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Analysis of Calcium, Natrium and
Lithium Using a Capacitively Coupled
Argon Plasma Atomic Emission
Spectrometry

Emil A. Cordos, Tiberiu Frentiu,

Sorin D Anghel, Ana-Maria Rusu,
Michaela Ponta and Sorin Negoescu 1

Figures of Merit for a Sequential
Spectrometer with Inductively Coupled
Argon Plasma Source

A capacitively coupled argon plasma in tip-ring
electrode geometry operated at 85-275 W and 27.12
MHz is used in the détermination of Ca, Li. Na. The
best détection limits are 15, 13 and 9 ng ml’ for Ca,
Na and Li, respectively. The self-absorption effect is
similar to that in the arc source. The experimental
results for Ca détermination in blood samples are
similar to those obtained by traditionally established
spectral methods

Figures of merit for a sequential émission spectrometer
with inductively coupled argon plasma source are
assessed on the basis of 10 éléments détermination in
steel certified materials.

Limits of détection for Al, Co, Cr, Cu, Mn, Mo, Ni, SI, Ti
and V agréé with those obtained for standard inductively

Emil A. Cordos , Tiberiu Frentiu ,
Sorin D. Anghel, Ana-Maria Rusu ,
Michaela Ponta and Sorin Negoescu

Heteropolyoxometalate Anlons

Bismuth(lll)

1. Anlons with pseudo-Dawson-Wells

Structure

A. Patrul, C. Rosu and H. P. Bock

21

Heteropolyoxometalate Anions

Bismuth(ll)

Il. Anlons with pseudo-Keggin Structure

A. Patrut, C. Rosu and H. P Beck

coupled plasma (1 kW).

1:1 complexes were prepared through the reaction
between the [HgBiWigOeol®' heteropolyoxometalate
anion and transition metal cations (Mn2*, Co2* and

Ni2*). The potassium salts of the starting anion and of

the complexes were investigated A pseudo-Dawson-

Wells structure is proposed and discussed.

1:1 complexes were prepared through the reaction

between the |HBiW|jORQg]6* heteropolyoxometalate
anion and transition metal cations (Mn2+, Co2* and

Ni2*). The potassium salts of the starting anion and of
the complexes were investigated A pseudo-Keggii,

structure is proposed and discussed.

Capacitlve-type humldity sensor based
on methacrylate-co-polymer and
capacitlve-type humldity sensor using
polymide

C. Roman, O Bodea, A Levi,
N. Prodan, E Cordos, |. Manoviciu

35

Two types of capacitlve-type humldity seniors have been
prepared using: (I) cross-linked polyfmethyi methacrylate-co-
(2-hydroxy-propyl-methacrylate)); (t)commercially polymylde
The sensors have been prepared in a sanwlch structure:
alumina substrate + lower gold elecrodes + thin film polymer
+ uper gold electrode The sensitivity (the ratio of capacitance
at "X" % RH to that at 12% RH), the hysterezis, the response
type, the durability against acetone vaporous and the drift of
the two sensors have been measured and compared The
characteristics of the capacitive-type humidity sensor using
methacrylateco polymer are better than the sensor prepared
using polyimide
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etudles for détection and quantification
of triazine residues

Claudia Costache, S. Gocan, Gh. Coman, 71
R. Zabava

In this paper it is presented a study of the action
of ozone on cyanide ion in a watery medium, to

determine the consumption of ozone in a certam
time and the influence of pH and cf cooper ions
on the reaction of oxidation

Calcium tungstate used in phosphor synthesis was
precipitated from CacClj and Na2WO4 solutions. The
influence of précipitation conditions on the quality of
CawoO4 precipitate was stadiéd It has been
ascertained that the reagent concentration, the
temperatura and the pH of the précipitation medium
determine the puiity. morpho-crystalline structure and
partide size distribution of CaWO4-precipitate thus
influencing the luminescent properties of CawO4-
phosphor samples The optimum précipitation
conditions for calcium tungstate used in phosphor
synthesis were established.

The zinc sulphide prepared by thiosulphate
method was converted by thermal synthesis into
ZnSAg.Cl phosphor samples. The concentration
of silver activator, the nature of alkaline or
alkaline-earth Chloride used as a flux, as well as
the calcination conditions influence on the
crystalline structure, partide size distribution and
luminescent properties of phosphor samples. The
optimum préparation conditions were selected so
that a ZnSAg.CI phosphor with well defined and
reproductible properties might be prepared.

The present paper reports some preliminary tests
concerning the lead activation sulphide obtained
by thiosulphate method. The ZnSCl, ZnS:Pb, CI
and ZnS:Pb samples were prepared by thermal
synthesis with or without alkaline or alkaline-earth
Chlorides as flux. The émission and exciation
spectra reveaied that, in our work conditions, both
self activated and lead centres are formed
resulting in a simultaneous blue and yeilow-
orange émission. The phosphor samples
prepared with diferent fluxes exhibit various
luminescence colours

In this study we used the atrazine as a hapten in o73ér

to prepare, separate, purify and label with peroxldase,
specific Immunoglobulins. For atrazine we establshed

the corrélation curve between its concentration and
induced Inhibition in a competitive ELISA. For our

immunochemlcal System the détection limit of atrazine

traces is0.05 ng/ml.
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of Some 2-Alkyloxycarbonyl Substituted
1,3-Dioxanes

Mihai Horn, lon Grosu and Sorin Mager

The Effect of Phosphoric Acid on the
Electrochemicai Behaviour of Lead Acid
Battery Positive Electrode

E. M. Rus

In this study we presented in extend a method of
séparation based on the affinity antigen-anticorp
interactions. The stationary phase is obtained by
covalently binding of IgG on a matrix (Sepharose 4B).
The immunoglobulins from the sample are specifically
adsorbed by the complementary ligand and then
eluted separated.

77

Diphenylantimony(lll) dimethyl -and
diphenylarsinate and dimethylthioarsinate were
preapred and characterised by their IR and mass
spectra. Bidentate oragnoarsinic ligands are
present in the synthetised compounds. Ths
fragmentation pattern under electron impact is in
agreement with a greater affinity of oxygen for
arsenic than for antimony.

Full optimized geometry of the title compounds
have been determined by MNDO molecular orbital
calculations. As a resuit of the interplay be;ween
the Si(a)-N(a) interactions and hyperconjugative
effects, the Si-N and Si-H bond lengths decrease
by substition of fluorine for a heavier halogen The
energies and simmetry of the unoccupied mo's
suggest that CI(Br)H2SiNH2 are better candidates
for cydodimerization than FH2SINH2

The synthesis, stereochemistry and NMR spectra of
some 1,3-dioxane derivatives bearing acid or ester
groupe in the acetal part of the heterocycle are discussed

99

109
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The effect of phosphoric acid on the PbC>2
electrode was examined by cyclic voltammetry.
The anodic and cathodic polarization behaviour
has been investigated by changing the potential
range, sweeping rate and concentration of H3PO4
in electrolyte.
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Quantitative analysis of some
benzodiazépines by thin-layer
chromatography - densitometry and UV

spectrophotometry. A comparative study.

Simion Gocan, Gabriela Clmpan

The kinetics of the oxidation of the benzyl alcohol to
benzaldehyde has been studied in the presence of
Na->S04 over a wide range of organic substrate and
hydrogen ion concentrations. An intermediate complex
having the ratio Ce(IV): CgHgCH20H of 1:1 has been
identifed by spectrometrical means. The redox
reaction obeys a second-order rate law at hydrogen ion
concentration held constant (first order in each, Ce(lV)
and CgHgCH2OH) but a rather complex dependence
associated with [H+], The kinetics and the dependence
of the experimental activation energy of the acidity of
the medium indicate the involvment of different reactive
Ce(lV) sulfatocomplexes in the oxidation piocess.

A Free-Wilson analysis

on a set of 13 imidazole
derivatives of general
formulai, indicated
different substituent
location for either
antimicrobial or antimicotic
activity

The paperconcems with caffeine détermination from
some beverage using SPE as sample préparation. The
quantitation was performed using TLC / densitometry.
The wavelenght was 275nm. The obtained recovery
was 93.54%. Our résulte are comparable with those
from literatura.

Cyclic voltammetry has been used to study the
electroreduction of anodically formed layers on
lead électrodes under various experimental
conditions The negative potential sweep curves
were recorded at different sweep rates for a range
of polarization potentiels and times.

Three benzodiazépines (diazepam, oxazepam,
chlordiazepoxid) were quantitatively analyzed by thin
layer chromatography - densitometry. A comparative
study was performed between two analytical
techniques: the classical spectrophotometric method
and the proposed one, thin-layer chromatography and
densitometry. There are no signlficant différences
between the experimental results obtained by the two
methods.
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ANALYSIS OF CALCIUM, NATRIUM AND LITHIUM USING A
CAPACITIVELY COUPLED ARGON PLASMA ATOMIC EMISSION
SPECTROMETRY

Emil A. Cordos', Tiberiu Frentiu', Sorin D. Anghel”, Ana-Maria Rusu,
Michaela Ponta’ and Sorin Negoescu0

University "Babes-Bolyai‘, Dept. of Chemistry, 3400 Cluj-Napoca, Romania
" University “Babes-Bolyai’, Dept. of Physics, 3400 Cluj-Napoca, Romania

Research Centre for Analytical Instrumentation, P.O.Box 5-717, 3400 Cluj-Napoca,
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ABSTRACT: A capacitively coupled argon plasma in tip-ring electrode geometry operated at
85-275 Wand 27.12 MHz is used in the détermination of Ca, Li, Na. The optimisation of

plasma parameters for the analysis is described in detail. The optimum operating conditions
are: 185 W, 1l miril Arttow and ring electrode at 10 mm height above the tip. The détection

limits of 45, 18 and 12 ng mfl with the ring electrode at 40 mm above the tip decrease to 15.
13 and 9 ng mf' for Ca, Na and Li. respectively, when the ring is moved down to 10 mm. The
self-absorptlon effect is similar to that In the arc source and is a fonction ofpower levai, Ar
flow, System geometry and observation height. It considerably decreases as the ring electrode
moves downward. The experimental results for Ca détermination in blood samples are similar
to those obtained by traditionaliy established spectral methods

INTRODUCTION

Over the last '30 years several procedures in spectroscopy, electrochemistry,
neutron activation analysis and X-ray spectrometry have been developed for the
détermination of éléments either as a free form or in combination. Among
spectroscopie methods, inductively coupled plasma atomic émission spectrometry
(ICP-AES) and inductively coupied plasma mass spectrometry (ICP-MS) have been
used frequently (1, 2]. In recent years' radiofrequency capacitively coupled plasma
(r.f.CCP) has been developed as an alternative source for ICP with several
advantages [1,3]

Blades and co-workers have reported the use of a r.f CCP at powers between
30 and 600 W in combination with an electrothermal vaporization System for

détection by atomic absorption spectrometry (AAS) and atomic émission
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spectrometry (AES) or as a gas-chromatography detector (GC-CCP) for halogenate
and organotin compounds [4,5]. Along this line, Platzer et al. [6] have also developed
a r.f.CCP source with externai annular électrodes for element specific détection in
GC. A r.f.CCP source with coaxial électrodes has been used by Liang and Blades [7]
for the direct détermination of trace éléments in solid samples (conducting pins)
Liang and Blades [8] and Sturgeon et al. [9] h&ve developed a r.f.CCP source in
coaxial geometry operated at 5-100 W and 13.56-50 MHz sustained in He or Ar
inside a graphite furnace. The évolution of émission spectrometry ineide a graphite
fumace at atmospheric pressure (FAPES) is based on the combination of high
atomization and transport efficiencies in eiectrothermal atomizers with the high
efficiency of excitation and multielement capability in plasma. The FAPES has
rapidly developed and has been extensively studied with regard to spectral and
spatial characteristics, thermal characteristics, influence of operating power and
polarization potential, some applications and analytical performances and
interférences studies.

Cordos and co-workers have developed a r.f.CCP source with tip-ring
electrode geometry adapted for pneumatically nebulized sample3 [10-12] The Ar
plasma is sustained at atmospheric pressure and operated at 85-275 W.

In this paper the spectral source mentioned in ref. [10] is used for the analysis
of alkaline and alkaline-earth éléments (Ca, Na, Li) by AES. The focus is given to the
optimization of operating parameters and of coupling System geometry on analytical
performances: sensitivity, signal-to-background ratio (SBR), limits of détection (LOD)
and self-absorption. The émission was measured at the résonance, non-resonance
and ionic lines. The optimum conditions were chosen for the analysis of Ca in blood
samples by AES and the résulte were compared with those obtained by flame atomic

absorption spectrometry (FAAS) and flame atomic émission spectrometry (FAES)
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Experimental

Instrumentation. The plasma torch, r.f. generator and sample introduction System were described
previously [10]. The experimental set-up is provided in Fig. 1. The atmospheric pressure plasma was
generated at 27.12 MHz and operated at 85 - 275 W with Ar as support gas (AzoMures, Tg Mures) at
0.3-1.8 I min | flow rate The torch assembly has a central water-cooled electrode with a Sharp W tip
connectedto the r.f. high-voltage. The counter electrode connected to ground is a copper ring (25 mm
diaraeter) et heights in the range 10-70 rnm irom the inner electrode tip An Ar flow is used both for
sample nebullzation and plasma support. The plasma émission is focused onto the entrance slit of the
monochromator by a 110 mm focal length fused-silica lens. A Heath EU 700 monochromator
equipped with a 1P28 photomultiplier (Hamamatzu, Japan) supplied at 800 V was used in the
optimization study as well as in the quantitative measurements. The photocurrent was recorded on a
K 201 recorder ( Zeiss Jena, Germany).The samples were nebulized using a Meinhard nebullzer and
a peristaltic pump. The nebulized samples were then fed int6 a mixing chamber made of
poly(tetrafluorethylene). From here the samples are swept into the base of the plasma through 12
holes placed concentrically around the central electrode.

Fig. 1 Block diagram of the expenmental set-up

Details of the equipment and operating conditions are given in Table 1
Calcium in blood samples was also analysed by FAAS in air-acetylene flame and by FAES in
methane-air flame with an AAS 1N atomic absorption spectrometer ( Zeiss Jena ).
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Table 1. Instrumentation and operating conditions of plasma source and spectrometer system

Apparatus Model Manufacturer
Plasma power supply EOP Research Centre for
r.f.-generator 27.12 MHz, 2 kW, free-running Analytical Instrumentation,
oscillator modified for capacitive coupling and Cluj-Napoca.
for operating at 85 - 275 W (four power levels) Romania
Plasma torch Laboratory constructed

lip-ring electrode geometry, ring electrode

25 mm diameter
Ar-flow rate: 0.3 -2.01 min!

Nebulizer, spray chamber and desolvation Research Centre for
System Analytical Instrumentation.
pneumatic, concentric type nebulizer Cluj-Napoca, Romania

4 relis peristaltic pump, 120 cm3 glass chamber

Optlcs EU 700 Heath Co , Benton Harbor.
scanning monochromator, 0.35 m focal length, MI, USA
1200 grooves/mm grating
focusing: quartz lens, 110 mm focal length
slit width: 50 pm

Photomultiplier tube 1P28A Hamamatsu., Japan

High-voltage power supply for photomultiplier tube EU 701 Heath Co.,Benton Harbor,
(600 V) Ml, USA

Recorder K 201 Zelss-Jena, Jena, Germany.

Reagents. Stock solutions ( 1000 mg ml*) of Li, Na and Ca were prepared by dissolution of high-

purity Li2CO3 and CaCOj ( Merck ) in as small as possible concentrated HCI amount and NaCl

( Merck ) in double distilled water, respectively. Single element working solutions (50 mg I'l ) were
obtained by diluting the stock solutions with high-purity 2 % (v/v) HNQj. These solutions were used In
the optimization study of the operating conditions.

Préparation of Blood Samples. The processing of blood samples was made according to the
sampling protocol described in ref. (13]. After collection the blood samples were allowed to clét and
centrifugad for 5 -10 min at 3000 rpm to separate the sérum fraction. To prevent the classical Ca-
PO43 atomization interférence, 3 ml of 1% LafNOjh were added at 1 ml of sérum then the sample
was diluted to 25 ml with double distilled water. Standard addition method was used fdr Ca
détermination In the attempt to eliminate the ionization Interférences caused by the presence of Na
and K in samples. One ml of double distilled water, 1 ml Ca solution 50 mg fl and 1 ml Ca solution
100 mg | * were added to 3 allquots of 4 ml sample prepared as above. These solutions were

nebullzed In plasma or flame and by resorting to an elementary calculation the concentration of Ca In
mg 'l was obtained. The normal values are in the range 90 -110 mg | *.
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RESULTS AND DISCUSSIONS

Optimization of Plasma Parameters. To get maximum analytical performances the

following parameters were optimized: r.f. power, Ar flow, observation height, coupling

System geometry. The graph in Fig. 2 shows the response of émission for Ca(l)

422.673 nm to changes in r.f power 1 | min! Ar and ring electrode at 10 mm and

40 mm above the tip electrode The plasma was viewed in the core
According to Fig. 2 there is a maximum
sensitivity at a power level of 185 W. The
sensitivity sharply rises in the range 85 -
185 W and further decreases in the range
185-275 W For po'wer levels above 275 W
the torch gets highly heated and is
damaged. Consequently the power level of
185 W was considered as being optimum
as in the case of Na and Li.

Fig. 2 Influence of r.f. power on Ca (I) 422 873 nm émission. Ar flow: 1 I/min; ring electrode at 10 mm
above the tip (A) and 40 mm above the tip (B)

Fig. 3. influence of Ar flow rate on émission at 185 W. a Na(l) 588 995 nm b. Ca(l) 422 673 nm
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According to the influence of Ar flow on Na(l) 588 995 nm and Ca (l) 422 673 nm

émission lines ( Fig. 3 ), the maximum émission occurs for an Ar flow of 1 | + min’

The influence of observation height and coupling System geometry on Ca, Na

and Li émissions at the résonance wavelengths are presented in Fig. 4.

Observation height / mm Obervation height / mm

Observation height / mm

Fig. 4 Influence of observation height and coupling System geometry on émission at 185 W.
a. Ca(l) 422.673 nm b. Na(l) 588.995 nm c. LI(I) 670.784 nm
A - ring electrode at 10 mm above the tip; B 1 ring electrode at 40 mm above the tip.

For ail 3 éléments there is an enhancement in émision as the ring electrode ii

moved down from 40 mm (curve O) to 10 mm (curve A) above the tip and the signait
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increase by 50% for Ca, 33% for Na and 12% for Li. Similar rises were previously
found for other 16 éléments [14] and can be explained by a diminished self-
absorption and a rise both for excitation température and electron number density
as the ring electrode is moved down [15]. The optimum observation heights were
found to be 20 mm for Ca and 13 mm for both Na and Li and does not significantly
change when the ring electrode is moved. The higher excitation energy of Ca than
that of Na and Li as well as the formation of CaO and CaOH refractory compounds
with the oxygen diffused in plasma account for the high optimum observation height
for Ca. The highest sensitivity in the neamess of ring electrode or a bit over it
(curves A) shows its important role in the improvement of analyte excitation
efficiency. Based on this study the optimum height of the ring electrode was
established to be 10 mm above the tip while the observation at maximum sensitivity.
The possibility to analyse Ca at the ionic

line Ca(ll) 393.366 nm was also studied. Fig.

5 provides the ratio of intensities Ca(l)

422.673 nm/ Ca(ll) 393 366 nm at 20 mm

observation height as a function of ring

electrode height and power levet As the

outer electrode is moved down from 65 mm

(curve C) to 40 mm(curve B) and 10 mm

(curve A) respectively, the ratio of intensities

rapidly increases especially at low powers

(85-135 W) This proves that the increase

rate of atomic line intensity is much higher

than that for ionic line as a resuit of a

Fig. 5 Ratio of émission intensifies

superior atomisation and atomic excitation
Ca(l)422.673 nm/Ca(ll)393 366 nm at 20 mm

efficiency as well as a diminished self- observation height as a function of power

absoiption effect. In the rangel85 - 275 W level and ring electrode height
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the ratio of intensities Ca(l) /Ca(ll) is less influenced by the ring electrode height
and power levai, perhaps as a resuit of plasma processes stabilisation. Sensitivities
for atomic lines are up to one order of magnitude superior to thai of ionic ones
regardless the power levai and ring electrode height. Thus, in r.f CCP with tip-ring
electrode geometry the résonance atomic lines are more evident than ionic lines and
the excitation of the analyte in plasma occurs mainly by atom-electron collisions.
Because sample is swept in plasma through 12 holes placed concentrically
around the tip electrode at 5 mm distance from the plasma core it is necessary to
investigate the self-absorption due to atoms situated in the outer mantie. Therefore
the ratio of doublet lines intensities D1/02 Na(l) 588.995/Na(l) 589.592 nm was
calculated. This value is 1.8 in arc and 2 in spark excitation sources [16,17]. Values
below 2 show the presence of self-absorption. This phenomenon was studied in the
range 1 -100 pg ml” Na in r.f.CCP-AES. The influence of power levai, gas flow and

coupling System geometry on self-absorption for a solution of 50 pgmC’ is plotted in

Fig. 6. Accordingly, self-absorption linearly decreases with the power level (Fig. 6a)
and uniformly increases with Ar flow (Fig. 6b) The latter is explained by a higher
amount of sample introduced in plasma. In the optimum range of the observation
heights (11-21 mm), the self-absorption considerably diminishes as the distance
between électrodes decreases (Fig. 6¢ curves A, B). The explanation consiste in a
better energy transfer, a more efficient sample excitation and consequently, an
increased sensitivity. Consequently, the study established that self-absorption could
be considerably suppressed by an increase in power supply and by moving down
the ring electrode. The ratio of Na doublet émission intensities D1/D2 at 185 W
power level, 1 | min ¥ Ar, ring electrode at 10 mm above the tip and 13 mm
observation height is 1.8 as in the arc source. The ratio of 1.8 calculated for the

slopes of calibration curves at doublet lines is maintained throughout the range

1-100 patl’ Na concentration
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Power / W

Observation height / mm

Fig. 6 Influence of power level (a), gas flow raie (b) and coupling System geometry (c) on the ratio of
doublet émission D1/D2; 50ng ml'l Na solution

Analytical performances. Analytical performances were expressed as signal-to-
background ratio (SBR), relative standard déviation of background (RSDB) and limits

of détection (LODs) calculated according “ 30 “ criteria and SBR-RSDB approach of
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Boumans and co-workers (18]. The plasma background was measured with double
distilled water as blank. Table 2 shows the analytical performances in comparison

with the LODs previously determined at 185 W and the ring electrode at 40 mm
above the tip [14]. As it is shown in Table 2, LODs decrease from 45 to 15 ng ml'l for

Ca ,from 18 to 13 ng ml’ for Na and from 12 to 9 ng mT* for Li. The trend could be

explained by an increased sensitivity and a lower background level. The limits of
détection and SBR values certify that r.f.CCP in tip-ring electrode geometry has very
good analytical performances in the analysis of alkaline and alkaline-earth éléments.
Table 2 Signal-to-background ratio (SBR), relative standard déviation of background % (RSDB)

and limits of détection (LODs) for Ca. Na and U at the résonance wavelengths. Power |
level: 185 W; Ar flow: 1! min’l

Ring electrode height/

10 mm 40 mm
Excitation
X/ energy Obs.helght/ SBR RSDB 7 LOD+/ LOD+/
Element nm eV mm % ngml’ ngml'l
Ca 422.873 2.94 20 100 1.0 15 45
Na 588.995 211 13 120 1.0 13 18
Li 670.784 1.90 13 200 1.2 9 12

~ SBR for 50 ug ml! single element solution * LODs calculated according 3a criteria

" RSDB % based on 10 replicate measurements of the background

Determination of Ca In Blood Samples. Experimental résulte obtained in parallel

by r.f.CCP-AES, FAAS in air-acetylene flame and FAES in methane-air flame ueing

the standard addition method are provided in Table 3.

Table 3 Analytical résulta for Ca In blood samples by r.f.CCP-AES, FAAS and FAES*

r.f.CCP-AES FAAS FAES
Sample mg " (RSD)0 mg ™ (RSD)C mg ™ (RSD)C
Sl 87 2.3 85 2.4 -
s2 100 45 92 4.1
S3 92 4.3 97 4.7 91 5.8

Average of 3 replicate measurements.

10
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Experimental results are important mainly because a new émission source,
the r.f.CCP in tip-ring electrode configuration is used. In addition to FAES this source
allows the détermination of much more éléments with physiological importance (Mg,
Cu, Fe) or very toxic (Pb) (10,11 ]. Unlike FAAS, r.f.CCP does not need hallow-
cathode sources that is a major advantage for the analysis cost. Data of Table 3
show a good agreement of Ca déterminations by r.f.CCP, FAAS and FAES. As the
last two methods are commonly used for the détermination of Ca in biological fluids
they are indicative of the accuracy of r.f. CCP-AES. The précision in the range

2.3 -4.5 % is better than in FAES and similar with FAAS.

CONCLUSIONS

The present paper shows in detail the analytical performances in the analysis
of Ca, Na and Li by r.f.CCP-AES. The argon plasma in tip-ring electrode
configuration is operated at low power levels. The optimum operating conditions
were established to be 185 W power level, 11 min'l Arflow and the ring electrode at
10 mm above the tip. The self-absorption estimated by the ratio of Na doublet Unes
dépends on power level, Arflow rate, System geometry, observation height and is
similar to that in the arc source. The limits of détection are at the level of tens of ng
ml” and improve when the ring electrode is moved down as a resuit of a more
efficient energy transfer. The analytical results of Ca in blood samples by r.f.CCP
favourably compare with those obtained by FAAS and FAES. The r.f.CCP is an

attractive source and could be used in the analysis of metals in biological fluids.
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FIGURES OF MERIT FOR A SEQUENTIAL SPECTROMETER WITH
INDUCTIVELY COUPLED ARGON PLASMA SOURCE

Emil Cordos, Tiberiu Frentiu, Alpar Fodor, Michaela Ponta, Ana-Maria Rusu and
Ladislau Kekedy
University “Babes-Bolyai" Cluj-Napoca, Chemistry Department

ABSTRACT: Figures of merit for a sequential émission spectrometer with inductively coupled
Ar plasma source are assessed on the basis of 10 éléments détermination in steel certified
matériels. Estimated performance criteria are: background équivalent concentration, limit

of détection , short-term précision and long-term reproducibility or stability. The presence of
5000 pg-ml'l Fe matrix has a significant depressive effect on refractory metals (Ti, V) as well

as on Co, Cu, Mo, Ni, a slightly depressive one on Mn and Si and a slightiy Increasing one
on Al and Cr.The limits of détection are in good agreement with those obtained for standard
IOP (1 kW). The analytical System has good short-term précision and stability in the
elemental détermination of alloyed steel. Recovery ranges within 89-112%.

INTRODUCTION. Performance of any analytical System strongly dépends on
its constructive and operating Parameters. In Order to reach the maximum
performance, the constructive optimisation and the assessment of the main
Parameters influence on analytical System are required. These objectives are
achieved by means of optimisation criteria or performance criteria. The main
valuation criteria used in the optimisation of an analytical System include: sensitivity,
détection limit, limit of détermination, signal to noise ratio (SNR), short-term
précision and long-term reproducibility [1-9] Emission spectrometer with inductively
coupled plasma source (ICP-AES) is very suitable for the multielemental analysis
since it allows the détermination of major, minor and trace éléments in the same
sample. Interférence effects present in classical émission spectrometry (arc, spark)
are greatly diminished in ICP-AES.

In the present paper, the performance of a sequential spectrometer with
inductively coupled argon plasma source is estimated. Experimental results have
been the basical data for a sequential analysis methodology of 10 elements (Al, Co,
Cr, Cu, Mn, Mo, Ni, Si, Ti, V) in steel samples. Analytical performances are

compared with those obtained by Boumans with a standard ICP source (1 kW) [10].

13
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Estimated performance criteria are:
* background équivalent concentration (BEC);
e limit of détection (cl);

« short-time précision and stability or long-term reproducibility.
Experimental. The main constructive and operating parameters are shown in tab.1.

Table 1. Equipment paramétere and operating conditions.

Hasma source (ICP) Plasma r.f. generator Model EOP 27.12+0.05% MHz, 2 kW.
free-running type osdllator, two tums copper induction coM
(CAA- Research Center for Analytical Instrumentation, Cluj-
Napoca, Romania).

Plasma torch Fasset type torch with 3 concentric quartz tubes, 18-20 I-min™
cooling Ar flow-rate, 1.5-2 I-miril nebulizer Ar flow-rate,
Iml min'l sample intake rate, 18 mm observation height above
the induction coli, pneumatic concentric nebulization (CAA-
Cluj-Napoca, Romania).

Optic transfer Scanning monochromator and photocurrent measurement
system Model SMS, Czemy-Tumer mount, 1 m focal length,
2400 grpvesmm*' grating blazed at 340 nm, spectral bandpass
25 pm, entrance and exit slits 20T, 32+1°C thermostated,
spectral range 190-800 nm with 0.02 nm incrément, Internai
wavelength calibration with a Sl hallow-cathode lamp,
photomultipller detector EMI 9781R (CAA- Cluj-Napoca).

Monochromator drlving, data Telerom (IEIA Cluj-Napoca, Romania) computer, model 3P86

acquisition and processing with 2020 DAF display (IEIA Cluj-Napoca, Romania), Control
Data Fast Printer, interface laboratory constructed, 64 u3 data
acquisition time, In house software.

The radiofrequency generator and plasma torch were presented In detail in référencés [11.12]
while the nebulization System In référencé (13]. The plasma émission le focused onto the entrance élit
of the monochromator by a 110-mm focal length fused-sllica lens.The monochromator le a scanning
type, each line being scanned over 15 steps at 0.02 nm incrementa. Both the monochromator drlving
and the data processing are accomplished by a Telerom computer model 3P86. The background
level Is measured at 0.1 nm from the spectral analytical wavelength.

Reagents. Stock solutions (1000 mg m1l’) were prepared by dlssolving high-purity metals
(AJ, Co, Cr, Cu, Mn, Mo, Ni, Tl, V) elther in HCI or in HNO3. Stock solution of SI (1000 pg ml'l) was
prepared by dissolving Sl high-purity powder in NaOH 40% (m/m) solution and stock solution of Fe
(50000 ua-ml*) was obtained by dissolving Fe high-purity powder In aqua regia.

14
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Single element standard solutions were prepared in 5000 pgml! Fe matrix or withoul matrix
by diluting the stock solutions to establish ttie background équivalent concentrations and the

détection limits.
For the détermination of short-term précision and long-term reproducibility the following steel

certified materiels were used: E7ICEM, E8, E16, E30, E77, E153, E161, E166 and El 14.The steels
(except E114) were dissolved in HCI and oxidized with HNO3 .The E114 steel certified material
(18% W) was dlssoived in a Speaker mixture (H2SO4 98% : H3PO4 85% =1:1 (V/V)).

RESULTS AND DISCUSSION

Background équivalant concentration and limits of détection.
Background équivalent concentration (BEC) is a measure of the sensitivity for. a
specific wavelength and it is closely related to the slope of the calibration curve. It is
defined as the concentration of an analyte that yields a net intensity signal equal to
the intensity of the background. BEC is a very useful paraméter for comparing
analytical Systems [6,14-16]. The reciprocal value of BEC is the normalisod
sensitivity. We used this mode of expression because results are more
reproducible from day to day and are relatively independent from operating
Parameters, such as the radiofrequency power [17].

Calibration curves were drawn using single element solutions in 5000 uaTIl!
Fe matrix and without Fe matrix, respectively.

y = X6 + me 1)
where: y - gross signal, Xb - background signal, m - slope of the calibration curve
and c - analyte concentration. BEC values were estimated using the calculated
coefficients of the most probable curves with relation (2):

BEC =xb/ m =1/ Sncm [pg ml'1] 2)
where Sn«™ is the normalisod sensitivity.
The limit of détection (C1) was calculated using 3a criteria adopted by IUPAC
[5] according SBR-RSDB or BEC-RSDB approach [14-16],
C1=3:0.011 RSDB (%) BEC =3 :0.01 + RSDB (%) / [ua T )
where SBR is signal to background ratio and RSDB is the relative standard déviation

of background (%)
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This method provides a realistic and practicai value of the détection limit and has the
advantage of using normalisod or relative values.

Coefficients of the most probable calibration curves in 5000 uya Tl Fe matrix

and in the absence of Fe matrix are listed in tab. 2

Table 2. Coefficients of the most probable calibration curves in and without 5000 pg ml'l Fe

matrix *.
Matrix
H20 5000 pg ml'l Fe
Element W nm Xb m corrélation0 xb m corrélation

Ai 396.152 8598 8946 0.997 11120 9267 0.996
Co 345.350 2376 8336 0.999 2623 6099 0.999
Cr 357.869 1620 2428 0.999 1403 2551 0.999
Cu 324.754 3196 31965 0.997 2981 24891 0.995
Mn 403.076 10142 7986 0.999 9803 7541 0.999
Mo 386.411 3773 11433 0.998 3916 8702 0.999
Ni 352.454 1211 621 0.999 1240 532 0.999
Sl 288.158 1 4061 5343 0.999 4262 4956 0.999
Ti 334 941 3650 12166 0.993 4060 6698 0.995
\Y 437.920 9672 4836 0.999 10001 3175 0.999

» - 8 calibration solutions X0 - intercept with axix (estimated concentration for blank, c s 0)

m - estimated slope of the calibration curve O - dynamic range: 3 orders of magnitude

The linear relationship was tested over 3 orders of magnitude using 8
calibration solutions. As it is shown in tab. 2, the presence of the Fe matrix does not
substantialiy influence the background signal level xb The depressive effect of 5000
ua T Fe matrix is significant for refractory elements since the sensitivity decreases
by 45 % fér Ti and 35 % for V. The matrix yields also a decrease in sensitivity of
about 25% for Co, Cu, Mo and 15% for Ni. The depressive effect on Mn and Si and
the increasing one in the case of Al and Cr are insignificant. For all these elements,
the dynamic range has not been affected by the 5000 ug Tl Fe matrix as the
corrélation coefficients are extremely close in both cases. Percentage relative

standard déviations of calibrations curves are always below 3%
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The figures of merit for the the sequential spectrometer ( BEC, RSDB and cl ) are

shown in tab. 3.

Table 3. Background équivalent concentration (BEC), relative standard déviation of
background (RSDB %) and détection limits (cL) for ICP-AES.

Matrix Q.

H20 3000ug mll  Fe ICP-AES(

BECY¥ RSDBU  CcCl BECY RsSDBN  c/i Standard

Element U nm ng mlt % ng ml ug mi't % ng ml! ng ml’
Al 396 152 0.96 0.80 23 1.20 1.00 36 19
Co 345.350 0.28 1.00 8.5 0.43 1.10 14 8.6
Cr 357.869 067 0.50 10 0.55 060 10 15
Cu 324.754 0 10 1.00 3 0 12 . 085 3 3.6
Mn 386.411 0.33 0.80 8 0.45 0.70 9.5 6.5
Mo 403.076 1.27 0.92 35 1.30 1.00 39 29
Ni 352.454 1.95 0.60 35 2.33 0.60 42 30
Si 288.158 0.76 1.10 25 0.86 1.00 26 18
Ti 334 941 0.30 1.00 9 061 1.10 20 2.5
\Y 437.920 2.00 0.85 51 3.15 0.90 + 85

a-BEC=xb/m b -, RSDB% from 10 replicate measurements of blank

c- calculated according 3o criteria and SBR-RSDB method d - data from [10)

BEC significantly increases in the case of Al, Co, Ni, Ti, V, slightly increases

for Cu, Mn, Mo, Si and slightly decreases for Cr owing to 5000 pgmf' Fe matrix.
Generally, results agrée with matrix effect.

The calculated clL are within the range of ng mi ”’ or tens of ngmr' as they
actually are in standard ICP. The matrix of 5000 pgmf’ Fe affects the détection limit
by its influence both on BEC and RSDB In most cases, RSDB has slightly
increased in the présence of Fe matrix but has remained below 1% and has not
been affected the plasma stability. The limits of détection have significantly
increased for Al, Co, Ni, Ti, V, have moderately increased for Mn, Mo, Si and have

not been affected for Cr and Cu.
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Short-term précision. Short-term précision was estimated by the relative
standard déviation of concentration [3] using 10 replicate measurements of
calibration solutions obtained from steel certified materials. The relative standard
déviations (%) of 10 concentration levels were calculated. The accuracy of the steel
materials analysis was assessed through recovery degree of the certified

concentrations. Résulte are listed in tab 4.

Table 4. Précision and accuracy in the analysis of 10 éléments by ICP-AES.*

Certified Concentration found Average Précision

Element Standard steel concentration/% by ICP-AES/% recovery/% RSD/%
Al E161. 0.033 0.033 100 7.8
Co El114 4.71 5.19 110 2.3
Cr E161 1.55 1.55 100 5.6
Cu E16 0.16 0.16 100 6.3
Mn E7ICEM 0.90 0.86 95 3.0
Mo E8 0.42 0.44 105 7.4
Ni E8 1.85 2.05 112 3.7
Si E77 0.36 0.36 100 6.5
Ti E166 0.54 0.55 102 3.7
\" E114 0.37 0.33 89 3.0

the working wavelengths are listed in tab. 2; observation height: 18 mm above the induction coil

As it could be seen in tab. 4, analyses show good accuracy as the déterminer
concentration levels are very close to the certified values. The average recovery
degree ranges within 89-112%, with very good résulte for Al, Cr, Cu, Si and Ti. The
précision has been up to 8 % but sometimes it has diminished below 4 %.

Long-term reproduclbillty. The stability of an analytical System is estimated
by the probability of keeping its analytical characteristics at a level as high as

possible for a time as long as possible [3, 4]. Spectrometer stability inssures that
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correct wavelengths are located and maintained, that intensity measurements are
precise, and provides freedom from frequent calibration [6]

For the long-term reproducibility study, Cu and Mn in E16 and E7ICEM steel
certified materials, respectively, were determined every 10 minutes over a period of
1 h, 20 days after calibration. Accuracy and long-term reproducibility for Cu and Mn

analysis in steel certified materials over a period of 1 h are listed intab 5

Table 5. Accuracy and long-term reproductibility of Cu and Mn détermination*.

Element Steel certified Certified Found Average Long-term
material concentration  concentration recovery reproductibility
% % % RSD %
Cu E 16 0.16 0.17 106 6.0
Mn E7 ICEM 0.90 0.90 1 100 31

* measurements every 10 minutes over a period of 1h, 20 days after calibration

Data from tab. 5 prove a very good reproducibility of ICP source over a
period of 1 h since there is not a significant différence between recovered and
certified concentrations. Short-term précision and long-term reproducibility have
also close values. The validity of the calibration curve up to 20 days after an
appropriate correction means that the same calibration can be used over a long
time.

CONCLUSIONS. The presence of the Fe matrix has a strongly depressive
effect on Ti, V, Co, Cu, Mo and Ni émission since the sensitivity decreases
significantly. The depressive effect of the same matrix on Mn and Si and the
increasing one for Al and Cr are not relevant. The détection limits dépend on the
matrix influence both on BEC and RSDB. These are similar with those reported in
standard ICP spectrometry. The overall study on short-term précision and long-term
reproducibility demonstrates that the analytical System has a good stability resulting

in precise and accurate résulte.
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Abstract
The starting compound was the (H3BiWie060)fr heteropolyoxometaiate anion, with a

pseudo-Dawson-Wells structure. 1:1 complexes were prepared through the reaction
between [HaBIWwOeof and transition metal cations (Mn2*, Co2* and Ni2*). The potassium

salts of the starting anion and of the complexes were investigated by: chemical analysis,

vibrational spectroscopy, electronic spectroscopy and thermal analysis. The experimental
data suggest that in the complexation reactions the ligand is the [HaBiWvOM](1Xa) (a=2,3)

unsaturated heteropolyoxometalate anion. Thus, the investigated complexes have the
formulaé: fH2BiMnW17055(H20)]9’, [H2BiCoW17058(H20)]e’, (H2BiNiWt7O5B(H20)Je' and a

modified pseudo-Dawson-Wells structure.

INTRODUCTION

In the simplest form which has been used for a long time, the heteropolyanions
can be written:

X«MmO”™ (1)
where. xam, X=(primary) heteroatom, M=addendum, O=oxygen (0x0).

Recent developments in heteropolyanion Chemistry, especially in the last
twenty years, have resulted in the synthesis of new complex and sometimes
unexpected structures. Consequently, the term "heteropolyanion" was found
unsatisfactory and was replaced by the term "heteropolyoxometalate anion"

(HPOM-A) [1] or "metal-oxygen cluster heteroanion* [2]. In broader terms, it is
possible to propose a general formula of the (HPOM-A)s of the type:

HhE*Xx...ZI...Mm...OyL|. , )

where: H=non-replaceable hydrogen, E=encrypted cation, X=primary heteroatom,
Z=secondary heteroatom, M=addendum, O=oxygen (oxo0), L=ligand other than oxo
and ... shows the possible existence of more chemical species with the respective
fonction [3] The primary heteroatom, sometimes inaccurately called central
heteroatom, is essential for the structure of the (HPOM-A). That is why, its removal
brings about the destruction of the whole polyanion architecture. Due to the
complexity of the general formula, several criteria for the classification of the
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(HPOM-A)s can be envisaged. Thus, according to the electronic structure of the
primary heteroatom, we have:

- (HPOM-A)s with a primary heteroatom without lone electron pairs;

- (HPOM-A)s with a primary heteroatom with lone electron pairs.

The common (HPOM-A)s have ail the électrons of the primary heteroatom
engaged in bonds with the ligand At the same time, somé (HPOM-A)s containing an
X primary heteroatom with lone pair/s are also known. Their study is in full
development, suggesting promising prospects for the future. The structure and the
formulédé of the (HPOM-A)s with a heteroatom possessing lone pair/s are markedly
different from those of the corresponding common (HPOM-A)s. The configuration of
the XOn primary group, around which the entire anion is built, must allow the
accommodation of the lone pair/s One of the post-transition éléments which can act
as a primary heteroatom in such polyanions is bismuth(lll). Two (HPOM-A)s with Bi(lll)
as a primary heteroatom, isolated as salts from weakly acidic solution, which were
formulated as [HBiWnOae]6' [4] and [HaBiWieOeo]8- [5], are mentionod in the literaturo.

Recently, some results suggest the existence of other two (HPOM-A)s of Bi(lll). One
of the anions was formulated as [BiWeOze]9' [6].

The only (HPOM-A) of Bi(lll) whose crystal structure has been determinated by
X-ray diffraction is [H3BiW100eo]fr [5], isostructural with [H2AsWieOeo]" [7]. which is an
anion of As(lll). The common (HPOM-A)s, with similar formula, i.e. [XMaOKI", have a
Dawson-Wells structure [8,9]. Unlike this, the [H3BiWi8000)8' and [H2A8W!100eo]"
(HPOM-A)s, with a heteroatom with lone pair, exhibit the following characteristics:

a) the structure is built up with two B-WgO» trilacunary Keggin units, sharing six
oxygen atoms;

b) the two B-W9033 units are different: one contains the X=Bi(lll) or As(lll) heteroatom
and the other contains two protons (non-replaceable hydrogens);

c) in the primary group, the X heteroatom is coordinated by three oxygen atoms,
forming an XO3 trigonal pyramid.

The unsaturated (HPOM-A)s with lacunary structure can act as multidentate
ligands toward cations of very different elemente (transitional, post-transitional,
lanthanides, actinides), forming complexes with various stoichiometries. The metal
cation/s is/are coordinated as secondary heteroatom/s by oxygen atoms, which delimit
the cavity/cavities due to the absence of the addendum/addenda. In certain very
particular cases, even saturated (HPOM-A)s, with complete structure, can act as
ligands, forming similar complexes. In these cases, the cation/s is/are coordinated by
terminal oxygen atoms. The forming complexes are themselves (HPOM-A)s, with the
structure derived from those of the ligand (HPOM-A), which can be considered as
parent structure.
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Our attention was focused upon [HaBiWieOeo]6', i.e (3-hydrogen)-18-tungsto-1-
bismuthateflll), according to the nomenclature proposed by us [3]. The research
undertaken by Ozawa and Sasaki [5] only had in view the synthesis of the (HPOM-A),
as tetrametylammonium salt, with the formula [(CH3)4N]6[H3BiW18060] and the
détermination of the structure The possibility of the parent (HPOM-A), i.e.
L(i))=[H3BiWIi8060]6’, saturated and with complete structure, to react with transition
metal cations (Mn2*, Co2* Ni2*) was explored in this work and 1:1 complexes were
obtained, according to a formal reaction of the type:

Z+ L) *ZL €)
where: Z=Mn2*, Coz*, Ni2* and L(1)=[H3BiW18060]6".

The atm of the present paper is further characterization of the [H3BiW1806oJe'
(HPOM-A), as well as the synthesis and the characterization of the possible

derivatives.

RESULTS AND DISCUSSION

Chemical analysis. The results of the chemical analysis are presented in
Table 1.

Vibrational spectra (IR spectra). The absorption bands and their assignment
are presented in Table 2. The assignment of the absorption bands was done on the
basis of studies upon IR spectra of (HPOM-A)s with Keggin-type or derived structures
(including the Dawson-Wells structure) [10-13], respectively upon the recorded IR
spectra of Bi203. The characteristic absorption band is Bi-O(i) antisymmetric
Stretching vibration, which indicates the presence of the Bi(lll) primary heteroatom
inside the polyanion. The IR spectra are very similar for the four (HPOM-A)s. This
proves that the building structure of the parent (HPOM-A) is not affected to a
significant degree by the complexation reaction.

Electronic spectra (UV/VIS spectra). The absorption bands and their
assignment are presented in Table 3. The assignment of the absorption bands was
done on the basis of the studies upon the electronic spectra of the (HPOM-A)s, in
general, and of those with Keggin and Dawson-Wells structure,in particular [14-18],
respectively upon the aquaions of the transition metal cations which are coordinated
as a secondary heteroatom [19].

UV spectra (51 350 - 28 000 cm'l , 194.5 - 360 nm). The UV spectra
contain charge-transfer (CT) bands, characteristic of the polyanionic structure.
The u2 CT band, unique to anions with Keggin structure, is split in two large
shoulders, as in the case of anions with Dawson-Wells structure. The CT bands
reveal the polyoxometalate character of the investigated anions Thus, the nature
of the primary and secondary heteroatom/s, the complete, lacunary and modified
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character of the structure and, partialiy, the nature of the addenda have only a
limited influence upcn the UV spectra This explains the slight différences
between the UV spectra of the investigated (HPOM-A)s.

TABLE 1. Analytical results

Found/calculated

Compound Yow/iw
K Bi Mn Co NI w H20
Loi 5.02/4.88 4.70/4.35 — —_ — 67.45/68.86 1.80/1.87
MnL 6.71/7.20 4.53/4.29 1.23/1.13 — — 66.03/64.24 3.71/3.70
ColL 6.85/7.23 4.51/4.31 — 1.30/1.21 — 65.80/64.13 3.20/3.34
NiL 6.67/7.25 4.60/4.31 — — 1.13/1.21 66.14/64.10 3.28/3.34

TABLE 2. IR absorption bands of L(n, MnL, CoL and NiL

Assignment Wavenumber
n (cm’l)

UM W-0O(8) 950 945 950 950
UM W-0(2)-W 890 895 890 890
un Bi-O(i) 844 845 848 845
U« W-0(3)-W 830-680 830-680 830-680 830-680
S W-0(2)-W 540 530 535 530

Compound L(i) MnL CoL NiL

V/S spectra (28 000 - 11 100 cml ; 360 - 900 nm). The (HPOM-A)s

without secondary heteroatom/s and/or reduced addenda have no absorption
bands in the visible (and in the near IR) domain. This can also be noticed in the
spectrum of L(i).

The d-d and f-f electronic transitions, characteristic of this domain, are,
however, observed when cations of transition metais, lanthanides or actinides, as
secondary heteroatom/s, are present. In the spectra of CoL and NiL the expected
d-d transition bands are found. This proves the coordination of Co(ll) and Ni(ll) as
a secondary heteroatom in the polyanionic structure. The (HPOM-A)e with Mn(ll)
as a secondary heteroatom, including MnL, are a particular case without the d-d
bands resolved in the visible spectrum. The expected d-d bands in this case have
a very low intensity, being forbidden by the Laporte and spin sélection rules. They
are totally masked by the u, CT band, prolonged from the UV into the visible (16-
18].
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TABLE 3. UV/VIS absorption bends of L(1), MnL, CoL and NiL

Wavenurnber / Wavelength
Assignment a (em ") /X (nm)
[e(L mol”cm')]

(CT) u2 : W-Opa 48 100/208 48 800/205 49 300/203 49 500/202
[141 400) [124 000) [122 300] [121 500)
(CT) n, : W-O-W 40 800/245 sh 41 300/242 sh 41 700/240 sh 41 700/240 sh
34 500/290 sh 34 500/290 sh 34 500/290 sh 34 700/288 sh
(ET) v3uTii(F)-»4Tie(p) - - 18 500/540 -
[100]
19 700/508 sh
(ET) U2 3A29(F)->311g(F) _ - - 14 400/693 sh
13 400/745
[12]
Compound L(i) MnL ColL NiL

Thermal analysis. The thermal effects and their interprétation are
presented in Table 4

inuLL inclinai ai aaiyoio Iraio ui
Temperatura, T (°C Effect Interpretation

115 122 120 121 endothermie  loss of water

180 210 218 220 endothermie loss of water

315 320 313 325 endothermie  décomposition of the anion
338 341 343 340 endothermie  décomposition of the anion
365 382 379 369 exothermic crystallization of WOs

780 782 781 783 exothermic phase transformation of WO3
829 824 826 824 endothermie  melting of Bi20s

840 838 840 839 endothermie  phase transformation of WOs
858 859 860 859 endothermie  sublimation of Bi2O3

i-(i> MnL CoL NiL

(Ksait) (Ksait) (Ksait) (K sait) Compound

The interprétation of the thermal effects was done by comparison with other
thermal analyses of the (HPOM-A)s [20,21] The recorded thermal effects can be

divided into three categories: the loss of (lattice and constitutional) water (40
220°C), the décomposition of the compound through destruction of the polyanionic

structure (300-350°C) and physical transformations of the resulted oxides (350-
900°C). The thermal effects are identical and occur at close température for the
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four investigated (HPOM-A)s, revealing their similar structures and the similar
nature of the primary heteroatom and addenda

Formula and structure. The formula and the structure of the parent
(HPOM-A). which we noted with Lo), are well established through single crystal
X-ray diffraction (5]. The L()) anion has the formula [H3BiWie06o]fr and a pseudo-
Dawson-Wells structure According to chemical analysis, the potassium sait
synthesized by us has the formula K6[H3B1\/1/18060]-5H20.

On the other hand, the détermination of the formula and structure of the ZL
complexes, which are also (HPOM-A)s, raise some probleme. Theoretically, the
ZL complexes can be:

i) complexes of the saturated L(1)=[H3BiWieOeole (HPOM-A), in which the
transition metal cation would rather be a pseudo-secondary heteroatom,
coordinated in a bridge by three oxygen atoms, each from two Lw anions. In order
to respect the 1:1 metal:ligand stoichiometry, complexes should be polymeric
structures of the type (ZL(i))n . In this case, the formula of the ZL complex
anions would be (H.BiZWieOeo”™'InN, where a=2,3.

ii) complexes of an unsaturated (HPOM-A), derived from the L(l> parent structure.

This hypothetically unsaturated (HPOM-A) should be the corresponding anion with
a monolacunary pseudo-Dawson-Wells structure, i.e. [H.BiW180ss]<’™), (a=2,3),

resulting from the removal of a WO4+ unit from the complete structure. Thus, the Z

transition metal cation would be coordinated as a secondary heteroatom by five
oxygen atoms (from the O(5 cavity generated by the absence of an addendum)
and by a constitutional water molecule. In this case, the formula of the ZL complex
anions would be [HaBiZWi7O59(H20)](11»* , (a=2,3), with a modified pseudo-

Dawson-Wells structure. It romains to establish the way in which the complete
[HjBiwWtaOeol6’ anion is degraded to the monolacunary [HaBiWI1TOM]<1s<>*, (a=2,3)
anion. As of today, the hypothetical monolacunary (HPOM-A) has not yet been
isolated.

In the absence of a crystal structure détermination, a categorica! option for
one of the two possibilités, to which perhaps others could be added, should be
unwise. And yet, the pronounced resemblance of certain experimental results for
L(i) and for the ZL complexes does not suggest a polymeric structure for the ZL
complexes. In our view, the experimental data, especially the thermal analysis (in
the case of polymeric structure for the complex (HPOM-A)s, the destruction
temperatura of the polymeric anion should have been significantly higher than for
the parent monomerje anion), rather suggest the second possibility mentioned.
According to the chemical analysis, the three complex anions have the formulaé:
(H2BiMnW17059(H20)]9', [H2BiCoW!1705e(H20O)f and (H2BiNiW17058(H20)]8’r with a
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modifiée! pseudo-Dawson-Wells structure and the formuldé of their potassium
salts are: ‘4H2BIMNWI17059(H20)].9H20, K9[H2BiCoWI17059(H20)].8H20 and
K8[H2BiNiW17059(H20)].8H20.

EXPERIMENTAL

Synthesis of L),I=H3BiWleOeoce' (K sait) . The [H]jBiWieOsof parent (HPOM-A),
abbreviated as L(i), was prepared as potassium sait, according to the procedure described by
Ozawa and Sasaki [5] H2WO4 (142 g, 0,570 mol) and NaOH (45 g, 1,125 mol) were dissolved in
1000 mL hot water (60-70°C). Acetic acid was added to adjust to pH 4. Bi(NO3)3.5H20 (25 g,
0,0515 mol) was dissolved in CH3COOH/CH3COObla butter solution (200 mL, pH 4) and was
added to the tungstate solution. The mixture became pale yellow atter heating on a water bath
(00°C) for 4 hours. To the solution obtained was added solid KNO3 (50 g). Atter a few days, slow
évaporation led to the formation of white-very slightly yellowish crystals, which were purified by
several recrystallizations from acidulated water (pH 4). Yield: 65 g (43%).

Synthesis of MnL, CoL and NiL (K salts). The complexes of the parent (HPOM-A)
(L(i)=H3BIWieOeoe™ with transition metal cations (Z=Mn2',Co2* and Ni2*), which are themselves
(HPOM-A)s, were prepared as follows:

Synthesis of MnL (K sait). Ke[H3BiWieO60].5H20 (40 g) was dissolved in CH3COOH/Na
citrate buffer (50 mL, pH 6.7). MnCI2.4H20 (2 g) was also dissolved in water (10 mL) and was
added to the first solution. The resulting mixture was heated on a water bath (60-70°C), with
stirring, diluted with water (150 mL) and then slowly acidified to pH 4-5 with CH3COOH . The
heating was continued for 30-40 min, until the solution volume was reduced to half. After cooling,
solid KNO3 (20 g) was added. After a few days, slow évaporation led to the formation of pale
brown-yellowish crystals, which were purified by several recrystallizations from acidulated water
(pH 4-5). Yield: 29 g (73%).

Synthesis of CoL (K sait). The procedure of MnL is followed. CoCI2.6H20 (2.4 g) was used
instead of MnCI2.4H20. Red-purple crystals were obtained. Yield: 28 g (70%).

Synthesis of NiL (K sait). The procedure of MnL is followed. NiCI2.6H20 (2.4 g) was used
instead of MnCI2.4H20. Pale green-yellowish crystals were obtained. Yield: 28 g (70%).

Chemical analysis. K was directly determinated in solution, by atomic émission
spectrophotometry.

Bi was determinated gravimetrically, as Bil3. The compound was decomposed by boillng
with NaOH 11 mol.L” (120°C, 30 min). The resulting solution was neutralized and then acidualted
with HNO3. Solid Kl was added, after which the solution was diluted, heated and filtered.

Mn, Co and Ni were determlned spectrophotometrically. The compound was decomposed
by boiling with NaOH 11 mol.L” (120°C, 30 min). The resulting solution was neutralized and
slightly acidulated with HCI. The extinction was measured at X = 475 nm (for Mn), 515 nm (for Co)
and 649 nm (for Ni) (owing to the very weak absorption bands of (Mn(H2O)e]2, Mn was
determinated as MnQO/, after oxidation with H5106, In the presence of heat).

W was determinated spectrophotometrically. The compound was decomposed by boiling
with NaOH 11 mol.L’?(120°C, 30 min). The resulting solution was neutralized with diluted HCI
and H3PO< + NaVO3 reagent was added. The extinction was measured at X = 400 nm.

H20 was determinated by thermal analysis, from mass loss at 220°C.

Vibrational spectra (IR spectra). The vibrational spectra were recorded In the IR
range 1 200-500 cm?~, with an IR Perkin Elmer 580 3 spectrophotometre.

Electronic spectra (UV/VIS spectra). The electronic spectra were recorded in the UV/VIS
range 51 300-11 100 cm” (194.5 - 900 nm), with an UV/VIS Perkin Elmer 550 SE
spectrophotometre.

Thermal analysis. The thermal analysis was carried out on a Nietzsch STR 409
simultaneous thermoanalyser (Paramétrés: température range 20-900°C, heating rate 5°C.min ).
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Abstract

The starting compound was the [HBiWnOja]é heteropolyoxometalate anion with a pseudo-
Keggin structure. 1:1 complexes were prepared through the reaction between [HBIW"Oaei®
and transition metal cations (Mn2', Co2i and Ni2*). The potassium salts of the starting anion

and of the complexes were investigated by: chemical analysis, vibrational spectroscopy,

electronic spectroscopy and thermal analysis. Thus, the investigated complexes have the
formuldé: [BiMNnWILOM(H20)]5', (BfCoW,,0M(H20)r, iBiNiW,1033a(H20)]s’ and a modified

pseudo-Keggin structure.

INTRODUCTION

Bismuth(lll) is a post-transition element which can act as a primary heteroatom in
heteropolyoxometalate anions (HPOM-A)s with one lone electron pair. Part one of the
study was dedicated to the anions with pseudo-Dawson-Wells structure [1]. But, the first

(HPOM-A) of Bi(HI), isolated from weakly acidic solution by Souchay, Leray and Hervé

was formulated as [HBiWnNOjal8-, corresponding to a monolacunary Keggin structure (2].
Some authors expressed doubt conceming the fact that a cation as large as Bi3* (ionic
radius ca. 1.1 A) could generate an authentic Keggin structure, occupying a tetrahedral
site at the centre of the anion [3,4]. The structure of [HBiWnOial®, i.e. (1-hydrogen)-11-
tungsto-I-bismuthate(lll), according to the nomenclature proposed by us [5], has not yet
been clarified in the absence of a crystal stnjcture détermination In view of the

controversies conceming the formula, the structure and even the existence of

(HBiWNOsef. which has so far been investigated relatively summariiy, we decided to
continue its investigation. Michelon and Hervé have shown that (HBiWnOser can
coordinate metal cations, forming 1:1 complexes, which they briefly characterized [6].
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We also verified the possibility that the basic (HPOM-A), i e. Lp"HBWHhOm]*

considered unsaturated and with a monolacunary structure, could function as ligand

toward transition metal cations (Mn2*, Co2* Ni2*) according to a formai reaction of the
type:

Z+ L2 ZL(2) , 1)
where: Z=Mn2*, Co2*, Ni2* and LpriHBiwWnOMf

RESULTS AND DISCUSSION
Chemical analysis. The résulte of the chemical analysis are presented in
Table 1.

TABLE 1. Analytical results

Found/calculated

Compound Yow/w
K Bl Mn Co NI W H20
Lm 7.30/7.17  6.53/6.38 — — — 61.11/61.79 6.17/6.05
MnL(2) 5.92/5.89  6.44/6.32 1.54/1.66 — — 62.43/61.20 6.70/6.54
Col(2) 6.10/5.94  6.26/6.35 — 1.90/1.79 — 60.61/61.43 6.22/6.02
NiL(2) 5.95/5.88  6.40/6.28 — — 1.88/1.76  61.15/60.81 7.20/7.04

Vibrational spectra (IR spectre). The absorption bande and their
assignment are presented in Table 2. For the assignment of the absorption bande
see part one of the study {1]. The characterietic absorption band ie Bi-O<i)
antisymmetric Stretching vibration, which indicates the presence of the Bi(lll)
primary heteroatom inside the polyanion. The vibrations are specificai for the
parent structure and for its derivatives. Thus, the IR spectra are very similar for
the four (HPOM-A)s. This proves that the polyanionic building le not affected to a
significant degree by the coordination of the metal cation as a secondary
heteroatom.

Electronic spectra (UV/VIS spectra). The absorption bands and their
assignment are presented in Table 3. For the assignment of the absorption bands
see part one of the study (1).

UV spectra (51 350 — 28 000 cm! ; 1945 - 360 nm). The UV spectra

contain charge-transfer (CT) bands, which reveal the polyoxometalate character of
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the investigated anions. This explains the slight différences between the UV
spectra of the Jour (HPOM-A).

VIS spectra (28 000 — 11 100 cml ; 360 — 900 nm). The (HPOM-A)s
without secondary heteroatom and/or reduced addenda have no absorption bands
in the visible (and in the near IR) domain. This can be observed in the spectrum of
Lp). But the d-d and f-f electronic transitions are observed when cations of
transition metals, lanthanides and actinides, as secondary heteroatom/s, are
present. Thus, in the spectra of CoL(2) and NiL(2) appear the expected d-d bands.
This demonstrates the coordination of Co(ll) and Ni(ll) as a secondary heteroatom
in the polyanionic structure. The (HPOM-A)s with Mn(ll) as a secondary
heteroatom, including MnL(2), are without the d-d bands resolved in the visible
spectrum. The expected d-d bands have a very low intensity and are totally
masked by the ui CT band prolonged from the UV into the visible.

TABLE 2. IR absorption bands of L(2), MnL(2), CoL(2) and NiL(2)

Assignment Wavenumber
n(cm )

u,, W-O(4) 955 955 950 955
u,, W-O(2-W 895 895 895 895
un Bi-O(i) 840 842 840 841
u,, W-0(3)-W 820-700 820-700 820-700 820-700
5 W-0O(2)-W 540 540 540 540

Compound L(2) MnL(2) Col(2 NiL»,

TABLE 3. UV/VI3 absorption bands of L(2), MnLf2), CoL(2) and NiL(2)

Wavenumber / Wavelength
Assignment n(cm ) /A (nm)
[eiLmol”cm'l))

(CT) «2 : W-O«) 48 100/208 48 300/207 48 500/206 49 000/204
[86 400) [80 500] [81 000] [80 000]
(CT) u, : W-O-W 37 000/268 sh 37 000/268 sh 37 000/268 sh 37 000/268 sh
(ET) v3: Tip)-**T1a(P) - 18 500/540 -
[60]
19 600/510 sh
(ET) u2 :3A20(F)->3Tia(F) - - - 14 900/671 sh
13 500/740
[12]
Compound L@ MnL(2) ColL(2) NIL()
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Thermal analysis. The thermal effects and their interprétation are
presented in Table 4. For the interprétation of the thermal effects see part one of
the study [1]. The thermal effects are identica! and occur at close temperatura for
the four investigated (HPOM-A)s, revealing their similar structures and the similar
nature of the primary heteroatom and addenda.

TABLE 4. Thermal analysis data of L(2>, MnL(2), CoL(2) and NiLf2)

Temperatura, T (°C Effect Interpretation
106 115 125 120 endothermie loss of water
185 194 210 208 endothermie  loss of water
312 310 318 313 endothermie  décomposition of the anion
348 349 350 350 endothermie  décomposition of the anion
384 379 375 382 exothermic crystallization of WO3
780 783 782 781 exothermic phase transformation of WOS
828 830 825 824 endothermie  melting of BbO3
840 838 839 840 endothermie  phase transformation of WO3
808 860 859 860 endothermie  sublimation of Bi203
LQ) MnL(2) ColL(  NiLC)
(Ksait) (Ksait) (Ksait) (K sait) Compound

Formula and structure. Our investigations are in accordance with the
formula advanced by Souchay et al. [2], for the parent (HPOM-A), which we noted
with L(2), i.e. [HBiWnOse]6- According to the chemical analysis, the prepared
potassium sait has the formula KelHBiWnOsel-HHaO. Also Souchay et al. [2] did
not explicitly refer to the structure of the anion, it is claar that they had in view a
monolacunary Keggin structure, with an BKO4 primary group. In this sense, the
reserves of those who doubted that a cation as large as Bi,+ can accommodate
such a configuration are probably not groundless. Certain research with single
crystal X-ray diffraction have shown that Bi(lll) and As(lll) generate (HPOM-A)s
with an XO3 trigonal pyramid group (X=Bi(lll), As(lll)) [7,8]. Thus, it is probable that
the [HBiWNQje]8' anion is also built around a B103 primary group. In our opinion,
this structure could be called monolacunary pseudo-Keggin structure.

In the ZL(2) complexes, the Z transition metal cation is coordinated as a
secondary heteroatom by five oxygen atoms (from the O® cavity generated by the
absence of the addendum from the theoretically complete structure) and by a
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constitutionai water molecule According to the chemical analysis, the three
complex anions have the formulaé: [HBIMnW)103B(H20)]s', [9iCoW:iiO38(H20)]5',

[BINIWNO38(H20)]5 and a modifiée! pseudo-Keggin structure According to the
same chenficai and thermal analysis, the formuldé of their potassium salt are:
Ks[BIMNWNO38(H20)].11H20, Ks(BiCo'.'V1iO38(H20)] 10H20  and
Ks[BiNiWNO38(H20)].12H20.

EXPERIMENTAL
Synthesis of L(2=HBiW;-0j%’ (K satt;. Ttie iHBiWiiOmJ® parent (HPOM-A), abbreviated

as L(2). was prepared as potassium salt, according to the procedure described by Souchay [2} :
Bi(NO3)3.5H20 (22 g) was dissolved in HNO3 11 mol.L’l (60 mL) and diluted to 200 mL.
Na2WO4 2H20 (165 g) was dissolved in hot water (60-70°C) lo obtain 500 mL solution 1 mol.L1
The first solution was progressive” added to tne second solution, which has been previously
brought to boiling and buffered with 200 mL CHjCOOH/CH3COONa (pH 4). A slightly yellowish
solution was obtained, which was f.irther boiled for 2 hours. After cooling, solid KNO3 (50 g) was
added. After a few days, slow évaporation led to the formaiion of white crystals, which were
purified by several recrystaliizations from aciduiated water (pH 4) Yield: 81 g (56%).

Synthesis of MnLpj, ColL}2) and NiL(2, (K safts). The complexes of the parent and ligand
(HPOM-A) (L(2=HBiWi,038") with transition metal cations (Z=Mn2*,Co2’ and Ni2”), which are
+hemselves (HPOM-A)s were prepared as follows:

Synthesis of MnLt2) (K satt). K6[HB|VY1jOm1.11H20 (34 g) was partially dissolved in
aciduiated water (30mL, pH=4.5). MnCI2.4H20 (2 q) was also dissolved in water (10 mL) and was
added to the first solution. The pH of the resulting mixture was adjusted to 4.7 with
CH3COOH/CH3COONa buffer (60mL). Than, the mixture was heated on a water bath (60-70°C),
with stirring, until the solution volume was reduced to half After cooling solid KNO3 (15 g) was
added. After a few days, slow évaporation led to the formation of crown-yellowish crystals, which
were purified by several recrystaliizations from aciduiated water (pH 4.7). Yield: 28 g (82%).

Synthesis of GolL(2) (K sait). The procedure of Mnt(2i is followed. CoCI2.6H20 (2 4 g) was
used instead of MnCI2.4H20. Dark red crystals were obtained. Yield: 25 g (71%).

Synthesis of NiL/2) (K sait). The procedure of MnL(2l is followed. NiCI2.6H20 (2.4 g) was
used instead of MnCI2.4H20. Green yellowish cystais were obiained. Yield: 26 g (77%).

Chemical analysis. K was directly determinaled in solution, by atomic émission
spectrophotometry.

Bi was deteiminated gravimotricaily, as Bil3. The compound was decomposed by boiling
with NaOH 11 mol.L! (120°C, 30 rnin). The resulting solution was neutralized and then acidualted
with HNOB3. Solid Kl was added, after which the solution was diluted. heated and filtered.

Mn, Co and Ni were determined spectrophotometricatly. The compound was decomposed
by boiling with NaOH 11 mol.L” (1200C, 30 min). The resulting solution was neutralized and
slightly aciduiated with HCI. The extinction was measured at X = 475 nm (for Mn), 515 nm (for Co)
and 649 nm (for Ni) (owing to the very weak absorption bands of [Mn(H20)e]2”, Mn was
determinaled as MnO4 , after oxidation with H5I06, in the presence of beat).

W was determinaled spectrophotometrically. The compound was decomposed by boiling
with NaOH 11 mol.L 1 (120°C, 30 min) The resulting solution was neutralized with diluted HCI
and H3PO4 + NaVvVO3 reagent was added The extinction was measured at X =400 nm.

H20 was determinated by thermal analysis, from mass loss at 220°C.

Vibrational spectra (IR spectra). The vibraiicnal spectra were recorded in the IR
range 1 200-500 cm’l, with an IR Perkin Elmer 580 B snectrophotnmetre.

Electronic spectra (UV/VIS spectra). The electronic spectia were recorded in the UVA/IS
range 51 300-11 100 cm’l (1945 - 900 nm). witn an UVA/IS Perkin Elmer 550 SE
spectrophotometre

Thermal analysis. The thermal analysis was carried out on a Nietzscti STR 409
slmultaneous thermoarialyser (Paramétrés: température range 20-900°C, beating rate 5°C.min ‘).
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ABSTRACT

Two types of capacitive-type humidity sensors have been prepared using: O cross-linked
poiyfmethyl methacrylate-co-(2-hydroxypropyl-melhacrylate)]; (i) commercially pdyimide. The
sensors have been prepared in a sandwich structure: alumina substrate + lower gold
électrodes + thin film polymer + upper gold electrode. The sensitivity (the ratio of capacitance
at "x“% RH to that at 12% RH), the hystérésis, the response time, the durability against
acetone vapours and the drift of the two sensors have been measured and compared. The
characteristics of the capacitive-type humidity sensor using methacrylate-co-polymer are
better than the sensor prepared using polyimide

INTRODUCTION

Humidity sensing is an important paraméter in the control of relative humidity (RH) in
industrial processes where the efficiency of drying operation can be improved. Due to
the widespread applications of humidity sensors, the demande made on the
characteristics of the device, such as sensitivity, response time, reproducibility, etc., are
specific for the field of application.

An impressive number of humidity sensing Systems are based on physical méthode.
Many sensors, which make use of the dependence of electricei properties (e.g.
résistance [1, 3], capacitance [4, 8] or conductivity [9, 11]) of different materiale (e.g.
porous ceramics, organic polymers) on humidity, can be found in the literaturo and some
of them are commercially available. In recent years, organic polymers have been
investigated for their sensor properties. The water content of many polymers dépends
on the partial pressure of water in air. Only a few polymers show this effect with

reproducibility and sensitivity without loo much hystérésis.
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There are two main families, depending on whether a variation occurs essentially in
capacitance or essentially in the résistance. The advantage of using a variation in
capacitance is the good specificity of the physical phenomenon used (high dielecVic
constant of water).

Until the early 1980s the polymer generally used by manufactures belonged to the
cellulose acetate butyrate family [12, 16], but these materials were unsatisfactory in
practicai application with respect to hystérésis, stability, reversibility, etc. To overcome
this disadvantages the sensing material must have low hygroscopicity and rigid
structure.

Polyimide (PIl) and poly(methyl méthacrylate) (PMMA) are an attractive material for
use as a humidity sensor because they have high mechanical strength, chemical
stability, low hygroscopicity and low solubility to common organic solvents [17].

In the present study the sensing characteristics of a capacitive-type humidity sensor

using polyimide and methacrylic Copolymers are examined.

EXPERIMENTAL

The polymers were used in solutions, prepared as follows:

(i) the poly(methyl methacrylate-co-(2-hydroxy-propyi-methacryiate)) solution was prepared by
polymerization of a mixture of methyl méthacrylate (Merck) and 2-hydroxy-propyi méthacrylate (Merck),
both previously distilled under reduced pressure in a 4:1 mol ratio, with 1% mol benzoyi peroxide
("Reactivul" Bucuresti) as initiatpr, at 80 *C.

When an appropriate viscosity was yielded, the polymeric solution was cooled and 5% mol of dl-vinyi-
benzene (Merck), previously distilled under reduced pressure, were added as cross-linking reagent After
casting on support, the polymeric film were thermally treated at 120 °C for 24 h.

(fly A 5% polyimide solution was prepared by dissoiving polyimide powder P84 (LENZING AG) in N-

methylpymolidone (Reactivul Bucuresti).
The detailed structure of the sensor is displayed in Fig. 1.
The solutions above, were cast by spin-coating onto a
pair of gold électrodes (3,4) evaporated on a 10 x 8 x 0.8
mm alumina plate (IPEE Curtea de Arges) (5) The
upper gold electrode (10 - 20 nm) (1) was deposited by
vacuum évaporation (IEV 80, IFA Bucuresti) to obtain
two serial connected capadtore with the polymere as
dielectric (2).

A low-frequency generator type EO502M (IEMI
Bucuresti) was used to measure capacity at 100 kHz. To
obtain a constant controlled RH atmosphere, solutions of
saturated salis at 20 ’C in dosed space were used [18]
(see Tablei)
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Table 1
. Naiso/l
I Salts i cace NaHSO™X NaNOz NaClOj KBr ZnSO< X
XHrO  x6H20 HjO 7 H20 x10H20
RH (%) 12 32.3 52 66 75 84 90 93

RESULTS AND DISCUSSIONS

Fig. 2 illustrates the relationship between the sensitivity (the ratio of capacitance at
"X"% RH to that at 12% RH) and relative humidity over the humidity range of 12 - 95%
RH. From this figure we can see that the two sensors have a good linearity over the
humidity range of 12 - 90% RH and these are préférable characteristics of a humidity
sensor. Among the prepared sensors, the sensitivity S (capacitance at 95%
RH/capacitance at 12% RH ratio) of the methacrylic copolym'er sensor was Spmma = 1.21
and it has a value of Spi =1.14 for polyimide sensor. The increase of sensitivity of
PMMA sensor seems to arise from the hydrophilic groupe of HPMA affecting the

hygroscopic characteristics.

12 -- 1+1 sPMMA
1 AN i o -
0 50 100
0O 20 40 60 80 100 RH (%)
RH (4)

Fig. 3 Hystérésis for PMMA and PI
Fig. 2 Sensitivity ofthe sensors at 100k Hz and 20 °C
at 100 kHz and 20 °C

The hystérésis, H [defined as : (Ci-C-i)ZCi where Ci - the value of capacitance at RH%
(RH increases); C-i - the value of capacitance at the same RH% (when RH decreases)]
of the sensors is shown in Fig. 3.The values of hystérésis for the two sensors are:
HpMMA * 2%; H« ~ 2.2%.The sorption sites of the water are the free spaces around the
polar sites of the polymer. The density of the polymer increased as the result of the
crosslinked and polymerization reactions and the available spaces of the water
molécules sorption and diffusion decreased.
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Hystérésis was detected having small values, because the amount of sorbed water is
small and the formation of clusters of sorbed water are prevented.

The drift at 95% RH (D) is defined as the différence between the asymptotic value of
capacitance at saturation and the value after 1 h at 95% RH. The drift values are Drmma
=2,1 % and Do = 2,8%.

The response time of the sensors to sharp changes in RH was measured by rapidly
transferring the sensor from the vessel in which it had equilibrated at high RH (using a
saturated sait solution) int§ relatively low RH (50%) in the atmosphére from the
laboratory on the day of experiment.(In ref. 18 the response time was defined as that
taken to reach 63% of the final values.) Retuming the sensor to the 95% RH (vessel)
caused the capacitance to retum to the 95% RH "baseline" value.

The response was very fast. The response time was within ~ 1 min for the sensor
bused on PMMA, and ~ 5 min for the sensor based on PI.

The effect of acetone vapours was tested since acetone is a good organic solvent for
PMMA and PIl. After exposure to saturated acetone vapours for 15 min in a closed
vessel (0% RH) the sensors were rapidly transferred to the vessel in which the humidity
was controlled. The sensitivity at various humidities was measured. The capacitance
was quite stable showing a small effect by acetone vapours. This means that the

acetone vapours are simple absorbed without permanent deformation of the thin film.

CONCLUSIONS

We have prepared two capacitive-type humidity sensors using méthacrylate
copolymer and polyimide. The characteristics of the sensors were as follows:

1. Methacrylic copolymer and polyimide have a hydrophobie character and the water
molécules did not form clusters. That explains the small hystérésis.

2. The sensors have a good sensitivity and linearity (Spmma=1.2T, Sh = 1.14).

3. The sensor composed of crosslinked PMMA exhibits durability against acetone
vapour

4. The sensor based on methacrylic copolymer is superior with respect to hystérésis

and the drift (Homma < 2%, HP, = 2.2%; DPMMA = 2.1% D 5 = 2.8%).
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The atithors consider that clarifying the relation between the density of polymer and

sorption behaviour leads to the development of a reliable humidity sensor.
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ABSTRACT

In this papét it Is presented a study of the action of ozone on cyanide ion in a watery medium
, to determine the consumption of ozone in a certain time and the influence of pH and of copper ions
on the reaction of oxidation .

INTRODUCTION

The ozone ( O3) is a strong oxidizer which being used in a correct way may
contribuie on a large scale to the maintaining of the quality of the environment .
Comparing it with other oxidizing agents , for example chlorine , the ozone oxidation
of the cyanides will not produce any toxic residue before being eliminated from the
aqueous medium . In the process of oxidation of the cyanide with chlorine may
appear the chlorcyan ( CNCI ) which is a very toxic substance . This is not the single
advantage . It may also decreases the time of each reaction , it may produce the
ozone at the very place of its use , it may improve the organic qualities of the water,
etc. In principie O3 reacts quickly and completely with the cyanides .

In the speciality works we find different ways of oxidation with ozone of the
cyanide ion in a aqueous medium . Cr. Fafian considére that the oxidation can be

expressed by the reaction sequence (1 -7)[1]:
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CN r O;, OCN + O2 (1)
OCN + 2H3 O* = CO2 + H20 +NH\ ©)
OCN + 2H20 = HCO 3 + NH3 (3)
20CN + H20 + 303 = 2HCO 3 + 302 + N2 (4)
NH\ + CNO =NH2CONH? (5)
NH2CONH2 + 2H20 -> ( NH4 )2CO3 ( enzymatic ) (6)
NH2CONH2 + 03 = N2 + CO2 + 2H20 (7)

W. Zaban considers that the oxidation follows the ecuation (8 )[ 3 ].
3CN + 03 = 30CN (8)
S. Kustanov and his co-workers determine the ozone mole consumption for
the oxidation of the cyanide showing that there is necessary to use 0,5 O3 moles for
the oxidation of 1gram-ion CN', suggesting the following reaction ( 9 )[4 ].

4CN + 203 = 40CN' + O2 (9)

EXPERIMENTAL

In order to study the oxidation we used an experimental equipment consisting of an ozone -
generator from the air , an oxidation tower made of Pyrom glass and a reaction vessel with Kl 1%
used for the détermination of the unreacted ozone . The experimental equipment is drawn in figure 1.

FIGURE 1. The experimental equipment of oxidation with ozone of the aqueous solutions 0

cyanide.1-ozone generator ; 2-oxidation tower ; 3-reaction vessel for the détermination of thr
unreacted-ozone ; 4-ceramics spreading
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The generator of ozone lias supplier! ozonized an with a concentration of 20gOVnil and a
flow rate of 0,25 m3h . The aqueous solutions of cyanide being oxidated in the oxidation tower had

the initial concentrations as follows : 60 , 100 , and 130mgCN7I.
The gas phase contacted the liquid phase through lhe bubbling of gas in the aqueous

solutions of the cyanide under the conditions ot pH = 10 and t = 18°C
The influence of the pH values in the case of oxidation with ozone has been studied in

particular cases of pH : 5,5; 7,0 ; 10
The effect of the copper ions during the oxidation reaction with ozone has been studied
through the comparision of variation of cyanide concentration in a definite period of time , both in

solutions containing copper ions and without copper ions .
At the and of the oxidation we made copper ions analysis according to STAS 7795-67 . The

cyanides has been through the colour - test according to STAS 7685-66 .

RESULTS AND DISCUSSION

The variation of cyanide concentrations in a certain time is shown in figure 2 .

FIGURE 2. The variation of CN concentration during a certain period of time .

The experimental results prove the fact that during the first minute of the
oxidation , when the concentration of oxidation product is at a low level , the ozone
quantity consumed is about OJgOj/IgCN , corresponding approximately to
0,35molesO3/1gram-ionCN' , these experimental figures corresponding to the
reaction ( 8 ) given by W. Zaban This reaction mainly takes place in the first zone
For the entire destroy of the cyanide ions from the aqueous solution we recorded an

average consumption of 0,96403/1 gCN'’
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The experimental results show that in the environment conditions the ozone
reacts not only with CN but also with the oxidation products resulting in the
oxidation process of cyanide ion According as the concentration of oxidation
products increases the ozone is consumed in the solution both for oxidation of the
existing reaction products and for the oxidation of the cyanide ion according to the
reaction sequence (1 - 7 ) prevalent in the second zone .

The influence of copper ions on the oxidation reaction show in figure 3. points
out the fact that the copper ions increase the speed of the oxidation reaction with

ozone of the cyanide .

FIGURE 3. The influence of copper ions on the oxidation reaction with ozone of the

cyanide . 1-copper ions medium . 2-rnedium without copper ions .

The copper ions find again in the aqueous solution at the end of the oxidation

reaction pointing out the fact that the copper ions have a catalytic effect in the
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oxidation reaction accelerating the transmition of the active oxigen to the cyanide
group.
The influence of the pH on the oxidation reaction showed in figure 4. proves

that the most favourable medium of the reaction is the low level alkalin medium of a

pH = 10.

FIGURE 4. The influence of the pH during the reaction with ozone of the CN".

As the pH goes lower , the speed of the reaction also decreases , only the

times of the reaction being increases .

CONCLUSIONS

One may draw the conclusion that during the first minutes of the oxidation
reaction of the cyanide the reaction follows mainly the reaction ( 8 ) and the
supplementary consumption of ozone comparative with the stoechiometric estimation
is due to the équations 1-7

The most favourable medium of the oxidation reaction from the kinetic point of
view is the low level alkaline medium of pH = 10

Copper ions have a catalyst role in the oxidation reaction with ozone of the

cyanide .

45



M. STANCA et al.

REFERENCES

1. Cr. , Fabian , Galvanotechnik , 1975,66 , 100

2. T. , Bober , Ozonation of Photographie Proceesing Waster , Journal W.C.P.F
1975 august, 2114

3. W. , Zaban , Palting and Surface Zinishing , 1980 august

4 S. , Kustanov , Ucrancki Himicesechii Journal, 1978,44 , 1287

5. H. , Eisenhauer, Journal W.P.C.F. , 1968,40,1887

6. V , Caprio, A. , Insola , La chimica i L'industria 1975,57,311

7. D. , Negoiu , Tratat de chimie anorganica , Editura Tehnica , Bucuresti, 1972

8. ***** * Cqglectie STAS , Editura Tehnica , Bucuresti, 1979 .

Received.20.12.1994

46



STUDIA UNIV. BABES-BOLYAI, CHEMIA, XL, 1-2 1995

THE INFLUENCE OF PRECIPITATION CONDITIONS ON THE QUALITY OF
CALCIUM TUNGSTATE USED IN PHOSPHOR SYNTHESIS

Flavia Forgaciu’, Miloslava Nemes”, Elisabeth J.Popovici”, Veronica Ursub and

Dan Macarovici’

a. Institute of Chemistry "Raluca Ripan”, Str.Fantanele 30, 3400- Cluj-Napoca

b. Institute of Physical Chemistry of the Romanian Academy, Spl. Independen/ei 202,

Bucharest, ROMANIA

ABSTRACT

Calcium tungstate used in phosphor synthesis was precipitated from CaClj and Na2wO4
solutions.The influence of précipitation conditions on the quality of CaWO4 precipitate was studied. It
has been ascertained that the reagent concentration, the température and the pH of the précipitation
medium determine the purity, morpho-crystalline structure and partide size distibution of CaWwO4-
predpitate thus influencing the luminescent properties of CawWO04-phosphor samples.The optimum

précipitation conditions for calcium tungstate used in phosphor synthesis were established.

INTRODUCTION

The CaWO4can be excited by X-rays, short wavelength ultraviolet radiation, cathode
rays etc. and are used especiallly for the manufacture of X-ray intensifying
screens.The luminescent émission is correlated with certain electronic transitions
which take place inside of some native defects (self-activated phosphor) or rare
earths ions which are uniformly distributed into the well-formed crystalline structure
of calcium tungstate. The nature of the self-activated luminescence centres and the
luminescence process have not been entirely elucidated yet, so, tungstate

phosphore still arise a lot of interest [1-3]

The phosphor synthesis implies both the préparation of the host crystalline
substance (i.e. tetr-CaWO4) and the formation of luminescence centres (i e some
imperfect tetrahedric WO4 -groups) [4]. Generally, the self-activated phosphor could
be obtained by the calcination of the CaWO4-precipitate The earlier literatura gave,
in majonty of cases, rather incomplete technical information (under patent cover) on

phosphor préparation. The indicated précipitation conditions vary to a large extent
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and the information about the influence of the CawWOi4-precipitate quality on the
resulting phosphor are missing The précipitation is carried out from calcium
Chloride (or nitrate) and sodium (or amonium) tungstate solutions which are
sequentially or simultaneously added. The reagent concentration is 0.5-2 0 mol/l and
the précipitation pH is 8.0-10.0 [5-7]. The CaWO4-precipitate undergoes a thermal
treatment so that luminescence centres are created and the CaWO4-phosphor is

synthesised. The phosphor thermal synthesis take place at 700-900°C, with or

without mineralising agent into the synthesis mixture[8,9].

The self-activated CaWO0i4 is one of the most sensitive phosphors to the variations of
the synthesis conditions which might affect the concentration of the native lattice
defects. One can mention that, attempts have been recently made at controling the
defect concentration by addition of donor or accepter impurities so that a new way in

phosphor synthesis has been opened [10,11].

Our preliminary tests conceming the synthesis of self-activated CaWO4-phosphor
gave no reproducible results Despite the thermal synthesis conditions were kept
constant, the luminescent intensity of varions CaWO04 -phosphor samples showed
différences with up to 20 % This could be explained only by the different quality of

the various CaWOi4 precipitate samples.

The objective of this paper is to study the way in which the précipitation conditions
can affect the quality of the precipitated calcium tungstate and consequently, the
properties of the self-activated phosphor. Actually, this study has enabled us to
establish the optimum précipitation conditions for calcium tungstate used in

phosphor synthesis.

EXPERIMENTAL

Luminescent grade (l.g) CaWO4 is prepared from highly purified solutions of CaCb and Na2WO4
Equal volumes of reagent solutions with equal concentrations were simultaneously added to a bottom
solution containing a small Na2WO4 amount. The précipitation pH was adjusted to a domain between

7.0 and 10.0 by using small quantities of diluted solutions of CH3COOH or NaOH. The précipitation
was conducted at 20° C or 60° C and was followed by a maturation stage (1 hr) taking place at 20° C

or 95° C, respectively. The precipitate batches were filtered, well washed and dried at 105uC.

In order to synthesise the conesponding phosphor samples, ail CaWO 4 precipitate batcties were
calcinated at 900° C, in air, for 1 hr. The precipitate batches were analysed by electronic microscopy,
thermal analysis, X-ray diffraction and partide size analysis (Coulter Counter method ). The
luminescence of phosphor samples was estimated on the basis of émission spectra wt n were
registered on a Perkin Elmer Spectrofluorimeter, with a 254 nm UV excitation,in comparison with a
CaWoO,, -phosphor taken as an internai standard.
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RESULTS AND DISCUSSION
Calcium tungstate was prepared according to the following reaction équation
CaCl2 + Na2zwO4 -=> CaWwoO4 + 2 NacCl

The preliminary précipitation tests with CaCi2 and Na2WO4 solutions having initial
pH-values of 6,5 - 6,9 and 8,5 - 9,0, respectively , indicated some fluctuations of
the medium pH which might affect the quality of calcium tungstate used in
phosphor synthesis. in order to check out the validity of this supposition and to find
the optimum précipitation pH, four batches of CaWO4-precipitate were prepared at
pH equal to 7.0; 8.0; 9.0 and 10.0 and subsequently converted into four phosphor

samples.

The émission spectra, depicted in figure 1, (llustrate the fact that all phosphor
samples exhibit the characteristic blue luminescence with émission maximum at the
same wavelength (400 nm) but with very different émission intensities.The highest
value is presented by the phosphor sample synthesised from CaWO4-precipitate
obtained at pH=8.0. The other samples show much lower émission intensities which

might be explained as follows.

Fig 1 Emission spectra of phosphor
samples prepared from
CaWo04 precipitated in
different  pH conditions
(c=0.5mol/l; T=60°C):
1) pH= 7.0; 2) pH = 8.0;
3) pH=9.0, 4)pH =10.0
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The précipitation product formed at pH -values, lower or higher than 8 0, rnight
contam small quantifies of tungstic acid or calcium hydroxide, respectively
Consequently, the corresponding phosphor samples ODtained by calcination would
contain even tungstic trioxide or calcium oxide, both determining the decrease in the
luminescence yield (CaO absorbs the exciting UV radiation and WO3 absorbs the

blue luminescent émission of Cawo04 - phosphor).

The X-ray diffraction spectra confirm the WO3 presence into the CaWoO4 -
phosphor sample corresponding to pH = 7.0 It must be also noted that ail
CaWo04 -precipitate batches exhibit the characteristic crystalline structure of
scheelite (tetragonal ). The calcination process, generating the phosphor samples,

only enhances the crystallinity degree of the calcium tungstate lattice

The different quality of CaWwO04 batches precipitated in various pH conditions was
also confirmed by the thermal analysis Although the weight-loss values a.e small
and the thermal effects are of low intensity, the precipitate batches could be
differentiated from one another (fig.2). The thermogravimetric curves of CaWo04
précipitates obtained at pH = 8.0 and pH = 9.0 indicate a weight-loss of about
2.5% which rnight be explained by the removal of both the remanent humidity and

the constitutional water. The differential thermogravimetric (DTG) curves suggest

that the dehydratation effect is more intense at 250-350 °C and is completed at
600-700 °C. For CaWo0i4 - precipitate prepared at pH = 7.0 and pH = 10.0, one can
observe additional dehydratation processes which could be conelated with the
presence of tungstic acid (H2WO4.H20 ) or calcium hydroxide, respectively. For
these two CaWo04 -batches, the weight-loss is slightly higher, namely 3.2% The
mentionod déhydration processes are confirmed by the thermal effects which are

observed on the differential thermal analysis ( DTA ) curves.

The microscopical analysis of the CaWO4-precipitate particidés indicates that the
pH of the précipitation medium exerts an influence on their morpho-crystalline
structure. The precipitate formed at pH - 8.0 consists mostly of individual
rhomboedric crystals, 8-13 pm in size At higher pH-values, conglomérates of
irregular particios are also formed whereas, at a lower pH-value only
conglomérates of small spherical particiés are observed. This morpho-crystalline
structure of precipitate particles rnight influence the formation of luminescence
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centres during the thermal treatment stage for phosphor synthesis. Consequently, the
diminished émission intensities of phosphor samples prepared from CawWO4
precipitated at pH values lower or higher than 8.0 could be explained by both the

presence of some impurities and the irregular appearance and size of precipitate

particles.

dm 100 200 300 400 500 600 700 800 T°C
dt

Fig.2. '
Differential thermogravimetric
curves (DTG) and differential
thermal analysis curves (DTA)
of CaWaO04 precipitated in
different pH conditions
(c=0.5 mol /I ; T=60 °C) :
a) pH= 7.0; Am=-3.2 %
b) pH= 8.0 ; Am=-2.5 %
c) pH= 9.0; Am=-2.5 %

d) pH=10.0; Am=-3.2 %
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The reagent concentration could also influence the quality of CaWOA4-precipitate
and consequently that of CawO4-phosphor In order to study this influence, three
precipitate batches were prepared from CaCh and Na2WO4 solutions of 0 25,0.50
and 1.0 mol / | concentrations The registered émission spectra indicate that ail
phosphor samples exhibit the same luminescence colour (émission maximum at 400
nm ) but rather different luminescence brightness (various émission intensifies).The
strongest blue luminescence is shown by phosphor sample corresponding to CaWo04
precipitated from 0.5 mol /! solutions ( fig.3).
i.

U

%

65

tmol/t)
Fig . 3. Variation of émission intensity of phosphor samples with the reagent

concetration used in CaWO04 précipitation ( pH = 8.0; T = 60°C)

The rather small variation of the émission intensity with the reagent concentration
could corne from some small morpho-crystalline différences between the three
corresponding precipitate batches, as it was in fact proved by the microscopical
analysis. Morever, the tendency of partide size diminution, simultaneogsly with the
increase in reagent concentration was also observed. From 0.50 mol/l solutions,
individual crystals of size 8-13 pm are formed whereas from 1.0 mol/l solutions

crystalline aglomerates of 5-10 pm are obtained.

The influence of the thermal conditions of précipitation-maturation on the quality of
CaWO4-precipitate and consequently, on the quality of the corresponding phoshor
samples, was also studied. In this respect, two CaWO4-precipitate batches were

prepared in warm and cold précipitation medium respectively, and were converted
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into corresponding phosphor samples The two phosphor samples show no
différence in their luminescence colour, but a slight one in their émission intensity
(Iei). They are essentially different in their partide size distibution (table nr.1).

The température of précipitation - maturation medium strongly influences the
partide size distribution of the CawWO4 -precipitate batches. The precipitate powders
obtained in cold and warm précipitation medium exhibit homogenuous partide

size distribution with different median diameter (dso%), namely 30 pro and 16 pm ,

respectively.

Table 1 Somé characteristics of CaWO04 precipitate A obtained in different

précipitation conditions and of the corresponding phosphor samples B

i 0,
Nr. Cawo04 -type Précipitation conditions* Lei d50%
(%) (pm)
1A Precipitate pH =8.0-82 B 16
c =0.5 mol /|
1B Phosphor T =60°C/95°C 78 6.5
2A Precipitate pH = 8.0-8.2 o 30.0
c= 0.5 mol 7!
2B Phosphor T=20°/20°C 81 23.0

* T =60°/95°C représente the précipitation / maturation temperatura ;

By synthesising the phosphor samples, significant modifications of partide size
distribution appear. The precipitate batches are disaggregated and consequently
smaller phosphor particles are generated. The disaggregation effect is strenger for
CaWo04 obtained in warm précipitation medium, thus generating the smallest
phoshor particles (dso% = 6.5 pm). However, in this case, the partide size
distribution becomes nonhomogenuous, presenting two maxima, at about 3 pm and
16 pm ; during the thermal treatment, the natural process of partide growing arises
and acts in opposite direction.The various luminescent intensities of the two samples

might be explained partially through the different partide size distribution.
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CONCLUSIONS

The reagent concentration, the temperatura and the pH of the précipitation medium
determine the purity, the morpho-crystalline structure and the partide size
distribution of CaWOd4-precipitate thus influencing the properties of the resulting
phosphor samples Under our working conditions, the recomended précipitation

Parameters are a medium pH equal to about 8.0, a reagent concetration of about

0.50 mol /! and a precipitaton temperatura of 20° C.
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ABSTRACT

The zinc sulphide prepared by thiosulphate method was converted by thermal synthesis into
ZnS:Ag,Cl phosphor samples. The concentration of silver activator, the nature of alkaline or alkaline-
earth Chloride used as a flux, as well as the calcination conditions influence on the crystalline
structure, partide size distribution and luminescent properties of phosphor samples. The optimum
préparation conditions were selected so that a ZnS.Ag.Cl phosphor with well defined and
reproducible properties might be prepared

INTRODUCTION

The simultaneous incorporation of silver ( activator ) and chlorine ( coactivator ) into
the crystalline lattice of luminescent grade zinc sulphide ( host lattice ) generates a
ZnS:Ag,Cl phosphor which, being excited by UV light or cathode rays, shows an
intensive blue luminescence The ZnS:Ag,Cl phosphor is especialiy used in the
manufacture of screens for different cathode rays tubes, a fact which assumes well

defined granulométrie characteristics and superior luminescent properties.

Usually, the zinc sulphide used in phosphor processing is prepared by the H2S -
method and consequently, the literature data refer especialiy to the conversion of
this ZnS-type into the corresponding phosphors. For preparing the starting
luminescent-grade zinc sulphide, we selected the more convenient Na2S203 -method

which is seldom used in the manufacture of luminescence substances.

In order to study the manner in which both the zinc sulphide quality and the
conditions of phosphor thermal synthesis influence on the luminescent properties of
ZnS:Ag,Cl phosphor, an extensive study has been recently initiated. Our
previous' papers revealed that the luminescence ability of ZnS prepared by

thiosulphate method is determined by factors such as the surface area, partide
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size distribution or desulphuration degree and structure of the crystalline lattice [1 -3]
The objective of this paper is to establish the way in which the composition of the
synthesis mixture and the calcination conditions influence the crystalline structure,
partide size and Iluminescent properties of the ZnS:Ag,Cl samples corresponding

to the zinc sulphide prepared by the thiosulphate-route

RESULTS AND DISCUSSION

The incorporation of silver and chlorine into ZnS crystalline lattice détermines the
formation of a phosphor with blue luminescence whose spectrum, registered under
UV excitation, consists of only one émission band. The position of the émission
maximum and the luminescence intensity are finally established during the thermal

synthesis of phosphor samples.

In order to establish the optimum conditions of thermal treatment, some samples of
ZnS:Ag (1x102 %) ,Cl (2.5% MgCI2) were prepared by calcination at 800-1050°C, for
one or two hours. The émission spectra of phosphor samples show that,
the calcination temperatura influences both the luminescence colour and the
émission intensity (fig.1). The change of the firing temperatura from 800°C to 1050°C
produces a shift of the émission maximum from 445 nm to 435 nm and a continuous
increase of the émission intensity. The shift toward shorter wavelangths could be
correlated with a change of the ZnS-crystalline structure from cubic -sphalerit- to
hexagonal -wdurtzit [6] The X.-ray diffraction patterns confirm that the samples
obtained at 1050°C are hexagonal whereas the other ones ara cubic in structure.
Mention must be made that the starting sulphide is about 90% cubic in structure [2].

The émission intensity of phosphor samples increases simultaneously with the
increase of the firing temperatura. According to the literatura data referring to the
phosphor samples prepared by the H2S-route, the increase in the firing temperatura
should have brought about the increase in the luminescent émission up to a
maximum value and afterwards the graduai decrease of this one; for ZnS:Ag,Cl
samples [7], the maximum intensity should have been reached at about 800-900°C

The decrease taking place at higher températures was explained by the presence
of some lattice defects (i.e. vacancies or interstitial atoms) which act as
extinguishing centres for luminescence of phosphor samples. Taking into account
our results, one can say that, for ZnS:Ag,Cl samples obtained by Na2S203-route,

the formation of such unfavourable defects is somehow "inhibited".
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The émission intensity is also affected by the calcination time a long firing

process is favourable only for phosphor samples caicinated below 10000C.
Above this température, a long calcination process contributes to the increase of

the number of extinguishing centres

Fig.1 Emission spectra of ZnS:Ag (1 102),Cl (2.5 % MgCI2 ) samples

prepared in different calcination conditions: a) 1 hr calcination;

b) 2 hrs calcination

The incorporation of silver activator into the ZnS-crystalline lattice is facilitated by
the presence of alkaline or alkaline earth Chlorides which act as a flux In order to
select the optimum mineralising agent, some ZnS:Ag,Cl samples were prepared
by using 2.5% NaCl or MgCl2 or BaCl2? andl1x102% silver as activator. The

calcination was conducted for 0.5; 1.0; 1.5 and 2.0 hrs at 900°C. The
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relative intensities of phosphor samples were evaluated from the corresponding

émission spectra and vrere plotted versus the firing time (fig.2a).

Fig.2. Variation of the émission intensity (2a) and of the median diameter
(dso%)of phosphor particles (2b) for ZnS:Ag (1.102 %) samples
prepared with different flux versus the firing time:
1 - NacCl; 2 - BaCl 2, 3 - MgCl 2, 4 - no flux used;
One can note that, irrespective of the flux nature used during the thermal synthesis,
the Iluminescence intensity increases with the firing time. Moreover, the
luminescence intensity is stronger for samples prepared with MgCI2 and weaker for
those obtained in the presence of NaCl as a flux. It appears that, MgCI2 ensures the

best activator incorporation, which is in good agreement with the literatura data [8].

The alkaline and alkaline-earth Chlorides could also contribute to the growth of
phosphor particles.The partide size distribution of ail phosphor samples was
determined and the median diameter (dso%) was plotted versus the firing time
(fig.2b). The variation of the median diameter of the starting ZnS particles
(d50% = 5.6 pm) with the firing time is also represented; no flux was used in this
case. As it was expected, the partide size increases continuously with the

firing time.According to our results, MgCI2 assures the formation of the largest
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phosphor particles whereas BaCl? that of the smallest ones. In the presence of
magnésium chionde, the phosphor particles obtained by a two hours calcination are

about three times larger than the initial ZnS particles

The different effects observed for the above mentioned Chlorides could be explained
by their various manner of acting. At a firing temperatura of 900°C, NaCl acts in
liquid state, BaCl2 in solid state and MQgCI2 through gaseous phase. Under our
working conditions, magnésium Chloride undergoes a high temperatura hydrolysis
resulting in a HCI génération, this one is responsible for both the good silver
incorporation and the significant partide growth. Another reason for the observed

different mineralising action could be the size of the cations which are implied
in the transport process (Mg2* = 0.79 A; Na* = 0.89 A; Ba2*= 1.33A) [9]

As it was postulated in our previous paper3, the incorporation of activator ions is
influenced by the quality of the starting sulphide and consequently, the silver
concentration which générates the proper number of luminescence centres should
be determined. The optimum activator concentration was established by comparing

the luminescence intensities of some phosphor samples which were prepared with a

variable amount of silver, i.e. between 4.5 x 10s and 45.0 x 10"® mol/mol ZnS. The
calcination was conducted at 900°C, in the presence of 2 5 % MgCI2 as a flux, for 1
hr. The relative intensities of phosphor samples were evaluated from the
corresponding émission spectra and were plotted versus the silver concentration

(fi0-3).

The silver concentration increase bringe about a monotonous rise in the émission
intensity up to a maximum value and afterwards, a continuous decrease. This
variation is in good agreement with the literaturo data [7,10]. Generally, the
luminescence brightness is determined by the ratio between the number of
luminescence centres and the extinguishing ones. However, at high silver
concentrations there are too many luminescence centres so that a reciproca!
interaction might appear which results in a decrease of the luminescence intensity

(concentration quenching).

The zinc sulphide prepared by Na2S203-method, in the described procedure, permits

the optimum incorporation of about 1.35 x 104 mol / mol silver atoms.
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Fig.3. Variation of the émission intensity of ZnS:Ag,Cl (2.5% MgCi2)

samples with the silver concentration.

CONCLUSIONS

The calcination time and température, the nature of flux used in preparing the
synthesis mixture and the siiver concentration influence not only the luminescence
colour and brightness but also the crystalline structure and partide size distribution

of phosphor samples

The performed studies enabled us to establish the optimum conditions for the
“conversion” of the zinc sulphide prepared by Na2S203-msthod into a ZnS:Ag ClI
phosphor with well-defined characteristics : cubic crystalline structure, uniform
partide size distribution with a median aiameter of 14-16 pm and an intense blue
luminescence with the émission maximum at 445 nm. The recomended silver
concentration is of about 1.35 x 10“ mol / mol and magnésium Chloride could be

used as a flux

EXPERIMENTAL

ZnS used in phosphor synthesis is luminescent giade ( l.g ) and was piepaied from highly puiified
solutions of zinc sulphate and sodium thiosulphate [4]. The préparation procedure developed in two
stages, namoly piecipitation and pre-caicination (5]. The précipitation took place at 100°C, at a molar
ratio of ZirSOj : Na2S203 equal to 1 : 2 and the pre-calcination developed at 9000C, in a protective
N7?-atmosphere, for 1 hr. The procedure of ZnS préparation was thoroughly described in a previous
paper (2]
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The ZnSAg.Cl samples were prepared in the usual mannei of phosphor synthesis The desiied

amount of ZnS was wet-mixed with a determined quantity of AgNOj and 2.5% alkaline or alkaline
earth Chloride. The mixture was dried ai 105-110°C and subsequently fired at 800-1050°C, for 0.5-2.0

hrs, in a proiective N2-atmosphere Special quartz ampoules were used by cautiously introducing
them tnto the preheated furnace After compleling the thermal treatment, the samples were taken out
ir.to a special designod cooling device All phosphor powdeis were washed, coated with a protective
layerof ZnjPjO?, dried and sieved.

The phosphor powders were characterised by crystalline structure (X-Ray Diffraction), partide size
distribution ( Coulter Counter method) and luminescent properties. The émission spectra were
registered with 385 nm UV excitation on a Perkin Elmer 204 Spectrofluorimeter. In all cases, a
ZnSiAg phosphor sample Lumilux Blau F (Riedel-de Haen) was taken as a standard.
REFERENCES
1. E.J.Popovici, M.Aneculaese, V.Ursu and D.Macarovici, Roum. Chem.Quart.Rev.,
1993, 1(3), 233-238;
2.E.J.Popovici, V.lirsu and D.Macarovici, Roum. Chem. Quart. Rev., 1993, 1(3),
239-244,
3.E.J.Popovici, V.lirsu and D Macarovici, Rev.Roum.Chimie, (In press);
4.E.J. Popovici.M.Aneculdese and D.Macarovici, Rom. Pat.,96 826(September, 5,
1988);
5. E.J. Popovici, M. Aneculdese and D.Macarovici, Rom. Pat., 98 116 ( March 29,
1989 );
6. W. Lehmann, J. Electrochem. Soc., 1966 113 ( 8), 788-792;
7 A.A. Charepnev, lzv AN. SSSR, Ser. Fiz., 1969, 23 ( 11), 1334-1340,
8. A.M. Gurvich , Zh. Fiz. Him., 1962, 36 ( 4), 1678-1684;
9. H.Hawai, T.Abe and T.Hoshina, JapJ.Appl.Phys., 1961, 20(2), 313 - 320;
10. L. A. Gromov and V A. Trofimov, Zh Prikt Him., 1979, 52 ( 10), 2165-2169,

Received;20.12.1994

61






STUDIA UNIV. BABES-BOLYAI, CHEMIA, XL, 1-2 1995

ATTEMPTS ON THE SYNTHESIS OF ZINC SULPHIDE PHOSPHORS

ACTIVATED BY LEAD
Maria Aneculaese”, Elisabeth-Jeanne Popovici“, Veronica Ursub and D.Macarovici*

a. Institute of Chemistry “Raluca Ripan", Str. Fantanele 30, 3400 Cluj-Napoca

b Institute ofPhysical Chemistry ofthe Romanian Academy, Spl. Independen/ei 202,

Bucharest, ROMANIA

ABSTRACT

The present paper reports some preliminary tests conceming the lead activation of zinc sulphide
obtained by thiosulphate method. The ZnS:Cl, ZnS:Pb,Cl and ZnS:Pb samples were prepared by
thermal synthesis with or without alkaline or alkaline-earth chlofides as flux. The émission and
excitation spectra revealed that, In our work conditions, both self-activated and lead centres are
formed resulting in a simultaneous blue and yellow-orange émission. The phosphor samples prepared

with different fluxes exhibit vartous luminescence colours.

INTRODUCTION

The incorporation of small amounts of foreign éléments into zinc sulphide often gives
rise to luminescent émissions characteristic of the activating elemente. Most
activators determine the occurrence of a strong luminescence in the green
spectral région, and only few of them give light émission in the yellow-red part of
the spectrum. Among the latter, the group IV éléments (as Pb and Sn) could be

quoted [1].

The préparation and luminescent properties of lead activated zinc sulphide have
already been reported by a number of investigators [2-4] The phosphor préparation
takes place by the high temperatura calcination of the synthesis mixture consisting
of luminescent-grade zinc sulphide, lead salts and sometimes, alkaline and/ or

alkalirje-earth halides.

Usually, the zinc sulphide used in phosphor processing is prepared by the H2S-
method and consequently, the literature data refer particularly to the conversion of
this ZnS-type into the corresponing phosphor. In order to synthesise ZnS -type

phosphor we selected the more convenient Na2S203-method for preparing the
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starting luminescent-grade zinc sulphide. In some previous papers we brought
evidence that this zinc sulphide can be succesfully used in phosphor synthesis [5,6].
Taking into account that the luminescent properties of lead activated phosphore
dépend strongly on the préparation conditions [7.8], a study has been ;nitiated in
order to establish the most convenient conditions for the conversion of zinc sulphide
(Na2s203 -method) into the corresponding phosphors. The present paper reports
some experimental results conceming the synthesis of lead activated zinc sulphide

phosphors.

RESULTS AND DISCUSSION

Luminescent-grade zinc sulphide obtained by Na2S203-method is about 90 % cubic
in structure and présents a good luminescence ability. As it was already shown, this
starting material pould by transformed into good silver activated phosphor samples
[10]. In order to prepare ZnS:Pb,Cl phosphor samples, a similar procedure was
applied namely, the calcination at 950°C, of some homogenous mixtures consisting
of zinc sulphide, lead nitrate and alkaline or alkaline-earth Chlorides as flux; the
added lead concentration was 0.01% and the flux content was 5%. Two more
samples were prepared namely ZnS:Cl, containing NH<CI| as a flux and no lead
activator (sample 1) and ZnS.Pb, with lead as activator but without Chlorides flux

(sample 6, table 1)

The obtained ZnS:Cl, ZnS:Pb,Cl and ZnS:Pb phosphor samples display fnainly the
cubic crystalline structure of sphalerite and different luminescent properties. Table 1
includea 6o0Te of their luminescence characteristics: the apparent luminescence
colour -fluorescence (FI) and phosphorescence (Ph) - and the émission intensity
values at 450 nm and 580 nm, which were evaluated from the correspondending

émission spectra registered under 365 nm excitation.

As it was expected, the ZnS:Cl sample shows a strong self-activated 3A-
luminescence due to some structural defects and the zinc sulphide host lattice. The
lead incorporation shouid determine the diminution of this blue SA-luminescence
and the génération of the characteristic yellow-orange luminescence For the lead
activated samples prepared with equal flux concentrations, SA-luminescence is
more or less diminished by the use of NaCl, BaCl2 or MgCI2 and rather intensified by

the NH4CI flux.
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TABLE 1. Some luminescence characteristics of phosphor samples prepared

with 0 01% lead and different fluxes.

Phosphor sample Luminescence colour Leo Imo
Fl. Ph. (a.u.) (8.U)
1 ZnSCl (NHA4CI) blue blue-green 630 1.0
2. ZnS Pb.Cl (MgCl2) pink orange 61.5 3.0
3. ZnSiPb.Cl (NaCl) white-blue blue-green 46.5 1.5
4. ZnS:Pb,Cl (BaCl2) blue green 56.5 1.5
5. ZnS:Pb,Cl (NH4CI) blue green 64.5 1.0
6. ZnS:Pb pink pink 44.0 4.0

Regarding the lead characteristic luminescence, this could by observed in the caae

of MgClj when the apparent luminescence becomes pink.

The incorporation of lead into the ZnS hést lattice could be also realized in the
absence of halogenide lons. In the case of ZnS:Pb sample, the blue luminescence
due to the hést lattice is diminished with «bout 30% as compared to the ZnS.Cl
sample and the lead luminescent contribution becomes evident .In Order to explain
the different results obtained with various fluxes, the émission and excitation spectra
are presdented and analysed.

According to the literaturo data [11], in cub-ZnS phosphors, the lead ion détermines
two apparent émission bands situated in the green and yellow-orange part of the
spectrum. These two bands are composed of at least four subbands situated at
about 500, 580, 630 and 760 nm. Moreover, the characteristic émission could be
accompanied by the blue SA-luminescence. The excitation spectrum of the
characteristic yellow-orange émission is also of composed nature, some of the

bands being situated at about 345, 365, 470, 480 nd 500 nm.

The émission spectra of the prepared phosphor samples, some of them being
depicted in figure 1, reveal that the yellow-orange émission band at about 580-600

nm, assigned to lead”™ppears only in ZnS Pb and ZnS:Pb,CI(MgCI2) samples.
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The expected green émission band cannot be noticed because it was probably

covered by the Strong blue SA-luminescence at 450-455 nm, which appeared in ali

cases.

Fig. 1. The émission spectra of
some phosphor samples
prepared with different
fluxes (A,,, = 365 nm):
1 - ZnS:Pb,

2 - ZnS:Pb,CI(MgCl2);
3 - ZnS:Pb,CI(NHA4CI);
4 - ZnS:CI(NH4CI).

The excitation of the blue émission band (450 nm) proceeds mainly with UV
radiation of 360-365 nm ( fig. 2A ). For ZnS:Pb and ZnS:Pb,CI(MgCli) samples the
excitation peak is slightly shifted towards longer wavelengths as compared to
ZnS Pb and ZnS:Pb,CI(NH4CI) samples. The excitation spectra corresponding to the
yellow-orange émission band (580 nm) are different for ail the phosphor samples
(fig 2B). For ZnS:Pb,Cl (NHA4CI) the excitation takes place eepecially in the 354 nm

band, which ie very similar to the case of the self-activated ZnS:Cl sample
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Fig.2 The excitation spectra of somé phosphor samples prepared with different

fluxes:1-ZnS:Pb; 2-ZnS:Pb,CI(MgCI2); 3-ZnS:Pb,CI(NHA4CI) ;4-ZnS:CI(NHA4CI).

For ZnS:Pb,CI(MgCI2) sample four excitation peaks were observed namely at about
347 nm and 370 nm (ultraviolet), 470 nm (blue) and also 500 nm (green).For ZnS:Pb
sample, the two UV excitation bands cannot be distinguished from one another and
apparently, the excitation spectrum consista only in three peaks situated at about

350, 470 and 500 nm.

Taking into account that the apparent shape of spectra with composite nature
dépends on the sample préparation and measurement conditions, our results could

be considered as being in good agreement with the literaturo data. The émission
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and excitation spectra also confirmed that in ZnS Pb.Cl sample prepared with 5%
NH4CI, there is no lead contribution to the observed luminescence. Moreover, the
charactteristics lead émission band situaied in the yellow-orange part of the

spectrum, is very weak in comparison with the self- activated band.

The different results obtained for ZnS:Pb,Cl samples prepared in the presence of
variou9 fluxes could be explained by both the variable amount of lead centres and
the different concentration of structural defects genersting SA-luminesence. In our
préparation conditions, the ammonium chloride undergoes an abrupt thermal
décomposition and consequently, the most part of the activator is washed out from
the host lattice. The ZnS:Pb,CI(NH4CI) sampie becomes in fact a ZnS:CI(NH4CI)
sample so that no lead contribution to the apparent luminescence can be observed.
On the other hand, the various fluxes contribute, in a different extent, to the création

of SA-centres.

Mention must be made that the incorporation of lead in the presence of ammonium
chloride could be also achived In other experimentai conditions, indeed, at high
NHxCI concentrations (12.5%), we obtained a ZnS:Pb,Cl sample with a SA-
luminescence diminished with about 50% but with equal contribution of yeliow-
orange band, by comparation with the émission of the ZnS:Pb, CI(MgCh) sample;

the apparent luminescence was bright pink.

CONCLUSIONS

In our work conditions, the zinc sulphide prepared by thiosulphate method could be
transformed into ZnS:Pb or ZnS:Pb,Cl phosphor samples, presenting a Strang blue
SA-luminescence and a weak yellow-orange lead Iluminescence. The apparent
luminescence is different in colour (from blue-green to pink ) depending on the
nature of the flux used in the phosphor synthesis

The study might be continued in order to obtain a lead activated zinc sulfide

phosphor with superior luminescent propeitles.

EXPERIMENTAL

Zinc sulphide used in phosphor synthesis Is luminescent-grade (l.g.) and was prepared from highly
purlfled solutions of ZnSO< and Na2S203; the préparation procedure developed In two stages, namely,
précipitation and pre-calcination |9). The précipitation look place at 100°C, at a molar ratio of
ZnS0O4Ma2S203 equal to 1:2 and the pre-calcination developed at eoo°C, In a protectlve N2-

atmosphere. The procedure was thoroughly described in previous papers [5,6].
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The ZnS:Pb,Cl samples were prepared in the usuel manner ot phosphor synlhesis.The desired

amount of ZnS was wet-mixed with 0 016 % PbfNOjh ar.d 5 % alkaline or alkaline-earth Chlorides.
The mixtures were dried at 105°C,and subsequently flred at 950°C for 1 hr., in a proiective Nr

atmosphere. Special quartz ampoules were used by cautiously introducing them into the preheated
furnace. After completing the thermal treatrnent, the samples were taken out into a special designed

cooling device. Ail phosphor powders were washed, dried and sieved.

The apparent luminescence was checked out by Irradiating the samples with UV lamp. The émission
and excitation spectra were reglstered by means of a Perkin-Elmer 204 Spectrofluorimeter. The
registrations were performed by using UG, ang UG2 Alters betdre the samples and WG; Alter after

them; no Alters were used for the excitation of the 580 nm émission band.
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Abstract
In this study we used the atrazine as a hapten in order to prepare, separate, purify

* and labei with peroxides, specific InmunoQolbulina. For atrazine we established
the oorrelatlon curve between Ita concentration and Induoed Inhibition In a competitive
ELI8A. For our Immunochemical System the détection limit of atrazine traces is
0,05ng/mL

INTRODUCTION

In the last few years the probléma of the mankind of being protected agalnst
epidemice, of Increasing the quality of food with less efforts, have Imposed some
rules to malntain under control some species of plants and animala. In the same
time the chemical pollution of the food, water, air, soil and biologica! Systems
Incrwased, and the need for some strategies all over the world become more
necessary. Recently there have been taken, at global level, different measures to
regulate the maximum levais of chemical producte, and to control the obey of tham
by the mean of precise analytical methods.

The most common chemicals used as pesticides are herbicides, insecticides,
fungicides and disinfectants. The analytical methods used for détermination of

pesticides residue are accurate and can detect quantifies as mg/kg and even
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ua/kg Among the methods used to detect pesticides residues are : biological
methods [1] consisting in inhibition of an enzyme activity, chromatographie
methods : paper chromatography [2], thin layer chromatography (3], gas
chromatography [4], high perfonnanco liquid chromatography [5], spectrochemical
methods [6], radiometric methods {7}. Because of their high specificity and
sensitivity, immunochemical methods have been widely used for détection and
quantification of pesticides residues (8,9].

Pesticides are compound with a small molecular weight they cannot induce
specific antibody synthesis. Covalently coupling of pesticides and some
macromolecules like ovalbumin, bovine sérum albumin (BSA), human albumin,
hemocyan, followed by inoculation of these new structures Into distant taxonomica!
mammals [10], induces blosynthesls of immunoglobuline specific to the pesticide
and also to the macromolecule used to bind H [11,12].

These antibodies can be used after purification or can be labelled with enzymes In

a diagnostic kit for détection of the pesticide which Induced their biosynthesls.

Experimental

Atrazino is one of the most used pesticide In agrioultural practice. For préparation of atrsalno - BEA
antigén we used Atlas atrazino (Italy) and BDH - BSA (England) [13]. The résultant antigenia was
inoculated Intradermic to goats for specific antibody synthesis. After the séparation and purification
of goat IgG anti antigenlo complex, the goat immunoglobuline were labelled with Marok peraxtdaaa
[14]. The resulted goat IgQ anti atrazino - BSA labelled with peroxldase was used to detect and

quantify tho pesticides residues through a competitive ELISA.

RESULTS ANA DISCUSSION

In ELISA ths concentration of the atrazine - B8A complex was 6ua /mL and tho
dilution of immunoenzymatio conjugate was 1/200. We used as substrate for
peroxidase 5 amino sallcylic acid, 7,66 mM In phosphate buffer pH * 6,95.

We added to the conjugate various quantifies of atrazlne as shown in table 1.
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Table 1 Variation of the optica! density at 450 nm versus of the atrazine

concentration in ELISA, by compétition mode.

Nr.crt. Atrazine ole) ELISA inhibition

(mg/mL) (450 nm) (%)

1 0,00 0,489 0,00

2 0,02 0,475 2,86

3 0,05 0,470 3,88

4 0,075 0,468 4,32

5 0,15 0,456 6,80

6 0,30 0,440 8,60 '

7 0,75 0,425 11,90

8 1,50 0,410 18,25

9 3,00 0,395 19,34

10 5,00 0,382 21,90

11 10,00 0,379 22,50

In a semilogaritmical représentation of the means of OD and the atrazine
concentration added to the System, we obtained a corrélation curve of these
paramétere (Flg.1), and the values give a stralght line between the atrazine
concentrations 0,075 - 5 ng/mL. Out of this range the variation Is not linear.

We notlced that at high level of atrazine concentration the inhibition Is malntained
around 20%. The explanation of this fact is the low solubility of the atrazine In the
reaction medium. The détection limit of the atrazine is 0,05 ng/mL, comparable

with other reports for pesticides

73



C. COSTACHE et al.

CONCLUSION

In this study we demonstrélod that the ELISA technique can be used to detect and
quantify atrazine and tome other triazine pesticides. The immunochemical
reaction of the antigén with specific antibodies make possible to use same System
In ordre to quality a dass of substances or a group with same chemical structure,
with a high specificity and sensitivity, in a short time through a modem and

accessible technique.
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Abstract

In this study we presented in extend a method of séparation based on the affinity antigen-
antlcorp interaction. The stationary phase Is obtained by covalently binding of IgG on a
matrix (Sepharose 4B). The Immunoglobulins from the sample are specifically adsorbed by
the complemantary ligand and then eluted separated

INTRODUCTION

Affinity chromatography is a type of adsorbtion in which the molecule to be purified is
specifically adsorbed by a complementary binding substance (ligand) covalently
attached to an insoluble support matrix.This type of chromatography is the only
technique for the purification of almost any biomolecule on the basis of its biologicei
fonction (1,2].At molecular level, the specificity of reaction is an characteristic of the
biological processes, their réplication in vitro being used in the affinity chromatography
in order to separate and purify some of the componente [3,4].The development of
affinity chromatography and applications in macromolecules purification are based on
Axen's work (5] in which Sepharose is activated with bromcyanide Using this
technique he obtained activated polysaccharides matrix capable of interaction with

peptides and proteins through their free pTno groupe along polipeptidic chains.
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EXPERIMENTAL

The matrix used was Sepharose and the binding substance (ligand) immunoglobuluin G purified by
steric exclusion chromatography and ion exchange chromatography.

Préparation of stationary phase

Sepharose 4B gel (10g) was washed with distilled water for several times on G3 fritte suspended In 2,5
mL phosphate butter 5 M, pH m 11,9. After that was added distilled water up 20 mL and 1 mL BrCN
100mg/mL In cold and stirring. The resulting mixture was stirred for 6 minutes and then washed with a
HCI solution 1 mM (60mL/g gel) to prevent the dislocation of active sites. The gel was balanced In
borate butter saline 0,1M, pH = 8,3.

The cotipled Immunoglobuline was suspended in the same butter at room température and added to the
activated gel (10 mg IgG(mL gel) in order to be covalently coupled with the polysaccharide matrix. After
the coupling reaction was flnlshed 2 hours of slow stirring, the excess Immunoglobuline was washed up
with the coupling butter (check at 280 nm). The active sites uncoupled whh IgG were annlhilated by
washlIng with a large amount of dezactlvation butter tris - HCI 0,2 M, pH = 8.

The blocking agent in excess was washed up for a several times with ooupling butter pH = 8,3 and
acetate butter 0,2 M, pH m 4.

Séparation using affinity chromatography

We used this technique to separate rabbit IgG anti bovine IgG [9]. Rabbit sérum anti bovine IgG (4 mL)
were put in a 100 x 12 mm column and the stationary phase was bovine 1gG - Sepharose 4B.

The column and the sample were previously balanced In tris - HCI butter 0,1 M, pH"8. After the
sample was introduced in the column, very slowiy, for a steady diffusion, the ligand (bovine IgG) and tho
Immune reagent (rabbit IgG anti bovine 1gG) were malntalned at room température for 18 hours for
specific interaction.

Besldes the specific Interaction antlgen-antlbody these are some non-spedflc Interactions Hko
adsorbtlons due to bipolar forces or van der Waals forces.

The macromolecules adsorbod non-spedflcally were eluted whh équilibration butter untif these are no
proteins in the effluent (check at 280 nm).

The specific Interactions, malnly hydrogen bonds, were annihiiated by tho decreasing of the pH and tho
Increasing of the ionic strength of the eluent (In this case glycine - HCI butter pH = 2,98 with NaCl 0,8
M)(Flg.1.).
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Figur« 1. Affinity chromatography of rabbit sarum anti bovine IgG.

Tha elutlon apaad was 10mUh and the effluent was oollected in phosphate buffer 0,5 M, pH “ 7,5. 1/1

vdumlc rapport to avokf dénaturation of Immunoglobulins due to sudden change of the pH.

RESULTS AND DISCUSSIONS

We oollected 25mL protein solutions and after dialyse against phosphate buffer 0,1 M,
pH m 7,3 rémalmod 4,6 mL. From 250 mg total protein in the rabbit anti bovine IgG,
50 mg were gammagolbulins, 35 mg IgG and finally we obtained 9 mg total protein.
The Immunoelectrophoresis of the product corresponding to second peak (Fig.2)

showed signais characteristic to non-specific interactions.
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Figure 2. The immunoelectrophoresis of the product corresponding to second peak of

affinity chromatography.

The proteic fractions corresponding to the first peak contained macromolecules

specific to ali seri'c proteins. The presence of IgG in these fractions (Fig.3.) led to

some suppositions :

- the proteic excess in our sample compared with the maximum specific capacity.

- the non-specific interaction of IgG with stationary phase, besides the specific
interaction.

- incubation time too short.

- ionic strength of elution buffer tris - HCI, pH » 8 to high.

Figure 3. The immunoelectrophoresis of the product corresponding to first peak of
affinity chromatography.
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Even the parameters of interaction - elution were modified (incubation in cola up 48
hours, incubation at 37°C up to 24 hours, decrease of NaCl up to élimination from the
elution buffer, decrease of the sample quantity up to 1 mL) we could eliminate the IgG
from the proteic fractions corresponding to the first chromatographie peak, neither
could we increase the recovering degree of IgG in the fraction corresponding to the
second peak over 30%. The explanation for this low recovery was the non-specific

interactions between 1gG and stationary phase.

CONCLUSIONS
Using this Chromatographie method of séparation based on specific interaction
antigén - antibody type, we obtained a purified Igg which can be enzyme labelled

in order to prepare a diagnostic kit.
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Abstract

Diphenylantimony(lll) dimethyl- and diphenylarsinate and dimethylthioarsinate were
prepared and characterised by their IR and mass spectra Bidentate organoarsinic
ligands are present in the synthesised compounds The fragmentation pattern
under electron impact is in agreement with a greater affinity of oxygen for arsenic
than for antimony.

INTRODUCTION

The synthesis and structural Characterisation of antimony(lll), phenylantimony(lll) and
diphenylantimony(lll) derivatives containing diorganodIthioarsinato groupa were reported
in recent years (1,2]. Two different structures have been found for Ph28bS2AsMe2 [2]
and Ph2SbS2AsPh2 [1]: the firet one is poiymeric with bridging bidentate organoarsenic
groupa, while the other is dimeric, with basically monodentate Uganda. The same
dimeric structure was found for diphenyldithiophosphinato analogue [2]. Polymerie
structures are reported for diphenylantimony(lll) diphenylphosphinate and
diphenylthiophosphinate [3] . In view of the comparing the oxygen and sulfur affinity it
is of interest to prepare the antimony(lll) and organoantimony(lll) diorganoaralnate and
thloarsinate.

In the present paper we report the synthesis and Characterisation of Ph28bO2AaMe2,
Ph2SbO2AsPh2 and Ph28bSOAsMe2.

RE8B8ULT8 AND DISCUSSION

Diphenylantimony(lll) arsinate, Ph2SbO2AsR2 (R= Me, Ph) and dimethylthloaralnate,
Ph2SbSOAeMe2 have been prepared as white solide from diphenylantimony(lil)
Chloride

and the corresponding sodium diorganoarsinate and thioarsinate, as depicted In the

following équation:

PhjSbCl + NaXYAsMeZ2-------- Ph2SbXYAsMe2 + NaCl
X=Y=0;
X=0,Y=S
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The compounds are air stable, and can be stored for a long period Sodium
dimethylthioarsinate was prepared by bubbling hydrogen sulfide through a solution of

sodium dimethylarsinate

Infrared spectra

Bands characteristic of phenyl groupe were observed in the expected spectral régions
for the title compounds. For the dimethyl-and diphenylarsinato ligands the most
important region is 900-700 cm "1 where arsenic oxygen Stretchings are located [4].
There is another region between 2500-2200 end , where a broad band is found in
the IR spectra of diorganoareinic acids assigned to the presence of ABO2H units [4].
The position of arsenic - oxygen Stretchings was compared with the bands found In the
spectra of dimethyl- and diphenylarsinic acids and the corresponding sodium salts. As
it can be seen in Table 1, the srsenic-oxygen single bond Stretching la shifted as a
resuit of coordination to lower values The same behaviour was observed for arsanic-
oxygen double bond Stretching (Table 1). A structure with both oxygen atome Involved
in coordination can be postulated, but the data are not enough to distingulsh between a

monomerlc, cyclic or polymeric.structure.

Table 1. The AskE (E-O,8) bond Stretching frsqusnclss (cm’1)

Compound VvAs-O VAs«O VAs-S
MeaABCbH 735i 890I

MerAsOrbla 7601 880i «
Ph2SbO2AsMe2 7301 843i .
MejAsSONa - 865I 432ml
Ph2SbSOAsMe2 - 845i 417ml
Ph2SbO2AsPh2 740 865 -

The infrared spectrum of Ph2SbSOAsMe2 was compared with the spectra of starting
materials To the beat of our knowledge there are no literaturo data conceming the

infrared spectra of dimethylthioarsinic acid or its derivatives, so we present here In some
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detail the spectrum of sodium dimethylthioarsinate. Two spectral régions are of interest:
500 - 400 cm'l for arsenic - sulfur Stretchings [5] and 850 - 700 cm "1 for arsenic -
oxygen Stretchings [4]. The possibility of thion - thio! equilibrium for monothioarsinate
derivatives has to be taken into account when the bands in the IR spectrum are
assigned. The band at 432 cm'l wac assigned to arsenic-sulfur Stretching. This value
ranges, according the literature data [5,6,7], betwesn the values for the single and
double arsenic-sulfur bond Stretchings.There is a strong band at 865 cm*1 which was
assigned to arsenic - oxygen Stretching. The value is lower than those reported for an
arsenic-oxygen double bond, but higher than the values for arsenic-oxygen single bond
Stretchings [4]. Thus, we can assume that the n- électrons are delocalised over the
SAsO System as found for dimethyldithioarsinato species [8]. In the spectrum of
diphenylantimony(lll) dimethylthioarsinate both , arsenic sulfur and arsenic - oxygen
bond Stretchings are shifted to lower values by coordination, suggesting the presence
of a bidentate ligand. Howe'&r it is difficult to asses the relative degree of the

involvement in bonding of the two donor atoms.

Maas spectra.

For diphenylantimony(lll)dimethylarsinate both FAB and El mass spectra were

recorded The relative intensities of the main fragments containing antimony and arsenic
in the two mass spectra are given Table 2.

The spectra show the molecular ion peak (m/z=412) with a higher abundance in the
FAB spectrum. The base peak is, in the FAB spectrum, m/z=154 [Ph2]+, while the El
spectrum exhibits the base peak at m/z=335 corresponding to [PhSbO2AsMe2]+ formed
by loss of a pheryl group from the parent ion. The same base peak was reported earlier
for Ph2SbS2AsMe2 [2] In spite of this resemblance, the fragmentation scheme for
dimethylarsinic (Scheme 1) and dimethylthioarsinic (Scheme 2) derivatives are not
similar.

The loss of two methyl groupe leads to the next fragment containing both antimony and
arsenic [PhSbO2As]+ m/z=305 (15.0). Monophenylantimony PhSb+, is formed by
further fragmentation. The diphenylantimony, Ph2Sb+ is a resuit of the loss of
dimethylarsinic group from the parent ion. Diphenylantimony is partially transformed in

Ci2HioSb~ stibonium heterocycle.
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Table 2. Relative intensities of the antimony and arsenic contalning fragments
in the FAB and El mass spectra of Ph2SbU2AsMe?2.

Fragment FAB El
PhASbOpAsMe? (M+)  412(19.0) 412(4.0)
PhSbOpAsMe? (M-Ph) 335(40.0) 335(100.0)
PhiSbOpAs (M-2Me) 305(2.6) 305(15.0)
Ph?Sb 275(40.7) 275(19.8)
Ci2HIloSb 273(7.9) 273(10.3)
PhSb 198(9.2) 198(71.5)
MoiAsOjH 138(26.6) 138(3.9)
Me rAsON 137(21.9) 137(2.2)
SbhO 137(39) 137(0)
Me?AsO“* 121(0) 121(5.2)
Sb=* 121(7.9) 121(5.0)
Me?As 105(13.7) 105(6.1)
AsO 91(19.1) 91(20.8)
MeAs 90(22.7) 90(1.9)
CH?As 89(33.9) 89(4.9)
As 75(11.2) 75(3.4)
MeaAsO “* 136(80.7) -
MeaAs “* 120(15.3) -

e AsO?)? 274(70.3) 274(2.0)

* The peak at 137 is ehared by the two mentionod ions.

““ The peak at m/e=123 wae used to dietribute the relative intensity of the peak at m/z
121 to Mo2AsO and and "2'*Sb.

*“¢ Collision peaks
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-Me
Sbh MeAs
121 90
-Me
As
75
Scheme !

The loss of Ph2Sb from the parent ion leads to the expected arsenic containing
fragments . The FAB spectrum shows an intense peak at m/z =137 (21.9) assigned to
Me2AsO2 + , and another one at m/z = 138 (26.6) assigned to MerA3sOrH4" Peaks of
much lower intensities are found in the El mass spectrum.

It is worth mentioning ,that there are no Ph2SbO or PhSbO fragmente are absent in
both maes spectra discussed here, the oxygen atoms leaving together with the arsenic.

A number of ions resulted from collision processes within the mass spectrometer are
also listed in Table 2.
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PhjSbSOAsMe,

198

Scheme 2

The FAB mass spectrum of Ph2SbSOAsMe2 shows a peak for the molecular ion at

m/z = 428 and this is the only peak containing both antimony and arsenic atoms. No
loss of methyl, phenyl sulphur or oxygen ie observed from the parent ion. The sulphur is
shared by fragmentation between antimony and arsenic, while the oxygen is again
found preferentially in the arsenic containing fragments (Scheme 2). Diphenylantimony,
Ph2Sb+ and monophenylantimony, PhSb+ are formed by successive loss of sulfur and
phenyl. The formation of the heterocyclic ion C-|2Hi()Sb+ from Ph2Sb+ by loss of two
hydrogens is reflected in the isotopic ratios of the peaks with m/z = 273/275/277 (the

m/z peak at 275 is shared by the two fragments, so the lelative intensity of this peak is
the sum of the peaks containing 1?-1Sb and ~23sb isotopes).
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Experimental
IR spectra were recorded in Nujol mulls using a Perkin-Elmer 983 spectrometer and FAB mass spectra

with an MS 902 mass spectrometer.

Préparations
Anhydrous sodium dimethylarsinate was prepared from dimethylarsinic acid (of commercial origin) and

sodium ethoxide in acetonitrile. Diphenylantimony(lll) Chloride was prepared according the published
method [3]. Dimethylthioarsinate was prepared by bubbling H2S through a water solution of sodium
dimethylarsinate [4].

Diphenylantimony(lll) dimethylarsinate, PI"SbOjAsMej

A mixture of solutions of diphenylantimony(lll) chlorioe, PhjSbCI (0.62 g, 2 mmol), and anhydrous sodium
dimethylarsinate, blaOrAxMe3s (0.30 g , 2 mmol) each in acetonitrile (25 ml) was stirred at reflux for two
hours. The precipitate was filtered off and the solvent evaporated slowly. The white crystals, which
separated were filtered and vacuum dried. Yield 031 g, 38.6 %, m.p.2140 Another portion of 0.27 g

were axtracted from the precipitate using a mixture of acetonitrile and éthanol. The product is stable up to
350°. The overall yield was 72.5 %.
Anal. Ci4H13AsSbO2  Found: C 53.31, H 391 calc.: C 53.65, H 3.72%.

Diphenylantimony(lll) diphenylarsinate, PhgSbOgAsPhj

The diphenylarsinic acid (0.52 g, 2 mmol) was refluxed for 5 hours with the stoichiometric ammount of
PhjSbCI (0.62 g, 2 mmol) in acetonitrile (30 ml). The solution thus obtained was concentratori and tho
whito solid fiiered and vacuum dried. Yield 0.78 g, 73 %. The compound is stable up to 350*.

Anal. C25H20A88b02 Found: C calc: C 53.63, H 3.72%

Diphonylantimony(lll) dimethylthioarsinate, PhjSbSOAsMoj

Diphenylantimony(lll) Chloride (0.31 g, 1 mmol) dissolved in 10 ml CH2CI2 was added to the solution
obtained by dissolving 0.18 g (1 mmol) in 10 ml éthanol, under stirring at room température. After an hour
the sodium chlorlde precipitate was filtered off and the filtrate was concentrated in a rotary evaporator.
The whito crystals which separated were filtered and vacuum dried. The product décomposés over 200°.
Yield 0.29 g (67.4 %), m.p. 284°.

Anal. C14HleAsSbOS  Found: C 39.40, H 3.86; Calc.. C 39.25, H 3.73 %.

Acknowledgement. We are grateful to Dr.D.B.Sowerby (University of Nottingham,
U.K.) for facilitating the measurements of the mass spectra and to the British Council for

support of this work under the ROMLI8S Program.
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ON THE GEOMETRY AND ELECTRONIC STRUCTURE OF
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CALCULATIONS.
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Abstract

Full optimized geometry of the title compounds have been determined by MNDO
molecular orbital calculations. As a resuit of the interplay betvyeen the Si(0)-N(a)
interactions and hyperconjugatlve effects, the 81-N and SI-H bond lengths decrease by
substitution of fluorine for a heavier halogen. The energies and symmetry of the
unoccupied mo's suggest that CI(Br)H2SiNH2 are better candidates for cydodimerization

than FH2SINH2.

INTRODUCTION.
Cyclodisilazanes 1 containing two silicon atoms in the five coordination envi-

ronment are rare in contrast with the normal valent silicon countering four

membered rings [1].

/7 \
1
They can be obtained basically by a 2+2 cycloaddition 2 of two aminosilanes

R3SINH2 and so far, this is the only préparation procedure reported [2-4].
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Valence orbital energies (eV)and the enthalpies of formation of XH2S1NH2

(kcal/mol)

AHformation
HOMO

LUMO1

LUMO2
LUMO3

LUMO4

Table 2

H
19.344
-9.812 (5a")

2.833
(3a™)
1225 (6a’)

3.118(7«")

3.240 (8a’)

F
-116.182
-10.314 (7a")

2.322 (8a")

2.474 (4a™)
2.963 (%)

£>KHOa")

cl

-66.865

-10.749 (7a’)
0,818 (8a")
1.945 (9a’)

1.964 (4a")

2.391 (10a")

Br
-41.019
-10.604 (7a")

0.339 (8a")
1.866 (4a™)

1.946 (9a')

2.277(10a")

The calculated MNDO calculated geometrical paraméter« of XH2SINH2 titanes
(bond length* in angstroms, angles in degrees)

XH2SiNH2

SiN

SiX

SiH

NSiX

HSill

HNH

**SiNe

H

1.711

1.386

1.382

110.42

108.70

110.35

167.71

F

1.712

1.601

1.382

106.48

110.18

110.03

165.66

Cl

1.691

2.129

1.374

108.42

110.68

110.28

167.78

Br

1.688

2.246

1.374

109.33

110.46

110.38

168.34

a) SIN““ is the angle subtended by the SiN bond and the bisector of the HNH angle.
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We have shown recently [5] that the process of cycloadition is mainly control-
ied by the silicon center since this will reclaim more energy to deform from the
tetrahedral to the pentacoordinated state, while the potential around the nitrogen
is more fiat. . It has been found also (5] that the barrier to the cycloadition is
much smaller for CIH2SINH2 thanfor FH2SINH2 and this trend might be
followed by real Systems too. In the present note we will examine the orbital
origin of this behavior by using the semiempirical MNDO method [6] and the

C A.C.A.O package of programe for molecular orbital analysis [7].

RESULTS AND DISCUSSION

The enthalpies of formation, the energies of the HOMO and those of some

lower energy empty mo's of the XH2SINH2 aminosilanes are given in Table 1
and the main geome-trical paraméteres are summarized'in Table 2

Littie experimental data is available for these compounds [8] so, we quota for
compa-rison only the results of a recent ab initio (BAC-MP4) molecular
orbital calculation [9] which gives a value of -11.5 kcal/mol for H3SINH2 The
HOMO (localized on nitrogen) of these Systems is lowered by susbstituting H for
a halogen, but in contrast to the simple prédictions based on electronegativity
rules [10] the bromoderivative has the lowest energy HOMO and the fluoro
derivative has the highest one.

The Si-N bond lengths are within the normal range for silanes [11]; the longest
SiN bond is found in the fiuoroaminosilane while the shortest one in the
bromoaminosilane. Note also thai the XSiN bond angle is the smallest (106.48°)
for the largest SiN bond and in-creases to 109.33 in BrH2SiNH2- The changes
in the SiH bond lengths are less marked but they are still longer in FH2SINH2
than in the other three silanes. The coordination around the nitrogen atoms is
almost planar as the **SiN angles show (the sum of angles at nitrogen is 358.17,
357.51, 368.20 and 358.36° for H,F,Cl and Br respectively), like in many of the
N-substituted aminosilanes known [11].

One way to interpret these results would be by making use of the anomeric
effect [12 ]. According to this concept the nitrogen lone pair interacts with Si-X
antibonding orbitals and causes a SiN bond shortening as well as the lenghte-
ning of the S»-X and SiH bonds. Speaking in fragment orbitals terme, it means
that when an XH2SI fragment interact with the NH2 fragment to form XH2S1NH2

besides the main <7-0 interaction responsible for the formation of the Si-N o bond
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there is also a seizable n overlap between the nitrogen I6ne pair bearing orbital
and an acceptor orbital of the same symmetry localized on silicon. More lower
the Silicon vacant a* orbitals are [13] , more important this effect would be. The
trend in the Si-N bond lengths suggest that if this effect does operate, it is
highest for the bromo derivative where the shortest Si-N bond length is
encountered. On the other hand, the strenghtening of the Si-N bond should be
accompanied -as opposed to the trend shown in Table 2- by some lenghtening
of the Si-H bonds since a fraction of the nitrogen I6ne pair électrons cornes in an
orbital which is Si-H antibonding.

In the following we will analyze to some detail these findings by making use of
the well known fragment analysis [14], frequently applied in drawing out the
most important features of a given interacting set of orbitals. The fragments
considered here are XSiH2 and NH2 respectively.

The XSIH2 fragment orbitals can be derlved from those of the SIH2 and
halogen valence orbitals. Figure 1 shows the interaction of silene radical with a

fluorine and a chlorine atom. In both cases the HOMO ( see scheme 3)

24
22
20
18
1fc

=
SRS

2

FLS RN ON B0 ®

S RS)

18
20
22
24

/iS.KI'j 121.GOU
1128 F F HjsSi H2S1CI cl

Figure 1. The orbital interaction diagrame of silene with chlorine and fluorine
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3
ii localized on silicon and consequently have almost the same energy. The
next, two unoccupied mo's (6a' and 3a", 4) are related to the e (degenerate
antibonding Orbitals of SIH3) and as we will see they are of key importance in

determining the relative accepter properties of XH2SINH2.

bd

4
Since 3a" is composed of pz orbitale of fluorine (chlorine) and silicon (as well
as the pseudo n combination of the hydrogen (bound to silicon) s orbitale, they
are dose in energy because the X-Si n overlap is quite similar. A major diffé-
rence appears for 6a’ which is placed 2.5eV higher for FSIH2 than for CISIH2
This might sound strange since F is more electronegative than chlorine and if a
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perfect parallel between the substituent effects on carbon and silicon were, it
should draw 6a’ to a lower value than it is in CISiH2> and even lower!5 than in
H3Si If the halogens would use only one a orbital for interaction with the SIH2
moiety, than indeed, more electronegative the halogen is , more lower the
energy of the correspondent of 6a’' is pushed. Figure 2 shows the relative energy
levels of SIH3 and a hypothetical XSIH2 system where X is more electronegative

than hydrogen and bears only one s orbital.

22
20
18
16
14
12

o NE®o

=00 O &~
o

16
18
20

24

XH2S1

IOLHi. -Si421 110 18.000

Figure 2. The orbital interaction diagram between a silene molecule and a fictive
atom
having IP= -18eV

This means that the actual disposai of 6a' is determined in a more complicated
way, by multiorbital mixing. Since 6a’' is the potential accepter of the nitrogen
lone pair It is now understandable why the he n interaction might be stronger for
CISINH2 (or BrH2Si)

than for FSINH2.

The HOMO of FH2SI on the other hand is slightly lower in energy than for
CIH2SI and thus the interaction with the HOMO of NH2 is slightly stronger
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tban for the heavier substituted silane. This means that part of the a electron
density coming from nitrogen goes into 5a' which has Si-H bonding character.
Thus, the SiN bond shortening across the XH2SI sériés is the resuit of coope-
rative a + n interactions. The SiH bond shortening on the other hand (less
markod than that of SiN bond ) originales in the action of opposite factors: this
bond tends to be strenghtened by the o interactions between the XH2Si and
NH2 fragments and is weakened due to the Kk interactions (anomeric effect). Of
course, for u- ‘antitative assessment of these effects more elaborate methods of
calculations are necessary.

The relative accepter properties of the halogenosilazanes in the process of
cyclodi-merization can also be inferred from the above discussion. The lowest
energy orbital of proper symmetry of XH2SINH2 5 resemble much 6a' of the

parent fragment.

This is situated higher for FH2SINH2 (due to the stronger a interaction which
pushes this empty orbital to higher energies- see the underlined entrias in Tabla
2) than CIH2SINH2 and thus the dimerization of the former would require a

higher barrier (as we found by MNDO searching of the potential surface [5]).
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Abstract: The stereochemistry of some 2-caiboxy and ethyloxycarbonyl 1,3-dioxanes
was investigated using NMR and mass-spectrometry data. The Investigations prove the
anancomericity of the structures and the équatorial preference of the add or ester groupa located
in the acetai part of the molecule. Several methods were tried for the synthesis of the
investigated compounds, but only the transacetalization of the dialkoxyacetic ester gave the
deslred compounds in good yields.

INTRODUCTION

Conformational analysis of 1,3-dioxanes offers information conceming
équilibration studies respectively “conformational free energies*[1], data related
to 5-substituted 1,3-dioxanes with or without anancomeric substituants in
position 2 (configurational and conformational equilibria, respectively) [2-6]. Few
data are available for 1,3-dioxane compounds having carboxy or
alkyloxycarbonyl substituants in 2 position [7], mainly because of the difficultés
encountered in their synthesis [8,9]. It was considered of interest to improve the
methods used in the synthesis of this type of 2-substituted 1,3-dioxanes and to

develop a study conceming their stereochemistry
RESULTS AND DISCUSSION
It was tried to obtain 2,2-bis(ethyloxycarbonyl)-1,3-dioxanes 1 as starting

diesters for the synthesis of 2-carboxy-1,3-dioxane 3 through the hydrolysis of

the diester 1 followed by monodecarboxylation (1) of the diacid 2:

99



M. HORN et al.

The easiest way seemed to be the synthesis by means of the general method
starting from mesoxalic ester 4 and 1,3-diols (1,3-propanediol 5, meso-2,4-
pentanediol £ or neopentylglycol 7) in acidic catalysis by azeotropic distillation of

the water (2):

R=H, R -H 5 R=H, R-H 8
R=H, R’=CHS3 6 R=H, R’=CHS3 9
R=CH;, R'=H 7 R=CH3, R1=H 10

No 1,3-dioxane compound was obtained (unreacted mesoxalic ester was
recovered) by this way, présumable because the direct acétalisation mechanism
involving a nucleophilic substitution at the protonated hemiacetalic intermediate

with a carbon atom bearing three strong withdrawing substituants, can not take

place (3):
HjCjOOC  OH2+ H5C200C
L *ROH H5C200C OR
: X
HjcjooC  OR HSC200C HSC200C" OR

Taking into account the reported synthesis [10], of some cyclic acetals of
ketoesters by means of a transacetalization reaction (which can not take place
by direct acetalization), we tried te obtain the desired 1,3-dioxane starting from

the dimethyldimethoxymalonate 11 obtained from dimethylmalonate by means of
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the sequence reactions (4):

COOCH3 COOCH3 H3CO  COOCH3
Br? Br2/ AN d <4,
"\ -HBr \ m( ¢/ \
XHOCH3
COOCHS3 CcoocClI3 ((
11

The total very poor yield of the reactions (about 10% for the compound,
with 90% purity) made us to try another alternative, starting from mesoxalic ester
(5). This promising method [11, 12] makes possible the synthesis of some

unsymmetrical ketals, unknown in the literature [12].

R20)2502
ROOC rRooc, OH (R20) ROOC,  O»i
(R2X,HO)
5
ROO(Z ROOCZ \)R, rROOZ VDRI O

All the attempts to achieve the transacetalization reaction of the obtained diether
11 with the meso-2,4-pentanediol (run in benzene in the presence of p-
toluenesulphonic acid as catalyst, without solvent in the presence of some drops
of concentrated sulphuric acid or using Amberlist-15 as catalyst) failed

In order to avoid the presence of two strong electron withdrawing substituants
(COOKEY) at the reaction center, the synthesis of the desired 2-alkyloxycarbonyl
substituted 1,3-dioxane was conceived starting from the dialkoxyacetic ester 12

by means of the transacétalisation reaction (6) with the diols 5-7

R=H, R=H, 13
R=H, R=H, 14
R=Cbh, R-CH,. 15
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In the case of the synthesis of compound 15 (obtained from
neopentylglycol) a new diester 10 of the neopentylglycol with 2-carboxy-1,3-
dioxane, representing a side product, was obtained as a resuit of the trans

estérification reaction (7):

16

R. R Conceming the conformational analysis of the
1,3-dioxanes 13-16, their NMR spectra prove for ail
~ of them anancomeric structures owed for compound
COOEt 14 not only to the équatorial orientation of the two
R = R,=H: 13 methyl groupe, but also to the équatorial orientation
R=H, Ri=CH3: 14 of the ethyloxycarbonyl group in the position 2, the

R=CH3, R,=H: 15 equilibrium (8) being shifted towards the left side:

®)

Because the assumption conceming the COOEt group based onlv on

volumes can not be taken into account (the OR and CH2CI groupa for instance

attached to the C2 atoms adopt preferencidig an axial orientation [13-15]), a
supplementary experimental proof was necessary. Thus, the absence in the "H-

NMR spectra of a long range coupling owned to a “M* (or W) arrangement of the

bonds HKI-C2-O-C™*(e,-HM| in the isomer 15a, with an axial ethyloxycarbonyl group,

représente an argument for the équatorial orientation of the COOR group (and

for an anancomeric structure) in compound 15.
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The complete interprétation of the NMR spectra was possible for dioxanes 15
and 16, only. Conceming compound 14, the extension of the signal belonging to
the axial proton of the position 4 and 6 (5=3.76-3.98 ppm) shows an ABX
coupling model further splitted by three protons of the équatorial methyl group.
In spite of some superposed signais, it is possible to identify the 16 peaks

(2x2x4) in concordance with the assumed Splitting pattern (Figure 1)
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In order to bring more information related to the few mass spectral studies in the
field of 1,3-dioxanes [16-25], the 2-ethyloxycarbonyl-1,3-dioxanes 13-15 were
studied from this point of view.

The peculiar fragmentations of the 1,3-dioxanes 13-15 (Figure 2, Scheme 1),
represent the loss of the ethyloxycarbonyl fragment giving high peaks (90-100%)
and the lack, of the molecular ion; a very small peak (less than 1 %) can be

observed for the loss of a hydrogen atom (M-1).

m/i-M-I
-COOEt

m.*z="69
CHj-CH-OH
4ilz=45

Scheme 1

104



Synthesis and Conformational Analysis of some Dioxanes

For the dimethylated 1,3-dioxanes 14 and 15 the loss of the COOEt group gives
rise to the very abundant m/z=115 peak (>90%) whose successive loss of
carbon monoxide and water leads to the base peak m/z=69 (100%). The same

fragment is obtained directly by the Splitting of a formic acid molecule.

87

A0

60 M=wo

20-
46 103

40 wo

Figure 2. Mass-spectra of compounds 13,14 aud 15
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Peculiar for the geminal dimethylated 1,3-dioxane 15 is also the fragmentation

that leads to the m/z=56 peak (32 5%)

Il \/ ,COOEt
OXO -CH20 TR

l I - OHC- E .
|X OHC-COOEt tjCc Illilu

H3CZ CH3
m/z-56

The unsubstituted 2-ethyloxycarbonyl-1,3-dioxane shows a very poor

fragmentation pattern with only two significant peaks:

/ COOEt-— >
\—0' -COOEt’
13
M=160 in/z=87 w/r=59

Conceming the Symmetrie 1,3-dioxane diester 16, the base peak is the same
m/z=115 peak, resulted from the loss of the ester part of the molecule. The main

abundant peaks are presented in the experimental part.

EXPERIMENTAL

The transacétalisation reactions at the ethyldiethoxyacetate 12 with the three diols 6-7 was run
following the general procedure:

0.1 mol ester 12, 0 1 mol of diol and 4.5g Amberlyst 15 were warmed under stirring on an oil
bath between 120-150° C After 40-45 minutes about 80-90 % of the corresponding alchool
resulted from the reaction was collected. The catalyst was filtered and the product was distilled
at low pressure, obtaining about 90% purity compounds (G. C. Carbowax 20M/Cromosorb UV) A
new vacuum distillation with a small Vigreux column leads to pure products (G.C. > 98%). From

the residue in the distillation flask, the diester 16 was obtained by Crystallisation from ethanol.
Compounds 14-16 are new ones.

2-Ethyloxycarbonyl-1,3-dioxane 13
MS, m/z (%): 103(2), 88(3.5), 87(100), 75(2.5), 59(22.5), 58(1.5), 57(3), 46(3), 44(2), 40(15)
i-2-Ethyloxycaibonyl-c-4, c-6-dimethyl-1,3-dioxane 14

Liquid, b p =103-104 ° C (10 mm col.Hg). Yield 70 8%. C9H1604, M=188 22. Found: C, 57 27; H,
8.86; required C, 57 47 H, 8 57
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"H-NMR (CDCh) S 1.30[d, 6H. J=6 1 Hz. 4(6)-CH3), 1.33(t, 3H, J=7 Hz. COOCH2CHS3), 0.86-
1 65(m, 2H, C5), 3.76-3 98(m, 2H. 4(6)-Hax], 4.27(q, 2H, J=7 Hz, COOCH/3H3), 5 03 ppm(s, 1H.
2-H.x) MS, m/z (%): 187(0.5), 147(2), 116(11), 115(90), 103(5), 87(48), 75(8), 73(9), 71(5.5),
70(9), 69(100), 59(12.5), 57(5 5), 45(75), 44(7), 42(18), 41(39.5)

2-Ethyloxycarbonyl-5.5-dimethyl-1,3-dioxane 15

Liquid, b.p.=105-106 0 C (10 mm col.Hg). Yield 60 5%. C9H,60Xl M=188 22. Found: C, 57.54; H,
8.71; required C, 57.47; H, 8.57 1H-NMR (CDCI3) 8 0 79(s, 3H, 5-CH3(eq.)J, 1.21(s, 3H, 5-
CHj(ax )], 1.33(t, 3H, J=7 Hz. COOCH2CH3), 3 54[d, 2H, J=11 Hz, 4(6)-H,,,.], 3.75(d, 2H, J=11
Hz, 4(6)-H.q], 4.28(q, 2H, J=7 Hz, COOCthCHj), 4 92 ppm(s, 1H. 2-HaK). MS, m/z (%):
187(0.8), 116(8.5), 115(94), 103(4), 87(7), 75(7), 73(3.5), 71(3.5), 70(8 5), 69(100), 57(8.5),
56(32.5), 55(7), 53(3.5) 45(57 5), 44(5), 43(29), 42(7), 41(51).
2,2-Dimethyl-1,3-propilylen-bis(2-carboxyl-5,5-dimethyl-1,3-dioxane) 16

Solid, m.p. 102-104° C. Yield 10.5%. C|9H3208, M=344.45. Found: C, 59.24; H, 8.15; required C.
58.74; H, 8.30. 'H-NMR (CDCI3) 8 0.79(s, 6H, 5-CH3(eq.)|, 1 01[s, 6H, H2C-C(CH3)2-CH21, 1.20(s,
6H, 5-CH3(ax.)], 3 51(d, 4H, J=11 Hz. 4(6)-H.x), 3.75[d, 4H, J=11 Hz, 4(6)-H.q], 4.06(s, 4H. -
COOCth-), 4.92 ppm(s, 2H, 2-Hax). MS, m/z (%) 589 (0.1), 388 (0.05), 286(1), 258(2). 257(12),
217(3.5), 216(1.5), 202(2.5), 176(1.5), 175(20 5), 147(17), 127(8.5), 119(25.5), 115(100), 91(30),
69(64), 59(15), 57(6 5), 56(15). 55(21.5), 47(55.5), 45(42 5), 44(74 5), 43(25.5), 41(30).
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ELECTROCHEMICAL BEHAVIOUR OF LEAD ACID BATTERY
POSITIVE ELECTRODE
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Abstract

The efiect of phosphoric acid on the PbO? electrode was examined by cyclic

voltammetry.The anodic and cathodic polarizaljon behaviour has been

investigated by changhing the potential range, svveeping rate and
concentration of HaPO4 in electolyte.
INTRODUCTION

In the last decade a special attention was given to the study of the
possibilities to improve the cyclic life of positive electrodes in acid batteries by
strangthening the positive plate active material structure and minimizing the
corrosion of the positive grids [1-10]

The exact nature of the corrosion layers formed on positive grids are
dependent on the voltage range, température, scan rate, electrolyte composition
and electrode history.

In agreeement with Ruetschi s results the corrosion film will consist of a
PbSO4 layer on the outer surface and succesive layers of monobasic lead
sulphate, tribasic lead sulphate and lead oxides inside [11].

Some additives have been proposed in order to improve low température
performance [12-15]. The behaviour of these additives is related to the
electrochemical reaction of the lead/lead sulphate electrode

It has been found that the addition of phosphoric acid to battery
electrolyte enables the batteries to be charged and discharged with increased

current densities. It is thought that the presence of H3PO4 in electrolyte modifies

the morphology of PbO?2 crystals on the lead grids of positive electrodes [16-17].
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As a resuit of the morphologicai changes which occur, the PbO2 films
formed are more hardly reducible with PbSO4 and impedes formation of a
résistive PbSO/4 layer at the grid/active material interface

It has been proved that in lead oxidation with formation of lead dioxides
in the presence of H3PO4 an intermediate lead phosphate [Pb3(PO4)?] is formed
which influences the sulphation rate of PbO2 How Pb3(PO4)2 influences the
morphology of PbO?2 is not yet understood.

Among the negative effects recorded at the addition of H3PO4 is a
capacity loss in the initial cycles mainly at low temperatura operation conditions
and an increase of the structural instability of negative électrodes [18]. The
effects are minor as compared with the beneficei action of the H3PO4 added.

EXPERIMENTAL

The study of the H3PO4 effects on the electrochemicai behaviour of PbO2 has been
made by using the cyclic voltammetry. Pure lead électrodes have been used (99.90%). The'

electrolyte used cosisted of a solution of 4.3 m H2SO4 with different H3PO4 additions. A
Hg/HgjSOMNKjSO”sat) electrode served as the référencé electrode. The counter electrode was
made of pure lead. All the experimente were carried out at room température, the cyclings being
effectuated over conveniently chosen potential ranges and at various potential sweeplng rates.

Before each experiment, the working électrodes were pollshed with abrazive paper to
remove the surface layers of oxides and were subjected to some anodic polarisations at
potentiels characterlstic for oxygen évolution. This was meant to provide some reproducible
surfaces as corrosion products were concemed.

RESULTS AND DISCUSSION

Some typical voltammograms recorded on a disk shaped lead electrode
(1 cm2) in 4 3m H2SO4 solution by sweeping the potential between -2 to +2 V
(vs a Hg/HQ2S0O4) at the scan rate of 20 mV/s, are ehown in figure 1.
The voltammograms show that the potential cyclic sweep provides proper
conditions for the deploy of several redox processes each of them being of major
importance over a certain potential range. Thus, with the anodic sweep started
in the range of hydrogen évolution continuing until the oxygen évolution only the
anodic peak Ai asociated to the formation of PbSO4 was recorded. It was
remarkable that in this range no anodic peak corresponding to PbO2 species
formation was recorded The PbO? formation is still supposed to have taken
place The absence of the peak was due to simultaneous deploy of formation

process with oxygen évolution.
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Fig. 1. Cyclic voltammograms of lead in 4.3m H2SO4 Scan rate 20mV/s.

a - cycle 5; b - cycle 10; c - cycle 15

In cathodic potential sweep around the value 1V a mixt activity was
recorded being characterized by the appearence of anodic peak A which
précédés the cathodic peak C2 associated with the electroreduction of Pb(IV)
species to Pb(ll) (a PbO2 and RPbO2 to PbSO4). The peak A can be associated
with further formation of PbO2 This process is stimulated by adsorbed oxygen
on the électrodes surface in anodic sweep. This mixt activity was found to be
dependent on anodic switch potential (ASP). For example peak A was not
recorded when ASP was lower than 1,5V

In cathodic sweep, at negative potential values (-0.890V) peak Ci was
recorded associated with electroreduction of Pb(ll) species to metallic lead. With
the increase of the number of cycles the peak associated currents increase, in
general, and shifts of peaks occur towards a more negative potential in anodic
sweep, while the cathodic peaks move towards more positive potentials.
Generally the peak shifts take place in directions contrary to potential scanning.
One can say that peak shifts take place in directions contrary to potential

scanning. One can say that overpotentials of processes decrease with the
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increase of number of cycles. It is to reinark that the shifting of these peaks was
significantly influenced both by the anodic and cathodic switch potential values
(ASP and CSP). The effect of these switching potentiels proved to be smaller in
the case of relatively reversible processes (see Al and C,) and much greater in
the case of less reversible processes.

Limiting the potential sweeping range between 0 and +2 V, in the positive
going potential scan two peaks corresponding to a-PbOj (A2) and R3-PbO2 (A/)

formation progressively developed with increasing cycle number figure 2 .

Fig.2. Cyclic voltammograms of pure lead in 4.3m H2SO4. Scan rate 10mV/s.

a - cycle 5; b.- cycle 10, ASP - 1.75V; c.- cycle 10, ASP -1.85 V.
/

The height of peak current due to R-PbO?2 formation increased with

increasing cycle number (curves a and b - figure.2.) and the peak potential
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shifted with the ASP (curves b and c 1 figure.2). The higher the ASP, the
greater were the current densities corresponding to the two peaks (A2 and A2).

It is supposed that a-PbO? is formed in the conditions of reduced acidity
inside the PbSO4 and R-PbO?2 is formed at the FOSOM electrode interface. In this

case, the peaks A2 and A2 are ascribed to equaticns [10] :
PbO.PbSO« + 3H20 <====> 2a-PbO2 + 6H* + SO? +4e’ Q)

PbSO< + 2H20 <====> [3-PbO?2 + 4H* + SO? + 2e (2)
The addition of phosphoric acid in electrolyte shifts the anodic peaks of
phase formation a and B PbO2 towards more positive potential values

concomitently with the decrease of their area, figure 3

Fig. 3 Cyclic voltammograms of lead in 4 3 m H2SO4 containing H3PO« : 1-

0%; 2-0.3%; 3-0 65% 4-0.85% Scan rate: 10mV/s.

With the gradual increase of H3*O4 concentration added to H2SO,
solution peak A2 corresponding to phase u-PbO? almost disappeared (curves 3

and 4, figure3) Like the oxidation peaks. the réduction peaks of PbO?2 to PbSO<
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moved in anodic direction, a decrease of their area taking place. This resuit
would suggest that H3PO4 decreases the rate of sulfation. The greater the
cathodic peak shift the greater the anode peak A?2 and the more it moves
towards more positive potentials (towards the range of oxygen évolution)

This decrease in peak area is supposed to be closely related to the
thickness of corrosion layers formed during anodic sweep, at the metal grid
/PbSO4 layer interface [16]. In the presence of H3PO4 the formation of soluble
phosphate species causes the decrease of corrosion layer thicknes (but this
corrosion layers can not stopped to form). The addition of more than 0 85 %
H3PO4 to electrolyte did not cause significant changes of voltammograms. The
bénéficiai effect of H3PO4 is only manifested at concentrations of 0.65 % H3PO4
when the e.lectrode surface is saturated with POZ ions being adsorbed on the
PbO2 layer This fact is also supported by a decrease of electrochemicai

processes rates, with the increase of cycles number, figure 4.

Figure 4 . Cyclic voltammograms of Pb in 4.3 m H2SO4 containing 0.65%

H3PO4. Scan rate 10mV/s 1-cycle 10; 2-cycle 20;

The potential sweeping rate does not signifiantly change the form of the
voltammogram curves, figure 5
Higher concentrations of H3PO4 negatively affect the behaviour of the

électrodes higher potentials being required for the oxidation of PbSO4 to PbO2,
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when the rate of oxygen évolution is also higher As a resuit the chargmg

efficiency of electrode is consequently lower

Figure 5. Cyclic voltammograms of Pb in 4 3 m H2SO4 containing 0.65%

H3PO4. Scan rate : 1-10mV/s; 2-3 33mV/s, 3-1 66mV/s

It is to remark that with high concentration of H3PO4 the electrolyte
became opaque. This fact can be explained by the increase, in electrolyte, of
insoluble lead phosphate species concentration. Based on these experimental
observations , formation of PbjfPC”~h as an intermediate in the corrosion of Pb to
PbO2 seems reasonable.

CONCLUSIONS

In general one can say that the addition of H3PO4 in small
quantities to the electrolyte modifies the kinetics of processes at the PbSO4 /
PbO?2 interface. This becomes evident with the shifting of oxidation peaks
towards higher positive values and the decrease of réduction peaks heights. In
the presence of phosphate ions the lead dioxide formed during electrode
oxidation is more difficult to reduce to PbSO4 resulting in lowers rate grid

corrosion
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On the basis of these results one can say that H3PO4 increases the rate of
a and B PbO2 formation in the corrosion layers and reduces the amount of
sulfate on the grid

Although the cyclic voltammetry enables us to accurately identifie the
changes in the kinetics of electrode reactions, the method does not lend itself to

an intimate study of these processes.
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Abstract

The kinetics of the oxidation of the benzyl alcohol to benzaldehyde by ceric sulfate has been studied
in the presence of Na”™O, over a wide range of organic substrate and hydrogen ion concentrations.
An intermediate complex having the ratio Ce(IV) : C6H5CI4,0OH of 1 . 1 has been identified by
spectrophotometrical means The redox reaction obeys a second-order rate law at hydrogen ion
concentration held constant ( first-order in each , Ce(IV) and ChHjCHjOH ), but a rather complex
dependence associated with [HJ. The kinetics and the dependence of the experimental activation
energy on the acidity of the medium indicate the involvement of different reactive Ce(IV)
sulfatocomplexes in the oxidation process

INTRODUCTION

Cérium (IV) is an efficient one-electron oxidizing agent and has been frequently used to
oxidize various classes of organic substances as aromatic hydrocarbons [1-3], aliphatic
[4-8] and aromatic alcohols [9-12] , aldéhydes [13-16] or organic acids [17-18] .The
redox couple Ce(IV)/Ce(lll) was recently used as a mediator for electrochemical
oxidation of aromatic hydrocarbons [10] . The oxidation of benzyl alcohol and its
derivatives by cérium ammononitrate , used in excess in aqueous-acetic ( 50% ) media,
leads to benzaldehyde or the corresponding carbonyl compounds , with yields between
55 and 94% [9] .

The kinetics of benzyl alcohol oxidation by cérium ammononitrate has been studied in
acetonitrile-water mixture [10] and in aqueous perchloric acid media [11,12]. A second
Order rate law ( first order in each reactant ) has been found , and an activation energy
of 83.7 and 89.5 kJ.mol | has been determined in acetonitrile-water and aqueous
perchlorate media , respectively . Various second-order rate constant values have been
reported [10-12,20] depending on the conditions employed An isotopic effect has also
been noticed . using Ce(HH3)2(MO,)6 as oxidising agent [21]

The proposed mechanism involves a fast foirnation of an intennediate 1 | complex
between Ce(lV) and benzyl alcohol , followed by its déplétion , as an one-electron rate
determining-step [10,11] , yielding Ce(ll) and a hemi-oxidized intermediate An

additional Ce(lV) ion finishes the oxidation in a fast subséquent step to form
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benzaldehyde.
The kinetics of benzyl alcohol oxidation by cérium sulfate has been less studied
Saiprakash and Sethuram [20] found that the active species is Ce(S0O4)2 under certain
conditions . Because of the fact that the sulfate ion is bound to Ce(1V), the formation of
Ce(lV)-benzyl alcohol complex seems to be diminished compared to perchlorate media,
and new aspects of the reaction mechanism arise
It is the purpose of the present investigation to study kinetic behaviour of the reacting

System Ce(1V)-C6H5CH20H in aqueous sulfuric acid medium

RESULTS AND DISCUSSIONS

The solubility check The solubility of benzyl alcohol was reported only for pure
water or for solutions with a relative high sulfuric acid concentration [22,23].

We have checked its solubility in the range of diluted sulfuric acid solutions , up to 0.7
mol.dm'3, containing NajSO4 ( 0.55-0.00 mol.dm3 ) at 20,40 and 60°C . We found that
at 20°C the solubility increases slowly with increasing content of The solubility
is increased at 40 and 60t, compared to lower températures , but less affected by the
acid concentration .

The solutions of benzyl alcohol up To 1.4-10 2( 20t ) and 3.5-10 2 mol dm 3( 40t ) are
the upper limits of solubility .

Stoichiometry The reaction stoichiometry has been established in the literatura
[9]. Our spectral measurements , under a large excess of organic substrate, confirmed
that the major product is benzaldehyde

CeH5CH20H + 2Ce4 — C6H5CHO + 2Ce3' + 2H' (1)
Under the experimental conditions employed , benzoic acid , a product of a subséquent
oxidation of benzaldehyde has not been detected .

Complex formation Because various sulfato-complexes CeS0O42' , Ce(S04)2,
Ce(S04)32 and some protonated species , which are formed [24-26] , we have
measured the absorbance values at acidity and ionic strength held constant , and
varying Ce(1V) concentration between 3 1 IO 5and 4.0 10 4mol.dm”. Agood linearity,
with a corrélation coefficient of 0 9992 , was obtained by plotting " A " as a function of
Ce(IV) concentration A molar absorption coefficient of 2470 + 30 dm3 mol ".cm ' has
been found
Tire major species of Ce(IV) under the condition employed is Ce(S04)32
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(91.3-99.2%) [24-26].

When benzyl alcohol is present in the reaction mixture , a small decrease of initial
absorbance has been noticed . Thus , both the extrapolated values of absorbance at
370 nm to the start of the kinetic runs at 60°C , as weil as separate absorbance
measurements at 25°C . showed decreased values with increasing concentration of
benzyl alcohol , compared to the values measured in the absence of the organic

substrate. Figure 1 shows absorption spectra recorded imediatly after mixing , at 259C.

Fig. 1 Absorption spectra of Ce( IV ) - benzyl alcohol mixture ;
1.---—Ce(IV) 1.6 10 4moldm 3 2 Ce(lV) 1 6-10"- ROH 1.74-10 mol-dm 3 3. -
Ce(lV) 1.6-10 4- ROH 3.47-10 'mol-dm 3; 4. Ce(lV) 1 6 10 4- ROH 5.2-10 'mol-dm 3,
5 - Ce(lV) 1.6-10 4- ROH 6.94-10 'mol-dm3 ;| B------- Ce(lV) 1.6-10 4- ROH
8.67-10 'mol-dm 3; 7. -Ce(IV) 1.6 10 4- ROH 9.37 10 ’mol-dm'3 ; t = 25°C .

The moderate decrease of the absorbance could be attributed to the formation of an 1:1
Ce(S04)32 - ROH complex . The occurrence of an isosbestic point at 277 nm on the
absorption spectra proves that only two absorbing species are involved By analogy
with the complex formed in peichlorate media [11,12] or with the complex formed with
mercaptoacids in sulfuric medium [27] we consider the following pre-equilibrium :

Ce(S0Jj2 + ROH - [Ce( SO4)3 ROH ] K (2)
The binding of alcohol to Ce(1V) brings about a diminution of absorption coefficients in
the range of 240-400 nm
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To determine the equilibrium constant K for (2), a method described by Ardon [5] was

applied . The équation which correlates the equilibrium constant and absorbance is :

Ao - Am “ (e0 - e)(Ce(/V)], ' K(el - e)[Ce(/V)])/[ROH]

where Ao and Am stand for the measured absorbance of Ce(lV) and Ce(IV)-benzyl
alcohol mixtures respectively, e0 and e are the absorptivity coefficients for Ce( IV ) and
complex. By plotting AA 1versus [ ROH ] | a straight line was obtained and K calculated
from the ratio intercept/slope . Table 1 contains absorbance measurements at three
different wavelengths . Using a least-square method , corrélation coefficients of 0.9975-

0.9999 were obtained . A mean value of K= 8.412.0 dm3 mol lat 25t [ H'] = 0.307

Table 1 Absorbance values of mixtures containing Ce(IV) = 1.6-10 4
H?S0O4 ] = 0.25 moldm 3, p = 0.37 mol-dm 3 and benzyl alcohol

ROH-103 A
mol dm 3 315 nm 320 nm 330 nm
0.00 0.758 0.756 0.682
1.74 0.727 0.725 0.651
3.47 0.699 0.695 0.621
5.20 0.668 0.668 0.590
6.94 0.640 0.639 0.564
8.67 0.618 0.607 0.534
9.37 0 598 0.593 0.523

and p = 0.37 mol dm 3 has been considered . This relative small value of the formation
constant K ( even smaller at higher températures ) suggested that no extensive complex
formation has taken place , which has been proved by the dependence of the first-order
rate constant on the benzyl alcohol concentration ( see next paragraph ).

Kinetics of the oxidation process In ail experiments , conditions were chosen
with a 35-90 fold excess of ROH present This ensured that only the oxidation to
benzaldehyde took place as well as first-order conditions . Semilogarithmic plots

INn(A AJ - 1n(0 A ) - kobsd-t [&))
were linear to more than 90% completion . Here A . Ao and A. stand for absorbance at

various values of time , at the beginning and the end of run respectively . Table 2
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contains some results . The data were reproducible to within + 5%

Table 2 First order rate constants at various ROH concentrations at 60°C ,
I'H* ] = 0.307 moldm3, 1 = 0.37 mol dm3 [Ce(IV)] = 410 4 mol dm3

[ROH J-102 kob.d-102 kobsd'10?
mol dm 3 (min 1) (min 1)
1.35 0.532 0.521
0.519
0.502
0.532
1.74 0.685 0 680
0.667
0.67
2.12 0.830 0.866
0.877
0.89
2.7 1.16 1.11
1.08
11
1.18
3.09 1.30 1.26
1.24
1.28
1.23
3.47 1.53 1.45
1.53
1.45
1.38
1.34

When observed first-order rate constants were plotted versus alcohol concentration ,
a straight line , passing trough the origm was obtained , proving also a first-order
dépendance with respect to the organic substrate , at acidity held constant . An

extensive formation of the complex should lead to some curvature on this plot which
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has not been observed , provmg that the formation of the intermediate complex between
reacting compounds is not indicated by the kinetic data . Therefore . a secorid-order rate
law , first-order in each is obeyed by the oxidation process Second-order rate
coefficients could be obtained by dividing kob5d by 2] ROH ]. The factor 2 accounts for
the stoichiometry . An average value of k2 = ( 3.60+0.18 )-10 3 dm3-mol ' s ' has been
obtained under the conditions employed . The values are shown in table 2

In order to search for the effect of ionic strength upon the rate , séveral measurements
were performed at 60°C by adding different amounts cf NajSO,, H*SO7 and NacClO, to
the reaction mixture , such that the sum [ SO4 ] + [ HSO4 ] was maintained the same

The data , as mean of 2-3 individual kinetic runs , are given in table 3

Table 3 The effect of ionic strength on the rate at 60°C , [Ce(IV)] = 4-10 4 mol/dm3,
ROH ] = 2.7-10 2 mol/dm3

[H] [sof ] [HSO! ] M kotsd-103 k2-103
mol-dm 3 mol-dm 3 mol dm 3 mol-dm 3 min am3mol 's '

0.228 0.028 0.172 0 26 5.16 3.19

0.237 0.037 0 163 0.67 4.80 2.95

0 240 0.040 0 160 0.88 5.00 3 09

0.242 0.042 0.158 1.08 5.14 3.17

The second order rate constant is practically unchanged within this range of ionic
strength . as long as the total sulfate concentration (SO/ + HSO4 ) is constant ,
ensuring almost the same distribution of cérium among the various sulfato-complexes
The effect of hydrogen ion concentration on the iate has been examined within the limits
of 1.8-10 2 and 7.5-10 '’ mol-dm 3 using H,SO, and NazSO4 Within this range of
hydrogen ion concentration , there is a variation of ionic strength Nevertheless , we
maintained the total sulfate and bisulfate concentration constant Hydrogen ion
concentration was calculated , considering the second dissociation step of the sulfuric
acid .

HSO4 v H + SO; K, (5)
Its dependence on the ionic strength was calculated with the relation given by Reynolds
and co-workers [28] A rather complicated dependence or the second-order rate
coefficient on the hydrogen ion concentration has been found . as shown in figure 2

Towards low hydrogen ion concentration there appears an increase of the rate Over
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a minimum value of k2 attained around [ H' ] = 0 065 , the rate increases steadily , to
reach even larger values towards higher acidities It is quite difficult to describe this

behavior by a single équation having a rational kinetic significance

c 080
E +
o 060 )
E
+.

0.40 0
E LI e )

0.20 P

0.00

0.00 0.20 0.40 0.60 0.80

[H+] , mdl / dm3

Fig. 2 The [ H ] dependence of second order rate constant at four
températures . 1.+ t=50°C , 2. nt=60°C ,3.0t=6Bb"C ;4 +t=75°C

As Calvaruso and his co-workers pointed out [29,30] in the case of Ce(lV) oxidation of
lactic, atrolactic or glycolic acid , three simultaneous pathways contribute to the process
with different number of hydrogen ions involved . On the other hand , there is no
possibility to establish kinetically which of the two ions HSOd and SO42 , present in the
mixture , forms Ce(IV) complexes , or whether all of these complexes combines to
substrate to build transition state for electron transfer The extent of these contributions
to the oxidation process dépends markedly on hydrogem ion or bisulfate concentration

Consequently , some assumption have to be made to account for the dependence of
second-order rate constant on the acidity

Usin'i a curve fitting algorithm included in tha computer programm called SlideWrite 2 0,
we found that within the limits 0.0185s[ H ] ,0 065 the best fit of the experimental data

is of the form

+ (6)
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The corrélation coefficients were between 0.995 and 0.998 for the four examined
température values examined . It suggests , by its second term , that some
hydroxy-complex of Ce(IV) should be involved with an important contribution

For the domain of increasing tendency of k2 with [ H' ] , the équation describing the

dependence is of the form:

B2-[H ]

2 [H ]2 7
1*02[H]y[] €9)

with corrélation coefficients of 0.993-0 999 . The second term in (7) suggests that some
protonated cenum(lV)-sulfate complex HCe( SO4 )3 is involved The third term of both
équations suggests that the involvement of more than one hydrogen ion could give an

efficient path for the electron transfer.

Table 4 Estimated paramétere of équations (6) and (7)

t a,-103 Ri-HO4 Vi a2-102 02 02 Yy10
O
50 9.1 9.57 2.193 1.835 1 207 55.505 1.335
60 28.7 12 29 4 244 3.6 1.535 42.636 2.028
65 40.2 16 6 6.158 7.58 0.266 0.325 2 203
75 77.4 28 8 8 605 10.6 0.654 0.055 2.49
E»al = B1.668 Eavl = 53.257 Eio? = 66.909 E.)2 = 24.467
kJ/mol.K kJd/mol.K kJ/mol.K kJ/mol.K

Because the extent of these contributions to the overall second-order rate coefficient is
changing with the temperatura and the addlty ( or HSO/ concentration ) we cannot
compute the activation energy for each pathway . However using the variation of a's and
y's with temperatura change , we calculated values of activation energy . For the two
domains of the acidity Em have high values compared to Eay, where there appears the
catalytic effect of hydrogen ion

The other alternative to see the effect of temperatura upon the rate is to calculate
experimental activation energy , based on the dependence of observed second-order
rate constant, at any chosen hydrogen ion concentration Values are presented in

table 5

126



The Oxidation of Benzyl Alcohol

Table 5 Activation energys calculated from second-order rate constants

[H' 102 Ea

mol dm 3 kJ.mol '
1.85 53.413.1
2.59 54.113.1
4.34 60 213.5
6.42 60.213.0
13.3 59 213.1
24.2 64.013.5
39.2 77 614.2
56 5 78.614.5
65.5 74 313:8
74 4 70.413.8

The confidence limit is derived from error estimates for the rate constant and
température ( error propagation ) An important variation of these experimental activation
energy is obtained over thé range of hydrogen ion concentration , proving the change
contribution of various Ce(IV)-sulfato-complexes to the overall oxidation rate
It can be concluded that the oxidation of the benzyl alcohol to benzaldehyde by
Ce(lV) m sulfate media follows a succesion of two one-equivalent steps , by the
formation ofan 1 : 1 Ce( IV )-ROH compiex in a small extent. Various forms of
Ce(lV)-sulfate ( or bisulfate ) complexes , even a hydroxy complex at low acidity |,

contribute to the reaction process

Experimental

The chemical» employed in the study were from commercial sources . of reagent grade purity , and used
without further purification except of benzaldehyde which was purified by distillation prior to the experimente.
Solutions were prepared using twice distilled water Sulfuric acid and sodium sulfate were used to adjust
desrred acidity and ionic strength respectively.

The solubility of benzyl alcohol in water and H2SO4 - Na2SO«< solutions was checked spectrophotometrically
covering ail the concentration range used in the kinetic experiments

The lolchiometry of the reaction was also determined by spectiophotometrical means . by recordmg the
spectra of the reaction products quantitatively exrracted into diethyiether. and compared to the spectra of
benzaldehyde solution having the terne concentration as those expected to be formed by oxidation An
UWIS Zeiss spectrophotometer was used

The formation of cenum(lV) - benzyl alcohol complex was measured recording the absorbance of mixture
containing Ce(IV) and increasing amount» of benzyl alcohol. within the range of 240 - 400 nm . At 25°C by
low Ce(lV) and alcohol concentration the redox reaction was extremely slow and did not affect the
absorbance measurements

The kinetic» of the reaction was followed spectrophotometrically at 370 nm by means of a Spekol Zeis»
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spectrophotometer. provided with a température jacket sunounding the cells in the cell holder At 370 nm,
either benzyl alcohol or benzaldehyde were transparent , the only coloured species being Ce(IV') The
reaction was started by mixing Ce(IV) solution of appropnate concentration with alcohoi solution containing
H2SO4 and Ma2SO4 in a flask maintained in the température bath of a Wobser U - 10 thermostat

Température was kept constant within + 0 2°C . Alignots were extracted from time to time transferred into
spectrophotometer cell with an 1 cm path lenght, and absorbance values were measured To be sure this
method is appropriate , we venfied that Lambert - Beer law held over the range of concentration used in the

kinetic measurements
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ABSTRACT

A Free-Wilson analysis performed on a set of 13 imidazole derivatives showing antimicrobial
and antimicotic activity showed that both of the two phenyl rings of the common structure must be
substituted for increasing the antimicrobial activity. Conversely, the antimicotic activity needs low
substituted phenyl rings and shows other ordering of the substituted positions

1. INTRODUCTION
From the literatura data, [1] it is known that the oxygen and nitrogen
derivatives of a-phenyl-imidazole-1-ethanol and their ethers, as well as the 1-(3-

aminophenyl)-imidazole derivatives show antimicotic activity. The general formula of

1-(B-aryl)-ethyl-imidazole and their ethers and amines is:

where: R, Ri, R2 = H ; inferior alkyl

X =0 or NH
n=0, 1,2
R T o S— Crme- X oemev (CH 20— Ar
Ar = phenyl, alkyl substituted phenyl,
R2 Ar inferior alkoxy

Ar = phenyl, halogen substituted, alkyl,
phenyl, inferior alkoxy, CN, NO2 , NH2

R = H, CH3, CH2 -CH3

R"=H CH3
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In this study, the following structures, synthesised as in ref [1.2] , were considered:

1. 1-[2-(phenyl)-2-((4- chlorophenvi)-methoxy)-ethyl]-1 H-imidazole nitrate

2. 1-[2-(phenyl)-2-((2,4-dichlorophenyl)-methoxy)-ethyl]-1 H-imidazole nitrate

3. 1-[2-(4-methoxyphenyl)-2-((4-chloropheriyl)-methoxy)-ethyl]-1 H-imidazole nitrate

4. 1-[2-(4-methoxyphenyl)-2-((2,4-dichlorophenyl)-methoxy)-ethyl]-1 H-imidazole
nitrate

5. 1-[2-(4-methoxyphenyl)-2-((2,3,6-trichlOiophenyi)-methoxy)-ethyl]-1 H-imidazole
nitrate

6. 1-[2-(4-chlorophenyl)-2-((phenyi)-methoxy)-ethyl]-1H-imidazole nitrate

7. 1-[2-(4-chlorophenyl)-2-((2,4-dichlorophenyl)-methoxy)-ethyl)-1 H-imidazole nitrate

8. 1-[2-(4-chlorcpheny!) 2-((2,3,S trichlorophenyl)-methoxy)-ethyl]-1 H-imidazole
nitrate

9.1-[2-(2,4-dichlorophenyl)- 2-(phenyl)-methoxy)-ethyi]-1 H-imidazole nitrate

10 1-[2-(2,4-dichlorophenyl)-2-(4-chloropheny!)-methoxy)-ethyl]-l H-imidazole nitrate

11.1-[2-(2,4-dichlorophenyl)-2-(2,4-dichlorophenyl)-methoxy)-ethyi]-1 H-imidazole
nitrate

12. i-[2-(2,4-dichlorophenyl)-2 (2,6-dichiorophenyl)-methoxy)-ethyl]-1 H-imidazole
nitrate

13. 1 [2-(2,4-dichlorophenyl)-2-(2,3,6-trichlorophenyl)-methoxy)-ethy!]-1 H-imidazole

nitrate

The synthesis of compounds 1.2 and 6-13 has followed the finding of
influence of the chlorine atom band on the phenyl rings Ar and Ar' , respectively, on
their antirnicctic activity. The compounds 3-5 bear meihoxy-groups on the ring Ar
and chiorine on Ar' ring. From literaturo, [3] it is known that methoxy groups bring a
higher lipophilicity in vivo. The microbial species were as follows: Staphylococcus
Aureus (Yi), Staphylococcus Epidermides (Y2), Bacillus Subtilis (Y3), Escherichia
Colli (Y4) and Candida Albicans (Y6), and the methodology was as indicated in [4-6]

The inhibitory activity is given in Table 1.

130



QSAR Study on a Set of Imidazole Derivates

The biological screening showed that the structures 1,2,6,9 have both
antimicrobial and antimicotic good activity. The antimicotic activity is lower for the
compounds 3,11 and 13 whereas the compound 5 is quite inactive vs. the Candida
Albicans

Table 1 suggests that structures with low number of chlorine atoms on aryl
rings show both antimicrobial and antimicotic activity The antifungal activity
ciecreases as the number of chlorine atoms increases Alkoxy groups do not

inciease these biological activées

Table 1. Antimicrobial and antimicotic activities in the set of 13 molécules.

Y1 Y2 Y3 Y4 Y5

1 28 38 28 22 38

2 24 30 22 16 32

3 22 30 2G 16 16

4 18 25 16 12 28
5 10 12 12 10 10
6 32 38 32 26 40

7 16 20 14 10 30

8 12 17 12 10 30
9 30 38 30 26 40
10 16 26 18 10 26
11 10 14 10 10 20
12 14 18 14 10 26
13 10 12 10 10 18

. Ygiasl 18.6154 24.4615 18.3077 144615 27 2308

r-or the above iisted compounds (Table 1) the following hypermolecule was

built:
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A molecular structure bearing several substituent can be investigated by the
Free-Wilson method. This model looks the biological activity as a sum of
contribution of the substituents bounded in positions j (j - 1, 2, ..) of a common

structure, in the considered set of molécules [7-10]:

Activity = Xj 3ij X,j + C

where ay represents th<; contribution to the biologica! activity of the substituent
bounded in position j, and X,j is the binary counter (1 if there is substituent in
position j and O otherwise).

A pseudo Free-Wilson analysis applied on the considered set of molécules

(Table 2) will be presented in the followings.

Table 2. Free-Wilson paramétere (positions 1-6 in Hipermolecule).

Molecule 1 2 3 4 5 6
1 '0 0 0 0 0 1
2 0 0 0 | 0 1
3 0 1 0 0 0 1
4 0 1 0 1 0] 1
5 0 1- 1 1 1 0
6 0 1 0 0 0 0
7 0 1 0 1 0 1
8 0 ! 1 1 1 0
9 1 1 0 0 0 0
10 1 1 0 0 0 1
11 1 1 0 1 0 1
12 1 1 1 1 0 0
13 1 1 1 1 1 0
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2. SINGLE VARIABLE REGRESSION

None of the substituted positions explains satisfactorily the biological activity,
in monosubstituted molecule The activity induced by substituents lowers in the
following order: 4 =3=5=2>=1=6 ( see hypermolecuie and Table 3) for ail the

tested activities, except Y6, for which the position 5 is decissive.

Table 3. Single variable corrélations.

Position Y2 Y3 Y4 Y5
.. l 0.2742 0 2404 0 2063 0.1653 0.1086
2 04176 0.4322 0.3903 0.3207 0.3696
3 0.6291 0.6880 0.5752 04930 04635
4 ' '0,T323- <« " 07K 0.4207
5 0.5774 0.6283 0.5225 04050 el
6 0.0756 0 1930 0.0032 0 1338 0.0106

3. MULTIVARIABLE REGRESSION
The finding of multivariate régression was performed by following the idea:
the newly introduced substituen must explain the best the residual Yofts - Ycaic

(see Table 4)

Table 4. Checking for the optimal régression; two and three variables.

res 4.Y1 X2 r res 2;4.Y1 X3 r
2.40 1 0.4296 -3.40 1 0.2976
975 2 0.5045 340 3 0.2778
-360 3 0.3571 -2.15 5 0.3312
375 c 0 3825 466 6 0.2207
-4 25 6 0.0060 -3.34
6.40 7.85
1.75 2.65
225 -1.34
4.40 5.85
-9.60 -8.14
-4 25 -3.34
0.25 0 65
-4.25 334
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3.1. Two variable régression (Table 5); a second substituent brings an
improvement of corrélation of about 7 %. In the followings, a decreasing order of

hypothetical molecular structures is presented:

Y1l: (4,2)>4,1) >@4)5) > 4,3) >(4,6)
Y2: (4,2)> (4,3) >(4,5) > (4,1) >(4,6)
Y3: (4,2)> (4,1) > (4,5; > (4.3) >(4,6)
Y4 (4,2) >(4,6) > (4,1) > (4 3) >(4,5)
Y5: (5,2) >(5,1) >(5,3) >(4,1)

Note that only the first two structures are reliable; Y5 can not be explained

satisfactorily by two variables.

Tabie 5. Two variable régression.

Y 1
Position 4; 6 4; 3 4;5 4:1
r 0.7323 0.7862 0.7872 0.7886
Y2
Position 4; 6 4; 1 4;5
r 0.8096 0.8426 0 8500 0.8601
Y3
Position 4; 6 4;3 4;5 4;1 4; 2
r 0.7927 0.8106 0 8138 0.8204
Y4
Position 4, 5 4; 3 4; 1 4; 6 4; 2
r 0.7327 0.7373 0.7486 0.7543
Y5
Position 4; 1 5; 3 51 5, 2
r - 0.4372 0.4967 0.503
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3.2. Three variable régression (Table 5): the third introduced substituent increases
the corrélation with about -1% Structures with three substituents show satisfactory
corrélation with the investigated activities. In addition to ihe corrélation coefficient, r,
the variation coefficient, cv = s / Y.-bs ned * 100 is presented, it indicates the

dispersion of Ycaic values vs. tire mean of observed values

Y1 (4,2,5) > (3,5,6) > (4,2,6) > (4,2,3) > (4,2,1)
Y2 (4.2,5)> (4,2.3) > (4.2 1) > (4,1,3) >(4,3,5)
Y3: (4,2,5)> (4,2,1) > (4,2,3) > (4,5,6) >(3,5,6)
Y4 : (3,5 6)> (4,2,6) > (4,5,6) > (4,2,1) >(4,2,3)
Y5: (5,2,6)> (5,3,6) > (5,1,6) > (5,4,6) >(4,2,3)

Note that the structure (4.2 5) explains better the activities Y, -Y3, whereas the
structure (5,3,6) c.orrela*es better with the activities Y.( and Y6 However, the

experimental data for the last two activities are quite non-selective

Table 6. Three variable régression.

Y
Pozition 4, 2: 6 4; 1; 2 4; 2; 3 3; 5,6 4; 2,5
r 0.826 0.3307 0.8338 0.8384 0,8362 vy
cv 27.7297 27.1012 26.8702 26.535 126:4727
S2
Position 4; 3;5 4; 1; 3 4, 1; 2 4; 2.3 4,25
r 0.8672 0.8835 0.8882 0.9040
cv 23.068 21 6626 21.2456 6.7658  J1-B.30>KX
Y3
Position 3; 5,6 4, 5,6 4. 3; 2 4, 1; 2 4, 2,5
r 0.8369 0 8536 0.8548 0 8576 - 0.8593
cv 26.2676 25.0059 24.9021 24.6836
Y4
Position 4;2, 3 4: 2; 1 4,5, 6 42,6 n 3,56
r 0.7698 0.7743 0.8069 0.8343
cv 32 0022 31.7325 29.636 27.6458
Y5
Position 4; 2; 3 5,4;6 51,6 5; 3; 6 5.2, 6
r 0.5710 0.6269 0.6623 0.7021 0.7303
£Y 32.4779 30 824 29.6392 28.366 - -'27.0245/1
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3.3. Four variable régression (Table 7) gave the followirig ordering

(2.3.5.6) > (2,4,5,6) in YbY3.Ya and V5
(2.4.5.6) > (2,3,5,6) in Y?

Table 7. Four variable régression.

Y1 Y1 Y2
Position 2;3,5,6 2;4;5, 6 2,3;,5;6
r 0.9387" 0.9038 0.9087

cv N\ 48025 J 221000 20.4730
Y3 Y4 Y4

Position 2, 4;5;,6 2; 3,56 2;4;5;6
r 0 9362 " 0:9510 X" 0.8865

cv 4.8886 3.4367 '* 24.6033

3"
if

/

Y2 Y3
2;4,5;6 2;3;5:6
0.935 0.9392
4.7994 . 4.4736

Y5 Y5
2:3.5,6 r 2,4,5;6
,0812' 0.7413
24.5200 28.293

3.4. Five and Six régression (see below) suggested that the positions

(2,3,4,5,6) are iimportant in enlarging the spectrum of action of the drugs belonging

to this dass.

Five variable régression: X #2,3 456" r=09604 -

r=0.9622 ,
r=0983:

r=0.9728
r- 0.83 25,

Six variable régression: X - 1,2,3,4,5,6; r-0.986

r=0.9788,;
r-0.9955;
r+0.9797:
r-0838,
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Y1
Y2
Y3
Y4
Y5

cv =2.3797

cv = 1.2755

cv = 10.4000
cv- 13429
cv - 26.053

cv= 928934
cv - 11.0048
cv— 55933
cv = 12,2982
cv- 27.9533
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4. CONCLUSIONS

1. Structures with at least three substituents satisfactorily explain the antimicrobial
and antimicotic tested activities.

?.. Structure (4,2,5) explains better the activities Y, -Y3, whereas the structure (5,3,6)
correlates better with the activities Y4 and Y5

3. The screening for the activities Y4 and Y5 are not enough selective.

4. it is important that both phenyl rings to beat substituents, in the view of
improvement of their activity.

Our results do not infirme the literature data . However in vivo tests one imposes in

the view of their validation.
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TLC DETERMINATION OF CAFFEINE FROM SOME BEVERAGE
USING SOLID PHASE EXTRACTION

Simona Cobzac, T. Hodisan
‘Babes-Bolyai" University, Faculty of Chemistry and Chemical Engineering, 11 Arany

Janos, 3400 Cluj-Napoca

ABSTRACT

The paper concerns willi caffeine détermination irom some beverage using SPE as
sample préparation. The quantitation was perform using TLC / densitometry. The
wavelenghi was 275nm. The obtained recovery was 93.54%. Our results are comparable
with ttiose from literature

INTRODUCTION
1,3,7-trimethylxantine or caffeine is an alkaloid which is found in coffee grains

(cca. 1%), in tea leaves (cca 5%), kola nuis and in other tropical plants. The structure of

caffeine is shown in Fig 1

Figure 1 Structure, fomiula and molecular weight of caffeine

Caffeine is a crystalline substance which sublimate at 236UC Despite his basic
character, caffeine has not the posoibility to form salts which metals. Caffeine is used in
medicina due to its heart stimulation property and brairt activation. Caffeine is also used
in the préparation of some common foods and beverage

A wide type of analytical methods was used for caffeine détermination
amperometry [1], potentiometry [2J, colorirnetry [3], spectrometry [4,5], chromatographie
technic - GL [6], HPLC [7,8], TLC [9,10] ; electrophoresis |11]. In most cases liquid-liquid

extraction [5,8] for sample prépar ation was used
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Solid phase extraction (SPE) is an alternative lectinic for liquid-liquid extraction
that involves the analyt transfer fron a liquid to a solid phase. The technique is consist of
four steps . solvation - is a process for sorbent wetting and create an environment
suitable to selective rétention ; sample application - wnen the cornponents are retained
on the sorbent surface , rinsing or washing 1+ when some matrix cornponents are
removed from sorbent ; alution - when whit a suitable solvent the analyt and other co-

retaiiied cornponents are desoibed from solid phase.

The importance of this steps and further information of its optimisation are treated

in detail in [12,13]

EXPERIMENTAL
Chemicals acetone, Chloroform, methanol, toluene from Reactivul Bucharest, caffeine from

Roth, Sil G F25i precoated plates from Macherey Nagel, instant coffee Amigo,russian tea and ccca-

cola.

Solutions caffeine standard solution (5.65mg caffeine/10mL. CH.tOH). russian tea stock
solution (1 595 g leave/lOO mL HjO infusion), instant coffee stock solution (0.7U59 g coffee/100 ml
HjO). coca-cola (used undiluted)

Sample préparation Tlie cadndge us-d for SPF is consist cf a polyethylene syringe
(L=50mrn, D=IOmm) packed with 1c.nil home ruade C-18 modifiée! silica as sorbent. The solvation of
sulid phase was made with 5 mL GHjOH and 19 mL H20. The standard and stock solutions was
prepared in the same way as follows 1 mL solution was diluted (al approx 70 mL) with H2O and
passed through the sorbent bed with a llow rate of 10mL/min. After rétention the sorbent was
desolvated by drymej 3 min. with air and then caffeine was eiuted with 3 mL CH,OH. The resulted
solution was evapcraled to dryness and redissolved in 1 mL CtijGH

Sample application The samples were applied with a Camag automated applicator as spots
on Sil G F2,4 precoated plates Spots with varying volumes (1-1 OpL) from caffeine standard solution
were applied to the plate in crder to peifonn the calibration curve. Foi recovery, two 10 pL spots were
applied from both standard and processed (SPE) standard caffeine solutions. For quantitation, 20pL
spots from instant coffee, russian tea aud coca-cola stoke and piocessed (SPE) solution were applied
to the plate.

TLC conditions The plates were developed in normal chromatographie chamber with

CHCI3-(CH;j)2CO (17: 3, v/v) and scanned in réflectance mode at 275 nm with a Shimadzu CS-9000

dual-wavelength flying-spot scanner. Ttie obtained fotodensitograms are shown in figure 2-4.
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3.200- = a.'
F- uJ t.
u-) tu
2 400- 1 u.
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1.800-
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0 000 <
-0.800
2 00 50 00 100.00

Figure 2 F-otodensitogranie for 20 pL spots for instant coffee stock and proccesed SPE
standard solution
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Figure 3. Fotodensitograme for 20 pmL spots for russian tea stock and proccesed
SPE standard solution.

4.000-
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1.600-
0 800-

0.000-

Figure 4. Fotodensitograme for 20 pL spots for coca-cola stock and proccesed
SPE standard solution

RESULTS AND DISCUSSION
The équation for the calibration curve is :
Y=16941 +23316x
where Y is area of chromatographie peak and x is the amount of caffeine. The calibration

curve for caffeine is shown in figure 5.
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Figure 5 Calibration curve for caffeine

The recovery was caiculated as ratio between corresponding areas to 10 pL

spots of processed (SPE) and standard c/tfeine solutions As shown in Table | the

recovery was 93.54%.

Table | Obtained experimental data used for recovery détermination after the SPE

processing
- N
Solution Volume applied Area Recovei V (%)
_ (pL/spot)
standard 10 150723
151017 —
149975
processed 10 141442
(SPE) 141130 93.54
140537

The arnount of caffeine in some beverage was caiculated as shown in Table II.
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iahte II Obtained experimentai data useo fer caffeine contam in some beverage
sample.

Sample Area Amount’ Amount” Caffeine
(impulse) (ug/spot) (ftg/spot) (%)
Cocacola 66042
66881 212 212 10.6
66448
! Coca-cola 61921
j (SPE) 61557 193 2.06 103
624G5
| Tea 141610
143369 5.043 5043 1.69
143811
Tea(SPE) 139360
137168 5.22 558 175
139811
j Instant 124004
coffee 125243 4 63 4 63 328
125598
Instant 117905
coffee 117764 4.33 4 629 328
(SPE) 118335

* Calculated amount of caffeine from calibration curve
** Corrected amount of caffeine using the recovery grade

The calibration curve is linear between 600-6000 ng/spot, and quantitative
analysis can be performed Tne results obtained from both methods (unprocessed and
SPE processed sample) are similar. This can be predicted due to the high recovery
(93.54%). Our obtained results are in good accordance with those from literatura The
reported method can be successfully applied for routine détermination of caffeine in

different naturai samples
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ASPECTS OF THE ELECTROREDUCTION OF ANODIC LAYERS
FORMED ON LEAD IN SULPHURIC ACID SOLUTIONS
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Abstract
Cyclic voltammetry has been used to study the electroreduction of anodically
lormed layers on lead electrodes under various expeiintentai conditions. The
negative potential sweep curves were lecorded at different sweep rates for a
range of polarization potentiels and fimes

INTRODUCTION

The charging and discharging characteristics of the lead-acid batteries
have been and still are extensively investigated in Order to ifnprove their
performances [1-5]

Lead electrode reactions in H2SO4 solutions have been studied by using
different stationary and transient techniques In spite of the many researches and
the large number of publications regarding this System, the kinetics and
mechanism of the electroreduction processes are still open to discussion The
cathodic reactions taking place during the charging stages of lead electrodes
have been given considerably less attention. For this reason, conclusions
conceming the exact nature and structure of reaction products are more difficult
to draw.

The electroreduction of PbSO4 has been investigated in order either to
examine tfie effect of some additives on the nucléation and growth stage in lead
elecliocrystallization process or fo analyse the réduction of lead sulphate grown
anodically on smooth and porous electrodes through potentiostatic step
techniques [6-8].

Acording to Pavlov et ail, based on X-ray diffraction and electrochemical
methods, the composition of the anodic layers, formed on lead in H2SO4 solution

can be as follows [9-11]:
145



E. M. RUS

1. A corrosion iayer. consisting of PbSO4 crystals, formed at potentials from 0 95
to -0.30 V (vs Hg/Hg2S0O4) 2. A film of PbSO4 and an inner layer of PbO which
builds up beneath the initiait/ grown PbSCh porous film, at -0 3 to 0.95 V. 3 At
potentials higher than 0.95 V, the predominant anodic surface products are a-
PbO2 and R3-PbO2

Recently, F.E. Varela et al. have pointed out that in the electroreduction of
anodic layers , three well-defined processes could be distinguished (12] a The
electroreduction of the pnmary PbSO« layer which involves mainly an
instantaneuos nucléation and three -dimensional growth mechanism urider
diffusion control, b. The electroreduction of the PbO layer, consiste of two current
contributions: one term can be associated with an instantaneous nucléation and
two-dimensional growth under diffusion control and the other one, which is the
main current contribution, can be related to a progressive nucléation and three-
dimensional growth mechanism under charge transfer control ¢ The
electroreduction of composite PbSO4 -PbO layer which can be successfully
described in accordance with a complex mechanism by taking into account the
simultanous influence of tr.e two single surface layer constituants.

The present paper présents the results of investigation obtained by using
cyclic voltammetry method on electroreduction of Pb(ll) containing surface layers
generated on lead in sulphunc acid solution under rigurousiy controied

conditions.

EXPERIMENTAL

The working electrode was a disk of 99.69% pure lead (1 cnT) which was piess-fitled into
a teflon holder. Before each experimentthe lead electrode was mechanicaily polished with
aDrasive paper, thoroughly linsed with distiiled water and cafhodically polarized (for 3 minutes i e.)
In the range of hydrogen évolution potential, to provide a aproducible «lectroreduced lead
surface.The electrolyte solution was prepared from analytical grade reagents. Aqueous solutions
of sulphuric acid were used as electrolyte.Potentials were measured and refsrred to in ihe toxt
with respect to Hg/Hg4S04,K2SO4(sal.) as refciem» electrode.Tnc couiT.ui electrode was a
platinum sheet of 5 cm2 in area.The experimenta were carried out using a H-type glass cell.at
roorn température. The cyclic voltammograms were obtained by sweeping the potentiel iineariy in
a positive direction from a certain starting negative potential to a maximum,at different sweeping
rates and then the direction was reversed.

146



Electroreduction of Anodic Layers Formed on Lead

RESULTS AND DISCUSSION

In the potentia! region lying between the potential of hydrogen évolution
and the potentia! of oxygen évolution a complex anodic film with a multilayer
structure is formed on a lead électrode in H2SO4 solution The typical curves of a
cyclic voltammogram for the iead electrode in 1IN H2SO4 solution are shown in
figure i,as a fonction of cycles number Such voltammogram in steady-state could

be obtained after several tens of cycles over the whole potential range (-2 to

+2V)

Figure 1. Cyclic voltammograms of a lead electrode in 1IN H2SO4

solution. Sweep rate 20 mV/s a) cycle 2; b) cycle 32

In this voltammogram (curve a ) the four peaks which occur are related to
the main forms of active materials of (he lead electrode Thus, the well defined
peak At corresponds to oxidation of Pb to Pb(ll) species at about -0 96
V.appeared during the anodic scan pclential The peek a, is followed by a wide
passive région until the oxygen évolution occured. Then, ttie irregular and sharp
oxidation peak A (Pb PbO2 - » PbSCh PbO?2 ) appeared abnormally on reversing
the potential sweep direction
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The negative potential scan exhibits a well defined cathodic current peak
C (which appears after the oxidation peak A), corrresponding to réduction
processes a-PbO? and R3-PbO2 to PbSO4.

At about -1.1 V an asymmetric complex cathodic peak, Ci, appeared
related to the electroreduction of Pb(ll) containing species to Pb.

It is to remark that the oxidation peak corresponding to a-PbO? and 3-PbO?
formation was not clearly visible (curve a, figure 1.).Consequently,PbO? phase
formation and oxygen évolution occured simultaneously during the positive
potential scan in a few cycles.After the thirtieth cycle, in the positive potential
sweep, poorly defined anodic current peak A2 .corresponding to B-PbO2 formation
was detected (curve b, figure 1 ),because the oxygen évolution potential shifted
positively.

It is noticeable that ail the anodic potential peaks became more negative
and the cathodic potential peaks became more positive with the increase of the
number of cycles Thus, from this voltammograms it is clear that a minimum of 30
cycles are required to obtain the steady-state condition and a proper reversibility
of System.

In accordance with F Varela et al., the complex cathodic current peak Ci
corresponds to two distinguished processes having, as reactants, the primary
porous PbSO4 layer and the more compact PbO layer which builds up beneath
the initially grown PbSO4 layer [12].

According to many authors, the tetragonal PbO is a dominant component
of the inner compact layer which is formed at potentiels more positive than that
potential the initial PbSO4 layer was grown [13-15].The formation of tetragonal
PbO becomes the main process in the growth of anodic film at a potential above
0V[16]. Therefore, the electrochemical behaviour of the tetra-PbO films plays an
important role in the anodic corrosion of lead and in determining the
performances of lead acid batteries.

The formation of PbO layer was found to be a conséquence of the local
alkalinization of the Pb/PbSO, interface[1l7] During the anodization of the lead,
pores are formed between the PbSO4 crystals and the pénétration of electrolyte
solution in these pores ensure the current flow through the PbSO4 layer which is

gradually transformed into a semipermeable membrane This passive layer
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hindere the diffusion of sulphate ions into the pores and causes an increase of
the Pb(ll) ion concentration and a decrease of the H’ ion concentration at the
metal/film interface.Thus an alkaline medium is formed in the inner layer and at
Potentials more positive than -0.55V(v.s.Hg/Hg2SO.i ) PbO can be formed
underneath PbSO4 layer [17].

The formation current peak for the PbO does not appear in the positive
sweep of the lead electrode and for this reason only the réduction peaks,obtained
in the negative sweep can be used for studying its electrochemicai behaviour.

The electroreduction of PbO can be formally represented by the following
équations [14];

PbO + H20 <===> Pb2f + 2HO (1)
Pb2+ +2e <===> pp %)

The overall reaction is.

PbO + H20 <===> Pb + 2HO' 3)

The current peak associated with PbO electroreduction,C
clearly recorded during cathodic sweep only with cyclings effectuated over narow
potential ranges (-2 to 0 V), after the electrode was polarized for defined times
(e.g. t ol = 20 mm.) at a polarization potential, t-poi =02 V

The voltammograms presented in figure 2, recorded in 4.3mH2SO4
sglution at a potential sweep rate v - 10 mV/s,showed that the peak current value
Ci*,is greatly dependent on the anodic switch potential (ASP).Thus with values
lower than -0,5 V the peak Ct* was not recorded (curve a, figure 2). One can thus
conclude that the formation of PbO, during anodic sweep on the electrode surface
occurs only at potentials more positive than -0.5 V,when it becomes one of the
main consiituents of the passive layer which is formed on the lead surface (see
curves b and c, figure 2)

The value of peak current foi the PbO electroreduction proved to be
dependent on the electrode polarization time, figure 3

With low values of polariza’ion time, peak C/ was not recorded (curve a,
figure 3),a fact which suggests that the anodic oxidation formation of PbO is
rather slow and is dependent on the previously forr d PbSO4 layer structure and
properties
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Figure 2.Cyclic voltammograms for a lead electrode in 4 3 m H2SO4

v=10 mV/s, rp«, = 0.2V, tpo, =20 min., ASP: a) -0.5V, b)-0.3V; c) 0V

Figure 3 Cycle vcitaminograms for a lead electrode in 4 3 niH2SO4
ASP 0V, v=10 mV/s; e», - 0.2 V, polarisation time. a) 10 min.; b)
30 min.; ¢) 40 min
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For various sweeping rates the form of voltammograms changes
slightly.The peak current height increases with the increase of sweep rates and
the peak potential slightly shiffs towards more negative values, (figure 4)

The increase of the peak height C/ may be explained by the growth of
PbO amount formed in the passive layer during anodic sweep while the peak

potential shift illustrates a withdrawai from process reversibility.

Figure 4. Cyclic voltammograms for a lead electrode in 4.3m H2S0O4.
Epot = 0.2 V; t~=20 min ; ASP 0 V. Sweep rate a) 20 mV/s,
b) 10 mV/s, c) 3.33 mV/s

It is worth noticing that after a significant number of cycles the peak current
value decreasses in acordance with the PbO réduction, figure 5

On the other hand a leactivation of anodic processes in cathodic sweep
was observed on the increase of number of cycles (peak J1/, figure 5).This
réactivation p'ocess of lead oxidation in cathodic sweep may be explained by the
appearence of some cracks in the anodic film induced by internai strains due to
the volumic alterations of the products formed. In this context part of the anodic
film is detached from the electrode surface and The metallic lead oxidised being
exposed to direct contact with the electrolyte
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Such phenomena calied “local dépassivation” have been detected. so far,
only by IR-reflexion-adsorbtion spectroscupy; they could not, so accru ately set

into evidence by voltammetric techniques, [5].

Figure 5 Cyclic voltammograms for a lead electrode in 4.3m H?SO4

Sweep rate 20mV/s; t,»,- 20 min.; e~*O”Viajcycle 30; b)cycle 50.

Analysirig the results obtained the following conclusions could be drawn:

a) For studying the PbO electroreduction processes in H2SO4 solutions, by
means of cyclic voltammetry the sélection of cycling potential sweep range is
greatly significant During cathodic sweep the peaks corresponding to Pb(ll)
species electroreduction, from the PbSO4 surface layer and PbO layer formed
beneath could be set in evidence

b) The decrease of peak current with the number of cycles in PbO
electroreduction processes demonstrates that an amouni of nardly reducible
oxide is accumulated on the electrode surface resulting in a low efficiency of
electrode in acid batteries
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c) The réactivations of anodic processes during cathodic scanning set into
evidence the volumic changes accompanying the formation of anodic films at the
grid/electrolyte solution interface.The mechanical détérioration of this layer due to

the increased internai strains (stress) stimulates the grid corrosion processes.
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Abstract

Three benzodiazépines (diazepam, oxazepam and chlordiazepoxld) were quantitatively analyzed
by thin layer chromatography - densitometry. A comparative study was performed between two
analytical techniques: the classical speckophotometric rnethod and the proposer! one, thin-layer
chromatography and densitometry, There are no significant différences between the experimental
results obtained by the two methods applied for the commercial pharmaceutical formulas.

INTRODUCTION

In the last few years, the interest for the quantitative analysis of barbiturates has shown
an increased impact in analytical quality control and also as a rnethod associated with
clinic treatments [1] Benzodiazepines are minor tranquillisers drugs and have
widespread applications in medicine The quantitation of benzodiazepines in biological
fluids is faced with the complex matrices and with the difficulties to isolate the
compounds from them.

Spectrophotomatry is a powerful technique very usefui for purity tests of compounds. For
a spectrophotometric analysis a sample can be processed in a relative easy way,
especialiy for pharmaceutical forms, but could raise serious problems for complex
matrices as biological fluids are. Due to the great capacity of séparation, different
chromatographie techniques were used in quantitative analysis of benzodiazepines from
complex matrices: gas-chromatography (GC), high-perfoimance liquid chromatography
(HPI..C) and thin-layer chromatography (TLC). Diazepam and its metabolites were

extracted in benzene from biological fluids and than analyzed by gas-chromatography
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(2]. Gas-chromatography was also used for identification and routine détermination of
different barbiturates in biological samples [3, 4] This method is very simple but cannot
be applied for ail kinds of benzodiazépines (e.g. oxazepam) because dégradation can
occur at high températures. High performance liquid chromatography (HPLC) has
widespread applications in clinica!l chemistry; sorne methods are available for
benzodiazépines [5] and the studies were perforrned on different columns: -CN, -Cie, -
C6H5, using normal phase or reversed phase chromatography [6].

Thin-layer chromatography (TLC) was also used for the séparation and identification of
barbiturates and their métabolites, «limes and Kastner [7] have organized in a review the
TLC analysis of benzodiazépines presenting a great number cf eluents and spraying
reagents There are shown a lot of different situations: the séparation and identification
of benzodiazépines as référencés substances, the analysis of benzodiazépines from
Pharmaceutical products and the densitometry of benzodiazépines. The identification
and the “in situ” quantitative analysis of compounds by thin-layer chromatography and
densitometry combines the great séparation power of chromatographie methods with a
simple, rapid and relative cheap technique. Reversed-phase thin-layer chromatography
(RPTLC) was also used for the analysis of benzodiazépines [8, 9].

The purpose of the present work is the séparation and the quantitative analysis by thin-
layer chromatography and densitometry of three benzodiazépines with widespread

applications in médication: diazepam, oxazepam and chlordiazepoxid.

EXPERIMENTAL

Standard substances (diazepam, oxazepam and chlordiazepoxid) were oi chromatographie purity. The
studied Pharmaceutical forms were commercially available. All other regenta were of analytical grade and
were purchased from “Chimopar”, Bucharest.

a). Spectrophotometry

The quantitative analysis of the studied benzodiazépines by spectrophotometry was perforrned following
the routine analysis from the Pharmaceutical industry.

Diazepam

The Diazepam tablets have an average weight of 0.188 - 0.212 g/tablet and contain 0.009 - 0 011 g of
active substance per tabiet. 0 4 g powder of pliantlaceutical form were extrader! with 80 mL acidulated

éthanol (2.8 mL concentrated sulfuric acid for 1000 mL antiydrous éthanol) in a 100 mL volumetric flask.
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The mixture was vigorously shaken for 5 minutes and completed to 100 mL with acidulated ethanol. 7 mL
from the filtrate were diluted to 100 mL with acidulated ethanol in a volumetric flask (Solution A). The
absorptivity of a 1% (w/v) diazepam standard solution, measured in a 1 cm cell, at 285 nm, is H, = 0.437.
The référencé solution was acidulated ethanol.

Oxazepam

The Oxazepam tablets have an average weight of 0.180 - 0.220 g/tablet, each of them containing 0.009 -
0.011 g of active substance. 0.4 g tabiet powder were shaken with 150 mL of acidulated methanol (0.85
mL concentrated hydrochloric acid for 1000 mL anhydrous methanol) in a 250 mL volumetric flask. After
35 minutes of shaking the mixture was diluted to 250 mL with acidulated methanol. 5 mL of the filtrate
were diluted to 100 mL with acidulated methanol in a volumetric flask (Solution B). The absorptivity of a
1% (w/v) oxazepam standard solution, measured in a 1 cm cell, at 235 nm, is e2 1.100. The référencé

solution was acidulated methanol.

For the quantitative analysis of active substance in Chlordiazepoxid. sugar-coated tablets, 1.0 g powder of
Pharmaceutical form (sugar-coated tablets) were shaken with 80 mL hydrochloric acid 0.1 N In a 100 mL
volumetric flask. The mixture was vigorously shaken for 15 minutes, diluted to 100 mL with HCI 0.1N. 3
mL of filtrate were diluted with HCI 0.1N in a 100 mL volumetric flask (Solution C). The absorptivity of a
1% (w/v) chlordiazepoxid standard solution, measured in a 1 cm cell, at 308 nm, Is e3 = 0.328. The entire
détermination have to be performed in 30 minutes from the first adding of hydrochloric acid because the
substance suffers a rapid dégradation.

b). Thin-layer chromatography and densitometry

All the experimente were performed on thin-layer silica plates (10x10 cm, 0.25 mm layer width) Including
fluorescence indicator for 254 nm from Machetey-Nagel (Germany) Solutions A, B and C were applied to
the plates as spots (10 pL/spot) using a Desaga automated applicator. The mobile phase was Chloroform -
methanol (9:1, v/v). The densitometry was fulfilled by a Shimadzu CS-9000 dual-wavelength flying-spot
scanner, in reflection and zigzag mode (zigzag width, 10 mrn), at 254 nm. The concentration of référencé
standard solutions are shown in Taole 1. The corresponding calibration curves were obtained by applylng

to the plate different volumes of the référencé standard solutions (1 - 8 pL/spot).

RESULTS AND DISCUSSION

Tho quantitative évaluation of a thin-layer chromatogram by densitometry is based on
the measurement of the light beam reflected (or transmitted) by the layer alone and by
the layer and the sample spot In this spécial situation, the Beer's law cannot be directly
applied because the light is scattereci by the thin-layer and tins process is not simple.

The proper relation which describes the complex process of reflection and transmission
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in scattering media is the Kubelka-Munk équation |10], The concentration of the
benzodiazépines référencé solutions and the corresponding quantities applied to the

plates are shown in Table 1 and Table 2

Table 1. The concentrations of the référenca standard solutions

Compound Concentration
(P9-"HY....

1. Diazepam 1.11

2. Oxazepam 1.04

3. Chlordiazepoxid 1.22

Tabla 2. The quantities of benzodiazépines applied to the plates

Plate Applied Benzodiazepines (.ug/spot)
volume

nr (pL/spot) 1. 2. 3.

1. 1 111 1.04 1.22
0 2 2.22 2.08 2.44
3. 3 3.33 3.12 3.66
4 4 4.44 4.16 4.88
5. 5 5.55 5.20 6.10
6 6 6.68 6.24 7.32

Usually, in refiection mode a logarithmic curve is obtained by plotting the absorption versus
the amount of substance in the spot. The curve is more close to linearity in transmission, but
this mode is limited by the transparency of the layer and the plate.
The results obtained by densitometry from calibration curves are shown in Table 3.
Foilowing average weights were obtained for the sériés of investigated tablets and sugar-
coated tablets

1. DIAZEPAM 0.1922 g/tablet

2. OXAZEPAM 0.2975 g/tabiet

3 CHLORDIAZEPOXID 0 1932 g'sugar-coated tablei
The corresponding results obtained by spectrophotometry and thin-layer chromatography

are shown in Table 4.
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For both calibration curve (first and second order) the value of corrélation coefficient is close
to unit and the experimental résulte obtained by thin-layer chromatography can be compared

with those obtained by spectrophotometry.

Table 3. The calibration curves obtained by densitometry

Substance Appiied quantity Area
(mg/spot)
1. DIAZEPAM 1.11 59253
2,22 102110
3,33 149500
4,44 202383
5,55 229397
6,66 245381
The régression équation: y = A + B Inx A= 32827
B=109787
The corrélation coefficient, r r =0,98
2 OXAZEPAM 1,04 45916
2,08 69751
3,12 94416
4.16 105994
5,20 124254
6,24 127970
The régression équation: y = A + Bx A = 36181
B =16081
The corrélation coefficient, r r =0,98
3 NAPOTON 1,22 75678
2,44 92658
3,66 123722
4,88 134546
6,10 150792
7,32 175274
The régression équation: y ~A + B Inx A =55778
B = 53780
Tire corrélation coefficient, r r= 0,97
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Table 4 The comparison between the experimental results obtained by the classical

spectrophotometric method and the proposed one by thin-layer chromatography.

Analysis by Analysis by thin-layer
Compound spectrophotometry chromatography
g/tablet (TLC)
ng/spot g/tablet
1 Diazepam 0,0100 2,40 0,0108
2. Oxazepam 0,0109 0,87 0,0110
3 Napoton 0,0096 4.77 0,0093

CONCLUSION
The proposed method for quantitative analysis of benzodiazépines from phanmaceutical
forms by thin-layer chromatography and densitometry is accurate and comparable with the

classical method by spectrophotometry.
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TRANSITION METAL HEXACYANOFERRATES (Il1l) MODIFIED ELECTRODES.
I. CHARACTERIZATION OF Co, Ni and Cu HEXACYANOFERRATE MODIFIED
ROTATING DISK ELECTRODES!

Liana Muresan, lonel Catalin Popescu and Liviu Oniciu

"Babes-Bolyai" University, Department of Physical Chemistry, 3400 Cluj-Napoca,
Romania

ABSTRACT

A new method to obtain cobalt-, nickel and copper- hexacyanoferrate (lll) modified électrodes
based on the use of a rotating disk electrode is presented. The prefornied complexes were
electrosorbed from solution during the electrode potential scanning. An optimization study concerning
the electrode material and the metal hexacyanoferrates préparation, electrochemical (scan rate) and
hydrodynamlc (rotation speed) conditions, was perforrned lonic selectivity testing for Na’, K, Li’and
NH/ showed that glassy carbon/CoHCF-moditied RDE is the most suitable for Na' and Pt/NiHCF-
modified RDE for K*

INTRODUCTION

The hexacyanoferrates(lll) of transition metals (MHCF), with the gener.al formula
MJFe(CN)e]|.x H20, where M can be Fe(ll), Co(ll), Ni(ll), Cu(l), are an important dass
of insoluble mixed valence polynuclear complexes' The most important characteristics
of these compounds are based on their zeolithic structure and on the presence of two
redox centers, exhibiting a good reversibility [1].

In order to maintain the electroneutrality, the electrochemical oxidoreduction of

the MHCEF illustrated, for example, by:

KM[Fe(CN)§] + K' + e **  K,M[Fe(CN)e)

should be accotnpanied by an ion migration through its structure [2] So, certain group

' Partially presented at the "Electrochemical Sensors and Biosensors
Conference", Cluj-Napoca, 28-29 Sept 1995
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| cations can freely migrate into or out of the film, whereas other are excluded,
resulting a special kind of ionic selectivity [3].

Besides, modified électrodes with Prussian Blue KFe[Fe(CN)e] (PB), and his
analogues, such as simple metal hexacyanoferrates (llI), MHCF (M = Co2*, Ni2* and
Cwu2*) (3-5) or mixed metal hexacyanoferrates (lll), PB-MHCF (M = Ni2’, Mn2*, Cu?2*,
In2*, Cr2*, Ru?*) [6], were prepared for a variety of applications including
electrocatalysis, electrochromism, photoresponse and electrochemical energy
conversion [1-2, 7-10].

The strategy adopted untii now for the préparation of MHCF modified électrodes
consisted in the modification of a stationnary electrode. Thus, during a cyclic potential
scanning, the preformed complex was electrosorbed on the working electrode surface
from the adjacent solution [4]. An other variant starts with the métal layer
electrodeposition on the electrode surface, followed by the potential cycling in a buffer
solution containing K3[Fe(CN)6) [3]

In the present paper, in order to control the hydrodinamic conditions during
electrode modification, a new method, based on the use of a rotating disk electrode
(RDE) to obtain MHCF-modified électrodes by electrosorption of the preformed
complex, is presented The influence of different experimental conditions, such as
electrode material, MHCF préparation conditions on the obtention of Co(ll), Ni(ll), and
Cu(l)-HCF modified RDEs were studied The obtained modified électrodes were
tested as potentiometric sensors for some electroinactive cations such as K’, Na*, Li*

and NH/

EXPERIMENTAL

Reagents

CoCI2, NiClj, KCI, NaCl, LiCl and NH4CI (Reactivul Bucuresti) and K3(Fe(CN)J (Merek) were of
analytical grade and were used without further purifications
Electrochemical experiments

Electrochemical experiments were performed using a potentiostatic set-up consisting of a
potentiostat (PS 3, Meinsberg, RDA), a signal generator (Polarograph LP 7e, Praha) and an X-Y
recorder (Endim 620 02, Meinsberg).

A conventional three electrode cell was used. The working electrode was a rotating disk
electrode made of Pt (® = 1.5 mm), glassy carbon, GC (® = 3 mm ) or graphite, G (® “ 3 mm ). The
référencé electrode was a saturated calomel electrode (SCE) The Pt counter electrode was separated
from the test solution by a glass frit.

Préparation of the MHCF-modified électrodes

The modification of RDE with preformed different MHCF (M = Co(lt), Ni(ll), Cu(ll» was achieved

by adsorption, cycling the electrode potential between 0 and 1 V/SCE at different scan rates and
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different rotation speeds. The modifier was obtained by mixing a solution of 103 M KJFe(CN)J with a
103 M solution of either CoClj, NiClj or CuSO4, in different molar ratios. In ail cases, 0.5 M KCI was
used as electrolytic support. AM solutions were air saturated at room temperatura.

In order to maintain the same covera”e throughout the experimente, growth was restricted to
a fixed number of cycles (50). The obtained MHCF-modified électrodes were rinsed thoroughly with
custiNed water and then, they could be used for testing or stored in air.

RESULTS AND DISCUSSION
Influence of the electrode material
Typical voltammograms obtained for RDEs made of Pt, G and GC dipped in a

solution of CoHCF, prepared by mixing 102 M CoCI2 and 102 M K3[Fe(CN)6] in the 2.1

v/v ratio, are shown in figure 1 (a, b, c).

30 MA 30 pA

400 mV 600 mV
a. b, c defg

Figure 1. Cyclic voltammograms showing the influence of the electrode material
on the MHCF- modified RDEs préparation: (a, b, c) CoHCF ; (d, e, f) NiHCF,
(g) CuHCF. Experimental conditions: scan rate, 25 rnV/s for Co- and NiHCF
and 60 mV/s for CuHCF; rotation speed 450 rprn; mixing ratio (A/B) 2:1 v/v for
Co- and NiHCF, 1:1 v/v for CuHCF

In spite of the fact that the working electrode is not stationary, two pairs of
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reversible redox peaks are observed on the cyclic voltammograms corresponding to
all tested electrode matériels (fig. 1 a-c). This behaviour proves the formation of an

CoHCF film immobilized on electrode surface. The first redox peak, appears at a

formal potential of about 0.45 V/SCE and corresponds to Fe27Fe3* redox couple,

present inside of the CoHCF film. The second one, with a formal potential of about

0.67 V/SCE, corresponds to Co027Co03 couple (Table 1). These potential values and

Table 1, Formai standard potentials for MHCF-modified RDEs.

Modifier Electrode material
GC Pt G
Préparation 0 46 0.44 0.44
0.68 0.67 0.67
CoHCF .
Testing 0.36 - -
(0.1 M NaCl) 0.80 - -
Préparation 044 0.43 044
0 59 0.60 no peak
NiHCF .
Testing 0.30 0.30 0.32
(01 M NacCl) no peak no peak no peak
Préparation 0.17 - -
0.67 - -
CuHCF .
Testing no peak - -
(0.1 M NacCl) 0 55 -

estimated as the average of the anodic and cathodic peak potentials (VJ.

the proposed redox processes are in accordance with previous reported data for a
stationary electrode [4]

The height of the two sets of redox peaks increases with the number of cycles,

164



Transition Metai Hexacyanoferrates (lII)

denoting an increase of the film thickness. The peak current intensity (estimated from
a baseline) increases in the sequence Pt < G — GC. The cathodic peaks are better

shaped than the anodic ones

The cyclic voltammograms (after 50 cycles) for NIHCF modified RDEs made of
Pt (fig 1d) and GC (fig. 1e), show two reversible redox peaks more clearly defined
than that recorded on G (fig. 1f). The first peak corresponds to the couple (Fe27Fe3*)
and is characterized by a formai potential of about 0 43 V/SCE The second one
belongs to the Ni27Ni3t couple and has a formal potential of about 0.6 V/SCE (table
1). Both for Pt and GC électrodes, the anodic and cathodic peaks appear at very
closed potentiels, proving a high degree of reversibility for the involved redox
processes. On the G électrodes, only one clear redox couple can be observed at
about 0.6 V/SCE, but it should be noted that the corresponding reversibility is quite
low (fig. 1d), as was also reported in the literature [5]

In the case of CuHCF modified RDEs, the peaks appearing on the
voltammograms for n = 50 cycles, even for GC (fig 1g), are less marked than for
CoHCF- or NiIHCF -modified électrodes

Taking into account the apparent degree of reversibility, the peak resolution and
the signal to background current ratio Pi was prefered as electrode material for
NiHCF- modified RDEs and GC for CoHCF and CuHCF modified RDEs
Influence of MHCF préparation conditions

Various mixing ratios between the 10z M metal salt solution (A) and the 102 M
K3[Fe(CN)B] solution (B) [ A/B - 1:1, 1 2, 2:1. 4 1, v/v] were investigated to prepare the
MHCF complexes used as modifiers. The recorded cyclic voltammograms for NiHCF-
modified RDE (fig. 2) show the existence of an optimum ratio (2:1) for whicb the film
exlbits two sets of well defined, reversible redox peaks This ratio was the same in the
case of CoHCF - modified RDEs but 1.1 in the case of CuUHCF modified RDE.

For the same A/B ratio, on GC, the stability and the electrochemical activity ot
the films decrease in the sequence CoHCF > NiHCF > CuHCF
influence of the scan rate and rotation speed

For the GC/CoHCF-moditied RDE cyclic voltammograms corresponding to

different scan rates (0 4 V min ' - 3.2 V min ’) have been recorded at constant rotation
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Figure 2. Influence of mixing ratios between the metal salt solution (A) and the
K3[Fe(CN)e] solution (B) on the cyclic voltammograms corresponding to NiHCF
modified Pt-RDE; other experimental conditions as in figure 1.

50 speed, in 0.5 M NaCl solution. The

40 height of the anodic and cathodic peaks

corresponding to Fe2’/Fe” couple, for

1 30 the CoHCF film increase linearty on v';2

- 20 (fig. 3) in accordance with already
reported data (3-5].

10 The shape and the peak

0 potential values for the voltammograms

corresponding to the GC/CoHCF-

10 modified electrode not significantly

0.4 0.8 12 1.6

influenced by the variation of rotation
V12 (V/min)l2
speed berween 600 and 2200 rpm.

Figure 3. Anodic (Ipa) and cathodic (Ipc) peak currents vs. square root of scan
rate (vl12) corresponding to Fe27Fe3*redox couple for GC/CoHCF-modified RDE

Experimental conditions as in figure 1
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Testing of ionic selectivity
The MHCF-modified electrodes obtained in optimum conditions mentioned
above, were tested in KCI, NaCl, LiCl and NH4Ci solutions of various concentrations.
The cyclic Voltammetrie responses corresponding to Co-, Ni- and CuHCF modified

RDEs, dipped in KCI and NaCl are presented in figure 4.

Figure 4. Cyclic voltammograms responses of Co-(a, b), Ni-(c, d), and Cu-(e, f)H2F
modified RDE in 0.1 M KCI (a, ¢, e) and 0.1 M NacCl (b, d, f) Experimental conditions:
electrode material: GC for Co- and CuHCF; Pt for NIiHCF; other experimental
conditions as in figure 1.

The experimental results show that the electrochemicai characteristics of the
MHCEF films deposited on RDEs are simiiar to those obtained on stationary electrodes
reported in literature [4].

Irrespective of the MHCF nature, the electrochemicai behaviour in KCI solutions
(fig. 4 a, c, e) is similar to that noted during the electrode obtention (fig. 1 ¢, e and g),
when KCI was used as electrolytic support. .

Conceming the influence of Na’ ion on the response of the MHCF modified
RDEs, first, it can be observed a pronounced différence between the voltammograms
for the modified electrode préparation (fig 1 c, e and g) and testing (fig. 4 b, d, f). This
ionic selectivity is also reflected in the peak potentials shift induced by the replacement
of K' with Na’' inside the MHCF film (Table 1).

Second, ii is worth to mention that a corrélation between the nature of the ion

and of the modifier can be found Thus, the CoHCF-modified RDE shows for Na’
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cyclic voltammograms with the best peak resolution and reversibility (fig. 4b) and the
NiHCF-modified RDE is the most suitable for K' (fig 4c). For LF, the behaviour of
GC/CoHCF-modified RDE (results not shown) is similar to that for K’, but the value
of formai standard potential for Fe27Fe3’ couple inside the film is shifted toward less
positive potentials (0 33 V/SCE). This is probably due to the différence between the
hydrated ions radia (3]. Conceming the influence of NH/ on the investigated MHCF-
modified électrodes it was noted (unshown results) that for this cation the
elctrochemical activity of the modified électrodes is very low and unstable It was
suggested that it is caused by the solubility of the ammonium substituted MHCF [6]

Third, a quasinernstian dépendance (40 mV/pion < slope < 66 mV/pion)
between the formai standard potentials of CoHCF redox couple(s) and the Na* and K'
concentration was found (fig. 5), recommending this kind of modified electrode as

possible potentibmetric sensors.

Figure 5. Dependence of the modifier formai standard potentials (E°) on logjionjfor

GC/CoHCF modified RDE. Experimental conditions as in figure 1.

CONCLUSIONS
The main purpose of this work was to obtain MHCF-modified électrodes under
controlled mass transfer conditions First, it was found that no major différences

between the behaviour of stationary and rotating disk modified électrodes occur,
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proving the good adhérence of the modifier on the electrode surface Second, the
indépendance of the peaks intensity from the electrode rotating speed suggests that
the ions transfer inside the modifier matrix should be the rate determining step for the
charge transfer process

For MHCF-modified RDEs, on the basis of our optimization study results, it was
established the existence of a strong corrélation between the nature of the electrode
material, modifying agent and analyte, affecting their ionic selectivity.

In conclusion, it should be pointed out, that the presented method to obtain
MHCF-modified électrodes seems to be promising to investigate the electrocatalytical

properjies of MHCF complexes.
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Abstract. 4-Arylidene-1-pyrimidinyl-2-pyiazolin-5-ones 2a-f were synthesized by Knoevenagel
condensation of the corresponding 1-pyrimidinyl-3-inethylpyrazolin-5-one 1 with aromatic aldéhydes.
Chemical and spectral proparties of the obtained compounds are reported

INTRODUCTION
The 1-substituted-3-methylpyrazolin-5-ones which present a specific

tautomerism react in the 4-position with aromatic aldéhydes under acidic and basic
cataiysis to give 4 aryhdenepyrazolinones The synthesis and chemistry of 4
aryhdenepyrazolinones have been of interest for some time [12] These compounds
are very useful Intermediates in organic synthéses by their reactive conjugated
System (C=C--C=0].

Thus pyranopyrazoles [3] and pyrazolodiazepines [4], compounds with potent
biological activity, were prepared by Michael cyclocondensation of 4-
arylidenepyrazolinones with various nucleophiles. Styryl dyes for color photography
[5] or complexes with Co, Ce, Sa, Y [6,7] are also prepared frorn T
arylidenepyrazolinones Some heterocyclic spirooxiranes have been used as
intermediates in the synthesis of natura! products [8] or labil antibiotics [9]. The
stereochemistry of the 4-alk.yiidene- and 4-arylidenepyrazolinones [10,11] by various

methods have beeri reported

RESULTS AND DISCUSSION

1-(2-Pynmidinyl)-3-methylpyrazolin-5-one 1, obtained by an one pot synthesis
[12] using aminoguan'dine salts and ethylacetoacetate, was reacted with p
substituted aromatic aldéhydes to give 4-benzylidene-1-(2-pyrimidinyl)-3-methyi-2-
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pyrazolin-5-ones 2a-f. This Tnoevenagel condensation was studied under various

conditions of acidic and basic catalysis ( Scheme 1).

Compd. 2a (2) 2b (E) 2¢c (2) 2d (2) 2e (2) 2f(2)
R? C6Hb H p-HO-C6H4 p-MeO-C6H, p-Me..NC6H4 p-NO2ChH,
Scheme 1

The compounds 2a,b were prepared by heatirig of 1 with benzaldehyde, at
140°C for 15 min  This reaction was monitorod by TLC, and two diastereoisomers
2a (Z) and 2b (E) in ratio 3 1 were obtained and separated using preparative Merck
plates and ethylacetatei-propanol 9 1 as eiuent [13,14]. The other compounds 2c-f
were obtained as a single stereoisomer (Z configuration) under the same reaction
conditions This reaction was also performed with various solvents as: MeOH, EtOH,
dioxane, DMF ander acidic or basic catalysis

The best results were obtained using EtOH as solvent and AcOH as acidic
catalyst for the compounds 2e,f and Et3N as basic catalyst for the compounds 2c,d
It can be observed that in the Knoevenage! condensation, benzaldehyde gives two
stereoisomers whereas the p-substituted benzaldehydes give only one stereocisomer
(Z-configuration). The Z-isomer is more stable energetically, because the phenyl ring
is anti to the methyl group from the position 3 of the pyrazolinone ring (steric

hindrances are minimized)
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The experimental results are given in Table 1

Table 1. Physico-chemical constants of the compounds 2a-f

Compound M.P 6C Solvent Yield % Analysis %N
recryst. calcd found
2a 192 EtOH 20 19 04 18.8
2b 175 EtOH 58 19.04 18 8
2c 297 MeOH 79 18.06 17 9
2d 245 i-Pr-OH 82 17 28 171
2e 273 DMF 87 20.77 205
2f 270 EtOH 72 20.83 20.7

In acid-catalyzed condensation, the pyrazolinone 1 reacts in the enol form
with the p-substituted benzaldehyde which is onented with phenyl ring in anti to the

methyl group, thus affording the Z-isomer (see Scheme 2)

enol form Z-isomer

Scheme 2

The stereochemistry of exocyclic double bond in the 4-arylidenepyrazolinones
?a-f has been studied by IH-NMR spectroscopy ’'H-NMR spectral data for the 4-
arylidenepyrazclinones 2a-f ?nd the reference compound 1 are summarized in Table
2 The assignments made are based on the chemical shift of the CH3 group from the
posiiion 3 of the pyrazolinone ring, in the compounds 1, 2a and 2b 7hus the
chemical shift of the CH3 group was found at 1| 55 ppm in the E-isomer 2b, upfield
shift created by the shielding anisotropy of the syn phenyl ring, whereas the same

chemical shift in Z-isomer 2a was found at 2.27 ppm identical with that from
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pyrazolinone 1. This observation provides additional confimations for the Z- and E-

configuration of the exocyclic double bond in arylidene compounds 2.

Table 2 ’H-NMR spectral data of the compounds 2a-fand 1 (1 ppm)

Compd Pyrazolinone ring Pyrimidine ring Benzene ring Vinylic
proton
CH3((C3)  H(C<) H(C5) CH3(C,,) H?2 H3 R(C4%) H(C6)
1 230 541 6 15 2 40
2a (2) 2.27 6.10 2 46 7.18 - 8.05 (m) 7.21
2b (E) 1.56 6 05 228 7.00 - 789 (m) 7.05
2¢c (2) 2.25 6 12 2.42 6.48 (ci) 842 (d) 7.32
2d (2) 2.27 6.10 2.40 6.95 (d) 8.30(d) 390 7 60
2e(2) 2.30 6 14 2.37 6.80 (d) 845() 310 735
2f(2) 2.25 6.21 231 6 90 (d) 8i0(d) 7.45
32

CH,""T"TOH

Z-isumei E-isomer

EXPERIMENTAL

Melting points were determined in capillaries and are uncorrected . '"H-NMR spectra were

measured in CDCI3 on a 80 Mhz Tesla BS 487C speciiometer TLC was penormed with Merck
Kiselgel 60F 254

Synthesis of compounds 2a,b

A mixture of the pyrazolinone 1 (0.2 g, 0.001 mol) and benzaldehyde (0.1 g, 0.001 moi) was
heated to 140 °C for 15 min using two boiling sticks to assist in the évolution of water. Dilution with

an equal volum of methanol of the red syrup gave a mixture of two diastereoisomers 2a. b .which
were separated using preparative Merck plates and etylacetate : /-propanol 9:1 as eluent. The
experimental data are given in Table 1.
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General procedure for syntesis of compounds 2 c-f

A mixture of the pyrazolinone 1 (0.01 mol), p-substituted benzaldehydes (0 01 mol) in 20 ml
EtOH and 1.5 ml AcOH (for compounds 2e, f) and 12 ml Et3N (for compounds 2c, d) was heated
under reflux for 3 hrs. After cooling the coloured precipitate was filtered off. washed with EtOH and
recrystallized (see Table 1).
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Abstract

Investigation of some représentative medicinal plants starting with extraction and ending with
identification of the amino-acids they contained. was perforrned by extraction of dried material
with a solution of 1% hydrochloric acid and by double development bidimensional on cellulose
»hin layer chromatography plates. The main advantage of thin lay« r chromatography for the
analysis of plant extracts is its high sample throughout, since samp e préparation requirements
are minimal and multiple sample can be separated simultaneously In this paper we are
preseriting the analysis of Equisetum extract containing the extraction, the séparation and the
identification of the free amino- acids by thin layer chromatography.

INTRODUCTION

Throughout history people have been using the plants as drugs. Evén at present the
préparations based on plant extracts are used very offen

The isolation and the identification of active components from plants with biological activity
are interesting for study of the structure-activity relationship

The bioactivity materiale can be tested by different analytical methods and procedea. The
Chromatographie methods allow the localisation of some active compounds such as: tannin,
sugars, peptide, organic acids, flavone, amino-acids etc.

The isolation of amino-acids can be carried out by different extraction methods on dry
material. Previous researclr mentions such methods as: direct extraction in water, in NaCl
5%, ethylic alcohol 5%, NaOH 0.25% [1]. Another method indicates the extraction of free
amino-acids from plants in a methanol- water- hydrochloric acid mixture (18:1:1, v/v) [2]

The amino-acids identification and détermination from plants can be carried out with
chromatographie methods. Liquid chromatography with reverse phase based on C18 as a
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stationary phase which uses acetonitrile- buffer based on acetate [3], phosphate [2,4],
citrate [5] or borate [6,7] as a mobile phase can be used The détection has been made
either by fluorescent détection after derivatization with phtalic anhydride [4,7], dansyl
Chloride [2,6] or by UV détection.

The thin layer chromatography is also often used for the séparation and identification of
amino-acids from plants. This rnethod has many advantages, such as: multiple samples
can be analysed simultaneously; the short time required, low détection limits [8] As
stationary phases silica gel or modified silica gel [9], polyamide [2] or chromatography
paper [1] can be used and the most frequent détection procedeum is ninhydrin spraying

In this paper we are presenting the Equisetum sample analysis including the extraction, the

séparation and the identification of free amino-acids by thin layer chromatography

Experimentat
The Extraction of Free Amino-acids

0.5 g dry plant was extracted in 10 mL of 1% hydrochloric acid solution. We added the [NajPfWaOw)«)
solution for removing the proteins from the extract when these was precipitated. After centrifugation the
solution was passed through an ion exchange Amberlite IR 120 H column. The column was eluted with
40 mL of 10% ammonia solution. The solution obtained was evaporated to dry and the resldue was taken
again in 1 mL of agueous solution 30% (v/v) I-propanol.

Separation and Identification of Free Amino-acids by TLC.

The séparation and identification of free amino-acids from Equisetum extract are achieved by
bidimensional TLC with double elution. The cellulose plates 20 x 20 cm are from Merek. The standard
solutions of the eighteen essential amino-acids (1 mg/mL) and the extract solution were applied with
some microdropper.

The elution was made 18 cm along In unsaturated N chamber using for the flrst dimension a n-butanol-
acetone- acetic acid- water (35:35:7:23, v/v) mixture [10] and for the second dimension a methanol-
water- pyridine (80:20:5, v/v) mixture as mobile phases.

Taking into account that we resorted to a double elution for each dimension after the flrst elution the
plates were dried with hot air, then they were eluted in the same direction, along the same distance and
with the same solvent mixture. The détection was carried out after the second elution by spraying the
plates witti a ninhydrin solution In butanol- acetone (1:1, v/v) then dried at 100-150°C for 10-15 minute.
The standard solution of amino-acids was eluted in both Systems, on different plates, at the same time
with the extract sample. The identification of the amino-acids was achieved by comparing the R, values.

RESULTS AND DISCUSSION
The Rf values cf amino-acids from standard and equisetum extract in both elution Systems
are presented in Table 1 and the séparations m Figures 1 and 2.

In Figure 3 the séparation of Equisetum extract is presented.
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Table 1. The R, values for standard amino-acids and Equisetum extract

Standard Equisetum
amino-acid Rn RI2 Rn R<2
glutamic acid 0.67 0.58 0,67 0,58
aspartic acid 0.58 0.42 - -

DL-méthionine 0.81 0.78 - -
glycocoll 0.58 0.50 - -
DL-alanine 044 0.72 0,44 0,72
L-arginine 0.50 0.43 - -
L-proline 0.42 0.53 0,42 0,53
L-tyrosine 0.33 0.14 0,33 0,14
tryptophan 0.77 063 0,77 0,65
DL-asparagine 0.43 0.43 - -
lysine 0.56 0.73 0,56 0,73
Phenylalanine 083 0.82 0,83 0,82
L-isoleucine 085 0.92 0,85 0,92
L.-histidine 0.32 0.30 0,32 0,29
L-leucme 0.88 0.89 - -
DL-serine 0.53 0.57 0,53 0,57
DL-valine 0.72 0.87 0,72 0,87
DL-threonine 0.51 0.68 0,51 0,68

Figure 1. The amino-acids séparation in the first solvent System
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Figure 2. The amino-acids séparation in the second solvent System.
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CONCLUSIONS

The aim of this paper has been to find an efficient method for the séparation and
identification of free amino-acids from plant extracts. On the basis of the results obtained by
TLC it was possible to determine the qualitative composition of amino-acids from plant
extracts.

This method 6fters some advantages comparatively to other methods namely: it is simple,
relatively fast, sensitive enough and it is one of the few methods which can be used without

a special treatment of the sample
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SOLVENT EXTRACTION OF DIOXOURANIUM(VI) WITH
DIISOPROPYLDITIOPHOSPHORIC ACID AND
TRIPHENIYLPHOSPHINE OXIDE

Maria Curtui, lonel Haiduc, Corina Pop
Facultatea de Chimie, Universitatea "Babes-Bolyai", Cluj-Napoca

ABSTRACT

The extraction of dioxouraninm(Vl) from aqueous solution with diisopropyldithiophosphoiic
acid and triphenylphosphine oxide in benzene was investigated. In oider to establish the composition
of the extracted species, the variation of the distribution ratio veisus the parameteis of the extraction
System was measured It was established that the organic phase contains a mixed ligand complex
UO..(iPrdtp)2TPPO The high solubility of this adduct in benzene explains the syneigic increase of the
distiibution ratio.The extraction constant and slability constant of the synergie adduct were
determined. The extraction data are supported by spectral measurements

INTRODUCTION
In previous papers [1-7] we have investigated the extraction of dioxouranium

(IV) with dialkylditiophosphoric acids (Hdtp) in different organic solvents The results
show that a neutral complex UO2(dtp)2 between dioxouraniuirt(Vl) and the
dialkylditiophosphate anion is formed, regardless of the nature of the solvent used
However the donor properties of the solvent are very important for the séparation of
dioxouranium(lV) When the extraction is carried out with oxygen free solvents, water
may coordinate to UO2(dtp)? as demonstrated by Fischer titratration by Fitoussi and
Musikas[8] making the chelate complex less extraciable mto organic solvent. In the
case of oxygen containing solvents, residual coordination in the chelate complex are
occupied by hydrophobe solvent instead of water molécules making the complex
more soluble in organic phase This explains the higher values of the distribution
ratios obtained in solvents as butanol and tributylphosphate [6,7] A remarcable
en!lancement effect was observed in extraction with Hdtp and TPPO [9]

in the present paper we have investigated the influence of triphenylphosphine
oxide (TPPO) on the extraction of dioxouranium(lV) with diisopropyldithiophosphoiic

acid (I liPrdtp)
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RESULTS AND DISCUSSION

The extraction of dioxouranium(Vi) aqueous solution with mixtures of HiPrdtp
and TPPO in benzene (0 O03M) was studied The distribution ratio D data were
obtained by keeping constant the total concentration of HiPrdtp+TPPO in benzene
and varrying the molar fraction of each extradant The D values presented in Figure
1 show that HiPrdtp alone in benzene extracts poorly dioxouranium(VI) from
aqueous solution of pH 07 The extraction of dioxouranium(VI) with 0.03M TPPO
without HiPrdtp is negligible When mixtures of HiPrdtp and TPPO are used, ttie
distribution ratios are enhanced significantly, the maximum D values beeing
obtained for 0.3-0 4 molar fraction of TPPO The shape of the curve in Figure !

suggests that a synergie effect takes place

I Fig 1 Extraction of dioxouranium(VI) with
HiPrdtp - TPPO mixture in benzene
cHiprdip*TPPI=0. O3M; Cn=0 0005M; pH=0.7

m
et

0.6.

[ J
10 07 0.4 i.0 0 to
Molar ffaction of TPPO

ro

Treatrnent of data
The extraction equilibrium of dioxouianium(VI) with HiPrdtp and TPPO in

benzene can be desenbed by équation.

where the index "0" indicates the organic phase
The equilibrium constant called “extraction constant” is given by (2).
|[/O2(ipl<h/>)2(/7°/'O)J0| /7|
\IH>1 11/I'rz/Hal
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D is the distribution ratio of dioxouranium(VI) defined as the ratio of the total
concentration of the metal in the organic phase and the total concentration of the
metal in the aqueous phase Introducing the distribution ratio D in équation (2) it
follows that:

log/>--log& + 2/>// | 21og[//r Pu/r/4, +wlog[ il'l4 ‘|, 4)

The équation (4) expresses the dependence of the distribution ratio versus
different parameters of the extraction System, namely the pH of the aqueous phase,
the concentration of HiPrdtp and the concentration of TPPO in the organic phase
Acording to équation (4) an investigation of the distribution ratio versus one of the
extraction System parameters maintaining all other parameters constant can provide
informations about extracted species

The formation of the mixed species (synergie adduct) in the organic phase
can be represented by the equilibrium

[/70),(/Prdrp).1,, i »(/[7TV>), [fI(7, (r Pri/el),((7777),. , (5)

and the stability constant 8 is given by

(U IWT7/7D), b
[ZID2(Pr<Ilf>)T)[7TTTV)J (©)

Distribution ratio D defined above as [UO22*]0/ [UO/’l can be expressed by

b U

Therefore, the following équation can be derived

T

©)

con .
where Do denote the distribution ratio of dioxouraniumfVI) in the absence of TPPO.
The plot of log D/ Do versus TPPO concentration can be used to determine
the stability constant of the synergie adduct [10,11)
influence of ttie pH
The dependence of distribution ratio D on aqueous phase acidity at constant
HiPidtp concentration and constant TPPO concentration is presented in Figure 2
The slope 2 of the curve (1) shows that in the coresponding concentration range, two
molécules of HiPrdtp are involved m the ion exchange mechanism This resuit is in

agreement with équation (1) The curve 2 in Figure 2 represents the extraction data
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of dioxouranium(VI) with HiPrdtp alone The shift of cuive to the lower pH value in

the presence of TPPO suggests that a synergie effect occurs

Fig.2 The influence of the pH in the aqueous phase
HiPrdtp+TPPO curve (1), - HiPrdtp - curve (2)
CltliPidlp=0 02** CTPPO=0 01M; Cu=0.001M

Influence of TPPO concentration

The influence of TPPO concentration on the distribution of dioxouranium(VI)
at constant pH of aquoeus phase and constant HiPrdtp concentration was studied
The results presented in Figure 3 show that the distribution ratio increases linearly
with TPPO concentration The slope 1 of the curve obtained shows that only one
TPPO molecule is associated with the extracted species of dioxouraniurn(VI). For

small concentrations of TPPO, when [TPPO] < [UO22+] a déviation of the slope unit

value was observed because the amount of TPPO is not enough to transform all the
UO2(iPrdtp)2 species int6 the 1:1 complex

The combination ratio between uranium and TPPO in the complex involved in
the extraction process was confirmed with the aid of Job's method of continuons
variations adjusted for the ternary System by Ihle and Michael [12] (Fig 4)
Extraction mechanism

From the data presented in Figures 2, 3 and 4 it appears that the combination
ratio of UHiPrdtpTPPO is 1:2.1. The extraction of dioxouranium(lV) with HiPrdtp
and TPPO follows the équation (1), when n-1 The mixed complex
UO2(iPrdip)2TPPO is the species responsible for the synergie erihancement of
extraction In fact, this complex was isolated as solid adduct by preparative method
and the same combination ratio was established [13]. The iR spectrum of benzene

extracts are similar to the spectra obtained for the complex isolated in the solid state
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IgD
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Fig 3 The influence of TPPO in benzene F'9 4 Continuons variation rnethod
CHiPld(p=0.02M, Cu=0 001M; pH=0.7.

The band at 928 ein' is due to the asymmetrical Stretching vibration of the
linear dioxouranium group The band due to the P=o group Stretching in TPPO,
which in the spectrum of the free ligand occurs at 1195 cm is shifted towards lower

wave nurnbers and is split in two sharp components This confions the coordination

of triphenylphosphine oxide to the metal

7 -35
/
4 ‘ Fig 5 Variation of D/Dn as a fonction of
7 30 0
7 TPPO concentration in benzene
25
{
i — 1. S R Joo 2.0
45 -40 -35 30 25 20 -15

Ig(TP?Cj

Extraction and stability constants

Using the data presented in Figures 2 and 3 the extraction constants were
calculated The value of logK is 58105 The plot of logD/Dc versus 1PPO
concentration (Fig 5) was used to determine the stability constant of the synergie
adduct The value of logl3 is 5 85 The constants determined are not thermodynainic
constants smee the activity coefficients were ignored They can serve only for

comparing various extraction Systems under similar conditions
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EXPERIMENTAL

Materials: The diisopropyldifhiophosphoric acid was synthesized by the
reaction of tetraphosphorus decasulfide with the appropriate alcohol, according to
published procedures and were purified by vacuum distilat'on [14] Tetraphosphorus
decasulphide, uranium salt and Arsenazo Il were supplied by Aldrich Chemie and
Ventron A.G.,Germany Triphenylphosphine oxide was prepared by oxidation of
triphenylphosphine with KM1104 [14] Ail other solvents or reagents were of

analytical grade

The acidity of the aqueous phase was determined with an Orion Model 611
pH meter/milivoltmeter. A Spekol C Zeiss Jena (DDR) spectrophotometer was used
for the colorimétrie détermination of uranium (VI)

Operating procedure - the extractions were carried out in 100 ml séparation
funnels. Equal volumes '100 ml) of aqueous solutions (0 01-0 0005M uranium) and
organic phases containing the appropiate concentration of HiPrdtp and TPPO) in
benzene were shaken together at room température (20j2°C) for 5 rnin. After the
phases were separated, the concentration of uranium in the aqueous phase was
determined photometrically with Arsenazo Il [15]. In ail experimente the ionic
strength was kept constant (1 M) with HNO3 and NaNC3
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Abstract: -The results of the exhaustive literature investigations on the methods used in the
synthesis of the 1,3-oxathiane and perhydro-1,3-thiazine rings bearing different substituents are
chritically presented Some comparisons with the data reported for the synthesis of other
saturated heterocycle Systems with six membered rings with two heteroatoms are also
developed

INTRODUCTION

The interest for the synthéses and the investigations on the proprieties of
compounds displaying sjx-membered rings with two different heteroatoms in the
positions 1 and 3 is determinate by three main reasons

These heterocycles (as well as the other six-membered rings bearing
heteroatoms in positions 1 and 3) represent an ideal field for investigations on
the stereochemistry of saturated six-membered rings [1-8] The fragmentation
of the carbocycle in the positions 1 and 3 makes possible a powerful use of the
NMR methods The magnetic environments of the protons and carbon atoms of
the heterocycle are quite different (the signais are dispersed on a large range)
and the Splitting pattern for the protons is ideal, thus the spectra offer the
necessary structural information without being unusually complicated.

A great number of the cynthesized compounds showed to be useful in a
large domains of interest (e.g. as liquid crystals [9,10], in medicine [11-13], as
cosmetics [14,15] in the synthéses 'of pheromones [16], herbicides [17] or
fongicides [18] or as auxiliaries in stereoselective reactions [19-22])

These types of heterocycles are chiral (recent investigations [23]
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explained the chirality of these six-membered rings by the presence of a virtual
triligand chiral center obtained by the desymmetrization of adamantane, e g.
1,3-oxathiane Scheme 1). The possibility to fructity this behavior in

stereoselective transformations is taken into account

VH

Scheme 1

Discussion

1. Synthesis of 1,3-oxathiane derivatives

Despite the significant number of known derivatives of this heterocycle, a
limited number of methods were used in their synthesis. The main pathway for
a convenient ring closure is the direct reaction of the carbonyl compound with y-
thioalchools. Compounds bearing different substituants in position 2 or located
on the sulfur atom have been obtained by specific reactions carried out on the

above obtained 1,3-oxathiane rings

1.1. Direct réaction between y-thioalchools and carbonyi
compounds

The conditions used for the reaction of carbonyl compounds with y-
thioalcohols (as in the cases of acetalization and thioacetalizatin reactions used

for the synthesis of 1,3-dioxane or 1,3-dithiane compounds) are quite different;
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they are correlated with the reactivuy, solubility and stability of the catbonyl

compounds, v-thioalcohois and the resulted 1,3-oxathiane derivatives.
1.1.1 Condensation of aldéhydes
ihe condensation reaction of CH20 with y-thioalcohols shows different

yields depending on the nature of solvent, catalyst and température used in the

synthéses. (Scheme 2, Tables 1 and 2).

r C1120

Scheme 2

Table 1 1,3-Oxathiane compounds obtained starting from formaldéhyde

Compound Rr Rz R3 R4 r Re
1 H H H H H H
2 CH3 H H H H
3 H H H H C6H5
4 H H CH3 H H H
5 H H H H CH3 fi
6 H H H H CH3 CH3
7 CH3 H CH3 H CH3 H
8 CH3 H H H CH3 Cl-i3
9 CH3 CH3 H H CH3 H

The best results were obtained at room température using the water as solvent
and the sulfuric acid as catalyst. The reaction in benzene as well as in
dichloromethane with azeotropic distillation of the water (perfoimed in similar

conditions to those used in the synthesis of some 1,3-dioxane derivatives (30J)
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proceeds with very small yields (about 15-20 %).

Table 2 Conditions used in the synthesis of compounds 1-9

Compounds Solvent Catalyst Température Yield % Reference
1-3 benzene PTSA* 78-80 °C 14-23 [24]
4-7 CH2CI2 PTSA 40-42°C 19-66 [25-28]
8.9 H20 H2S04 - 85-92 [29]

*PTSA = para-toluenesulfonic acid

The reactions using protected y-thioalcohols lead simultaneously to 1,3-
oxathiane and 1,3-dithiane derivatives [31]. The derivaives of the two
heterocycles can be easily separated by using chromatographie methods. The
reactions (Scheme 3) are perforrned in methanol, with HCI as catalyst and are

practically total.

MesClI
R.-CH-CHj-CH-CHj ~ > RrCII-CHj-CH-cHi MeCOSK
| | | |
OH OH OMes OMes

RrCH-CHI-CH-CHj
IOMes éAc
+
R, CH-CH2-CH-cH3 ~ H2CO
SAc  OMes HCI
+
R|-CI1-CH2 CH-CH,
SlAc |SAc

Scheme 3
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The reactions with other aliphatic aldéhydes have been performed in
CH2CI12 (at the reflux of the solvent) in acid catalysis (PTSA) separating (by
azeotropic distillation) the water formed in the synthesis [25-28]. Some attempts
to correlate the values of the yields obtained in the synthesis of the three sériés
of compounds A, B and C (Scheme 4) with the reactivity of the aldehyde or of

the y-thioalcohols were made.

R=Me(10); Et (11); i-Pr(12)

Scheme 4

In A seiies the increasing of the reactivity of ce.'bonyl compound brings
about higher yields for the synthesis of the heteiocycie compounds: 10 (77%),
11 (69%) and 12 (60%), The reactivity of the methylated and dimethylated y-

thioalcohols does not significantly influence the yields calculated for the
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condensation of these vy thioalcohols with acetaldehyde resulting into the
compounds of B [13 (81%), 14 (90%) and 15 (69%)] and C [16 (42%), 17
(78%); 18 (75%) and 19 (69%)] sériés The better results obtained in the
synthesis of compound 14 compared with those of compounds 13 and 15 are
due to lower steric interactions of the methyl groups in ttie transition state of the
réaction for this compound The low yield observed in the synthesis of
compound 16 (to be compared with ihe other compounds of the C sériés) is
due probably to the hinderance (in the transition state) associated with the axial
methyl group located close to the sulfur atom.

4-Propyl-1,3-oxatniane derivatives were obtained in good yields [32 34]
in diethylether using PTSA as catalyst For removing the water, molecular
sieves were used. The reaction showed low yields of only 44%, at room
température, but at higher température (reflux of the solvent) removing the
water with a Dean-Stark trap (azeotrop with benzene) and by using PTSA as
catalyst, excellent yields, (about 85%) have been obtained. Higher performance
(yield 94%) was obtained replacing benzene wiyh cyclohexane and perforrning
the reaction at the reflux température of the solvent [14].

The reaction of aromatic aldéhydes with the y thioalcohols performed in
same conditions as those used in the acetalization reaction of 1,3-diois
(azeotropic distillation of the water and PTSA as catalyst) showed-very small
yields, the reaction equilibria being strongly shifted towards the starting
compounds (Scheme 5) [24]. In the presence of the Et20 BF3 complex higher

yields were reported [10].

R|
HO—g i .
HsCa—CIiO > \ o H5c6-*—(o G§
HS-<
" Ri
Ri=Me, R2=H 20
Ri=H, R2=Ph 21
Scheme 5
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1.1.2 Condensation with ketones

The condensation reactions of y-thioalcchols with ketones are performeri
in CH2CI2, using PTSA as catalyst and the azeotiopic removal of water [25-28].
The yields (32-85%) can be correlated with the reactivity of the ketones as it

may be observed for compounds 22-24 (Scheme 6).

R=Me (22; 65%)
R=Et (23:67%)
R=t-Bu (24; 30%)

Scheme 6
Compounds displaying tetrasubstituted rings (Scheme 7) were obtained by the

condensation reaction of some ketones with y-thioalcohcls without solvent but

in acidic catalysis (yields 75-82%) [35].

"\
O Me
KA XR Ri=Me, Pr; R2=Me. Pr

X...-S 1

Scheme 7

1.2. Reactions of acetals with y-thioaicohols

The reaction of the ketals of acetone and DMF with y-thioaicohols led to

2-substituted-1,3-oxathianes in usual conditions (Scheme 8) [25].

Ri_ OCW. X ho~\>/r Rt o -A
R/ OCH3 HS—7 -CH OH v s
R,=R2=R=CH3 (25; 28%)
R=R1=H, R2=N(CH3)2 (26; 76%)
Scheme 8
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1.3. Reactions of lithiated oxathianes with electrophyls

The 1,3-oxathiane derivatives easily react with BuLi to give 2-lithialed-
1,3-oxathianes The reaction of these ones with a large nutnber of electrophylic
reagents leads to the corresponding sériés of the 1,3-oxathiane derivatives

bearing substituents in the position 2 of the heterocycle. (Scheme 9)

27

Scheme 9

Alkylated (R=CH3, C2H5 n-C3H7, i-C3H7, i-C4H9, CH2-C6H5) or acylated
(R=CH3CO) compounds were obtained in very good yields (up to 99%) by this
procedure The reactions were perforrned in THF at -78°C. Yields have been
correlated with the reactivity of the halogenous derivatives in the SN2 reaction
(36, 37]. The reaction of the 2-lithiated-1,3-oxathiane with ketones leads to
substituted compounds with a tertiary alcohol group in the ketal part of the

heterocycle (Scheme 10).

27

Scheme 10

The unenolizable ketones give the best yields (up to 86%). The reaction of
aldéhydes (in the presence of DMSO and the anhydride of trifluoroacetic acid)
has as intermediate the secondary alcohol which is oxydized to a carbonyl
compound (Scheme 11) The synthesized compounds showing a carbonyl
group located in the position 2 of the heterocycle were then used in asymmetric
synthesis [38,39]

The lithiated compounds were also considered to prepare 2-substituted-

1,3-oxatianes with trimethylmetal ligands of éléments of the group XIV (Si, Ge,
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1. Buli Me
2. RCHO

3. DM SO, TFAA*

Scheme 11
Sn, Pb; Scheme 12).
CIM(CHj)j
g -LiCl
27
Scheme 12

An interesting situation occurs in the reaction of thimethyllead acetate
with lithiated 1,3-oxathiane when a mixture of the 2-substituted compounds with

trimethyllead and acetyl groups are obtained (Scheme 13) [36].

/7 °\ CHjCOOPbICHjh
¥ /-Li

27

Scheme 13

The yields calculated for the organometallic and for the acetylated compounds
were 70 % and 16%, respectively.
T he lithiated trimethylsilyl derivative was transformed with good results (yield

73%) in 2-benzoyl-1,3-oxathiane (Scheme 14) [40]
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IN  Si(H..h

-s Ph
/--( Si(CHs5h
< < \—COPh
—s C—o \---S
\
Ph
Scheme 14

2-Methoxy-1,3 oxathiane was obtained starting from the aminotosylated
heterocycle in reaction (at room température) with methanol (yield 34%) [36].
The intramolecular condensation reaction of 2-S-benzylsulfynylbenzoic

acid (Scheme 15) in the conditions of Pummerer [41] reaction (130°C. using
acetic anhydride) leads to a benzo-1,3-oxathiane substituted with a phenyl

group in the position 2 of the heterocycle [41].

30

Scheme 15

2. Synthesis of derivatives of perhydro-1,3-thiazine

The synthéses of a few numbet of compounds displaying this ring are
reported in the literature. The main way of access to this heterocycle is the

direct condensation of y-thioamine with carbonyl compounds. The difficultés
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generated by the low reactivity of some carbonyl compounds as weil as the bw
yields of the reactions have determinated the investigations for other routes to
this purpose The réduction reaction of some 1,3-thiazine 4-ones and 1,3
dihydro-thiazines showed to be a good solution in some of the cases The
lithiation reaction of some 1,3-thiazine derivatives, followed by the réaction of
the lithiated heterocycles with electrophyls resulted into 2-substituted 1,3-

thiazmes séries.

2.1. Condensation reactions of y-aminothiols with carbonyl compounds

The reactivity of y-aminothiols in the ring closure reaction with carbonyl
compounds is significantly smalier than the reactivity of 1,3-diols, 3-amino-1-
propanols or y-thioalchoois. The y-aminothiols react only with aliphatic
aldéhydes (Scheme 16);no condensation occuied when y-aminothiols werc

reacted with aromatic aldéhydes or ketones[42 44].

R Ri= alkyl, H

Scheme 18

In the presence of y-aminothiols the aliphatic ketones are transformed into
acyclic thioketals: this reaction (Scheme 17) is preferred fer the ring closure

reaction [45].

Scheme 17

The reaction of formaldéhyde carried out in tne usual manner, in

benzene (in acidic catalysis) with the removai of water by azeotropic distillation,
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gives small yields [45]. Contrary, the reaction performed in dried éthanol, using

HCl as catalyst shows very good yields (about 99 %) to give the

perhydrothiazine hydrochloride (Scheme 18 R-RIi=H). The free base of thiazine

was isolated in reaction with a solution of Na2CO3 (yield of the séparation 77%)

[42].
/—SH H ~y | s
+ > = - - - </ >- R, _NazC'os > / \ R
v- NIIj CT R, \/NH+(T -NaCl \ -w
-CO? |
R R R
Scheme 18

The reaction of N-alkyl-y-aminothiols with formaldéhyde carried out in similar
conditions led to N-alkyl-1,3-thiazine (Scheme 18, R=Me. Et, Pr; R1=H) with
good yields up to 77 % (free base). Other aldéhydes (Scheme 18; R=R'=Me,
Et, Pr) react similarly but the yields are in the range of 21-61% in corrélation
with the lowest reactivity of the carbonyl compounds and with the steric
hindrance introduced by the alkyl group bonded to the nitrogen atom of the

heterocycle [e.g. compounds: 32 R=H, RI=CH3 (yield 95%); 33 R=RI1=CH3

(47%) and 34 R=C2H5, Ri=CH3 38%) [50]. |

2.2. The réduction of the derivatives of perhydro-1,3-thiazine-4-one

The starting perhydro-1,3-thiazine-4-ones can be obtained by the
reaction of aldéhydes with y-thiol-amides [these last available from thiol-esters
() or from cyclic thioamides (Il) in reaction with amines], The reactions are
performed in benzene (azeotropic distillation of water) with yields up to 76%
(Scheme 19) [45]

2 Phenyl-perhydro 1,3-thiazine-4-ones are obtained by the intramolecular
condensation (a Pumrrierer type reaction) of N-substituted-3-benzyl-sulfinyl-

propionamide in the presence of the mixed anhydride of trifluoroacetic and
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acetic acids (CH3CO O-OC-CF3) The reaction (Scheme 20) is performed in
nitrogen atmosphére at 110-120 °C. The perhydro-1,3-thiazine-4-ones are then
reduced (Scheme 20) to the corresponding desoxy-compounds with LiAlH«

(yield 45%) [41].

tIS-|CH-CHj-COOR,

R3N»2
hs-ch-ch2-conhr3

R|

Ri=H, Me, R2=Me, Ph, Bz

R3=H, Me, Ph, R<=Me, Et

Scheme 19

O

Scheme 20

2.3. Réductions of dihydro-1,3-thiazines

The starting dihydro-1,3-thiazines are obtained by the reaction of N-
acylated-3-amino-1-propanols with P2S5 The reaction of N-acetyl-3-amino-1-

propanol carried out without solvent by heating the mixture of reagents at 145

°C (the réaction is exothermic and finally a température of about 220 °C is
reached) leads (yield 50 %) to 5,6-dihydro-4H-2-methyi-1,3-thiazine (Scheme
21)142].

The réduction with aluminum amalgam gives with a very low yield (14%)
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the perhydro- 1,3-thiazine derivative, while the réduction with other Systems as

I-2/Pt or ethanol/Na gives other type of products.

OH
CH,
NII-COCH, NH
36
Scheme 21
CHil T NaBH, /
<H- . ..
N- m-N AN
CH,

35 37 38

Scheme 22

The N-aikylated-dihydro 1,3-thiazines can be reduced with good yieids (up to
97%) using NaBH4 in methanoi at -78 'C (Scheme 22) [42].

2.4. Ring closure reactions of the derivatives of 3-amino-1-propane!
The condensation reactions of the thiocarbamic derivatives of 3-arnino-1
propanoi can lead to substituted 5,6-dihydro-4H-1,3-thiazine (I) or to perhydro-

1,3-thiazine (li) in connection with the nature of the substituent located on the

nitrogen atom (Scheme 23) [46]

NUR
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2.5. N-acy!ation of perhidrc-1,3-thiazines

The acylation reaction of the parent heterocycle is performed in benzene

with acetyichloride in the presence of Et3N (Scheme 24) [42]

Scheme 24

2.6. N-alkylaticn reaction of perhydro-1,3thiazine derivatives

The N-methylation reaction of the heterocycle nitrogen atom is performed using

teirafluorcborate of trimethyloxonium (Scheme 25) [42].

r_s (CHp3 BF4
Ve U  CciMcrm 7\
\ /--B ———— ( B—r
N 4-N
CH3 HjCz CH
Scheme 25

2.6. Lithiation reaction of perhydro-""t,3-thiazines

The lithiated perhydro-1,3-thiazines (obtained by using the reaction with

OEt
+
t-auMKH
a 41 CH-N-'Bu
phico 7/ x o H20 , oA
1
..... I ¢ fclbny H2. x
< _
v- - N Nd
CIt““N-(Bu
44 45
Scheme 26
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BuLi) in reaction with ketones arise the access to derivatives of the 1,3-thiazine

ring, bearing substituents in the position 2 of the heterocycle (Scheme 26) [47].

2.7. Compounds bearing 2-imino-substituents

The reaction (Scheme 27) of R-bromoacids with thiourea leads to

derivatives of the 1,3-thiazine substituted with imino groupe in the position 2 of

the heterocycle [12,48].

NHi
Ph-CH-CH2COOH + S=/
Br NHj
Scheme 27

The use of N-methyl-thiourea in a reaction performed in similar conditions with
those employed in the previous reaction (reflux of éthanol and acidic catalysis)
results into a compound displaying the 2-methylimino derivative [11].

2-Imino N-substituted derivatives have been obtained in the reaction of R-
mercapto-propionic acid with N, S-substituted thiourea [49], as well as in the
more efficient reaction (yield 77%) [50] of acryloyi Chloride with thiourea when

2-imino-4-oxo-perhydro-1,3-thiazine has been obtained.

2.7. Synthesis of perhydro-1,3-thiazine-2,4-dione derivatives

A pathway of access to the title derivatives is the hydrolysis of imino
derivatives obtained above [12,48]. Another route is the direct reaction of

thiourea with the corresponding lactone (Scheme 28) [51].

e
CliH -C=0
R

R=alkyl or phenyl

Scheme 28
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The use of dithiocarbamates instead of thiourea derivatives permits to
obtain compounds belonging to the group of 4-oxo-perhydro-1,3-thiazine-2-

thione [17,52].
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Abstracts. On the basis of the data in literatura, a review on the usage of antibodies in the catalysis of the
chemical reactions is reported. A systématisation of the chemical reactions catalyzed by antibodies has been
made, thoroughly describing reactions mechanisms and the required conditions.
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Catalytic antibodies

The extraordinary power of Chemistry consists not only in “classical transformation"
of certain substrates, but also in the discovery of new pathways, more and more effective
to do it. Besides the progress of catalysis, the biocatalysis has become a tool in the
organic synthesis laboratory. The programmed anticorpogenesis, i.e. the design of an
artificial enzyme is a challenge of the end of 20lh Century.

Apparently, this spectacular technique seems to be simple. It seems ciear that
chemistry, immunology and biology make the things go round, but nobody can tell where
the landmark is between organic chemistry and immunology.

The task of organic chemistry is major The success of strategy dépends on the
abilities and resourcefulness of its tools because the hapten design is the central point of
the strategy The mechanism of the réaction to be catalyzed, the cognition and the
induction of monoclonal antibody are also important.

According to estimations, the possibilities offered by the antibody cataiysis are
astomshing. Basically, any chemical reaction can be catalyzed by an antibody. Moreover,
high reaction regioselectivity, stereospecificity, substrate diastereo- or enantioselectivity
brought about by this approach make out of the abzymes (see below) a solution for
unsolved problerns. Still, there is a long way ahead of us

1. Introduction

Biological Systems are capable of synthesizing, screening enormous chemical
diversity and producing molécules with remarkable biological fonctions. When comparing
a cell with a chemical laboratory, the fact that the synthetic chemist is the least skilled ai
assembling atoms is obvions Naturally, a question arises: could there exist strategies to
use the tremendous possibilities of nature? or are scientiste capable of devising ways to
make them possible?

In the last fow years efforts have been made to develop catalyst with enzyme-like
features Thes9 biomoiecules, due to their low entropie structure, possess the ability to
bind Ihe substrate and, even more powerfully, the transition state of the reaction On the
other nand, the antibod'es capacity of binding antigens has suggested a way to create a
new type of enzyme-like catalyst To built an enzyme like substance by means of the cell
is, at first sight, a simple problem, since the immune System can genarate more than 1012
aritibodies, can identify and amplify those that bind a giveri ligand, with high selectivity and

specificity |hus, a big step has been made. the principies and tools of organic chemistry
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have been used to exploit the remarkaole machinery of the immune System for the
génération of antibody catalysis for which the terni abzyme was suggested. [1]

An important approach that bas occurred in the design of catalytic antibodies
involves the induction of catalytic groups in antibody combining site via mechanism-based
hapten design, i.e. a stable molecula, which mimics the structure of the short-timed
transition state of the target reaction (2,3a] After attaching a spacer arm to the hapten and
coupling the resulting structure to a cerner protein, the assembly, a real antigén, can be
used to produce antibodies However, the key-eloment in the synthesis of antibodies-
catalysts is the rational design of high selective substrate binding sites Since the sterical
and electronica! complementarity is very important for the catalytic ability, the appropriate
functionality and geometry of hapten, as transition state - analog, dépends on the success
oi the strategy.

Antibodies eiicited to the haptens behave as enzymatic catalysts with the
appropriate substrats. Pauling first pointed out that the fundamental différence between
enzymes and antibodies lies ir> the fact that, whereas the former selectively bind transition
states, the latter bind grcund states. [4,5]

Instead, catalytic antibodies, like enzymes, oxhibit rate accélération, substrate
specificity and regio- and stereospecificity, correlated precisely to the structure of the
antigén, used to elicii immune response In fact tne specificity of .antibodies for their
ligands car, exceed that of enzymes for suostrates Moreover, with the advent of
monoclonal antibodies (antibody molécules secreted by a hybirdoma clone; because c-ach
such clone is derived from a single B cell, ali of antibody molécules are identicei ), wi’h the
help ot protein engineering and efficient cataiytic groups available from synthelic
chemistry, homogeneous | gand binding sites with enzyme like affinity and specificity ca..
be generated for most btcmacromolecules, and for smailer synthetic molectdas, as weil.
Finally, the potential importar.ee of the programmée! antibody catalyst as tool in chemistry
is obvious.

2. Characterisation of antibodies

Antibodies proiect organism tirougi, their eb.iity to discriminate nonself irom self
molécules Selective récognition is achieved through a iarge number of weak bonding
interactions involving hydrogen bonds, Van der Waals and electrostatic interactions, which

are not fully understood by chemisls yct and are still far irem being able to rnimic.
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Antibodies are large proteins assembled in a disulfide cross-linked four chain
structure. The major sérum antibody, 1gG, consiste of two identical heavy chains of
molecular weight approximately 50,000 and two identical light chains of molecular weight
25,000. Sequence comparison of monoclonal IgG proteins indicates that the carboxyl-
terminal half of the light chain and roughly three quarters of the heavy chain from carboxyl
end show little sequence variation The antigén combining site of molecule is in the first
100 amino acids of the amino-terminal régions of both light and heavy chains, referred to
as VL and VH domains, which show considérable variation - three such régions in both the
heavy and the light chains - associated with antigén récognition and designated as
complementary - determining régions. Proteolytic cleavage of the molecule on the
carboxy-terminal side of the interstrand disulfide linkage connecting the light and heavy
chains generates two Fab molécules, each containing an antigen-binding region.

Crystallographic studies of F,b fragments reveal that the immunological fold consiste
of two twisted, stacked R-sheets, a structural motif characterizing the VH and VL domains
One sheet has four and the other three antiparallel 3-strands related by a pseudo two fold
axis These strands are joined at their ends by six loops of the complementary-
determining régions creating a key 3-barrel fold that can tolerate sequence and
conformational changes in the loop region. On the basis of comparative studies it has
been argued that there is a small tepert6ire of main-chain conformational - "canonical
structures" for at least five of the six variable régions of antibodies whose conformation is
determined by a few key residues. The area of interaction between the antigén and
antibody may be relatively fiat and extensive for protein antigén binding to an antibody
(700 750A2), where as in the case of small organic molécules the binding may occur by
way of clefts whose volumes are in excess of 600A3 For small organic molécules such as
fluorescein the dissociation constant of the antigen-antibody complex ranges from 10" to
10”7 M which, if totally coupled to drive a chemical transformation would provide a free
energy change up to 20 kcal moll sufficient to promote most reactions in agueous media.
The antigén binding bringe about no global conformational change in the antibody The
union is rather accommodated by conformational adjustments in the specific amino acid
side-chains that improve the weakly binding interactions that involve hydrogen bonds, Van

der Waals and electrostatic forces.[3]
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B-lymphocytes, the cells of the immune System, which produce antibody
molécules, make use of genetic recombination to generate a pool of antibody molécules,
each possessing a unique combtning site amino acid sequence. The genes encoding
each antibody are spliced together out. of a battery of gene segments, which enable an
organism to mount a primary immune response from a great number of different antibody

molécules.

3. Reaction meehanisms

3.1. General mechanistic considérations

Cataiytic antibodies share mariy mechanistic features found in enzymes They act
as catalysts with rate accélération on the order of 1C3 - !06 over the uncatalyzed reaction,
follow classical Michaelis - Menten kinetics and display substrate specificity. [2b]

The basic principie of enzymes catalysts states that strong binding interactions are
required by enzymes to reduce the energy barners along the chemical réaction pathway.
[1] A mechanism whereby enzymes are believed to act as highly specific catalysts is that
they provide an environment cornplementanty in structure and electronica! distribution to a
rate limiting transition stare of a given reaction, [6], through a combination of substrate
destabilization, proximity erfects and covalent catalysis mediated by appropriately
positioned nucleophiles, genoral acids and bases, metalions and other cofactors [7]
Thus, the strikmg paralleis between cataiytic antibodies and enzymes in the tieid of
mechanistic enzymclogy are not at ail surprising. Howaver, what is particularly remarkab'e
is that the single protein motif (all antibodies possess the sarne secondary and tertiary
principial structure ) can be adopted to accommodate diverse réaction types with
notaworthy remarkable efficiency.|8a]

Antibodies have been generated that caialyze a wide array of chemical reactions
ranging frrm one step kinetic pathway through short tive-1 transition state (e.g. pericyciic
reactions) to multistep kinetic pa'hway through. intervening covalently bond antibody-
intermediate (e g tiyd.oiytic reactions, consecutive réactions and group transfer
réactions) Since haptens rmmic either the transition siales or higiny energy intermediate
[8], the strategies for generaling calalytic atiiibodies include d) the use of antibody to

stabilize negatively and positively charger! transition state, (2) the use of antibody as
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entropie traps, (3) the génération of antibody with catalytic groups and cofactois in their
combining sites [2b]

The antibody binds the transition-state analogs considerably more tightly than
substrates, i.e. the haptens are potent inhibitors of activity in agreement with their
définition as transition staie analogs. One indication that antibodies are cornplementary to
rate detern.inmg transition-states cornes from the comparison of dissociation constants for
substrata and transition state analogs (Kw, respectively KJ with the rate cf antibody-
catalyzed reaction over the uncatalyzed reaction

Obs The K, térin is presumed to be an

Ks Puneai
[]
Ah 'S S# ot Ay - rT approximation of the hypotheticai and
I
[‘ * unmeasurable dissociation constant K*AbS,
km kais /= ~ K(
b |F deseribing the binding of the transition state
*AbS
¥
AbS AbS# === P + A number of reactions such as unimolecular
KADS Km Kuneal lactonisation reaction, bimolecular amidé
Ks K bond formation, the hydrolysis of an aryl
ester. Diels alaer reaction and porphyrin
Scheme 1 [2c]-modified metallation show close agreement between

the calculated K*»., [/ K*s and the
experimentally derived KM / K, ratio Tne binding energy of antibodies induced to a single
antigén expressed as a dissociation constant rnay span 10 orders of magnitude (K =
1010 - 10 10” moll) [9]. Note that Km paraméter may represent an approximate
maasure for the dissociation of the abzyme substrate comolox (K,., is defined as the
concentration of substrate that produces one half of the maximal cataiytic rate) f10a]

Just one observation: high affinity cf antibodies for the corresponding hapten is no
guarantee cf cetalytic power [10], since, for example, only one out of severa! antibodies
generated against a hapten may show activity against the substrate (as can be seen in
the feurth section of herein pape, ). The affinity may be s conséquence of primary binding
interactions to residues on the hapten cot central to mimickmg transition-state structure

(3a]
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3.2. Entropy effects in antibody catalysis

Antibodies are capable of efficienily catalyzing reactions with unfavorable entropy
(high entropy barriers) of activation (AS*) by acting as “entropy traps" : the binding energy
of the antibody is used te freeze out the rotational and translational degrees of freedom
necessary to form the activated complex. [2a]. The notion is proper for antibodies
catalyzing both unimolecular reactions (such as lactonisation reaction and Claisen
rearrangement) and bimolecular reactions (eg Diels - Alder reaction and
transestérification).

There are few strategies for the use of antibodies in what is called “cataiysis by
proximity” : bringing the two substrate molécules togetner in the correct orientation for
reaction (Dials-Alder reaction), using the proximity effect in order to restrict the
conformation of the transition-state (sigmatrcpic rearrangement) and inducing fit of the
second substrate, to activate the intermediate for subséquent chemical réaction
(transestérification).

Since haptens can never mimic transition structure perfectly, ar“ibody raised
against imperfect transition-state analogs oannot Pe e.xpected to reduce free energy of
activation in the same extent in which authentic enzymes, designed by nature, do [7].
There are, varions means of estimating the rate accélération achieved by restriction the
conformational freedorn of substrate molécules One method uses quantum mechanical
calculation of entropy loss (presuming AH’ is fixed) to determine the effect on rate i.e tue
rate constant is proportional to AS*/ R [3cj. in addition, a measure cf catalytic efficiency is
the effective molarity This value indicates the concentration of the substrate that would be
needed in the uncatalyzed réactions to achieve the same rate as that seen in the enzyn/
complex For example, the effective molarity fot one of antibodies studied in Diels-Alder
réaction was determined to be in excess of 102 M by cemparirig the pseudo-first order rate
constant for the reaction at the antibody active site (k,al) with the second order rate
constant for the uncatalyzed process in free solution (K,,.al) [7].

It must be underimed that the diminution of Hee energy required to reacn the
transition-state by ulilizing binding energy to overcome the entropy requirements may or

may not be accompanied by transition- state stabilization or substrate destabilization [9]
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3.3. Bimolecular reactions

There are two generai indices based on steady-state kinetic analysis that are used
to assess the catalytic erficiency of an antibody kual/ku,.al and (see scheme 1). As we
have already seen, the meaning of the firsi index is obvions (with observation that for
bimolecular réactions kin, and k,may or may net have same units) The second index of
efficiency represents a measure of the encountered kinetic barrier commencing with the
combination of antibody and substrate and proceeding along the réaction coordinate to
the transition-state of highest energy. lhrs ratio has a limit of approximately 107 Ms™ when
the réaction is limited by the joint diffusion of the substrate and antibody. It is instructive to
predict the course of the reactions, based on ttie kinetic parameters assigned to
antibodies Using a kinetic simulation program (10b], it has been found that kesi/k,incal ratios
of > 10l and K,, < 0 1 mM are clearly des'rable for antibodies to h&ve practicai utility as
catalysts, i.e the efficiency ot a given catalytic antibody is snfficient to fit it to determine
the outcome of réaction

There are two general classifications of kinetic sequence distinguishable by steady-
state kmetics for bimolecular enzyme cataiyzed réactions
(1) sequential process is the chemistry of bond formation and bond cleavage which take

place within the bisubstrare-enzyme ternary complex Within the sequential pathways
theie occrir variations dependent upon wiiether the binding of oither substrate is
independent or not, which are, at a kinetic equilibrium relative to turnover etc [3] For
example, amidé synthesis (9) and imine formation [11] proceed by a random kinetic

sequence with lespect te tire two substrates involving separate binding sites in the
antibody (Scheme 2)

XM,
Ab t S| -e ALS,

5 Ab + P

Ab + > N .. e APS,

Scheme 2

(2) ping-pong mechanism implies the enzyme aciing io shuttle through covalent

attachaient an isolated fiagmen* ot one substrata for chemical union with the second

(scheme 3;
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Ab + S| AbSi ——Abl AbIS? Ab+

Pi
Scheme 3 (adapted from [8b])

In the case of transestérification reaction, the formation of the acyl-antibody
intermediate was demonstrated [12]. In addition, such a pathway may also arise from a
large différence between the apparent dissociation constants that characterize the two
substrates

Transestérification reaction is a forma! bimoiecular substitution reaction that
together with aminolysis reaction must compete with the hydrolysis of the ester. In the
case of ester hydrolysis a muitistep kinetic pathway, also through ari acyl-antibody

intermediate is consistent with the experimental data [13] (scheme 4)

Ab + S

Scheme 4 (adapted from [13])

It is noteworthy that a high kca/k” ratio alone is insufficient for achieving multiple substrate
turnovers, but for the antibody, at least a 10-fold weaker product affinity relative to the
substrate binding is necessary [8].

There were found and described reoccurring mechanistic themes displaying
characteristics previously associated with enzyme behavior, so the utility of antibodies for

testing fundamental notions of enzymatic catalysis is confirined.

3.4. General acid-base catalysis and antibody catalysts

Many chemical reactions including condensation, isomerization and hydrolytic
reactions (e.g. B élimination cis-trans isomerization acyl transfer reactions or ester
hydrolysis) are accelerated by acid-base catalysis Appropnate functionalities have been
attempted by a "bait and switch" ptocess, in which an additional structural element, for
example a charged residue is present in the immunogen, but not in the substrate [3].

Structurai features of hapten induce complementary structure fealure in the

combining site, charged groups are stabilized by oppositely charged entities and
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hydrophobie groupa are surrounded by an apoiar environment [2] Thus, a charged ion
may generate an active site that could act as a nucleophile or/and a general acid/base.

For example. the antibody cataiyzed hydrolysis of snol eihers, is consistent with
general acid catalysts by an ionizatele side chain in the active site To study the pH-
dspenaence on antibody catalysts. an antibody side chain XH with dissociation constant
KXH (ég.'i) was taken into considération. The antibody substrats complex which can be in
iwo protonation states [AbXH S] and [AbX’SIl, can react to the product either pH-
tndepondent (at low pH, eq 3) or pH dependent (eq.4) at high pH. 6eth processes are
kinetically équivalent [14y

KXH = ([AbX-J + {H30*1) / [AbXHJ Eg. 1

Eq. 2
Abrs "— [AbS]- > p

K., - ([AbXH] / 1Abrorl) kXH Eq 3
Ipél - [H30I ((Ab,0TJ) kXH Eg- 4
Ixv ' *xh  kx , Eq. 5
[Abroi] [AbXH] + [AbX’] Eq G
1/kea, = i/kXll + (1'[H,0 J)(KXH / kXH) Eq. 7

VK». - 1KXH k1 r (WH,0) (1 /kx) Eq. 8

There were obtained two dépendances off the cataiytic constant on hydronium ion
concentrations iri ternis of the first 0l der rate low (eq 7) and the second order rate low
(eq 8) Thus, the antibody réaction can be described as a bimoiecular réaction between
the antibody substrate complex bearing the negativei*/ charged side chain and the
hydronium iori [14].

The bai* and switch" strategy is not limited to charge complementar«/. It is
possible to induce hydrogen bonds in response to the presence of neutra! basic residues
on the antigén or to create a hydrophobie pocket in lesponse to a large patch of nonpotar
surface on the antigén Foi exarnpte, the abitity of antibodies to catalyze the
mdécarboxylation [«action is, in a large extent, due to the hydrophobie natura of their
binding sites Another exemple is provideu by enol ether hydrolysis. In this case, antibody
catalysis can be explained by the sum of two phenomena: (1) general acid-catalysis by an
onizable side chain, and (2) the interaction of precise hydrophobie interactions between

the substrates and the antibody binding pocket. [14a]
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3.5. Medium effects

Catalytic antibodies have been used to explore the contribution of medium effects
to the overall raie of an enzyme-cataiyzed reaction As we have already seen, the kinetic
data of unimolecular décarboxylation lefiect the kinetic advantage of the low dielectric
environment of the binding pocket actif,g to destabilize the substrate by desolvation and to
stabilize the charged-delocalized transition-state through dispersion interactions [15]. In
addition, solvent dipoiarity and basicity accelerate reaction, most likely by helping to break
up hydrogen bonded ion pairs The solvent dependent property SDP, such as a rate
constant or equilibrium constant, is modeled as the linear combination of a poiarity term
(siti* + ctd). hydrogen-bonding terme in which the solvent is the hydrogen-bond acid (aat),
respectively hydrogen-bond base (bR3,) and cnvity term (h\6H2),)

SDP - constant + (sm’ + d0) i a«. | bRi + h(6H2),
where 7t , at and Bl are known as solvatochromie Parameters, which together with
multiple linear régression methodoiogy have been used to correlate and rationalize
solvent eifects on a wide variety of properties and processes [16].

Ov/ing to the inherent complexity of an enzyme catalyzed reaction, the contribution
of individual factors to the overall efficiency fias been difficult to be measured
experimentally. But now, with the advent of catalytic antibody techriglogy it is possible to
examine specific mechanistic issues by using programmed active sites and sensitive
reactions to one factor or ariolner [7]

in addition, a oomparison between trie enzyme - and antibody catalyzed réactions is
possible. For instance, litre the senne proteases, the antibody catalyz.es hydrolytic réaction
through a covalent intermediate, which was indtcated by three types of évidence (soiver,’
isotope effect studies. substituent effect studies and pH rate studies) [131 But untike
enzymes, the antibody may use hydroxide ion tu deave the intermediate [1 ?]

In conclusion, tne faut that antibody summaiizes mechariisms and pathways initiaily
thought to be characteristic of highly evolved enzymes suggests triat, since an appropnate
binding cavity is achieved, reaction pathways cummensuiaied with the intnnsic chemical
potential of protem are succeeded and tne ability <v direct binding energy aliowt the

chemists to dictate a inaction mecnariism wiiicu in most cases proves to be a difficult
task [12]
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4. Reaction Types

In principie, any chemical transformation can be sped by antibodies. As long as the
reaction itself is compatible with an aqueous milieu and a protein microenvironment, and
as long as a suitable transition stata analog can be devised, catalysis can be
achieved.[3], This approach is not only simple and practicai, but also appears to be very
versatile in terms of reaction types and substrates.[18]
Conceptually, the reactions most susceptible to antibody catalysis would be those
onginally viewed as "no-mechanism" reactions because their transition states evinced little
polar or radical character. These pericyclic processes include electrocyclic reactions,
sigmatropic rearrangements and cycloadditions, and generally are not reactions found to
be catalyzed by enzymes Together with cationic cyclisations [19], these are versatile
methods available to synthetic chemists for assembling carbon-carbon bonds.[18],

The number of chemical transformations catalyzed by abzymes is rapidly
mcreasing. Antibodies have been shown to catalyse acyl-transfer, éliminations, redox
reactions[20] Well over 60 reactions, including simple hydrolytic reactions, consecutive

reactions or chélation of metals have been accelerated by antibodies

4.1. Sigmatropic Rearrangements

The Claisen Rearrangements of allyl enol ethers is a pericyclic reaction of great
importance in organic synthesis Réarrangeaient of chorismate int6 phrepheriate
(reactions 1 and 2) is a biologically reievant example of this type of sigmatorpic process,
representmg a key step in the metabolic production of aromatic amino acids in plants and
lower organisais It has been anticipated that the sigmatropic rearrangement would be

susceptible to strain and proximity effects, rather than to general acid/base catalysis, and

Figure 1
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hence particularly susceptible to catalysis by an antibody (18] Stereochemical
studies have established that both enzyme-catalyzed (the enzyme chonsmate mutase
accelerates the reaction by more than 10b -fold) and spontaneous reactions occur via a
compact, chairlike transition state 1 In aqueous solution the substrate adopts an
extended conformation 2 and must undergo conformational change to position the
enolpyruvate side chain properly for reaction Given this, it has been proposed that the
enzyme may increase the probability oi reaction by selectively binding and stabiiizing the
reactive pseudo diaxiai conformer 3 ( Figure 1).
Antibody catalyst 11F1-2E9 (Reaction 1) raised agamst oxabioyciic dicarboxylic acid 4 (
Figure 1) show effect a remarkaole Tu4 fold accélération of the rearrangement (kcal / kurBl).
The catalytic efficeincy is only 102 firnes smaller than that achieved by the natural mutase
Escherichia coli enzyme undor identical conditions A second chorismate mutase antibody
1F7 is roughly 107 fimes less active than 11F1-2E11 Despite its reiatively sluggish
activity, 1F7 is highly enantioselective, showing a > 90:1 preference for the natural (-)-
isomer of chorismate, a property that was successfully exploited in the kinetic resolution
of the racemic substrate In contrast to 11F1-2E9, 1F7 achieves its catalytic effect by
lowering the enthalpy of activation The results cf NMR study usmg transferred nuclear
Overhauser effects ( TRNOE's) are diagnostic tot pseudodiaxial conformer and indicate
that the antibody pocket is able to preoiganise its suhstrate to an appréciable extent, as
dictated by the structure of the templating hapten The détection of smaller, nonspecifh
TRNOE's in experimente suggests that 1F7 may not completely reduce tire rotational
degree of freedom available to bind in enolpyruvyl group The ability of the substrate to
bind in catalyticallv-unproductive modes may account in part for the antibody's reiatively

low efficiency compared to 11F1-2E9 and natural chorismate mutase [7]

4.2. Cycfoadditions

The Diels Aider reaction provides an example of a transformation proceeding
throt ih a highly ordered entropy disfavored, transition state [3b] One o* the simplest
ways in which one enzyme can speed such process is to act as an "entropy trap" utilizing
binding energy to bring the two substrate molécules to gather in the correct orientation for

reaction This is sometimes referred to as "catalysis by approximation" [7]
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wWilit'j important in laboiatory. Dieis-Aider leactior.s are rate in nature, arid attempts to
isolats enzymes that catalyze such processes have been completely unsuccessful The
development of tailored "Dtels-Alderase" antibodies could therefore fill an important niche,
oarticularly as such catalysts would iikeiy exhibit high regio-: enanlio- and
uiastereoseiectivity Another uuriguing possioility would be the use of antibodies to aller
the norma! endo exo selectivity of a cycloaddition inaction in a predictable way | 16|
Suitable napién design
is dictated by the beat (ike
structure ot ilie uncharye.l
highiy oidered Diels-Aidei
transition state 6 i Figure 2) ot
réaction 4. The product itseil is
generally a poor choice ot
hapten, given the fikelihood of
Figure 2 seven produc! inhibition in the
induced binding pockets. and normal strategies must be developed to facilitate catalyst
turnovei |7]
wc strategies have been created to circumvent this undesirable properly: a) catalyse the
formation of an initial unstable bicycle intermediate that subsequently réarrangés or b)
incoipofbte into the tiansition-state analog a molecular constraint that restricts the analog
to higher energy conformational state than the product. The following approach was used
a) the catalysis of Diels-Aider reaction between tetrachlorothiophene dioxane and N-alkyi
maleilimicies, (reaction 3). a reaction ihat occuis in two steps, with the init:aily formed
iticycli..; adduct 5 undergomg facile chetatropic élimination of sulfur dioxide to give tho
phtalirnide. [®] Another appioach b) the reaction 4 between the acyclic diene and N
pilenyirnaioilimide The ethano bridge locks the cyclohexane ring of the hapten that
corresponds to 6 into a conformation that .-©semblés the pericyciic transition state for ttie
Diels Aldei réactions, but that coriesponds to less favored bo.at conformation of the
product
Die effective molarity fo? one of antibodies IE9. elicited to hexacliluronctbornane
denvative that munies the high-©r.eigy intermediate of reaction 3. was determined to Le

more than KF M, five Orders of magnitude Toto tightly tnan either reactants
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Antibody 39A11 accelerates the Dials-Alder réaction wrth multiple turnover. Products bind
only 75-100 fimes more tightly tnan either substrate, but the catalyst is rather inefficient as
judged by its low effective molarity (0.35M). These results indicate poor use of antibody
binding energy. However, the use of antigens ressrnbling high energy product conformera
or uristable réaction intermediate is lixely ir; be a general solution to the problem of

product inhibition in these reactions <7j.

4.3. Cyclisation réactions

They présents an additional opportun,ty, namely for general acid base catalysis, as
weil as a need to reduce the relational entiopy of substrate, in order to maximize the rate
of lactonisation An intramolecular cyclisation was examined, (reaction 5), ooting that
constraints imposed by trie antibody binding pocket should conter a modest degree of rate
accélération, dependent on the réduction of rotational entropy.121]

The ring closure in the

[ absence of antibody is

specific base catalyzed
©o 4 A P azy " ’
consistent with
r Ttr N nucleophilic attack by
a4 -

alcoxyde ion generated

NhV from the hydroxy ester

[8]. Formation of a

Figure 3

single enantiomer «f a

e lactone from the corresponding racemrc é-hydroxyester was acceterated by the antibody

ra’sed against the hapten that mimics tiansition-state 7 figure 3) by about a factor of 1/0,

which permitted isolation ot the lactono in an onantromeric excess of about 94 percent

The system offereo ariotho: .est of the enzyme-like qualities of antibodies; namely a

ctioice between two reaction pathways, which in tire absence of a chiral reagent would be
equal in free eneigv (diaslereomeiic) leading to a specific, cyclisation 121)

An antibooy lias been inciui.ed that eiticientiy catalyze(i a ca! orne lyciisation in which an

acyclic olefinic sulphonate ester substrate is converied almost exclusivei*/ (98 petcenti te

a cyclic alcohol (réaction b) Typicaliy, a cationic cyclisation réaction is initiated by a

carbocation formation either by eiectrophiltic addition to double bond or by ionizatron at
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sp3 hybridized carbon The reac'ion is thougnt to proceed via transition state 8 in which
the reactants adopt a quasichiral-like conformation, thereby allowing participation ot the
olefinic bond in what is essentially a concertée! transformation.

The aesigned hapten induceri an antibody that simuitaneously facilitates the cleavage of
the sulpnonate and contrdla the conformation of the substrate in the transition state such
as olefin properly aligned to participate in the reaction. The anionic oxygen should elicit a
functionality in the antibody capable ci operating by way of a process that is termed “bait
and switch” catalysis to stabilize the developing negative charges on the departing
sulphonate The cationic nitrogen is expected to induce an anionic functionality in the
antibody combining site, which should stabilize the developing carbocation so that it could
not be prohibitively high in energy. in this way, antibody catalysis permits selective control
of the mechanism of the solvolysis (reaction 6), thereby reducing the complexity of the

reaction and irnproving the yield of desired pioducts [19]

4.4. Dficarbuxyiations

Carboxylation and décarboxylation reactions are
crucial cornponents of aerobic and anaérobie
metabolism, as exemplified by the fixation of carbon
dioxide in phctosyntllesis and the décarboxylation of

ketoacids in the Kiebs cycle [7]

The décarboxylation of substituted

Figure 4 carboxybenzyloxazoles (reaction 7), aie unimolecular

réactions, which are net susceptible to general

acid/base catalysis, but highly sensitive to the inicroeovironment The transformation is a

concerted. intermediate process that proceeds thiougti tlie charge delocalized transition
state St ( Figure 4).[22]

The reaction rate increases as muci) as lu-fold upon transfei the leactant from aqueous

solution to aprotic dipolar solvents This dramatic range of activiy has been attributed

mainly to two factors destabilization of the ground state carboxylate upon removal of

hydrogen-bonding interactions with water, and concomitant stabilization of charge-

delocalized transition-state in organic solvents through dispersion interactions The rate
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retardmg effect of ion pairs formation in solvents with low dielectnc constant has also been
noted [7]

Specific binding interaction could be utilized to extract ttie charged substrate from
aqueous buffer and force it into the destabilizing environment of an Immunoglobulin
binding pocket. Therefore to elicit a hydrophobie environment able to exclude water, the
apolar naphtalene framework was utilized Sulphonaie groups were included to induce
complementary cationic residues within the combining site (the binding site contains
positively-charged amino acid residue, such as a protonated lysine or a protonated
arginine [16]) to promote binding of the anionic carboxylate of the substrate and to
stabiliza the incipient phenolate of the product. Thus, the antibody combining site is very
hydrophobie and virtually inaccessible to solvent molécules in the presence of bound
ligand and the large rate accélération provided by the antibody (19000 fold over the rate in
aqueous buffer) can be ascribed almost entirely to medium effects [18]

The investigation demonstrates that cataiytic antibodies can be useful tools for expioring
the nature of biological catalysis Thus, it was established that 4-pyridylacetic acid
(reaction 8) is a viable chemical model for pyridoxalphosphate (PLP) utilizing
decarboxyiases. This compound is known to décomposé with a rate dependent on the
polarity of the medium. The évolution would incorporate récognition éléments and a
hydrophobie cavity. The structure of hapten would elicit combining sites possessing a
complementary negative charge and a confined région with low dielectric constant /
recent crystal structure of a histidine decarboxylase substrate analog complex
corresponding to 10 ( Figure 4) situates the carboxyl group in a crevasse lined with apolar
residue Clearly, such a medium could support destabilization as a component of cataiytic
mechanism The association of antibody and bapten-like molécules is facihtated by
classical hydrophobie effects On the other hand, it requires energy reflected in the high
Km to induce a charged group into a hydrophobie pocket the antibody opérates by
binding the pyridinium moiety through noncovalent interactions to position the carboxylate
and Hierein to promote the loss of carbon dioxide Ihe wm<<(k,KH ot 10b mignt be
reprasentative of contributions to catalysis by enzymatic decarboxyiases solely as a resuit

of the microenvuonment of the active site [23]

225



Catalytic antibodies

4.5. Hydrolytic reactions

4.5.1. Amide hydrolysis

Catalysts with the ability to cieave specifically peptide bond, would have many
potential applications in Controlling biologica! Systems. While amidé hydrolysis is a
thermodynamically favorable process, the reaction possesses an appréciable kinetic
barrier Proteolytic enzymes increase the rate accélération by factors up to 10° The
reaction proceeds through one or more high-energy tetrahedral transition-states
Substrate analogs in which the reactive carbonyl has been replaced by either a charged
tetrahedral phosphorus or a secondary alcohol, so that they could mimic the geometric
and electronic characteristics of high-energy intermediates, have found applicability in
their rational design'of protease inhibitor ( the captopril drug, as conversion enzyme
inhibitor, is a significant example of an inhibitory activity upon substrate analogy [24]). An
antigén (hapten) patterned after a protease inhibitor elicits antibodies with amidase
activity. [8]

In order to be an effective amidase, an antibody must stabilize the oxyanion and
protonate the amidé nitrogen for facile expulsion [25]. The kinetic analysis argues the idea
that hydrolysis of both amidé and esters proceeds through a transient, antibody - bound
intermediate which is not accumulated because of an unfavorable equillibrium governing
its formation This intermediate is an acyl-antibody formed by nucleophilic attack of a
histidine side chain on the substrate and stabilized by guanidinium group of an arginine
side chain by electrostatic and hydrogen bond interactions. [8]

o o The hapten for reaction 9 was
designed as a inimic ot
tetrahedrai intermediate 11 (

H Figure 5) This antigén mighl
Figure 5 induce an antibody that has a

proton in clcse proximity te

this site that could participate iii generai acid catalysis This is an example of ’bait anc
switch" mechanism: thel antigén has a group or charge that is missing in the substrate
thereby allowing the induced complementary functionality in the antibody to play a

different role during catalysis, . The nitroaniline and benzylic ring Systems imporl
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immunogenity to the compound TI hapten incorporates the heterofunctional linker

appendage due to its easy attachaient to carrier protein and proper présentation to the

immune System

4.5.2. Ester hydrolysis
More than 20 acyl transfer reactions have been catalyzed with rate accélération
approaching 10“ M over the uncatalyzed réactions [2], making the corresponding antibody
catalysts some of the most efficient enzymes known [8]
The same antibody catalyzes the hydrolysis both of amidé and esters [8] (reaction
9 and reaction 10) through an acyl-antibody intermediate, in a multistep pathway [13] and
with essentially identical kinetic constants [8]. This antibody (reaction 12) exhibits both
similarities to and différences from naturally hydrolytic enzymes Although its turnover
number is less than for its enzyme counterparts, this stereospecificity is exquisite [20]. On
the one hand, fairly strict substrate homology to the inducing hapten must be maintained
so that the antibody binding energy could manifest itseif as catalysis [20]. On the other
hand, antibodies can carry out the stereospecific hydrolysis of unactivated esters with an
enantiorneric excess greater than 100 1. These results are significant because at
present there exists no general chemical method for generating stereospecific esterolytic
catalysts Specificities for both the alcohol and the acid componente of the esters were
aemonstrated and for R and S configurations, as well (reactions 15, 16, 17 and 19). [2]
The binding specificities induced by antigén in reaction 15 should be similar to
authentic lipases, since phosphonate moiety imparts the oxyanionic and tetrahedral
features of the transition state 12 ( Figure 6) for ester hydrolysis to the antigén, whereas
substitution of the methyl group on the benzylic carbon confers asymmetry of the alcohoiic
fragment of the molecule An effective cataiytic antiboay should stabitize the oxyanion but
does not necessarily protonate the leaving group alcoxyde
Kinetic studies were performed
on 2 out of 11 antibodies
(identified as catalysts) chosen
on the basis of their rate of
reaction and enantiorneric

selectivity In contrast to the
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(R) stereospecificities of monoclonal antibodies 2H6, 21H3 is comp'etely specific for the
hydrolysis of the antipodal (S)-a-methylbenzyl ester Thus, by perfomning immunisation
with a racemic mixture of antigens, two distinct catalysis can be generated and may be
used for selective removal of antipodal blocking groups [26]. The hydrolytic reaction 16 is
catalyzed with a greater than 200/1 preference for (R) phenylalanine containing isomer
Hapten was synthesized as a roughly equimolar mixture of the two diastereomers In spite
of this fact antibodies were selective for (D)-phenyl alanine containing isomer One
explanation is that haptens containing D-amino acids (or analogue thereof) are more
immunogenic than those containing L amino acids. The pH dependence and hydroxide ion
concentration dependence suggest the presence of a catalytic amino acid side chain in
antibodies, such as tyrosine residue, which could act as a nucleophile, producing a labile
tyrosine ester intermediate [27]

It is possible to isolate four optically pure stereoisorriers ( > 97-99% ee) in the 19
22% yield by direct optical resolution of 1,2 or 1,3-diastereomeric mixture by an antibody
(reaction 21 and reaction 22) Antibody reagent design requires the préparation of
haptens with structures that munie the site catalytic activity, through transition-state
analogues Four stereochemically related haptens were prepared to effect the séparation

of four stereoisorriers [28]

4.5.3. Epoxide hydrolysis

Acid catalyzed opening of epoxides may lead to a number of products, depending
on the substrate and reaction conditions, and additional aspects of regioselectivity and
stereochemistry at the two vicinal carbon centers add to the cornplexity of this réaction.
Enantioselectivity is one of the greatest advantages of antibody catalysis: quaternary
ammonium cation as hapten ( reaction 28 and reaction 29) could mimic the developing
positive charge on one of carbon atoms (13 and 14, Figure 7) and antibody catalyzed
hydrolysis of epoxida produces trans diols. The aromatic moiety of both substrates is

designed to provide most of binding energy to antibody [29]
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The pH- rate profiles of hydrolysis suggest that their

reaction appears .0 dépend on the structure of

substrates: by contrast with complete Kkinetic

resolution with cyclic substrate (reaction 28), both

enantiomers of smaller substrate (reaction 29) are

Figure 7 equally reactive with this catalytic antibody 14D9 The
five-membered ring of 13 probably provides a tighter fit to the antibody hydrophobie

pocket that compléments the piperidinium portion of hapten [29]

4.5.4. Enol ethers hydrolysis

The acid-promoted hydrolysis of alkyi enol ethers can be catalysed by antibodies
(reaction 30 and reaction 31) with very high enantioselectivity of rate determining
protonation of the R-Carbon [14] to form optically pure carbonyl compounds. Thus, an
antibody capable of nearly complete enantioselective protonation of both enol ether
isomers (reaction 30) has been obtained from a hapren, where a positively charged

tetrahedral nitrogen atom is substituted for a trigonal carbon atom of transition state 15

( Figure 8) [30]

Since the quaternary ammonium center in hapten does not contain
an exchangeable hydrogen atom to mimic proton transfer and the
positively charged nitrogen atom is not substituted for the ether
oxygen atom but for the  carbon undergoing protonation, there are
Figure 8 two effects to account for catalysis: (1) : the presence of an ionizable
protein side chain (neutral in protonated state and negatively charged
as free base, such as aspartate or glutamate, in agreement with active site titrations pH
profile and kinetic solvent isotope effect), elicited against the positive charge not to act as
a direct proton source but to interact with the a carbon center of the electron deficient
oxocarbonium ion compatible with transition states 16 and 17 (figure 9), (2) Van der Waals
bind 'ig interactions to hydrocarbon part ot ammonium ion Thus, the antibody reaction
can be described as a bimolecular reaction between the antibody-substrate complex and

the hydronium ion (17. figure 9)
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The absolute rate of

antibody catalyzed réactions 32-

38, spans several Orders of

magnitude depending on the

reactivities of the substrates and

pH For pairs of similar

substrates, higher substitution at

the B-carbon leads to relatively

higher catalyzed reactions compared to background under an effect of the symmetry.
Hydrolysis of substrates is significantly catalyzed by 14D9, although the double bond is
misplaced relatively to 9, because the a-carbon center is misplaced relative to the nitrogen
center in hapten, in agreement with the figure 9, because the a-carbon center of the
oxocarbonium ion has the same location Thus, it is possible to obtain cataiytic antibodies

with versatile substrate specificities (reactions 30-39) [14].

4.5.5. Oligosaccharide hydrolysis

For generating glycosidase antibodies (reaction 39 and reaction 40), the positively
charged ammonium ion corresponding to the anomeric center of a cyclic acetal can
induce functional groups in the antibody combining site which stabilize delocalized positive
charge of transition state (18, Figure 10) in the hydrolysis and/or assist in the acid
catalyzed expulsion of the leaving group.

The 5-bromoindolyl leaving group (reaction 40) serves as
common récognition element between substrate and hapten to ensure
substrate binding. The values of k¢t at different pH show that the

antibody uses both general acid and base catalysis.[31]

4.6. Rearrangement of peptide bond - consecutive reaction (imide

formation, Imide hydrolysis)
Consecutive reactions, such as rearrarigeinent of chains an important means in
the inactivation of proteins or peptides [32] present the need to encounter and stabilize the
transition state [8]. Foi example, the deamination of an Asn - Gly peptide is known to

proceed through a succinimide (reaction 41) and this intermediate can be opened by the
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attack of water at either carbonyl [10] (reaction 42). The overall reaction is a two-step
process and is rate limited by the initial step of cyclisation to form the succinimide [32].
The inducing racemic hapten - a cyclic phosphinate contained two tetrahedral mimics of
transition states 19 ar.d 20 (Figure 11), which are the phosphinate and the secondary
alcohol moiety [8,32].

Two classes of antibodies
were identified: those that
catalyze only the succinimide
hydrolysis (39F3 and 14A8 are
selective for either L-succinimide

Figure 11 or D-succinimide and

respectively 23C7 and 40H4 are

selective for both isomers) and those thai catalyze both deamination and succinimide
hydroiysis (2E4 and 34C3) [8,32].

The rate accélération is characteiistic of roiational restrictions imposed on an
intramolecular process [32].

Processing of either L- or D-isomer of the succinimide substrate by an antibody is
in a reciprocal relation to isoAsp/Asp = 3 5 bachround ratio as a conséquence of the
balance between stenc hindrance and an electronic effect [32]. For example, 23C7
produced the largest déviation of isoAsp to Asp Ratios of 10.9 for L-succinimide and 1.5
for D-succinimide were found as compared to 3 7 for the background reaction. The kinetic
constants for the hydrolysis of both isomers indicate tnat R62-23C7 binds the D-isomer
about 4 fimes better than it binds the L isomer, so it can be inferred that the true hapten
was the D-isomer of phosphinate Thus, the antibody binding site should stabilize both
tetrahedral intermediates of D-succinimide and as such, the hydrolysis of botn carbonyls is
équivalent In the case of L-icomers hydrolysis to the IsoAsp product is 30 times more
likely than hydrolysis to the Asp product [33]. In conclusion, the problem of multiple

transition states is dealt with the use ot a bifuncttonal transition state analog [8,32]
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4.7. Group transfer reactions
Catalysis of group transfer reactions in general has two mechanistic types: a) direct
group transfer between antibody-bound donor and acceptor substrate and (b) indirect

group transfer through intervening covalentiy bound antibody-donor species (8].

4.7.1 Aminolysis reaction (amidé bond formation)

The antibody 24B11 elicited to the hapten (reaction 45 and réaction 5) which
resembles the tetrahedral intermediate anticipated to form along either the aminolysis
from a racemic lactone and an amine (£f. figure 12) or cyclisation route possesses
sufficient binding interaction to promote the bimolecular amidé synthesis.

Kinetic data obtained at a range of

substrate concentration were in accord with

a rapid equilibrium bireactant System and

were used to obtain the value of Km and

kca, These show that the binding of one

Figura 12 ligand has no effect on the other and the

antibody catalysis is enantioselective for (-)

lactone enantiomer (>90% ee) Product appearance ceased after the first 5-10% of
réaction, suggesting strong product inhibition (Ki = 75nM).

The advantage of the enzyme-promoted reaction may primarily résidé in the
entropy gain associated with an intra- versus an intermolecular process. This advantage is
provided by sequestering lactone plus amine in the antibody binding site in a position
favorable for the aminolysis reaction. This process may or may not be accornpanied by
actual transition state stabilization or further substrate destabilization. For the cyclisation
reaction, Kkia/kullal - 790 reflects greater congruence between the analog and the

anticipation transition state than that corresponding to the bimolecular reaction [9].

4,7.2. Transestérification reaction (ester bond formation)

The transesteiification réaction is formally a bimolecular substitution reaction that
must compete with hydrolysis of ester “if transestérification activity had been the initial
target, than the hapten should have been a diesterified phosphonate with either similar or

dissimilar alcohol moieties This should provide sufficient space in a programmed binding
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site for the simultaneous binding of both ester and alcohol to antibody"” [3]. The antibody
exhibits an induced fit of the second substrate to activate the acyl intermediate for
subséquent chemical reaction [10]

The antibody PCP21H3 catalyzed the reactions 47 to 52 in a mixture of water and
10% DMSO. The kinetic constants are consistent with the ping-pong bi-bi mechanism
(product is released between addition of two substrates). Evidence for the covalent
antibody intermediate was obtained by measuring the release of p-nitrofenol at different
values of PCP21H3 concentration (in reaction 49) and by labelling of ester substrate (also
in reaction 49).

Because the mechanism with and without antibody is different (a two chemical
steps through an acyl-antibody intermediate, respectiveiy a one-step, base catalyzed
process), the analysis of antibody cataiytic efficiency is difficult.

The kinetic behavior of the substrates in
réactions 50, 51 and 52 reflects a change in the rate
limiting step from déacylation to acylation of the
antibody. The enhancement of hydrolysis of vinyl
ester by substrate Surrogates (22 and 23, figure 13)

Figure 13
is made by activation of the antibody for a hydrolytic
cleavage in an induced fit model

Thus "the data and observations indicate that monoclonal antibody (PCP21H3 : (1)
has both esterase and transferase activities; (ll) efficiently catalyzes transestérifications in
aqueous media and is capable of reversibility; (lll) utilizes an acyl-antibody intermediate;
(IV) demonstrates an induced fit of substrate probably as a conséquence of ttie
conformation of the acyl intermediate and the need to have the active site congruent to
the transition state structure; (V) opérates under two general principles, entropy loss and
transition state stabilization, winch rely on the energy of protein-substrate interaction’[12]

Antibody generated agamst a neutral phosphonate diester transition-state analog
(racornie) containing éléments of the acyl acceptoi and the leaving group in the
tetrahedral geometry is a first step toward aminoacyl tARNs antibodies Thus, antibody
18R 136 1 was found to catalyze the aminoacylation 0> 3 -hydroxyl group of thymidine with

an alanyi ester (réaction 54) and to have lower affinity for the trigonal product
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The family of plots constructed for reaction 54 by holding one substrate
concentration constant while varying the concentration of the second indicates that the
antibody exhibits sequential binding (the binding of one ligand has no effect on the other).
The kinetic values for reaction 54e (kcat = 1.06 102 s’l and Km=0.34-103M ) suggest that
antibody 18A.136.1 has low selectivity in substrate binding but discriminates the
diasteromeric transition states for the transestérification reaction

The antibody has the ability to catalyze acyltransfer to thymidine although the
concentration of water exceeds the concentration of alcohol One mechanistic
interprétation is that the amino acid ester is only forced into a transition-state geometry in
the present of thymidine derivative.

In fine, immune System has provided two mechanistic alternatives for similar acyl

transfer reaction. [34]

4.8. Imine formation

Transamination, important in enzymology and organic chemistry, implies chiral a
amino acids in an carbanion intermediate reaction and is catalyzed by pyridoxal
phosphate (PLP) as enzymatic cofactor.

Antibody 17C5-11C2 raised against the hapten with tetrahedric C-4' (reaction 54),
had the affinity and specificity to bind both D-p nitrophenylalanine substrate and 5 -
deoxypyridoxal cofactor in a catalytic orientation proper for stereospecific aldimine
intermediate formation

The kinetics of the antibody catalyzed reaction is
consistent with a random-binding mechanism Although the
kinetic analysis indicated little or no specificity for L-p-
nitrophenylalanine, both D- and L-enantiomers were
effective Inhibitors This fait suggests that the antibody
discriminates the two diastereomeric transition states, but it
doesn't discriminate enantiomers of hapten

Since the design of the hapten doesn’t allow the

planarity of the delocalized carbanion intermediate (24.
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Figure 14), the antibody is not able to catalyze transamination. Improvements in hapten
design and mutagenesis or genetic sélection may yield catalytic antibodies with desired

catalytic capabilities.(35]

4.9. Cis- trans isomerization

Antibody catalyzed cis-trans isomerization reaction of carbon-carbon double bond,
an important process in -for exampie- the synthesis of D vitamin and the isomerization of
retinal, involves 1,4 nucleophilic addition of an active-site group to the unsaturated
substrate, followed by rotation around the resulting a,3 - single bond and subséquent
collapse of the intermediate.

The hapten corresponding to a,R
unsaturated ketone (reaction 55) contains a
positively charged amino group, so that the
induced carboxylate in the antibody
combining site may be an active site
nucleophile or base. Moreover, the
nitrophenyl moieties roughlv perpendicular to
each other may accommodate the transition

Figure 15
state 25 (figure 15) for rotation about a,3 -

single bond.
The antibody DYJ10-4 is specific trans substrate, as it can be mferred from Xi

values for cis and trans substrate (Kicl, - ImM, Ki|,alB=6.7nM) [36]

4.10. Metal chélation

In the catalytic insertion of Fe2, into piotoporphyiin IX by ferrochelatase, the
distortion of porphyrin macrocycle resulting from N-alkylation may approximate the
transition state of enzymatic reaction. In this modei, the exposure of pyrole nitrogen pairs
to solvent facilitites metal ion complexation

In addition, antibody 7G12-A10-G1 Al12 to N-methylmesoporphyrin X racemic
hapten that mimics a strained , distorsioned conformation of substrate (reaction 56) was
found to catalyze Zn2’, Cuz*, Co2', Mn2' incorporation by the planar mesoporphyrin but not

Ni2'
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Kinetic studies made for Zn2' and Cu2’ chélation indicate a value of Kn almost
identical for the two ions Since no evictence of saturation of antibody by metal was
observed between 05 and 2 5 mM Cu?', it can be inferred that the binding of metal ions
by antibody does not contribute significantly to catalysis Also, it was found that inhibition
by metal (IlI) mesoporphyrins (Mn3’ and Fe3’) is greater than that by metal (Il)
mesoporphyrins (Zn2' and Cu2’) suggesting a doser initiation of the positively charged
hapten by metalloporphyrins with more positive charge density at the metal center [37].

Further, the specific, stable complex of the 7G12-A10-G1-Al12 antibody with Fe3'
mesoporphyrin IX catalyzed the peroxidation of several substrstes (reaction 57) and
served for studying the oxidative reactions characteristic of heme enzymes, e.g. horse
radish peroxidase (HRP). In ail cases, the antibody alone showed no peroxidase activity
and the complex catalyzed the peroxidation fester than the iron porphyrin did it alone The
kinetic parameters for antibody-catalyzed peroxidation are comparable: km, | K*, is 233 M
’s’ for ABTS, 122 M ’-s" for pyrogalol and 274 M! s! for H202 Thus, an antibody catalyst

with binding site for both cofactor and substrate was obtained [38].

5. Extending the scope and increasing activity

We must start specifying that antibody catalysis is selected from a large Tepert6ire
of structures, initially by screening for antibodies that bind antigén, and then, for activity.
The desired active sites can be selected on the basis of antigén affinity coupled with
sensitive colorimétrie or biologic assays (such as ELISA). Moreover, a high sensitive and
generally applicable assay is now available for the détection of low concentration catalysts
for bimolecular reactions [39].

Although large rate accélérations have been observed in some cases, most
cataiytic antibodies exhibit relatively low activities. So, a challenge is required, and this is
to achieve access to the precise positioning between substrate and active site residue
necessary for increasing cataiytic function- Improvements in creating cataiytic antibodies
can be achieved by both genetic and chemical modifications [3]: (1) site-specific
mutagenesis of specific arnino acids, (2) replacement of entire ioop régions in the
antibodies, (3) improvement in hapten design, (4) recruitment of cataiytic cofactors; (5)
alteration of medium effects, (6) modulation of the binding sites hydrophobie character; (7)

selective denvatization of the antibody combining site [36]; (8) obtaming of cataiytic
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antibodies for combinatorial libraries [40, 41] Thus, the two major goals for the design of
new catalysis, i.e., the facilitation of chemical transformation and the control of product
outcome may be successtully achieved

Side-directed mutagenesis provides a means for evaluating the contributions of .
various amino acids residues to tiapten binding and for improving the catalytic power of
antibody [3]. In order to accomplish that modem genetic techniques subject first-
generation antibody catalysts to extensive random mutagenesis and identically improved
variants by classicel genetic sélection [7] A significant example arises il was identified a
permissive chorismate-mutase deficient cell-line following extensive random mutagenesis
of the antibody-harboring cells with ethyl methanesulphonate and classical genetic
sélection. In brief, trie genetic sélection seems to be a solution of ttie efficiency

Since antibody specificry may be programmed through hapten design
improvements in hapten design, which botter accommodate the transition state and
leavmg group structure, will lead to catalysts with novei specificities

Although some features are clearly programmed by the inducing hapten, others rich
in kinetic and stereochemical complexity appear to anse as a conséquence of the
chemistry within a confined space pocket by a protein [8]. Antibody site chain in the
binding pocket can participate directiv in somé of the «eactions Thus, to increase the
catalytic iate production of antibody that present cofactors in proximity to bind antigén
was considerea

Catalytic auxiliaries used by enzymes included metal ions, hemes, thiamirie, flavms
and pyridoxal Bot the diversity of immune response should allow to use not only the
natural cofactors, but also the unnatural ones, net accessible to enzymes, providmg
routes to more sophisticated, highly specific and efficient catalysis by operating in a

concerted mariner
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Figure 16

There are three major ways in which this approach could be accomplished. Firstly,
the antibody should be elicited to a multisubstrate analog in which binding sites for the
cofactor and substrate are generated in a single immunization. Starting with the
Observation that the strength of metal-ion binding to the reactant and metal-ion promoted
OH’ attack control the rate of ester and anhydride hydrolysis, a strategy to force
immunoglobulin binding to distinct metal entities was developed. The observed rate
accélérations in one of the cases show that the presence of the metal is both necessary
and sufficient, i.e. the antibody catalyzed hydrolysis of pyridine ester (26, figure 16), in the
presence of Zn2‘ is >1000 times than the metal catalyzed rate and >10,000 times than the
uncatalyzed rate. It is remarkable that the suitable environment for catalysis was provided
by a hapten (27. figure 16), which does not include a metal ion or a coordination complex.
[42]

Secondly, a wide variety of natural and synthetic catalytic groups are likely to be
incorporated into antibody combining sites either by generating a cofactor binding site or
by a selective derivatization of the antibody combining site. Thus, cofactors are covalently
linked to the antibody molecule in close proximity to the substrate binding site through
cleavable affinity labels Further, a selective derivatization of a thiol-containing antibody
with irnidazole alowed a seiective catalyst for ester hydrolysis Atthough the antibody
MORC 315 binds initially substituted 2,4-dinitrophenyl ligands, the modified form catalyzes
the hydrolysis of coumarin ester with kinetic constants 1= 2.2 + 0.2 pM and kcat = 0.052
+ 0005 min' (pH=7.0) The kinetic data are consistent with the presence of a catalytic

irnidazole acting either as a general base or as a nucleophile. It is noteworthy ihat the
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unique thiol acts as a single nandle for the subséquent introduction of cataiytic groupe into
the antibody-combinmg-site [36].

Thirdly, the existence of two -chained antibodies and combinatoriai libraries
cofactors can be brought in support of antibody-catalyzed transformations. Within this
method, a cofactor binding light chain could be combined with a heavy chain libraries
derived from Polymerase Chain Reaction (PCR) products

We must underline that, in fact, large combinatoriai libraries of antibody fragments
can be generated readily and rapidly using PCR Such libraries logether with
semisynthetic libraries, can provide a uniform and reproducible source of antibody
molecule as starting materials Thus, a metalloantibody has been constructed with a
coordination site for metals in the antigén binding pocket. Following the metal of the Zn2'
binding site from carbonic anhydrase b, three histidine residues ha/e been placed in the
light-chain and evidence for Cu2' > Zn24 > Cd2 binding in the three histidine site has been
brought. By positioning a catalitically active metal next to a specific position of a substrate,
antibody catalysis of redox and hydrolytic reactions should be achieved [43].

And last, but not least, light irradiation could be used by an antibody to break two
carbon-carbon bonds of a cis - syn thymine dimer (reaction 60) These examples show
that antibody catalysts make use of a wide range of cofactors

Further on, the cataiytic antibody efficiency may be increased by introducing
multiple combination of traits in antibody combining site and having them work in p
synergistic manner

6. Conclusions

The lines above guide the reader toward a natural conclusion the estimated
possibilités offéred by antibody catalysis are not only factual, but also amazing They
include synthetic utilities, novei specificities, feasibility of using cataiytic antibodies to carry
out vital biological transtormation "in vivo’, to explore the nature of biologica! catalysts,
and also to catalyze reactions not found to be processed by enzymes

Antibodies should, in principie, be ideal catalysts for initiating and controlling a lot of
processes, as they were previously shown to catalyze complex reactions in which claimed
to simultaneously neutraliza point charges, outcome entropie barriers and to provide chiral
building pockets for stereoselectivity It was already shown that, although unexpected, the

antibody induced by a single transition state analogue, carries out its hydrolytic reaction
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via two transition sta'es Then. the idvantage of the abzyme-promoted réaction résides m
the case of amidé synthesis in entropy gain associated with an intra- versus
intermolecular process Aminoacyl transfer synthetases with novei specificities have been
accomplished it was demcnstrated the feasibility of cataiytic-antibody génération for
chemical ‘'ransfoimations that require stereochemicai control, such as asymmetric
synthesis of CC bond which is difficult to be controlled by using conventional
methcdoiogies It was aiso possible to isolate tour optically pure stereoisoniers in the
maximum 25% vyield by direct optical resolution of a diastereomeiic mixture by an
antibody

Ail the above mentionod are but few examples of what can be made with the help
of programmed anticorpogenesis Subséquent applications appear natural, since a lot o(

resources are availanle Nevertheiess, there is still much to do

7. References

[1] Tramontanno. KD Janda K O and t.erner, R A Science, 1986. 234, 1566

[2] Lerne", A R, Benkovic, S J and Schultz, P.G Science, 1991, 252, 659, 660, 663

[3] Benkovic, SJ Annu Rev S/ochem. 1992, 61, 31-32, 50, 36, 48

[4] Pauling, L , Chem Eng News, 1946, 24, 1376

[5]. Pauling, L . Am. Scient 1948, 36, 51

[6] Pollack, S J  Jacobs, J W and Schultz, P G., Science, 1986, 234, 1570

[7] Hilvert, D. Nlee Chem Res 1993, 26, 552

[8] Stewart, J D.. Liotta, L J and Benkovic, S J Acc. Chem Res 1993, 26. 396 400

19) Benkovic, SJ., Napper, AD and Lerner, RA Proc Natl Acad Sei USA, 1988, 85
5355

|10] Stewart, J D and Bencovic, S J, Cnemica! Society Reviews. 1993, 214, 217

[11] Cochran A G., Pharn.T . Sagasawara R , and Schultz, P , 3. Am. Chem Soc. 1991,
113, 6670

[12] Wirsching, P Ashley. J A Benkovic, S J., Janda, KD and Lerner; R A Science.
1991 252, 680

[13].Gibbs, RA Benkovics, PA. Janda. KD Lerner. RA and Benkovic SJ, J Am
Chem. Soc, 1992, 114 3528

[14] Reymond.JL . Jahangiri, G K . Stoudt, C and Lerner, RAJ Am Chem Soc . 1993,
115, 3911, 3915

[15]. Lewis, C Kramer, T , Robinson, S and Hivort, D. Science. 1991, 253, 1019

[16] Grate, J VI, McGill. R A. and Hilvert, D ,J Am. Chem Soc, 1993, 115, 8578

[17] Benkovic,S.J, Adams, J A Ooders jr., C L Janda and K D . Lernor, Science, 1990
250, 1135

[18] Hilvert, D Puie & Appi Chem 1992, 64(8), 1103

[19] Li, T Janda. KD, Ashley, J A, and Lerner RA, Science. 1994. 264, 1289

240



Florin-Dan IRIMIE , Artemiza MORAR and Mihaela BOJIN

[20]. Janda, KD, Ashley, JA., Jones, T.M , McLeod, DA., Schloeder, DM., Weinhouse,
M.l., Lerner, R.A., Gibbs, R.A Benkovic, P.A., Hilhorst R , and Benkovic, S.J., J. Am.
Chem Soc., 1991, 113, 291

[21]. Napper, A.D., Benkovic, SJ., Tramontano and A., Lerner R.A. Science, 1987, 237,
1041

[22]. Lewis,C. Paneh P.. O'Leary M.H and Hilvert, D., J. Am Chem. Soc., 1993, 115,
1410

[23]. Ashley, J A, Lo C-H.L, McElhaney, G.P, Wirsching, P and Janda, K.D., J. Am.
Chem. Soc., 1993, 115, 2515

[24]. Stryer, L. Biochemisiry, 1995, tourth édition, Freeman & Co, New-York, 236

[25]. Janda, KD, Schloeder, D., Benkovic SJ. and Lerner, R.A, Science, 1988, 241,
1188

[26] Janda, K.D., Bencovic, S.J, Lerner, R A, .Science, 1989, 244, 437

[27]. Pollack, S.J., Hsiun, P. and Schultz, P.G. J Am. Chem. Soc., 1989, 111, 5961

[28]. Kitazurne, T., Lin, J.T. Yamamoto, T. and Yamazaki, T. J. Am. Chem. Soc., 1991,
113, 8573

[29] Sinha, S C. and Keinan, E , J. Am Chem. Soc., 1993, 1 ;5, 4893

[30]. Reymond, J L., Janda, K.D and Lerner, R.A., J. Am Ci. 3T. Soc., 1992, 114, 2257

[31]. Yu,J.. Hsieh, L.C., Kochersperger, L Yonkovich, S., Stephans, J.C., Gallop, M A
and Schultz, P., Angew, Chem Int. Eci. Engl., 1994, 33(3), 339

[32] Gibbs, RA, Taylor, S, and Benkovic, S.J. Science, 1994, 258, 803

[33]. Liotta, L J., Benkovic, P A, Miller, G P and Benkovic, PA. J Am. Chem. Soc, 1993
115, 350

[34]. Jacobsen, J.R., Prudent, J.R., Kochersperger, L, Yonkovich S and Schultz, P.
Science, 1992, 256, 365

[35]. Jackson D.Y. and Schultz P., 3 Am Chem. Soc 1991 113, 2319

[36] Pollack, S J. and Schultz, P .J Am Chem Soc.. 1989 111, 1929

[37] Cochran, A.G. and Schultz, P , Science, 1990, 249, 781

[38]. Cochran, AG. and Schultz, P., J. Am Chem. Soc, 1990 112, 9414

[39]. Lane, J.W , Hong, X and Schwabacher, A.W., J Am Chem. Soc., 1993 115, 2078

[40] Chen, Y.C.J K Danon, T. Sastry, L, Mubaraki, M , Janda, K. and Lerner, R A., J Am.
Chem. Soc., 1993 115, 357

[41] Posner, B, Smiley J., Lee, |I. and Benkovic, S, TIBS, 1994, 19(4), 145

[42] Wade, WS, Ashley, JA., Jahangui, GK, McElhaney, G, Janda,KD and Lerner,
RA. J. Am. Chem. Soc., 1993 115, 4906

[43] Iverson, LL, Iverson, S A, Roberts, VA , Getzoff, E D, Tainer, JA, Benkovic, S.J
and Lerner, R A . Science. 1990, 249, 659

241
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8.Appendix
Examples of re actions catalyzed by antibodies (adapted from [2])

Antigen Substrates + Products K
Claisen rearrangement:

104 260
(11F1-2E9)
10s
i ot. 51
Reaction 1 [3,7,18]
OH OH
Reaction 2 J2(
Diels-Alder condensation:
ci
900
o (diene)
583
(dienophile)
o]
Reaction 3 (7,2]
I
\N
Réaction 4 |7|
lactonisation
167
25°C, pH=7

Ny

Réaction 6 121{
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keat(S )
3 3-10-4 KM (M)
pH 7.0 230
produis
Réaction 6 [19]
Décarboxylations .
19104
(20*, pH=8) 168
Reaction 7 [15]
L»4a lu* 144 X 10 i
>3 x 10-* 41 X 103
i.2 X 104 41 X 103
2.0 x JO* o3

pH « 3.5;t - 2IC

Reaction 8 [23]

Annidé Hydrolysis

Reaction 10 !2]

onknown

Reaction 11 [2]
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Cataiytic antibodies

Ester hydrolysis:

2.7 X 104
(pH 9.3)

Reaction 12 [10,13]
1600
pH 8.5

HO 2250
Reaction 13 [10] pH 7.5

6.25'10®
pH 8.0

Reaction 14 [10]

(R) 8.2-104
(S) 1600
pH 9

AcOU
Reaction 17 [2]

Reaction 18 [2]

244

047

2.8+ 104

3.3 104

13 -102

3.8-10*
1.9-10®
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Reaction 19 [21

It"NHCOCH,

__wmco<cmlmioch

R-NHCOCHj )
RI-NHCO(CHIACONICC/'Ch, Reaction 20 [1]

H
Réaction 21 [28]

OXCC

Reaction 22 [28]

fo,

Reaction 23 [2]

Reaction 24-2 [2]
HOAOYX Z,°

P

Reaction 25 [2!

245

960
210
pH 8.0

1.5-102
1.3-102
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Ar

Catalytic antibodies

Raaction 26 [2]

Réaction 27 [2]
_ Epoxids hydrolysis :

440
pH 5.6
Al t=24°C
Réaction 28 [29]
OH
(4s); 105
(4R): 100
pH 5.6
t=24°C
Reaction 2% [29] see aJsu réaction 64
Enol ether hydrolysis :
2500
pH 5.5t=37°
250
pH 5.51=37*

""" -, . cljol . 1

Réaction 30 [30,14]

246

hM’-stl

3.610z
4.4-107

2.7-107
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idem

idem

idem

idem

idem

idem

Ai
-CH,OH 1 LI
Reaction 31 {14. 301
12500
pH 7.0; 20°
Reaction 32 [14]
150
pH 7.0; 20°
Reaction 33 [14J
370
pH 7.0; 20°
Reaction 34 [14]
86
pH 7.0; 20°
Reaction 35 {14]
|
T. I 120
pH 6 0; 20°
't Ar
Reaction 36 (14)
H, 180
. pH 59; 37°
Réaction 37 |14J
41,0
180
pH 5.9; 37°

Reaction 38 (14J

247

1.6-10™

6.6-10*

2.3-101

2.4107

4.5-10

2.4-107

1.6-108
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Glycozide hydrolysis

Reaction 40 (31]
Rearrangement of peptide bond:

(0)70
pH 8.5

(D) 70
(Isoasp)

90
(Asp)

Reaction 42 [10, 32.33J

248

6.3-107

3.6-1072

3 9-102
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Carbonate hydrolysis:

770 3.1-10'6
pH 7.0
Reaction 43 [6]
Reaction 44 (2]
Amide bond formation:
kcojlkunca (M)  Km (M ’-s )
9 "r—
18 0.24
. pH 7.0 (lactone)
all 1.0
(diamine)

h,E-A!Lo
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0 32
pH 9.0
(PH 9; 23%)

Reaction 48 18, 12)

Réaction 49 {B, 12j

c.o072
pH 9.0
(pH 9; 23°)

Réaction 60 [12]

0.075
pH90
(pH 9; 23)

Réaction 51 [12]

0.075
pH 90
(pH 9, 23°)

Réaction 52 [12]

250

1'O0 (ester)

64 (alcohol)

140 (ester)

0.42
(alcohol)

C.43 (ester)

37.5
(alcoho!)

10.86 (ester)

37.05
(alcohol)

17.91 (ester)

46 07
(alcohol)
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00].

17.91 (ester)
0.075
pH 9.0 46.07
(pH 9; 23°)  (alcohol)

HiCHji"HCO
) R2“CHj, R-»-H
b) R*= 4-PC<Hu( R24. Hj, K3-H
¢) Ri-NCCHt. R2-CH3. R«
i;) HI-NCCHi r2-H. R3-CH2

Réaction 63 [28]

Imine formation

2.5-103
0.21 (aminoacid)
pH 9.0
(pH 7 25°) 4.2-102
Reaction 54(11} (piridoxal)
Cis - trans izomerisation:
kcatAuneat Km (um’ a’)

1.5-104 220
pH 7.5; 257

Reaction 65 (44]

Metal chélation

49
50

Reaction 56 (38|
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B -élimination

ab

Reaction 69 [2]
Photoinduced dimerization (2+2)

Mo,
Reaction 60 [2]

L
j »h« r («f,

+h« W Hy:' Ha

Reaction 6212]
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Reaction 63 [2]

Epoxide hydrolysis

Reaction 64 [8]
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Book review

Roger N. Reeve, Environmental Analysis, John Wiley & Sons,
Chichester, New York, 1994, 263 pages, ISBN 0 471 93833 5

(A book in the "Analytical Chemistry by Open Learning” Sériés).

Environment protection is not simply a fashionable subject
nowadays, but it responds to real needs of mankind. Analytical chemistry
is an important actor in this process, since it provides the knowledge and
means required for the identification, quantitative measurement and
monitoring of polluting agents in our water, soil and atmosphére. There is
no wonder that in recent years a considérable number of books dealing
with this subject hadve been published. Why then a new one ? The answer
is simple: because it is different!

The book reviewed here is part of a sériés "Analytical Chemistry by
Open Learning" and is designed for those studying in "a more flexible way
than traditional institute attendance". As a resuit this book is conceived for
self-traming, ciearly written, with simple explanations and provided with
self-assessment questions and responses after each chapter. This is not
intended to eliminate a study Supervisor or tuior, but is of great help for
the reader who tries to do by itself as much as possible of the study. Thus,
the book starts with a short chapter explaining "How to use an open
learning book”, which contains good and useftii advice. As pne of the
suggestions is to familiarize yourself with the book and flip through pages
before really reading it, then cornes the table of Contents, followed by a
Study Guide, a list of suggested experiments as Supporting Practicai
Work, and Bibliography. Only after this introductory material is presented

the book proceeds to discuss in detail it theme..
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The subjects treated in a chanter each, are the following: Transport
of pollutants in the environment: Water analysis - major constituents;
Water analysis - trace pollutants; Analysis of solids; Atmospheric analysis
- gases; Atmospheric analysis - particulates; and Ultra-trace analysis. Each
group of analyses is clearly described, with attention paid to sampling,
storage of samples, pretreatment, extraction and/or concentration of the
analyte and the most recommended analytical methods and techniques

The present reviewer feels thai the book could be extremely usetftil
not only for sclf-study, but also as teaching guide in traditional courses, in
which a textbook like this, can be a useful Imk between the teacher and
bis (her) students A good part of this book will be used by this reviewer
in her course on Environmental analytical chemistry.

In our opinion books like this deserve a widc-spread distribution
and even translation in other languages. In Eastem Europe environment
pollution is a problem of great concern, and availability of a book like this
can be regarded as an excellent type of assistance from western
colleagues, which are more experienced in distance learnipg and have

produced excellent teaching aids anti texlbooks tor this purposc.

lovanca Haiduc
Chemistry' Department
"Babes-Bolyai" University
RO-3400 Cluj-Napoca
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