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MIXED GAS ADSORPTION ON HETEROGENEOUS SURFACES

P. NIKITAS, A. ANASTOPOULOS and D. JANNAKOUDAKIS

Laboratory of Physical Cherhistry, 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 papers!-3 the pure gas adsorption on homogeneous and heterogeneous
surfaces as well as the mixed gas adsorption on homogeneous surfaces have been
studied by mieans of the lattice theories of statistical thermodynamics. Here this type
of treatment is extended to mixed gas adsorption on heterogeneous surfaces.

' As in the papers23 a generalized lattice model for the adsorption layer is
suggested and analyzed. The localized as well as the mobile adsorption on random
and patehwise heterogeneous surfaces are coming out as specific cases of this model.

II. Heterogeneous Adsorption of Binary Gas Mixtures
1. General equations

We make the same assumptions as in the case of unimolecular pure gas adsorp-
tion on heterogeneous surfaces?. 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 1 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: '

= L! 7 ( U, )Nl
= N,! N,! (L—N,—N,)! Qin (1) 9t (1) €XP 37

Q

(ain @) ac) exp E{. RS %ST(—))—) )
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where u(0) = ¢ {6 u;, (0) + 63 uy, (0) + 28,6,u,, (0)} (2
and 6;=N;/L,i=1,2 3)

In these equations qjy j) and qi (j) are the internal and the translational partition
functions of an adsorbed molecule of type i (= 1,2) respectively, Uj is the in-
teraction energy of the ith type molecule with the adsorbing surface, c is the
coordination number of the lattice of the adsorption surface and ugy (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 the adsorbing surface.
We denote by L;j the number of cells with adsorption energies Uy; and U,;.

Then we have:

=N Lj )

i

]

Let & be a distribution &,,, &5, ..., &, &;5, ... Of the N molecules of the adsorp-
tion layer into the various cells. Then £y denotes that the number of molecules
of type k (=1, 2) —each one of which interact with the adsorption surface with
an energy Uy (I=i or j) — is equal to Ng .

For every & distribution Eq (1) can be written as:.

Lu (0) Lyt . .
Qé:e"p(__ikT)' Ny TN TNy —Ner 4+ 98
i i §2j'( G—Ng ™ ﬁzj)' :
Uy L
where k1= din (kI) * dt (k1) €XP 37— > k=1,2 , I=iorj

N=N,+N,= }.: N?in"”..\_1 Ne
, .

-S2j
J

and u(0) =c {62 u,, (0) + 02 u,, (0) + 26,8, ,, (O)F

©)

(6)

Q)

®)

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:

u(0)= c\_ {6%;u;; (0)'+ 63u,, (0) + 20;; @2ju;, O)f

)

where Bk = Ng /Ly

©)

(10)
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The total partition function Q is the sum of the partition functions Qg:

an ' Q=;Qg

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

II’lQ— \ {Lll‘l Ll_] NEJ In NE,.li
= X ij T N. _N. i .
; Lij— Ng,;— Ngy " Lj—Ng,—Ng,
— Ng,. In % + Ng,. In (G - 1)
" Lij—Ng, ~Ng,
. Ne U, NgUy Lu (0)
+ Ngy In (Qin 2 Ge) + ilir T = T (12)
2. Mobile adsorption on a random surface
In this case we have: :
2nmikT
qt(k]): h—2 afk]= ;\’k ) afkl (13)

and if we assume that in the case of a random cell distribution the free area is given
by1-3~5:

ag, = (1-0) o (14)

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

Hg, dInQ Uy B
KT (aN%) R i 30 N ()
0 c
where k=12 1=iorj,m=1,2m#k and d =29, + 9, (16)

The adsorption isotherms result from the following equilibrium relations:

My, = o k=12 am

gas

where p}

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 Egs. (17) may be ex-
pressed by:

| A KTq® (k) Ok 0 Uy

. InPyp =1 + + —
k O - (1—0;—0, (1—-6) 1—-6 kT

+ o 0k 0+ 0,1, O) (18)

If the systerﬁ of the isotherms (18) is solved with respect to 0y, then 0y, is obtained
as a function of Py, 0y and Uy

0kl = O (Pv Pz’ 91, 925 Uy, Uzl) (19)

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:

[ [x (U, Uy)dU,dU, = 1 ‘ (20)

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:

0= | [ Oxx (U,, U,) dU,dU, (21)
The total adsorption isotherm is the sum of the partial isotherms 21):
B(Pl’ sz T) = el(Pla Pza T)+ 02 (Pl’ st T) . (22)

Therefore the determination of the adsorption isotherm requires the solution of
the system of integral Egs. (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 Eqgs. (8) and (14) we have Egs. (9) and (23):

ag, = (1—6x) @ . (23)

Therefore the chemical potentials of the adsorbed molecules on cells Lj; are given by:

Hey o 0k 0+ 02j c
B - 0
- =In =0, 0, M- o + o (0, Ui () + O, Uiy O}
U
— —In (q;, (K1) Axw) (24)

kT
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where 1, =i or 1, =] depending on whether k=1 or k=2 and I, (=i or j) # I,.
The corresponding adsorption isotherms are expressed by:

A2 KTqE™ (k) 0, 0, + 0, Ui
InP, =In —% 2 +In + L9 -~
Sk N OQ;p (ki) (1—06;— e2j)2 1-6,;— 92j kT
c .
T {85,ukk (0) + emlzp,; ©) (25)

Obviously these isotherms cannot be solved analytically with respect to 0y;. Thus, as
in the case of pure gas adsorption on heterogeneous surfaces, the use of numerical
methods is necessary to obtain Oy as a function of Py and Uy:

ekl = @k' (Pl’ st Ull’ U21) (26)

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

- 4.'Localized adsorption

In this case we have q,;,=1 and the resulting isotherms are the following:

- MPkTqpk) _ Uk O c
InPy = In B ——— +In + ~—— {BxujK(0)
k Ain [(3)] kT 1— GH - 92) kT kk
+ Bmuy, 0)) 27
and
- MPkTq¥(k) ~ Uy O c

InPy=In ———0— — I : 01,20

nbPy =In I T +In =6, 6, + kT { kllun( )
+ Bpml,uy (0)) (28)

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

In the limiting case where uyy (0) =uk (0)=0 and g, =q(T) the isotherms
(27) and (28) are reduced to:

By = _PiAkexp Uw/kT) k=12 l=iorj (29
1+ P,Aexp :(J'Il‘l + P,A,exp E,sz
where A= a(D (30)
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and therefore we have

0= [[Bix (U,, U,)dU,dU, 31

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

x(U,, U,)= TmlU;m—exp(— lljjllm )exp(— [I)J;m) (32)

where U ... U,, represent the mean adsorption energy over all sites of positive ad-
sorption energy, then Egs. (31) can be reduced further to the Freundlich isothermss.”
Indeed from Egs. (31) and (32) we have:

0 _f{ IJ' P,A exp(U,/kT)exp (= U,/U,,) } 1
‘_ U, J 1+P,Aexp(U /T + P,Aexp (U,/kT) ' U,
exp (—U,/U,,)dU, (33)
U U
Now if we assume that U: ZF:—ZI (34).
and we integiate Eq. (33) between the limits —oo and + « we find
nkT/U,, P.A
91= : 1 . 143 (35)
sin (nkT/U,,,) (P, A+ P,A,)! ¥ T/Uim
from which the well known Freundlich isotherm is obtained:
P U,
In XII = k"ll“m In6 + const. (36)

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:

P,A, . { 1+ (P,A; +P,A,)eVAT }

0, =ckT 37
1T B A, DA, 1+ P,A, +P,A, @7
and also an analogous isotherm for 6,.
Therefore
1+ (P,A, +P,A,) VAT
0= ckT In @A, + PA) e (38)

I +PA +P,A,
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This isotherm can be reasonably considered as a generallized form of Temkin
isotherm in the case of mixed gas adsorption.

ITI. 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:

Qe=exp (— ) IT { IT(aw,) i} 39

i lk_[ Ngkik! (Li—ZNgkik)! k

L

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

ki, = in i) Deiy) SXP (Uklk/kT) (40)

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

u@=cN {6u(0) +2 N 0,8y (0)} (41
k k<1
whereas for a patchwise surface we have
u@=c N\ {6 k,kUkk 0 +2 \ Oy, O, uk1 ()} - - (42)
T X k<1
Following the same procedure with that of binary adsorption we obtain in general
Ok, = Ok (P, U, 6) (43)
for the random surface;

and ki, = Ok (P, U) ‘ - (44)

for a patchwise heterogeneous surface, where P= (P, P,, ..., Pr), U=(U,, U,, ...,
U, and 0=0,, 6,. ..., 0p).
For a continuous distribution of the adsorptlon energies, the surface coverage for
the k component is

0= [ Ox (U)dU (45)
where the r-dimentional distribution function x satisfies the condition

[x@du=1 (46)
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The solution of the system of the r integral Eqs. (45) together with the relation:
8P)= \ 0 47)
k

leads to the total adsorption isotherm of the system.

Tepidnyn

Ipocpopnon uiyuatos aspiov GE ETEPOYEVEIS EMPAVEIES

H epyacio avti omotelei emnéktaon koL YEVIKELOT TPOTYOLUEVOV EPYACLDV
nGVO 6TV TPOGPOPNoN aspiov. Tvykekpwéve upeetdtar oe Bewpnrikd eninedo 1
TPOCPOPNON UiYHATOG T' 0EpimV TAVH OF EVEPYELOKA ETEPOYEVEIG Em@aveleg. "Ommg
KOl GE TPOTYOVUEVEC EPYAsies, mpoteivetal kol avalvetar pue Bdon T otatotikn
fepuodovauixf éva yevikevuévo mAeyuatikd povtého tng otPddag mpoopoenong,
anod TO OTNOi0 RPOKDLMTOLV GOV UEPIKEG TEPIRTMGCEIG T KIVNTH KOL T TOMIKM
npocpoenon. Ot 166feppeg mpoopoenong npokvrtovv - pue ™ Ponbewr g
npocéyyiong tov Bragg-Williams xov npocdopiloviar and éva cdomnua r
OALOKANPOTIKOV gEICOCEWDV.
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EIN VERGLEICH DER LEWIS-BASIZITAT VON N,N-DIMETHYL-
FORMAMID MIT N,N-DIMETHYLTHIOFORMAMID.

WASSILIOS DIAMANTIKOS

Institut fiir Anorganische Chemie der Universitat Stuttgart, Pfaffenwaldring 55, D-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 fiihrt zu der Frage nach der relativen Stédrke der Lewis Basizitét
beider Amide bzw. nach deren Bau und Elektronenverteilung. Die NMR-Spektren
der Amide und deren Borane, sowie andere experimentelle Fakten aus der Literatur
ermdglichen 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 pridparativen Darstellung von Amin-,
Amid-oder Ammoniak-Boranen verwendet werden'. '

N-Lewis~Base

2 NaBH, + 1/8 Sg BH,-N-Lewis~Base + H, + Na,§ (1)

4 3

Wendet man die Reaktion nach Gl. (1) 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;) herriihrt!.
Wihrend aber fiir das DMF-BH, auch der direkte Weg zu seiner Darstellung iiber
einfaches Einleiten von Diboran in DMF eingeschlagen werden kann,

CH3 CH3 o
L - . N 4 (2)
- 2HB~N -C
BH, + 2 N c\\ 3 N
| o | (o}
CH3 CH3

ist eine analoge Lewis-Siure-Lewis-Base-Reaktion mit DMTF nicht mdglich. -
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CH, CH,
1 A e e A
B)H. + 2N -C —ff—= 2HB-N -C {3)
276 | N 3 | X
s
s
CHB. CH3

Das DMTF-BH, ist deshalb nicht auf diese Weise, sondern ausschliellich durch die
Uberfiihrung der Carbonylgruppe ‘des DMF-BH, in die Thiocarbonylgruppe
zugénglich:

CH, . CH,4
e le © Lur e '®o 8 o
HyB - N -Cy *SH — HB-N -cC + OH (4)
| 0 [ \S
CH, CH,
Experimentelles

In einem 250-ml-Dreihalskolben, versehen mit KOH-Trockenturm und Sub-
stanzbirne, werden zu 4,0 g (0,105 mol) NaBH, 150 mol DMF hinzugegeben. Im
Laufe von 2 h werden 3,2 (0,1 mol) S; eingetragen. Die Aullentemperatur betrégt
etwa 60°C.

Nach beendigter Reaktion destilliert man, ohne vorherige Abtrennung der
Polysulfide, das DMF-BH, zusammen mit DMF bei 40°C in Olpumpenvakuum. Im
Anschluf3 daran 4Bt man die Temperatur langsam bis auf 80°C ansteigen, wobei
eine hellgelbe Fliissigkeit iiberdestilliert, die neben DMTF-BH; noch DMF und
DMTF enthilt.

Zur Herstellung groBerer Mengen an DMTF-BH; empfiehlt es sich, die direkte
Thioformylierung durchzufiihren!.

Zu eine vorgelegten Losung von DMF-BH; in DMF gibt man einen Uberschuf3
an Na,S. 9H,0 sowie etwas Sg; man erwdrmt nun auf 60°C und gibt gleichzeitig
einige ml HCI (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, erscheint. Die destillative
Trennung erfolgt nach obigen Angaben. Ist das Dest111at,_€an Produkt hinreichend
konzentriert, so werden beim stehenlassen im Laufe von zwei Wochen im
Kiihlschrank farblose Kristalle abgeschieden, die fiir die 'H-NMR- Untersuchung des
Produkts benutzt werden kdnnen.

Sédmtliche chemische Verschiebungen sind fiir die 'H-NMR-Spektren auf TMS,
fir die "B-NMR-Spektren auf BF;0 (C,H;), als externen Standard bezogen. Positive
8-Werte bedeuten eine chemische Verschiebung nach niederer Feldstérke rélativ zum
jeweiligen Standard.

Die 'B-bzw. 'H-NMR-Spektren wurden mit dem Bruker WP 80 und WP 60
Kernresonanzspektrometer registriert. Fiir die Darstellung der beiden Borane wurden
die im Handel erhiltlichen Amide DMF und DMTF verwendet!.
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Deutung der experimentellen Befunde.

Die Tatsache, dal DMF-BH, leicht durch eine Lewis-Siure-Lewis-Base-Reaktion
nach Gl (2), DMTF-BH, dagegen auf analoge Weise, d. h. nach Gl (3), nicht
erhalten werden kann, wirft die Frage auf, weshalb sich die beiden Lewis-Basen
DMF und DMTF gegentiber derselben Lewis-Siure BH, so unterschiedlich
verhalten. Aufgrund der groleren elektronenziechenden Wirkung der Formyl-
gegeniiber der Thioformylgruppe wire an sich am N-Atom des DMF eine grofere
Verarmung an Elektronenladung zu .erwarten, als am N- Atom des DMTF. Dies
hétte jedoch zur Folge, dall das DMTF eine stirkere Lewis-Base als das DMF wire,
und dies steht nicht im Einklang mit den experimentellen Ergebnissen, die-das DMF
als die stdrkere Lewis-Base festlegen. :

Das 'H-NMR-Spektrum des DMF und DMTF indessen zeigt, daf} das freie
Eletronenpaar des N-Atoms beider Amide starken p-Charakter haben muf3, eine
Schlullfolgerung die unmittelbar aus der magnetischen Nichtiquivalenz der
Methylprotonen beider Verbindungen gezogen werden kann. Die daraus resultierende
sp?-Hybridisierung des N-Atoms bzw. die Planaritit beider Amide ist zumindest fiir
das DMF" auch durch Elektronenbeugung in der Gasphase sichergestellt worden2
Fiir die beiden Amide lassen sich relevante 1,3-dipolare Resonanzstruckturen for-
mulieren?:,

CH3 H CH3 o H
N = - N Ve
N-C - N =C ;
7 e N_ 8
CH CH Q
3 3
I IT
CH3 H CH3 H
~ - s ~ @ -
N - C - N =C
7 N Ve N_ ®
s ]
CH3 CH3
ITI Iv

Wendet man hier qualitativ die Hiickel-N#herung an®, d.h. betrachtet man c-und
n-Elektronengeriiste der beiden Amide als unabhingig voneinander, so wird deutlich,
warum die groBere elektronenziehende Wirkung der Formyl-gegeniiber der Thiofor-
mylgruppe nicht unbedingt zu einer verminderten Basizitdt des N-Atoms"des DMF
zegeniiber dem des DMTF fiihren muf3: Der groBere -I-Effekt der Fgrmyl—gegeniiber
er Thioformylgruppe wirkt sich ausschlillich im o-Geriist, dagegen nicht im -
Geriist des DMF aus. Die gegen die Erwartung groBere Lewis-Basizitdt des DMF im
Vergleich zum DMTF 1t sich demnach befriedigend erkldren, indem man fiir die
1.3-dipolare Resonanzstruktur IV einen wesentlich groBeren Beitrag bei der
Beschreibung des DMTF annimmt, als der Beitrag der Resonanzstruktur II fiir das
DMEF. Tatséchlich 1463t sich diese Annahme durch eine Reihe von iibereinstimmenden
experimentellen- Fakten zusdtzlich stiitzen. So ergaben die Messungen ' der
Dipolmomente der beiden Amide, da3 das Dipolmoment des DMTF mit:4,37 Debve
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grofler als das grofle Dipolmoment des DMF mit 3,86 Debye ist’. Dieser
iiberraschende Befund 148t sich durch das hohe relative «Gewicht» der dipolaren
Resonanzstruktur IV erklidren. Daf} die Resonanzstruktur IV eine gréBere Bedeutung
als die II hat, geht auch daraus hervor, daf} die Torsionsbarriere beim DMF 21
kcal/mol gegeniiber~28 kcal/mol beim DMTF betrigt, und daB daher die freie
Drehbarkeit der Dimethylaminogruppe des DMF bei 120°C, des DMTF dagegen erst
bei 175°C erreicht wird3<.

Der aus der Resonanzstruktur IV resultierende Merkaptid-Charakter des DMTF
ist sogar so stark ausgeprigt, da8 man mit CH,I eine ' S-und nicht etwa eine N-
Methylierung erreichen kann’. Einen zusitzlichen Hinweis schlieflich fiir die
Bedeutung der Resonanzstruktur IV liefert uns das 'H-NMR-Spektrum der beiden
Amide der Abb, 2. Man findet dort:

DMF DMTF

L]
i S) = 3,15 ppm
4, (cH,, cis zu O) = 2,92 ppm J1 (Cl{3,c:Ls zu S) ,
w3 , H
(f] (CHB' trans zu 0) = 2,82 ppm
H

d. (CIIB,trans zu S) = 2,98 ppm
Ty ‘

Diese Tieffeldverschiebung beider CH,-Signale des DMTF gegeniiber den CHj;-
Signalen des DMF 1aft sich in Ubereinstimmung mit dén obenge.rlannten lfakt?n auf
eine grofere, partiell positive Ladung des N-Atoms in IV als in II zur.uckfuhren,
obwohl das Vorhandensein der Formylgruppe in II bzw. I das Gegenteil nal}elegt. :
DaB die Tieffeldverschiebung der CH,-Signale des DMTF primdr auf das starker.e.
elektrostatische Feld des N-Atoms zuriickzufiihren ist, 148t sich zusitzlich durch die

vorerwihnte S-Methylierung stiitzen.

ZCH : CH
CHB\_ _H 3.9 H 3.@ _H e
N -¢C -— N=C_'©® 4+ CH, I — N =C I (5
- ~ ~ ~ 3 ~ ~
CH : S CH g : CH SCH
3 3 3

Man erréicht also hier durch eine solche Uberfiihrung 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 verstirkte Verschiebung der C-H-Bindungselektronen in Richtung zum
Kohlenstoffatom und als Folge davon erscheinen die beiden N-Methylsighale noch
mehr tieffeldverschoben®. Aus allen diesen experimentellen Ergebnissen 148t sich dem-
nach die eindeutige Schlufolgerung ziehen, da3 das DMTF eine sehr schwache N-
Lewis-Base ist. Hier liegt die Begriindung, daf3 eine direkte BH,-Anlagerung an das
DMTF-anders -als beim DMF-nicht in Frage kommt, und daB ein Zugang zum
DMTF-Boran ausschlieBlich iiber eine Umwandlung des DMF-Borans nach Gl. (4)
moglich ist. Der groBere Beitrag der 1,3-dipolaren Resonanzstruktur IV gegeniiber
der 1,3-dipolaren Resonanzstruktur II 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 Verhiltnis von DMTF zum DMTF-Boran zu beobachten. Wihrend das DMTF
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wegen seiner Mesomeriefdhigkeit stabil und monomer ist, fiihrt die durch die BH;-
Anlagerung hervorgerufene Aufhebung der Mesomerie zu einer Fixierung der
Kohlenstoff-Schwefel-Doppelbindung.

Versucht man aber danach das DMTF-Boran lésungsmittelfrei zu erhalten, so.
weicht das Molekiil dieser Fixierung der C = S-Doppelbindung durch Polymerisation
aus, Vermutlich geht die Polymerisation folgendermalien vor sich:

CH, . ‘ H
e |®3 M !: S (6)
nHB-N-C — -C-5S -
3 | §S ®
: CH, - N - CH
CHy 37,773
'© BH

3

n

Die Tatsache, dal das DMTF-BH,; im DMTF praktisch unbegrenzt ohne
Polymerisation aufbewahrt werden kann, 148t sich auf zwei naheliegende Ursachen
zuriickfiihren. Die erste davon riihrt von der elektronenzichenden 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 diirfte in einer intermolekularen Donor-
Akzeptor-Beziehung zwischen dem DMTF und dem DMTF-BH, liegen, wodurch der
Doppelbindungscharakter. der C-S-Bindung abgeschwicht wird. Die hohe

Assoziationstendenz des DMTF aufgrund seines hohen Dipolmoments ist in der
* Literatur dokumentiert®:

CH, H H CHl

o lpo | © v 13

HB-N~C =-=|S -C=N®
3 Loy T !

CH, S CH

Zur chemischen Verschiebung der NMR-Signale von DMF-BH; und DMTF-BH,.
Wie weiter oben ausgefiihrt, erscheinen im ! H-NMR-Spektrum die CH,-Signale des
DMTF bei niedrigerem Feld, als diec von -DMF. Fiihrt man hingegen die BH;-
Anlagerung in den beiden Amiden durch, so kehrt sich diese Reihenfolge um.
Sidmtliche am N-Atom gebundenen Gruppen mit resonanzfihigen Kernen liefern
NMR-Signale, die bei der Thiocarbonylverbindung_bei hoheren Feld erscheinen, als
bei der Carbonylverbindung (vgl. Abb. 1 und 2):

DMF-BH DMTF-BH

3 3
d'11 . = —6,7 pPpm, q, d;‘.‘ = -12,3 ppm, q,
B B
5('u-""8) = 93,75 Hz o 15('u-""B) = 92 Hz
d.‘l (BHB) = 2,07 ppm, q, d; (BHB) = 1,75 ppm, q,
H H.
15('w-""B) = 93,75 Hz 15C'u-""8B) = 92 Hz

4 (CH ) = 2,7 ppm, s J (CH ) = 231" ppm, s
H 3 Ty 3 ,
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Wie ersichtlich, sind bei den Boranen die freien Elektronenpaare am N-Atom
durch die BH;-Gruppe gleichermaf3en blockiert bzw. es kann bei keinem der beiden
Borane ein sich iiber das ganze Molekiil erstreckendes mn-Geriist existieren. In-

M

H,0

~CHy CH
HB—N—C
0
-BHy
PANN
VNN
7 / \ ~

ABB. 1: ' H-NMR-Spektrum von DMF-BH, in DMF/H,0. Die Signale A,,A,,A’, stammen von DMF.

Das vom Formylproton des Borans verursachte
Signal liegt unter A,.

/H
4 S
CH3

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

folgedessen kommt nunmehr ausschlieBlich die groBere elektronenziehende Wirkung
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der Formyl-gegeniiber der Thioformylgruppe in Betracht. Diese fiihrt naturgemaf3 zu
einer grﬁBeren Elektronenverarmung des N-Atoms des DMF-BH, gegeniiber dem N-
Atom des DMTF-BH,, und somit zu einer verminderten Abschirmung der Kerne des
ersteren gegeniiber den Kernen des letzteren, so daf3 die beobachtete Umkehrung der
Reihenfolge der Signale versténdlich wird.

'Summaty

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

B,H, 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.

TepiAnyn

Maa ovyxpion g Aovig-facikétnrag avduesa oto N, N—éws&u).oqoopyamézo Kai
o010 N,N- 51ys€uzlo€szoqoopyaytéto. ’

Me an’ evBeiog avridpaon tov B,H, pe NN — SpeBvlogopuapidio
napackevaletar 1o Popavio Tov N,N-diuebviogopuaudiov. H katd napduoto 1pono
opog Tapuckevy Tov Popaviov Tov N,N-iucdvrofeiopopuadiov dev eivarl eQikth.
To Oedouévo avtod Béter 10 EPOTNHO avaYOPKG pe TN oXeTikh oxd g Aodig-
Bacwotntag kot Kat’ enékTOON AVOPOPIKA WE TN Goun KoL TOV KATOUEPIGHO TOV
TMAEKTPOVIKOD QopTiov Tev §bo amdimv.

Ta NMR-gdcpata 1ov 800 apdiov- kot tov Bopaviov tovg kabog kot dAia
nepapatikd dedopéva and v Piploypagic kabiotodv Svvatd 1o SooLuo
IKOVOTTOMTIKAG EPUMVEING GTO TAPO TAVM PUIVOUEVO. -
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Summary

The use of non-ionic surface active agents during the dyeing of anodized aluminium with
disperse dyes has not d 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 methods, many excellent commercial dyeés -
(usually water soluble acid, acid mordant, compléx 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 bondmg bet-
ween dye and film may also occur.!

In previous paper? it has been reported that some commercnal 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." 2 In cases where the dlsperse dye has groups -in the o-position
suitable to form complexes, semi-polar bonds can also be developed." 3

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 stability.*

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-
perature.>- 6

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 1:1 nitric acid at room temperature, rinsed
again and anodized in 175g/1.sulphuric acid solution at 20 + 2°C for about an hour.
The current density was 1.2 A/dm? and the aluminium content was between 5-7g/1.

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/1 and
non-ionic surface active agents in conc. usually 2g/1 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 (1S0 Recommendation R 1035).

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 (cm?) was 5:1.
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/1 (Note 1) 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 II.

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 OIO: Oleyl-cetylalcohol with appr. 10 moles of- ethylene-oxide
(Henkel).

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

3) Dispersogen ASN: Fatty alcohol (C,,,s) polyglycol ether (Hoechst).

B. Alkylphenol-polyoxyethylated products

4) Marlophen 83: Alkylphenolpolyglycolether (Hiils).

5) Lissapol NX: A condensate of nonylphenol with ethylene-oxide (I.C.L).

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 w1th 40 moles of
ethylene-oxide (BASF)

Agents 1 and 2 have 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.1.11005), DISPERSOL SCARLET B (C.I.11110),

DISPERSOL RUBINE B (C.I.11115), DISPERSOL RED R (C.I. 11130),

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.1. 60710).

7 The above dyes? (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 ie. 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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are 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 have difficulties 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.®

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.. polarity, solubility) and on the struc-
ture of the surfactant. ’

It is reported® that the structure and the polymerisation degree of non-ionic sur-
face active agent of the general type RIOCH,CH,],OH plays an important role on

TABLE 1I: Influence of nom-ionic surface active agents on colour depths of aﬁodized
aluminium. dyed by disperse dyes.

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

Non-ionic
surface
active agent Cl. - ClL C.IL C.L . C.L C.L C.lL
Conc. 2g/1 11130 11110 11115 11005 61110 63305 60710
1 worse 1-2 — | S worse 2
2 worse 2-3 2 1-2 - worse 2
3* worse 1 1 2 — 1 1-2
4 12 34 2-3 2-3 4-5 1 worse
S¥* 1 worse worse 2 1 1 1
6 worse 2-3 2 1-2, — 1 1
1 -

7 worse 2 1 1-2 —_

The oxide-film thickness was 25+2 um 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
(1S0 Recommendation- R 105):

1. No improvement in depth 5. Great improvement in depth
2. Very slight improvement in depth * Concentration 8g/1
3. Appreciable improvement in depth ** Concentration 10g/1

4. Distinct improvement in depth

the above interaction. The favourable influence is higher when R is pheriyl or alkyl
than acyl group. In this work some polyglycol ethers with R = alkyl of fatty alkohol



TABLE II: Influence of non-ionic surface active agents on colour depths of anodized aluminium, which was treated

with organic acids and subsequently dyed by disperse dyes.

Colour Index Non-Ionic Improvement in depth after treatment with organic acids.
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-
agent active agent in the dye-bath,
Conc. 2g/1
Maleic Lactic D-Tartaric Salicylic Itaconic S-Sul-
phosalicylic
: a b a b a b a b a b a b
11080 2 23 3 3 23 23 3 34 1 34 34 4-5 . No dyeing
11130 2 2 1-2 2 - 2 - 34 — 2 - 34 -
61110 3* 2 — 23 23 23 3 2 1 3-4 2 4-5 No-dyeing
11110 5* 2 2 2-3. 23 4 23 34 N 3 2 45 » »
60725 (S) 5% 2 2 2 23 23 — 23 Nodyng 34 23 34 » »
11115 6 3 2-3 2-3 3 4 3 4 1-2 4 34 45 » »
11210 6 2 2 3 3 3 2-3 4 No dyeing 34 34 4 » »

The oxide-film thickness was 25+2 um and measured using an eddy-current technique.” The differences in depths of dyeing with

disperse dyes are indicated using the same gradin_gs with those of table I.

* Concentration 8g/l.

SINVLOVIENS DINOI-NON J0 dSN "ONIFAQ -WAINIANNTY
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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 have a positive influence on
the dyeing. However, it has a high molecular weight.

Similar investigations'® 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 II 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.'* '2

Tepidnyn

Xprion un 10vTiKdy EMQavelakd dpasTikdy UEowv Kai opyavikv oléwv oty Papr
T0U alovuiviov pE xpauata O1aoTOpdS

H xpfion un ovitkdv Enpavelakd Spactikdv uécmv katd  Paef tov ovodiw-
uévov alovutviov pe ypoduatoe Swicnopdg, dev eixe Wraitepa OeTikn enidpaon, extog
amd Aiyeg mepintaoelg (m.y. Marlophen 83). )

Ipokotepyocio avodwuivev OSelyudtov ot vOATIKE SADUATE OPYaVIKOV
oftwv eixe cav omotéiecpo Pedtioon tevV TokvoTiTOV, dnA. Tov BdBovg twv
YPOUATICUOV. TNV TEPITTOON OUOG, OOV UETE TNV KATEPYHCio akolovdnce Boon
LE TALTOXPOVN TPOCHNAKN UM LOVIIKOV EMQOVEWKE JpacTik@V péowv, Oev
noapatnpifnke xoupic nepaitépe Bedtioon tov Pabovg TV YpwUATICUOV. Av-
tifeta, O6tav TO Ypnowonolobuevo oEh MTaV apKETd oXLPO OnwG M. TO
covApocalikiliko Kkar akolovdnoe Bagn pe tTnv mepovsic, oE mEPICOELN, EVOG UM
LOVTIKOD EMQAVEINKE SpacTikoD péoov, tote dev mapatnpnonke ypoUATIOUOG TOV
Seryudtov.

References

. Giles. C.H.: TIM.F. 57, 48 (1979).

. Tsangaraki-Kaplanoglou, 1.: Metalloberfldche 32, 348 (1978).

. Skulikidis, Th., Papathanasiou, Ch. and Marangosis, J.: Kolloid-Z. 150, 54 (1957).

. Fourness. R.K.: Rev. Prog. Coloration 10, 61 (1979).

Leube, H. and Uhrig, H.: Textilverediung 9, 97 (1974).

Knox. B.H. and Weigmann, H.D.: Text Research J. 46, 250 (1976).

. International Standard ISO 2360-1982.

. Unpublished personal work.

. Wolf, F. and Koch, U.: Sitzungsberichte der sichsischen Akademie der Wissenschaften zu Leipzig
(1979).

10. Schenkel, H. and Speiser, C. Th.: Aluminium 48, 3 (1972).

11. Tsangaraki-Kaplanoglou, L: J. Soc. Dyers Col. 98, 440 (1982).

12. Tsangaraki-Kaplanoglou, L: Aluminium 60, 206 (1984).



Chimika Chronika, New Series, 15, 77-86 (1986)

MOISTURE SORPTION ISOTHERMS OF SULTANA RAISINS

GEORGE K. VAGENAS, ELENI TSAMI and GEORGE D. SARAVACOS*
Department of Chemical Engineering, 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
methed, 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

oy, = Water activity (0-1), BET = Brunauer - Emmet - Teller, RH = Relative
Humidity, P = Partial vapor pressure of water, P, = Saturation vapor pressure of
water, X = Moisture content, kg water/kg dry solids, Xu = 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):

P _ %RH

Bkl 1
P, 100 M

Ay =
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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 humldlty 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 ¢y, = 0.70.2
Non-enzymic browning rate is affected by ay, with a maxmum occuring between
0.30-0.70.% 3 The rates of enzymatic reactions and lipid oxidation reactions are also
affected by oy.> 3

The relationship between water activty and moisture content has been studied for
many foods.> 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 developed.* 3 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 results.® 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.2 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 equations:
9

0w 1 ay (C—1)

(l—ay) X Xy C = X,-C &

(a) BET:
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(b) Bradley: fn (%) —B(2)-B)* (3)
(c) Halsey: oy = exp [— B (/X2 ®] 4
(d) Henderson: 1—o, =-exp {—[B - XBO]} ©)
() Iglesias-Chirife I: X =B (1) V[aw./(lv—aw)] +BQ) )

() Iglesias-Chirife II:

In [X +(X?+Xe9)"?] = B(Doy+BQ @)
(&) Kuhn: X - ,ﬁv(;l B0 ®
(h) Oswin: - X=B(Q2) [aw/(l—aw)]B“) (9)
(i) Smith: X =B(2) — B(1) In (1—0y) (10)

(i) GAB_ (Guggenheim - Anderson - de Boer):

X ckay
Xy (1—koy) (1—kay + ckay)

an

In-all the above equations:

a,,: water activity ‘

X: moisture content, kg H,O/kg of dry material
Xy : monomolecular moisture content

X5 ¢ moisture content at ay = 0.5

¢, k : constants

B (1), 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%):

v ' _\_: [(Xex;; - Xcal)/xexp]2
RMS% = — N x 100 (12)

where,

Xexp ¢ experimental moisture content
Xecal : 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 8-10B™® 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.of 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 aliminum 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. 19 saturated salt solutions with varying partial pressure of
water vapor were used, and corresponding water activity values ranging between
0.112 and 0.903 (Table I).

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

Quantities for 1 hygrostat
Salt a, salt (g) water (ml)
1 LiCl ' 0.112 150 85
.2 CH,;COOK 0.226 200 75
3 MgCl, 0.327 200 25
4 K,CO, 0.438 200 90
5 Mg(NO,), 0.529 200 30
6  NaBr 0.577 200 70
7 SrCl, 0.708 200 50
8 NaCl 0.753 200 60
9 KCI 0.843 ) 200 80
10 BaCl, 0.903 200 70

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
(~1mm). 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.
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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 II and in Figures 1, 2, 3 and 4. Fig. 1 shows
TABLE II: 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.

a,, % X (gH,0/100 g dry material)
Ist sample 2nd sample 3rd sample

0.112 ' 3.28 2.49 3.20
0.226 - 374 : 3.28 4.02
0.327 5.12 4.80 5.50
0.438 7.66 8.34 8.46
0.529 11.12 12.41 10.96
0.577 13.46 14.80 15.40
0.708 24.73 26.59 25.26
0.753 36.51 34.52 34.17
0.843 52.95 56.49 53.84
0.903 88.08 76.41 86.47

Ist sample: Normal commercial raisins
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
ay, = 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 possible
that the pretreatment of the fruit-(that is, immersion into a sodium hydroxide
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solution) reduces its sugar content by leaching, so that there may be some dlfferences
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 III. It is quite clear

TABLE III: Application of the empirical equations to the experlmental points of the sorptlon
measurements of the three samples of raisins.

Equation *RMS %

‘ Ist sample 2nd sample 3rd sample

BET 18.2 14.9 153
Bradley , 239.5 231.7 228.2
Halsey 11.6 . 15.9 .93
- Henderson 30.3 229 274
Iglesias and Chirife T 13.1 38.9 11.6
Iglesnas and Chirife II ) 21.1 14.7 18.1
Kuhn 16.6 - 324 12.3
Oswin 19.6 14,6 1 16.4
Smith 113.4 | 107.1 : 106.2
GAB 68.8 39.2 373

*RMS% = \/7}_ [(Xexp “NXcal)/Xexp]Z x 100

‘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, compared to the others, which are close to that
(Iglesias and Chirife I and II, 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 Activity”.’ 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.

Number of points *RMS %

‘ ' Ist sample 2nd “sample 3rd sample
19 23.4 21.8 217
1-8 20.1 20.3 19.8

1-7 o - 1L 14.8 10.4
28 ’ 3.1 40 5.0

*RMS % = \/ NIt X“")/Xe""' X 100
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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).’® 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 temperature 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.

TlepiAnyn

Io60epuor popricews vypagiag e otagidag covAtavivag

H epyooia avth gixe oav okond tnv edpeon TV 1000épumv popliceng LYpUOiag
¢ 610Pidug covAtavivag, xpnowonolmvtog tnv tpdtunn uébodo mov avantoyxbnke
ot mAgiclo Tov cvAloykod npoypauuatog tng Evpwnaikic Kowotntag COST 90
“Water Activity” koL Tov EAEyX0 T®V EUTEPIKOV EICOCE®V TEPLYPAPNG TOV
wooBépuwv mov avaeépovrar otn Bifroypagia. Xpnowonombnkav tpio deiyuarto
otagidag: otaeida Tov gumopiov, ota@ida Enpapévn UETE TPOKOIEPYACIA KOl
ota@ida Enpauévn ywpic npokatepyacio. Emedn 1 poenTikn) COUNEPLEOPE T®V
dpdpwv Tpopiuwv enmpedletar and moAlovg mopdyovieg (mpoictopic Kot
npokateEpyasia Tpoeiuov, puéBodo npocsdiopiopol g wobipuov kAn.), to dedousva
Mg PipAloypagiog Yo Evo GUYKEKPLUEVO TTE®IOV OV TTPOEPYOVTIAL OO SLAQYOPETIKEG
nnyés, ovviiBug dweépovv TOAL ueta&d Tovg kol dev eivor Guece cuvykpiolud.
T'evviinke Aowndv 1 avaykn pieg mpotonng uedodov petpriceng tov oobdipuwy, n
omoia avantoyxdnke péoa ota mAaiow Tov Evpwnaikod npoypdupatog COST 90. H
npétonn avth uébodog eivar pio oratikfy {uyotikn wuébodog, mov yxpnoiuonotei 10
xopeouéva Sodvpata addtov yo tnv enitevén otabeptg oxetikng vypaociog. ‘Etot,
Olo t0 EpyacTiipld OV acyolobvial UE UETPNOELS W60BEpuwv TpounBedovtor pe Eva
TOADTIMO epyOAEio, (OTE TA amMOTEAECUOTE Tovg va eival dueca cvykpiowuo. H
uéBodog avti xpnowonmoifnke kaTd TNV Epyacia pag ywr TN METPNON TV
woBépuwv tng covAtavivag otovg 30°C.

Ot 1660eppol TOV TPLOV SELYUAT®V TAPOLSIALOVY HIKPEG 81a(popsg ueta&d tovg,
Tov oQeilovial o610 dweopetikd Pobud wpipovong kot TN deeopetik
npokatepyacio kabevog deiyuatoc. H e€icmon mov neprypdoe kadbtepa Tig 1668ep-
ueg TG otaidag o€ 6Ao to €0pog evepyoTnTV vepoD eival n e€icwon Halsey, evd
0pKETA KAAN mpooéyyion éxovv ot eklcmaoelg Iglesias ko1 Chirife I kau IT; ) ekiowon
Kuhn kot n g€iowon Oswin. H e€icwon GAB, nov £xel npotabei oto mAaicwa tov
COST 90, dev divel KOAN TPOCEYYIGT GE OO TO EVPOS TOV EVEPYOTHTWV VEPODL,
EPLYPAOEL OuUMG TG LoODEPUES GTN AEYOMEVN «EUTOPIKT» TEPLOXT EVEPYOTNTEOV
vepod 0.226 < ay < 0.753.
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H onawtoduevn oxetikf vypasio tov yodpov anobfikevong, yw dwtipnon g
TEPLEKTIKOTNTOG vYpasiog The otaeidog otnv twh 18% otovg 30°C, Bpicketor and
11 1600eppeg Ot eivar mepinov 60%.
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Introduction

Several methods have been proposed for the determination of thiocyanate and
thiosulphate ions'* 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 Zyka® oxidized thiocyanate and thiosulphate ions using cobalt (III).
Attempts to utilize these oxidations quantitatively were unsuccessful and only in 9N
HCI 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
mediaZ. ‘

In' the present paper we report the oxidation of thiocyanate and thlosulphate ions
with bis (trifluoroacetoxy) iodobenzene which -allows the indirect titrimetric and
gravimetric determination of the above iwo ions.

Experimental

Reagents: Bis (trifluoroacetoxy) iodobenzene was prepared as it has been
described previously? °.

Standard solution of bis (trlﬂuoroacetoxy) 1odobenzene was prepared by dlssolv—'
ing the appropriate amount of it in acetonitrile.

Potassium thiocyanate: The analytical reagent grade material, was dried .under
vacuum at 75° for 12h, was weighed out and dissolved in 11 of distilled water. This
stock solution was stable over a long period.

The standardization of this solution was done by tltratlon with silver nitrate solu-
“tion ‘conductometrically’.

Sodium thiosulphate: A 0.100M solution was prepared by~a ‘titrisol ampule
(Merck AE). This solution is stable for a period of time when kept in ‘dark.:A'-1.000
x 107*M 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-*M KSCN
was added 5 ml of 2.19 x 10~2M reagent solution in acetonitrile, the mixture was
diluted with water to 50 ml allowed for 10 min and titrated with a 1.000 x 102N
Na,S,0,; 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 thiosulphate?.

PhI (OCOCF,), + 2I- — I, + PhI + 2CF,COO" o’

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~ + 3PhI (OCOCF,), + 4H,0 — SO7 + 3PhI + 6CF,COO~ + 7H* + HCN
¥y
The above mentioned reaction must take place in a fume hood.

_b) For the gravimetric determination of thiocyanate: A 5 to 8 ml aliquot of
5.07x 10°M KSCN was added 3 to 5 ml 4.38 x 102M solution of bis
(trifluoroacetoxy) iodobenzene in acetonitrile, allowed for 10 min, diluted to 100 ml
and warmed for removal of acetonitrile. To the hot solution, a solution of 5 ml
2.5 x 10'M BaCl, - 2H,0 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 110°C ignited and weighed as BaSO,.

c) For the titrimetric - determination of thzosulphate To 8 ml of 1.00 x 10°*M
Na,S,0, was added 5 ml of 2.35 x 10~*M solution of bis (trifluoroacetoxy) iodoben-
zene in acetonitrile, the mixture was diluted with water to 40 ml allowed for 5 mn
and an excess of KI was added to this solution. The liberated iodine was titrated
with standard solution of 1.00 x 102N Na,$,0,.

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).

S,03 + 4PhI(OCOCF,), + 5H,0 — 2S0% + 4Phl + 8CF,COO- + 10H(3)

d) For the gravimetric determination of thiosulphate: A 20 to 32 ml aliquot of
-2.50 x 10~*M Na,S,0, was added 5 ml 2.35 x 1072 solution of bis (trifluoroacetoxy)
iodobenzene in acetonitrile allowed for 5 min and diluted with water to 50 ml and
warmed for evaporation of acetonitrile. Then the sulphate ions were determined as in
procedure (b).

Resuilts and discussion

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

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

Added No of . Found?® (mmol)
Compound (mmol) expts
done By titration Gravimetrically
Thiocyanate 0.0253 8 0.0233+0.8x 103 0.0249+0.6x 1073
0.0304 8 0.0311+1.1x1073 0.0301+0.7x1073
0.0355 8 0.0361+0.9x10~3 | 0.0351+1.0x1073
0.0405 8 0.0391+1.2x1073 0.0409+1.1x1073

a Average value of eight determinations + standard deviation.

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

Added No of Found? (mmol)
Compound (mmol) expts
done By titration Gravimetrically
Thiosulphate 0.0050 8 0.0052+1.2x 10~ 0.0049+0.8x 10~*
0.0060 8 0.0058+2.1x 1074 0.0059+1.4x107*
0.0070 8 0.0073+1.8x10~* 0.0072+2.6x10°*
0.0080 8 0.0077+2.5x10~4 0.0081+1.3x10~*

a Average value of eight determinations + standard deviation.

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**, NO3, PO;—, CH,;COO™ etc.
We had interference from ions which part101pated in redox reactions with bis
(trifluoroacetoxy) iodobenzene® 9.

The authors wish to thank Dr. S.-Spyroudis, Laboratory of Orgamc Chemistry,
for a gift of the bis (tr1ﬂuoroacetoxy) iodobenzene sample.

Summary

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 mmol of thiocyanate and thiosulphate ions needs 3 and 4 mmoles of the
reagent respectivelly to give sulphate ions.
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Key Words: Thiocyanates, Thiosulphates, titrimetric and gravimetric determination, bis
(trifluoroacetoxy) iodobenzene.

Hepidnyn

IIpocdiopiouds  Oeiokvaviodywv kar Oeiobeiikdv 16viwy katomy oleldwons ue
ouprpBopoaretolviwdofeviério

v epyacic avth meprypdpetor we pébodog ofeibwong tov Bsoxvaviobywv
ko1 Bs00ekdv 1OVTeV ue aketovitpiiikd SiiAvpa SitprpbopoaketofuiwdoBeviorion.
Ta Osoxvaviobya kot Berobstikd 1OvTo ofeddvovra mpog Beukd xat mpocdiopiCovrat
ue- emavoykouétpnon kot otobuikd. Bpébnke - melpopatikd, 61t kGG mmol
Gstoxuavoo{)xmv'mt fcr00cukdv 10viov xpedleror 3 ko 4 mmoles and 10 V-
nﬁpacmpto avtiotoiya Yy va o&edwbel mpog Beuxd 6vta. Me Bdon 01:01;(-
ELOUETPIO QLT 61vovm1 Kat ot xnuucsg e€loqoelg g ofeibwong. |
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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 pepo and Cucurbita maxima) are consumed in large amounts in the form
of salted dried seeds.> They constitute a food rich in oil and protein. It should be
pointed out that the plants.Cucurbita pepo 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 51mulatane0usly con-

* tain significant amounts of seeds.

Although data on the utilization of various cucurbit seeds is extenswe in the
literature,> %56 7-8 the present study was undertaken to determine the characteristics
“of oil from C. maxima and C. pepo-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 pepo variety Thessaloniki (white)
were collected from the same field with sandy soil, from the province of
Didymotikhon Evros (Thrace) in August 1983. The ripe 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 100g 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 Anqlyses of Seeds and Oil
Proximate seed analyses including determinations of moisture, crude protein,
crude oil, crude fiber and ash content were performed in triplicate in accordance with

AOAC procedures.’
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Chemical analyses of the oil including acidity, iodine value, saponification num-
ber, unsaponifiable matter, Hehner value and Reichert-Meissl number were perfor-
med according to the AOAC procedures.® 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 1-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
procedure.” 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 ml/min. The total flow rate of the gases (H,, N,, air) was 40 ml/min. Methy! es-
ters were identified and quantified by comparing the retention time and peak area of
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. pepo 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 peanut'®'! as well
‘as to other cucurbitaceae.> * & !1. 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. pepo 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. pepo var.
Thessaloniki (white) had similar characterictics. They had low values for acidity, un-
saponifiable matter and Reichert-Meissl numbers comprable to other reported
values. !''” However, these and Hehner value were in accordance with the values of
other vegetable oils.”® The saponification number was in the range reported in
literature.!""'7 The oils had relatively high iodine values, although lower from those
reported by El-Gharbawi et al,'? 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 Amax 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. pepo var. Thessaloniki (white).

Value

Assay

C. maxima C. pepo var. Thessaloniki
Seed composition:
Moisture. % 5.44 5.37
Crude oil, % 44.64 41.23
Crude protein (Nx6.25), % 29.32 30.14
Crude fiber, % ’ 5.06 - 5.95
Carbohydrates (by difference), % 10.03 12.13
Ash, % 5.51 5.18
Oil characteristics:
Acidity, % as oleic ) 0.80 0.35
Todine value, Wijss 103.89 102.50
Saponification number 191.50 199.70
Unsaponifiable matter, % 0.62 0.78
Hehner value 73.15 . 72.95
Reichert-Meissl number 0.95 0.85
Refractive index. n (40°C) 1.4617 1.4615

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

In the Table II 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 (C4,) was found to be the dominant fatty acid, 44.06 and 42.18%
respectively, followed by oleic (Cg.;), 37.23 and 38.36% respectively. Total saturated

TABLE 1I: Fatty acid composition of crude oil of Cucurbita maxima and Cucurbita
pepo var. Thessaloniki (white) seeds.

Wt %
Fatty acids
C. maxima C. pépo var. Thessaloniki (white)

Cia0 0.01 0.02
Cis0 0.10 ' —

Ci:0 12,25 . 13.10
Cis:1 - 0.12 0.15
Ci71:0 0.04 0.08
Cigo ’ 5.54 5.25
Cig:1 37.23 38.36
Cig2 44.06 42.18
Cig:3 ) 0.26 0.29

Cao 0.25 0.26
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fatty acids were 18.19 .and 18.71% for C.maxima and C. pepo var. Thessaloniki
(white) respectively. Palmitic acid (C,so) was found to be the dominant saturated
fatty acid, 12.25 and 13.10% respectively, followed by stearic acid (C,g,), 5.54 and
5.25% for the two species respectively.

In very low quantities were found lauric (C,,,), Hexadecenoic (Cq.,), linolenic
(C 3.5 and arachidic (Cy,) 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. pepo 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 pepo 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)
1.4617 and 1.4615. The UV spectra exhibited two maxima at 272 and 218 nm for both oils.
The major fatty acid was linoleic (C,5.2) at concentrations of 44.06 and 42.18% respectively,
followed by oleic. 37.23 and 38.36% respectively. Also were found palmitic. (C16 o) .12.25 and
13.10%. stearic (C,g,). 5.54 and 5.25%, and in very low concentrations Tauric (szo) hex-
adecenoic (C4.;). heptadecanoic (C;4,), linolenic (Cg3) and arachidic (Czo.os 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. pepo seeds, composition, oil characteristics, fatty acid GLC analysis.

Mepidnyn
Mepikd ynuixd xai guoikd yapaxtnplotikd tov Aadov ané onépovs kKoAokvOiov

Efetaobnxav to yopaxtnpiotikd xor 1 odvleon tov Aadod mov ekyvAicOnke
and omnopovg Tov €ddv Cucurbita maxima xor Cucurbita pepo mowiAdic GOco-
codovikn (Aevkd). Ta otogeia mov eAfpbnoav ya ta dVo &idn frav avticToiyme:
apfuoc wwdiov 103,89 ko 102,50, apudg csonwvonomoeng 191,50 xar 199,70,
acanwvonointe cvotatikd 0,62 xar 0,78%, ofvtnta (cuv gAaixd) 0,80 kar 0,35%,
apBuog Hehner 73,15 war 72,95, apibudg Reichert-Meissl 0,95 ko 0,85 ko deixtng
Swbrdoeng (40°C) 1,4617 kou 1,4615. Ta UV gdacpata é6ei&av 800 péyiota oto
272 kot 218 nm ywo ko1 10 dVo Addia.
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“To kvpo Mmapo ofv-ftav 1o Avekaixd (Cq.,) oe cvykevipmoeis 44,06 kot
42,18% avtictoiymg, akorovBovuevo and 1o eroixd (Cq.,) 37,23 kar 38,36% avti-
otoiyws. Emiong avevpénoav moduitikd o0 (Ceo) 12,25 ko 13,10%, oteatikd
0&o (C 30 5.54 ko1 5,25%, xat og moAD pikpés cLYKeVIP@OELS Aaovptkd (Ciop),
dexaelevoiko (Ciq.), dexaentavoikd (Cq0), AMvoreviko (Ciq.q) kot apaxidikod (Cap.g)
o&v. Mupiotiké oD (C,,0) Bpébnke uovo oto AGdL ard C. maxima.

H npoceyyiotikn covleon tov ondpov and ta ddo &idn frav aviicToixwmc:
vypooic 544 kou 5,37%, Aadt 44,64 kar 41,23%, mpwtefvy (Nx6,25) 29,32 kot
30.14%. axatépyooteg iveg 5,06 xar 5,95% kot téopa 5,51 ko 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-1.6-dione bis-arylhydrazones, 9,10-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 9,10-bis-arylazo-decalines (2).

NNHAr N=NAr
( i j Ag,0 ( j: ]
__.____9
NNHAT N=NAr
(1) 2

(a): Ar=C,H; — (d): Ar=—C;H, — NO,(—p)
(b): Ar=—C,H, — CH,(-p) (e): Ar=—C,H, — CH,(—o0)
(c): Ar=—C,H, — Cl(—p) (f): Ar=—C,H, — NO,(—o0)

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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glven in tabular form in Tables I and II respectively, while general fragmentation
pathways of the compounds (1) and (2) are given in Schemes 1 and Ik respectively.
‘In all mass spectra of compounds (1) the molecular ion peak appears with low
relative intensity, whereas the ion Ar-N3 (IV)-appears to be the base peak or one of
the prominent peaks in the spectrum with an exception for compounds (1b) and (1e),
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 (1).

Compound

(1a) m/e 348 B1)M™", 346 (1), 256 (15), 241 (100), 150 (14), 136 (8), 107 (77), 105 (54), 92
(30), 77 (94).

(1b) m/e 376 (HM*", 372 (2), 270 (4), 255 (15), 150 (10), 136 (8), 121 (13), 119 (40), 106 (50),
91 (100), 77 (23).

(1c) m/e 420/418/416 (T)M*", 418/416/414 (1), 292/290 (4), 277/275 (29), 150 (5), 143/141

: (68), 141/139 (100), 136 (48), 113/111 (63), 77 (7). ©

1d) - m/e 438 (2)M*", 436 (2), 406 (1), 301 (<0.5), 286 (51), 152 (10), 150 (100), 136 (15), 122
(96), 92 (69), 77 (51).

(le) m/e 376 (DM*", 374 (<o.5), 270.(2), 255 (4), 150 (5); 136'(21), 121 (12), 119 (10), 106
(100), 91 (84), 77 (30).

an m/e 438 (12)M*", 436-(<0.5), 301 (<0.5), 286 (25), 152 (10), 150 (100), 136 (10), 120 (52),

91 (62), 77 (90).

TABLE II: Principal fragment ions in the mass spectra of 9,IO—biS—arylazo-decalines 2).

Compound

(2a) m/e 346 G)M™, 241 (7), 136 (2), 105 (100), 77 (99).

(2b) m/e 374 (12M*", 255 (22), 136 (6), 119 (99), 91 (100), 77 (9).

(2c)? m/e 418/416/414 (<0.5M*", 277/275 (6), 141/139 (100), 136 (23), 113/111 (45), 77 (17).
(2c) m/e 418/416/414 (2)M+ 277/275 (7), 1417139, (100), 136 (13), 113/111 (10), 77 (7).
(2d) m/e 436 (<0.5M*", 406 (<0.5), 286 (4), 150 (100), 136 (42), 122 (68), 77 (22).

(2e)3 m/e 374 (<0.5M*", 255 (<0.5), 136 (9), 119 (26), 107 (8), 91 (100), 77 (12).

(2e)2 m/e:374 ()M}, 255 (5), 136 (1), 119 (49), 91 (100).

20 m/e 436 (<O.5)M*", 286 (5), 150 (100), 136 (12), 122.(68), 77 (15).

(2)? m/e 406 0)M*", 271 (17), 136 (44), 135 (97), 107 (100), 77 (46).

4 Compounds (2¢), and (2e)I are 9,10-bis-arylazo-trans- decaline Lsomers, whereas compounds (2c), and
(2e), are 9,10-bis-arylazo-cis-decaline isomers.

b Compound (2g) is 9,10-bis-(p-methoxy-phenylazo)-decaline and has been received directly from the
preparation reaction of the- corresponding bis-hydrazone, which has not been isolated.
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tensity is ion [M-ArNHNH]* (III), 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-arylhydrazones®. Another transition confirmed in several
cases by the corresponding metastable ion peak is that leading to the formation of

ion [M-ArNHI* (II).
+-
NHAr I

4t 7AI"NH +
M-ArNH] € — ArN,
(I1) (1v)

NNHAr .
-ArNHNH
. +- *
-ArN,H M

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

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: ]
H 4+
NNAr - |

Analogous 'transannula“r reactions have been observed upon oxidation ofbis-
arylhydrazones (1) with lead tetraacetate or silver oxide!. The ion of m/z 150 is
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found in all spectra and it is probably attributed to the propellane type ion (V). In
the cases of compounds (I1d) and (If) of course the peak of m/z 150 also corres-
ponds to the ion O,N—C,H,Ni. A typical mass spectrum of compound (la) is
shown in Figure 1.
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Figure 1. Mass spectrum of the compound (la).

The fragmentation pattern observed in the mass spectra of the 9,10-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,]* (III), which
appears with low to moderate relative intensity. This transition is followed in some
cases with the appropriate metastable ion peak (Scheme II).

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

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 ArNj as base peak or one of the most prominent. A difference ob-
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Scheme 11. Schematic representation of general fragmentation of 9,10-bis-arylazo-decalines (2).
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served is the complete absence of any ion of m/z 150 in the spectra of bis-arylazo-
decalines (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 (1) is the appearance of the .9,10-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 (1). 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 14,

Preparation of 9,10-bis-arylazo-decalines (2). The 9,10-bis-arylazo-decalines (2)
were received by the oxidation of bis-arylhydrazones of cyclodecane-1,6-dione (1)
with silver oxide. The oxidation® was carried out under reflux in ether solution and
the products (2) were received in high yields (90-100%), except from nitro- com-
pounds (2d) and (2f) which were received in almost 20% yield.

Iepidnym

Melétn gaoudrwv paldv twv Sapvio-vdpalovdv e kvxioedexavodiovnc-1,6 (1) kai
v 9,10-6tapvlalw-dexaliwv (2).

Imv gpyoocio avth yivetor peAdTn TV @aoudtov noldv katd to Boupapdioud
ue déoun mAektpoviov o 70eV tov mpoavagepouivov evocswv. Ov dwapolro-
vopaloveg ¢ kvkAodekavodiovne-1,6 (1) eupavifoov pikphg OXETIKNG EVTACE®S
UOPLOKE 1OVTO, EVD Ta omovdaotepa Bpadopata mTov mapatnpodvrat givar autd Tov
TPOKVOTMTOLY UE LTEPKLKAIKT) amdomactn vdpoydvov N e opddoag ArNHNH-.
Xapoktnplotikny sivar emiong ko 1 gu@dvion Ovrog ue m/z 150, oto omoio
anodideton n mpomeAdavikod tomov Sopn (V). Mkpotepo evdopépov mapovsidfovv
10 @dopate palov tev 9,10-dwwpvialm-dekoiviov (2), ota omoin Emiong &u-
eavifetar Likphig oYETIKNG EVTAGE®G MOPLOKO 10V.
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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" 2 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 B-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 confirmed.* These results can be
compared to the distribution of the predominant pollen phytosterols found in Pine
species, B-sitosterol in Pinus sylvestris, P. mygo and P. montana, campesterol and
cholesterol in P. montana and 24-methylene-cholesterol in P. sylvestris.* Several stari-
dard phytosterols have been analyzed by gas chromatography as trimethylsilyl ether
derivatives on wvarioys column substrates> ©, including ergosterols, but only
cholesterol, stigmasterol and B-sitosterol have been determined in the free formS.

Free sterols and ergosterol can be succesfully separated on a preparative scale by
liquid column chromatographic methods but the required elution times are very
long”. Thin layer chromatography (TLC) on reverse phase mode has provided
satisfactory separation of ergosterol® 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 derivatives® and
the reverse phase HPLC separation of ergosterol from other sterols in the free form
has so far been only partially succesfull®. Normal phase HPLC determination of
ergosterol has been used by Seitz and coworkers as a mesure of fungal growth by
UV detection at 282 nm?l.

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, Darmstadt, 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 ul 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
ml special cells and were recorded on the model 550 recorder.

Methods

Total pollen lipids were extracted by the method of Kates!2 Total. free sterols
were separated from other lipid classes by the unidimentional TLC system ether-
acetic acid, 100:3 (V/V) up to Rf 0.4 followed by petroleum ether (b.p. 40-60°C) -
ether-acetic acid, 80:20:1 (V/V/V) and were purified by TLC using the system
petroleum ether (b.p. 40-60°C) -ether-acetic acid, 80:20:3 (V/V/V). The recovery of
sterols from the plates was effected by extracting the scrapped off silica bands with
chlorofrom-methanol, 9:1 (V/V). '

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-
tified'®. The total lipid content of pollen was found 2.5 + 0.2% and the sterol content
1.254% of total lipids. B-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 campesterol
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, B-sitosterol, cam-
pesterol, cholesterol, lanosterl and ergosterol standards possess A 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 nm/min; 2.0 a.ufs.; curves: 1, stigmasterol or desmosterol; 2, f-
sitosterol or campesterol; 3, cholesterol; 4, lanosterol; 5, ergosterol.
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FIG. 2: HPLC analysis of ergosterol. Chromatographic conditions: column, Perkin-Elmer, Silica A/10
(stainless steel, 25 cm x 2.6 mm I.D.); mobile phase, isopropanol-cyclohexane (1:99, V/V)
with isocratic elution; detection, UV 292 nm, 0.2 a.ufs.; flow rate, 1.0 ml/min; temperature,
ambient; injections, 100 pl 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 A 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 method®. 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 methods® '° and to the 9 min and 1.7 ml/min (with the mobile
phase dichloromethane - cyclohexame 1:99, V/V) of the method of Seitz and
coworkers!!, 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 liquitt 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 pl 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 ml/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.

Hepilnyn
HPLC avdAvon tng epyoatepbAns, amd tn yupn tov mevkov Pinus halepensis

Zg oot MV epyocio mapovoidleTor n avaAvon THG £pYOSTEPOANG WE VLYPT
xpoporoypapia vyniig mieong (HPLC) and éva &ldog pecoyewakov mevKov, 1o
Pinus halepensis (Miller), ue aviyvevon g oto vrepiddeg (UV) oe ufikog kdpatog
292 nm, oto omoio ot GAAsg QurtocTEPOAEG Tng YOpNg dev amoppogovv.
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H éxhovon ng epyostepding yivetow ot othin Silica A/10 pe 1o piypa
dwAvtdv sonpontavorn - kukhoeEavio, (1:99, k.0.) 610 3 Aentd nepinov, pe pon.- 1
ml/min.,

H nmeplektikdTnta tng €pYostepoAnNG, TOL OVIXVEDETOL Y TpOIN (Qopd ota
kwvo@opa, Ppédnke 0.134% tov cvvolMkdv Mmoeddv g yopng.
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