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ASPECTS IN SURFACE ENHANCED RAMAN SPECTROSCOPV

I. MARIAN, T. ILIESCU, M. CARAGIU, S. GHIZDAVU, S. CÂNTĂ

ABSTRACT. Raman spectra are used to be very weak especial ly in diluted 
solution. In Surface Enhanced Raman Scattering (SERS) the intensity is larger 
of 10*  fold as cotnpared with normal Raman spectra. In this way, SERS is 
a useful analytical technique.

This paper présents some aspects of SERS such as : the mechanism of 
enhancement, the préparation of SERS active surface. Some comparison between 
normal Raman spectra and SERS are reported.

From different techniques to obtain SERS surface, the paper reports 
especially electrochemical aspects.

1.1. General ïeatures of SERS. In 1974 Fleischmann et al. [1] hâve been 
observed first time a Raman spectrnm of the pyridine molécules adsorbed. 
on a specially prepared silver electrode.

Fig. 1 présents Raman spectra of pyridine molécules (ring valence vibra­
tions) obtained in different conditions.

Silver electrode was prepared by 150 oxido-reduction cycles (ORC) between 
4-200 and —300 mV.

The 1025 cm-1 band was assigned to chemisorbed pyridine by nitrogen 
one pair électrons. The other bands 1036 and 1008 cm-1, similar to 
solution bands, were assigned 
to physisorbed pyridine on 
the electrod-electrolit interface 
through water molécules. The 
peak positions of these two 
bands are slowly changed at dif­
ferent potential by the changing 
of pyridine and water molecule 
positions in double electric layer.

Jeanmaire and Van Duyne 
[2], Albrecht and Creighton [3] 

was found that the strong Raman 
bands are obtained by one ORC 
with triangle pulse. An enhan­
cement factor at IO4—106 from 
the absorbed molécules was ob­
tained by comparison with the 
signal of bulk solution. This 
phenomenon is defined as SUR­
FACE ENHANCED RAMAN 
SCATTERING (SERS)

Fig. 1. Raman spectra of pyridine in solution and on 
Ag electrode. a) pure pyridine; b) 0.05M water-pyridine 
solution; c) Ag-electrode in 0.1M KC1/0.05 pyridine at 
0.0 V (SCE); d) -0.2V (SCE) ; e) -0.4V (SCE); f) 

-0.6 V (SCE); g) -0.8V (SCE); h) -1.0V (SCE).
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SERS studies were performed fór metal/gas, colloid/liquid and solid/solid 
interfaces (tunnel jonction, configuration).

An intense SERS phaenomenon hâve been reported on different metals 
like : silver, copper and gold. For other metals, like platináim, nickel, alumi­
nium, alkalis and some semiconductors, the SERS spectra are present but 
with low enhancement factor. It is remarcably that the SERS observations 
onto metals like Ag, Au and Pt in electrochemical studies hâve a particular 
significance because this metals are used for getting the électrodes construc­
tion. Ag has a big superpotential for reducing the hydrogen ion and Au and 
Pt hâve a good résistance to corrosion.

SERS effect has been demonstrated onto several hundreds of molecu- 
lar-species. Pyridine and heterocyclic-nitrogen compounds, like methyl-pyridine 
[4], pyrasine [5], cyanopyridine [6], amino-nitro-pyridine [7] were studied. 
In some conditions, there were observed SERS effect ou organic compounds 
without nitrogen, like CflHfi [8], ethylene [9], and also inorganic species ПО], 
metallic complexes [11] and biochemical compounds [12].

Up to now there were crystalised some conclusions concerning SERS :
1. There are small différences between normal Raman (NR) and SERS 

frequencies.
2. SERS is going on a variety of molécules adsorbcd on the metallic sur­

faces wich liave a strong reflection in visible domain (effect of dielectric cons­
tante of the metal).

3. A surface roughness with features of submicrometric dimension (10 — 
200 nm) and/or an atomic scale roughness (adatoms) are required.

4. SERS is an interface sensitive technique. The adsorbed molécules in 
the first laver at the surface show the largest enhancement. However, the en­
hancement also has a long-range aspect with molécules separated írom the 
surface by several nanometers showing some enhancement.

5. The Raman bands are completely depolarised and hâve non-Lorentzian 
line shape. The intensity of the bands decreases when the vibrational frequency 
is increasing.

6. The SERS active surfaces hâve a continuons, weak innelastic background 
scattering and they are very effective in quenching fluorescence.

7. Both vibrational bond frequency and SERS intensifies are function 
of the applied electrode potential.

Generallv, there was accepted that there are two mechanism which can ex- 
plain the SÈRS phenomena. One of them is the electromagnetic mechanism 
(EM) which results from the influence of the electric local field produced by 
the incident radiation. Tlîe other one is a chemical mechanism. In this case 
a charge-transfer between adsorbed molécules and metal can explain SERS 
effect. The EM mechanism is due to an enormous local electromagnetic field 
in interaction with the dipole-moment of the molécules. The chemical mechanism 
is caused by the résonance states which appear between molecule and metal 
by charge-transfer.
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1.2. Theoretical aspects. The Raman scattering intensity which can be 
dctectcd in a scattering volume V, may be written as [131 :

1 = V ' ’ 1л X ' V ■ K‘S T)

with : IL = сЕз,'8л
where IL is the intensity of the incident radiation with cross secționai area A ; 
c = the speed of the light ; En — electric field of the incident radiation ; N = 
the molecular density in molec/cm3 ; to, = Raman scattering frequency ; ы, = 
the incident light frequency ; 7.- = the square of the ratio of the local electric 
field strenght to that of the incident field (the EM enhancement factor) 
a„P = a component of the polarizability tensor with n and p as polarizability 
direction ; Ke = a factor including the multiplicative parameters like solid angle, 
the efficience of détection, and the transmission coefficient of the monochro- 
mator.

For scattering Raman surfaces, V is replaced with .-1 and the molecular 
density is gived in molecules/cm2.

The surface enhancement is in both L- electromagnetic term and a terni, 
the effective polarizability.

Silice Raman scattering is a two photons process which involves the “ab- 
sorbtion” of the incident photon and the émission of the scattered photon, 
there are two EM enhacement ternis ; one is 7-(<oL) for the effect of the metallic 
surface in the incident field and the other is L(co5) for the effect of the me­
tallic surface on the scattered field. For a smooth surface, the Fresnel reflection 
équation showes that L can be as la rgeas 2 for an incident field and the saine 
value for the scattered field. The maximum total effect of the smooth surface 
on the intensity via the electric field effect is a factor of 16. However much 
larger EM enhancement corne out via the coupling of the excited light to 
geometricallv localized metallic plasmon excitaions [14], leading to very large 
values of IA such 103 and larger.

It should be noted other EM interactions which also affect the local ave­
rage electric field felt by the scattering molecule such as the molecular dipoles 
imaging in the metal surface. This is, anyway, a second-order effect compared 
to the loealized surface plasmon effect on the electric field magnitude.

The chemical enhancement mechanism is included in équation (1) through 
the molecular polarizability a”P. Here, the superscript I, F indicates the ini­
tial and final vibronic states of Raman transition.

The Kramers—Heisenberg dispersion formula can be used to express the 
polarisabilitv tensor as :

<Z|uo I /<></< |ap I F) A 
EK — Et —huL — zT) J

where a, p refers to the direction coordonates (.v, y, or .?), <7|, and <F| 
are the initial, intermediary and final vibronic states, respectively ; г'Г is. a 
damping term.
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Fig. 2. The energetic dyagram for the Scattering 
processes.

The Raman transition is fron 
the initial vibrational level I of th< 
ground electronic state with energ) 
Ej to the excited vibrational leve 
F of ground electronic state witl 
energy Ер = Ej F %Ыр, which i> 
called Stokes-Raman Scattering 
(Fig. 2a). In this case the excit inj 
photon loses energy Äwr, while in 
the case of anti-Stokes Raman 
scattering where the transition is 
írom F to I the photon gain the 
energy кыр (Fig. 2b).

If a molecule is chemisorbed 
at the surface of a SERS active 
electrod, then intermediate elec­

tronic state may be a metal state and it must be involved in the Sum­
mation over intermediate states in the polarizability tensor équation. Thus a 
new type of résonance is possible, giving an adițional SERS enhancement.

IL SOME EXPERIMENTAL ASPECTS IX SERS

Fig. 3. Comparison between RAMAN spectra of the 
niethylviologen dication species MVa+. (A) NR spectrum of 
MVC1, solid; (B) NR specțrum of MVC1, in solution ; (C) 
SERS spectrum of 10"» M MVC1, in p.lM KC1 at an 

ORC roughned electrode.

not influenced 
adsorbtion.

II. 1. Comparison hetween NR and SERS spectrum. The frequencies of 
the majorit)' of the bands in SERS spectra are slightly shifted írom 

those in NR spectra of the 
saine molecule. Therefore the 
energy of the vibrational 
modes are 
vert- much by 
There are weak bonds bet­
ween the adsorbed molécules 
and the metallic surface 
atoms. The relative intensifies 
of the band are attired to 
a large cxtend in SERS spec­
tra. In spite of the change 
in relative intensifies, the 
SERS and NR spectra are si­
milar ctiough, so the molecule 
сап be easily identified. This 
is showed in Fig. 3.

For the four stronger 
bands in the domain 700 — 
1700cm_1inNR and SERS 
spectra, a good coincidence 
appears. The largest shift 
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is of 15 cm 1 in NR band from 1653 cm 1 to 1638 cm-1 in SERS 
spectrum.

11.2. The influences of different métal substrates. Ag is the most used 
in SER Scattering for its largest enhancement. The first Scattering experiment 
on Cu [15] with green laser exciting light was very weak. It was found later 
that red laser exciting light allowed well-defined SERS spectra for both Cu 
and Au electrodes.

Pettinger and Wenning [16] reported that when the laser wavelenght was 
tuned from 457 to 647 nm, a 200-fold increase enhancement factor for the 
breathing vibration in pyridine-Au and pyridine-Cu Systems was observed 
whereas only 20-fold increase was obtained for the pyridine-Ag system. It was 
reported an enhancement factor of 10e for Ag, 105 — IO6 for Cu and IO4—105 
for Au [17].

SERS intensities for nonpolar molécules such as benzene, ethylene and 
CO on gold were higher than those on silver [18].

Other metallic substrate like Pt, Ni, Al, Li, Na were investigated. However 
the enhancement of those metal is relatively low. For example Bradley and 
Arunkumar [19] established that the enhancement for carbonoxide on Ni is 
only 70—100. In addition, SERS spectrum on these metals show a strong in- 
tensity dependence on excitation wavelenght.

Yamada and Yamamoto [20] demonstrated that SERS spectra of pyri- 
dine-Ni and pyridine-Pt Systems can be observed with 514 nm excitation laser 
light but not with 600 nm light. Other metals like Hg, Cd do not support 
SERS [21, 22].

There were also the attempts at surface enhancement employing In, Pb, 
Sn, [23] but without results.

11.3. The surface roughness. It is remarcable that the roughned silver 
surfaces can provide an enhancement factor of about 6 Orders of magnitude, 
whereas a mycroscopically smooth silver surface produce an enhancement 
factor of around 400 [24]. Different roughening methods are used for different 
Systems. In an electrochemical system, the electrode surface is generally roughe- 
ned with an oxidation-reduction cycle (ORC). Düring ORC, the electrode is sub- 
mitted to a double-potential step or triangular sweep potential. Düring ORC- 
many factors can affect the SERS intensity.

The SERS intensity can be related to the extent of charge passed in the 
anodization process of ORC [25]. The laser illumination of the electrode during 
the ORC increase the intensity by up to an order of magnitude that produced 
by an ORC performed in the dark [26]. The ORC is usually carried out in the 
presence of an adsorbate in the solution. Althought the presence of adsorbate 
in the solution during the ORC is not necessary rather where Raman intensity 
is obtained when the adsorbate is added after ORC. Moreover it comes up that 
changing the potential on the electrode toward the domain of rapid évolution 
of Hydrogen before performing an ORC can result in SERS intensity grea- 
ter of about an order of magnitude than that for an electrode submitted to 
one ORC treatement [27].
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It was noticed that electroehemical ORC is not strictly necessary to ob- 
served SERS phenomena in electroehemical Systems [28]. Mechanically roghned 
électrodes present also SERS cffect, but the enhancement factor of them is 
at least two order of magnitude less than that for electrochemically roughened 
électrode [29]. Other rough substrates which présents SERS effect are metallic 
colloidal particles [30], metallic clusters [31], roughened surfaces of a mono- 
crystal under high vacuum (UHV) [32] tunnel-junction structure [33]. Re- 
cently it was demonstrated that chemical prepared silver thin film on glass 
présents a strong SERS effect [34].

It seems to exist three degree of roughness. The first is macroroughness 
with the dimension of the particles between 200 and 5000Â, the second is 
submicroscopic roughness, the particles having between 50 and 200 Â and 
the third is the atomic scale microroughness, having the order of atomic dimen­
sion for particles.

Many experiments hâve been concluded that the macroroughness is the 
best in SERS effect [35, 36, 37]. The roughness with the average partide 
size around 1000 Â for Ag and 500 Â l'or Cu show the largest enhancement. 
But other investigation concluded that submicroscopic roughness, adatoms, 
clusters and surface defect are the most important types of surface roughness 
and are required to obtain the largest enliancements [38, 39]. It seems to be 
necessary a combination of roughness scales for the total enhancement effect.

II.4. Coveracje Effects. The dependence of the enhancement factor with 
the distance on the metallic surface eau be used to evaluate the contribution 
of short-range and long range mechanisms to the overall enhancement.

The study of the dependence of SERS on coverage in the submonolayer 
région eau provide information on the chemical interaction of the scattering 
molécules on the surface. The dependence of SERS on coverage is better observed 
in the UHV System because here the dosing of absorbate can be controlled [32 
40]. Anyway, the results are different and this inay be due to treatements of the 
metal surface or to methods for coverage measurement. Some rcsearch [32, 
40] showed that the SERS signal, bevond the first adsorbed monolayer is 
unenhanced, so there is an effect of loug-range enhancement. Other rcsearch 
groups 141, 42] concluded that the SERS signal is mainly enhanced within the 
first monolayer.

There are some evidence which show that the scattering from the mole­
cule bevond to the first monolayer in electroehemical Systems is enhanced 
[43]. In the monolayer region, the dependence of SERS intensity on coverage 
is nonlinear.

Seki and Philipott [44] proposed that the giant enhancement occurs only 
for some fraction of the first monolayer and the molécules adsorbed only on 
special sites — named active sites — produce the greatest part of the SERS 
signal (in fact this concept of “active sites” is usually developed in electro- 
cliemical Systems).

A very small underpotential coverage of deposited Tl about 3% or Pb 
leads to the complete quenching of SERS signal from pvridine on silver élec­
trode and this quenching is irreversible [45].
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Silver covered by a 0.1 Cu monolayer leads to shift in the pyridine spectra 
typical of an Ag surface, to that of a Cu surface [46].

In many Systems, the SERS signal is irreversible quenched by the -nega­
tive potentials of about — 1.2 V, vs. SCE (saturated calomel electrode). Wlun 
the SERS signal is quenched by the negative potential, other ORC treatements 
are necessary to establish the enhancement effect.

1.5. Depolarization and tlie linesliape. One of the most characteristic pht- 
nomenon associât ed with SER scattering is an depolarization effect.

SERS reports [47] indicated that the majorities SERS spectra are de- 
polarised and the depolarization ratio for totally Symmetrie and non-totaily 
Symmetrie SERS bands is in the range 0.60—0.75. The depolarizing effect 
is due to either the roughness of the metallic surface or the orientation of 
adsorbed molécules.

The band shape in NR spectra follows a Lorentz lineshape funçtion and 
in a SERS Spectrum does not. The lineshape in SERS spectrum is the resv.it 
of the simultaneous existance of two or more surfaces environments for adsorbed 
molécules.

In the Raman line of isochinoline adsorbed on silver at —0.6 V (Fig. 4;> 
a lineshape of SERS bands — different by the gaussian or lorentzian lineshai e 
— can be observed [48].

This is probably due to the 
nonhomogenity of the molecular en- 
viroment, the most important being 
a distribution in the surface site 
that is involved in the surface- 
molecule line interaction.

■ II.6. Continuum background b
The strong continuum background 5 
of the SERS spectrum was de- >_ 
monstrated ; he is not due to Ray- t 
leigh scattering [29].

The continuum background ш 
intensity decreases with the wave t; 
number and become flat in the — 
630—4000 cm-1 region, except for 
a hump between 1100 —1700 cm1 
[49].

The continuum background has 
been considered to arise from lu­
minescence except in the 1100 — 
1700 cm1 region, where the con­
tinuum has been atributed to sur­
face carbon deposits. [50].

1.7. The Dependence on the Fig. 4. The SERS band shape from 220 cm’1 for 
Potential. The frequency and the 0 01 M isochinoline at —0.6 vSC£. 

resv.it
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intensity of the SERS bands are depending on the potential. This is one ot 
the «most important feature of the SER Scattering from an electrode surface.

Several studies about the potential dependence have been reported [1, 
51, 52, 53]. When the potential is shifted in a negative direction, the frequency 
of the SERS band moves to lower values. This can be observed for different 
chemical species such as pyridine, pyrazine, piperidine, p-nitroso-dimethylani- 
line, chlorides and cyanides.

Fig. 5 shows the shift in the peaks position (Raman shift) of several SERS 
bands with the change in the silver electrode potential for piperidine, in the 
200—1000 cm-1 range.

The only band positions who show the shift are Raman lines at 905 cm-1 
and 217 cm-1 which have slopes of 31.2 cm-IV-1 and 27.9cm-IV-1 respectively 
[54]. Since both bands have a roughly equal potential dependence, they were 
taken to be externai vibrations, due to surface species.

The experimental features of potential-intensity profile are :
— The potential-intensity profile is usually bell-shaped and présents a 

maximum. The potential-intensity profile is similary to that of the differential 
capacitance vs. potential curve. In this way, the potential-intensity dependence 

Fig. 5. Raman shifts vs. potential for piperidi­
ne bands.

reflects the change in surface cove- 
rage with the potential [53].

— The potential at which the 
SERS maximum intensity occurs is 
different for different vibrational 
bands in the same spectrum. This 
is presented in Fig. 6, where the 
potential-intensity profile for two 
bands of the pyridine are show [54, 
55].

The potential-intensity profile 
for some adsorbed molécules that 
can be reduced or oxidized on the 
electrode, have also been studied.

Farquarson et al. [56] found 
that there is a correspondence bet­
ween potential-intensity profile and 
the cyclic voltammogram in the 
potential range were electrochemical 
reactions are going on.

In Fig. 7 we observe the cros- 
sing point, at —0.57 V Vsce which is 
almost identically with the peak 
potential position of the cyclic vol­
tammogram for the reaction :

MI/2+(ad) + e~ MD +(ad) 
where the process on the elec­

trode is an reversible réduction of 
the adsorbed species.
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^ce{v0lt)
Fig. 7. The relative nortnalised SERS inten­
sifies dependence on potential for the bançis at 
840 cm'1 and 790 cm-2 of methylviologen 
dication MV2+ and methylviologen radical 

cation (MV+).

Fig. 6. Variations of SERS band in- 
tersities for pyridine on an Ag SERS 

active electrode, during ORC.

Thus, the SERS intensifies of bands caracteristic for different adsorbed 
redox states, can be related to the surface concentration of the adsorbed 
species and they are used to estimate the surface potential of the different 
adsorbed redox couple.

III. EXPERIMENTAL ASPECTS IN SERS SPECTROELECTROCHEMISTRY

SERS takes a special place in spectroelectrochemical techniques, because 
of the facilities to obtain data about : the kind and the geometry of SERS 
active electrode surfaces, surface adsorbed species, the nature of an interaction 
between adsorbate and elec-
trodic substrate (metal, semi­
conductor or insulator).

The block-scheme of the 
SERS spectroelectrochemical 
system is shown in Fig. 8.

The exciting source can 
be an argon-ion, Kr, He-Ne 
laser or even a NdYAG laser 
[57]. The plasma lines can be 
eliminated by interferential 
and holographie filters. The 
laser light is focussed on
the SERS active electrode Fig. 8. Block scheme of the SERS apparátus.
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ÍN GAS(SAMPLE) EXC^S

!•'i g 3. Crossing section in spect.'oelectrochemical 
cell.

construction of the cell 
place the active SERS 
in the proximité of the

from the electrochemical cell. The 
details of this cell is showed iu 
Fig. 9.

This 
allows to 
electrode 
optical window to eliminate the 
Raman scattering and the fluores­
cence determined by the búik so­
lution. The oxigen was elimiuated 
from solution by bubbling au 
innert gase.

The SERS activité of the elec­
trod is obtained by following pre- 
treatments : grinding with abrasive 
refined pulvers ; washing with dis- 
tilled deionised water ; ultra- 
sounding in bidistilled water ; ORC 
in support solutions. Starting from 

negative potential, which correspond to positive current (Fig. 10), an Oxida­
tion of the electrode appears, and metallic surface is covered with a precipitated
layer.

In negative current the precipitated layer is reducing, the electrode surface 
is covered with small metallic structures [48].

The adatoms (metal reduced atoms) are surrounded and immobilised 
by the anions of the solvent, and by the tested molécules in support solution.

The pretreatement concerns two or three ORC with or without the pré­
sence of exciting radiation.

Fig. 10. The current density dependence vs. potential in ORC.
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Generally speaking, the SERS spectroelectrochemical experimental obser­
vations hâve a hard repróductibility and, obviously, are conditioned by the 
purity of the used reactives.

Conclusions : SERS spectra are a useful tool for the study of adsorbed 
molécules species on Ag, Au and Cu electrode. From the shift of the peak 
position of the bands by comparison with that from normal Raman spectra, we 
can conclude about the position of the adsorbed of molécules at metal sur­
face. The electroehemical technique allow the SERS studies of the molécules 
that can be reduced or oxidized on the electrode.

The large enhancement factor (106) in SERS spectra allow the use of 
this technique as a very sensitive analytical method.
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AN IMPROVED FIRST-ORDER OPTIMISATION OF THE 
MOLECULAR STRUCTURE TAKING ACCOUNT OF THE 

MOLECULAR TOPOLOGY

DRAGOȘ HORVATH, IOAN Sn.AGHI-Dl MITRESCU

ABSTRACT. The classical gradient optimisation procedure used to minimise 
the molecular energies in the molecular mechanics approach was improved by 
superposing of the motions defined by the nesulting forces acting on the mole­
cular fragments viewed as rigid entities and the individual motions of the atoms 
defined by the dérivatives of the energy with respect to their Cartesian Coordi­
nates. A translational and rotational correction accounting for the rigid fragment 
behaviour were i'ntroduced to calculate a better descent direction. The modified 
algorithm was able to accomplish in about 20 itérations the Same drop in the 
function value obtained in 255 gradient itérations. Supplementary computing 
time or memory requirements are minimal and negligible in comparison to those 
employed by a second-order minimisation procedure.

1. Introduction. The modelling of molecular structure by meansof com­
puter programs that optimise the potential energy with respect of the atomic 
coordinates became a widespread tool in theoretical chemistry. No matter 
how this potential energy is obtained — either in the ’quantum-chemical or 
in the empirical force-field approach — it can be viewed as a function of 
the molecular geometry. Consequently, the potential energy of a molecule will 
be described in terms of internal coordinates (interatomic distances, valence 
or torsionai angles, out of plane bending angles) and additive energetic con­
tributions are assigned directly to these structural éléments. The main problem 
encountered when trying to work on the internal coordinates consists in the 
fact that these are quite offen dependent. Cartesian coordinates off er the 
advantage of being independent (even if the set of 3N coordinates is still 
redundant as far as they include the translation and rotation of the whole 
molecule) and very simple to use while the other way of finding a sysțem 
of generalized coordinates raises a lot of theoretical aud computațional diffi- 
-culties. Therefore, the molecular potential can be regarded as a function of 
3N cartesian coordinates and this point of view was adopted by a large num- 
ber of authors of molecular mechanics [1 — 10] and quantum chemical calcu­
lation programs.

The optimisation of a function having such a large number of variables 
is a challenging attempt for both mathematicians and chemists, but most 
molecular modelling software available today is based on adaptations of clas- 
■sical minimisation algorithms to this particular problem. The direct scarch 
algorithmes are the most simple but least effective ones, so that we will res- 
train. our discussion to the most widely used optimisation procedures: the 
descent methods. These use the inform ation provided by the derivatives of the 
functions and calculate the best descen- direction in the conformational hyper- 
.surface (the 3N-dimensional space of the cartesian coordinates). First order 
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descent methods evaluate and use only the first derivatives of the molecular 
potential V = F(%ÿ) with respect to the Coordinates :

G = AK = H ciVIêXijW 

9ij = (Ж/^)/[ЕЕ(ВД^ 
n k

The direction g^ is a versor pointing in the opposite direction of the gradient 
vector àV and hence shows the direction in which the function decreases 
most rapidly. Shifting from the point where the gradient was evaluáted (_x°) 
to a point at a distance s in the direction g

Xjj Xy -f" gijS (1)
should lead to a position with a lower value of the potential if the step lenght 
s is properly chosen. A good strategy for finding s is to perform an unidirec­
țional optimisation1* of the function along the given direction g. keeping that 
value of s which leads to the smallest function value accesible within a 
given itération. This process is to be continued until the minimum is reached 
whithin the wanted precission). Of course, there are other procedures using 
a modified direction basicallv derived from first-order derivatives.

A superior approach to the minimisation problem consists in using both- 
first and second order derivatives in determining the optimal descent direc­
tion. Considering the Taylor expansion of the molecular potential in the viei 
nity of the point X : ' ’

F(x + Ax) = F(x) + <Ax|G> + 1 <Ax |HAx> + R3

where G and H are the gradient and hessian matrices respectively (H = 
= \S2VI Sxyêxnk\) and neglecting all higher order ternis, if the displäcement 
Ax is chosen such that the minimum is in x + Ax, then we have :

G(x + Ax) = G(x) + H|Ax> = 0 ’ .
If the function would have been quadratic, the calculation of the * needéd 
displacement Ax could have been done in one single itération : j Ax> = II1 G>, 
but as this is not true, the direction defined by the vector Ax must be regarded 
as a descent direction and a suitable step lenght for advance in that direc­
tion must be determined in the sanie manner we alrcady discussed at the 
first order methods.

Second-order (Newton-Raphson) methods are quadratically convergent, while 
first order methods do not alwavs have this propertv. On the other hand, 
the latter require much less time per itération because the évaluation of se­
cond-order derivatives is a quite tedious task and raises memory manage­
ment problems as well (for example, the storage of the upper triangle of the 
Hessian for 1000 atoms requires about 26 Mbytes of memory). Furt her more, 
the inversion of the Hessian is a problem because, due to the redundance of 
6 coordinates this matrix will be always singular. Therfore, the calculation 
of the descent direction is actuallv more complicated than deseribed here (the 
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“inversion” of H also implies ils transformation into an équivalent but nonsin- 
gular matrix (see the method described briefly in reference [6], employing 
the Cholesky factorization or [7—9] for other examples). The Davidon-Flecher- 
Powell method2 * * 5 tries to approximate the inverse Hessian by means of two 
succesive gradient vectors and hence combines the advantages of the fast 
first order methods and the convergent quadratic Newton-Raphson proce­
dures.

2. About tlie çonvergcncy of classical methods. We will use a few exam­
ples to stress some of the difficultieșs arised when classical methods are applied 
in molecular modelling. A first problem is encountered if in the initial distorted
geometry there are bonds that differ significantly from their final lenght. 
Looking at the distorted ethane in figure l.a it is easy to understand why a 
first-order method will exhibit an oscillatory behaviour.
At the first itération, there will be atractive forces acting on the carbon atoms, 
trying to shorten the bond lenght, but 
the attached hydrogens do not “feel" this, 
since they are not involved in the 
C—C bond. If the C —H bonds are not 
strcched and the C—C —H angles have 
their natural values, there will be no 
force at ail acting on the hydrogens
(except the van der Waals interactions 
which are not important in unders- 
tanding the phenomenon since that type 
of potential is much weaker than 
the bond Stretching one). Now, the 
atoms will be moved along the forces 
acting on them (F = —AF) until the

There are few available studies about the relative efficiency of these pro­
cedures when applied to molécules [6] but nowadays the second order methods 
are gaining importance as large and fast computers can support them. Anyway, 
gradient methods work much faster in bringing distorted geometries close to 
minimum but they require a much too large number of itérations to converge. 
Davidon-Flecher-Powell methods also need a quite large number of steps before 
they can build up a good approximation of the Hessian.

The purpose of this paper is to point out some of the specific, “chemical” 
properties of the potential function, which are not taken into account when 
a classical optimisation procedure is implemented. Difficulties in convergence 
arise because the function is non-quadratical as mathematicians say, but 
from a chemist’s point of view some of these reasons can be easily derived 
and understood by means of basical knowledge about molecular structure. 
Furthermore, we have developped a simple first-order optimisation procedure 
which combines the information provided both by the gardient of the poten­
tial function aud by the molecular lopology, having a much better convergency 
rate while the computațional effort required to derive the new descent 
fhethod from the gradient is practically negligible. 

2 — Chemie 1—2)1994
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gain in energy accomplished by the shortening of the C—C bond will be equa- 
led by the loss produced by the Stretching of the C —H bonds and opening 
of C—C —H angles. Eveil if the energy lowered, it is difficult to admit that 
this new structure is indeed cwser to ihe true minimum since as a matter of 
tact it is even more distorted than the first. At the next step, the hydrogens 
will be “dragged” after the carbons, and then the whole process would repeat, 
causing oscillations. It is obvious that the methyls should be moved as bulks 
according to the forces acting on the C atoms. Now, second order methods (figure 
Ib) will perform better because they simulate a “coupling” of the forces acting 
on different átmos : the second derivatives take account of the fact that the 
forces in the C —H bonds (zero in the begining) will increas while the C atom 
is moved. As a resuit, the hydrogens will be moved even if there is no initial 
force acting on them, but not as much as necessary — they will still lag be- 
liind the carbons. It is clear that the same kinà of problems appear with 
distorted angles or torsionai angles. Furthermore, the difficulties increase with 
the dimension of the fragment to be translated, because the effect of the 
displacement of the “pilot” atom implied in this distorted structural element 
can not be “felt” at a distance of p bonds from this until n itérations hâve 
been performed. Second-order methods provide a strong coupling between bon­
cled atoms since the bonds are the most rigid structural éléments in the mole­
cule and somewhat weaker effect for geminal and vicinal atoms (coupling through 
angles and torsionai angles ; in the molecular mechanics approach 82У/8х^ёхпк — 
— 0 unless there are structural éléments including both atoms i and n). Since 
force fields do not assign potential contributions to fragments larger than 4 
atoms (torsionai angles and out-of-plane bendings), the coupling between more 
distant atoms relies completely on the weak nonbonded interactions. On the 
other hand, the rigidity of the bonds in a real molecule assures a relative 
stability of the geometry of the fragments. The optimal molecular model сап 
be bracketed by the two extreme approaches : the rigid fragment approach 
where fragments are treated as bulks and no changes in their internai géomé­
tries are allowed and the complete geometry relaxation assumed by the clas- 
sical optimisation procedures. The rigid fragment approach is widely used in 
molecular mechanics [10, 12] especially due to its simplicity, but it can be 
used only for a rough optimisation since most of the structural éléments in 
the molecule are fixed. One could expect to obtain an effective optimisation 
procedure when combining these two extremes. Principially, it would be a good 
ideea to simply alternate these methods during optimisation [12], but it is 
even more effective to use them simultaneously by designing an algorithm which 
calculâtes a descent direction as a linear combination of fragment and individual 
atom movements. The alternation of total energy optimisation and déplacement 
{translation or rotation) of fragments may indeed show some improvement, 
but no significant increase in convergence, due to the interdependence existing 
between the relative position of the fragments and their internai geometry. Yet, 
if the torsionai angles of the starting geometry differ with more than 10 de- 
grees from their final values, the intercalation of a torsionai relaxation proce­
dure during the füll geometry optimisation leads to an important decrease 
of the required number of itérations. It is not adviceable to start with the 
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torsionai relaxation, because if the starting geometry of the fragments is very 
distorted, this will lead to artificial torsionai minima and the only thing the 
procedure actually performs is rotating the fragments into unnatural positions.

3. The fragmentation of the molécules.. There are many criteria according 
to wich molecular fragments can be defined. Our workstation uses a single 
fragmentation procedure, which we have found convenient to use both for 
structure manipulation and optimisation as well. This procedure generates 
fragments by breaking of exocyclic bonds between nonterminal atoms and 
always considering the smallest of the two obtained fragments. As a consé­
quence, there will be atoms contained in more than one fragment and also 
atoms that are not included in any of these :

CH3 -CH2-

Cycles can not be broken in this männer. In the Turbo Pascal program the 
fragments are considered as sets of atoms (Fh).

As a conséquence of this fragmentation mode, each of the generated frag­
ments are linked through one bond with the rest of molecule. Their motion 
will be relative to the superior fragment containing them, while the group 
of atoms that are not included in any fragment are fixed. It is known that 
the bonds are the most rigid structural éléments in the molecule and hence it 
is predictible that under normal conditions, the changes in bond lengths are 
small compared to the modifications of the other structural éléments. There- 
fore, the displacement directions for the fragments should be mainly orthogo­
nal to the bond “anchoring” the fragment to the rest of the molecule. It is 
important for our optimisation procedure that a fragment is obtained by brea­
king of .only one bond, although this is not explicitly imposed by the algo- 
rithm : a sériés of tests using a fragmentation procedure that also opens cycles 
showed no good results. The reason for this behaviour will be discussed later.

4. Quantitative évaluation of the performance of the minimisation pro­
cedures. The best critérium characterising an optimisation procedure is the 
time required to reach the optimum. The problem rising here is that various 
procedures could lead to different minima or get caught in false minima. 
Furthermore, in most cases the gradient procedure stopped before having fini- 
shed, because the number of itérations grew too large (> 255), so that the 
only way one can measure the efficiency of a method with respect to the 
gradient optimisation is the ratio between the number of itérations required 
by both methods to reach the same function value (usually the best value 
obtained by the gradient method). This critérium is not a very exact one 
because it compares the behaviour of the methods far from nimimum, while 
convergency speed might change dramatically as the optimisation advances. 
Finally we have chosen the following criteria to cliaracterise the optimisation 
strategies :
A : total minimisation time ;
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В : the time needed to minimise a linear chain structure ;
C : the time required to minimise non-cyclic molécules with gauche interac­
tions, where large rotations are expected to occur ;
D: the time rtquired for the minimisation of cyclic molécules;
В : the total amount of unminimised energy, e.g. the sum of the différence 
between the lowest energy value obtained for the molecule through the whole 
sériés of tests and the energy at which the given method had stopped (if this 
différence is significant, yi.005 kcal/mol). B, C, D were monitorod in order 
to find if a given strategy has any preference to a certain type of structural 
Problems.

Tests were carried out on a set of randomly cliosen molécules with up to 
60 atoms, containing both liniar, ramificated, cyclic and polyciclic hydrocarbons 
and also structures with heteroatoms.

5. The minimisation alçjoritlim. We use a simple adaptation of the gradient 
procedure, changes were made only at the calculation of the descent direction. 
At each fifth calculation of the gradient an unidirecțional search is performed 
and the optimal advance step is used to make the following 5 steps (during 
which the variation of the function is no longer monitorod), being simultane- 
ously reduced —- to simulate the natural tendency of decreasing as the optimi­
sation approaches the minimum. The next unidirecțional search will use a step 
of 0.75 of the previous optimal value and tries to bracket the local function 
minimum by calculating the molecular potential at 0.5, 1 and 1.5 times this 
value. The new optimal step is found by parabolic interpolation. The decrease 
in the function value after two succesive local optimisation is monitored as 
Д/. A combined termination critérium is used : Д/ < 0.002 and the norm of 
the gradient must drop under a threshold value calculated as a function of 
an admissible residual force (0.05) per atom ; 0.05 N1/2, N being the number 
of atoms in the molecule. Finally an upper limit for the number of itérations 
can be imposed. If the ratio of the two succesive Д/ values falls under 1.5, 
then it is assumed that the low convergency is due to the difficulties encoun- 
tered with the torsionai angles, the füll geometry optimisation is interrupted 
aud a torsionai relaxation is performed.

The torsionai relaxation program consists in a succesive search for the 
optimum torsionai status for each torsionai axis, reiterated untT pos’t’on of 
any fragment is no longer significantly influenced by the changes in the ail 
others. Larger fragments are rotated first, because they produce the most 
important changes in geometry. Since just one fragment is rotated at one 
lime, this procedure does not force symmetry conservation during the opti­
misation.

The parametrisation used is basically that of MM2[ 1 ] but uses Del Re[13] 
fractional charges (instead of bond moments) in evaluating the electrostatic 
ter ms.

6. The calculation of tlic improved descent direction. The procedure pre- 
sented here can be most easily described in terms of an analogy between the 
optimisation process and the movement of points under the influence of a 
force field. The derivatives of the potential with respect to the coordinates 
are actually the components of the forces acting on each atom, and according 
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to tbc laws of dynamics (and consideritig that the atoms have aii the same 
mass and do not posses any initial velocity) one can write :

Д.г = 1/2 • Ffmt- (2)
Comparing (1) and (2) it is obvions that the advancement step used in the 
gradient optimisation stands for 1/2/2 (since we do not care explicitely for the 
for the real parameters of the atomic motion as the molecular dynamics [14] does). 
Now we can use this mechanical analogy to write the équations for an impro- 
ved descent direction : by assuming a rigid behaviour of the fragments, we 
can calculate the resulting forces acting on each of them :

= 52 9- (3)

where G*,-  defines the force exercised by the rest of the molecule on the frag­
ment Fk and all atoms will be translated in this direction, i.e. the all local 
forces <j.; will be substituted by the same value Gkj. If an atom is included 
in more than one fragment, it will be moved along the suni of the resulting 
forces on these fragments :

9 = E (3')

The pondération coeficients ßA were taken as empirical fonctions of sizes sk of 
the fragments (defined by the number of atoms in the fragment :)

ß^ (Д У ’ (Smax $д.)/(**тах  $min) ] (^)

where ,șmav and smin are the maximal and minimal size of the fragments in the 
molecule. Then the values of these coefficients are normed : SßÄ = 1. If = 
= s^-„, then ß*  = 1/number of fragments.

So far we have completele supressed the individual motions of the atoms, 
neglecting the internai forces in each fragment. In this approach, all structural 
éléments involving terminal atoms are fixed. То allow complete geometry 
relaxation, we have to compromise between the classical gradient procedure 
and the rigid fragment approximation, generating a linear combination of the 
desceny directions given by the two alternatives :

9ÿ= az9Ó'+ (! — a/) ’ 9-y (5)
The final problem is now to find an optimal translational rigidity coefficient 
<zt providing a fast convergency rate. This must also be done empirically and 
the best strategy we have found is a decreasing dependence of a( on the norm 
of the gradient G :

a, = oq X o(<j + <him) + <r2 (3)

where clim is the threshold value of the gradient norm at which minimisation 
is considered to be complete. It is surprising that values up to 0.8 perform 
well, showing that the participation of the rigid fragment approximation is 
very important. The tests have sliown an increasing of the convergency rate —
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the final potential value obtained by the gradient method was reached in up 
to 10 times less itérations especially for linear untorsioned chaînes. With molé­
cules having gauche interactions, the improvement was not so striking (only 
up to 3—4 — fold dropping the number of itérations). It was clear that the 
structures requiring modifications of torsionai angles were still more difficult 
to optimise, because the algorithm developed until now did nothing to enhance 
the rotation of the fragments. The resulting force g,;- does not completely des- 
cribe the motion of the rigid body : a resulting moment must be added to 
account for the rotational motion. It is convenient to calculate this moment 
in the point where a fragment is fixed :

(7)

where r, is the position vector of the atom i with respect to the reference 
point and gi is the force acting on this atom. The rotation of the fragment 
occurs around the axis of vector M and not around a torsionai axis of mole­
cule because angle bending or nonbonded interactions also tend to rotate it. 
It is difficult to simulate this rotation as such, but the physical analogy with 
the motion of a rigid body can be used to calculate the displacement direc­
tions for each atom according to the global tendency of rotation of the frag­
ment :

ДФ = M/(2Ze) • /2 (8)
where ДФ is the analog of (2), it is colinear to AI and represents the rotation 
angle of a rigid having an inertial moment Ia subjected to a constant moment 
M as a function of time Л The inertial moment /„ with respect to the rota­
tional axis defined by the moment M is actually the sum of the squared 
distances of the atoms in the fragment to this axis since the mass of each 
atom is not to be taken into account (is equaled to 1). At small ДФ values, 
the corresponding displacement of the atoms in the fragm ent will be :

Дх*  = l/2(M/i X rJ/2 (9)
which compared to (2) leads to the conclusion that the terms :

8iot= S(M/Za X r<)ßA (10)
are the forces that should be added to the atoms in order to take account 
of the rotation of the rogid fragment, ß are the same pondération coeficient.s 
we previously met for the translational motion. The last step consiste in com- 
bining the translational and rotational gradients :

+ «, • 8,7 (11) 
followed by the normation of g leading to new descent direction. Good 
values for a, were found to be in the range 60. .70 and are again surprisingly 
high. The classical gradient method asumes that the displacements of the 
points are proportional to the forces acting on them, but this is in fact a 
quite rough approximation because these forces change while the atoms are 
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inoved and the method is unable to take account of this changing. Since the 
applied step lenght is the same for all atoms, one of these will be moved 
too far (they "jump" over the potential valley) while others could be moved 
still further because in that direction the potential surface is smooth. It is 
clear that the movement in a radial direction — implying bond Stretching or 
compression — will meet a sharp potential, while in directions tangential to 
the bonds the potential varies smoothly and allows larger advance steps. This 
is exactly what the very large a value accomplishes, amplifying the tangen­
tial movement with respect to the movement in other directions and thus 
empirical knowledge concerning the behaviour of the second-order derivatives 
is transmitted to the program. If the externai forces acting on a fragment 
would also include bond stretching components (except the străin of the ancho- 
ring bond, which has no rotational contribution), the rotation of the fragment 
would also be characterised by sharp potential variations and the method 
would loose much of its effectiveness. This actually happens if the cycles are 
broken into multivalent fragments.

The best strategy seems to be the simple use of a constant a of about 
70, during the whole minimisation. Of course, au optimal a could be deter- 
mined for each itération (searching for that values that allows to reach the 
smallest function value), but this requires much too many function calls. Ano- 
ther approach consisted in making a change in a ar each unidirecțional opti­
misation, increasing or decreasing it with a value of 10 if this lowered the 
local minimum (selfadaptive ocr). This requires one or two more function calls 
for each itération but does not impróve significantly the convergence, and 
more, the total computation time is generally higher that in the case of a 
constant a,.

7. Results and disscusions. We have selected a set of 9 optimisation stra­
tegies and their performances are listed in Table 1. The characteristics of these 
strategies are as follows :
— 1 : uses an a, value calculated with function (6) and having — 0.6, a2 =
— 0.2 ; a, is kept constant at 70. Pondération coefficients ß are those accor- 
ding to (4) and y is fixed at 0.5. The füll geometry relaxation transfers the 
control automatically to the torsionai subroutine if there are hints that conver- 
gency might be slow (if the ratio of two succesive différences between local 
minimum function values falls below 2.5). Torsionai relaxation can be called 
only once and then returns control to the füll geometry optimisation.
— 2: identical to 1, but with oq — 0.65 and without calls of the torsionai 
relaxation procedure.
— 3: identical to 2 but uses equal pondération coefficients (1/nr. of fragments).
— 4: identical to 3 but having oq = 0.6 as in 1.
— 5: the same as 1, but with oq = 0.65 and y — 0.6.
— 6: a is calculated as in 1, but a is allowed to vary with ±10 at the 
unidirecțional optimisation. No pondération and no torsionai relaxation are 
employed.
— 7 : identical to 3, but torsionai relaxation is called aiter a fixed number 
(21) of descent itérations.
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— 8 : as in 1 or 5, but with equal pondération coefficients and no rotational 
correction la., — 0).
— 9 : classical gradient procedure.

Table 7

énergies (keal'moi), minimisation limes (seconds) and the number of itérations in 9 seleeted 
optimisation strategies.

Applied minimisation strategy

1 2 3 4 5 6 7 8 9

1 B 9.7804 9.7802 9.7802 9.7804 9.7801 9.7825 9.7808 9.7887 9.9468
time 262 s 311 s 299 s 284 s 285 s 365 s 267 s 972 s 870 s
iter- 75 88 87 81 81 96 67-2 281 + 3* 255*
ations

2 2.3417 2.3417 2.3417 2.3417 2.3417 2.3417 2.3417 2.3417 2.3417
27 s 21 s 21 s 26 s 16 s 28 s 31 s 27 s 71 s
27 21 21 26 17 26 27+1 27 76

3 3.2239 3.2242 3.2242 3.2243 3.2241 3.2242 3.2239 3.2241 3.2278
22 s 22 s 21 s 21 s 22 s 28 s 32 s 74 s 233 s
22 22 21 21 22 26 27+1 73+3 255*

4 4.2845 4.2875 4.2844 4.2844 4.2844 4.2844 4.2844 4.2863 4.2866
49 s 37 s 49 s 60 s 49 s 66 s 74 s 49 s 311 s
22 17 22 27 22 26 27+1 22 146

5 0.0989 0.0989 0.0989 0.0989 0.0991 0.0989 0.0989 0.0991 0.0992
23 s 29 s 29 s 23 s 29 s 26 s 42 s 23 s 84 s
17 22 22 16 22 16 27+1 17 66

6 6.2088 6.2088 6.2088 6.2088 6.2088 6.2088 6.2088 6.2100 6.2120
103 s 104 s 95 s 77 s 105 s 96 s 132 s 103 s 834. s
26 26 26 21 27 21 27+1 27 231

7 0.7086 0.7086 0.7086 0.7086 0.7086 0.7086 0.7086 0.7166 0.7921
33 s 36 s 36 s 42 s 36 s 34 s 44 s 303 s 267 s
27 32 32 36 32 ’6 32+1 281 + 1* 255*

8 9.4118 9.4118 9.4119 9.4119 9.4122 9.4119 9.4118 9.4136 9.4524
199 s 202 s 198 s 198 s 165 s 224 s 271 s 284 s 1781 s
26 26 26 26 22 26 27+1 33+1 255*

9 8.0288 8.0246 8.0261 8.0295 8.0231 8.0250 8.0227 8.0260 8.1219
103 s 186 s 198 s 177 s 92 s 210 s 101 s 204 s 534 s
37 + 4 86 91 81 33 + 4 86 32+5 81 + 6 255*

10 4.5158 4.5152 4.5164 4.5165 4.5156 4.5175 4.5144 4.5183 4.5864
69 s 68 s 68 s 79 s 76 s 123 s 89 s 681 s 536 s
31 31 31 37 35 51 32 + 2 202+6 255*

11 5.2693 5.2695 5.2696 5.2693 5.2696 5.2693 5.2694 5.2723 5.3146
60 s 59 s 47 s 59 s 61 s 67 s 73 s 524 s 528 s
27 26 21 26 28 26 27+1 241 + 2 255*

12 3.2703 3.2703 3.2703 3.2704 3.2704 3.2704 3.2703 3.2709 3.2752
37 s 37 s 31 s 31 s 36 s 39 s 44 s 111 s 322 s
27 27 21 21 27 26 27+1 80+3 255*
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( T аЫе 1 continuei )

1 2 3 4 5 6 7 8 9

13 4.0288 4.0287 4.0287 4.0287 4.0288 4.0287 4.0287 4.0291 4.0310
35 s 30 s 37 s 36 s 33 s 44 s 118 s 317 s
28 21 28 27 21 27+1 77 + 2 255*

14 6.1206 6.1205 6.1208 6.1214 6.1209 6.1210 6.1199 6.1239 6.241
75 s 61 s 101 s 101 s 72 s 138 s 77 s 449 s 534 s
36 26 46 46 33 56 27 + 2 201 + 4 . 255*

15 4.1047 4.1008 4.1010 4.1011 4.1008 4.1010 4.1008 4.1024 4.1079
49 s 59 s 57 s 49 s 48 s 64 s 73 s 390 s 523 s
22 27 26 21 21 26 27+1 179 + 2 255*

16 7.3910 7.3912 7.3913 7.3910 7.3910 7.3910 7.3921 7.3921 7.3956
60 s 48 s 48 s 48 s 59 s 66 s 70 s 322 s 518 s
27 22 22 22 27 26 27+1 152+1 255*

i 7 6.4391 7.1756 7.1751 7.1752 6.4384 7.1773 6.4390 6.5967 7.5747
235 s 167 s 240 s 240 s 251 s 252 s 268 s 616 s 532 s
904-7 76 111 111 99 + 7 106 102 + 6 281 + 4* 255*

13 25.726 25.725 25.725 25.725 25.725 25.725 25.726 26.19 27.581
608 s 663 s 740 s 715 s 615 s 687 s 631 s 1547 s 1357 s

• 107 + 3 121 136 131 107 + 3 116 107 + 3 281 + 3* 255*
Гч 7.2369 7.2412 7.2563 7.2475 7.2381 7.2430 7.2447 7.3503 7.4660 '

480 s 432 s 430 s 430 s 484 s 468 s 479 s 485 s 429 s
281 + 26 255* 255* 255* 255* 255* 272 + 2* 281 + 2* 255*

A 2531 s 2577 s 2738 s 2620 s 2537 s 3014 s 2842 s 7274 s 10581 s
?. 411 s 399 s 399 s 403 s 371 s 448 s 552 s 766 s 3264 s

c 747 s 742 s 841 s 842 s 753 s 1020 s 871 s 3489 s 4577 s
1350 s 1406 s 1469 s 1429 s 1384 s 1520 s 1377 s 3004 s 2674 s

-S 0.0000 0.7400 0.7600 0.7500 0.0000 0.7500 0.0080 0.7600 3.8600

L ist of sj' ni b ois:

* • .ptimisation stoppcd after this number of itérations
1 : v-n-butylcyclohexane 11 : 2-methylhexane (2 gauche interactions)
2 : anti-butane 12: 1-methylbutane (1 gauche interaction)
3 : gauche-butane 13 : 1-niethyl-butane (2 gauche interactions)
4 : anti-n-heptane 14: 2-methylhexane
5 : 2,2-dimethvlpropane 15 : 2,2-dimethylpentane
6 : anti-n-deeane 16: 3,3-dimethylpentane
7 : 3-methoxypropanoic acid 17 : 2,4-diniethylpentane
8 : anti-n-pcntadccane 18 : 1-sec-buthyl-adamatane
9 : 2-ethylpentane 19 : l,3-dioxane-5-a-carboxylic acid
10: 2-methylhexane (1 gauche interaction)
A: total time (on a PC-AT 386, whitout numerical coprocessor)
B : time for linear anti-conformations (2, 4, 6, 7, 8)
C : time for noncyclic molécules with gauche-interactions (3, 9... 17)
1) : time for cyclic molécules (1, 18, 19)
I. : sum of the unminimised énergies, if these exceeded 0.005 kcal/mol 
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It can be seen írom Table 1 that all the methods lead essentially to the same 
energy minimum for most of the molécules, an interesting exception being 
2,4-dimethylpentane (entry nr. 17) where the obtained minimum was depen­
dent on the chosen minimisation strategy. Both minima (at 6.43 and 7.17) 
showed to be real minima and not artefacts of the torsionai minimisation 
routine (calculations performed with an alternative torsionai relaxation proce­
dure which rotâtes simultaneously ail fragments also lead to the lower mini­
mum if applied on the initial geometry, but not on the geometry of higher 
minimum. The later is stable with respect to torsionai angle optimisation and 
it is not a false minimum due to incapacity of descent methods to adjust 
the torsionai angles). Непсе, the higher energies reported by methods 2,3,4- 
and 6 do not stand for a failure to reach the minimu-i point, but simplv 
express that different paths lead to different local minii a.

The best methods are certainlv 2 and 5 which “intelligently" combine the 
descent and torsionai procedure. These methods did not caii the torsionai pro­
cedure at ail when minimising untorsioned chains, because they “felt” that 
convergency is already good. Moreover, it was ignored even in molécules with 
gauche interactions in which the rotational correction of the gradient could 
efficiently adjust the torsionai angles. The longer time required by 7 is mainly 
due to unnecessary torsionai relaxation calls (this trend is clearly visible when 
comparing the times for optimising the untorsioned chain structures (B)). 
Methods 2 and 5 lead always to the minimum while the gradient method. usualy 
had to be aborted because of the too large number of itérations, so that the 
real time needed by the later to perform a job as good as the first should 
be signifieantlly higher. Even so, the improved procedure is about 4 times 
fast er and it required meanly 11.. 21 itérations to reach a lower energy than 
the final threshojd reached by gradient optimisation in 255 itérations. The 
ratio of the employed times is even higher for noncyclic structures (about 8 
for untorsioned chains and 6 for molécules with gauche interactions) because 
the improvements made do not apply on the adjustment of ring geometn'es. 
The improvement in minimisation is increasing with an increasing number off 
exocyclic torsionai axes (l,3-dioxane-5-a-carboxilic acid — entry 19, where the 
exocyclic group is small compared to the ring, can be only difficulty mini­
mised by any of the methods. Another starting geometry, containing a pre- 
minimised dioxane ring — not list ed in Table 1 — performed much better). 
Nevertheless, the optimisation of the substituted ring Systems was still about 
2 — times faster m comparison with the gradient optimisation.

Untorsioned chains (except 3-methoxypropanoic acid, entry 7) can be 
minimised quite well when по rotational correction is used (method 8). On the 
contrary, this correction is extremly impoitant for molécules with gauche-inter­
actions, or generally speaking for structures where rotations play an important 
role. Even if no torsions occur, important rotations are required for the adjust­
ment of the valence angles iu 3-methoxypropanoic acid, since these were badly 
reproduced in the initial geometry (the geometry-building program assigned 
tetrahedral, angles for both carbon and oxygen).

Method 6 is somewhat different because here the empirically chosen ar is 
itself a subject of optimisation : the unidirecțional search procedure was modi- 
fied to allow this. Two modified descent directions were calculated with the 
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values a, + 10 and a, — 10, then a step of current length was taken in each 
of these directions and the molecular potential evaluated in the reached points. 
The a value generating the direction that lead to a better function value 
was taken as current ar. It would have been more rigurously to perform a 
füll unidirecțional optimisation on both directions and to select the one sho­
wing the best local minimum, but this would have required a much too large 
number of function évaluations. Even so, one supplementary function call is 
needed and it is visible that this continuons altering of a does not improve 
the convergency as much as to compensate for the extra computațional effort.

It is important to notice that the number of itérations is practically no 
longer dependent or at least very weaklv dependent on the molecular size, 
as it is in the gradient optimisation. This is a direct conséquence of the “cohé­
rence” introduced in the motion of the atoms.

8. Conclusions. The simple and intuitive modifications described by eq. 11 
can be very easily implemented into ail programs using gradient methods, 
without extending too much the memory requirements. There are also no rea- 
sons for which this modification should not work together with other, more 
performant descent methods, including Newto-Raphson procedures. This effec­
tive optimisation method might be very powerful when applied to large chains 
as proteins.
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USING NEURAL NETWORKS IN MODELING AND OPTIMIZATION 
OF THE ION EXCHANGE MEMBRANE ELECTROLYSERS 

PART I - ANALYTICAL MODEL

ARPA» IVIRE El CĂCI. IOANA BIXEA, ȘERBAX ARACII I

ABSTRACT. This paper deals witli file Implementation of a neural network 
(NX) model of an industrial electrolysc r. In order to bave mcdelng <’a1a, írom 
NX point of view, we had to model the electrolysir analytically at the begin- 
ning. The main équations of the model and sonie simulation résulta are given 
in the paper. In order to optimise the process, one centid hâve becn observid 
that the using of the analytical mode] is much too slow for practicai purposes 
in industrv. The resuit, was the idea to use a XX model.

The main procedure used in the manufacturing of chlorine, is the brine 
electrolysis. This is performed in industrial elcctrolysers, the bőst known types 
being those with amalgam cathode, azbestos diaphragm and ion exehange 
membrane (IEM) electrolyscrs. Due to the fact the IEM elcctrolysers are the 
most advantageous, front the economic and ecological points of vicw, it is 
of great interest, the study of their matheinatical modeling having as an 
ultimate target, the optimization of their work and their proper control.

The construction of an clectrolysis cell is given in fig. 1. These cells are 
assembled in their bipolar way, 50 in a block, and a number of 21 blocks 
are connected (fig. 2) to a c.c. source or rectifier.

It is désirable, that the process to be opețated at optimum, in order to 
obtain the lowest production cost per ton of NaOH. That’s why oneneeds a 
steady state matheinatical model capable to compute the cost, based on the 
computed production of chlorine, hydrogen and NaOH, on the cons.umption 
of energy and raw materials.

There are manv ways to compose an object or scope function subjected to 
minimization. In this case, 
we hâve deeided to minimize 
the expenses on the ton of 
NaOH (lei/t). The corres­
pondent objective function is 
the sum of the expenses 
with the electric and ther­
mal energy, at which the raw 
materials consumption is 
added (1).

{Pcurent^!”^Mterm"T" - Hi.fi'.a-rtt

1. Schematic diagram of an IEM elilorine cell

Producție

(D
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The way these costs 
are computed is given in 
Appendix 1 where

is the température of the 
cell, T

y2 — voltage drop on the 
cell, Tensiune

Уз — XaOIí output flow,

y4 — output concentration 
of H2O, ccH2Oc

y6 — weight concentration 
of XaOH. F i g. 2. Connection of the blocks in the electric circuit

.Ippeiidii I
for the optimization of the IEM reactorMatlab propram

function y — f_ ol,(X_)
О/ 
/0 calculul cheltuielilor minime pe tona de XaOH fk i/t j ;
% Xotații
0/
/0 C_ curent — cheltuieli cu energia ekctrtă riei/s" ;

О/
/О C_matprini — cheltuieli cu materiile prime flei/s; ;
О/
/0 C_entertn — cheltuieli cu energia termică [lti/sj :
О/ 
/О IV — căldura latentă de vaporizare ’kcal/kg" ;
О/ 
;o costsar -- costul saramurii /lei/ti ;

О/ 
/О costenel — costul energiei electrice [lei/kWhl ;
% costent — costul energiei termice [lei/Gcal] ;
% CpSar — căldura specifică saramura ! kcal /kg*  I<
0/
/0 Constante

lv= 525 ; %Гкса1/кц\-
CIS=304 ; %[g/i] ;
costsar— 2358 ; % Tci/t ;

Fig. 3. Diagram with mass and beat balances on an IEM cell
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costenel — 101 ; 
costent= 17000 : 
MH20— 18: 
MXaOH=40 ; 
MNaCl= 58.5 ;
Ap=2.4; 
DensApa= 1000 ;

%[lei/kWh] ; 
%[lei/Gcal] ; 
%[kg/kmol] ; 
%[kg(kmol] : 
%[kg/kmol]; 
%rmp l : 
%íkg/mc] ;

X-
Itot“X„(l); %ГкА1;
Tint=X_(2); %[grd];
PiXaCl = X_(3) ; % [mc/s] ; '

О/ о/ о/ о/ о/ о/ о/ о/ о/ о/ о/ о/ о/ о/ О/ О/ О/ О/ О/ О/ 
/О /о /о /о /о /о /о /о /о /о /а /о /о /о /о /о /о /о /О /О

VIS = CIS/MXaCl ; % [kmol/шс]
rc = rc / 100; % adim.
id = Itot/(Ap*  1450)*le3  ; % [A/mp]
ir = id ;
cII20Ci = DensApa/MHjO ; % [kmol/mc]
roiA = DSOlNaCl (CTS);
roiC = Dens Apa ;

О/ О/ О/ О/ О/ О/ О/ О/ О/ О/ О/ 0/0/,0/0/0 /о /о /о /о /о /О /О /О /О /О •

CpSar = 4.187 * (1-CIS)+CIS*0.837 ;
roiA = DSOlXaCl (CTS);
|У.. Уг. Уз. У1. У-,J = fmod(Itot, Tint, FiXaCl);

C curent — y2* ltot * costenel/3600/lc3 ;
C . niatprim = l;iNaCl*CIS*costsar/1000  ;

C eiiterm y.,*  y,*  MHSO*  l\ * costent/le6 + EiA*  roiA*CpSar*  !e3/4.185*  (TAlim-TRef)*  .. 
le-9 * costent ;

Producție = y... * ys* MNaOH/lOOO ;

y — (Crurent + C_matprim T C_enterm)/Producție

All output variables are computed as function of three independent in- 
puts : input température (Talim), input brine flow (Falim) and total 

current (I).

2. Matheinatical model of tlie clectrolysis process. The basic équations 
of the mathematical model are those written for mass and heat balances (fig. 3), 
voltage balance and electroehemical équations.

The main équations of the model [1] are given bellow :

Mass balance

Anode compartment :

^'cr,l + Cl-.M + A' • FCi iXi — l'cr.ïi

H,0,1

+ F.Xa+.M = -FiVa+l»

2F

(2)

(3)

(4)
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foh~,m
I ■ 3600 (1 -7]) _

F -

Fci,(g) + Fci,(atl) =
I ■ у 3600

2F

Fo.(g) I • (1 - 7]) • 3600
4F

(5)

(6)

(7)

Ph,o,i • [Fci^g) + F01(g) + FH,o,i{g)\ — P ■ FHao,i(g) — 0

FCl~,l — FNa+,l = 0

18 • FHto,ï

1000

(8)

(9)

(10)

Membrane :

ÍNa+ + ton------- 1
FH,0,M — FNa+,M ' ^Н,0

(11)
(12)

Cathode compartment :

FCl~,M — F Cl~ ,2 = 0
F Na+,M — FNa+,2 = 0

r 77 77 t \ — 1 ’ 3600 77
? HJO,M — -O H,O,2 ~ H,O,2[g)-------------- —--------------fn,o,2i

F

T.- ,77 1 ■ 3600-O OH---- Г t'OH-.M — ---------- —--------
F

r. . . I ■ 3600

Ph,0,2 • [FH,(g) + FH,O,2(g)] = P ■ FH,0,2(g)

Energy balance

(13)
(14)

(15)

(16)

(18)

ДЯ(kcalh J) = q — ( E • I • 3600 j
(19)

4,18
ДН = ДНЛ + дягги,25

ЬНр = CM(T - 25)Fc;, • 71 + Срт>н, • (T — 25)FH, • 2 + Cpmfi,(T - 25)FOi •
• 32 + (НХаон,т ~~ HNbOHtsjQzdz + — Ннао,2&) • [FH,o,i(g) • 18 +

+ FH.o,2(g} ■ 18] (21)

(20)
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rni,25 — ДЯгж»1,25 4“ ^Иглп2,25 (22)
AÄrral,25 = А^ХлС/,1>ГД#ГЛвОЯ(«<7) + l/2^-^F,C?a(g) + l/2A^F,H,(g) —

— kHrjiaCHaq) — (23)
A-^î.v<>2,25 = -^о.(«)[—2Д7/7.- н3о(1) + 4- 2Д//;.-] (24)

l'oitâge balance

E ~ Eo -f- 'flc — 'Cla — (IRésolu,l — (IR)wein — (IR)soh;i (25)
Eo = -2,187 + 0,0004272(7' - 25) + 8,314(7' + 273) ln(Z<)/96500 (26)

(K) = aXa0H(Pcly^PHy^ay„n (27)
rla = 0,0277 log (i/,/0,0125) (28)

rjf = 0,0656 ln (29)

log (îo,//2) = ( —0,0045 >n\-aofi) + (0,203 wi.vaow) — 5,92 (30)

(IR)^ = [^,/A.j • 1000 ’ (31)

(iR),utm = rs/;//<„,) • 1000 (32)

(ZK)soZ„,3 = [^2/Z<2J • 1000 (33)

There are other équations too, expressing the intermediate terms in these 
équations above, but because of the scope of this paper, we did not consider 
necessary to write them down.

We hâve solved the model in MATLAB software and one set of tvpical 
résulte is given in Appendix 2.

Appendix 2

Intrat [kniol/s] Ieșit [kmol/s;
Saramura alimentare Saramura epuizată

Sel of lypieal results obtalned írom the model of an IEM eell

Bilanțul de masă pentru spațiul anodie

H..O 6.275239101 HSO 5.919456437
XaC 1 0.662265819 XaC 1 0.548155229
net 0.000127443 HC1 0.000127379

CI- 0.005655530
( laze
CI 0.051399782
O 0.002147243
II2O(vap) 0.009156408
Transfer prin membrană
Xa <- 0.114110589
H3O 0.342331768
II 1 0.008588969

Total 6.937632362 T ota1. 7.001129335
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Bilanțul de masă pentru spațiul anodic

Ieșit ikg'slIntrat [kg/s]
Saramură alimentare Saramura epuizată
HaO 112.9543038 II..O 106.5502159
NaCl 38.7425504 NaCl 32.0670809
IIC1 0.016517 IIC1 0.0046493

< 1_ 0.4015426
CI 3.6493845
O 0.0687118
HjOivap) 0.1648154
Transfer prin membrană
Na ' 2.6245436
II2O 6.1619718
H’ 0.0085890

Total 151.7015059 Total 151.7015065

Bilanțul de masă pentru spațiul catodic

Intrat ikmol/s] Ieșit [kmol/s]
Apa demi alimentare Soluție NaOII ieșire
IIaO 0.376716111 II2O

NaOII
0.594446626
0.114110589

Transfer prin membrană Gaze
Na + 0.114110589 II 0.061349775
HjO 0.342331768 H.Oivap) 0.010490664
и 0.008588969
Total 0.841747438 Total 0.780397655

Bilanțul de masă pentru spațiul catodic

intrat [kg/s] Ieșit {kg/<
Apu denii alimentare Soluție NaOH ieșire
HaO 6.7808900 H..O 10.7000393

NaOII 4,5644236
Transfer prin membrană < .azc
Na+ 2.6245436 II 0.1226996
II2() 6.1619718 II/ )(vap) 0.1888319
П+ 0.0085890
Total 15.5759944 Total 15.5759943

Bilanțul de tensiune — celula cu MSI

Componenta
Tensiunea minimă de electroliză 
Supratensiunea anodică 
Supratensiunea catodică 
Căderea de tensiune pe anolit 
Căderea de tensiune pe membrană 
Căderea de tensiune pe catolit 
Tensiunea totală

V !%1
2.1247720 56.3989482
0.1505104 3.9950783
1.1824731 31.3870102
0.2373252 6.2994489
0.0018636 0.0494674
0,0704521 1.8700470

3.7673965 100.0000000

3 — Chamia 1—2/1994
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The multiple runs of the model showed us many difficulties in solving the 
algebraié équations representing the steady state. We have used a procedure 
of solving nonlinear Systems of équations “fsolve” implemented in MATIA.B 
which is very sensitive at the initial point and the range in which the variables 
can change. But we have succeeded to obtain good results in the range of real 
working of the reactor.

The model we have discussed about “fmod” is used in the optimization 
program afterwards, with the scope of minimizing the expenses with electricity, 
raw materials and thermal energy.

Using a sensitivity study on the model, we decided that the most important 
variables in the minimization of the cost function, are : feed température 
(T[°CJ), total current on the electrolyser (I[A]) and feed brine flow (F[m3/sJ). 
We used the polyhedron method for the optimization, subjected to constraints. 
Due to the intricate structure of the model, the running time is awfully long.

We had runs of 7 hours and more on a PC 486/50 MHz with no proper 
results.

That’s why we had the idea of using a model based on neural networks. 
In this case, the computation of the model is reduced at a small number of 
matricial équations. The running time of the optimization program using the 
neural networks was of 8 seconds. The way we have built the model based 
en neutral networks is explained in the following section of this paper.
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NO MENCLATERE :

— specific heat of aqueous solution of species j, [kcal kg~1QC-1]

j mean specific heat of the gases given by subscript j with reference température of 25 °C
[kcal kg~loC-1}

d, — density of the exist solution from catholyte compartment, [kmol m_a]
E — total cell voltage, [F]
Eo — open circuit cell voltage, [F]
F — Faraday’s constant, [96487 ■ 70e C kg eÿ_1]

— inlet molar flow rate of species j to anolyte compartment, [kmol s *]

Fy^ — inlet molar flow rate of species j to catholyte compartment, [kmol s-1]

Fyj — exit molar flow rate of species j from anolyte compartment, [kmol s-1]

— exit molar flow rate of species j from catholyte compartment, [kmol s ’]

Fy M — molar flow rate of species j through the membrane, [kmol-1 s-1]

^H,0 rte) — enthalpy of saturated water vapeur at température T°C, [kcal kg-1}

— e-nthalpy of water at température TCC, [kcal kg
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Uj r — enthalpy of the aqueous solution of species j, at température of T°C, [kcal kg1]

/геа/ °f reaction at 25°C, [kcal kmol-1}

i0 — exchange current density of Hi évolution on steel electrode, [А т~г]

ij, — apparent current density based on the apparent area of the membrane A , [A т~г]
I — total cell current, [A j

solution voltage drop between the anode and the membrane, [F]

IR)me,„ — voltage drop across the membrane, [F]

(IR)soiiț0— solution voltage drop between the cathode and the membrane, [F]

(Kt — conductivity of the anolyte solution, [ohm-1 ni“1]
— conductivity of the membrane, [ohm-1 m-1]

K2 г ~ conductivity of the catholyte NaOH solution at T°C, [ohm-1 ni“1]

lx — distance between the anode and the membrane, [in]
1, — distance between the cathode and the membrane, [m]
niy — molality of the aqueous solution of species j, [kmol ( 1000 kg water}-1]
P — total atmospheric pressure, [atm]

<?, — exit volumetric flow rate from catholyte compartiment, [»г3 h-1]
tj — transport number of ion j
T — cell température, [°Cj
X — conversion based on the amount of NaCl fed
Y — concentration of aqueous solution of NaCl, [kmol НгО (kmol NaCl)-1]
Z — concentration of aqueous solution of NaOH, [kmol HtO (kmol NaOH)-1]
8 — membrane thickness, [иг]
-z) — current efficiency, [%]
т;я — anodie overpotential, [V]
-<с — cathodic overpotential, [F]

SUBSCRIPTS

li — inlet to the anolyte compartment
2i — inlet to the catholyte compartment
1 — exit flow from the anolyte compartment; also represènts the anolyte compartment
2 — exit flow rate from the catholyte compartment; also représente the catholyte compartment
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USING NEURAL NETWORKS IN MODELING AND OPTIMIZATION 
OF THE ION EXCHANGE MEMBRANE ELECTROLYSERS 

PART II — NEURAL NETWORK MODEL

ȘERBAN AGACHI, IOANA BUNEA, ÁRPÁD IMRE-LÜCACI

ABSTRACT. The paper describes the way of using MathWork’s Neural Net­
work Toolbox software, with direct application at an industrial chloralkali elec- 
trolyser. More alternatives of lcarning techniques and learning data sets were 
tried. The best results are reported.

L Introduction. The neural network tests described in this report are 
concerned primarily with the ability of a neural network to learn the funcțional 
relationship between variables. We have seen in the previous part of the pre­
sent paper, that there are great inconveniences at the optimization, using the 
intricate model containing mass and energy balance and electrochemical équa­
tions. So, we decided that a model based on neural networks, if it does a 
proper identification of the process, is much better to be used. At the same 
time, we have to stress on the strengths and weaknesses of neural network 
identification.

2. Neural Network. A neural network consists of a large number of simple 
units, called neurons. An artificial neuron is defined using the following five 
éléments :

— nature of inputs to the neurcn
— input function
— activation function which détermines the inner state of the neuron, 

based on the total value of the inputs
— output function which détermines the output of the neuron, based on 

the total value of the inputs
— nature of the Outputs írom 
The following notations are

the neuron.
adopted :
h — input function
f — activation function
g — output function
xt = /»(xj, x2, ..., x„) — total value 
of the inputs

• a = f{xt) — activation state of the 
neuron
y = g(<î) — output of the neuron.

A neuron is represented in figure 1.Fig. 1 — The représentation of a neuron
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a) .
of activation functions. Step functions.

The inputs to the neuron 
respactively.

The input functions, h,
— boole type functions

can be ~1> or 0, 1 or continuons, real numbers

can be

n
linear: 7z(.v,, . . ., ,r,„) = ^w>xi

i ----- 1

«//bzc Цхл., _r„) = W,Xi - c

The last two functions are mostly used. The terni “ — c” can be implemented 
using a “bias” ; that means an additional neuron which transfers the value - ■ 1 
to the previously considered
nauron.

Generally speakink, the 
activation functions are step 
functions (Heaviside or sig- 
num — figure 2) or other li­
near saturated functions. But 
mostly used are the sigmoid 
functions (figure 3)

fW = ----- (1)1 4- c-v

3
fW = a

ehî 4- 1 (2)
9

Types of activation functions. Sigmoid functions.
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corresponding to figure За and 3b 
Usually, the output function, 
function

g, is

a
units

respectively. 
the identity

(3)
called neu-

V = g(a) =

These simple processing 
rons, are arranged in layers as shown in figure 4.

The networks used in this study have three 
layers. Each neuron in the first layer has only 
one input, which is the externai input to the neu­
ral network. Hach neuron in the second layer has

an input from every neuron in the first layer and, possible, one input with a 
fixed value of unity. Each neuron in the third layer has an input from every 
neuron in the second layer, and, like the second layer, one additional input 
with a fixed value of unity. The number of Outputs of the third layer is equal 
with the number of externai Outputs of the network.

The purpose for using the neural network is to obtain a mapping from 
a vector X to a vector Y. The size of the input and output layers are fixed 
by the number of components of X and Y, respectively. The user spécifiés 
the number of neurons in the hidden layer. For a network with a single hid- 
den layer, the number of weighting ternis in the network is :

(;h + 1) I I (W.v,t + l)«y
k^-l

(4)

where
A’„, is the total number of weighting terms
nx — the dimension of X 
ny — the dimension of Y, and

nN,k — the size of the hidden layer, k
For a given externai input X" to the neural network, the network returns z\ 

an externai output value Y :

(5)Y =/(X, X,, œ-,, 1 = 1, XJ

where Y is the network prédiction of Y, the vector of observed output values 
associated to the observed inputs X. It is desired that the différence between 
the predicted and observed values to be as small as possible. Usually, the 
user spécifiés the network topology. After that, the network weighting terms 
w,, are found as a solution of an optimization problem : minimization of a 
criterion similar to

k = 1

min

(6)
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where
M is the dimension of the set of input vectors Xj and output vectors Y; 

and the indexes are :
j — refers to the vector
i — refers to the element in the individual vector.
The finding of the set of weights which minimized the error between 

Y and Y is called the training of the netw’ork. The set of input and output 
vectors that the network is trained on is commonly refered to as the training 
set.

The solution of this problem has been commonly solved using a gradünt 
algorithm. We have used the training methods implemented in Neural Net­
work Toolbcx [1] of MathWorks.

There are more training methods and we shall introduce some of them 
only :

— one of the first methods tried, was based on Widrow-Hoff model. This 
introduces the adaptive linear element, AD ALINE, making possible the learning 
of the network based on the associativity between the input and output vectors, 
by means of a linear approximation of the transfer function. It can handle 
only one layer network, but this is not such a disadvantage, because in some 
situations this one layer can be the substitute of several layers. In this case 
there is one satisfying solution, the linear adaptive clement will minimize the 
sum of squared errors. The network will find a solution as accurate as the 
function linearity will allow. In our case, due to the nonlineärities existent 
between the parameters of the studied process, the approximation functions 
“hardlim” and “purelin" existent in Neural Network Toolbox of Mathworks’ 
do not give good results, generating very large errors.

— another learning method used is that of “backpropagation” as being 
the most complete and with which we obtained the best results. This algorithm 
is as a matter of fact the application of the gradient optimization method at 
the minimization of the scope function E(W). This scope function is defined 
with relation 8.

Е(Ж) =1||Y-.D||*  (8)

where Y are the Outputs of the network and D are the desired or experimen­
tal Outputs of the process modelcd via neural networks. Thus, the input vec­
tor being X, via the algorithm of direct propagation through the networks, 
this will give the output Y, meanwhile the desired output associated with the 
input X is D. The output of the network is better when Y tends to D. Func­
tion E can be simple or cumulative, summing the déviations of the real responses 
from the desired (experimental) ones at different sets of data (relation 9) 

= |£ HT«- 

where np represents the number of data sets presented to the network for 
learning.
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After introducing one more data sets, the weights w are modified with 
Д'гcomputed as the relation 10 shows

Да#’ = + аД<_1) (10)

wliere т, is the so called learning rate and a is a momentum term which hinders 
too drastic changes of compared with the previous learning step p — 1. 

is the error signal back propagated which represents the différence bet­
ween the j"‘ neuron activated state at step p and its desired activated state. 
More details about the backpropagation procedure are given in [2]. The function 
used in Neural Network Tools is “trainbpx” which has the advantage of using 
momentum and adaptive learning rate techniques.

The procedure used in the electrolyser neural network modeling was the 
following : using the analytical model based on the équations written in [3], 
for different sets of input data, we computed the corresponding values of 
the objective function. The learning data sets are given in Table 1, together 
with the results.

At the beginning of our experiments, we tried randomly computed sets 
of data, but the results were not very satisfying ; that meant the calculated 
scope function via neural network was very different of that computed via 
analytical model. We decided then that the data have to be very carefully 
çhosen, but we can not advise of any method of choosing them. Additionally 
we have to say that the proper processing of the data is very important : we 
had a special case where the différence between the magnitudes of the data 
is litige ; usual values of the input data used were I = 8.0e6 [A], T = 40.0 [°C], 
A'=0,l [m3/s] ; this fact inakes more difficult the learning process. That’s 
why we tried different types of introducing the data : normalized data, or 
multiplied with a “smoothing” factor. This last case gave superior results. 
Auyway, normalized data could not be used in the optimization, because, 
in this case, one has know apriori the maximum and the minimum of the obiec­
tive function and the optimization makes no sense anymore.

Another problem was that of the number of layers in the network. We 
triód more networks with one, two or tliree hidden layers and with different 
numbers of neurons on a layer. The best results were obtained with two hid­
den layers with five and seven neurons on each layer. The improvements obtained 
with more layers or with more neurons on a layer were insignificant and ad­
ditionally shadowed by the huge increase of the learning ti me.

A problem which had to be treated with care was that of the initial weight 
matrices which were created randomly using “rand” procedure. There were 
often the cases when a wrongly ehosen initial weight matrix ruined the whole 
learning procedure, the results being very far of the desired ones. That’s why 
we decided to choose, for initialization of the weights, the procedure “nwlog” 
which gave far better results.

Finally, the last dass of problème to be surmounted, was that of proper 
choosing of the display frequency (disp-freq) and that of the number of learning 
cycles (epochs). We have found that the “optimum” disp_freq= 100 and max_ 
epoch = 20000. With these data specified, the measure of the précision of the 
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network, the “sums of the squared éléments” of the errors (SSE) was of the 
order of magnitude le—6.

The program and the results are given in Appendix and Table 1 respec­
tively.

Appendix

The program representing the neural network ruodeling

% date6
% condiții de plecare îmbunătățite
% învățare adaptivă
% încărcat cu T vector linie
% présentation phase ;

7.60e6 36.00 р.1274
8.00e6 36.00 0.1274
8.50e6 36.00 0.1274
9.00e6 36.00 0.1274
0.50e6 36.00 0.1274

Ю.ООебГ 36.00 0.1274
10.50e6 36.00 0,1274
П.ООеб 36.00 0.1274
П.ООеб 36.00 0.1274
П.ООеб 40.00 0.1274
П.ООеб 45.00 0.1274
П.ООеб 50.00 0.1274
П.ООеб 55.00 0.1274
П.ООеб 60.00 0.1274
П.ООеб 36.00 0.0750
П.ООеб 36.00 0.1000
П.ООеб 36.00 0.1250
П.ООеб 36.00 0.1500
П.ООеб 36.00 0.1750
П.ООеб 36.00 0.2000 Г

h= [ 7.6e6 40 0.075
Ю.Оеб 50 0.1274 
9.0e6 55 0.1

11.0е6 45 0.175
8.0е6 60 0.2
8.5е6 53 0.15];

Р = [P ; h] ;
Р1==Р ;
savé P Р
Р=[(Р(:, l)-min(P(:, 1)))/(шах(Р( l))-min(P(:, 1)))...

(Р( 2) — min(P(:, 2)))/(max(P( 2)) —min(P( 2))) ..
(Р(:, 3)-min(P(:, 3)))/(max(P( 3))-min(P(:, 3)))]';

T=[ 1.9910e5
2.0129e5
2.0350e5
2.0520e5
2.0670e5
2.0790e5
2.0890e5
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Appendix (continued)

2.0970e5
2.0970e5
2.0140e5
1.9100e5
1.8060e5
1.7020e5
1.5900e5
2.2900e5
2.2100e5
2.1080e5
1.9980e5
1.8850e5
1.7690e5];

Tl=[ 2.2500e5
1.7627e5
1.8135e5
1.6380e5
0.5276e5
1.3800e5J;

T -T. TI]
cave T T
Т=[(Г(:. 1) —min(T(:, l)))/(max(T( :, l))-min(T(:, 1)))]';
[K. Q] =sizc(P);
51 =5 ;
52 = 7 ;
[S3, Q]=size(T);
[\V1, Bl]=nwlog(Sl, R);
[W2, B2]=nwlog(Sl, SI);
[W3, B3]=nwlog(S3, S2) ;
disp_freq—100
max_epoch = 15000 ;
err_goal=0.0001 ;
lr = l ;
niotuentum=0.95 ;
lr_itic = 1.05 ;
lr_dec=0.7 ;
err_ratio = 1.04 ;
TP = [disp_freq max_epoch err_goal lr lr_inc lr_dec . . . momentum err ratio] ;
IW1, Bl, W2, B2, W3, B3, epochs, TR]=trainbpx(Wl, Bl, 'logsig', W2. B2, 'logsig', . .

W3, B3, 'logsig', P, T, TP);

Al = iogsig(Wl * P, Bl);
A2 = !ogsig(W2*  Al, B2) ;

A3 = !ogsig(W3* A2, B3) ;
A=A3 ;
E=T —A;
SSE=sumsqr(E) ;
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The learnlng set and the résulté of the neural network modeling

T al‘:.r 1

Date de invatare a rețelei neuronale
Fob. calculată cu Fob. calculată cu rtuaua

măsurători experimen­
tale

—e5

neuronală

—e5I [A]-e6 T[°C] F [m’/s]

7.6000 36.0000 0.1274 0.8303 0.8306
8.0000 36.0000 0.1274 0.8428 0.8422
8.5000 36.0000 0.1274 0.8553 0.8550
9.0000 36.0000 0.1274 0.8650 0.8647
9.5000 36.0000 0.1274 0.8735 0.8740

10.0000 36.0000 0.1274 0.8803 0.8789
10.5000 36.0000 0.1274 0.8860 0.8847
11.0000 36.0000 0.1274 0.8905 0.8886
11.0000 36.0000 0.1274 0.8905 0.8886
11,0000 40.0000 0.1274 0.8434 0.8479
11.0000 45.0000 0.1274 0.7844 0.7833
11.0000 50.0000 0.1274 0.7254 0.7208
11.0000 55.0000 0.1274 0.6664 0.6694
11.0000 60.0000 0.1274 0.6028 0.6015
11.0000 36.0000 0.0750 1.0000 0.9927
11.0000 36.0000 0.1000 0.9546 0.9590
11.0000 36.0000 0.1250 0.8967 0.8941
11.0000 36.0000 0.1500 0.8343 0,8362
11.0000 36.0000 0.1750 0,7702 0.7721
11.0000 36.0000 0.2000 0,7044 0.7014
7.6000 40.0000 0.0750 0.9773 0.9787

10.0000 50.0000 0.1274 0.7008 0.7003
9.0000 55.0000 0.1000 0.7296 0.7293

11.0000 45.0000 0.1750 0.6300 0.6313
8.0000 60.0000 0.2000 0.0000 0.0054
8.5000 53.0000 0.1500 0.4837 0.4831

As the main result of the network modeling was the replacement of the 
intricate analytical model presented in [3] with a very simple matricial model 
able to compute the results in seconds. The matricial équations are given 
by the relation 11.

Al = logsig (171 *P,  Bl)
A2 = logsig (1F2*A1,  B2)

where P is the input vector,
Wl, W2 are the weight matrices multiplying the outputs of the neurons, 
Л1, A2 contain the outputs of the neurons,
Bl, B2 are the bias matrices.
We hâve chosen the sigmoid activation function “logsig” which gives the 

best correspondence between the computed data using the network and those 
computed with the analytical model.

In conclusion, needing a fast computațional model to optimize the process 
of chloralkali electrolysis with Ion Hxchange Membrane, we tried a neural 
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network modeling. The results were fairly good, but we have take care that 
the neural networks are better l'or interpolation in a given range of data than 
l'or extrapolation over the range. Because of that, using the neural networks 
inodels in optimization has to be handeled with utmost care. Our results of 
optimization were good írom the point of view of the running time, but not 
tire best l'rom that of the consistencv of the optimized results. This is the 
reason we did not report yet the results of the minimization of the expenses 
of the ehloralkali electrolyser. This is a study to be continued.
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THE REPRESENTATION OF SOAIE HYBRID ORBITALS

OSSI HOHOVITZ*,  LACRA DAMIAX*

ABSTRACT. Hybrid orbitals obtained form s_, p" and d-hydrogenlike atomic 
orbitals (sp3d2 and sp’d) are represented by plots of the wave function along the 
orbital axis and in a section through a symmetry plane of the orbital, as well 
as by contour maps of the electronic density.

Représentations of hybrid sp orbitals are ratlier common in papers and 
textbooks [1], but â-containing hybrid orbitals have rarely been represented 
and students have quite a vague picture about their spatial distribution. То 
represent atomic or hybrid orbitals we can use plots of the wave function 
ф or of its square ф2 (the density probability) along a selected direction in 
the atom (for instance a symmetry axis), polar graphs, représentations of the 
ф or ф2 values in a planar section through the orbital, isométrie surfaces (in 

•space) or isométrie contours in a plane (contour maps), boundary surfaces or 
contours and dot plots, modeling the charge distribution of the electronic cloud. 
A number of steric models are also in use [21.

In order to build hybrid orbitals, we can use as a basis hydrogenlike Orbi­
tals, Slater-type or SCF atomic orbitals [3]. An octahedral hybrid orbital sp3da, 
directed along the z-axis, can be obtained [4] from the s, рг and d.i atomic 
orbitals :

Фос1 (s -j~ ^3p2 + (1
Orbitals of this kind are involved in bonding in molécules such as SF( , PFjf 
or [Fe(CN)ep-.

Tetragonal hybrids sp2d, as in the square planar molécules XeF4, AuClf, 
[Ni(CN)4]2_ or in PdCl2, may involve s, px, py and dx,_y» atomic orbitals. Such 

au orbital, with the x-axis as symmetry axis, is :

Ф/е ~ + *fèp x ^i»-/-)/“- (2)
With hydrogen orbitals 3s, 3p and 3d, these hybrids have two nodal sur­

faces each. For the octahedral orbital, they are solutions of the équation :

(1 - Зл/2 cosO + 3cos20)r2 - 18(1 - лД cos 0)r + 27 = 0, (3)
where r means the polar radius (the distance from the nucléus) and 9 its angle 
to the г-axis. For the distance we’ll always use atomic units, i.e. the Bohr radius 
of the first orbit in the hydrogen atom rs = 5 • 29 • 10_11 m taken as unity. 
One of the nodes is a parabolalike surface, as those for sp hybrid orbitals; 
it cuts the г-axis at г = —4.553 and the x- and y-axes twice, at 16.348 r8 
from the nucléus. The other node is a closed surface, cutting the г-axis at

Dpacrtment of Chemistry, Faculty of Material Science and Engineering, Technical Univcrsity Cluj-Na роса.
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Fig. 1. The wave fonction for an sp'^d1 orbital along the г-axis 
and for an sp'‘d orbital along the jv-axis.

of this lobe (at large positive 
Fig. la.

By joining together a set of

—0.72 and 34 and the я-and y-axes at ±1.652. Therefore, the electronic cloud 
is divided into three lobes, with maxima on the z-axis.

On the plot of the wave function фос/ along this axis (Fig. 1) we can see 
these maxima : the largest is at the origin, for the inner (positive) lobe and 
ф shows a very sharp decrease for negative z-values. The other positive lobe 
has the maximum at z = —9.20 ; it is lower than the first one, but this lobe 
does contain the greater part of the electronic cloud and it’s this lobe that 
overlaps in forming the chemical bonds. The negative lobe is surrouuding the 
closed nodal surface, but it has a significant density in the area near the nucléus, 
between the two positive lobes only. In order to make visible the outer region 

z values), we must use another scale, as in 

ф-plots for parallel directions in a plane (for 
instance the xz-plane), we get a quasi-tliree- 
dimensional plot of the wave function in this 
plane, a représentation of the ф(х, 0, z)-sur- 
face, using the third coordinate to draw (in 
perspective) the calculated values. For the 
octahedral hybrid such a représentation is 
given in Fig. 2a, using the plots of the wave 
function along 21 lines, parallel to the sym- 
metry axis, in the яг-plane. We chose the ф 
rather than the ф2 plots, in order to show the 
sign of the function as well.

The wave function in a plane can also 
be represented by contour lines, for some se- 
lected ф-values together with the nodal lines

b

Fig. la. The sp'Jd- wave function along 
the г-axis (detail).
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Fig. 2. The wave function of a hybrid, orbital in its synimetry 
plane (all distances are in re). (a) sp^d* hybrid in the xz plane

(i = 0), as in Fig. 3. It is evident that for the smallest ф-values, the shape 
of the boundary line is approaching a circular one (spherical in space). We 
can also draw a contour map (perhaps more suggestive) by alternating hat- 
ched areas with blanks for different intervals of ф-values (Fig. 4).

"Fig. 3. Contour lines for the 
hybrid in the xz plane, for 

values ф/ф1П1Х: ±0.1; ±10“»;
±10“5 and 0; the little circle 

shows the position of the nucleus.
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F i g. 4. Contour map for the octaliedral hybrid spzd- in the xz 
plane; the hatched areas are for values of ù/’Arm ’ ° 4 ■ Ю-3

to 10~s; 0 to —10-3; 10~3 to —10 2.

The tctragonal hybrid sp2d is very similar to the previous one. Its nodal 
lines in the xy-plane (the synimetry plane) are given by :

(2^2 - 2 V6 cos + <3 eos 2?)r2 - (18^2 - 12^6 cos <p)r + 27^2 = 0 (3) 
where <p is the polar angle between the projection of the r-vector on the xy- 
plane and the x-axis. Here the closed nodal surface is less extended along 
the symmetry axes than in the octahedral hybrid. It cuts the x-axis at —0.81 
and 17.93rß the open nodal surface cuts the x-axis at —4.91 and the y-axis 
at -21.61. The large positive lobe has its maximum at x — —9.56.

The wava function along the x-axis is given together with that for the 
octahedral hybrid (along its axis, ~) in Fig. 1. One can see that the main 
maximum and the minimum are more pronounced for the tetragonal hybrid. 
In fig. lb, the wave function is scaled up for larger x-values, so that its zéro- 
point could be seen.

There are no important différences between the plot of the sp2d wave 
function in its symmetry plane xz (Fig. 2b) and that for the sf?d- hybrid in 
Fig. 2a. The contour lines for ф-values of 1/10, 1/100 and 1/1000 of the maxi­
mum value and the nodal lines in the xy-plane are drawn in Fig. 5.

We can ask how these pictures would change if we modified the effective 
charge Zr} in the atomic wave functions. The orbital exponents are rather 
scale factors, which expand or contract the function, but do not change its 
overall sliape. Thus, with Zci > 1, but the same for ail the hybridized orbitale,
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Fig. lb. The sp2d wave function 
along the ж-axis (detail).

Fig. 2b. sp2d hybrid in the xz plane.

the shape of the hybrid would 
be the same, but the orbital 
would be “smaller” or “den- 
ser ”.

On the other hand, so- 
metimes octahedral or tetrago- 
nal hybrid Orbitals are build 
from s and p Orbitals of the 
outer shell (»s, up) and d Or­
bitals from the previous shell, 
(n — l)d, for instance 4s, Ap and 
3d. For such hybrid d^spZ and 
dsp2 orbitals, the plots of the 
wave function along their sym- 
metry axes are given in Fig. 6. 
The plots of the wave func­
tion in the symmetry plane of 
the hybrid are shown in Fig. 7. 
and some contour lines in the 
same plane, for the octahedral 
hybrid, are presented in Fig. 8. 
We can see that the overall 
shape of these hvbricls with 
inner shell d orbitals is similar

Fig. 5. Contour lines for the tetragonal hybrid sp2d in 
the xy plane for values ф/[Зпмх: ±0.1; ±0.01; ±0.001

to that of the former orbitals, an4 °-
althought the negative lobe is 
now surrouuding the other positive lobe, not the one centered on the nucleus 
and the spacial extensions arc different.

A quite new situation avises by using different effective nuclear charges 
for the atomic orbitals within the hybrid ; if these différences arc large (for 
instance Z<id > Z45 > Z4p), it will not be an effective “mixing” of the atomic 
orbitals in the hybrid; the more Condensed 3d orbital will appear nearly “pure”

4 — Chemie 1—2/1994
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Fig. 6. The wave function for an d2.ip'> orbital along the 
z-axis and for an dsp* orbital aiong the л-axis.

0 b
Fig. 7. The wave function in the symmetry plane for the hybrid orbitals: (a) dtsp3-, (b) dsp*.

in the central area of the cloud, the more “expanded” Ap orbital will prevail 
in the outer area.

The représentation of octahedral hybrids obtained from hydrogenlike orbi­
tals with Zef = 10 ['5] are quite similar with the present ones. Calculations for 
the cftsp2 orbitals of iron and sp^d of sulphur [6] with more refined wave 
functions gave contour maps of the same kind as ours for iron, but for sul­
phur the second nodal surface appears to be also open.

It’s worth noticing that the use of so-called "polar graphs" for the “angu­
lar part” of hybrid wave functions is not justified, since a séparation in radial 
and angular part is not possible here. Accordingly, the représentation of such 
an angular dependence [7] bears littie resemblance with the shapes presented 
here.
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F i g. 8. Contour lines for the d2sp3 hybrid in the xz plane for values :
0.8; 0.6; 0.4; 0.2; 0.1; 0; -0.1; -0.2; -0.4.
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REPREZENTATIONS OF RELATIVISTIC (DIRAC) ORBITALS

OSSI HOROVITZ», LAURA DAMIAX*

ABSTRACT. The atomic orbitals obtained from the relativistic équation of Dirac 
for the hydrogen atom are represented by plots of the density probabi ity along a 
straight line and in a plane passing through the atom, by contour maps and 
by boundary surfaces. The différences to the ordinary atomic orbitals (from 
Schrödinger’s équation) are emphasized.

Schrödinger’s équation was adapted by Dirac il] to meet the requirements 
of the relativistic theorv. The wave function of this équation is a column 
matrix (vector) of four components : 

/Фа
Фа
Фз

\ ф4/

and the probability density is given by:

1Ф12 = Ф*Ф  = Ф1Ф1 + Ф2Ф2 + ФзФз + Ф1Ф1-
These four components are familiarly called the large components spin up 
(ф,) and spin down (ф2) and the small ones spin down (ф3) and spin up (ф4). 
The ratio of the “small” components to the “large” ones is aZ æ Z/137.

This équation was exactly solved for hydrogen-like atoms [2]. The solu­
tions arc described by 4 quantum numbers : n (principal), l (azimuthal), j 
(of angular moment or inner quantum number) and m (magnetic) The n- and 
/-values are the same as for the quantum numbers и and l of the Schrôdinger 
équation, and the orbitals are similarly noted s, p, d, f, ... The inner quantum 
numbers j — |Z ± 1/2| are always positive, whilg, m has negative and positive 
values from —j to j. The energy levels of hydrogen, according to the relati­
vistic theory are: 12S1/O, 22P1/2, 22Sip, 22P3/o (with m — ±3/2 and m = ±1/2), 
32Pl/2, 3-Si/2, 32D3/2(m = ±3/2 ; w = ±1/2), 32P3/2 (m = ±3/2 ; m = ±1/2), 
32D5î2 {m = ±5/2; m — ±3/2 and m — ±1/2).

The wave function components are the product of a radial part and an 
angular one ; the shapes of the atomic orbitals (AO’s) are determined by the 

and m-values), which decide the angular functions [3]. These orbitals, unlike 
the Schrodinger ones, have no nodes.

Représentations of relativistic AO’s are quite old : White proposed such 
pictures as early as in 1931 [4]. It’s interesting to note that' White published 
these pictures of the relativistic orbitals before the ones for Schrödinger orbi­
tal | 5 j which became so popular in various textbooks.

The représentation of the probability density against the distance from 
the nucléus, for the 2s1/2 Dirac AO points out the absence of radial nodes : 

* Pept. of Chemistry, Technical Uni vers ity Cluj-Napoca
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at r — 2/ц1, where the Schrôdinger 2s AO has such a node, there is still a 
small residual probability density [3], as a conséquence of the fact that in the 
wave function, the large and the small component have nodes at different 
radii. Szabo [6] gave contour diagrams for some relativistic orbitals, which 
iIlustrate the absence of nodal surface in the angular distribution too [7].

Here we use various kinds of représentation for the Dirac AO’s : plots 
of the density probability j ф2' along a selected direction in the atom, repré­
sentations of |ф|2 values in a planar section through the orbital, isométrie 
contours in a plane and boundary surfaces in space.

The lsi/2 orbital is similar to the Schrôdinger ls wave function and so is 
the 2st/2 orbital to the Schrôdinger 2s function, except for the small components, 
which cause the nodal sphere r = 2r8 to be only a “nearby” nodal surface. The 
-Рцг orbital is also spherically svmmetrical. From the | ф |2 plot along a line 
passing through the nucléus, for instance the z-axis (Fig. 1), it’s found that 
the electron density is zero at the nucléus and has a maximum at r = ‘Lr*.  
'Plie electron density in a plane passing through the origin, for instance the 
_rz- or yz- plane, is represented in Fig. 2 by the plots of | ф j2 along 21 équi­
distant parallel straight lines in this plane, giving together a quasi-threedimen- 
sional pieture in perspective. The central minimum of zero-electron density is 
clearly shown here.

For the same plane, the lines of identical electron density (contour lines, 
isométrie contours) are shown in Fig. 3 for values of the electron density repre- 
senting 0.8; 0.6; 0.4; 0.2 and 0.1 of maximum ! ф i2 value. They are ail concen-

F i g. 1. Plot of the electron density for the 2p1/2 Dirac orbital, 
along a line crossing 4ie nucléus, on fora 2p3,2, nl ~ $1- orbital, 

along its symmetry axis.

1 ra is the radius of the first Bokt orbit in the hydrogen atom.
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F i g. 2. The electron den- 
sity in a central section 
through a 2pjy2 Dirac or­

bital.

trie circles of course, due to the overall spherical symmetry of the orbital. This 
symmetry is clearly shown by the drawing in perspective of a set of isométrie 
contours, for a certain value of the electron density, in several parallel plane sec­
tions through the orbital. This gives a pseudo-3D représentation of a boundary 
surface for the orbital (Fig. 4). This surface, given in Fig. 4. for an electron 
density representing 1/4 of the maximum one, is a sphere. A second sphere for 
the inner boundary surface at the same | ф |2 value is too small to be clearly 
seen in the picture.

Fig. 3. Contour lines for a 2p^2 Dirac or­
bital in a central section.
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Fig. 5. Tiie electron den­
sity in a section through 
a 2p3^2 (m = 3/2) orbital.

For the 2p3ln orbital with m = ±3/2, the plot of the probability density 
along an horizontal symmetry axis (let’s be the x- or the y-axis) is the same 
as the one in Fig. 1, for the 2pll2 orbital, and so is the plot of the electron 
density or the contour map in a horizontal plane, containing these axes (xy- 
]>lane) identical with the drawings in Fig. 2 and 3. On the other hand, the plot 
of the electron density in a vertical plane (let’s be the xz- or yz-plane) is si­
milar to that of a 2px or 2py Schrôdinger orbital (Fig. 5). and so дге the 
contour lines in that plane (Fig. 6). But here there is no more a nodal plane. 
The dashed line in Fig. 6, the z-axis, is here a rotational axis, and the electron

Fig. 6 Contour lines in 
a section through the x 
axis of a 2p.^„ (m = 3/2) 

orbital.
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density is zero along this line only, but not in any plane passing through this 
axis. The boundary lines in Fig. 7 show that the charge cloud is doughnut 
shaped ; it is analoguos to the imaginary Schrôdinger wave fonctions pair 2p+ 
and 2p_ (for m = ±1)- The inner circles in Fig. 7 define the inner boundary 
surface of the orbital, for the same | ф |2 value.

The 2p3fZ orbital with m = ±1/2 has the electron density plot along the 
2-axis also similar to the one in Fig. 1, but its plot in a plane passing through 
this axis (xz- or yrr-plane) is somewhat different (Fig. 8) and so are the contour 
lines (Fig. 9a).

An alternative représentation of the electron density in this plane is given 
by a picture of the zones for different probability density ranges (Fig. 9b). Such 
pictures are much easier to obtain with a PC and a printer than the contour 
lines. The minimum of the electron density is no more along an axis, but in a 
point (the origin). The general “shape” of the electron cloud in these figures, as

Fig. 8. The electron density in a sec­
tion through a 2p3y2 țin = 1/2' orbital. 

Fig. 7. Boundary littis tor a
(m - З'2'i orbital (j £ ;=/; ÿ »uix = 0.1).
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well as in the représentation of a boundary surface (Fig. 10) reminds us of the 
Schrödinger 2p. orbital (wi = 0), but the absence of the nodal plane is clearly 
shown by the Fig. 9 and 10.

The 5/>;<2 orbital with m = ±1/2 differs from the previous one by the presence 
of u [»seudo-nodal sphere. Due to the small componente of the wave function,

Fi". 9. a. Contour lines in a section through the z axis of a 2p, 
(m = 1/2) orbital. b. Zolles of different electron dcnsities in the sanie 
section (are hatched the zones for | ф 2/i ф 1 . . . 0.8 ; 0.6 . . . 0.4

and 0.2 ... 0.1.
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F i g. 10. Boundary lines for a 2p3/„ 
(m=l/2) orbital (| Ш IjLax = °-2)’

the electron density in the radial function here is not exactly zero, as it appears 
in the electron density plot along the z-axis (Fig. 11). The peaks for the central 
pseudo-lohe are much higher than those for the outer one, but the latter is 
much more extended in space. The plot of the electron density in a plane con- 
taining the z-axis (Fig. 12) shows the inner lobe similar to the orbital repre­
sented in Fig. 8, surrounded by the much lower outer lobe. In the contour map 
of Fig. 13, the dashed circle between the two lobes represents the pseudo-node. 
The inner part of the drawing is much the same as the contour map in Fig. 14. 
The two pseudo-lobes are clearly seen also in the picture of a boundary surface 
(for an electron density representing 1/25 of the maximum one).

Fig. 11. The electron density along the г-axis of a 3p.^2(m = 1/2) 
orbital.
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F i g. 12. The electron density in a sec­
tion through a 3p3,, (m = 1/2) orbital.

■il

■7

•4

• 0

■k

-i

72

Fig. 13. Contour lines in a section through a 3p3.2 (m —- 1/2) 
orbital.

Two «/-type orbitals are also represented here, .xfä/2, in = 1/2 and m —
= 3/2. The plot of the electron density in a central section, through the г-axis 
for the first one (Fig. 15) shows the presence of two high peaks along the z-axis 
and of two lower ones along the x- (or y-axis). The contour map in Fig. 16 reveals 
the resemblance to the d._, — Schrôdinger orbital, but also the différences risen 
from the lack of any nodal surfaces, which leads to joined contour lines for lower
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V i g. 14. Boundnry lines fer a 3/2 
(m - 1/2) orbital (j ù г/l V =- 0.04,,.

Fig. 15. The electron density in a section through a 3d-/Q 
(m — 1/2) orbital.

electron densifies. The différences are still better seen in the plot of a bonndary 
surface in Fig. 17.

For the 3ds!2, m = 3/2 orbital, in the plot of the electron density in a central 
section, the xz- (or yz) plane (Fig. 18), four maxima are found (the figure is 
not quite clear, due to the superpositions of many lines) and a minimum along 
the z-axis. The contour map (Fig. 19) reminds us of the or 3dvz Schrôdin­
ger orbitals, but here also the nodal planes are absent. As well as in Fig. 6, the 
dashed line is not the intersection of such a plane, but a rotational axis for the 
orbital (the z-axis) ; along it the electron density is zero. The boundary surfaces 
for an electron density of 1/10 from the maximum one (Fig. 20 a) also show that
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the four lobes of the Schrödinger 3dx, orbital for instance arc here joined together, 
as in the imaginary Schrödinger 3d orbitals. In Fig. 20 b, only half of the boundary 
surface is represented, in order to have a clearer look upon its shape.

The various manners used here to represent the orbitals are complementare, 
aud all of them together give a concrete picture of the electron cloud. Sonie 
of these methods are applied here for the first time to the représentation of 
relativistic wave functions. Such images should contribuie to a better knowledge 
of these orbitals, up to present still seldom to be found in the chemistry text- 
books.
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1
-'J -f A 0 1, 3____ Or,

F i g. 18. The electroni density in a section 
through a 3d-„ lin — 3/2) orbital.B Э/Z •

x ty)

Fig. 19. Contour lines in a section through 
a 3<I-y„ (ni = 3/2) orbital.

F i g. 20. Boundary lines for a 3<15,2 (ni = 3/2) orbital (| ц. J2/| ф |Jlax = 0.1). b. The lower half of 
the boundary surface.
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CONTRIBUTIONS ТО QUANTITATIVE STRUCTURE-ACTIVITE 
RELATIONSHIP (QSAR) STUDIES. THE MINIMAL STERIC DIFFERENCE 

(MTD AND MSD) METHODS AND APPLICATION
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В'«/ CZwiWsjíy Timișoara

ABSTRACT: Original Timișoara methods for QSAR studies : MTD (M/nimnl 
Topological Différence) and MSD (Minimal Steric Différence) are dctailcd and 
updated. The multiconformational MTD method is applitd on a set of 25 acetic 
esters vs. the acetylcholinesteiase hydrolysis rates, and results are discusscd.

1. Introduction. Modem approaches to the design of bioactive molécules 
such as drugs, insecticides, herbicides and fungicides is based on the quantifi­
cation of bioactivity as a function of molecular structure. The bioactivity A 
is determined, commonly as log(l/c), c being the molar concentration (or dose) 
that elicits a constant biological response (e.g. ED50, IC50, etc), and then related 
to structure. This is generally carried out by means of multiple linear régression 
analysis using a corrélation équation of the type :

~ ao ai~x + Я2Т» + a3aI,x + a4aD,x + a5$ П)
where т is a transport paraméter, u7 and aD are the localized (field and/or induc­
tive) and delocalized (résonance) electrical effect parameters, and S is a steric 
paraméter.

Generally, the transport paraméter used is the logarithm of the partition 
coefficient of effector (bioactive substance), determined between water and oc- 
tanol, log P, or some quantity derived from it. The term in t2 was introduced to 
account for the frequently observed parabolic dependence of data set of effectors 
on the transport paraméter. In general, this behaviour is accounted for by the 
fact than when an effector molecule crosses a biomembrane, it must first transfer 
from the aqueous phase to the biomembrane (more lipidic) and must then transfer 
from the other side of the biomembrane back into an aqueous phase.

Frequently, the electrical effect paraméter g, are combined into a composite 
substituent constant. The well-known Hammett [1] <r,„ and or Taft ?2j g* 
(polar) constants are examples of such composite electrical effect parameters.

There are several distinct methods available for the parametrization of ste­
ric effects. The first group of parameters is defined from chemical reactivities 
(Taft E parameters and their modifications [2J), from van der Waals radii and 
molecular geometries (Verloop [3]) from a combination of these sources (Char- 
ton [4]). The second one are the topological methods such as DARC-PELCO 
(Dubois and coworkers [5]), the branching équation [4] and molecular Connec­
tivity [6].
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An alternative to these parameters is the use of the overlapping methods 
such as minimal stearic différence, MSD and MTD methods.

The purpose of this paper is to present these last methods in some detail. 
Multiconformational MTD method was introduced to derive QSAR for a sériés 
of molécules with high conformational flexibility, where more than one confor­
mation per molecule may exist, within the mcan thermal energy, kl-limit (i.e. 
2.5 kj/mole or 0.6 kcal/mole above the lowest energy conformation) [8—11]. 
In this note we intend to give a systematic description of the multiconforma­
tional MTD-method in order to asses, for flexible molécules, the conformations 
which must be considered for the QSAR.

The application selected for this note is X = 25 acetic acid esters, with 
acétylcholinestérase hydrolysis rates (an application of MTD-nmlticonformational 
approach) [12]. The molécules are of moderate complexity; each has only a few 
low energy conformations to be considered [8]. We will use also the cross-valida­
tion procedure (with two subseries, each containing 50% of the molécules) in 
order to asses the real prédictive capacity of our résulte.

2. The MDS and MTD Methods. Minimal steric différence [7, 13], MSD, 
dépends both on the shape of the effector molecule and of the biological receptor. 
The basic idea of the minimal steric différence concept is that the affinity of 
effectors for a receptor is a linearly decreasing function of the sum of nonover- 
lapping volumes of effector molecule and receptor cavity. In order to have 
this concept at work, one must have a guess for the shape of the receptor 
cavity and a simple method to evaluate the nonoverlapping volumes which is, 
in fact, the MDS. Thus, if A, is the biological activity of molecule M,, for 
correlational équations it should dépend on MSD, as :

Â( = л - ß MSD,: (2)

A first guess for the receptor cavity shape will be the natural effector of 
the molecule of highest activity known. This molecule with the shape (approxi- 
mately) complementary to the receptor cavity is called “standard” and denoted 
by S. One seeks the maximal superposition of the molecule M, upon S. The 
number of nonsuperposable (nonhydrogen) atoms from both М,- and S gives 
MSD,-. Hydrogen atoms are neglected in order to simplify the problem, since 
their van der Waals (vdW) volumes and covalent radii are rather low. As heavy 
atoms have larger vdW volumes one can attribute a weight 1 to First Row 
(second period) atoms (C, N, O), 1.5 to Second Row (third period) atoms (S, 
CI) and 2 to higher period atoms (Br, I).

In the superposition procedure, différences between bond lengths and bond 
angles are neglected. However, one must avoid to superimpose pairs of atoms 
bonded in one molecule on nonbonded pairs of atoms in the second one, as 
vdW contact distances are much larger (3—4 Â) than covalent bonds (1.2—2 Â). 
If the molecule M has several low energy conformations it will enter to the re­
ceptor with the conformation which fits best the cavity : one must consider for 
Mj as MSD, the conformation which gives maximal superposition on S, i.e., 
one must select the minimal stearic différence. Sometimes certain atoms within 
M, will have to be superimposed on a certain group of atoms from S: for example, 
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enzymatic réactions, the atoms of bonds to be clearcd in M, and in S must 
be superimposed one upon another, respecting also the corresponding orientation 
of bonds. Groups suspected to give strong interactions with the receptor, for 
example electrically charged groups, should also be suitably superimposed within 
the M; on S.

In conclusion, the MSD (Minimal Stearic Différence) method offer a very 
simple way to express by a single number the molecular shape dissimilarity bet­
ween the effector molécules and S, which is considered as a complementary 
shape of the receptor cavity. For details about this method and its applications 
one may consult the ref. [14].

The Minimal Topological Différence (abbreviated as MTD) dénotés a “hyper - 
molecule optimization” procedure based on the MSD method. MTD is the MSD 
paraméter calculated against a “hypermolecule” as standard. The MTD method 
consists in the following aspects :

(i) One obtains the hypermolecule, H, by approximate atom per atom super­
position of the all molécules of the data set, secking maximal overlap (as in 
MSD ; see above). Occasionally, the rule is supplemented with other criteria, such 
as : the reactive groups, or the hydrogen-bonding groups, the pharmacophores, 
etc., of each molecule should be superimposed.

(ii) H is used as topological framework for describing the stereochemistry 
of each riiolecule i (involved in the construction of H) by the vector X,- •=

{.xv}> j = l>m (vertices of H), i = l,n (molécules of studied séries). The entry 
is taken to be 1 if the vertex 7 of H is occupied by a nonhydrogen atom 

of the molecule i, and x,y = 0 if it is not occupied.
(iii) Sélection of a start receptor map, S°(sy), derived from H and descri­

bing three categories of vertices : receptor cavity (bénéficiai) vertices with gy = — 1 ; 
the wall (detrimental) vertices with e,- = +1 ; and the exterior (i.e. the irrelevant 
space of the receptor) vertices with s;- = 0.

The steric misfit of molecule i is measured bj7 MTD,, the minimal steric 
(or topologie) différence defined as :

MTD, = S + £ eyx,y ; i = l,n) (3)
>=1

where s is the total number of cavty vertices in the H. The MTD, value signifies 
the number of relevant, nonsuperposable atoms of the molecule i and hyper- 
molecule H, i.e. the number of unoccupied receptor cavity vertices plus the number 
of occupied wall vertices.

The calculated biological activity Л, is given by :

Л,- = йо F aiPn 4" a2^i2 + • • • —4MTD, (4)
where «u, «j, a2.........b are regressional coefficients and Pk, k = 1,M stand for
various parameters designing other effects (e.g. electrical, hydrophobie, etc.) 
if necessary.

5 — Chemid 1—2/1994
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(iv) Optimization of the receptor map : in the optimization procedure, one 
starts from the initial set S° of sy assignments, i.e. S° = {s“} (j = l,m), and 
changes them, one by one, aiming at minimizing the sum Y of squares of dif­
férences between experimental activities, A,-, and corresponding calculated acti- 
vities Ai (from eq. 2) :

Y = (Л, — AJ2 = minimum (5)
•=i

The receptor map is considered to be optimized, S*  = {ej} (j = l,m), if 
other singular e;- changes do not further reduce Y from (5). This optimized re­
ceptor map, S, is a model of the receptor site, the main resuit of the MTD 
method.

The treatment of effectors with several low energy conformations is based 
on the assumption that each molecule will adopt a single conformation which 
fits the best the hypermolecule H (allowing the maximal superposition) and this 
rigid effector structure is maintained during the optimization process. This 
restriction is eliminated by means of multiconformational approach, described 
be low.

3. The multiconformational MTD Method. The minimal steric différence 
MTD, is a measure of steric misfit between the molécules of a sériés of bioactive 
substances and the combining site of the biological receptor, represented by 
the hypermolecule H, which can be considered as a topological network [7]. 
As described above, this hypermolecule H is constructed by atom per atom 
superposition of the whole set of molécules, and the obtained vertices, denoted 
by j = 1, 2, ..., m, represent the approximate positions of the atoms of the 
molécules, combined with receptor site. The molécules M„ i'= 1, 2, .... n, can 
be described by a vectorial, topographie descripsor X = {xy.*},  which contains, 
for each conformation k of the molecule a number of m structural des- 
criptors Xijn (i = l,n ; j — l,m ; k = Clt C„) corresponding to the m vertices of 
the H, with Xijk — 1 if vertex j of H is occupied by molecule Mt in conformation 
k, and xnh = 0 if this vertex is not occupied.

If a molecule AT, has several low energy conformations, C„ it will adopt 
the one which fits the best to the receptor, i.e. that conformation with the lo- 
west MTD value. For a given receptor, i.e. a given distribution of vertices to 
receptor cavity, ej = 1, or exterior vertices (steric irrelevant zone) the steric 
misfit of molecule M, in conformation k, as measured by MTDf from relation 
(3), is now :

MTD,*  = S+^e;x,y (6)

where s represents the total number of cavity vertices. During the optimization 
procedure we consider that MTD, is the minimum over k of the MTDrt (k = C,) 
values. These MTD,- values are used in the expression of experimental activities 
of the type (4). The vertex distribution ey (j = l,m) is modified such as mi-
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niinize the sum of quadratic différence between calculated and experimental 
biological activities (Л,- and Ait respectively) — see relation (5) — using as 
optimization paraméter the corrélation coefficient of équation (4). The optimized 
receptor map S*  — {e*},  (j = l,m) corresponds to the maximal corrélation coef­
ficient, г = rmax, namely to the best fit of experimental activities A{ by regres- 
sional équation (2). (Details about the multiconformation MTD method and 
its optimization procedure are also given in refs. [8—11]).

4. Applications. We report here a QSAR study by means of minimal steric 
différence method: a multiconformation MTD approach of acetic acid'esters 
with acetylcholinesterase activity.

Structure-Acetylchplinesterase Hydrolysis Rates Relations for Acetic Acid Esters

In this section we present the application of multiconformational MTD method 
in a QSAR for acetylcholinesterase catalyzed hydrolysis rates of a sériés of 
25 acetic acid esters [12].

Conformations were selected for the QSAR study according to their energies 
calculated by the COSMIC modelling program [16]. Information from an X-ray 
cristallographie study, together with results of conformational energy calcula­
tions was used in constructing the hypermolecule H (figure) for the 25 acetic 
acid ester molécules.

For the MTD — QSAR, only the ст*  — Taft constant has been considered 
as a second structural paraméter. The start map S° was chosen with vertices 
j = 4—8 occupied by R = —CH2—CH2—N+(CH3)3 in acétylcholine, the natural 
.substrate as cavity vertices, and j = 1 as wall vertex :

Hypermolecule H, vertex (;) numération and optimized receptor map, S*.  
for the 25 acetic acid esters. Vertices occupied in all molécules are not numerated.
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Cavity vertices, e, = —1 marked by circles; wall vertices г7 = 4-1 by asterisks ; 
exterior vertices s; =0 by dots.

/(e = -l):4-8
S° = b’(e = +1): 1

;(e = 0) : 2,3,9 - 15i.
if MTD values with respect to S° are considered, as well as a*  — Taft values, a 
rather good explanation of the decreasing A rate order is obtained, with r = 
= 0.888.

With the optimization procedure of multiconformational MTD, the following 
optimized map, S*,  and correlational équation are obtained :

j(e = — 1) : 3—8, 10, 11
S*  = J(e = +1): 1,2, 14, 15

' ;(s = 0) : 9, 12, 13

A = (8.434 ± 0,433) ± (1.683 ± 0.459)a*  - (0.753 ± 0.071)MTD*  (8)
(и = 25 ; s = 0.488 ; F(2,22) = 72.01 ; r2 = 0.867 ; rscv = 0.661)

Introduction of к and Es into the corrélation yields to following correlational 
équation :

À2 .== (7.194 ± 0.905) + (1-902 ± 0.524g* ± (0.263 ± 0.199)П±(0.814±0.325)F -
- (0.552 ±0.113)MTD*

(и =15; s = 0.447 ; F(4,20) = 44.6; r2 = 0.899)
but the coefficient of П (0.263) must be rejected because of the low Fisher test 
value (F(l,20) = 1.75). If one introduces only the Es values into the corrélation 
(beside g and MTD*),  the coefficient of this paraméter is also rejected from the 
obtained équation (Fisher test F(l,21) = 4.37). Thus équation (8) can be consi­
dered the last corrélation obtained.

The corrélation results of this multiconformational MTD study, r = 0.931 
for a corrélation équation with g* — Taft and MTD as structural parameters 
and rcv = 0.661 for cross-validation (with explained variance of 0.885 and good 
Statistical test results), as compared to a classical Hansch QSAR with g*.  lï 
and Es as structural parameters, with r = 0.882 and rlv = 0.577 (explained variance 
0.747), indicate the success and significant predicative power of the multiconfor­
mational MTD-method.

This QSAR study brings a significant contribution to the study of this enzy- 
matic reaction. The positive effect of g* — Taft, of electron withdrawing esteric 
R-groups is in agreement with the general nature of this hydrolytic reaction. 
Our results indicate the binding of the trimethylamonium cation of acétylcholine 
to an aromatic cavity of the enzyme binding site, in agreement with -Y-ray 
analysis and model studies. The enzyme cavity which accommodâtes acétylcholine 
is rather similar in shape to acétylcholine, but somewliat larger as indicated by 
the receptor map (see figure).
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5. Conclusion. The MSD and MTD methods for quantitative structure-activity 
study of receptor-effector interactions are valuable tools to look inside of these 
biological processes. QSAR studies with the aid of the MSD and MTD techni­
ques, described above, are able to yicld supplementary details to those given 
by Ä'-ray studies.
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HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 
IN CAROTENOID RESEARCH

11. PFANDER», C. SOCACIl**,  «. NEAMȚU«»

ABSTRACT: Tod,ay HPLC is an indispensable analytical method in carote- 
noid research. The principles of HPLC séparation, the methodology ’&nd its ap­
plication for the séparation of carotenoid pigments is reviewed. Different Systems 
for the séparation of carotènes, hydroxycarotenoids (lutein/zeaxanthin, violaxan- 
thin neoxanthin), K Z and optical izotners are discussed. Aplicationg_ of carotenoid 
séparations by HPLC with relevante in medicine, cell biology and genetics are 
also presented.

Introduction. Almost every research in ehemistry, including biochemistry, 
medical ehemistry, food and agricultural ehemistry or many other research 
fields, dépends on a proper élucidation of structure of a chemical compound. 
The structure élucidation is performed mainly by spectroscopie methods, espe- 
ciallv high resolution NMR spectroscopy and of course other methods such 
as MS, IR, UV/Vis, CD, etc. But before the spectroscopical methods can be 
applied, it is necessary in most cases to obtain the compound in pure state, 
although in seme cases information can be obtained from mixtures. Therefore 
the first task is séparation and for this purpose HPLC is one of the most 
powerful methods.

The correct meaning of HPLC is High Performance Liquid Chromatogra­
ph/ and the term of “high pressure” should not be used. Looking back to 
the history of séparations, of course the term “chromatography” is connected 
with the naine of Micheal Tswett, the russian botanist who invented chroma­
tography in his famous paper which appeared in 1960 in “Berichte der Deut­
ehen Botanischer Gesellschaft”. He reported the séparation of Chlorophyll a 
and b, carotènes and xanthophylls. Tswett tested more than a hundered dif­
ferent inorganic and organic materials for their suitabilitv as stationary phase 
e.g. powered sucrose and precipitated calcium carbonate [1]. Afterwards li­
quid-liquid or partition chromatography, GC, TLC and paper chromatography 
were developed. In 1963 Giddings published a paper entitled “LC with Ope- 
rating Conditions Analogous to those of GC”. After that time a breathtaking 
development took place and today HPLC has become a wonderful but at 
the same time dangerous tool for analysis. The “power” of HPLC is illustra- 
ted by the number of theoretical plates, which is a measure for the efficiency 
of the séparation.

Different définitions for HPLC can be found in textbooks and publications 
|2, 3]. Using a pragmatic criterion it can be said that HPLC is a liquid chro­
matographie method using stationary phases with very small partide ;, not 
larger than 10 ;im. This normally leads to a pressure of >20 bar (300 psi)
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’• Dept. Chemistry and Plant Biochemistry, University of Agricultural Sciences, 3400 Cluj-Napoca, Romania 



HIGH PERFORMANCE LIOVID CHROMATOGRAPHY 71

for the séparation. These two restrictions necessitate the utilisation of an 
HPLC apparátus. A schematic diagram of an HPLC unit including the pump, 
the column and the detector is shown in Figure 1.

The apparátus includes usually only one pump, so that only isocratic 
séparations can be carried out. An isocratic séparation means that the mobile 
phase is not varied during the séparation. For the séparation of mixtures with 
a relatively wide range of polarities the composition of the mobile phase can 
or be changed during the séparation and this is termed a gradient elution. 
The composition of the eluent can be changed either stepwise or continuously. 
This technique is very important and allows the séparation also of complex 
mixtures. Gradient elutions require two pumps, a mixing chamber and also 
an electronic control, which makes, of course, the apparátus more expensive. 
If such a device is not available, the réservoir of the mobile phase can be 
changed during the séparation : this results in a stepwise gradient. Although 
the more sophisticated gradient elution system has many advantages, the iso­
cratic system can be carried out, efficiently : the approach is to fractionate 
the mixture of compounds in a first séparation and in a second step to sepa­
rate these fractions in a different system. Although more timeconsuming, the 
results are comparable.

The column is the most important part, the “heart” of the HPLC appa­
rátus. The column is responsible for the séparation, so must be treated with 
utmost care. It is recommended that a column which gives a good sépa­
ration in a demanding problem is reserved for this specific problem, in order 
to avoid the decline in quality of the column. For each column, it is r.ecom- 
mended to keep a record of the specific data (including test chromatograms). 
In this, every user should also record each experiment carried out with the 
column.

13

Fig. I. Schematic diagram of HPLC unit. 1 = solvent réservoir; 
2 = sintered frit ; 3 = highpressure pump ; 4 — puise damper ; 5 = dra­
in valve; 6= manometer ; 7 = precolumn (optional) ;8 — injection val­
ve ; 10 = column ; 11 = termostat ; 12 = detector ; 13 = recorder (may 

include integrator and printer); 14 = fraction’collector (optional)
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An important aspect to consider is whether to buy a packed column or 
to pack the column in the laboratory (so called “homemade” columns). Packed 
columns, bought from one of the many distribut ors are much more expensive. 
On the other hand, one has to consider that additional equipment is needed 
and a lot of expérience to pack a column with good séparation qualifies. How- 
ever, it must be pointed out that the properties and the quality of industrially 
produced columns from different manufacturer are not identical and may 
vary significantly.

In a recent review it was shown that for HPLC, the socalled bonded 
phase, which are used on reversed —phase conditions is the prefered sépara­
tion Systems. The bonded phases are obtained by the modification of the reac­
tive groups on the surface of the stationary phase. For example, for silicagel 
the reactive groups are the OH-groups, the silanol groups. The octadecylsilane 
(ODS) derivative where R = C is the most widelv used system. The desired 
stationary phase is obtained by the reaction of the silicagel with a chlorosilane 
derivative. The stationary phase becomes non-polar, especially with OI)S and 
the mobile phase has to be polar. This is called reversed phase chromatography 
(RPC). This system is very powerful and has many advantages also for the 
séparation of carotenoids. The other system which is offen used is the normal 
phase liquid chromatography, where the stationary phase is polar and the 
mobile phase non-polar. This is the “classical” system of Tswett. As stationary 
phase mostly silicagel, sometimes alumina and rarely MgCO3, Ca(OH)2, etc. 
aie used. The phvsical phenomenon Controlling a séparation in normal phase 
chromatography is adsorbtion, whereas in reversed phase chromatography is 
partition. In both cases, it is important that the particles have a defined 
diameter of 3 — 10 um and furthermore that they have a narrow partide size 
distribution.

The détection in the case of carotenoids is not really a problem. Due to 
conjugat cd polyene system and their bright colour, the UV/Vis detector with 
a flow cell is the detector of clioice. The détection is quite simple if one is 
working qualitatively. For quantitative déterminations, problems may arise 
because of the small différences between the absorbtion spectra of each caro- 
tenoid. A milestone for the development of HPLC performances was the deve­
lopment of the photodiode array detector (PDA). To measure a spectra with 
the UV/Vis spectrophotometer, the wavelenght is changed slowly, either by 
prism or monochromator and the data are aquired in sériés. In the PDA, 
after the polvchromatic radiation has passed through the sample, it is disper- 
sed by a fixed grating and then falls onto an array of photodiodes. Each diode 
measures a narrow band of wavelenghts of the spectrum thus the PDA has 
parallel, simultaneous data acquisition. Although computer-assisted PDA’s 
are more expensive than convențional UV/Vis detectors, they have a number 
of advantages. The spectrum of each peak in the chromatogram can be stored 
and subsequently compared with standard spectra., The chromatogram, the 
UV/Vis spectra and the map-like contour plot can be obtained simultaneously. 
The device is very suitable for the détection of impurities. The chromatogram 
looks clean, but on the contour diagram one can easily detect an impuritv 
and this is confirmed by the UV/Vis spectrum, where it is obvious that at 
the position a of the peak an impuritv is present.
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Separation of carotenoids. The beautiful coloured carotenoids consist of a 
polyene chain and different end groups. The combination of thèse end groups 
results in many different Compounds and up to now, more than 600 different 
carotenoids have been isolated from natural sources [4]. Carotenoids are ubiqui- 
tous, occurring in almost every living organism, plants as well as animais 
and also in human beings. The carotenoids are brilliantly coloured — from 
yellow and orange to red and they please our eves. Carotenoids are unstable to 
heat, light, air, oxygen, acids and sometimes bases. Therefore, a lot of expé­
rience and a lot of experimental skill is necessary for carotenoid research and 
also their séparation is highly demanding.

The first séparation of carotenoids by HPLC was published in 1971 by 
Ivan Stewart [5]. He separated carotènes, i.e. hydrocarbons on magnésium 
oxide and oxygenated carotenoids, the xanthophylls, on zinc carbonate. The 
rétention tinies were rather long but the results were remarkable.

From then on the field developed to such a point that today one can say 
that every carotenoid séparation problem can be solved by HPLC ! What 
follows is a discussion about some results, taken from literature [3, 6, 7, 8] 
and from our laboratories.

1. A standard problem, which is also relevant in medicine, is the sépara­
tion of a- and ß-carotene. These two

and 
and

in 
n o

Fig. 2. Séparation of (all-E)-a-carotene (1) 
(all-E)-ß-carotcne (2) on Ca(OH)2 (Chandler 

Schwartz, 1987).

compounds only differ in the position 
of one double bond and therefore 
the séparation is quite difficult. 
The results of a recent publication 
[9j is shown in Figure 2. The sépa­
ration was carried out on Ca(OH)2 
and the rétention time of about 
20 minutes is noteworthy.

2. Another very conunon prob­
lem is the séparation of the xan­
thophylls, the oxygenated ca~ote- 
noids, which arewidely distributed 
in plants. The first problem is the 
séparation of lutein and zeaxan- 
thin. These two carotenoids also 
differ as a- and ß-carotene in the 
position of one double bond. The 
other problem is the séparation of 
violaxanthin and neoxanthin which 
have very similar polarities. A in- 
teresting séparation System on re- 
versed phase Cls by a stepwise 
gradient, from a mixture contai- 
ning carotenoids (neoxanthin, viola­
xanthin, zeaxanthin, lutein, ß-ca­
rotene) and Chlorophylls [10] is 
shown in Figure 3.
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F i g. 3. Reversed-phase 
séparation of a mixture of 
neoxanthin (N), violaxan- 
thin (V), Zeaxanthin (Z), 
lutein (I<), Chlorophylls a 
and b, pheophytins a and . 
b, ß-carotene (ß) (Bailey 

and Chen, 1988)

3. A problem which is even more demanding in the séparation of stereoiso­
mers. It is obvious from the constitution of carotenoids that the double bonds 
of the polyene chain may have either the cis- or the trans- configuration. 
According to the nomenclature rules approved by IUPAC the E/Z — nomen­
clature should be used nowadays. Therefore E is équivalent to trans and Z 
is équivalent to cis. E/Z — isomerization gives rise to many stereoisomers of 
carotenoids (for ß-carotenes 528 isomers are possible). In fact the carotenoids 
very easily undergo isomerization as long as they are in solution. The double 
bonds of the polyene chain are not équivalent, one can distinguish between 
hiudered and unhindered double bonds and the number of stable possible 
isomers decrease. Nevertheless the problem of E/Z isomerization exists and 
this makes the handling of carotenoids even more difficult. The séparation of 
these E/Z isomers is very demanding, as they have similar chromatographie 
properties and furthermore one has to be careful that no izomerization takes 
place during the séparation. This problem has been at least partly solved, as 
is shown in the Figures 4 and 5. The first example is the séparation of the 
E/Z isomers of ß-carotene on a column packed with alumina [11]. The second 
one is the séparation of the C50-carotenoid stereoisomers (all-E)-, (5Z)-, (9Z)- 
(13Z)- and (15Z)-bacterioruberin, carried out under reversed phase conditions 
with an ODS column [12].

4. An even more demanding problem is the séparation of optical isomers. 
Two approaches are possible for the séparations of optical isomers :

— the enantiomers can be converted to diastereoisomers by reaction with 
an optically active pure compound. Diastereoisomers have different properties 
and can be separated on a achiral columu. A racemic mixture of astaxanthin 
was reacted with camphanic acid chloride to give the corresponding campha- 
nates and afterwards separated under normal phase conditions [13] (Fig. 6). 
A chiral column for resolving optical isomers of astaxanthin was also reported 
[Н].
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Fig. 4. HPLC séparation of a mixture of 7 (E/Z)-isomers of ß-carotene (Vecchi 
et al., 1981)

•—Рык2 I3S ЗА<'"C■<’> f

----- ₽<.-■! .3« SU) 4

F i g. 5. Separation of (all-E)-, (5Z)-, 
(9Z)-, (13Z)- and (15Z)- bacterioruberin 

(Riesen and Pfander, 1990)

--------------

Fig. 6. Separation of (all-E)-astaxan- 
thin stereoisomers after derivatization 
with camphanic acid (Vecchi and Mul­

ler, 1979)

г псэк з <3S з s i —

—- the use of columns with optically active stationary phase. In this case 
also a diastereomeric relationship is established but no covalent bond is for- 
med. Figure 7 shows the séparation of the isomers of the zeaxanthin diben- 
zoates [15].
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!■’ i 4. 7. Separation of z.eaxanthin stereoisomers on chiral 
ph i.e (peak 1 — 3R, 3'S r=tneso] : peak 2 — 3R, 3'R; peak

3 -- 3S. 3'S) (Maoka et, al., 1986)

These selected examples 
have shown that diffieult 
Separation problems in caro- 
tenoid research can be soi ved 
with HPLC.

Scopc and limitations. 
HPLC is the most powerful 
of all the chromato graphie 
techniques. It can offen easily 
achieve séparations and ana­
lyses that would be diffieult 
or impossible using other forms 
of chromatography. On the 
other hand, many things can 
go wrong with such sépara­
tions ; there are probably 
more pitfalls in HPLC than 
in any other form of chro­

m.'.tography. To avoid these mistakes it is not enough to read textbooks 
or to listen to lectures. Only by doing a great deal of experimental work 
and inaking many mistakes vou can achieve the necessary practicai skill. The. 
more sophisticated a method is, the more mistakes can occur.

Two points are also criticai for the analyse of HPLC performances : the 
rétention time and the identification.

A chromatographie séparation is theoretically reproducible, if the parame­
tru of the séparation are constant. But in practice the HPLC séparations 
and also rétention times are not strictly reproducible. According to our expe- 
lience the tĂ. — values differ from column to column and furthermorc one 
can observe that even during a working day the tR value is not constant.

And therefore proper identification is essential. Is not allowed to postu­
late the structure of a carotenoid based only on the t -value and an electro­
nic spectrum. The minimal criteria for the identification of a carotenoid are 
the Vis spectrum, co-chromatography with a standard and the mass-spectrum.

Summarv and Outlook. The development of HPLC has opened new dimen­
sions in analytical chemistry and also in the field of carotenoid research. One 
condition for HPLC séparations is that one should be very criticai in the 
interprétation of results : the high sensitivitv of HPLC makes this method 
extremely dangerous. .Separation is only one step for structure élucidation, which 
should involve indispensable spectroscopical methods as MS, NMR, CI), etc.

Nevertheless, carotenoid research has continued to develop over the déca­
des, just alone the increasing number of publications in the field is a clear 
indication of this. The medical applications, especially cancer prévention, has 
increascd the interest in carotenoid. It can be envisaged that this trend will 
continue in the future.
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SYNTHESIS AND STEREOCHEMISTRY OF SOME BICYCLIC 
ACETALS OBTAINED FROM 1,2-CYCLOHEXANEDIOL
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ABSTRACT. — New compounds having a 2,4-dioxabicyclo[4.3.0]nonane Ske­
leton were obtained by the acealisation reaction of o-, m- and p-njtrobenzaldehy- 
des with the cis and trans djgstereomers of 1,2-cyclohexanediol. The stereoche- 
mical investigations by means of Dreiding models and the 'H-NMR spectra of 
the compounds show rigid structures.

In order to continue our investigations in the field of the stereochemistry 
of cyclic acetals obtained from 1,3-[1] and 1,4-[2] cyclohexanediols and cyclo- 
hexanepolyols [3], the acétalisation reaction of o-, m- and p-nitrobenzaldehydes 
with the cis and trans diastereomers of 1,2-cyclohexanediol (Scheme 1) was

Trans (e.a) \

Ar= о-nitrophenyl 15 i
Ar= m-nitropheny! 2:
Ar= p-nitrophenyl 3.

Ars
к

Ș c h e ■ e

О-nitrophenyl 4; 
m-nitrophenyl 5: 
p-nitrophenyli 6..

Л
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carried out under usual conditions (acid catalyst and azcotropic distillation 
for removing the resulted water).

The stereochemistry of compounds 1 —6. was investigated using Dreiding 
models and high field (360 MHz) ’H-NMR spectra. The Dreiding models ins­
pection reveals the rigid structure of both cyclohexanic and 1,3-dioxolanic 
rings. The nitrophenyl group located at C3 adopts an équatorial orientation, 
the conformational free energie of the aryl group in the acetalic part of the 
1,3-dioxolanic ring being enough high to induce anancomericity [4]. The rigid 
structure of compounds 1—6 was confirmed by their complex JH-NMR spectra 
when distinct signais for the équatorial and axial protons of the six mem- 
bered rings are recorded (Figure 1 and Figure 2).

The spectra of the acetals obtained from the cis or trans 1,2-cyclohexane- 
diol (Figure 1 and 2) present some peculiar aspects.

If the diol used is the trans isomer, in the bicyclic compound the 1,3-di- 
oxolanic ring is linked to the cyclohexanic one by équatorial — équatorial bonds 
and the protons located at the carbon atom of the bridge (positions 1 and 
5) have an axial — axial orientation. This disposai of the hydrogen atoms can 
be also confirmed analyzing the values of the coupling constants of one 
of these protons with the other one and with the équatorial and axial 
protons of the neighbouring positions (6 and 9). Thus, in the case of 
compound 3, for the protons located at C1 and C5, characteristic values 
(5—7] for the axial —axial coupling constants are measured (J=8.8 Hz, J= 
= 11.5 Hz). An other value (J = 3.9 Hz), characteristic for the coupling bet­
ween vicinal axial and équatorial protons [7—9], was also indentified. In the 
synthesis of compounds 4—6, obtained from the cis isomer of 1,2-cyclohexane-

F i g. 1. 'H-NMR spectrum of compound 3.
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Fig. 2. 4I-NMR spectrum of compound 5.

<liol, the 1,3-dioxolanic ring is linked to the cvclohexanic one by an equato- 
rial-axial bond System. The protons located at the carbon atoms of the bridge 
(positions 1 and 5) have an axial-equatorial orientation. The spectrum of com­
pound S shows a Splitting of the signais corresponding to the protons located 
to C1 and C3 due to small coupling constants, which are characteristic for a 
coupling between axial and équatorial protons and between équatorial and 
équatorial ones. As a conséquence of these small values of the coupling cons­
tants, the peaks of the signais are overlapped and give a complex unresolvable 
multiplet (4.15—4.25 ppm).

A remarkable feature is the recording in the spectra of compounds 2 and 
5 (obtained using w-nitrobenzaldehyde) of two singlets with the same intensity 
for the proton located at C3 (2: 8j = 5.75, 82 — 6.02 ppm ; 5: 8, = 5.91, 
8, = 6.17 ppm), while in the case of the other compounds (obtained from o- 
and p-benzaldehyde) for this kind of proton only one peak is recorded (1 : ô - 
= 6.47, 3:8 = 6.07, 4:8 = 6.73, 6:8 = 5.90 ppm). A reasonable explana- 
tion can be done if it is taken into account the possibility of the m-nitrophe- 
nyl group to exist in two rigid bisectional rotamers (in one of them the NO, 
group and the C3 proton have a “cis" orientation and in the other one they 
have a "trans” orientation). In the case of p-nitrophenyl group only one bisectio­
nal rotamer is possible and in the case of the o-nitrophenyl group one of the 
possible rotamers (the rotamer with the NO2 and the proton located at C3 
proton have a “cis" orientation) is very instable and its population can be 
neglected. Thus, in the last two cases only one singlet for the C3 proton is 
recorded.

-fo-the 'H-NMR spectra of compounds 1 —6 the characteristic signais for 
the cyclohexauic ring and for the 1,3-dioxolanic one are recorded, the struc­
ture of the compounds being corfirmed in this way, too.
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EXPERIMENTAL

Compounds 1 — 6 general procedure : A mixture of 2 g (0.017 mol) 1,2-cyclohexanediol (cis or trans), 
3 g (0.02 mol) nitrobenzäldehyde (ortho, meta or para) and 0.1 g p-toluenesulphonic acid (as Cata­
lyst), was refluxed in 150 ml benzene, under stirring, un'til no more water was collectcd in the 
Dean-Stark trap (reaction time 10—12 h). After cooling, the catalyst was neutralized with 0.1 g 
sodium acetate. The benzenic solution was separated from the solid residue and then washed twicc 
with 75 ml of water. The benzenic solution was evaporated to dryness and the residue was boiltd 
with ligroine and after that with ethanol for removing the unreacted nitrobenzäldehyde. The niw 
residue was solved in Chloroform purified with charcoal and precipitated with ligroine.
M.p.s. are uncortgțțed.

High resolution iH-NMR spectra were recorded at room température, in C,De solution, in 5-tnm 
tubes, on a Bruker AM 360 Fourier transform NMR spectrometer equipped with an Aspect 3000 
computer and with a dual 13C — *H  probe head operating at 360 MHz for protons an.d, 90 MHz for 
carbon atoms. No TMS was added, rather, shifțs were referenced to the solvent line (CeDe). All 
coupling constants and chemical shifts are given with a précision of 0.1 Hz and 0.01 ppm. The 
usual spectra were ruti with an 80 Mhz TESLA BS 487 C NMR spectrometer in CDC13 solution 
using TMS as standard.

1. S. Mager, I. Hopârtean and M. Horn, Stud. Univ. Babeș-Boirai. Chim.. 26, (I),
34 (1981).

2. S. Mager, I. Hopârtean and Viorica Cristian, Stud. Univ. Babeș-Bolyai.
Chem., (2, 23), 28 (1978).

Trans-3-(o-nitrophenyl)-2,4-dioxabicyclo[4.3.0]nonane 1. Solid, mp. = 144—145°C. Found : C, 62.40; 
H, 6.30; N, 5.85. C13H15NO4 requires- C, 62.68; H, 6.05 ; N, 5.60. *H-NMR(CDC1 3, 80 MHz) 
8 = 0.75-2.35 (8H, m, C6“9), 2.85-3.75 (2H, m, C1 2’5), 6.47 (1H, s, C3), 7.10-8.25 ppm (4H, 
m, 3-C„H4NO2).
Trans-3-(m-nitrophenvl)-2,4-dioxabicyclo[4.3.0]nonane 2. Solid, m.p. = 45 — 46°C. Found: C, 62.32; 
H. 6.23; N, 5.79. C1SH15NO4 requires: C, 62.68; H, 6.05; N, 5.60. JH-NMR(CDC13, 80 MHz) 8 = 
= 0.87-2.00 (8H, m" Ce~9), 3.75-4.12 (2H, m, Cl>5), 5.75 änd 6.02 (1H, s, and s, C»), 7.00-8.25 
ppm (4H, m, 3-C,H4NO2).
Trans-3-(p-nitrophenvll-2,4-dioxabicvclo(4.3.0)nonane 3. Solid, m.p. = 114—5°C. Found: C, 62.51; 
H, 6.13; N. 5.69. Cj,H15NO4 requires: C, 62.68; II, 6.05; N, 5.60. >H-NMR(C4D„ 360 MHz) § — 
= 1.20-2.30 (8H, m, C6“9), 3.26 (1H, ddd, J = 11.5, 8.8, 3.9 Hz, C1), 3.44 (1H, ddd, J = 11.5 
8.8, 3.9 Hz, C2), 6.07 (1H, s, C3), 7.64 (2H, d, J = 8.8 Hz, 3-C„H4NO2), 8.21 ppm (2H. d, J = 
= 8.8 Hz, 3-C,H4NO2).
Cis-3-(o-nitrophenvl)-2,4-dioxabicyclo[4.3.0jnonane 4. Solid, m.p. = 104—105°C Found: C, 62.71 ; 
H. 6.37; N. 5.87.'CI3H15NO4 requires: C, 62.68; II. 6.05; N, 5.60. »H-NMRfC.D., 360 MHz) 8 
= 0.75-1.90 (8H, m, C6“9), 4.04-4.09 (2H, m. C1’5), 6.73 (1H, s, C3), 7.44 (1H, dt, J= 8.5, 1.0 
Hz, 3-C„H4NO2), 7.57 (1H, dt, J= 8.5, 1.0 Hz, 3-C„H4NO2), 7.76 (1H, dd, J= 8.5, 1.0 Hz, 3-, 
C6II4NO2), 7.86 ppm țlH, dd, J= 8.5, 1.0 Hz, 3-C,H4NO2).
Cis-3-(m-nitrophenyl)-2,4-dioxabicyclo[4.3.0]nonane 5. Liquid, b.p. = 196— 198 C (15—17 mm. col. 
Hg). Found: C, 62.29; H, 6.51; N, 5.89. C13H,5NO4 requires: C, 62.68; H, 6.05; N, 5.60. ’H- 
NMR (CeD„, 360 MHz) 8 = 1.20-1.90 (8H, m, C6aL 4.15-4.25 (2H, m, C1’5), 5.91 and 6.17 (III, 
s, and s, C3), 7.50-7.58 (1H, m. 3-C,H4NO2), 7.75-7.85 (III, m, 3-C,H4NO2). 8.15-8.23 (III, m, 
3-C,H4NO2), 8.32-8.38 ppm (1H, m, 3-C,H4NO2).
Cis-3-(-p-nitrophenvl)-2,4-dioxabicyclo[4.3.0]nonane. 6. Solid, m.p. — 82 — 3°C. Found: C, 62.43; 
H. 6.33; N, 5.76. Cl3H16NO4 requires: C, 62.68; II, 6.05; N, 5.60. 4I-NMR (CeD6, 360 MHz) 
8 = 1.25-1.85 (811, m, C6*9), 4.18-4.24 (2H, ni, C1’6), 5.90 (III, s, C“), 7.66 (211, d, J =8.6 Hz. 
3-CeH4NO2), 8.2Í ppm (2H, d, J = 8.6 Hz, 3-C8H4NO2).
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ABSTHACT. — The influence of Aliquat 336 (tricaprylmethylammonium 
Chloride "capryl" is a mixture of alkyl groups averaging aproximatively 
and PEG-400 (polyethylene glycol, average molecular weight ca. 400) catalysis 
on reaction yields alkylated phenothiazines using liquid-solid phase transfer 
catalysis are presented.

Introduction. The préparation of N-alkylphenothiazines derivatives by 
phase transfer catalysis (PTC) without solvent was achieved using solid state 
catalysis such as tetrabutylammonium bromide [li] or trioctylammonium Chlo­
ride [2]. Due to the fact that liquid state catalysis are able to provide a better 
homogeneity of the reaction system and so to improve the reaction yield, 
we tryed to carry out N-alkylation of phenothiazines in presence of such cata­
lysts, namely Aliquat 336 and PEG-400 :

H

i

RX/KOH
Aliquat 336 
or PEG-400

Material and methods. For makeing a comparison between the influence 
of solid or liquid state catalysts, on reaction yields unsubstituted and chloro- 
substituted phenothiazines were alkyalted according to procedure of Vlassa 
et al. [L] or by method of Galons et al [2].

Results and discussion. The results of our experiments are shown in Table 1.
Our experiments proved that liquid state catalysts are comparable or 

better than solid state catalysts. Also, PEG-400, a catalyst which was not 
used before in PTC without solvent, is comparable with Aliquat 336.

These facts show that for this type of catalysis liquid catalyst are most 
recommanded.

Experimental. Meltiug points were not corrected. A Tabor apparátus was used for shakirtg the 
reaction mixture. TLC analyses were run on plates covercd with silica gel eluted with CeH6—EtOH 
(10: 1), visualizing agent iodine (unreacted phenothiazines have a grecn colour and the alkylated 
product a brown one).
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Table 1

X-.\lkylatfon of phenothiazlnes iislng Aliquot 336 or PEG-400 as eataljst.

Yield %
Compound R'/R Aliquat- PEG-400 Literaturo

336

mp. or b.p. (lit. tn.p. 
or b.p.)

°C

(187 /2/)

2a H/CHa 80 85 70/1/ 99-100
(99-100/3/)

2b II/C,IIà 85 85 68/1/ 104- 105
(102,5-103/4/)

2e H/CII8=CH-C1I3 90 85 70/1/ 228—230/13 mm 
(226-230/13 mm /5/

2d Cl/(CHs)3N(CH3)j 85 85 85/2/ 170-172
(170/2/)

2e 11/(СН8)3Х(С.Н3)г 85 80 78/2/ 200-202 ‘
(200 /2/1

2f Cl/(CH-AN(i-Pr)ä 85 85 79/2/ 195-197

Compounds 2d —2f were separated as chlorohydrates 

(l.'iieral procedure. Phenothiazine (0.1 mol) finely groutid KOH (1.22 g, 0.2 mol) and catalyst (0.01 
mol) were well mixed. After that alkylating agent (0.2 mol) was added and the resulting mixture 
was sliaken at room température for one hour, then left for 12 days at tlie șame température. 
After that the réaction mixture was chromatographed with toluene on an alumina column, the or­
ganic solvent was removed in i'acuo and the residue purified by recrystallization from ethanol- 
ichrircoal was added), for compounds 2a, 2b, 2d —2f, or by distillation, for compounds 2e and 2f. 
Compounds 2d —2f were separated as chlorohydrates in usual way.
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ABSTRACT. — A number of 10 d,imethylglyoximine complexes of cobalt of the 
type fCo(DH),La)X (L = aromatic amines : aniline, alkyl-anilines, amino-phenols 
or HaO) and [Co(DH)jYaJH (Y = Br", NCS~, NO~) were obtained. The depro­
tonation reaction of these complexes was studied by means of spectrophotometric 
measurements. As observed, the bridging H atoms of the Co(DH), moiety present 
weak acidic propertiescorresponding to a pKa value of about 9.3. The co-ordina- 
ted H2O molécules behave as a little stronger acids with pKa ~ 6.4.

Introduction. The acidic réaction of the aqueous solutions of the transition 
metal salts can be attributed, partially, to the deprotonation of the hydratée? 
cation (e.g. [Cr(H2O)fi]3+, (Cr(H2O)5(OH)]2+). The equilibrium constant of this 
type of reactions is of about 0.5...1—2 X 10-4 [1]. Proton release processes 
can be also observed in the solutions of the cobalt (III)- and platinum (II, 
IV)-amines [2—5)]. The formation of amido-platin(IV) derivatives was proved 
by Grinberg et al. [6] on preparative and spectrophotometric way, e.g. :

[Pt(NH3)5Cl]3+ + OH--> (Pt(NH3)4(NH2)Cl]2+ + H2O
The corresponding amido-complexes of Co(III) are unknown in the solid 

state. Their formation in solution was demonstrated by heavy water exchange 
process [7j:

[Co(NH3)6]3+—[Co(NH3)5NH2]2+ + H+
[Co(NH3)6NH2]2+ + HDO —»■ [Co(NH3)5(NH2D)]3+ + OII"

It was observed, that in the case of the [Со(ХН3)д.(Н2О)у]3+ derivatives 
the acidic character of the complexes increases parallel with the number of 
the coordinated water molécules [8]. Analogous deprotonation processes were 
also mentioncd in the case of some dimethylglyoximino cobalt(III) complexes. 
Chugaev et al. [9,10] found that the action of NaOH upon the 
[Co(DH)2(pyridine)2]Cl do not lead to the formation of a strong monoacidic 

c omplex base. The reaction product is a sparingly soluble anhydrobase :
[Co(DH)2(Py)2]Cl + OH"-*  [Co(DH)2(Py)2]OH -*  [Co(D2H)(Py)2] + H2O

The electric conductivity measurements prove also the nonelectrolytic 
character of this substance.
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Somé anhydrobases [Co(D2H)(Py)2] were obtained by Ablov [11] and 
Nakatsuka et al. [12] (Am = NH3, naphtylamine).

It was observed the recombination of the starting binary salt by solva- 
tion in diluted acides.

The situation is more complicated in the case of mixed bis-dimethylglyo- 
ximato-aqua-complexes. Here the deprotonation can take place in two ways, e.g. :

[Co(DH)2(H2O)2]+—* [Co(DH)2(H2O)(OH)] 4- H+ (I)
or [Co(DH)2(H2O)2]+-» [Co(D2H)(H2O)2] + H+ (II)
The spectrophotometric measurements in acidic and basic media plead for the 
reaction (I). Analogous phenomenon can be observed also in the case of trans- 
[Co(en)2(H2O)2]+ [13]. Birk et al. [14] présumé that the deprotonation in alkaline 
media is a general process for ail complexes of the type [Co(DH)2XY]". By to­
tal reversible precesses the alkaline solutions of the complexes of this type regain 
their original spectral characteristics after acidulation (e.g. [Co(DH)2(NO2)2]“, 
[Co(DH)2Py]Br, etc.).

These authors determined from spectrophotometric data the kinetic parame- 
ters of the mentioned reversible reactions. It was observed, that the positiv charge 
of complexes, e.g. [Co(DH)2(NH3)2]+ increases the rate of the proton release as 
compared to that of the negative charged anions (e.g. [Co(DH)2(NO2)2]“).

In this paper the deprotonation equilibrium of some [Co(DH)2(amine),]X 
and M[Co(DH)2Y2](M = H, Na, K) type complexes was studied spectrophoto- 
metrically in a wide pH-range.

Results and discussions. The complexes were obtained by the classical air oxi- 
dation of the components (CoX2, DH2, amine) in dil. alcoholic solutions. The 
amine components were aromatic amines and amino-phenols. From the anions 
halides (CI“, Br“), acetate and pseudohalides (CN“, NCS“, NCSe“) were used 
for the synthesis. In the latter case only the [Co(DH)2(CN)2]“ was used for the 
equilibrium measurements because insoluble (Co(DH)2(H2O)(NCS)] and 
[Co(DH),(H20)(NCSe)] are formed at higher pH values.

The spectral measurements were made in aqueous (dil. methanolic) solutions 
in the presence of Britton-Robinson buffer solutions.

In the case of the [Co(DH)2(amine)2]+ derivatives the following successive 
equilibria can be supposed :

[Co(DH,)2(atnine2]3+ [Co(DH2)(DH)(amine)2]2+[Co(DH)2(amine)2]+ 
a H+ b H+ c H+

rCo(D)(DH)(amine)2] [Co(D)2(amine)2]“ 
H+ d H+ e

In strong acidic media the partial or total destruction of Co-I)ioximin ring System 
occurs, especially at higher températures. In strong basic solutions analogous 
phenomenon can be presumed with simultaneous exchange of the amine ligands. 
In our experimental conditions the protolytic equilibria between the b, c and d 
forms can be taken intő account. The proton release from these chelates is a 
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reversible prccess, as shown by the spectral changes as function of the pH value 
of the solutions. By total reversible processes the UV spectra show two iso- 
bestic points at 245—250 and 263 nm, in agreement with the existence of 
two complex forms with significant absorption properties in the above mentioned 
spectral range. By acidulation of the alkaline solutions the spectra regain their 
original forms.

Ablov et al. [15, 16] observed in some cases modifications in the spectral 
data after reacidulation, probably due to an irreversible aquation process :

[Co(D)(DH)(amine)2]+ H2O [Co(D)(DH)(amine)(H2O)J J- amine
One can présumé that the proton release from the hydrogen bridge takes 

place according to the reaction :

[17]

Eigen et al. [18] found that the value of the rate constant of the proton 
transfer reactions between —N—H and —O—H donors and OH- is situated 
aproximatelly at 109— 10nM-1 • s-1. This process takes place much slower when 
the donor group is protected by intramolecular hydrogen bridge

(e.g. О-H. .N 4- OH- - k = 4 • 10~s - 4.10-8 M“1 ■ s'1 
O-H. .0 + OH" - k = 7 • 10"7 - 7 • IO"8 M"1 • s"1).

Steric factors and electrical charge of the atomic group influence also the raté 
constants values of the above reaction.

The spectra recorded at different pH values showed a pH dependence at 
certain wave lengths, corresponding to absorption bands either of the protonated 
AH form, or of the deprotonated A form. As an exemple, the electronic spectra 
•of the [Co(BH)2(m-aminophenol)2]Br at various pH values were represented in 
Fig- L

In some cases the extinction values (E) obtained in the pH range of the pH 
dependence of the spectrum allowed us to derive the acidity constant of the pro­
tonated form. For this purpose, at the corresponding wave length the extinction 
in strong acidic media (EJ and in strong basic media (EJ was determined. By 
using our spectral data, the acidity constant Ka could be obtained by means of 
the following formula :

pKa = PH4 + lg|^— ,
Ea - E

where E stands for the extinction at pH value of the buffer solution (pHj.
The mean value of pKa derived from several pH4 — E pairs, recorded at 

the- wave lenghts indicated, are presented in Table 1.
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Acid ity constants from spectrophotometric data

Table 1

Complex Wave lengths pKa

[Co(DH),(o-tol)t]Br 371 9.33
[Co(DH)t(o-anis)2]Br 209, 250, 407 9.42
[Co(DH)2(tn-aminophenol)8]Br 214, 253, 358 9.25
[Co(DH)1(H,O),]NO, 263 6.37



ON THE DIOXIMINE COMPLEXES 89

Obviously, in the case of the first 3 complexes the deprotonation reaction 
consists of the release of the proton establishing one of the hydrogen bridges. 
With the last complex, the leaving proton belongs to one of the co-ordinated 
water molécules.

Experimentul. The Synthesis of the [Co(DH)2(amine)8]X (X = Cl, Br) type complexes is des­
criind in our earlier paper (19, 20].

The spectrophotometric measurements were carried out with a SPECORD" (Germanv) re- 
cr.rding spectrophotometer (Cari Zeiss Jena). Dilutions: visible region: 1—2 X 10“3M complex + 
H 5 ml Britton-Robinson solution in 50 ml volum (CV region: IO-4— 10_5M complex/1).
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ABSTRACT. The polyoxometalic kryptate Na17[NaAs4W40O140], because of 
its special coordinative capacity, could coordinate, after chemical reactions, the 
Th(IV) cation, resulting a complex with the formula Nale[NaAs.|\V4(lO14()Th2]. 
After it was synthezised, this complex was analyzed from different points of 
view, to make the characterization of the compound. So, by conductometry 
was determined the ratio ligand/cation, and the crystalized compound was stu­
dieri by IR and UV-VIS spectroscopy, and of course, by thermogravimetry. 

The relation between the data obtained through ail these analysis has 
showed that the formula of the obtained complex is Nale[NaAs4W40O140Th2l. 
59HtO, and structuraly speaking, the thorium is coordinated by two secundaiy 
active sites of the ligand.

Introduction. The polyoxometalates are a dass of inorganic complexes, with spe­
cial properties and characteristics, being different from the most part of the 
inorganic compounds. The distinguishing éléments of this dass of compounds 
are: [Г]

— the particular polycondensed structure, with multiple properties of com­
bination between different oxoions.

— the synthesis take place in aqueous solution, the condensation ratio being 
very large, corresponding to the work conditions (pH, concentrations, tempéra­
ture)

— the solubility of these compounds is big, not like the one of the oxides 
or mixed oxides.

A special group from this dass of compounds, are the kryptates, which have 
moleculare weights and volumes very big, and special coordinative capacities for 
the transitional cations.

One of these polyoxometalates, is Na27[NaAs4W40O140], which present the 
following structural characteristics :

a) is formed by polycondensation of four subunits AsWe linked together 
by four WOe octahedra [2, 3].

b) each subunit has three triplets W3Ol3 of WO6 octahedra, Condensed 
around the arsenic tetrahedron [4, 5].

c) because of the condensation, results five active sites, one of them is 
kryptand, in the core of the molecule and it coordinates one alcaline cation 
(Na+, K+, etc.) and the other four are secondary, placed neer to the central 
one (fig. 1 and fig. 2).

d) has coordinative capacity in the secondary active sites, for different 
transitional cations [6, 7].
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Fig. 1 — The polyhedric model of the polyoxome- 
talic ligand Na„[XaAs4W40O140]

F i g. 2 — The view in space of 
the active sites of the ligand

As could be seen from fig. 2, the secondary active sites are simetricaly pla- 
ced two by two to the kryptand site, and they are not in the same plane, fact 
which make be possible the octacoordination of the Th(IV) cation.

Experimentul.

— The synthesis of the thorium complex was made by adding the stoichiometric necessary 
soluble thorium compound, that means 0,552 g Th(XO3)4 ■ 4H,O. The thorium nitrate is solved in 
5 ml distiled water, the pH on the solution is 1, so it must be correlated in the synthesis. Then, 
a weight of 11.4 g of Xa2,fXa As4W40O140]. 46Н2О is solved in 100 ml distiled hot water (70 — 80°C), 
and the pH is established at 5. In the hot ligand solution is added very showly and carefuly the 
thorium nitrate solution, mentaining constant the température and a corresponding stiring. It 
could be observed that the reactio it occurs very slowly, and biger adding of thorium nitrate could 
give the Ilidrőlization of the thorium.

Xa2,[XaAs4W10O140l + 2Th(XO.,)4 - Xa18[XaAs4W40O14uThal -I- 8XaXO3

Finaly, the complex crystalize from the solution in vvhite crvstals.
— The rat:o of combination was determined by conductometry, by titration of 10~3 M solu­

tion of ligand with a 2 • 10’ 8 M solution of thorium nitrate. The conductibility data were detirmined 
with an Radelkis conductivity nieter in 25 ml cuve having platinum eleetrodes.

— The thermograviinetrical analysis was made between 20 —650°C, whitout maintaining in 
isotherme conditions, for a sample of 200 mg.

— With the l'V-VIS and IR spectra were distinguished more aspects concerning the new 
compound. So, it could be observed that the structure of the polytungstic edifice remain the same 
after thorium coordination, but there are small movings of the absorbtion bands. The UV-VIS 
spectra were recorded on aqueous solutions havind 10 11 M concentrations, with àn SPECORD UV-VIS 
spectrophotometer having automatic recording, and the IR spectrum was recorded with an Cari 
Zeiss Jena spectrophotometer on KBr plates.
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Results and discussions. The chemical réaction was writtcn after the déter­
mination of combination ratio by conductometry. This titration was made using 
10 solution of ligand and 2 • 10~3M solution of thorium nitrate. The data 
obtained are listed in table 1, and the values were reprezented graficallv (fig. 3) 
for the conductivity as a function of volume adding (1/R - f(v)). It could be 
observed that the cross point of the two lines with different angles is correspon­
ding for the ratio ligand/cation = 1/2.

The values of conductometry measureinents

V(ml) l/R(mS) V(ml) l.’R(niS) V(ml) 1 TOinS)

0 12,0 4.0 25,2 8 0 31,8
0,5 14,3 4.5 26.1 8.5 32,5
1.0 16,2 5.0 27.1 9,0 33,0
1,5 17,8 5,5 28.1 9,5 33,3
2.0 20,0 6,0 29.0 10,0 33.9
2,5 21,5 6,5 29 6 10 5 34,3
3.0 22 9 7.0 30.4 11 0 34,8
3,5 24,1 7.5 31,0 115 35.2

The thermogravimetrical analysis made on 200 mg of compound, is present cd 
in fig. 4, and the curves are :
— curve 1 — TG ; — curve 2 — DTG ; — curve 3 — DTA; — curve 4 — T . 

On the first curve which is representing the lost in weight, could be scen that

F i g. 3 — The conductometric titration 
the ligand with ThfN'O,),

.'eight is 9%, this phenomenon being observed 
between 50 and 450eC. This lost is rep­
resenting the crystalization water-59 mo­
lécules. The water losing in just one step 
is the results of the thorium coordination 
in the secondary active sites.

On the DTG curve it could be seen 
two important phenomenon, at 130 C an 
endo, corcsponding to the water losing 
and at 490eC an exothermie phenome­
non corresponding to the breaking of po- 
lvtungstic edifice and new bonds forma- 
t ion.

By UV absorbtion spectra recor- 
dings of the 10“4 M aqueous solutions 
of the ligand and complex, if could be 
observed that the maximum values re­
corded are almost the same in ligand and 
complex. The small moving being deter­
mined by the thorium coordination (fig.
5.).  So, the maximum for W = O, from
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215 nm (46512 cm1) of the ligand if movcs at 212 nm (47170 cm-1) for the 
thorium complex. This effect is explained by the bonding of terminal W = О 
bonds to coordinate the Th(IV) cation. In the same time, the broad bánd for 
the electronic transitions triatomic bonds W—O —W from 240 to 260 nm 
(41667 and 38462 cm'1) it is found between 250 and 280 nm (40000 and 35715 
cm _1).

In the visible spectra of radiation, neither the ligand or the complex present 
absorption maximum.

But, in IR field, the recorded spectrum (fig. 6) confirme that the structure 
of the polytungstic edifice is the same in ligand and complex, the absorption 
bands corresponding to the types of bonds from ligand, the small movings being 
determined by the thorium coordination.

The values of the absorption maximum of the vibrational spectra and the 
corresponding bonds are listed in table 2.
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Fig. 5 — The UV spectra for — a — ligand Nat8[NaAs,Wt0OHI)] (c= 10 4M)
— b — complex Ха1(|[КаАз,\\’4()О|4(1ТЬг]

Fig. 6 — The IR 
spectrum of the 

complex Ka18 
íXaAs4W10O14uThal
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The maximum values of the IR spectra of the ligand and the complex with Th, and the corrc*- 
pondlng bonds

Tahit 2

^aB7 [NaAs4W10O140 ] Na19[NaAs4W40O140Th2] Atrib.

510 (m, b) 480 (m, b) 8 As—O

625 (m, b) 660 (m, b) 3W —O„ —W

720 (s, b) 720 (m, b) Уда A s —O

810 (s, sp) 840 (m, b) vesw-oà-w

890 (s, b) 895 (s, b) V«W-OC-W

960 (s, sp) 965 (s, b) = Od

1650 (vs, sp) 1660 (vs, sp) 8H-O-H

The analysis which were done, offer important 
data for the interprétation, and there are few rele­
vant aspect concerning the coordination way of the 
thorium cation by the kryptate ligand.

It could be seen that the ligand structure is 
the same after the thorium coordination, except 
the small movings determined by octacoordination of 
thorium. So, one Th(IV) cation is coordinated by 
eight oxygen atoms from two different secondary 
active sites (fig. 7).

lyoxometalic ligand.

conffirm

UV and 
whitout

Conclusions : 1) It was obtained by direct synthesis 
the polyoxometalic complex Na19[NaAs4W40O140Th2],

2) The conductometry showed that the combi­
nation ratio is ligand/cation = 1/2, that 
our proposed formula.

3) The spectrophotometric study for 
IR fields, conffirm the complex formation 
modifyind the structure of the polytungstic edifice 
of the ligand.

4) By octacoordination of the thorium cation, 
this one is bonded by two different secondary active sites (S2) determining the 
small movings of the terminal oxygen atoms.
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ABSTRACT. The compound Na18[NaSb,W21O8e] which falls under the large 
category of polyoxometalates shows outstanding properties, among which the 
coordinative capacity is the most striking. Thus, owing to its molecular structure, 
it présents several coordinative sites to which different cations of the transition 
metals can be coordinated.

After being synthesized, the complex with urauium Na,[XaSb,WtlOMU3J 
crystallized as brownish crystals and afterwards it was snbjccted to a set of 
chemical analyses (photocolorimetry, IR, UV—VIS spectra and thermogra- 
vimetric analysis) in order to be characterized.

As a resuit of the analyses performed, the combination ratio cation 'ligand“ 
= 3 and the octahedral coordination of the cation U(IV) have been dcmonstra- 
ted.

Introduction. The dass of polyoxometalates has been enriched with new types 
of compounds which have aroused a grcat interest due to their structural pe- 
culiarities and to their applicabilité’ in various fields, especially in biology where 
their activité’ is of almost importance. Thus, polyoxometalates containing Sb 
as heteroatom in their molecule, exhibit peculiar physico-chemical properties on 
account of the pair of significanth' active free électrons belonging to the hete- 
roelement.

It is common knowledge that the obtaining of polyoxotungstates is strictly 
dépendent on a few factors which exert a considérable influence [1 ] :

a) the pH of the synthesis medium represents a factor which greatly influences 
the condensation ratios of the oxoions ;

b) the température of the reaction medium ;
c) as the synthèses are carried out in solutions the nature of the solvents is 

a very important factor ;
d) the concentrations of the reagents.
Particulary, polyoxotungstates containing Sb are found in a fairlv wide range 

of polycondensation ratios, which proves their numerous possibilities of combina­
tion. Out of the polyoxotungstates with Sb, the compound Na|8[NaSb9W21O86] 
draws special attention because it manifeste some supplementary features, besi- 
des the properties characteristic of this dass, namely, a remarkable coordinative 
capacity (it is capable to coordinate 6 metallic to one ligand molecule) and also 
an uncommon biological activity due to its peculiar structure [2—6].

Studies have been undertaken on the structure of this vast inorganic com­
pound and as a results it has been found that it consists of tliree subunits SbW7O24 
formed by the condensation of seven octahedra WO6 around the tetrahedron of

У — Câemia 1—2/1994
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Fig. 1. The polyhedral structural pattern of the ligand 
poly oxotungstate.

Sb heteroatom, these subunits 
are bound by two Sb3O7 group, 
the overall symetry of the mo­
lecule begin D3i (fig. 1 and 
fig. 2).

From Fig. 1 can observe 
that the molecule is a trigo­
nal assembly with the sodium 
cation occupying the central 
site. The subunits of SbW7 
are derived from a saturated 
molecule with ß-Keggin struc­
ture by removal of five octa­
hedra of WO6 (a triplet W3O13 
and one octahedron from two 
different triplets). Each SbW7 
subunit is bound to both groups 
of Sb3O7 by two bridging oxy- 
gen bonds.

Owing to this polyconden­
sation in the molecule, seven

active sites make their occurence, one of them being central and occupied by an 
alkaline cation (Na+, K+, etc) whereas the other six are disposed by twos to- 
wards the three SbW7 subunits. These secondary active sites have identical 
properties thus permitting the coordination of six metallic ions. Whenthe volume 
and the electric charge of the cations have increased values, the coordinative 
capacity is reduced to 3.

Fig. 2. The schematic reprezentation of a Sb3W7 subunit.
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This statement is supported by the coordination of U(IV) cations which re- 
sults in the formation of the complex polyoxotungstate with the formula 
Na6| NaSb9W21O86LT3],

Experimental Part: — The synthesis o£ the.complex With Uranium was carried out by adding a 
corresponding amount of U(SŐ,)2 to 7,1 g ligand polyoxotungstate Na18[NaSb,W81O88]. The solution 
of uranium sulphate is added to the ligand solution (100 ml distilled water in which 7,1 ligand is 
dissolved) cautiously, on beat (70—80°C) with slight stirring in order to maintain the pH of the solu­
tion at 7,5. The reaction is compieted rather slowly that is why the reagents are added dropwise.

Na18[NaSb8W21O88] + 3U(SO,)2-> Na, [NaSb,W21O8tU3] + 6Na.SO,

After the solution charges its colour to dark-brown, it is cooled until it crystallizes as the 
uranium complex with brown colour.

— The combination ratio was determined by meatís of the photocolorimetric titration ; it 
was established that three cations of U(IV) are necesary to one molecule of ligand polyoxo­
tungstate.

— The thermogram of the complex Was recorded in the range 20— 650*C  without maintenance 
in isothermal conditions, for a sample of 900 mg.

— UV—VIS and IR spectra put intő evidence the absorption maxima characteristic of the 
metat-oxygen bands within this category of compounds, thus proving that the structure of the 
polyoxotungstic edifice remains unchanged, undergraded by the coordination of U(IV) cations. 
UV —VIS spectra were registered by s SPECORD UV—VIS spectrophotometer on solutions of con- 
centrations 5 • 10_5M (in the UV domain) and 5 ■ IO-3 51 fin visibil) respectively whereas IR 
spectra were registered by a Carl-Zeiss-Jena spectrophotometer on I<Br pellets.

Results and discussion. The study of the formation of the complex polyoxome-*  
tálát es with U(IV) has been performed by photocolorimetric titration thus measuring 
the extinction of the absorption maximum at 211 nm (47393 cm“1) — specific to 
the complex.

Measurement of the extinctions have been made for several samples contai- 
ning 10 ml ligand solution with the titer Tj = 7,32 • 10_4by adding variable amounts 
of U(SO4)2 solution with the titer T = 1,97 • 10-4.

Accor ding to the reaction stoichiometry, the ratio cation/ligand = 3/1, hence 
the theoretical value of the équivalence point can be calculated. Afterwards, the 
theoretical volume, of 3,675 was determined. Table 1 renders the values of the 
extinctions measured for increased values of the added uranium solution.

Tal>!e 1
Values of the extinctions measured for increased values of the 

added uranium solution

ml. U4+add/10 ml Sb„W2l s - 105
0 0,840
1.0 0,955
2,0 1,110
2,5 1,185
3.0 1,220
3,5 1,300
4,0 1,390
4.5 1.395

i. : 5.0 1,390
6,0 1,380
7,0 1,380
8,0 1,385
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By plotting the extinctions of the previously measured solutions on the 
volume of the added uranium sulphate solution, two semistraight lines are obtai­
ned which cross in the équivalence point equal to 3,85 ml. (fig. 3).

UV and VIS Spectra of Na6 [NaSb9W2,O86U3) ]
UV electronic absorption spectra have been registered on aqueous solutions 

having the value c = 5 • 10-5 M in the ligand or complex.
It is worth noticing that the UV spectrum of the complex Na6 [NaSb9W2iOí6U3] 

is quite similar to the spectrum of the ligand Sb9W21, but the UV spectrum of the 
complex présents a maximum slightly less intense (e = 1,085) than that of the 
ligand (e = 1,18) and displaced towards higher energies (lower X = 211), versus 
the ligand (X = 213 nm).

The blurring and shift of the maximum, in the complex with uranium, to­
wards higher energies can be explained by the formation of U—O bond with 
the oxvgen from the terminal W = O groups in the ligand and also by the 
strengthening of the other W = O bonds which take no part in the formation 
of U—O bond.

The absorption spectrum in visible, registered on aqueous solutions having 
the value c = 5.103 in the complex, exhibits absorption spectra characteristic 
of the configuration f2 or octahedrally coordinated U(IV). By analysing the 
spectrum it is obvious that the band L from 15128 cm-1 is well resolved as 
•compared to the bands O and R from 17762 and 20243 cm-1 respectivelly, 
which are weaker.

By comparing the AI ions with electronic structure f with those with elec­
tronic structure d, it is evident that even the spin forbidden transitions are 
•easily resolved, here in this case band O.

Fig. 3. The plot of the dependence of the solution extinction as a re­
suit of the photocolorimetric titration.
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Fig. 4. UV Spectra of a) the ligand b) the complex 
with U(IV).

The bands L, O and R are 
generated by the inner transi­
tions taking place among the Or­
bitals f of uranium, in the case 
of the present spectrum the bands 
U and W remain unresolved be­
cause of the charge transfer 
from U(IV) to W(VI).

The IR vibrational absorp­
tion spectrum confirms the main­
tenance of the polyoxotungstic 
edifice as a resuit of the coordi­
nation of U cations, the absorb- 
tion maxima being only slightly 
shifted because of the uranium 
influence.

Table 3 renders the recor- 
ding of IR spectrum the values 
of the absorption maxima as well 
as their assignments.

The thermogravimetric ana­
lysis has been completed for a 
sample of 900 mg, the thermog- 
ram being rendered in I'ig. 4. 
On the curve of weight loss (TG, 
one can observe that the decrease 
in the mass of the complex is 7,5%, the phenomenon taking place within a 
température range of 100—400°C. This weight loss corresponds to the élimination 
of 32 molécules of crystallization water. The process of déhydration develop.s in 
one stage only owing to the coordination of U(IV) cation in the secondary 
active sites of the ligand.

On the thermodifferential curve (DTA) two phenomena become apparent, 
more precisely, at 130cC a calorie absorption process (endotherm al, corresponding 
to the dehidration stage is developed, whereas at 440ûC a calorie relcase process 
(exothermal) takes place which represents the effect of the dégradation of poly- 
tungstic edifice and the formation of new bands (fig. 7).

The data provided by the analyses confirm the coordination of three U(IV) 
cations to one molecule of polyoxometallic ligand with no further significant mo-

Table 2

The Electronic* transitions of the Xae|XaSb9W2lOgeU3] eompound spectra

Band V in cm"1 X in nm Electron transitions

L 15128 661
O 17762 563
R 20243 494 ’II.-’P,
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Ta', le 3

Intrared absorptions ot Na,[XaSb,WslO,,,V,]

assignt •v(cm_1)

8И-О-Н 1630
1160

vaW=O 940
v„W-O(c)-W 830
''„sW-O(b)-W 760
vusSb- O 580

540

dification in the structural pattern of the polytungstic edifice ; the way in which 
uranium is coordinated has been put into evidence by VIS spectra which de- 
nronstrated that U(IV) is octahedrally coordinated.

Conclusions. 1) A new polyoxotungstate has been synthesized by coordinating 
U(IV) cations to the ligand Na18[NaSb9W21Og6j.

У i g. 5. VIS Spectrum of the complex with 
U(IV).

P i g. 6. IR Spectrum of the complex polyo: 
tungstate.
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F i g. 7. The thermogram 
of the complex polyoxo- 

tungstate curves.

2) The photocolorimetric titration demonstrates the coordination of three 
U(IV) cations to one ligand molecule, thus confirming the postulated formula 
Na6 [NaSb9W21O86U3'J.

3) The recordings of UV—VIS and IR spectra reveal the formation of the 
complex polyoxotungstate the maintenance of the polycondensed structure of 
the polyoxotungstate as well as the octahedral coordination of uranium.

4) The thermal analysis points out that the complex polyoxotungstate cry- 
stallizes as a crystallohydrate with 32 molécules of crystallization water.
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A STUDY ON THE FORMATION OF ANTIMONY AND BISMUTH 
POEYOXOM ETALATES WITH U(IV)

M. Itl-Sl*,  E. ТОМА**,  A. BOTÁR**

ABSTRACT. The chcmical reactions between the uranium ions and polyoxo­
metallic anions SbWnO33H,_ and BiWnO38H’~ respectivelv, have been studied 
bv the method of etectrophoresis with the aim at establishing the optimum sta 
bility and pH range of complex formation and calculating the stabilitv constants 
of the formed polyoxometallic complexes. By applying the molar ratio method 
to photocolorimetry, the combination ratio of polyoxometallic ligands and 
UțIV) ions has been fourni to have the value of 2:1 for this ratio.

Introduction. Previously, wc rcported that U(IV) ion сап give polyoxometalates 
of UE., tvpe, where L is PWuO£9y SiWnO’üT, BWnO®^, P2WI7Oèî^ and 
As2W17O'r [1].

The present paper reports our results concerning the formation in solution 
of U(IV) polyoxometalates witli ligands of the type SbWuO38H6“ and BiWpO.,8Hri_ 
respectivelv, by the method of paper electophoresis which permits the identifi­
cation of the formed polyoxometalates in very limiting pH ranges, thus ena- 
bling them to separate in the electric field due to the different electropho- 
retic mobilities of the existing ionic species [2].

One of the largely used method in establishing the stoichiometry of the 
formation reactions of the complex combinations is the method of the molar 
ratio variation applied to the photocolorimetric study [3, 4, 5]. This method. 
has been also applied to the systems U(IV) — SbWuO38H6_ and U(IV) — 
— BiWHO38Htí_ in order to establish the value of the combination ratio between 
U(IV) ion and polyoxometallic ligands with Sb and Bi.

Experimental Part.

1. r.leclropliorelic Study. The experimenta were carricd out in media of polyoxometalates of type 
Na,rSbWnO3sH ; ■ 18H2O and Na,rBiWnO31lH' • 14H2O préparée! according to [6] 9f 10 2 V con­
centrations in the ligand, at pH values ranging írom 2 to 8,5. The pH was adjusted with HCl and 
XaOH solutions and their values were measured onaOK—102 Radelkis pH-mcter, The ionic strength 
was maintained at constant value by a corresponding addition of XaClO, 10 1 M.

Use was made of an ordinary electrophoresis apparátus, at usual voltage, cooled with water. 
The U(SO4)2 solution, of 10 2 M concentration was deposited with a micropipette in the center of 
Karl-Schneider Scliull chromatographie paper imbibed in the ligand solutions with different pH. 
Experiments were performed at a diffcr<nce in voltage of 360 V, at a température of 15 + 2°C, for 
3600 s. The formed polyoxometalates were identified by their brownish coloration, the U(1V) ion 
was identified by developitlg with a K,T'e(CXi6], and the uncomplexing ligand by réduction with 
VV radiations.

Besides the solutions containing the metallic cation, a glucose drop was added, electrically neu­
tral. towards which the shifts of the ionic species after electromigration were adjusted. The Rf 
values of the formed polyoxometalates were determined by the ascending paper chromatography, 
relating the sílift of the formed chemical species to the front of the saturated NaCl eluent.

♦ Faculiv of Chemistry, Unir. ,,Babeș-Bolya i” Cluj-У apoca 
Institute of Chemistry, Cluj-У apoca
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2. Pholocolorintetric Studv. The following polvoxometallic ligands Nae!SbW11O3eHl ■ I8H2O an<l 
Na6[BiWuO38H] ■ 14H2O were used to preparing aqueous solutions of 10- M concentrations in the 
ligand. To these solutions different volumes of I'(SO4)2 10"2 M obtained from UO2(CH;)COO12 in x lo­
tions strongly acidulatei! with H2SO4 and reduced with amalgamatei! zinc [7] were added to ol.tain 
different mole ratios.

The pH of the solutions was adjusted to the value of 4,5 with NaOH 10_1 M and HCl K' 
respectively, in order to be within the optimum pH range of the formation of L’(IV) polyoxomet;:- 
lates.

The extinctions of the sets of solutions with different mole ratios (ion UiIVi-polyoxonnt.f.lic 
ligand) were measured on a fl;K- KM spectrophotometer, by using a grein filter ami a wr. < t 
1 cm.

Results and discussion. The formation of U(IV) polyoxometalates in the stu- 
died Systems takes place according to some chemical reactions, which are likely 
to appear, and can be rendered by the équations :
1. 2Na6 [SbWnO38H] + U(SO4)2 = Xa8 [U(SbWnO3SH)2] + 2Xa2SO4
2. 2Na6 [BiWnO38H] + U(SO4)2 = Na8[U(BiWnO38H)2] + 2Xa2SO4
The displacement in centimètres of the formed polyoxometalates was follo- 
wed experimentally, thus allowing the calculation of the electrophoretic mobi- 
lities (a), the détermination of Rf values and the calculation of the real р..г 
mobilities of the formed species by means of the Kunkel-Tiselius relation 81 :

where : = the sum of the experimentally determined electrophoretic mo­
bilities ;

d = the migration of the ionic species in cm ;
V = différence of potential ;
t = time of electromigration ;
l = the length of the chromatographie paper (38,5 cm) ; 
ï
— = 1,69, the porosity factor of the chromatographie paper;
l
Rf = Rf values, 0,99 for Xa8|U(SbWnO38H)2] and 0,98 for 

Na8[U(BiWuO38H)2J.
The migration of the ionic species and the sum of the electrophoretic mobili­
ties depending on pH are shown in Tables 1 and 2.
On the basis of the values given in Table 1. ’and Table 2. the variation of the 
sum of the electrophoretic mobilities depending on pH is plotted.
In case the formation équations of the complex polyoxometalates (relationship 
1 and 2) are put down under the general form of an equilibrium équation :

U + 2B г*  UL2
the sum of the electrophoretic mobilities of the species present in the System, 
in our case, is rendered through the relation :

P- =
hV • [U4+] + Hm,,[UI<2]

[U4+] + [UB2]
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The migration and the sum of the electrop höret le mobilities in the 
system U(IV) - SbWuO3eH6-

Table 1

pH d(cm) pj ■ 10~6 cm*V _1S_l

2.0 -0,86 -0,590
2.5 -0,78 -0,540
3,0 -0,60 -0,410
3,5 +0,06 -0,040
4.0 + 0,86 + 0,684
4,5 + 1,78 + 1,220
5.0 +2,36 + 1,616
5.5 + 2,70 +1,848
6,0 + 2,90 + 2,010
6.5 + 2,08 + 2,104
7.0 + 2,32 + 2,180
7.5 + 2,49 + 2,290
8.0 + 2,41 + 2,230

Table 2
The migration of the Ionie species and the sum of the elec- 

trophoretie mobilities In the System lî(IV) — BiVVuO3eH5_

?H dicm) м • 10-‘ cmn'-’S-1

2.0 -0,84 -0,670
2.5 — 0,56 -0,440
3,0 -0,36 -0,280
3.5 + 0,10 + 0,082
4,0 + 1.24 + 0,990
4.5 + 2,04 + 1,620
5,0 + 2,32 + 1,850
5.5 + 2,46 + 1,960
6,0 + 2,56 + 2,045
6.5 + 2,57 + 2,050
7.0 + 2,60 + 2,080
7.5 + 2,56 + 2,040
8.0 + 2,48 + 1,960

MOTfî: The values d and щ are noted with 4- or — depending on the direction of the ionic 
species towards the cathode or the anode.

where i p = the sum of the electrophoretic mobilities ;
Puu, Pur, = the electrophoretic mobilities of the ions in the species 

U4+ and UL2 ;
[U44], [UL2] = the mole concentrations of the ionic species U4+ 

and UI,2 ;
Since p = p.u-iR for minimum p, when the formation of the polyoxometalate 
UIy2 and UI/2 = 0 lias not proceeded yet and p — риЪ1 for maximum p, when 
U4+ is totally lost aud U4+ = 0, by extrapolating to the ordonate the minimum 
and maximum values of the sum of the electrophoretic mobilities, the values 
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of the electrophoretic mobili- 
ties of the ionic species in the 
svstem can be obtained (see 
Table 3).
The formation domain of U(IV) 
polyoxometalates is correlated 
with their stability domain. 
Taking into account that the 
range within which a minimum 
of 90% of the U(IV) cation un- 
dergoes complexing in the polyo­
xometalates [U(SbWnO38H)2]~8 
and [U(BiWnO38H)2]8- respec- 
tively, the sum of the elec­
trophoretic mobilities wûll be 
Peo% = 0,1 pu- -p 0,9țj.ui„.
The optimum formation range 
of the compounds was determi- 
ned from the electrophoretic 
curves and corresponds to the 
pH range within which the sum 
of the electrophoretic mobili­
ties is :

[^formation 90%

P9o% values and the optimum 
pH formation ranges of the for- 
med polyoxometalates are given 
in Table 4.
In order to study the equilibrium 
and stability constants of the 
chemical reaction of formation, 
that is, of the formed polyoxo­
metalates, the relationship be- 
longing to R. Cousden, A. H. 
Gordon and A. P. Martin is 
applied to the Systems under 
study [9].

lg ^-^ = igK + lgC 
(Мл., — Pgi

the System U1+ — BiWnO36TI *

Between the equilibrium constant K and the stability constant ß there exists 
the relation :

lg ß = lg К + lg С
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Table 3
The electropheretlc

1
mobilities of the

1*+  - ShWtlOwÎl»-
ionfe 

an«
specie« existing 
- BlWuOseH«-

in the Systeme

Compound иш.. • ,0“s
(cm8 • V-’S-i

>

)
(xsl • 10- • 10-

Na [U(SbVV11O3sIÎU! 16.00 0,2965 -0,68
Na Ги(ЩУ\'и(Ьв11к1 18,60 0,4285 -0,62

(igQy values and the nptlmura pH formation ranges of the pol yo- 
xemetalates Naa[V(ShWtlO3gH),] and Xag[U(BIWuOagII)aJ

Table 4

Compound !'go % the optimum pH for­
mation range

rU(SbWnOMH)aj 4,80 4,5-7,5
4,70 4,5-7,0

where : C = the mole concentration of the polyoxometallic ligands ;
Uui,2 ,u«+ = the mobilities of the ionic species existing in the System ;
uKl = glucose mobility ;
К = the equilibrium constant
ß = the stability constant

The data for the equilibrium and stability constants are to be found in Table 5.

The equilibrium and stability constants for NaJiqsbWjjOjglIJj] 
and Na8]t(niW11O38H)3[.

Table 5

Compound К ß

NXIH(SbWuOMH).,]
Nae(U<BiWnO38Hn]

101.6ô5

IO’602

|q3.655
103.602

Provided that to the colourless diluted aqueous solutions of 10~£M in the 
ligand polyoxometalates Na6[SbWuOH88] and Ха6[В1\УнОН38] are added 
dropwise solutions containing U(IV) cation, we have a good evidence for the 
immédiate occurence of a brownish coloration, weaker in the first case and 
stronger in the case of the bismuth compound, owing to the formation of the 
uranium complex polyoxometalates, according to the chemical reactions (1) 
and (2). This fact allows the stndy in solution of the formation of uranium, 
antimony and bismuth polyoxometalates by the molar ratio method applied 
to pliotocolorimetry.
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F i g. 3. The graphical représentation of the variation of the extinction of 
the Systems containing different molar ratios of the components :

1) U‘+ - SbWuO33H‘" 2) t>+ - BiWuO3,IP-

Бу plotting the variation of the extinction of the solutions obtained by mixing- 
up the reagents U4+—SbWnOggH6- and U4+—BiWuO38H6~ respectively, de- 
pending on their molar ratio, the following curves, presented in Figure 3, 
are obtained,
The photocolorhnetric curves are made-up of two semi-straight lines which 
intersect in a point corresponding to a molar ratio polyoxometallic ligand : 
uranium = 2.

The extinction of the solutions increases to the équivalence point propor- 
tionally to the increase in the concentration of the reaction product and then 
it increases much lower.

The linear increase of the extinction with the increase of the combination 
molar ratio up to the équivalence point suggests the development of some chemi- 
cal réactions of U(IV) ion addition to two ligand ions, resulting in the for­
mation of UL2 type complexes, whereas the unsignificant increase of the extinc­
tion after the équivalence point and the blurring of the samples, which need 
to be filtered before measuring the extinction, demonstrate the replacement 
of the sodium ions outside the coordination sphere of the polyoxometallie 
complexes with U(IV) ions as well as the formation of some brownish préci­
pitâtes.

Conclusions. As a resuit of the electrophoretic study on the Systems U4+— 
— SbWuO38H6_ and U4i —BiWnO38H6~ respectively, by paper electrophoresis, 
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there is clear-cut evidence of the formation, in every case, of a single pure 
complex polyoxometallic species.

The formation pH ranges of these compounds are to be found between 
4,5—7,5 for Na8[U(SbWuO38H)2] and 4,5-7,0 for Na8[U(BiWjtO38H)2]. The 
approximate values of the electrophoretically determined stability constants 
are of 103 6 order, which points out thé formation of some stable complex poly­
oxometalates.

By the photocolorimefric study and the method of the variation of molar 
ratios, the formation, in both cases, of the compounds with the molar ratio 
metallic cation : polyoxometallic ligand =1:2 has been established.
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DETERMINATION OF DIFFUSION COEFFICIENTS OF SOAIE METALLIC 
CATION IN ION-EXCHANGE MEMBRANES

LIVIU ONICIU*,  ADRIAN NICOAR.V, CRISTINA CORÄBIAN*

ABSTRACT. Electrodialysis processes have been applied in an increasing num­
ber of industrial applications including chemical processing and treatment of 
industrial waste waters. The main paraméter that describes the membrane ionic 
transport is the diffusion coefficient. The diffusion coefficients of Fea+ and 
Fe,+ in 0.5 MH.SO, and in a strong acid ion-exchange membrane, at 18 °C 
using cyclic voltammetry and hydrodynamic voltammetry have been determined 
using a membrane coated platinum electrode.

Introduction. The use of ion-exchange membranes is growing rapidly in the 
field of séparations due especially to the development of the Nafion and other 
fluoropolymer membranes that have extremely good performance. Their use 
in electrodialysis processes have been applied to the production of the sait 
from sea water, desalination, chemical processing and treatment of industrial 
waste watèrs and others processes. Ion-exchange membranes differ from ion- 
exchange resins, in that ions selectively permeate exchange membranes by 
migrating from one side to the other side of the membrane imder the influence 
of an applied electric field, rather then being absorbed as by resins [1, 2]. 
Due to the nature of this séparation process, for estimate the electrodialysis 
performance is essentially to find the parameters of ionic transport. As it is 
shown in Nernst-Planck équation (1), the diffusion coefficient décidés both 
diffusions (first) and migrating (second) terms of ionic flux transport.

N, = -O,VC, - + C,V (1)

If the convective velocity, V, of solution in membrane is extremely slow, 
it eau be easily neglected the third, convective ionic membrane flux transport 
term. So, the main paraméter that describe the membrane ionic transport is 
the diffusion coefficient of a particular ion in specified ion-exchange mem­
brane. The aim of this paper is to find out the diffusion coefficient of Fca+ 
and Fe2+ both in a sulphuric acid solution and in a strong acid cationic ex­
change membrane, produced by CCMMM Bucharest, immersed in sulphuric 
acid solution.

Tlieory. Linear sweep cyclic voltammetry. Linear sweep cyclic voltammetry 
consiste of cycling the potential of an electrode, which is immersed in an 
unstirred solution, and measuring the resulting current. The applied potential 
to working electrode is a linear seau with a triangulär waveform.
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The important parameters of a cyclic voltammogram are the magnitudes 
of anodic peak current, Ipa, cathodic peak current, Ipc, the anodic peak po­
tential, Efa, and the cathodic peak potential, Evc-

A redox couple in which both species rapidtjr exchange électrons with 
the working electrode is termed as an electrochemically reversible couple. 
Other sufficient reversibility condition is that the electron’s exchange rate 
is much greater than ion transport through solution.

The number of électrons transferred in the electrode reaction, z, fer a 
reversible redox couple сап be determined írom the séparation between the 
peak potentials :

(2)

tfhus, a one-electron process, such as examined electrochemical System, exhibits 
a SEp of 0.059 V regardless scanning rate. Slow electron transfer at the elec­
trode surface, for a less reversible System (quasireversible or even irreversible 
for very slow electron transfer), causes the peak séparation to increase.

The peak current for a reversible System is described by the Randles- 
Sevcik équation for the forward sweep of the first cycle [3J :

Ip = 0.269 • 10s • л3/2 • .4 • D\<- ■ C*  ■ (3)

where Ip is the peak current (.4), z is electron stoichiometry, A is electrode area 
(cm2), D is diffusion coefficient (cm2 s), C is the concentration (mol/cm3) and 
V is the scan rate (F/s).

Values of Ipa and Ipc should be identical, or anyhow closer. Their r.vio 
should not regard the scan rate excepting if there are chemical reactions coupied 
to the electrode process [41.

Hydrodynamic voltammetry. Hydrodynamic voltammetry is a method invok ing- 
convective mass transport of reactants and products, and measurement of 
limiting current on i-E curves. The advantage of hydrodynamic methods is 
that a steady state is attained quicker and measurements can be made with 
high accuraey with less sophisticated device. In addition, due to the steady 
state régimé, double-layer charging does not enter the measurement. The 
potential scan rate must be slow enough to ensure the steady state régime.

The important parameters of a hydrodynamic voltammogram are tbc li­
miting current density, qim and half-wave potential E1/2.

The current density in the convective-diffusion control condition, at steady 
state, is :

í = • &

x = 0
(4)

where, under the limiting current 
intégration,

conditions we obtain Levich équation affér

Zlîm --  620 3 ■ D-i-' ■ V-*/« • c; • «’/2 (5)
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where v (cm2/s) is the solution viscosit у, 
w (rad/s) is the angular velocitv and 
CJ is the bulk concentration.

For membrane coated electrode, 
both ionic transports in membrane and 
solution must be taken in considéra­
tion [5]. In figure 1 the concentration 
profile is shown for the reactant (Fe2‘) ; 
Cpe2+ is the bulk concentration, Cj?e2+ 
is the membrane-solution interface con­
centration aud C£ is the platinum-so­
lution interface concentration.
For ionic transport in solution, the cur­
rent is given for pure diffusive control 
by :

• = (6) 
8s(cû) Fig. 1. The concentration profiles in merr. 

.... brane.
where D^+ ls the diffusion coefficient
in solution and 5s(m) is the solution diffusion layer thickness given by :

8s(w) = 1.61 • D^i+ ■ ■ w-1-'2

Also, for the ionic transport in membrane, the current density is given for 
pure diffusive control by : 

where DFe2+ m is the diffusion coefficient in membrane and is the membrane 
thickness.

The limiting current density expression of the membrane coated electrode 
is obtained if = 0, and using last tree équations we obtained :

1 3 vt'15
_— =------------------------------- 1--------- ----------------------- ------- со -1 /2 (9)
Aim 0.63cF/f Feï+j5Cpeâ+

from where both in membrane and in solution diffusion coefficients can be 
calculated from qi vs • со~1/2 plot.

Experimental. A convențional three-electrode cell equipped with a platinum counter electrode and 
a saturated calomel reference electrode was used. The working electrode was a platinum rotatmg 
electrode embedded in a Teflon holder and coated, or no, with an ion-exchange membrane layer 
In ail cases the température was 18°C. The electrolvte solution was 0.005 M FeSO4 and 0.5 M 
1I2SU4 or only 0,5 M II2Sc4 aqueous solution. The sulphuric acid had been used to assure the pure 
diffusion régime, both in solution and membrane, and to prevent the anodie oxygen évolution. 
Bue to the chosen potential range, deoxygenation was not required becausc of the limit«d catho- 
dic polarisation that prevent the oxygen réduction.

The platinum electrode was mechanical polished with fine sand paper and rinsed in distùled 
water. The coated platinum electrode was obtained attaching a dry 0.1 mm membrane to the pla- 

8 — Chemia 1—2/1994
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tin am electrode using a concentrate solution of same ion-exchange resins in X'-methyl pyrolidone. 
Betöre any experiment, the membrane coated electrode was immersed overnight in the electrolyte 
solution. Special attention wa» taken for preveut the gas formation at this electrode, which can 
eventually obstruct the electrode. This technique gave reproducible results.

The used ion-exchange membranes, stipplied by CCMMM Bucharest, were made from a strong 
acid cation-exchange, sulphonate poly-sulphone resin.

The measurements were made using a I.P7e Laboratorni Pristroje Praha polarograph, a PS3 
Forschungsinstitut potentiostat, in a classical tree electrode electrical draft, a manufactured rotating 
disk electrode and a XY recorder.

Results and discussion. The results of cyclical voltammetry using platinum 
electrode after subtracting the values obtained using the base electrolyte, are 
given in table 1.

Table 1

Values of peak eurrent on platinum electrode

V ^pa 4<

[V/min] C(xA] Гр A]

0.1 2.14 1.765
0.2 3.025 2.515
0.4 4.082 3.36
0.75 5.51 4.62
1.2 6.46 5.62
1.5 7.1 6.09

Table 2 contains the results of cyclic voltammetry using membrane coated 
platinum electrode after subtracting the values obtained using the base electro­
lyte.

Table 2

Vaines of peak eurrent on membrane coated platinum 
electrode.

V ^pa 4e

[V/min] [pA] [P-A]

0.1 0.82 0.62
0.2 1.14 0.89
0.4 1,62 1.25
0.75 2.06 1.66
1.2 2.39 2.06

In figure 2 and 3 is shown the Z vs. sqr(v) plot of platinum electrode and 
membrane coated platinum electrode. The validity of Randles-Sevcik équation 
is proved only at low Scan täte, and is better for the membrane coated élec­
trode due to a slower ioti transport m ion-exchange membrane.
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Fig. 2. Peak current magnitude vs. square 
root of scan rate obtained in cyclic vol­

tammetry, using platinum electrode.

Fig. 3. Peak current magnitude vs. square 
root of scan rate obtained in cyclic vol­
tammetry, using membrane coated platinum 

electrode.

The diffusion coefficients were calculated front the slope of the function Ip vs. 
sqr(v) using first three points, and their values are presented in table 5.

The cxperiments using rotating disk electrodes were carried out only in 
the anodic direction for avoiding the influence of réduction of oxygen. j.

Table i5?! Table 3

The dependenee of limited current density 
on the rotating membrane coated platinum 

electrode angular veloeity

The dependenee of limited current denslty 
on the rotating platinam electrode angular 

veloeity

О
[s-*l

1lim
[mA/cm2] [s-4

’lim
[nA;cm2l

34.6 1.119 36.13 33
45.6 1.197 48.69 33.2
50.3 1.283 62.83 33.5
56.5 1.387 78.54 33.3
64.4 1.460 95.82 33.5
69.1 1.541 111.52 33.6
75.4 1.606 191.63 33.6
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Fig. 4. Limited current density vs. 
square root angular velocity iu hydro- 
dvnamic voltammetry, using platinum 

electrode.
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Fig. 5. Limited current density vs 
square root angular velocity in hydro- 
dynamic voltammetry, using membrane 

coated platinum electrode.

The results of the rotating disk électrodes are prcsented in tables 3 and 
4, and in figures 5 and 6 are the limited current vs. square root angular 
velocity, from were the diffusion coefficients have been calculated (table 5).

Determined diffusion coefficients.

Investigation method ■ l>Fe2 p*100[cm2.'sl OIf(,3+*10,[cm2's]

Table 5

solution membrane solution membrane

Cyclic voltammetry 4.89 0.706 3.51 0.438
Uydrodynamic voltammetry 5.12 — — —
- Pt electrode

Uydrodynamic voltammetry 4.35 0.728 — —
— coated Pt electrode

Conclusions. The obtained diffusion coefficients in solution are close to the 
literature values. Excepting the value of solution diffusion coefficient deter- 
minated using membrane coated electrode, ail the values had good accuracy. 
This could be explained by the poor ionic diffusion transport in ion-exchange
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membrane in a relative tick membrane, in which the ionic transport in solution 
слеп at low angular velocity is much faster than in membrane.

Also, the possible chemical coupled steps were not observed.
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CONCENTRATION OF LEVELLING AGENTS AND
LEVELEING EFFICIENCY IN LEAD ELECTROREFINING 

IN FLUOROSILICATE ELECTROLYTES

L. ONICIU, LIANA MVREȘAN, V. A. TOPÁN, D. GHERȚOIU, LÍDIA SZÁNTÓ

ABSTRACT. In order to appreciate cantitatively the quality of the lead ca­
thodes obtained by electrorefining of impure lead in solutions çontaining hexa- 
fluorosilicic acid, lead hexafluorosilicate and different additives, a critérium 
based on the apparent density of the electrodes, is proposed. The existence of a 
maximum of apparent density — additives concentrations curves suggests that 
a certain ratio between the concentrations of the two tested additives (sodium 
lignin sulphonate and horse — chcstnut extract) is necessary to ensure an op­
timum levelling of the cathodes.

1. Introduction. High purity lead (>99,99%) is produced almost exclu- 
sively by Betts process by electrorefining of impure lead (~98%) in a solu­
tion containing 60—100 gl_1 hexafluorosilicic acid and 30—270 gl_1 of lead 
and as fluorosilicate [1, 2].

To avoid dendritic growth of the cathodic deposit, various organic com­
pounds acting as levelling agents are added to'the electrolyte [3]. In the 
classical Betts process, the levelling agents are Ca or Na ligning sulphonate 
[LS] and animal glue [4].

In previous works, it was shown that an extract of horse chestnut (HCE) 
has a bénéficiai effect on the quality of the lead deposits, replacing succes- 
sfully the animal glue [5, 6]. With the simultaneous presence of LS and HCE, 
the dendritic growth is totally suppressed, and the resulting smooth layers 
present characteristic morphologies [7].

It has also been shown that these twro levelling agents increase the catho­
dic polarization and this inhibiting effect is particularly sensitive to electro­
lyte stirring [7]. Thus, the coverage with LS of the cathode decreases with 
the stirring rate, w'hile the coverage with HCE increases with the stirring 
rate, mainly in the range of low cathodic overpotentials.

A reaction model of lead electrodeposition in the presence of LS alone 
and of LS-HCE mixtures was proposed [8, 9]. The synergism of the two 
organic compounds seems to resuit írom their specific action during the dif­
ferent steps of the électrocrystallisation and from their opposite dependenee 
on the electrolyte stirring. LS inhibits moderately the charge transfer reac­
tion and blocks the quantity of active sites on the metal surface, while HCE 
inhibits strongly the charge transfer reaction and allows a moderate and con- 
trolled increase of the number of active sites due to a vanishing inhibition 
with increasing current.
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The aim of the present work is to study the influence of LS and HCE 
concentration on the quality of the lead cathodic deposit and to correlate 
the resuit with the reaction model projjosed previously [8, 9j.

2. Experimental. The clectrolvte used in ail experiments was a solution of 80 gl_I HsSiFt 
and 80 gl_1 Pbs~ as l’bSiF,. preparated from pure chemicals dissolved in distiller! water.

The experiments were carried out in a 4 1 cell containing a sheet of pure lead as cathode and 
two anodes of impure lead, in a mechanicalstirred clectrolvte, and at a eurrent density of 180 A m 5 
(fig. D-

Various concentration of I,S at a constant concentration of IICE and various concentrations 
of IICE at constant concentrations of LS were used to obtain pure lead cathodes by electrolysis.

A set of polarisation curves in the absence and in the presence of different amounts of 
additives was drawn with a rotating disk working electrode made of titanium (S = 1,13 cm’), a lead 
counter electrode and a saturated calomel reference electrode protected by a KNÜS sait bridge. 
The electrode rotation speed was electronically maintained at 1200 rpm.

3. Results and discussion. A comparison between the different cathodes 
obtained in the electrorefining cell reveals that in the absence of any addi­
tive, the lead deposit is the worse, consisting of large nonuniform, crystals 
and being dendritic.

In the presence of LS alone as in the presence of HCE alone, the depo­
sit becomes levelled but rough, displaying a structure built up of rounded 
polygonal aggregates, with bumpy edges.

Simultaneous use of LS and HCE leads to an improvement of the depo­
sit quality, resulting in smaller crystals denoting a higher nucléation rate and 
a compact microstructure of the deposit. The aspect of the électrodes is influen- 
ced by the LS and HCE concentrations; the best was the électrodes obtained 
with 3 gl-1 LS and 2—3 gl"1 HCE (fig. 3).

In order to appreciate cantitatively the quality of the cathodes, a cri­
térium based on the apparent density, pei>, of the electrode was proposed. 
The apparent density may be calculated with the relation :

ANODE CATHODE ANODE

Fig. 1. Experimental tlevice for lead electrorefining.
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Fig. 2. Electrode obtained without addi­
tives (Pb2 + 80 gl“2, H2SiF, 80 gl~i, i = 
= 180 А-m-2, t=20’C, mechanical stirring).

Fig. 3. Electrode witli 3 gl 1 LS and 2 gl“1
1-ICE (mechanical stirring, t° = 20°C, 

i = 180 A • ni“2)

where mPb is the deposited lead mass, IZP the volume of the parallelepiped 
in which the electrode may be inscripted and F, the volume of the initial 
lead cathode.

Despite levelling is a characteristic of a microprofile and çaP is a charac­
teristic of a macroprofile, this critérium was used successfully for appreciate 
the quality of the cathodes. The grater the levelling of the deposit, the greater 
is the apparent density; the upper limit is 11.4 g-cm-3, the absolute density 
of pure lead.

Representing ț>ap for a set of électrodes obtained at a constant concen­
tration of HCIÎ (2gl_1) and various concentration of LS, a curve with a maxi­
mum was obtained (fig. 4).

The maximum corresponds to a concentration of LS of 3 gl“1. Maintai- 
r.ing a constant concentration of LS (3 gl“1), at various HCE concentrations 
çtap varies as shown in fig. 5.

The concentrations of HCL) which ensure the best levelling of the deposit 
in the working conditions, were 2 gl“1 at 20°C (fig. 4.) and 3 gl“1 at 40°C 
(fig. 5.). The déplacement of maximum towards large concentrations at higher 
température is due to the inverse proportionality of adsorption of HCE at 
the interface with the température. The vertical déplacement of the maxi-
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LS (g/ll

Fig * Influence of I.S concentration on p 
(conc. 1ICE = 2 gl ■).

F i g. 5. Influence of IICF. concentration 
on Pap icone- 1S = 3 8Г‘)-

inra was attributed to the improvement of levelling by modifying the balance 
between the different types of overpotentials occnrring in the steps of the
electrocrvstalization process.

The existence of a maximum of the 
levelling corresponding to a certain concen­
tration of organic additives is mentionod 
also in sonie other electrodeposition process, 
like nickel electrodeposition from Watts- 
type electrolytes [10].
The maximum of ря/> — additive concen­
tration curves suggests that a certain ratio 
between the concentrations of the two 
additives is necessary to ensure an opti­
mum levelling. This ratio can resuit 
írom a competitive absorption at the in­
terface of the two organic compounds. 
"The relative position of the polarization 
curves obtained in the presence of each of 
the two additives used separatele, as com­
paru! with the curve obtained in the 
presence of optimum LS + HCE mixtu­
res, supports this idea (fig. 6).
The position of the curve corresponding 
to the LS HCE mixtures between the 
curves corresponding to the individual 
additives suggests the existence of an 

F i g. 6. Polarization curves (with ohmic 
drop correction). (1 ) without additives ; (2)
with 3 gp 1 I.S; (3) with 3 gl—1 I,S and 
3 gl 1 IICE; (4) with 3 gl“1 HCE 1.1200 

rptn i.
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interférence [ (may be a competitive adsorption) of the two levelling 
agents.

The kinetic results obtained previously by impédance spectroscopy [8, 9], 
demonstrate that the two levelling agents act specificallv during the different 
stages of the electrocrystallization process and their behaviour is differently 
influenced by the electrolyte stirring. We can conclude that the maximum of 
paf> — concentration of additives (optimum levelling) corresponds to that con­
centration ratio; which is able to ensure a moderate activation overpotential 
and a moderate nucléation overpotential at the interface. The synergism of 
the two additives can thus be explained by their complementarity.
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ABSTRACT. The imequal redistribution of the zinc, the undersirable morpho­
logies modification during recharge and the corrosion of the zinc electrode are 
discussed in the present paper.

1. Introduction. Zinc is the most commonly used baterry electrode because 
of its low equilibrium potential, reversibility, compatibility with aqueous elec- 
trolytes, the relative low équivalent weight, high specific energy and volume­
tric energy density, abundance, low cost, low toxicity and case of handling.

Two important characteristics of zinc, its high solubility in alkaline elec- 
trolytes and its rapid electrochemical kinetics are linked to the formation of 
the unwanted Zn electrode morphologies (dendrites, filamentary growths, nodu­
les) aud to the redistribution of Zn active material during recharge.

The Zn/NiOOH battery is recognized for its high specific energy of 
80 Wh/kg, its excelent peak specific power (260 W/kg), its good low-température 
performance (until —40°C) and moderate self-discharge rate (< 0,8%/day).

The uses for Ni-Zn batteries include power sources for communication 
equipment, electric vehicles, portable electric-powered equipment and energy 
sotrage [1—3).

« 1700
о I 1000 p

The System
F i g. 1. The lifetimes of some se­

condary Systems.
Fig. 2. The specific power of some secon­

dary Systems.
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The system

Fig. 3. The specific energy of sonie secondary 
Systems.

The Ni-Zn battery has recieved 
serious considération especially for 
applications in electric drive.

The plots of the life-times, specific 
power and specific energy of the se- 
condarv svstems are presented in t he­
fig. 1-3.'

2. The funelionality of the Ni-Zn 
batteries The íunctionality of the 
Ni-Zn batteries could be explained 
by following reactions [5—6] : 

— in a minimum amoimt of élect­
rolyte, to the positive electrode :

2NÍOOH 4- 2H2O -Ș- 2e- Ls.ch?rptT 2Ni(OH)2 + 2OH~ (1)
recharge

— to the negative electrode :

Zn + 2OH- —cha-rge-
recharge

ZnO + H2O + 2e~

The cell recharge reaction is :

2NÍOOH + Zn + H2O , -ТТТТ 2Ni(OH)2 + ZnO 
recharge

— in an excess amount of eleetrolyte, to the positive electrode :

2NÍOOH + 2H2O + 2e~ 2Ni(OH)2 + 2OH '
recharge

— to the negative electrode :

(2)

(3)

(4)

Zn + 2K0H + 2OH~ ,'1is‘'hargc- ZnK2(OH)4 + 2e~ (5)
recharge

The cell reaction is :

Zn + 2NÍ00H + 2KOH d- 2H,0 -,vThargt ZnK2(OH)4 + 2Ni(OH)2 (6) 
recharge

The active electromotive réaction of the Ni-Zn battery is spontaneous- 
and the température coefficient of EMF, in isobar conditions, is negative :

(_ÉL] __L < о, where AS < 0 (7)
l dT zF

it means that a part of the entalpy is transformée! in beat, warming up the 
battery.
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The reversible cell voltage is about 1,65 V, where the theoretical spe­
cific energy is 386 Wh/kg.

3. The behaviour of zinc anode
3.1. Model for zinc dissolution. The reaction mechanism of the déposition and 
dissolution of zinc in alkaline solutions are still a subject for discussion. A 
controversy cxists about the mechanisms of reaction which have been deriveil 
from the values of reaction Orders, Tafel slopes, and from exchange current 
densifies deduced from measurements [6—13].

Dirkse and Hampson [7—8] proposed the following mechanism of dis­
solution (oxidation) réaction of zinc :

Zn 4- OH" ZnOH- (8)
ZnOH- ?» ZnOH + c“ (9)

ZnOH + OH- Zn(OH)2 + e- (10)
Zn(OH)2 + 2OH- Zn(OH)j- (11)

where (9) is the rate-determining step.
Later, Dirkse [9] pointed out that the zinc electrode behaviour is 

sensitive to the ionic strength in the electrolyte and lie confirmed the mecha­
nism proposed previously.

A second mechanism was proposed by Bockris at al. [10] :
Zn + OH-ZnOH 4-e~ • (12)
ZnOH + OH" Zn(OH)7 (13)
Zn(OH)y + OH“ Zn(OH)3 + e- (14)
Zn(OH)â + OH- Zn(OH)i“ (15)

where réaction (14) is the rate-determining step, in both anodic and cathodic 
directions.

More recent measurements of galvanostatic transknts carricd out at cons­
tant ionic strenght [11] have been reported to be consistent with the suggested 
mechanism of Bockris et al.

Moreover it was shown that the ionic strength lias no influence on the 
kinetics of the zinc electrode [8].

The pseudo-equilibrium method was also used to interpret the potentio- 
dynamic curves of Chang and Prentice [11] whose results could be explaincd 
by the following sequence for zinc dissolution :

Zn + OH“ î> ZnOH + e- (1«)
ZnOH + 2OH- Zn(OH)a + e- (17)
Zn(OH)3 + OH- Zn(OH)'i- (18)

where the rate-determining step is reaction (17).
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This model сап be regarded as a simplificd version of the Bockris model 
since reaction (17) involves reaction (13) and (14).

Impédance spectroscopv measurements have been shown that ail these 
mechanisms involve a multistep discharge and generally several adsorbed 
intermediates [12 — 16].

Recently, Cachet and colab. proposed a new mechanism of zinc electrode 
discharge, which involves two succesive charge-transfer reactions [17] :

Zn«±Zir + e~ (19)
Zn+ n Zn2+ + e" (20)

where Zn2+ dénotés the zincate species Zn(OH)$~ and the monovalent inter­
mediate Zn+ is probablv hydroxylated such as the compounds ZnOH or 
Zn(OH)5~ involved in the reaction models proposed by Dirkse, Bockris and 
Prentice [5 —11]. Any possible chemical step associated with a change in the 
hydroxylation degree of intermediates is supposed to be fast in comparison 
with the electrochemical steps (19) and (20).

In addition, it is considered that reactions (19) and (20) take place through 
a porous laver of thickness L (fig. 4), which is supposed to be made of cylin- 
dricai pores through a conductive material, probablv a mixture of zinc oxide 
and zinc metal of composition ZnxO}, (x > y). The renewal of the conductive 
material during the active dissolution of zinc electrode can be ensured by a 
précipitation process from the superconcentrated zincate ions.

Zn(OH)2" ?± ZnO + H2O -h 2OH- (21)
and/or by a disproportionation process from the intermediate ZnOH :

2ZnOH ?» Zn 4- ZnO 4- H2O (22)
Therefore, the electron conductivity of this material is sufficient to allow 
reactions (19) and (20) and to take place bot h at the pore base and along the 
pore wall. Most of the zincate species formed inside the pore diffuses away 
towards through the Nernst laver towards the bulk of the electrolyte.
3.2. Model for zinc déposition devoted to the connection between the mechanism 
of zinc déposition and thte deposit morphology. In a recent work [18], it was 
mentioned that, at low cathodic polarizations, granulär compact deposits are 
formed.

Cachet and his coworkers [19] have proposed a model for zinc déposition 
with two succesive charge-transfer steps :

Zn2+ 4- e- ?» Zn+ (23)
Zn+?*c-4-Zn  (24)

where Zn- dénotés the discharging zincate species Zn(OH)j_ and the interme­
diate Zn+ is probablv ZnOH or Zn(OH)p.

It is considered that the reactions (23) and (24) take place through 
ZntOy, a laver of mixed conductivity and composition (fig. 5). On the conduc­
tive fraction 6 of the electrode, reaction (23) is assumed to occur at the
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Conductive layer

Fig. 4. Model for zinc dissolution. Fig. 5. Model for zinc déposition.

distance L from the metal layer interface (x = L), whereas reaction (24) lea- 
ding to the metal atom will take place at x = 0.

Although there is no experimental data about the layer conductivity, it 
can be supposed that inhomogeneities in the composition, the thickness or 
the structure of the surface layer induce inhomogeneities in the layer conduc­
tivity.

It may be concluded that the discharge of zincate ions in alkaline électro­
lytes takes place in the two succesive charge-transfer reactions, probably coup- 
led to relative fast chemical steps. It is also shown that the electrode steady 
state is controlled by the presence of an interfacial layer whose geometrical 
properties and conductivity dépend on the electrode polarization.
3.3. The formation of dendrites. A difficult problem in the function of the zinc 
electrode at recharge consist in the formation of the dendrites, which can be 
the origine of a short circuit in the battery.

Mashtev and Zlatilova [20] have studied the kinetics of the cristalites 
appearance, which preceds the dendrites and they also found that the pre- 
cursors gowth up lineary in time, inside the diffusion layer. The rate of the 
precursors growht, vp, can be represented at each moment by the ratio y/tr 
where the medium height y of the precursors, measured at the time S t, is 
equal to the thickness of the diffusion layer 3. Based on this cquality and on 
the constancv of xrp, the détermination of the rate of the precursors growth 
in function by the overpotential 7] and the thickness 3 of the diffusion layer 
is possible :

— = z S7vioexp(—7) • S^RT + r3/y • v ■ DC0) (s/cm) (25)
vp

where : r is the radius of curvature in time of precursors growth
v — the molar volume of zincate
D — the diffusion coefficient of the zincate
Co — the bulk solution concentration of zincate
i0 — the exchange eurrent density
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cathodic anodie 
impulse impulse interruption

f=50Hz tk*t o+ta=10ms.

T i g. 6. The recharge of zinc electrode in 
impulse.'..

The time of the dendrites apparence 
S" generated by équation (21) is given by :

ST = 3/^ + r3/wDC0 (26) 
which lead to the rate of the dendri­
tes growth, v, :

— — 5®:/vi0exp(—-r^/RT) (27)

It cornes out that the effect on 
the zincate concentration on the time 
of dendrites appereance corresponding 
to the équation (26).

The time of dendrites appearance 
can be increased and therefore the phe­
nomenon belated, by introduction of 
some metalic ions in the zincate solution 
which decrcases the current density of 
the dendrité déposition. Similar effects 

have the galium, strontium, calcium hydroxide or salts additives. The forma­
tion of the dendrites can be inhibited by an alloy of the zinc electrode with 
other metals, In or Tl [21].

It has been observed [22] that the zinc déposition during the charge 
can be realized by use of a cathodic impulse, followed by another anodie 
impulse and an interruption, as shown in fig. 6. The cycle is repeated. The 
cathodic impulse separates the zinc, the anodie impulse aplits the nonadherent 
dendritic l'orms and during the charge the mass transport is ensured.
3.4. Aclivc-inalerial redistribution of zinc anodes. Another problem of the zinc 
electrode is active-material redistribution on surface of electrode.

As concerning this process, investigations of Raman aud NMR spectra, 
video microscopy [23], etc., have identified several mechanisms by which 
zinc active-material redistribution might take place in a quiescent secondary 
cell :
1) Electroosmotic forces caninduce the flow of electrolyte, which results in convec- 
tive transport of soluble zinc-bearing species [24] ;
2) Non-uniform current density distribution leads to concentration gradients 
which resuit in the diffusion of soluble zinc-bearing species [25] ;
3) Preferențial nucléation of zinc, rather than onto the electrode current-col- 
lector, and cathodic H2 évolution at the electrode edges can resuit in non-uni- 
lorm zinc déposition during charge [26] ;
4) Autocatalytic dissolution of zinc via Zn(OH)i~ ions leads to an accelerated 
zinc dissolution near the electrode edges, where the Zn(OH)j_ concentration 
tends to be higher [27];
5) Isolated zinc fragments can migrate across the electrode under the influence 
of potential gradients [28].
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Models 1) and 2) suggest that the rate of zinc-material redistribution is 
strongly dependent upon the solubility of zinc-bearing species in the electrolyte. 
Model 3) would predict the zinc redistribution rate is strongly affected by the 
clioice of current-collector material. The change of shape could be a combina­
tion of these effects [29].
3.5. The corrosion of zinc électrodes. The zinc deposited during the charge of 
the battery has the tendency to corrode in alkaline solution of electrolyte. 
The process is based on the équation of Tafel :

■y) = a + b ■ lg i (28)
where a and b are constants. The relatiouship is valid provided the charge 
transfer is the rate determining step.

The corrosion potential ecor and the corrosion eurrent fcor can be derived 
from graphical plots of tq against In i.

Overpotential is related to the corrosion eurrent imi by [30] :
RT , i

ri = ----- ~'n ——
OtZF îCor

(29)

where a, Z, F, R, T have their usual significance (fig. 7).
Stern and Geary established a relationship between the corrosion potential 

and corrosion eurrent :
ba ■ bcds

di 2,3icor(6<t + bc)
assuming that e is remoted from the reversible potentials. 

The
(hdr):

(30)

zinc corrosion is linked by the hydrogen ions discharge réaction

The 
mass of

Zn + 2H,O — Zn(0H)2 + 2H+ + 2e- (31)
zinc electrode corrosion is accelerated by the presence in the active 
some metalic ions impurities like Nï+2, Fe2+, Pt2+, Pd2+ because of 

the lower hdr overpotential on these metals. 
The amalgamated zinc has an increased 

hdr overpotential and therefore it is used 
for anticorrosive protection of zinc électro­
des. The Pb, In, T1NO3, SnCl2, ZnO addi­
tives have the same role [31—33].

More recently, were studied the additives 
in the electrolyte solution (inorganic and or­
ganic complexes) for the inhibition of zinc 
electrode corrosion. Fig. 7 and 8 shown the 
corrosion percent of the zinc electrode in 
standard electrolyte in comparison with so­
lutions containing inorganic (metals) and or­
ganic additives, respectively inhibitors of the 
corrosion inhibition. The anticorrosive pro-The lùIeleanu-Evans diagram.

g — CLemid 1—2/1994
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electrolyte
Fig. 8. The corrosion of zinc 
electrode in standard electrolyte 
and in electrolyte containing me­

talic additives. nidine-HCl ; 3 — hydrochinon ; 4 — nitro- 
benzoicacid ; 5 — glycine ; 6 — nitroto- 
luene ; 7 — dinitrobenzene ; 8 — nitropbe- 
nol ; 9 — nitroaniline ; 10 — a-diphenyl-

glyoxime.

tecting effect of some organic substances is shown in fig. 9 and the accelera­
tor role of some metals in electrolyte.

4. Types of Ni-Zn batteries. Four basic cell designs have been developed :
— vented static-electrolyte cells ;
— sealed static-electrolyte cells ;
— vibrating-electrode cells ;
— flowing-eleotrolyte cells.
4.1. Vented static-electrolyte cells. Cells of this type are designed to be capaci- 
ty-limited by the NiOOH positive electrode, which is typically a porous sin- 
tered structure. The porous Zn electrode is usually prepared by applying a 
polymer-bondedpaste of ZnO to a screen or mesh current collector. The Zn/Ni 
mass ratio has a significant effect on cell lifetime, as does the Zn/electrolyte 
mass ratio [34, 35]. The electrolyte is usually an aqueous solutio containing 
25—30% KOH and 1% LiOH, saturated with ZnO. The height of the elec­
trolyte meniscus can have a significant effect on the rate and extent of Zn 
material redistribution.

Microporous separator materials serve to retard Zn dendrité growth. To 
prevent the shortcircuit of a battery due to the dendrites formation, the 
nickel electrode is coated with a fine nickel mesh, which contains a catalysts 
with a lower overpotential for hdr. Therefore the dendrites disappear by the 
corrosion reaction on the mesh.
4.2. Sealed static-electrolyte cells. The development of a sealed Zn/NiOOH cell 
is necesary for battery applications that require low maintenance and safe 
operations. Cell design requires the efficient transfer of O2 from NiOOH elec- 
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trode to the Zn electrode. Also, a H2 reconibination device may be neces- 
sarv for long lived cells. Such devices have been incorporated as auxiliary 
électrodes which have also been used to dissolve residual Zn deposits, react 
with excess O2, and serve intermittently as extra-positive électrodes.

The hydrogen évolution on zinc electrode can be suppressed by zinc amal­
gamation, impurities élimination with a low overpotential for hydrogen dis­
charge reaction, or by incorporation of ZnO in the NiOOH electrode.

Cells of this tvpe, having capacities of 1,2—10 Ah were developed by 
YUHASA [36].
4.3. Vibrating-electrode cells. By vibration of zinc electrode is prevented the 
dendritic deposits during the charge. A cam arrangement was used to vibrate 
a planar Zn electrode, typically ett a frequency of 20 Hz and an amplitude 
of 1,5—2,5 mm [37]. Agitation of the electrolyte resulted in homogenization 
of zincate-ion concentrations, which effectively eliminated the Zn active mate­
rial redistribution problem. Lifetimes greater than 1000 cycles were obtained ; 
however, the specific energy was typically less than 50 Wh/kg because of the 
heavy mechanical parts and the excess volume of electrolyte that were re- 
quired.

Alternatives of this constructive solution include Zn/NiOOH cells with 
rotating shutter separators, moving sheet and rotating électrodes.
4.4. Flowing-electrolyte cells. Cells using flowing electrolyte have been developed 
by SORAPEC and RENAULT [38]. An original concept was the use of 
Zn-coated polymer beads, which were circulated through the negative-elec- 
trode compartment by flowing electrolyte. Single-cell lifetimes greater than 
1000 cycles were obtained.

Future prospects. Significant increases in the lifetime of Zn/NiOOH cells have 
poised this technology for entry into commercial portable power applications ; 
however, longer lifetimes are needed before a viable electric which battery 
can be built.

Recent investigations of the pulse-power characteristics of NiOOH élec­
trodes [39] confer that the Zn/NiOOH cell is suitable for high-power applica­
tions as well.

Secondary alkaline Zn cell research and development has made great 
strides during the past fifteen years. There is strong interest in cells of this 
type, and we can expect similar advances during the years ahead.

REFERENCE S

1. Frank R. Mctarnon, Elton J. Cairns, J. Electrochem. Soc., 138, 2, (1991).
2. R. F. Savinell and H. S. Burney, J. Electrochem. Soc., 137, 485c, (1990).
3. S. U. Falk and A. J. Salkind, Alkaline Storage Batteries, John Wiley and Sons, 

Inc. New York, (1969).
4. L. Oniciu, Eleonóra Maria Rus, Electrochemical Power Sources, Ed. Dacia, 

Cluj-Napoca, (1987).
5. J. Hendrikx, W. Visscher, E. B a r e n d r e c h t, J. of Appl. Electrochem., 16, 

1, 175, (1986).
6. Guy Bronoel, L’actualité chimique, 5 — 6, 117, (1990).



132 L. ONICIU et al.

7. N. A. Hampson, G. A. Herdman and R. Taylor, J. Electroanal. Chem.. 25. 
9, (1970).

8. T. P. Dirkse and N. A. Hampson, Electrochim Acta, 17, 135, 1113, (1972).
9. T. P. Dirkse, J. Electrochem. Soc., 127, 1452, (1980).

10. J. O'M. Bockris, Z. Nagy and A. Damjanovic, J. Electrochem. Soc., 119, 285 
(1972).

11. Y. C. Chang and G. Prentice, J. Electrochem. Soc., 132, 375, (1985); 131, 1465 
(1984).

12. Г. Epelboin, M. K souri and R. W i a r t, J. Electrochem. Soc., 122,, 1206, (1975).
13. C. Cachet, U. Sttöder and R. Wiart, Electrochim. Acta, 27 , 903, (1982).
14. J. Hendriks, W V i s s c h e r and E. Barendrecht, Electrochim. Acta 29. 81 

(1984); 30, 999, (1985).
15. C. Cachet, Z. C h a m i and R. Wiart, Electrochim. Acta, 32. 465, (1987).
16. C. Cachet, B. Saîdani and R. Wiart, Electrochim. Acta, 33, 405, (1988).
17. C. Cachet, B. Saîdani, R. Wiart, J. Electrochem. Soc., 139, 3, (1992).
18. A. Hugo t - L e Goff, S. Joiret, B. Saîdani and R. Wiart, J. E-tctroanal 

Chem., 263, 127, (1989).
19. C. Cachet, Z. C h a ni i and R. Wiart, Electrochim. Acta, 32. 469, (1987).
20. R. V. Mashtev and P. Z lati lova, 28 Meeting of ISE, Varna, sept. 18—25 96 

(1977).
21. L. Oniciu, Eleonóra Maria Rus, Violeta V o i n a, D e 1 i a C о n s t a n t i n. 

Modem Science and Energy, Cluj-Napoca, X, 94, (1991).
22. J. P. Diard, B. Le G e v e, 28 Meeting of ISE, Varna, sept. 18 — 25, 95, (1977).
23. R. E. F. Eincrhand, W. Visscher, J. J. M. de G e e y, E. Barendrecht. 

J. Electroche m. Soc., 138, 1, (1991).
24. K. W. C h о i, D. N. Bennien, J. Newmans, J. Electrochem. Soc., 123, 130, (1976).
25. J. Mc Breen, J. Electrochem. Soc., 119, 1620, (1972).
26. S. J a n u s z к ia w ic z, H. V a i d y a n a t h a n, M. Dadin, T. Lee, Argonne Rational 

Laboratory Report,ANJ/OEPM - 80 - 13, (1981).
27. M. C. H. Mc H u b r e, Lawrence Berkeley Laboratory, Report LBL—16141, (1983 .
28. S. Szpak, C. J. Gabriel, T. Katarr, J. Electrochem. Soc., 127, 1063, (1988).
29. R. Jain, T. C. Adler, F. R. Mc Larnon, E. J. Cairns, J. of Appl. Electro­

chem., 2 2, 11, (1992).
30. T. K e i 1 y, T. J. Sinclair, J. of Power Sources, 6. 47, (1981).
31. L. Z. V о r к a p i i, D. M. DraziC, A. R. Despié, f. Electrochem. Soc., 121, 1385 

(1974).
32. M. Cenek, O. K our il, NASA Tech. Transi. F - 14, 693, (1973).
33. C. J. В о о к e r, G. Manahar, Note City London, Polytechn,, iun. (1977).
34. S. F'urukawa, K. Inouue, M. N о g a m i, Jpn Pat., 63, 76, 270, (1988).
35. Toshiba Battery Co. Ltd., Jpn. Pat., 58, 189, 966, (1983).
36. Y. Ishikura, Y. Fujiwara, T. U e d a, Sanyo Electric Co. Ltd., Jpn. Fat. 63 

131, 479, (1988).
37. O. von K r u s e n t i e r n a, US Pat., 4. 015, 052, (1977).
38. G. Bronoel, R. Rouget, N. Tassin, A. Millet, The Electrochem. Soc. Extended 

Abstr., Hollywood, Florida, 15-20 oct., 89-2, (1989).
39. D. A. Corrigau, J. Power Sources, 21, 33, (1987).



STUDIA UNIV. BABEȘ-BOIA’AI, СИВАНА, XXXIX, 1-2, 1994

CCNEUCTIVHY OF SCME LITHIUM SAUTS IN ORGANIC SOLVENT

1. CMClt*,  CS. BOÏ.IA*,  G. ȚABĂIT \GÄ**,  I. I). BOBOȘ*,  E. DEMETER*,  E. CSALTO

* Babes-Bolyai University, Dept. of Physical Chemistry, 34C0 Chtj-Napoca, Romania
♦ * Babeș-Bolyai University, Laboialcty cj BliCimhiihuab., J-iíű Cu.j-Л tiy eut, JKcv.ania

ABSTRACT. In this paper are studied the specific conductivity and viscosity 
of some aprotic electrolytic solutions used in the lithium batteries. The pro- 
perties of some EiClO4 and LiBF4 solutions in mixture of organic solvents (CP 
with DME or THF, respectively) are investigated.

1. Introduction. Since 3 decenies ago it was begun the research of the lithium 
batteries with nonaqueous electrolytic solutions [1]. These cells have a high 
energy density, but their power density, because of highly internai résistance, 
is lower [2].

One of the main battery problem is the optimization of the electrolytic 
solutions in view to obtain better specific characteristics as high electroche- 
mical stability towards to the électrodes, high specific conductivity and low 
viscosity. These desiderata are not obtained when it use onlv one aprotic 
solvent [3—51.

The aprotic solvents used in lithium battery and their physical properties 
are shown in Table 1.

T able 1

Physical constants of some aprotic solvents used in lithium cells Я

Solvent mp (°C) bp (°C) D 7) (CP) D/-, d(g/cm3)

Acetonitrile (AN) -45.7 91.6 36 0.35 103 0.78
y-Butirolactone (BE) — 42 206 39.1 1.75 22.3 1.13
Ethvlene carbonate (ЕС) 36.4 249 89.6 1,85 49.6 1.32
Propylene carbonate (PC) -39 242 66.1 2.5 25.4 1.2
1,2-Dimethôxyethane (DME) -58 83 7.2 0.45 16.0 0.86
N.N-Dimethylformamide (DMFA) -61 153 36.71 0.8 46.2 0.94
Tetrahydrofuran (THF) -65 65 7.39 1.09 6.8 0.89
1,3-Dioxolane (DOL) -95 78 7.13 — — 1.06
mp : melting point ; b.p. : boiling point ; I) : dielectric constant ; r, : viscosity and d : density

On the basis of above data, it can be observed that propylene carbonate 
(PC) and ethylene carbonate (ЕС) have a high dielectric constant, but they 
have a very high viscosity. On the other hand, dimethoxyethane (DME) and 
tetrahydrofurane (THF) have a low dielectric constant and lower viscosity. 
Therefore is recommanded using a mixture of two types of solvents.

In this work are investigated the conductivity and the viscosity of some 
UiClO4 and LiBF4 solution in mixtures of PC with DME/THF.
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2. Préparation of electrolytic solutions. Because traces of water and alcohoî 
in the electrolytic solution dégradé considerably the lithium electrode, an ad- 
vanced purification of the solvent is necessary. This was achieved with PC 
by distillation in vacuum, using a Vigreaux column and with DME by distil­
lation at normal pressure. The peroxide impurities from THF were eliminated 
with alkaline hidroxyde. The distillated solvent purity was controlled by gas 
clu omatography.

Lithium salts were prepared from LiOH • H2O and HC1O4, respectively 
HBF4 solutions. From the prepared solutions, the salts, as trihydrates, were 
crvstallized. The crvstallohydrates were purified by repeated crystallization 
(aî)out three times) from the deionizated water. The dehydratation of the 
salts was performed into a vacuum drier, where was achieved a vacuum of 
0.02 atm. The increase of the température was marked gradually taking 
care of the sait does not melt in the crystallizing water of the sait. 
After the élimination of the main amount of water, an advanced dehydratation 
of the salts was performed through the maintenance of LiClO4 fertnight in the 
vacuum drier, at 105°C, respectively LiBF4 at about 65°C.

After the overall removal of the water, LiBF4 was recrystallized from 
DME to eliminate LiF which is present always in LiBF4 as impurity. Through 
the recrvstallization were obtained LiBF4 and DME ; the later was elimi­
nated through same trateament as the water.

The electrolytic solutions (LiC104, LiBF4 respectively in DME + PC and 
LiBF4 in DME -j- THF) were prepared in a dry box, having the concentrations 
between 4 ■ 10"3 — 9 • 10'1 mol/1.

3. Determination of the electroly tic solution eonduetivities and viseosities. 
The conductivity of the solutions was measured with a Radelkis conductometer 
OK 102/1, using one conductometer cell with three contacts having 
C = 0,6653 cm'1. The experimental measurements were performed in dry bar 
and the results are showed in Table 2.

From the above experimental data we were plotted specific conductivity 
as function of the electrolyte concentration and the percentage composition 
of the solvent mixture (Fig. 1, 2, 3).

. On the basis of these results one can observe that in the ail cases the con­
ductivity variation présents a maximum, which is more pronounced when the 
solution concentration of the electrolyte is greater. The maximum value is 
situated between 8 • 10-3— 12 • 10~s£l_1 • cm'1, and it can be observed in 
Li01O4 solutions in PC — DME mixture. Also, it can be see that specific con­
ductivity of the electrolytic solution obtained with solvent mixtures is about 
two-three times higher than the solutions obtained with a single solvent.

The viscosity of the solutions was determined -with a Ubbelohde viscosi- 
meter with the suspended level from the measurement of the flowing times. 
Each measurement was repeated five times ; the values of relative viscosity 
are in- tlu* Table 3.

4 From these data it can be see that the viscosity increases monatonously 
with the concentration of the electrolyte, respectively with the PC content. 
It has been found that these increases have a exponențial aspect.
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T о Ые 2

The fondiictivltles of somé eleetrolytle solutions

Solvents mixtures ?.[10’ n-icm1]

PC - DME
0/ 0//0 /о 4 ■ 10’M

Concentration of LiCIO,
• 10' M2 • 10-’ M 1 • 10-» M 5

100-0 0.094 0.366 1.490 4.258
73.56-26.44 — 0.649 2.578 7.185
58.18-41.82 0,225 0.852 3.393 9.713
41.03-58.97 0.243 0.911 3.526 10.512
29.10-70.90 0.279 1.031 3.659 10.149
17.12-82.88 0.186 0.798 2.794 8.982

0-100 0.008 0.030 0.366 4.926

PC —DUE concentration of LiBFt
о/ 0//о /0 4 • 10-’ M 2 • 10-’ M 1 ■ 10-’ M 4 ■ 10’ M 9 ■ 10-’ M

100-0 0.066 0.306 1.397 3.526 3.998
73.56-26.44 0.213 0.599 2.195 5.522 7.450
58.18-41.82 0.333 0.699 2.661 6.121 8.190
41.03-58.97 0.353 0.852 2.861 5.988 8.316
29.10-70.90 0.346 0.812 2.595 5.256 8.117
17.12-82.88 0,246 0.632 1.996 4.125 6.985

0-100 0.006 0.018 0.164 0.918 3.326

PC-THF concentration of LiBF4
% % 2 • 10-’ M 1 ■ 10-’ M 4 • 10’ M 9 • 10-’ M

100-0 0.306 1.397 3.526 3.990
73.56-26.44 1.363 2.328 5.189 6.250
58.18-41,82 1.729 2,494 5.322 6.780
41.03 - 58.97 1.663 2.528 5.189 6.850
29.10-70.90 1.463 2.328 4.657. 6.650
17.12-82.88 1.064 1.796 4.124 5.380

0-100 0.025 0.199 0.864 2.690

Fig. 1. Specific conduc­
tivity of LiClOj solution 
in PC + DMIi mixture 
(concentration of IjClO, is : 
(a) - 2 ■ 10 2 M; (b) 
— 1 • 10 ■* M and (c)

— 5 • 10 1 M)
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Fig. Specific coudnctivity of Liliig solution 
in IrC i- DME mixture (concentration of LiBFt 
is: (u) - 1 • K)-' M; (b! - 4 • 10 1 M and (c) 

- 9 ■ 10 ‘ M)

F i g. 3, Specific conductivity of Lillig solu­
tion in l’C + THF mixture (concentration of 
I.iBl\ is: (a) - 1 • 10 1 M; (b) - 4-10-1 M 

and (c) - 9 - Ю-i M)

The relative viscnsities ot some eleetrolitye solutions

Table 3

Solvents mixtures r.

PC DME
О/ О/, U /0 4 • 10 » M 2

Concentration of T.iClO.
10 i M• IO“2 M 1 • 10 * M 5 •

100-0 7.129 7.031 7.204 9.489
73.50-26.44 — 3.509 3.945 5.191
58.18-41.82 2.476 2.536 2.701 3.880
41.03-58.97 1.861 1.915 2.025 2.873
29.10-70.90 1.523 1.546 1.668 2.326
17 12-82.88 1.279 1.274 1.357 1.924

0-100 1.001 1.010 1.080 1.513
PC-DME concentration of IjBF.
©/ О//0 /Э 4 • 10~3 M 2 • 10 2 M 1 ■ 10*  m j ■ io-> M 9 ■ 10-’ M
100-0 6.018 6.037 6.329 8.361 12.114

73.56-26.44 3.384 3.919 4.113 4.987 7.296
58.18-41.82 2.421 3.103 3.168 3.532 4.795
41.03-58.97 1.915 2.234 2.462 2.577 3.758
29.10-70.90 1.404 1.797 1.965 2.134 3.032
17.12-82.88 1.299 1.429 1.564 1.753 2.127

0-100 1.001 1.001 — 1.192 1.635
PC-THF concentration of LillF.
О/ О//0 /О 2 ■ 10 2 M 1 ■ 10’ M 4 • 10 -’M 9 • 10 1 M

100-0 6.037 6.328 8.359 12.117
73.56-26.44 3.032 3.258 3.893 6.641
58.18-41.82 2.460 2.527 3.132 5.378
41.03-58.97 1.814 2.009 2.473 4.276
29.10-70.90 1.544 1.760 2.181 3.510
17.12-82.88 1.285 1.436 1.825 2.732

0-100 1.043 1.130 1.319 1.911
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Conclusions. It can be observed the advantages concerning specific conducti- 
vities and viscosities of the electrolytic solutions obtained with mixtures of 
organic solvents in comparison with them obtained in a single solvent.
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THE REACTION BETWEEN CHROMATE AND THIOLS. 
V. THE OXIDATION OF MERCAPTOSUCCINIC ACID

10 AX BALDEA

ABSTRACT. The oxidation of mercaptosuccinic acid proceeds via a relative 
rapid pre-equilibrium in which a thioester is formed

HOOC-CH.-CH-SH + HCrO« HOOC-CHs-CH-SCrO- + HSO К/ 
I I
COOH COOH

Au equilibrium constant of К/= (1.48 ± 0.07) X 10’dm’mol-1 has been de- 
termined at 25.0°C and ionic strengtli of 0.5. The visible and u.v. absorption 
spectrum of intermediate has been recorded.
Kinetic measurements have been made to obtain the rate of thioester interme­
diate formation, as well as the rate of the redox process, wliem disulfide haa 
been formed, using a two-step model, each process being of the first-order un der 
a large excess of mercaptosuccinic acid. The following rate laws have been found :

rate/ = {k° + k”[H + ]}[RSH][HCrOj-]

for the thioester formation, with k® = 44.1 ± 0.3 dmsmol_1s“i and k]1 == 
= (1.92 ±0.01) X 10’ dmemol_,s_l at 25°C and p = 0.5, and

rateox = (k + кЯ[Н4]}[RSH] JRSCrOj]

for the electron-transfer process, with к = 23 • 8 ± 0.3 dm’mol-’»-1 and 
kH = (2.03 ± 0.13) X 10’ dm’mol-’s-».
Both the substitution of OH- in HOCrOj and subséquent oxidation processes 
are discussed.

Introduction. A considérable amount of work has been done on the chromic 
acid oxidation of various inorganic and organic compounds. The oxidation 
of cysteine and related thiols by Cr(VI) in acidic solution have been studied 
by McAuley and co-workes [1 ], Baldea and Niac [2,3] and Kwong and Penning- 
ton [4] in neutral media. Growth and decay of a chromate-substrate complex 1 : 1 
as a transient intermediate of various inorganic and organic compounds have 
been already estabilished [1 — 11]. Both the equilibrium spectrophotometric data 
and the kinetics support these mechanistic steps. When a Chromiun(VI)-Sulfur 
bonding is formed, the intermediate Condensed compound présents spectra 
with important red shift maxima as compared to the similar oxygen-bridged 
compounds [2, 7.12]. On the other hand, the equilibrium constants for such 
sulfur-bridged intermediates are 2—3 orders of magnitude higher as compared 
to the corresponding oxygen-bridged compounds [5, 6, 10]. The stoichiometry 
of 3: 1 thiol : Cr(VI) has been found uuder a substanțial excess of thiol [1—5, 
10]. The intermediate undergoes redox décomposition alone or by a reaction 
with another thiol molecule to give disulfide.
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The formation of the Condensed compound is quite rapid as compäred to 
its subséquent electron-transfer process in the case of cysteine [1, 2, 4], 
ethanethiol [5], thiosulfate [10], but the ratio of growth/decay of intermediate 
is not so high in the case of mercaptoacetic acid oxidation [3].

To get more information about the role of the substrate nature ori the 
relative rate of intermediate buildup and decav through electron-transfer 
process, mercaptosuccinic acid has been chosen as thiol substrate to be oxi- 
dized by Cr(VI), taking into account the possibility of its chélation to inter­
mediate Cr(V), Cr(IV) as well as to the final réduction product Cr(III). Some 
other reactions as oxidation of oxalic acid [13] and lactic acid [14] were 
interpreted as sequence of bi- and mono-equivalent steps with a dominant role 
of Cr(V).
Experimental. Chemicals Were of reagent grade purity as obtained from commercial sources and 
used without further purification. Stock solutions of reactants were prepared using doubly distil- 
led water, appropriately diluted, and their acidity adjusted as required when they were employéd 
for experimente. Standardization was performed by usual mcans as described previously í2, .3]. 
Mercaptosuccinic (thiomalic) acid solution was freshly prepared before each set of measurements affér 
passing de-aerated methane through twice distilled water. Absorption spectra of the intermediate 
Condensed compound was recorded by means of a Specord-L’V VIS spectrophotometer for small 
ranges of Wavelength, with freshly mixed solutions, llach range was covered two or three firnes. 
Low concentrations were chosed to avoid the subséquent redox reaction as much as possib'e. 
Kinetic measurements were performed by using a Zeiss VSl’-l spectrophotometer able to monitor 
the dissapearance of Cr(VI)-thiomalic complex at 410 nm in a simple stopped-flow device, manuaily 
operated, builded by us and adjusted to the spectrophotometer. The stopped-flow device was equi- 
ped with a thermostated jacket as well as with a trigger to mark the start of the reaction on the 
recordings. A Zeiss G—1 В—1 universal recorder was connected to the spectrophotometer. ït used 
an 1 cm • s-1 speed for the recording paper.
The reaction went to completion within 20—50 seconds, and corrections for the monitored transmit- 
ted light intensity versus time were nteessary to account for the delay of the rccorder as conipa- 
red to the reaction progress.

The formation constants of Cr(VI)-mercaptosuccinic acid was determincd spectrophotome- 
trically at 410 nm using a concentration range where the- redox process was quite slow.

Results and discussion.
1. The stoichiometry of the process was estabilished by spectrophotometric ti­
tration of Cr(VI) with thiomalic acid after each mixture was allowed to react 
for at least 5—6 half periods [15]. Ratios close to 3:1 mercaptosuccinic acid: 
Cr(VI) were obtained, showing that the main oxidation product is disulfide 
S2(CH(COOH) — CH2— COOH)2. It has been previously fouud that thiols were 
oxidized to disulfide even by strong oxidizing agents as Co(lII) and Ce(IV) [16].
2. The formation of thioester. A change of solution colour from yellow to orange 
took place rapidly when chromate solution was injected into thiomalic acid 
solution. The spectra of 3 X 10-4 mol • dm-3 HCrO4 solution and its mixtures 
with mercaptosuccinic acid in the ratios Cr(VI) :C4H6O4S of 3:1 and 1:4.3 
respectively were recorded progressively ior small ranges of wavelength with 
freshly mixed solutions. They are presented in fig. 1. The acidity was 1.0 X 10-2 
mol • dm-3 HC1O4 for ail three cases. Two isosbestic points, locàted at 321 and 
392 nm were observed, indicating that only two absorbing species were present in 
the mixture. The red shift of the peaks is apparent, and a sulfur-chromium 
bonding seems to be involved. The following equilibrium has been considered to
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take place prior the oxidizing proccss, the Condensed compound being a thio- 
ester :

RSH + HCrOr RSCrOa + H2O kz, k„ Kz (1)
RSH i.s the abbreviation for HOOC-CH2-CH(COOH)SH. The HCrO4 ion is 
practically the only form of Cr(VI) present in the solution to react with thiol, 
under the range of concentration and acidity employed [17]. To evaluate 
the equilibrium constant Kz for chromate-mercaptosuccinic acid complex, a pro­
cedure described previously was used [2]. Table 1 contains the absorbance 
measurements under conditions where redox reaction was quite slow. Each 
value at equilibrium is a mean of 4—6 individual measurements, which do not 
dii'fer to more than 3%. The absorbance is given by the two coloured species. 
For an 1 cm path length cell, it is :

A =Je0{ [HCrOp ]0 - [RSCrOj j}+ £1 [RSCrOj ] (2)
where s0 and stand for the molar absorptivitics for HCrOp and RSCrO^" 
species respectively. Equation (2) can 
developed for calculating both s, and

£obsd -— £ ( ~ '

where £obs<i = A/[Cr(VI)]0 is the mean absorption coefficient for the mixture 
and [RSH ]z stands for free mercaptosuccinic acid concentration. An iterative

be reiat cd to Ky 
К/ values :

an expression is

1 ^obsd о (3)

Fig. 1. Absorption spectra of 3.0 X 10 ’mol dm s HCrOj'(P) and its 
mixtures with 1.0 X 10“4 mol dm_J (2) and 1.33 X 10~’ mol dm-3 (3) 

mercaptosuccinic acid.
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-procedure, using an objective least-squares method gave et as the intercept and 
as the slope of the line described by équation (3). Figure 2 show-s a good 

fit of the data after four itérations, where convergence has been attained. К/ 
determined in each itération was used to calculate [RSH]z for the next ité­
ration. First approximation started by considering [RSH]/ = [RSH]0. The 
results are : К/ = (1.48 ± 0.07) X 103 dm3mol_1 at 25°C and jx = 0.5, and — 
== 740 4- 11 dm3molcm-1 at 410 nm.

Table i

Absorbance measurements at equilibrium and calculated values for eq. (3). T = 298±0.2K,
[H+] = 0.005 p, = 0.5 [Cr(VI) I = 5 x 10-« X = 410 nm

10= [RSH] A ’obsd S« . ^obsd in -
[RSH]0 X 10 [RSH]/ X 10

5.0 0.337 673 0.932 1.021
2.5 0.303 606 1.596 1.876
2.0 0.293 586 1.895 2.303
1.5 0.276 553 2.307 2.940
1.0 0.241 481 2.740 3.683
0.5 0.192 384 3.540 5.284
0.4 0.178 356 3.725 5.704

first itération fourth itération

Fig. 2. linear dependence given by <q. (3). 1 — First itération with
[RSH]/ = [RSH]0; 2 — Fourth inti rat'on when convergence has been 

achi' w d
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3. Kinetic measurements. Because the buildup of thioester and its subséquent 
redox process take place with rates having the same order of magnitude under 
the excess concentration of mercaptosuccinic acid (5.43 X 10~3 to 1.6 X 10“2 
mol • dm 3 as compared to 4 X 10 4 mol • dm-3 for Cr(VI)), the two processes 
have been treated as a sériés of first-order steps. Figure 3 présents a recorded 
curve showing percent of transmitted light intensity versus time together 
with the corrected one, taking into account the response period of the recorder 
(t = 0.5 s)

Jcorr — J + (4)

Ail recorded curves were corrected and transposed into absorbance as a function 
of time. An analysis of figure 3 reveals that the formation of thioester is a 
little faster than its decay in the oxidation process. By comparison to the mer- 
captoacetic acid [3] and cysteine [1,2] oxidation mechanism, in the present 
case of thiomalic acid oxidation, the process should follow the same sequence 
of steps. At acidity held constant the following consecutive reactions to be 
measured have been considered :

RSH + HCrOr RSCrOjf + H2O kp k» Kz
RSCrOj + RSH-» R2S2 4- Cr(IV) (5)

with (5) as the rate- determining step. R2S2 stands for disulfide. Cr(IV) under- 
goes further rapid processes by direct oxidation of mercaptosuccinic acid to

Fig. 3. Transmitted light intensity in percentage versus time and 
corrected curve. [HCrO«] = 4.0 X 10 *. [RSH] = 8.2 X Ю“’ [H*] « 

~ 2.02 X 10 ’ at 25.0°C and |Л = 0.5.
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form Сг(Ш) and a thiyl free rădicai, or by forming Cr(V) species in an one-equi- 
valent reaction with Cr(VI) [1—4].

Cr(IV) + RSH-» Cr(III) 4- RS° (6)
Cr(IV) 4- Cr(VI) — 2 Cr(V) (7)

Chromium (V) behaves like chromate, condensing and oxidizing mercaptosuccinic 
acid.

Cr(V) 4- 2 RSH-* Cr(III) 4- R2S2 (8)
2RS°-»R2S2 (9)

Kinetic measurements have been carried out under the conditions of a large 
excess of organic substrate to ensure first-order conditions. Under such cir- 
cumstance the system becomes much simple :

HCrO4' ■ RSCrOj +R^ Products (10)
kt k,

with
kJ = kz[RSH] 4- k6 = kz{[RSH] + KF1}
k] = k2[RSH] (11)

Following the absorbance at 410 nm where HCrOf, RSCrOj and the final pro­
duct Cr(III) having some excess mercaptosuccinic acid trapped as ligand, are 
the absorbing species

A = s0 [HCrO4-,] 4- 4 [RSCrOg- ] 4- 4 [Cr(IIÎ) ] (12)
with ej > e0 > e2. Using the integrated rate law for a first-order séries, the 
following relation is ontained [18] :

A - e8[Cr(VI)]0 = |ч + (ч “ ч) } (Cr(VI)]0 exp (-k[t) +

+ (ч - ч) . ,к1\, [Cr(VI)]0 ехр(- kit) (13)
к2 ki

Making the notation

Ti = js0+ (Ч - Ч) [Cr(VI)]o

Ъ = (ч - Ч) Т7^-7 [Cr(VI)]0 У (14)
к2 к!

Aœ = e8[Cr(VI)]ff 
équation (13) becomes

А — Аоо = Yiexp (—k[t) 4-у2ехр (—k2t) (15J 
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It seems reasonably to consider the electron-transfer process as rate-determining 
step. Therefore k[ > k2 and towards the end of the reaction, the first step 
has been completely accomplished. The tenn exp( — k[t) becomes very small 
compared to exp (—k2t). Under this circumstance, neglecting first termin équa­
tion (15), the serai logarithmic représentation of eq. (15) gives a straight line

ln (A — A„) = ln y2 — kót (16)
Both the pre-exponential terra y2 and the rate coefficient for the slower process 
k2 are obtainable from the intercept and the slope of the line. By means of 
these values, the différences у2ехр(—kót) — (A — Ада) can be computed and 
a new linear équation ma y be derived :

ln{y2exp( — kót) — (А — Ax)} = ln^q — k[t (17)
from which the pre-exponential term and the rate coefficient for the faster 
process can be obtained. Plots of eqs. (16) and (17) are presented in figure 4. 
The points fit well with eq. (16) towards the end of the whole process, and 
eq. (17) at the begining of it. The corrélation coefficients determined by using 
a least-square method were between 0.9940 and 0.9995. Table 2 collects the va­
lues of k[ and k2 for various mercaptosuccinic acid excess concentrations 
at 25°C, p. = 0.5 and [H4 ] = 1.05 X 10“2. The contribution of mercaptosuc­
cinic acid to the total acidity is quite small (рКл of 3.30, 4.92 and 10.64 [19]). 
Plots of both first-order rate coefficients k[ and kô versus mercaptosuccinic 
acid concentration gave straight lines. The équations of the lines (least-square 
calculated) are :

Fig. 4. I,inear plots of eqs (16) and (17) for ilICrOf] — 
= 4.0 x 10"*, [RSH] = 1.07 X 10 2. '11 y - 1.05 X 10 V

k( = (2.8 ± 1.1) X io-a±
+ (47.1 ± 1.4) [RSHj (18)

(corrélation coefficient 7 = 
= 0.9975) and

k' = (—7.4 ±0.8) x 10 ■ ±
± (28.4 ± 1.2) [RSHJ (19)

(corrélation coefficient r = 
= 0.9940).
At acidity held constant 
one can identify ky = 47.1 
dm3mol_Is_1 and k6 = 2.8 X 
X 10“3 s-1. The ratio of 
these rate coefficients gives 
Kz - k,/k4 - (1.7 ± 0.7) X 
X 103 dm3mol x. The equili­
brium constant Kz kinetically 
determined is of the same 
order of magnitude as the 
value determined spectro-
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Kinetic data for various morcaptosucdnic aeld concentrations. [C.r(VI) ] = 4= X 10-4, 
[H ] = 1.05 X 10-’, [Z = 0.5, T = 298 К

Tilft' 2

10’[RSH] k((S-q r lq(.S ') Г kf
dm’mol'

. k2
“! S“1

0.546 0.280 0.9981 0.157 0.9942 47.911 28.75
0.302 0.9986 0.152 0.9972 27.84
0.296 0.9990 0.148 0.9981 27.11
0.298 0.9988 0.153 0.9978 28.02

0.820 0.408 0.9983 0.214 0.9978 46.42 26.46
0.416 0.9985 0.210 0.9989 25.61
0.410 0.9977 0.212 0.9991 25.80
0.414 0.9975 0.210 0.9978 25.61

1.07 0.525 0.9981 0.293 0.9987 45.10 27.38
0,502 0,9995 0.291 0.9992 27.20
0.512 0.9983 0.308 0.9972 28.79

1.25 0.621 0.9949 0.357 0.9978 46.74 28.56
0.610 0.9988 0.366 0.9971 29.28
0.616 0.9972 0.370 0.9995 29.60

1.60 0.795 0.9940 0.435 0.9982 47.36 27.19
0.786 0.9942 0.446 0.9942 27.88
0.782 0.9952 0.450 0.9945 28.13
0.798 0.9983 0.431 0.9975 26.94

Mean : 46.7+1.5 27.6

photometrically from the appropriate measurements above mentioned. Its 
error is quite large but it overlaps the range (1.48 ± 0.07) X 103dm3mol”J. 
On the other hand, values of ky may be calculated from the first-order k[ divided 
by {[RSH] + К/1}. These values also apear in Table 2 for all conditions emplo- 
yed. A mean of 46.7 ±1.5 dm3mol_1s_1 has been obtained.

Concerning the linear équation (19), at first view one can consider the 
intercept as being zero. But the error in the intercept is not large enough to 
compensate for the negative value, and a negative rate coefficient has no ratio­
nal interprétation. An alternative view-point is that proposed by McAuley 
and McCann [1] in the case of cysteine oxidation, and Baldea and Niac [10] 
in the case of thiosulfate oxidation. The rate law is of the form

_ d[Cr(VI)] = k2K/LRSH?
dt 1 + KZ[RSH]

Similar rate laws result from the accepted mechanisms of Cr(VI) oxidation 
of various inorganic and organic substrates. Because of the fact that excess 
of thiol was used, the term Ky[RSH] in the denominator is 23.7 at the largest 
excess employed and 1 could be neglected, but only 8.1 at the smallest thiol 
concentration excess, where neglecting 1 brings about some error. The depen- 
dence of kó on [RSH] is hvperbolic, and it can explain the negative intercept 
in eq. (19). However, neglecting 1 in eq. (20), than a second-order, first-order 
in each the thiol and the thioester concentration, could be calculated as k2 — 

10 — Chemia 1—2/19Я4
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= k3/[RSHJ. It is worth mentioning here that kinetic measurements followed 
the buildup and decay of the intermediate thioester. Second-order rate con­
stants calculated in this way are given in the last column of Table 2. The mean 
value is 27.6 dm’mol-^-1 (stantdard déviation cr„ — 1.2).

The effect of hydrogen ion concentration on the rate the Condensed com­
pound formation and its décomposition has been investigated in the range of 
the acidity between 5.8 X 10-3 and 4.01 X 10-2 mol • dm-3. Data are presen- 
ted in table 3. Both processes are dependent on [H+] as shown in figure 5,

The effect of hydrogen ton concentration on the rate coefficients at 25°C, — 0.5 and
[RSH] = 8.2 X Í0-«

Table 3

10’ [H+] ki(s-q Г к/
dm5,mol_1s~l

Г
dm’mol-’s“1

0.578 0.398 0.9985 45.07 0.200 0.9981 24.39
0.402 0.9987 0.206 0.9990 25.12
0.404 0.9990 0.208 0.9980 25.37

1.041 0.408 0.9987 46.31 0,214 0.9978 26.10
0.416 0.9985 0.210 0.9985 25.61
0.410 0.9991 0.212 0.9991 25.85
0.414 0.9977 0.210 0.9978 25.61
0.410 0.9975 0.214 0.9988 26.10

2.021 0.426 0.9981 48.00 0.229 0.9940 27.93
0.423 0.9984 0.228 0.9992 27.80
0.426 0.9985 0.230 0.9990 28.05
0.428 0.9979 0.230 0.9989 28.05

3.014 0.442 0.9987 49.8 0.245 0.9991 29.87
0.446 0.9968 0.242 0.9982 29.51
0.439 0.9991 0.246 0.9977 30.10

4.01 0.460 0.9964 51.83 0.262 0.9972 31.95
0.458 0.9988 0.264 0.9982 32.20
0.463 0.9991 0.260 0.9990 31.71
0.459 0.9982 0.261 0.9986 31.83

where a linear dependenee was obtained. Therefore, the formation of 1:1 
complex between Cr(VI) and mercaptosuccinic acid may be described by the 
rate law :

ratez = d[RSCrO^J / dt = {k° + k«[H+]}[RSH][HCrO4~] (21)

with k« = 44.1 ± 0.3 dm3mol-'1s-1 and k« = (1.92 i 0.01) x 102 dm6 mol^"1 
It means that the substitution of OH group in HOCrO^ takes place with undis- 
sociated mercaptosuccinic acid at the thiol function, and on the other hand, 
with H2OCrO3, formed in a rapid pre-equilibrium

RSH + HOCrOg — RSCrOj -f- H2O k}
HOCrOi + H+ H2OCrO3 (22)
RSH 4- H2OCrO3—* RSCrOj + H3O+ kJ
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The subséquent redox process obeys 
the following rate law :

rate0I = —d [Cr(VI) ]/dt = {k +
+ k«[H+]}[RSH][RSCrO3-j (23)

with к = 23 • 8 0.3 dm3mol_1s_1
and к» = (2.03 ± 0.13) x Ю2 
dm6mol~2s_1 at 25°C and u = 0.5. 
Similar rate laws were found in the 
Cr(VI) oxidation ofl-cysteine [2] and 
thioglycolic acid [3] under the condi­
tions of a large excess of substrates 
and acidic media. The équation (23) 
illustrâtes that there are two paths, 
one without and one with a hydro- 
gén ion involvement in the décom­
position of the complex, when it 
colides with another thiol molecule 
to yield Cr(lV) and disulfide (bi-equi- 
valent processes)

Fig. 5. The effect of hydrogen ion concentra­
tion on the second-order rate coefficients к/and 

k2 at growth and decay of complex.

RSCrOí + RSH-» Cr(IV) + R2S2 к
RSCrOă 4- RSH + Н+-» Cr(IV) + R2S2 кя (24')

Two alternative ways, kinetically indistinguishable, are those in which Cr(V) 
and disulfide radical are formed (one-equivalent processes)

RSCrOí + RSH-» Cr(V) + RS :.SR (24")
RSCrOF + RSH + H+-» Cr(V) + RS SR

Disulfide radical, having a sulfur-sulfur three-electron bond with the third elec­
tron in an antibonding orbital, has been identified l20J.lt is far more stabk 
than thiyl radical RS°. Its formation requires a second thiol molecule. Fürther 
Cr(V) can oxidize another two substrat,e molécules as shown above.

Table 4 compares kinetic data concerning complex formation and rëdox 
decay for several thioderivatives oxidized by chromate in acidic media. When 
ethanethiol was oxidized, the route without hydrogen ion involvement has not 
been identified, but a monomolecular décomposition of thioester took place [5] 
similar to the oxidation of cysteïne at neutral pH [4]. In all the cases présén- 
ted, extensive formation of complexes having S—Cr link have been found, with 
small equilibrium discrimination of the Or (VI) centre towards these thiols 
(one order of magnitude on КД On the çontrary, there is an important kine­
tic discrimination in both the complex formation and its subséquent redox 
décomposition (three and respective four orders of magnitude in kî1 and k").

l20J.lt
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Comparalion of the kinetic data on the formation of substrate-ehromate complex and redox 
décomposition at 25°C for varions thiocompounds.

Table 4

Substrate k° kH k7 к кН Rcf.

Н8гО- _ 3.7 X 103 1.2 X 104 1.79 X 10« 1.85 X 10‘ 10,11
C..H5SH — 2.3 X 104 1.15 X 101 — 15 5
1-Cysteine 2.1 1.4 X 10« 1.48 X 10« 7.7 0.7 2

1.03 X 103 12 1
C £Is(SH)COOH 66.3 2.47 X 10« 1.1 X 103 11 4.33 X 10« 3
Thiomalic acid 44.1 1.92 X 10« 1.48 X 103 23.8 2.03 X 10« This work
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the nature of the thiol, concernung redox behaviour, steric effects due to the 
groups in the vicinity of -SH, brings about large différence between the rates. 
Comparing cysteine, which has a small — NHj group in a — position, with 
mercaptoacetic acid and mercaptosuccinic acid, having bulky group — COOH 
in a — position the order in k“ and кя is : mercaptoacetic acid > mercapto- 
s uccinic acid > cysteine, showing that only steric effects cannot explain this 
behaviour. If the ratio ky/k, (calculated at a given hydrogen ion concentra­
tion and taking into account zero-order and first-order terms in H+) is compa- 
red, it is affected by the nature of thiol in the order cysteine > mercaptoace­
tic acid > mercaptosuccinic acid. Cousidering the question of one- versus 
two-electron transfer for the rate determining step, further experimental évi­
dence as EPR measurements, some induced reaction with Fe(II), Mn(II) [21] 
are requested. Kwong and Pennington favoured the two-electron transfer way 
on the basis of stoichiometry, EPR studies and using Mn(II) in the case of 
cysteine oxidation in neutral media [4], However, this do not unequivocally 
preclude the participation of Cr(V), which can form some complex with the 
excess thiol, especially when chélation is probable, prior its réduction to 
Cr(III).
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STUDIUM DER REDUKTION UND DER QUANTITATIVEN 
BESTIMMUNGSMÖGLICHKEITEN DES In + IN WÄSSRIGEN 

CHLORIDLÖSUNGEN DURCH KLASSISCHE UND 
WECHSELSTROMPOLAROGRAPHIE

IOX GH. TÄNASE», IL'LIA DAVID», ION IOXECI»

ABSTRACT: — The réduction sind y of the In3+-Ion on the dropping mercury
electrode. Itwas studied the réduction of the 4n3+-ion'on the dropping 
mercury electrode by direct and alternating current polarography. The process 
is reversible, diffusion-controlled and implies the transfer of 3 électrons, when 
HCl (0.1-5M) was used as supporting electrolyte. Using alternating current 
polarography with sensitive phase, ln3 + can be determined in the concentration 
range 1 ■ 10_3 — 1 • 10’ M with a détection limit of 5 • 10-’ M.

Obwohl Indium ein in Quecksilber leicht lösliches Metall ist, Amalgame 
bildend und demzufolge zu erwarten ist, daß das In3+-Ion sich in einer Reihe 
von Grundelektrolyten, auf Quecksilberelektroden reduziert und daß man deut­
lich ausgebildete i = f(e)-Kurven erhält, gibt es in der Fachliteratur verhält­
nismäßig wenige Anweisungen hinsichtlich der Bestimmung der Mikromengen 
des Indiums durch polarographische und voltammetrische Methoden. Trotzdem, 
die Kinetik der Oxidation und der Reduktion auf Quecksilberelektroden, der 
verschiedenen chemischen Arten in denen Indium auftreten kann, bildeten das 
Thema mehrerer Arbeiten die in der Fachliteratur erschienen sind [1—5]. In­
folge dieser Studien kam man zu der Schlußfolgerung, daß in nicht komplexie- 
renden, wässrigen Medien das Polarogramm für die Reduktion des In3+ durch 
einen Wert des Halbstufenpotentials von ei/2 = —0,550 V vs. GKE, charakte­
risiert ist. Das Halbstufenpotential entsprechend der Reduktion des komplexen 
Ions, in wässrigen Medien mit komplexierender Aktion, welche Halogenidionen 
[6], 2,2-Dipyridil [7], Zitrat [8], Glyoxalat [9], Thiouree, Cistein und Thiose- 
micarbazid [10] enthalten in proteinhaltigen Milieu, verschiebt sich gegen 
negativere Werte, so daß man ei/2 = -0,600-1---- 0,620 V vs. GKE oder sogar
noch kathodische Werte erhält.

Bezüglich der Reduktionskinetik des In3+-Ions auf Quecksilberelektroden 
Markovac und Lowrecek [4] erläuterten die Neigung der Tafel-Gerade, durch 
die Anwendung der charakteristischen Gleichungen für die anodische und kato­
dische Reaktion und zeigten, daß diese als Kriterium für die Festlegung des 
Reaktionsmechanismuses benutzt werden kann.

Hinsichtlich der Bestimmung der kinetischen Parameter des nichtkataly­
tischen Elektroreduktionsprozesses des In3+ im wässrigen Milieu, auf Quecksil­
berkathode, beziehungsweise der standard Geschwindigkeitskonstante (k5) und 
des charakteristischen scheinbaren Koeffizienten (aj, diese wurde von Turyau 
und Strizkov [12] angepackt, welche die Prozesse die parallel mit der kataly-
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tischen und nichtkatalytischen Entladung des In(III) verlaufen, in Betracht 
nahmen, Prozesse die die kinetische Analyse viel komplizieren.

но- ,, +
In3 + In(OH)2+—> [In(OH) ]2 + —In(Hg) + OH-

r 
I

+3c+

In(Hg)

In der oben aufgeführten katalytischen Reaktion, ist die langsame Etappe 
der Entwässerung [In(OH)]2 + eine Oberflächenreaktion. Auf diese Weise war 
die Untersuchung der nichtkatalytischen Entladung des In3+ mit Hilfe 
der Gleichstromopolarographie möglich. Auf polarographischer Weise kann man 
eine deutliche Differenzierung des katalytischen Prozesses sowohl vom nicht­
katalytischen Prozess als auch von der Entladung der Wasserstoffionen errei­
chen. Durch die Festsetzung der kinetischen Parameter der nichtkatalytischen 
Entladung des In3+, im 1 mol-L_1 NaClO4 + HC1O4 Milieu, kann man fest­
stellen, daß sich ihre Werte mit der Veränderung des pH’s der Lösung nicht 
ändern und der Wert der standard Konstante ist ks — 1 • 10 “8 cm-s-1.

Die Erforschung des Reduktionsmechanismus des In3+ auf der Quecksil­
ber-Tropfelektrode, durch die Benutzung der Gleichstrompolarographie als 
auch der Oszillopolarographie, um die erhaltenen Resultate zu vergleichen, stellt 
ein einzigartiges Interesse dar [13], weil auf dieser Weise, sowohl die Unter­
suchung der Reversibilität der Prozesse die auf der Elektrode stattfinden als 
auch die Berechnung des Diffusionskoeffizienten möglich sind, wenn man als 
Grundelektrolyt eine 1 mol-L-1 HCl Lösung verwendet (D = 2,95-10~6 cm2-

• s~l).
In der Literatur gibt es widersprüchliche Resultate bezüglich des Einflusses 

der verschiedenen Grundelektrolyten. Somit hat man herausgefunden, daß der 
Reduktionsprozeß des In3+ in CI“ und NOp haltigen Medium ein irreversibeler 
Prozeß [14, 15] ist, wahrend man festgestellt hat, daß er im Thiocianat- und 
im nichtkomplexierenden Medium reversibel und in einigen Leitelektrolyten 
quasireversibel verläuft [16]. Folglich, Kapoor und Jian [17] untersuchten 
den Einfluß des pH’s und der Temperatur auf die polarographische Reduktion 
des In3+, indem sie NaClO4 als Leitelektrolyt verwendeten. Sie zogen die 
Schlußfolgerung, daß der pH eine wichtige Rolle spielt, so daß bei pH > 3 
die Reduktion reversibel und bei pH < 3 irreversibel ist. Die Irreversibilität 
der drei-Elektronen-Reduktion des In3+ im wässrigen Milieu ist durch die 
Anwesenheit und durch die Konzentration einiger Anionen und Kationen be­
tont [18].

Durch die Erforschung der Reduktion des In3+ im nichtkomplexierenden 
Medium, indem man als Leitelektrolyt NaClO4, LiNO3, KNO3, RbNO3, Ca NO3 
mit Zugabe von HC1O4 oder HNO3 verwendet, bei pH < 3, versuchte man die 
verschiedenen katalytischen Prozesse die erscheinen und ihre widernatürliche 
Abhängigkeit von der Natur des Kations, dessen Salz man als Leitelektrolyt 
verwendet, zu erklären [19].



152 I. G. TÄNASE et al.

Die Bestimmung der niedrigen Konzentrationen des In3 aus verschiede­
nen Medien wurde durch polarographische und voltammetrische Techniken 
angepackt. Demzufolge ermöglichen die polarographischen Techniken im Wech­
selstrom und die Techniken der Stripping-Voltammetrie die Bestimmung des 
In3 ’ im Konzentrationsbereich 1 • 10 5 — 1 • IO"6 mol • L"1 [20 —22]

Experimenteller Teil. Für die Verwirklichung der polarographitchin Messungin im Gleich­
strom und im Wechsel ström, wurde ein polarographischcs Komplex mit drei Eltktrcdtn PRG3- 
Tacussel und eine RMO6 Tacussel Zelle, die mit einer thermostatierendrn Hülle versehen ist, be­
nützt. Die Kapillare die für die Herstellung der Ouecksilbcr-Tretpfelektrode veiwcndet wurde, hatte 
folgende Kennzeichen : m = 1,073 111g • s 1 ; ~= 4,185 s welche mit 0,1 mol ■ L"1 KCl bei —0,500 V 
vs. GKE, bei einer Höhe der Quecksilbersäule von h = 50 cm, bestimmt wurden. Als Gegenelcktrode 
wurde eine spiralförmige Platin-Elektrode Pt 121 Tacussel veiwtndet.

Alle Messungen wurden in streng kontrollierten Timperaiurbtd'ngungen bei 25 + 0,1’C 
ausgeführt und die Potentiale wurden gegen eine gesättigte Kalomell-Ekktrcde (GKE) bestimmt

Die verwendeten Substanzen waren von hoher Reinigkeit. Für die Zubereitung der Lösungen 
und für die Ausspülung des Glasgeschirrs wurde dreifach distilliertcs Wasser benützt.

Aus allen Lösungen die polarographiert wurden, entfeinte nirn den Sauerstoff durch Dur­
chleiten, für 10 Minuten, von gereinigten Argon.

Ergebnisse und Diskussionen. In der vorliegenden Arbeit wird die Reduktion 
des In3+-Ions auf der Quecksilber-Tropfelektrode behandelt. In diesem Sinne 
wurde die klassische und die Wechselstrompolarographie, im Chlorid-Medium 
als Leitelektrolyt, auf einem breiten Konzentrationsbereich benützt. Somit 
verfolgt man die Art in der die Grundparameter der Methode die quantitative 
Bestimmung des Indiums, hinsichtlich der Erhöhung der Empfindlichkeit und 
der Selektivität der polarographischen und voltammetrischen Bestimmungen 
beeinflussen, indem man auch den Mechanismus des Elektrodenprozesses der 
Reduktion des In3+-Ions auf der Quecksilber-Tropfelektrode berücksichtigt. 
Die Ausarbeitung einer Dosierungsmethode des In3+, ins Besondere bei niedri­
gen Konzentrationen, auf elektrochemischer Weise, welche die Nachweisgrenze 
unter 1 • 10-5 mol • L_1 senken soll, benötigt vor allem ein vertieftes Stu­
dium der Reduktionskinetik dieses Ions.

Indium besitzt eine große Löslichkeit in Quecksilber (>30%), demzufolge 
eine große Tendenz Amalgame zu bilden, welche einen großen Vorteil für die 
Benützung der Quecksilber-Tropfelektrodee für die Bestimmung des In3+ bei 
niedrigen Konzentrationen dar stellt. Die in der Literatur vorhandenen Daten 
deuten für die Geschwindigkeitskonstante der Reduktionsreaktion des In3 + 
Werte die größer sind als 0,1 cm-s“1, welche einen reversiblen Prozeß im Fall 
der Gleichstrompolarographie anzeigen.

Für die Festsetzung der optimalen Bedingungen für die Bestimmung des 
In3 + durch Wechselstrompolarographie mit sensibler Phase wurde zu erst 
ein Studium über die Reduktion des In3+-Ions in HCl-Lösungen von verschie­
denen Konzentrationen als Leitelektrolyt, ausgeführt, indem man parallel gleich- 
strompolarographische und wechselstrompolarographische Messungen durch­
führte. Die Resultate der Messungen die man mit den zwei Techniken erhiehlt 
sind in der Tabelle 1 niedergelegt. Dieses Studium erlaubte die Bestimmung 
der Halbstufenpotentiale, beziehungsweise der Peakpotentiale, der Weite bei 
der Halbhöhe der wechselstrompolarographischen Kurven bi/2, der Neigungen 
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der Geraden der logaritmisclien Ana­
lyse sowohl für die Gleichstrompola- 
rogmme als auch für die Wechsels- 
t rorapol arogr a mm '■.

In allen getesteten HCl-Lösungen 
sind die Kurven symmetrisch und 
gut ausgebildet, sowohl in der klassis­
che.: als auch in der Wechselstrompo­
larographie (Abbildung 1).

Wenn man für die Schätzung 
des Reversibilität grades und der ge­
tauschten Elektronenzahl im Re­
duktionsprozeß des In3 + auf der 
Quecksilber-Tropfelektrode, die Wer­
te der Weite der Kurven in der 
Wvchselstrompolarographie in Be­
tracht nimmt, danu kann man be­
merken, daß diese sehr nahe dem 
Wert 90/z mV sind, anzeigend die 
Transferierung von z — 3 Elektronen 
an der Oberfläche des Quecksilber­
tropfens, gemäß der Gleichung :

Abb. 1. Polarogramme im Gleichstrom (1) und 
im Wechselstrom (2) entsprechend der Reduktion 
einer 5 ■ 10 ■'> mol. I,-1 In3+ — Lösung in 2 
mol • I, 1 HCl • v = 50 Hz; ДЕ == 5 mV;

In3 + 4- 3e~^ In(Hg)

Für die Bestimmung der Halb- 
stufcnpotentiale e1/2, der Peakpoten­
tiale zp und der Ladungstransferko­
effizienten hat man die logaritmische 
Analyse durchgeführt für die Reduktion des In3“ — Ions im wässrigen Medium 
erhaltenen Gleichstrom und Wechselstrompolarogrammeu, wenn man als Leitelek­
trolyt HCl ron verschiedenen Konzentrationen benutzte.

Die graphischen Darstellungen der Abhängigkeiten 

für die Wechselstrompolarogramme, beziehungsweise log 

-= f(e) sind linear und die Steilheiten dieser Geraden nähern sich den theore­
tischen Werten 0,05916/3 V, beziehungsweise 0,120/3 V, was eine reversible 
Reduktionsreaktion des In3 — Ions auf der Oberfläche der Tropfelektrode 
anzeigt und die Reduktionsreaktion impliziert den Tausch von 3 Elektronen.

Wenn man die Veränderung des Grenzstromes der bei der Reduktion des 
Ini+ erhaltenen Gleichstrompolarogramme als Funktion der Höhe der Queck­
silbersäule verfolgt, erhält man eine lineare Abhängigkeit i., = f(h1/2) und auch 
eine Gerade log i(, = f(h*'"-)  mit der Neigung 0,51, was ebenfalls einen rever­
siblen Elektrodenprozeß, dessen Strom diffusionsbedingt ist, indiziert.

in wässrigen Lösungen die als Leitelektrolyt HCl bei verschiedenen Kon-
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Selektivität zu erhalten ist es

Abb. 2. Veränderung des maximalen 
Peakstromes ip, für die Reduktion einer 
5 • IO-5 mol- L_1 In3 + -Lösung, al« 
Punktion der Amplitude der übergelegten 
Wechselspannung AE, bei verschiedenen 
Konzentrationen des Leitelektrolytes.

zentrationen enthalten bleiben das Halbstufenpotential ец2 bzw. das Peakpo­
tential Ey, im Bereich —0,535 h---- 0,563 V vs. GKE, was beweist, daß in Lösun­
gen die HCl bei diesen Konzentrationen enthalten, Indium nicht als InCl K 
vorhanden ist.

Aus den Vorgezeigten geht hervor, daß in HCl-Medium bei Konzentrationen 
die sich im Bereich 0,1 — 5M befinden, die Reduktion des In3+ — Ion auf 
der Oberfläche der Quecksilber-Tropfelektrode die Transferierung von 3e~ 
impliziert, ein Prozeß der reversibel, in diffusionskontrollierten Bedingungen 
verläuft.

Die Resultate die man infolge dieses Studiums, der für die Reduktions­
reaktion des In3+-Ions an der Quecksilber-Tropfelektrode durchgeführt wurde, 
erhielt, können überzeugen, daß die Verwendung des HCl als Leitelektrolyt 
passend ist um dieser Reaktion einen hohen Reversibilitätsgrad, verstärkte 
Ströme, symmetrische und gut definierte Wechselstrompolarogramme zu sichern

Nachdem man dieses Reduktionsstudium des In3+-Ions durchgeführt hat, 
untersuchte man den Einfluß der verschiedenen Parameter der Methode 
die quantitative Bestimmung des Indiums durch Wechselstrompolarographie 
bedingen, um die Selektivität und die Empfindlichkeit der Methode zu erhöhen. 
Um eine hohe Empfindlichkeit, kombiniert mit einer guten Genauigkeit und 

notwendig, daß die charakteristischen Para­
meter dieser Technik (Amplitude ДЕ, und Fre­
quenz V der übereinandergelegten Wechsels­
pannung, die empfindliche Detektionsphase 
<p) optimisiert werden. In diesem Sinne wurde 
zu erst auf den Einfluß der Amplitude ДЕ 
und der Frequenz v auf die Erhöhung der 
Empfindlichkeit aktioniert. Somit ist in Abbil­
dung 2 die Veränderungweise der Intensität 
des maximalen Peakstroms, für die Reduk­
tion des In3+-Ions in HCl-Lösungen von vers­
chiedenen Konzentrationen mit der Ampli­
tude der ubergelegten Wechselspannung dar­
gestellt, wo man eine lineare Abhängigkeit 
feststellen kann.

Die Rolle des Phasenwinkels in der We­
chselstrompolarographie mit empfindlicher 
Phase ist sehr wichtig bei der Messung der 
faradayschen Komponente des Wechselstroms 
und bei der Beseitigung des kapazitiven 
Teils.

In Abbildung 3 sind die Wechselstro­
mpolarogramme entsprechend des In3+-Elek- 
trodenprozesses die man bei verschiedenen 
Werten des Detektionsphasenwinkels <p, in 
2M —HCl—Lösung, erhielt, dargestellt.

Der Einfluß der Detektionsphase ist 
deutlich, in erster Reihe in der Form, der
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Л b ’> 3. Der Einfluß des Detektionsphasenwinkels auf die faradayischen (i/1 und kapazitiven 
(i ) Strömen bei der Reduktion des In:,+ -Ions, bei einer Konzentration von 5 • 10_i mol ■ L_I, in 

1 mol • L_1 HCl • ДЕ = 5 mV ; v = 50 Hz; t = 25°C.

guten Definierung und der Symmetrie der Wechselstrompolarogramme aber auch 
in der guten Ausbildung der Polarogramme im Gleichstrom.

Man kann bemerken daß die faradavische Komponente einen maximalen 
Wert erreicht und das Polarogramm symmetrisch ist lür die Werte des Detek- 
tionsphasenwinkels um 0°.

Nachdem man die Aktionsweise der Grundparameter der Methode kannte, 
untersuchte man die Abhängigkeit des maximalen Peakstromes von der Kon­
zentration des Depolarisators (In3+). Weil aber die Konzentration nicht der 
einzige Parameter ist von dem der maximale Peakstrom abhängt, für die 
Aufstellung der Eichkurve für die quantitative Bestimmung des In3 + durch 
sinusoidale Wechselstrompolarographie, war es nötig die Aktionsweise der 
Parameter der Methode für jeden untersuchten Konzentrationsbereich in Be­
tracht zu nehmen, so daß die lineare Abhängigkeit des maximalen Peakstromes 
von der Konzentration erhalten bleibt. Da die Reduktion des In3+ in stark 
sauren Lösungen reversibel verläuft, für die Aufstellung der Kalibrier­
geraden wurde eine IM —HCl—Lösung gewählt. In Abbildungen 4 und 5 sind 
die Eichkurven für die quantitative Bestimmung des In3+, für die Konzen- 
trationsbereiche 1 • 10~4 — 1 • 10~ä mol. ■ L“1 (Abb. 4) und 1 • 10-5 — 1 - 

■ 10v’ mol. • L”1 (Abb. 5) vorgezeigt. In Abbildung 6 sind die Polarogramme 
im sinusoidalen Wechselstrom für 1 • 10-6 mol.L“1 In3+ in 0,1 rnol.L“1 HCl 
bei verschiedenen Amplituden der übergelegten Wechselspannung AE, darges­
tellt.

Die Nachweisgrenze der quantitativen Bestimmung des In3+ durch diese 
Technik wurde bei 5 • 10 mol ■ L~J festgelegt.
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Abb. 4. Eichkurven für die 'Bes­
timmung des In3 + durch Wechsel - 
Strompolarographie mit empfindli­
cher Phase, im Konzentration- 
sbereich 1 • 10_l— I ■ 10'5 mol .
• Iz4n3+ in 1 mol ■ T,-’ HCl, bei. 
verschiedenen Amplituden der 
übergelegten Wechselspannung. 
v= — 50 Hz ; 9 = 03 ; t — 25'E.

Abb. 5. Eichkurven für 
die quantitative Bestim­
mung des In’+ durch 
WT echselstrompol arograph i e 
mit empfind icher Phase, 
im Konzentrationsbereich 
1 ■ 10 « - 1 • 10ä mol ■ 
L“1 Tn5+ im 1 mol • I.“1 
HCl, bei verschiedenen Am- 
pituden der ubergelegttn 
Wechselspannung, v = 50

Hz; ț. = 0’; t = 25 JC.

<7 то/1 ' ’
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Als Schlußfolgerung kann man behaup­
ten :
— obwohl Indium in Quecksilber leicht lös­
lich ist und zu erwarten wäre, daß die Re­
duktion des In3'' auf der Quecksilber-Tro­
pfelektrode, in einer Vielfältigkeit von wäs­
srigen Medien die verschiedene Leitelektroly­
ten enthalten, reversibel und diffusionskontro­
lliert verläuft, experimentell wurde aber 
festgestellt daß dieses nur in stark sauren 
Medien stattfindet. Aus diesem Grund wurde 
als Leitele ktrolyt jjCl von verschiedenen 
Konzentrationen gewählt.
— das Studium des Einflusses der HCl-Kon- 
zentration auf die Reduktion des In3+-Ions 
beweiste daß die Reduktion diffusioncskon- 
trolliert, reversibel und gemäß der Gleichung

In3+ + 3e- = In(Hg)
verläuft, bei HCl-Konzentrationen zwischen 
0,5 M ùnd 5M.
— das Studium des Einflusses der charak­
teristischen operationalen Parameter der si- 
nusoidalen Wechselstrompolarographie mit 
sensibler Phase erlaubte die Feststellung der 
wirksamen Bestimmungsbedingungen des In3 + 
durch diese Technik im Konzentrationsbereich 
1 • IO“3 - 5 • IO-5 mol • L1

A b b. 6. Wechselstrompolarogramme für 
1-10“® mol-I,“1 In3+ in l mol L ’HCl, 
bei verschiedenen Werten der Amplitude 
der übergelegten Wechselspannung. •»= 

— 50Hz; <? = 0°; t=25’C.

Tabelle 7.

Charakteristiken der für die Reduktion einer 5.10”5 mol. L In3+ inx.mol.L HCl-Lösung, aut der
Quecksilber-Tropfelektrode, erhaltenen Gleichstrom-bzw = Wechselstrompolarogramme. (t = 25CC:

ДЕ = 5 mV ; v = 50 Hz ; ? = 0°)

Nr. 
crt. Leitelektrolyt

Gleichstrompol urographie Wechselstrompolarographie
e,,, mV

vs. GKE
Neigung, 

mV
an £/>, mV 

vs. GKE
Neigung 

mV
^1-2
mV

1 0,1 M HCl -0,565 17 0.87 -0,557 30 42
2 0.5 M HCl -0,560 17 0,85 -0,561 31 42
3 1,0 M HCl -0,563 17 0,84 -0,564 31 43
4 1,5 M HCl -0,561 18 0,85 -0,563 32 43
5 2,0 M HCl -0,563 17 0,84 -0,565 31 42
6 2,5 M HCl -0,550 16 0,84 -0,553 32 43
7 3,0 AI HCl -0,535 16 0,83 -0,538 32 44
8 3,5 M HCl -0,542 17 0,85 -0,545 31 45
9 4.0 M HCl -0,548 17 0,84 -0,550 32 44

10 4,5 M HCl -0,555 18 0,85 -0,557 31 43
11 5,0 M HCl -0,563 17 0,85 -0,565 32 44
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SURFACE MOBILITY OF SURFACTANT SOLUTIONS
XVI. INVOLVEMENT OF THE FLUIDS VISCOSITIES IN THE

MARANGONI FLOW - SOME ASPECTS
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ABSTRACT. The influence of viscosity upon the Mar an goni flow (induced hy 
surface tension différences) in compétition with the gravit y flow, through a thin li­
quid layer of triangulär section has been experimentally investigated in the 
present work. The obtained data are compared with those resultcd from numeri- 
cal analysis by the finite element method. Both approaches indicate the same 
direction for the influence of viscosity upon the flow.

Introduction. Studies on the behavior of liquids in microgravity conditions arise 
great interest because of their potential applicability in space technologv 
[2-6].

In earlier works on the mobility of thin liquid layers under the action 
of surface tension gradients the paramétrés influencing this phenomenon have 
been revealed. Mention may be made of some of them : the magnitude of 
the motive force (the surface tension gradient induced by unequal concentra­
tions of surfactants or by température différences), the intensity of the gravity 
field [7, 8], the presence of a magnetic field [9].

The theoretic description of the flow has been based on the semi-infinite 
pellicle model [10] as well as on the model of a pellicle having a definite sec­
tion [11].

The veloeity équation, corresponding to the first model, that of a thin 
liquid layer situated upon a solid inclined plane, is of the following form :

vr = —f(<r — <r0) + Thg + pghSjz - (1)
jiL 2[iL

and the total rate of flow through the section of area 1x8 will be given by the 
relationship : 

8

о

(g - Pq)
2[iL

1
2Û7 rgh$2+ 1

3pL
pghS3 (2)

where (<r — <г0) is the surface tension différence acting on the liquid/gas sur­
face ; p. is the viscosity of the liquid ; Г — the surface density.; p — the bulk 
density of the liquid ; g — the gravity accélération ; L — the length of the 
canal ; h — the level différence between the liquids in the two réservoirs ; 
3 — the thickness of the pellicle (see Fig. 1 a).
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We underline that both the bulk viscosity (p.) and the surface viscosity 
([xs) intervene in the équations of the above mentioned niodels. In the case 
of the semi-infinite pellicle model, it has been indicated that the terni contain­
ing fxs disappears for reasons of problem symmetry [10]. The calculuses based 
on the model of a definite section pellicle (Fig. 1 b), situated in an adéquate 
“surface” canal, have demonstrated that surface viscosity, having very small 
values in the itudied case [12], does not inodify the flow velocity [13, 14].

The object of the present work is to investigate the nianner in which 
the bulk viscosity of the moving liquid influences the velocities and the ra­
tes of flow.

Experinieiihil. The experimental measurements of the rates of flow have been performed with a 
device and in a manner minutely described in a previous paper [7]. Schematically, the device is 
presented in Fig. 1 a: a canal, of the length I,, unités two réservoirs, each of them being fiiled 
with liquid. The two liquide are situated at different levels and have the surface tensions a„ and 
a H < a0), respectively.

The transverse section of the used canal is an isosceles triangle with its base on the liquid/ 
gas interface. The siz.es — Fig. 1 b — are: base (width), a - 3.87 X 10_2cm; height (thickness) 
4 - - 4.8 :■ 10-2 cm.

A variable gravity field can be sjniulated by changing the level différence h between the 
réservoirs. Indeed, in Ëqs. (1) and (2), the terms specific to the gravity field contain the product 
g h. the change of which is possible by varying only one of the two magnitudes (g or h).

The flow has been investigated on the Systems characterized in Table 1.
The liquid densifies were deteTmined with a pyenometer ; the vifcositics measured with the 

Г bbelhodeviscosimeter and the surface tensions evaluatcd by mei ns of the Du Nouy and Wilhelmy 
methods.

Fig. 1. Scheme of the experimental device and transverse section of the canal.
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Table 1
Physieal properties for the Systems of liquids at température S0°C.

s Descending liquid Ascending liquid
Aa

(mN/

►ч tß
Composition ”о Ио

(mN/m) (Р)
Ро

(g/cm3) Composition (N/m)
B P

(P) (g/cm’)
m)

£ HäO 73.0 0.010 0.998 48% E. 48% H2O,
4% В (% V)

40.4 0.600 1.067 32.fi

2 25% G, 75% H2O 70.5 0.021 1.060 24% G. 72.43% IISO,
3.47% В (% w)

35.5 0.024 1.050 35.»

3* Н2О 73.0 0.010 0.998 96% H.,О 4% В 40.3 0.010 0.993 32.7
(% V)

* System previously studied 'J ]. E — ethylene glicol, G = glycérine, B “ buthyl alcohol.

The experiment was rím in two variants :
— with the liquids in the two réservoirs having different viscosities (as in System No 1» 

Table 1);
— with liquids having identic viscosities (as Systems No 2 and 3. Table 1).
By making use of adéquate pairs of liquids, in our experimente the upward rates of flow 

(mainly of surface nature), Q_ ; and the downward rates of flow (mainly of gravity nature,) 
Q+, have been determined.

Results and discussion. The rates of flow, Q_ and Q+, for the System No 1 
(Table 1), are represented as functions of the hydrostatic level différence h, 
in Fig. 2. The existence of the two kinds of flow is evidenced : an upward 
flow, and a downward one. So, at small level différences, the interface draws 
the liquid towards the negative direction of the Ox axis (upwrnrd flow). For 
a certain range of the level différences there are two streams of liquid : an 
upward one, due mainly to
the surface forces ; and a do­
wnward one, determined by 
the gravity forces, then an 
“antiparallel” flow. Finally, 
for large level différences, the 
transport of the liquid takes 
place downward, with the 
positive direction of the Ox 
axis.

The change of the fluids 
viscosity afects the range of 
existence of the “antiparallel” 
flow, as it is illustrated by 
the data in Table 2. Witht he 
increase of viscosity for one 
of the fluids the interval in 
wich the two types of flow 
coexist becomes smaller. The

Fig. 2. The dependence Q_ = f(h), (a,—0.06 P (o);
Qi. —f(h), [xOi -- 0.01. P (o) — System 1.

11 — Chemia 1—2/1994
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Table 2

Hanges of î?antiparalleP’ flow

Viscosity of the fluid Antiparallel flow range 
hQ+=o * hQ_=0 

(cm)

hQ+=Q_
(cm)

. H.(P)
descending ascending

0.01 0.01 1.32 3.96 1.50
0.01 0.06 1.24 1.70 1.30
0.02 0,02 1.02 1.90 1.13

sanie action is evident also for the level différence at which the two rates of 
flow are equal, hQ+=Q_ (the intersection point of the two curves), correspon­
ding to an approximately constant value of the surface tension différence 
(see Да in Table 1).

The way the viscosity of liquids affects the magnitude of the upward (sur­
face) rate of flow сап be seen in Fig. 3. It is to be noticed that, for a given 
level différence, the rate of flow Q__ diminishes with increasing the viscosity of 
the fluid drawn into the upward flow, according to all expectations. On the other 
hand, within the détection limits one finds that the level différence to be esta- 
blished for vanishing the upward flow becomes smaller as the viscosity in- 
creases (see the superior limit of the antiparallel flow range — Table 2, or 
hQ= 0 in Fig. 3).

Fig. 3. The dependenee Q_ = f(h); = 0.06 P (■); = 0.02 P (Д); щ = 0.01 P (с) ; Да ==
= 33.5 mN/m. [i; — viscosity of țhe liquid in the upward flow for the System i (Table 1).
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Table 3

Dependence of the experimental npward rate of flow on viscosity.

1 I И8 i
Aea № 1 [f]1 . E» 1

1 Де, g, 'iflI Из
' Да, [Xi

2.43 2.24 2.33 2.67 5.71 6.00

Obs. The values (Qj/Qj) represent the average of individual ratios for level différences h in the 
interval 1.1 -j- 1.3 cm.

Analysis of Eq. (2) indicates for the rate of flow a dependence of the type
Q ~. This is experimentally verified in the case of the upward rate of 

P-
flow, namely by the data obtained for level différences h ranging from 1.1 
to 1.3 cm and given in Table 3. We mention that in this range the down- 
ward rate of flow is small (see Fig. 4). Values of the upward rate of flow corres­
pond ing to smaller level différences (h < 1 cm) have not been considered be­
cause in this range the experimental measurements are affected by large errors. 
For the interval taken into account the agreement can be thought to be satis- 
factory.

Fig. 4. The dependence Q+ = f(h); p0l = 0.01 P (■); = Ó.02 P (o); p,3 = 0.01 P (X). p,f =»
= viscosity of the liquid in the downward flow for the system i (Table 1).
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We specify that the dependenee Q± = f(p) is, in tact, complicated. The 
rates of flow Q_ and Q+ are not purely of surface, respectively of gravity 
nature, since a layer of flowing liquid always draws other layers from the immé­
diate neighbourhood.

The variation of the downward rate of flow with viscosity, presented in 
Fig. 4, offers data leading to the following findings :

— at large level différences h > 3 cm, where the volume forces are pre­
dominant, the masses of transported liquid are approximately proportional 
to the inverse of the viscosity. This can be noticed from the values to which 
the rates of flow tend in Systems 1 and 2, or in Systems 3 and 2. In these 
cases, the ratio of the viscosities is 1 : 2.

— the downwards rates of flow Q+ are affected by the ascendent liquid 
as well as by the range in which the two flows coexist. We attribute to these 
effects the différence between curves 1 and 3, dealing with Systems in 
gravity . flow is realized with liquids of identical viscosities. For System 1 
(curve 1), at h > 2 cm the upward rate of flow is practically zero. Cohsequently 
although the viscosity of the corresponding liquid which ascends the inclined 
plane is much greater (p01 = 1 cP, pq = 6 cP), it does not influence the mag­
nitude of the downward rate of flow. In the case of System 3, at h > 2 cm 
the rate of flow Q_ is appréciable (see Fig. 3) and the compétition between 
the antiparallel flows is evidenced. It is to be supposed that, at large level 
différences, h > 4 cm, the value of the rate of flow for System 3 tends to­
wards that one corresponding to System 1, due to the identical viscosities of 
the descending liquids and to the cancelling of the upward flows in these two 
System s.

The way the fluids viscosity intervenes in the flow processes is rediscovered 
by theoretical means, namely by solving the model of a pellicle with trian­
gulär transverse section with the aid of the finite element method in the 
Simplex form. The results, obtained by simulation on computer, are presen­
ted in Fig. 5. One finds that the ratio of the rates of flow at one and the same

F i g. 5. Theoretical curves 
Q+ = f(h), curves 1 and 
2 ; y_ = i(h), curves 3 and 
4 for Да = 8.82 mN/m. 
P-i = Из 0.004P, [ла=[х<= 

=ț 0.01 P.
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level différence, is proportional to the in­
verse ratio of the viscosities. For the Sys­
tem considered the calculus

(Q-)i _ (Q+)i _

F i g. 6. The dependence of the velocity 
profile — projected on the xOy plane — 
— upon the relative depth of the pelb'cle 
Z; Дв=3.53 mN/m. Curves : l,l'forZ=l; 
2,2' for Z = 0.9; 3,3'for Z = 0.8; 4.4' for 

Z = 0.7.

gives :

has allowed
(Q-)2 (Q+)2

The finite element method
us, to obtain the velocity profiles for the 
liquid flow through a canal of triangulär 
(transverse) section (8 = 2.99 X10~2 cm ; 
a = 4.19 X 10~2 cm), at different rela­
tive depths Z = -|- of the pellicle. Co­

rresponding to two viscosities, at constant 
surface tension gradient and level di­
fférence, the shape of the profiles is gi­
ven in Fig. 6. It can be see that the flow 
velocities are negatives at the interface 
(Z — 1) curves 1, 1' and in its immédiate 
neighbourhood (Z = 0.9) curves 2, 2'. At 
a larger profundity, curves 3, 3', the ve­
locities have values of both signs ; while, 
as the depth continues to increase, curves 
4, 4', the velocities become exclusively 
positive, the drawing by surface tension forces being here much reduced. In 
ail situations it has been ascertained that the velocities corresponding to the 
liquid with high viscosity (p.' = 0.010 P) — the continuons lines — are smaller 
than those of the liquid with low viscosity (p. = 0.0065 P) — the dotted lines.

The theoretic foresights agréé with the experimental results, by indicating 
diminution of the flow rates and velocities when the viscosity of the liquid 
has large values. The influence of the viscosity is however, more complex, 
because this paraméter can also be affected by the compétition between the 
two types of flow.
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COMPARATIVE STUDY OF SOME CHROMATOGRAPHIE RESPONSE 
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WEIGHTED MULTIPLE CRF USEFÜLFORTLC
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ABSTRACT. A new weighted chromatographie response function (CRF), con­
taining first and second degree ternis, have been proposed and its application 
fortheoptimization of a ternary solvent system: benzene — petróleum ether— 
Chloroform mixture, used for the séparation of a five component pesticides 
mixture, was demonstrated. The comparation with some other CRFs was 
made. Including a greater number of features of a good chromatogram the 
proposed function seems to be a safer one.

Introduction. From the beginning of using chromatography as an analytical 
tool for séparation and détermination of multi-component mixtures, a great 
effort were made in the field of the optimization of the séparation process. 
Because of specific problems encountered in the fields of TLC an LC, the sub- 
ject of optimization is treated separately by many workers and only by few 
as a general case. With the widespread availability of computers in analytical 
laboratory, the topic became more and more preferred and today several 
reviews can be consulted both for LC [1—5] as well as for TLC [6, 7] and 
very few for more general cases [8]. A great numbers of software packages 
have been developed to help the chromatographer in the optimization of the 
séparation parameters values, more frequent for solvent optimization and some 
books may be consulted related this subject [2—4]. Some programs were in­
corporated into the software of liquid Chromatograph [9].

То reflect the quality of a chromatogram in a single number, in order 
to reduce the optimization strategy to a software, a function must be selected 
and this is the chromatographie response function (CRF). This function becomes 
in the optimization process the “objective function” so the conditions for the 
séparation (particularly the solvent composition) are selected in such a way 
that its numerical value become a maximum (or possibly a minimum). 
Chromatographie Response Function. While no one CRF will ever be entirely 
satisfactory in ail cases and for all chromatographers a great number of CRFs 
have been designed and tested. A list of them is presented in the table 1, with­
out the prétention to be exhaustive. Some CRFs attempt to catch in its value 
a single essential quality of the whole multicomponent séparation while others 
combine several desired qualifies into a weighted sum (see Table 1). We are 
thinking that studies of the kind of the present paper will be helpful in the 
designing of expert Systems as well as for the software in the chromatographie 
instr ument ation.

♦ Technical Universily of Cluj-Napoca, 1, C. Vaicoviciu, 3400— Cluj-Napoca, ROMANIA. 
„Babeș-Bolyai” Universiiy, 3400—Cluj-Napot a, ROM ANI A.
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Some chromatographie response funcționa found In the literaturo.
Table 1.

No Field Name of The Function Equation Author Yr
19.. Li

1 GC Total
Overlapping

Ф = Ssxp ( — 2Ri) Giddings 60 10

2 LC Chromatogr. Response 
Function

CRF = E!n (n,-) Morgan 76 11

3 TLC Trennungsz.ahl
(Sep. number)

TZ = 2LeSr/(as + a/) - 1 Kaiser 75 12

4 TLC Amount of Informa­
tion

I = — S(n*/n)lg„(n*/n) Souto 70 13

5 TLC The hi Squared
Function

x= = E(O, - Ег)’/Ег Massart 73 14

ß TLC Discrimination
Power

DP = 1 - ((2m/n(n ' 1)) Massart 75 15

7 TLC Performance index I/, = <S(AhRf,i - AhRf.t)2/
/n(n + 1)

Gócán 81 16

8 TLC Information Power I.Rswran ~ I. SRt-'n Născu 82 17
9 TLC Informațional Energy El = Sp? Sàrbu 90 18

10 TLC Information Power P,„A = £«log S,- Smits 75 19
1! LC Chromatographie 

Response Function
FC R = Elogen, Morgan 75 20

LC Chromatographie 
Response Funtion

CRF = Elu (njnj + a(tOT -tM) Watson 79 21

1 ? LC Sparation Number SN = S'og, S; Spencer 82 22
14 LC C hromatograph ic 

Response Function
COF = Eaf In (Ri/R,,) + 
+ b(t,„ - t,)

Glajch 80 23

1 5 LC Resolution Product TIRS = II R, Schoenma- 
kers

82 24

16 LC Chromatographie 
Response Function

CRF = 1/n IIf,./(g,- + 2hf) Wegschei­
der

82 25

17 LC Fraction of the 
overlaped aria

A„ = PJ(AS 2r.a2) •
• exn ( —y2/2a?) dv

Knoll 82 26

18 LC. Evaluation Function 1CrF = Sa, + l/(n - 11-EbjPj Vajda 82 27
19 LC Chromatographie

Response Function
CRF = ERf + ne-b(TM-
- T,) - c(T„ - TJ

Berridge 82 5

20 LC Chromatographie 
Response Function

CRF = Elu (f/gj + lOO(tn-n) Nickel 83 29

21 LC Objective Function Foi>y=S100e(l,5-Ri)+(tw-tBF Dünn 83 30
22 LC Objective Function Foi>/ = E110(1,5 - R,))2 Kester 84 31
23 LC Separation Degree Y = n/m Doudi 87 32
24 LC Chromatographie 

Response Function
CRF = ERf + n - (t„, - t„) Wright 87 33

25 LC Figure of Merit Fmer = El/x5(exp (/gx) — 1) Howard 89 7
26 LC Relative Resolution 

Product
RRP = IIRi/(ERi/(n - l))n —1 Warren 91 9

In the Table 1, I<( is the resolutions of everv pair of the n — 1 adjacent peaks, n — the number 
of peaks/investigated compounds, m — number of peaks expected, t0 — void volume, t, — ré­
tention time of the first peak, t,„ -- desired rétention time of the whole chromatogram, O( — 
Statistical frequencies observed within a "group", Ej — theoretical frequency for an ideal 
distribution, I — amount of information, pj — probability of finding a poak in a group, 
p( — actual peak séparation, pd — desired peak séparation, S, — peak overlap, Lcjr ~ the 
lenglit of chromatogram, as and <if the standard déviation of the first and the last peaks, a, 
b. c — selectable weightings, f<p gê, ht, peak séparation factors, AhR/,i — measured intervals 
between two adjacent peaks, AliR/.t — theoretical intervals between any two adjacent peaks in 
the case of an ideal séparation, (For other sytnbols see the original source) 
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In practice to can say that a given chromatogram is "the optimum” it must 
fulfil the following conditions:
1) The number of separated components must be maximum.
2) The peaks width must be as low as possible.
3) The séparation coordinates (rétention time, rétention value, Rf, hRf etc.) 
of ail individual peaks must be as uniform as possible distributed throughout 
the chromatogram.
4) The séparation of ail the pairs of adjacent peaks must be the best, in ave­
rage, even if the séparation is not perfect.
5) The solvent System and the stationary phase used must have a maximum 
séparation potential (optimum selected concerning its selectivity).
6) The séparation time must be the shortest.

Therefore, on our opinion, the preferred CRF is the one which contain ail 
these qualifies into a weighted sum. Let us see some of the above mentioned 
qualifies preferentially evidenced by some functions.

The number of components entirely separated, n is a useful quality (see 
ref. [28] and [33]). But if the séparation is not "uniform” i.e. the peaks a 
not equal distributed concerning their rétention time coordinate, the column 
must be longer and the séparation time consequently higher. This number alone 
in not entirely satisfactory.

The sharpness of the zones, best evaluated by Kaiser’s "trennungszahl” 
[12], reflects in its value the maximum of medium width peaks theoretically 
admitted in a given chromatogram. This value says nothing about relative 
position of different zones and therefore practicii uaused in optimization 
pur poses.

The uniform distribution of peaks in any of the "séparation coordinate” 
(rétention time, rétention volume, migration distance, hRf etc.) is well eva­
luated by a hi squared function [14] or one of the form : aS(R; — RJ2 [16], 
where R£ is the rétention coordinate of the components sorted in their increasing 
order and Rt are the ideal (theoretical), previouslv established, tailored accor- 
ding a particular purpose of the analyst, value and a is a numerical constant 
This équation, proposed by Gocan and coworkers [16], had very. limited utili- 
zation, although it proved very useful. So, R may differ for the same mixture 
but for other application. For instance Gocan and coworkers, who first time 
used such an équation for TLC [16], prefer as ideal Rf values for a 4 compo­
nents mixture the row : 0.2, 0.4, 0.6, 0.8 (assuming that no component remain 
at the starting point). For the application of TLC as a solvent sélection tool, 
for a LC séparation, the Rf values must lie between 0.2 and 0.3. Therefore, 
for the same four-component mixture, in this hypothetical case, the R values 
must be : 0.2, 0.33, 0.67, 0.3. This équation (see équation number 7 in Table 
1) reflects the uniformity of the séparation but the same quality of séparation 
may be reached by using other functions, too.

The overall séparation of ail pairs of adjacent peaks was estimated some- 
times by using the mean resolution of ail consecutive peaks [24, 48] or by cal- 
culating a product of this function with the amount of information [17] 
The product of resolutions have been used also, alone [24] or in a combined 
function with the mean resolution [9]. The amount of information, I [13] and 
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the informațional energy, IE [18] illustrate the multi-component séparation 
using discontinuities of probabilities related with some arbitrary "groups” of 
rétention paraméter values. They are not affected by peak widths and therefore 
not very sensitive especially when a small number of peaks are concerned. 
Functions of the différences between 1.5 (an ideal value for two peaks) and 
individual resolutions of the same adjacent peak were also successfully used 
[30, 31] (see tab 1 for all of this). The “figure of merit” [7], a special very 
sensitive function, was also tested but its great numerical value make some- 
times difficultés in using the computer.

The optimization of the séparation potential of solvent System used was 
taken into account in the papers of Nyredy and coworkers (see [6]) and this 
must be the first step in any optimization procedure. But once solvent nature 
was selected the CRF became necessary.

The sixth quality in our above-mentioned list was estimated with — tt 
ternis (see équations 22, 23, 25 in tab. 1). But, in the present paper case 
the corespondent of this différence was neglected because of its little effect 
in TLC. In adition, if the séparation is uniform i. e. the peak are équidistant 
ou the chromatogram, the column my be shorted in only one step.

Based on our previous expérience [35] the objective function tested in the
Fobj = a- n + b- I-Rs + c- 10/IE + d/(Ip + e)

where a, b, c, d are arbitrary weging factors, n — number of components obser­
ved as peaks (zones), I — the amount of information (position no. 6 in tab. 1) 
K — the mean résolution of ail adjacent peaks (see équation under no. 10 
in tab. 1), IE — informațional energy (see no. 11 in tab. 1), I — performance 
index (see no. 9 in tab. 1) and e a very small, arbitrary value (10~s). In the 
present work a, b, c and d were ail taken as unity.

Experimental. The CRI' proposed in the present paper was tested, on the optimization of the sépa­
ration of a five pesticide mixture: wofatox (1), fosfalon (2), phosmet (3), az.inphosmethyl (l) and 
pirimiphosmethyl (5) presented as chemical structural formuláé in Fig. 1. They were used as 0.1% 
solution in cthyl ether and applied. for every solvent tested, onto the start of a flexible, aluminum 
foit, this layer chromatographie, ready made, plate (E. Merck, Darmstadt) using a capillary pipet. 
AU the plates were 250 ptn thick.

The first composition of the solvents tested were selected through preliminary tests. This 
The TEC silica plates, after running a sufiieient time to migrate in a N — chamber about 15 cm 
With every solvent System from table 2, were then examined and read in UV light. For every 
spot, applied individual and in a mixture, with ail the other studied components, their length and 
width, in the sam: direction with the elution, were recorded.

The measured data were input data for the calculation in the PROGFOB2 program, pre- 
sented as listing in the present paper. It was written in OBASIC language and is presented 
below.
"'PROGFOB2" A PROGRAM FOR COMPUTING THE OBJECTIVE FUNCTION 
DECLARE SUB weigh (al, b!, cl, d !)
DECLARE SUB order (n AS INTEGER, ro(), sr() )
DECLARE SUB info (no AS INTEGER, n AS INTEGER, ei!, hi!, RsM!, ro(), sr(), p(), pind ! 
INPUT “Number of test = "■, ntest
INPUT “Number of comp. ?”, n : DIM SIIARED r (1 TO n) AS SINGLE DIM SMARED) 
s(lTOn) AS SINGLE, ro (1 TO n) AS SINGLE, sr(lTOn) AS SINGLE
INPUT “Length of chromatographie run (cm) = ”, length : length = 10 * length 
INPUT “Number of intervals ==’2O ? (Ÿ/NJr,, yȘ
ÍF yȘ = “n” TUEN- INPUT “Number of groups are (10 or 20) = ”, no ELSE no = 20
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Fig, 1. The structure of the five component mixture used in the TLC séparations.

Solvents used ln practicai optimization during the utllizatlon of 
the SIMPLEX algorlthm.

Table 2.

Solvent
Benzene-Petroleum ether-Chlo- 
roform mixture compositions

(v/v)

Fobj 
calculated with

"PROGFOB2”

1 60 : 20: 5 9.7571
2 75 : 20 : 5 12.5359
3 55: 15:30 11.9625
4 71: 1:28 12.8819
5 90: 6: 4 12.7075
6 78 : 12 : 10 13.8606
7 60: 7:33 13.1791
8 66: 18: 16 12.5714
9 70 : 5 : 25 16.9933
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DIM SHARED p(lTOno) AS SINGEE
ant — 100 / no
FOR i = 1 ТО n

PRINT “peak position (cm) (“ ; I; ") — INPUT lungime: lungime = lungime * 10: r(i) = 
= lungime * 100 / length
ro (i) = r (i)
FOR j = 1 TO no

IF r(i) > = (j — 1) * ant AND r(i) < j * ant THEN p(j) = p(j) + 1 / n
NEXT j
PRINT “peak width (cm)f'; i; ”) = ?: INPUT s(i) : s (i) = s(i) * 10: s(i) = 100 * s(i) / length 
srți) = s(i) : smed = smed + s(i)
NEXT i
CRS : smed = smed / n
CARE order ((n), ro(), sr())
CAEE info ((no), (n), ei!, hi!, RsM !, ro(), șr(), p(), pind!)
EET sum = 1
FOR i = ITO n - 1

IF ABS (ro(i) - roți + 1)) <• = smed THEN
sum = sum + 1

END IF
NEXT i
INPUT “Weighing ? (Y/N)”, yȘ
IF yȘ = “Y" OR yȘ= “y" THEN

CAEE weigh (a !, b !, c !, d !)
EESE a=l:b=l:c=l:d=l

END IF
LET Fobj = a * sum + c * 10 / ei 4- b * hi * RsM + d * 1 / (pind + 10 —5)
PRINT “Fobj = " ; Fobj, “Medium peak width = ’’; smed
PRINT “Peak no. — ” ; sum ; “ ” ; “a = ” ; a ; “ ” ; “a. Peak no. = ” ; a * Sum
PRINT “IE = " ; ei ; “ ” ; “c — ” ; c ; “ " ; rc. 10/IE = ” ; c * 10 / ei
PRINT “Cant. inf. = ”; hi; “ ”; “Medium Rs — " RsM; “ ” ; “b --- ” ; b; “ ”;
PRINȚ “Cant. inf. RsM = ”; b,*.hi  * RsM
PRINT “₽erf. ind. = ”;pind; “ ”; “d = ”; d; “ ” ; “d/Perf. ind = " ; di 1 / (pind + 10 —5
CROSE
OPEN “b:/Hl.I)AT” FOR APPEND AS #5
PRINT #5,
PRINT #5, “Number of test = ” ; ntest
NEXT i
PRINT #5, “Fobj = ; Fobj; “ ”; “Peak no. =”; sum; “ ; “a = ” ; a ; “ ”; “a. Peak no. = ” ;
a * sum
PRINT #□. “IE = ” ; ei; “ ” ; “c = ” ; c; “ ” ; “c. 10/IE =’’; c * 10 / ei
PRINT #5, “Cant. inf. = ” ; hi; " ”; “Medium Rs = ” ; RsM; “ ”; “b=”; b; “ ”;
PRINT #5, “Cant. inf. RsM = " ; b * hi * RsM
PRINT 4=5. “Perl. ind. ; pind; “ "; “d = "; d; “ ”; “d. Peri, ind = " ; d * pind
CROSE #5
'Subroutine “Info" calculâtes Amount of Information, Informațional Energy
'Medium Resolution, Relative Resolution Product and Performance Index (Ip).
SUB info (no AS INTEGER, n AS INTEGER, ei!, hi!, RsM!, ro(), sr(), p(), pind!)
FOR j = 1 TO no

IF pțj) > 0 THEN
ei = ei + pțj) * pțj)

hi = hi — p(j) * (EOG(p(j)) /LOG(2))
END IF

NEXT j
ri=-- 100 / (n + 1)
FOR i = 1 TO n - 1

Rsi = 2 * ABS(ro(i) — ro(i + 1) / (srți) + srți +1))
RsM = RsM + Rsi
sigma = sigma + ((ro(i + 1) — roți)) — ri) -2
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NEXT i
RsM = RsM / (n - 1)
pind = SOR(sigma / (n * (n + 1)))
END SUB
SUB Order (n AS INTEGER, ro(), sr())
o=l
FOR i = 2 TO n

k = i
200 kl = к — 1

IF o * ro(k) < = o * ro(kl)THEN
GOTO 300

END IF
« = ro(k) : ro(k) = ro(kl) : ro(kl) = u
u = sr(k) : sr(k) = sr(kl) : sr(kl) =

IF к = 2 THEN
GOTO 200

END IF
к = к — 1 : GOTO 200

S00 NEXT i
END SUB
'Input for the weighings. !)
SUB weigh (a!, b!, ci, d:
PRINT “The équation is Fobj = a.n + b.inf.RsM + c/EI + d.s"
TNPUT “The value of a= a
INPUT “The value of b = ?” ; b
INPUT “The value of c = ?”; c
INPUT “The value of d = d:CLS
END SUB
After Writing (or opening) it, by stroking RUN (on an IBM compatible PC), the computer ask for 
data. The program, presented here, stores the final data, as a file with the name Hl.DAT, on a 
flexible disk (the disk with the name 6: in our case). The file is created automatically on disk 
by this program.

In the Table 3 the successive experimente (solvents used) were presented. They were obtained 
graphically, from a bi-dimcnsional diagram, as may be seen from Fig. 2. In the same table, to-

Table 3

The abandoned solvents and the new Simplexes used duriny the optimieation experiment.

The eliminated slovent (the 
worst, according the data re- 
corded table 2) from the pre- 

ceding simplex.

The new simplex Remarks

1, 2, 3 The first simplex
1 2, 3, 4 —
3 2, 4, 5 The new point, opposed to the 

point 2, fall outside of the 
experimental field. The contrac­
tion leads to solvent 6

2 4, 5, 6 —
5 4, 6, 7 —
4 6, 7, 8 —
8 =«=>9 OPTIMUM The reflcction leads to the

SOLVENT solvent 4 again. Therefore we 
made a new contraction i.e.
solvent 9
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e

Fig. 2. The compositions of solvents selected by using 
the simplex method.
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Fig. 3. The plot of some individual functions together with the 
droposed objective function vs. the number of experiment.
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Fig. 4. The plot of the fraction against their final (optimum) 
value of functions from Fig. 3 vs. the number of solvent tested.

gether with the solvents of the individual simplex, the CRF value and the abadnoned solvent, 
from the previous simplex, have been presented. The simplex optimization ewas stopped when. 
the last solvent change falls within the range of instrumental error of the volume measurement 
tool (a glass pipet in our case) used.

The plot of numerical values calculated for several CRF using PROGFOB2 versus the nnm- 
l>er of experiment are presented in Fig. 3. It can be seen that Foj; leads through the optimization 
steps to its maximum values and this is the best value for ail the other functions recorded. Some 
of them (IE and I had a minimum optimum value but the terms in which thay are factors be- 
came maximum. Because of différences in their absolute values comparisons are diffieult to be made. 
In Fig. 4 it can be better seen the évolution of individual functions to their final limit by repre- 
sentiug the fraction against their final value, during the optimization.

Discussion. The most sensitive function proved to be in the present work, 
the mean R (and the product I.RS, consequently) together with the Ip values. 
The Rs and Ip functions had reverse fluctuations but finally the trend was 
to the same “optimum". In the present case I and IE values seemed to be in­
sensitive, having therefore a smoothing action. But their final confirmatory 
action proved helpful in making the final decision.

From Fig. 2 it can be seen that with the only exception of the I and IE 
functions the tested objective function leads to the same resuit by using the 
simplex method. We are thinking that this two functions become insensitive 
only when a small number of components are present in the mixture. Therefore 
we believe that not the sensitivity (the slope) of the function is essential, as 
was stated by some workers, but the ability to give strictly different values 
for different solvents during the optimization steps. This condition may be 
realized through very different ways.
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Conclusion. The objective function proposed in the present paper, containing 
more than one term and even a second degree term, was compared with other 
similar functions. The final resuit was very similar with that obtained using 
other simple objective functions, already used in TTC but the introduction of 
a greater number of factörs, associated with a “good” séparation, seemed to 
make safer the final resuit. The function is not perfect because it is not indi- 
cating if the composition of the solvent System used has, through its nature, 
a maximum séparation capacity and does not considering the time factor.
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CADMIUM ION - SELECTIVE MEMBRANE ELECTRODE, CD-ISME
I. Préparation of the active electrode material

ELENA HOPÄRTEAN, VIORICA COSMA

ABSTRACT. The present paper reports some préparation methods for mixtures 
of cadmium and silver sulphides with Cdî+ — selective electrode properties. 
Natrium sulphide (S), thioacetamide (TA) and natrium thiosulphate (TS) have 
been used for simultaneous précipitation of CdS and Ag,S. Sulphide mixtures 
obtained with TA, thermallv treated at 200 —250°C, and those obtained with 
TS exhibit the best electrode properties. The main electrode charcteristics 
are: Nernstian response in the concentration range of 5 • 10“*—10_1 M Cd3+; 
optimum pH range 2—5; internai electric résistance below 100 kiî; response 
time less than 1 minute.

Introduction. The active electrode material used for the achievement of the 
cadmium < selective electrode cônsists of cadmium suplhide mixed with other 
less soluble sulphides (Ag2S, Cu2S) [1 — 12]. Cadmium selenide or cadmium tel- 
luri.de mixed with silver sulphide [13—15] or polycrystalline compounds, for 
instance those of type CdM2 (III)X4 where M = Zn, Ga, Bi; X — S, Se, 
Te/16 / may be also used.

This paper reports the élaboration of an optimum method for the pré­
paration and conditioning of CdS-Ag2S mixture, which was used for obtaining 
of the Cd2+ — selective membrane electrode, Cd-ISME-

Experimental.

lleagents and Solutions : Use has been made of the following reagents of p.a. purity : recrystallized 
silver nitrate, cadmium nitrate, sodium sulphide, thioacetamide, sodiumthiosulphate, nitric acid, 
acetone, potassium nitrate, glacial acetic acid and sodium acetate.

The following solutions have been prepared: 10_1M silver nitrate, 10_1 M cadmium nitrate, 
10“‘M sodium sulphide, 10_1 M thioacetamide, 10_1 M thiosulphate, 0,32 M potassium nitrate, 
buffet solution (pH = 4,7, acetic acid — sodium acetate), 2M natrium hydroxide and 2M nitrique 
acid. The checking solution sériés ranging from 10“* to 10“1 MCda+ hawing pH = 4,7 and J=0,32 
(KNO., ionic strenght adjustor) was prepared by successive dilutions.
Apparata and working conditions : Digital pH/mV-meter ; the measuring cell formed by the Cd-ISME 
and a double junction saturated calomel reference electrode ; PW 4620 Phillips difractometer of 
C PS 103 sensitivity (operating rate : 2°/minute ; rccording rate :]10 mm/minute ; 26 between 10—60°) ; 
Teraohmmeter E6—13A. Electrical résistance of the measuring cell was determined at room tem­
pérature in 10“3 M Cd3+. Potential measurements Were performed at room température, under stir- 
ring (magnetic stirrer).

Préparation of CdS — A^S Mixture : The simultaneous précipitation method of cadmium and 
silver sulphides from the solution of the corresponding nitrates (molar ratio 1 : 2) with different 
précipitants (natrium sulphide (S), thioacetamide (TA), thiosulphate (TS)) was elaborated. The so­
lution of the mixture of cadmium and silver nitrates Was added to the précipitant solution. The 
précipitant solution was used in excess. The précipitations with thioacetamide and thiosulphate 
were carried out at 70°C and those with sodium sulphide at 20°C and 70°C respectively. The pré­
cipitâtes were washed succesively With acidulated distilled water, then with bidlstilledwater and 
finally with acetone.

luri.de
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Some précipitâtes were thermaly treated at 200,250 and 500°C, in a tube electric owen. 
Our patents [17 — 19] refer to the detailed procedures forobtaining electrode materials and 

Cd-ISME, respectively

Results and Discussion. Table 1 shows the response characteristics of the élec­
trodes whose membranes were obtained from CdS—AgaS mixture in molar 
ratio 1: 1 (columns 5 and 6) by using different précipitants under the specified 
working conditions.

Eleețrodle behaviour of the CdS-ÄgS2 mixture (molar ratio 1:1), obtained with different 
précipitants.

Table 1 .

Nr. 
crt. Précipitation agent

Précipi­
tation 

tempera­
tűre 
°C

Thermal 
treatment 

°C
Electrode 

code
Concentration range 

of the liniar response 
M/l

mV/pCd 
Ratio

0 1 2 3 4 5 6

1 Na2S, excess 20% 70 — S-l 5-10“* — 5 ■IO“2 25 + 2
2 Na2S, excess 40% 70 — S—2 5-10-* — 5- IO“2 30±2
3 NaaS, excess 80% 70 — S-3 io-* — 10“1 26±2
4 NaaS, excess 80% 20 — S-4 io-* — 10“1 254-2
5 NaaS, excess 80% 20 200 S-5 10~6 — 10“1 27 ±2
6 NaaS, excess 80% 20 250 S-6 5-IO“6 — 10“1 30 + 2
7 NaaS, excess 80% 20 500 S-7 5-Ю“6 — 10* 29 ±2
8 Thioacetamide, excess

100%
70 — TA-1 5-10-* * 10“1 26±2

9 70 200 TA-2 5-Ю“« — 10-1 28 ±2
10 70 250 TA-3 5-10-* — 10“1 26±2
11

Thiosulphate, excess
70 500 TA-4 unrecycled (useless)

12 70 TS-1 5-Ю“’ 10“1 28±2
100%

From the data given in Table 1, it results:
— By using sodium sulphide as a source of S2- ions, an excess of 80% is 
optimum (electrode S-3 versus electrode S-l) regardless of the thermal régime 
of the précipitation (electrode S-3 and S-4).
— The thermal treatement at 200—250°C improves the electrode characte­
ristics both for the sulphides obtained by précipitation with Na2S (electrodes 
S-5 and S-6 versus electrode S-4) and for those obtained with thioacetamide 
(electrodes TA-2 and TA-3 versus TA-1). The thermal treatment at 500 °C caused 
the worsening or even the cancelling of the electrode’s response (electrode S-7 
and TA-4 respectively) as a resuit of CdS loss by volatilization.
— The best electrode response was display by the sulphides obtained by pré­
cipitation either with thioacetamide and treated thermally at 200°C or with 
sodium thiosulphate with no thermal treatment (electrodes TA-2 and Tl-S).
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The following characteristics of the electrode’s response were also esta- 
blished : the internal electric résistance with values below 100 Kíl and the 
response time which is at maximum 1 minute.

It has been established that the optimum pH value for TA-2 electrode 
ranges from 2 to 5. The change of the pH was obtained by adding 2M HaOH 
and 2M HNO3 solutions, respectively.

The stability of the electrode response to Cd2+ has been followed for a 
longer period of time (a year). The standard déviation of the potential for 
every level of concentration in the range IO-2—IO-5 M Cd2 + was found tobe 
below 4 mV.

The crystalline structure of the electrode materials prepared was analyzed, 
by recording the X-ray diffraction spectra. By interpreting the spectra one may 
conclude that the electrode materials obtained are mixture of a-CdS, ß-CdS 
and Ag2S in different proportions. By correlating the resulting structures with 
the data given in Table 1 for the corresponding electrodes it becomes obvious 
that compositions richer in aCdS than ß-CdS are préférable (electrodes TA-2 
and TS-1).

As a result of the present study, it has been concluded that the optimum 
electrode material is that one with a molar ratio CdS : Ag2S = 1:1, obtained 
by précipitation either with TA and thermally treated at 200—250°C or with 
sodium thiosulphate and no thermal treatment.

The electrodes made of these electrode materials shown the following func­
țional characteristics : a practically Nernstian response to Cd2+(28 ± 2 mV/pCd 
in the concentration range of 5 IO-6 —10_1M Cd2+ and in the pH range = 
= 2—5); a response time shorter than 1 minute; internai electric résistance 
below 100 kÛ.
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LA DÉTERMINATION DU FACTEUR D’ACCELERATION
A L’ABSORPTION DES GAZ DANS DES SOLVENTS CHIMIQUES

I. SIMIN ICE AM*,  C. PETRILA*,  C. GHERMAS1**,  A. POP***

* Universitatea Tehnici, Iași
** Gtupul Școlar, Orișiie

**• Univ. „Babcș-Bolyai, Civj-N ары a

RÉSUMÉ. On établit une nouvelle équation pour la détermination du facteur 
d’accélération (E) à l’absorption suivie d’une reaction de II-ieme ordre. L’equa- 
tion est verifiee par la méthode numérique. Les valeurs obtenues permettent la 
concrétisation de l’equation cinétique du processus global de la chimisorption 
en fonction des dimensions experimentales des coeficiente partiels de vitesse.

Introduction. Les processus chimiques dans lesquels un composant A de 
la phase de gaz réactionne après le transfert à l’interface, avec le composant B 
qui existe dans la phase liquide, ont de multiples applications industrielles au­
tant à la purification des gaz (l’élimination du CO2 par absorption sélective dans 
des solutions activés de K2CO3) qu’à la synthèse de l’acide atotique, l’obtentation 
du phénol par l’oxydation de l’isopropyle benzène, la fermentation aérobique. 
Il y a aussi des processus dans lesquels on absorbe deux où plusieurs gaz, avec 
ou sans la désorption simultanée d’un produit. Dans les cas de l’absorption d’un 
seul gaz on peut distinguer plusieurs cas, ce la en fonction du modèle de la 
réaction : la réaction irréversible de premier ordre, irréversible de Il-ième ordre, 
irréversible avec les ordres ,,m” et ,,n”, ainsi que pour, les réactions complexes 
'(réversibles) consécutives, parallèles, séries de réactions.

Cela se rapporte à une réaction irréversible du type :
A + vBB = produits

avec une équation cinétique de la forme suivante :
r = K • Сл • CB

La macro cinétique du processus
Ces processus contiennent quatre processus en série, avec les vitesses indivi­

duelles vx ... v4.
I. Le transfert du composant A du volume de la phase gazeuse à l’interface (vJ.
II. La dissolution à l’interface gaz—liquide (v2).
III. Le transfert du composant A de l’interface dans le volume du liquide en 
même temps que la réaction dans le film de liquide (v3).
IV. Le réaction chimique dans le volume de la phase liquide (v4).

Dans le schéma 1 on donne les équations cinétiques des quatre étapes indi­
viduelles et aussi les „vitesses virtuelles maximales” correspondantes, dans des 
conditions limites précisées dans la dernière colonne.



LA DETERMINATION DU FACTEUR D'ACCELERATION 183

Tabelle 1

Les équations cinétiques des processus composants.

Ta vitesse du processus 
individuel

, ,I<a vitesse virtuelle 
maximale” Les conditions limites

vl -- Kg(p^ “* ) v, = • px Рл = 0

vâ - Krf(p; - C.’ ,'H) v, = Krf ■ px Рл = Pa ! сл = 0

v3 E • — Сл' v3 = E • Kj, - H • рл Рл = Р-1 ’ Сл = H' РЛ

v* = T ’K ■c-4 ’A
v» = Ț ’ K ’ cb ' H • рл Рл = рл; сл = н ■ рл; 

С л = и • рл

Car les quatre étapes oposent des résistances en série, la vitesse du processus 
global d’absorption chimique a l’expression :

1 р.v = ---------  =

1 V1

= -------------------------л-------- .--------------
— + — + —1— + —-— 
Кг Kd ЕКдН КН • Св

Dans l’expression de v3, K est multiplié avec E la réaction ne pouvant 
qu’accélérer le transfert de A de l’interface dans le volume du liquide. La 
■détermination du facteur d’accélération E (E > 1) fait l’objet de cette étude. 
La détermination du facteur d’accélération

Par l’intégration de l’équation differéntielle de bilan dans le film de li­
quide, on obtient la relation implicite de E, valable pour l’absorption accompag­
née d’une réaction irréversible de Il-ième ordre [1] : 

(2)

où :

b = —————, Ha = —— —л - le critérium Hatta)
• H л • Сл Кл

En même temps, on éttablit des relations empiriques E = f (Ha, b) qui 
ayant des formes explicites, sont plus faciles à résoudre. Wellek [2] arrive à 
la conclusion que la plus précise des équations empiriques est celle établie par 
Kishinevski [3] :

Ня
E = 1 + — [1 - exp. (-0,65 Ha A)] (3)

A •
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Oú:

Dans un ouvrage antérieur ou a établi une nouvelle relation pour la détér- 
mination de E, ayant la forme (4) :

E = 1 + ------—

_Ha_
th Ha

1

Db ' Cß 
üx ’ H • рл

L’équation (4) a plusieurs avantages. Elle est établie sur des bases ration­
nelles et, par conséquant, elle est plus générale que les autres, empiriques. Ainsi 
en remplaçant dans (4) la condition CB = 0 on obtient la rélation simple éta­
blie pour les réactions de I-er ordre (4) :

Ha
th Ha (4)

L’adéquance de l’équation est vérifiée sur l’ordinateur en comparant les 
valeurs de E avec celles résultées des relations (2) et (3). Les expérimente 
numériques éfféctués à cette occasion ont relavé un autre avantaje de l’équa­
tion (4), simple et explicite, vis-à-vis de la relation implicite (2) qui présente 
des difficultés de convergence. Les résultats sont présentés dans le Tabelle 2. 
Pour chaque Ha, les valeurs correspondant en ordre aux équations (2, 3) et (4).

Tabelle 2

B = f(Ha, b)

Ha/b 1 5 10 20 50 100 200 500 700 1000

0.1 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003
1.000 1.000 1.000 1,000 1.000 1.000 1.000 1,000 1,000 1.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003

0.2 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013
1.003 1,003 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003
1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013 1.013

0.5 1.076 1.081 1.081 1.082 1.082 1.082 1.082 1.082 1.082 1,082
1.061 1.061 1.061 1.061 1.061 1.061 1.061 1.061 1.061 1.061
1.076 1.081 1.081 1.082 1.082 1.082 1.082 1.082 1.082 1,082

1.0 1,241 1.296 1.304 1.308 1.311 1.312 1.313 1.313 1.313 1.313
1.276 1.300 1.302 1.303 1.303 1.303 1.303 1.303 1.303 1.303
1.238 1.294 1.303 1.308 1.311 1.312 1.312 1.313 1.311 1.313

2.0 1.544 1.909 1.986 2.029 2.056 2.065 2.070 2.073 2.073 2.074
1.681 2.022 2.071 2.095 2.109 2.114 2,116 2.117 2,118 2.118
1.518 1.884 1.970 2.021 2.052 2.063 2.069 2.072 2.073 2.073

3.0 1.722 2.532 2.749 2.875 2.957 2.986 2.999 3.009 3.011 3.012
1.876 2.757 2.934 3.027 3.084 3.103 3.113 3.118 3.120 3.120
1.668 2.436 2.667 2.830 2.937 2.975 2.995 3.007 3.009 3.011
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Tabelle 2 (continued)

b 1 5 10 20 50 100 200 500 700 1000

5.0 1.875 3.524 4.143 4.537 4,807 4.902 4.951 4.981 4.986 4.998
1.976 3.849 4.459 4.825 5,063 5.146 5.187 5.212 5.217 5.221
1.800 3.222 3.857 4.334 4.704 4.847 4,982 4.969 4.977 4.984

10 1,965 4.832 6.619 8.048 9.149 9.562 9.778 9.910 9.936 9.955
1.998 5.103 6.942 8.377 9.480 9.893 10.11 10.24 10.27 10.28
1.900 4.214 5.737 7.207 8.627 9.256 9.621 9.840 9.886 9.919

20 1.991 5.607 8.983 12.80 16,59 18.20 19.07 19.63 19.73 19.81
1.999 5.795 9.262 13.05 16.82 18.46 19.36 19.94 20.04 20.13
1.950 4.958 7.552 10.74 14.76 1.696 18.35 19.30 19.50 19.65

50 1.999 5.930 10.55 18.32 31.35 39.28 44.26 47.61 48.28 48.79
2.000 5.994 10.79 18.67 31.37 39.18 44.26 47.77 48.48 49.02
1.980 5.537 9 305 15.20 25.75 33.88 40.35 45.62 46.79 47.71

100 2.000 5.982 10.88 20.18 42.13 62.24 78.32 90.59 93.18 95.17
2.000 5.999 10.98 20.58 42.50 61.90 77.68 90.27 92.99 95.15
1.990 5.760 10.08 17.64 34.22 50.74 67.22 83.63 87.73 91.08

200 2.000 5.996 10.97 20.78 48.11 83.55 124.0 164.1 173.6 181.1
2,000 6.000 10,99 20,97 49.01 84.05 122.9 162.5 172.2 180.0
1.995 5.877 10.52 19.17 40.96 67.55 100.7 143.3 155.9 166.9

500 2.000 5.999 10.97 20.96 50.49 97.22 176.2 309.5 352.7 390.6
2,000 6.000 11.00 20.99 50.91 98.93 177.9 306.1 348.1 385.7
1.999 5.955 10.80 20.22 46.44 84.30 143.7 250.7 292.3 333.9

700 2.000 6.000 11.00 20.98 50.74 99.00 186.7 365.0 433.0 496.9
2.000 6.000 11.00 21.00 50.99 100.4 189.8 363.1 428.3 490.3
1.999 5.964 10.86 20.44 47.66 88.48 156.5 292.5 350.7 412.4

1000 2.000 6.000 11.00 20.99 50.87 100.0 193.5 414.9 515.2 618.4
2.000 6.000 11.00 21.00 50.99 100.9 196.9 416.5 512.6 611.5
1.999 5.975 10.98 20.92 50.50 99.04 193.3 405.5 415.0 534.3

Résultats et discussions. Les résultats du Tabelle 2 sont partiellement pré­
sentés dans la figure 1, dans des coordonnées logaritmiques sous la forme des 
courbes E = f (Ha) pour b = 1, b — 10, b = 100, b = 1000, Les valeurs de 
E obtenues par l’équation (4) sont plus basses sur certains intervalles, mais la 
concordance est satisfaisante.

En se basant sur les valeurs numériques obtenues, on paut établir avec 
précision autant le régime cinétique d’un processus réel que l’équation ciné­
tique correspondante en fonction des valeurs des critériums Ha et b. Car, en 
général, la dissolution est très rapide, trois régimes cinétiques principaux sont 
possibles (a, b, c). a) Quand Kg < E • KL • H ; — • K ■ CB ■ H, Kd, le trans- 

A
fert de A par la phase gazeuse est l’étape déterminante de vitesse ou modèle 
macrocinétique simple. En tenant compte des conditions ci — dessus, l’équa­
tion cinétique (1) devient : v = vx = K, • рл (5)

b) Si — ■ K • Сд • H < K„, Krf, E • KL • H, la réaction devient le plus lente, 

et l’équation cinétique devient :

v = v. = — • K • H - p. r A 11 (6)
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La forme des courbes r.-f(Ha) pour b = !. b = 10, bslOO, b=lCCO 

obtenues par 1'équations 2-5(IJ et 4(11}

c) Si E ■ KA- • H <g Ke, K„ — • KCB • H est un modèle macrocinétique 
A

combiné. La vitesse est contrôlée aussi bien par la diffusion que par la réaction 
qui a lieu simultanément dans le film du liquide. En tenant compte desdonnées 
expérimentales du schéma 2, le cas (c) peut être divisé en trois régimes ciné- 
(c.l) Pour Ha< 0,5 on observe que le facteur d’accélération varie seulement 
entre 1,0 et 1,08. Pratiquement, E = 1 et l’équation cinétiques est celle de 
transfert physique par la phase liquide.

......... v-= KL • II • рл P)
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(c.2.) Pour Ha >3 et b > Ha on a E = Ha, et l’équation cinétique devient :
v = Ha • KL • H • pA = H ■ рл<К • CB • Dx (7')

C'est le régime „Réaction très rapide”, quand la vitesse globale de l’absorp­
tion croit proportionnellement avec Hatta. En employant des solutions activées, 
K et Ha augmentent aussi.

(c.3.) Pour Ha >3 et b < Ha — 1, l’écuation cinétique devient:
r= KL . H • pjl + .. ) = КЛН ’ Рл + ■ CB/DX) ,(7”)

1 Dx-H-pJ
où E = 1 + b

C'est le régime „réaction instantanée”, réaction qui a lieu pratiquement 
à l’interface.

Notations et indices:

— Dj, Dg — coeficients de diffusion ,n’/s
— K, Kj, Kf — coeficients cinétiques de la réaction, du transfert par le gaz, du transfert par

le liquide et du la dissolution.
— H — la constante de Henry
— a, = A/V — l'aire de la surface spécifique, m1!»»*
— s — l’indice pour l’interface.

BIBLIOGRAPHIE

1. I. Siminiceanu, Studia Univ. Babeș-Bolyai, Chetnia 1—2, 1991, 36, 256
2. R. M. We llek, R. J. B r u n s о n, F. H. Law, The Can. Journal of Chem. Eng. 1978, 

56
3. M. K. Kisinevschi, Theor. und. Chem. Eng. 1971, 4, 641
4. I. Siminiceanu Chem. Eng. Process, 1993,30, 115



TUDIA UNIV. BABEȘ-B01.YAI, СПЕША, XXXIX, 1-2, 1994

MASS TRANSFER COEFFICIENTS AT Fe-’+ OXIDATION TO Fe~ *-

R. MIȘCA*,  AL. OZUNL’*,  S. DRĂGAX*,  ADI.XA GIIIRIȘAX*

ABSTRACT.—This Work présents experimental results obtained at Fe2 + oxidation 
to ferrie ion in alkaline solution, using an apparátus endowed with an interior 
contacting coil gas-liquid with autoinduced film. It has determined Fe2 r to 
Fe3+ conversion vs. time at different concentrations and mass transfer coefficients 
at different velocities of oxidant agents (air).

Measurements and results obtaineel permit to establish the stage determi­
native of velocity in progress of global process, as well as the i ntensification 
factor. In experiment’s conditions the values of activation energy are in the 
range 3300 — 5000 [cal/mol] and the mass transfer coefficient in the range 1 — 
8 [g/(m’s)J.

Key-Words : Mass transfer coefficients, Oxidation of Fe2+

Introduction. Owing to practicai interest wich ancatalytic process of oxidation 
Fe2+ to Fe3+ présents, it has tried the study of intensification of the global 
process through modification^ contacting procedure of reaction’s phases and 
work's conditions.

It is known [1, 7, 9] that ferrous ion in alkaline medium reacts cvasisnop- 
shot with oxygen from air, passing in compounds where the iron is threevalent.

By the practicai point of view this thing is observed visual through colour’s 
chânging of hurried from yellow to black.

Reaction scheme :
Fe2 + — Fe3 + (1)

O2 + 2H2O -» 4HO— (2)
The final product is a coloured hurried with general formula : FeO(OH)XH.,O 

[1, 9J.
The morphology and the colour of hurried dépends of obtaining conditions 

[1, 2, 4, 9].

The apparátus and Works Conditions. The experimental installation is shownin Figure 1. The 
contacting apparátus that generate an upwardfilm through intermediate oxidant agent [4, 7, 8, 10] 
has in componence a contacting coil with SiM/ = 0,014 m2 made from a glass tube with diameter 
D(w = 4.8-10~3 m, and a recirculation tube of liquid phase with h = 0.12 m.

The reaction substratum was prepared in that way : in aqua solution of ferrous sulphate p.a 
it was added in bubles under powerful agitation in closed véssél, a NaOH 20% solution, for obtaining 
an uniform :nd very advanced degree of dispersion.

The substratum was very quickly poured in the inferior recipient of contacting apparátus, that 
is immersed in a thermoconstant véssél.

Department of Chemical Engineering, , ,Babes-Bolyai” Vniv., Cluj-Napoca, 3400.
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: Working parameters were maintained constants in the experiment’s time and these values are 
presented in Table 1.

Determination of ferrous ion concentration at one moment was done by permanganometric 
method.

Table Z

Parameters U.M. Values

Q — Flow rate 1/h 60 120 180
T — Température °C 20 40 80
c — Concentration % 2,5 5 10

Results and discursions. Experimental results are shown in Table 2.
The variation of conversions in time vs. velocity are shown in Figure 2..
It is found an expected variation of conversion vs. velocity (flow rate of 

air). The increase of velocity determine the increase of final conversion and 
the velocity of touching of higher conversions.

Fig. 1. Experimental installation
1 — rheometer; 2 — thermoconstant vé­

ssél; 3 — contacting apparátus

Fig. 2. Conversion’s variation vs. time at diffe­
rent flow rates.

Д: Qo=180 1/h; o: Q„= 120 1/h ; • : Q., = 601/h
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Table 2

Working parameters T 
min VkmuO, 10 » m’ mo,(consumed)

• 10’ kg
Fe‘+

0/ /0
KL X 10» 

kg/m‘8

O„ = 60 l/h 0 3.2 0 0 0
T = 20°C 10 2.2 9,02 31,25 9,24
c4 = 10% 25 1,5 8,92 53,12 0,435
H, = 1.07 35 1.2 5,43 62,5 0,265

45 1.1 1.74 65,62 0,085
55 0.8 1.43 75,0 0,0036

Q„ = 60 l/h 0 2.8 0 0 0
T = 40T 5 2,4 7,18 14.3 0,986
fi = 10% 10 2,2 3,59 21,4 0,493
Ha = 7,59 17 1,8 2,18 35.7 0,30

27 1,7 1,74 39,3 0,32
37 1,5 0,59 46,43 0,246

Q„ = 60 l/h 0 3,4 0 0 0
T = 80“C. 5 3.0 7,16 11,76 0.042
c« = 10% 10 2,4 5.87 29,41 0,033
Ha = 494.6 15 2,3 2,74 32,35 0,005

25 2,2 1.84 35,29 0,003
42 2,0 1,64 41,17 0,0025

Q, = 60 l/h 0 1,4 0 0 0
T = 20"C 10 1.0 10,15 28,57 0,99
c, = 5% 15 0.9 2.5 35,71 0,42
Ha = 16,44 20 0,8 2.1 42,86 0,38

30 0,6 1,9 57,14 0,21
40 0,5 0,5 64,28 0,19

C,.= 120 l/h 0 1,7 0 0 0
T = 20>C 5 1.5 4.1 11.76 0.4
c. = 5% 10 1.3 4.0 23.53 0.39
Ha « 4.7 15 1.0 3.8 41.17 0.32

25 0.9 2.8 43.1 0.28
35 0.8 2.6 58.4 0.20

Q, = 180 l/h 0 1.5 0 0 0
T = 20°C 5 1.0 10.15 33.33 0.99
cf = 5% 10 0.7 6.15 53.33 0.6
Ha = 2.87 15 0.5 4.1 66.67 0.42

25 0.4 2.05 73.33 0.1
35 0.4 0 73.33 0

ü» = 60 l/h 0 3,2 0 0 0
T = 20°C 10 2,2 9,02 31,25 1,1
c*  = 10% 15 2,0 3,59 37,5 0,85
Ha = 2,8 25 1,5 7,02 35,12 0,44

35 1,2 5,33 62,5 0,26
45 1,1 1,74 65,62 0,18

Ö» = «O l/h 0 1.4 0 0 0
T = 20°C 10 1.0 4.72 28.6 0.46
c,- = 5% 15 0.9 3.05 35.7 0.31
Ha = 5.7 20 0.8 2.05 42.85 0.22

30 0.6 1.71 57.1 0.19
40 0.5 0.92 64.28 0.15

Q„ = 60 l/h 0 0.7 0 0 0
T = 20’C 5 0.6 2.05 16.66 0.4
c.- = 2.5% 10 0.5 1.92 18.62 0.32
Ha = 4,05 15 0.4 1.2 28.42 0.21

20 0.3 0.9 33.33 0.18
25 0.2 0.72 35.2 0.17
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Conversion’s variations vs. températures are presented in Figure 4.
Here is observed a fast increase of ferrous ion concentrations with tempe- 

rature’s increase.
It was determined relatives constants of velocities, and after that, apparent 

energy of activation in the purpose to establish the determinative stage of velo­
city in global process progress.

The values obtained for apparent energy of activation suggest that the 
determinative stage in global process progress was oxygen transfer from gaseous 
phase to liquid phase.

In our working conditions the oxygen consumption from reaction medium 
was momentary. [1, 2, 3, 7, 9].

It has calculated the values of mass transfer coefficients at Fe2 + oxida­
tion to Fes+ in alkaline substratum when determinative was oxygen transfer 
into liquid phase.

The variation of K£ coefficient at different initial concentrations of reaction 
substratum, show’s a diminuation with decrease of concentration in Figure 5.

Variation of KL coefficient vs. flow rates of oxidant agent, shows that 
with increases of gass velocity increase the mass transfer coefficients too, 
like in Figure 6.

With température increases, at constants velocity and concentration, it 
is found a diminuation of KL coefficient, diminuation that at low températures 
is practicaly linear, and at high températures is exponențial like in Figure 7.

Exponențial diminuation of mass transfer coefficient with température’s 
increase should be owed to diminuation of oxygen solubility in solutions of 
aquas electrolit.

It has calculated Hatta module :
Ha = (K ■ CB • . (3)

For constants température and concentration, the value of Hatta module 
decreases with increases of air flow rate.

For constants initial concentration and flow rate, the value of Ha increase 
with increases of température.

The variation of Ha suggests informations concerning the kinetic’s process. 
For Ha > 4 the reaction take place in liquid film, and for 0.04 < Ha < 4 the 
reaction take place in liquid film and in convective zone.
Conclusions. Measurements and calculus efectuated demonstrate that ferrous 
ion oxidation to ferrie ion in alkaline aqua solution, determinative of velocity 
in global process progress was oxygen transfer through liquid phase.

Mass transfer coefficients in liquid phase are influenced by initial concen­
tration of substratum, by température and by oxidant agent velocity, and the 
intensification of turbulence in liquid phase détermines the increase of transfer 
coefficient.

The value of Hatta modulus determinated in works conditions demonstrated 
that reaction took place both in liquid film and in convective zone. This justify 
that determinative in process progress is the transfer through liquid phase.
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Fig. 3. Conversion’s varia­
tion vs. time at different ini­

tial concentrations
• : Cj = 10% ; о : с = 5% ; 

A: с =2.5%.

Fig. 4. Conversion’s varia­
tion vs. time at different 

tenperatures
• : T = 80öC ; о : T = 40° 

С ; Д : T = 20°C
1 : r, = 45% ; 2 : •») — 35% ; 
3: r, = 25%; 4 ; 4 = 15%.
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Fig. 5. Variation of Ki coefficient vs. 
tiine at different initial concentrations 

о : cj = 10% ■; • : Cj = 5% ; Д : c, = 2.5%

Fig. 6. Variation of K coefficient vs. time at 
different flow rates

o: O„ = 180 1/h; • ; Q„=120 1/h; Д: £>„ = 601/11

Fig. 7. Variation of K coeffi­
cient vs. time at different tem­

pératures
• ; T = 20°C ; о : T = 40°C ; Д : 

T = 80°C.

Working conditions (température, air flow rate, initial concentration) de­
termine the modifications of morphology and structure shown by hurried colour 
c hanging.

Nomenclature :

Síe< ; interior surface of coil, m2 
Díní : interior diameter of coil, m 
Qv : air flow rate, m3~js
4 : conversion, %

13 — Chemia 1—2/1994
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Ha : Hatha modulus,
K : relative constant of veloeity of reaction, 

: diffusion coefficient, m2l:s
К/ : mass transfer coefficients, kmol)(m2ls)
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AN EXPERIMENTAL TECHNIQUE FOR MEASURING DIFFUSION COEF­
FICIENTS IN POROUS SOLIDS

В. MIȘCA*,  AL. OZU.MU*,  s. drágák*,  adixa ghirișax*

ABSTRACT. — It has tried experimental détermination of total permeabiîity 
of some porous matériels at Cu!+ flow, and the dependence of the ions floiw vs. 
hydrodinamics caracteristics and the materiale voidages who are passing. The 
technique is appropiate for measuring De in the range 0.1 — 20 • 10_*.  Compen­
sons between this technoque and other techniques are discussed.

Key-Words : Permeabiîity, Effective Diffusivity

Introduction. Problems connected with diffusion of liquids in porous solids 
occur in many technically important areas. These are within the problems 
of diffusion of gases. Most of the research both theoretical and experimental, 
has been concentrated on diffusion iij catalysts [6, 7, 8, 9, 10] and molecular 
sites [11].

Experimental Seetlon : As shown in Figure 1, the apparátus consisted of a hollow, cylindrical 
chamber [4, 5, 6, 7]. Thecylindrical solid sample was placed in the central portion of the chamber. 
The chamber had a diameter of 35 mm and the cylindrical samples had the size of about 46 mm in 
diameter and greater than 4 mm in width. The température in this work was 20°C, measured constant.

Measurements of Cul+ ions concentration were done with ion selective électrodes in ratio with 
a standard curve builtpreviously. Pore size distribution of the materfals used are shown in Figure Z 
and Figure 3.

The values of concentration and flow rates of one side and of the other side of porous watt 
were performed after steady-state stabilisation. The results are presented in Table 1, Figure 6 and. 
Figure 7.

Résulte and discussions. This technique employs flows of liquids of different 
composition over two sides of a cell separated by a porous solid. Composition 
changes between cell’s entering and leaving. It are measured and are related 
to the mass flux and the diffusion coefficient by using the solution to the go- 
verning diffusion équation [2, 3].

Going from general aspects of mass transfer [1, 2] the material flux who 
is passing the porous bed, without considération the transport mechanism, 
one can calculate with general relation [2, 3] :

F = -D • S • (dc/dx), (1)
Considering that the concentration gradient is established only on a dis­

tance equal with the sample width the équation (1) become :
F = Q« • S • [(c1 — c2)/l], (2)

Department of Chemical Engineering, „Babeș-Bolyai” University, 3400, Cluj-Napoca, ROMANIA.
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Fig. 1. Experimenta] insta­
llation

I — Mariotte vesse] ; 2 —
— valve ; 3 — constant level 
vessel ; 4—magnetic agitator ; 
5 — pale of agitator ; 6 —
— mecanic agitator; 7 —me­
asurement cell; 8 — tight 
rings; 9 — porous bed; 10—
— differential manometer ;
II — Cu2+ selective electrodes ;
12 — electrolitic trap ; 13 —
— calomel saturated electro­
des ; 14 — measurement appa­

rátus; 15 — cylinder.

3*ig.  2. Pore size distribution <—i
Bz 18% voidages V4

Dmed = 20 • 10 e (im

О
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Fig. 3. Pore size distri­
bution

Glass 30% voidages 
Dmed = 10 • 10_e цш

This general relation don’t présumé the knowledge in details of transport 
mechanism [5], because the permeability coefficient Qc in terms of concentration 
it will take over the influence of hydrodinamic and morphology structures de­
tails of porous bed.

The sample are represented in Figure 4 and the profile of concentration 
are given in Figure 5.

Like that we mentioned previously, we cannot determine cD c2, c’, c*.
If the separator bed is inert by the pshysical-chemistry point of view given 

the fluid who are passing, ones can présumé disappearing of the terms who 
involve the absorbtion-desorbtion phenomenom in the separator bed, and 

F i g. 5. Profile of concentration through 
porous material
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possible solvation phenomenotn, remain in discussion diffusion through pores 
of material. It is determinate by the gradient of concentration and by the 
inflûence of hydrodinamics factors on the Separators surfaces and possible 
madropores who are keeping a convective foreign current, owed to différences 
of concentrations between two faces of separator bed.

Conclusions. At the constant diameter pores the growing of solution concen­
tration determine a rising of permeability of porous wall.

Big flow rates of fluids who are passing the sample determine a very 
fast plateformation of concentration’s level.

: Over diameter of pores like 40 pm at width of sample in the range of 
4.5—5.0 mm prevail foreign currents.

The resindence time for steady state stabilisation is about 10—20 minutes 
for porous walls with the pore diameter in the range 10—40 pm.

The range of permeabilitj' 1—18 • 10_5 cm'-/s is with two or three dimen­
sions order higher than the autodiffusion coefficients in zeolvtics molecular sites 

Í.12J-

Fig. 6. Profile of effective per­
meability vs. concentration for 
a samplej of Bz. 18%, Dmed = 

= 20 ■ 10-«цт.
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Fig. 7. Profile of effective per­
meability vs. concentration for 
a sample of glass 30%, Dmed = 

= 10 ■ 10 6 pm

0w

Experimental and ealculated résulte

Table 1

Rentrance 
% %

AC
%

C Q„
% • 10‘m3/s

mtransf
• 105 kg/s • 10« %

ce
■ 10«%

Qv
• 10« m3/s

Qe ■ 10«
cm«/s

1 2 3 4 5 6 7 8 9 10

26 19.5 6.5 22.5 0.33 2.16 10.5 5.25 0.2 0.00742
26 20.5 5.5 23.25 0.694 3.817 18.1 9.05 0.21 0.01285
26 21.75 4.25 23.87 0.879 3.735 1.7 0.85 2.22 0.01221
10.5 5.8 4.7 8.16 0.725 4.35 2.67 1.335 1.63 0.0416
6.6 6.0 0.6 6.3 1.66 0.996 1.63 0.815 0.612 0.0123
2.6 1.9 0.7 2.25 1.02 0.714 0.47 0.235 1.52 0.0247
1.8 0.35 1.45 1.075 0.35 0.07 0.013 0.0065 0.55 0.0054
1.6 0.4 0.2 0.5 0.265 0.33 0.5 0.25 0.66 0.0052
0.85 0.8 0.005 0.825 0.97 0.0487 0.127 0.0635 0.384 0.0047
0.82 0.8 0.02 0.815 1.18 0.093 0.131 0.065 0.71 0.00534
0.45 0.43 0.02 0.44 0.89 0.0178 0.036 0.018 0.49 0.00185
0.35 0.18 0.17 0,265 0.65 0.094 0.05 0.0255 1.82 0.00166

(1 — 5) conceiitrated phase characteristîcs
7 — 9) diluated phase eharacteristics (distilated water at 20‘ C)
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X о m e n c 1 a t u r e :

F: material flux, [kgls];
1 je : permeabiîity, in ternis of concentration, [cm~is' ;
s: separator surface, pn2l;
Cj : entrance concentration of the fluid, in the superior chamber, [kglm*]  or [kmol/m3].' 
ог: exit concentration of the fluid, in the inferior chamber, [kglm3] or [kmollm3] ;
! : width of porous bed, [»«],'
De : effective diffusivity, [cm3ls].
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STUDY CONCERNING DISC CENTRIFUGAL SEPARATORS. 
NON-CONVENTION AL METHOD FOR THE EVALUATION OF 

SUSPENSION PHASE FLOWING

RADU IATAN*,  CĂLIN ANGHEL**,  GHEORGHE PASAT*

* Politechnical University Bucharest, Défit, of Mechanical Engineering, Techn. tquipmen t for process indurstsci
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ABSTRACT. Therationaluseof disccentrifugalseparatorsinvolve the possibility 
to determine or to evaluate correctly specific parameters as : flow capacity, critic 
dimensions for solid particles, the dynamics of solid évacuation etc. The specific 
parameters aye generally evaluated theoretically or baSed on laboratory models, .

. subsequently followed by the généralisation of the findings. Because of that 
reason and because the disc centrifugal separator is a closed structure, hard ob­
servable, there are very substanțial errors introduced. The present work repré­
sente an experimental possibility of evaluating working parameters specific to 
the disc centrifugal Separators.

Symbols :

Q — total flow capacity of suspension, m3/h
q — specific flow capacity for a dise unit, m3/h
Z — number of flowing interstices, number of dise units
N — number of dises
h — normal distance between two dises, m
a. — semiangle of dise
n — rotation speed of rotor, rpm 
tó — angular velocity of bowl, s-1 
v) — dynamic viscosity of suspension, cP 
AQ — differential density, kglm3 
üx,Ü0 — components of the flow suspension velocity along the dise, respectively, on the tangential one 
R — current radius, m
es — mechanical stress, MPa

General aspects. Although, within a period of 100 years, there are a lot 
of theoretical and experimental works concerning disc centrifugal Separators, 
the technological use of dises Separators is, even today, affected by a lot of 
unknown aspects. One of these, is the total flow capacity-Q,' or the specific 
flow capacity — q, which is decisively conditioning ail évaluations regarding 
the séparation capacity of the machine. Disc Separators are by construction 
closed Systems and that characteristic makes impossible, in practice, to observe 
flowing between dises or through the bowl. However, there are some specific 
methods developed to providé useful informations.

a) Transfer of a pigmented material deposed on dises [1, 2, 5]. It reacts 
with the liquid or the suspension and it is washed because of the different flowing 
according with different parts of the bowl. This method can be used directly 
on industrial installations. The difficulty of the method consists in making 
photos of the dises and the planimetration of washed area to estimate the real 
flowing route.
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b) Visualization of flowing domains through coloured jets which make evi­
dent also, the phases stratification [5, 6]. This method can be applied only 
for models or for special constructions — opened or transparent.

In the present work, we try to eliminate these unknown, related to the 
suspension flowing, by experimental quantitative déterminations based on a 
method specific for rotor structure résistance, analyse performed with străin 
ganges.

Theoretical présentation. Usually, any considération regarding flow sus­
pension veloeity üt, ûe, the criticai dimension of solid particles dcr, thickness 
of the flowing suspension layer hs etc. suppose the same specific flow capacity, 
q = const, for the whole separator. Under these conditions, it was established :

— flow suspension veloeity [3]
5» = «i/x; üe = v1/x (1)
Uj = Q/2irhsin a vx = Q(1 — X)2irh sin a (2)
— thickness of the flowing suspension layer [4]
hs == [3Qr;/2'n:R2û>2sin aj13 (4)
û, = [QWpsin <x/127z2Rvj]23 (5)
where :
q = Q/z (6)
X = hfwpsiu a/vj]1 2 (7)
— stability factor of the flowing suspension layer [7]'
к = e(X — 1), where e = ut/wR (8)
The value of the stability factor k, détermines, by approximation, the 

transportation conditions as laminar, when к < 1 or turbulent, when к > 1 
decișively for the rest of hypothesis for calculation.

In context with the previously presented considérations, we have to men­
tion that an important disturbing factor for the séparation process, the contra- 
flow between suspension and sedimeut, is strongly dependent on the flowing 
régimé existent between dises [1, 6, 7]. The laminar flowing régime is favourable 
to sédimentation and sediment évacuation, but the régime évaluation is not 
rigorously done because of theoretical considérations. That involves for ope­
ration, flow capacity adjustments for feeding which can completely change 
the sédimentation conditions.

Regarding the résistance analyses of structures, in conformity with me- 
chanics principles, as long as the stress state is kept in the elastic domain, 
the effects superposition principie eau be applied. According with this principie 
it is possible to analyze separately the effects due to a complex of factors 
and we can finally write as follows :

o-r = Sœ, (9)

where :
cT — total stress
G; — stress due to the solicitation factor, i

: ■ * ' ■ tï ’ï U. •: y» . ,j ■ -r. >’l, • ut.......-.r- . ..
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The disc centrifugal Separators construction belongs to structures wjth 
thin or moderate thickness of walls and the dises certainly are axsymmutric 
structures with thin walls and consequently, for the plane stress state, the 
équation (9) becomes :

aj = Sau-, respectively, <r2 = S o2, (10)

The main stress, <q — on the annular direction, can be expressed in accor­
dance with the constructive type of separator and the phase of the analysis, 
as operating unfeeded or with suspension.

Limiting, restricting the analyses only at the dises from the separator 
set, the relation (10) take the following form :

— for operating empty, without snspensiou flow :
°io — ffi(w) + ci(Fi)
ff20 = <r2(w) + 52(Fi) <31)
where :
стъ2(и) — stress due to centrifugal forces
<q,2(Fi) — stress due to structural connective loading
— for operating with suspension flow :

= «ii») + <b(ps) + <rj(Fi)
<r2 = o2(w) + <r2(ps) + <r2(Fi) (12)

= CTio + ffi(Ps)
<r2 = a20 + <r2(ps) (13)
where :
<r1)2(ps) ~ streses due to the pressure of the suspension layer flowing on 

dise.
Based on these simple considérations, it follows the proposai of a possibi- 

lity to evaluate the suspension flow distribution between dises starting from 
mechanical measurements of the stress state, using străin gauges.

Experimental. Starting from the idea that for a certain point on the geometry of the dise, 
but the same one for ail measurements, the diffefehee between thé stress founded for the opération 
without suspension flow, respectively fór the operation with suspension flow, is detci mine u ly the 
local loading of the dise with theflowing suspension layer. Registering the local stress, it is possible 
to point out more or less loaded areas in the package of dises [fig. 1].

The experiment has been carried out on a relative small centrifuge (fig. 1) 1ype TtL. 4 — 
Tehnofrig, with Q = 400 1/h at a rotation speed, n = 6500 rpm and N = 40 dises. It was follcwed 
and registered the stress state in three points locatcd along the dises, for two basal dises, the 
median area and the vertex of dises package and numbered Z = 1, 2, 19, 20, 39, 40.

The registration of specific deformation has been realised with a tcnscmetric bric'gc with 
6 channels, type N — 2302 (IEMI, Bucharest), précision 0,3 —0,5%.

The expérimentation programme supposed the use of two rotation speed levels, at the rotor 
filling rate G = 0,2.

Străin gauges was constantan wire, type TER.5H.120 (ÎNCERC, Bucharest); recording of 
strains has been done by străin bridge with 6 channels, type N — 2302 (IEMI, Bucharest).
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head coonical zone ; 
lement.

Fig. t Rotor agrgegate and disc set : 1 — bottom zone ; 
set; 4 — upper ring for assembly; 5 —

Results and Discussion. After processing primarv the specific deforma­
tions according with the plane stress state, the dependence of stress upon the 
rotation speed and the loading of dises is represented in the Table 1.

Analysing the results of the measurements presented in the Table 1, one 
can clearly observe, from the value of the équivalent stress <rc, that there is 
a différence between the situation of dises without suspension flow and with 
suspension flow, both, between the points of the same disc “1”, “2”, "3” 
and between the dises of the set. The values of the équivalent stress does 
not permit the quantitative identification of the cause, it only signal out the 
cause. For that reason, we use the components rq, cr2.

From the relation (13), we point out the différences До :
= <qT — <q0 = <q(pj

До2 = о2Г — o20 = <r2(ps)

The values of différences A<q, Дсг2, for homologous points of the three 
different dises from the three areas I, II, III, represented in the fig. 1, are 
very important ior the chemical teclinologist.

In conformity with Table 1, for Acq, Arq, corresponding to dises “2”, 
respectively “39”, these are déviations going from 0,5% to 6%, perfectlv 
explicable through measurement errors, experimental reproducibility etc. and 
between the same dises ‘and the dises from the median zone “2Ó”, for the 
saine homologous measurement points, there are déviations going from 40% 
to 60%. These déviations refie et actually a higher suspension load of dises from 
the upper zone, respectively’’ the. lower zone, in comparison with the dises
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Experimental stresses at local points
Table T

Disc number Local point a
[N/mm2 J nt = 1850 min 1 n2 = 2850 min 1

Empty bowl
1 °i -34.65 -42.750

O2 -45.225 -53.770
<5C 40.974 49.1946

„2" 2 5.400 10.687
g2 - 12.710 -32.625

16.104 39.080
3 15.750 22.275

<?2 25.200 31.252
22.05 27.869

1 «1 -34.66 -42.620
Go -45.34 -54.1015

41.0554 49.372
,.20'' 2 al 5.388 10.800

CT2 -12.700 -32.700
<se 16.085 39.231

3 ai 15.690 22.315
25.300 31.200
22.120 27.8419

1 °1 -34.600 -42.830
°2 -45.200 -53.910
at? 40.942 49.312

,.39” 2 CT1 5.500 10.880
°2 -12.700 - 32.740
Ge 21.981 39.325
<*i 15.815 22.345

3 a2 25,100 31.360
21.891 27.964

F'iowing conditions
Gl -34.6418 -42.7279

1 °2 -44.S09 -52.873
40.751 40.601

°1 5.4155 10.7273
,,2” 2 Go -11.504 -29.505

14.965 36.035
ai 15.710; 22.3283

3 a2 27.343 36.868
23.772 32.165

Gj -34.6498 -42.7367
1 g., -44.913 -53.2318

40.762 48.837
°i 5.4095 10.7113

29” 2 °3 -11.986 —30.753
15.419 37.281
15.725 22.107

3 g.» 26.486 34.622
ne 23 071 ;;o,396
Gt -34.640 -42.860

1 g2 -44.880 -52.650
rse 40.737 48.501

5.425 10.900
„39” 2 Go -11.500 -29.360

14.968 36.067
CT1 15 «00 22.400

3 27.415 36.920
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from the central zone. In another way, if it is accepted a medium specific
low capacity, qm — on the interstice, we can suppose :

— in the zones I and III, real flow capacity 1,4 ... 1,6 • q
— in the zone II, real flow capacity qm
The previous findings are very useful for the chemical technologists, who 

has to dimension the flows according with its or to cooperate for the rear­
rangement of the median zone dises to bring its efficacity at the level of the 
others. These remarks confirmed by scientific works [1, 5, 6] :

in the zones I and III, real flow capacity 1,6 • qOT
— in the zone II, real flow capacity 0,7 ... 1 • qOT
Conclusions. Although the validity of observations is valoric limited at 

the type of the analyses separator, it can be useful for the chemical techno- 
logist in many directions : the correct choose of the separator through flow 
capacity conditions, évaluation of secondary flowing and of turbulence (through 
suspension pressure, on each disc, it appears the possibility to determine the 
thickness of the flowing layer, and the flowing régime ux, ue, form far more 
exactly than the classic theorectical way). The method can be applied for 
industrial existing Separators to extend the operation field, as well as for 
experimental necessities, to increase the performances of the centrifugal sepa­
rator.
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THE STUDY OF LEAD SULFIDE FILMS. IV. 
PROTECTION BY OPTICAL LACQUERS

ILEANA POP*,  VIOLETA IONESCU», VALENTINA VOMIR*,  CBISTINA NAȘCU*

ABSTBACT. — This study présents photosensitivity and electrical résistance 
variation of lead Sulfide films in presence of humidity. Humidity drastical'y 
affects electrical and photoelectrical properties of chemically deposited PbS 
films. Considering this behaviour, some experimente have been made regarding 
protection of PbSfilms by polymer thin film application. Good résulte have been 
obtained by protecting with polystyrène, ethylcellulose, novolak, ABS and poly- 
methylmethacrylate films. None of these polyraers seriously affecte PbS films 
properties, being suitable for their protection.

Introduction. It is known the fact that PbS films kept in atmosphère have 
the tendance to adsorb gases like : O2, CO, CO2, H2O.

Berejnaia [2] made a study regarding the influence of O2 and CO at 
room température, on electrical properties of PbS films. Important modifi­
cations of conductivity and mobility of the carriers were observed after 20— 
30 minutes of exposing PbS films to above mentioned gases action. Hillebrand 
[3] shows that at 25°C a chemosorption of oxygen takes place, leading to con­
sidérable oxidation of film surface in only few minutes time. Water sorption 
between 25°C—70°C worsens photoresistance quality of PbS films [4].

Considering these, PbS films used as photoresistances must be protected 
in order to conserve their electrical and photoelectrical properties.

In reference materials are mentioned various compositions based on glass 
[5, 6] or A13O3, As2S3, CdTe, MgF2, SiO, SiO2 thin films deposited in vacuum 
[7, 8]. None of the overcoatings seriously dégradé detector properties. Improved 
detector properties were obtained with As2S3.

In present paper, the influence of various optical polymer films on photo- 
conducting and electrical properties of PbS films, was studied.

Experimental. The lead sulf ide films obtained by chemical déposition [9] were sensi tized by 
thermie treatment in presence of oxygen. The electrical contacts were realised with chemically 
■deposited gold films through thermal décomposition of terpenesulfide [10]. Polymer films were de­
posited at room température from their’s solutions in suitable solvents. Electrical résistance of PbS 
films was determined with digital multiméter E 0302 (IAEM — Bucharest—Rômania). Photocon- 
■ductivity was estimated through AR/Rt ratio, where AR=Rná—Rq;. (Rqî=electrical résistance in 
the dark Rq( = electrical résistance at illumination with a 75 watt lamp through germa­
nium filter at 0.25 m distance from the sample).

Results and discussion. As support for PbS films were used optical glass 
slides (K 515) sized at 6 X 3.5 X 0.8 mm on which preliminary were depo­
sited gold contacts on a 2 X 3.5 mm area from a mixture containing 16% Au 
and proper fondants for adhérence [10]. Golden film’s formation température

♦ Institute of Chemistry, 30 Fântânele, str., 3400, Cluj-Napoca
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is 500°C. On thus prepared slides, a PbS film with a thickness of 0.2 um has 
been chemically deposited [9]. After by thermal treatment in presence of 
oxygen the samples were kept in the desiccator on anhydrous CaCl2 (humidity 
at 25CC is approximately 0.15 mg H2O/1 air). It was noticed that keeping 
the samples in these conditions the electrical résistance decreases in time con- 
sequently with photoconductivity’s decrease. ' ' :

Obtained data are shown in fig. 1 and 2.
These variations can be explained by water adsorption which takes place 

slow enough. Increasing humidity at approximately 19 mg H2O/1 ’àir — in 
samples no. 5—7 case hydratation rate is higher — electrical résistance drasti- 
cally drops (fig. 1) consequently with AR/R, ratio decreasing (fig. 2). ■

By thermal treatment at 90 °C photoconductivity and electrical résistance 
increase up to initial values. Therefore the hydratation-dehydratatión process 
is reversible. Our data are in concordance with other’s authors data [I l which

1

: r 50 100 150 200 250 300 1
t [ h 1____

"50 10Ô 15Ô- 20Ö 250 300 2
• tlmin]

Fig. 1. The variation of electrical résistance Rn (25°C) with the 
time. Samples no. 1 - 4 were kept at the approx. humidity 0.15 mgHtO/l 
air. Samples no. 5 — 7 were treated with air containing approximately 

H) mg H2O/1 air.
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have established that maximum température for PbS films dehydratation treat- 
ment is 150QC. Over this température oxidizing processes can take place.

To avoid photoelectrical and electrical characteristics’variation in time 
after reaching imposed parameters it’s necessary to protect the photoresistance 
with optical films.

We experimented in this purpose polymer films selected so that the vo­
lume resistivity (at 25°C — RH 65%) to be higher than 107£l • cm and to have 
an IR transmission with maximal spectral response for PbS ( ä 2.6 pm) higher 
than 70 —80%.

Between the polymers that fulfill these conditions and which were experi­
mented by us, we mention : polystyrène, polymethylmethacrylate, ABS, ethyl- 
cellulose and novolak [12—15].

Examining transmission spectra in IR [12, 13] were established wave- 
length ranges in which some polymers can be used as optical lacquers. In 
table 1 it’s shown some usual polymers with the ranges in which they don’t 
have absorption peaks and can be used for protecting optical overcoating.
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The range in whieh some polymers ean he used as optieal Iaequer for IR radiation

Table 1

The polymer The range in which it can be used as optical 
lacquer |im

Polystyrène <3; 3.8-5.0
Ethylcellulose <3; 4.5-7; 11-15
Nitrocellulose <5; 13-15
Poly <iny [Chloride <3.2; 3.8-5.5
A.B.S. <4.2; 5-6
Polymethylmethacrylate <2.8; 3.8-5.2
Polybutadiene <3; 4.5 —6.5
Potyvinylalcohol <2.7; 4-6

In table 2 it’s shown electrical résistance (Rn) in the dark and photoelectri- 
cal (AR/Rd;) characteristics of PbS films, uncoated and coated with polymer 
thin films deposited from 1 — 10% solutions in suitable solvents. Films déposi­
tion has been made at room température by immersion. The measurements 
were made after 24 hours (after removing solvents) at 20°C température.

Table 2

a) Polystyrène in Chloroform

Eleetrieal and photoeleetrlcal eharaeterlsties of PbS photoresistances before and after eoating 
with polymers films (u — uneoated ; e — eoated)

Sample no 8 9 10 11 12 13 14 15
ROi kil(u) 483 908 955 970 1002 1063 1560 1620
AR/ROf X 10*(u) 84.35 97.39 42.96 86.53 67.22 44.62 134 131.42
«-□</ kii(u) 470 998 940 1000 1090 1072 1570 1680
Variation % -2.6 +9.91 -1.57 +3.09 +8.78 +0.84 +0.64 +3.75
AR/RqjX 10*  (c) 84.31 102.27 42.42 85.5 66.50 43.5 132 130.20

b) Polymethylmethacrylate in cloroform
Sample no 16 17 18 19 20 21 22 23
Rarf kO(c)488 564 618 666 680 830 908 960
AKJr'oj X10* (n) 122,83 121,17 68,40 75,03 118,64 84,44 97,39 45,00
Ra< kft (c)___________ 505 590 640 680 700 850 958 980
Variation % +3.48 +4.60 +3.55 +2,10 +2.94 +2.40 +8.48 +2.08~
AR/Rq« X 10*  (c) 120.50 119.90 67.2 74.10 116.50 83.5 98.00 46.10

c) A.B.S. in butyl acetate
Sample no 24 25 26 27 28 29 30 31
R[ZW kil/(u) 394 416 432 460 484 647 727 820

AR/RDj X 10*(u) 122.59 144.70 111.56 146.77 145.78 154.72 160.57 130.25

^□4 kil (c) 402 430 455 480 495 630 652 805

Variation % +2.30 +3.36 + 5.32 + 4.34 +2.27 -2.62 -10.31 -1.82

AK/RQj x lO' (c) 120.30 142.56 ’ ‘ 99.40 144.22 142.02 149.20 • 155.20 . 128.32
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d) Ethylcellulose in Chloroform
Sample no 32 33 34 35 36 37 38 39
Rqî kil(u) 399 406 420 432 434 442 476 486
AR/Rqí X 10« u) 150.94 126.81 154.54 154.11 93.72 163.09 117.35 138.23
RCM kil(c) 425 395 410 425 4 25 4 65 492 480
Variation % + 6.51 -2.70 -2.38 -1.62 -2,07 + 5.20 +3.36 — 1.23
AR|Ra<X 10« (c) 145.82 125.20 152.20 156.12 94.50 162.32 115.20 136 42

e) Novolak
Sample no 40 41 42 43 44 45 46 47
Rqj k£î(u) 200 230 237 282 293 310 328 378
AR)Ra< X 10« (u) 69.49 49.35 70.50 41.00 66.47 64.89 43.23 78.56
Rq4 k£I(c) 185 245 230 272 295 290 326 400
Variation % -7.5 + 6.52 -2.95 -3.54 +0.68 -6.45 -0.60 + 5.82
AR/ROiX 10« (c) 67.20 45.26 67.80 40.5 65.4 63.4 42.50 79.20

Detectivity of experimented samples was approximately 1010 W • Hz1/2 ■ cm“1. 
From table 2 data is find that electrical résistance modifications of films are 
maximum ±10% after coating with polymer films and photosensitivity modi­
fications are insignificantly. The measurements made at 30 days after pro­
tection coating show too insignificantly variations in samples characteristics.

The obtained results agréé with optical and electrical properties of tested 
polymers.

All tested polymers can be applied as protection coatings for PbS films 
in photoconductivity and electrical characteristics stabilization.
Conclusions. From experimental results presented in this study the following 
conclusions can be infered :

— PbS films modify fast enough its electrical résistance and photoelec­
trical properties in humidity presence between 0.16 — 19 mg H2O/1 air.

— This behaviour justify us to affirm that these PbS films can be used 
as humidity sensors.

— To conserve electrical and photoconducting properties can be used poly­
mer films such as : polystyrène, ethylcellulose, novolak, ABS, polymethylme- 
thacrylate which do not modify the electrical résistance and'photoconducting 
properties of PbS films.
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ABSTRACT. — It have been prepared pressed and sintered zinc electrodes from 
zinc powder and additives and it have been determined their performances in a 
Ni—Zn cell.The effect of various additives to the zinc electrode was also investi- 
gated on the cell performance.

Introduction. The Zn/NiOOH couple has a high theoretical specific energy 
(326 Wh • kg“1) that it can be expected to deliver about 75 Wh • kg-1 in 
a monopolar rechargeable battery. High specific energy, excellent power perfor­
mance (>130 W • kg-1), good performance even during very cold ambient 
conditions (—20°C), inexpensiv and low-toxicity materials, make the Zn/ 
NiOOH battery a large portable power sources applications [1].

The potential active reaction at the zinc electrode is :
discnarge _ „

Zn + 2 KOH + 2OH- ... - ZnK, OH)4 + 2 e" 
recharge

In spite of significant research and development of this battery two im­
portant problems remain. One is the high cost of the battery due to the NiOOH 
electrode. The other important problem is the limited lifetime of this battery ; 
it rarely complétés more than 200 full-capacity cycles before failing.

Failure is typically associated with tw’o phenomena : 1) zinc dendrité ini­
tiation and propagation, leading to cell shorting ; 2) zinc material redistribution 
leading to graduai capacity loss.

Zinc active material can migrate across the face of the electrode (in a 
parallel direction to the face of the electrode), into or out of the pores of 
the electrode (perpendicular to the face of the electrode) and away from the 
electrode to the NiOOH electrode. These migration processes take place in 
régions with dense and nodular zinc and in régions which have very little or no 
zinc. As a resuit of these processes are : the capacity réduction of NiOOH 
electrode ; the zinc electrode may become the capacity-limiting electrode, and 
dense areas of zinc can short the cell. Although the cause of zinc electrode 
shape change is not knowen with certainly, various mechanisms have been pro- 
posed to offer an explanation [1].

These mechanisms include : (a) electrolyte flow through ion-exchange Sepa­
rators caused by osmotic pressure gradients in cells ; (b) electrolyte concentra­
tion gradients caused by the différence between the current density distribu­
tion during charge and discharge ; (c) natural conveuction of the electrolyte 
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caused by density gradients ; (d) autocatalytic zinc dissolution from the peri- 
phery of the zinc electrode ; (e) lower charge efficiency for the zinc déposition 
at the electrode periphery caused by nonuniform OH~ ion concentration; 
(f) oxidation of zinc to soluble ZnO by oxygen that has migrated from the 
NiOOH electrode (where it is evolved during charge) to the periphery of the 
zinc.

However, none of these models can not fully account for the shape change 
phenomenon, particulary the zinc migration either toward or away from the 
centre of the electrode [1]. However ail of the models suggest that if the amount 
of zinc dissolved in the electrolyte is decreased, therate of zinc redistribution 
will decrease.

The high solubility of Zn(OH)4 2 ion in alkaline-solutions and the formation 
of zincate-supersaturated electrolyte solutions during discharge is strongly asso- 
ciated with the shape-change process.

Methods which can to reduce the solubility of zincate ion in the alkaline 
electrolytes has recongnized [2—7].
Results and discussion. Our intention was to form a relatively low soluble com­
plex with ZnO and there by maintaining much of the Zn in a solid form, but 
to allow the fast interconversion of Zn to ZnO which permit the cell char- 
geing and discharging at high rates. Calcium hydroyide is insoluble in alkaline 
solutions, and would therefore retain a uniform distribution as the cell is cy- 
cled [8]. Furthermore Ca(OH)2 is not toxic and is cheap. In the literature it 
were reported some experiments with other alkaline-earth metal hydroxides as 
in complexing with zinc species [9].

From the different types of zinc électrodes reported we have chosen the 
pressed and sintered electrodes [101. The performances of these electrodes 
have been examined in a NiOOH-Zn cell, using sintered NiOOH electrodes.

The pressed zinc electrodes were obtained from zinc powder or needles and 
electrolytical prepared fibres. The sintered electrodes were prepared by sinte- 
ring of zinc powder. The active material composition of the electrodes is shown 
in tab. 1.

Table 1

Electrode Compozition Coulombic effici- 
entlyfor the first 

ten cycles %
1 ZnO 10% ; Zn 85% ; Ca(OH),

3%; Bi(NO3)3 2%
80

2 ZnO 20%; ZnO 75%; Ca(OH)s
3% ; Bi(NO3)3 2%

75

3 ZnO 30%; Zn 65%; Ca(OH)t
3%; Bi(NO3)3 2%

80

4 ZnO 40%; Zn 55%; Ca(OH)3
3% ; Bi(NO3)3 2%

83

5 ZnO 50%; Zn 45%; Ca(OH)3
3%; Bi(NO3), 2%

72

6 ZnO 60% ; Zn 35% ; Ca(OH),
3%; Bi(NO3)3 2%

55

7 ZnO 75% ; Zn 24,4% ; HgO 0,6% 68
8 needles and fibres of Zn 65
9 Zn 4- teflon 50
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The mixture of zinc powder and additives was compressed at 500—600 
daN/ст2 on eurrent collecter s from nickel mesh, and then was packed in an 
electrolytic paper, pressed once again at 200—250 daN/ст2 on nikel reofors 
and paeking in the same conditions.

The sintered électrodes were prepared by pressing of zinc powder with 
polytetrafluor-ethylene bônded on nickel reofor and sintering in hydrogen at­
mosphère at 370°C.

The zinc anodes (45 X 102 x 1,5 mm) assembled in a cell, were insulated 
from the Ni sintered électrodes by polypropylene Separators. The electrolyte 
was 6 N KOH with 35 g/1 IÂOH saturated in ZnO. The cell w'as cyclated per- 
formed in galvanosțatic conditions.

The charge-discharge curves for a cell with pressed anodes (7) are shown 
in fig. 1.

From zinc anodes prepared by us, the greatest nominal capacity of cell 
and higher lifetime had the pressed électrodes (tab. 1).

The discharge curves for évaluation of nominal capacity are shown in 
fig. 2. Also was studied the effect of Pb2+ addition to the electrolyte.

The sintered électrodes had a good mecanic résistance, but they lost it 
during the cycling. These électrodes present a less capacity than the pressed 
électrodes, because of the decrease specific surface.

The most pregnant électrodes shape change it has been observed for the 
(6) and (7) composition from the tab. 1. It seams that although it suppress
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Fi g. 2. The discharge curves £ or a cell With (1), (2), (3), (4) Zn type 
électrodes.

! Л
) И

Fi g. 3. The polarization curves: 1 — without additives; 2 — with ZnO 
additive in the electrolyte ; 3 — with Pb2+ additive in the electrolyte ; 
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the H2 évolution, (due to the increased overpotential of the rdH on Hg), the 
HgO détermines an accélération of electrode shape change.

The Ca(OH)2 addition to the zinc electrodes, which forms a calcium-zincate 
complex, minimizes the active material redistribution. The composition of thus 
complex is not known with certainly and will be investigated by X-Ray diffrac­
tion.

The addition of Ca(OH)2 to the active material and the Pb2+ to the electro­
lyte is bénéficiai for the zinc electrode functionality and performances.

It has been observed high performances expecially at high current den­
sifies (fig. 3).
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ABSTRACT. — Sintered nickel plates were prepared from nickel powder obtai­
ned by thermolysis of Ni(NO3)2. The influences of Co(OH)2 and Cd(OH)2in the 
active material and LiOH in the electrolayte, respectively, on the electrochemical 
behaviour of nickel électrodes were investigated.

Introduction. The physico-chemical and electrochemical characteristics of a 
given cathode material have a great influence on the performances of electro­
chemical power sources.

Nickel hydroxide is a successful cathode material used in Ni—Cd, Ni—Zn 
and Ni—Fe alkaline batteries, having a large area of applications, and in Ni—H2 
batteries, used extensively in aerospace Systems [1].

The reaction at the nickel electrode during charge-discharge is :

NiOOH -J- H2O + e“ Д—--.ge-^ Ni(OH)2 + OH~ . (1)
charge

г ° = +0,490 V/NHE

For the one-electron change process, the theoretical charge density of 
NiOOH cathode is 290 Ah/kg.

Despite the long technological hystory of nickel hydroxide electrode his 
electrochemistry is not yet fully understood. This is due to the participation 
of two distinct couples, ß-Ni(OH)2 / ß-NiOOH and a-Ni(OH)2 / y-NiOO H, in 
the potential-determining reactions (2, 3).

The transitions of these couples take place according to Bode scheme [4] :

ß-Ni(OH)2 - aging a-Ni(OH)2
+ e~ ФI — e- + e_44 — e“
+-Н+Ф-Н+. +Н + Ц-Н+

ß-NiOOH overchilge rNiOOH
(2)

The discharge of the électrodes containing ß-NiOOH proceeds at more 
positive potentials than that of the électrodes having у-NiOOH. The discharge 
capacity is higher for électrodes containing у-NiOOH due to a nickel oxidation 
state of 3.7—3.8, while for ß-NiOOH it only slightly exceeds 3 [5].
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The existence of a, ß, у species is related to the preparing method of active 
material, charge-discharge cycling conditions, concentration and composition 
of the electrolyte.

In the charging process of the active material, at high anodie potentials, 
oxygen is evolved according to the reaction :

4OH — O2 t +2 H2O + 4e- (3)
The addition of some metal hydroxides to the active material and lithium 

hydroxide to the electrolyte has a great influence on the electrochemical beha­
viour of the nickel hydroxide electrode [6—11].
Results and discussion. The nickel electrodes were prepared by immersion of 
sintered nickel supports (35 X 70 X 0.5 mm) in saturated Ni(NO3)2 solution 
and followed by anodie polarization in 42% KOH. The sintered nickel plates 
were prepared with nickel powder obtained by thermie décomposition of 
Ni(NO3)2. The impregnated active material was the black nickel oxy-hydroxide.

The electrochemical investigations were carried out in a half-cell containing 
6 M KOH and 6 M KOH + 35 g/1 LiOH solutions, using a nickel foil counter- 
electrode and a saturated calomel electrode (SCE) as référencé.

The electrode potentials variations with time in anodie (charge) and catho­
dic (discharge) processes, at constant current were traced.

The effect of 35 g/1 LiOH addition to the 6 M KOH electrolyte was in- 
vestigated by charge-discharge curves, at I = 100 mA (fig. 1).

In the presence of LiOH the conductivity of the electrolyte decreased 
and, as a resuit, the charge potential was higher (curve 4) and the discharge 
potential was lower (curve 2) than for 6 M KOH electrolvte alone (curves 
3, 1).

Fig. 1. Charge-discharge curves for nickel hydroxide electrode in 6 M KOH 
electrolyte (1-3) and 6 M KOH + 35 g/1 LiOH electrolyte (2-4).
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Electrorhemical characteristics of nikel hjdroxide electrode

Table 1

Electrode Electrolyte
^charge

mA
^charge

h
c 

charge 

inAh
■^discharge

mA
^discharge 

h
discharge

inAh
H'
О/
/0

er
V/SCE

Ni 6N KOH
6N KOH + 35 g/1

100 5,5 550 100 3,5 350 63,63 0,253

LiOH 100 5.5 550 100 3,83 383 69,64 0,273
Ni+Co 6N KOH

6N KOH+35 g/1
100 5,5 550 100 4.44 444 80,73 0.220

LiOH 100 5/5 550 100 4,75 475 86,36 0.241
Ni+Cd 6N KOH

6N KOH+35 g/1
100 5,5 550 100 4 400 72,73 0.261

LiOH 100 5,5 550 100 4,33 433 78.73 0,287

LiOH had a favorable effect by increasing the capacity and tlie coulombic 
efficiency of the nickel hydroxide electrode (Table 1).

The reversible potentials (e ) of the nickel hydroxide electrode, in 6 M KOH 
and 6 M KOH + 35 g/1 LiOH, were evaluated from the e versus 1g t data 
by intersecting the anodic decay and cathodic recovery Unes (fig. 2).

The presence of LiOH in electrolyte shifted the reversible potential of 
Ni(OH)2/NiOOH couple (e = 0.253 V/SCE) to more anodic value (0.273 V/SCE)

Li+ ions were quite probablv incorporated in the Ni(0H)2 lattice forming 
an intercalation product such as (Ni III)O2~Li+(OH-)) [8]. This intercalation

0,45

0,15

1 = 400mA

Ш

0,30 

“0,273 
^0,253

Fi g. 2. The s évaluation for nickel hydroxide electrode in 6 M KOH 
electrolyte (1-3) and 6 M KOH + 35 g/1 LiOH electrolyte (2-4)

1 2 3 4 5 6 7
loqit(s)]
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compound facilitâtes the transfer reaction of the proton, involved in the oxi­
dation and réduction processes of nickel hydroxide :

charge
WH)2 NiOOH + H+ + e- (2)

The influence of some metal hydroxides additives in the active material 
on the nickel hydroxide electrodes performances was investigated. The electro­
des were prepared by electrochemical coprécipitation of 10% cobalt hydroxide 
and 10% cadmium hydroxide, respectively, into nickel hydroxide. The charge- 
discharge curves of these electrodes, at 100 mA, are shown in fig. 3.

Some electrochemical characteristics of nickel hydroxide electrodes, with 
and without additives, are shown in Table 1.

The presence of Co(OH)2 and Cd (OH)2 in active material increased the 
capacity and efficiency of the electrodes. The reversible potential of nickel 
hydroxide electrode was shifted to more cathodic value by Co(OH)2 (0.220 
V/SCE) and to more anodie value by Cd(OH)2 (0.261 V/SCE).

The bénéficiai effect of Co(OH)2 on the nickel hydroxide redox reaction 
was due to schifting the oxidation reaction to less positive potential (away 
from the oxygen évolution region).

Cd(OH)2 improved the charging efficiency by increasing the oxygen over- 
potential.

In conclusion, the addition of 10% Co(OH)2 and 10% Cd(OH)2 to the elec­
trode and 35 g/1 to the 6 M KOH electrolyte have been shown to increase the

Fig. 3. Charge-discharge curves for nickel hydroxide electrode (1 — 4), nickel 
hydroxide + Cd(OH)2 electrode (2 — 5) and nickel hydroxide + Co(OH)2 elec­

trode (3 — 6) in 6 M KOH electrolyte
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capacity and efficiency of nickel hydroxide electrode by improving the utili- 
zation of active material and by minimizing the parasitic oxygen évolution 
process.

REFERENCES

1. L. Oniciu, E. M. Rus, Surse electrochimice de putere, Ed. Dacia. Cluj-Napoca, 1978
2. J. De silvestre and O. Haas, J. Electrochem. Soc., 137, 5c, 1990.
3. R. Barnard, C. F. Randell, F. L. T y e, J. Appt. Elecotrochem., 10, 109, 1980.
4. H. B o d e, K. D e h ni e 11, J. Witte, Electrochim. Acta, 11, 1079, 1966.
5. B. B. Ezhov, O. G. Ma la din, J. Electrochem. Soc., 138, 885, 1991.
6. B. C. Cornilsen, X. Shan, P. L. Loyselle, J. of Power Sources, 29, 453, 1990.
7. L. Oniciu, E. M. Rus, P. Ilea, V. Voina. D. Constantin, Rev. Chim., 

(București), Зв, 340, 1985.
8. M. E. Unates, M. E. Folquer, J. R. Vilche, A. J. Arvia, J. Electrochem. 

Soc., 139, 2697, 1992.
9. D. A. Corrigan, R. M. Bendert, J. = Electrochem. Soc., 136, 723, 1989,

10. P. V. K a m a t h, M. F. Ahmed, J. Appl. Electrochem., 23, 225, 1993.
11. L. Demourgues-Guerlou, C. Delmas, J. Electrochem. Soc., 141, 713, 1994.



STUDIA UNIV. BABEȘ-BOI.YAI, CHEMIA, XXXIX, 1-2, 1994

DIE THERMISCHE ZERSETZUNG DER SALPETERSÄUREESTER VON 
STEROLEN, ANWENDUNGEN IN DER KONFORMATIONS-UND STRUK­

TURANALYSE

MIRELA MIHĂEȘI*

ABSTRACT. Following spectrometrically the thermal sleavage of the ONO2 
group in a sériés of relatively simple sttrol mononitrates, corrélations could be 
established between the measured half times and steric (structural) factors. Thus 
in a conformer pair the thermal décomposition of the axial nitrate group pro- 
ceeds faster than that of the équatorial one. The steric hirdrance, as well as 
a homoallylic double bond, increases the décomposition rate considerably.

Die kinetischen Untersuchungen der thermischen Zersetzungsreaktionen von 
Salpetersäureestern wurden vor allem auf einfachen Vertretern dieser Substan­
zen durchgeführt. Die Untersuchungsergebnisse der Salpetersäureester von 
niedrigen Alkylalkoholen (Methyl-, Äthyl-, und Isorpropylalkohol) gestatten 
zwei allgemeine Feststellungen : erstens, den ungefähren Charakter der Ermit­
tlung verschiedener kinetischer Faktoren einschließlich der Reaktionsordnung und 
zweitens, die Variation der Reaktionsordnung zwischen den Grenzwerten 0,5 
und 1. Von den Faktoren, di.e in bestimmten Fällen die Annäherung der Reak­
tionsordnung an den Grenzwert 0,5 [1] und in anderen Fällen an den Grenz 
wert 1 [2], [3], [4] verursachen könnten, wird in der Fachliteratur nur die- 
Temperatur erwähnt. Das Steigen der Temperatur gibt der thermischen Zer­
setzung den ausgeprägten Charakter einer Kettenreaktion und damit die Annah­
me einer Kinetik der Ordnung 0,5 [1].

Unsere kinetischen Untersuchungen an Salpetersäure estern der Sterole 
wurden in der Schmelze auf Mengen von 5 — 10 mg durchgeführt. Die Vorun­
tersuchungen haben gezeigt, daß die Mehrheit der Monoester gute Ergebnisse 
bei 185°C liefert. Im Falle einiger schneller Zersetzungen, die von einigen im 
Rahmen der vorliegenden Arbeit diskutierten Faktoren verursacht worden sind, 
wurden die Zersetzungsreaktionen bei einer Temperatur von 170 CC durchge­
führt.

Das Verschwinden der ONO2 — Gruppe wurde durch die Abnahme der 
Extinktion der drei sehr starken spezifischen Hauptbanden um die Werte 860, 
1270 und 1630 cm-1 verfolgt.

Die Verarbeitung der erhaltenen experimentellen Daten wird am Beispiel 
des Salpetersäureestres des 5 a-Cholestan-3ß-ols (I) erläutert.

Zuerst wurde die Gültigkeit des Beer-Lambert-Gesetzes für jede der drei 
Absorbtionsbanden eines jeden untersuchten Salpetersäureesters untersucht, 
indem die Variation des Extinktionslogarithmus als Funktion der Konzentration 
aufgezeichnet wurde.

♦ Universität „Ovidius”, Constanța, Б-dul Mamaia 124, Rumänien
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Die so erhaltenen Geraden konnten als Standard — Geraden verwendet werden.
Um eine größere Genauigkeit zu erzielen, wurden aufgrund der erhaltenen 

experimentellen Punkte unter Auslassen der Punkte, welche die Bedingung einer 
0,95 — Sicherheit nicht erfüllten, die Gleichungen der drei Geraden errechnet. 
Im Falle des Salpetersäureesters von 5a-Cholestan-3ß-01 (I) wurden folgende 
Gleichungen ermittelt :

v = 0,0713 X + 0,06745004
v = 0,0937 X + 0,09324200
v = 0,1479 X + 0,58725392 

(860 cm ')
(1270 cm"1)
(1630 cm"1)

wobei :

v — log—-——- — A und X =- Konzentration (mg/ml) 
P

Diese Gleichungen dienten der Konzentrationsermittlung während der ther­
mischen Zersetzung des unter­
suchten Salpetersäureesters. Die 
als Zeitfunktion graphisch dar­
gestellten erhaltenen Werte führ­
ten zu einer Hyperbel-Kurve 
(Abb. 1). Diese führten dann zur 
graphischen Ermittlung der mit 
t05 bezeichneten Halbwertszeit.

Um die Reaktionsordnung 
ermitteln zu können, versuchten 
wir Linearsierungen, indem wir 
log c = f(t) und s/c = f(t) dars­
tellten. Im Falle der Substanz I 
entsprach die Linearität der 
Gleichung logc=f(t), und somit 
hat die Reaktionsordnung den 
Wert 1 und nicht 0,5 (Abb. 3).

Mit der nun bekannten Li­
A b b. 1. Die kinetische Kuve der thermischen Zersetzung 

des Salpetersäureesters von 5a-Cholestan-3(ï-ol (I)
X — die Punkte fur 830 cm"1
Д — die Punkte fur 1270 cm"1
о — die Punkte fur 1630 cm"1
• — ausgelassene Punkte

nearitätsbedingurig konnte die 
Gerade-Gleichung errechnet wer­
den und daraus ergab sich ein 
genauerer Wert für die Halbwert­
szeit, die dann mit tó,5 bezei­
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chnet wurde. Unter einer weiteren Bedingung der Linearitätsrespektierung mit 
einer Sicherheit von 0,95 wurden alle Punkte die diese Bedingung nicht 
erfüllten, eliminiert, und sp wurde eine neue Gcrade-Gleiehung und ein neuer 
Wert für die Halbwertszeit tö,s erhalten. Unter Verwendung des Wertes tő,5, 
der genauer als to.sbzw.. tő,5 ist, wurde die Geschwindigkeitskonstante für die 
ZcrsetzungsrcEkticn 1. Ordnung berechnet.

Die Kigcbnisse der bei 185'C dvrchgciühitcn kinetischen Bestimmungen 
sind in Tabelle 1, die der bei 170C dure hgc führ teil in Tabelle 2 enthalten.

T «belle 1

to,5 to,5 t0,5
Reaktion*
ordnung K sec 1

1. Salpetersäureester des 5a-Cholcstan3-ß-ols 39,5 39,5 37,1 1 0,2924 X 10»
2. Salpetcrsäureestcr der Cholesterols 21,5 21,5 19 •,5
3. Salpetersäurecster des 5a-Androstan-3ß-

-o|-17-ons 32,5 32 34 0,5
4. Salpetersäureestcr des 5a-Androstan-3a-

-<>1- 17-ons 25,5 24,5 24 05
5. 3 а - ( ) A e - 6 ß - ON О 2~ 5 ß- m c t h у I c h о 1 a n a t 16,5 16 17,5 1 0,7000 X IO 3
6. 3a-OAc-6a-ON02-5ß-methvlcholanat 32,5 31,5 33 1 0,3553 X 10-’
7. 3ß-OAc-6ß-ONO2-5a-cholestan 9,5 9,5 10 1 1,2157 X 10 »
8. Salpetersäureestcr des Methyllitoeholats 2«,5 28 30 1 0,4052 X IO3
9. 3a-()Ac-7a-ONOa-tncthyl-chçnodesoxi-

cholat 9 8 10 1 1,2833 X 10«
10. 3a-OAc-12a-ON02-ttiethyl-desoxicholat 10,5 9,5 11 1 1,1000 X io-»
11. 3a, 12a-Di-0N02-methyl-desoxicholat 16,5 16 16 1 0,7000 X 10-’
12. 3ß, 4ß-Di-ONO2-cholestan 4 4 4 1 2,8875x 10-»
13. 3a, 7a, 12a-Tri-ONO2-methylcholat 11 11 11 1 1,0500X10“»
14. 1 lß-ONO2-21-OAc-pregnen-(4)-dion-

-(3,20)’ 4,5 4,5 4,5 1 2,5666x1.0 »
15. 17ß- ONO2-5a-Androstan + + tt 6
16. 6ß, 7ß-Di-ONO2-3a-OAc-methylchoIanat+ + + 7 7

Ь -- Die gefundenen experimentellen Funkte unterscheiden sich in den verschiedenen Frequenzen der Abfoibtiuns- 
biuideii in den verschiedenen Frequenzen der Absorbtion 
banden. Aufgeführt wurden die Ergebnisse für v - Я60 cm-’ und v -- 1270 cm-1. Nach den erhaltenen Punkten iür v 
-••• 1670 cm 1 ist iü,5 — 25 Min. ' - '

-I к - • Da die Reaktion sehr schnell Verläuft, konnte nur eine kleine Anzahl von experimentellen Punkte ermittelt 
werden, so dafi keiner davon eliminiert wurde.

-* 1 I- Wegen der Streuung der Punkte bei der Linearisierung winde' die beobachtete Halbwertszeit gUM.mmcn

7 Tabelle 2.

, , , Reaktion*
to,s U,5 o,5 ordnung

1. 3ß-()Ac-6ß-C)N'O.-5a-Cliolestan 14 . 41 39 1 0,2817 X 10 »
2. 17 ß-( )X( )2-5 a-Androstan 16 ' 16 18,5 1 0,7218 X 10“’
3. 3 a-OAc-7 a-ONO2-Methyl-chenodesoxi-

-cholat 40,5 39,5 41 1 0,2851 X 10 3
4. 3a-(lAc-12a-ONO2-Methyl-desoxicholat 60 61 58,5 1 0,1925 X 10 «
5. 3a, 12a-l)i-ON02-metliyl-desocxicholatJi” 98,5 97,5 99 1 0,1172x10»
6. 3a, 7a, 12a Tri-ONO2-methylcholat 66 67 65,5 1 0,1747 X 10“’

15 — Chemia 1—2/1994
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Wie aus den Tabellen 1 und 2 hervorgeht, sind die Werte für tôs und 
tö'5 in vielen Fällen identisch, und nur in einigen Fällen betragen die Unter­
schiede 1 Minute. Die Fehler, mit denen die tó,5 —.Werte behaftet sind, sind 
sehr klein und in den mci-.ten Fäl.n sogar zu vernachlässigen,, da bei d.rer 
Berechnung eine Sicherheit von 0,95 gestellt wurde. Die t0>5 — Werte — aus­
schließlich graphisch ermittelt — unterscheiden sich von den tő,5 — Werten 
um einen Betrag von höchstens ±2,5 Minuten. Infolgedessen könnten die gra­
phisch ermittelten t0>5 — Werte für praktische Zwecke verwendet werden, 
wenn man die Unterschiede, die ±3 Minuten überschreiten, berücksichtigt.

Übrigens verursachen die strukturellen uud sterischen Faktoren Reaktions­
geschwindigkeitsänderungen, welche die erwähnten Fehler mehrfach überschrei­
ten, so daß diese zu keiner nennenswerten Fehlinterpretation führen können.

Bevor man nun zur Diskussion der Ergebnisse übergehen kann, muß noch 
erwähnt werden, daß nur in sehr wenigen Fällen nicht alle drei Harptab- 
sorbtionsbanden der ONO2-Gruppe gleichzeitig verwendet werden konnten. 
Einen solchen Fall bildet das 11 a-ONO2-21-OAc-Bregna-4-en-3,20-dion, bei 
dem nur die Banden um 860 und 1270 cm-1 übereinstimmende Ergebnisse 
liefern ; die Bande um 1630 cm1 liefert einen unverhältnismäßig hohen t05- 
Wert, den man nicht berücksichtigen kann. Die Erklärung dafür ist, daß Zer­
setzungsprodukte entstehen, die im Bereich 1600—1700 cm-1 absorbieren. Die 
bei 170°C durchgeführten Untersuchungen lieferten auch keine verwertbaren 
Ergebnisse, da die t05-Werte für jedwede Bande stark verschieden waren. Ein 
ähnloches Verhalten zeigte bei 170°C auch das 3ß, 4ß-Dinitroxi-5a-cholestan.

Im Bezug auf die Reaktion zwischen den bei 185°C ermittelten kinetischen 
Daten und den sterischen bzw. konformationellcn Faktoren kann folgendes 
festgestellt werden :

Die Halbwertszeiten t05 der äquatorialen ONOL-Gruppen an C3 in den 
gesättigten Steroiden liegen um den Wert 35 Minuten (Abb. 2).

♦05 • 30 <m

Abb 2
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tnc -21,3 mm 
tnr - "9 mm

V. -»

Abb 3

Man kann eine Verschiebung zu kleineren Werten feststellen, wenn man 
statt eines Sterolderivates mit gesättigter Seitenkette ein Derivat mit einer 
Ketogruppe in der 17-Stellung untersucht. Ditse Erscheinung kann durch 
die Fernzwischenwirkvng d r Substituenten erklärt werden, wie cs in der Fach­
literatur in vielen ähnlichen Fällen festgestillt und beschrieben worden ist 
[5]. Eine noch größere Verschiebung verursacht die Anelierungsänderung der 
A/B-Ringe, und der Vergleich der Halbwertszeiten kann dazu dienen, die 
Zugehörigkeit zur 5a-bzw. 5ß-R>.ihe im Falle von Isomerenpaaren zu be­
stimmen.

Das Vorhandensein einer 5,6-Doppclbindung wird von einer noch stärkeren 
Steigerung der Zersetzungsreaktion begleitet (Abb. 3). Diese 'Wirkung kann 
man einer „konformation lien Übertragung” zuschreiben, da bekannt ist, daß 
eine Doppelbindung im Steran-SkeLtt die Reaktionsgeschwindigkeiten am 
Niveau entfernterer Zentren beeinflussen kann [5]. Die Stabilisierungswirkung 
einer 5,6-Dșppelbindung auf ein Radikal an C-5 darf aber nicht Vernachlässigt 
sigt werden (Abb. 3), da eine solche Wirkung die Bildung eines solchen Radikals 
und damit die Zersetzung des Esters nach folgender Gleichung begünstigt : 

yC-ONO2----- > >-C = О + NO2

Die axialen ONO2-Gruppen zersetzen sich viel schneller als die äquatoria­
len. So weist das 3a-Nitroxi-5a-androstan-17-on eine unvergleichbar kleinere 
Halbwertszeit als jegliche äquatorialen Ester an C-3 in den beiden Reihen 
5a und 5ß auf. 
Zwischenwirkung

Die Erscheinung könnte als eine durch die nichtgebundene 
der axialen Substituenten hervorgerufene sterische Beschle­

unigung betrachtet werden (Abb. 4). Eine 
bedeutende Minderung der sterischen Kom­
pression findet vor allem infolge von Elimi­
nierungsreaktionen statt, wenn die nichtge­
bundene Zwischenwirkung der axialen Subs­
tituenten hervorgerufene sterische Beschleuni­
gung betrachtet werden (Abb. 4). Eine bede­
utende Minderung der sterischen Kompression 
findet vor allem infolge von Eliminierun­
gsreaktionen statt, wenn die sp3-Hybridisier- 
ung durch eine sp2-Hybridisierung ersetzt 
wird. Es ist bekannt, daß derartige Reakti- 
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onen von der axialen Konformation des Substituenten begünstigt sind, wie 
es auch im Falle der thermischen Zersetzungsreaktion von Salpetersäureestern 
festgestellt werjten konnte.

Andererseits wäre auch die sterische Begünstigung der Zersetzung nach 
der erwähnten Gleichung: ^>C-ONO2->- ^>C = О + NO2 zu berücksichtigen.

Tatsächlich ist die Bildung eines Radikals an C—3 durch die äquatoriale 
Orientierung des 33-H-Atoms erleichtert, da dieses einem Radikalangriff be­
deutend zugänglicher ist (Abb. 6).

Die Zersetzungsgeschwindigkeiten der 7a-ONO2-bzw. 12a-ONO2-Derivate 
können bedeutend größer als die im vorhergehenden Fall gemessene Geschwin­
digkeit sein. Die Erscheinung kann der Steigerung der ungebundenen Zwischen­
wirkung in solchen Substanzen im Vergleich zu 3a-Nitroxi-5a-androstan-17-on 
zugeschrieben werden. In einem 7a-Nitroxiderivat der 5ß-Reihe tritt neben 
zwei 1:3-diaxialen Zwischenwirkungen mit H-Atomen auch eine Zwischenwirkung 
mit einer Methylengruppe (C-4) auf. In einem 12a-Nitroxiderivat der Gallensäure 
ist nicht nur der Einfluß der drei axialen C-9-, C-14-und С-Г7-Н-Atome son­
dern auch der Einfluß der Seitenkette wirksam, denn in solchen Substanzen 
erhält die Seitenkette eine Orientierung, die den Substituenten in 12a über­
lappt (6) (Abb. 5). Leider standen keine Substanzen wie z.B. ein 7a-Nitroxi- 
derivat der 5a-Reihe bzw. ein 12a-Nitroxiderivat ohne Seitenkette an C-17- zur 
Verfügung, mit denen diese Erwägungen experimentell überprüft werden konnten

Interessant ist auch das Verhalten der 6-Nitroxiderivate. Das äquatoriale 
6a-Nitroxiderivat ergibt eine Halbwertszeit, die mit der der äquatorialen 
Salpetersäureester am C-3 übereinstimmt.

+ 0 5 = 9min. tQg =10,5 min.
tQ5 = 10min t05 =11 min.

' Abb. 5

Erwartungsgemäß zersetzen sich die axialen 6ß-Nitröxiderivate unverglei­
chlich schneller. Entscheidend dafür ist die strenge Zwischenwirkung zwischen 
der Nitroxi-Gruppe und der Methylgruppe an C-10 (Abb. 6). Aber zwischen den 
Halbwertszeiten der 6ß-Nitroxiderivate in Abhängigkeit von der Konfiguration 
an C-5 ist ein bemerkenswerter Unterschied zu beobachten ; es besteht eine 
Stärhere Zwischenwirkung. 6ß-ONO2 :10-СНз in der Reihe 5a als in der Reihe
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t'ós = 32,5 min

Iqs =34 min.

Abb. 6

53. Diese Feststellung stimmt mit den NMR-Ergebnissen überein; diese 
Ergebnisse bestätigen eine kleinere Überlappung der 10-CH3-Gruppe durch 6ß- 
Substituenten der 5a-Reihe als durch die der 5 ß-Reilie.

Eine Erklärung dafür könnte die größere Leichtigkeit sein, mit der durch 
die konfcrmationelle Distorsion des B-Ringes eine Minderung der Verspannung 
zustande kommt und infolgedessen hat man es nur mit den Überlappungen der 
C5-H- und der C6-X-Bindung zu tun. Gleichzeitig ist eine solche Distension in 
der 5a-Reiche weniger günstig, sie würde zur Überlappung der C4-C5 und .der 
C6-X-Bindung führen (Abb. 7).

Die Übereinstimmung unserer Ergebnisse mit den NMR-Daten unterstützt 
unsere Auffassung über die sterische Natur der Beschleunigung der untersuchten 
Zersetzungsreaktionen (7).

Abb. 7

Die sehr kurzen Halbwertszeiten im Falle der llß-bzw. 17 ß-Salpetersäu­
reester können gleichfalls auf von den CH3-Gruppen verursachte sterische Verspan­
nungen zurückgeführt werden (Abb. 8).

Reaktionsgeschwindigkeiten in derselben Größenordnung erhält man im 
Falle der vicinal-Diester (3ß, 4ß-bzw. 6ß, 7ß-Di-ONO2-Derivate) infolge der 
gegenseitigen Wechselwirkung zwischen den benachbarten ONO,-Gruppen. 
Solche Wechselwirkungen konnten spektral nachgewiesen werden. Es. gibt auch 
chemische Beweise, daß zwei vicinale ONO2-Gruppen sich gegenseitig stark
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Abb 8

beeinflussen. Solche Substanzen setzen — zum Unterschied v< n Substanzen 
mit isolierten ONO2-Gruppcn — aus einer wässrigen angcsäucilcn Kaliumjo­
did-Lösung in der Kälte Jod frei, und sie zersetzen sich unter der Einwirkung 
von Trifluoressigsäure, indem Nitrose gase entweichen.

Die Substanzen, die bei 185'C eine zu groß; Zersetzungsgeschwindigkeit 
aufwiesen, wurden bei 170cC untersucht. So konnte man eindeutig zwischen 
den 7a-ONO2-, 12a-ONOs- und 17ß-ONO2-Deiivaten unterscheiden. Im Falle 
des untersuchten lla-Salpctcrsäurecsters führte die Verfolgung des Verschwin­
dens der ONO2-Gruppe mittels Spektralanalyse zu keinen verwertbaren Ergebnis­
sen, da die erhaltenen Werte je nach der verwendeten Absorbtionsbande sehr 
unterschiedlich waren und außerdem weit streuten. Es besteht die Möglichkeit, 
daß die Zersetzungsreaktion stark von der Temperatur beeinflußt wird. Es scheint, 
daß die durch Erniedrigung der Temperatur verursachte Reaktionszcitvcrlän- 
gerung das allgemeine Zersetzungsbild durch Auftreten von Nebenreaktionen 
kompliziert und damit jegliche Möglichkeit für Sc hinßfclgelungen zunichte macht.

Aus dem Dargelegtcn geht hervor, daß die bei 185 C mit H Ire der IR- 
Spektrometrie verfolgte Zcrsctzungsgcschwindir keit der Sterol-Salpetersäu- 
reester eine bequeme Methode für die Konfcrmations und Strukturanalyse darstellt 
und eine Reihe von Grundproblcmen in dieser Substanzcnklasse lösen kann. 
Da die Salpetersäureester in einfacher Weise aus den entsprechenden Alkoholen 
zugänglich sind, kann die von uns vorgeschlagcne Methode zur Untersuchung 
der sowohl in der Natur vorkommenden als auch der als Zwischen- bzw. Endpro­
dukte auftretenden OH-Steroidcn dienen.
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taté din țară și din străinătate și o serie de manuale și tratate universitare, destinate studenților 
pe care i-a iubit și îndrumat permanent. Activitatea științifică a Ralucăi Ripan se înscrie in do­
meniul Chimiei coordinative și in cel al Chimiei analitice, reflectând 55 de ani de căutări neobosite.

Multe aspecte, legate de structura și comportamentul compușilor coordinativi, dar și multe 
metode de analiză calitativă și cantitativă constituie rodul muncii sale de cercetare. Trebuie re­
marcată școala creată în domeniul hetero- și izopo'.icombinațiilor unor metale (azi numite poli- 
oximetalați).

Dascălul Raluca Ripan

Avea ținuta academică atât în conținut cât și in formă, însușită de la iluștrii săi profesori. 
La curs era urmărită cu interes, se impunea prin stil și răspândea o atmosferă de căldură și 
finețe sufletească.

Avea un farmec personal irezistibil, avea un accent moldovenesc prin nimic strident, se bucura 
de stimă și dragoste din partea colegilor de muncă și a studenților. Exigentă la examene și în 
activitatea desfășurată de colaboratori, demonstra spirit în intervențiile sale și o ușoară notă de 
ironie când situația o cerea. Era neobosită și pasionată pentru profesiunea sa. pe care o practica 
fără economie de efort și dăruire. Iubea frumosul in toate formele lui de manifestare și demonstra 
un rafinament inegalabil în aprecierea acestuia.

Dorința de a afla noul și de а-l împărtăși celor din jurul său se surprindea prin informația 
conținută în prelegerile sale care nu erau monotone ci dimpotrivă, pline de relief științific remar­
cabil. Expunea liber, convingător, lăsându-se antrenată și fascinată de ineditul noutății știintif ce 
comunicate.

Activitatea desfășurată de Raluca Ripan a fost apreciată nu numai in țară ci și în străină­
tate. I s-a tradus in limba rusă Chimia metalelor, i s-a decernat titlul de Doctor Honoris Cauza 
de către Universitatea ,.Nicolaus Copernicus" din Torun (Polonia), a fost aleasă membru de onoare 
al Societății Industriale de Chimie din Franța și membru al Societății Germane de Chimie.
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întrunind reale calități de educator cu vocație, având un aport remarcabil in cercetarea știin­
țifică din domeniul polioxometalaților și cel al chimiei analitice, participantă activă 'a activitatea 
socială și militantă neobosită pentru promovarea femeii în diversele sectoare ale economici, Raluca 
Ripan constituie un exemplu demn de urmat. Mesajul care se desprinde din exemplul oferit de 
viața sa este clar și se d.f n.ște cu deosebită pregnanță: lupta neîntreruptă pentru af'rmarca ade­
vărului științific, pentru educarea lin rilor in spiritul probității șt ințiiice și pentru instruir a lor în 
tainele chimiei.

De aceea comemorarea celor 100 do ani care s-au scurs do la nașterea Ralucăi Ripan este 
un act de cultură de înalt c >nțnut științific, valoric, având reverberații b n.fice pentru g:n.rațiile 
de tineri de ieri, de azi și d? mâine.

LIVII’ OR’ICIU
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RECENZII

C s. V á r h e 1 y i, I. Gänescu, D. Opres- 
c u, A. PopescuThe pseudohnlldes In the 
eo-ordlnatlon eheniistry of chromium, (Pseu- 
dohalogenurile în chimia coordinativă a cro­
mului, Editura Meridian, Craiova, 1993, 224 p.)

The book is a review based on a number of 
over 850 references. The autors are knowli spe­
cialistă of this field, in which they published 
almost 120 papers.

The monography is dedicated to various 
Problems connected, with the pseudohalido-com- 
plexes of chromium.

Chapter 1 is dealing with the formation and 
structure of pseudohalides az CN“, CNX~ (X —O, 
S, Se, Te), N-, NOlf.

Chapter 2 shows the co-ordination possibi- 
lities of these anions, being able to play the 
role of monodentate, ambidentate, or even bi- 
dentate (bridging) ligands.

Chapter 3 gives a classification of the pseudo- 
halido-complexes containing NCX~ type li­
gands.

Chapter 4 is a short présentation of complex 
forming properties of chromium.

Chapter 5 is the most extended one (over 
100 p). It begins with the classification of 
chromium(IH) complexes. A special interest is 
poid to the Reinecke salt, containing the 
(CrpiHjJjțNCS),]- complex ion, as well as to 
the analogous compounds in which the NHS 
ligands are substituted by organic N-bases.

Préparation of these derivatives is described 
for various types of N-bases as aliphaticand 
aromatic mono- and diamines, heterocyclic 
mono- and diamines and even for phosphines. 
The thermal décomposition, IR spectra and 
electronic spectra of these compound are pre- 
sented based mainly on the results of the authors 
Rurther the kinetics of the solvation o 
[Cr(NCS)4A2]_ type complexes is discussed. 
In these solvation reactions, thoroughly studied 
by the authors, the substitution of both NCS 
and A ligands by solvent molécules is ethanol- 
-Water and aceton-water mixtures, leads to a 
complicated frame-work of successive and pa- 
rlllel reactions. In this chapter also the [CrX,]3- 
type hexaacido complexes are described.

Chapter 6 deals with the polynuclear complexes 
of chromium with bridging pseudohalide anions.

In chapter 7 the chelate compounds of Cr(III. 
are shortly revieWed.

The last chapter is dedicated to the appli­
cation of pseudohalido-chromium complexes in 
the analytical eheniistry.

The book gives a detailed review of en in- 
t-resting field of co-ordination chemistry. It 
can ba useful chemists, engineérs, students 
postgraduate students and research workers 
interested in co-ordination chemistry.

JÁNOS ZSAKÖ, FERENC МАККАY

Hellmut York, Werner Funk, Wal­
ter Fischer, Hans Wimmer
Thin — Layer Chromatography: Reagents and 
Détection Methods
Volume 1b. Physical and Chemical Détection 
Methods : Activation Reactions, Reagent Sé­
quences Reagents II. VCH Verlagsgesellschaft 
mbH, Weinheim—New York—Basel—Cambridge 
-Tokyo, 1994.

Thin-Layer Chromatography is the most 
frequently used séparation and détection tech­
nique of substances an it will remain identically 
actual, because it is extremely simple. The 
technique requires an equipment that can be 
manufactured or acquired at a low cost price.

The progress of this method consists in the 
improvment of technology for obtaining chro­
matographie plates and of détection method 
"in situ” for enlargement detectability and sample 
identification. The progress consists too in the 
élaboration of new strategies for optimization 
séparation Systems on TLC plates.

This present book deals with the physical 
and chemical détection methods of the separated 
substances by thin-layer chromatography.

The book is divided into two parts : the first 
part contains the specific détection methods 
and the second part comprises the détection 
reagents in alphabetical order.

The specific détection methods are arranged 
according to the activation mode of reaction 
(photochemical, thermochemical and electro­
chemical activation, respectively) for simplifying 
very much the chromatographist work.

The first part includes in two chapters the 
récognition reagents of funcțional groups and 
the types of reactions that take place between 
the détection reagent and the separated sub 
stance (electrophilic substitutions, oxidation*  
and réductions, azo coupling, metal complexe», 
etc.)
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The second part of this book contains the 
monograph of 65 reagents arranged in alphabe- 
tical order. For every rcagent is given tlie pré­
paration mode, the reaction between the reagent 
and the separated substance, the mode of working 
and the exemplification of one chromatographie 
séparation and identification with this reagent

An important achievement of this book cou 
ists in the introduction by the authors of some 
solour photos according to the original chroma- 
ctograms.
At the end’of this book, the list of Companies 
that produce equipmen’ and chromatographie 

materials, the reagent names and reagent acro­
nyme and the collective index to volumes la 
and lb are presented.
This book is an excepțional realization of the 
authors, highly specialized, and of the valuable 
Publishing house VCH.

The book addresses to spécialiste, researchers, 
university teaching staff and students who can 
recieve information concerning the séparation 
and détection of substances by thin-layer chro­
ma tography.
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în cel de al XXXIX-lea an (1994) Studia Universitatis Babeș-Bolyai apare in următoarele 
ii :

matematică (trimestrial)
fizică (semestrial)
chimie (semestrial)
geologie (semestrial)
geografie (semestrial)
biologie (semestrial)
filosofie (semestrial)
sociologie-politologie (semestrial)
psihologie-pedagogie (semestrial)
științe economice (semestrial)
științe juridice (semestrial)
istorie (semestrial)
filologie (trimestrial)
teologie ortodoxă (semestrial)
educație fizică (semestrial)

In the XXXIX-th year of its publication (1994) Studia Universitatis Babeș-Bolyai is issued
i the following séries :

mathematics (quarterly)
physics (semesterily)
chemistry (semesterily)

- geology (semesterily)
geography (semesterily)
biology (semesterily)
philosophy (semesterily)
sociology-politology (semesterily)
psychology-pedagogy (semesterily)
economic sciences (semesterily)
juridical sciences (semesterily)
history (semesterily)
philology (quarterly)
orthodox theology (semesterily)
physical training (semesterily)

Dans sa XXXIX-e année (1994) Studia Universitatis Babeș-Bolyai paraît dans les séries sui­
vantes :

mathématique (trimestriellement)
physique (semestriellement)
chimie (semestriellement)
géologie (semestriellement) 
géographie (semestriellement) 
biologie (semestriellement) 
philosophie (semestriellement) 
sociologie-politologie (semestriellement) 
psychologie-pédagogie (semestriellement) 
sciences économiques (semestriellement) 
sciences juridiques (semestriellement) 
histoire (semestriellement) 
philologie (trimestriellement) 
théologie orthodoxe (semestriellement) 
éducation physique (semestriellement)
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