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ZUR BODENBILDUNG AUF ULTRABASISCHEN GESTEINEN DER INSEL 
ANDROS (GRIECHENLAND) 

S.SCHAHAB1 

Institut fur Chemie und Landwirtschaft  " N .  Kanellopoulos,, Drapetsona - Piraeus, 
Grieclieland. 
(Erhalten am 26 Januar, 1976) 

Zusammenfassung 

Die profilmorphologische Beschaffenheit von zwei Boden aus ultrabasischen 
Gesteinen auf der Insel Andros wurde beschrieben und die Ergebnisse der chemischen, 
physikalischen und toninineralogischen Untersuchungen dieser Boden wurden in Bezug auf 
ihre Genese diskutiert. Dabei stellte sich das Gestein als massgeblicher Faktor fur die 
Entstehung dieser Boden heraus. 

Charakteritisch fur diese Boden sind: Tonreichtum, plastische Konsistenz, hoher 
Gehalt an austauschbarem Mg. Nur Mg wurde in starker Masse ausgewaschen. Dabei 
wurden die sonstigen Elemente im Boden angereichert. Aus der Verwitterungslosung 
bildeten sich im Boden aufweitbare Fe-reiche 2:l-Tonminerale. 

Stichworte: Bodenbildung, ultrabasische Gesteine, Silikatvenvitterung, Stoffneubildung, 
pedogene Oxide, aufweitbare 2:l-Tonminerale. 

Abkurzungen und Symbole: Fed Dithionitlosliches Fe, Fe, OxalatloslichesFe, C, org. Gesamt-C, 
AK Austauschkapazitat, pF Saugspannung (log cm Wassersaule), n.b. nicht bestimmt. 

Einleitung 

Auf ultrabasischen Gesteinen der Insel Andros kommen Boden vor, die sich 
in ihrer Morphologie und ihren Eigenschaften von den benachbarten, aus anderen 
Gesteinen entstandenen Boden1 erheblich unterscheiden. Im Gegensatz zu den in 
anderen Teilen Griechenlands gefundenen Boden auf derartigen Gesteinen, die 
rote Farbe b e ~ i t z e n ~ ~ ~ ~ "  und die zu den relikten Boden gerechnet werden4, weisen 
diese Boden eine braune bis gelblich-braune Farbe auf. Durch ihre Farbe und durch 
ihre sonstigen Eigenschaften wird ihre Zugehorigkeit zu den rezenten Boden 
deutlich. Unter dem heute herrschenden Klima werden hier normalerweise relativ 
leicht verwitterte Boden (Tongehalte meist unter 15%) gebildet.1,5,6 Diese Boden 
weisen jedoch Tongehalte auf, die im Unterboden uber 40 und sogar 60% liegen. 
Ueber tonreiche Boden, mit ahnlichen morphologischen Merkmalen, auf Serpentin 
wurde von Novak und Pelisek7 aus Rumanien, von Bogatirev8 aus Albanien, von 
Ceric9 aus Jugoslawien und von Koroxenidis u.a.1•‹ aus Nordgriechenland berichtet. 
Es existieren jedoch wenig analytische Angaben uber diese Boden. 

In der folgenden Arbeit soll versucht werden, an Hand umfangreicherer 
Untersuchungen, zur Erweiterung der Kenntnisse uber Boden solcher Art 
beizutragen. 

Klima, Vegetation und Gestein: 
Das Klima von Andros (in Aegaeischen Meer) ist gekennzeichnet durch 
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einen trocken-warmen Sommer und feucht-milden Winter. Die mittleren 
Niederschlage und Temperaturen auf dieser Insel betragen: Im Jahr 558mm und 
lVC, in Januar 128mm und 10•‹C und in Juli lmm und 26 "C." 

Die naturliche Vegetation der hier zu besprechenden Boden besteht 
hauptsachlich aus Erica verticillata. Dort wo sie von den Einheimischen nicht 
abgebrannt wird, bildet sie einen relativ dichten Pflanzenbestand. 

Das Gestein (Pratertiar") aus dem die hier zu besprechenden Boden 
entstanden sind, wurde von Philippson13 als Serpentin und von R/larinos14 als 
Peridotit bezeichnet. Es tritt an einzelnen Stellen mit geringer Flachenausdehnung 
im nordlichen Teil der Insel inmitten des Schiefers zutage. Es variiert in der Farbe 
von Blau-grun und Dunkel-grun und unterscheidet sich somit auch in seiner 
chemischen Zusammensetzung (s. Tab. 11) und durch sein Verhalten gegenuber 
Verwitterung. Das blau-grune Gestein (s. Nr. 288) ist gegenuber dem 
dunkel-grunen Gestein (s. Nr. 293) etwas reicher an Si und Mg dagegen armer an 
Al und Fe. Durch die Verwitterung bekommt es eine oxidierte Randzone (Analyse 
s. Tab. 11, Nr. 288) von hellbraune Farbe (10YR 7/4). Innerhalb des Gesteins 
erkennt man, mit dem Auge feine Poren und Risse, deren Oberflachen durch 
Fe-bm. Mn-Oxid rot-bzw. schwarz-gefarbt sind. Das dunkel-grune Gestein ist 
weicher als das bereits besprochene Gestein und wird bei der Verwitterung schallig 
und z.T.faserig. 

In beiden Gesteinen kommt in ziemlich gleicher Hohe (kein quantitativer 
Nachweis) Magnetit vor. 

Die Boden 
Die Boden sind in einer hugeligen Landschaft an einzelnen Stellen mit 

geringer Flachenausdehnung verbreitet. Sie sind offensichtlich sehr denudation- 
sanfallig, da sie an relativ steileren Hangen bis zur Entblossung des Gesteins 
abgetragen worden sind. Eine exakte Verfolgung der reliefbedingten Bodenbil- 
dung ist hier wegen der geringen Flachenausdehnung dieser Boden nicht moglich. 
Die folgende zwei Profile sollen die Morphologie und Eigenschaften dieser Boden 
reprasentieren. Die Abweichung des einen Bodens vom anderen sind hauptsachlich 
in Gesteinsunterschieden zu sehen. 

Die Boden sind fast uberall mit einem Steinpflaster bedeckt. Auch in den 
Boden selbst kommen diese Gesteine vor. 

Profilbeschreibung: 
Profil 288: Auf leicht geneigtem Hang (Neigung 2-3%), in einer Hohe von 250m 
u.dem Meer, auf blau-grunem Gestein (s. Gesteinsbeschreibung), ohne Nutzung, 
unter Erica verticillata. 

Sandiger Lehm, dunkel-rotlich-braun (5YR 3/2), sehr gut 
durchwurzelt, Krumelgefuge, leicht aufbrechbar, leicht klebrig, 
leicht plastisch, skelettreich. 
Weniger durchwurzel& skelettreicher, sonst wie oben. 
Sandig-toniger Lehm, dunkel-braun (10YR 4/3), massig 
durchwurzelt, korniges Gefuge, schwer aufbrechbar, klebend, 
plastisch, skeletthaltig. 
Toniger Lehm, gelblich-braun (10YR 5/4), schwach durchwurzdt, 
polyedrisches Gefuge, stark klebend, stark plastisch, nicht 
aufbrechbar, viele Steinchen (5-10 mm), einzelne Tonhautchen, 
einzelne Mn-Konkretionen. 
Tom-eicher, plastischer, sonst wie oben, ziemlich nass. 
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Profil 293: Auf Hang (Neigung 4-5%), in felsiger Landschaft, in einer Hohe von 
100m u. dem Meer, auf dunkel-grunem Gestein (s. Gesteinsbeschreibung), ohne 
Nutzung, unter Erica verticillata und Poterium spinosum. 
Al 0-20 cm Sandig-toniger Lehm, dunkelbraun (10YR 3/3), massig dur- 

chwurzelt, krumeliges Gefuge, plastisch, klebrig, schwer aufbrech- 
bar, einzelne Steine. 

20-35 cm Sandiger Ton, gelblich-braun (10YR 5/4), wenig druchwurzelt, 
stark plastisch, stark klebend, sehr schwer aufbrechbar, einzelne 
Steine. 

35-80 cm Ton, hell-oliv-braum (2,5Y 5/4), nicht durchwurzelt, Koharent- 
gefuge, sehr stark plastisch, sehr stark klebend, nicht aufbrechbar, 
frei von Steinen, nass. 

Methoden: 
PH-Messung wurde in 0,OlM CaC1,-Losung (Boden: Losung 1:2,5) mit 

Glaselektrode durchgefuhrt. Die Bestimmung von C, erfolgte durch nasse 
Verbrennung. Nt wurde nach Kjeldahlaufschluss ermittelt. Austauschkapazitat und 
Basensattigung wurden nach Mehlich bestimmt. Korngrossenzusammensetzung 
wurde mittels Schlammanalyse in dem vorher mit H202 behandelten und mit 
Na-Pyrophosphat dispergierten Boden bestimmt. Totalanalyse erfolgte nach 
Jackson. Tonminerale wurden rontgenographisch an gereinigten, orientierten 
Praparaten (Mg-Belegt, Mg-Belegt - Glyzerin, K-Belegt) identifiziert (fur alle s. 
Schlichting und Blume1'). Fe, bzw. Fe wurden extrahiert nach Mehra und Jackson16 
bzw. nach Schwertinann.17 Die Bestimmung erfolgte mittels eines Atomabsorp- 
tion-Spektrometers (Perkin Elmer 305). PF-Bestimmung wurde nach Hartge18 
durchgefuhrt. Die Bodenfarbe wurde in feuchtem Zustand nach Farbentafel von 
Munsell bestimmt. 

Ergebnisse und Diskussion: 

Der C- und N-Gehalt (s. Tab. I) liegen im Oberboden bei etwa 2 bzw. 0,15% 
und nehmen mit der Tiefe im Profil ab. Da der Kohlenstoff mit der Tiefe im Profil 
starker abnimmt als der Stickstoff, ergibt sich eine Verengung des C/N-Verhaltnis 
(im Oberboden 15- 18) mit zunehmender Tiefe. 

TAB. I :  Chemische Eigenschaften der Boden 

Sattigungsgrad AK 
Prof. Hor. Tiefe pH C, Nt in % d. AK mval/ 
Nr . (4 % % Ca Mg K Na 100g 
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Hier unterscheiden sich diese Boden also von den aus anderen Gesteinen 
(Schiefer) unter gleicher Vegetation entstandenen Boden1 nicht wesentlich. Der 
A-Horizont ist jedoch belebter (Vorhandensein von Regenwurmer und 
Kotaggregaten) und weist im Gegensatz zu dem der anderen Boden, der 
hauptsachlich in Einzelkornstruktur vorliegt, eine relativ gut ausgepragte 
Krumelstruktur auf. Die Krumelbildung hangt hochstwahrscheinlich davon ab, 
dass diese Boden, kornung- und tonmineral-bedingt, mehr Wasser speichern 
konnen (s. spater). Die bessere Bodendurchfeuchtung fordert dann die Aktivitat 
der Bodenorganismen und so die Bildung von Krumelgefuge. 

Der Kationenbelag ist zwischen 40-60% im Oberboden bm.  zwischen 70 und 
98% im'unterboden durch Mg vertreten. Dies ist durch hohen Mg-Gehalt des 
Gesteins bedingt. Das Verhaltnis des austauschbaren Anteils an Ca und Mg liegt im 
Oberboden zwischen 0,3 und 0,06. Durch biologische Akkumulation des Ca wird 
das Verhaltnis im Oberboden erweitert. Zu ahnlichen Zahlen kommt man auch, 
wenn man dieses Verhaltnis aus den Ergebnissen, die anderen A ~ t o r e n ~ , ' ~ ~ ~ ~  in den 
Boden aus Serpentigesteinen ermittelt haben, berechnet. Das ermittelte 
Ca/Mg-Verhaltnis aus dem austauschbaren Anteil dieser Kationen, der von 
Liatsikas2 fur die roten Boden aus Serpentin aus Epirus (Niederschlage 1200mm) 
angegeben wurde, liegt jedoch um das 10-fache hoher als das Verhaltnis des 
austauschbaren Ca zu Mg, das in den von uns untersuchten Boden vorliegt. Daraus 
ist zu schliessen, dass mit Fortschreiten der Bodenentwicklung das Verhaltnis des 
austauschbaren Ca und Mgzugunsten des Ca verschoben wird. Andererseits spricht 
Krause4 von einem niedrigem CaIMg-Verhaltnis der rubifizierten Braunlehme aus 
Serpentin. Diese Boden (pH uber 6) weisen, im Vergleich zu den von Liatsikas2' 
untersuchten roten Boden (Basensattigung 56-54%) eine hohere Basensattigung 
auf und sind daher leichter der Auswaschung ausgesetzt. Auch eine sekundare 
Anreicherung der Kationen (bei diesen Boden speziel Mg), die oft bei den alteren 
Boden der trockeneren Regionen Griechenlands anzutreffen ists,6,20 kann fur das 
niedrige Ca/Mg-Verhaltnis verantwortlich sein. 

Aus dem Vergleich der chemischen Zusammensetzung des Gesteins mit der 
des Gesamtbodens (s. Tab. 11) ist zu entnehmen, dass die Stoffauswaschung 
lediglich auf Mg beschrankt ist. Alle anderen Bodenbestandteile wurden mehr oder 
weniger auf Kosten von Mg in Boden angereichert. Die Anreicherung kommt 
insbesondere dem Al und dann dem Fe zugute. In dieser Hinsicht unterscheiden 
sich diese Boden von den von Liatsikas2 untersuchten roten Boden aus Serpentin 
nicht. Sie sind wie diese Boden mit etwa gleichem Prozentsatz der im Gestein 
vorhandenen Elemente an Mg verarmt und an sonstigen Elementen angereichert. 

Ein ahnlicher Entwicklungsvorgang wurde auch von Wildman u.a.19 in Boden 
aus Serpentingesteine, die unter ahnlichen Klimabedingungen entstanden sind, 
festgestellt. Sie machen den CO2-Druck des Grundwassers fur die starke 
Mg-Auswaschung bei den von ihnen untersuchten Boden verantwortlich. Von 
einer extrem hohen Mg-Auswaschung bei Serpentin-Verwitterung unter 
tropischem Regenwald auf Borneo wurde von Schelmann21 berichtet. 

Vergleicht man die chemische Zusammensetzung der oxidierten Randzone 
des Gesteins mit der des frischen Gestein (s. 288 in Tab. 11) erkennt man, dass in der 
ersten Phase der Gesteinsverwitterung neben Mg auch Si aus dem Gestein 
ausgewaschen wird. In dieser Phase kommt die Stoffanreicherung, im Gegensatz zu 
dem spateren Stadium, nicht dem Al sondern im wesentlichen dem Fe zugute. Nach 
K r a ~ s k o p f ~ ~  steigt die Ioslichkeit von Si bei pH-Werte uber 9 stark an. Dieser 
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TAB. 11: Chemische Zusammensetzung des Bodens, des Gesteins und der Tonfraktion 
P- 

Prof Hor S102 A1203 Fe203 bfn304 T102 Ca0 Mg0 K 2 0  Na20 H20 Total S102 Si02 
PP 

Nr. % (r) Al203 FeZ03 

288 All 45,2 9,l 13,5 0,5 0,Y 2,Y 
Al2 45,2 '9,2 13,7 0,4 0,5 l,Y 
B1 48,5 10,7 13,O 0,4 1,2 2,l 
B21 49.1 11,3 12,6 0,3 1,3 2,3 

48,Y 11,s 12,7 0,2 1,2 2,5 
Gestein: a 35,7 1,5 12,l 0,2 0,l 0,3 

b 39,5 1,O 6,8 0,1 0,5 0,2 

293 Al 41,6 2.0 11,0 0,2 0,6 1,2 
B2 1 43,Y 3,4 12,3 0,2 0,6 1,2 
B22 46,7 4,4 15,6 0,l 0,7 2,7 

Gestein: b 37,4 2,3 9,s 0,l 0,6 0,3 

Gereinigte Tonfraktion (<&) 
288 44,O 17,9 10,O 0,l 1,l 0,s 7,s 

43.7 17.3 10.8 0.1 1.1 0.3 7.6 

42,s 7,l 11,2 Spr. 0,2 1,6 20,6 
44,Y 6,3 12,Y 0,2 1,8 16,4 
46,3 8,2 15,s B 0,2 2,7 Y,7 

* a)  oxidierte Randzone des Gesteins, b) frisches Gestein 

101,s molar 
101,o 
102.3 

pH-Bereich kann bei der ersten Phase der Verwitterung dieser Gesteine ohne 
weiteren in der Verwitterungslosung vorherrschen, zumal das frische Gesteinsmehl 
von vorneheran einen pH-Wert von 9,45 aufweist. Bei weiterer Verwitterung von 
Gestein zu Boden, die von der Kationenauswaschung und daher von pH-Abfall 
begleitet wird, wird Si im Boden stabilisiert und angereichert. 

Die Silikatverwitterung und Stoffneubildung ist in diesen Boden im 
Gegensatz zu anderen unter den hier herrschenden Klima entstandenen Boden,' 
hoch. Dafur zeugt ihr hoher Ton-bm. Fe,- und Fe,-Gehalt (s. Tab. 111). Die 
Ursache hierfur ist vorallem das Gestein, das leicht von der Verwitterung 
angegriffen wird. Hinzu kommt noch, dass diese Gesteine im allgemeinen bei ihrer 
Umwandlung (z.B. Peridotit zu Serpentin) Strukturanderungen erfahren, wobei 
das Gestein faserig bzw. rissig wird (s. F r a n ~ , ' ~  Ceric9). Das Wasser kann in den 
Rissen und Spalten tief ins Gestein eindringen und die Verwitterung beschleunigen. 

Nach Mak~imovic~~ wird bei hydrothermaler Metamorphose des Serpentins 
das Gestein bereits vor der Zersetzung mit tonigem Material angereichert. Damit 
begrundet Ceric9 den hohen Tongehalt der relativ jungen Boden (Ranker) aus 
Serpentin. 

Diese Feststellung steht im Gegensatz zu der Vorstellung von FranzeZ3 Er 
bezeichnet Serpentin als ein Gestein auf dem tonfreie Boden gebildet werden. Von 
tonarmen Boden auf ultrabasischen Gesteinen wurde von Ragg und Ballz5 aus der 
Insel Ruhm (Kuhl-feuchte oceanische Klima) berichtet. Hier haben jedoch starke 
Wasser- und Winderosion einerseits und intensive Stoffauswaschung andererseits 
der Tonbildung entgegengewirkt. Wo der Boden weniger von Erosion gefahrdet ist 
b m .  hohere Basensattigung aufweist, ist er tonreicher. 
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TAB. 111: ~orn~rossenzusammensetzun~ und der Gehalt an Fed und Fe, der Boden 

Prof. Hor. Kornung (P) in % Fed Fe, Fe,/Fed 
2 2-20 20-2000 % % 

288 All 19,4 22,4 58,2 3,66 1,OO 0,27 
Al2 22,3 21,9 55,8 3,92 0,94 0,24 
B1 31,5 24,2 44,3 3,42 0,51 0,15 
'321 38,9 26,7 34,2 3,18 0,45 0,14 
B22 42,3 29,l 28,9 3,02 0,40 0,13 

TAB. IV: Feldfeuchte und der Wassergehalt bei pF 2,5 und 4,2 

Prof. Hor. Wassergehalt (vol %) bei 
PF PF Feldfeuchte 
2,5 4 2  

288 All 30,9 18,9 15,3 
Al2 n.b. n.b. n.b. 
BI n.b. n.b. n.b. 
B21 28,8 21,3 21,O 
B22 39,6 38,O 28,5 

Fur die hoher Verwitterung der von uns untersuchten Boden konnte auch die 
hier herrschende hohe Temperaturen der feuchtere Jahreszeit massgeblich sein. 
Ausserdem ist zu bedenken, dass diese Boden eine hohe Wassermenge speichern 
konnen (s. Tab. IV). Die Feuchtigkeit bleibt im Boden langer enthalten, weil die 
gespeicheter Wassermenge zum grossten Teil in einer fur die Pflanzen nicht 
verfugbaren Form vorliegt. Etwa am Anfang der trockenen Periode (Ende Mai) 
wiesen diese Boden eine Feldfeuchte (s. Tab. IV), die etwa 2-3 mal hoher als die der 
sonstigen Boden dieser Insel war. Aus dem selben Grund musste die 
verwitterungshemmende Wirkung der hier herrschende 3 trockenen Sommermo- 
nate bei diesen Boden schwache? zur Geltung kommen. 

Der Tongehalt nimmt im Profil mit der Tiefe zu. Diese ist mit der besseren 
Durchfeuchtung und daher intensiveren Verwitterung im Unterboden zu 
begrunden. Im Profil 288 wurden auch einzelne Tonhautchen beobachtet (s. 
Profilbeschreibung). Es konnte daher auch Tonverlagerung eine zusatzliche 
Ursache fur den hoheren Tongehalt im Unterboden sein. Tongehaltszunahme mit 
der Profiltiefe wurde auch in anderen von uns untersuchten Bodenz6 festgestellt und 
ebenfalls mit hohere Venvitterungsintensitat im Unterboden begrundet. In 
anderen Boden nimmt mit dem Tongehalt auch der Gehalt an pedogenen 
Fe-Oxiden mit der Tiefe im Profil zu. In diesen Boden dagegen nimmt der Fe,- und 
z.T.Fe,-Gehalt mit Pr~filtiefe sogar leicht ab. Ursache hierfur konnte der Einbau 
von Fe in die Kristallstruktur der Tonminerale (s. spater) sein. 

Orientierende Rontgenaufnahme .der Tonfraktion dieser Boden zeigt als 
~ i u ~ t b e s t a n d  ein relativ schlecht kristallisiertes (breite assym. Interfrenz) 
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14A-Mineral, das bei Glyzerin-Sattigung sich auf 18A aufweitet. Die Intensitat des 
Reflexes bei diesem Mineral ist in Boden 293 wesentlich hoher als im Boden 288 
und nimmt in beiden Boden zur Tiefe im Profil zu. In Uebereinstimmung mit dem 
ronrgenographischen Befund stehen die Austauschkapazitat und die Wasserbin- 
dung dieser Boden. 

Die chemische Zusammensetzung der Tonfraktion (s. Tab. 11) stimmt mit 
deren Tonmineralbestand bei Boden 288 etwa uberein. Die Tonfraktion des 
Bodens 293 weist dagegen ein hohes Si/Al-Verhaltnis auf. Si-Ueberschuss wurde 
auch von Wildmann u.a.19 in der Tonfraktion der Boden aus Serpentin festgestellt. 
Dieser Ueberschuss wird mit dem Vorhankknsein von amorphem Silizium-oxid in 
der Tonfraktion begrundet. Diese Begrundung konnte auch fur den hohen 
Si-Gehalt der Tonfraktion des Bodens 293 gelten. 

Die Tonfraktion beider von uns untersuchten Boden ist durch hohen Fe- und 
Mg-Gehalt gekennzeichnet. Diese besagt, dass diese Elemente in starkem Mass am 
Strukturaufbau .des Tonminerals beteiligt sind. 

Das aufweitbare 2: 1-Mineral ist in diesen Boden hochstwahrscheinlich aus 
der Verwitterungslosung neugebildet (schlechte Kristallisierung). 

Nach RukavisnikovaZ7 wird die Tonmineralsynthese in Boden aus Serpentin 
in der Anfangsphase der Gesteinsverwitterung bereits im Gestein vollzogen. Dabei 
entstehen Magnesium-Nickel-Silikate, die dann in Nontronit ubergehen. Fe-reiche 
Montmorillonite in Boden aus Serpentin stellten auch Wildman u.a.19 fest. Ueber 
die Entstehung von Saponit, begleitet von quellbarem Chlrorit aus Lizardit2' bzw. 
aufweitbaren u.a. Beidelit-ahnlichen Minerale aus Serpentin:' wurde aus Italien 
und aus Japan berichtet. Auch bei lateritischer Verwitterung unter tropischem 
Regenwald auf Borneo bildete sich in der Anfangsphase der Serpentinverwitterung 
M~ntmorillonit.~~ 

Aus der vorliegenden Ergebnissen und aus den Angaben der genannten 
Autoren geht hervor, dass die Bildung von aufweitbaren 2: 1-Mineralen in Boden 
aus ultrabasischen Gesteinen ein von dem Gestein untrennbare Vorgang ist. Nach 
J a c k s ~ n ~ ~ ~ ~ l  wird die Bildung von aufweitbaren Tonmineralen in Boden dort im 
Vordergrund stehen wo sowohl Si als auch die sonstigen an ihrem Aufbau 
beteiligten zwei-bzw. dreiwertigen Kationen in bevorzugtem Ausmass in der 
Bodenlosung vorhanden sind. Dies ist nach Wildman u.a.19 bei der Hydrolyse der 
ultrabasischen Gesteinen gegeben. 

Abstract 

Soil formation on the Ultra-Basic rocks in the island of Andros (Greece) 
Profile characteristics of two soils derived from ultrabasic rocks were 

described and the results of chemical and physical properties, and clay mineral 
composition of these soils in relation to their genesis were discussed. It appears that 
the formation of these soils resulted primarily from the parent rocks. 

Characteristics for these soils are: high clay content, plasticity, and high 
content of exchangeable Mg. 

Leaching of a large Part of Mg have taken place. All other elements (Si, Al, 
Fe, Mn, Ti, Ca, K, and Na) were increased in the soil. Iron rich expansible 2: 1 clay 
minerals were formed from the soil solution. 

Key words: Soil formation, ultrabasic rocks, silicate weathering 
newformation, pedogenous oxides, expansible clay mineral. 
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.Zxquaz~o@q 2GaqGv 2 t i  GXEQ@~L~GY m z ~ c o p h o v  zfjq vrjoov "AY~QOV. 
'Exi a6v dxeefiao~x6v xea@op&aov vfpou "AV~QOU Epcpavicov~a~ 

E6&cpq, ah 6xoia G~acpi~ouv oqpava~x6g 8 5  x ~ b ~  afiv poppohoyiav xa i  a h ~  
i6~6aqa&g aov hxb ah y~~aove6ovaa xa i  $5 6hhov xeaeop&aov x ~ o e ~ x 6 p e v a  
EG&cpq. "Exouv yiva hvaxo~vhoetg Exi a i j ~  d x & ~ @ o g  EGacpGv, pi: iipo1a 
x a p x x q ~ ~ o a ~ x h  Exi Zepcevaivq, eig B ~ Q E L O V  'Ehh&Sa, &g Exioqg xa i  E ~ S  p q ~ x h ~  
&hhag B a h x a v ~ x h ~  xheaq. c Y x & ~ ~ o u v  Bpmg 6hiya &vahua~xh 6 ~ 6 0 p i v a  81h a& 
E6hcpq a d d .  Eig afiv Eeyaoiav ada?p $Gox~~&oapev, Exi -c$ (3&oe~ 2xaev6v 
Eeeuv6v (i6e x i v a x q  I, 11, I11 xai  6~uxaohoy~xfiv hvdrhuo~v xh&opaaog 
heyihhou) vh oup(3&hhopev eig afiv ~ L E ~ Q U V ~ L V  a6v yvhoeov Eni zo~o6aou e'i6ou~ 
SacpQv. 

Th E~euvq6kvaa E66cpq e d ~ i o x o v a a ~  eig piav hocphbq neeloxfiv xahuxao- 
pivqv dxb Erica verticillata. 'Epcpavil;ovaa~ eig ~ E Q L ~ ~ S  ~ ~ O E L S  ~ L X Q & S  Ex~&oe&q. 
Th E6hcpq xah6xaovaa~ oxe6bv xavaoG 2% o a ~ h p a a o g  hi6ov, & v ~ u ~ i o x o v a a ~  62 
adah hx6pq xa i  eig ab E o o a ~ ~ ~ x b v  ZOG E66Lcpou~. 

Th EG&cpq adah xaeaxaqeil;ovaa~ po~cpohoy~x6g 6x6 kvbg ~ X E Z L X ~ S  xah6s  
o~qpaa~op ivov  A - 6~il;ovaog xa i  4 60~17 aov €is ahg ~ E Q L ~ ~ O T ~ Q U S  p?@~xah-  
o e ~ g  peaaxixa~t  E ~ S  ~ ~ x a h o z f i v .  'H Q~xahoafi 60pfi 6brpeihe.c~~ x~6av6aaza  ab 
i i a ~  a& 66&cpq ad& ~ E Q L ~ X O ~ ~ U  6.1s h i  ab xheioaov &ey~hhov 2% povapo~~hhovi- 
aou, xaeapivouv dye& xaah ab peyaMxeeov xeov~xbv G~&oaqpa aoG iiaoug. 
"Evexa zo6aou oi  p tx~ooeyav~opoi  -cot EG&cpoug, oi  6 x o i o ~  e?val o o f i a ~ 6 a a a o ~  
xae&yov 61h afiv Gqp~ou~y iav  Q~xahoaijg Gopij~, ~6eioxouv x a h h ~ a i ~ a g  ouvw-  
xag c o i j ~  e i ~  a& EEGkcpq ada&. 

"Ahho x a p x q ~ ~ o a t x b v  a6v BSacp6v ada6v E?VUL 4 6qqhfi aov ~ E Q L E X T L _ X ~ -  

aqS eis Evahhaxa~~bv Mg. 'H h a h o y i a  aoG Mg 6.15 x& ah Eihha xaz~bvaa  e i v a ~  
peza@ 40-60% eis a& Ex~cpavelaxh xa i  70-98% ~ i g  ab dxi6acpog (fihixe IIivaxa 
I). ToGao 6cpeihe-c~~ aqv d?pqhfiv x e ~ ~ e x a ~ x 6 a q a a  Mg a6v ~ e a ~ o p h z o v  (Ph. 
niv.  11). 

'H ox io~g  a6v Evahhaxa~xGv Ca x ~ 6 g  Mg xe i aa~  eig zb 6 x S a c p o ~  peas@ 
0,06-0,3 xa i  adE&ve~ eis ab En~cpuve~axbv EGacpog hbyq (3~0hoy~xfjg o u o o o ~ e 6 o ~ -  
o 5  iXxb 0,3-0,9. 

'Ex aijs ouyxeioeco~ aijg xqp~xijs ouoa&oeo~ a6v xea~op&aov  xa i  aoG 
EG&cpous (fih. niv.  11) $&yeea~ &L p6v0 ab Mg ZXEL Exxhu9Tj eig pey&hqv 
xoobtyaa. 

"Oha ah &hha oao~xe'ia xee~oo6ae~ov  fi Bh~yhae~ov,  EE aiaiag ai ' j~ 
Exxh6osco~ aoG Mg, Epnhouait;ovaa~ e i ~  ab ii6acpog. 

'H &xoo&6eoo~s xve lz~x6v Evho~ov  8s xa i  6 o x q p a z ~ o p b ~  v iov  6h6v 
E ~ V U L  E ~ S  adah ad E6&cpq d ~ q h 6 g ,  Ev &vz~6ioet x e b ~  &hha EGhcpy ad bxoia iixovv 
oxqpaa~o6ei x&ao hxb ab ISLO xhpa .  'Axoziheopa a06aou E ~ U L  4 peyahuaj~a  
aov x e ~ ~ e x a ~ x 6 z q g  eig Ei~y~hhov 8s xa i  ~ i g  Fe, xa i  Fe, ((3h. n iv .  111). A d d s  E ~ V U L  

6 h6yos n ~ b  x a v a 6 ~  61h abv 6xoLov a& m a ~ h p a a a  x a a a o ~ ~ i c p o v a a ~  ~ d x 6 h o ~  6x6 
afjg & n o o a O ~ h o ~ o ~ .  ' E x ~ x ~ o o O i a o ~  X Q ~ X E L  v& elxopev ijal ah x e t ~ h y a a a  adah 
yev~x6g aiaiag aijs peaayoecphoehg aov  (xe~~60aIaqg x ~ b ~  2e~mvaivyv) 
yivovaal ivh6q xa i  brpuhhh6q. Tb G6oe Gvv&p~vov vh e i o i h h  e i ~  zhg ox~ophg 
xa i  eoyphg E ~ L ~ ~ E ~ S E L  afiv &xoo&O~wo~v.  'H dyeaoia a6v EGacp6v 66vazai ((3h. 
n iv .  IV) v& x a ~ a p ~ i v q  Exi ~ ~ X Q ~ T E Q O Y  X Q ~ V O V  eis afiv Q L & ~ E G L ~  q s  h x o o a 6 ~ h -  
oeog, 616~1 &a  pey&ho xooooabv aijs 6yeaoias ouyxeaaeiaa~ 15x6 aoG E6hcpovs 
p& piav x ieo~v peyahuai~av a6v 15 at. (pF 4, 2) (oh. niv.  IV). "Evexa 6 j ~  
peyahvai~ag aoG x&ap Eb&cpoug dyeaoias xa i  zijs a d a i j ~  Eva6vou & x o o a 6 ~ h -  
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O E W ~ ,  a<~&v€-ca~  Enioqg fl n e ~ ~ ~ x a i x 6 a q g  eig tiey~hhov PET& ao2) Pdl80ug 
na-ca-copfjg. 

Th 6evxah &eyihhov -cGv SGacpGv a<aGv &notehoGv-ca~ xveiog &nb 
B~vx-ch afjg bp&Gog Exaaxafjg 60pijg 2:l. A h h  x ~ 6 a v 6 z a - c ~  neok~xov-cal 6113 
ovv66o~ov &nb t b  &6acp~nbv G~dlhupa. 

'Et  6hwv 6oov Exopev E ) ~ ~ E L  & t & y ~ - c a ~  8x1 ab sc6a~opa n a i t ~ i  ttllr Pao~xbv 
~ b h o v  61h abv oxqpaa~opbv aGv E6a@Gv a<aGv. 'Ev8e~x-c~xai h&q: Xxqpa-c~- 
opbg EGacpGv, 7jxe~fia0~nh n~a~C;)paaa ,  & n o o & @ ~ o o ~ g  ~ U Q L T L ~ G Y  2vGoewv, 
o ~ q p a t ~ o p b g  vkov dhGv, nehoy~vfj ~ S E ~ ~ L U ,  bphg bmxxafjg 6opijg 2 : l  aGv 
B~uxaGv &eyihhou. 
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Chimika Chronika, New Series, 6, 407-432 (1977) 

EPrAZTHPIAKH IIOIOTIKH ABIOAOrHZIZ 14 EAAHNIKnN 
AZBEZTOAIBllN AIA THN XPHZIMOIIOIHZIN AYTnN EIZ THN 
EAAHNIKHN BIOMHXANIAN ZAKXAPEllZ 

KPNZTANTINOZ M. ZInHTANOZ xai AHMHTPIOZ 2 .  MHTKAX 
"E&a l h ~ x f j ~  xai 'Avo~yoivou X q p ~ x e  Tqvohoyias t o i7 'A~~u to t~h~ iou  I l a v ~ ~ ~ u q p i o u  O~umho-  
v b q ~  O~u/vixq, 'EIh&s 
('Ehqrp6q rfiv 3q 'Anethiov 1976) 

Eig tfiv n a ~ o i j o a v  Eeyaoiav y i v e t a ~  no to t~nf i  &Etohi)yqo~g 14 ~ E L ~ V & ~ W Y  &ofi&o~o- 
hi8ov p$ x6ecov oxonbv tqv xeqotponoiqo~v i ~ n b  tijg 'Ehhqvtnijg B ~ o p q x a v i a ~  Zaxx6Le~- 
o g  tijg xatahhfihov n e h t q s  Bhqg 6 th  afiv naeayoyijv &ofiQotou. 

T h  M y p a t a  to<  &ofisoaohi8ov Ehfiip8qoav &nb 6 6tctcpo~sa~nirg neetoxhg tijg 
Boesiov 'Ehhh6og, Ex t 6 v  6xo iov  n ~ o ~ q 6 e 6 o v t a ~  &ofiso~6jit80v t& ' E ~ y o o ~ a o t a  
Zaxx&eeog, t h  66 ~ e q o t p o n o ~ q 8 b v r a  x e t t f i e ~ a  &Etohoyfiaeog floav nveiog 4 tax6tqg 
xataxa6ioeog,  t b  6 ~ a 8 i o t p o v  CaO x a i  4 6ontpfi & v a ~ 8 p o t ~ n 6 t q a o g  tijg n a ~ a y o p k v q ~  
Gnb 6 ~ a c p 6 e o v ~  ouv6fixag 8 ~ ~ p ~ x i j g  x a t ~ e y a o i a g  &ofikotou. 

'Ex t6,v &not&h&op&aov tijg n a ~ o t j o q g  pshktqg 6 6 v a t a ~  vh EEax8ij t b  ovpnkeaopa 
%L n o ~ o t t x 6 g  d n k e a s e o ~  & G ~ ~ E ( S T ~ ~ L ~ O L  &hat Ex&ivo~ ~ 6 v  Gn' &@L@. 7 ,  12 x a i  2 6&typ&aov. 

Eis  afiv B~opqxaviav 2axxdreewg x ~ q o ~ y o n o ~ o G v z a ~  pey6ha~ noob~qteg 
&o(3eozohi60u 6 ~ h  Evtbg to6  Eeyootaoiov naeayoy?p &ofl6otou. 'H &o(3e- 
o ~ o g  a h q ,  dnb  po~cpqv y6haxtog, h 5  xa i  t b  xa~ay6pevov 6 1 0 ~ ~ i 6 ~ o v  TOG 
6 v 6 ~ a x o g  ~ ~ q o ~ p o n o ~ o C v t a ~ ,  Y V W ~ T ~ V ,  T ~ V  6 ~ a 8 ~ x a o i a v  xa6ae~opoG toC 
xvpoG,. 

E x ~ b g  t i j ~  neoavacpeeop8vq~ xhaoo~xijg ~ ~ q o ~ p o n o ~ i p s w g  ~ i j g  iro(38ozou 
eig T+J B~opqxaviav Caxx6~ew5, a h q  x ~ q o ~ p o n o ~ ~ Z t a ~  Enioqg xa i  61h tip 
naeaha(3?p tijg oaxxdl~ewg 6% tfig pehdlooqg (p860605 Steffen).' 

Eig tfiv x6eav pas ~ S X Q L  ofipeeov fi p8haooa 6kv E x o a x ~ a ~ o G ~ a ~ .  C ' O p ~ ~  
E Y G ~ X E T ~ L  eig ~b p8hhov vh yivg Exoaxx6ewo~~  fig pehhooqg, Ehv cpvo~xh a i  
n ~ o i j n 0 8 8 0 ~ ~ 5  edvofioouv toGto. 

'H p860605 Steffen ExoaxxaeGoewg ~ i j g  peh6ooqg o t q e i < e m ~  Eni tijs 
p e ~ a ~ ~ o n i j 5  TOG xahapooax~dl~ow a d ~ i j g  eig &6~61hu~ov o a x ~ a @ ~ x b v  & O ~ ~ ~ O T L O Y ,  
tj X Q ~ U L ~ O X O L ~ ~ ~ E L  xtllrewg &ofl8mou, ~ L C I X W Q L ~ ~ O G  adzoG 61h 6~q6fioewg xa i  
x a t 6 n ~ v  G~aon6oeOg TOU. 

'H n016tq5 tijg ~ ~ q o ~ p o n o ~ o u p 8 v q g  &ofl8otou e h a ~  X Q I ~ L ~ O S  n a ~ 6 y w v  
En~~vxoGg Ecpa~poyijg ~ i j g  pe868ov. 
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Oi  f iao~xGzeeo~ n a e & y o v t ~ ~  oi @TO~OL 6n16~0Gv $xi zijg no~6tqzog zfjg 
(3~opqxav~x6g xa~ayo$kvqg &ofiiotou E ~ V ~ L  4 &z&hfig 8~61onao~g zoG &ofieotohi- 
60u (&vbnaqotg) xai  4 naeaaezayivq f i k ~ p a v o ~ g  a6zoG eig dI)qhhg 6eepoxeaoi- 
a5  (Gxe~6nzqo~g). Eig &pcpoak@ag zhg xee~ntGoelg 4 hapfiavophq &ofieotog 
E I ~ L  ~ O L O T L ~ ~ ~  x a ~ o z k p .  

EIvat 6uvazbv 6E hofieotohi6ov 6I)qhijg no~6zqzog vh xeox61)y &ofisozog 
xapqhijg ~ O L ~ T ~ T O S ,  6zav 4 x 6 ~ o o ~ g  eig thg xazahhfihoug 6e~poxeaoiag  
n a ~ a t a 8 j  .ii 8zav n u ~ o @  ~ i g  dvqhhg 6eepoxeaoiag Bni pax@ x ~ o v ~ x b v  
btkozqpa. 

'H na~aycoyfi ppqhijg n0~6zqtog &ofikozou BE dvqhijg no~6zqzog &ofieozo- 
hi6wv 6cpeihezal eig tfiv xataoz~ocpfiv tijg 80pijg TOG ~ X E ~ E T O G  z6v x~uoz"Gdlhov 
zijg n ~ G z q g  iihqg, yeyovbg ab Bxoiov ZXEL C;)? &notkheopa zbv oxqpaz~opbv 
ovpnayoGg xa i  O X F Z L X ~ ~  &6~anee&otou &(sflkozou Bv o v y x ~ i o e ~  pi: &ofleozov 
i6avlxoG noeG60vg.~ 

'H n16av6aqg xa tao tesnz~x6v & n o t e h ~ o p & ~ o v  BE dI)$&v 6&epon@ao~6v 
, 6.15 xa i  &ox6nou naeaz&oeog zijg G~aexeiag nvp5oeog t 6 v  teyaxiov aoG 

bofieotohi60v7 eig z3v n e ~ i n t o o ~ v  a6v xmaxo~6cpov xA~fi&vov, ~ ~ E & Y E L  xaV 
iioov 6 ~ ~ p o x ~ a o i a  h t b g  a 6 ~ 6 v  dmef ia ive~ to65 898•‹C. Mohovbz~ 4 6eep0- 
xeaoia z6v 898•‹C e I v a ~  x ~ i o ~ p o g ~  61h zfiv S ~ & o n a o ~ v  TOG CaCO,, nebg 6niteuEtv 
taxeiag xa i  ixavono~qz~xijg 6 ~ e ~ o 6 6 o ~ o g  zqg 6s~p6zqzog k t b g  z6v zepaxiov 
to6  &ofieozohi60u7 3 6 ~ e p o x ~ a o i a  6vtbg toG xh~fi&vov x e k n e ~  vh 6 v a ~  xoh4 
dI)qhot6ea ah i jg .  

Kazh zbv R. Boynton 6L' Sxaotov &ofi&ot6h~60v ~ J C & @ X E L  pia fiehtiotq 
6 ~ e p o x ~ a o i a  xa i  tax6zqs 6~ep&voecog, dnb %&g 6noiag hapfi&veza~ 4 xahuzSea 
no~o t lx6g  &ofleotog, xai  acri Bnoial 6 6 v a v t a ~  vh X Q O ~ ~ L O Q L ~ ~ O ~ ~  p6vov nelea- 
p a t ~ x 6 g . ~  

'Ex z6v & v w d p  n ~ o x 6 n z e ~  i i t ~  e t v a ~  &xa@aiqzog 3 yv6o~g zijg ~ U ~ X E Q L -  

cpoetig eig tfiv 6eep~xfiv xateeyaoiav t 6 v  6~acp6~0u  neoeh~ljoeog &ofieotohL- 
6ov,  S L ~ Z L  E ~ X L  n e a x t ~ x 6 g  &vkcp~xzog 3 ~ 6 6 p ~ o ~ g  zijg 6 ~ ~ p o x ~ a o i a g  xazh zfiv 
xaao6~xfiv 6 ~ a 6 ~ o p f i v  zoG &ofieozohi60u dvtbg zoG xh~(3&vou, C;)< xa i  4 tax6tqg 
xa666ou a h o G  eig t h  6n~6vpqzh Exine6a. 

'Ex z6v & v o t k ~ o  ouv&y&za~ i in &ofi&ot6h~60~ dI)qhijg xa6ae6tqzog &hhh 
6 n ~ p e a ~ 6 p ~ v o ~  p&y&hog 6% t 6 v  ouv6qx6v zijg @e@mijg xaze~yaoiag d v a l  
~ O L O T L X ~ ~  x a z h t e ~ o ~  &hhov BE 'ioov x a 6 a ~ 6 v ,  nhfiv 6pog 6h~yGzeeov d n o ~ e ~ p k -  
vov &ig ~ U O ~ E Y E ~  6nl6edlo~~g t 6 ~  ~ 0 ~ 0 ~ ~ 0 3 ~  O Z I V ~ " I ) ~ V ,  &nb &n6I)&O5 xaeayo- 
pivqg &ofikozou. 

Eig afiv na~oGoav  Eeyaoiav peheztiza~ 3 ovpnee~cpogh ~ i g  zfiv 6&@p~xfiv 
xazeeyaoiav 6&~yp&zov &o(3eotohi60u 8~acp6eov ~ Q O E ~ E ~ ~ E C O ~  ( h  ~E@LOX&V zqg 
Boeeiou xueiog 'Ehh&6og). Th &not~hkopaaa dhkyxovza~ 61h xazahhfihov, 
G~eih6g Z ~ Q ~ ~ E G E ~ ~ ~ V C O Y ,  n ~ o o G ~ o ~ ~ o p 6 v  Exi tijg na~ayopkvqg &0(3kozov. 
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* AL& X Q ~ O L ~ O ~ O L + ~ E W ~  cqqvbs nai ocpveiov 
* *  T5 (30q6siq ( S L ~ ~ O V O E L G O G S  tQav(~zf@os (Denver Jaw Crusher type "H") 
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1 Kacpb tecpe6x~ouv 2,69 8 Kacpb Ervotntbv 2,69 
2 T~cpebx~owv 2,70 9 A~unbv 2,70 
3 A~uxbv  2,69 10 Aevnbv h a p m ~ b v  2,68 
4 Aeunbv hciyxeebv 2,70 11 Aeunbv 2,70 
5 Kacpb tecp~6x~ouv 2,70 12 T ~ c p ~ 6 ~ ~ o u v  2,71 
6 Aeunbv tecp~6x~ouv 2,70 13 Znots~vbv tecp~bxeouv 2,70 
7 Aeunbv hapneebv 2,68 14 X X O T E L V ~ V  T E ~ ~ Q ~ X Q O V V  2,69 

nae8xovta~ eig abv nivaxa 111. 

'Ex zii)v a ~ p 6 v  toB nIvaxog a06tov ovv&yeta~ 6x1 6ha t h  pehety66vaa 
Geiypata &o/3eoaohi60v € ~ Q ~ ~ X O V . ~ ~ L ,  &xb &nbqeog xyp~xflg ouoa&o&og, Evabg 
a6v Enifhpyt6v b ~ i o v  GL& afiv ~ ~ y o i p o n o i y o i v  TOY &is afiv kxxaeo f i~opyxa -  
viav.' 
Oeep~xfi x a t s ~ y a o i a  

"Exaoaov Ex aii)v Ge~yp&aov 'COB &ufieoaohi60v GnePhfi6y eig 6e~pixf iv  
xaaeejaoiav, p i  Zrva~xe~pev~xbv oxoxbv tbv n ~ o o G ~ o e ~ o p b v  ,YOB xe~oipou 
xe6vou S~aon&oswg* xa i  tfiv naeayoyfiv hoP8oaov. 



IIOIOTIKH ABIOAOTHZE AZBEZTOAIOPN 

n INAE 111. ' A n o t ~ ~ ~ a p c w t ~  X V ~ L X W Y  & Y ~ ~ Z ~ U & W Y  

' A d h s t a  6th 
a / a  n u ~ h o ~ q  Fez03 

6 ~ i y p a t o ~  + Si02 + CaO MgO SO3 
d y ~ a o i a  A1203 

IQbg zoG-co EpehezfiOq fi 6~61onao~g -c6v &ofi~mohi6wv dnb o ~ a 6 e ~ h v  
6~~poxeaoicrv ,  ouvae-cfioe~ -cijg Glaexeiag n u ~ h o e w ~ .  'Qg 6eepoxeaoia~  nuecj- 
oeog Enehbyyoav a i  z6v 1000•‹C xa i  1100•‹C 616-c~ a 5 - c ~ ~ ~  E I V ~ L  a i  6 e ~ p o x e a o i a ~  
a i  BnlxeazoGoa~ eig ~ h g  I;hvag nu~cjoewg z6v xa-caxo~Zjcpov &ofi~rnoxapivov~ 
(fiehy~xoG ~Zjnou), a i  Bno ia~  X Q ~ ~ L ~ O ~ O L O G V - ~ ~ L  eig zh 'E~yoo-cdlo~a ~ i j g  'Ehhqv~- 
xqg B~opqxaviag Zaxxh~eog.  

'H pehbzq zijg 6~aon6oeo5,  eig dhag ahg x e ~ ~ x z h o e l g ,  Eybve-co Eni 
6eiypa-cog &ofi~o-c0hi60u fi6eoug 30 gr nai  neeloxijg p~yb60ug X ~ X X W Y  -4+2 
mm. 

Th ~~qcs~pono~qi38vta  xoveutfipa ?p iv  t~jscou 79 MG/6a roG o'ixou Haldenwanger. 
*'  '0 xhipavo~ q.to rir~cou KR-260 toG oixou HERAEUS. 
'*  PtRh-Pt 
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&oPeotohi60v, irve~aeafitog t 6 v  ouv6yx6v 6e~ytxijg xate~yaoiag, na~fix6q 
Gofieotog EEateettxijg E o g  ixavono~qt~nijg n0~6tqtog'~ 61& tfiv 2axxaeofitopq- 
xaviav* (IIiv. V )  

'EE &hhov naeatqeeitat aiitqotg t 6 v  ttp6v t i j g  xatana6io~og toB 
y6hcncto~ t i j g  &ofiiotov t i j g  naeayopivqg dg 6e~yox~aoicrv 1100•‹C h ovyx~L- 
G E L  p8 tfiv naeayopivqv ~ i g  6eepoxeaoiav 1000•‹C Ex toG i6iou &ofieotohi6ov 
xai dnb tfiv a13tfiv 6~6exe~av  nu~hoaog, yeyovbg t b  Bnoiov 66vcl-ca~ v& 
&n060@j eig tbv o ~ q y a t t o y h ~  xai dnee6ntou xeo'i6vto~. 

'Av6hoyog oupnee~rpoeh &nb &n6'Q~og xataxa6ioeog naQetq~(8-q xai eig 
t b  y6ha t i j g  &ofiiotou ?i6noia naefix6q 13x6 6 e ~ y o x ~ a o i a v  nuehoecog ota&e&v 
xai toqv yb llOO•‹C xai dnb 6t6~xetav Byog nu~hoeog 3 hr, Ev o u y x ~ i o ~ t  pi: tfiv 
t 6 v  15 min. Eig tfiv neeintoo~v 6yog a6@joeog t f j g  6~aexriag nu~hoeog Ex t 6 v  
25 min eig thg 3 hr, dnb 6e@pox@aoiav 1000•‹C, 6bv naeatqefih &Etbhoyog 
aiiEqotg t i j g  xataxa6iosog. 'EEaieeotv k n~oxe~p6vq  &neziheocrv t h  dn' &p6.  
1 xai 3 &iypata, ah 6noia Evecp&v~oav aii5qo~v ~ i j g  xataxa6ioeo~. Tihog 4 
n6~ootg  8th n ~ 0 0 6 ~ u t ~ x i j g  &vu'Qhoeog t i j g  6eeyoxeaoiag cpaivetat BTL ~ ~ E Q ~ X E L  
6x6 &n6I+~cog not6t"i)og na@ayop6vqg &ofiiotou, yeyovbg t b  Bnoiov 86vcccal vh 
&n060% eig tbv oxqpattoybv ytx@od@ag noobtqtog dne~6ntov n@o'ii)v~og Ev 
ouyxeioet p& tfiv &nY eI36dag n6eoo~v xai 61h tfiv a6afiv 6~6exetav naeapovijg 
t 6 ~  ~ E L Y ~ ~ T O Y  tfi~ ~ C V Q ~ B E W ~ .  T02)'C0 E ~ Q ~ O X E T W  2% ( s u ~ ~ ~ o Y @  ~Cii pb 
thg &n6I+e~g toB Muray.'' 

'E5 iihov t 6 v  &YOZ~QW xa6iota~at oacp&g 6 ~ 1  BA01 oi p~hetq6Lvteg 
&ofieot6ht60t 86vavtat v& xatatayoGv eig t f iy  4qv xatqyoeiav xccch Boynton2 
nhfiv t 6 v  &ofi~otohi60v dn' &et+. 1 xai 3. 06tot G6vavta~ v& xatcccayoBv eig 
tfiv 3qv xatqyoeiav. 

'Avz iG~uoz ixdz~~.  A L& tbv n ~ o o 6 t o ~ ~ o p b v  toGtov 1?ptohov6(6q fi pi60605 
t i j g  A.S.T.M.,15 p i  aLvag z~onono~(oatg, Eyiveto 6b nebg eiieeotv tij~ ixav6tqtog 
nebg & v t i 6 ~ a o ~ v  peY ij6azog zoB 6~a6eoiyov CaO. IT& toBao Exeqo~yonotfi6q 
Geiypa &ofiioaou 15 gr, t b  bnoiov Eofi6o6q 6th 75 m1 H20 Evdg 60xeiov pet& 
G~xh6v to~xwp6tcov (Dewar), 31$oug 17 cm, ~ ( S O T E Q L ~ ~ ~  6 ~ a p i q o u  4 cm xai 
tEote@txijg 6 cm. 



nINAE IV. T ~ p a i  S ~ a 6 ~ 0 i p o v  CaO n jv  m p a y o p h p  buP~uzov, o v v a ~ n j u a  z6v uvv@qx&v 
~ Y E Q ~ L X ~ ~  xcuz~~yauia5 

IIoo6tqs 6~ai?eoipou' CaO % 

a / a  ' A d  ~ d i k i a ~  '8Q~pavcs~s Qoo6evt~x?l  6 8 e p a v o ~ ~  
6e iypa to~  

1000•‹C 1000•‹C 1100•‹C 1100•‹C Zhvq n u ~ h o e w s  
900 - 1100•‹C 

25 min 3 hr 15 inin 3 hr . XQWOS naeapovijs 3hr 



alu 1000•‹C 1000•‹C 1100•‹C 1100•‹C Zhvq n v ~ h o e o s  1000•‹C 1000•‹C 1100•‹C 1100•‹C Z h v y n v ~ h o e w 5  
6eiyyazog 900 - 1100•‹C 900 - 1100•‹C 

25 min 3 hr 15 min 3 hr X ~ 6 v o 5  na@apovq~  3hr 25 min 3 hr 15 min 3 hr X ~ 6 v o 5  n a ~ a y o v q ~  3hr 
- 

1 Y* M * *  M X*** Y  K * *  I* * * I Y * * * *  l\ 
2 Y  Y  Y  X X E*  E E K l 
3 Y  X X X Y  K K K I E 
4 Y  Y. Y X Y  E E \ K  K E 
5 Y Y  Y X Y  E E K I E 
6 Y Y Y X Y  E E K I E 
7 Y  Y Y  X Y E E K K E 
8 Y  Y Y X Y E E I I E 
9 Y  Y  Y X Y  E E I I E 

10 Y Y  Y X Y  E E K K E 
11 Y  Y Y X Y  E E I I E 
12 Y  Y  Y  X Y  E E K K E K 

13 Y  Y  Y X Y  E E K I E 3 
14 Y Y  M X Y E E I I E B 

* Y =  dq~qh4 * E = & & L Q E T L ~ ~  

* *  M = yioq * *  K = xahfi $ z 
* * *  X = xayqhfi I = ixavoxo~qz~xfi 

* * * *Y = .irxo6eeo~6@a 8 
P 
M 
3 
5 
W 
R 



* 'H 8 o n ~ p j  t j i ~  o f h a o ~  (Slakability test)" bkv ovyne~~eiitjcpih1 ~t..ru5ir -cOv xe~tqeiov,  6 ~ b - c ~  
e h a ~  hiscovoq, &za~T&i z o h h  X Q ~ V O Y  6 ~ h  tfiv E ~ ~ Q h a d v  T ~ S ,  bc ioq~  nai p~ydrhqv 
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XpAvo5 (hr) Xp6v05 (hr)  

EIKQN 3: reaqcx~j na@dutauis zaxdtqtos xazaxa6iu~wg B E L ~ ~ ~ ~ w Y  ydLaxtos 8E d u @ m u  
z a ~ a ~ @ d u q 5  EE ~u~sutoLi6wv 1 ~ 5  6pdBos. 

=-loo\ 
E 
U 

> 8 0 -  

'2 
p 6 0 -  
D 

W 8 40- 

* 
P 2 0 -  

0 
Xp6vo< (hr )  

IuvOi j~at  8 c p p t ~ i s  ~ a ~ c p y a u i a q  

A : 1000 'C - 25 rnin 

B : 1000 'C - 3 hr 

r : 1100 *: - l 5 m i n  

A:  1100 'C - 3 hr 

E : nP00&J~lK~ %P~(IVUIS 

( ~ p 6 v o s  napapovis cis 
T ~ V  Swvqv RUP~)OEW~ 3hr) 

\\E" 

. 

1 2 2 4  

:-. -..--. . -. 
-.* % 2  ... 
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0 1 2 24 
Xpovos (hr) X p d v o ~  ( hr) 

PuvBjrat Bcpptris r a ~ ~ p ~ a a i a ~  

A : 1000 'C - 25 min 

B : 1000 'C - 3 hr 

T : 1100 'C - 15 min 

A :  1100 .C - 3 h r  

EIKQN 4: reapxfi nae6utao~s t a x h q z o ~  xazaxa6iu~ws S E L Y ~ ~ Z W Y  y6Aaxzos EE &~/3E'utov 
napax6~iuqs &0/3~utoAi60~ rijs 201s bp6Sog. 
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X p 6 v o ~  ( h r )  

X p d v o $  ( hr )  

Xp6vos ( h r )  

I v v O j w a ~  erppirf i4 rarrpyauia5 

A : 1000 *C - •÷S min 

B r 1000 'C - 3 hr 

r 1 l100 C -r l S m i n  
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l 'B" 1 



K.M. ZIIIHTANOZ, A.2.  MHTKAZ 

0 5 10 15 20 25 30 
Xp6vos  (m i n )  

1 J 
0 2 0  40 60  80 l00 120 

xp&vog ( m  i n )  

& J V & ~ K ~ I  ecppi~i i5  r a ~ ~ p y a o i a s  

A : 1000 'C - 25  min 

B 1 1000 .C - 3 hr 

T l 1100 'C - 15 min 

A :  1100 .C - 3hr  

E : I l p o o ~ ~ u r t r ~  8Lppava~( 

( x ~ ~ v o <  napapovqS ci5 r j v  
jwuqv n u p b o e w ~  3 h r )  

E I K S N  9 :  Tpacp~xIj na~oiomo~g 6vr~6~aoz~x6trlto5 6o/%ozou na~a~@&iorlg 2E Ro/3~otoX@wv r f jg  
.?a< 61p66ag. 
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- "r" 
P 
d 

5 0 
LP 

-i m 2 3 0 -  W 4 0 : r L - 1 0  

-g 20 - 
0 

$ 10- 

I u v e i i ~ a l  e c p p t ~ i s  ~ a ~ c p y a u i a ~  

A : 1000 'C - 25 m i n  

B : l000 'C - 3 hr 

r 1 1100 .C - l5min 

A: 1100 .c - 3 h r  

E : f l p o o 6 s u ~ l ~ ~  8lppavot5 

(xpovos napapovi< eis ~ j v  
<wvqv nup&ocw< 3 hr ) 

EIKDN 11: rpapxr j  napoiutcru~~ d v n 6 ~ a u t ~ x d q z o s  b u ~ ~ u z o v  n a p a x @ & l u ~ ~  dupEuzoki19.wv njc 
575- 6pd605. 
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'Ynb o u v ~ x a g  neoo6evttxijg &vuqhoeog tijg 6~epoxeaoiag  pexe~  t 6 v  
1100•‹C xai  Ev ovvexeiq 36&wg, pi: Gt&~xetav naeapovijg eig tfiv chvqv 
n u e h o e o ~  &xi 3 hr, $5 Bhwv a6v irofieo~ohi6ov xaefix6q 6oP~oaog &&~~et tn i jg  
xot6zqzog p8 E&xieeo~v zb 6x' &@LB. 1 6eiypa, a06 Bnoiou fi xaeayopkq 
6ofieotog fit0 &nh6g xahijg not6tqtog. 'Ex -cod IIiv. V1 eig abv 6xoiov 
na~Bxovtat  a i  t tpai  aijg & v a ~ 6 ~ a o a ~ x 6 ~ q t o g  

AT,,, 



~ o o o " c  1000•‹C 1100•‹C 1100•‹C Z h q  X U Q ~ O E W S  looo"c 1000•‹C 1100•‹C 1100•‹C Z h y  ~ I Q ~ I S E W ~  

900 -1 100•‹C 900 -1100•‹C 
R m m 

25 min 3 hr 15 min 3 hr A~6rexeia xaeap. 3hr 25 min 3 hr 15 min 3 hr A~ciexe~a naeapovfjs 3hr 3 
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T 8 h o 5 , 6 ~ w ~ e i z a t  ox6x~pov  v h  &varpe~+j 2v x e o n ~ t p i v q ~  ijzt -c& ovpneeh- 
o p z u  TT< n u ~ o 6 o q ~  Beyaoiaq, eiq ~ , T L  &cpoe@ zqv n o t o ~ t d p  & E L O ~ ~ Y ~ ( T L Y  TQY 
p~he~q68vzwv &ofi&o~ohi60v, EE$@qoav Ex. ~ E L Q U ~ ~ T W V  E ~ y u m q ~ ~ u n ? j ~  nhipu- 
no<, xui  ovven6q Ex~IJhhheaa~ 4 En$~/3aiwo~g a d ~ 6 v  6 th  netQapdr.twv Ev zfi 

EIKQN 16: 'Aofl~oz6h~i30~ fin' & Q L @ ~ .  4 

EIKPN 14: ' A o P ~ r n 6 h ~ 8 0 ~  6n' &p@@. 2 

EIKPN 15: 'Aof i~orbh~@o~ 6x' & Q L ~ .  3 EIKQN 18: 'AoP~or6ht80~ bn' &QL@V. 6 



EIKQN 19: ' A I S ~ ~ E W ~ ~ L ~ O S  dn' &@&@p. 7 EIKQN 23: 'AoP~oa6h~80~ dn' & Q L @ ~ .  11 

EIKQN 24: 'AISPEISZ~~L~OS 6n' &QL~$. 12 

EIKQN 21: 'AoP~oa6h~605 h' & Q L @ ~ .  9  EIKQN 25: ' A I S P E I S ~ ~ ~ L ~ O S  dn' & Q L @ ~ .  13 

EIKQN 22: 'AoP~oa6h~80~ -3n' & Q L @ ~ .  10 EIKQN 26: 'AoP~oa6h~8og h' & Q L + ~ .  14 
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Abstract 

Laboratory qualitative classification of 14 Greek origin limestones for their uses in 
the Hellenic Sugar Industry. 

In the present work the qualitative classification of 14 limestone samples is 
made with the main purpose the Hellenic Sugar Industry to use the proper raw 
material for lime production. 

The limestone samples were taken from 6 different regions of Northern 
Greece, from which the Sugar factories are supplied with limestones, and the 
criteria used were mainly settling rate, available CaO and the reactivity test of 
lime produced by various thermal treatments. 

From the results of this study it can be drawn the conclusion that 
qualitatively superior limestones are those of No 7, 12 and 2 samples. 

Key Words: Limestone, Sugar Industry, Laboratory qualitative classification of Limestones 
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Summary 

Dimensional analysis is applied to derive the Nernst and the Tafel equations in terms 
of the two quantities (aE/aC)T (Y) and (Z), respectively. In both cases one 
dimensionless group was found necessary and sufficient to describe the solution. The 
obtained relations, upon integration, yield the beseached equations. The present treatment 
reveals the fundamentality of the two equations, since no assumptions are made concerning 
the nature of the physical processes involved. Other parameters may be included in the 
matrix, and if these do not influence the quantity of interest, they do not appear in the final 
relation. This is demonstrated by considering the effect of concentration and viscosity of the 
solution, and of the diffusion coefficient of the electroactive species on q. 

Key words: Nernst equation, Tafel equation, dimensional analysis, basic units. 
Abbreviations and Terminology: E =  potential (M.L.'TZ.Q l). C =  concentration (MO. L"). 

T= temperature (0). F= Faraday of electricity (Q. MO-'). R =  gas constant (M.LZ.Tz. MO' 0 ' ) .  
i =  current density (Q. T'.LZ . D = diffusion coefficient (LZ. P). cp = solution viscosity (M.L. l .  T'). 
q = overpotential. Y = (aE A 2  ),. Z = ($/ai),. M =Mass. L = length. T= time. Q = charge. MO = 
mole. 0 = temperature degrees. 

Introduction 

The Nernst equation, relating the potential of an electrode, E, to the 
concentration of its ions in solution: 

can be derived in a variety of ways. The original treatment1 is based on the idea of 
equating the "solution pressure" of the metal with the osmotic pressure of the 
solution. The latter was assumed to obey perfect gas laws. The same expression can 
be reached at from a consideration of the van't Hoff reaction isotherm2, or of the 
chemical potentials in~olved.~ The application of the theory of rate processes to the 
problem of electrode kinetics4 offers another route for deriving eq. (1). This is done 
by assuming that, at equilibrium, the rate of dissolution is equal to the rate of 
discharge. When the conditions are such that one of the two rates is vanishingly 
small as to be neglected, the solution of the exponential equation yields the familiar 
Tafel equation: 

which relates the overpotential, v, of an activation controlled process to the 
polarizing current den~i ty .~ 

Dimensional analysis has been successfully applied to a number of 
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electrochemical  problem^,^ and it is the object of the present paper to demonstrate 
the applicability of the same method to the derivation of the Nernst and the Tafel 
equations. The obvious advantage of this method is that, so long the variables are 
related by dimensionally correct equations, no assumptions are needed in their 
derivation. All what the method of dimensional analysis requires is an apriori 
knowledge of the various parameters affecting the factor of interest, as well as their 
correct dimensions. This knowledge is gained either from experiment or from 
intuition. 

A - The Nernst ~aua t ibn  
From experiment it is known that the potential, E, of a pure metal electrode 

immersed in a dilute solution of its own ions varies with the concentration, C, and 
the temperature, T, of the solution. Charge transfer to- and from the electrode will 
proceed until equilibrium is attained. This suggests that the Faraday of electricity, F, 
is one of the parameters affecting E. Further, since dilute solutions, for which the 
perfect gas laws apply, are concerned, it is reasonable to expect that E will depend 
also on the gas constant, R. It is needed to establish how the electrode potential 
would change when the metal ion concentration in solution is varied; all other 
experimental conditions being kept constant. We define the quantity (Y) as equal to 
(aE/aC),. In Table (I) are grouped the various parameters concerned, together 
with their basic dimentions. The matrix of the problem is given in Table (11). 

TABLE I: Parameters and Dimensions necessary for solving the Nernst equation 

parameter symbol basic dimension 

( ~ E / E C ) ~  Y M. L~ . T~ . Q - ~  . MO-l 

concentration C MO. L" 
temverature T 0 
~ a r a d a ~  F Q . MO-l 

gas constant R M. . T - ~  . MO-l . 0-l 

TABLE 11: Dimensional matrix for deriving the Nernst equation 

parameter 

unit Y C R T F 

It can be readily seen that the above matrix is of rank 4. According to the 
n - the~rem,~  one dimensionless group is necessary and sufficient to describe the 
solution. Let the exponents k,, k,, k,, k, and k, correspond to the variables Y, C,  R, 
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T and F, successively. The system of equations relating the exponents is given by: 

k, + k, = 0 
5kl-3k2+2k3 = O  
-kl + ks = 0 

(3 

-k3 + k4 = 0  
It is evident that: k, = k,, k, = -kl, k, = -kl and k, = k,. Thus the relationship 
between the quantities can be written in the form of the f~nc t ion :~  

W [Y . C . R-' . T-I . F] = 0  

where the argument of the function is dimensionless. The parameters are thus 
related as: 

Y.C.R.'. T1. F = const 
where the constant of the RHS of the equation is also dimensionless. 

(4) 

From eq. (4) it appears that: 

Y = (BE/aC), = const . RT/F .1/C (5 )  
Upon integration one obtains: 

E = a R T / F I n C + b  

The constant of integration b is determined for the condition: at C = 1, E = E", 
from which eq. (6) reduces to 

E = E 0 +  aRT/FlnC (7) 

which is the familiar Nernst equation, in which the constant a stands for l/n, where 
n is the valency of the concerned ion. 

B - The Tafel Equation 
The overpotential (potential), q, of the working electrode varies with the 

polarizing current density, i, temperature, T, the Faraday of electricity, F, and the 
gas constant, R. The rate of change of overpotential with current density, (aq/ai),is 
the function beseached, and is here given the symbol Z. The dimensional matrix of 
the problem is given in Table (111). 

The rank of the matrix is also 4, and one dimensionless group describes the solution. 
Proceeding in the same manner given above, it can be shown that: 

V[Z i. R-' . T-l . F] = 0  

Z = (Bq/ai), = const . RT/F . l/i  
Integration of (8) gives: 

q = alRT/F 1ni + b' 

With the initial condition: 

q = 0 at i = i,; giving b' = - In  li,, and 

hence 

q = a' RT/F In i/io 
or 

i = io exp [qF/alRT] 
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Equations (10) and (11) are the usual forms in which the Tafel relation are 
zcnerally expressed. a' is here defined as l /a ,  where a is the transference 
coefficient. 

T A B L E  111: Dimensional matrix for solving the Tafel equation 

, parameter 

unit Z i R T F 

Dimensional analysis is commonly applied to physicochemical problems for 
which the fundamental differential equations are known, but their solution presents 
considerable difficulties, e.g., in hydrodynamics, heat and mass transfer. The 
method yields in a reliable way a general form of the solution without having to 
perform any integration of the complicated equations. This is not particularly the 
case with the Nernst relationship, where the fundamental thermodynamical 
equations present no difficulty in their solution. The case is, however, different for 
the Tafel equation, for which the basic equations are less solid than those of 
thermodynamics. Here, dimensional analysis shows that the relationship between q 
and i must be of the Tafel type, if the electrochemical reaction is kinetically 
controlled. The fact that both the Nernst and the Tafel equations can be derived on 
the basis of dimensional analysis reveals their fundamentality since no assumptions 
are made concerning the nature of the physico-chemical processes involved. 

It is true that in the construction of the matrices of the two relations one was 
guided by the parameters appearing in the original equations. This does not deprive 
the treatment of its value. Other parameters may be included in the matrix, and if 
these do not influence the quantity of interest, they will not appear in the final 
relation. To illustrate this idea, let us assume that the concentration, C, and the 
diffusion coefficient, D, of the electroactive species might affect the overpotential in 
an activation controlled process. The matrix in Table (111) is expanded to include 
the two new parameters with the dimensions MO. L" for C, and L2 . T1 for D. The 
rank of the matrix becomes 5, and two dimensionless groups describe the solution. 
Solving for the exponents of the various parameters concerned, and applying the 
x-theorem, one obtains the relation: 

or Z = (RT)l.'/F2 . . C? . f [i. (RT)0.2/F. . (13) 

Since it is experimentally established that Z is proportional to T, it is immediately 
realized that the function f must be of the form: 

f [i. (RT)' 2/F. = const [F. . CO.'/i. (RT)02] (14) 

which, when substituted in (13), results in the familiar Tafel equation. Accordingly, 
Z (v) is independent of C and D. 
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Similarly, the inclusion of the solution viscosity, cp, (M. L.' . T1) and the 
concentration, C, in the matrix of Table (111) will raise its rank from 4 to 5. The two 
dimensionless groups expressing the solution are given as: 

'V [(Z . R3 . T3 . F2 . q7 .C5); (i. cp7 . R-4 . T4 . F-' . C-5)] = 0 
or 

(15) 

Z = rp7/R3 . T3 . F2 . C5 . f (i . rp7/R4 . P . F . C5) 

which again indicates that, since Z is proportional to T, it must be independent of 
both the concentration and the viscosity'of the solution. 

Finally, in dimensional analysis the parameters are always taken as the 
variables. In the present treatment we regard the derivatives (aE/aC), and (aq/ai), 
as the relevant variables. We consider this treatment as novel addition to the subject 
of dimensional analysis, which as far as we are aware, has not been tried before. For 
the first time, through dimensional analysis, relations could be obtained which upon 
integration would yield logarithmic functions. 

'Ecpaepoyrj ~5 G~aozaz~xqq &vcxAv'o~wq zrjv xcxgaycoyljv z6v E ~ ~ o h o ~ w v  
Nernst xcxi Tafel 

Eig -c+ 6ewgq-c~x4v adaqv E~yaoiav Ecpaep6<eza~ 4 G ~ a o - c a ~ ~ x 4  &v&hvo~g 
(dimensional analysis) eig t4v n a ~ a y w $ p  a6v 6epeh~w66v f ihem~oxqp~x6v 
E&x.boeov NERNST xai  TAFEL p& xfiv fiof@e~av t 6 v  660 ~ E ~ L X L O Y  na~ayGywv 
(aE/aC), xai  (aylai), - xijg pxaf3ohijg aoG 6uvap~xoG p e ~ h  aq5 ovyxev~eGoewg 
6nb o-ca6e~hv 6eepoxeaoiav xa i  afjg pe-caflohfjg ~ i j g  dxee-cdoeo~ VET& afjg 
nuxv6-cq-cog toG ee6pa-cog xai  n&h~v 6nb o-ca6eehv 6eepoxeaoiav - a i  d n o i a ~  
oupflohi<ovm~ 6 ~ h  ~ 6 v  y~app&-cwv Y xai  Z &va~o~oixwg. A t  6xdlotqv EEJowo~v 
xaaaeail;ovaa~ nivaxeg (matrices) fi&oe~ ~ 6 v  Gne~oe~xop6vwv ~ i g  adt4v peye66v 
xai  o-ca6se6v noooafi-cwv xai  f i6oa~ -c6v &v-c~ozoixwv G~aoadoewv ada6v. B d o e ~  
a6v n~v&xwv a d ~ 6 v  xcxi zoG xahovp6vov n - 6eo~f ipaaog edeioxe-ca~ eig 
Ex&oaqv neein-cwo~v &6~do-ca-c05 oxko~g, &naeaiaq-cog xai  ixav4 vh n e ~ ~ y e d ~ q  
-c4v h6o~v -ci j~ n a p y w p 6 v ~  E ~ L ~ G ~ E L o ~ .  AL' &nhf i~  dhoxhq~hoewg ~ 6 v  ox6oewv 
ahi;)v eig T Z X ~  660 ~ E Q L ~ T G ~ E L ~  hapfdvovaa~ Z E ~ L X ~ ; ) ~  a i  Et~oGoe~g NERNST xai  
TAFEL. 

A L ~  TOG &nhoG ad-coG Z Q ~ X O V  napywyfjg &noBe~xvZje-ca~ $5 Eihhov 4 
n~w-caepb-cqaa  a6v Et~oGoewv NERNST xai  TAFEL, 616~1 6 ~ h  -cbv oxonbv 
a-CI~bv od6epia yive-ca~ naea6oxfl ~ X E T L X ~ ~  pi: a4v cp6o~v '~ehovp6vwv 
cpvo~xoxqp~x6v 6~6oewv.  Et5 aqv n e ~ i n a w o ~ v  Enioqg afjg naeaywyTj5 a f j ~  
EE~oGoews TAFEL 61h fig 6 5  6 v o  &vah6oewg &xo6e~xv6eaa~ 8 ~ 1 4  E E ~ Q T ~ ~ L ~  
zfjg 13neez&oewg (q) Ex aijg nvxv6zqaog TOG ~ ~ 6 p a a o g  (i), X Q ~ ~ E L  vh &xohov@ 
oxko~v xfjg po~cpijq ~ f j ~  E ~ ~ o G o e w ~  TAFEL. 

' A n o 6 ~ ~ x v 6 e a a ~  ~6ho5  8-c~ eig dp  xeeinawo~v, x m h  afiv dnoiav fl6ehov 
ne~~hqcplhj ei5 zbv xa-ca~a~<6pevov nivaxa xa i  &hhaL peaaflhqaai +j n a e 6 p e a ~ o ~ ,  
nh4v -c6v ~ ~ E L G E Q X O ~ ~ Y ~ Y  aeh~x6< E & ~ O L V  NERNST +j TAFEL, a i  
d n o i a ~  od6epiav Eni6eao~v 2xovv Eni aoG 6eco~qykvov pey66ovg Y xai  Z, a 6 a a ~  
62v Eprpavicovaa~ &is T ~ V  aeh~x4v EEiowo~v. 

nQ&ypaTl Eh'V ~ T C O T E ~  &QXLX&S 8x1 &is Z ~ Y  ~ E @ ~ X T C I ) O L V  X.X. ~ f l ~  6~~oGoecoq 
TAFEL, Eni afjg bnq-c&oecog E ~ L ~ Q B  4 ovyx6vqwo~g xai ab iE66q TOG 
6~ah6pa-cog 6 5  xai  d ovvaeheoefig 6~ax6oswg $mz~o6eaoa~xf jg  o d o i a ~  xai  
ovpne~~h~cp60Gv ah pey6fl-q a d d  xai  a i  G ~ a o ~ d o e q  zovg d v  xaaa~-c~1;6pevov 
nivaxa, pea& aqv 6 ~ h  -cij5 GLaota-c~xij~ &vah60ewg pa3q~a-c~xfiv EneEeeyaoiav a& 
p~y66q ad-ch 62v 6 n e ~ o 6 ~ x o v t a ~  nh6ov et5 -c?p na~aywp6vqv E~ iowo~v  TAFEL. 
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Summary 

The polarographic behavior and the kinetics of acetalisation of terephthalaldehyde 
and phthalaldehyde in methanol is studied. The polarographic reduction of both aldehydes 
takes place in two steps. In the case of terephthalaldehyde the first wave corresponds to the 
full reduction of one carbonyl group of the whole amount of the depolariser, reaching the 
electrode surface, and the second wave to the reduction of the other. In the double 
polarographic wave obtained, the limiting currents are diffusion controlled. In the case, 
however, of phthalaldehyde the first wave corresponds to the reduction of one carbonyl 
group of a part of the amount of the depolariser reaching the electrode surface. The current 
of the first wave is a kinetic one, controlled by the rate of the conversion of the 
monohemiacetal to the free aldehydic form, which precedes the electrode process proper. 

The addition of small amounts of methanolic HCI acid into methanolic solutions of 
these aldehydes has as result the acetalisation, which, in the case of terephthalaldehyde, takes 
place with an indermediate formation of the monoacetal and which obeys the equations of 
the consecutive first-order reactions, while, in the case of phthalaldehyde, the acetalisation 
takes place simultaneously in both the carbonyl groups and obeys the simple equation of the 
first-order reactions. 

Key words: Weak and strong proton donors, Diffusion current, Kinetic current, Rate constant, 
First-order reactions, Consecutive first-order reactions. 

Introduction 

The study of the polarographic behavior of benzaldehyde and its . 
p-substituted derivatives was the subject of our previous works.'" In all cases, 
except that of 4-dimethylaminobenzaldehyde, the reduction of aldehyde group 
takes place in two steps, each one corresponding to one electron uptake. The 
limiting current has been found to be diffusion controlled, though in methanol exists 
an equilibrium between hemiacetal and free aldehydic form.4 This equilibrium, as 
Bell5 and co-workers have shown, is shifted so much towards the hemiacetal, as the 
electronegative character of the substituent gets stronger. Hemiacetal is not 
reduced at the dropping mercury electrode, as the same happens to the 
corresponding hydrated form of  aldehyde^.^ Only the aldehydic form is therefore 
reduced at the electrode. Thus, the equilibrium at the electrode surface between 
hemiacetal and aldehydic form is disturbed, and additional aldehyde is formed from 
the hemiacetal. Because the rate of this conversion is rapid, the limiting current is 
diffusion controlled and the wave height is proportional to the concentration of 
aldehyde and hemiacetal in the solution. 
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The addition of weak acids (i.e. benzoic acid), as proton donors, has as result a 
shift towards more positive potentials, of the first wave only. The reduction of 
aldehyde-group, which in the absence of proton donors proceeds according to the 
sequence e,H+, e,H', in presence of weak proton donors, takes place according to 
the sequence H+, e, e, H+. 

The addition, however, of small amounts of methanolic solution of HC1 has as 
result the kinetic conversion of the aldehyde to its dimethylacetal, the rate of which 
for the same HC1-concentration depends on the nature of the p-position 
substituent. This conversion is found to follow the equation of the first-order 
reactions. 

A study on terephthalaldehyde has shown, that in this case a double 
polarographic wave is also obtained, the height of each individual wave 
corresponding to the uptake of two electrons. It is not clear, however, whether the 
first of these two waves corresponds to the full reduction of one carbonyl qoup, or 
to the reduction by one electron of both carbonyl groups to the corresponding 
biradical. 

The elucidation of the reduction mechanism of terephthalaldehyde would 
permit us to study the kinetics of the acetalisation of this aldehyde in presence of 
small HC1-concentrations. From the polarograms obtained in different time 
intervals it has been shown, that this acetalisation follows the equations of the 
concecutive first-order reactions. Taking also into account the idiomorphic 
behavior of the aromatic dicarbonyl compounds in aqueous buffer  solution^,^-^ we 
have decided to study systematically the polarographic behavior of terephthalal- 
dehyde and phthalaldehyde in methanol. 

Experimental 

Polarographic curves as well as the values of diffusion current during the 
kinetic studies have been taken with a Radiometer polarograph "Polariter P04". 
The reduction potential values were taken in reference to the aqueous saturated 
calomel electrode (S.C.E.). The polarographic cell used and other experimental 
details have been described el~where.'~*' The cell and solutions have been kept in 
waterbath of constant temperature 25+0,1•‹C except otherwise stated. As 
supporting electrolyte has been used LiCl 0, l  M in the final solution. An initial 
solution of HCl in methanol has been prepared by passing dry hydrogen chloride 
through methanol according to the method of Smith and Jakson.ll 

Cyclic voltametric i-E curves were recorded using a hanging mercury drop 
electrode in conjuction with the PAR. 

The substances used were terephthalaldehyde purum and phthalaldehyde 
puriss from Fluka, lithium chloride R.P. from Carlo-Erba and methanol "zur 
analyse" from Merck. 

Results and discussion 

Polarographic behavior: In fig. 1 the polarographic curves of terephthalaldehyde 
and phthalaldehyde are given and in fig. 2 the corresponding cyclic 
current-potential diagrams. 

From these figures we observe, that in both cases a double polarographic 
wave appeares. The heights of the two waves in case of terephthalaldehyde are 
almost equal and each of them corresponds to the uptake of two electrons. In the 
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E / V V S  S C E  -+ 

FIG. 1 .  Polaro ra hiccurves of terephthalaldehyde (curve 1 )  andphthalaldehyde (curve2)inmethanol: B p Aldehyde 10- M. Supporting electrolyte LiCl 0,l  M. 

E / V  vs SCE --$ 

FIG. 2. Cyclic current-potential diagrams o f  terephthalaldehyde (diag. 1) andphthaialdehyde (diag. 2 )  
in methanol: Aldehyde I O - ~  M .  Supporting electrolyte LiCl 0,lM. Scan rate 200 mV/sec. 
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case, however, of phthalaldehyde the heights of the waves are different and the 
whole height of the polarogram does not justify a four electron reduction of the total 
amount of the depolarizer, which is diffused towards the electrode surface. On the 
other hand, the fact that there is no anodic current in the cyclic current-potential 
diagrams, shows the irryersibility of the two reduction steps of both aldehydes in 
pure methanolic solutions. 

This behavior of terephthalaldehyde resembles that of the same aldehyde and 
also that of other aromatic dicarbonyl compounds in aqueous alkaline buffer 
 solution^,^^^ and is quite different from that in aqueous acidic buffer solutions, 
where the appearance of an anodic wave by the commutator method during the 
reduction of terephthalaldehyde indicates the formation of a biradical by taking one 
electron from each carbonyl group. 

This biradical could be possibly formed in methanol as well during the first 
step of the reduction, but the rate of its conversion to p-hydroxy- 
methylbenzaldehyde is rapid, so that an anodic current corresponding to the 
oxidation of the biradical does not appear in the cyclic current-potential diagrams. 
An increase of the conversion rate of the biradical of p-diacetylbenzene to 
p-(l-hydroxymethy1)-acetophenone is also observed in acidic water- ethanol 
solutions with increasing ethanol concentration,' which has as result the decrease 01 
the heigth of the anodic wave, obtained by the commutator method. 

The appearance of the first reduction wave of terephthalaldehyde in potential 
-1,02 Volt is attributed to the strong mesomeric interaction between the two 
carbonyl groups via the benzene ring, so that the contribution due to the resonance 
structure (11) with a positive sign on one carbonyl group and negative sign on the 
other, ought to be significant. In the following scheme the probable mechanism of 
the reduction of terephthalaldehyde in methanol is given. 

The uptake of the first two electrons occurs on the carbonyl group bearing the 
negative sign. The biradical formed after taking two protons converses rapidly to 
the p-hydroxymethyl-benzaldehyde, which under the influence of the -CH20H 
group in p-position is further reduced to the corresponding terephthalylalcohole, by 
taking two electrons and two protons from the solvent molecules. The position of 
the second wave almost coincides with that of the polarographic reduction wave of 
benzaldehyde, as result of the fact that the o, value of the -CH20H group is equal to 
zero.'' 

Controlled-potential electrolysis with a mercury pool cathode at potentials of 
the limiting currents of the first and the secondwave, indicates that the number of 
the electrons of the first wave is two, and the number of the electrons of both waves 
is four. 
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The question, however, why the height of the first polarographic wave of 
terephthalaldehyde is a little smaller than that of the second, continues to exist. This 
is probably due to the fact that terephthalaldehyde in methanolic solutions exists 
partly in the form of hemiacetal, or even in the form of dihemiacetal. The current of 
the first wave is partly a kinetic current, but is controlled by diffusion conditions, 
because the conversion of hemiacetal to the free aldehydic form is a rapid reaction. 
This almost occurs under the polarographic conditions. The limiting current of the 
first wave is directly proportional to the analytical concentration of the depolarizer 
in the solution, and directly proportional to the square-root of the height of the 
mercury head. In ,the case, however, of the cyclic voltametry diagrams slight 
deviations from the linear dependence of the i, on v" are observed with great rates 
of change of the potential. 

The different behavior of phthalaldehyde in comparison with that of 
terephthalaldehyde should be attributed to this equilibrium between hemiacetal 
and aldehydic form. The current of the first wave of the polarographic reduction of 
phthalaldehyde is a kinetic one and its height is approximately one-fifth of the 
theoretical diffusion current, that is expected for the full reduction of the one 
carbonyl group of the depolarizer reaching the electrode surface. The limiting 
current of the first wave is not really directly proportional to the concentration of 
phthalaldehyde in solution, and is also independent of the height of the mercury 
head. 

The fact that the current is a kinetic one is also indicated from the 
independence of the i, on the rate of change of the potential, v, in the cyclic 
current-potential diagrams. 

FIG. 3. Dependence of id of the first wave of phthalaldehyde on its concentration in methanol. 
Supporting electrolyte LiCl 0,l M. 
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Considering the above data, we must accept, that in methanolic solutions 
phthalaldehyde exists mainly in the form of hemiacetal, which is in equilibrium with 
the free aldehydic form. 

At the potential, where the first wave appears, the free aldehydic form is 
reduced. The decrease of its concentration at the electrode surface has as result the 
disturbance-of t'he equilibrium, so that an additional amount of the aldehyde is 
formed from the hemiacetal. Thus, the flowing current is controlled by the rate of 
this conversion, which precedes the electrode process proper. 

Similar kinetic currents due to an analogous conversion of the hydrated form 
to the aldehydic form were observed in aqueous buffer solutions in the cases of the 
aliphatic  aldehyde^,'^,'^ pyridinealdehydes15 and also in the case of 
phthalaldehyde.16 

Increase of temperature has as result a greater increase of the height of the 
first polarographic wave of phthalaldehyde, compared to what would be expected 
from the increase of the diffusion coefficient. This increase is caused by the decrease 
of the viscosiq of the solvent medium. 

The polarographic curves of phthalaldehyde at different temperatures are 
shown in fig. 5. From this figure we observe, that at relatively higher temperatures 
the height of the first wave tends to become equal to the height of the second wave 
and the whole polarogram assumes therefore the form of the polarogram of 
terephthaialdehyde. This is mainly attributed to the increase of the conversion rate 
of hemiacetal to the aldehydic form. At higher temperatures the current of the first 
wave remains a kinetic one, but it is now controlled from the diffusion conditions. 
The polarographic reduction of phthalaldehyde is proposed in the following 
scheme. 

At the beginning the aldehydic form is reduced to a potential equal to-1,12 
Volt. When the potential reaches the reduction potential of the monohemiacetal 
this form is reduced and its reduction is followed immediately by the reduction of 
the 2-hydroxymethyl-benzaldehyde, which is already formed. Thus, we can also 
justify the break occuring to the second wave of the polarogram. The reduction 



FIG. 4. Polarograrns ofphthalaldehyde (4.10.~  in methanol. Height of the mercury head: 1) 25 cm, 2) 
35 cm, 3) 45 cm, 4) 55 cm. Supporting electrolyte LiCl 0, l  M. 

E / V  V S  S C E  --+ 

FIG. 5. Polarographic curves of phthalaldehyde ( 1 0 ~ ~  M) in methanol atdifferent temperatures: l) 20,9 
"C, 2) 25,O "C, 3) 28,5 "C, 4) 35,O "C, 5) 3 9 3  "C. Supporting electrolyte LiCl 0,l M. 
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potentials of the monohemiacetal and 2-hydrou\.methyl-benzaldehyde are nearly 
the same, OCH, 
because the substituents -CH,OH and -CH< have about the same 
inductive effect. OH 

Kinetic behavior: The addition of HC1 in small concentrations into methanolic 
solutions of terephthalaldehyde has as result the decrease of the height of both 
waves of the corresponding polarogram. In fig. 6 we give as an example the 
polarographic curves of terephthalaldehyde in methanol in the presence of HCl 
4.10" M at different tinie intervals. 

FIG. 6 .  Polarographrc curves ot rerephrhalaldehyde of initial concentration 1 o - ~  M in methanol in the 
presence of HC14.10-~ M at different time intervals: 1) 0 min (without HCl), 2) 10 min, 3) 21 min, 4) 32 
min, 5 )  56 min, 6) 100 min, 7) 125 min. Supporting electrolyte LiCl 0, l  M. 

From this figure we observe that the decrease of the height of the first wave, at 
a given time, is greater than that of the second wave. This is attributed to the fact 
that by the addition of HCl, terephthalaldehyde is first converted to the 
monoacetal, which is further converted to the final product, the diacetal,according to 
the following scheme: 
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The reduction potential of the monoacetal is almost the same with the 
potential of the second wave of the polarographic reduction of the free aldehydic 
form of terephthalaldehyde. The second wave, after the addition of HC1, is 
therefore due to the second step of the reduction of terephthalaldehyde (initial 
product), as well as to the reduction of the monoacetal (indermediate product). The 
difference of the limiting currents between the second and the first wave (id, - id,), 
after a time t, from the moment of the addition of HC1, is the measure of 
monoacetal, which is found in the solution at this time. The limiting current i, of the 
first wave, after a time t, constitutes the measure of the concentration of 
terephthalaldehyde, while the difference between the limiting currents of the first 
wave at time t=O and the second wave at time t,[(i,,), - id,],is the measure of the 
concentration of the final product in the solution. The dependences of id,, (id,-id,) 
and [(id,),-id,] on time for HC1-concentration 6.10-5 M and 25•‹C temperature are 
given in fig. 7. 

t / rnin 

FIG. 7. Dependence of id, (id,-id,), and [(id,), - id2], on time of terephthalaldehyde ( ~ o - ~ M )  in the 
presence of HCI 6.10-' ~ . ' ~ u ~ ~ o r t i n ~  electrolyte LiCl 0,l M. 

The concentration of the intermediate product increases, until it reaches a 
maximum value and then it decreases regularly. The form of the curves obtained is 
characteristic for the consecutive reactions. On the other hand, the acetalisation of 
aldehydes is a pseudomonomolecular reaction, which is catalysed by CH,OH,+ and 
which obeys the equation of the first-order reactions. In this case, therefore, the 
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equations corresponding to the above mentioned consecutive first-order reactions 
would be valid. 

[A] = [A], e-klt (1) 
kl 

[B1 = [AI0 - [e-klt - e-k2tl (2) 
k2-k1 

1 
[C] = [A], [l + --- (k 2e -klt - k1 e -k2t 11 (3 

For the calculation of k1 equation (1) is used, which, under the experimental 
conditions, takes the form. I 

2,303 (idl>, 
kl = - log -- 

t 
(4) 

(id1)t 
The value of k1 is calculated from the slope of the log(id,), - t diagram. 
The difference (id,-id,), as mentioned above, is the measure of the 

concentration of the indermediate product in the solution. However at the position, 
where the concentration of the indermediate takes its maximum value, the 
following condition is valid. 

d [B1 
= 0 

dt 
45) 

and consequently 

At the time, where the concentration of the indermediate product takes its 
maximum value, the following relationship will be valid. 

[Blmax = [AI, e-k2t (7) 
which, under the polarographic conditions, takes the form. 

Lmax 

In the diagrams obtained the time tmax is fixed at such a value, that the 
di•’f;erence (id,-id,) becomes a maximum and the value of the rate constant k, of the 
conversion of terephthalaldehyde monoacetal to its dimethylacetal, is cal-culated 
using relation (8). The calculated values of the two rate constants for different 
HC1-concentrations at 25OC are given below: 

W 1 1  kl [min-l] k2 [min-'1 
4 .  10-5 3,48 .10-' 3,02.10- 
6 .  10-5 6,40. 10-2 5,17.10-2 
8 .  10-5 8,34.10-2 7,OO. 10-2 

10.  10-5 11,08. 10-2 9,04 .10-' 
From the calculated values we deduce, that both the rate constants k, and k2 

are linearly dependent on the HC1-concentration. This means, that in this case the 
acetalisation is also a reaction catalysed by CH,0H2+. 

The addition of small amounts of methanolic HCl solution into a methanolic 
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solution of phthalaldehyde results again to a decrease of the whole polarographic 
wase, due to the conversion of this aldehyde to the corresponding acetal. The 
dependence of the limiting current id on time for phthalaldehyde at 25•‹C and for two 
concentrations of HC1 is given in fig. 8. 

FIG. 8.  Dependence of id of phthakddehyde ( I B ~ M )  on time in the presence ofHCl: 1 )  1 oe4 M HCl, 2) 
2.10.~ M HCl. Supporting electrolyte LiCl 0,l M. 

From the limiting currents obtained at different time intervals is concluded 
that in this case the acetalisation obeys the simple equation of the first-order 
reactions and that this acetalisation takes place simultaneously in both the carbonyl 
groups. The values of the rate constant, k, at 25•‹C for HC1-coneentrations 10-4 and 
2 . 10-4 M are found to be 1,40.10-2 and 3,10:' min.'. 
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&nonoho.tfi, 4 6noia rp6&ve~ om)v En~cpave~x -COG 4hex.teoSiou xai zb 6~6.teeo 
x6pa o d p  &vayoyq zijg 6hhqg xaefiovvA~xijg 6y66ag. Xxi, hayfiav6p~vo 6~nhb 
noha~oy~arp~xi ,  x6pa .th 6 ~ ~ x h  ee6pa.t~ xa6oeil;ov.c~~ &ni, zig ovv&jxe< 
G~axiweo~.  Z.cfiv ne&c.tooq 8po5 .tfi< cp6ah~xij5 &h6eu6qg xi) 3 ~ ~ 6 ~ 0  x6pa 
&v.t~o.to~~ei o.tfiv &vayoyfi zijg p~dg xaefiovvh~xijs 6y66a5 p+ovg p6vov ~ i j g  
noo6.cq.tag .toG dnonohozij, 4 Bnoicx cp6&ve~ owjv En~cp&ve~a -COG $mqo6iov. Ti, 
ee6pa -COG n g h ~ o v  xGpa.co~ d v a ~  x~vqz~xb  xai xa6oei<e.ta~ &ni, zqv aax6.tq~a ~ i j g  
p&.ta.t~onfi< zijg y o v o a ~ ~ ~ & h ~ g  ~ i j g  cp6ah~xijg inh6eili6qg mfiv Ehe66e~q &h6eijG~x9 
poerpfi, 4 6noia xeoqye1.t~~ ~ i j g  fihexz~o6~axfig Geaoeog. 

'H neoo6fixq p~xe6v ( S ' V ~ X E V - C Q ~ ( S E ~ Y  pe6cxvoh~x06 S~ah6pa.tog $ 6 ~ 0 -  
xhoe~xo6 6&og 02 ye6avoh~xh 6~ah6pa. t~ ~ 6 v  660 a d ~ 6 v  dh6~ij6Gv E X E L  ohv 
&no-c6heopa .t9v &ne.cahonoiqoq, 4 h o i a  o.tqv neein~ooq .tqg ~e~erp6uh~xfjg 
&h6ed6q< yive-~a~ y2 EvG~&peoo oxqpa~~opb .tqg povoaxe.t&hq~ xai 4 6noia 
&xohov&i .tig EE~ohoe~g -cGv 6 ~ ~ 6 0 ~ ~ x 6 ~  &v.t~6~&oeov nghzqg .t&@og, &v6 o.cqv 
ne~in tooq  xijg rp6ah~xijg &h6eilj6q< &xe.tahoxoiqoq yiveaa~ z a v ~ 6 x ~ o v a  xai o ~ i g  
660 6y66eg xai &xohov6&i .c?v drnhfi EEioooq - ~ 6 v  &v-C~Ge&oaov n ~ h z q g  .c&Eeog. 
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DETERMINATION O F  TARTARIC ACID IN FRUITS, FRUIT JUICES 
AND RAISINS 
SOFIA G. MINIADIS-MEIMAROGLOU and DIMITRIS S. GALANOS 
Laboratory of Food Chemistry, University of Athens, Athens, Greece. 
(Received November 3, 1975) 

A Spectrophotometric method for the accurate determination of the tartaric acid 
content in fruits, fruit juices and raisins is described. 

The procedure, being an appropriate modification of methods applied for tartaric 
acid determinations in wine, is based on the measurement of the optical density at 530nm 
of the colour developed by the addition of 2% ammonium vanadate and sulfuric acid, in 
juice or extract, after previous decolorisation with activated charcoal. 

Several methods have been devised in the past, for the quantitative 
determination of tartaric acid in various natural products. (For instance the 
determination of tartaric acid in wine is effected by mostly simple and fast 
~o lo r imet r i c~ ,~ ,~ ,~  or v o l ~ m e t r i c ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  methods, as well as by instrumental 
methods, based on polarographic13 or potensiometric measurements). On the 
contrary, most of the methods devised for the determination of tartaric acid in 
fruits, fruit juices and  raisin^^^,'^,'^,'^ are time-consuming and laborious. 

In this work a method for the assay of tartrates in fruits, fruit juices and 
raisins is described, which is based on the reduction of vanadate to colored 
vanadium as a consequence of the degradative oxidation of tartrates to wafer, 
carbon monoxide, carbon dioxide and glycolaldeyde. 

Reagents: All reagents used were of p.a.grade, as received (without any 
farther purification). A 2% ammonium vanadate (wlv) solution is prepared by 
dissolving log of ammonium vanadate in 150ml 1N sodium hydroxide, mixing it 
with 200ml of 27% sodium acetate (w/v) and diluting to 500ml with distilled 
water. 

A standard solution of tartaric acid containing 6,000 ylml is also prepared. 
Procedure: A quantity of product under examination (fruits, fruit juices, 

raisins etc) is pupled and 20g of this pupled sample are extracted by thorough 
mixing at 80-90" C with 80ml of distilled water, vacuum filtration and rinsing of 
the filter with 10-12 m1 of water. The extract is transfered into a lOOml volumetric 
flask, and filled to the mark with water. 

Twenty m1 of this extract are decolorized by stiring with 2g of activated 
carbon for 2 minutes, followed by vacuum filtration. Ten m1 of the decolorized 
and filtered extract are transfered into a conical flask containing 45ml of distilled 
water, 5ml of 2% ammonium vanadate and 2ml of 2N sulfuric acid, and mixed 
together. Exactly 1.5 min later, its absorption at 530nm is measured against a 
blank sample. (The measurements must be done exactly after 1.5 min, since within 
10-15 min a change in the colour can lead to erroneous measurements). 
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The quantity of tartaric acid contained in the sample is next deduced by 
using a calibration curve traced as follows: 

Quantities of 40, 30, 20, 10 and 5ml of the aforementioned standard 
solution are transfered into 50 m1 volumetric flasks and filled with distilled water 
upto the mark. The resulting solutions contain 6,000, 4,800, 3,600, 3,000, 2,400, 
1,200, and 600 rnl. Five m1 from each of the above solutions are added into a 
series of 100 m1 conical flasks, containing 50ml of distilled water; Five m1 of 2% 
ammonium vanadate and 2 m1 of 2N sulfuric acid are added to each flask and the 
mixtures are allowed to rehct for 1.5 min exactly. Then, the optical densities of the 
standards are measured at 530nm in l-cm cuvettes, against a reagents blank. 

Results and Discussion:As depicted in Table I, by statistical treatment of the 
experimental measurements taken for tracing the calibration curve as described 
above, it was shown that the intercept (a=0.042) of the theoretical curve with the 
A-axis (Fig. 1, dotted line) is not statistically significant. Namely the t-test shows 
that the calculated value of t,=0.33 is smaller than the critical value of t, given in 
tables for a confidence level of 99.9% and (N-2)=5 degrees of freedom. 
Therefore, the working calibration curve should pass through the origin of axes, 
with a corrected slope 6=1.8. 10-4 (Fig. 1, full line). 

The modified procedure, as described above, was then tested on various 
natural products, i.e. it was applied for determining the tartaric acid content of: a) 
four different lots of apples of species "firikia" and "banana-apples7' of Volos, 
"banana-apples" of Tripolis, cooking-apples (rene-type), and apples golden- 
delicious type, b) three different lots of Avocado, c) on four lots of Korinthos' 
raisins, d) samples of bitter orange juices, as well as preserved lemon and orange 
juices. 

slope 

3 

Concentration of .!Cartaric acid, V/ m1.10'~ 

FIG. 1 : Calibration curve for Tartaric acid determinati0n:Dotted line - Statistically derived curve by 
the least-squares' method. Full line= Corrected curve, passing th~ough the origin of axes. 
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TABLE I: Experimental Results of Measurements for tracing the Calibration Curve, and their 
statistical treatment 

No Concentration Absorbance 
y/ml 
@l) (A3 

1 6,000 1.14 
' 2  4,800 0.92 

3 3,600 0.67 
4 3,000 0.57 
5 2,400 0.45 
6 1,200 0.21 
7 600 0.08 

Statistical Treatment* 

Corrected slope b' = Zx,~,/Zx,2= 1.8.10.~ 

'Regression analysis by the least-squares' method". Symbols: S =  for standard deviation; 
a =  intercept on A-axis; b= slope; S,= standard deviation of a; b'= corrected slope of curve 
passing through origin; t,,t,,,l = critical value of t for confidence limits 99.9% and (N-2) = 5 
degress of freedom. 

As depicted in Table 11; the experimental results of these applications of the 
present procedure indicate that it is convenient for the quantitative determination 
of tartaric acid in natural products of tartaric acid content as low as 0.01%. The 
contents found for apple, avocado and raisins' samples are in agreement with 
those reported in the literature. In addition, the results of Table I1 show that 
orange and lemon juices do not contain determinable amounts of tartaric acid. 

The method is not time consuming, simple and can be easely applied for the 
quantitative determination of tartaric acid in a variety of natural products. Critical 
parameter for the method, is the time between the addition of the reagents and the 
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measurement of the sample. Namely, the measurements must be done as soon as 
possible, after the 1.5 min waiting time required for the development of the 
colour, since after this time a slow change of the colour occurs. 

TABLE 11: Tartaric Acid Content of various Natural Products determined by the procedure described 
in this paper. 

Samples Tartaric acid % 

Apples (spec. firikia) 
Banana-apples 
Banana-apples 
Cooking-apples (rene- 
Golden-delicious type 
Avocado 

of Volos 
of Volos 
of Tripolis 

-type) 

Corinthos' raisins 
Hitter-orange juices 
Preserved lemon juices 
Preserved orange juices 

0.014-0.019 
0.010-0.015 
0.012-0.016 
0.019-0.020 
0.011-0.018 
0.015-0.020 
0.3 1-0.45 

Nil 
Nil 
Nil 
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