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NEW SERIES OF SUBSTITUTED PHENETHYLAMINES AND THEIR
PHARMACOLOGICAL ACTIVITY

A. PAPADAKI-VALIRAKI, V. GUIOCA, G. PAPAIOANNOU, G. TSATSAS.
Laboratory of Pharmaceutical Chemistry, University of Athens, Athens, Greece.
(Received February 11, 1977)

Summary

A series of phenethylamines having hydroxy and/or alcoxy groups in 2,3-positions and
with or without subsitution on the amino group, were synthesized and their nonoxalate
soluble salts were evaluated in a preliminary screening in mice. In further study, the four most
effective compounds, N-Diethyl-(2,3-dihydroxy) phenethylamine, N-benzyl -(2,3-
dibenzyloxy)-phenethylamine, N-cyclohexyl-(2,3-dibenzyloxy) phenethylamine and (2-
benzyloxy-3-methoxy) phenethylamine, compared with mescaline, tended to be more
potent than mescaline in depressing locomotor activity, biting response, body temperature
and neuromuscular coordination.

Key words: Substituted Phenethylamines

Introduction

It is known that, among the various sympathomimetic drugs the effects of
which depend upon release of norephinephrine from stores in adrenergic nerve
terminals, the 3,4-dihydroxy-phenethylamines (i.e. catecholamines) are the most
potent. According to Daly et aF, however, for a catecholamine to exert a
sympathomimetic activity it is not necessary to have the hydroxy groups in 3 and 4
positions of the benzene ring and similar compounds containing hydroxy groups in 2
and 3 positions proved to be sympathomimetic as well. We undertook the task to
prepare some more series of phenethylamine having hydroxy and/or alcoxy groups
in 2,3-positions and with or without substitution on the amino group, because only
few of these compounds have already been described in the literature. The
sympathomimetic action of the prepared compounds has also been studied.

Chemistry.

The compounds we have prepared correspond to the general formula (I).
CH,CH,X )

OR;
OR, : D
where X=-NH,, -N(CHs),, -N(GH;),,

-NHCH,C¢Hs, -NCH,(CH,);CH,, -NCH,CH,OCH,CH,,
-NHCH(CH,),CH,, -NCH,(CH,),CH.,.
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In respect to the nature of R; and R,, the above compounds can be classified
in five series, i.e.:

1313 R, = C;Hs, R2=CH_3 ‘

Ib: R1 = CH2C5H5, R2=CH3

Ic : R_1 = H, R2=CH3

1d : R1 = Rz = CH2C6H5

Ie:R1=R2=H

For the preparation of the above compounds the following materials have
been used;

a) The suitable 2,3-dialcoxy-benzaldehydes,>*** which were converted either to
2,3-dialcoxy-phenethylamines without any subsitution on the amino group (Ia,
Ib, Id, X=NH,) through the formation of the corresponding nitrostyrenes, or to
2,3-dialcoxy- phenethylchlorides (I, X=Cl), which reacting with various amines
give the phenethylamines of the formula I, with substitution on the amino group
(Ia, Ib, Id, X =substituted amino group) and, -

b) The 2—benzyloxy—3-methoxy phenethylamines (Ib) and the 2,3- dlbenzyloxy-
phenethylamines (Id), substituted or not on the amino group, Wthh through a
hydragenolysis of the benzyl groups (Pd/C 10%) of their pure hydrochlorides
give the corresponding 2-hydroxy-3-methoxy- and 2,3-dihydroxy-
phenylethylamines (Ic, Ie).

The series of reactions can be presented as follows:

Compounds Ia, Ib, Id. Ar-CH=C-C= o®
, C¢H;CONHCH,COOH 1\{\;)
Ar-CH=CHNO,"%!Y_ ACHO . . 4
| LAIH, CH;COONa(CH;C0),0 EHL
Ia, Ib, Id lNaOH
X=NIT, ArCH,COCOONa
OC,Hs LI.HZOZ
For the compounds Ia, Ar = OCH = Ar ArCH Céél}%%
3 2
' ROH
A OCHCH:s Ar ArCH,COOR®®
For the compounds Ib, Ar = UOCH 7 2 {LiATH,
c ArCH,CH,0OH”
@CHZCGHS A sOCl,
For the compounds Id, Ar = = AT ArCH,CH,CF®
i CH,CoHs yAmines
~ Ta, Ib, Id

X=substituted amino group.
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Compounds Ic, Ie.
Ib or Id (Hydrochlorides)?¥< 2% Tc, HCI or Ie, HCL
The compounds so prepared are described in more details in a precedent work.™

Biological Evaluation. Female mice of the Swiss-Webster strain weighting 20-25
gm, supplied by Simonsen Laboratories, Inc. (Gilroy, California) were used. In
order to determine the effective dose range all the test compounds and mescaline
sulfate (a reference compound) were initially evaluated (in one or three mice per
dose) at a series of doses ranging from 100 mg/Kg (of the salts) to the inactive dose.
The compounds were emulsified in a solution consisting of 0,9% saline and 10%
Tween 80, and ‘injected intraperitoneally at the standard rate of 10 ml/kg.
Approximately 37% of the compounds produced lethal effects at the dose level of
100 mg/kg and most of the drugs were not active at 8mg/kg.

After the preliminary study the four most effective compound (T 3235, T
3276, T 3277 and T 3362), see table I, and mescaline, were selected to be further
evaluated in dose-response experiments conducted with a battery of six relatively
objective and sensitive tests. The six short tests: (1) open field locomotor activity,*
(2) provoked biting response,'* (3) body temperature obtained with arectal probe,
(4) neuromuscular coordination assayed with a rotarod,* (5) grip strength recorded
with a Chatillon scale, and (6) pain-sensitivity measured with a hot plate'® regulated
at 55°C = 0,5°, were successively administered to each animal during a
seven-minute observation period. The animals were given the series of tests 30
minutes after the intraperitoneal injection and also 60 minutes post injection. In
order to conduct the dose-response studies the five compounds the following doses
(of the salts, Table I) were evaluated: Compound T 3235, 4, 8, 16 mg/kg;
Compound T 3276, 8, 16, 32 mg/kg; Compound 3277, 4, 8, 16, 25, 50 mg/kg;
Compound 3362, 4, 8, 16 mg/kg, and mescaline sulfate, 16,25, 50, 100 mg/kg. Ten
animals were tested at each dose level and 30 control animals, injected with the
vehicle were also observed. .

“The five compounds produced a decrease in locomotor activity, in biting
response, in body temperature, and in neuromuscular coordination of a
considerable number of animals. However, the drugs had no obvious effects on grip
strength and pain-sensitivity. None of the agents produced an increase in any
response.

Statistical analyses were conducted to examine dose-response relations. The
response of an experimental animal to each test was analysed as showing a decrease
or no appreciable difference in response relative to a control value (i.e., a criterion,
formulated from the data obtained from the responses of the 30 control animals).
On the basis of the criterion established for the locomotor activity test, the total
number of treated mice that showed a decrease in ambulatory activity was
computed for each dose level of each compound and expressed as a percentage. The
dose-response curves show that the four test compounds and mescaline reduced
spontaneous activity in a dose-related manner. Similarly, the dose-response curves
plotted from the data obtained from the tests of biting response, of body
temperature, and of neuromuscular coordination show that the depressant effects
of the five drugs were dose-dependent. _

The median effective dose (EDs) of each compound (i.e., an estimated dose
by which 50% of the animals are expected to show a reduction in locomotor activity)
and the 95% confidence limits were calculated according to the method of
Litchfield and Wilcoxon.'” Similarly, from the data obtained from the biting, body
temperature, and neuromuscular coordination tests, the EDs’s of the five
compounds were reckoned and listed with their structures in Table (I).
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TABLE 1. Structure - Activity Relation of the Four Most Effective Test Compounds and Mescaline

CH,;CHz Ry
Ry
RsA MR, X
Compound R1 Ry Rs R4 Rs X
No. -
T 3235 JSCoHs OH OH H H HC1
N .
“C,Hs
T 3276  NHCH;CgHs v OCH2C¢Hs  OCH2CgHs H HCl
T3277 NHO OCHCeHs ~ OCH,CeHs HCI
T 3362 NH: OCH,CsHs OCH3 H COOH
T
GH,
COOH
Mescaline NH» H - OCHj3 OCHj3 OCH3 %(HZSO4) H,O
Depressant Effects of the compounds: EDsg and 95%
Confidence Limits in micromoles /kg
Compound Locomotor Biting Body Neuromuscular
No. Activity Response Temperature Coordination
T 3235 50 168 65 (32-130) 65 (24-176)
(28-89) (54-520)
T 3276 95 94 38 (14-102) 70 (32-153)
(43-209) (36-245)
T 3277 66 62 15 (8-28) 65 (19-221)
(49-90) (20-192)
T 3362 30 41 17 (10-29) 30 (16-57)
(17-54) (21-82) :
Mescaline ‘500 130 74 (47-116) 500 (31-1195)
(23-1100) (68-247)

- The relative potencies of the compounds (as measured by the depressant
action on locomotor activity) were assessed by testing the significance of potency
ratios. In Table II the compounds are arranged in descending order of potency in
the first column and across the top row from left to right. The results show that the
four test compounds were significantly more potent than mescaline in decreasing
ambulatory activity of the mice. The results of the statistical analysis of relative
potencies of the compounds with respect to the depressant effects on biting
response, body temperature, and neuromuscular coordination are summarized in
Tables IILIV and V, respectively. Although the EDs,’s of the four test compounds
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TABLE II: Relative Potency of the Compounds in Terms of Their Effects on: Locomotor Activity

Compound T3235 T3277 T3276 Mescaline
(EDs50) Statistics (30) (50) (66) 95)
T3362 Potency Ratio* 2 2 3 17

30) Significance * * No No Yes Yes
Confidence Limits*** (1-8) (6-45)
T3235 Potency Ratio 1 2 10
(50) Significance No No Yes
Confidence Limits (4-26)
T3277 Potency Ratio 1 8
(66) Significance No Yes
Confidence Limits (3-18)
T3276 Potency Ratio 5
(95) Significance Yes
Confidence Limits (2-16)
TABLE III: Biting Response
‘ Compound T3277 T3276 T3235 Mescaline
(EDsp)  Statistics 62) (95) (168)
T3362 Potency Ratio 2 2 4 3
(41) Significance No No Yes No
Confidence Limits (1-15)
T3277 Potency Ratio 2 3 2
(62) Significance No No No
Confidence Limits
T3276 Potency Ratio 2 1
95) Significance No No
Confidence Limits
T3235 Potency Ratio 1
(168) Significance No
Confidence Limits
TABLE IV: Body Temperature

Compound T3362 T3276 T3235
(ED5p) . Statistics a7 (38) (65) Mescaline
T3277 Potency Ratio 1 3 4 5

(15) Significance No No Yes Yes
Confidence Limits (2-11) (2-11)
T3362 Potency Ratio 2 4 4
aan Significance No Yes Yes
Confidence Limits -9 (2-9)
T3376 Potency Ratio 2 2
(38) Significance No No
Confidence Limits
T3235 Potency Ratio 1
(65) Significance No

Confidence Limits
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TABLE V: Neuromuscular Coordination.

Table V
.Compound T3235 T3277 T3276 Mescaline
(EDs0) Statistics 30 (50) (66) (95)
T3362 Potency Ratio 2 2 2 17
(30) Sigdificance No No No Yes
Confidence Limits (6-49)
T3235 Potency Ratio 1 1 8
(50) Significance No No Yes
Confidence Limits (2-29)
T3277 Potency Ratio 1 8
(66) Significance No Yes
Confidence Limits (2-35)
T3276 Potency Ratio 7
(95) Significance Yes
Confidence Limits (2-23)

* Potency Ratio = (ED5sg of a Compound Listed in the Top Row) + (ED50 of the Comparative Compound in the First
Column)

** Significance at the 5% Level

***95% Confidence Limits

calculated from the data obtained from the biting test were different from that of
mescaline, the statistical test revealed that the differences were not significant
(Table III). Analysis of body temperature pointed out that Compounds 3277 and
3362 were significantly more potent than mescaline as hypothermic agents (Table
IV). The last table indicates that all the tests compounds were significantly more
potent than mescaline in decreasing neuromuscular coordination. In general, the
four test compounds tended to be more potent than mescaline in depressing
locomotor activity, biting response, body temperature, and neuromuscular
coordination. »

With regard to the structures of the test compounds, the structure of
Compound T 3362 shows the most resemblance to that of mescaline. However,
when the potencies of the test drugs are considered, the potency of Compound T
3362 is least similar to that of mescaline.
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IMepiAnyic

Néar vmoxateotnuévar parvardviopivar xal paouaxoloyixy Spdots avidv
‘H mogotico £gyacio dpod eig Tv ovvieoLv kol TV QAOUAKOLOYLRNY pehéTnV
véwv Qovaltduiomvdy. SuyrexQuévag TaQeoxkevdoinoay:

1) 2,3 -duaixoEv-gaivoudvlouivor peta ) dvev vroratootdtov ént Tod dtmTov,
&x 1@V xatalMilov 2,3-duakxoEuPevialdetid®dv al 6motal uetoTeémovtar eig Tag
uf droxateotuévag &nl 1ot dlotov pauvardviauivog péow Tot dvriotoiyov



NEW SERIES OF SUBSTITUTED PHENETHYLAMINES AND THEIR PHARMACOLOGICAL ACTIVITY 9

vitgootvgeviov, &v@d el 10g UVmoxateotnuévag, péow TMOV  AvILoTOlYWV
2,3-8ioAnoEvparvortvioyxrogidiov 81’ Emdodoews En’ attdv SLapéowv duLvev.
2) 2-0800Eu-3-pedoty xal 2,3-8wdgoEvgpoarvondvlapivor petd 7| &vev Hmo-
®atooTdoewe Eni 100 Afdtov, xarémv dmofeviviidoeswe Ou0 noTahvTinig
¥dpoyovdoews mogovoig Pd/C tév dvriotoiywv 2-fevivioEu-3-pedolv xai
2,3- 5LB8V?;U}\.0§’U(XMW(DV

Ta An@dévio J'I:QOLOV‘IZ(X vnsﬁknﬁnoav eig ngouatagmmnv cpagu(mokoymnv
uehémny donpactévia &ni pvdv. Ta mhéov dpoomxnd éx tovTwv, dnhadn 1
N-Bevivho = (2,3-81PevivAogv) - poarvordviopivy, 9 N - uvu)»oe&vko-(Z,?;—
S81Beviuiotv) @oarvordviapivn, | N-drardvro-(2,3-01vd00Ev) poarvardviapivn
xal n 2- Bev@vko%v 3-pedotv-gavordvhouivn, &ig nsgawégw ue)»é‘mv ®Ol
ovyugwoueva ueta g peonahrivng, dmedeiydnoov wxugo*cega ravmg boov
3popQd &ic TV ®OoTACTOM)V. THig ®LvNTLKiS dQdoEwG, Tiig ()WT(XTEOMQLO&(DQ gig ™V
fELv, 10D vevgouvixod ovvioviouot xai thg Yeguoxrgaoiog Tob cmuatog.
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CONDUCTOMETRIC BEHAVIOR AND ION-PAIR FORMATION OF
SYMMETRICAL - TETRAALKYLAMMONIUM HALIDES IN VARIOUS
SOLVENT MIXTURES

D.A. JANNAKOUDAKIS, G.C. RITZOULIS
University of Thessaloniki, Greece
(Received March 16, 1977)

Summary

The conductance of symmetrical tetraalkylammonium halides was measured in the
following solvent mixtures: methanol-water, methanol-N,N’-dimethylformamide and
N,N’-dimethylformamide-benzene at 25°C. All conductance data were evaluated by the
Fuoss-Onsager-Skinner equations  for associated and unassociated electrolytes and the
resulting values of limiting equivalent conductance, association constant and ‘“‘ion-size”
parameter were reported. In all solvent mixtures used, the limiting equivalent conductances
of the tetraalkylammonium ions decrease as the crystallographic radii increase. Although the
dielectric constant of N,N’-dimethylformamide is low, the presence of N, N'-
dimethylformamide in the solution prevents the ion-pair formation owing to its dipolar
aprotic nature.

Key words: equivalent conductance, association constant, N,N’-Dimethylformamide, Methanol,
Benzene.

Introduction

During the last few years the use of nonaqueous solvents and solvent mixtures
as media for various electrochemical investigations has been of increasing interest,
on the other hand the symmetrical tetraalkylammonium ions are of great
theoretical interest being large in size and having a great variation of size,
symmetrical shape, low charge and some of their salts are soluble in many solvents.

A great deal of research into the properties of the above mentioned salts in a
large variety of solvents and solvent mixtures has been done. The high sensitivity of
conductance measurements enables us to obtain precise results which lead to an
explanation of the ionic behavior and solvent properties.

In the present investigation a systematic conductometric study has been
undertaken on the ionic behavior of quaternary symmetrical tetraalkylammonium
halides in three solvent systems, methanol (MeOH)-water, methanol-N,N’-
dimethylformamide (DMF) and benzene-N,N’-dimethylformamide (DMF). These
mixtures are very often used in electrochemistry. For each solvent system the
Fuoss-Onsager-Skinner equation has been applied to calculate the conductometric
parameters: the limiting equivalent conductance (A,), the “ion size” parameter (4)
and the association constant (Ka). , .
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Experimental section

A conductance bridge, Beckman Model PC-18A was used for the
conductance measurements, using a frequency of 3000 c/sec. It was fundamentaly
an alternating current Wheaston bridge having an oscilloscope to determine the
balance point.

The cell was held at constant temperature in an oil-filled thermostat. The bath
temperature was 25 +=0,002°C as indicated by a Beckmann thermometer set agalnst
a N.B.S. thermometer.

The two conductance cells used, were similar to that described by Dagget Bair
and Kraus.! Their constants were calibrated using Jones and Bradshaw? standard
values of conductivity of potassmm chloride solutlon at 25°C and the constants were
found equal to 1,024 cm™ and 1,031 cm™. The dielectric constants (D) of the
various mixtures used were determined by means of a Dipolmeter type DM 01
which is based on the heterodyne pr1nc1ple

Densities were measured at 25°C using a Sprengel pycnometer while for the
measurement of viscosities we used an Ubbehlode viscometer, calibrated with
conductivity water (n = 8,93.107 poise, d = 0,99707g.cm™ at 25°C).?

The various solvent mixtures used in the conductance measurements were
prepared by v/v. Stock solutions of the electrolytes were prepared for the respective
solvent mixtures. Conductance runs were made by adding certain® quantities of
stock solution* into the cell where there was a known quantity of solvent. Special
care was taken to avoid contact between the solution and the free atmosphere.

The MeNBr tetramethylammonium bromide (Merk AG, fiir die
polarographie) was recrystallized twice from aceton-methanol (4.1) by adding an
equal volume of acetone and dried at 110°C for three days.®

The Me,NI tetramethylammonium iodide (Fluka AG Puriss), was
recrystallized twice from conductivity water and dried in a vacuum desiccator.®

The EtNBr tetracthylammonium bromide (Karlo Erba R.P.), was
recrystallized twice from boiling methanol-acetone (1:3) by adding an equal
volume of acetone, dried and stored over P,0s.°

The Et,NI tetracthylammonium iodide (Fluka AG puriss), was recrystallized
twice from aceton-methanol and dried under vacuum.b

The Bu,NI tetra-n-butylammonium jodide (Fluka AG puriss), was
recrystallized twice from conductivity water and dried.

The methanol used for the experiments was purified as recommended by
Evers and Knox.” It was refluxed for 24 hours with magnesium, distilled and then
refluxed again with AgNQ; for 24 hours in absence of moisture. The methanol was
distilled again and shaked for 24 hours with activated alumina and was distilled
again. The middle cut was used. It had a specific conductivity of 0,8-2.107 mho.cm™
in accordance with the bibliography.®’

The N,N’-dimethylformamide (Fluka AG) was shaken with Linde type 4A
molecular sieves and then distilled under reduced pressure.

The benzene (Fluka AG) was purified by shaking with-4X Linde and
distillation.

Results

The physical properties of various solvent mixtures used such as density (d),
viscosity (1) and dielectric constant (D) are summarized in Table L.
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TABLE 1. Physical Properties of Solvent Mixtures at 25°C.

"Methanol --Water

MeOH % v/v d (g. cm'l) 1%100 poise D
100 0.7866 0.544 32.62
90 0.8227 0.873 40.20
80 0.8590 1.158 45.82
70 0.8831 1.350 50.95
60 0.9073 1.500 55.66
40 0.9430 1.555 63.40

20 0.9700 1.295 71.72

N,N’-dimethylformamide-Benzene

" DMF % v/v
100 0.9455 » 0.790 38.01
90 0.9375 0.779 33.40
75 0.9278 0.747 27.20
60 0.9186 0.722 21.10

Methanol-N,N’-dimethylformamide

MeOH % v/v

100 0.7866 0.544 32.62
90 0.8049 0.561 34.01
75 0.8318 0.584 35.51
50 0.8670 0.633 37.12
25 0.9101 0.705 37.70
10 0.9305 0.760 37.72

The various equivalent conductances and the corresponding concentrations
for Me,NI are given as an example in Table II.

The data were analyzed by the Fuoss—Onsager—Skinner10 conductance
equations. In the cases where association was detected, the Fuoss-Onsager-Skinner
equation was used in the following form,

A=A,-Sc? y¥2+E';cyln (6E’cy)+Ley-Kacyf?A,

where A is the observed equivalent conductances, A, the limiting equivalent
conductance, S the Onsager coefficient, ¢ the concentration of the salt, y the fraction
of salt present as free ions, E'=E’;A,-E’, the Fuoss-Onsager coefficient, L an
explicit function of the “ion-size” §, f the activity coefficient and K4 the association
constant.®1!

The data were analyzed on a Univac 1106 computer in order to find the values
of A°,K, and 4 which minimize the sum of squares of AA;,'>"?
where

AAi = Aobs'Acalc

Thus we calculated the values of the systems parameters where association
was observed. (The value eg. K,=17 which corresponds to Me,NI in methanol
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TABLE 11. Equivalent Conductances of Me4NI in Methanol-Water Mixtures at 25°C.

1

cx10* A
'g‘m.e,quiv.lit‘1 Mho.cm.zequiv'
100% in MeOH
10.5645 120.92
17.6075 117.63
28.1720 113.60
35.2115 =~ 111.47
45.7796 108.97
52.8226 106.93

70.4302 104.12

80% v/v in MeOH

2.9232 77.72 .
5.7888 76.82
8.5995 76.18
13.1640 75.36
17.5854 74.59
21.8703 74.02
30.0553 72.99
37.7645 72.22
45.0381 71.60
55.2093 70.74
64.5859 70.09
70.4403 69.67
. 60% v/v in MeOH
10.5521 66.38
13.2548 66.00
17.7068 65.58
22.0214 65.20
30.2629 64.60
38.0253 64.11
45.3492 63.67
55.5906 63.14
65.0320 62.69
70.9268 62.41
20% v/v in MeOH
2.7335 85.46
4.0605 85.16°
6.2157 84.67
8.3034 84.48
10.3267 84.29
12.2885 84.11
14.1915 . 83.90
16.0384 83.75
17.8316 83.58
19.5743 83.44
229115 83.16
26.0687 82.90
29.0593 - 8271

MegNI

cx10* A
gm.equiv.lit‘1 Mho.cm.zequiv
90% v/v in MeOH
3.3225 91.77
4.9354 91.05
7.5551 89.93
10.0927 89.15
12.5519 88.51
17.2495 87.36
21.6740 86.50
25.8485 85.83
31.6861 84.86
37.0676 84.07
70% v/v in MeOH
4.6248 70.08
9.1006 . 69.23
13.4342 68.66
17.6324 68.10
25.6471 67.35
33.1904 66.72
40.3026 66.15
47.0198 65.66
53.3738 65.24
59.3934 64.83
65.1043 64.45
40% v/v in MeOH
7.0030 69.37
9.3551 69.09
11.6346 68.82
13.8448 68.62
15.9889 68.43
-18.0697 68.25
20.0900 68.10
22.0525 67.96
23.9594 67.85

means that between the activity of tetraalkylammonium ions and the activity of
iodine ions there is a relationship of the form

OlinfesNT

OMeN+ -

oL

= 17).

In the cases where no association appears or the values of association constant
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are not significant the calculations were made by means of the equation:

A=A,Scls+E’cln (6E’ic)+Lc

which is a two parameter equation @419. The estimation of A, was made graphically
using the expresion A'=A,+L(a)c. Applying for example this technique to the
system Me,NI in 60% v/v methanol-water A, was found to be equal to 68.70 as
indicated in Fig.1. Using the full equation for the same system the values for
As=68.69, §=2.3, K,=1.0 were obtained.

T R — 1 T T T
70 N
69 T J
o
68 [ 4
67 L 1 1 Il i 1
0 10 20 40 50 60 70 80
cxo

SFIG. 1. A plot of A’vs concentration of Me4NI in 60% v/v methanol-water.

As it is shown in the above example, the agreement between the values of Ao
obtained by the two methods is very satisfactory. The results of calculations.in the
case of Me,NI in methanol-water are also given as an example in Table IIL

TABLE 1. Derived Conductance Parameters for Me4NI in MeOH-Water Mixtures at 25 °C

MeOH % v/v Ao Ka 3 ZAA?
_ 1/2
or=(——)"

. N

100 131.44 17 3.4 0.27

90 94.80 .14 438 0.06

80 79.61 7 3.7 0.02

70 72.00 4 3.0 0.04

60 68.69 1 23 0.03
40 71.08 — —
20 86.56 — -

Following the same procedure the conductance parameters of all the systems
examined, were calculated and the results were tabulated in Tables IV-VI.

TABLE 1IV. Derived Conductance Parameters for Tetraalkylammonium Salts in MeOH-H,O at 25°C.

2

MeOH % v/v Ao Ka a o,
EtsNI
100 122.50 15 33 0.04
90 87.08 8 3.0 0.06
80 73.23 3 3.1 0.06
60 62.58 -— — —
40 63.12 — — —_—
20 77.22 — —_— —
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TABLE IV. (Continue)

MeOH % v/v A, K. a A
BugNI

100 102.15 18 34 . 0.06

90 73.84 9 2.8 0.03

80 T 62.18 6 3.0 0.05
60 53.70 — — —
40 T .54.85 — —_ —
20 67.30 — — —

) MeyNBr

100 124.77 14 3.1 0.05

90 90.50 .10 3.6 0.03
80 76.09 — — —
60 67.48 — —_ —
40 70.60 — —_ —
20 86.60 — —_ —

Et4NBr

100 116.70 11 3.6 0.05
90 82.96 — — —
80 71.20 — — ’ —
60 61.28 — — —
40 63.50 — — —

20, 78.14 — — —

TABLE V. Derived Conductance Parameters for Tetraalkylammonium Salts in Methanol-DMF
at 25°C.

MeOH % v/v Ao Ka a Ao G,
Et,NI

100 122.50 15 3.8 0.67 0.04

90 118.12 5 2.8 0.66 0.04
75 112.95 — — 0.66 —
50 104.00 — — 0.66 —_—
25 94.34 — —_ 0.66 —
10 89.52 — — 0.68 —
0 87.80 — — 0.69 —_

- BuyNI

100 102.15 18 3.4 0.56 0.06

90 99.04 14 2.8 0.56 0.05
75 94.31 — — 0.55 —
50 87.93 —_ — 0.56 —
25 81.71 — — 0.57 —
10 78.84 — — 0.59 —
0 . 77.76 -— — 0.61 —_

EtsNBr

100 116.70 11 3.6 0.64 0.05
90 113.24 — — 0.63 —
75 108.63 — — 0.64 —
50 102.52 . — — 0.64 —_
10 : 88.81 — — 0.64, —

0 88.64 = — 0.67 —
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TABLE VI. Derived Conductance Parameters of Tetraalkylammonium Salts in DMF-Benzene at 25°C.

DMF % v/v Ao Ka R} a,
: Et4NI
100 87.80 — —_ —
90 89.45 9 3.3 0.02
75 91.44 42 4.5 0.04
60 91.70 182 8.6 0.12
BuyNI
100 77.76 B — — —
90 78.98 2 2.9 0.06
75 79.87 11 3.3 0.02
60 80.46 46 3.4 0.08
Et,NBr
100 88.64 —_ — —
90 90.49 17 3.1 . 0.05
75 91.56 48 3.5 0.03
60 91.72 ) 180 3.8 0.10
Discussion

According to the results obtained from the study of the ionic and
conductometric behavior of tetraalkylammonium iodides and bromides in the
various solvent mixtures used we arrived to the following conclusions.

The results are in a very good agreement whith the Fuoss-Onsager-Skinner
equation in all systems used. All salts examined show a perceptible association in
methanol solutions, which disappears when relatively small quantities of water were
added. This effect is due to the increase of dielectric constant of the solvent. Asitis
shown in Table III there is an association in the region of methanol content up to
80%. Above this percentage, thatis in water content above 20%, all the saltsstudied
. show a complete dissociation. '

The limiting equivalent conductance. of tetraalkylammonium salts in
methanol-water mixtures changes significantly with the increase of water. It obtains
its highest value in pure methanol and decreases as the amount of water increases up
to about 45% in methanol. Further addition of water increases again the value of A,
This effect is due to-the change of viscosity which shows a maximum in the region
where a minimum of the limiting equivalent conductance appears.

As it is shown the product-A,- 1 shows no constancy. This fact is due to the
different size of radii of solvated ions in the various methanol-water mixtures as well
as to the hydrogen bonds formed between the molecules of the solvent.

The limiting equivalent conductance A,, of tetraalkylammonium salts having
common anion, varies inversely proportional to the size of cation. This effect is due
to the fact that the mobility of Bu,N™ is less than that of Et,N* which in turn is less
than the mobility of Me,N* in all methanol-water mixtures studied.

In methanol-DMF solutions the salts examined show practically no
association up to 10% in DMF although the dielectric constant is rélatively low,
while in methanol-water mixtures the same salts show significant association even
for higher values of dielectric constant. This fact suggests that the association can
not be attributed exclusively to the dielectric constant but also to the chemical factor
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of the solvent system. Thus it is possible for the same value of dielectric constant and
for the same electrolyte to have different values of association constant depending
on the chemical nature of the solvent. )

The limiting equivalent conductance in methanol-DMF solutions decreases
as the amount of DMF increases. This is due to the variation of the viscosity. The
product A,. m is relatively constant, and thus we can conclude that the radii of
solvated ions remain practically unchanged.

Also for the above studied systems A, increases as the size of cation decreases.
This is due to the fact that the mobility of Bu,N™" is less than that of Et,N*.

In DMF-benzene solvent mixtures, the association is very significant because
of the relatively low dielectric constant, which the above solvent mixtures present.
The values of association constant increase as the amount of benzene increases
because of the decrease of the dielectric constant of the solvent.

A, increases with the amount of benzene. This effect is due to the change of
viscosity of the solvent systems used. The product A,.n practically remains constant,
and thus we can conclude that the radii of solvated ions remain practically constant.

Also it can be said that for the tetraalkylammonium salts having common
anion, A, increases as the size of cation decreases. This is due again to the lower
mobility of Bu,N* compared to that of Et,N.*
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Summary

This study was undertaken to investigate the sorption of Cd by f-MnO, and §-MnO,
at 22 and 45°C with wide ranges of pH aqueous systems. We also investigated the influence of
other cations on the sorption of CdSO, on 8-MnO,. The B- and 8- forms of MnO, were
prepared and characterized by X-ray diffraction, chemical analysis and surface area. The
sorption isotherms of Cd** by -MnO, at pH 5.4 was carried out for equilibrium time of one
hour. On the contrary Cd** has not given any sorption on B-MnO, even up to 120 h
~ experiment. When Cd**-was sorbed on 8-MnO,, Mn was found in the solution phase.

In conclusion we summarize that Cd** may be sorbed by 8-MnO, over the entire pH
range 5-10. At pH 5.4 the rate was 5.41x10™ g-ion/g. On the contrary f-MnO, does not
sorbe Cd>*. This is a great importance in the case that we are planning to use manganese
oxides for scavenging Cd** from its solutions alone or in the presence of other cations.

Key Words: Sorption, 8-MnQO,: Elimination of cd*.

Abbreviations: x/m: MCd*" sorbed /gMnO;

C: equilibrium solution concentration of Cd (not sorbed) M/L

Introduction

The role of hydrous manganese oxides in the control of metalions in aqueous
solutions, especialy heavy metal ions, has been a continuing subject of study in
many areas of research. . '

Lockwood and Chen' reported that of the various. adsorbents, manganese

" dioxides appear to be the most effective with iron oxide to a lesser degree.They
studied the adsorption of Hg(II) by hydrous manganese oxides suspended in
solution with wide range of pH, chloride concentration and ionic strength.
Manganese, on the other hand, though not as abundant as iron, is nevertheless
nearby ubiquitous in its appearance in natural waters, and the role of it in removing
metals from ocean water seems to be important.? Jenne,? in reviewing the available
information on the controls on Mn, Fe, Co, Ni, Cu and Zn in soils sediments and
fresh water, concluded that the hydrous oxides of Mn and Fe, in general, furnish the
principal controls on fixation of these heavy metals in soils and fresh water
sediments. : ’

Manganese oxide with activated carbon tried as hydrogen sulfide adsorbent

-agent and there is in progress a work on the basic nature of the MnO,- sawdust to
produce a more active filter material.* Rosselt et al® studied the adsorption of
magnesium and calcium on manganese oxide. Kiang, Li and Rothfus® studied the
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kinetic of absorption of sulfur dioxide by manganese dioxide. Morgan and Stumm’
explained the high sorption capacities of 8-MnO, for metal ions as due either to
surface complex formation or ion exchange. Loganathan and Burau® examined
sorption of Co, Zn, Ca and Na by 8-MnO, at 24°C and pH 4. The adsorptive
behavior of 14 radionucleotides from seawater on MnO, precipitated in situ was
examined and comparisons made with the sorptive capacity of Fe(OH), for the
same nuclides.® Gabano et al*® studied in detail the adsorption properties of
v-MnO; in electrolyte solutions of many metals.

The main purpose of this work was to evaluate the role of manganese oxides
in the scavenging and transport of Cd** in water alone or in the present of other
cations. It is a well known fact nowadays that Cd and other metal-salts pollute water
and cause other secondary effects upon water quality and aquatic life.""** These
salts mainly come from industrial effluents and there is of a great importance
. problem to eliminate or adsorb them on several sorbents.

Experimental

Reagents. Reagents grade chemicals were used without further purification.
To prepare manganese oxides we used Mn(NO;). 4H,O (Merck) and KMnO,
(Mallinckrodt Chem. Woorks). The water used was bi-distilled water and the
vessels were either pyrex glass or polyethylene.

In order to cover the pH range 2.6-13.0 we use two buffers solutions. The first
was prepared according to Michaelis by mixing appropriate volumes of M/7 sodium
acetate, M/7 barbital sodium and N/10 hydrochloric acid (pH range 2.6-9.4). The
second was prepared according to Sorensen from 1M solution of glycine, N/10
sodium chloride and N/10 sodium chloride and N/10 sodium hydroxide (pH range
8.4-13.0) : "
Preparations and Equipment. The B-MnO, was prepared according to Lux ¢
by heating of Mn(NO;),4H,O at 190°C for 24h and at 450°C also for 24h.

The 8-MnQ, was prepared according to Buset et al'” by the following
reaction:

2KMnO, + 8HCl = 2 MnO; + 3 Cl, + H,O + 2 KCl

X-ray diffraction data on the § and 8-MnO, sample were obtained by using a
114.6mm diameter powder diffraction camera and Moka radiation in a Philips
X-ray Generator. The Moka was generated at 30 KV and 25mA($-MnQO,) and at
40KV and 25 mA(8-MnQO,). The sample were irradiated 4h. The X-ray powder
pattern of the oxides indicated a good degree of crystallinity with 5or 6 lines. The d-
spacings at 3.06,2.38, and 1.62A permit a sufficient characterization of f-MnO.,
The spacings at 2.33, 1.35, and 6.35 A were obtained for -MnO, X-ray diffraction
lines of 8-MnO, shows absence of K in the prepared product.

Surface area of the oxides was determined by BET-N, method *® using an
area-meter apparatus (Stréhlein Co, W. Germany). By this method the f-MnO,
had a surface of 0.83 m?/g and the 8-MnQ; had a surface of 22.12 m?/g.

The average oxidation state of Mn in the oxides used in our experiments was
determined iodometrically according to Kessick.” This showed that the
composition of the two oxides were B-MnO;s and 8-MnO,g. Chemical
determination of Mn and Cd performed with a 303 model Perkin Elmer Atomic
Absorption Spectrophotometer (AAS) with a Hitachi-Perkin Elmer recorder and
three slot burner.

Determinations of PH performed with WtW . PH-meter. model 390
(Wissenschaftlich-Technische Werkstation GMBH Germany).
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Procedure. Sorption experiments were carried out in constant temperatures
at 22.0x0.5 and 45.0+0.5 C°. The equilibrium time for the sorption of Cd ion by
8-MnO,, was 1 hour. Sorption of Cd** was done at pH 5.4. In the standard
procedure 0,1 gr of 8-MnO, was dispersed in 50 ml solution of 400 ppm Cd.>* After
mechanical agitation at the equilibrium time of 1 hour, the suspensions were
filtrated and analysed by AAS for Cd and Mn. The same experiment for -MnO,
has not given any adsorption even for 120h agitation. This may be attributed to the
great surface difference and other parameters.

In order to investigate the interference of other cations (Pb, Cu, Mg, Zn) to
the whole procedure of sorption, we added these cations in several consentrations.

Results

Sorption and ionic strength effects.

The sorption of Cd** on §-MnO, at pH 5.5 and 22.0+0.5C" as function of
time is shown in fig. 1. The experiment shows that after one hour the extention of
the sorption has not given reasonable difference for time up to 160 h. So during the
time of 1 hour, more than 90 7% of the sorption has been completed under the
experimental conditions.

The fig. 2. illustrates the influence of ionic strength (potassium nitrate) on the
sorption of cadmiun at pH 5.4. The sorption reduced in the presence of 1 M KNO,
by comparison with the no added salt.

PH effect. In fig. 3 the equilibrium sorption of Cd** is shown as function of pH
over the pH range of 2.6-10.5. This is an indication of the increase of Cd** sorbed as
pH increase. The general flat shape between pH 5 and 10O is evident.

Mn release. The solution phase contained Mn?* when Cd** was agitating on
either 3-MnO, or 8-MnO., The following fig. 4 and 5 shows the release of Mn2+
during the sorption studles for 6-MnO.,

These indicate that the Mn in solution phase probably came form the 3-MnO,
structure. The rate in the equilibrium sorption of Cd** sorbed by 8-MnO, was
5.415x10* g-ion/g.

For the B-MnO, we have not observed either sorption or pH change even up
to 120 h agitation. The following fig. 6 shows the Mn?* release as function of pH
2,5-7,3.

Cation competition. In order to investigate the influence of other cations as
Pb,>* Cu,** Zn** and Mg>* on Cd sorption on 8-MnO, we performed the same
previously described experiments adding the above cations. Before that we studied
the sorption of these metals independently on 8-MnQO.,

The fig 7 shows the sorption of different metals on 6-MnO, at 22° C. The
influence of the presence of the above studied metals on the sorption of Cd on
0-MnO, is shown in fig. 8.

From the fig 7 and 8, is shown that as much as higher is the sorption of the
different metals on 8-MnQO,, so much greater is the influence on Cd sorption on
6-Mn0.2

Conclusions.

From the above results we summarize that Cd** may be sorbed by 8-MnO,
over the entire pH range 5-10. The sorption of Cd** by 8-MnO, at pH 5,4 was
carried out at equilibrium time of 1 h and the equilibrium of sorptlon was found
5.415%x10* g-ion/g.
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FIG 1. The sorption of C* on 8-MnOj as function of time.

FIG. 2 Time function of salt- mduced changes in Cd sorption in pH 5.4

FIG. 3 Sorption isotherms of Cd™ on 8-MnO; at pH 5.4

FIG. 4 Mn released at equilibrium sorption of * on 0.1g 6-MnO;

FIG. 5 Mn released during sorption of Cd on 6-MnO; from the study at this sorption
FIG. 6 Mn released from -MnO; as function of pH in range 2.5-7.3

FIG. 7 Sorption isotherms of Pb Ch Cd, Zn, and Mg at pH 5.4 on 6-MnO.;

FIG. 8 Cations infliience on Cd*? sorption on 8-MnO; at pH 5.4
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On the contrary 3-MnO, has not the ability to sorbe Cd*>* even up to 120h
experiment. This may be attributed at least to the great difference of the specific
areas of the types of oxides (6-MnO,: 22.12m?/g and -MnQO,: 0.83m?%/g).

When Cd** was sorbed by 3-MnO,, Mn was found in the solution phase. We
have the same observation for Mn release from 3-MnO.,.

We also observed change in release Mn as function of range between 2.5~ 7.3
(fig. 6) for 5-MnO,.

The effect of ionic strength on the sorption of Cd** on manganese oxide was
strong. So the rates of sorption in the presence of IM KNO; have been reduced
about 40% by comparison with no added salt.

The presence of other cations in the solution, have as result a reduction on
Cd** sorption on 8-MnOQ,. This influence is so greater, as the rate of each metal
sorption on 8-MnO, is greater. The sorption isotherm (fig. 7) indicates that sorption
affinities and capacities of 8-MnO, for the four cations followed the order:
Pb>Cu>Zn>Mg. These results are in agreement with the following reported
capacity order: Pb>Cu>Zn>Mg, for their sorption on y-MnO,.

This research may be the basis for experiments to scavenge Cd** from
industrial effluenses where other cations are present. -
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IepiAnyn

Melétn mg Qoqonang 70U CdSO, o¢ 5-M1102

Zmv sgyama avm goevvolpe ) ropnon TV 1OvTwv xa&p.uov TAve ot
B-MnO, »ai -MnQO, ot Gepuongaociss 22 xai 45° xai o¢ wd evoeia ﬂ:i-:Ql,OXT] pH
VootV éta}mua‘cwv Emong £ogvviidnne 1 em&ga(m AoV RaTLOVIOV Tdve
o) ropncm 00 CdSO4 o¢ O-MnO., Ol popgéc B- =ai O- tob MnOZ
nagaouevaomuav ®nol xagaumgto*muav p.s dubdroon dxtivov X, ymuxég
dvarvoeig xal pg to dvamtuypa tig Emupaveiag Tovg. Ot ioddepneg goerioems Tob
uaéw’.ov oto 6-Mn02 o¢ pH 5.4 mpoyuatomouidnxrov o xg()vo iooggoniag Wog
dpag. Avtivera, td idvra aﬁutov d¢v éésa’gow uauma Qoqmm] TAVO OTO
- MnOz Otav 10 meipapa xpdTnoe p,exgl, 120 & QES. Kot ‘m o6gmon tot uaémov
oto O- MnOz ep,cpawCorav uayyévio ot - cpao'r] R{eli] 6La)»vp,a1:0g Em(rqg
8gevvn1‘}nue 1) énidoaon iévrwv Pb, Cu, Zn zal Mg Tévm om obgnon uaép,l,ov ot0
0- MnOZ ®nol Bgeﬁnue 6t 6 p,o)»vﬁéog Exer &g’ evog ugv m ueyorvteon ropn(m
méve 0t0 3-MnO, &g’ £tégov 8¢ v pueyolvteen dovntiny énidoaon mave ot
e6gnon tot xadpiov otd §-MnO

va,nsgaouatm(‘x ovvowﬁ;ovue OtLTh iOvTa xaduiovy p,:rzogoﬁv va ropr]ﬁoﬁv
whvo 010 8-MnO, yia wa wegroxh pH 5-10. 210 pH 5.4 6 Baduog Tijg ropno*r]g
givar 5,415%10* ygauuomovra/ygau Ansvowuag 10 -MnO, dév ropa iovta
uaf&mov Stav 10 metgoua uga‘ca uéyor 120 (ngeg Totto eivow onuowuuo ’YL(X ﬂ]v
mepimTwon mov oyedildleTon 1 yonowpomoinon 65eWdiwv poayyoviov ywa v
dmopdrouvon ioviov xaduiov amd dSiwohvpoto ol megLéxouv povo ovro
xaduiov fj xal dAha rotidvta Ta 6moia uItootv va YaAdoovv TV woldTnTa ToT
vegoU Tiig méMg §i Tiig Prounyaviog.
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Summary

A comparative study on the oxidation of several samples of soybean oil containing
various combinations of antioxidants in different amounts was carried out. The state of
oxidation of the samples was checked spectrophotometrically and by determining the
peroxide value and the refractive index. The results showed that the presence of BHT in
proportions 0.01, 0.15, 0.20%. and tartaric acid 0.1% improve the keeping quality of the
refined soybean oil.

Key words: BHT, Tartaric acid, Synergists, Soybean oil.

Abbreviations: BHT: Butylated hydroxytoluene BHA: Butylated hydroxyamsole TA: Tartaric
Acid.

Introduction

The oxidation of fats and oils causes serious damages in the taste and in the
nutritional value. Usually, the vegetable oils contain active natural antioxidants
(tocopherol), which protect them against oxidation. By refining these oils valuable
components are destroyed. Therefore, it has been common practice to add
synthetic antioxidants to the refined oils to improve their resistance to oxidation."

' BHA and BHT constitute the 80% of the total antioxidants used in foods.?
These antioxidants are more effective when they are used together with some
organlc acids such as citric and tartaric acid.®> The latter function as chelatirg--
agents, which scavenge metals-to minimize their-effect in-the oxidative rancidity
reactions. .

In a previous work* the use of antioxidants and synergists in olive oil was
examined. In the present study various systems of synergistic antioxidants in
different proportions were tested in order to find the most successful system for
the preservation of soybean oil.

Soybean oil differs from the virgin olive oil, because it is refined and
contains larger quantities of linoleic and linolenic acid that makes it more
susceptible to oxidation. '

In the soybean oil after the deodorization an undesirable odour and flavour,
different from that caused by rancidity, appears. This deterioration is believed to
be a result of oxidation or at least associated with this phenomenon.’
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Experimental

Instruments
Spectrophotometer Unicam UV. Unicam Instruments, Cambridge, England
Refractometer Jena, Modell II. .

Reagents

a. Burylated hydroxytoluene (Bayer Kristall);

b. Tartaric acid P.A. Merck; ,

¢. Cyclohexane purified for spectrophotometric purposes; (SpectrAR-Mallin-
ckrodt);

Methods )

The determination of the peroxide value was performed according the
method described by the American Oil Chemical Society, Official and Tentative
Methods.® 1

The spectrophotometric examination of the samples in the UV part of the
spectrum and the determination of the conjugated dienes were carried out
according to the method described in the Official and Tentative Methods.”®

Raw soybean oil was subjected to analysis and gave the following results:

Saponification number 192

Todine number 131

Peroxide value 3.75 meq. / kg. sample
Refractive index (at 40°C) 1.4680

Acidity (expressed as oleic acid) 0.30%

Conjugated dienes ' 0.15%

Samples of 50g of soybean oil were placed in a 250 ml beaker and different
quantities of antioxidant and synergistic antioxidant were added. The samples
were placed in an oven at 75°C.° Soybean oil without antioxidant was also placed
into the oven. Every 24 hours the peroxide value and the refractive index were
measured. The samples were also subjected to spectrophotometric examinations.

e
- =
“ a2
. o
=2
o
w

1 Soybean oil (Control)
2 Soybean o0il+0,1% T.A*
xz 3 Soybean o0il+0,2%. BHT
4 Soybean 0il+0,02%. BHT
1 + 0.1% T.A*
5 Soybean 0il+0,05%, BHT
+ 0.1% T.A*
6 Soybean o0il+0,1%0 BHT
+0,1% T.A*
7 Soybean 0il+0.15%0 BHT
4 3 3 7 T +0.1% T.A*
Time of heating in days _— 8 Soybean o0il+0.2%. BHT
+0.1% T.A*
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FIG.1. Change of peroxide value with the time of héating
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Results and Discussion

The results of these examinations are shown in tables (I), (IT) and (IIT) and
figures 1-6. ‘

TABLE I: Peroxide values of the.oxidized samples

" Peroxide values (meq/kg sample)

No. Samples
Time of heating (days)

1 2 3 4 5

1 Soybean oil . 24.10 71.92 99.90 183.46  323.54
2 Soybean oil + 0.1%

T.A* 16.19 46.47 88.60 139.86  302.68
3 Soybean oil + 0.2%o '

BHT 12.87 4437 82.28 11075  148.87
4 Soybean oil + 0.02%o ’ .

BHT+0.1% T.A* 30.95 50.54 95.83 13240  258.68
5 Soybean oil + 0,05%o '

BHT+0.1% T.A* 14.41 57.46 87.71 11343  200.81
6 Soybean oil + 0.1%0

BHT+0.1% T.A* 18.14 28.54 64.93 102.65 235.36
7 Soybean oil + 0,15%., .

BHT+0.1% T.A* 11,01 22.36 42.89 6699  130.65
8 Soybean oil + 0.20%0

BHT+0.1% T.A* 16.91 37.49 67.70 98.69  209.68

*T.A Tartaric acid

TABLE II: Change in the refractive index of the oxidized samples

No of
sample Time of heating (days)
1 2 3 4 - 5

1 1.46800 1.46875 1.46875 1.46925 1.47010
2 1.46810 1.46870 1.46885 + 1.46910 1.46945
3 1.46820 1.46825 1.46880 1.46890 1.46910
4 1.46825 1.46870 1.46875 1.46850 1.46945
5 1.46825 1.46850 1.46885 1.46970 1.46910
6 1.46825 1.46840 1.46870 1.46880 1.46930
7 1.46820 1.46840 1.46850 1.46855 1.46875
8 1.46825 1.46875 146875 | 1.46890 1.46905
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TABLE III: Peroxide values, conjugated dienes and spectrophotometry in UV after three days of
heating

No. Sample Peroxide Conjugated  Spectrophoto-
values dienes % metry in UV
meq/kg sample . Ko3p+*
Soybean oil 99.90 1.15 1,44
2 Soybean oil + ‘
0.1% T.A* 88.60 1.03 1.29
3 Soybean oil + 0.2%. BHT . 82.28- 1.05 1.30
Soybean oil +
0.02%c BHT+0.1% T.A* 95.83 1.22 1.51
5 Soybean oil + ’
0.05%. BHT+0.1% T.A* 87.71 1.11 1.24
6 Soybean oil +
0.1%¢ BHT+0.1% T.A* 64.93 0.89 1.11
7 Soybean oil + ’
0.15%. BHT+0.1% T.A* 42.89 0.67 0.87
8 Soybean oil+
0.2% BHT+0.1% T.A* 67.60 ., 088 1.11

* T.A Tartaric acid
**K Specific absorption coefficient

A
T 1.00]
0.50
0.50
0.25
0.25
0 - — 0 __
240 280 320 ;
N O 240 280 320

FIG.2. Absorption spectrum of soybean oil

FIG.3 Absorption spectrum of soybean oil after 3 days of heating
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FIG.4 Absorption spectrum of soybean oil+0.1%», BHT+0,1% tartaric acid after 3 days of heating

FIG.5. Absorption spectrum of soybean oil+0.20%, BHT+0.1% tartaric acid after 3 days of heating

FIG.6. Absorption spectrum of soybean oil+0.15% BHT+0.1% tartaric acid after 3 days of heating

In all spectra, the concentration of the soybean oil was 0,1g/100ml of
cyclohexane. The absorbance A was measured in silica cuvettes with a path length
of lcm.

During the oxidation the sample 1 changed colour after the first 24 hours. It
became darker, but in the fifth day it was discoloured. The flavour became more
intence. In the other samples the same phenomenon was observed even though in
lesser extent. The discolouring of the samples was reduced in the order
1,2,5,3,4,6,8,7.

From table I it can be seen that the best results, as regard the inhibition of
oxidation, were produced by the mixture 0.15%. BHT and 0,1% tartaric acid
(sample 7). This was also confirmed by the spectrum (Fig.6), in which the
absorbance at 232nm is in the region of 0.9 whilst in the other figures the
absorbance is greater than 1.0.Thus, for the sample 1, which does not contain
antioxidants, the absorbance is 1.45.

320
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. The refractive index (table II) for sample 7 didnot change too much. This
means, that in the soybean oil the refractive index increases with oxidation, whilst
the presence of BHT and tartaric acid acts against this increase.

From table IIT it is obvious that the number of conjugated dienes as well as
the specific absorption at 232nm is smaller in sample 7.

From these results it can be concluded that addition of 0.15%, BHT and
0.1% tartaric acid in soybean oil inhibits better the oxidation. Good results gave
and the samples 8 and 6.

Conclusion:

Use of BHT in proportlons 0.1, 0.15 or 0.20%c and 0.1% tartaric acid
facilitates the preservation of the. soybean oil, under the conditions of the
experiment.

HepiAnym
BovtvAuxn 18p0&u-toAovdAny nai tovyixd 65V ¢ dvrioEeldwting toU coyie-
Aaiov.

Zwv mogotoa €gyooia eywe o*uyugn:mn perétn émi Tiig O6Eetdwoewg
6Lacpogu)v derypdrov coyiehatov otd dmoia ELY oV mpootedel fnacpogm TOCOTL-
%ol oUVOVAoUOL GVTLOEEdWTIXGV ®al cuvegydv dviioEedwtixdv. ‘O Eleyyog
Tiig moeiag Thg 0Eed®MoEmS EYLVE PE POOUATOPOTOUETQLROVS TQOTILOQLOUOVG
%ol EoodLoELorovg ol doLipod UmepoEedinv xal tov deixtov diadhdotws.

Avamotdinxe 811 6 ovvdvaouds BHT otig dvaloyies 0.1, 0.15 xal 0,.20%.
ol Touyot 8Eéog 0,1% Biver td nahitepa dmotehéopato.
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MEAETH EIII TOY EAAHNIKOY MEAITOX 1. NOOEIA AT IMBEP-
TOZAKXAPOY. II. SYETAZIEZ TON EAEYOEPON AMINOZEQN

ITANATIQTHZ 1L MAYPLKOZ IQANNHE N.AAPATZIANOZ, MAPIA ©.KATEOYAH =xal
AIONYZIOXZ I'MAPKETOZX

Boyaotioia Atevdvvoews Melet@v-"Egevviv 100 I'evixot Xnuelov 1ot Kpdrovs, "Av. Todya 16,
Advar

CEM @O v 11 ®efoovapiov 1977)

MepiAnyig

Zvucpoovmg wEog THV magoboov pelétv magéyetar 1 duvatdmg SLamioTdoEng
voﬁetag pn ﬁeguavﬁsvmg ueknog o avf;vuanxmg Lp,ﬁeg'conomp_evov xakauooaxxaQou
ag’ &vog pév éx tiig doagetag v 6moiav magovoldlel M dvdmtuElg Tdv Eheviépnv
duonémv ®oTd TV oopatoyapiov &l xdotov fi Aemtiis otiddocg, fitig dmodideta eig
™y nagovmow serTdiov ngoegxouévmv &% 10D yonowwomomtévtog Evivuov, ag’ Etépov
8¢ & tiig oxeTedg MOENuEVNS Tpfic Tis HMEF.

Mehetdvrar 8E GMov, molotxdg xal mocotm®dg, T Ehevdega duvoEéa eig
deiypata ‘EAMvinod péhitog.

‘Opo)goym, Tvvmafioeig: HMF: 5- ot;,vpsﬁv?\ocpovgcpougo}»n, 5-hydroxymethylfurfural.
T.XK.: T'evixov Xnueiov 100 Kedrovg.
A.O.A.C.: Association of Official Analytical Chemists.

Eioaywyn

‘H mogoUoo pehétn dmoterel pépog yevirwtépog uerémg dvainedeiong
Omd 16v "Eeyaomoelav thg Aevdivoemg Meketd®v - "Egevvdv 1ol I'.X.K. xal
&vagpegopévng eig v ovotaoty 10U ‘EAnvixot péhitog xol factiixod mortod,
Mg nal eic Tovg Tedmovg EAEyyov %ol xoTamolenoeme Tiig ovyxedvov voldeiog
v 800 ToUTWV Poowdv peklocoromx®dy TEOIGVTWV.

Ilooopbtwe BAmvixai tives Propnyoavior émeEepydlovialr Siohduata
HOAOUOOOKRYGQOV, Ol dLagpdooy meoekevoews ufegracdv, Emituyydvovoal
oltw ipPegromoinoy Tovtov Vo Nmiag oxeTrdg cuvIHOS, TEOS TAQUTKEVTV
oporiwv. Towatta myxvd dohdpato olominy duvavial ebyeEds va YN OLUo-
o Botv dud Ty vodeiav to0 péhitog 1ai pdhiota, dg Totto delnvutal eig TV
ragotoov perétny, yweic v duvvardmrta The dvixvedoeds twv S0 Thg
dvtidpdoews Fiehe, Aoy thic mnpdc megiextindmtdc twv eig HMF.

Td Guvokéo td dmota dmopovoivron &md texvntdg iupegromoindévra
000Uy 0. daAIUaTO, TAEOVOLALOVY AOAPELOY KOTR TV YQWUOTOYQAPLRTYV
1oy dvamtuEw. W Totto TQOPOVES dpelheTan eig mentido mpoegeydueva éx toT
xgnomuonoma‘}ewog gvlopov, thc tuPeptdong, Ta dmoia d&v 6I,(1X(DQLCOV‘IZ(1L TV
auwo’gewv uéow The Lovoavrakkaxrtxng o-m)w]g nail dxohovdoidv tavta eig ™V
TEQOUTEQW. X OWUATOYQOPLAIY avamv’gw Tov &ni xGeTov 1 Aemtiig otfddos.
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Eig mv magoioav perétnv megLyodpeton ueﬁoﬁog E\éyyov Tiig voﬁsmg T0oU
uéhrog Oud ratadArwg iupegromomuévav olgomiav. "EEetdleton &miong 10
g100g Tdv Ehevdépowv duvotémv déna deryudrov addeviinod puéhitog FVpov,
nagaywyhls 1974-1975, Mgdéviwv éx duagpdowv megroxdv Tijc Nfjcou Konrrg,
gvdelntinidg Ot ngooﬁtogﬁge‘cat 1| eig &hevbega duvoEéa meplentindTng dvo
deryudrov péhtog i) Pondeig dvarvtol aquvoEéwv!

Hzipapanxov pépog-’Anotedéopata

"Aviyvevots xal TOoOTIHOSC TEOOBL00LoUOS GivoEEwy

IToodtng péiitog 15g, doatotital did mpoodiung meplimov 30ml §darog nal
&pieton va duéhin péow othing lovoavtarraxtiniic ontivng Dowex 50 fj £tépag
magoypoiag, tyovg 25cm xal drapétoov 2,5cm. “H tay g diehelioews guinite-
tou gig 10 meplmov otaydvag ava Aemtdv. Metd ™v diéhevaty To0 dLoAdpaTog 1
oty &xmhdvetar pé 500ml dmeotayuévov Udatog ug v ovTv TOXvTNTO
diehevoswe. “H Enhovoig t@v duvoEéwv émituyyxdvetor pé 500ml dupwviag 1N,
10 08¢ éxhovodev Dypodv ovpmurvoitar eig meguotoepiuevoy cupmurvotiy (flash
evaporator) Um0 %evov xal gig Yeguoxgaciav 40°C. To cupmvrvodsy didhvua
T@v dpvoEémv magoraufbvetar dia diahdpatog icompomuiuriic dAnoding 10%
eig dynopeTournv @LoAny t@v 10ml. TTpdg SawELouov %al avayvaoLoly TV
auvoEéav yenolpomoieital yowuatoyoagia do xateviivoswv tdoov Emi
yGotov Whatmann No. 1, doov xai Aemtiic otpddog éx sutrogivns. Eig
AUPOTEQOS TAG TEQUITTMOELS (G VYOV BVOTTTUEEWS YO OLUOTOLELTOL TO GVOTHUQ::
YAwEoPOEULOV - puedavoln - dupwvia 75% (2:2:1)° 1) 10 cvotnuo: fovtavoln -

- OOV OEV - 10w (60:15:25) dud tiv moatnv notedduvory %al 10 cvoTnuo:
@aLvorn - 30we (4:1) du v devtégav xatevBuvolv.

‘H gugpbdviols gmrvyydvetar pe dudhvpa - 0,2g vivudgivng eigc 100ml
dnetdvng, eig 10 Omolov, OAlYOV QO TS YONOLUOTOLHOEDMS TOV, TTEooTideTOL
- muwdivn eig dvaroyiav 2%.

H &vixvevoig tiig YAurivng yiveton pg ditdhvpa o-@piarardelidne. Metd thv
EEGTOWY TG dnreTOVNG TO Yowuatoypagnua Jeguaiveton émi 2-3 Aemtd eig
mugratolov gig 105°C. Awd 10U Gvotégm tedmov &yéveto 1) Gviyvevolg Tdv
dxorotbwv 14 duvoEéwv gig dmavta T deiypata:

IIgohivy, @awvviaravivn, Tvgooivr, "Acitagayivixrdv 850, Thovtapvirndv
0BV, Bahivn, Asguxivn, ‘Iooieuxivn, Avoivn, XZepivn, Thunivn, B- A)»avw*q,
“Totidivn, @Qeovwn

Eig dv0 tdv dvatépw deryudtwy, tpoodiwoictroay megartéom Téd Guivo-
Eéa 1h-Bondeiq dvarlvtod duivotéwv (Technicon Amino-acid Analyzer System,
Model No. NC-1) di1ax xgnomonow']osu)g voQAgURivNGg (i)g éoun:egmoﬁ ngouﬁnov.

‘H ovotaolg tol péhtog eig Ehetvdeoa auwo?;ea T Omola FwEOnyoUuEvag
omeuovun‘h]oow o LovoavraMaxthng oNTivNg %At TV TEQLYQUPEITAY TEXVL-
wfv, éugaivetar gig Tov Iivara 1.

HQOO’(SLOQLO’MOg HMF*

To mEog Eétaotv delyua duovyderal ﬁ.ﬁ Gvidgaotholov Carrez. ‘H HMF
o emﬁgaosu)g BaQBLtovgmov 6Efoc nal p- to)»omﬁwng TOQEYEL, egvﬁga'v
xodowv, Tiig dmolag 1) &moedgnaols petpeitan gig 550nm.

Msﬂoéog ava/lvoswg ‘H avdrvoig éntereital éni 15g uéhtog, & ecp Boov 1
meQLexTirdTs tol delypatog d¢v vmegPaiver T 40ppm. A peyorvtéoag
ovyrevipwoels HMF hoppavetar dviiotolywg urgotépa moodmg delypatog. ‘H
Cuyiodeioa woobdne dparotton gig Byrov 50ml xai diavydietol dud daAdpatog
Carrez. Eig megintwowv magovaiag éhevtégov SO,, 10 6moiov duvatov va &xm

~
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ITINAE 1. "AuvoEéa dmouovadévia éx Seryudtov dyvod uéhiroc $uov 8t° dvalvroi duivoEéwv.

*AuLvoEd Svyrévigwors (ng/g)
Agiypa A Asgiypo B

TIgoAivn 296,20 321,10
Darvouhahavivn 215,63 240,30
Tvugoaivn 35,33 34,80
Kvotivn 16,83 16,70
Avoivn 14,54 15,05
*Agyvivy 11,05 10,30
Zepivn 9,21 9,25
B-"Alavivn 9,11 9,28
Bahivn 7,02 6,93
Toudivn 6,24 © 6,30
TAvxivn 5,50 5,43
Thovrapivindv 6D 4,01 4,09
*Aoragoytvindv 65D 3,55 3,68
©geovivn 3,45 3,33
“Tooheunivn 2,91 3,02
Asgvxivn 2,51 2,64

mpootedt] eig 10 iuPegrooduyagov, dEeLdoltor Todto MEO Tiig TEOOU KNG TOD
duwohdparog Carrez T pondeigdiariparog iwdiov. ‘H dvdmruEig Tol xodpatog
vivetow gig¢ 2ml 100 drawyoodéviog uéhtog dur meoodfung doivudtov p-
Tohovidivng %ol PooPrrovouxol dEfog. “H peyiomn Evroolg 10U YQOUOTOS
dvomrticoetol £vtoe 3 Ewg 5 Aemttd@v. Metgeitol 1) dmogedgnots 1ol droipatog
gig 550nm d¢ mEog didivpa ovyrpioewg, gig 10 Omotov, avil Pagfirovourod
OEéoc, ¥xer moootedi] dmeotayuévov TOmE Toov yxov. Al ouyrevipdoels Tiig
HMF dmohoyiCovror did ovyrgloemg ue medrumov xopmodny. Eig tov mivoxo 1T
gugpoaivovtal ab megertirdTnTeg Thig HMF deryudtov duyods péhtog, dg #al
TooUtov évexdviov gvivpatnds | 8. OEéwv tuBegtomomuévov xahopoodx-
0QOV. - :
xoe Avamotobtan ofitw &t of, xounial Twwal g HMF elg 10 duuyéc néh
adEdvovran ®atd Tivag dexddog i TO piyua péhitog uetd ipfegromomuévoy
gvlvpanxnds rahapoooxydoov: “H- dvridooows Fiehe Spwg é5oxorovdel vil
mogouévy dovnrny). "Avudétmg eig T delypoarta péMtog puetd ipfegromomnuévov
d¢’ 0Eéwv nahopooaxnydoov, 1 ovyxévigwols tiic HMF adEdvetal onuovtrdg, 1)
8¢ &vtidoooig Fiehe sugaviCeton cogpds detunr.

Eig 16 piypo péitog - évivpotixds iufegtomoinuévou ®ohopocanydoov
d¢v wodiotator eonouviig 6 duaywolopds TV duvotéwv dAa Aaupdvovtar
 ovyreyvuéva yoouatoyoagpiuato. Tolto dmodidetar eig td memtidia TOD
gvCopov thg 00goMIoEWG, TG Smoia duégyovtar petd TV duvoEéwv dud Tiig

Tivng.
& T‘]H dvotéom éxdoxn émiPeParottar wewgopatindg, 8’ Soov Drofindi eig
08b oLy TO €% Thig eNnTivng éxhovodiv dudhupa (Uiypo dpuvoEéwv-menTtidionv)
v 0dpoyhmowrol OEéog 17% vmd wdderov Ypuxrtijoa xol &ni dvo Hoag.



36 ILI. MAYPIKOZ, LN. AAPATZEIANOE, M.O. KATSOYAH, AT. MAPKETOX

HINAE II: Svyxéviowors HMF &ig 6£Lyuara Guiyotic uslm)g nal  pghitog  Evéyovtog
{uPeotomoinuévov rakauoodryapov

*AprBudg nat eldog Selynarog HMF (ppm) *Avtidoooig
Fiehe*

Nol (&uwysc) 2 dovnTixn
No 2  (&peyeg) 7 »
No 3  (&uvyts) 4 »
No 4  (&ueyss) 9 »
No 5  (&ueyse) 2 o>
No 6  (&myts) 13 »
No 1 (8véxov 25% nohopoobdxyogov

iuPeot. 8¢ dEE0G) 680 deTiun -
No 1 (Bvéxov 25% noAopoodxryoQov

iufeot. Evivpatindg) : 32 *AgvnTind)
No 1  (&véxov 50% wohapoodryogov

iuPeot. 8¢ H6Efog) 1.200 OgTint)
No 1 (8véxov 50% nohopoodxryopov

iuPeot. Evlvpatindg) 49 *AQvnTLa)

* Ay v dviidpaowy Fiehe fixohovddn fi uédodog 4 tmodsimvvopsévy tmd AOAC’

To oltw ﬁﬁgokvﬁév EOLOV, 6Lsgxéu£vov én véou OV &vayswnuévng
0Eivng entivng %ol éxhovduevov v’ appaviag, ovumurvoltar eig wredv dyrov
®al yowpatoygageitar &ml xagrov Al TG TEXVIRTG wvmg T auonea
mogovolatovron ®ohidg avemtuypéva O OE dlaxwelonds Tov elval edunoLviic.

Evivuatixng 1000Avois xalauooanydoov

’Exonowpomoitn meog totito 10 Umo v dvopaciav “Dry Invertase”
wurhopogoiv eig TO gumdglov éxyviopa poovrtotddong tot F'ahhxnold Olxou
“Etablissement Rapidaz”.

To meoidv Totito Ppégetar g eiduodv Eviupov natdiiniov dud magaoreunv
olgomimv, g 1OgoAIoV TO didAvpud rorapooanyGeov meos d-pEourTéiny xal
d-yAuxdCnv. “H ﬁégo’)wmg EMITUYYAVETOL OUMPAVIS TTEOg T0g 60nyiag Tob
TOQAOREVAOTOT Mg drorlovtwg:

AL(I)\.’U[J.(X ua?»auooanxagov 50% cpegsmt gicpH 5 dua ngom‘)ﬂnng mrgmou
8Efog nai ﬁeguawerat eig 55°C, év®d ovyxgovwg nootidetan 1O evap,ov gig
owa)»oyww 0,55% émi 100 na)»ap,ooanxagov T uiypo, dvadeveral &mi 16 & deag,
gv ovvexeilq 7 Féguavols dranodmtetal xat o piypa dinteltor meog ALy ToU
tuPegromolnuévou olgomiov.

‘H iuﬁegronoinmg T00 nahapooarxaeov Gvégxetar duo Tiig usﬁéﬁou
wvmg) setg 10000tdVv 99,8% (10000100L0UOG TOU mﬁegrooauxagov ®ata Lane-
Eynon

Svpnepdopara .

Acgtypato duyotg péhtog Uvpov, un deouaviéviog, mpoepydueva éx
SLapbEWV TEQLOY DY rﬁg W’]oou Kg'r’rmg, gEetalovral g ng(‘)g o (’xuons’a TOV T
Bonteiq xgwuaroygacptag x&otov nal AemTiig ouﬁaéog “Anovro td delypato
deunviouv mv ovTv eindva dvantiEeme. Eig 800 éx toltwv JtQOO'SLOQLCOVI(lL
gvdenTindc T duvoEéa pe dvahutiv duivoEéwv. Td vmepioyvova duivotéa
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givay 1) TEohivy, 1) powvuhoravivn xal 1 Tveooivn. Ta §vo tabro delypwara
gupavitovtar yevixdg Aav mhovola eig duvoEéa év ovyxpioel pé delypata
uéhrog “Troluxilc mooehevoeme,! 1) 8¢ mepLexTIvdTNG TV €ig TUEOTIVNY CUYXQL-
Twx®ds whhv peyorutéea. "EE 8hhov eig ta éEetacdévra deiynoata auryots
uéhtog oadogitetal | HMF, 1 ovyxévigwolg Tiig omotag edploxetol xaumAn
xal un OmepPaivovoo td 13ppm. ‘H Twn attm odEdvetar Ehageds eig
neplntwowv vodelag Tol péhtog O évivpatkdg iufegromoindévrog vahapo-
ooxyboov, ywolc é&v TolTolg vo petafdiieton 1) dvtidgooig Fiehe, 1 omoio
gEanohovdel va magapévn dovnuxi. Eig td delyuata tadta tol vodeuuévou U
gvivpomxdc tupeoromomPévrog xahopooaxydoov uéhitog, 1) 0710 Tag TEQLYQ-
peloag ﬂ:ugauarm(‘xg cuvﬁﬁuag dnouc’wmctg T®V duivoEfwv xal 1) év cvvexeia‘

Qmuaroygacp'qcng Tov &m xGeTov 7| Aemtiic onBadog mapéyel ‘ouyxeyupuéva
YQWUATOYQOPNUALTO.

Aauﬁéwowm &v romoLg xodoo &vamvyua‘ca dp.wo%ecov écp 6o0v
moonyovuéveg tmofindolv eig 0dp6Avov T Paocixd cvotatkd, TG Omola
opovoTvTol *xatd TV yowuotoyeaplov otiing xal T omoia év ovuvexelg
gmovadiépyovtol Sl Thg toyvedg ®aTLovikiic ENTivng ®xal EmavaxewUaToYQO-
QOTVTOL.

Ex 1dv dvotéom cuvdyetor 8tu 1 in vitro évivuatixn ipeptomoinoig
‘xohapooaxydoov S0 v vodeiov péhitog, duvatdv vi Snuoveyti uev wxedv
moodtnta HMF, éw:)»ovrif;et Buwg éniong 10 iuﬁegronomuévov COXYOQOTKOV
dudhvpa eic nsm:téta 0 6moio. suno&Covv mv xodoehv avamv‘é‘w TV
AuLvoEEmv xaTd TV x@muaroygaqmow TQV.

Abstract

A study on the greek honey. I. Adulteration with inverted sugar. II. Free
aminoacids composition.

The detection of the adulteration in genuine honey, non previously heated, by
enzymatically produced inverted sugar is studied in the present work.

The column separated free aminoacids of honey samples are subjected to
bidimentional thin layer or paper chromatography. The chromatograms obtained
from adulterated samples are confused and difficult to interpret, contrary to the
ones of genuine samples with distinct and clearly identified aminoacids. This is
attributed to protein fractions derived from invertase. It has also been found that
the adulterated honey samples show a substantially elevated HMF value.

In addition, the free aminoacids in two genuine thymous honey samples from
Crete island have been identified and their content has been measured, using an
aminoacid analyzer. High values for the aminoacids proline, phenylalanine and
tyrosine have been found.

Key words: Aminoacid analyzer, 5- hydroxymethylfurfural peptides, _enzymatic inversion,
thin layer chromatography, paper chromatography.
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