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I. THEORETISCHE BETRACHTUNGEN 

!29 

Die LeitHi.higkeit fester und fliissiger Korper Hi.sst sich hauptsachlich auf zwei ganz 
verschiedene Mechanismen zuriickfiihren, wobei als wesentliches Unterscheidungs-

TABELLE I 

ZUSAMMENSTELLUNG DER WICHTIGSTEN EIGENSCHAFTEN DER VERSCHIEDENEN ARTEN DER CHE

MISCHEN BINDUNG 

M etallische Bindung 

Keine exakten 
stochiometrischen 
Gesetzmassigkeiten 

V alenzbindung 

exakte stochiometrische Gesetzmassigkeiten 
Homoopolare- oder Atom-Bindung 

unpolare (kovalente) polare (elektrovalente) 
Bindung Bindung 

heteropolare- oder 
Ionen-Bindung 

Kein Bindungsmoment Bindungsmoment = o 
angebbar 

endliches Bindungsmoment 

Gitterbausteine 
Kationen, bindende 
Elektronen mit Eigen
schaften eines Elek
tronengases 

Elektronen
Leitfii.higkeit 

Makroskopische 
Eigenschaften, wie 
Harte, Schmelzpunkt, 
je nach Stellung im 
periodischen System 

Metalle , inter
metallische Ver
bindungen und 
Legierungen 

ungeladene Gitterbausteine (Atom- oder 
Molektilgitter) 

keine unmittelbare Ionenleitfii.higkeit , Ver
halten als potentielle Elektrolyte 

makroskopische Eigenschaften, wie Harte, 
Schmelzpunkt, stark unterschiedlich 

geladene Gitterbausteine 
(Ionengitter) 

Ionen-Leitfii.higkeit 

makroskopische 
Eigenschaften sehr 
ii.hnlich 

zweiatomige Gase, 
(H2,N2) Kohlen
wasserstoffe , 
diamantii.hnliche 
Substanzen 

Chlorwasserstoff, mit anorganische Salze 
funktionellen Gruppen 
substituierte Kohlen-
wasserstoffe 
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130 F. OEHME 

merkmal die Art der chemischen Bindung herangezogen werden kann, wie Tabelle I 
veranschaulicht. 

AusdieserZusammenstellung geht hervor, dassdie Elektronenleiifiihigkeit ein wesent
liches Merkmal der metallischen Bindung ist. Dabei besteht ein enger Zusammenhang 
mit der Elektronenbesetzung der einzelnen Schalen und ihren energetischen Zustan
den. Bekanntlich erfolgt die Elektronenbesetzung der Schalen bei Elementen stei
gender Ordnungszahl nach dem Pauli-Prinzip mit Elektronenpaaren antiparallelen 
Spins. Sind dabei aile Energiebander mit Elektronen aufgefiillt worden, befindet sich 

(a) (b) 

A r g o n Chrolll 

I 14r 

I I 4d 
... 
0 .. 1 ... .. 

" I I I I 
.. 

" leere Schalen 4p B 

r!i " " .. 
D teilweise [] 4s 

besetzte 

Sehalen I H I H I t I }d 

IUIHIHI v 0 1 1 IHIUIHI 
3p 

[ill besetzte []] }8 

IUIHIUI 
Sehalen lulttlul 2p 

[[] []] 2S 

[[] []] 1s 

Fig. r. Vergleich der Besetzung der einzelnen Schalen mit Elektronen: (a), bei dem Edelgas Argon; 
(b), bei dem Metall Chrom. 

----1 -
(a) 

. - ---· ------- . 
--

(b) 

Fig. 2. Aufftillen eines Energiebandes eines Elementes mit Elektronen : (a), vo11 besetztes Energie
band = Nichtleiter; (b), teilweise besetztes Energieband = Elektronenleiter. 
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NICHTELEKTROL YTEN ALS REINHEITSKRITERIUM IJI 

das nachst hohere Energieband in einem Zustand wesentlich grosseren Energie· 
inhaltes. Unter Normalbedingungen kann folglich kein Elektronentibergang zwischen 
den heiden Bandern stattfinden und das fragliche Element ist ein N ichtleiter (Fig. I (a)). 

Ist dagegen ein Energieband nur teilweise mit Elektronen besetzt, gibt es zahlreiche 
Zustande von Elektronen, welche sich vom Grundzustand nur urn einen geringen 
Energiebetrag unterscheiden und es gentigt bereits ein schwaches ausseres elektrisches 
Feld, urn eine Elektronenbewegung unter ,Anheben" der Elektronen auf einen etwas 
Mheren Energiezustand auszulosen. Es tritt in diesem Faile Elektronenleitfahigkeit 
auf (Fig. I{b)) . Fig. I und 2 veranschaulichen an Hand schematisierter Darstel
lungen diese Zusammenhange nochmals. 

Interessanterweise kann Elektronenleitfahigkeit in Sonderfallen auch bei organischen 
Molektilen auftreten. Es handelt sich dabei urn hochkondensierte aromatische Systeme, 
welche reich an:n:-Elektronen sind1 •2• Auch die lichtelektrische Leitfahigkeit verschie
dener anorganischera und organischer Verbindungen4,5 steht in engem Zusammenhang 
mit diesen Erscheinungen. 

p 
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Fig. 3· Abhangigkeit der potentiellen Energie zweier Ionen entgegensetzter Ladung von i hrem 
Abstand r. D = Dissoziationsarbeit, r 0 = stabile Lage kleinster Energie. 

Ganz andere Verhaltnisse liegen dagegen vor, wenn es sich urn Stoffe mit Ionen
leitfiihigkeit handelt. Diese tritt stets bei Substanzen mit heteropolarer Bindung auf, 
welche als Ionengitter kristallisieren. Ein Ionengitter kann bekanntermassen als 
Kombination eines Teilgitters aus Anionen und Kationen aufgefasst werden. Bei 
Unterschreiten des Erstarrungspunktes der Schmelze eines Ionengitterkristalls sind 
die heiden Ionenarten bereits recht fest an bestimmte Platze gebunden, von welchen 
sie zum Beispiel in Abhangigkeit von der Temperatur oder unter Einfluss eines pola
risierenden elektrischen Feldes Verschiebungen in nur engen Grenzen erfahren konnen. 

]. Electroanal . Chem., 4 (1962) 129- 149 



132 F. OEHME 

Wird die potentielle Energie P zweier Ionen entgegengesetzter Ladung in Ab
hiingigkeit von ihrem gegenseitigen Abstand r graphisch ausgewertet, so ergibt sich 
eine in Fig. 3 dargestellte Abhiingigkeit . 

Das bei diesen Untersuchungen beweglichgedachtelon befindetsichineinem Poten
tialtopf kleinsten Energieinhaltes. Die Tiefe des Topfes wird dabei durch die Dis
soziationsarbeit D, welche zur volligen Trennung der heiden Ionen aufgewandt werden 
muss, gekennzeichnet. Die erforderliche Dissoziationsarbeit D kann nun beispielsweise 
durch Warmezufuhr geleistet werden, was sich in dem scharfen Schmelzen von 
lonengitterkristallen und der in der Schmelze auftretenden Ionenleitfahigkeit zu er
kennen gibt. Von besonderer Bedeutung fur die Elektrolytforschung ist dabei, dass 
D im Faile von Losungen wesentlich von der Dielektrizitiitskonstanten (DK) ab
hiingig ist. So nimmt fur Losungsmittel hoher DK die Dissoziationsarbeit sehr 
stark ab- ftir den Fall des Wassers mit einer DK e = 8o im Vergleich zum Wert 
e = r des Vakuums urn etwa zwei Zehnerpotenzen. Das bedeutet, dass in derartigen 
Losungsmitteln bereits bei Raumtemperatur weitgehende Dissoziation zustande 
kommen kann. 

Diese zuniichst ftir Elektrolyte mit heteropolarer Bindung gtiltigen Gesetzmiissig
keiten haben auch fur das Leitfahigkeitsverhalten fltissiger Nichtelektrolyte hoherer 
DK (e > ro) Gtiltigkeit. Die spiiter noch niiher zu beschreibenden fltissigen Nichtelek
trolyte (hier interessieren speziell Losungsmittel) enthalten sehr hiiufig Elektrolyt
spuren, welche durch das Auftreten elektrolytischer Leitfahigkeit die Leitfahigkeit 
der Losungsmittel bestimmen, ohne dass es sich dabei urn eine echte Eigenleitfahig
keit handeln wtirde. 

Es gibt nun aber auch Faile, wo eine echte und nicht durch Verunreinigungen 
bedingte Eigenleitfahigkeit organischer Fltissigkeiten zustande kommen kann. Im 
allgemeinen geschieht das durch eine Wechselwirkung zweier neutraler Molektile im 
Sinne einer Donator- Akzeptor-Beziehung miteinander, wobei ein Ladungsaustausch 
zu verzeichnen ist, sodass Ionen entstehen. 

Nach der Art des den Ladungsaustausch bedingenden Molektilteiles kann zwischen 
einer Prototropie und einer I onotropie unterschieden werden. Prototropie tritt zum 
Beispiel bei aliphatischen Alkoholen auf: 

C2HsOH + C2HsOH ~ C2HsOH2+ + C2HsO -

Neben dieser Bildung von Organo-Ionen kann ausserdem noch eine Protonenwan
derung tiber eine Assoziatkette von Alkoholmolektilen auftreten und zu einer Pro
tonenbriickenleitfiihig keit ftihren : 

R R R R R R 
I I I I I I 

H-0-H+ - 0-H - 0-H - 0-H - 0-H - 0-H 

Bei einer Ionotropie kann der Ladungstransport von grosseren Molektilbruchstticken 
tibernommen werden, wie das beim Essigsiiureanhydrid zutrifft 6 : 

2 (CH3C0)20~ [(CHsCO)sO]+ + CH,CO -

Prototropie kann im Faile der Anwesenheit von geeigneten verunreinigenden Kom
ponenten auch mit diesen ausgebildet werden. Stellt die verunreinigende Komponente 
Wasser dar, kann dieses - als Sonderfall der lonotropie - wieder eine prototrope 
Wechselwirkung mit der Grundkomponente eingehen. 
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In volliger Analogie zu den klassischen Elektrolyten erfolgt in all diesen Fallen der 
Ladungstransport durch Organo-Ionen. Definitionsgemass unterscheidet Fuoss die 
echten Elektrolyte als I onophore von den zuletzt betrachteten Fallen, welche er 
I onogene nennt . Kortiim spricht hier dagegen von potentiellen Elektrolyten. Schliesslich 
kann noch ein ganz anderer Vorgang zum Auftreten von Ladungstragern, die im 
elektrischen Feld wandern, fiihren. Das trifft fiir binare dispergierte Systeme zu, 
wenn dispergierte Substanz und Dispersionsmittel eine unterschiedliche DK und 
verschiedene Leitfahigkeit aufweisen. Es handelt sich dabei im Gegensatz zu den bis
herigen Systemen urn inhomogene Mischungen (wobei die lnhomogenitat bis zur 
kolloiden Verteilung gehen kann, sodass das System ausserlich zunachst homogen 
erscheint). Nach der Coehn'schen Regel kommt es bei binaren, heterogenen Systemen 
zu einer Ladungstrennung in dem Sinne, dass die Phase mit der hoheren DK eine 
positive, die mit der niederen DK eine negative Ladung annimmt . Beiineinem Kohlen
wasserstof£61 dispergierten Wassertropfchen bedeutet dies, dass die Tropfchen eine 
positive Ladung in dem negativ geladenen Dispersionsmittel aufweisen. Damit sind 
die Wassertropfchen aber wie Quasi-Ionen in der Lage, im elektrischen Feld zu 
wandern (was praktisch tatsachlich so weit geht, dass an der Kathode bei Messungen 
mit Gleichspannung die Tropfchen entladen und als Wasserfilm abgeschieden werden; 
der fliessende Strom als Mass fiir die Leitfahigkeit ist zeitlich somit inkonstant !). 

2. MESSTECHNISCHE ANGABEN 

Die spezifische Leitfahigkeit von Nichtelektrolyt-Systemen der betrachteten Art 
liegt wesentlich unter der von (wassrigen) Elektrolyt-Losungen. Der interessierende 
Leitfahigkeitsbereich erstreckt sich von etwa ro- 6 bis ro- 14 Ohm-1cm- 1. Die in der 
Elektrochemie der Elektrolyte iiblichen Messchaltungen, welche fast immer auf der 
klassischen Wheatstone-Briicke aufbauen, eignen sich zur Bestimmung so kleiner 
Leitfahigkeiten nicht mehr. Der zu messende Widerstand Reiner die Probe aufneh
menden Messzelle mit der Zellenkonstante k berechnet sich bekanntermassen fiir eine 
Probe mit der spezifischen Leitfahigkeit x zu R = kfx. Selbst wenn die Zellenkon
stante k = ro-2 cm-1 betragt, d.h. wenn eine grosse Elektrodenflache und ein kleiner 
Elektrodenabstand gegeben ist, wird fiir eine Probe mit x = Io-s Ohm-1cm-1 der 
Widerstand R = roSOhm = {I Meg-Ohm). Fiir x = ro-14 Ohm-1cm-1 ergibt sich 
R = ro12 0hm (=I Tera-Ohm) . Die zumessenden Widerstande liegen also zwischen 
dem Meg-Ohm- und dem Tera-Ohm-Gebiet. 

Messungen in diesem Widerstandsbereich werden nun sehr haufig nach einer 
sogenannten Spannungsteilerschaltung unter Verwendung von Gleichspannung 
vorgenommen. Nach Fig. 4 wird dabei die mit der Probe beschickte Messzelle Rx mit 

Fig. 4· Prinzip-Schaltung einer Widerstands-Messung nach der Spannungsteiler-Methode (vergl. 
Gl. (r)). 

]. Electroanal. Chern., 4 (1962) 129-149 



134 F. OEHME 

einem Vorwiderstand Rv in Reihe geschaltet und an die Messpannung UM gelegt. 
Mit einem Rohrenvoltmeter wird der sich tiber Rx ergebende Spannungsabfall U x 
gemessen. Der gesuchte Widerstand Rx der Messzelle folgt dann zu, 

Rx = RvUx/U.u 

Fig. 5 veranschaulicht die praktische Schaltung eines nach der Spannungsteilerschal
tung arbeitenden Gerates. 

Fig. 5· Schematisierte Schaltung eines nach der Spannungsteiler-Schaltung (Fig. 4) arbeitenden 
Gleichspannungsgerates zur Messung hoher Widerstande (Taschen-Megohmmeter MoM 2 T der 
Fa. W.T.W., WeilheimfObb.) . Rx, Messzelle mit Probe; Rv, Vorwiderstand genau bekannter 
Grosse; UM, Messspannung; u ... UK, Uo, Betriebsspannungen der Elektrometerrohre ; ]. in Ohm 

geeichtes Anzeige-Instrument. 

Es ist eine bekannte Tatsache, dass bei Messungen mit Gleichspannung eine er
hebliche Polarisationsspannung Up, welche der Messpannung UM entgegengerichtet 
ist, auftreten kann. Der im aus Rv und Rx gebildeten Messkreis fliessende Strom wird 
folglich zu klein ausfallen, da 

gilt. 

(UM- Up) 
1=----

Rx 
(2) 

Dieses Verhalten kann auch so aufgefasst werden, dass in Reihe zum gesuchten 
Rx noch ein weiterer Widerstand, der Polarisationswiderstand Rp, liegt. 

Aus Gl. (2) geht hervor, dass durch die Wahl einer hohen Messpannung UM die 
Polarisationsspannung UP vernachlassigbar klein wird. Allerdings muss U M dann 
schon roo V und mehr betragen, da die Polarisationsspannung UP unter Umstanden 
bis zu 20 V ansteigen kann7. 

Bei Leitfahigkeitsmessungen schlecht leitender Fliissigkeiten ist stets zu kontrol
lieren, dass der Eigenwiderstand Rz der Messzelle urn so viel grosser ist als der Wider
stand Rx der mit der Probe gefiillten Zelle, dass er vernachlassigt werden kann. Sind 
beide Grossen dagegen urn weniger als ro2 verschieden, muss eine rechnerische 
Korrektur, die den Eigenwiderstand der Messzelle beriicksichtigt, angebracht werden. 
Der gesuchte Zellenwiderstand Rx, welcher unter Verwendung der Zellenkonstante k 
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zur Berechnung der LeiWihigkeit dient, betragt dann, 

(3) 

wenn RM der zunachst gemessene Widerstand ist . 
Diese Oberlegungen gelten unabhangig von der Verwendung von Gleich- oder 

Wechselstrom-Methoden. 
N ur bei Wechselstrom-Methoden ist dagegen zu beach ten, dass sich die Widerstands

messzelle nicht nur wieein Ohm'scher Widerstand Rx, sondern zugleich auch wie ein 
Kondensator von der Kapazitat Cx verhalt . 

Diese Kapazitat C x weist einen Blindwiderstand Xc auf, der sich fiir eine Kreis
frequenz w = znf zu X c = r fwCx berechnet. Durch diese Parallelschaltung von Rx 
und Xc wird folglich nicht der gesuchte Zellenwiderstand Rx, sondern ein resultieren
der Scheinwiderstand Zres gemessen (in Ohm), welcher sich zu 

berechnet. Mit dieser Beziehung lassen sich die gemessenen Werte von Zres unter 
Verwendung von Xc korrigieren. 

Wenn Xc nicht selbst gemessen werden kann, was als Regel gelten dtirfte, Hisst es 
sich bei Kenntnis der Zellenkonstante k und der DK e der Probe berechnen. Es gilt 
dabei 

1.129· 1013k 
Xc=---

ws 

(in Ohm) wenn w wiederum die Kreisfrequenz ist. 

(5) 

Diese Notwendigkeit, Korrekturen anzubringen, entfa!It nicht durch den Einbau 
eines in einem Zweig der verwendeten Messbrlicke liegenden, das Abstimm-Minimum 
verbessernden Kondensators, wie das etwa CRUSE UND STOHR annehmen29. Aus
schliesslich bei phasenempfindlichen Messbrticken wird das gesuchte Rx in jed em Faile 
ohne Korrekturnotwendigkeit erhalten9. Eine Zusammenstellung tiber die auftre
tenden Fehler bringt OEHMEao. 

10.13 '------:+--+--+---+-------=------,<-m m ~ ~ ~ ~ ~ ~ ~ ~ 

UM(Volt) 

Fig. 6. Abhangigkeit der spezifischen Leitfahigkeit" eines gealterten Transformatoreni:iles von der 
an die Messzelle angelegten Spannung UM. 
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Eine weitere Komplikation ist bei heterogenen Systemen zu verzeichnen. Der 
gemessene Zellenwiderstand Rx und somit auch die daraus errechnete spezifische 
LeiWi.higkeit u hangt sowohl von der auf die Probe wirkenden Feldstarke als auch 
von der Zeit ab, die seit Anlegen des Feldes verstrichen ist. Beide Effekte haben ihre 
Ursache im Auftreten von Raumladungen und im Zustandekommen einer elektro
phoretischen Trennung der Komponenten, wie bereits im vorangegangenen Abschnitt 

~ 
A B 

\ 
D 

"'-._ 

-3 -2 -1 4 

log t (sec) 

Fig. 7· Abhangigkeit der spezifischen Leitfahigkeit" eines gealterten Transformatorenoles von der 
nach Anlegen der Messpannung vergangenen Zeit t. A, Anteil des kapazitiven Blindstromes; B, 
durch Ionen bedingter Anteil (labil) ; C, durch Elektrophorese (Ionenverarmung!) verursachtes 

Dbergangsgebiet; D, stabile Endleitfli.higkeit. 

erwii.hnt wurde8 • Die Fig. 6 und 7 vermitteln einen Eindruck iiber die Grossenordnung 
der besprochenen Erscheinungen. Der Zeitabhangigkeit der Leitfii.higkeit wird nach 
DIN 53 482 dadurch zu begegnen versucht, dass der Widerstand eine Minute nach 
Anlegen der Messpannung bestimmt wird. Schwieriger ist es dagegen, den Feld
stii.rke-Effekt auszuschalten. Hierbei spielt nicht nur die ii.ussere, seitens des Mess
gerii.tes abgegebene Messpannung UM eine Rolle, sondern gemii.ss der Definition der 
Feldstii.rke ~ = UM/d mit dem Abstand d der heiden Elektroden, auch die konstruk
tive Beschaffenheit der Messzelle. Gerade die zur Berechnung von ~ erforderlichen 
Angaben sind aber so gut wie nie in entsprechenden Veroffentlichungen zu finden. 

Auch die Bestimmung der Zellenkonstanten k verdient bei Messungen im Tera
Ohm-Bereich besondere Erwii.hnung. Der prinzipiell denkbare Weg, k mit den im 
Elektrolytbereich iiblichen Standard-Losungen9 zu bestimmen und die Konstanz von 
k auch bei Messungen an Losungen wesentlich kleinerer Leitfahigkeit vorauszuset
zen, hat sich bei grosseren Genauigkeitsanspriichen nicht bewahrt. Eine derartige 
Extrapolation hat nur bei Schutzringmesszellen Sinn, welche jedoch erfahrungsge
mii.ss nur selten verwendet werden. 

Der experimentell beste Weg besteht darin, unter Benutzung eines geeigneten 
Kapazitii.tsmessgerates zunii.chst die ,wirksame Kapazitii.t" Cw der Messzelle zu 
bestimmen. Das geschieht am einfachsten durch nacheinander vorzunehmende Fiil
lung der Zelle mit zwei Fliissigkeiten genau bekannter DK e1 und e2 und Messen der 
sich ergebenden Kapazitii.ten C1 und C2. Die gesuchte wirksame Kapazitat Cw folgt 
auslo 

c1- c. 
Cw = --

el- e. 
(6) 
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Aus dem gemessenen Widerstand Rx der mit der fraglichen Probe beschickten Mess
zelle berechnet sich die gesuchte spezifische Leitfii.higkeit x zu 

8.86· 10-2 

CwRx 
(?) "= ---

Selbst bei sorgfii.ltigster Handhabung haften allen Gleichstrommethoden zur Leit
fahigkeitsmessung methodische Fehler an, welche nur schwer eine Messrichtigkeit 
zulassen, die besser als ± S% ist . Eine in neuerer Zeit entwickelte 4-Elektroden
Methode leistet zwar hinsichtlich der erreichbaren Messrichtigkeit auch bei Verwen
dung von Gleichstrom ebenso viel wie die besten Wechselstrom-Methoden. Die 
Erprobung ftir Fliissigkeiten sehr kleiner Leitfahigkeit steht jedoch noch aus11 . 

Es hat auch nicht an Versuchen gefehlt, die klassischen Wechselstrom-Messbriicken 
fiir Tera-Ohm-Messungen zu modifizieren, wie das z. B. durch Kombination einer 
phasenempfindlichen Wheatstone-Briicke mit einem modulierten Wechselstrom
Anzeigeverstii.rker geschehen kann. 

Trotzdem verbleiben auch hier zellenseitig methodische Fehlermoglichkeiten, die 
nur bedingt durch das Anbringen von Korrekturen beriicksichtigt werden konnen 9 •12. 

Eine von uns erprobte neue Methode unter Verwendung kontaktloser Messzellen 
ist zwar frei von diesen Fehlermoglichkeiten. Sie lii.sst sich jedoch aus theoretischen 
Grunden allenfalls bei einer Messfrequenz von 25 Hz bis herab zu Leitfii.higkeiten 
von 10-10 Ohm-1 cm-1 einsetzen. Dagegen hat eine von CRUSE UNO HUBER beschrie
bene und als .,RC-Titration" bezeichnete Methode Aussicht, auch fiir Losungen klei
nerer Leitfii.higkeit mit guter Genauigkeit zur Messung herangezogen zu werden13. 

3· PRAKTISCHE ANWENDUNGSBEISPIELE 

Die spezifische Leitfii.higkeit von Nichtelektrolyten diirfte in vielen Fallen das emp
findlichste Reinheitskriterium iiberhaupt darstellen. Die erheblichen Schwierigkeiten 
jedoch, welche sich der Schaffung von Substanzen definierter .,Leitfii.higkeits-Rein
heit" entgegenstellen, haben bewirkt, dass bei Vergleichen der Leistungsfii.higkeit 
verschiedener Methoden zur Reinheitskontrolle, Leitfii.higkeitsmessungen im all
gemeinen keine Beriicksichtigung gefunden haben. Die genannten Schwierigkeiten 
werden bereits deutlich, wenn man die Angaben verschiedener Bearbeiter iiber die 
Leitfahigkeit ein und derselben Verbindung vergleicht . J e nach der gewii.hlten Reini
gungsmethode, den durch die Herkunft der Probe bedingten Verunreinigungen 
und dem bei der Reinigung betriebenen prii.parativen Aufwand, werden sich 
unterschiedliche Resultate ergeben. Das driickt sich bei neueren Arbeiten beson
ders darin aus, dass mit verbesserten Methoden im allgemeinen immer kleiner wer
dende Werte fiir die spezifische Leitfahigkeit erhalten werden, ohne dass die gegen
wii.rtigen Werte Schliisse zulassen, ob sie tatsii.chlich die echte .,Eigenleitfii.higkeit" 
der fraglichen, absolut reinen Verbindung darstellen. Die bei der Reinigung auf
tretenden Leitfii.higkeitseffekte sind im allgemeinen sehr ausgeprii.gt, sodass die durch 
methodische Schwierigkeiten bedingten Messfehler praktisch bedeutungslos sind. 
Diese Dberlegungen lassen jedoch zugleich erkennen, dass die umfassendsten tabel
larischen Zusammenstellungen der Leitfii.higkeit von Nichtelektrolyten gegenstands
los sind, wenn nicht entweder die Originalarbeit zitiert wird oder aber konkrete 
Angaben iiber Provenienz und Reinigung der Probe, sowie die gewahlte Messtechnik 
gemacht werden14. 
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Sehr stOrend macht sich auch bei der Zusammenstellung von Tabellenwerken das 
unkritische ,Abschreiben" aus bereits vorliegenden Werken bemerkbar. Haufig kann 
ein fehlerhaftes Resultat in verschiedenen Neuausgaben immer wieder angetroffen 
werden. (Vergl. z.B. die spezifische Leitfahigkeit von Benzol, welche sowohl im 
Taschenbuch fiir Chemiker und Physiker von J. D'ANs UND E. LAxa2 als auch im 
H andbuch des Chemikers von B. P. NIKOLSKra1 mit dem vie! zu niedrigen Wert < ro-18 
Ohm-1cm-1 angegeben wird; fiir derartige Faile lassen sich Dutzende von Beispielen 
anfiihren!) . CRUSE hat in jiingster Zeit versucht, kritisch gesichtete Tabellenwerte 
zusammenzustellen14, ohne dass damit allerdings in allen Fallen fehlerhafte Mess
werte vermieden werden konnten. So wird hier z.B. die Eigenleitfahigkeit von Hexan 
nach ,extremer Reinigung" mit ro-19 Ohm-1cm- 1 angegeben1s - ein Wert, der 
schon deshalb gar nicht in Betracht kommen kann, wei! er im Jahre der Veroffent
lichung (1931) weit ausserhalb der damals gegebenen methodischen Moglichkeiten 
gelegen hat . 

Mit derartigen Betrachtungen wird aber zugleich auch die Frage nach dem Sinn 
von Leitfahigkeitsmessungen als Reinheitskriterium iiberhaupt angeschnitten. Diese 
Frage kann positiv in dem Sinne beantwortet werden, dass zunachst einmal aile 
Arbeiten, welche zur echten Eigenleitfahigkeit eines N ichtelektrolyten fiihren, 
strukturelle Riickschliisse zulassen. Des weiteren gibt es viele Faile, wo Leitfahigkeits
messungen zur Untersuchung einer Donator-Akzeptor-Beziehung herangezogen 
werden konnen, wozu dann natiirlich wiederum hochreine Losungsmittel - gekenn
zeichnet durch ihre Eigenleitfahigkeit - erforderlich sind 16. Schliesslich lassen 
Leitfahigkeitsmessungen eine Beurteilung der Leistungsfahigkeit von verschiedenen 
Reinigungsmethoden zu, wobei als Regel gilt, dass der kleinste Leitfahigkeitswert 
auch vom besten Verfahren erreicht wird. 

An Hand einiger willkiirlich ausgewahlter Beispiele soli gezeigt werden, welche 
Fortschritte in den Reinigungsmethoden gemacht und was fiir Korrekturen der bis
herigen Werte fiir die Eigenleitfahigkeit einiger fliissiger Nichtelektrolyte angebracht 
wurden. 

Wasser 

Dieses Losungsmittel hat besonders im Zusammenhang mit den friihen Elektrolyt
forschungen eine sehr griindliche Untersuchung der Reinigungsmethoden erfahren. 
Die damals ganz allgemein iiblichen Destillationsmethoden lieferten ein Wasser 
von einer spezifischen Leitfahigkeit von etwa 5-7·10-8 Ohm-1cm-1, wahrend sich aus 
der Dissoziationskonstanten des Wassers fiir 18° ein Wert von 3.82 · ro-80hm-1cm-1 

berechnet. Im Gegensatz zu den recht aufwendigen Mehrfachdestillationen kann heute 
durch die Anwendung von Ionenaustauschermischbetten ein Wasser von der theo
retischen Leitfahigkeit hergestellt werden17, wie auch neueste, im National Bureau of 
Standards in Washington, U.S.A. durchgefiihrte Untersuchungen gezeigt haben18. 

F luorwasserstof f 

Wasserfreier Fluorwasserstoff fand speziell durch die Arbeiten von ]ANDER als 
wasserahnliches Losungsmittel eine griindliche Untersuchung. Dabei lieferte die 
destillative Reinigung in Edelmetallapparaturen ein Produkt von der Leitfahigkeit 
1.4·ro-s Ohm-1cm-1 bei -15°, wahrend sich aus dem Ionenprodukt der wesentlich 
niedrigere Wert von 7 .0 · ro-6 Ohm-1cm-1 fiir 20° berechnet 20 . Erstunter Verwendung 
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von Apparaturen aus Kel-F (einem hochpolymeren Fluorcarbonderivat) flir samtliche 
Arbeitsgange konnte das Einschleppen von Fluoridspuren so weitgehend ausgeschlos
sen werden, dass hochreiner Fluorwasserstoff mit einer Eigenleitfahigkeit erhalten 
wurde, der in seiner Leitfahigkeit dem berechneten Wert (unter Beriicksichtigung 
der Temperaturabhangigkeit) sehr nahe kommt. Der Gang der Leitfahigkeit von 
verschiedenen Destillatfraktionen zeigt die iibliche Anreicherung von Verunreinigun
gen im Vor- und Nachlauf durch Leitfii.higkeitserhohung an21 . 

TABELLE II 

LEITFAHIGKEITSWERTE VERSCHIEDE NER FRAKTIONEN BEl DER DESTILLATION VON FLUORWASSER

STOFF 

Fraktion Nr. 

I 

2 

3 
4 
5 
6 
7 

41.9 
5-10 

3·07 
2.68 
2 .68 
2.86 
4·32 

Diese Technik der Kontrolle einer Destillation unter stii.ndiger Leitfahigkeitsmes
sung wird auch bei DK-Messungen hii.ufig angewandt. Sie wurde von EBERT als 
,verschii.rfte Siedeanalyse" bezeichnet22·23 ·1o. Im Zusammenhang mit der Bestim
mung von Eigenleitfii.higkeiten hat sie bereits WALDEN als Reinheitskriterium heran
gezogen24 (vergl. Fig. 9). 

Methanol 

Methanol enthalt herstellungsgemii.ss durch die hydrierenden Umsetzungen von 
Kohlenmonoxyd und Wasserstoff infolge einer Sekundarreaktion des Reststickstoffs 
mit Wasserstoff geringe Mengen niederer aliphatischer Amine, welche bewirken, dass 
die Leitfii.higkeit von technischem Methanol bis tiberro-5 Ohm-tcm-1 ansteigen kann. 
Eine Entfernung dieser Amine gelingt leicht durch eine geeignete Behandlung mit 
Ionenaustauschern 25. 

Schwieriger ist dagegen die Entfernung kleiner, durch Autoxydation gebildeter 
Mengen von Formaldehyd, welche zu Ameisensii.ure weiteroxydieren konnen. Am 
ehesten gelingt die Entfernung noch bei einer reduktiven Trocknung des Methanols. 
Wir erprobten dabei Alkalimetall-Amalgame, Aluminium-Amalgam und Calcium
hydrid unter Verwendung einer in Fig. 8 gezeigten Umlauftrocknungs-Apparatur26. 

Calciumhydrid schied bei kritischen Vergleichen durch eine Ammoniakentwicklung 
infolge eines N itridgehaltes a us. Ameinfachsten war Aluminiumamalgam handzuhaben. 

Bei diesen und spii.teren Untersuchungen haben wir als Reinheitskriterium aller
dings nicht die spezifische Leitfii.higkeit, sondern den dielektrischen Verlustfaktor 
tan <5 gemessen. Im Gebiet der sogenannten Leitfahigkeitsverluste konnen beide 
Grossen jedoch leicht ineinander umgerechnet werdent2, wenn die bei der tan <5-
Messung verwendete Kreisfrequenz w = z:n:Jund die DK der Probe bekannt ist . Es 'gilt 

tan /Jew 
(8) "= ----

I. 13. lo-13 
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Der niedrigste von uns erreichte tan 6 des Methanols betrug tan 6 = 82 · ro-4 ftir eine 
Messfrequenz von 7 ·106 Hz, d . h . ftir ein w = 4·39 · ro7sec-1. Mit einer DK e = 33.6 
des Methanols errechnet sich hieraus die spezifische Leitfahigkeit zu " = 1.07 · ro-6 
Ohm-1cm-1 bei 20°* . Im Schrifttum finden sich allerdings auch noch Angaben tiber 
einen niedrigeren Wert von "= 5.8 · ro- 7 Ohm~1 cm- 1 (wobei der Wert in31 often bar 

Fig. 8. Umlaufapparatur zur destillativen Trocknung von Losungsmitteln; I , Schliff zur Beschick
ung; 2, Siedekolben ; J, Kiihler; 4, Vorratsraum des trockenen LOsungsmittels; 5, Trockenkammer 
(Einsetzen von Drahtkorben mit Trockenmittel) ; 6, Abfiillhahn fiir 4; 7, Entliiftungskapillare; 

8 , Schliff zur Messzelle. 

aus3 2 tibernommen wurde) . Andererseits wird in denselben Tabellenwerken ftir 20° 

auch ein Wert von 5.8 · ro-6 Ohm-1cm- 1 genannt. Da eine jede Angabe tiber Pro
venienz oder Reinigungs bzw. Messtechnik fehlt, konnen diese Werte ebenso wenig 
als verlasslich betrachtet werden, wie der extrem niedrige Wert " = z.ro- 9 Ohm- 1 

cm-1 von EVERS UND KNoxaa. . .. 
Bemerkenswert ist in diesem Zusammenhang, dass neuerdings von Herstellern von 

Feinchemikalien (Fa. Merck AG, Darmstadt) in der Praparatenreihe EL ein hoch
reines Methanol EL angeboten wird, dessen Leitfahigkeit" = 1.2 · ro-6 Ohm-1cm- 1 
angegeben wird, ohne dass allerdings Einzelheiten tiber die Reinigungsbedingungen 
bekannt waren. 

Aceton 

Im Gegensatz zu Methanol war Aceton weit haufiger Gegenstand von Leitfahig
keitsmessungen. ]ANDER und Mitarbeiter34 betonen allerdings, dass Methanol weitaus 

• Eine Bestimmung des Wassergehaltes wurde nicht vorgenommen, da die kapazitive Mess
strecke in unserem Fall in die Vorratskugel der in Fig. 8 gezeigten Trockenapparatur eingebaut 
war und das Priiparat somit nicht mit (feuchter) Luft in Beriihrung gebracht wurde. 
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schwerer zu entwii.ssern sei. Das mag fiir die klassischen Trocknungsmittel zutreffen, 
gilt aber nicht mehr fiir adsorptive Methoden der Wasserentfernung. So beschreibt 
WoHLLEBEN 35 die Trocknung von Aceton durch Filtration tiber aktives Aluminium
oxyd. Die Qualitii.t des Oxydes scheint dabei jedoch eine bestimmende Rolle zu spie
len, da nach Arbeiten von EBERT UND LANGHAMMERa6 die ersten Anteile des Filtrates 
erhebliche Mengen von gebildetem Diacetonalkohols enthalten. Ohne Vorbehalt kon
nen dagegen die Linde-Molekularsiebe Typ 4 A und 5 A zur Trocknung von Aceton 
eingesetzt werden, wie unsere diesbeziiglichen Arbeiten zeigten37,38,39. Ein Vergleich 
verschiedener Trocknungsmittel ist in diesem Zusammenhang ebenfalls von Inte
resse4o, wenngleichwirdiese Untersuchungen mit Hilfe dielektrischer Messungen als 
Reinheitskriterium vornahmen. Die DK ist dabei erfahrungsgemii.ss Ieichter konstant 
zu halten und als echter ,Eigenwert" zu betrachten, als die Leitfii.higkeit (wenn 
nicht gerade extreme messtechnische Forderungen gestellt werden, wie das bei der 
Schaffung von Standardfliissigkeiten zutrifft10,41). 

Die nachstehende Dbersicht lii.sst durch die Gegenwart nicht unerheblicher Wasser
mengen im Aceton die bisherigen Trocknungsschwierigkeiten erkennen, die noch 
dadurch betont werden, dass die iibliche Karl-Fischer-Methode zur Wasserbestim
mung in Ketonen nicht herangezogen werden kann. CHARLETT42 gibt deshalb fiir 
Betriebskontrollen zur Wasserbestimmung eine hydrolytische Methode an, bei wel
cher Acetylchlorid durch anwesendes Wasser verseift und als Chlorwasserstoff be
stimmt wird. Auch die neue Wasserbestimmungsmethode von jAHR UND Fucas43 
kann modifiziert zur Bestimmung kleiner Wassermengen in Aceton herangezogen 
werden. 

In den verschiedenen Handbiichern31 ·32 wird wiederum iibereinstimmend fiir 
20° " zu 1.2 · ro-7 Ohm-1cm-1 angegeben. Damit liegt aber" zwischen 5 · ro-1o und 
r.2 · ro-7 Ohm-1 cm-1, d.h. urn knappe 3 Zehnerpotenzen auseinander! Wie kritiklos 
dabei Zahlenwerte in die iiblichen Laborhandbiicher iibernommen werden, lii.sst 
auch gut ein Vergleich der Temperaturabhii.ngigkeit von" erkennen. 

TABELLE III 

VERGLEICH VERSCHIEDENER LEITFAHIGKEITSWERTE VON ACETON BEl 25°34 

Autor l<" 10 8 (Ohm- • cm- 1) Was,.rgeha/t 

44 0 .051-0 . 17 0.34 Gew.% 

45 2 0.34 Gew.% 
46 2.09- 2.J6 0.18 Gew.% 

TABELLEIV 

TEMPERATURABHANGIGKEIT DER SPEZIFISCHEN LEITFAHIGKEIT YON ACETON32 

t o x·Io8(0hm- 1 cm- 1) 

- 15 0.11 

0 6 

!8 2 

20 12 

25 6 
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Mit derartigen Werten ist beim besten Willen nichts anzufangen! Hier bleibt nur 
noch die Moglichkeit offen, die Originalarbeiteneinzusehen, die aber gerade in den 
einschlagigen Handbi.ichern nicht genannt werden. In wie weit i.iberhaupt gegebenen
falls die im Original zu findenden methodischen Angaben eine Abschatzung der Mess
richtigkeit gestatten, ist von Fall zu Fall zu entscheiden. Haufig wird allerdings als 
einziger Ausweg die Notwendigkeit verbleiben, mit modernen Reinigungsmethoden 
unter Zuhilfenahme anderer Reinheitskontrollen die fraglichen Messungen selbst 
nochmals auszufi.ihren. 

Essigsiiureanhydrid 

Hier liegt ein Losungsmittel vor, welches in ji.ingerer Zeit auf Grund seiner ioni
sierenden Wirkung gegeni.iber Elektrolyten mehrfach auf seine Eigenleitfahigkeit 
untersucht wurde. ]ANDER UND SURAWSKI 6 bringen tiber die erhaltenen Messwerte 

TABELLE V 

VERGLEICH DES SIEDEPUNKTES UND DER DK VON ESSIGSAURE UND IHREM ANHYDRID23 

~ 

48 

46 

44 

24 

22 

20 

10 

11 

14 · 

12 

10 

4 

Substanz 

Essigsaure 
Essigsaureanhydrid 

Vorl auf 

Kp (760 mm) DK & (20°) 

I18.! 0 6. IJ 
139-4° 22 .2 

Hauptlauf 

Furfurol 

Acetanhydrid 

Dia1hylaminoiHhanol 

Essigsaure 

3 

Nachlauf ·I 
3 

No, diZr Fraktion 

4 s e 10 11 12 13 

Fig. g. DK-Volumen-Diagramm verscharfter Siedeanalysen ,unter Angabe der Hauptverunrei
nigungen. 
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einen kritischen Vergleich. Als Hauptverunreinigung enthalt Essigsaureanhydrid 
Essigsaure, welche auf Grund ihres niedrigeren Siedepunktes ohne Schwierigkeiten 
mit einer guten Kolonne destillativ abgetrennt werden kann. Dabei benutzten wir 
speziell die DK als Reinheitskriterium, da Anhydrid und Saure recht erhebliche DK
Unterschiede aufweisen. 

Wenn die Destillation nach der Methode der ,verscharften Siedeanalyse" durch
gefiihrt wird, lasst sich mit einer geeigneten Durchfluss-Messzelle direkt der Destil
latstrom messen und somit feststellen, wenn reines Anhydrid iibergeht . Die Kontrolle 
kann unter Aufnahme eines DK-Volumen-Diagrammes nach Fig. 9 auch graphisch 
erfolgen. 

Rein destillativ reinigten auch GUTMANN UND NEDBALEK47, sowie jANDER UND 
SuRAWSKI6 das Anhydrid . Letztere setzen dem Ausgangsmaterial (Fa. Merck, p.a.
Ware, frei von hoheren Homologen) allerdings noch Magnesium- oder Aluminium
spane zu, die mit vorhandener Essigsaure unter Acetatbildung reagieren. Ahnlich 
wirkt sich auch ein Zusatz von Natrium aus48,49. 

Als wahrscheinlichster Wert fiir die spezifische Leitfahigkeit von Essigsaurean
hydrid geben ]ANDER UND SuRAWSKI x = 2.3 ·w-8 Ohm-1cm- 1 an,deraneinemdrei
fach fraktioniertem Praparat gemessen wurde. 

Acetonitril 

Nitrile werden technisch im allgemeinen durch eine katalytische Dehydrierung von 
Ammoniumsalzen der Carbonsauren gewonnen. Als Verunreinigung treten folglich 
noch diese Ammoniumsalze und die intermediar gebildeten Saureamide auf, die beide 
die Eigenleitfahigkeit der Nitrile stark erhOhen. 

Die Reinigung von Acetonitril wird von ELLENDT UND CRUSE50, sowie von RoM
BERG51 nach einer von WALDEN52 angegebenen Methode durch 6-fache Destillation 
tiber Phosphorpentoxyd vorgenommen. Da nach den Beobachtungen von ROMBERG, 
das Destillat stets noch Spuren von Phosphorpentoxyd enthielt, wurden noch zwei 
weitere Destillationen - einmal unter Zusatz frisch gegliihter Pottasche und ein 
zweites Mal ohne jeden Zusatz- angeschlossen. Von den zuletzt genannten Autoren 
erwiihnen besonders ELLENDT UND CRUSE, dass beim s-tagigen Stehen von hochrei
nen Acetonitril mit einer spezifischen Leitfahigkeit x < 2 • ro-8 Ohm-1cm-l in einer 
Glasapparatur unter Luftzutritt die Leitfahigkeit urn das rund ro-fache ansteigt, 
was auf eine Aufnahme von Gasen (?) zuriickgefiihrt wird und durch Spiilen der Zelle 
mit reinem Stickstoff vermieden werden kann. ROMBERG beobachtete in diesem Zu
sammenhang, dass beim Sptilen von Acetonitril mit Stickstoff durch die Gasbeladung 
der (platinierten?) Platinelektroden die Zellenkonstante k beeinflusst wird. Die von 
ihm genannte Leitfahigkeit von Acetonitrilliegt mit ihrem Anfangswert in Dberein
stimmung mit den Angaben von ELLENDT UND CRUSE bei x < 2 ·w-8 Ohm-1 cm-1. 
Nach unseren Erfahrungen diirfte der beobachtete Leitfahigkeitsanstieg jedoch durch 
eine minimale Feuchtigkeitsaufnahme aus der stets auf Glaswanden vorhandenen 
und nur bei Rotglut zu entfernenden adsorbierten Wasserschicht oder auch aus dem 
Stickstoff stammen. 

Dimethylformamid 

Auf die Schwierigkeiten, welche bei der Reinigung von Dimethylformamid auf-
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treten, weisen THOMAS UNO RocHow53 hin . Speziell Protonen-Donatoren beeinflussen 
die Leitfahigkeit von Dimethylformamid stark. Da nun aber gerade bei der Destil
lation bei Normaldruck bereits eine teilweise Zersetzung der Verbindung in Kohlen
monoxyd und Dimethylamin auftritt und letztere Verbindung ein Protonen-Donator 
ist, leuchtet ein, dass eine iibliche Destillation nur ein Produkt von begrenzter Rein
heit liefern kann. Durch saure oder basische Verbindungen wird diese Zersetzung 
katalysiert. 

Nach unseren Beobachtungen54 ist Dimethylformamid gegen Ultraviolett empfind
lich. Als Zersetzungsprodukte treten dabei interessanterweise Dimethylamin und 
Formaldehyd auf, welche miteinander unter Bildung von Dimethylaminomethanol 
reagieren. 

THOMAS UNO RocHow53 vergleichen vier verschiedene Reinigungsmethoden mitein
ander: 

Als Vorreinigung zu allen weiteren Methoden wurde zunachst technisches Dimethyl
formamid (Difo) mit etwa IO Vol.% trockenem Benzol versetzt und durch eine De
stillation bei Normaldruck mit dem Benzol zugleich das Wasser abdestilliert, sodass 
ein ,Benzol-trockenes" Praparat anfiel. 

Methode I . Zu I Liter ,Benzol-trockenem Difo" werden 25 g bei 300-400° getrock
netes Magnesiumsulfat gegeben. Die Mischung kommt 24 Stunden auf eine Schiittel
maschine und wird dann nochmals mit der gleichen Menge Magnesiumsulfat versetzt. 
Anschliessend wird bei einem Druck von IS-20 mm tiber cine I m Kolonne, die mit 
Stahlwendeln gefiillt ist, destilliert und die Mittelfraktion aufgefangen. 

Methode II. Benzol-trockenes Difo wird wiederholt mit gepulvertem Bariumoxyd 
geschiittelt, dekantiert und wie oben destilliert. 

Methode I I I. Nach Methode I bereits gereinigtes Difo wird mit aktiveni Aluminium
oxyd geschiittelt, wobei zu I Liter Difo so g Oxyd gegeben werden. Anschliessend er
folgt erneuter Aluminiumoxyd-Zusatz und Destillation der Mischung bei einem Druck 
von S-IO mm. Die Mittelfraktion wird aufgefangen. 

Methode IV. Nach Methode I gereinigtes Difo wird pro Liter mit IS-20 g Tri
phenylchlorsilan versetzt und 24 Stunden auf I20-l40° erhitzt und anschliessend bei 
5 mm destilliert. 

Nach diesen 4 Methoden gereinigtes Difo wies folgende Leitfahigkeiten auf: 

TABELLE VI 

SPEZIFISCHE LEITFAH1GKEIT VERSCH1EDENER PRAPARATE VON DIMETHYLFORMAM1DS3 (25°) 

Reinigungsmetltode 

I 
II 

III 
IV 

spe:. Leitfiihigkeit 10 7 x(Ohm- 1cm- 1) 

0.9- 1.5 
0.4-1.0 
O.J-0.9 
0.6-1.35 

Der kleinste Wert der spezifischen Leitfahigkeit liegt bei 3 · ro-8 0hm-1 cm-1 und ist 
in der Grossenordnung vergleichbar mit den Wert en anderer Bearbeiter, die 6 · Io- 8 

Ohm-1cm- 1 angebenaa,as. Auch bei anderen Saureamiden wurden Leitfahigkeits
messungen zur Reinheitskontrolle herangezogen, wenngleich bei diesen Arbeiten 
speziell die DK interessiertea7. 

]. Eleclroanal. Chem .• 4 (1962) 129-149 



NICHTELEKTROLYTEN ALS REINHEITSKRITERIUM 

Dimethylsulfoxyd 

Im Zusammenhang mit einer allgemeinen Untersuchung der Eigenschaften von 
Dimethylsulfoxyd als Losungsmittel fur anorganische Verbindungen studierten 
ScHLAFER UND ScHAFFERNICHT64 auch die physikalischen Eigenschaften dieses neuen 
Losungsmittels. 

Die Autoren gingen von technischen Dimethylsulfoxyd (Fa. Union Rheinische 
Braunkohlen Kraftstoff AG, Wesseling) aus, welches neben 0-4% Wasser geringe 
Mengen von Dimethylsulfid und Spuren von Dimethylsulfon enthielt. Die Reinigung 
erfolgte durch sehr sorgfaltige Destillation in einer Stickstoff-geftillten Spezialappa
ratur unter standiger Leitfahigkeitskontrolle, sowie einer diskontinuierlichen Wasser
bestimmung mit Karl- Fischer-Losung. Der Wassergehalt des hochreinen Produktes 
lag dabei ausserhalb der Nachweisbarkeitsgrenze und war kleiner als 4 p.p.m. Die 
Leitfahigkeitsmessungen wurden unter Ausschluss von Luftfeuchtigkeit , in einer 
Inertgasatmosphare in einer temperierbaren Glasmesszelle unter Verwendung einer 
Wechselstrom-Messbrticke vorgenommen. 

Fur 20° ergab sich eine spezifische Leitfahigkeit Y. = 3 · I0 - 8 Ohm- 1 cm- 1 in guter 
Dbereinstimmung mit den Arbeiten von SEARS, LESTER UNO DAwsoN 65. 

Kohlenwasserstojfe 

Die bisher betrachteten Verbindungstyp~n liessen eine Eigendissoziation nach den 
in Abschnitt I angestellten Dberlegungen moglich erscheinen. Ausserdem lag die DK 
in den meisten Fallen so hoch, dass ionogene Verunreinigungen noch in einem gewis
sen Umfang dissoziieren konnten. Beide Moglichkeiten entfallen bei den aliphatischen 
Kohlenwasserstoffen. Hier- wie auch bei den Aromaten - liegt die DK zwischen 
2 und 3, d.h. so niedrig, dass auf evtl. vorhandene ionogene Verunreinigungen (soweit 
sich diese tiberhaupt losen!) keine dissoziierende Wirkung ausgetibt wird. Eine 
Eigenleitfahigkeit ware allenfalls bei den Aromaten unter Beteiligung der n-Elek
tronen zu erwarten, ein Effekt, der allerdings erst bei hoheren kondensierten Systemen 
zu beobachten ist . Mit Elektronen-Akzeptoren konnen leitfahigkeitserhohende Wech
selwirkungen auftreten, ohne dass nach den Untersuchungen von Strohmeier16 in der 
Leitfahigkeit derartige Einfltisse zu erkennen waren. Im Dipolmoment, bzw. anderen 
dielektrischen Grossen treten sie dagegen ausgepragt auf5B,59,60,6I. Von allen bisher 
untersuchten Substanzen weisen Kohlenwasserstoffe zu erwartender Weise die 
kleinste Leitfahigkeit auf. Damit werden jedoch auch die methodischen Schwierig
keiten hier am grossten sein, denn der Eigenwiderstand der Messzelle (vergl. Gl. (3)) 
wird so gut wie immer in der gleichen Grossenordnung wie der Widerstand der mit 
der Probe geftillten Messzelle liegen. Der Eigenwiderstand der Messzelle wird bei 
Verwendung hochwertiger lsolatoren (meist eine Kombination von Isolierkeramik 
und Teflon) zum guten Teil durch eine Oberflachenleitfahigkeit zwischen den beiden 
Elektroden der Messzelle tiber die sttitzende und trennende Isolation hinweg ausge
lost. Durch die Verwendung von Schutzring-Messzellen nach Fig. 10 kann dieser 
Kriechstromweg vermieden werden, ohne dass allerdings die meisten handelstiblichen 
Tero-Ohm-Meter den Anschluss solcher Messzellen zulassen9,62 . 

Eine weitere Fehlermoglichkeit ergibt sich dadurch, dass der Widerstand der mit der 
Probe geftillten Messzelle bereits mit dem Eingangswiderstand des Anzeigeverstarkers 
(Wechselspannungsverstarker oder Rohrenvoltmeter) vergleichbar wird. Auchmangel
hafte Abschirmung der Messzelle (Glasmesszelle!) ftihrt zu betrachtlichen Messfehlern. 
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Bereits bei der kritischen Besprechung der bisher betrachteten Substanzen mussten 
erhebliche Unsicherheiten in der Bewertung der Messergebnisse verschiedener Auto
ren festgestellt werden. Das trifft hier noch vie! ausgepragter zu. So wurde bereits im 
Abschnitt 3 auf die mit x ro- 19 Ohm- 1cm-1 angegebenen und infolge der fehlenden 

Filllstutzen 

Anschluss 

s 

Fig. 10. Schematisierter Aufbau einer Schutzring-Messzelle fiir Fliissigkeiten (Fa. W.T.W., 
WeilheimfObb.). M, geschiitzte Elektrode; S, oberer und unterer Schutzring. 

experimentellen Voraussetzungen gewiss stark fehlerhaften Leithaftigkeit hinge
wiesen. Die Regel, dass von allen gewahlten Reinigungsmethoden jene, welche die 
kleinste Leitfahigkeit liefert, auch die beste ist, gilt hier nicht mehr1s. Eine ahnliche 
Einschrankung ergibt sich fi.ir die Untersuchungen von STROHMEIER6, welcher zwar 
die Reinigung sehr sorgfaltig betrieb, aile Messungen jedoch in einer Glasapparatur 
vomahm und fi.irn-Heptan bei 20°, x=6.6· I0-14 Ohm-1cm- 1, fi.ir Benzolx=J.8 · I0-14 
Ohm- 1 cm-1 fand . 

Es kann i.iber die Leitfahigkeit von Kohlenwasserstoffen damit gegenwartignursoviel 
gesagt werden, dass ihre spezifische Leitfahigkeit wohl kleiner als ro-14 Ohm-1cm-1 

sein wird . Die Reinigungsmethoden spielen dabei eine verhaltnismassig unterge
ordnete Rolle, sofern die Proben bestmoglich getrocknet werden. Indirekte Aussagen 
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tiber die LeitHihigkeit von Kohlenwasserstoffen macht GurzoNNIERaa, welcher 
spezieli den Elektrodeneinfluss und den Zeitfaktor im Zusammenhang mit den 
nach Anlegen bestimmter Messpannungen fliessenden Stromen untersucht. Auch aus 
diesen Messungen gehen die methodischen Schwierigkeiten iiberzeugend hervor. 

4· SCHLUSSBETRACHTUNGEN 

In den vorangegangenen Abschnitten wurden die Schwierigkeiten, welche bei der 
Reinigung und der Leitfahigkeitsmessung von fliissigen Nichtelektrolyten auftreten, 
naher beschrieben. Zugleich ist an Hand willkiirlich ausgewahlter Einzelbeispiele 
die sehr unterschiedliche Verlasslichkeit und Messrichtigkeit der von verschiedenen 
Bearbeitern angegebenen Werte diskutiert worden. Nachstehend soli noch einmal 
kurz zusammengefasst werden, welche Forderungen bei der Messtechnik selbst zu 
erfiillen sind: 

4.I lkfessgerate 

lkfessungen mit Gleichspannung. Die Messpannung UM soli mindestens roo V 
betragen und ausserdem zu variieren sein (etwa von roo-rooo V). Der Eingangswider
stand des Anzeigeverstarkers soli so gross wie moglich sein . Durch die Verwendung 
von Spezial-Elektrometerrohren sind z.B. bei der Spannungsteilerschaltung Ein
gangswiderstande bis zu rol4 Ohm zu erreichen. Modulierte Gleichstromverstarker 
liegen im Eingangswiderstand etwa urn eine Zehnerpotenz niedriger und sind we niger 
geeignet. 

Da der Messwert einen zu den Schwankungen der Messpannung U M direkt pro
portionalen Fehler enthalt, ist durch Stabilisierungsmittel fur grosstmogliche Kon
stanz von U M zu sorgen. 

lkfessungen mit Wechselstrom. Die Messpannung UM braucht im Gegensatz zu den 
Gleichspannungs-Messungen nur wenige Volt zu betragen. Dagegen ist die Mess
frequenz f moglichst niedrig zu wahlen, urn Fehlereinfliisse von als Shuntkreis auf
tretenden Blindwiderstanden auszuschalten (vergl. Gl. (4) und (5)) . Bei direkt an
zeigenden Geraten (Ausschlagsmethode) muss der Anzeigeverstarkerphasenempfind
lich sein. Beide Gerategruppen solien zweckmassigerweise fiir den Anschluss von 
Schutzringmesszellen eingerichtet sein. 

4.2 1kf esszellen 

Aus Grunden der elektrischen Abschirmung (Streufeld) und der besseren Mog
lichkeit zur Temperierung ist Metallzellen der Vorzug zu geben. Die Isolation soli 
mit oberflachenglasierter Isolierkeramik unter Einbezug von Dichtungsringen aus 
Teflon erfolgen. Die an sich denkbare reine Teflonisolation scheitert an der - be
sanders bei hoheren Temperaturen storenden- Plastizitat des Materials. Es ist von 
Vorteil, wenn die Zelle zur Reinigung zerlegt werden kann. 

Fur den Bau des Zellenkorpers geniigt V 4A-Stahl hohen Korrosionsanspriichen. 
Haufig wird auch mit vernickeltem oder verchromten Messing auszukommen sein. 
Die Elektrodenoberflachen werden nicht platiniert . 

Schutzring-Messzellen ist gegeniiber ungeschiitzten Bauformen stets der Vorzug zu 
geben. 

Der Eigenwiderstand Rz der Messzelie wird empfindlich durch Verunreinigung der 
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Isolierelemente beeinflusst. Er ist des ofteren zu kontrollieren. Rz wird hiiufig durch 
Wasserfilme verfiilscht. Nach jeder Messreihe wird die Messzelle deshalb nach sorg
fiiltiger Reinigung bei etwa 200° (Hartlotung!) getrocknet und in einem Exsiccator 
aufbewahrt. 

Zur Berechnung der auf die Probe wirkenden Feldstiirke ~ ist bei den Messwerten 
zweckmiissigerweise der Elektrodenabstand d und die Messpannung U M anzu
geben. 

4·3 Reinigung der Probe 

Stets ist die Provenienz zu nennen. Sehr angebracht ist es, unter Zuhilfenahme 
moderner Analysenmethoden (Absorptionsspektrographie im Ultrarot und Ultra
violett, Gas-Chromatographie, kolorimetrische Methoden zur Bestimmung funktio
neller Gruppen) vor Beginn der Reinigungsoperationen zu bestimmen, welche Verun
reinigungen anwesend sind. Die gewahlte Reinigungsmethode ist moglichst genau zu 
beschreiben. Der Erfolg der Reinigung ist unter Heranziehen von Hilfsmethoden 
(siehe oben) zu kontrollieren. 

Bei der Angabe der spezifischen Leitfahigkeit ist neben einer kurzen abereindeutigen 
Beschreibung des Geriites und der Messzelle Wert auf die Angabe folgender Grossen 
zu legen : Temperatur der Probe, Zellenkonstante k, Elektrodenabstand d, Messpan
nung UM (bei Wechselspannungs-Messungen auch Nennung der Messfrequenz). 

Nur bei Kenntnis dieser Angaben kann die Richtigkeit der Ergebnisse verschiede
ner Bearbeiter kritisch beurteilt werden. 
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INTRODUCTION 

During the last few years we have investigated the use of lead tetraacetate as a 
volumetric agent for the oxidation of inorganicl- 5 and organic6- 9 systems. Lead 
tetraacetate is a strong oxidizing agent, the redox potential of which has been meas
ured in non-aqueous media by ToMfCEK AND VALCHAlo. These authors state that 
the value of the redox potential in glacial acetic acid, in the presence of alkaline 
acetate is, at the most, 1.32 V, and in the presence of perchloric acid 1.44 V. For the 
normal redox potential of the system Pb4+jPb2+ the values 1.7 V and 1.75 V are 
given, respectively11,12. Since, unlike previous authors, we have found lead tetra
acetate suitable for direct as well as indirect titrations in aqueous media, either 
containing mineral acids or suitably buffered, we give in the present communication 
its measured formal redox potentials in those media in which, according to our ex
perience, the oxidations are best carried out. For the oxidation of inorganic systems 
this is a medium of hydrochloric acid, and for organic systems a medium of dilute 
acetic acid, possibly with addition of potassium acetate. 

EXPERIMENTAL 
Reagents 

A o.r N lead tetraacetate solution in glacial acetic acid free of divalent lead ions 
was prepared by reaction of the minimum amount of Pba04 with glacial acetic acid, 
as already described2. Solutions of lower molarity were prepared by accurate dilution. 
The strength of the solutions was determined by titration with a standard hydrazine 
sulphate solutionl or with monovalent thalliuma. The other solutions used were 
prepared from substances marked as AR (Lachema, Merck) . 

Apparatus 

The potentials were measured with an electronic pH-Meter Acidimetr EK 21 

(Kovodruzba, Prague) with a platinum indicating and a saturated calomel reference 
electrode. All potential values mentioned are calculated for the standard hydrogen 
electrode. 
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RESULTS 

We have measured the formal redox potential either from the course of the potentio
metric titration curve of a suitable system, taking the potential value at double 
the reagent consumption needed for equivalence, or by measuring the potential of 
an equimolar mixture of the oxidised and reduced forms of the system studied. The 
values given in the figures are averages of multiple measurements. 

The formal redox potential of Pb4+fPb2+ in hydrochloric acid medium 

Both the above-mentioned methods of measurement were complicated by the rapid 
hydrolysis of tetravalent lead, which in hydrochloric acid medium does not interfere 
in the titration, but which rapidly becomes evident at double excess of the reagent 
against the titrated system. 

It has, however, been found possible to measure the formal redox potential from 
the titration curve, whereas after preparation of the equimolar mixture of Pb(IV)
and Pb(II)-acetate hydrolysis started before it was possible to carry out the measure
ment. 

mV 

1400 

---
2 3 4 5 C5 N HCI 

Fig. 1. Dependence of the formal redox potential of the system Pb<+fPb 2 + on HCI concentration. 

We have measured the formal redox potential of the system Pb4+/Pb2+ from titra
tion curves of bivalent iron and trivalent arsenic in a medium of 0.03-4 N HCI. It 
was impossible to carry out the measurements in more dilute hydrochloric acid solu
tions, because practically immediately on reaching the equivalence-point the tetra
valent lead hydrolysed. In solutions more concentrated than 4 N HCl, chlorine was 
liberated relatively rapidly from the hydrochloric acid by an excess of the reagent, 
influencing the potential of the indicating electrode. 

In practice we proceeded in such a way that we titrated 3-5 mg As3+ or II mg Fe 2+ 
in so ml volume in a medium of 0.03-4 N HCl against a 0.1 N lead tetraacetate solu
tion , free of Pb2+ ions. At the equivalence-point we added the necessary excess of the 
reagent at once, and immediately on stabilisation of the potential we measured its 
value. The dependence of the formal redox potential values on hydrochloric acid 
concentration are given in Fig. 1. It can be seen that the formal redox potential values 
decrease with increasing hydrochloric acid concentration. In order to verify whether 
the dependence mentioned is caused only by the acidity of the solution, or is also 
influenced by the character of the acid, we have carried out the measurement of the 
formal redox potential value also in a medium of 1.1-5.8 N HCl04. 
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The formal redox potential of Pb4+fPb 2+ in perchloric acid medium 

It has been found possible to measure directly the potential of an equimolar 
mixture of Pb(IV)- and Pb(II)-acetate in perchloric acid medium. The measured 
values, which are given in Table I, have been obtained by measuring the e.m.f. of 
the cell Pt electrode-S.C.E. in so ml of a solution containing I ml o.os M PbAc2 
and I ml o.os M PbAc4. The potential values were always read directly on stabilisa
tion of the potential of the indicating electrode after addition of lead tetraacetate. 

It can be seen from Table I, that in contrast to the hydrochloric acid medium, the 

TABLE I 

THE FORMAL R EDOX POT ENTIAL O F THE SYSTEM PbHfPb2+ I N PERCHLORIC ACID MED I UM 

HCIO, (N) 

I. I 

I. I 

2.J 
3·4 
5·8 
5.8 

F ormal potmtial (mV vs. S. H.E.) 

166o 
1650 
1670 
166o 
1700 
168o 

formal redox potential value changes only little in solutions acidified by perchloric 
acid, but in comparison with the hydrochloric acid medium the potentials are more 
than 300 mV higher, and approach the value of the normal redox potential of the 
system Pb4+fPb2+. 

This observation permits us to assume that it will be possible to use perchloric 
acid as a medium for the oxidation of some systems by lead tetraacetate, which are 
not satisfactorily oxidised in hydrochloric or sulphuric acid media. 

The energetic oxidising effect of lead tetraacetate in perchloric acid medium is also 
shown by our observation that, in a medium of I N perchloric acid, tervalent ruthe
nium is oxidised to Ru04, even though the formal potential of the system Ru4+fRu04 
in this medium is 1.4 V13. 

The formal redox potential of Pb4+fPb2+ in acetic acid medium 

We have first measured the values of the formal redox potential Pb4+/Pb2+ in 
media of 3o-roo% acetic acid, the concentration of Pb(IV)-acetate and Pb(II)-acetate 
being o.oi M. In solutions of lower acetic acid concentration than 30%, the Pb(IV)
salt hydrolysed rapidly. In solutions of so-go% acetic acid stabilisation of the poten
tial of the indicating electrode was slow (about 3 min) . The results of the measurements 
are given in Figs. 2 and 3, curves (a). In the same way the dependence of the formal 
redox potential of the system studied on acetic acid concentration was also studied 
in the presence of 0.4 M potassium acetate (see Fig. 2, curve (b)). The latter medium 
has been found to be especially useful for the oxidation of a number of organic sub
stances9. 

We have further investigated the dependence of the fozmal redox potential values 
(in solutions of varying acetic acid concentration) on the concentration of Pb(IV) and 
Pb(II) ions. In our experiments the concentrations of Pb2+, equal to the concentration 
of Pb4+, were Io-2, 2 · Io- 3, 2.s · ro-4 and Io-4 M, respectively. With decreasing con-
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centration of Pb2+ and Pb4+ it was found possible to carry out the measurement also 
in solutions containing less than 30% acetic acid. In solutions containing 30-90% 
acetic acid stabilisation of the potential was again slow. Results of the measurements 
are given in Fig. 3· 

The slow stabilisation of the potential and its dependence on the concentration of 
Pb4+ and Pb2+ ions, clearly to be seen in Fig. 3, have led us to the conclusion that in 

mV 

1500 

,UU\ ___ _,_ ___ _._ ___ ...._ ___ ..._ __ __, 
0 20 40 60 80 100'/. HAc 

Fig. 2 . Dependence of the formal redox potential of the system Pb4+fPb2+ on acetic acid concen
tration. 
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1400 c 
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1200 

1100 
0 20 40 60 80 100'/.HAc 

Fig. 3· Dependence of the formal redox potential of the system Pb4+fPb2+ on acetic acid concen
tration with varying concentrations of the system studied in the solution. The PbH and Pb2+ 

concentrations are: (a) ro - 2 M; (b) 2 · 10 - a M; (c) 2.5 · 10-• M ; (d) 10-• M . 

diluting the acetic acid various complexes of lead tetraacetate and water are formed. 
This assumption has already been proposed by CRIEGEE AND B0cHNER14, who explain 
the stronger oxidising effect of lead tetraacetate in water-containing solutions by the 
formation of the compound PbAcz(OH)2, which has a stronger oxidising effect than 
"real" PbAc4. We believe that the dependence of the formal redox potential on the 
Pb4+ and Pb2+ concentration in the solution is caused by the slow formation of com
plexes of lead tetraacetate with water in very dilute Pb4+ ion solutions, whereas in 
the more concentrated solutions equilibrium is reached relatively rapidly. 
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This assumption is further proved by the following experiment. The formal redox 
potential of the system was measured in solutions of 5-100% acetic acid containing 
Pb4+ and Pb2+ ions at the concentrations of 2.5 · I0-4 M immediately after mixing 
the solutions (Fig. 4, curve(a)),afterstanding for 45 min (curve(b))andafter6h(curve 
(c)). It can be seen from Fig. 4, that equilibrium is established in the solution very 
slowly. 

mV 

1500 

1400 

1300 

1200 

110QL_ __ __L ___ .J...._ __ ~----~----' 

0 20 40 60 60 100•1. HAc 

Fig. 4· Dependence of the formal redox potential o f the system PbH fPb 2 + on time: PbH and Pb 2 + 
ion concentrations are 2.5 · ro - 4 M; measured after (a) 5 min; (b) 45 min; and (c) 6 h . 

From the measurements carried out in acetic acid media the following conclusions 
have been drawn. The value of the formal redox potential of the system studied in 
solutions containing less than 30% acetic acid is about 1450 m V. In solutions also 
containing 0-4 M potassium acetate the value of the formal redox potential is always 
about 100 mV lower, irrespective of the acetic acid concentration. The value of the 
formal redox potential depends on the concentration of acetic acid and of Pb4+ and 
Pb2+ ions in the solution, and varies with time, this probably being due to the forma
tion of complexes of lead tetraacetate with water. 

Even though the problem studied deserves further detailed investigation, the results 
obtained in the present work are of value also from a practical point of view. For the 
direct titration of inorganic systems, the observation that the formal redox potential 
of. Pb4+fPb2+ is much higher in perchloric acid than in hydrochloric acid is especially 
ithportant . The observed dependence of the redox potential values on the concentra
tion of acetic acid and on the concentration of the oxidising agent will facilitate the 
choice of suitable reaction conditions for the indirect determination of some organic 
substances, especially when using volumetric solutions of lower molarity. 

SUMMARY 

The values of the formal redox potential of the system Pb4+fPb2+ have been measured 
in media of hydrochloric acid, perchloric acid and acetic acid (also with the addition 
of potassium acetate). The dependence of the formal redox potential value on the 
concentration of the acids mentioned, on the concentrations of the Pb4+ and Pb2+ 

ions in the solution, and on time, has been investigated. 
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INTRODUCTION 

Up to the present time a clear picture of the contribution of the various ions to the 
passage of current through a diffusion layer being formed near the electrode is lacking 
except for the fairly uncomplicated cases in which forced convection is applied 
during electrolysis1, and yet this problem is undoubtedly of importance for our 
understanding of polarography. However, it is not possible to give a perfectly 
exact derivation relating to a growing mercury drop. In view of this the relation will 
be examined for a flat electrode, which may be conceived to be the ending of a hori
zontal tube. Account will be taken neither of convection nor of the fact that the diffu
sion coefficient may also depend upon the concentration. In this connection it may 
be observed that in the first calculations of the intensity of the diffusion current the 
starting-point was also the behaviour at a flat electrode2. Indeed, the said restrictions 
do not prevent the conclusions which may be drawn from the following calculations 
from also being valuable for the case of the growing mercury drop. In particular this 
will be the case with the equation, to be derived immediately from the calculations, 
for the proportion between the limiting currents in the presence and in the absence 
of supporting electrolyte. 

By way of illustration we shall consider the electrolysis of a solution of zinc chloride 
in the presence of a large excess of lithium chloride as well as in the absence of such 
an addition. This instance has been chosen deliberately to prevent the possibility of 
certain lines approximately coinciding during the later construction of Figs. 2 and 3· 
Moreover, thediffusioncoefficients of Zn2+, Li+ and Cl- can be represented approxi
mately by round figures, viz. 1/4-I0-5, 1f3·ro-5, and 2/a·IO-s cm2 sec-1 respectively, 
which leads to a simplification of the calculations. 

In the following discussion we imagine the process to be carried out in such a way 
that the concentration of the zinc ion at the electrode is negligible as compared with 
that in the body of the solution (limiting current) . 

LIST OF SYMBOLS USED 

A surface of the cross-section; 
B constant (eqns. 19 and 20); 
C concentration; 
D diffusion constant; 
E potential; 
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Fy Faraday constant; 
K force; 
N number of particles; 
R gas constant; 
T degrees Kelvin; 
V proportion between limiting currents; 
h hydrodynamical mobility; 
i = 1,2,3 components, respectively Zn 2 +, Li+ and CI-; 
j current density; 
ti total current density ; 
mi migration component; 
aj diffusion component; 
n valency; 

time; 
u velocity; 
x distance from electrode surface; 
p, electrochemical potential. 

METAL DEPOSITION IN THE PRESENCE OF SUPPORTING ELECTROLYTE 

We shall start from the fact that the velocity u of a particle in a solution is propor
tional to the force K exerted upon ita, which is expressed in the equation: 

(r) 

The force K, is to be regarded as the negative gradient of the electrochemical potential 
p,,, accordingly: 

~p., ~InC, ~E 
Kc = -- = -RT -- -n 1Fy -

~X ~X ~X 
(2) 

The number of particles passing through a given cross-section A, situated at a 
distance x, to the right of the electrode, may be represented by: 

'[dN,] dt = Au,c, (J) 

The combination of eqns. I, 2 and 3leads to 

'[dNc] (~C, n,Fy ~E) - =-A De-+ --Cc-
dt ~X RT ~X 

since the diffusion coefficient D is equal to hRT. At a distance x + Llx from the 
electrode, the passage through a surface of equal area is: 

u~r[dN,] {(~c, ~·c, ) n,Fy ( ~c, )(~E ~·E )} - = - AD, -+-- Ax + -- c, +-Ax -+-Ax 
dt ~x ~x• RT ~x ~x ~x2 

(5) 

The change of the concentration in the disc of liquid with a thickness Llx can then 
be calculated as the difference between eqns. 4 and 5, divided by the volume of the 
disc. This leads to the following differential equation: 

~C, ~·c, n 1Fy ~C, ~E n 1Fy ~ 2E 
- = D, -- + --D,-- + --D,Cc
M ~x 2 RT ~x ~x RT ;')x• 

(6) 
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The presence of a large excess of supporting electrolyte makes the solution suffi
ciently conductive, so that because of the small value of ~Ef~x the second term from 
the right-hand member of eqn. 6 may be neglected (in the absence of an indifferent 
electrolyte, on the other hand, this term is important) . 

The third term may only be neglected for the zinc ion, because the concentration 
of the latter is about one hundredth of that of the lithium and the chloride ion, 
while the difference between the other quantities is only small. 

By these simplifications we finally get the following three differential equations: 

~c. ~ · c. 
- = D•--
~~ ~x• 

~c. ~ · c. Fy ~·E 
- =Do-- + - DoC• -
M ~x• RT ~x • 

~Ca ~ 2 Ca Fy ~·E 
- = Da-- --DaCa -
~1 <lx2 RT ~x 2 

The solution of eqn. 7 is known from the polarographic literature4 ; it is 

(?) 

(8) 

(9) 

(10) 

From eqns. 8 and 9 the quantity ~ 2Ef~x2 can be eliminated. This leads to the following 
equation: 

(II) 

We now introduce the relation for electroneutrality: 

(12) 

In consequence of this, eqn. II is transformed into: 

Through the use of eqn. 7 and neglecting C 1 as compared with C 2, eqn. 13 may be reduced 
to: 

This still contains the differential quotient ~C1{~t, which can be calculated by 
differentiating eqn. IO tot. We then find: 
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Introduction of (rS) into (14) finally yields the desired differential equation for C2 

as a function of x and t : 

(r6) 

The corresponding equation for Ca has the same form: 

The solution of these differential equations, subject to the initial and boundary 
conditions holding good for this problem -viz. X> o, t = o: c2 = *C2 and Ca = *Ca; 
X= 0, 0 < t < ~ : c2 = Ca = °C2,3 (constant) - may be obtained with the aid of 
Laplace transformations. The result, obtained through the courtesy of the Institute 
for Applied Mathematics, is as follows: 

2 J~4Dt 1 2 J~..-;;;t 1 

C2,3 = °C2,3- (°C2,3- *C2,3- B2,o) 
1
_ e-P dp- B•·•v- e-• dp (r8) 

1 n o n o 

Into this, the following abbreviations have been introduced : 

D2 Do- D, 
B. = 2 ------ •c, 

D - D, D2+ Do 

Do D,-D2 
Bo = 2 --- - -- •c, 

D-D, D2+Do 

D2Do 
D = 2 --

D. + Do 

(rg) 

(2o) 

(2I) 

Now the value of the constant °C2,a still has to be determined. Because Li+ as well 
as Cl- does not react at the electrode, the rate of supply there is equal to zero; in 
mathematical terms: 

and (22) 

By making use of eqn. 4 we get: 

o [~C2] =-oc. Fyo[~E] 
~X RT ~X 

(23) 

and 
0

[~C3] = 0C
3 

Fy o [~E] 
~X RT ~X 

Because °C2 = °Ca, eqns. 23 and 24 yield the relation: 

(25) 
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By differentiation of eqn. 12 we get: 

(26) 

Combination of (25) and (26) gives: 

By making use of eqn. 27 together with eqns. 10 and 18, we find the concentration of 
the supporting electrolyte at the electrode: 

(28) 

The full lines of Fig. I indicate the course of the concentrations of the three ions in 
the diffusion layer. The time is fixed at one second (this also applies to Figs. 2 and 3), 
because the calculations then become much simpler. 

c/'t, j 

101 

2 

100+-----~~---------------------

2+-----------~~~---------------, .......... 
~~, .... 

2.5 5 7.5 10 

Fig. 1. Relative concentration as function of the distance from the electrode, one second after 
the beginning of electrolysis: r, Zn2+; 2, Li+; J, Cl- in the presence of supporting electrolyte; 

r' , Zn 2 +; 3' , Cl- in the absence of supporting electrolyte. 

In the polarographic literature mention is made5 only once, and then only qualitativ
ely, of this course of the concentrations. 

KIMBALL AND GLASSNER& gave a solution of a polarographically less interesting 
example, which they moroever obtained by numerical integration. 

It is now possible to consider the passage of the current through the diffusion 
layer more closely. 
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As results from eqn. 4, the passage by diffusion may be represented by: 

(l9) 

(in this expression the minus sign has been omitted because the cathodic current is 
regarded as positive in polarography) . The differential quotient (JCI/(Jx is obtained by 
differentiation of eqn. 10, (JC2/(Jx and (JCa/(Jx by differentiation of eqn. 18. 

The total current density ej, which is obviously independent of x, is coupled with 
the deposition of the zinc ions supplied to the surface of the electrode. It may be 
assumed that in view of its relatively low concentration, the migration of the zinc 
ion makes no appreciable contribution. 

. o . o . 
0 

[ ~c '] •1 = ]1 = •/1 = D, ~ "' Fy 

The total part of the current density which is due to migration may be represented 
by: 

. . ~· . 
m] = l]- -• ]i (31) 

Practically only the ions of the supporting electrolyte contribute to the migration, 
so that: 

(32) 

-15 

Fig. 2. Relative contributions to the electrolysis current as function of the distance from the 
electrode when supporting electrolyte is present . 
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As can be inferred from eqn. 4. the following also holds good: 

or, in view of the relatively small difference between C2 and C3 : 

mi2 : mia = D, : Da (33) 

Combination of (32) and (33) gives us the values for mj2 and mja. 
It has been shown above how the quantities ej, aj1, aj2, aja, aj, mj, mj2, and mja can 

be calculated. In Fig. 2 each of these has been plotted as a function of the distance 
from the electrode, by which means the complicated joint action of the various forces 
on the ions present in the diffusion layer is illustrated in a clear and convenient way. 

METAL DEPOSITION IN THE ABSENCE OF SUPPORTING ELECTROLYTE 

The absence of supporting electrolyte simplifies the problem considerably. The 
starting-point is eqn. 6; it is not possible to neglect any terms in this. We shall 
replace i by I and 3 in eqn. 6 : 

~Ca ~'Ca naFy ~Ca ~E naFy ~ 2 E 
- = Da - -- - - Da- ---- DaCa -
M ~x 2 RT ~x ~x RT ~x 2 

The equation for electroneutrality now becomes: 

If we introduce eqn. 36 into 35, we find: 

n, ~c, n, ~·c, n, Fy ~c, ~E n, Fy ~·E 
--=- Da - ----Da--- - - DaC, 
na ~~ ns ~x 2 RT ~x ~x RT ~x 2 

(34) 

(35) 

(37) 

Multiplication of eqn. 37 by D1 and of eqn. 34 by Da, followed by summation, gives 
rise to the elimination of the terms with 'ilE/'ilx and 'il 2Ef'ilx2 : 

or 
(

n, ) ~c. (»' ) ~·c, - D, + Da - = - + 1 D, Da --
»a M na ~x 2 

~c. 

~~ 

n, + na ~·c, 
----- D,Da - -
n,D, + naDa ~x 2 

In eqn. 38 the coefficient of (l2C1j(lx2 represents the diffusion constant of the salt: 

(39) 

The solution of eqn. 38 is known from polarography: 

2 ffw,t • 
C1 = •c,- e-P dp 

(7io 
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The functions for C1 and Ca are indicated by dotted lines in Fig. r. 
The current density due to the diffusion of the zinc ion follows again from eqn. 4: 

For the anion we have : 

*Cl 
•ia = - n 1 FyD3 -,=c-r' t• u, t 

VnD,t 

The total current density ej is determined by the sum of the migration part and the 
diffusion part of the cation at the surface of the electrode, i.e.: 

ti = ;.;. + ;. j. (43) 

~j1 is known from eqn. 41 ; ri'.j1 is derived from eqn. 4: 

If we realize that at the cathode no electrochemical reaction of the anion takes 
place, we may write 0 ja = o or, subject to eqns. 4 and 36: 

~ 
0

[~C 1] = 0C
1 

n 1 Fy o [~E] 
n a ~x RT ~x 

(45) 

Substitution of (45) in (44) gives: 

If we now compare ,;:j1 and ~j1 (see eqn. 41), it appears that : 

til 
mh =- ah (47) 

1la 

By replacing ri'.j1 from eqn. 43 by eqn. 47, we find: 

( 

t11) t11 •c1 
,j = I + - ~h = (11 1 + na) - F y D1 

1
_ 

na tla 1 n D,I 

From the relation: 

d = ah + aia + mh + mia (49) 

together with the eqns. 41 and 42, it follows that we are now able to calculate mj1 and 
mja for any value of x, because the ratio between these terms is also known, viz. : 
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Fig. 3 shows how the passage of the current through the diffusion layer is constituted 
in this case. 

1.5 

0.5 

-05 

-1 

10-
1o3x 

Fig. 3· Relative contributions to the electrolysis current as function of the distance from the 
electrode when no supporting electrolyte is added . 

INFLUENCE OF THE SUPPORTING ELECTROLYTE ON THE VALUE OF THE LIMITING 

CURRENT 

From what precedes it can be inferred at once how much the limiting current is in
creased when the supporting electrolyte is omitted. Division of eqn. 48 by eqn. 30 
yields this ratio V: 

V = (nt + na) v Dt 
ns D, 

or, after introduction of eqn. 39: 

Vnt + ns n,D, + naDa 
v- --

- na naDa 

The equation due to ILKOVIt2, written in our nomenclature is: 

It is thus not correct. 

(51) 

(52) 

KoLTHOFF AND LINGANE7 made an amendment; their result is perfectly identical 
with eqn. 52. This is also the case with the relation derived by MAcGILLAVRY8, 
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provided it is assumed that the diffusion coefficient D1 and the dropping time are not 
affected by the addition of supporting electrolyte. 

In addition to this it may be useful to remark that in the absence of supporting 
electrolyte the well-known equation of continuity9: 

0 [~Coz] : 0 [~Cn] 
Doz ~ = Dn ~ 

should be replaced on account of eqn. 48 by: 

noz + na Doz 
0

[~C ox] = DR o [~C R] 
na ~x ~x 

whilst TllCox/llx] is equal to *Cox/VnD,t instead of to *Cox/VnDoxt. 
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SUMMARY 

In the above pages, a derivation has been given for the course of the concentration in 
a diffusion layer, which holds good for a flat electrode, with the exclusion of convec
tion. Furthermore the transfer of the ions can be illustrated graphically, in the 
presence as well as in the absence of supporting electrolyte. 
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(Received October 5th, 1961) 

INTRODUCTION 

The effect of the double layer structure on the kinetics of electrochemical processes 
was first noted by FRUMKIN in developing the theory of slow discharge and hydrogen 
overvoltage1·2. Later on FRUMKIN's concepts were successfully applied by himself and 
his co-workers for explaining phenomena occurring in the electro-chemical reduction 
of oxygen a, anions4- 9, and a number of other electrode processes. The ideas of FRUM
KIN are now widely known (see, e.g. , refs.1o-12}; a number of works have appeared 
concerned with the effect of the double layer structure on electrode processes control
led by the kinetics of preceding chemical reactions13- 16. 

The adsorption on the electrode of neutral organic molecules17, particularly of 
components of chemical reactions preceding the electron transfer, also exhibits a 
marked effect on the kinetics of electrode processes. Regularities of molecular adsorp
tion and its relation to various factors, in particular to the electrode potential, were 
first established also by FRUMKIN1s (see also ref. 19). 

The present work is concerned with the effects of the double layer structure and 
the adsorption of electrode reaction components on kinetics of different electrode 
processes involving organic compounds, illustrated with polarographic waves. 

EXPERIMENTAL 

The experimental results discussed in this work were obtained by means of a polaro
graph JI3-JI2 with potentiometric control of the dropping electrode potential (accu
rate to within ±z mV)2o. Thepreferredelectrode for use was one with a small glass 
beak for forced detachment of drops (completely eliminating oscillations of the cur
rent and variations in the drop time with the potential). It had the following charac
teristics: m = r.oz mgfsec, t = 0 .23 sec. The work was carried out in a thermostat ted 
cell21 at 25 ± o.Z0

• Correction for residual current was made by recording curves for 
supporting electrolytes. To remove atmospheric oxygen all solutions were deaerated 
with nitrogen. 

The solutions investigated contained only r:r-charged electrolytes. One set of 
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experiments involved variations in ionic strength (addition of KCl) at strictly constant 
pH and buffer capacity; the other - variations in the buffer capacity at constant 
pH (more precisely paH) and ionic strength. 

IRREVERSIBLE pH-INDEPENDENT WAVES OF UNCHARGED SUBSTANCES 

In this case the effect of the double layer structure is confined to a change in the 
effective potential difference between the electrode and the particle under discharge 
determining the rate of electron transfer. The effective potential difference is lower 
than the overall potential difference between the electrode and a sufficiently removed 
point in the body of the solution, by a value of VJr corresponding to the potential drop 
in the diffuse part of the double layer 1 •2 . With solutions of 1.1-charged electrolytes 
and in the absence of specific adsorption the VJr value will be fairly accurately de
scribed by22 : 

1 1/2DRTc (IJI' F) 
rpa = ljll +- v - -- sh --c · n 2RT 

(r) 

here cpa is the electrode potential relative to the electro-capillary zero point, C the 
integral capacity of the double layer, D the dielectric constant of the solution, c the 
overall (molar) concentration of 1.1-charged electrolytes. With potentials sufficiently 
removed from the zero-point charge, VJr will be given by the approximate equation 

RT 2RT 
ljl1 :=:::t const +-Inc--- In rpa 

F F 

With aqueous solutions at 25°, when cis expressed in Mjl, const ""' -o.o6 V. 

mV 

-1.5c~ 

(vs. S.C.E .l~ 1 .45 ~b 1

-lfl, 

100 

80 
60 

v 

2a 

1

-'fl, 
mV 
80 
60 
40 

to1b 
Ia 

mV 
80 
60 
40 l
-'f!, 

-1.0 00 log }J 

1

-lfl, 
mV 
80 
60 
40 
to 3b 

(2) 

Fig. r. Points correspond to £ 112 values for waves of the reduction of: benzaldehyde (r), aceto
phenone (2), 2-acetothiophenaldehyde-4 (3) , 2,2'-dithiophenylketone (4), semicarbazone 2-acetyl
thiophene (5), at different ionic strengths of the acetate buffer solution ( "-0 .1 M CHaCOOH + 
0.1 M CHaCOOK + KCI) and pH= 4.65: (a) E1 ; 2 of first waves, (b) of second waves. Curves 
denoted by "b" correspond t o variation of ljll with concentration of K + (the scale for ljll is given 

to the right of the curves). 
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LEVIN AND FoDIMAN were the first to associate the variation of £112 of the reduction 
of halogen derivatives with the composition of the supporting electrolyte23. Later on, 
the effect of 1p1 on £112 (and also on the slope of logarithmic plots of waves) was 
investigated by ROGERS et al.H. Quantitative studies of the effect of potassium chlor
ide concentration on £112 of the reduction of certain organic iodine derivatives showed 
that £112 actually varies almost directly with the 1p1-potentiaJ24. 

The points on curves I-4 in Fig. I represent £112 values of first (a) and second (b) 
waves of reduction of benzaldehyde (I), acetophenone (2), 2-acetothiophenaldehyde-4 
(3), and 2,2' -dithiophenylketone (4) in an acetate buffer of pH = 4.65 and [CH3COOH] ,., 
o.I M at a different ionic strength (o .I M CH3COOK + KCI). Second waves cor
respond to irreversible reduction of free radicals without the participation of hydrogen 
ions in the potential-determining step25, 26. As is consistent with the theory, £ 112 
becomes more positive with increasing ionic strength ofthesolution. Curves I(b) to 
4(b) in Fig. I, plotted from eqn. I under the assumption that C = 18 ftFfcm 2 , D = 
78 and the potential of the electrocapillary maximum is - 0.45 V vs. S.C.E., illustrate 
the variation of 1p1-potential with increasing concentration of salts. The variation 
of £112 is seen to be fairly consistent with that of the 1p1-potential (Fig. r) (the low 
value of the liquid junction variation will be disregarded here and hereafter) . 

It will be noted that with CKci < 0.1 M the second wave of acetophenone is 
almost completely masked on polarograms by the discharge current of the supporting 
electrolyte. With increase in CKCl it is shifted to positive potentials and becomes 
easily detectable . For benzaldehyde the increase in CKCI results in the merging of the 
second and first waves and, consequently, at CKcl ~ 0.3 M the values of Et /4 and £3/4 
of the composite wave were taken as those for £'112 and E"t /2, respectively, since the 
heights of the first and second benzaldehyde waves were equal. 

POLAROGRAPHIC WAVES WITH PRE-PROTONATION 

This section deals with processes in which the limiting currents are controlled by the 
rate of the preceding chemical reaction (kinetic and catalytic waves) and processes, 
where the preceding reaction affects the rate of the electrochemical step (or roughly 
speaking, the £112 of waves) . 

(a) Variation of pH in the electrode region as compared with the bulk of the solution 

The double layer structure exerts an important effect on the distribution of charged 
particles in the vicinity of the electrode surface. The concentration of hydrogen ions 
and other positively charged acid components of buffer solutions is higher at the 
electrode surface than in the bulk of the solution, while the concentration of negatively 
charged bases is lower at the cathode surface. Variation of ion concentrations close 
to the electrode surface in the absence of specific adsorption obeys the Boltzmann 
distribution. Thus the concentration of cations and anions in the immediate vicinity 
of the electrode surface will be22 

(3) 

where s and o indexes define concentrations close to the electrode surface and in the 
bulk of the solution, respectively, and BH+ is any cationic acid, including hydroxo
nium ions. For an acid-base system 

A- + H++:t HA or B + H++:t BH+ (I) 
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where A- is any anion, including OH-, and B is the uncharged base, in particular 
water; this may be written 

(
[HAJ ) : ( [HA] ) ~-, ( [BH +J ) : ( [BH +J ) = [H +ls =c-•·,FIRT 
[A- ] , [ A-~ o [B] , [B] o :H +]o 

since for uncharged particles in the absence of specific adsorption [HA]o = [HA]s and 
[B]s = [B]o. 

Thus, as the charge of the acid components of the buffer system is always above 
that of conjugated bases, the acid-base equilibrium close to the cathode surface will 
always be shifted towards the acid form, compared with the bulk of the solution27. 
This shift may amount to quite considerable values. Thus, for 1p1 ""'-120 mV, which 
takes place, for instance, in a o .I M solution of r.r-charged electrolyte at an electrode 
potential of E ""'-1.5 V vs. S.C. E ., the pH at the electrode surface will be more than 
two units lower than in the bulk of the solution. 

For electrode processes preceded by a chemical protonation reaction, 

k, 
R + BH+(AH) ~ RH + + B(A-) 

k, 

e l 
RH+ + e- -:. RH 

(ll) 

(Ill) 

a decrease in pH at the electrode surface results in an increased rate of protonation 
(k1- k2) of the electrochemically inactive (at the given potential) substance R, which 
is converted in this way into an electrochemically active cationic form of RH+. The 
greatest shift of pH and, consequently, the highest increase in the protonation rate, 
will occur in the thin layer immediately adjacent to the electrode. With expansion of 
the layer in which the protonation reaction(II) takes place, the double layer structure 
effect will become less markediO,I4,Is. Indeed, it was shown for catalytic waves of 
hydrogen in pyridine solutions2s, for which the preceding protonation (II) occurs in 
the reaction zone of the solution close to the electrode surface, that a decrease in 
the reaction layer thickness leads to an appreciable increase in the apparent rate of 
protonation2s. The greatest effect of the pH shift in the electrode-surrounding layer 
is observed27 for the so-called "surface" kinetic and catalytic waves29,ao, for which 
the preceding reaction occurs on the electrode surface proper, with participation of 
adsorbed substances. In this (and only in this) event the pH shift in the reaction 
layer may be accounted for by eqn. 427. It will be noted that the effect of the ionic 
strength of a buffer on the kinetic current with pre-protonation was first discussed 
in terms of the 1p1-potential variation by GRABOWSKY AND BARTELia. The results 
obtained by these investigators were in good quantitative agreement with theory, 
due to the "surface" nature of the process they studied. 

(b) Pre-protonation in electrochemical reduction of organic substances 

The reduction of organic substances involving retarded electron transfer and the 
participation of protons in the potential determining step seems to proceed by schemes 
(II)- (III), i.e. with pre-protonation: simultaneous addition of a proton and an elec
tron is scarcely possible for such processes. Indeed, for an acid medium, the transi
tion of a substance to the protonated form before an electron is taken up occurs in 
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the reduction of: aldehyde and ketone derivatives at the carbonyl group31,32, ni
trosaminesaa, sydnones34, nitrocompounds35,as, thiobenzamide derivatives37, acid 
amidesas, N-oxides of amines39, azulene4o, tropolone41,42, tropone42, cyclopentadie
nilide of pyridinium and guaiazulene43, various pyridine derivatives44, azobenzene45, 
ketosteroids45a, and many other compounds. 

Our experimental results provide confirmation of the occurrence of pre-protona
tion. With increase in concentration of non-dissociated acetic acid from o.I M to 0-4 M 
in an acetate buffer of pH = 4.65 = const. at a constant ionic strength = o.s M 
(replacement of KCl with CHaCOOH and CHaCOOK, and pH brought up to 4.65) 
£112 of the reduction of semicarbazone 2-acetylthiophene ( -o.s mM) was shifted by 
- I8 m V towards positive potentials. The easier reduction of semicarbazone cannot 
be explained otherwise than by acceleration of its protonation, which occurs not only 
under the action of hydrogen ions, but also of non-dissociated CHaCOOH. Pre-proto
nation of nitrocompounds was proved in the same waya5; it was shown35 that not 
only the buffer capacity, but, more so, the nature of the buffer acid is of importance 
in these cases. 

In alkaline media for processes involving hydrogen ions £112 usually does not depend 
on pH. In this case pre-protonation may occur only due to the proton-donor properties 
of water. However, in alkaline media, especially so in aprotic solvents, another 
mechanism of electrode processes may occur, when there is first transfer of an electron 
and then the anion-radical formed abstracts the proton from water or the molecule 
of the organic solvent. 

(c) "Surface" nature of protonation in electrode processes involving organic substances 

It was already noted that the effect of the double layer structure is a maximum 
for protonation reactions occurring on the electrode surface and is practically absent 
in reactions proceeding in a fairly thick layer ("space" reactions). Let us show that 
the protonation of many organic compounds involves adsorbed particles, i.e. occurs 
in the surface layer. 

Protonation of a strictly "space" nature, proceeding in the reaction layer46,47 of 
a thickness about so A, will be considered. When there is no appreciable concentration 
polarisation and the concentration of the depolarizer in the R form (scheme II) is 
about 0.5 mM/1, the amount in the reaction layer per I cm2 of the electrode surface 
will be 5 · Io-7 em x I cm2 x 5 · ro-7 M cm-a = 2.5 · Io-13 gmole. 

An overwhelming majority of organic substances are surface-active at the mercury
water interface (see, e.g., ref.4B), i .e. are adsorbed at the mercury surface. Let us 
assume that the adsorption of substance R is relatively weak, so that under experi
mental conditions the electrode surface coverage with adsorbed R will be -o.5% 
only. It will be noted that this low extent of adsorption corresponds to potentials 
lying considerably beyond the so-called "desorption peak" 22 and, consequently, its 
value cannot be determined using conventional methods (measurement of surface 
tension, of the double layer capacity, etc .). Even for this weak adsorption and using 
the assumption that Foo = 5 · Io-10 gmolefcm2 (Too is the maximum amount of ad
sorbed substance at a complete monolayer coverage of the surface), the amount of 
adsorbed R per I cm2 will be 2.5 · I0-12 gmole, i .e. by an order higher than in the 
"space" reaction layer. If the rate constants of "space" protonation and of protona
tion at the electrode surface are assumed to be of the same order, and allowing for the 
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fact that the concentration of proton donors close to the electrode surface is higher 
than in the bulk of the solution, the protonation process (II) will obviously proceed 
mainly at the electrode surface, even in the relatively unfavourable case of weak 
adsorption considered above. It follows from the above that the majority of electrode 
processes preceded by a chemical reaction involving organic substances will be of a 
strictly "surface" nature . 

In considering both kinetic and catalytic polarographic waves, the discovery and 
theoretical substantiation of which are to the merit of BRDI<':":KA and co-workers (see 
e.g., ref. 49) it was equally necessary to allow for the "surface" nature of many pro
cesses29,ao. If the adsorption effect is not allowed for, the rate constants of many fast 
reactions, derived from polarographic data, will appear to be too high29,ao (see alsoso). 

The higher rate of "surface" processes (due to higher concentrations of reactants 
in the reaction zone), as compared with "space" processes, accounts, for instance, 
for the fact that "surface" kinetic currents of acids are observed even at pH's higher 
by 8-g units than the pKA of these acids39, and the so-called apparent "polarographic" 
pK' A51,52 may exceed the true pKA values by more than 7 units. (For strictly 
"space" kinetic currents of acids at pKA not lower than I.O, the difference in pKA 
and pK'A cannot be above 4-5 units) . 

The sorbtivity of the preceding reaction components diminishes with increasing 
temperature and this makes up, to a certain extent, for the current rise due to increase 
in the reaction rate constant. This provides an explanation for the very small variation 
in kinetic currents with temperature9,53,54,55 observed sometimes, and accounted for 
by the almost zero or even negative activation energy for the preceding reaction9,sa.ss. 
With a considerable increase in temperature, the amount of the reactant adsorbed 
may become so small, that the kinetic current will no longer become a "surface" but, 
rather, a "space" current. This was observed for the second wave of maleic acid con
trolled by the rate of monoanion protonation to non-dissociated acid: the almost 
temperature-independent (at low temperatures) apparent protonation rate constant 
began to increase appreciably at t0 > J0°. This corresponds to increase with tempera
ture of the rate constant of the "space" reaction, which prevails over the decrease 
in the overall reaction rate, caused by the desorption of maleic acid monoanionsss. 

(d) Effect of the double layer structure on ion discharge 

When the particles discharged are ions, i .e. are positively or negatively charged, 
their concentration in the electrode-surrounding layer differs from that in the bulk 
of the solution, due to the electrostatic action of the electrode field (see eqn. 3) . Besides 
influencing the effective potential difference, variations in the concentration of par
ticles undergoing discharge close to the electrode surface also affect the rate of the 
electro-chemical process and, consequently, the £112 of irreversible polarographic 
waves. On the theory of slow discharge, the variation of £112 of pH-independent waves 
with the double layer structure may be written as 

:xna- Z 
A E112;;::; A'l', --

O< n a 
(5) 

where,x is the transfer coefficient (o <<X < I), na the number of electrons transferred 
in the potential-determining step (usually na = I), z the charge of the particle being 
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discharged. It follows from eqn. 5 that for non-charged particles (z = o) L1E112 ~ 

L1tpt, i.e. variation of £112 corresponds to the effective potential difference only, a case 
already discussed in the first section of this paper. The absolute value of z is higher 
than IXna, and consequently, in cation discharge (z > o) the signs of L1E112 and L1tp1 
will be opposite, i.e. £112 will become more negative with decrease in the absolute 
value of tp1 due to a rise in the ionic strength. In the case of anions z < o and (1Xna-z)f 
oma is positive and considerably above unity. Consequently, as is consistent with eqn. 
5, a decrease in the absolute value of tp1 results in a considerably greater shift of £112 
to positive potentials. These conclusions are fully confirmed by experiment. Some 
examples of the effect of tp1 variation on £112 of cationic and anionic discharge waves 
will be given below. 

When the electrochemical step is preceded by a chemical reaction of first order 
with respect to the initial substance R, and of all the reagents only R is an ion, varia
tion of R concentration in the electrode-surrounding layer under the influence of the 
electrode field will result in proportional variation of the concentration of the electro
chemically active product formed by the chemical reaction and, consequently, of the 
electrode reaction rate. Thus, and in the case of electrode processes preceded by a 
chemical reaction involving ions as initial reactants, the double layer structure effect 
on £112 will also obey eqn. 5, and in this case z will be the charge of the electrochemical
ly inactive substance R. 

It will be noted that when a substance is present in the solution chiefly in a non
ionized state and its transition to the ionic form occurs only before the discharge on 
the electrode surface (as, for example, with "surface" protonation) the electrostatic 
field of the electrode will have no effect on the distribution of concentrations of this 
substance at the electrode, and thus z in eqn. 5 should be considered as zero. 

Things become more complex when the preceding reaction is one between several 
ions or a protonation process. Pre-protonation will be considered in the next section. 

(e) Effect of the double layer structure on processes preceded by protonation 

The value of £112 for polarographic processes preceded by protonation becomes 
more negative with increase in pH in acid and neutral solutions, and as a rule 

~£112 
-- = -40 -:- -8o m V /pH units 
~pH 

Variation of pH at the electrode surface with the tp1-potential will affect also £112 of 
irreversible waves preceded by "surface" protonation. It may be readily shown from 
eqn. 4 that only a change in pH in the electrode-surrounding layer will lead to 
L1E1 12 = [{<lEt12)/()pH][(L1tptF)/2.JRTJ. In a general case of irreversible ion discharge 
with "surface" pre-protonation it may be written 

(
om.-z ~£, 12 F) 

L1 Jc"2 ""' Ll 'f', --- + -----
rxn. ~pH 2.3RT 

(6) 

Eqn. 6 shows that in certain cases variation of the ionic strength will cause very 
considerable variation of £ 112. Indeed, with a wave of N-methylpiperidine N-oxide, 
reduced in an acetate buffer of pH = 4.6, a ten-fold increase in the ionic strength 
(addition of NaCl) resulted in an almost 200 mV shift of £ 112 to negative potentials39• 
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This value is in good agreement with that calculated from eqn. 6, since in the given 
case z =I (pKA of methylpiperidine N-oxide is s.I2), !Xna ""' 0.3, ()£1;2/()pH ""'-60 
to 70 m V /pH units. 

As stated before, for substances present in the solution in a non-ionic form, which 
is the case for the majority of organic compounds, z = o. Taking into consideration 
that the value of the second term in brackets of eqn. 6 is close to -I, it may be 
readily shown from eqn. 6 that for waves of uncharged particles preceded by protona
tion £1;2 will be almost independent of tp1 or of the ionic strength of the solution. 
Indeed, at constant pH and buffer capacity £1;2 for the semicarbazone 2-acetylthio
phene reduction, for example, (Fig. I, straight line 5) is almost independent of the 
ionic strength. Variation of the potential difference with tp1 will practically cancel 
out the £1;2 shift caused by variation of pH at the electrode surface. 

In certain particular cases, instead of cancelling out both effects may add up. This 
would probably occur in the reduction of nitromethane in an acid medium in the 
presence of iodine ions. Centres of adsorbed anions are nearer to the surface than those 
of cations and, consequently, it is necessary to distinguish between tp1-potentials 
corresponding to the inner (tpli) and outer (tp1°) Helmholz planes57. The shift in £1;2 
of nitromethane with KI concentration was compared10 with variations of tp1i and 
tp1o, the values of which for various potentials and several KI concentrations were 
calculated by GRAHAME58, who based his work on the theoretical concepts of EsiN, 
SHIKHOV AND ERSHLER59,so. Under conditions that were used in nitromethane polaro
graphy tp1i became more negative and tp1° more positive with rise in CKr; in absolute 
magnitude both L1tpri and L1tpr0 were approximately the same (cj. Fig. 6 in rcf.l 0). 

The Er ;2 shift observed was towards negative potentials and its value L1Er;2 was 
almost twice that of L1tp1i1o. It would be logical to infer, and this is done bytheauthorsro, 
that the shift of £112 with variation of the effective potential difference is due to L1tp1; 
and the rise of the L1E112 value over L1tp1i, left unexplained10, may possibly be associated 
with increase in pH in the outer Helmholz plane through a shift of tpr0 to positivevalues. 

It will be noted that, as shown by our investigations61 , variation of £1;2 of nitro
compound waves with the concentration of indifferent electrolytes is related mainly 
to variation of the effective potential difference; the pH variation in the electrode
surrounding layer is of less importance, probably due to the partly "space" nature 
of pre-protonationsr. 

Let us consider now the effect of the double layer structure on Er;2 of first aldehyde 
and ketone waves. For the compounds studied, the E1 12 of first waves in an acid me
dium at a pH maintained constant are practically independent of ionic strength 
(straight lines "a" in Fig. I), or of the buffer capacity and the nature of buffer 
components, though Er;2 will become more negative with increase in pH, approxi
mately by --6o mVfpH units . This behaviour may find its explanation only in the 
reversibility of the electrode process25,26,62-64, in which case £ 1;2 will be determined 
not by the rate of protonation and of the following electrode reaction, but by electro
chemical equilibrium between Rand R- (occurring with direct transfer of the electron 
to R) and RH + and RH, and by their protolytic equilibrium with hydrogen ions in 
solutions. 

It follows that the absence of effect of the ionic strength and buffer capacity on 
£1;2 may in many cases be considered as a criterion for the reversibility of electrode 
processes. 
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The double layer structure exerts an effect also on kinetic and catalytic wave!' 
controlled by the rate of "space" pre-protonation when the latter proceeds in the 
sufficiently thin electrode-surrounding layerro,u ,rs.2s, where the mean pH value ap
preciably differs from that of the bulk of the solution. The limiting strictly "space"6o 
catalytic current of hydrogen caused by pyridine in a borate buffer (KH2B03 + 
HaBO~) of pH = const = B.oo, as a function of the ionic strength (addition of KCl) 
is shown as an example in Fig. 2. With increasing KCl concentration 1p1 decreases, pH 
becomes higher in the vicinity of the electrode and this results in diminution of the 
catalytic wave height . 

Q2 

0.1 

-2 -1 0 
log )J 

Fig. 2. The height of a catalytic hydrogen wave in the presence of 0 .11 mM pyridine in a borate 
solution of pH = 8.oo at constant buffer capacity as a function of the ionic strength (addition 

of KCl). 

The effective thickness of the diffuse part of the double layer diminishes with the 
rise in ionic strength and becomes considerably less than the thickness of the reaction 
layer, so that at relatively high KCl concentrations its effect on catalytic waves 
becomes less marked (Fig. 2). 

VARIATIONS IN POLAROGRAPHIC WAVES RELATED TO THOSE IN THE SORBTIVITY OF 
COMPONENTS OF THE CHEMICAL REACTION PRECEDING ELECTRODE PROCESSES 

The theory of adsorption of uncharged molecules at the electrode-solution interface 
was developed by FRUMKINrs. Strongest adsorption occurs at the so-called maximum 
adsorption potential (EM) close to the electrocapillary zero-pointlB,l9 . Variation of 
the electrode potential with respect to EM (either towards the cathode, or anode) 
brings about a fall in sorbtivity, as shown by a bell-shaped curve. When adsorption 
obeys the LANGMUIR isotherm 

Fe= r_ ~ 
~I+ f/C• 

(?) 

(Fe is the equilibrium amount of the adsorbed substance, and Ck the concentration 
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in the bulk of the solution, variation of factor fJ with the potential may be expressed 
by FRUMKIN's equationl8 

c-c' 

fJ = {Jo C- 2RTr:aq;• (8) 

Here rp = E- EM, i.e. it represents thepotentialmeasuredwithrespect to EM; C and 
C' denote the specific capacity of the double layer of the electrode in the absence of 
a surface-active substance and at complete coverage of the electrode surface by ad
sorbed molecules. Under conditions which usually occur in polarography, equilib
rium adsorption does not begin on the dropping electrode, and the actual amount 
of adsorbed substance Ft is less than that at equilibriumss 

r, = _vr. (9) 

(y ~ r is a function of the adsorption time and of fJCk66). 
In accordance with eqns. 7 and 8, the amount of substance adsorbed varies direct

ly with the potential. However, adsorption of many compounds obeys not the LANG
MUIR, but the FRUMKIN S-shaped isotherm67,68,69; in this case desorption with po
tential variation may occur sharply, jump-wise. For small coverage of the electrode 
surface, usual in polarography, the adsorption isotherm of FRUMKIN practically 
coincides with that of LANGMUIR. Consequently, combined use of eqns. 6 to 9 would 
be justifiable for the majority of cases. 

The effect of concentration of indifferent electrolytes on the sorbtivity of some 
substances depends upon the change in C in eqn. 8: increase in the salt concentration 
leads to increasing C and thus to weaker sorbtivity and more rapid desorption with 
the potential rise . 

-t2 - 1.4 -1.6V 

E ( vs. S.C.E.) 

Fig. 3· Polarographic waves of 2-acetylthiophene semicarbazone reduction (4.0 · IO - •) in acetate 
buffers (CHaCOOH + CHaCOOK + KCI) at pH = 4.65: A, ionic strength = const = 0 .5, concen
tration of CHaCOOH = (2} 0.1 M, (3} 0.4 M; B, constant concentration of CH 3COOH ( '\.- 0.1 M), 
ionic strength= (2) 1.6, (3) o .8, (4} 0.4. (5) 0.2 , (6) o.I M; I and I' the supporting electrolyte 

curves at an ionic strength of 1.6 M and o.I M, respectively. 
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Variation of the sorbtivity with the potential is most marked for waves, the heights 
of which are controlled by the preceding chemical reaction involving adsorbed com
ponents. Desorption of R (see scheme II) with the potential rise will then involve 
diminution of wave heights, in particular of "surface" catalytic. hydrogen waves7o 
(a quantitative description of the wave form was made from eqns. 7 and 870), or of 
"surface" kinetic waves, for instance of weak acids, and in polarograms of azomethine 
derivatives, under conditions when the kinetic current becomes lower than the dif
fusion current31•32. The limiting kinetic current is controlled by the protonation rate 
k1 of the surface-adsorbed basic form R, such as anion acids or the base of an azo
methine derivative. Consequently, its value will be affected29 both by the amount 
of adsorbed base Fa and the concentration of proton donors BH + (or AH) accounting 
for the formation of the acidic electrochemically active form (scheme II) . Polarograms 
for a compound involving an azomethine group, 2-acetylthiophene semicarbazone, are 
shown in Fig. 3 for two sets of experiments: A- at constant ionic strength and pH, 
but at different buffer capacities (CcH3cooH o.r and 0-4 M, respectively) and B - at 
constant pH and buffer capacity, but different ionic strengths. A fall of current on 
the limiting plateau, due to desorption of semicarbazone to an extent making the 
protonation-controlled kinetic current value lower than that of the diffusion current, 
is observed on all polarograms of Fig. 3· With increase in the buffer capacity, i .e. 
in the protonation rate, the fall becomes less, while with increase in the ionic strength, 
resulting in a rise of pH in the electrode-surrounding layer and diminishing of the 
semicarbazone sorbtivity, the fall becomes greater. A similar effect of the buffer 
capacity and the ionic strength is observed for "surface" catalytic waves of hydro
gen70,27. 

In certain cases (at a time considerably in advance of that corresponding to attain-
. ment of adsorption equilibrium) the amount of substance R adsorbed increases with 
the time of adsorptionn.ss, i.e. there is an increase in the degree of equilibrium attain
ment (y) in eqn. 9· This leads to a rise of the current limited by the preceding "surface" 
reaction with a longer drop time 29,72-74. The greater amount of adsorbed azobenzene 
might also serve as an explanation for the apparent increase with time of the rate 
constant for a protolytic reaction between chloroacetic acid and azobenzene 75, as 
determined by the potentiostatic method using the ROETSCHI procedure45. 

A gradual decrease in the amount of the substance adsorbed with variation of the 
potential within the wave range may also be the reason for the less steep polarographic 
wave7o. Thus, when the true slope in the logarithmic plot of the wave corresponding 
to the electrochemical reaction proper in the discharge of anabasine and quinine 
(under conditions of catalytic hydrogen evolution) is about 70 and 85 m V, respectively, 
the observed slope accounted for by desorption of these products70 will be close to 
roo mV. 

Variation of the nitromethane wave slope76 with increase in pH of the solution 
(and, consequently, with a shift of the wave to the negative potential range) seems 
to be also related in part to nitromethane desorption. The £112 value for nitromethane 
as a function of pH is represented by an S-shaped curve 76. Protonated nitromethane 
will be reduced in strongly acidic solutions35 and unprotonated nitromethane in a 
neutral medium, while in weakly acidic solutions there will probably be a combined 
wave for both forms. At a pH > s.o the wave slope practically attains the highest 
constant value76. It may be assumed that, in this case, the pre-protonation of nitro-
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methane (which seems to occur u8p) ece =ptpo oHo.or ds only in the bulk of the 
solution, due to desorption, and the observed value of IXna = 0.9716 apparently 
coincides with its true value. In acid solutions reduction occurs at less negative 
potentials and some adsorption of nitromethane, consequently, takes place, so that 
in the course of recording the wave the amount of the substance adsorbed will decrease 
with increasing cathode potential. This would lead to a decrease in the protonation 
rate, an increase in the fraction of unprotonated-form in the overall amount of the 
substance under discharge and to a resulting shift in potentials of the upper wave 
parts towards the cathode region. The wave slope becomes less steep, which causes 
a considerable drop in the apparent ama value. With a strongly acidic medium there 
is an inflexion in the logarithmic plots at E "" -0.65 V vs. S.C. E.: the upper parts 
of the waves have a more gradual slope than the lower ones76. This is again due to 
desorption of nitromethane becoming appreciable at -0.65 V only. 

The unusual variation of the wave with temperature is evidence that nitro
methane adsorption actually plays a part in its reduction. The wave slope for irre
versible processes should be independent of temperature, and the L1E1t2/f1t0 ratio 
should be positive. For nitromethane waves L1E112/L1t0 is negative at pH = 4·3 and 
the wave slope increases with temperature76. These facts may find an explanation 
in desorption of nitromethane with temperature and the corresponding sharp de
crease in the rate of its protonation, resulting, as shown before, in a shift of £ 112 
towards the cathode and a rise in the IXna value observed. A greater slope of the nitro
methane wave, observed with rise of the salt concentration (i.e. with decrease in the 
absolute value of tp1) 10 may also be explained by a fall in the protonation rate and 
decrease in sorbtivity with higher ionic strength. 

ELECTRODE PROCESSES ON THE CATHODE, INVOLVING ANIONS 

A rise of the indifferent electrolyte concentration in the solution diminishes the re
pulsion of anions from the negatively charged cathode surface and thus favours their 
reduction4-9,77-79. It was already noted that in the discharge of anions the z value 
will be negative, the value of (1Xna- z)foma positive and above unity. Consequently, 
and in accordance with eqn. 6, a decrease in the absolute tp1 value will result in a shift 
of £1 12 to positive potentials, and when ll£112/llpH = o, L1E112 > f1tp1. Thus, increase 
in salt concentrations would shift £112 to positive potentials by a value higher than 
that of the 1p1-potential variation. This is actually observed in experiments. An ex
ample may be given by the considerable shift of £112 (with increase in ionic strength) 
of second ketone waves in an alkaline medium, where the particles discharged are an
ions62. 

When concentrations of indifferent electrolytes are insufficient, especially if they 
do not involve polyvalent or surface-active cations, many organic anions will be 
polarographically inactive, or their waves will be masked by the discharge current 
of the supporting electrolyte8o-8a. 

The double layer structure will also exert an appreciable effect on kinetic waves 
involving anions. For instance, the addition of cations of tetraethylammonium will 
increase even the "space" kinetic wave of discharge of maleic acid monoanionsao. 
The cation effect is still greater with "surface" kinetic waves. The addition of cations 
greatly increases the concentration of anions in the reacting layer and, thus, the height 
of the kinetic wave8,ao, 79,82. An especially marked effect is exerted by surface-active 
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cations. Thus VoLKov . .\ showed that in the adsorption of cations during the drop time 
(in accordance with i-t curves) the density of the kinetic current of recombination 
of weak acid anions will also be increased79,s2. 

The dependence of £112 and the kinetic to diffusion current ratio it/itl on the ionic 
strength (in a r:r-charged electrolyte) for a "space" kinetic wave of discharge of 
maleic acid monoanions is shown in Fig. 4· Though the wave is of a "space" typeao, 

-1.5 

X 
2 0.6 

v 
(vs. S.C.E) 

-1.4~ 0.4 

0.2 

-1.0 00 log}' 

Fig. 4· The limiting to diffusion current ratio (1) and E,/2 (2) of the third maleic acid (0.455 mM) 
wave in a borate solution of pH = B.oo , as functions of the ionic strength. 

its £112 will still be affected, to a certain extent, by variation of pH in the electrode
surrounding layer. This may be seen from the relatively small shift in £112 with increase 
in the ionic strength (LJE1t2/LJlog ll ;::;; 65 m V); apparently this is, to some extent, 
(with an additional coefficient below unity) accounted for by the second term in 
eqn. 6. The effect of (pH)s variation is apparently due to the relatively small thickness 
of the reaction layer, where the interaction of maleic acid dianions and proton donors 
takes place. 

It follows from Fig. 4 that variation of it/itl with ionic strength is unimportant. 
For processes proceeding only in the bulk of the solution and at a sufficient thickness 
of the reaction layer, the ionic strength should have no effect on the kinetic current, 
with the exception of the insignificant salt effects (on dissociation constants and proton
ation rate constants). In the case considered of a "space" current and a not too thick 
reaction layer, there will be the effect of the ionic strength; however, the increase in 
anion concentration in the reaction layer with increasing ionic strength, is apparently 
almost compensated by a higher pH in the electrode-surrounding layer (Fig. 4) . 

ESTABLISHMENT OF RELATION BETWEEN THE STRUCTURE OF ORGANIC SUBSTANCES AND 

£112 OF THEIR REDUCTION WAVES 

The above data show that not only pH and the ionic strength of the medium, but also 
the nature and concentration of buffer components and indifferent electrolytes27 ·61 
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should be taken into account in determining E1;2 of irreversible polarographic waves 
for the purpose of comparing them with structures of organic compounds of certain 
series, or with the nature of substituents in these compounds. 

An important effect on E1 12 will be exerted also by the charge of the particle under
going discharge. Thus, in discharge of cations of isomeric pyridine aldehydes84 and 
of p-iodoaniliness the E1;2 values observed appear to be more positive by ~300m V, 
while discharge of p-iodophenolate anion occurs at potentials ~ 300 m V different 
from those predicted from the theory without correction for the double layereffects4 ,ss. 

It will be noted that besides the factors mentioned, E1;2, even of reversible waves, 
may be affected also by kinetics of electrode-adjacent reactions, in particular by 
dimerization of electrode products. In the reduction of benzaldehyde and aceto
phenone, for instance, the products of a reversible electrode reaction are dimerized64 
and, consequently, E1;2 of their first waves becomes more positive with increase in 
the depolarizer concentration, as is consistent with theory sa. It will be of interest to 
note that, as shown by polarograms of the above compounds corresponding to further 
reduction of free radicals formed in the first step, E 1;2 of second waves becomes more 
negative with increase in the depolarizer concentration, so that the first and second 
waves are drawn apart on polarograms. The shift in E1;2 of the second wave may be 
explained by allowing for the fact that the path of the reaction involving free radicals 
depends on the ratio of the rates of two competing reactions25, 26, i .e. on further 
reduction of radicals (resulting in the second wave) and their dimerization to non
reducible pinacol. The increase in the dimerization rate with the depolarizer concen
tration is faster than that of the electrode process, and to obtain the second wave it 
is necessary to raise the rate of electrochemical reduction of the radicals, i.e. of the 
cathode potential of the electrode. 

Sometimes the shift of E112 with increased depolarizer concentration is caused by 
variation of the tp1-potential due to adsorption of the electrode products of an ionic 
(or dipole) nature&!. This is observed, for example, in the reduction of certain nitro
compounds61,87-S9 yielding corresponding hydroxylamine derivatives in an acid 
medium. 

SUMMARY 

r. The effect of the double layer structure on the kinetics of electrode processes is due, 
in the general case, to three factors: 

(a) variation of the effective potential difference between the electrode and the 
particle under discharge; 

(b) variation of ion concentrations (in particular for hydrogen ions) in the layer 
surrounding the electrode, as compared to the bulk of the solution; 

(c) variation of sorbtivity, which is especially important for processes preceded by 
a chemical reaction. 

The effect of these factors on polarographic waves of different natures is shown. 
2. Reduction waves of organic substances consuming protons in the potential

determining step represent processes preceded by fast protonation. It is shown that 
in the majority of cases protonation preceding electron transfer takes place on the 
electrode surface and involves adsorbed particles, i .e. it occurs under conditions of 
maximum effect on the double layer structure and on factors accounting for the adsorp
tion on the electrode. 
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3· It is shown that the rate of preceding reactions in the surface layer is consider
ably higher than in the bulk of the solution, thus "surface" kinetic waves, for example, 
preceded by protonation may be observed even at pH's higher by 7- 8 units than the 
pKA value of the acid under discharge. 

4· It is shown that in comparing the E112's of irreversible waves of organic com
pounds, not only pH, but also the ionic strength, buffer capacity and the nature of 
buffer and indifferent electrolyte components, as well as the possible effect on E112 

of the electrode products formed, are to be taken into account when determining the 
E112 value. 

s. Investigation of the effect of ionic strength on polarographic waves often allows 
the nature of the particle under discharge and the mechanism of the electrode process 
to be judged. 
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Short Communications 

Studies on formal potentials of the Tl(lll)-Tl(l) system and 
potentiometric determination of thallium(lll) by reduction with 

titanium(lll) and vanadium(ll)* 

Thallium(III) is easily reduced to a monovalent state with stannous, titanous, vana
dous and chromous solutions, but direct titrimetric procedures using these reductants 
have not so far been attempted for determination of thallium. It seems that air
sensitivity and the unstable nature of the reductants have restricted their use for 
occasional single determinations, but recently certain methodsl have been devised for 
storage of air-sensitive solutions and such equipment has been made available com
mercially. It is also claimed that if pure reagentsareused and if solutions are stored 
properly, their strengths can be kept unchanged indefinitely. The use of strong reduc
tants in titrimetric analysis eliminates the prior reduction of the substance to be 
analysed from the higher to the lower valency state, wi.th reducing agents or reductor 
columns. 

Among the methods so far used for titrimetric determination of thallium, only the 
iodometric2 method applies for thallium(III). In the present investigation an attempt 
has been made to develop titrimetric methods for determination of thallium(III) 
by reduction with titanium(III) and vanadium(II) solutions. Earlier, some methods 
for reductometric determination of thallium(III) with chromium(II)3 and ascorbic 
acid4 have been reported from these laboratories, but the reduction with titanium(III) 
or vanadium(II) was found to be somewhat slow at room temperature, and it was 
decided that the formal potentials of the Tl(III)-Tl(I) system in different acids and 
at different acid concentrations should be studied, to find optimim conditions for the 
smooth reduction of thallium(III). No attempt has been made in the present investiga
tion to use visual indicators and potentiometric end-point determination has always 
been applied. 

EXPERIMENTAL 

Determination of formal potentials of the Tl(II I)-Tl(I) system in different acids 

Thallous chloride, sulphate and nitrate solutions were prepared by dissolving the 
respective pure salts in water, while thallous perchlorate was prepared by dissolving 
the metal in a known excess of perchloric acid. The exact strengths of these solutions 
were determined iodometrically2 after oxidation with bromine. Thallium(III) solutions 
were prepared by dissolving freshly precipitated hydrated thallic oxide in the respec
tive acids. Solutions were then prepared containing Tl(III)-Tl(I) in the ratio r :I, and 
the final acid concentrations were varied from r-5 F (except in the case of hydrochlor
ic acid). 

The cell used for formal potential measurements consisted of a bright platinum 
electrode dipping into the solution containing Tl(III)-Tl(I) ions at a known acid con-

• Paper presented at the Third Seminar on Electrochemistry, (Electroanalytical Section), at the 
Central Electrochemical Research Institute, (C.S.I.R.), Karaikudi, India. 
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centration. A S.C.E. was used as comparison electrode and it was connected through 
a salt bridge, consisting of agar- agar saturated with the potassium salt of the par
ticular acid, i.e., potassium chloride, sulphate, nitrate and perchlorate. The E.M.F. 
measurements were carried out using a Doran pH meter (Universal Model No. 498r) 
and readings were converted to the hydrogen scale. Table I gives the results of formal 
potentials of the Tl(III)-Tl(I) system in different acids and the effect of acid con
centration. 

TABLE I 

FORMAL POTENTIALS OF THE COUPLE TJ(III)-TJ(l) 

Formal potentials vs. hydrogen 

Acid concentration electrode 

(F) Et(V) 

HCI H,so, HNOo HC/0, 

0 .5 o.n 1.22 1.23 1.25 
1.0 o.n 1.22 1.23 1.26 
!.5 1.22 !.23 !.26 
2.0 1.22 !.23 !.27 
3·0 !.22 !.23 !.27 
4·0 !.2 I !.23 !.28 
5-0 !.2 I 1.22 I.28 

It has been observed that, except in the case of perchloric acid, the formal potential 
of the couple is independent of concentration of the acid, indicating the formation of 
chloro-thallate, sulphato-thallate and nitrato-thallate complexes. The low value 
of the formal potential in hydrochloric acid indicates strong complexing, even at low 
acid concentration. With perchloric acid, either no complexing takes place, or it is 
incomplete. There is also an indication that the oxidising properties of thallium(III) 
in different acids should be in the order : HC104 > HNOa > H2S04 > HCI. 

Potentiometric titration of thallium(/ I I) with titanium(/ I I) 

Preparation and standardisation of titanous chloride and sulphate solutions were 
according to the method of KNECHT AND HIBBERTs and the solution was stored 
in an automatic burettel used for storing air sensitive reagents. Thallium(III) solu
tions used were the same as had been used for measuring formal potentials. The 
titration vessel and the procedure for carrying out the titration have been described 
earlier3 . The equivalence point was indicated by a sudd~n drop in the potential. The 
results of some of the determinations are given in Tabl~ · n. 

TABLE II 

d mV A mount of thallif4m 

Afcdium (in mg) Error ., 
dml .. 

Taken Found 

NHC! I8oo 25-7 25 .25 -1.4 
2 NHCI 2IOO 51.8 51.38 -{),8 
2 N H.so. 2400 75-8 75 ·44 -{).5 
2 N H.so. 2250 45·8 45-90 0.2 
2 N HCI04 2650 63·4 63.85 0.7 
3 N HC!O• 2700 8o.o 80 .32 0.4 
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The titrations of thallium(III) chloride in 2-3 N HCl were performed at 6o-8o0 

while those of thallium(III) sulphate in 2-3 N H2S04 were performed at 30-40° and 
proceeded smoothly. The titration could also be performed in the presence of perchlor
ic acid, which is not reduced6 under the conditions used, but in the case of nitric acid, 
more titrant is used, indicating reduction of nitrate ions. 

Potentiometric titration involving a vanadium(! I) reductant 

The preparation and standardisation of vanadous solutions were carried out as 
described by VoGEL7. The titration procedure was the same as that used in the case 
of titanium(III) and the results of various determinations and the effect of different 
acids are given in Table III. 

TABLE III 

LlmV Amormt of thallium 

Medium ( in mg) Error 
0 / 

Llml .. 
Taken Found 

N HCI 2250 25.0 q.8 -o.8 
2 N HCI 2400 50. 2 49.8 2 - 0.8 
2 N H2S04 2750 25.0 25-IO 0.4 
2 N H2SO.a 2600 I5 .6 I5-7I 0 .7 

The reduction of thallium(III) by vanadium(II) proceeds more smoothly, compared 
with the reduction by titanium(III), and also the reduction takes place more easily in 
sulphuric acid than in hydrochloric acid. For both reductants, a method employing 
excess reductant can also be followed; excess reductant is then determined by back 
titration with iron(III) solution. 

SUMMARY 

The effects of different acids and their concentrations on the formal potentials of the 
Tl(III)-Tl(l) couple have been studied, with the object of finding optimum condition 
for reduction of thallium(III) . Potentiometric determination of thallium(III) by reduc
tion with titanium(III) and vanadium(II) have been described and it was observed 
that the reduction is more smooth in sulphuric than in hydrochloric acid media. 
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A new parameter ip(id in oscillographic polarography 

INTRODUCTION 

The determination of the number of electrons involved in a reduction is important in 
any fundamental study of polarography. It is, however, probably true to say that 
there is considerable uncertainty about the number of electrons involved in many 
electrode processes. Examples of this are available from many different sourcesl . 
The most probable reason for this uncertainty is connected with the diffusion coeffi
cient, which of all the quantities involved in the Ilkovic equation, is the most diffi
cult to determine accurately2. It is to be expected, therefore, that any method which 
permits the determination of n (the number of electrons involved in the electrode 
process} and eliminates the necessity of knowing D (the diffusion coefficient} will be 
a welcome advance in polarography. 

In the present work, a study of reduction waves suggested the basis of a method 
for the determination of n without the necessity of knowing D . The value of n is 
determined simply. The reasoning which led to the development of the new parameter 
is outlined below. 

THEORY 

Comparison of two oscillographic reduction waves 

If a solution is polarographed at a potential more negative than the reduction 
potential of the electroactive constituent, then continuous reduction will take place 
all the time and a wave similar to that shown in Fig. I is obtained. Part A corresponds 

c 

Volts Volts 

Fig. I. Fig. 2. 

to the five-second delay period, when the voltage is steady. The current rises because 
the drop is growing during reduction. At the point B, the changing potential is applied 
during the last few seconds of the life of the mercury drop. There is almost no increase 
in current during this time because the increase in surface area of the drop is very small. 
The equation representing the flat portion of the curve is given by 

i, = 7o6nDlcmiti . 

This is so because the cathode ray tube is a fast response instrument. The continuous 
reduction wave may be compared with the normal oscillographic reduction wave 
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(Fig. 2). The points on the peak are not "equilibrium points", i.e:, if one could take 
the situation represented by point E and "freeze" it, the current reading would fall 
until it reached the point F on the continuous reduction wave. The equation for the 
peak height is 

where i is measured in f1-A. The symbols have their usual significance except m1, 

which is the drop mass in mg. The relation between the two is m1 = mt1, where t1 is 
the drop time during the measurement of iv etc. 

From a comparison of the equations for these two waves, it will be observed that the 
outstanding difference is connected with n, i .e., itrxn and ivrxni. Since n is involved to 
a different degree in the two equations, it might be expected that a comparison would 
yield a third equation, enabling n to be calculated. If iv is divided by it the following 
equation results: 

where k is a constant. The time t at which it is measured is five sec. Under these 
conditions, it is replaced by the symbol id. The drop time t1 for the measurement of iv 
is 6.8 sec. The choice of these values is dictated by experimental convenience. The 
above equation reduces to the following form : 

ip = Knl 
id 

If iv/id is plotted against ni for various reductions, then according to this equation, 
a straight line should be obtained. If this is the case, then by measuring iv/id for a 
reduction, n can be calculated. The only condition which must be fulfilled is that the 
separate equations for iv and id must hold, i .e., the reductions must be reversible. 
This relationship was tested experimentally. 

EXPERIMENTAL 

In the literature2·3 the following reversible reductions have been well established. 
(a) trioxalato ferric iron, Fe(C204)a3 +, (r electron reduction); 
(b) stannous tin, Sn 2+, and lead, Pb2+, in chloride electrolytes, (2 electron reductions) ; 
(c) bismuth, Bi3 + in chloride electrolyte, (3 electron reduction). 
A solution of each of these substances, approximately ro-3 M with respect to the 
metal ion and r M in the basic electrolyte, oxalate or chloride, was prepared. Each 
solution was then polarographed in the Southern Instrument Cathode Ray Polaro
graph K r,ooo and the peak height iv recorded. 

Fig. 3· 
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The procedure for the evaluation of i<J. was more complicated. The starting potential 
(see Fig. 3) was moved from G to H, a position more negative than the peak value, 
thus ensuring continuous reduction. The current was measured at H, which was the 
most convenient position, i.e. , after the drop was five seconds old. As the starting 
potential was moved to a more negative value, the drop time became shorter. During 
measurement of ip the longest possible drop time was chosen (i.e . 6.8 sec) so that the 
subsequent reduction in time would not destroy synchronisation. Once synchronisa
tion had been achieved, the time required to take both measurements was about 
o.s min. 

RESULTS 

The following results were obtained: 

TABLE I 

Number of electrons 1l1etal i on Basic electrolyte transferred 

Fe3+ oxalate 

2 Sn 2+ chloride 

2 Pb 2+ chloride 

3 Bi3+ chloride 

The plot of ipfid. against nl is a straight line, as can be seen from Fig. 4· 
A number of 'unknown ' solutions were polarographed and ipfid. recorded. Using the 

~ n2 

3 electrons 

QL-L-L-L-L-L-L-L-L-L-~ 

2.8 3 .2 3.6 4 .0 4 .4 4.8 
ip 
1d 

Fig. 4· 
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plot, the number of electrons involved in the reductions was calculated. Results were 
correct in every case, except where the reduction was very irreversible. 

In this connection, the case of nickel(II) was investigated. The polarography was 
first carried out in 19254 yet, to-day, there is still disagreement between the results of 
investigators. CAGLIOTI 5 and co-workers claim that the reduction involves one elec
tron reduction to Ni(I), while HUME AND KoLTHOFF1 support the view that the reduc
tion is to the metal. In the present work it was found that the reduction of Ni(II) in 
chloride electrolyte was too irreversible to use the method outlined above. However, 
when potassium cyanide was used to complex the nickel, a well-formed wave was 
obtained for Ni(II), which gave a value of 3·3 for the ratio ipfid, indicating a one
electron reduction in agreement with CAGLIOTI. 

DISCUSSION 

The value of ipfid for an irreversible reduction is less than for an ideal reduction. 
However, this approach can still be used for those reductions where divergence from 
reversibility is small. In such cases, increasi~ the temperature6 will bring the value of 
ipfid up to the theoretical value. 

Although the value of ipfia can be less than ideal, it cannot be greater. Therefore, if 
ipfia falls, for example, between the theoretical values for a 2- and 3-electron reduction, 
it cannot be related to a 2-electron reduction. It can only be a somewhat irreversible 
3-electron reduction. With time, small fluctuations in the values of ipfia for a given 
reduction occur. To eliminate this error, the values of ipfia for standard solutiom were 
always taken at the same time as those for the unknown solution. 

SUMMARY 

A method for the determination of n, the number of electrons involved in a reduction 
(or oxidation), has been developed. It is simple in operation and does not require a 
knowledge of concentration or the diffusion coefficient D of the electro-active species. 
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The catalytic polarographic current of a metal complex. The nickel(ll)
pyridine system 

A catalytic polarographic wave is obtained when the product of the electrochemical 
reaction undergoes a rapid chemical reaction to reform the initial starting material. 
Several types of catalytic mechanism have been described in the literature1. How
ever, no example of a catalytic mechanism involving a metal complex has yet been 
reported. 

We have found recently that solutions of Ni2+ containing a small quantity of 
pyridine exhibit a small prewave (before the main wave of the Ni(H20)62+ reduction), 
as shown by the dashed lines of Fig. I. The height of this prewave varies with pyridine 
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Fig. 1. Polarograms of Ni(H,O)s2+ and Ni(py)x(H.0).2+ complexes. The solutions contained 
2.6o · 10·• M Ni2+, 3.36 · 10 · 3 M Ca2+ [as a maximum suppressor•]. and 0.10 M NaAc. The 
pH= 7.10 ± 0.05. [py] = o, - - - ---·- -at various pyridine concentrations. 

concentration, but in a non-linear manner, as is to be expected for a catalytic pro
cess3•4. Furthermore, this current is several times larger than the diffusion current to 
be expected, had the pyridine been completely bound to Ni2+ as a I: I complex. 
Actually, the percentage association is less than IOO% under these solution conditions, 
and , hence, the true enhancement is even greater. The height of the prewave, for a 
constant pyridine concentration, is also dependent on the concentration of the Ni2+ 
ion. These concentration dependences are similar to those obtained for other types of 
catalytic wavesa. 
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The temperature coefficient of the prewave current (approximately + s% per 0 C) 
is greater than that expected for a diffusion limited process ( + 2% per oqs. 

Apparently, the reacting species in this case is a Ni(pyridine)x(H20)~2 + complex 
(where x andy are unknown) which has a much lower reduction overpotential than 
that of Ni(H20)s2+. It is well known that the £112 of the Ni2+ reduction is shifted to 
more positive potentials, if an excess of pyridine or Cl- is present5 . The reaction mecha
nism can be represented by a pair of reactions of the type: 

elect. 
Ni(py)t(H 20)y2+ + 2 e- --+ Ni0 + x (py) + yH20 

x(py) + Ni(H20) 6
2+--+ Ni(py):(H20)u2+ + (6-y)H20 

chem. 

(r) 

(2) 

This mechanism is somewhat analogous to the hydrogen catalytic current mechanism r, 
whereby a proton binds to an organic compound, with subsequent lowering of its 
overpotential, which leads to a small prewave. The organic compound, freed by the 
electrochemical reaction, then recombines with protons in solution to regenerate the 
initial species. Thus, the prewave is catalytic in nature . 

Adsorption also appears to be an important step in the mechanism [as is also true 
in the hydrogen case1]. A detailed investigation of the mechanism of this process and 
its analytical applications is now in progress. 
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Book Reviews 

An Introduction to Spin-spin Splitting in High Resolution Nuclear Magnetic Resonance Spectra , 
by jOHN D. RoBERTS, W . A. Benjamin, Inc. , New York, I961, I05 pages. 
This small volume is a fine do-it-yourself instruction manual for the analysis of high-resolution 
nuclear magnetic resonance spectra of very simple molecules. It provides complete details of the 
method of calculation and many exercises, which provide opportunities for practice. 

A serious reader may develop from this book a considerable talent for the analysis of the type of 
spectra discussed, and even a general understanding of some of the principles involved . However, 
little consideration is given to the quantum-mechanical basis for the techniques used, in spite of 
the dust jacket advertisement that "no prior knowledge of quantum mechanics, or the mathemat
ics thereof, are assumed". As a result, one who seeks a genuine understanding of the underlying 
principles must search elsewhere. 

Professor RoBERTs has written a book which can be of value to a reader with specialized inter
ests, but it is apt to leave him in a state of mental frustration. Anxious to apply his newly-acquired 
skill, the reader may attempt the analysis of the spectrum of a more complex molecule , only to 
discover that the techniques he has learned are inadequate for virtually all cases beyond those he 
has already encountered as examples or exercises in the book. The powerful techniques of group 
theory, for example, are entirely omitted. 

This book will be welcomed by those for whom it was written- students and organic chemists 
interested in the practice of analysis of high-resolution NMR spectra. 

DONALD R. WHITMAN, Case Institute of Technology, Cleveland, Ohio 
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Dr. L. M edicus: Einleitung in die chemische Analyse. I. Band. Kurze Anleitung zur qualitativen 
Analyse, by MARGOT BECKE-GOEHRING AND jOHANNES WEISS, 28th revised edn., Theodor Stein
kopff Verlag, Dresden and Leipzig, 1961, 150 pages, D.M. I0 .70. 

Qualitative analysis of inorganic compounds is an important part of inorganic chemistry. How
ever, in recent years, the significance of qualitative analysis in its classical form has been greatly 
lessened by the introduction of more rapid methods of investigation, such as spectrochemical 
analysis . Nevertheless, basic knowledge of the conventional classical system of qualitative analysis 
is still indispensable for chemists. 

The first part of the book discusses informative qualitative investigations. Various flame tests, 
borax and phosphorus bead tests, ignition tests, and specific reactions of some cations and acids 
are described . Following these, determination of cations and anions in qualitative analysis is 
described. Finally, the sequence of qualitative analytical tests and the procedure to be followed are 
presented in a tabulated scheme. 

At present, we can also use various other systems instead of the classical method of qualitative 
analysis. These methods, e.g. the Okac system, are not mentioned in the present work. However, 
semi-micro methods, which are important from a practical aspect, are briefly discussed and the 
procedure is shown in tables. 

In the final chapter, a survey is made of the treatment of fluxes, and the behaviour of some 
elements, which had not been mentioned during the course of analysis treated in the book, is 
described from the aspect of group reactions. 

The new enlarged edition of the famous Medicus is a valuable help for beginners studying 
qualitative analysis. The compact style is a characteristic of this book, which greatly facilitates a 
survey of the material presented . 

E. PUNGOR, University of Budapest 
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Dosages Colorirnetriques des Elirnents Miniraux, by G. CHARLOT, 2nd edn. , Masson, Paris, 1961, 
380 pages, N.F. 45· 

This second edition of the well known book by G. CHARLOT has been produced because new colori
metric reagents and new colorimetric reactions are described almost every day in the literature. 
Writing such a book then presents problems in selecting the best reagents and methods from the 
astronomical quantity of material published. 

Presenting a method, a reagent or a reaction etc. as a good one is the responsibility of the author, 
and the procedure should preferably have been critically tested before being adopted and recom
mended. In fact, the analytical methods described in the classical work of TREADWELL, from 
which several generations of chemists learned analytical chemistry, were all tested in the author's 
laboratory. But it is impossible to adopt this procedure to-day, so that, unavoidably, any book of 
this kind contains some incomplete points. For example, in this, otherwise very good, book by 
CHARLOT, no reference can be found to the reagent Xylenol orange, which has been used with 
very good results by many authors for different metallic ions, and also by the reviewer for the 
determination of traces of iron. But this consideration does not diminish the merits of CHARLOT's 
book; it is only a statement of the difficulties encountered by every author writing such books. 

This book is divided in two principal parts: the first one (138 pages) deals with the theoretical 
principles of colorimetric and spectrophotometric analysis, and gives a description of the methods 
for separation of trace elements by different techniques. The second part (230 pages) is devoted 
to the analysis of 64 elements and to a brief discussion of the rare earth elements. Such a wealth of 
material is assembled, that, occasionally, unavoidably brief descriptions of the method are given. 
Reference to the original literature is then necessary; these references are very carefully given. 

This book can be strongly recommended, particularly as a very good source of information. 

G. MILAZZO, Istituto Superiore di Sanita, Rome 
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Einfuhrung in die Theorie der quantitativen Analyse, by MARGOT BECKE-GOEHRING AND EKKEHARD 
FLUCK, Theodor Steinkopff Verlag, Dresden and Leipzig, I96I, .151 pages, D.M. 13.60. 

In the last decades, analytical chemistry has developed to a remarkable extent. Conventional 
reactions have been increasingly supported by sound theoretical knowledge of the principles of 
reactions used for analytical purposes. Because of these changes, a great number of scientists now 
regard analytical chemistry as applied physical chemistry. Thus, anyone who intends to study 
analytical chemistry must also deal with the theory on which chemical analysis is built up. 
Theoretical fundamentals of classical and instrumental analytical techniques have many rami
fications . Thus, the authors of this book faced a very difficult problem when selecting material 
for their book. 

In a very commendable way, this book, written mainly for beginners, discusses the reactions 
which are fundamental to conventional, classical analysis. Thus, problems occurring in the field 
of acid-base reactions, definition of pH values, buffers and problems of solubility (which are of 
great importance in precipitation titrations). theoretical fundamentals of complexometric titra
tions, redox reactions, redox potentials, and methods of end-point indication are briefly surveyed 
by the authors. Finally, a short summary of electrogravimetry is presented, and some methods 
are described which can be used with great success in gas analysis. 

Considering that the book is written mainly for beginners, the chapter on acid-base reactions is 
of particularly great value. The use of diagrams to illustrate pHflog c relationships greatly facili
tates the understanding of reactions of weak acids and bases. The examples explained in the 
book will be a considerable help to chemists beginning to study and to analysts, for acquiring a 
sound knowledge of some theoretical problems of chemical analysis. The tabulated summary 
facilitates the calculation of pH values in solutions of various acids and salts. 

E. PUNGOR, University of Budapest 
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1. Fundamental electrochemistry 

457 - Oxidation-reduction mechanisms (in English). F. R. Duke (Institute for Atomic 
Research, Iowa State University, Ames, Iowa, U.S.A.) .]. Chem. Educ., 38 (1961) 161 - 163. 
The process of electron transfer taking place during oxidation - reduction reactions is considered. 
In reactions involving a cation and an anion, the intramolecular electron transfer is provided by the 
bond. When two cations are involved, the transfer may be accomplished by a basic bridge. Many 
reactions where anions alone are involved permit the transfer through an intermediate formed 
between the anions. In the case of complex ions containing unsaturated and conjugate systems, 
the electron transfer takes place directly from one particle to another by a process similar to tun
nelling. [D.S.Ru.] 

458 - Theory of stationary electrode polarography (in English). W. H. Reinmuth (Depart
ment of Chemistry, Columbia University, N.Y., U.S.A .). Anal. Chem., 33 (1961) 1793-1 794· 
The author reports the derivation of explicit solutions, in the form of infinite series, concerning the 
theory of voltammetry with linearly changing electric tension at stationary planar and spherical 
electrodes, under conditions of Nernstian or slow charge transfer. Irreversible first-order chemical 
decomposition following Nernstian charge transfer is also considered. A log plot criterion of rever
sibi lity, applicable to planar electrodes and approximately obeyed at spherical electrodes, is pro
posed. [Su.Mo.Ce.] 

459 - The cell Hg/Hg. CI.(s), HCi jPt- H2 (1 atm.) in organic solvents and their mixtures 
with water. IV. Hg/Hg. Ct.(s), H. O (100-x), Athanol (x), HCI M/H• (1 atm.), Pt (in German) . 
K. Schwabe und M. Kunz (Institut fiir Elektrochemie und p hysikalische Chemie der 
Technischen Hochschule, Dresden, Deutschland). Z. Elektrochem., 64 ( 1960) 1 r88- 1 190. 
Nachdem die Autoren in vorangegangenen Arbeiten Spannungsmessungen an der Kette HgjHg2 
CI.(s), HCl jPt-H.(r atm.) in wassrigen Gemischen der Losungsmittel Glykol , Dioxan und Metha
nol durchgefiihrt hatten, berichten sie iiber gleichartige Messungen in Wasser-Athanolmischungen 
bei verschit!denen Molenbriichen. Die Standard-Spannung wurde nach dem Extrapolationsverfahren 
von Mcinnes und Brown berechnet. Aus dieser und den Mess-Werten wurden die Aktivitatskoeffi
zienten und die primaren und totalen Mediumeffekte ausgerechnet. Die primaren Mediumeffekte 
werden mit den Dielektrizitatskonstanten der Losungsmittel verglichen und festgestellt, dass sich 
fiir Athanol bei kleinerer Dissoziationskonstante ein grosserer Wert a ls fiir Methanol ergibt. Die 
Aktivitatskoeffizienten waren etwas hoher, die primaren Mediumeffekte etwas niedriger a ls friihere 
Literatur-Werte. Infolge der Kompensation beider Abweichungen wurde beim totalen Medium
effekt eine bessere Dbereinstimmung mit den Literatur-Werten erzielt. [He.We .] 

460 - Influence of anions on the kinetics of dissolution of metals (in Russian). Ya. M. 
Kolotyrkin (L. Ya. Karpov Institute of Physical Chemistry, U.S .S.R.). Uspekhi Khim., 
31 (1962) 322- 335. 
A review dealing with the influence of anions on the dissolution of metals is given, based on some 
practical examples (e.g. cadmium in r.o N H 2SO + KI, dissolution of an indium amalgam in a 
solution of o.or N In(CJO,)a + o.oor N HCI0 4 containing varying amounts of NaBr, NaCI or Nal) . 
Some values of solution potentials of metals in solutions containing halides are given. [Ot.So.] 

461 -Diffusion polarisation of the hydrogen electrode. II (in English). A. H. M. Cosijn 
(Laboratory of Analytical Chemistry, State University, Utrecht, The Netherlands). 
]. Electroanal . Chem., 3 (1962) 24-35. 
The present paper deals with the measurement of current- electric tension curves at the stationary 
platinised platinum-hydrogen electrode in o . 1 M KCI, o. r M K 2S04, (1 : 1) acetic acid - sodium 
acetate and (1: r) mono-dihydrogen phosphate solutions. The results agree with the theoretical 
predictions published in part I of the paper. [Author] 

462 - The "iussere Oberfiihrung" (external transfer) of molten TICI and ZnCJ. (in German). 
W. Fischer and A. Klemm (Max-Planck-Instit ut fiir Chemie, Mainz, Deutschland). Z. 
Naturforsch ., r6A (1961) 563- 568. 
Die Elektroendosmose von geschmolzenem TIC! und ZnCh durch ein U-formiges Diaphragma aus 
Al20a Splittern bis zu 0.2 mm Durchmesser wurde zwischen{) = 435° (325°) bis 670° mit deF Steig-
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hohenmethode gemessen.Ftir die Dberftihrungszahl des Kationsgilt: TIC!, t+ = o-4Io + 2.282 -ro - •, 
(f} ist 430°); ZnCI. t+ = 0.7I6 - 3.07 · Io - •, (it ist 3I8°). [He . Be.] 

463 - Study of the anodic formation and cathodic reduction of the oxygen layer on smooth 
platinum electrodes (in German). W . Bold and M. Bretter (Physikalisch-Che misches und 
Elektrochemisches Institut d er T ec hnischen Hochschule, Mtinche n, Bundesrep ublik 
Deutschland) . Electrochim . A eta, 5 (rg6I ) I 45- 160. 
The authors have studied the anodic formation and cathodic reduction of the oxygen layer on 
smooth platinum in different solutions and at different temperatures by measuring the current
electric tension curves which are obtained when a periodic triangular voltage is applied potentia
statically to the test electrode. The partial cathodic currents are negligible between + r.o V and 
1.5 V (EH), relative to the partial anodic currents of the two discharge reactions on which the inter
pretation is based; this follows from the dependence of the anodic i-E curves upon the rate of 
variation of voltage, and the H+ ion concentration. The currents of consecutive discharge steps 
during the oxidation are equal, and lead to the formation of a chemisorbed layer, Pt-0. That 
the anodic current is independent of the electric tension between + r.o V and 1.5 Vis explained 
with the aid of Temkin 's kinetic expressions. The cathodic i-E curves differ greatly from the 
anodic , because the system of differential equations which describes the processes simplifies the 
case considerably for the oxidation but not for the reduction. The anodic and cathodic processes 
can be interpreted satisfactorily on kinetic concepts. [Fr.Cla. ] 

464 - Electrometric titration of molybdic acid (in English). S. P. Moulik (Chemical D epart
ment, University College of Scie nce, Calcutta, India). Sci. and Culture {Calcutta), 27 (1961) 
45-46. 
Pure molybdic acid was prepared by passing o. I M Na molybdate through a column of strongly 
acidic resin. The solution obtained has a pH of 2.26. Electrometric titration with NaOH, using a 
glass electrode was carried out. The titration curve has two inflexion points. The results are discus
sed in connection with data found in the literature. [Gio .Ser.] 

465- Quantitative treatment of substituent effects in polarography. 11. Free energy rela
tionships in monocyclic and heterocyclic series (in English). P. Zuman (Polarographic 
Institute, Czechoslovak Acade my of Sciences, Prague, Czechoslovakia). Collection Czecho
slov. Chem. Communs., 27 (I962) 630- 647 . 
Linear free energy relationships are devised to correlate the shifts of the half-wave electric tensions 
of monocyclic and heterocyclic compounds with structural changes. The compounds are divided 
into two classes according to reduction occurring (a) in the heterocyclic ring , or (b) in the side 
chain. For compounds with a reducible heterocyclic ring, substitution directly on that ring, or on 
a phenyl group attached to this ring, is considered. The reduction in the side chain may be influ
enced by substitutents on the heterocyclic ring , by the kind of hetero atom and the size of the ring , 
and finally by substitution in the side chain . The scanty experimental data available (only roo 
half-wave electric tensions) impose limitations on this treatment. [Ot.So .] 

466- Quantitative treatment of substituent effects in polarography. Ill. Substituents in the 
ortho-position (in English). P . Zuman (Polarographic Institute, Czechoslovak Academy of 
Sciences, Prague, Czechoslovakia). Collection Czec hoslov. Chem. Communs., 27 (1962) 648-
666. 
The correlation of the shifts of half-wave electric t ensions of ortho-substituted compounds is first 
attempted by a linear free energy treatment. Secondly, a procedure is suggested which is based on 
measurements of polarographic half-wave electric tensions alone. Thirdly, from the difference of 
half-wave electric tensions of the o- and p -substituted compound the "polarographic ortho-shift" 
is defined, and some examples of positive and negative ortlw-shifts are discussed. It is shown that 
by using ortho-shifts the role in steric hindrance of coplanarity can be distinguished, as well as that 
of hydrogen bonding. [Ot.So. ] 

467 - Acetic anhydride as a non-aqueous ionising solvent. I. Conductivity and strength of 
electrolytes in acetic acid-free acetic anhydride (in German) . G. Jander und H. Surawski 
(Anorganisch-Chemisches Institut der Technischen Universitat, Berlin, D eutschland). 
Z. Elektrochem., 65 (rg6r) 384-394. ' 
Zuerst wird eine Zusammenstellung der physikalischen Konstanten aus der Literatur und aus 
eigenen Messungen der Autoren und eine Beschreibung der allgemeinen Eigenschaften von essig
saurefreiem Essigsaureanhydrid gegeben. Als Eigenleitfahigkeit wird als optimaler Wert :><:o = 
2.3. w - a Ohm - 1 cm-1 angegeben. Eine weitere Tabelle gibt den Grad der Loslichkeit verschiedener 
anorganischer und organischer Stoffe in Essigsaureanhydrid an. Die Autoren ftihrten Prazisions-
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LeitHihigkeitsmessungen von Salzen sowie Sauren- und Basenanalogen in diesem Losungsmittel 
bei 20° durch. Als Sauren.analoge wurden Acetylbromid, -chlorid und -perchlorat verwendet, als 
Basenanaloge Natrium-, Kalium-, Caesium- und Thallium-azetat. Bei Konzentrationen< 1o-• M 
ist fiir einige Salze (K ClO •. KBr, [(C2H5) 4N]Br) die Debye-Hiickel-Onsager Gleichung giiltig. Die 
Grenzleitfahigkeiten ..1 0 , die Dissoziationsgrade e< und die thermodynamischen Dissoziationskon
stanten K 0 der untersuchten Verbindungen konnten nach Shedlovsky berechnet werden . Mit 
Hilfe der Walden'schen Regel wurden Ionenbeweglichkeiten abgeschatzt und festgestellt, dass die 
Acetyl- und Azetationen des Losungsmittels keinem besonderen Wanderungsmechanismus folgen. 

[He. We. ) 
(See also abstracts no. 540.) 

468 - Dipole moments and electron acceptor properties of cyclopentadienyl- metal bonds 
and benzene tricarbonyl chromium (in German). (lnstitut fiir ph ysik a lische Chemie der 
Universitat, Wiirzburg, Deutschland) . Z. Electrochem ., 64 (1960) 945- 951. 
Die Dipolmomente von Cyclopentadienylmet allverbindungen und ahnlichen Stoffen wurden 
in Heptan , Benzol und Diozan gemessen. Die E rgebnisse wurden nach der Methode von 
Hedestrand ausgewertet. In Cyclohexan haben axialsymmetrische Cyclopentadien yl- Metallver 
bindungen mit Doppelkegelstruktur stets das Dipolmoment 11- = o. Das Dipolmoment ist auch in 
Dioxan Null , wenn eine reine kovalente Bindung vorliegt, wie bei den Durchdringungskomplexen 
Fe(C5H 5) 2 und Ni(C5H 5)2. Je starker die Metall - Ring-Bindung ionogen ist, desto hoher liegt das 
Dipolmoment der Verbindungen in Dioxan gegeniiber dem in H eptan bezw. Cyclohexan und Ben
zol. Die Autoren fiihren diesen Effekt auf eine Donator -Akzeptor-Wechselwirkung zuriick. 
Dioxan wirkt a ls starker Donator, d ie Zentralatome der Metallverbindungen bei Cr (CoH&). und 
V(CoH&). als schwache, bei Zn(CoHs)(C.Ho) und Zn(CoHo)(CoHo) als starke Elektronenakzeptoren. 
Dies wird dadurch erhartet, dass in diesen Fallen auch isolierbare Koordinations-Verbindungen mit 
Ammoniak bekannt sind . Bei Verbindungen mit "Sandwich-Struktur " wie Sn(C5H 5)2 (kovalent), 
Pb(C5H 5) 2 (schwach pola r ) und Mn(CoHs)2 (ionogen) zeigt e sich der g leiche Effekt, aber das Dipol
moment hat bereits in Heptan einen endlichen Wert (0.9- 1.3 D). lm CoHoCr(CO)a wirkt der stark 
positivierte Benzolring als potentieller E lektronenakzeptor, das Dipolmomentistin Dioxan schwach 
erhoht. BeiC5HsMn(C0) 3 und CoH7Mn(CO)s ist der Effekt nur gering, da der Cyclopentadienylring 
infolge der hoheren :n:-Elektronendichte nur sehr schwach als Akzeptor wirkt. Bei Be(C5Ho)2 liegen 
andere Bindungsverhaltnisse vor, da es schon in Heptan ein Moment fl = 2.26 D hat (in Dioxa n 
fl = 2.60 D). Si(CsHo)(CHa)a hat in Heptan und in Dioxan das Moment fl = 0-4 D. [H e. We. ) 

469 - Redox electric tensions of p-hydroxyphenylglycine (in Russian). Ya. M. Veprik and 
G. P. Faerman (Cinema Engineers Institute, Leningrad, U.S.S. R .) . Zhur. Fiz. Khim., 
36 (1962) 502- 507. 
The redox electric tensions of p -hydroxyphenylglycine have been determined over the pH range 
1-10 . The oxidation of this compound was observed to take p lace in two stages, for each of which 
the normal redox electric tension was d et ermined. The results are used to explain the change in 
relative reduction rates of AgN03 by p-hydroxyphenylglycine and metal with varying pH of the 
medium. The normal redox electri c tensions mentioned are t abulated for the pH range 1.04-9·98. 

[Ot.So.) 
See also abstracts nos. 511, 533, 547, 552. 

2. Apparatus and accessories 

470 - Arrangement for measuring electric tensions of polarizable electrodes by direct and 
commutator methods (in Russian). G. M. Vainshtain (Research Institute of the Nitrogen 
Industry, Litishansk, U.S.S.R.). Zhur. Fiz. Khim., 36 (1962) 645-647. 
A simple arrangement was designed for measuring electric tensions of electrodes in the process of 
electrolysis by direct and by commutator methods. A special key is employed, permitting electric 
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t ension measurements to be made using polarization current circuits which are closed or open at the 
moment of measurement . The electric t ensions measured by the commutator method are often in
dependent of current density changes, and are characteristic of t he electrochemical p rocess t aking 
place at the electrode. [Ot.So.] 

471 - Modern apparatus for electrophoresis and chromatography In biochemical research 
laboratories (in German). H. Pelzer . Glas-Instr.-Tech., 4 (1960) 303- 311. 
A survey with thirty references to apparatus for electrophoresis and chromatography. 

[Ca.Cas. ] 

472 - Continuous electrophoresis fractionation stabilized by electromagnetic rotation (in 
English). A. Kolin. Proc. Nat. Acad . Sci., 45 (1960) 509- 523 . 
A detailed description of a column shaped apparatus, suitable for micro-scale operations , in which 
ions or charged particles migrate under the influence of an electric and a magnetic field in a free 
solution , stabilization against thermal motion being achieved by rotating the column . The time 
required for separation is of the order of a few sec, under a gradient of IOO Vfcm. A device for with
drawing samples after separation is also described. [Ca. Cas. ] 

473 - A transistorized amplifier for controlled electric tension coulometers (in English ). 
R. C. Probst (Savann ah River Laboratory, E.I. duPont de Nemours and Co., Inc., Aiken, S.C., 
U.S.A.). Anal. Chem., 34 (I962) 588. 
The construction of a transistorized amplifier is described. A schematic wiring diagram is shown, 
and some working details are discussed. The output voltage is ± 15 V at 300 rnA with a n input 
voltage swing of ± IOO Vat 2 rnA. [Kl.Gr. ] 

474- A constant current microcoulometric technique for dropping mercury electrodes. The 
determination of the number of electrons Involved in polarographic reductions (in English ). 
H. B. Mark, E. M. Smith and C. N. Reilley (Department of Che mistry, University of 
North Carolina, Chapel Hill , N.C., U .S.A.).]. Electroanal. Chem., 3 (I962) 98- I I I . 
A constant current microcoulometric method for determining the number of electrons involved in a 
unit of reaction a t a dropping mercury electrode is described in detail. A large capacitor is connect
ed in parallel with the microcell , and a constant current applied to the combination. The results 
obtained from several tests with both reversible and irreversible reductions are discussed, and the 
optimum conditions for accurate results with the method a re presented. The principle advantage of 
the amperostatic method over the usual potentiostatic method is the ease with which the number 
of coulombs passed during the electrolysis can be calculated. [Authors] 

475 - Apparatus for electroconductivity measurements (in Russian). E. S. Sevastyanov, 
A. I. Gorbanev and Y u. M. Kessler (Institute of Electrochemistry, Academy of Sciences, 
U.S.S.R.) . Zhur. Fi z. Khim., 36 (1962) 644-645 . 
A simple bridge circuit is described, said to reach an accuracy of o .o3% when measuring resistances 
of l,ooo- Ioo,ooo l.1 and capacities of o- Io,ooo pF. [Ot .So.] 

476 - Integral chronoamperometry with a simple apparatus (in English). A. L. Beilby and 
A. L . Budd (Department of Chemistry, Pomona College, Claremont, Calif., U.S.A.). Anal . 
Chem., 34 (1962) 493. 
A modified circuit for the use of a manual polarograph is developed for integral chronoamperome
try. Any conventional polarograph can be used. The time-current calibration procedure is de
scribed, and as an example, the diffusion charges and formal potentials for the oxidation of iodide 
are taken. The equation for calculating the diffusion charge at a cylindrical electrode is developed. 
The reproducibility of the method is within I%· [Kl.Gr. ] 

477 - A micromethod for determining pH, base-excess, co. pressure and standard bicar
bonate value in capillary blood (in English) . 0. S. Andersen, K. Engel, K. ] 0rgensen and 
P. Astrup (Rigs Hospital , Copenhagen, Denmark). Scand. ] . Clin. & Lab. In vest., 12 
(1960) 172- 176. 
By means of a new device (consisting of a special capillary glass electrode and of a micro-equili
bration chamber) 30-50 ,ul samples of blood (anaerobically withdrawn) can be submitted to one 
actual and two additional (at two different values of co. pressure) pH measurements : a particular 
nomogram (given in another paper) then gives the partial pressure of C02. the base-excess and the 
standard HC03 - value. Good agreement is obtained with the corresponding value measured 
in arterial blood. [Ca.Cas. J 
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478 - Multi-sweep cathode ray polarograph with two streaming mercury electrodes in a 
differential circuit (in Russian). E. Giirlich, J. Srzednicky and Z . Kowalski (Mining Aca
demy, Cracow, Poland) . Zhur. Fiz. Khim., 36 (1962) 449- 454. 
A cathode ray polarograph is described, in which two streaming mercury electrodes in a differential 
circuit were used to obtain the voltammetric curves . The electrochemical part of the arrangement 
includes a device for regulating the length of the immersed part of the streaming electrodes with an 
accuracy of ± 0.05 mm. This enables the polarograph to be used for quantitative a nalysis. The 
rate of potential change may be varied stepwise from 14- 896 Vfsec. Polarographic curves obtained 
at the higher rate of potential change exhibit peaks. The image on the oscillographic screen is stable, 
making a direct reading possible. [Ot.So. ] 

479 - Polarographic electrolyzer with solid indicating electrode for continuous automatic 
control (in Russian). Ya. I. Turyan (Research Institute of the Nitr ogen Industry, Liti
shansk, U .S .S .R.). Zavodskaya Lab., 28 (1962) 98- r or. 
The design of the electrolytic vessel includes: continuous cleaning of the electrode surface by ano
de-cathodic polarization, and if necessary, amalgamation or any other galvanic metalisation, use 
of the same electrode in the measured, reference or electrolyte solution, and facilities for cathodic 
accumulation of the substance determined, when present in microgram amounts. A detailed diagram 
a nd description is included in the origina l paper. [Ot .So.] 

480 - A tempered polarographic cell for micro volumes (in German). G. Anders and K. 
Schwabe (Central Institute for Nuclear P h ysics, Dresden, German y). Z. C hern., 1 (1961) 
22 3- 224-
Es wird eine verbesserte temperierbare Mikrozelle (1-5 ·w- 2 M) mit ausgezogener Tropfkapillare 
und Bodenquecksilber nach Art derjenigen von v. Sturm(}. Polarog. Soc. , (1958) 28-35) beschrie
ben und die Reproduzierbarkeit von Cd-Stufen (- 2.5 · ro - 5 M) hinsichtlich des E ntli.iftungsvor
ganges (5-7 min .) gezeigt. [He .Be .] 

481 - Electronic apparatus for measuring small changes of current or tension gradients in 
a circuit of electrically conducting liquids (in English). P. N. Rao, P. D. Bhatnager and 
A. K. Bhattacharia (Department of Chemistry, Agra College, Agra, India). K olloid Z., 
164 (1959) 127. 
Two kinds of electric bridge have been used, together with a tube voltmeter as sensing instrument, 
for measuring small changes in current intensity or in electric tension, respectively . [Red.] 

482 - A device for the automatic reproduction and removal of stationary drop electrodes 
(in Russian). A. Y. Gokhstein and Y. P. Go kh stein (Institute of Electrochemistry, 
Academy of Sciences, U.S.S.R .). Zhur. Fiz. Khirn., 36 (1962) 652 - 655. 
A needle centered by springs is lifted by an e lectromagnet, which receives timed pulses from a 
synchronising a rrangement . The drop formed is automatically removed after electrolysis by means 
of a small rocking-beam of glass activated by a n electromagnet . The electrolytic cell may be 
sealed hermetically; the capillary is not shaken when the apparatus is in use. Local exhaustion of the 
solution before formation of a new drop is eliminated. [Ot.So.] 

483 - Polarization of thin porous electrodes (in Russian). 0 . S. Ksenzhek (Institute of 
Ch emical Technology, Dniepropetrovsk, U.S .S .R.). Zhur. Fiz. Khirn., 36 (1962) 633- 636. 
Electrodes are considered, whose thickness is comparable with the effective depth of penetration of 
the electrode process into the bulk of the electrode. Calculated data are given for an estimation of 
the effect obtained by using porous electrodes, a nd the dependence on their thickness. Limits arc 
defined for the range in which porous electrodes may usefully be employed. [Ot.So.] 

484 - Automatic microchemical investigation of the atmosphere. I (in German) . H . Malissa 
and G. Wagner (lnstitut fi.ir analytische Chemic und Mikrochemie der Technischen Hoch
sch ule, Wien , Osterreich). Mikrochirn. Acta, (1962) 332 - 339. 
An automatic conductometer, with a recorder, is used for measuring the carbon dioxide content 
of the earth 's atmosphere . It is possible to differentiate between C02 present in the gas phase and 
present in the particles of the aerosol. [H .L. Ki. ] 

485 - Coulometric analyser for trace quantities of oxygen (in English). F. A. Keidel (E. I. 
duPont de Nemours and Co. Inc., Wilmington, Del. , U.S . A.). I nd. Eng. Chern ., 52 (1960) 
490- 493 · 
A new instrument for measuring oxygen is described. The method is suitable for very sma ll quan
ti ties, from lo-"- r % by volume in gases, and from w -6% to saturation in liquids. [Gio.Ser.] 

486 - A piston-type mercury electrode made from a fluorine-containing polymer (in Rus-
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sian). B. Ya. Kaplan and P . M. Chigirev (State Research Institute of Rare Metals, 
U.S.S .R.) . Zavodskaya Lab. , 28 (1962) 101 - 102. 
An electrode is described, suitable for the stationary-drop type of polarographic analysis, with 
cathodic accumulation of the substance determined. A drawing is included. [Ot.So. ] 

487 - Automatic titration with direct read-out of chloride concentration (in English). E. 
Cotlove and H. H . Nishi (National Heart Institute, Bethesda, Md., U.S.A.) . Clin. Chem ., 7 
(1961) 285-291. 
A unit is described for use with an automatic titrator. The latter has been described previously. 
The concentration of CI- can be read in mequiv. fl on a digital register. The determination requires 
only 0.1 ml of sample . [Gio.Ser. ] 

488 - New apparatus for electrochemistry in anhydrous organic solvents (in French). 
I. Gillet (Laboratoire d'electrochimie organique, Universite d e Liege, France). Bull. soc . 
chim. France, (1962) 377- 380. 
L'auteur decrit une cellu le d 'electrolyse et un potentiostat qui permettent de faire des mcsures en 
milieu anhydre tres resistant . La cellule est d'abord decrite avec beaucoup de minutie (4 schemas). 
Pour obtenir des !ignes de champ paralleles , et une densite de courant uniforme, les deux elec
trodes utilisees sont planes et paralleles; ces electrodes qui sont amovibles, sont situees aux deux 
extremites de Ia cellule cylindrique . Pour ne pas modifier l'uniformite du champ, Ia jonction elec
trolytique entre !'e lectrode de comparison et Ia cellu le est entieremcnt exterieure a celle-ci; elle y 
debouche par une fente laterale reglable tres mince (3 mm x 20 microns) situee dans Ia paroi 
cylindrique, au niveau de !'electrode etudiee. La proximite de Ia fente e t de !'electrode (environ 
20 microns) rend negligeable Ia tension electrique que pourrait introduire le courant d 'electrolyse. 
La cellule , construite en verre et teflon, est ctanche aux gaz; !'agitation se fait par circulation du 
liquide. 
L'auteur decrit ensuite un potentiostat e lectromecanique capable de fournir une tension d'elec
trolyse de 235 V. L'appareil est alimente par 3 batteries de So V. II peut fournir jusqu 'a 1.5 A. 
Le temps de reponse est o.3 sec. La tension electrique est stabilisee a ± o. 7 mV ou ± 2 mV suivant 
le reglage. [An.Sn. J 

489 - A glass electrode for determining acidity in acetonitrile (in French). J. Badoz-Lam
bling, J. Desbarres et J. Tacussel (Laboratoire de chimie analytique, E.P.C.I., 10 rue 
Vauquelin, Paris , et Ste. Solea, 4 rue Carry, Lyon, France). Bull. soc. chim. France, (1962) 
53· 
Le fonctionnement d'une electrode de verre classique dans un solvant, tel que !'acetonitrile, peut 
etre decrit par Ia chaine: 

electrode de 
reference dans 
!'acetonitrile 

solution de 
pH inconnu dans 
I' acetonitrile 

solution de 
remplissage 
dans l'eau 

paroi 
de verre 

electrode 
de 
reference 

electrode de verre 

On constate que dans ce solvant les tensions e lectriques developpees par une telle pile sont peu 
reproductibles. Pour ameliorer leurs rcsultats, les auteurs proposent de remplir !'electrode par une 
solution dans !'acetonitrile. 
On compare cette electrode a une electrode classique et on constate alors, que dans une solution 
tampon de pH, Ia reproductibilite des mesures (± 10 mV contre ± 30 mV) et le temps d'etablisse
ment des tensions electriques (5-10 min contre 10- 30 min) sont plus favorables dans le cas de 
!'electrode a remplissage d'acetonitrile. [An.Sn .] 

See also abstract no. 466. 

3. Polarography 

490 - Some electrochemical methods for trace analysis (in Dutch). ]. ]. Engelsman (Na
tuurkundig Laboratorium Philips', Eindhoven, The Netherlands). Chem. Weekblad, 58 
(1962) 113-115. 



J. POLAROGRAPHY 

In this lecture report, the lower limits of estimation are given for classical polarography (including 
recently proposed refinements) , pulse polarography, voltammetry with rotating mercury coated 
platinum electrodes, and concentration by deposition on the electrode, followed by anodic strip
ping. By means of conductomctry, it is possible to measure to what extent red phosphorus has 
been superficially oxidized. In one sample this was found to be 0.1 p.p.m. [H.L.Ki. ] 

491 - The theory of oscillographic polarography (in Russian). L. Ya. Sheku n . (University 
of Kazan, U.S.S.R.) . Zhur. Fiz. Khirn., 36 (1962) 455- 457. 
The case where the electric tension changes linearly with time has been considered. An expression 
is derived for the time derivative of the diffusion current difdt. It is shown that the difdt curve may 
be employed for the exact determination of the electric tension peak of the polarograms and for 
the analysis and estimation of the polarographic reversibility of the electrode reactions . [Ot.So.] 

492 - Theory of alternating current polarography (in English) . H . H . Bauer, W. H. Rein
muth and D. E. Smith (Faculty of Agriculture, University of Sydney, Sydney, Australia, 
(first author), and Department of Chemistry, Colum bia University, N.Y., U.S.A . (co
authors)) . Anal. Chern. , 33 (1961) 1803- 1804. 
Some points in the paper by Reinmuth and Smith (Anal. Chern .. 33 (1961) 964) concerning the 
theory of alternating current polarography arc questioned by Bauer. Reinmuth and Smith a lso 
comment on the points raised by Bauer in his short communication. [Su.Mo.Ce.] 

493 - Anodic stripping polarography using the cathode ray polarograph (in English). 
A. P. Mead, A. Parker and E. A. Terry (U.K. A. E. A. Research Group, Chemistry Division, 
Woolwich Outstation, Great Britain). Nuclear Sci. Abstract 16 (1962) 357 Abstr. No. 2959. 

494 - Polarographic analysis. Generalities on the method (in Spanish). V. A. Huertas . 
Quirn. e ind., 7 (1960) 6- 11. 
A survey of the theoretical basis and literature in the field of polarography. together with a survey 
of analyses carried out in Spain using this technique. [Ca.Cas. ] 

495 - Methods and applications of d.c. polarography (in German). H. W . Niirnberg and 
M. von Stackelberg (Max-Planck-Institut fiir Eisenforschung. Dusseldorf. Deutschland). 
] . Electroanal. Chern., 2 (1961) 350- 387 . 
Continuing the subject of the review article already published(]. Eleclroanal. Chern., 2 (1961) 181) 
the kinetic applications are dealt with in this paper. The subjects considered are: (a). utilization of 
diffusion controlled limiting currents; (b). kinetic limiting currents with preceding chemical 
reactions, and with re-production of the depolarizing substance as a result of a subsequent 
reaction of the depolarization product; (c) , utilization of measurements of half-wave e lectric 
tensions. The mathematical part is briefly discussed in a short appendix. [Red .] 

496 - The effect of cell resistance on acute polarographic maxima (in English). I. M. Kolt
hoff. ] . C. Marshall and S . L. Gupta (School of Chemistry, University of Minnesota. Minne
apolis, Minn., U.S.A.).]. Electroanal. Chem .. 3 (1962) 209-216. 
In the absence of external resistance in the circuit , the resistance of a polarographic cell, Rcell = 
R, + R e. where Ro acts as a true internal resistance in the immediate vicinity of the growing mer
cury drop , and varies with time (1) according to the expression R 1 = kt - 113. The component Re acts 
as external resistance, is independent of I and increases with increasing separation between the 
dropping electrode and the reference electrode. The value of k is smaller than calculated by 
llkovic and depends on the diameter of the tip of the capillary. With a capillary with an external 
diameter of the orifice of 0.5 mm the value of k was in satisfactory agreement with that calculated 
by llkovic. [Authors] 

497 - The so-called tensammetric waves (in English). A. N . Frumkin and B. B. Damaskin 
(Institute of Electrochemistry, Academy of Sciences. Moscow, U.S.S.R.).] . Electroanal 
Chen1., 3 ( 1962) 36- 44. 
The term "tensammetry" introduced by Breyer and Hacobian, as well as the mechanism proposed 
by them to explain the appearance of peaks on the differential capacity-voltage curve3 in the 
presence of surface-active substances, has been critically discussed. The value obtained by the 
method developed by these authors has been shown to be identical to that determined by the com
parison method used by Proskurnin and Frumkin. The advantages of the bridge arrangement for 
the determination of the differential capacity of the electrode have been considered. Curves for 
the dependence of the differential capacity on the electric tension arc given for the case when the 
desorption process is that of a two dimensional phase transition and for that when, at some electric 
tensions, a change in the structure of the adsorption layer occurs, unaccompanied by desorption . 

[Authors] 
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498 - A sensitive polarographic technique (in English). H. B. Mark and C. N. Reilley 
(Department of Chemistry, University of North Carolina, Chapel Hill , N.C. , U.S.A.). 
] . Electroanal. Chem., 3 (1962) 54- 63. 
A simple polarographic technique, based upon measuring the difference between the total current 
in the sample solution and the residual current in the supporting electrolyte solution at a specified 
time during drop life , was investigated. Concentrations, ranging from J0 - 6-J0 - 5 M, of a single 
reducible species could be determined to within± 0.4 · 10-• M. A similar technique permits quali
tative analysis of mixtures containing two or more reducible species in the J0 - 6 M concentration 
range . These methods were tested with solutions of Pb2+, Cu2+ and Zn2 +. [Authors] 

499 - Polarographic reduction of hydrogen on a rhodiated dropping mercury electrode 
(in Italian) . L. Campanella and E. Scarano (Analytical Chemistry Institute, University of 
Rome , Italy) . Rass. chim .. 13 (1961) 13- 16. 
Rhodium chloride solutions in 0.1 M potassium chloride, after treatment with ion exchange resins, 
deposit metallic rhodium on the dropping mercury electrode. On this "rhodiated" dropping mer
cury electrode (ROME) the hydrogen over-tension is greatly decreased; a well developed polaro
graphic wave of hydrogen is obtained at an electric tension of - 1.35 V (vs. S.C. E.). The ROME 
can be very useful in the study of hydrogen reduction, and also as a practical tool for the deter
mination of strong and weak acids. [Su.Mo.Cc.] 

500 - lodimetric amperometric determination of copper(ll) (in English) . D. Singh and V. S. 
Agarwala (Electrochemical Laboratory, Hindu University, Benares, India). Cunent Sci . 
(India), 30 (1961) 12- 13. 
Iodides and Cu2 + react according to the equation: 2 Cu 2+ + 5 I - = 2 Cu i + Ia- . with the precipi
tation of Cui. The solution can be titrated amperometrically with Na2S203 at pH 3.2- 5.2. using 
two polarised electrodes at constant voltage. Ag, Pb, Sn 4 +, Bi, AI, Zn and Ni do not interfere. 
Interference by Fe•+ can be avoided by using alkali pyrophosphate. The error is ± 1.5 % and Cu2 + 
can be determined in amounts up to 6.3 mg. [Gio.Ser. ] 

501 - Micromethod for separation and determination of calcium, strontium and barium 
(in German). A. Tockstein and V. Novak (Technische Hochschule fiir Chemic, Pardubice, 
Tschechoslovakei). Mikroch i m. A eta, ( 1962) 142- 154. 
Addition of Co( II) to a strongly ammoniacal solution, containing so.•-. ethylene diaminetetraace
tate (EDTA). Ba2+, Sr2+ and Ca2+ brings about precipitation of BaSO •. In the presence of ethanol 
SrS04 is also precipitated. After separation of the different sulphates by centrifuging, Ca, Sr and Ba 
arc determined by observation of the heights of the two polarographic waves which arise after 
introduction of the alkaline earth sulphate into a solution of the silver EDT A complex. The rela
tive error amounts to 3% - The method seems to be rather laborious. [H.L.Ki .] 

502 - Determination of cadmium and nickel in the active mass of alkaline accumulators by 
amperometric titration (in Russian) . E. G. Novakovskaya (State Research Institute of the 
Accumulator Industry, U.S .S.R.). Zavodskaya Lab. , 28 (1962) 28- 29. 
The determination of nickel in the presence of large amounts of cadmium is based on precipitation 
of nickel by dimethy lglyoxime, and titration of cadmium by EDT A in the presence of the nickel 
precipitate. Nickel is determined by reverse titration of excess dimethy lglyoxime by a standard 
nickel solution. The supporting electrolyte is ammonia- ammonium chloride . Cd is de termined 
with a relative error of 0 .3%. Ni with an error of 3%- [Ot.So.] 

503- Use of amino compounds in the polarography of inorganic substances. XII. Determi
nation of Cd, Pb and Tl in indium (in German). J. Dolefal, V . Petrus und J. Zyka (Institut 
fiir analytische Chemic, I<arlsuniversitat, Prag, Tschechoslovakei). ] . Electroanal. Chem., 
3 (1962) 274- 277-
Die Miiglichkcit der polarographischcn Bestimmung von Thallium und l(admium neben Indium 
evcntuell von Thallium und Blei neben Indium, im Medium von 0.5 M bis-(2-hydroxybutyl)-l
hydroxyathylamin mit 0.1 M NaOH als Elektrolyt ist beschrieben. [Authors] 

504 - Determination of aluminium in thorium compounds by linear sweep oscillographic 
polarography (in English). T. M. Florence (Australian Atomic Energy Com mission Researc h 
Establishment, Lucas H eights, N .S . W ., Australia). Anal. Chem., 34 (1962) 496. 
The polarographic reduction of the complex of aluminium with 5-sulpho-2',4',2-trihydroxy
azobenzene (Superchrome Garnet Y) is used for the determination of AI in thorium compounds . 
Of 35 ions investigated only Fe, Ni , Pb , and V interfere . 1 /Jg of AI can be detected in 1 g Th with 
an accuracy of 3-7%. This masked by acetate. The recommended procedure is described in detail. 
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The measurements are made with a Southern Instruments Cathode Ray Polarograph, Model 
K 1000. The optimum pH is 5·75· and must be carefully controlled. Some polarograms of the com
plex are shown. [Kl.Gr. ] 

505 - Polarographic determination of thallium in an atmospheric sample (in English). 
A. S. Landry (International Cooperation Administration , Lima, Peru, South America). 
Am. Ind. Hyg. Assoc.]., 2I (I96o) 407- 4I3. 
A method is described in which thallium can be determined polarographically in the presence of 
Pb. The method is based on the use of 2. 7 M CaCI. as supporting electrolyte and of EDT A as 
chelating agent. TI can be determined in concentrations ranging from Io-50 Jlg per ml in the pres
ence of more than 20 f.lg per ml of Pb. If Fe is present, Tl must be extracted with ethyl ether from 
a solution which has been made I Min HBr. Pb and TI can be determined together. [Gio.Ser. ] 

506 - Polarographic investigation of complexes participating in the electrode reaction in the 
system Ti(IV)-Ti(lll) in hydrochloric acid media (in Russian). A. G. Stromberg and A. I. 
Kartushinskaya (Polytechnic Institute, Tomsk, U.S.S.R.). Izvest. Sibir. Otdel. A kad. N auk 
S.S.S.R. , [ I I ] (I96I) 88- 97· 
Experiments were carried out in solutions of the system Ti(IV) - Ti(III) in hydrochloric acid , vary
ing in the hydrogen and chlorine ion concentrations. The following complexes were found to be 
present in the solution: Ti(OH)2Cl2, Ti(OH)Cl 2+ and Ti3 +. The following take part in the electrode 
reaction: Ti(OH)CI• + and Ti(OH)CI +. Expressions were derived for the standard electric tension of 
the electrode reaction. [Ot.So.] 

507- Polarographic determination of Pb 2+ and Sn 2+ ions present together in solution (in 
French). J. Cantacuzene and R. Zermizoglou (Laboratoire de chimie, Ecole Nor male Supe
ri e ure, 24 rue Lhomond, Paris, France). Bull. soc. chim. France, (I962) 283-284. 
Les tensions electriques de demi-vague des ions Pb 2 + et Sn• + ne sont pas suffisamment separees 
pour qu'on puisse les doser conjointement par polarographic. En milieu acide citrique I M, malgre 
une difference de 0.26 ventre les tensions electriques de demi-vague (pris sepan\ment). les auteurs 
observent encore une interference des deux vagues. Par contre, en ce milieu, l'etain(II) s'oxyde 
facilement par I' air en etain(IV). Celui-ci ne se reduit plus a Ia meme tension e lectrique que le 
plomb(Il). Deux polarogrammes, l'un avant, )'autre apres barbotage d'air, permettent done de 
determiner successivement Ia somme des courants de diffusion, puis le courant de diffusion dfl 
au plomb. Le dosage est rapide et il permet de doser des solutions contenant jusqu'a Ioo fois plus 
de Sn• + que de Pb• +. [An.Sn. ] 

508 - Amperometric titration of small amounts of thorium with EDTA (in Russian). P. N. 
Palei and N. I. Udal'tsova. Trudy Komissii Anal. Khim., Akad. Nauk S.S .S.R., I I (I96o) 
299- 305. 
The solution containing Th (o.3- I5.0 mg) is neutralised to pH 2.0- 3.5 with aqueous NHa, and 
titrated with o. I, o.o5 or 0.005 M EDTA. Two polarisable Pt electrodes are used, and the oxidation 
current of EDTA at 0.4- 0.5 Vis measured after 3- 5 min, stirring after each addition. The current 
is measured during stirring. AI, U02•+ and rare elements do not interfere. Monazite sand can be 
analysed after separation of rare earth elements with oxalic acid. [Gio.Ser. ] 

509 - Polarographic microdetermination of arsenic made insoluble by treatment with CI. 
and S02 (in French) . L. Vignoli, B. Cristau et F. Gouezo (Laboratoire de pharmacie chimi
que et de toxicologic, Faculte mixte de Medicine et de Pharmacie de Marseille, France). 
Chi m. anal., 44 (I962) 3-6. 
Les auteurs decrivent un mode operatoire permettant de doser par polarographic )'arsenic, isole a 
l'etat de metalloide. L'arsenic est oxyde par le chlore en As(V) puis reduit par so. en As(III). 
A pres une elimination minutieuse du S02 dont Ia vague polarographique interfere avec Ia premiere 
vague de !'arsenic (£,12 = - 0-43 V), il est possible de doser jusqu'a 20- 25 f.lg d'arsenic par le 
trace d 'un polarogramme en milieu tartrique . [Bad. Lam.] 

510- Cyclic voltammetry of aqueous solutions of chromium compounds on the stationary 
hanging mercury drop electrode. Chloride complexes of Cr(lll) (in Polish). W. Kemula and 
E. Rakowska (Department of Inorganic Chemistry, The U niversity, Warsaw, Poland). 
Roczniki Chem., 36 (I962) 203- 213. 
The behaviour of Cr(III) and Cr(II) complexes in different electrolytes, KCI, CaCI., HCI, KBr, K.so. 
and HCIO• was investigated by means of cyclic voltammetry on the stationary hanging mercury 
drop electrode with polarographic and oscillographic recording. The influence of pH, gelatin, 
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temperature and frequency variations of the applied voltage were studied. It was observed that 
reduction of (Cr(H.0) 4)3+ in solutions containing CI - and Br - ions results in formation of different 
kinds of complexes, in which one or two H20 molecules are replaced by halogen ions. The products 
formed are present in the vicinity of the electrode surface. The reduction of the secondarily formed 
complexes, (Cr(H•O)sCI) 2+ or (Cr(H.o).Ch) + , takes place at more positive electric tensions than 
reduction of the initial compound, and therefore a new maximum appears in the second cycle. 
The system Cr(lli)(H20) ,Xm/Cr(II) was found to be reversible in o. I N KBr, almost reversible in 
IO N CaCI 2 , and more or less irreversible in other electrolytes studied. [Ad.Hu. J 

511 - Polarographic behaviour of chromate ion. I. Reaction mechanism and influence of 
the supporting electrolyte (in French) . ] . ] . Tondeur, A. Dombret and L. Gierst (Faculte 
des Sciences, Universite Libre d e Bruxelles, Belgique). ]. Electroanal . Chem., 3 (196 2) 
22 5-262. 
The polarographic reduction of the chromate ion may proceed along two different paths (direct 
discharge, or antecedent chemical reaction), both strongly influenced by the electrical characteris
tics of the interphase . The "true" rate constants of the processes have been evaluated, taking into 
account the presence of the double layer, and the adsorbability of the chromate ion. [Authors] 

512 - Polarographic determination of selenium in urine (in English). A. G. Faulkner, E. c. 
Knobloch and W. C. Purdy (Division of Nuclear Medicine and Chemistry, Walter Reed 
Army Institute of Research, Washington D.C., U.S.A.). Clin. Chem., 7 (196I) 22- 29. 
The urine sample is evaporated to dryness, and heated with HN03 and H 2S04 until fuming . H 20 2 

is added, and heating is continued to destroy the excess of H20 2 . The solution is diluted with H 2S04 

to a final concentration of 3 M H 2S04 . After deaeration with nitrogen , the polarogram is re
corded. The first wave is due to Se and the diffusion current is proportional to the concentration. 
Standard solutions are prepared by treating pure Se in the same way as the urine sample. The Se 
content of urine can be kept constant for four days if the sample is acidified to 1 M HN03 . 

[Gio.Ser. ] 

513 - A polarographic study of some complexes of molybdenum (in English). E. W. Zahnow 
and R. ] . Robinson (Department of Chemistry, University of Washington, Seattle, Wash. , 
V.S.A.). ] . Electroanal. Chem., 3 (1962) 263- 273. 
The catalytic current due to the reduction of perchlorate by Mo(IV) or of nitrate by Mo(lll) can 
be decreased by complexing these molybdenum species. When only one complex forms , the 
instability constant, and the ratio of complexing agent to molybdenum, can be evaluated. When 
the catalytic waves are completely suppressed, only the normal polarographic waves appear. 
The latter can be used to determine molybdenum quantitatively without the necessity of a cali
bration curve . [Authors] 

514 - Application of polarography to organic chemistry (in English). P. Zuman (Polaro
graphic Institute, Czechoslovak Academy of Science, Prague, Czechoslovakia).]. Electro
anal. Chem., 3 (1962) 157- I68. 
A review concerning various applications of polarography in the field of organic chemistry: 
analysis, homogenous reactions, organic electrode processes, reactivity and structure, and syn
thesis are considered. [Red. ] 

515 - A new polarographic method for the microdetermination of chloropicrin in air (in 
English). B. Berek and]. Solomon (Canadian Department of Agriculture Research Station, 
Winnipeg , Mannitoba, Canada). Anal. Chem., 34 (1962) 514· 
A rapid polarographic method for the direct determination of chloropicrin in air is described. The 
polluted air is drawn through a trap with a mixture of 940 ml 85% methanol, 50 ml r % gelatin 
maximum suppressor solution and ro ml 8 N nitric acid. The solution is then polarographed. A 
special silver- silver chloride comparision electrode is used . The details of construction for this 
elec trode are given. The over all precision of the method is 1. I- 5% in the concentration range 4.2 7 · 
10-"-1.22. Io - s M . [KI.Gr.] 

516- Use of amino compounds in the polarography of inorganic compounds. X. Polaro
graphic behaviour of some ions in 1-amino-3-propanol, bis-(2- hydroxypropyl)-2-hydroxy
ethylamine and bis-(2-hydroxybutyl)-2-hydroxyethylamine (in German).]. Dolezal, V. Petrus 
and ] . Zyka (Lehrstuhl fiir analytische Chemic der Karlsuniversitat, Prag, Tschecho
slowakei).]. Electroanal. Chern., 3 (I962) 9I - 97· 
The dissociation constants of I -amino-3-propanol, bis-(2-hydroxypropyl)-2-hydroxyethylamine and 
bis(2-hydroxybutyl)-2-hydroxyethylamine have been measured and calculated. The behaviour of 
a large number of elements has been investigated in media containing these amino-alcohols. 

[Authors] 
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517- Use of amino compounds in the polarography of inorganic compounds XI. Polaro
graphic behaviour of Mn and Fe in media of bis-(2-hydroxypropyl)-2-hydroxyethylamine, 
bis-(2-hydroxybutyl)-2-hydroxyethylamine and alkali hydroxide (in German). J . Dol ezal, 
V. Petrus und J. Zyka (Lehrstuhl fur analytische Chemic d er Karlsun i versitat, Prag, 
Tschechoslowakei). ]. Electroanal. Chem., 3 (1962) 169- 181. 
The polarographic behaviour of manganese, iron and several other ions was investigated in a me
dium consisting of bis-(2-hydroxypropyl)-2-hydroxyethylamine, bis-(z-hydroxybutyl)-2-hydroxy
ethylamine and alkaline hydroxide . It was found that complexes of bi- and trivalent manganese 
and iron behave, under certain conditions at the d ropping mercury electrode . as reversible redox 
systems. The complex-forming electrolyte mentioned can be used for the polarographic estimation 
of manganese and iron , in addition to a whole series of other ions. The method was tested by the 
analysis of manganese ore and siderite. (See abstract no.516.) [Authors] 

518 - Sur Ia reduction polarographique de quelques cyano-2 propene-2-oates d'ethyle sub
stitues en 3 et des dinitriles et diesters correspondants (en frant;:ais). M. Bargain (Groupe de 
Recherches de Physicochimie structurale, Facult e d es Sciences, Rennes, France). Compt. 
rend., 254 (1962) 130- 132 . 
L'auteur etudie Ia reduction polarographique en milieu hydroalcoolique de Ia liaision ethylenique 
des derives suivants: 

R R' C=C(CN)C02C2Hs, R R' C = C(CN)2 ct R R' C=C(C02C2Hs)2 
(I) (II) (Ill) 

oil R = C6 H 5 et R' = H , C6 H 5 pour I, II et III, et R' = CH 3 , C&HsCH• pour I et II. On observe 
en milieu acide (pH < 6) une vague a deux electrons dont le £112 varie de o.os V par unite de pH . 
En milieu alcalin le dedoublement en deux vagues a un electron est net pour certains composes. 
Un tableau indique les valeurs des tensions electriques d e demi vague a pH 8.9. Une etude spectro
photometrique dans !'ultraviolet permet de confirmer que le dedoublement de Ia vague a deux 
electrons est lie a Ia stabilite du radical forme durant Ia premiere etape de reduction . Les effets 
polaires des substituants Ret R' peuvent dans certains cas etre deduits des valeurs de Ia tension 
electrique de demi vague. [An .Sn. J 

519 - Polarographic behaviour of thiocholine, acetylthiocholine and cholinedisulphide 
(in German) . V. Fiserova-Bergerova. (Institute for the Hygiene of Work and Professional 
Diseases, P rague, Czechoslovakia). Collection Czechoslov . Chem. Communs., 27 ( 1 962) 693- 700. 
Thiocholine forms an anodic polarographic wave, corresponding to formation of the mercury salt . 
In the oxidised form the d isulphide bond is reduced . Glutathione may be employed as a model sub
stance for the determination of thiocholine. [Ot.So .] 

520 - Polarography of diethyldithiocarbamate used as titrant with a rotating dropping mer
cury indicator electrode (in Englis h) . W . Stricks and S . I< . Chakravarti (Departme nt of 
Chemistry, Marquette University, Milwaukee, Wise., U.S.A.). Anal. Chem., 34 (1962) 508 . 
The rotating dropping mercury cathode can be used as an indicator electrode for complexometric 
titration with diethyldithiocarbamate (RSH). Two methods are described. The first uses the decrease 
in current caused by reduction of the uncombined metal ion during the titration . The second is 
based on the anodic diffusion current caused by excess RSH after reaching the end-point of the 
titration. Polarograms of the RSH oxidation are given and the polarographic behaviour of the dye 
is investigated. This method of indication can be used for the determination of Hg(II) , TI(I), Cu(ll). 
Zn, Sn(II), Pb, Ni(II), Fe(II I) and Cd. The compositions of the supporting e lectrolyte for the vari
ous ions to be determined are given. The average error in the t itration of Hg , Pb , Cu , and Zn is 
below I%. [KI. Gr. ] 

521 - Polarographic studies on the reduction and stability of w-nitrostyrene. L. Holleck and 
D. Jannakoudakis (Institut fiir physika lische Chemic, Universitat Hamburg. Deutschland). 
Z. Naturforsch ., 16B (1961) 396-398. 
w-Nitrostyrol nimmt mit seinem komplizierten Stufenbild cine Mittelstellung zwischen aromatischen 
und aliphatischen Nitroverbindungen ein. pH < 3 werden (4 + 2) E lektronen, pH > 3 nur 4 E lck
tronen aufgenommen, wobei der Austausch des 1. E lektrons reversibel erfolgt (Campherzusatz). 
In alkalischem Medium erfolgt Bildung der Acinitroform, Polymerisation und H ydrolyse, wobei 
Benzaldehyd entsteht und einige neue Stufen hinzukommen. Auch u .v. Strahlung bewirkt Poly
merisation. [He.Be .] 

522 - Polarographic properties of some organic compounds of phosphorus (in Russian). 
L. M. Shapiro. Doklady Akad. Nauk Belarus. S.S.S.R ., [4 ] 3 (1959) 146-149· 
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Polarography was carried out in aqueous acetone, buffered at various pH values between 3- 11; 
the addition compound of die thylphosphorous acid with m-nitrobenzalaniline (a) with p-nitroben
zalaniline (b) and with thiphos (c) showed sharp waves whose heights are proportional to concen
tra tion a nd pH independent . The values of the half-wave electric t ension increase in going from 
acid to neutral solution , but remain constant in alkali solution. Other waves appear at pH 1.8 and 
pH 3· The solution of (b) is light sensitive; the half-wave electric tension of (c) depends upon con
centration. [Red .] 

523 - Kinetics of the reduction, polarography and infra-red spectra of substituted nitrodi
phenyl sulphides and sulphones (in German). R . Za hra dnik (Institute for the H ygie n e of 
Work and Professional Diseases, Prague, Czechoslovakia). Collection Czec hoslov . Chem. 
Communs ., 27 (196 2) 525- 532. 
The kinetics of reduction with Ti(II I) chloride , the polarographic half-wave electric t ensions a nd 
i.r . frequencies of nitrodiphenyl sulphides were investigated . The results obtained show that the 
- S or - S04 groups transmit no, or only slight, resonance interac tion between the two benzene 
rings. Half-wave electric tensions of 22 compounds of this class, obtained in solutions containing 
I.oo ml of a 1 ·10 · 3 M cthanolic stock solution and 9.00 ml buffer in 50 % ethyl alcohol, are tabu
~W ~t .~. ] 

524 - Polarography of heterocyclic aromatic compounds. XIII. Polarographic fission of 
carbon-halogen bonds In monohalogenopyrldines (in Englis h) . ]. H olube k and J. Volke 
(Research Institute o f Natural Drugs, Prague, and Polarographic Institute , Czec hoslo vak 
Acad e m y of Sciences, P rague, Czechoslovakia). Collection Czec hoslov. Chem. Commun s., 
2 7 (1962) 680- 692. 
Isomeric halogenopyridines a re reduced irreversibly at the dropping mercury elec trode, two elec
trons being accepted . The reaction products are a halogen ion and a p yridine molecule . With the 
exception of iodopyridines, onl y the cations are affected b y this reaction , up to - 1.8 V. T he pH
dependence of the half-wave e lectric t ensions has the shape of a sigmoid . The course of reduc tion 
of the iodopyridine free base is different. Substitution of chloride by bromide, a nd furth er by io
dide, facilitates reduction, as well as the transition from the free base t o the cation and the quar
ternary derivative. [Ot.So.J 

525 - Polarographic investigation of N-oxy-N-methylplperldlne. Kinetic waves of N-oxldes 
(in Russian). S. G. Mairanovskii, N. Y. Barashkova and F. D. Alashev (Institute of O rga nic 
Ch e mistry, Acade m y of Sciences, U .S.S.R. ). Zhur. F iz . Khim., 36 (1962) 562-566. 
It was shown that in an alkaline medium the N-oxy-N-meth ylpiperidine wave is limited by the rate 
o f transition of the electrochemically inactive basic form to the protonized acid form. The 
kinetic wave of this compound is the result of the preceding chemical reaction occurring in the bulk 
o f the solution ("space-wave"). The rate constants of the protonization of N-oxy-N-methylpiperi
dine on reaction with boric acid (kn = I .6 · 10• I mole - 1 sec - 1) and with the h ydrogen ion (kH+ = 
7· 10" I mole - 1 sec - 1) at t = 2.)0 were calculated from experimental data . The kinetic wave of N
oxyp yridine is limited by the reaction taking place with the adsorbed N-oxide participating, ·i.e . 
to a partially "surface" kine tic wave. [Ot .So. ] 

526 - Use of organic reagents in amperometric titration of some rare elements (in Czec h). 
F. Vydra. Chem. listy, ,;6 (1962) 3 72 - 374. 
A brief review, based on 28 literature references . The use of 8-oxyquinoline , m-nitrophenylarsinic 
acid, cup ferron and EDT A is reviewed . The elements determined, and in some cases conditions 
of the titration, are dealt with . [Ot.So. ] 

527 - Polarographic study of N-oxldes (in German). G. H o rn (lnstitut ftir Mikrobiologie 
und e xperimentelle Thera pie, ] en a, Deutschland). M onatsber. Deut. A kad . Wiss ., 3 ( 196 1) 
386- 394· 
Ausgehend von bekannten N-Oxyden des Chinolins, Chinaldins, Picolins u.a . wurden insbcsondcrs 
cy tosta tisch wirksame Derivate polarographiert. Abgesehen von katalytischen \Vassersto ffwe llen , 
bestehen die Polarogramme aus mehreren , zumeist einelektronigen Teilstufen der protonisierten 
Depolarisatoren. Der normale Grenzstromvcrlauf wird haufig durch Maxima und Adsorptionseffek
te gestort. [He.Be .] 

528- Polarographic behaviour of actlnomycins (in Slovakian). M. Fedorcnko and H. Ber g 
(Ch emical Institute, Slovakian Academy of Sciences, Bratislava, Czechoslovakia). Chem. 
zvesti, I 6 ( 1962) 28- 43 . 
The polarographic behaviour of phenoxazone, actinomycin chloride and chlorac tinomycin chloride 



1962 3· POLAROGRAPHY Ags 

is described . Phenoxazone exhibits reversible reduction under all conditions; the other two sub
stancesexhibit reversibility only in theprotonised form. Atconcentrationsover 5" 10 - 5 M the cathodic 
wave splits into two, as a result of adsorption of the actinomycins on the surface of the drop elec
trode, by their peptide ends, in the vicinity of elecl r xapillary zero. [Ot.So.] 

529 - The polarographic determination of dyes used for the colouration of food (in Italian). 
E. Cerma. Rass. chim. per chim. e ind .. 12 ( 1960) I 3-60 . 
The possibility of quantitative polarographic determination of 13 dyes , authorized by Italian 
legislation, for colouring food was investigated, with special re ference to "Tramonto" yellow, 
solid red E, azorubine, amaranth, flame-colour 4 R and 6 R , scarlet GN, tartrazine, bright black 
RN, erythrosin , quinoline yellow, indigotin and patent white V. The apparatus is described (AME 
polarographic apparatus with photographic recorder) and the best conditions for qualitative and 
quantitative analysis are given for each dye studied in this paper. [Fr.Cia.] 

See also abstracts nos. 458, 465, 478, 479, 480, 486. 

4. Potentiometry 

530 - Experimental evaluation of liquid-junction electric tension (in English). I. V. Nelson 
and R. T . Iwamoto (Department of Chemistry, University of Kansas, Lawrence, Kan., 
U.S.A.). Anal. Chem., 33 (1961) 1795- 1796. 
The 4. 7-dimethyl-1. 10-phenanthroline ferric- 4. 7-dimethyl-1. 10-phenanthroline ferrous couple is 
better than the rubidium couple for the experimental evaluation of liquid-junction electric ten
sions. Half-wave electric t ension values observed for the oxidation of ferrous 4. 7-dimethyl-1,10-
phenanthroline at a rotating platinum electrode in 13 different solvents are reported. Differences 
in the observed values for the different solvents are ascribed to differences in liquid-junction elec
tric tensions. [Su.Mo.Ce.] 

531 -The formation of membrane potentials with the help of difficultly soluble salts (in 
German). L. Grahm und C. H . Hertz (Physikalisches Institut der Universitat Lund, 
Schweden). Z. Elektrochem., 65 (1961) 185- 192. 
Wenn die Oberseite einer waagerecht zwischen zwei, mit der gleichen Elektrolytlosung gefi.illten 
Zellen liegenden lonenaustauschermembran mit einem schwerloslichen Salz bedeckt wird , ensteht 
cine elektrische Spannung. Diese kann Werte bis zu 40 mV annehmcn, wenn die Konzentration 
der Elektrolytliisung beiderseits der Membran etwa Io-• N betragt. Es wird bewiesen, dass ein 
vorwiegend nach filmkinetischen Gesetzen ablaufender .Austauschprozess stattfindet. Das schwer
losliche Salz wird aufgelost und reagiert unter der Wirkung der Austauschermembran mitderin diese 
eingedrungenen Elektrolytliisung. Das entstandene Membranpotential beruht auf einer Anderung 
des Donnanpotentials infolge des Ionenaustritts aus der Membran. Die Autoren fi.ihrten Messungen 
der elektrischen Spannungen in Abhangigkeit von der Zeit mit Hilfe von Kalomel-Elektroden durch 
und verfolgten die Anderungen der Ionenkonzentration flammenphotometrisch und durch 
Leitfahigkeitsmessungen . Die Bildung hydrolysierender Substanzen, wie z.B. K 2COa wurde auch 
durch pH-Indikatoren nachgewiesen. Der Effekt wird qualitativ erklart und auch quantitativ 
behandelt, die theoretisch berechneten Mcmbranpotential - Zeit-Kurven werden mit den experi
mentellen verglichen. Das beobachtete Membranpotential kann zur Erklarung des geoelektrischen 
Effektes bei Pflanzen dienen, wenn man annimmt, dass schwerlosliche Zellbestandteile sedimen
tieren und die darunter liegende Zellwand (Membran) bedecken. [He. We. ] 

532 - Studies of the copper( II)- alanine and phenylalanine systems in aqueous solution. 
Dissociation and formation constants as a function of temperature (in English). R. M. lzatt, 
J. W. Wrathall and K. P. Anderson (Department of Chemistry, Brigham Young University, 
Provo. Utah, U.S.A.).]. Phys. Chem., 65 (1961) 1914- 1915. 
The stystems were studied by pH titration using a pH meter. The dissociation constants and the 
formation constants are given at t emperatures from o- 40° , and Ll5° and LIH 0 were calculated. 

[D.S. Ru .] 
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533 - Standard electrode tensions of alkaline earth metals in methanol (in Polish) . B. 
Jakusze wski a nd S. Taniewska-Osins ka (De pa rtment of Ph ysical Che mistry, The U niver 
sit y, t.6di, Pola nd). R oczniki Chem. , 36 ( I962 ) 329- 334 . 
The standa rd electric t ensions of cells containing the electrodes in aqueous and metha nolic solutions 
of the three meta ls have been determined . The cells were of the following type: Pb, P bC03 , MeC03 

(Jl1eX 2). Hg,X,, Hg in solution , where X represents CI or Br. Using the known values of the stan
dard free energy of formation of substances t a king part in electrode reactions, thestanda rd electric 
tensions in wa t er and methanol were calcula ted . Their values are as follows: for wa t er solutions
E o catCa'+ = - 2. 868 V, E o S•iS• H = - 2.886 V and E 0 BatBaH = -2 .9I 2 V ; for methanol solu
tions, E o Ca/Ca~+ = -2.929 V, E 0

= S•IS• Z+ - 2.938 V and E 0 Ba/Ba2+ = - 2.943 V. (Ad .Hu .] 

534- Foreign cation effects on measured stability constants (in Englis h ). J. F. Tate and M. 
M. J o nes (Department of Che mistry, Vanderbil t U niversit y, Nash vi ll e, T e nn., U.S . A.). 
] . Phy s. Chern ., 65 (I 96 I) I 66 I- I 662 . 
The sta bility of a Cd NOa+ complex was det ermined in the presence of Sr, Ca . Na , Nd , AI, La a nd 
Li nitrates. The stability constant was found t o vary 7 fold (1.o63- 0 .I42) from Sr t o Li, indicating 
tha t it was very dependent on the specific nitrate present . (D. S.Ru .J 

535- Electrometric titration of choline phosphoric acid. Influence of the Mg'+, Ca' + and 
Zn2+ ions (in Frenc h ). J. Attias (Labor a t oire d e chimie biologique, F aculte d es Sciences, 
Montpelli er , H erault , F ra nce). Compt. rend ., 254 (I962 ) 946- 9 48. 
Un titrage potentiometrique a )'electrode de verre d 'une solution d 'acide cholinephosphorique , 
+N(CHa)a- CH ,- 0 - P OaH , , (symbolyse par le sigle P C) permet a I'auteur de determiner les 
constantes de dissociation de cet acide, pK ', = 1.47 etpK 2 = 5.84. La presence d'ions Mg2+ et 
Ca 2+, et dans une moindre mesure d 'ions Na +, fait appara itre une diminution du pH de demi-neu
tralisation de Ia deuxieme acidite . La varia tion de ce pH de demi-neutralisation en fonction de Ia 
concentration du cation M 2 + permet d'admettre que I'acide cholinephosphorique forme avec les 
ions Mg2+, Ca 2+ et Zn 2+ des complexes du t ype , PCM ""' PC• - + M2 +. (Bad . La m .] 

536 - Potentiometric determination of stability constants of VO' +-ascorbic acid complexes 
(in P olish). A. Sobko ws ka a nd J. Minc ze ws ki (De partment of Ana lytical Che mis try, 
Institute o f N uclear Research , Warsa w, P oland) . Roczn ik i Chem., 36 (I 962 ) I 7- 26. 
The consecutive s tability constants of VO• + complexes with ascorbic acid were determined using 
a previously described method (Rocznik i Chem ., 35 (I 96 I) 4 7). The measurements of electric t ensions 
in a cell system with two glass electrodes were performed for the ionic strength fl. = 1.0 , maintained 
by addition of NaCIO •. In the presence of ascorbic acid, hydrolysis occurs a t a pH higher tha n 
3.85 , and all measurements were performed in the range below this value . For mononuclear com
plexes the following stability constants were evaluated : p{JI = 1.50 · 102; PfJ• = 4 ·5· Io 2 ; PfJ• = 
2.5 · 104. These values a re lower tha n corresponding values for the uranyl ion . This can be attributed 
t o a higher positive charge on t he uranyl ion . (Ad .Hu .] 

537 - Potentiometric study of the oxidation of trivalent molybdenum by lead tetraacetate 
(in Englis h) . A. Berka, J . Dolezal , I. Ne mec a nd J . Zy ka (Depa rtment of Ana ly tical Che m
istry, Cha rles Uni versit y, P rague, Czec hoslovakia) . ] . Electroan al. Chem., 3 (I962) 278-
28 2. 
In solutions suita bl y acidified by hydrochloric acid , it is possible t o det ermine trivalent molyb
denum by direc t potentiometric titra tion using lead t etraacetate as the oxidimetric agent . In 
5- 7 N HCl solutions Mo(III ) is quantitatively oxidised t o Mo(VI). a nd in 8- Io N H CI solutions t o 
Mo(V). [Authors] 

538 - Spectrophotometric and potentiometric determination of uranium as the chelate of 
8-hydroxyquinoline in a mixed solvent. Fresenius systematic analysis of the cations and 
use of 8-hydroxyquinoline. A. R . M. AI-Salihi. D issertation Abstr ., 21 (196I) 209I - 2092 . 
Derivatives of 8-hydroxyquinoline with AI, Fe•+, Bi, U0 2 2 + and Ti were prepared , and the solu
bilities in acetone, e thanol, and their mixtures with water were studied at 26°-27°. Uranium can 
be det ermined by spectrophotometry at 460 mfl in acetone - water solution. The AI complex can 
be titrated potentiometrically in ethanol- water with HCI, with a n error of 2. 75 % . The uranyl 
complex can be titrated satisfactorily in acet one - water with NaOH with an error of 0 .5%- The 
preparation of the U complex from ores, containing small amounts of U , is discussed . The com
plexes of the cations that can be precipita t ed from acetic acid - ammonium acet a te buffers , a nd 
their determina tion , have been studied . Silver, Hg + and Pb 2+ can be identified by the effect of 
u .v. light on their chlorides, but the complexes with 8-hydroxyquinoline can also be used. Spot 
t ests are described for Cd 2+, Zn 2+ and AJ3 +. [Gio .Ser .] 
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539 - Potentiometric determination of bromide and thiocyanate in one operation with silver 
nitrate and the silver electrode (in German). M. Scheibitz (Agfa Aktien Gesellschaft, 
Wolfen , Deutschland). Z. wiss. Phot., 54 (I96o) 46- 51. 
The separation of bromide and SCN - , which is impossible by potentiometric titration with AgNOa 
in aqueous solution , can be effec ted by adding gelatin (o.os - o.s%) to the solution. Two breaks ap
pear in the titration curve when the concentration of Br - is ;;;;. the concentration of SCN - . The 
theoretical reasons for this are discussed. Cl - can also be determined in gelatin solution, provided 
that correction is made for the Cl- content of gelatin. Applications in the analysis of photographic 
d evelopers are shown. [Gio. Ser. ] 

540 - Acetic anhydride as a non-aqueous Ionising solvent. Ill. Potentiometric titration and 
estimation of the ionic product of acetic acid-free acetic anhydride from potential measure
ments (in German). G. Jander und H. Surawski (Anorganisch-Chemisches lnstitut d e r 
Technisch en Universitat, Berlin, Deutschland). Z. Elektrochem., 65 (I96I) 527- 530. 
Die in einer vorangegangenen Arbeit konduktometrisch und praparativ verfolgtcn ncutralisations
analogen Reaktionen in reinstem Essigsaureanhydrid wurden jetzt auch p ot entiometrisch unter
sucht. Hierzu wurde cine ,gebremste" Goldelektrode mit praktisch verhinderter Diffusion als 
Vergleichselektrode, eine gewohnliche Goldelektrode a ls Indikatorelektrode verwendet und damit 
die Beriihrung der Losungen mit einem wassrigen Vergleichssystem wie etwa der Kalomelektrode 
vermieden. Die gebremste Goldelektrode spricht auf Acetationen konzentrationsrichtig an . Die 
poten tiometrischen Titrationskurven entsprechen ihrem Typ nach analogen Neutralisationskurven 
wassriger Losungen; so ist z.B. die potentiometrische Titrationskurve von Kaliumacetat mit Ace
t y lbromid in Essigsaureanhydrid derjenigen einer mittelstarken Base mit einer schwachen Saure 
in Wasser analog. Auf Grund von Spannungsmessungsreihen zwischen reinstem Essigsaureanhy
drid und dem basenanalogen Kaliumacetat in verschiedenen Konzentrationen wurde das Ionen
produkt dieses Losungsmittels mit Hilfe der Nernst'schen Gleichung nach Einsetzen der ,wahren" 
Acetationenaktivitat 

abgeschatzt auf den Wert P = 3-10 - 15 bei 20° . [He. We. ] 

541 -Application of constant current potentiometry to non-aqueous titration of organic 
bases (in English). G. R. Svoboda (C he mistry Department, University of Wisconsin, Madi
son, Wis., U.S.A. ). Anal. Chem ., 33 (I96I) I63 8- I64o. 
The method of constant current non-aqueous potentiometric titration of organic acids (I. Shain and 
G . R. Svoboda, Anal. Chem . , 3I (I959) I857 ) can be extended to the non-aqueous titration of or
ganic amines. Peak-shaped titration curves (elec tric t ension vs. titrant volume) allow the deter
mination of the end-point with a precision and accuracy which are comparable to , or better tha n , 
those reported for any zero current potentiometric or indicator titrations of bases in non-aqueous 
solvent. The technique can be adapted to automatic titration. Perchloric acid in m-cresol is used 
as a titrant solution for the determination of a series of a mines, using m-cresol and acetonitrile 
(I :I) as solvent. [Su.Mo.Ce. ] 

542 - Investigation of the influence of phenyl substituents in the benzene ring. II. Phenyl 
derivatives of aniline (in Polish). W. Polaczkowa, N. Porowska and B. Dybowska (Depart
ment of Organic Chemistry, Politechnika, Warsaw, Poland). R ocznik i Chem. , 36 (I 962) 4 I
so. 
The dissociation constants of some phenyl derivatives of aniline in 75 % aqueous ethanol at 22° 
have been determined. The following pK' values were obtained: p-phenylaniline, 4·37; 3,5-diphenyl
aniline, 4·34 ; and 3,4 ,5-triphenylaniline , 4 .29. For comparison, the pK' values for the following 
amines were determined : aniline , 4.64; m-toluidine, 4.8I; p-toluidine, 5.I9; 3,5,-dimethylaniline, 
4·97; 3.4 .5-trimethylaniline, 5-45 ; and 3.s-dimethyl-4-ethylaniline, 5.38. The value of 12 = + 3 
was calculated for these conditions. In addition, the u .v. spectra of all compounds were recorded . 
From these data it was concluded that the substituents in positions 3, 4 and 5 show a lack of 
additivity for the plot of log (Kf K o) vs. a. The basicity is lowered due to simultaneous inducti ve 
and resonance effect s of the phenyl groups. These groups in the 3,4 and 5 positions show only a 
small inductive effec t. [Ad .Hu .] 

543 - Reductometric determination of hydroxytriphenylmethane dyes with vanadium sul
phate (in Slovakian) . M. Matrka and Z. Sagner (R esearch Institute o f Organic S y nth eses, 
Pardubice-Rybitvi, Czech oslovakia) . Chem prumysl, I I (I 96 I) I 35· 
The method has been applied to the determination of aurine, eriochrome azurol (C. I. Mordant Blue 
1). chrome blue R (C. I. Mordant Blue 42) chromoxane brown 5 R (C. I. Mordant Brown 26). and 
naftochrome azurine B (C. I. Mordant Blue 28). 0.3 g of the dye are dissolved in 50 ml of ethanol, 
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diluted with IOO ml of water, and acidified with 5 ml of cone. H 2S04 . After heating at 50°, 25 ml of 
o.r N VSO. are added, and after I min the solution is cooled and titrated with o . I N (NH 4)2S04 . 

Fe2(S04)3 ,either potentiometrically or using safranine T (C. I. Basic R ed 2) as indicator. 
[Gio. Scr .J 

544 - Acidity constant of a protein conjugate in o.o (in English) . W. Y. Wen and r. M. 
Klotz (Department of Chemistry, Northwestern University, E vanston, Ill., U.S.A.). 
]. Phys. Chem., 65 {I96I) 1085- ro86. 
The pK a of dimethylaminoaphthalene-sulfonyl chloride, bound separately to protein and to a 
small reference molecule, was examined in DoO and H20, respectively. No significant difference 
was detec ted, and therefore it was concluded that differences between hydrogen-bonding strengths 
in liquid wa t er vs. hydration water of proteins are not appreciably different in 0 20 as compared 
to H oO. [D.S. Ru .) 

545 - The effect of rennet on casein. Application of a titrimetric method at constant pH 
(in French) . ] . Garnier, G . Mocquot and Mme G . Brignon (Station centrale de mi crobiologic 
e t rec he rch es laitieres I. N. R.A ., J ouy-en-J osas, Seine e t Oise, France ). Com pt. rend., 254 
( • 962) 372- 374. 
Les auteurs e tudient !'action de Ia presure sur des solutions de caseine x en milieu NaCI o. I M a 
pH 6 .95. Le pH, determine par potentiometric a !'electrode de verrc est maintenu constant ( ± 
o .oo2 unite de pH) par addition de soude. Dans les conditions precedentes, Ia quantite d'ions H + 
liberee par Ia proteolyse est de 1. 8 ± 0 .35 · ro - 5 mole de H + par g de caseine. Les auteursenvisagent 
!'hypothese d 'une coupure, par Ia presure, d'une liaison ester de Ia caseine entrainant !'apparition 
d 'un groupe carboxylique dont le pK serait voisin de 4· [Bad. Lam .) 

See also abstracts nos. 459, 464, 477, 489. 

5. Conductometry 

546 - Conductometric titration of weak inorganic acids and ammonium salts in aqueous 
media (in English). F. Gaslini and L. Z. Nahum (Cartiera Vita Mayer and Co., R esear c h 
Division , Milan , Italy) . ]. Electroanal . Chem ., 3 {I962) 85- 89. 
For the det ermination of weak inorganic mono- and polybasic acids, having pK values down to I 2 ·5 
and of their anhydrides and of ammonium salts, aconductometric method is proposed , which consists 
of titrating the sample, dissolved in a n excess of aqueous ammonia , with a lkali . The method is 
also applied to the determination of acids whose titration is difficult on account of their poor 
solubility or abnormal behaviour in water . [Authors] 

547 - Electrolytic conductivity of lithium chloride, magnesium bromide and zinc chloride in 
water-tetrahydrofuran mixtures and in pure tetrahydrofuran (in German). W. Strohmeie r, 
A. El-said Mahgoub and F . Gernert (Institut ftir physikalische Che mic , Universitat Wtirz
berg, Deutschland) . Z. Elektrochem., 65 (r96I) 85-91. 
Die elektrolytische Leitfahigkeit von LiCI, MgBr2 und ZnClo wurde in Abhangigkeit von der Kon
zentration in Wasser, Tetrahydrofuran und deren Gemischen tiber den ganzen Molenbruch gemes
sen . Die OK (Dielektrizitats-Konstante) nahm von Wasser bis zu reinem THF von 80 .4 bis 7·35 ab. 
Die Salze waren gut 16slich. Bei DK-Werten > 39 erweisen sich die Salze als starke Elektrolyte 
und dissoziieren bei kleinen Konzentrationen vollstandig, die 1-2-wertigen in heiden Stufen. Bei 
DK-Werten < 39 tritt keine vollstandige Dissoziation mehr ein, ZnCI2 und MgBr2 dissoziieren nur 
noch wie r- r-wertige Elektrolyte. Daneben k6nnen auch Ionen-Assoziate gebildet werden. Die 
Walden'sche Regel, die nur ftiF Ionen mit grossen Radien gilt, trifft hier nicht zu, der Quotient 
(Ao/TJ){Ao/TJ)u 20 nimmt nach kleinen DK hin stark ab. Die Dissoziations-Konstanten K, und Ka 
konnten berechnet werden. Bei DK = I r sind LiCI und MgBr2 gleich stark , ZnClo schwacher dis
soziiert , ebenso wie bei metallorganischen Verbindungen, tiber die die Autoren eine weitere Ver-
6ffentlichung ankiindigen. In reinem THF liegt das Leitfahigkeitsminimum bei hoheren Konzen-
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trationen als in den Mischlossungsmitteln, woraus auf die Bildung von Tripleionen M2X3 + und 
MX 3 - geschlossen werden kann. Eine Tabelle gibt die berechneten Ladungsabstande von Ionen
paaren und Tripleionen an. [He.We.] 

548- Research on solvate formation in the system Mg halide-dimethylformamide- water 
(in German) . ]. prakt . Chem ., 12 (1961) 198-205. 
By means of conductivity measurements, it was possible to demonstrate the existence of a series 
of solvates (some of which were also isolated) between MgCJ, or MgBr2 and dimethylformamide 
(DMF), e.g. MgCla.6DMF, MgBr2.6DMF, MgCI..JDMF, MgCl2.4DMF.2H20. MgClnMDF.3H20 
and MgC12. 2DMF.4H20. For the dissociation constant of MgCI. in DMF the value 2 · 10-2 was 
found experimentally. [Ca.Cas.] 

549 - Structure of molten Hg halogenides (in English). G. J. J anz and J . D. E. Mcintyre 
(Rensselaer Polytechnic Institute, Department of Chemistry, Troy, N.Y., U.S.A.) . Ann. 
N. Y. Acad. Sci., 79 (1960) 790-802. 
From experimental meaurements of specific conductivity of molten HgBr2 in the range 240-320°, 
mol. and red . conductivities were calculated with the aid of published data on density and visco
sity. The activation energies of electric conductivity and of viscous motion lie in the range 6.2-5.1 
kcalfmol.; the activation energy for electric conductivity is a direct function of the temperature. 

[Ca. Cas.] 

550 - Use of methylglucamine standard solution for the determination of acids by high
frequency end-point indication (in German). L. Balasz and E . Pungor (Laboratory for 
Inorganic and Analytical Chemistry, L. Eotvos University, Budapest, Hungary). M i kro
chim. Acta, (1962) 309- 313. 
Methylglucamine (r-desoxy-r-methylaminosorbitol, C7H 170 5N) is proposed as a titersubstancefor 
the determination of acids in water. The real, solid base is very soluble and its dissociation con
stant is 1.5 · ro- 5 at 22°. It has the advantage over ammonium hydroxide that standard solutions 
can be prepared by weighing the non-hygroscopic compound. The normality of the solution stored 
in a polyethylene bottle for three months changed about 1.5 % . Titration curves obtained with 
a h. f. titrimeter for the determination of h ydrochloric acid, acetic acid and oxalic acid are given. 

[F.Vor.] 

551 - The conductances of a number of acids and divalent metal salts in anhydrous ethanol
amine (in English). P. W. Brewster, F. C. Schmidt and W. B. Schaap (Department of 
Chemistry, Indiana University, B loomington, Ind., U.S.A.).]. Phys. Chem., 65 (r96r) 
990- 992. 
Conductance measurements were made of solutions of three halogen acids , benzoic acids and some 
salts of strontium, barium and lead in anhydrous ethanolamine . In dilute solutions the phoreo
grams have positive slopes in the case of the acids and the lead salts. Suppression of solvent ioni
zation and complex ion formation are suggested explanations in these cases. [D.S .Ru. ] 

552 - Acetic anhydride as a non-aqueous ionising solvent. II. Conductometric and preparative 
studies in acetic acid-free acetic anhydride (in German). G . Jander and H. Surawski (Anor
ganisch-Chemisches Institut der Technischen Universitat, Berlin, Deutschland). z. 
Elektrochem., 65 (1961) 469- 475. 
Reinstes Essigsaureanhydrid unterliegt einer teilweisen Eigendissoziation nach der Gleichung: 

(CH,CO),O ~[CHaCO]+ + [CH3COO] -

Daher kann man geloste Verbindungen, sofern sie die Konzentration der losungsmitteleigenen 
Ionen erhohen, als Sauren- bezw. Basenanaloge bezeichnen. Ein besonders stark dissoziierendes 
Sauren-analoges ist nach Messungen der Autoren Acetylperchlorat. Es wurden neutralisations
analoge Reaktionen, z.B. die von Acetylperchlorat mit einem starken Basenanalogen (Kalium
acetat), ebenso mit einem schwachen (Thalliumacetat) konduktometrisch verfolgt und die Ent
stehung von Metallperchloraten praparativ-analytisch nachgewiesen . Die Bindungsverhaltnisse 
<les Acetylions werden diskutiert . Eine Umwandlung des Carbeniumions [CHa--C + = OJ in ein 
stabileres Carboxoniumion [CHa- C- = 0+] wird vermutet. Die Solvatation und Entstehung eines 
Acetyliumions [(CH,CO)aO] + wird angenommen und als Erklarungsmoglichkeit fur die orange bis 
blutrote Farbung der AcetylperchloratiOsungen erortert . Die Ionisationsmoglichkeiten von 
SbCls und anderen Verbindungen in Essigsaureanhydrid werden diskuriert . Diese Verbindungen 
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zeigen partielle Solvolyse. Es wird nachgewiesen , dass die Existenz von Ansolvosauren nicht 
moglich ist . (See also abstract no. 540). [He. We.] 

553 - Conductivity method for determination of urea (in English). Wei-Tsung Chin and 
Wybe Kroontje (Agronomy Department, Virginia Agricultural Experim ental Station , 
Virginia Polytechnic Institute, Blaksburg, Va., U.S .A .). Anal. Chem., 33 ( 1961) r757-r76o . 
A new conductivity method for the determination of urea is given, which is based on the variations 
in the electric conductivity observed when ammonium carbonate is produced from urea by a solu
tion of urease . High recovery and precision are obtained . The method is simple and rapid (roo urea 
determinations within 4- 5 hours) and can be applied to a range of urea concentrations from o . r-
2ooo p .p .m . Substances that interfere with urease activity must be excluded from the reaction. 

[Su .Mo.Ce.] 

See also abstracts nos. 467, 475, 484, 490. 

6. Electrolysis 

554 - Effect of temperature on the electrodeposition of cadmium from sulfate solutions 
(in Russian) . G. A. Emelyanenko and T . T. Got'manova (State University, Dniepropetrovs, 
U.S.S.R.). Zhur. iz. Khim., 36 (r962) 508- 5r2. 
The effect of temperature on the polarization and the rate of electrodeposition of cadmium from 
cadmium sulfate solutions were investigated. It was found that cathodic polarization is lowered 
with increasing temperature, and is accompanied by a decrease of the temperature coefficient of 
polarization in the region of 40- 50°. The relation log i-r/T has an inflexion point in this region. 
Curvature of the log i- rfT curve toward the rfT axis is assumed to be due to the decreased con
tribution of electrochemical polarization and increased contribution of concentration polarization 
in the overall polarization of the electrode. [Ot.So.] 

555 - Potentiometric study and kinetic intensity of the effect of the Zn2+ ion on the elec
trodeposition of cobalt (in French). ]. Mindowicz, Mme C. Capel-Boute et C. Decroly 
(Universite Libre de Bruxell es, Laboratoire de Metallurgic et Electrochimie, Belgique). 
Compt . rend ., 254 (r962) r4r4- r416. 
Parle trace des courbes intensite- tension electrique relatives a Ia reduction sur cathode d'or de 
!'ion Co• + (t1ace potentiocinetique a Ia vitesse de 40 mVfmin et trace intensiocinetique a Ia vitesse 
de 4 rnA/min) les auteurs mettent en evidence !'inhibition du depot de cobalt metallique par Ia 
presence d'ions Zn• +. L'hypothese precedemment admise d'un depOt d'hydroxyde de zinc genant 
!'approche et Ia decharge des ions Co 2 + reste valable. L'influence de Ia temperatur (entre 20 et 
6o0

) et de Ia concentration des ions Zn 2 + sur cette inhibition a ete egalement etudiee. [An.Sn .] 

See also abstract no. 488. 

7. Coulometry 

556- Coulometric determination of gold at controlled electric tension (in English). 1. ~ . 
Harrar and F . B. Stephens (University of California, Lawrence Radiation Laboratory, Li· 
vermore, Calif., U.S.A.) . ]. Eleclroanal . Chem., 3 (1962) 1 12-r 16. 
A rapid procedure for coulometric determination of gold at controlled electric tension in the mg 
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range was developed. It is based on electrodeposition of the gold from a 0.5 M H Cl solution at an 
elec tric tension of + o.48 V vs . S.C. E . Background correc tions are negligible and oxygen does not 
interfere . Only Ir(IV). Ru(IV). Ag andV(V) cause serious interference. [Authors] 

557 - Analysis of thallium amalgams (in English). W . T. Foley and ] . M. Osyan y (Che
mistry Department, St. Francis Xavier U nive rsity , Antigonish, Nova Scotia, Canada). 
Anal. Chem., 33 (1961) 1657- 1658 . 
A method is described for det ermining thallium in thallium amalgams. A nitric solution of the 
amalgam is treated with sulfuric acid to obtain the sulfate , and with formic acid to precipitate the 
mercury. Final titration of thallium can be carried out either by a macro-iodometric method or, 
for microsamples, by a coulometric method using elec trogenerated bromine as titrant solution. 
R esults are reported for both types of titra tion . A method for the elec troly tic p urification of thal
lium sulfate is also given . [Su.Mo.Ce.] 

558 - Coulometric titration of antimony at controlled electric tension (in English) . L. B . 
Dunlap and W. D. Shults (A nal y tical Ch e mistry Division , Oak Ridge National Laboratory, 
Oak Ridge, Ten n ., U .S.A .). Anal. Chem ., 34 (1962) 499· 
Sb(III) can be detected by reduction a t controlled electric tension a t -0.28 V vs. the S.C. E . at a 
merc ury cathode . The reduction leads to metallic Sb in one step. The supporting electrolyte con
sists of 0 .4 M H ,C.H406 and 1 M hydrochloric acid. Even Sb(V) can be reduced quantitatively at 
the mercury cathode, but only in a supporting electroly te of about 6 M hydrochloric acid at - 0 .2 1 
V vs . the S.C.E. In this electrolyte the reduction leads first to Sb(III) and then at -0.35 V to 
Sb(o) . The current efficiency is almost 100%. Details of the procedure and some results are given . 
At the 5 mg level Sb(III) and Sb(V) can be detected with a relative error of o.s %. Interference 
can be eliminated easily . [Kl.Gr. ] 

559 - Electrogeneration of bromine by a pulse technique for coulometric titrations (in Eng
lish) . Q. Fernando, M. A. V. Devana tha n , J. C. Rasia h . J. A. Cal pin and K . Nakulesparan 
(De partme nt of Chemistry, University of Pittsburgh, Pa ., U.S.A.) . ] . E leclroanal. Chem., 
3 (1962) 46-53· 
A simplified multi vibrator circuit has been constructed and the suitability of this simplified circuit 
for coulometric titrations has been investigated . The factors that affect the coulombic magnitude 
as well as the rate of generation of current pulses have been evaluated . Arsenic(III) and 8-quino
linol have been titrated with electrogenerated bromine and a pretreat ed rotating platinum micro
electrode has been shown to be the most suitable indicator electrode for detecting the end-point in 
these titrations. · [Authors] 

See also abstracts nos. 473, 474, 485. 

8. Electrophoresis 

560 - Electrophoresis in starch gel (in Czech). C. . Al t aner (Oncological R esear ch Institute, 
Bratislava, Czech loslovakia). Chem. listy, 56 (1962) 334- 354. 
A review of the technique of electrophoresis in starch gel is given, describing the procedure , appa
ratus, preparation of the gel a nd buffers employed, and also procedures for the de tection of serum 
p roteins, lipoproteins, haemoglobin , enzymes, ceruloplasmins and radioactive substances. Atten
tion is also paid to methods of immunoelect rophoresis, bidimensional e lectrophoresis and prepara
tory methods. The second part of the review deals with practical applications. An exhaustive bi
bliography is included, extending to mid-196 1. [Ot.So.] 

561 - Analysis of electrophoresis patterns: a comparison of two methods with the aid of 
Rayleigh interference optics (in English) . C. C. Curtain (Baker Medical R esearc h Institute, 
Alfred Hospital , Melbo urne , Victoria, Australia). Australian ]. Exp . Bioi. Med. Sci., 
39 (1961) 197-202 . 
Serum electrophoresis patterns can be resolved using the methods of Tiselius and Kabat, and of 
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Svedberg and Pedersen, by using a photo-electric Rayleigh fringe comparator. The plate holder 
of the Perkin Elmer model 38A instrument must be modified for the first method. Details of the 
modification are given. A comparison of the two methods is made and it is shown that the second 
one is Jess convenient, since the entire gradient curve must be plotted. (Gio.Scr. ] 

562 - Paper electrophoresis of inorganic cations in the presence of complexing agents. 11 
(in French). P . E. Wenger, I. Kapetanidis and W. von Janstein (Laboratories of Mineral, 
Analytical and Micro-Chemistry, University of Geneva, Switzerland). Mikrochim . Acta, 
(I962) I84- I93· 
The authors studied the electrophoresis of Cd, Cu(II), Bi, As(III), Sb(III). Sn(II), Fe(Ill), AI, 
Cr(III), Ni, Co(Il). Mn(II) and Zn in buffered solutions, containing p, P'-diamino-diethylether, 
N,N'-tetraacetic acid. The pH range was 2- 12. A theoretical explanation of the observed data can
not be given. Results are given in numerous tables and diagrams. Potentialities for separating the 
elements exist. [H.L. Ki .] 

563 - Determination of urinary 4-hydroxy-3-methoxymandelic acid by paper electrophoresis 
(in English). D. Klein and J. M. Chernaik (Long Island Laboratories Inc ., Flushing, 
N.Y .. U .S.A.). Clin. Chem., 7 (1961) 257-264. 
The pH of a 3 ml sample of urine is adjusted to 2 with 3 N HCl and the sample is diluted to 24 ml 
with water. Three 2 ml samples are placed in stoppered tubes and heated for 10 min in boiling 
water. After cooling, the pH is adjusted to 0.5 - I with 3 N HCl and the tubes are extracted with 
three portions of ethyl acetate of 4· 2 and 2 ml. The combined extracts are evaporated and the 
residue is dissolved in ethanol. The ethanolic solution is applied to a Whatmann No.3 MM paper 
strip (3 em x 30 em) . A standard solution of 4-hydroxy-3-methoxymandelic acid is also applied 
on the same paper strip. The electrophoresis is carried out overnight at 4 rnA in 0 .5% acetic acid. 
After drying the strip, both sides are sprayed with a diazo reagent obtained by mixing 10 ml of 
o. I% p-nitroanilinein 2% HCJ with 10 ml ofo.2% NaN02 and 10 ml of 10% K 2C03 • The compound 
appears as a purple band which migrates towards the anode. The band is cut and eluted with al
kaline methanol (50 ml of methanol mixed with 25 ml of 2% Na2COa). A blank is obtained from an 
unstained part of the strip. The colour is read in a colorimeter at 520 ffiiJ-. The values found were 
between 1. I and 3·911-gfmg of creatin, which means an excretion of around 1.2 to 3·711-g per min. 

[Gio.Ser.] 

564 - Determination of histamine and histidine by high voltage paper electrophoresis (in 
Czech). M. Ferencik (Veterinary Centre, Bratislava, Czechoslovakia) . Chem. listy, 56 (1962) 
289- 291. 
A simple, rapid and accurate method is described, which is also suitable for routine analysis when 
combined with photometric evaluation of the electrophoreograms. A pyridine - acetic acid buffer 
of pH 3-5 is used. Concentrations of the individual components in the experiments were o.oi 
o .os M , ionic strength was about o.oi, gradients were up to 70 Vfcm, and electrophoresis times 
were 20-30 min. After detection by Pauly 's reagent the spots were cut out and eluted, and the 
solutions were evaluated photometrically. [Ot.So .] 

565 - Quantitative determination of diaminocarboxylic acids and related compounds by 
rapid paper electrophoresis (in English). Mary A. Doran (Eastern Research Laboratory, The 
DowChemical Co., Framingham, Mass., U.S.A.). Anal. Chem ., 33 (1961) 1752- 1755 · 
Intermediate products formed during the carboxymethylation of ethylenediamine, for the produc
tion of EDTA , have been studied. Rapid analytical procedures for the simultaneous determina
tion of aminocarboxylic acids and related compounds are described. The compounds are complexed 
with cupric ion, and cupric complexes of EDTA, N,N-ethylenediglycine, N,N'-ethylenediglycine 
and nitrilotriacetic acid arc separated by low electric tension paper electrophoresis. Estimation is 
made spectrophotometrically after color development of the bands with sodium diethyldithiocarba
mate. with a precision of ± 2. 5%. Paper electrophoresis and ninhydrin development is used for the 
quantitative evaluation of the following, with a precision of ±5%; N,N-ethylenediglycine, N,N'
ethylenediglycine, N -(2-aminoethyl)glycine, 2-oxo- I -piperazineacetic acid, 2-oxo-piperazine, 
iminodiacetic acid, glycine and ethylenediamine. [Su.Mo.Ce. ] 

566 - Electrophoretic separation of proteins on emulsions of adsorbents (in English). W. 
Ostrowski (Department of Physiological Chemistry, Academy of Medicine, Krakow, Po
land) . Clin. Chim. Acta, 6 (1961) 38-43. 
The electrophoretic separation of proteins can be achieved by electrophoresis on an immobilised 
medium, which is obtained by using various absorbents emulsified in a buffer solution containing 
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0.2 % agar . Starch, cellulose powder, Celite 535, titanium dioxide, and Hyflo-supercell were tested . 
H yflo-supercell in concentrations of I - 5% gave the best results . [Gio.Ser .] 

567- Dye binding by protein as applied to quantitative paper electrophoresis (in Englis h). 
D. A. Osborn (Institute o f Laringolog y and Ot ology , U ni versit y of Londo n , Great Britain) . 
Clin . Ch i m . Acta , 5 (196 1) 777- 794 · 
The binding of different dyes was studied. It is shown that the binding varies according to the 
treatment : the nature of the dye solvent, the method of dena turation , the t emperature and the 
dura tion of washing are all involved . The binding of light green (C. I. Acid green 5) is not linear 
with concentra tion . A comparision is made of the behaviour of the latter with that of lissamine 
green (C. I. Acid green 4) and bromocresol green . [Gio.Ser .] 

568 - Electrophoresis of casein in a column stabilised by a density gradient (in Englis h ). 
W. Manson (The Hannah Dairy R esearch Institute, Ayr, Scotland) . f . E lectroanal. Chem., 
3 (1962) 203- 208. 
The application of zonal electrophoresis in a column stabilised by a density gradient to casein is 
described . In general, the procedure y ielded results similar to those obtained b y moving boundary 
electrophoresis, and separated certain of the components of the casein complex in quantities 
sufficient for further study. [Author] 

569- Electrophoretic study of serum albumin (in Fre nc h). N . Benhamou, M. Baruch , J · 
Guastalla and S. De Mende (Laboratoire d e c himie physique d e Ia Fac ulte d es Sciences d e 
Paris, et Centre d'Electrophorese du C.N. R.S ., France). f . chim . phys ., 59 (1962) 289- 298. 
The authors determined separately the electrophoretic mobility of quartz particles in suspension 
in solutions of bovine serum albumin , and the mobility of the sa me protein in solution at the same 
pH value . 
In acetate buffer , the electrophoretic mobility of quartz particles is negative, but for the same value 
of pH it becomes positive in the presence of serum albumin . The mobility increases with increasing 
concentration of serum albumin and remains constant over a large range of concentrations . The 
extent of this range depends on the value of pH, and corresponds to particles of quartz completely 
covered by molecules of serum albumin. The electrophoretic mobility then d ecreases at higher 
concentrations . The study of electrophoretic mobility of serum albumin by the methods of Kern 
and Tiselius indicates the existence of a slow form . The proportion of this form increases with con
centration, a nd this would explain the reduction in mobility of the quartz at high concentrations of 
serum albumin. [G.Mar. ] 

570 - Electrophoretic sub-fractionation of human serum lipoproteins using TEB buffer. 
(in English) . F . R . Sonnino and P. P. Gazzaniga (Institute of Ge neral Patholog y , University 
of Rome , Italy ). Cli n . Chim . Acta, 6 (1 961) 295-297 . 
A method is proposed for obtaining better separa tion and sharper resolution in the electrophoretic 
analysis of serum lipoproteins. The method is based on the use of a buffer consisting of 0 .5 M tri
(hydroxymethy l)methy lamine, o.o2 M EDT A and o .o7 M boric acid . The pH of the recommended 
buffer is 8.8, with an ionic strenght of 0.5 . [Gio .Ser .] 

571 - Detection of coeruloplasmin after zone electrophoresis (in English) . J. A. O we n and 
H. Smith (St. Vincent H ospital, Melbourne , Australia) . Cli n . Chim. Acta, 6 (196 1) 44I-444 . 
A stain was described previously to det ect haemoglobin and its complexes with haptoglobins . The 
method has been modified t o increase the sensitivity, thus showing a reactive zone after gel elec
trophoresis , which is independent of the haptoglobin complexes, and which has been identified 
as coeruloplasmin. The stain is made by mixing I % o-dianisidine solution in water (HCl is added 
in an amount just sufficient t o complet e the dissolution) with a cetate buffer (pH 5· 7), 95 % ethanol 
and water, in the proportions I :I :3: 5· Zone electrophoresis is carried out at pH 6.5, after which 
the strip is immersed in the reagent for 2 hat 37° a nd washed. The coeruloplasmin gives a pink stain 
on paper and an orange - red one on starch gel. [Gio .Ser. ] 

572 - Quantitative electrophoresis of serum proteins in the presence of haemoglobin (in 
English) . C. C. Curtain (Baker Medical R esearch Institute, Alfred H ospital , Melbourne, 
Australia) . A ustralian f . Exp. Biol. Med. Sci ., 39 (196 1) 203- 208. 
The presence of haemoglobin interferes with the electrophoresis patterns of serum . To calcula te 
the amount of haemoglobin in the electrophoretic cell , after the pattern has been photographed as 
usual, an image of the cell is taken directly, after the cylindrical lens of the optical system has been 
removed, in green light of 546 mp.. From this picture the distribution of haemoglobin in the cell is 
determined by densitometry. Two inflexions in the densitometric curve are present : the first is 
due to free haemoglobin , and th1;1 second is due t o the haptoglobin- haemoglobin complex . The 
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assumption is made that free and bound haemoglobin have the same extinction coefficient at 546 
m~J. [Gio.Ser.] 

573- Electrophoretic research on aged human blood haemoglobin and maceration of human 
blood stains (in French). M. Muller, G. Fontaine, P. H. Muller and A. Gourguechon (ln
stitut de Medecine Legale, Laboratoire d'Immunochimie, Lille, France). Rev. franf. clin. 
bioi., 6 (1961) 177- 181. 
Electrophoretic migration on paper for haemoglobin coming from two years old blood stains is 
higher than that of haemoglobin coming from blood kept at 4° for the same period , which, in turn , 
has a mobility greater than a fresh sample; on agar the reverse sequence was found . These diffe
rences are attributed to chemical changes. [Ca.Cas. ] 

574 - Separation of human heamoglobins by starch gel electrophoresis (in English). R. L. 
Engle Jr., A. Markey, J. H. Pert and K. R. Woods (Department of Medicine, New York 
Hospital, Corn ell Medical Centre, N .Y ., U.S.A .). Clin . Chim. Acta, 6 (1961) 136- 141. 
A method is described for separating normal and abnormal haemoglobins, with very little tailing. 
Haemoglobin A2 is easily separated , and so are two other pigmented and two non-pigmented frac
tions in normal red cell haemolysates. Foetal haemoglobin can easily be distinguished from hae
moglobin A, when both are present , by this method. [Gio.Ser. ) 

575 - Studies on the analysis of steroid hormones by high-voltage paper electrophoresis. IV. 
The electrophoretic patterns of the crude conjugated oestrogens in urine. Toshio I so (School 
of Medicine, Tokyo Medical and Dental University, Tokyo, Japan).]. japan. Biochem. 
Soc., 31 (1961) 449- 452. 
The urine of pregnant females was extracted with butanol to yield a crude solution of conjugated 
oestrogens. The solutions was subjected to electrophoresis on filter paper in formic acid- acetic 
acid at 40 kV. Eight conjugated oestrogen fractions could be detected by fluorescence under u .v. 
light, followed by assay of the oestrogenic activity. [Gio.Ser.) 

See also abstracts nos. 462, 471, 472. 

9. Other methods 

576 - Electrochemical indicators (in French). G. Charlot and B. Tremillon (Laboratoire 
de chimie analytique, 10, rue Vaquelin, Paris, France).]. Electroanal. Chem., 3 (1962) 1-23. 
A review concerning the application of electrochemical indicators in various fields of electrochemi
cal analysis . This review is completed with a table containing the various indicators: polaro
graphic, amperometric, chronopotentiometric and potentiometric, and gives many examples of 
possible titrations. [Red. ) 

577 - Chronopotentiometry with programmed current. II. Response function additivity 
principles applied to current programming and multicomponent systems (in English). 
R. W. Murray and C. N. Reilley (Department of Chemistry, University of North Carolina, 
Chapel Hill, N .C., U.S.A.).]. Electroanal. Chem ., 3 (1962) 182- 202. 
The principle of additivity of response functions forms the basis of a new method for derivation of 
theoretical chronopotentiometric transition time relations for programmed currents and multi
component systems with diffusion-controlled transport. To use the method it is necessary to have 
available, for all types of single current impulses used, the characteristic current impulse response 
functions describing the diffusion gradients and surface depletions for single component systems. 
These are obtained through solution of Fick's law. Response function additivity is utilized in 
multi-component systems by summing then- and D-weighted surface depletions of all reactants; 
the resulting surface concentration response function is then at all times equal to the impulse 
current response function characteristic of the current impulse used for linear diffusion. In current 



rg6z 9· OTHER METHODS Aros 

programming, then- and D-weighted surface depletion of the electroactive species is, by the re
sponseadditivityprinciplefor linear diffusion, equal to the summation of the response functions of 
all current impulses employed, each current impulse response function being written for the time 
of usage of the respective current impulse . Solutions of Fick's law to obtain the chronopotentio
metric transition time relations for such cases is therefore unnecessary. Generalized relations are 
given for multi-component systems and current programming, and for combinations of the two 
cases. The method of derivation is illustrated using a number of known cases. New equations are 
derived for the specific cases of ( 1) single component systems: step-reverse-ramp, step-reverse
square root of time, step-plus-negative ramp and ramp-reverse-ramp current reversal programs, 
step-wise reactions with any power of time current impulse, square root of time impulse program, 
staircase, square-wave, and sawtooth periodic current programs (linear diffusion) , and multi-step 
and step-reverse-step current programs (spherical and cylindrical diffusion), (2) multicomponent 
systems: step and square root of time current impulses (spherical and cylindrical diffusion). 

[Authors] 

578 - Chronopotentiometry in acetic anhydride. Oxidation and reduction of the solvent (in 
English). W. B . Mather Jr. and F. C. Anson (Gates and Crellin Laboratories of Chemistry, 
California Institute of Technology, Pasadena, Calif., U.S.A.) . Anal. Chem., 33 (1961) 
1634-1637. 
Chronopotentiometric studies were undertaken to elucidate the anodic and cathodic reactions that 
occur during the passage of current through solutions of sodium perchlorate in acetic anhydride 
acetic acid solutions. Results obtained show why the coulometric generation of hydrogen ions at 
platinum anodes does not achieve a 100% current efficiency (maximum obtainable 95%). In fac t , 
hydrogen and acetylium ions are formed at the platinum anode and the acetic anhydride condenses 
with the acetylium ions to form basic products that actually remove hydrogen ion from the solu
tion . Cathodic reduction is not so complicated; hydrogen and acetate ion are formed at the cathode. 

[Su.Mo.Ce.] 

579- Chronopotentiometry with current programmed as a function of time (in English). 
R. W. Murray and C. N. Reilley (Department of Chemistry, University of North Carolina, 
Chapel Hill, N.C., U.S.A. ).]. Electroanal. Chem., 3 (1962) 64- 77. 
Current programming in chronopotentiometry has been extended to the use of current functions 
which vary with a power of time, i = Btr. Equations have been derived for single and multicom
ponent mixtures. The equation for the transition time has the general form : 

yr + l l 2 = kcr)A o 
where k1r1 is a constant whose value depends on r and A 0 is the concentration of electroactive 
species. Chronopotentiometry is found to be a special case arising when r = - 1j2. Potential-time 
relationships for reversible and irreversible processes as a function of r are given. The effect of 
concentration range and double layer capacitance is also discussed. [Authors] 

580- The application of the galvanostatic electric tension-time technique to analysis in 
molten salts (in English). D. Inman and J. O'M. Bockris (John Harrison Laboratory of 
Chemistry, Philadelphia, Pa. , U.S . A.).]. Electroanal. Chem., 3 (196 2) 126- 145. 
Transition times of electrode processes have been determined from cathode electric tension
timerelations atconstantcurrent, and at various concentrations, current densities and temperatures, 
in the following molten salt solutions: PbCI.in LiCI- KCI; AgN03 in NaN0 3 ;AgN03+NaCl in NANOa; 
AgNOa in NaNOa-KNOa; AgN03 + KCN in NaN03 - KN03 ; Pb(N03) 2 in NaN03 ; PbCI. in 
NaNOa- KNOa and Cd(NOa)• in NaN03 - KN0 3 . 

In general, Sand's equation for the transition time, in the case of mass transfer by semi-infinite 
linear diffusion, is obeyed. Diffusion coefficients, energies of activation for the diffusion processes 
and solubility products are calculated. Information concerning complex formation and the struc
ture of molten salts is reported. [Authors] 

581 - Microdetermination of molecular hydrogen by means of galvanometric analysis (in 
English). P. Hersch (Arthur D. Little Research Institute, Inveresk, Midlothian, Scotland). 
Proc. Intern. Symp. Microchem., (1959) 141-150. 
The gas is carried by means of N2, after mixing with 0 2 (whose concn. must be kept constant during 
the whole run) on to platinized SiO •. The difference in the02content before and after the catalytic 
combustion is measured by means of an 0 2 sensitive galvanometric device (Ag, Pb and KOH) and 
gives the H2 concn. The method is particularly suitable for very low concentrations of H 2, such 
as those encountered in metal corrosion. [Ca.Cas.] 

582 - Influence of pH and of the formation of complexes on the anodic oxidation of indium 
amalgam (in French). Mme M. Breant e t M. J-C. Merlin (Laboratoire de chimie minerale, 
Faculte des Sciences d e Lyon, France). Compt. rend., 254 (1962) 665- 667. 
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Les auteurs proposent une etude du pouvoir n\ducteur de l'amalgame d'indium en fonction du pH 
et des proprietes complexantes de Ia solution aqueuse en contact avec cet amalgame. La dissolution 
anodique de !'indium amalgame, etudiee par chronoamperometrie lineaire, permet d'obtenir des 
courbes intensite- tension electrique bien definics dans toutle domaine de pH (o- q). La tension 
electrique de demi pic Eu permet de caracteriser le pouvoir reducteur de l'amalgame . La valeur 
de £1!2 est -0.445 ± o.oiV (E.C.S.) entre pH o et 5.5, puis elle decroit comme o.o8 pH pour at
t eindre - I. IV a pH I4. II s'agirait d'une oxydation selon In(Hg) + 3HO- - 3 e -+ ln(OH)3.j, qui 
serait lente (pentc theorique - 0.058, pente experimentale -o.o8). Le systeme ln(Hg)fJn3 + est 
egalcment lent en milieu acide: £!•• - E!cath > 0.5 V. La presence d'un certain nombre 
d'anions facilite l'oxydation de !'indium. Parmi les onze milieux etudies citons !'action complexan
te des tampons acetique, citrique, pyrophosphorique et phosphorique qui abaissent Ia tension 
electrique demi pic respectivement de 200, 200- 300, et 235 mV. [An.Sn.] 

583 - The influence of the mobility of the NH. group on the dielectric relaxation behaviour 
(in German). H . Kramer (Physics Institute, The University, Mainz, Germany) . Z. Natur
forsch., I5A (I96o) 974- 979. 
Die elektrische Absorption von chlorsubstituierten Anilinen zwischen I0.35 em und o.696 em 
wurde in zwei Anteile aufgeteilt mit den Zuordnungen zur Beweglichkeit des Gesamtmolekiils und 
zu der Gruppe. Das Relaxationsverhalten wird nach der Budo'schen Theorie berechnet und der 
Substituenteneinfluss auf den Winkel zwischen NH2-Moment und CN-Bindungsachse abgeschatzt. 
Zur weiteren Klarung dieses Einflusses sind Absorptionsmessungen bei kiirzeren Wellenlangen 
notig . [He.Be .] 

584 - Identification of nucleic acid components by a combined method of electrodialysis and 
circular paper chromatography (in Russian). E. K. Alimova, G. D. Bolgova and A. T. 
Astvatsatur'yan (State Medical Institute, Rostov on Don, U.S.S.R.). Biokhimiya, 26 
(I96I) 22I - 224. . 
The nucleic acids are hydrolysed with I N H.so. for I h at I00° and neutralised with Ba(OH)2. 
After centrifuging to remove BaS04 , the volume is made up to IO ml and the solution is electro
dialysed at Ioo V and 20- 25 rnA for 30 min. The purines migrate to the cathode fraction and the 
pyrimidine nucleotides to the anode, while the carbohydrates remain in the middle. The pyrimi
dine fraction is hydrolysed with HCI03 to yield the free bases and electrodialysed again. The 
different fractions obtained are evaporated to dryness, redissolved in a small volume and sub
jected to circular paper electrophoresis, together with suitable controls, in order to identify the 
different components. The chromatogram is developed with n-butanol - I N NH3(7 :I) for the bases 
and with n-butanol - acetic acid-water (4: I : 5) for the sugars. [Gio.Ser. ] 

See also abstracts nos. 468, 476. 

10. Related topics 

585 - Use of a molten mixture of halogens as electrolyte in a combustion cell functioning at 
high temperatures (in French). R. Barde, R. Buvet and J. Dubois (Direction des Etudeset 
Recherches d'Electricite de France, Centre d'essais de Fontenay, Clamart, Seine, France), 
Compt. rend., 254 (1962) 1627-I629. 
Le trace des courbes intensite tensions electriques relatives a l'oxydation electrochimique de 
differents combustibles (H 2, CO, C4H 20, hexane, ether de petrole, carbone) eta Ia reduction de 
!'oxygene, permet de prevoir le fonctionnement de differentes piles a combustibles. L'etude elec
trochimiqueaete realisee a 500° dans un eutectique liquide LiCI-KCI, avec une electrode d'or. 
La reduction de !'oxygene semble n\sulter d'une reaction dont le siege serait Ia ligne de triple con
tact: combustible gazeux, electrode solide, electrolyte liquide. Les courants d'oxydation observes 
sont faibles sauf dans le cas de l'hydrogene. Les auteurs fournissent Ia courbe caracteristique de 
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decharge d'une pile hydrogene-oxyg€me elementaire en milieu LiCI - KCI fondu a 50o0
: Ia tension 

disponible a courant nul est superieure a r Vet devient nulle pour des courants de 0.75 mAfcm . 
[An .Sn.] 

586 - Inhibition of hydrogen ion reduction at a platinum electrode by tin hydrous oxide 
film formation (in English). A. J. Bard (Harvard University, Cambridge, Mass., U.S.A.) . 
] . Electroanal. Chem., 3 (1962) I17- 125. 
Evidence is presented for inhibition of hydrogen ion reduction in acidic halide media at a platinum 
electrode in the presence of tin. This inhibition is traced to a film of tin hydrous oxide formed when 
hydrogen ion is reduced, causing the pH to increase in the vicinity of the electrode, and allowing 
hydrolytic precipitation to occur. The film was investigated employing voltammetry, chronopo
tentiometry and spectrophotometry. The stability of the film and its effect on other electro~e 
reactions was examined, and a mechanism for its formation proposed. [Author] 

587 - The influence of anions and time after activation on the heat of adsorption of hydrogen 
on platinum electrodes (in German). M. Breiter and B. Kennel (Physikalisch-Chemisches 
und Elektrochemisches Institut der Technischen Hochschule, Mtinchen, D e utschland). 
Z. Elektrochem., 64 (1960) II8o- II87. 
Die Adsorption von Wasserstoff an glatten Platin-Elektroden in Elektrolytliisungen wurde bei 
obis 70° untersucht und anhand von Stromdichte - Spannungs-Kurven gezeigt, dass die Anionen 
einen Einfluss auf die Adsorptionswarme austiben. Aus den i- U-Kurven wurden die Adsorptions
isothermen durch Integration erhalten. Es wurde die potentiostatische Dreieckmethode (Will 
und Knorr, Z. Elektrochem., 64 (r96o) 258- 269) benutzt. Als Elektrolyten dienten HCIO. und NaOH 
sowie HCI und HBr verschiedener Konzentration. In einem zweiten Teil wird tiber Untersuchungen 
des Oberflachenzustandes der Piatin-Elektrode in 2.3 M H.so. in den ersten 20 Minuten nach 
einer anodischen Polarisation bei Temperaturen von - ro 0 bis +90° berichtet . Die zeitliche Ab
nahme der Wasserstoffadsorption geht bei allen Temperaturen annahernd gleichartig vor sich und 
wird mit einer Abnahme der Oberflachenrauhigkeit erklart. [He. We.] 

588 - Investigation of the formation and decomposition of hydrogen and oxygen films on 
platinum by a new instantaneous method (in German). F. G . Will and C. A. Knorr (Physika
lisch-Chemisches und Elektrochemisches Institut der Technischen Hochschule, Mtinchen, 
Deutschland). Z . Elektrochem., 64 (r96o) 258-269. 
Die Autoren beschreiben eine elektrodenkinetische Mess-Methode, mit deren Hilfe man Adsorp
tionserscheinungen an Edelmetall-Oberflachen untersuchen kann. Es wird zwischen der Versuchs
elektrode und einer praktisch stromlosen Wasserstoffnormalelektrode als Bezugselelektrode eine 
periodische, proportional der Zeit zu- und wieder abnehmende sogenannte Dreieckspannung mit 
Hilfe eines elektronischen Potentiostaten angelegt. Die Periode ist tiber mehere Griissenordnungen 
variabel. Amplitude und Frequenz sind veranderlich. Der von der Dreieckspannung abhangige 
Zellenstrom zwischen Versuchselektrode und Gegenelektrode wird 03zillographisch verfolgt . Die 
Adsorption von Sauerstoff und Wasserstoff an Pia tin, der Auf- und Abbau von Schichten und die 
hierbei wirkenden Reaktionshemmungen sind mit dieser Methode untersucht worden. Die 
Autoren stellten fest, dass bei anodischer Vorbehandlung der Elektrode eine voriibergehende 
Aufrauhung der Oberflache verursacht wurde. [He. We.] 

589 - Kinetics of the electrochemical reaction between zinc amalgam and zinc sulphate so
lution (in French). Mme. A. M. Baticle (Laboratoire d'Electrolyse du C.N.R.S., 1, Place 
Aristide-Briand, Bellevue, Seine et Oise, France). Compt. rend., 254 (1962) 668- 670. 
Une etude theorique anterieure (A.M. Baticle et Y. Thou venin, Compt. rend., 248 (1959) 794) per
met d'acceder aux parametres cinetriques de Ia reaction, Zn(Hg) ~ Zn•+ + 2 e, soit les grandeurs: 
k, constante de vitesse de transfert, a et (r - a) coefficients de transfert anodique et cathodique. 
La mesure experimentale consiste en Ia determination de courants con tin us traversant !'electrode 
d'amalgame lorsque celle-ci est portee a des tensions electriques comprises dans l'intervalle Eeq ± 
2 mV (Eeq tension electrique d'equilibre variant avec Ia composition de Ia solution, "o.ooo5 M 
< Zn 2 + < o.r M" , et celle de l'amalgame, "o.oo5°/oo < Zn < 10°/oo"; electrolyte indifferent 
Na2so •. o.5M). Lesresultatsobtenus sont: k, = 0 .208 · ro-•cm - 1, IX= o.69 (r - IX) = o.3o. Ces deux 
dernieres valeurs sont en accord avec les resultats de Gerischer, IX= 0.72, et de Bodov et Lossev, 
IX = 0.70. [An.Sn.) 

590 - Oscillographic investigation of the electrode reaction in the system cadmium-aqueous 
solution by an intermittent galvanostatic measuring method (in German) . R . W . Ohse 
(Institut ftir physikalische Chemie der Universitat Erlangen, Deutschland). Z. Elektro
chem., 64 (1960) II]I-1179· 
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Eine Cd-Elektrode wurde in wassriger Losung tiber den gesamten pH-Bereich, hauptsachlich in 
alkalischer Losung, mit einer periodischen Folge von Strom-Rechteckimpulsen anodisch und 
kathodisch belastet. Der zeitliche Verlauf der Bezugsspannung wurde mit einem Kathodenstrahl
Oszillographen gemessen und photographisch registriert. Dabei wurden zwei Spannungsniveaus 
bei anodischer Belastung mit bestimmten Stromdichten beobachtet, die unterhalb der Gleichge
wichtsbezugsspannung der Sauerstoff-Elektrode lagen. Den gemessenen Ruhe-Bezugsspannungen 
Iiegen die Bildung von Cd(OH)2 nach der Elektrodenreaktion, Cd 2+ + 2 OH- ->- Cd(OH)2, und von 
CdO nach Cd 2+ + Cd(OH)2 -->- 2 CdO + 2 H+, zugrunde. Es wurde nachgewiesen, dass zeitlich 
zuerst Cd(OH). und dann CdO gebildet .wurde. Dies wurde auch mit der durch Elektronenbeu
gungsaufnahmen und rontgenographischen Untersuchungen anderer Autoren nachgewiesenen 
ortlichen Schich t-Reihenfolge Cd - CdO - Cd 0 (OH)2 - OH--Losung verglichen. Die Oszillogramme 
liessen auf die Bildung eines kurzlebigen (30 msec) und instabilen hoheren Cadmiumoxydes sowie 
eines instabilen Cadmiumhydrides CdH2 schliessen . Im Zusammenhang damit wurde der Einfluss 
des Sauerstoffes und der Reaktionsmechanismus bei kathodischer Belastung diskutiert. 

[He . We. ] 

591 - Surface potential and surface tension of aqueous solutions of simple methylketones 
(in Polish). B. Zapi6r (Department of General Chemistry, Jagellonian llniversity, Krakow, 
Poland). Roczniki Chem., 36 (1962) 335- 344· 
Surface potential and surface tension of aqueous solutions of some ketones, dimethyl-, methyl
ethyl- , methylpropyl-, methylbutyl- and methylamylketone were measured. The parallelism in 
the electrocapillary properties of these substances was observed, and for surface potential an 
equation is given, which is analogous to the surface tension formula given by Szyszkowski. 

[Ad.Hu.J 
See also abstract no. 531. 
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