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MICEUAR DISP.ERSION-IONIC SOLUTION TRANSITIONS
FOR POLYACRYLATESK

IUDITA MURESAN and LUCIA ZADOR

Received: September 8, 1986

The main résulte concerning the transitions between ionic solutions and micellar
dispersions of polyacrylates, in both directions, are reported. The transitions
were brought about by modification of the composition of the water-
ethanol solvent mixture, as well as that of the degree of ionization. Viscosime-
tric, conductometric, potentiometric, optic and rhéologie measurements were
carried out. The investigations put into evidence a transition range with unusual
rhéologie properties and unknown confonnational changes. The results obtained
are reported as level surfaces in ionization degree -solvent composition plots. The
discovered conformational transition provides, with a good under-standing,

the phenomena of “thickening” of polyacrylate latexes, largely employed
in leather industry for spreading and coating operations.

Key-words : confonnationl transition, polyacrylates, polyelectrolytes

The aqueous solutions of the investigated polyacrylates enter the category
of polyelectrolytes having the structure given in Fig. 1. The electrically unchar-
ged parts of the chain, symbolised as  yy”~are—(CH2—CH),,—in the case of

COOC2H5
ethylacrylate-acrylic acid copolimers P(EA—AA); and — (CH2—CH),, — for
\
COOH
polyacrylic acid (PAA). For the total degree of ionization a = 1, n = 0.

Though, to the theory of polyelectrolytes a great volume of investiga-
tions was dedicated [1—7], the complexity of the phenomena did not allow
the élaboration of a generally validunique theory. The numerous théories descri-
be different models and are in agreement with experimente only for given
Systems in certain conditions. Most of them admit high ionic strength at which
the charge of polyions is screencd. Therefore, the investigations of polyelectro-
lytes were carried out mainly in the presence of big amounts of salts.

On the other hand, technologists are using for different purposes saltless
polyelectrolytes under conditions where the properties determined by the elec-
tric charge of the chains are most spectacular. So, the application of the poly-
electrolytes in different fields is rather empirical, frequently without any
reference to the ionic character of the used dispersion.

Initially, the presently reported work was undertaken in order to explain
such an empirically used phenomenon. It has for a long time been known in

* University of Cluj-Napoca, Faculty of Chemical Technology, 3400 Clul'-l_\lapoca, Romania
1 Paper presented in the Simposiums on Colloid and Surface Chemistry, Cluj-Napoca, September 8 —10, 1986,
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a1~ CH2—CH-y\J1-CH*" CHV\A““CHI-CH-V\A-
cocr C00—~ CcOoOo"
Me+ Me+ Met+

Fig. 1. The structure of partially neutralized polyacrylic acid (PAA) aud of ethylacry-
late-acrylic acid copolymers P(BA—AA) entirely neutralized.

leather industry [8] that P(EA-AA) latexes may be transformée! by alkalini-
zation and éthanol addition int§ transparent and highly viscous Systems, sui-
table for coating and spreading operations. This phenomenon was termed “thick-
ening”.

Latex-solution transition for P(EA-AA). By émulsion copolymerization
P(EA-AA) latexes were obtained, with different content of acrylic acid. Samples
witli constant polymer concentration (0.13 mol monomer unit/1l) and diffe-
rent water-ethanol ratio were prepared from each of them. It was observed
that turbidity disappears at an as lower EtOH concentration (15—45 w%
EtOH) as the AA content of copolymer, i.e. a, is greater. In parallel with the
turbidity decrease, an abrupt viscosity increase occurs. The conclusion could
be drawn that thickening has to be atributed to the transition of ultramicro-
heterogeneous micellar Systems into homogeneous ionic solutions [9,10]. The
solubility of the copolymer in the water-ethanol mixture is conditioned by the
fact that the first liquid is a good solvent for the ionized carboxylic groups,
while the second for the esteric ones. Therefore, the EtOH concentration needed
for solubility diminishes with the increase of acrylic acid content.

Though it was ascertained that after reaching a maximum the apparent
viscosity Tlap abruptly decreases (Fig. 2), meanwhile the phenomenon of rheo-
pexy (dilatancy) appears. For deformation stresses p = 40—140 g/cm?, the
p-v rheological curves (y = deformation speed), could be described for ail the

Systems by the relation

v = kpm ()]
But, while the initial (rieh in water) as well as the final (rieh in alcohol) sam-
ples are pseudoplastical, having m > 1, in the range of abrupt decrease of Taf,
rheopexy appears. Here, m < 1, i.e. viscosity increases with the deformation

stress, as illustrated in Fig. 3.

These findings suggested that the latex-solution transition is followed by
a conformational one towards a less unsymmetrical shape of the chains. The
explanation of dilatancy could be the partial straightening of the contracted
coils by the deformation energy, in conditions (FtOH content) where the

symmetrical conformation is more stable.
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Fig. 2. The dependence of and Fig. 3. The influence of deformation stress on yap
m frorn EtOH % for P(EA-AA). for samples having a = 0,1 and different EtOH%.
(O)w for a=0.3; (O) mfor a= 1) 5%; 2) 13%; 3) 26%; 4) 31.5%; 5) 18%;
=0.2; (©)m for a=0.3. Tp — the 6) 21%; 7) 22.5%.

apparent viscosity measured at p =

= 100 g/cni’, — the apparent

viscosity for the initial latex at the

same p.

This possibility seemed more interesting as for polymethacrylic acid there
were observed conformational transitions, i.e. sudden modifications of average
shape in a narrow range of the degree of ionization [11,12] which could not be
found in aqueous PAA solutions. Our results indicated a conformational transi-
tion for polyacrylates under the influence not only of a but also of a second
decisive paraméter : the EtOH content of the solvent.

Conformational and solution-mieellar dispersion transitions for PAA. In
order to eliminate the insolubility of the uncharged parts of the chain and es-
pecially to ensure any possible value for the two parameters a and EtOH%, we
passed to polyacrylic acid. From PAA obtained by polymerization in benzene
solution and subséquent purification, samples were prepared by solving in a

medium of the wanted composition and

Table 1 heutralization to the wanted degree

The X properties studied by different methods E}:‘ea -Sl%lle'lt(!;(())?lsggnlé)?ol? PIR Ahc%:ggiramg(n
X = X(a,%EtOH) Method in samples (1 10-2 or 91 10~2 mol

i . o monomer units/1) was respected.
Expansion coefficient A Viscosimetric

Acidity exponent pK Potentiometric Diffe_rent PFOPefties (termed as_ _X)
Conductivity >, Conductometric [13—15] in function _Of the two deCISIV_e
Optical density D\ Optical parameters were studied by methods gi-

Rheological parameters m, k Rhéologie ven in Table 1. The expansion coefficient
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A is defined by relation (2) accepting as reference state that of the non ionized
polymer in acid medium

{fispl C) HC 0.2 N

The exponent of acidity constant pKa was defined and calculated by the
following relation

+ log cH,0 (3)

pKa=pKl+  AG = pH + log
AT a

Fig. 4 illustrates the dependence of the first three properties with a at
different solvent compositions. In solvent mistures rieh in water (Fig. 4a) ail
propertis are changing monotonously with a in agreement with the usual bcha-
viour of linear polyelectrolytes with flexible chain.

In solutions containing large amounts of éthanol (Fig. 4 b, ¢, d, e) limiting
points appear on the curves at the same values of a. After a sharp increase
(up to 200%) the expasion coefficient falls down to a constant value (A —
— 0.65) indicating a more compact shape of coils than for completely uncharged
PAA in aqueous solution. The curves of pKa and X up to 70 w% EtOH have
two ascending sections corresponding to the ionization of PAA in two distinct
states. They are separated by a transition range marked by a descendant
portion of thé curves.

Thus the observed phenomena requires the admittance ofa conformational
transition from expanded coils to compact globules brought about in water
éthanol solutions by increasing a or EtOH%, according to the schematic repré-
sentation given in Fig. 5.

Such transition is similar to that suggested by the rheologial study of latex-
solution transition for P(BA-AA) and opposed to that found for aqueous poly-
methacrylic acid.

The chain structure of PAA makes it possible that the energetically unfa-
vourable interaction between the ionized carboxylic groups and BtOH molécules
do not lead to the loss of the chain’s solubility, but to a change of its shape. The
new compact, symmeétrical conformation may ensure a lower free energy by
"hiding” a higher fraction of ionized groups from the solvent medium, than
is able to do the open unsymmetrical swollen conformation. In this way the
dias_cerédant part of X and pKa curves in the transition range may also be ex-
plained.

In Order to describe in two dimensions the variation of the investigated pro-
perties with the two variables a and BtOH%, level surfaces were built. Figs.
6, 7 and 8 are illustrating some of them. Fach curve on level surface représente
the locus of points in which X has a constant value specificd on the diagrams.
Equal AX intervals were chosen, so that the density of the level lines gives
the measure of the rate of variation.

The rheological study implied the use of samples more concentrated in
PAA. However, it was put in evidence that PAA concentration (between 1—9%

+ 10~a mol monomer/1) has little influence on the structural diagrams, obtained
by the superposition of level surfaces and given in Fig. 9.
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Fig. 4. The variation of
different X properties with
a for PAA (c = 10-" mol
monomer units/1) in sol-
vent mixtures with diffe-
rent H20-EtOH  ratio.
(X); pk (0); X(®).
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Fig. 5. Expanded coil-compact globule Fig. 6. Level surface of expansion coefficient
conformational transition for PAA. A for PAA (c = 10-'mol/l)

Fig. 7. Level surface of conducti- Fig. 8. Level surface of rheological paraméter m for PAA

vity X for PAA (c — 10* mol/1) (c = 9.10-« mol/1)
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In the I (*coil”) domain the
shape of the chains changes from
swollen to an expanded coil, as
a function of their electrical
charge. In its b zone, the pecu-
liarities of the domain are
screened by counterion binding.

The 11 (“globular”) domain
is characterized by opalescence
and a less than unity value of
the expansion coefficient. In its
a zone rheopexy is present, pro-
ving that here the deformation
energy may bring about the par-
tial straightening of globular mo-
lécules, i.e. their conformational
transition. In Il b zone the as-
sociation of globular chains into
globular micelles occurs.

80 %eEtoH _ In the Il and IV (“transi-
tion”) domains the conformatio-
Fig. 9. Delimitation of structural zones for PAA. nal transition at low EtOH% and

low a, respectively, takes place.
Conclusions. The investigations of the transitions between ionic solutions
and micellar dispersions such as for P(EA-AA) as for PAA proved that poly-
acrylates may undergo in adéquate solvent medium interesting conformational
changes from extended coil to compact globules. These conformational changes
are opposed and at the same time more spectacular than that put in evidente
for polymethacrylic acid in aqueons solutions and play a decisive part In
different technologically important properties.
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CALCULATION OF FUKUI SUPERDELOCALIZABILITY INDICES Sf
FOR BIPYRIDINE MOLECULES IN CONNECTION WITH THEIR
SURFACTANT PROPERTIES!

VICTOR NEAGU* and MARIUS REAGU

Received: September 8, 1986

Bipyridine complexes with somé metallic ions have surfactant properties. These
properties are determined by the charge distribution inside the complexe molecule.
The charge distribution in the isolated bipyridine molécules, which are probably
differently perturbed by different metallic ions, présents a peculiar interest.
In this first report a Hackel molecular orbital calculation on the six bipyridine
molécules was performed in order to determine the electron densities and Fukui
superdelocalizability indices for electrophilic substitutions and their distribution
in the corresponding molecular framework.

Key-words : molecular orbital calculation, bipyridine complexes, Fukut super-
delocalizability indices

Introduction. Bipyridine complexes with sonie metallic ions have several
interesting properties. For example, the photochemistry of the tris (2,2'-bi-
pyridine) ruthénium (1) cation, Ru(bpy)j+, has been the subject of study, both
for its intrinsic interest and because of possible promise for solar energy con-
version processes [1]. Several reports have appeared concerned with the pho-
tochemistry of the water soluble Ru(bpy)|+ or its surfactant derivatives in micellar
Systems [2, 3, 4, 5, 6]. The synthesis of several water insoluble derivatives
of Ru(bpy)|+ cation have been reported [7, 8]. These surfactant compounds
can be dispersed readily in aqueous solutions of a variety of anionic, catio-
nic and nonionic détergents.

These properties are determined by the charge distribution inside the com-
plexe molecule. It is sure that the charge distribution in the isolated bipyridine
molécules is differently perturbed by different metallic ions. In order to know
this influence first of ail is necessary to have a picture of the charge distribution
in the bipyridine molécules. To obtain such information two reactivity indices
were calculated, namely the electron densities and Fukui superdelocalizability
indices for electrophlllc substitutions and their distribution in the molecular
framework.

Molecular orbital calculations. The calculations were carried out using
an appropriate program of the Hiickel approximation [9]. The values for the
résonance and Coulomb intégrais were taken from Streitwieser's book [10].

1 Paper presented in the Symposium on Colloid and Surface Chemisry, Cluj-Napoca, September 8—10, 1986,
Received : September 8, 1986

* Facitlty of Chcmical Technology, University cf Cluj-Napoca, 3400 Cluj-Napoca, Romania

** Institute of Chemistry, Cluj-Na,poca, 3400 Ctuj-Napoca, Romania
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The electron densities D? and the superdelocalizability indices Sf introduced
by Fukui [11] were calculated using the formul&é,:

r ] n

()

;=1

y=I
where r represents atom number r inside the molecule, m is the highest occupied
molecular orbital, c,j is the coefficient of the r-th atomic orbital in the ;-th mo-
lecular orbital, fj = 2 is the occupation number and X- is the Hickei energy
parameéter.

Results and discussion. The numbering of atoms inside the six bipyridine
molécules is shown in Figures 1 to 6 and the reactivity indices are contained
in Tables 1 to 6. In ail cases the reactivity indices show the maximum value
on the nitrogen atoms.

In the case of 2,2'-bipyridine molecule, Figure 1 and Table 1, the most reac-
tive carbon atoms are located at positions 5 and 5. Atoms 2,2' and 3,3' may
be considered sterically hindered.

In the case of 3,3-bipyridine molecule Figure 2 and Table 2, the most
reactive carbon atoms are located at positions 5 and 5. Those located at po-
sitions 2,2' and 3,3' are sterically hindered.

In the case of 4,4'-bipyridine molecule Figure 3 and Table 3, the most reac-
tive carbon atoms are located at positions 3,3' and 5,5 while atoms 4 and 4'
are sterically hindered.

As a conséquence of the molecular symmetry of thése three bipyridines
the reactivity indices of the carbon atoms are symmetricaly distributed in each
molecular framework.

In the case of 2,3-bipyridme molecule Figure 4 and Table 4, the most
reactive carbon atoms are located at positions 3,5 and 5' while those located
at positions 2 and 3' are sterically hindered.

In the case of 2,4'-bipyridine molecule Figure 6 and Table 5, the carbon atoms
located at positions 3,5 and 3', 5' are the most reactive while atoms 2 and 4'
are sterically hindered.

Fig. 1. The numbering of atoms in Fig. 2. The numbering of atoms in
2,2'-bipyridine molecule. 3,3'-bipyridine molecule.
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Table 1 Table 2
D® and S® reactivity Indices for 2.2" — and S, reactlvity indices for 3,3" —
bipyridine molecule bipyridine molecule
Atom SE Atom SE
1 1.2466 1.0828 1 1.2439 1.0147
2 0.9288 0.6854 2 0.9034 0.8252
3 0.9871 0.8766 3 1.0032 0.7682
4 0.9369 0.7234 4 0.9353 0.7967
5 0.9965 0.8571 5 1.0048 0.8241
6 0.9037 0.7558 6 0.9090 0.8115
r 1.2466 1.0828 1 1.2439 1.0147
2 0.9288 0.6854 2 0.9034 0.8252
3 0.9871 0.8766 3 1.0032 0.7682
4 0.9369 0.7234 4 0.9353 0.7967
5: 0.9965 0.8571 5' 1.0048 0.8241
6 0.9037 0.7558 6' 0.9090 0.8115
Fig. 3. The numbering of atoms in 4,4'- Fig. 4. The numbering of atoms in 2,3'
bipyridine molecule. bipyridine molecule.
Fi g. 5. The numbering of atoms in 3,4'- Fig. 6. The numbering of atoms in 2,4'-
bipyridine molecule. bipyridine molecule.

In the case of 3,4'-bipyridine molecule Figure 5 and Table 6, the carbon
%t_oans %,3' and 5' show the highest reactivity. The atoms 3 and 4' are sterically

indered.

As a conséquence of the nonsymmetric character of the last three molécules
the values and the distribution of the reactivity indices in the molecular frame-
work is nonsymmetric.

In ail cases the calculated reactivity indices for the carbon atoms in both
rings show a similar variation to that existent in the isolated pyridine molecule.
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Table 3

and S® reactivity indices tor 4,4" —
bipyridine molecule

Atom

1 1.2415
2 0.9105
3 0.9963
4 0.994

5 0.9963
6 0.9105
1 1.2415
2' 0.9105
3 0.9963
4 0.9447
5 0.9963
6' 0.9105

1.0602
0.7544
0.8733
0.6617
0.8733
0.7544
1.0692
0.7544
0.8733
0.6617
0.8733
0.7544

Table 5

P® and S® reactivity indices for 2,4' —
bipyridine molecule

4tom e
1 1.2476
2 0.9253
3 0.9891
4 0.9366
5 0.9974
6 0.9039
1 1.2407
2' 0.9109
3 0.9948
4 0.9476
5' 0.9948
6' 0.9109

1. Balzani, V., Bolletta, F.,

Noopwn

=
o ©

51, 299(1979).

1.0785
0.6878
0.8741
0.7232
0.8552
0.7558
1.0634
0.7546
0.8760
0.6593
0.8760
0.7546

13

Table 4

D, and S® reactivity indices for 2,3' —
bipyridine molecule

1.2622
0.9197
1.0024
0.9364
1.0076
0.9054
1.2442
0.6871
1.0090
0.9219
1.0053
0.8976

S®

1.1102
0.6847
0.9071
0.7224
0.8835
0.7613
1.0137
0.8027
0.7605
0.7712
0.8236
0.7834

Table 6

and S® reactivity indices for 3,4' —
bipyridine molecule

Atom

oA W N—

1

3
x
5
o
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FROM AQUEOUS SUSPENSIONS USING ANODIC ELECTRODEPOSITION
TECHNOLOGY1

RADU SERBAN* and ECATERILVA POROJAX
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In this work we have summarised epoxy-estheric electrodeposition System which
works into eletropainting installation of 25 m3 and the film-forming mechanism
is imagined through anionic electrodeposition — anaforesis. Through laboratory
researches there were identified the main factors which influence the thickness
of coating. These factors are created because of the constitutive éléments of
the film-forming product, as well as of the kinetic conditions during the elec-
trodeposition and also of the electrieal parameters of electropainting installation.
After the analysis of concrete conditions created during the period of pilot re-
searches and industrialization of the product there were estabHshed the best
parameters for maintaining tlie thickness of the coating between 20—30 um,
this thickness assuring the equilibrium between anticorrosive characteristics and
mechano-phisical characteristics.

Key-words : electrodeposition, epoxy-esther, thickness of coating, anaphoretic me-
chanisme, neutralization degree, pigmentjbinder ratio, organic cosol-
vent, throwing power, rate of recirculating, coating time, température
of bath, electrieal characteristics.

Introduction. The coating products were used in industry starting with
the 7/A Century, thanks to their economic and ecological advantages. The coating
products applicated through the electrophoretic me-
thod are in continuous improvement, and electrode-
position installations increased very much especialy
in car industry and in the steel furniture industry
for kitchen furniture [1, 2].

From the chemical point of view, the film for-
rning products applied by electrodeposition are dis-
persed Systems in which the disperse medium is deio-
nised water and the dispersion stage is created from
solid particles (pigments) filling materials included in
a coating binder (synthetic resins, cosolvents and
specific additives).

In this System discussed by us the coating’s
basis is an epoxy-estheric polymer synthesised at the

- Anticorrosive Paints and Varnishes Research Center
Fig. 1. General formula of

epoxy — ester polymer. — Bucuresti, starting from epoxy resin of type dig-

A-pninar

1 Paper presented in the Symposium on Colloid and Surface Chemistry, Cluj-Napoca, September 8—10, 1986.

_* Anticorrosive Protection Paints and Varnishes Research Center—Bucuresti, B-dul Chimistilor 309, sector 3, 74585 Bucu-
resti, Romania
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lycidyl ether of bysphenol A which in the first stage partially reacts with fatty
acids and a part of hydroxyl groups left freely is esterificated with —COOH
groups which are int6 adduct tricarboxylic hydrolysed [3,4].

The polymer, having the general formula as in Fig. 1, is neutralised by
KOH becoming water soluble polymer ; through dissociation anions of R—COO~
type are formed.

When through the dispersed System there passes a continuons electric current,
coining from thyristor rectifier, and one of the électrodes (in this case the
anode) is the same metal piece which must be protectcd, there are many effects,
which lead to the electrodeposition of the paints.

The mecanism of ohtaining film-forininji coats b.v anioule electrodeposition (anaphoresis).
Through electrolvtic décomposition of water hydrogen is relcased at the cathode and oxygen at
the anode.

© HJ) > y202| + 2H+ + 2e
Q H2O — %H2|y OH" — e

The anions carried by the electrieal field to the anode are discharged
R-COO- - e -« RCOO

and this produces coagulation of neutral particles; this is the beginning of the coating création.
The growth of film is produced near the anode wliere the resin becomes non-soluble.

R-COO* + H+ -> RCOOH
OH- + H+ -e H20

These chemical reactions are produced when the anode is totally non-soluble (for exemple
platinum) ; but in the real case of iron anode a partial dissolution of metal [6] is produced and
then the coagulation of the binder with metal ions takes place.

Fe -+ Fe++ J- 2e
2RCOO- + Fe++ > RCOO-Fe-COOR

The formed film has an electrieal rezistance of 105 — 10° ii/cni2; diminished current intensity;
the electrieal field having values of 100 MK/cm, this fact explains the electro-osmosis of water
(about 85%) from the film formed.

At the cathode, through the descharge of cations, free bases are formed and they are accumu-
lated in the bath.

B+ + OH" -+ BOH

Elimination of bases and recovering of ionic equilibrium is produced through electrodialysis,
the specific method for epoxyestheric primer which rnakes the accumulation of KOH in the cathodic
space.

Epoxy-estheric film-forminfl product. The Painting primer FF 7301 elaborated by the Anti-
corrosive Protection Paints and Varnishes Research Center — Bucuresti, which is used by Joint
Venture OIZTCIT — Craiova in the tanks of 25 ms is under the form of a fluid dispersed System,
slightly thixotrope having a viscosity of maximum 100 P, of gray colour, containing about 40%
solids content, is neutralised by KOH which gives it an alkaline pH and is diluted with water ;
this is sensitive to températures under 10°C, it is not inflammable and has a small toxicity in
comparison with the classical products.

Through dilution of the primer with deionised water the electrodeposition bath is formed
having a solids content of about 12.5%. Using the same electric voltage 120—200 V, we can obtain
films correctly displayed which after drying at 180°C for 30 minutes are in accordance with actual
international standards referring to the mechano-physical and to the corrosion property of the metal
piéces pretreated with zinc phosphates.



16 R. SERBAN, E. POROJAN

Thickness of coatinfls. The thickness of coating is an important characteristic of the film. It
is checked by non-distructive metnods (with instruments of Permascop type). As a conséquence
of rigorons tests, it was established that in the case of epoxy-estheric System described above the
thickness of 20—30 pm represents an optimum solution assuring au equilibrium between corrosion
properties (with slight résistance to saline fog for small thickness) and mechanophysical characte-
ristics (slight résistance for large thickness).

Starting from this premise which we consider very important, we made laboratory and pilot
researches and then tested in electrodeposition installation of 25 m3, finally we improved the main
factories involved in establishing the thickness of electrodeposed film-forming coats.

Results of researeh tests. We briefly present the influence of diferent
factors which directly influence the thickness of coating in the case of epoxy
estheric System described by us in the first part of this paper.

Factors which dépend on the constituents of the formula. Neutralization
degree changes depending on neutraliser quantity from the formula; neutrali-
sation degree influences inversely proportional the thickness of the films as it
is illustrated in Fig. 2.

Pigmentfbinder ratio has an important role N
in providing the uniformity of films and of ipm] -
course changes the thickness of the coat.

In Fig. 3 we can see this variation siinul-
taneously with the influence of the dilution deg-

10| V],
ISO 120 WO 160
voltage
Fig. 2. Variation of films thickeness with the Fig. 3. Influence of P/B ratio and
neutralization degree and the déposition tension. dilution degree.

ree of the bath ; at constant voltages higher thicknesses provide primers with
a less ratio P/L (approx. 0.20) and a greater dilution (9%).

Because of the quality it was established that pigment/binder ratio can vary
round the value of 0.25, and from economic reasons dilution of the bath was
established at 12.5% solids content.

The content of organic cosolvents improves the thickness of the film and
it is more efficient if the product is fresher; the rate of growth is 2—3 p.m
in the case of w-butanol for 0.3% solvent.

Pretreatment of surface, more precisely the thickness of zinc phosphate coat
influences inversely proportional the thickness of the film, this relation is illus-
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trated in Fig. 4. The impurities lo-
cated on the surface of the sheet
iron change the thickness of the
coating, which decreases when the
electrical rezistivity of the impu-
rified areas increases.

Factors wicli dépend on kine-
tic conditions. Rate of recirculating
or stirring in electrodeposition bath
composed of the product thinned
at 12.5% solids content influences
positively the growth of the film
thickness, but this increasing is
not significant (1—2pm for increa-
sing the number of recirculating
volumes from 20 to 25/h).

The bigger the distance to the
cathode, the less is the value of
the electrical tieid and at the sa-
me time the thickness of the pa-
int coat decreases as in Fig. 5.
This characteristic called throwing
power was determined by us with
the help of a closed body having
a length of 24 cm, the déposition
obtained representing 88% of the
length of the sample.

The time of electrodeposition is
an important factor of adjustment
for film thickness as we can see
in Fig. 6. In case of a normal de-
posit, at the speed of the conve-
yer 1.55—1.72 m/min the time of
immersion of the piéces in the
bath is limited between 3 min.
30 sec. and 4 min. We can see
that the thickness of the films va-
ries in the established limits of
20—30 jim but in case of damage
(when voltage of rectifier automa-
tically decreases at 35—50 V the
conveyer stops, therefore the metal

10 50

20 10 00
cont thickness
Fig- 4 Relation between phosphatic
and paint film.

4a

N

rhrOWingqg
Fig. 5. Throwing power.

Fig. 6. Thickening of the film with electrodeposi-

tion time.

piéces stay in the bath for a longer time). The time in which the film rea-

ches these values can overpass 30 min.

The température of the bath influences directly proportional the speed of
particles movement increasing the mobility of ions and it is an efficient mean
of adjusting the thickness of the coating in electrodeposition installations which

2 — Chemia 1/1988
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have thermostat System, the growth rate of the film thickness is 1.5—2 um/°C
in the interval 20—28°C, the interval imposée! by the conditions of stability

of epoxy-esther resin.

Factors which dépend on electrical characteristics. When electrical voltage

increases, of course, the thickness

Fig. 7. Variation of film thickeuess
with the déposition tension.

increases also as shown in Figs. 2, 3, 7.

Fig. 8. Intensity curve during electrodeposi-
tion.

There is a limit voltage, after which the deposit is not realized uniformly, called
the rupture voltage, in case of our System this is about 240 V.

The film increases in the same direction with the variation of intensity
during electrodeposition (Fig. 8) the Coulombic consumption (Coulombs/dm2)
being direetly proportional with this (Fig. 9).

Conclusions. As a conséquence of the analysis and corrélation of the charac-
teristics presented in this paper, the formula of the epoxyestheric electrodepo-
sable primer was so equilibrated to use the real possibilities in industrial con-

Fig. 9. Coulombic consumption and its influ-
ence updn'the film thickness

ditions to obtain the thickness of the
film which cannot overpass the limits
of the interval of 20—30 pm.

The industrial process leads to the

thickness increase of the film through
adding in the bath wun-butanol up to
0.8% ; increasing of température during
déposition, but not above 28°C; rising
of application voltage within imposed
limits ;

The industrial process leads to the
thickness decrease of the film through:
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— decrease of bath température during application, but not under 20°C;

decrease of déposition voltage ;

— partial removing of the cosolvent by élimination of ultrafiltration.
The industrial optimization of film thickness was made with permanent

assistance of specialists from the beneficiary entreprise Joint Venture OLTCIT
— Craiova.

1.

oo
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COLLAGEN POLYPEPTIDES AND REACTIVE BUTADIEnE AND
ACRYLIC CO-POLYMERS IN A DISPERSE SYSTEM - A COMPOSITE
MATERIAL FOR FILLING AND STRENGTHENING LOOSE GRAIN

LEATHERS!
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It is a well known fact that some tanneries which process cattlehides sheep-
goat-skins, and pigskins are faced sometimes with problems relating to the low
quality of some groups of raw hides, as a resuit of the way of feeding and
breeding the animais as well as the way of preserving storage and transport.
With the view of diminishing and eveii eliminating some of tliese shortcomings
of the Laboratory of Auxiliary Products in The Leather and Footwear Research
Institute, new technological solutions or of any other kind are looked for, resorting
to the synthetic polymer dispersions. A great part of these dispersions together
with the collagen polypeptides chemically modified were successfully used as
an active component for obtaining products of strengthening and filliug leathers.
The distribution of these products was made by the method of drum and float
imprégnation before tanning in chromium salts and in combination with the
tanning materials during the retannage process. By the method of imprégnation,
a checked deposit of polymers in the interfibrillary spaces of the leather was
carried out, so that the zones with few, spongy fibers may be filled selectively
with polymer particles and especially the link between papillary and reticular
layers (the lack of this bringing about the loose grain) must be strengthened.
Collagen polypeptides, ampholytes by their structure chemically modified liave
the role of ,,supplimentary stabilizers” of the dispersions. They contribuie to
the obtaining of a fine grain and a soft touch generally counteracting the effect
of “synthetic leather” given by the polymers.

Key-words : leather field, butadiene and acrylic co-polymer dispersions, collagen
polypeptides from pelt hide wastes, reactive products, filling and
strengthening products loose grain, pichle, retannage.

Introduction. Among the problems of a great importance in the modern
leather industry, literature in this field deals with those problems connected
with the élimination of shortcomings in the structure of the raw hide, a consé-
guence of the way of feeding and breeding the animais, as well as the way of
preserving, storage and transport.

So, in this way, abroad and in our country a lot of technological solu-
tions and of any other kind are looked for meant to diminish or counteract a
part of these shortcomings. Among these, in the last '30, for the different stages

1 Paper presented at the Symposium on Colloid and Surface Chemistry, Cluj-Xapoca, September 8—10, 19S6.

* Leather and Footi&ear Research Institute, 70 Bucharest, Romania.
I.C.P.A.O., 2221 Risnov, Brasov County, Romania
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of processing leathers the dispersions or acrylic polymer solutions imposed,
which penetrated during the process, both in the wet and finishing operations.

The direction of the leather industry towards synthetic polymers is explained
by finding out the tanning properties of these, but especially of the reactive
co-polymers containing reactive functional groups grafted oii the macrornolecule
chain. These groups have the capacity of interacting both with leather colla-
gen and with different vegetable and mineral tanning materials. Consequently
in the literaturo, it was tried to account for the way of pénétration and of
binding the macromolecules to the synthetic polymers in leather, it has becii
found out among other problems that the fixation takes place by covalent,
electrovalent and hydrogen bonds [1—-6].

So this type of bonds for leather, assures a good rétention of the polymers
with collateral functional groups to the macrornolecule chain. In this way,
carboxyl, N-metliylol, amine and even amidé groups which besides their elec-
trostatic action give réticulations in the structure of the leather have becn
pointed out.

The pénétration of the polymers into leather, by the method of float im-
prégnation is a complex phenomenon, if we take into account the necessity
of dispersing theni into the whole thickness of the leather.

The uniform dispersion of the polymer on the leather fibers and its deep
pénétration into the Inter-structural spaces is carried out as a result of slowing
down the process of hetero coagulation, by diminishing the Sorption of eniul-
sifier by the structural éléments of leather.

On the other hand, in the imprégnation process with polymer synthetic
materials, another important element is the electrokinetic potential of leather
and of the polymer partide [7].

Knowing this, we can explain the total and partial exhaustion of the acrylic
dispersions in the float, the preferential distribution of the polymer particles
depending on their size and the structure of the leather and finally the impro-
vement of the physico-mechanical properties of the final product.

In order to subduc the physical-chemical processes which take place in
different stages of processing leathers, it is necessary to know the electro-kinfetic
potential of the materials (leather and auxiliary materials), without being impe-
rative this element only.

So, in this way, Prentiss W.C. from the University of Philadelphia [8]
présents an interesting paper concerning ,,The Role of Acrylics in Pigskin Pro-
cessing” which contains data about the composition of some acrylic svnténs
?ndhthe way of applying then in the process of processing the above mentioned
eathers.

More types of acrylic polymers as aqueous dispersions with reactive func-
tional groups with tanning ability are given here.

The characterization of one of them is made by methods of charactcristic
analysis of the tanning materials, for example : Dry Substance — 50% ; Non
tannins — 5%; Tannants — 35%; Purity — 88%; pH (10% soi.) — 3;
Partide size — 0.07—0.15.

Polymer products for filling can penetrate into leathers, usually in drums,
floate in the followiug stages of processing leathers: before tanning with chro-
miuin salts ; in combination with a mineral tannage ; at the end of mineral tau-
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nage ' in combination with tanning materials during retannage ; after dyeing

process; during or after fatliquoring. ]
The fixation of acrylic or butadiene co-polymers in the structure of leather

is irreversible.

After using polymer filling materials in accordance with the data in lite-
rature we got: equal surfaces from point of view of absorbtion capacity as a
resuit of selective pénétration of the polymer; a fine structure of the grain
diminution or élimination of the effect of loose grain ; increase of tensile strength,
tearing strength and scratching strength ; improvement of the adhesive power
of finishing process; greater strength towards micro-organisms chemical and
atmospheric agents; high waterproof ; high efficiency of »“surface” and of sor-

ting percentage.

Studying literature we found out that not all these advantages have been
obtained from one type of leather which was impregnated with a certain poly-
mer filling product. These improved characteristics dépend on the origin and
sort of the leathers and physico-chemical, structural characteristics of the poly-
mers, as well as the technology applied in the imprégnation process.

n order to be successful in this method of imprégnation we must take
inté account more éléments and inostly “the expérience” in that field.

Experimental Work. In our country the polymeric products for leather field are manufactured
usually at the chemical Factory — Risnov. They are dispersions of sonie co-polymers in an aqueous
medium. Being known under commercial names, they can be divided into three big groups taking
into account their reactivity.

a. Thegroup ofreticulating polymer which contains polymers with N-methylol (—NH—CH2— OH)
reactive groups. They can form bridges of covalent groups between different macromolecules or of
the same type by eliminating one water molecule at heat.

Besides these reactive groups; this type of polymers can also contain ester polar groups
(—COQ—R) or nitrile (—C=N) groups and free carboxyl (—COOH) groups which can combine
with synthetic or vegetable tanning agents.

Among them, the dispersions EPS-2, E-41, ES, ERE, EFS-I, EFS—I1, EPS,., ECP and
EFPA—I are usually produced.

b. The group of tkiokening and reticulating polymers have the same physico-chemical characte-
ristics but they can modify their viscozity with ammoénia or other organic alkali as a resuit of an
increased content of carboxyl groups.

In this group there are: D—2002, D—3003, EFPA? and M.

¢. The group of non reticulating polymers consists of acrylic dispersions with the same chemical
composition as we find in reticulating polymers but with différence in N-methylol groups respon-
sable for réticulation.

In our country the following polymers are représentative for this group: EPB, EST, EL, F
and E 17.

At the Leather and Footwear Research Institute in Bucharest the problem of obtaining syn-
thetic proteinic products which can start from native polymers and which contribuie to the impro-
vement of quality of some leathers by brum imprégnation, was developed. So, a great part fo acrylic
dispersions was tested at the chemical Factory, Risnov above mentioned.

By laboratory tests concerning the sélection of some acrylic and/or butadiene dispersions reac-
tive polymers were chosen firstly.

These polymers with functional groups under certain conditions of pH, température and pres-
sure can couple with other reactive groups in proteins. Another criterion which was the basis of
the sélection of polymer dispersions was an economic one, finally being a kind of compromise bet-
ween this aspect and the functional one.

The imprégnation of the leathers with acrylic and butadiene dispersions had the following
results : the e.chaustion of the floats was max. 50%, a characteristic percentage of an equilibrium
absorption of the polymers; the polymer fixation was made preferably on the leather surface espe-
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cially focussing on the papillary layer and providing an effect of synthetic touch. In this way,
the lack of pénétration of the polymers was noticed in all the thickness of the leather.

Starting from these disadvantages new solutions have been seeked after for improying the
pénétration of the polymer particles in the whole leather thickness as well as for advanced exhaus-
tion of the imprégnation floats.

A lot of products based on Collagen polypeptides in combination with aqueous polymer dis-
persions and bi-tricomponent, acrylic and/or butadiene co-polymers coupled with/or without redox
System were tested. The synthetic component contains functional groups of one of these types:
carboxyl, nitrile, N-methylol, ester Cx—C4.

Results and discussions. In order to bring about the capacity of binding
the proteins to the polymers in the proteinic synthetic imprégnation product,
we tested the loss of the films by solubilization in water 35°C for 3 hoirs. The
results of the tests are given in Table 1. Taking into account the fact that

Table 1
No. Eilm Content Redox The loss The loss %
Symbol System of tlie related to
PPC PXA P.A P.B Yes=(+) film by PPC
(%) (%) (%) (%) No= (-) washing
1 Gi 16.70 83.30 - - +) 2.22 13.89
2 gl 16.70 83.30 — — ) 3.81 22.81
3. G, 16.70 - 83.3 - ) 2.74 16.41
4, G, 16.70 - 83.3 - ) 5.10 30.54
5. IEi 4.94 47.53 - 47.53 +) 1.01 20.43
6. IE, 8.53 45.73 - 45.73 ) 241 28.00
7. 1E3 12.98 4351 43.51 +) 4.10 31.57

PrC — cjllagen polypeptides; PjA and PaA — acrylic copolymes; PaB — butadiene copolimers.

from the film mass only the collagen polypeptides can be extracted by dissol-
ving in water, we found out that only 10—30% of the quantity introduced
initially is lost by washing. It is interesting to notice that for the films in
which the redox System is used, the losses by washing are the smallest (testsi!
compared with 2 and 3 compared with 4).

The loss by solubilization in water can be correlated with the nature of
synthetic polymers as well as with the number of macromolecule species in the
System (the tests 1, 2 compared with 3 and 4, as well as the tests | and 3
compared with the rest of tests 5—7).

For the tests Gx—G4 in the table we brought about the medium molecular
masses, although there were no monomers in the System, we noticed that an
increase of the medium molecular masses for the tests in which we used redox
System took place (see diagram in the appendage).

Gel chromatography was employed, using Sephadex G 200 and as eluent
— TRIS — HCI solution pH = 7,5, 20°C.

After using column chromatography for bicomponent tests, many increases
of medium molecular masses between 130.000—170.000 for those treated in
redox System, resulted, a fact that suggests to us a coupling of macromolecules
given by the redox System. The System being very complex the investigations
are going ou with the view of making clear the theoretical aspects concerning
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the association and/or coupling of certain types of macroinolecules in the redox
System.

Y The dosage in leather of the synthetic proteinic product was made by the
method "in the drum”, in float in a sériés of stages of processing leathers.

By the method of imprégnation, a checked deposit of polymers in the inter-
fibrillary spaces of the leather was carried out, so that the zones with few,
spongy fibers may be filled selectively with polymer particles and especially
the link between papillary and reticular layers (the lack of this bringing about
the loose grain) must be strengthened.

Collagen polypeptides ainpholytes by their nature chemically modified
contribute to the stabilization of the polymer dispersions against the structural
éléments of the leather so that the pénétration and the distribution of the poly-
mer particles must be made uniform, both in the thickness and on the topo-
graphical zones of it. For the leathers tested in the laboratory (cattlehides pigs-

Tabel 2
No. Ratio dry Coagulation sub- % Float
leather/synthetic stance content, Dry substance aspect Notes

product % in foat retained in leather

d.s./g.g.
1. 100: 2 0.04 98 clear Total
2. 190: 4 0.08 98 exhaustion
3. 100: 6 0.18 97
4, 100: 8 0.36 95.5
5. 100 : 10 0.70 93 opalescent

The ratio float/leather was 100% and kept constantly

kins and sheepskins and dehaired rabbits) even with a different histological struc-
ture among the individuals of the same species, taking int§ account their age,
the topographical zone and the way of preserving, the tested products are absor-
bed very wel} being bound in the leather irreversibly. The absorbtion andbin-
ding of the polymers were shown by pointing out the percentage of coagula-
tion substance left in the float after imprégnation.

The laboratory tests pointed out a good absorbtion capacity of the protei-
nic-synthetic products at the same time with an irreversible binding of it.

One of the products obtained in laboratory was tested on the dehaired
rabbits with a technology established by The Leather and Footwear Research
Institute obtaining finished rabbits with the physico-mechanical characteris-
tics given in Table 3.

We can see clearly from this table the influence of penetrating proteinic-
synthetic product in the structure of rabbit skins, in view of improving some
physico-mechanical characteristics of thesc.

Furthermore, the observation of the tests against the control samples shows
that the conjugated action polymer-collagen polypeptides leads to the obtaining
of some leathers with “fine grain and soft touch generally counteracting the
effect of”” synthetic given by polymers.
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Table 3

No. The lidmes of the characteristics Control Test
1 Thickness 1.69 1.22
2. Elongation

— at a specified load 1 daN/mm? — 135

— cracking 48.0 44.0

— breaking 48.0 44.0
3. Tensile strength daN/mm?

— at cracking 0.41 1.62

— breaking 0.41 1.62
4. Tearing résistance daN/mm; 19.7 215
5. Stitch — résistance daN/ctn 36.0 74.4

Conclusions. 1. As a resuit of the tests carried out in the Laboratory of
Auxiliary Products for Leather Industry of our Institute in Bucharist a lot of
proteinic-synthetic products “Polisin” with a capacity of penetrating into leather
and strengthening the fibrous structure of the leathers, have been lested and
produced. The products of “Polisin” range have been obtained by a scientific
research in collaboration with ICPAO — Medias — Risnov — Section which offe-
red us both reference material and acrylic dispersions for testing.

In obtaining and testing these products we took into account: the type
of leathers (cattlehides, sheepskins, rabbit skins) ; the partide sizes of disper-
sions ; medium molecular mass of the co-polimers and of the used polypeptides ;
the presence of reactive chemical groups of the polymer chain and especially
carboxyl group.

2. The proteinic component of System contributes to a better stabilization
of the dispersion towards the structural éléments of the leather, making casier
a better pénétration and distribution of the polymers.

3. The pénétration of the reactive polymers in leather in carried out by the
method of “drum imprégnation” in float.

4. The float exhaustion is 90— 100% and it is carried out in about 45—60
minutes.

5. The values of the physical-mechanical characteristics of the impregnated
leathers with the proteinic-synthetic product “Polisin” are high enough to the
“control samples” for élongation break, tear and stitch résistance. The grain
aspect, softness, and touch are well appreciated by the specialists.

6. Utilization of certain acrylic dispersions in obtaining proteinic-synthetic
“Polisin” products led to ;the possibility of diminishing chrome supply for some
types of leather ; high exhaustion of Cr203 in the tanning float; the réduction
of vegetable tanning materials used in retannage process.
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The paper is a short review of the litefature data conceming inhibitory and sta-
bilizing effects of clay minerais on the invertase enzyme. Pure clay minerais
(kaolinite, bentonite etc.) inhibit the activity of yeast invertase. The clay mine-
rais added to soil stabilize and protect from dégradation the .invertase molécules
produced by the soil microorganisme ander the influence of inductor (sucrose)./

Key-words: clay minerais, invertase, enzyme .adsorplion, soil enzymes

Introduction. Maintenance and perpétuation of life on our Planet are con-
ditioned by the biologicél cycles ef éléments (C, N, P, S, etc.), in which photo-
synthesis and décomposition of organic (plant, animal, microbial and xenobiotic)
residues are the basic processes. In the décomposition of organic residues, the
enzymes accumulatcd in soil — besides the enzymes of the proliferating micro-
(Erlgagi]sms — play a key role. Clay minerais contribuie to this accumulation

It has been proved in the case of rnany enzymes and different clay minerais
that the contact between enzyme molécules and clay mineral surfaces leads,
in general, to inhibition of enzyme activity, followe.d by stabilization and pro-
tection of the residual activit%/.

Our paper is a review which aims at exemplifying these investigations in
the case of invertase. The review consists of two parts dealing with the inhi-
bitory then with the stabilizing and protecting effects of clay minerais on
invertase.

I. Inhibitory Effect of Clay Minerais on Invertase. The rcscarches dealing
with the inhibitory effect of clay minerais on the activity of enzymes may be
grouped into 4 types, according to the source of clay minerais and that of
enzymes :

type 1: pure clay minerais are used together with partially or complctely
purified enzyme préparations originating from microorganisms, plants or animais ;

type 2: enzymatically active or inactivated soil samples are used together
with enzyme préparations ;

type 3: clay minerai — soil mixtures are used and the natural enzyme
content of soil is the only enzyme source ; and

type 4: clay minerai — soil mixtures are treated with enzyme préparations.

In the case of invertase ail types of rescarches are represented.

1 Papervpresented at the Symposium on Colloid and Surface Chemistry, Cluj-Napoca, September 8—10, 1986.

« University of Cluj-Napoca, Department of Blology, 3400 Cluj-Napoca, Romania
**Biological Research Centre, 3400 Cluj-Napoca, Romania
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7. Activity of Invertase in the Presence of Clay Minerals. Willstatter and
Schneider [4] found that adsorption of yeast invertase to kaolin resulted in a
great loss of activity, but later the activity of adsorbate decreased only slowly.
According to Fischer et al. [5], Bentonite adsorbed the stabilizing polymannan
component of yeast invertase and, therefore, inactivated the enzyme. Our data
[61 indicated that there was a direct relationship between the amount of kaoli-
nite and bentonite and their inhibitory effect on the invertase activity of yeast
autolysate (Fig. 1). Zvyagintsev and Velikanov [7, 8] and Velikanov and Zvva-

Fig. |. Activity of yeast invertase in the pre-

sence of clay minerais (.4), and of clay mineral —

soll mixtures (Z?). The straight line C represents

the sum of the activities of the soil invertase alone
and of yeast invertase alone [6].

Table 1

Invertase activity of yeast autolysate added to
samples of a leached ehernozem [11]

Invertase activity (Ja°)
Enzyme source

Measured Calculated
Autolysate 2,90 f
Soil 0.33 -
Soil + autolysate 3.03 3.23

Kaolinite ( g) Sentonite(g) 4

gintsev [9] demonstrated that montmorillonitic clays (gumbrine, steatite, ben-
tonite and nontronite) were stronger inhibitors of yeast invertase activity than
kaolinite and monothermite.

Ross [10] also found significant decreases in yeast invertase activity in
unbuffered and buffered clay suspensions. The inhibitory effect of clay mine-
rais was in the order: montmorillonite > illite > kaolinite > allophane >
muscovite. In the presence of 3 monomineralic clay fractions isolated from soils,
the order of inhibition was : mica-beidellite > mica-vermiculite X muscovite. In
buffered suspensions all clay minerais depressed invertase activity to a generdlija
greater extent after 24-hour than after 1-hour contact ; no activity was détect-
able after 24 hours in the presence of montmorillonite. The inhibitory effect
of pedogenic clay fractions was, however, similar after 1 and 24 hours' contact
time.

2. Activity of Invertase Added to Soil Samples. Our data [11] presented in
Table 1 show that invertase activity of yeast autolysate added to samples of
a leached ehernozem suffered only a slight diminution. But according to Zvya-
gintsev and Velikanov [7, 8], the yeast invertase added to soil samples pre-
viousljr heated at 105°C for 3—4 hours lost a significant part of its activity.
The effect of two chernozems was stronger than that of a soddy podzol. In
the experiment of Ross [10], the two topsoils to which yeast invertase was
added did not adsorb the enzyme or inhibit its activity.
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Table 2 Table 3
Invertase activity in elay minerai — soil A!ier_obial synthesis an_d acpumulafcion'of invertase
mixtures [il] in ineubated elay minerai — soil mixtures J2J
_ _ ) Invertase Clay minerai Invertase activity (JoC)
Clay minerai and its amount activity ) and Experimental variants
(9) added to 20-g soil samples (A<) its amount (g) Not  Moistened Amended
added to 50-g moistened with sucrose
? 182 soil samples and moistened
Kaolinite 5 105 Control 0 1.03 1.10 1.48
1 1.00 1.12 1.58
10 1.03 .
Kaolinite 5 1.03 1.06 1.87
0 1.04 10 1.06 1.12 2.59
) 1 1.02 1 1.06 111 1.59
Bentonite 2.5 1.00 Bentonite 2.5 1.05 1.10 1.65
5 101 5 1.07 1.15 2.04

3. Activity of Soil Invertase in Clay Minerai — Soil Mixtures. Invertase
activity of a leached ehernozem was not influenced by clay minerai additions
[11] (Table 2). In other words, the invertase already accumulated in soil could
not be inhibited by pure clay minerais. These minerais were able to inhibit
only the free invertase present in yeast autolysate (cf. Fig. 1).

4. Activity of Invertase Added to Clay Minerai — Soil Mixtures. Fig. |
shows that activity of yeast autolysate invertase added to clay minerai — soil
mixtures remained unchanged in contrast to its strong inhibition which occurred
when the enzyme was added to pure clay minerais. This means that the soil re-
moved the inhibitory effect of pure clay minerais on the invertase activity [6].

IL Stabilizinjj and Protecting Effect of Clay Minerais on Invertase. Clay
minerai — soil mixtures were amended with enzyme substrate (sucroSe) and
moistened. then ineubated for 3 weeks to induce the microbial svnthesis of
invertase. Variants not amended and
not moistened as well as variants
without added clay minerais were also
included. The results in Table 3 show
that more invertase accumulated in
the clay minerai — soil mixtures than
in the soil samples. This proves that
clay minerais stabilized and protected
from dégradation the invertase molé-
cules produced by soil microorganisms
under the inducing action of sucrose.

Practically no change occurred in the

invertase activity of variants without

sucrose [12]. Fig. 2. Distribution of accumulated and free en-
Discussion. The clay minerais, zymesin the soil inicroenvironment [2] : a — En-

through their stabilizing and protect- zymes trapped within or com_pl_exed witli humus; b—
. . Enzymes adsorbed to clay, eitlier on the surface or
ing effect on enzymes, contribute tO between the crystal lattices; ¢ — Enzymes at-
the accumulation of enzymes in soil tached to surface of organic film; d — Free, ephe-

“ . ” . " meral enzymes in the soil aqueous phase. The lar-
to the “survival” of enzyme molécules ger circles represent microorganisms.
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in the soil microenvironment. But the contribution of clay minerais to enzyme
accumulation in soil, and probably in aquatic sédiments as well, is achieved in
association with humic substances. The accumulated enzymes are located at mi-
crosites in or on the organo-mineral (clay-humic) complexes. Fig. 2 présents
a model [2] concerning distribution of accumulated and free enzymes in the
soil microenvironment. The enzymes trapped inside the porous clay-humic com-
plexes or attached to their surfaces are protected from proteolysis and other
inactivations and yet accessible to substrates.
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Studies on thermal stability of Co (Sélen) and Co (Br-Salen) complexes (Sélen :
N,N'-bis-sélicylidene-ethylene-diamine and Br-Salen: N,I\"-bis-5-bromine-sali-
cylidene-ethylene diamine) and on molecular oxygen absorption properties of
these complexes have been performed. It was esthabished that Co (Sélen) has
a lower thermal stability and absorbs easier molecular oxygen than Co (Br-

Salen).

Introduction. Numerous coordination Compounds including the Co(ll) com-
plexes with different Schiff bases constituie a model for the study of reversible
oxygénation mechanisms.

The reversible fixation of molecular oxygen, by the Systems containing
transition metals with variable Oxidation states and different chelating agents,
is an actual problem not only of bioinorganics but also of the technics to djs-
cover oxidation reactions in homogeneous phase, as well as in heterogeneous
phases catalysed by different metals. Another application of the coordination
compounds with molecular oxygen would be to obtain ultrapure oxygen by
unconventional methods, the purification of different gases, respectively. In
this context, the cobalt compounds with selective absorption-desorption pro-
perties for molecular oxygen have a special importance.

Our experiments were directed towards the synthesis of N,N'-bis-salicyli-
dene-ethylene-diamine Co(ll) noted Co(Salen) and of N,N'-bis-5-bromine-sali-
cylidene-ethylene-diamine Co(ll) noted Co(Br-Salen) [lj. In the present paper
the thermal behaviour and the molecular oxygen absorption properties of Co
(Sélen) and Co (Br-Salen) complexes are studied.

Materials and Methods. Both complexes Co(Salen) and Co(Br-Salen) have been synthesized
as described earlier [1].

Thermal décomposition of the complexes studied was investigated by recording their deriva-
tograms, using an OD-102 type Paulik—Erdey derivatograph (MOM), sample weight 100 mg, cons-
tant heating rate 20°C/min.

From the recorded derivatograms the following magnitudes have been derived : the tempé-
rature ranges in which sample weight losses/increases were more important, the maximum weight
loss rate températures (DTG peak températures), the domains in which the physico-chemical chan-
ges are exo- or endothermal (DTA peak températures).

An attempt is inadé to derive kinetic parameters for some thermal décomposition stages. For
this purpose the validity of the rate équation [2,3]

— =171 — «)» @
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lias been presumed, where A, E and n stand for the pre-exponential factor, activation euergy and
reaction order, respectively. The transformation degree (a) in a given décomposition stage (TG
step) can be calculated by means of the relation:

Wi —
»4 —

where Wi, Wo and stand for the actual, initial and final weight of the sample, respectively.
By taking logarithme of both sides of équation (1), one obtains:

@

I+n|og(1—a)

log 22 = log A
0 —_—= 0 —
9w 9 23R

which is linear in both 1/T and log (1 — ®) allowing us to use the least square niethod [8] for
deriving logzl,£ and n values, which will be referred to as kinetic parameters. For this purpose
TG data, i.e. the IF» vs. t curve has been transformed into « vs. T curve for the décomposition

da
step considered, by using équation (2) ?vs.T curves have been constructed by using the DTG,
i

dw
e. the 'al vs.i and the Tvs. t, curves. In order to transform the DTG déviation from the base

line into da/dt- a direct proportionality was presumed between them and the maximum déviation
corresponding to the DTG peak was equaled to the dWjdt value graphically determined from the
TG curve [81.

The experimental a-, dajjdt, Tj values have been processed accordingly to an adéquate com-

puter program [8].
The molecular oxigen absorption by Co(Salen) and Co(Br-Salen) complexes was practicaly follo-
wed by using an apparatus cohsisting of a three necked round botton flask, an oxygen polarographic

sensor, and an OH—102 Radelkis polarograph.
The bottom flask was fiiled with 300 ml water and then was bubbled with air. The oxygen

absorption was followed by means of the recorded sensor current. The prepared complex-substance
sample dissolved in 12.5 ml of dimethylformamide is introduced by injection at the moment when
the sensor current remains constant (= O2 saturation). Then the decrease of the sensor current
is recorded being proportional to the decrease of the oxygen concentration as a result of oxigen

absorption by the complex.

Results aud discussion. The derivatogram recorded for Co (Sélen) is pre-
seiited in Fig. 1, As can be seeu, a slight weight loss begins at about 90—100 °C,
presumably corresponding to the évaporation of moisture. The first true decom
position stage occurs between 290 and 390°C, characterized by a DTG and
an exothermal DTA peak at 355 and 345 °C, respectively. This is followed by
a stage which is hardly observed on the TG curve, but is marked by a small
DTG peak at 400°C and a small exothermal DTA peak at 395 °C.

Further on, a more important weight loss occurs, the DTG curve exhi-
bits a peak at 505 CC and the DTA one an exothermal peak at 510°C. A very
S'harp exothermal peak is observed at 590°C together with a sharp
DTG'one at 595 °C. The quite rapid weight loss continues and exhibits a ma-
ximum rate at about 665°C. The sample weight attains a minimum value at
795°C, corresponding to.CoO. At this température the sample weight begins
to increase due to the oxidation of the residue marked by a strong exothermal
peak at 835°C, and attains a constant value, corresponding to Co304 [4].

The weight losses in the successive oexthermal stages correspond to no clear
stoichiometric relations. Presumably, the ligand molécules are gradually oxidi-
zed by the atmospheric oxygen and gaseous products are evolved.
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The TG and DTG curves in the température range comprized between
355 and 390°C were found to be suitable for kinetic calculations. This portion
was processed, according to the above mentioned kinetic calculation method.
The Kinetic paraméter values derived are E = 26.4 Kcal/mole (110 KJ/mole)
and n— 0.70, respectively, for the a range 0.66 < a < 0.99.

The derivatogram of the Co(Br-Salén) complex is visualized in Fig. 2.
As can be seen, the sample exhibits a weight loss up to about 120°C, marked by

Fig. 1. Derivatogram of Co(Br-Salen) ; 1—TG  Fig. 2. Derivatogram of Co(Salen) : 1 — TG cur-
curve; 2—DTG curve; 3—DTA curve; 4 — ve; 2—DTG curve; 3—DTA curve; 4-tempera-
température variation curve. ture variation curve.

a weak endothermal peak on the DTA curve, corresponding to the évaporation
of moisture. Further begins a slow décomposition reaction, which gradually
becomes very fast with a maximum rate at about 300°C, marked by a sharp
exothermal peak at 310°C. The weight loss in this stage corresponds to no
stoichiometic relation and presumably implies the oxydation of the ligand by
the atmospheric oxygen, yielding gaseous products.

3 — Chemia 1/1988
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After a relatively short weight loss stop another exothermal process begins,
with a DTA peak temprature equal to 670 °C. The décomposition rate becomes
the largest only at 770°C, presumably due to the superposition of another
exothermal process, entailing the apparition of a sharp exothermal peak at 870 °C.
From this température ou the sample weight remains constant and it approxi-
mately corresponds to a residue of CoO4-CoBr2. Consequently, the ligand molé-
cules seem to be combusted and volatilized, except the Br atoms. The formation
of CoBr2 seems to hinder the oxydation of CoO into Co0304,

For the first exothermal stage, the portions of the TG and DTG curves
comprized between 285 and 315°C were processed according to the kinetic
method. The kinetic parameters derived are E — 57.8 Kcal/mole (242 KJ/mole)
and n = 0,51 for the a range 0.24 < a < 0.88.

By comparing the thermal behaviour of the two complexes with each
other, one can observe that the presence of the Br substituent in the aromatic
ring of Sélen influences not only the composition of the final product of the
pyrolysis, but also the thermal stability of the complex. The position of the
first exothermal peak is shifted to 310°C in the case of Co(Br-Salen), as com-
pared to 345°C with Co(Salen), i.e. the Br substituent reduces the thermal

Fig. 3. Oxygen absorption as function of time:
I —Co(Salen); 11-Co(Br-Salen).

stability of the complex. This effect might be due to the electron withdrawing
properties of Br, entailing the diminution of the donor properties of both O and
N atoms, i.e. the weakening of the Co-ligand bonds. The less thermal stability
of Co(Br-Salen) makes décomposition to occur in 3 successive and partially
overlopped stages, as compared to Co(Salen), which exhibits 4 exothermal décom-
position peaks. Firther, the first décomposition stage is very rapid in the case
of Co(Br-Salen), as compared to the slower process observed with Co(Salen).

The oxygen absorption properties of the complexes studied is shown by
Fig. 3, giving the amount of O2 absorbed as function of time. As seen, Co(Salen)
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absorbs the oxygen more rapidly as compared to Co(Br-Salen), the oxygen
sensor indicating a saturation value after 42 s in the case of the former, as
compared to 58 s with the latter. Concerning the amount of O2 absorbed,
Table 1. is relevant, showing the absorption of one mole of O2 per two moles

Table 1
Data for the oxygen absorption at saturation
Subtances C?rrnngl)ex ©z (?:,);())rbed o2 gss:rbcéh (mg) ?)/I;l ?asooﬁrg%caéé%%g)rﬁgter l
16 0.751
16 0.756
Co(Saien) 16 0-747 0.752 0.9953
16 0.754
16 0-748
16 0-5070
16 0.5080
Co(8r-$alen) 16 0.5118 0.510 0.9621
16 0.511
16 05012 3

of complex in the case of both complexes studied. These results are in good
agreement with literature data [5—7], and indicate the formation of binuclear
products, with bridged molecular oxygen.

The influence of the Br-substituent in the aromatic ring consiste of reduced
absorption rate, suggesting the idea that the inductive effect of Br entails the
increase of the activation energy of the process.
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Rationalisation and Simplification of Some Analytical-chemical Calculations.
The present report refers to the computation of the equilibrium concentrations of
species in aqueous media of AB,,— type substances (weak acids —H, A—, or com-
plexes —ML,,—).When the consecutive equilibrium constants difer with more than
3 Orders or complexes —ML»—). When the consecutive equilibrium constants differ
with more than 3 orders of power, computation is made using molecular frac-
tions obtained trough tabular computation (using previously computed table
for substances of type AB). When the consecutive equilibrium constants have
nearer values, computation is performed graphically (using ad-hoc constructed
logarithmical diagrams). The concentration of B is obtained by succesive appro-
Ximation, combining a simple numerical computation with tabular or graphical

one.

Vorliegende Arbeit bezieht sich auf die Konzentrationsberechnung der
anwesenden Spezien im Falle der waéssrigen Losungen der Substanzen vom
Typus AB,, (schwache Sauren H,, A, Komplexe ML,,). Die Berechnungen werden
auf grund der Molbriche gemacht, welche entweder tabellarisch (aus vorher
berechneten Tabellen), oder graphisch (aus ad-hoc aufgebauten Diagrammen)
erhalten werden. Fur die Spezie B werden die Berechnungen auf grund der
Molbriche gemacht, durch itteratives N&herungsverfahren, indem man einfache
gumerische Berechnungen mit tabellaren oder graphischen Berechnungen kom-
iniert.

Zur Vereinfachung beziehen wir uns auf die Substanz AB3, von der analy-
tischen Konzentration C, charakterisiert durch die sukzessiven Dissoziations-

konstanten A\ = - K, =.m b __JAF?! Die Konzentrationen
B3] y [AB2] ‘ [AB]
der verschiedenen Spe2|en erhélt man aus den Ausdricken :
c _ C[BJ3
Al B =
wobei :
@) i 4 [B] 1[BP , [B13
<@ o~ AKA

[B] = 3C — [AB] — 2[AB2] — 3[AB3], oder [B] = 3[A] + 2[AB] + [AB?]
welche leicht abzuleiten sind.

Universitdt Timisoara, Fakultat fur Naturwissenschaft, 1900 Timisoara, Rumé&nien
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Wenn man im Ausdruck fir [B] die Konzentrationen der verschiedenen
Spezien durch ihre oben formulierten Werte ersetzt, auf C, [B] und die Disso-
ziationskonstanten bezogen, erhalt man komplizierte Beziehungen, die wir nicht
wiedergeben. Im Vergleich dazu, sind die analogen Beziehungen, die auf die
Molbriiche XA, xAn, ... bezogen formuliert werden, sehr einfach:

[B] = 3C — C(#nB + f- 3xab,), oder [B] = C(3xa 4- 2Xz8 4- %ab.)

Wenn die Mdglichkeit einer einfachen Berechnung der Molbriiche in Funk-
tion von [B] bestehen wirde, kdnnten diese Beziehungen fur eine bequeme
Berechnung von [B] durch itteratives N&herungsverfahren eingesetzt werden.

Im Falle der Substanzen vom Typus AB erlaubt die vorher berechnete

ran
g [AB] Igaab eine rasche Berechnung
auf tabellarem Weg der Konzentrationen der Spezien einer beliebigen Substanz
AB (charakterisiert durch K und C), fur einen gegebenen />B-Wert (%A und %AB,
welche der Differenz pH—p~K. entsprechen, werden mit C multipliziert). Die
Aufstellung der Distributionsdiagramme wird somit Uberfliissig. Fur eine zufrie-
denstellende Prézision ist es notwendig, dass die Tabelle %-Werte enthélt, die
sich voneinander um 0,005 unterscheiden (welches einer Prédzision von 4:(,001
durch Interpolation entspricht). Wir fiigen — zur Illusitrierung — eine solche
Tabelle bei (Tab. 1), in welcher die %-Werte sich voneinander mit 0,02 unter-
scheiden. Das Bxistenzbereich der Spezien A und B ist (praktisch) : pH — p'K."*3.
Aus dieser Beziehung folgt, dass die Tabelle fiir die Berechnung der Konzentra-
tionen der anwesenden Spezien der Substanzen AB verwendbar ist, wenn die
sukzessiven A-Werte sich untereinander mehr als 103-mal unterscheiden. Somit
kénnen im Fall der Substanz AB3, wenn pH < pKx oder pH  pK3, nur zwei

und tabellierte Beziehung pH — pK = |

«0,00!

pif3
Abb. 1
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Tabelle 1
>B — pK *AB XA

-5 0,99999 0,00001 4-5
-4 0,9999 0,0001 +4
-3 0,999 0,001 +3
-2,30 0,995 0,005 +2,30
-1,996 0,99 0,01 + 1,996
-1,62 0,98 0,02 + 1.62
-1,38 0,96 0,04 + 1,38
-1,20 0,94 0,06 + 1,20
-1,06 0,92 0,08 + 1,06
-0,954 0,90 0,10 +0,954
-0,865 0,88 0,12 +0,865
-0,788 0,86 0.14 +0,788
-0,720 0,84 0,16 +0,720
-0,658 0,82 0,18 + 0,658
-0,602 0,80 0,20 + 0,602
-0,550 0,78 0,22 +0,550
-0,500 0,76 0,24 +0,500
—0,454 0,74 0,26 +0,454
-0,410 0,72 0,28 +0,410
-0,368 0,70 0,30 +0,368
-0,327 0,68 0,32 + 0,327
-0,288 0,66 0,34 +0,288
-0,250 0,64 0,36 + 0,250
-0,213 0,62 0,38 +0,213
-0,176 0,60 0,40 +0,176
-0,140 0,58 0,42 + 0,140
-0,105 0,56 0,44 +0,105
-0,070 0,54 0,46 + 0,070
-0,035 0,52 0,48 + 0,035

0 0,50 0,50 0

XA +aB pB — pK

Spezien anwesend sein, beziehungsweise AB3 und AB? im ersten Fall, oder AB
und A im zweiten Fall. Wenn pB zwischen den Werten pKx und pK2, oder
zwischen den Werten pK? und pKa3 liegt, sind drei Spezien anwesend, und zwar
AB3, AB? und AB im ersten Fall, oder AB2, AB und A im zweiten Fall. In
diesen Féllen werden die Differenzen zwischen p-B> und beiden pK-Werten,
welche beiderseits von pB gelegen sind, in Betracht gezogen. In Abbildung
1 ist das Distributionsdiagramm einer (imagindren) Substanz AB3 gegeben, in
deren Fall sich die sukzessiven K-Werte voneinander 103-mal (genau) unter-
scheiden. Das Diagramm illustriert das oben Gesagte. Pregnante Werte : pB —
— pK-L, wenn xAB, = %gs, — 0,50 ; pB — pKx + 1,5 = pK2 — 1,5, wenn aABi =
= *ab — 0,03 und folglich xABl — 1 — ¢ abs + Xab) = 1| — 0,06 = 6,94 u.s.w.
(weiterhin ist die Abbildung zu verfolgen). Fir die Berechnung von [B], im

¢ Firandere 7,vischenwerte ist die Uberlegung die gleiche. Zum Beis&)iel fur pB —pK +1 — 2 finden wir tabella-
risch XABg = 0,09 und XAB ~ 0,01. Daraus fogt, dass XAB) =1-— (0,09 + 0,01) =0,90.
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Fall der reinen Substanz AB3, durch itterative Naherungsverfahren, geht man
von [B]0 aus, welche aus Kj erhalten wurde, wo man [AB] x [B] und [AB] x
X C nimmt, wonach man die Tabelle benitzen kann (pB < pKx — folglich
sind nur die Spezien AB3 und AB? anwesend).

Beispiel. Es gibt eine 0,1 M Losung der Substanz AB3, welche =10 2 Kt=10 ¢ K, =
= 10’ hat. Man verlangt die Berechnung von [B].

Man erhalt: [B]o = y]krC = V10~31 10-1 = &0~ Fur pB — pKY =2 — 3 = —!1 finden
wir tabellarisch *AB == 0,91, xAB = 0,09. Wir haben weiter [B]t = C(3xA + 2raB + *ABj) = 0,1
0,09 — 9+ 10_s = 10“?0s. Fur pB — pKr = 2,05 — 3 = —0,95 finden wir *ABi = 0,10. Es folgt,
dass [B], = 10_2M. [B]Mittelwert = 10-2'0" = 9,5 + WM.

Im Fall, dass die sukzessiven A-Werte weniger als 103-mal untereinander
verschieden sind, kann die Tabelle 1 nicht mehr benitzt werden, und man
muss als Hilfsmittel ein ad-hoc Diagramm anfertigen, welches auf den Bezie-
hungen :

[AB3] WIEBI [aABy = UIHZ; [AB] [AI[E]

N K, Kt A3
fusst. In diesen Beziehungen bemerken wir, dass in der Beschaffenheit der Kon-
zentrationen aller Spezien mit A, als gemeinsamer Faktor [A] erscheint. Fs
folgt also, dass in den relativen Konzentrationsbeziehungen jeder Spezie in
bezug auf die Summe der Konzentrationen, dieser Faktor [A] sich reduziert.
Diese Tatsache bedeutet, dass [A] entweder den reellen Wert, oder jedwelchen
anderen arbitraren Wert haben kann, und dass diese relativen Konzentrationen
nichts anders als die Molbriiche darstellen. Durch Logarithmieren der obigen
Beziehungen erhalt man:

Ilg [AB3] = Ig [A] — lg K3KrKx + 3 1Ig [B]
lg [AB,] =lg [A] — Ig K3K2 + 2 Ig [B]
lg [AB] =Ilg [A] — lg K3 4- Ig [B]

Ilg [A] = Konstante (arbitrar)

Das Diagramm der Gesamtheit solcher logarithmischer Geraden benitzt
man bei der Erhaltung der Molbriiche fir gegebene [B]-Werte, in Anbetracht
der Errichtung der Distributionsdiagramme der Komplexverbindungen (siehe
z.B. (1)). Wir werden sie nicht nur fur die Erhaltung der Molbriiche fir gege-
bene [B]-Werte beniitzen, sondern auch fir die Berechnung der Unbekannten
[B] durch itterative Naherungsverfahren.

Beispiel. Gegeben ist eine 0,1 M Ldsung der Substanz AB3 mit =10 2, 7<s = 10 255, =
= 10“3. Man soll fABs], [AB2], [AB] und [A] berechnen fur [B] = 10-2'75 M, und [B] im Fall
der reinen Substanz AB3

Um die logarithmischen Geraden zu errichten, brauchen wir zwei Punkte. Wir nehmen [B] =
= 10“2Af, und [B] = 10_s /I. Wir nehmen noch — arbitrar — [A] = 10”’s M. Wir erhalten:

[B] = 10=M | [B] = 10-* M
Ig [AB,] 5475 _3.2=-35 -5 +75-3:+5=-125
Ig [AB.] 5 +55-3:2=-55 -54+55-2:5=-95
lg [AB] 54+3-2=-4 5 3_4=—7

lg [A] -5 -5



40 D. CEAUSESCU, M. EUU-CEAUSESCU

Abb, 2

In Abbildung 2 ist auf Millimeterpapier
das Diagramm der Gesamtheit der vier Gera-
den dargestellt. Die Koordinatenachsen werden
so gradiert, dass sie die Préazisionsbedingung
erfullen.

1) Auf der Vertikalen [B] = 10“>7s M
finden wir, von oben nach unten:

[AB] = #0- *’= 167+ 10«
[ABa] = 106 =1+ 10-5
[A]] =105 =j.JOs
[AB3] = 10%68 = 0,16 » 10-6
3,83 + 10-6

1,000
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Die Umwandlungen von 10,9y = 10 in y werden nomographisch gemacht. In Abbildung 3
ist das entsprechende Nomogramm ¢2) gegeben. Es folgt:

[AB]] =C.., 1 x.,, =0,1-0,042 = 0,0042 M

[AB,] = 0,1 70,261 = 0,0261 M

[AB] =0,1+0,436 = 0,0436 M

[A] =01:+0,261 =0,0261 M

2) [B] in reiner AB3-Ldsung. Wir nehmen urspringlich [AB,] x [B] und TAB3] x C. Wir
haben :

[Blo = y/K*C = Vio-» + 10"l = 1015

Tabelle 2
[B] . CAB3(31;A + 2AB + ABa) = [B]
sukzessiv ’
. [AB,] = 10-2«6 = 8,9-10-"; *ABl= -~-=0,742 0,1(3 + 0,0008 + 210,023 +
10-»-6 3 ABa 1199 + 0,234) = 0,0284 = 10_D* 11
[AB,] = 102 = 2,8-10-; %AB,= — =0,234
0,28
rAB] = 10-’.*“ = 0,28-10-7; *AB = - =0,023
11,99
A] = 10~ =0,01+10-"; mA—O’Ol— 0,0008
A} =107 = 001010 Ky =755~ O
11,99-10-
10-1.55 [AB,] = 10-’.* = 7,1-10-’ *AB,= -~=— 0,718 0,1(3 + 0,001 + 2+ 0,028 +
+ 0,253) = 0,0312 = 10-1.« M
[AB] = 10-’” = 2,5-10-7; *ABl= 0,253
,28
[AB] = 10--* = 0,28-10-"; VAB =S5 0,028
0,01
[A] =10-" =0,01-10-; xA =--——=0,001
9,89
9,89-10-’
i0-b« ~Mittelwert = 10 1,63
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~ *Das Nomogramm wurde fir die pH o [H+] Umwandlungen errichtet, aber es hat eine allgemeine Anwendbarkeit.
Die Notwendigkeit einer solcher Umwandlung ist sehr haufig in d.er' analytischen Chemie .und daher ist seine praktische
Wichtigkeit gross
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THE STUDY OF THE FORMATION OF HETEROPOLYANIONS OF TYPE
ML, WHERE M=Co02+ AND V3+, RESPECTIVELY, L=PWM0203’- AND
P2WleMoeil0-, RESPECTIVELY, USING PAPER ELECTROPHORESIS

A. BOTAR J> #fTUL and GR. MARCU

Received : May 20 1987

Reaction of the formation of ML-type heteropolyanions, where M=Cos+ and
V~'. respectively, L—PW,Mo020J,— and P2WMMoO}f— respectively, was studied
by high tension paper electrophoresis. The forming and stability ranges of the
heteropolyanions and the values of the stability constants, respectively, have
been determined.

Introduction. The high tension paper electrophoresis is an investigation
method for the formation of the complex compounds. The mechanism of the
formation of complex compounds, their constants of stability, respectively, wcre
studied using this method [1—4]. The experimental values are in good agree-
ment with the values obtained by other methods.

The paper electrophoresis method has been succesfully used in determining
the stability constants of heteropolycompounds ; this method has incontestable
advantages as coinpared to other methods [5—7]. The formation of ML-type
heteropolyanion, where M—Co2+ and V3+, respectively, while L=PWIM02039~
and P2W16MoOJI -, respectively, takes place after the reaction between the
métal ion and the unsaturated heteropolyanion, as follows :

M+L ML
In this case, the equilibrium constant (X') is:

r™M] « [L]

The sum of the ion inobilities u, in the case of electromigration on the
chromatographie paper, is given by the relation :
u— - AL+ - AlL]
M) + A

where mm is the metal ion migration, M, «ui, stands for migration of the new
heteropolyanion.
Applying the Consden [8] relation to the studied System, it follows :
Ig =IgA'"+1IgC
where C is the concentration of the unsaturated heteropolyanion, mole/litre.

« Institute of Chemistry, 3400 Cuj-Napoca, Romania
e« University of Cluj-Nafoca, Faculty of Chemical Technology, 3400 Cluj-Napoca, Romania
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The values for the electrophoretic mobilities wM and wMI,, were determined
by paper electrophoresis ; the equilibrium constant K'was calculated from the con-
centration of the unsaturated hctcropolvanion.

The constant of stability R of the ML heteropolyanions, is calculated accor-
ding to the relation:

lgR =IgK" +1gC

Experimental part. An installation for high tension paper electrophoresis Pherograph-Original-
Frankfurt, type 64, was used. Experiments were performed in a solution of unsaturated heteropoly-
anion, of concentration ¢ = 10~2M in the range of pH = 2.0 — 6.5. A Whatman No ! paper was
used; the pH of the solutions was adjusted using HCI O,IN; the ionic strength was constantly
maintained by adding NaClu.,.

The solution containing the metal ion was put on the chromatographie paper (40/4 cm) using
a micropipette; the potential différence was of 1500V for 30 minutes at a 6rC température.

Displacement of the ionic species, which are formed after electromigration, was pursued by
watching the colour of the heteropolyanions.

The sum of the electrophoretic mobilities is calculated according to the relation [9]:

dek!

where un = the sum of the experimental electrophoretic mobilities ; d m- the migration of the ionic
species (cm); t = time of electromigration (second) ; V = the applied potential différence (volt) ;
k — factor which is dependent on the type of the chromatographie paper.

Por the actual détermination of the electrophoretic mobilities, u, the absorption of the ions
on the chromatographie paper must be also taken int§ account, according to the relation:

1
m=ud+—

The ffy values were experimeutally determined by chromatographie method, so for:

PCo\VIM0203)~ — = 0.98; PaCoWI15Mo0Oj~ — Rf = 0.97; PVW.MoO, “ — Rf = 0.95

and for;
P2VW16M00O,’- — RF= 0.94.

The ion migrations and the sum of electrophoretic mobilities, as function of pH values, are
given in Tables | and 2.

Table 1 Table 2

The migration and the sum of electrophoretic The migration and the sum of electrophoreticmo-
mobilities for the System Co?+ (VS+) —PWeMo02032_ bilities for the System Co2~(V8+) P2W),MoOJ’~

d(cm) U %0- d(cm) u-io-*
(cm2 + V 1+ sec’)) (cm’ » V*| + secl)
Col+ Vnt Co2+ ¥ pH Co»+ Vn+ Co2+ V’+

2.0 -2.4 -1.9 -1.03 -0.84 2.0 -2.3 -1.8 -1.02 -0,82
2.5 -1.4 -0.8 -0.60 -0.36 2.5 - 15 -11 -0.67 -0.51
3.0 +24 +25 + 1.04 + 111 3.0 +0.6 +0.9 +025 +042
3.5 +4.1 +3.8 + 1.77 + 1.69 35 +3.3 +27 +144 +121
4.0 +4.4 +3.8 + 1.89 + 1.69 4.0 +4.0 +34 +175 +152
. +4.7 +4.2 +2.03 +1.87 . +4.2 +3.7 +186 +168
5.0 +4.8 +4.3 +2.07 + 191 5.0 +4.3 +37 +190 +168
5.5 +4.7 +4.2 +2.03 +1.87 5.5 +4.4 +38 +192 +172
6.0 +4.9 +4.3 +2.12 +1.91 6.0 +45 +38 +197 +1.72
6.5 +4.7 +4.2 +2.03 + 1.87 6.5 +4.4 +3.9 +194 +175
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The variation of electrophoretic mobility as fnnction of the concentration of the unsaturated
heteropolyanion was experimentally determined. Experimental results are given in Tables 3—4.

Table 3 Table 4
The values of electrophoretic mohilities as a The values of electrophoretic mohilities as a
fonction of the concentration of K,PW,4f0,0,g fonction of the concentration of K10P2\W10A500ei
The con- Coat ion V,+ ion The con- Co+ ion \r3+ ion
centra- w U — uv centra- T T
tion u-10- «—“C0 1 10< tion wio-< =~ “C0 . 10« — “Co
mole/litre “Col, 1 — « T «yy 1 — =«  mole/litre “Col,2—* “coi, 2-11
10-2 +2.09 188 +1.88 114 10-« +1.90 173 +1.72 1565
5-10- +2.04 52.4 +1.83 51.30 5-t0”« +1.87 70.14 + 1.69 63.20
To-i + 1.57 6.06 +1.64 6.24 lO-i  —+i.50 7.23 + 1.39 8.12
5-10-1 +121 3.21 + 1.40 2.82 5-10-1 4-1.01 2.83 +0.87 2.62

Discussion. By plotting the sum of electrophoretic mohilities as a function
of pH values, curves having ,,S” shape were obtained (Fig. 1—2). These curves
are specific to the formation of complex compounds. This fact représente an
evidence for the formation of unit complexes and not for the formation of mix-
tures of heteropolyanions.

By extrapolation, at the ,,S” shape curves ordinate of the extreme (Fig.
1—2), the values of electrophoretic mohilities are determined for the ionic species.

By plotting the dependence Ilg——— as a function of “lgc", the value
“mi, — u
“lg c” is determined for the case when ——— — 0.
»MT, — u
Fig. 1. The sum of électrophoretic Fig. 2. The sum of electrophoretic
mohilities as a function of pH values mohilities as a function of pH values

for the System Co2+(V3+)PW9Mo0203” - for the System Co2+(Vs+)P2WIleMoOei.
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Table 5

The values of the constants of stability and instability,
respectively

The constant

The constant of instability

The heteropolyanion of stability fa

pcow,mo,0s; - 0.16-106 6.02-10~»
pvwimo,ol;- 0.14-10» 7.24- 101
P,CoWIeMoO,’- 0.32-10» 3.09- 10~»
P,VWIleMoOe’ - 0.29-10» 3.38- 10~»

The values of the constants
of stability and instability, res-
pectively, for the ML heteropoly-
anions, are given in Table 5.

Conclussions. On the basis of
the experimental results obtained
by paper electrophoresis studies
concerning the reactions between
Co2+(V3+) and the unsaturated
heteropolyanions PW,M0203J" and
P2W16MoOJJ_, it foliows that:

— the ML heteropolyanions
are unit complex compounds and
not mixtures of heteropolywolfra-

mates ;
— the heteropolyanions of

M(PW3IMo039) and M(P2W16MoO6])
types are formed in the range of
pH =2.6 -4.5 and pH = 3.0 - 5.0,
respectively ;

— the values of stability con-
stants indicate that the studied
heteropolyanions have nearly iden-
tical stability, these values being
comparable with the stability of

the other heteropolyanions from Fig. 3. The dependence Ig —--------- as a function of
“MU — «

the literature. J1g ¢
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LLL—NMR SPECTRA AND STEREOCHEMISTRY OF SOME 2-ARYI,-
5,5-SUBSTITUTED 1,3-DIOXANES

SORIN MAGER and ION &ROSL
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Some new 2-aryl-5,5-disubstituted 1,3-dioxanes were synthesized by the con-
densation reaction between bis(hydroxymethyl)malonic diethylester and aro-
matic aldéhydes or ketones. The stereocheinical investigations by means of the
"H—NMR-spectroscopy show "mobile” structures for the 1,3-dioxanes obtained
from Symmetrie ketones, and “fixed” structures for those obtained from aldé-
hydes or unsymmetrical ketones. The 1,3-dioxanes obtained by ketalisation of
some aryl-methyl ketones show a preference of the phenyl group in the axial
orthogonal orientation. The spatial orientation of the magnetic lines of force
induced by the anisotropy of the phenyl ring is proved by its shielding influence
on the —CH2— and —Cil. protons of the équatorial ethyloxycarbonyl group.

Earlier stereochemical studies in the field of substituted 1,3-dioxanes [1—6]
were continued with the synthesis and stereocheinical investigation by means
of the IH—NMR spectroscopy, of some 2-ary1-55-bis(ethyloxycarbonyl)-1,3-

dioxanes.
Aromatic aldéhydes and ketones were Condensed with bis(hydroxymethyl)
malonic diethylester (I) resulting (1) the corresponding 1,3-dioxanes (I1—XVI):

HOCH2\ /COOC2H5 H+ Arx  O-CH? COOC2HS
Ar-CO-H(R) + >C< e > >C< >C< (1)
HOCH/ \COOC2H5 “H*° (R)H/ \COOC2Hs

| 1H-XVI

The condensation with a Symmetrie ketone (benzophenone) leads to a
“mobile” structure (I1) while aldéhydes or unsymmetrical ketones yield “fixed”
(anancomeric) structures (I11—XVI), as shown by the conformational equili-
brium (2) .

2

Concerning the mobile structure of compound 1l (R=Ar=CeHs) with
AG = 0 for the equilibrium A ? B, the very simple LLI—NMR spectrum (Fig. 1)

« University of Cluj-Napoca, Faculty of Chetnical Technology, 3400 Cluj-Napoca, Romania
+¢ High School for Mathematics and Physics, Nr. 2, 3400 Cluj-Napoca, Romania
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Nr.

X111
Y4

XV
XVI

Aryl R

phenyl

phenvl
o-nitrophenyl
m-nitropheny|
p-nitrophenyl
o-chlorophenyl
m-chlorophenyl
p-chlorophenyl
p-methoxyphenyl H

phenyl CH3
o-nitrophenyl CH3
m-nitrophenyl  CH3
p-nitrophenyl  CH3

ITIIIIII ©

a-naphtyl CH3
3-naphtyl CH3

Ca

5.14
6.11
5.55
5.46
5.40
5.45
5.40
5.40

LLI—NMR Parameters for compound« 1T—XVI

0.71
0.63
0.72
0.71
0.68
0.73
0.72
0.71

0.51
0.69
0.67
0.62

0.55
0.55

8 values; ppm

CH2a
4.15

4.07
4.29
431
4.23
4.25
4.27
4.28
4.30

4.18
4.10
4.19
4.16

431
4.40

CH.e
4.15

3.95
4.20
4.18
411
4.12
4.15
4,15
4.16

3.80
3.86
3.91
3.90

3.97
3.97

Aa.e
0

0.12
0.09
0.13
0.12
0.13
0.12
0.13
0.14

0.28
0.24
0.28
0.26

0.34
0.43

Cb
CHz3a
1.15

1.10
1.27
1.25
121
1.25
1.20
1.25
1.28

1.17
1.08
1.22
1.22

1.30
1.27

Cll3e
1.15

1.03
1.23
1.20
1.16
1.18
1.15
1.20
1.23

Table 1

Ha,e
0

0.07
0.04
0.05
0.05
0.07
0.05
0.05
0.05

0.17
0.13
0.16
0.17

0.23
0.22

i
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of 2,5-diphenyl-5,5-bis(ethyloxycarbonyl)-1,3-dioxane (1) shows only one peak
(medium value, 8 = 4.32 ppm, for ecpiatorial and axial protons) for the four
protons of the C4 and C" atoms (Table 1). At the sanie time, only one triplet
(medium value 8 = 1.15 ppm) and one quartet (medium value 8 = 4.15 ppm)
for the two —CH2—CH3 groups are shown.

In the case of the anancomeric 1,3-dioxanes bearing substituents with large
values of the conformational free enthalpy, the equilibrium (2) is practically
completely shifted towards the conformation having the substituent with larger
conformational free enthalpy in the équatorial orientation. The '"H-NMR spectra
of this kind of compounds (I11—X) lead to the différentiation of the équatorial
and axial protons at the C4 and C6 carbon atoms as shown in Table 1 and
in Fig. 2, which represent, as a model, the spectrum of the fixed 5,5-bis(ethyl-
oxycarbonyl)-2-p-methoxyphenyl-1,3-dioxane (X).

The different environment of the équatorial and axial ethyloxycarbonyl
groups is proved by the presence in the NMR spectrum of two quartets corres-
ponding to the équatorial (8 = 4.16 ppm) and axial (3 = 4.30 ppm) —CH2 —
fragments, and of two triplets corresponding to the équatorial (8 = 1.23 ppm)
and axial (8 = 1.28 ppm) —CH3 groups. The influence of the unshared pairs
of électrons of the two oxigen atoms belonging to the 1,3-dioxanic structure is
reflected in the deshielding of the axial ethyloxycarbonyl group. The influence
represents A3 = 0.12 ppm for the —CH2 — group and about 0.05 ppm for
the —CH3 group (Table 1). Concerning the équatorial and axial protons of the
C4 and C6 atoms of the dioxanic ring, the spectrum shows two AB doublets
located at 8 = 4.81 ppm and 4.10 ppm, respectively; the second one overlapes
the two quartets of the ethyloxycarbonyl groups, but (Fig. 2) is still easy to
locate between the peaks of the multiplet. This différence represents 0.71—
0.73 ppm for compounds 111—X derived from aldéhydes and 0.51—0.69 ppm
for compounds XI—XVI derived from methylketones (excepting compound
IV where Ar=o-nitrophenyl, with a smaller value, 0.63 ppm for [3es).

Table 1 also shows the influence of the substituents located on the phenyl
ring (Cl, NO2, OCH3) upon the axial proton belonging to C2? atom of the dioxa-
nic ring, in compounds 111—X.

An important feature of compounds XI—XVI obtained by ketalisation
of some aryl-methyl ketones with di6i | is the shifting of the conformational
equilibrium (2) towards conformation B (R=CH3) bearing the methyl group in
the équatorial orientation and the aryl group in the axial one. This preference
is confirmed by means of thermodinamic déterminations which show a signi-
ficant larger [C? value for the conformational equilibrium of sonie substituted
1,3-dioxanes [7] as than expected from the calculations based on the AG diffé-
rences of the —CH3 and —CeH5 groups [8, 9].

The phenyl group, because of its steric interaction with the protons belon-
ging to C4 and C6 atoms, is supposed to adopt an orthogonal orientation [10, 11].
As a conséguence, the shielding influence of the aryl group is undergone by the
protons of the équatorial ethyloxycarbonyl group as shown in Table 1 and
Fig. 3 which présents the spatial orientation of the magnetic lines of force

jnduced by the presence of the anisotropic phenyl ring in orthogonal orientation.
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As shown by Haigh and Mallion, [12],
one can estimate by means of the isoshi-
elding curves (Fig. 3), the shilding influ-
ence of the phenyl ring on the —CH2—
and —CH3 protons of the équatorial ethyl-
oxycarbonyl group. Because of the shiel-
ding effect the différences, A3, of the che-
mical shifts (between the équatorial and
axial groups become larger : about 0.26 ppm
(instead of 0.12) for the —CH2— protons
and about 0.16 ppm (instead of 0.05) for
the —CH, protons. The shielding power
of the benzenic ring can be estimated to
about 0.14 ppm for the methylenic pro-
tons and about 0.1 ppm for the methylic
protons, in agreement with the supposed
spatial orientation of the ethyl chain.

In the case of compounds XV and XVI
with an a— or [-naphtyl ring, the shiel-
ding effect becomes stronger, so that the
différences for the —CH2— protons are now :
about 0.4 ppm and for the —CH3 protons Fig- 3.
about 0.22 pi)m.

The shielding effect of the aromatic ring is also undergone by the protons
belonging to the C4 and C6 atoms of the 1,3-dioxanic ring, being stronger for
the axial protons. As a conséquence, the différence between the chemical shifts
fo the équatorial and axial protons becomes smaller, as it is easy to observe
from the o values shown in Table 1.

Experimental part. Compounds I1—XVI were obtained by the following general procedure:
equimolecular amounts of diéi I and corresponding aldéhydes or ketones were refluxed in benzene,
under stirring, in the presence of catalytical amounts of p-toluenesulphonic acid. The reaction flask
is provided with a trap for the séparation of the water resulted from the reaction. After the whole
réaction water had been separated, the reaction product was neutralized with natrium acetate
tlien washed with water. After distillation of the benzene, the pure product was obtained by vacuum
distillation or by crystallization from a suitable solvent (éthanol).

The following new compounds were obtained :
11 2,2-di(phenyl) -5,5-bis(ethyloxycarbonyl) -1,3-dioxane
11 2-phenyl-5,5-bis (ethyloxycarbonyl)-1,3-dioxane
v 2-o-nitrophenyl-5,5-bis(ethyloxycarbonyl)-I, 3-dioxane
\Y% 2-in-nitrophenyl-5,5-bis(ethyloxycarbonyl)-1, 3-dioxane
VI 2-p-:iitroplienyl-5,5-bis (ethyloxycarbonyl)-1,3-dioxane
VIl  2-o-chlorophenyl-5,5-bis(ethyloxycarbonyl) -1,3-dioxane
VIl  2-iu-chlorophenyl-5,5-bis(ethyloxycarbonyl)-I,3-diQxane
IX 2-p-chlorophenyl-5,5-bis (ethyloxycarbonyl)-1,3-dioxane
X 2-p-methoxypheny 1-5,5-bis(ethyloxycarbonyl)-I, 3-dioxane
X1 2-methyl,2-phenyl-5,5-bis(ethyloxycarbonyl)-1,3-dioxane
X1l  2-methyl,2-o-nitrophenyl-5,5-bis (ethyloxycarbonyl)-1,3-dioxane
X1l 2-methyl,2-m-nitrophenyl-5,5-bis(ethyloxycarbonyl)-1,3-dioxane
XIV  2-methyl,2-p-nitrophenyl-5,5-bis(ethyloxycarbonyl)-1,3-dioxane
XV  2-methyl, 2-a-naphtyl-5,5-bis (ethyloxycarbonyl) -1,3-dioxane
XVI 2-methyl,2-R-naphtyl-5,5-bis (ethyloxycarbonyl)-!,3-dioxane
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Table 2 shows the physical constants of Compounds I1—XVI and the resnlts of the elemental
analysis.

The "H-XMR spectra were run with a TESLA—BS487C 80—MHz spectromctcr, in CDC13,
witli TMS as Standard.
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ETUDE EN SPECTROMETRIE DE MASSE DES ARYDSUDPHONAMIDES
THIOPHOSPHORORGANIQUES

I. Arylsulphonamides de I'acide diéthylthiophosphinique

RODICA POPESCU I0OAN OPREAN NICOLAE I'’RLIBRODA et
ZAHARIA TOLDOVA

Recu: Juillet 1T, 1987

Mass Spectra of the Arylsulphonamides of the Diethylthiophosphinic Acid. The
mass spectra of the arylsulphonamides of the diethylthiophosphinic acid 1 and
Il vrere recorded and interpreted. The speetra are typical for compounds of low
stability uuder electron impact, showing molecular ion intensifies of 2 and 4%,
respectively. The fragmentation pathways were established by means of meta-
stable ion transitions and confirmed by high resolution déterminations and also
by means of mass spectra ot the deutérium labelled compund ID. For two

1 substituénts (Br and CH3) in the paraposition of the benzene ring only slight
différences were found in the fragmentation patterns. Only the intensifies of
two fragment ions having the same origin show a corrélation to the nature of
the substituent placed on the benzene ring.

introduction. Dans le cadre des travaux de notre laboratoire on a syn-
thétisé et étudié plusieurs classes des dérivés thiophosphorylés renfermant un
ou deux groupements arylsulphonamides [1— 11]. Sur ces composés a été établie
I'influence de la nature des substituants liés a I'atome de phosphore sur les
constants de dissociation acide, sur I’énergie des liaisons hydrogéne intermolé-
culaire et sur l'acidité ,,dynamique” des deux formes tautomeres.

Des composés thiophosphororganiques ont été moins étudiés par la spec-
trométrie de masse [12—23]. Des arylsulphonamides des acides thiophosphoror-
ganiques n'ont pas été examinés par la spectrométrie de masse. C’est pour-
¢a que dans une serie de mémoires nous nous proposons d’étudier le comporte-
ment sous I'impact électronique de puelques classes de ces composés, pour con-
firmer d’une part, la structure chimique proposée, et d’autre part, pour déter-
miner les masses moléculaire de ceux-cl.

De présent mémoire est consacré a I’étude de deux représentants de la
classe des arylsulphonamides de I'acide diéthylthiophosphinique :

S
C2HS. |l
>P-NH-SO2-Ar
C2H/
I. Ar = 4—CH3—C8H4—
I1. Ar = 4—Br—CeH)—

* Institut de Chimie de Cluj-Napoca, 3400 Cluj-Napoca, Roumanie .
Institut de Technologie Isotopique et Moléculaire, 3400 Cluj-Napoca, Roumanie
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Partie expérimentale. Les spectres de masse ont été enregistrés sur un spectrometre Varian MAT
311, avec double focalisation en utilisant un systéme d’introduction direct. L’énergie d’ionisation
était de 70 eV et la température d’enregistration de 100°C. o
Les transitions métastables ont été détectées par la technique de défocalisation et par lI'ana-
lyse directe des ions fragments. | i L o 3 .
Les mesures de masse en haut résolution ont été effectuées a une résolution de 10.000 (10% vale).
Les substances étudiées ont été synthétisées d’apres la procedure décrite dans le travail [11].
Le composé déutérié ID a été préparé a partir du composé | par échange isotopique en pré-
sence de D20.

Résultats et disscutions. Les spectres de masse corespondant aux composés |

et Il .ont présentés dans les tableaux 1 et 2.

Le spectre <le masse du composé | Tableau 1
T e M 1% 1% & o e I T 1%
39 7 76 9 106 9 136 2 167 4 228 13
46 19 7 8 107 13 138 38 170 24 229 4
a7 2 80 26 108 28 139 48 1 5 291 8
48 16 91 69 109 U 140 5 172 7
49 2 92 19 119 25 154 28 198 6
61 6 93 5 120 2 155 14 199 62
63 16 104 52 12 6 156 2 200 6
65 33 105 7 123 7 166 13 227 100

Le spectre de masse du composé II Tableau 2
o1 T o1 W oa% §ofo o0 B 1%
46 41 78 3 109 17 158 3 205 12 262 2
47 1 79 7 110 5 170 3 206 1 263 27
48 23 80 51 121 9 1 3 218 1 264 4
50 1 81 2 122 2 172 9 219 4 265 28
51 3 82 3 123 2 173 3 220 11 266 3
57 1 87 3 124 2 174 2 221 4 267 1
59 5 89 2 136 183 1 230 3 291 32
61 1 91 3 137 3 185 2 231 1 292 4
63 27 92 16 139 4 187 3 232 3 293 33
64 4 93 9 140 3 188 1 233 1 294 3
65 13 9% 3 149 1 189 3 234 4 295 1
74 5 104 100 154 2 190 1 235 24 35 2
75 19 105 12 155 26 202 12 236 6 357 2
76 42 107 2 156 4 203 13 237 24
7 9 108 59 157 25 204 13 238 2
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Tableau 3 La formulation correcte des
Les mesures des masses exactes en haute résolution fragmentations a nécessité des
pour le compose 1 déterminations de transitions
métastables et des mesures de
Formule Masse exacte <c—ritg haute résolution. Une transition
© bt colcviés  OWEE  (maim) marquée d'un astérisque soit
(me) dans le text, soit dans un sché-
221 227,0898 227.0901 03 ma de rupture est une transi-
m  CAgNPS 1700271 171.0253 18 tion confirmée par un pic mé-
170 C?HgNP3 1700193 170.0182 11 tastable. Chaque fois que cela
156 CfHfiNP &6.073S 166,0779 0.7 étalt né(;essalre pour détermlner
_ ou confirmer la formule brute
ST Cybhojs 1880157 1950152 e d’un ion, nous avons mesuré sa
54 CoHgNes 1540327 1540342 ' masse exacte en haut résolution.
139 C?H?0S «539.0218 139,0250 0.0 LeS I’éSU|tatS de Ces détermina_
s Gy NP 1380473 138.0466 07 tions sont résumés dans les tab-
133 C4H1INPS 138.0357 136,0334 2.3 |eaux 3 et 4
423 C7H7S 123.02SS 123.0278 0.9 Pour confirmer les structu-
CaHkjPS  121,0241 121,0220 21 res des ions formulés avec un
1197 CjHti 119,0881 119.0854 0.7 hydfo_giﬁn,e |m0bi|et HOL(IjS avons
'10S C2H7HPS 108.0037 108,0036 0.1 enreg,ls.re, e, Spec; re € masse
C4 HfINP 104,0636 104,0638 0.2 du de”ve deUterIe ID
"92 C2H5PS 91.9850 91,9866 1.6 S
80 HjifPS 79,9724 79.9720 0.4 c2Hsx ||
77 cs.Us 77,0391 77.0393 0.2 >P-ND-S0O2-C6tH5-CH3
78 C2HINP 76.0318 76,0317 01 Chst id (p)
83 PS 02.9458 62,9449 0.9 , , R
s Hane 48,0003 480006 03 Les résultats sont réunits dans
45 HNP 45.9547 45,9846 0.1 Ie tableau 5
Les figures 1 et 2 résument
* jons qui ne font pas partie du schéma de fragmentation IeS ConCIUSionS Concernant IeS

Tableau 4 mécanisme de fragmentation
Les mesures des masses exactes en haute résolution auxquels nous avons abouti.

pour le compose 11 Il faut ajouter que pour le
composé 1l ont été enregistrés
comme transitions métastables

Masse exacte

m Formule calcule« i trouve®

e brute (me) (mo) tmufd) seulement les suivantes

235  CgHyBrNPS 2349220  "234.9196 24 355 J1 291 : 2351202

234 CgHgBIrNPS 233.9142 233.9136 0.4 263 234 Ies autres étant pri'
219 C6HABrsO2 218.9140 210.9145 0.5 ! : .
21c CoHsBrNOS 217, 9275 217 6260 14 ses par fanalogle avec le premier
203  CgH& Brso 202,9166 202-79& 3.0 compose.

282 CsHgBNP 2019421 2019419 0.2 Disscutions. Les ions présents
vt caHiors 1210241 1219233 o8 dans les deux spectres sont ceux
04 C4 HuNP 104,0638 104.0335

provenant d’une part de la fra-
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Tableau 5

Le spectre ¢"e niasse (lu coinpose M

m 1% 1%6
e e
39 6 76 9
46 19 77 1
47 6 30 25
48 14 31 6
49 4 91 2
61 7 92 20
63 19 33 7
65 35 104 51
C2Hj-P">S
ra/eST (19’1
* J-C2H5
S
C2H5. >
C2H5"

ni‘g 121 (3%)

CjPt. a .
. “~P-NH-CeHi-
t'2p's rale 227 1100%)

r:le 19S(52/a)

CSwigi

i.« 131 (13%) mle 170 (21%)

lelo M

e e
105 23 123
106 10 138
107 2 139
108 28 140
103 13 154
119 37 155
120 3 156
121 7 166
mit%%ﬁ.sul
J-NH3

H N1 » H I

P-NH?4r~'P-NH

«I-C2H4

C2H5 I a C2H5 »

m/e 404152

NH — C8H4-CH3

7L R
e &

7 170 21 229 9
38 171 54 291 8
67 172 20

7 133 7

30 199 67

22 200 19

3 227 100

13 228 48
X_.pani

HoOf
fcons” PG o> =N!

m;e76|9%I

HN—SO-C6LLI-CH3
mle 154 (28V.)

502-C6HC-CH3 -£rO-C6H4-CH3
mle 155(14%) Je 107 (13%)

rat S1 (69%)
I-C2H2
C5H51*
65 133%)
1-C2H2
T
C3H3'
mie 39 (7>/.|

Fig. 1. Le schéma de fragmentation du composé I.
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P«iS mit 83 127V.)

= P- NH PaNH
C2*L
mit 106 (56 V.)
-C2H4
-C2H5
mle £36(1 (n}/y%OA m/e 76(427.) mit 48 (237.)

HN— so02 — C6HA — Br

~P-NH-SOj- C6H4- Br mle 21« (11V.)
32V. U, m/e 355 (2V.I
O—CeKt —Br
mit 1'1 (37.)
i)
-C6Ht—Br — ~—H<” —NH-C6HA4-Br™ ccHeBINP
127./.1 m/e 235 (24V.; 5 mit 202 (t2"Al
SO-CjH* —aBr
NH -C6H4—Br T 203 (13V)
mit 234 (4V.)
-0
S-C6H4 — Br
mit 187(37.)

b'ig. 2. Le schéma de fragmentation du composé Il.

gmentation du groupement thiophosphorylé et d’autre part de celle du groupe-
ment arylsulphonamide.

Dans les deux spectres enregistrés sont présents des pics moléculaire, situés
a la plus grande valeure de m/e, ce qui confirme la formule moléculaire et la
pureté de ces composés.

Les deux ions moléculaire se trouvent avec une faible abondance

= 291j, | = 4% pour le composé | et M+ = 356j, | = 2% pour le
composé Ill, ce qui peut étre expliqué par la présence dans les molécules de

ces composés des liaisons avec des énergies relative faible, comme Caryie — S
57 Kcal/mole, N—S 46 Kcal/mole, P—C 62 Kcal/mole, des liaisons capables
d’étre facilement rompues.

En regardant les deux spectres obtenus, nous pouvons observer que dans
le spectre du deuxiéme composé les pics provenant des ions contenant le grou-

pement arylsulphonamide sont déplassés vers " plus grands de 64 unités par
rapport aux pics du premier composé. Ce fait, peut confirmer, dans une cer-
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taine maniere, la justesse des meécanisms de fragmentation proposés pour les
deux composés.

En plus, dans le spectre du deuxiéme composé, tous les pics correspondant
aux ions dans lesquels est présent I'atome de brome, se présentent, comme
des pics doubles, avec des intensités aproximatives égales, différenciés par 2
u.m, fait du a la composition isotopique de I'atome de brome.

Plusieurs mémoires ont été consacrés a I'étude des sulfonamides par la
spectrométrie de masse [24—27]. Ainsi a été établi que ces composes soubissent
sans I'impact électronique une transposition moléculaire accompagnée d’élimi-
nation d'une molécule neutre de SO2 Cette fragmentation a été retrouvée dans
le cas de nos composés par la présence dans les spectres de masse de I'ion a

T = 227 et de l'ion a o 291 (voir les figures 1 et 2). Cette transposition

moléculaire constitue la principale voie de fragmentation de I'ion moléculaire
pour le composeé I, I'ion issu de celle-la étant I'lon de base du spectre.

Dans le spectre du deuxiéme composé, l'ion a — = 291 n’est pas I'ion de
e

base (I = 32%). Cette diférence peut étre liée a la nature du substituant situé
en position para du cycle benzénique du groupement arylsulphonamide. Le
composé | posséde en cette position un substituant ayant un effect inductif 4-1
— le groupement CH3 — qui défavorise la rupture des liaisons, tandis que dans
le composé Il, dans la méme position il y a un substituant fortement attractif
d’électrons — le brome — dont I'effect inductif — 1 facilite la rupture des

liaisons. Par conséquance, pour le composé Il I'ion de base est l'ion a T =

= 104 provenant du rest phosphorylé, pour lequel nous avons proposé la struc-
ture suivante

Cet ion est également présent dans le spectre de masse du composé |, mais
avec une abondance plus faible, de l'ordre de 52% en intensité relative. La
formule brute de celui-ci a été confirmée par la mesure de masse exacte (voir
les tableaux 3 et 4). L’abondance élevée de cet ion dans les deux spectres
peut étre expliquée par sa structure, I'atome de phosphore étant entouré de
deux groupes éthyle dont le caractere inductif répulsif tend a ,,combler” par-
tiellement le déficit électronique de I'atome central.

L’ion a e 104 peut provenir soit de I'ion moléculaire par la rupture

de la liaison N—S, soit de I'ion M—SC”' par la rupture de la liaison N—Caryie
suivie dans les deux cas de la perte d’'un atome de soufre (voir les figures let 2)

L’intensité faible de I'ion’a == 136 (1% 2) n’a pas fait possible la déter-
mination des ions meétastables correspondant, aux transitions: 227 — 126 et

291 — 136 (voir la figure 1), les deux filiations restant toutes les deux plau-
sibles.
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A Tion a T 171 peut étre attribuée soit la formule brute CTHIONPS

(de structure présentée dans la figure 1), ion issu de I'ion de base par I'élimi-
nation de deux molécules neutres d’éthyléne, soit la formule brute CTHINO2S
de structure probable

H2N-SO2-C6tH4-CH3I™,

ion résultant de I'ion moléculaire par la rupture de la liaison P—N. La haute
résolution effectuée sur ce pic permet de lui attribuer la formule brute C7HIONPS.
D’autre part la formation de celui-ci a été confirmée par détermination de deux
pics métastables (voir la figure 1).

L'abondance élevée de l'ion a o 171 ainsi que de celui correspondant

au spectre du composé I7, I'ion a T = 199, sont probablement liées a la stabi-

litté de la molécule neutre d'éthyléne éliminée. La perte de molécule neutres
d'éthyléne a été signalée dans la litérature comme étant caractéristiqgue aux
dérivés diéthylphosphiniques [28].

A l'ion a T = 108 du spectre du composé |, nous avons pu attribuer aussi

deux formules brutes :
a) C2HTNPS corespondante a la structure

S
c2h5X| +
>P-NH;
HZ

b) C4H4S de structure cyclique
+
“ts’
\V4

Dans ce cas, le choix entre les deux formules n’a pas été possible a I'aide
de mesures de masse en haut résolution, parce que la différence entre la masse
calculée et celle trouvée expérimentalement est dans les limittes des er.rcures
expérimentales (voir le tableau 3). L’examen du spectre du composé déutérie

ID montre que le pic a T = 109 se trouve avec une intensité plus grande

que dans le spectre du composé nondéutérié I. Alors, la structure proposée avec
le h)éc)irogéne mobile devient la structure la plus probable (voir les tableaux
et 5).

Il est & remarquer aussi que I'ion & — — 170 du spectre du composé | ne
correspond pas a la formule brute C7TH8NO2S avec la structure

HN-SO2-C6tH4-CH3,
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mais a la formule brute CTHINPS avec la structure

S

[
H—P—NH—C6H4—CH3,

I'ion correspondant étant issu par élimination d’un radical éthyle de I'ion

a — = 199. Cette afirmation est confirmée par les mesures de masses exac-
e

tes (voir le tableau 3) et par la présence d’un pic métastable 199-b- 171
(voir la figure 1). Dans le spectre est présent I'ion a — = 154, qui pourrait
e

provenir de I'ion CTHSNO2S par élimination d'un atonie d'oxygéne, la frag-
mentation caractéristique aux sulphones [26, 25]. Ainsi le choix de la formule
brute n’avait pas été possible sans des déterminations suplémentaires, I'ion a
la formule brute CTH8NO2S pouvant bien provenir de I'ion moléculaire par la
rupture de la liaison P—N.

Mentionons que dans le spectre du composé | nous avons mis en évidence

I'ion tropylium a — = 91 avec la formule brute C7TH7. C’est un ion avec valeure
e

analytique, celui-ci étant trés caractéristique aux composés monoalkylés nonra-
mifiés a I'atome de carbone benzylique [29], I'ion qui confirme I'existance de la
partie méthylbenzensulphonamide de la molécule.

On ajoute encore que tous les ions formulés a un hydrogéne mobile sont

retrouvés dans le spectre du composé déutérié comme des ions a — plus grande
e

d’une unité (voir les tableaux 1 et 5).

Conclusions. Nous avons enregistré et étudié les spectres de masse de deux
représentants des arylsulphonamides de I'acide diéthylthiophosphinique, dont
nous avons attribué les principaux pics,. Leur comportement est a rapprocher
des sulphonamides, d’'une part et des dérivés diéthylthiophosphinique, d’autre
part.

Les mécanismes de fragmentation induits par impact électronique de deux
composes sont identiques, I'abondance différente des ions qui proviennent du
méme processus pouvant étre liée a la nature du substituant situé en position
para du cycle benzénique du groupement arylsulphonamide. Le substituant
—CH3 défavorise la rupture des liaisons, tandis que le substituent Br facilite
les fragmentations.

Le spectre de masse du composé | est dominé de I'ion issu de I'ion molé-
culaire par I'élimination d’'une molécule neutre de SO2 et par deux ions pro-
venant de celui-ci par élimination en deux temps de deux molécules neutres

d’éthyléne. On trouve aussi dans ce spectre comme ion abondant I'ion
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Dans le spectre du composé 11, cet ion genére le pic de base. Il est accompagné
d’autres ions abondants provenant des coupures avec éliminations des molécules
neutres comme H2S, C2H4, ou bien d’'un atome de soufre.
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STUDIEREA REACTIILOR CHIMICE SI A OPERATIILOR DE
ABSORBTIE SI DE EXTRACTIE TN APARATE CU SERPENTINA DE
PELICULIZARE-BARBOTARE

I. Absorbtia dioxidului de carbon in solutii apoase de hidroxid de potasiu

10AX VODXAR* si IOAN BPEMETER-VODXAR

Intrai in redactie la 1 septembrie 1987

The Stiiily of the Chemieal Réactions anii of Operations as Absorption aiul
Extraction. The paper présents the experimental results obtained during the
absorption of carbon dioxide in aqueous solutions of potassium hydroxide, using
an apparatus of contacting equipped with a spiral curved tube [1—3] (these
apparatuses are usually named Vodnar-type apparatuses). The absorbent was
partially transformed in a turbulent liquid film in the internai side of the spiral
curved tube, which exhibits an internai area equal to 0.014 m2. The absorption
took place both by bubbling and in the turbulent liquid layer.

Tn industria chimica absorbtia bioxidului de carbon in diversi absorbanti
constituie cazuri particulare importante ale operatiei unitare de absorbtie. Din-
tre procesele tehnologice aplicate in unitatile chimice din tara noastrd, n care
apare ca etapa importanta absorbtia bioxidului de carbon, amintim urmatoa-
rele : fabricarea acetilénéi prin oxidarea partiald a metanului, fabricarea amo-
niacului, alcoolului metilic, carbamidei, sodei calcinate etc.

n scopul absorbtiei s-a utilizat un aparat brevetat de autor [1—3] dotat
cu un tub de peliculizare-barbotare sub forma de spirald Tn interiorul caruia
absorbantul s-a transformat partial intr-o peliculd ascendentd. Suprafata inte-
rioara a tubului-spirald a fost de 0,014 m2. Fenomenul de absorbtie a avut loc
atit prin barbotare cit si Tn pelicula ascendentd de absorbant. Experientele s-au
efectuat in flux continuu.

Partea experimentald. Metoda de lucru. Experientele au fost facute Tntr-un aparat
de tip Vodnar—3 cu functionare ontinud Concentratia CO2 Tn amestecul gazos (C-cO) s-a deter-

minat prin absorbtie Tn solutii apoase de hidroxid de sodiu. Absorbantul s-a alimentat continuu cu
0 pompa cu un debit constant de 3,6 1/h la toate experientele, iar componentii gazosi — oxigenul
si bioxidul de carbon — s-au luat din butelii de otel de aceasta natura. Debitul total de gaz s-a
variat Tntre 6 si 35 1/h, iar concentratia bioxidului de carbon s-a marit pina la 43% voi.
Descrierea si functionarea aparatului si a instalatiei de laborator. Aparatul cu care a fost dotata
instalatia de laborator este prezentata in figura 1. Structura de principiu a aparatului este descrisa
iu brevetul romanesc nr. 75628 din 1981. Fata de brevet, aparatul utilizat Tn aceste experiente
(Aparat Vodnar—3) este dotat in plus cu cite o conducta pentru alimentarea absorbantului si eli-
minarea absorbitului. La punerea Tn functiune aparatul se umple cu absorbant pina la capatul

* Universitatea din Clulj—_Napoca, Facultatea de stiinte economice, 3400 Cluj-Napoca, Romania

*¢ Universitatea din Cluj-Napoca, Facultatea de Tehnologie Chimica, 3400 Cluj-Napoca, Roméania

* Pentru conditii discontinue se utilizeaza aparatul Vodnar—! [1], care poate fi dotat si cu un rob net de golire ta
acest caz nuinindu-se aparat Vodnar—2', toate pot fi comandate de la Fabrica de sticla din Turda, judetul Cluj
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Fig. 1. Aparat cu spirala de peliculizare — barbotare de tip
Vodnar—3, cu functionare continua: | — camera de separare
a fazelor; 2 — tub pentru introducerea gazului; 3 — deschi-
dere laterald; 4 — tub-spiralda; 5 — tub de recirculare ; 6 — re-
zervor (camera de alimentare) ; 7 — sicana boltita; 8 — dop gol
cu slif; 9 — stut pentru eliminarea gazului rezidual ; 10 — tub
pentru introducerea absorbantului; 11 — stut cu slif; 12 — stut
pentru eliminarea absorbitului.

superior al tubului de recirculare 5, dupa care se Tncepe intro-
ducerea treptata si continua a gazului prin conducta 2 si a ab-
sorbantului prin conducta 10. Componentii ajung Tn rezervorul
6, unde gazul barboteaza prin stratul de absorbant aflat acolo,
dupa care, este obligat sa patrunda Tn tubul 4 in forma de
spirald, unde urmeaza o cursa ascendentd prin care absorban-
tul aflat in spirala se proiecteaza partial (sau chiar total) pe
suprafata interioara a acesteia, unde se formeaza astfel o pe-
licula turbulentd de absorbant. Astfel absorbtia bioxidului de
carbon (sau iu general a gazului dat) in afara spiralei are loc
prin barbotare, iar Tn spirald prin barbotare si in pelicula tur
bulenta de lichid. Amestecul gaz-lichid care iese din spirala pe
la partea ei superioard, ajunge Tn camera 1 de separare a fa-
zelor, de unde absorbitul se elimina continuu prin conducta
(preaplin) 12, iar gazul ramas, prin stutul 9. Tntre titnp, faza
lichida se recircula mereu prin tubul 5, contribuindu-se astfel

Fig. 2. Schema instalatiei de laborator folosite: 1 — butelie cu bioxid de carbon; 2 — butelie

cu oxigen ; 3,4 — reometre; 5 — amestecator de gaze; 6 — manometru pentru masurarea presiunii

initiale; 7 — aparat de tip Vodnar—3; 8 — ultratermostat; 9 — manometru pentru masurarea

presiunii finale ; 10 — aparatOrsat; 11 — pompa peristaltica; 12 — rezervor cu absorbant; 13 —
vas de colectare a absorbitului.
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la o foarte buna amestecare si contactare a fazelor, ceea ce face ca acest aparat sa aiba o eficacitate
foarte mare la absorbtiile si reactiile chimice Tn sistem gaz-lichid, care se executdin laborator sau
n industrie. La toate acestea se mai adauga si avantajul ca aparatul nu reactioneaza sensibil la apa-
ritia Tn sistem a unor impuritati mecanice de dimensiuni mici, asa cum se Tntimpla la spalatoarele

de gaze dotate cu frita (sticla poroasd).
Schema generala a instalatiei de laborator folosite este prezentata in Figura 2. Bioxidul de

carbon si oxigenul luate din buteliile de otel 1 si 2 se trec prin reometrele 3 si 4 in scopul masu-
rarii debitelor de gaz, dupa care ajung Tn aparatul 5 de amestecare a gazelor. De aici amestecul
omogen de gaze se trimite Tn aparatul 7 de absorbtie, dupa ce in prealabil i se masoara presiunea
cu manometrul 6. Gazul rdmas Tn urma absorbtiei se elimina din aparat, i se masoara presiunea finala
cu manometrul 9 si i se determina continutul final de bioxid de carbon cu aparatul 10. Absor-
bantul se ia din vasul 12 si se alimenteaza Tn aparatul de absorbtie 7 prin intermediul pompei 11.
Absorbitul format se elimind din aparat si se colecteaza Tn vasul 13.

Descrierea si interpretarea rezultatelor. in prima serie de experiente s-a
urmarit influenta pe care o are concentratia de bioxid de carbon asupra coefi-
cientului (Ca = g/m2ih) si gradului de absorbtie (ga = %). Temperatura s-a men-
tinut la 19°C, debitul de gaz la 24,14 1/h, i1ar concentratia hidroxidului de
potasiu Tn solutia apoasd utilizatd drept absorbant a fost de 1,25% (Fig. 3).
Din cele infatisate de graficul din figura 3 reiese cd, odata cu cresterea con-
centratiei de bioxid de carbon al amestecului gazos (oxigen -f- bioxid de carbon)
de la 23,78 la 43,16% voi., coeficientul de absorbtie creste de la 737 la 1004
g CO2/m2-h. Tn acelasi timp, gradul de absorbtie scade de la 91,59 la 65,7%,
ceea ce Tnseamnd cd din motive economice concentratiile de bioxid de carbon
mai mari decit 31,5% voi. (valoarea concentratiei de CO2 la punctul de inter-
sectie ale celor doud curbe) nu se recomanda, deoarece in aceste conditii gazul
ramas dupa absorbtie contine prea mult bioxid de carbon neabsorbit.

c,C02 »<'l

Fig. 3. Variatia coeficientului (Ca) si gradului de absorbtie
(ga) In functie de concentratia bioxidului de carbon Tn ames-
tecul de gaze.

5 — Chemia 1/198I
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Fig. 4. Variatia coeficientului (Ca)
si a gradului de absorbtie in func-
tie de debitul de gaz

Tn a doua serie de experiente s-a studiat dependenta dintre coeficientul de

absorbtie si respectiv gradul de absobrtie si debitul de gaz (1/h). Rezultatele
expxerimentale sint ilustrate de graficul din figura 4.
Parametrii mentinuti la valori constante sint: temperatura, 19,0°C; concen-
tratia CO2 Tn amestecul gazos, 33,6% Vvoi.; concentratia solutiei apoase de
hidroxid de potasiu, 1,25%. Se poate vedea ca, odatd cu cresterea debitului
de gaz (1/h) de la 195 la 35 1/h, coeficientul de absorbtie creste de la 793
la 1001 g CO2/m2-h, iar gradul de absorbtie scade de la 86,3 la 60,7% (sca-
derea valorilor este liniara), ceea ce constituie fenomene previzibile in cadrul
chemosorbtiei.

Sub aspect tehnologic este necesar sa se cunoasca si influenta pe care o
are concentratia absorbantului asupra marimilor caracteristice ale absorbtiei.
Aceastd influentd este exprimatd cantitativ in graficul din figura 5.

Fig. 5. Variatia coeficientului (Ca)

si gradului de absorbtie (ga) Tn func-

tie de concentratia in KOH a ab-
sorbantului.
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Debitul de gaz s-a

mentinut la valoarea

constanta de 24,411/h,

concentratia de bioxid

de carbon in ameste-

cul gazos la 23,78%

voi., lar temperatura

la 19°C. Din grafic

putem afla ca in timp

ce concentratia solu-

tiei apoase de KOH

(Ckoh) utilizata ca

absorbant creste de

la 0,85 la 1,35%, coe-

ficientul de absorbtie

creste de la 622 la

757 g/m2+h, iar gra-

dul de absorbtie in Fig. 6. Variatia coeficientului (Ca) si gradului de absorbtie (ga), Tn
acelasi timp creéte de functie de temperatura.
la 77,3 la 94,1%.

Tn final s-a studiat variatia coeficientului de absorbtie si gradului de absorb-
tie, in functie de temperatura. Debitul de gaz s-a mentinut constant la 24,14 1/h,
concentratia bioxidului de carbon in amestecul gazos la 23,78% voi., iar con-
centratia absorbantului la 1,25%. Rezultatele experimentale sint ilustrate de
graficul din figura 6.

Se poate vedea ca atit coeficientul de absorbtie citsi gradul de absorbtie
cresc odata cu cresterea temperaturii. Si anume, in timp ce temperatura creste
de la 19 la 83 °C, coeficientul de absorbtie creste de la 737,3 la 798,3 g CO2/m2-h,
iar gradul de absorbtie creste de la 91,6 la 99,1%.

Tn scopul de a se evidentia eficacitatea aparatului utilizat, Tn comparatie
cu un aparat clasic (fard serpentind de peliculizare-barbotare) cu acelasi volum
de umplere de 120 ml, s-au facut experiente de absorbtie Tn ambele tipuri de
aparate, aplicind aceleasi conditii de lucru. Astfel, de exemplu, la 19°C, cu un
debit de gaz de 24,14 1/h si cu concentratia bioxidului de carbon in amestecul
gazos de 23,78% voi., iar concentratia absorbantului fiind 1,25%, gradul de
absorbtie Tn aparatul clasic este de numai 45,95%, iar In aparatul cu serpen-
tind de contactare de tip Vodnar-3, este egal cu 91,59%. Aceasta reprezinta
0 crestere a gradului de absorbtie de 99,32%.

Utilizindu-se datele experimentale de la experlenta facuta la 83°C, s-a calculat
coeficientul de transfer de masatotal (Kg), pentru care s-a obtlnut valoarea :

= 368 I moli CO,]
[m2-h-atm. ]
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ON THE DIOXIMINE COMPLEXES OF TRANSITION METAILS
LXX. Polarographie study of sonie rhodium(l1l)-chelates with a-dioximesl!

FERENC MANOK CSABA YARHELY! und HAJNAL SZAKACS
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The polarographic behaviour of RhCI3, 1l [Rh(Octox.H)2(NO2)2] and
H[Rh(DH)2CI2] (Octox.Hj = 1,2-Cyclo-octanedione dioxime, 1)H2 = Ilimethyl-
glyoxime) was studied in different basic solutions (KCI, Britton-Robinson's buffer
solutions). In the case of RIiCI3 catalytic waves can be observed. The dioximino-
chelates are reduced on the dropping mercury electrode in multielectronic pro-
cesses making it possible to elaborate new sensible polarographic methods for

the détermination of rhodium.

Introduction. The simple salts of Rh(lll) are reduced at the dropping
mercury electrode already about O V (vs. SCE). In the presence of some non-
complexing unions in the supporting electrolyte catalytic hydrogen waves ap-
pear which overlap the rhodium réduction steps. In the presence of comple-
xing agents, e.g. pseudohalides [1], aliphatic mono- and diamines [2], hetero-
cyclic amines, dicarboxylic acids, oxyacids [3], EDTA-type compounds [4—6]
the half wave potential of [Rh(H2O)e]3+ is shifted towards more negative
potential values (—0.4—1.3 V (vs. SCE)). Sonie amine complexes of the type :
[Rh(NH3)aXj2+ and [Rh(en)2X2]+ were studied by Willis [7] and Baranovskii
[8]. Crow 9] compared the Ej/r values of a sériés of rhodium(lll)-amiiie com-
plexes with the position of the first d-d ligand-field transition band in their
electronic spectra. The shifts of the half wave potentials show a good linea-
rity with the increase of sigma donor properties of the ligands. Addison et al.
[10] and Vlcek [11], comparing the polarographic behaviour of some mono-and
binuclear Co(lll), Rh(111) and Ir(l1l) complexes have found, that with identical
coordination sphere composition, the cobalt(l1l) derivatives can be reduced most
easily due to their greatest electron affinity.

Results and Discussion. In the present paper the polarographic behaviour
of RhCI3, in comparison with that of two dioximinochelates of rhodium(lll) .
H[Rh(Octox.H)2(NO2)2]  (Octox.H2 = 1,2-cyclo-octanedione dioxime) and
H[Rh(DH)2CI2)J (DH2 = dimethylglyoxime) was studied in a wide pH-range
in Britton—Robinson’s buffer- and neutral KCI solutions.

We observed that the RhCI3 forms one or two polarographic waves in
function of the pH-value of the supporting electrolyte. At pH = 2.66 two
réduction steps appear with E1/2 values —0.12—0.13 V (and —0.95 V (vs.
SCE), respectively. The first weil formed wave begins practically already at
0 V and incrcases linearly with the concentration of Rh(lll). The second wave

1 I/XIX. K Manok, G. D’iieasi, Cs. Varhelyi, A. Beiikd, Stud. Univ. Babes-Bolyai, Chem 1987, in press
¢ Uni'veYsily tif Cluj-Napoca, Fciculty of Chemieal Technology, Ciuj-Napoca, Romania
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Fig. 1. Polarogram of RhCI3 at pH = 2.56; Fig. 2. Polarogram of RhCI3 at pH = 2.56 ;

CR1l — 3x10* mole/1l CNaClo = 0.125 mole/l CRh= 4 x 10~4 «016/1 CNaCl®.== ©'225 “*«l«/4

has a sharp maximum which cannot be supressed by addition of gelatine or
methylene blue. At higher Rh(lll) concentrations the first wave is also super-
posed by a maximum, but this disappears on gelatine addition. (Fig. 1 and 2.)

The ratio of the heights wave is in agreement with the following elec-

trode processes :

“A”: Rh(Ill) Rh(l)
“B”: Rh(I)  Rh(0)

In buffered solution at Hp=3.29 two
waves also appear, the second being 7-fold
higher than the first one. We can présu-
me that this wave is a catalytic one, due
to the catalytic action of the metallic rho-
dium formed at the réduction of oxonium
(H3O+) ions. The height of this wave, “B”,
varies simultaneously with the concentration
of rhodium and can be used for analytic
purposes. A calibration curve for small Rh
concentrations is shown in Fig 3. In more
basic supporting électrolytes, e.g. pH = 8.96,
only a single, well formed wave appears with
Bi/2= —0.17V (vs. SCF). The polarographic
measurements prove that the first Rh(lll)

wave (“A”) is not influenced by the

Fig. 3. Calibration curve for RhCI,
at pH=
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Fig. 5. Polarogram of RhCI3 at
pH = 8.95; CRh = 3 X 10"4 mole/1

CNaCio. = 0325 “*~Z1

Fig. 4. Polarogram of RhCI3 at
pH = 3.29; Cj™ = 2% 10-4 mole/l1

CNaC104 = 0-125 mole/1

pH-value of the supporting electrolyte up to pH = 11. Over this pH-value
the hydrolysis of RhCI3 takes place with précipitation of Rh(OH)3.

In non-buffered KCI basic solution also two waves appear.

The polarographic data are presented in Table 1.

The polarograms of H[Rh(Octox.H)2(NO2)2] and H(Rh(DH)2CI2] were also
taken in KCI and in Britton—Robinson’s buffer solutions.

Some typical polarograms are presented in Fig. 7—11. and the nummeri-

cal data in Table 2.

0 02 OA 0.6 0.8 -EivJtECS) g4 06 0S 10 L12-E1VIEC51

F1g. 6. Polarogram of RIiCI. in Fig. 7. Polarogram of Fig. 8. Polarogram of

0.1 MKCI; Cm =3 x 10~4mole/l  H[Rh(Octox.H)2(NO2)2] at  H[Rh(Octox.H)2(NO2)2] at
pH=2.56;Ccouwplex = 3xX10-4 pH = 3.29 Ccompl = 6 x 10-’
mole/1; CNaC10j — 0.125 mole/1l mole/1; CNaC10j= 0.125 mole/1
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Polarographie dala on the RhCI3

Supporting electrolyte Eil»
A B
0.1 M
KC1
0.145 0.153
Britton-Robinsoifs
solution 0.12 0.94
pH = 2.56 NaClO4
0.125 M
Britton-Robinson’s
solution
pH = 3.29 0.12 117

NaClO4 0.125 M

Britton-Robinson’s

solution 0.167
pH = 8.95
NaClO4 0.125

Polarographie dala on the H[Rh(Octox

Supporting E”s
electrolyte A B
01 M
KC1 0.678

Britton-Robinson's
solution pH =- 2.56
XaClO4 0.125 M 0.887

Britton-Robinson’s
solution pH = 3.29 0.920 1.30
XaClO4 0.125 M

Britton-Robinson’s 1.160 1.225
solution pH = 8.95
NaClOj 0.125 M

1.416

1d(jxA)

A

0.30
1.80
1.26

2.80
5.60
9.45
10.44
12.00

1.86
4.80
4.86
6.00
10.20

0.26
5.40
7.38
9.20
9.90
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Table 1
id(hA) ID/c x 10<
A B A B
0.49 0.49
0.94 0.32 0.47 0.32
1.53 0.70 0.51 0.35
1.84 0.90 0.46 0.30
2.40 1.12 0.48 0.28
0.30 0.19 0.30 0.19
0.70 0.34 0.35 0.17
0.93 0.63 0.31 0.21
1.08 0.64 0.27 0.16
1.40 0.90 0.28 0.18
0.35 2.40 0.35 2.40
0.74 4.86 0.37 2.43
0.96 7.14 0.32 2.38
1.20 9.68 0.30 242
1.90 11.95 0.38 2.39
0.15 0.50
1.08 0.54
1.44 0.48
1.96 0.49
2.55 0.51
Table 2
.H) (NO,)s]
ID/c x 10+
B A B
0.02
0.12
0.07
0.93
1.10
1.05
0.87
0.80
4.02 0.62 1.34
7.20 0.80 1.20
13.68 0.54 1.52
13.44 0.50 112
23.10 0.68 1.54
0.29 0.08 0.09
1.80 0.30 0.15
5.40 0.82 0.60
12.00 0.01 1.00
0.15 0.06 0.01
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Fig. 9. Polarogram of Fig. 10. Polarogram of
H[Rh(Octox.H)2(N0Oa)2] at pH=8.95 H[Rh(Octox.H)2(NO2)2] in
Ccompl = 6x HO—mole/1; 0.1 M KCI; Ccomp] = 1.2 x 10-
“NaClo, — 0.125 mole/1 mole/1.

In the case of H[Rh(Octox.H)2(NO2)2] at pH = 2.56 only a single step
appears, similarly with RhCI3, but the E1/2 value is shifted towards more ne-
gative potential values. This wave “A” is overlapped by a sharp maximum,
which can be supressed with addition of gelatine. At higher pH-values a second
wave is also developped. The height of this wave (“B”) is mucii higher than
in the case of RhCI3. This means that simultaneously with the Rh(lll) and
Rh(l) specia, the chelating dioxime ligands (Octoxime, dimethylglyoxime)
are also reduced on the dropping mercury electrode to the corresponding 1,2-

Fig. 11. Calibration curve for Fig. 12. Polarogram of H[Rh(Dh)2CI] in
H[Rh(Octox.H)a(N02)j] at pH = 3.29 0,1IMK CI (compllO— molejl



RHODEUM(I)-CHELATES WITH  -DIOXIMES 73

diamines (1,2-cyclooctanediamine and 2,3-butane diamine) in an eight electronic
electrode process :

R—C=N—OH R-CH-NH,
\ +8H+ + 8e= \ + 2H20
R—C=N—OH R-CH-NH?

The half wave potential value of the first wave is considerably influenced
by the pH-value of the supporting electrolyte. The B1/2 value of the “B”-wave
is very little sensible to pH alterations. The height of this “B”-wave is pro-
portional to the concentration of Rh(lll) in the solution, and is suitable for
analytical purposes. Due to the multielectronic réduction of the dioximino-
chelates, this method is much more sensible for the détermination of rhodium,
than the polarographic réduction of the simple rhodium salts.

In non-buffered KC1 solution a third wave appears at the initial part of
the polarograms (E1/2 = —0.15 V (vs. SCF) of the examined chelates Fig. 12.

Experimental. H[Rh(DH)2CI2] was obtained by refluxing 2 mmoles of RhCI3-3H20 with 4
mmoles dimethylglyoxime in 25ml methanol. The synthesis of H[Rh(Octox.H)2(NO2)2] was described
earlier [12]. The polarograms were taken on a Radelkis-Type-OH-120 polarograph by using a con-
ventional polarographic cell with a saturated calomel reference electrode, connected to the cell by
means of an agar-agar bridge (1 M KNO3). The oxygen was eliminated from the solutions with puri-
fied méthane.
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EFFICIENCY REQUIREMENTS IN TODAY RESEARCH, DESIGN AND
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RECTIFICATION AND EXTRACTIONI

FRANCIS« A. GOTIIAKU*

Rceived : September 8, 1987

The arguments related to two opposite approaches in the development of large
scale séparation processes, by rectification and liquid extraction, one starting from
all acheivments of theory and available experimental data, the other based on
empirism, are discussed briefly. The role of the methodology in this field is point-
edout and the use of an existing methodology in the criticai sélection of funda-
mental data to be considered in this field is exemplified and recommended to
interested users.

Most of the energy required to manufacture chemical products is consumed
in Separation processes, especially in distillation equipment. Therefore an in-
creasing attention must be concerned to design step, whenever competitivity
of the product and of the process is the utimate target. It is wellknown that
design efficiency dépends strongly on the accuracy of the hecessary data,
mainly phase equilibrium data.

The literature contains various approaches to this problem. Always the
accuracy of thermodynamic data makes the point [1]. Very convincing exem-
ples of what erroneous thermodynamic data may generate can be found in
works published by Zudkevich [2, 3] and Kietz [4].

It is not an easy task to fulfil current accuracy requirements, as well as
to provide the user with all information needed to perform his own criticai
évaluation of data, compulsory if one intend to deal with responsibility, “nothing
being garanteed” [5]. To such a high efficiency in the development of sépa-
ration processes specialised working teams, very good experimental tools, power-
ful computers and large data banks are needed. So, handling algorithme for
corrélation and criticai sélection becomes possible. Access to selected reference
data and a quasicontinuous effort toward general understanding become almost
compulsory for future development. There is no doubt that success is directly
conditionned by exhaustive knowing and criticai use of all what human mind
achieved until now. A worldwide exchange of opinions through attending regular
meeting is imperatively recommended.

Unfortunately, the people attached to this point of view, when asked for
advise or while trying to build up conditions to help applied thermodynamics
become effective, meet a lot of cases of misunderstanding or even underesti-
mation of need on criticai évaluation of thermodynamical data. Sometimes one
can hear: “Chemical technologies were developed in the past, also say half
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* Romama» Institute for Research, Design and Developmen for Oii Refineries — Ploiesti, 2000 Ploiesti, Romania.
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a Century ago, without databanks, computers and sophisticated experimental
tools”. That is true, but not for today when compétition is completely dif-
ferent and the scale of the processes has become many times larger. Another
opinion which can be heard : “Let’s keep this. inoving. We'll see what'll happen.
It'll be some changes but never mind, the product will be there quickly. That’s
important for commercial expansion and not some of your theoretical plates”.
Such arguments should be weighed carefully, because the actual experience
teaches us the contrary at this very point. Decisions of this kind, without
taking into account deep insight in the physical chemistry of all process in-
volved, as possible today, were always paid for by severe penalty in quality
or amount of product. The latter caii for data results rather in explanations
instead of product. The scientists are frequently blamed for conséquences of ...
overlooking their own advices, especially by management able to avoid respon-
sibility. If prevented by well skilled experts, they caii for others, “experts”
(in everything), who never strove hard to get reliable data for substantiated
decisions. It is easy to recognize the experts in everything, especially (retro-)
active in fields where long range efforts are required for the smallest but va-
luable results. In this very field they take delight in assuming ideal behaviour
of ail mixtures. It is easy to realize what happen if some of the “unbearable”
components make azeotropes discovered too late, in the ... plant.

Limiting the engineering work to shortcut methods also results, as a
rule, in bad surprises and to rescue some of the investment cost expensive chan-
ges are necessary. After all, even extended research, using ail available infor-
mations, sponsoring experimental work and theoretical efforts which require
also but smaller investment in equipment, are always cheaper, than supporting
loss of product and time (... is moftey”) arising from use of unreliable data
and subséquent changes in plant until a compe itive product can be dehvere

To find out the way leading to increased ifficiency through this network
of probléeme (far to be exhausted abo-
ve), some of the categories acting in the
field and how they are related should be
briefly analysed. Restraining the discussion
to concepts mentionned above, .Responsi-
bility, People, Afeans and Decisions, we
shall build up a tetrahedron which have
the first three as vertices. The Symbol of
the decision step is located in the inside
of the tetrahedron. The shorter the edge:
of this tetrahedron, the doser the hills
Efficiency. ldeally the figure can be re-
duced to one point, but the complexity
of the problems involved in investment
and cost usually it makes impossible to
concentrate all decision in one hand (the

people which deals with responsibility with
all means). The way how the edges of the
tetrahedron of efficiency can be made
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shorter is straightforward : decisions should be suggested by specialists but
considered by management ; the suggestions should be made with responsibi-
lity, which is possible only with adéquate means (so M and P are doser,
thus P and R also). Without M, P can't provide management with élé-
ments for reasonably D and E is also far away, therefore the problem of R
can't be a question of playing a role. The face R—P—M becomes very small,
if management recognizes chemical engineering, chemical thermodynamics, as
basic fields of fundamental and applied research, strengly related to mathe-
matics. These must be handled by special working teams, able not only to
predict phase equilibria accurately, but also the risks in design and develop-
ment, adinitting as a fact the experimental error.

Another possibility to reduce the size of the tetrahedron is strong coopé-
ration between various specialists engaged in connected fields, as mentionned
above, to make the tools more effective even when the évaluation of available
data indicates lack of reliability. For that, a common language is required.
This is one of the r6les of something what may be called “methodology”. A
définition is not easy to formulate, but perhaps it is a System of most effective
and practically verified of paths leading in shortest time to optimized solutions.
Méthodologies may be designed only in fields where expérience meet theoretical
deep insight. This leads commonly to including selected informations and algo-
rithme in informational Systems where the data bank plays the role of the
support for all movement toward E through D. For the very reason of exten-
ding knowledge in the field, such méthodologies are open for new achievments,
(the more one knows, the more one is convinced that there is much more to
know. . .) and also for révision taking into account the results of comparisons
between prédiction and reality. This is the point where méthodologies should
have Sound criteria for selecting data and ail kind of information including
computational methods.

As a matter of fact, one can ask (and this is often one of the latest argu-
ments against systematic work not only in the field of chemical thermodyna-
mics) if such methodology may really exist. There is no other way to answer
that but taking a look on the functional links of one part of a computerized
methodology for processing and criticai sélection of liquid-vapor equilibrium
data at moderate pressure (Fig. 2). The summarv of the considered data bank
is given in rectangles in the left side column, the main programs in rhombs,
while the output data in figures appearing as ellipses.

In the data bank, first the properties of the pure componente and of the
mixtures reproduced from ail available collections [6—16] are included, but
continuously new data from available literature [45] are considered. Ail data
are critically selected using three groups of criteria: first, with priority thermo-
dynamic ones, second, statistical ones, oriented to selecting between thermo-
dynamically consistent data ; and third, empirical criteria related to the deve-
lopment risks, evaluated by error propagation from selected data through algo-
rithms considered in design [17, 18]. The last two groups of criteria are specific
for each property [19,20] and must be adjusted according to actual results
in application. For example, vapor pressures are reduced to the parameters in
the équation given by Antoine [21] (ANTOINE program) which is used only
in température ranges of less than 60 K. The predicted values are compared
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List of abbreviations ;

A, B,C — The constants in the équation given by Antoine (21) vapor pressure dependence on température

a, b — The constants in the équation given by Tsonopoulos (26) for the température dependence of second viria
coefficients.

ge — Gibbe excess energy, J.mole-1

gji— gjj ““ Interaction % ¥ différences in the équation given by Renon and Prausnitz (NRTIly) for ge/RT (34)
he — Excess enthalpy, J.mole-1*

K — Equlibrium ,,constants” = yj/xj

Ejj — Criticai exponent in the température dependent Parameters n” of the équation given by Gothard (35)
1AT.3 — Ternary liquid-vapor equilibrium #ata

14453 — Ternary liquid-liquid equilibrum #ata

Bjj(T) — Second virial coefficients for pure componenta at various températures ml.mole-1*

Bjj(T) — Interaction second virial coefficients, ml.mole-1*

ny — Parameters in the équation given by Gothard (35) for ge/RT.

PS(T) — Saturated vapor pressures for pure componente at various températures

PQ — Criticai pressures for pure componenta, MPa
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Tc — Criticai températures of pure components, K
Ve — Criticai volumes for pure components, ml.mole-1*
P—X — Total pressure liquid-vapor equilibrium data
T—X — Boiling points at constant pressure
PTXY2 — Total liquid-vapor equilibrium data in binary Systems
S — Pure substances (mime, codificaton, UNIFAC ¥roups
vs(T) — Orthobaric molar volumes, ml.mole--"*
ve — Kxcess volumes, ml.mole-!
X', x"(T) — Mutual solubility data at various températures

Sp, s&, sy — Standard déviations of pressure (kPa), température (K) and vapor phase compositions (tnole fractions)
R — The gas constant, J.mole-". K

T — Température, K

p — Statistical selecting criterion given by Panaitescu (37)

[%) — Acentric factor To(P/P ) — 1,000

1

p/?ja ' — Semiaxes of the confidence ellipses of various parameters

a — Inclination of the larger semiaxe to the abscissa where the first model paraméter is represented.

AN — Development risk expressed by déviation between the largest and smallest number of theorctical plates of
the rectficaton column, predicted using various paraméter pairs inside the confidence arca of a given mode]

Ar -- Idem, expressed in tenus of the reflux number.

with those obtained using the Riedel-Planck-Miller corrélation [22,23] (by
RPM program). For analysis of reliability and consistency the method given
by Lehman [24, 25] was recently selected. Second virial coefficients are reduced
to parameters a and b in the corrélation given by Tsonopoulos [26] (TGV pro-
gram) but analysed comparatively with the data predicted by the method given
by Hayden and O’Connell [41]. Orthobaric molar volumes are correlated by
the équation of Rackett [28] In various one or two paraméter versions [27]
(rackeTT program). Total pressure or ebulliometric data are processed by inté-
gration of the appropriate form of the coexistence équation [29] to obtain
vapor-phase compositions (coexist program). The intégration is also performed
in the case of overdetermined (ptxy) data. The déviations of experimental
and predicted vaporphase compositions are used in the analysis of the thermo-
dynamic consistency according to the principles given by van Ness [30] in the
form recommended by Kemény et al. [31, 32] and in the extended form [20].

Consistent data are reduced to the parameters in the équations given by
Wilson [33], Renon and Prausnitz [34] and Gothard [35] by the method
based on the maximum likelihood principie [36] as given by Panaitescu [37].
Ail déviations are checked for significance by the Fischer test. For including
the third group of sélection criteria, column efficiency and reflux ratios required
for standard séparations are estimated using the Fenske-Gilliland method
[38, 39], starting irom the prédiction of relative volatilities from the parameters
at the endpoints of the semiaxes of the 95% confidence ellipses computed for
each model. Mutual solubility data are reduced to the parameters in the équa-
tion given by Gothard (resOLG program). Ternary liquid-liquid equilibrium
data are reduced to the parameters in the équations given by Renon and Praus-
nitz (pdeeei program) and by Gothard (pdeel2 program) Equilibrium “con-
stants” as functions of température, liquid phase composition and pressure are
predicted using parameters obtained by réduction of binary or ternary equi-
librium data for ail models considered and compared with multicomponent data
if available (predata program). The déviations are also considered in selecting
the model to be in view for predicting multicomponent data.
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When no experimental data are available, data are estimated using mé-
thode mainly based on the group-contribution principie (e.g. Lidersen method
[40] for constants — lydersen program, 1985-version unifac method [47]
for liquid-vapor equilibrium data — by the unifac 85 program) or other
methods, such as given by Hayden and O’Connell [41] for second virial coeffi-
cients (HAYCON-Program). Liquid-vapor equilibrium data may be estimated for
regular and related solutions (SOLREG program).

All paths constituing the methodology have been verified on selected réfé-
rencé data, such as those recommended by codata [42] or obtained in the
framework of the fruitful coopération with 1.D.S., [45], Tehnical University
of Budapest [46], and through Academies of Sciences of socialist countries.
Additional reference data are selected as a contribution to CODATA work and
considered together with new éléments expanding the verified algorithms by
exchange and coopération [43]. The use of the methodolog?/ in the development
of new séparation processes or to improve others as well as the efficiency of
using selected data, were outlined in various publications (see a summary in
[44]) and promoted by assistence of the authors for the users.

Conclusions. In the present state of the knowledge in the field of chemi-
cal thermodynamics, in particular on solution theory, there are possibilities
that accuracy meet efficiency in development of large scale séparation process-
design ; when computerized data banks and algorithms are handled by specia-
lized teams and decisions emerge by taking into account the results of research
together with statistically evaluated risks starting from experimental error and
its propagation.

Coopération between specialized teams and inside of teams where physico-
chemists, mathematicians specialised in programming and other specialists who
must work together, requires a common language in application of any metho-
dology.

In the field of design and development of séparation processes, it is espe-
cially possible to develop méthodologies which should be verified in practice.
Such a methodology adéquate for moderate pressure, may be considered now
by the interested users and is available in computerized form with a bank of
selected phase equilibrium data as well as ail other data required for corréla-
tion, sélection and prédiction of multicomponent data.
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THE GRAVIMETRIC DETERMINATION OE TUNGSTEN AND
MODYBDENUM

MARIANA RUSU ALEXANDRU BOTAR ami GHEORGHE WARCU

istseived : Ocloinr 13, 1987

Tlie paper présents a process of gravimetric détermination of tungsten and
molybdenuni, as salts of tetra alkylammonium, phosphonium or arsenium of
the type R4X Cl where R > CiH, and X = X, P, As. With that end in view,
tungsten and molybdenuni are Condensed in acid medium to isopolyanions

of the type WI(,0s24 and MoeOj82.

It is known that tungsten and molybdenum are gravimetrically determined
by précipitation with different chemical reagents, then they are calcinated to
WO3 and MoO3, respectively, and weighed as such. These methods are not
advantageous because they imply operations as précipitation, washing and
calcination, stages that offer the possibility to the cations and anions (within
the System) to interfére with the already formed compounds.

The method proposed in the present paper éliminates the disadvantages
characteristic of the methods of gravimetric détermination of tungsten and
molybdenum, by précipitation of the tungstate and molybdate solutions, adjus-
ted to the value of pH=2. In these circumstances the Condensed forms of tungs-
tate and molybdate, respectively, exist under the form of the following isopo-
lyanions: WI100”, MoeOfi2, respectively. These isopolyanions precipitate with
tetra-alkylammonium, phosphonium or arsenium salts under the form of some
water insoluble précipitates, easily filtrable and very stable.

Experimental. The Gravimetrie Determination of IifC/) as [(CeH6)4P]4WIpO32. 300 cms solu-
tion 0,04 mol/dms of HCI is added to 100 cm’ solution 0,4 mol/dms of Na?wO4 « 2H20 for acidu-
lation and the mixture is boiled under reflux for 20 minutes. The reaction mixture is cooled at
70°C then 100 cm8 solution of [(CeHs)4P]Cl with 1.5% concentration is added by dropping and
continuons stirring. After a slight coofing at room température the precipitate is filtered on a
filter crucible G4, is washed 3—4 times, each time with 25 cm3 distilled water, and then is dried
at 110°C to constant weight. The gravimetric factor for tungsten is f = 0,4959. The results of the
chemical analysis for [(CjH6)4P]4WI0032 are given in Table 1, representing the arithmetrical inean

The results of the ehemieal analysis for [(C,H5)4P]4W1J032 Table 1
wC H P
Calcd. 49,5008 31,0961 2,1746 3,3412
Found. 49,5562 30,9208 2,0843 3,3508

« University of Cluj-Napoca, Faculty of Chemical Technology, 3400 Cluj-Napoca, Romani#
ee Institute of Chemistry, 3400 Cluj-Napoca, Romania
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of six déterminations and the experimental results obtained in the gravimetric détermination of
tungsten are shown in Table 2.

The results of gravimetric détermination of tungsten Table 2
9 Ng2W0.4 1 2H20z g[(C6H5)4p]4w10032 g w
Tooml
solution with ¢=0,4M
L 13,1943 15,0896 (15,1695) 7,4814 (7,5066)
2 13,1943 15,1242 7,4985
3 13,1943 15,2446 7,5582
4, 13,1943 15,1042 7,4886

The Gravimetric Determination of Molybdenum as [(CeHs)4P]2Mo06019. 300 cm$ solution 0,04
mol/dm3 HC1 is added to 100 cm8 solution 0,2 mol/dm3 of Na2MoO4 + 2HSO, in such a way as pH
become, 2, then it is lieated to boiling. 100 cm3 solution of [(CeH5)4P]CI with a 1.5% concentra-
tion is added slowlv by dropping and continuons stirring to the heated solution. The yellow preci-
pitate that occurs immediately is filtered on a filter crucible G4, it is washed 3—4 times, each time
with 25 cm3 distilled water, it is dried to 110°C and then it is weighed. The gravimetric factor
for molybdenum is f = 0.3695. The elementary chemical analysis for [(CeH6)4P]2MoeOlt is given

The results of the ehemieal analysis for [(C,H5)4P]2Mo,0,, Table 3
’f. Mo C H P
i —n
Calcd. 36,9291 36,9076 2,6071 3,9741
Found. 36,8982 36,8804 2,5862 3,8834

in Table 3, the experimental data representing the value of six déterminations. Experimental resuit
obtained by the gravimetric détermination of molybdenum are shown in Table 4.

The results of gravimetric détermination of molybdenum Table 4
g-Na2Mo04 + 2H20/ g [(CgHg)4P]zMogOt g g Mo
100 ml
solution with ¢=0,4 M

1L 9,6779 26,1248 (26,2066) 9,6475 (9,6778)

2 9,6779 25,9882 9,5948

3. 9,6779 26,2304 9,6842

4. 9,6779 25,9 582 9,5837

The values resulted from calculation are given in parenthéses.



84 M. RUSU, AL. BOTAR, GH. MARCU

Conclusions. The tetraalkyl ammonium, phosphonium or arsonium salts

of W100"4 and MoeOff2 isopoly anions are insoluble in water, easily filtrable
and very stable précipitates.
The methods of détermination proposed in this paper rule out the inconveniencies
characteristic of the methods of gravimetric détermination of tungsten and
molybdenum known up to the present, by eliminating a sériés of chemical ope-
rations as well as the interférence of heterogeneous ions in the System.
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LINEARIZATION OF POTENTIOMETRIC TITRATION CURVES
IV. Redox Titrations
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The équation of redox titration curves is derived by taking into account the
equilibrium constant of the redox reaction. The validity of the simplified équa-
tions used by Gran in the élaboration of his linearization procedure is tested
on theoretical titration curves. Analysis of the Liteauu—Mioscu procedure shows
the nonlinear character of the curves obtained, but reveals the usefulness of this
procedure in determining the équivalent point of the titration.

Introduction. In potentiometric titrations the équivalent point (EP) gene-
rally is determined by plotting E or pH versus volume of reagent added and
the inflexion point of the curve is considered to coincide with the EP. Since
these two points are not always identical [1], linearization procedures have
been proposed allowing the détermination of the EP as the intersect of two
straight Unes. Ail these procedures are based on simplifying presumptions, which
under certain conditions, might affect the accuracy of the method. In the pre-
sent paper two linearization procedures are discussed, viz. those proposed by
Gran [21 and by Liteanu and Mioscu [3], in order to clear up their limitations
in redox titrations. A similar analysis of précipitation and of neutralization
titrations was performed earlier [4].

Gran considéra [2] that Vo ml of solution, having the concentration a and
containing substance A in its reduced state, is titrated with a solution of B
in its oxidized state, having the concentration b. In solution the following
reactions occur :

Ared = AoX 4-nAe~ and Box + nBe~ = Brea (1)
and the potential of the redox electrode obeys the well known formula :
E — Eo + RT In [Aoxl (2)
Mnp [Atedl

If U ml of solution of B has been added, the concentration of Aox is calculated
according to Gran, by means of the relation

\%
va + V

®)
i.e. by presuming reaction (1) to be total.

University of Cluj-Napoca, Faculty of Chemical Technology, 3400 Cluj-Napoca, Romania
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From Egs. (2) and (3) the following relation is derived :

dv = uaf . JYy (jzt
dE. RT V' V)

wliere V¢ stands for the volume of solution B, necessary to reach the EP.
In the vicinity of the EP, Eq. (4) is proposed to be aproximated by the relation :

& )

When the EP has been exceeded, the potential of the redox electrode may
be given as
E=FEo+ —In ™\t
nBb' [Eredl )
In the same approximation, that reactions (1) are total, from Eq. (6) the
following relation can be derived:

EY = £bF (Y __ Vve) @)
dE RT

According to Egs. (4) and (7), before the EP the plot of dF/JE vs. V
is a parabolic curve, with a linear portion in the vicinity of the EP. After the
EP a straight line results.

Gran proposes to plot (1/F) (dF/dE) vs. V before the EP, since it is linear
accordingly to Eq. (4) and dF/dE vs. V, after the EP. The intersection of
the two straight lines is considered to correspond to the EP.

In order to avoid the tiresome graphical dérivation of the titration curves,
Gran proposes to use AF/AE instead of dF/dE. This différence ratio is plotted
versus a corrected volume V¢, at which dF/dE = AF/OE. It is given as

Fc=F, +clAF 8)

where AF — F2 — and as stated by Gran, ¢ is a unique function of the
ratio r = AF/(Fe — F), and has the values tabulated in [2].

The Eiteanu—Mioscu procedure [3] is based on Gran’s statement concerning
the uniqueness of the relation between ¢ and r. These authors propose to take
r X 1 and consequently to perform a plot of '|*|*5~ E'll\ Vs. y, where F- and E,

—Ei
stand for F and E at the inflexion point of the titration curve, i.e. Fj x Fe

Results and Discussions. Since reactions (1) lead to an equilibrium, even
if they are practically total, in the vicinity of the EP Gran’s approximation
is not rigorously valid. Therefore, we made an attempt to derive the accurate

function proe = /(F), in order to test Gran’s method on theoretical titration

curves.
This function can be easily obtained if nA — wB = n, i.e. for a reaction

Arcd h box = Ao0s + Brvd (9)
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By taking the activity coefficients to be equal to unity, the equilibrium cons-
tant of reaction (9) can be written as

K = EAox][Btedl
[Ared] [Box] (10)

Diring the titration the following material balance relations are valid

= [Aox] + [Ared] (11)
. = [Boy + [Bied] (12)
P [Aox] = [Bred] (13)
A (14)

The System of Egs. (10)—(13) allows us to express both [AgX] and [Ared]
as function of K, a, b, 70 and V. By substituing these expressions into Eq. (2)
and by taking into account Eq. (14), eventually one obtains the équation of
the titration curve

E =Eo+ Hin [a + +IJKZ(V'-Vy + 4KV.V! (15)
nF L 2V, 2Ve
For the EP Eg. (15) transforms into
Er=£0+ —In"E (16)
nF
Dérivation of Eq. (15) with respect to V leads to the function
dV = (Ve — Y)NO(Ye-¥y + 4KW~t — K(Ve — V)* — 4V,V 7)
?  nF ' dE 2V'(K - 1) '

which gives for very large K values

. —{Ve — V), for <J(Ve — 7)2 = Ve — V
limy =
K-.x

V-V for7(7.-T72=7-7,

Obviously, the two limits are identical with Eqgs. (4) and (7), respectively,
derived by Gran for total reactions, and both of them giving y =0 for 7=7,.
On the other hand, Eq. (17) yields for 7 = 7,, the following value :

(19)

which generally is not vanishing, only if K is large enough.

In order to test the limitations of Gran’s procedure, y values have been
calculated for several hypothetical titration curves by using Eq. (17) and by
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Fig. 1 Theoretical y vs. V curves for Fig. 2. Gran’s linearization perfor-
the vicinity of the EP. med on theoretical curves.

Fo = 100 ml, a = 10-41, b = 10-41. K,=100ml, a = 10-41, b = 10-41.
] — K=1k; 2 —K = 10«; 3 — K > 10« I — K= 10« 2 - K 10«

taking Vo = 100 ml, a = 10 2M, b = 10_1IM, leadingto T\ = 10 ml. Sorne exam-
ples of y vs. V curves are given in Fig. 1 for the vicinity of the EP. As seen,
if K> 106, the shape of the curve is practically not affected by the value of
K. Gran’s linearizations, performed on theoretical curves are visualized in
Fig. 2. also for the vicinity of the EP. One can see, that if K 10" two com-
mon straight lines are obtained, intersecting each other at y = 0 and V — Ve,
i.e. Gran’s linearization Works perfectly. For K — 104 already important dévia-
tions from the linearity appear and a discontinuity at the EP. Consequently,
Gran’s procedure cannot be applied if K is less than about 105—10e.

The theoretical titration curves constructed were used to verify Gran’s
statement concerning the constancy of the coefficient ¢ in Bg. (18) for a given
ratio r — AK/(7r — F). For this purpose the ratio r = | has been chosen,
siuce this ratio is used in the Ijteanu—Mioscu linearization. Results are pre-
sented in Tab. 1. As seen, this coefficient is not constant at ail, it dépends

Coefficient ¢ in Eqg. (18) as dérivée! irom theoretical titration curves  Table- !
for the ratio V/(Ve — V) = 1. a = 102 M, b = 18-41, Vo= 100 ml

V, ml K
10« 10e 10« %0 10
2 1.615 1.745 1.798 1.857 1.860
4 1.543 1.703 1.780 1.820 1.851
6 1.475 1.670 1.765 1.815 1.845
8 1.360 1.620 1.740 1.800 1.840
9 1.240 1.560 1.720 1.800 1.840
9.2 1.175 1.550 1.700 1.800 1.825
9.4 1.133 1.533 1.700 1.757 1.833
9.6 1.050 1.500 1.650 1.750 1.825

9.8 0.900 1.400 1.600 1.700 1.800
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F ig. 3. Linearization of theoretical titration curves accor-
ding to the procedure proposed by Liteanu and Mioscu.
V, = 100 ml, a = 10-2M, b = IO"M.
1-K=1%10; 2-K=10; 3- K=10";

4 - FE=10“; 5—- K= 10*

Table 2

Theoretical an<l caleulated by ineans of the Liteann-
Mioscu procedure OE+1% and OE+01” values in units

HT'nF.
AL+1% AE+0.1%
K theor. calc. theor. calc.
10 0.97 0.99 0.10 0.11
10e 4.63 4.23 0.96 0.66
10» 9.22 8.26 4.63 1.66
10 13.83 12.70 9.21 3.13
10 18.43 17.32 13.82 5.00

on K and varies even during the titration. The latter effect diminishes very
much with increasing K value.

Anyhow, by taking into account that c is not constant, the Liteanu—
Mioscu linearization cannot be expected to give straight lines. Several “linea-
rized” theoretical titration curves are presented in Fig. 3. As seen, instead of
straight lines, curves of parabolic shape are obtained, which is not surprizing,
since by presuming that F,- = \/the magnitude plotted vs. V in the Liteanu—
Mioscu procedure can be given as

Vi- 7 _ nF I~ F|

\Ei-E\ RT InJH — In’£.

— 7) + KVVe
27, 27/ '

by taking into account Egs. (15) and (16). Obviously, the right hand side of
Bg. (20) is not linear in V at all. Consequently, the linearization proposed, and
especially the applying of linear régression methods, cannot give trustful infor-
mation.

In order to illustrate the correctness of the above statement A£+i% and
Afio.i% values have been caleulated by using the Liteanu—Mioscu procedure.
For this purpose the (\V{— V|)/(|E- — E|) data caleulated for the vicinity
of the EP. viz. for the intervals 9 < V < 10 and 10 < V < 11, were processed
by ineans of linear régression and A£+i% and A£+0.i% values were caleulated
by using the équations of both straight lines. In Tab. 2 these values are given
as caleulated and are compared with the theoretical ones computed by means
of Bg. (15). Obviously, the potential jump O£+1% is relatively well approxima-
ted by the linear régression methods, generally the errors do not exceed Ip%,
but the caleulated OE+01% values are very far from the real ones, especially
if K is large, i.e. even in the case of redox reactions used for analytical pur-
poses. Consequently, the calculation of potential jumps by means of statistical
methods can give reliable results only if the \V, — V|/|B- — E\ vs. b curves
are approximated by means of second order polynomials.
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In the case of asymmetric titrations, i.e. if na ® nb, the équation of the
titration curve cannot be given in an explicit analytical form, but its graphical
construction can be easily carried out. As an example, let us consider the redox
reaction

Aox + 2Bred — Ared + 2B0X (21)
Its equilibrium constant can be written as
j Ared] LBaxI2
16 A Brean (22)

Egs. (11) and (12) maintain their validity and instead of Eq. (13) one has
[BOI] =2[Awred] (23
By using Egs. (11), (12), (21) and (22) the following relations can be derived:

2[Aredl(P + ¥.) Ared(H + V«) (24)
b KlaV,~ [Ared](y + 7.)]

and

[Aax] avo
[Ated] [Ared](F + Fo) (25(

These relations enable us to calculate V corresponding to different [Ared]
(F + Vog values by means of Eq. (24) and the corresponding E value by using
Egs. (25) and (2). Several titration curves constructed by means of this pro-
cedure are visualized in Fig. 4.

Obviously, if K — 10e, the redox reaction cannot be used for analytical
purposes, since the potential jump near to the EP is too small, but for K — 10°
it is already large enough.

From the titration curves, presented in Fig. 4, AF/OE values have been
derived. Their graphical plot vs. V¢ (as given by Eq. (8) and by using ¢ values
tabulated by Gran [2]) is given in Fig. 5. for the vicinity of the EP. From
these curves it is obvious that for the EP (Vc = 20 ml), AV/AE is practically
zero only if K is large enough and for lower K values the minimum of the
curves does not appear at V — Ve Practically, the position of the minimum
coincides with the inflexion point of the titration curves. The Vt values deri-
ved from the theoretical titration curves are given in Tab. 3. One can conclude,
therefore, that Gran’s procedure gives the EP only if the redox reaction is
practically total, i.e. if K 1012 For lower K values it yields rather V, than Ve

The linearization of the titration curves given in Fig. 4 according to the
procedure proposed by Liteanu and Mioscu, is shown in Fig. 6 for the vicinity
of the EP. The more linear portions corresponding to 1si V. 19 and 21 <
< V < 40, respectively, were used to establish the équation of the curves by
linear régression. The volume, corresponding to the intersection of the straight
lines is given also in Tab. 3 as F,(iM). As seen, this procedure does not give
the real EP for low K values, but volumes even exceeding F.-.
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Fig. 4. Theoretical titration curves Fig. 5 bV/aE vs. Ve curves for asym-
implying the redox reaction (21), con- metric titrations in the vicinity of the
structed by using relations (24) and EP. Reaction (21).

(25). 1$ expressed in units RT/n"F. V,, = 100 ml, Vf = 20 ml.
Y, =100ml, IN,=20ml. 1 — K=10"; 1 - f<=10"; 2— K=10»; 3-K =104

2 — K=10e; 3 — K— 1012

Table 3

Inflexion volumes (V;) In the asymmetric titrations
based on reaction (21) and Ve values obtained by the
Liteanu-Mioseu procedure

K vf, mi Ve(i,M), ml

10 20.231 20.328

10’ 20.031 20.121

10>2 20.008 19.998
Table 4

Potential juinps, expressed in units RT/n"F, calculated
by means of Liteanu-llioseu procedure and theoretical
ones, derived from the titration curves given in Fig. 4

K AE+i% AE*0.i%
Fig. 6. Liteanu—Mioscu linearization
calc. theor. calc. theor. of asymmetric titration curves in the
10 1571 1.332 0.177 0.138 vicinity of the EP.
10e 7.323 6.930 1.449 1.336 V, = 100 ml, Vf = 20 ml.
1(12 14.909 13.812 4.844 7.006 1_A=10";2 - K=10»; 3 — 104

The |F,- — F"1/1£, — E | values calculated for 18 < V < 20and 20 < V < 22
have been processed by means of linear régression and potential Jumps QE+1%
and [IE+0.1% values have been calculated. These calculated values are compared
with the theoretical ones, derived directly from the titration curves given in
Fig. 4. As seen from Tab. 4, the results obtained by both procedures are rather
different from each other. Consequently, the characterization of the sensitivity
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of potentiometric redox titration by EEie values, statistically calculated from
|F< — VI — E I and V pairs, can be performed accurately only if for this
purpose second order polynomials are used.
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The molecular and crystal structure of the very stable nitrogen free radicals
octohalophenothiazinyls are correlated with the electrical conduction mecha-
nisms explaining the semiconductor behaviour of these compounds.

The electrono-structural characteristics and the high stability of organic
free radicals of the superior halogenated phenothiazines séries suggested the
corrélation of these features with some conduction mechanisms, particularly at
high températures. Detailed knowledge about the conduction type and mecha-
nisms in the case of these compounds is obviously indispensable for the pro-
duction of functional devices based on such materials.

1. Structural data coneerning the molecule aud latlice of the free radical
oetaelilorophenothiazinyl. The most thoroughly investigated term of the séries
of octahalophenothiazinyls (Fig. 1) is the octachloroderivative {x, — ... =
— x8 = Cl) obtained by the thermal décomposition of undecachlorophenothla-
zine [1,2], under isothermal conditions at 170 + 10°C.

However, the growth of single crystal is difficult,
so that a complete structural analysis by Fourier dia-
grams could not be carried out; consequently structural
data were indirectly obtained by Debye-Scherrer dia-
grame.

The latter indicated that octachlorophenothiazinyl
displays a crystalline structure similar to that of the Fig 1 Molecular struc-
base compound, without radicalic character (having @ e of octalialoplienothia-
N—H group), namely octachlorophenothiazine [1, 2]. zinyls.

Single crystals could be obtained from octachlorophe-
nothiazine, so that it became possible to determine the elementary cell dimensi-
ons: 12,7 (x0,2) ; 8,5 (¥0,1) and 3,8 (+0,1) A (Weissenberg goniometer tech-

nique).

%y corroborating these data with models depicting the association of octa-
chlorophenothiazine molécules (by H bonds) and taking into account the possi-
bility of the free radical octachlorophenothiazine to form dimers by N—N
bonding, we put forward a plausible hypothesis about the disposition of free
radical molécules in the crystalline lattice

According to this structure, the free ra |cals adopt a geometry ensuring
maximum overlap of the Orbitals accounting for most of the unpaired spirn

« University of Cluj-Napoca, Faculty of Chemical Technology, 3400 Cluj-Napoca, Romania
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orbitals with a relatively high degree of localization at N (see RES studies in
solutions [2, 3]).

A dimer lattice is thus actually formed, but with very weak intermolecular
interaction between the two free radical moieties, due to the steric hindrance
generated by the halogen atoms, and to the very marked delocalization of
unpaired electron on the phenothiazine nucléus [3, 4]. The experimental évi-

dence that under ambiental tempéra-
ture conditions, despite the variations in
the sample préparation way (isothermal
décomposition, use of température gra-
dient, or chemical treatement of unde-
cachlorophenothiazine) [5] RES déter-
minations show a constant density of
spin (about 30%) that is, one unpaired
electron to three octachlorophenothiazi-
nyl moieties, or a dissociated pair to

Fig 2. Spin — and charge two dimerized ones, can be interpreted
delocalization on the crystalli- [2] 0n|y as a resuit of a thermal equi"_
ne lattice of octachlorophe- .

nothiazinyl brium between the bonded and unbon-

ded dimer states (Fig. 2, top line).

In this way the radicalic character “moves” along the lattice, a fact which
provides a good explanation for the exceptional stability of the radical (hea-
ting it up to 380°C, and cooling it without sensible modification of spin density
being observed), Thus along with unpaired spin delocalization on the atoms
within the molécules — a rather well-known stabilization mechanism among
the organic free radicals — we witness, at the same time, a spin delocalization
on the crystalline lattice of octachlorophenothiazinyl. This mobility of the
electronic structure represented one of the premises prompting us to investigate
the electrical conductivity of the free radical under scrutiny. The researches
were éxtended to also cover the bromo derivatives obtained by thermal décom-
position of octahalophenazathionium perhalogenides [6j which present similar
chemical properties, despite physical and ekctronical différences induced by
the présence of molecular asymmetries due to a partial substitution ofchlorine
by brotnine.

2. Electrical conductance. Meelianisms. The déterminations were made on
pellets obtained by compression at about 25 atm, in inert atmosphére (to avoid
redox interactions) and started at the sensibility threshold of the apparatus
(10.1012_1cm-1) ; they were carried ont up to 297°C, température where the
decrease of mechauic résistance by melting may appear. Ail of the studied
compounds display a more or less pronounced tendcncy to change the slope
of log ui's. 103T_1 linear dependences (Fig. 3). Thus in the higher températures
domain the slope is steeper than the one in the inferior températures domain.
The general outline of the diagrams, in the case of our compounds, determine
us to assinrilate them with strongly doped semiconductors or with ionic con-
ducting combinations. This assumption is supported by the possibility of exis-
tence, in octahalophenothiazinyl samples, of impurities consisting of the ciosest
to the free radical redox fonns, i.e. reduced phenothiazines and oxidized phena-
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Fig. 3. Température dependence of electri- Fig. 4. The formation of octahalophenazathi-
cal conductivity in octahalophenothiazinyls: onium cationoctahalophenothiazinium anion
a. octachloro-; b. 1-bromo-heptachloro-; c. by the disproportionation of two molécules
2-bromo-heptachloro- ; d. 1, 2, 4, 6-tetrabromo- of octahalophenothiazinyl free radicals.

tetrachloro-.

zathionium cations, or even the quinones (phenothiazone-3) which may be iden-
tified in traces, by IR spectra (characteristic frequencies of C=0O groups).

The specific molecular and crystal structure cf octahalophenothiazinyls,
suggest a particular conduction mechanism.

The migration process of unpaired spin, and the extended aromatic electro-
nic delocalization, similar to that in anthracene (see the structure of cctachloro-
phenazathionium cation) determine the disproportionation of a free radical
pair into a phenazathionium cation-phenothiazinium anion pair (Fig. 4), a
process expected to be of low activating énergies. The occurence of this pre-
cess may migrate along the lattice in a way similar to the one described for the pro-
pagation of the radicalic character (Fig. 2, down) but bringing with it however the
qualitatively new feature of different displacement in electric field, of the opposite
charges. In this way, with a moderate energy consumption it can pass from the
equilibrium state radical-dimer existent at the room température — which
explains the delocalization (the “migration”) cf unpaired spin — to a new
state in which, along with the dimer dissociation there is also the redox dis-
proportionation process, the radical and ionic states migrating simultaneously.
In Table 1 it can be noted that the activating energies of conductivity, calcu-
lated from the diagrams of electric conductivity at the variable température,
are in the 1.5—2.1¢eV range (for higher températures) and 1.0—1.5 e\ (for
lower températures). It must be noted that the microcrystal structures of octa-
chlorophenothiazinyl free radicals, évidences a specific dichroism, which influences
the visible spectra of a radical layer deposed by vacuum vaporization.

This conduction model, does not require a fixation, in the lattice référencé
System, of the charge density wave (CDW) and even of the lattice distorsion.
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Free radical
phenothiaziiiy!
Octachloro
1-bronio-heptachloro

2-bromo-heptachloro

1, 2, 4, 6-tetra-
bromo-tetra-chloro

I. A. SILBERG, I. MARIAN

Table 7

Electrical conductivity Activ.energ, of conduct. (eV)

At 297=C At the sensibility threshold Range Lower Higher

£1%1Em 1 t°C 12 “mein*1 °C tenip teinp

439 + io-’ 126 2.86 1 1010 126-181 15
181-297 18
1.60 + i0~’ 144 2.00 1 101 144-196 1.3
196-297 21
2.851 10 170 450 + 10~10 170-206 1.0
206-297 16
6.60 + 10-’ 144 5.00 1 10-10 144-208 1.15
208-297 154

Thus a collective charge transfer appears, as in the case of a great effective
charge with a great effective mass. The charge deusity wave and the periodic
lattice distorsion are considered together like a Condensed state in a Fréhlich

model [7].

If the above described model could be assimilated with the Frohlich me-
chanism, then this fact could lead to an increase of conductivity even at finite

temperatures.

1. C. Bodea,l A
2. C. Bodea,l. A
3.C. Bodea,l A
4. J. M. LLhoste,
5. 1. A. Silberg,
G. I. A Silberg,
7. H.
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NEUE KOBALT(111)-AMIN—KOMPLEXBASEN mit HEPTOXIM

GHEORGHE MARCU CSABA WARHELYI JOZSEF EULOP und DANA #TUL

Eingegangtn am 26 Ociober 1987

New (Jobalt(IH)-Amine Complex Bases with Heptoxime. A number of 20 new
complex salts of the types: [Co(Heptox.H)2(NH3)2] + X and fCo(Heptox.H)?2
(-f-picoline)a] X (Heptox.Hj — 1,2-cycloheptanedione dioxime) were obtained and
characterized by IR and UV spectra and by derivatographic measurements. Some
characteristics of these compounds were compared with those of the analogous
dimethylglyoxime derivatives.

Einleitung. Die alycyclischen a-Dioxime zeigen aus analytischem Stand-
punkt eine Reihe Vorteile gegenlber den aliphatischen und aromatischen Dio-
ximen. Wegen der erheblichen Loslichkeit der niedrigeren Homologen (mit
C5, C6 und C7) in Wasser, verunreinigen sie die Ni(Diox.H)?, Pd(Diox.H)3 und
Pt(Diox.H)? Niederschldge bei den gravimetrischen Analysenverfahren nicht.
Von den alycyclischen a-Dioximen mit 5 ... 12 Kohlenstoffatomen im Ring,
wurden nur die leichter zugéanglichen 1,2-Cyclopentau ....Cyclohexan ... —
und Cycloheptandiondioxim aus analytischem und koordinationschemischeni
Standpunkt untersucht. Die Herstellung der hoheren Homologen ist zu teuer
und die Loslichkeit im Wasser dieser Chelatbildner ist viel geringer als
diejenige der Derivate mit C5... C7 im hydroaromatischen Ring.

In fruheren Arbeiten [1—8] wurden die Bildung und die Stabilitat der

Cu(ll), Co(ll), Ni(ll), Fe(ll)-Chelate des 1,2-Cyclohexandiondioxims, bzw.
1,2-Cycloheptandiondioxims (Heptoxims) potentiometrisch, polarographisch und
spektrophotometrisch untersucht.

Das Heptoxim, so wie die anderen a-Dioxime, ist eine sehr schwache
zweibasische  S&ure deren Dissoziationskonstanten folgende Werte haben .
pKj = 10,60-10,80 und pK2 = 11,80-12,10 [9].

In schwachsaurem und neutralem Medium verhalt sich dieses Reagenz
wie ein monodeprotonierter, zweizéhniger Chelatbildner. Die durch Komplex-
bildung entstehenden fiinfgliedrigen Chelatringe sind sehr bestandig. In stark
sauren Lodsungen erlitt das Heptoxim eine partielle Dezoximierungsreaktion
Dieser Prozess kann auf polarographischem Wege leicht verfolgt werden [10].

In stark basischem Medium ist das Heptoxim in doppeltdeprotonierter Form
(Heptox.2-) vorhanden.

Ergebnisse und Diskussion. Wir haben beobachtet, da gemischte Kom-
plexsauren und — basen des Kobalts(I11) mit diesem alycyclischen Dioxim

¢ Universitat Cluj-Napoca, Facultéat fir Chemische Technologie, 3400 Cluj-NaPoca. Ruménien

7 — Chemia 1/1988
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durch Oxydation einer Mischung von Kobalt(ll)-Salzen, Heptoxim und ein-,
bzw. zweizdhnigen neutralen und sauren Liganden leicht entstehen :

2C02+ + 4Heptox.H2 + 4X~ + 1/202 = 2[Co(Heptox.H)2X2]~ + 2H+ + H20.
2Co02+ + 4Heptox.H2 + 4Am + /202 = 2 [Co(Heptox.H)2(Am)2]+ -}- 2H+ + H20

(X — ClI, Br, I, NCS, NCSe, CN, N3, usw., Am = primare und tertidre Amine,
Phosphine, Arsine),

Zur Oxydation der Mischungen konnen Luftsauerstoff, Perhydrol, CI2,
Br2, usw. verwendet werden.

Einige Chelate dieser Klasse kdnnen auch aus [Co(NH3)6CI|CI2, Na3 [Co(NO2)6]
Na3[Co(C03)3] durch Substitutionsreaktionen hergestellt werden. Das Heptoxim
kann das CN~ im K3[Co(CN)e] nicht ersetzen. Analoge Substitutionsreaktionen
mit Chrom(lll)-deiivatcn, wie [Cr(NH3)e]CI3, [Cr(en)2CI2]Cl, K3[Cr(NCS)e],
K[Cr(NH3)2(NCS)4], usw. in wassrigen Losungen und in verdinntem Alkohol
blieben ohne Erfolg.

In dieser Arbeit beschreiben wir zwei neue Chelatkatione des Kobalts:
[Co(Heptox.H)2(XH3)2]+ und [Co(Heptox.H)2(Y-Pikolin)2]+.

Diese Chelate wurden aus den Komponenten durch die klassische Oxy-
dationsreaktion mit Luftsauerstoff in wassrig-alkoholischer Lésung erhalten.
Von den leichtléslichen Acetaten: [Co(lleptox.H)2)(NI13)2] acetat und [Co(Hep-
tox.H)2(Y-Pikolin)2], acetat ausgehend, wurde eine Reihe wvon bindren Kom-
plexsalzen durch doppelte Umsetzungsreaktionen erhalten. Zu diesem Zweck
verwendeten wir Alkalisalze der Halogene und Pseudohalogene, Pikrinsdure
und verschiedene monobasische Komplexsduren des Kobalts(l11) und des
Chroms(l11).

Die Co [Heptox.H)2(NH3)2]X-Salze sind in Wasser leichter losliche als
die analogen Pyridinabkdmmlinge. Die geringste Loslichkeit in Wasser haben
die Pikrate und die Salze des H[Cr(NCS)4(Amin)2]). Letzten Salze l6sen sich
leicht im Aceton und in Dimethylformamid.

Die hergestellten Komplexsalze sind in Tabelle 1 und 2 charakterisiert.

In den UR-Spektren der [Co(Heptox.H)2(NH3)2]l und [Co(Heptox.H)?
(Y-Pikolin)2]l wurden die fir das koordinierte Heptoxim charackteristischen
Banden identifiziert. Im Vergleich mit dem Spektrum des freien Heptoxims
sind die vc=n, VYN_OH und VvOH Frequenzen verschoben, Diese Verschiebung bes-
tatigt die Bildung von sehr starken Co—N (Oxim)-Bindungen.

Wie es in friheren Arbeiten gezeigt wurde [11, 12], besitzt die M(Heptox.H)?
(M = Ni, Pd)-Gruppe eine koplanare Struktur, welche von zwei intramoleku-
laren O—H. . O-Wasserstoffbrickenbindungen stabilisiert ist. Diese vo_H und
80-H...0 Frequenzen treten annd&hernd bei gleichen Wellenzahlen, wie diejenigen
der analogen Dimethylglyoxim-derivaten (M(DH)2) auf. Diese Erscheinung
spricht fur gleiche O—H. .0-Brickenbindungs-starken in den M(Heptox.H)z2,
M(DH)2, M[Co(Heptox.H)2(Am2)]X und [Co(DH)2(Am)2]X-Koihplexen.

Im Falle der Heptoxim-Derivate sind die as >kC-H, vsC—H und die 8CH, und
Sch, -Banden viel starker als bei den Komplexen mit Dimethylglyoxim. Die
Valenz- und Deformationsschwingungsfrequenzen der Oxim- und CH2-Gruppen
sind von der Natur der einzdhnigen Liganden nicht beeinflusst. Die Co—N
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Neue Komplexsalze des Typs [Co(Heptox.I1)2(NH3)2]X

Formel Mol.
Gew. ber.
Br 483,3
| 530,3
C104 502,8
[Co(NHs)2(NOt)4] 680,5
Pikrat 631,5
[Co(DH)2(N02)2] 784.5
[Co(DH)2(CN)2] 7445
[Co(DH)2(NCS)2] 808,5
[Cr(NH3)2(NCS)4] 721,7
[Cr(NCS)4(Anilin)2] 873,9

= [Co(Heptox.H),(NHs)s+

Neue Komplexsalze des Typs [Co(lleptox.H)2(Y-Plkolin)a]X

Formel

Br

1
NCSe
C104

104

. Pikrat

[Co(NH,)t(NO,)4]
[Co(DH)2(NO2)t]
[Co(DH)2(N3)2]

[Cr(NH3)2(NCS)4]

Mol.

Gew. ber.

635,4

682,4
660,5
654,8
746,7

783,6

832,6
936,7
928,7

873,9

B = [Co(Heptox.H)2(T-Pikolin)2] +

Ausbeu; Charakteristik

te(%)
25
45
50
60
90
60
65
50
90

90

Gelbe, rechtangulare
Platten
Gelbbraune, kurze
Prismen

Gelbe, irregulére
Prismen
Gelbbraune rliomb.
Prismen

Gelbe mikrokrist.
Masse

Gelbe, hexagonale
Platten

Gelbe mikrokrist.
Masse

Braune Prismen

Rotbraune mikrokrist.
Masse
Rotbraune mikrokrist.
Masse

Ausbeu Charakteristik
te(%)

30

70

60

80

80

95

70

60

50

90

Glanzende, braune
unregelmssige
Platten

Kleine, braune
Nadelchen
grin-braune, unregel-
mass. Prismen
dunkelgelbe, kleine
dinne Nadeln
dunkelbraune
Prismen
Gelbbraune, kleine
Nadelchen

Gelbbraune unregel-
mass. Kristallen
Gelbe, kleine
Prismen
Schimmernde, braune
Prismen

rotbraune mikrokrist.
Masse

Ber

Co
N
Co
N
Co

Co
N
Co
N
Co
N
Co
N
Co
N

N

N

Co
N

Co

N

99
Tabelle 1.
Analyse
Gef.

12,19 11,80
17,40 16,98
11,11 11,25
15,85 15,40
11.72 11,60
17,32 17,50
24,70 25,10
9,33 9,11
19,97 19,51
15,02 14,70
21,40 21,89
15,83 15,20
22,58 23,10
14,58 14,15

20,79 21,24

23,29 23,10

19,23 19,02
Tabelle 2
Analyse
Gef.
9,27 9,18
13,23 13,47
8,63 8,46
12,32 12,19
8,92 8,45
14,84 14,99
9,00 8,95
12,83 13,10
7,89 7,86
7,52 7,28
49,04 48,58
5,01 521
14,06 13,82
20,19 19,6b
12,59 12,26
17,95 17,65
12,69 12,40
24,14 23,60
19,23 19,11
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Tabelle 3
IR Spektraldatan einiger Komplexe des Typs [Co(Diox.H)2 (Amin)2 ]I
Schwingungsfrequenz 1 11 11 v
VN-H - - 3220 s 3230 s
3100 m 3120 m

VC-H 2940 s — 2940 s -

2860 ss — 2855 ss -
80-H. .0 1740-1780 sch 1720 sch 17501-1780 sch 1730 scb
8nh, 1630 m 1620 ,
VEAr— Car 1610 ss 1620 ss 1610- -
VC=N 15C5 ss 1558 ss 1560 ss 1550 ss
8CH3k 1460 ss 1465 ss 1463 ss 1450 s
Schyy 1310 ss 1378 s 1345 ss 1370 m
Snh, — 1350 m 1340 xn
VN-O 1250 ss 1240 ss 1250 ss 1230 ss

1075 s 1092 ss 1080 s 1090 ss
YcHar 1150 hi — 1150 m
TO-H 960 s 980 s 960 s 980 ss
TNH, — — 850 sch 850 in
TCH, 915 s 920 m 915 s 920 ni

780 ss 776 ss 770 ss 775 ss
Ve-H 140 s 745 m 740 s 740 ss
SCATCAr 705 s 705 s — —

. [Co(Heptox,H)2(Y-Pikolin)2l ; 1. [Co(DH)2(Y-Pikolin)2]l

I11. [Co(Heptox,H).(NHJ.]I IV. [Co(DH),(NHs)I]I

(NH3)-Bindungen haben also starken kovalenten Charakter (Verschiebung der
VN-H-Frequenzen um 200—250 cm*l, gegen das freie nicht koordinierte NHS3).
Die wichtigsten Spektraldata sind in der Tabelle 3 zusammengestellt.

Die Elektronenspektren von [Co(Heptox.H)2(NH3)2]l und [Co(Heptox.H)2

(y-Pikolin)2]l wurden in Methanol aufgenommen.

Die Bande zwischen 20—30 kKK kann einer Ladungsuberfiihrung Amin-Co
zugeschrieben werden. Die
anderen Banden haben
wahrscheinlich einen kom-
plexen Charakter. Die Uber-
lagerung von reinen Li-
gand (Amin, Heptoxim)
Ubergéngen und von Co —»
-> Ligand Ladungsuber-
gangen macht die Deu-
tung der Spektren schwi-
erig.

Abb. 1. Elektronische Spek-
tren von
"1” [Co(Heptox.H)2(NH3)2]1
“11"" [Co(Heptox.H)3(Y-Piko-
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Der Inflexionspunkt, bzw. das
breite Band um 39—41 kK kdnnen
dem Co(Heptox.H)2-Skelett zuge-
ordnet werden.

Das thermisches Verhalten ei-
niger Komplexe vom Typ [Co(He-
ptox.H)? (y-Pikolin)2]X wurde deri-
vatographisch untersucht.

Die thermische Zersetzung der
Derivate mit Komplexsauren :

H(Co(NH3)2(NO2)4],
H[Cr(NH3)2(NCS)4],

usw. ist ein sehr komplizierte(,
Ie?‘?égr?ame,&t?ggjgi;s%ﬂgﬁp?géﬂi&?r:- 4 8_b. 2. De(ivatogramm von [Co(Heptox.H)Z (_yPi—
Die Derivate mit CIOy, on, on, kolin)2]l Derlvatog(géavn v((:)}ré)[Cd H(elrl))toxv (y-Pikolin)2]
usw. zerfallen sich explosionsartig. ) )

Ist das Anion ein Halogen oder Pseudohalogen (NCS~, NCSe~), findet in der

ersten Phase der pyrolyse eine partielle Dezaminierungsreaktion statt .
[Co(Heptox.H)2(y-Pikolin)2]X = [Co(Heptox.H)2(y-Pikolin)X] + Pikolin

Diese Reaktion verlduft in stéchiometrischen Verhaltnissen zwischen 160—
230°C in Abhéngigkeit von der Natur des Anions X.

Die Aminabspaltung ist ein endothermer Prozess (Endothermische Minima
aud den DTA-Kurven). Bei hoheren Temperaturen zerfallt das intermediare
Produkt unter Freiwerden von Amin, N2, NO2, CO, CO? und Oxim in nichtsto-
chiometrischen Verhéltnissen (Endo- und exotherme Maxima auf den DTA-
Kurven zwischen 250—650 °C).

In diesem Temperaturbereiche treten neben den Biiminierungsreaktionen
an der Duft auch Oxydationsprozesse auf. Das Endprodukt bei 850 °C ist Co304
(X =1, NCS, NCSe, NO3), bzw. ein nichtstochiometrisches Gemisch von
Co304 + CoX2 (X = ClI, Br). Das endothermisches Maximum bei 900—920°C
zeigt din Bildung von CoO aus Co0304.

Einige typische Derivatogramme fur [Co(Heptox.H)2(y-Pikolin)2]X sind
in Abb. 2. wiedergegeben.

Im Vergleich mit dem thermischen Verhalten der analogen Komplexe des
Typs: [Co(Diox.H)2(Amin),2]X mit identischen Amin und X-Komponenten
nimmt die thermische Bestandigkeit in folgender Reihe ab

Diox.H?2: Dimethylglyoxim < Nioxim < Heptoxim < Propoxim

Experimenteller Teil: [Co(Heptox.H)2(NH3)2]Cl — Lésung. Erstes Werfahren: 20.
mMol [Co(NH3) C1]C12 (5 g) und 40 mMol Heptoxim (7,2 g) in 150 ml Wasser, werden auf dem
Wasserbade 3—4 Studen lang erwdrmt. Das Chloropentainmin 16st sich langsam auf wobei eine
dunkelbraune Ldsung entsteht. Nach Abkuhlung wird die Lésung filtriert und zur doppleten Umset-

zungsreaktionen verwendet.
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Zweites Verfahren: 20 niMol CoCI2 1 6H20 (4,8 g) und 40 mMol Heptoxinl (7,2 g) in
150 ml 5 proz. Ammoniakldsung werden unter Durchleiten eines kraftigen Luftstromes 3—4 Studeu
lang oxydiert. Danach wird die Lo&sung filtriert und zu Féallungsreaktionen verwendet.

Das rohe 12-Cycloheptandiondioxim wird aus heiBem Wasser umkristallisiert

Weisse, schimmernde Kkristalline Masse. Schm. p. 224"C (unter Zers.).
(Co(Heptox.H)2(y-Pikolin)2]acetat — Lodsung wird aus 20 mMol Co(CH3—COO)2 + 4H20. 40 mMol
Heptoxim und 200 ml 2 prozentige y-Pikolin-Ldsung erhalten.
(Co(Heptox.H)2(Amin)2]X — Salze. 3—4 mMol [Co(Heptox.H)2(Amin)2]—Chlorid (Acetat) in 50—
60 ml Wasser werden mit Uberschissiger 2-10 prozentiger KBr, Kl, NaClO,, Komplexséure,
usw. behandelt. Die ausgeschiedenen kristallinen Masssen werden nach 30—60 Minuten Stehenlassen
abfiltriert, mit eisgekihltem Wasser gewaschen und an der Luft getrocknet.

Analyse. Der Kobaltgehalt der Proben (50—75 mg) wurde komplcxometriscli in Anwesenheit
von Natriumacetat und Murexid bestimmt. Der Stickstoffgehalt wurde nach der Ublichen gasvolu-
metrischen Methode ermittelt.

Die UR-Spektren wurden in KBr-Presslingen mit einem UR—20-Spektropliotometer (Carl
Zeiss- - Jena.) aufgenomnien.

Fur die derivatographisclien Messungen (Derivatograph — MOM— Budapest) wurden je 100 lug

Proben verwendet. Heizungsgeschwindigkeit: 10°/Min.
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Surface aiul Colloid Science in Computer
Technology (K. L. Mittal, Ed.), Plenum Press,
New York and London, 1987, pp. I—NI 4-1 —
-444.

Surface and colloid science plays an essential
role in characterizing tlie pliysico-cheniical pro-
perties of tlie materials employed in microelec-
tronics/cornputer teclmology.

Among colloidal phenomena, the dispersion
behavior of ceramic powders (making the substrate
on which the semiconductor chip is placed)
and of magnetic particles (used for making
magnetic tapes aud disks) holds particular
importance. Whence the fundamental understan-
ding of stability behavior in both aqueous and
nonaqueous media, and the necessity of devising
ways to control dispersion characteristics of
such materials.

Taking into account the numerous applica-
tions of thin films iu microelectronice — irres-
pective of tlieir function —, the thin film adhe-
sion to the underlying Substrate is of cardinal
importance and, consequently, the study of inter-
facial interactions between varied materials
is of great actuality. Sometimes failures can
be traced owing to lack of compatibility or
suboptimum interfaces of the materials invol-
ved.

Also, surface and colloid phenomena play
a key-role in elucidatiug the mechanisms of
ink-paper interactions — a vital point in the
obtainment of high quality printing.

Recently, considérable interest has been
shown in the use of somé new monolayer and
Langmuir-Blodgett film materials as electron-
bearn resists in microlithography, and in obtai-
ning magnetic materials of adjustable thickness
for inicroelectronics.

The here reviewed book is the first to have
revealed the importance and the strength of
pénétration of surface and colloid science in
microelectronics/computer technology. The book
itself consists of papers contributed in the Sym-
posium on Swface and Colloid Science in Computer
Teclmology, held as part of the 5-th International
Conference on Surface and Colloid Science, and
the 59-th Colloid and Surface Science Symposium

sponsored by the Division of Colloid and Surface
Chemistry of the American Chemical Society,
and the International Association of Colloid
and Interface Scientists at Clarkson University,
Potsdam, New York, between June 24—28,
1985.
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The ‘'thématique' of the collection consists in
an inter- multi- and trans-disciplinary approacli,
relevant to the importance of interfacial pheno-
mena in microelectronics/computer technology.

The 27 contributed papers (reviews and ori-
ginal papers) are distributed in five thematic
sections (parts) :

. Acid-Base Concepts and Colloidal Disper-
sions ;

1. Adhesion of Films and Coatings Including
Resists ;

I1l. Adhesion Aspects of Thin Films and
Metal-Polymer Interfaces ;

IV. Monolayers and Langmuir-Blodgett Films :
Relevance to Microelectronics; and,

V. Interfacial Aspects in Printing.

Part 1 includes six papers, underlying the im-
portance of acid-base interactions in the dis-
persion behavior of inorganic powders for the
colloidal stability in aqueous and nonagueous
media, in the colloidal behavior of ceramic
and magnetic particles. The present stage of
researches on and development of ceramic ma-
terials is shown, as also is stressed their im-
portance in technology — with structural,
electronic and optic applications.

The six papers in Part 1l are devoted to
the role of interfaces in the integrated circuit
photoresist processing-based electronic device
fabrication. Results of researches on polymeric
film adhesion are presented, with emphasis
on the role of silanes in polymer-polymer enlian-
ced adhesion.

The thin film adhesion and metal-polymer
interfaces are tackled in the seven papers of
Part 111 ; novelties in this field being presented,
such as: ion-, electron-beam or photon irra-
diation-induced film/substrate interface adhesion
enhancement, on chemically nonreacting subs-
trates. Film substrate adhesion can also” be
improved by "aditional sub-monolayer” che-
mically active species, able to widen the range
of composites with stable interfaces, or high
adhesion plasma polymerized film/substrate
materials.

The five papers Of Part IV review diverse
industrial applications of organized assemblies
and point out the role of monolayers and Lan-
gmuir-Blodgett films in microelectronics, micro-
lithography, and the use of magnetic monola-
yers in computer technology.

The final. Part V includes three Works
on the major role of ink-paper interactions and
of polymer-paper adhesion in printing.
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This work is concluded with a brief account
on the contributors' biography (occupation and
concems — past and present —, Publishing ac-
tivity etc. ), which no doubt is meant to rea-
dily acquaint the reader with specialiste in
the field and enable cooperative work between
worldwide schools of surface and colloid science,
and a 'Subject Index' giving direct access to
selected topics — a point that should not be
neglected in any book in the field of science.

The book is therefore useful both to higher
year studente in chemistry — to enable them
make an insight into the interfacial aspects
of materials in the wonderful world of computers
— and to professionals in the diverse fields
of science and techliology — for whom the
volume mav institute in a source to prompt
new ideas and directions of research in this as
rewarding field of chemistry as exciting it is.

The profound understanding of interfacial
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interactions emergent in surface aud colloidal
Systems may entail an upward leap in knowledge,
with either immédiate and remote application
in science and technology.

It is worthwhile to also mention the Editor's
painstaking endeavours in the last thirteen
vears both to utiravel the wonders of surface
and colloid chemistry, of adhesion, polymers
etc. by personal research work, and to disse-
minate knowledge in the science domain of
his concerne, by either chairing a number of
very successful international symposia and by
editing, in addition to this volume, other 24
volumes, and Publishing more than 50 original
papers in this field, let alone the many invited
talks on the multifarious facets of surface sci-
ence, particularly adhesion on the invitation
of various societies and organizations in many
countries all over the world.

MARIA TOMOAIA-COTISEL
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