed by the above metals and by nickel too.

The relative amounts of the products formed by the splitting of the two
C—O bonds in the 2-methyloxacycloalkanes are given in the following table:
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Structural resemblance indicates that GH-RH is formed from the /9-chain of
hemoglobin, being the amino-terminal 1— 10 fragment of the latter. It is reasonable to
suppose that the liberation of GH-RH may be inhibited by peptides containing the
/9-chain 10— 11 sequence in their amino-terminal. For a study of this possibility the
10— 15 hexapeptide fragment of the /9-chain in human hemoglobin has been prepared,
starting with Trp-NH2 by stepwise synthesis.

The peptide with growth hormone releasing hormone (GH—RH) activity
was isolated from porcine hypothalamus [1] and proved to be H-Val-His-
Leu-Ser-Ala-Glu-Glu-Lys-Ala-OH** (I) [2]. The synthesis of decapeptide | has
recently been published by the Peptide Group of Merck Sharp and Dohme
Research Laboratories (Rahway, New Jersey) [3]. In this report it was pointed
outthat “a striking similarity exists between | and the proposed amino-terminal
sequence of the /3-chain of hemoglobin” *1t* . . . “suggesting that | may be der-
ived from hemoglobin as angiotensin | arises from an a2globulin” (i.e. angioten-
sinogen or renin substrate). If the structural resemblance is not a freak of
chance and GH-RH is indeed derived from hemoglobin, there must be a proteol-
ytic enzyme exhibiting a highly selective specificity for cleaving the /3-chain
between positions 10 and 11. That means that the GH-RH liberating enzyme
should display its function analogously to renin, which removes angiotensin
| from angiotensinogen —by cleavage of the leucyl-leucyl bond at positions 10
and 11.

It is known that renin-catalysed liberation of angiotensin | from angio-
tensinogen can be inhibited by smaller peptides containing the leucyl-leucyl

* Growth hormone releasing hormone.

** The symbols follow the Tentative Rules of the IUPAC-IUB Commission on Biochem-
ical Nomenclature (J. Biol. Chem. 247, 977 (1972)). The following additional abbreviations
have been used: OPCP — pentachlorophenyloxy, DCHA — dicyclohexylamine, DMF — di-
methylformamide.

*** Namely (Val.His.Leu.Ser.Ala.GIx-GlIx.(Lys)Ala.GIx.Val..) where parentheses
enclose a region, the composition but not the sequence of which has been determined experi-
mentally. A period between amino acids within the parentheses indicates that the amino acid
to its left has been placed in what seems to be the most probable position [4]. The sequence
of the first eight residues as given above (I) has recently been confirmed by E aman dansyl de-
gradation studies [3].
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sequence at the amino-terminus [5] on account of splitting leucine from these
peptides instead of angiotensin | from the renin substrate. Relying upon these
findings it can be supposed that GH-RH formation from hemoglobin might
be similarly inhibited by peptides comprising residues 10 and 11 of the /3-chain
on their amino-terminal.

The structure of a potential GH-RH inhibiting peptide could be designed
taking into consideration the sequence of the /3-chain of human hemoglobin
which had been determined experimentally [4]. It can be seen (Fig. 1) that
residues at the critical positions are alanine and valine. Therefore an alanyl-
valyl-peptide, namely the sequence covering positions 10—15 (italicized in

H-Val-His-Leu-Thr-Pro-Glu-Glu-Lys-
1 2 3 4 5 6 7 8

-Ser-Ala- Val-Thr-Aia-Leu-1Yp-Gly-Lys-Val-
9 10 11 12 13 14 15 16 17 18

-Asn-Val-Asp-Glu-Val-Gly-Gly-
19 20 21 22 23 24 25

Fig. 1. The amino-terminal sequence of the /3-chain of human hemoglobin. The arrow indicates
the bond cleaved by the supposed enzyme, liberating GH-RH

Fig. 1) was synthesized in the form of a hexapeptide amide, H-Ala-Val-Thr-Ala-
Leu-Trp-NH2 (I). The sequence of Il includes, besides Ala-Val — marked for
the proteolytic cleavage — a tryptophan residue, which is expected to improve
the binding capacity of the hexapeptide. The terminal amide group was chosen
to render a neutral environment to the side chain of tryptophan, as there is no
free carboxyl group in the A-chain, the first acidic amino acid to its left being
at position 21.

The synthesis of hexapeptide Il was accomplished by the stepwise
approach (Fig. 2) starting from crystalline tryptophan amide oxalate (III)
obtained from the appropriate carbobenzoxy derivative. The protected dipeptide
amide IV was prepared by the mixed anhydride method. It was found that in
the presence of a catalytic amount of N-methylmorpholine the dicyclo-
hexylamine salt of carbobenzoxy-leucine could be converted directly into a
mixed anhydride. In this reaction the N-acyl-N-methylmorpholiniumchloride
complex is the anhydride-forming agent, as proposed by Anderson [6], since
in the absence of a tertiary amine (such as N-methylmorpholine) anhydride
formation was very slow or did not occur at all. Catalytic hydrogenation of
IV afforded the corresponding free dipeptide amide (V) isolated as a crystal-
line oxalate. Coupling of V with pentachlorophenyl carbobenzoxy-alaninate
yielded the protected tripeptide amide VI, and this w"as condensed after de-
blocking by hydrogenation with pentachlorophenyl carbobenzoxy-threoninate
to give the protected tetrapeptide amide VIII. The free tetrapeptide (I1X) ob-
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Ala Val Thr Ala Leu Trp

Z-OH H NH.

z NH.

Z-OPCP H NH.
X1

Zz NH,
X1l

1 NH,
11

Fig. 2. Synthesis of hexapeptide amide

tained by catalytic hydrogenation of VIII was allowed to react with a mixed an-
hydride of carbobenzoxy-valine to afford the protected pentapeptide amide X,
which was converted into X1 by hydrogenation. The free pentapeptide amide
was acylated with the aforementioned pentachlorophenyl carbobenzoxy-alani-
nate to yield the protected hexapeptide amide XII, the terminal amino group
of which was liberated by catalytic hydrogenation. The hexapeptide amide Il
was isolated as the acetate salt, with satisfactory elemental and amino acid
analysis, in a yield of 51.6%, calculated for the amino acid derivatives used
in the coupling reactions [7]. The results of biological studies with this hexa-
peptide amide will be published elsewhere.

Experimental

All melting points are uncorrected. TLC were performed on silica (Kieselgel G, Merck).
.Revalues refer to the following solvent systems; R'f. ethyl acetate-pyridine—acetic acid-water
(240 :20 :6 :11). Rj: ethyl acetate—pyridine-acetic acid—water (120: 20 : 6 : 11). R'f. ethyl
acetate-pyridine-acetic acid-water (60 :20 :6 : 11).
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H-Trp-NH, «(C0011)2 (I11)

Carbobenzoxy-tryptophan amide [9] (3.37 g; 10 mmoles) in methanol (100 ml) was
deprotected by hydrogenation in the presence of palladized charcoal. The catalyst was removed
by filtration and the solution was evaporated to dryness. The residue was dissolved in a mixture
of ethanol—-benzol and evaporated again to dryness. The product was redissolved in methanol
(30 ml) and after adding oxalic acid (0.9 g; 10 mmoles) the solution was evaporated. The re-
sulting oxalate was crystallized with ether to yield 2.91 g (96%) of IIl; m.p. 189—191 °C;
R3 0.37; [<{jo -(- 4.78 (c = 1, ethanol).

Ci3H150 5N 3 (293.28). Calcd.C 53.24: H5.15; N14.32; 0 27.27. Found C53.28; H 5.20;
N 14.30; O 27.30%.

Z-Leu-Trp-NH, (1V)

(A) Carbobenzoxy-leucine liberated from its DCHA salt (4.9 g; 11 mmoles) was dis-
solved in DMF (10 ml) and treated successively at —10° with N-methylmorpholine (1.22 ml;
11 mmoles), isobutyl chloroformate (1.45 ml, 11 mmoles) and, after 10 min, with a pre-cooled
solution of tryptophan amide oxalate (I11; 2.93 g; 10 mmoles) in DMF (10 ml) containing N-
methylmorpholine (2.22 ml; 20 mmoles). After stirring at — 10 °C for 30 min and at 0 °C for
1 hr, the mixture was kept at room temperature overnight, then filtered and evaporated under
reduced pressure. The residue was stirred with ethyl acetate (10 ml) and water (5 ml) for 10—
20 min. The suspension was filtered, the solid was washed with ethyl acetate and water and
dried to obtain 4.1 g (91%) of IV; m.p. 210—213 °C, A~0.8; [a]g — 17.7° (c = 1, DMF).

C25H 004N 4 (450.54). Calcd. C 66.64; H 6.71; N 12.43; O 14.20. Found C66.70; H 6.69;
N 12.42; O 14.17%.

(B) DCHA salt of carbobenzoxy-leucine (4.9 g; 11 mmoles) was suspended in DMF
(10 ml) and treated successively at — 10 °C with methylmorpholine (0.122 ml; 1.1 mmoles),
isobutyl chloroformate (1.45 ml; 11 mmoles) and, after 10 min, the mixed anhydride formed
was allowed to react with tryptophan amide oxalate (I11; 2.93 g; 10 mmoles) as described
above, to yield 3.8 g (84.5%) of IV; m.p. 210—213 °C; R 8 0.8.

Z-Ala-Leu-Trp-NH, (VI)

The carbobenzoxy dipeptide amide 1V (4.1 g; 9.1 mmoles) was hydrogenated in methanol
(60 ml) in the presence of palladized charcoal. After completion of deblocking (checked by
TLC), the catalyst was filtered off and washed with methanol. The solution and washings were
combined and, after addition of oxalic acid (0.8 g; 9.1 mmoles), concentrated under reduced
pressure. The residue was crystallized with ether, filtered, washed with ether and dried; yield
3.55 g (99%); m.p. 115 °C (decomp.); Rf 0.5. The free dipeptide amide (V) obtained was dis-
solved in DMF (10 ml) containing N-methylmorpholine (2.0 ml; 18 mmoles). The stirred solu-
tion was treated successively at room temperature with pentachlorophenyl carbobenzoxy-ala-
ninate (4.66 g; 9.9 mmoles) and N-methylmorpholine (1.1 ml; 9.9 mmoles) added in five por-
tions during 30 min. Stirring was continued until dissolution occurred and, after being kept
at room temperature overnight, the reaction mixture was concentrated under reduced pres-
sure. The residue was stirred with ethyl acetate (10 ml) and water (5 ml). The resulting sus-
pension was filtered off, washed with ethyl acetate and water and dried; yield 4.31 g (92%);
m.p. 188—190 °C; R'f 0.68; [a]B —24.6° (c = 1, DMF).

C28H 350 5N5 (521.63). Calcd. C 64.47; H 6.76; N 13.42; O 15.33. Found C64.37; H 6.77;
N 13.35; O 15.48%.

Z-Thr-Alal-Leu-Trp-1\H2 (V111)

The protected tripeptide amide VI (4.31 g; 8.28 mmoles) was dissolved in methanol
(50 ml) and hydrogenated over palladized charcoal. The catalyst was removed by filtration
and the solution was concentrated under reduced pressure. The residue was triturated with ether,
filtered, washed with ether and dried to yield 3.07 g (96%) of VII; m.p. 108— 112 °C (decomp.);
R3 0.5. The free tripeptide amide (7.95 mmoles) was dissolved in DMF (8 ml) and treated suc-
cessively with pentachlorophenyl carbobenzoxy-threoninate (4.39 g; 8.75 mmoles) as described
in the preparation of VI. After being kept at room temperature overnight, the reaction mixture
was concentrated under reduced pressure and the residue was triturated with ether. The
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suspension was filtered, the solid was washed with ether and water and dried to obtain 4.53 g
(91.5%) of VIII; m.p. 218—220 °C; R) 0.8; [cc]B — 16.0° (c = 1, DMF).

C3,H4,07N6 (622.73). Calcd. C61.71; H 6.79; N 13.49; 0 17.98. Found C 61.54; H 6.89;
N 13.56; O 18.02%.

Z-Val-Tlir-Ala-Leu-Trp-NIlI., (X)

The protected tetrapeptide amide VIII (4.53 g; 7.26 mmoles) was hydrogenated in
methanol (40 ml) in the presence of palladized charcoal. The catalyst was filtered off and the
solution was concentrated under reduced pressure. The residue was triturated with ether, filtered,
washed with ether and dried to yield 3.52 g (99%) of the free tetrapeptide amide IX; m.p.
193—195 °C; 130.47. The product was dissolved in DMF (10 ml) and, after cooling to — 10 °C,
it was added to the mixed anhydride. The latter was prepared from the DOHA salt of carbo-
benzoxy-valine (3.42 g; 7.92 mmoles) and isobutyl chloroformate (1.075 ml; 7.92 mmoles)
in the presence of N-methylmorpholine (0.088 ml; 0.792 mmoles) according to procedure (B)
in the preparation of compound IV. The filtered reaction mixture was concentrated under
reduced pressure and the residue was triturated with ether and suspended in ethanol (20 ml). The
suspension was boiled for 10—20 min, cooled and filtered, washed with cooled ethanol and
dried; yield 4.25 g (82%); m.p. 245—247 °C (decomp.); R) 0.73; [a]jb®—18.7°. (c = 1, DMF).

C3MHB508N7 (721.87). Caled. C 61.56; H 7.12; N 13.58; O 17.71. Found C 61.47;
H 7.18; N 13.58; O 17.77%.

Z-Ala-Vnl-Thr-Ala-Leu-Trp-NH2 (X11)

The protected pentapeptide amide X (3.74 g; 5.18 mmoles) in DMF (50 ml) was de-
blocked by hydrogenolysis in the presence of palladized charcoal. The catalyst was filtered
off and the filtrate was concentrated to 20 ml. The solution containing the free peptide (XI) was
treated successively with pentachlorophenyl carbobenzoxy-alaninate (2.68 g; 5.7 mmoles)
and N-methylmorpholine (0.632 ml; 5.7 mmoles) as described in the preparation of VI. The
mixture was kept at room temperature overnight, then concentrated under reduced pressure
and the residue was triturated with ether. The resulting crude product was suspended in ethanol
(40 ml) and boiled for 20—30 min. The cooled suspension was filtered, the solid washed with
cold ethanol, and dried; yield 3.65 g (89%); m.p. 243—246 °C; JJjr0.8; [<X]B — 13.2° (e = 0.23
DMF).

C4,H660 9N 8 (792.95). Calcd. C60.59; H 7.11; N 14.13; 0 18.16. Found C 60.43; H 7.20;
N 14.09; O 18.20%.

H-Ala-Val-Thr-Ala-Leu-Trp-NHo «CH3COOH (II)

The protected hexapeptide amide XII (3.65 g; 4.61 mmoles) was dissolved in a mixture
of DMF (50 ml) and 80% acetic acid (10 ml). The solution was hydrogenated in the presence
of palladized charcoal. The catalyst was removed by filtration and washed with water. The
filtrate and washings were combined and concentrated to about 50 ml under reduced pressure,
when the free hexapeptide amide acetate separated. The cooled suspension was filtered, the
precipitate was washed with cold DMF and acetone, and dried to obtain 3.05 g (94.3%) of Il
m.p. 226—230 °C; Rf 0.35; [a]® —24.3° (c = 1, acetic acid) and —33.9° (c = 1, 80% acetic
acid).

C3,HE0OMN8-CH3COOH (718.87). Calcd. C56.90; H 7.57; N15.62; 0 20.03. Found
C56.82: H 7.67; N 15.58; O 19.89%.

Amino acid analysis: Thr 0.98 (1); Ala 2.0 (2) Val 1.02 (1) Leu 1.01 (1) NH30.99 (1).
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The hydrogenolysis of carbobenzoxyamino acids has been investigated in the
presence of organic bases and the reaction velocities compared with decarbobenzoxyla-
tions effected in acetic or neutral medium. In all cases a 4—>5 times more rapid cleavage
was found in the presence of bases.

In an earlier investigation [1] we have shown that the hydrogenolysis
of the carbobenzoxy protecting group of methionine-containing peptides
proceeds readily in the presence of organic bases (cyclohexylamine, triethyl-
amine), i.e. the poisoning effect of methionine is eliminated. The base stabilizes
by salt formation the unstable, intermediate carbamic acid produced by the
hydrogenolysis of the carbobenzoxyamino acid, so that peptides containing
free amino group will not be formed in the reaction mixture.

The hydrogenolysis of a carbobenzoxy compound is characterized by
the following equation:

CeH5CH20CO—NH—CH(R)—COOH + H2 HRV

-» [HOOC—NH—CH (R)—COOH] + CeH5CH3-* C02+ HN-CH(R)-COOH

Hydrogenolysis in the presence of cyclohexylamine or triethylamine
leads to the corresponding salt of the carbamic acid, which is stable if excess
base is used.

HOOC—NH—CH(R)—COOH + CeHuNH2

;= C6H n(l?IH3 8OC—N H--CH(R)—COOH
From these facts one could come to the conclusion that only methionine
compounds containing a free amino group possess inhibitory effect. This
conclusion seemed to be proved by the easy hydrogenolysis of carbobenzoxy-
glycine in the presence of acetylmethionine and cyclohexylamine, but it was in
contrast with the fact that acetylmethionine had a significant poisoning
effect in neutral medium.
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Besides the carbamic acid stabilizing effect, we have thus supposed some
other reaction between the base and carbobenzoxy compound which also
contributes to the elimination of the poisoning effect of methionine peptides.

The question arose whether the hydrogenolysis of carbobenzoxyamino
acids containing no sulfur could be influenced by the addition of bases. This
reaction is usually performed in the presence of one equivalent of hydrochloric
acid or in diluted acetic acid; to our knowledge there is no data in the literature
for the use of bases in hydrogenolysis experiments. Therefore we decided to

investigate the hydrogenolysis of different carbobenzoxyamino acids in the
presence of cyclohexylamine and triethylamine, and compared the measured
reaction velocities with those observed without bases, in neutral and acidic
solvents. For these investigations we selected the carbobenzoxyamino acids in
such a way, that all major groups were represented: carbobenzoxyglycine,
carbobenzoxyalanine as neutral, carbobenzoxyaspartic acid, carbobenzoxy-
glutamic acid as aminodicarboxylic, dicarbobenzoxylysine, dicarbobenzoxy-
ornithine as basic and carbobenzoxyserine as hydroxyamino acid derivatives.

The measurements were performed under otherwise identical conditions,
with one mmole ofthe carbobenzoxyamino acids in absolute methanol solution.
The catalyst was 10% palladium-on-charcoal, amounting to 10% of the carbo-
benzoxyamino acid. For the hydrogenolyses in basic medium a fourfold excess
of cyclohexylamine or triethylamine was used, based on the carbobenzoxy-
amino acid; the hydrogenolysis experiments in acidic medium were performed
in the presence of one equivalent hydrochloric acid.
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The apparatus used for the reactions is shown in Fig. 1. The absorption
compartment filled with sodium hydroxide absorbed the carbon dioxide
liberated spontaneously during the hydrogenolysis in neutral or acidic medium,
thus ensuring the exact measurement of the hydrogen consumption.

In order to compare the hydrogenolyses made in different media, the
hydrogen consumption, in percentage of the theoretical value, were plotted
against the time. AIll of the investigated carbobenzoxyamino acids showed
qualitatively and nearly quantitatively identical curves, therefore only the
progress of hydrogenolysis of carbobenzoxyglycine is illustrated in Fig. 2.

Min
Fig. 2. Carbobenzoxyglycine. Is anhydrous methanol + cyclohexylamine; Il: anhydrous me
thanol + triethylamine: Ill: anhydrous methanol -f HCI; IV: anhydrous methanol

As it is evident from the Figure, a more rapid reaction was found in the
presence of cyclohexylamine or triethylamine than in acidic or neutral medium.
The time needed for quantitative reaction was reduced in all cases to one-fifth
or one-fourth, and the velocity of the reaction depended practically on the
intensity of stirring.

The significant difference between the two reaction velocities can be
attributed to the probable formation of the deprotonated iminohydrin tauto-
meric form of the amino acid derivative in the presence of a base. The imino-
hydrin form is well known in aromatic carbobenzoxyamino acids [2], and bases
evidently favour its formation:

COH5CH.20CO—NH—CH(R)—COOH 7

C6H.CH2—0—C=N—CH(R)—COOH
|
OH
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The speed-up effect of polarization near the bond to be hydrogenolyzed
was mentioned earlier by Franker et al. [3]. They investigated the hydro-
genolysis of the —NH—O— linkage of amino-oxypeptides and observed, that
the reaction proceeded 5—6 times more rapidly in case of esters than with the
free acids. In their opinion, the ease of hydrogenolysis of the amino-oxy
linkage was due to enolate ion formation:

0]

|
H2N—CH(R)—C—NH—O—CH(R)—COOR"=b

0©

© |
H3N—CH(R)—C=N—0—CH(R)—COOR’

The charged amino-oxy group of esters forms an internal salt with the a-amino
group. Elimination of the enolic charge from the amino-oxy group of esters by
the addition of hydrochloric acid, results in much more difficult hydrogenolysis.
On the basis of these investigation it can be established that the use of
organic bases in the hydrogenolysis of the carbobenzoxy group of amino acids
and peptides has some advantages. Removal of the volatile bases from the
reaction mixture does not cause any difficulty. The use of bases is problematic
only with dipeptide esters, because the formation ofthe cyclic diketopiperazines
occurs very easily. The basic medium is very favourable in the hydrogenolysis
of trytophan-containing peptides: the decomposition of the indole ring of
tryptophan m observed in the presence of acids — can be avoided.
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Electronic Structure of Organic Compounds

(Fortschritte der Chemischen Forschung, Volume 24 for topics in Current
Chemistry)

Springer-Verlag, Berlin-Heidelberg-New York, 1971, 54 pages

The volume consists of two parts. The first part (32 pages) was written by Professor
Dr. Hans Fischer (Zurich) with the title: Chemically Induced Dynamic Nuclear Polarization.

The CIDNP effect (which in the course of lectures is often jokingly mentioned as the
“kidnap” effect) was discovered in 1967. This phenomenon, observable by high resolution
NMR spectroscopy, is produced by radical reaction products during the course of the reaction
or immediately following it. In recent years, chemists have intensively studied the CIDNP
effect, as it furnishes important information on radical reactions and on the structure of prod-
ucts.

After a short introduction, Fischer discusses over 10 pages the theoretical background,
and demonstrates the scope of applications by examples. Both the theoretical and practical
parts are written in a simple and lucid style, offering a very good introduction for those who
read the chapter in order to get acquainted with the nature and applications of this effect.

The second part of the book “Critique of the Notion of Aromaticity” is the work of the
authors Dr. Jean-Francois Lararre and Dr. Francois Crasnier (20 pages). The study is not
divided into sub-chapters, as it also appears unnecessary for the treatment of the subject.
As it is foreshadowed by the title, the authors stir up a nest of hornets. Indeed, the dispute on
‘aromaticity’ and the many concepts associated with it (e.g. pseudo-aromaticity, quasi-aro-
maticity, anti-aromaticity, non-aromaticity, homo-aromaticity, etc.) must prickle from every
side the person dealing with this question.

The authors do not claim closing of the dispute; they deal with this complicated, far-
flung complex of problems expressing only their own point of view, in the form of an enter-
taining essay.

Both chapters are completed with an extensive list of references.

Cs. SZANTAY

The Chemistry of Nonbenzoenoid Aromatic Compounds

Symposium Editor: Michinori Oki, Butterworths, London, 1971. 287 pages

The book contains the specially invited lectures presented at the international sympo-
sium organized by IUPAC in Sendai, August 24—28, 1970.

The first lecture, “Quantitative studies on aromaticity and antiaromaticity”, was pres-
ented by R. Brestow (USA) (20 pages). The author discusses first the concept and definition
of aromaticity and antiaromaticity. He is of the opinion that this problem is so simple that
every repetition would seem superfluous; however, remarkably, there are still chemists, who
contest that the two concepts can be defined in a meaningful way. Following this, Breslow
sets forth the properties of the cyclopropenyl cation, anion and derivatives, and discusses
then other antiaromaticity systems (e.g. cyclobutadiene) in a very interesting way.

The paper by F. Gerson (Switzerland) has the title “ESR studies of some nonbenzoid
radical ions” (21 pages). The problem is discussed by the author in two groups: (1) nonalter-
nant hydrocarbons, and (2) bridged [10]- and [14]annulenes.

K. Hafner (W. Germany) lectured on the “Structure and reactivity of polycyclic
cross-conjugated s-electron systems” (27 pages). To test the correctness of the theoretical
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considerations, several nonbenzoid bicyclic as well as tri- and tetracyclic pericondensed
n-electron systems were synthesized and their structures and reactivity investigated.

“The theoretical design of novel stabilized systems” is the title of the paper by R. Hoff-
man (USA) (13 pages). The co-author of the Woodward— H offmann rule draws conclusions
from simple symmetry considerations and detailed MO circulation concerning three stabilized
systems of novel type.

Takeshi Nakajima (Japan) reports under the title “Bond distortion in nonalternant
hydrocarbons” (19 pages) on the results of his semiempirical ICAO-SCF-MO calculations.

A. W. Johnson (UK) presented a paper (23 pages) dealing with the “Aromaticity in
macrocyclic polypyrrolic ring systems”, according to which the aromatic character of [18]
annulene is maintained also in porphin.

The lecture of Tetsuo Nozoe (Japan) is entitled “Recent advances in the chemistry
of troponoids and related compounds in Japan” (41 pages) and surveys the results of the last
five years.

The next lecture in the book is that of H. Prinzbach (W. Germany): “Cyclic cross-
conjugated n-systems: a,a)-cycloaddition reactions” (50 pages). The author discusses in five
sub-chapters the new results concerning the cyclic cross-conjugated systems (1) calicene, (2)
pentafulvalene, (3) sesquifulvalene, (4) fidecene, (5) pentaphenafulvalene.

In his paper “Recent progress in the annulene field” (23 pages), F. Sonderheimer
(UK) gives an account of recent progress made in the synthesis of annulenes containing an
odd number of carbon atoms in the ring.

The lecture by F. Vogel (W. Germany) “Aromatic and non-aromatic 14-jT-electron
systems” (23 pages) discussed the I,6-methano[l0]Jannulenes and their analogues containing
a heteroatom.

The last paper with the title “Conjugated cyclic chlorocarbons: trichlorocyclopropenium
ion, heptachlorotropenium ion, and octachlorofulvalene” (18 pages) was presented by R. West
(USA).

As compared with the original lectures, the treatment of the material has been made
easier not only by its presentation in written form, but also by the completion of each chapter
with detailed references. Thus, by the publishing in book-form of the lectures of the IUPAC
symposium, a very important source of knowledge has been made available to chemists in-
terested in this field.

Cs. SZANTAY

H. Konig: Neuere Methoden zur Analyse von Tensiden

Springer Verlag, Berlin—Heidelberg—New York, 1971, 239 Seiten

Fur Fachleute, die sich mit Tensiden befassen, ist das Buch des Professors der Mainzer
Universitat Hans Konig nitzlich und lehrreich. Das zur rechten Zeit erschienene Buch fillt
eine bestehende Licke, denn seit dem Zeitpunkt des Erscheinens von Hummels Buch Uber
dasselbe Thema sind fast 10 Jahre vergangen. In den letzten Jahren blieb die Entwicklung
von Analysemethoden fur Tenside gewissermalen hinter der Entwicklung ihrer Produktion
und Anwendung zurick. Literaturangaben Uber die Analyse von bestimmten Tensiden (z. B.
Sulfobernsteinsaureester, Alkylphosphate, amphotere Tenside) sind kaum oder Uberhaupt
nicht aufzufinden.

Die analytischen Methoden fiir Tenside werden im Buch in zwei Hauptteilen behandelt.
Das Thema des ersten Teiles ist die Trennung und qualitative Bestimmung (ldentifizierung)
von Tensiden bzw. ihren Gemischen (177 Seiten), wahrend sich der zweite Teil (49 Seiten) mit
der quantitativen Bestimmung befal3t.

Im ersten Teil gruppiert der Verfasser die Tenside nach ihrer lonenaktivitat. Diese
Gruppen werden dann nach dem hydrophilen bzw. innerhalb dessen nach dem hydrophoben
Molekdlteil in Untergruppen geteilt, die in vier Tabellen zusammengefal3t sind. Im weiteren
werden die einzelnen analytischen Methoden gemdfR? dieser Einteilung diskutiert. AuBRer einem
kritischen Uberblick tiber die einschlagige Literatur werden bei jeder Methode die Reproduzier-
barkeit sowie der Zeit- und Arbeitsbedarf angegeben.

Zum Trennen von Tensiden bzw. Tensidgemischen empfiehlt der Verfasser verschiedene
chromatographische Verfahren (lonenaustausch-, Sdulen-, Papier-, Dinnschicht- und Gas-
chromatographie). Die Ergebnisse der dunnschichtchromatographischen Untersuchungen
werden in sechs zusammenfassenden Tabellen und sechs Abbildungen anschaulich gemacht.
Ein besonderes Kapitel befaBt sich mit der Trennung von nichtionischen Tensiden nach dem
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Oxyathylierungs- bzw. Oxypropylierungsgrad bzw. mit ihrer Trennung von anderen nicht-
ionischen Verbindungen.

Die Tenside werden auf Grund von UV-, IR- und NMR-Spektren identifiziert. Der Ver-
fasser und seine Mitarbeiter waren die ersten, die NMR-spektroskopische Aufnahmen zur
Identifizierung von ionischen Tensiden verwendeten.

Vier Tabellen, welche die Handelsnamen, die chemische Zusammensetzung und die
Herstellerfirmen der gepriften 57 Handelprodukte enthalten, bilden einen wertvollen Teil
des Buches. Die Spektrensammlungen am Ende der einzelnen Kapitel enthalten die IR- und
NMR-Spektren der untersuchten 57 Tenside, mit Angabe der Strukturformeln und genauer
Bezeichnung der zu den einzelnen Molekulteilen gehdrenden Absorptionsbanden.

Im zweiten Teil des Buches behandelt der Verfasser die quantitative Bestimmung der
Tenside. Auch hier werden die analytischen Verfahren nach der lonenaktivitét gruppiert.

AuBer den allgemeinen Methoden werden in einem besonderen Kapitel die quantitativen
Bestimmungsmethoden fir Sulfobernsteinsdure-Halbester und -Diester (gegenwdartig noch
kaum oder uberhaupt nicht in der Literatur verdffentlicht) sowie fur Phosphorséureester von
Fettalkoholen und oxyéathylierten Fettalkoholen behandelt.

In einem anderen Kapitel wird ein neues und wertvolles Verfahren zur Bestimmung
des Oxyathylierungs- bzw. Oxypropylierungsgrades bei oxyéthylierten bzw. oxypropylierten
nichtionischen Tensiden aufgrund ihrer IR-Spektren bzw. integrierten NMR-Spektren bekannt-
gegeben.

Der Aufbau des Buches ist logisch und gut Ubersichtlich. Die einzelnen Kapitel kénnen
auch fur sich studiert werden. Das Verstandnis des Buches wird durch den klaren, gut lesbaren
aber dennoch knappen Stil erleichtert.

J. MORGOS

Proceedings of the Fourth International Congress on Catalysis, Vols. 1 and 2

Akadémiai Kiad6, Budapest 1971 (pp. 1150, in English)

The publication of these two volumes containing the text of the 9 plenary lectures,
the 86 session papers and the relevant discussion material of the 4th International Congress
on Catalysis held in Moscow, 1968, is a long expected event. As known for specialists in the
field of catalysis, since 1956 the International Congress on Catalysis is organized every 4 year
and it constitutes a significant event followed with great interest. The Proceedings following
the congresses attract an even greater attention since these include, in addition to the full
text of session papers (which are distributed among the participants in the form of preprints)
also the full plenary lectures and the discussion material. It is in this way that the rapidly
published Proceedings furnish an up-to-date cross section of catalysis research throughout
the world. Unfortunately, the condition of rapid publication has not been fulfilled in the pres-
ent case owing to reasons beyond the control of the Publisher: the book appears 3 years after
the congress. (The Proceedings of the Amsterdam Congress held in 1964 were published in the
first half of 1965).

The main objective of the 1968 Congress was the ‘prediction’ of catalytic activity.
However, this topic proved to be rather narrow. As reflected by the material of the Congress,
in addition to this problem, other interesting directions were also well represented. The 6
plenary lectures, viz. (in their order of presentation) by J. H. deBoer (The Netherlands),
S. Z. Roginskii (USSR), D. A. Dowden (England), C. Kemball (England), G. Rienacker
(GDR) and Y. Yoneda (Japan), discussed the general relationships of catalysis. The subjects
of the plenary lectures were, in the above order, the correlation between mass transport in the
pores and the catalytic selectivity; electronic factors and internal kinetics as related to the
prediction of catalytic activity; application of the crystal and ligand field theories to hetero-
geneous catalysis; structure and stability of hydrocarbon intermediates on the catalyst surface;
metal catalysis and linear free energy relationships. In the reviewer’s opinion, it would have
been more expedient to place the plenary lectures at the beginning of the Proceedings, rather
than hide them among the session papers which may cause some difficulties in locating them.

The 86 session papers are given in the order of their presentation, the discussion material
is combined for units of 3 papers. As for the types of catalysts, 45% of the papers were devoted
to semiconductors and oxides, 35% to metal catalysts and 10% to zeolites, the remaining lec-
tures were concerned with various theoretical problems. A special merit of the books is the
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presentation of figures and references introduced in the course of the discussion, thus facilitat-
ing orientation in this important part of the volumes.

The quality of printing is suitable and, in spite of its delayed publication, these volumes
will, in all probability, become a useful item on the bookshelves of scientists dealing with
catalysis.

L. Guczy

Handbuch der analytischen Chemie. Elemente der dritten Hauptgruppe.
Aluminium

Zweite Auflage, bearbeitet von H. Bensch, mit 47 Abbildungen. Springer-Verlag, Berlin-
Heidelberg—New York, 1972

Der Band Aluminium des Handbuches der analytischen Chemie befaBt sich mit der
Chemie eines Elementes, das sowohl fir das praktische Leben als auch fur die theoretische
Forschung von gleich grofRer Bedeutung ist. Die wichtigsten Kapitel des 716 Seiten umfassen-
den Buches sind die folgenden:

Grundlagen der Chemie von wéafRrigen Lésungen der Aluminiumionen; nach einer kurz-
gefalRten theoretischen Einleitung werden hier die organischen Komplexe des Aluminiums
behandelt.

Im zweiten Teil werden die Bestimmungsmethoden ausfiihrlich behandelt; in vielen
Féallen wird auch die Rezeptur fur das analytische Verfahren angegeben. Die gravimetrischen
Verfahren nehmen einen Umfang von etwa 130 Seiten ein; es werden — aufler den mit anor-
ganischen Komponenten gebildeten Niederschldgen — auch Niederschldge mit organischen
Reagenzien angefihrt.

Auf dem Gebiet der titrimetrischen Methoden wird ausfuhrlich auf die MeRtechnik
der Saure-Basen-Bestimmung des Aluminiums eingegangen; aullerdem werden komplexche-
mische Bestimmungsmethoden behandelt und indirekte Bestimmungsverfahren vorgefihrt,
z. B. die Bestimmung des Sauerstoffgehalts in Aluminiumoxinat zwecks Bestimmung des
Aluminiumions.

Es soll als lobenswerter Zug des Buches hervorgehoben werden, dal3 innerhalb der ein-
zelnen Verfahrensgruppen die klassischen und instrumentalen Verfahren stets nebeneinander
behandelt werden.

Auf dem Gebiet der photometrischen Verfahren wird der Gebrauch der die wichtigsten
Farbreaktionen liefernden Verbindungen bei der Bestimmung des Aluminiums neben ver-
schiedenen Substanzen beschrieben. Dieses ist das langste Kapitel des Buches.

Im Kapitel Gber Fluorimetrie werden diejenigen Aluminiumkomplexe behandelt, die
sich fur Fluoreszenzmessungen eignen.

Einige nephelometrische Methoden werden vorgefuhrt, ebenso auch polarographische
und amperometrische Methoden und die Anwendung der Flammenspektrometrie und inner-
halb dieser die MeRtechnik der Atomabsorption wird beschrieben. Weiterhin wird die Spektral-
analyse und Roéntgenfluoreszenzanalyse sowie die Anwendung von radiochemischen Methoden
behandelt.

Die Trennverfahren werden in einem Umfang von ungefdhr 100 Seiten behandelt; hier
werden Verfahren der Niederschlagsbildung, Komplexbildung, Extraktion und die chromato-
graphische Trennung beschrieben.

Das letzte Kapitel des Buches befat sich mit speziellen Bestimmungen und Methoden;
ihre gesonderte Behandlung ist durch die Besonderheit der zu bestimmenden Substanz bzw.
durch die Ungewdnhlichkeit der Mef3technik gerechtfertigt.

Das Buch ist ein unentbehrliches Handbuch fir alle Analytiker, die mit Aluminium
arbeiten.

E. PUNGOR
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The Porous Structure of Catalysts and Transport Processes in Heterogeneous
Catalysis

(The Fourth International Congress on Catalysis, Symposium III,
Novosibirsk)

Editor: G. K. Boreskov. Akadémiai Kiad6, Budapest, 1972, 498 pages

The Fourth International Congress on Catalysis held in the Soviet Union in 1968 dealt
with questions of the predetermination of catalytic effects. Three special symposia of the con-
gress each considered one narrower field of the general theme: (1) the mechanism and Kinetics
of complex catalytic reactions, (2) electronic structural considerations of catalysis and chemi-
sorption on semiconductors, (3) the porous structure of catalysts and the role of transport
processes in heterogeneous catalysis. The book in question contains the material presented at
this latter symposium, and includes the introductory plenary lecture and the complete text
of 27 other lectures, together with the discussions.

This symposium material now presented in book form is still topical. Research in this
field progresses more slowly, and such spectacular, break-through results are not encountered
as in many other areas of catalysis. The problems of material and heat transfer processes are
primarily of importance in connection with industrial procedures, this being attributable to
the larger catalyst particles used in large-scale reactors. It is generally strived in laboratory
catalyst investigations to avoid the disturbing effect of transport processes.

The lectures touched upon all of the more important questions relating to this topic.
They thus dealt with the porous structure of the catalyst, and with material and heat transfer,
that is with the development of concentration and temperature conditions in the space around
the catalyst particle and particularly inside the catalyst particle, and finally the exact evalua-
tion of the pore-diffusion hindrance was introduced for a number of reactions.

In his introductory lecture G. K. Boreskov gave a thorough account on the transport
processes occurring in porous catalyst particles. In essence he had summarized all those ques-
tions which were dealt with more closely by the subsequent lectures with regard to the recent
research results. It is especially noteworthy that in his lecture he reported the case of hetero-
geneous pore distribution in exact form, together with the development of the temperature
gradient inside the particle and the practical consequences of these.

The majority of the lectures concerned with exothermic reactions, for which relations
obtained by the joint consideration of material and heat transfer conditions were reported,
together with conclusions drawn from them. Theoretical considerations were used to show the
effects of increase of the pore-diffusion hindrance on the efficiency of the catalyst particle,
on the apparent activation energy, and on the stability of operation of the catalyst particle.
The latter is appreciably similar to the stability conditions of catalytic reactors in the case
of exothermic reactions. A very comprehensive theoretical treatment of this question can be
found in papers 6 (V. S. Beskov, O. A. Malinovskaya), 7 (P. Schneider, P. Mitschka) and
8 (L. M. Piesmen, Yu. |. Hahkats, V. G. Levich), while the theoretical conclusions are checked
experimentally in the lectures 1 (P. Hugo, W. Wicke), 3 (J. J. Carberry) and 22 (A. A. lva-
nov, G. K. Boreskov, Y. S. Beskov).

Several lectures present the concrete study of some catalytic reactions, including the
analysis of the pore-diffusion hindrance. Thus, the oxidation of S02on supported vanadium
pentoxide catalysts is reported in papers 20 (B. Kadlec, A. Regner, j. Vosolsobe, V. Pour),
21 (A. A. lvanov, G. K. Boreskov, V. S. Beskov) and 22 (S. Weychert, A. Urbanek), the
hydrogenation of C02to methane on Ni/Cr»03in paper 23 (V. Pour),the isomerization of n-
butane on aluminium silicate in paper 24 (P. Fejes, D. Kallg, G. Schay), and the oxidation
of furfurol to maleic anhydride in paper 26 (E. J. Paulane et al.). Questions of pore-diffusion
hindrance on the liquid-phase hydrogenation of aromatic compounds are dealt with in paper
25 (N. C. Nahas, J. E. Stice), and during the polymerization of ethylene on chromic oxide
in paper 27 (V. R. Gurevich et al.). In some of these latter lectures (23, 24) theoretical and
experimental evidence is to be found that a number of particle efficiencies must be reckoned
with simultaneously in multi-component systems.

Many of the lectures deal exclusively with the determination of those quantities which
exert a fundamental effect on the diffusion kinetics. Of these the pore structure and the effec-
tive diffusion constant of the porous particle are the most important.

It is evident from the investigations that the values obtained for the porosity depend
appreciably on the method applied. Lecture 11 (G. A. Grachev et al.) provides evidence that
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completely different pictures of the porosity are given by mercury-porosimetric, capillary-
condensation, electron-microscopic and gas-permeability measurements. In the case of poly-
disperse, that is, completely disordered, heterogeneous pore structures the values of the po-
rosity depend to a considerable extent on the method of determination. Thus, it is not surpris-
ing to find in paper 9 (N. Wakao) that pore diffusion is different in reactive and unreactive
systems. In the former every accessible pore plays a part, while in the latter only the permeable
pores between opposite surfaces of the porous particle come into consideration. According to
the author, it is not the material transport which can be explained on the basis of the pore
texture, but vice versa. In essence this also happens when catalyst particles of heterogeneous
pore distribution are approximated to particles with two pore sizes (paper 2, M. G. Slinko);
over a wide range of conversion this permits the interpretation of the experimental results
on the basis of the theoretically obtained exact relations (paper 10, R. Montarnal). Purely
for the sake of interest, mention must be made of paper 4 (M. Baccaredda et al.) dealing with
the theoretical investigation of the effects expected to be exerted on the pore-diffusion material-
transport by tapering, narrowing or widening, of the pores.

W hat could be said as to the pore structure of the catalyst also holds for the ’effective
diffusion constant’ too: the value depends on the method applied. In order to obtain the cor-
rect value, that is the one which is valid according to paper 13 (B. R. Davis, D. S. Scott) in
the given catalytic transformation, the determination must be carried out under the given
reaction conditions; the experiments indicated that this is possible by studying the change
of the material impulse passing through a column containing the catalyst in question. At such
time too, the error which occurs in measurements made on a single, but perhaps not the most
characteristic particle, is eliminated. The method is otherwise very widely used in which the
conditions corresponding to Fick’s First Law hold: the sides of a cylindrical porous particle
are closed, and the gas space between the end-plates is separated; stationary diffusion material
transport through the particle is ensured by continuous gas flow in the two spaces. This prin-
ciple is essentially the same as that used in the apparatus of A. Paratella and |. Sorgato
(paper 14), in which the effective diffusion constant was determined up to 600 atm.

Several papers give an account of how diffusion material-transport within the particle
may be determined by physisorption measurements. In paper 12 (P. Schneider, J. M. Smith)
frontal gas chromatography is described as the method of measurement; the diffusion within
the particle is calculated from the results obtained, and also the separate contributions due to
the Knudsen diffusion and the surface migration. Calculation of the diffusion constant from
‘sorption rate’ is found in paper 18 (L. H. Rickert). The possibility exists for the direct de-
termination of the surface migration itself by the NMR examination of the absorbed phase
(paper 15: D. Freude, D. Geschke, H. Pfeifer, H. Winkler; paper 17: R. Haul, B. Bod-
denberg). The participation of surface migration in the diffusion material-transport within
the particle is at times very considerable, and therefore the knowledge of it is of great impor-
tance.

The book has a pleasant appearance, and the duplication of the typewritten material
is typographically satisfactory. Unfortunately, however, errata are fairly frequent, and often
lead to difficulties in understanding, particularly of the equations. Unfortunately the discus-
sions following the lectures are not always complete, the authors’ replies generally being miss-
ing.

It is a credit to the Akadémiai Kiadé that this collection has appeared, since to date
this is the only material on the Fourth International Congress on Catalysis to be available in
book form.

D. Kallo

B. W. Cook and K. Jones: A Programmed Introduction to Infrared Spectroscopy

Heyden and Son Ltd., London, New York, Rheine, 1972, XVI -f- 192 pp

If the volume with the title above were to be classified, perhaps a ‘-teaching machine
in book form” would be the best term for characterizing it. Use of the book by the reviewer
according to the introduction would not show the merits and faults of the book, the reviewer
himself being reasonably conversant with infrared spectroscopy. The use of a statistical test,
e.g. the “criterion test” in the book was, however, impossible in Hungary owing to language
problems. Thus finally a single criterion test was made, where the person selected has passed
his “matriculation” and his “University entrance examination”, had a good knowledge of
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English, but no detailed knowledge of the technique. His test figures showed 89% efficiency.
This may be regarded as evidence that the book is a very good aid for people trying to get
their fundamental knowledge in IR spectroscopy.

The structure of the book is very simple. After a short text a question is given with three
answers. Each answer directs the learner to a specific page. If the answer is correct, further
text and a further question with answers follow. If the answer was incorrect, the learner is
directed back with a comment on his mistake.

By this method the student is taken through an introduction, a chapter on spectro-
meter components, the setting up of a spectrometer, basic theory, sample preparation, quanti-
tative analysis, fault recognition and interpretation. These last are especially interesting,
although the text on interpretation does not go beyond the ester grouping. The book includes
the Colthup correlation table, and other group frequencies, with illustrative spectra, occur in
other chapters. Appendices on attenuated total reflection, sample preparation and faultfinding,
a short guide to IR literature and a brief summary complete the volume, which is an
excellent hook for English speaking beginners in the field.

M. Vajda

J. H. van der Maas: Basic Infrared Spectroscopy. Second edition

Heyden and Son Ltd., London, New York, Rheine, 1972, X + 109 pp

As G. Dijkstra mentions in his Foreword, "*The book is an attempt to bring an under-
standing of the methods one uses in a reasoned approach to the interpretation of spectra of
large molecules”.

The main advantage of the book is the very careful selection of the subject matter, the
almost ascetic concentration on necessary material and a sufficiently detailed treatment of
the essential parts. These qualities make it an excellent “first book on IR spectroscopy” which
will also provide sufficient stimuli and a good grounding for further study.

After a short introduction, touching on electromagnetic radiation, refraction, dispersion,
absorption, selection rules and the dissipation of absorbed energy, the theory of vibrational
and rotational spectra of diatomic molecules is treated. The anharmonicity of vibrations is
mentioned and the intensity of vibrational and rotational bands is dealt with. After the short
paragraph on the vibrating rotator, molecular interaction, the sources of line broadening are
discussed. The paragraphs on triatomic molecules, combination bands, degeneracy and isotope
effect follow, and the theoretical part is concluded with a short discussion of polyatomic mo-
lecules and large molecules (polymers, steroids, etc.).

The third chapter deals with spectrophotometers, their setting up and use. The excellent
figures, demonstrating the effects of the various good or bad settings are a great help for the
novice. Chapter 4 discusses sampling and the effects of sample preparation on the appearance
of the spectra and the problems of quantitative analysis. A short discussion on attenuated total
reflection concludes this chapter.

The last chapter deals with the main points of the interpretation of spectra and also
gives hints for the use of the appendices, which are very good. The reviewer would like to call
special attention to the excellent set of band contours.

M. Vajda

M TP International Review of Sciences, Inorganic Chemistry Series One

Consultant Editor: H. J. Emélius. (Yol. 5. Transition Metals — Part I)

Edited by D. W. A. Sharp (Univ. of Glasgow) Butterworth et Co. London, 1972, 396 pages.
£ 10.00

The Medical and Technical Publishing Co. intends to publish a series giving a systematic
and critical survey on the results of recent years from various branches of science, written by
selected experts. First, the most important results of chemical research in the period from 1967
to 1971 will be published in the series of Inorganic Chemistry, Physical Chemistry and Organic
Chemistry in 33 volumes, together with 3 index volumes.
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The volume discussed here is the 5th volume of the Inorganic Chemistry Series, survey-
ing primarily the field of the simple binary and ternary compounds of the transition metals,
but it contains also complementary chapters on transition metal complexes, which otherwise
are dealt with in Volume 6. This compilation is justified by the multitude of results obtained
in the last five years in the field of coordination compounds, owing to which a division of equal
extent between binary and coordination compounds could not be made.

The authors of the individual chapters were asked by the editor to evaluate the recent
developments of a special field critically emphasizing the most important results, without
seeking completeness.

The volume contains 9 chapters, discussed in detail in the following.

Chapter 1 is 31 pages, written by R. E. Hester (Univ. of York), deals with the salts
of oxyacids, in the order of the groups of transition metals, from the scandium group to the
zinc group. Each group is discussed averagely in 1—2 pages, with clear illustrations, structural
formulas and 229 references, involving predominantly the publications between 1966 and 1970.
In the discussion of the subject, the author emphasizes the points of coordination chemistry.
Structural problems of several novel coordination compounds are reported. However, in gen-
eral one paper is dealt with only in a few sentences.

Chapter 2, on binary and complex oxides, has been compiled by J. D. M. McConnell
(Paisley College of Technology, Glasgow) in 30 pages, with 151 references. The structure of the
chapter does not reflect a uniform viewpoint. After a short introduction, results concerning
non-stoichiometric compounds and defect-structure compounds are reported, the following
sub-chapter discusses the results obtained in vibrational spectroscopy (infrared and Raman
spectra), while the fourth sub-chapter has the title: Physical Methods Applied to Oxides. In
this chapter, results in Mdssbauer spectroscopy, high-pressure techniques, high-temperature
and the so-called matrix isolation techniques are dealt with. However, the short fifth and
sixth sub-chapters, summarizing and evaluating the new structural versions, help to obtain
a clear picture.

Chapter 3, of only 26 pages, dealing with metal alkoxides, mercaptides, dialkylamides
and phosphides, has been written by D. C. Bradiey (Queen Mary College, Univ. of London)
and K. J. Fisher (Grinnell College, lowa). The part on alkoxides discusses systematically the
novel compounds, and reports then in separate sub-chapters on crystal structure and the re-
sults obtained by NMR, ESR, magnetochemistry, electron absorption and reflection spectro-
scopy, infrared spectroscopy and thermochemistry. — On the other hand, the part on mer-
captides describes only in a grouping according to the periodic system, from the titanium
group to the copper group, recent results. The part dealing with dialkylamides describes their
preparation, reactions and physical properties. The phosphido compounds occupy only 1 page.

150 ref.
( Cr)1apter 4 of 78 pages, compiled by Roland Ward (Univ. of Connecticut) on the struc-
tural chemistry of the condensed systems of transition metals, gives a very good impression.
An excellently systematised survey, illustrated by several figures, is given based on the most
recent results concerning the problems of the lattice structure of transition metals and some
of their alloys, their hydrides, borides, carbides, silicides and phosphides. (108 ref.)

Chapter 5 discusses the complexes of ligands containing nitrogen and oxygen. The author
of this chapter is S. M. Nelson (Queen’s Univ., Belfast). The chapter is divided into 3 parts,
dealing with the complexes of ligands containing oxygen, nitrogen, and with the complexes
of pseudohalide ions. The chapter is very compact, indicated also by the fact that the number
of references, 455, is remarkably large, as compared to the text of only 53 pages.

A separate chapter of 40 pages, written by J. A. McGinnety (Yale Univ.) discusses
nitrogen and oxygen complexes. The four main sections deal with the complexes of molecular
oxygen, nitrosyl complexes, complexes of molecular nitrogen, and finally, with other complexes.
The arrangement and systemisation of the individual sections was done primarily on the basis
of structural aspects. (209 ref.)

Halogenides are divided into two chapters. Chapter 7, written by J. M. Winfield
(Univ. of Glasgow), discusses the fluorides in 21 pages (224 ref.), while chlorides, bromides and
iodides are treated in Chapter 8 in 38 pages (237 ref.) by R. Co1ton (Univ. of Melbourne).
The two chapters differ substantially with respect to classification and mode of discussion.
Though this is partly justified by the nature of the compounds, it cannot be considered as
fortunate. On the other hand, it explains the division of the subject into two chapters.

The last Chapter 9 discusses sulfides, selenides, and tellurides. The author is F. Jettinek
(Rijksuniv., Groningen). It is a concise, informative and clearly systematised summary of
the recent results (57 pages, 747 ref.).

As can be seen also from the detailed review given above, in accordance with the aim
set, the book tries to give an as far as possible brief but manysided survey on recent results,
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obtained in the last five years, in the field of the simple compounds and some of the coordina-
tion compounds of the transition metals. Actually, it makes possible a quick orientation in
diverse fields, and facilitates indeed the work of the researchers by its immense bibliography
(2582 references!). The increasing difficulties in following continuously new results are well
known.

Though discussion of the subjects is by far not uniform, which obviously is not to be
expected in view of the difference in concept of the various reviewers. Even in view of the dif-
ferent nature of the individual parts of the subject, the whole work can be excellently used.
Its versatility and easy comparison of several different viewpoints, contribute largely in making
the volume highly useful. The book, published in photoprint, is very easy to read and has a
nice presentation.

. P. Szarvas
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PE3FOME

WccnepoBaHve pacTBOPUMOCTY TaslonfioB cepebpa B CMecsxX Bofpbl
C HEKOTOPbIMM HEBOAHLIMU PacTBOPUTENAMM

H. A. KA3BAPAH un 3. MYHIOP

OnucbIBaeTCA MPOCTO MeTof OnpefeNieHnst MpPOoAyKTOB pacTBOPMMOCTM, a Takxke npu-
BOAATCS AaHHbIe ANt NPOAYKTOB PacTBOPMMOCTM X/I0PUCTOro, 6POMUCTOrO U foancToro cepebpa B
CMecsIX BOfia C METaHO/I0M, 3TaHO/I0M, HOPM.-MPOMaHo/IoM, M30MPOMNaHoIoM, aLueToOHOM U Au-
MeTU/HOPMAMMIOM.

O HEeKOTOPbIX 3aBUCUMOCTSIX MEXAY BapUaLMOHHBLIMU MPUHUMNAMK B
HeobpaTVMO TEePMOAVMHAMMUKE

N. M. KYMAP u . H. TYNTA

Bbl nonyyeHbl HEKOTOPbIE 3aBUCMMOCTU MEeXAY PasIMyHbIMKU BapUaLMOHHbIMU MPUH-
Lunamu B Heo6paTMMOiA TepMoauHaMUKe. Bbifo NokasaHo, YTo NpUHLMN AbApMaTt U NpUHLMM
MeCTHOro noTeHumana [purorMHa u PnaHcgopda SBAATCA 3KBUBAEHTHLIMU, €CM (heHo-
MEHO/I0rNYeckme Koagh(rLMEHTbI B3aUMOCBSI3aHbl COr1acHO pacLLUMpeHHbIM (hyHKLMAM OHcarepa.
DyHKUMS JSlarpaHxa Ans 0606LeHHoro ypaBHeHusi HaBbepa—CTokca 6blia nosydeHa yepes
NPUBAMXKEHNE NOKANbHOTO MOTeHUMana, M Ha OCHOBE CPaBHEHWS ee C COOTBETCBYHOLLEN (DyHK-
Lveld JlarpaHxa, Nosy4yeHHoR Ha 0CHOBe MpuHUMNa [AbsipmaTty, 6bL10 NOKa3aHo, YTo ABe (yHK-
UMM 3KBMBANIEHTHbI, 38 WCK/IIOYEHMEM MeToda WX M306paxkeHusi. Takoe nofobue 6buU10 Npoge-
MOHCTPUPOBAHO TakXe B C/lydae ypaBHeHWUs JlarpaHxa st TeNJ0NpoBOAVMOCTU U YpaBHEHUS
duka gna MynbTUKOMMOHEHTHON Audidpysumn. BapuaumoHHbIA npuHumn BalioTa ke siBNseTcs
YaCTHbIM C/ly4aeM MPUHLMMNA MeCTHOro MoTeHUMana. YacTHblii cnyyail npuHumna Lurnepa,
B CBOK 04epefib, MOXET ObITb BbIBEJIEH 13 UHTErPa/IbHOr0 MpUHUMNa [bsipmaTy.

MpoLecc KoanecLEHUMM MeXAy HEeogHOPOAHLIMU YacTULLaMM

®OH X. 30OHTAT, H. BYCKE u K. WTPEHTE

Pa3nnyHble MexaHU3Mbl CTa6UIBHOCTM K KOAECLEHLMM B TPEX(PA3HBIX CUCTEMAX 06CYX-
[AlTCA TEOPETMYECKM A5 CMELLMBAEMbIX M HECMELUMBAeMbIX AMCMEPCHbIX (a3 U KCnepuMeH-
Ta/IbHO MPOBEPSIOTCS HAa PasNUHbIX AWUCMEPCHbIX CUCTEMAX. B NPOTMBOMONOXKHOCTL MPOLIECCY
KOANeCLieHUMN OAHOPOAHbBIX YacTuL, HEOAHOPOAHblE YacTMUbl MOFYT 6bITb TEPMOAMHAMUYECKU
CTa6W/bHLIMU MO OTHOLLIEHWIO K KoanecueHumMn. C TepMOAMHAMMUYECKON TOUKW 3peHusi, aTy
CTabnNbHOCTL MOXHO CBSi3aTb C MOBbILLEHMEM CBOGOAHON 3HepruM MoBEpPXHOCTW pasfena, a ¢
TOUKMN 3pEHUSI MOJEKYNAPHON (IU3UKKM, — C WM3MEHEHWEM 3HaKa AUCMEPCUOHHbIX cun. [ns

06bSACHEHUA CTABUNN3MPYIOLLENO BAMSIHUS aACcOPGLMOHHBLIX C0EB BbIABUraeTcs ABa Mexa-
HU3Ma.

VccnefoBaHve cUCTEMbl MUPUAMHUYM — MVMPWAWH C BOAOPOAHBIMM
MOCTUKaMW C MOMOLLBI0 MeTOoAa XHXKKesist

A. WWIOTE n M. M. XEAbXATW

CucteMa NUPUAMHUYM  MUPUAUH C BOLOPOAHBIMU MOCTUKAMM 6Gblia M3yyeHa C NMOMOLLbHO
0606LLEeHHOro MeToga XHXKKensi. C NOMOLLbI CUMM/IEKCHOM MUHUMaNU3aLmmn s ABYX NepemMeH-
HbIX ObIN0 JOKa3aHO, YTO 3aBMCUMMOCTb OOLLEN 3/1EKTPOHHOI 3Heprum oT paccTosHuiAi N .. N n
N .. H He nmeeT MMHVUMYMa. MpuHUMas fns paccTosHusA atoMoB N onpejeneHHY BeNUMHY
(3,85 A), Habnoganock NonsipusytoLlee BAUSIHUE ABMXKYLLMXCA MPOTOHOB Ha BasleHTHbIE 3/1eK-
TPOHBbI.
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MexaHU3M 31acTUYHOrO MOCT-3PPeKTa B CTPYKTYPUPOBAHHbBIX BOAHbLIX
CYCMEeH3NsIX GEHTOHMUTA HU3KMX KOHLEHTpaumii

E.4A WYKWUH n N. AL PEKHBVWHAEP

1. MrnkpomMexaH13m 06paTUMOro nocT-3aptheKTa B KONI0MAaIbHO-AUCNEPCHBIX CYCMEH3USIX
GEHTOHMTA HW3KOI KOHLEHTpauuM paccMaTpuBasicsl Kak COBOKYMHOCTb CTyMeHeli ObICTPOA K
Mef/IeHHO 3nacTUUHbIX AethopMauuii (C MOCTOSIHHLIMU BPEMEHWU MNopsiiKa HECKOMbKUX COTbIX
CeKyHAbl 1 102 ceK, COOTBETCTBEHHO). [pMBOANTCS NPUGIMXKEHHOE KOMMYECTBEHHOE OMpejene-
HVie OCHOBHbIX MapaMeTPOB, OMUCLIBAKOLLNX faHHbI/ NPOLECC: PaBHOBECHbIX 3M1aCTUYHbLIX MOAY-
nei 1 BA3KOCTEW, COrnacyoLmxcsi ¢ 3KCNePUMEHTa/IbHbIMW AaHHbIMU.

2. B KauecTBe MexaHU3Ma, 00BSICHSIOLLEr0 CyLLeCTBOBaHMe 06paTUMbIX fehopmanuii Nog
B/IVSIHWEM HeGOMbLUMX HamnpshkeHWli caBuUra, nosaraeTcsl NPosiB/eHWe MpeanovMTaemMoil B3avM-
HOW OpUEHTALMM aHU3OMETPUYHbBIX YacTUL, B KoarynmpoBaHHOW CTPYKTYpe; YBennyeHue SHTPo-
MU CUCTEMbI, CBAZAHHOI C 3TOlA TEKCTYpM3aLneld, NO3BONSET ONpeae/MTb Be/IMUMHY PaBHOBECHO-
ro moayns anactuyHoctn (~104 agnn/cm3).

3. [1Be Habnogaemble CTyMeHW 06paTUMOro nocT-agiheKTa MOryT ObITb ONUCaHbl MOAENbHO
KenbBuHa (C 3ajaHHOW BeNMUMHOM paBHOBECHOIO MOAY/S BbICOKON 3/1aCTUUHOCTU) Kak ABa pas-
JINYHBbIX MeXaHM3Ma WM3MEeHeHWs1 B3aMMHOI OpUEHTAaLMM YacTuL: Kak pe3ynbTaT noBopoTa Apyr
NpoTWB fpyra, W BCMEACTBUE CKOMbXEHWUS — CMELLEHNsI TOYeK KOHTaKTa Mo MOBEPXHOCTU
YacTuupl. B nepBoM cnyyae, BSI3KOCTb 3/1aCTUYHOrO MNocT-3pteKTa OMNpefensieTcsl Ha OCHOBe
MOJ€eNN HEeMoABWMXKHOWM AUCMEPCHON cpefbl (BoAa), MPOTEKalOWE U3 SSHENKM B AYEKY C Mpouns-
BO/IbHOWM peLleTKOM YacTuy, u coctaBnseT (104—105) rge rw — BSI3KOCTb BOfbl; BO BTOPOM
cnyyae, BSAA3KOCTb 3/1aCTUHHOr0 NocT-3h(heKTa MOXKET GbITb OMNpeaesieHa Ha 0CHOBE OMnpefeneHus
BSI3KOCTHOIO COMPOTMB/IEHNS1 B KOAryIMpOBaHHbIX KOHTaKTax B YC/10BUSIX CABWra W fOCTUraeT
BeNMUYMHbI 108d,,,.

O6pasoBaHue 1,2-0pT03hMpoB INOKO3bI M3 TeTpa-O-aueTnn-a-O-
roKonMpaHosnabpommaa nog BAUAHWEM hoctopaHoB

M. MTUHTEP, N. KOBAY n A. MECCMEP

O6pa3oBaHue 1,2-0pT03(hMPOB TNHOKO3blI M3 TeTpa-O-aueTun-a-O-rnKonupaHo3nn6po-
MUaa NPOMCXOAUT Noj BIUSIHUEM STOKCMKAPOOHUIMETUEH- U LiMaHMEeTUNeH-TpudeHnngoctopa-
HOB B pacTBOpUTene, cofiepXalllemM cnupT. OTcyTcTBUE peakuun BecTmaHHa (T. e. o6pasoBaHus
aueTunanbao3mngochopaHa) MoXeT 6biTb BbI3BaHO CWIbHBIM CTEPUYECKUM MPENsiTCTBMEM, OKa-
3blBaeMbIM TpUeHNIHOCHNHOBON FPYNMNoiA.

N-I"nnkosngbl, XVII
CunHTe3 n cTpoeHne 1Y-HnMTpo3o-]U-apunrnnkosnnammuHoB

P. BOITHAP u M. NYWKALW

Bblnn cuHTe3vpoBaHbl O-aleTan BTOPUYHbIX N-apuarnnkosmnammHos (1) n nx metwuo-
Bble 3(Mpbl, a TakXXe cTabuibHble KpucTanamyeckne N-HUTpo3o-npomssogHble (11). N-HuTposo-
COeAMHeHUs, He codepxkalume aueTunsHoi rpynnel (111), B cnyyae anbaoreKcosbl Kak caxapHoi
KOMMOHEHTbI ABASAIOTCA HEKPUCTAI/TMYECKUMMU, CUSIbHO TUTPOCKONMNYECKUMW COEAUHEHUAMU, B TO
BpPeMS KaK B Clyyae aib0NeHTO3HbIX MPOU3BOAHbLIX — 3TO KPUCTa/IIMYeCKMe coegnHeHnss. OHU
MOryT 6bITb aLETUIMPOBaHbI, AaBas Npu 3TOM KpUCTaIInveckue 6eH3anbHble npovssogHble (1V).

CTpoeHne N-HUTPO30-COeAUHEHNA ObIN0 A0KasaHo, noaBepras 111 Kucnomy rugponunsy u
a30TMPOBaHNIO. Bbiny NonyyeHbl NPOAYKTLI PasNOXEHUSA Y MPeBPALLEHN, CBUAETENLCTBYIOLLNE
0 HaM4YMN CTPYKTYP MEPBUYHbIX apomMaTudeckmx N-HUTPO30aMMHOB, Hapsagdy ¢ caxapamu. Co-
efvHeHMa 111 npu B3auUMOAENCTBUM € /N-HahTONOM Aat0T COOTBETCTBYHOLLME KPacKu Tuna eHun-
aso-/?-Hagptona (V).
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ViccnepoBaHue MpeBpalleHnii MOMOB U UMKANYECKUX 3mpoB, XXXI

OerngpuposaHue 1,3-4M0N0B Ha MeTaNNMUYeCKUX KaTanusatopax

M. BAPTOK un A. MOJTHAP

WccnenoBaHa germapartaums 1,3-A10M0B PasIMUHOI0 CTPOEHUSt HA HEKOTOPbIX MeAHbIX
KaTanusaTopax. Ha OCHOBE aKCMepuMeHTa/lbHbIX [jaHHbIX GbI10 MOKa3aHo, YTO AeruapaTalyio
1,3-0M0M10B  KaTa/M3MpyeT CcreumanbHo NPUIOTOB/IEHHbIA MegHbIi  KaTanmsaTop. B 3aBu-
CMMOCTM OT CTPYKTYpbl AMOMA, MNPOMUCXOAAT TPW OCHOBHblE peakuuu: 06pas3oBaHue OKCo-
COBAMHEHUIA C TEM e CaMbIM YMCMIOM YIepoaHbIX aTOMOB Kak 1 B Auone, npolecc 1,2-oTuien-
NEHNs 1 MPOLECCh (hparMeHTaLun.

SKCNepUMeHTaIbHO 6bI10 [I0KA3aHOo, YTO NPeBpalLeHNs AVO/OoB, CONPOBOXaaeMble 06pa-
30BaHMEM OKCOCOEAMHEHWIA, HAabNoAAoTCA He TOMbKO B C/lydae BUMLMHAMbHbIX AMOIOB, HO, NpU
M3MEHEHVN HEKOTOPbIX 3KCMEepPUMEHTaNbHbLIX YCNOBUWIA, M B Clydae HEKOTOpbIX Tunos 1,3-
[VO/IOB.

VccnegoBaHne npeBpalleHnii AU0MI0B U UMKIMYeCKuX agmpos, XXXII

MccnepoBaHue npespaleHnii 2-MeTUN-0KCALUKI0ANKAHOB Ha
MeTannnuyeckMx Katanusatopax

M. BAPTOK, N. TEPEK ©n u. CABO

Bbinv nccnefoBaHbl MpeBpalleHns 2-MeTUN-3TUNEHOKCUAE, 2-MeTWU/I-0KCUHA, 2-MeTus-
TeTparngpodypaHa n 2-meTua-TeTparmaponmpaHa B NpucyTcTBMM KatanusatopoB Pt/T, Pd/T,
Rh/T, Cu/Al, Ni/Al n Zn/Al npn NaEHTUYHbIX 3KCNEPUMEHTA/TbHBIX YC/TOBUAX C MOMOLLIbIO MeTOAA
MMMYNbCHOW TEXHUKMW. OKCMepUMEHTa/IbHO aHaIM3MpPoBa/IMCh Hanpas/ieHUs peakuuii, 3aBuUcs-
Live OT Be/MUMHBbI KOMbLA W KaTanm3aTopa: M30Mepu3aums 40 COOTBETCTBYHOLLMX aibAervios,
KETOHOB WM HEHACbILLEHHbIX CMPTOB, @ TaKXXe rMAPOreHosmM3 ¢ 06pasoBaHMEM COOTBETCTBYIOLLMX
CNVpPTOB.

CuHTe3 rekcanentugammia, nNoTeHUWaIbHO MPEnATCTBYIOLWErO
BblgeneHnio GH—RH*

Ww. BAIOC, N. PAYCT u N. BOPBEHAET

Ha ocHOBe CTPYyKTYpHOro nofgobms MOXHO 3aknioumTb, 4To OH—RH o06pasyetca u3
/1-uenu remornobuHa n aBnsetcs ero N-KoHeuHbIM 1— 10 ¢pparmeHTOM. [Nonaranock, YTo Bblgene-
Hre OH—RH MOXeT 6bITb 3aTOPMOXKEHO TaKUMWU NenTuaamn, Ha N-KOHLE KOTOPbIX COLePXKMUT-
¢ 10—11 gunenTuaHas ceKBeHUMS /?-Lenoukn. Ana u3yveHns JaHHOW npo6aemMbl O6bin NoayyeH
10—15 rekcanenTUAHbIA parmMeHT /JLUEenoYKn ryMaHHOro remorsiobvHa, nexoass nsTrp—NH,
C MOMOLLbIO CTYMEHYaTOro CUHTE3a.

* [OPMOH, BblAENAOWNIA FOPMOH pocTa
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