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UNTERSUCHUNG DER ZUSAMMENSETZUNG
YON EINHEIMISCHEN UND AUSLANDISCHEN
ATHERISCHEN OLEN, III

KOMPONENTEN-ZUSAMMENSETZUNG DES DILLOLES

K. BELAFI-RETHY*, E. KeRENYI* und R. KOLTA**

(* Ungarisches Erddl- und Erdgas-Forschungsinstitut Veszprém und ** Betrieb fir
Kosmetik und Haushaltschemie, Budapest)

Eingegangen am 28. August 1973.

Es wurde durch Kombinierung wirksamer Trennmethoden und spektrometri-
scher Identifizierungsmethoden die qualitative und quantitative Zusammensetzung
des &therischen Oles der einheimischen Dillpflanze untersucht. Im Dillél sind 14
Bestandteile (Uber einer Menge von je 0,01 Gew.-%) nachzuweisen. Davon betragen
3 Bestandteile (a-Phellandren, Limonen, Carvon) rund 90 Gew.-% bzw. zusammen
mit 8 weiteren Bestandteilen — Uber 99,9 Gew.-%. Auller den 3 Hauptkomponenten
ist das in auslandischen Dilldl-Proben bereits nachgewiesene a-Pinen, Dihydrocarvon
und p-Cymol auch im einheimischen Dill6l vorzufinden. Viele Terpene und Terpen-
derivate, die in der Fachliteratur als Komponenten genannt werden, sind dagegen im
gegebenen é&therischen &1 in nennenswerten Mengen nicht vorhanden. Andererseits
gelang es den Verfassern, die Anwesenheit von a-Thujen, B-Myrcen, /3-Phellandren,
I-Methyl-4-isopropenylbenzol und Carvotanaceton in dem untersuchten &therischen
Ol nachzuweisen. SchlieBlich wurden auch zwei in den Dilldlen und allgemein in den
atherischen Olen bisher unbekannte Bestandteile nachgewiesen.

Das durch Wasserdampfdestillation hergestellte dtherische 61 der Dill-
pflanze (Anethum graveolens) wird in betrdchtlichen Mengen in der Konser-
venindustrie verwertet. Seine Bedeutung liegt auBer der vielseitigen Unter-
suchung und der allgemeinen Verbreitung der Pflanze in unserem Lande [1]
darin, dall die ungarische Dillélproduktion in der Weltproduktion, weiterhin
der ungarische Dill6lexport im Weltumsatz des Dilloles einen bedeutenden
Anteil darstellt.

Fachliteratur-Angaben bezilglich der Zusammensetzung
des &therischen Oles

Trotz der Verbreitung des in Europa bekannten Anethum graveolens
stehen iber die Zusammensetzung des &therischen Oles der Pflanze nur
wenige zuverldssige Angaben zur Verfligung [2, 3]. Besonders wenig wurde
bis jetzt das atherische Ol der einheimischen Dillpflanze studiert, zumal sich
die Untersuchungen lediglich auf die physikalischen Eigenschaften und Be-
stimmung der Hauptbestandteile des Dilléles erstreckt haben [3, 4]. Nach
einigen Verfassern ist das dtherische 61 von Anethum graveolens hinsichtlich
der Zusammensetzung dem Ol des in Indien geernteten Anethum sowa &hnlich

1 Acta Chim. (Budapest) 83, 1974



2 BELAFI-BETHY et al.: EINHEIMISCHE UND AUSLANDISCHE ATHERISCHE OLE, III

[5], mit dem Unterschied, daR das erstere einen hdheren Gehalt an Carvon
aufweist und kein Dillapiol enthélt [6, 7]. Laut Fachliteratur-Angaben stimmen
ferner die Hauptkomponenten des dtherischen Oles der Dillpflanze auch mit
jenen des dtherischen Oles der Dillsamen iiberein, wiahrend bei den Neben-
komponenten Unterschiede festzustellen sind [5, 8].

Die Zusammensetzungs-Angaben fur verschiedene Dilldle sind — unab-
hdngig vom Ursprung der untersuchten Proben — in Tab. | angefihrt. Jene
Komponenten, deren Anwesenheit bis jetzt nur von einem einzigen Verfasser
nachgewiesen oder von den Verfassern lediglich fiir wahrscheinlich gehalten
wurde, sind in dieser Tabelle bezeichnet. Aus der Tabelle ist ersichtlich, daR
in der Fachliteratur wenig gleichlautende Angaben beziliglich der Zusammen-
setzung der Dilléle zu finden sind. So konnte man auch die gesammelten In-
formationen fiir die Untersuchung des &therischen Oles der einheimischen
Dillpflanze vorerst nur als einen unsicheren Ausgangspunkt betrachten.

Tabelle 1

Die in verschiedenen Dillélen bisher identifizierten oder wahrscheinlich vorhandenen Bestandteile

Bestandteil Literatur Bestandteil Literatur
Limonen (Dipenten) [9, 10] Terpinen-4-ol (?) [5]
a-Phellandren [11, 12] jS-Terpineol (?) [5]
y-Terpinen [5, 12] Eugenol (?) [18]
x-Pinen (?) [10] Thymol (?) [18]
Camphen (?) [10] Carvon [4, 12, 13]
p-Cymol (?) [5] Dihydrocarvon [14, 17]
n-Oktanol (?) [3] Dillapiol [6, 7, 15, 17]
2-Nonanol (?) [5] Myristicin (?) [16]
Nonylaldehyd (?) [5] Isomyristicin (?) [16]
Decylaldehyd (?) [51 a-Bergamott (?) [5]

Das untersuchte &therische Ol
und die angewandte Untersuchungsmethode

Das den Untersuchungen unterworfene, durch W asserdampfdestillation
raffinierte atherische Ol stammte aus der in Paks angebauten und 1969 ge-
ernteten Dillpflanze. Dichte = 0,898), Brechungsindex (n™ = 1,4840)
und Drehungsvermdégen (txD= -f- 96,8°) des Oles entsprachen den {blichen
Charakteristiken des Dillpflazendles [3].

Die Zusammensetzung des atherischen Oles der Dillpflanze wurde von
uns mit einer fiir atherische Ole erarbeiteten, kombinierten Trennungs- und

Acta Chim. (Budapest) 83, 1974



BELAFI-RETHY et al.: EINHEIMISCHE UND AUSLANDISCHE ATHERISCHE OLE, Il 3

Verfahren
ZW.
Methode
1

Analytische
Gaschromato-
graphie

Halbmikro-
Rektifikation

Préaparative
Gaschromato-
graphie

Infrarotspektro-
rnetrie

Massenspektro-
metrie

Magnetische
Kernresonanz-
spektrometrie

Zur Trennung

Ziel
2-

Quantitative Ana-
lyse, Kontrolle
der Trennungs-
produkte, Rein-
heitsprifung der
Bestandteile

Yortrennung auf-
grund des Siede-
punktes

Herstellung reiner
Bestandteile,
Anreicherung
der Bestand-
teile

Identifizierung
reiner Bestand-
teile, Struktur-
aufklarung

Identifizierung
reiner Bestand-
teile, Struktur-
aufklarung

Identifizierung
reiner Bestand-
teile, Struktur-
aufklarung

Tabelle 11

und Analyse angewandte Methoden

Apparat
bzw.
Gerat

3.

Chrom 111.;
Kapillare:
50 m/0,25 mm;
Flammenioni-
sationsdetektor

Saule mit Vaku-
um-Mantel, 500

mm/6 mm;
Drehband: 5,5
mm  breit aus
Stahl

Pye Unicam 105;
Séule 7 m/5 mm

Carl Zeiss Jena,
UR 20, mit
Prismen aus
KBr, NaCl u.
LiF

ZKME, MI 1305;
Aufldsungsver-
maogen: 300

VARIAN T - 60,
Frequenz 60
MHz; Feld-
starke 14 kG;
Auflésungsver-
mdogen: 0,4 Hz

Versuchsbedingungen
4.

Verteiler-Phase: Garbowax 1000;
Temperatur: 130 °C; Trégergas:

Argon, 3 ml/Min.; Abschwa-
chung: 10%; Einwaage: 0,2
mm3; Auswertung: mit der

Dreieck-Methode

Drehzahl: ca. 2000 U/Min; Trenn-
fahigkeit: 30 theor. Trennstu-
fen; Betriebsinhalt: 0,1 cm3;
Druckverlust: 0,2 Torr; Ein-
waage: 20 cm3; Destillations-
druck 200 Torr; Destillate: 1
cm3-Fraktionen

Verteiler-Phase: Carbowax 20 M
auf Celite; Temperatur: abhén-
gig vom Siedepunkt 120 bzw.
160 °C; Tréagergas: Argon, 12
dm3Stde; Einwaage: zur gro-
ben Trennung — 1 cm3 zur
feinen Trennung — 50—100
mm3

Schichtdicke: fir reine Substanz
0,003 cm, fur Loésung in
Tetrachlormethan — 0,01 cm;
Spektrumbereich:  4000—400
cm- 1

Einwaage-System: eigene Kon-
struktion [22]; Beschleuni-
gungsspannung: 50 V; Aufnah-
megeschwindigkeit: 2 Massen-
einheiten pro Minute; Spek-
trumbereich: 39—200 Massen-
einheiten

Referenz-Substanz: Tetramethyl-
silan; Verschiebungsintervall:
0—8 ppm

Identifizierungsmethode [19] untersucht, die sich zur vollstindigen Zusam-
mensetzungsermittlung eines importierten »entmentholisierten« Minzdles und

eines

einheimischen

Pfefferminzdles bereits

gut

bewdhrt hatte [20]. Die

Anzahl der nennenswerten (in einer Menge von Uber 0,01 Gew.-% anwesenden)

1%
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4 BELAFI-RETHY et al.: EINHEIMISCHE UND AUSLANDISCHE ATHERISCHE OLE, 111

Bestandteile und deren Mengenverhiltnisse im atherischen Ol wurden mittels
Kapillar-Gaschromatographie bestimmt. Zur ldentifizierung der Bestandteile
lieR sich das atherische Ol durch wirksame Halbmikro-Drehbandkolonnen-
Destillation und dann mittels prédparativer Gaschromatographie in einzelne
Komponenten zerlegen, wobei die Trennvorgédnge ebenfalls durch Kapillar-
Gaschromatographie kontrolliert wurden. Die reinen oder betrdchtlich ange-
reicherten Bestandteile konnten danach aufgrund ihrer Massen-, Infrarot-
und magnetischen Kernresonanz-Spektren, teils durch Studieren dieser Spek-
tren, teils durch deren Vergleichen mit den Spektren bekannter, vermutlich
anwesender Bestandteile identifiziert werden. Die charakteristischen Angaben
der angewandten Trennvorgdnge und analytischen Methoden sind in Tab. Il
zusammengefalit.

Zwei Komponenten des dtherischen Oles der Dillpflanze lieBen sich mit
keinem bekannten Bestandteil der dtherischen Ole identifizieren. Zur Klarung
ihrer Struktur wurden sie aufler der Untersuchung ihrer Spektren chemischen
Umwandlungen unterworfen, mit anschliefRender Identifizierung der dabei
entstandenen, bereits bekannten Produkte [21]. Uber die Strukturaufklarung
der bis jetzt als Dillolkomponenten nicht bekannt gewesenen neuen Cumaran-
derivate berichten wir in einer folgenden Mitteilung.

Untersuchungsergebnisse

Das analytische Gaschromatogramm des untersuchten Dilléles ist in
Abb. 1 gezeigt. Weniger flichtige Komponenten (Sesquiterpene und ihre
Derivate) konnten im é&therischen Ol wahrscheinlich wegen der Destillations-
reinigung nicht gefunden werden. Die Trennung der ersten zwei Komponenten
wurde durch nachtrdgliche Analyse bei niedrigerer Temperatur vollstdndiger
gestaltet. Aufgrund der Aufnahme ist im &4therischen Ol der Dillpflanze die
Anwesenheit von 14 Bestandteilen in einer Menge von (Uber je 0,01 Gew.-%
nachzuweisen.

Durch Verwendung der hergestellten reinen Komponenten wurden die
Response-Faktoren ebenfalls untersucht. Dabei lieR sich feststellen, dall die
Response-Faktoren zwischen 0,9 und 1,1 liegen. Da die quantitative Zusam-
mensetzung der dtherischen Ole von der Vorgeschichte der Proben (Ursprung,
Reifegrad, Herstellungs-, Reinigungs- und Behandlungsweise) betrachtlich ab-
hdngig ist, war eine genaue quantitative Analyse nicht von Bedeutung. So
verzichteten wir auf die Berucksichtigung der Response-Faktoren. Die An-
gaben (Uber die Mengenverhéltnisse sind in Tab. V zu finden.

Uber die Methoden zur spektrometrischen Untersuchung und zur ldenti-
fizierung derin reinem Zustand gewonnenen oder angereicherten Komponenten
wird ein Uberblick in Tab. Il gegeben. Die charakteristischen gaschromato-
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Abb. 1. Gaschromatogramm des untersuchten Dillpflanzendles

Tabelle 111

Untersuchung der aus dem &therischen Ol gewonnenen reinen Komponenten oder Konzentrate

Kompo- Reinigung Spektrumaufnahme Identifizierung mittels
I\Tenten— Ange- nf Kern- . Spektrum-
uErr]nmcr RSeige rqel-t Masslsn— nira- reso- bekal?nter Spek- chemi- angaben
ub- - -
S oG B om R wp o s
stanz trum
I + + + + Tab. V
2. + 4- 4 + + + Tab. IV
3. + + + + + Tab. IV
4. + + + + + + Tab. IV
5. + 4 + + + + Tab. IV
6. + + + + Tab. IV
7. + + + + + + Tab. IV
8. + + + + + Abb. 2-4,
Tab. IV
9 + + + + + + [21], Tab.
1V, in
separater
Mitteilung
10. + + + + + + Abb. 5-7,
Tab. IV
11. -f 4- + + + Tab. IV
12. + + + [21], Tab.
1V, in
separater
Mitteilung
13. + +- + + Abb. 8-9,
Tab. IV
14. + + + + + + Tab. IV

graphischen und spektrometrischen Angaben der getrennten Bestandteile
werden in Tab. IV zusammengefaBt. Die Qualitdt der Bestandteile wurde
durch Untersuchung der Retentionsverhé&ltnisse und der fir die Struktur
kennzeichnenden Spektrenteile verwahrscheinlicht, wédhrend ein Beweis fir die
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Tabelle IV

Gaschromatographische und spektrometrische

Massenspektrum
Masserr)uahlu Infrarotspektrum, cm 1
Nr. Relati
der eRael_ve Olef.  Arom. Olef.  Arom.
Kompo- ¢ . H _ 11 101
nente tention Basis- Molek. v=C—H v=Cc H '~ 0 ,G=C vC=C <5-CH3
Peak Peak H 1 1 11 11
m m m st m m m
1. 81 - 3030 - — 1650 - 1384
1366
2. 82 93 136 — 3020 — — 1660 — 1382
1365
3. 91 91 136 3100 3016 — — 1635 — 1382
1596
4. 94 119 136 — 3037 — — 1660 — 1388
1600 1370
5. 100 68 136 3090 3020 — — 1645 — 1380
6. 102 3083 3032 — - 1640 1387
1597 — 1368
7. 111 119 134 — — 3105 — — 1592 1390
3032 1528 1371
8. 155 117 132 3095 — 3095 — 1633 1572 1380
3032 1682 1520
9. 209 91 152 — 3020 — — 1675 — 1380
10. 275 67 152 3090 - — 1710 1642 - 1375
11. 291 67 152 3092 - — 1710 1644 - 1380
12. 332
13. 388 - 3030 — 1680 — - 1370
14. 421 82 150 3090 3031 — 1676 - - 1370

st = hohe Intensitdat, m = mittlere Intensitat
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Angaben der getrennten Komponenten

Kernresonanzspektrum, ppm (6)

Olef. |
H 1 HC- H,C
9 CO y-C—Hy-C-H HAr HC= H,C- HC—O— 1 H,CAr 1 H,.C-
11 1 1 1 1 -c
H,C- f
8t st m st 1
- - 783 -
— - 790 - - 5,10 - - 1.9 - 1,62 0,80
-2,6 1,29
— 900 825  — — 50- 5,0- — 2,1- — 1,66
-6,6 -6,6 -2,2 1,70
— — 800 — — 5,42 — — 2,06 — 1,70 0,90
734 5,73
- 890 800 - — 5,43 4,68  — 2,00 - 1,66 -
1,76
— 882 822
- - - 822 6,88 - _ — 2,79 2,32 — 1,10
795
- 895 — 827 7,15 5,00
725 — 528  — 2,10 2,33 2,10 -
900- 840 3,18
1,7-
1200 815 5,42 3,94 1,65 1,05
-2,2
4,14
1,8-
895 4,75 1,75 1,00
-2,6
1,9-
900 4,80 1,72 1.00
-2,7
2,2-
6,4- 3,98 2,27 1,25
-2,7
-7,0 4,60
1,7-
- — 807 - - 6,68 - - - 1,75 0,95
-2,7
— 900 806 — — 6,36 4,78 2,1- - 177 -
-2,8
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Tabelle V

Zusammensetzung des atherischen Oles der Dillpflanze

Nr. der
Komponente

Menge,
Ko-mponente Gew.-%
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Identifizierungsergebnisse durch den Vergleich mit bekannten Spektren von
bekannten Bestandteilen oder durch spektrometrische Untersuchung des in
ein bekanntes Derivat Uberfihrten Bestandteiles erhalten mwurde.

Das Molekulargewicht lieR sich aus dem Massenspektrum ermitteln.
Aufgrund des Infrarotspektrums orientierten wir uns tUber die Anwesenheit

Massenzahl

Abb. 2. Massenspektrum des I-Methyl-4-isopropenylbenzols

oder Abwesenheit von charakteristischen Atomgruppen. Aufgrund dieser
Angaben wurde auch entschieden, ob der betreffende Bestandteil eine aro-
matische, eine olefinische, eine cyklische Ather- oder Keton-Verbindung ist,
weiterhin wurde dadurch der Grad und teilweise auch die Stellung der Unge-
sattigtheit des Kohlenwasserstoff-Teiles bestimmt. Aufgrund des Kernreso-
nanzspektrums in Kenntnis der Peakverschiebung, der Multiplizitdt und der
Mengenverhdltnisse verschiedener Protone lieB sich die Bindungsweise der
Atomgruppen feststellen und damit die vermutete Struktur bestdtigen. Zur
Identifizierung der Bestandteile wurde von uns nur die Molekil-Konfiguration
ermittelt. Die ldentifizierungsergebnisse wurden in Tab. V zusammengefaRt.
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Qualitative und quantitative Zusammensetzung des &dtherischen Oles

Die qualitative Zusammensetzung des atherischen Oles der Dillpflanze
und die Mengenverhdltnisse zwischen den Komponenten sind in Tab. ¥ ange-
geben. Die in der Fachliteratur nicht angegebenen Spektren der identifizierten
reinen Komponenten wurden in Abb. 2 8 angefihrt, wobei Abb. 2 ein Massen-
spektrum, Abb. 3, 5und 7 Infrarotspektren, wéhrend Abb. 4, 6 und 8 magne-
tische Kernresonanzspektren zeigen. Die Abbildungen 2—4 beziehen sich auf

Abb. 3. Infrarotspektrum des I-Methyl-4-iscpropenylbenzols

Abb. 4. Kernresonanzspektrum des I-Methyl-4-isopropenylbenzols
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das |-Methyl-4-isopropenyl-benzol, die Abbildungen 5—6 auf das Dihydro-
carvon und die Abbildungen 7 und 8 auf das Carvotanaceton. Die Spektren
der bisher unbekannten Cumaranderivate und ihre Strukturermittlung werden
in einer folgenden Mitteilung erdrtert.

Aus der Tabelle ist festzustellen, dall die drei Hauptkomponenten des
atherischen Oles, entsprechend den Literaturangaben, das oc-Phellandren, das
Limonen und das Carvon sind. lhre summarische Menge betrdgt ungefédhr 90%
des Oles. Weitere acht Komponenten vertreten unter den Nebenkomponenten
eine Menge von insgesamt ca. 10%. Zuletzt sind drei Bestandteile nur noch in

Abb. 6. Kernresonanzspektrum des Dihydrocarvons
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12 BELAFI-RETHY et al.: EINHEIMISCHE UND AUSLANDISCHE ATHERISCHE OLE, III

Abb. 7. Infrarotspektrum des Carvotanacetons ohne Ld&sungsmittel und in CCl4-Ldsung
a 40 ¢g/1, 6~ 16 g1

Abb. 8. Kernresonanzspektrum des Carvotanacetons

Spuren anwesend. Yon den in der Fachliteratur als Dillélkomponenten be-
schriebenen Verbindungen waren zwar im dtherischen Ol der einheimischen
Dillpflanze das a-Pinen, das Dihydrocarvon und das p-Cymol nachzuweisen,
wdédhrend zahlreiche vermutete Komponenten, so verschiedene Terpene, Ter-
penderivate — u. a. das Dillapiol—, ferner verschiedene nichtterpenische Ver-
bindungen, beweisbar keine Bestandteile des dtherischen Oles der Dillpflanze
sind. Von den in anderen &4therischen Olen bekannten Bestandteilen wurde
die Anwesenheit von a-Thujen, /j-Myrcen, /S-Phellandren, I-Methyl-4-iso-
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propenylbenzol und Carvotanaceton nachgewiesen. Fir die gefundenen Cuma-
randerivate wurden in der Fachliteratur keine Angaben angetroffen. Diese
Verbindungsgruppe war bisher zu den atherischen Olkomponenten nicht hin-
zugereehnet. Durch die strukturelle Verwandschaft beider Cumaranderivate
miteinander, sowie mit dem I-Methyl-4-isopropenylbenzol und dem p-Cymol,
ferner durch die festgestellte Anderung ihrer Menge abhingig vom Reifegrad
der Dillpflanze wird die pflanzenphysiologische Bedeutung dieser Komponen-
ten unterstrichen.
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The electronic spectra of 4H-pyrido[l,2-a]pyrimidin-4-one derivatives were
recorded. On the basis of the substituent effect on the spectra the molecular structure
and especially the conjugation in the unsaturated and partially saturated molecules
were investigated. It bas been established that nitrogen in position 1 is protonated
in acidic media. The ionization constants of the protonation were calculated from the
pH dependence of the spectra.

Several 4H-pyrido [1,2-a] pyrimidin-4-one derivatives were synthetized
in the pastyears[1].These compounds exhibit significant biological activity [2],
however, our knowledge on their spectra is rather vague. The ultraviolet
spectra of 4H-pyrido [1,2-a] pyrimidin-4-one and some of its simple derivatives
were published by Adams and Pachter [3]. Antaki reported [4] the spectra
of 3-monosubstituted and 3,6-, 3,8- and 3,9-disubstituted derivatives. Recently
Urban etal. [5] have published the spectra of polysubstituted 2-oxy-(alkoxy)-
pyrido [1,2-a] pyrimidin-4-one derivatives in ethanol solution. The authors
have concluded that the spectra considerably differ from each other, depending
on the fact whether nitrogen in position 1 has a positive charge, or is neutral.
The literature data indicate that the position of the substitution has a great
influence on the spectra.

Systematic investigations have been carried out in order to reveal what
informations can be gained on the molecular structures from the ultraviolet,
infrared, nmr and mass spectra. The effect of both the solvent and ionization
on the ultraviolet spectra were also studied. From the spectra measured at
different pH the ionization constants were evaluated.

Investigation of the unsatnrated derivatives

The spectrum of the basic compound (1) consists of two distinct bands
at 336 nm and 239 nm
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The high intensities of the bands indicate that these can be assigned to n —* n*
transitions of charge transfer character.

The spectral data of some characteristic derivatives dissolved in ethanol
are compiled in Table I. The spectra of 2-donor(methyl, chloro)-substituted
derivatives are similar to that of the basic compound. Both bands are slightly
red-shifted due to the effect of the donor substituent. The same holds for donor
groups in position 3. It is evident from the spectra of the donor-substituted
derivatives that the 7-, 8 and 9-donor groups exert also slight effect. The
donor groups in positions 2 and 3 have nearly the same effect as in position 8,
however, the 7- and 9-donor substituents exert a somewhat greater effect.

The greatest change (red shift) in the spectra is caused by donor groups
in position 6. The greatest shift can be observed with the first band. A new
band (e. g., 2,6-di-donor derivative) appears at the place of the weak inflexion
at around 320 nm, thus the spectrum consists of three n n* bands.

The red shift is caused by the conjugated system characteristic of
structure A, which can be formed only in the presence of a donor group in

Table 1

Spectroscopic data of 4H-pyrido[l,2-a]pyrimidin-4-one (1) derivatives in ethanol

Compound Amax loge Amax logs Ttax logs Ref.

| W 336 4.02 — - 239 3.67

i 2-methyl- 336 4.0 245 4.0 [3]
hi 2-chloro- 343  4.00 (315) — 256 3.89
\Y 2-methyl-7-bromo- 340 4.0 .= 256 4.0 [3]
\Y 2,6-dimethyl- 358  3.89 323 375 2505 3.95
VI 2-chloro-6-methyl- 360 3.99 319 375 2605 3.95
308 3.74 253 3.98
VIl 3-cyano- 365 4.2 315 3.7 250 3.9 [4]
VIIl  3-acetyl- 360 4.3 310 37 255 4.0 [4]
1X 3-carbethoxy- 362 4.18 314 3.62 252 3.92
304 3.60
X 3-carbethoxy-9-methyl- 370 4.24 311 3.68 259 391
300 3.69
X1 3-carhethoxy-8-methyl- 364 4.28 312 364 252 3.88
245 3.90
X1l 3-carbethoxy-7-methyl- 371 4.23 310 3.61 260 4.06
302 361
X1l 3-carbethoxy-6-methyl- 389 4.24 316 3.68 258 4.07
306 3.73
Xl in 0.1 N HCl 354 415 301 386 252 3.90
XIV  3-carbethoxy-I,6-dimethyl- 354  4.07 310 399 250 3.92
XIV in 0.1 A HC1 353  4.05 310 399 251 3.91

The wave length values in parantheses refer to an inflexion.

Acta Chim. (Budapest) 83, 1974



HORVATH et al.: ULTRAVIOLET SPECTROSCOPIC STUDY 17

position 6. Position 6 is the point of the molecule wherein a donor group has
the largest effect and which is found farthest from the acceptor (carbonyl)
group in position 4.

An acceptor (acetyl, carbethoxy, etc.) group in position 3 affects the
spectrum to the same extent, as a donor group does in position 6. The spectra
consist of three bands similar to that of 6—donor-derivatives. Position 3 is
most favourable for an acceptor substitution, and structure B is formed.

This consideration is supported by the spectrum of compound XIII (Fig.
2), where the shift of the first band is approximately twice ofthat observed
with the 6-methyl- and 3-carbethoxy-derivative, respectively. The spectra
of the corresponding 7-, 8- and 9-methyl derivatives (X XII) all have shorter
wave length bands. The large shift in the spectra of XIIl is due to the fact that
a donor group and an acceptor group are in the most favourable position to form
a conjugated system.

Based on the study of the substitution effect, it is probable that the
first T—mn* band (above 350 nm) belongs to the excitation of the bicyclic
conjugated system. This band is the most sensitive to changes in the conjugated
system. The band near 320 nm can be assigned to the pyrimidinone ring, owing
to its relatively constant position, and corresponds to a more localized excita-
tion. The simple derivatives of mono- and diazines have characteristic bands
in this region [6]. The band near 250 nm is a conjugation band of charge trans-
fer character.

Pariser-Parr-Pople type calculations were carried out for I and some of
its substituted derivatives on several models differing in the extent of the
delocalization of the ring conjugated system and in the substituent effect of
the methyl group, respectively [7]. The results of the calculations support the
presence of a mobile TT-electron system.

Solvent effect

The band assignment was proved by the study of the solvent effect. As an
example the spectral data of Ill together with the dipole moment of the
solvents are given in Table Il. The red shifts of all the three bands increased
with an increase in the dipole moment (/z) of the solvent, this refers to the
7t —»7z¢ character of the bands.
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Table 11
The spectra of X111 in different solvents
Solvent ATAT(AT) m
Chloroform 367 308 300 248 1.10
W ater 381 312 302 255 1.82
Ethanol 389 316 306 258 1.73
Dimethylformamide 393 320 310 262 3.85

In ethanol a relatively large red shift was observable, this also occurred in the
case of analogous compounds, e.g. 2-substituted-pyrimidines [6].

Effect of ionization

The pH-dependence of the spectra of some derivatives was investigated
too. The spectra of X1l taken at different pH are shown in Fig. 1. The changes
in the spectra refer definitely to the existence of an equilibrium. The spectra
in alkaline and neutral media are identical with the spectrum in ethanol solu-
tion, which indicates the presence of the neutral form of the molecule. If the
oxygen were ionized (enolic form), the molecule would have a different struc-
ture in neutral (C) and in alkaline medium (D), repectively, which would be
in contradiction with the identity of the spectra.

In acidic medium blue shift is observed (Table I). The spectrum of XIV
in which the 1-nitrogen is methylated is identical in neutral and acidic media.
The spectrum of XIII in acidic medium is the same as that of XIV which un-
doubtedly proves the protonation of nitrogen in position 1 (structure E). This
spectral change is characteristic of the protonation of nitrogen in mono- and
bicyclic azines.

The changes in the spectra as a function of the pH confirm that the
proton is bound to nitrogen in position 1, in case of all the studied derivatives.
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It is worth mentioning that both the studied bases and their salts with hydro-
chloric acid give identical spectra and their pH-dependence is the same, as
well. It can be concluded from this fact that bases and salts possess the same

structure in solution.

Fig. 1. The PH dependence of spectra oj X111

Equilibrium constant and basicity of the compounds

On the basis of the pH-dependence of the spectra, the equilibrium con-
stant of the protonation of nitrogen in position 1 was calculated in order to
obtain information on the basicity of the studied compounds. The values of
the equilibrium constants (pKa) are given in Table IIl. It is apparent that the

Table HI

lonization constants of | derivatives

Compound
| /\ V 3.26
0]
IX 3-carbethoxy- 1.80
X 3-carbethoxy-9 -methyl- 1.70
Xl 3-carbcthoxy-8 -methyl- 2.28
X1 3-carbethoxy-7-methyl- 2.20
X1 3-carbethoxy-6-methyl- 2.40
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20 HORVATH et al.. ULTRAVIOLET SPECTROSCOPIC STUDY

basicity is reduced due to the acceptor effect of the 3-carbethoxy group. The
6-methyl group increases the basicity considerably, which refers this group
being a strong donor.

Investigation of tetrahydro-derivatives

Ultraviolet spectroscopy was applied to reveal the structure of the
6,7,8,9-tetrahydro derivatives. The following two structures might form:

H

COOEt

CH3 O

In order to solve the problem, the effect of substitution on the spectra of the
tetrahydro derivatives as well as the pH-dependence of the spectra were in-
vestigated.

Effect of substitution

The spectroscopic data of the compounds investigated in ethanol are
collected in Table IV. It is apparent from the table that the spectra consist of
two well-separated bands which can be related to n A* transitions in the
conjugated system. A comparison of the spectra of compounds XV and XVIII,
shows that the carbethoxy group produces a large (25 nm) red shift of the
first band. The same shift can be observed with the first band of 4H-pyrido
[1,2-a] pyrimidin-4-one, due to the effect of the ester group. Such change is

Table 1V
Spectra of 6,7,8,9-tetrahydro-4H-pyrido[l,2-a]pyrimidin-4-one derivatives

Compound Vax logr Jirax loge
JSL
XV r V 278 3.68 226 3.78
' CH3 ©
XVI 2,6-dimethyl- 276 3.60 228 3.72
XVIlI  3-carbethoxy- 301 3.96 230 3.80
XVIIl  3-carbethoxy-6-methyl- 303 3.92 230 3.81
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possible only if the substitution takes place in a s-electron system, it is im-
possible, however, with substitutions in a saturated ring. This proves the
saturation of the pyridine ring. The spectral effect of substitution in the pyri-
dine ring was also studied. The 6-methyl group does not cause changes in the
spectrum, as it is seen from the comparison of the spectra of compounds
XVIlI and XVIII, If the pyridine ring were unsaturated a significant change
would be obtained similarly to that observed with the | derivatives.

Effect of ionization

The pH-dependence of compounds XV, XVII and XVIII showed identical
behaviour. The spectral data of both the ionized and non-ionized forms are
given in Table V. The spectra in alkaline solution and in water are identical in

Table V

Spectral data of the ionized and non-ionized forms of compounds
XV, XVII, XVIII

Compound pH Amax pH Amax
XV 7-11 275 1-2 258
XVII 4-12 297 0 278
XVIN 4-11 300 0 280

all the three cases with the spectrum obtained in a neutral polar solvent. Due
to the effect of acids, the first band gradually disappears and a new band
develops at a wave length appr. 20 nm shorter than that of the original band.
A definite isosbestic point can be seen between the two bands.

The changes in spectra as a function of pH are very similar to those
observed with XI1I11. A definite blue shift can be observed in both cases. Thus
it is probable that also in the case of compound XVIII the proton is bound to
nitrogen in position 1.

The binding of proton to nitrogen in position 1 can follow the same
mechanism in the cases of both unsaturated and tetrahydro derivatives, pro-
vided that the pyrimidine ring has the same structure in both cases, i.e., the
pyridine ring of compounds XV—XVIII is saturated.

The investigation on both the effects of substitution and ionization
confirm the existence of structure F.

Bases XV  XVIII and their salts with hydrochloric acid show the same
spectra in solution, and their pH dependence is also identical. Thus the bases
and salts have the same structure in solution.
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Equilibrium constants

On the basis of the pH-dependence of spectra, the equilibrium constant
of the protonation of nitrogen in position 1 was calculated in order to obtain
information on the basicity of these compounds. The values of the equilibrium
constants (pKa) are the following: XVII 1.76 and XVIII 1.07. The basicity of
the compounds is less than that of the corresponding unsaturated compounds
(IX and XI1I1). This may be interpreted in the following way. It can be expected
by analogy (methylamines) that the basicity of nitrogen in position 5 is higher
in the tetrahydro-derivatives. An electron migration from the carbonyl group,
through the pyrimidine ring, towards nitrogen in position 5 can be presumed,
and this reduces the basicity of nitrogen in position 1.

Hexahydro-derivatives

The results of the investigations with hexahydro-derivatives are explained
on compound XIX:

The spectrum of compound XIX consists of two bands (Fig. 2) (at 306
nm and 232 nm) in ethanol. The band at 306 nm can be related to the n —*n*
transition of the alkylamine-ethylene-carbonyl conjugated system. The posi-
tion of the band indicates a mobile a-electron system. The n —»n* character
of the band is supported by the solvent effect too.

The red shift observed in polar solvents and concentrated acids excludes
the existence of n —n* bands. The two carbonyl groups are present in the
form of carboxylic acid amide and ethyl ester, respectively, whose bands
appear at about 250 nm.

The band at around 230 nm corresponds to the second n —»n* transition.
This band is found in a position corresponding to a, /?-unsaturated carbon

compounds.

lonization effect

The spectra of compound X 1X were taken at different pH. The spectrum
does not change between pH 1 and 13 and is identical with that in a neutral
aqueous solution. This spectrum corresponds to the neutral structure of com-
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Fig. 2. Spectra of X I' I | ———-- y XV L] = ,and X1 X ¢ mmmin ethanol

Table VI

Effect of ionization on the spectrum of compound X I X

Solvent o1 NM)
1 N NaOH (300) 265
pH =1 to 13 308 236
2 N HC1 323 240

pound XIX. A red shift can be observed in a concentrated acid (2/IF HC1) due
to the protonation of nitrogen in position 1, and the compound is transformed
into cation form H. The observed change in the spectrum is in agreement with

the experience [6].
H2

COOEt
CH3 O

A great change is observed in the spectrum in alkaline solutions and this
refers to a second equilibrium. An approximately 20 nm red shift of the second
hand indicates the existence of the enol (anion) form. The following equilibrium

Acta Chim. (Budapest) 83, 1974



24 HORVATH et al.: ULTRAVIOLET SPECTROSCOPIC STUDY

The anion is formed by the loss of a proton.
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The concept of net entropy efficiency of a separation process is introduced and
defined: its variations are shown in conventional distillations and in distillations with
stepwise heat turnover, for various operating characteristics. Results of these studies
are in agreement with values in the literature, obtained from measurements in commer-
cial plant. Approximate operating costs of distillations with stepwise heat turnover
carried out with heating media at various levels of temperature can be calculated from
the entropy production directly.

Introduction

The concept of entropy efficiency defined in the thermodynamic theory
of stationary processes [1,2,3,4] can be utilized for a comparison of sources
and consumers of entropy. Distillation may be uniformly understood as a
stationary system of the first degree [5]. The analysis of distillation with
stepwise heat turnover [6] has been extended to the computation of entropy
production and this has made possible the study of the so-called net entropy
efficiency.

Strength of thermodynamic coupling of various processes [4]

The common cross-effects are weakly coupled. Characteristic examples
of cross-effects are thermodiffusion or the diffusional thermo effect where the
value of the coupling factor is by several orders of magnitude less than unity.
In commercial processes these effects are utilized only if no other method is
available or when energetic factors can be left out of consideration.

In two-phase systems, larger coupling factors may he expected. Char-
acteristically, the thermodynamic coupling of the so-called Lykow-effect
(mechanical-chemical cross-effect) is of medium strength because the thermo-
diffusional factor increased by the partial enthalpies will produce a factor of
rather high value. The entropy efficiencies for couplings of medium strength
are within the range

0.1 > 4,> 0.01.
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In such cases the entropy consumption is not yet comparable with the
entropy production, thus these are of no importance in common chemical
unit operations.

However, the mass transfer operations of chemical industry are strongly
coupled, viz.: rs>0.1.

No quantitative analysis of the entropy efficiency of various mass trans-
fer operations has been performed, though on its basis a characterization of
the various operational units would be possible. In this paper an analysis will
be given of the entropy efficiencies of distillations with special reference to
those with stepwise heat turnover.

Coupling of transport processes in distillations

The entropy produced by the heat transport in the column is used up by
the entropy-consuming process of the separation of the components. In this
case coupling is an efficiency-like connection between the production and con-
sumption of entropy:

s=m B0

o 2]

(1)

In distillation, the net entropy change due to the transport of components
is the useful consumption of entropy, i.e.

/1S1— R ZtAtZj xit In xit. 2)

In the course of adiabatic distillation, the entropy produced in the
steady state by a heat flow kept constant through external constraint is

Tb Td 3)
TpTR 9
or, if a constant molar overflow is supposed:
JS (R+1)D+ (@ 1HFTA a4+ HrTes

2 TDTB

Besides entropy production by heat transport, other entropy producing
processes also occur during rectification [7] (finite temperature differences
in the heat exchangers, pressure drop in the column and heat exchangers,
compression losses, loss of heat, etc.).
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Insofar as the basis of reference is the total entropy production, one
obtains the so-called ‘standard thermodynamic efficiency’.* In this paper,
however, we select, on practical considerations, the entropy production by
heat transport in the column as a basis of reference, and the ratio thus ob-
tained is referred to as the net entropy efficiency, rjs, of the separation process.

Analysis of the net entropy efficiency of distillation
with stepwise heat turnover

In the course of stepwise heat turnover the total entropy production
of heat transport decreases. Generally, for a cascade the entropy production
is given as

i=N Vi
AS2= T - (T Tj)Y = A( - 1~T/ dV. (5)
3 T.T J T
1=1 J

Clearly, in the case of a number of discrete heat turnover steps this

entropy integral can be replaced by summation:

ns., y- by (6)
=1 T

The scope of the analysis of stepwise heat turnover and of the variables
involved have been discussed in seme detail in a previous communication [6].
The entropy analysis has been carried out in the same range. The program
has been written in PL-1 language for an IMB 360/40 computer. In the case
of identical section numbers, the variant with the better entropy efficiency
was regarded as the basis.

In Fig. 1 the variation of the net entropy efficiency for various values
of a is presented as a function of the number of sections in stepwise heat
turnover. The relative volatility does not significantly affect the shape of the
rjs curves: also the shift is small.

Figure 2 shows changes caused by the variation of feed concentration.
In conventional distillations with symmetric separation required, the entropy
efficiency is maximal at medium feed mole fractions xF= 0.4 — 0.5, and
minimal at lower or higher feed mole fractions xr Gsi 0.2 and xF 0.8. In a
thermodynamic sense, the application of stepwise heat turnover is most ad-
vantageous at low and at high feed concentrations. For example, if xF — 0.2

* Since efficiency is computed not in energy but in entropy representation, ‘standard’
values will be obtained.

Acta Chim. (Budapest) 83, 1974



28 FONYO, FOLDES: ENTROPY EFFICIENCY OF DISTILLATION

Fig. 1

or xF = 0.8, two intermediate condensers, or two intermediate re-boilers im-
prove the entropy efficiency by about 24%, (47% -m71%; 39% —63%).
This effect agrees well with the results of economic optimization, according
to which interposed sectional heat turnover is economically better in ‘long
column sections’ [6]. It can be seen that the interposing of sections 5 and 6
does not substantially alter the value of net entropy efficiency any more.

The ‘flattening’ of the net entropy efficiency curves at sections 5 and
6 can be observed also in Fig. 3 where the effect of the variation of product
concentration is shown. At higher product concentrations the net entropy
efficiency increases, viz. the entropy consumption of the separation process
in the numerator of the efficiency term increases while entropy production by
the otheT process (heat transport) does not change.

Figure 4 shows the effect of variations in the ratio 0 = -—-—-- . When 0
«min
is low, r]sis high; the entropy consumption needed for a prescribed separation

can be reached with a smaller entropy production when 0 is high; the absolute
magnitude of heat transport is directly proportional to 0. Also this is in
agreement with the picture presented by indices of process economics.
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Fig. 2
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Fig. 6

W hen the relative volatilities and 0 values are identical, the increase
of t"p values slightly improves the entropy efficiency, however, the change
is sm<dl (Fig. 5).

These Figures give an adequate picture of how the stepwise heat turnover
increases the entropy efficiency.

It should be noted thatthe netentropy efficiency of the separation proc-
ess is not affected by the capacity of the distillation apparatus or by con-
structional or cost parameters.

Estimation of operational costs from entropy production

In the course of computer analysis [6], we have compared the operational
cost of distillation apparatuses operated with heating media at various tem-
perature levels, with the calculated entropy production (variant 1, Ref. [6]).
In about 200 cases, at fixed operational, constructional and cost parameters
(at K = const.) the correlation between operating costs and entropy produc-
tion, having the form

Il = KAS2 @
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Basis capacity
180 kmol/hr

Reversible rectification
Infinite adiabatic rectification
Finite adiabatic rectification

Stepwise heat turnover,
3 sections (c)

Stepwise heat turnover,
4 sections (c -f r)

Stepwise heat turnover,
5 sections (c + 2r)

Stepwise heat turnover,
6 sections (2c -f 2r)

Heat exchanger surface (m2
ASs= A- K’ kcal/hK

Heat isolation kcal/h K
Hydraulic resistance kcal/h K
Other losses kcal/h K

Total loss kcal/h K

*K' = 200 kcal/m2 h °C;

Case 1
xp = 05
a=25 = 0.01
xD = 0.99

Table |

As As
keallh K V(%) Ttherm(%)  keal/h K

227.90 1
359.02  63.47
389.32  58.53
366.91  62.11
325.95  69.91
31453  72.45
308.23  73.93
360.0

51.7*

3

10

10

747

52.3
48.9

51.5

56.8

zITm= 10K; Tm= 373 K

Case 2
xp = 05
a=15 *B= 001
xD = 0.99
vtWo)  7?therm(%)
227.90 1 -
339.58 67.11 48.2
380.12 59.95 44.4
352.25 64.69 47.1
316.21 72.02 51.0
305.88 74.50 52.2
297.81 76.52 53.2
740
106.3*
5
10
10
131.3

Case 3
xp = 0.8
a= 15 xp = 001
xp = 0.99

As

kcal/h K

158.96
366.90
405.39

293.06

250.96

245.90

244.72

786

111*

5
10
10

136

VI(%) 77therm(%)

43.32
39.21

54.24

63.33

64.64

64.95

31.5
29.3

36

41

415

53.2

Case 4

xp = 0.5

a=15 nB=103

As
keal/h K

29.43
138.60
149.00

130.21
113.37
108.78
105.00

290
42*

5
10
10
67

*D =07

«% ) +?therm(%)

21.23
19.75

22.60

25.95

27.05

28.2

14.3
13.6

14.9

16.3

16.8

17.0
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agreed within 10% for the various stepwise heat turnover schemes. As an ex-
ample we present the H = H(®2) correlation with operational characteristics
fixed for three different a-values (Fig. 6).

Thus, for changing prices of heat carrier media, the reduction of operat-
ing costs achieved by stepwise heat turnover can readily be estimated through
an analysis of entropy production. The correlations mentioned are variants
of the Gouy-Stodola relationship, K = f(T0) = const (TO0), applied to a con-
crete mathematical and cost model:

MMoss = TO(S S0) . (8)

Coupling strength and standard thermodynamic efficiency
of distillation

In Table I the calculated entropy production of four variants is shown.
The entropy production values refer to reversible, infinite adiabatic, and
finite adiabatic (conventional) cases, for stepwise heat turnovers of 3,4,5
and 6 sections. In variants 1 and 2 the relative volatilities are «= 2.5 and
a = 1.5 forthe same feed and effluent concentrations. In variant 3 the entropy
production is shown for a feed mole fraction of xp = 0.8, in variant 4 for a
required separation of xB= 0.3 and xD— 0.7, uniformly at a basis capacity
of 180 kmol/hr. In the latter two cases the net entropy efficiency values ra
of the separation process are small, moreover, at product concentrations of
xB= 0.3 and xD= 0.7 the application of stepwise heat turnover does not
increase the efficiency to any substantial degree. It is of interest to note that
the net entropy efficiency of adiabatic rectification with infinite dimensions is
attained generally with 3 or 4 sections of the stepwise heat turnover system:
this shows the significance of intermediate heat turnover.

Since in Table | the extreme cases of practical separation problems are
collected, it can be seen that the range of net entropy efficiencies for conven-
tional distillations is

20%0 < »? < 60%0

i.e. the range of the thermodynamic coupling factor p in the entropy function
d —LIXXI (1 —p2 9)

is between 0.5 < p < 0.75, where p can be derived from the theory of station-
ary processes as

1[(Lit + Lal)2
P I 4LnL2

W ith stepwise heat turnover value of rj" can be raised to 80%, accord-
ingly p may increase top < ~ 0.9.
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In order to be able to determine the thermodynamic efficiency of distilla-
tion, other thermodynamic losses must be estimated; at the bottom of Table
I these estimated figures are shown.

The entropy produced in the course of heat transfer, across a finite
difference of temperature was calculated from the formula (flux multiplied
by the driving force)

., AT
ASs= IgA A K )

The thermodynamic efficiency expressed in entropy representation pro-
vides a standard value; in the Table this is denoted by tj~erm.

The range of the standard thermodynamic efficiency of conventional
distillation falls between the limits of 10 and 50%, i.e.

10% < V$Lm< 50% .

Under favourable circumstances these values can be improved by about
10% through the application of stepwise heat turnover.

The results of our analysis are in agreement with the low thermodynamic
efficiencies of petroleum refining and petrochemical plants applying complex
distillation apparatus: cf. Refs [9, 10, 11].

Conclusions
»

1. Conventional distillation is a strongly coupled stationary system
of the first degree. The range of the thermodynamic coupling factor is
0.5 < p < 0.75. Therange of the standard thermodynamic efficiency of distil-
lations is 10% < t$,er'm< 50%.

2. The concept of net entropy efficiency of the separation process is
introduced and defined; its variations according to different forms of a stepwise
heat turnover are shown. For the various values of operational characteristics
the change of the net entropy efficiency is given. The application of stepwise
heat turnover improves, by about 10%, the standard thermodynamic efficiency
of the process.

3. Using the correlation H = K A S2 where K is a function of the
operational and constructional characteristics and price construction, the
operating cost of a stepwise heat turnover system working with heating media
of variable temperature levels can be calculated directly from the entropy
production.

The authors wish to thank Mr. J. Szabé (DUNA Petroleum Co., Szdzhalombatta) for
helping in the computations.
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Symbols

molar mass flow of the product, kmol/hr

heat transfer area, m2

molar mass flow of the bottom product, kmol/hr

molar mass flow of the head product, kmol/hr

molar mass flow of the feed, kmol/hr

operating cost, Ft/year

heat flow, kcal/hr

constant

coefficient defined by Eq. (7); a function of the parameters of operation, construction
and costs

heat transfer coefficient, kcal/m2hr K

general transport coefficient

operational loss, kcal/hr

thermodynamic coupling factor

heat turnover at a given level, kcal/hr

ratio of liquid in the feed

reflux ratio

gas constant, 1,9872 kcal/K kmol

entropy production, kcal/K hr
absolute temperature
molar vapour flow, kmol/hr
general driving force
mole fraction in the liquid phase
mole fraction in the vapour phase
Vs entropy efficiency
Vs net entropy efficiency of the separation process
ytilerm Standard thermodynamic efficiency
heat of evaporation
] density of entropy sources, kcal/K hr in2

ITMOow>>X>

=

K > X<—H0 DDA

& Mact
“‘min .
Indices
i component D head product
i plate B bottom product
t product s value pertinent to lieat-flow
act actual figure
min  minimum figure
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Certain problems of adsorption, hydrogenolysis, isomerization and dehydro-
cyclization are discussed in the light ofthe interaction between the metal catalyst and
the reacting substrate. On the basis of the authors’ experiments, and of data taken
from the literature, an interpretation is given for the role of hydrogen in certain cata-
lytic reactions involving hydrocarbons, and it is discussed how hydrogen affects the
nature and extent of the hydrocarbon-metal interaction. It is concluded that the
various parameters characterizing the metal are insufficient to account for the catalytic
effect, because this effect is due to the catalytic system as a whole, formed as a result
of the interaction between the substrate and the metal.

On the basis an interpretation is given for the statement, made by one of the
authors a few years ago that there is no characteristic difference between the catalytic
effects of metals and metal oxides.

The phenomenon called catalysis was defined first by Berzelius in
1835 as follows:

“There exist certain special substances which affect chemical reactions
in a peculiar way, different from chemical affinity, and induce a union wherein
they take part, if at all, only to a minor extent. This effect is, presumably, the
appearance of electricity, odd, catalytic force, which awakens the dormant
chemical affinity. This process is catalysis.”

Several definitions have since been given most of them disregarding the
relations between the catalyst and the reaction, and emphasizing that the
catalyst has no part in the chemical process:

“A catalyst is a substance which apparently plays no direct part in the
reaction, but may initiate, accelerate, or control the process” (Mittasch, 1933).

“Catalysis ... is an influence on the rates of chemical processes by
substances which do not undergo permanent changes during the reaction”
(Contact Catalysis, Publ. House of the Hungarian Academy of Sei., Budapest,
1966).

A more general definition, which emphasizes clearly the main point of
the phenomenon, was given by Batrandin [1] in 1947: “Catalysis is the effect
of a substance on the reaction, which changes selectively the kinetics of the
reaction, while leaving unchanged the stoichiometric and thermodinamic con-
ditions. The effect consists in replacing certain elementary steps of the reac-
tion with other, cyclic steps, involving the active substance. This substance
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is the catalyst which, as follows from the definition, in the limiting case does
not change as a result of the reaction and does not influence the equilibrium.”

This definition already implies unambiguously that the catalyst does
take part in the reaction, but the emphasis is still on the feature that it is not
changed during the process.

The results of recent investigations in the field of metal catalysis indicate
that a further important step can he made in the interpretation of catalysis.
Namely, increasingly numerous data show that the catalytic structure is the
result of interactions between the catalyst and the other components of the
system. The system is controlled, driven into a particular reaction path by
this catalytic structure.

This phenomenon can be observed particularly well in the reactions of
hydrocarbons catalyzed by metals. The course, rate, and the path of the re-
action are all influenced, to a great extent, by the hydrogen content of the
system.

The results of our experiments and those of other authors have shown
that hydrogen is bonded, adsorbed on metals much more rapidly than are
saturated hydrocarbons. For instance, tritium chemisorbed on nickel ex-
changes readily with hydrogen in the gas phase even at room temperature [2],
as indicated by the radioactivity appearing in the gas phase. In contrast, the
exchange between methane and tritium starts only above 200°C. Moreover,
the rate of the hydrogen exchange in ethane is the same for deuterium and
tritium [3]. The absence of an isotope effect proves that the rate-determining
step of the exchange, i.e. the step with the lowest rate constant, is the ad-
sorption of the saturated hydrocarbon, whereas the other steps, including the
adsorption of hydrogen (deuterium, or tritium) are much faster. Thus, hydro-
gen occupies the surface of the metal catalyst, retards the reactions of hydro-
carbons and decreases their reaction rates.

Such an effect can, indeed, be observed. When investigating the hydro-
gen-deuterium exchange for a number of substrates, we have found that the
reaction is retarded by hydrogen, the reaction order with respect to hydrogen
being negative. This result was found for the hydrogen—deuterium exchange
of methane [2], ethane [3], and propane [14], on nickel and platinum [5] cata-
lysts (cf. Table I). With increasing temperature, the negative reaction order
gradually disappears, ceasing completely at about 250°C. This phenomenon
can be explained by assuming that hydrogen is desorbed very easily at this
temperature, and is thus displaced from the surface by the saturated hydro-
carbon.

A similar phenomenon can be observed in the another typical reaction of
hydrocarbons, namely the rupture of carbon—earbon bonds, or hydrogenolysis.
Of the characteristic results, the data pertaining to the hydrogenolysis ofethane,
propane [4] and butane [6] in the presence of nickel are shown in Table II.
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Table |
Variation of the order of exchange with temperature*

a) Ethane on nickel

T°C ACiHe Ph, a b

174 7.89-15.2 8.38-31.54 l.i -1.13 D,
250 6.8 -34.0 340 -61.2 112 -0.15 D,
250 22.4 —855 394 -69.5 11 -0.3 HT
310 25.0 -80.0 34.0 -136.0 0.68 0.52 HT
323 25.0 —86.5 41.0 -128.5 0.58 0.84 HT

b) Propane on nickel

T°C Pc.h. Put a b
165 10-30 30-120 0.82 -0.6
200 10-35 45-120 0.8 -0.29
232 10-25 30-100 0.78 0.14
240 10-30 30-140 0.75 0.28

*M= kpZnPHib

Table |1
The change in the hydrogen exponent for the hydrogenolysis of ethane, propane, and n-butane

Ethane* Propanes* n-Butane*

Temper-
ature i b Pa, b Ph. b

0

(Torr) (Torr) (Torr)
167 20-222 -1.6
174 8.4-31.5 -1.4
182 34-200 -0.7
198 30-95 -0.6
202 32-183 -0.03
210 27-100 -0.2
227 34 192 0.0
240 30-110 0.0
245 38-201 0.0
250 34-61.2 -0.7
262 8.4-31.5 0.0
270 40-120 0.0
278 22-85 0.0
310 25-130 0.0
323 40-130 0.0

*The pressure of hydrocarbons is approximately 10 Torr
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Similar values were obtained for the hydrogenolysis of ethane, propane
and butane in the presence of platinum [5].

It can be seen that hydrogen has a retarding effect both on hydrogen-
deuterium exchange and the hydrogenolysis.

Hydrogen affects, however, not only the reaction rates, but also the
direction of the reaction, as shown clearly by the effect of hydrogen on the
selectivity ofhydrogenolysis. The selectivity in the hydrogenolysis ofa saturat-
ed hydrocarbon CnH2n+2, with respect to a component C(H2i+2 (where

n> i 1), can be expressed, in complete generality, by the equation
c n»i
— n-1 (1)
Ty 7
-1

where m® is the initial rate of formation of the component with i carbon
atoms. According to the definition, the selectivity with respect to any com-
ponent is unity if only one C—€ bond is broken, thus the selectivity of the
hydrocracking reaction always means the transformation which involves the
rupture of the first C-C bond.

Fig. 1. Temperature dependence of the selectivity of propane hydrogenolysis on various nickel
catalysts

In the decomposition of propane, for instance, the selectivity with respect
to ethane is unity if the rates of the formation of ethane and the decomposition
of propane are the same. If the rate of ethane formation is lower than this,
because ethane molecules, in part, are decomposed into methane, the selectivity
is less than 1.

Experimental results [4] have shown that the selectivity is temperature
dependent.

It can be seen from Fig. 1 that the selectivity of the decomposition of
propane decreases with increasing temperature.

The selectivity also depends on the activity of the catalyst, as can be
seen from the data of Table 11l [4, 6]. The data also indicate that the selectivity
increases with decreasing activity.
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Tabic 111

Dependence of the selectivity values on the catalytic activity

Som "ba. SCshH«

1.150X10-8 0.330 2.34x10 8 0.310
0.692X10-8 0.360 1.42x10-» 0.490
0.440x10-8 0.454 8.31 X10-10 0.680
0.493 3.61x10“ 18 0.850

0.083x10-8 0.500 1.63X10-'8 0.915
0.046x10-8 1.000 6.36xio- 11 0.971
4.22x10-" 0.988

—Hc3H8 aT|4 — Il c«110 are initial rates of propane and n-butane consumption in mol/m2

SerHe selectivity of ethane production from propane;
BCaHg: selectivity of propane production from n-butane.

Fh& 1torr

Fig. 2. Dependence of the selectivity of butane hydrogenolysis (catalyst: Pt) on the partia
pressure of hydrogen; o-o0 Smethane> H----- H SprOpane- -d -d Sethane

It has also been observed in the hydrogenolysis of n-butane on nickel
that the probability of the selective rupture of one C-C bond increases with
the hydrogen pressure. It can be seen in Fig. 2 that the propane yield increases,
and the methane and ethane yields decrease with the hydrogen pressure, in-
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dicating that the selective hydrogenolysis, which involves the fission of only
one C—€ bond, becomes more favoured with increasing hydrogen coverage.

Any effect that increase the free surface, such as decrease of the hydro-
gen pressure or hydrogen coverage and increase of the catalytic activity at
elevated temperatures, decreases the selectivity.

These facts can be interpreted as follows. Saturated hydrocarbons are
adsorbed on the surface of metals via the dissociation of C—H bonds. If the
adsorption is weak, and only a single chemical bond is formed between the
carbon atoms and the surface, a relatively fast desorption takes place, and if
deuterium or tritium is present, a singly labelled product, containing heavy
hydrogen, is formed. If, however, further hydrogen atoms are abstracted
from the adsorbed species before desorption, a multiple carbon-metal bond is
formed, and the surface species is bonded strongly. On the basis of hydrogen-
deuterium exchange experiments with adsorbed methane, Kemball [7]
assumed the formation of the structures.

M M I M M
M

1
M

The rates of the multiple methane—deuterium exchange reactions (i.e.
the formations of d2 and d3methanes) and the rate of hydrogenolysis change
in parallel on various catalysts. This fact led Kemball to the conclusion that
hydrogenolysis is due to the presence of strongly adsorbed species bonded
to the surface by multiple carbon-metal bonds [8]. Thus, the hydrogenolysis
of propane can be conceived to proceed according to the scheme shown in
Fig. 3. In this scheme the strongly adsorbed propane is converted into

(C2Hu)a ,weak”

C3HK>D — — eeeeec¥ ) R — — - (CHzg
.strong”

Fig. 3. Scheme of the hydrogenolysis of propane (y < u)

strongly adsorbed ethane. Because of the high hydrogen concentration on the
surface, the formation of multiple metal—earbon bonds is less probable at low
temperatures, and thus ethane is easily recombined with the hydrogens on the
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surface of the metal, the reaction involving weakly adsorbed ethane molecules.
In this case the selectivity is 1, and ethane and methane are formed in a ratio
of 1:1.

At higher temperatures, on nickel above 220°C, and on platinum above
430°C, the selectivity decreases. The lower selectivity arises from the fact that
more multiple carbon—metal bonds are formed owing to the lower hydrogen
concentration, preventing thereby the recombination of ethane molecules,
which are now converted, without desorption, into methane. Consequently,
the selectivity drops below unity.

The same situation occurs if the selectivities are compared for the more
active or less active surfaces.

The part played by hydrogen, thus, consists in occupying the free metal
atoms, preventing the formation of multiple carbon—metal bonds, and de-
creasing thereby the probability of hydrogenolysis.

Is there any evidence, however, of the multiple carbon—metal bonds
really playing such an important role in metal catalysis? Do such bonds exist
at all?

It is known from a paper by Eischens and Pliskin [9] that carbon
monoxide is adsorbed to a metal surface in two main forms:

and
M M

Z=0m= 0

Low-energy electron diffraction (LEED) and flash desorption studies by Mor-
gan and Somorjai [10] have shown that the linear form, which is the domi-
nant form of adsorption, does not exist on platinum over 200°C, whereas the
bridge-form is stable up to 600°C. The linear form can be found both on the
(111) and (100) faces, the bridge-form can be shown to exist only on the (100)
faces, because the Pt—Pt distances allow the formation of an appropriate
Pt—€—Pt angle (~ 131°) only in this case.

These facts explain why the rate of hydrogenolysis is lower than that
of hydrogen exchange, and why the simple adsorption of hydrocarbon mole-
cules does not lead, at the same time, to hydrogenolysis.

In this respect it is interesting to compare the effects of nickel and plati-
num. The latter is, as a catalyst, superior in hydrogen exchange, and weaker,
but more selective, in the hydrogenolysis. Our most recent experiments also
show that the adsorbing abilities of these catalysts are substantially different.
The adsorption of ethane on nickel is partly irreversible already at —40°C,
whereas on platinum it is completely reversible even at 80°C [11].

The differences between the catalytic activities and adsorption abilities
of platinum and nickel can, in our view, be attributed to the following facts.
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For platinum the two-point hydrocarbon adsorption, which involves
the formation of the system,

[TV

M M

is more favourable from sterical aspects than for nickel. (The M—€—€ angle is
106°40/ for platinum, and 103°40' for nickel.) The different behaviour is also
confirmed by the higher rates of the hydrogenation ofethylene [12] and dehyd-
rogenation of cyclohexane [13]. Accordingly, the exchange is also more fa-
vourable on platinum. It has been shown in our previous papers [3, 4, 6] that
two-point adsorption plays on extremely important role in the exchange reac-
tion, which, consequently, also takes place more easily on platinum than on nickel.

The situation is different with the process of hydrogenolysis. On the
(100) planes the Pt-C-Pt angle is 131°, whereas the Ni—€—Ni angle is
123°40/. Hence, it is much easier for a carbon atom to join two metal atoms
on nickel than on platinum.

These considerations show that hydrogenolysis can be explained appro-
priately with the strong adsorption of the hydrocarbon, i.e. the two-point
bonding of the carbon atoms, and this concept may also explain the effect
of hydrogen on the selectivity of the reaction, and the differences observed
between the catalytic behaviours of nickel and platinum.

The effect of hydrogen on the selectivity of the reactions catalyzed by
metals is particularly prominent in the reactions of paraffins with higher
molecular weight (cf. Fig. 4).

Fig. 4. The amounts of products formed from rahexane in the presence of platinum catalyst,
as the function of the hydrogen concentration in the carrier gas [14]
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It can be observed that the ratio of the various products formed from
n-hexane depends considerably on the amount of hydrogen present in the
system. The isomerization of the carbon skeleton, and C5-dehydrocyclization
do not occur at all in the absence of hydrogen. The yields of the transformation
of n-hexane to benzene and of the dehydrocyclization are increased, to a cer-
tain concentration limit, if hydrogen is present. The same phenomenon can be
observed in the transformation of methylcyclopentane to benzene.

Fig. 5. The amounts of products formed from 2-methylpentane, in the presence of platinum
catalyst, as a function of the hydrogen concentration in the carrier gas [14]

The relationship is similar, in many respects, between the products
formed from 2-methylpentane, and the hydrogen pressure in the system
(Fig. 5).

In this case, again, hydrogen has a positive effect on the rates of the
chain-isomerization and C5dehydrocyclization, at the beginning, followed
by a negative effect. The formation of benzene is now, however, retarded by
hydrogen from the beginning of the reaction.

The above examples are peculiar in the sense that whereas only the
retarding effect of hydrogen has so far been discussed, these examples show that
hydrogen may also have a positive effect on the transformations of hydro-
carbons, up to a certain concentration limit. The various reactions have op-
timum hydrogen concentrations [14] where the conversion exhibits a maximum
(Fig. 6).

As can be seen, these optima for the different reactions appear at different
hydrogen coverages; in one reaction a lower, in other reactions higher hydrogen
coverages on the surface are optimal.

The fact that there is an optimum hydrogen coverage is extremely im-
portant in the practical realization of hydrocarbon reactions; it permits to
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increase further the selectivity of metal catalysts, by the application of differ-
ent partial pressures of hydrogen for the various processes.

It is indicated by the existence of optimum hydrogen coverages that the
effect of hydrogen on the reactions is the result of several effects of opposite
directions. Let us discuss some of these effects.

It has been shown that hydrogen, on one hand, has a retarding effect
on the reactions, beyond a certain coverage. This effect can be attributed to
the following facts.

(1) A part of the surface is occupied by hydrogen, hence the surface
area, where reaction may take place, is reduced. Such an effect has been ob-

2-methyl- n-hexane chain- paraffin n-hexane methylcyclo-
pentane -»benzene  isomeriza- hydrogeno- -» methyl- pentane
-»benzene tion lysis cyclo- hydrogeno-
pentane lysis

optimum hydrogen concentration

Fig. 6. Optimum hydrogen concentrations measured for various transformations of hydro-
carbons

served in the dehydrogenation of various alcohols and hydrocarbons. The
extent of this effect also depends on the nature of the metal. As regards the
reactions of alcohols, the adsorption equilibrium constants of hydrogen are
generally smaller, about 10— 15%, of that of the alcohol [15]. The adsorption
coefficient of benzene, however, is 15—20 times higher than that of hydrogen
[16, 17].

(2) The adsorption of hydrocarbons according to the equation

R—H+ 2M->R — M +H — M

which involves the dissociation of the C-H bond, is suppressed by hydrogen.
It is then obvious that the presence of hydrogen on the surface prevents the
dissociation; chemisorption involving the dissociation of C—l bonds takes
place more easily on a ‘clean’ surface. This fact has also been proved experi-
mentally by Eischens and Puskin [9] for the adsorption of ethane on nickel.

(3) The formation of olefin products, or intermediates, from saturated
hydrocarbons may also be suppressed for thermodynamic reasons by the pres-
ence of hydrogen.

(4) 1t can also be attributed to the effect of hydrogen that on hydrogen-
occupied surfaces the processes whichinvolve the formation of multiple carbon-
metal bonds are, as has been pointed out, inhibited. LEED investigations by
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Morgan and Somorjai [18] show that every second atom on the surface of
a platinum single crystal is blocked by hydrogen. Although this surface can
adsorb carbon monoxide at the free sites, there is no way of forming strongly
bonded, bridge-like structures, because the neighbouring platinum atoms are
already blocked by hydrogens and thus the sites required to form strong mul-
tiple bonds are, at least in part, occupied.

These factors, however, which retard the reactions may, except factor (1),
also promote the reactions of hydrocarbons, and this explains that the presence
of hydrogen has a positive effect on the reaction rate up to a certain concen-
tration limit, in agreement with the experimental data shown above. Let us
discuss this question in more detail. The fact that the presence of hydrogen
retards dissociative adsorption involves simultaneously that it promotes the
desorption and recombination of molecules adsorbed in dissociated state, by
hydrogenating the C—M bonds on the surface. The chemisorption of benzene
(Table 1V) provides a characteristic example [19].

Tabic IV

Chemisorbed amounts (10 3 STP ml/m1) of benzene
(t= 150 °C, P = 160 Torr)

Quantit Eluted Eluted
cat Chemisorbyed bevlzlztehne hy‘(lierGen
Co 9.6 7.8 18
Ni 6.4 3.9 25
Pt 7.9 7.4 0.5

Using the method of radioactive labelling, we have found that only a
part of the benzene molecules chemisorbed on the surface could be eluted with
benzene, and hydrogen had to be used to remove the remaining part. It can
be seen that the ratio of the fractions depends on the catalyst, the amount of
irreversibly bonded benzene being higher in the case of certain metals (Ni, Co),
and lower for others (Pt). Consequently, the presence of hydrogen ensures that
in the reactions which involve benzene formation the catalyst resists the
poisoning effect of the irreversibly bonded benzene molecules. Olefins, formed
in catalytic reactions, exert, in general, a strong poisoning effect. If they are
removed from the surface by hydrogenation, the original activity of the catalyst
can be restored. Thus, also in this case, the effect of hydrogen on the reaction
is favourable.

In the two cases discussed above the cleaning and regeneration of the
surface is promoted by hydrogen. A different action of hydrogen is to prevent
the formation of multiple carbon—metal bonds on the surface, whereby the
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cracking of hydrocarbon molecules and the deposition of carbon is suppressed,
and the surface is protected from coking.

These effects manifest in that the activities of metal catalysts are more
constant, and the catalysts show less tendency towards being poisoned if
hydrogen is present, as it is reflected in the diagrams of Fig. 7 [14].

mg hydrocarbon introduced

Fig. 7. Decrease on the aromatization activity of platinum catalyst in subsequent pulses

it can be seen that the activity for aromatization decreases much faster
in the presence of helium than of hydrogen. Although at a hydrogen concen-
tration of 50% the initial activity is much smaller than at lower hydrogen
concentrations or in the absence of hydrogen, the activity remains neerly
constant.

Each of these phenomena arises from the effect of hydrogen on the
reaction partners. Hydrogen may, however, also affect the structure of the
catalyst. It has been shown by Baird, Paal and Thomson [20] that at high
temperatures the grain size of platinum catalysts changes in the presence of
hydrogen. The incorporation of hydrogen atoms into the metal lattice causes
the lattice constant to increase, which also influences the catalytic activity.

The direct action of hydrogen on the surface state of metals can he
illustrated by the following example. It is known that the metal atoms form a
hexagonal layer on the (100) faces of gold, iridium and platinum [18, 21, 22].
Upon adsorbing an electron donor species (hydrogen, carbon monoxide or
olefins) this layer disappears rapidly and a surface state which corresponds to
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the original lattice is formed. In the presence of electron acceptors, such as
02 or CI2 however, the hexagonal structure of the surface remains unchanged.

Consequently, in the reactions of hydrocarbons the catalytic effect is
exerted jointly by hydrogen and the metal. The presence of hydrogen is of ut-
most importance in that the elementary steps of catalysis are cyclic with
respect to the catalyst. The presence of hydrogen also influences the direction
or path of the catalytic reaction, and the selectivity of the catalyst.

In the reactions of hydrocarbons hydrogen is only one of the reaction
partners. Interactions occurring between the metal catalyst and the hydro-
carbon molecule also change the original surface; and its structure, which is
responsible for the catalytic effect, is formed jointly by the metal, the hydro-
carbon molecule and hydrogen. Consequently, it appears more appropriate
not to regard the catalyst and the various substances present in the system, as
the catalyst and the reaction components. The catalytic structure, which pro-
motes the reaction in the appropriate direction, is formed as a result of the
interactions between the catalyst and the reaction partners.

Thus, when interpreting the catalytic properties of various elements,
it is insufficient to rely only on the properties (geometry, electronic structure)
of the given element; one must always endeavour to take into account the
possibility of irreversible interactions between the substrate and the catalyst.

This approach has led to a successful interpretation, for instance, of the
decomposition of formic acid on various metals. This interpretation was based
on the properties of the oxalates of the metals in question [23]. The results
referred here on the investigations on the reactions of hydrocarbons show that
even in these, chemically less active systems the original properties of the
metal undergo drastic changes, involving the formation of a catalytic structure
on the surface.

The problems of catalytic effect have so far been discussed from the
aspect of the interactions between the metal surface and the substrate. Metal
oxide catalysts can be discussed in a similar way, as systems of metal ions
which exert their effects in a medium formed by oxygen ions. It is very prob-
able that under the conditions of catalytic reactions the surfaces of metals do
really approach this state for a considerable part of metals.

On the basis of this presumption it becomes more understandable why
the characteristic difference, which has formerly been assumed to exist between
the catalytic effects of metals and their oxides, cannot be observed in the
practice [24].

The catalytic reactions which were some ten years ago attributed only
to the catalytic effect of oxides can, as has been discovered, also be promoted
by metals. Thus, for instance, the dehydration of alcohols, the chain isomeri-
zation of hydrocarbons, and the alkylation reactions can equally be catalyzed
by metals.
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No characteristic differences can he observed, either, between the me-
chanisms of reactions catalyzed by these two types of catalyst. The hydro-
dehydrogenation of six-membered hydrocarbon rings proceeds, for instance,
in a stepwise manner, through the formation of cyclohexene and cyclohexa-
diene, both on metals and on metal oxides.

The sextet mechanism, which had been considered as valid for metal
catalysts, must be inadequate for a series of metals (Fe, Mo, W, Au, Be, etc.),
because the geometric factors contradict this hypothesis. Dehydrogenation

n-hexane
“h2||+H2
n-hexenes
frans-hexadienes c/'s- hexadienes
/
coke SH2\ HH, -H, (i>H2
X
trans- hexatriene +H cis- hexatriene
(—) l.
cyclohexadiene
|- h2
benzene

Fig. 8. Scheme of the dehydrocyclization of n-hexane

reactions, nevertheless, may proceed, indicating clearly that the mechanism
must be similar to that on oxide catalysts.

The path of dehydrocyclization reactions is also stepwise both on metals
and oxides (Fig. 8). This mechanism was proved successfully in our laboratory
[14] for metal catalysts, and a similar result was found by Kazansky, et al. [25]
for oxide catalyzed dehydrocyclization reactions.

Is there, then, any difference between metals and metal oxides in this
respect, and if so, what is this difference?

In the presence of oxides the specific catalytic activity is, in general,
lower but more steady, the catalysts showing less tendency towards being
poisoned. In the presence of metals the reactions usually proceed at lower
temperatures. However, the reactions which need higher temperatures for
thermodynamic reasons cannot he promoted by metals because of the risk of
catalyst poisoning.

The reversible adsorption of benzene and cyclohexane [19] offers a
possibility to compare these types of catalyst (Table Y). The data reveal the
following facts.
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Tabic V

Reversible adsorption of benzene and cyclohexane

Fe Ffjo, Co Coa0, Ni NiO Pt PtO
I Isotherm* L L F F F F F L
fé Km(STP ml/m*) 0.104 0.073 0.108 0.052 0.092 0.062 0.098 0.072
R  —AHa kcal 6.6 8.7 8.6 7.4 6.3 6.4 8.2 6.8
V.
§ Isotherm L L F - L L L -
% Fm(STP ml/m2) 0.179  0.106 0.176 — 0.167 0.103  0.198 —
'g] —AHa kcal 6.2 9.1 6.8 — 5.6 6.5 7.3 —

*L and F: Langmuir and Freundlich-type of adsorption isotherm respectively.

(1) There is no significant difference between the types of adsorption,
both processes being described by the same isotherm equations and the values
of adsorption enthalpy being also the same.

(2) The adsorption limits with respect to unit surface area are, however,
different for the two types of adsorbent, being higher for metals than for oxides.
The ratios of the corresponding pairs of Vm values are between 1 and 2, the
actual ratio depending on the metal-metal oxide pair. The values are similar
to the ratio of the surface concentrations of metal atoms in metals and oxides,
respectively.

Consequently, the adsorption (now reversible, but not physical) takes
place at the metal ions in the oxides, too, and oxygen atoms act merely as
inert diluents. The lower specific catalytic activities of oxides (activity per
unit surface area) can be attributed primarily to this fact.

This interpretation is in agreement with the conclusions of Kokes and
Dent [26] drawn from the results of infrared spectrophotometric studies,
according to which, the carbon atoms of the substrate (ethylene and ethanol)
are bonded to the metal in ZnO catalysts, and only the hydrogen atoms are
bonded to oxygens.

The weaker tendency of oxides, as compared to metals, towards being
poisoned can also be related to the diluting effect of oxygen atoms,
because a bridged, strong, multivalent, adsorbed surface species is of the

most unlikely to be formed in the case of oxides. This reasoning is proved by
recent investigations [27], in agreement with the opinion of other authors [28]
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who state that in oxides the main product of the hydrogen-deuterium
exchange of hydrocarbons is the singly labelled, dxhydrocarbon.

The interpretation given here is, no doubt, mostly mechanistic, since it
disregards the effects of the electronic structure, and its arguments are based
primarily on geometrical considerations. This treatment does, however, not
imply that electronic effects have no influence on the phenomena. It rather
expresses the hope that, stemming from the intimate relationship between
geometrical and electronic factors, this treatment can later be translated into
the language of electronic behaviour, which enables one to reveal more ad-
vanced correlations.
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A relation was found between the average degree of association and the viscosity
of normal primary alcohols and some primary, secondary and tertiary amines.
An approximate method was developed for the calculations of the average degree of
association from viscosity data. It was shown that as regards order of magnitude the
association equilibrium constants calculated from the average degree of association are
in agreement with those determined by other methods. The method based on viscosity
measurement was applied to the study of the average degree of association of the n-butyl-
amine—i-butanol mixture. It was found that with regard to the formation of the mixed
associated species the results exclude all assumptions which would attempt to explain
the negative entropy of mixing and the exothermic heat of mixing the system by the
formation of mixed species of the type AjBj, with higher average degree of association
than the original species Aj and Bj.

The experimental results of studies on mixtures of primary alcohols and
primary amines have led to the assumption that the strikingly high exothermic
heat of mixing can be attributed to the formation of associated amine-alcohol
species [1, 2]. The question arose as to the compositions of such associations.

The formation of mixed associated species can be used in various ways
to explain not only the exothermic heat of mixing, but also the negative en-
tropy of mixing. One possible assumption is that the entropy decrease and the
exothermic heat of mixing are both due to binding between of the associated
alcohol and amine species. In this case average degree of association must
increase as a result of the mixing.

It is conceivable that only a limited number of amine molecules can be
linked to the associated species of alcohol and even that cyclic species are
formed, containing one molecule of amine and one molecule of alcohol, which
combine with high energy only. The presence of these has been confirmed by the
NMR spectroscopic measurements of Huyskens and Huyskbns[3]. In this
latter case the negative entropy of mixing would be explained by the ex-
tensive ordering, and the heat of mixing by the high energy accompanying
the formation of cyclic species AR. To narrow down the number of possibilities
in this question, it was necessary to find a method with which the average
degree of association could be determined at least semiquantitatively with an
independent experimental method in both the pure components and the
mixture. The present paper deals with this subject.
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Determination of the degree of association by viscosity measurements

In a study of the thermodynamic properties of mixtures of aliphatic
alcohols and amines with paraffins, Kehiaian [4] found that, as compared
with the OH .. .0 and NH ... N interactions, the interactions between the
aliphatic carbon chains are negligible. On this basis w'e assumed that since the
transport properties of liquids are also determined by the masses of molecules
and the intermolecular forces between them, then the masses of the associated
species formed in mixtures of alcohols and amines can be determined from
viscosity data.

The viscosity of an arbitrary polymer of the associative component was
assumed to be the same as the viscosity of the paraffin with the identical, or
nearly identical molecular weight; i.e. it was assumed that in the case of
viscous flow only the weak interactions are important, and thus the extent of
friction is controlled by the lengths of the hydrocarbon chains.

Although the associated species formed in the systems studied are not
necessarily chain-like in form, the viscosities of the normal paraffins were
selected as the basis for comparison. When the numbers of carbon atoms are
the same, there is no essential difference between the viscosities of the iso and
the normal paraffins. Certain relevant viscosity data are listed in Table I [8].

Table 1

Viscosities of hydrocarbons at 20 °C

Hydrocarbon Viscosity (cp)
Ethane gas
Propane gas
Butane 0.164*
2-methylbutane 0.223
n-pentane 0.226
2-methylpentane 0.300
n-hexane 0.308
n-heptane 0.413
n-octane 0.546
n-nonane 0.713
n-decane 0.907
n-hendecane 1.186
n-tetradecane 2.18
n-hexadecane 3.34

*at the equilibrium vapour pressure.
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The average molecular weight of the associated polymers was defined as:

M="x iMI. 1)
ini
For solutions of linear polymeric molecules the following relation holds
between the viscosity and the average molecular weight [5]:

= KM\ (2)

In this relation k and a are constants, and r] is the dynamic viscosity.
Accordingly, the log ) vs. log M diagram plotted from the data for the straight-
chain paraffins is to a good approximation a straight line; this can be used as

Fig. 1. Viscosities and molecular weights of normal hydrocarbons at 20 °C|

a reference curve (Fig. 1) to read off the average molecular weight of the as-
sociative component.

When the average molecular weight is known, the association equilibrium
constant can also be calculated, but this requires the assumption of some model
of association. Calculations were carried out in this respect to asses the reliabil-
ity of our method by comparison with literature data. A special note must be
made that while the calculations referring to the average molecular weight are
preceded in every case by the choice of a concrete model of association, in the
determination of the average molecular weight from viscosities there is no
need for this. Some model must be used for the calculation of the equilibrium
constant of association from the viscosity data.

Acta Chim. (Budapest) 83, 1974



56 RATKOVICS et al.. PROPERTIES OF ALCOHOL-AMINE MIXTURES, IV

In the simplest case, using the Mecke-Kempter model [6], i.e. assuming
an ideal, infinite chain-association, for one nominal mole ofthe pure associative
component we can write:

2n0 “F . o & iTii j—... — 1 (3)
where ni is the number of moles of the chain-association containing i mono-

mers. On dividing by 27ref, one obtains for the mole fraction:

1
2X2 @

27 n-

On multiplication liy the molecular weight of the monomer, M 1? we have for
the average molecular weight:

avj M2
M = ——-=
27 rij (5)
M 1
M X 27 71;

The average molecular weight can also be expressed by means of the
equilibrium constant K and the mole fraction of the monomer xx:

M= Mixl+ 2M,Kx[ + ...+ iMA-Wy + ... (6)

Dividing throughout by M xxx:

Mo 14 2kxx+ 3K 2x\+ L.+ iK' -1 + .= Y UKxA-1.(7)

M 1x1

Denoting the product Kx1 by y, and taking into account that in the
case ofy < 1

P - 1
iy'=y Wl_y (8)
1=1 1=1 @- y)2
we may write:
1
K + |
M i- =K+ 1 )
M1 1- KxJ- 1 K
K + |

i.e. using the single-constant Mecke-Kempter model for the pure substance:
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If cyclic dimers may form in addition to the ideal chain-associations,
then a simultaneous association equilibrium is set up in the pure component.
In this case the simplifying assumption can be made that the formation of the
two hydrogen bridges in the cyclic dimers is accompanied by twice the free
enthalpy change for the hydrogen bridges uniting the chain-associations. The
equilibrium constant for the chain-association is then:

K = N — »=1,2,3,... (10)

*i-ioxi

while the equilibrium constant of cyclic dimerization is:

K*=K2= — (11)

*i

where x* is the mole fraction of cyclic dimers. If the presence of the cyclic
dimers is taken into consideration, the average molecular weight is:

M = Mjx1f M2x2+ eeet MjX F- ... M., x* . (12)

On rearrangement, and introduction ofy = Kxx:
JAL = XI[2+ 2y + 3y2+ ...+ iy~ + ...] + 2y*
Mt

which, on the basis of relation (8), can be brought into the following simple
form:
M Xi

@1 r)2

+ 2y2. (13)

Let us now seek the relation between the equilibrium constant and the
mole fraction of monomers. We know that

Xi+ *2+ *3 4 eeed Xi+ seet x* = 1 (14)
and thus, using relations (10) and (11):

xx+ Kx\ Kx\-f ...+ K'~Ix{+ ...+ Kx\=1 (15)
That is:

by (16)
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or
Al— (1 —Y) a1 —Y) (7)
and
K = y (18)
(1-32(@ —y)

If this is substituted into Eq. (13), then according to the above two-constant
model:
M 1—v2

+ 2y2.
M x 1-vy

It can be seen from relations (17) and (18) that if y —ml1 then xx—=*0
and K —mco, i.e. this case corresponds to maximum association.

A surprising result is obtained for the average molecular weight in the
case of maximum association:

. M . 1—y2
lim = lim (-2y2= 4. (19a)
y

y—1 M X y-11

The model where the formation of cyclic dimers is also taken into account
thus gives the maximum average molecular weight as 4.

The relations derived above are now going to be applied to the pure
components. The relevant literature data [3, 4, 6, 7] indicate that if ideal
chain-association is assumed for the pure amines, while for the pure alcohols

Table 11

Viscosities and degrees of association of alcohols and amines at 20 °C

Component 1.:\;] [g/mol] MV Model applied K *1
methanol 0.584* 116  3.70 ideal chain-association 200 0.005
ethanol 1.200* 164 3.58 + cyclic dimers 65.8 0.014
1-propanol 2.20* 205  3.48 - cyclic dimers 42.8 0.021
1-butanol 2.95% 240 3.24 -f- cyclic dimers 16.7 0.050
1-heptanol 5.42* 350 3.18 - cyclic dimers 14.2 0.058
H-propylamine 0.411 95 1.64 ideal chain-association 0.64 0.790
di-n-propylamine 0.524 105 1.06 ideal chain-association 0.06 0.943
tri-n-propylamine 0.67 123 0.88 ideal chain-association - 1.000
H-butylamine 0.545 110 151 ideal chain-association 0.51 0.663
di-n-butylamine 0.900 135 1.05 ideal chain-association 0.05 0.952
tri-rc-butylainine 1.45 175  0.94 ideal chain-association — 1.000

*The viscosities of the alcohols are literature data [8].
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cyclic dimerization is also taken into account, calculations can be made with
the help of the two-constant model. The results thus obtained are listed in
Table II.

Comparison of the results reveals that the equilibrium constants calcu-
lated from the viscosity agree, as regards order of magnitude, with reported
equilibrium constants [4,9] determined by different experimental methods
(measurement of thermodynamic and dielectric properties, infrared spectro-
scopy, etc.). The results calculated from the viscosity, generally give a smaller
equilibrium constant and accordingly a higher monomer mole fraction than
those of the other methods. This can probably be attributed to the fact that
the associations are not chain-like, and thus the reference curve based on the
viscosities of the normal hydrocarbons results in a degree of association lower
than the actual one, for the viscosity of the branched-chain compound is
always less than that of the straight-chain molecule with the same molecular
weight. This is also indicated by the fact that a degree of association lower
than one was obtained for the tertiary amines. It follows from what has been
said that the method needs refining, but even in its present form it is suitable
for the estimation of the degree of association and for the demonstration of
changes in the extent of association. It is utilized in the evaluation of the viscos-
ity data for the n-hutylamine—i-butanol mixture.

Viscosity of the 1-biitanol-n-butylaniine mixture

In the course of its application to the pure materials it was observed
that this method gives a reliable qualitative description of the autoassociation
of alcohols and amines. Accordingly, an attempt was made to apply it to the
1l-butanol—-butylamine mixture. The necessary viscosity data were deter-
mined with a Hoppler rheoviscometer. The results obtained at 20°C are pres-
ented in Table Ill and Fig. 2.

Table 111

Dynamic viscosity of the 1-butanol-n-butylamine mixture as afunction of the composition at 20 °C

*amine v (CP) M MMt
0.0 2.95 240 3.24
0.1 251 225 3.04
0.3 1.85 195 2.63
0.5 1.25 164 221
0.7 0.95 145 1.96
0.9 0.68 123 1.66
1.0 0.55 110 151
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The results were evaluated by the earlier procedure, i.e. a reference
curve based on the viscosities of the normal hydrocarbons was used. When
establishing the relation between the average molecular weight and degree
of association, use was made of the fact that there is only a negligible differ-
ence between the molecular weights of the monomers of the components. Thus,

Fig. 2. Viscosity of the re-butylamine —1-butanol mixture as a function of composition at 20 °C

the degree of association can be calculated without attributing any composi-
tion, structure or composition ratio to the associations. The results neverthe-
less permit one to exclude the possibility of simple coupling of the alcohol and
amine associations from among the many possible mixed association species.
This can be done for the reason that if on mixing the amine and alcohol associa-
tions simply combine:

Aj i Bjr—: Aj Bj

then the only explanation for the exothermic heat of mixing would be that
extra hydrogen bonds are formed. It would also explain the negative entropy
of mixing, for the coupling of the associates would result in a decrease of the
number of particles. However, this is in contrast with the degree of association
vs. composition relation determined from the viscosity measurements, for
it was observed that the decrease of the number of particles was not accom-
panied by the increase ofthe average degree of association: instead, the average
degree of association of the mixture gradually decreases on proceeding from
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the alcohol towards the amine on the concentration scale (Fig. 3). No matter
how qualitative we consider the degree of association calculated from the
viscosity, it seems beyond doubt that it does not exhibit a maximum as a
function of the composition; thus, as regards the conceivable possibilities for
the formation of the mixed species, it is possible to exclude those which assume
the increase of the average degree of association of mixing.

Fig. 3. Average degree of association of the n-butylamine 1-butanol mixture at 20 °C
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The heats of mixing of di-n-butylamine and normal primary alcohols were
measured at 20 + 1 °C. It was found that the exothermic heat of mixing measured at
the equimolar composition practically agrees with the results for the similar mixtures
of n-butylamine. It turned out that the exothermic heat effect for the alcohol-amine
interaction is to a good approximation independent of whether the alcohol molecules
interact with a primary or a secondary amine. The data for mixtures with low amine
contents revealed that the differences found between the properties of the alcohol—di-n-
butylamine and alcohol-n-butylamine mixtures can be attributed to the different
extents of autoassociation of the primary and secondary amines. This assumption was
supported by the difference in the endothermic heats of mixing for the n-butylamine—a-
hexadecane and di-n-butylamine—n-hexadecane mixtures.

An earlier paper [1] dealt with the considerable exothermic heat of
mixing for n-butylamine—n-primary alcohol mixtures. The conclusion was
reached that the mixing heat is practically independent of the length of the
hydrocarbon chain in the molecules of the alcohol component (the only excep-
tion being methanol), and thus can be regarded to a good approximation as
the reaction heat accompanying the binding of alcohol and amine molecules.
It was also shown that neither the experimental results nor the literature data
permit a clear-cut answer to the question of what mixed associations are formed.
In this connection a study has been made of the heat effect arising on the
mixing of di-n-butylamine and normal primary alcohols. The alcohol compo-
nent was methanol, ethanol, 1-propanol, 1-butanol, or 1-heptanol. The meas-
urements were made as previously [2], at 20 ~ 1°C. The experimental results
arc listed in Tables I—Y. The quotient of the heat of mixing and the product
of the mole fractions is shown in Fig. 1.

It is immediately clear from both the Figure and the data in the Tables
that all the qualitative conclusions made earlier for the n-butylamine—alcohol
mixtures also hold for the n-butylamine—alcohol mixtures. The heat of mixing
decreases slightly with the increase of the molecular weight of the alcohol
component. With methanol an exceptionally high heat of mixing was found,
but in the other cases the results are practically independent of the length
of the hydrocarbon chain in the alcohol. It can be said that in these systems
the heat of mixing may be attributed to the energy resulting from the inter-
action of the =NH and —OH groups.
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Fig. 1. Quotient of the heat of mixing and the product of the mole fractions in mixtures of
di-n-butylamine and n-primary alcohols at 20 °C

Table 1

Heat of mixing of di-n-butylamine and methanol at 20 °C

*am —8E (cal/imol) *amaE>m>
0.008 57.4 7240
0.023 153 6970
0.046 310 740
0.075 453 6520
0.108 582 6070
0.288 848 4130
0.346 907 4020
0.403 935 3660
0.462 913 3510
0.536 874 3490
0.605 795 3330
0.687 653 3040
0.773 509 2900
0.877 304 2790
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Table 11

Heat of mixing of di-n-butylamine and ethanol at 20 °C

ii*

*am —  (cal/mol) xam(/A o c/mel)
0.012 39.6 3370
0.025 82 3320
0.051 158 3260
0.080 243 3310
0.119 346 3310
0.178 471 3220
0.230 562 3240
0.351 717 3150
0.410 719 2970
0.515 678 2720
0.638 561 2430
0.747 452 2390
0.901 239 2690

Table 111

Heat of mixing of di-n-butylamine and 1-propanol at 20 °C

“am H® (cal/mol) H*
~ W1 *m (M/mol)

0.019 62.5 3390
0.053 169 3380
0.103 289 3100
0.162 454 3350
0.251 628 3210
0.335 675 3040
0.463 692 2800
0.621 614 2610
0.794 380 2320
0.925 157 2230

A good basis for evaluation is obtained by comparising the results pres-
ented here with those found for the primary amine—alcohol mixtures [1].

Let us first consider the values of the heat of mixing for the equimolar
mixtures. These are listed in Table VI.

It can be seen that there is practically no difference between the results
for the primary and secondary amines. The only difference is observed in the
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Table TV

Heat of mixing of di-n-butylamine and 1-butanol at 20 °C

s

*am —H® (cal/mol)
W i-% ) (c*/mol)

0.012 40.5 3490
0.023 745 3320
0.035 108 3200
0.063 190 3230
0.104 251 2700
0.146 341 2730
0.197 445 2850
0.380 696 2910
0.436 659 2680
0.513 642 2570
0.616 579 2440
0.713 483 2350
0.805 359 2290
0.881 215 2050
0.919 151 2030
0.957 83.5 2040

Table V

Heat of mixing of di-n-butylamine and 1-heptanol at 20 °C

1>

vam - (climoD Xamf ¥in) (0al/mo1)
0.033 102 3220
0.127 324 2930
0.224 510 2940
0.310 621 2910
0.336 629 2820
0.379 668 2840
0.476 681 2730
0.621 602 2560
0.778 384 2220
0.914 160 2020

range of low amine concentrations. For a given alcohol the heat of mixing is
higher for the secondary than forthe primary amine. This can be seen well by
comparison of the H ElxaT(1l — xam) values extrapolated to zero amine or zero
alcohol concentration. This quantity is equal to the difference of the partial
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Table VI

Excess enthalpy of primary and secondary butylamine-alcohol mixtures at 20 °C (xam = 0.5)

HA
Amine Alcohol (cal/|r-ri1lél) 9%m(1 *am)

(cal/mol)

n-butylamine methanol 975 3900
n-butylamine ethanol 745 2980
n-butylamine 1-propanol 727 2910
n-butylamine 1-butanol 720 2880
n-butylamine I-heptanol 670 2680
di-n-butylamine methanol 935 3740
di-n-butylamine ethanol 718 2870
di-n-butylamine 1 propanol 705 2820
di-n-butylamine 1 butanol 690 2760
di-n-butylamine I-heptanol 685 2740

Table VII

Heats of mixing of amine-alcohol mixtures at 20 °C

®
. *am(f xam)
Components of the mixture
lim lim

*am —m0 xam “u |
n-butylamine —methanol 4000 2600
di-n-butylamine —methanol 7300 2600
n-butylamine —ethanol 2950 2400
di-n-butylamine —ethanol 3500 2200
n-butylamine — 1-propanol 2900 2350
di-n-butylamine —1-propanol 3400 2100
n-butylamine — 1-butanol 2850 2200
di-n-butylamine - 1-butanol 3400 2050
n-butylamine - l-heptanol 2700 2150
di-n-butylamine —I-heptanol 3300 2000

molar and the molar enthalpies, or to the differential solution heat determined
in infinitely dilute solution. These results are listed in Table VII.

It can be seen from the data that the heats of solution of the alcohols are
practically independent of whether the solvent is a primary or a secondary
amine. (The difference of 100— 150 cal/mol can simply be explained by the
higher molecular weight of the secondary amine.) However, the heats of solu-
tion of the primary and secondary amines differ considerably. For dissolution
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in a given alcohol, the heat of solution of the secondary amine is always higher
than that of the primary amine. For dissolution in methanol the difference is
3300 cal/mol, but for the other alcohols it is 450 —550 cal/mol, independently
of the molecular weight of the solvent alcohol. In our opinion, apart from the
exceptional results for the mixtures containing methanol, the higher heat of
solution of di-re-butylamine can be interpreted by taking into account that
several endothermic and exothermic processes proceed simultaneously when
amine—alcohol mixtures are formed. The Hb/g,aTt(1l — *am) values extrapolated
to zero alcohol concentration are characteristic of the alcohol, and arise from
the difference of the exothermic heat effects (originating from the amine-
alcohol interaction) and the endothermic heat effects (a result of the dissocia-
tion of the associated alcohol molecules). It also follows from this that with a
high amine excess the alcohol—amine interaction is practically independent of
whether the alcohol molecule interacts with a primary or a secondary amine.

The difference of the heats of solution of the amines can be explained in
that even at low amine concentrations the energy observed as heat of mixing
is the resultant of two enthalpy changes of opposite sign, but the energy ne-
cessary for the dissociation of the amines is different for the primary and the
seconary amines. If it is assumed that in this concentration range the amine-
alcohol interaction energy is to a first approximation independent of whether
the alcohol interacts with a primary or a secondary amine, it follows that since
a greater endothermic effect must be observed for the more strongly associated
primary amine than for the secondary amine, the resultant of the heat effects
will be a higher exothermic value for the secondary amines. This agrees with
experience. The phenomenon that for all the alcohols (with the exception of
methanol) the same difference in the heat of solution (450—550 cal/mol) is
observed between the two types of amine permits the conclusion that energy
of the amine-alcohol interaction is independent of the molecular weight of the
alcohol.

In order to confirm the reality of the above qualitative picture, a study
was also made of the heats of mixing in the n-butylamine—-hexadecane and
di—A—butylamine——hexadecane systems. From these series an answer is
obtained to the question of whether it is justified to assume that more energy
is required for the dissociation of the associated molecules of the primary
amines than for the secondary amines.

In these mixtures the heat of mixing originates predominantly from the
energy necessary to split the hydrogen bonds holding the associations together
[3]. The experimental results are given in Tables V111 and IX.

The results are plotted in Fig. 2, in a similar manner as previously.

Fig. 2 shows that for n—butylamine and di—n—butylamine the heat of
solution extrapolated to zero concentration is endothermic, 2700 and 920
cal/mol, respectively. These results prove that much more energy is required
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Table VIII

Heat of mixing of n-butylamine and n-hexadecane at 20 °C

H*
%n Hs (cal/mol) xam(l *wb) (“nl/m0
0.021 56.1 2710
0.085 209 2680
0.163 398 2920
0.227 456 2610
0.337 583 2610
0.514 646 2590
Tabic IX

Heat of mixing of di-n-butylamine and n-hexadecane at 20 °C

*am 117 (cal/mol) *am(r **7) (C<amol)
0.040 35.1 910
0.139 115 960
0.277 179 890
0.413 236 970
0.525 251 1000

69

to dissociate the primary amine associations than those of the secondary
amines. This assumption with regard to the alcohol-amine mixtures therefore

justified.
H
xam ~N'W 0 n-butylamine
[cal/mol] x dj-n-butylamine
A000
3000 o]
2000
1000
i i1 0 i |
0 0.2 QA 0.6 0.8 10
Xxamine

Fig. 2. Heats of mixing of amines and n-liexadccane at 20 °G
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PROPERTIES OF ALCOHOL-AMINE MIXTURES, VI

A METHOD FOR THE DETERMINATION OF THE AVERAGE
DEGREE OF ASSOCIATION
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The viscosities of normal primary alcohols, normal hydrocarbons and tertiary
aliphatic amines have been studied in the temperature range of 233 to 353 °K. The
activation enthalpies of viscous flow have been determined, and for normal hydro-
carbons and tertiary amines they have been found to be in a linear relationship with
the molecular weight, practically independent of the homologous series concerned.
Using this function as a calibration curve a molecular weight has been determined
for the non-associated component with the same activation enthalpy as that of the
alcohol, and this figure has been interpreted as the average molecular weight of
alcohol species. It has been found that, in agreement with our previous results, the
average degree of association in liquid phase alcohols is about 4, and is affected by
temperature. This result can be interpreted by assuming the simultaneous formation
of cyclic dimers and chain like associated species, since in this case the maximum
degree of association may deviate only slightly from 4. It has also been found that the
extent of association tends to decrease from methanol to n-heptanol.

In our previous paper [1] we have suggested a method for the determina-
tion of the average molecular weights of liquid phase association polymers of
alcohols and amines. The method is based on the assumption that a polymer
of the associative component has the same viscosity as the hydrocarbon with
the same or nearly the same molecular weight.

The relationship between viscosity and the average molecular weight,
defined as

M = 1)

has been given by the equation
M= kM*“ (2)

where k and a are constants, and r] is the dynamical viscosity. This paper is
concerned with the determination of the average molecular weight for the
polymers of normal aliphatic alcohols on the basis of the activation enthalpy
of viscous flow (termed here as ‘viscous enthalpy’). Viscous enthalpy can be

defined as

d\nr)
AH = - RT2
dT (3)

where r? is the dynamical viscosity measured at a constant pressure, T is
absolute temperature, and R = 1.98 cal *T0le-1K _1.
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Results

The dynamical viscosities of the various components were measured at
atmospheric pressure, by a Hoppler-type rheoviscosimeter, in the temperature
range between —40 and 80 °C. The results, along with literature data, are given
in Table I and in Figs 1 and 2.

Fig. 1. log 7vs. T-1 plots for 7i-hydrocarbons and tertiary amines.
1. Squalane; 2. eicosane; 3. tri-amylamine; 4. tri-butylamine; 5. tri-propylamine; 6. triethyl-
amine

The diagrams show that when plotting the logarithm of the dynamical
viscosity against the reciprocal of absolute temperature, straight lines are
obtained for both the alcohols and the tertiary amines investigated. This
behaviour is remarkable for alcohols, because the temperature range of the
measurements exceeds 100 °K, and thus even if the average degree of associa-
tion varies strongly as a function of temperature, it cannot be observed in the
behaviour of viscous enthalpy. It is, however, also possible that there is a
relationship between viscous enthalpy and the average degree of association
of alcohols, but in practice the latter is nearly constant over the complete
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T

Fig. 2. log rj vs. T~1 plots for normal primary alcohols

Fig. 3. Viscous enthalpy as a function of the molecular weight
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Temperature °K

Methanol
Ethanol
1-Propanol
1-Butanol
1-Pentanol
1-Heptanol
Triethylamine
Tri-n-propylamine
Tri-n-butylamine
Tri-n-amylamine
n-Hexane
n-Heptane
n-Octane
n-Nonane
n-Decane
n-Undecane
n-Hexadecane
n-Eioosane

Hexamethyltetracosane

Dynamical viscosities, in cp, as the functions of temperature

243

1.39
3.65
9.5
141
245
34.21
0.708
1.431
4.98

253

1.16
2.38
6.9
10.3
16.3
21.89
0.569
1.087
3.33
4.72
0.486
0.682
0.955
1.332

263

0.970
2.23
51
7.41
10.24
16.30
0.509
0.894
2.73
0.432
0.600
0.828
1.138
2.167

273

0.817
1.78
3.85
5.18
6.69
10.56
0.440
0.725
2.22

0.383
0.525
0.714
0.964
1.298

Table 1

283

0.686
1.46
2.89
3.86
5.04
7.62
0.385
0.642
1.70
3.43
0.342
0.464
0.621
0.823

293

0.584
1.19
2.20
2.94
3.30
5.42
0.330
0.555
1.39
2.62
0.308
0.413
0.546
0.713
0.907
1.186
3.174

25.11

303

0.510
1.0
1.72
2.28
2.52
3.97
0.303
0.495
1.17
2.06
0.278
0.370
0.485
0.625

2.403

18.60

313

0.450
0.825
1.38
1.79
1.92
2.99
0.275
0.445
0.903
1.67
0.252
0.334
0.433
0.553

1.945
3.421
12.43

323

0.396
0.701

141
1.52
2.25
0.251
0.399
0.863

0.230
0.302
0.389
0.493
0.601
0.761
1.596
2.688
8.80

333

0.350
0.591
0.92
114
117
1.82

0.353
0.863
117

0.210
0.274
0.351
0.441

1.339
2.238
6.53

343

0.503

0.76
0.97
1.37

0.312
0.731

1.128
1.871
4.89

353

0.43
0.63
0.74
0.77
111

0.572
0.87

0.230
0.291
0.361
0.452

1.559
3.93

Ref.

[2
[
[

[2]
(3]
3
Bl
Bl
31
[4

“e 18 SOINOM.LVY

IA 'STYNLXIN INIANV-TOHOOTV 40 S3IILYId0¥d



RATKOVICS et al.. PROPERTIES OF ALCOHOI*-AMINE MIXTURES, VI 75

temperature range of the liquid phase. This latter possibility is supported by
the fact that alcohols contain free monomeric molecules only in very small
amounts, i.e. are associated practically completely, even at temperatures close
to their boiling points. It has been shown in our previous paper [1] that the
maximum degree of association is 4 if a simultaneous cyclic dimerization and
ideal infinite chain association is assumed. (The simplifications applied in the
derivation may affect the final result to only a minor extent.) Therefore, even
at temperatures considerably lower than the boiling point, the observed degree
of association may not be much higher than near the boiling point. Conse-
quently, similarly to n-paraffins and tertiary amines, the viscous enthalpy
of alcohols is in practice also independent of temperature over the range of
measurements.

Table 11

Molecular weights and viscous enthalpies of the components

Mol. weight Viscous enthalpy

Component g/mole cal/mole Ref.
n-Pentane 72.15 1510 [5]1
n-Hexane 86.18 1660
n-Heptane 100.21 1895
Triethylamine 101.19 1950
n-Octane 114.23 2162
n-Nonane 128.50 2344
n-Decane 142.29 2573
tri-n-Propylamine 143.27 2550
n-Undecane 156.31 2810
tri-n-Butylamine 185.36 3350
n-Hexadecane 226.45 3860
tri-n-Amylamine 227.44 3800
n-Eicosane 282.56 4580
Methanol 32.04 2568

2465+ 40 [5]
Ethanol 46.07 3348
3225+130 [5]
1-Propanol 60.09 4170
1-Butanol 74.12 4270+280 [5]
4620
1-Pentanol 88.15 5106
1-Heptanol 116.20 5618
Hexamethyltetracosane
(squalane) 422.83 6430
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Table 111

Degrees of polymerization for normal alcohols and tertiary amines

Average degree of association, M/M

Component From viscous
Erom energies
viscosities

This work Ref. [5]
Methanol 3.70 4.43 431
Ethanol 3.58 4.16 4.00
1-Propanol 3.48 4.04 4.06
1-Butanol 3.24 3.66
1-Pentanol — 3.40
1-Heptanol 3.18 2.85
tri-n-Propylamine 0.88 1
tri-n-Butylamine 0.94 1

The appropriate values of viscous enthalpy were calculated from the
data given in Table I, on the basis of Eq. (3), with the method of least squares.
The results, along with literature data, are listed in Table Il. A plot of the
viscous enthalpy against the molecular weights of the components is shown
in Fig. 3. It can he seen clearly that in this type of plot the viscous enthalpies
of paraffin hydrocarbons and aliphatic tertiary amines fall onto the same straight
line, and vary linearly with the molecular weight. The viscous enthalpies of
the alcohols investigated also increase with the molecular weight, but the
relationship is non-linear, and the enthalpy values are substantially higher
than those of hydrocarbons or triamines at about the same molecular weight.
This phenomenon can be interpreted as follows.

The viscous enthalpy of hydrocarbons and tertiary amines depends, as
can be seen in Fig. 3, primarily on the size of molecules, hence, according to
the hole theory, on the number of atomic groups constituting the molecule.
For these compounds the contributions to the molecular weight of CH3 and
CH2 groups can be regarded practically the same as that of the nitrogen of
tertiary amines. Consequently, the viscous enthalpy in either homologous
series varies in the same way with the molecular weight. If this linear relation-
ship for hydrocarbons and tertiary amines between the viscous enthalpy and
the molecular weight is applied as a ‘calibration curve’, it can he used to de-
termine an apparent molecular weight for normal aliphatic alcohols from the
viscous enthalpy. According to the model of associated mixtures the molecular
weight of the non-associated component, that has the same viscosity as the
alcohol, is equal to the average molecular weight of the association polymers of
the alcohol.
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The degree of polymerization for normal alcohols calculated from the
viscous enthalpy are listed in Table Ill, along with similar data calculated
from the dynamical viscosities measured at 20°C, and given in our previous
paper [1]. The results obtained from diverse sources are in a satisfactory
agreement. It can be seen that one cannot decide unambiguously which is the
more reliable method in the case of normal alcohols, but from the data on
tertiary amines the comparison of viscous enthalpies appears to be more prefer-
able. (The degree of polymerization of tertiary amines is 1, as they are unable
to form hydrogen-bonded species.) For the first three members of the homo-
logous series the calculated degree of association is greater than 4. This indi-
cates primarily that the simplifying assumptions introduced in the derivation
of the limiting degree of association are not completely valid. The discrepancy
is probably the consequence of the fact that the change in standard free en-
thalpy of cyclic dimerzation is not exactly twice as high as that of chain for-
mation. A lower value, which may be attributed to sterical reasons, could
explain why the average degree of association may slightly exceed the value
of 4, because under these conditions the equilibrium would be shifted towards
chain association, increasing thereby the average degree of association.

We believe that the method presented here can be applied not only to
the determination of the average degree of association but also to gain infor-
mation, in certain cases, on the nature of association.
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HERSTELLUNG UND UNTERSUCHUNG
VON METALLHALTIGEN POLYMEREN
MIT KOORDINATIVEN BINDUNGEN, I

REAKTION VON POLYESTERN MIT ZnO
I. Vancs6-Szmercsanyi und P. Hirschberg
(Forschungsinstitut der Kunststoffindustrie, Budapest)

Eingegangen am 18. Juni 1973

Es wurde die Weiterpolymerisation von Polyestern mit freien kettenendstandi-
gen COOII-Gruppen sowie von neutralen Polyestern durch koordinative Bindungen
untersucht. Eie Publikation berichtet vor allem Uber experimentelle Resultate, die
fur Polyester mit freien kettenendstdndigen COOH-Gruppen und Zink als Zentralatom
erhalten wurden. Falls das Zinkatom in Oxidform in das System eingefiuhrt wird,
reagiert es infolge seiner Basenanhydrid-Natur im ersten Schritt in einer ionischen
Reaktion mit den COOH-Gruppen. Das gebildete Metallcarboxylat ist dann zu weite-
ren koordinativen Reaktionen fahig, wobei der Mechanismus in entscheidendem MaRe
durch das Mengenverhdltnis des zentralen Metallatoms und des Liganden bestimmt
wird.

Nach den Ergebnissen der Untersuchungen ist das in Gegenwart von neutralen
Polyestern aus Essigsdure und Zinkoxid in situ gebildete Salz hinsichtlich einer weite-
ren, mit Polyester verlaufenden Reaktion von koordinativem Charakter ebenfalls
wirksam. Diese Reaktion ergibt einen &uferst thixotropen Polyester mit héherem
Molekulargewicht. Hingegen findet die koordinative Reaktion zwischen Zinkacetat
und Polyester unter den gegebenen Umstédnden nicht statt.

In unseren friheren Mitteilungen [1, 2] wurden Ergebnisse behandelt,
die in unserem Laboratorium in Versuchen uUber die Reaktion von niedrig-
molekularen Polyestern (Mol. gew. 1000—2000) mit Metalloxiden vom Base-
anhydrid-Typ, vor allem mit MgO erhalten wurden. Dabei wurde festgestellt,
daB eine Salzbildung zwischen den kettenendstdndigen COOH-Gruppen des
Polyesters (Oligoester) und dem basischen Metalloxid stattfindet. Anschliefend
verlauft eine weitere Reaktion des gebildeten Salzes bzw. des daraus entste-
henden lons mit den Esterbindungen des Polyesters. Letztere Reaktion beruht
auf dem Entstehen koordinativer Bindungen. Das Endprodukt ist eine sehr
hochmolekulare Verbindung, in der die Polyestermolekiille des Ausgangs-
materials durch Metallatome gemdR nachstehenden Schemas miteinander ver-
bunden sind:

C-——-- C
] ]
(0] 0
—€00M—
0]
] ]
HC— C
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Diese Reaktionen, deren Mechanismus ziemlich kompliziert und nur
im groBen und ganzen geklart ist, fuhrten zu makromolekularen Komplex-
verbindungen.

Die verschiedenartig gebundenen Sauerstoffatome des als Ausgangs-
m aterial dienenden Polyesters kdnnen sich bei Komplexreaktionen als Elektro-
nendonor verhalten. Die Polyestermolekile kdnnen demgemé&f als mehr-
zahnige gemischte Liganden betrachtet werden.

m
Ih Ol— -H2C—(CH2),—C— [d—(CH2), ¢ —IOHI

Bei ndherer Betrachtung des ersten Schritts der angefihrten Reihe von
Reaktionen, namentlich der Salzbildung mit den COOH-Gruppen trifft man
auf folgende Vorgénge.

Der saure Polyester wurde in einem organischen Ldsungsmittel geldst
und darin ein kristallines Metalloxid mit Basenanhydrid-Charakter (Teil-
chengrolRe einige Mikrometer) suspendiert. Infolge der auf der Oberfldche der
kristallinen Metalloxidteilchen mit den entstindigen COOH-Gruppcn der
Polyestermolekile verlaufenden Reaktion verschwinden nach einiger Zeit die
Metalloxidkristalle aus dem System; das Metall wird in Form eines Salzes
bzw. Carboxylat-Metallkomplexes molekular dispergiert (die im Verhd&ltnis
zu den COOH-Gruppen tuberschiissigen Metalloxid-Kristalle bilden dabei
selbstverstandlich auch im weiteren ein heterogenes System). Diese Reaktion
ist diffusions kontrolliert. IThre Geschwindigkeit ist vor allem von der »elektri-
schen Feldstdrke« zwischen der Metallverbindung und dem Liganden ab-
hdngig. Je stérker der basische Charakter des Metalloxids ist, desto hdher ist
die Geschwindigkeit, mit der die Metalloxid-Kristalle aus dem System ver-
schwinden.

Die weitere Koordinierung des entstandenen Salzes bzw. der Komplex-
verbindung sowie der daraus gegebenenfalls entstehenden lonen durch die
Esterbindungen des Oligoesters (Polyesters) hangt ebenfalls stark vom Cha-
rakter des zentralen Metallatoms ab.

Im vorliegenden Aufsatz werden vor allem Systeme behandelt, in denen
das zentrale Metallatom Zink ist. Aus Literaturangaben [3, 4] ist bekannt, daf
Zinkchelate stabiler als Magnesiumchelate sind. Auch im Verhalten gegentber
W asser zeigt sich ein wesentlicher Unterschied. Nach unseren friheren Ver-
suchen [5] sind z. B. aus bestimmten Dicarbonsduren (Maleinsdure, Fumar-
sdure, Bernsteinsdure usw.) hergestellte Magncsiumkomplexe in Wasser gut
I6slich und kennen aus ihren wéaRrigen Lésungen unter Bindung von betrécht-
lichen Mengen an Kristallwasser (4—5 Mol) kristallisiert werden. Dagegen
werden aus Dicarbonsduren mit Zinkionen hergestellte Komplexe aus Wasser
in Form von Polymeren abgeschieden. Die herauspréparierte Verbindung
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enthdlt duBererst wenig Wasser (1 Mol pro Metallatom) oder ist wasserfrei.
Diese polymeren Carboxylatverbindungen sind praktisch weder in Wasser
noch in organischen Ld&ésungsmitteln ldslich, sind jedoch durch S&uren und
Alkalien zersetzbar.

AufVersuchsergebnisse beziglich der Zinkkomplexe mit Dikarbonsduren
soll an Hand des Beispiels Zinkmaleat im weiteren noch eingegangen werden.

Experimenteller Teil

In dieser Arbeit werden Prifergebnisse der Reaktionen von Zinkverbindungen, vor
allem Zinkoxid mit folgenden Liganden behandelt:
— Dicarbonséuren;
— saurer Polyester (Kettenendgruppen: COOH bzw. alkoholische OH-Gruppe)
— neutraler Polyester (Endgruppe an beiden Enden der Kette: alkoholische OH-
Gruppe). ]

Herstellung der Zinkkomplexe von Dicarbonsduren in walrigem Medium

1 : 1-Komplex. Dieser Komplex wurde nach zwei Verfahren hergestellt:

a) Zinkoxid wurde in Wasser suspendiert und die dquivalente Menge an Dicarbonséure
bei 60 °C in Form ihrer walrigen Ldsung oder Suspension stufenweise zugegeben.

b) Die wéRrige Losung bzw. Suspension der Dicarbonsdure wurde mit Natriumhydroxid
neutralisiert und die dquivalente Menge an Zinkchlorid, in Wasser geldst, bei 60 °C unter
standigem Ruhren zugefigt.

Die entstehenden Komplexe sind sowohl in Wasser als in organischen Ldsungsmitteln
&uBerst wenig loslich oder unldslich und sind unschmelzbar. lhre Bruttoformel ist

(HX),,-C( Zn C-(CH2),:

vV \/

Herstellung des sauren Polyesters

1.2 Propylenglykol, Athylenglykol, Maleinsaure und Phtalsdaure wurden in dquivalen-
tem Séure : Alkohol-Verhdltnis, unter Stickstoff, bei einer Maximaltemperatur von 180 °C in
der Schmelze kondensiert. Die Polykondensation wurde beim Erreichen eines Molekularge-
wichts von 700 bzw. 1000 unterbrochen. Die Komplexierversuche wurden mit der Ldsung des
erhaltenen Polyesters (Oligoesters) in monomerem Styrol (65 Gew.-teile Polyester, 35 Gew.-
teile Styrol) durchgefuhrt.

Herstellung des neutralen Polyesters

Sebacinsaure und Athylenglykol wurden &aquimolar vermischt und in der Schmelze
kondensiert, unter stufenweiser Steigerung der Temperatur bis maximal 190 °C. Nach Errei-
chen eines durchschnittlichen Molekulargewichts von 1300 wurden pro Mol sauren Polyesters
2 Mol Athylenglykol zur Schmelze gegeben und die Kondensation wurde bis zum vélligen
Verschwinden der COOH-Gruppen fortgesetzt. Das (iberschiissige Athylenglykol wurde im
Vakuum abdestilliert. In den Komplexicrversuehen wurde die 50%ige Ldsung des erhaltenen
neutralen Polyesters in Toluol verwendet.
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Untersuchung der Zinkverbindungen von Dicarbonsduren

Die aus Dicarbonsduren hergestellten Metallcarboxylat-Verbindungen
wurden nach verschiedenen Methoden geprift. In Abb. 1 sind die Derivato-
gramme der nach den zwei verschiedenen Verfahren hergestellten Zinkmaleat-
Polymeren dargestellt. Die Derivatogramme stimmen vollkommen uberein,
d. h. bei den auf zweierlei Art synthetisierten Komplexen handelt es sich um

Abb. 1. Derivatogramm von Zinkmaleat

dieselbe Verbindung. Aus den DTA- und TG-Kurven geht hervor, dall bei
einer Spitztemperatur von 155° C ein Gewichtsverlustvon 8,5% auftritt. Dieser
entspricht einem Mol Kristallwasser pro Zinkatom (die qualitative Unter-

suchung des abgespaltenen W assers wurde auch nach einer anderen Methode
durchgefihrt).
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Abb. 2. Rontgendispersionsaufnahme von Zinkmaleat
Oberes Bild: Monohydrat; unteres Bild: dehydratierte Form

1710cm'l
K38K4 K5 K6 K7 N8 N1I0 NI2 NIA N16 NiI8

Abb. 3. IR-Spektren von Zinkmaleat (unten) und Maleinsdure (oben)

Abb. 2 zeigt Rontgendispersionsaufnahmen von Zinkmaleat-M onohydrat
bzw. bei 150° C dehydratiertem Zinkmaleat. Wie ersichtlich, wird die Kristall-
struktur durch das Dehydratieren wesentlich vereinfacht.

In Abb. 3 sind die Infrarot-Spektren des Zinkmaleats und der Malein-
sdure dargestellt. Das Verschwinden der COOH-Bande bei 1710 cm-1 im
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Abb. 4. Mikroskopisches Bild (882x) von Zinkmaleat-Monohydrat

Spektrum des Zinkmaleats weist eindeutig auf die Reaktion der Carboxyl-
gruppen hin.

Abb. 4 ist eine mikroskopische Aufnahme des Zinkmaleat-Monohydrats,
worin die faserige Struktur des Polymeren deutlich erkannt wird.

Untersuchung der aus saurem Polyester mit Zink als Zentralatom
hergestellten komplexen Makromolekile

Aus dem beschriebenen sauren Polyester wurden durch Reaktion mit
Zinkoxid komplexe Polymere hergestellt, wobei die Menge des Zinkoxids
unterschiedlich gewdhlt wurde.

1. Aquivalent COOH zu 0,5 Aquivalenten ZnO

Die Reaktion wurde nach dem Vermischen des Zinkoxids in die Ldsung
Res Polyesters durch kontinuierliches Messen der Viskositdtzunahme bei
25 °C verfolgt. (Das verwendete Gerdt war Rheotest Type RV.) Eine der
Proben enthielt 0,20%, die andere 1,20% W asser. Die zeitliche Anderung der
Viskositdt ist in Abb. 5 dargestellt.
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Aus der Abbildung geht folgendes hervor: Hohere Wassermengen stei-
gern die Reaktionsgeschwindigkeit; die Erhdhung der Temperatur bewirkt
das gleiche. Nach einer bestimmten Zeit hort jedoch die Viskositdtszunahme
auf. Bei geringerem W assergehalt stellte sich dieser konstante Zustand bei
einem hoheren Viskositdtswert ein. Die Erkl&rung dieser Erscheinung ist ver-
mutlich folgende: da im gegebenen Fall die COOH-Gruppen in stéchiometri-

uoo —
mit 0.20% Wasser bei 60°C
—a mit 1.20%
f 25°C
—.X mit 0.20%Wasser —n—
L. <€X%X
Y o
700 "
600
5
/
A0
.............. -m,, ..
50 100 150 200 250
Stunden

Abb. 5. Viskositit einer pro Aquivalent Carboxyl-Endgruppe 0,5 Aquivalente Zink oxid ent
haltenden Polyesterlésung in Abhéngigkeit von der Reaktionszeit

schem UberschuR bezogen auf Zinkoxid vorliegen, gelangen, in Gegenwart
von Wasser, infolge der Dissoziation der Carboxylgruppen, Wasserstoffionen
in das System. Es erfolgt ein teilweiser Austausch der gebildeten Salzkomplexe
mit den Protonen, eine Reaktion, die zum Gleichgewicht fuhrt.

Die Lage des Gleichgewichts ist von der Dissoziation der COOH-Grup-
pen, folglich vom W assergehalt abh&ngig. Je weniger Wasser im System vor-
liegt, desto hdher ist die Konzentration des Komplexes bei der sich das Gleich-

n .0
H
vV VvV
n
-cf ¢ -</
OH OZn+

gewicht einstellt, d. h. desto hoher ist die Viskositdt beim Gleichgewicht. Im
untersuchten Fall verlauft, allen Anzeichen nach, auBer dem Verbinden der
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endstdndigen COOH-Gruppen, keinerlei sekund&re koordinative Reaktion
mit den Estergruppen.

Ergebnisse abweichenden Charakters wurden bei erhdhtem Zinkoxid-
verhéltnis erhalten.

1 Aquivalent COOH zu 2,1 Aquivalenten ZnO

Hier wurde die Wirkung des Wassergehalts auf die Viskositat in einem
breiteren Bereich untersucht. Die bei 45° C gewonnenen Ergebnisse sind in
Abb. 6 dargestellt.

Abb. 6. Wirkung des Wassergehalts auf die Viskositadt des Reaktionsgemisches aus Polyester-
I6sung und Zinkoxid

W e ersichtlich, wirkt die Steigerung des W assergehalts &uBert glinstig
auf die Viskositdtszunahme. Sogar durch 5% Wasser wird die Viskositdt nicht
herabgesetzt, im Gegensatz zu unseren Versuchen mit Magnesiumoxid, wo
geringe Wassermengen zwar positiv wirkten, jedoch Wasser uber 1% bereits
die erreichbare maximale Viskositdt verringerte. Die Erscheinung kann fol-
gendermaRBen erkldrt werden: W ie bereits gesagt wurde, ist die Gegenwart einer
geringen Wassermenge zur Salzbildung unerldRlich, da nur durch sie die
Dissoziation der COOH-Gruppen erfolgen kann. Aus den Versuchen folgerten
wird, daB im Fall von Zinkoxid eine groBere Wassermenge als bei Magnesium-
oxid ndtig ist, um die Reaktion mit dem Polyester hervorzurufen. Andererseits
ist aber Magnesium als Zentralatom viel mehr zur Bildung von Aquokomplexen
geneigt als Zink. Es kann demgemdBR angenommen werden, dal das koordinierte
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W asser in bestimmten Féllen die Magnesiumverbindung blockiert, so dall keine
weiteren Komplexbindungen mitden im System vorliegenden sonstigen Ligan-
den zustande kommen kénnen. Hohere Mengen an Wasser (oberhalb 1%) hin-
dern demnach die Bildung von Magnesium-Polyester Polymerenkomplexen,
fordern dagegen die Bildung von Zink-Carboxylat-Komplexen. Da nun die
Zink-Carboxylat-Komplexe wenig oder uUberhaupt nicht zur Bildung von

Abb. 7. Zeitliche Veradnderung der Viskositat des Reaktionsgemisches aus Polyesterlésung und
Zinkoxid bei verschiedenen Temperaturen

Aquokomplexen neigen, stért das anwesende Wasser die weitere Koordinie-
rung in keiner Weise.

Die Wirkung der Temperatur in Gegenwart von 0,20% Wasser auf die
Zunahme der Viskositidt ist in Abb. 7 dargestellt. Wie ersichtlich, ist die
Beaktion des Zinkoxids mit saurem Polyester stark temperaturabhéngig.

Die Viskositdt wurde auch bei verschiedenen Umdrehungszahlen gemes-
sen. Dabei wurde bei hohen Viskositatswerten (20 000 cP) eine mé&Rige Thixo-
tropie festgestellt.

Herstellung von polymeren Komplexverbindungen
aus neutralem Polyester

Um den Komplexbildner unabhdngig von den kettenendstdndigen
Carboxylgruppen herzustellen, wurden folgende Versuche durchgefihrt: in die
Losung des neutralen Polyesters (mit alkoholischen OH-Gruppen an beiden
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Enden der Kette) wurden Essigsdure und eine damit &quivalente Menge
Zinkoxid eingerithrt. Das Verhdltnis der Reagenzien betrug 4 Aquivalente
Essigsdure bzw. Zinkoxid pro Molekil Polyester. Ein Polyester-Molekil ent-
hielt durchschnittlich 11,2 Estergruppen. Wasser war im System nur in Spuren
anwesend. Nach dem Mischen der Reagenzien wird das System stehen ge-
lassen und von Zeit zu Zeit eine Probe entnommen, deren Viskositat mit einem

Abb. 8. Thixotrope Hysteresekurven bei einer neutralen Polyesterldsung in Gegenwart der aus
Essigsdure und Zinkoxid im Reaktionsgemisch entstandenen lonen

Rotationsviskosimeter bei 50°C und verschiedenen Umdrehungszahlen ge-
messen wurde. Die Ergebnisse waren uberraschend: es wurde eine starke
Thixotropie des Systems beobachtet. Aus den Kurven in Abb. 8 kann fest-
gestellt werden, dal — nach 77 Stunden dauerndem Stehen — die Viskositét,
in Abhé&ngigkeit von der Umdrehungszahl, Werte zwischen )> 100 cP und
22 000 cP aufwies. Gegenuber diesem &uBerst starken Effekt wurde, wenn die
Salzbildung mit den endstdndigen COOH-Gruppen des Oligoesters (Polyesters)
erfolgt, zwar eine bedeutende Zunahme der Viskositdt beobachtet, jedoch
trat Thioxtropie in einem unvergleichbar geringeren Ausmaf auf. Der Unter-
schied steht unbedingt mit dem Unterschied in der Molekularstruktur der
zwei verschiedenartigen Komplexe in Zusammenhang.
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Wird das Zinkacetat nicht in situ im System gebildet, sondern in Salz-
form zur LOésung des neutralen Polyesters zugefiigt, so bleibt die urspringliche
Viskositdt der Ldésung selbst nach ldngerem Erwé&rmen (48 Stunden) und
intensivem RuUhren unveréndert.

Zusammenfassung der Ergebnisse

Es wurde die Weiterpolymerisation von Polyestern mit freien ketten -
endstdndigen COOH-Gruppen sowie von neutralen Polyestern durch koordi-
native Bindungen untersucht. Das zentrale Metallatom war dabei Zink. Der
Polyester als mehrzahniger gemischter Ligand ist zu verschiedenen Reaktionen
mit Zinkverbindungen fadhig. Gelangt das Zinkatom in Oxidform in das System,
so reagiert es infolge seiner Basenanhydrid-Natur zunédchst derart mit den
freien COOH-Gruppen, dal ionische Bindungen entstehen. Der auf diese Weise
gebildete Carboxylatkomplex bildet dann weitere koordinative Bindungen.
Der Reaktionsmechanismus wird unter anderem durch das Mengenverhé&ltnis
der Reaktionspartner bestimmt. Uberschreitet die Menge der Zinkatome die
&dquivalente Menge im Vergleich zu den COOH-Gruppen nicht, so werden die
Polyestermolekiile paarweise tber die COOH-Gruppen durch das Metallatom
verbunden. Oberhalb der &quivalenten Zinkoxidmenge tritt jedoch die ent-
stehende, koordinativ vermutlich nicht geséttigte Carboxylatverbindung offen-
sichtlich mit den Carbonylgruppen der Esterbindungen in Wechselwirkung.
Derart werden nun die Polyestermolekiile nicht mehr paarweise, sondern zu
Polymeren mit recht hohem Molekulargewicht verbunden. Ergebnisse von
Modellversuchen mit Zinkoxyd hzw. Zinkchlorid und Dicarhonsduren konnten
mit den hei sauren Polyestern erhaltenen Ergebnissen in Korrelation gebracht
werden.

Bei neutralem Polyester, an dessen beiden Enden alkoholische OH-
Gruppcn stehen, ergab sich aus den Viskositatsmessungen, dall eine aus Essig-
sdure und Zinkoxyd in situ gebildete Verbindung hinsichtlich einer weiteren
koordinativen Reaktion wirksam ist. Diese Reaktion fuhrt zu &uBerst thixo-
tropen LoOsungen des entstehenden Polymeren.
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SOLANUM GLYCOSIDES, IX*

SOLANUM OLERACEUM

P. Bite and M. M. Shabana

(Research Institute for Pharmaceutical Chemistry, Budapest, and
Pharmacognosy Department, Faculty of Pharmacy, Cairo University)

Received August 6, 1973

The unripe fruits of Solanum oleraceum were found to contain solasonine and
solamargine; a third unidentified steroid glycoside was also detected in trace amounts.

Introduction

During our search for new sources of steroid hormon precursors of new
Solanum species, the National Agrobotanical Institute of Tapidszele, Hungary,
sent us a Solanum plant which they identified as Solanum oleraceum. Upon
reviewing the literature, it was found that no study had been made concerning
this particular species. It has been of interest to carry out phytochemical study
of this plant which might prove to contain valuable steroidal constituents.

Experimental

All m.p.’s were determined with a Boetius apparatus, and were uncorrected. The follow-
ing solvent systems were used for chromatography:

a) chloroform-methanol-water (65 : 35 : 10) [1],

b) benzene—methanol (9 : 1) [2],

¢) n-butanol pyridine—water (6:4:3) [3],

d) n-butanol—ethanol—water (8:1:2) [2],

e) n-butanol acetic acid-ether-water (9 : 6 :3:1) [4],

f) ethyl acetate-isopropanol-water (65 : 23 : 12) [5].

The glycoalkaloids and aglycones were detected with antimony trichloride [6] (25%
solution in chloroform), while the sugars were detected with aniline plithalate [6], triphenyl-
tetrazolium chloride [6] or anisaldehyde-sulphuric acid [6]. For GLC a Gasofract 400 C-type
(Dr. Virus K. G.) was used.

Isolation of the steroidal glycoalkaloids

The fresh immature fruits (4 kg) of S. oleraceum were minced in methanol, the mixture
was stirred at room temperature three times, each for 1 hour. The combined extract was
evaporated to give a syrup (350 g), which was shown on chromatoplates (solvent a) to consist
of three antimony trichloride positive products; these, according to their decreasing order of
Revalues, were marked by A, B, and C.

The syrupy product was extracted with 1 1 of absolute methanol three times at the
boiling point. The combined extract gave on concentration in vacuum 145 g of a thick residue,
which was treated with 5% acetic acid (1 1). The defatted acidic extract was heated to 60 °C,
adjusted with ammonia to pH 9, then allowed to stand overnight. The dried precipitate

*Part VIII: Acta Chim. (Budapest) 73, 361 (1972)
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(97.5 g) was extracted by boiling with methanol 2x 500 ml which removed 64.3 g of greenish
basic glycoside mixture.

A column 55 cm in diameter was prepared from 1.5 kg of neutral Brockmann grade 11
alumina in a mixture of benzene—sopropanol-water (5:1: 1). 40 g of the glycoside mixture
(slurried with suitable weight of adsorbent in the same solvent) was introduced into the
column and eluted with the same solvent mixture. Fractions of 15 ml were collected. The
chromatographic results are summarized in Table I.

Table |

Fraclionation of the glycoside mixture on an alumina column

Weight of the Components
Eraction no. evaporated according
residue to
© TLC
1-110 0.6 -
111-250 20.2 A
251 —285 42 A + (B)
286-580 3.8 A + B
581 —720 8.1 B
721-800 0.5 B + (C)
Glycoside A

A was isolated by repeated crystallization of the residue obtained after evaporation
of fractions 111—250 from aqueous methanol, as colourless needless, m.p. 295—300 °C,
(a)i?—109° (pyridine); reported for solamargine [7]: m.p. 301 °C, (otju‘- 114° in pyridine.

For analysis the samples were dried at 110 °C in vacuum for 48 hrs.

C«H70 16N «V* H,,0 Calc. C 61.6; H 85; N 16;
Found C 62.4; H 8.6; N 1.7%.

Glycoside B

Fractions containing component B were combined and evaporated; recrystallization
from methanolyielded the pure glycoside B as needles, m.p. 282—286 °C, (a)j>5— 91° (pyridine)
and (@)f>5—70° (methanol); reported for solasonine [8]: m.p. 284.5 °C, (a)n5—68.7° in metha-
nol.

For analysis, samples were dried at 110° over P25 in vacuum for 48 hrs.

CABH 730 1N Calc. C 61.1; H 8.3; N 1.60;
Found C 60.8; H 8.4; N 1.52%.

Fraction C

This was found to be present in minute amounts. Isolation was difficult but further
work is in progress.

Total hydrolysis [5] of glycosides A and B: 0.5 g of A and B. respectively was refluxed
with 25 ml of 3N HC1in 50% ethanol for 3.5 hrs.

Examination of the aglycone

This mixture was left standing in a refrigerator, the precipitate filtered off, washed with
cold water and dissolved in 80% hot methanol. The free base was precipitated with ammonia
which gave two spots on TLC (solvent b). After visualization with antimony trichloride the
Rj of the main spot (0.34) was the same as that of authentic solasodine, and the Rj value of
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the trace spot (0.70) agreed with that of solasodiene. Purification of the crude product on an
alumina column followed by crystallization from aqueous methanol gave long plates of sola-
sodinc, m.p. 199—201 °C, (a)o3—99° (methanol). Reported: [9] m.p. 201 °C, (a)o—100°
(methanol).
CorH 430 2N Calc. C 78.40; H 10.48; N 3.39;
Found C 77.10; H 10.20; N 3.15%.

Examination of sugar moiety

The acid hydrolysates from A and B, respectively were tested for sugars on Whatmann
No. 1 filter paper and on silica gel or Kieselguhr chromatoplates. The results ofthe comparative
run made with authentic sugars showed that the aqueous hydrolyzate from glycoside A contained
glucose and rhamnose, and that from glycoside B contained glucose, galactose and rhamnose.

Quantitative estimation of sugars

60 mg of glycosides A and B were separately refluxed with 5% hydrogen chloride in
absolute methanol for 5 hrs. The methylglycoside mixtures were then analyzed by GLC accord-
ing to wWuiff’s method [10].

Detector: Flame ionization; gas carrier: hydrogen; column: 2.4 m, ID 4 mm; stationary
phase: apiezon L; solid support: superthermolite fire-brick powder (0.25—0.3 mesh); column
temp.: 200 °C; detector temp.: 220 °C; gasflow rate: 60 ml/min; chart rate: 0.5 cm/min.

Results of GLC indicate that in glycoside A the ratio of D-glucose to L-rhainnose is
1:2, while in glycoside B, D-glucose, D-galactose and L-rhamnose were found in equimolar
quantities.

N-nitroso-glycosi<le A

100 mg of A was dissolved in 1 ml of acetic acid and mixed with a saturated aqueous
solution of 50 mg sodium nitrite. After a few minutes a white precipitate was obtained [11].

After two crystallizations from hot aqueous ethanol, white needless of the nitroso
derivative (32 mg) were obtained, m.p. 260 °C. Reported [12] m.p. for nitroso-solamargine
259—261 °C; mixture m.p. undepressed.

N-nitroso-glycoside B

The derivative was "prepared as above. 38 mg of the pure N-nitroso B was obtained,
m.p. 250 °C; reported [13] m.p. 251 °C; no depression of the mixture m.p. was observed.

Results

It was proved that the immature fruits of S. oleraceum contained two
main solasodine glycosides, solamargine and solasonine. The identification of
the isolated glycoalkaloids was made apart from direct comparison, on the
basis of the preparation of their N-nitroso derivatives, their behaviour on
chromatoplates, and acid hydrolysis, which afforded the same aglycone sola-
sodine [14], (25 R)-22o0c-N-spirosol-5-en-3/?-ol, m.p. 198—200°C, (a)» — 99° (in
methanol) from both. The sugars in the aqueous hydrolyzates from both iso-
lated glycoalkaloids were also studied by PC, TLC and GC. Glycoside A was
found to contain glucose and rhamnose in a ratio of 1:2 as in solamargine,
while glycoside B was found to contain glucose, galactose and rhamnose in
equimolar quantities as in solasonine.

*
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PYRIMIDINE DERIVATIVES, IIP

SOME REACTIONS OBSERVED DURING THE SYNTHESIS OF CERTAIN
2-[2-(2,6-DI-R-PHENOXY)ETHYLAMINO]-5-METIIYL-PYRIMIDIN-4(3H)-ONES**

J. Reiter and L. Toldy
(Research Institute for Pharmaceutical Chemistry, Budapest)

Received October 9, 1973

2-Alkylthio-5-methyl-pyrimidin-4(3li)-one and its 1-and 3-N-methyl derivatives,
previously applied in the synthesis of 2-[2-(2,6-di-R-phenoxy)ethylamino]-5-methyl-
pyrimidin-4(3H)-ones, were allowed to react with the appropriate 2-(2,6-di-R-phenoxy)-
ethylamine at temperatures higher than 200 °C. The structures of products 8 and 14
obtained were determined by means of MS, IR, UV and NMR spectroscopy, and also
proved by preparative methods. In the course of the structure-proving experiments
compounds 7 and 19 being the isomers of 8 and 14, respectively, aswell as their demethyl-
(20) and monosubstituted demethyl derivatives (21) were also prepared.

In the first two parts of this series [1,2] we reported that the reaction
of 2-methylthio-5-methyl-pyrimidin-4(3ii)-one (la) [3] with 2-(2,6-dimcthyl-
phenoxy)ethylamine (2a) [4] at low temperature (160°C) gave 2-[2-(2,6-
dimethylphenoxy)ethylamino]-5-methyl-pyrimidin-4(3R)-one (3a), as expected.
When this reaction was carried out at higher temperature (200°C), or when
3a was heated to this temperature, one molecule of 2,6-dimethylphenol(6a)
was eliminated, resulting in two products; 2,3-dihydro-6-methylimidazo(l,2-0)-
pyrimidin-7(IH)-one (4) and 2,3-dihydro-6-methylimidazo(l,2-a)pyrimidin-
5(W)-one (5).

Analogously, when la was allowed to react with 2-(2,6-dichlorophenoxy)-
ethylamine (2b) [5] at low temperature (135°C), 3b was formed. Heating this
product to 150°C, or carrying out the reaction at 160—180°C yielded com-
pounds 4 and 5, in addition to 2,6-dichlorophenol (6b).

W hen, however, la was made to react with 2b at 220°C, and the reaction
mixture was separated on a chromatographic column, an additional compound
E could also be isolated [6], which had the molecular formida C12H 13N50 2,
as determined from its mass spectrum.

Since the molecular formula of E differs from that of 4 or 5 by just one
5-methyl-4-oxo-pyrimidinyl group, it was reasonable to assume that E was
the product of the reaction of 4 or 5 with an additional molecule of the starting
material la. Accordingly, E should be represented by one of the structures,
7 or 8.

*Part 11: Ref. [2].
** Preliminary papers on this topic: Refs [6] and [8].
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The IR spectrum of E has only one pC=0 band (1685 cm-1), which
can be brought in agreement with structure 8, while structure 7 is excluded,
since it contains two different carbonyl groups.

The UY spectrum of E, being analogous to that of 9, is also in agreement
with structure 8..

In the NMR spectrum of E, the methyl and methylene protons appear
as singlets, their intensity ratios being 3 : 2 or 6 : 4, as predictable on the basis
of structure 8.

CH3

8=E

The spectroscopically established structure of E was also verified by
preparative methods. For this purpose, 4 and 5, respectively, was made to
react with 2-ethylthio-5-methylpyrimidin-4(3H)-one (Ib) [7], and the products
were compared with E. The substance obtained from 5 was identical with E.

The reactions of 2-ethylthio-3,5-dimethylpyrimidin-4(3f/)-one (9) and
I,5-dimethyl-2-ethylthiopyrimidin-4(Ifi)-one (10) with 2-(2,6-dichlorophen-
oxy)ethylamine (2b) [8] led to further interesting results. (Compounds 9 and
10 were prepared by the methylation of Ib [2]).

When 9 was fused with 2b at 170°C, 2-[2-(2,6-dichlorophenoxy)cthyl-
amino]-3,5-dimethylpyrimidin-4(31i)-one (11) was formed, as expected. Effect-
ing the reaction at 220°C, however, resulted in transformation of the inter-
mediate 11, and column chromatographic separation of the reaction mixture
yielded 2,3-dihydro-6,8-dimethylimidazo(l,2-a)pyrimidin-7(8H)-one (12) [2],
3-methylthymine (13), 2,6-dichlorophenol (6b) and an additional product F
having the molecular formula Ci6BH2Ne0 2, on the basis of its mass spectrum.
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In the NMR spectrum of F, in addition to the singlets of the two methyl groups
and pyrimidone proton, another singlet was found at d = 3.3 ppm, the in-
tensity ratios being CH3: CH3: Hr: X = 3:3:1:40r6:6:2:8. This result
can well be explained by assuming the elimination of the terminal 2,6-dichloro-
phenols (6b) from two molecules of 11, followed by an intermolecular N-alkyla-
tion yielding the piperazine derivative 14..

The appearance of one single carbonyl band (rC= 0 1665 cm-1) in the
IR spectrum, as well as the analogous UV spectrum of F to that of 9 supports
also the proposed structure 14.

The structure of F as represented by formula 14 was later also proved
in a preparative way by allowing 9 to react with piperazine.

Compound 16 presumably present as an intermediate in the reaction
of the isomer 10 with 2b at 170°C could not be isolated from the reaction mix-
ture, but 2,3-dihydro-6,8-dimethylimidazo(l,2-a)pyrimidin-5(81i)-one (17),
prepared already earlier [2], and 1-methylthymine (18) were directly obtained.
The piperazine derivative 19 expected in the reaction mixture could not be
isolated either, therefore this compound was synthesised by the reaction of
10 with 15.

Analogously to the above procedures, the demethyl analogue (20) of
compounds 14 and 19 was prepared in the reaction of Ib with 15; this compound
was not formed in the reaction of either la and 2a or la and 2b, respectively,
nor during the thermal decomposition of the reaction products 3a or 3b. The
by-product of the reaction is the monosubstituted derivative 21, isolated
chromatographically from the reaction mixture.
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Compounds 20 and 21 were also prepared by an independent synthesis,
that is, in the reaction of diguanylpiperazine (23) [9] with ethyl sodio-2-
formylpropionate (22) obtained by the Claisen condensation of ethyl formate
and ethyl propionate [7].

o]
H3C, C HZN\ r~—y NH
C OC:Hs / \ [l
! * N NS
heu ONa HN nh?2
22 23

Experimental

M.p.’s were determined on a Kofler-Boetius melting point apparatus (Franz Kistner
Nachf. KB, Dresden). In the MS measurements, a single-focussed instrument of type MX-1303
was used. The samples were introduced into the ion source by direct evaporation at 5—100 °C.
The IR spectra were recorded with a Zeiss UR-10 and with a Perkin—EImer 457 spectrophotom-
eter, in KBr pellets. The UV spectra were obtained with a Unicam SP 700 instrument.
In the NMR studies a Jeol C-60 (at 23 °C) and Varian A-60D instrument (at 36 °C) were used
with tetramethylsilane and sodium 2,2-dimethyl-2-silapentanesulfonate internal standards.

The thin-layer chromatographic tests were made on plates coated with silica gel. The
so-called chlorination technique [10] was used for the detection of the spots. The composition
of the developing mixture No. 9 was the following: ethyl acetate (60 ml), pyridine (20 ml),
water (11 ml), acetic acid (6 ml).

Reaction of 2-(2,6-dichloroplienoxy)-ethylamine with
2-methylthio-5-methylpyrimidin-4(3H)-one at 220 °C

A mixture of 2-(2,6-dichlorophenoxy)-ethylamine (2b) [5] (16.4 g; 0.0795 mole) and
2-methylthio-5-methylpyrimidin-4(31i)-one (la) [3] (12.2 g; 0.078 mole) was refluxed on an oil
hath at 220 °C for 6 hrs. After cooling, the half-crystallized honey-like product was rubbed
with absolute ethanol (25 ml), cooled in salted ice, filtered off and washed with ice-cold absolute
ethanol (15 ml). In this way 5.4 g (45.8%) of 2,3-dihydro-6-methylimidazo(l,2-a)pyrimidin-
7(lli)-one was obtained. After recrystallization from absolute ethanol, m.p. 299—300 °C; the
IR spectrum was identical with that of 4 obtained earlier [2].

When 16% HCL1 in absolute ethanol (35 ml) was added to the alcoholic mother liquor
of the raw product, 2,3-dihydro-l-[5-methyl-4(3/7)-oxo-pyrimidinyl-2]-6-methylimidazo(l,2-a)
pyrimidin-5(IH)-one hydrochloride (8 ¢ HCl) (2.2 g; 9.5%) separated, m.p. 242—244 °C;
Rt = 0.65 (in solvent system No. 9).

CIH MCINSO, (295.73). Calcd. C 48.74; H 4.77; N 23.68; Cl 11.99. Found C 48.81;
H 4.92; N 23.56; Cl 12.13%.

Recrystallization of 8 « HC1 from water yielded the semihydrochloride of 8 (1.6 g;
7.4%), m.p. 276—277 °C. IR: j-C=0 1715 cm"1

CIHINS0, « -i- HC1 (277.50). Calcd. C 51.93; H 4.90; N 25.24; CI 6.39. Found

C 51.76; H 5.04; N 25.31; Cl 6.52.

This semihydrochloride was recrystallized from cone, ammonium hydroxide solution
(15 ml) to obtain the base, 2,3-dihydro-1-[5-methyl-4(3H)-oxo-pyrimidinyl-2]-6-methyliinidazo-
(1,2-a)pyrimidin-5(lli)-one (8=2J) (1.0 g; 5.0%), m.p. 280—281 °C.

IR: rC=0 1685cm-1. UV (in ethanol): Amax 245 nm (log e — 4.18) and 301 nm (loge =
= 4.26); 223 nm (loge = 3.94) and 266 nm (loge = 3.92); Nloge [11] = + 0.08.
NMR: <5CH3= 2.05 s (6H), &CH,, = 3.30 s (4H), <BArH = 7.60 s (2H).

C,2H 13N60 2(259.26). Calcd“ C 55.63; H 5.05; N 27.01. Found C 55.68; H 5.15; N 27.20%.

The ethanolic mother liquor of 8 « HC1 was evaporated to dryness in vacuum and the
residue subjected to chromatographic separation on asilica gel column in solvent mixture No.9.
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2,6-Dichlorophenol (6b) (7.2 g; 55.4%) was obtained first, m.p. 66—67 °C; next 2,3-dihydro-6-
-methylimidazo(l,2-a)pyrimidin-5(IHVone (5) (2.3 g; 19.5%) was eluted, m.p. 299—300 °C
(from methanol). Its IR spectrum was identical with that of compound 5 obtained earlier [2].

2,3-Dihydro-1-[5-methyl-4(3ii)-oxo-pyrimidinyl-2] -6-methylimidazo(l,2-u)pyrimidin-
7(W)-one (7)

A mixture of 2,3-dihydro-6-methylimidazo(l,2-a)pyrimidin-7(lli)-one (4) [2] (0.453 g;
0.003 mole) and 2-ethylthio-5-methylpyrimidin-4(3ii)-one (Ib) [7] (0.511 g; 0.003 mole) was
refluxed on an oil bath at 210—215 °C for 3 hrs. The mixture melted first during the reaction,
then solidified while ethanethiol was formed. The reaction mixture was dissolved, while still
warm, in hot 80% ethanol (50 ml», filtered, and allowed to crystallize. 2,3-Dihydro-I-[5-
methyl-4(3H)-oxo-pyrimidinyl-2]-6-methylimidazo(l,2-a)pyrimidin-7(IH)-one (7) (0.710 g;
91.5%) was obtained, m.p. 368—370 °C (from dimethyl sulfoxide); Rj = 0.62 (in solvent
mixture No. 9). According to the mass spectrum, the molecular weight of the product was
259, the molecular formula being c12h 135 2.

IR: vC=0 1660 cm 1 and 1680 cm * UV (ethanol): Amax 225 nm (log s = 4.35),
235 nm (log e = 4.33) shoulder, 277 nm (log e = 4.18) and 302 nm (log s = 3.99) shoulder;
Amin 263 nm (log e = 4.16).

2,3-Dihydro-1-[5-melhyl-4(3if)-oxo-pyrimidinyl-2]-6-methylimi<lazo(l,2-ii)pyrimiclin-
5(14)-one (8)

A mixture of 2,3-dihydro-6-methylimidazo(l,2-a)pyrimidin-5(lli)-one (5) [2] (0.230 g;
I, 52 mmole) and 2-ethylthio-5-methylpyrimidin-4(3H)-one (Ib) [7] (0.272 g; 1.6 mmole) was
refluxed on an oil bath at 230 °C for 2 hrs. During this time the reaction mixture melted with
the formation of ethanethiol. The still hot reaction mixture was dissolved in hot absolute
ethanol (50 ml), filtered and allowed to crystallize. 2,3-Dihydro-I-[5-methyl-4(31i)-oxo0-pyri-
midinyl-2]-6-methylimidazo(l,2-a)pyrimidin-5(I H)-one (8) (0.390 g; 80.6%) was obtained;
m. p. 280—281 °C; the IR spectrum was identical with that of E.

2-[2-(2,6-Dichlorophenoxy)-ethylaimno]-3,5-diiiiethylpyrimidin-4(3H)-one
semi-(2,6-dichloro)plienolate [I1. £ CBHACLD j

A mixture of 2-(2,6-dichlorophenoxy)ethylamine (2b) [5] (10.3 g; 0.05 mole) and
2-ethylthio-3,5-dimethylpyrimidin-4(3ff)-one (9) [2] (9.2 g; 0.05 mole) was refluxed at 170 °C
on an oil bath for 13 hrs. During this time the reaction mixture melted with the formation of
ethanethiol. Absolute ethanol (10 ml) was added to the still warm reaction mixture, then it
was filtered and allowed to stand to crystallize. The product which separated was filtered off,
washed with absolute ethanol to obtain 2-[2-(2,6-dichlorophenoxy)-ethylamino]-3,5-dimethyl-

pyrimidin-4(3H)-one semi-(2,6-dichloro)phenolate (11 «— CGH4C10) (8.90 g; 72,3%), m.p.

137—137.5 °C (from absolute ethanol); Rj = 0.1 (in solvent mixture No. 9).

IR: i'C=0 1680 cm-1 (base) and 1708 cm-1 (salt). On the basis of the IR spectrum,
the substance is a molecular adduct formed from the base and dichlorophenolate in 1 : 1 ratio.
NMR: <5CCH3 = 1.86 s (3H), <6NCH3 = 3.35 s (3H), OCH2= 3.90 s (4H), 6ArH = 6.4-7.25 m

(3 f- 1.5H) (phenoxy 4— — phenolate), <SArH = 7.5 s (1H) (pyrimidinone).

CIHISN3CID2+ |- C6HACI20 (409.70). Cald. C49.83; H 4.18; N 10.26; Cl 25.97. Found
C 49.69; H 4.56; N 10.10; Cl 25.86%.
Reaction of 2-ethylthio-3,5-diinethylpyrimidin-4(31i)-one (9)
with 2-(2,6-dichlorophenoxy)ethylamine (2b) at 220 °C
A mixture of 2-ethylthio-3,5-dimethylpyrimidin-4(3H)-one (9) [2] (5.53 g; 0.03 mole)

and 2-(2,6-dichlorophenoxy)ethylamine (2b) [5] (6.4 g; 0.0311 mole) was refluxed on an oil
bath at 220 °C for 8 hrs. During this time the reaction mixture melted with the formation of
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ethanethiol. The residual dark brown honey-like reaction mixture was dissolved in solvent
mixture No. 9 and subjected to chromatographic separation on a silica gel column. The follow-
ing compounds were eluted subsequently from the column:
(1) 2,6-Dichlorophenol (6b) (4.2 g; 85.8%), m.p. 65—66 °C (from gasoline) (Ref. [12] in.p.
66—67 °C). R f— 0.95 (in solvent mixture No. 9).
(2) 3,5-Dimethylpyrimidin-2,4(l/i, 3H)-dione (3-inethylthymine, 13) (1.2 g; 28.6%), m.p.
210—211 °C (from ethanol) (Ref. [13] m.p. 202—203 °C). Rj 0.7 (in solvent mixture No. 9).
IR: rC=0 1670 and 1720 cm-1.
(3) 1,4-Bis-[3,5-dimethyl-4(3J/)-oxo-pyrimidinyl-2]-piperazine (14 F) (1.8 g; 36.4%), m.p.
316—316.5 °C (from diinethylformamide); Rt 0.6 (in solvent mixture No. 9).
IR: vC= O 1665 cm-1; UV (in dimethylformamide). Amax- 296 nm (loge = 4.27).
NMR: OCCH3 = 2.00 s(6H),<5NCH3 3.50s(6H), dCCHO- 3.30 s (8H),<5ArH = 7.55s
(2H). CIHfiH2Ne0 2 (330.38). Calcd. C 58.16; H 6.71; N 25.44. Found C 57.92; 116.98;
N 25.50%. MS: molecular weight: 330, molecular formula: CIBH2ZN 2; the fragmenta-
tion pattern is consistent with structure 14 given.
(4) 2,3-1)ihydrc-6,8-dimethylimidazo(l,2-a)pyrimidin-7(8if)-one hydrochloride (12 «HCI) (0.8g;
14.2%), m.p. 280—284 °C, R f= 0.15 (in solvent mixture No. 9).
When the hydrochloride was dissolved in a mixture of chloroform and aqueous NaOH and,
after the separation of the phases, the chloroform solution was dried, the solvent removed, and
the residual solid product recrystallized from ethyl acetate, base 12, m.p. 130—131 °C,
was obtained; its IR spectrum was identical with that of 12 prepared earlier [2].

1.4- Bis-[3,5-(limethyl-4(3//)-oxo-pyrimidinyl-2] -piperazine (14)

A mixture of freshly distilled anhydrous piparazine (15) (1.70 g; 8.75 mmole) and 2-
ethylthio-3,5-dimethylpyrimidin-4(3fi)-one (9) [2] (3.12 g; 17.5 mmole) was refluxed on an
oil bath at 240 °C for 11 hrs. The warm reaction mixture was dissolved in absolute ethanol
(10 ml), filtered and allowed to crystallize. The procedure yielded I,4-bis-(3,5-dimethyl-4(3fi)-
oxo-pyrimidinyl-2]-piperazine (14) (0.62 g; 21.9%), m.p. 316—317 °C (from dimethylform-
amide). The IR spectrum of the product was identical with that of F obtained in the previous
experiment.

Reaction of |,5-dimethyl-2-ethylthiopyrimidin-4(l//)-one (10)
with 2-(2,6-dichlorophenoxy)ethylainine (2b)

A mixture of I,5-diinethyl-2-ethylthiopyrimidin-4(IH)-one (10) [2] (9.21 g; 0.05 mole)
and 2-(2,6-dichlorophenoxy)ethylamine (2b) [5] (11.33 g; 0.055 mole) was refluxed on an oil
bath at 170 °C for 6 hrs. During this period, the reaction mixture melted with the evolution
of ethanethiol. The brown-red melt was dissolved in solvent mixture No. 9 and subjected to
chromatographic separation on a silica gel column. The following compounds were eluted
from the column in the order given:

(1) 2,6-Dichlorophenol (6b) (7.5 g; 92.1%), m.p. 65—67 °C (from gasoline) (Ref. [12], m.p. 66—
67 °C); Rt = 0.95 (in solvent mixture No. 9).

(2) 1,5-Dimethylpyrimidin-2,4(1.ff, 3H)-dione (1-methylthymine, 18) (1.7 g; 24.3%), m.p.
278—280 °C (from dimethylformamide) (Ref. [13], m.p. 280—282 °C); Rj = 0.65 (in sol-
vent mixture N. 9).

IR: 1670 and 1730 cm-1.

(3) 2,3-Dihydro-6,8-diinethylimidazo(l,2-a)pyrimidin-5(8//)one (17) (1.5 g; 18.4%), m.p.
134—135 °C (from water); Rj = 0.05 (in solvent mixture No. 9). The IR spectrum of the
substance was identical with that of 17 obtained earlier [2].

1.4- Bis-[l,5-climethyl-4(IH)-oxo-pyrimidinyl-2]-piperazine (19)

A mixture of anhydrous, freshly distilled piperazine (15) (1.15 g; 5.9 mmole) and 1,5-
dimethyl-2-ethylthiopyrimidin-4(IH)-one (10) |2] (2.18 g; 11.8 mmole) was refluxed on an oil
bath at 240 —260 °C for 6 hrs. During this time, the reaction mixture fused with the evolution
of ethanethiol. Absolute ethanol (100 ml) was then added to the still warm reaction mixture,
it was brought to boiling, and filtered while hot. I,4-Bis-[I,5-diinethyl-4(l//)-oxo-pyrimidinyl-
2J-piperazine (19) (1.50 g; 81.1%) was obtained, m.p. 368—370 °C (from dimethyl sulfoxide).

IR: rC=0 1665 cm-1.

C.BHANA (330.38). Cald. C 58.16; H 6.71; N 25.44. Found C 58.02; Il 7.07; N 25.35%.

MS: molecular weight: 330, molecular formula: CISH2N® 2; the fragmentation pattern
is consistent with structure 19.
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Preparation of 1-15-nietli\1-1(37/)-oxo-pyriiiinlinyl-2] -piperazine (21) and
I,4-bis-[3-mcthyl-4(377)-ox0-pyrimidinyl-2]-piperazine (20) from piperazine

A mixture of piperazine hexahydrate (4.85 g; 0.025 mole) and 2-ethylthio-5-methyl-
pyrimidin-4(3H)-one (Ib) [7] (8.5 g; 0.05 mole) xvas refluxed in a distillation apparatus on an
oil bath at 160—170 °C for 6 hrs. During the reaction the mixture melted, while water and
ethanethiol distilled off. The product was rubbed with hot absolute ethanol; in this way 1,4-
bis-[5-methyl-4(3H)-oxo-pyrimidinyl-2]-piperazine (20) (6.2 g; 82.3%) was obtained, m.p.
> 380 °C (from dimethyl sulfoxide); Rr — 0.1 (in solvent mixture No. 9).

IR: rC=0 1670 cm“ 1

C)AH 18N A (302.34). Cald. C 55.61; H 6.00; N 27.80. Found C 55.58; H 6.24; N 28.03%.

MS: molecular weight: 302, molecular formula: C14H 18N€0 2; the fragmentation pattern
is consistent with structure 20.

The alcoholic filtrate of 20 was evaporated to dryness and the residue subjected to
chromatographic separation on a silica gel column in solvent mixture No. 9, to yield I-[5-
methyl-4(3ii)-oxo-pyrimidinyl-2]-piperazine (21) (0.5 g; 10.6%), m.p. 207—208 °C (from
ethanol). Rr = 0.5 (in solvent mixture No. 9).

IR: rC=0 1685 cm“1; NMR: OCCH3= 1.85s (3H), <6CH2= 3.75 m (8H), <5ArH =
= 7.65 s (1H), <5NH = 8.15 s (1H).

C9H 14N40 (194.23). Calcd. C 55.65; H 7.27; N 28.85. Found C 55.70; H 7.56; N 29.03%.

MS: molecular weight: 194, molecular formula: C9H14N40; the fragmentation pattern
s consistent with structure 21.

Preparation of I-[5-methyl-4(3H)-oxo-pyrimidinyl-2]-piperazine (21) and
l,4-bis-[5-methyl-4(3H)-oxo-pyrimidinyl-2]-piperazine (20) from diguanylpiperazine

Metallic sodium (11.2 g; 0.488 g-atom) was dissolved in absolute ethanol (240 ml),
then the solution was evaporated to dryness in vacuum on an oil bath at 220 °C. After cooling,
the alcoholate was ground, absolute ether (200 ml) was added, and an ester mixture prepared
from ethyl formate (32.0 g; 0.432 mole) and ethyl propionate (40.8 g; 0.400 mole) was slowly
added by drops, under stirring and cooling in salted ice; the mixture was then allowed to stand
overnight. On the next day, the reaction mixture was decomposed by the addition of water
(100 ml), separated, and a solution of diguanylpiperazin sulfate (23) [9] (26.8 g; 0.1 mole) in
water (50 ml) was added to the aqueous phase, and the solution was allowed to stand overnight.
The solution was then refluxed on a water bath for 2 hrs., acidified with cone. HC1 and evap-
orated to dryness in vacuum. The residue was subjected to chromatographic separation in
solvent mixture No. 9 on a silica gel column. First, I-[5-methyl-4(3H)-oxo-pyrimidinyl-2]-
piperazine (21) (6.8 g; 35.1%) was obtained, m.p. 207—208 °C (from ethanol). The IR spectrum
of the substance xvas identical with that of 21 prepared earlier.

Continuing the chromatographic separation, 1,4-bis-[5-methyl-4(3H)-oxo-pyrimidinyl-
2]piperazine (20) (2.8 g; 9.3%) was eluted, m.p. > 380 °C (from dimethyl sulfoxide). The IR
spectrum of the product was identical with that of 20 prepared earlier.

The autors’ thanks are due to Dr. J. Tamas (Center for Studies on Chemical Structure of
the Hungarian Academy of Sciences) for the MS spectra; to Dr. P. Sohar for recording the
IR and NMR spectra; to Dr. L. Lang (Department for Nuclear Physics of the Technical
University, Budapest) and Dr. J. Liptak for the TTV spectra and their valuable help in the
interpretation.
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Direct tritylation of ethanolamine (1) affords N-tritylethanolamine (Il) as the
sole product. In boiling pyridine, however, the tritylation gives a mixture of N-trityl-
ethanolamine (I1), O-tritylethanolainine (I11), N,0-ditritylethanolamine (IV) and tri-
phenylcarbinol (V) under the conditions of Buckus et al. [1], who isolated only
compound IlI. The Il «HC1 and IIl « HC1 salts form alkyl trityl ethers with primary
alcohols in intermolecular N -» O and O —O’ transtritylation reactions.

W ith tertiary alcohols, such as f-butyl alcohol, Il «HC1 or Ill « HC1 does not
enter either intermolecular or intramolecular transtritylation reaction, thus the alkyl
trityl ether or N,0-ditrityl derivative (IV) is not formed. The proton-catalyzed trans-
formation of Il and IIl to IV can be achieved in the presence of tertiary bases (e.g.
pyridine), which are suitable for trityl transfer.

The tritylation of amino alcohols is a reaction of interest; some derivatives
proved to he important in the preparation of biologically active molecules.
They also offer a good model to examine the two known types of tritylation,
direct tritylation and transtritylation. The latter process might involve the
following cases:

N — N’ oO—0
N “mO O —N
N * C O -» C, etc

The tritylation of ethanolamine (I) is herein described, particularly in
view of the paper published by Buckus et al. [1]. These authors reported that
I was selectively N-tritylated with trityl chloride in boiling pyridine to give
N -tritylethanolamine (Il1) as the sole product. The formation of O-tritylethanol-
amine (l11) and other products were not noted by these authors.

We repeated the work of Buckus [1]; the product so obtained was a
mixture of Il, Ill, N,0-ditrityl-ethanolamine (IV), and triphenylcarbinol (V)***
formed in 85%, 4.83%, 6% and 4.17%, respectively.

* Some of the material of this paper had been the subject of a lecture, held at the Con-

ference of Organic Chemistry of the Hungarian Chemical Society, Pecs, August 22 24, 1973.

*** The formation of V can presumably be due to either hydrolysis of TrCl or IV during
manipulation.
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NH, NH—Tr NH, NH-Tr

CH, Trcl CH, + CH, +  CH, +  (CBH5)3COH
1 Py 1 1 1

CH2 CH, CH, CH,

OH OH oTr oTr

[ H m v v

Thin-layer chromatography of the reaction mixture showed 4 spots:
iRj 0.64; ii Rj 0.08 and Hi Rf 0.84, which corresponded to compounds II, Il
and IV, respectively. The fourth spot had Rj 0.77 of triphenylcarbinol (Y). The
structure of each compound was examined by IR spectroscopy and micro-
analysis.

The isolation of the compounds from the mixture according to the
method of Buckus was found rather tedious in our experiments, therefore
we tried to modify the procedure in an attempt to minimize the formation of
by-products. Thus pure N-tritylethanolamine (II; yield: 99.6%) was obtained
when the reaction was carried out in ethanolamine used in a large excess (1 mole
trityl chloride in 60 moles ethanolamine, at room temperature). Under such
conditions direct N-tritylation of | took place, no transtritylation being in-
volved. Using 1:30 molar ratio of the reactants in chloroform solution, a
mixture of I, Ill, IV and V was obtained again.

W hile the direct N-tritylation of amino alcohols is possible, selective
O -tritylation can only be achieved through special syntheses:

(a) Reaction of carbobenzoxy chloride with | afforded N-carbobenzoxy-
ethanolamine (VI). Tritylation of the latter, either at room temperature or in
boiling pyridine gave O-trityl-N-carbobenzoxyethanolamine (VII1). Hydro-
genolysis of VII either in ethyl acetate or in dimethylformamide yielded III.

(b) Chemically homogeneous O-tritylethanolamine (IIl) can also he
obtained by the hydrazinolysis of co-trityloxyethylphthalimide (VIII).

(@ |  I'hCHOOOCL  PhCH20CO-NH-CH.CH.-OH T;?/'
Vi
H2
PhCH20CO-N H - CH2CH2- OTr e
Vi
o HN-CH2CH2-0Tr 1l
N; H,
EtOH
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The purity of O- and N-tritylethanolamine, their structure and the
stability of the isomers were checked by mass spectroscopy (Fig. 1). The molec-
ular ion of both isomers has the mass number 303. In the course of the frag-
mentation, the C—€ bond in /3-position both to the oxygen and nitrogen, splits
homolytically, though the mass numbers of the ions differ by one unit.

(o]
0o~ O® TrNH MS 902 Mass.spectrometer
0 70 eV MSO °C direct inlet system
m/e 243 m/e 258

.
8 A20HIBN C2iH21NO
6 tenH=cH, M rrNH-cHicHj-oh
4 m/e 272 m/e 303
: 1
230 250 270 290 m/e

Fig. 1

+
N -trityl compounds have a characteristic fragment (TrNH) at the mass

number 258. The latter is completely missing from the spectrum of the O-trityl
compound, which means that this compound is quite pure, and that the isomers
do not transform into each other as bases. Even prolonged heating of these
compounds (Il and Ill) (20 hrs at 100°C) produced no change.

Tritylamino alcohols called our attention to trityl migration, a problem
similar to the acyl migration of acylamino alcohols which latter has been
studied in great detail. The main problem is whether the different ways of
formation and the different modes of cleavage ofthe N- and O-trityl compounds
[2] correspond to a reversible intramolecular transtritylation (“trityl migra-
tion”), or tritylethanolamine is capable of undergoing only intermolecular
transtritylation reaction. An N —0 trityl migration can be expected in acidic
medium, while O — N trityl migration might take place in basic medium with
these compounds.

Trityl migration has only been described for aryl trityl ethers an for
N-tritylarylamines. The proton-catalyzed reaction takes place as an intra-
molecular 0 —mC or N —mC migration, accompanied by intermolecular trans-
tritylation [3,4] (e.g., Cell5O0Tr —mp-Tr-Cull4OH, or CeHSNHTr —%p-Tr-
CeH4NH 2).
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The hydrochloride of N-tritylethanolamine (Il «HCI) is a very reactive
compound, and the heterolysis assisted by proton catalysis can easily take
place. The cleavage of the trityl group in the isomeric salt (I1l « HC1) is more
difficult, because the oxygen atom is not easily protonated even in the presence
of equimolecular hydrochloric acid. However, BuCKUS reported that the 0-
trityl bond in the N,0-ditrityl compound (IV) can he cleaved easily when this
compound (V) is treated with a great excess of hydrogen chloride gas in dry
benzene, to afford the hydrochloride of II.

It is probable that the proton-catalyzed transtritylation of Il «HC1
can easily take place if the salt is boiled in a solvent indifferent to tritylation,
e.g. t-butanol, as the monotrityl compound can he transformed into the cor-
responding ditrityl derivative. After boiling for several hours, Il « HC1 showed
no remarkable change. As the hydrochloride of Il quickly transtritylates etha-
nol (Il mHC1 — IX), the absence of transtritylation in the former case can he

explained by steric hindrance, or alternatively, as probably due to the electro-
+

static effect of the Tr-NHZ2group.

The boiling of Il «HC1 with t-butanol for 20 hours, under strictly an-
hydrous conditions afforded only triphenylcarbinol (V) in 83% vyield, together
with unchanged starting material. The formation of triphenylcarbinol might
be explained as a result of dehydratation of t-butanol.

On account of the reasons mentioned above, the O-tritylethanolamine
salt (111 « HC1) reacts with primary alcohols more slowly, and its behaviour
with t-butanol is also different because here we could observe a strange reac-
tion; namely the formation of /5-triphenylethyl trityl ether (X); the mechanism
of this reaction will he studied later.

+
Tr—NH2CH2CH2—OH Tr—0 —CH,CH,—NH3
Il « HC1 Il «HC1 “
t- BuOH ! EtOH EtOH 1t-BuQJti
20n i 1 hr. TrOEt < 10n j. 20*
(93%) IX (49%)
V (83%) \Y;
| mHC1 | « HC1
Il « HC1 (17%) 11 « HC1 (54%)
Tr-CH2—0—Tr (10%)
X
It is true that, in the cases of Il « HC1 and IlIl « HC1 derivatives, in t-

butyl alcohol, the reaction only goes as far as the tritylation of water formed
by dehydration of the tertiary alcohol, and neither trityl migration nor inter-
molecular transtritylation reaction (i.e. the formation of N,0-ditritylctlianol-
amine) could he observed.

This might he ascribed to the fact that the monotritylethanolamines Il
and IIl are incapable of trityl migration under the applied experimental condi-
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tions. So they cannot be transtritylated (N —O or O —» N) intramolecularly,
owing to steric reasons. But the salts Il ¢« HC1 and IIl « HC1 showed different
behaviour in the presence of tertiary bases capable of transferring a trityl
group. Thus boiling these salts in absolute pyridine converted them to N,O-
ditritylethanol-amine (IV). Transtritylation can occur only in the presence
of a suitable transferring material, e.g. pyridine, which assists the formation
of a transition complex and in this way also the transient heterolysis of the
N -trityl or O-trityl bonds.

Il mHC1 or Il HC1 . TrNH —CHZ2CH2—OTr
pyridine *

Experimental

All melting points were determined on a Boetius micro melting point apparatus. The
infrared spectra were obtained with an UR-10 (Zeiss, Jena) spectrometer in KBr pellets, the
mass spectra were recorded with an AEI MS 902 mass spectrometer. The elemental composition
of the molecular ions was determined by exact mass measurements.

Conditions of thin-layer chromatography: silica gel; solvent systems: benzene—methanol
95 : 5 v/v (Solvent a), or benzene-ether 10 : 90 v/v (Solvent 6); detection with methanol-conc.
H25043:1; yellow spots appear after warming the plates.

Preparation of N-tritylethanolaniine

N-Tritylethanolamine (I1)

(a) Ethanolamine (7.33 g; 0.12 mole) and trityl chloride (0.55 g; 0.002 mole) were
shaken (30 min) at room temperature till dissolution. Excess ethanolamine (6.35 g) was
recovered at 68—70°/0.4 mm. The product (0.6 g; 96%), in.p. 71—88 °C* (from ethanol)
gave one spot on TLC in Solvent a, Rj 0.64. The IR spectrum of Il showed peaks at 3500—3150
cm-1: vOH, and 3362 cm-1: vNH. Recrystallization from 96% ethanol, aqueous acetone,
benzene-ligroin or ethanol, gave feathery needles, m.p. 71—88 °C (dried over P20 5in vacuum
at room temperature). The molecular weight, determined by mass spectrometer, was 303.
The material contained no accompanying contaminations.

C2IH2INO - H20 (312.4). Calcd. C 80.7: 11 7.1; N 4.5; 0 7.7. Found C 81.1, 81.1;

H 7.2,74; N 39,42, 076, 7.7%.

BUCKUS et al. [1] reported m.p. 75—76 °C for compound II.

(b) Ethanolamine (2.4 g; 0.039 mole) and trityl chloride (5.6 g; 0.02 mole) were refluxed
in abs. pyridine (15 ml). The reaction mixture was poured in water, the solid filtered off and
air-dried, as described by Buckus ei al. [1]. The crude product (6.0 g; m.p. 110—135 °C)
gave 4 spots on TLC; Rj 0.08, Rj 0.64, Rj 0.77 and Rj 0.84.

The solid was boiled with abs. ethanol, and filtered to yield 0.36 g (6% ) of a substance,
m.p. 169—170 °C, Rj 0.84. Its IR spectrum showed a stretching vibrational band at 3320
cm-1: vNH.

CA0H3BNO (545.7). Caled. C88.1; H 6.4; N 2.6. Found C88.2,88.3; H 6.3, 6.5; N 2.5, 2.6%.

This compound is N,0-ditritylethanolamine (I1V), reported by Buckus et al. [1] with
m.p. 148—150 °C.

The above alcoholic filtrate was mixed with water, when feathery needles separated.
Yield: 51 g (85%), m.p. 71—88 °C, Rj 0.64 (in Solvent a). The IR spectrum was similar to
that of compound Il prepared as described under (a).

C2AH2INO «-* H,0 (312.4). Calcd. C 80.7; Il 7.1; N 4.5; O 7.7. Found C 80.1, 80.6;
11 75, 7.4; N 4.4, 4.6; O 8.1, 8.1%.

*The wide range of this melting point is not due, most likely, to a chemical change,
because heating this material for 20 hrs. at 100 °C left the starting material unchanged, as
demonstrated by TLC and mass spectroscopy.
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The alcoholic mother liquor from the above filtrate was evaporated to leave a pale
yellow gum. This was treated with dry ether (3 X10 ml), and the ether extract was concentrated
at the pump. The solid [(0.25 g; 4.1%), m.p. 163—164 °C (from ethanol), Rj 0.77 (in Solvent
a)] showed in the IR spectrum a peak at 3478 cm-1: rOH. This was triphenylcarbinol (¥).
The remaining gum crystallized well from abs. acetone (0.29 g; 4.83%), m.p. 180—181 °C,

+

Rt 0.08. IR spectrum: rNH3at 3150—2200 cm-1 and vC—O—C at 1048 cm-1.

C2H 23N 04 (365.4). Caled. C 72.3; H 6.3: N 3.8. Found C 71.6; H 6.6; N 4.3%.

This compound is a hydrogen carbonate derivative of O-tritylethanolamine (I111). The
tendency of aminoethanol to absorb carbon dioxide on exposure to the air is known [6]. The
base, (m.p. 91—91.5 °C, undepressed upon admixture with an authentic sample) was obtained
by warming the above salt with aqueous potassium hydroxide solution: Rf 0.08 (in Solvent a).

(c) Ethanolamine (3.75 g; 0.06 mole) and trityl chloride (0.55 g; 0.002 mole) were
dissolved in dry chloroform (10 ml) and allowed to stand at room temperature for 30 min.
Similar results as described under (b) were obtained.

Preparation of O-tritylethanolamine

Method A
co-Trityloxyethylphthalimide (VIII)

A solution of eo-hydroxyethylphthalimide (18.1 g; 0.1 mole) and trityl chloride (31.0
g; 0.11 mole) in abs. pyridine (200 ml) was heated at 50 °C for 1 hr., then kept at room tempera-
ture (24 hrs.). The product which separated upon the addition of water (1000 ml) was dried,
and extracted with alcohol in a Soxhlet apparatus. The insoluble residue was recrystallized
from acetone to yield 34.2 g (78.9%), m.p. 163—164 °C.

IR spectrum: rCO at 1770 cm-1; vsCO at 1712 cm-1; vAr at 1615, 1600 and 1495 cm-1;
vC—O—C at 1085 cm-1; 1,2-disubstituted aromatic ring at 720, 728 cm-1; monosubstituted
aromatic ring at 768, 755, 710, 701 cm-1.

O-Tritylethanolamine (I11)

The above phthalimide derivative (VIII) (4.33 g; 0.01 mole) was dissolved in ethanol
(25 ml) and refluxed with 72% hydrazine hydrate (5 ml) for 5 hrs. The phthalazine-l,4-dione
was filtered off and the filtrate was mixed with 10% hydrochloric acid adjusting pH 7, where-
upon the O-tritylethanolamine salt (111 « HC1) separated; yield 2.9 g (85%), m.p. 197—199 °C
(after washing with dry ether).

C2IH 2C1NO (339.9). Calcd. C 74.2; H 6.5: N 4.1; Cl 10.4. Found 74.4; H 6.8; N 4.3;
Cl 10.1%.

The base (HI) was prepared from 1.0 g of the above salt (111 « HC1), by mixing it with
aqueous potassium hydroxide (30%, 20 ml). Yield: 0.7 g, m.p. 91—91.5 °C (from aqueous

ethanol).
C21H 2INO (303.4). Calcd. C 83.2; H 6.6; N 4.6. Found C 83.0; H 6.5; N 4.7%.

Method B
N-Carbobenzoxyethanolamine (V1)

To freshly distilled ethanolamine (21 ml; 20.6 g; 0.336 mole), carbobenzoxy chloride
(7.5 g; 0.044 mole) was added by drops, with cooling and stirring. The white crystalline product
(from cold dry petroleum ether) was 8.3 g (97.6%, calcd. for the benzyl ester); m.p. 45—50 °C.

CI10H 13N O3 (195.2). Calcd. N 7.2. Found N 7.3, 7.4%.

IR spectrum: rNH at 3327 cm-1; rOH at 3500—3150 cm-1; rCar—H at 3064—3036
cm-1.rCH2at 2942, 2888 cm-1;rCO at 1696 cm-1; ONH at 1532, 1540 cm-1; rCar—O—C at
1278 cm* 1; vC—O at 1040 cm-1; mono-substitution at 748, 698 cm-1.

N-Carbobenzoxy-O-tritylethanolaminc (VII)

A well-dried sample of VI (0.5 g; 0.0025 mole) and trityl chloride (0.8 g; 0.0028 mole)
were refluxed for 2 hrs in abs. pyridine (10 ml). The product separated after dilution with
water; 0.95 g (87%); m.p. 75—76 °C (from abs. ethanol).
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IR spectrum: rNH at 3352 cm 1; mono-aromatic substitution at 768, 702 cm 1
C29H2/MN 03 (437.5). Calcd. C 79.6; H 6.2; N 3.2; O 11.0. Found C 79.9, 80.8, H 6.3, 6.4:
N 3.0, 3.1; O 10.9, 11.0%.

O-Tritylethanolamine (111)

The above compound (VII) (2.0 g; 0.0045 mole) was shaken with hydrogen in the pres-
ence of 10% palladium-on-carbon catalyst at room temperature and atmospheric pressure
in abs. ethyl acetate (100 ml); about 100 ml hydrogen was absorbed. The solvent was evaporated
at the pump; on the addition of dry ether (20 ml) a solid (0.5 g; 31.7%) separated. This was
the hydrogen carbonate derivative of I11. The base (I11) was liberated by the addition of aqueous
potassium hydroxide solution; m.p. 91 915 °C.

N-Benzoyl derivative of 111

O-Tritylethanolamine (111) (0.10 g) was acylated with benzoyl chloride (0.10 ml) in
abs. pyridine (3 ml). After a short time the solution was diluted with water whereupon a gum
separated. This gum slowly crystallized from a mixture of chloroform and petroleum ether to
give a colourless powder, m.p. 135—136 °C.

IR spectrum: t>NH 3296 cm-1; j»CO (amide) 1635 cm-1; 4NH (amide) 1552 cm-1;
t>C—0 1068 cm-1; monosubstituted Ar ring at 763, 750, 710, 702 cm-1.

C28H2N 02(407.5). Calcd. C82.6: H 6.1; N 3.4. Found C82.4,82.7;H 6.3,6.2; N 3.5, 3.5%

Ditritylation of ethanolamine, O-tritylation of II,
and intcrmolccular transtritylation of Il «1ICl and 111 mHC1

N, 0-Ditrilylethanolamine (1V)

(a) Ethanolamine (2.4 g; 0.039 mole) and trityl chloride (33.6 g; 0.12 mole) were allowed
to react in abs. pyridine (55 ml) under the conditions used by Buckus et at. The product was
17 g (80%), m.p. 168 169 °C (from ethanol), Rr 0.84 (in Solvent a).

IR spectrum: rNH at 3320 cm-1.

CA0H3BNO (545.7). Calcd. N 2.6. Found N 2.6, 2.7%.

(b) N-Tritylethanolamine (Il) (2.5 g; 0.008 mole) and trityl chloride (3.4 g; 0.012 mole)
were refluxed in abs. pyridine (20 ml) under the conditions given by Buckus et al. Yield: 4.0 g
(91.7%); m.p. 168—169 °C (from ethanol or acetone), undepressed in admixture with a sample
of the product made according to (a). Rr 0.84 (in Solvent a).

(c) The hydrochloride (M « HC1 or 11l « HC1: 1.0 g; 0.003 mole) and abs. pyridine (15
ml) were refluxed for 7 hrs., then kept at room temperature for 24 hrs. The solvent was evap-
orated in vacuum to leave a pale yellow syrup. This crystallized from abs. ethanol to yield
O. 959 (57.9%) of a substance, m.p. 168—169 °C R» 0.84. It was identical with the products
described under (a) and (b).

Dctritylation of IV. N-Tritylethnnolaiiiinr hydrochloride (11 «HC1)

The above ditrityl compound (IV) (1.4 g; 0.0025 mole) was dissolved in dry benzene
(30 ml) and cooled in ice-water, then treated with dry hydrogen chloride gas. The product was
0.80 g (94.1%), m.p. 180—181 °C (Buckus et al. [1] reported m.p. 167—168 °C). Rf 0.80

(in Solvent b).
+

IR spectrum: vNH2at 3102—2500 cm-1; rOH at 3360 cm-1.
C2IH21IC1INO (339.9). Calcd. N 4.1; ClI 10.5. Found N 4.1; Cl 10.6%.

Reactions of the isomeric nionotrityletlianolamine salts with primary alcohols
Reaction of ethanol with Il mHC1 (a) and |11 mHC1 (b)

(a) N-Tritylethanolamine hydrochloride (11 « HC1) (1.0 g; 0.003 mole) and abs. ethanol
(30 ml) were refluxed for 40 min. Removal of the solvent and the addition of water gave 0.76 g
(88%) of colourless cubes, m.p. 82—83 °C (from 96% ethanol), Rj 0.36 (in Solvent a). Mixed
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m.p. with an authentic sample [5] was 82—83 °C. When this experiment was repeated with
1-hr. reflux, the yield was 0.80 g (93%) of trityl ethyl ether.

(b) The isomeric salt (111 « HC1) (1.0 g) was refluxed for 10 hrs. with abs. ethanol
(30 ml); work-up according to (a) gave 0.42 g (49%) of trityl ethyl ether [5], m.p. and mixed
m.p. 82—83 °C.

Reaction of t-butanol with 11 «HC1 (a) and III-HC1 (b)

(a) t-Butanol (100 ml) and N-tritylethanolamine hydrochloride (11 « HC1) (1.0 g; 0.003
mole) were heated at the boiling temperature under strictly anhydrous conditions for 20 hrs.
The solvent was removed at the pump to leave a solid (0.85 g), m.p. 135—180 °C. This was
taken up in dry ether (40 ml). The insoluble material, after recrystallization from ethanol,
was 0.14 g (14%), m.p. 174—176 °C (unchanged Il « HC1). The ether filtrate was evaporated
at the pump to leave a solid, 0.65 g (83%), m.p. 163—164 °C (from ethanol), which proved to
be triphenylcarbinol, its IR spectrum showing a peak at 3478 cm-1; I'Oll. The mother liquor
contained no ditrityl derivative.

(b) 1.0 g (0.003 mole) O-tritylethanolamine hydrochloride (111 « HC1) was refluxed in
abs. t-butanol (100 ml) for 20 hrs. The solid left behind after evaporation of the solvent, was
suspended in abs. ether (40 ml) and filtered to yield 0.64 g, consisting of a mixture of unchanged
111 «HCI, X and | «HCL1. This mixture was shaken with 10 ml 25% aqueous KOH solution
and after 3 hrs. the solid was filtered off and washed with hot ethanol. On the filter paper
there remained 0.10 g of a gleaming, crystal-like powder, which was recrystallized from a
mixture of dioxan and ethanol; m.p. 185—186 °C. The analytical data showed the product to
be /S-triphenylethyl trityl ether (X).

Molecular weight (from mass spectrum): 516. Most important bands of the IR spectrum:
rOH: —; j-Ar 1605, 1498, 1453 c¢m-1; rCH: 772, 759, 704 cm4 ; vC—O 1038 (979?) cm“ 1

The compound could not be acylated with acetic anhydride in pyridine.

C39H 30 (516.6). Calcd. C 90.5; H 6.2, Found C 90.9, 90.4; H 6.4, 6.1%.

We wish to thank Dr. F. Ruff for the infrared spectra, P. Bruck, for the mass spectra,
Dr. H. Medzihradszky and the members of the microanalytical laboratory, and Gy. Koron-
CZAY technical assistant for the thin-layer chromatography.

REFERENCES

fl] Buckus, P. F., Saboniene, R. U., Lamesiene, D.: Zh. Org. Khim. 6 (10), 1984 (1970);
C. A. 74, 12723d (1971)

[2] Buckus, P. F.: Usp. Khim. 39 (1), 112 (1970); C. A. 72, 100171m (1970)

[3] Buckus, P. F., Saboniene, R. 1J.: Zh. Org. Khim. 5, 533 (1969); Shobigin, P. P.: Ber.
59, 2510 (1926); Shorigin, P. P., Skoblinskaja, S. A.: Doki. Akad. Nauk 14, 505
(1937); Aiphen, J. van: Rec. trav. chim. 46, 287 (1927); lIddles, H., French, K.,
Meltlon, E.: J. Am. Chem. Soc. 61, 3192 (1939); Mackenzie, C., Chucani, G.: J. Org.
Chem. 20, 336 (1955); Iddtes, H., Minckler, H.: J. Am. Chem. Soc. 62, 2757 (1940);
Iddles, H., Mitter, W., Powers, W., ibid. 62, 71 (1940); Funakubo, E., Hirotani,
T.: Ber. 69, 2123 (1936); Funakubo, E., ibid. 70, 1981 (1937); Burton, H., Cheeseman,
G.: J. Chem. Soc. 1953, 832; Buckus, P. F., Raguotenie, N. V., Buckenie, A. J.:
Zh. Org. Khim. 4, 4413 (1968); idem., ibid. 4, 2120 (1968); Parsons, G., Porter, C.
J. Am. Chem. Soc. 54, 363 (1932)

[4] Chuchani, G, Rodriguez-Uzcanga, V.: Tetrahedron 22, 2665 (1966); Buckus, P. F.,
Raguotenie, N. V., Buckenie, A. J.: Zh. Org. Khim. 4, 181 (1968); Alphen, J. van:
Rec. trav. chim. 46, 501 (1927); Boyd, D., Hardy, D.: J. Chem. Soc. 1928, 630; Hardy,
1)., ibid., 1929, 1000

[5] Friedet, C., Crafts,J. M.: Ann. de Chim. et de Phys. 6, 1, 503

[6] Guyer, A., Parner, G.: Helv. Chim. Acta 21, 1341 (1938); Grun, Ad., Limpacher, R.:
Ber. 59, 1349 (1926); Shneerson, A. L., Leibush, A. G.: Zh. prikl. Khim. 19, 871
(1946); cf. C. A. 41, 4340f (1947) and the references cited therein

Karoly Kérmendy; 1088 Budapest VIII., Mizeum krt. 4/b. Hungary
Mohamed M. Ei1-Sawy-; 20A, Road 510, Maadi, Cairo, A. R. Egypt.

Acta Chim. (Budapest) 83, 1974



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 83 (1), pp. 115—117 (1974)

NOTE ON THE ACYLATION OF I-(3,4-DIMETHOXY -
PHENYL)-5-ETHYL-7,8-DIMETHOXY-4-METHYL-5H-
-2,3-BENZODIAZEPINE

(SHORT COMMUNICATION)

M. Lempert-Sréter
(Department of Organic Chemistry, E6tvés Lorand University, Budapest)

Received February 22, 1974

Acylations of the title compound (2) take place at N-3 under migration of the
endocyclic double bond between N-3 and C-4 into the semicyclic position.

In connection with another research project we became interested in
the acylations of the title compound (2). The latter has been prepared essen-
tially according to aHungarian patent [I]by reacting I-(3,4-dimethoxyphenyl)-
-4-ethyl-6,7-dimethoxy-3-methyl-2-benzopyrylium chloride (1) with hydrazine
hydrate.* Both the IR and NMR spectra (which do not exhibit NH bands and
signals, respectively) are in agreement with the assumed tautomeric structure
of the starting compound.

When 2 was allowed to react with p-nitrobenzoyl chloride in pyridine
and with acetic anhydride, smooth acylations took place. The positions of the
carbonyl bands in the IR spectra of the resulting acyl derivatives clearly
demonstrated that they were N-substituted products. The proton, lost in ex-
change for the acyl groups, came in both cases from the 4-methyl group of
2, since the signal of this group disappeared from the NMR spectra as a result
of the acylation and became replaced by the AB doublet of a newly formed

* Originally the 1-(3,4-dimethoxyphenyl)-4-ethyl-6,7-dimcthoxy-3-methylisoquinolinio-
amide structure 3 has been assigned to the product in Ref. [1], but in an addendum to the
patent this structure assignment has been revised [2].
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terminal methylene group. The structures of the acyl derivatives are therefore
represented by the general formula 4.

4 5 6

An analogous iV-acylation under migration of the endocyclic C= N
double bond into the semicyclic position has been observed in the reaction of
I-methyl-3,4'dihydroisoquinoline with aryl isocyanates [3].

Synthesis of the isomeric isoquinolinioamidates 5 by acylation of the
isoquinolinioamide 3 could not be carried out since iV-amination of the iso-
quinoline 6 to yield 3 could not be performed [4] even with the powerful ani-
mation reagent 0-(2,4,6-trimethylphenylsulfonyl)-hydroxylamine [5].

Experimental

NMR and IR spectra were obtained at 60 MHz in CDC13solution with TMS as internal
reference and in KBr pellets, respectively, with the aid of a Perkin—EImer spectrometer,
Type R-12 and a Carl Zeiss spectrometer, Type UR-10, respectively.

NMR spectrum of I-(3,4-dimethoxyphenyl)-5-ethyl-7,8-dimethoxy-4-methyl-5H-2,3-benzo-
diazepine (2)

8 1.1 ppm, t,J = 7.3 Hz, 3H, CH2 CHS3; 8 2.0 ppm, s, 3H, 4-Me; 8 2.15 ppm, m, 2H,
CH—CH2—CH3; 028 ppm, t, J = 7.3 Hz. 1H, CH-CH2; 8 3.75, 3.91, 3.93, 3.97 ppm, s,
3H, each, (CH30)4; 8 6.7—7.7 ppm, m, 5H, ArH.
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3-Acetyl-1-(3,4-diniethoxyphenyl)-5-ethyl-7,8-diinethoxy-4-niethylene-4,5-dihydro-3H-2,3-
-benzodiazepine (4, R= Me)

A mixture of 2 (0.38 g; 1 mmole), pyridine (3 cm3) and acetic anhydride (0.6 cm3) was
allowed to stand overnight in a refrigerator and for a day at room temperature. The solution
was poured into ice-water, the product was extracted with ether and the ether solution was
washed with water and evaporated to dryness. The residue was recrystallized from ethanol to
yield 0.28 g (67%) of 4 (R = Me), m.p. 151—153 °C.

C2ZH29N ,05 (425.5). Calcd. C 67.74; 11 6.87; N 6.59. Found C 68.10: H 6.92; N 6.79%.

IR: j>CO 1680 cm-1.

NMR: 8 0.95«ppm, t, J = 7.5 Hz, 3H, CH2CH 3; 8 1.8 ppm, m, 2H, CH—CH2—CH3;
8 2.5 ppm, s, 3H, Ac; $3.55 ppm, t, J = 7.5 Hz, Ill, CH—CH2 8 3.70, 3.90, 3.95, 3.98
ppm, s, 3H, each, (CHX)4; 8 5.1 and 5.25, s, Ill, each, =CH 2 $6.7—7.45 ppm, m, 5H(ArH).

3-Acetyl-1-(3,4-diniethoxyphenyl)-5-ethyl-7,8-dimethoxy-4-nicthyl-4,5-dihydro-3H-2,3-benzo-
diazcpine (7)

The above product was reduced in ethyl acetate solution at room temperature and
atmospheric pressure in the presence of a Pd/C catalyst to yield 62% of compound 7, m.p.
174—175 °C (EtOH).

C,4H3IN.95 (427.5). Caled. C 67.42; H 7.31; N 6.56. Found C 67.73; Il 7.32; N 6.49%.

IR: vCO 1640 cm“ 1

NMR: 8 0.85 ppm, d, J = 6 Hz, 3H, 4-Me; 8 1.05 ppm, t, J — 7 Hz, 3H, CH2—CH3;
$ 19 ppm, m, 411, CH—CH2—CH3 4H -j- 5H; $2.4 ppm, s, 3H, Ac; $3.70, 3.85, 3.90,
3.95 ppm, s, 3H, each, (CH3)4; 8 6.7—7.4 ppm, m, 5H (ArH).

I-(3,4-Diniethoxyphenyl)-5-ethyl-7.8-diniclhoxy-4-inethylene-3-(p-nitrobciizoyl)-4,5-dihydro-
-3H-2,3-benzodiazepine (4, R = p—O2NCOH4)

p-Nitrobenzoyl chloride (0.4 g, 100% excess) was added to a solution of 2 (0.4 g) in
pyridine (3 cm3. Heat was evolved and the crystalline product started to precipitate within
a few minutes. The mixture was allowed to stand for a couple of hours and poured into water.
The lemon yellow crystalline crude product was recrystallized from ethyl acetate—ethanol to
yield 0.2 g (38%) of 4 (R = p—02NC,,H4), m.p. 222—223 °C.

C,9H,9N30 7 (531.6). Calcd. C 65.53; Il 5.50; N 7.91. Found C 65.35: H 5.75; N 7.90%.

IR: vCO 1670 cm*“ 1

NMR: 01.08 ppm, t. J = 7.5 Hz, 3H, CH2—CH3; 6 1.9 ppm, m, 2H, CH—CH,—CH3;
6 36 ppm, t, J 8 Hz, 1H, / CH—C12, $3.7, 3.75, 3.9, 40 ppm, s, 3H, each, (CH)4
8 5.15 and 5.4, s, 1H, each, =CH2 8 6.6—7.4 ppm, m, 5H, ArH, benzodiazepine: 8 7.65 and
8.23 ppm, AA’BB’ quadruplet, J = 8.5 Hz, 4H, p-nitrobenzoyl.

The author’s thanks are due to Dr. H. Medzihradszky—Schweiger for the micro-
analyses, to Dr. F. Ruff for the IR and to Dr. P. Kolonits (Technical University, Budapest)
for the NMR spectra.
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PE3IOME

WccnenoBaHne OTeYeCTBEHHbIX W MHOCTPaHHbIX netydmx macen, |l
K. PETU-BENIA®W, 3. KEPEHW u P. KONbTA

Bbin uccnefoBaH KaueCTBEHHbIA U KOMIMYECTBEHHBI COCTaB /IeTYYero Macna oTeqecTBeH-
HOro pacTeHust yKpona C MOMOLLbI0 COBOKYMHOCTU MeT%qos 3pheKTUBHOrO pasfeneHns v crnek-
TPOMETPUYECKON WMAEHTUMMKaUUK. B neTyyem macne 6b110 0OHapyXeHo 14 KOMMOHeHTOB (B
KonuuecTse, npesbilatolem 0,01 Bec.%), 13 KOTOPbLIX 3 KOMMNOHeHTa (0e-hennaHapeH, TMMOHEH U
KapBOH) BMecTe cocTaBnstoT 90 Bec.%, a C fa/ibHeAMMM 8 KOMMOHeHTaMn yxe — 99,9 Bec.%.
IMOMMMO Tpex OCHOBHbLIX KOMMOHEHTOB B 06pa3Liax NeTyyero mMacna 3arpaHM4yHoro ykpona 6biim
06Hapy>KeHbl a-NMUHeH, AUTMAPOKAPBOH W M-LKMON, KOTOPble NPUCYTCTBYIOT U B NIETYYEM Macne
OTeYeCTBEHHOr0 YKpona. TeprneHbl 1 MX NPOM3BOAHbIE, KOTOPble COr/IacHO CrneLnanbHoi nMTepa-
Type ABNAOTCA KOMMOHEHTAMM Macef, He 6bln HallfieHbl B CCNe0BaHHOM NleTy4eM Mac/e B KO-
NNYeCTBaXx, 3aCMYXXMBAKOLWMX YTOMUHaHWA. OfHaKo, O6bIf0 A0Ka3aHo, YTO MPUCYTCTBYIOT a-TyeH,
/3-mupLeH, /?-tbennaHapeH, 1-meTun-4-m3onponeHnn-6eH3oNn U KapBoTaHaLeToH. HakoHel, ypaa-
NoCb 0OHaPYXXMTb ABa HOBbIX KOMMOHEHTa, 40 CUX MOP He U3BECTHLIX B NNTEpaType AN1f YKPOn-
HOro macna u ans neTyymx macen BoobLLe.

ViccnegoBaHne MOMEKYSAPHOM CTPYKTYpbl Npou3BogHbix 4H- nmnpugo (1,2-a)
NUPUMUANH-4-0HA C MOMOLLLI0 Yd crneKTpocKonum

. XOPBAT, A. N. K1lI, 3. MECAPOLWI n W. XEPMEL,

BbIfIN CHATBLI 3/1EKTPOHHBIE CMEKTPbI NPOU3BOAHLIX 4H-nnpugo [1,2-a] nupuMuanH-4-oHa.
Ha ocHose adihexTa 3amecTuTeneid BbIIM N3yYeHbl MOMEKYNAPHOE CTPOEHWE W, B OCOBEHHOCTM,
CONpsXeHWe B HEHACBILLIEHHbIX U YaCTUYHO HACbILLEHHbIX MoneKynax. Ha ocHoBse athdeKTa NOHU-
3auun 6bIN0 YCTAHOB/IEHO, YTO aTOM a30Ta B MOMOXeHUW 1 NPOTOHUPYETCA B KUC/bIX Cpepdax.
Mcxons v3 n3MeHeHus CnekTpoB € pH, 6b1In paccumTaHbl KOHCTaHTbl MOHU3aLMK NMPOTOHNPOBa-
HUA.

APheKT IHTPONUM  OGbIMHON JECTUANALMU WU JECTUINSILUN CO  «CTYMeHYaTbIM
nepeHocoM» Ternna

X. ®POHE n n. pEnvgew

Bbino BBEAEHO M OMpeaeneHo MOHsSTWE KM HETTO 3theKTa SHTPOMMM MpoLecca pasaene-
HUWS, ¥ NPUBOAUTCSA €ro W3MEHEHVE B C/lyyae 06bIYHOW AECTUNNALWN U AECTUMNALMUM CO CTYMNEH-
yaTbiM nepeHocoM Tenna (ACMT) npy pasnuuHbiX NapamMeTpax npolecca. Pesy/bTaTbl aHanu3a
HaXofsATCA B COFMacuM C NNTEPaTypHbIMU BEMYMHAMU TEPMOAWNHAMUYECKUX KN, MOAyYeH-
HbIMW Ha OCHOBE MPOMBbILLIEHHBIX M3MEPEHUiA. Bbifo yKasaHo, uTo cToMMOCTb pa6oThl ACMT, ocy-
LLIECTB/IEHHO C MOMOLLHO TEMIOHOCUTENEN CU3MEHSIIOLLMMCS YPOBHEM TeMMepaTyp, MOXeT 6bITb
npUGAN3UTENILHO PACcCUMTaHa HEMOCPEACTBEHHO M3 MPOAYKLUM SHTPOMUMU.

HoBble [OOCTVMOKEeHNA B obnacTn KaTanmsa Ha MeTasinax
M. TETEHH, n. YU u 3. NAAN
MpuHrmas B yuet BSaVIMO,quICTBVIe MeXay MeTa/lNIMYECKNM KaTa/in3aTopoM u pearnpyro-

Lnm CyﬁchaTOM, aBToOpaMn paccMaTpmnBarOTCA HEKOTOPbIE BOMPOCHI a,u,cop6u,w/|, rmoporeHonmsa,
n3omepusaumn n germapoumknmsaumm. Ha ocHose COBCTBEHHbIX 1 NNTepaTypHbIX AaHHbIX 6blna



06Cy>X/fieHa, B MEpBYIO OuYepefib, POJib BOAOPOAA B HEKOTOPbIX KaTa/IMTUUYECKUX peakuusx yrie-
BOAOPOAOB, MPUHUMAs BO HUMaHUE ero a(eKT Ha XapakTep 1 Mepy B3aMMOeNCTBUS YIeBOAO-
pofa ¢ MeTanoM. Bbino cienaHo 3akYeHne, YTo ANs MHTEPNPETALMI KaTaIMTUYECKOro BIINS-
HUS HEJOCTATOYHO 3HAaHWE Pa3NIMUHbIX XapaKTepHbIX MapamMeTpoB MeTanna, T. K. KaTainTudec-
KOe B/INSHWE OKa3blBaeT KaTaluMTWueckas CUCTeMa, 06pasyloLiascs B pe3ynbTaTe B3aMMogeid-
CTBMA ME@XAY pearvpytowjim cy6cTpaToM 1 MeTasioM.

Ha 3T0i1 OCTHOBE ANCKYTUPYETCA 3aK/loUeHue, CAeNaHHOe OHUM M3 aBTOPOB HECKO/bKO
NeT TOMY Hasaf, COrMiaCHO KOTOPOMY MeXAy KaTa/IMTUUYECKUMM CBOMCTBAMU MET/IIOB U UX OKUC-
NOB HET MPUHLMMMUANBLHONM PasHULbI.

CsolicTBa cMeceii aMMHOB co cnuptamu, 1V
®. PATKOBUY, T. WAJSIAMOH u /. JOMOHKOLL

Viccnefys nmepeuuHble CIMPTHI, @ TAaKKe HEKOTOPble MepBUYHbIE, BTOPUYHbIE U TPETUY-
Hble aMUHBI, OblNa HalifieHa 3aBUCMMOCTb MeX/y CpeaHeli CTeneHbio accoLmalLiv NepeymncieHHbIX
KOMMOHEHTOB U WX BA3KOCTbO. Bbifl pa3paboTaH MeTof NPUGBAMXKXEHHOTO pacyeTa cpefHeli cte-
MeHN accoLnaLy, UCXOAA U3 fiaHHbIX BA3KOCTU. BbiN0 MOKasaHo, YTO MOPAAOK KOHCTAHT ac-
coumalm, paccunTaHHbIX 13 CpeaHel CTeneHM accounauni, HaxoAnTCca B COrnacn C paBHOBEC-
HbIMI KOHCTAHTamu, ONpefeneHHbIMM ApYruMK criocobamu. [Ins uccnefoBaHus cpefHeli CTe-
MeHn accoumalnu cMecu H-ByTunammH — 1-6yTaHon 6bin MCNO/b30BaH METOZ, OCHOBaHHbIA Ha
U3MEPEHUN BA3KOCTY. Bbifo YCTAHOBNEHO, YTO Pe3yNbTaThl, MOyUYeHHbIE NPy 06Pa3oBaHUN CMe-
LIaHHbIX accouMaToB, MCKMKYaKT BCAKOE Takoe MpeAronoXeHne, KOTOPOe Ha OCHOBE OTpULa-
TebHON 3HTPOMMM CMeLLIEHNS CUCTEMbI 11 3K30TEPMMUYECKON TenNOThl CMeLLIeHMs accoLmaTos A-
1 B, 06BACHAET 06pasoBaHMe CMeLLaHHbIX accoLmaTos A- By co cpefHeii CTeneHbiO accoumalun,
NpeBbILIAIOLLEN NCXOAHYIO.

CaolicTBa cMeceli aMMHeB co cnvpTamu, V
®. PATKOBUWY, n X. I'YTU

Bblna M3MepeHa TenjoTa CMELIEHWUs! AW-H-GYTUNaMUHA C HOPMa/lbHbIMW MEPBUYHBIMY
cnupTaMu npu Temnepatype 20 + 1°C. BblNo YCTaHOB/EHO, YTO NPW 3KBUMOJISIPHOM COCTaBe M3-
Mepsemas 3K30TepMuUyecKas TenioTa CMeLleHs NPaKTUYecKN COBMajaeT C pesynbTaTamu, no-
NyYeHHbIMN B NOA0GHBIX CMECAX C H-BYTUNaMMHOM. Bbio l0Ka3aHO, YTO 3K30TepMUYecKuii Ten-
N0BOW 3th(heKT B3aMMO/EACTBIA CMIMPTa C aMMHOM He 3aBICHT, B XOPOLLIEM NPUENVKeHUM, OT TOro,
UTO C MOJIEKY/IOI CNUPTA B3aMMO/EICTBYET NPEBUYHBINA UM BTOPUUHBIA aMUH. W3 daHHbIX, NOy-
YEHHBIX B CMECAX C HEOOMbLUINM COAiEPKaHMEM aMiHa, BbITEKAET, YTO Te Pasnuums, KOTopble Ha-
6/t0al0TCa MeX /Y CBOVCTBaMM CMecel cnnpT- gn-H- -6YTUNaMUH 1 CIUPT — H-ByTUNaMUH, MOTYT
ObITb MPUMMCaHbI PasNYHOl CTEMEHN CamMoaccoLMaLliy NepBUYHbIX Y BTOPUYHBIX aMUHOB. 3TO
NOATBEPX/AETCA PaCXOX/IEHMEM LIeNoro NopsAAKa MeX/ay BENNUMHaMU 3HA0TePMUYECKOI Ternno-
Thl CMELLEHWs CMeCeii H-O0YTUNaMUH — H-TeKcafieKaH W AU-H-6YTUNaMUH — H-TeKCafieKaH.

CaolicTBa cMeceld, cogepyKawmx aMuHbl 1 cnupThbl, VI
®. PATKOBUY, T. WAJIAMOH u JI. JOMOHKOLL

BA3KOCTb HOPMa/IbHbIX NEePBUYHBIX CNUPTOB, HOPMaNbHbIX YINEBOAOPOA0B U TPETUYHbIX
apoMaTu4ecknx aMmuHOB 6blna uccneposaHa B uHTepBane 233—353 °K. bbinia onpegeneHa aH-
TaNbNuA aKTUBALMK BA3KOTO NOTOKa. B cryvae HOpMasibHbIX YrneBogopogoB U TPETUYHbLIX aMu-
HOB OHa ABNSETCHA JIMHENHOW (YHKUMel MONEKYNAPHOro Beca W MpakTUYECKN He 3aBUCUT OT
gaHHom TOMO/IOTMYECKOIA cepun. VICmonb3ys 3Ty KPUBYIO B KauecTBe KallGpOBOYHOW KPUBOIA,

bI/l PACCUMTAH MOJEKYNAPHBIA BEC HEACCOLMMPOBAHHOTO KOMMOHEHTA, UMEIOLLErO TY e Camyto
3HTANbMMNIO aKTUBaLMW. ITOT MOJIEKYNAPHbLIN BeC Nonarancs cpefHUM MOMeKYNSpHbIM BECOM ac-



COLMMPOBaHHbIX YacTuL, cnnpTa. Bbino HalifeHo, 4To — B cornacuii ¢ HalwmmK Gonee paHHAMN
pesy/bTaTaMmy B 3TO 06M1acTW — CpefHsis CTeneHb accouualum paBHa NPUBAU3UTENbHO 4 B
XKNJKUX CIINPTax v NNLLbL CAEerka 3aBUCKUT OT TeMnepaTypbl. 3TOT pesy/bTaT MOXET 6bITb 06bAC-
HEH COBMECTHbIM MOSIBNIEHUEM LIMK/IMYECKMX NMOSMMEPOB W acCoLpaLlum Lienei, T. K. B 3TOM C/y4ae
MaK CMa/bHas BeIMYMHA CTEMEHM accoLMalm ML CIerka OT/IMYAeTCs oT 4. Bblio onpegaereHo,
uTo B psdY MeTaHo/ — 1-renTaHosn Hab/o4aeTcs YMeHbLUIEHWE accoLMaLuu.

|_|OJ'Iy‘-IeHI/Ie MeTasiiocogepXaunmx, KoopanHauMOHHO-CBA3aHHbIX MOJ/IMMEPOB U3
KOHAEHCAUMOHHbIX 0JIMroMepoB

n. CMEPYAHW-BAHYO u M. XNPLWBEPT

Bbifa vccnefoBaHa nonuMepm3aLns no KOOpAMHALMOHHBLIM CBS3SIM HEATpabHbIX OIUro-
3(hMpoB, cofiepXKaLiMx cBoGOAHbIE KOHLEBble rpynnbl COOH. LieHTpasbHbIM aTOMOM MeTasina B
[aHHOM cryyae sIBASNCS aTOM LIMHKA.

Ecnu aToM LiMHKa BK/KOYEH B CUCTeMy B (hOpMe OKWCK, TO, COOTBETCTBEHHO ero Mpupofe
LeNI0YHOT0 aHrnapmnaa, oH pearnpyet ¢ rpynnamu COOH, yke Ha nepsoii cTaguu, No MOHHOMY
MexaHuamy. OfiHaKo, B 3aBUCUMOCTU OT KONIMYECTBA LiMHKa, MO BCE BEPOSTHOCTM, CeayeT cun-
TaTbCA M C APYTMMIA MeXaHn3MaMmu peakLuii,

CornacHo pesynbTaTam WUCCNe0BaHuWiA, MOH, 06pa3ytoLLMiics B CaMoil CrUCTEME U3 YKCYC-
HOA KNCNOTBI 1 OKMCK LIMHKE, ABNAETCA aKTUBHBIM C TOUKM 3peHUs fanbHelilleid peakunn Ko-
OpAVHALMOHHOTO XapaKTepa, OfJHaKo, JaHHbIEe YC/I0BUA He COCOBCTBYIOT A0CTATOUHOMN AMCCOLM-
auuu aueTata LMHKa U faibHelleil KooparHALMOHHON peakumn.

SOLANUM T nmkosungbl, IX
M. BUTE u M. M. LLUABAHA

Bbino HalifieHo, uTo Hespenble pykTbl Solanum oleraceum cofepXaTt COMaCoOHMH
U conamapruiH. Bbinm 06HapYXeHbl TaKXKe Clefibl TRETHETO HEWAEHTU(NLMPOBAHHOIO CTepoMA-
HOTO TNMKO3MAA.

HekoTopble npoune peakuun, HabnwogaeMble MpY CUHTE3e OTAENbHbIX
2-[2-(2,6-aun-K-theHOKCK)-3TNNAMUHO]-5-MeTUN-NNPUMNANH-4(3H)-0HOB

N. PEWTEP u /1. TONbAN

2-AnkKunTtuno-5-metunnupumuanH-4(3H)-oH, a Takxe ero 1- un 3-Li-meTun-3amelleHHble
NPOU3BOLHbIE, UCNOb3YeMble B CUHTE3e 2-[2-(2,6-au-LI-(heHoKCn)-3TnAbaMUHO]-5-MeTUN-NMpuUMun-
4nH-4(3H)-0HoB, pearvpys npu Temnepatype Bbilie 200°C ¢ cooTBeTCTBYOWMMY 2-(2,6-41-A-
(heHOKCK)-3TUNaMmHamMu, AatoT 8 n 14. CTpoeHue 3TUX COoeaVHEHWA BbLI0 OnpeseneHo ¢ MOMOLLbIO
MC, VK, Y® n 9MP nccnegoBaHuiA, a TakxXe MOATBEPXKAEHO NpenapaTvBHbIM NyTem. B xoge
3TUX mccne,qOBaHMVl OblIM MONy4YeHbl 7, M30Mep coeauHeHust 8, 19, usomep coeguHeHus 14, a
TakK>Xe ero fileMerunvposaHHble (20) 1 MOHO3aMeLLEHHble IeMETUIMPOBaHHbIe NPOuU3BOAHbIE (21).

PeaKLl,I/II/I TPUTUNNPOBaHNUA W TPaAHCTPUTUINPOBaAHUA 3TaHO/NaMKUHa
K. KEPMEHAWN u M. M. 3/1b-CABW
TpurnnnposaHne amMUHOCNMPTOB MPeACTaBASAET MHTEPEC, T. K. HEKOTOPbIE M3 HUX OKasa-

NINCb BaXXHbIMW B NMPUTOTOB/IEHNN OM0NOrMYECKN aKTUBHbIX Monekyn. OHM TakXXe MOryT cny-
XNTb UCXOAHbIM NMYHKTOM NpPW MNMPOBEPKE ABYX M3BECTHbLIX TUMOB TPUTU/INPOBAHUA, a UMEHHO,



HEeMnoCpeLCTBEHHOE TPUTWIMPOBAHWE U TPAHCTPUTUMPOBaHUE. [TOCNeAHNIA MPOLIECC MOXET BK/HO-
yaTb Cneflytoline NpeBpaLleHus:

N — N 0 — 0’
N- O unm O — N
N - C O—C wurTp

TputunuposaHue ataHonammHa (l), B 4aCTHOCTMW, OMUCLIBAETCS 3feCb B CBA3M C paboToi
Bakyca u cotp. [1]. 3tumn aBTOopamu yTBepxaaetcs, uto (1) 6bin cenekTmsHo N-TpUTUNMPOBaH
C MOMOLLbID X/0PUCTOrO TPUTWAA B KUMALWEM MUPUAMHE, faBas B KauyecTBe eAVHCTBEHHOrO
npogykta N-TputunataHonamu (I1). OpHako, obpasoBaHue O-TpuTunataHonammHa (1) wn
Lpyrux NpoAyKTOB He OTMeYasioch 3TUMMW aBTopamu.

PaboTa bakyca 6bina MoBTOpeHa ¥ Obina MOMyveHa CMeCb CrefytoLmnx MNpOLYKTOB:
Il (85%), Il (4,83%), M,0-auTputunataHonamuH (6%) n TpudeHnnkapouHon (4,17%).
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DIELECTRIC PROPERTIES AND POLYMERIZATION OF
ALLYL ALCOHOL, I

DIELECTRIC PROPERTIES OF MONOMERIC ALLYL ALCOHOL

J. LISZI and Zs. H aRTYANI

(Electrochemical Research Group ofthe Hungarian Academy of Sciences, Department of Physical
Chemistry, of Chemical Industries, Veszprém)

Received October 22, 1973

The complex relative permittivity of monomeric allyl alcohol has been deter-
mined as a function of temperature and frequency. The Cole-Davidson equation was
used to describe the results. The activation enthalpy of the dielectric relaxation was
calculated and compared with the viscous energy. Comparison of the results for allyl
alcohol and 1-propanol show that the double bond does not appreciably change the
properties studied.

1. Introduction

The present paper deals with the study of some dielectric properties of
allyl alcohol. The complex relative permittivity of monomeric allyl alcohol
has been determined as a function of temperature and frequency. The Cole—
Davidson equation is used for the description of the results. The activation
energy of dielectric relaxation is calculated and compared with the viscous
energy. After polymerizing the alcohol to a molecular weight of about 400,
the same studies have been carried out with the resulting liquid-phase oligo-
mer as with the monomeric alcohol. The polymerization leads to large changes
in the dielectric properties examined. The first part of this series deals with
monomeric liquid allyl alcohol.

2. Experimental

The normal boiling point of the allyl alcohol used was 97°C, its density
at 20°C 0.855 g cm-3 and its refractive index n® = 1.4132. The specifications
of the instruments used for the determination of the complex relative perm ittiv-
ity are given in Table I.

Cylindrical, direct-contact cells made from a combination of stainless
steel and teflon were used for the measurements. The double-walled cells were
thermostated in a mixture of methanol and ethanol. The liquid in the cell was
protected from atmospheric moisture by a teflon cap. The experimental results
are presented in Tables Il and Ill, and Figs 1 and 2.

For the calculation of the viscous energy, the viscosity of allyl alcohol
was measured as a function of temperature. The instrument used was a Rheo-

1 Acta Chim. (Budapest) 83, 1974



120 LISZI, HARTYANI: DIELECTRIC PROPERTIES OF ALLYL ALCOHOL, I

Table 1

Specifications of the instruments used for the determination of the complex relative permittivity
Specification Frequency range

SIEMENS Scheinwiderstandsmess-

bricke, Rel. 3R. 277 < 1 MHz
RADELKIS, Universal Dielectrometer,
Type OH-301 = 3 MHz
WAYNE KERR V. H. F. Admittance
bridge, Type B 901 50-250 MHz
Table 11

Low-frequency relative permittivity of allyl alcohol (e0) as a function of temperature (i °C)

<(°0) Bo
30 18.3
20 19.7
10 21.2
0 22.6
-10 24.1
-20 25.6
-30 27.0
-40 28.5
-50 29.9
-60 31.4

Viscosimeter (Rheo-Viscosimeter nach Héppler, GDR, Patent No. 210). For
technical reasons the viscosity measurements could not he performed in the
same wide temperature range as the dielectric measurements. The results are
listed in Table IV.

3. Discussion

For the description of the complex relative permittivity of substances
characterized by an asymmetrical Cole-Cole diagram [1], Cole and David-
son [2] proposed the following equation:

£ —n2 _ 1

. (1)
e0— n2 (l+jcor)a

Acta Chim. (Budapest) 83, 1974



LISZl, HARTYANI: DIELECTRIC PROPERTIES OF ALLYL ALCOHOL, I 121

Tabic 111

Real (s') and imaginary (t") parts ofthe relative permittivity ofallyl alcoholasfunctions oftemperature
and frequency

50 MHz 75 MHz 100 MHz 150 MHz 200 MHz
¢0) e - ¢ - ¢ o C . B
-60 10.3 9.6 7.2 8.5 6.3 7.4 5.8 4.3 4.3 5.3
-55 13.7 11.7 9.2 10.1 8.3 9.0 6.0 7.3 4.6 6.3
-50 16.5 11.6 11.4 11.0 9.1 10.7 6.7 8.6 5.1 7.5
-45 18.8 11.2 13.9 12.6 11.2 11.5 7.9 10.3 5.8 8.8
-40 20.4 9.7 16.4 12.0 13.5 13.0 9.5 12.1 6.6 10.3
-35 21.6 8.3 18.3 10.6 15.6 13.4 115 135 7.8 12.0
-30 22.0 6.9 19.9 9.1 17.5 12.7 14.0 14.2 9.5 13.7
-25 22.2 5.7 20.7 7.8 19.2 11.4 16.5 14.1 11.7 15.4
-20 22.1 4.6 21.3 6.4 20.5 9.8 18.6 13.4 14.3 16.4
-15 21.8 3.6 21.0 5.2 215 8.2 20.3 11.9 17.1 16.3
-10 21.3 2.9 20.5 4.2 21.8 6.8 21.4 10.1 19.7 15.5
-5 20.7 2.3 19.9 3.4 21.2 5.6 22.0 8.4 21.6 14.0

0 20.0 1.9 19.4 2.8 20.5 4.6 21.9 6.9 22.7 12.1
19.4 1.6 18.9 2.4 19.8 3.7 21.6 5.6 23.0 10.2
10 18.8 1.3 18.3 2.1 19.3 3.1 21.0 4.6 22.9 8.5
15 18.1 1.1 17.8 1.9 18.4 2.7 20.2 3.8 22.6 6.9
20 17.4 0.9 17.3 1.8 17.8 2.3 19.5 3.2 22.0 5.7
25 17.1 0.8 16.6 1.6 17.0 2.0 18.8 2.7 21.2 4.7
30 16.2 0.6 16.0 15 16.4 1.8 18.0 2.3 20.1 4.3
where e* — complex relative permittivity;
fo — static relative permittivity;
n — ‘internal’ refractive indei: [3];
@® — angular frequency;
T — macroscopic relaxation time;
j — the imaginary unity; and
@« — an empirical constant: 0 < a < 1.

If « = 1, the Cole—Davidson equation (1) simplifies the Debye equation
[4].

Rationalization of Eq. (1) gives the following relations:

= cosa(cor) cos (acor) (2)

= cosa(cor) sin (acor). (3)
fo— n2

1* Acta Chim. (Budapest) 83, 1974



122 L1SZI, HARTYAM: DIELECTRIC PROPERTIES OF ALLYL ALCOHOL, I

Fig. 1. Real part of the relative permittivity of allyl alcohol as a function of temperature and
frequency

Fig. 2. Imaginary part of the relative permittivity of allyl alcohol as a function of temperature
and frequency

Table IV

Viscosity of allyl alcohol as a function of temperature

. (°0) » (CP)
15 1.401
20 1.191
25 0.965
30 0.852
40 0.632

Acta Chim. (Budapest) 83, 1974



LISZI, HARTYANI: DIELECTRIC PROPERTIES OF ALLYL ALCOHOL, I 123

In latter equations e' is tlie real part and e" the imaginary part of the
complex relative permittivity. In the £"/(£, — n2 vs. (e’ — w2)/(e0—n?2 dia-
gram “deformed semicircles” are obtained, the extent of the ‘deformation’
depending on the value ofa; ifa = 1, the diagram gives the Debye semicircle
[4]. From the data of Table Ill the value of the constant « in the Cole Da-
vidson equation is 0.870.1. The corresponding diagram is shown in Figure 3.
W ith the use of the known value of a and equations (2) and (3), the macro-
scopic relaxation time of allyl alcohol was calculated as a function of tempera-
ture. The results are listed in Table V.

Table V
Macroscopic relaxation time of allyl alcohol as a function of temperature

<(°0 XHP»

0 25
-20 7.5
-40 12.4
-60 14.3

Dielectric relaxation is a process requiring activation energy. The tem-
perature-dependence of the relaxation time can be described to a good ap-
proximation by the Arrhenius equation:

r= A exp AT (4)
RT
where A is a constant;

AH*(t) — the activation enthalpy;

R — the gas constant; and
T — the absolute temperature.
Ifni

Fig. 3. Reduced Cole—Davidson diagram of allyl alcohol

Acta Chim. (Budapest) 83, 1974



124 LISZI, HARTYANI: DIELECTRIC PROPERTIES OF ALLYL ALCOHOL, |

Figura 4 depicts an Arrhenius representation of the data in Table V.
It can be seen that the macroscopic relaxation time of allyl alcohol can be
readily described by Eq. (4). On the above basis, the activation enthalpy of
the dielectric relaxation of allyl alcohol is 5.05 kcal mol-1. This is naturally
to be regarded as the average value for the temperature range in equation.

The activation enthalpy of the dielectric relaxation of the corresponding
saturated alcohol, 1-propanol, is 5.54 kcal mol-1 [5] and according to that
work can he regarded as essentially constant in the temperature range 180—
300 °K. The only significant deviation from the given value is observed near
the freezing point (120 °K) (in that region AH*(t) = 6.3 kcal mol-1). This
shows that the double bond in allyl alcohol gives rise to change in the acti-
vation enthalpy of only about 10%, while at the same time it appears to con-
firm the calculation method used to determine AH*(x) from the experimental
data in a relatively broad temperature range.

Dielectric relaxation is frequently correlated with the viscosity of the
liguid. According to the early theory of Debye [6]

4a713

X = v 5
kT ( )
where r — radius of the molecule regarded as a rigid sphere;
K — the Boltzmann constant; and

vy — Vviscosity of the liquid.

If the molecule cannot be regarded as spherical, then it can be modelled
with an ellipsoid with semi-axes a, b and c, the relaxation time referred to the
given axis [7] is

4 .
M abe st (6)
~kT

Acta Chim. (Budapest) 83, 1974
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where a ‘form factor’ dependent on the ratio of the semi-axes, has been tab-
ulated [8]. Often, the variation of the viscosity with temperature can simi-
larly be described with an Arrhenius-type equation:

1= A () exp {AH*(r])IRT} ™

where A is a constant; and
AH*(rj) — the activation enthalpy of viscous flow.
AH*(ri) and AH*(r) are not identical, but usually the difference is within one

Fig. 5. log f] as a function of 1/T

order of magnitude [9]. (It can be mentioned that relatively few AH*{rj) and
AH™*(t) data can be found for pure liquids, most of the literature data referring
to solutions.)

From Eqg. (7) and the data of Table IV, for allyl alcohol AH*(r/) — 5.75
kcal mol-1. The Arrhenius plot of the data in Table IV is shown in Figure 5.
For the system studied, therefore, AH*(T)/AH*(r]) ~ 0.88. In the evaluation
of the latter value it must also be taken into account that AH*(rf) was deter-
mined from data relating to a comparatively narrow temperature range. For
1-propanol AH*(ri) = 4.3 kcal mol-1 and thus AH*(T)/AH*(ri) 1.28.

Comparison of the activation enthalpies of 1-propanol and allyl alcohol
shows that the double bond does not appreciably change the properties studied.
The dielectric relaxation of the two alcohols in the liquid phase presumably
occurs by similar mechanisms.

Part Il of this series will examine the effect of polymerization on dielec-
tric relaxation.

Acta Chim. (Budapest) 83, 1974
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DIELECTRIC PROPERTIES AND POLYMERIZATION OF
ALLYL ALCOHOL, Il

EFFECT OF POLYMERIZATION ON THE DIELECTRIC PROPERTIES OF THE
LIQUID PHASE

J. LISZI and Zs. HaRTYANI

(Electrochemical Research Group ofthe Hungarian Academy of Sciences, Department of Physical
Chemistry, Chemical Industries of University, Veszprém)

Received October 23, 1973

Liquid polyallyl alcohol with a molecular weight of approximately 400 was
prepared. The complex relative permittivity of the polymerization product was deter-
mined as a function of temperature and frequency, as was the temperature-dependence
of its viscosity.The dielectric data and the viscosity values show that the polymerization
causes an extremely strong change in the properties of allyl alcohol. The results indicate
that a new relaxation range appears as a consequence of polymerization.

1. Introduction

The first part of this series dealt with the dielectric properties of mono-
meric liquid allyl alcohol. The present paper describes the preparation of the
liquid-phase polymer. The complex relative permittivity of the resulting ma-
terial is determined as a function of temperature and frequency. The results
are evaluated by comparison with the viscous energy.

2. The polymerization of allyl alcohol

On the action of molecular oxygen, ultraviolet light or peroxides, to-
gether with thermal treatment, allyl alcohol and /3-alkyl-substituted allyl al-
cohols slowly polymerize to give a viscous product oligomer with a low degree
of polymerization [1]. For example, in the presence, of 2.8 u)/w°/0 dibenzoyl
peroxide at 80°C, 4.2% polyallyl alcohol is formed in an evacuated ampoule
in 240 hrs [2]. In order to attain a better conversion, fresh dibenzoyl peroxide
must be added during the polymerization, to replace the initiator rapidly con-
sumed as a consequence of chain termination steps. The literature indicates
[3] that polyallyl alcohol is formed in 87% yield at 100°C if 1.3 w/w°/0 hydro-
gen peroxide is added to the system initially, and again at intervals during the
polymerization. When purified from the unreacted monomer the polymer has
a honey-like consistency; its refractive index n*“ = 1.5143, while according
to the literature [2, 4] its average degree of polymerization is about 5.

The polymerization of allyl alcohol was carried out into two ways: photo-
catalytically and in the presence of an initiator, together with thermal treat-
ment. Allyl alcohol was dehydrated with CaCL2and placed in a quartz vessel,

Ada Chim. (Budapest) 83, 1974



128 LISZI, HARTYANI: DIELECTRIC PROPERTIES OF ALLYL ALCOHOL, II

and bulk-polymerization was effected under an AK 02 UV lamp at 25°C, in
the absence of solvent and chemical initiator. In the other method the poly-
merization was carried out at the normal boiling point of allyl alcohol in a
two-necked flask fitted with a reflux condenser and an initiator-dispenser.
1 w/w°/0 of stabilized 33% hydrogen peroxide was used as initiator in the

Fig. 1. Yield of the polymerization product as a function of time

Fig. 2. Molecular weight of the product as a function of the polymerization time

thermocatalytic process. Since the free radicals were fairly rapidly consumed
because of rapid chain-termination, the initiator consumed was replaced after
each sampling.

The unreacted monomer and the polymer were separated by distillation
at 25°C and 35 Torr. The products obtained were viscous, translucid materials
with a honey-like consistency, they were soluble in methanol and common
organic solvents, but on the action of acetone they separated from the monomer
in the form of a precipitate. The yield of the polymer in weight per cent is
shown in Fig. 1 as a function of time.

The molecular weights of the polymerization products were determined
with a Knauer vapour pressure osmometer. The measurements were made at
45°C, with freshly distilled methanol as solvent. The calibration curve was
obtained using a series of dinonyl phthalate solutions of know n concentration.
Figure 2 shows the molecular weights of the polymerization products as a
function of the polymerization time. The data relating to the products ob-

Acta Chim. (Budapest) 83, 1974
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tained by means of the two different polymerization methods are listed in
Table 1.

In the Table t is the polymerization time in hours, M is the molecular
weight of the product, P is the degree of polymerization and Y is the per cent
yield. The data show that the two methods give practically the same degree
of polymerization after polymerization for 50 hrs. The products proved to he

stable.
Table 1

Properties of polymerization products

Photocatalytic polymerization Thermocatalytic polymerization
M P N t M P v (%)
25 223 4.55 11.7 3 301 5.18 111
5 275 4.90 125 5 338 5.80 115
15 324 5.80 14.0 15 340 5.85 13.9
20 332 5.72 147 20 342 5.90 14.3
25 354 6.10 15.1 30 390 6.71 14.8
50 388 6.68 15.7 50 400 6.90 16.0

3. Results

The complex relative permittivity of the product of the 50 hour poly-
merization was determined by the following methods:
at a frequency less than 1 MHz: SIEMENS Scheinwiderstandsmessbriicke,

Rel. 3R. 277;
at a frequency of 3 MHz: RADELKIS Universal Dielectrometer, Type OH-301.
The experimental results are presented inTables Il and Ill, and Figures
3 and 4.

Table 11
Real part ofthe complex relative permittivity ofthe polymerization product as afunction oftemperature
and frequency
o
<(°0)

100 kHz 300 kHz 1 MHz 3 MHz

-30 7.1 5.4 4.9 4.1
-20 9.6 7.1 6.2 4.8
-10 12.0 9.1 8.5 6.0
0 14.0 11.2 10.2 7.6

10 15.0 12.9 125 9.5
20 15.4 13.9 13.3 11.2
30 15.5 14.3 13.8 12.4
40 15.6 145 141 12.8
50 15.5 14.6 143 13.1

Acta Chim. (Budapest) 83, 1974
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Table 111

Imaginary part of the complex relative permittivity of the polymerization product as afunction of
temperature and frequency

10 "

(9 100 kHz 500 kHz 1 MHz 3 MHz
-30 17.6 10.2 9.8 5.3
-20 25.0 16.5 16.3 9.1
-10 28.7 21.9 21.6 13.2
0 26.0 25.0 24.8 17.7

10 21.2 23.1 23.6 20.6
20 16.5 19.6 20.3 21.4
30 17.6 17.0 17.2 18.8
40 21.1 155 15.2 15.9
50 26.6 15.1 14.0 13.9

Fig. 3. Real part of the complex relative permittivity as a function of temperature and fre-
quency

-30 -20  -10 0 10 20 30 A0 50
t [°C]

Fig. 4. Imaginary part of the complex relative permittivity as a function of temperature and
frequency
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The viscosity of the polymer was determined as a function of tempera-
ture for the calculation of the viscous energy; a “Rheo-Viscosimeter nach
Hoppler, GDR, Patent No. 210” was used. The results are given in Table IV.

Table IV

Viscosity of the polymerization product as afunction of temperature

. (0 v M
20 17815
25 9768
30 7126
40 2969

4. Discussion

The dielectric properties was evaluated as in the case of monomeric allyl
alcohol. The Cole—Davidson equation [5] was used for the description of
the complex relative permittivity:

£*x— T 1
£o— r2 (1 + Jo)r)“
where s* complex relative permittivity;
fo - Static relative permittivity;
n — ‘internal’ refractive index;
— the imaginary unit;
> — the angular frequency;
r — the macroscopic relaxation time; and
a — an empirical constant: 0 < g <C 1.

By rationalization of Eq. (1):

-—= cosa(cor) cos (acor) 2
fo— N
t

-—--= cosa (T) sin(xft)r) . (3)
g 712

The Cole—Davidson diagram, (¢' —n2/(e0—n2 vs. e"/(e0- T712),

for the polymerization product is depicted in Fig. 5. From Eqgs. (2) and (3),

and the data of Tables 2 and 3, a = 0.2i0.1. For monomeric allyl alcohol

this value was 0.8+0.1. It can be seen that polymerization leads to an extreme-

ly strong “deformation” of the reduced Cole—Davidson diagram. In the
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Table V
Macroscopic relaxation time of the polymerization product as a function of temperature

t (-C) TX104 (s)
0 8.4
10 8.1
20 7.3
30 6.4

£012
05

04
03
02
01

0 01 02 0304 050607 0809 10

Fig. 5. Reduced Cote— D avidson diagram of the polvmerization product

knowledge of a, the macroscopic relaxation time of the polymerization product
was determined as a function of temperature. The results are listed in Table V.
The data in the Table indicate that the relaxation time of the polymeri-
zation productis about six orders of magnitude larger than that for monomeric
allyl alcohol.
The activation enthalpy of dielectric relaxation was calculated with
the Arrhenius equation:

"Tl
r=Aexp 7 (4)
RT

where A is a constant;

OH*(T) — the activation enthalpy;
R — the gas constant; and
T — the absolute temperature.

The activation enthalpy of the dielectric relaxation of the polymeriza-
tion product was found to be 2.1 kcal mol-1. This is substantially smaller than
the value of 5.05 kcal mol-1 obtained for monomeric allyl alcohol. At the
same time the viscous energy increased considerably during polymerization.
The activation enthalpy of viscous flow was similarly calculated with an Ar-
rhenius-type equation:

rj = A(rj) exp (AH*(ri)/RT (5)
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where A(rj) is a constant and AH*{rj) is the- activation enthalpy of viscous
flow. From Eq. (5) and the data of Table IV, AH*(rj) = 16.2 kcal mol-1. The
quotient of the two activation enthalpies, AH*(x)JAH*(r]) ~ 0.13. This is al-
most one order of magnitude less than the value for monomeric allyl alcohol.
For comparison, for glycerine [6] AH*(r) = 32 kcal mol-1 and AH*(r}) —
— 21.4 kcal mol-1 at about 210 and 234 °K. The extremely large difference
of the AH*(r) and AH*(i]) values for polyallyl alcohol indicates that the mech-
anism of relaxation is different here than for the monomer. As regards the
dielectric relaxation of alcohols, three ranges can be distinguished [7]. The
first range is connected with the motion of the alcohol associations; the second
may be due to the rotation of the monomer molecules, or the —OR group
(where R is an alkyl group); and the third range may result from the rotation
of the —OH group around the C—O bond. In the case of polymeric molecules
it is also necessary to reckon with the rotation of the individual parts ‘segments’
of the polymer [8]. With monomeric allyl alcohol it is presumably the first
relaxation range which is determined, for the other two ranges should appear
at essentially higher frequencies [9, 10]. Our results for polyallyl alcohol do
not permit a decision as to which relaxation range appears in the frequency
and temperature intervals examined; it can be concluded that the first re-
laxation range (for the lowest frequencies) is not involved. This conclusion
is confirmed by the curve belonging to a frequency of 100 kHz (Fig. 4). The
rising section at temperatures higher than 20°C points to a new relaxation,
associated with lower frequencies. Further studies are necessary to clarify
the phenomenon: it appears desirable to study the dielectric dispersion of the
polymerization product at frequencies lower than 100 kHz, and the effect of
dilution with an inert solvent.
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The effects of a small amount of platinum or palladium on the behaviours of
various catalyst supports in agueous-phase catalytic hydrogenation were investigated.

The rate of the hydrogenation reaction was examined in the case of two model
compounds, p-nitro-phenol and maleic acid, using aluminium oxide, tungsten trioxide,
active carbon, tantalum and tungsten carbide supports, and support-free palladium
or noble-metal-free hydrogen tungsten bronze

In contrast with literature findings, it was concluded that tungsten oxide can-
not be regarded as an active support.

It was found that in the absence of noble metal hydrogen tungsten bronze is not
able to activate molecular hydrogen.

Tungsten carbide containing 0.1% noble metal is well applicable as a catalyst
in the hydrogenation of unsaturated compounds.

In a previous communication [1] it has been described that tungsten
carbide can be well utilized as a catalyst in the hydrogenation of compounds
containing a nitro or a quinoidal group, i.e. ionically reducible compounds.

Literature data led to the assumption that the reaction is catalyzed by
tungsten bronze formed on the surface of the tungsten carbide. Hydrogen
tungsten bronze was prepared from tungsten oxide in the presence of a small
amount of noble metal, and its catalytic activity was investigated. Our ex-
periments showed that the tungsten blue thus obtained may serve as a catalyst
in hydrogenation reactions. This result seemed to support the fact that also
in the case oftungsten carbide tungsten bronze was catalytically active. In the
hydrogenation of unsaturated compounds on tungsten blue, however, the
noble metal present in the system cannot be ignored, for this may well take
part directly in the reaction. Similarly, an explanation is required for the
fact that the specific activity, referred to unit weight, ofthe catalyst containing
hydrogen tungsten bronze in its entire mass practically agrees with that of
tungsten carbide, for which it is assumed that the tungsten bronze is contained
only on part of the surface. In the present paper we wish to deal with a more
detailed analysis of this question, and also to show possibilities which may
the comparatively low rates of hydrogenation achieved on tungsten carbide.

Experimental

The experiments were performed in two types of hydrogenation apparatus. On was a
100 cm3 thermostatable vessel, fitted with a magnetic stirrer, which was connected by a glass
tube to a gas burette. The majority ofthe experiments were carried out in a simple, thermostat-
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able hydrogenation bulb (70 cm3), connected by thick-walled rubber tubing to a gas burette.
We found that the diffusion of hydrogen through the walls of the rubber tubing was less than
1cm3per hour, and thus loss in hydrogen in this way during the measurements could be neg-
lected.

In the deposition of the noble metal, the procedure generally followed was to saturate
1g support in 2 IVH2504solution in the hydrogenation bulb with hydrogen and then H2PtCI16
of PdCI2 solution was added in appropriate amount and concentration.

Measurements were performed at 80°C. The temperature of the water circulating in the
thermostating jacket was thermostated within +0.1°C.

2 N H2S04used as a stock solution was prepared from sulfuric acid of p.a. grada (Apolda).
The tungsten carbide support was a Murex product, tungsten oxide, aluminium oxide and
active carbon were Merck products, and tantalum was a BDH product. Aqueous solutions
of PdCI2or H2PtCI6 (Reanal, analytical purity) were used for the activation of the catalysts,
generally in a concentration of 1 mg metal/l cm3solution. The substances to be hydrogenated
were of p.a. or puriss. grada. Prior to use the hydrogen was carefully freed from oxygen.

The specific surface of the supports exhibiting metallic conductivity, was determined
by the BET method.* The following values were obtained from Kr isotherms taken at —
—196°C: active carbon: 1100 m 2/g; tungsten carbide: 1.0 m!/g; tantalum: 0.2 m2g.

Tungsten carbide as a catalyst support

From earlier studies on the catalytic properties of tungsten carbide
[1]—[4] it has been concluded that the rate-determining step in the hydrogen-
ation reaction was the activation of hydrogen. If our aim is to accelerate the
hydrogenation reaction, then the rate of this step should be increased in some
way. The adsorption of hydrogen on noble metals is known to proceed at a
comparatively high rate. We assume, therefore, that in the presence of a small
amount of noble metal the rate of hydrogenation is significant.

This is supported by the results of Mund et al. [5], who added silver to
tungsten carbide (in an amount of ca. 20%) and thus obtained higher hydro-
genation rates. Binder et al. [6]—[7] in their investigations on fuel elements
mixed platinum powder into tungsten carbide or tungsten dioxide and (under
certain conditions) obtained electrodes more active than platinum.

In a preliminary experiment we too mixed platinum powder (1%) with
tungsten carbide powder. As can be seen from Fig. 1, a rate increase of 150%
was then observed in the reduction ofthe Fe(ll1l) ion at 70°C. However, H obbs
and Tseung [8] showed that much more effective than simply to mix the pow-
ders is to reduce the noble metal from solution directly onto the surface of the
support. Accordingly, in the experiments described below we followed this
procedure for the deposition of the noble metal.

For a given tungsten carbide powder, on which a rate of 12 cm3hour
was reached without noble metal, addition of 0.1% palladium resulted in an
initial hydrogeh-uptake rate of 320 cm3hour (Fig. 2). This rate is already in
the range of those achieved with platinum powder. However, the increase of

* The authors wish to express their thanks to J. Kiraty for the careful performance of
the measurements.
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the catalytic activity in this way also brings about a change in the selectivity
of the catalyst. Although three moles of hydrogen were still consumed in the
hydrogenation of aromatic nitro compounds, i.e. the aromatic ring was not
hydrogenated, compounds containing double bonds could be reduced by the
platinized or palladized tungsten carbide. For example (see Table I1), the hy-
drogenation of maleic acid proceeded at a rate of 300 cm3hour on tungsten
carbide containing 0.1% palladium. In contrast with other supports to be

Fig. 1. Effect of platinum powder on catalytic Fig. 2. Hydrogen-uptake of p-nitrophenol in

activity of tungsten carbide, (a) tungstencar- 2 N H2504 solution at 80°C, in presence of

bide; b) tungsten carbide +1% platinum  tungsten carbide or tungsten carbide con-
powder taining 0.1% palladium

discussed later, the use of a tungsten carbide support in the hydrogenation
of double-bond-containing compounds was not accompanied by the rapid
decrease in activity of the catalyst.

The conditions of deposition of the noble metal can affect the properties
of the catalyst. In our experience this is primarily to be observed in the de-
position of platinum. In the case of palladium chloride, which can be easily
reduced with hydrogen the activity of the catalyst depends only slightly on
the conditions of deposition. Our experiments showed that a more active cata-
lyst can be obtained if the solution containing the noble metal is mixed with
hydrogen-saturated tungsten carbide, than if the noble metal solution is added
to the powder in contact with the air and reduced subsequently. As shown in
Fig. 3, a hydrogen-uptake rate of about 30 cm3hour could be achieved in the
reduction of p-nitrophenol in the presence of 0.01% platinum in the former
case, while in the latter case the rate of about 12 cm3hour attained with pure
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tungsten carbide could be increased only to 20 cm3hour. However, the best
result, 300 cm¥hour, was obtained by adding the chloroplatinic acid solution
to the system when the nitro compound was already present and its hydroge-
nation was under way. As mentioned above, this phenomenon is hardly observ-
able with palladium, the differences between the catalysts prepared in various
ways barely exceeding the differences of 10% often found even between sam-
ples prepared in the same way.

In the case of a palladium additive the catalytic activity of tungsten
carbide was studied as a function of the quantity of the additive. The results

\%

Fig. 3. Hydrogenation curve for p-nitro- Fig. 4. Effect of the amount of palladium on
phenol in 2 N H2504solution at 80°C inthe the catalytic activity of tungsten carbide in
presence of tungsten carbide treated in dif- the hydrogenation of p-nitrophenol in 2 N

ferent ways H2504solution at 80°C on 1g tungsten carbide

are depicted in Fig. 4. It can be seen that up to about 100 ppm the increase
in the rate of hydrogenation is not too significant. After this an almost linear
range follows, but at a palladium content of 1% it already approaches a limit-
ing value, which is presumably connected with the transport of hydrogen
(the diffusion or absorption limiting rate under the given conditions).

Metallic conductors as catalyst supports

A study was made on the catalytic properties of small amounts of noble
metal deposited on supports of various types, in the case of the liquid-phase
hydrogenation of compounds reduced by both ionic and radical mechanisms.

W ith metallic conductors as catalyst supports under the generally ap-
plied condition, two basic differences can arise compared with insulators. For
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noble-metal deposition as described above in the case of metallically conduct-
ing supports, the entire surface is at approximately the same electrode poten-
tial, while for the insulators this is not so. The other difference may appear
in the course of the hydrogenation, when, although the activation of hydrogen
takes place only on the noble-metal surface, electron-uptake by the ionically
reacting compounds can occur on the entire surface, since in this case too the
whole surface may be found to be at roughly the same potential.

Our investigations were started with the commonly-used support, the
active carbon. The hydrogenation of the nitro group on active carbon contain-
ing 0.1% palladium proceeds with a very high rate, of about 800 cm3hour.
From the amount of hydrogen absorbed it could be established that only the
nitro group was reduced, and not the aromatic ring, or if the latters was re-
duced, then the reduction proceeded at a rate of at least two orders lower than
the reduction of the nitro group. The hydrogenation of unsaturated compounds
also takes place at a relatively high rate initially on this catalyst. It can be
seen from Fig. 5b, that as the reaction progresses the rate of the process de-
creases to about one fourth of the initial rate. Experience shows that the activ-
ity of catalysts containing such a small quantity of noble metal is not constant;
it is affected considerably by trace contaminants. It appears probable that,
similarly to the phenomenon observed with tungsten oxide, here too it is a
m atter of the poisoning of the small amount of noble metal, and the gradual
decrease of its surface. This is supported by the experiment in which p-nitro-
phenol was added to the system after the reduction of maleic acid (Fig. 5c¢);
the rate attained on the clean surface could not be approached then, nor even
the initial rate of reduction of maleic acid.

Similar experiments were also carried out in the presence of catalytically
completely inactive tantalum powder. Although the specific surface of this
support was almost four orders less than that of active carbon, there was no
significant difference between the rates of reduction of the nitro group on the
two types of support in the presence of 0.1% palladium. The hydrogenation
of maleic acid similarly proceeds on a tantalum-supported catalyst, and here
too a considerable rate decrease was observed during the reaction. The poison-
ing of the surface is indicated by the fact that in this case too the rate of hydro-
genation of the nitro compound added after hydrogenation of maleic acid did
not attain the value found on the clean surface.

Insulator as a catalyst support

Al120 3 was used in our investigations; under other conditions it is fre-
quently used as a support. The conditions for noble-metal deposition were
exactly the same as described above. The catalyst thus obtained can he em-
ployed for the hydrogenation of both nitro compounds and unsaturated bonds.
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It may be seen from Table Il that, similarly to the previous observations, the
rate of hydrogenation of nitro compounds exceeds that measured for maleic
acid, but after the hydrogenation of an unsaturated compound it is no longer
possible to attain the rate referring to the clean surface in this case either.

As regards the rate of hydrogenation, this section also includes tungsten
oxide, which was dealt with in detail in the preceding publication. This draws
attention to the fact that under the present conditions tungsten blue, which
can otherwise be well used as an electrode, shows similar properties to insula-
tors; thus, it is apparently not the electric properties of the prepared catalyst
which determine the rate of the reaction.

In a comparatively narrow concentration interval, a study was made
of the effect of the quantity of platinum on the rate of hydrogenation on tung-
sten oxide. The experimental data and the rates calculated from these and
referring to 1 mg platinum are given in Table 1.

The rate values obtained in the presence of 1 mg palladium activator
for the different supports are listed in Table II.

Table |

Effect of the amount of platinum deposited on 1 g tungsten oxide on the rale of hydrogenation §
p-nitrophenol in 2 N H250t at 80 °C

Pt Rate Rate
mg n cm3 H2hour N cm3 HZhour/
mg Pt
03 8 27
I 30 30
4 130 32
10 180 18
Table 11

Initial hydrogenation rates, in n cm3hour, measured in 2 N H2SOt solution at 80 °C, on 19 support,
in the presence of 1 mg palladium

Support NO2a C=cCS NOZ
Active carbon 800 180 100
Ta 300 60 60
A1,03 60 20 20
wo3 50 20 20
WC 320 300
W ithout support 20 10

° rate of hydrogenation of p-nitrophenol

Orate of hydrogenation of maleic acid

crate of hydrogenation achieved in the presence of p-nitrophenol. after complete hydro-
genation of maleic acid.
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Some supplementary hydrogenation experiments

Hydrogenation on 1 mg palladium, without a support

W ith the aim to facilitate the evaluation of the previous experiments,
it appeared necessary in the interest ofboth the interpretation of the deposition
conditions and the comparison of catalysts obtained under given experimental
conditions, to carry out experiments without supports, where only the noble
metal was present.

In the preparation of the catalyst, 20 cm32 N H2504 solution was satu-
rated with hydrogen at 80°C in a hydrogenation bulb, and then a PdCl2solution
(1 cm3) containing 1 mg Pd/cm3was added. The catalyst formed initially floated
in the solution as a fine powder, but after one or two minutes it became satu-
rated with hydrogen and coagulated, and the bulk of it settled to the bottom
of the bulb.

Our experiments showed (c/. Table Il) that, even though at not too high
a rate, the catalyst prepared under such conditions catalyzed the hydrogen-
ation of both nitro compounds and compounds containing an unsaturated
bond. On comparison of the reaction rates with those measured in the case of
Al120 3 or W 03 supports, the differences were not considerable, and thus, as
regards the rate, this catalyst can be classified together with those catalysts
deposited on the insulators.

Experiments with tungsten blue not containing noble metal

Glemser et al. [9] elaborated methods for the preparation of hydrogen
tungsten bronze without the use of noble metals. For our purposes, the most
favourable of these appeared to be the one in which tungsten oxide was re-
duced with zinc dust in an acid solution. In this case, at the end of the reduc-
tion the residual reductant dissolves in the excess acid and can play no part
at all later during the hydrogenation reaction. In addition to the hydrogen
tungsten bronze thus formed, the system contains only dissolved zinc sulfate,
which is presumed not to interfere in the hydrogenation reaction. A further
possibility is that zinc is incorporated into the tungsten oxide during the re-
duction, with the possible formation of a bronze, but Glemser et al. found no
evidence for that in their X-ray measurements.

In our experiment, 1 g tungsten oxide was suspended in 2 N H2504 in
a hydrogenation bulb, and 1 g zinc dust was added at 80°C. After one or two
minutes the system became blue, indicating the reduction of the tungsten
oxide. The completion of the dissolution of all the zinc was indicated by the
cessation of gas evolution. p-Nitrophenol was then added to the system. Simi-
larly to platinized tungsten oxide, the colour of the suspension initially became
greyish-blue, and then greenish, but in this case hydrogen uptake was not
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observed. The oxidation of the hydrogen tungsten bronze not containing a
noble metal is fairly convincingly indicated by the colour change, although
complete oxidation could not be achieved even in four hours. This could be
established from the facts that the suspension remained green, while on addi-
tion of potassium dichromate it instantaneously turned yellow. However,
hydrogen was not adsorbed in the presence of K2Cr20 7 either.

Fig. 5. Dependence of hydrogenation rate on Fig. 6. Effect of addition of palladium
the amount of hydrogen absorbed, on 1 g chloride on rate of hydrogenation
active carbon containing 0.1% palladium, in

2 N H2S04solution at 80°C. (ny{.Jns= moles

of hydrogen adsorbed/moles of substance

taken.) a) p-nitrophenol; b) maleic acid;c)p-

nitrophenol after complete hydrogenation of

maleic acid

Some examples of practical application

In our earlier investigation [1—4] it was found that tungsten carbide
is excellently applicable to the selective reduction of quinones and aromatic
nitro compounds. The rate of the reaction is fairly low, however, and thus the
possibilities for practical applications are rather limited. A method was earlier
presented which was suitable to enhance the catalytic activity. In the follow-
ing we shall illustrate the applicability of the catalyst thus prepared.

1 g 4-amino-3-nitrobenzophenone (4.03 mmole) was hydrogenated at
60°C in a mixture of 6 cm32 N HC1 and 14 cm3 2-propanol. It can be seen in
Fig. 6 that in the presence of 1 g tungsten carbide the initial rate of the reac-
tion is fairly low. After the addition of a PdCI2solution containing 1 mg palla-
dium (after 12 minutes), the reaction rate increases considerably. After the
absorption of about 280 n cm3hydrogen (12.5 mmole) the rate of the reaction
decreased by more than one order, and thus the hydrogenation can be regarded
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as completed. On cooling of the solution filtered from the catalyst, 0.70 g
pale-brown material separates; after evaporation of the mother liquid and
crystallization from 2-propanol, an additional 0.23 g of 3,4-di-aminobenzo-
phenone monohydrochloride can be obtained (yield: 91%; m.p. 220°C).

It can be seen from the above example that on a tungsten carbide cata-
lyst containing 0.1% palladium the nitro group can be hydrogenated without
an attack on the oxo group and the aromatic nucleus; in this sense, therefore,
the selectivity is further upheld.

Fig. 7. Hydrogenation of Ig 2,6-dinitro-4-ace- Fig. 8. Hydrogenation of 1g 2,5-dimethoxy-
tato-hydroquinone (4.7 mmole) in 30cm32 N 1,4-benzoquinone in 30 cm3 75% acetic acid
HC1 at 80°C in the presence of 1 g tungsten at 80°C in the presence of 1g tungsten car-
carbide. After 15 minutes a palladium chloride bide containing 0.1% platinum
solution containing 2 mg palladium was trans-

ferred into the bulb

Fig. 7 shows the hydrogenation of 2,6-dinitro-4-acetato-1,4-hydro-
quinone at 80°C in 2 N HC1. The Figure again clearly illustrates the significant
rate increase accompanying the addition of palladium. After the absorption
of 10% of the amount of hydrogen calculated as required for complete hydro-
genation, no volume change was observed, and thus the aromatic nucleus re-
mained unchanged here too. Crystallization after filtration of the catalyst and
evaporation of the solution leads to pale-brown, light- and air-sensitive crystals
of 2,6-diamino-4-acetatohydroquinone monoclilorohydrate in a yield of 80%
(the product sublimes at 190°C).

Fig. 8 shows the rate of hydrogenation of 2,5-dimethoxy-l,4-benzo-
quinone in 75% acetic acid at 80°C in the presence of a tungsten carbide cata-
lyst containing 0.1% platinum, as a function of the number of moles of hydro-
gen adsorbed per mole of material. On the completion of the hydrogenation,
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the rate decreases suddenly here too. With evaporation of the solution and
recrystallization, 2,5-dimethoxyhydroquinone (which rapidly turns brown
in the air) is obtained in a yield of about 85% (m.p. 161°C).

The above examples were presented to show that tungsten carbide con-
taining a small amount of noble metal preserves its selective catalytic prop-
erties, as regards the aromatic nucleus and the oxo group, catalyzing only
the hydrogenation of the nitro group and quinones. This fact is also proved
by the identification of the product, over and above the amount of hydrogen
absorbed.

Discussion

Hydrogenation on inactive support

The experimental results in Table Il show that in all the cases studied,
when noble metal too was present in the system it was possible to hydrogenate
both compounds containing the nitro group and compounds containing double
bonds. The hydrogenation of unsaturated compounds is assumed to proceed
only if the double bond is first chemisorbed on the surface. Activated adsorp-
tion of such type has not been observed so far on the supports examined.

The presence of a small number of catalytically active sites is indicated
by the ageing observed in the hydrogenation of maleic acid, and by the fact
that in the hydrogenation of nitro compounds on such a poisoned surface it
isnot even possible to attain the reaction rate found on the pure surface. Since
both the chemisorption of the double bond and the surface decrease at times
connected with this can primarily be conceived on the surface of the noble
metal, it may be assumed that, at least in the hydrogenation of maleic acid,
the reaction rate observed is due completely to the reaction on the surface
of the platinum or palladium.

If the hydrogenation rates observed in the case of palladium without
a support are compared with the data obtained with a small amount of pal-
ladium deposited on an aluminium oxide or tungsten oxide support, it can
he seen that the difference is not too significant, and can easily be explained
in that the surface of the palladium without support is somewhat smaller as
a result of coagulation, and thus in the case of the same surface the same rate
may arise, which again supports the above finding.

For the catalysts examined, with the exception of tungsten carbide, it
was found that the rates of hydrogenation of nitro compounds are about three
to four times larger than that of maleic acid. Since a similar difference was also
obtained in the experiments with palladium powder without a support, it
may be assumed to a first approximation that in the hydrogenation of nitro
compounds the reaction similarly takes place on the surface of the noble metal.

A significant difference of nearly one order of magnitude was observed
in the hydrogenation of the two types of compound, depending on whether the
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support was electrically an insulator or a conductor. Different, ionically react-
ing compounds are found to undergo reduction at almost the same rate in the
case of a given support, and thus the rate-determining step of the process is
to be sought on the side of the hydrogen. Adsorbed hydrogen can be conceived
only on the surface of the noble metal, however, and thus the other surface
parts of the catalyst do not play a role in the formation of the hydrogen ion.
It is in vain, therefore, for a potential identical to that measurable on the noble
metal to develop on the surface of the electrically conducting support, and it
is in vain for the compound to he reduced to be able to ionize on the whole
of the catalyst surface, for it is not the rate-determining step of the reaction
which is ‘accelerated’ in this way. Accordingly,the cause ofthe above-mentioned
difference must be sought not in the electric properties of the catalyst con-
taining the small amount of noble metal, but in the conductivity of the original
support.

We have experienced that the reduction of the noble metal in the ho-
mogeneous phase is a slow process. The metal deposition can be conceived in
that the metal particles separating in the solution saturated with hydrogen
are themselves saturated with hydrogen relatively quickly, and in the vicinity
of 0 mV the electrochemical reduction of the noble metal is already a fast
process. Thus, the slowly commencing deposition of metal accelerates on metal
surfaces present or forming in the solution. If the potential of around 0 mV
develops only on the forming noble metal in the solution, the further metal
deposition too will take place on these sites. In contrast, if the noble metal
separates out on some metallically conducting substance, then the rapid elec-
trochemical reduction may continue on the entire surface of this particle,
and so the noble metal may form in a substantially greater dispersity. Hence,
the rate difference observed for the different supports may be ascribed to the
difference in the surface of the noble metal.

The difference between the catalysts containing platinum and palladium
can be explained in a similar way. The homogeneous reduction of platinum
in an acid solution is found to be an essentially slow process, which means that
the nucleus formation is slow. On a metallically conducting support, in the
presence of a redox system (which establishes the potential at a value more
negative than +1-2 V, the standard potential of Pt/Pt2+), the metal deposi-
tion may proceed on the entire surface and the catalytic activity of the
finely divided platinum thus formed nearly agrees with that observed for
palladium.

The above conception relating to metal deposition is not directly appli-
cable to the electrically well-conducting hydrogen tungsten bronze, and in the
case of tungsten carbide too it is striking that the rate of hydrogenation of
maleic acid agrees with those observed for nitro compounds. These two sup-
ports are dealt with in the following section.
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Results relating to tungsten oxide

Tungsten oxide is dealt with separately primarily because, according to
Hobbs and Tseung [10], it cannot be regarded as an inactive support. They
investigated the oxidation of hydrogen on tungsten oxide electrodes contain-
ing various amounts of platinum. They found that the oxidation of hydrogen
can proceed partly by the ‘normal’ mechanism:

H2+ PtAPt2(H )ads (1)
Pt2(H)ads® P t + 2H+ + 2e (2)

and partly by a ‘bronze route’:

Ptx(H)ads + W03-> HXW 03+ Pt 3)
HXWOs-> xH+ + W03+ xe. 4)

Referring to Benson et al. [11, 12], they conceive process (3) in that the hy-
drogen atoms forming on the platinum enter the tungsten oxide lattice, where
they rapidly attain a uniform distribution.

A rate increase compared to platinum, however, or in other words an
active role of the support, can be expected only if the rates of reactions (3)
and (4) under the given conditions are at least comparable with those of the
parallel process (2), and if the rate-determining step on the platinum is not
the dissociative adsorption of hydrogen, but the ionization. Reliable experi-
mental data regarding this latter condition are not available, and under such
conditions the adsorption can generally be regarded as rate-determining,
in spite of the fact that neither possibility can be excluded.

Nevertheless, it is difficult to conceive that in the given case either the
solid-phase reaction (3), followed by solid-phase diffusion, or the electrochem-
ical reaction (4), would result in a higher rate than that of hydrogen ionization
with large exchange current. Reaction (4) is in effect a reversible process,
since hydrogen tungsten bronze can also be prepared by reduction with tin(ll)
chloride, for instance [9]. Since the standard potential of Sn2+/Sn4+ is (250
mV, it is obvious that the standard potential of the redox system HxW 03W 03
is much more positive than 0 mV. This is also proved by the fact that in the
presence of noble metal it can also be prepared with hydrogen at a pressure
lower than 1 atm [11]. If it is not assumed that the exchange current of the
equilibrium corresponding to equation (4) is several orders higher than the
exchange current of hydrogen on platinum, then at a potential more positive
than 0 mV it is inconceivable that the rate of reaction (4) exceeds the rate of
reaction (2).

The slowness of the diffusion of hydrogen in the solid phase, and also
that of the establishment of the redox equilibrium HxW 03W 03, are shown
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by the fact that on tungsten oxide containing noble metal the hydrogenation
rate practically agrees with those found for catalysts deposited on insulators.
The first noble-metal particles separating from the solution are capable of
recharging the entire surface of metallically conducting supports to about
0 mV, even before metal deposition can continue on these few nuclei. This
means that the charging of the surface, i.e. the penetration of the hydrogen
atom into the oxide lattice and the development of redox equilibrium (4),
is slower than the rate of noble-metal nucleus formation, which has been seen
above to be lower than the rate of ionization of hydrogen.

On this basis, we feel that the importance of the parallel route consisting
of reactions (3) and (4) is negligible in practice in comparison with reaction (2).

The catalytic activity of tungsten oxide in the presence of a small amount
of noble metal has recently been confirmed by Hobbs and Tseung [10] in
that the specific rate referred to the noble metal decreases hyperbolically after
a maximum at a platinum content of about 0.4% . The decrease of the specific
rate in this sense on the increase of the quantity of noble metal is well known
in the literature on catalytic processes, and has been observed in cases when
it is not possible to speak of the active role of the support. In many instances
the experimental curves could be well explained, for example by the geometrical
theory of Kobozjev. In our own experiments it would be somewhat artificial
to speak of a maximum in connection with the hydrogenation of p-nitroplienol
(Table I1); here it is rather a matter of a constant specific activity.

It may be stated on the basis of our examinations that tungsten oxide
cannot be regarded as an active support in catalytic hydrogenation in the
presence of a small amount of noble metal (and presumably in the ionization
of hydrogen, which comprises the rate-determining partial process of this).
Among the inactive supports it may be classified with the catalysts deposited
on insulators, since under the conditions of deposition not even its electric
conductivity is sufficient for the metal deposition to take place on the entire
surface.

Results relating to tungsten carbide

In our earlier paper we assumed on the basis of the works of Hobbs [8]
and Sandstede [13] that the tungsten oxide formed on the oxidation of hydro-
gen tungsten bronze is identical with the assumed oxide which, when develop-
ing on the surface of tungsten carbide, gives rise to the catalytic activity of
the latter. It proved in our experiments that the oxide forming on the partial
or total oxidation of hydrogen tungsten bronze prepared without noble metal
isnot able to activate molecular hydrogen; thus, the catalytic activity of tung-
sten carbide in such a sense cannot be attributed to tungsten oxides or tung-
sten bronzes forming on its surface.
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As can be seen from Table I, tungsten carbide can be classified among
the electrically well-conducting supports. However, in spite of the fact that
the support too is catalytically active, its catalytic activity isnot outstandingly
high. This further supports our finding that the noble metal does not activate
the support; the noble metal is catalytically active and the activity of the
support, if it has any, is simply added to that of the former.

Examination of the data in Table Il reveals that nitro compounds are
hydrogenated at a significantly higher rate than unsaturated compounds on
every support, with the exception of tungsten carbide. For the unsaturated
compounds the highest rate was attained in fact with tungsten carbide. Thus,
the peculiar case arose that while tungsten carbide can be favourably employed
as a catalyst jirimarily for the hydrogenation of nitro compounds, as a support
it has advantages over other supports in the hydrogenation of unsaturated
compounds. A further advantage of this support is that, as already mentioned,
the reaction rate decrease generally observed as a consequence of the small
noble-metal content occurs to the lowest extent in this case, and thus a pos-
sibility arises for the practical utilization of the catalyst.

The explanation of the considerable rates achieved for unsaturated com-
pounds could he given if the adsorption conditions on the surface of the tung-
sten carbide were known. It is conceivable that unsaturated compounds are
adsorbed on tungsten carbide, but that the strength is such that hydrogenation
cannot take place in the absence of noble metal. Some extent of adsorption
of organic materials is indicated by those experiments in which the electro-
chemical oxidation of formaldehyde and methanol was achieved on a tungsten
carbide electrode. It may be assumed that, as observed by Bagotzky et al. [14]
in the case of platinized pyrographite, the noble metal deposited on tungsten
carbide changes the energetic conditions of the surface to such an extent that
the compound adsorbed on the tungsten carbide will undergo hydrogenation
too.

A study of the adsorption properties of tungsten carbide does not seem
unconditionally necessary for an interpretation of the phenomenon. A more
detailed examination of this question will be treated in the following publi-
cation.

REFERENCES

[1]Vértes, G., Hobanyi, G.: (In press)

[2] Horanyi, G., Fézler, G., VERTES, G.: Magy. Kém. Foly. 78, 575 (1972)

[3] Horanyi, G, Vértes, G., Fézler, G.: Z. phys. Chem. N. F. 83, 322 (1973)

[4] Vértes, G., Horanyi, G., Szakacs S.: J. Chem. Soc. Perkin 1l., 1973 1400

[5] Mund, K., Richter, G., Sturm, F. V.: Coll. Czech. Chem. Comm. 36, 439 (1971)

[6] Binder, H., Kohling, A., Sandstede, G.: Energy Conversion 11, 17 (1971)

[7] Binder, H., Kéhling, A., Sandstede, G.: From Electrocatalysis to Fuel Cells. Ed.:
Sandstede, G., Battelle Seattle Research Center. 1972. p. 59.

[8] Hobbs, B. S., Tseung, A. C. C.: J. Electrochem. Soc. 119, 580 (1951)

Acta Chim. (Budapest) 83, 1974



VERTES et el.. EFFECT OF NOBLE-METAL ADDITIVE 149

[91 Giemser, O., Naumann, C.: Z. anorg. alig. Chem. 265. 288 (1951)

[10] Hobbs, B. S., Tseung, A. C. C.: J. Electrochem. Soc. 120, 766 (1973)

[11] Benson, J. E., Kohn, H. W., Boudart, M.: J. Catalysis 5, 307 (1966)

[12] Boudart, M., Vannie, M. A, Benson, J. E.: Z. phys. Chem. N. F. 64, 171 (1969)

[13] Benda, K. V., Binder, H., Kéhling, A., Sandstede, G.: From Electrocatalysis to Fuel
Cells. Ed.: Sandstede, G., Battelle Seattle Research Center. 1972. p. 87.

[14] Bagotzky, V. S., Kanevsky, L. S.,, Palanker, V. Sh.: Electrochim. Acta 18, 473 (1973)

Gyérgy VERTES

Gyérgy HorANYI 1025 Budapest, Pusztaszeri Ut 59—67. Hungary.
Gyorgyi Kiss

Acta Chim. (Budapest) 83, 1974






Acta Chimica Academiae Scientiarum Hungaricac, Tomus 83 (2), pp. 151 —158 (1974)

INVESTIGATION OF THE IONIZATION OF METALS AND
OF THE NEUTRALIZATION OF METAL IONS WITH
ROTATING RING-DISC ELECTRODE, X

L. kiss and 1. Farkas

(Department of Physical Chemistry and Radiology, L. E6tvds University, Budapest)

Received November 25, 1973

The-y—vs.f~ 12 relationship (where | isthe disc current of the rotating ring-disc

electrode, Ihthe limiting current of the intermediate measurable at the ring electrode,
and/ the speed of the electrode) has been rived for anodic metal dissolution proceeding

via the reactions M M zi -\-zte; Mzi » Mzt -|- (z22—z,)e; M » Mzt -(- z2. The reac-

tion routes are given in the case of which the relationship obtained is suitable for es-
tablishing the mechanism of the process.

As has been shown in our earlier communications, short-lived interme
diates formed in the anodic dissolution of metals can he detected with the aid
of the rotating ring-disc electrode [1]. Attention has been drawn to the pos-
sibilities provided by this electrode system in the study of the mechanisms
of electrode process [1, 2].

On the basis of results obtained with the rotating ring-disc electrode
Damjanovic, Genshaw and Bockris [3] have discussed the processes

A ->C (1
A B (H)
B-+C )

giving those criteria which permit finding the reaction route through which

product C is formed from starting material A. Upon plotting the value of ---—-

as a function of ("where | is the current passing through the disc, f/A the

limiting current measured for intermediate B at the ring electrode, and f the
speed of rotation of the electrode), straight lines are obtained at a constant
disc electrode potential, from the course and mutual position of which con-
clusions can be drawn on the reaction route. The considerations of the authors
mentioned concern those cases in which reactions (I)—(Ill) proceed only in
one direction, owing to the large overvoltage of the electrode processes.
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A similar relationship has been found by Bagotskii, Tarasevitch and
Filinovskii [4] for the reduction of oxygen according to the following scheme:

02 A H02-1 HX. (V)

The relationship deduced permits also to determine the rate constants of the
individual steps.

In some cases the criteria relevant to reactions (I)—(l1l1) have been ap-
plied without a sound justification to the analysis of data obtained in the anodic
dissolution of metals. [5, 6]

Therefore, our present work was undertaken with the aim to investigate
the conditions under which conclusions can be drawn from the shape of the

—-vs. f~ 112ploton the mechanism of the stepwise anodic dissolution of metals.
N
For the sake of simplicity, let us assume that the ionization of metal M pro-

ceeds in two steps, i.e. the following processes may take place:

M Mz1+ zte (V)
kkt
Mz + (z2- Zi)e \a
. ( ) (V1)
M ~M ozt + z2e (Vi)
kk

where Mzt and Mzt are metal ions with charge zxand z2 respectively, and kai
and kkl (i — 1, 2, 3) are rate constants depending on the electrode potential.

As can be seen from the schemes written for reactions (V)—(VII), it
is assumed in this case that the processes can proceed in the directions of both
the upper and the lower arrows. This assumption is justified in the anodic
dissolution of metals and in the neutralization of metal ions, because these
processes often proceed at a low overvoltage. This is a substantial difference
as compared to processes (1)—(VI).

In order to derive the expression for--—-—-as a function of f~~112, first the
1h
polarization curve describing processes (Y)—(YIl) must be determined, and

the limiting current intermediate Mzt, to be measured at the ring electrode,
must be known.

For the steady state, when the slow diffusion of the components par-
ticipating in the reaction affects also the rate of the process, the equation of
the polarization curve can be written as follows:

j= Kt+ K, + K2Co— kkl c10— kkrc20— kk3c20 (1)
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where j is the current density passing through the disc electrode, c10 and c,0
is the concentration at the surface of the disc electrode of the ions Mzi and
M zi, respectively.

Assuming that no Mzl ions are present in the hulk of the solution, the
limiting current (1h) of the oxidation of the Mzi ions to MZ2 ions at the ring
electrode is:

lh= rn(z2 z1)X 1iVci0 (2)

where rxis the radius of the disc electrode, X x= 0.62 FD 2'aoll2v 1/e, F being

2n
Faraday’s number and Dx the diffusion coefficient of the Mzl ion, ®=
/being the speed ofrotation ofthe electrode, min-1, vis the kinematic viscosity
of the solution, and N is the geometric factor of the electrode.

The unknown concentrations c10 and c20 needed for solving the task,
can be determined from the following relationships derived from the mass
balance, under the assumption that the concentration of the M ions in the
hulk of the solution is also practically zero:

_ cio + xe . C20 — mXi c10 (3)
Zl (z2  Zi) (z2  Zi)

hn. )
/i3 2
+ v c20 — ~2 ¢ (4)
(22 z1) (z2  21)

where the meaning of X 2is completely analogous to that of X v
From relationships (1)—(4), the following expression can be obtained

for— (I —jnr\):
I'h

+
Ih (z2  zI)N zi(z2  zi) x2H "~ ___ _b—
(5)
X 2
Yo *K3
X 2+ + n
+
'Ai
a2'bm + +
62 72(22— Z1)

As can be seen, in the general case, when the process occurs through reactions
(V)—(VIl),— as a function o f/-1/- docs not give a straight line, and neither
Ih

can it be linearized.
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The conceivable reaction routes for anodic metal dissolution and the

pertinent relationships for — are listed in Table I. For simpler treatment, the
Ifi
diffusion coefficients of the ions Mz1 and M z2have been taken as identical in

the table, so that Xj = X2= X. The following symbols have been used:

- A Nil= By 2o, Mep
k, - A"' ziX {Zl — z2) X Z,X
ko2 gy
(22— Zj)X ' (22— zt)N

As can be seen from the table, when all three processes [(V)—(V 11)] take place,
the plot of-— vs.fA112 gives a straight line only in two cases (ad and ag). In
Ih

both cases, the slope and the intercept of the straight lines, determined at
various electrode potentials, increase when the electrode potential becomes
more positive. Case ad corresponds to the process described by Eq. (1V) [4],
provided that the intermediate does not decompose spontaneously, while case
ng has been discussed by Damjanovic, Genshaw and Bockris [3] as a general
case.

In the table, the stepwise mechanism is realized in the processes of the b

series. As shown by the relationships and as can he seen from Fig. 1, the--—--vs.
1h
y - 12 pl0t does not give straight lines in cases b and ba but the curves deflect

in the direction of the abscissa. However, at a sufficiently high speed of the
rotating electrode and at asufficiently high anodic polarization, an approximate-
ly straight line is obtained, and the straight lines belonging to different po-
tentials of the disc electrode reach the ordinate at the same point (see solid
curves in Fig. 1). It should be mentioned that when the process occurs via
reactions b and ba, and when, according to current practice in the literature
the section of the curve between points and /21122 is extrapolated as a
straight line to the ordinate axis, the diagram corresponding to the ad and ag
mechanisms is obtained (see Fig. 1). This may lead to erroneous conclusions
concerning the mechanism.

In cases bb and be, the plot of--—--vs. f~ 112gives straight lines. The slope

of the straight lines belonging to different potentials increases with increasing
potential of the disc electrode, and the straight lines reach the ordinate axis
at the same point.

In cases bd and be the plot of— vs. f~ 12 gives a straight line parallel to

the abscissa; the position of this line is independent of the electrode potential.
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aa)

ab)

ac)

ad)

ae)

af)

ag)

Processes proceeding
during anodic dissolution

Mr M2 + i<
Mzi T MY + (z,-z,)e

M a M2 4 ze

M M2 4 zte
M2 A M2 1 (z2—*)e
rr M2 + z2e

M
M2 — M2 + (z2—z,)e
M a M2 -f z22

M2 + re

M 2z M2 4 z.e
M2' T M2 + (z2-z,)e
M ->aM2 4- z22

M zz Mzt 4 zte
Mzt — M2 + (z2-s,)e
M-Mz 4 z2

M -»M2i 4
Mrl z M2 4 (z2—z,)e
A — M2 4 sz

M M2 2le
M2 »M2 4—~Hr2—z)<?
M it M2 £ z2

M-* Mz 4 ze
M2f -* M2 4 (z2—z,)e
M —M22 4 72
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Table |
Relationship obtuined for the value of T
X+ B + AL + 1»
| Z«E 1 1 14 C4 D)
In ¥ 1(1 4 C4 D)4 — C
A z2
£(i+D)
I 2E 1 14Cc4U
In % .
I+ C+ D —}1—(*4C40)+-22C
z,E4 41+ B4 E) 1
Pi.oA 1+D \
| 7.3 1+54 3.¢
~r=v
"+ i+ c + i (l+c> + 2
z71+A +z,E+ A(B 4 E)J
i- A
1+
| z, E ¢ 1AFC
J —_—Y «
" "oi+ce Jea+ QAL
r , ZZ4 AN+ E) 1
i =v I + 1+D J
(z.+ A) 4 E(224 A)]
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Table | continued

Processes proceeding

during anodio dissolution Relationship obtained for the value of—l"h-

b) M s Mzi 4 zte I ( zsE \
Mzi s M. + (z22-z,)e h“u-+ 1+¢)

ba) M Mzl 4- zte
Mzl s Mz 4- (22-z,)e L@ + i+ c)

bb) M A Mzi 4 *k

CEe= Y (L4 %24
M2 M2 4 (zj- Z)e I (1 + *2#)

be) M  Mazr 4 zte 'Ih
Mzi — M. 4 (z2—z,)e Jh —Y(z14- 228)

bd) M s Mzi 4 ze
be) M “mMzi 4 zte — vz

c) M s Mzi 4 zie I r X1+ B) |

M s Mo 4 22 yL1: wo J

ca) M =£ Mz -fze
M —»M224- 22

~~=Y[(*14 n) + 48]

ch) M — Mz 4 zle
M s M. 4 z2

ee) M -vMZ 4 218

- =y + n)
M — M. 4 z2 Alth

cd) M M.. 4 z2
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Table 1 continued

du?{r?;e?ﬁgdrgogiesggru%ion Relationship obtained for the values of -

, I E(l+ P)
d) Mzt x 1 \e | . Z2JE A1+ 7+ D
M x M h ~v " 1+cep ™"
L i
da) Mzi =Mzt + (z2—z,)e
M « Mzi + ze o+ ar)
E
db) Mzt x Mzt - (22— z,)e zE 1+ 1+ C
M —mMzt +2z2 B m+1+C+ ic
*2

dc) Mzt WMzt f (z22—zt)e = _
M- MY + z2

N

_+|‘/‘|)

In the case of the processes listed in the table under reaction series c,
the anodic process occurs according to a so-called parallel mechanism. As can
be seen, in case ca a straight line similar to those for ad or ag is obtained for

the plot of —-vs. In case cc,the plot of this relationship gives a straight

line parallel to the abscissa; the position of this line depends on the potential
of the disc electrode.
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Reaction series d of the table represents a reaction type, which is prob-
ably seldom realized in practice. In this case, the stable ion of higher charge
number is formed in one step, and the ion of lower charge number is produced
by the reduction of this ion, i.e. process (V) does not take place. As can be seen,

the plot of — vs.f 1'2gives in none of the cases a straight line. However, when
h

I
under conditions da and dc the value ofy—is plotted as a function Of/ +1'2,

a straight line is obtained.

It should be mentioned that in their discussion Damjanovic, Genshaw
and Bockris [3] regarded case ag as general, reaction routes marked with be,
be and cc in our table being special cases.

Thus it can he established 1is./-1'2relationship cannot always be used
Ih
for the investigation of the anodic dissolution of metals and unequivocal con-

clusions on the reaction route can be drawn only in certain cases. In those
cases where the extrapolated curves belonging to different disc electrode po-
tentials do not intersect the ordinate in the same point conclusions must he
drawn with extreme care (see Fig. 1).
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The NMR spectra of N-acyl derivatives of cis- and trans-2-hydroxymethylcyclo-
hexylamines were studied to obtain information concerning the structure of the tran-
sition state of the N — O acyl migration reaction. The most advantageous conformation
of the bicyclic transition state of the lrans- and cis-isomers has been established. In the
trans-isomers the original diequatorial conformation remains intact on protonation, while
the cyclohexane ring of the cis-isomers is present probably in the twist form in which
the acylamide and the hydroxymethyl groups are forced into quasi-equatorial position.

We studied earlier the N —»O acyl migration in N-benzoyl derivatives
of cis- and trans-2-hydroxymethylcyclohexylamine and cis- and tr<ms-2-amino-
inethylcyclohexanol [1—3], as well as in the corresponding cyclopentane [4, 5]
and cycloheptane [6] derivatives. In cyclohexane and cycloheptane derivatives,
the irons-isomers undergo N —mO acyl migration faster than the cis-isomers,
whereas for the cycloheptane derivatives the reaction rate is reversed. The
reaction rate depends upon the stability of the bicyclic transition state, which,
in the case of the cis- and Irtms-cvclohexane derivatives, resembles monoaza-
monooxa cis- and irons-decaline, respectively.

Cis- and irans-2-aminomethylcyclohexanol and cis- and Irans-2-hydroxy-
mcthylcyclohexylamine were converted to tetrahydrooxazines [7] related to
the bicyclic transition state of the N —v O acyl migration reaction of N-benzoyl
derivatives of these aminoalcohols. IR and NMR analyses of the tetramethy-
lenctetrahydro-1,3-oxazine-2-ones derived from these aminoalcohols and those
of the related pentamethylene analogues derived from the corresponding
cycloheptane derivatives were also discussed [8, 9].

The preferred conformations of the above perhydroheterocycles proved
to he analogous to those suggested by us for the most probable transition state
of the acyl migration reactions. Namely, the cis-derivatives may exist in the
transition states of acyl migrations as well as in the above perhydroheterocycles
in two conformations, differing in the equatorial or axial orientation of the

*Part XVIIlI (X): Bernath, G., Gondoss, Gy., Geba, L., Tobok, M., Kovacs, K.,
Sohab, P.: Acta Phys. ct Chem. Szeged, 19, 147 (1973).

** Presented in part at the XVII. Colloquium Spectroscopicum Internationale, Firenze,
Sept. 17, 1973. See: Proceedings, Acta Vol. Ill. p. 123.
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methylene group and of the oxygen atom (or NH group), respectively. Of these
conformations those with the methylene group in equatorial and the hetero
atom in axial position are the more stable.

In order to get a deeper insight into the formation of the bicyclic tran-
sition state of the N — 0O acyl migration reaction, we investigated the NMR
spectra of the N-acyl derivatives of the above cyclic 1,3-aminoalcohols. Espe-
cially the NMR spectra of the N-0-, m- and p-methylbenzoyl derivatives of
cis- and trans-2-hydroxymethylcyclohexylamine measured in deuterochloro-
form and trifluoroacetic acid (TFA) solutions proved to be highly informative.
In this paper these investigations are reported.

la—€ Ila c
a: 0—CHs
b: m—CHs
c: -CH.

The structures of the signals corresponding to the hydroxymethyl pro-
tons in N-0-, N-m- and N-p-methylbenzoyl-cis- and irares-2-hydroxymethyl-
cyclohexylamine (la—c, Ila —c) differ significantly in the case of the cis- and
trans-isomers in CDC13 solution. The cis-isomers give a doublet, whereas the
corresponding signal of the trans-isomers appears as an AB part of one ABX
multiplet (Table). This may be explained by the assumption that in the case
of cis-isomers the ABX spin system of the methylene protons and their
adjacent ring hydrogen approach the A2X pattern. The A and B protons
are practically isochronic (<5A ~ <&B).

This difference is due to the anisotropic effect of the acylamido group,
causing an opposite shift of the two methylene protons in the trans-isomers
as compared with the cis-isomers.

The chemical shift of the ring proton adjacent to the acylamino group
differs significantly in the corresponding cis- and trans-isomers. From this it
could he concluded that this ring proton is axial in the trans-, and equatorial
in the cis-isomers.

The changes of the spectrum parameters in TFA are due to protonation
on the nitrogen atom, causing a dramatic decrease in the electron density of
the adjacent ring carbon atom. The signal of the methine proton adjacent to
the nitrogen is paramagnetically shifted in the trans-isomers by 0.7 ppm. The
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Table
PMR Data of compounds la—c and Ha—c
<5CHj ppm <CH ppm*
Compound Ad Ad
CDCl, TFA CcDCl, TFA
ortho (a) 3.35** 39 055 4.4 4.6 0.2
meta (b) cis (1) 3.45** 40 055 4.4 4.6 0.2
para (C) 3.47** 39 045 4.4 4.6 0.2
ortho (@) 365 325 39 045 3.8 45 0.7

meta (b) trans (I1)  3.67  3.33 3.9 045 3.8 4.5 0.7
para (C) 370 325 40 0.50 38 45 0.7

* Signal of the CH(NHAc) group.
*»* &\ ~ dB (ABX — ~ ArX)

/10 = chemical shift difference between CDC13and TFA solvents.
supposition that this shift is caused by protonation is supported by the fact
that the methylene protons of the hydroxymethyl group are similarly shifted
in both isomers. Thus it may be taken for granted that in the trans isomers
the original diequatorial conformation remains intact on protonation. Obvious-
ly, this conformation is the most advantageous for the formation of the bi-
cyclic transition state of the acyl migration.

In the cis-isomers, on protonation the signal of the metliine proton ad-
jacent to the nitrogen is shifted only by 0.2 ppm.

This can he explained by a change in the conformation occurring during
protonation. Accordingly, the ring pioton originally equatorial in the basic
state, becomes quasi-axial and more shielded in the protonated transition state.
The result of this shielding and of the somewhat stronger deshielding caused
by the protonation is a small downfield shift.

The quasi-axial orientation of the methine proton in the protonated cis-
isomers suggests a twist conformation for the cyclohexane ring due to which
the acylamide and the hydroxylmethyl group are forced into quasi-equatorial
position. Nevertheless, this arrangement is favourable for the N — O acyl
migration enabling the formation of the energetically preferred chair con-
formation of the second ring of the hypothetical intermedier.

Of the four most probable conformers Ilia—d, Illb and Hid probably
do not play an important role in the conformer distribution of the transition
state because of the axial orientation of the phenyl group. Moreover, even the
two diastereomers Ilia and Illc are energetically different; accordingly, llia
can he taken as the preferred conformation. In this steric arrangement only
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one hydrogen and one hydroxyl group is involved in a 1,3-diaxial interaction,
whereas in Illc the hydroxyl group and a C-C bond are situated diaxially.

OH

The formation of transition state Ilia of the acyl migration reaction is
in accordance with the conformation deduced from the NMR spectra of the
unprotonated N-acyl derivatives. Namely, as shown above, in cis-N-acyl de-
rivatives the hydroxymethyl group is equatorial, while the acylamino group
is axial. After protonation, as the cyclohexane ring takes up the twist form,
an even more favourable condition for the formation of the bicyclic transition
state is obtained.

Summing up, it can be stated that these investigations support the con-
formation deduced earlier for the bicyclic transition state of the N —mO acyl
migration reaction of cis-derivatives, which is also analogous with that found
in the case of the related perhydrooxazines and perhydrooxazinones. It can be
concluded that on protonation the unfavourable steric interactions appearing
in the formation of the bicyclic transition state are further diminished by the
more advantageous twist chair form of the cyclohexane ring.
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The anodic dissolution of copper has been studied in acetic acid solutions contain-
ing LiCl. It has been established that copper is oxidized practically only to Cu(l), and
the transfer and diffusion overvoltages are comparable. Cu(l) ions form chloride com-
plexes of the type CuClr. Calculation of the transfer coefficient gave a value of 0.65 +
0.05.

In our previous communication [1], the anodic dissolution of copper has
been studied in acetic acid and in acetic acid—water mixtures containing per-
chlorate ions. It has been established that the rate-determining step of metal
dissolution in anhydrous acetic acid solutions is the diffusion of Cu+ ions.
However, in aqueous acetic acid the rate of further oxidation of Cu + ions at
the electrode plays also a considerable role in addition to the diffusion of Cu+
ions.

In this communication we report on investigations of the anodic dissolu-
tion of copper in acetic acid solutions containing chloride.

Results and discussion

The experimental equipment and the preparation of the electrode were
the same as described earlier [1]. LiCl of analytical grade used in the measure-
ments was dried at 160°C, and the residual water content was determined by
preparing a stock solution in methanol. The solvent was dried in the usual
way [2]. The acetic acid calomel electrode described in our earlier communi-
cations was used as reference electrode [2]. The experiments were carried out
at room temperature under oxygen-free nitrogen.

In preliminary experiments, the apparent charge number of copper (Ne)
in a 0.5 mol/dm3solution of LiCl in acetic acid has been determined. The value
of Ne 1 is indicative of the fact that in the anodic dissolution copper is
oxidized only to Cu(l), similarly to the experimental results obtained in per-
chloric acid solution.

Fig. 1 shows the galvanostatic curves (gp—Igj), determined for the
copper rotating disc electrode at three different speeds of rotation of the elec-
trode. As compared to curves recorded in perchlorate media the polarization

Acta Chim. (Budapest) 83, 1974



166 KISS, VARSANYI: ANODIC DISSOLUTION OF COPPER, Il

curves are shifted considerably in the negative direction and moreover, the
<p—Ilgjr function is not a straight line. Though polarization curves are shifted
with increasing speed of rotation of the electrode towards more negative po-
tentials, on plotting thej —f 112 function no straight line is obtained. The ana-
lysis of these data in combination with the finding that the apparent valency
of copper in LiCl solution is <~1, permits the conclusion that copper is oxidized

Fig. 1. Relationship between the potential of  Fig. 2. Limiting oxidation current measurable
the rotating disc electrode and the logarithm  at the ring electrode as a function of the ano-
of the anodic current density in 0.5 mol/dm3 dic current measured at the disc electrode in
LiCl solution in acetic acid. Speed of rotation 0.5 mol/dm3 LiCl solution in acetic acid.

of tht electrode: 1. /= 160 min-1; 2. f = Speed of rotation of the electrode: + / =
= 610 min-1; 3«f = 3070 min-1 = 160 min-1; X /= 610 min-1; O/= 3070
min-1

in this solution practically to Cu(l), and the transfer and diffusion overvoltages
are comparable. The conclusion that only Cu(l) ions are formed in the solution
is supported also by measurements with the rotating ring-disc electrode. Ac-
cording to data shown in Pig. 2, the limiting current of the Cu(l) ions, formed
by the anodic dissolution of the copper disc, which can be measured at the ring,
is independent of the speed of rotation of the electrode and is proportional to
the current passing through the disc [3, 5].

The general relationship describing the polarization curve for a two-step
process, when the concentration of the ions participating in the reaction is zero
in the bulk of the solution [3] is

2ka2
Xi
1+ bl -
. X 2
J= ki K (1)
X1+ kkl+ - @
AN

| + )g
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where ka, KA kar and Kk are the rate constants of the corresponding processes,
depending on the electrode potential. In the case of the rotating disc electrode
Xj and X2 mean the following expression:

X t= 0.62 FD?I3v-116(012 i= 1,2 )

where F is Faraday’s number, D(is the diffusion coefficient of Cu+ and Cu2+
2n

ions, respectively, cois the angular velocity of the rotating electrode, co= —6—6/,
iffis the speed of rotation in min ', and v is the kinematic viscosity of the so-
lution.

According to the above, in the present case the rate constants of Cu(l)
formation and reduction (kai and kk) are comparable with respect to their
order of magnitude with the ‘rate constant’ of the diffusion of the complex
containing the Cu(l) ions (Xj) and, as compared to these quantities, the rate
constant of the oxidation of Cu(l) to Cu(ll) (kaf is negligible. Thus, the fol-
lowing condition is fulfilled:

kai ~ "ki~ X~ Kai. 3)

W ith this condition, relationship (1) can be written in the following form:

1 1 ! 4)
j K kai -
or under consideration of the dependence of ka_and kki on the electrode po-
tential (3):
oq Fcp

+ M
RT Ki

J _ ex
)~ oXP ©
where ka', and kk are rate constants independent of the electrode potential.
Thus, when condition [3] is fulfilled, j _1 is a linear function of/ _1/2.
The plot ofji-1 vs. f~ 113 is shown in Fig. 3 for a constant potential. The plot
is actually a straight line, which supports the correctness of assumption [3].
If the diffusion term is eliminated from relationship [5], the determina-
tion of the value of ax becomes possible. John and Vielstich [4] used this
method in the case of the redox system Fe3+/Fe2+ for the determination of
the transfer coefficient.

For the case of-—-= O0relationship [5] can he written in the following
Xi
form:
aj Fcp 6
Jo = Kiex
p RT (©)
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If the gp—Igj’orelationship is plotted on the basis of the jO1values belonging

to ------ = 0, the value of xd can be calculated from the slope of the straight line.
L Q|
The cp—Igj’oplot is shown in Fig. 4. The value of < calculated on the basis
of these data is 0.65+ 0.05.
It can he established on the basis of these data that in the anodic dis-

solution of copper in acetic acid solution containing LiCl, only Cu(l) ions are

Fig. 3. The relationship j~1— f-1/2 in 05 Fig. 4. The relationship <p—1gj0 in 0.5
mol/dm3 LiCl solution in acetic acid at con- mol/dm3LiCl solution in acetic acid j Ois the
stant potential. 1. p— —230 mV; 2. ¢p— current density belonging to/_1'2= 0
—215mV; 3. = —200 mV; 4. 9= —185 mV

formed but, in contrast to results obtained in acetic acid solution containing
perchlorate ions, in LiCl the diffusion and transfer overvoltages are comparable.

It is known from our earlier investigations [5] as well as from other
sources [6, 7] thatin aqueous chloride solutions copper(l) complexes are formed,
and the potential of the copper electrode is determined by the concentration
of these complexes. In the general cases, the potential of the metal electrode
in the presence of a complexing agent is [8]

P=y0 + — (7)
zF c4

where g0’ is the formal potential of the electrode, cxis the initial concentration
of the ligand, cMz+ is the metal ion concentration of the solution, n is the coor-
dination number, and the conditions are fulfilled that cx cMz+, and predom -
inantly only complexes ofligand number n are formed.
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From Eq. [7], the coordination number of the ion or neutral molecule
bound in the complex can be determined. Using this equation, it was our object
to determine the number of chloride ion bound in the complex in acetic acid
medium. W ith this aim, it was first investigated, whether the Nernst relation-
ship is valid. At a relatively high foreign ion concentration (0.2 mol dm -3
LiC104) and at a constant chloride ion concentration (0.3 mol dm “3 LiCl),

Fig. 5. The relationship (p— Ig ccu+ in 0.3 Fig. 6. The relationship ¢—Ig rci— in rx
mol/dm3 LiCl -f- 0.2 mol/dm3 LiCIO, solution mol/dm3 LiCl + (0.5 — x) mol/dm3LiCIO,, so-
in acetic acid lution in acetic acid at constant Cu+ ion con-

centration. Ccu+ = 2x10-4 mol/dm3

the relationship o vs. Ig cCu+ has been determined, changing the CuCl con-
centration in the region from 10“5to 6 x 10 <4 mol dm-3. The results of these
measurements are shown in Fig. 5. As can be seen, Nernst’s relationship is
fulfilled, the slope of the straight line being 59 mV per decade.

For the determination of the coordination number, a concentration of
2X10_4 mol dm -3 was selected for Cu(l), while the chloride ion concentration
was changed between 0.025 and 0.3 mol dm -3, and relationship ¢ — Ig ccl_
was determined at constant ionic strength. As can he seen from Fig. 6, the
slope of the straight line is 114 mV per decade, i.e. n = 2. Accordingly, Cu(l)
ion forms chloride complexes of the type CuCI*~.
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Various norma] and cyclic alkenes with different molecular sizes were irradiated
in liquid phase with a eoCo y-radiation source. On the basis of the yields of C,-C5frag-
ments it has been concluded that in spite of the very high primary energy, the primary
decomposition of the molecules occurs at bonds which are loosened. Owing to the de-
localization of a electrons in the alkenes, cr-bonds in /(-position have the smallest energy
of dissociation, however, other effects such as chain ends or unpaired electrons of free
radicals, as well as the strain energy of the molecula may also influence the product
composition.

Introduction

Dehydiogcnation of alkenes under irradiation was treated in our previous
papers [1, 2] and sa-bonds were established to play a predominant role in de-
termining hydrogen yields. In addition to hydrogen yields usually smaller by
an order of alkanes, preferred splitting of individual C—H bonds is observed:
in general, hydrogen atoms in allylic positions split off with higher probabilities
than others. A strong antibat correlation is observed between the probability
of hydrogen removal and the bond dissociation energy

This paper deals with the radiolysis of unbranched aliphatic and cyclic
C5-C]Jo alkenes, that is with the influence of a-bonds on the position of de-
composition.

1. Literature survey

In comparison with the literature on radiation-induced polymerization,
few papers deal with the fragmentation of alkenes. This may be attributed to
the great number of fragments as well as tq experimental difficulties due to
the very low yields — and, last but not least, to the fact that polymerization
is @ much more important process in practice.

Of open chain alkenes, the radiolysis of propene was studied by Wagner
[3] but only the yields of products higher than C3were evaluated, re-butenes
were investigated by Kaufman [4] both in the gas and liquid phases; although
more attention was paid to products of higher molecular weight, the G-values

* Ref. [2] is regarded as Part | of the series.
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of fragmentation products were found to be much higher with the irradiation
carried out in the gas phase. Though no conclusions have been drawn by the
author on the mechanism of fragmentformation, the importance ofion-molecule
combination in the formation of higher molecular weight products has been
pointed out. Radiolysis of cis-2-butenc was investigated by Hatano et al. [5]
in the liquid phase. Their results differ considerably from those of Kaufman
(Table I); according to their experiments in the presence of additives, the prod-

Table |
Fragmentation products of the radiolysis of liquid cis-2-butene [4, 5]

G(molecule/100 eV)

Product

Ref. [5] Ref. [4]
Methane 0.21 0.13
Ethane 0.03 0.09
Ethylene 0.08 0.26
Acetylene 0.11 0.26
Propane - 0.22
Propene 0.13 0.26

ucts were formed partly by radical and partly by molecular mechanisms. No
interpretation has been given for the fact of why the carbon skeleton splits
at particular positions. The dimeric products formed during radiolysis of 1-
pentene were determined by Wagner [6] in the presence of various additives
but no data on the fragments were reported. The radiation chemistry of n-
hexenes was investigated by Chang et al. [7], Brash and Golub [8] and that
of 1-octene by Kourim [9]. These investigations included the determination
of G(H)2as well as yields of dimers and telomers. Of higher n-alltenes, Collin-
son and coworkers studied the radiolysis of 1-hexadecene [10]. They have
drawn conclusions on the mechanism of H,, formation and polymerization and,
in addition, reported data on the overall yields of some light hydrocarbon
fragments.

Of cyclic monoalkenes, cyclohexene was studied in detail by Freeman
[11], with considerable attention to products of higher yields and of higher
molecular weight. Individual yields of methane and ethylene and the overall
yield of the C4fraction were determined. Ethylene was found to have the high-

est yield.
Freeman assumes two kinds of decomposition, namely:
(la)
CaHt + C O (Ib)
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We have not found any information about the radiolysis of cyclic mo-
noalkenes of higher molecular weight.

2. Experimental

Experiments were carried out according to a technique described earlier [2]. Hydrocar-
bons to be irradiated were supplied by FLUKA; their purity was, as a rule, 98—99%. Cyclo-
decene was synthesized in this Institute. All hydrocarbons were purified prior to irradiation.
Irradiations took place at room temperature, using a 80 000 Ci nominal activity 60Co y-radiation
source, with a dose rate of 3—5m2s-3 (1.0—1.5 Mrad h-1); the total doses were as high as
4—8 101m2s-2 (4—8 Mrad). Fragmentation products were analyzed by gas chromatography.

3. Results and discussion

Different normal terminal and internal alkenes as well as cycloalkenes
of different ring sizes without side chains were irradiated. The yields
obtained are listed in Tables Il —IY. The values given are averages of at least
three parallel experiments. In all cases, more fragments were observed than
those shown in the Tables; however, the products whose yields were too low
to permit an accurate determination were omitted.

3.1. Open chain alkenes

3.1.1. n-Hexene isomers

Table Il contains data for light hydrocarbons produced from different
n-hexenes.

The yield of methane increases significantly with the shift of the a-bond
towards the middle of the chain. A similar variation of the hydrogen yield was
observed in our previous work [2]. Assuming that methane is primarily pro-
duced from methyl groups of the molecule, the increase of methane yield from
internal hexenes may be attributed to the relative position of the methyl groups
and the a-bond, on the other hand, to the fact that the number of methyl
groups is twice as high in internal hexenes than in terminal 1l-hexene. The
highest methane yield was observed in the case of 3-hexene having both of its
methyl groups in /3-position with respect to the a-bond. More methane was
formed from 2-hexene than expected; this may be due to the formation of a
transition state prior to decomposition which is similar to the one formed from
3-hexene. The fact that this complex is more similar to 3-hexene than to 1-
liexene may be explained in terms of the secondary allylic C—H bond having
a lower bond energy and, hence, a smaller stability. Our assumption is sup-
ported by studies of n-hexene isomers iu the mass spectrometer where migration
of the a-bond also manifests itself [12]. In addition to the higher methane yield
of 2-hexene, the formation of propene from 3-hexene also suggests an iso-
merization prior to decomposition.
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Table 11

Yields of light hydrocarbons from n-hexene isomers*

¢=c-c-r-c-¢c-¢ €-C=C-C-;-C-C C-T-C-C=C-C-T-C

Product
G (molecule/100 eV)
c 0.030 0.132 0.233
Cc-C 0.028 0.107 0.160
c=c¢ 0.133 0.122 0.073
c=c 0.091 0.049 0.045
c-c-c 0.043 0.003 0.008
Cc=C-C 0.113 0.063 0.035
é——?—\C 0.015 0.003 0.004
c=c=c 0.031 0.003 0.004
c=c-c 0.006 0.027 0.004
c-Cc-Cc-C 0.035 0.008 0.002
c=C-C-C 0.044 0.022 0.074
C-C=C-C 0.005 0.006 0.002
C=C—=c¢ 0.003 0.003 0.004
c-c-c-c-C 0.001 0.001 0.002
c=c-c-c-c¢ 0.003 0.003 0.002
Cc-C=C-C-C 0.004 0.001 0.040

* H-atoms were omitted from the formulae for the sake of clarity
-i—denotes the position of allyl-interaction

The variation of the yield of ethane with the position of the 7-bond is
similar to that of methane, while no such phenomenon can he observed for
the ethylene and acetylene yields. As expected, much less ethane was produced
from 1-hexene than from 2-hexene, since ethane (and also much of the ethyl-
ene) is formed from 2-hexene via rupture of allylic C—€ bonds whose bond
dissociation energy is lower by about 54kJ mol_1than those of other C-C bonds,
owing to interactions with the sa-bond:

CH3H=CHCH2—CHgCHg -n/'WW CH3CH=CHCH2+ C2H5 2)
2 CH5— C2H6  C2H4. 3)

The large amount of ethane produced from 3-hexene may be explained,
in addition to combination of methyl radicals, by the rupture of C-C bonds
in a-position to the a-bond (as supported by the formation of acetylene in the
case of both 2- and 3-hexene) as well as by the isomerization mentioned before.
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Further studies will be necessary to clear finally the problem of ethane for-
mation from 3-hexene.

The double bond in 1-hexene favours the formation of C3 products in-
stead of ethyl group elimination but still the G-value of ethylene isremarkably
high. One may assume that this is due to loosening effect of the end of the
saturated chain which favours the splitting of the molecule into fragments
with two carbon atoms each (e.g. ethylene). The unpaired electron of alkyl rad-
icals exerts an effect similar to that of the a-bond, viz. favours the splitting
ofa-bonds in ~-position. This may explain the presence of some ethylene among
the radiolysis products of every hydrocarbon:

C=C—C—C—C—0 W= C=C—C—C + C—C (4)
C=C—C—C e c=C + Cc=C (5)
2 C—C e C—C + C=C (6)
c=cC (R C=C + H @)

The assumption of reaction (4) is justified by the fact that the second
weakest bond of the molecule is between the fourth and fifth carbon atoms of

the 1-hexene chain:

391 299 342 354
c=C-C-C-C-c

Numbers above the bonds denote dissociation energies (in kJ mol-1) calcu-
lated from literature data [13]. Although the formation of both ethylene and
acetylene can be explained by reactions (4) —(7), in agreement with the ex-
perimental data, reaction (8) cannot be excluded either:

c=c—Cc—C—C—CJIM-»3cC=cC. (8)

This reaction involves the decomposition of a 1-hexene radical ion, e.g.
according to reactions (9)—(11):

c=¢c—Cc—C—cC—C - c—c—c— 9)
c-c-~cC 4

[ weeeees C—C—C—1| (10)

c—c—c—c — 2C=C <U>

Of n-hexene isomers, 1-hexene produces the most C3 products. The na-
ture of these C3fragments suggests that they have been formed via fission of
the loosened C—€ bond between the third and fourth carbon atoms. The G-
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value of propene is three times higher than that of propane, which may be
due to several reasons. One may be an internal rearrangement in the transi-
tion state involving H-atom transfer simultaneously with the rupture of the
C—€ bond in /3-position in part of the decomposing ions or excited molecules
reaction (12):

H3CLW T)"cw OH3CiH' + 033 (12)
Wwa)”™;cH CHi f
X IbC

A similar rearrangement has been described in mass spectrometry and, ac-
cording to W agner [6], it may take place in the liquid phase too.

Another explanation may involve further reactions of propyl radicals
leading to lower propane and higher propene yields:

2 C3H7->C3H6+ C3HS (13)
C3H7-> C2H4+ CH3. (14)

Fragments of primary decomposition possess considerable energy and the
decomposition of propyl radicals according to Eq. (14) requires an energy as
low as 108 kJ mol"™1, i.e. 1 eV/particle. Since the disproportionation of
allyl radicals is unfavourable energetically this has no appreciable influence
on the propene yield.

As a rule, low yields of C4 products were observed although both 2-
hexene and 3-hexene contain cr-bonds in /3-position with respect to the Ti-bond,
whose rupture could result in the formation of C4products. The very low yield
of butenes from 2-hexene indicates secondary reactions of the 1-methylallyl
radicals or ions formed via removal of an ethyl group from hexene. The methyl-
allyl intermediates are resonance stabilized, therefore, they have longer life-
times than e.g. the alkyl and alkenyl radicals to interact with reactive radicals
and other intermediates present in the system. The formation of C4 products
from 3-hexene would involve (assuming a directing effect of the 1-bond) a
simultaneous elimination of two methyl groups; the very low yield of butadiene
indicates that the probability of such a simultaneous decomposition is very
low. It is remarkable that, of C4products, 1-butene is produced with the highest
yield from all hexenes irradiated. This phenomenon may be interpreted by
rearrangement or by the splitting of the o-bond in cx-position to the Tr-bond;
a-splitting leads to the formation of acetylene, n-butane and 1-butene from
1-hexene [reactions (15)—(17)], and ethane, ethylene and 1-butene from 3-
hexene [reactions (18)—(20)]:
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CHr—CH(CHa)sCHa —W\» CH2=CH + CIHACH22XCH3 (15)
CH=OH v » H-+ OH=CH (16)
2CH3CHYXLH2  —mmmm - CH2=CHCH2H3 + CH3CH2CH2CH3 (17)
CH2=CH2 + CH2=CHCHXH3s  (18a)

CH3CHrCH=CHOH2('H3
CH3CH2 «+ CH=CHCHH3 (18b)
2 CH3C'Hr CH2=CH2 + CH3OHs (19)
CHXCH2CH=CH + RH CHXHXH=CH2 + R (20)

The yield of C5 products is even lower than those of the C4 fragments.
The only C5compound worth mentioning is 2-pentene from 3-hexene, indicat-
ing the splitting of a o-hond in /3-position with respect to a a-bond.

3.1.2. n-Octene isomers

The data on the decomposition of n-octene isomers (Table I11) permit
to draw similar conclusions as in the case of hexenes, although, owing to the
longer carbon chain, the fraction of fragments not connected with the direct-
ing effect of the a-bond increases in comparison with the amount of fragments
where this directing effect manifests itself; hence, it is still more difficult to
distinguish between various effects.

The methane yields show an identical variation to those observed with
hexenes: the G-values increase in the following order: 1-octene < 2-octene <
< 4-octene < 3-octene. The smallest value corresponding to 1-octene is due
to the presence of only a single methyl group in this hydrocarbon. The highest
G(CH4) value is observed with 3-octene; the loosening effect of the a-bond in
/3-position with respect to one of the methyl groups causes an enhancement as
high as 20%.

The yield of ethane -|- ethylene is the highest from 4-octene. This may
he explained by the symmetrical loosening effect of the sa-bond in the middle
of the chain on both terminal ethyl groups:

c—Cc—C—C=C—C—C—C—C —W#* C—C + C—C=C—C—0—C (21)
Y R o J— C=C + C—C (22)

This phenomenon is analogous to that observed for the methane yield
of 3-hexene.

The conclusions that can be drawn from the G-values of ethane are anal-
ogous to those obtained on the hasis of methane formation. The G-value of
ethane from 2-octene is twice as high as that from 1-octene in spite of the fact
that both isomers contain only one ethyl group. This may be interpreted in
terms of a cumulative loosening effect of the a-bond and chain end on the a-
bonds in /3position with respect to both.
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Product

c-c-c-cC
c=Cc—C-C
c-c-c-c-cC
c=Cc-Cc-Cc-cC
c-c=Cc-Cc-cC

Yields of light hydrocarbons from n-octene isomers*

Cc=C-C-bC-C-C-C-C

0.015
0.016
0.081
0.031
0.013
0.051
0.009
0.018
0.029
0.029
0.002

Table 111

c—£=C—£€-K—E—<—=¢

0.058
0.031
0.066
0.010
0.020
0.056
0.048
0.036
0.030
0.022
0.017

* H-atoms were omitted from the formulae for the '3ake of clarity
denotes the position of allyl-interaction

G (molecule/100 eV)

C-r-c—€=C—e-*-c-C-C

0.077
0.047
0.056
0.008
0.055
0.052
0.035
0.041
0.003
0.013
0.420

c—e-2c—€=C—e-T-C—€

0.055
0.115
0.111
0.010
0.067
0.028
0.005
0.013
0.002
0.045
0.066
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The G-values of ethylene decrease in the following order: 4-octene >
> 1l-octene > 2-octene > 3-octene; the length of the saturated parts of the
molecules becomes shorter in the same order, except the 4-octene. This can he
interpreted by breaking up the longer alkyl or alkenyl radicals by units of
two carbon atoms. Identical G-values of ethylene and ethane were observed
in the case of 4-octene. This may be attributed to the disproportionation of
ethyl radicals with one another [reaction (22)] or with other alkyl radicals.

The acetylene yields from octenes are analogous to those of hexenes;
acetylene is produced in higher yield from terminal than from internal alkenes.

There are only small differences between the yields of C3fragments pro-
duced from octene isomers under irradiation. G(C3) is highest from 3-octene;
this is in good agreement with the loosening effect of the a-bond; at the same
time the low (propene -(- propane) yield from 1-octene is unexpected. This
may perhaps be interpreted in analogy to hexenes, i.e. by the ability of allyl
radicals to form not only propene but also higher hydrocarbons. C3 formation
from 2- and 4-octene is only possible via fission of the u-bond in a-position with
respect to the sa-bond, eventually after rearrangement of the energy-rich ac-
tivated complex.

Of all octenes, 2-octene produces the most C4 products, although their
amount is not as high as one would expect from the known loosening effect
of the a-bond:

c—c=c—¢c—CC—-C—-C-C —w c—Cc=C—C .+ C—<C—C—C (23)
2C-C—Q-C - — Cc—C—C—C + C=C—C—cC (24)

In order to explain this apparent discrepancy, it has to be assumed that
part of the methylallyl radicals is transformed into higher molecular weight
products. On the basis of yields from 3- and 4-octene, it may be assumed that
simultaneous rupture of two allylic C—€ bonds has a very low probability,
since only traces of 1,3-butadiene are formed.

Owing to the directing effect of the a-bond, the radiolysis of 3-octene
produces the largest amount of C5fragments. At the same time, the relatively
high yield of C5products from 4-octene can be explained in a way analogous
to the explanation offered for C3products from 2- and 4-octene.

3.2. Cycloalkenes

The hydrogen yields observed during the radiolysis of alkenes show that
cyclic compounds are characteristically different from open chain ones [1, 2].
Similarly, the yields of light (Cj—€5 hydrocarbon fragments produced via
fragmentation of the molecule also indicate that there is a difference between
the cyclic and the corresponding open chain hydrocarbons (Table 1V).
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Table IV

Yields of light hydrocarbons from cycloalkenes

Cyclo- Cyclo- Cyclo- Cyclo- Cyclo- Cyclo-

Product pentene hexene heptene octene decene dodecene
G (molecule/100 eV)

Methane 0.008 0.005 0.007 0.004 0.002 0.002
Ethane 0.001 0.001 0.001 0.001 0.002 0.001
Ethylene 0.15 0.14 0.07 0.054 0.035 0.02
Acetylene 0.06 0.021 0.01 0.006 0.009 0.005
Propane 0.01 0.001 - — 0.004 0.001
Propene e 0.005 0.01 0.006 0.017 0.002
Cyclopropane | — 0.007 0.002 — 0.001
Propadiene 0.10 - 0.002 0.001 0.001 0.001
ra-butane — 0.001 — — 0.002 0.001
Butenes — 0.006 0.003 0.005 0.011 0.002
1,3-butadiene — 0.06 0.015 0.009 0.014 0.005
C5 fraction — — 0.017 0.007 0.006 —

The stabilization of fragments formed during ring fission of cyclopeittene
leads mainly to ethylene and propadiene (C3H4):

Presumably, the first bond to be split is one of the allylic C-C bonds;
the formation of the two end-products involves rearrangement of electrons
and one H-atom. The first of the two subsequent bond ruptures is favoured
by allyl-interaction, and the second oneby the pairing tendency ofthe unpaired
electron of the activated complex not participating in the allyl-interaction.
Another process also taking place with a probability of about 0.5 in compar-
ison with that of reaction (25) is:

C=c + C——-C (26a)
C=C + c=c—c (26b)
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The yield of the higher one of the two complementary fragments is lower,
hut the difference is not too great in the case of this parent cycloalkene.

On comparing the products of radiation-chemical and thermal decom-
position, it has been found that any analogy between the products depends
mainly on the conditions of pyrolysis. The products obtained upon pyrolysis
of short contact time and high temperature [14] are almost the same as those
observed in the case of radiolysis (although there isless C3H, among the prod-
ucts of pyrolysis), whereas pyrolysis at lower temperatures (479—520°C)
carried out in a static system gives ethylene and propene as the main prod-
ucts [15]. The latter phenomenon may be explained by further conversion
of C3H, into propene, since — in correspondence with the activation energies
of individual processes — at lower temperatures chain initiation is less exten-
sive than chain propagation, whereas this ratio is reversed at higher tempera-
tures.

The fragment composition from cyclohexene was investigated in more
detail (Table 1V) than by Freeman. We have shown that the C4fraction con-
sists mainly of 1,3-butadiene. Thus, the reaction mechanism assumed in sec-
tion (Ib) has been verified. The ethylene yield is 2.3 times higher than that of
butadiene; apart from reaction (la), this may be explained by the fact that
while ethylene is stable, butadiene may react easily; e.g. the addition of Id-
atoms [16,17] and methyl radicals [18] is,respectively,about one and two orders
of magnitude faster for butadienes than for monoalkenes. In addition — owing
to the rather high energies applied radiolysis involves decomposition of both
ionic and excited states. As has been established in mass-spectrometric studies
of cyclohexene [19], the main direction of cyclohexene ion decomposition leads
to the formation of a stable ethylene molecule and a butadiene ion-radical

1 O

The butadiene ion-radical produced during the radiolysis of cyclohexene is a
very reactive activated complex — both as a radical and an ion — stabilized
by resonance [23], thus it may react in processes requiring hardly any energy
of activation.

The data indicate that while in pyrolysis the difference between the
yields of complementary products — i.e. butadiene and ethylene — is not
higher than 5—20% [20,21], in our radiolysis experiments, the yield of 1,3-
butadiene is hardly exceeds 1/3 of the yield of ethylene. Presumably, this
difference may be attributed to reactions of ion-radicals which are produced
during radiolysis but not during pyrolysis.

The preferred splitting of C—€ bonds in ~-position with respect to the
double bond can still be observed in the radiolysis of cycloheptene. This is
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supported by the G-values of butadiene, propene and cyclopropane. Because
of this type of splitting, butadiene is also formed from cyclooctene, cyclodecene
and cyclododecene but the small yields and numerous other fragments make
the directing effect rather ambiguous.

On the basis of our experiments with unbranched cycloalkene homologues
between 5 and 12 carbon atoms, it can be established that the yield of light
hydrocarbon fragments produced via C—€ bond rupture decreases with in-
creasing carbon atom number, i.e. the fragmentation of larger rings is less
likely then that of smaller cycles. We assume that this may have energetic
reasons; one of the factors of importance may be that the strain energy of the
ratio of the components of strain energy (the compression of van der Waals
radii, the distorsion of bond angles and bond opposition forces) varies with
increasing ring dimensions [22]. Another factor may be the increasing impor-
tance of energy dissipation without decomposition. This may be attributed to
the fact that in larger molecules the amount of surplus energy per bond is
smaller, therefore, the probability that a sufficiently high amount of energy
may be concentrated on a given bond, to cause dissociation before deacti-
vation without reaction, becomes lower and lower.

Conclusions

Owing to the high energies absorbed by the system during irradiation,
any of the o-bonds of the molecules activated (excited and/or ionized) by ra-
diation energy may split. In spite of this, a certain selectivity is characteristic
of the decomposition, especially in the case of lower molecular weight parent
compounds, i.e. the rupture of some bonds may occur with a higher probability
that of others. This may be correlated with energetic factors. Double bonds
(rr-bonds) have a loosening effect on other bonds in /3-position with respect to
them; this effect may be observed in the case of both open chain and cyclic
alkenes. A similar but smaller loosening effect is caused by the unpaired elec-
trons of free radicals and chain ends on the cr-bond in /3-position to them. The
effect of strain energy in cyclic alkenes, whose extent is a function of the ring
dimensions, manifests itself mainly in the case of smaller rings, resulting in
their enhanced decomposition into smaller fragments.
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Various branched-chain aliphatic and side-substituted cyclic alkenes were ir-
radiated in liquid phase with a 60Co ‘/-radiation source. The yields of light hydrocarbons
produced show that branching, i.e. the presence of tertiary carbon atoms also has a
significant influence upon the decomposition of these hydrocarbons. The loosening effect
of tertiary carbon atoms competes in some cases with that caused by the s-bond in
/~-position, in other cases the two effects are cumulative. Chain ends as well as secondary
processes may also influence the product composition.

Introduction

It was found in earlier experiments that a-bonds may considerably
influence the composition of radiolysis products since they exert a directing
effect on the rupture of both C-H and C-C bonds, making the decomposition
selective [1, 2, 3].

In order to further elucidate the correlation between molecular structure
and radiation-chemical decomposition, branched-chain aliphatic and cyclic
alkenes were also included into our experimental program. This has the advan-
tage that the methyl group leads to a ‘pseudo-labelling’ of one or another
carbon atom of the parent molecule, thus permitting to determine the position
of molecular decomposition with greater certainty on the basis of the products.
In addition, one may obtain data on the radiolysis of bonds linked to tertiary
carbon atoms. In the present paper, results on this subject are reported.

1. Experimental
Experiments were carried out by the method described earlier [2]. Hydrocarbons for
irradiation were supplied by FLUKA; their purity was, as a rule, 98 99%, and they were
further purified prior to irradiation.
Irradiations took place at room temperature, using 80 000 Ci nominal activity eoCo Y-

radiation source, with a dose rate of 5m2s~3 (1.5 Mrad h-1) in the dose range of 4—8X10*
m2s~2 (4—8 Mrad). The products were analyzed by gas chromatography.

2. Results and discussion
2.1. Open-chain branched alkenes

The data from the evaluation of gas chromatograms are listed in Table I.
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Table 1

Yield of light hydrocarbons in the radiolysis of methylhexene isomers*

c=c-c?c-Cc-C
1

2M1H

0.06

0.025
0.079
0.012
0.035
0.101
0.029
0.022

0.000

0.060

C=C-C-*-C-C-C

3M1H

0.12

0.025
0.140
0.110
0.120
0.110
0.010
0.020
0.042
0.035
0.025
0.000

0.000

c=c-c-r-c-c-c
1
C
4AM1H
G (molecule/100 eV)

0.07

0.065
0.158
0.060
0.003
0.238
0.075
0.102
0.146

0.001

0.000

*The W-atoms were omitted from most of the formulae for the sake of clarity

——denotes the position of allyl interaction

A—C = methylcyclopropane

c:c—e-r-c—el—e

5M1H

0.15

0.005
0.087
0.056
0.022
0.202
0.002
0.095

0.112

0.125

C

c-r-c-c=c-c-K:
1

C

2M3H

0.27

0.057
0.032
0.015
0.073
0.060
0.001
0.056

0.001

0.000
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It can be seen that one of the main effects of methyl groups is that the
methane yields become higher as compared with n-hexenes [3]. This result
verifies our earlier statement that methane is derived from methyl groups split
off from the molecule.

Although all methylhexenes in Table | contain only one branching, the
values of G(CH4) are nevertheless different: they increase in the following
order: 2M1H<;4M1H<;3M1H<5M 1H <2M 3H. This order may be attributed
to two factors: the loosening effect of a-bonds exerted on the (T-bond in R-
position and that of the tertiary carbon atom on the u-bond in a-position. The
directing effect of the a-bond, due to its tendency to delocalization, on the
(T-bond in ~-(allylic) position manifests itself mainly in the case of 3M1H and
2M3H: in 3M1H one, whereas in 2M3H three methyl groups are loosened, thus,
the corresponding methane yields [G(CH4)] are in the ratio of 1 : 3.

Loosening by the tertiary carbon atom increases first of all the methane
yield from 5M1H, since both methyl groups of this molecule are linked to a
tertiary carbon atom. This is the reason why its methane yield is twice as
high as that of 4AM1H.

The weakening effect of tertiary carbon atoms is also supported by the
G (ethane) values. The order isreverse in this case: the G(ethane) value of 4AM1H
is higher by more than one order of magnitude than that of 5M1H, and is about
three times as high as those of 2M1H and 3M1H. The small ethane yield of
5M1H may be due to the fact that, at the dose rates applied, ethane is formed
mainly via ethyl group elimination rather than combination of methyl radicals.

The yield of ethylene from methyl-l1-hexenes has a maximum as a func-
tion of the position of the methyl substituent with respect to the a-bond. It is
not clear why the ethylene yields from 3M1H and 4M1H are as high as meas-
ured, but it can be assumed that C4fragments produced via "-splitting in the
middle of the molecule, breaking into two fragments, may partly decompose
into hydrocarbon fragments with two carbon atoms. The G-values of acetylene
are obviously strongly dependent on the position of the a-bond and the branch-
ing with respect to each other. The smallest acetylene yield was measured with
2M1H, and the highest with 3M1H. The G(acetylene) values from 4M1H and
5M1H are identical, and again, that from 2M3H isvery small. Thus, it may
he concluded that acetylene is derived almost completely from the bridgehead
carbon atoms of the original double bond and its formation is promoted by the
tertiary carbon atom in the case of 3M1H. The low G-value of acetylene from
2M3H supports our earlier concept on the higher acetylene yield from terminal
alkenes as compared with internal ones [3].

As a consequence of ‘labelling’ with a methyl group, it may be expected
that the elimination of the group containing the double bond from 2M1H

(C=C —) will result in the formation of mainly C3products (propene, propyne

|
C
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and propadiene) instead of acetylene. Actual data are in good agreement
with our assumption: G(propyne) = 0.027, G(propadiene) = 0.024. Propyne
and propadiene were formed only in negligible amounts from other methyl-
hexenes, therefore, these data were not included into Table I.

The propane and propenc yields from methyl-l1-hexene isomers show the
loosening effect of the Tr-bond in /5-position. Owing to allyl-interaction, one of
the main products of decomposition of these molecules always contains three
carbon atoms:

c= c—-C—C—C—C C=GCLC+ C—<—< (1)
('I: C
Cc= c—Cc—Cc—Cc—CJIWW C= C—C+ C—GC—=< 2)
c ¢
C= c—C—C—C—cC -m—y C= C—O0+ c—— )
c ¢
C= C—C—C—CI—CJWVW C=C-C+ C—Cll—c. (4)
C C

The reaction mechanism outlined shows that the intermediate containing
three carbon atoms is saturated in the case of 2M1H and 3M1H, whereas it is
unsaturated with 4M1H and 5M1H. In correspondence with this, of methyl-I-
hexene isomers 2M1H and 3M1H produce more propane, whereas4M1H and
5M1H produce more propene. The considerable amount of propene observed
with 2M1H and 3M1H isomers originates from the disproportionation of
propyl radicals; this gives practically all propene from 3M1H and about 1/3 of
it from 2M1H:

2 c—C—-C—C=C—C+ C—C—C (5)

Propane from 5M1H and 2M3H originates not from the splitting of the
c-bond loosened by the allylic interaction but from the fission of the bond loos-
ened by the tertiary carbon atom:

c—C—C= C—C—C Ay C—C+ C= C—C—C (6)
¢ ¢
C= C—C—C—C—CJVWW ¢ = c—Cc—C+ C—=< @)
¢ ¢
2C-C-C ->C-C-C + C=C-C (8)
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This assumption is supported by the facts that the G-value of propane
produced from 2M3H is nearly identical with that of propene, and that only
traces of propane are formed from 4M1H where neither splitting of the ff-bond
in /3-position with respect to the m-bond, nor fission of the ff-hond in the
vicinity of the tertiary carbon atom produce propyl radicals.

The C4 products may be divided into groups since the sec-butyl- and
methylallyl-radicals produced in primary processes may transform into various
products, e.g. via disproportionation or ring closure reactions.

The G-value of n-butane is usually very small: 4M1H is the only hydro-
carbon producing somewhat more rabutane. This is due to the fact that the
loosening effect of both the yt-bond and the tertiary carbon atom promotes
the formation of sec-butyl radicals. The comparison ofthe G-values of n-butanes
produced from various methylhexene isomers also indicates that there is no, or
hardly any, combination between two ethyl radicals in the systems investi-
gated, under the conditions of the experiments, i.e.upon irradiation in the liquid
phase. The highest yield of n-butenes was observed with 4M1H, suggesting the
importance of sec-butyl radicals formed under the combined directing effect
of the jr-bond and the tertiary carbon atom, like in the case of n-butane. In
agreement with the reactivities of primary and secondary C-H bonds, more
2-butene was found than 1-butene. Though only the sum of cis- and trans-2-
butene was included into the Table their separate determination revealed that
the amount of the trans-isomer was 2.5 times higher than that of the cis-isomer
from both 3M1H and 4M1H. Since the free enthalpies of formation of the two
isomers show the trans-isomer to be more stable, its formation in higher
proportion is due to thermodynamic reasons.

C4dproducts were formed in much lower proportion from 3MIH than from
4M1H, although the main decomposition of the molecule [Eq. (3)] should have
produced one fragment with four carbon atoms. This methylallyl radical,
however, has several possibilities for stabilization, as is actually shown by the
product spectrum:

c=C—C-C c=C-C-C + R 9)
N
c-c=C-C —»C-C=C-C + R (10)
AN C= C-C=C + C=C-C-C (11a)
2C=C-C-C 4 c=c_c=c+c_c_c (lib)
\ |/
C

The sum of the G-values of all these products’, however, is hardly equal
to one half of that of the complementary products, i.e. propane and propene.
The difference between the yields of complementary C3and C4products from
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3M1H, i.e. the C4deficit, can be interpreted in terms of acetylene and ethylene
production via further decomposition of the C4 hydrocarbon as well as by
reactions of the methylallyl radical with other reactive intermediates (e.g.
combination).

Branched-chain C4 fragments are formed only from 2M1H and 5M1H,
demonstrating clearly the directing effect of the mr-bond. These branched-chain
fragments form only in those cases where allyl interaction promotes the for-
mation of isobutyl and 2-methylallyl radicals. As shown in Table I, 2M1H
produces only isobutene, whereas 5M1H gives both isobutane and isobutene in
nearly identical amounts. This indicates that — in the case of 5M1H — these
products may have been formed in the disproportionation of isobutyl radicals
formed in reaction (4):

2C—C—C-> C—C—C+ C= C—C (12)
| [ [
C C C

The structure of the 2M1H molecule explains why no isobutane is
produced together with isobutene. Isobutene formation may have occurred in
this case via hydrogen abstraction by the 2-methylallyl radical, produced
primarily in reaction (1) from another molecule, or via intermolecular hydrogen
migration in a unimolecular process. The latter possibility may also explain
why the propene yield from 2M1H is higher than that of propane:

0=C—C—-C—CC  —w— ¢ cc—c—c—¢ (13)

(14)

2.2. Cycloalkenes with side chains

The branched-chain cycloalkenes with six-membered rings listed in
Table Il can be divided into three groups according to their T-bonds:
the first group contains methylcyclohexenes with one t-bond in the ring (IMC,
3MC, 4MC);
4-vinylcyclohexene (4VC) represents the second group with two -bonds, one in
the ring and one in the side chain:
methylenecyclohexane with a semicyclic jr-bond is the only member of the
third group.
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Tabic 11

Yield of light hydrocarbons in the radiolysis of branched-chain cycloalkenes

I-methyl- 3-methyl- 4-inethyl- 4-vinyl- methylene-
Product cyclohexene cyclohexene cyclohexenc cyclohexene cyclohexane
G (molccule/100 eV)

Methane 0.016 0.059 0.038 0.002 0.033
Ethane 0.003 0.002 0.002 — 0.001
Ethylene 0.17 0.16 0.03 0.044 0.05
Acetylene 0.02 0.03 0.03 0.023 0.005
Propane 0.005 0.001 0.002 — 0.005
Propene 0.02 0.02 0.15 0.001 0.001
Cyclopropane - - — — 0.003
Propadiene — — — — 0.007
Butanes 0.004 0.001 0.002 0.001
1-butene 0.003 0.006 0.005 0.001 0.002
2-butene 0.005 0.008 0.002 0.001 0.001
1,3-butadiene 0.002 0.007 0.06 0.163 0.001
Isoprene 0.05 0.002 — 0.001
1,3-pentadiene 0.077 — —
C5fraction 0.004 0.007 0.005 0.002 0.007

denotes the position of allyl interaction

The methane yields from methylcyclohexene isomers containing one
methyl grotip per molecule are nevertheless different: the lowest methane
yield was found from the methyl group in a-position with respect to the s:-bond
(IMC) and the highest value was observed with a methyl group in /3-position
(3MC). In the first case, hyperconjugation while in the second case, allyl-
interaction can be recognized.

Methylcyclohexenes together with 4-vinylcyclohexene — in spite of the
two si-bonds of the latter — decompose in a way similar to cyclohexene, dis-
cussed earlier [3], according to a reverse Diels-Alder reaction. The main
products of decomposition of methylcyclohexene isomers are different, in
correspondence with the position of the methyl ‘label’; these are ethylene and
2-methyl-1,3-butadienes (isoprene) from 1MC, ethylene and 1,3-pentadienes
from 3MC, and propene and 1,3-butadiene from 4MC:

Of the complementary products of these main decomposition processes,
the yield of the one with the higher molecular weight is lower in the case of
methylcyclohexenes, too, similarly to the radiolysis of cyclohexene [3, 4]. Our
data give, however, evidence, that this difference may not be attributed to the
decomposition of the molecule into three parts as suggested by Freeman for
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cyclohexene [4], hut rather to further reactions of the higher molecular
weight fragment, i.e. 1,3-pentadiene and 2-methyl-1,3-butadiene. If the dif-
ference were due to simultaneous fragmentation into three parts, then e.g. the
G-value of propene produced from 4MC in reaction (17) would have to be lower
than that of ethylene in the radiolysis of cyclohexene [3, 4], since the decompo-
sition of the other part of the molecule would give ethylene and acetylene and
not propylene. Since ethylene yields from cyclohexene [3] as well as from 1MC
and 3MC are comparable with that of propylene from 4MC, and further, since
the G-values of ethylene and acetylene from 4MC are as low as 0.03, and the
yield of propylene from 1MC and 3MC is a similarly low value (0.02), it can be
stated that the difference between the yields of complementary products may
be attributed to the fission of the molecule into three parts only to a very low
extent, not more than G = 0.02—0.03. The greater part of the discrepancy
must be attributed to reactions of the resonance stabilized radical-ion and/or
biradical containing the original double bond as well as stable conjugated
products with neutral molecules and active intermediates in the system, in a
similar way, as it was suggested in the case of cyclohexene [3].

In the radiolysis of 4YC — as expected — only one main product is
formed when the carbon skeleton suffers decomposition, and this is butadiene.
The most important decomposition process involves the rearrangement of
unpaired electrons formed upon the splitting of allylic C—€ bonds together
with the 7i-electrons of the double bonds, resulting in the formation of new
double bonds at the expense of the cr-bonds cleaved:
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The amount of acetylene and ethylene is to be mentioned among the
fragmentation products, too, ethylene being, however, twice as much as acety-
lene. The difference may be due to the elimination of a vinyl group, which is
promoted by the loosening effect of the tertiary carbon atom. This may lead
to ethylene in reaction (19):

or may he eliminated as a vinyl radical interacting with other molecules in
hydrogen abstraction reactions resulting also in ethylene. Since both the
simultaneous fragmentation of the ring into three parts (20):

and the decomposition of butadiene (21):

1,3 —C4H* — C2H2 -f- C2H, (21)

give ethylene and acetylene in equal amounts, the surplus ethylene must have
formed in other processes [e.g. in reaction (19)].

The radiolysis of methylenecyclohexane containing a semicyclic double
bond is very different from those of cyclohexene and substituted cyclohexene.
This manifests itself first of all in the very low C4-€5yields. This behaviour is
similar to that observed in. the photolysis of methylenecyclopentane [5],
where only traces of products were observed apart from a small amount of
hydrogen. Of the fragmentation products of methylenecyclohexane, we have
found that ethylene and propadiene were produced in the highest yields; their
formation is represented in Scheme (22):

On energetic grounds, first the rupture of one of the allylic C—€ bond
should occur, thereafter the unpaired electron of the biradical formed, which
does not take partin allyl interaction will direct the decomposition. We assume
that the large difference between the yields of ethylene and propadiene is
mainly due to the high reactivity of propadiene.
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Summary

The radiolysis of branched-chain alkenes — similarly to that of un-
branched ones [3] —is selective in spite of the random ‘background’ molecular
splitting because ofthe high energies absorbed by the system: the G-values of
products originating from the rupture of bonds with lower bond energies are
generally higher. The m-bond of alkenes considerably decreases the dissociation
energy of cr-bonds in /5-position with respect to it. The effect of chain ends is
smaller but has the same character. Tertiary carbon atoms of branched-chain
alkenes exhibit a similar effect. ,

The radiolysis of the branched open chain and side-substituted cyclic al-
kenes investigated do not differ considerably from each other. The product spec-
trum of open-chain species is more complicated, which may be attributed —in
addition to the effect of the chain end — to the formation of biradicals from
cyclic alkenes when bond splitting occurs. These biradicals may be stabilized
in unimolecular rearrangements and thus give a smaller number of products
than do the transition species from aliphatic alkenes.
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Breyer and Hacobian [1] observed that when a mixture of two surfac-
tants was present in an indifferent electrolyte, only one tensammetric wave
was obtained corresponding to the substance whose peak potential occurred at
the more cathodic potential. Gupta and Sharma [2] studied the influence of
tensammetric waves on one another by a.c. polarography and found that in
most of the cases, the influence of more cathodic tensammetric peak on less
cathodic peak is due to the greater adsorbability of surfactant corresponding
to more cathodic peak and consequently forming an adsorbed film on the
electrode surface. In some cases, the influence is due to some chemical interac-
tion between two surfactants to form a complex [3, 4] which is more surface
active than the individual surfactants.

The communications deals with the determination of some surfactants
in dilute solutions with a view to ascertain the applicability of complexation
method by dropping mercury electrode (dme) capacity measurements (tensam-
metry). The determination of these surfactants is of significance since conven-
tional polarography gives no indications to the presence of these surfactants
whereas tensammetry provides flat peak or no peak at all in very diluted
solutions.

o-Cresol, aniline, benzylamine, diethylamine, n-hexylamine, ra-heptyl-
amine, piperidine and triethanolamine were of either BDH or Merck’s quality.
Pyridine and n-amyl alcohol were of Baker’s analytical grade reagents. These
were distilled before used from an all-glass fractionating column and the
middle one thirds of the distillates were collected. Mercury used for the dme
was purified as described previously [2]. Potassium chloride used was of AnalaR
quality of BDH.

The technique of dme capacity measurements (tensammetric technique)
was the same as that described earlier [5]. This is done by superimposing to the
dme, a 50 c/sec + 20 m V sinusoidal a.c. potential on the d.c. potential and
observing the alternating component of the current. As the capacitive impe-
dance of the dme is much higher than the impedance of the rest of the system,
the magnitude of the alternating current gives a measure of the dme capacity.
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0.1 M KCI (BDH., AR) solution was used as supporting electrolyte.
Dropping mercury electrode capacity measurements are taken with the
electrolyte and the effect of the surfactants has been expressed in the terms of
a.c. (microampers). Negative d.c. potentials were applied to the dme with
respect to the saturated calomel electrode. The experiments were carried out
at 30 + 0.5°. The constants of the dme were: m = 4.564 mg/sec. and t = 1.8
sec/drop in 0.1 M KC1 (open circuit).

Fig. 1. Interaction of o-cresol with triethanolamine by tensammetry. pH = 7.0. Curve 1 —
0.1 M K.Cl; Curve 2 — 1.0% o-cresol; Curve 3 — 1.0% o-cresol + 0.3% triethanolamine;
Curve 4 — 0.3% triethanolamine

The shift of peak potential of the mixture by varying the concentration
of one of the surfactants and keeping the other constant, has been utilised in
determining the molar ratio of the compounds in the complex [3]. Since the
magnitude of the peak of the mixture of surfactants (complex) is greater than
those of individual surfactants, it was thought desirable to determine individual
surfactants by complexation using tensammetry. As the capacity minimum
is not sharp and is sometimes flat over a considerable range of potentials, the
estimation of low concentration of surfactant becomes difficult by tensam-
metry and therefore enhanced magnitude of desorption peak of the mixture
of surfactants at potentials differing from the zero value of electrocapillarity
has been utilised for determining various surfactants in low concentrations.

Fig. 1 shows the typical tensammetric waves depicting the interaction
of o-cresol with triethanolamine at pH 7.0 inwhich curves 2 and 4 are individ-
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ual tensammetric waves of 1.0% o-cresol and 0.3% triethanol-amine, re-
spectively, whereas curve 3 is the tensammetric wave of the mixture of 1.0% o-
cresol and 0.3% triethanol-amine. The enhanced desorption peak of the
mixture of both the surfactants is further supported by its adsorption. The
enhanced peak of the mixture of o-cresol and triethanolamine indicates
greater surface activity of the complex than the individual surfactants. The
desorption peaks of the individual surfactants are not sharp, they cover a wide

Fig. 2. Titration of o-cresol with piperidine and triethanolamine by tensammetry. pH = 7.0.

Curve 1 — 50 ml of 1.5X 10-3 M triethanolamine vs. 1.0X 10-1 M o-cresol; Curve 2 — 50 ml

of 2.0x 10~2M piperidine vs. 1.3X 10_1 M o-cresol; Curve 3 — 50 ml of .Ox 10-2 M o-cresol

vs. 5.7X10 M piperidine; Curve 4 — 50 ml of 1.0x10-2 M o-cresol vs. 5.7x10 ~2jVi tri-
ethanolamine

range of potentials; with hydrogen-bonded complexation, however, the peaks
are sharper and greater.

The enhanced magnitude of the peak of the complex is utilised in deter-
mining the surfactants in lower concentrations. Fig. 2 shows the typical results
obtained by titrating o-cresol with triethanolamine and piperidine and vice-
versa at different concentrations of surfactants by tensammetry. The inter-
sections of straight lines gave a 3 :1 stoichiometry for the hydrogen-bonded
o-cresol-amine complexes. In order to determine various surfactants, a series
of tensammetric direct and reverse titrations of surfactants with other surfac-
tants were carried out. Results on the 3 : 1 complexes (o-cresol : amine [6]),
as well as pyridine: n-amyl alcohol [3], 1 :1 complex (o-cresol : pyridine [3])
and 2 :1 complex (o-cresol :n-amyl alcohol [2]) are given in Table I.

The determinations of the surfactants by complexation should be
carried out in alkaline solutions where surfactants have pronounced effect.
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Surfactant

Pyridine
n-Amyl alcohol
o-Cresol
Pyridine
Aniline
Benzylamine
Diethylamine
n-Hexylarnine
n-Heptylamine
Piperidine
Triethanolamine
Phenol

Phenol
Triethanolamine
Piperidine

Surfactant

0-Cresol
0-Cresol
o-Cresol
0-Cresol
0-Cresol
0-Cresol

Table |

Determination of some surfactants by tensammetry in aqueous solutions

Titrant

rt-Amyl alcohol
Pyridine
Pyridine
0-Cresol
0-Cresol
0-Cresol
0-Cresol
0-Cresol
0-Cresol
0-Cresol
0-Cresol
Piperidine
Triethanolamine
Phenol

Phenol

Titrant

Aniline
Diethylamine
n-Hexylamine
n-Heptylamine
Piperidine
Triethanolamine

Cj — concentration of surfactant
Cj — concentration of titrant

Surfactant solution =

pH = 7.0

50.0 ml

Concentration (mole/litre)

C,

1.2X10-3
1.0X10-2
1.OX10-3
1.OXI10-3
1.2X10-3-3.0X10-4
i.oxio-2-i.oxio-3
1.2X10-3-2.5X10-4
1.OX10-3—2.0X O -4
15X 10“3—2.5 X 10-4
2.0x10-3—5.0X10-4
2.0X 10-3—4.0X 10 _4
l.oxio-1
2.0X10-3
1.0X10-3-5.0X10-3
1.5X10-3

Cy

2.0X10-3
7.5X10-1
2.0X10-3
2.0X10-3
2.0X10_1—2.0XH -3
7.5X10"4—1.0X 10-2
7.2X10-3-1.0X10-3
l.oxio-"-i.oxio-2
1.0X10-1—2.0X 10-2
1.0X10-1—2.5X 10-2
1.0X10-3-2.0 X10-3
6.6X10-1
1.3X10-1
7.5X10-1
1.OX10-1

Concentratior (mole/litre)

Cs

1.OXI0-3—2.5X10 1
1.OXI0-3—1.2X1t0 "4
5.0X10-3-1.2X10"4
25X 10-3—2.0 X 10 _4
1.0X10-3-1.0X10-3
1.0X10-3-2.0X10-3

Cy

.0X10-3-2.0X10-3
.6X10-3-5.0X10-3
.0X10-3-6.0x10-3
.0X10-3-1.0X10-3
.7X10-3-6.0X10 -3
.7X10-3-6.0X10-3

oo bh oo w

Titre values (ml)

calculated

2.0
4.0
5.0
5.0
1.8
4.0
5.0
3.0
4.5
6.0
6.0
5.0
5.0
4.0
4.5

Observed

1.98
4.02
4.96
4.94
1.78
4.05
5.03
3.03
4.5

5.95
5.93
4.96
4.96
3.95
4.52

Titre values (ml)

Calculated

Lii
5.0
3.33
2.08
5.84
5.84

Observed

l.i

4.98
3.35
2.05
5.86
5.83

Error

-1.0
+ 0.63
-0.8
-1.2
-1.1
+ 1.25
+0.6
+ 1.0

-0.
-1.
-0.
-0.
-1.
+0

N o ®E ®

(Error)

(*0)

-0.9
-0.4
+ 0.6
-1.44
-0.3
-0.17
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Even 1.5x10-4M surfactant can be measured by complexation using tensam-
metry. The surfactants having higher surface activity can be determined even
in lower concentrations since the magnitudes of the peaks of individual surfac-
tant is higher. The accuracy of the method is i 1.0%.

*

The author thanks authorities Birla Institute of Technology and Science, Pilani (Ra-
jasthan) India for providing the facilities.
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CARBOHYDRATE METHYL ETHERS, VII*
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The synthesis of 6-deoxy-2,3-di-0-methyl-D-glucose (2,3-di-O-methyl-D-qui-
novose) (5) and 6-deoxy-2,3,4-tri-0-methyl-D-glucose (2,3,4-tri-O-methyl-D-quinovose)
(11) is reported. The starting material was phenyl-4,6-0-benzylidene-2,3-di-0-methyl-
[?-D-glucopyranoside, which was converted into the 6-bromo-6-deoxy derivative with
N-bromosuccinimide (NBS), using Hanessian’s method [1]. The bromine was elimi-
nated by LiAIH, and, after the acid hydrolysis of the phenylquinovoside derivative, 5
was isolated. Phenyl-/S-D-quinovoside, being well known [2], was methylated according
to Kuhn et al. [3] and thus 10 was prepared. Compound 4 was converted by methy-
lation into this product, too. This gives the proof of the structures of two compounds,
5 and 11.

2,3-Di-O-methyl- and 2,3,4-tri-O-methyl-D-quinovose have been isolated
as the sugar components of heterosides from several natural sources [4], [5].
The structures of these compounds were elucidated by instrumental methods
(NMR, IR, and mass spectrometry), but their syntheses have not yet been
accomplished. This synthetic work has now been achieved in our laboratory.
These compounds are also useful in investigating the activity of emulsin and
in the structural investigation of naturally occurring heterosides.

The reaction routes are summarized in Table I.

Phenyl-4,6-0-bena;ylidene-/?-D-glucopyranoside (1) was methylated to
2 according to Kuhn et al. [3]. Treatment of 2 with NBS in boiling carbon
tetrachloride gave 3, which was debrominated and debenzoylated in abs. ether
with LiAlHj to yield 4. Hydrolysis of 4 with 0.5IV sulfuric acid gave 5 as a
syrupy, chromatographically pure compound. When 1 was treated with benzoyl
chloride in dry pyridine, 6 was obtained. Treatment of 6 with NBS gave 7 which
was deacylated according to Zemplén [6] to give 8. Methylation of the latter
according to Kuhn [3] gave 9, the bromine of which was eliminated with
LiAlIHj in abs. ether to obtain 10. Hydrolysis of this product with 0.5N sulfuric
acid gave 6-deoxy-2,3,4-tri-0-methyl-D-glucose (11) as a crystalline compound.

This compound (11) has also been synthesized by a different route.
Compound 7 was treated with zinc powder in about 75% acetic acid to give 12.
Zemplén deacylation [6] of 12 gave 13, first described by Helferich [2].
Methylation of 13 yielded 10, proving the structure of 10 and 11, respectively.

*Part VI: NAnAsi, P. and LiptAk, A.: Magy. Kém. Foly., 80, 217 (1974).
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Since 4 can also be converted into 10 by methylation, it also affords evidence
for the structures of 4 and 5.

Experimental

M.p.’s were determined on a Boetius hot-stage apparatus and are uncorrected. TLC
was performed on Kieselgel G Merck. Benzene-metanol 9 : 1 was used as the solvent mixture
for the glucosides, and ethylmethyl ketone saturated with water for the free quinovose methyl
ethers. Detection was made with sulfuric acid-water (1 : 1) and aniline hydrogen phthalate,

respectively.
Phenyl-4,6-O-benzylidene-R-D-glucopyranoside (1)

This was synthesized according to McCloskey and Coleman [7].

Phenyl-4,6-0-benzylidene-2,3-di-0-methyl-R-D-glucopyranoside (2)

10 g of 1 was methylated and the mixture worked up in the manner as described by
Kuhn [3], to obtain 7.26 g (60%) of 2, m.p. 179°C; [alrf — 55.8° (¢ = 2, chloroform) C21H %Oc
(372). Calcd. C 67.72; H 6.5 Found C 67.65; H 6.56.

Phenyl-4,6-0-benzoyl-bromo-6-deoxy-2,3-di-0-methyl-B-D-ghicopyranoside (3)

5.57 g (0.015 mole) of 2 was dissolved in warm carbon tetrachloride (130 ml) and barium
carbonate (11.84 g: 0.06 mole) and NBS (4 407 g; 0.0247 mole) were added. The reaction mix-
ture was refluxed for 2 hours, then the BaC03 was removed by filtration and washed with
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boiling carbon tetrachloride (10 ml). The filtrate was washed successively with water, satu-
rated NaHCO03solution, and water, and dried over anhydrous Na2S04. Thd dried solution was
evaporated in vacuum to leave a syrup, which was recrystallized from alcohol to yield 5.4 g
(80%) of 3, mp. 122—123°C; [oc]B —60.7° (c = 2, chloroform).

C2H,30 (Br (451). Calcd. C 55.87; H 5.1. Found C 55.6; H 5.3%.

Phenyl-6-deoxy-2,3-di-0-methyl-B-D-glucopyranoside (4)

0.9 g (0.002 mole) of 3 was dissolved in abs. ether (20 ml) and added to a solution of
LiAIH4(1.52 g; 0.04 mole) in abs. ether (25 ml) during 5 min. The reaction mixture was stirred
overnight at room temperature, and then refluxed for 2 hours. Ethyl acetate (3 ml) was then
added to destroy any excess of LiAIH4. The precipitate was filtered off and washed with ace-
tone (3 X20 ml). The filtrate was evaporated and the residue extracted with boiling chloroform
(3 X20 ml) .The solution was washed with water, dried and evaporated in vacuum. The crys-
talline residue was recrystallized from cyclohexane to yield 320 mg (60%) of 4, mp. 124—
126°C; [a]b“ —69.8° (e — 2, chloroform).

C14H2005 (268.3). Calcd. C 62.67; H 7.51. Found C 63.12; H 7.3%.

Phenyl-6-bromo-6-deoxy-2,3-di-0-niethyl-R-D-gluropyranoside (14)

450 mg of 3 was saponified according to Zemptén [6] affording 295 mg of 14. It was
recrystallized from cyclohexane to yield 283 mg (81%) of pure 14, mp. 98—99°C; [sJd5—67.7°
(c = 2, chloroform).

CHH 105Br (347.2). Calcd. C 48.43; H 5.51, Found C 49.06; H 5.65%.

Dehromination of 14

173.6 mg (5 X 10-4 mole) of 14 was dissolved in abs. ether (5 ml) and added to a solution
of LiAIH4 (190 mg) in abs. ether (10 ml) during 5 min. After the usual work-up as above, 82 mg
(61%) of 4 was obtained, mp. 124°C; [aJq —67.8° (c = 2, chloroform). The compound was
chromatographically identical with 4.

cuH20°5 (268.3). Calcd. C 62.67; H 7.51. Found C 63.00; H 7.25%.

6-Deoxy-2,3-di-0-methyl-D-glucose (5)

344 mg of 4 was dissolved in 0.5 N sulfuric acid (35 ml) and kept at 90—95°C for 14
hours. The warm solution was neutralized with barium carbonate, filtered, the precipitate
was washed with water (2x5 ml) and ethyl acetate (2 X10 ml). The combined filtrate and
washings were evaporated. The residue was extracted with ethyl acetate (2 X 10 ml), filtered
and evaporated to yield a syrup (230 mg; 93.4%), which was chromatographically pure. [a]f>5+
-(-61.3° (e = 2, water), after mutarotation.

C8H 1005 (192.2). Calcd. C 71.73; 11 8.39. Found C 72.59; H 8.03%.

Phenyl-4,6-0-benzylidene-2,3-di-0-benzoyl-/7-D-glucopyranoside (6)

17.2 g of 1 was benzoylated and working up in the usual manner to give 6 13.7 g; (50%),
mp. 212—213°C; [ajo —51.5° (c = 2, chloroform).
CBH20 8(551.47). Caled. C 71.73; H 5.11. Found C 72.59; H 5.35%.

Phenyl-2,3,4-tri-0-benzoyl-6-bromo-6-deoxy-P-D-glucopyranoside (7)

6.6 g (0.012 mole) of 6 was dissolved in a mixture of abs. carbon tetrachloride (300 ml)
and abs. benzene (120 ml); then barium carbonate (4.8 g; 0.024 mole) and NBS (2.11 g; 0.024
mole) were added to the solution which was refluxed and stirred for 1.5 hours. The warm re-
action mixture was filtered, washed successively with water, NaHCO03 solution and water,
dried and the solvent evaporated in vacuum. The residue was crystallized from methanol
(52 ml). Recrystallization from methanol (68 ml) yielded 5 g (66.3%) of 7, mp. 152—154°C;
[aljj> —10.5° (c = 2, chloroform).

C33H2/08Br (631.47). Calcd. C 62.66; H 4.30. Found C 63.29; H 4.92%.
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Phenyl-6-bronio-6-deoxy-B-D-glucopyranoside (8)

2.53 g (0.004 mole) of 7 was saponified according to Zempién [6] to obtai i 800 mg
(62%) of 8, mp. 145—146°C; [a]Jo —76.8 (c = 2, chloroform).
C12H 150 6Br (319.15). Calcd. C 45.15; H 4.74. Found C 45.18 H 4.78%.

Phenyl-6-bromo-6-deoxy-2,3,4-tri-0-methyl-R-D-glucopyranoside (9)

290 mg of 8 was methylated according to Kuhn [3] to give 237 mg (72.2%) of 9 after
recrystallization from cyclohexane; mp. 108°C; g —50.6° (e = 2, chloroform).
C15H 2i05Br (361.24). Calcd. C 49.86; H 5.82. Found C 50.34; H 6.16%.

Phenyl-6-deoxy-2,3,4-tri-0-methyl-B-D-glucopyranoside (10)

108 mg (3 X10~4 mole) of 9 was debrominated with LiAIH4 (29 mg; 6 X 104 mole) in
abs. ether (13 ml). The usual work-up gave 54.8 mg (65%) of 10, 72—73°C; [sdd —49.7° (c = 2,
chlo roform).

C15H 205 (282.34). Calcd. C 63.81; H 7.85. Found C 63.5; H 7.35%.

6-Deoxy-2,3,4-tri-0-methyl-D-glucose (11)

200 mg of 10 was dissolved in 0.5 N sulfuric acid (25 ml) and kept at 90—95°C for 18
hrs. After the usual work-up, the solvent was evaporated and the residue extracted with chloro-
form and evaporated again. The crystalline residue was recrystallized from cyclohexane (10 ml)
to yield 140 mg (93.3%) of the product, mp. 64—67°C; [a]jy +48.2° (c = 2, water) (lit. [a]o
+ 49.2° (c = 1.2, water).

C9H 180 5 (206.24). Calcd. C 52.41; H 8.79. Found C 52.83; H 8.84%.
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The interaction of 3-methyl-cephem derivatives with diazomethane has
already been described in our previous report [1]. In order to obtain more
detailed information about the steric course of this reaction, we investigated
the effect caused by the higher oxidation state of the sulfur atom.

The pyrazolino-cepham derivative Il was oxidized by 1.1 eq. of m-
chloroperbenzoic acid. The reaction products were separated by column
chromatography on silicagel. The first compound eluted proved to be a small
amount (~5%) of V, [m.p. 208-9 °C (d.); IR(KBr) 1788, 1527, 1268, 1060
cm“1; NMR (d0-DMSO, TMS)<5 = 0.91(s, 3H), 3.58, 3.90 (ABqg, 2H,J = 15 Hz),
4.69(s, 2H), 5.38(d, 1H), 5.05, 5.08(ABqg, 2H, J = 185 Hz), 5.61(s, 2H), 6.01
(dd, 1H), 6.98 8.22(aromatic), 8.83(d, I1l); MS m/e 529 (M-28)]. The next
compounds were the corresponding (S)- and (R)-sulfoxides, 11l and IV. Il m.p.
186-7.5 °C (d.); IR (KBr) 1776, 1530, 1240, 1060 cm“1, NMR (d6-DMSO,
TMS)d = 0.81(s, 3H), 2.93, 3.87(ABqg, 2H,J = 16 Hz), 4.65(s, 2H), 5.27 (d, 1H),
4.86, 5.54(ABq, 2H,J = 18.5 Hz), 5.55(s, 2H), 5.98(dd, 1H), 6.92-8.31(aroin-
atic + NH); MS m/e 513 (M-28)] and IV [m.p. 146 7°C (d.); IR (KBr) 1783,
1530, 1270, 1040 cm*“1; NMR (dO-DMSO, TMS)<5 = 1.17 (s, 3H), 3.02(s, 2H),
4.62(s, 2H), 4.53, 4.92(ABq, 2H,J = 18 Hz), 4.75(d, 1H), 5.51(s, 2H), 5.61(dd,
2H), 6.94 8.32(aromatic), 9.22(d, 111); MS m/e 513 (M-28)].

Subsequent oxidation of Il and IV with m-chloroperbenzoic acid or p-
nitroperbenzoic acid yielded V. The preparation of this compound (V) was also
possible by the addition of diazomethane to VI. Direct oxidation of Il with 2.5
eq. of m-chloroperbenzoic acid is an alternative route to V.

Another possibility might have been the formation of IX or a mixture of
V and IX. In the case of a,/3-unsaturated sulfones the C-atom of the diazo
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compound becomes attached to the /3-position [2, 3] (a, R= H, alkyl). IfinaR
represents an electron-attracting substituent, e.g. phenyl, the directive effect
of this group competes with that of the sulfone group, thus the formation of both
the x- and ~-adducts can be observed [3].

Obviously, in case of the allylsulfones (case b) the effect of group R is
predominant, and the new C—C bond forms between the diazo C-atom and
the /S-C-atom of the unsaturated partner. Indeed, this is supported by the
structure of the compounds obtained in the reaction of diazomethane and 5-
phenyl-2Jfi-thiopyrane-l.1-dioxide [4] and 2JT-thiopyrane-l.1-dioxide [5], as
well as by the directive effect of acrylic acid derivatives [6].

Diazomethane converts compound VIII into IV. After having prepared
the (S)-sulfoxide VII by known methods, we could transform it to Ill neither
in CH2Cl2ether solution [1], because of solubility difficulties, nor in THF or
DM SO/ether mixture. The stereospecific oxidation of | to VIII was carried out
using N,N-dichlorourethane (DCU) [7, 8]. V-cephalosporin p-nitrobenzyl ester
dissolved in a minimum amount of dry CH2C12 was allowed to react with an
equimol. amount of DCU at room temperature for 3 min. Extraction work-up
gave the (jR)-oxide in a high yield. This compound is identical with the minor
component of the paracidic oxidation of the parent compound.

The described facts show that any combination of the cycloaddition and
oxidation steps gives rise to the formation of the same compound, V [9].

Further, we aimed at explaining the direction of the dipolarophilic attack.
In the cycloaddition the /?-side of the 3-cephem molecule is preferred, although
the lactam moiety makes the interaction of diazomethane and the 3-double-
bond on the R-side difficult; the ring strain of the ee-face adduct would be
stronger than that of the /?-face adduct. This is supported by the fact that the
chemical shift of one of the methylene protons of the pyrazoline ring is highly
influenced by the S—RO bond in Ill, whereas in the (R)-oxide IV the effect of
the diamagnetic anisotropy of theS||l!aO bond cannot be noticed. On the other
hand, the well-known “reagent approach control” caused by the 7-NH group
[10] does not work so efficiently as in the peracidic oxidation process of I,
since the rate of formation of IV and IIl [i.e. the (R)- and (S)-sulfoxides] is
approximately 2 : 3 instead of the usual 5 : 95 ratio.
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The Michael reaction of cinnamalacetophenones with deoxybenzoin, malon-
amides, ethyl phenylacetate, diethyl malonate, ethyl cyanoacetate and malononitrile
has been investigated. Some new pyrans, pyrones and pyridones have been obtained
directly or by the action of acids or alkalies on the intermediate Michael adducts.

The Michael reaction of I with deoxybenzoin gave I,2-diphenyl-5-aryl-
3-styryl-1,5-pentanediones (l1l). Cyclization of Il takes place on the action
of a mixture of acetic acid and p-toluene-sulfonic acid to give 2,3-diphenyl-4-
styryl-6-aryl-(4if)-pyrans (111).

COCH=CHCH=CHCeHs

a, R=H
b, R=Cl
CH=CHCG6H5
/ \ -COCH2CHCH=CHCeH®6 {\
CeHsCHCOCeHs
1 in
3, R=H a, R=H
b, R=Cl b, R = 4i

Cinnamalacetophenone | were allowed to react with malonamide or
malonanilide [1] to obtain 2-[a-phenacylcinnamyl] malonamides (IVa and b)
and 2-[a-phenacylcinnamyllmalonanilides (IYc and d). Treatment of IV with
alcoholic alkali gave two products: 3,4-dihydro-2-imino-4-styryl-6-aryl-2H-
pyran-3-carboxamides (V) and 1,2,3,4‘tetrahydro-2-oxo0-4-styryl-6-aryl-nico-
tinic acids (VI).
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COCHXHCH=CHCeH5
CH(CONHR)2
v

a, R=R =H

b, R--Cl, R=H

¢, R=H, R'=Ce&H5
d, R=CI, R=C6H5

CH=CHCG®6H5 CH=CHC®6H5
,conh?2
RHiCe"" nh2
Vi
A R=H a, R=H
b, R=4=0 b, R=4=0

Treatment of IVa and ¢ with a mixture of acetic acid and hydro-
chloric acid gave 3,4-dihydro-4-styryl-6-phenyl-2_H-pyran-2-one-3-carboxylic
acid (VII).

CH=CHC6H5

It has been reported [2] that ethyl phenylacetate adds to benzalaceto-
phenone in the presence of sodium ethoxide to give the normal Michael adduct.
In the presentinvestigation, the base-catalyzed reaction of ethyl phenylacetate
with 1 leads to the formation of 3,4-dihydro-3-phenyl-4-styryl-6-phenyl (or
p-chlorophenyl)-2fi-pyran-2-ones (VIII). On the basis of steric considerations,
the reaction proceeds via the stable conformation of the intermediate.

CH=CHC6H5
a, R=H
b, R=14C1
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The same compound (VIII) was obtained via the reaction of | with benzyl

cyanide and treatment of the intermediate adduct IX with alcoholic potassium
hydroxide.

r—6 \ — COCHXHCH=CHCH5

C6HRCHCN

The base-catalyzed cycloaddition of diethyl malonate to | giving 3,4-
dihydro-4-styryl-6-aryl-2fi-pyran-2-ones

(X) proceeds via the more stable
conformation of the

intermediate adduct.

CH=CHC6LL CH=CHCG6H5

RH,
X

a, K=H
b, R=4‘Cl

The same compound (X) was obtained by the reaction of I with ethyl
cyanoacetate in the presence of sodium methoxide.

The base-catalyzed cycloaddition of malononitrile to la in the presence

of sodium methoxide gave 3,4-dihydro-2-imino-4-styryl-6-phenyl-2H-pyran-
3-carbonitrile (XI).

CH=CHC«H5
A
t
. U
I r RHXVf N

H6Ce 0 nh2

CH=CHCeHo

X XH2

Xl Xl
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On the other hand, the reaction of malononitrile and | in the presence
of ammonium acetate at 170°C effected the formation of a mixture of two
products: 2-amino-3,4-dihydro-4-styryl-6-aryl-nicotinonitriles (XIl) and 2-
amino-4-styryl-6-aryl-nicotinonitriles (XI11). The 1,2- or 1,4-dihydro derivatives
of X1l cannot be excluded.

CH=CHC& 6

imino
X
The IR spectral data of the products are shown in Table I.

Table 1

IR spectra (KBr), cm~1

Compd. VEﬁ:elrE ’ Jé%i:d% carboxy! fg,;ﬁc‘ ve=c =N vC=N PNH and OH
i 1680 - - - 1608 - - -
1650
hi — — — — 1585 — — —
v 1690 1665 — — 1605 — — 3200 and 3400
\% — 1660 1705 — 1605 — — 3350 and 3145
VI — 1670 — — 1605, 1590 — 1625 3200
VIl — — 1705 1670 1605, 1585 — — 3320
(a-pyrone) (chelated)
Vi — — — 1665 1600 — B _
(a-pyrone)
IX 1688 — — — 1606 2248 — —
X — — — 1670 1606, 1590 — — —
(a-pyrone)
X1 — — — — 1608, 1587 2220 1630 1400
ketimine
X1 — — — — 1608 2220 1635 3400
ketimine
X1 — — — — 1608 2220 1635 3400
ketimine
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Compound

lib

1V b

1Ve

1vd

Villa

vnib

Xb

Xla

XlIb

XWa

XMb

XlWa

XHIb
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M.p.,
°C

248

255

219

186

211

193

156

145

141

136

161

123

168

135

155

165

248

240

xylene;
ethanol;

Solvent Yield,
cryetn. %
X 86
B 78
E 92
E 62
E 96
E 85
pioo—12 68
pi00—120 42
E 88
E 68
B _p4ao—60 82
p _p40—60 68
E 38
E 30
E 18
E 15
B 23
B 19

E = benzene;
P = light petrol.

Table 11

Michael adducts with cinnamalacetophenones

Formula
(Mol. wt.)
n3172672
(430.5)
C3IH26C10
(465.0)
C20H 20N 203
(336.4)
c20h 1%in23
(370.9)
£321287213
(488.6)
C32H 271CIN20 3
(523.1)
A25A2042
(352.4)
C26H 19C102
(386.9)
CBEH2INO
(351.4)
C26H 20C1INO
(385.9)
c 15n 160 2
(276.3)
C191116C102
(310.8)
C2ul116N20
(300.3)
c20h 16cin2o
(334.8)
A2aHiTN3
(299.4)
C20H J6C1IN3
(333.9)
c2,h 1n 3
(297.3)
C20H 14C1IN3
(331.8)

86.5
86.2
80.0
80.2
71.4
71.3
64.7
64.5
78.7
78.3
73.4
73.2
85.2
84.9
77.6
77.6
85.4
85.5
77.7
77.5
82.6
82.8
73.3
73.5
80.0
79.7
71.7
71.3
80.5
80.7
71.9
71.8
80.8
81.0
72.3
72.1

Analysis, %
Calcd./Found

H

6.1
6.2
5.4
5.4
6.0
6.0
5.1
5.0
5.8
5.7
5.2
51
5.7
5.8
4.9
4.9
6.0
6.1
5.2
5.3
5.8
5.6
4.8
4.6
5.4
5.6
4.5
4.6
6.3
6.2
4.8
4.7
5.1
5.2
4.2
4.3

8.3
8.1
7.5
7.2
5.7
55
5.4
5.3

4.0
4.1
3.6
3.9

9.3
9.5
8.4
8.2
5.2
5.0
12.3
12.4
14.1
13.9
12.1
124
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Experimental

The IR spectra were determined with a Unicam SP 1200 Spectrometer using the KBr
pellet technique. All m.p.’s are uncorrected.

Michael reactions with cinnamalacetophenones (1)

(A) A solution of I (0.01 mole) and deoxybenzoin, inalonamide, malonanilide, ethyl
phenylacetate, benzyl cyanide, diethyl malonate, ethyl cyanoacetate or malononitrile (0.015
mole) in dry methanol (50 ml) was treated with sodium methoxide (prepared from 0.75 g of
sodium and 5 ml of absolute methanol). The reaction mixture was refluxed for 4 hrs, then
cooled and the solid product was crystallized from a suitable solvent (cf. Table II).

(B) A mixture of I (0.01 mole), malononitrile (0.015 mole) and ammonium acetate (0.1
mole) was heated for 8 hrs at 140— 160 °C. After cooling, the reaction product was triturated
with hot ethanol and the solid that separated was fractionally extracted with ethanol to give
XII; the residue ethanol extraction was crystallized to give XIII.

Table 111

2,3-Dyphenyl-4-styryl-6-phenyl or chlorophenyl-4H-pyrans 11l and 3,4-dihydro-4-styryl-6-phenyl-
2H-pyran-2-one-3-carboxylic acid VII

Analysis, %
Compound Még" Yi;:d. ll\:/lc())lim\l}lvlf‘ Calcd. Found
C H

Ilia 231 48 & = o 90.3 5.9

(412.5) 90.5 5.6

IHb 220 30 C31H 23C10 83.0 51

(447.0) 83.3 5.0

VIl 178 38 c2n 1804 75.0 5.0

(320) 74.5 5.2

Table IV
Action of alkali on IV
Solvent . C Iﬁanalysis, ,ll/u d
Compound Mag., Crfsfm Ylo%d' l'\:/l%rlm\lfjvlta alcd. oun

: c H N
Va 234 Ac 28 c20h 1 a 75.5 5.7 8.8
(318.4) 75.2 5.8 8.6
Vb 268 Ac 38 C20H I1CIN202 67.9 48 7.9
(352.9) 67.6 49 8.2
Via 228 E-B 38 c2Oh I'no3 75.2 5.4 4.4
(319.3) 75.1 5.4 4.6
Vib 245 E-B 42 c20h Icino3 67.8 4.5 4.0
(353.8) 67.6 4.3 4.2

Ac = acetic acid; E = ethanol; B = benzene.
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Ring closure of Il and IV

A solution of Ila and b or IVa and ¢ 0.01 mole was prepared in a mixture glacial acetic
and hydrochloric acid or acetic acid and p-toluenesulfonic acid 50 : 10 ml and the solution was
heated under reflux for 72 hr; water was then added to the hot solution till turbidity appeared.
The solid product which separated was filtered off and recrystallized from acetic acid to give
Ilia and h or VII, as pale yellow crystals; cf. Table I11.

Action of alkali on IV or IX

IV or IX 0.5 g was heated with 20% alcoholic potassium hydroxide 50 ml for 4 hrs.
After the addition of 40 ml water to the reaction mixture, the solid which separated was
filtered off and crystallized from the proper solvent to give, V, VI, and VIII, respectively; cf.
Table IV.
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SYNTHESES DE POLYACYLSEMICARBAZIDES
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Les hydrazides des acides m- etp-phénylénedioxydiacétiques se pretent aux addi-
tions nucleophiles aux groupes C=N des diisocyanates. On obtient ainsi des polymeres
de type acyl-semicarbazidique. On a utilisé comme esters diisocyaniques hexamétbyléne-
diisocyanate, dibenzyldiisocyanate, et toluylenediisocyanate. On a confirmé la structure
de polyacylsemicarbazides par les spectres IR qui présentent des bandes caractéristi-
ques. Indications sur le degré de polymerisation ont été obtenus déterminant la visco-
sité intrinseque des polymeres. On a trouvé des valeurs comprises entre 15,5—49 ml/g.
Les données de I’analyse thermogravimétrique attestent que les polymeres sont stables
jusqu’a leur point de fusion.

L’utilisation des isocyanates comme produit de départ dans la synthése
de certains polymeres homo- et liétérocaténaires a fait I’objet de nombreuses
études. On a décrit les réactions de Phomopolymérisation des isocyanates
[1—5], ainsi que la polycondensation des diisocyanates [6, 7], auxquelles
s’ajoutent les réactions de polyaddition de certains composés polyfonctionnels
a atomes d’hydrogene mobiles sur la liaison C=N. Cette derniére méthode a
servi apréparer certains produits macromoléculaires de type polyurétanique et
polyuréiquede propriétés intéressantes pour leurs applications techniques [8, 9].

Parmi les groupes fonctionnels susceptibles de s’additionner a la liaison po-
laire C=N desisocyanates setrouventles hydrazides des acides carboxyliques.
Les hydrazides, bien que moins basiques que les amines, se prétent aux addi-
tions nucléophiles au groupe C=N et cette réaction a été largement étudiée sur de
petites molécules [L0—15]. Finalement cette intéressante réaction a été appli-
quée aux composés bifonctionnels (dihydrazides et diisocyanates). On a préparé
ainsi des polymeres de type polyacylsemicarbazidique a radicaux aliphatiques
et arylaliphatiques sur la chaine macromoléculaire [16—20],

Discussion

Le present travail se propose d’étendre la gamme de polymeres acyl-
semicarbazidiques, de connaitre leurs propriétés et en plus, d’étudier les
possibilités d’applications. Les polymeres synthétisés se différencient de ceux
obtenus déja dans notre laboratoire par I’hydrazide utilisée dans la réaction de
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polyaddition. Il s’agit d’une hydrazide récemment synthétisée [21], celle de
I’acide p-phényléne-dioxydiacétique et de son isomére me(a-substitué que
nous avons préparée selon [22]. La structure allongée ainsi que la réactivité
du groupe NH2 terminal de ces dihydrazides nous a suggéré I’idée de les
faire réagir avec des diisocyanates pour aboutir aux polymeéres linéaires a
radical aryl alternant avec des unités aliphatiques. Les bétéroatomes O et N
présents dans la chaine macromoléculaire permettent a ces liaisons une rota-
tion libre, ce qui contribue a la flexibilité de la chaine. En méme temps, les
groupes —CO—NH— favorisent la formation des liaisons d’hydrogene inter-
moléculaires ce qui pourrait améliorer les propriétés thermiques de ces poly-
meres.

La série de polymeres synthétisés présente des modifications de structure
distinctes dues au radical introduit par I’ester isocyanique. On a utilisé les
isocyanates suivants : hexaméthylénediisocyanate (HMDI), toluylénediiso-
cyanate (TDI), et dibenzyldiisocyanate (DBDI) qui par addition des hydrazi-
des m - et p-phénylénedioxydiacétiques ont conduit aux polyacylsemicarbazides
(PASC) suivants.

N H2—NH—CO—CHa—0—C8H4—0 —CH2—CO—NH—NH2 +

+ 0=C=N—R—N=C=0 ->

[NH —CO—NH—NH—CO—CH2—0 —08H4—0—CH2—CO—NH—NH—
CO—NH—R _]n R: -CH2(CH24CH 2-

Pour la synthese on utilise des quantités équivalentes des produits de
depart dans DMF comme solvant. Les hydrazides phénylénedioxydiacétiques
y sont partiellement solubles. A mesure que la reaction s’avance, le milieu
devient homogene et on constate finalcment la séparation du polymere. Par
addition de I’eau, le PASC de la structure indiquée plus haut se preécipite sous
forme des fibres. Aprés séchage et pulverisation on obtient une poudre
blanche, insoluble dans la majorité des solvants organiques. Les points de
fusion sont compris entre 190—300 °C. Les valeurs les plus élevées ont été
observés chez les produits préparés avec DBDI. La purification par lavages a
I’eau chaude ou par dissolution dans DMSO et la précipitation par Feau n’ont
pas donné en tous les cas de résultats. Les analyses centésimales pour |’azote
indiquent parfois un taux en N moins élévé que célui calculé ce qui peut
étre expliqué en partié par la retention de solvant par le polymere. Néan-
moins les spectres IR confirment la structure donnée de PASC, comme nous le
verrons plus loin.
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Afin d’obtenir le degré de polymerisation on a determine les valeurs de la
viscosité intrinseque ala temperature de 25°C. Les concentrations des solutions
a été 0,1 —0,5 g/lOO mlI DMSO dans lesquelles on fait dissoudrepar agitation de
longue durée les polymeres finement moulus. On a trouvé les valeurs de la
viscosité intrinseque comprises entre 15 et 45 ml/g.

Le tableau suivant contient les constantes physiques caraetérisant les
PASC synthétisées.

Tableau 1

Les PASC obtenus des dihydrazides p- et m-phénylenedioxydiacétique

Substances de depart Point de _ Viscosité
Nr. ) N fusion intrinséque
Hydrazide Diisocyanate ml/g

i p-phénylenedioxydiacétique HMDI 220 37,00

i p-phénylenedioxydiacétique TDI 241 15,50
ni p-phénylénedioxydiacétique DBDI 300 49,00
v m-phénylenedioxydiacétique HMDI 210 45,00
\Y% m-phénylénedioxydiacétique TDI 190 23,50
VI m-phénylenedioxydiacétique DBDI 280 18,50

On constate que I’indice de viscosité est plus élevé dans les poly-
meres obtenus des hydrazidesp- et m-phénylénedioxydiacétiques et HM D1 ainsi
que de I’hydrazide p-substituée et de DBDI.

Dans le but de confirmer la structure de PASC on a fait appel aux
spectres d’absorption en TR. L’identification des bandes a été effectuée par
comparaison avec une substance modéle a petite molécule I,I-[p-phényléne-
dioxydiacétyl]-bis-(4-phénylsemicarbazide) (VI1). Dans le spectre de ce composé
apparafit distinctement une série de vibrations caratéristiques aux éléments
structuraux présents dans la molécule. On retrouve les mémes bandes d’absorp-
tions dans les spectres des polymeéres ou on peut remarquer en général la
tendance des pics a se confondre en plus larges bandes, c’est ce qu’on peut
observer dans la figure 1.

Afin de pouvoir mieux suivre la structure des polymeres, on a groupé
dans le tableau ci-dessous les bandes considérées les plus représentatives:
La bande amide | apparalt constante dans tous les produits avec deux maxi-
mums d’absorption dus aux vibrations rC =0 des groupes CO—NH et NH —
CO—NH. Les bandes amide Il et Ill présentent des nombres d’onde mains
élevés, respectivement dans les intervalles 1475—1600 et 1200 —1300 cm-1,
sont difficilement localisables a cause de la présence d’autres absorptions
dans le méme domaine. Dans le cas du polymére préparé avec HMDI (1) on
observe une intensité accrue de la bande correspondante a vC—H aliphatique
de 2960 cm-1. De méme, les absorptions caractéristiques de N—H apparaissant
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Fig. 1. Spectres IR des polymeres I, II, 111, VI et de la substance modele VI

Tableau 11

Bandes caractéristiques presentes dans les spectres IR des polymeres

Polymérés Subst
Absorptions ubstance

| n 1T Iy modéle
vC=0 (amide I) 1660; 1680  1660; 1675 1660 1680 1640; 1660
rc=C 1630 1610 1605 1620 1605
rc-0-C 1088 1078 1078 1080 1055
vN -H 3360 3310 3300 3350 3200; 3340
vC—H arom. 3050 3050 3100 3100
vC—H aliph. 2960 2870; 2930 2860; 2950  2900; 2980 3030
benzene p-subst. 845 840 840 — 840

dans Fintervalle 3200—3360 c¢m 'l sont spécifiques a la structure des PASC.
Dans leur proche voisinage, entre 3050 et 3100 cm -1 se trouvent les absorptions
des liaisons C—H aromatiques. D’autres caractéristiques des vibrations se
trouvent dans le tableau précédant.

1 nous a semblé intéressant d’envisager le comportement des polymeres
dans I’analyse thermique. On a étudié la stabilité des PASC II, IIl et VI enre-
gistrant des courbes thermogravimétriques par le Dérivatographe de type
Paulik F., Paulik |I., Erdey L., MOM Budapest dans Fintervalle de tempéra-
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Fig. 2. Courbes thermogravimétriques des polymeéres II, Il et VI

ture de 20—900°C. Les enregistrements ont été effectués en présence de
I’air a une vitesse de chauffage de 9,8°C minute. En examinant les données
de I’analyse thermogravimétrique (voir la figure 2), on constate que les PASC
préparées des hydrazides m- et p-phénylénedioxydiacétiques se comportent
d’une maniere semblable.

Jusqu’au point de fusion la perte de poids est faible et due a I’élimination
du solvantretenu par le polymere. Elle s’accentue jusqu’au dessus de la tempéra-
ture de fusion. Selon certains auteurs [23] dans ces conditions la décomposi-
tion caractéristique des acylsemicarbazides a lieu avec dégagement d’eau,
d’aniline, etc., et il se forme ainsien partie de cycles triazoliques. Les pertes
atteignent 50% dans I’intervalle de 460—500°C.

Partie expérimentales

On décrit dans ce qui suit la synthése de deux polymeres isomeres obtenus en partant
des hydrazides des acides p- et m-phénylenedioxydiacétiques et MHDI. Utilisant de TDI et
de DBDI les conditions de travail sont identiques.

Poly-(l,I’'p-phéiiylénedioxydiacélyl-4,4’-hexaméthyléne)-8emicarbazide (I)

Une suspension de 2 g hydrazide p-phénylenedioxydiacétique dans 75 ml DMF anhy-
dre est chauffée au bain-marie pour étre partiellement dissoute. On ajoute 1,46 g MHDI, et
continue le chauffage pendant deux heures. On obtient le polymére par précipitation dans I’eau.

Poly-(I,I-m-phéiiylénedioxydiacétyl-4,4’hexaméthyléne)-semicarbazide (1V)

A la suspension de 2 g hydrazide m-phénylénedioxydiacétique dans 60 ml DMF on ajoute
1,46 ¢ HMDI. Aprés chauffage de deux heures au bain-marie et agitation intermittente on
obtient une solution visqueuse, de laquelle le polymere se sépare sous forme de gel. On peut
le filtrer ou le précipiter par eau.
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ACT/T CH1IM1CA
TOM 83-BbIM. 2

PE3IOME

[M3neKTpUYecKre CBOMCTBA W MOUMEPU3ALNS /I/IMIOBOTO cnupTa, |
[JwnanekTpuyeckne CBOMCTBA MOHOMEPHOrO &1/IMI0BOr0 CrmpTa
A. JINCU n XK. XAPTSHU

Bbina onpegeneHa KOMMAEKCHas OTHOCUTENbHAs MEPMETMBHOCTb B 3aBUCUMOCTW OT
TeMnepaTypbl 1 YacToTbl. [ls onvcaHUs pe3y/bTaToB 6blI0 UCMO/b30BAHO YpaBHeHWe Kob-
[JaBuacoHa. bbina paccuMTaHa 3HTaNbMKUS aKTUBALUW AW3NEKTPUYECKO pefnakcauuu, Kotopas
3aTeM CpaBHUMBaNach C 3Heprueil BA3KOCTU. MyTeM CpaBHEHUs AaHHbIX anJMAOBOTO ChMpTa U
1-nponaHona GbIIO MOKa3aHO, YTO ABOMHAsA CBSI3b HE OKa3blBAaeT 3HAUYUTENLHOTO BAWSIHUS Ha
U3yyeHHble CBOICTBA.

[nsenekTpuyeckme cBoiicTBa U MoAumepusaumsa annmnosoro cnupta, |l
BnusHue nonvmepusaumMn Ha AWSNMEKTPUYECKME CBOWCTBA XXUAKOW (hasbl

A. INCN n XK. XAPTAHWU

BbiNl noayyeH nAKOha3HbIK NOANANNUOBbIA CAUPT C MOMEKYNSPHLIM BECOM, PaBHbIM
npu6nmsnTensHo 400. Bbina onpefeneHa KOMMIEKCHas OTHOCUTENbHas MEPMETUBHOCTb Mpo-
AYKTa MoNMMepu3alny B 3aBUCMMOCTY OT TEMMEPATypbl U YacTOThl, @ TAKXE 3aBUCMMOCTb BSi3-
KOCTM OT Temnepatypbl. [VaneKTpuyeckme AaHHbIe 1 BENMUYMHbI BASKOCTM YKa3blBalOT Ha TO, YTO
NoSMMepPU3aLMs B 3HAUUTENbHOW CTEMEHW U3MEHsIET CBOMCTBA annuioBoro cnupta. CornacHo
pesy/ibTaTaM, 3eKT NoMMEpU3aLMK CKasbiBAeTCA B MOSB/EHUU HOBOW 06/1acTu penakcauuii.

Bnunaxwne ,U|O6aBOK 6nar0po,qu|x MeTaU1/10B Ha nosefeHMe aKTUBHbIX N HEaKTUBHbIX
HocuTenel npn Kata/IMTU4ECKOM TnapuposaHnn B BO,EI.HOI7I (pase

Ob. BEPTEL, Ab. XOPAHU 1 fb. KWL

BbINo MccnefoBaHO BAUSHWE NNATUHBI U Nanfafus Ha NoBefeHUe PasiMuHbIX HOCUTENEl
KaTan3aTopoB MpU KaTaIUTWYECKOM TMAPUPOBaHUM B BOAHON (hase.

Bbifla M3MepeHa CKOPOCTb peakuuu TFUApUpOBaHUs ABYX MOAENbHbLIX COEAUHEHWN -
M-MHTPO(hEHONA 1 MaNEMHOBOM KWUCTIOTbl — UCMO/b3Ys B KAYECTBE HOCUTENEH OKUCH alOMUHUS,
TPEXOKMCh BOMb(PaMa, aKTUBHbIA Yriepod, KapGuibl TaHTana W Bofb(pama, a B KauecTBe
KaTann3aTopoB nasfafuii 1 BoAOPOA-BONb(PaMOBYHD GpOH3y 6e3 61aropoAHOro MeTanna.

B NpoTMBOMOMNOXHOCTb NIUTEPATYPHbIM faHHbLIM, COIJIACHO HAaWMM MCCe0BaHUSM U
OKUCb BOJb(hpamMa Hesb3si CUMTaTb aKTUBHBIM HOCUTESIEM.

Bbifio yCTaHOBNEHO, YTO Ge3 61aropofHbLIX MeTanloB BOAOPOA-BONb(PamMoBas GpoH3a He
crnocobHa K MOMEKY/ISPHOW aKTWBALMU BOLOPOLA.

Kap6ug Bonbdpama, COAePXalluMii OfHY ThICAUYHYH [O/t0 61aropogHOro MeTanna, Mo-
XEeT 6bITb C YCNEXOM MCMO/Mb30BaH B KaYeCTBE KaTanu3aTtopa Mnpu rMApUPOBaHNM HEHACbILIEH-
HBIX COEAVHEHWIA.



MN3y4yeHre noHmsaunm MeTasisioB M BOCCTAHOB/EHUS MOHOB METAs/1I0B C MOMOLLGLIO
BpaLLlaroLLLeroca AUCKOBOrO 3/1eKTPoAa € KosbLom, X

N. KNW un N. ®APKALL

Bbifa BbIBEEHA 3aBUCUMOCTb h--—-/ "'2(rpe | —cuna ToKa Ha BpaLLaloLLEMCS JUCKOBOM

anekTpoge, I/, — npefenbHbIA TOK NPOMEXYTOUYHOrO MPOAYKTA Ha KO/bLEBOM aneKkTpoge, | —
uncno 06OPOTOB IMIEKTPOAA) A/ TOFO C/yyas, KOr[a Npy aHOAHOM PacTBOPEHMM MeTaslia Npouc-
XO4ST cnefytoLime MpoLecchl:

M Mri -)-r,e; MIT M. £ (22—r,)e; M ~ M2: -fez,e.

BbI0 onpeeneHo, B KaKUX cay4vadx nosyvyeHHyr 3aBUCMMOCTb MOXHO MCNONb30BaTh ANfA Bbl-
ACHEHMA MeXaHM3Ma npoLlecca.

Crepeoxumnyeckue wmccnegosaHus, XIX
Luknnyeckne ammvHOCIMPTbl U UX MPOou3BoAHble, Xl

WcecnepgoBaHme UMC- U /NpaHC-2-rnapoKCUMETULUKNOTEKCUNAMUHOB C MOMOLLLIO
AMP  cnekTpockonuu

X. BANHA-MEXELWI®ANLBW, . BEPHAT u M. LUOXAP

Ha ocHose nccnegosaHna AMP cnekTpos N-auni-npon3BogHbIX UUC- U TPaHC-2-TMapPoK-
CUMETUNLMKNOTEKCUNAMNHOB ObIfIN MONYYeHbl CBEEHNS OTHOCWUTENIbHO CTPYKTYpbl MNepexof-
HOr0 COCTOSIHWA peakuuy auunbHol murpauum N — O. Bbinn onpegeneHbl Havbonee BO3-
MOXHbIE  KOH(OPMALMKN OULMKINYECKOTO MEepPexoiHOro COCTOSHWA TpPaHC- U YLC-M30MepoB.
VcxogHble AuakBaTopuanbHble KOH(OpMauuW B TpaHC-M30Mepax OCTalTCA He3aTPOHYTbIMU
npv NPOTOHMPOBAHUW, B TO BPEMSA KaK LMKNOreKCaHoBOE KOJ/bLO LMC- M30Mepa MPUCYTCTBYET,
BEPOATHO, B CKPYYEHHOI (hopme, B KOTOPOI auynammgHas M rmapoKCUMETWAbHASA Tpynnbl Bbl-
HY>X/leHbl 3aHVMaTb KBa3W-3KBaTOpUanbHOE PacrofioXeHe.

M3yuyeHne aHOAHOro pacTBOPEHUS MeAM B YKCYCHOKMC/bIX pacTeopax, |l
BnvaHve wuwoHOB Xxnopuga

N. kunw 1. M. BAPWAHU

BbIN0 M3y4eHO aHOAHOEe PacTBOPeHWe Meay B pacTBopax LiCj B 6e3BoAHOI YKCYCHOI Ku-
CnoTe. YCTaHOB/NEHO, YTO Mefb OKMC/ISETCS TO/bKO [0 OAHOBANEHTHOTO COCTOSHUS, a nepe-
HanpsXkeHus nepexofa W auddysun comsmepuMbl. B pesynbTaTe aHOAHOrO pPacTBOPeHUs 06-
pasytotcs komnnekcbl CuClj. Bbin paccunTaH Koath(WLMEHT MepeHoCa aHOAHOro npolecca
a = 0,65+0,05.

Pagnonns ankeHos, Il

Jlerkue yrneBOAOPOAHbIE TMPOAYKTbl PafMoNn3a HEKOTOPbIX HOPMa/bHbIX W
LMKINYECKUX aNIKEHOB

Ob. YEPEM un . ®ENBANAK

HopManbHbIe ¥ LUKIMYECKUE afIKEHbI, C Pa3IMYHbLIMK pasMepamy MONEKyn, noasepra-
nnck y-061yyveHnto Co™. kuaKoii hase. Ha ocHoBe Bbixofa parmeHToB C, C56bI10 caenaHo 3a-
K/IHOYeHne 0 TOM, YTO MEPBUYHOE Pa3fOXKEeHUe MOMEKY bl — HECMOTPS Ha BbICOKYHO NMepBUYHYIO
3HEPru0 — MPOTEKAET YaLlle Mo TeM CBA3AM MOJIEKY/Ibl, KOTOPbIE 0CN1abneHbl BCNEACTBIE KaKOTro-
6o BAMSAHUA. TakK, Y anNkeHOB 3HEPrus AUCCOLMALWN CT-CBA3W, HAXOAALLelcs B /3-MONOXEHNN K
N-CBA3N, ABNAETCA HaMMeHbLUel, BCNeACTBME CTPEMIEHWS K [eN0Kanu3aumm BaneHTHbIX 3/1eK-
TPOHOB f-CBA3W; OfIHAKO,Ha COCTaB MPOAYKTOB peakL iy 0Ka3blBaeT BANAHME TaKkXKe KOHeL, Lienu
WM HecnapeHHbI 3N1eKTPOH CBOBGOAHOMO pafukana, a TakXKe IHeprus HarpsxKeHus.



Pagnonns anHeHos, I

Jlerkne yrnesogopoAHble  NpPoAyKTbl pafnosinda  HEKOTOPbIX pPas3BETBJ/IEHHbIX
aJ'II/ICbaTVI'-IECKI/IX J1KEHOB U LMKNNYECKUX a/TKEHOB C 3aMeCTUTeNAMU

Ob. YEPEN wn I'. ®ENBANAK

Bbifin 06/1y4YeHbl y-n3nydeHneM 60 Co pa3BeTB/EHHbIE aMBaTUYECKMe aNKeHbl U LIMKN-
Ueckue afikeHbl C GOKOBbIMM 3aMeCTUTENsIMW. Ha OCHOBE BbIXOfa 06PasytOLLMXCS NEerkux yrie-
BOZOPO/O0B Gbl/I0 3aK/IHOUYEHO, UTO B C/lyyae M3YUeHHbIX YrIeBOAOPOAOB BaXKHOE 3HA4YeHWe B
BEPOSITHOCTM Pa3pbiBa CBSA3e/ MMEIOT TPETUYHbIE YTIEPOAbl U NPUCOEAMHSIOLLMECH K HUM CBSI3U.
370 ocnabnalolLee BNMAHME TPETUYHBIX YINEPOAHBIX aTOMOB B OTAEMbHbIX CydYasx ABNAETCA
KOHKYPUPYIOLLMM C BAUSHUEM CBSI3U, HAaXOAsLLeAcs B //-MOMOXeHWN K Tr-CBS3W, a B ApYrux
cnyyasix CKnagblBaeTcs ¢ nocnegHum. CocTaB MpOAYKTOB 3aBUCWT TakXe OT NMPUpPOAbl KOHLA
Leny 1 OT BTOPUYHBIX PeaKuuii.

MeTunoBsble agupbl yrnesonos, VIl

CuvHTe3 MeTWU/I0BbIX 3(hMPOB KBMHOBO3bI
BsanmogeiictBue 4,6-0-6eH3nnngeH-/3-0-rnroKoNMpaHo3ngoB C
N-6pOMCYKUNHUMULOM

. KWW, A TNNTAK »n M. HAHALLN

Bbin ocyuwectBneH cuHTe3 0-Ae3okcu-2,3-an-0-meTtun-0-rnokosbl (2,3-an-0-metun-b-
KBWHOBO3bI) (5) ¥ 6-ae30kcu-2,3-4-Tpu-0-metun-I)-rnokoasl (2,3,4-Tpn-0-mMmeTun-0-KBUHOBO3bI)
(11). WcxogHbiM npofykToM 6bin 4,6-0-6eH3unugeH-2,3-an-0-metun-0-0-raokonupaHosng,
KOTOpbIiA, cornacHo metogy XaHeccuaHa [1], BaumogelictBys ¢ N-6pOMCYKLUMHUMUAOM, Npe-
BpallaeTcs B 6-6poM-6-1€30KCM-NPoM3BoAHOE. Bpom Obin ydaneH ¢ nomousto LIAIH ,, 1 nony-
YeHHbIN (DeHN/T KBUHOBO3WA noL} [eCTBMEM KMCNOMO rmaponmsa 6bl1 NpeBpalleH B COeAVHEHWE
5. Xopowo wn3BecTHbI (eHun-/)-D-rnokonmpaHosng ﬁ) Obln METUMPOBaH COrnacHo KyHy
[3], aaBas npw sTom coeguHeHue 10. MeTunuMpoBaHWe COeAMHEHWS 4 NPUBOAMO K TOMY Xe
camoMy npogykTy. Oba coefMiHeHUs ABNAKOTCA JOKA3aTeNbCTBOM CTPYKTYpbl coeanHeHnid 51 10.

CWHTE3 NMpaHoB, MUPOHOB W MUPUAOHOB C MOMOLLBIO KOHAeHcauum Mwuxasns
C UMHHaMasbaleToheHOHOM

A. CAMYP, A. PAOY®, M. 3/IbKACABAN N M. A. XACCAH

Bbina uccnesoBaHa peakuuss Muxasns UMHHaManbaleTo(eHOHa C [1e30KCUBEH30MHOM,
Ma/JIOHaMUZOM, 3TN (DEHWNALETATOM, AMSTW MaJOHaTOM, 3TW LMAaHOALETaTOM M Ma/IOHOHWT-
punoM. HeKoTOpble HOBbIE MUPaHbl, MMPOHBI M MAPUAOHBI GbUIK MOYYeHbl HENMOCPEACTBEHHO UK
[EeCTBMEM KUCMOT WM LUEMOYel Ha MPOMEXYTOUHbIE afAyKTbl Miuxaans.

CuHTes I'IOI'II/IaLI.I/IJ'ICEMVIKap6a3I/I,CI,OB
3. KOMAHUTA, M. TYTOBEAHY, M. BATA n A. CAB/H

vopasugsl M- 1 M-(MeHUNeHANOKCUANYKCYCHBIX KUCNOT 06HapyXuUBakT CrMOCOBHOCTb
K HyKneoduibHoMy npucoeguHeHuio K rpynne C = N Auu3oumaHaTtos, fasas rpu 3ToM Mom-
Mepbl auuncemukapbasugHoro tuna. HMD1, DBDI, # TD1 6biiM UCNOMb30BaHbl B KayecTBe
AuunsoumaHaTHbIX aupos. CTpykTypa PASC onpegensnach Ha ocHoBe ero MK cnekTtpa ¢ xapak-
TepHbIMM MofiocamMu. OnpefeneHve XapakTepuCcTUYeCKO BA3KOCTW, 3HAYeHWs KOTOPOW Haxo-
AT B uHTepBane 15,5-149 mn/r, N03BONSET CYyAMTb O CTeneHy nonmmepusaunn. [aHHble Tepmo-
AnthhepeHLMansHOro aHanm3a yKasbiBaloT Ha TO, YTO MOMMMEp CTabuieH BNAOTb [0 ero TOYKU
nnasneHuns.
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ABSORPTION SPECTRA IN THE
ULTRAVIOLET AND VISIBLE REGION

Series edited by L. LANG

According to international book reviews, this series is highly useful in both structure
research and chemical analysis. This applies especially to problems of analytical
character or structure determination encountered in the pharmaceutical, dye and
other industries, i.e. in organic chemical industry in general. A great advantage ol
this collection is that the spectra published may, in many cases, directly be used for
solving the particular problems in question.

The series dealing with ultraviolet and visible spectra was started by the Publishing
House of the Hungarian Academy of Sciences in 1959, and by now the project has
got as far as Vol. 18. The editors invite the users of the collection to contribute to the
success of this work by submitting for publication spectra of new compounds.

Each volume contains about 400 pages spectra graphs and tables of about 190 com-
pounds + indexes.

Cumulative index: 1-V, VI-X, X-XV

AKADEMIAI KIADO ACADEMIC PRESS
Budapest New York

The whole series is a co-edition, — distributed on the American Continent by ACADEMIC
PRESS, New York, in all other countries by KULTURA, H-1389 Budapest, P. O. B. 149



12 §
According to international book reviews the series

ABSORPTION SPECTRA IN THE ULTRAVIOLET AND VISIBLE REGION
started in 1959 —is highly useful in both structure research and chemical analysis.
Our Publishing House now offers you a new series on infrared spectra!

ABSORPTION SPECTRA
IN THE INFRARED REGION

Editor of the series L. Lang

Introductory volume written by S. Holly and P. Sohar

Though the scientific literature has several series dealing with the same field, naturally
none of them strives for completeness, and overlapping is very small. The present
series is concerned with very recent spectra, including those which are not given in
the original papers. The Introductory Volume gives a detailed discussion ofthe char-
acteristic frequencies affording ample guidance for the practical spectroscopist.
The most important technical information is also included.

In English . Approx. 320 pages per volume
17 x 23 cm . Loose-leal' cloth binders

AKADEMIAI KIADO BUTTERWORTH LIMITED
Budapest London

A co-edition, — distributed in the socialist countries by Kultira, H-1389 Budapest P. O. B. 149:
in all other countries by Buttenvorth Limited, London
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JOURNAL OF RADIOANALYTICAL
CHEMISTRY

International journal dealing with all aspects of nuclear analytical methods

Journal of Radioanalytical Chemistry has an international Editorial Board, whose
members are distinguished specialists from all parts of the world — from Moscow
to San Diego, from Prague to Tokyo.

The main subjects covered are:

Activation analysis

Radiometric analysis

Radioreagent analysis

Radiometric titration

Isotope dilution analysis

Beta, gamma, X-ray and neutron absorption and backscattering
Analytical separations involving radionuclides

Instrumentation and automation for radioanalytical chemistiy

Journal of Radioanalytical Chemistry provides the reader with important and up-to
date information on research being carried out all over the world. Data and Biblio-
graphy Sections and a section entitled Laboratory of the Issue help to serve this
purpose.

Journal of Radioanalytical Chemistry appears generally in three or tour volumes per
year of some 480 to 500 pages each, published in several issues in English. Frenth
or German. Size: 17x25 cm. Subscription rate pei volume: IIS $32.00

Journal of Radioanalytical Chemistry is published jointly by

AKADEMIAI KIADO ELSEVIER SEQUOIA S A
Budapest Lausanne



R IM]
AND RADIOANAIYTI

An_Internatio
Comméjmcatl n i

AUTHORS

6 days 5 days 5 days 5 days 35 days 56 dal)</s
(8 weeks)

ELSEVIER SEQUOIA SA AKADEMIAI KIADO
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JOURNAL OF THERMAL
ANALYSIS

An international forum tor communications on thermal investigations

Journal of THERMAL ANALYSIS has an international Editorial Board, the members of
which are distinguished specialists from all over the world.

AIMS AND SCOPE

The mam subjects covered are: thermogravimetry, derivative thermogravimetry,
differential thermal analysis, dilatometry, differential scanning calorimetry, thermo-
metry, evolved gas detection, evolved gas analysis, multiple techniques and miscel-
laneous thermal methods (including the thermal method with various instrumental
techniques), instrumentation tot the thermal method. Papers dealing with these
subjects are published in the following sections: Original Research Papers. Short
Communications. Special Reviews. Bibliography Section. Modern Instruments. The
Special Reviews section is reserved tor papers that have been published in greater
detail in some lournal for a special branch of scientific field or industry.

Papers submitted to the lournal may deal with any held ot chemistry, metallurgy or
mineralogy, e.g. they may deal with inorganic, organic or polymeric materials and
'hey may cover biochemical, mineralogical or metalluigical applications.

lournal ol IHERMAL ANALYSIS ts published bimonthly comprising about 720 pages per
vear Size: 17x25 cm Subscription rate per volume: US $32.00

‘ournal ot THERMAL ANALYSIS is published ointly by

AKADEMIAI KIADO HEYDEN & SON LIMITED
Budapest London
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ACTA ALIMENTARIA

ACADEMLAE SC1ENT1IARUM HUNGARICAE

publishes original papers in the field of food science and technology (physico-
chemistry, chemistry, analysis, biology, microbiology, enzymology, engineering,
automation and economics related to fundamental principles of the production,
preparation, preservation, packaging and examination of foods) in English.

Contributions to ACTA ALIMENTARIA are regularly abstracted or indexed in
all reference journals.

ACTA ALIMENTARIA is as arule a quarterly. Four issues make up a volume of
some 400 to 500 pages yearly.
Subscription rate per volume: US $32.00

,MADHM1A1l KIADO, H-USi Budapest I.0.B. 24

Please enter my/our subscription for
ACTA ALIMENTARIA for one volume

- wPlease enter a standing order tor
JLL || ACTA ALIMENTARIA, beginning with
1 u J JATE
AKADEM|A| K|ADO J Please send a specimen-copy free of charge
Publishing House of the NAME

Hungarian Academy of Science.*
BUDAPEST

ADDRESS e .



The Acta Chimica publish papers on chemistry, in English, German, French and
Russian.

The Acta Chimica appear in volumes consisting of four parts of varying size, 4 volumes
being published a year.

Manuscripts should be addressed to

Acta Chimica
Budapest 112/91 Mf(iegyetem

Correspondence with the editors should be sent to the same address.

The rate of subscription is $ 32.00 a volume.

Orders may be placed with ‘kultdra"™ Foreign Trade Company for Books and
Newspapers (1389 Budapest 62, P. O. B. 149. Account No. 218 10990) or with representa-
tives abroad.

Les Acta Chimica paraissent en fran<;ais, 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 & la rédaction & I’adresse suivante:

Acta Chimica
Budapest 112/91 Md{egyetem

Toute correspondance doit étre envoyée a cette mérne adresse.

Le prix de I’abonnement est de $ 32.00 par volume.

On peut s’abonner i I’Entreprise pour le Commerce Exterieur de Livres et Journaux
<Kultarai) (1389 Budapest 62, P. 0.B. 149. Compte-courant No. 218 10990) ou a Pétranger
chez tous les représentants ou dépositaires.

«Acta Chimica» M3[alOT TPaKTaTbl U3 06/1aCTM XUMUYECKOW HAyKW Ha PYCCKOM, (hpaH-
LLy3CKOM, aHT/IMACKOM 1 HEMELIKOM s13bIKaX.

«Acta Chimica» BbIXOAAT OTAE/bHbIMU BbIMYCKaMil pasHOro o6bema. 4 BbiMycKa COCTaB-
NSOT O4UH TOM. 4 TOMa My6ANKYHTCS B TOA.

MpefHasHayYeHHble AN Ny6AUKALUM PYKOMUCK CredyeT HampaBisTh Mo afpecy:

Acta Chimica
Budapest 112/91 Mdiegyetem

Mo aTomy e agpecy HanpasfifTb BCAKYH KOPPECMOHAEHUMIO AN pefaKumn.
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DETERMINATION OF PHOSPHORUS
IN SILICATE ROCKS RY ACTIVATION ANALYSIS

S. 0. Khalil

(Department of Geology, Faculty of Science, Alexandria University, Egypt)

Received November 25, 1973

A neutron activation method for the determination of phosphorus as silver
thallium(l) phosphate (Ag2rIP04) from ammonium phosphomolybdate precipitate is
applied to silicate rocks.

Ammonium phosphate is added as carrier to the irradiated rock powder and the
phosphorus recovered as ammonium phosphomolybdate, which is precipitated several
times in the presence of appropriate holdback carriers to ensure its radiochemical purity
and then finally dissolved and reprecipitated as silver thallium (1) phosphate (Ag2T IP04)
for weighing and counting.

Introduction

On irradiation with thermal neutrons 31P undergoes the 31P (n, y) 3P
reaction, the thermal neutron cross-section of which is 0.19 barns. 3P decays
by ~-emission only, the particles having a maximum energy of 1.707 Mev,
with a half-life of 14.3 days.

Ammonium phosphomolybdate was chosen by Vincent and Curren [1]
as a weighing form. This compound, for a variety of reasons is not very suitable
for a final weighing or counting form for phosphorus: it has an uncertain com-
position, itis hygroscopic, and the precipitate self-absorps the /1-particles of 32P,
except in very thin layers.

Henderson [2] used an initial zirconium phosphate precipitation as a
weighing form. The choice of a final weighing form is difficult as many phos-
phorus compounds have an uncertain stoichiometry (e.g. ammonium phospho-
molybdate), or are difficult to plate out (e.g. magnesium phosphate).

Spacu and Dima [3], prepared a new compound of phosphorus: silver
thallium (1) phosphate (Ag2TIP04). This compound has a definite composition
and can be dried and weighed as such after being brought to any temperatures
between 20°C and 720°C [4]. Some further experiments were performed by
the author in order to ascertain whether self-absorption of 3P /1-particles
would be a serious drawback to the use of AgZrIP04 as a weighing form for
phosphorus in radioactivation analysis, for which purpose it seems otherwise
to be well suited. Spacu and Dima [3] prepared the new phosphate compound
from disodium hydrogen phosphate solution, while in this present work the

1 Acta Chim. (Budapest) 83, 1974
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main problem is to prepare silver thallium (1) phosphate (Ag2riP04) from
ammonium phosphomolybdate precipitate.

Anhydrous potassium dihydrogen phosphate was chosen as an irradiation
standard, since it is obtainable in very pure form and is commonly used. The
“Analar” salt was found to contain no elements which would interfere in the
procedure.

Method

Preparation of samples and standards and irradiation

Weigh 100 mg rock powder (sample) into short polyethylene tubing and seal the open
ends. Similarly, weigh accurately and seal 100 mg “Analar” disodium hydrogen phosphate
(standard) and a similar weight of “Analar” potassium sulphate (monitor for the S -* P
reaction). Pack sample, standard and monitor in a standard Harwell aluminium irradiation
can, and irradiate in the thermal column of BEPO for 3 1/2 days in a thermal flux of 2 x 1010
neutrons/cm 2sec.

Reagents:

(a) Ammonium molybdate; dissolve 100 g “Analar” ammonium molybdate in 700 ml dis-
tilled water and pour into 300 ml concentrated nitric acid. A clear solution should
result. The reagent should be freshly prepared in every 2 or 3 days and keptin a po-
lyethylene bottle.

(b) Ammonium nitrate solution: 50 per cent w/v.

(c) Ammonia solution, “Analar”; S.G. 0.88—0.90.

(d) Nitric acid, “Analar”: Concentrated.

(e) Ethyl alcohol, absolute.

(f) Phosphate carrier solution: dissolve 0.7027 g “Analar” diammonium phosphate in
distilled water and make up to 500 ml. Five m1 of this solution is equivalent to 100.0 mg
of ammonium phosphomolybdate (1.65 per cent P).

(g) Holdback carrier solution: prepare a solution containing about 1 mg per ml of each of
the following metals, in the form of chloride or nitrate: Al, Ba, Ca, Cr, Ni, Co, Cu, Fe,
Mg, Mn, K, Na and Zn.

(h) 0.1 N AgNO3: dissolve 8.4960 g of “Analar” AgNO03in 500 ml distilled water after
drying at 110°C for 2 hours (keep in a dark bottle).

(i) 4% thallium(l) acetate (TIOAc) in water: dissolve 4 g of thallium(l) acetate in distilled
water.

(J) 3% thallium(l) acetate in alcohol: dissolve 3 g of thallium(l) acetate in 95% ethyl
alcohol.

(k) 10% acetic acid v/v.

I) Sodium acetate salt.

(m) Ethyl alcohol.

Treatment of irradiated samples

A. Precipitation of phosphorus as ammonium phosphomolybdate:

Allow the irradiated samples to cool for a few days until the radioactivity has decayed
to a safe working level. Taking the usual precautions, and working behind a lead shield, transfer
the rock powders to teflon vessels, and add to each 5 ml of the ammonium phosphate carrier
using a pipette filler. Add 10 ml cone. HNO03and then 10 ml 40% HF. Evaporate carefully to
dryness on a sand bath, cool, add 5 ml HNO3and repeat the evaporation. In the same way
evaporate repeatedly with cone. HN 03 Cool, add to the residue 5ml HNO3and 10 ml water,
warm until the dissolution is as complete as possible.

Pour the hot solution into a centrifuge tube containing 5 ml of 50% ammonium nitrate
solution, 5 ml of ammonium molybdate reagent and 2 ml of the holdback carrier solution.
Allow the tube to stand for 30 —45 minutes in a beaker containing hot water, until all phos-
shorus has been precipitated as ammonium phosphomolybdate, centrifuge and discard the
dawhings. From this stage onwards, activity in the samples is reduced to tracer level.
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Redissolve the precipitate in the centrifuge tube in a few drops of strong ammonia
solution, add 5 ml ammonium nitrate solution and 2 ml of the holdback carrier solution; then
5 ml cone. HN03and 5 ml of the ammonium molybdate reagent to precipitate the phosphorus.
In the absence of foreign ions the precipitation is now generally complete within a few minutes.
Centrifuge and wash the precipitate as before, rcdissolve and reprecipitate twice more in the
presence of holdback carrier solution, and wash thoroughly with hot water.

B. Separation of molybdenum as thallium(l) molybdate:

Decant the excess water and dissolve the ammonium phosphomolybdate precipitate in
the centrifuge tube in a few drops of cone, ammonia solution. Transfer the solution to a conical
flask, wash the centrifuge tube carefully with water and pour the washings into the conical
flask. Neutralize the solution with 10% acetic acid using phenolphtalein as an indicator.

Add 60 ml 95% ethyl alcohol and warm to 70—80°C (on a water bath). Thallium(l)
molybdate is precipitated from the hot solution by adding 25—30 ml 3% thallium(l) acetate
in alcohol. The mixture is digested at 60—70 4. on a water bath for about one hour until the
precipitate completely coagulates. Cool, centrifuge, and decant the supernatant liquid into a
clean conical flask for the precipitation of phosphorus as silver thallium(l) phosphate (Ag2
T1PO04). This solution should be free from molybdenum, and this is easy to check: add a few
drops of 3% thallium (1) acetate (TIOAc) reagentto the solution; if awhite precipitate is formed,
this means that some molybdenum is still in the solution; and the separation procedure should
be repeated. If no precipitate is formed the solution is free from molybdenum.

C. Precipitation of phosphorus as silver thallium (1) phosphate:

If the decanted solution from step B is alkaline, neutralize it by adding a few drops of
10% acetic acid. It is important to adjust the pH value of the solution, which should not
exceed 9, since it has been found experimentally that thallium(l) phosphate precipitates at
pH values higher than 9, while a pH range of 7.5—8.5 seems to offer the best conditions for
the precipitation of silver thallium(l) phosphate.

Now, the solution is ready for the precipitation of AQZI IP04if Spacu and Dima’s method
is to be applied. Add 1 g of sodium acetate as a buffer, warm to dissolve, cool, add a few ml of
10% acetic acid, and then 15 ml of 4% TIOAc in water, followed by 15—20 ml of 0.1 N AgNO03
solution, added dropwise from a burette with continuous shaking and keeping the solution
away from sunlight. A white precipitate of AgZrIP04 will be formed. The solution with the
AQZT IPO4precipitate is left on a water-bath for about 30 minutes.

Centrifuge and wash the precipitate several times with an ethyl alcohol-water mixture,
and finally with absolute ethyl alcohol. Decant the excess alcohol and transfer the slurry of
the precipitate in alcohol with a pipette to a pre-weighed aluminium counting tray. Dry the
precipitate under an infrared lamp. Cool and weigh to determine the chemical yield.

Treatment of standards

Open the polyethylene tube containing the irradiated potassium dihydrogen phosphate
standard and transfer it quantitatively into a 500 ml volumetric flask. Using a pipette filler,
transfer exactly 10 ml of the active solution to a 100 ml volumetric flask, and further dilute to
volume. Transfer 5 ml portions of the diluted standard solution to centrifuge tubes, add 5 ml
of the ammonium phosphate carrier solution and then precipitate the ammonium phospho-
molybdate, separate the molybdenum as thallium(l) molybdate (TI2Vi0o04). Then precipitate
the silver thallium(l) phosphate (AgZIr'1P04) and plate out in the same manner as for the
samples (two precipitations of the ammonium phosphomolybdate are enough).

Treat the irradiated potassium sulphate monitor similarly, this time adding the phos-
phate carrier to the solution of the whole sample.

Counting

Count the silver thallium(l) phosphate precipitates from samples and standards for
/9-activity, using and end-window Geiger-Miller counter. Record the time to accumulate at
least 104 counts. The total recovery time of the Geiger-Miuller tube used may be of the order
300 —400 microseconds and depends on the applied voltage. It is therefore usual to impose an
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external “paralysis time”, greater than the recovery time, by electronic means (in this case,

300 microseconds).
Under these conditions, the observed counting rate CO is related to the count rate

corrected for paralysis (C) by the equation:

CcC — c»
(1-C,T)

where T is the artificially imposed paralysis time in the same units as C. COmay therefore he
corrected for the lost counts which could have been recorded during the time the counter was
paralysed. In the present work, T = 300 microseconds.

The natural background was measured immediately before and after a batch of samples
was counted, and this value was deduced from the coanting rate corrected for paralysis.

Self-absorption

Self-absorption and back-scattering effects of Ag2IrIP04 in specimens of different
thickness on the counting trays, were studied. This was done by plating out varying weights of
an active AgZrIP04precipitate on to similar aluminium counting trays, and determining their
specific activities, (Table I). A straight line relationship between weight of precipitate and
counting rate is obtained, (Fig. 1), which indicates that Ag2r IP04as a weighing form of phospho-
rus would be satisfactory, self-absorption and back-scattering effects being negligible.

Table |

Effects of self-absorption and back-scattering of P2
in a precipitate of silver thallium phosphate

Observed Count rate  Count rate

Shois oo wtoer e METITS e o s Roec
104counts  104counts 104 counts Celsec in sec in sec in me

| 16.756 16.776 16.735 16.756 596.8 727.0 726.8 21.6
2 67.141 67.806 67.667 67.538 148.1 154.9 154.8 52
3 38.913 38.496 38.384 38.597 259.1 280.9 280 8 8.9
4 16.675 16.793 16.821 16.763 596.6 726.6 726.4 21.7
5 13.918 13.900 13.749 13.855 721.8 921.2 921.1 26.8
6 13.191 13.249 13.284 13.241 755.2 976.5 976.3 28.4
7 53.916 54.847 53.919 54.227 184.4 195.2 195.0 6.5
8 66.732 66.273 66.336 66.447 150.5 157.6 157.4 5.2
9 23.461 23.657 24.175 23.764 420.8 481.6 481.4 14.9
10 9.881 9.871 9.810 9.854 1014.8 1459.0 1458.8 42.0

Discussion

The results of triplicate activation analysis for phosphorus in the inter-
national rock standards granite G-l and diabase W -l are given in Table I,
together with values determined by either methods reported in the literature.

Agreement between the radiochemical results for W-1 and those ob-
tained by other methods is fairly satisfactory, while results for G-I are higher
than the neutron activation results obtained by the present work. Vincent
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Fig. 1

Table 11

Determination of phosphorus in G-l and W-I

Grozni;eoe-l Dig}())a'sDeAW—l Method and reference

0.04 0.11 Neutron activiation, this work
(0.04, 0.04, 0.03) (0.11, 0.11,0.12)

0.088 0.119 Neutron activation, [2]
(range not quoted) (range not quoted)
0.076, 0.077, 0.15, 0.14, 0.15, Neutron activation, [1]
0.080, 0.080 0.15, 0.14

0.10 0.13 Average of 34 analyses, chiefly
(range 0.03—0.41) (range 0.06 0.24) gravimetric, [5]

0.09 0.15 Average of 5 spectrophotometric analyses
(range not quoted) (range not quoted) as molybdi-vanado-phosphoric acid, [6]

0.08 0.13 Average of 4 spectrophotometric analyses
(range 0.07 0.08) (range 0.12 0.14) as molybdenum blue, [7]

0.012 0.088 Spark source, mass spectrometer, [8]
(range not quoted) (range not quoted)

and Curren [1] and Henderson [2] obtained a higher P20 5(0.08) and (0.088)
respectively for G-1 which is about double the value obtained by the present
method. Those authors chose ammonium phosphomolybdate and zirconium
phosphate as the weighing form of phosphorus, in contrast to the silver
thallium (1) phosphate used in the present work.
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High results would be expected from the neutron activation method if
radiochemical purification of the phosphorus has not been achieved. The
formation of the phosphomolybdate complex appears to be hindered by the
presence in the solution of large amounts of other elements contributed by the
rock sample, while incomplete elimination of silicon during the initial decom-
position leads to erroneous results due to the formation of somesilicomolybdate.

In the present work, silver thallium (1) phosphate is chosen as the
weighing form for phosphorus. In this case, the purification of phosphorus is
completely achieved and, in addition, the new compound has a definite com-
position.

*

The author wishes to thank Dr. J. Esson (Manchester University) for his advices in
radiochemical problems. The work was initially encouraged by Prof. E. A. Vincent, who has
taken a keen interest in the development of the method. The irradiations were carried out in
the Harwell pile BEPO by arrangement with the Isotope Division of the Atomic Energy
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A method has been suggested for the separation of small quantities of palladium
(0.15—1.50 mg) from platinum and iridium. The method is based on the sorption of
palladium on the weakly acidic cation-exchange resin Amberlite IRC-84 in sodium
form, due to hydrolytic precipitation taking place at room temperature. Under these
conditions platinum and iridium remain completely in solution. The palladium sorbed
is eluted with 20 ml 2M hydrochloric acid. The method has been applied for the analysis
of binary mixtures of palladium and platinum or palladium and iridium.

The sorption mechanism of palladium is also discussed.

It is well known, that in solutions which contain the chloride complexes
of platinum metals the substitution reactions of the co-ordinated chlorine
atoms with molecules or ions of the solvent proceed with different rates [1].
Among the platinum metals, the complexes of palladium (I1) hydrolyze most
readily, forming insoluble compounds. The complexes of platinum (1V) hydro-
lyze more slowly and the products obtained are soluble. The complex chlorides
of iridium (IV) and rhodium (I11) form likewise slightly soluble compounds on
hydrolysis, hut these reactions proceed very slowly at room temperature.

Brasius and Rexin [2] have shown that palladium is sorbed on weakly
acidic cation exchange resins in the sodium form and may in this way he
separated from platinum and iridium. The sorption of palladium under these
conditions has been explained interms of hydrolytic precipitation. No numerical
data are given in the above cited paper.

The separation by precipitation on ion exchange resins offers certain
advantages to the classic precipitation method. The precipitation takes place
slowly and when a chromatographic band is formed on the ion exchange
column, one could create conditions for a repeated formation and subsequent
dissolution of the precipitate which is actually a purification procedure.
Furthermore, very small quantities can be precipitated and sorbed on the ion-
exchange resin which in the classic way of precipitation would be associated
with difficulties.

In the present work we report on our investigations on the behaviour of
palladium (I1), platinum (IV), rhodium (111) and iridium (IV) chloride com-
plexes towards weakly acidic cation-exchange resins in the sodium form. The
sorption mechanism of palladium was elucidated and the influence of various
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factors on this process was studied. A method was elaborated for the separation
of small quantities of palladium from platinum and iridium which practically
enables a complete separation of 0.150—1.50 mg of palladium from platinum
and iridium. The method is easy and quick to carry out and the separated
elements are obtained in the form of pure hydrochloric acid solutions which
facilitates their subsequent determinations.

Experimental
Reagents

Standard solutions of palladium(ll), platinum (1Y) and rhodium(IIl) were prepared
from PdCI2 p.a., H2PtCI6 « 6H20, p.a. and RhCI3+«3H20, p.a., respectively, by dissolution in
1 M hydrochloric acid. The solutions were standardized gravimetrically; palladium with di-
methylglyoxime [3], platinum with ammonium chloride [3], and rhodium with 2-mercapto-
benzothiazole [4].

A standard iridium solution was prepared from metallic iridium by dissolution in 6M
hydrochloric acid using alternating current [5].

W eakly acidic cation-exchange resin Amberlite IRC-84 (pK = 5.3) in sodium form.

Strongly acidic cation-exchange resin Dowex 50 X8, 50—100 mesh in sodium form.

All reagents were analytically pure.

lon-exchange columns

In the experiments columns of resin, 15, 20, 25 cm long and 0.8 cm in diameter were
used. Before use the resin is converted to the sodium form with 0.5 M sodium hydroxide and
washed with distilled water until a pH value of 7 is obtained. After preparation of the sodium
form, prolonged washing is necessary since NaOH adheres very strongly to the resin.

|
Determination of the elements

Concentration of the platinum metal solutions was determined photometrically:
platinum with stannous chloride, palladium with potassium iodide, rhodium with stannous
chloride [6] and iridium by evaporation in presence of high-boiling oxidizing acids [7].

Preliminary work

Experiments to investigate the sorption behaviour of the platinum metals towards
cation-exchange resins were carried out in the following manner. The sample was evaporated
to dryness in the presence of 20 mg of sodium chloride. The residue was dissolved in 20 ml of
hydrochloric acid of a definite concentration and passed through the column at a rate of 0.5
ml/min. The column was washed with 20 ml of hydrochloric acid of the same concentration.
The whole volume of the filtrate and the washing liquid was examined for the respective
elements.

In order to find the optimal elution conditions, after a definite quantity of palladium
had been sorbed, the column was washed with 20 ml 0.1 M hydrochloric acid. The eluent
solution was passed with the same rate and fractions of 5 ml each were taken in which palladium
was determined.

Recommended procedure for separating palladium and platinum from iridium

The solution is placed in a 50 ml beaker and a solution containing 20 mg sodium chloride
is added. Then it is evaporated cautiously to dryness under an infrared heater. The dry residue is
dissolved in 20 ml 0.1 M hydrochloric acid and passed through a 20-cm column with a rate of
0.5 ml/min. The column is washed with 20 ml 0.1 M hydrochloric acid. The filtrate is collected
in a 50 ml graduated flask and is filled to the mark. In aliquot portion of this solution platinum
or iridium is determined. Palladium is eluted with 20 ml 2 M hydrochloric acid and in the eluate
palladium is determined.
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Results and discussion

The experiments for studying the ion-exchange behaviour of the chloride
complexes of platinum metals showed that on the weakly acidic cation-ex-
change resin Amberlite IRC-84 (in the sodium form) palladium is sorbed almost
completely, rhodium only partially while platinum and iridium remain com-
pletely in the solution. When sorbed, palladium forms a wide, diffuse brown
ring which moves slowly when the column is washed. Single grains of the
weakly acidic cation-exchange resin, saturated with the palladium solution,
when observed under the microscope are brown in colour, with a smooth
surface and no precipitate on it. Under the same conditions, however, on the
strongly acidic ion-exchange resin Dowex 50, only rhodium is sorbed partially.

When hydrochloric acid solutions of the platinum metals are passed
through cation-exchange resins inthe sodium form, pH of the solutions becomes
higher:

RCOONa + HX += RCOOH + Na + H,0

Ci- Ci-
RS0O3Na + H1_30+= RSO3H + N_a+ + H,0
Ci- Ci-

Some of the anion complexes can be transformed as a result of substitution

into electroneutral or positively charged complexes. The sorption of palladium

on weakly acidic cation-exchange resins could be explained in terms of an

exchange reaction between PdCI+ and Na+ counter-ions of the resin. Howevei,

if this retaining mechanism were true, this would involve the sorption of
palladium on strongly acidic cation-exchange resins, as well, which we did not

observe. The appearance of the chromatographic band and that of the grains,

as well as the infra-red spectra of the cation-exchange resin Amberlite IRC-84

in the H-form, in the Na-form and saturated with palladium (which differ only

in the peaks, characteristic of the carboxyl—the H-form, and the carboxylate—
the Na-form, groups) give ground for the assumption that palladium is sorbed

as a result of a precipitation preferentially inside the grains of the cation-

exchange resin. The precipitation takes place according to the following

reactions.

PdClih + 4H2 = Pd(OH)2+ 4Cl- + 2H +
RCOONa + H0+ = RCOOH + Na+ + HX

During this process the other solution acquires a pH of 7. The solution inside
the grains of the resin has a pH of 9 (pK = 5.3; capacity 3.5 mg equiv./ml)
prior to passing the sample for investigation. When the resin is half trans-
formed into the H-form, the pH inside the grains is 5.3. It is difficult to cal-
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culate the pH necessary for the beginning of the precipitation, as well as the
value needed for the practically complete precipitation of palladium at the
concentrations employed by us (10~4 mol/1), as there are no reliable data on
the composition and solubility of the products of hydrolysis obtained. Accord-
ing to approximate calculations there are conditions for the precipitation of
palladium both inside the grains of the weakly acidic cation-exchange resin
and in the solution which is among them. The complete retaining of palladium
on the ion-exchange column, however, depends not only on its quantitative
conversion into a weakly soluble compound but also on retaining the pre-
cipitate thus obtained on the resin. The precipitate formed in the outside
solution is quickly washed down the column with dilute hydrochloric acid or
it is dissolved and — on coming in contact with new portions of the ion ex-
change resin — it is again sorbed or precipitated according to the equilibria
given above. The precipitate inside the grains of the resin dissolves more
slowly due to the buffering action of the functional groups. Washing of the
sorption column with 20 ml 0.1 M hydrochloric acid causes a shifting of the
chromatographic band by 2—3 cm. The dissolution and precipitation of palla-
dium hydroxide, occurring repeatedly on the ion-exchange column, offers a
possibility of obtaining a precipitate free of admixtures. In the experiments
on strongly acidic cation-exchange resins, a precipitate can be formed only in
the solution between the grains and when the column is washed, it quickly
passes into the filtrate. Inside the grains of the strongly acidic cation-exchange
resin the hydrogen-ion concentration is substantially higher and no precipi-
tation occurs.

To establish the conditions of complete sorption of palladium on weakly
acidic cation-exchange resins, it was necessary to investigate the effect of the
various parameters of the experiment which would influence the quantitative
precipitation and retaining of palladium, such as acidity of the solution,
palladium concentration, depth of the sorption layer, etc.

Table | shows the effect of hydrochloric acid concentration.

Table 1

Effect of the acid concentration

_ Pd content HCL Pd in the Pd in the

in the sample, d filtrate, filtrate,
mg M mg 98
1.000 0.50 passes passes
1.000 0.10 0.025 2.5
1.000 0.05 0.005 0.5
1.000 0.01 traces traces
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Experiments were carried out on a column of a height of 15 cm, at a rate
of 0.5 ml/min. With the decrease of the acid concentration in the solution in-
vestigated and in the washing liquid, the sorption of palladium is improved.

Further experiments were carried out on columns of different height
— 15, 20 and 25 cm — at one and the same hydrochloric acid concentration.
The increase in column height improves the sorption of palladium because
palladium passing into the washing liquid has a greater possibility of being
precipitated and sorbed repeatedly.

A decrease in the rate of passing the solution through the column down
to 0.2 ml/min has no effect on the quantitative sorption.

Table 11 illustrates the effect of palladium concentration. As the palla-
dium concentration in the solution is decreased, the percentage of palladium
passing into the filtrate increases, as it should he expected. However, the
losses are insignificant and within the limits of the experimental error, stated
by the respective methods of determination.

Table 11
Effect of the palladium concentration

Pd in the

F;\ﬂ’ Fﬁl' filtrate,
%
7.1x10-« 0.1 2.6
2.3 X10~1 0.1 2.2
5.7x10-* 0.1 1.3

The investigations on the eluation of palladium, sorbed on a column of
a height of 20 cm, 0.8 cm in diameter with solutions of 1 and 2 M hydro-
chloric acid indicated 2 M hydrochloric acid being a better eluent (Figs 1and 2).

Eluate, ml

Fig. 1. Elution of palladium with 1 M hydrochloric acid
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Eluate, ml
Fig. 2. Elution of palladium with 2 M hydrochloric acid

The optimal conditions for the separation of palladium from platinum
and iridium (described in the experimental part) could he established.

The separation of palladium from rhodium proved to be more difficult.
A series of experiments were carried out for complexing rhodium (l11) to be
not sorbed on the weakly acidic cation-exchange resin, however, this did not
succeed so far.

Table 111
Separation of palladium from platinum
Pd, mg Pt, mg
taken found taken found
1.22 1.22 151 1.47
1.22 1,24 151 1.52
1.22 1.22 151 1.48
1.22 1.21 1.51 1.49

average  1.222

S = 0.013
0.488 0.477 151 1.49
0.488 0.487 151 1.55
0.488 0.488 1.51 1.50

average  0.4840

S = 0.0061
0.152 0.148 1.51 1.56
0.152 0.153 1.51 1.50
0.152 0.147 1.51 1.52
average 0.1493 average 1.508
-1- ->
S = 0.0027 S = 0.029
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Table IV

Separation of palladium from iridium

Pd, mg Ir, mg
taken found taken found
122 1.19 1.35 1.37
1.22 121 1.35 1.34
1.22 1.22 1.35 1.36
1.22 1.19 1.35 1.33
average 1.202 average 1.350
S = 0.015 S = 0.018

S denotes standard deviation

The accuracy and reproducibility of the method developed for the
separation of palladium from platinum and iridium were studied by analysing
mixtures of standard solutions. The results obtained are very good (Tables
Il and 1V).
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The light scattering of water has been investigated between —8 and -)-8°C. The
dependence of the scattered light intensity on the temperature does not differ signifi-
cantly in the ranges above and below the freezing point. The range on the aggregation
degree vs. concentration plane has been determined where light scattering experiments
exclude the presence of ice embryos in supercooled water.

Introduction

Among the numerous publications devoted to the structure of water
there are several studies dealing with the supercooled water itself while other
papers report on investigations contributing to the studies of water structure
in general by means of comparing some experimentally determined parameters
of water above and below its freezing point ([1—9] as reviewed in [10]).
The interest of many authors was aroused by the phenomenon of supercooling
itself [11—17]. The results of these studies were discussed in several cases in
the light of the theory of the crystallization process. According to the theory
[18 —20], the process starts with the formation of small clusters, the so-called
crystal embryos, consisting of several molecules only but already having the
same structure asthe solid phase to be formed. The clusters can grow spontane-
ously and their presence in the liquid may result in actual crystallization only
if their sizes attain a certain value. This critical size depends, among other
parameters, upon the temperature. Thus, in agreement with the theory,
crystal embryos can be present in supercooled water even in a very great
amount without the real chance of crystallization unless their size attains the
critical value at the given temperature. It would not be unexpected therefore
if some properties of the supercooled liquid were detectably influenced by the
presence of crystal embryos owing to their great amount, regardless of their
small size. And indeed, the experimental data are in accordance with these
considerations. Though no evidence of any molecular clusters appears in the
temperature dependence of density [11, 13], surface activity, heat capacity
and vapour pressure [11], there are several other parameters pointing to the
presence of crystal embryos. Namely, by analyzing the temperature de-
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pendence of the viscosity [11—13], electric conductivity [11], dielectric
constant and ultrasonic absorption [15], thermal expansion, refractive index
[12] and X-ray diffraction [17], it can be concluded that some new effect
appears in the temperature range below the freezing point which might be
due to the crystal embryos formed.

The investigation of water as a model is of interest not only because of
the importance of this liquid but also because of the fact that in this case the
available data are not controversial with respect to the hypothesis of crystal
embryos. Neither the vapour pressure [4], heat conductivity [5], refractive
index [6], dielectric constant nor the relaxation time [7], does indicate any
change in the structure of water in the supercooled state. Likewise, the structure
of water was found to be uniform by analyzing the distribution of oxygen
isotopes [21] and the coefficient of self-diffusion [22] in the temperature
ranges (—2, +85) and (—20, +30°C), respectively. Therefore it is the more
interesting that apaper has recently been published which reports experiments
pointing to the presence of ice embryos in supercooled water. Kxjles and
Schiller have investigated the radiochemical decomposition of water [10].
They have concluded that within the experimental accuracy the yields of the
decomposition products as a function of temperature can be approximated
linearly both above and below the freezing point. However, these two lines do
not coincide. This can be interpreted by taking into consideration the crystal
embryos in supercooled water. These findings have prompted us to obtain
some experimental evidence by the method of light scattering against or for
the ice embryo hypothesis. It should be emphasized that for discussing the
results of light scattering experiments one need not be restricted to the idea
that the anomalous temperature dependence of some parameters in the range
of supercooling should point to the existence of crystal embryos. The phenom -
enon of light scattering is known to be due to the lack of ideally uniform
distribution of liquid particles in space and, generally speaking, the intensity
of the scattered light at a given instant is a measure of the statistically ex-
pected nonuniformity. It is evident, therefore, that such a drastical change in
the uniform distribution of particles as cluster formation must be accompanied
by an increase in the intensity of scattered light. On the other hand, an unex-
pectedly high value of the intensity under given conditions cannot be explained
in any way other than the increased lack of ideal uniformity.

The quantitative treatment of light scattering was given very long ago
(see e.g. [25] and [27]). In the following we shall attempt to adapt it to ice
clusters in supercooled water. It should be noted finally that many authors
assume the presence of ice-like clusters in water even in temperature ranges
far above the freezing point (as reviewed e.g. in [23]) while others regard
this assumption as inconsistent with the fact that water can be easily super-
cooled [8].
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Method

The intensity of light scattered by a pure liquid | can be given as the
sum of intensities due to the fluctuation of density Idand orientation lor. For
a system of two components the intensity, due to the fluctuation of the con-
centration lc, contributes as well. Thus, if below the freezing point a new
‘component’ consisting of ice clusters appears in water, it can be detected ex-
perimentally from the [1t(f) function superimposed on the Id(t) and [lor(t)
functions, presuming that two conditions are fulfilled. The first is that the
Idt) + lor(t) function determined experimentally in the temperature interval
(0, tj) should be valid in the interval (t2 0) too, where t2< 0 <7 tv This con-
dition is apriori fulfilled since, according to our approach, ldand lorcharacter-
ize the unchanged ‘solvent’ and any change in the structure of the liquid is
treated as an increase in the amount of the new ‘component’ of the structure,
differing from that of water and reflected by lIc. The other obvious condition
is that the ratio jT/(ld + 10r) should be great enough to be detected. In order
to check this condition, one should analyze Ic written in the form [24 —27]:

lc=C % n2v (Zlc)
- x e-I- (1)

where n is the refractive index, g the density, ¢ the concentration, T the
absolute temperature, v a small part of the scattering volume, the fluc-
tuation of concentration in v and C is a constant depending on the experi-
mental conditions only. Eq. (1) shows that at a given value of the fluc-
tuation of concentration Ic is determined mainly by the refractive index
increment. If one whises to determine the molecular weight of a macro-
molecule by light scattering, the solvent chosen should have a refractive index
strongly different from that of the macromolecular material so that the effect
observed were detectable. However, this is not possible therefore, when study-
ing the water-ice embryo system, one will encounter an inherent restriction
in the conclusions to be drawn. As has been shown by Debye, the molecular
weight of the solute M can be expressed interms of light scattering data in the
following way (see e.g. [24—27]):

Kc |

ub T (2)
RJM MP(0)

Here B is the second virial coefficient, P(@) the scattering function and

292ni 2
K = de (3)

v Na
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where nOis the refractive index of the solvent, 1 the wavelength ofthe applied
monochromatic light in vacuum and N A the Avogadro number. In Eq. (2) the
intensity of light is replaced by the reduced intensity Rcwhich is independent
of the experimental conditions, namely the intensity of incident light 10, the
scattering volume V, the distance between the scattering point the detector r
and the angle between the incident and scattered light beams 0, and is ex-
pressed as
r21(0, c)

NE®. ¢ 10V(l + cos20) @

It must not he left out of consideration that Rc could he connected with M
owing to the correlation between fluctuations in the concentration and the
concentration dependence of the free energy. The linear approximation of the
latter at ¢ = 0 leads to Eq. (2). Thus, the more dilute the solution, the nearer
is Eq. (2) to reality. When studying macromolecules, one measures the scat-
tered light intensity for a series of solutions in the dilute concentration range
and extrapolates to ¢ = 0. With another extrapolation to 0 = 0 (since
P(0) = 1) one can evaluate the molecular weight of the solute. As consistent
fc(0, c) data in principle could not be obtained in the whole ice embryo con-
centration range, it is impossible to evaluate the molecular weight of the
embryos. However, their presence in supercooled water can he detected if the
value of Icexceeds the experimental error. The size of the detectable crystal
embryos can be estimated.

Experimental

The light scattering photometer has been described earlier [28, 29]. Water was twice
distilled and passed through a Millipore filter (0.22 fi). Benzene was used as a standard with
B;, = 48.4 X10~6cm-1 [25]. The cell to be cooled was cylindrical with three walls to avoid the
condenzation of vapour on the outer surfaces. Measurements were carried out in the tem-
perature interval between —8 and -j-80C.

Results and discussion

Figure 1 represents the scattered light intensities with the 99.7% con-
fidence intervals. The intensity data from different experiments cannot he
averaged at a given temperature since supercooling is not a reversible process
and the quantity and size of the possible crystal embryos at a given pressure
are not expected to be determined unambiguously by the temperature. Thus,
the data presented in Fig. 1 should he regarded as representative samples of
the experimental results. It can be concluded that no significant effect appears
pointing to the presence of any structural changes in the supercooled region.
To make further conclusions we must return to Eq. (2).
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For a given refractive index increment, the higher the molecular weight
of the dissolved particles, the stronger is the light scattering effect expected.
From the known refractive index increment and the second virial coefficient,
the molecular weights of particles and the concentrations, necessary for de-
tection with the given experimental accuracy, can he evaluated. The second
virial coefficient can be determined experimentally. For this purpose, e.g. light

Fig. 1. Temperature dependence of the inten- Fig. 2. The N(c) function
sity of scattered light on an arbitrary scale

scattering should he measured in the whole concentration and scattering angle
range. However, one cannot prepare ice embryo “solutions” of systematically
different concentrations. If the concentrations in two cases happen to be
different and known, the identity of the size of crystal embryos (or size dis-
tributions) still cannot he taken for granted. These circumstances preclude the
experimental determination of the refractive index increment as well. Thus,
having no experimental data, one needs to he satisfied with their estimated
values. Taking the approximations for B and dra/dc as given in the Appendix,
the detectable concentration of crystal embryos consisting of N water molecules
can be related to N by

ORN
C~ K'QN2—1

The symbols Q and K’ are defined in the Appendix. In Eq. (5) the reduced
intensity is replaced by the width of the reduced intensity interval dR signifi-
cant at acertain confidence level. The N(c) function evaluated from Eq. (5) for
the given experimental conditions at a 99.7% confidence level is demonstrated
in Fig. 2.

The following conclusions seem to be consistent with the experimental
data. The crystal embryos in supercooled water, if present at all, must be
characterized by pairs of values of concentration and degree of association
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falling into the shaded range in Fig. 2. In principle this range can he decreased
by a greater experimental accuracy. One should emphasize, however, that
these results have been obtained assuming that the clusters have the same
structure and the same refractive index as ice. Clusters of water molecules
with a structure organized to a lesser extent than that of ice, and with a re-
fractive index between those of water and ice, could be present in greater
amounts than is shown in Fig. 2 without significantly influencing the light
scattering data. It should be emphasized, however, that it is not a loose
structure but clusters of real ice structure that are assumed to be present in
supercooled water [18—20].

Appendix

1. Regarding the water-ice embryo system as an ideal mixture, the
chemical potential can be expressed as a power series of the concentration and
from this the k-th virial coefficient can be obtained in the form [24, 26]:

JK-1
Bk = T (6)
kM k

where Vwand M are the molar volume of water and the molecular weight of
the ice embryos, respectively. With the approximation that the density of
supercooled water equals unity and by expressing M with the number of water
molecules in the embryo N and the molecular weight of water Mw, using (6),
one obtains

1

2B, (?)
MWN?2 ~

2. In order to evaluate the refractive index increment, let us regard the
refractive index of supercooled water as a function of the mole fraction x of
ice embryos and express x by cusing, the equation xM = Vwc valid for dilute
solutions. If we utilize again that the density of supercooled water equals
unity, we have

dre dre 1
de d* N

and so our task is simplified to determine the derivative dn/dx.
Consider the molar polarization function of a water-ice embryo system

P(,, M ,B)= - — M (g)

re-+ 2 @
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where the arguments n, M and g depend on x. Suppose that P(x), M(x) and
a(x) are linear. Let the following notation he introduced:

n2(x) - 1 = P'(*b
nig:) + 2 (10)
6 n(x) =5(x)

("2(*) + 2)2

and P'(1) = Pi, P'(0) = P'w, p(I) = Qand S(0) = Sw. By taking the deriva-
tive of P(x) one obtains

P'iN a(x) P'wo(x) . u i N 11
-P (X)(N‘lRfO—l) prw 4+ ——=————- pUX
@ Qi 1 J(ll)
d* S(x) [1+ (IV— 1)*] :

Suppose now that x is small enough to fulfil the following conditions

1+ x
n N,

X
le) — 1% o). (12)
IP'(x) - Pw]|< P\X)
and
I1S(x) - S, | < S(x).
Then Eq. (11) becomes

PN L= xe - DD+p:. @i 1)(1+%) - N ]

d )
" (13)

da:

Ix(Qi NDil< 1> (14)
@+ *)@i —1)1< N~
it is readily seen that

SN P "W\N

an Qi (15)

dl\

3. Let Iwbe the intensity of light scattered by pure water and | the
nearest value to lwdistinguishable from it significantly at a certain confidence
level. Let dl = |lw I | and 6R the respective reduced intensity. Let point
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(c% -AF) of the ¢, M plane correspond to a solution of concentration ¢% of a
material of molecular weight M’ in water. Writing now OR instead of R in
Eq. (2), one has a curve F(c, M; &, K, B) = 0, which separates from one
another the aqueous solutions that can and cannot be distinguish from pure
water by light scattering at a given confidence level. The form of the curve is
affected by the type of material through parameters K and B. For the special
case of the water-ice embryo system, using Eq. (7), (8) and (15) we have
Eq. (51.

Here M is replaced by the more descriptive degree of aggregation and

K'= ) 17
Tdnj* (a7

(de 1

(18)

We have assumed that the scattering function in Eq. (2) is equal to unity. The
error of this assumption depends on the shape and size of the clusters [27].
However, the error is appreciable only for clusters of “macromolecular size”
regardless of the shape.

*

We express our gratitude to Dr. Rébert Schitter for drawing our attention to this
problem.
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Indium antimonide as an intermetallic compound with a small energy gap has
chosen for this study. The single crystal electrode has been examined with and without
illumination in the presence of a redox system. It has been observed that the anodic
dissolution is increased by illumination as holes are injected into the valence band. For
all oxydizing agents the current depends on the light intensity. It is suggested that
excess carriers may be generated optically by using a beam of light and that illumination
is useful in the application of carrier injection into an electrode of n-type semiconductor.

Introduction

Most semiconductor substances with a small energy gap have a tendency
to possess high values of electron mobility. Small gaps imply small effective
masses which favour high mobilities. This behaviour helps to apply electro-
chemical measurements to silicon, germanium [1] and gallium phosphide
electrodes [2].

Actually, indium antimonide has an energy gap equal to 0.18 eV at room
temperature. Accordingly, the intrinsic single crystal of InSb has an average
carrier mobility of 77,000 electrons and 1250 holes at room temperature. This
would influence the electronic structure of this intermetallic compound, with
these electrons taking part directly as reactants and/or products in the reaction
itself.

It is the purpose of this study to examine the electron transfer occurring
at the surface of indium antimonide electrodes with and without illumination
and in the presence of a redox electrolyte system.

Experimental

Measurements were carried out using the single crystal indium antimonide electrode
(prepared Dr. Parker, Texas Instruments Inc.) having structures with 111 (A) and 11l (B)
faces. Ohmic metal/semiconductor contact potentials were assumed to be zero, n-type single
crystals of indium antimonide with a resistivity of 1030/cm were used. The circuit and the
Amel potentiostat used were as described before [3]. The single crystal was pretreated in an
etchant solution of HF : HNO3in the ratio of 1: 3 before its use as an electrode [4].

Nitrogen was bubbled through the cell to free the solution from oxygen. All potential
measurements were made against a saturated calomel or a mercury-mercuric sulfate reference
electrode. Solutions were prepared from conductivity water and AR materials. Measurements
were performed with and without illumination. All results are relative to the hydrogen scale.
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Results and discussion

Redox measurements in the dark

The potential of indium antimonide of single crystal was measured in a
variety of solutions. Figure 1 shows the anodic and cathodic current vs.
potential curves characteristic for the single crystal electrode structure A, in
sulfuric acid with and without added oxidizing agent (ferric sulfate). Without

Potential vs. Eh (V)
Fig. 1. E/l Curves for InSb(lll) in Fe2(S04H3+ 0.1N H2504

addition of ferric sulfate, current flows when the electrode is cathodic until the
potential reaches the value required for hydrogen ion discharge. Both the
anode and cathode are increasingly polarized with increasing concentration of
Fe2(S043i.e. the limiting current fa increases with increasing concentration
of the oxidizing agent.

Similar curves are obtained with InSb(llIl) in acid solutions after ad-
dition of cerium sulfate, potassium ferricyanide and potassium permanganate.

The current vs. potential curves (Fig. 2) for potassium dichromate in the
presence of sulfuric acid show a decrease in the limiting anode current with
increasing concentration of the added substance. The anodic plateaus merge
into one line at zero current. On the other hand, there is an increase in the
limiting cathode current. Figure 3 shows the current—potential characteristics
for the InSb(lll) electrode in hydrochloric acid with and without the redox
agent oxalate. The redox system appears to be unique in that the electron
transfer mechanism involves the conduction band electrons. In the case of
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Fig. 2. E/I Curves for InSb(lll) in O.liV H2S04+ K2Cr20 7

Fig. 3. E/I Curves for InSb(lll) in C2 4—-(- O.liV HC1

hydrogen peroxide both the cathodic and anodic limiting currents decrease.

Figure 4 is a representative diagram for the InSb (B) electrode in sulfuric
acid with and without the oxidant ferric sulfate.

From the curves, it can he seen that the saturation current for anodic
dissolution increases owing to hole depletion at the surface of the electrodes [5].
Since holes are the minority charge carriers, the saturation current of the
limiting current represents the point at which holes are used up in the anode
reaction as fast as they are made available at the electrode surface either by
diffusion from the bulk or by generation in the surface region. The cathodic
current ic than decreases the parallel reduction process in these acid solutions
when used alone. The anodic oxidation of ions in these redox solutions occurs
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Potential Vvs. Eh (V)
Fig. 4. E/I Curves for InSb(lll) in H2S04 + Fe(S0)3

Fig. 5. E/I Curves for InSb(lll) in K3[Fe(CN)6] -j- 0.1IN H2S04

without either the anodic or cathodic process only in a potential range of about
1200 mV in sulfuric acid and hydrochloric acid between 1.0 and 0.2Y vs. the
hydrogen electrode. The anodic saturation current increases from 0.25 mA to
6.4 mA depending on the oxidizing system used. It should be noted that the
increase of the anodic limiting current or the decrease in the cathodic current
ic is much greater for the single crystal (B) electrode than for the (111)
electrode face. The amount of either increase or decrease depends on the
oxidizing system used and it is proportional to its concentration (Table 1)

(Figs 5-8).
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S.C.E.; Structure (A)
A - 0.IN H2s04

H,S04+ 0.02M FeXS04)3
H2504+ 0.05M FeXS04).
H2504+ 01 M FeXS043

H2504+ 0.0U1 Ce(S04)2
H,S04+ 0.02M Ce(S042
H2504+ 01 M Ce(S042

H2504+ 0.02/T7 K3e(CN)c
H2504+ 0.05IH K3Fe(CN)6
H2504+ 0.1 M K3Fe(CN)6

H2504+ 0.004M KMnO04
H2504+ 0.01 M KMno04
H2504+ 0.02 M KMno04

H204+ 0.02M K2Xr,0,
H2504+ 0.06M K2Cr,
H2S04+ 01 M K2rD07

H2504+ 1% H2 2
H2S04+ 2% H2,
H2504+ 4% H2 2

B - 0.IN HclI

0.IN HCI+ 0.05 M c2or «
0.1JV HCI + 0.075M C204 -
01JV HCl+ 01 M c204 -

Structure (B)
A - OAN ILSO4

01N H2504+ 0.05M Fe,(S
O.livV HXS04+ 01 M FeXS
01N H2S04+ 02 M Fe,(S

Table 1

04)3
043
04)3

O.iV HS04+ 0.01M Ce(S04)2
O.iV HS04+ 0.02M Cc(S04)2
O.liV HS04+ 0.1 M Ce(S04)2

M(MALCT)

250

320
450
550

350
450
650

450
600
750

300
350
400

150
150
150

50
100
150

250

400
600
700

700
1200
1700
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Table I (Continued)

Oxidizing or
reducing agent

01V HZS04+ 0.0217T K Fe(CN)6
0AN HS04+ 0.1 M KFe(CN)6
0.1V HS04+ 01 M K3Fe(CN),

0.IN H2504+ 01 M K2Xr07
0.IN H204+ 0.15M K2Xr07
0.IN H2504+ 02 M K2Xr07

0.1V HZX04+ 2% HD 2
OUTr H2S04+ 4% H202
0.IN H2S04+ 5% H20 2

0.IN H204+ 0.01M KMn04
0.IN H2S04+ 0.02M KMn04

B - 0.1N HCI

0.IN HCI + 0.03M CX --
0.1JV HCl + 0.05M C20 4-
0.1V HCI + 0.075 M C2j-
0.IN HCI+ 0.1 M Ca0 j-

6(pV cral)

1200
1200
1200

500
500
500

6400
5600
5000

400
500

i,,(iAlem)

700
2600
8100

3500
4500
5500

150
100
50

350
400

30

1000
800
600
400

Fig. 6. E/l Curves for InSbh(lll) in H2S04 + K3[Fe(CN)f]
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Fig. 7. E/I Curves for InSb(lIl) in 0.1IN H2S04+ H2 2

However, the variation of dissolution rate of the electrode surface
depends mainly on the type of its surface orientation [4, 7]. This means that
the unit cell with group ¥ atoms at the origin have a tendency to be dissolved
faster than those consisting of group 11l atoms. This conclusion was arrived
at by Faust and Sagar [5], Gatos [7] and others [7] from X-ray evidence.

The mechanism in these redox systems could be explained by assuming
that large numbers of electrons and holes are produced at the surface of the
electrode during chemical anodization processes. The only cathode reaction
at potentials less than 1Y vs. the hydrogen electrode can be explained by the
processes

Fe3+ —»Fe2+ -j- p+
Cr8+ -v Cr3+ + 3p+
Ce4+ —» Ce2+ + 3p+

These ions are reduced with the injection of hole into the indium antimonide
surface. Thus the limiting saturation current ic is reached when these ions are
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reduced as fast as they arrive at the surface by mass transport. If Sh.,03is
cathodically reduced in the presence ofthese redox systems, the reaction at the
cathode sites of the (lll)single crystal surface is

Sh,03+ H2 + 3np+ -* 2Sh3++ 6e- + 2H+ + (3- n)e.

In highly oxidizing redox systems, it is expected that the Fermi level on
the surface is near the valence hand and the concentration of holes at the
surface is much higher than that of free electrons. Hence the exchange of
holes should be predominating.

Hole reactions are produced on applying redox systems with very positive
potentials where reactions take place by way of the valence band mechanism.

This is pronounced in the reduction of K3[Fe(CN)6] where the cathodic
(ic) and anodic (iA) limiting currents increase with the concentration of the
oxidizing agent in these solution. It is observed that after the addition of the
oxidizing agent to the solutions, there is again a shift of the rest potential in
the positive direction to ~0.1 Y.

During the oxidation of oxalate or hydrogen peroxide, the cathodic
limiting current decreases. The redox systems appear to he unique in that the
electron transfer mechanism involves the conduction band electrons.

Redox measurements in light

Indium antimonide is characterized by a relatively low concentration of
holes. This is noted when comparing the increase of iA or ic during anodic or
cathodic process inthe presence of a redox system. However, the anodic current
can he increased by providing additional holes at the surface as a result of
illuminating the semiconductor.

In the luminescence measurements, an a.c. voltage was applied to obtain
a modulated light emission. A mercury lamp was used with 5461 A. Indium
antimonide of structure A was chosen for these measurements. Typical E-I
curves are obtained with the indium antimonide single crystal (I11) electrodes
under illumination in sulfuric acid and ferric sulfate (Fig. 9) and in hydro-
chloric acid and ferric chloride (Fig. 10). For comparison the curves measured
in the dark under the same experimental conditions are also given. Figures 11,
12 and 13 show the indium antimonide single crystal electrodes under illumi-
nation in different redox systems.

For all oxidizing agents the current depends upon the illumination, i.e.,
the conduction electrons are consumed at the surface. Upon illumination, the
photogenerated holes move to the surface and react with the components of
the solution and the corresponding anodic current is obtained. The limiting
current density is greater than that obtained in the dark. The anodic current
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Fig. 9. E/I Curves for InSb(lIl) in 0.1M FeXS043+ 011VH2504

Fig. 10. E/I Curves for InSb(Ill) in 0.25M FeCI3+ O.liV HC1

density observed is the difference between the enhanced anodic dissolution
current density and the reduction saturation current. The anodic dissolution is
increased as holes are injected into the valence band by illumination. This
affects not only the average hole participation factor but also the increase of
the anodic limiting current density. This increase is altered to different degrees
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Fig. 11. E/I Curves for InSb(lll) in 0.02M Ce4+ + O.liV H2S04

Fig. 12. E/I Curves for InSb(lll) in 0.02M KMn04+ O.liV H2504

with various oxidizing agents used. In the potential range where the cathodic
current is decreasing (—1.0 — +0.2 V), the reduction rate is lower than in the
saturation region. This result is different from that obtained in the dark. On
all curves a distinct increase in iA is obtained, i.e., alower dark current and a
higher photocurrent are observed (Table 11).

Acta Chim. (Budapest) 83, 1974



SALEM, ISMAIL: POLARIZATION OF THE INDIUM ANTIMONIDE ELECTRODE 257

Fig. 13. E/lI Curves for InSb(lIl) in 0.02M K2Cr20 7+ 011V H2504

Table 1M
Oxidizing or reducing UIrA/cm™) 9—\%<A1cm>) ‘c(fiAcT™) ie (fia/cm*)
agent Light ark Light Dark
0.IN HX04+ 01 M Fe2S042 +800 +500 -2000 -1500
O.liV H2504+ 0.02M Ce(S042 +550 +450 - 900 — 500
0.1lV H2504+ 0.0217 KMn04 +500 +250 -1850 —1000
0.1N H2504+ 0.02M K2Cr2, + 150 + 50 -1000 — 700
0.1V HC1 + FeClI3 — — — 700 — 500

On the basis of this study, one can suggest that excess carriers may be

generated optically by using a beam of light to give a sharp boundary in the
re-type indium antimonide material or, in other words, illumination is useful

in

T.
A.

the application of carrier injection into an re-type semiconductor electrode.
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The metal chelates of Pd(I1), Pt(1V), Au(lll) and Bi(lll) formed with L-aspara-
gine and L-glutamine have been studied potentiometrically and their stepwise stability
constants are repeated.

In earlier communications we reported the stability constants of some
bivalent metal ion chelates of L-glutamine [1] and V(FV), Mo(VI) and W (VI)
chelates of L-asparagine and L-glutamine [2]. Their formation was studied
potentiometrically by Irving and Rossotti’s method [3]. This paper describes
the results of a similar study of Pd(Il), Pt(1V), Au(lll) and Bi(lll) chelates
formed with L-asparagine and L-glutamine.

Materials used: Palladium(Il) chloride (Chempure), platinum(IV) chloride (Sisco),
gold(Il1) chloride (Sisco), bismuth nitrate (B.D.H. AnalaR). Solutions of palladium, platinum
and gold were standardized gravimetrically [4]; palladium as dimethylglyoxime complex,
and platinum and gold as metals. Bismuth was determined by EDTA titration [5]. Other
reagents, apparatus and procedure have been described earlier [1].

Results and discussion

The protonation constants are log KX4 8.70, log Ji2H 2.16 for L-aspara-
gine and log KjH 8.90, log K2H 2.21 for L-glutamine.

The pH titrations (Figs 1 and 2) reveal that in Bi(lll)-asparagine or
glutamine systems a precipitate appears above pH 5.0, but in other cases the
solutions remain clear throughout. Further in Pd(ll)-asparagine system the
titration curve first shows an inflexion at m = 2 (pH ~ 5) and then a buffer
region from m — 2 to m = 4 (pH 55—8.0) whereas in Pd(ll)-glutamine
system the first inflexion observed at m = 2 occurs in pH 4—7 region and
beyond that it shows a buffer region in pH 7—8.5 range. It thus indicates that
in the higher pH region some hydroxochelates may also he formed. Similarly
with Au(lll) systems the first inflexion occurs at m = 3 (pH ~ 5) and then
there is another buffer region from m = 3to m = 4 (pH range 5—8) indicating
the addition of an extra OH- ligand to the gold chelate.

* Postal address: Dr. M. N. Srivastava, 266 (Near Distillery), Mumfordganj, Allahabad
211002 (India).
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Fig. 1. pH Titration curves for Pd(ll), Pt(IV), Au(lll) and Bi(lll) chelates of L-asparagine
A 0,0,1 M NaC104 -f- 0.004M HC104 All metal cone. 0.001M. B x A +0.004M L-asparagine.
C A Pd(ll); D « Pt(lV), E A Au(lll): F O Bi(lll) (----- indicates precipitation)

NaOH added

Fig. 2. pH Titration curves for Pd(Il), Pt(1Y), Au(lll) and Bi(lll) chelates of L-glutamine.
A o 0.1M NaC104-f- 0.004M HC104. All metal cone. 0.001M. B x A + 0.004M L-glutamine.
C A Pd(Il); D « Pt(lY); E A Au(lll); F o Bi(lll) (----- indicates precipitation)
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Fig. 3. Formation curves for L-asparaginate chelates. A Pd(l1); APt(IV); cAu(lll); m Bi(lll)

Fig. 4. Formation curves for L-glutaminate chelates. A Pd(l1); APt(IV); « Au(lll); m Bi(lll)

Figures 3 and 4 contain the formation curves (n vs. pb) of the metal
chelates formed with L-asparagine and L-glutamine, respectively. The pH
ranges employed for n calculations are given in Tables | and IIl. It is observed
that for Pd(lIl) and Pt(lY) chelates N = 2, whereas for Au(lll) chelates
N = 3. In Bi(lll) systems, before the precipitation point, n approaches a
maximum value of approximately 2. However in Pd(ll) and Bi(lll) systems,
it is quite probable that at lower pH values (1.9—2.5) the complexes formed
may be protonated ones, since in that region the ligand species are also proto-
nated as H2L+, and the relative displacements in the complex and ligand
titration curves are not more than one equivalent of alkali.
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Table |

Stability constants of palladium (Il), platinum (1V) and bismuth(Ill) chelates,
formed with ~-asparagine and 1,-glutamine

(Temp. 25°C, p 0.1 M NaC104)

Metal pH range -Asparagine L-Glutamine
ion . Method . .
calculations logk, loglf, log&. logic, logic, log B3t
Pd(ii) 2.2—5.0 Half n values 930 8.35 - 9.20 825 -
Correction term
method 922 845 1767 9.08 832 17.40
Successive approxima-
tion method 9.15 850 1765 9.10 8.35 17.45
Pt(1V) 2.8—86 Half h values 805 350 1155 730 3.10 10.40
By interpolation at
various n values 7.98 3.52 1150 731 3.5 10.46
Bi(IH) 19—4.0 Half h values 9.85 8.80 — 9.85  8.40 —
Correction term
method 9.78 8.89 — 9.83 830 —
Successive approxima-
tion method 9.76  8.88 - 981 8.44 —
Table 11

Stability constants of Au(Ill) chelates formed with l.-asparagine and 1,-glutamine

(Temp. 25°C, p 0.1 M NaC104)

pH range L-Asparagine L-Glutamine

for n Method
calculations logic, logX, logic, log/3. logic, hg«, logx, log A
25—5.0 Half n values 9.00 8.25 7.50 9.00 8.25 7.45 —

Successive approx-
imation method 8.88 814 760 24.62 8.88 813 7.58 24.59

Further in Bi(lll) systems, since n approaches a maximum value of 2.2
before precipitation starts, it was considered desirable to determine its stoichi-
ometry working at different metal-ligand ratios. Potentiometrie titrations
reveal that when Bi(lll) : ligand ratio is 1 :1 the first inflexion occurs at
<-"1.8 m, which is further displaced towards 2m in 1 : 2 Bi(lll) : ligand system,
and occurs at 2 m when Bi(lll) :ligand ratio is 1 : 2.5 or more as in 1 : 3, and
1:4 systems. It thus indicates that for the first inflexion to occur (pH range
4—7) at most two equivalents of alkali are consumed in all cases. Thus the
reactions may be explained in the following way.

In 1 :1 system, with insufficient amount of ligand, the addition of the
ligand and one OH occurs almost simultaneously to result in a hydroxochelate
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[BIiL(OH)]+ which may further polymerize, whereas at higher ligand ratios
as 1:2, 1:25 etc., primarily first a [Bi L2]+ chelate is formed in two over-
lapping steps, which of course at higher pH values can further take up OH -
ions to form a hydroxochelate. Moreover, since Bi(lll) is much prone to
hydrolysis, its effects can not be ruled out. It appears that above pH 4 even
[Bi L2+ may undergo hydrolysis, and consequent solation and polymerization
reactions.
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The possibilities of utilizing tungsten oxide catalysts activated with noble metal
additives were analyzed.

It was found that tungsten oxide containing a small amount of platinum or
palladium can be well applied in the hydrogenation of various organic compounds.

It is known from the literature that certain research workers correlate
the catalytic effect of tungsten carbide with the oxide layer developing on its
surface. For example, Voorhies [1] conceives an oxidation process on the
tungsten carbide surface:

WC + 5H20 — W03+ C02+ 10H+ + 10e- 1)

followed by the formation of a “surface hydrogen tungsten bronze” in a sub-
sequent reduction:
W03+ xH+ + xe- -* HxWO03 )

where the value of x may be between 0.1 and 0.5.

W ith the above processes, however, it is still not possible to explain the
mechanism of ionization of molecular hydrogen on tungsten carbide, since here
it is merely a matter of an electrochemical process between tungsten oxide and
the hydrogen ion. No reference was found in the literature, suggesting the
conversion of tungsten oxide to hydrogen tungsten bronze on the action of
gaseous hydrogen. Our own experiments also showed that tungsten oxide
does not take up hydrogen in acidic solution.

Sandstede et al. [2] similarly observed that tungsten carbide is ac-
tivated at a positive potential,but only in the case ofsome oxidizablc substance,
such as hydrogen, being present in the solution. In such a case, two types of
tungsten oxide are formed, one inactive and one active. This latter is pre-
sumably able to activate hydrogen. Accordingly, the following equations can
he given formally:

W03+ -~-H2"H xwo03 3)

1V)

HxW 03" WO* + xW+ + xe- (4)
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where WO™* denotes the at present unidentified active tungsten oxide. It must
be emphasized that equation (2) differs from (4) in that the latter is a reversible
process, while on the electrochemical oxidation of hydrogen tungsten bronze a
compound is formed which can be reconverted with molecular hydrogen to
hydrogen tungsten bronze.

Preparation of hydrogen tungsten bronze

Hydrogen tungsten bronze can be prepared “pure” independently of the
tungsten carbide. If tungsten oxide is brought into contact with gaseous
hydrogen in the presence of a relatively small amount of platinum, then the
hydrogen undergoing dissociative adsorption on the platinum is capable of

Fig. 1. Reduction oftungsten oxide on addition of ] mI H 2PtCIGsolution containing 1 mg Pt/m |
(1 g W03 2N H2504, 80°C)

penetrating into the oxide lattice through the metal oxide interface [3—6].
This means that the platinum-containing tungsten oxide is able to take up
such an amount of hydrogen from the gas that x in the formula HxW 03 be
0.1 <7 x <7 0.5. When the earlier considerations are taken into account, it can
be seen that the compound prepared in this way can in all probability be
utilized to effect in the anodic oxidation of hydrogen, as has been confirmed
in the recent investigations by Hobbs and Tseung [7].

Hydrogen tungsten bronze was prepared in the foliowing way. One
gtungsten oxidein 20 mI2 N H 2S04solution at 80°C was saturated with hydro-
gen in a hydrogenation vessel. Subsequently,! ml H 2PtCl6solution containing
1 mg Pt/ml was added to the system, and shaken vigorously. The hydrogen
uptake curve is shown in Fig. 1. In the course of the reduction the initially
yellow slurry becomes greenish, and later, on the completion of the uptake of
hydrogen, a deep-blue (tungsten blue).

From Fig. 1itis possible to estimate the quantity of hydrogen absorbed,
and thus the composition of the hydrogen tungsten bronze. If the initial
volume increase, resulting from the temperature and vapour pressure equali-
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zation, is corrected then the hydrogen consumption involved is about 7—8 ml,
i.e., ca. 300 ,mTole. Compared to this, it is possible to neglect the amount of
hydrogen necessary for the reduction of the 1 mg platinum, roughly 5 pmole,
and for any adsorption on the monomolecular Pt layer. Calculation shows the
value of x in the formula HxW 03to be about 0.15 in our experiment, which is
in good agreement with the value of 0.13 found by Hobbs and Tseung [6]
for a platinum content of 0.1%.

In so far as the role of the platinum here was simply to activate the
hydrogen, then this can be performed with other noble metals too. The above
experiment was carried out with a PdCI2 solution of similar concentration in
place of the H 2PtCle solution. The same phenomena could be observed in the
course of the experiment as in the case of platinum.

Hydrogenation in presence of platinized tungsten oxide

If the processes of equations (3) and (4) can really be achieved, i.e., if the
oxide formed on the electrochemical reduction of hydrogen tungsten bronze
can be reconverted on the action of gaseous hydrogen, then the hydrogen
tungsten bronze can be used as a catalyst for the hydrogenation of compounds
reduced according to the electrochemical mechanism.

Our experiments were performed with tungsten blue formed on the
reduction of tungsten oxide containing a small amount (0.1%) of platinum or
palladium. The investigations revealed that its blue colour is lost on the action
of Fe3+, nitrobenzene, p-nitrophenol and p-nitrocinnamic acid, and the oxi-
dation of the hound or adsorbed hydrogen is indicated by a greenish or
yellowish-green colour. A similar phenomenon can also be observed on the
action of air. If the compound stands in air for a prolonged period, or is shaken
in the hot solution in the presence of air, its entire hydrogen content can be
oxidized. After the removal or consumption of the oxidant, both the completely
oxidized tungsten blue and that containing noble metal only partially oxidized
by the organic compounds can be reduced by gaseous hydrogen, and thus the
process is reversible.

A study was also made of the possibility of hydrogenation of various
organic compounds in the presence of platinized or palladized tungsten oxide.
A typical hydrogenation curve is presented in Fig. 2. The Figure shows that,
similarly as in the presence of tungsten carbide [8-10], the rate of hydro-
genation is practically constant throughout the entire course of the reaction, a
rate decrease being observed only on the completion of the reaction. The
quantity of hydrogen taken up indicates that only the nitro group is reduced.
Compared to tungsten carbide, however, there is a difference in the hydro-
genation of compounds containing double bonds. The hydrogen-uptake curve
for p-nitrocinnamic acid is shown in Fig. 3. It can he seen that although the
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g, catalyst

Fig. 2. Typical hydrogen uptake curve
(1gWO03+ 1mg Pd, 2N H2504, 80°C, 0.2 g p-nitrophenol)

2 QS WS N— 1 L-
40 50 60 70 80 90
t,°C

Fig. 3. Hydrogenation of p-nitrocinnamic acid on tungsten blue
(1 gwo03+ 1 mg Pd, 2N H2504, 80 °C)
nH2Zns = N°. of moles of hydrogen taken up/No. of moles or org. compd. taken

aromatic ring cannot be hydrogenated, besides the three moles of hydrogen
required for the nitro group a fourth mole of hydrogen is consumed by the
double bond. A further examination was made of the hydrogenation of maleic
acid on tungsten oxide containing 0.1% palladium. The experiments showed
that although the initial rate of hydrogenation is perhaps not significantly less
than the value found for the nitro compounds, the rate at first decreases very
rapidly, and later too very perceptibly. The poisoning or aging of the catalyst is
indicated by the fact that if some nitro compound is added to the system after
the maleic acid, although arate increase can be observed, the rate found with the
nitro compounds can no longer be approached.

The temperature dependence of the rate of hydrogenation of p-nitro-
phenol on tungsten blue prepared by reduction of palladized tungsten oxide
is presented in Figure 4. The rate decrease observed at higher temperature can
be explained by the decrease of the partial pressure of the hydrogen, as treated
in detail in the case of tungsten carbide [10].
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Fig. 4. Temperature-dependence of rate of hydrogenation
(1 g W03+ 1 mg Pd, 2N H 2504, p-nitrophenol, 80°C)

0 50 100 0 50 100 150
t,min t,min

Fig. 5. Hydrogen uptake on W 03containing 1% Pd (1 g W 03 -f- 10 mg Pd, 2V H jSOj, 80°C).
(a) reduction of tungsten oxide; (b) reduction of p-nitrophenol

Some informatory experiments were also carried out using tungsten oxide
with a higher noble metal content. The catalytic activity of the tungsten blue
appears to he nearly proportional to the amount of noble metal taken up-
Proof of this is given in Fig. 5.0ne ml palladium chloride solution with a con.
centration of 10 mg Pd/m| was added to 1 gtungsten oxide in 20 ml 2 N H2504
solution at 80°C. The first part ofthe Figure gives the rate of uptake of hydro-
gen as a function of the amount of hydrogen taken up. (From the amount of
hydrogen absorbed, the value of x is obtained as ca. 0.3). After a considerable
decrease in the rate of hydrogen uptake, p-nitrophenol was added to the
system (indicated by an arrow). The rate maximum observed in the prep-
aration of tungsten blue was then again attained.

Acta Chim. (Budapest) 83, 1974



270 VERTES, HORANYI: POSSIBILITIES OF USE OF TUNGSTEN OXIDE

Discussion

It was established in the experiments that tungsten oxide containing a
small amount of noble metal can well be used for the hydrogenation of various
organic compounds. The data presented to date permit the following con-
clusions as regards the mechanism of the hydrogenation.

The experiment illustrated in Fig. 5 clearly indicates that a transport
process cannot play a rate-controlling role in the hydrogen uptake rate of ca.
50 ml/hour observed for tungsten oxide containing 0.1% of noble metal, for
a rate larger by one order of magnitude can also be achieved under completely
identical conditions.

The hydrogenation of unsaturated compounds too can be achieved on
tungsten blue containing noble metal. This observation shows that, in contrast
with tungsten carbide, the adsorption of the unsaturated compounds takes
place to at least a certain extent on the surface. A difference from platinum,
however, is that the aromatic ring is not hydrogenated, and thus its adsorption
is presumably different from the simple double-bond adsorption. The appre-
ciable rate decrease observed on the hydrogenation of maleic acid indicates
that the catalytically active sites are relatively quickly poisoned. This can he
conceived, for instance, in that these active sites on which the unsaturated
compound may be adsorbed consist of noble metal bound on the surface of the
tungsten oxide. The reaction initially proceeds fairly rapidly on the still clean
noble metal surface, but later, as a result of the adsorption various molecular
fragments and possibly polymers are formed on the surface, and these soon
cover the comparatively small active surface available.

Further investigations are required to extend the utilizability of catalysts
containing a small amount of noble metal, to clarify in greater detail their
mechanisms of action, and to confirm our assumptions. These will be reported
in a subsequent paper.
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The electronic absorption spectra of purpurin and quinalizarin were studied in
both water and water—erganic solvent mixtures at different pH’s. The solvents used
include methanol, ethanol, ethylene glycol, glycerol and acetone. The effect of solvent
polarity on the hand position is discussed. The pK values have been determined for
different equilibria and are discussed in relation to the nature and amount of the organic
solvent. The pK, and pK 2 values for both compounds decrease with increasing pro-
portion of ethylene glycol or glycerol but increase with increasing amount of methanol,
ethanol or acetone.

Introduction

Purpurin (1,2,3-trihydroxyanthraquinone) and quinalizarin (1,2,5,8-
tetrahydroxyanthraquinone) are known as histological reagents and chelating
agents in analytical chemistry. The spectra of these compounds in buffer
solutions and in some organic solvents were previously studied [1—4]. The
present work deals with the effect of pH on the electronic absorption spectra
in the presence of organic solvents. The pK values have been determined and
will be discussed with reference to the nature of the medium used.

Experimental

The solid materials (AR or CP grade) were obtained from commercial sources (E. Merck
or B.D.H.). 10~3M solutions of the anthraquinone derivatives were prepared by dissolving the
appropriate amount of the solid in 0.1M NaOH. More dilute solutions were prepared by
accurate dilution. The pH was adjusted by the modified universal buffer series of Britton
[5] which also served as supporting electrolyte. The organic solvents were purified by re-
commended procedures [6].

The absorption spectra were recorded on a UNICAM SP 500 Spectrophotometer
at the wavelength range of 320—700 nm, using matched 1cm silica cells. The pH measu-
rements were carried out with a Radiometer pH-meter (Model 28bM) accurate to within
+0.05 pH units. All pH and spectral measurements were carried out at room temperature
(—25 °C).

Results and discussion
The spectral behaviour of purpurin and quinalizarin in aqueous buffer
solutions was studied by lIssaand Zewail [3], who found that only two equi-
* Present Adress: Chemistry Department, Faculty of Science, Tanta, Egypt.
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libria existed forthese compounds. The spectral behaviour was discussed with
reference to the different species that may exist in solution. It seemed of
interest to determine the first and second dissociation constants of the two
compounds in water and to compare them with the values obtained in media
containing organic solvents.

I. Purpurin

The spectra of purpurin solutions of constant concentration, recorded as
a function of the pH and in the presence of various amounts of different
organic solvents consist of three bands. The position of the bands is mainly
affected by the pH and to some extent by the nature and amount of the
solvent added. The first band with a maximum at about 400 nm is presumably
due to the neutral molecule.

This band increases in intensity upon increasing the pH to 8. At higher
pH’s, the band decreases and shifts to the red. The absorption at this wave-
length is mostly higher than at other bands. As the ionization of purpurin
proceeds, the asymmetry or splitting of the bands becomes quite apparent. The
different organic solvents cause various changes in the absorbance of the
divalent anions, and the corresponding /max is affected by the nature and
amount of the solvent added.

The second ionization step of purpurin starts atthe pH range of 10—11 in
all the mixtures investigated. Under such conditions the spectra show strongly
overlapping and asymmetrical bands presumably as a result of the existence
of various species. In solutions containing <~4—40% (by weight) of the dif-
ferent solvents, the absorbance vs. pH curves obtained at selected wavelenghts
are similar in character and show two apparent staps. The absorbance in-
creases with the pH up to 8—10 and then decreases rapidly at higher pH s,
owing to the formation of divalent anions. The absorbance vs. pH plots ob-
tained at 550 nm exhibit a continuous increase with the pH and show two
inflections indicating two equilibria:

H3A ~ HZA- + H+
HjA- "=+ HA --+ H+

The separation of the two stages is sharper at high concentrations of

glycerol or ethylene glycol but appears to be poor in solutions containing
methanol or ethanol.

The pK1land pK 2 values of the two equilibria were evaluated by the
following methods:

a) Modified Coltetek method [7, 8], whereby the dissociation constant
(K) can be determined from the relation:
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K [H+]2— M [H+]3
M — |
M 1A3-A N [H+]r— [H +]2

u -n [H+]x - [H+]3
where

Ax A 2and A 3are absorbance values at [H +]x [H+]2and [H +]3.

Absorption spectra of purpurin and quinalizarin m water-organic solvent mixtures

A-Purpurin in solutions containing 33.63V. EtOH

B-Quinalizarin - 32.23V. ethylene

glycol
C-Purpurin 24.02 V. glycerol
D'Quinalizarin 7.77V. EtOH
E- Quinalizarin 24.02Vv* glycerol
o
fe
©
2
(=]
w
Qo
<

Fig. 1
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b) Limiting absorbance method [9] according to which:
A
pH = (pK + logy) + log —-------- -
Al— A
where A lis the limiting absorbance, A is the absorbance at at given pH and
y is the activity coefficient of the ionic form.
Thus the pK can be determined from the plot of log AJ{Al — A) against
the pH.
The mean values of pK 1and pK2in the presence of various amounts of
organic solvents are listed in Table I.

Table 1

Mean values of pK I and pK% for purpurin (10~* M) and quinalizarin (4 xI0~5M)
in water-organic solvent mixtures

Organic solvent oofo o$>>e{r.1)|c Cg)rizltgcnttri%f Purpurin Quinalizarin

mixed solvgent the medium pKx pKT PK, pKT

4.1 79.8 6.33 11.3 8.3 9.32

8.2 78.12 6.85 10.84 7.32 9.45

Methanol 16.6 74.96 7.25 10.92 8.06 10.1
25.1 71.47 7.28 11.08 8.4 10.3

34.7 67.71 7.17 11.42 8.45 10.4
3.9 77.5 6.32 11.1 6.71 9.65

7.8 76.6 6.34 10.23 6.42 9.59

Ethanol 15.9 74.7 6.57 10.25 6.64 9.82
24.6 72.7 6.6 10.7 6.65 10.16
33.6 68.7 6.89 10.82 6.8 10.58

4.1 80.13 5.95 10.3 7.68 9.28

Acetone 7.1 79.28 6.2 10.45 7.88 9.45
16.6 77.49 6.65 10.65 8.28 10.1

25.5 75.41 8.0 11.15 9.05 10.86
5.6 80.22 6.7 10.7 8.65 9.96

11.0 79.47 6.52 10.5 7.12 9.75
Ethylene glycol 21.7 77.92 5.65 10.15 6.95 9.54
32.2 76.12 5.55 9.4 6.82 9.13
42.5 73.91 5.15 9.1 6.85 8.66
6.3 81.06 6.85 11.06 8.29 9.52
12.3 80.02 6.72 11.0 8.1 9.32

Glycerol 24.6 78.8 6.6 10.65 7.45 9.3
35.2 77.23 6.25 10.45 7.31 8.99

45.8 75.51 6.2 10.08 7.14 8.8

Aqueous medium — 75.5 6.9 11.35 8.89 10.22
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It is apparent that both pK xand pK.j, decrease on increasing the amount
of ethylene glycol or glycerol but increase as the proportion of methyl or
ethyl alcohol is increased. This behaviour indicates that the former solvents
act as acceptors rather than donors and hence cause protonation of the lone
pairs of the OH-groups and facilitate proton dissociation from the hydroxyl
groups. The change in behaviour is due to the differences in structure and
polarity of the solvent molecules mixed with purpurin solutions. The decreasing
ionization in the presence of high proportions of methanol, ethanol or acetone
may be attributed to the blocking of the a-electrons of the carbonyl group by
solvent molecules which renders excitation of the s electrons more difficult,
thus higher pK values are obtained. The displacement of the absorption bands
to shorter wavelengths caused by increasing ethanol, methanol or acetone
concentration at constant pH can he attributed to the decreasing concen-
tration of the ionized forms as a result of association with the solvent molecules.
On the other hand, the bands are shifted to longer wavelengths on mixing
increasing amounts of ethylene glycol and glycerol at any specific pH.

Il. Quinalizarin

W ithin the pH range of 6—8.5, the spectra of quinalizarin exhibit one
nearly symmetrical band with maximum absorption at wavelengths varying
from 470 to 490 nm. The next band with Jirax at 520 nm appears at pH 8.5—9
and is due to the monoanion of the compound. At pH 9.5, the spectrum
reveals two peaks at 540 and 570 nm resulting from absorption by the mono-
and dianion.

In Table | are given the data obtained on mixing a solution of quin-
alizarin, at different pH’s, with various amounts of each of methanol, ethanol,
ethylene glycol, glycerol or acetone. The plots of absorbance vs. pH at specific
wavelengths for some of the solutions are shown in Fig. 2-B.

The curves reveal a more or less pronounced S-shape with a break on the
rising section at a certain pH range which depends on the composition of the
solution.

The pKavalues corresponding to the first and second dissociation steps
of quinalizarin were determined by applying the methods mentioned above.

The effect of different solvents on the pK are similar to that observed in
the case of purpurin and can be explained on the same basis.

Discussion

As the amountoforganic solvent in the medium increases, the pH range
for spectral measurements increases owing to the higher solubility of the un-
charged molecules. This is apparent from the spectra and the absorbance vs.
pH plots shown in Figs 1 and 2.
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Absorbance vs pH relations

Fig. 2

The bands undergo a red shift on increasing the concentration of glycerol
and ethylene glycol. This behaviour depends on solvation effects [10] rather
than the dielectric constant of the medium as shown by the non-linearity of
the v or Amax vs. 1/J9 plots.

The pK values in aqueous solutions are higher than those obtained in
mixed solvents (see Table 1), which thus favour ionization. The rate with which
the ionic forms are produced is influenced by both the nature and amount
of the organic solvent added. The removal of the proton is facilitated by the
increasing amounts of ethylene glycol or glycerol, whereas the increase of
the proportion of alcohol or acetone decreases ionization.
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The change of pK with solvent concentration is due to factors such as
changes in the dielectric constant of the medium, solvolysis of ions and basicity
of the solvent mixture. The variation of pK with dielectric constant (D) in
solvent mixtures is given by the relation [11]

043 Ne2 z,z22 |

pKa= pKO+
RT rn+trz2 D
where: pKa — acid dissociation constant in the solvent mixture;
PKo — acid dissociation constant in pure water;
Zp Z2 — charges carried of the ions involved in the equilibrium;
rvo*2 — radii of the ions involved in the equilibrium.

The plots of pKaagainst 1/i) are, however, not strictly linear except in
a few cases. This indicates that changes in the pKa with the solvent con-
centration, though mainly governed by the dielectric constant, are strongly
influenced by solvent basicities too. The decrease in solvent basicity is quite
apparent with alcohols and acetone and this in turn leads to a decreased
ionization of the OH groups in the compounds investigated. Glycerol and
ethylene glycol, though less basic than water [11], can still solvate the organic
molecules and its ions more strongly than water, thus increasing the solvolysis
constant. This leads to a lower acid dissociation constant in accordance with
the relation:

Kp

1+ KS

where: KD — dissociation constant of the solvated ion pairs;
K's — solvolysis constant.

Accordingly, it seems that the contribution of any single factor to the
total effect on the pKavalues in water-organic solvent mixtures will depend
on the properties of the solvent and solute used.

Correlation of the pK values

The pKxvalues determined for purpurin and quinalizarin indicate that
the latter compound is a stronger acid in all the solvent systems investigated.
This behaviour can be explained in terms of the structure. The first dissociation
step in both compounds will involve the release of a proton from the /5-OH
group since the latter is not liable to participate in hydrogen bonding.

In the case of purpurin, the presence of the other two OH groups on the
same ring carrying the /1-OH group lowers the contribution of this group in
charge donation to the anthraquinone nucleus. Charge migration from the /1-OH
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group through mesomeric interaction with the 9-C= 0 group will be counter-
acted by the OH group in position 4. This occurs by a tautomeric shift of the
type:

The higher charge density on the oxygen atom of the OH group in
purpurin affords stronger bonding of the protons. The opposing effect of the
tautomeric shift is of minor influence in the case of quinalizarin since the a-OH
groups occupy the 1, 5 positions.

The second proton in the case of purpurin is dissociated from an OH
group involved in a stronger H-bonding than that of quinalizarin and hence
the pK 2is higher for the former compound.
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Three new monobasic complex acids: H[Co(DH)ZCN)X] (DH2= dimethyl-
glyoxime, X = CI, Br and 1) were obtained by means of ligand exchange reactions from
the corresponding dihalogeno acids: H[Co(DH)2X 2] and KCN. A number of 18 salts of
these mixed acids were isolated and characterized. pH measurements were performed
in order to test the strength of these acids. Their IR spectra were recorded and dis-
cussed. In aqueous solutions of these complex anions the halide ions are substituted by
water. Kinetics of this aquation process in acidic medium was followed and kinetic
parameters are derived. The mechanism of the aquation was discussed.

Complex compounds of cobalt(lll) with cyano ligands were described
and studied only in a few cases. The well known K3[Co(CN)6] is formed easily
by oxidation of cobalt(ll)-salts in the presence of KCN [1]. The free acid:
H3[Co(CN)6] and some aquocyano acids, as H2[Co(CN)5H 20)] [2],
II[Co(CN)4H20)2] [3] and the halogeno pentacyano-acids 112[Co(CN)5X]
(X = CI, Br, 1) [4] were also isolated and kinetically studied [4 —]. Sub-
stitution reactions of the [Co(CN),(S03)(0H)]4_ anion with CN- and NH3
were investigated by Tewari et al. [8].

The first cyano-complex of the cobalt(lll)-dioximine class, the
K[Co(DH)2(CN)2] «3/2 H20, was described by Maki [9, 10]. In a previous
paper [12] the chemical properties of some analogous derivatives of the acids
H[Co(Diox. H)2ACN)2] (Diox. H 2stands for 1,2-cyclohexanedionedioxime and
1,2-cyclopentanedionedioxime) are reported.

The interest for this class of co-ordination compounds has been increased
after the discovery of the analogy in the structure ofthe B12-vitamine-type
substances and the cyano-dioximine complexes of the trevalent cobalt, which
have similar molecular skeleton [13—15]. Complex compounds of this type are
used actually for the study lin vitro’ of the kinetics and mechanism of different
enzymatic reactions, catalyzed by B12-vitamin derivatives [16, 17].

The strong nucleophilic cyano group easily enters in the inner co-or-
dination sphere of different mixed dioximine chelates of cobalt(lll), as
[Co(Diox. H)2(H20)X] and [Co(Diox. H)2X 2] “ with X = CI, Br, I, etc. We
observed that a large excess of CN - replaces also other neutral ligands, as NH3
and primary amines (aniline derivatives) or pyridine bases. In hot aqueous

Ada Chim. (Budapest) 83, 1974



282 FINTA, VARHELYI: a-DIOXIMINE COMPLEXES OF TRANSITION METALS, XLVII

KCN solutions even the Co-dioxime rings are split and [Co(CN)6]3_ is formed
(e.g. in the case of [Co(DH)2(NH32]+ and [Co(DH)2(aniline),]+).

The substitution reaction of the dihalogeno-acids of the type
H[Co(DH)2X 2] with stoichiometric amount of KCN at room temperature
leads to the formation of mixed cyano-halogeno complexes:

[Co(DH)2X 2]- + CN- = [Co(DH)2CN)X]- + X" . (1)

By using an excess of KCN, the second halide ion is also exchanged and the
dicyano-ion, [Co(DH)2(CN)2]~, is formed.

The free acids H[Co(DH)2(CN)X] can be separated from the aqueous
solutions of their salts with an excess of diluted sulfuric acid.

Table |
Cyano-halogeno complex acids of the type H[Co(DH) 2(CN)X]

Formula Mol. wt. Yield Aspect Analysis
caled. 9 Calcd. Found
H[Co(DH),(CN)CI] m1H2 369.6 60 Irregular yellow Co 15.94 15.84
plates N 18.95 18.70
H[Co(DH),(CN)Br] «2H,0 432.1 70 Irregular brown- Co 13.64 13.42
yellow plates N 16.20 16.35
H[Co(DH)ZACN)I] «2H,0 479.1 80 Sparkling brown-  Co 12.30 12.20
yellow hexagonal N 14.62 14.53
plates

DH = C4H ,N,02

Like other [Co(DH)2XY] “-type anions, the cyano-halogeno complexes
readily form slightly soluble precipitates with monovalent ions as Cs+, T1+,
Cu+, Ag+ and Hg2+, and with diacido-tetramine type complexes of cobalt(lll)
and chromium(lIl), as [Me(NH34X 2]+, [Me(en)2X 2]+, [Me(pn)2X 2]+ (‘ciT
and ‘pn’ are ethylenediamine and 1,2-propylenediamine, respectively). In
aqueous suspensions, at higher temperatures, Ag+- and Hg2+-ions decompose
them by the separation of the corresponding metal halides. One cannot per-
form double decomposition reactions with hexamine- and mono-acido-pent-
amine type complexes, as [Me(NH?36]3+, [Me(en)3]3+, [Me(NH35H20)]3+,
[Me(NH3)5X ]2+, [Me(en)2X(amine)]z+, etc.

Like other [Co(Diox. H)2XY ]~ anions, the cyano-halogeno complexes
readily form [Co(Diox. H)2(amine)2][Co(DH)2(CN)X] type binary salts.
(Diox. H 2stands for a molecule ofcyclopentane-, cyclohexane- or cycloheptane-
dione-dioxime, dimethylglyoxime or diaminoglyoxime, respectively, ‘amine’ is
ammonia, aromatic amines or pyridine bases.)
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Cobaltfl11)- and chromium (111)-amine derivatives of the [Co(DH)2(CN)X]

Formula

Irans-[Co(en)2CI2] -
[Co(DH)2ACN)C1]

trans-[Co(en)2CI2] *
[Co(DII)2ACN)Br]

trans-[Co(en)Cl,] -
[Co(DH)2ZCN)I]

trans-[Co(pn)2CI2Z] -
[Co(DH)2CN)I]

trans- fCr(en)o(NCS)o] *
[Co(DH)2ACN)C1] “

Irans-[Cr(en)ANCS)2]
[Co(DH)2CN)Br]

Ir<ms-[Cr(en)2NCS)2 -
[Co(DH)2ACN)I]

[Co(DH)2/S-naphtylamine)2] -
[Co(DH)2ACN)C1]

[Co(DH)Z(/5-naphtylamine)o] -
]Co(DH)2CN)Br]

[Co(DH)Z/i-naphtylamine),,| -
[Co(DH)2CN)I]

[Co(DH).,(p-phenetidine).,] -
[Co(DH)2CN)Br]

[Co(DH).,(m-xylidine)2] -
[Co(DH)ZACN)Br]

[Co(DH)Zpyridine),,] -
[Co(DII),(CN)CI] *

[Co(DH)Zpyridine)2]
[Co(DH).,(CN)Br]

[Co(DH).>(pyridine)o] <
[Co(DH)2ACN)I]

[Co(pyridine)4ClZ]
[Co(DH)2ACN)C1]

[Co(pyridine),CI2] «
[Co(DH)2CN)Br]

[Co(pyridine)4ClZ] -
[Co(DH)2CN)I]

Table 11

Mol. wt.
ealed.

600.5

644.9

691.9

720.2

638.8

683.3

730.2

926.1

970.1

1017.6

958.5

926.4

798

842.4

889.4

796.9

841.3

888.3

Yield
(%)

40

45

55

50

60

65

70

80

85

90

60

65

60

60

70

80

80

Aspect

Brown, long
thin needles

green-yellow
long plates

long brown
prisms

sparkling,
brown rhomb,
plates

brown-yellow
microcryst.

brown-yellow
irregular
plates

brown, long
needles

brilliant, brown
irregular
plates

brown, irregu-
lar sparkling
dendrites

brown den-
drites

brown prisms

brown needles

short, brown
prisms

brilliant
rhomb, plates

brown micro-
cryst.

yellow-green
plates

brilliant, yel-
low dendrites

brilliant, brown
dendrites
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ions
Analysis
Calcd. Found
Co 19.63 19.35
N 29.98 20.61
Co 18.28 18.60
Co 17.04 17.23
Co 16.37 16.19
N 17.50 17.26
1/3C0104 -1/2Cr203
24.46 24.23
N 24.10 23.85
1/3CoD 4 -1/2CrD3
22.87 22.60
N 2254 22.70
1/3 Co..0, - 1/2CrD3
21.40 21.60
N 21.09 20.74
Co 12.73 12.55
N 16.63 16.47
Co 12.14 12.06
Co 11.58 11.65
N 15.13 15.37
Co 12.30 12.08
N 16.06 16.29
Co 12.73 12.90
Co 14.77 14.59
N 18.28 18.44
Co 13.99 13.69
Co 13.25 13.21
Co 14.86 14.77
Co 13.69 13.79
Co 13.27 13.17
N 14.18 14.33
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Fig. 1. IR spectra of the H[Co(DH)2ZCN)C1] and H[Co(DH)ZACN)Br] acids

The IR spectrum of the H[Co(DH)2CN)C1] «H2 and H[Co(DH)2
(CN)Br] «2 H2 comp]ex acids (see Fig. 1) shows the presence of strong intra-
molecularO H = ----——-- O hydrogen bridges (vO—H: 2350—2400 cm-1 (weak),
<30—H: 1740—1760 and 1720 cm-1 (weak)), similar to those observed in the
case of other bis-dimethylglyoxime cobalt(lll)-complexes, as H[Co(DH)2X 2]
or [Co(DH)2(amine)2]X. These hydrogen bridges stabilize the coplanar Co(DH)2
ring system, i.e., the itrans>configuration of the complexes of this type and
therefore ligand exchange reactions occur with retention of their configuration.

The rC= N vibrations of the co-ordinated oxime groups have been found
at 1575 and 1565 cm-1 (medium). This hand is situated at 1620—1640 cm-1 in
the spectrum of the non-co-ordinated dimethylglyoxime.

The two strong bands at 1085—1090 and 1241 cm-1, respectively,
belong to the rN-0 valence vibrations, namely the former to the ionized, the
latter to the non-ionized N—OH group of dimethylglyoxime.

The j>C= N valence vibrations of the co-ordinated cyano group appear at
2155—2158 cm-1 (strong). This absorption band can be observed in the case
of the free CN~ ion at 2080 cm-1 (in KCN). The shift of the cyano stretching
vibrations to higher wave numbers can be explained on the basis of the res-
onance theory. Thus, for the free CN*“ ion, the following resonance structures
are available:

:0=N: —» :C=N: areavailables:
a) b)
The corresponding structures for the coordinated CN~ are:
Me—C=N: Me+=C =N f
c) d)
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The formula (b) can be more probable for the free CN-, while the structure (d)
can be assumed for the complex-bonded cyano group [18—20].

Other absorption bands of the CN group appear in the 100—500 cm-1
wave-number range. The vCo—C stretching vibrations have been found at 490
cm-1 (medium) and 465 cm®“1 (medium). The <5Co—C= N and <C—Co—C
deformation vibrations appear probably at 250—370 cm-1 and at about
100 cm-1, respectively [21,22].

The rCo-N (oxime) frequency has been identified at the same values as
in the case of other Co(lll)-amine- and Co(lll)-dioximine-complexes [22], i.e.,
at 512—515 cm-1 (medium).

The frequency of the corresponding absorption bands shows the Co—CN
bond to be realized through the carbon atom. The position of the j>C=N,
rN—O, rCo-C and vCo—N bands demonstrates the strong covalent charac-
ter of all Co-ligand bonds.

In aqueous solutions of the [Co(DH)2(CN)X]- ions an aquation reaction
occurs leading to the liberation of the halide ions and formation of the aquo-
nonelectrolite [Co(DH)2(CN)(H,,0)]:

[Co(DH)2(CN)X]- + H2D = [Co(DH)2(CN)(H20)] + X - 2)
Kinetics of this reaction was studied at different temperatures, in the pH range
between 1.0 and 5.0 and at 0.1M ionic strength by following the change in
time of the concentration of the free halide ions.

As seen from Fig. 2, the plot of log [(cO — c)/c0] values versus time give
straight lines, but at higher temperatures a negative deviation appears, be-

Fig. 2. Kinetic curves of the aquation ofthe [Co(DH)ACN)C1] ionsatpH = 1.0 and fi — 0.1JVIi
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Table 111
First order rate constants of the aquation of the [Co(DH)2(CN)X] ions aty = 0.1 M

fcxio8 A1
PH 30°C 35°C 40°C 45°C 50 °C 55 °C 60°c 65 °C 70 °C
1.0 2.57 5.03 9.88 18.3 32.3 - - - -
cl 2.0 2.61 4.98 10.1 18.0 32.8 — — — —
3.0 2.54 5.01 9.97 18.7 32.0 — — — —
5.0 2.59 5.09 9.74 18.3 32.7 — - - —
1.0 — 0.253 0.483 0.958 1.76 3.17 5.99 —
Br 2.0 — 0.261 0.472 0.972 1.80 3.10 5.87 — —
5.0 - 0.247 0.470 0.942 1.71 3.22 6.10 - —
1.0 — — — — 0.558 1.12 1.96 3.60 6.33
| 2.0 - — — — 0.542 1.17 2.07 3.69 6.18
5.0 — —_ 0.562 1.03 1.90 3.60 6.45

ginning after 30—40% reaction. This indicates the reversible character of the
studied reactions. From the linear portion of these kinetic curves first order
rate constants were derived, which are presented in Table I11I.

On the basis of the linear relationship between the log (k/T) and 1/T
values, kinetic parameters of the studied reactions were calculated by means
of the least square method. These values are given in Table 1Y.

Table IV
Kinetic parameters of the aquation of [Co(DH)2(CN)X]~ type complexes

X kcal/mole A el kn

Cl 23.8 + 0.2 - 02 1.24

Br 25.1 + 0.3 - 21 151

| 25.7 £ 0.3 - 31 2.06
Discussion

The kinetic data presented in Table 1Y indicate that the rate of aquation
of the studied complexes is practically independent on the acidity of the
solution even at pH = 1.0. This enables us to conclude that under our ex-
perimental conditions no protonation of the investigated anions occurs. This
conclusion also agrees with the results of the pH-measurements presented in
Table V, which shows a strong acidic character of the corresponding protonated
species.
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Table V
pH values of the half neutralized II[Co(DH)2(CN)X] acids

Complex acid pH
H[Co(DH),,(CN)CI] 2.99
H [Co(DH),(CN)Br] 3.01
H[Co(DH)2CN)I] 3.01

Concentration of the complexes: 2«10 ]M, t°C = 25° p = 0.1 M; neutralization
with KOH up to 50%

No definitive conclusion can be drawn on the mechanism of the studied
reactions. The reaction rate decreases, while the activation enthalpy increases
in the order, Cl, Br, I, parallel with the increasing nucleophilic constants En
of these ligands [24]. This indicates an increasing covalent character of the
Co—X bond in the same order. This behaviour of the studied complexes
differs from that observed in the case of other Co(lll) complexes (e.g.
[Co(en)2X A]2+ [25]) and indicates the ‘soft’acid character of Co(lll) in these
dimethylglyoxime compounds. The strong dependence of the rate of aquation
upon the nature of the substituted halide ions is a clear evidence for a dis-
sociative mechanism. The negative activation entropy values, however, do not
refer to an S”I mechanism. A ‘pure’ SN2 pathway is improbable, since in this
case the dependence of the rate of aquation on the nature of X cannot be inter-
preted. Thus, we conclude that the studied aquation reactions do not follow
pure Sl mechanism. The rate determining step is the breaking of the Co X
bond, but the formation of the Co—OH2bond also plays a considerable role
in the transition state.

The contribution of the Co OH2bond in the formation of the activated
complex may be expected on the basis of the a-acceptor ability of the ‘trans’
-situated CN group. The Co —CNrc bonding leads to a considerable decrease
of the electron density of the central atom, due to the charge transfer from this
atom to the co-ordinated CN group. This effect makes possible a nucleophilic
attack of a water molecule.

The trigonal bipyramidal rearrangement of the activated complex [25]
is excluded in the case of the reactions studied here, because of the two
short hydrogen bridges between the co-ordinated dimethylglyoxime molecules,
which stabilize the tetragonal configuration of these complexes, even in the
transition state.

Experimental

Synthesis of the H[Co(DH)L(CN)X] acids. To 0.1 mol H[Co(DIl)., X2 in 150 200
ml water 0.08 0.09 mole KCN in 20 25 ml aqueous solution was added. The dihalogeno-acids
dissolve after 5 10 min by a continuous stirring, and dark brown solutions are formed. The
mixture was cooled, filtered from the unreacted substances and the free acids were pre-
cipitated with an excess of 30—40% sulphuric acid.
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Purification. The crude products are dissolved in 30—50 ml alcohol and added dropwise
to a large excess of ice-cooled 30—40% sulphuric acid. The crystalline precipitates are filtered
after 1/4—1/2 hr, washed with a small amount of ice-cooled water and with a 10 : 1 mixture of
ether and alcohol, and dried in air.

Synthesis of [Me(amine)4dYZ [Co(DH)ZACN)X] ard [Co(BB)ZArnuke),] [Ce(EB).((1\)J]
binary salts. 5 nmoles of the corresponding diacidotetramine salt: [Co(en)2CIZClI,
[Cr(en)2(NCS)ZC104 or [Co(DH)2(amine)JOOC—CH., in 80 —100 ml water, or in 50% alcohol,
respectively, are treated with 5 mmoles of H[Co(DH)2CN)X] in 30—40 ml dilute alcohol
(1 : 1). The crystalline precipitate is filtered after standing for 15—30 min, washed with a
small amount of water and dried in air.

Analysis. Cobalt was determined complexometrically, by using murexide as an indicator.
The organic ligands were mineralized by heating with concentrated sulphuric acid and several
crystals of KNO3 After diluting with water to a volume of 60—80 ml, the solution was neutral-
ized with sodium acetate and ammonia. In the case of chromium derivatives the sum of the
oxides (Cod0 4-f- Cr20s) was determined after an hour of heating at 900°C. Nitrogen was de-
termined by the micro-Dumas method.

Spectral investigations. The 1R spectra of H[Co(DH)ZCN)X] were recorded in KBr
pellets, on a UR 20 (Carl Zeiss, Jena) spectrophotometer, between 400 and 4000 cm-1.

pH measurements. The titration of H{Co(DH)2(CN)X] acids with KOH could not been
performed due to aquation which takes place with a considerable rate. The pH values of
2. 10~3 M H[Co(DH),(CN)X] and 1103 M KOH mixtures were followed in time and
results were extrapolatedtot = 0. pH-measurements were carried out at 25° Cand [i = 0.1M
on an LPU-01 (USSR) pH-meter, using a glass electrode as an indicator and saturated calomel
as a reference electrode.

Kinetic measurements. The concentration of the liberated halide ions was determined
by Setbin and Bailar’s method [26], by measuring the EMF of the following concentration
cell: Ag/AgX, studied séin (0.1/7 NaN03) 10-—3M KX soln, AgX/Ag.

Both the sample solution and the standard one contained the same amounts of HC104
or acetic acid-sodium acetate buffer solutionand NaN 03, in order to ensure the acidity desired
and an ionic strength of 0.1M. Samples were dissolved in the preheated solution and the system
was thermostated at the working temperature, with an accuracy of £0.01°.

Electrodes were prepared accordingly to the method of Seilbin and Bailar, but a lower
current density was used in order to improve their quality.
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The generalized and symmetrized mean square amplitude quantities, force con-
stants, Coriolis coupling coefficients and potential energy distributions are obtained for
isotopically substituted ozone molecules by the method of Green’s function analysis
and partitioning techniques, using the expressions given by DeW ames et al. [12].

Introduction

Molecular vibrations of ozone has been the subject of study by a number
of investigators [1—11] (Wilson and Badger, Cleveland and Pierce etc.).
These authors have obtained the molecular constants with assumption of force
field models except Pierce [3] who however, has obtained force constants by
the analysis of rotation-vibration data presumed to be the accurate set.

The object of the present work is to evaluate the set of unique force field
constants by Green’s function analysis and partitioning techniques of De-
Wames et al. [12—14] for the four isotopically substituted ozone molecules
Qis-ie-is, 0[8_le_18, q U -18 o anc[ Qi6-i6-ie_ ¢'jjj. advantage of this method is
obtaining molecular constants, without invoking any force field assumption.
Mention may be made also of the force constants evaluated for ozone molecule
by Muller et al. [7—9] adopting constraints based on Green’s function
analysis and L-matrix approximation methods, and also involving a linear
empirical relation L12/L21 = 0.325 T + 0.63. A comparison of the data ob-
tained by them for force constants with those given by Pierce [3] and Cleve-
land and Klein [2] indicates that the choice of the mixing parameter involved
may not be an accurate value. Further they do not report the force field
estimates for the other isotopic substitutions for ozone.

Method

The method of Green’s function analysis and partitioning techniques
suggested by DeWames and Wolfram [12] essentially involves solving the
secular equation given below for a single isotopic substitution.

bco2G(co2) + 11= 0
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where e = (m1— m)/m, and m is the original mass, and m'is the isotopic mass.
G(ft>2) is the Green’s function matrix for the unperturbed molecule, with the
elements given by

Gij. 2 XitXj~m2_ (if)

where X nis the Zth component of the normal co-ordinate for the mode the
frequency of which is co;.

The normal co-ordinates for the unperturbed molecule have been con-
structed as a linear combination of symmetry co-ordinates with the coefficients
of mixing involving a single parameter c.

This mixing parameter may easily be calculated in general for XY 2
type molecules under C2¥ symmetry by means of the formulas (23), (24) and
(25) of reference [7] for either type of isotopic substitution. Y XY ** (Y XIY or
YIXYI. A knowledge of the mixing parameter allows us then to obtain
generalized and symmetrized mean square amplitudes, force constants,
Coriolis coupling coefficients and potential energy distribution.

Results

The method described above is applied for the isotopic substitutions
O3B 18~18» 0 r 16-18 036~18~16 and O I' 16- 16. The numerical data of various
molecular constants have been obtained by means of Computer Fortran prog-
ram ming on CDC-3600 computer. This data is tabulated in Tables IA and Il to
IV. Table | gives the molecular parameters and frequencies adopted in this
work [10].

Discussion

Since the expressions of product and sum rules of frequencies involve
the square of mixing parameters, one obtains both positive and negative mixing
parameters for evaluation of molecular constants. In Table IA we have listed

Table |

Molecular parameters of ozone molecules

Ref. [10])
Observed frequencies in cm-
Molecular parameter 0*8-16-18 O'»- 818 O'e-xe- B Ol«- 1616
w1 bi «l b, « b «l bi
0 —0 distance = 1.278 A 1056 1038 1085.84 1100
0 /°\o angle 671.67 660 672 695
116.8° 1008 995 998 1030

ax and represent the species of C2/ symmetry group
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Table I A

Urey-Bradley force-constants (mdyn/A, 0.01 N/m)

0«-i«-xe QU -Is-ie Oje-ie-ie
a -1.334629 -1.34924 -1.354825
b 5.532375 5.75232 5.596863
a 1.3165 1.31826 1.42804
b 0.67118 0.71828 0.968282
a 4.67739 4.68701 5.05728
b 2.1690 2.1646 2.3224
a — positive mixing parameter
b — negative mixing parameter
Table 11

Symmetry force constants (Units of mdyn/A, 0.01 N/m)

a 5.4305621
b 8.6695299

a 2.6614371
b 1.2342127

2.9474056
b 14727469

4.095695

op-1-1

5.4298663
8.6831139

2.6669196
1.2316724

2.9524184
1.472988

4.1150328

293

—1.483642
5.751824

1.170007
0.95569

5.08610
2.2543

Results obtained by

0J«-18-18 018 1«18
PIEHCE
(Ref. [3])
5.9598223 5.8726888 799
8.955889 9.0124112 ’
2.8775987 2.8939954
1.063802
1.3214514 1.2827198
2.9061663 2.9434186
2.0840
1.7780523 1.741728

4.2998366 4.10970522 4.180

a— values for positive mixing parameter
b — values for negative mixing parameter

Cleveland

(Ref. 21

5.659

0.3826259

2.540

4.181

the Urey—Bradley force field constants, evaluated as per an approach sug-
gested by Shimanouchi [15] and described in the book by Nakamoto [16].
The stretching, bending and repulsive force constants respectively denoted by
K, Il and F have a clearer physical meaning and are useful for transferability
to other complex molecules in which the isotopic substitutions of ozone might
occur. It is interesting to note from Table | A that (1) these constants show
isotopic substitutional effects, (2) the stretching and bending force constants
are extremely low with a positive mixing parameter, (3) the repulsive force
constant F is constantly positive in all cases irrespective of the sign of the
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mixing parameter. It is to be argued since K values are very low, compared,
for example, to those reported [17] for H20, D20, T20 etc., the positive mixing
parameter is not physically reasonable to adopt for these molecules.

A comparison of calculated symmetry force constants for the two mixing
parameters with those of previous investigators shows that the positive mixing
parameter gives rise to a value for FIX comparable with that obtained by
Cleveland and Kiein [2] but differes considerably from the value given by
Pierce [3]. This has been observed similarly in the case of all four isotopic sub-
stitutions, while (for Fu) this is an exactly reverse situation with a negative
mixing parameter value. F12value of Cleveland et al. is too low, while that
given by Pierce and our results for all isotopic ozones (obtained using a negative
mixing parameter) are in good agreement. F22value surprisingly agrees (in our
work with a positive mixing parameter) with both the values given by
Cleveland and Pierce. Since Pierce’s values are obtained on the basis of
rotational-vibrational spectroscopic data, we are to conclude that a negative
mixing parameter is reasonable for isotopic ozones, however, with the exception
of not a good agreement, for F22 value. Determination of F3value does not
involve the mixing parameter at all and the slight variance in the different
reported values is due to the adopted frequencies for anti-symmetric stretching
vibration of ozone and the isotopic masses.

In the matrix method of F. G. Wilson L-matrix stands for the trans-
formation of normal co-ordinates to internal displacement symmetry co-
ordinates, and it is determined by an eigenvector solution of the secular
equation GF — XE | = 0 where E is the unit matrix and As are related to
vibrational frequencies. The L-matrix elements thus determined are used in
Cyvin’s method [20] to determine the mean square amplitude through the well-
known relations, given in reference No. [18 —20] for X Y 2 structures. The L-
m atrix comes out to be the product of the so-called b-matrix, and the mixing
parameter A-matrix in the DeWames method [12]. Hence it is possible to
[21—24] evaluate symmetrized mean square amplitudes using the mixing para-
meter matrix for the different isotopic substitutions of ozone. The data obtained

by us are listed in Table 111 for the two mixing parameters, attwo differenttem -
peratures 0 K and 273 K. Lastrow of the table lists the values reported by Na-
GARajan [11]. From Table 111 we note that 2712 value is considerably lower, for

a positive mixing parameter of 0 316~16~le, than as obtained byNAGARAJjAN. It
is also positive for negative mixing parameter, unlike for other isotopic mole-
cules which have a negative value for 2712 irrespective of the sign of mixing
parameter. U12 values are in reasonable agreement in all cases with that re-
ported by Nagarajan, especially with positive mixing parameter. The isotopic
effect on the mean square amplitudes is of significant magnitude.

In Table IV generalized mean square amplitudes are listed with last two
columns pertaining to non-bonded atom pairs. The temperature effect on
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Tabic 111

Symmetrized mean square amplitudes (Units of (A)2

ra A.
T- OK T=273K T = 0K T = 273K
0161616 a 0.0023552 0.0025275 —0.002463 —0.0026310
0.0015177 0.0015388 0.0000702 +0.0001112
olste.1e a 0.0023075 0.0024894 -0.0025979 —0.0027830
0.0014853 0.0015077 -0.0001343 —0.0001878
a 0.0021829 0.0023688 —0.0027432 — 0.0029544
oy —fe—®
0.0014613 0.0014922 -0.0004939 -0.0005740
018 ic 1 a 0.0022671 0.0024551 —0.0026126 —0.00281348
o 0.0014865 0.0015150 -0.0001983 —0.0002634
Rﬁi{gglrlg»:’z 0.0017013 0.0017524 -0.0006984 —0.0004128
J
I |
T=0K T=23K T =0K T=2713K
. . 0.0056667
Oie-16-16 0.0054706 0.0024950 0.0025364
0.0071457 0.0076440
Q16 18-16 0.0052811 0.0053774 0.0023491 0.0023881
0.0069255 0.0072299
Q18-18-18 0.0052919 0.0053645 0.0022931 0.0023310
0.0068078 0.0069288
ogore 0.0055577 0.0055602 0.00243289 0.0024732
0.0071222 0.0073421
Ref. [11] by 0.0052636 0.0053986 0.0024761 0.00251017

Nagarajan

a— values for positive mixing parameter
b— values for negative mixing parameter.

generalised mean square amplitudes and symmetrised mean square amplitudes
is substantially different from the variation we note in the data of Nagarajan.

In Tables Y and V1 are given the potential energy distribution and the
Coriolis coupling coefficients, respectively, for the four isotopically sub-
stituted ozone molecules. We note from Table Y that the negative mixing
parameter gives PEDU element predominant over PED 12 while the reverse is
the casewith positive mixing parameter for 0 3le-le~16. This is not the similar
case, when we consider PED 21 and PED 2 elements. Since force constants and
mean square amplitudes indicate that the positive mixing parameter is reason-
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T=0K
0.0024251
0.0020064

0.0023283
0.0019172

0.2238005
0.0018771

0.0023502
0.00119597

Table IV

Generalized mean square amplitude

T=213K
0.00253201
0.0020376

0.0024387
0.0019479

0.2349932
0.0019116

0.0024641
0.0019441

<*T>
T=0K

0.0014820
0.0019008

0.0014183
0.0018294

0.0014462
0.0018077

0.0015112
0.0019020

T=213K
0.0015329
0.0020272

0.0014440
0.0019071

0.0014462
0.0018390

0.0015131
0.0019590

able, we maybe able to conclude from PED elements for 0 3le-16-le the pre-
dominant symmetry co-ordinate to be the same as that indicated by PEDn
element. PED 3 is consistently unity since it refers to a pure symmetry co-

ordinate.

The Coriolis coupling coefficients

and | 2 are very high in magnitude

for a positive mixing parameter. Interesting is a comparison of the values
obtained for 0 318-18-18 with those reported by Narayana [17] for F20 molecule.
The later author has given the values 0.8736 and —0.4898, respectively, for

016-16-16

016-18-16

O f- 1818

018-16-18

Table V

Potential energy distribution matrix elements

PEDu

0.0065748
1.151788

0.175638
1.126206

0.0286249
1.139071

0.0104517
1.176472

FED,,

1.844531
0.0856748

1.837683
0.1114658

1.942292
0.2076402

1.989440
0.161017

pedZ

0.8916515
0.04842785

0.822599
0.0316437

0.7668863
0.0252655

0.857871
0.0435358

a— values for positive mixing parameter.
b — values for negative mixing parameter.
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FED,,

0.9274773
1.202387

1.0004544
1.219420

1.175327
1.334454

1.111048
1.307408

PED3

1.00
1.00

1.00
1.00

1.00
1.00

1.00
1.00
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quantities (Units of (A)2

(AzAX)

T = OK T = 273 K
-0.0004931 -0.0005462

0.0004088 0.0004176
—0.000579 0.0006389

0.0002786 0.0002919
-0.0006227 -0.0006915

0.0001499 0.0001724
-0.000539 -0.0006036

0.0002979 0.0003145

0.0076129
0.0037085

0.0076499
0.0038882

0.0076278
0.0042280

0.0076561
0.0039999

<a»‘>

T = 273K

0.0081164

0.003885

0.0081689
0.0040432

0.0081495
0.0043190

0.0081824
0.0041612

a — values for positive mixing parameter
b — values for negative mixing parameter

0.0001419

0.0001540

0.0001304

0.0001192

<a**>

297

T = 273K

0.0001442

0.0001565

0.0001325

0.0001212

and | 2 The sign of | 2agrees when we take a negative mixing parameter but
then the value of is only 0.2115 which is too low compared to 0.8736. The
significant difference in the values of molecular constants relative to those in
the literature is in turn due to the values of L-matrix elements. Thus essen-
tially a different kind of mixing of symmetry co-ordinates is involved in the
Green’s function analysis [21—24] of molecular vibrations, unlike the mixing

Isotopic molecule

016—16—36 a
b

Qie-18-16 a
b
a

018-18-18

018 e I8 a

Table VI

Coriolis coupling coefficients

fl £2
0.8406009 0.5416708
0.3027236 -0.9530509
0.8449681 0.5664222
0.2502426 -0.9700280
0.785764 0.6204468
0.2115006 -0.9773536
0.8112024 0.5847797
0.2768084 -0.9608994

a — values for positive mixing parameter
6 — values for negative mixing parameter

0.7066100
0.0916415

0.7139709
0.0626213

0.6174439
0.0447325

0.6580486
0.0766228

0.2934074
0.9083043

0.3208338
0.940954

0.384954
0.9553918

0.3419664
0.9233268
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of symmetry co-ordinates which is indicated by the conventional force field
model calculations [25, 26].

*
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INFRARED STUDIES ON ANILS
AND THEIR COMPLEXES, I
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Infrared spectra of sixteen anils (condensation products of 3-phenanthryl-
glyoxal and primary aromatic amines) have been interpreted to assign the various
modes of vibrations and to establish the structures of the compounds. The influence of
the nature and position of the substituent on the azomethine group stretching frequency
has also been studied.

In the Ni(ll), Co(ll) and Zn(ll)complexes of the anil derived from p-dimethyl-
aminoaniline and 3-phenanthrylglyoxal, infrared spectral studies show the oxygen and
nitrogen atoms of the carbonyl and azomethine groups, respectively, to be sites of
interaction in complex formation. The orders of metal-nitrogen and metal-oxygen
bond stabilities have also been established.

Introduction

A large number of anils [1—4] derived from glyoxals, and primary
aromatic amines have been characterized by elemental analysis and by pre-
paring their derivatives. In the infrared spectra the appearance of a strong
band at 1640 1690 cm-1 indicated [5] the presence of azomethine group
(>C =N), but no efforts have been made so far to study extensively the
infrared spectra of the anils. In the present work it has been attempted to
characterize almost all the important bands in the spectra of anils [6] prepared
from 3-phenanthrylglyoxal and aromatic primary amines. The influence of the
nature and position of the substituent on the azomethine group stretching
frequency has also been found to be a very important and interesting aspect
of this study.

Anils with co-ordinating ability at the oxygen and nitrogen atoms of the
carbonyl (>C =0) and azomethine groups, respectively, are well known to
form chelates [7—10] with transition metal ions. Infrared spectral study of
anil chelates has been done so far only to a limited extent; very important
aspects, such as structural changes during complexation and the order of
stability remained unexplained. Here such aspects are also discussed for
chelates of the anil derived from p-dimethylaminoaniline and 3-phenanthryl-
glyoxal.
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Results and discussion

Infrared spectra of all the products were recorded on a Perkin—ElImer
Infracord Spectrophotometer, in KBr pellets. The characteristics frequencies
and their assignments [5, 11, 12] are given in Table I.

The effects of the nature and position of substituents have been studied
on the azomethine group of the anils. The nature of the substituent has been
found to play a dominant role in determining the stretching frequency. To
study this effect, meta-anils have been chosen, as this position contributes less
to the intermolecular disturbance than the ortho- and para-positions. Further,the
effect ofthe nature ofthe substituentis much more pronounced in meta position,
than the influence due to the position itself. In meta-anils, the azomethine
group stretching frequencies follow the order N= R=CH3<; COOH < OH <
N 02 which is the same as the order of the electron withdrawing character of
the substituents. This obviously shows that a substituent with weaker elect-
ron withdrawing character will provide greater stability to the carbon—sitro-
gen bond. From the survey of data given in Table I, it can easily be deduced
that the azomethine group stretching frequency also depends on the position of
the substituent. This effect has been studied in the ternary set of benzoic acid
isomers and binary sets of nitroanilines, aminophenols, toluidines and a-, R-
naphthylenes. The order in the azomethine group frequencies for isomeric anils
is the following: ortho <[ meta -< para and 8 < a. Consequently, ortho and B
substitutions contribute maximum to the stability of the C=N bond.

The spectral data for the anil derived from p-dimethylaminoaniline and
its complexes indicate that most frequencies are perturbed on complex for-
mation. Strong peaks corresponding to the ~>C=0 and >C=N groups are
shifted from 1653 cm-1 and 1613 cm-1 (ligand) to 1590 cm-1 and 1548 cm-1
[Ni(ll) complex], 1608 cm-1 and 1565 cm-1 [Co(Il) complex] and 1647 cm-1
and 1600 cm-1 [Zn(Il) complex] during complex formation and the shifts to
lower values confirm that the oxygen and nitrogen atoms of these groups are
the co-ordinating centres. The magnitude of the shift in each group follows the
order Zn(ll) < Co(ll) < Ni(ll), in agreement with the stability order of di-
valent metal complexes given by Mellor and Maley [14]. Moreover, the
decrease in the shift is attributable to the reduced stability of the co-ordinate
bond. The shift of the strong bands of the ligand from 1575 cm-1 and
1515 ¢m -1 to 1522 cm-1 and 1511 cm-1 (in the Ni(ll) and Co(ll) complexes)
and to 1471 cm-1, 1439 cm-1, 1504 cm-1 (in all the three complexes) af-
fords evidence for conjugation in the ligand during chelation. If the band at
820 cm -1 is considered to be due topara substitution, then its shift to 816 cm -1
823 cm -1 and 816 cm-1 in the complexes indicates the possibility of change of
the benzenoid structure of the ligand to a quinonoid structure in the course of
chelation.
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3247 m
3030 sh, w

2857w, b
2481 w

1689 s
1613 s

1515 s
1370 w

1290 w
1227 s

1183 w

1149 m

1070 w
1015 m
976 m

939 w
893 w

870 w
847 w
830 w
820 m
787 w
755 s

725 w
709 w

oo

y ./

S b —

3390 m

3030 w
2899 w
2500 w,b

1724 s
1613 s

1460 m

1389 m
1307 sh, s
1242 s

1205 m
1149 s
1117 s

—=P0o

nll
N
7]

3279 m

2857 w
2532 w
2299 w
1739 sh. m
1667 s
1600 s
1515 s
1481 m
1418 m
1379 m
1282 s
1227 sh, s

1212 m
1176 s
1143 s

1087 ni. b

1000 in

897 w
858 sh. w
840 w
810 iv
772 w
743 w
730 w
709 w,b

/COCU

s, strong; sh, shoulder; v.s, very strong; m, medium; w, weak, b, broad; L, ligand

1667 m
1587 sh. m
1563 s
1515 sh.w
1504 s

1332 s

1250 s

1220 s

1144 s
1106 s

1064 s
1026 m

966 s

890 m
844 s
816 m, b
767 s
758 s

716 in

A
vV iJ-

3333 s 3333 s 3333 s

3030 sh, s — -

— — 2326 w
1695 sh, s 1667 s, b 1689 s
1603 s 1613 9 1618 s

— 1575 s

— 1511 s 1515 s
1497 s — —

— — 1351 s

— — 1316 s
1242 s 1250 s, b —

— — 1235 s
1205 m — —

— — 1152 s
1099 s 1093 in 1124 sh, m
— — 1074 s

1044 in 1036 in 1042 s

- — 985 in

- — 922 w, b

— — 866 w

847 s 844 s, b 842 w
816 s, b 810 sh, s 820 s
— — 781 w
749 s 746 s 742 s
- - 727 V. s
- - 714 w

5333 m

3077 sh, w
2326 w
1675 s
1629 s

1531 s
1481 sh, s
1429 w
1351 s

1307 sh, m

1250 m
1208 w
1176 m
1143 sh, w
1093 w

813 s
800 sh, w
746 sh, s
738 s
710 w

3333 sh,m
3030 s

2326 w

1653 sh. in
1613 s

1481 s

1299 m

1247 s

1143 w
1117 s

1075 s
1036 v. s
1000 s
980 s
939 s
905 s
870 w
840 w
814 V. s
784 sh.w
772 sh, w
752 v. s

3333 s

2326 w

1667 sh. s
1626 s
1493 in
1418 m
1274 m.b

1235 m

1163 m. 1

1105 w

1000 w
976 w, b
89;w
86€;W
837 sh, w

810 s
781 w
746 m

717 w

Table 1

3333 s

3030 w

2326 w
1905 w
1667 sh, s
1603 s

1493 s

1449 s

1389 m
1342 s, b
1307 in
1250 s

1176 s
1143 w
1099 w

1036 m
1000 m
966 iv

901 w

870 w
833 sh,w
813 s
772 sh,w
746 s

714 m

3331 s

2985 w

2326 w
1905 w
1695 sh. m
1613 s

1508 s

1449 s
1379 s
1342 s
1307 s
1235 s

1205 in
1176 s
1143 w
1093 w

1000 s
901 w, b
862 w. b
842 sh, w
810
772 sh, w
746 s

714 m

Principal infrared frequencies of anils and their complexes

3333 m

3030 sh, w

2353 w
1923 w
1672 s
1613 sh, s
1600 s
1504 s

1429 w
1370 m
1307 m
1235 m

1176 s

1093 w

1053 sh, w
1031 w
1000 w

943 w, b

897 w, b

870 w, b
838 sh,w

813 s

743 s

712 w
685 w

893 w, b

866 w, b

810 s

746 s

714 m

3289 s

2326 in
1626 s
1587 s

1527 s

1449 s

1342 s

1258 m

1170 m,b
1143 m, b
1087 m, b

1000 in

897 in

866 w

810 s
746 s

714 m

3219 m

2857 w

2353 w

1653 s
1613 s
1575 s
1515 s

1439 m
1370 m

1282 s
1227 s

1164 s
1100 s
1062 s
1014 s

951 m

898 w

862 m
853 s

816 s

746 m
733 w
704 m
692 w

1647 sh, s
1600 s

1504 s

1176 in
1124 w
1053 w
1031 w
985 w, b

948 sh, m
898 in

870 sh, m
844 m

816 m, b

746 s

709 w

Assignment

C—H str. (alkyne)
O—H str. (phenolic)
C—H str. (aromatic)
O-H str. (COOH)
C=0 str.

C=N str.

1

I C=C str.

C—CHa3 str.

C—N str. (aromatic tertiary)
CH-, symm. bending
C—H in-plane bending

N 0 str.
O—H bending -f- C—0 str.

1 C—N str. (aliphatic)

Benzene ring breathing

CH3 rocking
ONO bending

C—H bending (two adjacent
C—H bending (three adjacent
C—H bending (four adjacent

C—H out-of-plane bending
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The intensity order of the hands due to the carbonyl and azomethine

groups is the same as the order of stability of the complexes. Thus the most
stable complex (co-ordinated bond) gives a highly intense band.

In view of the above facts, the change in ligand structure during chel-

ation and the structures of the chelates may be shown as follows:

OH3

O+ M CHs

Benzenoid Structure

Benzenoid structure Quinonoid structure (M = Ni(ll), Co(ll) or zn(ll))

* «
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FOR CHNO02 CFN02 CCIN02 AND CBriNO02
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(University for Chemical Industries, Veszprém and Technical University of Norway, Trondheim)
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Mean amplitudes of vibration for CH3N 02, CF3N 02 CCI3N02 and CBraN02
were calculated on the basis of spectroscopic data from literature. The calculated values
for CFAN02and CBr3N 02were compared with the corresponding data from an electron
diffraction investigation.

Symmetry co-ordinates and equilibrium parameters

The treated CX3N 02 molecular model has the symmetry of Cs. The
symmetric structure of the molecular vibrations is given by

rvib= 9A'+ 6A".

A set of symmetry coordinates is given in the legend of Fig. 1. Equilibrium
parameters for CH3N 02, vizz. C—N = 146 A, N—O = 121 A and L O—N—O
= 127°, are taken from Brockway et al. [1]. These data are relatively old, but
have been verified by the more recent microwave investigation of Tannen-
baum et al. [2]. In addition it was assumed C—H = 1.08 A and tetrahedral
angles in the methyl group.

The equilibrium parameters for CFAN 02 and CBr3aN 02 were taken from
the electron diffraction work of Karle and Karle [3] while those of CC13N 02
were taken from Barss [4] with the exception of the angles ONO, C1CN and
CNO, which were put equal to 133°, 108.8° and 111.8°, respectively, as equal
to the corresponding ones in the other halogenated compounds.

Observed frequencies and force constants

Observed frequencies for CH3N 0 2are cited in the book of Sverdiov et al.
[5] and seem to fit exactly to the early infrared and Raman investigation of
Wells and Wilson [6] when the correlations ./4' + B2andA" = Bx A2
are assumed, and the frequency 1413 cm“10of A 1has changed place with 1449
cm-1 of B2 The observed frequencies for the other molecules are taken from
a work of Castetti et al. [7]. In both of the cited works [6, 7] the C2, sym-
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Fig. 1. The XY 2ZTJV2molecular model (symmetry Cs) applied to CX3N02(X,, X2and X3are
atom numbers 4, 5 and 6, respectively). R, D, T and S are used to denote the equilibrium
distances CX2 or CX3 CXIt NO and CN, respectively. Valence co-ordinates are indicated.
Torsional co-ordinates: xx [1—3—7 —4], T2[2—3—7—4]. Symmetry co-ordinates are given by:
(A") S, = 2-KOi+ r2, S2=d. S3= S4= 2-*(it+ 1,), S5= (RS/2)% (¢t + 0, S6=
= (RD/2)Vi(Bx+ Bt), S, = (DS”e, S, = (ST/2)L, (y, + y2, S9= TG;A" S, = 2-54(ri - r2),
S2= 2-54(q - q), S3= (RS/2)54 (g2 - <?), S4= (RD/2)54 (13, - ~2,S5= (ST/2)L, (7] - y2),
SG= (DT/2)54 (Tl + r2

metry was assumed for the molecules in question. None of the torsional
frequencies are available; therefore tentatively estimated values are used here.
All the frequencies used in the present calculations are collected in Table I.

An initial force field was constructed with force constants mainly taken
from the normal co-ordinae analysis of Castelli et al. [7] and with the C—H
stretching constant equal to 4.9 mdyne/A. The initial force constants were
adapted to our symmetry co-ordinates. Through some steps of refinements
they were made to fit exactly the observed frequencies. It seems to be of little
interest to report further details of these calculations and the final force con-
stants, especially because of the existence of the excellent normal co-ordinate
analysis by Castelli et al. [7].

Mean amplitudes of vibration

The developed force fields were used to calculate the mean amplitudes
of vibration according to conventional methods [8]. The results are given in
Tables I1—Y. In Tables Il and ¥ the experimental values from the electron
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Table |

MEAN AMPLITUDES OF VIBRATION

Vibrational frequencies (in cm~1) for CII2NO,, CF3N 02 CCI3NO,, and CBr3N 02

Mean amplitudes of vibration (u in A) for C112J5()2

Species No.
A’ |
2
3
4
5
6
7
8
9
A" |
2
3
4
5
6
* Assumed
Distance

3-5

4-5 H,..
5-6 H2...

H
4
2 Z © oo oo 00Oz 2Z2

I T O o

CH,NO, [5]

3048
2965
1488
1449
1384
1153
921
647
599
3048
1582
1413
1097
476
200

Equil.
diet. (A)

1.210
1.460
1.080
1.080
2.166
2.218
2.620
2.419
3.110
2.085
2.085
1.764
1.764

cf.no, [7]

1310
1288
1151
860
750
527
441
430
400
1620
1271
527
441
400
154°

Table 11

0.040
0.048
0.077
0.078
0.050
0.058
0.133
0.142
0.100
0.100
0.105
0.128
0.133

CCIN 02[7] CBI,NO, [7]
1311 1311
850 840
717 669
677 618
442 397
425 304
298 214
289 191
204 139
1625 1606
717 618
425 397
298 214
204 139

150s 100* or 150s

U
25°C

0.041
0.049
0.077
0.078
0.051
0.062
0.155
0.162
0.103
0.100
0.106
0.129
0.134

Acta Chim.

[50°C

0.041
0.049
0.077
0.078
0.052
0.063
0.158
0.164
0.103
0.101
0.106
0.129
0.134

(Budapest) 83,

1974
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Mean amplitudes of vibration (u in A) for CF)NO02

Distance

N -0
N-C
C-F,
c- 2
0...0
0...C
O-.. Ft
0...F,
0 m*F3
N...F,
n...f2
F§ eeF2
5 ..f3

Equil.
diet. (A)

1.210
1.560
1.325
1.325
2.211
2.305
2.885
2.578
3.383
2.353
2.353
2.170
2.171

Table 111

a Includes libration about the C—N bond

Acta Chim.

Mean amplitudes of vibration (u in A) for CCIfS02

Distance
1-3 N-O
3-7 N-¢
4-7 C-Clt
5-7 C- Cl2
1-2 0...0
1-7 0...c
1-4 0...Cl,
1-5 0. ..Cl12
1-6 0 ...ClI3
3-4 N...CI,
3-5 N.. «Ci12
4-5 Cl,...CI2

5—6Cl2..+CI3

(Budapest) 83,

1974

spectrgso%)pri% data
0°K 2%°C
0.040 0.041
0.048 0.049
0.044 0.044
0.044 0.045
0.048 0.049
0.054 0.057
0.067 0.083
0.069 0.084
0.057 0.063
0.056 0.060
0.055 0.060
0.055 0.060
0.057 0.063
Table IV

Eqgnil,
dis(tq. A

1.210
1.590
1.750
1.750
2.219
2.328
3.194
2.806
3.777
2.717
2.717
2.864
2.881

0°K

0.041
0.051
0.055
0.054
0.052
0.060
0.069
0.077
0.058
0.057
0.057
0.053
0.055

50°C

0.041
0.049
0.045
0.045
0.049
0.057
0.085
0.086
0.064
0.061
0.061
0.061
0.064

U
5°C

0.042
0.052
0.059
0.057
0.055
0.065
0.093
0.111
0.069
0.065
0.071
0.067
0.073

u_from electron
diffraction data

50°C [3]

0.050 *0.005

0.050 =+ 0.005

0.067 %0.007
0.067 %0.007
0.084* + 0.01
0.084* £ 0.01
0.084* + 0.01
0.067 %0.007

I+

I+

0.057 =+ 0.007

50°C

0.042
0.052
0.059
0.058
0.055
0.066
0.096
0.115
0.071
0.067
0.073
0.069
0.075
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Table V
Mean amplitudes of vibration (u in A) for CBraNo02

u from u from electron
Distance Equil. spectroscopic dataa diffraction data
diet. (A)
0°K 25°C 50 °C 50°C [3]
1-3 N -0 1.220 0.043 0.043 0.044 0.050 + 0.005
3—7 N-C 1.590 0.051 0.053 0.053
4-7 C-Br, 1.920 0.052 0.057 0.058
| 0.056 + 0.005
5-7 C—Br2 1.920 0.053 0.059 0.060 J
1-2 0...0 2.246 0.055 0.058 0.058 0.070°
1-7 0O...C 2.321 0.063 0.069 0.070 0.070°
1-4 0 ...Br, 3.281 0.071 0.107 0.111b 0.069 +£0.007
1-5 0...Br2 2 889 0.072 0.111 0.115b 0.069 + 0.007
1-6 0...Br3 3.927 0.056 0.073 0.075b 0.069 + 0.007
3-4 N...Br, 2.852 0.056 0.068 0.070 0.062 + 0.007
3-5 N... Br2 2.852 0.053 0.071 0.073b
4—BBr} ... Br2 3.160 0.047 0.078 0.080b
0.089 =+ 0.007
5—6Br2...Br3 3.151 0.049 0.081 0.084

a With torsional frequency assumed 100 cm-1.

b With 150 cm-1 for the torsional frequency the values at 50 °C are 0.105, 0.111,
0.072, 0.071 and 0.072, respectively, instead of the five marked values.

0 Assumed by Karte and Karte [3].

diffractionwork by Karite and Karte [3] are included for comparison. It seems
to be satisfactory general agreement between the spectroscopic and electron
diffraction values.

For CBr3N 02 calculations were performed with two different torsional
frequencies, v6(A") — 150 and 100 cm -1, in order to show the effect of such a
change in the assumed frequencies. It was found that the mean amplitudes for
the O.-.Br,, N...Br2 and Brl...B r2 are the only ones being significantly
affected.

Financial support to BNC from The Norwegian Research Council for Science and the
Humanities is gratefully acknowledged.
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The authors have showed how the maximum and minimum values of the Coriolis
coupling constants of a molecule can be estimated, when the elements of the F force
constant matrix reproducing the measured normal frequencies are not fixed but are
allowed to vary between well-defined limits. To achieve this task they used the param-
eter representation method and the projection gradient technique. A computer program
has been written to perform these calculations for the HCHO molecule. They found

that the experimentally determined £* coupling constant was lying in the narrow range
bounded by the maximum and minimum possible value of the estimated Gr>

Introduction

The force field of polyatomic molecules cannot be determined from the
knowledge of the normal frequencies uniquely. Thus all quantities which are
in principle computable from the F matrix (e.g. Coriolis coupling constants,
mean square vibrational amplitudes, centrifugal distorsion constants) also
cannot be obtained exactly. Our aim was to give an example, how to find the
minimum and maximum values of the Coriolis coupling constants, when the
elements of the F force constant matrix reproducing the measured normal
frequencies are not fixed, but may vary within previously specified limits. This
technique may be of use in finding and classifying the experimental Coriolis
coupling constants.

The £a matrix of the Coriolis coupling constants (« = x,y, z) depends on
the force field of the molecule [1]:

C'= L-1Ca(L-1)' (1)

where L-1 denotes the inverse L matrix consisting of the eigenvectors of the
GF matrix. The Camay be calculated from the Ma matrices defined in [1]:

C‘= Bm—R2MTn-1'2B )

There m12is a diagonal matrix whose elements are the square roots of the
atomic masses. The B matrix connects the S and x vectors containing the
symmetry and the Descartes co-ordinates, respectively:

S = B*. ©)
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The force field of HCHO has been determined by several authors [2—A4].
More recent calculations of Mallinson and Duncan [5] yielded a refined force
field, that was set up to reproduce the harmonic spectrum of formaldehyde
and deuteroformaldehyde. An ab initio force field calculation for the H2CO
molecule was performed by Pulay [6].

Method and calculation

Our task was to find the maximum and minimum values of the mat-
rix, on the condition that
hj< Fy < My (4)

where Zy and uy are the lower and upper limits for the Fy force constants,
respectively. An iteration method based on the parameter representation of
Coriolis coupling constants [8, 9] and the gradient projection method [10, 11]
were applied. This method had been already applied by Térok and Pulay [7]
for the estimation of maximal and minimal values of the Fy force constants
of ethane. The main feature of this procedure is to change the parameters in
small steps in such a way that the £y under consideration should increase (or
decrease) at the highest possible rate, keeping in mind that the restrictions of
Eqg. (4) imposed upon the elements Fy must hold. In each step of the iteration
process, a d gradient vector had to be calculated. The dk component of this
vector is the partial derivative of the £y constant:

i = ©

9

The next step is made in the direction of the vector a = Nd .Here N denotes
the normalization constant. The partial derivatives of the are given by
Torok, Pulay and Hun-Borossay [9, 17]. The elements of the gradient
vector were used to set up the K matrix [8]. From the K matrix the new L-1
was computed using the relations given by Térok and Pulay [8]. The new F
matrix was obtained by the formula:

F= (L)-1AL-1 (6)

where J1 denotes a diagonal matrix, whose elements Xi are connected with the
ith normal frequency according to: = 4vfh2 [12]. A new direction had to be
chosen, when one or more of the prescribed restrictions (4) had been violated.
In this case the new a'vector is obtained using equation (7):

a'= v{l — M'(MM")- 1M} d @)
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where | denotes a unit matrix of order (n/2), here n denotes the number of the
normal frequencies, M is a matrix which ismade up from all the partial deriv-
atives of those force constants that have violated the restrictions of Eq. (4)
[7]. A further complication arises when one or more components of the vector
a' are negative. Rosen has proved that one row corresponding to the index
of one of the negative components (that with the highest absolute value) can
he omitted from matrix M. For this new M* matrix Eq. (7) also applies, a new
direction a* results. The iteration process may end in two ways:

a) it may lead to a local maximum or minimum

b) the number of rows of matrix M* equals (n/2). Then the extreme
value belongs to parameters being in a vertex of the region allowed.

On the Coriolis coupling constants of formaldehyde

In order to define the symmetry co-ordinates we have to set up the
internal co-oidinates of the molecule. Figure 1 shows the placing of atoms and
the definition of internal co-ordinates. The geometry has been taken from
Takagi and Oka [3]. We used the following symmetry co-ordinates:

Ay species: Sq = R, S2= 2~y (ry+ r2, S3= 2~*By + R2— 29
species: S4=2 y(rl—r2, S5= 2“y,(B1— R2) .
B 2 species: SB = g

Here 6 denotes the out-of-plane vibration of the C—O bond. The values of the
corresponding F~- constants used were determined by Mattinson and Duncan
[5]. These force constants were fitted to approximate the “harmonized”
spectrum of both H2C0 and D2CO. Their force constants were adjusted by
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Johansen’s method [13] in order to obtain the harmonic frequency values of
HCHO exactly. Table | contains the elements of this F matrix. The harmonic
spectrum of formaldehyde is for the species (in cm-1): 29445, 1763.7,
1562.6; for the B 1lspecies: 3008.7, 1208.7; for the B 2species: 1191.0.

Table |
The symmetry F matrix of formaldehyde*

Fu= 1297 Fis —0.58
£ = 074 Fu= 482
F..= 044 F. = 0.16
NQ2 = 4.97 Fss = 0.76
A3« —0.08 Fée = 041

* The dimensions are for the stretching constants: mdyn/A, for the stretch-bend—inter"
action: mdyn/rad, for the bending force constants: mdyn/rad2

The prescribed minimum and maximum values of the

different F@
force constants arc given in Table II.

According to Jahn’s rule [1] the only

Table U
Prescribed minimum and maximum values for the force constants of formaldehyde*

1260~ Fu ™ 13.60 0.49 "~ FmB”" 0.63
0.60 ~ Fa2n 1.00 4.60 F41 5.00
035" F13 0.46 0.13~ F46" 0.20
469 ~ F27 5.10 070~ F- " 0.90

—0.19 F23 -0.07 0.35 < F66<; 0.50

* See footnote for Table |
r
non-vanishing Clj Coriolis coupling constants are for x= x : Gm and for

a = Y :CeuC8& £63? fora = r: C\x Cfi, C42, C\2 f43 fsa- Blau and Nielsen [14]

determined GCes experimentally, and found that Cm = 0.54. But since the sum
rule [1, 18] holds:

Cm2+ (Cy2=1 (8)
the Cm Is also uniquely determined. Later Oka and Morino [15] and Naka-

gawa and Morino [16] analyzed the Coriolis interaction between r4 and v6.

Results

The calculation performed for the formaldehyde molecule yielded the
initial Coriolis coupling constants and the possible maximum and minimum
values of these constants. The results are summarized in Table IIl. It should

be mentioned that the experimentally determined £* constants (Cm = 0.84,
C65 = 0.54) lie within the theoretically estimated interval.
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Table I11

Evaluated minimum and maximum values for the non-vanishing Qj
Coriolis coupling constants of formaldehyde

Initial value Minimum value Maximum value
«&
% 0.843 0.838 0.847
EES 0.537 0.532 0.546
% —0.528 -0.534 -0.476
Sré 0.592 0.562 0.705
% -0.609 -0.649 -0.514
cL -0.044 —0.055 0.023
4i —0.914 -0.918 -0.902
u, 0.490 0.433 0.609
U, 0.333 0.281 0.395
c« —0.871 -0.901 -0.789
cL 0.233 0.173 0.296
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The ESCA examination of some thiocyanate and isothiocyanate mixed com-
plexes containing terminal thiocyanate ligands, and some polynuclear mixed complexes
containing thiocyanate bridges, was used to demonstrate the effects of co-ordination of
the sulphur atom or the nitrogen atom of the thiocyanate, or both at once, on the
electronic structure of the thiocyanate.

In its metal complexes the thiocyanate ligand can co-ordinate to the
central metal ion via a sulphur donor atom (thiocyanate complexes) or via a
nitrogen donor atom (isothiocyanate complexes), and it can act too as a
bridging ligand, co-ordinated via both of its donor atoms [1—5].

Infrared spectroscopic examinations have shown that the vibration
spectrum of the thiocyanate ion varies, depending on which ofits donor atoms
is co-ordinated to the metal [5—8].The C—S vibration frequency for the thio-
cyanate ion in potassium thiocyanate is 749 cm-1;the corresponding frequency
in thiocyanate complexes is about 720 cm-1, and in isothiocyanate complexes
is about 820 cm-1. The C=N vibration frequency for the thiocyanate ion in
potassium thiocyanate is 2049 c¢m-1; the corresponding value is 30—50 cm '1
higher in isothiocyanate complexes and 50—70 cm-1 higher in thiocyanate
complexes, and attains the greatest value (about 2150 cm-1) in thiocyanate
bridges [3, 9—11].

By means of infrared spectroscopic examinations, therefore, it can be
established how thiocyanate is bonded to the central atom of the complex.
This is of great importance, for the manner of co-ordination of the thiocyanate
ion showes quite clearly the Pearson [4]‘soft’or‘hard’character ofthe central
atom [12]. The thiocyanate ion is bound to soft central atoms via its sulphur
donor atom, and to hard central atoms via its nitrogen donor atom. The hard
or soft nature of the central atom depends on the overall electronic structure
of the complex. Accordingly, in the case of mixed complexes, not only the
central atom, but also both type of ligands, influences the nature of the bond-
ing of the thiocyanate ion to the metal. It has been shown by Turco and Pe-

*The previous paper of this series: K. Burger and A. Buvari: Inorg. Chim. Acta
11, 25 (1974).
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CiL [8], for instance, that in the complex Pd(NH32(SCN)2the thiocyanate is
bound to the palladium via the sulphur donor atom, whereas in the complex
Pd[P(C2H532NCS]2the nitrogen is the donor atom. Our earlier investigations
[13] indicated that in the low spin number, mixed complex bis(dimethylgly-
oximato)dithiocyanatocobalt(ll) the thiocyanate is bound to the cobalt via
the sulphur donor atom, in contrast to the majority of cobalt(ll) complexes
examined, where the nitrogen is the donor atom. Prior to our present exami-
nations there were not data on the manner of co-ordination of the thiocyanate
in the analogous cobalt(lll)-dimethylglyoxime mixed complexes.

As seen above, the infrared spectra of the complexes reflect well the
changes in the electronic structure of the thiocyanate resulting from the
various modes of co-ordination. The aim of the present work is to study how
these changes appear in the electron-binding energies of the atoms of the thio-
cyanate in the ESCA spectra of the compounds.

Thus, the ESCA data for potassium thiocyanate were compared with
the ESCA data for thiocyanate bonded in some nickel—pyridine and nickel-
picoline mixed isothiocyanate complexes, in nickel-hexamine isothiocyanate,
and in some cobalt(lll)-dioxime mixed complexes. Infrared spectroscopy was
used to determine how the thiocyanate is bound to the central cobalt(lll)
atom in these latter complexes.

Experimental

The ESCA examination of the complexes was performed as described earlier [14]. The
pyridine and picoline complexes were kept at —50 °C during measurement, so that they
should not undergo decomposition in the apparatus as a result of the vacuum.

The complex hands due to the presence of non-equivalent atoms were resolved by
computer as reported previously [15].

A Zeiss UR 20 spectrophotometer was employed for the infrared examinations. The
IR spectra of the complexes were taken in Nujol mull.

The complexes were prepared by procedures given in the literature [16—18].

The dipyridine and dipicoline derivatives were obtained from the tetrapyridine and
tetrapicoline complexes in the vacuum chamber of the ESCA spectrometer, by cessation of
the cooling and by appropriate heating of the sample.

The compositions of the pyridine and picoline complexes were checked thermogravi-
metrically, and the stoichiometry of the dimethylglyoxime mixed complexes was confirmed
by determination of the cobalt contents.

Results and discussion

The C—S and C=N vibration bands due to the thiocyanate ligand were
identified in the infrared spectra of the mixed thiocyanate complexes of bis-
(dimethylglyoximato)cobaltate(ll1l). On the basis of what was said in the
introduction, the data in Table | show clearly that in these mixed complexes
the thiocyanate is co-ordinated to the low-spin cobalt(lll) central atom via
its sulphur donor atom.
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Table |

Infrared bands of thiocyanate mixed complexes
of bis(dimethylglyoximato)cobalt(lll), cm—1

Complex C—N c-S
H[Co(HD)ZASCN)2 2108 718
H[Co(HD)ZSCN)C1] 2120 720
[Co(HD)ZASCN)H2] 2115 720

It is already known from earlier studies of the pyridine and picoline
complexes [10], that the thiocyanate is bound to the central atom in the
tetrapyridine and tetrapicoline complexes via its nitrogen atom, whereas in
the dipyridine and di-y-picoline derivatives it acts as a bridge.

Each of the complexes examined contains only one type of sulphur atom,
butin every complex there are two types of nitrogens and, with the exception
of the nickel-hexamine complex, at least two types of carbon atom. The reli-
able separation of the bands due to the non-equivalent atoms, and the deter-
mination of the electron-binding energies of the thiocyanate atoms after such
separation, could be performed only in those systems where the concentration
of the disturbing atoms was not many times higher than that of the corres-
ponding atoms of the thiocyanate and the difference of the electron-binding
energies was not too small.

The charge arising on the insulating samples as a result of the ejection of
the photoelectrons in the complexes of different types affected the electron-bin-
ding energy values in different ways. This may give the explanation for the fact
that even after the ESCA examination of a large number of thiocyanate
complexes JOrgensen and Berthou [19] did not detect the effect of the co-
ordination of the sulphur or the nitrogen on the electron-binding energies.
However, since this effect changes the electron-binding energy value of the
various atoms within a single compound to the same extent, the electron-
binding energies of the donor atoms referred to an appropriate reference
atom within the molecule, can give data which are suitable for the drawing of
reliable conclusions in co-ordination chemistry.

Table Il contains the electron-binding energies of the S 2j>4/23/2 and N Is
orbitals of the thiocyanate, referred to the C Is orbital.

It can be seen that while the co-ordination of the nitrogen results in the
increase of the energy difference C Is — S 2py2,3nthe co-ordination of the sul-
phur causes its decrease.

The electron-bonding energy difference N Is — C Is is smaller when the
nitrogen in the thiocyanate ligand is co-ordinated, and larger when the sulphur.

Taking into account that the absolute value of the CIs electron-binding
energy is larger than that of the S but smaller than that of the N Is,
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Table 11

Electron-binding energies, of the donor atoms of the thiocyanate in various complexes,
referred to the C Is orbital of the thiocyanate, eV

Complex Cl* S2pi/232 NI*Cls
KNCS 122.35 112.75
Ni(NHJ4NCS)2 122.65 112.3
H[Co(HD)2SCN)Z2] 121.4 114.2
H[Co(HD)2SCN)C1] 120.7 —
[Co(HD)ASCN)H,0] 121.3 —

and that the increase of the electron-binding energies shows the decrease of
the electron density, the following conclusions can be drawn from the data in
Table 11.

1. The co-ordination of the nitrogen of the thiocyanate ion increases the
electron density on both the sulphur and the nitrogen atoms and/or de-
creases that on the carbon atom.

2. The co-ordination of the sulphur, on the other hand, decreases the
electron density on both the sulphur and nitrogen atoms, and/or increases that
on the carbon atom.

In agreement with the results of infrared investigations, this apparently
anomalous behaviour can be well explained via the following two structures
of thiocyanate, showing the sulphur or the nitrogen atoms as donors:

LS —C=N S=C=N~"

The S 2p (232 electron-binding energies referred to the aromatic carbon
atoms in the pyridine and picoline complexes are given in Table I11.

Table 111

S 2pl2:32 electron-binding energies, referred to the aromatic carbon atoms,
in complexes containing terminal and brindging thiocyanate ligands

Complex Cls S2pil23r2 thisotg;ear?afte
Ni(py)4NCS)2 122.4 terminal
Ni(py)ANCS)2 122.2 bridging
Ni(y-pic)4NCS)2 122.2 terminal
Ni(y-pic)2ANCS)2 122.0 bridging
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The data reveal that in the complexes Ni(py)4NCS)2 and Ni(y-pic)4
(NCS)2 which contain thiocyanate hound terminally through the nitrogen, the
energy difference Cls — S 2 is larger than in the corresponding bis
complexes, which contain thiocyanate bridges. Since the tetrapyridine —di-
pyridine transformation and the development of the thiocyanate bridges in the
analogous complexes cause no or only a very slight change in the electron
density on the carbon atoms of the pyridine, the data in Table Ill clearly
indicate that the formation of the thiocyanate bridge (the co-ordination of the
sulphur) decreases the electron density on the sulphur atom. The data of
Table 111l thus show that the energy differences for the thiocyanate complexes
in Table Il can be primarily attributed to the electron-density decrease on the
sulphur, and only secondarily to the increase of the electron density on the
carbon atom of the thiocyanate.

The authors express their thanks to Professor E. Fluck, who made possible the re-
cording of the ESCA spectra in the Department of Inorganic Chemistry, University of
Stuttgart.
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Harmonic force fields are developed for W 02 and WO., and used to calculate
the mean amplitudes of vibration for these molecules along with the shrinkage effect
for WO,. Previous calculations of mean amplitudes for WOj are discussed. The in-
fluences on the mentioned quantities by varying certain frequencies of WOs and WO,
are studied. The possibilities to estimate these frequencies by means of observed mean
amplitudes or the shrinkage from gas electron diffraction are pointed out.

Much interest is attached to the structural and spectroscopical problems
of tungsten oxides. The formation of vapours of tungsten oxides and their
supposed water complexes is a part of important industrial processes at rela-
tively high temperatures. A high-temperature gas electron diffraction investi-
gation of (W 033 has been reported [1]. In the present work some spectro-
scopical computations for simple tungsten oxides are communicated. Mean
amplitudes of vibration [2, 3] arc discussed in particular as well as the
Bastiansen—Morino shrinkage effect [3, 4] for planar W 03. The temperature
dependence of these quantities is studied.

Hypothetical linear W 02

A linear structure for the W 02 molecule in gas phase is improbable.
Nevertheless it has been assumed in different spectroscopical analyses.
Nagarajan has reported the calculated mean amplitudes on the basis of the
linear model [5] in addition to a previous analysis using a bent model [6]. We
have reproduced the calculations for the hypothetical linear model and ex-
tended the range oftemperatures. The vibrational frequencies of jg = 770 cm-1
and v3 — 835 cm-1 were applied. Table | shows the calculated results. The
values at 0, 298.15 and 500 K coincide with those reported by Nagarajan [5].

The corresponding calculations were performed with jg = 992 cm-1 and
v3= 928 cm-1.These frequencies were taken from JANAF Tables [7] and
originate from infrared spectra in a neon matrix [8]. The resulting mean
amplitudes are included in Table I.
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Table 1
Mean amplitudes of vibration (A units) for W02 at given absolute temperatures
(T in K)
Model Linear (l)a Linear (11)b Bent (110°)b
Distance wo 00 WO 00 wo 00
T = 0 0.0378 0.0523 0.0346 0.0461 0.0346 0.0626
298.15 0.0386 0.0536 0.0350 0.0465 0.0349 0.0743
500 0.0417 0.0584 0.0369 0.0488 0.0369 0.0885
1000 0.0523 0.0737 0.0448 0.0589 0.0448 0.1195
1500 0.0623 0.0880 0.0529 0.0693 0.0528 0.1449
2000 0.0712 0.1007 0.0602 0.0788 0.0601 0.1668

a Frequencies as used by Nagarajan [5]
b Frequencies from JANAF Tables [7]

Bent W02

It is more realistic to assume a bent model for the W 02 molecule. We
have adopted an estimated valence angle of 110° in addition to the bond
distance value of 1.81 A [7]. The adopted vx and v3values [7, 8] are the same
as those of the linear model (11) and are quoted above. In the present case the
mean amplitudes also depend on the v2 frequency, which is unobserved. An
estimated value of 300 cm-1 [7, 8] for gaseous WO, was used in the present
calculations. The force field as obtained by means of the L-matrix approxi-
mation of Muller [9, 10], which means that L12 = 0 was assumed. In the
present case this approximation is justified in particular because the mass of
the central atom is much greater than the mass of an end atom. The F and L

m atrix blocks of species A x are shown in Table Il. The computed mean ampli-
Table 11
Force constants (in mdyne/A) and L matrix elements (in Amu !1)
of species Al (ig = 992 crn~v., = 300 cm-1) for bent W02
F L

8.775 0.042 0.257 0.000

0.042 0.382 —0.028 0.373
tudes of vibration are included in Table I. It is interesting to compare these

results with those from the calculations using the linear model (Il1). The
comparison shows the effect of nonlinearity in the molecular model. It is found
that the bond mean amplitudes (WO) are affected to a negligible degree
while the effect on the nonbond amplitudes (00) is substantial; cf. Table I.
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The estimated value for the v2 frequency is very uncertain. We have
therefore performed the calculation of mean amplitudes using a mimbcr of
values for this frequency in the range between 200 and 350 cm-1. The L-
matrix approximation method was used throughout. As a consequence of this
approximation the bond mean amplitude is not affected by changes in v2 (cf.
Appendix). The nonbond mean amplitude on the other hand does depend onthe
v2 frequency. The calculated values at different temperatures are shown
graphically in Fig. 1 as functions of v2

Fig. 1. Bent W02 (110°; jg = 992 cm-1, v3= 928 cm-1; L12= 0): Mean amplitudes of vi-
biation (/) for the nonbond distance (00) at different temperatures as functions of the v2
frequency. 300 cm-1 is an estimated value [7, 8]

Planar trigonal W 03

The planar trigonal structure with 1.81 A for the bond distance has been
adopted for the gaseous W 03 molecule [7]. The vibrational frequencies were
taken from JANAF Tables [7] and are different from those adopted by Naga-
rajan [5]. The present values contain the two estimated values jg = 564 cm 'l
and v2 = 347 cm-1 [8], one observed matrix-isolation frequency in infrared,
viz. v3= 1040 cm-1 [8], and another estimated value, v4 — 320 cm-1 [15].
The L-matrix approximation method (see above) was applied in order to
determine the force constants of the E' species. These force constants along
with the corresponding L matrix block are shown in Table Ill. Table IV
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Table LU

Force constants fin mdyne/A) and L matrix elements (in Amu 1K)
of species E' (v3= 1040 cm-1, vd= 320 cm~I) for W03

9.027 -0.058 0.266 0.000
-0.058 0.288 0.053 0.457

Table TV

Mean amplitudes of vibration (1 in A units)
and Bastiansen-Morino shrinkage effect (& in A)
for WO03 at given temperatures (T in K)

T i(WO) 1(00) 6
0 0.0372 0.0644 0.0014
298.15 0.0385 0.0736 0.0022
500 0.0421 0.0869 0.0033
1000 0.0531 0.1170 0.0063
1500 0.0634 0.1418 0.0093
2000 0.0724 0.1632 0.0124

shows the calculated mean amplitudes of vibration (1) and the Bastiansen-
Morino shrinkage effect (d) at several temperatures.

Additional computations were made with varying frequencies because
so many of them are very uncertain. Again the L-matrix approximation
method was used throughout. Under these circumstances the Z(WO) value
depends only on jgand v3, 1(00) depends on jg, v3and v4, and d depends mainly
on v2, but also to a smaller extent on vs and v4 (cf. Appendix). The value
adopted for the equilibrium bond distance (1.81 A) affects only the shrinkage,
not the mean amplitudes. Fig. 2 shows the variation of 1(00) at different
temperatures with the magnitudes of vdunder constant ig and v3, which were
kept at the values given above. Fig. 3 shows the variation of $with v2when
v3and 4 are kept constant at their original values.

Tetrahedral WOt

Many spectroscopic investigations have been performed for the W04
ion, which is known to have the tetrahedral structure. Calculated mean
amplitudes have been reported [16—20]. Other spectroscopical studies on

m etal oxoanions including W O ~ are due to Muller etal. [21—24]; references
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Fig. 2. Planar symmetrical W 03(vlI=564cm~1,  Fig. 3. W03 (1.81 A; v3= 1040 cm"1,

8= 1040 cm-1; L31 = 0): Mean amplitudes vt = 320cm-1; L3 = 0): Bastiansen —Mo-

of vibration (I) for the nonbond distance (00) rRINO shrinkage effect (5) at different tempe-

at different temperatures as functions of the ratures as functions of the t2 frequency.

vt frequency. 320 cm-1 is an estimated va- 347 cm-1 is an estimated value [7, 8]
lue [7, 15]

Table V

Vibrational frequencies (cm~x for WOt

Reference [23] [26] [27]
Vi 931 934 931
"y (324) 325 373
F3 833 840 833

324 452 320

cited therein may be consulted for additional works. Different vibrational
frequencies are quoted in reference books [25—27]; cf. Table VY.

Those from Krasnov et al. [26] represent the oldest experimental data
(1952). More recent references to experimental works are found in Siebert
[25] and Nakamoto [27]. The assignment of frequencies from the latter refe-
rence [27] seems to be the preferable one. It contains the value v2= 373 cm”1
observed for crystalline substances. This assignment has also been adopted
by Muartter et al. [17—19, 21—24]. The most reliable mean amplitudes
based on the frequency assignment from Nakamoto [27] are supposed to be
the ones of Muller and Cyvin [18], viz. /((WO) = 0.037 A at both 0 and 298 K,
/(00) = 0.062 A and 0.071 A at 0 and 298 K, respectively. Muller et al. [19]
obtained the same value for /(WO) according to an approximation method.

Acta Chim. (Budapest) 83, 1974



326 CYVIN, HARGITTAI: HARMONIC FORCE FIELDS

Sanyal et al. [20] have reported greatly simplified calculations with results
comparable to those of Ref. [18]. Differing results from a previous publication
[17] should be discarded, as also has been suggested previously [18]. In the
present work we have not pursued the calculations of mean amplitudes and the
shrinkage with varying frequencies. These quantities pertain to an ion and
cannot be observed by the gas electron diffraction techniques.

For the sake of completeness we mention here that /(WO) in this case
only depends on the frequencies v4and vsif we adher to the L-matrix approxi-
mation method. Z(OO) depends on all the four frequencies, and the shrinkage
effect on v2 vs and v4.

Table VI
Force constants fin mdyne/A) for WO stretchings in bent W02 W03 and WO j~

Compound i Fzor F3 fr frr
WO, (C2) 8.78 727 8.03 0.76
W03 (D3) 3.00 9.03 7.02 —2.01
WOr~ (Ta 8.17 5.84 6.42 0.58

a from Ref. [23]

Discussion

In Table VI we have collected some of the main force constants, i.e.,those
of the WO stretchings, for the three tungsten oxides considered here. The
principal and interaction valence force constants, viz.+r and ¢ rr, are connected
with the symmetry force constants through

FIl=fr + frr » F 2, — fr frr

for the bent W 02 model (symmetry C2),

Fn =fr + 2rr , F 33 — fr frr

for the W 03 (D3nh) model, and finally

= fr + 3frr, F.M = fr frr

for the tetrahedral WO] (Td) model. The frconstants should be expected to
have comparable magnitudes. It is reported, for instance, for the analogous
row of sulphur oxidestr = 10.02, 10.35 and 7.15 mdyne/A [25] for S02 S03
and SOi ,respectively. On this background the fr force constants developed
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here for the tungsten oxides seem reasonable. However, the interaction con-
stant frr for W 03 (—2.01 mdyne/A; cf. Table VI) seems to he too large in
absolute magnitude. The main reason is probably a too low Fu, which is
directly connected to one of the unobserved, estimated frequencies. The
estimate of ig = 564 cm-1 [7, 8] is claimed to be based on the value of a WO
stretching force constant. We believe that this frequency is too low, and in
consequence that the Z(WQO) mean amplitudes for W 03shown in Table IV are
too high. This applies also to 1(00), but probably to a smaller degree. In con-
clusion we feel that a possible recalculation of these quantities should await
stronger experimental evidence, either from the spectroscopic or electron
diffraction side.

Appendix
1. Bent WO 2

Following the notation of Cyvin [3] we have (cf. p. 195 of the cited
reference)

2W0)= -IlriM)+-L z1(BYI,
z Z
where
LB,) = L3d3= GiBJds
depends only on v3. For 27,(AX one has
A(A) = biA + L2d2.

In these equations di5d2and €are frequency parameters. By virtue of the .1-
matrix approximation (L12 = 0) one obtains

A(A) = b?A =
and

R2WO0)=1 gi(A)O, + A.GLB1) <,
z z

which proves that Z(WO) does not depend on v2 under this approximation.
For the nonbond mean-square amplitude on the other hand one has [3]

2(00) = 2Z~AJ sin2A + 2UY2712(A) sin 2A + Z 2(A() cos2 A
which depends on both ig and v2 (but not v3), since

AN D = M 20 z2al) = zJa + 1\262.
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2. Planar symmetrical W 03

W ith reference to p. 196 of Cyvin [3] we have

i%wo)= "M(A'Y+ ~ zxE),
0 0
which gives

/20W0) = \' b Ix4x+ \ i 343=i_G{A[)dx+ A GXE') d3
o (o] o]

u

under the approximation L3i = 0. Hence it is proved that i(WO) only depends
on vx and v3 under that assumption. For the nonbond mean amplitude one
has [3]

12000) = Z(A'X) + +-Zx(E') 3-1/2 2712E') +~ E E"),

n o
which depends on vx, v3and v4 The expression for the shrinkage effect is found

on p. 298 of Ref. [3], and is seen to contain H(AE), 27XE"), 27112{E') and 273(E").
Here

27(A") = L222d3,
ZX(E')=L 3i4 3,

Etf(E ) = L3BLi3d3,

273{E') = Li32d3 + L4124 .

3. Tetrahedral W04

From p. 196 of Ref. [3] one has

p(¥0)=1apg + A B 4,
4 4
which gives

i"(Wo) =, + v, L3B= -A-CDK+

when E34 = 0. Hence Z(WO) depends only on r4 and r3. For the nonbond
mean amplitude [3]:

P(0) =" LLAX+ "27(E)+ A ri(F) -~ Z THF9+ "27%F2,
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which depends on all the four frequencies. The expression for the shrinkage is
found again on p. 298 and contains E(E), 271(jF2, £ A F2) and » 2" - HelC

LE) = L24 2,
O(e2 =132
= L33Li3d3,
A o(N2) — Li3*03 + wEM2d4 .
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1,3-Dioxane molecules take a chair conformation according to the gas electron
diffraction data in agreement with a microwave spectroscopy study (R. Kewley, [1]).
The bond lengths and bond angles were also determined. In the course of the structure
analysis data from the microwave spectroscopy study have been utilized.

Introduction

Kewley has recently studied the molecular conformation of 1,3-dioxane
by microwave spectroscopy [1]. He has shown that considering the dipole
moment components along the principal inertia axes, the chair form and one
(“A”) of the boat forms are to be examined while the other boat form and the

twist forms are ruled out. The cited work gave preference to the chair form
convincingly, mainly on the basis of comparisons between the calculated and
observed planar principal moments. It was also found on the basis of dipole
moment data, that no flattening of the ring occurs as compared with cyclo-
hexane, e.g., although this could have been expected because of the presence
of the oxygen lone electron pairs instead of C H bonds. In the microwave
spectroscopy study reasonable geometric parameters have been assumed and
used but no attempt could be made to determine these parameters.

There has also been a recent vibrational spectroscopic study on 1,3-
dioxane (not cited in Ref. [1]), in which Pickett and Strauss [2] were able to
assign all the observed low frequency bands to vibrational transitions arising
from an expected chair conformation. They performed a normal-coordinate
analysis and the rotational constants for the chair form geometry, they ob-
tained, agree astonishingly well with the values observed by Kewley.
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The two main purposes of our electron diffraction study were (i) to
determine the geometric parameters i.e., the bond distances and the bond
angles of the 1,3-dioxane molecule, and (ii) to examine the mean amplitudes of
vibration. It was also expected to gain further evidence concerning the molec-
ular conformation, although it was clear from the very beginning of the
electron diffraction study that strong correlation among the structural param -
eters including both geometric and vibrational quantities would prevent a
detailed conformational analysis. It was for this reason, above all, that we
decided to make partial use of the available experimental data from Kewley’s
microwave spectroscopy study in the course ofthe electron diffraction structure
analysis. A similar approach has already been demonstrated to be extremely
useful in other studies some of which have been performed in this laboratory
[3, 4].

Experimental

The sample of 1,3-dioxane used in this study was kindly provided by
Dr. M. Bartok (Szeged)*. The electron diffraction patterns were recorded with
the Budapest apparatus, a modified EG-100A unit. The nozzle and sector
systems used have been described elsewhere [5, 5]. The nozzle temperature was
about 40°C. Nozzle-to-plate distance of 50 and 20 cm and a 60 kV nominal
accelerating voltage were utilized. The data were treated as described elsewhere
[7]1. The ranges of intensity data used were 2.25 < s< 11.10 A“1 and
6.75 ~ s < 29.75 A-1 (s = 4nX"sin 0/2, where X is the electron wavelength
and B is the scattering angle). The data intervals were As = 0.15 A-1 and

Fig. 1. The total experimental intensities and experimental backgrounds drawn in

Department of Organic Chemistry, J6zsef A. University
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5 10 25 Jilg)

Fig. 2. Experimental (crosses and dots for 50 cm and 20 cm camera ranges, respectively) and
theoretical (full line) molecular intensities. A represents |[SME(s) —sM (s)]. The theoretical
curve was computed for the model whose parameters are presented in column (c) of Table |

0.25 A-T, respectively, for the two camera ranges. The final versions of the
experimental backgrounds are shown in Fig. 1. The scaled molecular inten-
sities corresponding to the two camera ranges are shown in Fig. 2.

Structure analysis

The experimental radial distribution is presented in Fig. 3. As the (more
important) individual interatomic distances and their relative weights are
indicated also in this Figure assigned to the chair form, it can be well seen

b k4

k2 E2 1 |
1 2 3

4 5

”

r.A

Fig. 3. Experimental (£) and theoretical (T) radial distributions and the difference curve (A).

Curve T was computed for the model whose parameters are presented in column (c) of Table I.

The more important individual interatomic distances and their relative weights are also
indicated
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that a unique determination of the 1,3-dioxane molecular geometry from
electron diffraction data alone would be impossible. It was then decided, at
least for the preliminary refinements of the structural parameters, to include
experimental data from the microwave spectroscopy study into the least-
squares procedure. Seip’s least-squares refinement program KCED21 [8] was
modified so that the quantity to be minimized was

*Smax 1 Smax2
j? WS[ME{s) — kxM T(s)]2+ 2 WSsSIiME(s)— k2M r(s)]2 +
Sminl Smin2
+ 2 wRf-ij))\ (1)
j—a,b,c

where M(s) in the molecular intensity, k2 and the respective scale factors
for the two camera ranges, |Ij the principal moment of inertia, and Ws and Wj
the corresponding weights.

The molecular model of the chair form of 1,3-dioxane (see Fig. 3) as a
whole was assumed to posses CS symmetry. All C—H bond lengths and
<CH—C—H bond angles were taken equal. The bond configuration of the
C5 atom and also that of the C2 atom has Q® local symmetry. The follow-
ing geometric parameters were chosen to be independent:

KC H) <0 C-0
r(01 —C2) <C 0-C
r(01 —Ce) <0 c-c
r(c-c) <C C-C
<H C-H
<H-C-C

The mean amplitudes of vibration (I values) for the two types of C—O bounds
were assumed to he equal. In most of the refinements the | values for non-
bonding distances involving hydrogen atom and distances which occur only
once, have not been varied. Because of strong correlation among the paraam-
eters, the approach of block refinement of various groups of parameters [9]
has been extensively used.

In the final stages of the structure analysis zero values were given to the
weights Wj (Eqg. (1), thus removing the constraints referring to the microwave
spectroscopy measurements. No appreciable changes in the parameters, how-
ever, have been observed.

Two different trial structures have initially been used in the least-squares
refinements. One of them was based on Kewiey’s [1] assumed parameters,
while the other originated fron the values for bond angles and torsional
angles given by Pickett and Strauss [2]. For the latter case the parameters
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Table 1

Molecular parameters of 1,3-dioxane

00 ® © @ (d © @
r(01—C2), A 1.410 1.393 0.018  1.393  0.025
r(01-C6), A 1.410 1.439 0.028 1439  0.039
r(c-c), A 1.533 1528 0.009 1528  0.013
r(C-H), A 1.108 1.095 0.003  1.095  0.004
oo~ o 109°28'  109.95°  115.7°  1144°  16°  115.0° g
c-0-¢ 111°43'  112.83°  110.3°  1114° © °  1109°  15°
0o-c-c 109°28'  108.43°  109.1°  109.3°  05° 109.2°  0.8°
c-c-c 109°28'  110.42°  107.6°  107.8°  0.7° 107.7°  1I°
0-C-0-C 61.23° 58.9°
c-0-c-C 57.59° 56.0°
o-o—e—o 53.39° 57.4°
/(0-C), A 0.049 0.014  0.049  0.020
/(C-C), A 0.053 0012 0053  0.017
HC-H), A 0.071 0.002  0.071  0.003
1001 ... C4), A 0.066 0.004  0.066  0.006
/(01 ... C5), A 0.073 0.006  0.073  0.008
IC...C), A 0.062 0.008  0.062 0011

(a) — Assumed geometric parameters in Kewley’s work [1]

(b) — Bond angles and torsional angles given by Pickett and Strauss [2]
(c) — Results of refinements using (a) as trial structure

(d) — Results of refinements using (b) as trial structure

(e) — Standard deviations obtained for (c)

(f) — Average parameters of (c) and (d)

(g) — Total errors obtained as described in the text

for the bond distances obtained in the previous refinements have been kept
unvaried. The results of both refinements are presented in Table |I. The mean
values of these parameters are also given as representing the findings of this
structure analysis. In estimating the total errors, the standard deviations
were multiplied by ¥Y2 to take the correlation among the experimental inten-
sities into account and then half of the differences between the results of the
two refinement schemes were also added. This latter was felt to be necessary
since the results of the least-squares refinements were somewhat sensitive to
the choice of the trial structures. The standard deviations were so large that
in all cases but for r(C—H) the experimental scale error, estimated to be about
0.2 per cent, was ignored in the calculations of the total error. As for the bond
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rl
r2
r3
r4
5
ré
r7
8
r9

rl0

ZA

N E

rl
r9
Z13

rl r2 r3 r4 r5 ré r7 r8 r9 rlO il 3 Z4 pAll 212 13 [cl
1000
-997 1000

958 -956 1000
-475 465 -387 1000
-584 571 -648 272 1000

322 -310 433 - 23 -786 1000

322 -336 190 -224 24 -328 1000

9 — 1 4 - 71 -550 456 -342 1000
-303 321 —163 295 -398 463 -463 427 1000
-283 290 -355 33 293 -115 -200 15 -423 1000
973 -979 953 -420 -556 324 301 - 5 -291 -314 1000
-959 959 -894 475 535 -261 -377 4 347 255 -889 1000
-434 429 -328 350 227 - 22 -310 - 44 224 65 -423 399 1000
325 -335 373 28 82 266 -142 -471 -219 25 382 -259 - 14 1000
-148 148 62 170 -331 385 143 238 279 - 48 -102 187 99 -169 1000
316 -303 425 - 35 -634 795 613 410 382 50 337 -219 18 359 86 1000
-213 184 — 18 422 117 141 -313 - 95 245 -173 - 32 343 359 317 278 232 1000
-198 209 92 - 78 -263 317 -311 323 542 -112 -146 201 74 -113 259 299 250
r(C2—01), r2 = r(01-C6), r3 = r(C4-C5), r4 = r(C-H), r5 = <€ 0OCO, 16 = £ COC, r7 = -y OCC, r8 =  CCC,
HCH, rl0 = HC4C5, Il = Z(C2-01), ZB= Z(C4- C5), Z4= Z(C-H), ZIl = Z(01 +C5), Z12 = Z(01  C4),

Z(C2 -Ci),

Table n

Corrélation coefficients (X1000)

kl and Z2 scale factors for caméra ranges 20 cm and 50 cm, respectively.
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angles involving hydrogen atom, H—C—H 1088 ~ 2.5° and H—C—C
112.4 + 1.1° were obtained in the refinements corresponding to column (c) of
Table I. Closely related to the results of the least-squares refinements, presented
in Table I, are the quantities of the correlation coefficients given in Table II.

Discussion

The geometric parameters of the 1,3-dioxane molecule obtained in this
study are shown in column (/) with the total errors in column (g) of Table I.
These parameters are represented in terms of ra structure. It is well known
that the ra parameters, especially for bond angles, have no well-defined
physical meaning, nevertheless, the large uncertainties do not warrant further
pursuit for better defined parameters.

The electron diffraction data show excellent agreement with the chair
conformation as demonstrated by Figs 2 and 3. Table Ill and IV provide a

Table LU

Observed and calculated rotational constants for 1,3-dioxane

Electron diffraction

. Microwave Pickettand Strauss
RQ‘:)‘S;'[ZE?' spectroscopy (calculated)
[i] A ) )
A 4999.94 + 0.05 4977 5019 4969
B 4807.61 + 0.05 4804 4795 4831
¢ 2757.12 = 0.05 2750 2760 2752

(c) and (d) correspond to the parameters of the columns (c) and (d) of Table |

Table TV

Observed and calculated planar principal moments of 1,3-dioxane

lim¢ais Lmfbi~ LmiCi2
Microwave spectroscopy [1] 93.671 89.628 9.949
Pickett and Strauss [2] 93.7 90.5 11.5
Electron diffraction 93.9 89.2 115

comparison between the rotational constants and the planar principal moments,
respectively, obtained in the microwave spectroscopy study [1], calculated
from the geometry of the vibrational spectroscopic work [2] and our electron
diffraction structure analysis. The convenience of using the planar principal
moments for this comparison was pointed out by Kewley [1]. When making
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comparisons of this kind it should be remembered that a discrepancy between
the microwave spectroscopy and electron diffraction data within, say, one
per cent may well be expected to be due to the indeterminacy in the physical
significance of the parameters originating from different techniques and not
corrected for the effects of vibration and rotation. Accordingly, the agreement
between the rotational constants from the present investigation and those of
the microwave spectroscopy study can be considered also excellent. That the
same can be stated for the calculated rotational constants of Ref. [2] indicate
that several sets of geometric parameters may obviously reproduce the ob-
served rotational constants. However, according to the least-squares re-
finement on the electron diffraction molecular intensities, the parameters like
those presented in column (f) of Table | are to be preferred.

In addition to the structure refinements based on the chair conformation,
refinements have also been attempted using a boat “A” model. These cal-
culations, assuming the parameters for the bonds from the refinements on the
chair form, yielded the following values for the bond angles:

O-C-0 1115
c-0-C 114.1
O0-C-C 108.7'
c-Cc-C 108.9'
The corresponding rotational constants
A 5115 (MHz)
B 4688
C 2865
and planar principal moments
Zmflf (uA2 92.7
Zm tf 83.7
Zm tcf 15.1

Although the electron diffraction experimental distributions could be approxi-
mated quite well using a model with boat “A” conformation, the comparison
of the above quantities with those observed in the microwave spectroscopy
study rules out the boat form.

The choice between the ring conformations is the most important point
for discussing the utilization of the microwave spectroscopy data in this
electron diffraction structure analysis. The electron diffraction data alone
could have not decided unambiguously between the different forms in this
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particular case. The reason is that the molecule produces closely packed inter-
nuclear distances causing strong correlation among the parameters character-
izing not only the bond angles hut also the ring conformation. For deciding
between the different conformational forms, however, simple comparisons like
those given above and in Tables IlIl or IV would have been sufficient. The
inclusion of the microwave spectroscopy data into the least-squares procedure
had further merits. First, it definitely facilitated a faster convergence of the
refinement, and second, by selecting appropriate weights, the standard de-
viations could be reduced. Of these, the first merit proved to be very useful in
the refinements. No advantage was taken of the second one in the final account,
however, since it was preferred to present the findings for the geometric param-
eters in terms of ra structure based solely on the electron diffraction in-
tensities.

It is difficult to discuss the geometric parameters obtained in this study
because of lack of reference data. That they are different from those given in
Refs [1] and [2] does not mean that they are unusual, since in the cited works
the geometric parameters were chosen, to a certain extent, arbitrarily. On the
other hand, in discussing these parameters, the large uncertainties have to be
taken into consideration.

The r(C—H) distance seems to be normal and well determined. The
r(C—C) distance is not different from that in cyclohexane [10] within the un-
certainty. The difference between the lengths of the two types of C—O bonds
is not significant but the trend is real.

Kewley found no indication of flattening of the molecule by oxygen
lone pair repulsions as compared with cyclohexane. This is very much in
agreement with our findings. The torsional angles for 1,3-dioxane are pre-
sented in Table I. These could be compared to the torsion angles of cyclohexane
and 1,3,5-trioxane. Bastiansen et al. [10] obtained 54.9 + 0.4° in terms of ra
structure for this angle in cyclohexane. The torsional angle around the O—C
bond in 1,3,5-trioxane was calculated to be 58.6° from the raparameters given
in Clark and Hewitt’s work [11]. No flattening seems then to occur in
1,3-dioxane and 1,3,5-trioxane as compared with cyclohexane. The data indi-
cate the opposite trend although the effect may be not significant.
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Appendix

The numerical values of the total experimental intensities,
If(s), and experimental backgrounds, If(s)

50 cm camera range

s ifM jfw s ifw

2.25 0.3838 0.4700 6.75 0.8442 0.8530
2.40 0.4215 0.5019 6.90 0.8173 0.8530
2.55 0.4682 0.5341 7.05 0.8011 0.8530
2.70 0.5079 0.5667 7.20 0.7861 0.8530
2.85 0.5505 0.5983 7.35 0.7787 0.8530
3.00 0.5778 0.6260 7.50 0.7737 0.8531
3.15 0.6006 0.6511 7.65 0.7757 0.8531
3.30 0.6139 0.6729 7.80 0.7811 0.8530
3.45 0.6181 0.6915 7.95 0.7903 0.8530
3.60 0.6208 0.7097 8.10 0.8024 0.8528
3.75 0.6199 0.7274 8.25 0.8162 0.8526
3.90 0.6209 0.7437 8.40 0.8315 0.8530
4.05 0.6283 0.7592 8.55 0.8486 0.8535
4.20 0.6438 0.7741 8.70 0.8641 0.8540
4.35 0.6680 0.7879 8.85 0.8751 0.8547
450 0.6987 0.8008 9.00 0.8860 0.8552
4.65 0.7405 0.8128 9.15 0.8947 0.8563
4.80 0.7899 0.8228 9.30 0.9009 0.8578
4.95 0.8474 0.8312 9.45 0.9031 0.8592
5.10 0.9068 0.8381 9.60 0.9033 0.8611
5.25 0.9445 0.8432 9.75 0.9021 0.8635
5.40 0.9763 0.8468 9.90 0.9008 0.8662
5.55 0.9927 0.8488 10.05 0.8984 0.8697
5.70 1.0000 0.8500 10.20 0.8969 0.8738
5.85 0.9953 0.8510 10.35 0.8926 0.8785
6.00 0.9790 0.8516 10.50 0.8930 0.8840
6.15 0.9571 0.8521 10.65 0.8919 0.8895
6.30 0.9307 0.8524 10.80 0.8921 0.9021
6.45 0.9021 0.8528 10.95 0.8933 0.9092
6.60 0.8693 0.8530 11.10 0.8955 0.9164
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6.75
7.00
7.25
7.50
7.75
8.00
8.25
8.50
8.75
9.00
9.25
9.50
9.75
10.00
10.25
10.50
10.75
11.00
11.25
11.50
11.75
12.00
12.25
12.50
12.75
13.00
13.25
13.50
13.75
14.00

ife«

1.1864
1.1018
1.0448
1.0108
0.9975
0.9985
1.0084
1.0205
1.0321
1.0364
1.0316
1.0217
0.9945
0.9664
0.9326
0.9040
0.8814
0.8629
0.8482
0.8327
0.8150
0.7965
0.7760
0.7648
0.7659
0.7765
0.7906
0.8052
0.8093
0.8036

Appendix

20 cm camera range

if«

[N

.1955

[N

1707

[N

.1480

[N

1263

[N

.1020

[N

.0796

[N

.0570

[N

.0349

[N

.0155
0.9967
0.9790
0.9618
0.9441
0.9275
0.9129
0.8990
0.8855
0.8730
0.8617
0.8500
0.8389
0.8278
0.8167
0.8061
0.7960
0.7863
0.7770
0.7688
0.7604
0.7528

14
14

14.

15

15.
15.
15.
16.

16

16.
16.
17.
17.
17.
17.
18.
18.
18.
18.
19.
19.
19.
19.
20.
20.
20.
20.
21.
21.
21.

.25
.50

75

.00

25
50
75
00

.25

50
75
00
25
50
75
00
25
50
75
00
25
50
75
00
25
50
75
00
25
50

if«

0.7863
0.7616
0.7378
0.7130
0.7004
0.6907
0.6894
0.6875
0.6844
0.6806
0.6743
0.6698
0.6644
0.6631
0.6649
0.6687
0.6720
0.6744
0.6731
0.6659
0.6551
0.6432
0.6308
0.6223
0.6166
0.6124
0.6094
0.6075
0.6069
0.6069
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7252
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7079
.7028
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6822
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.6538
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.6460
6419
.6382
.6345
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6272
6241
6211
6181
.6154
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20 cm camera range (continued)

S hEf) 3 . if e if(e>
21.75 0.6071 0.6100 26.00 0.5626 0.5675
22.00 0.6072 0.6074 26.25 0.5616 0.5656
22.25 0.6071 0.6046 26.50 0.5613 0.5640
22.50 0.6072 0.6020 26.75 0.5620 0.5624
22.75 0.6051 0.5994 27.00 0.5628 0.5608
23.00 0.6042 0.5968 27.25 0.5617 0.5594
23.25 0.6008 0.5942 27.50 0.5605 0.5580
23.50 0.5081 0.5914 27.75 0.5589 0.5566
23.75 0.5921 0.5886 28.00 0.5572 0.5554
24.00 0.5885 0.5860 28.25 0.5546 0.5542
24.25 0.5845 0.5834 28.50 0.5525 0.5532
24.50 0.5811 0.5808 28.75 0.5514 0.5522
24.75 0.5782 0.5784 29.00 0.5498 0.5513
25.00 0.5746 0.5760 290.25 0.5488 0.5505
25.25 0.5713 0.5735 29.50 0.5482 0.5497
25.50 0.5680 0.5715 20.75 0.5487 0.5490
25.75 0.5648 0.5695
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A number of transition metal and inner transition metal complexes with a-amino
acids have been studied mostly in solutions employing certain physicochemical
techniques [1—10]. From the literature it appears that very limited attention has been
paid to the isolation and elucidation of the structure of rare earth complexes with
amino acids. The present communication deals with the interaction of L-aspartic acid
with trivalent rare earth ions (Y, La, Ce—Lu except Pm). The complexes have been
isolated and identified by IR, magnetic measurement, thermogravimetric analysis,
molar conductance and elemental analysis.

Experimental

Freshly prepared rare earth carbonates were treated with L-aspartic acid in stoichi-
ometric proportions in agueous solution. The mixture was stirred, filtered and concentrated,
mixed with dehydrated alcohol and allowed to evaporate slowly in vacuum at room tempera-
ture.

The complexes were analysed for C, H and N, by the Microanalytical Service, I.I.T.
Kanpur (India) and rare earths were estimated as oxalates [11]. The IR spectra were taken on
a Beckman Spectrophotometer model BK-56 in the range 2.5 to 16 in KBr pellets. Thermo-
gravimetric analysis were performed on a Stanton thermobalance (London) between 25 and
900°C with a heating rate of 6°C per minute in air. Molar conductances were recorded by
using a Philips conductivity bridge model PR 9500 in conjunction with a dip type cell (cell
factor 1.48) and magnetic measurements were carried out at 27°C employing Faraday’s
method. Rare earth oxides were purchased from KOCH-Light (London). These compounds
are highly hygroscopic and do not dissolve in common organic solvents, have high solubity in

water. No melting is observed up to 360°C. Table | gives the characteristic data of these com-
plexes.

Results and discussion

Elemental analyses and TGA studies exhibit the formula M(Asp-H)3 3
H20 where M stands for Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm,
Yb and Lu. The removal of water at 120 160°C (10 12% wt. loss) confirms
that all molecules are co-ordinated to metal ions and are not just water of
crystallization [12]. The partially dehydrated compounds are stable up to
230°C and then decomposition sets in. Most probably CO and CO02 are pro-

* Department of Metallurgy and Material Science. University of Liverpool, Liverpool,
England.
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Complex

Y (Asp)BHD

La(Asp)BHD
Ce(Asp)BHD
Pr(Asp)3HD
Nd(Asp)BHD
Sm(Asp);3HD
Eu(Asp)BHD
Gd(Asp)3BHD
Th(Asp)BHD
Dy(Asp)BHD
Ho(Asp)BHD
Er(Asp)3BHD
Tm(Asp)BHD
Yb(Asp)BH2
Lu(Asp)BHD

Complexes prepared in this study and some characteristic data

ColoUT

W hite

W hite
Rosy pink
Yellowish areen
Pink

W hite

W hite

W hite

W hite
Dirty white
Dirty white
W hite

W hite

W hite

W hite

Calcd.

26.70
24.44
24.39
24.35
24.22
23.96
2391
23.70
23.64
2351
23.41
23.24
23.08
23.05
23.03

Asp = L-aspartic acid; H = (C4He0 4N)

c

Found

26.62
24.38
24.65
24.25
25.00
23.87
24.00
23.94
24.28
24.61
23.30
23.20
23.20
23.00
23.10

Table 1

Calcd.

4.45
4.07
4.06
4.06
4.04
3.99
3.98
3.95
3.94
3.92
3.97
3.85
3.84
3.84
3.84

H

Found

4.27
4.10
4.16
4.18
4.01
3.95
3.96
4.05
4.43
4.02
4.04
3.97
3.75
3.76
3.88

Calcd.

7.78
7.13
7.11
7.12
7.23
6.99
6.97
6.91
6.89
6.86
6.79
6.84
6.78
6.76
6.72

N

Found

7.75
6.89
7.16
7.07
7.15
6.92
6.99
7.29
7.28
6.84
6.77
6.80
6.75
6.71
6.70

Calcd.

16.48
23.58
23.71
23.83
24.30
23.36
25.26
25.89
26.09
26.59
26.80
27.00
27.20
27.70
28.13

Métal

Found

16.42
23.54
23.81
23.90
24.50
23.42
25.32
26.02
26.12
26.55
26.98
27.10
27.90
27.40
28.20

Magnetic

moment
(BM)

Diamag

Diamag
25
35
3.8
20
34
7.8

9.8
10.7
9.7
6.8
4.6
Diamag

Molar
cond. in
mhos

0.31
0.31
8.30
0.30
0.30
0.30
0.32
0.31
0.32
0.32
0.31
0.32
0.32
0.32
0.31
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duced at 350 -700°C leading to the formation of stable oxides. Ce(lll) complex
deviated from this behaviour and there is direct formation of Ce02 from
340 °C onwards with a weight loss of about 70%.

The usual unequal double humped curve is obtained on plotting magnetic
values in B. M. against atomic number [13]. The molar conductances of
2x10-4 M aqueous solution are of the order of 0.21 + 0.01 mhos, but the
corresponding trichlorides have about 2.8 times higher values then these
complexes. These larger values of the rare earth halides might be due to the
high ionic mobility of the halide ions as compared to those of large amino
acid anions.

The bands which throw some light on the co-ordinating properties of
amino acids are: NH” sym. asym [14], COO- sym COO asym [15] CN stretch-
ings and two unassigned medium intensity characteristic bands at 2060 and
1905 of L-aspartic acid [17]. The NHj asym stretchings of free aspartic acid
appear as medium intensity bands at 1610 and 1510 cm-1, respectively. The
position of these bands remains unaltered on complexation, whereas a slight
increase of 10—25 cm-1 in the sym vibrations is observed. The COO- sym
vibration (1420 cm-1s) present in the free acid is lowered by 20 25 cm-1 and
the COO- asym (1640 cm-1 m) is reduced by 5—10 cm-1 only on complexa-
tion. The CN stretching band of medium intensity at 935 cm-1 in L-aspartic
acid showed a lowering of 20 40 cm-1 on complex formation. Usually in
amino acids, co-ordination takes place through the carboxylic group with
consequent change in the position of NH3 stretchings [18]. The presence of
co-ordinated water is revealed by the presence of a medium intensity OH
stretching band near 3400 cm-1 and OH rocking vibrations of strong intensity
at 850 cm-1 [19, 20]. The exceptional hands of L-aspartic acid disappear on
complexation.

Hence the formation of rare earth complexes is achieved through the
displacement of the proton of the —COOH group by the rare earth ions.
Moreover, aspartic acid (HZ) is expected to loose a proton from —COOH
(pKa ~4) rather than from NH3 (pKa ~9.8) and the low affinity of lanthanide
cations for NH 2is unlikely to, in effect, reverse this order of acidities. It may
be concluded that zwitter ion character of L-aspartic acid retained on com-
plexation and that the possibility of co-ordination through nitrogen isruled out.

*
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DETERMINATION OF MANGANESE
WITH N-BROMOSUCCINIMIDE
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A procedure is suggested for the semimicro determination of Mn(ll) by its
alkaline oxidation with N-bromosuccinimide (NBS). The reaction takes place at room
temperature and in the presence of an excess of NBS, which is irreversibly reduced to
succinimide. The excess NBS is back-titrated with standard arsenite solution and the
end-point is detected potentiometrically.

The mechanism of the reaction has been studied, and the results are found to be
equally precise and accurate as the complexometric and the formaldoxime colori-
metric methods; the accuracy amounted to 99.63% + 0.626 (P = 0.05).

The more common methods for the determination of manganese are the
spectrophotometric [1—12], complexometric [13—15] and gravimetric [16, 17]
methods.

N-bromosuccinimide has been applied in inorganic analyses [18 -22].
Barakat et al. determined iodide [18], trivalent antimony [19] and cyanide
and thiocyanate — either alone or in the presence of each other [20] — using
N-bromosuccinimide. Berka and Zyka applied N-bromosuccinimide in the de-
termination of As(Ill), T1(l), tin(ll), titanium (111) and sulphide [21]. The
authors have also used N-bromosuccinimide for the semimicro determination
of Cu(l) [22].

This communication describes a semimicro procedure for the determi-
nation of Mn(ll), using NBS as an oxidizing agent.

Experimental

Apparatus

Beckman potentiometer (expanded scale); saturated calomel electrode; platinum
electrode.

Reagents
1 — Standard manganous sulphate solution: 0.01M. 2 — Sodium hydroxide: T.S. 3 —
Standard sodium arsenite solution: 0.0025M. 4 — Standard N-bromosuccinimide solution:

0.005M, aqueous solution. This solution must be freshly prepared and standardized against
standard arsenite solution [19].

* The address: Research and Control Centre, Cairo.

Acta Chim. (Budapest) 83, 1974



348 ABOUL KHEIR et al.. DETERMINATION OF MANGANESE

Table 1

Semimicro determination of manganous sulphate by the NBS
and the complexometric [13] procedures

NBS procedure Complexometric procedure
Mn(ll) taken,
mg Mn(l1) found, Recovery, Mn(ll) found, Recovery,
mg % mg %
1.070 97.3 1.070 97.3
1.100 1.070 97.3 1.100 100.0
1.125 102.3 1.100 100.0
1.375 100.0 1.348 98.0
1.375 1.375 100.0 1.348 98.0
1.404 102.1 1.375 100.0
1.674 101.6 1.593 96.5
1.650 1.650 100.0 1.622 98.3
1.650 100.0 1.622 98.3
2.795 101.6 2.698 98.1
2.750 2.750 100.0 2.717 99.0
2.717 99.0 2.772 100.8
5.428 99.0 5.500 100.0
5.500 5.428 99.0 5.395 98.0
5.500 100.0 5.395 98.0
8.132 98.6 8.099 98.2
8.250 8.132 98.6 8.132 98.6
8.158 99.0 8.132 98.6
10.850 98.6 10.791 98.1
11.000 10.904 99.1 10.823 98.4
10.904 99.1 10.823 98.4
Mean recovery
(p = 0.05) 99.63 + 0.626% 98.6 + o 8§
*0.97S 0.814 (2.021)*
F 1.75 (2.18)*

* Figures in parentheses are the theoretical values.

Procedure

In a beaker of 50 ml capacity, introduce an accurately measured volume of the manga-
nous salt solution (containing 1.1 to 11.0 mg of Mn(Il), render alkaline with sodium hydroxide
solution (about 2 ml) and shake. Add the standard NBS solution in excess (10—30 ml), allow
to stand for 3—5 minutes, whilst shaking, then titrate the excess NBS with standard arsenite
solution detecting the endpoint potentiometrically.

Carry out a blank experiment simultaneously. 1 ml of 0.006M NBS solution is equiv-
alent to 0.549 mg Mn(Il) or 1.69 mg MnS04+H20.

Results

Table 1 includes the results obtained by applying the suggested NBS
procedure and the complexometric method [13] on different volumes of the
standard manganous sulphate solution, corresponding to 1.1—11 mg of M n(ll).
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Discussion

Oxidation of Mn(Il) in acidic solution is difficult; permanganate ion is
formed only by the action of very strong oxidizing agents, such as Pb02 In
alkaline medium, Mn(ll) is oxidized to Mn(lll), as hydrated manganese(lll)
hydroxide [23]. Mn203+nH 2 is the product of oxidation of precipitated
Mn(OH)2 which, on drying, gives (Mn20 3H 20) [24].

The reaction between NBS and Mn(ll) in alkaline medium can be repre-
sented by the equation:

CH2-CO CH2-CO
ANBr + OH* - I A>NH + Br- + Mn203+ 2H2
2Mn(0H), + CH2-CO CH2-CO

The presence of Br- was confirmed by the silver nitrate and the chlorine
water tests. Succinimide was isolated by filtering the reaction mixture, dis-
tilling the clear filtrate under reduced pressure and recrystallizing the solid
residue from benzene; the colourless crystals were identified as succinimide
of a m.p. 124—125°C.

Before the reaction was applied to the quantitative determination of
Mn(ll), the effect of the reaction medium was studied and it was concluded
that no reaction takes place in acid medium while in alkaline medium the
reaction is quantitative. Two moles of sodium hydroxide test solution were
enough to render the solution sufficiently alkaline for the reaction between
NBS and Mn(Il) to be quantitative.

It isevident from the results in Table | that the accuracy ofthe proposed
method amounts to 99.63 + 0.626%. Statistical analysis of the results in
Table | reveals that both the variance ratios snd the t-tests are within the
theoretical limits, indicating that the suggested NBS method is as equally
precise and accurate as the complexometric method [13]; the same conclusion
was also arrived at by comparison with the formaldoxime colorimetric method
[8].

Applying the proposed method for the determination of Mn(ll) in
Ziemmermann’s reagent almost the same accuracy has been obtained.

It is to be mentioned that manganous hydroxide is sensitive to the
oxygen dissolved in water, however, the reaction between manganous hydrox-
ide and NBS is considerably faster than that between manganous hydroxide
and molecular oxygen. This fact has been shown by experiments; similar
results were obtained when water was aerated and when it was boiled and
cooled prior to the determination of its manganese content.
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The activity and activity coefficient were determined for silver ions in poly-
electrolyte solutions of carboxyalkylated poly(vinylalcohol) with mono-, di- or tri-
chloroacetic acid, and of two different weight exchange capacities.

The increase in the activity coefficient of counter ion (at equal concentrations of
salt-free silver salt polyelectrolytes) in the above mentioned order of the polymer used,
is significant in very dilute solutions (6250 — 781.25 X 10—7IV). Although its value in-
creases with the capacity of polymer, and sharply increases with decreasing the con-
centration of the silver salt polyelectrolyte, it does not reach unity at infinite dilutions.

For different mixtures of salt-free silver salt and acidform polyelectrolytes, the
activity coefficient of silver ion increases with decreasing the relative quantity of
silver salt polyelectrolyte and with decreasing the total concentration.

Introduction

Transport and thermodynamic properties of counterions in polyelectro-
lyte solutions are abnormally low as compared with the same properties in
solutions of simple electrolytes. This phenomenon is related to counter ion
binding [1—8]. The electrostatic interaction between the poly-ion and the
counter ions may arise from localized effect of each charged site on the poly-
ion i.e., site binding, or from the overall charge density on the chains.

The counter ion activity coefficient of the sodium and silver (poly)-
styrenesulphonates have been determined at different concentrations, and the
results were analysed using simple electrostatic model which assumes the poly-
ion to be parallel sheets of uniform charge density distributed in the volume
of solution [7].

Experimental research on the activity of counterions in polyelectrolyte
solutions, was carried out using the silver- or silver-sodium salt of the carboxy-
methylcellulose as a polyelectrolyte sample [6].

A number of workers have studied the activity of counterions in solu-
tions of polyelectrolyte by immersing electrodes reversible to these ions in
the solutions of poly(ethyleneimine hydrochloride) — and measuring the
potential of such half-cell against a reference half-cell [6].

The aim of this work was to evaluate the activity and activity coefficient
of counter silver ion in salt-free polyelectrolyte solutions of carboxyalkylated
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poly(vinyl alcohol) with mono-, di- or trichloroacetic acid [9], at different
concentrations. Moreover each silver salt polyelectrolyte was mixed with the
respective acid-form polymer in different ratios at various total concentrations
and the activity of silver ion was measured.

Experimental
Materials

Carboxyalkylated poly(vinylalcohol) with mono-, di- and trichloroacetic acid were pre-
pared at 70°C (rlsp; 0.05 g/10 ml water at 25°C = 0.27107, 0.2798 and 0.2955, and acid
numbers = 34.064, 35.20 and 36.325 respectively); and at 30—40 °C (r]sp = 0.3010, 0.3040
and 0.3092, and acid numbers = 134.121, 150.20 and 166.72 [8]). The purified polymers were
further diluted with deionized water, passed several times through a strong cation and then
anion-exchange resin. The exchange capacities determined potentiometrically for the pure

polyelectrolytes, in both deionized water and sodium chloride solutions (0.1, 0.5, 1.0 and 2iV)
are mentioned elsewhere [10].

Preparation of silver salt of polyelectrolyte

The polymer in the hydrogen form (1 g) was dissolved in deionized water (50 ml), then
shaken with a large excess of fresh silver oxide [7], from time to time, in the darkness for a
period of 2 days. The solution was then filtered of the remaining oxide, stored and handled in
the absence of light.

The exchange capacity for each polyelectrolyte, relative to silver, was calculated, after
boiling its silver salt with analar concentrated hydrochloric acid, to precipitate silver chloride,
and the amount of silver was determined gravimetrically [11]. Their capacity, mequiv. g~*
relative to silver, were 0.6109, 0.6201 and 0.6522 for the first group of polymers prepared at
70 °C; and 2.4307, 2.5400 and 2.6770 for those prepared at 30—40 °C, which were more or less
near to the respective values obtained from potentiometric titration curves (0.60720, 0.62744
and 0.64680 for the first group; and 2.4161, 2.6019 and 2.6550 for the second group [10]).

Measurement of the activity of silver ion

Potential measurements were made using a PYE potentiometer in conjunction with a
scalamp galvanometer type MSZ-808 (Hungary). A constant voltage stabilized source "2
volts, and also a 1.10191-volts standard cell (for standardization) were also used.

Measurements were carried out using the cell [6, 8]

+Ag IAg Cl, Sample soln. || Sat. KN 03| HgCI, Sat. KC11 Hg~
A B

where A = saturated KNO3 agar bridge, B = saturated KC1 agar bridge, with the cell at
25 + 0.1°. Neglecting the liquid junction potentials at the salt bridges A and B, the activity
of silver ions ag« e+ was calculated from the equation,

log <iAg+ = (8 — n0)/0.05909

in which n and rr are the respective electromotive forces for the studied polyelectrolyte
solution and the standard solution (0.0531V silver nitrate solution, where the silver ion activity
is 0.0422 and the activity coefficient, yar+ is 0.789).

The concentrations (Cau+) of salt-free silver-form solution were 7.8125, 15.625. 31.25,
62.5, 125, 250, 500, 1000, 2000 x 10-5V.

Partially neutralized solutions were also prepared by mixing the desired proportions of
the polyelectrolyte in the acid-form (Ch+) with the respective solution in the silver-form
(0<Ag+) where Cp = Cg,,+ -j- Ch+, and the activity of silver ion was calculated. The standard
error in calculating tbe activity value was £0.3261 X 10“ 8.
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Results and discussion

Activity of counterion at different concentrations of polyelectrolyte in salt-free
solution

Results given in Table | (Fig. 1 illustrates the polymers prepared at
70 °C as representative), show that, the activity coefficient of counterion
increases with decreasing the polyelectrolyte concentration (from 0.2 to

0.000078125 N), in accordance with the previous findings for salt-free solutions
of silver carboxymethylcellulose [6]. At equal concentrations the increase in
the value of activity coefficient of counteiion, in the following order of acid
used for carboxyalkylating poly(vinylacohol): mono- < di- < trichloro-
acetic acid is significant in very dilute solutions (0.000625—0.000078125 N).

On extrapolating the activity coefficient curves to infinite dilution, it
does not reach unity, differing therefore, from the behaviour of mean activity
coefficients of simple electrolyte at low concentrations. It has been mentioned
[6] that, the greater is the ionic charge of macroion, the greateristhe decrease
of activity coefficient, although it is rather difficult to treat separately the
charge .density distribution and the degree of polymerization.
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707,000
1 000,000

1414,200

Activity coefficient of Ag ion at varying polyelectrolyte concentrations

Table 1

Monochloroacetic acid

aAg+ XIO®

3261
(3962)

6501
(7922)

12.647
(15,804)
25,198
(31,013)

50,000
(61,000)

89,000
(98,700)

142,500
(153,000)

221,000
(232,000)

384,000
(395,000)

YAgQ + X 10«

417,408
(507,136)

416,064
(507,008)

404,704
(505,728)

403,168
(496,208)

400,000
(488,000)

356,000
(394,800)

285,000
(306,000)

221,000
(232,000)

192,000
(197,560)

Data in brackets are for polymers prepared at 30—40°C

Carboxylated poly(vinylalcohol) with

Dichloroacetic acid

aAg+ X 10D

34901
(4218)

6842.875
(8336)

13,452
(16,255)
25,703
(32,531)
51,250
(62,400)

89,500
(94,000)

147,500
(155,000)

225,000
(243,000)

390,000
(397,000)

vyag+ X10«

446,848
(539,904)

43,944
(535,936)

433,664
(533,504)
411,248
(520,496)
410,000
(499,200)

358,000
(380,000)

295,000
(310,000)

225.000
(243,000)

195 000
(198 500)

Trichloroacetic acid

°Ag+ X10®

3622
(4446.1)

7030
(8598.05)

14,223
(17,415)
265,460
(34,515.99)

51,875
(65,000)

90,000
(100,000)

150,500
(157,000)

230,000
(237,000)

396,000
(399,000)

YAg+ X 10

463,616
(569,088)

459,920
(563,088)

455,427.47
(557,280)

424,736
(552,256)
415,000
(520,000)

360,000
(400,000)

301,000
(314,000)

230,000
(237,000)

198,000
(199,500)
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Activity coefficient of silver ion at different degrees of neutralization

The total concentrations (Cp) of mixture from salt-free silver salt, and
the respective acid-form polyelectrolyte (in different ratios of (CAi+/CH+) were
0.0025, 0.0075 and 0.20 N.

For every value of Cp (cf. Table Il and Fig. 2), the activity coefficient of
silver ion increases with the relative quantity of acid-form polyelectrolyte

Fig. 2

(Cp). The slight change in the value of activity coefficient, with the type of
carboxyalkylating acid (for the studied concentrations) is similar to that
found in case of salt-free polyelectrolytes. As already reported [6], the activity
of silver ion increases with increasing the degree of neutralization and falls
after reaching a maximum.

The rate of increase in activity coefficient of silver ion with increasing
the relative quantity of acid-form polyelectrolyte within relatively higher
values (1 0.6) ofthe CAgt/Cpratio is less at a Cpvalue of 0.02 N, as compared
with the sharp increase in case of lower values of Cp (0.0075 and 0.0025 N).
However, there is a slight increase in the obtained value of yAg+ at lower

ratios (0.4—0.05) of CAg+Cp.
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Concentration
of acidform
polymer,
CH+
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23.75

22.5

20

15

10

0.0

71.25

Qagirp

0.05

0.40
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1.0

0.05

0.1

0.2

0.4

0.6

Table 11

Activity of silver ion, a*g+ x 10e

A

125.27
(126.65)

250.53
(253.025)

501.0
(505.5)

970.0
(980.0)

1300
(1400)

1200
(1260)

890
(990)

370.31
(376.574)

740.62
(746.32)

1480
(1492)

2900
(2910)

3500
(3610)

B

125.713
(127.05)

251.27
(253.8)

502.0
(507.0)

980.0
(985.0)

1343
(1410)

1220
(1270)

895
(991)

375.75
(377.325)

741.75
(747.90)

1482
(1494)

2904
(2920)

3555
(3620)

125.805
(127.4)

251.59
(254.575)

503.0
(509.0)

965.0
(990.0)

1363
(1430)

1260
(1290)

900
(993)

377.663
(377.70)

750.75
(753.0)

1485
(1496)

2913
(2930)

3564
(3640)

Activity of coefficient, yAg>~X10*

A

100.216
(101.32)

100.212
(101.12)

100.20
(101.1)

97.0
(98.0)

86.7
(93.33)

60.0
(63.0)

35.6
(39.6)

98.75
(100.42)

98.75
(99.51)

98.6
(99.47)

96.66
(97.0)

77.77
(80.22)

100.57
(101.64)

100.508
(101.52)

100.40
(101.40)

98.0
(98.5)

89.53
(94.00)

61.0
(63.5)

35.8
(39.64)

100.2
(100.62)

98.9
(99.72)

98.8
(99.6)

96.8
(97.33)

79.0
(80.44)

100.645
(101.92)

100.637
(101.86)

100.60
(101.80)

98.50
(99.0)

90.89
(95.33)

63.0
(64.5)

36.0
(39.76)

100.71
(100.72)

100.1
(100.4)

99.0
(99.73)

97.1
(97.7)

79.2
80.9)
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160

120

80

40

0.0

0.8

1.0

0.1

0.2

0.4

0.6

0.8

1.0

3250
(3360)

2380
(2460)

609.4
(630.0)

1208
(1238)

2408
(2500)

3400
(3510)

3720
(3800)

4000
(4110)

3840
(3920)

3264
(3380)

2400
(2470)

612.1
(635.0)

1218
(1258)

2432
(2510)

3440
(3530)

3780
(3810)

4080
(4121)

3900
(3950)

3288
(3400)

2422
(2490)

622.3
(639.0)

1238
(1270)

2460
(2530)

3488
(3550)

3828
(3840)

4128
(4160)

3960
(3990)

54.16
(56.0)

31.73
(32.8)

60.94
(63.0)

60.4
(61.9)

60.2
(62.3)

425
(43.87)

31.0
(31.67)

25.0
(25.688)

19.2
(19.6)

54.4
(56.33)

32.0
(32.93)

61.21
(63.5)

60.9
(62.9)

60.8
(62.75)

43.0
(44.125)

315
(31.75)

25.5
(25.76)

195
(19.75)

54.8
(56.7)

32.3
(33.2)

62.23
(63.6)

61.9
(63.5)

61.5
(63.25)

43.6
(44.375)

31.9
(32.0)

25.8
(26.0)

19.8
(19.95)

Condensation product of poly(vinylalcohol) with monochloroacetic acid (A); dichloroacetic acid (B); trichloroacetic acid (C)
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5-Arylidenerhodanines (1) with secondary amines give a mixture of the amine
salt (2) and 2-thiazolin-4-one (3) in varying proportions depending on the time of
reaction. The route through which the amine salts (2) are converted to 2-tbiazolin-4-
ones (3) is discussed. The cleavage of 5-arylidene-3-phenylrhodanines with secondary
amines has also been investigated.

Many organic bases react with rhodanines and attack the carbon atom
in position 2 of the heterocyclic ring. In some cases the ring is sufficiently
stable to withstand cleavage, while in others the ring is broken. Substitution
at position 5 stabilizes the ring while at position 3 enhances the cleavage.
Thus, whereas aniline condenses with rhodanine to give 2-phenylimino-4-
thiazolidinone [1], 3-phenylrhodanine undergoes ring cleavage to give sym.-
diphenylthiourea [2], and 5-benzylidenerhodanine gives phenylimino deriva-
tives [2, 3]. Other primary amines behave similarly [4].

The present work discusses the route through which 5-arylidenerhoda-
nincs 1 are converted to the corresponding 2-thiazolin-4-ones (3) by reaction
with secondary amines, and the cleavage of 5-arylidene-3-phenylrhodanines 4
with secondary amines. The 5-arylidenerhodanines used have been prepared
using the sodium acetate-acetic acid method [5].

Refluxing each of la—f with 1 or 2 mol of piperidine gives the cor-
responding 5-arylidene-2-piperidino-2-thiazolin-4-ones (3a—f) with evolution
of hydrogen sulfide gas. Similar treatment with morpholine leads to the cor-
responding 2-morpholino derivatives 3g—1 The structure of 3a—f is sub-
stantiated by analytical data, the negative colour reaction previously re-
ported by Turkevich and Makdkha [6] to characterize compounds con-
taining a CSNH group, and by the infrared spectra (cf. Table 1) which show a
strong and a weak absorption between 1680— 1690 cm-1 attributed to the
stretching modes of the C=N and C=0 groups, respectively. These are the
same regions of absorptions as previously reported for 2-phenyl-2-thiazolin-4-
one [7]. The structure of 3a and g receives further support from m.p. and

*Part 1: J. Prakt. Chem., 315, 492 (1973).
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Table |

Infrared (KBr disc) and UV spectra (in absolute methanol) of 3a—f

Infrared spectra (cm-1) Electronic spectra
Compound .
vC=0 vC=N @“r%a;( CTrax (nm) Crax

3 a 1708 1690 239 9010 330 28 865
3 g 1710 1685 239 7700 331 28 860
3b 1708 1685 243 8570 333 28 600
3 h 1710 1680 243 8980 334 29 670
3¢ 1710 1690 ~235—8 7380 337 28 660

243 7970
3 1710 1690 244 7995 337 30 750
3.d 1720 1690 ~246—9 =070 307 11 915
~296—9 11 240 353 30 125
3 1720 1695 251 8395 307 12 360
~296—9 11250 352 31435
3 e 1710 1695 253 13 no 301 13 005
272 12 635 358 30 135
3 K 1710 1695 253 11 315 302 11 220
273 10 540 364 28 210
3 f 1710 1690 251 8385 300 11 910
~280—9 10 615 361 33 135
31 1720 1690 251 10 205 301 21 680
~280—8 12 145 364 29 480

inflection

maining 2-thiazolin-4-ones have been established from the analogy of their
electronic spectra (cf. Table 1) with those of 3a and g.

However, treatment of the acetone or alcoholic solutions of la—f with
1 mol or excess amine at room temperature gives mixtures of amine salts 2
and the corresponding 2-thiazolin-4-ones 3 in varying proportions depending
on the time of reaction and the solubility of the salt in the reaction mixture.
It is noteworthy that Lo et al. [10] has reported the isolation of the amine
salts 2 only under similar conditions. The proportion of the amine salts 2in the
mixture obtained is increased in those cases when the salts are separated out
quickly and the solution is worked up within a short time. For longer reaction
times, the yield of thiazolinone 3 is increased at the expense of the amine
salt 2. The salts which are obtained in a pure crystalline form are 2a—e. The
remaining salts cannot be obtained in a pure state most probably because of
their easy decomposition in the reaction mixture. Thus, treatment of la and b
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with piperidine gives a mixture of the amine salts 2a and b and the 2-thiazolin-
4-ones 3a and b, respectively. Similar treatment of la, b and e with mor-
pholine gives a mixture of morpholine salts 2c, d and e and 2-thiazolin-4-ones
39, h and k, respectively. The structure of 2a—e is substantiated by analytical
data, easy decomposition with acetic or hydrochloric acid [10], a positive
colour reaction [6] and by the infrared spectra (cf. Table 111), which show an
intense broad absorption between 3050 and 3200 cm-1 characteristic of the
stretching mode of the NH group. The structure of 2a and b is further con-
firmed by the m.p. and mixture m.p. with authentic samples [10]. The structure
of 3a, b, g, h and k is based exclusively on a comparison (m.p. and IR) with
the corresponding samples previously obtained.

The formation of rhodanine salts 2 can be explained by the acidity of the
3- H atom in rhodanines [11—13]; the problem of the conversion of amine
salts 2 to the 2-thiazolin-4-ones 3 merits consideration. This reaction can be
accomplished either by heating the solution of the salt for a short time or by
allowing a cold solution to stand for a longer period. Thus, refluxing of the
alcoholic solutions of the amine salts 2a and b give the 2-piperidino-2-thiazolin-
4- ones 3a and b, respectively, as evidenced by m.p. and IR data. The mother
liquors contain traces of 5-arylidenerhodanines la and b, respectively, as
confirmed by m.p. and a colour reaction [6]. Similarly, 2c, d and e give 2-
morpholino derivatives 3g, h and k and traces of la, b and e, respectively.

The formation of 5-arylidenerhodanines 1 as one of the decomposition
products of amine salts 2 shows the reversibility of salt formation step. Further
support is gained from the isolation of different thiazolinones on decomposing
2a in the presence of morpholine. Thus, treatment of the alcoholic solution of
2a with morpholine gives a mixture of the 2-piperidino- (3a) and 2-morpholino-
(3g) -2-thiazolin-4-ones. The structures of 3a and g are based on the identity
with the appropriate compounds (cf. Experimental).

It has been reported that piperidylformanilide is obtained on refluxing
5- arylidene-3-phenyl-2,4-thiazolidinediones with excess piperidine [14]. Similar
treatment of 5-arylidene-3-phenylrhodanines with secondary amines gives the
corresponding thioformanilides. Thus, on refluxing the alcoholic solution of
each of 4a—f with piperidine or morpholine, piperidyl- (5a) and morpholyl-
(5b) thioformanilides are obtained. The structures of 5a and b are substantiated
by analytical data and the IR spectra, which show rNH at 3265 cm-1 [15a]
beside two strong bands at 700 and 740 cm-1 (5-adjacent hydrogen atoms) [15b].

Experimental

All melting points are uncorrected. The IR spectra were recorded on a Unicam SP 1200
spectrophotometer using the KBr Wafer technique. The UV absorption spectra were measured
on a Model 4000 A Perkin-Elmer spectrophotometer in absolute methanol solutions.
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CHAr CHAr

Phenyl

4-Chloropheuyl

4-Tolyl

4-Methoxyphenyl
3,4-Dimethoxyphenyl
3,4-Methylenedihydroxyphenyl

Phenyl, X = CH2
4-Chlorophenyl, X = CH2
4-Tolyl, X = CH2
4-Methoxyphenyl, X = CH2
3,4-Dimethoxyphenyl, X = CH2
3,4-Methylenedihydroxyphenyl,
CH,

s:f —B‘_—Ph

G T
CHAr

4

Phenyl

4-Chlorophenyl

4-Tolyl

4-Methoxyphenyl
3,4-Dimethoxyphenyl
3,4-Methylenedihydroxyphenyl

UN

©an

Ar

Ar
Ar
Ar

-H 28

|
CHAr

XBPP>> 2P

S"IC—Q hO hN

Phenyl, X

Phenyl, X = O

|
X:
*7°

CHAr

CH2
4-Chlorophenyl, X = CH2

4-Chlorophenyl, X = O
3,4-Dimethoxyphenyl, X = O

Phenyl, X —0

4-Chlorophenyl, X = O

4-Tolyl, X

0

4-Methoxyphenyl, X = O
3,4-Dimethoxyphenyl, X = O
3,4-Methylenedihydroxyphenyl,

o

o

X X

5-Arylidene-2-piperidino (or morphol ino)-2-lhiazolin-4-CEes 3 c—1

A mixture ofeach of la—f (5 mmol) and piperidine (or morpholine) (10 mmol) in ethanol,
was refluxed until hydrogen sulfide gas ceases to evolve. The reaction mixture was concen-
trated, cooled, the separated solid filtered off, washed several times with light petroleum
(b.p. 60—80°C) and dried. Recrystallization from the suitable solvents, gave the Title com-
pounds. Results are shown in Table II.

Reaction of cyclic secondary amines with 1 a, b and e (without heating)

To a suspension of each of la—f (5 mmol) in acetone or ethanol, piperidine (or mor-
pholine) (10 mmol or excess) is added and the mixture is allowed to stand at room temperature
for 30 min.
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Table N
b-Arylidene-2-piperidino (or morpholino)-2-thiazolin-i-ones (3a—f)

Analysis: Calcd.

1 Amine 3 mog)' YE;Z"’ Formula Found
C H N S

a Pip. a 202-4* 92 clh 16h 20s 66.15 5.90 10.35 11.80
66.10 5.80 10.25 1170
Morph. g 202-4** 920 NAHiIAND S 61.30 5.10 10.25 1170
61.50 5.20 10.25 11.40
b Pip. b 232-4* 92 clh Icinos 58.75 4.90 9.15 1045
58.60 5.10 9.10 10.50
Morph. h 218—9* 91 CHH IIND S 54.45 4.20 8.70  10.40
54.50 4.20 8.65  10.40
C Pip. c  183-4*** 92 clh 180 20s 67.15 6.20 9.80 11.20
67.20 5.90 9.60 11.40
Morph. i 194-5** 93 C.-HIND S 62.50 5.55 9.70 1110
62.30 5.50 9.65 1110
d Pip. d 195-6* 91 A16N18AAN 63.50 5.90 9.60 10.50
63.30 5.90 9.50 10.60
Morph. |1 200—2** 90 CiHIeND 35 59.20 5.25 9.20 10.50
59.10 5.15 9.00 10.40
e Pip. e 204-5* 90 CIH2N203S 61.45 6.00 8.45 9.65
61.30 6.10 8.30 9.50
Morph. K 222—4** 95 AN6HiI8ND 4S 57.50 5.40 8.40 9.60
57.20 5.30 8.30 9.80
f Pip. f 197—9* 90 CleHIleND 35 60.75 5.05 8.85 10.15
60.50 5.10 8.80 10.20
Morph. 1 268—9** 94 cl5h 14n D 4s 56.60 4.40 8.80 10.15

56.50 4.40 8.75  10.30

* From benzene-alcohol
** From ethanol
*** From benzene-light petroleum (b.p. 60—80°C)

The yellow-orange products which separated were filtered off and recrystallized from
the suitable solvent to give the corresponding piperidine or morpholine salts. The salts which
were obtained in a pure crystalline form are 2a—e. Results are listed in Table I11.

Evaporation of the mother liquors at room temperature gave a faint yellow solid,
which was fractionally crystallized from benzene-alcohol to give the corresponding 2-thiazolin-
4-ones. The relative amounts of the amine salts and the 2-thiazolin-4-ones at different times
of the reaction shown in Table IV.

Decomposition of rhodanine salts 2a—e

The ethanolic solution of each of the amine salts 2a—e was refluxed until cessation of
hydrogen sulfide gas (9«30 min). The solid precipitated after cooling was filtered off and re-
crystallized from a suitable solvent to give the corresponding 2-thiazolin-4-ones in a good yield
(above 80%). Dilution of the mother liquors with water gave yellow solids, which were crystal-
lized from a suitable solvent to give the corresponding 5-arylidenerhodanines («*10% yield).
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Table TIT

Rhodanine salts 2a—e

Analysis: Calcd. Found IR Spectra
1 Amine Sazlt nlg) Formula Y (cmp— 1)
N S VNH
a Pip. a 137—8* clh 18h 2052 9.10 20.90 3050—3200
(decomp.) 8.90 21.10
Morph. c 148—9* CidH [eND 252 9.10 20.80 3050—3150
(decomp.) 9.20 20.60
b Pip. h 159—60**  CI5H ITCINDS2 8.25 18.80 3050—3100
(decomp.) 8.40 18.65
Morph. d 158—6** clh Icind X2 8.15 18.70 3050—3100
(decomp.) 8.00 18.60
e Morph. e 187—8*** ¢ 1bh n s, 7.60 17.40 3050—3100
(decomp.) 7.45 17.25

* From benzene
** From benzene-ethanol
*** Erom ethanol

Table IV

The relative amounts of 2 and 3 at different intervals

i Ratio of 2 to 3 after
1 Amine Totzz(l)/yleld Product

0) 30 min. 24 hrs 48 hrs

a Pip. 80 3 a 10 60 95
2 a 90 40 Trace*

Morph. 85 39 13 70 95
2cC 87 30 Trace*

b Pip. 80 3b 10 65 96
2b 90 35 Trace*

Morph. 82 3h 10 75 97
2d 90 25 Trace*

e Morph. 90 3 K 20 80 95
2e 80 20 Trace*

* Detected by a positive colour reaction [6]

Reaction of morpholine with 2a

A mixture of 2a (2.5 g) and morpholine (0.7 g) was refluxed in ethanol until no more
hydrogen sulfide evolved. The reaction mixture was concentrated, treated with charcoal and
allowed to stand overnight. The precipitated solid was filtered off and washed several times
with light petroleum (b.p. 60—80°C). Fractional crystallization from alcohol gave 3g (2.09)
as confirmed by m.p. and IR. The combined mother liquor was concentrated, dilute sodium
hydroxide added and the whole mixture was warmed on a boiling water-bath. The insoluble
fraction was filtered off (0.2 g) and crystallized from alcohol to give 3a as evidenced by m.p.
and IR.
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Reaction of secondary amines with 4 a—f

A mixture of 4a—f (5 mmol) and piperidine (or morpholine) (10 mmol) was refluxed in

ethanol until all the solid dissolved («a48 hr). The reaction mixture was concentrated, diluted
with water and extracted with ether. Evaporation of the ethereal extract gave a semi-solid
which was digested several times with light petroleum (b.p. 60—80°C). The combined petro-
leum ether extract was treated with charcoal, filtered and concentrated. The precipitated
colourless needles were crystallized from light petroleum (b.p. 60—80°C) to give

[1]

[2]
[3]

[4]
[5]
[6]

[7]

[8]
[9]
[10]
[11]

[12]
[13]
[14]
[15]

Piperidylthioforinanilide (77%), m.p. 88—90°C
CiH ,6N2S Calcd. C 65.4; H 7.27; S 14.5.
Found C 65.8; H 7.25; S 14.4%.

Morpholylthioformanilide (75%), m.p. 120—2°C
CnHIN20S Calcd. C 59.5; H 6.3; S 145,
Found C 59.2; H 6.2; S 14.4%.
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Cleavage of 5-(6-bromo-3,4-methylenedioxybenzylidene)-2,4-thiazolidinedione
(Ib) and its 3-phenyl derivative (la) with piperidine under controlled conditions gives
a-thiol-/?-(6-bromo-3,4-methylenedioxyphenyl)-N-piperidylcarbonyl acrylamide (2b) and
its N-phenyl substituted derivative (2a) respectively. However, the treatment of 5-
arylidene-2,4-thiazolidinediones with excess benzylamine gives the corresponding aryl-
acetic acids (5). The structures of these products have been confirmed by IR LTV and
NMR spectroscopy.

In a previous publication [1] it has been shown that 5-arylidene-3-
phenyl-2,4-thiazolidinediones undergo ring cleavage with benzylamine and
hydrazine at the 1,2- as well as the 4,5-bonds. The aim of the present work is
to study the sequence of this cleavage.

Since it is not possible to isolate the products of 1,2-cleavage on treating
5-arylidene-3-phenyl-2,4-thiazolidinediones with benzylamine [1], our attem pts
here are aimed at cleaving these compounds with secondary amines such as
piperidine.

Thus, short refluxing of an alcoholic solution of la with 2 mol of piperidine
gives a-thiol-/3-(6-bromo-3,4-methylenedioxyphenyl)-N-piperidylcarbonyl-N-
phenyl acrylamide (2a), as evidenced by analytical and spectral data. Thus,
the infrared spectrum (cf. Table I) reveals vc=0 at D20 cm-1 (substituted
non-cyclic imides [2]), and the electron spectrum (cf. Table I) is analogous to
the spectra of 5-arylidene-2,4-thiazolidinediones (cf. Table IV). This indicates
the presence of the same chromophore systems in all of these compounds. The
structure of 2a has been further confirmed, by chemical degradation. Thus
refluxing of its alcoholic solution with excess piperidine gives piperidyl-
formanilide as shown by m.p. and mixture m.p. with an authentic sample [3].
The same product is also obtained on refluxing la for a long period with excess
piperidine.

Similarly, cleavage of the 3-unsubstituted derivative Ib with piperi-
dine gives <x-thiol-/?-(6-bromo-3,4-methylenedioxyphenyl)-N-piperidylcarbonyl
acrylamide 2b. The structure of 2b is evidenced by analytical as well as spectral
data. Thus, its infrared spectrum (cf. Table 1) shows TI'mH and Fc=o0 (sub-
stituted non-cyclic imides [2]) and its electron spectrum (cf. Table 1) is analo-
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Table 1

IR spectra KBr disc and UV spectra in absolute methanol
of 2a, 2b, 5d and 5e

Infrared bands (cm-1) Electronic bands
Compound

V0=0 H (nrn)

2a 1720 370 23220

251 15100

2b 1710 3080* 366 16700

250 10565

5d 1750 3030-3700** 294 3075

250 2500

5e 1755 3030—3640** 287 2955

250 2710

* Characteristic of uNH
** Broad absorption
Table 11

NMR spectra (DMSO) of 2b and 5d

T-values (p.p.m.)

Methylenedioxy

Compound Olefinic proton Aromatic protons protons Other absorption
2b 2.5, 1H (S) 2.7, 1H (S) 3.87, 2H (S) 6.1—8.6, FOH (M)
2.87, 1H (S) (piperidyl
protons)
5d 2.83, 1H (S) 3.95, 2H (S) 5.93, 1H (D)
3.08, 1H (S) 5.99, 1H (D)
(a-methylene
protons)

(S) = singlet; (D) = doublet; (M) = multiplet

Table 111

5-Arylidene-2,4-thiazolidinediones la, Ib and Ic

Com- M.P. Yield Analysis: Calcd. Found
pound C) (%) Formula c | \ .
la 175-77 74 CI™H 1BrNO4S 50.5 247 3.64 7.9
Canary yellow 50.2 2.60 3.90 7.9
Ib 244—46 76 CnHeBrN04S 40.2 1.8 4.26 9.7
Pale yellow 40.6 2.0 4.10 9.9
Ic 256-58 87 CI1H 10BrNO3S 41.9 2.9 4.06 9.0
Pale yellow 42.2 3.0 3.8 9.1
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Table IV

Infrared (KBr disc), UV (in glacial acetic acid)
and NMR (DMSO) spectral data for la, Ib and Ic

Electronic
Com- Infrared spectra (cm-1) spectra
pound
VO—0 VNH Amax ®mex

la 1740, 1695 — 369 17 870
255 11655
Ib 1760, 1715 3200 366 15 690
254 9500
Ic 1760, 1710 3140 371 21 800
258 11 200

(S) = singlet; (M) = multiplet.

Olefinic protons

2, 1H (S)

369

NMR spectra (T-values)

Aromatic protons Other absorptions
2.35-2.9 7H 3.78, 2H (S)
(M) (Methylenedi-

2.17, 1H 2417,

2.98,

2.05, 1H 2.57,

2.9,

1H (S)
1H (S)

1H (S)
1H (S)

oxy protons)

3.8, 2H (S)
(Methylenedi-
oxy protons)

6.28, 3H (S)
6.35, 3H (S)
(Methoxy pro-
tons)

gous to those of la and 2a. The NMR spectrum which shows upon going from
low to high fields, the signals characteristic of olefinic, aromatic, methylene-
dioxy and piperidyl protons with the integrated proton areas of 1 :2 :2 : 10,
respectively, is consistent with the proposed structure. The assignment of the
lowest field signal to the olefinic proton is based on comparison with the
spectra of other 5-arylidene-4-thiazolidinones [4]. Furthermore, the observation
of one olefinic singlet is consistent with a thiol rather than a thione form for
acrylamides 2. The analysis of its NMR spectrum is given in Table I1.

j_ CONR_ CONH_ CH2ph

0=C, - —K
O=0 -N—R X
X NU -Y X—N—Y I'hCHANUAN \
S c=0 HS. X'=0 /
c Y
CHAr CHAr
1 2
X,Y = -(CHr)6- [ArCHjCHS]
4
ArCH2COOH -« 1
5

Ar

© Q0o

10*

Ar = 6-bromo-3,4-methylenedioxyphenyl, R
Ar = 6-bromo-3,4-methylenedioxyphenyl, R
6-bromo-3,4-dimethoxyphenyl, R = H
Ar = 6-bromo-3,4-methylenedioxyphenyl
; Ar = 6-bromo-3,4-dimethoxyphenyl

no
I
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The formation of 2a and 2b indicates that the cleavage occurs primarily
atthe 1,2-bond, which confirms the previously suggested route of cleavage [1].

However, refluxing the alcoholic solution of each of Ib and Ic with excess
benzylamine gives 6-bromo-3,4-methylenedioxyphenyl- (5d) and 6-bromo-3,4-
dimethoxyphenyl- (5e) acetic acids, respectively, with the evolution of hydro-
gen sulfide. In addition, an unidentified nitrogen-containing semi-solid is also
obtained. The structure of both 5d and 5e is substantiated by analytical data,
solubility in sodium carbonate solution and by infrared spectroscopy which
shows i>c=0 and ToH characteristic of aliphatic acids [5] (cf. Table 1). The
structure of 5d receives further support from NMR spectroscopy. Its NMR
spectrum (cf. Table Il) shows, upon going from low to high fields, the signals of
aromatic, methylenedioxyl and a-methylene protons in the ratio of 2 : 2 : 2,
respectively. The appearance of the a-methylene protons as two doublets
points to their magnetic nonequivalence. The structure of 5e is further proved
by analogy ofits electron spectrum with that of 5d (cf. Table I). The nitrogen-
containing semi-solids are supposed to be mixtures of different decomposition
products.

It is noteworthy that arylacetic acids were prepared from 2,4-thiazolidenc-
diones by the multistep Granacher synthesis [6]. Our procedure here pro-
vides a simple one-step method for obtaining arylacetic acids from the same
starting materials.

Formation of 5d and 5e indicates that the cleavage of the primarily
formed acrylamides 2 occurs at the 4,5-bond. This also supports our previously
proposed route in which the 4,5-bond is cleaved.

Combination of these results and those reported earlier [1] permit the
conclusion that the cleavage of 5-arylidene-2,4-thiazolidenediones, either sub-
stituted or unsubstituted at the 3-position, with amines involves a 1,2-bond
rupture by attack at C — 2 to give 2. In the presence of excess amine, after
longer reaction times first cleavage is followed by attack at C —4 with fission
of the 4,5-bond and subsequent formation of 3 and 4. Oxidation of 4 under the
reaction conditions will lead to the formation of the arylacetic acids 5. Further
action of the amine on 3 gives nitrogen-containing decomposition products.

Experimental

Melting points are not corrected. Infrared spectra were recorded on a Carl Zeiss UR
spectrophotometer. Ultraviolet spectra were taken on a Unicam SP 8005 spectrophotometer
in glacial acetic acid solution. NMR spectra were obtained on a Perkin-Elmer R12 A instrument
using DMSO as a solvent and TMS as internal reference.

Synthesis of bromoaldehydes

A solution of bromine (0.001 mol) and iodine (0.59) in 20 m| carbon tetrachloride-acetic
acid mixture (1 : 1v/v) was added dropwise over 30 min to a stirred solution of the appro-
priate aldehyde in 75 ml of the same mixture of solvents at room temperature. The reaction
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mixture was stirred for 3 hrs, shaken for further 24 hrs, concentrated over a boiling water-bath
and poured into cold water. The precipitated solids were filtered off and crystallized from a
suitable solvent to give the title compounds.

Piperonal gave 6-bromo-3,4-methylenedioxybenzaldehyde (87%), m.p. 127—129°C,
undepressed on admixture with an authentic sample [7].

Veratral gave 6-bromo-3,4-dimethoxybenzaldehyde (75%), m.p. 148—150°C, unde-
pressed on admixture with an authentic sample [8].

Synthesis of la, Ib and Ic

These products were obtained by refluxing the appropriate 2,4-thiazolidinedione (0.002
mol), the bromaldehyde (0.002 mol) and fused sodium acetate (0.006 mol) in glacial acetic
acid (20 ml) for 15 hrs. The reaction was carried out in the usual manner [9]. Results are
given in Tables IIl and IV.

Action of 2 mol piperidine on la and Ib

To a suspension of la (0.001 mol) in ethanol (15 ml), piperidine was added and the
whole mixture refluxed for 3 hrs. The reaction mixture was concentrated, treated with charcoal
and left standing overnight. The precipitated crude product was recrystallized from ethanol to
give a-thiol-B-(()-bromo-3,i-rnethylenedioxyphenyi)-$-piperidylcarbonyl-'S-phenyl acrylamide 2a
(72%) in yellow clusters, m.p. 187—189°C.

CZ2H2BrN204S Caled. C 53.9; H 4.2; N 5.72; S 6.4.
Found C 54.3; H 4.0, N 577; S 6.9%.

Similar treatment of Ib (0.001 mol) with piperidine (0.002 mol) gave a solid which was
crystallized from methanol to give a.-thiul-R-(b-bromo-Z,4!-methylenedioxyphenylS-piperidyl-
-carbonyl acrylamide 2b (75%) in yellow crystals, m.p. 179—180°C.

CIOH IBrN204S Calcd. C 46.68; H 4.1; Br 19.37.
Found C 46.50; H 4.3; Br 19.30%.

Action of excess piperidine on la

A solution of la (0.001 mol) and excess piperidine was refluxed until hydrogen sulfide
ceased to evolve. The reaction mixture was treated with charcoal, concentrated and the pre-
cipitated solid was recrystallized from dilute ethanol to give piperidylformanilide (60%),
m.p. 158—159°C, undepressed on admixture with an authentic sample [3].

Degradation of 2a

To a solution of 2a (0.001 mol) in ethanol (10 ml), excess piperidine was added and the
mixture refluxed until hydrogen sulfide ceased to evolve. The reaction mixture was treated
with charcoal, concentrated, diluted with water and the precipitated solid was recrystallized
from dilute ethanol to give piperidylformanilide (50%), m.p. 158—159°C, undepressed on
admixture with an authentic sample [3].

Action of benzylaniinc on Ib and Ic

To a suspension of Ib (0.001 mol) in ethanol (15 ml), benzylamine (0.005 mol) was
added and the mixture was refluxed for 3 hrs (or until hydrogen sulfide ceased to evolve). The
reaction mixture was concentrated, treated with charcoal and allowed to stand overnight. The
crude solid product was filtered off and recrystallized from n-butanol to give 6-bromo-3,4-
-methylenedioxyphenylacetic acid 5d (85%), m.p. 198—200°C.

C,H,Br04 Calcd. C 41.3; H 27.
Found C 41.6; H 2.9%.
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Similar treatment of Ic (0.001 mol) with benzylamine (0.004 mol) gave a product
which was crystallized from glacial acetic acid ko give 6-bromo-3,4i-dimethoxyphenylacetic
acid 5a (85%), m.p. 193—195°C.

C10H uBrO4 Calcd. C 43.6; H 4.0.
Found C 43.3; H 4.3%.

Evaporation of the original mother liquors gave a semi-solid neutral fraction containing
nitrogen; the separation and identification of these products is in progress.
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The synthesis of 4-0-mesyl-3-0-tosyl- (lile), 3-0-mesyl-4-0-tosyl- (Hid) and

3.4- di-O-tosyl- (IHe) derivatives of 2,5-anhydro-1,6-thioanhydro-D-glueitol is described.

The tosyloxy groups of these compounds could be split by reduction with sodium

amalgam, yielding the 3-hydroxy-4-0-methyl- (llik), 4-hydroxy-3-0-mesyl- (lllg) and

3.4- dihydroxy (WWb) derivatives.

Recently we described the synthesis [1] of 2,5-anhydro-3,4-di-0-methyl-
sulfonyl-I,6-thioanhydro-D-glucitol (llia). Of the two mesyloxy groups present
in Ilia, only the one at C-4 could be replaced by nucleophiles with retention of
configuration, while the other at C-3 remained intact. As for our further ex-
periments the corresponding 3,4-dihydroxy derivative IHb was needed, a new
synthesis had to be worked out.

Tosyl esters — which are very similar to mesyl esters in most of their
reactions — can be easily split with sodium amalgam [2] whereby the hydroxyl
group is recovered with retention of configuration. For this reason, the syn-
thesis of the two mono-O-tosyl- (Illc and Hid), as well as that of the di-O-tosyl
derivative (Hie) was decided.

CH,,Br
ROCH 0. RuO
AcOCH
HCOR
HCOAc
CH2Br
la. R=H Ha X = Br, R3= H, R2= Ms Illia Ri= Ms, R2= Ms
Ib R=Ts Hb X = Br, Rj = Ts, R2= Ms wb 1?7'= 1, R2= 1l
lie 2X = BzS + Br, Rj = Ts, R, = Ms Illc Ri= Ts, R2= Ms
lid X = BzS, Rj = Ts, R2= Ms Ilid R, = Ms, R2= Ts
Ille X = Br, R, = H, R2=Ts Illc R, = Ts, R2=T s
If X = Br, Rx= Ms, R2= Ts inf R,= H, R2= Ms
Hg2X = BzS + Br, R, = Ms, R2= Ts IHg R3= Ms, R2= H
Il. X = BzS, R, = Ms, R, = Ts Ilh Rj = Ts, R2= Bz
Hi X = Br, Rj = Ts, R2= Ts 1w Rt=Ts, R2= H
Ilj Br= Ac, R2= Ac
Ilik R, = H, R"= CH3
111 Ri = Ac, R2= CH3

*Part I: Carbohyd. Res. 27, 157 (1973).
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Synthesis of the 3-O-tosyl derivative Illc

Compound Illc was synthesized according to the route described [1] for
Ilia, starting from 2,5-anhydro-l,6-dideoxy-4-0-mesyl-D-glucitol (Ha), which
on tosylation gave the corresponding 4-0-tosyl derivative (lib). Treatment of
lib with one equivalent of potassium thiolbenzoate in acetone afforded a crude
mixture, containing besides the desired mono-S-benzoyl derivatives (lie) some
unchanged starting material (lib) and the corresponding di-S-benzoyl ester
(lid). The latter could be obtained in pure state by treating the dibromide lib
with an excess of potassium thiolbenzoate.

As the mono-S-benzoyl derivatives lie could not be purified by column
chromatography, the crude mixture was treated with sodium methoxide,
when a 1,6-thioanhydro link was formed and the 4-0-mesyl-3-0-tosyl derivative
Illc was obtained in a yield of nearly 50%.

The tosyl ester group in Illc could be split reductively by sodium amal-
gam in aqueous methanol, but simultaneously the 4-O-mesyl group was sub-
stituted with retention of configuration by a methoxyl group, leading instead
of the expected 3-hydroxy-4-0-mesyl compound IIIf to the corresponding
4-O-methyl derivative Ilik. Retention of the configuration at C-4 could not be
proved by the NMR spectrum of compound Ilik itself, as the corresponding
H-3 and H-4 protons gave an overlapping multiplet (see Table), therefore

Table
NMR data (8, ppm) of 2,5-anhydro-I,6-thioanhydro-o-glucitol derivatives

Compd. Ri Ra (|2—|>;§) '8)4 r(nce:'y; E%SH% a(Cceﬁ'al m(ec”ﬁoé( Y
Ilia Ms Ms 5.33 5.67 3.32 - - _
3.34

1ib H H 225--265* — -
lic Ts Ms 5.27 5.58 3.06 2.47 - -
Hid Ms Ts 5.08 5.68 3.04 2.48 - -
IHe Ts Ts 4.99 5.50 — — — —
nig Ms H 290--310* 3.22 2.42 - -
Hh Ts Bz 5.28 5.70 — 2.23 - —
Hi Ts H 4.85 5.05 — 2.50 — —
nij Ac Ac 5.30 5.65 — — o —
ik H CH3 235--275* — - — 3.45
nil Ac CH3 5.15 4.40 — — 2.10 3.36

* Overlapping multiplets (Hz)
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Ilik was converted into the 4-O-acetyl derivative Il 1L In the NMR spectrum
of the latter H-4 gave a doublet at 4.40 ppm, and H-3 appeared as a pair of
doublets at 5.15 ppm, according to the different couplings of these protons
with the adjacent H-3 and H-4 [1].

Synthesis of the 4-O-tosyl derivative Hid

For the synthesis of compound IHd, 2,5-anhydro-l,6-dibromo-I,6-
dideoxy-4-O-tosyl-D-glucitol (He) was needed, which was prepared by con-
verting |,6-dibromo-Il.,6-dideoxy-3,5-di-0-acetyl-D-mannitol (la) into the cor-
responding 2,4-di-O-tosyl derivative (Ib) and treating the latter with hydro-
chloric acid in methanol. During this procedure deacetylation and elimination
of p-tolylsulfonic acid took place resulting in the 2,5-anhydro derivative lie.
Mesylation of compound lie afforded IIf, from which crystalline mono-S-
benzoyl ester (llg) was obtained on treatment with one equivalent of potas-
sium thiolbenzoate in acetone. As by-product the corresponding di-S-benzoate
lib was isolated. When Hg was treated with sodium methoxide the 1,6-
thioanhydro ring was formed, giving the expected 3-0-mesyl-4-0-tosyl
derivative Hid. The tosyl ester group could be split reductively in this com-
pound too, leading to the known [1] 4-hydroxy derivative IHg.

Synthesis of the 3,4-di-O-tosyl derivative Hie

For synthesizing the desired ditosyl ester lile, tosylation (to Hi) of
2,5-anhydro-1,6-dibromo-I,6-dideoxy-4-0-tosyl-D-glucitol (He) was attempted.
Despite the fact that the bulky tosyl group could be introduced into the cor-
responding 4-O-mesyl compound lla, the same reaction failed completely in
the case of the 4-O-tosyl derivative lie. Therefore another route had to be
devised.

When the 4-0-mesyl-3-0-tosyl derivative Illc was treated in hot di-
methylformamide with sodium benzoate, the 4-O-mesyl group was selectively
replaced by benzoate with retention of configuration. Debenzoylation of the
obtained ester Illh by a catalytic amount of sodium methoxide gave the 4-
hydroxy-3-O-tosyl derivative Ilii, which on tosylation afforded the ditosyl
ester Hie. Both compounds (1L and Hie) gave on treatment with sodium
amalgam 2,5-anhydro-1,6-thioanhydro-D-glucitol (Illb). Acetylation and
mesylation of compound Illb led to the di-O-acetyl Illj and di-O-mesyl
derivative llia, respectively, proving not only the presence, but also the con-
figuration of the two hydroxyls, as the latter compound was identical with
the known [1] 2,5-anhydro-3,4-di-0O-mesyl-1,6-thioanhydro-D-glucitol (llia).

The IR and NMR data of the synthesized compounds were in full
agreement with the proposed structures; the NMR data of the derivatives,
corresponding to the general structure Ill are summarized in the Table.
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Experimental

M .p.’s are uncorrected. TLC was effected on Kieselgel G with the solvent systems carbon
tetrachloride ethyl acetate 1:1 (A), 2:1(B), 5:1(C), and y: 1 (D). A mixture of 0.1 M
potassium permanganate ad 1 M sulfuric acid (1 : 1), with heating at 10?°C, was used for
detection. For column chromatography, silicic acid was used with carbon tetrachloride. The
NMK spectra were recorded at 60 MHz, with a Varbn A-50D spectrometer, for solutions in
CDC13 with Me4Si as internal standard. All evaporations were carried out in a rotary evap-
orator under diminished pressure, after drying the organic solutions over sodium sulfate. The
light petroleum used had b.p. 60—80°C. Optical rotations were determined in chloroform
(c = 1), unless otherwise stated.

3,5-Di-0-acetyl-1,6-dibromo-1,6-dideoxy-2,4-di-0-p-tolylsulfonyl-D-mannitol (lb)

A solution of 3,5-di-0-acetyl-I,6-dibromo-I,6-dideoxy-D-mannitol (la) [3] (39.2 g) in
dry pyridine (200 ml) was treated at 0°C with p-tolylsulfonyl chloride (42 g). The reaction
mixture was kept for four days at room temperature and then poured into water. The oil
which separated was extracted with chloroform to give, after the usual work-up, a syrup
(51 g), which after crystallization from 10-fold methanol afforded pure Ib (42 g; 60%), m.p.
115—117°C; Rf 0.4 (solvent D); M g' +41.3°.

C2H ,8Br2010S2 (700.43). Calcd. C 41.15; H 4.03; Br 22.82; S9.16.
Found C 41.32; H 4.19; Br 22.88, S$9.19%.

2,5-Anhydro-l,6-dibromo-I,6-dideoxy-4-0-methylsulfonyl-3-0-p-tolylsulfonyl-D-glucitol (Mb)

A solution of compound Ila [3] (156 g) and p-tolylsulfonyl chloride (242 g) in dry
pyridine (500 ml) was kept at room temperature for five days. Water (17 ml) was then added
to the reaction mixture and after further 2 hrs at room temperature it was poured into ice-
water, containing cone, sulfuric acid (75 ml). The precipitate was filtered off, washed with
water and dried to give, after recrystallization from methanol (1750 ml), pure lib (149 g;
67.5%), m.p. 116—118 °C; Rf 0.40 (solvent C); [ajg +46.2°.

Cl4H 18Br0 752 (522.25). Calcd. C 32.19; H 3.47; Br 30.60;
Found C 32.30; H 3.58; Br 30.78;

S12.28.

S 12.34%.

2.5- Anhydro-I1(6)-S-benzoyl-6(l)-bromo-6(l)-deoxy-4-0-methylsulfonyl-I1(6)-thio-
3-O-p-tolylsulfonyl-D-glucitol (lie)

A solution of lib (10.4 g) and potassium thiolbenzoate (3.8 g) in dry acetone (200 ml)
was kept overnight at room temperature. The slurry was boiled for 15 min and evaporated.
The residue was partitioned between chloroform and water, the organic solution was washed
with water, dried and evaporated. Traces of solvent were removed from the remaining syrup
at 100 °C and 0.01 torr. The syrupy product (11.4 g) contained, besides the desired mono-S-
benzoyl derivatives lie, some starting material (IMb) and the corresponding di-S-benzoyl ester
lid, but no further purification could be achieved by chromatography because of the similar
Rf values of these three components. [x Jf( -(-38°; Rf 0.40 (solvent C).

C2H 2Br08S3 (579.51). Calcd. Br 13.79; S 16.60.
Found Br 13.90; S 16.43%.

2.5- Anhydro-1,6-di-S-benzoyl-4-0-methylsulfonyl-1,6-dithio-3-0-p-tolylsulfonyl-D-
glueitol (lid)

A solution of lib (1.04 g) and potassium thiolbenzoate (1.1 g) in dry acetone (10 ml) was
treated as described for Ilh. The crude ester obtained gave on recrystallization from methanol
pure lid (0.96 g; 75.5%); m.p. 95—97°C; Rf 0.40 (solvent C); [a]p +35.5°.

C28H 280 954 (636.77). Calcd. C 52.81; H 4.43; S 20.14.
Found C 52.66; H 4.45; S 20.07%.
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2,5-Anhydro-1,6-dibromo-I,6-dideoxy-4-p-tolylsulfonyl-D-glucitol(lle)

Crude sirupy Ib (19.7 g) was boiled on a steam bath in a mixture of methanol (400 ml)
and cone, hydrochloric acid (100 ml) for 7 hrs. The cooled solution was neutralized with solid
sodium hydrogen carbonate, the salts were filtered off and the filtrate was concentrated to a
syrup. This was dissolved in chloroform, washed with water, dried and evaporated. The residue
was dissolved in methanol and treated with water till turbidity to obtain a crude material
(5.4 g; 43%), which on recrystallization from methanol water afforded pure lie (4.5 g; 36%);
m.p. 118—120°C; Rj 0.45 (solvent D); [a]g +43.1°.

CI13HIcBrO5S (444.28). Caled. C 35.15; H
Found C 35.19; H

Br 35.99; S7.22.

3.63;
3.69; Br 35.93; S7.53%.

2,5-Anhydro-1,6-dibromo-I,6-dideoxy-3-0-methylsu]fonyl-4-0-p-tolylsulfonyl-D-glucitol (11f)

A solution of lie (8.9 g) in dry pyridine (50 ml) was treated with methylsulfonyl chloride
(4 ml). The reaction mixture was kept at room temperature overnight to give, after usual
work-up, 9.5 g crude diester, which on recrystallization from methanol (50 ml) afforded pure
1f (7.7 g; 74%); m.p. 79—81°C; By 0.55 (solvent C); [<X]B +42.8°.

CUH18r20 752 (522.25). Caled. C 32.19; H 3.47; Br 30.60; S12.28.
Found C 32.46; H 3.65; Br 30.78; S12.32%.

2.5- Anhydro-1(6) - S-Intiizoy1-6( 1)-dcoxy-3-0 -meth\ Isuli‘onyl-1(6)-thio-4-0
tolylsulfonyl-D-glucitol (l1g)

A solution of compound IIf (8.8 g) and potassium thiolbenzoate (3.3 g) in acetone
(170 ml) was boiled for 5 hrs. The slurry was evaporated, the residue treated with water,
filtered and washed with water. Recrystallization of the crude material from chloroform-
methanol afforded pure Ilg (6.25 g; 64%); m.p. 194—196°C; Rj 0.50 (solvent C); [a]jy +42.2
(chloroform, ¢ —0.5).

C2IH23Br08S8 (579.51). Calcd. C43.52; H 4.00; Br 13.79; S 16.60.
Found C43.75; H 4.08; Br 13.42; S16.75%.

2.5-Anhydro-1.(>-di-S-benzoyl-3-0-methylsulfonyl- !,(>-dithio-4-0-p-tolylsulfonyl-.>
glucitol (11h)

The mother liquor of compound Ilg was evaporated and the crude mixture of the mono-
and di-S-benzoyl derivatives was dissolved in dry acetone (20 ml) and boiled in the presence of
potassium thiolbenzoate (2 g). The residue of the evaporated slurry was treated with chloro-
form-water. Evaporation of the washed and dried organic solution gave crude Ilh (3.5 @)
which was purified by recrystallization from chloroform-light petroleum to obtain the pure
product (2.2 g; 20.6%); m.p. 126—127°C; Rf 0.50 (solvent C); [odb° +55°.

C.,8H,80 954 (636.77). Calcd. C52.81;, H 4.43; S 20.14,
Found C52.64; H 4.50; S 19.91%.

2,5-Anhydro-1,6-thioanhydro-D-glucitol (Illb)

A slurry of Ilii (9.5 g) or the ditosylate Hie (14.1 g) and freshly prepared 4% sodium
amalgam (95 g) in methanol containing 20% water (100 ml) was stirred for 3 hrs at room
temperature. During the first period gentle cooling was necessary to maintain the temperature
at 25°C. The decanted clear solution was neutralized with carbon dioxide, evaporated, the
residue was treated with ethanol (200 ml) and the filtered solution was evaporated. The same
procedure was repeated twice with acetone. The residue was treated with ether to give, after
recrystallization from acetone, pure Illb (4.3 g; 88.5%); m.p. 113—115°C; Rr 0.40 (ethyl
acetate); [ot]f$ +15° (chloroform, ¢ = 0.5).

C6H 10035 (162.21). Calcd. C44.43; H 6.2
Found C44.26; H 6.3

1, S 19.77.
5; S 19.52%.

Acta Chim. (Budapest) 83, 1974



378 KUSZMANN, SOHAR: HEXITOL DERIVATIVES, Ilj

2,5-Anhydro-4-0-methylsulfonyl-I,6-thioanhydro-3-0-p-tolylsulfonyl-D-glucitol (Hlc)

Crude sirupy lie, obtained from 10.4 g of lib was dissolved in chloroform (50 ml) and
4 N methanolic sodium methoxide (6.8 ml) was added. The slurry was kept at room temperature
for 24 hrs. After neutralization with carbon dioxide it was washed with water, dried and evap-
orated. The residue was treated with benzene-light petroleum, and the crude Illc obtained
was recrystallized from methanol (4.0 g; 48.8%); m.p. 147—149°C; Rr 0.35 (solvent C); [a]n
—15.9°.

C14H 180 7S3 (394.48). Calcd. C 42.62;
Found C 42.61;

S 24.39.

H
H S 24.42%.

A

.60;
.58;

2,5-Anhydro-3-0-methylsiilfonyl-I,6-thioanhydro-4-0-p-tolylsulfonyl-D-glucitol (Hid)

A solution of I1lg (6.25 g) in dry chloroform was treated with 4 JV sodium methoxide
(1.3 ml). After Ihr at room temperature the solution was washed with water, dried and evap-
orated to yield crude Ilid (2.45 g), which on recrystallization from methanol afforded the
pure di-ester (2.1 g; 49.3%); m.p. 113—115 °C; Rf 0.50 (solvent B); [a]Jo —13.15°.

C14H 18 7S3 (394.48). Calcd. C 42.62; H 4.60; S 24.39.
Found C 42.63; H 4.62; S 24.24%.

2.5-Allhydro-1,6-thioanIndro-3.1-di-0-/>-!olylsulfonyl-D-glucitol (lile)

A solution of Ilii (3.16 g) in dry pyridine (15 ml) was treated with p-tolylsulfonyl
chloride (3 g). The reaction mixture was kept at room temperature overnight and then poured
into water. The precipitated oil was extracted with chloroform to give, after the usual work-up,
the ditosyl ester lile as a colorless and chromatographically pure syrup (4.5 g; 96%); Rr 0.75
(solvent B); [a]lg —13°.

C0H207S3 (470.57). Calcd. S 20.44. Found S 20.12%.

2,5-Anhydro-3-0-methylsulfonyl-1,6-thioanhydro-D-glucitol (Illg)

Compound Hid (7.9 g) was treated with sodium amalgam as described for Illb. The
residue obtained after evaporating the acetone solution was dissolved in ethyl acetate, treated
with ether until turbid, filtered with charcoal, and evaporated. Recrystallization of the residue
from ethyl acetate-light petroleum afforded Illg (1.85 g; 38.5%), m.p. 98—100°C, alone and
in admixture with authentic material [1].

2,5-Anhydro-4-0-benzoyl-I,6-thioanhydro-3-0-p-tolylsulfonyl-D-glueitol (111h)

A solution of Illc (19.7 g) and sodium benzoate (8.65 g) in dimethylformamide (200 ml)
was boiled for 30 min. The residue obtained on evaporation was dissolved in chloroform and
washed with water to give, after evaporation and treatment with methanol, pure I11h (16.25 g;
77.5%), m.p. 184—195°C, Rf 0.65 (solvent C); [a]lg —126.3° .

C20H 200652 (420.49). Calcd. C 57.12; H 4.79; S 15.25.
Found C 57.08; H 4.82; S 15.23%.

2.5-\uhydro-i,6-1hioanhydro-3-0-/>-tolvkiilfonyl-i»-ginéit6l (I1ii)

A solution of Illh (8.4 g) in dry chloroform (80 ml) and methanol (10 ml) was treated
with 4 N sodium methoxide (0.1 ml). The reaction mixture was kept overnight at room tem-
perature and then washed with water. The residue obtained after evaporation was treated
with ether and filtered. Recrystallization from methanol gave pure Ilii (5.75 g; 91%); m.p.
159—160°C; Rf 0.6 (solvent A); [a]lg +13.9°.

C13H 180 552 (316.39). Calcd. C 49.35; H 5.10; S 20.27.
Found C 49.56; H 5.24; S 20.25%.
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3,4-Di-0-acetyl-2,5-anhydro-l,6-thioanhydro-D-glucitol (Hij)

A solution of Il1lb (4.85 g) in dry pyridine (40 ml) and acetic anhydride (30 ml) was kept
atroom temperature for 24 hrs and then poured into water. The filtered precipitate was washed
with water (5.55 g) to give, after recrystallization from ether light petroleum, the di-ester
I11j (5.0 g; 67.5%); m.p. 77-79°C, R/0.45 (solvent C), [a]j3 —62°.

CI10H 14055 (246.28). Calcd. C 48.77; H 5.73; S 13.02.
Found C 48.65; H 5.82; S 13.13%.

2,5-Anhydro-4-0-methyl-1,6-thioanhydro-D-glucitol (l1lik)

A slurry of Illc (7.9 g) and freshly prepared 4% sodium amalgam (40 g) in methanol—
water 4 : 1 (80 ml) was stirred overnight at room temperature and then worked up as
described for compound Illb. The semi-solid residue, obtained after the evaporation of acetone
was dissolved in methanol and triturated with water. Unchanged starting material (0.17 g)
was filtered off and the concentrated filtrate was chromatographed on a column (silicic acid,
carbon tetrachloride) using solvent B for elution. Evaporation of the fractions with Rf 0.25
gave, after recrystallization from a mixture of ethyl acetate and ether, pure Ilik (2.2 g; 62%),
m.p. 75—76°C; [a]g +31°.

C,HI20 3S (176.23). Calcd. C 47.70;
Found C 47.61;

H 6.86; S 18.19.
H 6.93; S 18.00%.
3-0-Acetyl-2,5-anhydro-4-0-methyl-l,6-thioanhydro-D-glucitol (111 1)

A solution of compound Ilik (0.35 g) in dry pyridine (2 ml) was treated with acetic
anhydride (1 ml). The reaction mixture was kept overnight at room temperature and then
evaporated. The residue was treated with water and extracted with chloroform to give, after
usual work-up, the crude ester (0.40 g), which on recrystallization from ether-light petroleum
afforded pure H1 1(0.32 g; 76%), m.p. 80—82°C; Rf 0.75 (solvent A); [a]g -27°.

COoH 1404S (218.27). Calcd. C 49.53; H 6.47; S 14.69.
Found C 49.54; H 6.34; S 14.65%.
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The orientation in bromination and nitration reactions are studied in the 2-(p-X-
phenyl)-4-chloromethyl- and 2-(/>-X-phenyl)-4-chloromethyl-5-Y-thiazole systems by
varying the substituents on the phenyl group and in position 5 of the thiazole ring.

In previous papers [1-3] we have reported on the bromination and
nitration pattern of some 2-phenyl-4-R-thiazoles and of similar compounds
substituted in para or meta position of the phenyl group.

To complete the studies on the- behaviour of the 2-(p-X-phenyl)-4-R-
thiazole system in various electrophilic substitution reactions [4], in the present
paper we report the bromination and nitration of some of these compounds.*

Rromination was carried out in several solvents and with various
amounts of bromine.

Upon brominating 2-(p-tolyl)-, 2-phenyl- and 2-(p-chlorophenyl)-4-
chloromethylthiazole (la, b, c) in glacial acetic acid, acetic anhydride and cone,
sulfuric acid and also 2-(p-bromophenyl)- and 2-(p-nitrophenyl)-4-chloro-
methylthiazoles (lId, e) in cone, sulfuric acid with a small excess of bromine, we
have found that, regardless of the nature of the substituent on the phenyl rest
and of the solvent used, only the corresponding 5-Rr-derivatives (Ha, b(l),
c, d(l), e(l)) were obtained.

*The composition of the crude reaction products was studied by thin-layer chromato-
graphy on silica gel. The spots were visualized in UV light at 360 nm and their identification
was made by comparing them with compounds of known structure, on the basis of RF values
and the colour of fluorescence.
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The presence of the bromine atom in position 5 of the thiazole ring is
confirmed by the fact that the oxidative degradation of compounds lla, b, c,
d, e leads to the corresponding benzene mono- or dicarboxylic acids (tereph-
thalic acid, benzoic acid, j»-chlorobenzoic acid, p-bromobenzoic acid and p-
nitrobenzoic acid, which were identified as such or as methyl esters). Like in
former investigations [3, 5] also in this case compounds Il do not show IR
absorption at 3075—3100 cm-1, a frequency characteristic for the C—H
vibration in position 5 of the thiazole ring.

The experimental data, which indicate position 5 of thiazole to be the
most reactive site in the system studied, is in agreement with quantum-
chemical data on 2-phenylthiazole (the common framework of all the com-
pounds studied) [6] and 2-(p-X-phenyl)-4-chloromethylthiazoles [7].

The rate of bromination depends on the nature of the substituent in the
para position of the phenyl rest [8].

It was possible to prepare compound lla also from 2-(p-tolyl)-4-hydroxi-
4- chlorometliyl-/i2-thiazoline hydrochloride [9] by boiling it with acetic an-
hydride and by adding bromine to the cold solution.

As the theoretical possibility of introducing the bromine atom into the
phenyl ring exists, we have tried to carry out the bromination of compounds
la, b, c, d, e with an excess of bromine (1 : 6 mol, in glacial acetic acid). With*
in the para position of the phenyl rest, a nitro group (le), a bromine (Id) or a
chlorine (lc) atom, only the corresponding 5-bromo derivatives (lie, d, ¢) can
be obtained. From 2-phenyl-4-chloromethylthiazole (Ib), besides the 5-bromo
derivative (lib) as the main product, also dibromo derivative (lid) with the
bromine atoms in position 5 of the thiazole and in the para position of the
phenyl rest is obtained. 2-(p-Tolyl)-4-chloromethylthiazole (la) furnishes the
5- bromo derivative (lla) as the main product together with small amounts of
the SAMSA-dibromo and 5,2°,5°-tribromo derivatives (llia and 1Va):

From these results we conclude that under the conditions applied the
most reactive position for bromination is position 5 ofthe thiazole ring followed
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by the para position of the phenyl rest if this position is free (Ib), or position
5°(3’) of the phenyl rest ’f there is a methyl group (la) in para position.

In order to see whether a catalyst leads to a possible change in the
selectivity of bromination, we have attempted the bromination of some 2-(p-
X-phenyl)-4-chloromethylthiazoles with bromine, in cone, sulfuric acid, in the
presence of a catalyst. Upon brominating compounds la, b, d, e with 1 mol of
bromine in the presence of 0.5 mol Ag2S04, the following compounds are
obtained:

Upon brominating compound la with excess bromine (1 : 3.5 mol) in the
presence of excess Ag2504 (1 : 2 mol) three compounds are obtained (Va, llia
and IVa). The compounds obtained by bromination of 2-(p-tolyl)-4-chloro-

Ind
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methylthiazole (la) have prompted us to investigate also the bromination of
compound lla in similar conditions (using 2.5 mol of bromine and 2 mol of
Ag2504). In these circumstances we have obtained compounds llia and IVa,

demonstrating that the presence of bromine in position 5 of the thiazole ring
(N a) does not modify the orientation of the new substituents.

By brominating compound Ya with bromine (1 : 1.2 mol) in acetic acid,
we have obtained compound (llia) which isidentical with that obtained before.

As the bromination of Id under the conditions mentioned also yields Hid
together with lid, we have tried to brominate compound lid in the presence
of a catalyst, obtaining compound Hid.

The structures of the new compounds (llia, 1Va, Ya, and Ilid) were
established in an identical way with those mentioned before.

In conclusion, the bromination of some 2-(j>-X-phenyl)-4-chloromethyl-
thiazoles (la, b, d, ) in cone, sulfuric acid in presence of Ag25S04, at a mole
ratio of 1 : 1 :1/2, show”s that, except for le, the catalyst increases the relative
reactivity of certain positions of the aryl rest in comparison to the reactivity
of position 5 of the thiazole. Thus, while bromination of la, b, d with bromine
in cone, sulfuric acid leads only to the formation of the corresponding 5-bromo
derivatives, in the same solvent and in the presence of Ag2504 compounds
Ib, d are brominated not only in position 5 of the thiazole, but also in the aryl
rest; in the case of compound la, however, total change of the orientation can
be observed, the bromine atom entering only the aryl rest. The bromination
of compounds la with NaOBr in acidic solutions, where the brominating agent
is Br+ or Br+OH2 occurs in position 5 of the thiazole, similarly to its bromi-
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nation in cone, sulfuric acid in the absence of a catalyst. The change in bromine
orientation for this compound under catalytic conditions, when the brominat-
ing agent is Br+, is due, in our opinion, to the formation of a complex between
compound la and Ag2S04prior to bromination. This problem will be discussed
in one of our subsequent papers.

The nitration of la, d with a mixture of sulfuric and nitric acid affords
compounds Via,. The hydrochlorides of the corresponding 2-(p-X-phenyl)-4-
hydroxy-4-chloromcthyl-zl2-thiazolines (Ila,) are also converted into Via, d
in the presence of sulfuric and nitric acid:

The nitration of la in acetic anhydride with cone, nitric acid leads to
compound Vila. It is interesting that in order to transform compound la into

Vila, it is absolutely necessary to leave the reaction mixture standing at room
temperature before heating it up to 60°C. Otherwise compound Via is obtained.

It should be emphasized that no nitration of compounds la, b, d can
be effected in glacial acetic acid with nitric acid, regardless of the reaction
temperature (<60 °C) and the quantity and concentration of the latter.

Nitration of compound Ha, d with a mixture of sulfuric and nitric acid
affords products identical with those obtained by brominating Via, d, i.e.
Villa, d:
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When compounds Vila, VIId [1] are treated with a mixture of fuming
nitric acid and cone, sulfuric acid, nitration occurs at position 3’ (5°) of the

Vlila,d

aryl rest: Underthese conditions 2-phenyl-4-chloromethyl-5-nitrothiazole is nit-
rated also in position 3’(5”) of the phenyl rest and not in the para position [1].

The position of the nitro group in the compounds obtained (Via, d, Vila,
IXa, d) has been established by separation of the acids from their oxidative
degradation and by IR spectroscopy.

From the results we can conclude that 2-aryl-4-chloromethylthiazoles
are brominated easier than thiazole itself [10] and that, regardless of the sol-
vents used, in the absence of a catalyst, the reaction occurs in position 5 of the
thiazole ring. In the presence of Ag2S04as catalyst the reactivities of some aryl
positions change relative to the reactivity of position 5 of the thiazole ring.

For the nitration reaction the orientation of the nitro group in the
system studied depends on the nitrating agent. If the nitrating agent is acetyl
nitrate protonated at the etheric oxygen [11], the nitro group predominantly
enters position 5 of the thiazole ring. If the nitrating agent is the nitronium
ion, nitration occurs on the aryl rest, in this case the position of the nitro
group depends on the nature ofthe substituent in position 5 of the thiazole ring.

Experimental
Melting points have not been corrected. All recrystallizations have been carried out
with added charcoal.
2-(p-X-plienyl)-4-chlorometliyl-5-bromothiazole lla, b, c)

a) To 0.001 mol of la, b, ¢ dissolved in the minimum amount of glacial acetic acid is
added 0.0012 mol of bromine with cooling the mixture, which is subsequently left at room
temperature for 30 min. The mixture is then poured on ice, the precipitate filtered, washed
with water and recrystallized.
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Table |
m.p. (°C) N(%)
Compound Fc’)\;lr.r\;\llfla (from' ethanol) Found
a b a b
Ha CnH,CIBrNS 138.5-139.5 137—138 4.63 4.73 4.75
302.63
lib C10H,CIBrNS 88—89 — 4.85 5.08 —
288.60
lie C10H,,CI.,.BrNS 127.5—128.5 — 4.34 4.41 —
(323.05)

b) 0.001 mol of Ma is heated for 5 min with 5 ml of acetic anhydride, then the solution
is cooled and. keeping it cool, 0.0012 mol of bromine is added. Further processing as under (a).

2-[5,(3”)-bromo-4’-methylphenyl]-4-chloromethylthiazole (Va)

To 0.002 mol of la dissolved in 15 ml of cone. H,,S04 is added 0.001 mol of Ag,,S04 and
then 0.002 mol of bromine. The mixture is stirred for 4 hrs, then filtered through a G-filter and
poured on ice. The precipitate is filtered, washed in abundance with water, dried and dissolved
in absolute ethanol. From the filtered solution after adding water, compound Va is separated,
which is then recrystallized from aqueous ethanol; m.p. 115°C.

C,HOCIBrNS (302.63). Calcd. N 4.62; Found N 4.84%.

2-[5,(3,)-bromo-4’-methylphenyl] -4-chloromethyl-5-bromothiazole (llia)

To 0.001 mol of Va dissolved in glacial acetic acid is added 0.0012 mol of bromine, the
mixture is left standing at room temperature, for 30—40 min then poured on ice. The substance
obtained is recrystallized from aqueous ethanol; m.p. 128—129°C.

CjjHgCIBriNS (381.54). Calcd. N3.67; Found N3.66%.

2-(2’,5,-dibronio-4’-methylphenyl)-4-ehloromethyl-5-bromothiazole (IVa)

To 0.003 mol of Ha dissolved in 15 ml of cone. H2S04is added 0.006 mol of Ag.,S04 and
then 0.0075 mol of bromine. Further steps as for Va; m.p. 142—143°C (aqueous ethanol).

CuH,CIBr3NS (460.44). Calcd. N 3.04; Found N 3.35%.

2-(4',5'-(libroniophcnvl)-4-cliloromet by 1-5-bromo-thiazolr (Hid)

To 0.004 mol of lid dissolved in 15 ml of cone. H,S04 is added 0.008 mol of Ag2S04
and then 0.006 mol of bromine. The further operations as for Va; m.p. 124—125°C (aqueous
ethanol)

CIOHSCIBr.,NS (446.42). Calcd. N 3.13; Found N 3.35%.

2-(3’-nitro-4’-X-phenyl)-4-chloromethylthiazole (Via, d)

a) To 0.001 mol of la, d dissolved in 0.6 ml cone. H,S04 is added a mixture of 0.6 ml
cone. H,S04and 0.4 ml HNO3(d = 1.42, g/cm3) keeping the temperature below 60 °C. The
reaction mixture is kept at 60 °C, for 30 min then poured on ice. The suspension formed is
filtered, the precipitate washed with much water and recrystallized from ethanol.

Ada Chim. (Budapest) 83, 1974



388 SIM1TI, FARKAS: STUDY OF SOME HETEROCYCLES, XXXIV

Table M
m.p. (°C N (%)
Compound F?\;Ir.rwla (from ethanol) Found
a b a b
Via CuHCIND 5 88—89 88—89 10.42 10.74 10.28
268.72
Vid CI10H 6CIBrN.O2S 116—116.5 114 8.39 8.46 8.48
333.60

b) 0.001 mol of I'a, d is introduced in small portions into a mixture of 0.75 ml cone.
H2S04 and 0.5 ml HNO3 (d = 1.42 g/cm3), keeping the temperature below 60°C. The pro-
cedure is continued as under (a).

2-(4,-methylphcnjl)-4-chloromethyl-5-nilrolhiazolc (Vila)

To 0.01 mol of la, dissolved in a minimum amount of acetic anhydride is added, under
cooling, 10 ml 1INO3 (d = 1.42 g/cm3) keeping the temperature below 30°C. The reaction
mixture is left standing at room temperature for 30 min then for 30 min at 60°C and sub-
sequently poured on ice. The precipitate is filtered, washed with much water and recrystal-
lized from ethanol; m.p. 124—125.5°C.

CtIH9CIN20 2S (268.72). Calcd. N 10.42; Found N 10.67%.

2-(3’-nitro-4’-X-phenyl)-4-chloromethyl-5-hromothiazole (Villa, d)

a) To 0.001 mol of Via, d dissolved in a minimum amount of glacial acetic acid is added
0.076 ml of bromine. The solution is left at standing for 30 min at room temperature, then
poured on ice. The precipitate is filtered, washed with water and the dry substance is recrystal-
lized from ethanol.

b) To 0.001 mol of Ma, d dissolved in 1 ml of cone. H2S04 is added a mixture of 0.9 ml
cone. H2S04 and 0.6 ml HNO3 (d = 1.42 g/cm3), keeping the temperature below 60°C. The
mixture is left for 30 min at 60°C and subsequently poured on ice. Further steps as under (a).

Table 111
m.p. (°C) N (%)
Compound F?&m\:ﬂa (from ethanol) Found
o Calcd.
a b a b
vnia chrciBrims 122.5—1235 122—123 8.06 8.15 8.27
347.63
VIHd CI0HECIBr,N202S 147—148 148—149 6.79 6.99 7.03
41251

2-(3’-wlro-4’-X-pllenyl)-4-cblorolnelllyl-5-wilrolbla2ole (1Xa, d)

To 0.001 mol of Vila, d dissolved in 1 ml of cone. H2S04 is added a mixture of 1.65 ml
cone. H2504 and 1.10 ml fuming H N 03 keeping the temperature under 60 °C. The mixture is
left standing at 60°C for 30 min, then poured on ice. The precipitate formed is filtered and
washed with water. The dry substance is recrystallized from ethanol.
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Table IV
Formula m.p. (°C) N (%)
Compound M.w. (from ethanol) Caled, Found
IXa CuHB8CINJ 4S 102.5—103.5 13.39 13.33
313.72
ixa CI10H6CIBrN301S 123.5—124.0 11.09 10.89
378.60
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The IR and NMR spectra of ten simple representatives of a-aminooxycarboxylic
acids and their hydrochlorides are discussed. Total assignment of the IR bands of
racemic and optically active (1)- a-aminooxypropionic acid has been accomplished
using the IR data of the hydrochlorids, and of alanine for comparison. The IR fre-
quencies of the functional groups, among them the vc—O and vc—N bands being
specific for this type of compounds, are characteristic of the spectra of the homologues,
too.

The PMR parameters of R—CH(ONH2COOH type compounds are character-
istic of the R substituent and not of the type of compound.

In the PMR spectrum of the isopropylidene derivative of a-aminooxypropionic
acid and its ethyl ester there are two methyl signals owing to the diastereotopic relation
of the methyl groups.

Although the first representative of a-aminooxycarboxylic acids — dif-
fering from natural amino acids by a single oxygen atom — had been known
at the end of the last century [1], the physical and chemical properties of these
compounds were not thoroughly investigated until the recognition that some
of them inhibited the growth of Mycobacterium tuberculosis [2—4]. According
to our studies, however, only certain derivatives possess significant activity
[5—7]. Previously we reported about the synthesis of the parent substances
[8] and their derivatives, as well as about some of their chemical and physical
properties [9]. In the present paper, the IR and NMR characteristics of a-
aminooxycarboxylic acids are discussed.

To our knowledge, no systematic IR and NMR studies of a-aminooxy-
carboxylic acids have been carried out so far. The IR spectrum of a-aminooxy-
/3-phenylpropionic acid and its hydrochloride is found in the literature [4]
without any comment; furthermore, the rC= 0 and rC=N IR frequencies of
some a-aminooxycarboxylic acid derivatives of the aldoxime and ketoxime
ether type are described [10, 11]. Thus it seemed interesting to study the
modifications of spectra caused by structural differences in comparison with
simple amino acids and deviations of the chemical properties as reflected by
differences in the spectra.
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CH3—CH-COOH
0
1
NH,

1

a-Aminooxypropionic acid (1) was chosen as a model for ourinvestigations.
First of all it had to be elucidated if the aminooxy analogues exist in a dipolar
ion (zwitterion) structure as it is general for amino acids, or the non-ionic form
predominates due to the lower basicity of the amine group. This non-ionic
form might he stabilized by cyclic dimeric association of the carboxyl groups.

The IR spectrum (Spectrum 1) of I and all other a-aminooxycarboxylic
acids investigated (cf. Table 1Y) have proved unambiguously that these sub-
stances exist exclusively in the zwitterion form (cf. Table I).

The IR spectrum of the enantiomers is, of course, completely identical,
while that ofthe racemic forms is slightly different (Spectrum 2), aphenomenon
also observed in several other compounds [11].

The divergence isthe most significantin the shape of the vN+H3band:the
submaxima at about 3300 cm -1 which appear distinctly on the diffuse ab-
sorption between 3500 and 2200 cm”1lin the spectra of the optically active
substances, are absent in the case of racemates. As the analogous band of
primary amine salts appears in most cases with a maximum between 3000 and
3100 cm -1 [12], the lower-frequency part of the spectrum may be assigned to
some secondary structure, which is possible only in zwitterionic compounds.
(The shift of frequency is observable in the spectra of simple amino acids, too.)
The absorption at lower frequency probably corresponds to polymeric ‘molec-
ular compounds’ formed through the interaction of dipoles; furthermore, the
equilibrium between these polymers and the analogous dimers is evidently
shifted towards the former in the case of the racemate compared with the
optically pure form. (The enantiomeric couples can easily establish a chain by
alternation, by means of linking of the opposite poles.)

A similar tendency is observed when comparing the IR spectrum of
substance | with that of L-alanine (Spectrum 3): the proportion of the poly-
meric compounds is higher than in I: the intensity distribution of the vN+H 3
band is shifted in favour of the submaximum at about 3080 cm-1.This can be
explained by taking into consideration that the formation of a polymeric
chain is favoured by the oxygen bridge rendering the ionic groups sterically
more available. This is indicated by the structure of the VN+H3 &N +H,,
rasCO””, TjCOj', etc. bands, belonging to the ionic groups, which are more
diffuse in the spectrum of I, being the energy levels of the more flexible aggre-
gates more diffuse. The assignments given in Table | are also confirmed by a
comparison of the spectra.
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Tabic 1

IR data, cm-I (KBr)'

Compound rN+H, <SN\HHb r0Es  (5CHDb
I-L 3300—1900 1610° 1560" 1455
SM: 3030, 2600,
2140 1560d 1410 1370
(2940 : rCHJ)
I-DL 3300—1900 1610" 1580" 1450
1440
SM: 2700, 2110
(2985 : vCH3) 1580d 1410 1370
L-Alanine [12] 3300—2000 1620" 1500 1455
SM: 3080, 2600
2120 1510 1415 1360
I-L «HC1 and 3300-2300 1575 — 1455
I-DL « HC1 SM: - 1500 1370

* Concerning the vibration symbols, see Ref. [12, 13]
b Symmetric-antisymmetric vibration pairs

' The two bands are overlapped; an alternative assign-
is also possible

dThe &N+H3 band is completely overlapped by the dif-
band

* Overlapped

0, < of
/3CH ) if n Is Bv'é
yCH o 1 1
L I4l 4@ & 4
1335 1285 1090 840 490
1220 1135 900
775 990 1030 695 370
1335 1290 1085 840 490
1210 1130 895
770 990 1025 695 360
(1310)" _1 1115 850 540
1235 1150 920
775 _ 1015 650 410
1325 1210® 1110 — -
1230" 1175 1090 880
770 1045 1000 — —

*The vc—N band replacing the vC—O and i>N—O bands
and covering the gcH band appears at 1310 cm-1, the sc—N
band appears at 650 cm-1

8vC—O type group vibration band of the carboxyl group.

Frequencies of other bands characteristic of the carboxyl
function are given in the text

*The two bands of the degenerated vibrations are split.
SM: Submaximum
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The spectrum of the hydrochloride of I (Spectrum 4) affords further
evidence for the original zwitterionic structure. Namely, the characteristic
bands of the carboxylate ion are absent, hut the spectrum contains absorptions
characteristic of carboxylic acids, e.g. the most specific and very intense ab-
sorption of the carbonyl group at 1735 cm-1 (cf. Table Il and Spectrum 4,
resp.). The observation that the spectra of the racemic and optically active
compounds are fully identical, supports our explanation of the divergences
found between the zwitterionic parent substances. As the salts evidently and
invariably form carboxylic acid dimers, further interaction between the
molecules is possible only between the —N+H 3 groups, and from this point of
view the configuration is indifferent. (This configuration has importance only
in the case when two optically active molecules are ‘attached’ at two points.)

By comparing the Spectra 1, 2, 3 and 4, the majority of the bands can be
assigned with a relative great assurance.

The simplest way of deriving the normal vibrations of compound 1 is the
separation of substituent and skeletal vibrations. The total number of the
normal vibrations is 3iV— 6 = 3- 14 — 6 = 36.

The —XY3type groups show 5(8) hands, each having symmetric and
antisymmetric stretching (rasXY 3, rsXY3) and deformation (0"CH3, &CH3J)
vibrations, further, a deformation vibration (the so-called rocking vibration)
of identical phase (6"CH3) [12, 13]. The three antisymmetric vibrations are
twofold degenerated; the two normal vibrations with coincident frequency
belong to the corresponding hands. Thus, each methyl and ammonium group
shows 5 bands (8 vibrations).

Each carboxylate ion has two, and each methine group one stretching
vibration, in-plane vibrations and out-of-plane deformation vibrations (6 3
bands, 6 + 3 vibrations). Thus, in the spectrum 19 bands derived from 25
vibrations correspond to the substituents.

C4
Among the 9 vibrations of the — O—N skeleton (N = 5, 3iV— 6 =

= 9), 4 stretching vibrations (due to the 4 bonds), 3 in-plane and 2 out-of-
plane vibrations are found. The latter five are the scissoring and rocking
vibrations of the C—C—C chain (RsCCC, BasCCC), the bending vibration of the
C—O—N chain (/5CON), and the perpendicular vibration of the two atom
triplets (ysCCC, yCON).

Finally, one in-plane and one out-of plane, originally non-genuine vibra-
tion (the BRCCO in-plane and out-of-plane CCC-torsional: yasCCC vibration) be-
come genuine since the substituents counterbalance the moment of these vib-
rations, which therefore do not cause translation and rotation.

Table Il contains the above-mentioned vibrations assorted according to
their frequencies. Starting from this point, a likely assignment of the spectrum
bands can be carried out.
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Table 11

Vibration types of a-aminooxypropionic acid and their presumed frequency regions

4000 2000cm 1 201 650 cm“1 650 250 cm“1 < 250 cm-1
Vibrations VCHZ3 vasC® 2 <5+N+H3* RSCOj** o3
of the sub-  ”asN+H3* rsCo7 SN +H3 [RasCO?** ysC03 —
stituents vsCH3 HsCH3* <asN +H 3* yCH**
* N+H3 S'LCH3* /3CH
vCH $&CH3
Vibrations — VC(H3-C (H) RsCCC ysCCC
of the rC(03-C(H) Ras"C “yCON
skeleton =~ O /SCON yCCC
o ™ RCCO

* Twofold degenerated vibration: two normal vibrations belong to one or two bands
** Frequencies of these vibrations are about 650 cm-1 and cannot be classified safely
either into the region from 2000 to 650 cm-1 or into that from 650 to 250 cm 1

From among the five high-frequency bands, those originating from the
— N+H3group are easy to identify and the vosCH3band can be also recognized
as a sharp maximum, being superimposed on the rasN+H3 absorption (at
2940 cm-1 on Spectrum 1). Its symmetric pair and the vCH band are absent
(completely overlapped by the rasN+H3 hand.) The vsN+H 3 band is found at
about 2140 cm-1.

From among the bands expectable in the middle (fingerprint) region of
the spectrum, those originating from rasC02~, <5<iN+H 3 and &N +H 3show the
highest frequencies. At about 1600 cm-1, two maxima are distinguishable
and as the absorption higher than 1600 cm-1 is absent from the spectrum of
the hydrochloride, it is likely that vasCOj absorbs at 1610 cm-1 and 0N +H 3
merged into the symmetric counterpart, absorbs at 1560 cm-1. The 0"CHS3,
6sCH3and rsC02 bands are also easy to recognize at about 1460, 1370 and 1410
cm-1, since they appear within a relatively narrow interval characteristic
of the respective vibration forms [12] and are sharp. In contrast, the
S'N+H3 maximum can be assigned by the broad shape of the band at
1220 cm-1.Presumably, the weak band at 1330 cm-1 corresponds to the /?CH
vibration.

Identification of the other bands of the fingerprint area is more difficult.
It is expectable that these are the methyl rocking vibrations, the bands of the
four skeletal stretching vibrations and, within these, the hands of vC—O and
vO—N, respectively, characteristic of a-aminooxycarboxylic acids, further-
more one or both bands of the in-plane deformation vibration of the carboxyl-
ate group. It is possible that the band of the yCH vibration also appears here.
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It seems likely that the intense pair of bands at about 1290 and 990 cm-1
belongs to the characteristic C—O—N system of a-aminooxycarboxylic acids.
The former may arise from a rC—O and the latter from a vO—N type vibration.
The assignment of the vC— O band is confirmed by the absence of this band
from the spectrum (Spectrum 3) of alanine (it is replaced by the vC—N band
being very intense and sharp at 1310 cm-1) and by its broadening (the energy
of vibration isinfluenced by the association structure, too; therefore, Spectrum 1
has a shoulder at about 1300 cm™ and Spectrum 2is sharper due to the more
uniform association structure), finally by the high frequency; similarly to
aromatic ethers, the CO bond order and thus, the vC—O frequency are
increased by the electron-attracting effect of the N+H3 ion bound to the
oxygen (cf. the mesomeric structure la). Of course, the frequency decreases
in the case of the hydrochloride, as the flow of the electrons is pointing now
in the opposite direction i.e. from the skeleton to the carbonyl oxygen. There-
fore the vC—O0 band is found at 1175 cm-1. A band of similar character
belonging to the acid group [vC(=0)—O0(H)] appears at 1210 cm-1.

Me O Me O
HsX =T e T HNo—on oo ®
3X=0:n@kli]-C- e N o= o
~ RJ)} \s?
la la
Me OH Me  OH
+ Cle ——» ) 1 () HCL

lusz~r~nA~r5rch°>
la HCI la HC1

For similar reasons, the NO bond order and polarity are increased in the
case of the hydrochloride (the mesomeric system is shifted towards structure
la « HC1); as it is expected, the rN—O band becomes more intense and appears
at higher wave-numbers. Of course, this band is absent from the spectrum of
alanine. When all these factors are taken into consideration, it is likely that
the band at 990 cm-1, i.e. at 1045 cm-1 in the spectrum of the hydrochloride,
belongs to the VN—O vibration.

The two bands between 1115 and 1000 cm-1 arise presumably from the
methyl rocking vibration. This is indicated by the relatively stable frequency
which is slightly increased due to the decreased electron density of the methine
carbon in the case of alanine and hydrochloride.

Of the carbon—arbon skeletal stretching vibrations, the one adjacent to
the carboxylate ion group has the higher frequency and is shifted strongly in
the salt in consequence of coupling with the vC—O0 vibration; however, this
frequency increases in the case of alanine, where the electro-attracting —N+H3
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group is directly connected with the carbon atom. It is concluded from all
these facts that in Spectra 1, 2, 3 and 4 the maxima at 1135, 1130, 1150 and
1090 cm-1, respectively, should be assigned to this vibration.

It follows from the number of bands of the fingerprint region that two
carboxylate, one skeletal deformation and even the yCH vibration absorb
in the interval of frequencies higher than 650 cm-1. The bands at 840 and
695 cm-1 can be assigned to the /2COj and RBACO” vibrations respectively,
according to their great intensity as well as because of their absence from the
spectrum of the hydrochloride.

On the basis of these considerations, the two remaining hands (at 900
and 775 cm-1, in Spectrum 1) should correspond to the vibrations rC—C(H3J)
and yCH, according to their frequencies. The appearance of the yCH band
may he due to the association structure: the molecule has a favoured plane in
relation to which a jSCH and yCH type vibration may really exist.

Between 650 and 250 cm-1 only the bands of two out-of-plane carboxyl-
ate ion and four in-plane deformation skeletal vibrations are expected (pre-
sumably, the three out-of-plane skeletal deformation vibrations have frequen-
cies lowerthan 250 cm-1). The hands of the carboxylate ion are intense and do
not appear in the case of the acid; of the hands of the skeletal vibrations, only
two (jSosCCC and /?SCCC) are found in the spectrum of alanine and the other
two can be replaced by the 6C—N hand.

Based on the above considerations, the ysCO.T and an in-plane bending
skeleton frequency (an alternative assignment is also possible) appear at
about 490 and 370 cm-1 in Spectrum 1, which is supported by the absence of
these bands from Spectrum 4, and by their higher frequencies in Spectrum 3.
(The —CQOj" and —N+H 3ion groups that are nearer in alanine, hinder the out-
of-plane vibrations of each other and increase the energy of the vibration.) As
an absorption at 650 cm-1 is found only in Spectrum 3, its interpretation as
BRCN band is undoubtful.

The assignments of the maxima of the salt not explained so far and
appearing in the fingerprint region, are the following: vC=0: 1735, /30H:
1400, yOH: 825, /3C—C (=0)—0: 795, 725, 715 cm-1 and yCO: 720 cm-1.

CH3-CH—COOH CH3—CH—COOCHr—CH3

0 0}
|
N N
H3CI CHs
n 11

It is interesting to note that the characteristic divergence described by
Undheim et al. [11], according to which the carboxylic carbonyl band of an

Acta Chim. (Budapest) 83, 1974



398 SOHAR et al.: IR AND NMR STUDY

optically active compound will be split, did appear neither in the IR spectra
of racemates and optically active modifications of the | hydrochloride, nor in

the Schiff base Il and ester 111. Although the spectra are different for compound
Il, there is only one carbonyl band appearing at 1725 cm-1 (racemate) and at
1740 cm-1. In the case of | «HC1 and IIl, the spectra of the racemic and

optically active modifications and the frequency of the carbonyl absorptions
(at 1735 cm-1in | « HC1 and at 1755 cm-1 in Ill) are identical.

Although the data obtained by the detailed analysis of the IR spectrum
of ac-aminooxypropionic acid (1) are very useful in the interpretation of spectra
of the homologues, the PMR spectrum of I (Spectrum 5) has few signals,
giving very limited information for other a-aminooxy carboxylic acids. The
reason is that the functional groups determining the IR spectrum are the same
in all a-aminooxycarboxylic acids, whereas the PMR signals arise from CH
groups building up the molecular skeleton and differing in every homologous
compound,* furthermore there are no PMR signals characteristic of the
functions CO” and O—N +H 3. (The ammonium proton signals are not charac-
teristic, as their shape and positions depend on the experimental conditions,
mainly due to exchange processes [14]).

However, the conclusions obtained from the IR spectra for the electron
distribution of I and the corresponding hydrochloride, are supported by the
PMR data. On the basis of the chemical shifts measured in DMSO-d6 (Table
I11), a paramagnetic shift by 0.22 ppm ofthe methyl doublet and by 0.70 ppm
of the methine quartet is observed in the case of the hydrochloride, under the
influence of the electron-attracting carboxyl group replacing the carboxylate
ion.

Optically active and racemic modifications of I give, of course, the same
PMR spectrum in all achiral solvents. As mentioned above, these spectra are
very simple: in addition to the doublet and quartet signals of the coupled
methyl and methine groups, only the characterless absorptions of the acid
protons appear, overlapped by the water content of the solvent (Spectrum 5).
The spectral data are shown in Table Ill. When the values of the chemical
shifts of alanine also listed in Table Ill are related to the corresponding data
of I, the influence of the oxygen atom increasing the chemical shift of the
methine proton is well observed, the difference being 0.76 ppm. The shift is
hardly significant (—0.03 ppm) and of opposite direction in the case of the
methyl signal. The reason for it is partly that the —1 effect of the oxygen,
which would shift the methyl signal paramagnetically is almost entirely isolated
by the interpolated methine group, and partly that the decreased deshielding
effect is compensated (and slightly even over-compensated according to the

*Table IV contains characteristic PMR data of the a-aminooxycarboxylic acids in
vestigated in our experiments.
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Table 111

PMR data of compounds I, Il, Il and alanine (chemical shifts are given in ppm
units, hTMS --0 ppm)

achl,
§pec» | | «&CH, <SCH
rum Compoun Solvent - * i uartet* (ethyl uartet™
ru p Tr|p|et3H(ethyI) Dogalet S('i'_‘Sl‘)“ Q 2H( yl)  Q f
2x3H
D.0 1.42 4.48
5 1(D)=1(DL)
DMSO-de — 1.20 — — 4.07
— I «HC1 DMSO-d6 — 1.42 — — 4.77
—  Alanine dd — 1.45 — — 3.72
1.80
7 1 DMSO-de — 1.35 183 — 4.50
1.85
8 Il CDC13 1.25 1.43 1.90 421 4.62

experimental data) by the anisotropic neighbouring group effect arising from
the ammonium ion which becomes more pronounced in the vicinity of methyl
protons because of the oxygen bridge (the —N +H 3 ion can get nearer to the
methyl protons).

W hen isolation of the oc-aminooxypropionic acid (1) was first attem pted
by treatment with acetone, the IR spectrum of the product (Spectrum 6) in-
dicated that it could not have the expected structure. Bands of ammonium
and carboxylate ions characteristic of the zwitterionic structure did not
appear, but absorptions of vibrations of free acids were identified in the
spectrum: rOH (3500—2300 cm-1), rC=0 (1740 cm-1), /30H (1450 cm-1),
vC—O (1205 cm-1) and yOH (920 cm-1). These bands and the band at 1640
cm-1 that can only arise from a double bond indicated that compound | was
actually obtained in the form of an isopropylidene derivative Il. This was
proved by PMR investigation. This spectrum (Spectrum 7) had two singlets
corresponding to the total number of six protons; in addition to these, the
methyl doublet and methine quartet could only be detected. Thus, structure
of Il was accepted which was later supported by comparison with the physical
data of an authentic sample.

In order to explain the appearance of two lines of the methyl signal of
the isopropylidene group, the following possibilities were taken into con-
sideration.

(n Most probably, the two methyl groups are anisochronous because of
the diastereotopy due to the presence of a centre of asymmetry. In this case,
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yCOOH
PMR dataa of R—CH type
\ onh?2
CompRound" aCH.
-H A —
-H B —
-CH2-CH3 A 0.95, t (7 Hz)
-CH2-CH3 B 0.90, t (6.5 Hz)
-(CH22-CH3 A 0.90, t (7 Hz)
-CH(CH?32 A 0.93, d (7 Hz)
1.03, d (7 Hz)
— CH(CH32 B 0.90, d (7 Hz)
0.95, d (7 Hz)
-(CH23-CH3 A 0.90, t (7 Hz)
—(CH23—CH3 B 0.90, t (7 Hz)
-CH2-CH(CH32 A 0.97, d (7 Hz)
(6H)
-CH2CH(CH32 B 0.90, d (6 Hz)

a-aminooxycarboxylic acids (in DMSO-d( solution), in ppm (8TMS — 0 ppm)

Table IV

<5CCHt

1.80, m
1.65,

60-115 Hz
m (4H)

60-120 Hz
m (6H)

70-120 Hz
m (6H)

1.67, 2x4d
(5 and 7 Hz)

~1.5, 2xd
(5 and 6 Hz)

(5XCH,
(X=0,N,S Ap

4.43, s

4.08, s

<5CCH

n"2.3, m

~2.0, m

~2.1, mc

~1.5, mc

4.70,
3.95,

4.75,

4.55,

3.95,

4.70,

4.00,

4.67,

4.03,

<50CH

d

d

(5.5 Hz)
(6 Hz)

(5.5 Hz)

(55 Hz)

(6 Hz)

(5.5 Hz)

(6 Hz)

(55 Hz)

(6 Hz)
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~(CH24-NH 2
~(CH22SCH3
A(CH2)2SCH3

-CH2Ph

-CHjPh

A — ~2.8, m (6H) ~2.6, f — 4.75, t (55 Hz)
A 2.10, s ~2.10, td ~2.6, te — 4.80, t (6 Hz)
B 2.10, s ~1,95, mJ ~2.6, mf - 415, t (6 Hz)
A — — 3.15, m« — 5.05, 2xd"
(5 and 7 Hz)
B — — 3.18« 5.03, 2xdt
3.35« (5 and 7 Hz')

(Jab = 15 Hz)

aThe given spectral data of the optically active forms and racemates are identical in all cases investigated
b A: Hydrochloride, B: Base

0Overlapped by the <5CH, signal

n Overlapped by the <5SCH3 signal

6 Overlapped by absorption of the solvent

1A2B, multiplet

e AB part of the ABX multiplet

h X part of the ABX multiplet

' Coupling constant Jax and Jsx
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the distance of the lines should be temperature-independent. However, the
diastereotopic relation of methyl groups does not necessarily cause a splitting,
as frequently anincidental isochrony occurs, first of all when the isopropylidene
group is not directly attached to the asymmetric carbon atom, as in the case
of I1I.

(2) In a zwitterionic structure, a splitting may he caused in the

group by long-range coupling (the 2 Hz distance of the lines

would be in good agreement with this phenomenon). However, it is unlikely
that compound Il with no zwitterionic form in the solid phase, might exist in
this form in DM SO0-d6 solution.

(3) It is possible that a six-membered cycle is formed with hydrogen
bond between the nitrogen atom and the hydroxyl group, leading to a dif-
ferent environment of the two methyl groups, owing to the sterically fixed
structure.

(4) An anisochrony may also result from the geometrical (syn—anti)
isomerism of the C=N double bond.

In order to clarify this problem, the PMR spectrum of the ethyl ester of
Il (I11) was also investigated (Spectrum 8).

As in this spectrum (cf. Table IIl), the isopropylidene group gives in-
variably two lines, interpretations according to (2) and (3) should be rejected.
For excluding the existence of inverse isomers according to (4), a temperature-
dependent PMR examination was carried out. Since the distance of the two
lines remained unchanged between 20 and 160°C, the separation of the line
can be due only to the diastereotopic character of the methyl groups.

Experimental

Synthesis of the compounds mentioned in this paper has been reported elsewhere [8].

IR spectra were taken with a Perkin-Elmer 457 spectrometer in KBr pellets. NMR
spectra were recorded at room temperature by a Varian A-60D device using tetramethylsilane
as internal standard.

The authors are grateful to Dr. Mrs. CS. Méhesfatvi, MIr. A. Farjes, Mrs. B. Csakvari
and Miss V. Windbrechtinger for the useful technical assistance.
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It has been proved that two identical molecules of a Schiff base can undergo an
exchange reaction. Unlabeled and labeled benzylideue-p-anisidines investigated by
NMR and MS techniques resulted in an equilibrium with a constant of K = 1. Some
conclusions have been drawn on the mechanism of the azo coupling of aromatic Schiff
bases.

In our previous paper [1] the exchange reaction of aromatic Schiff bases
has been reported to (i) follow a second order rate law, (ii) lead to an equi-
librium in all cases and (iii) to be proton catalyzed as shown by kinetic mea-
surements.

According to the proposed mechanism, the initial step of exchange is the
interaction of a neutral and a protonated Schiff base molecule, followed by the
reversible reactions of the protonated dimeric intermediate thus formed.

The azo coupling of Schiff bases reported earlier [2, 3] takes place pro-
bably via an intermediate with the same dimeric structure. Since in these cases
the reaction mixture contains only a single Schiff base, it seems necessary to
demonstrate that two identical molecules of a Schiff base can similarly undergo
an exchange reaction.

This chemically ‘invisible’ reaction was studied using doubly labeled
benzylidene-p-anisidine as model compound. For this purpose benzylidene-p-
anisidine-d (1) was prepared, in the NMR spectrum (la) of which no azo-
methine proton could he detected as a consequence of labeling with deuterium.
On the other hand, benzylidene-p-anisidine-16N (llI) gives spectrum li> in
which the NMR signal of the azomethine proton (d = 8.30 ppm) is split into
a doublet as a result of interaction with the neighbouring 15N atom (J»n: ch
= 3.9 Hz). The coupling constant is in accordance with those of other 15N-
labeled Schiff bases [4]. The isotopic purity of both compounds was higher
than 98% as shown by the mass spectra.

The rate of exchange can be determined from the variation of the in-
tensity of the azomethine proton signal. The intensity of the starting doublet

* Presented in part at the Und IUPAC Conference on Physical Organic Chemistry,
Noordwijkerhout, The Netherlands, April 29- May 2, 1974.
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Fig. 1
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decreases during the reaction while the singlet of the unlabeled benzylidene-p-
anisidine formed appears in the center of the doublet (Spectrum Ic). At
equilibrium a virtual triplet is formed with the intensity ratio of 1:2 :1,
corresponding to an equilibrium constant of K = 1.

Kinetic measurements show that the reaction is of second order, the
order of the rate constants being the same as for the exchange reaction of two
different Schiff bases:

K — 5.97 X 10-4 1/mol sec (in tetrachloroethylene at 36°C)
K = 3.50 X 10~31/mol sec (in nitrobenzene at 36°C).

The reaction is proton catalyzed: in the presence of 0.01 mol trifluoro-
acetic acid the equilibrium is set up very rapidly and the NMR spectrum Ic
can be immediately observed.

In the mass spectrum of the equilibrium mixture three molecular ions
can be distinguished:

M 1= 213, benzylidene-p-anisidine-15N-d (111),

M 2= 212, benzylidene-p-anisidine-15N (11), and
benzylidene-p-anisidine-d (1),

M3 = 211, benzylidene-p-anisidine (IV).

The intensity ratio of the three peaks is 1 :2 : 1, in agreement with the
NMR spectra.

The above results prove that two identical molecules of a Schiff base
react in the same way as those of two different azomethines. This fact supports
the suggestion that the azo coupling of aromatic Schiff bases may take place

through a similar dimeric intermediate.
*

The authors are grateful to Dr. J. Tamas for the mass spectra, Dr. J. Hemeta for
computing the kinetic data and Dr. J. Woiford for preparing the labeled starting materials.
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The physicochemical characteristics of the Charatchok crude oil and its light and
middle fractions obtained by technical distillation gasoline, kerosene and gas oil are
reported.

P Hydrotreating of the kerosine and gas oil fractions was carried out with the
purpose of studying the possibility of their upgrading.

The crude oil was distilled under atmospheric pressure into five cuts. Further
distillation under reduced pressure (40 torr) afforded two other fractions. The hydro-
carbon type and the structural group analyses were carried out for the narrow cuts as
well as for the fractions of technical distillation.

Introduction

The chemical evaluation of crude oils is of supreme importance from the
point of view the refining and petrochemical industries. No systematic stu-
dies concerning the chemical nature and evaluation of Syrian crude oils have
been reported. The first published data [1] were on Swidia Syrian crude
oil. The Charatchok oil field is situated in the northeastern region of the Sy-
rian Arab Republic, near the Swidia oil field.

The technique of hydrotreating has been widely adopted to improve the
quality of the distillate fractions by reducing the sulfur, nitrogen and un-
saturated hydrocarbon contents, as well as the carbon residue. A large number
of catalysts have been developed for hydrogenating petroleum fractions [2, 3].
Nickel and platinum catalysts as well as cobalt molybdate [4] and tungsten
sulfide [5] have been applied for this purpose. The reaction conditions, tem -
perature, pressure and reaction time must be controlled in the hydrotreating
of different feed stocks [6, 7].

The study of the residual fractions (above 300°C) of this crude will be
reported in a future communication.

Experimental

The crude oil sample under investigation was kindly supplied by the
Ministry of Petroleum of the Syrian Arab Republic.
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1. Physicochemical characteristics of the crude oil

(A) Physical characteristics

The general characteristics of the crude oil and its products have been
determined according to IP or ASTM standard methods unless otherwise stated.

(B) Component analysis

The scheme applied to the crude oil fractionation and component
analysis is shown in Fig. 1.
Crude oil

Atmospheric distillation

1
o ' |
Distillation up to 200°C Residue Rt
.1
Fractl[onation Distillation at 40 torr
i 1
Fr. 1 Fr. 2 Fr. 3 Fr. 4 Fr.5 Fr. 6 Fr. 7 Residue R2

<60°C 60—95°C 95—122°C 122—150°C 150-°"0 ,, 200-250°C 250-300°C
Petr, ether (40—60°C)

Oils  Resins Asphaltenes

|
Alumina column chromatography

Cyclohexane Renzene-Ethanol (1 : 1 by vol.)
|

Oily constituents Resins

Fig. 1. Fractionation of Charatchok crude oil

(C) Determination of vanadium and nickel in the crude oil, resins and
asphaltenes

Vanadium and nickel have been determined using the flame spectrophoto-
metric method [8]. According to this method, the ash obtained from the
crude oil was dissolved in sulfuric acid. Excess of the acid was evaporated and
the sulfated ash was dissolved in distilled water. Measurements were carried
out on a flame spectrophotometer (Unicam Model SP 900) at wave lengths of
352.5 and 550 nm for nickel and vanadium, respectively. The concentrations
were estimated from the calibration curves of standard solutions against the
galvanometer readings of the flame spectrophotometer.
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2. Fractions obtained by technical distillation

The crude oil was distilled to obtain gasoline, kerosene, gas oil, a waxy

distillate and residue (Table 1I).
Table |

Fractions obtained by technical distillation

Cutting temp., °C Pressure, torr

Fraction (under 760 torr) (during distillation)
Gasoline 32-150 760
Kerosene 150-250 40
Gas oil 250-350 20
Waxy distillate 350-500 2

Residue — —

3. Hydrocarbon type analysis of the distillate fractions

The following methods have been adopted.
(@) Volumetric method by Fluorescent Indicator Adsorption (F.I.A), IP 1%
(b) Gravimetric methods:

1. Aniline point method for the determination of aromatics [9].

2. Determination of normal paraffins in fractions up to 200°C by gas
chromatography [10]. An F & M Gas Chromatograph Model 500
was used with Katharometer as detector.

3. Urea adduct method [11] for the determination of normal paraffins
in the fractions of boiling range 200 250° and 250 —300°C.

4. Determination of naphthenes. Each fraction was dearomatized by
sulfuric acid (98%) and the aniline point (t) of the saturates so
obtained was determined. The content of naphthenes was cal-
culated as follows:

Naphthenes (iei %) = —-(tx—t)
d

wher K is constant, d and txare the density and aniline point respec-
tively, of the pure naphthenes, obtained from tables cited in Ref.

[9].

4. Investigation of bicyclic aromatics in fractions
of boiling range 200—285 °C

Bicyclic aromatics were determined by cutting the fraction of boiling
range 200 285 °C into four fractions and measuring the ultraviolet absorption
at different wavelengths, using a Beckman Model DU spectrophotometer
[12, 13].
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Before carrying out the measurement the fractions were desulfurized
with mercuric nitrate to avoid any interference of sulfur compounds with the
spectral determination [13]. The investigation was then carried out as follows.

Fraction a, of boiling range 200—248°C was used for the determination
of naphthalene, 1-methylnaphthalene and 2-methylnaplithalene by measuring
the absorbance at the wavelengths 311, 314 and 319 nm.

Fraction b, 248—265°C, was applied for the determination of the C12-
naphthalenes by measuring the absorbance at the wavelengths 280 and 324 nm.

Fraction c, 265—275°C, served for the determination of C12- and C13
naphthalenes by measuring the absorbance at the wavelengths 280 and 324 nm.

Fraction d, 275—285°C, was used for the determination of C13-naphtha-
lenes by measuring the absorbance at 280 nm.

5. Structural group analysis

The structural group analysis of the middle distillate fractions of boiling
range 200—300°C was carried out according to the n.d.M. method [14] using
the Hasting correction.

6. Hydrotreating of Charatchok kerosine and gas oil distillate fractions
(A) Catalyst WNiSjal

This was provided by Badische Anilin und Soda Fabrik (Catalyst No.
8376): pellets (3 mm), composed of 25% tungsten sulfide and 3% nickel sulfide
supported on activated alumina.

(B) Hydrogenation technique

A rocking batch autoclave (Andreas Hofer) of two liters capacity with
electric heating device was used throughout this work. The weight of the feed
as well as the weight of the catalyst were fixed. In each experiment, the feed
(200 g) and a fresh sample of the catalyst (20 g) were introduced into the
autoclave. It was purged once with nitrogen, then twice with low pressure
hydrogen before filling with hydrogen to the required initial hydrogen pressure.
By the “initial hydrogen pressure”, it is meant the pressure inside the auto-
clave at room temperature before starting the hydrogenation experiment.

After checking for any leakage, heating was started to attain the desired
working temperature which was automatically controlled. At required reaction
temperature rocking was started and heating was continued during the desired
reaction period, then heating and rocking were stopped. The autoclave was
then left overnight to cool to room temperature.
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In. this work, the reported reaction period was considered to begin when
the required working temperature was reached, lasting until heating was
stopped.

The general characteristics of the hydrogenates were determined accord-
ing to IP standard methods.

Results and discussion
1. General characteristics of Charatchok crude oil

The general characteristics of Charatchok crude oil as compared with
Swidia crude oil are given in Table Il. The data show that this crude oil has a
higher sulfur content, carbon residues and asphaltanes than Swidia crude oil.

Table 11

General characteristics of Charatchok and Swidia crude oils

Crude
Characteristics Remarks
Charatchok Swidia [1]
Sp. gr. 15/4 °C 0.9370 0.9010 IP 160
A.P.l. gravity 19.51 25.55
Sulfur content, wt.-% 4.4 3.9 IP 63
W ater content Nil Nil IP 74
Engler viscosity at 37°C, sec/sec 15.09 8.40
Pour-point, °C —24.0 —10.0 IP 15
Carbon residue, Conradson wt.-% 14.9 11.55 IP 13
Ash content, wt.-% 0.0189 0.0178 IP 4
Wax content, wt.-% 2.10 3.38 Holds
method
Asphaltanes, wt.-% 17.1 14.3 1P 6
Engler distillation 1.B.P., °C 55.0 50.0
Temp., °C °/0-Vol. Recovered, ml
75 3.0 3.0
100 8.0 7.0
125 11.0 12.0
150 16.0 18.0
175 19.0 22.0
200 23.0 26.0
225 26.0 30.0
250 30.0 34.0
275 34.0 38.0
300 41.0 50.0
Residue 58.0 49.0
Loss 1.0 1.0
Total 100.0 100.0

On the other hand, it is of a much better quality with regard to its pour-
point; this is due to its lower max content. A higher percentage of distillate
fractions up to 300°C is noticed in case of Swidia crude oil.

Generally, the Swidia crude oil can be considered as being of better
quality.
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(A) Component analysis

Component analysis was carried out using alumina column chromato-
graphy for the separation of the oily constituents from the resin components.
The results obtained are given in Table Ill. It is seen that asphaltenes are
present in a considerable amount (17.1%). The amounts of resinous com-
ponents are higher than the asphaltenes, but lower than the oily constituents.

Table 111

Component analysis of Charatchok crude oil

Component wt.-% in crude ail
Distillate up to 300°C 29.20
Oil constitu ants 29.57
Resins 23.12
Asphaltenes 17.11
Gases and losses (by difference) 1.00

The amount of distillate up to 300°C is markedly lower than that ob-
tained by the Engler distillation, due to the effect of fractionation.

(B) Trace elements

The vanadium and nickel contents in the crude oil and their fractional
distribution in the crude oil components are shown in Table IV.

Table TV

Vanadium and nickel distribution in the crude oil,
resins and asphaltenes [8]

Crude oil Resins Asphaltenes
Ash content, wt.-% 0.0189 0.0 0.1167
Vanadium, ppm 46.0 0.0 268.0
Nickel, ppm 22.0 0.0 127.0
VINi ratio 211 — 211

It is of interest to notice the absence of both vanadium and nickel in the
resinous components. Asphaltic components contain all the vanadium and
nickel present in the crude.
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(2) Characterization of the light and middle fractions obtained
by technical distillation

The sample of Charatchok crude oil was fractionated into five cuts;
gasoline, kerosene, gas oil, waxy distillate, and a residue. The boiling ranges of
these fractions were selected taking into consideration the production of the
highest possible yield of middle distillates (kerosene and gas oil), with the least
possible content of sulfur compounds. The physical characteristics of gasoline,

kerosene and gas oil are shown in Table V.

Table ¥

Physical characteristics of the light and middle fractions obtained

Characteristics

Cutting temperature, °C
Wt.-% on crude
Refractive index at 20°C
Density at 20°C

Mean molecular weight
Sulfur content, wt.-%
Aromatics content, vol.-%
Olefins content, vol.-%
Saturates content, vol.-%
Normal paraffins, wt.-%
Aniline pt., °C

Diesel index

Cetane number
Pour-point, °C

Freezing point, °C
Smoke point, mm.
ASTM distillation

Initial boiling point
%-Vol. recovered, ml

10

20

30

40

50

60

70

80

90
Final boiling point

Gasoline

—150
12.8
1.4096
0.7151
103
0.15
2.4
0.3
97.3
10.6
61.4

55
76

95
104
113
122
132
145
158
176

by technical distillation

Fraction

Kerosene

—250
10.2
1.4532
0.8079
187
0.7
26.2
0.7
73.1
7.3
57.6

— 47
20

Temp., °C
150
171

192
199
204
212
223
235
251
268

Gas oil

-350

13.0
1.4886
0.8739

251
2.3

40.2
1.2

58.6
7.4

61.2

42.28

46.0

10.0

The aromatic, olefinic and sulfur contents increase from gasoline to
kerosene to gas oil fractions, whereas the saturates content decreases in the
same direction. The small amounts of olefins present may be due to some

cracking during fractionation.

13
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(A) Gasoline

The gasoline fraction contains a considerable amount of sulfur (0.15%
by wt.). It is very poor in aromatics and normal paraffins. The major paitof
the fraction is thus composed of cycloparaffins and isoparaffins. It is expected
therefore that this fraction constitutes a somewhat high grade motor gasoline,
which could be further upgraded through a reforming process.

(B) Kerosene

The characteristics of the kerosene fraction are a high sulfur content and
freezing point. The smoke point, being 20 mm, is in accord with specifications
for illuminating purposes. However, in order to obtain a refined kerosene
meeting jet fuel specifications, hydrotreating using catalysts with high hydro-
sulfurization and isomerization activities would be advantageous.

(C) Gas oil

The gas oil fraction is rich in aromatics and sulfur contents. On the other
hand, the paraffinic content is low as reflected by its low pour-point. The
aromatics content is 40.2% by vol. These aromatics can be of interest to the
petrochemical industry. Solvent extraction and/or desulfurization of this
fraction through hydrotreating would also be useful.

The structural group analysis (by the n.d.M. method) of the fractions
(obtained by technical distillation) is given in Table VI.

Table VI

Structural group analysis of the kerosene
and gas oil fractions (by n.d.M. method)

Fraction
Characteristics

Kerosene Gas oil
% % 72.6 60.7
% ¢A 11.8 19.4
% 15.6 19.9
% CR 27.4 39.3
ra 0.27 0.60
0.30 0.60
R j 0.57 1.20

The Hasting correction was used

It is noticed that the %Cp increases with the increase in boiling range.
There is also an increase in the mean number of aromatic and naphthenic
rings per molecule, going from kerosene to the gas oil fraction.
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(3)

The hydrotreating conditions, reaction temperature,

417

Upgrading of Charatchok kerosene
and gas oil distillate fractions through hydrotreating

initial hydrogen

pressure, reaction period, and the tungsten nickel sulfide (on alumina) catalyst
were selected on the basis of previous practical conditions [15]. The results of
this investigation are cited in Table VII.

Table VII

Hydrotreating of Charatchok kerosene and gas oil distillate fractions

Conditions

Reaction temp., °C

Initial hydrogen pressure, atm

Reaction period, hr.
Catalyst

Characteristics

Refractive index at 20°C
Density at 20°C

Mean molecular weight
Sulfur content, wt.-%
Sulfur removed, wt.-%,
sulfur

Aromatics content, vol.-%
% aromatics reduced
Olefins content, vol.-%
Saturates content, vol.-%
Pour-point, °C

Freezing point, °C
Smoke point, mm

ASTM distillation

Initial boiling point
%-Vol. recovered, ml

90
pinal boiling point

(A) Kerosene

From

13*

Kerosene

350
80
4

WNiS/alumina

Feed Hydrogenate
1.4532 1.4505
0.8079 0.8039

187 191
0.7 0.0
of total
— 100

26.2 214
— 18.3
0.7 0.2

73.1 78.4

-47 -37
20 24
Temp.,
150 143
171 176
185 184
192 198
199 208

204 218
212 223
227 236
235 250
251 269
268 319

the kerosene fraction the

Gas oil

400

80

4
WJINiS/alumina

Feed Hydrogenate
1.4886 1.4671
0.8739 0.8379

251 212
2.3 0.1

— 95.6

40.2 34.5
— 14.2
12 0.3

58.6 65.2

-10.0 —16.0

°C
264 185
262 235
274 242
280 254
286 263
293 273

304 281
314 290
326 303
344 319
364 348

sulfur compounds were completely
removed. The saturation of aromatic hydrocarbons is evident. The content of
aromatics is 21.4% in the hydrogenate, as compared with 26.2% in the feed;
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This is evidenced also by the slight increase in molecular weight, and in the
content of saturates. Refined kerosene with no sulfur and with a higher smoke
point is obtained which will easily meet the domestic specifications.

It should be mentioned, however, that after hydrogenation of this
fraction, some light fractions of the product have departed during degasifi-
cation. Accordingly, the data of the hydrogenate should be considered as
affected by this factor.

(B) Gas oil

The refractive index and density are decreased, which is due to a decrease
in the aromatic content. The decrease in molecular weight is a result of the
significant effect of hydrotreating. This is further shown by the initial and final
boiling points of the product undergoing hydrogenation. Improvement in the
pour-point is clearly noticed, being —16°C for the liquid hydrogenate, as
compared with —10.0°C for the feed stock.

The sulfur removal nearly goes to completion, being 95.6%. Incomplete
sulfur removal may be due to the presence of tliiophenic sulfur compounds
which are hardly desulfurized. The saturation of aromatic compounds is
apparent as the percentage of aromatics reduced is 14.2%. However, the
percentage of saturation of aromatics is greater in the kerosene fraction than
in the gas oil fraction. This may be due to the complexity of the molecules in
the higher fractions and to the larger amounts of the aromatic hydrocarbons
present in the gas oil fraction. Incomplete saturation of the olefinic compounds
is observed in both the kerosene and gas oil fractions.

(4) Detailed evaluation of the crude oil narrow cuts
of boiling range up to 300°C

(A) Physicochemical characteristics

The physicochemical characteristics are shown in Fig. 2.

W ith increasing boiling range, there is an increase in the refractive index,
density and a decrease in the aniline point. This indicates an increase in the
aromatic content, which is justified by the hydrocarbon type analysis (Tables
V IIl and IX). An increase in the sulfur content is also observed.

The refractive index, the density and the aniline point of the saturated
fractions increase with the increase in the boiling range.

(B) Chemical composition

The data of the gravimetric and volumetric hydrocarbon type analyses
are given in Tables V111 and I1X. A gradual increase in the contents of aromatic
and naphthenic hydrocarbons with increasing boiling range is noticed. This
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Gravimetric hydrocarbon type

Hydrocarbon type wt.-%

Aromatics, UOP method (1)
Aniline point method (2)
Average

Olefins; UOP method (1)

Naphthenes (2)

Normal paraffins (3 or 4)

Isoparaffins (by difference)

Isoparaffins/normal paraffins ratio

Methods used:
(1) UOP method [16]
(2) Manual Chimistului [9]

Fig. 2

Table VIII

analysis of distillate fractions up to 300°C

2.50
2.90
2.70
0.30
17.10
11.20
68.70
6.13

4.80
5.00
4.90
0.50
18.80
9.50
66.30
6.98

(3) Gas chromatography [10] (for fractions Nos 2—5)
(4) Urea adduct method [11] (for fractions Nos 6—7)

Fraction No.

4 5
16.40 30.70
15.40 31.20
15.90 31.00

0.70 1.00
17.80 29.40
11.70 21.30
53.90 17.50

461 0.82
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Table IX

Volumetric hydrocarbon type analysis of distillate fractions up to 300°C
(F.1.A. method, IP 1™)

Hydrocarbon, Fraction No.
voL-% 2 3 4 5 6 7
Aromatics 0.9 14 7.0 22.1 29.6 31.3
Olefins 0.2 0.4 0.4 0.4 0.9 1.2
Saturates 98.9 98.2 92.6 77.5 69.5 67.5

increase is more pronounced in the case of aromatic hydrocarbons. At the same
time, a marked decrease in the isoparaffins is observed. Aromatic hydrocarbons
present in fractions Nos 2, 3 and 4 represent benzene, toluene and xylenes,
respectively. It is apparent that these fractions are of a highly paraffinic
nature. Fraction No. 4 can be considered a good source for the production of
xylenes as it contains about 16% of these petrochemical raw materials.
Fractions Nos 5, 6 and 7 are rich in aromatic hydrocarbons, therefore the
paraffinic nature generally decreases with the increase in boiling range.

The ratio of iso- to normal paraffins decreases with the increase in boiling
range, the decrease being noticeable in case of fraction No. 5. This is expected
because of the decrease of isoparaffins with the increase in boiling range, this
decrease being marked in fraction No. 5.

The integral chemical composition of the fractions of boiling range
60 —200°C and 200—300°G is shown in Table X.

Table X

Integral chemical composition of light and middle distillates up to 300°C

Fraction
Hydrocarbon, wt.-% Light distillate Middle distillate
60 —200°C 200—300°C
Aromatics 15.0 38.0
Olefins 0.7 1.3
Naphthenes 21.3 33.9
Normal paraffins 14.0 6.8
Isoparaffins 49.1 20.0

The light distillate of boiling range 60—200°C appears to be more
aromatic than naphthenic in nature. The situation is reversed in the case of
the middle fraction of boiling range 200—300°C.
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(C) Structural group analysis of the fractions of boiling range 200—250°
and 250 300°C

The analysis was carried out by applying the n.d.M. method and using
the Hasting correction (Table X1). It is seen that the increase in %CA in
the fraction of boiling range 250—300°C has occurred mainly at the expense
of the %Cp. There is also an increase in the mean number of total rings
per molecule from fraction No. 6 to fraction No. 7. This increase is due to
an increase in the aromatic rings rather than naphthenic rings.

Table XI

Structural group analysis of fractions of boiling range
200—250 °C and 250—300°C by the n.d.M. method

Method

characteristics 200—250°C 250—300°C
% s 68.48 63.79
% cn 12.00 15.78
% CN 19.52 20.43
% o 31.52 36.21
0.28 0.48

ra
0.40 0.35
Rr 0.68 0.83

The Hasting correction was used

The results of carbon distribution coupled with those of the gravimetric
type analysis (Table VIII) indicate that the increase in the aromatic hydro-
carbons with increasing boiling range from 200—250°C to 250—300°C can be
attributed to the presence of larger amounts of aromatics rather than to the
increasing number of paraffinic side chains and/or the lengthening of the alkyl
side chains attached to the aromatic ring structure. This observation is in
agreement witli the results obtained from the determination of naphthalene
(Table X11), where the percentage of naphthalene hydrocarbons increases
appreciably in the fractions above 248°C.

(D) Distribution of alkylnaphthalenes in the fractions of boiling range
200-285 °C

The production of naphthalene from petroleum through catalytic hydro-
dealkylation has gained recently great importance, since naphthalene is
considered a valuable raw material in petrochemical industry.

Therefore, it was our objective in this work to evaluate the naphthalene
hydrocarbon and its methyl derivatives up to the trimethyl isomers in the
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Table XII

Quantitative determination of naphthalene [13] in distillate fractions
of boiling range 200 —285°C

Aromatics . .
Fractions boiling Naphthalene n;p_)m%t:%zlﬁe Zr;'z\aﬂpergt]ﬁl.l_ Dr:ampehtwl- TRETE)?S\YI— dia-rroorﬁzltics
range, °C wt.-%
200 —248 5.22 0.0 3.21 0.46 — - 3.67
248-265 1.78 — — — 8.67 — 8.67
265-275 2.01 — — — — — 9.58
275-285 1.55 — — — — 15 15

fractions of boiling range of 200—285°C. The results obtained (Table XII)
indicate that the amounts of naphthalene hydrocarbons increase with the
increase in boiling range. The fraction with boiling range 248 —285°C of this
crude, corresponding to that used for industrial production of naphthalene, is
very suitable for this purpose.

*

Thanks are due to the National Research Centre, Giza, Cairo, for the facilities provided
thoroghout this work and to the staff of the Petroleum Technology Laboratories for their help
and co-operation.
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K. Dimroth: Phosphorus-Carbon Double Bonds. Topics in Current Chemistry,
No. 38

Springer Verlag, Berlin—Heidelberg—New York 1973. pp. 147

In the excellent series “Topics in Current Chemistry”, several interesting monographs
have already been published. In this successful volume No. 38 three special types of compounds
in organophosphorus chemistry are comprehensively treated, namely, the relatively less
known phosphamethine-cyanines, and the trivalent (43) and pentavalent (A5) phosphorins.
Although research in this field was started hardly 10 years ago the theoretical and practical
importance of these compounds is clearly indicated by the more than hundred publications
dealing with them.

The first fundamental steps in the work for the synthesis and elucidation of the chemistry
of the new organophosphorus compounds were made partly by the author of the present book,
K.Dimrotnh and his co-workers and partly by G. mark1 and his research team. It is not sur-
prising thus that pimrotn can handle the accumulated data so clearly and comprehensively.

In the structure of the book the well-known system is followed: synthesic methods,
physical properties of the compounds, followed by the chemical characteristics in three suc-
cessive chapters. The survey is supplemented by well-constructed tables comprising the data
of the compounds prepared up to now. This system ensures a uniform approach and easy
handling of the book.

The volume of the chapters is determined by the amount of information available rather
than the importance of the individual compounds. Although the chapter dealing with phospha-
methine-cyanines is the shortest, these compounds may still play a major role in the hetero-
cyclic chemistry in the future, because their reactions are similar to, but the reactivities exceed
those of methin and azamethin-cyanines.

The other two chapters in which the A3 and A6-phosphorin compounds are described
are by no means less interesting. The two groups of compounds, which can be derived from one
another and possess related properties from several points of view, represent a new type of
heterocyclic systems, the phosphabenzenes, and can be considered as the phosphorus analogues
of pyridine. The chemistry of A-phosphorins, resonance-stabilized cyclic phosphinemethylenes,
is particularly interesting. Although these phosphinemethylenes are quite unsuitable for the
accomplishment of Wittig reactions, owing to the high degree of delocalization of the electrons,
the reactivity of the phosphorus atom, together with the aromatic cyclic structure, provides
possibilities for several other types of conversions which make the A6phosphorins important
not only from the theoretical hut also from the synthetic point of view.

In accordance with the modern organic chemical concept applied in the book, these
phosphorus compounds are not treated as isolated topics, but their properties are compared
systematically with those of the analogous nitrogen compounds, including the correlation
between experimental data and the results of quantum chemical calculations.

The introduction of fascinating experimental and unresolved theoretical problems
arousing the interest of both practical and theoretical organic chemists is a very great merit
of the book, which calls attention to the research of these compounds.

I. Pintér
K. Camman: Das Arbeiten mit ionenselektiven Elektroden
Springer Verlag, Berlin—Heidelberg—New York 1973. 226 Seiten

Die ionenselektiven Elektroden zogen in den letzten 10 Jahren eine revolutionére
Entwicklung in der Potentiometrie nach sich. Mit Hilfe dieser Elektroden kann die Aktivitat
zahlreicher lonen sowohl in wéaRrigen, wie auch in nichtw&Rrigen Lésungen unmittelbar ge-
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messen werden. Es ist daher kein Zufall, daB in Verbindung mit ihrer Anwendung ein prakti-
scher Bedarf fiir Bucher besteht, aus denen der Verwender jene wichtigsten Kenntnisse tber
die charakteristischen Eigenschaften der ionenselektiven Elektroden schépfen kann, die deren
Verwendbarkeit fordern bzw. einschrénken. cammans Buch ist diesem Ziel gewidmet. Im Buch
wird W ert darauf gelegt, den Leser mit der Arbeitsweise der ionenselektiven Elektroden ver-
traut zu machen, um dadurch die Elektroden entsprechend anwenden zu kénnen.

In einem Umfang von 226 Seiten ist das Buch auf 162 Literaturangaben aufgebaut. Im
Rahmen der Grundlagen der Potentiometrie wird Gber 32 Seiten der wichtigste theoretische
Hintergrund der ionenselektiven Elektroden behandelt.

Abschnitt 2 beschreibt iber 20 Seiten das Messen des Elektrodenpotentials, wobei die
Probleme der Bezugselektroden, das Diffusionspotential und die Herstellung der Bezugse-
lektroden besprochen werden.

Der Verfasser beschéftigt sich Uber 56 Seiten mit den Einzelheiten der mnenselektiven
Elektroden. Es werden die Eigenschaften der Glaselektroden, der Prazipitatelektrodeu sowie
der flissigen lonenaustauscher-Elektroden diskutiert. Obzwar dieser Abschnitt eine sehr gute
Orientation fir Anfanger gibt, kann die Einteilung der Elektroden bei der Diskussion der
wichtigsten Eigenheiten derselben theoretisch beanstandet werden. Diese Einteilung beruht
nicht auf theoretischen Grundlagen. Dieser Abschnitt beschéftigt sich auch mit den Enzym-
Elektroden und den Gasfiihlci-Elektroden. Schade daR diese sehr knapp im Buch behandelt
werden, wo doch ihre Bedeutung, besonders die der Gasfuhler-Elektroden in den letzten Jahren
stark zunahm. Abschnitt 4 beschreibt ber 17 Seiten die Messtechnik der ionenselektiven
Elektroden. Der Abschnitt befallt sich vor allem mit den Gerédteproblemen der pX-Messung.

Abschnitt 5 beschreibt Uber 47 Seiten die bei der Anwendung von ionenselektiven
Elektroden zu verwendenden Verfahren. Der Abschnitt umfaBt die Eichkurvenmethode,
Titrierverfahren und verschiedene Konzentrations-MeRmethoden sowie deren Fehler. Dieser
Abschnittist eine ausgezeichnete Hilfe fir jeden sichmit praktischer Potentiometrie befassenden
Fachmann bei der Wahl des richtigen Verfahrens in der Anwendung von ionenselektiven
Elektroden.

Abschnitt 6 behandelt Uber 20 Seiten die Anwendung der ionenselektiven Elektroden
auf verschiedenen wissenschaftlichen und technischen Gebieten. Es geht bereits aus der Kiirze
des Abschnittes hervor, daB hier keine konkreten Vorschriften zu erwarten sind, sondern es
wird eher auf die durch die ionenselektiven Elektroden gebotenen Perspektiven hingewiesen.
Dies wird durch einen Blick in die Zukunft Gber drei Seiten quasi zusammengefalt und damit
abgeschlossen, daR die weitere Verbreitung der Verwendung stark durch die Geschicklichkeit
und Experimentierfreudigkeit des Verwenders dieser Elektroden entschieden wird.

Ein kurzer Anhang beschéftigt sich mit Problemen der Konzentration, Aktivitat und
dem Aktivitdtskoeffizienten, sodann geben einige Tabellen ber die Temperaturabhdngigkeit
einiger Bezugselektroden Aufschlu und schlieflich wird zur Auswertung einiger im Buche
angefuhrter Analyseverfahren eine tabellarische Hilfe geboten. Die letzte Tabelle gibt den
Fluorid-Standard des NMS an.

Das Buch ist eine nutzliche Einfihrung fur jene, die sich im Themenkreis der ionen-
selektiven Elektroden zurechtfinden wollen.

E. PUNGOR

Topics in Current Chemistry 43. New Concepts 111

Der Band umfalt zwei Aufsétze:
1. P. CARSKY, R. Zahradnik: Approach to Electronic Spectra of Radicals

Die Untersuchung von Radikalen ist in letzterer Zeit das Objekt vieler Strukturfor-
schungsarbeiten. Die Untersuchung von Elektronenspektren ist ein wichtiges Mittel zur Er-
forschung der Radikalstruktur: das Elektronenspektrum ist eine unerldfliche Angabe zur
Kontrolle der quantenchemischen Berechnungsmethoden fiir offenschalige Systeme. Zugleich
sind die Ergebnisse der Berechnungen von groer Bedeutung in der Auslegung der Elektronen-
spektren und der allgemeinen Reaktivitatstheorie.

Der vorliegende zusammenfassende Aufsatz gibt auf 55 Seiten einen Uberblick tiber die
Elektronenspektren der Radikale. Die beiden Hauptabschnitte umfassen eine kurze Behand-
lung der Methoden und eine ausfiuhrliche Diskussion der Anwendungen. Die theoretische Ein-
leitung befalt sich mit der Problematik der Selbstkonsistenz und der Wahl der Konfigurations-
Wechselwirkungsbasis. Anschliefend wird das halbemprische SCF-CI-Verfahren von Longuet-
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Higgins UNd Popie ausfuhrlicher behandelt. Die Anwendungen sind nach der verwendeten
Methode gruppiert. Ein betréchtlicher Teil befaBt sich mit den n-Elektronenberechnungen
nach dem PPP-Verfahren, und innerhalb dessen mit der Deutung der Elektronenspektren
einiger kleinen Molekile und mehreren konjugierten Systeme. Die berechneten und experimen-
tellen Ergebnisse sind in mehreren Abbildungen und Tabellen dargestellt; darunter befinden
sich viele eigene Ergebnisse der Verfasser. Die mit dem Gesamt-Valenzelektronenverfakren
erhaltenen Ergebnisse werden kurz erldutert. AbschlieRend folgt eine tabellarische Ubersicht
Uber einige ab-iniiio-Berechnungen.

Man kann mit der Meinung der Verfasser Ubereinstimmen, daB die n-Elektronen-
Approximation noch lange das wichtigste Mittel zur Deutung der Elektronenspektren von
groRen konjugierten Radikalen bleiben wird. Die Zusammenfassung gibt einen guten Uberblick
tber die Berechnung der n-Elektronenstruktur und der Elektronenspektren von Radikalen
und leistet wertvolle Hilfe zur Forschung auf diesem Gebiet.

A. Kiss
2. H Hartmann, K. H. Lebert, K. P. Wanczek: lon Cyclotron Resonance Spectroscopy

Die lonen-Zyclotronresonanzspektroskopie ist eine eigenartige, dufRerst genaue Methode
der Massenspektroskopie. Bewegen sich lonen mit einer konstanten Kreisfrequenz auf einer
zentralen Bahn, so sind sie fahig, elektromagnetische Strahlung der gleichen Frequenz zu
absorbieren. Die Kreisfrequenz des im Zyclotron sich bewegenden lons ist seiner spezifischen
Ladung proportional. Durch Radiofrequenz-Resonanz kann die Energie dies lons gesteigert
und das lon von seiner Bahn abgelenkt werden. Je nach der Art des Detektierens unterscheidet
man lonen-Zyclotronresonanz (ICR), wo die Intensitdtsdnderung des Radiofrequenzfelds ge-
messen wird, d. h. die Absorption sowie das “Gesamtionenstrom-Verfahren” (TIC), wobei der
Strom der von ihrer Bahn abgelenkten lonen gemessen wird. Das Verfahren ist bei zahlreichen
in der Gasphase verlaufenden lonenreaktionen zur Untersuchung ihres Mechanismus ver-
wendbar.

Der Aufsatz umfaBt 51 Seiten und besteht aus folgenden Abschnitten:

1. Grundprinzipien und Apparatur. Erwdhnenswert is das Prinzip der Doppelresonanz,
das in lon—Molekil-Austauschreaktionen anwendbar ist. Mit seiner Hilfe wird dieAusbeute
der Reaktion in Abhédngigkeit von der Geschwindigkeit des reagierenden lons gemessen.Die
Geschwindigkeit des primdren lons wird dabei durch Radiofrequenzresonanz verdndert und
die Konzentration des sekundéren lons durch Anwendung der ibm entsprechenden Frequenz
mit dem Gesamtionenstrom-Verfahren gemessen.

2. Linienformen und Geschwindigkeitskonstanten. In Resonanzabsorptionsmessungen
ist die Linienbreite von der Lebensdauer des angeregten lons abhdngig. Geht das lon schnell
eine chemische Reaktion ein, wird die Absorptionslinie breiter. Die Linienbreite steht mit der
Geschwindigkeitskonstante bzw. der Kollisionsfrequenz in eindeutigem Zusammenhang.

3. Anwendungen. StoBquerschnitte und Kollisionsfrequenzen. Nukleophile Austausch-
reaktionen und Protonenaffinitdten. Photochemische Reaktionen. Reaktionen von Wasserstoff-
und Deuteriummolekiilen und Molekilionen. Reaktionen von Kohlenwasserstoffen. Unter-
suchung von Strukturen und Umlagerungen. Haloalkane und -alkene. Reaktionen von alipha-
tischen Alkoholen. Reaktionen von anorganischen Verbindungen (Hydride, Stickstoffoxide,
Fluorverbindungen). Dieser Abschnitt enthélt ausfiihrliche Tabellen und Literaturhinweise.

Das neue Verfahren stellt ein einzigartiges Mittel zur Forschung der Kinetik von Gas-
reaktionen dar.

Gy .Varsanyi

G.Varsanyi: Assignmentsfor the Vibrational Spectra of 700 Benzene Derivatives,
Vols I, 11

Akadémiai Kiad6, Budapest 1973

After an introduction of about 20 pages, the author gives in the first volume the most
important data of the vibrational spectra of about 700 benzene derivatives. The normal
frequencies of the compounds, the assignment of the frequencies and the characterization of
the intensities as well as the pertinent references are summarized in tables.

In the grouping of the compounds the author follows those principles the expedience
of wich has been pointed out in his book “Vibrational spectra of benzene derivatives” (Akad6-

Acta Chim. (Budapest) 84, 1974



426 RECENSIONES

miai Kiadd). Light and heavy substituents are distinguished, depending on the fact whether
the atomic weight of the first atom linked to the ring is lower or higher than 25. Molecules in
which the number and position of the light or heavy substituents are identical belong to the
same group. The usefulness of this grouping is emphasized by the fact that the author has
succeeded in giving for both groups relatively narrow intervals in which the normal frequencies
of the molecules are to be expected regardless of the nature of the light or heavy substituents.

The second volume contains the infrared spectra of most of the compounds discussed
in the first volume. For 150 molecules, spectra recorded in the 250—4000 cm-1 region, and for
207 compounds spectra recorded in the 400—4000 cm-1 region are given. All the spectra
were recorded in Hungary, the names of the contributors to this work are listed on page 4.
Regrettably, the state in which the spectra were taken is not indicated. On the other hand, the
subject index according to substituents at the end of Volume 11 is very useful.

The book is of great assistance to organic chemists and spectroscopists having assign-
ment problems. The mass of data, compiled with great care and special knowledge, is easy to
handle and will be very helpful for all those engaged in work on the physical chemistry of
benzene derivatives.

F.Torok
Advances in Chemistry. Yol. 16. Ed. B. Csakvari

Akadémiai Kiad6, Budapest 1973. 240 pages, 25 figures, 5 tables

This volume of the series edited by Béla csakvari deals with chemical technology, and
within this with three fields of chemical engineering science, which today are in the highlight
of research. The surveys on these fields of science were written by Hungarian scientists most
competent in the subject. In addition tc an analysis of the present state of art, the volume
predicts the direction of research in these fields.

The first part (70 pp.) “On some chemical operations involving component transfer”, has
been written by Antal Laszis. It summarizes the development in rectification, absorption
and extraction operations in the last decade. The survey is completed with 125 references and
15 major reviews primarily books.

The three operations selected comprise 70—80% of the operational units used in chemical
industry. The author points out in connection with these classical operations that recent
developments brought new results in the field ol systems theory, computation techniques,
optimization and process dynamics.

These advances are illustrated by numerous references to the work of distinguished
representatives. First, a survey is given on equilibria, heat and component transfer and fluid
mechanics; this is followed by the discussion of computation techniques introduced in design,
a summary on the investigation of steady states, and finally, by the reviews of innovations
introduced in the field of component separating apparatus. In the conclusions drawn, the
author discusses the possible future development of results obtained so far.

The second part of the volume (100 pp.) has been written by Tibor Biricki1e under the
title “Algebraic description of the systems of chemical engineering”. It summarizes the results
obtained in the Research Institute for Technical Chemistry of the Hungarian Academy of
Sciences by the author and co-workers in the field of mathematical description of chemical
technological systems. Based on a very thorough analysis of chemical production and applied
natural sciences, the algebraic methods of systems theory have developed very rapidly.
Results attained in Hungary are presented by the study.

In the introduction, systems and the fundamental information pertaining to the
structure of systems are summarized. This is followed by the description of material system
and their changes, and an analysis of the relationships between them. Finally, the study
deals with chemical technological operator systems. The work reports on the first phase of a
research project still in progress. The final aim is to explore the elements of technological
processes, from which the technological systems can then he built up. The exactness of the
discussion is ensured by the strict mathematical method using linear algebra.

The author complements the discussion by the concrete presentation of matrices and
graphs, which makes the otherwise very abstract considerations easier to follow.

The third part is a survey (70 pp.) by J6zsef Ho1derith: “On some problems of the
stimulation of chemical reactors”. The author presents the modern methods developed in this
field and also reports some of his own work. A very valuable part of the survey is a critical
analysis based on the 25 most im portant publications (mainly monographs) that have appeared
on this subject in the world literature. The survey gives 140 references.
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The Introduction deals with reactor models and the evaluation of the literature. Among
the problems discussed, phenomenological reaction kinetics are of great importance. Within
this, the stoichiometric degree of freedom, reaction rate and extent of reaction are those con-
cepts around which the results presented are grouped. The final part of the study deals with the
problems of heterogeneous catalytic reactors. The three-part model and various conditional
equations are critically evaluated. The primary merit of the survey is the clear guideline given
for this field of research, which is in a rapid phase of development and therefore not easy to
review.

This volume of the series published by Akadémiai Kiad6 deserves also special attention
because in addition to informing Hungarian specialists engaged in this field, it is instrumental
in pointing out the directions oftheoretical research in Hungary.

P. SZOLCSANYI

Reaktionsmechanismen der Organischen Chemie
Ein Seminarbuch von Hermann Hover

Verlag Chemie, Weinheim/Bergstr., John Wiley and Sons, Frankfurt am Main 1973. 565 Seiten.

Hesver’s Buch ist eine hervorragende Bearbeitung der wichtigsten Resultate und der
neuesten Erkenntnisse der organischen Reaktionsmechanismen.

Das Buch ist aber nicht nur vom traditionellen Standpunkt aus eine gute Monographie,
sondern zugleich “Ein Seminarbuch”, mit anderen Worten, ein originelles Werk didaktischen
Wertes. Das Buch besteht aus zwei Hauptteilen. Der erste Teil enthdlt die Problemstellungen
(Seiten 1—75), der zweite Teil (Seiten 75—529) beschreibt in ca. 450 Seiten die “L&ésungen” der
Probleme. (Das Wort “Ldsung” ist hier in Ubertragenem Sinne zu verstehen.) In diesem
zweiten Teil sind natirlich zuerst die unmittelbaren Ldsungen der aufgcstellten Probleme an-
gegeben, aulRerdem werden auch die, der gegebenen Reaktion analogen Prozesse sehr grindlich
diskutiert, und auch die tieferen theoretischen organisch-chemischen Erlduterungen angegeben.
Die folgenden Daten charakterisieren den ausgezeichneten Aufbau dieses Buches.

Der erste Teil stellt ca. 210 Probleme auf; diese beziehen sich auf Reaktionen, die aus
verschiedenen Reaktionstypen der organischen Chemie, aufgrund Literaturangaben ausge-
wéhlt wurden: Die Reaktionen enthalten im allgemeinen die Struktur der Ausgangs- und
Endverbindungen, die Reaktionsbedingungen, spektroskopische Daten und gegebenenfalls die
Neben- und Folgereaktionen. Interessanterweise ist die Verteilung der 210 Probleme, den
wichtigsten organisch-chemischen Reaktionstypen geméaR, die folgende:

Additionsreaktionen (A): 41, Cycloadditionen (C): 36, Valenzisomerisierungen (V): 13,
Eliminierungen (E): 15, Fragmentierungen (F): 7, Aliphatische Substitutionen (S): 72, Aroma-
tische Substitutionen (AS): 10, Radikal-Reaktionen (R): 6 und Photochemie (P): 11.

Die den Reaktionstypen entsprechende Verteilung der Aufgaben zeigt deutlich, dal die
meisten Probleme noch immer in der Aliphatischen Substitution zu finden sind. Es darf
freilich nicht vergessen werden, dall dieses Gebiet das bisher eingehendst untersuchte Mecha-
nismen-Thema bildet.

Das Buch ist einerseits, als “Seminarbuch”, ein Leitfader fir Studenten und Seminar-
leiter. Es kann aber auch das Interesse der schon tdtigen Forschungschemiker erregen, haupt-
sachlich deren, die den modernen Erlduterungen der Reaktionsmechanismen nachlesen wollen,
da es die modernen Erdrterungen in biindiger Form und klarem Aufbau darbietet.

Der zweite, Hauptteil des Buches befallt sich nd&mlich mit den Grundziigen der Huckel-
schen MO-Theorie, der Anwendung der Woodward —Hoffmann-Regeln auf synchrone Reak-
tionen, den modernen Aspekten der Photochemie, der Bedeutung der nichtklassischen Carbo-
niumionen, sowie mit noch vielen neuen Konzeptionen, bzw. neuen Erérterungen von dlteren
Konzeptionen. Die ca. 800 originalen Literaturangaben und das ca. 30seitige Register zeigen
einerseits das inhaltliche MaR des Buches, andererseits vereinfachen sie dessen Gebrauch.

Ein kleiner, aber stérender Mangel muR doch erwé&hnt werden. Dieser Mangel berihrt
hauptséchlich die sich fir die organischen Reaktionsmechanismen fortlaufend interessierenden
und die Fachliteratur lesenden Kollegen. Die neue deutsche Ausgabe enth&lt zwar den ur-
springlichen Titel des Buches: “Problems in Organic Reaction. Mechanisms, by Hermann
Hover, Wiley, New York 1970” — es wird aber nirgends, weder im Vorwort, noch in irgend
einem anderen Teil — erwé&hnt, was Ubrigens allgemeiner Brauch ist, ob die neue deutsche
Ausgabe eine umredigierte, erweiterte Form der friheren englischen Version ist, oder aber eine
unverdanderte Ubersetzung. Der Rezensor muB also die Leser auf die erfreuliche Tatsache auf-
merksam machen, daB hier von einer wesentlich erweiterten Ausgabe die Rede ist — zwar, wie
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erwahnt, ist dies im Buch nicht angegeben. Diese Tatsache wird durch folgende Daten unten
stutzt: Der Umfang der neuen Ausgabe ist ca. um 100 Seiten gestiegen und enth&lt ca. 150
mehr Literaturangaben, von denen viele auf die 70er Jahre fallen. Von den modernen Inhalts-
dnderungen soll nur eine erwdhnt werden: der englischen Ausgabe geméR ist das Triphenyl-
methylradikal, durch Dimerisation, mit Hexaphenyldthan im Gleichgewicht, die deutsche
Ausgabe beriicksichtigt dagegen schon die neuere Erkennung, nach der das eine Radikal, im
Dimeren, durch das zentrale Kohlenstoffatom an das Parakohlenstoffatom des anderen Radikals
gebunden ist.

Zusammenfassend kann von der deutschen Ausgabe des HOVER-Buches folgendes
gesagt werden: Volle Anerkennung zur Ausgabe des Buches auf deutschem Sprachgebiet.

A. Messmer

J. J. Bikerman: Foams

Springer Verlag, Berlin—Heidelberg—New York 1973. V11l -j- 337 pages.

Until the appearance of this work only two monographs dealing with foams proper, i.e.
with gas/liquid systems, were known in the literature. One of these was written by the author
himself and three co-authors in 1953 (Foams: Theory and Application), while the second,
published in the same year, is the work “Schaum”, written by E. Manego1d. This fact illus-
trates that the publication of a survey on this subject is of great interest. Indeed, during the
last twenty years a large experimental material has accumulated particularly in connection
with the most various practical applications of foams. However, in spite of this, only the first
rudimentary experiments have been undertaken in connection with foams existing in the form
of gas bubbles enclosed between thin liquid lamellae, and to interpret their properties as
macroscopical physical systems, involving a definite structural combination of the two com-
ponents with special regard to the properties of thin liquid films, differing in many respects
from those of bulk phases. Several schools have developed in connection with thin films, of
which the most notable are those of Deryaguin, Mysels, Overbeek and Schetudko in the
Soviet Union, the United States, the Netherlands and Bulgaria, respectively. However, these
schools centered their attention primarily on the thin films proper, so that even today there is
no comprehensive theory relevant to the foam-like systems of these films.

Bikerman, a former pupil of Freundrichn and a well known author of many papers
dealing with surface phenomena, did not aim at filling this gap. The present book is rather a
revision of his earlier work mentioned, which takes into consideration the factual data
accumulated since then, resulting partly in an extension and partly in a restriction. The latter
is to be understood in the sense that, among others, the chapters on solid foams and flotation
have been omitted because independent books have in the meantime been published on these
subjects. The extension means primarily an updating of the references rather than an essential
revision of the first variant. (The last reference stems from 1971, which may serve as a basis to
comparison with the much-criticised publication times of manuscripts in this country.) Simi-
larly to other works of Bikerman, Soviet literature is amply cited, which is often missing in
many US publications.

The book is divided into 13 chapters (and within these, into 195 sub-chapters). The
chapters are as follows: General introduction. Formation and structure. Measurement of foam-
forming ability. Data on foam-forming ability. Three-phase films. Drainage. Mechanical prop-
erties. Optical properties. Electrical properties. Theories of foam stability. Foams in nature
and industry. Separation with foams. Other applications.

The structure of the book is characterized by the frequent interlacing of the contents of
various chapters, which leads to repetitions, and in fact, makes the work to a certain degree
mosaic-like. This follows from the fundamental concept of the author; as his starting principle
is the capillary theory in almost all chapters, considerations are traced back to Lapiace,
Prlateau and Marangoni. Remarkably, however, the not less classical work ofBasforth
and Adams on capillary surfaces is not mentioned.

Curiously, the “disjoining pressure”, a concept already generally accepted today, is
not mentioned in the book, at least not by this name, though the existence of the physical
phenomenon proper is discussed to some extent in connection with the description of the basic
experiment. However, the omission of a survey on modern thin film theory must be considered
as a deficiency, even if the author may not agree with this theory, or, as mentioned already, it
isnot his aim to set forth a coherent foam theory on this basis. Neither is it easy to understand
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why the book does not discuss intermolecular forces, the DLVO theory (which was developed
in close connection with research on thin films), ion flotation, foams formed from polymer
solutions (with the exception of a brief reference to foam fractionation), antifoam methods
and foam columns.

Of course, demands with respect to deficiencies are always rather excessive and perhaps
exaggerated, and might even obscure the actual merits of the work. It is not mere chance that
this subject has not been worked up until 1953 or in the twenty years elapsed since then, or
that Manegoed’s Work gives a leading role to a single aspect, the morphological one.

The great merits of Bikerman’s work are the compilation of an extensive experimental
material, the exceptionally concise and clear style, the demonstration of the subject on hand
of simple numerical examples, and the richness in experimental and methodological detail.
Therefore, notwithstanding a certain one-sidedness, the book is a valuable contribution to the
literature on surface chemistry.

E.Wolfram

H.-H. Perkampus: Wechselwirkung von n-Elektronensystemen mit Metall-
halogeniden

Springer Verlag, Heidelberg, 1973. 215 Seiten.

Die Wechselwirkung von ji-Elektronensystemen mit Metallhalogeniden (auch als
Lewis- oder Ansolvosauren zu bezeichnen) hdngt von der Gegenwart von Protonen (aus proton-
haltigen Ldsungsmittels oder Verunreinigungen stammend) ab. Sind Protonen vorhanden, so
resultieren sog. Proton —Additionskomplexe, fehlen Protonen, so entstehen n-Komplexe oder
CT-Komplexe, letztere mit einer polaren Bindung zwischen Kohlenstoff und Metallatom. Diese
drei Komplex-Typen werden in der vorliegenden Monographie behandelt. Besonders ausfihr-
lich werden die Ergebnisse der Untersuchungen an den reinen bindren Systemen, n-Elektronen-
system und Metallhalogenid dargelegt. Hier fehlte bisher eine umfassende Darstellung, die den
Primérschritt der Wechselwirkung ohne Folgereaktionen zum Gegenstand hatte.

Nach einem kurzen historischen Uberblick behandelt der erste Abschnitt die mit dem
Gegenstand der Monographie zusammenhéngenden Grundprinzipien. Der ndchste Abschnitt
befalt sich mit den Eigenschaften der Donatoren und Akzeptoren mit besonderer Hinsicht auf
die Struktur der Metallhalogenide. Der dritte Abschnitt behandelt die Untersuchung der
Proton —Additions-Komplexe mit préparativen und spektroskopischen Methoden. Der vierte
Abschnitt von gréBtem Umfang beschreibt die s-Komplexe auf Grund der Ergebnisse der an
ihnen vorgenommenen Phasenstudien, spektroskopischen Untersuchungen (UV-, IR-, NMR
NQR- und ESR-Mcssungen) und Dipolmoment-Messungen.

Der letzte Abschnitt beschéftigt sich mit den a-Komplexen von Olefinen und Aromaten.
Das Buch schlieBt mit einem Namenverzeichnis und Sachverzeichnis.

Die von einem in diesem Fachgebiet international bekannten Forscher geschriebene
Monographie wurde schon seit langem entbehrt, und wird von jedem an diesem Gebiet interes-
sierten Forscher mit Freuden begruBt. Die Literaturverzeichnisse am Ende eines jeden Ab-
schnittes fordern nur noch die Verwendbarkeit des Buches.

Gy.Deak

Reaction Transition States

Proceedings of the 21st Annual Meeting of the Société de Chimie physique
Paris, 20—24 September, 1970

Editor Dubois Jacques-Emile. Gordon and Breach Science Publ., New York—London—Paris
1972

The book is a collection containing the complete text of the lectures delivered at the
1970 Annual Meeting of the French Society of Chemical Physics on reaction transition states.
The timeliness of this subject is well demonstrated by the great progress of theories and
methods in studying transition states over the last decade. Arising from the new and interesting
quantitative results of the interpretation of kinetic and stereochemical processes in chemical
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reactions, primarily the detection of short-lived active intermediates and the study of their
role, this field has become the center of interest.

Thus it was the right moment to organize a symposium on this subject, where the out-
standing international experts report their recent results, and call the attention to yet unsolved
problems. The standard of the lectures was ensured by inviting appropriate contributors, who
could inspire high-level discussions, giving a good insight into the problems to the audience
and, through this volume, to the reader.

The broad spectrum of the papers embraces the discussion of general models on trans-
ition states, the theoretical and semi-empirical study of homogeneous and heterogeneous
kinetics, mainly in the framework of organic chemical models and processes.

To deal even briefly with the 26 papers collected in the book is almost impossible in
this review. Within the scope of the conference, the subjects of the lectures are extremely
divergent, spanning from ab initio calculations on the transition state, through the interactions
in the transition state and the stereochemistry of transition states, to the experimental kinetic
investigation of isotope and medium effects. The only thing that can be done is to discuss some
particularly interesting lectures, and thereby encourage the reader to study the voluem
thoroughly.

Although the paper of M. Karpius (Harvard University) was read in the closing
session of the symposium, its merits justify a priority in this review. The trajectory analy-
sis of transition states applied in the paper permits to discuss in a general way the pro-
blems concerning the Eyring—Polanyi theory of transition states. As well known, this subject
has since then stimulated Several theoretical and experimental investigations, and is still in
the limelight.

K. J. Laidrer (University of Ottawa) reports interesting results on the symmetry
behaviour of transition states. According to his theoretical studies, based on the activated
complex theory, there is a correlation similar to the Woodward—Hoffmann principle in such
reactions, too, where no strict orbital symmetry control exists. Quantum chemical calculations
on the structures and geometry of transition states have been reported in several papers.
Interesting results were obtained, for instance, by L. sai1em (Faculté des Sciences, Orsay) on
the geometrical isomerization of cyclopropane from SCF-MO ab initio calculations, and by
W. Th. A. M. Van der Lugt and P. Ros (Koninklijke Shell Laboratorium, Amsterdam) on
the intermediates of the electrophilic or nucleophilic substitution reactions at tetrahedral
carbon atoms ((.1l-, and (.11 =) from LCAO-ILartree —Fock calculations.

The problem of pentacoordinate carbon atom was discussed from experimental aspects
by G. A. O1ah (Case Western Reserve University, Cleveland). The experimental results on the
intermediate C1- of electrophilic substitution are in agreement with the quantum chemical
calculations. Of the papers concerned primarily with experimental aspects, it is worth noting
the report of J. E. Dubois and J. F. Fort (Laboratoire de Chimie Organique, Paris) on the
interpretation of the stereochemical results of the aldolic “a,a’-diastereogenie” reaction, based
on the measurement of kinetic and thermodynamic stereoselectivity.

In the investigation of transition states it is particularly important that the experimental
methods applied enable to perform quick delicate kinetic measurements. From this aspect the
results of F. Terrier, Ch. Dearing and R. Schaair (ENSCP, Paris) should be noted. The
authors, using the stopped flow method, have proved that two kinds of intermediates exist in
the nucleophilic reactions of nitroanisols, one of which participates only in a fast pre-equi-
librium. A differential method has been developed by W. J. Aivery (Physical Chemistry
Laboratory, Oxford) for the measurement of solvent isotope effect in solvolytic reactions. The
accuracy of a few parts in a thousand allows to determine precisely the character of the
transition state.

The standard of the reviewed papers is characteristic of the total content of the volume,
making it a valuable collection.

It is perhaps only the edition that can be objected. Apparently, the editor insisted on
the chronological order of the lectures, which causes difficulties for the reader in orientation.
Completely theoretical papers often follow papers of experimental nature, and vice versa,
without an underlying logical order. The book-form would have required a thematical arrange-
ment instead of chronological, and this would probably have made the volume more consistent
and easier to survey.

A second misfortune, occurring obviously with every publication of this kind, is that
the book was published two years after the symposium. The results have since then been
reported elsewhere, and further progress has been made in these subjects. The reader may be
compensated at most by obtaining papers of comprehensive nature.

It must he stressed, however, as a great merit, that the discussions following the lectures
are also reported, making the reader feel as an actual participant of the sessions.
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On the basis of the high standard of the papers and discussions this volume can be
recommended, irrespective of minor insufficiencies, to Hungarian chemists, particularly to
those dealing with the research of reaction mechanisms.

I. Pintér

M. Y udkin and R. Offord: Comprehensible Biochemistry

Longman Group Ltd., Harlow, 1973. 576 pages, 231 figures, 28 tables

The authors of the book are biochemistry professors of the University of Oxford, who
published earlier a revised edition of the short work of Harrison’s “A Guidebook to Bio-
chemistry”. The present book is a considerably enlarged version of the former. On the flap of
the bookjacket the volume is recommended as a textbook for university students studying
biochemistry whether as the principal or a subsidiary subject. In accordance with modern
didactic concepts, the aim of the authors was to give a sound fundation, i.e. a book not with
comprehensive but comprehensible subject matter. Instead of learning the total body of
knowledge of the rapidly developing science of modern biochemistry, the students must
acquire an ability for independent thinking and the attitude of considering biological processes
in all their interrelations.

In the reviewer’s opinion the authors have attained their objectives. The mode of
discussion suits fundamental biochemistry on cell-level, that is to say, subjects of higher level
and those not generally characteristic of the living matter (e.g. hormones, nitrogen fixation) are
omitted. Emphasis is laid on macromolecules occurring in the living substance and on the
constantly changing, dynamic state of these molecules. Characteristic is further the thermo-
dynamic consideration of the chemical changes and the technique of illustration by three-
dimensional structures and the relevant functions. A large number of figures well support
the text.

In addition to the introductory general chapters, the book consists of four main parts,
dealing with macromolecules, intermediary metabolic processes, informational macromolecules
and regulation.

In the introductory part, a separate chapter is concerned with the thermodynamics and
the kinetics of biochemical processes, including non-equilibrium states. This foundation is
successfully applied in the following parts of the book.

The main part, dealing with macromolecules, discusses the structure and the functions
of proteins, particularly the enzymic function (with a thermodynamically emphasized inter-
pretation of the mechanism of action). This is followed by a descripton of the structure of
nucleic acids, polysaccharides and lipids. Here, the mode of discussion of the component
elements, such as the steric structure of amino acids, is very fortunate, and the elementary
interpretation of X-ray diagrams is also apposite.

In the second main chapter, the fundamental difference between the metabolic process-
es proceeding with the participation of NAD and NADP is well stressed. After an introduction
and description of the cellular elements, the following topics are discussed: methods of in-
vestigation of metabolism, the respiratory chain and oxidative phosphorylation, the light
reaction of photosynthesis, glycolysis, pyruvate oxidation and the citrate cycle (it would have
been proper to mention also szent-Gyosrgyi in addition to Krebs), the oxidation of fatty
acids, the pentose cycle, mechanical and chemo-osmotic utilization of ATP, synthesis of carbo-
hydrates and lipids, the intracellular topology of carbohydrate and lipid metabolism, the
metabolism of amino acids, and finally, the synthesis of the other important N-containing
compounds. Here, the emphasizing of membrane effects is very successfully done.

The third main chapter deals with the synthesis of informational macromolecules (DNA,
RNA, proteins); this is perhaps the most delectable part of the book. This subject, which is
rather difficult on first reading, is expounded very wdttily and logically. Following the chapter
dealing with molecular genetics, the synthesis of DNA and RNA and protein synthesis are
discussed. One chapter is dedicated to the evolutionary aspect of amino acid sequences.

The main chapter on regulation grasps similarly the essence. Here, regulations on the
levels of enzyme action and enzyme synthesis are discussed.

The four main chapters are well complemented by the two parts of the Appendix. The
first of them is a mathematical description of the fundamental phenomena of enzyme kinetics,
while the second is concerned with the methods of separation of macromolecules, with witty
explanations.
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The list of literature contains, in addition to references to several biochemical series
facilitating further orientation, 57 fundamental references pertaining to the material of the
various chapters, from the period 1959 to 1973.

In accordance with its objective, the book had to omit dealing with a number of subjects.
Evidently, depending on the individual sphere of interest, each reader might miss this or that
theme. In the reviewer’s opinion it could have been pointed out perhaps, in general, in con-
nection with the intermediary metabolism that several small molecules, linked by covalent
bonds to some carrier molecule,accompany the biochemical happenings (e.g. acetyl co-enzyme A,
acyl-AMP, UDP-glucose, (*-fragments, etc.). In connection with regulation, an example may
have been given for zymogens, and in the discussion of the separation methods, affinity
chromatography could have been mentioned.

A few minor faults occur, thus e.g. some symbols mentioned in the text are missing in
the figures on pages 89 and 160. In the copy of the reviewer, the figures on pages 123 and
352/354 are interchanged, and the page number of the references in the text is erroneous on
pages 228 and 271.

The book is very readable and unnecessary repetitions are avoided by the use of a
number of cross-references.

The presentation of the book and the quality of the figures are nice, and good use can
be made of the subject index.

The book can be used to good advantage by every biochemist.

P. TOLNAY

W. Strieder and R. Aris: Variational Methods Applied to Problems of
Diffusion and Reaction

Springer, Berlin Heidelberg—New York, 1973. 118 pages, 12 figures
(Springer Tracts in Natural Philosophy, Yol. 24, Editor: B. D. Colimén)

The use of variational methods is spreading also in technological sciences. A repre-
sentant of this development process is the present work in which the two well known authors
apply the classical method for the solution of problems in modern chemical engineering.

The first part of the book describes the mathematical apparatus. An important part of
it is the presentation of those functionals, which are used to solve the envisaged tasks. This is
followed by the discussion of some special diffusion problems. The basic principle of the method
presented is the minimalization of the dissipation function. This tool is used by the authors
for the solution of tasks in connection with models, which can be formulated only statistically
in the phenomenological discussion of diffusion.

The basic question is answered, how computation formulas containing easily measurable
parameters can be deduced for diffusion processes proceeding between particles statistically
distributed in space.

The first topic is fluid flow in a set of random distribution solid particles both in the
normal and Knudsen’s region. In the relationships deduced the void fraction is used.

The second topic is the case of the range-dependent diffusion coefficient. Relationships,
called nomenclaturally lower and upper limit cases, are obtained.

The third topic is mass transfer to randomly distributed solid particles. Limit case
relationships, similar to the preceding, are deduced on the basis of the cell model.

The fourth topic is the inhibition by diffusion of reactions proceeding on porous solid
catalysts. Using Thiele’s modulus, relationships are derived for four types of limit cases.

The main merit of the book is to show the role of the dissipation function of the form
D Nc A c in solving practical problems. Though not expressedly stated in the hook, since
the dissipation function is proportional to the entropy production function, the authors
actually apply the thermodynamical concept of non-equilibrium processes to the deduction
of macroscopic formulas describing diffusion processes and for a more dxact outlining of their
field of validity.

P. SZOLCSANYI
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Garth L. Lee,Harris O. van Orden, Ronald O. Ragsdale: Laboratory Manual
for General and Organic Chemistry

W. B. Saunders Company, Philadelphia—London—Toronto 1973. 305 p.

The book is intended for undergraduates who work 2 3 hours weekly, or 2 hours
twice a week in the laboratory. Although the book is a laboratory manual connected to the
textbook “General and Organic Chemistry” by the same authors, it can also be used inde-
pendently. The manual contains 32 exercises embracing most diverse fields of chemistry, in-
cluding simple qualitative analysis, synthesis, polymer preparation, chemical equilibria,
kinetics, stoichiometry, acid-base reactions and the determination of chemical formulae.

The exercises consist of four parts. In the first parts, the discussion, the required theo-
retical background is surveyed briefly. This is followed by the detailed description of the ex-
periments to be performed. The third part is a pre-printed laboratory note-sheet, removable
from the book, which facilitates the work of both the student and the teacher. The student is
supposed to record his experimental data and observations, and to answer various questions
concerning the experiments. The four part can also be removed, and presents further questions,
problems and exercises in connection with the subject.

The experiments given in the book require relatively simple equipment. The excellent
methods meet the purpose of the book: the undergraduates may grasp the laws of chemistry
on the basis of own experiences, and study the fundaments of analytical and preparative
chemistry by experiments.

In the reviewer’s opinion, this book, on account of its size, has not been intended
primarily for chemistry undergraduates. It attempts to familiarize the student with several
fields of experimental chemistry in one year, through a few hours a week of laboratory practice,
which is necessarily insufficient for a chemistry undergraduate. The required theoretical
background is rather limited but the treatment is tractable, thus the book can be used to
advantage in any field of education where chemistry is not a fundamental subject. Yet, this
student-experiment book may provide assistance in the education of chemists. Moreover, it
may supply ideas even for the chemistry teaching in secondary schools, because of the simplicity
of the equipment required.

The book can be recommended to everyone who is engaged in chemical education, and
intends to connect theoretical training to experimental work, particularly to student-ex-
periments.

K. Gyé6rbiré

G.Liptay: Atlas of Thermoanalytical Curves (TG-, DTG-, DTA-curves measured
simultaneously)

Akadémiai Kiad6, Budapest, and Heyden and Son Ltd., London -New York Rheine, 1974
(160 pages, 75 derivatograms)

This volume of the series may command a wide range of interest since among the
instrumental methods thermoanalysis plays a special role both from theoretical and practical
points of view. The knowledge of the behaviour of a material towards heat treatment repre-
sents an important information as far as the structural properties are concerned and also in
industrial technologies.

The simultaneous measurement of TG-, DTG- and DTA-curves results sometimes in
very useful new experiences, as demonstrated also by the content of this volume. The arrange-
ment of the volume follows the principle of the former ones. The two short Appendices at the
beginning of the volume describe those technical data of the Derivatograph and Mettler
Recording Thermoanalyser for the simultaneous testing of TG, DTA and DTG, according to
which the individual samples were tested. These are followed by 75 thermoanalytical curves
and the volume is terminated by a two-page index. Each curve was recorded by using the
technique described in Yol. 1. A relatively small amount of the sample (20 120 mg) was
tested at a slow rate of heating from 1to 3°C *min"land a curve was recorded also by using
(5 to 10 times) larger sample and a higher heating rate; the characteristics of the derivatograin
are shown by two (red and black) curves.

The third volume is worthy continuation of the former volumes of the series, which
contains the thermoanalytical curves of 23 Czechoslovakian, Hungarian, Polish and Roumanian
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researchers from academic, university and industrial institutions. Among 75 carefully selected
graphs, there are 24 organic compounds (aromatic molecules, sugars, amino acids and deri-
vatives, etc.), 27 inorganic compounds (alkalies, earth-metal salts, lanthanides, heavy-metal
compounds), 15 salts of organic acids with inorganic bases and 9 mine-industrial and mineral
products. The success of the selection is characterized also by the fact thatnearly every curves
of the collection represents a material with particular and interesting thermal behaviour. The
evaluation of the curves and the description of the thermal changes can also be used by the
thermoanalytical chemist for the evaluation of analogous curves of other compounds.

The third volume of the Atlas is, therefore, a very useful manual for both specialists
and for those getting acquainted with the field. An index containing the material of the former
volumes of the series could eventually be included in one of the forthcoming volumes to
facilitate orientation.

A. David

C.D.Johnson: The Hammett Equation
Cambridge Chemistry Texts

Cambridge 1973. viii -f- 196 pages

“Since its conception over thirty years ago, the Ham mett equation together with sub-
sequent modifications, all of which owed their motivation to Hammett’s original idea, has
provided the main basis for quantitative structure reactivity relationships in organic chemistry”
— writes the author in the introduction of his book. Indeed, very few semi-quantitative
empirical relationships have found so far a wider application in organic chemistry than the
Hammett equation

The book is intended for senior undergraduates and first year graduate students, who,
although familiar with fundamental qualitative organic chemistry, often have little or no ex-
perience in the quantitative assessment of the reactivity of organic molecules. However, the
book will be used to good advantage for the enlargement of their knowledge by those chemists
graduated earlier, who in the course of their studies have not yet gone into the details of
theoretical organic chemistry.

The author discusses the selected field of knowledge in five chapters. First, the Hammett
relationship is explained, and this is followed by a detailed discussion of how the Hammett
equation can be used for the elucidation of reaction mechanisms. The third chapter deals with
the separation of the inductive resonance and steric effects, and with the application of the
Hammett equation to aliphatic systems. The Taft equation and the Yukawa—Tsuno equation
are discussed in this part.

The fourth chapter deals with the application of the Hammett equation to data other
than side-chain reactivities of substituted benzenes. Consideration of the thermodynamic basis
of the equation is delayed until the final chapter. This is the chapter in which the Hammond
postulate is discussed.

To encourage full understanding, each chapter concludes with a series of problems, all
drawn from research papers. A list of references helps the reader in the use of the book.

Gy. Dear

Topics in Current Chemistry 46: Photochemistry
J. Michit, K.-D. Gundermann, W. C. Herndon, W. D. Stohrer, P. Jacobs,
K. H. Kaiser, G. Wich, G. Quinkert

Springer-Verlag, Berlin —Heidelberg—New York, 1974. 236 pages

The publication of every volume of this series is received with great interest by chemists,
information with excellent summaries, even if not in a spectacular form. This is true also for
Volume 46, published recently.

The volume contains four surveys, dealing with organic photochemistry. The author of
the first part is J. Mich1, professor of the University of Utah in Salt Lake City. His work
summarizes the physical principles forming the basis of the qualitative evaluation of molecular
orbitals, used in the photochemistry of organic compounds. In organic chemistry, physical
models are generally developed on the basis of the Born—Oppenheimer approximation.
However, if the bonds connecting the atoms of an organic molecule are not in the ground state
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but are photochemically excited, this mode of approximation can only be used within very
narrow limits, and the accuracy is usually unsatisfactory. Owing to this fact, in the last 10—12
years, when both the theory and the preparative methods of photochemistry have undergone
very rapid development, several approximation methods have been developed, which partly
correct the shortcomings of the Born—Oppenheimer method. The work of Professor Mi'hi is
actually a critical survey of these latter methods. The survey consists of three parts: the first
summarizes the qualitative physical models of photochemical processes in a readily under-
standable way, omitting the complicated mathematical apparatus.

The second part is a concise, clearcut and well arranged summary of quantum mechan-
ical calculations, while in the third part the author summarizes the use of qualitative molecular
orbital calculations. 149 references are given comprising, almost without exception, the most
important publications of the last 20 years.

In the second part, K.-D. Gundermann, Professor of the University Clausthal-Zellerfeld,
reviews recent results on the chemiluminescence of organic compounds. As a matter of fact
this chapter isa complementation of a previous work of the author, entitled “Chemilumineszenz
organischer Verbindungen”, published similarly by Springer-Verlag. Though it is modestly
mentioned in the introduction that instead of giving a complete survey of the field, only dealing
with some problems, considered essential by the author, is intended, the paper with its 217
references actually covers, all important aspects.

In the third part of the book, W. C. Hendon, Professor of the Texas University, dis-
cusses the effect of substituents on photochemical cycloaddition reactions on hand of two
photochemical models considered most important at present: the double bond-double bond
and the double bond-carbonyl cycloaddition reactions. These two reaction types have become
particularly interesting for preparative photochemists in the last 10 years. By means of
examples, Hendon gives an account of the present knowledge on the mechanism of these
reactions; the correctness of the conclusions are also proved on the basis of the current theories
of molecular orbitals. 146 references are given.

The fourth part of the volume is the collective work of five authors on the staff of the
University of Frankfurt. It summarizes the theory and experimental facts of the peculiar
behaviour of four-mcmbered cyclic ketones in the excited state.

The excitation possibilities of the cyclobutanone ring containing various substituents
and the photochemical reactions taking place as a consequence of the various excitation states
are discussed in detail also including a treatment of the steric conditions of the compounds
formed. In this part of the volume 93 references are cited.

B. Losonczi

Karl Haufe und S. Roy Morrison: Adsorption
(Eine Einfiuhrung in die Probleme der Adsorption)

W alter de Gruyter, Berlin—New York 1974. 174 Seiten

Das vom Verlager Walter de Gruyter betreute Buch mit einem Umfang von 174
Seiten, mit 78 Abbildungen im Text und mit 257 Referenzen vermittelt Uber die Adsorption
ein sehr gutes, umfassendes Bild.

Das Buch ist durch Autoren- und Sachregister ergénzt. In den 6 Abschnitten wird der
Leser der Reihe nach mit den verschiedenen Problemen der Adsorption bekannt gemacht. Im
ersten Abschnitt werden nach einer kurzen Ubersicht der bei der Adsorption in Frage kom-
menden Wechselwirkungen die fundamentalen Zusammenhdnge der Adsorptionsisothermen
diskutiert. Die ndachsten drei Abschnitte behandeln der Reihe nach die lonenadsorption, die
an Metallen und Halbleitern auf die Elektronen-Wechselwirkung zurtckfiihrbare Adsorption
und die Rolle der Gitterdefekte. Der finfte Abschnitt befallt sich mit jenen Prozessen, in
welchen die Adsorption eine Schlusselrolle spielt, wobei Oberflachenreaktionen, Katalyse,
Chromatographie, Flotation und Korrosion besprochen werden. Der letzte Abschnitt befalit
sich mit den MefRmethoden, von der Druck- bzw. Volumenmessung bis zur Spektroskopie, ESR
und NMR, LEED und Auger-Spektroskopie. Es kdnnte vielleicht bemé&ngelt werden, daB die
Gemisch-Adsorption in den verschiedenen Prozessen nicht die ihr geblhrende Betonung er-
hielt. Zufolge der Einstellung der Verfasser durchdringt die elektronentheoretische Betrach-
tungsweise das ganze Werk. Als Lehrbuch ist das Werk zur Aneignung der modernen Grund-
kenntnisse Uber Adsorption sehr geeignet.

D. Kallo
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PE3KOME

OnpegeneHune ocgopa B CUNMKATHBIX MOpojax € MOMOLLbHO
aKTMBALUMOHHOI0 aHannsa

C. 0. XAnnnN

MeToa HelATPOHHOIW aKTMBauuUW Ana onpejeneHua ¢ochopa B Buae doctarta cepebpa
u Ttannms Ag2 T1 P04 n3 MCXOAHOro ocagka amMMOHWiIiHOro ¢ochopmonu6aata 6bla nNpumMe-
HEH K CUAMKATHbIM Nopojam.

dochat aMMOHUA 6Gbln fobaBneH K 06/1y4YeHHOMY MOPOLWKY MOPOAbl B KayecTBe HOCU-
Tens, n gochop 6bIN BbijeneH B BUAe aMMOHuUliHOTro ¢ochopmonubgata. NMocnefHUin Bblcax-
fann HecKONbKO pa3 B MPUCYTCTBMM COOTBETCTBYILLEro 3ajepXuBalol,ero Hocutena pns
obecrnevyeHnss ero pagMoOXMMMUYECKON YMCTOTbI, a 3aTeM, HaKOHel, PacTBOPANM K Bblcaxpganu
B hopme octaTta cepebpa u Tannuma (AgZTIP04) gna B3BewWMBaAHUA U cyeTa.

OrtpeneHve He6oMbLINX KO/INYECTB nannagna ot naatvHbl U Npngna € NOMOLLbHO
rMaposiorMvyeckoro BblCaXXAeHUNA Ha CNaboKUCAbIX KaTWUOHO-06MEHHbIX CMOax

n. n. KOYEBA n b. TABAKOBA

Bbin paspa6oTaH MeTof oTAeNneHWs Hebonbwwux konuyects nannagmsa (0,15— 1,5 mr)
OT NnaTWHbl U Upuana. MeTogd OCHOBAH Ha copbuMun Nannafus Ha cNnaboKWCNOR KaTUOHO-06MeH-
HoWi cmone Amberlite IRC-84 B HaTpueBOW hopme, MPOUCXOASALLEN BCNEeLCTBUE TUAPONUTUYECKOTO
BblCaX/eHUS NMPU KOMHaTHOW TemnepaType. B aTux ycnoBusx nnatuHa U mpupguii octawTcs
nonHocTblo B pacTBope. Copbupyemblii nannaguii antounpyetcs 20 ma 2M CONAHOW KUCNOTHI.
MeTog 6bIn MCNONb30BaH ANA aHanM3a GMHaPHbIX CMeceil nannagvsa U NAaTUHbL UKW Nannagusa
N NPUANA, HAXOASALW NXCA B Pa3/IMUHbIX OTHOLIEHUAX.

WccnenosaHne nepeoxna>K,quH0|7| BOAbl C MNOMOLWbH paccemBaHUA CBETa
Ab. BEKE, Ab. MH3ENBT un /1. AHYO

PaccemBaHue cBeTa BOAOW 6bIN0 MCCNeA0BAHO B MHTepBane TemnepaTyp —8— b8°C
[laHHble MHTEHCUMBHOCTMW CBeTa Bbllle TOYKN 3aMep3aHUsA U B NMepPeoxaXxAeHHOM COCTOSAHUMN He
pasnnyalTCcA 3HauyuTenbHo. [MpubanM3nTenbHO 6blila onpegesneHa 06nacTb KOHUEHTpauuu-
arperaymm neasiHblX 3a4aToK, B KOTOPOU, KaK MOXHO 6bl/10 3aK/104YNTb Ha OCHOBE WM3MepPeHUi,
NPUCYTCTBUEM NleSiHbIX 32a4aTOK B NepeoxaaXx/eHHOW BojAe MOXHO npeHebpeYb.

SﬂeKTpOI'II/ITI/I‘-IECKaFI nonapmsaunsa Ha VIH,D,I/IIZ-CyprFleIX 3NIEKTpOoaax
T. M. CAJIEM un A. A. USMANN

Ons vccnefoBaHWi 6bin BblIGpaH aHTUMOHUA UHAWS B KaYeCTBe MEeXMETanNUu4yeckoro co-
eAVUHEHNSA C HEGONbLI UM IHEPTETUYECKUM GapbepoM. INEKTPOA OAHOFO KpucTannia 6blal U3yYeH B
NPUCYTCTBUN OKUCNUTENbHO —BOCCTAHOBUTENbHOW CUCTEMbI KaK No4 AeCTBUEM 06NYyUYeHUs, TakK
n 6e3 Hero. Ha6nwzganocb, YTO aHOAHOE pacTBOpPeHWe yBenuWYMBaeTCs Noj feiicTBMEM 06nyde-
HWS N0 Mepe TOrO, KaK AbIPKW BHEAPSAOTCA B BaNeHTHY CBfA3b. [1Ns BCeX OKUCAAKLW KX pea-
reHTOB TOK 3aBUCUT OT MHTEHCUBHOCTHK cBeTa. MNonaraeTcs, 4YTO M36bITOK HOCUTENS MOXET 6blTb
reHepupoBaH ONTUYECKW, UCMONb3YS NyY CBETA, U YTO 06/1yYEeHUE MOXKET 0Ka3aTbCA MONE3HbIM
npu BBEJEHUN HOCUTENEN Ha 3NeKTPOA NONYNPOBOAHMKOB Tuna M.



O6pasoBaHue 1 YyCTOMYMBOCTb XenaToB l-acmaparvHa u 1-raytamuHa nannagums
(1), nnatuner (1V), 3onota (111) n Bucmyta (111)

P. C. TEBAPU n M. H. CPUBACTABA

MeTtannunyeckue xenatoel Pd(Il), Pt(1V), Au(lll) n Bi(lll), obpa3sytwoumeca ¢ 1-acnaparu-
HOM, 6bINN W3yYeHbl NOTEHLMWOMETPUYEeCKU. BblAnM paccymTaHbl MX CTyneH4YaTble KOHCTAHTHI
ycTOlUYMBOCTH.

BO3MOXHOCTM MCMO/Ib30BaHWE OKUCU BOSb()pama Mpu KaTa/IMTUYECKOM
rMapVpoBaHnM B XXWUAKOV (ase
Ab. BEPTEW un Ab. XOPAHMU

BblNu paccMOTPeHbl BO3MOXHOCTW MUCMNONb30BAHUA OKWUCHbIX BONb(PaMOBbIX KaTanusa-
TOpPOB, aKTUBUPOBAHHbIX f06aBKaMU 61aropoAHbIX MeTannos.

BblN0 yCTAHOB/IEHO, YTO OKWCb BoNb(pama, cogepxxauias He6oNbLIve KONUYECTBA NNATU-
Hbl M NMannaguMs, MOXeT GbiTb C YCMNEXOM MCNONb30BaHa MPU FUAPUPOBAHWU PasfiINdHbIX opra-
HUUYECKUX COEAVHEHWNA.

CneKTpo(hoTOMETPMYECKOE WCC/ef0BaHVe MyprypuHa U XWHaiv3apuHa B
Oy(hepHbIX pacTBOpax, COAePXKaLLMX OpPraHUYecKne PacTBOPUTENN

n. M. UICCA, P. M. NCCA, K. A. NAPNCC n A. M. XAMMAH

CnekTpbl 3N1eKTPOHHOU abcopbuMM NypnypuHa W XUHanmsapumHa OblM CHATbI KakK B
YUCTbIX BOAHbIX Cpejax, TaK U B CMEeCsAX BOAbl C OPraHWYeCKUMMW pacTBOPUTENAMU, NPU pasimny-
HbIX pH. BblIM MCNONb30BaHbl CReAyl W e PacCTBOPUTENN: MeTaHON, 3TAHOM, 3TUNEHTNTNKONb,
rANLEPUH 1 aueToH. O6GcyxgaeTcs BAUAHWE NONAPHOCTM PAacTBOPUTENSA Ha MOMIOXEHUE MONOCHI.
Bblnn onpegeneHbl BeNMUYMHbl PK ANsi pasnMyHbIX M3YUYEHHbIX PaBHOBECUi, KOTOpble 06CYyXaa-
I0TCA B CBSI3W C MPUPOAOA M KONMMYECTBOM OPraHM4Yeckoro pactBopuTens. Bbino HaligeHo, 4To
pK, n pK2ans o060MX COEAUHEHUI YMEHbLIAKTCA C YBENUYEHUEM MNPOMOPLUN 3TUNEHTIMKONS
UAW TAWLEPUHA, HO YBENWYMBAKTCA C YBE/IMYEHUEM KO/NMYeCTBA MeTaHofa, 3TaHona WM
alueToHa.

Komnnekcbl a-AMOKCMMMHA C MEPEXOfHbIMM  MeTasinamun. KommnniekcHas
Kucnota — UUaHorasioreHo-6me-gumMeTunranokcnmato-kobanst (111) w
rmgpataumss NMOHOB
3. ®UHTA n 4. BAPXEWU

Tpu HOBble MOHOOCHOBHble KOMMNNAeKCcHble Kucnotel — H[Co(DH)2(CN)X], rge DH2=
aumeTunramokenum m X = Cl, Br u 1 — 6biAM NOAy4YeHbl C MOMOLWbI peakuuMil NUTaHAHOTO
o6MeHa M3 COOTBETCTBYLWUX aguranoreHokncnotr — H[Co(DH)2X 2] 1 KCN. Bblno n3onmposaHo
N oxapakTepu3oBaHO 18 coneil aTUX CMewW aHHbIX KUCNOT. A NA onpefeneHUs cuibl 3TUX KUCAOT
6bInn NpoBefeHbl pH-mMeTpuyeckne namepeHunsa. bBbinn cHATLI K obecyxgaTca ux MK cnekTpbl.
B BOAHbIX pacTBOpax 3TUX KOMMMAEKCHbIX aHWOHOB ranoufAHble WMOHblI 3aMelleHbl BOAON. Bbina
CHATA KWHETMKA 3TUX MPOLECCOB rmagpaTtaunumn B KACAbIX cpefax U 6bln onpefeneHbl X KUHETU-
yeckue napameTpbl. O6CyX/jaeTcsa MeXaHU3M ruapataymu.

AHanns QyHKUNA FprHa MOMEKYISAPHbIX KOMe6aHWii M30TOMHbIX MOJSIEKY/T 030HA
K. n. HAPAAHA un b. . CABAJE

C nomouw b0 aHanuMsa GYHKUWA TpuHa U TEXHUKW pacnpefeneHus, UCNONb3ys ypaBHe-
HUsA [eysiimMca M coTp., 6bIIM PaCCUMTaHbl OCHOBHblE U CMMMeETPUUHbIE CpefjHe-KBajpaTUUHble
amMnIuTYAbl, CUNOBble MOCTOSIHHbIE, KOPMOMMCOBLI MOCTOSIHHbIE WM pacnpejefieHne NoTeHuuanb-
HOW 3HEPTrUM AN N30TOMHbIX MOJIEKY/N 030HA.



MK-cnekTpocKonnyeckmne UCCIef0oBaHNA aHWI0B U NX KOMMJIEKCOB, |
P. K. YI'IA,El,AI7I, M. 1. CUHT AN, A. K. CAKCEHA un P. MPACA/]

MK-cnekTpbl WecTHajUaTu aHnnoB (MPoAYKTbl KOHAeHcauuun 3-theHaHTpuArnnokcanem
C NePBUYHLIMW apoMaTUYECKUMUN aMWHaAMMW) UHTepNpeTUpoBasiMCb Ha OCHOBE pPa3/IMYHbIX TUMOB
KonebaHuii n onpefenanacb UX CTPyKTypa. Bbino M3yyeHO TakXe BAWAHUE NMPUPOAbLI 3aMeCTU-
TeNA u ero NOM0OXeHUs Ha BaneHTHoe Kone6aHue a3oMeTUHOBON Fpynmnbl.

MK wuccnegoBaHna komnnekcoB Ni(ll), Co(M) wn Zn(ll) ¢ n-gumeTuNamMMHOAHWUNOM
3-heHaHTPUTIMOKCaNs yKasblBaldT Ha TO, YTO KWCNOPOA Kap6OHUNbHOW rpynnbl 1 a3oT asome-
TWHOBOW rpynnbl SIBASIIOTCSA MecTamMu B3aMMofeicTBMA npu o6pasoBaHWM Komnnekca. Bbiau
onpedenieHbl CTabUNbHOCTM CBA3eli MeTann-a3oT U MeTan-KUCNopoa.

CpegHvie amnanTygbl KonebaHwin coeguHeHnin CH3IANO02, CF3N02, CCINO02 wn
CBraN02

6. BU3W, B. H. CUBUH n LWWW. N. CUBUH

Ha ocHOoBe nuTepaTypHbIX CMEKTPOCKOMWYECKUX AAHHbIX OblAM paccyMTaHbl CpefHUe
Kone6atenbHble amnanTyabl CH3N 02, CF3N 02, CCI3N02un CBr3N02 [laHHble AN COefAUHEHUNA
CF3N 021 CBr3N 02cpaBHMBaANUCL C pe3ynbTaTaMy 3/1EKTPOHHO-AND PPAKLUOHHBIX U3MEPEHUA.

OI'Ipe,CI,EI'IEHI/IeraHVI‘-IHbIX 3Ha'—IEHI/II7IKOpI/IO NNCOBbIX MOCTOAHHbIX, COrnacoBaHHbIX
C 3KCNMEPUMEHTa/IbHbIMWN HOPMa/lbHbIMXA 4YaCTOTaMu

N. NYKOBUY n &. TEPEK

Ana oueHKMN rpaHW4YHbIX 3HAYEHU KOPMONMCOBbLIX MOCTOAHHbIX faHHOW Monekynbl C*1
NPUBOAMNTCS cNoco6, KOTOPbIA MOXeT 6bITb MCMONb30BAaH B C/ly4Yae, eCnU 3/leMeHTbl MaTpuubl F
He (PUKCMpOBaHbI, @ U3MEHSIIOTCA B MHTepBase 3afjaHHbIX TPAHWYHbIX 3HAYeHUN. NS peweHuns
npo6nembl GblN MCNONb30BAaH MeTO4 NapamMeTPUUYECKOro U306paXKeHWss U rpafueHTHbIA cnocob
npoekTupoBaHus. C aToil uenbto 6Gbina paspaboTaHa nporpamma gna 3BM, koTopasd NpumeHs»
nacb NS pacyeTa MoNnekynbl Gopmanbgernga.

Bbino ycTaHOB/EHO, YTO KOHCTaHTa conpsXeHus C*,n3mepsemas daKCnepuMeHTaNbHO,
nonagaeT B y3KWIi WHTepBan MeXAy pacCYMTaHHbIMU MaKCMMasbHbIM U MUHUMaNbHbIM 3Ha4ye-
Huamu Car,-

MpyMeHeHNe pPeHTreH-POTO3NEKTPOHHCH cnekTpockonuu (ESCA) B o06nactu
KOOPAUHALWOHHOK  xumMun, V

VccnefoBaHue KOMM/EKCOB TWULMAHATOB U MU30TULMAHATOB
K. BYPTEP, Ab. NNMTAN n 4. BAPXENU

Bbino nposegeHo ESCA uccnegosaHme cMellaHHbIX KOMMJ/IEKCOB TUOLMAaHaTOB U N30TUO-
unaHaToB, cofepXalux KOHeYHble pofaHWiHble NUraHAbl, a TakKXe MHOrFOAAEPHbIX CMellaH-
HbIX KOMMMEKCOB, CofepXalmnx pofaHUAHbIA MOCTUK. BblNo ycTaHOBAEHO, YTO KOOPAMHaLMSA
aToma cepbl M aToMa a3oTa pofjaHuja, a TakXe OJHOBPEMEHHO WX 060MX OKasblBaeT BAUAHUE
Ha 3/IeKTPOHHOE CTPOeHWe pojaHuja.

CapMOHMYECKOe CW/I0BOE MOJIE M pacyHeTHble CpefHWE amnanTyfbl A5 OKUCel
Bonb(pama: W02u W03 c yuyetom noHa WOj-
W. . CUBUH u U. XAPTUTTAN

Bbino paspabotaHo rapMoHuyeckoe cnnosoe none ana WO, n W 03 KoTopoe WMCNONb30-
Banocb ANs pacyeTa CpefHUX aMnNAuUTyA Kone6aHwuii aTux Monekyn u apdekTa cokpaleHUs B
cnyyae W 03 O6cyxpaloTca npefblayuine pacyeTbl cpefHux amnauntyg ans W Oj\  bBbinio
M3yUYeHO B/INSAHME, OKa3blBAaeMOe Ha 3TU Be/MYUHblI W3MEHEHWEM HEeKOTOPbIX YacTOT MOJeKYynN



WOj n W 03. YKasblBalOTCA BO3MOXHOCTUW onNpefeneHnMsa 3TUX 4YacTOT C MOMOLWbI AaHHbIX Ha-
6niofgaeMblX CpefHUX amMnaAuTy unu addekTa coKpaljeHWs, MNOMYYEHHbIX MeTO[OM rasoBoOl
3NeKTPOHHOW Audpakumu.

ViccnenoBaHve MOJSIEKYNIAPHOA FeoMeTpUM ra3oBoro 1,3-AvMokcaHa MeTogom
3/IEKTPOHHON Andpakumm
Ab. WYnby n N. XAPTUTTAN

Ha ocHOBe AaHHbIX 3/1eKTPOHHOW Audpakuuym rasa 6bl/10 3aKAOYEHO, YTO MONEKYNbI
1,3-AMoKcaHa NpUHUMalOT KOHpOpMaL Mo Kpecna, YTO HAXOAWUTCSH B COracum € AaHHbIMU MUK-
poBOMHOBOW cnekTpockonun [R. Kewley, Can, J. Chem. 50, 1690 (1972))]. Bbinn onpefeneHbl
ANVHBL U yrabl cBAseli. B xo4e CTPYKTYPHOro aHanusa 6blM MCNONb30BaHbl WU faHHble MUKPO-
BO/THOBO/ CNeKTPOCKOMUM.

B3aI/IMO,EI,eI7ICTBI/Ie MexXxay MetaiiaMm U aMUHOKUC/IOTaMWu, |

N3yyeHne KOMMNEKCOB TPEXBa/IEHTHbIX PeAKO3eMESbHbIX 31EMEHTOB
3 L-acnaparvHoBoOli KUCMOTO

0. PAPYK, A. Y. MAJTIK n H. AXMA/L

BHYyTpeHHMe KOMMNAEKCbl NepexofHblX MeTannos ¢ O-aMMHOKMCAOTamMu 6blnv MCCNepo-
BaHbl 06bIYHO B pacTBOpax, NPUMeEHAA HeKoTopble QU3INKO-XMMUYeckme metoabl [1— 10]. Kak
BWAHO W3 COBPEMEHHOI NMTepaTypbl, 04eHb OrpaHWYeHHOe BHUMaHWe yAensinocb N30NUPOBAHUIO
N onpefeneHNt0 CTPYKTYPbl KOMMNNEKCOB pPeAKO3eMe/lbHbIX 3/1EMEHTOB C aMWHOKMCAO0TaMW.
B HacToAwel paboTe 3aHMMatOTCcA B3aumogelicTBueM L-acnaparmHoBOli KUCNOTbl C TpeXBafleHT-
HbIMW MOHaMu peako3eMenbHbiXx 3nemeHToB (Y, La, Ce... Lu 3a wucknwuyeHnem Puw). Komn-
neKcbl 6blIN U30NUPOBaHbl U UAeHTUPULMPOBAHbI Ha 0CHOBe MK CNeKTPOCKONMYECKUX umccne-
fOBaHWI, MarHUTHbIX W3MepeHWil, TepMOrpaBUMETPMYECKOro aHanunsa, MONAPHO/ NpPoBOAM-
MOCTW W 31eMEHTapHOro aHanmsa.

OnpegeneHvie MapraHua ¢ rnomolubio N-6pomMocyKUMHMMKUA
A. ABY/Ib XEWNP, M. AAL0 v M. M. AMEP

Mpeanaraetca npouegypa ANA nonymMukpo-onpegeneHns Mn(M), ocHoBaHHas Ha ero
LW eNOYHOM OKMUCAeHUNU ¢ nomolwbio N-6pomocykumHuMuga (NBS). Peakuns npoTtekaet npu Kom-
HaTHOI TemnepaType v B NpUCcyTCTBUMN M3bbiTKa NBS, KoTOopblii Heo6paTuMo BocCTaHaBNUBaeT-
cA A0 CcyKuumHmmumpa. MN36biTok NBS o6paTHO TUTPYKT C NOMOLWbIO CTaHAAapTHOro pacTtBopa
apceHUTa, a KOHeyHas ToYKa TUTPOBaHWUA AeTEeKTUPYeTCA MOTEHLMOMETPUYUECKN.

Bbln n3yyeH MexaHuW3sM peakuuu. Bbino HalifjeHO, YTO TOYHOCTb Pe3y/nbTaToB He YCTy-
naeT TOYHOCTW, NonyyaemMoli KOMMIEKCOMETPUYECKUM TUTPOBaHWEM UK KallopUMeTPUYecKUM
MeTOLOM C NoMolblo hopManbAoKcUMMa. TOYHOCTb U3MeEPEHMUA cooTBeTcTBYeT 99,63 + 0,6262%
(P = 0,05).

AKTUBHOCTb U KOS(*)CbI/ILI.VIeHT aKTMBHOCTM NPOTUBOMOHOB B BOAHbLIX
NOTNANEKTPOJ/IMTHLIX pacTBopax

E. A. XACCAH n M. M. b. 3/1b-CABBAX

AKTUBHOCTb M KO3I(PGhUUMEHT aKTUBHOCTM O6biNM onpejeneHbl ANA WOHOB cepebpa B
NONN3NEKTPONNTHBIX pacTBopax KapbOoKCUNaNKWAMPOBAHHOIO MNOMMBUHWAOBOIO cnupTa)
C MOHO-, AV- UIN TPUXNOPYKCYCHBIMW KNUCAOTAMMN MPU ABYX Pa3/iMyHbIX EMKOCTAX 06MeHa.

YBennyenne KoapduumMeHTa aKTUBHOCTU MPOTUBOMOHA (NPU paBHbIX KOHLUeHTpauumax
conun cepebpa nonuanekTponuTta, cBO6OAHOro OT APYrMX CO/eil) B BblWeyNnoMAHYTOM nopsaake
MCNONb3yeMoro nosvMmepa ABNSeTCA 3HAYUTENbHbIM B 0O4eHb pa3baBneHHbIX pacTBopax (6250—
781,25 « 10_7N). XoTa ero BenNMynHa yBeIM4YMBaAETCHA C EMKOCTbIO MO/IMMEpPa U CUNBbHO yBENMU-



UMBAETCH C YMEHBLUIEHWEM KOHLIEHTPALMK CONn cepebpa NoMuajeKTpouTa, 04HaKo, He JOCTUraeT
eaVHULbI NPY GECKOHEYHOM pasGaBfeHum.

[ns pa3nunyuHbIX CMeceil MoNM3NeKTpoIuTa B popme conn cepebpa, CBOGOAHON OT Apyrix
COfel, U B (hOPMe KMCOTbI, KOIMMULMEHT aKTUBHOCTU MOHA COMW YBEIMUMBAETCS C YMeHbLLE-
HUEM OTHOCUTE/IbHBIX KOMMUECTB CEPEBPSIHOI CONMM NOAMINEKTPONUTA U C YMEHbLUEHNEM O6LLel
KOHLIEHTpaLum.

WccneposaHve 4-tuasonungnHoHos, i

[leicTBMe BTOPMYHBIX aMWHOB Ha 5-apunnfeH POAaHUHbI U WX COMK
A. P. A. PAOY®, M. T. OMAP, C. M. A. OMPAH n K. E. 3/Ib-BANNOYMMW

B3anmogeiicTBue 5-apunuieH pogaHuHOB (7) C BTOPUYHBIMWA aMMHAMU NPUBOAUT K 06pa-
30BaHWI0 CMeCU Cofeil aMmHa 2 U 2-T1asonnH-4-0HOB (3) B pasNYHbIX OTHOLUEHUSAX B 3aBUCK-
MOCTU OT BPEMEHW KOHTaKTa. Bbin 06CyXAeH X04 peakumu, NpUBOAALLMIA K NPeBPaLLEeHNo Coneit
aMuHa 2 B 2-TWa30/IMH-4-0Hbl. Bbin TakXe uccnefoBaHbl NpeBpalleHns S-apunugeH-3-gpeHnn
POJAHNHOB C BTOPWUYHLIMU aMUHAMW.

WccnegosaHne 4-tmnasonnguHoHos, |l

Xog pasnoxeHuns 2,4-TMasoiMgUHANOHOB C aMUHaMU
A. P. A. PAOY®, M. T. OMAP n M. M. 3JIb-ATTAIJlb

Bsaumopeiictere 5-(6-6poM-3,4-MeTUNeHANOKCUBEH3UNMAEH)-2,4-TnasonuHanoHa (Te) 1
ero 3-theHun npowussogHoro (Ta) ¢ NUNEpUAVHOM B OMpefeneHHbIX ycnosuax faet O-tmon-O-
(6-6pom-3,4-meTuneHanoKcMgHUN)-1Y-nunepnannkapboHnn akpunamung (28) n ero N-teHun 3a-
MeLLEeHHOe MpPou3BOAHOe (2B), COOTBETCTBEHHO. OfHako, o6paboTka 5-apununpeH-2,4-tuasonu-
OMHAOMOHA U36LITKOM GeH3nnamviHa NPUMBOAUT K COOTBETCTBYIOLLMM apUNYKCYCHBIM KucnoTam 5.
CTpyKTypa 3TUX NPoAyKTOB 6bina foka3aHa Ha ocHoBe ux VK, Y® n AMP cnekTpos.

Mpoun3BoAHbIe rekcuTona, cogepxawme 1,4-okcatmaHosoe Kosbuo, Il
M. KYCMAH un M. WOXAP
Bbin onucaH cuHTe3 4-0-me3nn-3-0-tos3mn-(LUc), 3-0-me3un-4-0-to3un-(1Mcl) v 3,4-gu-
0-To3un-nponseogHbIX (Le) 2,5-aHruapo-1,6-tnoaHrnapo-0-rayuntons. To3nNOKCK-rpynnbi
3TUX COEAVMHEHUI MOTYT OblTb OTLLEM/EHbl 3@ CYET BOCCTAHOB/EHWS HATPWEBOW amasibramoi.

Mpu atom o6pasytoTcs 3-rugpokcu-4-0-metun-(LU k), 4-rugpoken-3-0-me.3un-(11lg), m 3,4-
anrngpoken-npomssofHsle (111b).

WccnenoBaHme HEKOTOPbIX reTepounkios, XXXIV

W, WHUMATUA u M. ®APKALL
Bblna uccnefoBaHa OpWEHTAUMs B peakuyusx 6pOMMPOBAHWMS W HWTPoBaHus 2-(n-X-

theHnn)-4-xnopmeTun- n 2-(n-X-theHnn)-4-xnopmMeTna-5-Y-Trasonein B 3aBUCUMOCTA OT NPUPOAbI
3amecTuTenein (heHUIbHOTO KOMbLA WAN B MOMOXEHUN 5 Tnasons.

VccnepoBaHne O-aMUHOOKCUKAPOOKCUIBHBIX KUCNOT ¢ nomowbio MK n AMP
CMEeKTPOCKONUU

M. WOXAP, . JAHYN n N. KNWOANY AN

XoTs nepBble NpeAcTaBuTenn O-aMUHOOKCUKAPBOKCUMBHBIX KUCMOT — OT/MYaKOLIMXCS
OT NPUPOAHBIX AMUHOKMC/IOT OfHUM aTOMOM KMCNOPOAa—ObIn U3BECTHBI YXKE B KOHLE MPOLLIO-
ro cronetus [1], ofHaKo, (M3NYECKME M XUMUYECKME CBOWCTBA 3TUX COEAWHEHWIA He GblIn
TLiATeNbHO M3YUeHbl MWW [0 TeX Mop, NOKa He 6bl0 YCTaHOBEHO, YTO HEKOTOPbIE MX HUX



WUHTMBMPYIOT pocT Mycobacterium tuberculosis charatchok, [2—4]. CornacHo Hawum wuccne-
[0BaHWAM, OfHAKO, NMWb HEKOTOpble MpeAcTaBUTenn 06/1afaloT 3HaUYMTeNbHOW aKTUBHOCTbIO
[5—7]. ABTopamu paHee yke ObINM ONKUCaHbl CUHTE3 HEKOTOPbIX OCHOBHbLIX COEAVHEHWI [8]
M MX NPOM3BOAHbBIX, & TaKXe MX (hU3NYEcKre N XMMUYeckne cBoiicTea [9]. B HacTosLeln cTaTbe
ob6eyxpatotes MK n AMP xapakTepucTUKN a-aMUHOOKCUKaPOOKCUIbHBIX KUCOT.

Bbinn onucaHbl (PU3NKO-XMMUUECKME XapaKTEPUCTUKI CbIpoii HeTu charatchok, a Tak-
Xe ee 1Ierkoi 1 cpefHen pakuuii AecTUANALNUK (rasonnH, KepOCUH 1 ra3oBoe Macno).

mppoo6paboTka (pakumii KepocuHa M rasoBoro mMacna 6bina nNpousBedeHa C Lefblo
M3YYeHUs BO3MOXHOCTY MNOBbILLEHNS UX KayecTsa.

CbIpyto HepTb NoABeprann AecTUNNALUN NPU aTMOCHEPHOM [aB/IEHWUN C NATLIO 0T60paMu.
JanbHelwan [ecTUANALMA NPU NOHWXEHHOM AasfeHun (40 MM pT. CT.) NPMBOAWT K [BYM
Opyrvm dpakumnam. Bbin npoussefieH aHanu3 Ha YrneBofopofbl M Ha CTPYKTYpHble rpynmnbl
Kak 415 Y3KMX 0T6OPOB, TaK U An8 Mpakuuii TEXHUYECKOWA AeCTUANALMN.
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