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ACADEMICIAN IONEL HAIDUC AT HIS 60th ANNIVERSARY

A gifted, dedicated scientist, horn to be a creator in his tieid, will almost
always manifest himself as an outstanding intellect while still in school, marking his
way to accomplishment with original work at a time when others struggle with
routine drills. The life and work of Professes dr. lonel Haiduc is a peremptory
démonstration of his statement: now, when the scientific community is saluting his
60th anniversary, he can look back to 41 years of valuable contributions to the
chemistry of inorganic and organometallic compounds, as he published his first
paperin 1956, while notyet 19 years old, and being a student in his second year of
study.

Y Born in Cluj, the historical and intellectual capital of Transylvania, on May
9th, 1937, in a family of kind, industrious people, whose credo was honest work,
lonel Haiduc distinguished himself already during his years in the lyceum as an
exceptional personality, deeply impressing both his teacher and his colleagues by
the dedication for study, the insatiable scientific curiosity, the wide field of interests,
and the uncanny capacity of memorising and interrelating a huge amount of
knowledge, although his compass was already firmly set on the direction of
chemistry. These remarkable results, refieciad in a flawless collection of maximum
marks, enabled him to be admitted in 1954 to the Faculty oi Chemistry of the
University of Cluj without admission examination - a privilege reserved only to a
handful of exceptional applicants. Fully confirming ti. 1 rilliant start, he repeated
the performance of obtaining only the best marks at ail the 41 exams he had to
pass until graduation in 1959.

This was the official beginning of a quite outstanding scientific and
teaching career. Intense studies at the "M V. Lomonosov" Institute of Fine
Chemical Technology in Moscow, under the guidance of such a celebrity as
Academician K.A. Andrianov brought him the équivalent of a PhD in chemistry with
a dissertation entitled "Investigations on the chemistry of silicon-containing
inorganic rings" This was in 1964, and the young Roumanian scientist was on
leave from his Alma Mater, which remained also his only permanent employer,
from 1959 until present time; he serves faithfully and well the greatest academie
institution of Transylvania, as he has done ail his life, and his work was deservedly
rewarded by a continuous ascension up the university ladder, reaching the step of
full professorin 1973, at the &ge of 36. He completed his formation as a research
chemist during tnree postdoctoral stages in the United States, as a Fulbright
scholar, between 1966 and 1972, working with Prof. Henry Gilman and Prof R.B.
King, in Ames. lowa, and Athens, Georgia, respectively.

An attempt to summarize the monumental contribution of Academician
lonel Haiduc to the literature of inorganic and organometallic chemistry is an
arduous task, because no matter how faithfully carried out, such an endeavour will
inevitably make injustice to many facets of a creative work embodied in nine
books, published in Roumanian, English, Polish and Greek, 23 chapters in the
most famous collective volumes, encyclopaedias etc., and 236 papers which
appeard in practically all joumals that really matter in his field of research, as
shown in the list of publication.

Using as a guiding line Professor Haiduc's own statement concerning the
main directions of his scientific interests, one can distinguish six fields of chemical
science which benefited from his creative activity. The first, historically, and not
only so, is the chemistry of inorganic rings. The chemistry of co-ordination
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and organometallic compounds has to be mentioned next. Starting with the field
of heteropolyacids, a traditional theme of the Cluj school of complex inorganic
compounds, and continuing with several other types of substances, he
concentrated in recent years on the co-ordination chemistry of
organothiophosphorus and organoarsenic ligands. The inorganic and
organoTeT/Hc compounds with biologica! activity (including antitumor
agents) became one of his favourite préoccupation followed by the interest in the
explosively developing field of organometallic supramolecular chemistry.

Although an independent thinker, like ail born leaders and really creative
minds, Professor Haiduc was always connected in many ways to the puise of the
chemists community life. He devoted much attention to the problems of
communication, of chemical language, and his work on the nomenclature in
chemistry was interspersed with other scientific interests all the time. He
vigorously fought for quality in the academic life - very often attracting enmities for
being outspoken against mediocrity - and is an active propagator of the principles
of ethics in science. As a member or leader of many academic bodies, he
participated with ail the force of his strong moral convictions and creative thought
to the élaboration and implémentation of policies and managerial decisions in
science, with special, but not exclusive, reference to chemistry.

The briliant career brought him well-deserved satisfactions and
récognition. He received the "Gheorghe Spacu" award of the Roumanian Academy
in 1974, was elected corresponding member in 1990 and titular member of the
Roumanian Academy in 1991. Professor Haiduc was Rector of the "Babes-Bolyai"
University, Cluj-Napoca, between 1990 and 1993, being elected, in this capacity,
vice-president of National Conference of Rectors in our country, is now president
of the Cluj-branch of the Roumanian Academy, member of the Présidium of the
same institution, and also a member in a long sériés of councils involved in the
management of research and of university life.

Academician lonel Haiduc is a personality of internationali’/ recognised
value. Seven journals, four of them published in the United States and the United
Kingdom, have elected him as a member of the editorial scientific board. He is a
member of the International Council for Main Group Chemistry, of IUPAC, and of
the Alliance of the Universities for Democracy. Many universities invited him as a
visiting professor: University of Georgia, USA, Universidad Nacional Autonoma de
Mexico, Universidad de Santiago de Compostella, Spain, and Universidad Federal
de Sao Carlos, Brazil. Everywhere, and in all these capacities, he was a credit to
the Roumanian school of chemical research, to the Roumanian Academy. His
quick wits, good natured humor, his kindness and the capacity of creating a
friendly atmosphere around him while not making concessions in matters related to
quality, are among the reasons of his immense popularity with young researchers
and students. This is also an explanation of his succes in creating a high-level
research school of inorganic and organometallic chemistry at the University of Cluj,
and for the large audience always present at his lectures for the students.

The 60th anniversary of the birthday of Professor lonel Haiduc is an
excellent opportunity for the whole community of Roumanian chemists to express
their appréciation for this outstanding représentative of science in our country, and
to present him with the very best wishes of long, fruitful life, and many successes
in the years to come.

THE EDITORIAL BOARD
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THE EFFECT OF PRECURSOR SOLUTION ON THE
STRUCTURE OF CeO2/AI203 CATALYSTS

RADU CRACIUN1, LILIANA CRACIUN2

ABSTRACT. A cérium (IV) methoxyethoxide (Ce-Alk) 18-20% precursor
solution was used to prepare cérium promoted y-Al203 catalysts by
grafting imprégnation. Modified precursor were obtained by mixing Ce-
Alk with 2,4-pentanediol (diol) at various diol: Ce-Alk molar ratios (g = 0,
1, 2, 3) and utilized for CeO2/y-A1203 (DqCe) catalysts préparation, as
well. Fourier transform infrared spectroscopy (FTIR) data on the
precursor solutions show peaks characteristic of formation of a weak
complex between cérium alkoxide and diol. NMR results are consistent
with the IR observations, indicating a shift in the protons corresponding to
the diol coordinated to cérium metal. X-ray diffraction (XRD) and X-ray
photoelectron spectroscopy (XPS) were used for bulk and surface
characterization of the CeQO2/y-Al203 catalysts, designated as DqCe. The
chemical nature of the precursor solution plays an important role in the
surface configuration of the impregnated CeO2. After thermal treatment
at 500°C and 800°C, XRD analysis indicates that the partide sizes of the
CeO2 formed on the support surface are comparable for the different
catalysts prepared using diol modified precursors. However,
semiquantitative XRD data show that the intensity of the XRD pattern
corresponding to CeO2 <111> and <200>, characteristic of CeO?2
crystalline phase formed on the alumina support, increases with
calcination température and the decrease in the g value from 3 to 0.
Results from X-ray photoreduction studies using XPS analysis show data
consistent with those obtained from semiquantitative XRD calculations.
Information derived from XRD and XPS analysis for the dried and
calcined catalysts, indicate an increase in the CeO2 despersion (small
CeO2 crystallites and high Cesa/Al2p XPS intensity ratio) for catalysts pre-
pared from modified cérium alkoxide precursors (pDqCe, where q a 1).

INTRODUCTION

Anchoring cérium alkoxide species in an organic medium, followed by
calcination, have proven to be a reliable préparation technique for CeQ2/g-Al203
catalysts [1]. This imprégnation method is based on the chemical interaction
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between the cerium alkoxide compound and the hydroxyl groups from the support
surface [2], interaction enhanced by high température and reflux conditions [3].
Simple grafting at room température leads after calcination to a poorly dispersed
CeO0?2 phase on alumina. This was attributed partly to the polymerization of cerium
alkoxide molécules on the support surface during imprégnation, drying, and
calcination. A significant amount of the cerium phase deposited on the alumina
surface was found to be in an amorphous state. The increase of calcination
température to 800°C leads to a growth in the CeO?2 crystallite size deposited on
the g-Al203 support surface.

Many previous studies emphasized the strong corrélation between the
cerium surface structure and its Promoter and/or catalytic properties [4-10].
Sanchez et al. [11] have studied the cerium sol-gel chemistry using 2,4-
pentanedione (acac) as a ligand for the gélation process. Using extended X-ray
absorption fine structure (EXAFS) analysis combined with Fourier-transform
infrared (FTIR) and Raman spectroscopy, they found that cerium isopropoxide is
present in the gel as monomer or as alkoxide dimers. Cerium can coordinate one,
two or three acac molécules forming complexes with well defined structure. Based
on this idea, it should be possible to design a new alkoxide precursor, more stable
but reactive enough to be used for grafting imprégnation of a high surface area
support, like Al203 TiO2 or SiO2 Diols are organic compounds containing two
hydroxyl groups in their molecule which can be uced as moderate bidentate ligands
in complexation reactions due to the unpaired électrons from the oxygens of the
hydroxyl groups [12].

This work is part of a study that investigates new synthetic methods
suitable for catalysts préparation. In this paper the effect of 2,4-pentanediol
complexation in the precursor solution used for grafting imprégnation, on the
surface structure of CeO? deposited on g-Al203 support, will be presented. Nuclear
magnetic résonance (NMR) and Fourier-transform infrared (FTIR) spectroscopy
analysis will be used to characterize the molecular structure of the diol-modified
precursors. X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS)
will give us information about the bulk and surface structure of the CeOx/g-Al203
catalysts prepared from the modified precursors.

EXPERIMENTAL

Catalyst Préparation. Catalysts were prepared by grafting imprégnation of
g-alumina (Cyanamid, g-Al203, surface area = 200 m2/g, pore = 0.6 mL/g) using
solutions of modified cerium alkoxide with a diol (DgCe, g = diokalkoxide molar

ratio) as precursors. The alumina support was finely ground (< 230 mesh) and
calcined in air at 500°C for 24 h prior to imprégnation. Catalysts were derived from

pure alkoxide using Ce4+-methoxyethoxide (18-20% alkoxide in methoxyethanol)
obtained from Gelest Inc. The modified cerium methoxyethoxide precursors were
prepared using 2,4-pentanediol purchased from Aldrich Chemical Company. The
cerium content chosen for our catalysts was Ce/Al = 6.0 x 102 atomic ratio (or
16.5% CeO2? by weight), a value close to the monolayer coverage for a g-Al203
support. Different diol: cerium alkoxide molar ratios in the precursor solutions were
used to prepare the DqCe catalysts, where g = 0:1, 1:1, 2:1 and 3:1. The catalysts
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were prepared by wet imprégnation of the g-Al203 support with the alkoxide and
the modified precursor solutions, at room température, under inert atmosphére and
continuous mixing for 24 hours. After imprégnation, the catalysts were dried at
120°C for 12 h and calcined 24 hours in air 500°C and 800°C, respectively.

FTIR Spectroscopy. An FTIR Mattsoh Inst. Galaxy-3000 was used for

infrared analysis. Thin precursor films were prepared on KBr pellets and were
acquired with résolution of 2.0 cm'l, 50 Scans, on a 400-4000 cm | wavenumber

range.

NMR analysis. H-NMR spectra of the modified cerium precursors were
collected with a Gemini 300 MHz spectrometer in CDCI3, at room température. The
"H-NMR Spectrum of pure 2,4-pentanedion in CDCI3, was acquired as référencé for

the chemical shifts of the modified precursors.
X-Ray Diffraction. X-ray powder diffraction patterns Were obtained with a

Rigaku XRD diffractometer employing Ou Kg radiation (I = 1.54184A). The X-ray
was operatéd at 45 kV and 100 mA. Diffraction patterns were obtained using a
scan raté of 0.5 degrees/min with slits = 1 mm. Powdered samples were mounted
on glfss slideS by pressingjhe powder into an indentation on one side of the slide.
The méan Crystallite size (d) of the CeO? particles was determined from XRD line
broadening measurements using the Scherrer équation [13J;

d = KAi/RzooO (D

where | Is the X-ray Wavelength, K is the partide Shape factor, tafcen as 0.9, and b
is the full width at half maximum (fwhm), in radians, of the CeO2 <111> line.
Semiquantitative X-ray diffraction data were obtained by comparing CeO2 <111> /
Al203 <440> intensity ratios méasured for catalyst samples with peak ratios
determined for physfcaf mixtures of CeO2 and g-Al203,

XPS Analysis. XPS data were obtained using a Perkin-Elmef Surface
Science instrument equipped with a magnésium anode (1253.6 eV) operated at
300 W (15 kV, 20 mA), and a 10-360 hemispherical analyzer operated with a pass
energy of 50 eV. Spectra were collected using a PC137 board interfaced to a Zeos
386SX computer. The instrument typically opérates at pressures below 6.67 x 106
N/m2 (1 x 108 torr) in the analysis chamber. Samptes were analyzed as powders
dusted onto double-sided sticky tape. Binding energies for the catalyst samptes
were teferertced to the Al2p peak (74.5 eV). XPS binding energies were measured
with a précision of £0.2 eV or better. The model proposed by Kerkhof and Moulijn
(14) has been used for quantitative XPS analysis. The photoelectron cross sections
and the mean escape depths of the photoelectrons, used in these calculations,
were taken from Scofield [15] and Penn [16], respectively. For a phase (p) present
as discrete particles, the experimental intensity ratio (Ip/ls) is given by the following
expression:

U = I°P/s[L -exp (-dffp)] / difp )

where (I°p/I°s) is the theoretical monolayer intensity ratio, (d) is the length of the
edge of the cubic crystallites of the deposited phase, and (lp) is the mean escape
27
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depth of the photoelectrons in the deposited phase. Pure CeQ2 (Aldrich) for Ce4+
XPS spectrum and CeAlO3 Gust prepared) for Ce3+ XPS spectrum were used as
standards. CeAlO3 was prepared and analysed in-situ, by réduction of CeO2 under
continuous H2 flow at 900°C for 16 hours.

RESULTS AND DISCUSSION

Modified precursors. In solution, cérium with a coordination number of six
may form different complexes with bidentate organic ligands. Different discrete
structures will be obtained by using different cerium-ligand molar ratios [2].
Previous studies on cérium alkoxide coordination chemistry used 2,4-pentanedione
acac as ligand, at different metal to ligand molar ratios, for metal stabilization by
complexation [17]. In this case, cérium methoxyethoxide formed a precipitate when
acac was added. In order to perform a grafting imprégnation, it is necessary to
have a homogeneous cérium solution. This was provided by the modified cerium
alkoxide solution with 2,4-pentanediol (a weaker ligand than acac). Mass
spectrometry analysis have indicated that cerium methoxyethoxide is present in
solution as a monomer. Adding the diol at different diol: cerium alkoxide molar
ratios, homogeneous cerium solutions have been obtained. However, after aging,
the solutions changed their color and formed gels. In general, aging is an important
factor for gels préparation. To avoid the gélation process, the fresh modified
solution must be used immediately in the imprégnation process. The strongest
gélation effect was observed in the case of the diol modified cerium alkoxide with a
molar ratio of 3:1. IH-NMR and FTIR analysis were used to explain the changes in

the solutions aspect.
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Fig. 1. 1H NMR spectra of precursor solutions: a) pDOCe; b) pD1Ce;
c) pD2Ce; d) pD3Ce
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Figure 1 shows the 1H-NMR spectrum of the cerium methoxyethoxide
(pDOCe) solution (a), in comparison with the diol modified alkoxide (pDgCe, with g
> 1) solutions (b-d). From spectrum (a) one can observe that the résonance peaks
corresponding to - O-CH3 (d = 3.279 ppm), -CH2- (d = 3.425 ppm) and -O-CH2- (d
= 3.664 ppm) protons are broad instead of narrow siglets for -CH3, and multiplet
résonance peaks for -CH2- groups. This is attributed in the literature [11] to an
average résonance obtained from fast (on the NMR time scale) chemical exchange
of the ligand and different ligand groups (terminal or solvated molécules), with the
solvent. The ligand, which in this case is methoxyethoxide, will be in a dynamic
equilibrium with methoxyethanoi solvent molécules.

Figure 1 (b-d) shows the IH-NMR for the diol modified cerium alkoxide
solutions at different molar ratios [(a) 1:1, (b) 2:1, (c¢) 3:1]. In these cases, the
spectra show characteristic résonances for the protons corresponding to the
methoxyethoxide ligand from solution: singlet for -CH3 and multiplet for CH2- and -
O-CH?2- groups.

By adding the diol to the cerium alkoxide solution at variable diol: cerium
alkoxide molar ratios, different complexes are obtained. Table 1 shows the
chemical shifts observed for the 2.4-pentanediol protons in the modified solution
(pDgCe) as compared with the pure diol solution.

Table 1. "H-NMR data of the 2,4-pentanediol from the modified cerium alkoxide precursors

Diol pD1Ce pD2Ce pO3Ce

d [ppm] d [ppm] d [ppm] d [ppm]

CH3 1.107 1.085 1.118 1.033
1.125 1.107 1.139 1.055
1.134 1.114 1.149 1.080
1.155 1.135 1.170 —

CH2 1.445 1.429 1.458 1.350
1.458 1.434 1.468 1.379

1.471 1.453 1.484 1.398
1.496 1.475 1.512 1.414

CH 3918 3.396 3.424 3.348
3.939 3.411 3.439 3.361
3.959 3.422 3.444 3.378
3.981 3.427 3.456 —
4.020 3.612 3.635 3.562
4.041 3.622 3652 3.577

4.059 3.636 3666 3.592
4.079 3.651 3684 —

to the presence of asymmetric carbons in 2 4-pentanediol
positions 2 and 4; 2,4- pentanediol was purchased from Aldrich as a mixture of
stereoisomers), the two protons at carbon 3 are diastereotopic [18], and
accordingly they induce additional Splittings at the adjacent protons (the -CH-
signal is a doublet of quartets, while the -CH2- one is a doublet of doublets). The
data in Table 1 reveals that the NMR spectra of the diol in the modified precursors
exhibit new résonances located at different chemical shifts as compared with pure
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diol These new résonance values for the chemical shifts of the diol protons were
assiigned to diol molécules coordinated to cérium atoms. The presence of diol in
the system may have as well a moderator effect, changing the viscosity of the
solution and interfering in the dynamic equilibrium established between the ligands
attached to the cérium atom and solvent molécules.

I(M)<).<> 1200.0 S00.0 400.0
Wavenumber [cnr! ]

Fig. 2. The infrared spectra of the titte compounds

Additional information about the complexation and gélation process can be
obtained from FTIR analysis. Figure 2 shows the IR spectra of cérium alkoxide
(pDOCe) solution (a) in comparison with the modified solution, and (b-d) at various
diol: cérium alkoxide molar ratios (pDqCe, with q > 1). Metal alkoxides exhibit
characteristic bands for -C-O- vibration at ca. 1000 cm’l and for M-O- vibration at
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600-300 cm'l [9]. For example, cérium isopropoxide exhibits a strong and
characteristic absorption band corresponding to the -C-O-Ce vibration at 980 cm'l

(201 The IR spectrum of pure cérium methoxyethoxide indicates a specific band at

910 cm'l, attributed to the alkoxide -C-O-Ce bond vibration [19]. As the diol is
added to the alkoxide, a new band appears at 937 cm'l which can be attributed to

the -C-O-Ce bond of a diol -C-O-. Other new bands appear in the IR spectra of the
diol modified solution at 1085 cm', 1330 cm! and 1710 cm'l. The IR absorption

band at 1710 cm'l usually is attributed to a carboxylate group in the System. It is
conceivable that during the complexation and gélation process, a small amount of
carboxylate was formed in the System from the free ligand by cérium alkoxide

décomposition.

-2R -l

ROH CH, 11
HO-CH
RO... | ..OR
Ce ICH=
RO-~ | "OR
HO-CH
ROH CH, Li; »
4 Ri>ll
Ce-** methoxyethoxide 2.4-Pentanediol
(monomer)
R = -CH:CH:OCH
ROH
pDZCe
Fig. 3. Complex formation by reaction of cérium alkoxide with 2,4-pentandiol

in various molar ratios

Leaustic et al. [21] explained the chemical modification of metal alkoxides
[(Ti-OR)4] with acac in a similar manner, using FTIR and IH-NMR, respectively.
The structural différences are related to the ability of the alkoxide groups to behave
as exchange ligand. Another factor which might be considered is the humidity
during the préparation of the diol modified cérium alkoxide. It is well known that
atmospheric water vapors play an important role in the gélation process. To avoid
the gélation before and during imprégnation, a dry atmosphére is needed. As a
conclusion, 2,4-pentanediol forms with Ce4+ from cérium methoxyethoxide
molécules a weak complex which avoids polymerization of the alkoxide, initially
present as a monomer. Bélow are presented the reactions and possible structures
of such complexes for diol: cérium alkoxide molar ratios of g = 1 and 2.

Extreme conditions like high vacuum or high température will easily
décomposé the complexes. Nevertheless these diol modified precursors were used
for grafting imprégnation of the g-Al203 support. The imprégnation process is
similar with that described in our previous paper [1]. The interaction between the
precursor and support implies reaction of the cérium alkoxide with the surface
hydroxyl groups from the support. Finally, the diol itself and the coordination
complexes ultimately formed, will play the role of moderators, changing the

31



RADU CRACIUN, LILIANA CRACIUN

viscosity of solution, inhibiting the polymerization of cerium alkoxide, and as a
resuit, allowing time for the grafting interaction to occur.

Bulk Characterization. After préparation of the diol modified precursors and
the imprégnation of the g-Al203 support, the DgCe catalysts were calcined at
500°C and 800°C in air. XRD analysis gave us information about the bulk structure
(particles > 30 A) of the catalysts.

Fig. 4. XRD patterns of the DgCe catalysts calcinated at 500°C: a) Al203, b) DOCe,
c) D1Ce, d) D2Ce, €) D3Ce catalysts

Figure 4 (b-2) shows the XRD patterns of the DgCe catalysts calcined at 500°C
under air, in comparison with the pure g-Al203 support. The presence of CeQO?
crystalline phase was noticed for ail catalyst samples. The partide size for the
crystallites formed on the catalysts surface can be evaluated from line broadening
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calculations. The results for the DqCe catalysts are presented in Table 2. The
CeO2 partide sizes are around 4.0 nm with the exception of the catalyst with y = 1,
where the partiele size is about 3.2 nm. Smaller cerium oxide particles usually
correspond to a better dispersion on the high surface area support. This
observation can be correlated with a good interaction of the cerium Promoters with

the support during grafting imprégnation.

Table 2. CeO2 article size and crystallinity for DqCe catalysts calcined at 500°C
determined from XRD line broadening and XPS Ice3d/IAi2P intensity ratios

Catalyst CeO0? Crystalline Phase Partide Size (d) [nm]

500°C 800°C 500°C 800°C
DgCeA [%] XRD XPS XRD XPS
DOCeA 8.5 19.1 4.0 8.7 9.0 2.2
D1CeA 10.6 16.5 3.2 3.8 7.1 35
D2CeA 10.4 12.7 4.1 2.2 11.9 0.5
D3CeA 10.0 15.8 4.2 1.9 15.9 a

a - due to the inhomogeneity of the CeOz2 on the alumina support Kerkhof-
Moulijn model cannot be applied to correctly evaluate the partide size.

In order to have a unequivocal and complete characterization of the cata-
lysts structure, semiquantitative XRD must be consistent with data obtained from
XPS analysis. The CeOQ2 crystalline phase present in the DqCe catalyst is around
50% from the total amount of cerium loading added to the catalyst. The presence
of CeO2 will determine an increase in the thermal résistance of the catalysts, being
often used in exothermic catalytic processes [22, 23]. In order to reveal the structu-

Dearctfs 2 4
Fig. 5. XRD patterns for the DgCe catalysts calcinated at 800°C: a) DOCe b) D1Ce

c) D2Ce, d) D3Ce catalysts
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Figure 5 (a-d) shows the XRD pattern of the DgCe catalysts calcined at
800°C. The observed XRD pattern from the figure corresponding to a 2gq = 28° was
assignet to CeO? <111> phase. Crystalline CeAlO3 phase will indicate a major
XRD pattern at 2q = 32.4° corresponding to the <110> peak [24]. Previous studies
have indicated that a Ce/1lOy-like phase can be obtained by calcination of Ce(OH)4
at high température (> 800°C) but only under a hydrogen atmosphére treatment
[25]. At high température, the small CeO? crystallites may penetrate into the
alumina lattice (a porous defect-spinel structure), and favored by the presence of
reducing atmosphére in the system, the dispersed cerium/alumina mixture will lead
to formation of the cerium-aluminate (CeAlO3) phase. Consequently, the observed
XRD pattern at 2q = 32.5°, represents a sample holder artifact. Figure 4 (a-d)
represents the XRD pattern for the DqCe catalysts. The intense pattern
corresponding to the CeO2? <111> suggests that cerium in these catalysts is
present mostly as CeO2 crystalline phase. However, semiquantitative XRD data
presented in Table 2 indicate a significant amount of amorphous or small
crystallites in the case of D1Ce and D2Ce catalysts (16.5% and 12.7% CeO?2
crystalline compared with the theoretical calculated CeO2 concentration of 20.7%),
even after calcination at 800°C, in comparison with the DOCe and D3Ce catalysts
where cerium is present only as CeO2? crystalline phase. The higher CeO?
crystallinity observed in the case of these catalysts can be attributed to the high
température calcination effect when crystalline phase formation is favored.

Surface Characterization. The XPS spectra for the standard Ce3+AlO3 (a)
and Ce4+O2 (b) compounds are presented in Figure 6.

Fig. 6. XPS spectra of standard cerium compounds: a) Ce3+AlO3, Ce™AlQ;j.
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Fig. 7. XPS spectra of the DgCe catalysts calcinated at 500°C, a) DOCe,
b) D1Ce, c) D2Ce, d) D3Ce catalysts

The XPS Ce3d spectra observed for cerium standard compounds are
complicated due to the covalent mixing of the Ce 4f Orbitals with the ligand valence
band. The Ce3d spectrum measured for CeAlO3 (Figure 6a) is relatively a simple
one, containing two major 3d52 peaks at 883.1 eV (v) and 886.5 eV (v'), and the
main Ce3d3/2 features which appear at 900.1 eV (u) and 905.5 eV (u’). These
doublets have been assigned to cerium atoms with 4fl and 4t2 orbitals strongly
mixed. The Ce3d spectrum measured for CeO? (Figure 6b) contains three main
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3d5/2 features at 883.2 eV (v), 889.2 eV (v*) and three main Ce3d3/2 features which
appear at 901.1 eV (u), 907.7 eV (u*), and 917.3 eV (u*“). The high binding energy
doublat v (u*) has been assigned to a final state with primarily 4f° configuration.
Thev and v (u“ and u ) doublets are generally assigned to final states with strong
mixing of 4fl and 4f2 orbital configurations. These states arise from the core hole
potential in the final state and the 4f hybridization of cérium atoms in the initial
state [26-30]. It should be noted that cerium compounds which contain only Ce3*
do not have u* (v*) peaks characteristic of the 4f° final state. This suggests that
the u“ peak may be used to indicate the presence of Ce4* in the catalysts.
However, it must be considered that the relative intensity of the u™ feature cannot
be used to determine the amount of Ce4* present in the catalysts unless the
dispersion of the Ce4* and Ce3* -phases is known, and it is assured that cerium
photoreduction does not occur [31].

In our previous work we have shown that cerium is photoreduced by X-
rays during XPS analysis, even in the case of samples previously calcined at very
high température [1]. This fact precludes the quantitative analysis of Ce3* and Ce4*
for our catalysts using XPS measurements. Park et al. [32] have shown that the
cerium photoreduced fraction will decrease with the increase in the CeO2
crystalline phase, whereas the amorphous cerium phase is strongly reduced.

Figure 7 (a-d) shows the XPS spectra for the DgCe catalysts calcined at
500°C in air, acquired with identical scanning numbers. This implies that all the
catalysts were exposed to X-rays for the same period of time.

From Figure 7 (a) one can be observe that the intensity of the Ce v' (U
feature, characteristic to Ce3*, is dominant in the Ce3d XPS spectrum, even if
initially cerium was present as Ce4* -phase. The intensity of the Ce v' (u’) feature is
annihilated in the case of the D2Ce and D3Ce. In these cases, the Ce4* -feature
(u”, u and v*, v) dominates the Ce3d XPS spectrum.

The XPS spectrum observed for the D1Ce catalyst is a mixed Ce4* -Ce3* -like
shape. Previous studies have indicated that cerium is present as amorphous phase
when simple grafting method was used for alumina imprégnation [1]. Under these
conditions, long X-ray exposure will determine cerium to appear strongly reduced
in the XPS spectrum. The less photoreduction effect observed in the case of the
DgCe catalysts with g < 1, obtained by imprégnation with the diol modified
Precursors, can be related to the amount of CeO2 crystalline phase formed. The

erium will be present more as a crystalline CeO? phase, crystallinity which is
increased in the order: DOCe < D1Ce < D2Ce < D3Ce. These data provided us
additional information about the crystallinity of the cerium phase deposited on the
alumina support for the studied DqCe sériés of catalysts. Despite of this
inconvenience, XPS analysis can be used for partide size évaluation. Table 2
présents the ceiium oxide partide sizes evaluated from XPS Ce/Al intensity ratio.
The data show a decrease in the CeO2 partide size from 8.7 nm for the DOCe
catalysts to 2.2 or 1.9 nm in the case of D2Ce and D3Ce catalysts. This decrease
in the partide size can be related with the nature of the imprégnation process. The
diol modification will determine a stabilization of the cerium alkoxide in the solution.
Consequently, cerium alkoxide will be strenger anchored and stabilized on the
alumina suport. In this way the agglomération and formation of big particles during
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Icination will be significantly reduced. The différence in the partide size observed
Cathe case of XPS analysis as compared with the partide size évaluation from
XRD line broadening, can be explained by the différence in the information
-révided by each type of analysis. XRD gives us information about the bulk and
crystalline catalysts structure, whereas XPS analysis gives us information about
the first ten molecular layers (10-50A) of the catalysts surface.

Table 3 shows the XPS intensity ratio Ice3d/Ai2P for the DqCe catalysts. It
can be observed that the Ce/Al intensity area ratio increases from 1.7 to 6.3, when
the alkoxide: diol molar ratio in the precursor solution (q) varies from 0 to 3. This
resuit indicates a significant improvement in cerium dispersion. The theoretical
monolayer dispersion calculated for a Ce/Al = 6.0 x 10’2 atomic ratio gives a value

of 15.3 for the Ice3d/IAi2P XPS intensyti ratio.

Table 3. XPS intensity area ratio I(ce3d/I(AJ2P) for DgCe catalysts

Température DOCe DICe D2Ce D3Ce
[°C]
120 3.8 5.6 12.2 6.6
500 1.7 3.8 6.1 6.8
800 0.9 1.6 3.0 35

The différence in the experimental value for ICe3d/IAi2P versus the theoretical
calculation was attributed to crystalline growth and sampe inhomogeneity [14]. In
the case of catalysts dried at 120°C, the value for the ICe3d/lAi2P XPS intensity ration
varies from 3.8, for the DOCe catalyst, to 12.2. for the D2Ce one. For D1Ce and
D3Ce catalysts these values are comparable and dose to the value of 3.

This fact be considered an indication that the modified precursor used for
DqgCe catalysts préparation, where q > 1, have significantly influenced the surface
interaction of the cerium promoter with the alumina support. As a conséquence,
the cerium surface configuration for DqCe calcined catalysts (q > 1) will be
completely different from the DOCe catalyst. The grafting process will occur
similarly for each type of cerium modified precursor solutions, but will be more
efficient for pDgCe, where q = 1 or 2. The déviation from the theoretical value can
be interpreted as poor cerium dispersion or sample inhomogeneity.

The high values for the Ice3d/IAi2P XPS intensity rations in the case of the
D1Ce, D2Ce, and D3Ce catalysts indicate that the impregnated cerium phase
remains well dispersed, being strongly anchored on the support surface even after
calcination at 500°C. This fact can be considered as an indication that the modified
precursor used for DgCe catalysts (q < 1) has significantly altered the surface
structure of cerium deposited on the alumina support. In this case, the déviation of
the XPS ICe3d/lAi2p experimental value can be related to the growth of the CeO?
crystal during calcination. The large déviation in the experimental value of ICe3d/lAi2P
XPS intensity ratio for the DOCe catalyst calcined at 500°C, as compared with the
theoretically calculated one, is attributed to sampe inhomogeneity. Furthermore,
due to the increase in the precursor solution viscosity as dioi is added to cerium
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alkoxide, the déviation from the theoretical value for Ice3d/lAi2p in the case of DqCe
catalysts (q > 1) can be party attributed to sample inhomogeneity, as well. For
inhomogeneous catalysts, the validity of Kerkhof - Moulijn model is limited.

Table 3 shows the values for experimental XPS ICe3d/lAi2P for DgCe
catalysts calcined at 800°C. As it can be observed, calcination at very high
température, will lead to a decrease in the cerium dispersion which can be
attributed to the increase in the CeO2 crystallies size. XPS spectra of the DqCe
catalysts (q > 1) calcined at 800°C (not shown) and very similar with those calcined
at 500°C, indicate after 3-5 minutes of scanning the presence of Ce4t -like species
with a very small fraction of Ce3* -like species present on the catalyst surface, due
to the X-ray photoreduction effect.

CONCLUSIONS

Cerium alkoxide is present in solution as monomer and forms with 2,4-
pantanediol, after aging, a weak complex with gel aspect. Before gélation, the
modified cerium alkoxide solution was used for grafting imprégnation of a g-Al203
support. The diol and the complex formation will play the role of a moderator,
changing the viscosity of precursor solutions, inhibiting polymerization of cerium
alkoxide and in this way, allowing time for the grafting interaction to take place. As
a conséquence, the surface configuration of the cerium promoter (CeO?2
crystallinity and dispersion) vary with the amount of diol present in the precursor
solution. XRD data have indicated the presence of small CeO2 crystallites (d = 4
nm) on the alumina surface, after calcination at 500°C. The amount of CeO?2
crystalline phase vary with the calcination température and with the diol: cerium
alkoxide molar ratio (g) in the precursor solution. XPS data indicate that cerium is
present on the alumina surface as Ce4*, unless réduction due to X-ray occurs. The
amorphous CeO? from the alumina surface is more sensitive to X-ray réduction
during XPS analysis. The combined information from XPS and XRD analysis for
the DgCe catalysts calcined at 800°C in air, indicate that cerium is present mostly

as large CeO2 crystallites (d < 7nm).
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ENVIRONMENTAL FIELD ANALYSIS!

IOVANCA HAIDUC?

ABSTRACT. Field Analytical Chemistry (FAC) and Environmental Field
Analysis (EFA) have emerged in recent years as self-consistent areas of
chemical analysis and analytical chemistry. Only in the period of 1994-
1996 more than 450 papers on EFA have been published. This paper
attempts a systematization and review of EFA methods and some
comments based upon a sélection of ca. 100 papers.

INTRODUCTION

The Field Analytical Chemistry (FAC) is a rapidly growing area of chemical
analysis in which the analytical measurements are carried out entirely at the site
where the analyte is located. Because of their major field of application, they are
known as “environmental field analyses* (EFA).

A first review about EFA appeared in Analytical Chemistry Application
Reviews in 1997 [1]. In 1995, the first symposium on “Field Screening Methods for
Hazardous Wastes and Toxic Chemicals” was organized in Las Vegas [2] and in
1996 the first issue of a new journal “Field Analytical Chemistry Technology"
appeared [3]. Traditionally, an analysis is performed by collecting a sample from a
remote site, then the sample is transported to an analytical laboratory, where it is
stored until the laboratory is prepared for the analysis. Collection, transportation
and storage of samples require time and money, and the results are obtained with
some delay. This is undesirable, since some decisions, such as those concerning
human safety and product reliability, are required in real time.

EFA can reduce the time and cost of analysis because the transportation
and storage of the samples are eliminated from the analytical protocol.

It is true that laboratory-based instrumentation provides more precise and
accurate data than most field methods, but in the past few years the reduced cost
and potential real time decision of the EFA, compensated for this drawback and
stimlated the rapid expansion of these methods.

ENVIRONMENTAL FIELD ANALYTICAL METHODS

The Environmental Field Analytical Methods (ECAM) developed in the past
years can be summarized in Table 1-6.

Table 1 summarizes GC, MS and IMS in environmental field analysis.

The development of a field-portable tandem GC/GC and Photovac
Snapshot GC/GC were reported. For portable GC various types of detectors were

2 Dedicated to Professor lonel Haiduc on the occasion of his 60-th anniversary
Facultatea de Chimie, Universitatea “Babes-Bolyai", Cluj-Napoca, Romania
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used, such as an argon ionization detector [17], surface acoustic wave detector
(SAW), FT-IR [18], pulsed discharged detector in the electron capture and
photoionization mode [19] and surface ionization detector [20].

The use of mass spectrometry in on site/in site environmental analysis has
been reviewed [21]. Sample introduction methods that have enjoyed much interest
in recent years are membrane introduction mass spectrometry (MIMS) and solid-
pha e microextraction (SPME). Using SPME/GC/MS analytes can be detected at
ppt levels using ion trap mass spectrometry (ITMS) [22]. The performances of the
Brucker-Franzen portable GC/MS were described [23, 24] and a Viking Spectra
Trak GC/MS System and the Fisions MD 800 System were reported [25].

Table 1. Environmental Field Analytical GC, MS and IMS Methods

Method Analyte/comments Référencés
HSGC carbamate pesticides/thermally labile 4,5
HSGC/MS carbamate pesticide/thermally labile 4,5
MS toluene and dichlorethane/MIMS;ld=1ppq 6
MS THMs/drinking water, |d=ppb 7
DSITMS VOC/groundwater 8
GC/MS substituted phenols/thermal desorption 9
GC/IMS VOC/field-mobile GC/MS 10
SPME/GC/MS soil samples/analytes preconcentrated

. by headspace technique 11
UV/GC/MS unleaded gasoline 12
IMS explosives, space exploration 13

PAC 14

organic polutants, drugs 15, 16

A portable GC/MS System was patented recently by Inficon, Inc. [26, 27],
and other equipment introduced iclude a quadrupole GC/MS System [28], mass
spectrometer for plasma discharge ion analysis [28], portable ststic mass
spectrometer with a static magnetic mass analyzer [29] (applicable in space
mission to identify chemical compounds in planetary atmosphéres).

Portable monitors based on recent developments in chemical sensors,
biosensors, gas sensors and disposable test strip sensors have been reviewed
[30]. Table 2 summarizes chemical and biosensors applied in field analysis.

Flow injection coupled with potentiometric striping analysis (PSA), can be
applied to the détermination of Lewisite in air samples at the levels 0,5-50 g/m3 [41]
or As (lll) in aqueous solutions [42].

Several QCMs (Quartz Crystal Microbalances) that can measure a
minimum mass change of 1 ng/cm2 [43] are commercially available.

Sensors that combine the sensitivity of the QCM device and the specificity
of immunochemical réactions, immunosensors have been reported [44, 45]. An
application of SAW sensor coated with various polymeric films to analysis of
organic vapor mixtures (Chloroform, hexane, benzene, trichorethylene, isooctane,
xylene) using patern récognition and Monte Carlo simulation was reported [45]. An
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electrically conductive polymer, poly (3-hexylhiofene) is a thin film sensor for
détection of ppb levels of hydrazine and monohydrazine in the presence of

ammaénia, amines and ambient water [46].

Table 2. Chemical and biosenscrs in EFA

Sensor Analyte/comments References

Chemical sensors

QCMs monitoring of air/in bildings, cars 31
SAW soil gas/ld=1-10 ppm 32,33

Electrochemical sensors

iridium microelectrode Pb(Il)+Cd(ll)/water 34

polymeric ruthénium

oxide film N-nitroso compound/water 35

FOCS PAH 36
NOX 37
pH+CO2 +02 38

Biosensors

potentiometric and

amperometric organophosphorus pesticide 39
amperometric CN*, chlorophenols, atrazine,
carbamate pesticides 40

Since the early 1970’'s, when fiber-optic gyros and acoustic sensors
(FOCS) were first demonstrated the fiber-optic technology has been developed
intensively. The main advantages of FOCS and examples of sensors used in field
measurements were described [47]. With FOCS were determined methanol [48],
organic acids [49], PAH, petroleum products [50, 51], chlorinated solvents [52, 53],
benzene, toluene and xylene [54], other volatile solvents such as acetone,
chloform, toluene, cyclohexane [55] and nitric oxide [56].

Immunochemical techniques are used successfully in FEA. Field
évaluation of two of the immunoassay methods was approved by EPA [57, 58].
Applications are widespread, covering many fields including human and ecological
exposure, foods and pharmaceuticals, groundwater and soil monitoring, agricultural
runoff etc. Enzyme immunoassay test kits are available commercially for analysis
of pesticides in drinking water [59].

Table 3 summarizes immunochemical techniques in environmental fields
studies.
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Table 3. Immunochemical techniques for environmental field studies

Technique Analyte/comments Reference

ELISA chlorpyrifos/in saliva Id=6ppb 60
3,5,6-trichloro-2pyridinol, 0.034ppb 61
PCB/fish 61

ELISA kits PCB/on site (concrete floor.walls) 62
Hg/environmental samples 63

cyclodiene insecticide/ground
water, 0,15 mg/L endrin; 17 mg/L

aldrin 64
MAE/ELISA PCB/soil/sediments 65
immunomagnetic assay typhimurium/biological sample 66
IMAS/SFE extraction with nonhazardous

solvents 67
ELISA SFE environmental samples 68

Analysis of diesel fuel in soils is usually performed by EPA methods
requiring Soxhlet or ultrasonic extraction. These methods are not suitable for EFA.
Field analytical methods involve Fréon extraction followed by IR methods to
measure the aliphatic C-H stretch or a Friedel-Crafts alkylation to measure the
aromatic component of the fuel mixture. For drinking water p-nitrofenol and 2-
nitroaniline were monitored by using a portable absorption fluorometer [69].
Advantages and disadvantages of the fluorescence, phosphorescence,
bioluminisence and chemiluminiscence for analytical détermination of
environmental pollutants were reviewed [70].

Table 4 summarizes optical spectrometry in environmental field analysis.

Table 4. Optical spectrometry in EFA

Technique Analyte/comments Reference
LIF PAH/water 71
SERS Cu, Pb, Cd, aromatics/aqueous

solution 72. 73
FT-IR air/monitoring 74. 75
XRr metal monitoring in soil 76
LIBS metal/soil and surface contami-

nation 77

Pb ir: plant, in concrete, Fe in

water 77

Laser-induced breakdown spectroscopy (LIBS) is the newest of the
analytical techniques used for field analysis and is used for screening of soil and
surfaces for metal contamination. A portable instrument weighs 14.6 kg. The
concentration range in which LIBS is most effective is from 0.01-1%. Remote
sensing with LIBS has been investigated from distances up to 100 m from laser
source and spectrometry via fiberoptic cable.
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Radionuclear species have sufficient energies to promote measurable
nhysico-chemical processes. The most common method for the field détection of
radionuclear species is the détection of a, § and y particles produced from naturally

occuring nuclear reactions.
Table 5 summarizes radionuclear methods in EFA.

Table 5. Radionuclear methods in EFA

Analysis Analyte/comments Reference

Victoreen Alpha activity

monitor a particles/contaminated soils 78

Direct large-area a

spectrometer a particles/airborne dust 79

a track detectors a particles /soil 80

passive a detectors U/contamination in fields 81
FDTAS B particles/tritium in water 82
TSEE weak [3-emitting radionuclides 82
EIC weak RB-emitting radionuclides 83

Portable y-ray spectro-

meter without cryogénie cooling 84

y detectors underground water 85

Hot a particles were determined by image analysis and the energy of a
particles have been used to screen uranium contamination in field [81]. For the
monitoring of tritium in the field a robust sample handling and liquid scintillation
counting procedure has been developed [86].

Recently, a field-portable instrument based on a new micronomad
multichannel analyzer was described [87]. A Csl (TI) scintillation detector with two
sidemounted photodiodes [88], and a combination of portable y-ray detectors with
an artificial neural network to automatically identify radioactive isotopes in real time
[89] have been reported.

Over the past years, field monitoring of radioactivity has been applied to a
number of sites [90, 91].

Field analysis is offen carried out by remote sensing methods, that can
acquire and transport chemical information without the presence of an analyst at
the samping site. Remote sensing methods have found a variety of applications
such as making chemical measurements in stack and exhaust gases, waste
streams, process streams, atmosphére, océans and space.

Table 6 summarizes remote sensing methods in EFA.
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Table 6. Remote sensing methods in EFA

Methods

Passive ORS Methods

MAS

microwave remote sensing
ATMOS

DICOSPEC

PYRAMHYD

TES

FT-IR

IR-detection based on
neural network techniques

Active ORS Methods
DIAL
FAL
liquid nitrogen-cooled

diode lasers
FT-IR

CDIRS
SPRS

1. Avila Lopez V., Hill H. H.,Anal. Chem., 1997, 69, 289R.
2 Overton E. B., Dharmasena H. P.,

Analyte/comments

02,03,CIO.water vapor
atmospheric analysis

NO and NO,

SO2 and NO2

OH

°3

molecular species in earth's
atmosphere

CcoO

monitoring stratosferic O3
déplétion
multiple vapor détection

atmospheric trace gas minitoring
CFCs

combustion products from
airplanes

organic pollutants
gas monitoring
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HETEROCYCLEN, 74. MITT.. QUARTARE
AMMONIUMVERBINDUNGEN UND NITRONE
DES THIAZOLS MIT ANTIMIKROBIELLER WIRKUNG

MARIANA PALAGEL, DOINA MATINCAL M. HORNJ, |. SIMITI!

ABSTRACT. Quaternary ammonium compounds and nitrones of thiazole
with antimicrobial action. The alkylation of some N - heterocyclic bases
(Pyridine, Picoline, Quinoline, Urotropine) with 2 Aryl - 4 -halomethyl-
thiazole leads to quaternary ammonium compounds; the coresponding
nitrone have also been prepared. The antimicrobial effect of both classes
of substances have been tested on gram-positive and gram-negative
germes and also on Candida albicans.

EINLEITUNG

Die antimikrobielle Wirkung von quartdren Ammoniumverbindungen ist
wohlbekannt. Diese Verbindungen sind aktiv gegeniiber grampositiven Keimen,
weniger aktiv gegeniber gramnegativen Keimen und inaktiv gegeniber
Pseudomonas aeruginosas. [1].

In der Fachliteratur der letzten Jahre werden neue heterocyclische
Verbindungen mit quartdrem Stickstoff [2-11], sowie Nitrone [12-14] mit
antimikrobiellen Eigenschaften beschrieben.

Vorliegende Arbeit beschreibt die Darsteellung einer Reihe von
Verbindungen in denen ein quartares Stickstoffatom Uber eine CH2-Gruppe an den
-potentiell antimikrobiellen- Thiazolkern gernipft ist; die entsprechenden Nitrone
wurden ebenfalls beschrieben.

Aufgrund der getesteten antimikrobielle Wirkung der beschrieben
Verbindungen, wiinschen wir den Einfluss der lonel- bzw. der semipolaren Bindung
auf antimikrobielle Wirkung dieser Substanzen zu untersuchen, sowie einen
Zusammenhang zwischen den verschiedenen Substituenten und der
antibakteriellen oder fungiziden Wirkung festzustellen.

ERGEBNISSE UND DISKUSSION

Zur Darstellung der quartdren Ammoniumverbindungen 3-42 wurden 2-
Aryl- 4-halomethyl-thiazole 1 [15-17] mit verschiedenen Basen 2 behandelt
(Schema 1).

| Universitatea de Medicina si Farmacie "luliu Hatieganu", Laboratorul de Chimie Organica,
Cluj-Napoca.
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H2B+X'

X=C11

1 la Ib 1C Id le
Ar  C6H5 C6HACH3 (4) C6H4OCH3(4) C6HACI (4) CBHACF3(4)

2 2f 29 2h 2i 2j 2k

B Piridin a-Picolin  -Picolin y-Picolin Chinolin  Urotropin

Diese N-Alkylierungsreaktionen lassen sich in absolutem Alkohol oder
Chloroform ausfihren, wobei die Ausbeuten sowohl vom Lésungsmittel als auch
von der verwendeten Base bzw. vom Halogenatom beeinflusst werden. Die aut
diese Weise dargestellten Verbindungen sind im allgemeinen in Wasser I8slich und
besitzen einen hohen Schmelzpunkt. Die zwischen 2200 - 2400 cm’l liegenden IR-
Banden der quartaren Ammoniumverbindungen werden nur unwesentlich durch
den Substituenten beeinflusst. Die UV-Spektren weisen Absorbtionsbanden
zwischen 283,5 und 301 nm auf, deren Lage vor allem vom Substituenten am
Phenylring und weniger von der Natur der heterocyclische Base beeinflusst wird.

Die Synthese der Nitrone 43-46 erfolgt durch Behandeln der Pyridinium-
Salze 3,5,6,8 mit p-Nitroso-dimethylanilin in Gegenwart einer katalytischen Menge
von Piperidin und Pyidin. (Schema 2).

Schema 2
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Durch saurer Hydrolyse, bei gelindem Erwarmen, gehen die erhaltenen
Nitrone in die entsprechenden Carbonylverbindungen iber, die identisch sind mit
jenen, die man durch die Sommelet-Methode erhalt [15, 18] (Schema 3).

Schema 3

Die angefuhrten Reaktionsschritte entsprechen eigentlich der mit der
Sommelet-Reaktion verwandten Krohnke-Reaktion [19]. Sonst beide diese
Reaktionen sind Darstellungsmethoden fur Carbonylverbindungen. DielR-Spektren
der Nitrone weisen die fur die exocyclische C = N Gruppe charakteristischen
Banden auf.

Bemerkenswert ist die leichte Uberfiinrbarkeit der Nitrone in die
entsprechenden Hydrazone unter Einwirken einer kalten.

2,4-Dinitrophenylhydrazin-L6sung.

Die antimikrobielle Wirkung der Verbindungen wurde getestet, indem man
mittels der Diffusionsmethode die Hemmwirkung auf die Vermehrung von
Mikroorganismen untersuchte.

Zum Einsatz kamen acht Keimstamme im Betracht: Grampositive Kokken
(Staphylococcus  aureus,  Staphylococcus  epidermidis, Sarcina lutea),
gramnegative Kokken (Bacillus subtilis), gramnegative Bazillen (Escherichis col, i
Klebsiella pneumoniae, Proteus vulgaris) und Pilze (Candida albicans). Anhand der
erhaltenen Daten wurden die Verbindungen in drei Wirkungsklassen eingeteilt:

1. Klasse, Verbindungen die eine Hemmungszone mit einem Durchmesser
grosser als 15 mm verursachen;

2. Klasse, Verbindungen bei denen der Durchmesser der Hemmungszone
zwischen 11 mm und 15 mm lag;

3. Klasse, Verbindungen mit einem Durchmesser der Hemmungszone
unter 10 mm.

Die Ergebnisse dieser Untersuchung sind in Tabelle 1 zu finden.
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Tab. 1: Daten zur antimikrobiellen Wirkung
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Diese Daten werden durch die Grob- Mengen- Theorie bearbeitet und
werden Thema einer anderer wissenschatftlicher Arbeit sein.

experimenteller teil
Die Schmp, wurden mit dem Boetius Apparat bestimmt. IR-Spektren: FT-

IR NICOLET 205, UV-Spektren: UV-NIS ULTROSPEC IIl. Die Elementaranalysen

entsprachen den berechneten Werten.
2-Aryl-thiazol-4-yl-methyi-pyridinium-Halogenide 3-9
Ein mmol 2-Aryi-4-halomethyl-thiazol 1 a-e und ein mmol Pyridin werden in
3 ml Chloroform gelést und eine Stunde gekocht. Die sich beim Abkuhlen
abgeschiedenen Kristalle werden filtriert und aus absolutem Alkohol

umkristallisiert.
3: Ar = C6H5; X=I; Schmp. 121°C (C2H50H), Ausb. 63,5%, IR(KBr) 2400

cm ', UV(CH3OH): X max (Ig e) = 284,4 nm (4,35), CI5H13IN2S (380,25), Gerechnet:

N 7,37. Gefundet: N, 7,55.
4: Ar = C6H4CH3 (4); X=CIl, Schmp. 195-196°C (C2H50H), Ausb. 66,2%,

IR(KBr) 2400 cm’l, UV(CH3OH): X max (kg s) = 289 nm (4,34), Ci6HI5CIN2S (302,

82). Gerechnet: N, 9,25. Gefundet: N, 9,23.
5. Ar = C6H4CH3 (4); X=l, Schmp. = 177,2-178,5°C (C2H50H), Ausb.

40,0%. IR(KBr) 2400 cm’l, UV(CH3OH): X max (Ig €) = 289,5 nm (4,29), CleH15IN2S
(394,27) Gerechnet' N, 7,10. Gefundet: N, 6,86.

6: Ar = Ccl uCH3 (4); X=Cl, Schmp. 180-182°C (C2H50H), Ausb. 74,6%,
IR(KBr) 2350 cm’l, UV(CH30H): X max (Ig e) = 301 nm (4,64), CI16HI5CIN20S
(318,82). Gerechnet: N, 8,80. Gefundet: N, 8,40.

7: Ar = C6H4ACI (4); X=Cl, Schmp. 178-180°C (C2H50H), Ausb. 75,7%,
IR(KBr) 2400 cm’l, UV(CH3OH): X max (Ilg e; = 290 nm (4,63), CI5H12CI2N2S
(323,24). Gerechnet: N, 8,66. Gefundet: N, 8,56.

8: Ar = C6H4Ci (4); X=I, Schmp. 187-189°C (C2H50H), Ausb. 35,4%,
IR(KBr) 2350 cm’l, UV(CH30H): X max (Ig e) = 289,5 nm (4,73), CIL5H12CIIN2S
(414,69). Gerechnet: N, 6,75. Gefundet: N, 6,95.

9: Ar = C6H4CF3 (4); X=Ci, Schmp. 215-217°C (C2H50H), Ausb. 59,70%,
IR(KBr) 2400 cm’l, UV(CH30OH): X max (Ig e) = 288,5 nm (4,49), C16H12CIF3N2S
(356,80). Gerechnet: N, 7.85. Gefundet: N, 8,25.

2-Aryl-thiazol-4-yl-methyl-a -picolinium-Halogenide 10-16

Darstellung analog zu den Pyridinium-Halogenide.

10: Ar = C6H5, X=I, Schmp. 183-185°C (C2H50H), Ausb. 60,0%, IR(KBr)
2350 cm’l, UV(CH3OH): X max (Ig e€) = 284 nm (4,48), CIL6HI5IN2S (394,28).
Gerechnet: N, 7,10. Gefundet: N, 7,45.

11: Ar = C6H4CH3 (4); X=CI, Schmp. 192-194°C (C2H50H), Ausb. 65,3%,
IR(KBr) 2200 cm’l, UV(CH30OH): X max (Ig e) = 289 nm (4,53), CI7THIICIN2S
(316,85) Gerechnet: N, 8,84. Gefundet: N, 9,24.

12: Ar = CeH4CH3 (4); X=l, Schmp. 217-219°C (C2H50H), Ausb. 59,6%,
IR(KBr) 2350 cm’l, UV(CH30H): X max (Ig €) = 291 nm (4,35), C17H17IN2S (408,30)
Gerechnet: N, 6,86. Gefundet: N, 7,05.
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13: Ar= C6H4OCH3 (4); X=ClI, Schmp. 168-170°C (C2H50H), Ausb. 50,0%,

IR(KBr) 2350 cm’l, UV(CH30OH): X max (Ilg e) = 300,5 nm (4,61), C17H17CIN20S
(332.85). Gerechnet: N, 8,42. Gefundet: N, 8,75.
14: Ar = C6H4CI (4); X=CI, Schmp. 163-165°C (C2H50H), Ausb. 85,0%,
IR(KBr) 23J0 cm'l, C16H14CI2N2S (337,26). Gerechnet: N, 8,31. Gefundet: N, 8,50.
15: Ar = C6H4CI (4); X=l, Schmp. 235-237°C (C2H50H), Ausb. 90,0%,
IR(KBr) 2400 cm'l, UV(CH30OH): X max (Ig e) = 290,5 nm (4,31), C16HI14CIIN2S

(428,71) Gerechnet: N, 6,53. Gefundet: N, 6,95.

16: Ar = C6H4CF3 (4); X=CI, Schmp. 200-202°C (C3HaOH), Ausb. 65,0%,
IR(KBr) 2350 cm'l, C17Hi4CIF3N2S (370,82). Gerechnet: N, 7,56. Gefundet: N,
7,68.

2-Aryl-thiazol-4-yl-methyl-R3-picolinium-Halogenide 17-23.

Darstellung analog zu den Pyridinium-Halogenide.

17: Ar = C6H5; X=CI, Schmp. 169-171°C (CrHBOH), Ausb. 78,0%, IR(KBr)
2350 cm'l, UV(CH30H): X max (g e) = 283,5 nm (4,66), C16Hi5CIN2S (302, 82).
Gerechnet: N, 9,25. Gefundet: N, 9,05.

18: Ar = C6H5 X=I, Schmp. 121-123°C (C2H50H), Ausb. 82,3%, IR(KBr)
2350 cm'l, UV(CH30H): X max (Ig e) = 283,5 nm (4,66), CwH"INjS (394,28).
Gerechnet' N, 7,10. Gefundet: N, 7,15.

19: Ar = C6H4CH (4); X=CI, Schmp. 221-223°C (C2H50H), Ausb. 65,7%,
IR(KBr) 2350 cm'l, UV(CH3OH): X max (Ig e) = 289 nm (4,29), CI17HIICIN2S
(316.85). Gerechnet: N, 8,84. Gefundet: N, 8,55.

20: Ar = C6H4CH3 (4); X=I, Schmp. 173-174°C (CaHsOH), Ausb. 73,7%,
IR(KBr) 2350 cm'l, UV(CH30OH): X max (Ig e) = 289 nm (4,41), C17TH17IN2S (408,30).
Gerechnet: N, 6,86. Gefundet: N, 7,02.

21: Ar = C6H4OCH3 (4); X=Cl, Schmp. 217-218°C (CaHgOH), Ausb.
52,85%, IR(KBr) 2350 cm', UV(CH3OH): X max (Ig e = 301 nm (4,72),
CiTH17CIN20S (332,85). Gerechnet: N. 8,41. Gefundet: N, 8,55.

22: Ar = CSH4CI (4); X=ClI, Schmp. 203-250°C (C2H50H), Ausb. 72,5%,
IR(KBr) 2375 cm'l, UV(CH3OH): X max (Ig e) = 290 nm (4,69), CieHI4CI2N2S
(337,26). Gerechnet: N, 8,31. Gefundet: N, 8,45.

23: Ar = CeH4Cl (4); X=l, Schmp. 183-185°C (CzHgOH), Ausb. 81,3%,
IR(KBr) 2350 cm'l, UV(CH30OH): X max (Ig e) = 289,5 nm (4,64), CieH14CIIN2S
(428,71) Gerechnet: C, 44,83; H, 3,29; N, 6,53; S, 7, 48. Gefundet: C, 45,11; H,
3,22; N, 6,23; S, 7,42.

2-Aryl-thiazol-4-yl-methyl-y -picolinium-Halogenide 24-29.

Darstellung analog zu den Pyridinium-Halogenide.

24: Ar = C6H5; X=I, Schmp. 199-200°C (C2H50H), Ausb. 75,0%, IR(KBr)
2350 cm'l, UV(CH3OH): X max (Ig e) = 285 nm (4,27), CI6HI5IN2S (394,28).
Gerechnet: N, 7,10. Gefundet: N, 7,15.

25: Ar = C6H4CH3 (4); X=Cl, Schmp. 233-235°C (C2H50H), Ausb. 40,0%,
IR(KBr) 2350 cm', UV(CH3OH): X max (lg ) = 289 nm (4,75), Cl17H17CIN2S
(316,85) Gerechnet: N, 8,84. Gefundet: N, 8,65.

26: Ar = C6H4CH3 (4); X=I, Schmp. 247-248°C (C2H50H), Ausb. 57,0%,
IR(KBr) 2350 cm'l, UV(CH3O0H): X max (Ig e) = 289 nm (4,35), C17TH17IN2S (408,30).
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Gerechnet: C, 50,00; H, 4,20; N, 6,86; S, 7,85. Gefundet: C, 50,11; H, 4,23; N,

6% 8’57;7(,55« = CeHpgOCHS3 (4); X=CI, Schmp. 203-205°C (C2H50H), Ausb. 70,0%,
IR(KBr) 2350 cm’l, UV(CH30OH): X max (Ig e) = 301 nm (4,54), CIlTH17CIN20S
/332 85) Gerechnet: N, 8,41. Gefundet: N, 8,55.

' 28: Ar = C6HACI (4); X=Cl, Schmp. 218-220°C (C2H50H), Ausb. 50,0%,
[R(KBr) 2375 cm’l, UV(CH3OH): X max (Ig e) = 290 nm (4,45), CIlsHI14CI2N2S
/337 26) Gerechnet: N, 8,31. Gerundet: N, 8,55.

" 29: Ar = C6H4CI (4); X=I, Schmp. 252-253°C (C2H50H), Ausb. 50,0%,
[R(KBr) 2350 cm’l, UV(CH3OH): X max (g s) = 289,5 nm (4,47), CI6H14CIIN2S
(428,71) Gerechnet: C, 44,83; H, 3,29; N, 6,53; S, 7,48. Gefundet: C, 45,23; H,
3,30; N, 6,50; S, 7,46.

2-Aryl-thiazol-4-yl-methyl-chinolinium-Halogenide 30-34.

Darstellung analog zu den Pyridinium-Halogenide.

30: Ar = C6H5; X=I, Schmp. 200-202°C (C2H50H), Ausb. 36,0%, IR(KBr)
2375 cm’l, UV(CH30OH): X max (lg e¢) = 292 nm (4,35), CIL9HI5IN2S (430,31).
Gerechnet: N, 6,51. Gefundet: N, 6,50. )

31: Ar = C6H4CH3 (4); X=Il, Schmp. 198-200°C (C2HUOH), Ausb. 35,0%,
|[R(KBr) 2350 cm’l, UV(CH3O0H): X max (lg €) = 296 nm (4,32), C20H17IN2S (444,34).
Gerechnet: N, 6,30. Gefundet: N, 6,35.

32: Ar = C.H4CI (4); X=Cl, Schmp. 210-212°C (C2H50H), Ausb. 35,0%,
IR(KBr) 2350 cm’l, 19Hi4CI2N2S (373,30). Gerechnet: N, 7,50. Gefundet: N, 7,35.

33: Ar = C6HACI (4); X=I, Schmp. 205-206°C (C2H50H), Ausb. 35,0%,
IR(KBr) 2350 cm’l, UV(CH30OH): X max (Ig e) = 297 nm (4,55), CI19HIACIIN2S
(464,75). Gerechnet: N, 6,02. Gefundet: N, 6,15.

34: Ar = C6HACF3 (4); X=ClI, Schmp. 105-106°C (C2H50H), Ausb. 33,0%,
IR(KBr) 2350 cm’l, C20H14CIF3N2S (406,86). Gerechnet: N, 6,88. Gefundet: N,
7,11.

2-Aryl-thiazol-4-yl-methyl-urotrop:  r i-Halogenide 35-42.

Darstellung analog zu den Pyridinium-Halogenide.

35: Ar = C6H5; X=CI, Schmp. 195-198°C (C2H50H), Ausb. 32,0%, IR(KBr)
2350 cm’l, UV(CH3OH): X max (Ig e) = 283,5 nm (4,39), C16H20CIN5S (349,99).
Gerechnet: N, 20,02. Gefundet: N, 20,42.

36: Ar = C6H5; X=I, Schmp. 186-188°C (C2H50H), Ausb. 33,0%, IR(KBr)
2350 cm’l, UV(CH30H): X max (Ig e) - 84 nm (4,30), CI6H20IN5S (441,34).
Gerechnet: N, 15,87. Gefundet: N, 15,65.

37: Ar = CeH4CH3 (4); X=Cl, Schmp. 205-207°C (C2H50H), Ausb. 66,0%,
IR(KBr) 2350 cm’l, CI7H22CINSS (363,90). Gerechnet: N, 19,25. Gefundet: N,
19,55.

38: Ar = C6H4CH3 (4); X=I, Schmp. 204-205°C (C2H5-OH), Ausb. 66,0%,
IR(KBr) 2375 cm’l, UV(CH30H): X max (Ig €) = 288 nm (4,38), CLTH22IN5S (455,37).
Gerechnet: N, 15,38. Gefundet: N, 15,57.

39: Ar = C«H4OCHS3 (4); X=ClI, Schmp. 213-215°C (C2H50H), Ausb. 60,0%,
IR(KBr) 2350 cm”, CI7H22CIN5OS (379,91). Gerechnet: N, 18,44. Gefundet: N,
18,53.
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40: Ar = C6H4CI (4); X*-Cl, Schmp. 215-217°C (C2H50H), Ausb. 60,0%,
IR(KBr) 2350 cm'l, Ci6H19CI2N5S (384,33). Gerechnet: N, 18,22. Gefundet: N,

18,37.

41: Ar = C6H4CI (4); X=l, Schmp. 205-207°C (C2H50H), Ausb. 60,0%,
IR(KBr) 2350 cm'l, UV(GH30H): A max (lg g) = 288,5 nm (4,57), CI6H19CIIN5S
(475,78). Gerechnet: N, 14,72. Gefundet: N, 14,36.

42: Ar = C6HACF3 (4); X=Cl, Schmp. 205-207°C (C2H50H), Ausb. 65,0%,
IR(KBr) 2350 cm'l, Ci7H19CIF3NSS (417,88). Gerechnet: N, 16,76. Gefundet: n'
16,60.

2-Aryl-4-[(N-p-dimethyl-anilino)-N-oxo-iminomethylen] thiazol 43-46.

Ein mmol Pyridinium-Salz 3,5,6,8 wird in der kleinstmdglichen Menge
absolutem Alkohol geldst; zur Losung werden ein mmol p-Nitroso-dimethylanilin,
0,1 ml Pyridin und 0,1 ml Piperidin hinzugefugt und das Gemisch wird eine Stunde
gekocht. Beim Abkihlen scheiden sich Kristalle ab, die aus absolutem Alkohol
umkristallisiert werden.

43: Ar = CeHs, Schmp. 131-131,5°C, Ausb. 30,0%, IR(KBr) 2630 cm'l
(HC=N), C18H17N30S (323,42). Gerechnet: N, 12,99. Gefundet: N, 12,83.

44: Ar = C6HACH3 (4); Schmp. 133-134°C, Ausb. 30,0%, IR(KBr) 1630
cm'l, (HC =N), C19HIIN3OS (337,45). Gerechnet: N, 12,45. Gefundet: N, 12,47.

45: Ar = C6H4OCH3 (4), Schmp. 136-138°C, Ausb. 30,0%, IR(KBr) 1630
cm'l, (HC=N), C19H19N302S (353,45). Gerechnet: N, 11,88. Gefundet: N, 11,85.

46: Ar = C6H4CI (4), Schmp. 158-159°C, Ausb. 30,0%, IR(KBr) 1630 cm'l,
(HC=N), C18H16CIN3OS (357.86). Gerechnet: C, 60,41; H, 4,51; N, 11,74;.S, 8,96.
Gefundet: C, 60,37; H, 4,51; N, 11,97; S, 8,96.
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HETEROCYCLES, 75: THIAZOLIC QUATERNARY AMMONIUM
SALTS AND THIAZOLIC NITRONES. CHEMICAL
STRUCTURE - ANTIMICROBIAL ACTIVITY (SAR).

MARIANA PALAGE, R. OPREAU, M. HORN, I. SIMITI!

ABSTRACT. The relation between chemical structure and antimicrobial
activity of some thiazolic quaternary ammonium salts and thiazolic
nitrones were analysed using the theory of rough sets. The smallest set
of attributes significant for a high précision of classification, respectively
the essential structure for the antimicrobial activity were established.

INTRODUCTION

In a previous paper we have dealt with the préparation and évaluation of
antimicrobial potential of some thiazolic ammonium quaternary compounds () and
of thiazolic nitrones (Il) having in their molecule an ionic linkage and a semipolar
one, respectively [1].

In order to determine to what extent the antimicrobial activity is influenced
by the various modifications made within the synthesized compounds structure, we
h&ve used the method of rough sets theory, introduced by Pawlak [2,3] and applied
by Kryjinski [4,5,6] and [7,8].

METHOD

The obtained substances were divided into three classes of activity [1].

On the basis of the results we defined separately each class of activity
from the viewpoint of the corresponding compounds. To achieve this object we
applied a suitable encoding System of synthesized compounds. Thus, some clearly
defined fonctions were introduced on the set, able to render evident through their
values some structural features of the considered compounds. The fonctions were
denominated as “attributes” according to the usual terminology. Table 1 présents
the fonctions définition, showing both their field of définition and the

| Universitatea de Medicina si Farmacie "luliu Hatieganu", Laboratorul de Chimie Organica
Cluj-Napoca, Romania.
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correspondance laws between compounds and the numeric values, as well as the
occurred subordinations. Thus, the a-i attribute is defined on the whole set of
compounds receiving only the values zero and 1. However, a2 attribute is defined
onl> on the set of compounds for which a-, receives the value 1. Thus, a2 attribute
was explained as a subordinate to al attribute being registered as a2 ¢ av In this
way each synthesized compound was characterized by a multitude of attribute
values significant to the compound and explained as codes.

Table 1. Attributes, their significance and the corresponding values

ATTRIBUTE SIGNIFICANCE ATTRIBUTES VALUES

3i M presence Absent Present
M -H M = R-CeHi
0 1

a; R presence in M 0 1
33 R nature 0 -CH3 -OCH3 -Cl -CF3
1 2 3 4
at Q nature 0 -CH:BIX'  _CH=NO-CeH4N(CH3)2 (p)
1 2
as B nature in Q 0 Pyridine Quinoline Urotropine
1 2 3
e Substituent nature 0 -CH3
1
al Suostitute position 0 a R 7
on ring 1 2 3
ae X presence in Q 0 1
ag X nature 0 -Cl -Br -l
1 2 3

Subordination laws: a3 c a2 c al
a?catcascad
ajd casl c a4
Table 2 illustrates the encoding System. In order to make evident the
chemical structure specific to the compounds belonging to the same dass of
activity, a close analysis of each attribute contribution to outline the respective
dass was performed. The analysis consisted of a successive, one by one
élimination of single or associated attributes examining the decrease related to
dass accuracy and considering only the remaining attributes. The eliminated
attributes which did not induce a significant decrease of dass accuracy (values
exceeding 0,75) were interpreted as irrelevant to the respective dass
Characterisation. The remaining essential attributes represent the most restricted
set being the basis of obtaining a classification identical with the one required by
the results of antimicrobial action test.
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rable 2. Substances codes

CODES

Nr

ad

as

a?

ae

as

ad

a?

a?

— M = =MD = M

o o

10
11

12
13
14

15
16
17
18
19
20
21

™

22
23
24
25
26
27
28
29
30
31

32

33
34
35
36
37
38
39
40
41

1

42

43

44
45

46
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RESULTS AND DISCUSSION
Figures 1 and 2 Mustrate the decrease associated with the classification
précision, by a successive élimination of attributes.

Fig. 1. The decrease of the classification précision by succesive élimination of attributes
o0 Staphylococcus aureus; « Staphylococcus epidermidis; (1 Sarcina lutea; | Bacillus subtilis

Fig. 2. The decrease of the classification précision by succesive by succesive
élimination of attributes

o Escherichia coli; « Proteus vulgaris; (1 Klebsiella pneumoniae; | Candida albicans
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On the basis of the obtained results one can conclude that the presence of
jc link that can be considered a pharmacophore group, is favorable to
ichmpounds having an average or good antimicrobial effect. Depending on germ
c0 eother attributes seem to be essential, too. Thus, concerning gram-positive
microorganisms, gram-negative Escherichia coli and Candida albicans, all
ttributes are essential, excepting the anion nature from the ionic link
corresponding, probably to the need for a hydrophil - lipofil balance, favourable to a
aood antimicrobial activity. However, the compounds having a semipolar linkage in
the position 4 of thiazolic ring (CH = N 4 O) exert only a moderate effect upon
Candida albicans.

Regarding the antimicrobial activity on gram-negative microorganisms, the
aspects are differentiated depending on germ type, as follows: for the activity
exerted on Klebsiella pneumoniae, both the attributes corresponding to the
Substitutes in the position 2 of thiazol and those in the position 4 are essential. On
the other hand the substitute on the pyridinic ring and the anion nature are not
essential to antimicrobial activity.

The activity exerted on Proteus vulgaris is dependent only on substitute
nature in position 4 on thiazolic nucléus. The essential substitutions for dass | of
activity (compounds with a good antimicrobial effect) are presented in Table 3.

Table 3. Essential attributes for antimicrobial activity

STRA_IN TYPE ESSENTIAL ATTTRIBUTE ATTRIBUTES SIGNIFICANCE ACTIVITY CLASS
For ail germs al -CH-B’X' 1
Gram positive cocci ata’ a M presence. R=H: -OCH3. -CH,.-Cl. 1
a,a 3- CF,
» ) B=Py, Qui. Uro, U.y -CH,
Gram positive bacillus 3|, a? a? M presence, R=H; -OCH3, -CH3 -Cl 1
ab, a(t ar CF,
a4 au B-Py Qui, g, [Ly -CH,
_ _ X=-Cl. -1
Gram negative bacillus ai. a?. a3 M presence. R=H; -OCH,. -CH,.-Cl 1
Escherichia coli ab. aj a* CF,
) ) B=Py. Qui. IL y-CH,
Klebsiella pneumoniae at a=, a3 M presence, R=H; -OCH,, -CH,.-Cl 1
as, CF,
) 8=Uro
Proteus vulgaris a«,. 3p, a? B= Uro. Py y -CH 1
Candida albicans ai, a?, a3 M presence. R= CH,.-Cl, -CF, 1
as, a 3y B-Qui

In conclusion, according to our anticipation, the presence of ionic linkage is
important to a good antimicrobial activity. The compounds exerting the highest
activity upon gram-positive microorganisms héve a pyridinium rest, a pyridinium
substitute or quinolinium in the thiazol 4 position. For a good activity upon gram-
negative microorganisms, the urothropinic rest is essential.
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CRITICAL MICELLE CONCENTRATION OF SODIUM
CHOLATE SOLUTIONS

JANOS ZSAKO1, AURORA MOCANUL, CSABA RACZI, KATALIN RACZ],
EMIL CHIFU!

ABSTRACT. Criticai micelle concentration is determined in aqueous
sodium cholate solutions by using 4 different methods. Results are
compared with literature data. Molecular area of sodium cholate is
calculated from the maximum adsorption at both CclL/water and
benzene/water interfaces.

INTRODUCTION

The bile acids are amphiphilic compounds with surface active properties,
and they answer for the transport of some water insoluble substances in the animal
organism.

These compounds are synthesized in the liver and are final products of the
cholestérol metabolism. Owing to their surface active properties in aqueous
solutions they may form micelles, by reaching the average concentration of 3-5
mg/ml.

The concentration at which the association of the molécules begins is
called CRITICAL MICELLE CONCENTRATION (CMC). Owing to their role in the
animal organism, the stydy of micellization of these compounds is both of
theoretical and practicai importance [1].

Fig. 1. The molecular structure of the cholic acid (3, 7, 12-trioxicolanic) [4]

| Faculatatea de Chimie si Inginerie Chimica, Universitatea "Babes-Bolyai", RO - 3400,
Cluj-Napoca, Romania.
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In the present paper the CMC of sodium cholate (NaC) is determined by
means of different methods. The structure of the cholic acid molecule is presented
in fig. 1. As seen, the molecule contains three hydroxi groups in the same part of
the molecule and they form a triangle in the hydrophilic part of the steroid nucleus.
The distance between these three OH groups is of 5A [4].

The surface active properties of the sodium cholate have been studied by
different methods [2-15].

RESULTS AND DISCUSSIONS

Carbon tetrachloride/water interfacial tension (-/) values, oetermined by
using the drop volume method are presented in fig. 2, as function of logarithm
concentration of NaC. The intersection of the two linear portions allows us to derive
CMC.

Fig. 2. Interfacial tension (y) determined Fig. 3. Interfacial tension (y) measured
by drop volume by means of
method as function of Wilhelmy method, vs.
logarithm concentration of NaC molar concentration (c) of NaC

In fig. 3 the benzene/water interfacial tension values measured by means
of the Wilhelmy method are plotted vs. molar concentration of NaC (c). The CMC
also corresponds to the intersection of the two straight lines.

A plot of the équivalent conductivity (/1) vs. V¢, the square root of the NaC

concentration is given in fig. 4. As seen, at CMC a sudden slope change is
observed. The turbidity (t) as function of the analytical NaC concentration is shown
in fig. 5. Two linear portions appear and their intersection occurs at CMC.
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Fig. 4. Equivalent conductivity (J1), Fig. 5. Turbidity (t) as function of molar
Vs, n/c of NaC

concentration of NaC solutions

In the case of both tensiometric methods and with the turbidimetric one,
CMC values have been derived by performing a linear régression in order to obtain
the Parameters of the Straight lines approximating the linear portions and the
concentration value corresponding to the intesection of the straight lines has been
derived by calculation.

The concentration corresponding to the sudden slope change of the
équivalent conductivity vs. n/c curve has been derived graphically.

The CMC values derived from our experimental data are presented in Tab.
1. The same table also contains some literatura data.

As seen, the values reported by different authors are rather different and
our résulte are in good agreement with some of them.

Gibbs'equation [21]:

r=-(RT)* e -(2.3RT)- s (1)

allows us to derive the adsorption ' at the liquid/liquid interface from the
concentration dependence of the interfacial tension.
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Table 1. CMC values for agueous NaC solutions

metnod température CMC référencé
(°C) (mM 7/}

Drop volume 22 5.55 this paper
Plate 20 5.31 this paper
Conductometric 23 5.18 this paper
Turbidimetric 22 4.91 this paper
Light scattering 20 20
Solubilization 20 13 [6]
Surface tension 20 5 [10]
Surface tension 22 4.9 [4]
Surface tension 22 3.25 1

Since up to the CMC the carbon tetrachloride/water and the benzene/water
interfacial tensions obey the linear relations:
Y=-10.823 Iy c-12.818
and 2)
Y =-5892 Ig c-3.405
respectively, both with a corrélation coefficient of r = 0.992, one may consider that
in the concentration range investigated already the maximum adsorption TI'T
occurs. Thus, the molecular area in interface, Ao will be given by the relation:
Ao = (rmNA)-1 (3)
where NA stands for Avogadro’s constant.
By using équations (1) and (3), from the coefficients of Ig ¢ in équation (2),
the maximum adsorption and molecular area values given in Tab. 2 have been
derived.

Table 2. Maximum adsorption and molecular area of NaC at liquid/liquid interfaces

interface T X 1010, molcm’ Ao, A2
CCl4/water 1.92 86.8
| benzene/water 1.05 158.4

For the molecular area of NaC at the air/water interfaces A2 has been
reported [4, 14]. Since at oil/water interfaces higher molecular area values may be
expected [22] our results obtained for the benzene/water interface are very
resonable. The quite low value derived for the Ccl4/water interface might be due to
the much higher solubility of cholic acid in CCl4 as compared to benzene.

EXPERIMENTAL

Commercial sodium cholae “E. Merck" was used for déterminations.
Aqueous solutions in the concentration range between 104 and 3*102 M have
been prepared by using twice distilled water (pH = 6-7). Two tensiometric methods
have been used [16]:
70



L

CRITICAL MICELLE CONCENTRATION OF SODIUM CHOLATE SOLUTIONS

1. The drop-volume method has been used for measuring the
CCl4/water interfacial tension. For this purpose the volume is
determined for the carbon tetrachloride drop which is formed in the
aqueous solution of sodium cholate. q

Measurements have been performed at room temperatura (22°C) by

using CCl4 of analytical quality "Reactivul Bucuresti*.

2. The plate method (Wilhelmy) has been used to measure
benzene/water interfacial tensions. In the oil phase benzene of
analytical quality “Reactivul Bucuresti" was used and the water phase
consisted of aqueous solutions of NaC.

Measurements have been made in thermostated samples at 20 +

0,5°C.

3. Conductometric method [16]. Measurements have been performed
by means of a Gt 12 type conductometer at 23°C.

4. Turbidimetric method [20].

Investigations have been made by means of a Specol-10
Spectrophotometer equipped with a device of TK type turbidimeter.
Measurements have been performed at 483 nm, where a maximum of
sensitiviiy had been observed. Working temperatura: 22°C.
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THE ALKYLATION REACTION OF SOME SUBSTITUTED
PYRIMIDINONES!

DALILA KOVACS2, LUMINITA MUNTEAN2, LILIANA CRACIUN?2,
S. MAGER?

ABSTRACT. The S-, O- and N-alkylation reactions of some substituted
pyrimidinones have been studied, including the influence of the alkylating
agent, the temperatura, the time of the reaction and the nature of the
solvent on the selectivity- of the reaction. The ratios of the alkylated
mixtures were determinated by means of NMR spectroscopy.

INTRODUCTION

The synthesis, the structure and the reactivity of some pyrimidinonic
compounds are of major importance from both the practicat and theoretical points
of view. Many of these compounds show an important biological activity [1-5] and
an interesting reactivity especially in connection with the possible existence of
different tautomeric structures [6-13]. The tautomerism of the 4-pyrimidinone is
represented (Scheme 1) by two lactam toutomers, 4(1H)-pyrimidinone (N(1)-H] and
4(3H)- pyrimidinone [N(3)-H] and an enol (phenoi) one, the 4-hydroxypyrimidine (4-
OH):

H

N( -H N(@3) -H 4 -O H

Scheme 1

Many papers on the subject hdve been published, leading to the general
conclusion that the equilibrium in solutions is largely shifted towards the N(3)-H
isomer [6, 7, 10, 11, 14, 15]. That, in spite of the contradictory conclusion found as

" Author to whom correspondance should be adressed.

Universitatea "Babes-Bolyai“, Catedra de Chimie Organica, Str. Arany Janos nr. 11, RO-
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a resuit of some déterminations of ionisation constants in dilute aqueous solutiOn
[8,9]. An exception is also furnished.by infrared spectra reco.der in gas phase ang
low-temperature inert matrices giving comparable populations of both keto a3
enol (phénol) forms [12, 13]. The tautomerism of the pyrimidinone (pyrimidinol) uni(
is strongly dependent on the substituents liked especially in positions 2 and 5
determined by starting compounds of the synthes: the synthon introducing in thé
molecule the two nitrogen atoms and the substituted or unsubstituted acetoacetic

ester (Scheme 2 and 3).
The usual way of the synthesis [16] starts from thiourea [17, 18] or

guanidine [19-24] with acetoacetic ester. In order to diminish the number of
tautomeric structures, the N,N-dialkylguanidine and substituted acetoacetic estera

were used:

NH

?H) <ul <H,

I'h
Scheme 2

Not all the theoretically possible tautomers have been really detected. If a
dimethylated (alkyated) acetoacetic ester was used, the obtained 2-diethylamino-5.5.6-
trimethyl-4(5H)- pynmidinone 3 was the unie possible isomer [25].

The real existing tautomers may be chemically identified by means of the

alkylation reaction, as in the case of compounds 2, when the fixed O- and N-methylated
isomers 4a,b have been identified [2]:
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Such an attempt has also made in the case of pyrimidinone compounds 1
obtained from thiourea. The tautomeric structures offer the possibility to study the

S- O- and N-alkylation reactions.

— HjoO
-Et OH

- H20
-Et OH

Scheme 3

3)
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RESULTS AND DISCUSSION

The alkylation reaction was studied on the 5-alkyl-6-methyl-2-thio-4(3H).
pyrimidinone obtained from thiourea and 5-methyl- respectivelly 5-buty|.
ethykacetoacetate (Scheme 2), in order to try to establish also the possible
involvement of the steric factor. As alkylating agents, methyl and ethyl iodide as
well as ethyl sulfates were used.

The température, the time of the reaction and influence of the solvent were
also taken into account.

The selectivity of the reaction (based on the different reactivities of the SH,
NH and OH groups of the tautomers) run in appropriate conditions, makes possible
the isolation of the S-alkylpyrimidinones 5 and 5’ with partial fixes structures
(Scheme 4). These were further alkylated offering the possibility to observe the
compétition between the remaining NH and OH fonctions of the isomers in the
alkylation reaction.

KOH, h 20 "
5 5
6 7 8
R--CHJ,—(CHJ)3CHs
R --CHj, -CHICH j
Scheme 4

The results of the alkylations are presented in Table 1. It must be
mentioned that in our experimente no alkylation product at N(1) was separated nor
identified in the reaction mixtures. In most alkylation reactions a part of the starting
pyrimidinone was recovered at the end of the reaction and only the S-alkylated
compounds 5 and 5' were obtained as pure, crystalline products. Therefor the
résulte are given not in yielde for individual compounde but ae convereion
percentagee of the etarting compound.
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Fig. la Fig. 1b
Table 1
Starting R R’ Alkylation Reaction conditions Products Conv. % Obs.
comp. agent Temp °C  Time (h) (total)
1 Me Me Mel 20 1 5 86.6
20 24 5+6 81.3 6 5%
Bu Me2SO4 20 24 5+6 58.6 6 13.4%
Me 60 1 5+6 71.3 6 4.4%
100 1 5+6+8 55.3 6 6%
87.7%
Bu Et Etl 20 24 5 61
Me 100 1 5+6+7 70.4 6+7
mixture
Me Et2S0O4 20 24 5+6+7 89.6 6+7
mixture
60 15 5+6+7 62.5 6+7
mixture
100 1 5+6+7+S 64 6+7
mixture
5 Me Me Mel 20 24 6 9.7
Bu M62S04 20 8 6 24.5
100 2 6 56.3
Me Et Etl 100 8 6+7 73.9 mixture
Et2S0O4 100 8 6+7 70 mixture

The composition of the S-ethyl, N-ethyll (6) and S-ethyl, O-ethyl (7)
mixture was determined by means of the NMR spectroscopy, as well as the
structure of the starting compound (1) and of the mono S-ethylated derivative (5).
The mass spectra also confirm the structure of compound 5 showing clear M -
C2H5SCN, M - OCNH and M - CO peaks. The comparison of Fig. 1la and 1b
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confirm demonstrates the disappearance of one of down field protons in the
spectrum of 1 and the appearance of the S-ethyl signal in the spectrum of 5. The
very well separated and clear signais of the two quartets at 4.04 and 4.37 ppm and
of the singlets (between 2 and 2.3 ppm) belonging to the methyl groups attached to
C(5) and Ct6) (Fig. 2) permit the évaluation of an about 2:1 ratio in the favour of
the O-ethyl, S-ethyl isomer 7. The small signais, the quartets at 4.04 ppm (for N.
CH? - CH3) and 3.14 ppm (for S - CH? - CH3), the singlets of 1.48 and 2.2 ppm [fOr
the methyl groups connected to C(5) respectively C(6)] and the triplet of 1.26 ppm
(for S - CH3 - CH3) belong to the S-ethyl, N-ethyl isomer 7. The multiplet between
1.3 and 1.4 ppm représenta a superposition of three triples: two big ones for CH3 -
CH2 - S and CH3 - CH2 - O of isomer 7 and a smali one for CH3 - CH2 - N of isomer
6.

It has to be mentioned the prefference of the O-ethylation as compared to
the N-ehylation, if the alkylation agent is diethylsulfate (the iodide has a prefference
for the N-alkylation). The O-alkylation is also favoured by température. The high
température favours in the same time the nucleofilic substitution of the SH group
with OH (experiments are run in aqueous solution) having as a resuit the formation
of the substituted uracil 8 as a side product.

Concerning the influence of the solvent the yields are favoured in the case
of protic solvents (water) as compared with the aprotic dipolar dimethylformamide.
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The attempts to use diazomethane in order to try to render evident an OH
r faiiied, for sure because of the two low acidity of the enolic OH. ]
tauto The alkylation in phase-transfer cataiysis conditions leads to a mixture

.t of the S-methyl and N-methyl isomers in the case of méthylation, with
~onable yields, but to very poor resuits in the case of éthylation reaction.

EXPERIMENTAL

Proton NMR spectra were recorded at room température, using DMSO or
CDCI3 as solvent, in 5 mm tubes, on a Bruker AM 400 Fourier transform NMR
spectrometer equiped with a dual 13C-1H head, operating at 400 MHz.

f. Alkylation of 2-thio-pyrimidin-4~one

a) with alkyl iodides

To a solution of 0.09 mol KOH and 0.045 mol 2-thio-pyrimidin-4-one (1) in
120 mL water, warmed at the desired température, 0.09 mol of alkyl iodide was
dropwise added. After stirring for 1-24 hours, the mixture was cooied at room
température and extracted with ether (3x20 mL). The organic layer was separated,
dried and concentrated, to give the S,N-dimethylated (6) compound (when the
reaction was carried out with methyl iodide) or the mixture of S,N-diethylated (6)
and S.O-diethylated (7) compounds (when the alkylating agent was ethyi iodide).

The aqueous layer was treated with acetic acid (pH = 5) and the resulting
white precipitate was filtered; after purification by recrystallization (methanol-water)
the S-alkyl derivai, a (5) was obtained.

b) with alkyl sulfates

To a solution of 0.09 mol KOH and 0.045 mol 2-thio-pyrimidin-4-one (1) in
120 mL water, warmed at the desired température, 0.09 mo! of alkyl sulfate was
dropwise added. After stirring for 1-24 hours, the mixture was cooled at room
temperatura and the resulting white precipitate was filtered. After purification by
recrystaiiization (methanol-water) the S-alkyl derivative (5) was obtained.

In some hours, the filtrate gave a new white precipitate; after filtration and
recrystallization (water) the uracil derivative (8) was obtained.

The second aqueous filtrate was extracted with ether (3x20 mL). The
organic layer was separated, dried and concentrated to give the S,N-dimethylated
(6) product (when the alkylating agent was the dimethyi sulfate) or the mixture of
S,N-diethylated (6) and S.O-diethylated (7) products (when the alkylation was
carried out with diethyl sulfate).

2. Alkylation of 2-alkylthio-pyrimidin-4-one

a) with alkyl iodides

To a solution of 0.09 mél KOH and 0.045 mél 2-alkylthio-pyrimidin-4-one
(5) in 120 mL water, 0.09 mol of alkyl iodide was dropwise added. After stirring for
8-24 hours, the mixture was extracted with ether (3x20 mL). The organic layer was
separated, dried and concentrated to give the S,N-dimethylated (6) product (when
the alkylating agent was methyl iodide) or the mixture of S,N-diethylated (6) and
S.O-diethylated (7) products (when the alkylation was carried out with ethyl iodide).
The aqueous layer was treated with acetic acid (pH = 12-13) and the white
precipitate obtained was filtered; after recrystallization (methanol-water) the S-alkyl
derivative (5) was recovered.
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b) with alkyl sulfates

To a solution of 0.09 mol KOH and 0.045 mol 2-alkylthio-pyrimidin-4-on6
(5) in 120 mL water, 0.09 mol of alkyl sulfate was dropwise added. After stirring fOr
8-24 hours, the mixture was cooled at room temperatura and the resulting white
precipitate was filtered. The precipitate was treated with NaOH solution (pH = 12
13) and the insoluble part of it was filtered again; after the purification by
recrystallization (methanol-water) the S,N-dimethylated (6) product was obtained.

The filtrate was treated with aqueous acetic acid (pH = 5) and the white
precipitate obtained was filtered; after recrystallization (methanol-water) the S-alkyl
derivative (5) was recovered.

If the alkylating agent was ethyl sulfate, after the filtration of the white
precipitate obtained (the S-alkyl derivative (5) recovered) the filtrate was extracted
with ether (3x20 mL). The organic layer was separated, dried and concentrated to
give a mixture of S,N-diethylated (6) and S.O- diethylated (77) products.
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HETEROPOLYMOLYBDATE ACIDS

ALEXANDRA FODOR1, LIANA MURESAN23A. SUTEU*, |.C.POPESCU2

ABSTRACT. Cyclic voltammetric measurements were performed in
acidic media (0.5 M Na2SO4 + H2SO4) in the pH range 1-3 and at
different voltage scan rates for He[PWioV2040] 24H20, He[PMoioV204o]
30H20 and H5[SiMoioV2040] 25H20 on W électrodes. The features of the
W/Mo oxo-cage electrochemical activity were found in accordance with
the previously reported data, in spite of the deleterious effect of hydrogen
évolution reaction on Pt electrode. An electrochemical reversible wave

was observed for V. Its formal redox potential is shiffed towards more
negative potentials as compared with the VO2+ / VO2+ couple and is more

influenced by the nature of the central heteroatom (P, Si) as by the
transition metal (W, Mo) from the peripheral octahedra. Thus, changing

the identity of the central heteroatom, (P with Sp, a slight shift of the
formal potential of the [PMoioV2vO4oln* ! [XMoioV2 Odo](n+1" redox couple,

was observed, while the replacement of W from the host oxo-matrix with
I Mo, practically does not change the formal potential of the [PMioV2vO4o]s-

I [PMioV2,vO4ole' redox couple.

INTRODUCTION

Heteropolyacids and their salts have been studied extensively owing to
their interesting catalytic properties [1]. Severa! metal-substituted heteropolyo-
xometalates have been the subject of electrochemical studies in order to
investigate their electrochemical [2-7] or electrocatalytical [8-16] behavior.

A dass of these compounds, presenting a Keggin structure with mixed
addenda, is represented with the general formula [XM10[x1]V204o]m’l where X is a
tetrahedral coordinated heteroatom such as P or Si and M is a transition metal (W,
Mo). Taking into account that vanadium could modify the redox activity of parent
anions with single species addenda, [XM12040]f*, it might be expected that this
dass of polyoxometalates offer new possibilities to perform electrocatalytical
processes.

The aim of this paper is study the electrochemical behavior of three
vanadium substituted heteropolyacids: H5[PW10V2040]. 24H20 (1), H6[PMo10V2040].

| Facultatea de Medicina si Farmacie, Universitatea Oradea, 3700 Oradea, Romania
2 Facultatea de Chimie si Inginerie Chimica, Universitatea Babes-Bolyai, 3400 Cluj-

Napoca, Romania.
3 Facultatea de Energetica, Universiatatea Oradea, 3700 Oradea, Romania
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30H20 (Il) and H5[SiMoioV2040]. 25H20 (lll). Cyclic voltammetric measurements,
performed in different experimental conditions, allowed us to obtain information
about the electrochemical reversibility of the involved redox processes and the pu
dependence of the corresponding formai potentials.

EXPERIMENTAL

Reagents.  H5[PW10040]. 24H20, H6[PMol0V2040]. 30H20 and
H5[SiMoioV2040]. 25H20 were synthesized by a modification of the Kokorin's
method [17-21] using the following molar ratios between the reagents: for
compound () NaH2PO4/NaVo3/Na2wO4 = 1. 10: 5, for compound (U)
Na3P04/NaV03/Na2Mo04 = 1. 6 10 and for compound (1
Na2Si03/NavV03/Na2Mo04 1. 1.5: 5. The three heteropoliacids were separated by
double ether extraction and recrystalised at room température in darkness.

Ail chemicals were reagent grade and used as received. 0.5 M buffer
solutions (pH = 1-3) were prepared from Na2SO4 (Reactivul Bucuresti) and H2SO4
(Merck). Ail solutions were prepared with distilled water. Their pH was measured
with a combined glass electrode (Metrohm, Switzerland) and a digital pH-meter
(WV-Précitronic, GDR).

Electrochemical experiments. Electrochemical experiments were
performed using a potentiostatic set-up cons'sting of a potentiostat (PS 3
Meinsberg, GDR), a signal generator (PV2 Meinsberg, GDR) and a XY- recorder
(Endim 620.02, Meinsberg, GDR). A conventional three électrodes cell was used.
The working electrode was a Pt disk (=5 mm). The reference electrode was a
saturated calomel electrode (SCE). The Pt counter electrode was separated from
the test solution by a glass frit. Ail measurements were performed at room
température.

RESULTS AND DISCUSSIONS

The voltammograms for the three vanadium containing heteropoiyanions
are presented in figures 1 and 2.

Irrespective of the compound identity, at least two réduction waves and the
corresponding reoxidation waves are observed. Thus, for compound (1), due to the
low overpotential for the hydrogen évolution reaction (HER) on Pt electrode, the
more negative potential wave, clearly visible at pH = 2.5 (figure 1b), is not
completely developed at pH 1.2 (figure 1a). The one electron wave (e0' = - 0.17
V/SCE) was identified with the most positive wave of the three waves set
characterizing, as previously reported in [2, 6, 16], the oxidation/reduction of the
tungsten-oxo cage. The wave with e0' = 0.37 V/SCE was attributed to VvIN couple
from (I). The negative shift of about 300 mV existing between the formal redox
potential corresponding to VO2+/VO2t couple [22] and that for [PW10V2040]5'
/[PW,0V2040]6' is due to its insertion in the tungsten-oxo cage [2].
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Fig. 1. Cyclic voltammograms of Fig. 2. Cyclic voltammograms
0.5 mM IT[PWioV2040] a) pH=1.2; of 0.5 mM Hs[PMoioV2040] (a,b)
b) pH=2.5, Experimental conditions: and of 0.5 mM He[SiMoioV2040]
supporting electrolyte, 0.5M NaiSCU,; (c,d); (a) and (c), pH=1.7; (b)
scan rate 100 mV/s. and (d), pH=2.5. Experimental

conditions as in figure 1.

The comparison of the redox behavior of compound (l) (fig. 1) and

compound (Il) (fig. 2a and b) shows that the replacement of W from the host oxo-
matrix with Mo, does not change the formal potential of the [PMloV2v040]5'

/(PM10V2Iv04o]e' redox couple (table 1), as was pointed out also for other Keggin-
type anions [6]. In the same time, the réduction waves corresponding to molybden-
0X0 cage appear at more positive Potentials than those corresponding to tungsten-
oxo cage (figures 1 and 2a, b) [6].

Table 1. Formal redox potentials for [XM1oV2v040]m7[XMi0V2lv040]<m+l)' couple
for the investigated compounds

Compound e*’, VISCE
H5[PW10V2Qdo| 0.35*
H5[PMOi0V2040] 0.41*
H6[SiMo010V2040] 0.36*

*estimated from the recorded voltammograms (fig. 1, 2) as an average, for pH 1.2-2.5
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However, changing the identity of the central heteroatom (P with Si), a
slight shift of the formal potential of the [XMoi0V2 O40] /[XMoV2 O40] redox
couple was observed (figure 2c and d compared with 2a and b). This effect was
attributed to the différence between the overall ionic charge of the two

in the voltammograms for compounds (II) and (Ill). were attributed to oxidation-
reduction of molybdenum-oxo cage, more or less overlapped with HER [16]. As
expected, the position of these waves is influenced by the nature of the
heteroatom, being shifted towards more negative potentials with the increase of
the overall ionic charge [6].

The cyclic voltammograms recorder for three compounds at different scan
rates and constant pH, showed that the peak potentials (ep) for [XM10V2vO40]m'

/[XM10V2lvO40](m+1>' were independent of the voltage scan rate in the range 0.01-0.1
V.sl, suggesting reversible or quasi-reversible electron transfer. Taking intd
account that, irrespective to the scan rate, Aep is slightly higher than 0.059/n V [18]
and that Ipa / Ipc ~ 1, it is most probable that the redox process corresponding to
vanadium couple involves one electron and is quasi-reversible.

On the other hand, for ail compounds, the WvIN current peaks are

to the square root of the voltage scan rate in the range  0.01-0.1
Vs', as can be seen in figure 3 for compound (I), indicating that the electrode
process is diffusion controlled.

The compounds (I)-(lll) are stable in agupous media in the investigated pH
range [4]. As, previously reported [5-7, Z_ﬁ% protons are i Med in V’IN redox
process for ai investigated compounds. THh& 65’ value 'for W -couple Is Tinearfy
dependent on pH as can be seen in figure 4 for compound (Ill). The slopes of e°
vs. pH plots (table 2) show a H+/e ratio of about 1.5/1, in the investigated pH
range. It is ir.teresting to note that slopes of ¢° vs. pH plots are, in the limit of
experimental errors, almost identical and are corresponding to parallel lines. This
shows once again, that the oxo cage has an influence upon the e° for VN couple.

0 —]- -l
0 3 6 9 1 2 3
V12, (MmV/s)1?2 oH
Fig. 3. Anodic (Ipa) and cathodic Fig. 4. pH dependence of
(Ip.c) peak currents vs. square root formal redox potential for
of scan rate (v1/2) corresponding to (V) couple in He[SiMow\2040].

V  redox couple in H5[PWioV2040].
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2 Dependence on pH of the formai redox potentials for W/IV

Table couple in the investigated compounds
p" Compound Ac’/NpH (V/pH) Corrélation coefficient
no. of points
— - H5[PW,0V:C4cj 00"4 0940
4
~ HJPMO10V20.10] 0084 0 969
: 4 11
PySiMOio"/ 2040] 0.093 0.990 X

4

CONCLUSIONS
Cyclic- Voltammetrie measurements were performed in acidic media (0.5 M

Na2SO4 + H2SO4) in the pH range 1-3 and at different voltage scan rates for
H5[PWioV2040] 24H20, H6[PMo10V2040] 30H20 and H5[SiMow\V/2040] 25H20, on Pt
électrodes. The features of the W/Mo-oxo cage electrochemical behavior were
found in accordance with the previously reported data, in spite of the deleterious
effect of hydrogen évolution reaction on Pt electrode. An electrochemical reversible
wave was observod for V. lts formal redox potential is shifted towards more
negative potentials as compared with the VO2' / VO couple and is more
influenced by the nature of the central heteroatom (P, Si) as by the transition metal
(W, Mo) from the peripheral octahedra.
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CRYSTAL GROWTH AND CRYSTALLINE STRUCTURE
OF OCTACHLOROPHENOTHIAZINE

PETRU STETIUL, IOAN SILBERG2, GHEORGHE BORODI3
IULIA BOBALLAL LUCIAN ILES?

ABSTRACT. Using the zonal vapour-phase crystallization technique, t.fj
single crystals of octachlorophenothiazine (OCPT) of needle; or ribbgrv
like form were grown for the first time. Using X-ray techniques
(diffractometry, Kulpe's and Weisemberg's methods) its crystglline

structure was established; this is monocline with the lattice constants s
12.26 A, b = 3.71 A, c = 17.11 A, B = 100°. The unit cell contains two

molécules. The preferential growth direction is along the b axis and
crystals have their plater faces parallel to c axis.

INTRODUCTION

Our interest on OCPT is justified by its remarcable chemical pnd physical
stability and by its promising physical properties.

OCPT was first synthetized by Rupprecht [1], using a method of photo-
chlorination of phenothiazine (PT). Later, Bodea and Silberg [2] reported another
method, the chlorination of PT up to undecachlorophenothiazine (UDCPT) followed
by its réduction to OCPT. The second method leads to better results, OCPT
synthetized this way being more pure.

Using a Debye-Scherrer technique, Silberg [3] established d/n values for
OCPT but neither Bodea and Silberg [2], nor Silberg [3], did establish the
crystalline structure of OCPT. Using a picnometric method and polycrystalline
OCPT, Silberg [31 measured the density of this substance and found p = 1.92
g/cm3. The melting point of OCPT, 340° C, was established by Silberg [3] using a
capillary method. Silberg [3] reported also about some IR spectral analyses on
OCPT. No other reports on OCPTs physical properties were found in the
literatura.

This paper reports about synthesis of the raw material, the crystal growt
and the structure studies of prepared single crystals of OCPT.
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Romania.
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SYNTHESIS AND PURIFICATION OF THE STARTING RAWMATERIAL

The OCTP raw material used in this work was prepared using the Bodea
and Silberg’'s method [2]. The OCPT obtained this way was then purified by
multiple recrystallizations from dichlorbenzene (DCB). The saturated solutions of
OCPT in boiling DCB were cooled down to room température. In final account it
was obtained the OCPT raw material used in this study, consisting of small
needles with sizes of 0.01 x 0.02 x 1-2 mm, clear green -yellow color. These small
crystals were used to perform X-ray diffractometry and crystal growth.

THE GROWTH OF OCPT SINGLE CRYSTALS

Several techniques were used to grow large single crystals of OCPT, such
as the crystallization from solutions of DCB and dimethylformamide (DMF), the
classical vapour phase crystallization techniqgue and Bridgman method. None of
these methods led to good results, the obtained crystals being either small or
impurified with octachlorophenotiazinyl radical, which has a dark-green colour [3].
The best results were obtained using a method consisting of a combination
between the zone-rnelting and vapour-phase method. We called this technique
vapour-phase zone technique (VPZT). Thus far we do not know any report about
such a technique in the literature, which this way could be an original one. The
method was inspired by the fact that at a temperatura near the melting point,
OCPT has a high vapour pressure.

The VPZT equipment consisted of a classical one-zone melting equipment,
which had the hot zone of 1-2 cm long, and a temperatura in the proximity of the
reported [3] melting point. The hot zone was pulled along an ampula, containing
the raw OCPT material, with a speed of 10-20 mm/hour. The results were very

Fig. 1. OCPT single crystals Fig. 2. Surface microstructure (350x)
grown with VPZM technique. of a OCPT ribbon-like single crystal.

By refining this method we obtained very big clear-green single crystals of
OCPT, some of which are presented in Fig. 1. They are of two kinds:
a) needle like crystals, with dimensions of 0.1-0.2 x 0.3-0.5 x 50-70 mm.
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b) ribbon-like single crystals, with dimensions of 0.02-0.08 x 0.5-1.5 x 50-
70 mm The surface of these crY£tals showed, Fig. 2., regular steps of growth.

THE CRYSTAL STRUCTURE OF OCPT
To establish the crystalline structure of the OCPT it was first used the X-
V diffractometry method. For this purpose, was used the grounded OCPT raw
material. A modified TUR-M62 X-ray equipment was used, able to measure
diffraction peaks step by step, with steps of 0.05° on the 20 scale. The results were
stored in a computer and then used in combination with a PC-programm developed
in CERN-Oeneva. Neglecting some small peaks, this computational program found
the crystal structure of OCPT as being rhombic. This resuit was not crédible
because in rhombic crystals the optical indicatrices have to be parallel to externai
arowth faces. Our measurements showed that there is an angle of about 4°
between the optical indicatrice and the growth faces. Therefore, we had to search
further-on, using this time single crystal X-ray techniques as well.

We used first Kulpe's method (a variant of Laue's method for single
crystals, with cylindrical caméra), a Cuka radiation, X = 1.54178 A. The oscillating
axis was parallel to the single crystal preferential growing direction, /.e., the lenght
of needles. The obtained X-ray patterns allowed us to find the first unit-cell
paraméter, i.e. b = 3.71 A, the preferential growth direction being this b axis.
Because the spot-lavers of the first order were symmetrically disposed relative to
the spot layer of . ero order, we could say that the unit cell had a plane of
symmetry perpendicular on the b axis, which meant the structure is at least
monoclinic.

The next step was to use Weissemberg's method. The translation of the
single crystal was along the preferential growth direction, i.e. the b axis. For this
experiment we used Feka radiation with X = 1.93728 A. Using Weisemberg's
patterns we determined other two parameters of the reciprocical lattice, ¢ =
0.0594, and a' = 0.0828, their directions forming angle 3* = 80°. Therefore, the

corresponding unit cell parameters in the direct space were:

Kowing these parameters we could index the X-ray diffraction spectrum
using the expression:

h~ #:siirR T~ 2/ilcosR  4.siirlR
siirB «- h- c- ac X:
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In Fig. 3a, we present this indexed spectrum for a ground OCPT sing|;
crystal and in Fig. 3b, the same for the starting, not ground, raw material. One car
see that reflections from planes 100, 200, 300, 400, 500 are much higher fort®
rsw material than for grounded single crystal. This means that crystals
preferentially along the b axis and have their larger face parallel to c axis.

INTENSITV (arb. units)

Fig. 3. a. Indexed X-ray diffractograms of OCPT, ground single-crystal.

Fig. 3. b. Indexed X-ray diffractogram of OCPT, not ground raw material.
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Using the found unit cell parameters and assuming there are two
molécules per unit cell, we found the theoretical X-ray density of the OCPT as

being.
StA="=2.06gW

where N = 2, M = 478.8 g/mol is the molecular weight of OCPT and V is the unit
cell volume. Comparing this resuit with the experimental density determined by
Silberg, pexp = 192g/cm3, we found a relative error of only 6%. Taking into account
that Silberg [3] used poweder OCPT, we could understand his résulte were lower

than theoretical ones.

CONCLUSIONS
1. A crystal growth method was imagined, consisting of a combination

between vapour-phase and zone melting methods. We called it “zonal vapour-
phase method" (ZVPM).

2. Using ZVPM we succeded for the first time to grow large OCPT single
crystals needles of 0.1-0.2 x 0.3-0.5 x 50-70 mm size or ribbon-like of 0.02-0.08 x
0.5-1.5 x 50-70 mm size. These crystals have grass-green or bright yellow color
and present growth steps.

3. It was uetermined for the first time the crystalline structure of OCPT
using three X-ray techniques, namely, diffractometry, Kulpe’'s and Weisemberg's.
The OCPT lattice is found to be monoclinic, with the unit cell parameters:

a=1226A, b=371A, c=1711A, R = 100°

4. From the X-ray analysis we could conclude that the preferential growth
direction of OCPT is along to b axis and the crystals have a plate surface parallel
to ¢ axis.

5. Comparing the X-ray density and the picnometric-experimental density
of OCPT it results that there are two molécules per unit cell.
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SEPARATION OF URANIUM(VI) BY EXTRACTION WITH
DIETHYLDITHIOPHOSPHORIC ACID!

MARIA CURTUI2

ABSTRACT. The extraction of uranium(VI) from aqueous solutions with
diethyldithiophosphoric acid in benzene and butanol was studied. The
effect of various factors, such as the nature of solvent, neutral donor
extradant, metal concentration and pH of the aqueous phase was
investigated in order to find the optimum condition for séparation of metal
from nitrate aqueous solutions. The percent extraction (E%) is calculated
and posibility of uranium(VI) séparation is discussed.

INTRODUCTION

In our previous work we studied the extraction of uranium(VI) and
thorium(lV) with dialkyldithiophosphoric acids from aqueous solutions [1-7]. The
data obtained show that the dithioligands extract uranium(VI) through an ion
exchange mechanism and the magnitude of the distribution ratios dépends on
different parameters of the extraction System. The knowledge accumulated during
our investigations can be used to explore the posibility of uranium séparation from
aqueous solutions. It is obvious that the séparation and purification of actinides,
especially of uranium, is of particular interest in processing and reprocessing of
nuclear fuel.

The aim of this paper is to investigate the extraction of uranium(VI) with
diethyldithiophosphoric acid HEtdtp, and neutral extracting agents in order to find
the right conditions for séparation of the metal from nitrate aqueous solutions.

RESULTS AND DISCUSSIONS

The effect of diluting solvent, pH and neutral extracting agent as
tributylphosphate (TBP) and triphenylphosphine oxide (TPPO) on the extraction of
uranium(VI) with HEtdtp was investigated.

U(VI)-HETDTP SYSTEM

The extraction of uranium(VI) with HEtdtp in benzene and butanol from
nitrate solution was studied at various pH values. The uranium(VI) concentration in
the aqueous phase was 0.001 M. The results presented in Table 1 show that the
percent extraction, E% of U(VI) increase with increasing of pH. The highest value
obtained is 15% in benzene and 68% in butanol. Tho higher values of percent
extraction in butanol Systems can be understood taking into account that in the
extraction process UO2(Etdtp)2 species is involved [1]. In this case the anion Etdtp

" In honour of Professor lonel Haiduc, the teacher who influenced so much the scientific

careers of those who had the privilege to work with him and the outstanding scientist, at
his 60-th anniversary.
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MARIA CURTUI

acts as a bidentate ligand and unsaturated coordination sites of “anium(VI) may
be occupied by water molécules, making the complex species less soluble in tfe
organic so'vent. An oxygen containing polar solvent such as n-butanol may
substitute water molécules increasing the extractability of the uranium complex in

organic phase.

Table 1. Extraction of U(VI) with HEtdtp in benzen and butanol
CHEwnp=01M,; C*O.00IM

Benzene n-Butanol
pH E% pH E%
0.7 4.76 0.5 16.50
1.0 9.09 1.0 34.90
1.2 11.90 1.4 47.50
1.4 13.00 1.8 59.00
1.7 12.95 2.3 65.00
2.0 10.71 2.9 68.00
2.2 9.09 3.4 67.00
3.0 9.02 3.8 61.00

Fig. 1. Extraction of U(VI) with HEtdtp in butanol: Cu=0.001M(»); 0.005M(0)
curve 1 - without NaNCh; curve 2 - in the presence of NaNOa
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The effect of uranium(VI) concentration in the extraction process has been
nvestigated in the range of KY4 - 5.102M.
! The results show that the extent of extraction is more or less constant

uagesting that the extracting species do not change (Figure 1, curve 1).
S 9 Addition of sodium nitrate (1M) to the aqueous phase resulted in increased

extraction of uranium at low pH values. Higher percentage extraction are obtained

owing tothe salting-out effect of nitrate (Fig. 1 curve 2).

The extraction of U(Vi) was also investigated with solvent mixtures
(benzene and butanol). The results, ilustrated in Table 2 show that the addition of
butanol in benzene increases the quantity of uranium(VI) in the organic phase. The
highest extraction is achieved when 20-30% (volume) benzene is replaced by

butanol (B).
The extraction of uranium with a mixture of 20% butanol and 80% benzene

at different pH values of the agqueous phase was examinated. The concentration of
HEtdtp in the organic phase was 0.1 M. The results presented in Table 2 show that
the percentage extraction is higher than 75% in the pH range 2-3.

It could be noticed that extraction Systems with solvent mixtures show less
émulsification tendencies.

Table 2. Extraction of U(VI) with mixtures of butanol and benzene

QO 0OO0IM, CheMO. 1M

pH=1.5 CB=20% volume

Cb(% volume) E% pH E%

2 16.63  0.45 38.20
5 39.70  0.80 56.50
8 50.20 110 65.02
10 62.26 150 71.85
20 71.85  2.00 73.40
30 7141 250 74.50
40 70.56  3.00 75.80
60 70.25  3.50 75.20

U(VI) " HETDTP - NEUTRAL ORGANOPHOSPHORUS LIGAND SYSTEM

The influence of tributylphosphate and triphenylphosphine oxide on the
extraction of uranium(VIl) with HEtdtp was investigated in benzene. The data
ilustrated in Table 3 afford some conclusions about the effect of these neutral
ligands (S) on the séparation of uranium from nitrate aqueous phase.

It can be seen that HEtdtp alone extracts only 5.5% of uranium(VI) initially
present in aqueous phase (pH 0.7). Under the same conditions, TBP and TPPO
re?p(_ectively, alone in benzene extract very poorly uranium(VI) from nitrate
solutions.
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Table 3. Extraction of U(VI) with a mixture HEtdtp and neutral organophosphoric ligands

Ce—0.002M; pH=0.7
HEtdtp+TPB=0.01M HEtdtp+TPPO=0.03M

Cs (%) E% E%
— 55 0.26
10 56.76 54.85
20 75.00 77.50
30 83.89 86.90
40 85.48 87.80
50 83.89 86.10
60 80.05 83.92
70 77.2 80.40
80 64.28 61.30
90 42.85 0.30
100 0.90 0

When mixtures of 0.1 M HEtdtp+TBP are used, a significant increase of the
extraction is observed. Namely, a mixture containing 30-40% TBP affords a
percentage extraction of about 85%. This represents a 90 times increase of the
distribution ratio. It follows that TBP exhibits a significant synergie effect uppon the
extraction of uranium(VI) with HEtdtp.

In the extraction system HEtdtp - TPPO, a percentage extraction of 87% is
achieved when a mixture of 0.03M HEtdtp+TPPO containing 30-40% TPPO is
used. This value represents a 2700 times increase of the distribution ratio.
Therefore TPPO has a synergie effect even greater than TBP.

The dependence of uranium extraction on concentration of neutral
organophosphorous ligands was also studied at constant pH of the aqueous phase
(0.7) and constant HEtdtp concentration (0.1 M). The data presented in Table 4
show that the percentage extraction of uranium(VI) increases with increasing the
neutral ligand concentration.

The very strong synergie effects of neutral organophosphorous ligand are
due to the formation of mixed compounds UO2(Etdtp)2.S (S = TBP, TPPO), very
soluble in organic phase [8]. The coordination of S through the oxygen atom is
suported by infrared spectroscopie data, which indicated a shift of the P = O
streching vibration towards lower wave numbers. The adduct with TPPO can be
isolated in solid state [9].

The extraction of uranium(VI) with HEtdtp and neutral organophpsphorous
ligands is pH dependent. The data are presented in Table 5. The concentration of
HEtdtp and neutral ligand were maintained constant. It is noticed that using a
mixture of 0.1 M HEtdtp and 0.01 M TBP in benzene, a percentage extraction higher
than 90% can be obtained, in the pH range 2-3.
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b Influence of neutral organophosphoric ligand concentration
iable

Che™O.IM; Q0.002M; pH=0.7

MtBp— TPPO
Ctbp(M) E% Ctppo (M) E%
0.0001 7.32 0.0002 76.90
0.0005 20.00 C.0005 90.90
0.0010 28.46 0.0010 95.22
0.005 64.19 0.002 97.25
0.010 75.60 0.003 98.60
0.020 86.30 0.005 98.75
0.050 94.10 0.010 994
0.100 96.93 0.020 99.7

In extraction system containing TPPO, a percentage extraction of 90% is
achieved under more advantageous conditions (lower concentrations of extradants
and lower pH values).

Table 5. Influence of pH

Cr.-0.002M
TBP TPPO

Crellp=0.IM; Ctbp=0.01M  CHEul1p-0. IN| i CTBP—0.01M
pH E% pH E%

0.50 70.50 0.55 68.15

0.92 81.40 0.70 81.68

1.20 84.90 1.00 93.39

1.50 89.50 1.20 95.80

2.00 91.00 1.50 97.05

2.80 90.50 2.10 97.40

3.00 90.90 3.00 97.50

EXPERIMENTAL

Reagents and equipment: The diethyldithiophosphoric acig was prepared
by the reaction of phosphorus pentasulfide with éthanol [10]. Further purification is
not necessary. Uranium salts, phosphorus pentasulfide, tributylphosphate and
Arsenazo Il were obtained from Aldrich and Ventron AG, Germany.
Triphenyphosphine oxide was prepared by oxidation of triphenyphosphine with
KMnO4 [11] and recrystalised from acetone.

A Spekol C. Zeiss Jena (DDR) Spectrophtometer was used for the
colorimétrie détermination of uranium(VI). The acidity of the aquoeus phase was
determined with an Orion Model 611 pH-meter/milivoltmeter.
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Préparation of the aqueous and organic phases. The aqueous phase$
were prepared from a solution of uranium nitrate 0.1M (standardiza
gravimetrically) by succesive dilutions. Various pH of the aqueous phase wer,
attained by using HNO3 and NaOH. In certain cases NaNO3 was added to fft
aqueous phase.

From freshly synthesized diethyldithicphosphoric acid, 1M standard
organic solution was prepared. From this solution organic phases of desired
concentrations were obtained by succesive dilutions. To the solution of HEtdtp
determined amounts of butanol, TBP and TPPO were added.

The détermination of percentage extractions (E%) of uranium. Equa
volumes (10 ml) of organic and aqueous phase were shaken together. Preliminary
experiments have shown that 3 minutes were enough to attain the partition
equilibrium. The phases were then allowed to separate. The uranium concentration
in tho aqueous phases, determined spectrophotometrically with Arsenazo Il [12],
was used for calculation ofthe percentage extractions (E%).

FINAL REMARKS

From the fore-cited data, some useful suggestions for the séparation of
uranium(VI) with diethyldithiophosphoric acid can be made

Diethyldithiophosphoric acid in benzene extracts poorly uranium from
nitrate aqueous phase. When an oxygen containing solvent is used as diluting
agent for HEtdtp the percentage extraction increases up to 68%, at pH 2. Highei
values of percentage extraction are obtained in synergie reaction Systems with
mixtures of HEtdtp and oxygen containing neutral extradants such as n-butanol
TBP and TPPO. The increase of uranium extractability follows the order:

n-butanol < TBP < TPPO

From the obtained results, it is possible to select the optimal
conditions in order to achieve successful séparations.
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THEORETICAL STUDY OF THE DI-AND TETRAHALOGENO
DERIVATIVES OF TETRAMETHYLDIARSINE OXIDE.

APM3 MOLECULAR ORBITAL CALCULATION
OF THE HEATS OF FORMATION1

LUMINITASILAGHI-DUMITRESCUZ2, RADU SILAGHI-DUMITRESCU?,
IOAN SILAGHI-DUMITRESCU?

ABSTRACT. The heats of formation for Me2As(X2) OAsMe2, and
Me2As(X2)OAs(X2)Me2 (where X = CI, Br, 1) and their relative stabilities
were estimated using the semiempirical molecular orbitas PM3 method.
Some of the possible décomposition pathways in anhydrous media and
in the presence of water are discussed on the basis of the termodinamic
data and molecular orbital patterns of there Systems.

INTRODUCTION

The chemistry of organoarsenic R2As-Y-AsR? derivatives containing two
arsenic(lll) atoms, where Y = O, S or NH and their transformation int§ arsenic(V)
compounds is currently in our attention [1,2]. One of the possibilities to change the
oxidation state of the arsenic(lll) to arsenic(V) is the reaction with halogens.
Excepting for a paper refering the reaction of tetraphenyldiarsiiieoxide with chlorine
[3] there are no data in the literatura on the oxidation of a diarsenic compound of
the type R2As-Y-AsR2 where Y is a chalcogene atom with halogens. The oxidation
of R2As-Y-AsR?2 (Y = O,S) with oxygen containing reagents (t-BuOOH) or with
sulfur does not always proceed with the préservation of the As-Y-As bridge [1]. In
view of the lack of data on the basic chemistry of such compounds, we found
worthwhile to investigate the relative stability and the properties of di- and
tetrahalogeno derivatives of tetraalkyldiarsine oxides.

There are few reports in the literatura concerning theoretical approaches
on the polyatomic arsenic compounds. This is due mainly to two reasons: rigurous
ab initio molecular orbital calculations are still time consuming and quite expensiv
[4] (only some simple arsenic hydride derivatives have been investigated so far [5])
and the semiempirical methods on the other hand (mors rapid and less expensive)
could not be used because the arsenic atom has not been parametrized until
recently.

Dedicated to Professor lonel Haiduc, Member of the Roumanian Academy, the
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Both the MNDO (Modified Neglect of Diatomic Differential Overlap) and
PM3 (Parametric Method 3) methods including arsenic [6,7] made possible
molecular orbital calculations for larger organoarsenic compounds like those which
we are interested in. In this paper we report the results of geometry optimizations
and the heat of formation of R2As-Y-AsR2, R2X2As-Y-AsR2 and R2X2As-Y-AsX2R!
(Y=0, X-Cl, Br, I, R=Me) Systems calculated by the PM3 method [8].

RESULTS AND DISCUSSION

Depending on the molar ratio of the reactants, two types of compounds are
expected to be formed during the oxidation of tetramethyldiarsineoxide with
halogens: the 1:1 Me2As-O-AsMe?2 :X2 molar ratio might lead to As(lll)/As(V)
dihalides, Me2As(X2)-O-AsMe?2, white using an 1:2 Me2As-O-AsMe? :X2 ratio the
As(V)/As(V) tetrahalides, Me2As(X2)-O-As(X2)Me2 should be formed as primary
products (eq 1-2).

/Os
(@] + X? w RoOAs” AsRo
R2AsN AsR? D

0 ] — R2Asx \AsR?
R2As/ ~ AsR? *2X S Vs @)

Table 1 lists the heats of formation of (Me2AsXn)O(AsMe2Xm) (n = 0, m =
2;,n=2 m=2 X=Cl Br, ) and the variation of enthalpy in reactions 1 and 2.
These data show that there is a monothonous increase in the reaction enthaply as
changing the halogene from chlorine to iodine.

The addition of two or four chlorine or bromine atoms is exothermal
whereas that of iodine is slightly endothermal. A similar trend has been noticed for
the reaction enthalpies of oxidation of cacodyl oxyde with oxygen and sulfur [9] and
reflect the decreasing of the As-X bond energies on increasing the volume of X
atom. Note also that the thermal effect on the addition of iodine is grossly equal to
that calculated on the reaction of Me2AsOAsMe? with sulfur [9].

As we mentioned above the As-O-As bridge is not always preserved
during the oxidation of tetraorganodiarsineoxides [1-3]. Thus, the oxidation of
Ph2As-O-AsPh2 with SOCI2 leads to the break of the oxigen bridge and
Ph2As(OH)2CI is formed [3]. Simitarly, when Ph2As-O-AsPh2 was reacted with
iodine, Ph2Asl and diphenylarsenic acid, Ph2As(O)OH were obtained after the
recrystallization of the réaction product from dichloromethane [10,11].
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Table 14 tetrahalides (kcal/mol)
Heat of
Compound formation

T- Me2AsOASMe2 -64.53
lia Me2CI2AsOAsMe?2 -08.46

b Me2Br2AsOAsMe2 -77.46
le ~ Me2I2AsOAsMe?2 -35.59
lia— Me2CI2AsOAsMe2CI2 -133.82
b Me2Br2AsOAsMe2Br2 -88.09
lie Me2I2AsOAsMe2I2 -5.62

1 The heat of foimation of (Me2As)20 and the corresponding di-

[OH for reac-
tions 1 or 2

-32.35
-17.85
8.20
-46.13
-33.40

17.43

Several décomposition pathways of the oxidized species will
commented in the following. In anhydrous media the As-O-As bridge might be

broken with the for-mation of dihalogenoarsine and arsineoxide (3)

trihalogenoarsorane and monohalogenoarsenoxide (4):

R.As™ "AsRn > R2AsX + RtAs=

2K )
RAS™ T AsR2 R2ASX3 +  R4As=0

Table 2. The entalpy of reaction for the décomposition of di- and
tetrahalo- diarsinearsineoxide (kcal/mol)

Compound AHreaction(3)  Compound AHreaction(4)
lia 3.41 llla 13.14
llb 12.97 b 22.86
lle 10.87 lile 16.45

be

or

®)

(4)
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The corresponding enthalpies of reactions listed in Table 2 suggest (b,
the bromo derivatives (llb, Illb) are somewhat more stable toward
décomposition (3,4) than the chloro (lia, llia) or iodo (lle, Ille) derivatives.

The addition of water to R2As(O)X lead to the formation of the very stablt
dihydroxy species (5):

R2AsOX + H,0 *. R2As(OH)2X

as shown by the large changes in the enthalpies of these reactions: -26.24
kcal/mol (X = CI); -32 74 kcal/mol (X = Br); and -37.66 kcal/mol (X = 1.

Thus, traces of water add two other ways of décomposition (6,7) of 11/
I:

H20
R2As™  AsR? R2AsX + R2As(OH)2X (6

> H20
RiAs"r  AsR-> R2AsX3 + R2As(OH)2X

The OH values of Table 3 show again that both Ilb and lllb are solmewhat
less prone to hydrolysis than (lla,c) or (llla,c):

Table 3. The change of the enthalpy during the hydrolysis of lla-b

and llla-b
Compound AHreaction(6) Compound AHreaction (7)
lia -27.14 lla -13.10
llb -23.45 b -90.88
lle -29.44 llle -21.21

However, solvatation of HX makes these reactions more exothermal than
appear in Table 3.
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Based on experimental data mentioned above [10,11] the formation of the
corresponding diorganoarsinic acid instead of the hydrated form of the halides (5)

Was also considered (8):

R2AsOX + H,0 *  R2As(0)OH + HX (8)
The reaction entlapies for the global processes (9,10) are presented in

Table 4.

RiAs-"*  AsR? » R2AsX + R2As(O)OH + HX (9)

H20
skt aRy 120 » R2AsX3 + R2As(O)OH + hx 0°)

These data show that the dichloride and tetrachoride might follow also
route 9 and 10 but the bromo- and iodo- diarsineoxides are more résistive towards
the élimination of hydracides through this pathway.

Table 4. The change of the enthalpy during the global reactions (9)

and (10)
Compound AHreaction(9) Compound  AHreactionCae)
lia 3.06 lla 12.79
lIb 23.03 llb 33.17
lle 24.29 lile 59.11

The kinetic lability of the compounds investigated can be estimated on the
basis of the HOMO-LUMO gap. The calculated values of HOMO and LUMO
énergies are listed in Table 5.
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Table 5. The energy of the HOMO and LUMO orbitals

COMPOUND LUMO HOMO HOMO-LUMO
gap
Me2AsOAsMe2 -8.90 -0.08 8.81
Me2CI2AsOAsMe?2 -9.46 -2.20 7.26
Me2Br2AsOAsMe?2 -9.58 -2.50 7.08
Me2I2AsOAsMe?2 -8.47 -3.69 4.78
Me2CI2AsOAsMe2CI2 -10.65 -2.79 7.86
Me2Br2AsOAsMe2Br2 -10.29 -3.49 6.80
Me2I2AsOAsMe2I2 -8.77 -4.35 4.42

The HOMO-LUMO gaps in the organoarsenic halides are, in ail cases.,
smallerthan in Me2As(0)-O-AsMe2 and Me2As(0)-O-As(O)Me2. The smalles gap
was found for iodine derivatives, indicating the lowest kinetic stability for these
représentatives.

The charges on the atoms and the shape of the HOMO and LUMO orbitals
offer additional information on the possible mechanism for the décomposition of
these compounds. The relevant charges together with hologen-arsenic distances
are summarised in Table 6.

In the As(lll)/As(V) halogenides the HOMO is localized on the As(lll) with a
small contribution from the oxigen (a) and the LUMO has the shape sketched in (b)
(it has mainly As-X antibonding character). In the totally oxidised species, the
corresponding orbitals are shown in (c) (HOMO, weakly O...X bonding) and (d)
(LUMO, As-X antibonding and As-O bonding)).

Significantly, the distance between one of the halogen atoms and the
As(lll) atom was found to be comparable with the sum of their van der Waals radii.
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Table 6. Atomic charges on arsenic, oxygen and halogen and the halogen-

arsenic distances (A)

'OIMPOIND

Tii%OAsMe:

"J"CFAsOAsMe:

"jvi*BnAsOAsMe:

MeJjAsOAsMe,

Me;CIl;AsOAsMe2CI?

Me;Br2AsOAsMe;Br;

Me2l2AsOAsMe2l2

Charge on
As*

0.581*
0 581*

1.745
0.711*

1.720
0.722*

1.436
0.730*

1.795
1794

1.745
1711

1.468
1.468

Charge on
0

-0 640

-0.860

-0.818

-0.787

-1.046

-0.990

-0 902

Charge on
halogen

-0 636 (ax)
-0.396(eq)
-0.663(ax)
-0.465(eq)
0 593(ax)

0.41 1(eq)

-0 605(ax)
-0.605(ax)
-0.364 (eq)
-0 365(eq)
-0.632 (ax)
-0.632(ax)
-0.424(eq)
-0.424(eq)
-0.580 (ax)
-0 580(cq)
-0.346(ax)
-0 346(eq)

X-As(V)
Distance

2.25(ax)
2.18(eq)
2.41 (ax)
2.34(eq)
2.76(ax)
2.58(eq)
2 24(ax)
2.16(eq)

2.38(ax)
2.33(eq)

2.75(ax)
2 59(eq)

X As(lll)
Distance**

3.83

3.84

4.24

404

400

4.12

«Charge on As(lll); ax(eq) refer the axiai(equatorial) positions in the trigonal-bypiramidal

coordination at of the oxidized arsenic

** The sum of the van der Waals radii of As and X(ClI, Br.l) is: 3 80, 395 and 4 15A

respectively
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terms of intramolecular HOMO-LUMO interactions, the décomposition of L a.
anhydrous media could take the following way:

m R2ASX + AsR,

X

When water is present in the reaction mixture, a nucleophilic attack at the
arsenic(V) is also possible, (large contribution to HOMO from the crsenic- b)
the formation of an wunstable arsorane with subseqvent élimination g
dioraganoarsenic halide and formation of diorganodihydroxihaloarsorane:

OH .
| /<

RjAs + R2ASX

X
In view of the composition of ¢ and d similar interactions might cause the
décomposition of the As(V)/As(V) tetrahalogenides.
The large increase of the positive charges on the arsenic(V) atoms (from
0.58 to 1.44-1.80) (see Table 6) indicate also some charge control of these
reactions.

CALCULATION DETAILS

The models of the investigated compounds were constructed by using the
molecular mechanics facility of Spartan 4.0 (Sybil force field) [8]. The conformers
generated by systematic search (rotations around the two As-X bonds were
subjected to complete geometry optimisations by using the PM3 module of the

same package). All PM3 optimisations were done with the following exit conditions:
gradient norm less than 1.0 x 105, différence of the energy less 1.0 x 10'4.
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CATION RADICAL SALTS OF 1,4-BENZOTHIAZINO-[2,3-b]-
PHENOTHIAZINE!

CASTELIA CRISTEA, IOAN A. SILBERG?

ABSTRACT. The paper présentsifié synthesis and spectral properties of

the cation radical salts of the new electrono-donor phenothiazine
derivative  1,4-benzothiazino-[2,3-b]-phenothiazine, 3, and of its
dibenzoderivative: 16H, 19H-dibenzo-[c,l]-7,9-dithia-16, 18-
diazapentacene 4.

INTRODUCTION

Phenothiazine has been known to form a number of cation radical salts
since 1913 (Pummerer and Gassner [1]) long before the concept of cation radical
sait had been estabiished. These salts are now considered also as charge-transfer
complexes. The phenothiazine component acts as a donor and the electronegative
part acts as electron accepter, but when phenothiazine is oxidized, the
phenazathionium cation formed acts as an electron acceptor with respect to the
halide ion. This implies a fundamental change in geometry, from a félded
conformation, which allows the conjugation of the lone pair of nitrogen and sulfur
with the n System of the ring, to a planar one, which présent? such conjugation.
The structures 1 and 2 presented in the Scheme 1 coptribute considerably to the
real state of the molecule.

Scheme 1

The paper is dedicated to Prof. Dr. IONEL HAIDUC, member of the Romanian Academy,
“Babes-Bolyai“ University, Faculty of Chemistry and Chemical Engineering, for his 60th

anniversary.
2 Facultatea de Chimie si Inginerie Chimica, Universitatea “Babes-Bolyai“, str. Arany Janos

nr. 11, RO-3400 Cluj-Napoca Romania.
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RESULTS AND DISCUSSION
1,4-Benzothiazino-[2,3-b]-phenothiazine 3 is a strong electron donatia
molecule [2]. The chemical method of generating the phenothiazine cation radij

b){]_solvin _phenothiazine in concentrated sulfuric acid [3, 4, 5] leads to a soluté
which exhibits a golden yellow colour. The same method applied to 3 generatesl

green solution with the UV-VIS absorption maxima at: 293, 330, 410, 430 and 7x
nm (fig. 1a). The same pattern with a bathochromic shift of about 20 nm has bee

obtai for the concentrated sulphuric acid solutions of 16H, 18H-dibenzo-rC|L
7,9-d?t%?a—16,18—d(|;azapentacene 4|?ig. 1b§‘. =

F/g. 1. UV-VIS absorption spectra for the 96% H2S04 solutions of:
a. [-]1,4-Benzothiazino-[2,3-b]-phenothiazine, 3
b. [,..]16H, 18H-dibenzo-[c,l]-7,9-dithia-16,18-diazapentacene 4

We attributed to the protonated cation radical of 3 the absorption maxima
at 430 and 725 nm and the mesometric structures 3a and 3b from Scheme 2.
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Scheme 2

The radicalic character of sulphuric acid solutions components has been
proved by recording their ESR spectra which show a very broad band; the
resolution was not good enough to allow the assignement of hyperfine Splittings.

The cation radical salts of 1,4-benzothiazino-[2,3-b]-phenothiazine 3 and of
its dibenzoderivative: 16H, 18H-dibenzo-[c,l]-7,9-dithia-16,18-diazapentacene, 4
with iodine solved in dimethysulfoxide (DMSO) showed absorption bands with
maxima at 630 and 625 nm respectively (fig.2) attributed to the neutral radicals
with the mesomeric structures 5a and 5b presented in the Scheme 3.

Scheme 3

A»

GG it

Fig. 2. UV-VIS absorption bands for complexes:
a. [-]1,4-benzothiazino-[2,3-b]-phenothiazine 3: iodine, in DMSO
b. [,..]16H, 18H-dibenzo-[c,I]-7,9-dithia-16,1&-diazapentacenel 4: iodine, in DMSO
c. [--]1,4-benzothiazino-[2,3-b]-phenothiazine 3: TCNE, ir?DMF
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As iodine, most probably in the form of perhalide ions, I3, should be the
counterpart in this complexes, we assume that mesometric structures like j
(Scheme 1) are a very good approximation of the electronic distribution within the
organic moiety of the compound. This is in good agreement with the Ly
electronegativity and high polarizability of iodine; consequently, the inorganic
counterpart is best represenied as 13 [6]. In view of the well-established importance
of phenothiazine-iodine complexes [/] as cathodes for dry batteries, we find it of
interest to further investigate these iodine charge transfer complexes.

The charge transfer complex of 3 with tetracianoethylene (TCNE) solved in
dimethylformamide gave an absorption pattern shown in fig. 2c, with an absorption
band situated at 750 nm, corresponding to the same species as the one in the
sulfuric acid solutions: the protonated cation radical (with the mesometric
structures 3a and 3b from Scheme 2). The strong electronoacceptor TCNE
molecule determined the total one electron transfer from the molecule of 3, so that
mesomeric structures 3a and 3b contribuie the most to the real state of the 14.
benzothiazino-(2,3-b]-phenothiazine: TCNE CT complex. The bathochromic shift of
the absorption maxima of the cation radical represented by the mesomeric
structures 3a, 3b dénotés a n conjugated sistem more extended than in the neutral
radical case represented by the mesomeric structures 5a, 5b. These facts can be
explained by the overwhelming importance of the délocalisation of the unpaired
electron from nitrogen to sulfur (structure 3b). and the importance of the
localisation of the unpaired electron to nitrogen in the iodine complexes (structure
5a). This explanation is also supported by the bathochromic shift observed in the
sériés of phenothiazine itself: for the neutral phenothiazinyl radical an absorption
band situated at 380 nm, anf for the protonated cation radical an absorption band
situated at 516 nm [4].

CASTELIA CRISTEA, I0AN A. SILBERG

EXPERIMENTAL

General: Ail commercial solvents were for spectral déterminations quality
grade. EPR spectrometer: IFA Bucharest. UV-VIS spectrometer Specord.

1. lodine complexes general workup: a saturated solution of the
heterocycle in benzene is rnixed with a concentrated solution of iodine in benzene;
the complex salt precipitated upon mixing is filtered. The dark precipitate is soluble
in polar solvents. UV-VIS spectra were recorded (fig. 2).

2. CT complexes with TCNE general workup: a 5m M solution of
heterocycle in CS? is carefully layered with a 5m M solution of TCNE in acetonitrile.
The black powder obtained is filtered. UV-VIS spectra were recorded (fig. 2).
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BINDING STUDY OF 1-ANILINO-8-NAPHTALEN SULFONATE
TO HUMAN SERUM ALBUMIN USING FLUORIMETRIC METHOD

MARIA DRONCA1, COSMIN SAVEANU!, GHEORGHE JEBELEANU!

ABSTRACT. Double reciprocal plots of fluorescence intensity versus
protein concentration are often used to obtain the intrinsic molar
fluorescence (g») of ligands bound to acceptor molécules such as
albumin. These plots develop an upward concave curvature as the
concentration of albumin increases. Thus linear extrapolation of such
plots cannot be employed to provide accurate values of <p. In this paper
we used an équivalent of Hanes transformation: a direct plot of the ratio
of protein concentration / fluorescence intensity versus protein
concentration which has the advantage that is the slope, not the
extrapolated intercept, that estimate <.

The 1-anilino-8-naphtalene sulfonate (ANS) binding to human
sérum albumin (HSA) revealed one tight and specific binding site (Kdt = 3
pM) and many other weak, nonspecific sites (N2/K<j2=0.0043 pM'l).

INTRODUCTION

Fluorescence spectroscopy is one of the most versatile and sensitive of
the optical technique for studding the interaction between ligands and
macromolecules [1]. Molécules whose fluorescence characteristics are dependent
on the environment ha&ve been widely used as probes. Changes in the
fluorescence characteristics associated with probe binding to macromolecules are
similar to changes observed when these molécules are transferred from a polar to
a nonpolar environment [2,3].

The fluorescent dye 1-anilino-8-naphtalene sulfonate (ANS) has been used
commonly as probe in the investigation of the proteins’ structure or the
nonfluorescent substances binding [4,5]. The binding of this probe to hydrophobie
régions of protein (i.e. HSA) is typically accompanied with the enhancing of
fluorescent yield and the. blue-shifted of the émission maximum [6].

In order to describe the ligand-protein interactions in a quantitative manner
it is usually necessary to measure the intrinsic molar fluorescence of bound ligand
(<) To estimate (p it is common practice [7] to vary the concentration of protein (or
acceptor molecule) at a fixed ligand concentration and then to extrapolate a
double-reciprocal plot to infinite protein concentration. It is than assumed that ail
the ligand is bond so that the résultant fluorescence divided by the concentration of

I University of Medicine and Pharmacy, Department of Biochemistry, 6 Pasteur st., R-3400
Cluj-Napoca, Romania.



MARIA DRONCA, COSMIN SAVEANU, GHEORGHE JEBELEANU I

probe gives <. Theoretical analysis of the relationship between fluorescent
intensity and protein concentration has led Zierler [8] to suggest that doubls
reciprocal plots of fluorescence vs. protein concentration become nonlinear as tk
concentration of protein increases. Such plots develop an upward concav
curvature as protein concentration increases and so, the desired value of ¢ can
be obtained by simple linear extrapolation. Panjehshahin ef al. [9] h&ve proposa
another method for ¢ estimation. Thoy used a direct plot of fluorescence intensif
(F) vs. log protein concentration (log  [P]); as log [P] increases F approaches®
plateau value (FJ which divided by the concentration of probe gives .
method is more valuable but needs many déterminations for approaching the
plateau value.

The purpose of the present communication was to obtain ANS-Hsa
binding parameters using ¢ estimated by plotting the ratio protein

concentration/fluorescence intensity (F/[HSAJ) versus protein concentration
([HSA]), an équivalent of Hanes transformation [10].

EXPERIMENTAL PROCEDURES

Chemicals

Essentially fafty acid free human sérum albumin (HSA, Fraction V, <01
mole fatty acid per mole of protein) was obtained from Sigma Chemical Co. The
magnésium salt of 1-anolino-8-naphtalene sulfonate (ANS) was purchased from
Serva Feinbiochemica Heidelberg.

The molar concentrations of HSA and ANS were calculated using
absorption coefficient of 5.5 Ml cm'l at 280nm [11] and 4950 M'l at 530nm [12]
respectively. Molar mass of HSA 68.5 kDa was considered. Ail measurements
were made in phosphate buffer 0.1M, pH 6.8.

Spectrophotometric measurements were performed on a Ultrospec Il
Pharmacia LKB spectrophotometer.

Fluorescence measurements were performed on a Eppendorf 1101 M
photofluorimeter equipped with a termostated cell holder, using 0.5 cm path length
fluorimetric cells. After température eéquilibration at 22°C, fluorescence was
measured at excitation/emission wavelengths 366nm and 470-3000nm
respectively. Ail fluorescence measurements were done in triplicate and the mean
values were corrected for inner effects using the approximate équation [13]:

F - Fobs* 2.303 *a/ 1-T O

where F and Fobs are the corrected value and the actual reading (in relative units)
of fluorescence respectively; A is the absorbance of the solution at excitation
wavelength and T is the corresponding transmittance. Probes with absorbance up
to 1.2 were considered. The absorbances at émission wavelength never exceeded
0.01 absorbance units and were neglected.
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To obtain intrinsic molar fluorescence of bound ANS (<p), a solution of ANS

ygplVI) was titrated with a large molar excess of HSA (30-1 O0uM). estiméates of
<" re obtained from plot of the ratio [HSA]/F vs. [HSA], using the following

relation [10]:
[HSAJ/F = Kd/N*FM + [HSAJ/F~ = Kd/N*[ANS]*9 + [HSA]/[ANS]*? (2)

where [HSA] and [ANS] were the micromolar concentrations of the albumin and
ANS, respectively; Kd and N were the dissociation constant and the number of
équivalent binding sites per mole of protein; F is the corrected fluorescence and F_
is the maximum fluorescence corresponding to infinite [HSA], The value of ¢ was
then used to calculate the concentrations of bound ([ANSb]) and free (JANSH]),

using the following relations:

[ANSb] = Fip;  [ANSf] = [ANSY] - [ANSH] 3)

where [ANSt] was the total concentration of ANS.
To study the binding of probe to a fixed concentration of albumin, we used

a reverse titration of HSA with ANS. The concentration of HSA was kept constant
(4.25pM) and the w'oncentration of ANS was in the range 2.3 to 600uM. Results
were plotted according to Scatchard [14], using the relation:

r/[ANSf] = -r/ Kd + N / Kj 4)
where r = [ANSH] | [HSA].

The binding parameters of ANS were obtained by unweighted nonlinear
least square régression analysis (computer fitting) using the following expression:

r=N, * [ANSf] / (Kdi + [ANS] + N2 * [ANS,] ! Kd2 (5)

which was obtained from équation proposed by Mendel et al. [15] when Kd2 >> [ANS,]:

r=N, * [ANSf] / (Kdi + [ANS,] + N2 * [ANS,] / (Kd2 + [ANS,])  (6)

where Ni and N2 are the number of two classes of binding sites; Kdi and Kd2 are
the dissociation constants of the ligand for each classes of sites.

RESULTS AND DISCUSSIONS

Graph of ratio [HSA] / F vs. [HSA] is shown in Fig. 1. From the slope of
this linear plot we obtained < indicated in the legend of figure. The curvilinear
shape of the Scatchard plot illustrated in Fig. 2 shows that ANS binds to two
independent classes of sites: one for specific and another for nonspecific binding.
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Fig. 1 Hanes direct plot of ratio
[HSA] / F vs. [HSA]. The concen-
tration of ANS was 4.78 microM.
The intrinsic molar fluorescence
of bound ANS obtained from the
slope was 3.063 relative units.

CHSAI
0 50 100 150
r/[ANSf] (1/microM)
¢ N1 - 1.18
0.8 |Kd1« 3.0 microM
0.7 jJNS* 0.0043 1/microM
06 -
05 \ Fig. 2 Scatchard plot for the binding
' . specific bindin of ANS (2.3-600 microM) to HSA
0.4 ’\ P 9 (4.25 microM).The inseri icon gives fl
0.3 4 Ll obtained values for binding parameters.
0.2
0.1
0 2 4 6

r

Least-square fitting was not able to give reliable estimates for N, and N2 so
we used équation (5) which gave estimates for N,, Kd, and N2 / Kd2. The values are
presented in the insert icon Fig. 2. ANS binding to HSA revealed one tight binding
site, with Kd, = 3 pM. These value disagree with the findings of Kolb et al. [16] but
agréé partially with the values presented by Sudlow et al. [5] which report one high
affinity (Kd = 1.1 pM) and three lower affinity (Kd = 7.7 pM) binding sites.
Panjehshahin et al. [9] reported 1.6 binding sites with Kd = 0.52 pM. These

discrepancies may be the result of different experimental conditions and methods
of data analysis.
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SYNTHESIS, STEREOCHEMISTRY AND NMR SPECTRA
OF SOME NEW 2.5-SUBSTITUTED-1.3-DIOXANE DERIVATIVES

ION GROSU1, SORIN MAGER!, EUGEN MESAROSI, LUMINITA MUNTEAN]Y,
CRINA SOCACI!

ABSTRACT. The stereochemistry of some new 1,3-dioxanes bearing
phenyl, benzyl, methyl and ethyl substituents in the (a)cetal part of the
heterocycle has been studied taking into account the data of
conformational analysis and using complex NMR investigations.

INTRODUCTION

In pervious studies [1-8] on the stereochemistry of some 2,5-substituted-
1,3-dioxanes the presence of flipping or anacomeric structures (Scheme 1), in
corrélation with the nature of substituents, has been discussed.

The conformational analysis of the 2,5-substituted-1,3-dioxanes shows
flipping structures for the compounds displaying identical geminal substituents or
bearing geminal substituents with very close conformational free enthalpies [4].
These compounds exhibit, at room température, a rapid inversion of the six-
membered ring (ANA/\sB), in their NMR spectra being observed unique signais (at
mean values of the chemical shifts) for the axial and équatorial orientations of the
protons of the rings or of thRe similar groups located in it.

R H

Scheme 1
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Contrarily, when different substituents are linked in the same position J
conformational equilibria are shifted towards the conformation (C) exhibitirjg Jj

substituent with larger conformational free enthalpy (Rt AG™ > AG®2) in equat0f
orientation (C*----- =>D). The NMR spectra of these compounds show differ?
signais for the axial and équatorial orientations of the protons of the heterocycie*
of the protons and carbon atoms of the similar groups located in it.

It was considered of interest to study by means of NMR spectra (k
stereochemistry of some new 1,3-dioxanes displaying in the position 2 of
heterocycle aryl and (or) alkylaryl groups and to determine the anacomericity oftu
rings and the orientation of the substituents.

RESULTS AND DISCUSSION
New 1,3-dioxanes have been obtained (Scheme 2) by the condensat®
reaction of some aromatic ketones or aldéhydes with 1,3-propanediols:

H20

RMCeHs-CHz  r2=h 1
R=COOC2H5 R~"CeHs-CHz r2=h 2
R=CH3 RACeHs-CN  R2=C6H5 3
R=COOC2H5 RMCeHs-CHz  R2=C6Hs 4
R=CH3 Ri=C6H5 R2=C2H5 5
R=COOC2H3 Ri=C6H5 R2=C2H5 6

Scheme 2

All the investigated compounds exhibit anancomeric structures, the
conformational equilibria being shifted towards the conformations that display the
CH2-X fragment (X = CH3, C6H5) in équatorial orientation (Scheme 3).

The data of literature [9, 10] show a high conformational free enthalpy for
the CH3 group (AG"e = 3.8-3.9 kcal/mol) as well as for the substituted methyl

groups. The benzyl group, in compounds 1 and 2 shows an équatorial orientation.
In comparison with the methyl group, the phenyl substituent displays lower value of
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the conformational free enthalpy (AGph = 3.12 kal/mol, [11]). In 2,2-disubstituted-
3-dioxanes bearing methyl (or substituted methyl) and phenyl groups, the

eférence of the phenyl group for the axial orientation is considerably higher
PAB = 2.42 kcal/mol, [12]) as that calculated by the addition of the values of the

ffeeConformational enthalpies measured for the two groups (methyl and phenyl) in
monosubstituted compounds (AGcac = 0.80 kcal/mol).

Compounds 3 and 4 show in position 2 équatorial benzyl groups and axial
methyl substituents while compounds 5 and 6 exhibit axial phenyl groups and

équatorial ethyl substituents.

The spectra of ail investigated compounds exhibit different signais for the
axial and équatorial orientations of the protons of the 1,3-dioxane ring and of the
methyl or ethyloxycarbonyl groups located in the aliphatic part of the heterocycles

(Tables 1 and 2).
As an example the H NMR spectrum of compound 2 (Figure 1) shows for

the aliphatic part of the molecule two doublets (846eq = 4.71 and 846ax = 3.91 ppm)
for the protons of positions 4 and 6 and two quartets (8ax = 4.32, 8aq = 4.15 ppm)
and two triplets (8ax = 1-30, 8eq = 1.23 ppm) belonging to the protons of the
methylene and methyl groups of the axial and équatorial ester groups of position 5.
In the spectrum The triplet (8 = 4.69 ppm) belonging to the axial proton of position
2 is overlapped with the doublet pertaining to the équatorial protons of positions 4,
6. The spectrum a!..0o shows a doublet (8 = 2.92 ppm) which has been associated
with the methylene protons of the benzyl substituent.

Table 1. NMR data (O,ppm) for the protons and carbon atoms of positions 4 and 6 of the
1,3-dioxane ring

Compound ’C
4,6-eq 4,6-ax it} 4,6

1 3.62 341 0.19 77.34

2 471 391 0.80 69.34

3 3.42 3.35 0.07 71 63

4 4.48 391 0.57 63.64

5 3.70 3.26 0.44 71.61

6 4.48 3.93 0.55 63.64

The différences of the chemical shifts for the équatorial and axial protons
of positions 4, 6 are higher (A8eg.ax = 0.55-0.80 ppm) for the compounds displaying
ester groups in the aliphatic part of the heterocycle then for the compounds
exhibiting methyl substituents in the position 5 of the 1,3-dioxane ring (A8eg.ax =
0.07-0 44 ppm). The strenger deshielding of the équatorial protons in compounds
2, 4 and 6 is due to the influences through space of the oxygen atoms of the ester
group (Scheme 4) that create a deshielding area at the level of the équatorial
protons of the heterocycle. The shown disposition of the axial ester group (ethyl
“inside” rotamer) explains the strenger deshielding of the protons of the axial ester
group, too.
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Table 2. NMR data (6,ppm) for the protons and carbon atoms of the substituents of

position 5
________________ <<y nc
Compound  -cH2- -CH2- -CH3 -CH3 -coo- -COO- -cH2- -CH2- -CH3 -CH3
ax eq ax eq ax eq ax eq ax ax
1 - - 121 0.71 - - - - 23.07 2191
2 432 415 1.30 1.23 168.05 166.94 62.03 62.03 14.09 13.98
3 - - 1.07 053 - - - - 22.77 21.90
4 415 4.04 1.26 1.15 167.88 166.97 61.88 61.83 14.08 13.89
5 - - 124 0.16 - - - - 2271 22.33
6 435 4.06 1.34 1.16 167.01 167.01 61.98 6198 1421 13.90

Figure 1.1H NMR spectrum of compound 2 (fragment)

Scheme 1
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The différences between the chemical shifts of the protons of the axial and
équatorial methyl groups (compounds 1, 3 and 5; (Adaxeq = 0.50-1.08 ppm) are
higher as those recorded for the protons beloging to the methylene (Adax.eq = 0.11-
029 ppm) or methyl (AOax.eq = 0.07-0.18 ppm) protons of the ester groups located
in the aliphatic part of the heterocycle (compounds 2, 4 and 6). The 13C NMR
spectra exhibit higher différences (ASaxeq = 0.76-1.16 ppm) of chemical shift
recorder for axial and équatorial groups for the compounds (1, 3 and 5) bearing
methyl groups in the aliphatic part of the heterocycle then it was observed between
the chemical shifts of the carbon atoms of the axial and équatorial ester groups.
For compounds 2, 4 and 6, in some cases the différences between the magnetic
environments of the axial équatorial carbon atoms were too small for being
observed.

Compounds 3-6 exhibit axial phenyl groups. The rotation of the aromatic
substituent around its bond with the heterocycle is hindered. The aryl group adopts
a “rigid* orthogonal arrangement (Scheme 4). In this disposition the magnetic
résonance of the protons and carbon atoms of the molecule is influenced by the
magnetic anisotropy of benzene ring. This influence is strenger on the protons of
the équatorial group of position 5 and could be observed by the shielding of their
signais.

CONCLUSIONS

Compounds 1-6 exhibit anancomeric structures, the substituted methyl
group (CH2-X) prefers the équatorial orientation. The aryl groups determine by their
magnetic anisotropy modifications of the pattern of the NMR spectra.

EXPERIMENTAL

1H-and 13C-NMR spectra were recorded at room température, using CDCI3
as solvent, in 5 mm tubes, on a Varian Gemini 300 Fourier transform NMR
spectrometer, equipped with a multinuclear head, operating at 300 MHz for protons
and 75 MHz for carbon atoms. M. ps were measured with Electrothermal melting
point apparatus and are uncorrected.

New compounds 1-6, general procedure. - Equimolecular amounts of 1,3-
diol and carbonyl compound (0.1 mol) with catalytic amounts of p-toluenesulphonic
acid (0.1 g) were solved in 200 ml benzene. The mixture was refluxed and the
water resulted in the reaction was removed using a Dean-Stark trap. When 80 % of
the theoretical water was separated, after ccoling at room température, the
catalyst was neutralized (under stirring 0.5 h) with CH3-COONa powder in excess
(0.2 g). The reaction mixture was washed twice with 100 ml water. After drying
(with Na2SO4) the benzene was removed and the 1,3-dioxane compounds were
purified by Crystallisation from éthanol or by vacuum distillation.

2-Benzyl-5,5-dimethyl-1,3-dioxane 1.
Liquid, b.p.= 92-94°C.(1 mm colHg). Yield 78%. CI13H1802, M = 206.22. Found: C,

75.82; H, 8.98; required C, 75.69; H, 8.80. 1H NMR (CDCI3) 8 0.71[3H, s, 5-
CH3(eq)], 1.21[3H, s, 5-CH3(ax)], 2.96(2H, d, J = 5.2 Hz, 2-CH2-), 3.41(2H, d, J =
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11.2 Hz, 4,6-Hax), 3.62 (2H, d, J = 11.2 Hz, 4,6-Heq), 4.62(1H, t, J = 5.2 Hz, 2-Ha)
7.25-7.32 ppm(5H aromatic, m, overlapped peaks). 13C NMR (CDCI3) 8 21 .
CH3(eq)], 23.07[5-CH3(ax)], 30.16(C5), 41.63(2-CH2), 77,34(C4'%6), 102.66(0’)
126.46, 128.28, 129.68(tertiary aromatic carbon atoms), 136.70 ppm(quaternary
aromatic carbon atom).

2-Benzyl-5,5-bis(ethyloxycarbonyl)-1,3-dioxane 2.

Liquid, b.p. = 156-158°C (1mm colHg). Yield 60% C17H2206, M = 322.36. Found' ¢
63.18; H, 6.72; required C, 63.34; H, 6.88. IH NMR (CDCI3) 8 1.23[3H, t, J =]
Hz, 5-COOCH2CH"(eq)], 1.30[3H, t, J = 7.1 Hz, 5-COOCH2CL3 (ax)], 2.92(2H, d j
= 5.1 Hz, 2-CH2-), 3.91(2H, d, J = 11.0 Hz, 4,6-Hax), 4.15[2H, q, J = 7.1 Hz 5.
COOCH”CHS3 (eq)], 4.32[2H, g, J = 7.1 Hz, 6-COOCH"CH3 (ax)], 4.69(1H, t, J = 5)
Hz, 2-Hax), 4.71(2H, d, J = 11.0 Hz, 4,6-Heq), 7.15-7.25 ppm(5H aromatic,
overlapped peaks). 13C NMR (CDCI3) 8 13.98[5-COOCHrCH3 (eq)], 14.09(5"
COOCHzCHa (ax)], 41,24(2-CH2), 53.29(C5), 62.03[5-COOCH2CH3 (ax and eq)
69.34(C4~, 102.90(C2), 126.61, 129.52, 129.73(tertiary aromatic carbon atoms)
136.07 (quaternary aromatic carbon atom), 166.94[5-COOCH2CH3 (eq)], 168.05
ppm[5-COOCH2CH?3 (ax)].

2-Benzyl-2-phenyl-5,5-dimethyl-1,3-dioxane 3.

Solid, white crystals, m.p. = 64-65°C. Yield 64%. C19H2202, M = 282.38. Found: C,
81.01; H, 7.73; required C, 80.82; H, 7.85. 1H NMR (CDCI3) 8 0.53[3H, s, S
CH3(eq)], 1.07[3H, s, 5-CH3(ax)], 3.01 (2H, s, 2-CH2-), 3.35(2H, d, J = 11.0 Hz, 4,6-
Hax), 3.42 (2H, d, J = 11.0 Hz, 4,6-Heq), 7.00-7.30 ppm(10H aromatic, m,
overlapped peaks). 13C NMR (CDCI3) 8 21,90[5-CH3(eq)], 22.77[5-CH3(ax)],
30.02(C5), 50.82(2-CH2), 71.63(C4'6), 101.52(C2), 126.12, 127.27, 127,71, 128.01,
128.19, 131.22(tertiary aromatic carbon atoms), 135.98, 139.15 ppm(quaternary
aromatic carbon atom).

2-Benzyl-2-phenyl-5,5-bis(ethyloxycarbonyl)-1,3-dioxane 4.

Solid, white crystals, m.p. = 87-88°C. Yield 62%. C*"H"Oe, M = 398.46. Found: C,
69.48; H, 6.43; required C, 69.33; H, 6.58. IH NMR (CDCI3) 8 1.15[3H, t, J = 7.0
Hz, 5-COOCH2CH3(eq)], 1.26[3H, t, J = 7.0 Hz, 5-COOCH2CHS3 (ax)], 2.97(2H, s,
2-CH2-), 3.91(2H, d, J = 11.5 Hz, 4,6-Hax), 4.04[2H, g, J = 7.0 Hz, 6-COOC"CHs3
(eq)], 4.15[2H, q, J = 7.0 Hz, 6-COOCH"CHS3 (ax)], 4.48(2H, d, J = 11.5 Hz, 4,6-
Heq), 6.95-7.30 ppm(10H aromatic, m, overlapped peaks). 13C NMR (CDCI3) 8
13.89[5-COOCH2CH3 (eq)], 14.08[5-COOCH2CH3(ax)], 50.33(2-CH2), 53.23(C5),
61.83[5-COOCH2CH3 (eq)], 61 88[5-COOCH2CH3(ax)] 63.64(C46), 102.09(C2),
126.21, 127.30, 127.45, 128.18, 128.54, 131.15(tertiary aromatic carbon atoms),
135.37 137.86(quaternary aromatic carbon atom), 166.97[5-COOCH2CH3 (eq)]
167.88 ppm[5-COOCH2CH3(ax)].

2-Ethyl-2-phenyl-5,5-dimethyl-1,3-dioxane 5.
Liquid, b.p.= 101-102°C.(1 mm colHg). Yield 62%. C14H2002, M = 220.31. Found:
C, 76.15; H, 9.03; required C, 76.33; H, 9.15. 1H NMR (CDCI3) 8 0.16[3H, s, 5-
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L ied)l 1.07(3H,t, J = 7.4 Hz, 2-CH2-CHs), 1.24[3H, s, 5-CH3 (ax)], 1.94(2H, q, J

, 74 Hz' 2-CH2-CH3), 3.26(2H, d, J = 10.7 Hz, 4,6-Hax), 3.70(2H, d, J = 10.7 Hz,

H ) 7.27-7.35 ppm(5H aromatic, m, overlapped peaks). 13C NMR (CDCI3) S
756(2-CH2-CH3), 22.33[5-CH3(eq)], 22.71]5-CH3(ax)], 30.13(C##@ 37.48(2-CH2-
CH3) 71-61(C46). 101.93(C2), 127.06, 127.91, 128.30(tertiary aromatic carbon
atoms). 139.70 ppm(quaternary aromatic carbon atom).

2-Ethyl-2-phenyl-5,5-bis(ethyloxycarbonyl)-1,3-dioxane 6.

Liquid b.p. = 162-164°C (1mm colHg). Yield 67% C18H2406, M = 336.38. Found: C,
64 13; H, 7.05; required C, 64.27; H, 7.19. 1H NMR (CDCI3) 6 0.80[3H, t, J = 7.3
Hz 2-CH2-CHs), 1.16[3H, t, J = 7.1 Hz, 5-COOCH2CH3 (eq)], 1.34[3H, t, J = 7.1
Hz 5-COOCH2CH3(ax)], 1.71(2H, g, J = 7.3 Hz, 2-CH2-CH3), 3.97(2H, d, J = 11.2
Hz 4 6-HaX). 4.06[2H, g, J = 7.1 Hz, 5-COOCHzCH3(eq)], 4.35[2H, q, J = 7.1 Hz,
5-COOCH"CH3 (ax)], 4.48(2H, d, J = 11.2 Hz, 4.6-Heg), 7.30-7.40 ppm(5H
aromatic, m, overlapped peaks). 13C NMR (CDCI3) S 7.25(2-CH2-CH3), 13.90[5-
COOCHrCHs (eq)], 14.21[6-COOCHrCHs3 (ax)l, 37.08(2-CH2-C,H3), 53.32(C5),
61.98[5-COOCH2CH3 (eq and ax)], 63.64(C4é), 102.48(C2), 127.23, 128.01,
128.71 (tertiary aromatic carbon atoms), 138.52(quaternary aromatic carbon atom),
167.01 ppm[5-COOCH2CHS3 (eq and ax)].
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ABSTRACT. A new topological descriptor, Ws, based on walks in graphs,
is proposed for modeling the steric effect of alkyl substituents. It is tested
on a set of twenty fragmentai structures vs. the reaction rates of acid-
catalysed estérification of carboxylic acids. The corrélations obtained
indicate that Ws can severe as a useful steric paraméter in reactivity
studies.

INTRODUCTION

In the field of chemical reactivity, quantitative structure-property
relationships were examined by using free-energy-related physico-chemical
Parameters, [1] such as o (Hammet) and Es (Taft). The first proposai, in literature,
of a substituent steric paraméter, is due to Taft. [2] He tried to quantify the
influence of a substituent located on the hydrocarbon part of organic esters in the
acid-catalysed hydrolysis of aliphatic carboxylic, RCOOR’. He defined the steric
paraméter as

Es - log (KR/KMe)A Q)

where (kR/kMe)A is the ratio of acid-catalysed hydrolysis rate constant of RCOOR'
to that of MeCOOR’. By définition, Es(Me) = 0.

Since the Es parameters have been defined empirically, many subséquent
studies tried to give a structural interprétation of these ones [3]. Taft himself
recognised that Es varies parallel to the group radius. Charton also found that this
paraméter is linearly dependent on the van der Waals radius, defining a new steric
paraméter, v. [4,5].

Murray (see [3], ref. 27) found corrélations between the Taft paraméter
and the topological index (defined by Randic [6]) for a sériés of substituted alkyls
Very recently, Ivanciuc and Balaban [3] have proposed a topological based
descriptor, SVTI, which encodes the topological distances (i.e., the number of
bonds/edges joining two atoms/vertices, on the shortest path) in a molecular
graph, G. It is defined on the fragment F (i.e. an alkyl group) attached to the vertex
i of G, as

| Facultatea de Chimie si Inginerie Chimicd, Universitatea "Babes-Bolyai", 11 Arany Janos

Str. 3400 Cluj, Romania.
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SVTI(F) =¥ [DJ,; [D], <3
=i @)

The summation runs over ail NF vertices of F and the distance [O] js
limited to 3, in agreemerit to the Charton’s conclusion about the limit of the
influence of the steric effect beyond the gamma carbon. [4] The calculation of SVT|
is exemplified for the sec-butyl group (R = H) or higher homologues (R"H):

SVTI(s-Bu) = 142 +2 +3=8

In the present work, a new descriptor for the steric effect of an alkyl group
is presented.

THE STERIC TOPOLOGICAL DESCRIPTOR, WS

The new descriptor herein proposed is based on the walks in a connected
molecular graph. A walk W is defined [7] as a continuous sequence of vertices, vt
V2...... vm; it is allowed edges and vertices to be revisited. If the two terminal
vertices coincide (vj = vm), the walk is called a closed (or seif returning) walk,
otherwise it is an open walk. If its vertices are distinct, the walk is called a path.
The number e of edges traversed is called the legth of walk. Walks of length e,
starting at the vertex i, eW|, can be counted by summing the entries in the row i of
the eh power of the adiacency matrix A (whose nondiagonal entitres are 1 if two
atoms are adjacent and zero otherwise).

aW,= £[a-j, ©)
jev(C)

®Wi is called the walk degree (of rank e) of vertex i (or atomic walk count
[8,9]). Local and global invariants based on walks in graph were considered for
correlating with physico-chemical properties. [8,9]

The steric descriptor, Ws, is defined as

W,(F) =£(1/)) >X"W.

j=I ueF(u)j

where M is the walk number, of length 3, of the vertex u lying in the jh layer,

F(u)j, of the partition of the attachement point i, F(i), (see below). The summation in
the first sum is limited to the first three layers (see the SVTI paraméter) while in the
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nd sum it runs over all u vertices belonging to the jh layer. In fact, W8 is
SeJculated on the (truncated) ih row of the layer matrix, L3W. For more details

'bout the layer matrices, the reader can consult [8].
aD»  The calculation of the steric paraméter, W8, is exemplified for the fragment

CHiBu2;

IWC)) = 5, [15, 18, 24], 16
W. = 15 + 18 (1/2) + 24 (1/3) = 32

CORRELATING TEST

The validation of the Ws descriptor was made on a set of twenty alkyl
fragments (Table 1) involved in the reaction rate of estérification of alkyl substituted
carboxylic acids with methanol [10-13]. Yi refers to the estérification rates
catalysed by HCI, at 30°C, while Y2 were recorder at 40°C, at a catalyst
concentration of 0.05 N, for both sériés. The correlating results are listed in Table
2.

From Table 2, one can see that the best steric descriptor, in single
variable, is W8 (entriss 1 and 3). The quantitative structure-property relation,
QSPR, for the reaction rates are given below

Yi = 0.552 + 0.097 W, ()
n=20; r = 0.9530; s = 0.303; cv (%) = 13.08; F = 178.16

Y2 = 0.350 + 0.094 W. (6)
n=20; r=0.9532; s = 0.294; cv (%) = 14.23; F = 178.80

In the above relations, n is the number of samples in the set, r dénotés the
corrélation coefficient, s is the dispersion, cv(%) is the coefficient variance (in
percents) and F is the Fisher ratio. Fig. 1 shows the plot corresponding to eq. 5.
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Table 1. Fragmentai steric descriptors and experimental reaction rates

No.

© 00 ~N O U1 AW N
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15
16
17
18
19
20
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Alkyl group
Me
Et
Pr
iPr
Bu
iBu
sBu
tBu
CH2Bu
CH2iBu
CHjsBu
CHjtBu
CHEt,
CHPr2
CHMeCH;jtBu
C,
CMe2CH2tBu
CH8u2
ChiBuj
CH(CH2tBu)

W.

1

5

8.5

12

11
13.66
16.33

22
11 83
14.16
16.50
20.50
20.66
25.67
25.83
12.16
36 67
27 33

32
33.33

SVTI

© OO O N 00 O O Ul O W —

[ o
L )

10
11
11
11

E.
0.00
007
0.36
0.47
0.39
0.93
1.13
1.54
0.40

1.74
198
211
1.85

2.57

247
318

0.52
0 56
0.68
0.76
0.68
098
1.02
1.24
0.68

1.34
151
1.54
141

1.74

170
2.03

© © ® ® N~ ooooo AN D DN ® N Z

—
=

VOL
2323
37.68
50.26
4451
66.99
65.99
65.76
65.51
78.65
77.94
80.06
77.59
79.13
106.31
107 53
123.39
119 62
138.26
13524
158.35

Table 2. Statistice of Multivariable Regression (Y

ahwN e

12

13

14

X

w.
SVTI
W,
SVTI
w,
SVTI
w,
1Voi
w,

Tw.
SVTI
w.
Vol
w.
1/Ne
w,
SVTI
1/Vol
w,
SVTI
1/NC
w,
SVTI
Vol
w,
SVTI
1/Nc

b,
0097
0279
0 094
0271
0078
0071
0111
21 365
0.109
0855
0.075
0072
0.107
19.760
0 105
0792
0.090
0129
39478
0086
0 130
1.556
0 086
0 128
37631
0083
0 129
1.483

a
0552
0133
0 350
-0.064
0329
-0 024
0 106
0.125
-0 182
-0 062

-0.918

-0.668

-1.064

-0 826

r
09530
08560
09532
08593
0.9609
0 9606
09612
09618
09600
0 9606

09811

09821

0.9813

09822

0 303
0518
0.294
0497
0.285
0286
0284
0.274
0.280
0278

0205

0.200

0.199

0 194

cv(%)
13 08
22.32
14.23
24 06
12.31
12.35
12.25
13.26
13.54
13.45

8.86

863

9.61

9.37

Y, yl
1.05 0.82
1.12 088
1.43 1.19
1.58 1.35
138 1.15
2.06 1.87
2.14 1.88
2.57 231
1.37 1.14
1.42 1.2
2.03 1.84
2.8 251
3.15 2.88
3.2 291
2.95 2.69
142 1.19
366 3.36
3.26 2.96
3.55 3.26
425 394

= a + ZjbiXi)
F

178 16

49 35

178 80

5078

102.30

101 56

103.24

10478

100.10

101 65

137 27

144.96

138 34

145 97



TAFT REVISITED

Figure 1. The plot corresponding to eq 5

W38 is far more better than the SVTI paraméter (r = 0.8560; 0.593). The Es
and V are not discussed since they are defined just on such a set of fragments.

When added the fragmentai volume, VOL, (for their calculation see below)
or the number of carbon atoms, Nc, the corrélation is improved (see Table 2). Note
that the reciprocal of the volume or the number of carbons is here important, as a
measure of the accessibility to the reaction centre. The two variable régressions
are still unsatisiactory. When three variable régression is performed (Table 2,
entries 11-14), the coefficient of variance becomes less than 10% and the F
paraméter increases (as compared to the two variable régressions, Table 2,
entries 5-10) thus proving a good quality for the régression équations. The QSPRs
for the entries 12 and 14 are given below

Y, = -0.668 + 0.086 Ws + 0.130 SVTI + 1.556 1/NC (7
n=20; r=0.9821; s = 0.200; cv (%) = 8.63; F = 144.96

Y2 =-0.826 + 0.083 Ws + 0.129 SVTI + 1.483 1/Nc (8)
n=20; r=0.9822; s = 0.194; cv (%) = 9.37; F = 145.97
. L

The plot for the calculated values by (7) and the experimental Yi data is
presented in Fig. 2.

Table 3 shows the intercorrelation between the steric paramétere (on a set
of 16 data). One can see that Ws is far more correlated to the Taft, Es, (0.9637),
and Charton, v, (0.9587), paramétere, (in comparison to the SVTI, fragmentai
volumes, and Nc), which is a promise in describing the steric effect of alkyl
substituents.
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Figure 2 The plot corresponding to eq 7

It is noteworthy that Ws is a pure steric paraméter, not affected by the
electronic effects (which is the case of Es). It is not degenerated in the considered
set in opposition to the SVTI, v and Nc Parameters. However, degeneracy (i.e. a
same value for different structures - see Table 1, the shaded values) could appear
in larger fragments. Ws is also better correlated to the fragmentai volumes, among
ail the steric Parameters herein discussed (see Table 3).

Also note that the volumes of fragments correlate 0.998 with the number of
carbon atoms, Nc in the considered set. It is a conséquence of the Monte Carlo
method of calculation of the fragmentai volumes. Both Parameters do not exceed a
corrélation of 0.79 with the reaction rates herein discussed. The calculation of

volumes (as a fragment size) seems to be not justified in sets of structures of
various Nc, since the last paraméter is trivially calculable.

Table 3. Intercorrelating relations among the steric parameters (16 data, in Table 2)

E. W, SVTI
E. 1.0000 0.9637 0.8564
W. 1.0000 0.8191
SVTI 1.0000
Vol
C

\Y%
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Vol
0.9121
0.9209
0.7709
1.0000

C
0.9133
0.9211
0.7669
0.9984
1.0000

0.9991
0.9587
0.8565
0.9044
0.9061
1.0000
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COMPUTATION OF FRAGMENTAL VOLUMES

The geometries of the hydrocarbon fragments (in fact, the corresponding
radicale) were fully optimised at the Unrestricted Hartree-Fock (UHF) level of
theory, using the 6-31G““ (double zé&ta) basis set, which contains polarisation
fonctions for better description of the radical wavefunctions. The Berny's
optimisation algorithm was used (the derivatives were computed analytically). The
method of initial guess of the second derivative matrix was applied. Standard
harmonie vibrational analysis, using the Coupled Perturbed Hartree Fock (CPHF)
method, v»as applied to test the optimised geometries (stationary points at the
hypersurfaces).

Volume calculations were performed for the optimised structures
(stationary points at potential energy hypersurfaces), by the Monte-Carlo method.
All calculations were performed with Gaussian 94 sériés of programmes. Since
Monte-Carlo method for calculating molecular volume (defined as the volume
Inside a contour of 0.001 electrons/bohrA3 density) is stochastically-based
algorithm, it often leads to results accurate up to several percents. Therefore, 11
volume calculations per fragment were performed, and the arithmetic average
value was taken as the dosest approximation to the real one. In order to increase
the density of points for a more accurate intégration, the “Tight* option of the
Gaussian “Volume" keyword was used.

CONCLUSIONS

Ws descriptor, based on the walks in graph, satisfactorily describes the
steric effect of alkyl substituents in the estérification reaction. It is a pure steric
paraméter, not affected by the electronic effects. We correlates well to the
fragmentai volumes (over 0.92) and shows a lower degeneracy in comparison to
the SVTI, v and Nc Parameters. It is also well correlated to the Taft, E8 (0.9637),
and Charton, v, (0.9587), parameters, which makes from Ws a promising
alternative in describing the steric effect of alkyl substituents.
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DYNAMIC SIMULATOR FOR A UOP MODEL FLUID
CATALYTIC CRACKING UNIT

MIRCEA CRISTEAL, SERBAN AGACHI!

ABSTRACT. The paper présents a new dynamic mathematical model for
the simulation of a UOP type Fluid Catalytic Craching Unit. This model
was developed to ariswer the need of a more detailed and realistic
description of a complex and multivariable process, featuring significant
nonlinearities. The reactor riser is described by a three lump kinetic
scheme (Weekman and Nace) and the regenerator by a fluidized bed
model. The model also inciudes the feed System, the catalyst circulation
bands, the air blower and the wet gas compressor. The model offers the
opportunity of studying the process behaviour in varying conditions but
also the means for testing advanced control with real chances of
industrial implémentation.

INTRODUCTION

The FCCU process is one of the most important process in a modem
refinery. It consists of cracking heavy hydrocarbon components into lighter and
more valuable ones, from which gasoline is the most important. The attempt of
describing this multivariable process has to face a very complex behaviour due to
interactions, nonlinearities and operating constrains. The dynamic simulation
reveals interesting features which can be later used in control studies for industrial
implémentation.

RESULT AND DISCUSSION

The gas oil mixed with wash oil and Diesel oil are preheated in a furnace
and then mixed v"ith slurry recycle from the bottom of the main fractionar and sent
to the reactor riser, Fig. 1. Here, the feed streams are mixed with regenerated
catalyst coming from the regenerator. This regenerated catalyst brings heat
necessary for vaporising and cracking reactions that take place in the riser. The so
named reactor véssél is in fact only a separating vessel where spent catalyst is
separated from products. The products are evacuated at the top of the reactor,
being sent to the main fractionar. Wet gases are suctioned by the wet gas
compressor and sent for further work to other refinery units. The spent catalyst is
stripped with steam. Due to the cracking reactions a large amount of coke (carbon
+ hydrogen) is produced and deposited on the catalyst, poisoning it. Therefore a

| Facultatea de Chimie si Inginerie Chimica, Universitatea "Babes-Bolyai", 11 Arany Janos,
3400 Cluj-Napoca, Romania.
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régénération procedure is necessary and takes place in the regenerator where
carbon and hydrogen from spent catalyst are removed by burning. The oxygén

necessary for the combustion reactions is supplied by the combustion air blower
which is driven by a constant speed electric motor. Coke is burned in the
regenerator in a fluidized bed. Stack gas is evacuated at the top ofthe regeneréator
Entrained catalyst is separated in the cyclones and returns in the dense bed
Regenerated catalyst is sent again to the reactor riser where begins a new cycle.

The new dynamic model presented in this paper has as starting point the
Model IV FCCU presented by McFarlane et al [1] and with certain adaptations by
Morari and Agachi [2]. The main parts of the simulator are: the reactor (riser and
stripper), the regenerator, the feed system, the catalyst circulation bends, the wet
gas compressor and the combustion air blower.

Compared with the models mentioned, the new UOP model has the
following additions:

- the kinetics of the cracking reactions taking place in the riser replace the
empirical formula used in McFarlane and Morari Works

- two different phases are distinguished in the dense bed of the
regenerator

- the reactor vessel is modeled as a CSTR using both mass and energy
balance
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- the catalyst is made by means of V pipes (for UOP model) and not
through U-bends (Model 1V) implying the change of pressure balance équations

- the reactor-regenerator relative position is changed, vessels and pipes
dimensions updated according to a real UOP unit.

The reactor riser model is a static model described by an ideal plug flow
(résidence time in the riser is very short compared to other time constants) [1].
Material balance for gas oil and gasoline is provided, predinting the gasoline and
coke + light gases yield based on a three-lump kinetic scheme of Weekman and
Nace [3], [4], Fig. 2: it also predicts the amount of deposited coke and the cracking
temperatura (energy balance) [5], [6].

G a so lin e

k
Feed

kot C oke+d ga

Figure 2. Three lump kinetic scheme

The Stripper model is a CSTR (mass and energy balance); it predicts the
Stripper température and concentration of coke on spent catalyst.

The regenerator model assumes a fluidized bed consisting of two zones:

a) the dense bed with: a bubble phase (gaseous reactants and products
moving up in the bed in plug flow) and a dense phase (gas and solid catalyst
perfectly mixed). Mass transfer occurs between the two phases as gas moves up
in the bed, but at regenerator températures the reaction rates are Controlling rather
than the mass transfer between the two phases. Due to perfectly mixed
assumption the température is uniform in the dense bed and the dubble phase is in
thermal equilibrium with the dense phase. Mass balance for: xO2l xCO, xCO2
(varying with time and distance) and carbon on catalyst (varying with time) are also
accounted. Energy balance for regenerator temperatura is provided (varying with
time and distance in the disengaging zone and varying with time in the dense bed).

b) the disengaging zone appearing due to catalyst entrainment in the zone
above the dense bed. Reaction with oxygen takes place here too. The volume
fraction of catalyst and regenerator temperatura are predicted (mass and energy
balance).

The operating mode of the regenerator is total combustion mede which
assumes that excess oxygen is present and virtually ail CO is transformed to CO2.

The feed System consists of a preheat furnace. The temperatura of feed
leaving the furnace is described by energy balance. The flow of the furnace is used
to control the amount of heat transferred to the fresh feed.
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The wet gas compresser is modeied as a single stage centrifugai
compressor. The équation describing it relates polytropic heat to volumetric suction
flow. It has a single surhe point being provided with a bypass line and a vent valve
(fiare vale).

The combustion air blower is also a single stage compressor driven by a
constant speed electric motor. The performance curve is given relating suction
volumetric flow to discharge pressure, with suction pressure at atmospheric
pressure.

The catalyst circulation lines for spent and regenerated catalyst simulate
the catalyst circulation described by force balance équations. Slide valves are used
in order to manipulate the spent and regenerated catalyst flows. Pressure balances
are also accounted for the riser, reactor and regenerator due to their importance in
the general behaviour of the process.

The simulation was performed in MATLAB and SIMULINK software
environment.

The simulation led to the following steady state values for the most
important variables: temperatura of fresh feed entering reactor riser T2 = 362.98°C,
furnace firebox temperatura T3 = 877.77°C, inventory of catalyst in the reactor Wr =
36396 kg, reactor fractionar pressure P5 = 1.573 bara, wet gas compressor
suction pressure P7 = 1.498 bara, temperatura of regenerator bed Treg = 692.72°C,
weight fraction of coke on regenerated catalyst crgc = 4.4. W4, inventory of
catalyst in the regenerator Wreg = 175551 kg, inventory of carbon in the
regenerator Wreg = 806.8 kg, mass fraction of gasoline yG = 0.46, mass fraction of
gas oii yF = 0.29, regenerator pressure P6 = 2.308 bara, combustion air blower
discharge pressure P2 = 2.928 psia, weight fraction of coke on spent catalyst csc =
7.87.10'3, reactor temperatura Tst = 533.45°C, cyclone temperatura Tcyc = 972.2°C,
molar ratio of oxygen to air in stack gas xO2sg = 0.03566, air flowrate into
regenerator Ft = 42.01 kg/s.

The above steady state point was used as a starting state for
demonstrating the dynamic characteristics of the model. Several dynamic runs
were performed by implementing preprogrammed disturbances on coking
characteristics of the fresh feed (Run 1) and ambient temperatura (Run 2). A step
change of +1% amplitude in coking rate constant at t = 1000 s was generated for
Run 1 and a +17°C ramp change (starting at t = 300 s and ended at t = 3900 s)

was performed for Run 2. These disturbances are usually encountered in
commercial FCS units. The simulation results for some of the most important
variables of the process are presented in Fig. 1 for Run 1 and Fig. 2 for Run 2.
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Figure 1. Simulation results for Run 1
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Figure 1. Simulation results for Run 2
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The Simulation reveals the complex dynamic behaviour that FCC process
resents. For example in the case of Run 1, the increase in coking rate constant
results in a rapid increase in coke déposition on spent catalyst which détermines
higher amounts of coke transported in the regenerator. The combustion in the
regenerator intensifies resulting in higher regenerator température (Treg). For a
short time the concentration of coke on regenerated catalyst (crgc) peaks (small
time constant), but as the combustion rate increases (larger time constant) more of
the coke transported from the reactor is consumed and the concentration of coke
on regenerated catalyst déclinés. As the inlet air flow is maintained constant, the
molar ratio of oxygen to air in stack gas xO2sg decreases. Higher regenerator
température generates an increase in bed height which results in higher
regenerated catalyst flow. This increased material flow transports more heat to the
reactor causing reactor température Tst to rise until a new steady state is reached.
The mass fraction of gasoline yG increases due to a higher cracking rate. Ail these
main dynamic effects encountered in commercial FCCU'’s are well simulated by the
above model.

The new dynamic model proves to be a useful tool for studying the
complex dynamics of a large and difficult to control industrial unit offering the basis
for studying advanced control strategies.
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MONOLACUNARY KEGGIN AND DAWSON-WELLS
MOLYBDOTUNGSTO-PHOSPHATES WITH ORGANOMETALLIC
FRAGMENTS!

MARIANA RUSU2, LUMINITA SILAGHI-DUMITRESCU?2, CEZAR PAVEL2,
ADRIAN-RAUL TOMSA?

ABSTRACT. The reaction of Dawsc i and Keggin type polyoxometallates
with organometallic Chlorides RECI3 (E = Sn, Si and R = butyl, phenyl,
vinyl) lead to following complexes: K4[CeH5SnPMo2W9039]. 14H20 (1),
KACaH33nPMorMs033]. 14H20 (2), K3[(C2H3Si)2PMo02W9040] 17H20 (3),
K7[C4HI9SNP2MoWieOei]-15H20 (5), K7[CeH5SnP2MoWieOe2] 14H20 (4),
Ke[(C2H3Si)2P2MoWieOe?]" 15H20 (6). Elemental analysis, thermal
analysis, IR and UV spectra were used to characterise the new
compounds.

INTRODUCTION

The remarcable structural properties of Mo, W and V containing
polyoxometallates coroborated with properties permitting their use in ions
exchange techniques, homogenous and heterogenous catalysis or in
chemotherapy (antiviral or antitumor) stimulate the interest in the field. New
interesting  structures were reported lately on polyoxometallates  with
organometallic fragments [1-8, 10-14].

RESULTS AND DISCUSSION

Dawson and Keggin-type polyoxometallates were reacted with RECI3 (E =
Sn; R = Bu,Ph and E = Si, R = vinyl) in aqueous media. We obtained new
polyoxometallates containing organometallic fragments of the type [{P}ER]n* (where

{P} is [PM02W9039]7 (P1) and [P2MoWieCQei]l0' (P2)) as following équations:
K7[PM03W90,9j + PhSnCl, -» K4[PhSnPMo,W,0,.)] + 3KC1
K7[PMo,W90J9] + BuSnClj -> K4[BuSnPMo,W, 0J9] + 3KC1
K7[PMo,W9039] + 2C2HISICl} + H3O-> K3[(C:HISi)2PMo3WIOK]j + 4KCI + 2HC1

| Dedicated to the distinguish Professor lonel Haiduc on the occasion of his 60-th
anniversary.
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Ki[P2Mow,,on + PhSNClj -> K7[PhSnP2MoWIhO#1] + 3KCl
KI)[P2Mowtson, * BUSNCB -> K7[BuSnP2MoWY,061] + 3KCI
[p:MoW,,0,1] + 2C,HISICl) + H,0 -> Kh[(C2H3Si); P2MoWI50nJ]+4KC1 + 2HC»

During the reaction a MO4+ unit (M = Mo,W) is replaced by a RE3t
organometallic moiety; the hole is acting as a tridentate/pentadentate ligand, the
element E becoming tetra- or hexa-coordinated, respectively.

The composition of the new compounds was establihed on the basis of the
elemental analysis (the content in K, Mo, W, Si, Sn determined by AAS) and
thermal analysis (the content in water).

The IR spectra exibit the characteristic bands for both polyoxometallates
units [1,2] and organometallic fragments [18]. The assignement and the position of
the important bands are presented in Table 1.

Table 1. IR Spectra of the title compounds

Compund
P’ 1 2 3 Pz 4 5 6

(cm’) (em) (cm') (cm’) (cm’) (cm’) (cm) (cm")

V.. P-O(1) 1065 1090 1085 1085 1087 1090 1100 1095
1022 1040 1035 1025 1055 1070 1070 1065

1022 1025 1025 1025

vM M-O(4) or 940 965 965 960 945 940 955 950
v., M-O(8) 900 910 930 940 920 910 920 920
Vo, 880 890 870 890 890 880 895 885
830 810 820 835 820 820 825 820

V., M-0(3)-M 795 790 800 790 770 785 805 790
750 740 750 750 740 740 730 750

730 720 725 715 705 710 700

S O(i)-P-O(i) 625 620 605 620 605 610 600 605
575 580 570 565

S M-O-M 510 515 510 515 530 550 535 535

495 520 485
475 480 475 475

3 (phenyl) 460 1 -1 - 460
480
V», Sn-O-Sn 790 800 660 665 *
740 745
705 720
v,, C-Sn-0 665 600
630 !
615
wount C-Sn-0 - 407 425 - - 410 425
Va, C-Si-0 - - - 1120 - - 1120
v,, O-Si-O - - - 1060 - - - 1060
vC=C - - - 1640 - - - 1640
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The UV spectra recorded in the range 50000-28000 cm'l (350-200 nm) on
aqueous solution exhibit bands atom expected positions for polyoxometallates, as
shown in Table 1.

The electronic transitions of the phenyl group (around 38000 cm ) are
superposed with the transitions characteristic for the polyoxometallate fragment
The other organic groups (butyl and vinyl) do not exibit electronic transitions in the

range of the recorded spectra.
Thermal behavior. Thermogravimetric curves were recorded for ail the

polyoxometalates with organometallic fragments. The first important process is the
weight loss accompanied by endothermal effect at températures in the range 40-
240"C. This corresponds to the élimination of water molécules; the loss of zeolitic-
type molécules of water and the loss of nonzeolitic-type molécules, without the
possibility to evaluate in a quantitative way their individual contribution. Therefore
the weight loss noticed in this part of curves was used to calculate the total wather

content (see experimental part).

Table 1. UV Spectra of the title compounds

Compund

p! 1 2 3
(cm'l) (cm'l) (cm1) (cm1)
V1 41600 42700 42200 42600
(charge transfer M-O-M) 37700 38000 27800 38200
V2 46800 47500 47400 47400

(charge transfer M-O(4))

P2 4 5 6

A\ A\ A\ Vv
.. (cm') (cm'l) (cm1) (cm')
Y1 41700 40800 41100 41400
(charge transfer M-O-M) 33300 34000 34500 34600
V2 46416 46900 47080 46950

(charge transfer M-O(4))

The next important process observed at 200-350°C is related to changes
in the polyanionic moiety, as reported for other reprezentatives of this dass of

compounds [9].
After 380°C in ail cases, after the combustion of the organic componente,

the inorganic residue exhibits some minor exothermal effect probably due to
polymorphie transformation.
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EXPERIMENTAL

The heteropolyoxometallates K7[PM0o2W9039]-13H20 (PD)  atlf
Kio[P2MoWi6061]-19H20 (P2), were prepared according the literatura data (15-17'
Organostatic and silicoorganic derivatives are comercial samples (Aldrich).

Thermal analysic was performed using a OD-102 System Paulik-Paulifc.
Erdély derivatograph. UV spectra were recorded on a SPECORD UV-75
aqueous solution and IR spectra using a SPECORD IR-75 spectrophotometer on
KBr pellets. Atomic absorbtion was used to determine the composition of the
synthesised compounds (K, W, Mo, P, Si, Sn). The content in water was estimated
on the basis of thermal analysis.

General procedure. Heteropolyoxometallates and organometallic
stananes and silanes were reacted in 1:1 molar ratio, in water. The solution of
organometallic compounds in water was treated with AcONa to get a pH value of
1.5. For some experiments an opalescence occured wich did not affect the
reactivity. The soechiometric amount of solid heteropolioxometallates was added to
the above prepared solution under vigurous stirring. A clear solution are obtained
after several minutes. The pH of mixture rise up to 4.5 for Dawson type
compounds and 5 for Keggin type compounds Unreacted ligand was filtered after
10 to 30 minutes. Fine powder of potasium c, aride was added to filtrate until no
précipitation was observed. The white crystals were filtered and the précipitates
washed w'th satured solution of KCI and dried in a vacuum desicator. The
compounds were recrystallizod from water at 40-50°C. The filtrates afforded
crystalline products by treatement with EtOH (diffusion method).

K4[C6H5SNPM02W9039] 14H20; K4C6H335nPMo2\/1/9053 (3106,579)
Calcd.: K 5,02%; W 53,28%; Mo 6,18%; P 0,99%; Sn 3,82%; H20 8,18% .
Found : K 5,20%; W 50,45%; Mo 5,89%; P 0,68%; Sn 3,86%; H20 8,02%.

K4(C4HISNPM02W9039] 14H20; K4C4H37SnPMo2W9053 (3086,591)

Calcd.: K 5,06%; W 53,63%; Mo 6,22%; P 1,00%; Sn 3,25%; H20 8,23%.
Found: K 5,15%; W 51,10%; Mo 6,02%; P 0,89%; Sn 3,90%; H20 8,10 %.
K3[(C2H3Si)2PM0o2W9040] 17H20; K3C4H40Si2PMo2W9057 (3051,995)

Calcd.: K 4,27%; W 60,28%; Mu 6,99%; P 1,13%; Si 2,04%; H20 11,15%.
Found : K 4,40%; W 58,26%; Mo 6,80%; P 1,06%; Si 1,98%; H20 11,00%.
K7[C6H5SNP2MoW16061] 14H20; K7C6H33SnP2MoW16075 (4798,344)
Calcd.: K 5,69%; W 61,33%; Mo 2,00%; P 1,29%; Sn 2,47%; H20 5,26%.
Found: K 5,78%; W 58,80%; Mo 1,75%; P 1,08%; Sn 2,35%; H20 5,10%.
K7[C4HISnP2MoW1606i] 15H20; K7C4H39SNP2MoW!16076 (4796,732)
Calcd.: K 5,85%; W 61,36%; Mo 1,80%; P 1,29%; Sn 2,48%; H20 5,65%.
Found: K 5,85%; W 59,65%; Mo 1,80%; P 1,15%; Sn 2,28%; H20 5,45%.
K6[(C2H3Si)2P2MoW!16062] 15H20; K6C4H36Si2P2MoW16077 (4707,728)
Calcd.: K 4,98%; W 62,50%; Mo 2,04%; P 1,32%; Si 1,19%; H20 5,74%.
Found: K 5,02%; W 60,90%; Mo 1,90%; P 1,22%; Si 1,06%; H20 5.58%.

CONCLUSIONS

The spectral data suggest that both, Keggin and Dawson
heteropolyoxometallates reacted with organometallic Chlorides to give six new
heteropolyoxometallates with organometallic fragments.
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THE MASS-SPECTRCMETRY STUDY OF SOME
SPIRO-1.3-DIOXANE ESTERS

MIHAI HORN1, SORIN MAGER!, ION GROSUI, NICOLAE PALIBRODA?

ABSTRACT. The electron impact-induced fragmentation of a sériés of
spiro 1,3-dioxanes has been studied by exact mass measurements and
metastable ion analysis. A comparison with the fragmentation pattern of
monocyclic 1,3-dioxane compounds bearing similar ester groups has
been developed.

INTRODUCTION

Many 1,3-dioxane derivatives have been synthesised and their structure
has been investigated by NMR spectra, dipole-moments measurements, I.R.
spectrometry and thermodynamic methods [1]. However the interest for the mass-
spectrometry investigations of this type of compounds has been small, few papers
[2-11] being published in this field.

As a continuation of our investigations [12-14] on the mass-spectrometry
of some monocyclic 1,3-dioxane it was considered of interest to study the E. |.
(electron impact) fragmentation pathways of some ethyloxycarbonyl-spiro-1,3-
dioxane derivatives (Scheme 1). The synthesis and the investigations on the
stereochemistry of these compounds have been elready reported [15-17].

*/C\./°~\./OOCHrCHs , \ O0—< COOCH2CHj3

"2 °—"COOCfbCHj ™NL"O— T COOCH2CH3

n=l 1 R=H 3
n=2 2 R=CHj3 5
n=3 3 R=f-C4Hj9 6
n=4 4 R=CeH; 7

Scheme 1

| "Babes-Bolyai" University, Organic Chemistry Department, 11 Arany Janos str.,, RO-
3400, Cluj-Napoca, Romania.
Institute of Isotopic and Molecular Technology, P. O. Box 700, Cluj-Napoca, Romania.
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EXPERIMENTAL

The El mass spectra have been recorded at 70 eV with a MAT 311 mas
spectrometer. Samples were introduced through the indirect inlet System
températures between 100 and 150°C, the ion source température was 150°c
Accurate mass measurements were made at a resolution Am/m = 5000
Metastable transitions were registered using the mass-analysed ion kinetic enerav
(MIKE) technique for metastable ion transitions in the second field-free region
before the electrostatic deflection and highvoltage techniques.

RESULTS AND DISCUSSION
The relative abundance of the ions formed in the fragmentation process
(E.l. at 70 eV) of compounds 1-7 are shown in Table 1.
Based on exact mass measurements [ions: g(g’), 245; b, 244; p, 173; ¢
172; o, 145; h, 129; r(r'), 99; m(m’), 55] and metastable transitions (12-16, 20, '3{
. 33) the principal mass spectral fragmentations of compound 1 are interpreted
according to schemes 2-4. Common routes with those observed for monocyclic
compounds [141 could be recovered in these schemes.

U3CU2COO0C< COOCH2CH3
a, 272

-C2H™

H3CH2COOCACOO€H,CH3
HjCHjCOOCMCOOCH;ChTI*

0. 25 4 | -C2H50-
b, 244
chAnh H3CH2CO0CXACO V
CHj
0,227
, CH10
-H,C=C=0
8 H5CO0C4 /COOC2H?+
-CHO 5 L cin
(o]
HjCH.CO0C,
0—c?h,
SN NH O-CH
COOC2H,
CHI g'245
-H,C=C=0
-CHI0 H,c=Cc—co
-C2H,0H C=C
. COOC2Hs
d. 177
Scheme 2
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/e 1 70 eV mass'sPectra of compounds 1-7: m/z(relative intensity, %)

Com-

pound
272 227

(0.0) (13.0)

, 286 241
(180) (8.0)

3 300 255
(30.5) (7.0)

4 314 269
(245) (7.0)

5 314 269
(6.1) (4.9)

6 356 311
19) (4.1

7 376 331
(0.7)  (6.3)

Notes:

M (M-45)* (M-75)*

197
(0.0)

211
(2.0)

225
(30)

239
(2.0)

239

(18)

281
(1.1)

301
2.1

257

(15)

(87.5)

(98.0)

(75.0)

(100)

(100)

(100)

Base
peak
59

55

55

55

257

257

257

Other important peaks

245(12.5), 244(60.0), 173(12.5), 172
(33.5). 157(4.0), 127(66.5). 113(14 0),
101(20.5). 99 (33.5). 85(22.0). 83(20.5),
73(5 5), 70(11.5). 55 (34.5).

258(24.0), 173(13.5), 157(2.5),
145(2.5). 139 (6.0), 129(7.0), 127(70.5),
113(7.0), 101 (6.0), 99(27.0), 85(26.5),
84(32.5), 83(23.0), 73(3.5), 71(3.0),
69(5.0), 67(5.0), 59(92.0), 57(13 0).
271(12.5), 258(23.0), 172(11 0),
157(2.0), 145 (2.0), 139(4.5), 129(9 0),
127(7.0), 113 (5.5), 101(5.5), 99(29.5),
98(23.0), 97(5.5), 85 (11.0), 83(12.5),
81(6.5), 73(3.0), 70 (12.5), 69(34.0),
59(81.0), 57(9.0), 56(22.5).

285(5.0), 258(15.0), 173(20.0),
157(2.0), 145(2.0). 139(5 0), 129(9 0),
128(7 0), 113 (9.0), 112(21.0),
105(11.5), 101(5.5), 99 (29.0), 97(5.5),
95(5.5), 85(23.0). 84(25.0), 83(23 0),
81(4.5), 73(5 5), 71(3.5), 70(6.0),
69(26.5), 68(33.5), 67(8.0), 59(85.0), 57
(15.0), 56(35.0).

285(2.2), 173(3.5). 139(2.7), 129(4 47),
128 (2.2), 127(30 4), 113(2.2), 112(2 3),
99(5.3), 85 (2.5), 84(1 5), 83(4 0),
69(2.9), 67(1.3), 59 (16.1), 57(2.1),
56(2.7), 55(16.5).

341(1.0), 299(4.6), 285(7.7), 259(2 3).
258 (13 8), 203(3.4), 173(2.8), 139(1 5),
138 (1.4), 129(3.6), 128(1.8), 127(23 3),
113(1.3), 101 (1.0), 99(4.6), 98(4.0).
97(2.4), 85(2.2), 83(2.6), 81(1.6),
69(3.9), 67(1.3), 59(11.4), 57(7.3), 56
(1.3), 55(8.2).

332(1 4), 299(2.1), 259(4 7), 258(31.2),
244(9.63), 243(1.47), 175(1 1),
174(5.8), 173(5.4), 172(4.5), 167(1.1),
157(3.8), 149 (3.1), 146(1.3), 145(3.9),
139(2.5), 131(2.8), 130(5.8), 129(166),
128(4.4), 127(46 9), 119(5.7), 118(3.3),
117(56), 113(2,2), 105(2.8), 104(14.7),
103(2 7), 101(2.3). 99(9.1), 91 (11.5),
85(3.2), 83(3.0), 81(1.1), 78(1.9),
77(1.6). 73(1 6), 71(1.5), 69(2.7),
59(23.6), 57(3.7), 56(2.1), 55(14.8).

Intensity as % of the base peak (into brackets).
lons below m/z 50 and lower than 2% are not included, except
mechanistically relevant peaks.
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3ased on exact mass measurements [ions: g(g’), 245; b, 244; p, 173; c,
172; o, 145; h, 129; r(r), 99; m(m’), 55] and metastable transitions (12-16, 20, 31,
33) the principal mass spectral fragmentations of compound 1 are interpreted
according to schemes 2-4. Common routes with those observed for monocyclic
compound* [14] could be recovered in these schemes.

HjCrkCOOCA-COOCH;CHj

| a, 272

Scheme 2

The mass spectral fragmentation of the other investigated spiro 1,3-
dioxanes involvcs some other peculiar aspects (Schemes 5 and 6).

The fragmentations 41 and 42 has a low importance for compound 1 [the
abundance of ion m/z = 257 is small (1.5%)], but their importance increases with
the number of atoms of the carbocycle (compounds 2-4) arriving to generate the
base peak (m/z = 257) for the compounds bearing substituted cyclohexane rings.
The increasing of the number of carbon atoms in the carbocycle stabilises the
molecular peak (the relative intensity are 1. 0.0%, 2: 18.0%, 3: 30.5% and 4:
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24.5%). while the substitution of the carbocycle leads to smaller intensifies for the
molecular peak (e.g. compound 7: 0.7%). This diminution is associated with a rapid
fragmentation of the substituent located on the cyclohexane ring and its value is
correlated with stability of the radical generated by the substituent of the
cyclohexane ring [the peak (M-R)t was observed in the spectra of these

compounds, Table 1].

b, 244
H,C200C\ +/cooc?H, _C2H50-
| H,C200C”~ /COOCrH"- -H2C=C=0
173 . 2l
P CHj Vv O\ n, 202
OHCZ ™ cyj
zCOOC;H5 19 -CHO-
COOC2H5
4chd  q.203
q P 178 h, 129
-CzH4 h
-CH.O
-C2H50H -C2H40
H2C
CHO
| COOC2H5
COOH
0, 145
-C2H4 o2
-H20 28 24 _coHsOH
H2C=C—COOH H3C—CH-COOC2H5
j, 101
H3C—CH-COOH
-C02 29 co* 13 -C2H4
ji. 101
HjC—CH-COOH
k, 73
Scheme 3

Elimination of CH20 and/or CO is a common process (showed for
moriocyclic 1,3-dioxanes too) for obtaining ions that keep unaltered the 1,3-
dioxane system. The ions showing the OC2H5 group exhibit three competitive
fragmentations: the loss of ethylene (probably, through a McLafferty process),
élimination of a molecule of C2HgO and the expulsion of a molecule of ethanol.
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H2C=C—COOH
s.71

- H2C=C—COOC2H,
-C2HIO 99

-CO 33
o
H,C200C—C=CH?
d, 127

Scheme 4

HSC2O O<\XOOC?H, H5C200C.

-CHj<CH2)n-

H2C=CH—C=0*

ni, 55

Scheme 5

HC=C—ooO

HjC—CH-COCOH
u, 73

H
CH2 CH-CHj

COOC2HS
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Scheme 6

THE MASS-SPECTROMETRY STUDY OF The mass-spectrometry of somé spiro-1.3-dioxanes is
SOME SPIRO-1.3-DIOXANE ESTERS discussed using a comparison with the results obtained
on the study of some similar monocyclic 1,3-dioxane

derivatives.
Mihai Horn, Sorin Mager, lon Grosu and cooaljCHj (OHics
Nicolae Palibroda COOCIIXCHj CWCIIjCHj
n=1-4 R=Me, Ph. f-Bu
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AN EXTENDED HUCKEL MOLECULAR ORBITAL STUDY
OF THE STRUCTURE OF MOO2n+ (n=1,2) GROUP

IOSIF GERGEN]1, IOAN SILAGHI-DUMITRESCUZ, IONEL HAIDUC?

ABSTRACT. Extended Huckel molecular orbital calculations on Mo02*

fragment show that the MoO bonds should have different lenghts, in
variance to the MoQO22' units containing Mo(VI). The élongation of one of

the MoO bonds is correlated with the shape of the HOMO and explain
the transfer of the oxygen atom in certain redox reactions involved in
biologica! Systems.

INTRODUCTION

Modem EXAFS (extended X-ray absorbtion fine structure spectroscopy)
studies performed on Mo containing enzymes like: xantin-oxydaze [1,2], xantin-
dehidrogenaze [3] sulfit-oxydaze [3,41 and nitrat-reductaze [5], have shown that, in
their oxidized form, the coordination sphere of Mo (VI) contains ligands with O, S
or N in a pseudoctahedral environment. As models of these enzymes various
MoOQO?2L2 (L = polydentate ligands with oxygen, sulfur or nitrogen donor atoms) have
been synthetized and characterized by spectral and crystallographic methods [6-9].

Ail of the MoO2L2 compounds and the above mentioned enzymes contain
the MoO2+ group which is considered responsible for the reversible redox
processes the Mo compounds or oxydo-reductazic enzymes can produce.

The structure of the MoO2 unit in MoO2L2 compounds resembles that of
the same group in oxydo-reductazic enzymes [3,8]. The lenght of the Mo = O
bonds is about 1.70 A and the angle O = Mo = O is of 106° +/- 3° [8,9]. The group
[MoO2]2+ has an angular structure, irrespective other L ligand are coordinated to
Mo [8,9]. Due to this specific structure, in the compounds with octahedral
coordination at Mo like MoO2L2 (L: bi-tri dentated with O, S, N ligand), the two
oxygen atoms from the [MoO2]2+ group are always in a cis position.

The cis structure of [MoO2]2+ is due to the Mo (VI) specific electronic
configuration, and is not influenced by other ligands. In order to see the influence
of the OMoO bond angle on the properties of the group, EH molecular orbital
calculations [10] have been undertaken on MoO22+ The electronic structure of
MoO22+.moieties (M = U, Mo) has already been addressed by Hoffmann [11] which
showed that the linear geometry of UO22+ is due to the inner shell 6p orbitals of U.

| Facultatea de Tehnologia Produselor Agroalimentare, Universtatea de Stiinte Agricole a

Banatului, RO-1900, Timisoara, Romania.
2 Facultatea de Chimie, Universitatea Babes-Bolyai, RO-3400 Cluj-Napoca, Romania
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Since in the oxydo-reductazic processes Movi is transformed to Mov and probably
a MoO2+ unit is intermediary formed, it would be of interest to investigate this
cation to some more extent. In the present MO calculations we took advantage oi
the excellent graphical capabilities of the C.A.C.A.O. package of programs made
available by Mealli and Proserpio [12].

RESULTS AND DISCUSSION
The experimental MoO bond length in MoO2L2 compounds varies between
1.683 and 1.709 A and the OMoO angle are in the 107.3-109.5° range [8,9]. In the

model used in calculations we chose an average value of 1.700 A for the MoO
bond and the OMO angle has been varied from 90 to 170° (see Figure 1 for the

définition of the Coordinates).

Figure 1. The orientation of the MoO2 unit as required by C.A.C.A.O.
Angle A has been varied in 10 steps from 95° (a=170°) to 135° (a=90°).

Table 1 lists the changes in the total energy (Etot) and in the reduced
Mulliken population (Mo = O) with the OMoO bond angle.

These data show that the total energy has the lowest value at an OMoO
angle of 110°, where the reduced population is maximum. This angle is good

agreement with the above cited experimental values [8,9] and confirme that the
geometry of the MoO22+. unit is determined rather by the electronic properties of

the metal than by the surrounding ligands.
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Table 1. The variation of total energy (Etot) and Mulliken Reduced Population

(MRP' of [MoO2]2* with the bond angle.

Step OMoO E.tot MRP
angle ( a) (eV) Mo==02(3)

1 170 -312.797 Jq17
2 140 -312.915 729
3 130 -312.967 732
4 126 -312.985 .733
5 120 -313.007 .733
6 116 -313.016 734
7 110 -313.017 734
8 106 -313.006 .730
9 100 -312.965 725
10 90 -312.788 .710

The [MoO2J2+ group from the compounds like MoO2L2 (L: ligant,

tetradentated with 2N and 20 or 2S) can participate in redox reactions 1 when one
the oxygen atoms is transferred to a proper acceptor X[5],

2+ +

+le-
+le- + X € XO

4.

Figure 2 gives the Walsh diagram for a hypothetical OMovO unit (when the
bond angle varies as above 135 to 95°).

As can be noticed no minimum of the total energy is attained in case a.
An élongation of one of the MoO bonds (taken as 2.1 A to simulate a single bond)
afforded however, the détection of a fiat minimum for a = 115-130°. INDO and ab
initio molecular orbital calculations on model MoQO?2L (L = tetradentale ligands) [13]

support this finding. In other words, the angular MoO/ unit is stabilized if the MoO
bonds become non équivalents (see Figure 2b for corresponding Walsh
diagram).
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/MOS0 /.. BENDJNG /MOO2B1 / .. 'HOQ2C1 Jliniar BENDing
Starting Par Starting Paranrter ST. 1 93.H0 cu tfc
Ending Par Unding P.r.twt.r st.10 1|
SYMMETRY - SYMMETRY - C2v

4(10*4

10 (Sa*)

11 (2a">

12 (5a*

13(4a*

14 da*!

15 (3a*

REACTION COORDINATE (Steps ) REACTION COOROINATE < Staps >
21 .799 EninCT) - -323.238

E«M(T> - -323.003

Emin« T) - -321 .

Eim(T) - -321 673
EtTL { Div(iMV) = 4 EITL 1 Olv(»>V> » 11
_E - TE E __ TE

Figur« 2. The Walsh diagram of OMo’O System: a) equal MoO bonds and
b) unequal MoO bonds

The HOMO of this system 2 (of n type) is located on molybdenum (d
orbital) and on the cxygen atom (p orbital) of the longer MoO bond. This orbital is

Mo-O antibonding and makes easier the breaking of this bond during a transfer lii»
that mentionod in scheme 1.

HO-9 (3a") E--10.380

‘rTTTn

TTn”Ll
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CONCLUSIONS
Both the structural data and the calculated geometries of MoO2 group

show that the optimal angle for the [O = Mo = O]J2+ group is 110°, and is not
influenced by the presence of another ligands attached to Mo. If the oxydation
state of Mo changes from +5 to +6, the System is stabilized if the two MoO bonds
are non équivalents and bond angle increases to 120-140°.
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CONTRIBUTIONS TO THE KINETICS AND MECHANISM
OF LACTIC AND MALIC ACIDS OXIDATION BY CHROMIC ACID

IOAN BALDEA1, CLAUDIA MURESANU1, ALEXANDRA RUSTOIU-CSAVDARI!

ABSTRACT. The stoichiometry, kinetics and mechanisms of chromium
(V1) oxidation of lactic acid (H2L) and malic acid (H3M) have been studied
under a relative high HCIO4 concentration. Keto acids are the reaction
products. The oxidation has been found to follow a first-order
dependence on both Cr(IV) and substrate and two parallel ways, first-
order and second-order with respect to the hydrogen ion. Some free
radicale are involved during the oxidation, formed in one-equivalent
electron transfer between Cr(Vl) and a-hydroxy acid. Activation
Parameters have been determined. The results are compared with those
of related studies.

INTRODUCTION

The oxidation of various alcohols [1,2], a-hydroxy acids [3,4] and
cooxidation of these classes of organic compounds and oxalic acid [5] by chromate
in acidic media has been extensively studied. The mechanism elaborated by
Westheimer and his co-workers [1a,2] for Cr(VI) oxidation of 2-propanol has
served as a model for the oxidation of alcohois, aldéhydes and acids for a long
time. The oxidations of a-hydroxy acids as glycolic, lactic, malic, tartric, 2-hydroxy-
2-methylpropionic yield keto acids under condition of a large excess of organic
substrate, following the patterns of the oxidation of 2-propanol.

Srinavasan and Rocek [6] investigated the ox'dation of oxalic acid by
chromic acid and proved the formation and disappearance of a relatively stable
chromium(V) intermediate during the reaction. They showed that chromium(V)
resembles chromium(VI) in most of its kinetic properties, being only two to three
times more reactive tow ds oxalic acid.

Krumpolc and Rocek [7] searched the direct involvement of Cr(V) into the
oxidation of lactic acid. Another group of researchers [8] reported about Cr(VI)
oxidation of lactic acid.

Haight and co-workers [9] in a study on lactic acid oxidation have
presented kinetics and mechanism of the reaction of Cr(V) intermediates with a
reducing substrate. The significant build up of chromium(V) has conséquences for
the interprétation of Cr(VI) oxidations. The way Cr(V) appears during Cr(VI)

| Universitatea "Babes-Bolyai", Facultatea de Chimie si Inginerie Chimica, Str. Arany Janos
nr. 11, 3400-Cluj-Napoca, Romania.
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oxidation of a-hydroxy acids or other organic substrates involves an initial three-
electron réduction of HCrO4, producing the product by biequivalent path and free
radicals that reduce additional Cr(VI) to Cr(V).

Cr(Vl) +2S ->CiS2->Cr(ll) + P + R’ d)
R* + Cr(VI) = P + Cr(V) fast )
Cr(V) + S ->Cr(ll) + P ®)

Rate laws for Cr(VI) decay usually involve terms first-order in substrate S
at low concentrations, where reactions (1) requires two steps:

Cr(Vl) + S > Cr(lV) + P (4)
Cr(lV) + S -> Cr (Ill) + R* fast (5)

and terms second-order in substrate at high concentrations in which reaction(1)
may involve a one-step three-equivalent réduction of Cr(VI) by two molécules of
coordinated substrate [4]. The step (5) differs from that suggested by Westheimer
[1a,2] of création of Cr(V) by the step:

Cr(Vl) + Cr(IV)  2Cr(V) (6)

This study using lactic and malic acids as substrates was undertaken to
compare previous results [3,8,9] and to search for the invob'ement of free radicals.
Unfortunately, the growth and decay of Cr(V) during the reaction cannot be
monitored. Activation parameters were considered for comparison.

EXPERIMENTAL

Analytical grade potassium dichromate, perchloric acid, sodium perchlorate
and high purity lactic and malic acids were used without further purification. Stock
solutions of HCIO4, NaClO4 and KHCrO4 were prepared in twice distilled water,
standardized by usual procedures and diluted to the requested concentration of
each kinetic run. Fresh prepared solutions of lactic and malic acids were used for
each set of runs.

The oxidation was followed spectrophotometrically at 350 nm in an 1 cm
path length cell, maintained in the cell-holder provided with a température jacket
and connected to a thermostat. Température was kept constant(x 0.05°C). The
reaction was started by injecting a known volume of Cr(VI) solution into the cell,
containig a-hydroxy acid, NaClO4 and HCIO4. Absorbance decay was read as a
function of time.

The involvement of free radicals during the oxidation process was cherked
by using the Systems to initiale polymeration of buthylacrylate [10]. The
stoichiometry of the reaction was found by spectrophotometrical titration [11].
Different mixtures with the molar ratio a-hydroxy acid: Cr(VI) between 0 and 5
were allowed to react for at least 10 half-lives and unreacted Cr(VI) was measured
spectrophotometrically.
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RESULTS AND DISCUSSION
Stoichiometry. The results of the experimente performed to establish the

redox stoichiometry of Cr(VI) oxidation of lactic acid and hydrogen ion
concentration of 0.0582 mol dm’3 are shown in figure 1. Based on the break in
absorbance at 350 nm, the molar ratio is lactic acid: Cr(VI) = 1.5: 1, proving that
the product is pyruvic acid. A similar resuit has been obtained in the case of malic
acid oxidation under the acidity of 0.87 mél dm’3. Thus, the formai, overall

stoichiometry is:

CH3CH(OH)CO2 + 2Cr(VI) -> 3CH3COCO2H + 2Cr(lll) @)
HO2CCH2CH(OH)CO2H + 2Cr(VI) -» 3HO2CCH2COCO2H + 2Cr(lll)  (8)

with pyruvic acid and oxalacetic acid as the product of the oxidation respectively
under the conditions of a quite high hydrogen ion concentration.

[H2L LW, Cr(VI) |

Fig. 1. The dependence of final absorbance on lactic acid: Cr(VI) molar ratio

Free radicals involvement. Although Bakore and Narain failed to identify
free radicals using the induced réduction of mercury chloride [3a,12] when a-
hydroxy acids were oxidated, Hasan and Rocek [4a] evidentiated the involvement
of free radicals during the oxidation of glycolic acid by Cr(VI). Our results, using the
initiation of polymerization of acrylic monomer confirme the involvement of free
radicals during the oxidation of both the a-hydroxy acids investigated here.

Kinetics. Pseudo-first rate constants were obtained from the slope of the
semilogarithmic plots, from absorbance measurements,

In(A - AJ = In(A0 - AJ « kobs t (8"
for more than 95% of the reaction for both the a-hydroxy acids used, under a large

excess of substrate and hydrogen ion concentration. Replicate runs gave the same
slope. Three to four individual runs were performed under the same experimental
conditios, giving rate constants within + 3.0%. First-order rate coefficients were

169



IOAN BALDEA, CLAUDIA MURESANU, ALEXANDRA RUSTOIU-CSAVDARI

determined using a least square procedure. The linear dependence (9) proves the
first order with respect to the oxidizing species. Using large excesses of Substrate
(16.8-62.5 fold excess for malic acid and 140-563 fold excess for lactic acid) we
did not obtain a reaction order larger than one with respect to the substrate,
different from the work of Haight at all [9]. This is illustrated by the data in table 1.

The plot of kob3, as a fonction of a-hydroxy acid concentration, are straight
lines passing though the origm (figure 2). Therefore, the oxidation reaction follows
a first order dependence with respect to the substrate for both cases. The lines in
the graph in figure 2 are described by the équations:

kobs = (2.32 + 4.74) 105 + (2.30 £ 0.08)-10°2 for lactic acid (r = 0.9993) (9)
kobs = (1.37 £ 3.2)-10s + (3.76 £ 0.05)W?2 for malic acid (r = 0.9999) (10)

The intercepte could be considered zero, and the slopes give the second-
order rate constants.

[H2L]*102 mol.dm 3 (H3M]*102 mol.dm’

Fig. 2. The effect of a-hydroxy acid concentration on the pseudo-first-order rate coefficient

Table 1. The effect of a-hydroxy acid concentration on the first order rate coefficient.
T = 298K, 1 = 1.5 mol dm-3

(H-] (Substrate]-10 103*«,
moldm 3 moldmj3 s’
0.582 Lactic acid
5.6 1.35
8.5 193
112 257
159 3.67
16.9 4.00
225 517
1.46 Malic acid
067 0 261
0.895 0.348
1.12 0.438
1.23 048
179 0 689
2.50 095

170



CONTRIBUTIONS TO THE KINETICS AND MECHANISM OF LACTIC AND MALIC ACIDS OXIDATION

Table 2 reports the data concerning the effect of total hydrogen ion
concentration on the rate. Because lactic and malic acids have the first acid
dissociation constant of the order of 10"4 [13], we ignored the contribution of them
to the total acidity, even at the lowest experimental values chosen.

Table 2. The effect of hydrogen ion concentration on the rate at 298K and uy = 1.5 mol-dm"*

Substrate and concentration [H*] 103Kkobs 102-k
moldm'3 mol-dm"3 S'l dm3-mor’-s'l

Lactic 0.048 0.086 0.049 0.102
0.169 0.290 1.18 0.698

0.436 2.47 1.46

0.582 4.00 2.37

0.775 6.79 4.02

0.925 9.55 5.64

0.048 1.15 4.09 8.53
Malic 0.00895 0.29 0.0317 0.354
0.52 0.072 0.801

0.87 0.145 1.62

1.00 0.184 2.06

1.25 0.265 2.96

1.46 0.348 3.89

15 0.365 4.08

A complex dependence has been found. The plots of k/[H+] (using second-
order rate coefficient) versus [H*], presented in figure 3, fit linear functions, with
intercepte, having the following equations(least-square):

k/[H>(7.21+0.91)-103+(5.82+0.014)-102 [H+] for lactic acid (11)
k/[H+]=(8.60+0.74)-10'3+(1.22+0.068)-10'2[H+] for malic acid (12)

It shows the involvement of two parallel ways, one first-order and the other
second-order with respect to the hydrogen ion, within the acid concentration range
investigated. This finding is different from the rate law found in the case of alcohols
oxidation as benzyl alcohol or cyclohexanol, where only one term, second-order on
H* was obtained [10].

The effect of temperatura on the rate was initially studied at constant a-
hydroxy acids and hydrogen ion concentration over the range 288-308K. Table 3
présents the data. The experimental activation energies are somewhat larger than
those found by Bakore and Narain [3a] in 10% acetic acid-water solutions, and
similar to that for tartric acid [3b] oxidation in aqueous solution.

In order to deduce more information from the activation parameters, the
dependence of the second-order rate coefficient on the hydrogen ion (see fig. 3)
has been investigated again at 288 and 308 K and intercepts and slopes have
been obtained. The results are included in Table 4. The accuacy has been
evaluated by the errors propagation [14].
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0.00 0.20 0.40 0.60 0.BO 1.00 1.20 1.40 1.60

[HI
Fig. 3. Plot of k(dm3 morls‘l)/[H+]Jvs[H'](mol drn’3) at 298K

Table 3. The influence of température upon the rate coefficient

Substrate [SJ [H1 T 1040,  102-k2 Ea
rnoldm?3 rnoldm? K S’ dm3-mo  kJmol'l
H-s'l
Lactic acid 0.169 0.582 288 2.12 1.26
291 2.74 1.62
293 2.96 1.75
298 4.00 2.37 45.3+0.7
303 5.35 3.16
308 7.68 4.55
Malic acid 0.00875 0.87 288 0.0644 0.719
293 0.0962 1.08
298 0.145 1.12 49.2+0.8
303 0.185 2.07
308 0.243 2.72

Quite close activation enthalpies were found for the two studied reactions,
and large negative activation entropies, close to those for the oxidation of
secondary alcohols or other hydroxy acids. The second order-order with respect to
the H+ process have smaller activation enthalpies as compared to those of first-

order on H+ The large negative activation entropies are in agreement with to the

formation of a Condensed species prior to the electron transfer, with a hydrogen ion
assistance.
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HCrO4 + H+ + R-CHOH-COOH (13)

Under our experimental conditions, no second-order term with respect to
lactic or malic acid was found, that is an unique three-electron step is not possible.
Our data support a rate determining bi-equivalent step yielding Cr(IV) and keto-
acid as first products, with and without the involvement of a second hydrogen ion.

Table 4. The rate coefficients for the ways having first-order and second order
dependence on H+

T Lactic acid Malic acid
K 103k, 102k2 103K, 102k?2
dm8mor2s'l dm9-mor3s'| dm6émor2-s!  dm9mor3-s'
288 3.7110.09 3.1310.008 4.1410 28 0.6410.01
298 7.2110.47 5.8210.014 8.6010.44 1.2210.07
308 13.4310.25 10.3310.05 17.0410.92 2.2410.08
AH* kJ-mol-' 45.113.6 42.612.5 49.614.0 43.812.2
AS* J-mol'l K’ -134.8110.8 -125.917.3 -118.219.5 -134.616.2
1
Cr(VI)-complex ---------- > Cr(IV) + R-C-COOH k' (M)
0
1
Cr(Vl)-complex + He---ememe- > cr(v) + R-c-cooH k2 (15)

o

Fronr. these steps, the rate law, in accord with the experiment, is:
. (K'-K.k2-K-[W]}-[RCHOHCOOH] [HCrO4]-[H-] (16)

dt
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The génération of free radicals during the process suggests the
involvement of an one-equivalent step where Cr(lIV) formed in the rate determining
step oxidizes a new a-hydroxy acid molecule.

Cr(IV) + R-CHOH-COOH—»Cr(lll) + RC(OH)COOH + H+
T . (17)

RCH(O)COOH

Two rapid reactions give Cr(V), as proved by Rocek and Srinavasan [6] at
the oxalic acid oxidation, or by Haight et al [9] at the lactic acid oxidation.

Cr(VIl) + RCH(O)COOH------------ > Cr(V) + R-C-COOH + H+  (18)

Il
O

S RO (A — > 2Cr(V) (19)

Chromium (V) acts in the same way as Cr(VI). Because of the presence of
a large excess of a-hydroxy acid, either Cr(VI) or Cr(lV) are bound to the
substrate, the reaction product is a Cr(V)- a-hydroxy acid complex, which seems to
be quite stable [6-8] and hé&ve a smaller absorption coefficient than the Cr(VI)-
homologue. Following the decay of the coloured species as a function of time, it
came out that the absorbance values, namely the extrapolated to zero time one,
were lower than those corresponding to Cr(VI). It means that some Cr(V) is formed
and it probably reacts by a two-electron transfer yielding Cr(lll) and keto-acid. It is
possible that Cr(V) reacts by the same way as Cr(VI) does. Haight and co-
workeres [9] suggested the rate law is:

_dlcoth] . ¢».fes [H12}-[H2L]-[H2Cro4] (20)

with a zero and second-order with respect to hydrogen ion and rate constants of
the same order of magnitude as rate constants for Cr(VI). It is worth mentioning
that these authors found two ways, one zero-order and the other first order with
respect to hydrogen-ion for the disappearance of Cr(VI) [9], along with a second
order term on lactic acid. Our data revealed two pathways, one first-order, and the
other second-order on H+. It is possible that Cr(V) behaves similarly. Unfortunately,
without any experimental means to record the évolution of Cr(V) species, it is not
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possible for US to assign the effect of hvdrogen-ion on its electron-transfer step.
The reaction of chromium (V) cannot be separated from the chromium (VI)
reaction. More data are required to elucidate the role of Cr(V) and the effect of the

acidity on the a-hydroxy acids oxidation.

10.
11
12.
13.

14.
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INTERACTION OF CHOLESTEROL WITH BILE SALTS
AT THE CCI4/WATER INTERFACE

EMIL CHIFIPI, JANOS ZSAKO!, MARIA TOMOAIA-COTISELL,
AURORA MOCANUL, AURELIA VOINA!

ABSTRACT. By measuring the liquid/liquid interfacial tension between
CCU (or CCl4 solution of Cholesterol) and aqueous solution of bile salts at
pH 8.6, viz. of sodium cholate (NaC), deoxycholate (NaDC) and
ursodeoxycholate (NaUDC), criticai micelle concentration (CMC) have
been determined. As observed, the presence of cholestérol in the organic
pfase entails diminishing of CMC and increasing of maximum adsorption
at the interface. Corrélation between the effects observed and the
number of OH groups in the molecule is discussed.

INTRODUCTION

Numerous studies are done on the self-association properties of the acids
molécules in aqueous solutions [1-13]. The findings offer a major advance in the
understanding of the physical Chemistry of some biological Systems such as bile
[2,9].

The fundamental importance of functional lipid associations which may
exist in the structure of hépatocyte membrane, the constitution of lipoproteins, the
absorption of fats through the intestinal wall, also stimulates further studies on
aqueous lipid dispersions (vasicles and liposomes) and lipid mcnolayers at fluid
interfaces in the absence and presence of bile acids/bile salts.

In our days an increasing attention is paid to mixed Systems containing bile
salts and other surfactants, since most of the biological functions of bile salts are
based upon their capacity to associate with cholestérol and lecithin like molécules,
by forming some structures with mixed micellar aggregates. Therefore, mixtures of
bile salts with anionic, cationic and non-ionic type surfactants have been studied by
means of miscellaneous methods and their micellar characteristics have been
described for different molar ratios [14-16].

The solubilizing effect of the bile salts upon cholestérol is rather reduced.
Thus, about 30-100 bile salts molécules are needed for the solubilization of a
single cholestérol molecule [4].

: Department of Chemistry, "Babes-Bolyai" University, Cluj-Napoca, Romania.
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Over the last decade, ursodeoxycholic acid has been used to dissolve
Cholesterol gallstones in bile [12, 13, 17-19], and is spite of the relative large data
on the biochemical, metabolic and clinical aspects and its therapeutic efficacy, the
information on the physico-chemical properties of this bile acid species is limited [4,
11] and controversial.

In the present paper criticai micelle concentrations (CMC) héave been
determined by means of interfacial tension measurements at the CCL, aqueous
solution interface. The aqueous solution contained bile salts of different
concentrations and measurements have been performed both in the absence and
in the presence of Cholesterol in the organic phase. The structure of cholestérol
and of the studied bile acids molécules are presented in figure 1.

(5-colesten-3R3o0l)

Figure 1. Molecular structure of Cholesterol and of the investigated C24 bile acids: cholic
acid (3a‘, 3a, 12a trihydroxyl 58 cholic acid) (CA); deoxycholic acid (3a, 12a dihydroxyl 58
cholic acid) (DCA); and ursodeoxycholic acid (3a, 7a dihydroxyl 58 cholic acid) (UDCA).

RESULTS AND DISCUSSIONS

The interfacial tension (7) vs the logarithm of the bile sait concentration
plots are given in figures 2-4. The CMC values are given by the intersection of the
two linear portions.

In the case of cholesterol/bile sait mixed Systems, at each measurement
the concentration of the aqueous solution of bile salts was the same as the
concentration of Cholesterol in the CCL, phase.

It is worth mentioning, that while in the case of both NaC and NaUDC a
simple CMC value has been obtained, with NaDC the formation of two types cf
micelles has been absen/ed, viz. of primary and secondary ones. This
phenomenon has been also reported by ather authors [20] on the basis of X ray
measurements. These authors presumed that in the first stage micelles of 30-120

mM are formed and in the second stage the size of the micelles becomes larger
(120-300 mM).
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Fig. 2. Interfacial tension (y) as fonction of
Cnsc at the: (1) CCl*aqueous solution of
NaC; (2) Cholesterol (CCl4)/aqueous solution
of NaC interfaces

Fig. 3. Interfacial tension (y) as fonction of
Cmaoc at the : (1) CCUaqueous solution of
NaDC; (2) cholestérol (CCl4)/aqueous

solution of NaDC interfaces

Figure 4. Interfacial tension (y) as
function of Cnsudc at the:
(1) CCU/aqueous solution of NaUDC;
(2) cholestérol (CCl4)/agueous solution
of NaUDC interfaces '
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The CMC values ofthe 6 studied Systems are presented in table 1.

Table 1. CMC values of the bile salts in aqueous both in the presence and absence of
Cholesterol. T = 23°C, pH = 8.6, phosphate buffer

Bile sait Type of micelles CMCxHO4
NaC simple 174
mixed 8
NaDC simple primary 141
simple secondary 141
mixed primary 1
mixed secondary 30
NauDC simple 300
mixed 100

By inspecting table 1, one may observe that:

- CMC values of the mixed system are always lower as compared to the

simple ones, in agreement with literatura data [21];

- CMC of UDC is higher than that of NaC In the case of both types of

micelles, at least at the same temperatura and pH and by using the same

method,;

- The number of the OH groups bas an important effect upon the CMC.

Thus, the CMC of the dihydroxy salts (NaDC and NallDC) :s higher than

that of the trihydroxy sait (NaC).
Meanwhile, the CMC of NaUDC is comparable to the CMC in the
secondary stage [22].
By using the y = f(log c) curves given in figures 2-4, the maximum
adsorption (Tmax) at the liquid/liquid interface, as well as the molecular area Ao can
be derived. For this purpose Gibbs' équation is used and the procedure described
elsewhere [23]. Results are presented in table 2.

Table 2. Maximum adsorption and moecular area of bile salts at the liquid/liquid interface in

the absence and presence of cholestérol. T = 23°C, pH = 8,6, phosphate buffer

Bile salt Type of the Tmx1010 Ao
interfacial film (molcrrT?) (A2)
NaC simple 1.54 107.7
NauDC simple 171 96.68
NaC mixed 1.99 83.05
NauDC mixed 2.23 74 42
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Obviously, ihe presence of cholestérol entails the increase of the
maximum adsorption revealing a specific interaction between cholestérol and the
bile salts. This enhanced adsorption is obsen'ed with both trihydroxy and dihydroxy
bile salts. At the other hand, both in the presence and in the absence of
cholestérol, the maximum adsorption is higher and consequently the molecular
area is lower in the case of the dihydroxy type NaUDC as compared to the NaC,
having three OH groups. This resuit is completely resonable taking into account
the enhanced area necessity due to the presence of one more highly hydrated OH

group in the molecule.

EXPERIMENTAL

The Cholesterol (33-ol 5-cholestan) used was a commercial Merck product,
of 98% purity, disolved in CCl4, “Reactivul* Bucuresti.

The bile salts investigated have been obtained by neutralizing the
corresponding bile acids with 0,1 N sodium hydroxide solutions. The used bile acids
were commercial Merck and Flucka products.

Aqueous solutions of the bile salts, their concentration being comprized
between 3x10-6 and 5x10'2M, have been prepared by using twice distilled water
and a phosphate buffer in order to ensure an alkaline pH (8-9).

CCM déterminations have been performed at room température (22°C), by
measuring the interfacial tension. For this purpose the weight method, or the drop
volume method has been used [8].
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SZEGED INDICES: VERTEX AND FRAGMENTAL DESCRIPTORS

ANTON A. KISS1, IRINA E. KACSO], OVIDIU M. MINAILIUCY,
MIRCEA V. DIUDEAL SONJA NIKOLICZ2, IVAN GUTMANj3

ABSTRACT. Novei fragmentai Szeged indices, defined on unsymmetric
property matrices, which collect various fragmentai properties, are
proposed, Classical vertex Szeged indices and fragmentai descriptors
are tested for correlating ability with physico-chemical properties of two
sets of cycle-containing organic structures. Somé QSPR models are
proposed.

INTRODUCTION
Wiener index, W, [1] one of the most studied topological indices, (see the
recent reviews [2-4h is defined, in acyclic structures, by

W=Le Ni.(ij) Nj.jij) Q)

where Ni(ij) and Nj(in) denote the number of vertices lying on the two sides oi the
edge/path, e/p (having the endpoints i and j). Tne summation runs over all edges
(i,j) in graph. When (i,j) represents a path, then a hyper-Wiener index, WW, [5] can
be calculated

WW = Zp Nij.fi.j) @)

The products NUij) represent the edge/path contribution to the global
index W/WW and are just the (ij)-entries in the Wiener matrices, [6,7] WElp, from
which the index can be calculated as half sum of their entries

IV/ WW =(1/2) ££,[m!¥.,,],, 3

Note that the vertices i and j must be adjacent in (We, otherwise its non-
diagonal entries are zero. Relations (1) - (3) are valid only in acyclic graphs. In
cycle-containing graphs, the Wiener indices are caiculated by means of the
distance-type matrices. [8,9].

| Facultatea de Chimie si Inginerie Chimica, Universitatea “Babes-Bolyai“ Arany Janos 11,
3400 Cluj, Romania.

2 Rudjer Boskovic Institute, P.O.B. 1016, Hr-11001, Zagreb, Croatia.

3 Faculty of Science, University of Kragujevac, 34000 Kragujevac, Yugoslavia
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In the view of extending the validity of the above relations in cycle-
containing graphs Gutman has proposed the Szege index, SZ, [10] as a Wiener

index analogue.
SZ index is defined according to eq 1 but the quantifies Ni.(iJ) and Nji(iJ) are

now

NI =1{v | veV(G); Div< Djv}

Ni,Gij) =1 {v I VvsSV(G); Djv< Div}l (5)

where V(G) dénotés the set of vertices in a graph and DiV, DjV are the topological
distances (i.e., the number of edges on the shortest path joining the vertices i and
j, respectively, with a vertex v). NUij) and N*j) represent the cardinality of the sets
of vertices doser to i and to j, respectively; vertices équidistant to i and j are not
counted. Thus, SZ index is calculated by summing ail the edhe contributions in
graph

SZ = Ee Nidj) Nit() .. 6)

Since SZ index is defined on edges, in the followings it will be symbolizsd

by SZe.
By analogy to the Wiener matrices, Szeged matrices, '€A/p, [11] can be

defined by the aid of edge/path contributions
[SZepli - Nii)
on which the Szeged indices can be calculated by

nzp =(1/2)E.E,(52.p], ©

When the Szeged matrix is defined on paths, the index calculated on it is
the hyper-Szeged index, SZP. [11].

SZe can be obtained by the Hadamard product [12] (i.e., [Ma * M)y = [Ma];
[Mb]ij) between SZP and A (the adjacency matrix, whose entries are 1 if two vertices
are adjacent and zero, otherwise)

SZ(= SZP+ A ©)

By analogy to the Cluj matrix,13 Cju, a Szeged unsymmetric matrix, SZy,
was defined by Diudea [11] (Figure 1).

[SZu Jj = NUJ) (10)

SZu is a square array of dimensions N x N, in general unsymmetric. It
allows the construction of the Symmetrie matrices SZe and SZP by relation

184



SZEGED INDICES: VERTEX AND FRAGMENTAL DESCRIPTORS

[SZeplii= [SZulii[Szi] GEY

and the dérivation of two Wiener-type indices, as
szth =ElP[szu]i,[szii (12)

In tree graphs, SZ,, = CJ,= W. Note that, in the above discussion, the Cluj matrix,
qju, was defined on the shortest path (i,j). The symbol used for it in [14] is CJIDU.

Analitical relations for calculating the Szeged indices in paths, PN, and
simple cycles, CN, are derived [15].

Sze(PN) = N(N2 -1)/6

(13)
SzP (PN) = (5N4 -10N3+ 16N2 - 8N - 6zN +3z) / 48 (14)
Sze (CN) = N(N-2)2/ 4 (15)
SzP (CN ) = N(N-1)(2z+1) (N2- 2N + 4)(1'7 /8 :z =N mod 2 (16)

In the present paper, some extensions of the Szeged index, which account
for fragments and their chemical nature are presented.

SZEGED PROPERTYMATRICES
By analogy to Szu (see eqs 4 and 10), Szeged property matrices are
defined [16]

ISZzel.i = Pidi) (19)
= mSv Pv (20)
Pum) = (FT¥XY)IA(M) 21)

Entries in a Szeged property matrix are evaluated on the set of vertices v
which obey the Szeged index condition (see eq 4). In fact, such a set of vertices
can be viewed as a fragment (i.e., a subgraph) since a molecular graph is alwais a
connected one. The summation on the right-hant side of eq 20 goes over ail
vertices of the graph G which have the property D|V < DjV. A similar considération is
true for the product in eq 21.

Some special cases of the above définition deserve special attention:
(@ Pv=1 ; m=1 (classical matrix, SZV)

(b) Pv =ZUAU ; m = 1/12 (mass matrix, SZUA )

(c) Xv = group electronegativities [17] (electronegativity matrix, SZ,,X )
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The case (a) is obvious: P|,M) représente the cardinality of the set of
vertices v (see above). in case (b) A is the atomic mass and the summation runs
over ali atoms u which are represented by the same vertex v. The factor m = 1/12
indicates that Puu) '8 a fragmentai mass, relative to the carbon atomic mass.

in case (c) Puw, is just thc geometric mean of vertex values, Xv, of group
electronegativities.

The above matrices are illusirated, for the graph  (2,3-Dymethilpentane)
in Fig. 1. J

Indices are calculated on these matrices by the general relation

jsz.Pji! ;/-Sz; SZA; SZX (22)

Indices calculated in the cases (b) and (c) are useful in discriminating
chemical graphs which contain heteroatoms and multiple bonds.

sz«; P»~1, m«1

0 113 313
603356 3
440554 6
4220642
221102 2
1113303
Gt 7 4 1115 4 0

SZ,=46; SZ,= 151

sz«A; Pv=Av; m= 1/12 sz«x; Pv=EVGY; wB!

0.000 1.250 1.250 3.583 3.583 1.250 3.583 0.000 0.958 0.958 0.962 0.962 0.958 0.962
7.083 0.0003.583 3.583 5.917 7.083 3.583 0.963 0.000 0.962 0.962 0.963 0.963 0.962
4750 4.7500.000 5.917 5.917 4.750 7.083 0.962 0.962 0.000 0.963 0.963 0.962 0.963
4750 2.4172.417 0.000 7.083 4.750 2.417 0.962 0.960 0.960 0.000 0.963 0.962 0.960
2417 2417 1.250 1.250 0.000 2.417 2.417 0.960 0.960 0.958 0.958 0.000 0.960 0.960
1.250 1.250 1.250 3.583 3.583 0.000 3.583 0.958 0.958 0.958 0.962 0.962 0.000 0.962
4750 11501.250 1.250 5.917 4.750 0.000 0.962 0.958 0.958 0.958 0.963 0.962 0.000
N2U » 66.736; SZpA =217.729 SZ.X=5538 Sz~ 19.383

Figure 1. Szeged Property Matrices; Vertex and Fragmentai Indices in Gi
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APPLICATIONS

Two corrélation tests have been performed: (a) for the vertex descriptors
and (b) for bolh vertex and fragmentai descriptors.

(a) A dozen of cycloalkanes (Table 1) was selected for correlating their
boiling points, BP, and chromatographie rétention index, RI, with the classical
hyper-Szeged index, Szp.

For comparison, Wiener and hyper-Wiener indices are includet. Statistics
of single variable régression are shown in Table 2. In such a set, the simplest
descriptor is, of course, the number of carbon atoms, NC. Any acceptable
corrélation must surpass the corrélation shown by NC. Thus, in Table 2, one can
see that the corrélation coefficient, r, shown by the topological indices is inferior to
that supplied by NC (0.965). However, by applying the logarithmic fonction, ail
descriptors showed increased values of r, with a maximum for In SZP (0.980) and a
significant dropp in the standard error of estimate, s.

The crude descriptor, that is NC, is far less sensitive to logarithmation,
proving a low structural information.

Tab. 1. Points.BPI raphic Retention Index, Rl and lical Indices
6raph BP7N m' RT' -G W Graph" IWWIn RT szr Fw 1
1 35.9 510.0 40 17 26 7 100.9 725.8 182 42 71
~Nr7 5 (= 7
2 493 5650 40 15 20 8 1035 7338 159 43 [ER
[ ) 5 7
3 70.7 621.1 92 29 49 9 126.4 812.1 247 61 110
5 8
4 71.8 627.9 79 26 39 10 131.0 830.3 230 58 99
6 8
—
I
5 80.7 662.7 tolr~ 27 42 11 131.8 834.3 296 61 110
6 r=' 8
I
6 105.0 723.6 308 64 122 12 136.6 840.4 447 82 152
8 9

(b) A set of 15 structures of explosives [19] (Figure 2 and Table 3) was
tested for the corrélation of two properies: with the topological descriptors SZe,
SZP, SZeA, SZpA, SZ*X and SZpX. (Table 4). Statistics of single variable
régressions and cross validation test (“leave one out) are shown in Table 5.
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Table 2. Statistics of Single Variable Regression (y=a+bx) of Parameters from Table 1

' BY X r 5 F

‘ P Sz, 0.9305 12.9426 64.5455
" 0.9553 10.4518 H04.3108

VVW 0.9533 10.6742 99.5966
NC 0.9651S 9.2434 136.1513

In SZP 0.9840 6.2945 305.172

In W 0.9757 7.7414 198.369

In WW 0.9721 8.2956 171.454

In NC 0.9725 8.2247 174.599

RI Sz)p 0.9240 44.6232 58.384
w 0.9455 37.9846 84.375

Ww 0.9470 37.4987 86.837

NC 0.9512 36.0009 95.062

In SZp 0.9733 26.7664 180.061

In W 0.96241 31.6953 125.545

In WW 0.9597 32.8101 116.490

In NC 0.9580 33.4446 111.737

Table 3. Name of Compunds in the Graphs G2-G,e

graph Name DC water *10” DC air
(cm2/s) (cm2/s)

2 Trinitrotoluene 6.71 0.0639
3 2,4-D;nitrotoluene 7.31 0 0670
4 2.6- Dinitrotoluene 7.31 0.0670
5 1.3- Dinitrobenzene 7.94 0.0729
6 1.3.5- Trinitrobenzene 7.20 0 0679
7 Hexahydro-1,3,5-trinitro-1.3,5-triazine 7.15 0.0739
8 Octahydro-1.3,5.7-tetranitro-1,3.5,7-tetrazocine 6.02 0.0629
9 N-2.4.6-Tetramtro-N-methylaniline 5.99 0.0590
10 Picric acid 7.03 0.0660
11 Pentaerythrytol tetranitrate 5.61 0.0570
12 Nitroglycerin 6.95 0.0700
13 Nitroguanidine 10.40 0.1019
14 Ethylene glycol dinitrate 8.72 0.0839
15 Diethylene glycol dinitrate 7.05 0.0689
16 Propylene glycol di.utrate 7.93 0.0769
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G2 J>Gs
N\
) X—\9),

<>"-N =

50. NOj \<h
Gs G7 G8

ol <11,00,
0.5 QCHONOJJj <11050.

<11,050.

50.

G10 Gh GI2
<’ 1,050, <11.050.
CHjONOj [e) ‘<11050.
(NHj)2C=\502 lCHjONOj <11j<)5<)2 <11-,
G« Gu g., GIS

Figure 2. Molecular Formulas of Explosive Compounds

Table 5. Statistics of Single Variable Regression: Y = a + bX for Explosives
and Cross Validation Test (Leave One Out)

No Y X a b r s F I, S

! . CD, InSze 0.943 00037 105 09

2 | 1/ln SZeA 0.00073 0.4157 0.960 0.0031 15521 0.951 0 0035
1/In SZ,A 0.954 0.0034 133.61

‘; | 1AN 0.942 0.0038 102.87

ICDwaler  |n sze 15.60561 - 1.3934 0.973 0.2801 231.72 00960 0 338

In SZed 16.31334 - 1.4915 0.979 0.2443 310.57 0.968 0.302

) In SZPA 15.82862 -1.0766 0.984 0.2123 41359 0975 0 266
8 | VSZpX 0.961 0.3321 160.95

—
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Table 4. Topological Indices for Explosives (Figure 2 and Table 3)

Graph SZe
594
3 360
4 348
5 296
b 516
/ 516
8 [ 156
9 1014
10 594
g 968
12 424
13 48
14 151
15 344
16 184

SzZp

4348
2050
1993
1542
3450
3450
11794
10342
4348
11514
3677
159 |
827
2518
1153

SZ"A

601 049
378 451
366.007
303.292
509 917
555.083
1228.833
1022.236
613.896
1083.000
475.729
61.389
172.771
408.569
214.278

SZ A

4169 958
2049 049
1978.160
1500 896
3239.271
3528.729
12083.000
9969.632
4248.014
12479.986
3961.931
194.514
904.382
2913.472
1274.937

SZeX

74.949
57.524
49.430
49.076
66.837
68.038
100 785
99.907
78.289
94 923
68.805
36.330
43.192
45.670
50.820

SZpX
510.78T!

333 915
290.101
268.231
431.457
439 675
824 478
820.577
528 620
832 585
455 598
133.953
206.946
270.017
262 697

Table 5 indicated a good estimative and prédictive ability of the régression
équations. It appears that the fragmentai descriptors are more suitable for QSPR

studies.

Concluding, the novei Szeged fragmentai indices are piomising tools in

correlating studies.

1. H. Wiener, J. Am. Chem. Soc., 1947, 69, 17.
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SEPARATION AND CHARACTERIZATION OF METHYL-FLUORENYL
DERIVATIVES OF Si(IV) AND Ge(IV)!

T. HODISAN2, LUMINITA SILAGHI-DUMITRESCU, CLAUDIA CIMPOIU

ABSTRACT. The synthesis of difluorenyl derivatives of group 14
éléments by treating the corresponding diorganodihalide with fluorenyl-
lithium affords together with the main product, R2E(CHR2") where R =
Me, CHR2' = fluorenyl, E = Si(IV), Ge (IV)) several secondary products.
The thin layer chromatography was used to find the conditions to

separate this products further used to obtain pure samples by column
chromatography. The products were characterized by their IH-NMR and

13C-NMR.

INTRODUCTION

The fluorenyl group is very interesting due to its special electronic
(possibility of strong conjugation) and steric (large size, but fiat group) properties
[1,2]. Groups of this type appeared particularly suitable for the stabilisation of
double-bounded main group éléments, such as germenes [3-5], >Ge=C<, and
stannenes [6], >Sn=C<, they were also used for the préparation of a synthetic
équivalent of a sililene [7]. The introduction of two fluorenyl groups on the group 14
elemente was found interesting in order to study the synthesis, reactivity and
physic - chemical properties of the resulted compounds as well as for the
possibility to transform them in polymeric or cyclic structures such as:

R2
A
Me2Ex ZE'

C
R2

E" SiR2, GeR2 NR, PR, AsR

This paper présents the analysis of the reaction mixtures obtained in the
synthesis of Me2E(CHR2)2 (E = Si, Ge) and some of their derivatives.

Dimethyldiflourenylsilane and germane were prepared according the next
équation [1]:

| Dedicated to prof. dr. lonel Haiduc on the occasion of his 60-th aniversary.
2 Facultatea de Chimie si Inginerie Chimica, Universitatea "Babes-Bolyai", str. Arany Janos

nr. 11, 3400 Cluj-Napoca, Romania.
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-2LICI -*Me2ECI2

After the white crystalline major product was filtered off (yield 50-60% in
pure compound), the filtrate was concentrated. This fraction contains 50-60%
Me2E(CHR?2)2 accompanied by different other products.

The possible secondary products (further identified as such) are Il and Il
formed as follows:

Li rl
/CHR2 <nBu-CL MS=/CR; *Me2EC13 Men /C Me

m/ \cHrR? _RH M/ XCHR2  “LiCl T E )

R2CH Cl

/Cl icHR2 /CHR?

M/ Xci A| M
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In order to have pure samples of Il and lll, the products were synthesised
according (2) and (3) reactions (only for Si(lV)) [1]. Compound Il was transform
int IV and V by treating it with water and HF, respectively.

Y Vv

In order to perform the synthesis of Me2Ge(CHR?2)2 a mixture of the
composition 71% Me2GeClI2 and 29% MeGeCl3 (as obtained by direct syntheses)
was also used. We expected to be easier to separate the fluorenyl derivatives than
the halides. The synthesis afforded pure Me2Ge(CHR?) with 54% vyield (white
crystals form in the reaction mixture). According the 1H-NMR spectra the remaining
white solid contains more Me2Ge(CHR?')2 and MeGe(CHR?2")2Cl.

The conditions to separated this mixture were established by thin layer
chromatography and the séparation performed on a column using the appropriate
eluent.

EXPERIMENTAL

The above mentioned mixtures were solved in benzene (0.1%) and 1jiL
was applied to the thin layer plates using Silicagel F254 as stationary phase. The
preliminary attemps to optimise the mobile phase composition (eluotrope sehe of
Snyder) indicated the mixture benzene-petroleum ether (3:1 v/v) as the best
eluent. The plates were photodensitometred.

The samples containing Me2E(CHR2)2 (E = Si(lV), Ge(lV)) and secondary
products Il and Ill was passed through a column (20x2 cm with chromatographie
silica using the same mobile phase. Pure components were obtained using this
technique.

RESULTS AND DISCUSSION

The 1H and BC-NMR spectra, and the interactions between the
components of the mixture and the stationary phase were used to identify the
peaks.

The highest Rf was formed for Me2E(CHR2)2 (E = Si(lV), Ge(IV)) the less
polar compound, with no possibility of interactions with the stationary phase. The
strength of the product- stationary phase interactions lead to the distribution of the
accompanying components (see Figure 1).
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The IH-NMR spectra of the compounds are presented in Table 1 and 13C-
NMR spectra in Table 2. The spectra are similar with those reported earlier [1].

Table 1. IH-NMR spectra of fluorenyl derivatives, (ppm), J(Hz)

Table 2. 13C-NMR spectra, (ppm), J(Hz)
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Compound

Me2Si(CHR?2)2
Me2(CHR2)Si(CR2)

SiMe2Cl

Me2Si(CHR2)CI
[Me2Si(CHR2)2]20

Me2Si(CHR2)2F

M©2Ge(CHR2 )r
MeGe(CHR2)2CI
Me2Ge(CHR?2')2CI

Me2(CHR2)Ge(CR?2)

G6M62CI

Me?2Si

-6.63

0.74

-0.19

0.17

1.35
(MejSiCl)

-2.26
(Xcf. 14.6)
Me2SiF

(CH3)2E
-049s
0.07 s

0.21 s
-0.48 s

0.30
(d,3JHr0.8)

-0.28 s
-0.53 s
0.33s
035s

R2CH
4047

39.13

43.58

39.20

rich
4.25s
0.40 s 281 s
(Me2SiCl)
412 s
0.12 3.95s
(Me2SiO)
0.11 2.79s
(d.3JHF7.2)
(Me2SiF)
4.26s
416 s
4.20s
0.38s 305s
(Me2GeCl)
C<5 C123. el8
120.29 124.37
125.74
126.39
119.51 124.63
120.63 124.94
125.41
120.19 124.80
126.32
126.56
119.50 124.69
120.66 124.94
12542

R2C

7.29-7.99 m
6 41(d,3JHH:6.0)

6.85-8.03 m
7.33-7.90 m
6.90-8.00 m

6.41(d,3JHH:8)

6.84-8 06 m
7 30-7.95m
7.30-7.95 m
7.30-7.95m

6.39(d,337:9)
6.87-8.00 m
140.92
145.09
125.75 140.29
126.43 140.84
144.09
145.18
140.96
14296
125 50 140.28
126.50 140.73
144 25
145.23



SEPARATION AND CHARACT. OF METHYL-FLUORENYL DERIVATIVES OF Si(lV) AND Ge(lV)

1. The distribution of the components (I-V-derivatives of Si; I'-Mr-derivatives of Ge)
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CONCLUSIONS
The qualitative séparation and identification of the products resulted in the

attempt of préparation of Me2E(CHR2)2 (E = Si(lV), Ge(lV)) was performed usina
TLC and NMR spectroscopy. The components of the reaction mixture were
obtained as pure products by column liquid chromatography and used for further
structural investigations. The technique is suited to separate any mixture of the
above mentioned compounds.
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THE APPLYING OF ORGANIC ABSORBENTS IN THE ABSORPTION
OF SULFUR DIOXIDE, USING A CCLUMN OF LIQUID FILM TYPE

J.VODNAR1, S. DRAGAN], MIHAELA DRAGAN?

ABSTRACT. The paper présents a lot of experimental results, obtained
by studying the absorption of sulfur dioxide from different industrial
gases, using aqueous solutions of triethanolamine (TEA). The apparatus
used was a three plated column of Vodnar type. Industrial gases having
different sulfur dioxide content appear in the sulfuric acids plants, in a
sériés of metallurgical plants, in ail industrial works where the Claus
procedure is applied a.s.c. The apparatus used enables to make
absorption in an ascending turbulent film of the absorbent and a uniform
and self distribution of the absorbent and the gas in the contacting tubes.
The absorbent and gas were used in a counter current, but the film
producing phenomenon took place in a common tide.

INTRODUCTION

The paper présents a lot of experimental results obtained by studying the
absorption of sulfur dioxide from different industrial gases, using aqueous solutions
of triethanolamine (TEA), triethanolamine sulfite (TEAS) and N-methyl-pyrrolidone
(NMP) [1]. The apparatus used was a three plated column of Vodnar type [2].
Industrial gases having different sulfur dioxide content appear in the sulfuric acids
plants, in a sériés of metallurgical plants, in ail industrial works where the Claus
procedure is applied a.s.o. [3-5]. The apparatus used enables to make absorption
in an ascending turbulent film of the absorbent and a uniform and self distribution
of the absorbent and the gas in the contacting tubes. The absorbent and gas were
used in a counter current, but the film producing pher.omenon took place in a
common tide. The total inner surface of the gas-liquid contacting tubes is equal of
1.149385 m2. The best coefficient of absorption (Ca) obtained, using the mentioned
three absorbents were as following: with TEA 1.155, with TEAS 1.1493 and using
NMP was 1.1 kg SO2/mzh when the absorbent flows in the same order were: 1.15,
2.9 and 9.8 dm7h. Température was 20°C.

EXPERIMENTAL
Experiments were made in above mentioned column of Vodnar type,
having three contacting segments. Some structural data of the apparatus were

1 University “Babes-Bolyai" of Cluj-Napca, Faculty of Economical Sciences, Department

of Technology and Merceology.
2 University “Babes-Bolyai" of Cluj-Napoca, Faculty of Chemistry and Chemical

Engeneering.
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describerd in [2]. The ascending turbulent film of the absorbent was formed
continuously on the inner surface of the absorption tubes. The absorbents (TEA,
TEAS, NMP) were fed with an adéquate pump, continuously. The necessary sulfur
dioxide was taken from a steel cylinder véssél and the air with a compressor was
ensured. The sulfur dioxide content of the gas mixture was determined
iodometrically. Température was maintained at 19-20°C. The absorbent was
introduced continuously in the upper part of the column and the solution resulted
was eliminated from the lowest contacting segment of the apparatus. The
contacting of the phases took place in a counter current, but the liquid film
formation was made in a common tide. Gas flow varied between 3 and 12.3 mi/h
and that of the absorbents between 0.85 and 9.8 dm3/h. Sulfur dioxide content of
the gas was maintained constant on 0.5% v/v in ail experiments.

The absorption of sulfur dioxide takes place by the following physical and
chemical phenomena:

HC —C =0 HC —C =0
1) SO e _ 1 ! so 2

a 1 ! +
®2 C CH 2 2 H- ¢ CH 2

V V

H H

(NMP)

2) N(CH 2CH20H) 3+ SO a+ H 20 2CH 20H) 3H SO j

(TEA)

3) [HH(CH jCHjOH) 3]2s03+ sO02+ H 20 2 [HN (CH 2CH 20H) 3]HSO 3

At 80-100°C the resulted products décomposé, elaborating sulfur dioxide
which can be recycled in the technological installation or can be used in different
chemical purposes.

RESULTS AND DISCUSSION

In the first sériés of experiments the dependence of the absorption degree
(Da[%]), versus the absorbent flow (Qa[dm3/h]) was studied. The experimental
results obtained are illustrated in figures 1-3.
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Fig. 1. The dependence of the absorption degree (Da), versus the NMR flow (Qnmp)

Flg. 2. The dependence of the absorption degree (Da), versus the TEA flow (Qtea)
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°STEA,H"h]

Fig. 3. The dependence of the absorption degree (Da), versus the TEAS flow (Qteas)

Figures 1-3 show that at 20-21°C, using a total gas flow of 12.3 m3/h and
the initial sulfur dioxide content of the gas mixture being 0.5% v/v the absorption
degree values in NMP, TEA and TEAS were in the same order the followings: 94%
by 9.8 dm3/h, 98% by 1.2 dm3/h and 98%when the absorbent flow was 2.9 dma3/h.

The more important aspects of the absorption are illustrated in figures 4-6,
where the dependence between the coefficients of the absorbtion (Ca[Kg SO2/m?
h]) and the absorbents flow are given, corresponding to NMP, TEA and TEAS, in
the above mentioned conditions of work: 1.1, 1.155 and 1.027 [KgSO2/m?2h]|
(respectively 128 [g SO2/dm3h] when Qteas=1.2 dm3/h).

202



THE APPLYING OF ORGANIC ABSORBENTS IN THE ABSORPTION OF SULFUR DIOXIDE

Fig. 4. Variation of the coefficient of absorption (Ca), versus the NMP flow (Qnmp)

Fig. 5. Variation of the coefficient of absorption (Ca), versus the TEA flow (Qtea)
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Fig. 6. Variation of sulfur dioxide quantity, versus the TEAS flow (Qteas)

In the figures 7 and 8 are illustrated the variation of sulfur dioxide content
of the purified gas (%v/v), versus the absorbent flow (dm3/h), in the above

mentioned conditions of work. The obtained values are: 0.33% SO2? if the flow of
NMP is 9.8 dm3/h, 0.007% when TEA flow is 1.5 dm3/h.

Q/p’CdmA/h]

Fig. 7. Variation of sulfur dioxide content of the purified gas (Cf), versus the NMP flow (Qnmp)
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Fig. 8. Variation of sulfur dioxide content of the purified gas (C<), versus the TEA flow (Qtea)

The values of the coefficient of absorption (Ca) were calculated using the
best experimental results obtained in the case of the utilized absorbents: NMP,
TEA and TEAS. These are - in the same order - as followings: 112, 1115 and 862
[g9 SO2/m2 h dma].

Vodnar,
Vodnar,

(SN S

Vodnar,
Vodnar,
Vodnar,
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THE STUDY OF CHEMICAL REACTIONS, ABSORPTION
AND EXTRACTION, USING APPARATUSES WITH SERPENTINE PIPE
FOR PELLICLIZING-BUBBLING. IX. THE THERMAL AND INITIATED
HYDROPEROXIDATION OF p-DIISOPROPYLBENZENE

JANOS VODNARI1, ALEXANDRU CHIS1, ANDREI BIRO],
SANDOR BEKASSY2, SIMION DRAGAN3, MIHAELA DRAGANI!

ABSTRACT. The paper présents the experimental results obtained by
thermal and initiated hydroperoxidation of p- diisopropylbenzene, using
one of the Vodnar type apparatuses [1-5] with discontinuous working.
The p- diisopropylbenzene was used after a purifying by two different
methods: the first was a fractional distillation and the second was a
washing with concentrated sulfuric acia followed by a vacuum distillation
in nitrogen atmosphere. As oxidizing agent molecular oxygen was used.

Temperatur® varied between 110 and 130° C. The oxygen flow rate was
always 10 dm3/h. p- Diisopropylbenzene fed in the apparatus was 80

cm3. The best results were obtained at 120°C, using p- diisopropyl-
benzene purified by the above mentioned second method, when the
hydroperoxide content of the sample, after six hours, attained the value
of 1,4 mole/dm3

Based on the experimental results, the activation energy was
calcuiated and mathematical models for calculation the quantity of
hydroperoxides yieldea up to time t were deduced. The efficiency of the
apparatus by the liquid recycling number "a" was determined. This way
we concluded that the apparatus used is a chemical reactor making the
mixing to be perfect.

INTRODUCTION

Hydroperoxides may be obtained by thermal and initiated
hydroperoxidation of hydrocarbons and their derivatives. During the
hydroperoxidation of p-diisopropylbenzene one can obtained the corresponding
mono- and dihydroperoxides which are used as raw material in p-isopropylphenol
and hidroquinone production. Both are widely used chemical substances. The first
is, for instance, a good antioxidizer and the second is a commonly used
photography developer and monomer stabilizer. This paper présents the

| Facultatea de Stiinte Economice, Catedra de Tehnologie si Merceologie, Universitatea
“Babes-Bolyai", Cluj-Napoca.
Department of Organic Chemical Technology, Technical University of Budapest (Hungary).
Facultatea de Chimie si Inginerie Chimica, Catedra de Inginerie Chimica, Universitatea
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J. VODNAR, A. CHIS, A. BIRO, S. BEKASSY, S. DRAGAN, M. DRAGAN

experimental results obtained by the thermal and initiated hydroperoxidation of p-
diisopropylbenzene, using a Vodnar-1 type apparatus [1-5] with discontinuons
working. p-Diisopropylbenzene, the most raw material of the process was purified
by two different methods: the first was a fractional distillation and the second
consisted of a washing with concentrated sulfuric acid which followed by a vacuum
distillation in nitrogen atmosphére. These two varieties of the mentioned
hydrocarbon were hydroperoxidized separately with a view to determine the
influence of the impurities of the hydroperoxidation process.The best results were
obtained at 120°C using oxygen as oxidizing agent and p-diisopropylbenzene
purified by the above mentioned second method, when the hydroperoxide content
of the sample, after six hours, atteins the value of 1,4 mole/dm3,

Based on the experimental results the activation energy was calculated,
and mathematical models to calculate the quantifies of hydroperoxides yielded up
to time t were deduced. The efficiency of the apparatus by the recycling number
“a‘ was determined. On this way we concluded that the used apparatus in a
chemical reactor with perferct mixing [6].

In the chemical literature there are described many procedures for
hydroperoxidation of p-diisopropylbenzene using oxygen or air as oxidizing agents
[7-15]. In this paper is described the hydroperoxidation of p-diisopropylbenzene by
bubbling and in a liquid film which forms on the internai surface of the serpentine
pipe with which the apparatus is provided [5].

EXPERIMENTAL

Experiments were performed by means of a Vodnar-1 type apparatus
which permits hydroperoxidation in a discontinuous flow. Purified oxygen was used
as hydroperoxidizing agent. p-Diisopropylbenzene used as most important raw
material was purified by the above mentioned two different methods.

The general scheme of the laboratory installation is presented in Fig.1.

Fig.1. The scheme of the laboratory installation
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The oxygen coming from a steel réservoir 1 pass through excess pressure
safety 2, adsorption columns 3, a-3 b-3; c-3 (contain in the same order: calcium
hydroxide, calcium Chloride and active carbon), rheometer 4 (having the aim to
determine the gas flow rate), and then get into Vodnar-1 type apparatus 6,
provided with reflux refrigerator 7. Constant température was maintained with the
Ultrathermostat 5. The quantities of p-diisopropylbenzene samples subjected to
hydroperoxidation were always 80 cm3. Cumene hydroperoxide as initiator was
used. Hydroperoxidation took place by bubbling the purified oxygen through p-
Diisopropyibenzene, when a liquid pellicle (film) is produced within the serpentine
pipe (spiral shape tube) of the apparatus. Tests for dosing hydroperoxides are
taken from the reaction mixture periodically. The flow rate of oxygen was generally
10dma/h.

RESULTS AND DISCUSSION

The experimental results are illustrated in figures 2-5. In the first sériés of
experiments was studied the dependence between the hydroperoxide content of
the samples on different températures and the reaction time, without the use of
any initiators. Figure 2 illustrates the kinetic curves at three température values:
110°C; 120°C and 130°C. The p-diisopropylbenzene was purified by the first
method. We can state that when the température is higher than 120°C, the

Fig.2. The dependence of the hydroperoxide content, versus the reaction time-
1- 110°C; 2- 120°C; 3- 130°C
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The influence of the initiator (cumene hydroperoxide) content of samples
which is an important paraméter of the hydroperoxidation process of hydrocarbons
was studied in the following sériés of experimente, illustrated in figure 3. The
results obtainde at 120°C using 0,229; 0,433 and 0,569 mole/dm3 cumene
hydroperoxide as initiator, show that the rate of hydroperoxidation and the
maximum concentration of hydroperoxide which may be achieved, are not high
enough even if we use 0,569 mole/dm3 initiator. Nevertheless, the positive effect of
the initiator is obvious. The maximum concentration of hydroperoxide which can be
obtained at 128°C, after four hours of hydroperoxidation is about 1,8 mole/dm3

Without initiator (thermal hydroperoxidation) at the same température, the
concentration of hydroperoxide was only 0,253 mole/dm3,

Fig.3. Variation of hydroperoxide content, versus ihe reaction time, at 120°C, using diffe-
rent quantifies of initiator (mole/dm3): 1- 0,229; 2- 0,433; 3- 0,561 mole/dm3

Another sériés of experimente were made at 110°C, 120°C and 130°C,
using constant quantifies of cumene Hydroperoxide as initiator equal with 0,433
mole/dm (see Fig.4). It was stated that after 4,5 hours of hydroperoxidation at
120°C was achieved a concentration of hydroperoxide equal with 1,122 mole/dm3
In the same time, at 130°C, after 2,5 hours, when the hydroperoxide content ofthe
sample was 0,867 mole/dm3, began the thermal décomposition of the
hydroperoxide. Consequently, in some practicat applying of this process the
accepted température limit is at 120°C.
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Fig.4. Variation of hy iroperoxide content, versus the reaction time, using 0,433 mole/dm3,
at different températures: 1- 110°C; 2- 120°C; 3- 130°C

Fig.5. The dependence of the hydroperoxide content, versus the reaction time, without
initiator, at different températures: 1- 110°C; 2- 120°C; 3- 130°C
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To point out the importance of the purifying of p-diisopropylbenzene in the
next sériés of experiments we used as raw material p-diisopropylbenzene purified
by washing with concentrated sulfuric acid, followed by a vacuum distillation in
nitrogen atmosphére. Figure 5 illustrates the experimental results obtained by
hydroperoxidation of the p-diisopropylbenzene purified according to the second
method (mentioned above), without any initiator.

Experiments were made at 110°C; 120°C and 130°C. We stated that at
120°C, after six hours of hydroperoxidation the maximum concentration of
hydroperoxide attained 0,786 mole/dm3 value, in comparison with that obtained
using p-diisopropylbenzene purified only by fractional distillation, which was equal
with 0,355 mole/dm3.

In the last sériés of experiments was tested the effect of the oxygen flow
rate, on the hydroperoxidation process. It was stated that at 120°C, using an
oxygen flow rate equal with 12 dm3/h, the hydroperoxide content of the sample
attained the value of 1,4 mole/dm3, which is with 0,6 mole/dm3 higher than that
obtained with 10 dm3/h oxygen flow rate. That underlines the importance of the
oxygen flow rate, which détermines the recycling flow rate of the liquid within the
apparatus used.

On the basis of the experimental results obtained, we concluded that the
hydroperoxidation process has an autocatalytic character and the rate constant k
can be described with the following mathematical équation:

1 1 4n9C*n.
t atbh b(a-x)
where a is the concentration of the p-diisopropylbenzene [mole/dma3];
b - concentration of the initiator [mole/dm3j;
X - p-diisopropylbenzene transformed into hydroperoxide up to time t
[mole/dm],

The activation energy was calculated from pairs of Ink and 1/T values in
the température region between 110°C and 130°C and it is equal with 26,34
kJ/mole, respectively 110,10 kJ/mole.

Mathematical models for the calculation of hydroperoxide content at
different température, corresponding to time t were deduced.

These are the followings:

where c”DPB is the concentration of hydroperoxide at time t [mole/dmg3];

c®hdpb - the quantity of the initiator [moie/dmg];

t - the reaction time [min],

The efficiency of the apparatus was determinated by the liquid recycling
number “a“ This way we héve concluded that the apparatus is a chemical reactor
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Wjth perfect mixing. For such a détermination must calculate the contact time (t0) of
o-diisopropylbenzene in the hydroperoxidizing apparatus [6]:

1 12 | ~DIB~ADIB + CHD/B CDIBJ

Le ,( o o " nl o
KNCbIB + CHDIB* CbIB * CHDIB

where tc is the contact time of p-diisopropylbenzene in the apparatus of
hydroperoxidation [min];
K - reaction rate constant [dm3&@ole.min];
coib - the initial concentration of p-diisopropylbenzene [mole/dm3];
cDib - the final concentration of p-diisopropylbenzene [ mole/dm3];
c®hdib - the initial concentration of hydroperoxide [mole/dma3j;
chdib - the final concentration of hydroperoxide [mole/dm3].

CDIB + CHD1B — CD1B = CHDIB

Using the experimental data we can calculate the value of tc, as following:

¢ 1 In[ 4,49%4,49 + 0,561-3,913)_] _

¢ 2,27-10 (4,49 +0,561) 3,913-0,561
In the same time we must know that:
tc =VA/Dvand Dv=VA/tc=80/736 = 0,08696 cm3/ min = 6,5217 cm3/ h.
Consequently: a = dv/ Dv = 12,000 / 6,5217 = 1,840.
Where VA is the useful volume of the apparatus [cm3];
Dv - the flow rate of p- diisopropylbenzene [cm3/h];
dv - the recycling flow rate of the liquid within the apparatus [cm3/h];
a - the recycling number.
By such a high value of “a" the apparatus may be considered as a reactor
with perfect mixing.

736mm.
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ELECTROCHEMICAL ASSAY OF CREATINE KINASE ACTIVITY
IN SERUM WITH A MINIATURIZED BIOSENSOR

MARCEL B. MADARAS1, RICHARD P. BUCKI!

ABSTRACT. A miniaturized, disposable amperometric creatine biosenscr
(biochip) has been used for the electrochemical assay of creatine kinase
(ATP: creatine N-phosphotransferase, EC 2.7.3.2) in human sérum. The

formation rate of creatine was linearly proportional to the activity of
creatine kinase (CK) up to 0.8 U mL1 (r2 = 0.9997) in buffer, with a

détection limit of 0.005 U mL' when tested in buffered control serum.
The biochip was applied to the assay of creatine kinase in human control
serum. At 37°C and using N-acetyl-L-cysteine (NAC) as reactivator of CK
catalytic activity, the measured CK activity for a human control serum
was 0.187 + 0.012 U mL'l, which was not statistically different from the
assigned value of 0.165 + 0.040 U mL'l This disposable sensor may be
integrated into a portable analyzer that allows reliable and relatively fast
assay of CK as a molecular marker of acute myocardial infarction (AMI).

INTRODUCTION

Measurement of creatine kinase and creatine kinase - MB isoform are
presently used as biochemical markers of acute myocardial infarction [1]. The
approved method recommended by the International Federation of Clinical
Chemistry (IFCC) is based on a spectrophotometric method, using a sequence of
enzymatic reactions with a NADPH-forming indicator reaction [2]. Recent studies
have shown the importance of measuring and recording the time changes (slopes)
of CK activity in addition to the discrete values, over a period of at least 12 h
(better 24-30 h) after the onset of ehest pain in hospitalized patients [3, 4]. The
normal CK values in serum are 0.015 - 0.10 U mL'], while they can increase up to
0.8 -1,0 U mL' in the first 24 h after the onset of AMI.

In recent years a new dass of portable clinical analyzers has been
designed to provide rapid turnaround time with précision and accuracy comparable
to the bench-top analyzers. These Systems require integrated and miniaturized
sensing éléments. We héave recently described [5 6] creatine and créatinine
amperometric  biosensors fabricated using immobilized enzymes and
microelectronics technology. Here we present preliminaiy results for the use of the
miniaturiazed creatine sensors in the electrochemical assay of creatine kinase.
These biosensors héve the potential advantage of reducing the cost of this test,
especially if several repetitive déterminations are to be made in a narrow time
frame.

| Department of Chemistry, University of North Carolina at Chapel Hill, Chapel Hil, NC
27599-3290, USA



MARCEL B. MADARAS, RICHARD P. BUCK

The principie of the assay is based on the following reaction:
CK

Creatine phosphate + ADP - —> Creatine + ATP (1)

The formation rate of creatine is proportional to the activity of CK in the
sample, provided the substrate concentrations are not rate-limiting.

The détection method for creatine is based on an enzyme catalytic
sequence, using co-immobilized creatine amidinohydrolase (Cl) and sarcosine
oxidase (SO):

Cl .
éreat/ne + HO —> Sarcosine T Urea 2

Sarcosine + HO + Or  --—----—-- > Greine + HCHO + H2C\ (3)

The hydrogen peroxide formed in the enzyme layer is amperometrically
detected at the working electrode polarized at + 0.6 V vs. Ag/AgCl reference
electrode.

A few other enzyme-electrode based schemes were proposed for the
guantitation of CK activity. Hill and Sanghera [7] hdve used a ferrocene mediated
glucose electrode and soluble hexokinase for this purpose and Shubert et al. [8]
héve used a multienzyme membrane containing immobilized pyruvate kinase,
lactate dehydrogenase and lactate monooxygenase. These Systems are rather
complicated; different reagents and/or enzymes had to be added to the assay
solution increasing the cost of the analysis. Pfeiffer et. al. [9] have summarily
described a similar approach with the one proposed here, using a classical
macroelectrode.

EXPERIMENTAL

Reagents

Creatine kinase (type | from rabbit muscle), creatine phosphate (disodium
salt, hydrate), adenosine 5'-diphosphate (ADP), N-acetyl-L-cysteine (NAC),
creatine hydrate, 1,3-diaminobenzene (DAB), acetaminophen, L-ascorbic acid, uric
acid and Accutrol® normal control sérum were purchased from Sigma Chemical Co
(St. Louis, MO). Nafion (perfluorosulfonic acid, 5% solution in a mixture of low
molecular weight aliphatic alcohols and water) was from Aldrich (Milwaukee, WI)
and poly-(2-hydroxyethylmethacrylate) (p-HEMA) with MW = 300,000 was obtained
from Scientific Polymer Products, Inc. (Ontario, NY). Dade Moni-Trol level |
control serum was from Baxter (McGaw Park IL). All other chemicals were
analytical reagent grade. Double distilled water was used for ail the solutions.

Solutions

The amperometric measurements were performed in isotonie phosphate
buffer saline (PBS, pH 7.4) containing 0.053 M Na2HPO4, 0.051 M NaH2PO4,
0,051 M NaCl, 1.5 mM MgNa2EDTA, | mM NaH2PO2 and 0.2 nM NaN3. The
following reagent stock solutions were prepared: 10 mM ADP (in PBS), 0.345 M
creatine phosphate (aqueous) and 0.5 M NAC (in PBS). The creatine phosphate
stock solution was stable for 3 months at 4°C, whereas ADP and NAC solutions

were freshly prepared before use. A stock solution of 1000 U mL-1 CK in PBS was
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prepared and stored frozen at -20°C. Aliquots were used periodicaily to prepare a
100 U mL’! solution used in the assay.

Equipment

Electrochemical measurements were performed using a PINE RDE4
potentiostat The miniaturized biochip incorporating the working, counter and
pseudo-reference électrodes on the same wafer was fabricated as described
below. The batch-type experiments used a thermostatable Plexiglas cell (5 mL
volume) and the solutions were stirred at constant speed using a Fisher magnetic
stirrer. The noise due to the magnetic stirring was removed using an analog 0.7 Hz
Butterwoth-type low pass filter.

Préparation of microfabricated biosensors

E-3 LEZ

| \ |
Polyimide Pt Inner Enzyme Outer Ag/AgCi
Kapton Au Membrane Layer Membrane

Fig.1. Schematic drawing of the miniaturized, planar-type, biochip: WE = working
electrode (d = 1.5 mm); CE = counter electrode; RE = reference electrode
Biochip dimensions: 20 x 6 (mm x mm)

The fabrication of the film structure for the base électrodes comprises
several steps described in more detail elsewhere [10]. Before the Pt déposition, the
surface of the working electrode was electrochemically cleaned using a current
density of 0.5 mA/cm2 for 30 seconds, with the polarity of the électrodes reversed.
Then, Pt was galvanostatically deposited using 12.7 mA/cm2 for 6.5 minutes. Afte|
Pt electrodeposition, the inner membrane was prepared as described below, then
the chips were individually eut from the larger wafer and the electrical connections
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were made. The pseudo-reference Ag/AgCl electrode on each biochip was
prepared after the individual chips were eut from the wafer. First, " Ag déposition
was p-~rmed from a 1% KAg(CN)2 aqueous solution, using a current density of 5
mA/crrT Tor 1P minutes. Then, a portion of the electrodeposited Ag was converted
to AgCl by insertirg each chip in a 0.1 M HCI solution and anodizing using 5
mA/cm2 for 2.5 minutes. The schematic diagram of the biochip design with ail three
électrodes incorporated on the chip is shown in Figure 1.

To provide the desired chemical sensitivity and selectivity, a structure
consisting of a three layer System subsequently described, was built on the
working electrode:

Inner membrane (IM). An inner permselective layer on the Pt electrode
was used to diminish simultaneous oxidation of interférences such as ascorbate,
urate, acetaminophen and other electroactive molécules likely to be present in the
sérum. The inner layer was formed by electropolymerization from 0.1 M PB (pH 7)
solutions containing 1,3-DAB. The electropolymerization was done by cyclic
voltammetry between +0.2 and +0.8 V vs. Ag/AgCl, using different scan rates and
electropolymerization times. The oxidation of the monomer at the surface of the
electrode produces an anodic peak (at +0.5 V vs. Ag/AgCl) which gradually
decrease in amplitude in subséquent cycles indicating that a non-conducting film
forms at the electrode surface. Preliminary trials have used deoxygenation of the
monomer(s) solution before and during electropolymerization using N2, but this
approach produced gas bubbles on the surface of the electrode which could alter
the uniformity of the electrodeposited layer. NO deaeration was therefore used in
our subséquent studies

Enzime laver (EL). The enzymatic byer was obtained by crosslinking the
enzymes with GA in the presence of BSA. For a typical préparation, 3.8 mg Cl (12
U/mg) 1.2 mg SO (45 U/mg) and 0.6 mg BSA were dissoived in 60 pL PBS (pH
7.4) in a small conica! vial and mixed together The appropriate amounts of 1%
glutaraidehyde aqueous solution (freshly prepared) were added to the vial to start
the crosslinking process. 2 pL of the resulting mixture was quickly deposited on the
working eiectrodes of the creatine sensors using a micro syringe. The EL obtained
was aliowed to crosslink in air, at room température, for ore hour. The amount of
immobilized enzymes w< s estimated from the activity of tt.e iyophilized enzymes,
as specified by the manufacturer. NO measurement of the residual activity after th'
immobilization was performed

Outer membrane (OM). To complete the préparation of the biosensors, an
outer membrane was deposited above the enzymatic layer. Stock solutions of p-
HEMA (5 and 10% by weight) were prepared by dissolving the p-HEMA beads in
methanol (99,9%). The déposition solutions were prepared by mixing equal
volumes of the 5% p-HEMA and Nation solutions to yield a mixture with 2.5% p-
HEMA-2.5% Nation or by diluting the p-HEMA and Nafion stock solutions with
methanoi. The outer membrane was fabricated by placing 1-3 pL (depending on
the area of the WE) of the chosen mixture on top of the enzymatic layer with a
micro syringe The solvent évaporation at room température produced a
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transparent and compact outer layer. After solvent évaporation and when not in
use, these biosensors were stored at 4°C in PBS.

Assay procedures

For the optimization studies of the assay conditions, the biochip was
initially inserted in the cell into the buffer solution containing the desired amounts of
ADP and creatine phosphate. After the potential was applied to the working
electrode (+ 600 mV vs. Ag/AgCl) and the background current was allowed to
stabilize, the appropriate volume of CK solution (100 U mL')) solution was injected
in the cell and the sensor output (current) increase was recorded in time. Creatine
kinase in serum is rapidly inactivated. The loss of catalytic activity is caused by
exposure to light, thermal inactivation or oxidation of the reactive thiol groups. To
ensure full catalytic activity, the enzime must be reactivated using a reducing
compound. NAC has been recommended by IFCC for this purpose [2].

Serum assay of CK was performed in a similar ménner with the buffer
assay, except that this time the cell was thermostated at 37°C and NAC was used
for the réactivation of CK. After the stabilization of the background current in 2.0
mL PBS solution containing ADP and NAC, 1 mL control serum was injected in the
cell and after incubation for 2 minutes, 0.3 mL creatine phosphate stock solution
was added to initiate the reaction. The current increase due to the CK activity in
serum was recorded for about 4 minutes to obtain the slope; then an aliquot of 100
U mLl1 CK solution was injected and the new slope of the creatine sensor
response was recoided for another 4 minutes.

RESULTS AND DISCUSSION

Before the actual measurements of the CK activity were performed, the
miniaturized biosensors for creatine were tested for ptential interférences such as
ascorbate, urate and acetaminophen, likely to be found in serum. Because the
surface of the Pt electrode is covered with a permselective film as described
before, the effect of the interférences is highly diminished. Moreover, because the
electrochemical assay follows the response of the sensor in time, the signal due to
the remaining interférences reaches a constant value in about 60 seconds and
does not influence the slope of the current response after this initial response
period. This is the reason the slope of the response is measured after 2-4 minutes
from the initiation of the reaction.

In preliminary experimente, there was no response at the creatine sensor
when injecting CK in a solution containing ADP in the absence of creatine
phosphate or in a solution containing creatine phosphate in the absence of ADP.
These results indicate that both substrates should be present in order for the
enzyme catalyzed reaction to take place. An optimization study of the assay
conditions was performed to ensure that the sensor response is dependent only on
the activity of CK.

Effect of substrate concentrations

The dependence of the sensor’s response on the concentration of creatine
phosphate in the sample was studied first. From the data presented in Fig. 2, it is
clear that the reaction rate reaches a maximum for creatine phosphate
concentrations above 30 mM. The other substrate, ADP, shows a similar behaviour
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(Fig. 3), with no significatif increase in the reaction rate beyond 4 mM, the value
that was chosen for the assay. In both cases, the final activity of CK in the tested
solutions was high, to account for the abnormal values.

1.5

0.0% 1 : ‘. 3 ; |
0 20 40 60 80

Creatine phosphate / mM

Fig. 2. Dependence of the current increase at the creatine blosensor on the concentration

of creatine phosphate in the assay solution; measurements in PBS (pH 7.4), 25°C; [CK] =
=0.77 U mL'L; [ADP] = 7.7 mM

CK assay in buffer solution

The assay of CK in buffer was done to determine the sensitivity of the
assay and the linearity of the response. For this part no réactivation of the CK
activity was used and the measurements were performed in PBS (pH 7.4) at room
température (25°C). The sélection of the buffer type, additives and pH was done
according to the optimized conditions for the response of the biosensor and they
are not necessarily the optimum conditions for the CK assay. Further studies are
needed to find a compromise between the recommended conditions for the
catalytic conversion of creatine phosphate and the optimal response conditions for
the creatine biosensor.

The linear range of the response extended up to at least 0.8 U mL'l (r2 =
0.9997), as shown in Fig.4. The linearity of the response is appropriate for

measurements of CK activity in serum samples from patients suspected of acute
myocardial infarction.
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2.0

ADP / mM

Fig. 3. Dependence of the current increase at the creatine biosensor on ADP concentration
in the assay solution; measurements in PBS (pH 7.4), 25°C; [CK] = 0.77 U mL'L, [creatine

phosphate] = 39.8 mM

Creatine phosphokinase assay

CK activity / U mL"l

Fig. 4. Calibration curve for the CK assay; measurements in PBS (pH 7.4) at
25°C. No réactivation of CK activity was used. Substrate concentrations used in
the assay: [creatine phosphate] = 31 mM; [ADP] =4 mM
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CK assay in control sérum
The détermination of CK activity in sérum was performed using a standard

addition procedure. When the concentration of the substrates (creatine phosphate
and ADP) is kept in excess (at the levels determied before), the rate of increase in
current at the creatine biosensor is directly related to the CK activity in the sample
Preliminary measurements of CK activity without adding NAC yielded recoveries

30-

50% lower than the expected values, due to the inactivation of CK catalytjc

activity. Using 10mM NAC in the assay solution, the measured value using a
human control sérum was in Statistical agreement with the assigned value by the
manufacturer (Table 1).

Table 1. CK activity measurements in human control sera

Control serum Measured* Assigned
(U L) at 37°C (U L") at 37°C
Moni-Trol 58.4 +£1.2 115.2 £5.9**
(no réactivation)
Accutrol
(réactivation with 186.7 £30.3 165.0 £40.0
NAC)

* [CK] = [CK]avg £ CL (n=3)
** mean value of 10 different clinical analyzers
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NORMAL PHASE THIN LAYER CHROMATOGRAPHY
AND A LIPOPHILICITY STUDY BY REVERSED PHASE
THIN LAYER CHROMATOGRAPHY OF SOME
2-AMINO-3-CYANO-4.5-DIPHENYLFURANE DERIVATIVES

GABRIELA CIMPAN1, VASILE MICLAUS!

ABSTRACT. Several new  compounds (2-amino-3-cyano-4,5-
diphenylfurane derivatives) were studied by normal phase thin layer
chromatography (NP-TLC), on silica gel plates, and by reversed phase
thin layer chromatography (RP-TLC), on RP-C18 plates. The optimum
séparation was obtained in NP-TLC by using methanol-benzene-
chloroform (48:48:4, v/v) as mobile phase, and the corresponding
performance index was Ip=0.70. The RP-TLC was performed in order to
establish the cogeneric nature of compounds, with methanol-water as
eluent System. Good linear corrélations were obtained between the RM
values and X, the methanol molar fraction in the mobile phase. The logP
values were calculated from fragmentai constants (Rekker's System) and
were correlated with the extrapolated values, Rmo. for zero organic
modifier in the mobile phase.

INTRODUCTION

Chromatographie methods can be successfully applied for the analysis of
furane derivatives. Thin layer chromatography (TLC) and high performance liquid
chromatography (HPLC) methods were reported in the literature for these
compounds [1, 2]. Some azomethinic nitrofurans were separated and purified on a
silica gel column [3]. Usually, normal phase chromatography (NP-TLC) is
performed in order to obtain a good séparation of the compounds in a given
sample mixture. Different algorithme for the optimisation of the mobile phase
composition are given in the literature, as the Simplex [4] or the Prisma [5]
methods.

Reversed phase thin layer chromatography (RP-TLC) was applied for
lipophilicity studies of substances. Lipophilicity can be determined directly by the
“shake-flask" partition method between n-octanol and water [6, 7]. The practicai
difficulties of this method can be overcome by using reversed phase liquid
chromatography, one of these methods being RP-TLC [8-10]. The rétention
Parameters, logk in RP-HPLC or RM in RP-TLC can be correlated with the logP
values, experimentally determined or calculated. The calculated logP values can

| Faculty of Chemistry and Chemical Engineering, “Babes-Bolyai" University, 11 Arany
Janos street, 3400 Cluj-Napoca, Romania.
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be obtained by different methods (Rekker's system [11, 12], Pomona College dat
base [13] or various software).

The first part of this study contains the optimisation of the séparation bv
NP-TLC of some 2-amino-3-cyano-4,5-diphenylfurane derivatives. The second part
it is a lipophilicity approach for the same compounds on RP-TLC plates in order to
establish a congenerity in the sériés, or in other words, a linear corrélation between
the rétention paraméter, RM, and the calculated logP values.

EXPERIMENTAL

The structures of the studied compounds are shown in Figure 1. Normal-
Phase Thin-Layer Chromatography (NP-TLC) was performed on 10 x 10 cm plates
precoated with a 0.25 mm layer of silica gel 60F254, and for Reversed-Phase Thin-
Layer Chromatography (RP-TLC), RP-18 F254 plates (10x10 cm) were used (both
plate types from Merck, Darmstadt, Germany).

Compound 1 Compound 2 Compound 3
Compound 4
CH. ——~CN CA- aCN
OHC «—» — ol
Ct>>\/><=r4N-C NO, C.H,-
Compound 5
Compound r
Compounde
OHC- .
0
Compound a
Compound» Compot 10
Compound 13 Compound w

Figure 1. The structures of the studied 2-amino-3-cyano-4,5-diphenylfurane derivatives
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The plates were developed in the ascending mode in previously
equilibrated chambers for 30 minutes. The solvents for chromatography:
Chloroform, benzene, methanol, were obtained from "Chimcpar" (Bucharest,
Romania). The sample solutions were prepared as 1 mg in 8 ml methanol or a
mixture metbanol-chloroform (5:3, v/v) in crder to improve the solubility (0.12
mg/ml). The samples were applied as spots onto the plates, 15 mm from the
bottom edge, using 5 jiL calibrated micropipettes. The eluent migration distance
was 8 cm in ail cases.

After development, the plates were dried in a gentle air stream and
evaluated in UV light at 254 nm (by quenching the fluorescence of the layer) or at
366 nm for the compounds which have native fluorescence (compounds 1, 3, 5-
13). The migration distances of substances and of the eluent font were measured
by densitometry, using a CS-9000 Shimadzu dualwavelength flying spot scanner,
in reflexion mode, at 245 nm.

RESULTS AND DISCUSSION

1. NP-TLC

The séparations on silica gel plates were carried out in order to optimize
an eluent System which can provide the best séparation for ail compounds. The
compounds shown in Figure 1 are 2-amino-3-cyano-4,5-diphenylfurane derivatives
and some other reagents which can be found the first group. The first type of
compounds are new substances, synthesized in our laboratory, which were
expected to have antibacterial and antifungical activity [14]. The optimization of
the mobile phase composition has taken into account the Snyder's classification of
ail solvents in 8 groups, according to their proton-donor, proton-acceptor or dipolar
characteristics [15, 16]. Preliminary experimente were performed by using a
représentative solvent from each of the 8 groups of polarity. Methanol, Chloroform
and benzene were the chosen solvents for the optimization of the mobile phase
composition. The optimization process has involved 6 steps, following a Simplex
procedure [17]. The degree of séparation was evaluated by calculating the
performance index, Ip [18].

Z(AAAa,.-AAAZ)?

nn+1)
where,

hRf = 100 x Rf

AhRfj = the différence between 2 successive hRf values, experimentally
obtained and arranged in the increasing order.

AhRf = the différence between 2 successive hRf values for an ideal
séparation, when ail the spots were situated équidistant between
the start and the front line.

n = the total number of substances.

The hRf data and the corresponding Ip values are shown in Table 1. The
best séparation was obtained by using methanol-benzene-chloroform (48:48:4,
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viv), when the performance index ip has the lowest value. Firther experiments,
obtained by modifying the concentration of each solvent have lead to an increasing
of Ip values, so that the séparations were not improved.

Table 1. The hRf and Ip values for the compounds 1-15, obtained by NP-TLC, using
methanol-benzene-chloroform as mobile phase (the volume percents are given at each

column top)

Com- 43:55:2 52:46:2 48:50'2 48:48:4 36:60:4 42:54:4
pound (Vi) ) (viv) (viy} (Vi) (V)
hR( 1, hR( b hR( | hR( I, hRf Ip hRf Ir

1. 96 93 97 57 41 38

2. 84 78 85 84 77 79

3. 42 40 52 76 54 55

4, 26 25 30 50 30 32

5. 83 81 80 94 85 88

6. 67 65 71 82 71 72

7. 73 101 69 0.90 74 0.84 84 0.70 64 0.94 62 0.98
8. 56 55 60 76 21 22

9. 53 51 57 70 73 72

10. 45 45 51 62 22 22

11. 41 39 40 54 41 40

12. 97 96 98 96 34 29

13. 91 89 91 93 85 87

14. 84 84 83 91 80 81

15. 79 78 78 90 72 74

2. RP-TLC

C18-bonded silica gel was used as a non-polar stationary phase and
methanol-water as a polar mobile phase. The experimentally measured Rf and RM
values (RM = logfl/R/1), for different concentrations of methanol (in terms of the
molar fraction, X) are shown in Table 2. In binary aqueous organic eluents, e.g.
methanol-water, methanol has a decisive influence on the overall chromatographie
distribution reflected in the RM values of the investigated soluté.

A good linear corrélation:

RM = ao + a-iX 2)
was found between the RM and X values, characterized by high values of the
corrélation coefficient, r (Table 2). The extrapolated RM values, RM0 = a0, to zero
content of organic modifier in the agueous phase, are different and dépend on
structures. The RM0 values can be used as a lipophilicity paraméter, which can be
correlated with the partition coefficient of a certain compound between n-octanol
and water, logP. The slope, alt of the équation 2 can be considered as a measure
of the strength ot mobile phase contribution to soluté rétention.

The compounds 7-8 and 9-10 cannot be separated, probably because the
partition equilibrum in RP-TLC it is based on a hydrophobie exclusion of compound
from the mobile phase, and not on a specific interaction between the compound
and the non-polar stationary phase.

The logP values were calculated according to the method described by
Rekker [12] using the fragmentai constants and the relationship:

logP = Zflrii + ZknCm @)
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where f isfragmental constant for fragment i, N( is the number of identical
fragments, kn is the number of identical proximity effect corrections and Cnm is the
proximity effect correction type m. The logP values cannot be calculated for
compounds 14 and 15 because somé structural fragments are not estimated in
Rekker's tables. The extrapolated RM0 (=a0) values from Table 2 were correlated
with the calculated logP values in order to check if the compoi-nds are congenere
(with similar chromatographie behavior) (Table 3).

Table 2. The Rf (first value in each row) and Rm (second data) values obtained by RP-TLC
for the studied compounds with methanol/water as eluent (molar fractions at each column
top). Parameters of the corrélation équation Rm = a0 + aiX, sao, sai - standard errors, F -
statistic and r - corrélation coefficient

methanol/water=X/(1-X)
0.800/  0.716/  0.640/  0.509/  0.400/

0.200 0.284 0.360 0.491 0.600 ao ai F r
4
0.66 0.60 0.38 0.24 1.245 0.402 25 168 0.962
-0.283 -0.179 -0.205 -0.501 +1.048 +1.729
A snN0.243 =0.402
2. 0.80 ' 0.67 0.52 0.38 1.009 -2.031 934.812 0.999
-0.604 -0.303 -0.040 -0.213 +0.173 +0. 2 86
Sm=0.040 sei=0.066
3. 0.43 0.24 0.16 0.03 3.803 -4.643 90.702 0.989
0.129 0.501 0.706 1.502 +2.831 +2.098
s~f=0.329 sel-0.487
4. 0.79 ' 0.71 0.66 0.54 0.385 -1.219 77.267 0.987
-0.580 -0.392 -0.283 -0.070 +0.362 +0.597
Seo™O 064 s.t-0.139
5. 0.30 0.14 0.07 0.01 4.571 -5.301 318.032 0.997
0.357 0.788 1.103 1.912 +0.863 +1.279
s»=0.201 s.,=0.297
6. 0.65 0.48 0.28 0.15 1.746 -2.575 180.559 0.994
-0.274 0.041 0.417 0.753 +0.500 +0.825
s™N0.116 s.,=0.192
7. 0.69 - 0.51 0.42 0.32 0.995 -1.653 145 340 0.993
-0.352 -0.014 0.136 0.327 +0.357 +0.590
s«j=0.083 s.,=0 137
9. 0.67 0.50 0.31 0.22 1.331 -2.066 126.152 0.992
-0.302 0.001 0.353 0.550 +0.480 +0.792
3.0=0.111 S,i=0.184
11. 0.80 0.63 0.42 0.15 1.949 -3.297 44 133 0.978
-0.607 -0.241 0.145 0.753 +1.294 +2.136
Sto~0. 301 s.,=0 496
12 043 0.25 0.14 0.03 3.941 -4.824 319.479 0.997
0.116 0.480 0.790 1.523 +0784 +1.161
s~0.182 s.f0.270
13. 0.50 0.38 0.28 0.11 2.472 -3.137 150.260 0 993
-0.002 0.713 0.407 0.911 +0.743 +1.101
sM=0173 Sal=0 256
14. 0.24 0.10 0.05 001 5.129 -5.839 199.231 0.995
0 500 0.954 1.288 2.212 +1 201 +1.780
sN=0.279 S.i=0.414
15. 0.60 0.44 0.24 0.12 1.875 -2.639 117.251 0.992

-0.186 0.112 0.509 0.865 +0 635 +1.049
s7°0.148 Saf=0 244
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Table 3. The extrapolated Rmo values (Table 2) and the calculated logP data (Rekk |
System) for the studied compounds ers

Compound  Rmo LogP Compound Rmo LogP

1. 1.245 4.719 7. 0.995 "6.828 !
2. 1.009 1.325 9. 1.331 5.559

3. 3.803 4.252 11. 1.949 3.878

4, 0.385 0.201 12. 3.941 8.422

5. 4571 7.502 13. 2.472 4.371

6. 1.746 2.794

The compounds from Table 3 are not congeners because the corrélation
coefficient for a linear relationship, RM0 = A + B logP, has not a high value (r =
0.634), but the substances can be included in further investigations of compounds
with similar structures. The compounds 3, 7 and 9 have been excluded from the
corrélation because they are suspected to interact strongly with the residual silanol
groupe on the alkylated silica surface due to the aromatic nitrogen and extended
conjugation. The linear relationship between the remaining substances is shown in
équation 4:

RMO0 = 0.206 + 0.472 logP, r=0.918 @]

The satisfying linearity encourages further investigations on similar groups
of substances, Splitting the sériés of compounds by the main structure and
including different substituents.
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RHEOLOGY OF SOWIE ADHESIVES WITH DEXTRIN!

MARIANA SORA2, LIDIA TAUBERT3, SEPTIMIA POLICECS3, A. RUS?

ABSTRACT. In the paper are presented the results of an experimental
study concerning the rheological behaviour of some adhesive pastes with
dextrin and carboxymethyl-cellulose (CMC) content. The rheograms of
adhesives containing 50-45% dry substance, with 40% dextrin and 10-
5% CMC, indicate a pseudoplastic behaviour. The material rheological
indices have been determined at different températures and
compositions, as well as the flow activation energies at a constant
deformation rate, respectively at constant shearing stress.

INTRODUCTION

Various synthetic adhesives are extensively used in different fields due to
their properties which offen surpass those of natural, vegetal or animal glues [1,2].
In food industry there are some requirements for adhesives, especially concerning
their nontoxic imposed characteristics and also other ones, particularly related to
mechanical paper application for wrapping purposes. In the cigarettes industry, for
instance, adhesives based on starch and dextrins [3] are still u*ed and prepared
empirically. R

As the efficiency of an adhesive dépends on several factors, it is
impossible to predict its performances in a new application, the specific testing
being therefore the most reliable method for sélection.

In the cigarettes industry mechanical packing the sticking quality dépends
mainly on the adhesive affinity for paper, on the thickness and flexibility of the
adhesive layer, its continuity between the two glueing materials and on its rapid
drying capacity after the package formation. Therefore besides the quality and
stability tests concerning the paper link, some specific déterminations for the
adhesive characterization are also recommended, namely the dry substance
content and the viscosity. The last is an important characteristic as it has an
influence on the pellicle thickness set on the paper and obviously of that on the
cylinder of the industrial equipment [4-6].

In the present paper an experimental study is performed concerning the
influence of different factors on the rheological behaviour of some adhesive pastes
with dextrin, animal glue and carboxymethyl-celiulose content. The rheological
properties dépend on the adhesive's composition, its dry substance content, the
préparation working conditions (as température, homogenization time) and on the
application process température.

2 Dedicated to Prof. dr. lonel Haiduc on the occasion of his 60-th anniversary.
3 Technical University of Timisoara, Department of Chemical Engineering.
Romanian Academy - Timisoara Branch, Inorganic Chemistry Laboratory.
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EXPERIMENTAL

The adhesive pastes are aqueous compositions of yellow dextrin and
animal glue, respectively dextrin and carboxymethyl-cellulose (CMC), heated at
80°C, under stirring, during 1-3 hours. The first adhesive D with a dry substance
content of 65%, mainly contains dextrin (about 96%) and only a small amount of
animal glue. The pastes in the séries dextrin - CMC (CiD - C6D), characterized by
a dry substance content varying betweon 50 and 45% contain the same amount of
dextrin (40%) and a decreasing content of CMC.

The viscosity has been determined by means of a Rheotest-2 rotational
viscosimeter, which allows to obtain a large range of the experimental data and
using the deformation variation, between 0 and 1300 s, in 24 steps. 6y means of
the apparatus constants, the shearing stress, Tf, and the deformation rate, y, were
calculated and thus the Tf = f(y) dependence has been established.

RESULTS AND DISCUSSION

The experimental results are graphically representing, the shearing stress
(T,) dependence on the deformation rate (y) respectively the apparent viscosity
dependence (ga = Tt/ y) on the deformation rate or the shearing stress.

Concerning the rheological behaviour, adhesive D présents a slight
tixotropy. Curves (tf - -fi which exhibit the shearing stress as a fonction of the
deformation rate (Fig. 1) are different for the increasing, respectively decreasing
sense of the deformation rate, a hystérésis loop being thus obtained. The apparent

Fig. 1. Shearing stress and apparent viscosity dependence
of the deformation rate for adhesive D at 20°C

In case of the products with adhesive properties - C6D, the rheograms
(Fig. 3) indicate for each a pseudoplastic behaviour. As a resuit, the apparent
viscosity decreases as the deformation rate, respectively the shearing stress
increases (Fig. 4a,b and Fig. 5a,b) being independent of time. The viscosity
234
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decrease is more pronounced at small deformation rates. At great deformation rate
values, the viscosity tends to a minimum value, due to partide orientation in the
sense of flow, so that résistance to the shearing force should be minimum.

i»>. >

Fig. 2. Apparent viscosity variation, Fig. 3. Flow curves for adhesive
for adhesive D in time, at constant CiD - CeD, at 22°C
deformation rate (y=72,9s")

F/g. 4 a,b. Apparent viscosity dependence of the deformation rate for products CiD - CeD at 22°C
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In arder to describe the nonnewtonian behaviour of products CiD - C6D,
the Ostwald-de-Waele rheological model has been considered:

=K'l (D
The values of the material rheological indices, n - the flow index,
nondimensional and Kk - the consistence index, héave been determined by
linéarisation of équation (1) through logarithmation. The values obtained are given
in Tables | and 2. Knowing the material rheological values allows the calculation of
the apparent viscosity of the product by means of the relation:

Ha= k'Y< ()

Fig. 5 a,b. Viscosity dependence of the shearing stress, at various températures

Table 1. Material rheological indices, at 22°C

Composition Flow Consistence
Product Dextrin CMC index index

% % Ns"/m2
CiD 40 10 0.4796 188.81
C2D 40 9 0.5010 132.07
C3D 40 8 0.4849 77.893
C4D 40 7 0.5081 51.404
CSD 40 6 0.5243 34.826
CeD 40 5 0.5648 22.761
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Table 2. Material rheological indices, at various températures

| Température Product
°C C2D cid C6D
n K n K n K

Ns"/m2 Ns"/m2 Ns"/m2

22 0.5010 132.07 0.5481 51.40 0.5648 22.76

30 0.4917 100.53 0.508** 31.74* 0.5262 16.79

40 0.4518* 80.89* 0.517 25.65 0.4904* 13.67*

50 1 0.4206 66.96 0.4763 21.55 0.4563 11.82

60 0.3999 56.87 0.4368*** 18.53*** 0.4175 10.53
* t=41.5°C;
* t=31 °C;
t=61 °C.

From Table 1 it is noticed that the consistence index values increase
considerably with the CMC content, respectively with the dry substance content
increase; at the same time, the flow index values are less influenced.
Consequently the products with a greater CMC content, respectively dry
substance, have a greater apparent viscosity, at the same deformation rate value
as it can be seen in figure 4. As the deformation rate increases, at constant
température, the apparent viscosity decrease is more important for pastes with a
greater dry substance content, fact which rr.ay be explained by the higher
orientation degree of the flow éléments, compared to the pastes less concentrated
in dry substance.

Fig. 6 a,b. Viscosity dependence of the deformation rate, at various températures
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The température increase détermines a viscosity decrease for all products,
the pseudoplastic behaviour being present in all cases. The viscosity decrease as
the température increases, at constant deformation rate, is more pronounced in the
case of adhesives with a higher dry substance content (Fig. 6a,b).

mfl(x)=-4.1184348*1.583872*x

Fig. 7. Flow activation energies détermination

The pronounced dependence of liquids visciosity on température is owed
to the flow activation energy. In the case of nonnewtonian liquids, the empirical
Arrhenius type relation between viscosity and temperatura may be written:

Ma=A+e ByRT (3 Na=AeEtlkt  (4)

In relation (3) and (4) Ey and E, are the flow activation energies, at constant
deformation rate, respectively at constant shearing stress, R = 8310 J/kmol.K - the
univarsal gas constant, T - the absolute temperatura and A - the constant
frequency factor having the same dimension as viscosity.

Logarithmation of relations (3) and (4) and plotting in semilogarithmic
Coordinates (Fig. 7) the viscosity variation versus 1/T, allows the détermination of
the flow activation energies and the frequency factor. The automatic processing of
the experimental data has allowed to obtain, with good précision, the frequency
factor values, respectively those of the flow activation energy which are given in
tables 3 and 4.
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Table 3. Flow activation energy and frequency factor, at constant deformation rate

Deformation Product
rate
s'l C-D C4D C6D

A-103 E,-10* A-105 E,-10* A-105 E 10*

Pas J/kmol Pas J/kmol Pas J/kmol

10 1.0250 26.106 7.613 30.312 3.33 30.669

20 1.0212 25.188 7.564 29.429 3.288 29.93

30 1.0206 24.661 7.479 28.908 3.277 29.428

40 1.0199 24.382 7.509 28 588 3.270 29.119

50 1.0156 24.256 7.603 28.327 - -

Table 4. Flow activation energy and frequency factor, at constant shearing stress

Shearing Product
stress
Pa C2D C4D CeD
A-107 E.-10* A-107 E. 10* A 10* E.-10*
Pas J/kmol Pas J/kmol Pas J/kmoi
50 - - - - 6 52.811
100 2.42 50.444 1.10 47.113 5 51.542
150 2.38 49.282 1.10 46.251 5 50.667
200 2.35 48.396 1.11 45.695 - i
250 2.33 47.786 1.11 45.102 - -
300 2.33 47.311 1.11 44.642 -

As a practicai conclusion concerning the study of the experimental data,
namely of the viscosity variation curves, it can be seen that adhesive C4D at 20°C
and adhesive C2D at 50°C exhibit viscosity values close to that of adhesive D; in
conséquence, from this point of view, the first adhesive C4D could replace
adhesive D, at the mechanical packing in the cigarettes industry.

CONCLUSIONS

Experimental results regarding the rheology of adhesive pastes containing
dextrin and carboxymethyl-cellulose indicate a nonnewtonian behaviour of
pseudoplastic type, independent of temperatura and dry substance content
between the limits of 45-50%. The material rheological indices have been
determined at different températures as well as the flow activation energies at a
constant deformation rate, respectively at constant shearing stress, which permits
the calculation of the product's viscosity in various conditions.
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ARGENTOMETRIC TITRATION OF THIOSULFATE WITH
CONDUCTOMETRIC AND POTENTIOMETRIC END-POINT DETECTION

E. FORIZS], E. VERESS2, F. MIHALCIOIU3, CS. MUZSNAY1, G. SZABO!

ABSTRACT. Argentometrie titration of thiosulfate has been investigated
using conductometric and potentiometric end-point détection. The
conductometric titration of thiosulfate with silver ions using non-
conventional conductivity cells equipped with sintered titanium or
antimony electrode is described. Conductometric titration curves
displayed two stoichiometrically well defined end-points at 1:1 and 2:1
silver/thiosulfate ratios. Potentiometric titration curves give the same
results. Accurate conductometric détermination can be made in the
range of thiosulfate concentrations 102-10"*M.

INTRODUCTION

The détermination of sulfur containing anions has generally been
performed by argentometric or mercurimetric titration with potentiometric end-point
détection, using sulfide-sensitive membrane électrodes, or mercury, silver, and
carbon indicator électrodes [1-4]. The conductometric end-point détection of
argentometric titration of thiosulfate was not recommended by Kolthoff, due to the
irregular conductivity variations durring titration [5]. Argentometric titration of
thiosulfate by means of conductometric method is possible using non-conventional
conductivity cells [6]. In a previous paper we presented the results obtained in the
titration of thiosulfate /with silver ions by using some new-type conductivity cells
equipped with silver, amalgamated silver, stainless steel and polished platinum
électrodes [6-11]. The aim of the present work was to study the behavior of
conductivity cells with antimony and sintered titanium eleotrodes in argentometric
titration of thiosulfate. The acid génération in the course of titration was followed by
potentiometric pH measuring.

EXPERIMENTAL

A Radelkis OK/102 type conductometer equipped with laboratory-made
dip-type conductivity cells with circular-plate électrodes was used. Plate types
électrodes were made from antimony or sintered titanium of 99% purity. The
diameter of the plate is 4 mm and the distance between the center of the two
circular électrodes is 16 mm. The value of cell constant is 1.54 cm'l for titanium
électrodes and 1,70cm'l for antimony électrodes.

1 Universitatea Babes-Bolyai, Facultatea de Chimie si Inginerie Chimica, 3400 Cluj-

Napoca, Romania
2 Institutul de Chimie Raluca Ripan, Cluj-Napoca, Roméania

3 Societatea de Metrologie si Ecologie, Cluj-Napoca, Roméania
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A pH-100 Otopeni-type digital pH-meter, silver-sensitive Ag-ISE électrode
pH-sensitive glass electrode, a home made platinum with electrode and a calomei
electrode with a sait bridge (saturated potassium nitrate) were employed in
potentiometric measurements.

Ail the solutions were prepared from analytical-grade reagents and distilled
water was used. Sodium thiosulfate solutions were standardized iodometrically jn
the usual way. Silver nitrate solutions were standardized by potentiometric titration
with sodium chloride. 0.1 M stock solutions were used and further diluted as
required.

The conductance and potential values were read at fixed time intervals of

60 s after each titrant portions was added.
50 ml thiosulfate samples of IO”®-W4 M concentration were titrated with

10'1-10"2 M solutions of AGNQO3. Ail titrations were performed at room température.

RESULTS AND DISCUSSION
Some examples of conductometric titration curves are shown in Fig. 1
Two distinct sharp end-points occurred at 1:1 and 2:1 silver/thiosulfate ratios.

In the first part of curves the conductance values slightly decrease due to
the formation of [Ag(S203)x]1'2x x=1-3, especially for x = 1, complex ions with lower

mobilities than the thiosulfate ion.

moles of silver/moles of thiosulfate

Fig. 1. Conductometric titration curves of 50 ml 1 mM Na2S203 with 0.1 M AgNO3 using
conductivity cell equipped with titanium (Ti) and antimony (Sb) électrodes
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The recoveries calculated from the first équivalence pints are satisfactory
only in more dilute solution than 103 M and above this concentration show an error

of about +8%. Some analytical data are given in Table 1.

Table 1. Conductometric titration data of thiosulfate w'th silver nitrate at 1:1 ratio of Ag/3rO3

Electrode Taken Found* Relative error
(mg/ml) (mg/ml) (%)
Ti 0.0249 00240 -3.61
0.2475 0.2497 +0.89
Sb 0.0249 0.0246 -1.20
0.2491 0.2487 -0.16

* Mean of three détermination

Addition of titrant after 1:1 ratio of Ag/S203 cause a sharp increase of
conductance values due to the formation of sulfuric acid, on the basis of the
following reaction:!

AgS203' + Agt + H20 = Ag2S + H2SO4

At the 2:1 ratio of Ag/S203 a well-resolved break point is observed
corresponding to the complete précipitation of the silver suliidé. Further addition of
titrant increases the concentration of silver r.trate in solution increasing the
conductance. The équivalence points obtained coincide with the theoretical ones
(Table 2). The équivalence points were calculated from the intersection of the most
probable straight lines.

Table 2. Conductometric titration data of thiosulfate with silver nitrate at 2.1 ratio of Ag/S203

Electrode Taken Found Recovery RSD
(mg/ml) (mg/ml) (%)

Ti 0.0249 0.0248 99.60 0.19
0.2475 02497 100.89 0.10
1.4719 2.4564 9937 1.38

Sb 0.0249 0.0249 100.00 0.25
0.2491 0.2512 100 84 0.79
2.4931 2.4870 99.76 0.78

* Average of 3 détermination
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The recoveries listed in Table 2 are good, with an error less than +1%,
thus the précision of the conductometric method is satisfactory for the
argentometric détermination of thiosulfate.

In the argentometric titration of thiosulfate good results were obtained
using potentiometric détection of the end-point. Potentiometrie titration curves are
shown in Fig. 2.

moles of silver/moles of thiosulfate

Fig. 2. Potentiometric titration curves of 50 ml of 10’3 M Na2S203 with 0.01 M AgNO3

At the 1:1 ratio of Ag/S203 a maximum in the curves indicates the
formation of AgS203'. The second équivalence point occurred at the 2:1 ratio of
Ag/S203l when the silver sulfide précipitation is complete. The déterminations of
the équivalence points by Hosteller and Roberts method give an error of about
+3%. The general shape of the potentiometric titration curves indicates many
similarities and différences for those presented by Piccardi et al [1]. The observed
différences are connected with the different experimental conditions. The acidity of
solution increases in the course oftitration and the pH of solution remain practically
constant after the 2:1 ratio of Ag/S203 (Fig. 2).

In conclusion accurate conductometric déterminations can be made, using
the second break-points of the titration curves as équivalence points. The
simplicity, accuracy and précision of conductometric titrimetry using conductivity
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cells equipped with sintered antimony and titanium electrodes indicate that this
method is suitable for argentometric détermination of thiosulfate. Comparison of
the conductometric and potentiometric titration data suggests that the
conductometric method should be preferred.

arwN

N o

10.
11.
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ANALYSIS OF A SOIL SAMPLE WITH HIGH CONTENT
OF TRIAZINIC HERBICIDES USED TLC-FOTODENSITOMETRY

SIMONA GCCAN1, SIMONA COBZAC!

ABSTRACT. The present paper deals with the détermination of atrazine,
simazine and propazine recovery from purified sea sand and two
different types of soil. Also a soil sample with high atrazine concentration
has been analysed. The triazine herbicides were extrated in methanol,
analysed by TLC and scanned in UV. The limit of détection LOD for
simazine, atrazine and propazine are 38.96, 25.46, 76.19ng/spot
respectively. The recovery is situated 75-99,6%. The quantity determined
in soil sample was 0.4 ppm.

INTRODUCTION

The triazine herbicides are chemical compound used for herbs élimination
in crops. The treatment with this Compounds must take in to account the type of
soil and the residuals herbicides. Because the time for décomposition is long it
possible to have probleme with alternative crops. A higher quantity than 400g
active compound/ha do not allowed growing [1].

In literaturo are presented many possibilities of herbicides extraction and
analyses. The extraction can be done with methanol for 2 hours and continuous
mixing [2], methanol - water (80:20, v/v) [3], acetonitril - HCI, 0.2M (9:1, v/v) [4],
ultrasonication with methanol, SPE - C18 purification and preconcentration [5] and
superfluid extraction with CO2 [6]. The influence of température extraction [7],
granulometry and type of soil [8,9] on recovery was also studied. The analysis may
be done with GC, with limit ci détection LOD 0,5 ppm [10], GC-MS with LOD is
situated between 1-24pg [11], HPLC with LOD 100pg/g [12] and TLC [13,14].

The present paper concern with a study of simazine, atrazine and
propazine recovery from purified sea sand and the influence of soil type on
recovery. The quantitation of atrazine from a soil sample was determined. The
analysis include extraction in methanol, TLC and scanning at 222nm.

EXPERIMENTAL

Solvents as toluen, methanol and acetone (Chimopar - Bucuresti), Sil G
FZ« plates (Merck, Darmstadt), purified sea sand (Roth, Germany) ant atrazine,
simazine and propazine (Atlas) were used for experiment. A methanol stock
solution were prepared as 0,115mg/mL simazine, 0,108mg/mL atrazine,
0,103mg/mL propazine. For recovery détermination 10g sand were spiked with

1 Facultatea de Chimie si Inginerie Chimica, Universitatea "Babes-Bolyai", 3400 Cluj-Napca, Romania.



SIMONA GOCAN, SIMONA COBZAC

ImL stock solution and dried for 2 hours at 60°C. Three extractions have been
carried out with 15mL methanol for 10 minutes each. After settling the liquid was
centrifuged 5 minutes. The obtained solutions were mixed together and methanol
vaporised at 60°C. The residue was solved in 1mL methanol, resulting S, sand
sample. In the same time a blank sand sample (BO was also performed. Soit
samples (10g) from greenhouse and garden were allso prepared in the same
manner resulting S2 and B2 and B3 respecyively. A représentative field soil sample
(40g) was weighted for the détermination of atrazine. The soil was sampled from
the end of the crops field where the atrazine has a higher concentration due to the
turning of spraying machine. The sample was prepared in the same way as it was
before described resulting the soil sample solution S4. 10pL from spiked samples
and 20ptL from soil sampled from the field were automatically spotted as lines
(5mm long) with a Desaga applicator on Sil G F254 plates. The plates were
developed with toluene - acetone (90:10, v/v) and evaluated, with a Shimadzu CS-
9000 dual wavelength flying - spot scanner at 222 nm.

RESULTS AND DISCUSSION

The densitogram for stock solution containing simazine, atrazine and
propazine is shown in figure 1. In figures 2-4 are presented the densitograms for
spiked and blank samples for sand and soil, for 11.3 ppm simazine, 11.0 ppm
atrazine and 10.5 ppm propazine. In figure 5 is presented the densitogram field soil
sample.

Figure 1. Réflectance scann of the cromatografic track obtained from a mixture
containing simazine as 115 pg/mL and propazine as 113 pg/mL
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Figure 2. Typical densitograms obtained from: a - blank sand (Bi) and b - spiked sand (Si)

Figure 3. Typical densitograms obtained from: a - blank soil (Br) and b - spiked soil (Si)

Figure 4. Typical densitograms obtained from: a - blank soil (B3) and b - spiked soil (S3)
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The Rf value for the given chromatographie System for simazine, atrazine
and propazineare 0.27, 0.34, 0.41 respectively.

In the R< zone corresponding to simazine, afrazirteandpropazine the blank
samples do not contain compounds. This fact makes possible the guantftation of
triazir.es” sirn|te extraction, TLC séparation andUV Scanning.

In table 1 aré given the.spot» Mea, ftof iimaiine, atrazine and propazine
from the spiked sample and stock solution and the recovery values for each
triazine compound.

Tabla f. The spots area for simazine, atrazine and propazine and recovery values

Sample Area Recovery (%)’
simazine atrazine propazine  simazine atrazine propazine
stock 112466 55050 71839 — — —
S, 112063 54877 71561 99.6 99.7 99.6
S, 94042 50220 64375 83.6 91.2 896
S, 84567 43572 60408 75.2 79.2 84.0

* The recovery value was calculated by reporting the spiked sample spot area to
spot area of the same compound Itom stock solution.

The results show that the recovery value for the garden sample (S3) with
high content of clay is smaller as for the greenhous soll (S 2). This fact can be
explained by the adsorption phenomena that are different for the two types of soll.
In the case of sea sand (S1) this phenomena are limited, the différences can he
explained by normal experimental errors.
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The calibration curves for the simazine, atrazine and propazine are
presented in figures 6, 7 and 8 respectively.
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Propazine quantité Cng)
Figura B The calibration curve for propazine

The limit of détection LOD were calculated conform [15].

The quantity of atrazine, corresponding to the spot area from calibration
curve was founded to be 317,447ng. The content of atrazine In analysed soH
sample was found to be 0.4ppm.

CONCLUSIONS

The détermination of triazine herbicides from soil can be performed by
mathanol extraction followed by TLC - densitometry, If the soil contains more than
0.1 ppm herbicides.
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PARAMETRIC INVESTIGATION OF SODIUM BICARBONATE
DECOMPOSITION IN ROTARY DRUM REACTOR

ALEXANDRU OZUNUL, RADU MISCA], LIVIU LITERATI

ABSTRACT. Résidence time distribution measurements were carried out
at different values of operating parameters by use of a step signal. The
investigation did show that the partiele movement can be described
using the plug-flow model at moderate rotational speed. As the
investigations of global kinetics did show the décomposition cannot be
described as a simple chemical reaction. Different mechanisms have to
be taken into account: at low températures the limiting rate is determined
by chemical reaction while at higher températures additional résistances
of heat and mass transfer limite the rate of décomposition. The analysis
of scanning electron microscop did show that a simple shrinking core
model is suitable to describe the conversion of single particles. The
influence of operating conditions on the décomposition of sodium
bicarbonate in a continuously working rotary kiln was studied
experimentally and theoretically. The model developed matches the
experimental results well. The grade of conversion increases with rising
wall température, gas température and gas mass flow while an
increasing rotational speed leads to a decrease of conversion.

INTRODUCTION

Because of their flexibility, large solid throughputs, simple construction and
relative inexpensive, rotary drum reactors are employed in a variety of processes
involving combinations of particulate mixing and gas-solid reaction with intensive
heat and mass transfer. In spite of this, reaction engineering investigation of
chemical reactions in rotary kilns are just a few. Most papers which have been
published only recommended methods of calculations without Publishing
experimental reaction engineering data. An example of use in inorganic chemical
industry for the manufacture of soda, is the décomposition of sodium bicarbonate.
Therefore, sodium bicarbonate is present in technological processes as trona. The
décomposition follows according to the reaction:

2(NaHCO3 Na2CO0j -2H20) (s)-* 3 Na2COj (s) +5H20(g) + CO2(g) (1)

Recently, Keener showed (1993) that the use of sodium carbonate as a
solid sorbent for the removal of SO2 has many attractive features. It has been well

1 Facultatea de Chimie si Inginerie Chimica, Str. Arany Janos 11, Universitatea "Babes-
Bolyai", 3400 Cluj-Napoca, Romania
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establishea that thermal décomposition of NaHCO3 particles can produce a highly
porous Na2CO3 product that reacts rapidly with SO?2 in waste gases [4].

Another studied example was the gypsum dehidration process.

For this work, our objective was to establish the influence of operating
Parameters on the décomposition process and to analyse it with a simple model
which was developed [5].

EXPERIMENTAL

The experiments performed in this study were conducted to determine the
influence of a number of rotary drum operating variables on the conversion of the
décomposition reaction in continuously working. A secondary purpose was to
characterize the partide movement in rotary drum. The operating variables
considered were the température of the wall and gas, air mass flow rate, rotational
speed, drum slope and the number of lifting flights.

A schematic diagram of the experimental System used is shown in Figure
1. It has three primary componente: the material feeding system, the air feeding
System and the rotary drum. The material feeding system consists of a bulk
storage bin and a constant feeder. The air feeding system consists of a route to
take and to transmit the atmospherical air at the expected parameters (F-filter, A-

The rotary drum was constructed from a stainless tube. It was 1 meter in
length and had a diameter of 100 mm. Along the interior surface of the drum,
parallel to its longitudinal axis, eight or five equally spaced lifter bars can be fitted.

The outiét flange has an opening of 70 mm diam. The drum could be rotated at
speeds between 1 and 10 min'l. The slope of the drum is adjustable and the wall
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can be heated with an electrical heater. in the wall, the.e are 8 thermoelements
incorporated whereas the belonging to its electrical comparison point in the tube is
assembled. It was used a Funk signal for ail transmisions. The air température
were measured at inlet and outiét of drum. For solids température measurements
were 3 thermoelements over the length distributed in contact with material. With a
sampler one can evaluate the locale composition in these alternative points. A
thermal gravimetric method was used to measure rates of décomposition of
NaHCO3 particles in a dryer plank. In addition to the kinetics experiment, pore-
volume data were obtained for solid reactant and product in order to evaluate
changes in pore structure as a resuit of reaction. A sampler of 1.5 g in a very thin
layer was used to prevent the contamination with gaseous products of
décomposition (reducing the possibility of negative mass transfer effects in the

layer).

RESULTS AND DISCUSSION

The process modelling

In every continuously working experiment, steady state flow conditions
were assured before starting the measurements.

The most important assumptions are:

- The velocity and mass of the solid and gas are constant throughout the

lentgh of the kiln.
- Specific neats, latent heats and heats of reaction are independent of

température and position.
- The solids are in radial and transversal direction stirred. The gradients of

measured variables are important in axial direction.

- The décomposition reaction is:

2 NaHCO3 (s) — Na2CO3 (s) + H20 (g) + CO2 (9) (2)
and, as Hu [3] indicated the décomposition was first-order in mass of NaHCO3 with
the formai kinetic:

dMhiaHco3 7 dt = k(TMMmaHCO3 3)
- The heat transfer due to release of water vapor and CO?2 into the gas can

be treated as convective heat transfer.
- The wall température has a constant value
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By means of the material and energy balances, the longitudinal conversion and
température profiles can been evaluated for diferential balance éléments. Through
intégration over the reactor length ones can evaluate the outiét conversion.

Material and Ges Fiow Rates

Drying of solids and évolution of carbon dioxide and water vapors due to
décomposition of trona results in an increase in the gas flow rate, and a decrease
in the material flow rate, down the length of the calciner. Considering the
stoechiometry of the reaction, the material and gas flow rates are given by;

dMS NaHCO, dM Sl;CO3 NIHCO;]
11-
dz dz dz dz < 2M NIHCQj , @
dMy dMH;0 dMNLCOI
dz dz dz az v 1110 4AMo ©
dMe dMs
dz dz ©)

Heat transport équations

Because of different material distribution in the bare sections and in the
lifting flight section of the rotary reactor it is necessary to evaluate the various heat
transfer coefficients and fluxes separately for each of these situations [1]. The
most importent assumption were made (1-3). Heat fluxes considered in the
development of the mathematical model are shown in Figure 2. For this work a
bare section is considered. In Appendix are given some parametric corelations for

bare and lifting flight sections. Heat fluxes (Qgs, from gas to material; from wall
to material) can be expressed as follows:
Qu.= akuv EAAQS(SgNSs) %
QwW*~Owsi: +QWind — (a,,d Awirid +ak AwsA)($w — &) @
8
The heat transport rate due to the reaction enthaply ara given by
dMNaHCOj
R 9)
with:
dAi *
-----d:Z— k(T) *M N.HCO, — (10)
In steady state the following energy balances are valid:
-dHg - Qga + Qvap + Qh2o + Qco?2 =, 0 (11)
-dHs - Quap - QH20 - Qc02 + Qgs + Qws + Qreac = 0 (12)
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The required parameters to solve the model were taken from literatura. In
special those for heat and mass transfer coefficients from the works by Evripidis [2]
and Blumberg [1].

Reaction kinetics

Décomposition experiments were caried out with particles (ca. 100 pm in
diameter) at constant temperatura in range from 80 to 140°C. Conversion was
calculated from the decrease in sample weight:

N\'aHCOi{~™~ "VoHCO,
(13)

NWCO,,,

and data plotted according to eq. 13 are shown in Figure 3. For lower températures
than 90°C, the limitative stage is chemical reaction. One can see that the present

Figure 3. a) Conversion-time curve at different températures, b) Arrhenius plot
of rate constant kwith Hu[3] values (interrupt line), mathematical inter-
polation (continuously line) and measurements values (points).

works values are smaller than Hu [3]. gave in Arrhenius form (k=koexp(-Ea/RT) with
preexponential factor, ko = 1.44 10il and activation energy, Ea = 102 kJ/mol.
Analyses carried out with the raster electron microscope (REM) on natrium
bicarbonate and soda samples show that the first is nonporous and the second is
porous. Since the original NaHCO3 particles are nonporous, the reaction should
take place at the surface of its unreacted core of NaHCO3 as expressed by
shrinking unreacted core model [4].

The influence of somé operating parameters in continuously working
The influence of temperatura and the type of heat transfer is shown in
Figure 4. As can be seen the effect of increasing temperatura is the same in every
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case. The optimum is placed in the tieid 150-160°C. The role played by the
conductive heat transfer is evident. The presence of lifting flight is important but
the number of is not (4 or 8).

[n = 4, Combinée!
'O n = 4,Conduction
n =8, Combined

Figure 4. The influence cf température and heat transfer mechanism on the outiét
conversion (Tg=150°C, Mg=5,9kg/h, Ms=1,4kg/h, z=3min’l)

100-
iDn=14

On =8
[On=0,z=1, To= 160*C!

Figure S. The influence of air flow rate on the outiét conversion (Tg=150°C,
TW=140°C, Ms=1,4kg/h, z=3min'l)

Figures 5 and 6, present two important effects on the process in our experimental
conditions. A comparison between experimente and calculated values with process
model are given in Figure 7. One can recognize the agreement between calculated
and measured profiles.
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100 —————

n “4,
Tw=160*C,M,,=6,8kg/h

n = 4,Conduction,
T,=160"C

Ein = 8, TW=140"C.
Ma=12,5kg/h, T0=150“C

mN-O.T™MWC,
M,«12,5ka/11.T,=150°C

A = 5 8

Figure 6. The influence of rotational speed on the outiét conversion

0,6
0,4
Q-2 « exp. data
----- calculated
-
0 2 4 6 z[mirtl]
a. b

Figure 7. Conversion of reaction in continuously working as a function of wall
température (a) and rotational speed (b)

APPENDIX. Heat Transfer Coefficients.
a) ac (bare section) is estimated by using the relations [2].

Nu = Numin + [Nu2lam + Nu2turb]12

Nuiam=0.664Pr13Rell2 (14)
Nuturb=(0037Re4/5Pr)/[1+2.44(Pr23-1)Re'1/10] 83
ac=aKd-KzKD (16)
a ¢ for lifting flight section:

a c~(ac(Ao+AF|r)+ac.fal|Afa]|)/(Ao+AFF+Afa]|) a7)
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b) akK is estimated by using the relations [1J:
1/aK= 1/otws+ (18)

asj=27t12[(XpCp)L2/(tKNmix) |

c) arad is calculated by using the relation [1,2]:

arad=4Ci2[(Tw+TI1)/2] (20)

with: Ci2=Cs/['lles+Ao/AK(1/ew-')] (22)

DATA USED FOR SIMULATION

The data are follows: ArH = 1.75*10® J/kg; Aw = 0.314m2, A,3la0 = 0.207m2,
Axb = 0.107 m2; V = 8.33.W4 m/s; ags = 18 W/(m2K); a.rad = 15 W/(m2K); awsk =
146 W/(m2K); awg = 6 W/(m2K); dp = 120*10® m; cB = 1144 J/(kg*K).
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NOMENCLATURE
specific heat [J/kg/K] Indices
K rate constant [1/s] g gas phase
r radial coordinate [m] K conduction
v solid velocity [m/s] rad radiation
z axial coordinate [m] S solid
A surface [maB w wall
En Ackermann correction c convectiv
AH réaction enthaipie [J/kg] SB first solid layer in contact
with the wall
M flow rates [kg/s] FF fitted-flights
M molecular weight 0 bare section
heat fluxes from i to k [W]
a heat-transfer coefficients [W/m2/K]
9 température ['C]
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THE RECOVERY OF LEAD FROM SCRAP AS LEAD CARBONATE

LIVIU ONICIU1, LUCIA ZADORI

ABSTRACT. Lead was extracted from the scrap obtained after leaching
with H2S04 the non-ferrous sulphide calcination products as PbCO3 and
subséquent dissolution with proper acids, followed by electrolysis. The
treatment of the scrap with Ne2CO3 was more efficient than with
(NH4)2CO3 or ammonia/ammonium sulphate. Extraction with some mono
and diethanolamines does not improve the yield of lead recovery The
influence of reaction time, PbBEOA/MarCO3 molar ratio, solid/liquid mass
ratio and partide size on the conversion of PbSO4 from scrap to PbCO3
were also analysed.

INTRODUCTION

In recent years the recovery of lead from scrap focused considérable
research efforts behause of economic and environmental reasons. The limited
natural resources below increasing consomption, especially for manufacture of
lead-acid storage batteries, have created the situation that half of the world's total
output of lead is obtained by recovery from scrap [1].

Hydrometallurgical processes are advantageous relative to the
pyrometallurgical methods due to the reduced costs as well as the absence of
pollution probléme, In scrap, lead is mainly present as sulphate or oxides, which (in
order to be converted into carbonate) are dissolved in H2SiF6 or HBF4 and the
resulted soluble salts of lead are subjected to electrolysis. The extraction of lead
from scrap can be performed by complexes formation with organic reagents (2,3),
by dissolution in ammonia/ammonium sulphate [4], or by alkaline dissolution, when
the complex ion [Pb(OH)4]2' is formed [5-8]. The cementation of lead from sulphate
with zinc is known as an efficient method when the scrap contains Pb beside Zn;
ZnS04 resulted from the reaction can serve for electrolytical recovery of metallic
zinc.

We report now the résulte regarding the optimal conditions for the
transformation of lead compounds formed in the calcinating of non-ferrous
sulphides into a soluble compound which allows electrolytical déposition.

RESULTS AND DISCUSSION
The scrap originales from the "SOMETRA COPSA-MICA" enterprise. By
leaching with H2SO3 almost all the zinc and iron are dissolved, leaving an insoluble

Facultatea de Chimie si Inginerie Chimica, Universitatea "Babes-Bolyai', RO-3400 Cluj-
Napoca, Roméania
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grey powder. Most of the lead is present as PbSO4 (from the reaction of PbO with
H2S04), but somé PbS and metallic Pb resulted from some réduction processes
can also be present:

PbS + 2 PbO - » 3Pb + SO2 (€Y)

PbS + PbSO4 T > 2Pb + 2302 ey

The chemical composition of scrap, determined by atomic absorption and
the granulométrie distribution obtained by sifting, is given in Table 1:

Table 1. Chemical and granulométrie composition of scrap powder

e s
Element Pb Zn Fe Cu Cd Sb Bi
% 32.7 11 5.8 0.95 0.035 0.03 0.04
Granule >0.5 0.5-0.4 0.4-0.315 0.315-0.25 0.25-0.2 0.2-0.18
size
% 26.5 51.6 11.6 7.5 2.3 0.5

lh>- |

The major granulométrie fraction (partide size 0.4-0.5 mm) of this powder

was treated under magnetic stiring with 5% or 15% aqueous solution of Na2CQO3, in

order to obtain different Na2CO3:Pb molar ratios and different solid/liquid (S/L)

mass ratios. Depending on the solution pH and the reaction time, PbCO3 or basic
lead carbonates were formed, according to the équations:

PbSO4 - HCO3'  --meem- » PbCO3 + so&’ + H+ @)
PbSO4 ¢ CO33"  -cooee- «g PbCO3 +  sod; ! “
3 PbSO4 + 2 Na-«CO3 + 2H-KO - —*m Pb3(CO3)3(OH)2 + 2 Na2SO4 + H:SOd (5
Pb3(CO3)2(OHb + 2Na*CO3 .. > 3 NaPb2<CO3HOH) NeOH G

As the reaction between pure Na2SO4 and PbCO3 has a low activation
energy (only 15.8 kJ/mol [10]) the température influence upon the reaction rate is
negligible and therefore the work was carried out at room temperatura.

The first set of experimente was performed with a S/L mass ratio of 1:20
and a PbSO4/Na2C0O3 molar ratio of 1:1. Figure 1 illustrates the conversion curve.
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Figure 1. Conversion versus reaction time

The réaction is fast during the first 10-15 minutes (when conversion attains
60%), but afterwards it develops slowly. Table 2 shows that excess of sodium
carbonate increases the conversion time:

Molar ratio Time (min.) Partide size Conversion (%)

PbSO4/Na2C0O3 (mm)
a 11 60 0.4-0.5 66.3
a 1:2 60 0.4-0.5 74.2
a 1:3 60 0.4-0.5 72.3
a 11 5 0.4-0.5 45.75
a 1:2 5 0.4-0.5 64.4
a 1:3 5 0.4-0.5 70.6
b 11 60 >0.5 61.0
b 11 60 0.4-0.5 66.3
b 11 60 0.2-0.25 68.3

Table 2. The influence of Na2CO3 concentration (a) and partide size (b) on conversion
in PbCO3 at a S/L ratio of 1:20

Because the reaction takes place heterogeneously the rate increases with
the specific surface area of the solid reagents (see Table 2). The effect of the
solid/liguid mass ratio is also obvious. in table 3 results are given for the
experimente carried out at different S/L ratio, at constant molar ratio of the
reagents and partide dimension.
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Table 3. The influence of S/L ratio on the reaction efficiency (f) PbSO4/Na2CO31:1
molar ratio after 60 minutes

S/L ratio 1:40 1:20 1:10 T5 '

f (%) 54.75 66.30 70.10 68.80)

Another set of déterminations was performed at S/L=1:5 in view of the fact
that it would be economically advantageous to reduce water consumption, and the
yield is higher than for 1:40 or 1:20 S/L ratios. Figure 2 shows the conversion
curves at 1:5 S/L ratio at different PbSO4/Na2CO3 moiar ratios.

Figure 2. The conversion curves at 1.5 S/L ratio at different PbSO4/Na2CO3 molar ratios

The doubling of the sodium carbonate concentration increases conversion,
yet a further increase in concentration is not efficient.

Attempts to accomplish the reaction between the scrap and Na2CO3 in two
steps ware made in search of an increased yield. The results presented in Table 4
indicate an yield of 91% after 60 minutes at molar ratio 1:2 and S/L ratio 1:5. The
reaction time in both steps was 60 minutes, because, as seen on the conversion
curves, a larger period does not improve significantly the yield.

Table 4. The efficiency of lead extraction from scrap in succesive steps

Time (min) Molar ratio S/L mass ratio % Pb2’ in the Total » Pb2+
PbSO4/Na2CO3 second extraction
60 11 1:20 8.4 71.7
60 11 1.5 13.7 82.5
60 1:2 1.5 15.5 91.0
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THE RECOVERY OF LEAD FROM SCRAP AS LEAD CARBONATE

Attempts to use (NH4)2CO3 instead of Na2CO3 at a PbSO4/Na2C0O3=1:2
molar ratio and a S/L ratio of 1:5 wore not efficient at 20°C (9% conversion), but at
45° the conversion increased to 72%, which is close to that reached using Na2CO3
at 20°.

The extraction with rnonoethanolamine followed by reaction with Na2CQO3
led to the dissolution of 36.8% of tha initial amount of lead, while the yield obtained
using diethanolamine was 56.5%. Surprisingly an increased température didn't
induce an increased yield, as other sources indicate [2,3].

A mixture of ammonia/ammonium sulphate (4 mol sulphate/6.5 mol NH3
aq.) containing lead in a mass ratio of 5:1 dissolves 51% of the lead. The
mentioned composition is the best, and it was chosen on the basis of Guy's work
on dissolution of lead compounds in ammonia/ammonium sulphate solution [4].

CONCLUSION

Experimental résulte show that, among the leaching agents investigated
(Na2C0O3, (NH4)2C0O3 and ammonia/ammonium sulphate solutions), the best for
lead extraction from scrap is sodium carbonate in a molar ratio of 2:1 relative
to Pb and with a 1:5 S/L mass ratio. Better results are obtained by increasing the
powder surface area.

EXPERIMENTAL

The recovery experiments were carried out with the major granulométrie
fraction (partide size 0.4-0.5 mm) (see Table 1). 5 grams of this powder were
treated for 5-60 min. (as shown in Table 3) under magnetic stirring with 5% or 15%
aqueous solution of Na2CO3, in order to obtair different Na2CO3:Pb molar ratios
and different solid/liquid (S/L) mass ratios. Depending on the solution pH and the
reaction time, PbCO3 or basic lead carbonates were formed. The precipitate was
separated from the Na2SO4 containing solution by filtration on Buchner filter.
Besides PbSO4 the precipitate included other insoluble products. The SO42' ions
were washed with water to avoid the déposition of PbSO4 after lead dissolution
from carbonate with HNO3, CH3COOH or H2SiF6. Then the precipitate was treated
with HNO3. The quantitative séparation of the supernatant (which contains Pb2f
ions) was accomplished by filtration on narrow pores paper. The Pb2
concentration was determined gravimetrically as PbCrO4 [9] and by atomic
absorption spectroscopy. As the reaction between pure Na2SO4 and PbCO3 has a
low activation energy (only 15.8 kj/mol [10]) the température influence upon the
reaction rate is negligible and therefore the work was carried out at room
température.

Attempts were made for the extraction of lead with mono and
diethanolamines, followed by reaction with Na2CO3, and also for dissolution of lead

sulphate in ammonia/ammonium sulphate.
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MODELING BIOLOGICAL PROPERTIES
BY SZEGED FRAGMENTAL INDICES!

IGSEFINA SCHIRGER2, MIRCEA V. DIUDEA3

ABSTRACT. Modeling tbe inhibition activity of nitrogen containing
aromatic structures on the growth of cultures of tetrahymena pyriformis,
by using Szeged fragmentai indices as molecular descriptors, is
presented.

INTRODUCTION

A bioactive compound, when introduced in an organism, induces a
biological response, i.e., a specific reaction of that organism. The response is
ftinction of the struc‘ure and chemical identity of that compound.

The interaction between the bioactive compound and the organism occurs,
at molecular level, .n the so-called biological receptors (active situses of proteic
nature, located either on membranes or in the cells [1-4]. According to FISCHER
(1894), the receptor is assimilated with a rigid cavity in which the bioactive
compound (i.e., the effector) has to fitt (the "kee in lock" interaction).

Nowadays it is admitted that the receptors may be semi-rigid ones, in
checking a mutual optimization with the effectors. The two partners of the complex
effector-receptor, {E...R], loose their own minimal conformational energy to the
expence of the most stable complex. This complex will generate the biological
response.

Thus, the biological response is proportional to the concentration of the
complex [E...R], resulting in the reaction

E+R< « >[E..R]—U~>P (1)
The complex may either dissociate in the components (the equilibrium

characterized by the constant K) or produce (with the rate constant k) the product
P. The concentration of the last one vary according to relation

)
so that the concentration of the complex can be approximated from the equilibrum state
[E...R] = [E][RIK = [E][R]exp(-AG / RT) 3)

1 This work is dedicated to Prof. Dr. loan Silberg, for his 60th aniversary and valuable

contribution to the developement of the heterocyclic Chemistry in Romania.
2 Institutul de Chimie "Raluca Ripan", 3400 Cluj-Napoca, Roméania.
Facultatea de Chimie si Inginerie Chimica, Universitatea "Babes-Bolyai", Arany Janos

11, 3400 Cluj-Napoca, Romania.



IOSEFINA SCHIRGER, MIRCEA V. DIUDEA

By substituting (3) in (2) and integrating between t = 0 and t = t*, otle
obtains

[P]* =t* [E] * [R]lexp(-AG / RT) @)

Since the concentration [E]* cannot be measured, the following relation
between [E]o and [E]* is accepted

[Ef = A[E]o (5)
where A is a quantity dependent of the structure of effector. By substituting (5) jn
(4) the relation becomes

[P|* = t* KA[E]O[R]exp(-AG / RT) ©)

or also

log(l/(E]o) = log(t*/[P]*) + logk+log[R] + logA-0.4343AG/RT ()

Eq 7 is the expression of the biological response. If the set of bioactive
compounds are congeners (i.e., they belong to one and the same clase of
compounds) and if the response occurs by the same mechanism, then log(t*/[P*]),
log k and log [R] are constants. They can be included in the global constant B, and
in such a case, relation (7) becomes

—log([E]0) = B + logA-0.4343AG/RT (8)

where - log <[E]0) is the quantitative biological response, log A describes the ability
of the given compound to reach the biological receptor while AG express the
affinity of the receptor for the given effector. These parameters can be correlated
with physico-chemical and mathematical properties of the bioactive compounds.

QUANTITATIVE MODELS OF BIOLOGICAL ACTIVITY

Several quantitative models have been proposed; they differ in the manner
of expanding the right member of eq 8.

Briefly, the HANSCH model [5-8] looks the biological response as a
function of pasive transport, T (T = log A, in eq. 8), of the bioactive compound to
the receptor, and of electronic , El, steric, S and hydrophobie, H interactions of the
effector with the receptor (f(El, S, H) = -AG in eg. 8). ;

-log([EJO) = T + f(EI,S,H) 9)
The passive transport can be described by a parabolic function of log P

T =alogP + b(logP)? +¢
where P is the partition coefficient of the bioactive compound in the system
octanol/water. This paraméter accounts for the hydrophobie interactions between
effector and receptor. Values log P may be measured experimentally or calculated
by aditive models [1, 5-11].

The affinity of the receptor vs. the effector (the term f(El, S, H) in eq. 9)
can be described by a HAMMETT formalism (see [1]).
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MODELING BIOLOGICAL PROPERTIES BY SZEGED FRAGMENTAL INDICES

The FREE-WILSON model lookc the biological activity as a sun of the
contributions of substituents bonded in the position j, (j = 1, 2, ...), of the common
structure, within a congeneric séries of bioactive compounds [12].

+ (11)
J

where ay is the contribution to the biological activity of the substituent located in
position j, Xy is the binary counter (taking the value 1 if there exists a substituent in
oposition j and 0 otherwise) and u is the arithmetic mean of the bioactive
compounds within the set undei study: p=Med(-log([Ei]0)). Since a mean value is
used, the condition E|3yXy=0 needs to be added. Examples can be found in [1, 8,
13-22].

! In the FUJITA - BAN model, [23], the mean value in eq (11) is replaced by
the activity of the unsubstituted structure (viewed as a reference). The paraméter
a,j is now the ratio of the contribution of the substituent in j to that of the hydrogen
[11, 19, 24-27].

More sophisticated models have been further proposed: MSD (Minimum
Steric Différence), [28], MTD (Minimum Topological Différence), [28], SIBIS, [29],
and recently COMFA, [30].

The present paper présents the modeling of a biological activity by using
topological indices is the paraméter Xy in eq 11.

SZEGED FRAGMENTAL INDICES
Szeged property matrices are defined by the following relations [31].

[87uP]n=PLL) (12)
Pi,(i.,j) nT PV (13)
(14)

Pi(i.j) = (rv><wv)1/Ni i)

Entries in a Szeged property matrix are evaluated on the set of vertices v
which obey the Szeged index condition (ve V(G); DN<DN) [32]. In fact, such a set of
vertices can be viewed as a fragment (i.e., a subgraph) since a molecular graph is
always a connected one.

Some special cases of the above définition deserve special attention:

@ Pv=1 ; m=1 (classical matrix, SZU)

(b) Pv

Au ; m = 1/12 (mass matrix, SZUA )

(c) Xv

group electronegativities [33] (electronegativity matrix, SZUX)
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In case (a) PKM) represents the cardinality of the set of vertices v (see
above). In case (b) Au is the atomic mass and the summation runs over all atoms
u, which are represented by the same vertex v. The factor m — 1/12 indicates that
Pi»in is a fragmentai mass, relative to the carbon atomic mass.

In case (c) PjW) is just the geometric mean of vertex values, Xv, of group

electronegativities. ] ) t Coa
e above matrices are illustrated, for the graph G! (3-picoline) in Figure

Indices are calculated on these matrices by the general relation
(15)

Indices calculated in the cases (b) and (c) are useful in discriminating
chemical graphs which contain heteroatoms and multiple bonds.

SZe =178

SZ.A(Gi) SZ,A(G2)
0.000 1250 3500 1250 2333 1250 3.500 1.250 3333 1250 2250 1.250 3.333
3500 0.000 4.667 3500 3500 2333 4.667 0.000 4417 3.250 3333 2157 4417
4.667 3500 0.000 2.333 4.667 3500 2.333 3333 0.000 2167 4.417 3.250 2.167
6.917 4.667 3500 0.000 4.667 4.667 3.500 4500 3.333 0.000 4.417 4.417 3.333
3500 2333 3.500 3500 0.000 2.333 3500 2250 3333 3.333 0000 2167 3250
3500 2333 4.667 3500 3500 0.000 4.667 2250 4500 3.333 3.333 0.000 4.417
4.667 3500 2333 2333 4.667 3.500 0.000 3333 2.250 2.250 4500 3.333 0.000

SZ,A= 248.785; SZ«A « 106.646 SZpA=224.701; SZpA** 96.264

SZ.-XIG)) SZ.X(G2)
0.000 0.958 0.964 0958 0.965 0.958 0.964 0.000 0.958 1016 0.958 1014 0.958 1.016
0.962 0.000 0.963 0.962 0.964 0.962 0.963 1.020 0.000 1.017 1.020 1.016 1.020 1.017
0.962 0.962 0.000 0.962 0.963 0.962 0.962 1080 1101 0.000 1.020 1017 1.020 1.020
0.964 0.963 0.964 0.000 0.963 0963 0.964 1.069 1077 1016 0.000 1.017 1017 1.016
0962 0962 0.962 0.962 0.000 0.962 0.962 1101 1144 1101 1101 0.000 1.020 1.020
0.962 0962 0.963 0.962 0.964 0.000 0.963 1101 1144 1077 1101 1.016 0.000 1.017
0.962 0.962 0.962 0.962 0.963 0.962 0.000 1080 1101 1144 1144 1077 1101 0.000

SZpE = 19.452, SZ.E= 6.484 SZpE » 23.120; SZJE - 7.»02

Figure 1. Szeged Property Matrices; Fragmentai Indices in the Graph Gi

APPLICATIONS

Szeged fragmentai indices are useful in discriminating molecular graphs
containing heteroatoms and multiple bonds (see Figure 1). They are also useful in
modeling physico-chemical [31] and biological properties (see below).

In corelating tests, a multivariable régression équation is used [34]:
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Y = a + Z|b,Xi (16)
where a and b, are régression coefficients, Y is the modeled property and X,
independent variable (in particular, topological indices). A satisfactory single
variable régression is however a happy case. The quality of such an équation is
expressed by the following statistics: r (corrélation coefficient), s (standard errer)
and F (Fischer ratio).

A set of 24 heterocyclic molécules, [35], (Table 1), have been considered
for testing the ability of Szeged fragmentai indices in modeling the biological
resopnse (as log BR) induced by these structures in inhibiting the growth of axenic
cultures of ihe common feeshwater ciliate tetrahymena pyriformis strain GL-C. The
biological descriptor, log BR is defined as the reciprocal of the IGC50 (i.e., the
concentration - in mmol/l - which inhibites 50% the growth of tetrahymena cultures).

Corrélation coefficient values ranges from 0.93 and 0.94, in single and two
variable régression (Table 2). In single variable régression the best corrélation
coefficient, r = 0.9367, is showed by SZpE. The best two variable équation given by
our indices is

log BR = -2.056 + 0.053 SZPE - 0.003 SZeA

N =24; r=0.9414; s = 0.346; F = 81.75

Note that the superindex EATI [35] ofters the following corrélation: r =
0.9420; s = 0.3068. Despite the modeling of this activity both by EATI and Szeged
fragmentai indices is not satisfactory and not suitable in prédiction, it
demonstrates, however, the dependency of the biological response by the
molecular structure.

Table 1. Topological indices and biological activity (log BR)

No. Formula Sz,, SZ. SZPA SZA SZ,X Szex log BR

105 54 126.389 65.000 16.859 6.740 -1.19

ke I / 182 78 224.701 96.264 23.120 7.702 -1.02

3 296 108 370.667 135.500 29.915 8.583 -0.81
=

4 " : 105 54 129.639 66.667 18.236 7.278 -1.82
<€ —
N,

5 182 78 229.097 98.229 24.523 8.184 -1.09

6 296 106 377.194 135.431 31.930 9.105 -0.87

N\
7 a 783 243 910.993  282.361 49.680 12.165 0.01
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Table 1. (continued)
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1

12

15

16

i

18

axX4

=<3

1144

1636

783

1144

1620

3149

3149

105

105

783

783

308

386

243

308

378

656

656

54

54

243

243

1354.500

1970.236

924.590

1371.028

1961.139

3586.694

3617.528

129.604

129 569

929.771

927 181

364.333

464.875

286.604

369.167

458.729

748.333

755.500

66.653

66.639

287.965

287.285

59.803

71.298

51.951

62.058

73.364

99.422

101.900

18.205

18.205

53.030

52.475

13.055

14.015

12.719

13.565

14.452

17.522

18.002

7.278

7.278

12.930

12.825

0.47

0.68

-0.30

0.02

0.25

1.40

1.40

-1.75

-1.41

-0.34

-0.29
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Table 1. (continuée!)

Table 2. Statistics of régression équations: Y = a + £bjXi, for the set of Table 1

20

21

23

40

474

996

CK/Q"

TI
SZpX
SZpX
SZeX
SZpX
SZpA
SZpX

szp
SZpX

SZe
SZpX
SZeA

40

40

b
0.033
0.038
-0.037
0.038
- 0.0002
0.038
- 0.0002
0.049
- 0.002
0.053
- 0.003

20

144

229

420

20

20

49.833

560.847

1212.750

2444.208

51.306

51.361

a
- 1.830
- 1.655
-1.926
- 1.923
- 2.029

-2.056

24.917

170.028

279.264

485.278

25.653

25.681

r
0.9367
0.9369
0.9375
0.9375
0.9406

0.9414

10.731

38.770

58.113

83.978

11.777

11.777

5365

10.795

12.686

16.201

5.889

5.889

S
0.351
0.359
0.357
0.357
0.348

0.346

-111

0.21

0.84

0.91

-1.71

-1.00

F
157.33
75.36
76.18
76.21
80.52

81.75
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A second set of 18 aromatic structures [35] containing nitrogen both in a
heterocycle and in a side chain (Table 3) and having inhibition activity on the
growth of tetrahymena was modeled by the Szeged fragmentai indices for the. The
statistics of the régression équations are given in Table 4. For comparison,
corrélations given by the EATI index [35] are included. The biological activity is
taken as log(IGC50).

Tabel 3. Topological indices and biological activity (log IGC50)

No. Formula SZ. Sz. S/n SZ.A $ZJ< SZ.X loe(IGC50)
. 1
1 )| 105 54 126.389 65.000 16.859 6.740 1.1853
1
| ] = .
2 . O " 182 78 224.701 96.264 23.120 7.702 1.0175
N?
1
3 3 54 182 78 225.292 96.458 23.261 7.745 0.8921
5 J6
Ji 2
4 >< 296 106 371.479 133.361 30.553 8.696 0.5051
o
XN 8
O <<
5 783 243 910.993 282.361 49.680 12.165 -0.0132
P PN
N iu
F - I
6 ; e—o 1684 360 1970.458  421.875 72.835 14.396 -0.6576
J
e —
7 3149 656 3586.694  748.333 99.422 17.522 -1.3979
Tr Ny  ~ia
INH:
8 1 182 72 225.042 96.306 22.466 7.486 0.2201
1
inh!
11
9 e 296 108 372.757 136.028 29.614 8.454 0.4133
5
7 8
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Table 3. (continued)

iNHj
l*
110 391.653 138.944 29.641 8.463 0.1271
10 - 310
5
|7
Is
INH2
1j
11 = 474 144 604.354 184.306 37.824 9.429 0.2878
5/\
17
19
inh?
12 1107 300 1311.201  355.194 59.020 12.896 -0.2218
& 1l 7 10
o << i<
13 1= 2350 450 2791.792  356.167 83.451 14994  -0.8239
1INO2
14 3t - 182 78 381.917 161.097 35.286 11.573 0.0645
si .
é
7
1INO2
15 296 108 604.242 218.528 43.954 12.548  -0.3098
7 S
>NO02
16 310 110 646.653 227.278 44.368 12.704  -0.2366
»11?1202
17 el 474 144 956.854  290.347 54.123 13.634  -0.6383
5 A
|7
19
18 2350 450 3988.944 | 76.611 107.022 20.024  -1.0000

Ud3“<Tle  Aa=x/*
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Table 4. Etatisées of régression équations: Y = a + S,b,Xi, for the set of Table 3

No. Tl b a r S F

! EATI -0 084 1.823 0.9313 0.265 104.54

2 In EATI - 1911 5.762 0.9419 0.244 125.79

3 SZpX -0.024 1.110 0.9087 0.304 75.83

4 In SZpX - 1.236 4.580 0.9424 0.243 126.94

5 SZpA - 0.0005 0.508 0.8365 0.399 37.29

6 In SZpA - 0.646 4.167 0.9300 0.267 102.46

7 1/SZpX 22.695 0.486 0.9440 0.248 61.44
SZeX -0.099

8 In SZpX  -0.775 4,776 0.9459 0.244 63.75
In SZeX -0.801

9 1/SZeX 17.223 - 1.501 0.9475 0.240 65.88

szp - 0.0002
10  InSzpX - 1.644 4.725 0.9480 0.239 66.53
In SZp 0.223
1 In SZpA - 1.103 3.877 0.9463 0.243 64.31
In SZe 0.648
12 In SZpA - 1.289 4.345 0.9510 0.232 70.98
In SZp 0.606

In single variable régression (Table 4, entries 1-6), the best corrélation was
found for SZpX (as natural logarithm - entry 4):

log(IGC50) = 4.58 - 1.236 In SZPX
N = 18; r = 0.9424; s = 0.243; F = 126.94

This resuit surpasses the best corrélation reported for the EATI index [35]
(entry 2). Note the benefic action of logarithmic function applied to the Szeged-type
indices (compare entries 3 and 4 and also 5 and 6).

In two variable régression, the standard error was slightly reduced (entries
9-12) in comparison to the best single variable régression. The best équation was

log(IGC50) = 4.345 - 1.289 In SZPA + 0.606 in SZP
N = 18; r = 0.9510; s = 0.232; F = 70.98
Again the modeling is not satisfactory and not suitable in prédiction. As
above mentioned, it demonstrates the dependency of the biological response by
the molecular structure.
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CONCLUSIONS
The biological response induced by chemical Compounds can be properly

modeled by the aid of topological indices. Among these ones, the Szeged
fragmentai indices appears to be adéquate descriptors of structures containing
multiple bonds and heteroatoms. They proved to be at least as good as the famous
EATI superindex.
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THE ATRAZINE DETERMINATION FROM HYDROALCOHOLIC
PLANT EXTRACTS

SIMONA GOCAN1, SIMONA COBZAC!, VIORICA MUTU!

ABSTRACT. The present paper deals with the atrazine quantitation from
plant extracts. The analysis were performed on spiked samples by two
methods TLC and HPLC. The recovery was in the range 81.8-111% for
TLC and 77.47-95.1% for HPLC. The limit of détection LOD from
calibration curve was 25.46ng/spot for TLC and 2.87ng/20pL for HPLC.

INTRODUCTION

The herbicides can enter into the plants through their root, where they are
non-specific degraded by hydrolysis and desalkilation reactions. Atrazine can be
found also on the leaves when spraying methods are used [1].

In the literatura many different possibilities for the extraction of atrazine
from plants and extract analyses can be found. After extraction in CHCI3 atrazine
was extracted three times with HCI 0.1 M [2]. The aqueous layer was neutralised at
pH 8-7, mixed with 5 mL NaCl saturated solution and then atrazine was extracted
in CH3CI. The atrazine was found to be present in Salvia Off. leaves [3]. Atrazine
can be extracted with hexane after dilution of aicoholic extract with H20O and mixed
with a NaCl saturated solution [4]. The matrix composition can be simplified by
SPE with two solids phases, on coal and atrazine elution with a mixture CH2CI2 -
CH30OH [5]. The efluent is passed through a cationic resign where atrazine is
selectively retained. For purifying Dowex 50W-X4, Amberlite XAD-2, Bio-Gel P-2
were also used [6]. Chromatographie séparation and quantification were performed
by GC with N-P detector [7] where LOD was 0.02ppm, and recovery 92%, GC-MS
LOD 0.005ppm [8], HPLC with Lichrosorb Si (10pm) as stationary phase, a mixture
of CHCI2 - CH30H - H20 - H3P0O4 87% (70 : 30 : 6 : 0.1, v/v) as eluent flow rate :
0.5 - 1 mL/min and UV détection at 260 nm LOD was 0.05mg/kg [9], TLC using
Kieselgel G plates, benzene - chloroforme - etil cetate (2:2:2, v/v) as eluent LOD
0.02ppm [10]. Atrazine from other matrix was also analysed [11, 12, 13, 14].

In the case of plant extracts used in homeopathy it is necessary to identify
and quantify the content of triazinic herbicides. A simple method was elaborated
for atrazine détermination by liquid chromatography. A solvent extraction of
atrazine from plants extract was chosen and then an elution System for
chromatographie séparation, so that the spot or peak of atrazine do not interfere
with other compounds from the analysed plant extracts.

Facultatea de Chimie si Inginerie Chimica, Universitatea "Babes-Bolyai", 3400 Cluj-
Napoca, Romania
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EXPERIMENTAL

Solvents as chloroforme, toluen, methanol and acetone (Chimopar -
Bucuresti), acetonitriie super purity solvent (Romii - England), Sil G F254 plates
(Merck, Darmstadt), and atrazine (Atlas) were used for experiment. The alcoholic
plants extracts of Aesculus Hippocastanum, Avena Sativa, Calendulaa Off. and
Eleutemcocus were from Plantextrakt (Radaia - Roméania). A methanol stock
solution was prépared as 0,25mg/mL atrazine for spikéd samples for TLC analysis
and as 5pg/mL for the spiked samples analysed by HPLC.

mFor TLC analysis, 10mL plant extract was spiked with 1 mL atrazine
solution (0,25mg/mL). The atrazine was extractedthree times with 5 mL CHCI3.
The organic layers were mixed together, avaporated at 60°C and solved in 1 mL
methanol. The blank sample was prepared in the same way for each plant extract.
From blank and spiked samples 10pL were automatically spotted as lines (5mm
long) with a Desaga AS - 30 applicator on Sil G F254 plates. The plates were
developed with toluene - acetone (85:15. v/v) and evaluated, with a Shimadzu CS-
9000 dual wavelength flying - spot scanner at 222 nm.

For HPLC analysis the same quantity of plants extract was spiked with
3mL atrazine solution as Spg/mL. The atrazine was extracted with CHCI3 three
times with 5 mL. The organic phases were mixed together and evaporated at 60°C.
The residuum was solved in 3 mL methanol. The HPLC analysis was perform with
a Jasco equipment Jasco PU - 950 intelligent HPLC pump and Jasco UV - 975
intelligent UV-VIS detector. The chromatographie séparation was perform on
column (Jones Chromatography) 25cm long, with Apex ODS (5u), with acetonitriie
- water (65.35, v/v) at 0.8mL/min as eluent. Détection was perform at 222nm.

RESULTS AND DISCUSSION

The densitogram for spiked and blank samples of Aesculus Hippo., Avena
Sativa, Calendulaa Off. and Eleuterococus extracts are shown in figures 1-4. In
figure 5 is presented the calibration curve for atrazine analysed by TLC.

Figure 1. The chromatogram obtain from blank (a) and spiked (b)
plant extract of Aseculus Hippocastanum
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Figun 2. The chromatogram obtain from blank (a) and spiked (b)
plant extract of Avena Sativa

Flgun 3. The chromatogram obtain from blank (a) and spiked (b)
plant extract of Calendula Off
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Flgun 4. The chromatogram obtain from blank (a) and spiked (b)
plant extract of Eleuterococus
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The area values corresponding to the atrazine spot are given in table 1.

Table I. The area values for atrazine from stock solution (0.25mg/mL), blank and spiked
plant extracts analysed by TLC

Sample Area Recovery (%) *
Stock 66735 —
Aesculus Hippo, (blank) — —
Aesculus Hippo, (spiked) 54586 81.8
Avena Sativa (blank) 5143 —
Avena Sativa  (spiked) 73962 110.8
Calendula Off.  (blank) 2993 —
Calendula Off.  (spiked) 65606 98.3
Eieuterococus  (blank) — —
Eleuterococus  (spiked) 60585 90.8

° The recovery value was calculated by reporting the spiked sample spot area correspon-
ding to atrazine to spot area of the same compound from stock solution (0.25mg/mL)

The R( value obtained with the chosen sistem was 0.36. The TLC analyse
for spiked samples do not assure in ail cases a good séparation of atrazine from
plant compounds (Avena Sativa, Calendula Off.). A change of eluent composition
(from toluene - acetone 85 : 15 to 90 : 10) do not show better séparation. This fact

can produce errors in identification and quantitation of atrazine
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In figures 6-9 are presented the chromatograms for plant extractes obtain
by HPLC. The calibration curve for atrazine by HPLC is presented in figure 10. In
table 2 are presented the areas value of atrazine from spiked plant extractes and
recovery value.

Table 2. The area values for atrazine from stock solution (5pg/mL), blank and spiked
plant extracts analysed by HPLC

Sample Area Ifkecovery (%) *

Stock 969181 —
Aesculus Hippo, (blank)

Aesculus Hippo, (spiked) 750897 775
Avena Sativa  (blank) — —
Avena Sativa (spiked) 921497 95.1
Calendula Off.  (blank) — —
Calendula Off.  (spiked) 921692 95.1.3
Eleuterococus  (blank) — —
Eleuterococus  (spiked) 921788 95.1

* The recovery value was calculated by reporting the spiked sample spot area correspon-
ding to atrazine to spot area of the same compound from stock solution (5pg/mL)

Figure 6. |ypical chromatogram of a- stock solution (atrazine 5pg/mL), b- blank
and c- spiked Aesculus Hippo, extract
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Figure 7. Typical chromatogram of a- stock solution (atrazine 5pg/mL), b- blank
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Atrazine quannty (ng)
Figure 10. The calibration curve for atrazine by HPLC
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The HPLC analysis shows a better séparation of atrazine from plant
und in ail cases. The qualitative and quantitative analysis can be perform in

codifions.

CONCLUSIONS

The analysis of plant extractes, where matrix is very complex and when is
sary to determine small quantity to herbicides can be perform in the best
ion using HPLC on ODS as stationary phase and acetonitrile - water (65 : 35,
s eluent. It can be obtain high degree of séparation of atrazine from plant

Jund and the limit of détection is lower.
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