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MIXED GAS ADSORPTION ON HETEROGENEOUS SURFACES 

P. NIKITAS, A. ANASTOPOULOS and D. JANNAKOUDAKIS 

Laboratory of Physical Chemistry, University of Thessaloniki, Thessaloniki, GREECE 

(Received May 2, 1984) 

Summary 

The mixed gas adsorption on heterogeneous surfaces is studied on the basis of lattice 
statistical thermodynamics. Both mobile and localized adsorption on random and patchwise 
surfaces are treated as specific cases of a generalized model for the adsorption layer. 

Key Words: Lattice statistical thermodynamics, Physical adsorption. 

I. Introduction 

In recent papersl-3 the pure gas adsorption on homogeneous and heterogeneous 
surfaces as well as the mixed gas adsorption on homogeneous surfaces have been 
studied by means of the lattice theories of statistical thermodynamics. Here this type 
of treatment is extended to mixed gas adsorption on heterogeneous surfaces. 

As in the papers2J a generalized lattice model for the adsorption layer is 
suggested and analyzed. The localized as well as the mobile adsorption on random 
and patchwise heterogeneous surfaces are coming out as specific cases of this model. 

11. Heterogeneous Adsorption of Binary Gas Mixtures 

l .  General equations 

We make the same assumptions as in the case of unimolecular pure gas adsorp- 
tion on heterogeneous surfaces2. In addition we accept that the adsorbed molecules 
are of two different kinds and that they can be considered as having similar 
diameters. 

When N, molecules of type I and N, molecules of type 2 are adsorbed on the L 
sites of an homogeneous surface, then the partition function of the adsorption layer 
can be written as: 
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and O i = N i / L , i =  1 , 2  

In these equations qi, (i) and q t  (i) are the internal and the translational partition 
functions of an adsorbed molecule of type i (= 1,2) respectively, Ui is the in- 
teraction energy of the ith fype molecule with the adsorbing surface, c is the 
coordination number of the lattice of the adsorption surface and ukh (0)is the 
interaction energy between a pair of nearest -neighbouring molecules of type k 
and h respectively, when they are in the center of their cells. 

When this binary gas mixture is adsorbed on a heterogeneous surface we 
assume, as in the case of pure gas adsorption on heterogeneous surfaces, that 
various cells have different interaction energies with a the adsorbing surface. 

We denote by Lij the number of cells with adsorption energies U,, and U,,. 
Then we have: 

L =  \' L.. - 'J 
U 

Let 5 be a distribution g,,, g,,, ..., E,,, g,,, ... of the N molecules of the adsorp- 
tion layer into the various cells. Then gkl denotes that the number of molecules 
of type k (=l, 2) -each one of which interact with the adsorption surface with 
an energy Ukl  (1=i or j) - is equal to Ngk, 

For every 5 distribution Eq (l) can be written as: 

where Ukl 
9 k~ = 9in (kl) ' 9 t (k~) exP F , k=1,2 , l=i or j (6)  

when the cells of different energies are; randomly distributed over-the surface. In the 
case of a patchwise surface i.e. when the sites (cells) of equal energy are nresent in 
groups, instead of Eq. (8) we have: 

where 8kl= Nr;,,/Lij (10) 
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The total partition function Q is the sum of the partition functions Qg: 

(1 1) Q =  \ ' Q 6  
5 

and it can be calculated by the maximum term method. Then the logarithm of Q 
may be expressed by: 

2. Mobile adsorption on a random surface 
In this case we have: 

2nm kkT 
9 t (kl) = h2 

afkl = h . afk, 

and if we assume that in the case of a random cell distribution the free area is given 
by 1.3 5: 

where w is the free area of a molecule having empty all its nearest-neighbouring sites, 
then the chemical potentials of the adsorbed molecules on the Lij sites can be 
calculated from: 

0 C 
S 

N k ~ k k  (0) + @mu,, (ON 1 - 0  kT (15) 

where k = 1,2 1 = i or j, m = 1,2 m# k and a = a, + 8, (16) 

The adsorption isotherms result from the following equilibrium relations: 

ptkl  = p r  k = 1,2 (17) 

where y r  is the chemical potential of a molecule of type k in the bulk gas phase. 
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For a perfect bulk gas phase the isotherms obtained from Eqs. (17) may be ex- 
pressed by: 

lnP = In 
hL'2k~q :y (k) + In 0kl 0 Ukl + ------ - - 

Win (M) . ( l  - Clli - 02j) ( l  - 0) 1 -0  kT 

If the system of the isotherms (18) is solved with respect to Okl, then €lkl is obtained 
as a function of Pk, O k  and Ukl: 

Let X (U,, U,) be a fraction of sites (cells) with adsorption energies lying in the two 
dimentional region (U,, U, + dU,) X (U,, U, + dU,). 

The function X (U,, U,) evidently must satisfy the normalization condition: 

and for a continuous distribution of the adsorption energies the fraction of the total 
surface covered with adsorbed molecules of type k is given by: 

The total adsorption isotherm is the sum of the partial isotherms (21): 

Therefore the determination of the adsorption isotherm requires the solution of 
the system of integral Eqs. (21), in which the distribution function X (U,, U,) is in- 
corporated. 

Usually this function is selected from the already known distribution functions. 

3. Mobile adsorption on a patchwise surface 

The analysis described above is subject to the condition that cells of different 
energies are randomly distributed over the surface. If we have a patchwise surface 
then instead of Eqs. (8) and (14) we have Eqs. (9) and (23): 

Therefore the chemical potentials of the adsorbed molecules on cells Lij are given by: 
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where 1, = i or 1, = j depending on whether k = 1 or k = 2 and 1, (= i or j) # 1,. 
The corresponding adsorption isotherms are expressed by: 

h;12 kTqng"" (k) 
lnP = In + In 0kl + ukl hi + 

wqin (M) ( l  -01i-02j)2 1 - 0  kT 

Obviously these isotherms cannot be solved analytically with respect to Okl. Thus, as 
in the case of pure gas adsorption on heterogeneous surfaces, the use of numerical 
methods is necessary to obtain Okl as a function of Pk and Ukl: 

The determination of the total adsorption isotherm, as in the previous case, is possi- 
ble from Eqs. (21), (22) and (26). 

4.'Localized adsorption 

In this case we have q,%,)= l and the resulting isotherms are the following: 

and 

depending on whether we have a random or patchwise cell distribution. The total ad- 
sorption isotherms can also be determined from Eqs. (21), (22), (27) and (28) 
provided that X (U,, U,) is known. 

In the limiting case where ukk (0) = ukl(0) = 0 and qin (,,) = q (T) the isotherms 
(27) and (28) are reduced to: 

where 
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In this case it can be shown that if the partition function X (U,, U,) has the simple 
form 

1 
X (U,, U,) = 

U 
~ X P  (- ) exp (- 3) 

U1mU2m U,, u 2 m  

where U,,. U,, represent the mean adsorption energy over all sites of positive ad- 
sorption energy, then Eqs. (3 1) can be reduced further to the Freundlich isotherms6.7 

~ndeed' from Eqs. (31) and (32) we have: 

Now if we assume that U1 -- Ulm - - 1 
U2 u 2 m  

and we integrate Eq. (33) between the limits -m and + m we find 

nkT/U,, 
0, = PIA, 

sin (nkT/U ,,) (PIA1+ ~,A,) ' -~~*lm 
(35) 

from which the well known Freundlich isotherm is obtained: 

where X,  is the mole fraction of adsorbate 1. 
In the case where X (U,, U,) is a constant and under the approximation imposed 

by (34), Eq. (31) after integration between the limits 0 and U yields: 

and also an analogous isotherm for 0,. 
Therefore 
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This isotherm can be reasonably considered as a generallized form of Temkin 
isotherm in the case of mixed gas adsorption. 

111. Heterogeneous adsorption of r-component mixtures 

The problem described previously is generallized for the case of the adsorption of 
a mixture consisting of r gases of similar diameters on a heterogeneous surface. . 

For the adsorption of a mixture of r gases, Eq. (5) is rewritten in the following 
form: 

where i is the r-dimensional vector: i = (i,, i,, .... i,), 

while U (0) depends on the nature of the absorbing surface. 
For a random surface, U (0) is given- by: 

whereas for a patchwise surface we have 

Following the same procedure with that of binary adsorption we obtain in general 

for the random surface, 

for a patchwise heterogeneous surface, where P = (P,, P,, ..., Pr), U = (U,, UZ, .... , 
U,) and 0 = (8,. 0,. ..., 8,). 

For a continuous distribution of the adsorption energies, the surface coverage for 
the k component is 

where the r-dimentional distribution function X satisfies the condition 
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The solution of the system of the r integral Eqs. (45) together with the relation: 

leads to the total adsorption isotherm of the system. 

H spyaoia auz i  anorshsi s n i ~ z a o q  Kat yevi~suoq npoqyorjpevov spyaothv 
navo ozqv npoopocpqoq aspiov. C u y ~ s ~ p t y i v a  pshs.rkat os O ~ o p q z t ~ o  snins60 q 
npoopocpqoq p iyparo~  r aspiov n6vw os svspyna~a  szspoysvsi~ sntcpav~t~5.  ono^ 
Kat npoqyorjpsv~~ spyaois~, npozsivszat Kat avahrjstat ps Paoq zq ozaztozt~fi 
0spp06uvapt~~j 6va ysvt~sup6vo nh~ypazucb povzkho z q ~  o n p a 6 a ~  n p o o p o ~ q o q ~ ,  
an6 TO onoio npo~rjnzouv oav p s p t ~ i ~  nsptnzhost~ q K I V ~ T ~  Kat q zon t~f i  
npoopocpqoq. Ot too0spps~ npoopoqqoq~ X ~ O K ~ ~ X ~ O U V  ps zq ljofi0~ta z r \ ~  
npooiyytoq~ zov Bragg-Williams K a t  npoo6topi~ovzat an6 iva orjozqpa r 
o h o ~ h q p o ~ t ~ h v  ~ ~ t o h o s o v .  
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EIN VERGLEICH DER LEWIS-BASIZITAT VON N,N-DIMETHYL- 
FORMAMID MIT N,N-DIMETHYLTHIOFORMAMID. 

WASSILIOS DIAMANTIKOS 

Institut fui- Anorganische Chemie der Universitat Stuttgart, Pfaffenwaldring 55, 0-7000 
Stuttgart 80 

(Received May 21,1984) 

Zusammenfassung 

B,H, reagiert mit N,N-Dimethylformamid direkt und gibt N,N-Dimethylformamid- 
Boran. Die Darstellung von N,N-Dimethylthioformamid-Boran ist jedoch auf 
dieselbe Art und Weise nicht moglich. 
Diese Tatsache fuhrt zu der Frage nach der relativen Starke der Lewis Basizitat 
beider Amide bzw. nach deren Bau und Elektronenverteilung. Die NMR-Spektren 
der Amide und deren Borane, sowie andere experimentelle Fakten aus der Literatur 
ermoglichen es, den obengenannten Sachverhalt befriedigend zu deuten. 

Key Words: Amide boranes. NMR 

Einleitung 

Die Einwirkung von Natriumboranat auf elementaren Schwefel in Gegenwart von 
Aminen, Amiden oder Ammoniak kann zur praparativen Darstellung von Amin-, 
Amid-oder Ammoniak-Boranen verwendet werden1. 

Wendet man die Reaktion nach G1. (I) zur Darstellung von N,N-Dimethylformamid- 
Boran (DMF-BH,) an, so zeigt das "B-NMR-Spektrum der Reaktionsmischung 
neben dem Quartett des DMF-BH, ein zweites Quartett, welches, wie wir nachweisen 
konnten, von dem N,N-Dimethylthioformamid-Boran (DMTF-BH,) herruhrt1. 
Wahrend aber fur das DMF-BH, auch der direkte w e g  zu seiner Darstellung uber 
einfaches Einleiten von Diboran in D M F  eingeschlagen werden kann, 

ist eine analoge Lewis-Saure-Lewis-Base-Reaktion mit DMTF nicht moglich. ' 
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Das DMTF-BH, ist deshalb nicht auf diese Weise, sondern ausschlieslich durch die 
Uberfuhrung der Carbonylgruppe des DMF-BH, in die Thiocarbonylgruppe 
zuganglich: 

CH 3  
8 18 / 

DMF e 18 N H e 
H 3 B - N  - C  + S H  - H 3 B - N  - C  + O H  

'* \ ( 4 )  
I 0 I C 
CH3 CH 3  

Experimentelles 

In einem 250-ml-Dreihalskolben, versehen mit KOH-Trockenturm und Sub- 
stanzbirne, werden zu 4,O g (0,105 mol) NaBH, 150 mol DMF hinzugegeben. Im 
Laufe von 2 h werden 3,2 (0,l mol) S, eingetragen. Die Ausentemperatur betragt 
etwa 60•‹C. 

Nach beendigter Reaktion destilli&t man, ohne vorherige Abtreniiung der 
Polysulfide, das DMF-BH, zusammen mit DMF bei 40•‹C in Olpumpenvakuum. Im 
Anschlus daran Iast man die Temperatur langsam bis auf 80•‹C ansteigen, wobei 
eine hellgelbe Flussigkeit uberdestilliert, die neben DMTF-BH, noch DMF und 
DMTF enthalt. 

Zur Herstellung groserer Mengen an DMTF-BH, empfiehlt es sich, die direkte 
Thioformylierung durchzufuhren1. 

Zu eine vorgelegten Losung von DMF-BH, in DMF gibt man einen Uberschus 
an Na2S. 9 H 2 0  sowie etwas S,; man erwarmt nun auf 60•‹C und gibt gleichzeitig 
einige ml HC1 (10%) hinzu. Die Umwandlung von DMF-BH, in DMTF-BH, erfolgt 
quantitativ, was "B-NMR-spektroskopisch verfolgt werden kann. Die Reaktion ist 
beendet, sobald nur noch das Quartett des DMTF-BH, eischeint. Die destillative 
Trennung erfolgt nach obigen Angaben. Ist das Destillat an Produkt hinreichend 
konzentriert, so werden beim stehenlassen im Laufe von zwei Wochen im 
Kuhlschrank farblose Kristalle abgeschieden, die fur die 'H-NMR-Untersuchung des 
Produkts benutzt werden konnen. 

Samtliche chemische Verschiebungen sind fur die 'H-NMR-Spektren auf TMS, 
fur die "B-NMK-Spektren auf BF,O (C2H,), als externen Standard bezogen. Positive 
&Werte bedeuten eine chemische Verschiebung nach niederer Feldstarke relativ zum 
jeweiligen Standard. 

Die "B-bzw. 'H-NMR-Spektren wurden mit dem Bruker WP 80 und WP 60 
Kernresonanzspektrometer registriert. Fur die Darstellung der beiden Borane wurden 
die aim Handel erhaltlichen Amide DMF und DMTF verwendet1. 
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Deutung der experimentellen Befunde. 

Die Tatsache, das DMF-BH, leicht durch eine Lewis-Saure-Lewis-Base-Reaktion 
nach G1. (2) ,  DMTF-BH, dagegen auf analoge Weise, d. h. nach G1. (3), nicht 
erhalten werden kann, wirft die Frage auf, weshalb sich die beiden Lewis-Basen 
DMF und DMTF gegenuber derselben Lewis-Saure BH, so unterschiedlich 
verhalten. Aufgrund der groseren elektronenziehenden Wirkung der Formyl- 
gegenuber der Thioformylgruppe ware an sich am N-Atom des D M F  eine grosere 
Verarmung an Elektronenladung zu erwarten, als am N- Atom des DMTF. Dies 
hatte jedoch zur Folge, das das DMTF eine starkere Lewis-Base als das D M F  ware, 
und dies steht nicht im Einklang mit den experimentellen Ergebnissen, die das D M F  
als die starkere Lewis-Base festlegen. 

Das 'H-NMR-Spektrum des D M F  und DMTF indessen zeigt, das das freie 
Eletronenpaar des N-Atoms beider Amide starken p-Charakter haben mus, eine 
Schlusfolgerung die unmittelbar aus der magnetischen Nichtaquivalenz der 
Methylprotonen beider Verbindungen gezogen werden kann. Die daraus resultierende 
sp2-Hybridisierung des N-Atoms bzw. die Planaritat beider Amide ist zumindest fur 
das D M F  auch durch Elektronenbeugung in der Gasphase sichergestellt worden2. 
Fur die beiden Amide lassen sich relevante 1,3-dipolare Resonanzstruckturen for- 
mulieren3: 

CH3 H CH3 H 
/ \ - \ @  Y 

N - C t) N = C  
/ / B 

0 
'- e 

CH3 CH 3 
0' 

CH 3 H 
\ - / 

N - C  
/ \ 

S 
CH3 

Wendet man hier qualitativ die Huckel-Naherung an4, d.h. betrachtet man G-und 
X-Elektronengeruste der beiden Amide als unabhangig voneinander, so wird deutlich, 
warum die grosere elektronenziehende Wirkung der Formyl-gegenuber der ~ h i o f o r -  
mylgruppe nicht unbedingt zu einer verminderten Basizitat des N-Atom$ des D M F  
segenuber dem des DMTF fuhren mus: Der grosere -I-Effekt der F?rmyI-gegenuber 
jer Thioformylgruppe wirkt sich ausschlislich im G-Gerust, dagegen nicht im X- 
Serust des D M F  aus. Die gegen die Erwartung grosere Lkwis-Basizitat des D M F  im 
Vergleich zum DMTF Iast sich demnach befriedigend erklaren, indem man fur die 
1.3-dipolare Resonanzstruktur IV einen wesentlich groseren Beitrag bei der 
Beschreibung des DMTF annimmt, als der Beitrag der Resonanzstruktur I1 fur das 
DMF. Tatsachlich last sich diese Annahme durch eine Reihe von ubereinstimmenden 
experimentellen Fakten zusatzlich stutzen. So ergaben die Messungen der 
Dipolmomente der beiden Amide, das das Dipolmoment des DMTF mit 4,37 Debve 



groser als das grose Dipolmoment des D M F  mit 3,86 Debye ist5. Dieser 
uberraschende Befund Iast sich durch das hohe relative •áGewicht•â der dipolaren 
Resonanzstruktur IV erklaren. Das die Resonanzstruktur IV eine grosere Bedeutung 
als die I1 hat, geht auch daraus hervor, das die Torsipnsbarriere beim D M F  21 
kcallmol gegenuber-28 kcal/mol 'beim DMTF betragt, und das daher die freie 
Drehbarkeit der Dimethylaminogruppe des D M F  bei 120•‹C, des DMTF dagegen erst 
bei 175OC erreicht ~ i r d ~ . ~ .  

Der aus der Resonanzstruktur IV resultierende Merkaptid-Charakter des DMTF 
ist sogar so stark ausgepragt, das man mit CH31 eine S-und nicht etwa eine N- 
Methylierung erreichen kann7. Einen zusatzlichen Hinweis schlieslich fur die 
Bedeutung der Resonanzstruktur IV liefert uns das 'H-NMR-Spektrum der beiden 
Amide der Abb. 2. Man findet dort: 

DMF DMTF 
e 

8, ( c H ~ ,  c i s  z u O ) = 2 , 9 2 p p m  4 ( C H ~ , C ~ S  z u 5 ) = 3 , 1 5 p p m  
H  H  

d, ( C H 3 ,  t r a n s  zu 0) = 2.82 p p m  4 ( ~ 1 1 ~ .  t r a n s  zu 5 )  = 2 . 9 8  p p m  

H H  

Diese Tieffeldverschiebung beider CH3-Signale des DMTF gegenuber den CH3- 
Signalen des D M F  Iast sich in Ubereinstimmung mit den obengenannten Fakten auf 
eine grosere, partiell positive Ladung des N-Atoms in IV als in I1 zuruckfuhren, 
obwohl das Vorhandensein der Formylgruppe in I1 bzw. I das Gegenteil nahelegt. 
Das die Tieffeldverschiebung der CH3-Signale des DMTF primar auf das starkere 
elektrostatische Feld des N-Atoms zuruckzufuhren ist, Iast sich zusatzlich durch die 
vorerwahnte S-Methylierung stutzen. 

Man erreicht also hier durch eine solche Uberfuhrung des DMTF zum N,N- 
Dimethyl-Imidothioesterjodid den Ubergang eine partiellen Formalladung am N- 
Atom in eine echte volle Ladung. In voller Ubereinstimmung mit der Erwartung 
resultiert eine verstarkte Verschiebung der C-H-Bindungselektronen in Richtung zum 
Kohlenstoffatom und als Folge davon erscheinen die beiden N-Methylsignale noch 
mehr tieffeldverschoben8. Aus allen diesen experimentellen Ergebnissen Iast sich dem- 
nach die eindeutige Schlusfolgerung ziehen, das das DMTF eine sehr schwache N- 
Lewis-Base ist. Hier liegt die Begrundung, das eine direkte BH3-Anlagerung an das 
DMTF-anders als beim DMF-nicht in Frage kommt, und das ein Zugang zum 
DMTF-Boran ausschlieslich uber eine Umwandlung des DMF-Borans nach GI. (4) 
moglich ist. Der grosere Beitrag der 1,3-dipolaren Resonanzstruktur IV gegenuber 
der 1,3-dipolaren Resonanzstruktur I1 steht in Ubereinstimmung mit der Doppelbin- 
dungsregel, wonach Elemente der dritten und hoheren Periode eine geringe Tendenz 
haben kovalente-p-p-n-Bindungen einzugehen. Dieser allgemeine Sachverhalt ist auch 
im Verhaltnis von DMTF zum DMTF-Boran zu beobachten. Wahrend das DMTF 
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wegen seiner Mesomeriefahigkeit stabil und monomer ist, fuhrt die durch die BH,- 
Anlagerung hervorgerufene Aufhebung der Mesomerie zu einer Fixierung der 
Kohlenstoff-Schwefel-Doppelbindung. 
Versucht man aber danach das DMTF-Boran Iosungsmittelfrei zu erhalten, so 
weicht das Molekul dieser Fixierung der C = S-Doppelbindung durch Polymerisation 
a u s  Vermutlich geht die Polymerisation folgendermasen vor sich: 

Die Tatsache, das das DMTF-BH, im DMTF praktisch unbegrenzt ohne 
Polymerisation aufbewahrt werden kann, Iast sich auf zwei naheliegende Ursachen 
zuruckfuhren. Die erste davon ruhrt von der elektronenziehenden Wirkung der 
Dimethylboranoaminogruppe her, wodurch eine gewisse Verarmung an 
Elektronenladung am C-Atom und mithin eine partielle Stabilisierung der C = S- 
Doppelbindung resultiert. Die zweite Ursache durfte in einer intermolekularen Donor- 
Akzeptor-Beziehung zwischen dem DMTF und dem DMTF-BH, liegen, wodurch der 
Doppelbindungscharakter der C-S-Bindung abgeschwacht wird. Die hohe 
Assoziationstendenz des DMTF aufgrund seines hohen Dipolmoments ist in der 
Literatur dokumentiert5: 

Zur chemischen Verschiebung der NMR-Signale von DMF-BH, und DMTF-BH,. 
Wie weiter oben ausgefuhrt, erscheihen im ' H-NMR-Spektrum die CH,-Signale des 
DMTF bei niedrigerem Feld, als die von .DMF. Fuhrt man hingegen die .BH,- 
Anlagerung in den beiden Amiden durch, so kehrt sich diese Reihenfolge um. 
Samtliche am N-Atom gebundenen Gruppen mit resonanzfahigen Kernen liefern 
NMR-Signale, die bei der Thiocarbonylverbindung. bei hoheren Feld erscheinen, als 
bei der Carbonylverbindung (vgl. Abb. 1 und 2): 

DMF-BH 
3 

DMTF-DH 
3 
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Wie ersichtlich, sind bei den Boranen die freien Elektronenpaare am N-Atom 
durch die BH,-Gruppe gleichermasen blockiert bzw. es kann bei keinem der beiden 
Borane ein sich uber das ganze Molekul erstreckendes n-Gerust existieren. In- 

ABB. 1:  H-NMR-Spektrum von DMF-BH, in DMF/H20. Die Signale A1,A2,A; stammen von DMF. 
Das vom Formylproton des Borans verursachte 
Signal liegt unter A,. 

ABB. 2: 'H-NMR-Spektrum von DMTF-BH, in DMF/DMTF/H,O. Die Signale B,,B2B; stammen von 
DMTF. Das vom Thioformylproton des Borans verursachte Signal liegt unter B,. 

folgedessen kommt nunmehr ausschlieslich die grosere elektronenziehende Wirkung 
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der Formyl-gegenuber der Thioformylgruppe in Betracht. Diese fuhrt naturgemas zu 
einer groseren Elektronenverarmung des N-Atoms des DMF-BH, gegenuber dem N- 
Atom des DMTF-BH,, und somit zu einer verminderten Abschirmung der Kerne des 
ersteren gegenuber den Kernen des letzteren, so  das die beobachtete Umkehrung der 
Reihenfolge der Signale verstandlich wird. 

Summary 

A comparison of Lewis-basicity between N,N-dimethyvormamid and N,N- 
dimethylthioformamid. 

B2H6 acts on N,N-dimethylformamide to give N,N-dimethylformamide borane. 
The preparation of N,N-dimethylthioformamide borane, on the other hand, is not 
possible with the same method. This fact raises the question to the relative strength 
of the Lewis basicity of both amides. The NMR spectrum of both amides and of 
their boranes, in connection with other experimental facts from the literature, makes 
it possible to give a satisfactory answer to  this question. 

Mla aciylcplaq r , q ~  ~iou'lc-saal~6rqra~ avhpeaa aro N, N-&u&euAopoppapiho Ka1 
aro N,N-G1pesuAos&10poppapi610. 

ME an'  ~ u 0 ~ i a c  avri6paoq rou B2H6 y~ N,N - Giys0uhocpopyayiGio 
napao~&ua@rai  r o  sopavio rou N,N-Giys0uhocpopyafliou. H ~ a r a  napoyoto rpono 
oywc n a p a o ~ ~ u f l  rou sopaviou rou N,N-Gty~0uho0~tocpopyayt6iou GEV ~ i v a t  ~cpt~rfl. 
To ~ E ~ O J I E V O  aurO 0Em 70 EpWrqya avacpopt~a ys  q ~ X E T L K ~ ~  t o ~ 6  q c  Ao6tc- 
s a o t ~ o r q r a c  K a t  Kar' E ~ E K T u ~ ~ ]  avacpopt~a PE rq  tiopfl K a t  rov ~ a r a y ~ p t o y o  rou 
~ ~ E K T ~ O V ~ K O U  cpoprio~ TWV 660 api6iov. 

T a  NMR-cpaoyara r o v  660 apdiwv K a t  rwv sopaviwv rouc ~ a 0 h c  K a t  ahha 
n s t p a y a n ~ a  6~6opEva an6  rqv sishioypacpia ~ a 0 t a r o 6 v  Guvarb r o  Gootyo 
ticavonotqnmic ~ppqvsiac  o r o  napa nuvo (PUIV~JIEVO. 
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Summary 

The use of non-ionic surface active agents during the dyeing of anodized aluminium with 
disperse dyes has not a positive influence apart from a few cases (i.e. Marlophen 83). 

Pretreatment of anodized samples in aqueous solutions of organic acids had by itself a 
positive action on colour depths. Subsequent dyeing, with parallel addition of non-ionic sur- 
face active agent. didn't show any further improvement in colour depth. On the contrary, 
when the acid was strong enough i.e. Sulphosalicylic acid and the dyeing took place in the 
presence of an excess of non-ionic surfactant, no colouring was observed. 

Key words: Aluminium dyeing. 

Introduction 

Aluminium presents great interest all over the world and specially in Greece, 
because Bauxite, the main ore for aluminium production occurs in large amounts in 
several parts of Greece. 

The surface protection and dyeing of aluminium is of particulr importance for its 
use. Apart from the electrolytic colouring methbds, many excellent commercial dyes 
(usually water soluble acid, acid mordant, complex metallic dyes and a few mordant 
dyes) are available for the dyeing of anodized 'aluminium. The dyeing process is 
analogous with that of protein fibres. The main bonds between these dyes and 
porous oxide film are of ionic type (anion exchange). Some covalent bonding bet- 
ween dye and film may also occur.' 

In previous paper2 it has been reported that some commercial disperse dyes, 
which are available for colouring synthetic fibres, are satisfactory as well as for the 
colouring of anodized aluminium from aqueous solutions in many modern colours. 
They must have active protons in a suitable position in the molecule in order that 
stereochemical hindrance does not exist and hydrogen bridges can be formed bet- 
ween dye and substrate. In this case, the main forces between film and dye are 
hydrogen bonds.'. In cases where the disperse dye has groups in the o-position 
suitable to form complexes, semi-polar bonds can also be developed.', 

Disperse dyes have no water solubilizing groups. They are suspended in the 
water bath in form of very fine particles. The use of surface active agents improves 
the dye dispersion stability. 
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The uniformity of particle size and the choice of dispersing agent according to in- 
dividual dye overcame most of the difficulties in regard to the dispersion ~tability.~ 

The intent of this study is to investigate the role of non-ionic surface active 
agents to produce better finishes of anodized aluminium in terms of colour depth 
with commercial disperse dyes. 

The influence of a pretreatment of anodized aluminium in a series of aqueous 
solutions of organic acids on these colour depths was also investigated. 

The surface active agent has been added in the dyeing bath in concentration 
above the critical micelle concentration (C.M.C.), in order to achieve a mono- 
molecular dispersion after some hours. The other conditions of dyeing (temperature, 
dyeing time, disperse dye concentration, electrolyte concentration etc.) have not been 
changed. 

It appears that. with the above conditions remaining stable, the structure of the 
dye molecule, its size, its polarity, the degree of its solubility in water, the dye disper- 
sion stability and the degree of dye aggregation, influence the dyeing of anodized 
aluminium. 

The first four conditions depend on the structure of the dye, while the others de- 
pend on the types and concentration of the dispersing agent, the mechanical pretreat- 
ment and the dispersion technique, the life time of dye suspension and its tem- 
p e r a t ~ r e . ~  

Experimental Part 
Aluminium foils 0.5mm thick of 99.5% purity (Eloxal quality) were degreased in 

trichloroethylene, etched for a few minutes in alkali hydroxide solution at 50•‹C, rin- 
sed well, immersed for a few minutes in 1 :l  nitric acid at room temperature, rinsed 
again and anodized in 175gIl sulphuric acid solution at 20 _+ 2OC for about an hour. 
The current density was 1.2 A/dm2 and the aluminium content was between 5-7g/l. 

After anodizing, the samples were rinsed well in running water and the dyeing 
process followed in aqueous solutions of commercial disperse dyes in conc. 3g/l and 
non-ionic surface active agents in conc. usually 2g/l at 40•‹C for 2 hours. For com- 
parison, a dyeing, without the addition of non-ionic surface active agents was also 
performed. 

The differences in colour depths were assessed with the S.D.C. Grey Scale for 
assessing change of colour (1SO Recommendation R 105). 

The dye-baths were made 24h earlier in order to establish a stable aqueous dye 
dispersion. 

The dyeing took place in the apparatus LINITEST. The ratio between the 
volume of the dye bath, (ml) and the surface of aluminium for dyeing (cm2) was 5:l. 
The pH of the dye bath was almost neutral. 

Anodized samples were treated before dyeing and immediately after anodizing, in 
aqueous solutions, of organic acids in conc. 200g/l (Note l )  at room temperature 
with continuous agitation for 3h. After a minimum drying, there followed dyeing in 
baths and conditions as were reported above. The dyes, surface active agents and 
acids used are reported in Table 11. 

Note 1: Salicylic and itaconic acids are sparingly soluble in water and were used in the form of their 
saturated solution. 
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Results and Discussion 

The non-ionic surface active agents, which were used, were as follows: 
A. Fatty alcohols-polyoxyethylated products 

1) Eumulgin 010 :  Oleyl-cetylalcohol with appr. 10 moles of ethylene-oxide 
(Hen kel). 

2) Dehydol LS2: Fatty alcohol polyglycol ether with an average 5-10 ethylene- 
oxide links (Henkel). 

3) Dispersogen ASN: Fatty alcohol (C,,,,) polyglycol ether (Hoechst). 
B. Alkylphenol-polyoxyethylated products 

4) Marlophen 83: Alkylphenolpolyglycolether (Hiils). 
5) Lissapol NX: A condensate of nonylphenol with ethylene-oxide (I.C.I.). 
6) Hostapal H Konz: A condensate of nonylphenol with appr. 10 moles of 

ethylene-oxide (Hoechst). 
C. Fatty acids-polyoxyethylated products 

7) Cremophor EL: A condensate of 1 mole of castor oil with 40 moles of 
ethylene-oxide (BASF). 

Agents 1 and 2 h'ave good emulsifying and wetting action. Agent 4 is an effective 
dispersing agent and possesses, according to the oxyethylation degree, excellent 
emulsifying wetting, washing and dispersing properties. Agent 5 is emulsifying, 
wetting and an effective dispersing agent and finds applications in the preparation of 
fine stable aqueous dispersions of solids, even in low pH values. Agent 6 is a wetting 
agent, a detergent for the fibre finishing and a good levelling agent for the dyeing. 
Agent 7 is a very good dispersing and solubilising agent. 

The disperse dyes, which were used can be divided in the following two groups: 
a) Monoazodyes which have as diazo-compound p-nitroaniline or his chlorinated 

products and as coupling component aniline or substituted aniline: 
CIBACET ORANGE 2R (C.I. 11005), DISPERSOL SCARLET B (C.I.1 I1 10), 
DISPERSOL RUBINE B (C.I.11115), DISPERSOL RED R (C.I. 11 130), 
TERASIL SCARLET 2G (C.I. 11080), CIBACET RED 2G (C.I. 11210). 

b) Substituted aminoanthraquinones: 
TERASIL BLUE 2R (C.I. 61110), DISPERSOL BLUE BG (C.I. 63305) 
DISPERSOL VIOLET BG (C.I. 60725(S)) and DISPERSOL ORANGE DG 
(C.I. 607 10). 
The above dyes2 (with the exception of the azodyes C.I. 11005, 60710 and the 

aminoanthraquinone dye C.I. 63305) had, under normal conditions, moderate results 
on the dyeing of aluminium, probably because the affinity of these dyes to the sub- 
strate was small i.e. the active proton forms, in preference, hydrogen bonds between 
the dye molecules and not between dye and substrate. On the contrary, the dyes C.I. 
11005, 60710 and 63305 dyed anodized aluminium well and very well, respectively. 

From Table I it is obvious that none of the non-ionic surface active agents, 
which were used, had a remarkable positive influence on the dyeing of anodized 
aluminium with disperse dyes, although these agents are reported as wetting, dispers- 
ing, emulsifying and levelling agents and that they help in there being more dye in 
molecular state in water. This may be ought to the following reason. These agents 
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sre of non-ionic nature, while the substrate has positively charged sites in the water 
and generally appear to have a high polarity. So their micelles hive dificulties in be- 
ing transfered to the surface, adsorbed, and finally connected with the substrate. So 
they can't carry the dye molecules in the substrate or act as a binder between dye 
and substrate in the cases where there isn't affinity between them. 

On the contrary, anionic surface active agents, which are extensively adsorbed 
from the substrate by ion exchange, have a remarkable positive influence on the dye- 
ing with disperse dyes.8 

The observed small improvement in colour depths for certain combinations of 
non-ionic surface active agent and dye should originate from the fact that in these 
cases the concentration of the monomolecularly dispersed dye in the aqueous phase 
increases, because the surface active agent stabilizes the solubilized disperse ,dye 
molecules. 

The different influence of the same surface-active agent for each dye can be ex- 
plained from the fact that the interaction between dye-surface active agent depends 
on the properties of the whole dye molecule (i.e. polarity, solubility) and on the struc- 
ture of the surfactant. I 

It is reported9 that the structure and the polymerisation degree of non-ionic sur- 
face active agent of the general type R [ O C H , C H , I n O H  plays an important role on 

TABLE I: Influence of non-ionic surface active agents on colour depths of anodized 
aluminium. dyed by disperse dyes. 

Improvement in depth with the use o non-ionic surface active agents in the dye bath 

surface 
active agent C.I. C.I. C.I. C.I. C.I. C.I. C.I. 
Conc. 2g/l 11130 11110 11115 11005 61110 63305 60710 

1 worse 1-2 1 - worse 2 
2 worse 2-3 2 1-2 worse 2 
3* worse 1 1 2 - 1 1-2 
4 1-2 3-4 2-3 2-3 4-5 1 worse 
5** l worse worse 2 1 1 1 
6 worse 2-3 2 1-2, - 1 1 
7 worse 2 1 1-2 - 1 

The oxide-film thickness was 25k2 pm and measured using an eddy-current technique.' The differences 
in depths of dyeing with disperse dyes (with and without the addition of the above surfactants) are in- 
dicated using the following gradings in terms of the SDC Grey Scale for assessing the change of colour 
(1SO Recommendation R 105): 
1. No improvement in depth 5. Great improvement in depth 
2. Very slight improvement in depth * Concentration 8g/l 
3. Appreciable improvement in depth ** Concentration 10g/l 
4. Distinct improvement in depth 

the above interaction. The favourable influence is higher when R is phenyl or alkyl 
than acyl group. In this work some polyglycol ethers with R = alkyl of fatty alkohol 
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TABLE 11: Influence of non-ionic surface active agents on colour depths of anodized aluminium, which was treated 3 
with organic acids and subsequently dyed by disperse dyes. 9 

P 
4 

Colour Index Non-Ionic 
2 

Improvement in depth after treatment with organic acids. m 
number surface a) Without addition of non-ionic surface-active agent in 

Disperse dye active the dye bath. b) With addition of non-ionic surface- 
% 
Z 

agent active agent in the dye-bath. 0 
Conc. 2g/l 2 - E 

Maleic Lactic D-Tartaric Salicylic Itaconic S-Sul- 3 
phosalicylic z 

c 
a b a b a b a  b a b a  b 

1 1080 2 2-3 3 3 2-3 2-3 3 3-4 1 3-4 3-4 4-5 No dyeing 
b 
4 

- - 
9 

1 1  130 2 2 1-2 2 - 2 - 3-4 2 - 3-4 Z 
61110 3 * 2 - 2-3 2-3 2-3 3 2 l 3-4 2 4-5 Nu dyeing ;] 
1 1  110 5 * 2 2 2-3 2-3 4 2-3 3-4 3 2 4-5 r r 
60725 (S) 5 * 2 2 2 2-3 2-3 - 2-3 No dyt,'ng 3-4 2-3 3-4 r U 

6 11115 3 2-3 2-3 3 4 3 4 1-2 4 3-4 4-5 )) D' 

11210 6 2 2 3 3 3 2-3 4 No dyeing 3-4 -3-4 4 )) 

The oxide-film thickness was 25+2 pm and measured using an eddy-current technique.' The differences in depths of dyeing with 
disperse dyes are indicated using the same gradings with those of table I. 
* Concentration 8g/l. 
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or alkylphenyl group had a positive influence on the dyeing with certain disperse 
dyes. On the contrary. the surface active agent 7 did not ha-ve a positive influence on 
the dyeing. However, it has a high molecular weight. 

Similar investigations1•‹ with a non-ionic ethoxylated product and two commercial 
water soluble ionic dyes, suitable for dyeing of Aluminium showed, that they have 
practically no influence on the dyeing. 

From Table I1 it is concluded that the observed improvement on colour depths is 
due in fact. not in the presence of surfactant, but to the action of organic acids. 
These modify the crystal structure, increase the dye adsorption and act as binders." 

In the cases, where the pretreatment took place with strong acids i.e. sul- 
phosalicylic acid and the dyeing took place in the presence of non-ionic surfactants, 
no colouring of aluminium was observed. This may be due to the partial destruction 
of the oxide film.". l 2  

Xp&ry py zovn~hv &mpav&za~ci dpaan~hv p6~cclv Kal opyavzrchv o(imv aty pa& 
too adovpzvioo PE xphpata 8zaampd~ 

References 

1. Giles. C.H.: T.I.M.F. 57, 48 (1979). 
2. Tsangaraki-Kaplanoglou, I.: Metalloberfliiche 32, 348 (1978). 
3. Skulikidis, Th., Papathanasiou, Ch. and Marangosis, J.: Kolloid-2. 150, 54 (1957). 
4. Fourness. R.K.: Rev. Prog. Coloration 10, 61 (1979). 
5. Leube, H. and Uhrig, H.: Textilveredlung 9, 97 (1974). 
h. Knox. B.H. and Weigmann, H.D.: Text Research J. 46, 250 (1976). 
7. International Standard I S 0  2360-1982. 
8. Unpublished personal work. 
9. Wolf. F. and Koch, U.: Sitzungsberichte der sachsischen Akademie der Wissenschaften zu Leipzig 

(1 979). 
10. Schenkel. H. and Speiser, C. Th.: Aluminium 48, 3 (1972). 
11.  Tsangaraki-Kaplanoglou. I.: J. Soc. Dyers Col. 98, 440 (1982). 
12. Tsangaraki-Kaplanoglou, I.: Aluminium 60, 206 (1984). 



Chirnika Chronika, New Series, I S ,  77-86 (1986) 

MOISTURE SORPTION ISOTHERMS OF SULTANA RAISINS 

GEORGE K. VAGENAS, ELENI TSAMI and GEORGE D. SARAVACOS* 

Department of Chemical Engirzeering, National Technical University, GR-106 82, Athens 

* Present address: Dept. of Food Science, Rutgers University, New Brunswick, N.J. 08903, U.S.A. 

(Received August 21, 1984) 

Summary 

Moisture sorption isotherms of Sultana raisins at 30•‹C were determined, using a standard 
method, developed in the collaborative project COST 90 "Water Activty" of the European 
Economic Community. Three samples of raisins were studied, i) commercial raisins, ii) raisins 
dried in the laboratory after alkali pretreatment and iii) raisins dried in the laboratory without 
pretreatment. 

The isotherm of raisins at 30•‹C was similar to that of sucrose-fructose mixtures at the 
same temperature. Raisins characteristically sorb large quantities of water at high water ac- 

.-tivities. Pretreatment of the raisins had a small effect on the sorption isotherm. Optimum 
water activity for storage of the raisins at 15% moisture content and 30•‹C was about 0.6. 

The experimental adsorption data were best described by the Halsey equation. The GAB 
equation: suggested by the COST-90 project, failed to describe the isotherms in the entire 
range of water activity. 

Key Words: Sorption isotherm; raisin; water activity; standard method; COST 90; Halsey equation; 
GAB equation. 

Abbreviations and terminology 

a, = Water activity (0-l), BET = Brunauer - Emmet - Teller, RH = Relative 
Humidity, P = Partial vapor pressure of water, PO = Saturation vapor pressure of 
water, X = Moisture content, kg waterlkg dry solids, X, = Moisture content of 
monomolecular layer, GAB = Guggenheim - Anderson - de Boer equation, exp = 
Exponential (power of e), In = Natural logarithm. 

Introduction 

The sorption isotherm of a food material is best described as a plot of the 
amount of water adsorbed at equilibrium as a function of the water activity of the 
food,- at constant temperature. The water activty of a material at equilibrium with the 
surrounding space is defined by equation (1): 
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where: P: water vapor pressure, exerted by the food material at equilibrium 
P,: vapor pressure of pure water at the equilibrium temperature of the 
system 
%RH: % relative humidity of the surrounding space (air). 

It is generally accepted that the water activity of a food is more closely related to 
its physical, chemical and biological properties than the total moisture content.' 
Measurements of water 'activity provide a simple and convenient method for the es- 
timation of the water binding ability and the physical, chemical and microbial stabili- 
ty of the food. Microbial spoilage is considered to stop generally below a, = 0.70.2 
Non-enzymic browning rate is affected by a,, with a maxmum occuring between 
0.30-0.70.2. The rates of enzymatic reactions and lipid oxidation reactions are also 
affected by aW2. 

The relationship between water activty and moisture content has been studied for 
many foods3 However, because the sorption characteristics exhibited by a product 
are influenced by many factors, data for a specific product of different origin usually 
differ widely from each other and are comparable only under certain restrictions. For 
a better comparability of the sorption data it is necessary to establish a standardized 
procedure for the measurement of the moisture sorption isotherms of foods. 

The Council of the European Community adopted in 1974 the action programme 
COST 90 with the general aim to supply the food industry (as well as university 
research centres and manufacturers of food processing equipment) with data relating 
to the physical properties of food products. Within the frame-work of this project, 
the sub-group "Water Activity" studied the sorption of water by foods. At the first 
stage a reference material (microcrystalline cellulose) was selected for the 
collaborative study and a standard method for the measurement of moisture sorption 
isotherms was de~eloped.~. This method was used by our laboratory and it is 
recommended for measuring the sorption isotherms of food materials, in order to ob- 
tain comparable results for various food products. 

Raisin sorption isotherms have been determined by Pixton and Warburton 
(1972), Katsuras (1973) and Bolin (1980). Pixton and Warburton studied Sultana 
raisins only to a limited degree and their moisture determination procedure used ex- 
cessively long drying times, which may give inaccurate resulh6 Katsuras . also 
studied Sultana raisins to a limited degree and his results can only serve as a rough 
estimation of the sorption behaviour of the product.' Bolin determined the adsorption 
and desorption isotherms of raisins at 25•‹C.8 More information is therefore needed 
as to the relationship between moisture content and water activity for different types 
of raisins as well as for different temperatures. This study was undertaken to develop 
a set of moisture isotherms for Sultana raisins, using the developed method, to deter- 
mine how the various variables affect these isotherms and to test the empirical equa- 
tions suggested in the literature, which best describe the isotherms. 

The empirical relations reported in the literature include the following  equation^:^, 
9 

(a) BET: 
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1 
(b) Bradley : ln = B (2) - B (1)' 

(c) Halsey: a, = exp [- B (2)/xB (l)] 

(d) Henderson: 1 - a, = exp {- [B (2) . xB(I)]} 

(e) Iglesias-Chirife I: X = B (1) [a,l(l-a,)] + B (2) 

(0 Iglesias-Chirife 11: 

(g) Kuhn: 

(h) Oswin: X = B (2) [a,l(l-a,)] B(1] 

(i) Smith: X = B (2) - B (l)  ln (l-a,) 

6 )  GAB, (Guggenheim - Anderson - de Boer): 

X - cka, 
-- 
X, (l-ka,) (l-ka, + cka,) 

In all the above equations: 
a,: water activity 
X: moisture content, kg H,O/kg of dry material 
X, : monomolecular moisture content 
X,, : moisture content at a, = 0.5 
c, k : constants 
B (l), B (2): constants 

The parameters of each equation are calculated using the least squares method 
and the adequacy of the fit is checked by calculating the percent relative mean 
square root of the error (RMS%): 

where, 
XeXp : experimental moisture content 
X,,] : calculated moisture content 
N: number of experimental points 

Experimental Materials and Methods 

Three samples of seedless Sultana raisins were used in this investigation. The first 
one was a sample of normal commercial raisins (origin Heraklion, Crete). Hence, it 
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had been picked from the vine at the stage of full maturity, immersed into an emul- 
sion of potassium carbonate of density 8-10Bme and 0.5% olive oil. The grapes were 
sun-dried in the field and treated with sulfur dioxide. The second sample consisted of 
pretreated raisins (grown in Zemena - Corinthos), dried in our Laboratory. Pretreat- 
ment was carried out by immersion of raw grapes into a 0.5% sodium hydroxide 
solution for 10 sec. The third sample was the same as the second, only untreated. 

The sorption isotherm bf microcrystalline cellulose,.the reference material recom- 
mended by COST-90, was measured for comparison purposes. The cellulose sample, 
packed in a 100 g polyethylene-coated aluminum pouch, was obtained from the 
Federal Research Institute for Nutrition, Karlsruhe, which coordinated the COST-90 
project on Water Activity of Foods. 

The standardized method, recommended by the European Cooperative Project 
COST 90 on Water Activity was used in all experiments. This is a static gravimetric 
method, where the dried fruit samples are placed over saturated salt solutions of 
known concentration. 10 saturated salt solutions with varying partial pressure of 
water vapor were used, and corresponding water activity values ranging between 
0.1 12 and 0.903 (Table I). 

TABLE I: Salt and water quantities required for the preparation of the saturated salt 
 solution^.^. All salts were from Fluka Company, p.a. 

Salt 

1 LiCl 
2 CH,COOK 
3 MgCI, 

5 Mg (NO,), 
6 NaBr 
7 SrCI, 
8 NaCl 
9 KC1 

10 BaCI, 

The experimental apparatus consisted of a constant temperature bath, equipped 
with a temperature sensor (Haake TP 32) for the regulation and control of the tem- 
perature. The hygrostats containing the sample were simple preserve jars of 1 1 
capacity. All measurements reported here were performed at 30•‹C. 

Each sample consisted of a single raisin, cut into thin slices of uniform thickness 
(-lmm). The samples were placed in weighing bottles, dried in a dessicator over 
P,O, at room temperature for 15 days and then placed in the hygrostats, over the 
saturated salt solutions. Results reported are the average of two replicates. We con- 
firmed that equilibrium was reached within 15 days, which is the time recommended 
by the COST 90 project. The moisture content was determined by drying the sample 
in a Gallenkamp OV-930 vacuum oven at 70•‹C and 50 mm Hg absolute pressure 
for 6 hours. 

Quantities for 1 hygrostat 
salt (g) 

150 
200 
200 
200 
200 
200 
200 
200 
200 
200 

water (ml) 

85 
75 
25 
90 
30 
70 
50 
60 
80 
70 
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At high water activities (a, > 0.6) crystalline thymol was placed in the hygrostat 
to prevent the microbial spoilage of the raisins. 

Results and Discussion 

Sorption results are shown in Table I1 and in Figures 1, 2, 3 and 4. Fig. 1 shows 

TABLE 11: Sorption measurements of three samples of raisins. 
The standardised method, recommended by the European Cooperative Project 
COST 90 on Water Activity was used in all measurements. 

1 
------ 

% X (gH,0/10(3 
2nd sample 

Q, 

1st sample 

0.1 12 3.28 
0.226 3.74 
0.327 1 5.12 

5 dry material) 
3rd sample 

. .. . .- 

3.20 
4.02 
5.50 
8.46 

10.96 
15.40 
25.26 
34.17 
53.84 
86.47 

0.438 
0.529 
0.577 
0.708 
0.753 
0.843 
0.903 

1st samvle: Normal commercial raisins 

7.66 
11.12 
13.46 
24.73 
36.5 1 
52.95 
88.08 

2nd sample: Raisins dried in the laboratory after alkali pretreatment of the grapes 
3rd sample: Raisins dried in the laboratory without pretreatment of the grapes. 

the adsorption isotherm of the reference material, microcrystalline cellulose, at 30•‹C, 
which is in good statistical agreement with the results obtained in the cooperative 
study of COST 90. The raisins gave isotherms similar to those of mixtures of 
sucrose and fructose, with a slight difference observed only at the lower end of the 
curve. This was to be expected, since raisins contain 82-88% sugars, (sucrose and 
fructose) on a dry' basis. The remaining solids consist of pectin, polysaccharides and 
other biopolymers, which sorb more water than pure oligosaccharides at low water 
activities. 

The effect of the growing and processing conditions on the water sorption of 
dried raisins requires some discussion. At first, it seems that the sorption isotherms 
of the three samples are quite similar, below a, = 0.7. Some differences exist above 
a, = 0.7, where an exudation (extraction) of sugars into solution was observed (this 
did not have a significant effect on the isotherm). The maturity of the fresh fruit 
seems to affect the sorption isotherm, since there is a lowering of the a, in the more 
mature commercial fruit (Fig. 2), when compared with that dried in the laboratory 
after pretreatment (Fig. 3). This is also to be expected because maturity of the fruit 
increases its total sugar content. Pretreatment of the fresh fruit also seems to affect 
the isotherm, as can be seen by comparison of Figures 3 and 4. It is quite possiblc 
that the pretreatment of the fruit (that is, immersion into a sodium hydroxide 
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FIG. 3: Moisture sorption isotherm of the second 
sample of raisins @retreated dried). 

Water activity , a, 

FIG. 1 : Moisture sorption isotherm of 
microcrystalline cellulose. 

FIG. 2: Moisture sorption isotherm of the first 
sample of raisins (commercial raisins). 

Water act iv i ty  , a, 

FIG. 4: Moisture sorption isotherm of the third 
sample of raisins (untreated dried). 
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solution) reduces its sugar content by leaching, so that there may be some differences 
at high water activities. 

The application of the empirical equations, mentioned in the Introduction, to each 
experimental point determined gave the results shown in Table 111. It is quite clear 

TABLE 111: Application of the empirical equations to the experimental points of the sorption 
measurements of the three samples of raisins. - 

I 
Equation 

1st sample + 
BET 

Bradley 
Halsey 

Henderson 
Iglesias and Chirife I 
Iglesias and Chirife I1 

Kuhn 
Oswin 
Smith 
GAB 

*RMS % 
P- 

2nd sample I 3rd sample 

that none of these equations is able to completely describe the experimental results 
over the whole range of water activities of the three samples. However, the Halsey e- 
quation seems to give the best fit, cotppared to the others, which are close to that 
(Iglesias and Chirife I and 11, Kuhn, and Oswin equations). The GAB equation gave 
a rather poor fit over the whole range of water activities. This was surprising, since 
the GAB model has recently gained a great popularity among the laboratories par- 
ticipating in the COST-90 Project "Water Acti~ity".~ The GAB equation was applied 
to different sets of experimental points. The results are shown in Table IV. It is in- 

TABLE IV: Application of the GAB equation to different sets of experimental points of the 
three samples of raisins. 

I 

Number of points 

- 
1-9 
1-8 
1-7 
2-8 

*RMS % 
1st sample 

23.4 
20.1 
11.1 
3.1 

2nd 'sample 

21.8 
20.3 
14.8 
4.0 

3rd sample 

21.7 
19.8 
10.4 
5 .Q 
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teresting that although this equation fails to .describe the sorption isotherm of raisins 
over the whole range of water activities, it gives a satisfactory fit in the "commer- 
cial" range of water activities (0.226 < a, 0.753). 

The Greek Government standards limit the upper moisture level of raisins to 
18% (dry basis).'O Hence the safe storage .conditions of bulk (unpacked) Sultana 
raisins, can be achieved by maintaining the raisins at a relative humidity of about 
60%, for a storage temper9ture of 30•‹C. Lower relative humidities could be used, but 
the product would become harder and should be partially hydrated before consump- 
tion. 

Other factors affecting the sorption isotherm of a product, e.g. temperature, must 
be investigated. Data on the deteriorative changes taking place in stored and 
packaged raisins should be considered in order to determine the optimum storage 
conditions and shelf life of each particular product. 
-.-- 

nspihffl 

H spyaoia auzfi E ~ X E  oav ~ K O X O  zqv ~ 6 p ~ o q  zov to00ippov pocpfio~oq uypaoiaq 
zqq o~acpi6aq oouhzavivaq, ~pqotponothvzaq zqv np6~unq pi0060 nou a v a n r 6 ~ 0 q ~ s  
oza nAaima zou ouUoyt~06 npoypappazoq rqq Euponaikfiq Kotvozqzaq COST 90 
"Water Activity" Kat zov Ghsy~o zov ~ p n a p t ~ h v  ~ ~ t o h o ~ o v  n~ptypacpfiq rov 
tooOtppov nou avacpipov~at ozq Ptphtoypacpia. Xpqo~ponotfiOq~av zpia Geiypa~a 
o~acpi6aq: ozacpi6a rou cpnopiou, ozacpi6a cqpapivq psza npo~awpyaoia K a t  

omcpi6a kqpapkq xopiq npo~azspyaoia. Enst6fi q pocpqzt~fi o~pn~ptcpopdl TWV 

6tacpopov zpocpipov snqpsa&szat an6 nohho6q nap6yovzsq (npotozopia K a t  

npo~arspyaoia rpocpipou, pi0060 npoo610ptop06 zqq to00ippou ~hn.) ,  r a  6~6opEva 
rqq ptphtoypacpiaq yta iva ouy~s~p tp ivo  n p G v  nou np08p~ov~at  an6 Gta~opszt~iq 
nqytq, ouvfiooq 6tacpipouv no16 pszaE6 zouq Kat 6 ~ v  sivat apsoa ouyrpiotpa. 
rsvvfiOq~s hotnov q a v a y q  piaq npbzunqq psO66ou ps~pfiocw~ zov too9ippov, q 
onoia a v a n z 6 ~ e q ~ s  pioa oza nhaiota zou Euponako6 npoypappazoq COST 90. H 
np6zunq auzfi yEOo6oq sivat pia ozaztrfi t&ortcfi pEOo6oq, nou ~pqotponotsi 10 
copsopiva 61ah6yara ahazov yta q v  snizsuE,q omespfiq o ~ s z t ~ f i q  uypaoiaq. 'Ezot, 
oha m spyaozfipta nou ao~oAo6vzar ps pszpfiasy too0ippov npopq0~6ovzat ps iva 
noA6rtpo ~ p y a h ~ i o ,  hozs za anoz~htopaz~a zouq va sivat aysoa ouy~piotpu. H 
pt0060q auzfi ~pqo tpono t f i0q~~  ~ a z a  zqv ~pyaoia pas yta zq pizpqoq zov 
toootppwv zqq oouhzavivaq ozouq 30•‹C. 

0 t  to60~ppot zov zpthv 6~1ypazov napouotk&ouv p t ~ p i q  Gtacpopiq pszak6 rouq, 
nou ocpsihovrat ozo 6tacpopertco paOp6 wpipavaqq Kat rq 6tacpops~tKfi 
npo~azspyaoia caesv6q Gsiypazoq. H &owoq nou nsptypacpst Kahh&pa nq to60sp- 
psq ~ q q  o~acpi6aq (TE 610 zo ~6poq cv~pyozfi~ov vcp06 sivat q s&moq Halsey, svh 
a p ~ s z a  Kahfi npooiyytoq i ~ o u v  ot s @ ~ h o a q  Iglesias K a t  Chirife I Kat 11, q &@ooq 
Kuhn Kat q sE,iowoq Oswin. H skiowoq GAB, nou i ~ s t  npoza0~i oza nhaiota ~ o u  
COST 90, 6sv 6iva Kahq npooiyytoq 0s 6ho so ~6poq  zov sv~pyo~f i rov  V E P O ~ ,  

nsptypkcpst 6 p q  z y  to6Osppsq orq ~ E Y O ~ L E V ~  ((spnopt~fi)) nspto~fi E V E ~ ~ O T ~ ~ T O V  

vspo6 0.226 < a, < 0.753. 
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H axat~oljp~vq GXET~KI~  uypaoia ~ o u  ~ h p o u  a r r o e f i ~ ~ u o q ~ ,  yta 8ta~ilpqoq ~ q q  
r r ~ p t ~ ~ n ~ 6 q ~ a ~  uypaoiq . r q ~  o~acpi6a~ o q v  npfi 18% o r o u ~  30•‹C, ppio~txat an6 
r q  t~68Epp&~ 621 ~ i v a t  n~pixou 60%. 
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Introduction 

Several methods have been proposed for the determination of thiocyanate and 
thiosulphate ions',4. Belcher and co-workers determined thiocyanate and thiosulphate 
ions by oxidation with iodine in alkaline solution to sulphate ions. In both 
procedures, the excess of iodine is extracted with chloroform and then determined. 
Vasatova and Zyka6 oxidized thiocyanate and thiosulphate ions using cobalt (111). 
Attempts to utilize these oxidations quantitatively were unsuccessfui and only in 9N 
HCl solutions they stabilized the potential of the reactions in 10 min. 

In a previous work the oxidation of a number of inorganic and organic substan- 
ces with bis (trifluoroacetoxy) iodobenzene has been'studied in water - acetonitrile 
media2. 

In the present paper we report the olridation of thiocyanate and thiosulphate ions 
with bis (trifluoroacetoxy) iodobenzene which allows the indirect titrimetric and 
gravimetric determination of the above itwo ions. 

Experimental 

Reagents: Bis (trifluoroace~oxy) iodobenzene was prepared as it has been 
described previously 2, 3. 

Standard solution of bis (trifluoroacetoxy) iodobenzene was prepared by dissolv- 
ing the appropriate amount of it in acetonitrile. 

Potassium thiocyanate: The analytical reagent grade material, was dried ,under 
vacuum at 7 5 O  for 12h, was weighed out and dissolved in 11 of distilled water. This 
stock solutiqn was stable over a long period. 

The standardization of this solution was done by titration with silver nitrate solu- 
tion 'conductometrically5. 

Sodinm thiosulphate: A 0.100M solution was prepared Ey '.a titrisol ampule 
(Merck AE). This solution is stable for a period of time when kept inJdwk.~A .1.000 
X 1OP3M solution was prepared'daily and was used as the stock solution for in- 
vestigation of the determination of thiosulphate. 

This solution was standardized against iodine solution. 
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Recommended Procedure 

a) For the titrimetric determination of thiocyanate: To 5 ml of 5.07 X 10-3M KSCN 
was added 5 m1 of 2.19 X 10-2M reagent solution in acetonitrile, the mixture was 
diluted with water to 50 m1 allowed for 10 min and titrated with a 1.000 X 1W2N 
Na,S,O, solution to determine unreacted bis (trifluoroacetoxy] iodobenzene. 

Back-titration of unconsumed bis (trifluoroacetoxy) iodobenzene: An excess of 
potassium iodine was added to the above solution and the liberated iodine was 
titrated with standard solution of sodium thiosulphate2. 

PhI(OCOCF,), + 21- + I, + PhI + 2CF3COO- (1) ' 
From the difference between the total mmoles of bis (trifluoroacetoxy) iodoben- 

zene added and the unconsumed mmoles, we found the amount of the reagent reac- 
ted with the thiocyanate ions to sulphate, according to the following equation (2). 

SCN- + 3 ~ h 1  (OCOCF,), + 4H20 -4 SO; + 3PhI + 6CF3COO- + 7H+ + HCN 
(2) 

The above mentioned reaction must take place in a fume hood. 
b) For the gravimetric determination of thiocyanate: A 5 to 8 m1 aliquot of 
5.07 X 10-3M KSCN was added 3 to 5 m1 4.38 X lO-,M solution of bis 
(trifluoroacetoxy) iodobenzene in acetonitrile, allowed for 10 min, diluted to 100 m1 
and warmed for removal of acetonitrile. To the hot solution, a solution of 5 ml 
2.5 X 10-'M BaCl, - 2H20 was added under stirring. The white precipitate of barium 
sulphate formed settled down on digestion of 30 min on water bath leaving a clear 
supernatant fluid. The precipitate was filtered after 5 h through a filter paper (Green 
box, ashless) and was washed throughly with hot water. The precipitate obtained was 
dried at llO•‹C ignited and weighed as BaSO,. 
c) For the titrimetric determination of thiosulghate: To 8 ml of 1.00 X lOW3M 
Na,S,O, was added 5 m1 of 2.35 X 10-,M solution of bis (trifluoroacetoxy) iodoben- 
zene in acetonitrile, the mixture was diluted with water to 40 m1 all~wed~for 5 mn 
and an excess of K1 was added to this solution. The liberated iodine was titrated 
with standard solution of 1.00 X 1OP2N Na,S,O,. 

From the difference between the total mmoles of the reagent added and uncon- 
sumed mmoles we found the amount of the reagent consumed for the oxidation of 
thiosulphate ions to sulphate (3)'. 

d) For the gravimetric determination of thiosulphate: A 20 to 32 m1 aliquot of 
2.50 X 104M Na,S,O, was added 5 ml 2.35 X 10" solution of bis (trifluoroacetoxy) 
iodobenzene in acetonitrile allowed for 5 min and diluted with water to 50 m1 and 
warmed for evaporation of acetonitrile. Then the sulphate ions were determined as in 
procedure (b). 

Results and discussion 

Analysis of aqueous thiocyanate and thiosulphate ions gave the experimental 
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results shown in tables I and 11. Each mmol, as we can see from the reactions given, 
of thiosulphate and thiocyanate ions needs 4 and 3 m01 of bis (trifluoroacetoxy) 
iodobenzene respectivelly. 

TABLE I: Experimental results from titrimetric and gravimetric determination of aqueous 
thiocyanate solutions. 

Thiocyanate 0.0253 
0.0304 
0.0355 
0.0405 

Compound 
Added 
(mmol) 

a Average value of eight determinations + standard deviation. 

No of \ 

expts 
done 

8 
8 
8 
8 

a Average value of eight determination~ t standard deviation. 

Founda (mmol) 

TABLE 11: Experimental results from titrimetric and gravimetric determination of aqueous 
thiosulphate solutions. 

The successful titrations and gravimetric determinations of these compounds is 
due to the fast oxidation at room temperature. 

We had not interferences from the common ions such as Ca++, Mg++, Al+++, 
Ni++, CO++, Zn++, Cd++, NO?, PO,--, CH,COO- etc. 
We had interference from ions which participated in redox reactions with bis 
(trifluoroacetoxy) iodoben~ene(~9 

The authors wish to thank Dr. S. Spyroudis, Laboratory of Organic Chemistry, 
for a gift of the bis (trifluoroacetoxy) iodobenzene sample. 

By titration 

0.0233_+0.8x 1 0 - ~  
0.031 1+1.1x I O - ~  
0.0361_+0.9x 1 0 - ~  
0.0391_+1.2~10-3 

Summary 

Gravimetrically 

0.0249_+0.6x l C 3  
0.0301+0.7x l(r3 
0.0351+1.0x l(r3 
0.0409f1.1x1(r3 

Compound 

Thiosulphate 

-.- 

Thiocyanate and thiosulphate ions are oxidized by bis (trifluoroacetoxy) iodobenzene to 
sulphates which enable the indirect determination of these ions by back-titration or 
gravimetrically. Each mm01 of thiocyanate and thiosulphate ions needs 3 and 4 mmoles of the 
reagent respectivelly to give sulphate ions. 

No of 
expts . 
done 

8 
8 
8 
8 

Added 
(mmol) 

0.0050 
0.0060 
0.0070 
0.0080 

Founda (mmol) 

By titration 

0.0052+ 1 . 2 ~  10-4 
0.0058k2.1 X I O - ~  
0.0073f 1 . 8 ~  1OP4 
0.0077f2.5~ 104 

Gravimetrically 

0.0049k0.8~ l v 4  
0.0059_+1.4x 1 p  
0.0072_+2.6x 1C4 
0.0081f1.3~ l C 4  
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(trifluoroacetoxy) iodobenzene. 
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Kat ~ E ~ O ~ E ~ K O V  ~ ~ V T O V  p& aKE~0W~ptht~t) 6tah~pa 6 t z p 1 ( ~ ~ o p 0 a ~ ~ z 0 ~ ~ 1 0 6 0 ~ ~ v ~ o h i o u .  
Ta 0 ~ o ~ u a v t o 6 ~ a  Kat 0EtOeEttK~ t6vza og~t6hvovzat npoq 8 n t ~ u  Kat npoobtopi<ovzat 
ps E71.aVoy~Op6zpqo Kat ozaept~a. Bp60q~s nnpapazt~6, 671 K U ~ E  mm01 
0~to~uavuoO~ov Kat ~EEOOE~IKOV EOVTOV ~p~tcif&at 3 Kat 4 mmoles an6 TO av- 
zt6paoqpto avziozot~a yta va oc~t600~i X P O ~  0 ~ t t ~ a  tbv~a.  ME Paoq t q  ozot~-  
~ t ~ p ~ ~ p i a  auoq 6ivovzat Kat ot ~ q p t ~ 6 ~  ~@oOo~tq  05ei8~0oqq. 
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Introduction 

Many members of Cucurbitaceae produce seeds rich in oil and protein. Although 
none of these oils has yet been utilized on an industrial scale, they are used as cook- 
ing oil in some countries of Africa and Middle East'. 2. 

In Greece it has not been produced oil from such seeds, but pumkin seeds 
(Cucurbita pep0 and Cucurbita maxima) are consumed in large amounts in the form 
of salted dried seeds.3 They constitute a food rich in oil and protein. It should be 
pointed out that the plants-Cucurbita pep0 and Cucurbita maxima can be cultivated 
with good yields in sandy and fairly infertile soils without irrigation. The fruits of 
these plants constitute an important source of animal feed and simulataneously con- 
tain significant amounts of seeds. 

Although data on the utiliza+ion of various cucurbit seeds is extensive in the 
l i t e ra t~re .~  4, 6.  7. the present study was undertaken to determine the characteristics 
of oil from C. maxima and' C. pep0 seeds. They are utilized as food in the above 
referred form. Also the utilization could not only help maximize available resources 
but at the same time minimize waste disposal problems. 

Materials and Methods 

Preparation of the oil 
Ripe fruits of Cucurbita maxima and Cucurbita pep0 variety Thessaloniki (white) 

were collected from the same field with sandy soil, from the province of 
Didymotikhon Evros (Thrace) in August 1983. The r.ipe fruits were crushed and the 
seeds separated and sundried. The sundried seeds were then ground into powder us- 
ing a 2.00 mm sieve. Amounts of lOOg of the ground seeds were extracted with 
petroleum ether (b.p. 40•‹ - 60•‹C) in a Soxhlet extractor. After extraction of the oil 
the solvent was evaporated under reduced pressure. The obtained oil was kept in 
sealed bottles under refrigeration for further analyses. 

Chemical Analyses of Seeds and Oil 
Proximate seed analyses including determinations of moisture, crude protein, 

crude oil, crude fiberand ash content were performed in triplicate in accordance with 
AOAC  procedure^.^ 
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Chemical analyses of the oil including acidity, iodine value, saponification num- 
ber. unsaponifiable matter, Hehner value and Reichert44eissl number were perfor- 
med according to the AOAC  procedure^.^ All were determined in triplicate and the. 
mean values were reported. Refractive index was determined by an Abbe refrac- 
tometer with temperature adjustment (Bellingham + Stanley Ltd.). The ultraviolet 
spectra of the oils were made with oil solutions 0.20% w/v in cyclohexane (spectral 
grade). The solutions were analysed in l-cm quartz cells on a Varian 634 Spec- 
trophotometer with slit setting of 1.00 nm. 

Characterization of fatty acids 
The characterization of fatty acids was done by gas-liquid chromatography 

(GLC). The preparation of the methyl esters was performed according to AOAC 
pro~edure.~ The oil was treated with 0.5 N methanolic NaOH and BF,-MeOH. 
Methyl esters were extracted with hexane or ethyl ether and the extract was dried 
with anhydrous sodium sulfate. The analyses of methyl esters were performed with 
a gas-liquid chromatograph (Varian model 3700) equipped with a hydrogen flame 
ionization detector using a 0.3 X 210 cm stainless steel column packed with DEGS 
20%. The column was operated isothermally with a temperature of 170•‹C. Injector 
and detector temperature was 300•‹C. The carrier gas was nitrogen with flow rate of 
12 mllmin. The total flow rate of the gases (H,, N,, air) was 40 mllmin. Methyl es- 
ters were identified and quantified by comparing the retention time and peak area o i  
the unknowns with those of the fatty acid methyl esters standards. 

Results and Discussion 

The oil content of the seeds of two species, C. maxima and C. pep0 var. 
Thessaloniki (white) was 44.64% and 41.23% respectively, while the moisture con- 
tent was 5.44 and 5.37% respectively. The values of oil content are high and com- 
parable to those of other oil seeds such as sunflower, soybean and peanuti0- " as well 
as to other cucurbitaceae.2. 4. 6. 11. 12. 13. 14. 15. 16. 17 

The proximate composition of the seeds is presented in Table I. The crude pro- 
tein content was 29.32 and 30.14% respectively for C. maxima and C. pep0 var. 
Thessaloniki (white), values that fall in the reported range of 25-35%."-'7 The ash 
content. 5.51 and 5.18% respectively, was significant and as reported by Kamel et 
al." pumkin seeds may be good sources of minerals. Also, the crude fiber content 
was significant, 5.06 and 5.95% respectively. 

In the Table I are shown some physical and chemical characteristics of the ex- 
tracted seed oils. As we can see the oils from C. maxima and C. pep0 var. 
Thessaloniki (white) had similar characterictics. They had low values for acidity, un- 
saponifiable matter and Reichert-Meissl numbers comprable to other reported 
values. "-l7 However, these and Hehner value were in accordance with the values of 
other vegetable oils.i0 The saponification number was in the range reported in 
literat~re."-'~ The oils had relatively high iodine values, although lower from those 
reported by El-Gharbawi et a1.,I2 thus reflecting a high degree of unsaturation. 

The ultraviolet spectra of the oils in cyclohexane were identical and exhibited two 
maxima at 272 and 218-nm. The slight variation between hmax of these species and 
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TABLE I: Proximate composition of the seeds and characteristics of the seed oil extracted 
from C. maxima and C. pep0 var. Thessaloniki (white). 

Assay 

Value 

I C. maxima C. pep0 var. Thessaloniki 

Seed composition: 
Moisture. O/o 5.44 
Crude oil. %I 44.64 
Crude protein (Nx6.25). % 29.32 
Crude fiber. %I 5.06 
Carbohydrates (by difference), % 10.03 
Ash. % 5.5 1 

Oil characteristics: 
Acidity, % as oleic 
Iodine value, Wijss 
Saponification number 
Unsaponifiable matter. % 
Hehner value 
Reichert-Meissl number 
Refractive index. n (40•‹C) 

the literature values could be attributed to the environmental effect of other compo- 
nents present in the oils. 

In the Table I1 it is shown the fatty acid composition of the two oils. GLC analyses 
of the fatty acid methyl esters showed that the degree of unsaturation was over 80%. 
Linoleic acid (C,,:J was found to be the dominant fatty acid, 44.06 and 42.18% 
respectively, followed by oleic (C,,:,), 37.23 and 38.36% respective1.y. Total saturated 

TABLE 11: Fatty acid composition of crude oil of Cucurbita maxima and Cucurbita 
pep0 var. Thessaloniki (white) seeds. 

Fatty acids 
C. maxima C. pep0 var. Thessaloniki (white) 
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fatty acids were 18.19 and 18.71% for C.maxima and C. pep0 var. Thessaloniki 
(white) respectively. Palmitic acid (C,,,) was found to be the dominant saturated 
fatty acid. 12.25 and 13.10% respectively, followed by stearic acid (C,,:,), 5.54 and 
5.25% for the two species respectively. 

In very low quantities were found lauric (C,,:,), Hexadecenoic (C,,:,), linolenic 
(C ,, ,) and arachidic (C,,:,) acids. Myristic acid (C,,:,) was found only in the oil 
from C. maxima seeds. Both oils were found that contained heptadecanoic (C,,:,) 
acid. On the basis of these results the oils from C. maxima and C. pep0 var.' 
Thessaloniki (white) seeds fall in the linoleic - oleic acid oils category (semi-dried). 
They may be considered similar to several other vegetable oils such as corn, cotton 
and soybean oil. 

The results of this investgation show that pumkin seeds could be utilized suc- 
cessfully in oil extraction and as a source of protein concentrates. Such utilization 
could not only help maximize available resources but at  the same time minimize 
waste disposal problems. 

Summary 

The characteristics and composition of the crude oil extracted from Cucurbita maxima 
and Cucurbita pep0 var. Thessaloniki (white) seeds were examined. Data obtained for the two 
species were respectively: iodine value 103.89 and 102.50, saponification number 191.50 and 
199.70. unsaponifiable matter 0.62'and 0.78%, acidity (as oleic) 0.80 and 0.35%. Hehner 
value 73.15 and 72.95, Reichert-Meissl value 0.95, and 0.85 and refractive index (40•‹C) 
1.46 17 and 1.4615. The UV spectra exhibited two maxima at 272 and 218 nm for both oils. 
The major fatty acid was linoleic (C,,:,) at concentrations of 44.06 and 42.18% respectively. 
followed by oleic. 37.23 and 38.36% respectively. Also were found palmitici(CI6,,],~~2.25 and 
13.10%. stearic (Cl8,). 5.54 and 5.25%, and in very low concentrationslauric (C,,,), hex- 
adecenoic (C16.1). heptadecanoic (C,,,,), linolenic and arachidic (C2,,) acids. Myristic 
acid (C,,,) was found only in the oil from C. maxima seeds. The proximate composition of 
the seeds from the two species was respectively: moisture content 5.44 and 5.37%, crude oil 
44.64 and 41.23%). crude protein (N X 6.25) 29.32 and 30.14%, crude fiber 5.06 and 5.95% 
and ash 5.51 and 5.18%. 

Key words: Cucurbita maxima, C. pep0 seeds, composition, oil characteristics, fatty acid GLC analysis. 

ESsoaoeq~av ~a ~ a p a ~ o q p t o r t ~ c i  Kat o6v0soq roll ha6106 not) E K X U ~ ~ ~ ~ ~ K E  

an6  o n o p o u ~  m v  ~ t 6 h v  Cucurbita maxima lcat Cucurbita pep0 x o t ~ t h i a  OEO- 
o a h o v i ~ q  (hsu~o).  T a  oootxsia xou shTjcp0qoav yta oa 660 si6q Tjrav a v r t o o o i ~ o ~ :  
a p t 0 y 6 ~  tw6iou 103,89  at 102,50, a p t 0 y 6 ~  o a x o v o x o t j o s o ~  19 1,50  at 199,70, 
aoanwvonoiqoa o u o o a r t ~ k  0,62 Kat 0,78%, o ~ 6 r q r a  (oav shay~o)  0,80  at 0,35%, 
apt0yo5 Hehner 73,15 Kat 72,95, a p t 6 p o ~  Reichert-Meissl 0,95 Kat 0,85 Kat 6 s i ~ r q ~  
Gra0hdroew~ (40•‹C) 1,461 7  at 1,4615. Tct UV cpboyaza E6sttav 660 pkytora ora 
272  at 218 nm yta Kat oa 660 ha6ta. 
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To ~ 6 p t o  htnap6 o@.ipav zo htvchCii~6 (C18:2) G& o v y ~ ~ v z p h o ~ t q  44,06  at 

42.18% avztozoi~oq, a~ohov806ysvo an6 zo ~ h a ' i ~ 6  (C,,:,) 37,23 Kat 38,36% avzt- 
o z o i ~ w ~ .  Enioq~ av~vpi0qoav nahytmo 056 (C,,:,) 12,25 Kat 13,10%, ozsar t~o  
056 (C I8:O> 5.54 KCLt 5,25%, Kat G& n0h6 y t~p iq  o v y ~ ~ v z p h o ~ t ~  ~ C ~ O V P ~ K O  (C12:0), 
~ E K ~ E @ V O ' ~ ' K O  (Clh.[), 6 ~ ~ a ~ n z a v o ' i ~ o  h tvoh~vt~6 Kat a p a ~ t 6 1 ~ 6  (C2,:,) 
056. Mvp1oz1~6 056 (C14.0) P P C O ~ K E  yovo ozo ha6t an6 C. maxima. 

H npoosyytozt~~j o6v8soq zov onopov an6 za 660 ~ i 6 q  ?jmv avztozoixoq: 
vypaoia 5.44 Kat 5,37%, ha61 44,64 Kat 41,23%, n p o z ~ h q  (Nx6,25) 29,32 ~ a i  
30.14%. a~azipyaozsq ivq  5,06 Kat 5,95% Kat zicppa 5,51 Kat 5,18%. 
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Summary 

The fragmentation pattern upon electron impact at 70eV of the title compounds is 
studied. An interesting feature concerning the cyclodecane-ring derivatives is their fragmenta- 
tion mode via a transannular pathway as well as the appearance of an aza-propellane type 
fragment. A correlation between the mass spectra of the two classes of compounds is also 
made. 

Key words: Cyclodecane-l,6-dione bis-arylhydrazones, 9,lO-bis-arylazo-decalines, aza-propellane. tran- 
sannular. 

Introduction 
Oxidation' of the bis-arylhydrazones of cyclodecane-1,6-dione (1) with silver oxi- 

de leads to the formation of 9,lO-bis-arylazo-decalines (2). 

NNHAr 
Q A @ >  6 

NNHA? N=NAr 

(a): Ar=C,H, - (d): Ar=-C&, - NO,(-p) 

(b): Ar=-C,H4 - CH,(-p) (e): Ar=-C,H, - CH,(-0) 
(c): Ar=-C,H4 - Cl(-p) (0: Ar=-C,H4 - NO,(-0) 

In this paper the mass spectra of the above compounds are reported and their 
characteristic fragment ions are indicated and discussed. 

Results and discussion 

The principal fragment ions in the mass spectra of compounds (1) and (2) are 
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given in tabular form in Tables I and I1 respectively, while ge%neral fragmentation 
of the compounds (1) and (2) are given in Schemes 71 and 11- respectively. 

In all mass spectra of compounds (1) the molecular ion peak appears with low 
relative intensity, whereas the ion Ar-N; (1V)'appears to be the base peak or one of 
the prominent peaks in the spectrum with an exception for compounds (lb) and (le), 
where the prominent peaks are those of m/z 91 which probably correspond to the 
tropylium ion. An important daughter ion which appears with moderate relative in- 

TABLE I :  Principal fragment ions in the mass spectra of bis-arylhydrazones of cyclodecane- 
1.6-dione (I) .  

Compound 

( 1 4  mle 348 (31)M+', 346 (I), 256 (15), 241 (loo), 150 (14), 136 (S), 107 (77), 105 (54), 92 
(30). 77 (94). 

( 1 ~ )  mle 42014181416 (7)M+', 41814161414 (l), 2921290 (4), 2771275 (29), 150 (5), 1431141 
(68). 1411139 (loo), 136 (48), 113/111 (63), 77 (7). 

(Id) m/e 438 ( 2 ) ~ ~  ', 436 (2), 406 (l), 301 (<0.5), 286 (51), 152 (IO), 150 (loo), 136 (15), 122 
(96). 92 (69), 77 (51). 

TABLE 11: Principal fragment ions in the mass spectra of 9,lO-bis-arylazo-decalines (2). 

Compound 

( 2 4  mle 346 (5)M+', 241 (7), 136 (2), 105 (loo), 77 (99). 

m )  m/e 374 (12)M+', 255 (22), 136 (6), 119 (99), 91 (loo), 77 (9). 

(2~): m/e 41814161414 ( < 0 . 5 ) ~ + ' ,  2771275 (6), 1411139 (loo), 136 (23), 113/111 (45), 77 (17). 

(2~) ;  mle 41814161414 (2)M+', 2771275 (7), 1411139 (loo), 136 (13), 11311 11 (70), 77 (7). 

(2d) mle 436 (<0.5)~+ ' , '  406 (<0.5), 286 (4), 150 (loo), 136 (42), 122 (68), 77 (22). 

(2e)y mle 374 (<0.5)M+', 255 (<0.5), 136 (9), 119 (26), 107 (S), 91 (loo), 77 (12). 

(2e); m/e 374 (3)M:., 255 (5), 136 (l), 119 (49), 91 (100). 

(2f) m/e 436 ( < 0 . 5 ) ~ + ' ,  286 (5), 150 (loo), 136 (12), 122 (68), '77 (15). 

(2g)a m/e 406 (20)M", 271 (17), 136 (44), 135 (97), 107 (loo), 77 (46). 

a Compounds (2c), and (2e), are 9,lO-bis-arylazo-trans-decaline isomers, whereas compounds (2c), and 
(2e), are 9,lO-bis-arylazo-cis-decaline isomers. 

Compound (2g) is 9,lO-bis-(p-methoxy-pheny1azo)-decaline and has been received directly from the 
preparation reaction of the corresponding bis-hydrazone, which has not been isolated. 



MASS SP-WTRA OF SOME CYCLODECANE AND DECALlNE DERIVATIVES 99 

tensity is ion IM-ArNHNH]+ (111), which is formed from the molecular ion by a 
transannular scission of the arylhydrazine function. This transition is accompanied in 
all cases by the appropriate metastable ion peak and it has been also observed in the 
mass spectra of other bis-arylhydrazones2. Another transition confirmed in several 
cases by the corresponding metastable ion peak is that leading to the formation of 
ion [M-ArNHI+ (11). 

Scheme I .  Schematic representation of general fragmentation of bis-arylhydrazones of cyclodecar2e-1,6- 
dione (I). 

An interesting fragmentation pathway is that, which results to the formation of 
ion I, obviously by transannular elimination of hydrogen from the molecular ion, as 
follows: 

+, +. 
N ~ ? J A ~  

+l N - N A r  bJ N = N A r  + 2H 

c;, 
M+' (1) 

Analogous transannular reactions have been observed upon oxidation of bis- 
arylhydrazones (1) with lead tetraacetate or silver oxide'. The ion of m/z 1 5 0  is 



I O U  F.LIZAHI:.Tti MALAMIDOU XRNIKAKI 

found in all spectra and it is probably attributed to the propellane type ion 
the cases of compounds (Id) and ( I f )  of course the peak of m/z 150 also 
ponds to the ion 0,N-C,H,N;. A typical mass spectrum of compound 
shown in Figure 1. 

(V). In 
corres- 
(la) is 

548 

L 

Figure 1. Mass spectrum of the compound (la). 

The fragmentation pattern observed in the mass spectra of the 9,lO-bis-arylazo- 
decalines (2) is quite simple. In these spectra the molecular ion appears with low in- 
tensity. whereas the base peak is that corresponding to the ions (IV) or (VI). Scission 
of one arylazo- function from the molecular ion leads to ion [M-ArN,]' (111), which 
appears with low to moderate relative intensity. This transition is followed in some 
cases with the appropriate metastable ion peak (Scheme 11). 

It is of interest to mention that the present compounds (2) lack of any peak 
corresponding to the [M-ArN1' ion although this ion peak has been found to be one 
of the most prominent in the mass spectra of 1,2-bis-arylazo-ethylenes3. 

Figure 2 is a representation of the mass spectrum of compound (2b). 

In conclusion, comparing the mass spectra of compounds (1) and (2) we notice 
similarities as well as differences concerning their fragmentation patterns. Thus, they 
both show in the mass spectra the presence of the molecular ion in low relative inten- 
sity and the ion ArN; as base peak or one of the most prominent. A difference ob- 



MASS SPECTRA O F  SOME CYCLODECANE AND DECALINE DERIVATIVES 

Scheme 11. Schematic representation of general fragmentation of 9,lO-bis-arylazo-decalines (2). 

I! .I dl II b I C 
I I 

100 200 300 
m/z - 

Figure 2. Mass spectrum of the compound (2b). 
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scrvcd is the complete absence of any ion of mlz 150 in the spectra of bis-arylazo- 
dccalincs (2) except from the cases of compounds (2d) and (2f) where it corresponds 
to the nitro-phenylazo- group. Additionally, an interesting point in the spectra of the 
bis-arylhydrazones (I) is the appearance of the 9,lO-bis-arylazo-decaline ion (I), 
resulting by abstraction of hydrogen from the molecular ion. 

Experimental 

All mass spectra were run at 70eV on a RMU-GL Hitachi-Perkin-Elmer single 
focusing mass spectrometer, using the direct probe insertion for the samples. Probe 
temperature was in the range of 100-290•‹. 

The compounds studied were prepared according to the following procedures: 
Preparation of bis-arylhydrazones of cyclodecane-1,6-dione (I). The bis-aryl- 

hydrazones (1) were prepared upon treatment of cyclodecane-1,6-dione with two e- 
quivalents of the appropriate arylhydrazine in ethanol solution at room tempera- 
ture l.". 

Preparation of 9,lO-bis-arylazo-decalines (2). The 9,lO-bis-arylazo-decalines (2) 
were received by the oxidation of bis-arylhydrazones of cyclodecane- l ,6-dione (1) 
with silver oxide. The oxidation5 was carried out under reflux in ether solution and 
the products (2) were received in high yields (90-loo%), except from nitro- com- 
pounds (2d) and (2f) which were received in almost 20% yield. 

Crqv spyaoia aurq yivszat yehizq zwv cpaoparwv pachv ~ a z a  ro poypapGtoyo 
ys GEoyq q h ~ ~ r p o v i o v  os 70eV rwv npoavacpspopEvwv ~vhoswv. Ot Gtapuho- 
u6pacovs~ TqS K U K ~ O ~ E K ~ V O ~ ~ O V ~ ~ ~ - ~ , ~  (1) & / . ~ ( ~ U V ~ ~ O U V  P ~ K P ~ S  ( T X E T ~ K ~ ~ ~  E V T ~ G E O ~  

yop ta~a  tovra, ~ v h  m onouGat6rspa Bpadoyam nou rcapazqpodvzat sivat auza nou 
npo~dnrouv p& U ~ E P K U K ~ ~ K ~ ~  anoonaq  U ~ P O Y O V O U  fi yta5 oyaGa5 ArNHNH-. 
X a p a ~ z q p t o n ~ q  sivat sn ioq~  Kat q ~pcpavmq tovz05 PE mlz 150, ozo onoio 
ano6i6sml q npon~hhavt~od z6nou 6oyq (V). Mt~porspo ~vGtacpEpov rcapouora~ouv 
ra  cpkoyara yat;hv zov 9,10-6tapuhacw-6&~aktviwv (2), oza orcoia ~ r c i q ~  &p- 
cpavicsrat plapfi~ ~ X E T I K T ~ ~  E V Z U ~ E W ~  yopta~o dv.  
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Introduction 

Ergosterol (provitamin D,) is the predominante sterol component of most fungi 
and is either absent or a minor constituent in most higher plants', and to my 
knowledge, there is no mention up to day of its presence in Pine pollens. 

Analysis of pollen sterols from several plant species, including pine species, by 
gas chromatography and mass spectrometry as their acetate or trimethylsilyl ether 
derivatives, yielded mainly P-sitosterol or 24-methylene-cholesterol as the main com- 
ponents and cholesterol, stigmasterol, campesterol and desmosterol as minor con- 
stituents, but the presence of ergosterol was not ~onfirmed.~ These results can be 
compared to the distribution of the predominant pollen phytosterols found in Pine 
species, p-sitosterol in Pinus sylvestris, P. mygo and P. montana, campesterol and 
cholesterol in P. montana and 24-methylene-cholesterol in P. ~ylvestris.~ Several stan- 
dard phytosterols have been analyzed by gas chromatography as trimethylsilyl ether 
derivatives on varioys column substrates5, 6, including ergosterol6, but only 
cholesterol, stigmasterol and P-sitosterol have been determined in the free form5. 

Free sterols and ergosterol can be succesfully separated on a preparative scale by 
liquid column chromatographic methods but the required elution times are very 
long7. Thin layer chromatography (TLC) on reverse phase mode has provided 
satisfactory separation of ergosterol8 but this method is also time consuming. 

High pressure liquid chromatography (HPLC) on reverse phase mode was used 
for the separation of ergosterol from other sterols, as their acetate derivativesg and 
the reverse phase HPLC separation of ergosterol from other sterols in the free form 
has so far been only partially suc~es fu l~~ .  Normal phase HPLC determination of 
ergosterol has been used by Seitz and coworkers as a mesure of fungal growth by 
UV detection at 282 nmll. 

In this paper the isocratic normal phase HPLC analysis of ergosterol by UV 
detection at 292 nm is reported. At this wavelength no interference from other sterols 
is observed. The above results were confirmed in the analysis of the pollen sterol 
fraction from the common in mediterranean climate P. halepensis species. 
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Experimental 

Materials 

Pollen was collected by hand from the Pine tree Pinus halepensis (Miller) in ear- 
ly May at Chalandri of Attica (Greece). All reagents and chemicals were of 
analytical grade (Merck, ~armstadt ,  F.R.G.). Standard plant sterols were purchased 
from Supelco (Bellefonte, Pensulvania, U.S.A.) and HPLC solvents from Ruthburn 
(Walkerburn, Peeblesshire, Scotland, G.B.). TLC was performed on 20cm X 20cm 
glass plates coated with silica gel G, 0.50mm thikness. 

Instrumentation 

Perkin-Elmer (Norwalk, Connecticut, U.S.A.) instruments were used throughout 
this work. 

HPLC analyses were performed with a Series 3B liquid chromatograph fitted 
with a Rehodyne, model 7105, loop valve injector and equipped with a model 551 
UV-VIS spectrophotometer as detector, fitted with 8 p1 special HPLC flow 
microcells. 

The above equipments were coupled to a model 2 integrator-calculator printer 
and a model 550 recorder. 

UV spectra were obtained by the model 551 spectrophotometer, fitted with 1.0 
m1 special cells and were recorded on the model 550 recorder. 

Methods 

Total pollen lipids were extracted by the method of Kates12. Total free sterols 
were separated from other lipid classes by the unidimentional TLC system ether- 
acetic acid, 100:3 (VIV) up to Rf 0.4 followed by petroleum ether (b.p. 40-60•‹C) - 
ether-acetic acid, 80:20:1 (VIVIV) and were purified by TLC using the system 
petroleum ether (b.p. 40-60•‹C) -ether-acetic acid, 80:20:3 (VIVIV). The recovery of 
sterols from the plates was effected by extracting the scrapped off silica bands with 
chlorofrom-methanol, 9 : 1 (VIV). 

The HPLC chromatographic conditions are given in the figure legend. 

Results and Discussion 

By an our recent work pollen lipids of P. halepensis have been isolated and iden- 
tified13. The total lipid content of pollen was found 2.5 k 0.2% and the sterol content 
1.254% of total lipids. p-Sitosterol was determined by gas chromatogrpahy as the 
predominante component (0.958% of total lipids) followed by ergosterol (0.154%), 
stigmasterol (0.095%) and cholesterol (0.025%), but the ergosterol and carnpesterol 
standards were partially overlaped and no complete separation could be achieved 
although several chromatographic conditions were tested. Therefore HPLC was em- 
ployed for additional determination and quantitation of ergosterol. 

UV spectra of plant sterol standards were obtained as 0.02% solutions in 
chloroform. As is shown in Fig. 1, stigmasterol, desmosterol, p-sitosterol, cam- 
pesterol, cholesterol, lanosterl and ergosterol standards possess h maxima in the 
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FIG. 1: UV spectra of plant sterol standards. Concentration, 0.02% each sterol in chloroform; sample 
volume 0.5 ml; Scan 10 nmlrnin; 2.0 a.u$s.; curves: 1, stigmasterol or desmosterol; 2, P- 
sitosterol or campesterol; 3, cholesterol; 4, lanosterol; 5, ergosterol. 

FIG. 2: HPLC analysis of ergosterol. Chromatographic conditions: column, Perkin-Elmer, Silica AI10 
(stainless steel, 25 cm X 2.6 mm I.D.); mobile phase, isopropanol-cyclohexane (1:99, V/V) 
with isocratic elution; detection, UV 292 am, 0.2 a.u$s.;jlow rate, 1.0 rnllmin; temperature, 
ambient; injections, 100 p1 chloroform solutions. A; Sterols from 5 mg total lipids of P. 
halepensis pollen. B, 0.01% ergosterol standard. C, mixture of plant sterol standards (0.01% 
each) exept ergosterol. The peak at 230 sec. tested by TLC (8) = impurities. 
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205-215 nm region. Ergosterol possesses also h maxima in the 262-292 nm region. 
The absorbance of cholesterol (and lanosterol) at 280 nm may be owning to its 7- 
dehydro-artefact which anyway is minimized at 292 nm. The detection, therefore, of 
ergosterol at 292 nm is free from interferences from the other pollen phytosterols and 
also from other, usually found in plants, absorbing phytosterols. 

Following the above methodoloty only one peak was obtained from the HPLC 
analysis of P. halepensis pollen sterols, corresponding to ergosterol, Fig. 2A. Quan- 
titative determination of ergosterol in the P. halepensis total lipids furnished a value 
of 0.134% when compared with standard ergosterol runs, Fig. 2B. It is also worth 
noting that, as already stated above, a mixture of the aforementioned standard 
phytosterols, exept ergosterol, could not be detected and identified by HPLC at this 
wavelength, Fig. 2C. 

By these means ergosterol was identified and determined quantitativelly in the 
free sterol content of a pine species without interferences from the other phytosterols. 
The determination was performed without derivatization of ergosterol, as in the 
previously reported reverse phase method9. In addition in the represented method, 
ergosterol is alouted in about 3 min at a flow rate of 1 ml/min (with the mobile 
phase isopropanol-cyclohexane 1 :99 V/V) and as compared to the aforementioned 
reverse phase HPLC methodsg, l0 and to the 9 min and 1.7 mumin (with the mobile 
phase dichloromethane - cyclohexame 1:99, V/V) of the method of Seitz and 
coworkersll, has the advantage of economizing time and solvents. This advantage is 
essential for experiments involving a large number of samples. 

Summary 

A rapid isocratic method for the idendification and quantitation of ergosterol in a sterol 
mixture by high pressure l iqm chromatography and detection at 292 nm, is described. At 
this wavelength no interference from other common plant sterols is observed. Lipids are injec- 
ted in 100 p1 of chlorophorm on a silica column and eluted with a solvent mixture of 
isopropanol - cyclohexane 1:99 (V/V) at a flow rate of 1 rnl/min. The above results were con- 
firmed in the pollen sterol fraction of the pine species Pinus halepensis (Miller) and ergosterol 
was found 0.134% of pollen total lipids. 

Key Words: Pine, Pinus halepensis, pollen, TLC, UV, sterols, ergosterol. 

Abbreviations 

HPLC, high pressure liquid chromatography; TLC, thin layer chromatography; 
SF, solvent front; UV, ultraviolet. 

HPLC avdAooq zqc epyoazepdilqg, and zq y6py zoo ne6~ov  Pinus halepensis 

CE auzjl zqv ~pyaoia napouot6c~zat q av6huoq ~ q q  ~pyoozspbhqq p& uypq 
~popazoyparpia uyqhjlq niaoqq (HPLC) an6 Eva ~i60q p ~ o o y ~ t a ~ 0 6  ~ E ~ K O U ,  70 

Pinus halepensis (Miller), p& avipmmj  zqq ozo un~ptQ6~q (UV) (SE ~ K O S  ~i)pazoq 
292 nm, ozo onoio ot 6hh~q rpuzooz~pbh~q zqq y6pqq 6&v anoppocpoih. 
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H k~houoq tlqq &pyoo~&p6hqq yiv~zat os  ozilhq Silipa AI10 p& zo piyya 
Gtahu~hv toonponavohq - K ~ K ~ o & ~ & v ~ o ,  (1:99, K.o.) oTa 3 h&nzk xspixou, p& pofl 1 
mllmin. 

H ~ C E P ~ E K T ~ K ~ T ~ ~ T ~  TV5 & P Y O ( ~ Z E P ~ ~ ~ ~ ,  7COU ~ V L X V E ~ E T ~ ~  Yla X P ~ Z ~  (pop& OTa 

~ovocp6pa, PpkOq~s 0.134% ~ o v  ouvohlchv htxost6hv ~ q q  ~6pqq.  
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