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A COMPARATIVE STUDY OF SOME FATTY ACID MONOLAYERS AT
THE AIR/WATER INTERFACE

EMIL €HIFU JANOS ZSAKO MARIA TOMOAIA-COTISEL and AURORA MOCANU»

Rtaivtd: 77 Dtembtt 1988

A parallel study of the compression isothertns (surface pressure n, versus mole-
cular area. A,) of three fatty acid monolayers, viz. oleic (OA), linoleic (LA)
and stearic (SA) acids, recorded at the air/water interface is undertaken. The
compressibility factor, z = nA/KT, being plotted against the reduced surface
pressure, n/irc, where stands for collapse pressure, gives a unique curve by
taking the metastable collapse pressure of liquid Condensed SA monolayer (rrc =
= 56.5 mN/m), this value being in accord with experimental results found
with high compression speeds. Thereby is inferred the existence of correspon-
ding states of fatty acid monolayers. A state équation proposed by us earlier
is tested for the compression of the monolayers to 7 mN/m. It gives a very
good description of the isothertns of OA and LA, and the values of the inter-
action parameters derived are in good agreement with theoretical expectations.

Introduction. In our previous paper [1], compression isotherms, i.e. sur-
face pressure (k) versus mean molecular area (A) curves were reported for three
fatty acids, viz. oleic (OA), linoleic (DA) and stearic (SA) acids, spread at
the air/water interface. From these isotherms surface characteristics as collapse
pressure (7tc), collapse molecular area (Ac), limiting molecular area (Ao) were
derived.

The SA monolayer exhibits a Condensed liquid to solid phase transition,
marked by the intersection of two linear portions, i.e. by a sudden slope change
corresponding to the transition point characterized by surface pressure (k,) and
molecular area (A).

In order to test different state équations, the compression isotherm of
OA was used, and a new semiempirical équation was proposed to describe
the experimental T versus A curves [2, 3].

In the present paper a comparative study of the compression isotherms of
OA, LA and SA monolayers spread at the air/water interface on acidic agueous
solutions (pH = 2) is made, and a testing of the équation proposed is followed.

Resutts and discussion. To estimate déviations from perfect gas behaviour
of expanded monolayers, expressed by the state équation [4]:

A = kT )

where k and T stand for Boltzmann's constant and absolute température,
respectively, the plot of the two-dimensional ‘compressibility factor' defined as:

z = KA/KT @)

* Vimtnly »/ Claj-Ntpat», tfuUy af Clumvml Ttdnulaty, 3400 Chy-Nupac», Remania



Fig. 1. Surface compressibility factor (r)
of fatty acid monolayers as function of
surface pressure (rc) at the air/water

(pH = 2) interface.

E, CHIFU et ai.

Fig. 2. Surface compressibility factor (r)
as function of the ,,reduced” surface pres-

sure (te/rej.

versus 1 has been performed by using our
earlier experimental data [1]. Results are
visualized in Fig. 1. As seen from this
figure, for ail the studied acids, at very
low 7t values, z is nearly equal to zero, in-
dicating very large déviations from the
perfect gas behaviour (z = 1), even at the
spreading of the film (d < 1.00 nm2/mole-
cule). The curve of SA consiste of two
distinct portions, the first one correspon-
ding to the liquid expanded (TE) and
liquid Condensed (TC) states, the second
one to the solid (S) state of the mono-
layer. The curves of OA and of EA are
uniform, since these substances remain in
the EE state up to the collapse. The cur-
ves of unsaturated fatty acids are of
similar shape, and they are displayed in
the same order as their collapse pressure
(k) increases. This is obvious on the basis
of the surface characteristics of the fatty
acids studied (Table 1). This order suggests
the idea to plot z versus a kind of "reduced
surface pressure”, representing the ratio
k/ric. Results are presented in Fig. 2. In
this plot the experimental points for both
OA and EA are situated on the same full
line curve, indicating the existence of a
sort of "corresponding states” also in the
case of monolayers, at least with uncharged
fatty acid films. Presumably, the use of
reduced surface pressure entails élimination
of the effect of the air phase hydrophobie
interactions, and the common "reduced”
compressibility curve reflects the interac-
tion of the polar headgroups with each
other and with the aqueous subphase, in-
teractions which are the same for ail sur-
factants studied. This hypothesis seems to

Surface eharaeterlstics of the uncharged fatty aeids studied

Surfactant State
SA S
LC
OA LE
LA LE

N,B.; Ae and Ac are given in nm’/molecule.

Ao
nm

0.20
0.255
0.41
0.48

Table 1
Ac ESP
Hm mN/m mN/m
0.18 40.8 _
0.27 30 33
0.31 26 29
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be reasonable because the collapse pressure used for the calculation of the
reduced surface pressure is mainly determined just by the hydrophobie interac-
tions between the hydrocarbon chains.

In the case of SA, dashed line curve 1 in Fig. 2, has been obtained by
using T7tt — 40.8 mN/m, representing the experimental collapse pressure of
the solid film. The use of this  value shifts the curve of SA nearer to the
common curve of OA and LA, as compared to the case in Fig. 1, but it cannot
lead to their superposition. This might be a conséquence of different state of
the SA monolayer as to the unsaturated fatty acids. It is worth mentioning
that the 7.c value of OA and LA is a little lower than the equilibrium spreading
pressure (BSP) of these fatty acids (Table 1), while with SA the experimental
frc value is much greater than the ESP [4, p. 219]. As shown earlier, we
présumé Tic to characterize a metastable thermodynamic equilibrium between
the monolayer phase and the "freshly collapsed” bulk phase, preserving some
structural characteristics of the monolayer, i.e. being a mesomorphous state
[1]. According to our hypothesis, in the case of a given surfactant the higher
the order in this mesomorphous state, the less will be the experimental ire.
Consequently, the ite of SA in the LC state may be expected to be higher
than its value in the S state. This seems to be in agreement with the
literature data concerning the influence of compression speed upon collapse
pressure. Thus, at very low compression speeds, when the formation of highly
ordered mesomorphous phase can be expected, the 7rc of SA has been found
to have very low values, of about 13 mN/m [5]. At higher compression speeds,
values of 40 mN/m [4, p. 187], 44 mN/m [4, p. 220] and of 42 mN/m [6]
have been reported, near to the above mentioned value (%c = 40.8 mN/m),
which was found to be highly reproducible in a relatively large compression
speed range [1]. By using very high compression speeds, the  value of SA
reaches even 60 mN/m [7]. Presumably, the use of high compression speeds
allows to avoid the LC to S phase transition, and leads to the collapse of the
LC monolayer, similarly to rapid heating of rhombous sulphur, which leads
to its melting, thus avoiding rhombous sulphur to monoclinic sulphur phase
transition.

On the basis of the above ideas, an attempt was made to calculate the
hypothetical 7tc value of the liquid SA monolayer ensuring the superposition
of compressibility factor curves of the three fatty acids in a z versus t/tz plot.
Our calculations showed that the first portion of curve 1 (Fig. 2) is perfectly
superposed onto the fiill line curve of OA and LA, when taking == 56.5 mN/m
for the hypothetical collapse pressure of the liquid Condensed SA monolayer
thought to be metastable at 1t > 26 mN/m = 1¢{, corresponding to the LC -» S
phase transition. As can be seen in Fig. 2, the experimental points of SA,
processed in the way shown above, are situated on the common reduced curve,
up to the LC — S phase transition. Further on, they exhibit an increasing
déviation (dashed line, curve 2).

Consequently, the existence of corresponding states seems to be real in
the case of fatty acid monolayers in their fluid (gaseous and both LE and
LC) states.

Concerning the hypothetical = 56.5 mN/m value for the liquid SA film,
it is in rather good agreement with the above cited literature data [7]. Our
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experimenta showed that, by using compression speeds of 0.16 nm2/moleculé
min, the well reproducible trc value reaches 56 mN/m, and the isotherm exhibits
no phase transition. These results are in very good agreement with our hypo-
thesis.

State équations of the fatty acids studied. In our previous papers a new semi-
empirical state équation was derived and tested on OA and LA monolayers
[2, 3]. The équation was obtained from the equality of the chemical potential
of water in the subphase and in the monolayer, by presuming the latter to be
a regular solution or surfactant molécules (head groupe only) in water and by
using a semiempirical expression for contribution of the hydrocarbon chains
]9f the surfactant to the surface internai pressure. The équation is of the following
orm:

mT=— +y-In Xl + -y- “rto+ 4 (3)

In this expression  stands for the Kkinetic surface pressure, corresponding to
a monolayer behaving as a perfect solution, without intermolecular interaction ;
¥¢ stands for contribution of the interaction of the water molécules and polar
head groups of the fatty acids in the monolayer (thought to be a regular solu-
tion) to the surface pressure; tc0 = a/J132 = — 1ceA, where tctA représente the
cohesive surface pressure due to the chain-chain hydrophobie interactions
(characterized by the interaction paraméter a) in the air phase part of the mono-
layer. Since in the expanded monolayer these interactions lead to intermolecu-
lar attraction, a must have positive values. The interaction paraméter, R12,

is defined as
h, =7Z(,, ———

where z stands for the number of contacts of a molecule in the monolayer with
neighbouring molécules, eu, eM and e]2 stand for potential energy corresponding
to the water/water, head group/head group and water/head group interactions,
in the monolayer, respectively. Taking into account the structure of the water
molecule and of head group COOH, negative values may be expected for R12
In Egq. (3), %! and x2 are the molar fractions of water and of the polar head
groups, In the monolayer solution, respectively. Ak means the cross-section
area of the water molécules in the monolayer, 1, k and T having their meaning
given above. The molar fraction x2 can be calculated as [8]:

a2 — A— T+ (4)
where A2 stands for the cross-sectional area of the polar head group; Ar
has been approximated as Ar — (V23)/NA ~0.1 nm2/molecule, where V and
Na stand for the molar volume of liquid water and for Avogadro’s constant,

respectively.

For the cross-sectional area of the polar head group, in a first approximation,
A2 = 0.2 nm2/molecule was taken [2]. By considering A2 as adjusted paraméter,
A2 — 0.225 nm2/molecule was obtained [3] from the compression isotherm of
OA. In the latter approximation, Eqg. (3) contains three adjusted paramétere,
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Hz. a, R12 and A? (see Eqg. (4)). These parameters can be derived from the
experimental 1e versus A curves by means of a triple minimization procedure.
For this purpose the theoretical 1¢ values are calculated for ail experimental
4 values, by taking a set of @ RI2 and A2 values, as well as the standard
leviation A of the experimental 1e values from the theoretical ones. Performing
i systematic variation of a (812 and A2 being mentained at a constant value
cach), an a value is obtained, ensuring the minimum standard déviation, A"
rhese calculations are repeated for different 312 values and the same At value,
rhis double minimization leads to (12),, and a corresponding value, ensuring
‘he standard déviation [Xdl, the latter one representing the minimum of A,
ralues obtained for different R12 values presumed. In the final stage ail these
calculations are repeated for different A2 values. This triple minimization leads
0 (A2)m, (R12)mm and aMmm, which are taken for the most reasonable values
>f A2, Rig and a, respectively, allowing the best description of the experimental
curve by means of Eq. (3), corresponding to a standard déviation A«”.

This procedure was used for OA, leading to the results given in Table 2
where A,, a, 12 and A stand for (J12),, awmw, Bu)«. and A«««, respec-
ively). The compression isotherms of LA and SA were also processed in
‘he above shown way, by using ail experimental points up to 1 =7 mN/m,
ixactly as with OA. The parameters of Eq. (3), derived from the experimental
compression isotherms of the fatty acid monolayers by means of triple mini-
zation of A, are presented in Table 2. The last stage of the procedure used
is visualized in Fig. 3, giving the Mxx Vvalue as function of the At value pre-
sumed. The arrows indicate the minima of the curves, corresponding to the
best A2 values, presented in Table 2.

Inspection of Table 2 shows that Eq. (3)
iescribes very well the compression iso-
therms, especially with unsaturated fatty
icids; and for these the standard dévia-
tion A is less than the experimental errors
n 1e measurements.

The A2 values derived seem to be
piite realistic. Practically, they are situated
aetween the Ao values of SA in its S
md LC states, respectively, (see Table 1)
md are much lower than the Ao values
>f both OA and LA, the latter ones being

Table 2

Parameters of the state équation (3) derived for the
fatty aeids studied (n 7 mN/m)

Surfac- Ag a * 10« Pu + 10« A
tant  fmolec. Nm Nm mN/m
OA 0.225 7.714 -1.507 0.087
LA 0.265 6.932 -1.150 0.073

SA 0.207 2.593 +0.513 0.150 Fig. 3. Deriving of A,:Valuu hy triple
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determined by the geometry of the hydrocarbon chains. Thereiore, A? cha-
racterizes indeed the carboxyl head group. The increase of A? in the order
SA <OA < LA is nof surprising, since at a given 7t value the monolayers
have their molecular areas increasing in the same order [1], which might
eptail a modification in the head group conformation. Due to the lateral
constraints at the compression of the monolayer, near to the collapse of the
SA monolayer. the COOH groups are forced to readily accomodate beneath
the hydrocarbon chains, i.e. to adopt a vertical orientation corresponding
to a cross-séctional area less than 0.18 nm2/molecule. At lower 1 values,
the COOH group may also adopt a horizontal orientation. In this conformation,
its area necessity is grater than 0.3 nm2/molecule [1]. Consequently, one may pré-
sumé the part of the vertical and horizontal orientations to vary, depending on
the area avaiJabJe in the monolayer. The A2 value can be thought to represent
thé mean value of the cross-sectional area of the carboxyl group; therefore,
ifs variation between 0,18 and 0.3 nm2/molecule is in good agreement with our
results.

Concernirg the R1? values obtained, they seem to be quite reasonable in
the case of OA ard LA, in both cases expressing strong attraction between
the CCOH group and water molécules, although their numerical values differ
frcm each other. Anyhow, a certain différence may be expected, since the inter-
molecular interactions dépend also on the conformation of the head group and
even an increase of the absolute value seems to be reasonable if the vertical
orientation is prevalent, since in the latter case the H- bond formation with
subphase water molécules is favoured. This might explain the higher negative
valve of'3]2 in the case of OA, as compared to LA. Reversely, the RJ2 value
obtained for SA is quite unrealistic, expressing a repulsion which cannat occur.

The a values obtained for OA and A are also very reasonable. They express
strong hydrophobie interactions between the hydrocarbon chains, these inte-
ractions beirg strorger with OA as compared to LA, in good agreement with
the higher collapse pressure of the former as compared to the latter. The a
value derived for SA is unrealistic, again. Although it corresponds to the inter-
molecular attraction, its value is much too low, taking int6 account that tc oj
SA is even greater than that of OA.

Ail these results show that Eq. (3) gives a very good description of the
¢ versus A isotherms of OA and LA, up to 1t = 7 mN/m, yielding very reaso-
nable A2, R12 and a values. Reversely, in the case of SA, the description is
rather poor, A depassing experimental errors, and although Eq. (3) yields a
reasonable A2 value, the interaction parameters derived are rather unrealistic.

One may conclude that Eqg. (3) is a very good state équation for ligiud
expanded monolayers of fatty acids, but it cannot be applied to liquid Conden-
sed monolayers of saturated fatty acids.
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ON THE DIOXIMINE COMPLEXES OF TRANSITION METALS

LXXIX* Some New Chelates of Iron with Nioxime and Trioxime

JANOS ZSAKO CSABA WYARHELYI and TEODORA SARVARI

Ktetivfi: 25 NwnAfr, 19U

The formation of some iron(ll) and (111) complexes with nioxime (1,2-cyclohe-
xane dione dioxime) and trioxime (1.2.3-cyclohexanetrione trioxime) was studied
on spectrophotometric way. Their composition was established using Job’s me-
thod. A number of nine complexes of the type Fe(Niox.H)t(Am)s (Am — orga-
nic amines and tertiary phosphines) heve bcen isolated and characterized by i.r.
and electronic spectre. The trioxime forms insoluble macromolecular Fe(ll) com-
plexes in analogous experimental conditions.

Introduction. The formation of iron complexes with a — dioximes was
mentioned first by Chugaev [1]. In contrast to the Ni, Pd, Pt and Cu derivati-
ves of the [MfDiox. H)2] type, insoluble in water and soluble in polar organic
solvents, the red coloured Fe(ll) compounds are very easily soluble in water
and in solid, crystalline state can be obtained very difficultly [2]. Colour
reactions of iron salts can be observed also with — hydroxy — oximes (e.g.
salicylaldoxime [3], rezorcylaldoxime [4]) and formaldoxime in alkaline media
[5]. These reactions were also recommended for analytical purposes.

If aromatic and heterocyclic organic N-bases or phosphines are present in
the iron(ll) — at-dioxime system, sparingly soluble, crystalline compounds can
be isolated. The diamagnetic properties of these hexacoordinated mixed chelates :
[FefDiox. H)2Am2]° (Diox. H2 == dimethylglyoxime, benzyldioxime) prove the
presence of Fe (II) in their composition.

X-ray studies confirm an analogy in the structure of the above complexes
with those of the TM(1M) (Diox. H)? (Am)2]+ and [M(II1) (Diox. H)2X2]" type
derivatives (M — Co, Rh, Ir).

The [FefDiox. H)2 (Am)2] complexes can be extracted from aqueous media
with organic solvents (e.g. CHC13, CC14, higher aliphatic alcohols)/[7—9]. In
etherical suspension they can be oxidized with Br2, 12 to Fe(lll) derivatives
(e.g9. [Fe(DH)s (Py)2]X.nHX (X = CI, Br, 1))/[10],

The iron (1) dioximines form adducts also with halogens and pseudohalogen :
[Fe(DH)2X2]2_ (X =Cl, Br, I, NCS, NCSe, DH? = dimethylglyoxime) [11].

The complex formation of iron(l11) with the above mentioned chelating
agents is not so characteristic. In aqueous media various Fe(lll) -oxime ratios
were reported, but the complexes have not been isolated in solid state. Concer-
ning their structure only presumptions were forwarded (e.g. with dimethylglyo-
xime : [Fe(DH)3], [Fe(DH)2 (OH)], etc. [12-13].

"Prt LXXVm, Cs. Varhelyi, J. Zsaka, G. Liptay, Z. Finte, J. Thtrmal Anal., 32, 785 (1987)
« Univatrity af Clnj-Nafaca,” FatmUy »/ Ctomcsi tnhnvivty, 34W Cluj, Ramanta
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In the present paper the interaction of nioxime (1,2-cyclohexane dione
iiloxime) and trioxime (1,2 3-cyclohexane trione trioxime) with Fe(ll) and
Fe(lll) — salts was studied in aqueous solutions under various experimental
conditions, and several new [Fe(Niox. H)2 (Am),] type complexes were syn-
‘hesized and investigated (Niox. H2 stands for nioxime, ”Am” for organic amines
and tertiary phosphines.

Experimental. Electronic spectra were recorded in aqueous solutions and in methanol, res-
>ectively, with a Specord spectrophotometer (Cari Zeiss Jena) (conc. 10“’ mole/l in visible and
I X 10-6 mole/l in UV region). The colorimétrie measurements were carried out by means of a
fEK photocolorimeter.

The IR spectra were recorded in KBr pellets with an UR 20 Cari Zeiss Jena spectrophoto-
netere.

Synthesis of [FefNiox .H)t(Am),]-type complexes. From solutions of 10 mmoles of Fe(NHJ4),(SO4%),
6H,O (4.0 g) in 60—80 ml water and of 20 mmoles nioxime and 30 mmoles amine (phosphine)
n 100 ml methanol, respectively, air was removed by bubbling méthane for 10 minutes. After mi-
Jng of the solutions the removal of air is continued for 5—10 minutes. The separated crystal-
Ine products were filtered off, washed with dil. methanol and dried on air.

Analysis. The iron content of the samples (150—200 mg) was determined gravimetrically as
Je,O4 after ignition, oxidation of the residue with 4—5 drops conc. HNO3 followed by calcination
it 800—900°C. Nitrogen content was determined by the micro-Dumas method.

Results and discussions. With aliphatic and alyclic a-dioximes the
ron(ll) salts (as Fe(NH4)2 (SO4)2) give solutions only very weakly coloured in
ose. Using trioxime for this purpose, the colouration is more intense. The
[ob curve, i.e. the extinction (F) vs. X curve, where X stands for the formai
nolar fraction of the oxime : X = [oxime]/([Fe(11)] + [oxime]), for the Fe(ll) —
I, 2, 3- cyclohexane trione trioxime system is dresented in Fig. 1.

Spectrophotometric measurements were carried out 15 minutes after mixing,
it 440 nm (22.8 kK) in the presence of Britton-Robinson buffer solution of
>H = 1.18.

As seen from this figure, a molar ratio Fe: trioxime = 1 :3 is observed
or the complex obtained. This is in contrast with the behaviour of Fe(ll) —
>dioxime Systems, which give always a molar ratio Fe(ll) : dioxime = 1:2 [14].

The colour of the Fe(ll) — dioxime complexes becomes darker and more
itense in the presence of ammonia or of aliphatic amines (methylamine, ethyla-
Tine, etc), indicating the coordination of
be latters by Fe(ll) and the formation of
Fe(Diox. H)2 (Am)2] type complexes. In
be present paper the formation of such a
Omplex was studied in the system Fe(l1)-nio-
ime — NHB3, by using Job’s method. The
urve shown in Fig. 2. was recorded by mi-
ing Fe(ll) sait solutions with equimolecular
inary solutions of nioxime and ammonia,

t pH = 1.81.

The maximum absorption (at 400 nm)
arresponds to a molar ratio 1 :2. This resuit i )

- in good agréement with the formation of F'9- 1 Job Xﬁ%ges)‘/’sfteg‘e Fe(ll)-trio-
be complex [Fe(Niox. _H)2 (NHS)Z].” X = 440 mm: [Fe(il)] + [trioxime] =
In analogous experimental conditions, by = 10~*M; pH = 181
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Fig. 2. Job curve of the Fe(ll)-nioxi- Fig. 3. Job curve of the Fe(ll)-trio-
me-NH, System. Xxime-NHs System.
X =400 nm; (Fe(l11)d 4- [nioxime] = [Fe(11)] + [trioxime] = 10_* M;
= 10~*M; [nioxime]: [NH,]= 1:1; [trioxime] : [NH,1 =1:1
pH = 181 1 — X=580 nm; 2— X= 400 nm

using trioxime instead of nioxime, a blue violet colouration appears. The Job
ctirves recorded at 580 and 400 nm, respectively, are vizualized in Fig. 3.

Obvibusly, both curves are of the same shape indicating a molar ratio
Fe: trioxime :NH3 = 1:2:2 for the complex obtained.

The formation of Fe(Triox. H2)3 and Fe(Triox. H2)2(NH3)2 type complexes
show that trioxime behaves in these cases as bidentate ligand, although poten-
tially it is a tridentate one. This phenomenon can be easily understood by taking
into account the geometry of the trioxime molecule. The hydroaromatic ring
and the conjugated 1t — bond System makes the molecule rigid. Therefore, the
three N- atoms are coplanar and their simultaneous co-ordination to the Fél+
ion is not possible.

It is interesting to observe that the colour (blue violet) of the [Fe(Triox.
H2)2 (NH3)2] complex differs from the colour of the analogous derivatives
of alycyclic and aliphatic a-dioximes (red), but is almost the same as in
the case of the a-benzyldioxime and a-furyldioxime derivatives [15]. This
might be the conséquence of the dimension of the delocalized rc-bond System
in the coplanar moiety of co-ordinated oxime molécules. This n-bond System
is larger in the casé of trioxime, benzyldioxime and furyldioxime derivatives
as compared to the alycyclic and aliphatic dioxime ones. Consequently, the
energy of the lowest empty k-type level will be less in the case of the formers
as compared to the latters. Since the absorption band in the visible region
is assigned to a metal to ligand charge transfer [16—18], it will be shifted by
the enlarging of the n-bond System towards lower wave numbers, which is in
agreement with the colour of these complexes and the position of the absorption
band in the visible region.

It is worth mentioning that a similar effect can be expected by presuming
n-bond formation between the co-ordinated oxime molecule and the iron atom.
In the formation of these ni-bonds the Fe atom participates with its occupied
a« and dyz orbitale and the oxime molécules with their n-type antibonding
molecular Orbitals (MO), leading to a large delocalized n-bond system compri-
zing besides the Fe atom all double bonded atoms of both oxime molécules.
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In this assumption, the larger the delocalized 7t-bond system, the nearer will
be the enérgy of the first empty MO to the energy of the last occupied MO,
i.e. by presuming the absorption band to be due to a k * A transition, its
position will be shifted towards lower wave number values in the case of trio-
xime, benzyldioxime and furyldioxime, as compared to its position with alycy-
clic and aliphatic oximes. Therefore, this would be an alternative explanation
for the effects observed.

Using instead of ammonia aromatic — and especially heterocyclic amines
(pyridine bases, imidazole-, benzimidazole derivatives) or tertiary alkyl-aryl-
phosphines for the colour reaction, sparingly soluble, crystalline compounds
can be separated.

A sériés of new compounds of the type [Fe(Niox. H)2 (Am)2J were obtained
n this way and characterized in Table 1.

Tablt 1
\ew mixed chelates of the type [Fe(\lox. H), (Am),]°
Mol. - .
No. Formula wit. fleid Appearance Analysis

caled. (%0 Calcd. Found
1. [Fe(Niox.H),(3,5-latidine),] 552.4 75 red short prisms Fe 10.11 10.25
N 15.21 15.09
2. rFe(Niox.H),(4-ethyl-pyridine),l 552.4 70 red prisms Fe 10.11 9.90
N 15.21 15.32
3. [Fe(Niox.H),(2-methyl-imidazole),] 502.4 75 red, irreguléar Fe 11.11 11,26
prisms N 22.30 23.02
4. fFe(Niox.H),(benzimidazole),1 574.4 85 red-brown irregular Fe 9.72 9.88
cryst. N 19.51 19.19
5. [Fe(Niox.H),(diethyl-phenyl- gold-yellow plates Fe 8.32 8.60
phosphine),] 670.5 90 N 8.35 8.23
6. [Fe(Niox.H),(diethyl-p-tolyl- gold-yellow prisms  Fe 8.01 8.42
phosphine),] 696.6 90 N 8.04 7.92
7. [Fe(Niox.H),(diphenyl-ethyl- sparkling gold- Fe 7.28 7.62
phosphine),] 766.6 95 yellow long prisms N 7.31 7.19
8. [Fe(Niox.H),(n-dibutyl-phenyl- sparkling dark Fe 7.13 7.50
phosphine),] 782.7 85 yellow rhomb. N 7.16 7.09

plates
9. [Fe(Nlox.H),(tributyl- yellow-brown short Fe 7.52 7.80
phosphine),] 742.8 80  prisms N 7.55 7.36

NioxH, : nioxime : Ce“~cNaOa

These compounds with non electrolytic character are very sparingly soluble
in water. They dissolve in some organic solvents, e.g. CHC13, CCl4 DMFA,
DMSO, THF, etc.

The triaryl-phosphines (triphenylphosphine, tri- p-tolyl-phosphine), weaker
bases as the alkyl-aryl-phosphines are unable for this reaction. In these cases
also a steric effect may hinder the complex formation.

It is worth mentioning, that the trioxime forms insoluble macromolecular
products in the presence of heterocyclic amines and phosphines, analogously
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with the cobalt (111) derivatives: [(Co(triox. H2)i5 (amine) X)]B. The stud;
of the formation conditions of these complexes will be the subject of a comin;
paper.

In the i.r. spectra of the [FeCNiox. H)2 (Am)2] complexes the vC-h valenc
vibrations (2960—70 cm-1 (s), 2860—70 cm-1 (v.s.) and the 8ch, deformatio:
vibrations (1340, 1380 cm-1 (s) appear as strong bands, not influenced by cc
ordination effect, because of the hydroaromatic ring systems. The vO-n (2300 -
2400 cm-1 (m) and the 3p_H.. 0 (1660—1750 cm-1 (w- m) bands are characteristi
for the strong, short intramolecular O—H. .O hydrogen bridges, which stabiliz
the coplanar Fe(Niox. H)2 moiety, analogously as with the [M(Diox. H)2h2]
derivatives (M = Co, Rh, Ir, F = amine, Cl, Br, I, etc.) [19]. The co-ordina
ted oxime irequencies vc-n (1550—1560 cm-1 (v.s.), vN_OH (1220—1230 cm*
(v.s.) and vNO.. (1080—1100 cnr!l (v.s.)<show strong Fe-N covalent bonds

The tertiary phosphine irequencies (vc_H, 8ch,) are not influenced bj
co-ordination.

In the electronic spectra of the [Fe(Niox. H)2 (Am)2] taken in alcohol appear:
an intensive band m the visible region at 18—20.5 kK (with amines) and a
21—21.5 kK in the case of phosplnne derivatives.

As mentioned above this band can be considered as a charge transfer banc
Fe # Oxime and his position dépends especially on the molecular structuri
of the chelating dioxime [15, 16].

According to our observations made on a sériés of [FefDiox. H)2 (amine)?
and [Fe(Diox. H)2 (phosphine)2] complexes with identical oximes and diiferen
amine or phosphine ligands the position of this absorption band is not unique?
determined by the nature of the oxime and dépends also on the nature oi thi
axial ligands. Presumably, the strength of the bond between the iron aton
and the axial bases slightly modifies the electron energies in the Fe(Diox. H)
moiety. Other 2—3 bands appear in the UV-region (23 and 33—34 kK ) anc
presumably correspond to charge transfer from the iron atom to the axial bases

Further an attempt is made to evidence complex formation of Fe(lll
with oximes. For this purpose electronic spectra were recorded in Fe(NO?3),
— oxime mixtures (aqueous solutions with Fe3+ = 10-3 M ; oxime = 5 x 10~3 M
containing Britton-Robinson buffer solutions of different pH values. Spectra
data are presented in Table 2.

Table :

Electronic spectral data concerning the first absorbtlon band of some Fe (I11)* oxime mixtures
as funetion ol the pH — value

pH 181 41 8.36 9.91 11.82 13.0
nioxime
~kK 22.0j 21.8{ - 21.7j 21.2i —
C 2.9 x 10» 2 x 10» - 3.7 x 10 3.25 X 10»
trioxime '
“kK 21.6t «M 21.2| — 20.31 20.01
« 8 X 10» — 2 x 10» — 23 X 10» 5.3 X 10»

1 *- taflexiea poiat
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Mostly, in the visible region only an inflexion point appears at 20.5—22.5 kK,
its position depending on the pH value. At higher pH values this inflexion point
is a little shifted towards lower wave number values. The yellow'to brown colour
of the solutions is stable in basic media, in acidic solutions a fast decolouration
occurs.

For the détermination of the composition of the iroti(lll) derivatives of
this type recording of Job curves have been tried at various pH values.

These experiments show that at lower oxime : Fe(lll) ratios (r = 0.2—1.0),
Fe(OH)3 précipitates from the solution and the spectrophotometric curves can
be recorded only for higher ratios (r = 1.5—3.0). As observed, at higher
ratios the optical density exhibits a maximum corresponding to a molar ratio
comprized between 2.0 and 3.0. On the basis of these results, the formation
of Fe(lll) (oxime)n complexes may be taken for granted.

The weak absorbtivity of the Fe(lll)-oxime Systems did not allow us to
determine exactly the molar ratio and it makes this reaction unsuitable for ana-
Iytical purposes.
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CALORIMETRIC DETERMINATION OF THE EEECTROCATALYTICAL
ACTIVITY

LIVIU ®NICIU VASILE A. &gl LIANA MURESAN», IOAN BALDEA and DAN GHERTOIU

. M.
RtamX: 5 #ibiry,  19X9

The electrocatalytical activity of copper, molybdenum, nickel, palladium (on
active cbaiy, sllver and tungsten as powders, as well as cobalt-, copper-, manga-
uese-, nickel- and zirconium-borides has been studied in a non-electrochemical
way, by recording the variation of température versus time in the case of

. N,H,—H,O, redox procesa, taking place,on their surfaces. The catalytical activity
was parallel to the electrocatalytical one, observed on électrodes prepared from
the same materiala.

Introduction. A heterogenous electrochemical process is characterized by
electron-transter at the sond-electrolyte interface, taking place with higher
entropy change as compared to homoggnous one. In order to minimize this
entropy change, the eiectiodes of electrochemical reactor should display a con-
sidérable cataiyticai activity. This activity can hardly be studied by an usual
electrochemical method. Jahnke [1] used the fluidization of the catalyst in a
reactant solution flow, the electric contact being provided by a surrounding
metallic gauze made of Rt, Au or gojd-plated nicxel.

The purpose of this paper is to report data on a rapid and simple method
of testing cacalytic activity of matérials to be used in préparation of various
électrodes. Focussing the interest on nydrazine, a subscance fregnently used
in fuel-cells, the reaction between hydrazine and hydrogen peroxide has been
chosen to take place

N2H4 4-2 HAZ* Na + 4 HaO 1)

on the surfaces of studied catalysts. There are data in the literature showing
that the reaction rate is zero-oider with respect to hydrazine and first-order
with respect to hydrogen peroxide, and very sensitive to the presence of impu-
rities [2J). Cobalt bonde as well as other metal borides or transitional metals
exhibit catalytical activity towards the oxidation of hydrazine [3—8].

A change of the electrode potential e of an electrode immersed in an appro-
priate solution induces a change of solution composition, through a current
mtensity 1, taking place, fast or slow, until a new steady-state is reached.
The higher the instantaneous current | thus appeared, the larger the cataly-
tical activity of electrode material. In the same way, a change of the free
energy of the system induces a corresponding shift of the electric Held intensity.
A dispersed electrocatalyst in contact with a redox couple dissolved in an appro-
priate medium displays some activity towards both the oxidation and the reduc-

* Uluavtrtitiy ef Clu]-K»9<k», feeutty B/ Ttchnoleiy, 3400 Rokumm
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tion charge-transfer processes, as depic-
ted schematically in Fig. 1, where | and
Il représente the fraction of the surface
occupied by anodic and cathodic sites, res-
pectively. The two charge-transfer proces-
ses will be influenced to a different deg-
ree by the predence of the electrocatalyst,
without any possibility of discriminating
the particular effect of the electrocatalyst
on the two components of the overall

process
Fig. 1, Redox, process on. the catalyst

Redj -- Ox2 -¢ Oxj + Red2 (2 grain.

Therefore, a good catalyst acting on the oxidation process may appear unsatis-
factory because of activity towards the ”Ox” species. This difficulty could be
avoided by using two catalytical species.

In order to compare different catalysts for the same process (e. g. oxidation),
the thermal effect generated by the reaction between hydrazine and hydrogen
peroxide taking place on their surface has been recorded using different amount
of studied catalyst in the presence of the same amount of réduction catalyst.
The contact between the catalyst grains has been provided by a vigorous stirring,
so that the shape of kinetic recordings has not been dependent upon the stirring
rate. When two different grains of catalyst were in contact, a mixed potential
has appeared. The position of this potential towards the equilibrium one of
a singular grain dépends upon both the value of exchange current density (i0)
and the surface ratio of the two grain species, as schematically is depicted in
Fig. 2. Some complications may arise in the cases when s reaches positive
values that exceed those of corrosion potential of the oxidation catalyst (see
Fig. 2¢). To avoid such a situation, experimental conditions were .chosen as
to eliminate corrosion effects.

Fig. 2. Mixed potentiels of Systems with two different catalysts at three real surface ratios.

2 — Chimia ar. 2/1959
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Experimental. The experimental device
used in the study is presented in Fig. 3, and
consista of a calorimeter, C, provided with
astirrer. M, and a heater, H, connected to a
stabilized voltage source, and a thermistor,
Th, connected to a Wheatstone bridge. -The
température — time curves were recorded on
an Endim 620.02 XY recorder. The calibrated
heater compensates the beat losses. The small
température variation given by the progress
of reaction was directly recorded for various
experimental conditions. A known quantity
of distilled water, previously heated at the
desired température, and a known amount of
catalyst powder were introduced into calori-
meter and maintained as a suspension by
means of a glass stirrer. The voltage of heater was properly adjusted as to obtain a steady tem-
perature. Known aliquots of hydrazine of 0.14% and hydrogen peroxide of 0.1 % solutions were
then added and température — time curve were recorded. A small excess of hydrazine was used.

The catalysts were obtained either from commercial sources or prepared in the laboratory.
The metal-borides were prepared by the réduction of metal oxides with boron, using a 50% excess
(noted with 1), or 100 % excess (noted with 11) of boron. They were ground and passed on fine-
mesh sieves, and a granulosity fraction was then used as catalysts. The surface area per gram of
catalyst was determined by BET method with kripton at liquid nitrogen température.

F1g. 3. Experimental arrangement for calori-
metric testing of electrocatalysts.

Résulte and discussions. The small température increase (0.6—1 degrees)
during the process is directly correlated to the number of moles reacted, so that,
for the first-order dependence the integrated rate law is:

@)

where C° and C represent the initial and actual concentration of reference che-
mical species, respectively, To, T and Tn represent the initial, the actual
and the value at total conversion tempeérature, respectively. The plots ofIn(Tx —
— T) versus time were linear for more than 90% of completion, proving the
first-order kinetics. The slopes of the plots gave apparent first-order rate constants
Npp. When Z«, values were not precisely obtained, Guggenheim method [9]
was used to determine the apparent first-order rate
TMt 1 constant. The température values were corrected to

Experimental finUodtr rate ~ allow for the contribution of homogenous reaction.
«esetesta for homogenous Table 1 contains kinetic data for the homogenous
roaetlon bttwMs hydrazine  ragction as determined by our method. The reaction

esd hydrogen peroxlido la . .

neutral media on the catalyst surface, and the tempeérature increase
due to homogenous process was subtracted from the
values obtained when catalysts were-présent. From the

Temp €) data in Table 1 an experimental activation energy of
18.1 kcal/mole (75.7 kj/mole) was calculated, in agree-

44 1.63 ment with the literature data. Table 2 summarizes the

52 2.99 data obtained in the presence of a single catalyst species.

6 lggg Bach value in the table is a mean of 2—3 individual

76 20.80 runs. An increasing effect of one to three Orders of mag-

nitude on first-order rate constants as compared to the
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Tabelle 2

Klnetlc data on the reduetlen ot hydrogen peroxlde by hydrazine
In the presenee of a solid eatalyst

Amount Temp.

*«pp « -ig-
Catalyst () C) . A " (s-ig-1)
Ag 0.25 59 1.08 X 10 4.32 x 10-
Cu 0.50 63 3.13 X 101 6.26 X tO"
Mo 0.50 63 270 x 10"1 4.80 X 10%«
Ni (Raney) 0.50 63 3.10 X fo- 6.20 X 10"«
Pd (on coal) 0.20 63 1.70 x 10-1 8.50 X 10-1
W 0.50 63 1.65 X 10*» 3.30 X fo-
Co,B(I) 0.25 59 3.31 X io-» 1.32 x 10"
0.50 63 3.8 X 10% 7.60 X 10**
Co»B(Il) 1.00 60 8.53 x 10- 8.53 X %0-
50 5.80 x *0- 5.80 x *0-
Cu»B(I) 0.20 63 241 x t1O- 121
Mn.B(I) 1.00 50 4.80 x 10-» 4.80 x *0-
52 5.18 x 10- 5.18 x 10**
NigB(I) 0.25 59 0.80 x 10~ 3.20 x 10-
Ni,B(11) 0.25 59 1.66 x io* 6.64 x *0-
Zr,B(1) 1.00 50 6.60 x i0-« 6.60 x fo-
52 7.60 x *0- 7.60 X 10~

homogenous reaction has been observed. Last column of the table contains
the rate constants raported to unit mass of catalyst. Best results were obtained
with copper boridé, but important effects gave Co2B(Il) and Ni2B(lIl). An
Arrhenius activation energy of reaction in the presenee of Co2B(Il) of 8.2
kcal/mole (34.5 kj/mole) has been estimated within a relatively narrow range
of température of 10’C. This value is far below the one for homogenous reaction.

The data in Table 2 were obtained using different catalysts prepared in the
laboratory or obtained from commercial sources, having various surfaces per
unit mass, and the comparison between their performances in enhancing the
rate of hydrazine-hydrogen peroxide reaction is only a qualitative one. All
these materials can be used to prepare electrodes for fuel-cells.

Table 3 contains data raported to the unit area of catalyst. Cobalt boridé
and two sorts of nickel boridé as oxidation catalysts for N2H4 and silver powder
as réduction catalyst for H202 were tested. Although Co2 B(l) displays a surface

Table 3
klnetic data teleted to suriax area per gram ot catalyst, at 59°C

A Amount of A
Catalyst (n"9) catalyst Aapp k"= app Is
m (g) (S") m ¢ Sg
Co,B(I) 0.44 0.25 3.31 X 10-» 3.00 x fo-
Ni,B(I) 18.3 0.25 0.80 X 10-e 1.75 X 10,4
NijBIII) 90.0 0.25 1.66 X 10-¢ 7.37 x 10%*

Ag 8.2 0.25 1.08 X 0- 5.20 x *0-
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area per gram of material of only 0.44 m2/g, its catalytic activity is charac-
terized by k " = Aapp/m ¢+ Sg = 3.0 X KO*2 m_2s_1, higher than that for silver.

On the basis of preliminary tests, the amount of 0.25 g of silver powder
and various amounts of cobalt and nickel boridé were used together to enhance
both the oxidation and the réduction processes. To avoid corrosion effects, the
mixed potential em should be close to the rest potential eNiH<> and global area
of anodic catalyst should be correlated with the exhange current density. Since
the ratio Arnsflom™ is about *0 it. was necessary to have SgAg/SgMIB
C 10 ; oui experiments were performed at surface ratios between 0.09 and 150.
Table 4 reports data in the présence of anodic and cathodic¢ catalysts used
together. Last column contains différences between apparent rate constants
obtained with both anodic and cathodic catalysts and first-order rate constant
obtained with only oné of them, taken in constant amount, divided by the
area of the second catalyst. This ratio decreases with the increasing amount of
the second catalyst added, showing that cathodic and anodic fraction areas
of catalysts change. Mote and more anodic sites on silver surface change their
character as the anodic surface presented by metal borides increases.

Tabla 4
Kinetic data in the presente of anodic and cathodic catalysts at 5#°C
Silver catalyst for ""Ox”
species foga:(.?_\!)ézt,,, amount area *app 'D'A«PP/m . 84
amount ea (mY) species m(g) fm 61 (a-1+ Jn~
m
0.1 0.82 - - — 5.92 X %0-
Co,B 0.5 0.22 1.87 X %0- 58 X 10-»
15 0.66 243 X 10-» 2.78 X *0-
0.25 2.05 — M» 1.08 X 10-«
Co,B 0.05 0.022 1.32 X *0- 1.09 X 101
0.1 0.044 1.49 X 10** 9.32 X 10**
0.5 0.22 3.13 X %0- 9.32 X 10
1.0 0.44 4.49 X %0- 7.75 X *0-
2.0 0.88 7.38 X 1O- 7.16 X 0"
- L Co,B 0.25 0.11 3.31 X fo- -
0.25 2.05 3.38 X 10** 1.48 X %0-
0.5 4.10 4.58 X 10- 104’ X O™
1.0 8.20 8.33 X *0- 9.75 X 10~
2.0 16.40 1.23 X 101 7.3 X *0- (
0.25 2.05 Ni,B(I) 0.25 4.57 1.38 X %0- 6.56 X 10-

Ni,B (1) 0.25 22.50 1.60 X fo- 2.31 X %0-
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Fig. 5. Polarization curve of hydrazine electrode prepared of Co,B.

The efficiency of the electrocatalysts tested is in the order : Zr2B < Mn2B <
< Ni2B(l) < Ni2B(ll) < Co2B(l) < Co2B(Il) < Cu2B. These results were com-
pared to those obtained in an electrochemical investigation using électrodes
prepared from some of these materials and having equal apparent surface areas.
The polarization curves are presented in Fig. 4 and 5. The behaviour deduced
from electrochemical tests shows the same order of activity increase, thus con-
firming the validity of estimations made by the more rapid calorimetric method

described in this paper.
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MULTI-ELEMENT DETERMINATION IN THE LAVA FROM BERCA
MUD VOLCANOES (ROMANIA) BY NEUTRON ACTIVATION ANALYSIS

CONSTANTIN £QSMA  CALIN ZNAMIROVSCHI  MARIA SAIAGEAN»»”, ANA PANTEI-ICA

RfCtivtd: December 6 1988

The neutron activation analysis for détection and détermination of minor and

. trace elemente in the lava from Berea mud volcanoes (Buzau county) was ap-
plied. Because by usual chemical methods only a few éléments were detected,
in our paper the multielemental analysis by neutron activation method was
used. Neutron activation analysis, having some. désirable attributes as non-de-
structiveness, a very high sensitivity and ability to determine several éléments
simultaneously, offers good possibilities for rapid and precise détermination of
a wide range of éléments, in a broad spectrum of matrices. Besides major ele
ments (Al, Ca, Cl, Pe, Na) the minor and trace éléments (As, Ba, Br, Ce, Co,
Cr, Cs, Dy, Eu, Hf, La, Lu, Ma, Nd, Rb, Sb, Sc, Sm, Sr, Th, U, V, Yb, Zn)
in the lava irom Berc¢a inud volcanoes were determined.

1. Introduction. The mud volcanoes are situated within the area of Berca
village, Buzau county, on the left bank of the Berca river. They represent
fluid mud éruptions and emerge as a resuit of natural gas (methane) éruption,
post-volcanic émanations and seismic movements. In its way to the surface,
the gas carries fresh or sait water, which softens and weathers the encountered
rocks, bringing them to the surface along minimal résistance lines.

The mud Is deposed arround the éruption-point and formed hillocks shaped
as pointed or flattened cones (frustum of a cone) with an aperture at the top
which is the crater. The cones dimension and from dépend by the mud compo-
sition and viscosity [1].

Piclele Mari and Piclele Mici are the names of the mud volcanoes groupe
which made the subject of this work.

Mud volcanoes in Piclele Mari are placed in the central part of the Berca
dépréssion, at an altitude of 322 m and they are formed by active cbnes, not
higher then 3 metters and by fossil cdnes, more higher (6—8 metters). Generally,
in Piclele Mari prevail volcanoes discharging viscous mud with oil traces. There
are, however, puddles, 4—6 m in diameter, discharging fluid”mud and especially
boiling mud.

Mud volcanoes in Piclele Mici are situated in the central area of the Berca

dépréssion, at an altitude of 341 m. In this group, volcanoes are smaller and
fewer and the éruption mud is less viscous.

By the chemical analysis accomplished up to the present, showed that

the mud contains, besides water and liquid hydrocarbons, calcium, magnésium,
sodium, potassium and chlorine. The total mineralization is greater (70880.7 mg/1)
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in Piclele Mari that in Piclele Mici (54226.0 mg/1). Also, the alkalization dif-
fers: pH (20°C) is 6.90 in Piclele Mari and 8.10 in Piclele Mici [1].

Because by usual chemical methods only a few éléments were detected,
in this paper we used the multielemental analysis of the mud by neutron
activation analysis, which is able to provide information on a large number of
éléments, simultaneously, in a single analytical procedure.

This method is utilised in a large number of fields, for the analysis of
ores, meteorites, lunar rocks, medical, chemical, biological samples and high
purity materials. [2—5]

2. Experimental. The applied method is based on the nuclear reaction (n,
y) induced by thermal neutrons in their interaction with the nuclei of the che-
mical éléments. The study of the characteristic gamma radiations, emitted by
these nuclei, gives information about the elemental composition of the sample. [6]

Owing to the high sensitivity of this method, it exceeds ail others: gravi-
metry, colorimetry, optic spectroscopy and mass spectrometry. Also, the sensi-
tivity of the method increases with the neutron flux. [7, 8]

In this work, the utilised peutron source was the WR-S. reactor of the
Institute for Physics and Nuclear Engineering from Bucharest. The choice of
thermal neutrons for the activation is relied on the high cross section for the

Table 1

Nuelear data for the Identlfled elemente

Gamma-ray energy

Element Isotope Half-life (keV)
Al «Al 23 m 1779
As «As 1.097 d 559
Ba Ba 11.7 d 496
Ca «Sc 3.4 d 160
Ce luCe 325 d 145
Co «Co 5271 vy 1172; 1332
Cr «Cr 27.704 d 320
Cs 15‘Cs 206 vy 605; 796
By «»Dy 2.35 h 95; 362
Eu ““«Eu 1333 y 344; 1408
Fe «Fe 44.496 d 1099; 1292
Hf «‘Hf 42.4 d 133; 482
La «eLa 40.2 h 487; 1596
Lu . 17Lu 671 d 208
Mn ““Mn 2.5785 d 847
Na «Na 15.03 h 1368
Nd 147Nd 111 d 91; 531
Rb “Rb 1865 d 1078
Sb «*Sb 272 d 564
Sc «Sc 8383 d 889; 1120
Sm ““eSm 46.8 h 70; 103
Sr «Sr 64.8 d 514
Th *“‘Pa 27.0 d 312
U “» Np 2355 d 106; 278
\Y% «V 376 m 1434
Yb i7»Yb 421 d 283; 396
Zn «Zn 2441 d 1116
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most of chemical elemente. The irradiation was made at short time and long
time for cover a wide range of éléments. ' f

The samples alongside with SL-1 and Soil-5 standards from IAEA Vienna,
were irradiated for 29 hours in a thermal flux of 2 X 10un/cm? - s, for the
long-lived isotopes détection. A measuring time of 30 min.—2 hours, after 5—
30 days cooling time héve been used.

For the short-time détermination, the samples with the same standards,
using the pneumatic transfer System, weré irradiated for ,15 seconds in a flux
of 2 X 1012 n/cm2 + s. The measuring time was 10 minutes, after a cooling time
of 2—20 minutes.

The measurements have been performed by aid of a Ge(Li) gamma detector
having a resolution of 2 keV for 1332 keV (e0Co). The detector was coupled to
a Canberra multichannel analyser.

By calibration, each channel corresponds to a well determined energy.
The establishment of each element was made using the nuclear properties of
the isotopes (Table 1). The listed gamma-ray energies were taken from the
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For the quantitative analysis, the samples and the standards were weigh-
ted and packaged in quartz tubes, for the long time irradiation or in poly-
ethylene vials for the short time irradiation.

3. Résulte. By using the gamma-ray spectra (Fig. 1) and the nucleai
characteristics, as the energy and the half-life (Table 1), the peaksof éléments
were identified.

For the détermination of the abundance of each element was used the
proportionality between the peak area and the elemental concentration. The
background correction was applied to ail the samples and standards.

On this way, the abundances of 29 éléments were determined. The results
are shown in Table 2.

It were determined 5 major éléments (Al, Ca, Cl, Fe, Na) and 24 mingi
and trace éléments (As, Ba, Br, Ce, Co, Cr, Cs, Dy, Eu, Hf, La, LU, Mn,
Nd, Rb, Sb, Sc, Sm, Sr, Th, U, V, Yb, Zn).

Among these, the presence of some rare earth éléments (Dy, Eu, Hf, La,
Lu, Sm, Yb), uranium (1—2 ppm) and thorium (10 ppm) may be remarked,

Comparing the obtained results, we noticed the presence of the same élé-
ments, both in Piclele Mari and in Piclele Mici. There are insignifiant diffe-

Table 2
The elemental concentration in the lava samples
Element Concentration = uncertainty

(nuits) Piclele Mici | Piclele Mari
Al (%) 4.85 + 0.19 6.72 + 0.27
As (ppm) 10+ 2 11 +2
Ba (ppm) 1181 + 175 276 + 68
Br (ppm) 57+ 3 302
Ca (%) 3.26 = 0.32 3.48 + 0.33
Ce (ppm) 55+3 60+ 3
ci (%) 10.43 + 0.52 221+ 0.18
Co (ppm) 132+ 1.2 140+ 1.2
Cr (ppm) 0 88 + 10 83+ 9
Cs (ppm) 75+ 0.6 6.0+ 0.5
Dy (ppm) 25+ 07 44+ 0.8
Eu (ppm) 0.75+ 0.10 0.78 + 0.11
Be (%) 2,70+ 0.16 2.95+0.15
Hf (ppm) 45+ 05 4.7+ 05
La (ppm) 27+ 2 31 +2
Lu (ppm) 0.33 + 0.05 0.36 = 0.05
Mn (ppm) 606 + 12 750 + 15
Na (%) 4.97 + 0.29 3.18+0.19
Nd (ppm) 22+ 10 28 + 11
Rb (ppm) 94+ 20 94+ 16
Sb (ppm) 0.95 + 0.22 13+0.3
Se (ppm) 10.7+= 0.5 12.3+ 0.6
Sm (ppm) 443 + 75 121 + 69
Th (ppm) 9.9+ 038 11.6 +0.9
U (ppm) 14+0.4 1.9+0.4
V (ppm) 48 = 10 112+ 17
Yb (ppm) 19+ 03 1.7+0.3

Zn (ppm) 74+6 65+5
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rences between the elemental concentrations, excepting a few éléments as Al,
Ba, Cl, Dy, Na, Sr, V. For all that, these can't point out a different origin
of the lava from the both volcanoes formations which were studied.
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. XANTHOPHYLLS
V. Dynamics of Xanthophyll Monolayers at the Liquid/Air Interface

B. CHIFU», MARIA TOMOAIA-COTISEL», M. SAiAJAN», ALEXANDRA €HIFU an« J, ZSAKO

Btuhal: April 25 1989

Experimental data with respect to time variation of the molecular area (recor-
ded at constant surface pressure values) and to time dependengy of, the surface
pressure (recorded at constant molecular areas) are presented for monolayers
of xanthophylls, viz. astaxanthin-I-3,3'-dihydroxy-4,4'dioxo-3-carotene and zea-,
xanthin 4-3,3'-dihydroxy-R-carotene, spread at thé air/water interface..Varied

i )( relaxation mechanisms are proposed, usinj; the Prout-Tompkins équation adapted
to the dynamics of the pionolayers at fluid interfaces.

Ih monolayers of insoluble surfactants spread at the air/water interface
frequently relaxation phenomena may occur, consisting e.g. of a surface pres-
sure decay at constant area. Such phenomena are observed especially if at the
working température the surfactant is in solid state. In this case the mono-
layer can be compressed to surface pressures which overpass by far the equi-
librium spreading pressure (ESP). Consequently, the monolayer at x > ESP
will be in a metastable equilibrium, allowing the development of different rela-
xation phenomena, leading to the diminution of z and eventually a thermo-
dynamic equilibrium is reached.

Many attempts were inadé to derive kinetic équations and to clear up the
processes occuring at the molecular level.

Kinetic équations used. To describe relaxation phenomena in monolayers
frequently was used the Prout-Tompkins équation of the form:

log Br = log =K, logt + Cx @)

where a stands for the collapsed monolayer fraction.

In conditions when the molecular area is maintained constant, Eq. (1)
becomes [1, 2]:

log 52 = log = K2logt + C2 2)

where k0 is the surface pressure recorded at t =0, and ~t is recorded at a
certain time t.'

By using the condition A = const. the film no longer needs to be compres-
sed, but the unaltered portion of the monolayer does not remain under the
same physical conditions, since the surface pressure descreases continuously.
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If 1. is maintained at constant value, the physical conditions are not chan-
ged, but a gradual compression of the film is needed.
For‘c = const. the following three mechanisms were proposed [3, 4]:

Mechanism 1. Relaxation is considéred to consist in the formation of com-
pact islets, which is described by

" logB3 = log"™-~"=A3log/ + C3 (3)
At — At

where Ao stands for the molecular area at t — 0, At is the molecular area at
a certain t, while Ac is the collapse area.

ImMechanism 2. Formation of trilayers is viewed, which is described by

log B4 s log A° ——= <logf 4- C4 (4)
At — Acl3

Mechanism 3. A collapsed bulk phase is supposed to form, and this is des-
cribed by .

log B5 = log = Ab5logf + Cb (5)

It is worthwhile to note that under the proposed conditions A, and C-
are dimensionless constants. A, does not dépend on the time scale used, repre-
senting the slope of a straight line, but C, does dépend on the time units
used since it is the ordinate intercept of the linear log B{ vs. logt plots» mf

At 1t — const, the relaxation may occur, depending on the surface pressure
range, either in accordance with one single mechanism, or following a sequence
of mechanisms, as observed in the "case of apocarotenoids [3, 5] and of fatty
acid [4] monolayers.

In the present paper we have investigated the relaxation of the monolayer
of two xanthophylls, namely zeaxanthin and astaxanthin.

Experimental Part and Methods. The surfactants used were: zeaxanthin
(3,3'-dihydroxy-R-carotene (ZX)) and astaxanthin (3,3'-dihydroxy-4,4'-dioxo-R3-
carotene (AX)), both of all-trans configuration synthetic commercial products
(Hoffmann la Roche) of chromatographie purity.

Solutions used for the spreading were: benzene containing 2—3%(v/v)
absolute éthanol in the caseof ZX, and benzene with 4—8% (v/v) content of
chlorophorm for AX. The solvents were of p.a. purity (Reactivul). The sub-
phase consisted of double-distilled water.

Methods. Working température was of 20°C. Xanthophylls were spread
at the air/water interface by a micropipet. Waiting time was between 5 to
15 min, allowing for complete évaporation of the spreading solvents and esta-
blishment of the internai equilibrium of the expanded film. Relaxation pheno-
mena were folloWed, after compression to a certain 1t and A, in two ways:

— The surface pressure was maintained constant, and the variation of
the molecular area with time was recorded ;

— '"Thé molecular area was maintained constant, and the alteration of the
surface pressuré with time was recorded.
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Table 1 Film compression was effecteddis-
The monolayer characteristics of ZX and AX cont_lnuously. To determine the surface
tension the Wilhelmy method was used,

Parameters ~ cI for both types of experimente.
Xanthophylls ne o The experimental curves were pro-
cessed by methods of linear and nonli-
zX 0.49 030 400 103 near régression, using- computation pro-
AX 046 025 450 99 grame in BASIC run on a "a-MIC"
computer.
» in nm'/molec, Results and Discussion. Monolayer
== in mN/m Characteristics of the Xanthophylls Used.

The compression isotherms of ZX and
AX and their monolayer characteristics were studied elsewhere [6]. The
latters are given in Table 1.

Relaxation of Xanthophyll Monolayers at A — const. Measurements were
performed at several constant areas for both astaxanthin and zeaxanthin. The
experimental curves n = f(t) for ZX are plotted in Fig. 1.

Experimental data were processed according to Eqg. (2). The such proces
sed it =f(t) isotherms linearize satisfactorily with all the cases studied, and for
AX they are given in Fig. 2. As can be seen, the plots present two linear
portions each, the first portion having a more accentuated slope than the second.
Table 2 exhibits the kinetic parameters obtained by processing the rt =f(t)

Fig. 1. Kinetic curves 1¢ = f(t) at’” A — const. Fig. 2. Prout-Tompkins linéarisations
Curve'(l) — A = 0.40 nm*/molec; -(2) — A = according to Eg. (2) for the monolayers
> 0.34nm’/molec; (3) — A = 0.305 nm/molec. of AX. Curve (1) — A = 0.38 nm’/molec;

2 — A=032 nm’/molec; (3> — A=
=0.27 nm’/molec ; (4) — A=0.25 nm’/molec.

Downward arrows (j) indicate the slope
change in the linéarizations performed.
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Table 2

The klnette parameters obtained by proeessing curves k — f(t) at A = eonst., aeeording to Eq. (2)

..A const . *

Compound | 1/molec Kl min Pi K, min P>
0.38 0.3581 25 0.9986 0.1225 60 0.9895
AX 0.32 0.3816 15 0.9983 0.1790 70 0.9989
0.27 0.4463 11 0.9993 0.2605 120 0.998»
0.25 0.5277 7 0.9980 0.2549 120 0.9974
0.40 0.4186 15 0.9981 0.1816 85 0.9931
ZX 0.34 0.4420 15 0.9972 0.3177 120 0.9991
0.305 0.6582 5 0.9975 0.3253 120 0.9964

curves, and together with the slopes of the two linear portions (K't and KJ)
also gives the linear corrélation coefficients (pj and pj), tt which indicates the
slope change moment and which stands for the duration of the experi-
ment evolvement since the instant (t = 0) when the area is maintained, con-
stant. Inspection of the linear corrélation coefficients indicates a very good
linearization, their values raising above 0.989. Existence of the two linear
portions is indicative of the présence of two stages in the relaxation processes
that emerge in the monolayer. The first, which is more rapid, can bé assigned
to a process of nucléation. The second, which is slower, could be considered as
a growth process of the nuclei. This is plausible since the velocities of both
processes increase with decreasing constant maintained area, i.e. with increasing
initial pressure. On the same account, the time when the slope change is recor-
ied — i.e. the time when transition from the nucléation stage to the growth
af nuclei in the newly formed phase occurs — decreases when the area, main-
tained at constant value decreases.

The experimental data presented render the complexity of the processes
émergent in the case of relaxation of monolayers, which implies processes of
nucléation followed by an increase of the newly formed phase nuclei. Also,
it is to be noted that these processes occur even at pressures far below the
collapse pressure.

Relaxation Phenomena ain = const. In the case of ZX monolayers the rela-
xation phenomenon was pursued also under conditions when surface pressure,
t, was maintained at a constant value. At small surface pressure, 7t <5 mN/m,
1 is practically constant in time if the area is not modifiecL while at greater
Onés It can be maintained constant only if the area available for the monolayer
iecreaSes. Fig. 3 gives the plots of kinetic curves A as function of t for several
constant maintained surface pressures. The pairs of experimental points (Ai
ind ti) were processed by methods of non-linear régression following a third
arder polynomial, which describes satisfactorily the curves A =f(t). The values
of the coefficients of third order polynomials are given in Table 3.

We mention that these coefficients were derived by expressing the time in
minutes.



*const
mN/m

9.71
14.86
23.97
24.92

27.06
33.10
35.78

»»Co0St

9.71

14.86

23.97

24.92

27.06

33.10

35.78

*

A
~»/molec

51.06
(51.25)
4355

Values

-2.71871
-5.01610
-3.97069
-7.90357
-1.21872
-6.70412
—9.80589

0.9118
0.9623
0.9689
0.9500
0.9506
1.1980

1.1552

of the e.eeffleients of poljnomials A=f(/) —a+*i»+ heHh+ect+4

b; c
X 10~6 4.08649 X tO-s —0.20123
X 10-» 1.28894 X io-» -0.11482
x 10-« 9.86099 x 10 -0.10165
X 106 9.54818 x io-* -0.28320
X 10§ 2.13226 x 10'» -0.14298,
x 10-4 1.50048 x 10» —0.15148
X *0- 2.13801 X 10-» —0.15884

Klnetic prirr.n eins derived hy llnearization of curves

G A h
C, MHM Ps frolec Kt ct min
-2,0880 121 0.9996 — - - _
-2.1872 201 0.9997

-2.1487 30-401 0.9998 cu

—2.1130 161 0.9991

— 1.8305 301 0.9994 e il

-1.5455 16t 0.9987 25.43 0.9704 -2.2756 501
-1.3646 8T 0.9995 27.34 0.9248 —2.1546 301

N.B. In parantheses the value ot polynomial A — f(i) at t — 0.

Pa

nas

Table 3

51.2459
43.0622
39.7961
40.1196
35.3707
29.5140
28.4805

Table 4

exp
min

2Q0
120
140
195

105

0.9995 120

0.9989 117
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Fig. 3. Kinetic curves A = {(t) at = = const. for Fig. 4. Prout-Tompkins lineariza-
the monolayers of ZX. Curve (1) — n = 9.71 mN/m; tions with ZX, at = = 33.10 mN/m.
(2) — n= 1486 mN/m; (3) — == 23.97 mN/m; Curve (1) obeying Eq (3); (2) obeyving
(4) — m = 2708 mN/m; (5) — == 33.10 mN/m. Bg. (4).

The 4 = f(f) type curves were linearized by the Prout-Tompkins equations
proposed. Fig. 4 gives the plot of the linearization obtained for = =: 33.10 mN/m.
The linear portions of these plots were processed by the léast squares method
and the values are given in Table 4. It tabulates the constant pressure (=)
for which the measurement was performed, the arca at ¢ .= 0 (4) when the
phenomenon starts — the rate constant (K;), ordinate intercepts (€'} corres —
ponding to the linear portions obtained by means of Eq. (i), i.c. by presuming
the mechanism (i—2) ; the time £, up to which equation (i) gives a good linca-
rization, and the all-along experiment time (fxp). C; values given in Table 4
were derived by expressing the time in minutes. The values of the linear cor-
relation coefficients (p;) indicate a very good lincarization of the curves 4 = f(¢)
by means of Eq. (i).

Upon inspection of the data given in Table 4, one finds that at §mall
and mean pressures the linearization is possible by applying Eq.(3), r¢laxation
of the monolayer following mechanism 1, viz, formation of islets. Negative
deviations from the straight line are found after time ¢; which is indicative
of ceasation in the action of the mechanism i.c. an equilibration tendency in
the system. This instance is indicated by downward arrews (}) in Table 4.
At high surface pressures (w > 30 mN/m), positive deviations from lincarity
(marked in Fig. 4 and Table 4 by upward arrows (1)) are found after time i,
which signifies a shift in the relaxation mechanism. Further on, linearization can
be effected according to Eq.(4), the relaxation obeying mechanism 2 by forma-

3 ~— Chimia ar, 2/1889
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tion of trilayers. We mention that the validity of Eq(4) in the second part
of the experiment was performed by taking #; for the origin of the time scale

and A, for A,, i.e. a plot of log gf—:g vs. log (¢ — ¢;) has been performed.
¢

Ap -
Then, after some other time negative deviations (}) a«re found, indicating that
the action of the mechanism has ceased. Relaxation mechanism 3, which im-
plies formation of a collapsed bulk phase, was not found with surface pressures
within the .present experiment.

Comparing the values of the linear portion slopes given in Table 4, only
a slight increase of these is found with the increase of the surface pressure,
In contrast to this behaviour, with the ordinate intercepts an accentuated in-
crease is found in these, particularly at high surface pressures. Upon the ghift
from mechanism 1 to-mechanism 2 no significant variation is found in the rate
constant % of the process but the integration constant C; becomes much less.
The general picture is similar to that observed with apocarotenoids 3,5
and fatty-acids {4!. As shown earlier [5], the parameter C; seems to be related
mainly to the nucleation rate. Consequently, its important increase with in-
creasing working surface pressure is quite reasonable. Also; its decrease may be
expected when the relaxation mechanism is changed and experimental results
agree with this expectation (see Table 4). The rate constant K seems to be
related to the ratio between the rate of ‘growth ‘and the rate of’ nucledtiord,
This parameter ‘was found ‘to silghtly 'incréase w1th mcreasm ,,,J;\gt ‘lt"‘bi
determined mainly by the molecular ;tructureuot the fdm f,ormmg \stibstance
and not to be modified essentially by the shift of the relaxation mechanism [5].

We can conclude that the Prout-Tompkins type equations describe rather
satisfactorily the relaxation phenomena emergent in ,ganﬂ?ophyll menalayers,
and the values of the kinetic parameters obtained. sh,ow a snmlar ﬂependence on
working conditions and relaxation mechanisms as observed with other sub:tcmces
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The resilts obtained by a new detection method of naphazoline hydrochloride
2-(1-naphtylmethyl)-imidazoline hydrochloride using 0.01Y, solution of 9-hydrazi-
noacridine in ethanol as visualizing agent are reported.

Kex-wotds: imidazole,. thin-layer chromatography, acridine reagent.

Introduetion. Naphazoline hydrochloride 2— (1-naphtylmethyl)-imidazoline
1ydrochloride is a sympathomimetic vasoconstrictory of nose mucous memb-
ane, used as drug. This compound was prepared by different procedures
‘1—41. The purification of raw material is troublesome and is achieved by
epeated extractions.

The purity of the product was checked-up by paper [5—77, column [8]
v thin layer c,hgg;nat,ograghy (9—10]. The last mcthod makes, use of precoated
rlates with siliqaigel .Guas.the statl(ma.ry phasec and cyclohexane & benzene : dic-
hylamine (75 11548} h001*' “Henzenetratetone t athmonia (20 753.:8) as the mo-
sile phase. The )%pb ‘beda}ritd‘ by spfaying with Dragendorff reagent or
39/, ferric chlo¥ so'lutlon [6]," broinophenol blué or potassium permenganate
7} 59%, sodium nitrite solution or 10dop1at1nate [_9J and mcuunc mtnu
s éﬁu'wltu M&J [TOA_‘! FYSTE ¥ F- PV CYTRURRENTE BN vol

The present work reports off “the “resitlts obtained bv using 9- hydrd/mo—‘
cridme as ‘the spraymg rcagent “for d(teau(m of naphazalence hydrochloride.

’hxp(‘riinem'll Glaks plé‘téé 20 X 20 'cm covered with 0.3 mun thin layer
f'stlica’ gel R cbntam‘i‘ng 4 1:'1'starch agar-a ar mixture as binder were used.
\scending developiment over a distaride of 10 cm. was done in a nérmal chro-
natographic chamber with benzene: acetone: 259, ammonia (30:65:5).0.19%,
\cetone or methanolic solution of naphtylaeetonitrile, water solution of purified
1aphazoline hydrochloride, ethylenediamine or naphazoline hydrochloride ob-
ained at the first extraction, were applied to the plates by a micropipete.

“Aftér+dévelopment the plates were dried for 53 min., and finally sprayed
vith a 0.019; solution of 9-hydrazinoacridine in c¢thanal aud examined in ultra-
iolet light of 254 mm.wave lengh. . . -

~ Results and. diseussion. The experimental results are sho\\ n in Fig. 1. From
h1s data we can conclude that one extraction is not cnough for naphazoline
iylirochloridé purification:"I'he first extract contains naphtylacetonitrile, napha-
qline hydrochlaside and other five compunds. Amoug these unreacted ethylene-

liamine, plpcraane formed from Lthylumdmmnm at '):)OOL and other secotl-
(AR RRLI -3 MR S St deok e
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Fig. 1. Chrombtogram of the mixture separated on silica gel R
with benzene: acetone:259%, ammonia(30:65:5). 1==nitrile; 2=nap-
hazoline hydrocloride; 3:=ethylenediamine; 4 =first estraction of
raw naphazoline hydrohloride (a=nitrile; b=naphazoline hidro-
chloride ; c=d={=g=-unknown compounds! e=ethylenediamine).

dary products which appeared as a result of the condensation reactions of naphty-
lacetonitrile with ethyvlenediamine were identified.

Conclusions. This method is suitable for check-up the purity of naphazoline
hydrochloride. The spraying reagent (0.01%, ethanolic solution of 9-hydrazino-
acridine) allows the detection of the above mentioned compound with a detection
Hmit of 0.01—0.05 pg/spot at 254 and 366 nm wavelengths.
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THE RECOVERY OF SULFUR DIOXIDE FROM INDUSTRIAL GASES

J. VODNAR

Raceived ;: March 20 7989

The paper presents a lot of experimental results obtained by studying the
absorption of sulfur dioxide from different industrial gases, using as an
absorbant N-methyl-pyrrolidone in a permanent recycling [1]. The apparatus
used [2] enables the absorption either in an ascending turbulent liquid film or in
a pelliclizing-bubbling system. It assures a uniform and self distribution of the
absorbent and the gas in the contacting tubes. The absorbent and the sulfurous
gas was used in a counter current, but the pelliclizing or the pelliclizing-bubbling
of the absorbant took place in a common tide. The apparatus was a Vodnar type
column, having three contacting plates and was equipped with pelliclizing tubes
of which total length was 1,73 m, inner diameter 27,5 mm and the inner sur-
face, where the absorption takes place, was 0,149385 m?2.

The paper presents and discusses the experimental results obtained by
studying the absorption of sulfur dioxide from different gases, using as an ab-
sorbent N-methyl-pyrrolidone in a permanent recycling [1!. The apparatus
used was a Vodnar type column with three contacting plates where the absor-
bent and sulfurous gas was contacted in a counter current, but the pellicli-
zing phenomenon took place in a common tide [2]. It assures a uniform and
self distribution of the liquid and the gas in the contacting tubes which had
a total length of 1,73 m, inner diameter of 27,5 mm and an inner surface where
the absorption takes place equal 0,149385 m*.

Experimental. Fxperiments were made in a micropilot apparatus of
column type. The ascending liquid pellicle (film) on the inner surface of the
pelliclizing-bubbling tubes, in a continuous tide was formed. The absorbent
(N-methyl-pyrrolidone = NMP) was used in a continuous tide and it was in-
troduced with an adaquate pump. The recvcling and mixing of the absorbent
were self induced and continouus. The necessary sulfur dioxide was taken from
a steel cylinder vessel and the air was ensured by an adequate compressor.

Sulfur dioxide content of the gas mixture was determined iodometrically
and the absorbed sulfur dioxide by acid-base titration, too. Temperature was
mentained at 18,85°C. NMP was introduced continuously in the upper plate
of the column and the solution resulted by absorption was eliminated on the
same way, from the lower plate.

Gas flow varied between 3,5 and 12,3 m3/h, and that of the absorbent
between 2 and 9,8 I/h. Sulfur dioxide content of the gas mixture was mentai-
ned on a constant value of 0,5 vol%,. in every experiments.

The absorption of sultur dioxide in NMP can be presented by the following
physical process :

* University of Cluj-Napoca, Faculty of Ecomomic Sciences, 3400 Cluj-Napoca, Romania
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l{esn]ts dml (hsmls%mn. In ‘the flrst series of expenments the depen-
dence of 'the absorption degree (8al%1)," versﬁé ‘the gls flow (Qg[1/h]) was
studied. The results chtained was 11]ustratcd m f1gure 1 hé f}éw of .the absor-
bent was' mentained on a constant rvalue -(yf 52 I/h We Can .see, that in the
used conditions of ‘work, the absorptlon dogree# attams 96%, if the gas flow
decreases from 12,3 to 6 widh.” - ittt

In the second series of experiments the dependcnce of the absorption degree,
Yergts the absorbent  flow (Qa A [l/h ), was stud1ed The results obtame was

i

1llustlaud in figure 2. “ . ‘ L
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Tigure 2 shows that using a cunsta,nt gas ﬂm\ pf 12 3 m h,, ,the abs,orptlon
dc;:,ru attains, 9 8‘}(,, if'the dbsorbant ﬂo\{\. ipcreases. 40 | 8 l/h hls rﬁsult demon
strates that 1\‘\11’ is a very g.,ood abﬁo;bgnt of sulfur dloxxde L
¢ 1{the NMP— bO solution resulted by .the, absorgptan of, S.O,, s, heated,,tc
'60+—807C, sulfur daoudc is.desprbed apd cam be reqyeled im the industrial - msﬁ;al
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Fig. 1. The dependence of the absorption degree Fig. 2. The dependence of the absorptmn
(g [%7), versus the gas flow (Qg [m®%h]). degree, versus ~ the absorbent flow

{QalIm]).



RECOVERY ‘OF 'SULFUR DTOXIDS ‘ v 39

3%
@3 S N ;
Qgr123 mi/n q 2.3 »3/n
Ci50pe0.5% vat Csg . 830 vl
— 1:19°0 1218 85%C
o ¥
> RE P
s <o .
< 2
g £ AN
‘-). “';‘
>

01
. © )

o

° ! 2 3 “ 4 ¢ 2 < ' s ©
3
Omp 1/ . i Crmp 56,1 1/h]
Fig. 3. Suifur dioxide content of the purified Fig. 4. Variation of the quantity of absor-
gas (vol. 9%), versus the absorbent flow. bed sulfur dioxide (gSO,/Lh), versus the

absorbent flow.

In figure 3 is illustrated the influence of the absorbent flow, versus the
sulfur dioxide content of the purified gas. As we can see, this content can
be reduced from 0,5 vol.% to 0,05 vol.%, if the absorbent flow increases from
2 to 6 1/h.

On the base of the presented and discussed experimental results we can
state, that the decreasing of the specific consumption of the absorbent is equal
18,369, (mentaining the degree of absorption on 989), in comparison with the
case when the absorbent is not recycled.

In the 4th series of the experiments was studied the variation of the quan-
tity of absorbed sulfur dioxide (gSO,/l-h), versus the absorbent flow (1/h),
which in this case was a water solution of NMP having a concentration of
30 vol%,. The used temperature was 18,85°C, the gas flow 12,3 m3/h and the
absorbent flow 2,19 1/h (water solution of NMP, 50 vol.%). But the absorption
degree in such conditions is not higher than 389,. Inspite of this, when the
gas {low is lower than 2 m3/h, the absorption degree increases to 989%,.

The value of the coefficient of total mass transfer (Kg) was calculated,
using the following experimental data 1 initial SO, content of gas 0,5 vol.% =
= 14,2793 g/m?; total gas flow 12,3 m3/h ; total initial pressure 769,129 Hgmm ;
degree of absorption 98,559, ; absorbed quantity of SO, 0,1730885 kg/h ; initial
partial pressure of SO, 3,8456 Hgmun ; final partial pressure of SO, 0,05576 Hgmm
motive power of the absorption 0,89618 Hgmm ; surface area of absorption
0.149385 m?.

K. — 0,1730885
2 0,149385 (0,89618/760)

= 15,3531 [kmole SO,/m? - h . atm].

= 982,603 kg SO,/m? - h - atm] =
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MOLECULAR STRUCTURE MODELATION BY USING A BASIC
LINE FORMULA INTERPRETER

D. HORVATH* and 1. SILAGHI-DUMITRESCU*
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A computer program has been written in BASIC, for COMMODORE 64 which
automatically generates the tridimensional structure of a molecule from its line
formula. The output may be used in molecular orbital, molecular mechanics or
QSAR studies.

Introduetion. One of the preparatory stepsin quantum mechanical or mole-
:ular mechanics treatment of molecules is the input of the iriti:! structures,
ssually, in the form of cartesian atomic coordinates. For this, «itvit some addi-
tional computing is needed, just to transform the known or asstired  structural
jata (bond lengths, bond angles, dihedral angles) into coordinates of atoms.
T'his problem is also connected to the storage and retrieval of structural informa-
don for QSAR studies [1]. Various solutions proposed include atomic and bond
mmbering [2] or sophisticated hard dependent systems [3-5".

In this paper, a simple chemical formula interpreter is developed. Its task
s a) to identify and to count the atoms of chemical formula; b) to convert
‘he atomic sequence into a topological matrix — ‘the adjacency matrix- which
:ontains information about all neighbours of a given atom and ¢) to calculate
‘he atomic coordinates for a certain conformation and given bond lenghts,
»ond angles and dihedral angles.

Line Formula. Interpeter (LFI). Our I.FT is written in Basic and opera-
‘es on linear formulae of molecules. These are graph theory based unambigous
epresentation of molecular topology [6,7.7 In Basic, a linear formula is a string
K$ consisted of a sequence of valid symbols. These may be the usual chemical
symbols of elements or special ones, like "—", "= "#“ (for single, do-
1ible or triple bonds), ”(”,“}”, 7, ”“, indicating side chains or repetitions of
slements included. The extremly simple wav of encoding can Lo shown in the

ollowing examples:

CH,—CH,—CH,—CH, H[C(H2) 4H

CH, CH,

I l

CHa‘_c;“‘(]:H"'?”‘CHs HC[(C(CH3)3) 2BR

CH, Br CH,
HC=C—CH-C—C/O HC #CC(H)=C(CH3)C(=0)0H

- ] \OH
CH,

* Chemistry Departament, University of Cluj, R—3400 Cluj, Remania
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At this point we note that for a molecule, many linear formulae may be s
up, differing’in the sequence (numbering: of atoms), b, eventually the adj:
cency matrices describe essentially the same structure. If some additional rule
are observed in writting LF (10 TUPAC rules), the adjacency matrix coul
unequlvocally be related to a s eqﬁed molecular geometry. From this poir
of view, our LFI may also be of interest in fragmen’c recognition for QSA
studies. , .
Line formula analvsm As a result of encoding, all atoms of a molecu
are divided in two sets: a) atoms mnot included in parenthesis — first orde
or main chain atoms and, b) those enclosed in parenthesis — Qr, suie chain
For example, if K$ = ”HC(HQ)C(CHS)CC(HQ)CH3“ the . first -order chai
contains six atoms: HCCCCH. Side chains may be concatenated. Thus, tt
n-th order chain starts with an atom belonging to: the (nﬁl) th. ‘o.nden,,gchm
and ends with a monovalent atom.
The program accepts as many concatenated <,.1d«z- chams as are necesary 1
describe any complex structures. In the above cxample C,—C—H, Cg—C—
C, —C—C—H are second order chains. Once K$ entercd, the computer 1001
for pairs .of brackets ”[...]" and extends K$ vnth the content of each pa
according to its multlphaty : : ’

H[C(H2)4H H—CH,—CH, CH*CH H

In the next: step, the conjugation of parentheqs is analwsed For thls, KS
read from left to right, searching for ”)“:and "(* symbols. Each time, the fire
opened parenthesxs found, palrs the last unclosed one: - , IR

'
B

| .
,H.C(' )C(CH )(C(Hz),,(?lfI )C(’ )C,P,IzH St
After parenthesis and brackets havc been located and paxred the 1dent1f1cat1c
of chemical symboals follows. For each curent chemical symbol,: left side ar
right -side neighbours are searched, until the complete set of neighbours .
established. and, hence, the adjacency matrix is known. - . AT
Moleeular geometry. In order to' compute the cartesmn coordmates ‘
atoms, first, a planar formula of the compound is “written®. The main cha:
is put on the Ox axis, the first, monov
"‘lent atom, being located ' at ‘thé origi
Second order chains lay. perpendicular -
the Ox axis (on Oy) and start each tin
with an atom 'on Oxi“Third otder chai
are perpendicular to Oy (parallel to O
and so on. The bond lehgths are take
from SGEOM file. As starting points, the
bond lengths may be taken as the sum
covalent rddii of atoms.

R

Such a plandr graph for 2-methy
propane is shown in figure 1

T.¢ 1 The planor groph of 2-methyl- . )
propane Now rotations should be applied
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each’ a’com till all bond angles reach the
values taken from SGEOM file. In the exam-
ple of fig. 1 the rotations are done to make
tetrahedral angles. (Figure 2)

"It is' mecessary, also to get' the cor-
fect onentatlon of “higher order chains so
that dihedral angles reach the desired va-
lues. “The dlrectldn of 'the’ rotation axis is
dbtained “'as a double : vectorial product
K (T X)) (ngdre 3). o
vxhere ﬁi 15 a umtary vector bisecting (7,* -
o) angle ;
All these geometrlcal transformations are per-
formed by FROTATE subroutine which rota-

tes & set' of pomts along a rotation axis ha- o ? o R
ving specified its directory cosines. The po- N : o
in{s to -be rotated are selected by subroutine., = * o e

FSEL. This procedure uses the topological Fig. 2. Rotations: applied to the
matrix .and' fragments the molecule in a fi- planar structure of fig. 1 to get
xed and a.mobil part, respectively. The first: tetrahedral bond augles ‘
atom of the mobil fragment is identified and . .

the mobil fragment includes all atoms which have at least one. path conuectlng
thetm with the first atom.. - . x

I After ail-higher ordet'chain rotatlons haxe been Lomphshed mxssmg mono-
valent (terminal) atoms are added if necessary. The standard geometrical para-
meters from SGEOM file: af"fords thb %tag,gucd conformatmn of mok(ule to be
romputedl o 00

fydw"s*ystéms From ‘topologiba} point of view, the Cydua‘non is assured by
elimifiatioli of two mionovalent atoms from the molecular graph. The adjency
matrix and the list of ligands bound to each atom are, conscquently, rearran-

S TR T T PI

O R NN . : . . N

Fig. 3. Setting up a relation oxis around a ,methylenc® croun
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ged. For usual 3, 4, 5, 6 and 8-atomic cveles SGEOM enables standard confor
mations (chair-boat for cvelehexane, chari-chair, chair-boat for cyclooctan
etc.) For other desired conformations, geometrical parameters should be provide
through DATA statcments.

Our algorithm affords alse a direct correlation of a configuration (steri
isomer) and the wav of encoding the structural formula. Thus, the configuratio
is completely determined by the relative positions of ligands in the linear fot
mula. For example, in unsaturated compounds —C(L1)=C(L2)—, the ligand
L1, 12 enclosed in paranthesis are disposui in the same part of the n bond
For a saturated chain .. C(LI)}(L2)C(L3)(I.4) ..., L1 and 13 are in freo posi
tions ; I,1 and 1.4 in eritro positions lcsp\(tl\( If this is a fragment from .
cyclic system, 1.1, 1.3 are in trans, and L1, 1.4 in cis. For a chiral carbon ator
LI1C(L2)(L3)(L4), according to the usual rules (81, we assume an R configu
ration if L1 < 1,2 <~ L3 < L4. For other arrangcements of ligands, the configu
guration will depend on the number of permutations which lead to the abov
sequence.

Programing detalis, The computer program was written for a COMMQ
DORE 64 with BASIC extension which supports high resolution graphics. .
decoded structure may be visualized through usual ball and stick models ¢
by spacefilling. It can be rotated in space in any direction (Newmann projec
tion may result in this way), or translated at will. Also copies on to a graphi
printer are available. A special interactive routine have been devised to mc
dify and control the geometrical parameters. As the longest string accepted b
the C-64 system may not exceed 80, and, on the other hand, long line fo1
mulae are not easy to input, a file — FRPIIE — containing ‘the most com
mon miolecular fragments have been created. Making use of this file, comn
plex structures may be constructed from their simpler fragments, by indica
ting the positions where these fragments should be appended to the mai
chain of molecule. The {low chart of the program is shown in the Appen
dix. '

Concluding vemarks

The algorithm presented in this paper may be coded on any other compu
ter able to operate on string variables. Some of the advantages we would lik
to stress are:

-- the operation is very easy, as coding the formula, practically differ
very little from the usual chemical language.

— Chemical structures may be automatically generated {rom the lin
formula, or semiatomatically, when the fragment option is employed. Both ¢
these alternatives, however, support each other.

— The program is modular, most of its parts call merely the same basi
routines. It may be easily extended by adding up new procedures.

— the observation of some simple encodig rules establishes a univoqu
lire formula- structure relation.
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APPENDIX
MATHEMATICAL OECODER ROUTINES GRAPHICS AND
ROUTINES CONTROL ROUTINES
- 3t CO0E EDITOR SELECT OPTIONS]
1 | E—
PUT IN FORMULA ! !
COMPUTE THE BOND | 1
BRACKET ANALYSER LENGHTS
COMPUTING VALENCE
_ISCALAR PROOUCT ATOM IDENTIFYER ANGLES
TO NORMATE VEC~
TORS ki
ATIACENCY MATRIX, “ COMPUTING OF INTER-
COORDINATION NR ATOMIC DISTANGES
OF ATOMS
VECTORIAL PRODUCT
TO FIND THE ROTA-
TIONAL AXIS FOR ' .__.[ GEOMETRY EDITOR ]
BENDING 20 -STRUCTURE
I "——T‘
FRAGMENTATION: ——————{ GRAPHICS ]
DEFINES ATOMS BENDING FOR 30°
TO BE MOVED N STRUCTURE _
A GIVEN TRANS- I \ggmﬁg
FORMATION APPEND ; ERMINAL
ATOMS

ROTATE A FRAGMENT|
L | AROUND A GIVEN
AXIS

ORIENTATION ALONG
A GIVEN AXIS

CLOSING CYCLES

NEWMANN

PROJIECTIONS
AOJUSTEMENT OF BOND LENGTHS,

BOND OR DIHEDRAL ANGLES

— The adjacency matrix, automatically obtained during the analysis of
ine formula may be used further in calculation of topological indices, useful
y ) )

n QSAR studies.

.A. J Stuper, W. E. Brugger,
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o ' S .. - L .. .
The, paper proposes a general fprmulation and- p systematic nomenelature of
the heteropolyovometalate anions. Some relevant examples are p’i‘eée&x’ted
Hetgropoly anions rcprcsent a distinct class hmoﬂg the eoor»dmg‘tmn compo-
unds generally and the polyions espedially; they gre chatddterized by high
svmmetry, - cohesion and stabil 1t5 of the 9tmctura1 pattermsa i

Heteropolyanions are usually known under the mos’c common and wide-
spread formuta ghat has <onsacratcd them coeento
< SRR I
X, O (1)
i' tavay lﬂ:.
correspondinig to a cage- ixke strtécturc, 'ha’c o11s4sts 01 quasmc‘cahedral MO,
groups, in witich a transitional metal M gadduldum) dwevordinatdd by oxygen
atoms (oxo hqands), and which are con lulsui au,l]n.(’l o1 b Yﬂt‘?!‘ ‘heteroatoms
X (actually, primary group(s) NG, n =178 85 12). Hr‘f‘j\l() groups share

edges, corners and edges or corners and faces Q\n}r‘h"o e "m(ﬁ‘h T.

In the last few ‘vears, {or ;’nc i ditional t(rm of xuuropnk'amons that
shows onlyv the existence of a polyanici containiny oue or more heteroatoms,
some alternative terms have been propescd, such-d@8 polvoxoanions, which un-
derlines the unic or majoritary ligand nature, or heteropolyvoxometalate anions,
which also specifies the addanda naturc. in the present paper, we prgpose to
use the term hetcropolyoxonmhlate anions (HPOM—A), which we con51dere to
be more appropiate and suggestive. . Ch

In spite of the fact that numerous articles are dedicated to HPO‘V[ A,
only a restricted number of systematic works, such as general monographc
[1—3] or extended studies [4—14!, of which few are recent, are mentioned
in the litterature. '

Formulation of HPOM—A. In the last twenty years, numerous research
has led to the synthesis of more and more complicated heteropolyoxodnionic
structures, that got farther and farther from the traditional formula” (I). HPOM

—A with mixed addenda, HPOM—A "ligands® and' “complexes®, HPOM —
with organic or organomctalhc groups are conclusive L\amples in’ this Sense.
The aspects presented explain the diversity of classifications and formula‘qon‘

used for HPOM—A by various authors. S TR

* Institule of Chemistry, 3400 Cluj-Napoca, Roviania vt Ched et

** University of Gluj:Napoca, Faculty of Chemical Technology, 3400 Cluj- J\ppgca, Rongama. o - 4
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In our view, a general formula, mcludmg the HPOM~—A known up to the
»resent is of the type: ; ‘ o

HEXs ... Zgoo M ... O, .87, (2)

here H == non-substitutable hydrogen E = encripted cation, X = primary
eteroatom, Z == secondary heteroatom, M = addendum, O == oxygen (oxo),
. = ligand different from oxo, and ... may indicate the existence of more
hemical: species with the respective function.

“‘According  to the general formula (2}, the heterOatoms are placed before
1e‘~~addenda. In the case of HPOM-— A" with heteroatoms in non-equivalent
tes (primmary and secondary), the primary heteroatom (or the primary hete-
»atoms, noted in alphabetical order of the symbol) is always placed betore- the
econdary heteroatom (or:the secondary heteroatoms noted in alphabetical order
f the symbol).

“In the case of HPOM=—A with mixed addenda, the addenda are noted
i alphabeticil order of the symbol. In the case of the presence of one or more
gands -other . than oxo, which' coordinate either the primary heteroatom or.
1e secondary heteroatom, or are introduced by substitution reactions, these
gands are placed after oxygen in alphabetical order. The non-substitutable
ydrogens -are placed at the beginning of the formula, while those belonging to
polyatémicligand are included in the respective ligand (ex. OH, H,0). Finally,
1e encripted catioi in I HPOM—A: cryptates.is placed before the heteroatoms.:
he anion can be. preceded by a symbol indicating  the isomer. The inclusion
. theianigu in.square brackets is-optional. Square brackets are obligatory only.
hw the HPOM—A is noted with the external cation(s) in case of. an acid
IRPOM acid) or a salt (HPOM compound) formula.

An alternative formula, with a modlfled sequence of the constltuents is’
imitted in the case of HPOM—A “complexes”, which are formed by the
yordination of a cation Zasa secondary heteroatom by a HPOM—A “ligand”,
1e latter being in a proportion higher than 1. In the alternative formula, of

1e type Z, (HPOM—A “ligand“)y ", where n > 1, the secondary heteroatom
placed before the HPOM—A “ligand”. :

Nomenclature of HPOM — A. The current nomenclature of heteropolyanions,
commended by ITUPACin 1970 [15], is far too simple to be applied to com-
icated stryctures. On the other hand, the nomenclature of polyanions sug-
:sted’ by Jeannin and Fournier [3] and recommended by IUPAC in 1987 [16],
hich offers structural information and allows isomer differentiation, is too
aborate for routine names. Therefore, HPOM—A with complex structures are
dmarxly presented under a certain formula without belng named.

To name the amons that represent the subject of this paper, we shall use
systematic nomenclature, which can be properly apphed to the known HPOM
-A, unless particular structural data are in view : : .

1. Indication of Constituents.
1.1. The followi ing order and rules are recommended for generalconstltuents.
©:1.1.1. The groups containing addendum are indicated by naming ithe cha-
icteristic element ‘(usually, 'by 'the Latin name, with the elision of the +(ijum



48 A. PATRUT et al.

termination, except for tungsten, which has the specific English name, witl
the elision of the -en termination), with the -o termination (ex. molybdo, va
nado, niobio, tantalo, respectively tungsto). In the case with more than on
chemical species as addendum, the different gropus are indicated in alphabe
tical order. In the case with more ionic species ol the same element as adden
dum, the corresponding groups are indicated in decreasing order of the oxidatios
number.

1.1.2, The primary group(s) containing the primary heteroatom(s) is{are
indicated by naming it. (them) as anion, with - ate termination (ex. phos
phate, silicate, antimonate, ferrate). In the case with more than one chemica
species as primary hetceroatom, the different primary groups are indicated i
alphabetical order.

1.2. The following order and rules are recommended in the case with on
or more particular constituents:

-1.2.1. The group(s) containing the secondary heteroatom(s) is (are) indicater
by naming the characteristic clement (usually, by the Latin name, identical witl
or different from the English name, with the elision of the -(ijum termination
except some cases, which have the specific English name, with the elision o
final letters), with the -o termination (ex. chromo, mangano, ferro, cupro, res
pectively tungsto, nickclo, antimono), just before the groups containing adden
dum, In the case with more than one chemical species as secondary heteroa
tom, the different groups are indicated in alphabetical order,

1.2.2. The cienipted cation 1s indicated by the Faglish name in two brac
kets : round inside and square cutside, before the gmup( 5) containing primars
heteroatom.

1.2.3. The non-substitutable hydrogen(s) is(are) indicated in round brackets
before the ()11’101‘ constituents.

1.3. The following rules are reconendaed for ligands:

1.3.1. ()_\o ligands (oxvyged wtots) are not mdicated as such,

1.3.2. Ligauds ditferent tom oxo are matcated in square brackets, direc
tly after the groups they are part oi. For non-terminal ligands that simulta
neously coordinate atoms with diticrent functions, the following coordinatior
priority is considered @ prinary heteroatom, secondary heteroatom, addendum

2. Notations, Prelixes and Graphical Signs

2.1. General and particular constituents are separated by hyphen.

2.2, The stoichiometric proportions of the constituents different from ox¢
are indicated by an Arabic numeral that precedes their name. Numerical Greel
prefixes should be avoided, as they are considered inadequate for large propor
tions. The hyphen placed after the numeral is optional.

If the Arabic numeral which indicates the stoichiometric proportion ma;
generate confusions with reference to the name of a constituent, supplementar;
round brackets are used to include its name.

2.3. The HPOM —A charge is optionally indicated at the end of the name
in the Ewens-Bassett system (by an Arabic numeral, followed by the charg
sign, placed in round brackets).

2.4. If necessary, the oxidation number of primary heteroatom(s) andjo
secondary heteroatom(s) andjor addendum (addenda) and/or encripted catio
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is indicated in the Stock System (by a Roman number, placed in round brackets,
directly after the name of the corresponding constituent).

2.5. If necessary, the isomer is indicated at the beginning of the name, by
a chara;:teristic Symbol, simple or complex, followed by hyphen (ex. a—, Rx—,
a—A—).

3. Particular Cases

3.1. For HPOM—A with heteroatoms in non-equivalent sites, formed by
the coordination of one or more cations as secondary heteroatom(s) by a HPOM
—A as ligand, the latter in a higher proportion than 1, an alternative name is
admitted, according to the following order and rules:

3.1.1. The group(s) containing secondary heteroatom is(are) indicated as
such, preceded by an Arabie numeral, which indicates the proportion, and fol-
lowed by hyphen.

3.1.2. The HPOM—A with the role of ligand is indicated with the complete
name (exception the charge), according to the above mentioned rules, points
1 and 2, in round brackets, square brackets or braces, preceded outside by a
multiplicative numeral, which indicates the proportion (ex. bis, tris, tetrakis).

3.1.3. The charge of the whole HPOM—A is optionally indicated, in the
Ewens-Basset System.

A systematic nomenclature in Rumanian was also proposed [17].
Exemplifications. Finally, we present some relevant examples for the pro-
posed formulation and nomenclature :

A) Common HPOM—A
a) with primary heteroatom(s) and identical addenda

TeMoeO®7 6-molybdo-I-tellurate (6—)
NinWgOIg(OH)g_ 6-tungsto-I-nickelato(ll) [6-hydroxo] (4—)
SiMo120i(7 12-molybdo-1-silicate (4—)
a-PW120s- a-12-tungsto-I-phosphate (3—)
R-SiWuO” R-11-tungsto-lI-phosphate (8—)
a-A-PW A a-A-9-tungsto-Il-phopshate (9—)
HSiWeOlIr (1-hydrogen)-9-tungsto-1-silicate (9—)
p2wlgog- 18-tungsto-2-phosphate (6—)
a2-P2W170\»- a2-17-tungsto-2-phosphate (10—)
b) with different primary heteroatoms
AsvPWIgO~ 18-tungsto-1-arsenate(V)-1-phosphate (6—)
c) with mixed addenda
SiV2WIo0®0 10-tungsto-2-vanado-1-silicate (6—)
P2MoWIgOJ»- 1-molybdo-16-tungsto-2-phosphate (10—)
d) with reduced addenda (HPOM—A blues; heteropolyblues)
SIWnWvOfi- 11-tungsto (V1)-1-tungsto (V)-1-silicate (5—)
p2vvvivwigo?- 16-tungsto-2-vanado (V)-1-vanado(IV)-2-phosphate (9—)

4 — Chimia ar. 2/1889
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B) HPOM—A with primary and secondary heteroatoms
(HPOM—A with heteroatoms in non-equivalent sites)

PMnnMo2W9039(H20)5~I-mangano(l1) [I-agua]-2-molybdo-9-tungsto-I-phosphate

CoinConWnO39(H20)7 f-ScobaIto(I 1) [I-aquaJ-ll-tungsto-I-cobaltate(l11) (7—)
SiCollW11039(02)e_ I-cobalto(Il) [I-dioxygen]-ll-tungsto-I-silicate (6—)
SiCo3nWI039(H20)J0_  3-colbalto(H) [3-aqua]-9-tungsto-I-silicate (10—)
PNillW11039(C5H5N)5_  I-nickelo(ll) [I-pyridine]-ll-tungsto-l-phosphate  (5—)

PConWuO33(CH3-C5H4N)5-
(the CH3 — group is located at position 2)

1-cobalto (11) [1-(2-methylpyridine) ]-11 -tungsto-1-phos-
phate (5—)
UNMPWUO,,)?- I-urano(1V)-bis(l 1-tungsto-1-phosphate) (10—)
CelV(a2—P2W170ei)20-  1-cero(lV)-bis(a2-17-tungsto-2-phosphate) (16—)

C) HPOM—A cryptands and cryptates
a) HPOM—A cryptands

Sbhiniw21016" 21-tungsto-9-antimonate(l11) (19—)
AstinW400420~ 40-tungsto-4-arsenate(l11l) (28—)

b) HPOM—A cryptates'
NaSbh9niw2108e_ [(I-sodium)]-21-tungsto-9-antimonate(l11) (18—)
KAs4iiiW400440_ [(I-potassium)]-40-tungsto-4-arsenate(l1l) (27—)

(NH4)As411Co211W400140(H20)i3_
[(1-amonium) ]-2-cobalto(l1) [2-aqua]-40-tungsto-4
arsenate(lll) (23—)
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The synthesis of some heteropolyoxometalate anions containing heteroatoms in
non-equivalent sites of the types PrMo”8039(HrO)6~ and P,ZMoW!Ie

(where Z = MnH, Nill, Cnli), with modified Keggin and modified Dawson
structure respectively, is presented.

Introduction. Some heteropolyoxometalate anions (HPOM—A) may acl
as multidentate ligands towards metal cations, with formation of complexes,
according to a general reaction:

m?+ + nHPOM—Aiigand4-  Zm(HPOM-Alismd)?”-ce>- (;

The reaction product is in its turn a HPOM—A containing primary anc
secondary heteroatoms in the structural pattern.

The most well-known and studied ligands are the unsaturated monolacunarj
Keggin and monolacunary Dawson HPOM—A of the types XMIIOJ~ and
X2M17® - respectively (where X = primary heteroatom, M = addendum, O =
= oxygen). These monovacant anions formally resuit from the saturated com-
plete Keggin and complete Dawson HPOM—A of the types XM1L20j~ and
X2M180Jr respectively, by the élimination of a MOx+ unit., i.e. an addendum
M and its terminal oxygen. Monolacunary Keggin and monolacunary Dawson
HPOM—A, with defect-structure, which are deficient in a single MOe octahedron.
contain a cavity delimited by five oxygen atoms. Metal cation binding occurs
at the vacant site.

Towards transitional cations, the cavity O5acts as a pentadentate ligand,
forming complexes of stoichiometry m:n = 1: 1. The transitional cation is
coordinated as a secondary heteroatom in the centre of the octahedral cavity.
in the site corresponding to the absent addendum M. The sixth coordinatior
site, which is terminal, is occupied by another ligand, frequently H20, satisfyinj
the coordination number 6 of the secondary heteroatom. The structure of the
HPOM—A thus formed is called sometimes modified Keggin and modified
Dawson respectively.

The cations of lanthanides and actinides have the coordination numbei
8 and are too large to enter inside the cavity O5 With the above mentioned

* Institute of Chemystry, 3400 Cluj-Napoca, Romania
+¢ University of Cluj-Napoca, Faculty of Chemical Technology, 3400 Cluj-Napoca, Romania
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monolacunary HPOM—A, they form complexes of stoichiometry m:n = 1:2,
In this case, the cation is coordinated externally as a secondary heteroatom in
the centre of a square antiprism, belonging to two monolacunary HPOM—A,
each functioning as a tetradentate ligand (the oxygen also belonging to the
primary group XO4 takes no part in the coordination).

The first 1: 1 HPOM—A "complexes* where synthetized in 1956 by Baker
and McCutcheon [1], but they where characterized and correctly formulated as
complexes of Co2+ with monolacunary Keggin HPOM—A only in 1966 [2].
Malik and Weakley have extended these studies on monolacunary Dawson HPOM
—A, obtaining and characterizing 1 : 1 complexes with transitional cations [3, 4].

Peacock and Weakley have synthetized the first 1:2 complexes of lantha-
nide and actinide cations, with monolacunary Keggin and monolacunary Dawson
HPOM-A [5].

Further research has demonstrated that other lacunary HPOM—A, usually
multivacant, like PWIO”, P2WieOes_, SbIW2LOI™ or AsNjoOM®", may form
complexes of different stoichiometries with metal cations [6].

The different terms used by various authors for complexes of metal cations
with HPOM—A as ligands are more or less ambigous. We consider the term
HPOM—A with heteroatoms in non-equivalent sites, which makes a clear dif-
férence between primary and secondary heteroatoms, to express adequately
the definite characteristic of the studied complexes. We also admit the simpli-
fied term of HPOM—A "complexes", although obviously improper, since HPOM
—A as such are complex combinations, this being the traditional name for coor-
dination compounds. Ail the same, pleonastic terms, like HPOM—A "ligand"
or HPOM—A "complex™ distinguish effectively the role of the reactant and the
reacti(or; product respectively, in reactions of the type described by the équa-
tion (1).

Results and Discussion. The aim of the present workis the study of the
formation reactions, properties and possible practicai applications of 1:1 com-
plexes of some transitional cations with unsaturated lacunary HPOM—A. The
resulting complexes are HPOM—A with heteroatoms in non-equivalent sites.
The first paper is devoted to the synthesis of the HPOM—A.

The reported HPOM—A are formulated and namee according tot he formula-
tion and nomenclature proposed in previous papers [7, 8].

As ligands have been selected HPOM—A with mixed addenda, with mono-

lacunary Keggin and monolacunary Dawson structure respectively, of higher
stability within the corresponding sériés :

PMo2W903e_ 2-molybdo-9-tungsto-I-phosphate
P2MoWIe0JJ- 1-molybdo-16-tungsto-2-phosphate

The unsaturated character of the ligands, due to their defect-structure,
gives them a particular reactivity towards metal cations Z(z+), such as some
divalent transitional cations: Mn2+, Ni2+, Cu2+

By the rapid reaction of the lacunary HPOM—A with the mentioned tran-
sitional cations, 1: 1 complexes are formed, representing HPOM—A with hete-
roatoms in non-equivalent sites.
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The preparative method consiste in direct mixing oi rne aqueous solution
of a soluble slat (potassium, ammonium) of the monolacunery HPOM—A and
a soluble sait of the Z(zt) cation, at pH values in the optimum formation
range (for orientation, this range is situated between pH = 3—5). A correspon-
ding soluble sait (potassium, ammonium) of the HPOM—A with heteroatoms in
non-equivalent sites is obtained.

The developing reactions may be resumed in the following équations:

PMo2WeO8J- + Mn't — PMnnMo2W9039(H20)5- 2
I-mangano(l1) [1-aqua]-2-molybdo-9-tungsto-I-phosphate

PMo2WI03r + Nit) -» PNiHMo02W9039(H20)5_ (3)
I-nickelo(Il) [1-aqua ]-2-molybdo-9-tungsto-I-phosphate

PMo02W9039" + Cuf£ -> PCunMo2W9039(H20)5- (4)
I-cupro(ll) [I-aqua]-2-molybdo-9-tungsto-I-phosphate

and

P2MoWI160’J- + Mn" — P2MnnMoWieOel(H20)«- (5)
1-mangano (1) [1-aqua]-1-molybdo- 16-tungsto-2-phos-
phate

P2MoWieOJ’- + Ni’, — P2NiHMoWieOei(H20)8~
1-nickelo (1) [1-aqua]-1-molybdo-16-tungsto-2-phosphate

P2MoWIeOJI- + Cu~ — P2CullMoWIle(H20)8-
I-cupro(ll) [1-aqua]-lI-molybdo-16-tungsto-2-phosphate

The cation Z<z+) (Z = Mn2+, Ni2+, Cu2+) is coordinated as a secondary
heteroatom inside the cavity delimited by five oxygen atoms of the mono-
lacunary HPOM—A "ligand™. The sixth coordination position on the secondary
heteroatom Z is occupied by a constitutional water molecule. The saturated
HPOM—A obtained exhibit a modified Keggin and modified Dawson structure
respectively.

The potassium salts of the synthetized HPOM—A have been analyzed by
chebrlnical and physical-chemical methods. The results obtained are presented in
Table 1.

Experimental. Synthesis. The synthesis of the potassium salts of the
studied HPOM—A has been made in two steps.

In the first step, the potassium salts of the HPOM—A with ligand role,
K7[PM02W9039] + 13H20 and K10 [P2MoWieO61] + 19H20 respectively, have been
prepared by the methods described in the littérature [9—11].

In the second step, the potassium salts of the HPOM—A with heteroatoms
in non-equivalent sites have been prepared according to the following procedu-
res:

a) Synthesis of K5[PMnMo2W9039(H20)] + 14H20. K7[PM02W9039] + 13H20
(15 g) is dissolved in water (500 ml) and the pH adjusted to 4 with HCI 6N.
The solution obtained is heated to 60—70°C, then a second solution containing
MnCI2 + 4H20 (1 g) dissolved in water (25 ml) is added dropwise, with stirring.
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Table 1

Analytleal results tor HPOM potassium salts
K P z Mo w H.O

HPOM compound M\?J:icgur:?r (Mn, Ni or Cu)
(%) (%0) (%0) (%) (%0) (%)
. K6[PMnMo2W/,032(H20) ] 3022.16 6.70 1.04 1.95 6.28 ' 55.90 8.84
14H20 (6-47) (1.02) (1.82) (6.35)  (54.75) (8.94)
K,[PNiMo,W,0,,(H,0)J 3007.92 6.78 1.01 1.99 6.30 55.80 8.57
13H20 (6.50) (1-03) (1.95) (6.38)  (55.01)  (8.39)
K, [PCuMo?W,0O,,(H20)] 3030.76 6.60 1.04 211 6.42 53.85 8.96
14H20 (6.45) (1.02) (2.10) (6.33)  (54.60)  (8.92)
K,[P,MnMoW1,0,1(H,0)] 4785.50 6.97 1.32 1.22 2.05 63.02 7.08
18H.0 (6.54) (1.29) (1.14) (2.01)  (61.47)  (7.15)
K.fP.NiMoW”"O.xfH.O)] 4789.27 6.16 1.30 1.20 1.97 63.53 7.05
18H,0 (6.53) (1.29) (1.23) (2.00) (61.42)  (7.15)
K,[P2CuMoW1,0,1(H20)] 4812.12 6.80 1.32 1.28 2.02 62.85 7.46
19H20 (6.50) (1.29) (1.32) (1.99)  (61.13)  (7.49)

¢ calculated values in brackets

Yellow-orange crystals separate on cooling, are filtered after 48—72 hours
and recrystallised from hot water acidulated to pH 4.

b) Synthesis of K5[PNiMo02WeO39(H20)] + 13H20. The préparation is made
as in the case of a), with the différence that the second solution contains
NiCI2 + 6H20 (1,2 g) dissolved in water (25 ml). Paler green crystals are ob-
tained.

c) Synthesis of K5[PCuM02W903e(H20) + 14 H20. The préparation is made
as in the case of a), with the différence that the second solution contains
CuCl2 » 2H20 (0,85 g) dissolved in water (25 ml). Paler light green crystals
are obtained.

d) Synthesis of KB8[P2MnM0WieOel(H20)] + 18H20. Kip [P2ZMoW!160ei] °
» 19H20 (24 g) is dissolved in water (500 ml) and the pH adjusted to 4 with
HCIl 6N. The solution obtained is heated to 60—70°C, then a second solution
containing MnCI2 + 4H20 (1 g) dissolved in water (25 ml) is added dropwise,
with stirring. Brown-reddish crystals separate on cooling, are filtered after
48—72 hours and recrystallised from hot water acidulated to pH 4.

e) Synthesis of K8[P2NiMoWIleOei(H20)] + 18H20. The préparation is made
as in the case of d), with the différence that the second solution contains
NiCI2 » 6H20 (1,2 g) dissolved in water (25 ml). Light green yellowish crystals
are obtained.

f) Synthesis of K8[P2CuMoW160ei(H20)j + 19H20. The préparation is made
as in the case of d), with the difféerence that the second solution contains
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CuCl2 » 2H20 (0,85 g) dissolved in water (25 ml). Very pa”™ green crystals
are obtained.

Analysis. Potassium was precipitated and weighed as K[B(CeH5)4],

Phosphorus, molybdenum and tungsten were estimated after alkaline dégra-
dation to boiling with NaOH 6Nand séparation of Mn(OH)2, Ni(OH)2 or Cu(OH)2

Phosphorus was estimated by gravimetry after precipitation with NHiMgPO/4
and igntiion to MgP207.

In order to estimate tungsten and molybdenum, the alkalinized sample was
treated with HCI 6Nto pH < 1, boiled, precipitated with a-benzoinoxime and
ignited to WO3 and MoO3. Tungsten was extracted from the précipitation with
ammonium solution, acidulated to boiling 'with HCI 6N, precipitated with cin-
conine and ignited again to WO3. Molybdenum was calculated by différence.

Manganese, nickel and copper were estimated after décomposition with
HCI 6N of the corresponding hydroxide, formed by alkaline dégradation.

Manganese was estimated as MnOf by spectrophotometry, after a preli-
minary oxidation with K21207.

Nickel was precipitated and weighed as nickel salicylaldoxime.

Copper was precipitated and weighed as copper salicylaldoxime.

Water was estimated by thermogravimetry.

Conclusion. HPOM—A with heteroatoms in non-equivalent sites, of the
types PZMo2WBO39(H20)5- and P2ZMoWIeOei(H20)8- (Z = Mnll, Nill, Cull),
with modified Keggin and modified Dawson structure respectively, have been
synthetized.

The chemical analysis of potassium salts of anhydrous HPOM—A has

been achieved.
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THIOCYANATO-CHROM(IIl) — KOMPLEXE IN DER CHEMISCHEN
ANALYSE. 44. Mitt. Bestimmung von Pyramidon mit
Thiocyanato-chrom(l11) — Komplexen

ION GANESCU, MIRCEA PREDA and MARGARETA BOROS

Eingegangen am 10 August 1988

Thiocyanato chromium (111) complexes in the Chemical Analysis, 44. Part. De-
termination of pyramidone with thiocyanato-chromium(l11) Complexes

A number of 6 new complex salts of Pyramidon with Reinecke acid analogous
thiocyanato-chromium(l11) complexes: Pyr. H Cr(NCS)4(amine)a were obtained.
These slightly soluble salts have been used forvolumetric (oxid’rrrrie and
complexometric) and spectrophotometric détermination of the mentionedp yraza-
lone derivative in various pharmaceuticals.

Die heterocyclischen N-Basen bilden mit Thiocyanato-chrom(lll)-sauren,
wie H3 Cr(NCS),, H Cr(NCS)4(NHB3)2, usw. im Wasser sehr schwer l6sliche Salze.
Diese Verbindungen kodnnen zur quantitativen Bestimmung der N-Basen in
reinen Arzneimittelpraparaten verwendet werden.

In friheren Mitteilungen 1—4 haben wir einige gravimetrische, oxidime-
trische und spektrophotometrische Methoden fiir Alkaloide und heterocyclische
Amine mit pharamazeutischer Bedeutung beschrieben.

In Portsetzung dieser analytischer Arbeit beschreiben wir volumetrische
und spektrophotometrische Methoden fir die Bestimmung des Pyramidons mit
einer N-heterocyclischer Struktur.

Experimenteller Teil. Reagenzien : Die Reineckesalzanaloge VVerbindungen : Amin.
Cr(NCS)4(Amin)2 wurden durch Substitutionsreaktionen aus K., [Cr(NCS)6] mit
aromatischen und heterocyclischen Aminen ohne Ldsungsmitteln erhalten. Fur
die Fallungsreaktionen wurden 2 proz.' verd, alkoholische Ldsungen verwen-
det. 5.

Pyramidon.H (Cr(NCS)i(Amin)? — Salze — wurden durch doppelte Um-
setzungsreaktionen aus der salzsaurer Ldsung von Pyramidon mit Uberschis-
siger 2% — iger Amin. H Cr(NCS)4(Amin)? — Lo6sung erhalten. Die neuen
Salze sind in der Tabelle 1 charakterisiert.

Oxidimetrisehe Bessimmung als Pyr.H Cr.(NCS4)(Anilin2) 2—24 mg Pyra-
midon in 20—25ml 2—3%-iger Salzsdurelésung werden mit Gberschissiger 2
proz. NH4 Cr(NCS)4(Anilin)2 — Losung bis zur bleibenden Rotfarbung be-
handelt. Der entstehende rotviolette Niederschlag wird abfiltriert, mit 20 ml
5%-iger NaOH—L6sung gekocht, das dabei entstehende Cr(OH)3 in HCI geldst
und der NCS- Gehalt mit N 0,1 Oxidationsmittel (KIO3, KBrO3, KMnO4) in
Anwesenheit von IClI-titriert. 1 ml 0,1 N Oxidationsmittelldsung entspiiiht
zu 0,9637 mg Pyramidon. Einige Ergebnissed sin in den Tabellen 2—3 zu-
sammengestellt.

Lehrstuhl fr anorganische und analytische Chemie der Universitat, Craiova, Ruméanien
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Tabelle 1
Neue Komplexsalze de« Typ Pyramiden.H [Cr(NCS)((AmIn)t]
. Analyse
Verbindung Mol.Gew.  Ausb.(%0)-
F- "M ydn Ber. Gef.
Pyramidon H. [Cr(NCS)4(AniHn),] 702,81 97 Cr 7.40 7,36
S 18,24 18,14
Pyramidon H. [Cr(NCS)4(Morfolin)t] 690,91 95 Cr 7,52 7,43
H S 18,50 18,42
Pyramidon H. 730,93 93 Cr 7,11 7,05
[Cr(NCS)4(p-Toluidin),J S 17,54 17,44
Pyramidon H. 730,83 94 Cr 7,11 7,02
[Cr(NCS)1(Benzilamin)$] S 17,54 17,39
Pyramidon H. 803,01 96 Cr 6,47 6,40
[Cr(NCS)4(Chinaldin),J S 15,96 15,83
Pyramidon H. 652,81 96 Cr 7,96 7,91
[Cr(NCS)4(Imidazol)t] S 19,64 19,53
Analysé: %Cr als Cr,0O,; %S als BaSO!
Tabelle 2

Permanganometrfsche Bestimmung als Pyramidon H. [Cr(NCS)4(Anllin)a]

i i Abweichung
NF Pyre:rr]ng|don Pyre::”gdon Statistische
Eingew. Gef. mg % Daten
1 1,20 121 0,01 0,83 X — 9,58
2 2,40 2,39 -0,01 0,41 S« = 71,33 *» 10-«
3 4,80 4,81 0,01 0,20 S = 8,44 ¢« IO
4 7,20 7,22 0,02 0,27 Lt = 0,237
5 9,60 9,61 0,01 0,10 tn~i, a"" 2,26
6 12,00 12,02 0,02 0,16 a = 95%
7 18,00 18,02 0,02 0,11 9,55 < 9,60 < 9,60
8 24,00 24,03 0,03 0,12 X -t S<A<X+1t S

* aus je 10 Bestimmungen, Einwaage 9,60 mg



4 1. GANESCU et al. 59

Tabelle 3
lodatometrlsche Bestimmung ais Pyramidon H [Cr(XCS)4(AnllIn)2]

. . Abweichung
N Pyr;anr;udon Pyra::z;don Statistische
Bingew. Gef. mg % Daten
1 1,20 1,21 0,01 0,83 X = 9,614
2 2,40 2,39 -0,01 0,41 S’ = 59,37. 10-¢
3 4,80 4,79 -0,01 0,20 S = 7,70. 10-«
4 7,20 7,21 0,01 0,13 ,.t7 = 0,182
5 9,60 9,59 -0,01 0,10 tn_i,a — 2,26
6 12,00 11,98 -0,02 0,16 a = 95%
7 18,00 17,97 -0,03 0,16 9,59 < 9,60 < 9,62
8 24,00 24,03 0,03 0,12

e aus Je 10 Bestimmungen, Einwaage 9,60 mg

Tabelle 4

Die Resultate der Komplexometrisehe Bestimung des Pyramidon ais
Pyr.H [Cr(NCS)4(Aallin)1]

rPyr. Zahl der Mittelwert Mittlere 0,0336 0,0143 2,26

genommen Bestimmungen X quadratische  ta tb tn_l,a a= 95%
mg mg Abweichung einer Bestimmung, S 2,26
9,60 10 9,608 3,95 10-«

Komplexometrische Bestimmung als~Pyr.H Cr(NCSi(Anilin)?

2—15 mg Pyramidon in 20—25 ml Probel6sung werden, wie oben ausgefallt,
in Aceton gel6st, in Uberschissiger 0,01 M EDTA—L3Gsung (60—80 ml) behan-
delt und zum Sieden erhitzt. Die Uberschiussige EDTA-Menge wird mit
0,01 M Zinkacetat-Lésung (NH3—NHAJ4C1 Pufferlosung, Eriochrom — T — In-
dikator) zurtcktitriert. (Siehe Tabelle 4)

F?  Spektrophotometrische Bestimmung als Pyr.H Cr(NCS)Anilin)?2

2—10 mg Pyramidon werden, wie oben ausgeféllt auf einem Glasfilter
abgesaugt in Aceton gel6st, in einem Messkolben von 25 ml zur Marke aufge-
fullt und die Extinktion der Losung bei Amax = 540 nm gemessen.

Die Ergebnisse der Analysen wurden auch statistisch verarbeitet 6. Die

Eichlb<urve ur die spektrophotometrische Bestimmung ist in Abb. 1. wieder-
gegeben.
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[H [Cr(NCS)4(Anilin),]
>maX = 540 nm; Kuvette: 1 cm.

1.1. Ganescu,

2. 1. Ganescu,

3. 1. Ganescu.

4. 1. Ganescuy,
259 (1976).

5. 1. Ganescu,

6. W. Youden:
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UBER DIOXIMINKOMPLEXE DER UBERGANGSMETALLE
LXXXI. Mitt. Neue Kobalt(lll)-chelate mit 1, 2, 3-Cyclohexantriontrioxim
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Eingegangen am August 31 1989

On the Dioximine Complexes of Transition Metals. Part LXXXI. A mun-

te of 34 new mixed chelates of cobalt(l11) of the type [Co(Triox.H1)1.5(Am)X]

+nH,O (Triox.H8-trioxime 1 (1, 2, 3-cyclohexanetrione trioxime, Am-primary

and tertiary aromatic and heterocyclic amine or phosphine, X — CI, Br, I, NCt>,

NO,) were obtained by air oxidation of the componente in the presence of am- .
monium acetate. Some thermal stability and structural problems, as compared

with those of 1,2-cyclohexanedione dioxime (Niox.Hs) derivatives ([Co(Niox.H)t

(Am)s]X) were discussed on the basis of derivatographic and IR spectral mea-

surements.

Einleitung. Wie aus unseren vorhergehenden potentiometrischen und spek
trophotometrischen Untersuchungen [1] hervorgeht, ist das 1, 2, 3-Cyclohe-
xantrion trioxim (Trioxim: Trioxim.H3) eine dreibasische, schwache Sé&ure
(pK!1 = 8,16; pK2 = 11,1).

Wegen des Vorhandenseins von vicinalen Oximgruppen im Molekil, ist
diese Verbindung auch ein Chelatbildner, wie die wohlbekannten a-Dioximen.
Im Gegensatz zu den a-Dioximen, bildet das Trioxim keine kristalline Féallungen
mit Nickel(Il) — und Palladium(ll) — Salzlésungen. Die dritte vicinale Oxim
gruppe begunstigt die Bildung von grésseren kettenformigen oder dreidimensio
nalen Raumanordnung. Die rotviolette, gelatinése Nickel(ll)—chelat—ver
bindung mit diesem Reagenz wurde zur kolorimetrischen und amperometrischen
Bestimmung des Nickels verwendet [2—4]. Dieser Komplexbildner ist auch
fur die kolorimetrische Bestimmung des Kobalts geeignet [5].

Wir haben beobachtet, dall die Wechselwirkung von Kobalt(ll) Salzlésungen
mit Trioxim in Anwesenheit von Oxydationsmitteln (Luftsauerstoff, Perhydrol)
und einzdhnigen neutralen Liganden (primére und tertiare aromatische und
heterocyclische Amine und Phosphine) und einwertigen Anionen (Halogenen,
bzw. Pseudohalogenen) fuhrt zur Bildung von im Wasser unléslichen Produkten,
wahrscheinlich, mit makromolekularer Struktur.

Die chemischen Analysen bestatigen einem [Co(Triox.H2)i.5(Am)X]m. nH O
Bruttoformel.

34 neue chelate von diesem Typ sind in Tabellen 1 und 2 charakterisiert.

+ Babes—Bolyai Universitat Cluj, Fakultat fur Chemische Technologie, 34U0 Cluj, Raumnien
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NeueChelate vom [Co(Triox.H )

CS. VARHELYI, B. BURUS, F. MARKAI

Tabelle 1

(Am) X]nH O Typ mit aromatischen und heterocyclischen Aminen

Mol.
No. Verbindung Gew. Charakteristik
ber.
1 [Co(Triox.H2)116(Pyridin)CI] * braune Co
+ 4HjO 500,6 Tafeln N
H,0
2 [Co(Triox.H2)115(Pyridin)(NO2)] * dunkelgelbe Co
+ 3HaO 493,3 Tafeln C
H
N
H,O
3 [Co(Triox.H,)lj6(y-Picolin)CI] dunkelbraune Co
+ 3H20 496,8 mikrocryst. N
H,0
4 [Co(Triox.H2)li5(T-Picolm)Br] * dunkelbraune  Co
. 3H20 541,2 mikrocryst. N
H,0
5 [Co(Triox.11,)1.5(Y-Picolm)I] . dunkelbraune  Co
« H20 552,2 mikrocryst. N
H20
6 [Co(Triox.11,)(1.5Y-Picolin)-(-NCS) ] * hellbraune Co
« H20 483,4 Tafeln N
S
H2o
7 [Co(Triox.H2)j.6(Y-Picolin) (NO,)]* gelbbraune Co
. 3H20 507,3 Tafeln N
H20
8 [CoCTriox.HjJj 6(Imidazol)-ClI] * gelbbraune Co
+ 3H20 471,7 Tafeln N
H20
9 [Co(Triox.H2)1>6(Imidazol)-Br)] * dunkelbraune  Co
+ HO 480,2 Tafeln N
H20
10 [Co(Triox.H2)2 6(Imidazol)-1] * braune Co
¢ 4H20 581,2 mikrocryst N
H,0
11 (Co(Triox.Ha)l>s(Imidazol)-(NCS)] hellbraune Co
* 3H20 494,4  mikrocryst. N
H,O
12 (Co(Triox.H2)1>e(Imidazol)-(NO2)] gelbbraune Co
+ 3H20 482,3 mikrocryst. N
H,O
13 [Co(Triox.H,)x 6(Anilin)-(NO,)j 1 gelbbraune Co
*«H,0 471,3 . Tafeln C
H

Analyse (%)

Ber.

11,77
15,40
14,38

11,94

10,95

11,86
15,50
10,88

10,88
14,23
9,98

10,85
13,95
3,70

12,19
18,84
6,62
3,72

11,61
17,95
10,65

12,49
19,30
11,45

12,27
18,96.
3,75

10,14
15,67
12,39

11,92
21,25
10,93

12,22
21,78
11,20

12,50
38,22

4,49
19.32

Gef.

12,10
15,10
14,55

12,20
33,63

4,37
18,08
10,80

12,15
15,40
10,60

11,15
14,40
10,10

10,40
14,13
3,90

11,87
18,75
6,34
3,90

11,90
17,73
10,30

12,74
19,45
11,60

12,08
18,80
4,00

9,95
15,55
12,16

11,77
21,33
11,00

12,46
21,60
11,45

12,18
39,10

4,60
19,40
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15

16

17

18

19

20

21

22

23
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[Co(Triox.HJ)1.(a->iaphtylatnin)CI] «
*HO 510,8

[Co(Triox.H2)liS(a-Naphtylamin)Br]-
* H,0O 552,3
[Co(Triox.H,)ljl(a-Naphtylamin)1]+

. 2H,0 620,3

[Co(Triox.H1)1>i(a-Naphtylamin)(NCS)]-
*+H,O 533,4

[Co(Triox.Hl)lii(a-Naphtylamin)(NOW)J .
*+H,0 521,36

[Co(Triox.H2)1(i(R-Naphtylamin)CI)]
*+ 3H,0 546,8

[Co(Triox.H,)112(R-Xaphtylauiin)Br]-
*« H20 553,3

[CoCTriox.HJj™3-Naphtylamin)!]
*H,0 602,2

[Co(Tnox.H,)1>2(R-Naphtylamin)(NO,)]
+ 3H20 557,4

[Co(Triox.H2)li2(3-Naphtylamin)(NCS)] *
+H,0 533,4

braune
mikrocryst.

braune
mikrocryst.

dunkelbraune
Tafeln

hellbraune
mikrocryst.

dunkelgelbe
Tafeln

hellbraune
mikrocryst.

braune
mikrocryst.

dunkelbraune
kleine unre-
gelmass. Kirist.

dunkelgelbe
Tafeln

rotbraune
unregelmass.
Krist.

Co

H,O
Co

H,O
Co

H,O

szOQ
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Tabelle 1 (Fortsetzung)

11,53
44,67
4,53
15,08
3,52

10,61
13,88
3,24

9,50
36,79
4,06
12,42
5,80
11,04
45,03
4,34
17,07
6,01

11,30
17,46
3,45

10,77
41,72
4,97
14,09
9,88

10,61
41,09
4,17
13,87
3,24

9,78
12,80
2,99

10,57
40,93
4,88
16,33
9,69

11,04
17,07
6,00

11,30
44,54

4,43
14,60
13,80

10,50
13,59
13,30

9,15
37,50
4,30
12,64
5,50
10,85
45,50
4,90
17,76
15,70

11,17
"17,50

3,60

10,37~
42,27
511
14,37
10,05

10,88
41,90

4,66
14,15

3,50

9,50
12,98
3,30

10,19
40,20
4,77
16,02
9,90

10,70
16,60
5,45
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Tabelle 2
Neue Chelate vom [Co(T ox.H2)1>3(Am)X].n H30 Typ mit tertidaren Phosphlnen

. Mol. Analyse (%)

No. Verbindung
ber. Ber. Gef.
24 [Co(Triox.H2)lj6(Et2PhP) -ClI] -H20 braune Co 11,04 11,40
533,8 mikrocryst. N 11,81 11,60
25 [Co(Triox.H2)li6(E2PhP)Br] .3H20 braune Co 9,59 9,10
614,3 mikrocryst. N 10,26 10,10
H30 8,80 8,70

26 [Co(Triox.HN)I,,(EtIPhP)I] 607,3 dunkelbraune Co 9,70 9,50
Tafeln N 10,38 10,19

27  [Co(Triox.H2)1.5(EtaPhP)(NCS)] 538,4 rotbraune Co 10,94 10,56
Tafeln b 5,90 5,50

28 [Co(Triox.Ha)1>6(EtPhP;(NO02)j dunkelgelbe Co 10,15 10,35

« 3t 580,4 unregelméss. N 13,26 13,60

Krist. H20 9,31 9,50

29 [Co(Triox.112)1>4(Ph3P)-Clj-2H30 braune, kleine Co 9,09 9,30
647,9 unregelmass. C 50,04 49,20

Krist. H 4,82 4,62

N 9,73 10,03

H2o 5,56 5,70

30 [Co(Triox.H2)1,3(Ph3P)-Brj-2H30 braune, kleine Co 8,51 8,90
692,4 unregelmass. N 9,10 9,40

.. ri.u 1120 5,20 5,50

31 [Co(Triox.H2)li5(Ph3P)1]-H20 721,4 chilikéibraune, Co 8,17 7,90
kKiae, unregel- N 8,74 8,60
mass. Kirist.

32 .[Co(Triox.H,)1,,(Ph3P)(NCS)] 634,5 griunbraune. Co 9,29 8,99
Kleine unregel- s 5,05 4,78
mass. Krist.

33 [Co(Triox.H2)1,i(Ph3P)(N02)J 622,4 orangebraune Co 9,46 9,75
Tafeln N 12,38 12,60

34  [Co(Triox.Ha)1>5(H20)(NCS)] * dunkelbraune Co 14,44 14,80

« H20 408,3 Tafeln S 7,85 7,20

EtjPhP — Diathylphenyl-phosphin; Ph3P — Triphenylphosphin

Diese Substanzen mit nichtelektrolytischen Charakter sind in Alkohol
und in wassrigen-alkoholischen Ldsungen unloslich. Einige Derivate l6sen sich
ein wenig in Aceton und in Acetonitril und, insbesonders in Dimethylforma-
mid, auf.

Die analoge Reaktion mit 1,2-Cyclohexandiondioxim (Nioxim) fuhrt zur
Bildung von wohl krystallisierenden, in waéssrige alkoholischen Mischungen
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loslichen, umkrystallisierbarea Produkten, wie z. B. H[Co(Niox.H)2X2],
[Co(Nlox H)2(Am)2]X, [Co(Niox. H)2(Am)X] ........

Es ist bemerkenswert, dall die Oxydation der Kobalt(ll)- salze in Anwe-
senheit von Trioxim und NaX zur Bildung von Aquo-acido-nichtelektrolyte :
[Co(Triox.H2)D>5(H20)X]m + nH20 fiihrt.

Wegen der Unloslichkeit der Reaktionsprodukte erhielten wir keine ein-
heitliche Produkte aus Na3[Co(NO2)e], NH4[Co(NH3)2(NO2)4], Na3[Co(C0O3)3],
usw. durch Substitutionsreaktionen mit Trioxim. (Unterschied von den analo-
gen Reaktionen mit Nioximl).

.Die thermische Stabilitat der [Co(Triox.H2)>(Arn)X]m + nH20-Komplexe ist
kleiner als diejenige der Nioximin-chelate. z.B. Im Falle der [Co(Niox.H)2(Am)2]X-
-Chelate findet eine partidlle Dezaminierungsreaktion beim Erwéarmen auf 160—
200°C statt. [6-9] '

[Co(Niox.H)2(Am)2]1X = [Co(Niox.H)2(Am)X] + Am '

Uber 240—260°C zerfallt sich die Verbindung ohne Bildung von stéchio-
metrischen Abbauzwischenprodukten.

Die thermische Untersuchung der [Co(Triox.H2)Ij5(Am)X] + nH20 Ver-
bindungen zeigt, dal? eine schnelle, oft explosionsartige Zersetzung (140—200 °C),
nach der Entwasserung (70—120°C), beobachten werden kann.

Einige Verbindungen von diesem Typ wurden, im Vergleich mit den
[Co(Niox.H)2(Am)2]X bindren Elektrolyten, derivatographisch untersucht. In
Abb. 1. sind die TG and DTA-Kurven der [Co(Niox.H)2(y-Picolin)2]l und
[Co(Triox.H2)IjS(y-Picolin)I] + H20 als typisches Beispiel, dargestelit.

Wie es ersichtlich, sind die Entwésserung und der Dezaminierungsprozess
endotherische _Vorgange. Die Massive Zersetzung der Komplexe im Duftathos-
phare ist eine Uberlagerung vom mehreren exothermischen, nichtstdchiometrischen

Prozessen.
Die Ultrarotspektren  einiger
[Co (Triox.H2)Ij5 (Am) X] - Komplexe
mit X = NO2, NCS zeigen dal die
koordinative Bindung in beiden Fallen
durch das Stickstoffatom verwirklicht
ist. (WN_o: 1418 (s), 1330 (m—s),
Sono: 825—830 m—s) ; Nitro-kom-
plexe mit Co—NO2-Bindung; vc N:
2080, 2110 (ss), vc-s; 740, 750 (s):
Isothlocyanato Komplexe mit Co—
—NCS-Bindung. Die bei 3260—
—3170 cm-1 auftretende breite starke
Bande (vo~h) kann zu der nicht
komplex gebundenen, teilweise an
Wasserstoffbriickenbindungen betei-
o ligten = N—OH-Gruppe zugeordnet
Abb. 1. Ther_mograylmetrlsche — und thermo- werden. Andere charackteristische
3'ffnggﬂ,?;';_,ﬁ;’(v_e;}cgﬁ;‘)a], Frequenzen dieser freien =C=N—OH
2. [Co(Tnox.H,)! .(y-Picolimlj u,0  Grupne (vc—n. yo-n) erscheinen bei

$ — Cblml« or. 2/1938
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Tabelle i
UR — Spektral Daten einiger [Co(Xlox.H)2(Am)2] X und [Co(Trlox.H1)1.((Am)X]-Komplexen

Schwingungs- VERBINDUNG
frequenz | " " v v Vi

*O-H — — — 3270-3160 s 3260-3160 s 3270-3160
vN-H 3220 3230 3210-

3150 m—s 3150 m s 3140 Hl-s

3050-60 s 3040 m—s 3050 HI—s 3060 m—s 3050 m—s 4070 m—s
4y3-H 2950 SS 2940 ss 2940 SS 2930 ss 2920 s 2920 s.

2870 s 2860 s 2860 m 2860 m-s 2860 s 2850 s
*O-H 2300 2300 2300- 2350— 2350— 2340-
(Bruckenbindung) 2350 m—s 2350 m—s 2350 m—s 2280 mr 2250 ms 2260 ms
80—H.. .0 1730- 1740- 1720- 1730— 1740- 1740-

1800 sch 1800 sch 1810 sch 1820 sch 1830 sch 1830 sch
«C=N-0H — - - 1630 s 1630 s 1620 s
'C=C 1605 SS 1605 s 1605 ss 1605 ss 1605 ss 1605 SS
*C=N 1565 s 1565 ss 1575 SS 1550 s 1550 m 1550 m
«CH, 1465 SS 1460 s 1465 s 1460 m 1460 m 1460 m

1350 s 1345 s 1340 s 1380 m 1360 s 1360 s
8NH, 1525 SS 1525 m 1510 s 1530 s 1520 s 1510 m
«NH, 1340 m 1345 s 1340 s 1330 m 1330 s 1325 ss
4N— O(Oxim) 1235 SS 1235 SS 1238 SS 1290 ss 1290 m 1250 m

1079 SS 1078 ss 1078 SS 1080 m 1075 m 1080 m
yC=N-OH — — - 1035 s 1030 m 1035 m
YO-H 970 m 970 m 980 S 970 m 980 s 970 m
YNH, 865 m 360 s 830 m 825 m 825 m 830 s
YCH, 775 SS 765 SS 765 ss 775 ss 760 ss 770 s
I. [Co(Niox.H)j(a-Naphtylamin)2Br; 1l. [Co(Niox.H),(B-Naphtylamin),]JI, 11l. [Co(Niox.H,)(Ani

linjjJBr; V. [Co(Trlox.H,)1n(a-Xapblylaninn)C1]; V. [Co(Triox.H,)IIS(R-Naphtylamin)CI] ;
[Co(Triox.HY)lib(AmIin)(NOJ)-J; (ss — sehr stark, s — stark, m — mittelstark, sch — schwach

1620—1630 cm-1, bzw. bei 1035 und 985 cm-1. Die Frequenzen der komplex-
gebundenen Oximgruppen, d.h. VC=N, VN—OH und vN—O.. sind bei 1550—
—1560 cm-1 (ss), 1240—1280 cm-1 1035—1080 cm-1 erkennbar. Fur die pla
nare geometrische Konfiguration, d.h. fur die starken intramolekularen O—H ... C
Wasserstoffbrickenbindungen charakterischen VO—H und 'O—H .. O Valenz-
und Deformations-schwingungsfrequenzen erscheinem bei 2350— 2300 cm-1 (m
und bei 1730— 1820 (sch) cm-1. Die verschiedenen Valenz- und Deformations
schwingungsof7quenzen der CH2 — Gruppen der hydroaromatischen Kerner
sind von K—rdinationseffekt nicht beeinflusst.
("C-H : 2928040 (s), 2860-70cm”1 (s), 8CH21430-1460 (m), 1340-70 cm"1 (m)
*CH2: 760—oo0r (s) cm-1.

Experimenteller Teil, 1, 2, 3-Cyclohexantriontrioxim wurde durch I1zoni
trosierung des Cyclohexanons mit Athylnitrit und nachfolgender Oximierung

des intermedidren 1, 2, 3-Cyclohexantrion-dioxims (1,3) erhalten. Das Roh-
produkt wurde aus Wasser umkristallisiert [1].

[Co(Triox.H2)jjs (Am X]m + nH20. Eine Mischung von 10 mMol Kobalt(Il)ace
tat, 20 mMol NaX (X = CI, Br, I, NCS, NOg) und 20 mMol Amin (aroma-
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tische und heterocyclische Amine, Phosphine) in 100 ml verd. Methanol (1:2)
wird unter stdtigem Umrihren mit 20 mMol Trioxim und 2 g Ammonium ace-
tat in 50 ml Wasser behandelt,’ und mit einem starken Duftstrom 3—4 Stun-
den lang oxydiert. Die rasch ausgefallende mikrokristalline Masse wird abge-
saugt, mit Wasser gewaschen und an der Duft getrocknet.

[Co(Triox.H2)Pb(H20)X]Im 1 nH20 — Derivate konnen analogerweise ohne
Zusatz von Amin-, bzw. Phosphinligande erhalten werden. (X — Cl, Br, I,
NCS, NCSe).

Analyse. Der Kobaltgehalt der Proben' wurde komplexometrisch-, C, H
and N-Gehalt nach den dblichen mikroanalytischen Methoden bestimmit.
Die thermoanalytischen Messungen wurden mit einem Derivatograph MOM
(Budapest) ausgefihrt. (Probemenge 100 mg, Heizungsgeschwindigkeit : 20°/Min.
Die UR-Spektren wurden in Kaliumbromid-Presslingen mit einem UR—20
Spektrophotometer (Carl Zeiss Jena) aufgenommen.
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LXXXII. Polarographie behaviour of some [Rh(Diox.H)2X2]*and fRh(EDTA)CI]
type complexes
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The polarographic behaviour of some anionic chelates of rhodium (I11) of the
types: [Rh(Diox.H),X2j" and (Rh(EDTA)CI]3- (Diox.H2 = dimethylglyoxime,
propoxime, nioxime, heptoxime, and octoxime, X = Cl, Br, I, NO2, N,) was
studied in different Britton-Robinson’s buffer solutions, The simple formation
conditions of these complexes and their multielectronic réduction on the dropping
mercury electrode at suitable potential values can be used for the polarographic
détermination of rhodium.

Introduction. The half wave potential of the hydrated [Rh(H20)e]3+ appears
in the presence of some noncomplexing anions and neutral organic molécules
at about O V (vs. SCE). In the presence of NH3, organic amines, phosphines,
amino-acids, oxy-acids and other complexing agents the Ei/2-value is shifted
towards more negative potential values (—0.4—1.3 V (Vs. SCE) [1—5]. The
polarographic behaviour of some analogous Co(lll), Rh(lll) and Ir(l1l) com-
plexes, especially with NH3 and amine ligands was also studied and compared
on this way [6]. Rhodium(lIl) chelates with a-dioximes were only a little stu-
died from polarographic point of view. In our previous paper [7] the réduction
of Na[Rh(Octox.H)2(NO2)2] at the dropping mercury electrode was reported.

Results and diseusson. In continuation of our investigations upon the pola-
rographic réduction of transition metal complexes in the present paper we
report on the polarographic behaviour of some chelates of the type [Rh(Diox.
H)2X2J~ (Diox.H2-dimethylglyoxime, propoxime, nioxime, heptoxime, and octo-
xime, X = CI, Br, I, NO2, N3) and of [Rh(EDTA)CI]3" in a wide pH range in
Britton-Robinson’s buffer solutions. Some characteristic polarogramms are pre-
sented in Fig. 1—3.

The numerical data are shown in Tables 1—3.

It was observed, that in the case of the dioximino-chelates of the type
[Rh(Diox.H)2X2]_ appear generally three waves. The half waswe potentials of
these waves are determined by the pH value of the supporting lectrolyte

* Sabes—Bolyai University, Faculty ol Chemical Technology, 3400 Cluj, Romania
e« Chemical Institute, 3400 Cluj, Romania
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a1

Fig. 1. Polarograms of some HRh(Diox.H)aXa type complexes with Diox.H,: aliphatic a-dioximes
1. Polarogram of H[Rh(DH),Cla] at pH = 3.29
CcomPl = 24 X 1(>-* “<a1*/1
2. Polarogram of H[Rh(DH),Cla] at pH = 8.95
Ccomp! = 24 X W' mole/l

3. Polarogram of H[Rh(DH),Bra] at pH = 3.29
Ccompl= 117 X 10-“mole/1

4. Polarogram of H[Rh(DH)aBra] at pH = 3.29
Ccompl= 117 X 10-“mole/l

5. Polarogram of H[Rh(DH)212] at pH = 7.96
Ccompl = °-97 X W4 mole/l

6. Polarogram of H[Rh(DH)a(Na)a] at pH = 3.29
CcomPl = 4-7 X W"« mole/l
(™-NaClo, = mole/1)

7. Polarogram of H[Rh(Propox.H)aCla] at pH = 7.96
Ccompl = 69 X 10 mole/l

(Britton-Robinson’s solution and NaClOj and by the nature of the chelating
agent.

The nature of the dioximine ligand influences only a little the Bi/2 values.
The influence of the nature of X is more considérable. In the presenee of X =
= N3_, appear, generally, only two réduction steps (A and B). The NO2-li-
gand makes the polarogram more complicated and more difficult to explain.
Besides the Rh(Diox.H2)-moiety, the co-ordinated NO2-groups are also reduced
at more negative potential values.

The height of the first two waves varies parallel with the concentration
of the complex (waves A and B) up to a limiting value. At more higher con-
centrations the height of the steps remains constant. This behaviour is charac-



Fig. 2. Polarograms of some H[Rh(Diox.H),X1] type complexes
with Diox.H,: alycyclic a-dioximes

8. Polarogram of H[Rh(Heptox.H),Cl,] at pH = 7.69
Ccompl = b5 x 10_° mole/l

9. Polarogram of H[Rh(Heptox.H)2ClJ] at pH = 7.96

“~,=— 15 X 10 < mole/1
10. Polarogram of H[Rh(Octox.H),Cl,] at pH = 3.29
Ccomp! = 1-2 X 10~*

11. Polarogram of HfRhtOctox.H”~CIj] at pH = 3.29
Ccompl = 12 x HO_< mole/l

12. Polarogram of H[Rh(Niox.H),(N,),] at pH = 11.20
Ccompl = 6 9 x 10-4 molell



Fig. 3. Polarogram of NagHtRhfBDTAJCI]
at pH ==3.29
Ccompl = 24 X 10_°‘ mole/1
CNaClOo, = 0,125

102 18 MONVIA =



POLAROGRAPHIC BEHAVIOUR OF RH(DIOXH)«X COMPLEXES

Polarographic data on the H[Rh(DH)2X2] type complexes

Formula

H[Rh(DH)jCls]

H[Rh(DH)aBrt]

H[Rh(DH)ala]
H[Rh(DH)a(Ns)a]

Na[Rh(DH),(NO,)t]

Supporting
electrolyte

pH-
value

Britton-Robinson's
buffer solution,
NaClO,
0.125 M

3.29
4.10
6.80
7.24
7.96
8.95
11.98

3.29
11.98

., 7.96

" 3.29
7.96

" 3.29
8.95

A

0.15
0.15
0.12
0.13
0.15
0.15
0.15

0.08
0.16

0.20
0.23
0.28
0,90
1.10

E,,, (vs. SCE)
B

0.53
0.54
0.45
0.52
0.54
0.54
0.54

0.38
0.54

0.60
0.48
0.58
1.30
1.30

1.30
1.14
1.05
1.14
1.18
1.30
1.30

1.10
1.29

1.00

71

Table 1

Obser-
vation

(X4

**

**

*

*

*oe

¢ wave ”C" présents a sharp maximum, which cannot be supressed with addition of gelatine

*eo

**** badly formed waves without proportionality to the conc. of Rh(lIl)

Polarographic data on the H[Hh(l)lox.H)2X2] type complexe

Formula

H[Rh(Propox.H,)CI2]

H[Rh(Niox.H),(N,),]

H [Rh(Heptox.H),(Na)a]

H [Rh(Heptox.H),Clj]

H [Rh(Octox.H)2Cla]

adsorptiobn wave

Supporting

pH —
electrolyte

value

Britton-Robinson’s
buffer solution,
NaClQj
0.125 M

3.29
7.96
3.29
7.96
11.20
3.29
7.96
" 3.29
7.96
11.98
3.29
7.96

0.23
0.35
0.20
0.29
0.33
0.21
0.33
0.12
0.15
0.22
0.13
0.14

En» (vs. SCE)
B

0.52
0.67

0.43
0.60
0.64
0.53

0.68
0.45
0.64

0.78
0.50
6.52

C

0.80
0.85

** the height of the well formed wave "C" is proportional to the concentration of Rh(lIl)
onlv two wave with no proportional heights to the concentration of Rh(lll)

Table 2

Obser-

vation

»

X2

*kkhkk

*

*kkkhk
*kkkhk
*kkkhk

*hkkkk

«K«
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Table 3

Polarographie data on the H3 (Rh(EDTA)CIJ complex

Supporting pH — Obser-
electrolyte value ./, (vs. SCE) vation
Britton-Robinson’s 3.29 0.96 A
buffer solution, 7.90 1.09 irreversible
NaClO4 11.20 1.12 wave
0-125 M

teristic for adsorption waves. At acidic pH — values the third wave (C) pré-
sents, generally, a sharp maximum. At higher pH-values disappears this peak
and the well defined shape of the wave "C" makes possible the accurate déter-
mination of the height of the step and those of the concentration of the com-
plex. As compared with the polarographic waves of the simple rhodium (111)
salts (e.g. RhCI3), one can observe, that the height of the third wave ("C")
of the dioximine complexes is much higher than in the case of RhCI3. This,
means, that simultaneously with the Rh(IlIl) and Rh(l) specia, the chelating
aliphatic — or alycyclic — dioxime groups are also reduced on the dropping
mercury electrode to the corresponding 1,2-diamines in an eight electronic élec-

trode process:

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

Due to the multielectronic réduction of the dioximino-chelates this form
is much more sensible for the détermination of rhodium than the réduction
of the simple rhodium salts in an analogous way. Calibration curves for RhCI3
can be takenin a conc. rangeof 1—6 X 10~4 mole/1, and in the case of Rh(Diox.
H)2X2-chelates in a conc. range of 1—7 X 10~5 mole/1.

The transformation of [Rh(H20)6]3+ in bis-dioximino-chelates of the type
[Rh(Diox.H)2X2]- is a simple reaction in a single step, phenomenon which
support the electroanalytical application of these compounds.

The considérable shift of E1/2 of [Rh(H20) ]3+ towards negative potential
values by complexation with EDTA (asingle, well formed wave of [Rh(EDTA)CI]3_
is also advantageous from analytical point of view for the détermination
of the above mentioned metal in the presenee of some other accompanying
éléments. In this case the réduction of the Rh(lll) at the dropping mercury
(Ia_lectré)de is however not followed by the réduction of the hexadentate EDTA-
igand.

Experimental. H[Rh(DH)2CI2], H[Rh(Heptox.H)2CI2] and H[Rh(Octox.H)?2
Cl2]-solutions were obtained by refluxing 2—2 mmoles RhCI3 » 3H20 with
4—4 mmoles a-djoxime (dimethylglyoxime, heptoxime, octoxime) in 25 ml
dil. methanol (2: 1) in the presenee of 1 drop hypophosphorous acid (H3PO?2),
catalyst, during 6—8 hours. H[Rh(DH)2Br2] was obtained analogously using
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RhBr3 for the synthesis. (RhBr3 forms following the scheme: RhCI3 -5"»
Rh(OH)3 -S--"RhBr3). H[Rh(Diox.H)212] and’ H[Rh(Diox.H)2(N3)2] were ob-
tained also from RhCI3 by means of the above mentioned méthode in the
presence of an excess of KI or NaN3, respectively (2 mmol Rhd3 + 10 mmol
KJ (NaN3). [8]

Na3[Rh(EDTA)CI] forms by refluxing 2 mmol RhCI3 with 2 mmol EDTA
in 25 ml dil. methanol.

The obtained yellow .., brown solutions were used for the polarographic
measurements. The complexes were also separated in crystalline state and cha-
racterized. (Results in a fortcomming E{a}ge%

The polarograms were taken on a DELKIS-TYPE-OH-120 polarograph
by using a conventional 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 purified methane.
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INFRARED SPECTROSCOPICAL STUDY ON SOME SALTS OF THE
HEXATHIOCYANATO-CHROMIUM(III) COMPLEX ANION

JANOS FSAKO CSABA YARHEEY!I and MARTA MATE

Rictivtd : Octoter 4 1989

The infrared spectra of some M,[Cr(NCS),] type complex salts were recor-
ded. Force constants of the N—C and of the C—S bondingswere calculated.
The nature of the chemical bonds in these complexes is discussed on the base
of HMO calculations and IR spectral data.

Introduction. Thiocyanato-chromium(l1l) complexes were obtained in a con-
sidérable number from the monothiocyanato ([Cr(NH3)5(NCS)]2+), dithiocyanato-
(cis- and trans- (Cr(en)2(NCS)2)+) derivatives up to the hexathiocyanato-salts.
In function of the used neutral ligand (NH3, H20, etc.) complete Werner-Mio-
lati’s sériés of the chromium(lll) complexes were described, which played a
prominent part in the élaboration of the co-ordination theory by Werner and
Pfeiffer [1, 2].

The thiocyanate : NCS- as ambidentate ligand can be co-ordinated to the
chromium(lll) through the sulphur atom (Cr—SCN )(thiocyanato-complexes)
or through the nitrogen atom (Cr—NCS) (isothiocyanato-derivatives).

The UV spectroscopical investigations of Sutin et al. [3, 4] show, that
the sulphur-bonded thiocyanato-derivatives of this metal ion are formed only
in special experimental conditions and transform gradually by a linkage iso-
merism in the corresponding isothiocyanato-derivatives, which are more stable
from thermodynamic point of view.

In the present paper a sériés of metal salts of the tribasic acid:
H3[Cr(NCS)e] were studied by infrared spectroscopy.

From the NCS infrared irequencies the VC=N, V\C—S and 8NCS are
the most characteristic. Their position is determined by the co-ordination manner
of this atomic group to the metal ion.

In the case of NCS- ions, e.g. in KCNS the wave number of the vCN
valence vibration is equal to 2066 cm-1 and that of the 4CS to 748 cm-1 [5].
The co-ordination of the NCS- ion to a transition metal atom (ion) modifies
the frequency of both YNC and VCS valence vibrations. This modification dépends
on the atom co-ordinated by M. According to literature data[5 —7pNC frequency
values are lower, VCS ones are higher in the case of M—NCS type isothiocya-
nato complexes, as compared to the M—SCN type thiocyanato ones. These
effects are due to the modifications of the bond strenght, which can be corre-
lated with the k bond order variations.

We made an attempt to calculate k — bond orders by using the simple
HMO method and to correlate our results with IR data.

+ Eabe¢—Bolyai University, Faculty of Chemical Technology, 3400 Cluj, Romania
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Results and Discussions. Bond order calculations. On the basis of IR spec-
tral data neither the free, nor the co-ordinated NCS~ ion corresponds to
the "classical’ N = C—S~' structure. The characteristic frequency of theCsN
bond, corresponding to 2300 4- 2210 cm*“L in nitrils [8, § 23.6], is shifted towards
lower values, down to 2150 4- 2050 cm“l. Reversely, the frequency of the valence
vibration, corresponding to the C—S, situated at 700 4- 570 cm-1 [8, § 23.6],
is shifted towards higher values up to 860 4- 690 cm-1. These data plead for
the delocalization of K bonds in the NCS-'"ion, due to the participation of the
unshared electron pair(s) of the S atom. Therefore, the influcence of co-ordi-
nation can be theoretically studied by means of the MO method.

For this purpose an attempt is made to use the simplest Hiickel approxi-

mation and the following paraméter values in the case of the free NCS- ion
were taken [9]:

ac=0 aA =05 aid =1 Rcij=1, Bc~ =0.8

The co-ordination of the ion implies the formation of a dative type o-bond.
The donor being either the N or the S atom, (or both of them), the electro-
negativity of these atoms increases, which is taken into account in our calcula-

tions, by introducing a correction of Aa = 0.5. One obtains the following se-
cular équations:

05— 1 0 1-£ 1 0 05—-Et 1 0

1 —£ 08 =0 1 —£ 08 0= 1 —s 0.8

0 08 1-E 0 0.8 1 —E 0 0.8 1.5-¢
NCS* M — NCS M — SCN

and if NCS forms a bridge between two M atoms, one has

1 -e 1 0

1 —E 0.8 =0
0 0.8 1.5-e
M—NCS—M

Solution of these équations yields the energies e, of the MO—s and al-
lows the calculation of the coefficients of the atomic orbitals in the expression

of the molecular orbital < = Cnj * ¢k + CCj + ¢ + Cs"+ 93. These values are
summarized in Table 1. .
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Table 1

MO energfes and Huctel coefficients of the AO for free and co-ordlnated NCS* ion

System j ei CNj c4 cSj
1 1.716 0.481 0.585 0.653
NCs* 2 0.776 0.700 0.193 -0.688
3 -0.992 0.528 -0.788 0.316
1 1.875 0.645 0.564 0.516
M—NCS 2 1.000 0.625 0.800 -0.781
3 -0.875 0.440 -0.826 0.352
1 1.987 0.330 0.491 0.806
NCS—M 2 0.964 0.769 0.356 -0.531
3 -0.951 0.548 -0.795 0.260
1 2.067 0.476 0.508 0.717 K
M—NCS—M"' 2 1.257 0.749 0.193 -0.634 r
3 -0.823 0.460 -0.839 0.289 [

Since the delocalized 1c-bonds are achieved by 4 électrons, the MO—s <)
and 2 are occupied and the antibonding MO 3 remains empty. Due to the
latter, transition metal ions possessing t2 type d électrons, may give retroda-
tive 1¢ bonds. In terms of the MO approach, this means that <3 is combined
with the tg type AO of the M atom, ¢wm, giving the MO—s <4 and 5. Let
us présume these MO—s to correspond to the following expressions :

94=-"- (DM + Py B = (Om — %)

In the case of the Cr3+ ion, each t2 type orbital has a single d electron,
i.e. the electron configuration of the M—NCS and M—SCN Systems may be
presumed to be % <p| ?!» The 1c bond orders prd calculated for this electron
configuration by means of the coefficients given in Table 1, are presented in
Table 2, together with the IR frequencies of the corresponding valence vibra-
tions [5—7].

As seen, the 1 bond order values obtained plead for the correctness of the
izomer configuration assignement on the basis of vNC and vcs frequencies.

As for as the bridging NCS moiety is concerned, on the base of our calcu-
lation both vNc and vCs values are expected to exhibit intermediate values
between those characteristic for M—NCS and M—SCN type complexes. Lite-
rature data show that if NCS forms a bridge between two Co, two Cr or a
Co and a Cr atom, the vnC frequency becomes with about 50 cm-1 larger as
cc mpared to the non bridging Co—NCS and Cr—NCS moieties [10]. This resuit
is Li agreement with our calculations (see Table 2).
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Tabel 2

n bond Orders and valence vibration frequeneies for M—NCS, M — SCN and M—NCS—M’ complexes

PNC Pcs VNC, cm**1 vecs. cm-1
M-NCS 0.470 0.376 <2100 860 : 780
NCS—M 0.563 0.267 >2100 7204-690
M—NCS—M* 0.500 0.314 >2100

Table 3

Wave numbers of tbe IR absorption bands of M3 [Cr(NCS),] type complexes and force constants
for the N—C and C—S bonds

M vCn cm 1 vgs cm'l  vNecs cm 1 ICN X 10» fes X 10-«
dyne/cm dyne/cm
K 2115 840 480 10.35 1.23
TI 2135 822 477 10.55 1.18
Ag 2140 805 470 10.60 1.13
Cu 2145 805 465 10.65 1.13
Pd/2 2150 790 448 10.70 1.09
Hg/2 2165 810 480 10.85 1.14
Bi/3 2150 812 475 10.70 1.15

IR spectral data. The wNC, vcs and 8ncs frequeneies determined for the
complexes studied are presented in Table 3.

From the valence vibration frequeneies force constants were calculated by
using a very rough approach [8, § 21.4J). According to this "diatomic™ approach
the R—N—C—S molecule is considered to be formed of two "atoms". These
being, e.g. in the case of the N—C bond, the moieties R—N and C—S, res-

pectively, where R stands for Cr(NCS)5. The force constant fy can be calculated
as

fy =4n2¢c2Vy My

where ¢ stands for the velocity of light, vy, for the wave number of the valen-
ce vibration band and the reduced mass My has the following expressions for

the two bands considered :
_ (MR + MN)(MC + Ms) (Mr + mn + Mc) Ms

t -M-cs ===
Mr Mijg- 4- Mc 4* Mr 4¢ ‘b 4

ivinr




78 J. ZSAKO, CS. VARHELYI. M. MATE

The force constants fNC and fcs calculated in the above given mannei
are also presented in Table 3.

Inspection of Table 3 shows that on the basis of vCN > 2100 cm-1, the
NCS ion would be co-ordinated to Cr through the S atom (see Table 2), bul
the high vcs values already plead for the isothiocyanate structure: Cr—NCS
We mention that vCn > 2100 cm-1 values have been reported for other Co anc
Cr complexes, too, in which co-ordination is also performed through the IS
atom [5].

From Table 3 one can see that substitution of the externai sphere cation
K+ with strongly polarizing cations, having not a rare gas configuration, vNt
values are shifted towards higher, vcs values towards lower values. Presumably
mthis phenomenon is due to a partial covalent bond formation between the
externai sphere cation and the S atom of the NCS ligand. Therefore the NCS
ion becomes a bridging one. The shifts observed are in very good agreement
with the bond order values presented in Table 2, provided the co-ordination
to the Cr atom occurs through the N atom.

On the basis of our IR spectral data and HMO calculations we conclude
that in the [Cr(NCS) ]3_ complex ion the Cr atom co-ordinates the N atoms
of the NCS ligands. Between this complex anion and the externai sphere K4
ions the bond has a purely ionic character. In the case of the other cations
investigated (T1+, Agt, Cut, Pd2+, Hg2+ Bi3+) this bond has a partial co-
valent character, i.e. the NCS ligands become bridging ones, which entails in
the case of the C—N bond an increase of the bond strength, of the bond or-
der, of the force constant and of the wave number of the absorption band.
Reversely, with the C—S bond ail these magnitudes exhibit a diminution
due to the bridging.

Experimental. K3[Cr(NCS)6j was obtained from KCr(SO4)2 + 12H20 and
KCNS in aqueous solution using Roessler’'s method [11]. The metal salts are
formed by double décomposition reactions in aqueous solutions with an excéss
of 1-2% MNO3, M2SO4 (M = Ag, TI, Bi, Cu, Hg, etc.).

Analysis. The purity of the complex salts was controlled by chromium
(iodometrically) and sulphur détermination (BaSO4).

Infrared spectra were recorded in kalium bromide pellets with an UR 20
Spectrophotometer (Cari Zeiss Jena).
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SECONDARY GALVANIC CELLS HAVING ELECTROACTIVE POLYMER
ELECTRODES

L. ONICIU», D. POP» and SIMONA PAUNESCU» eee

Rmitnd: April 4 1989

The article is a review (27 référencés) of the researches on the galvanic cells
with electroconductive polymers. Some of the polymers which display promisiiig
performances are mentioned. The problems which arise during the exploitation
and storage and which must be overcome in view of further developments are
underlined.

1. Introduction. Secondary lithium batteries using a conductive polymer
as positive/negative or positive and negative electrode have attracted considé-
rable attention since the démonstration of the electrochemical doping and un-
doping of polyacetylene (PA) [1].

The conductive polymers such as polypyrrole (PP), polythiophene (PT)
and polyaniline (PAN), which have the same conjugated double bonds as PA,
were synthesized by electropolymerization since 1979 [2].

PAN is known to be the most stable of the conductive polymers and was
recommended as positive electrode in PAN/H2S04, ag/Pb cell [1] andina secon-
dary lithium battery [3], because PAN is electrochemically active also in the
nonaqueous electrolyte solutions and may be doped with 0.45 CHOIl/aniline
unit. F. Goto at al. [4] investigaud the PAN in order to clarity the redox
mechanism in nonaqueous electrolyte solution. It has been found that the
reaction of PAN is determined by the doping/undoping of CIO? anions, solvated
with 3—4 molécules of propylene carbonate (PC); one C1OI anion/aniline unit
could be doped into the polymer [4].

Among the most widely studied conductive polymers are polyacetylene,
polypyrrole, polyaniline, polyphenylene and data are presented on the perfor-
mance of oxidized PA, PPy, PAN (as positive électrodes) and of reduced PA,
PPh and some other polymers (as negative électrodes) [5J. A conducting poly-
mer can be partially oxidized or reduced electrochemically to _/>-type or «-type
conductors which can be used as cathodes or anodes, respectively :

P 4- yA_->PAy + ye , for exidation or y>-doping and (1)
P yB+4-ye—-» PBy, for réduction or «-doping 2)

A* and B+ are the inserted anion and cation, respectively, P the polymer and
y the fractional charge por repeat unit (the so-called doping level). The charge
which is removed from or injected into the polymeric chains is balanced by a
negative/positive counterion of the electrolyte. These operations mav be perfor-

* Universily ol Cluj, Facully ol Chemical Technology, 3400 Cluj, Romania
* 1.C.P., 1100 Resifa, Romania
eee Lie. Induitrial nr. O, 3400 Sibiu, Romania 21"
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med on very thin layers of Au, Pt, SnO2 or In203, at constant curreit density
and potential, in various aprotic solvent + electrolytes Systems. Pt and Au
were used as counter électrodes, SCE as reference and the measurements are
carried out in inert gas (Ar, N2) atmosphére.

In choosing among the existing polymers, or in designing new ones for the
use in battery électrodes, priority is given te these which have processibility,
controlled morphology, flexibility, porosity, electroactivity, and conductivity.
The succes of the battery designing assumes the conipatibility of the polyme-
ric electroactive material with the solvent/solvent mixture, electrolyte, current
collector, case and spacer, stability against corrosion -and wettability of the
components (particularly of the spacer and the electroactive polymer) by the
solvent/solvent mixture. Many fundamental aspects of cg¢nducting polymers
(called also organic metals) were treated in [6].

Reactions (1) and (2) are often referred to as doping processes, but they
are quite different irom those concerning classical semiconductors and, therefore,
they are more correctly termed as redox réactions. These redox reactions are
generally reversible and that allows the use of the polymers as electrode mate-
riale in secondary galvanic cells. To be effective, howéver, these redox reac-
tions must fulfill the following requirements : fast electron transfer, reyérsibilify
(high coulombic efficiency), cyclability and high storage capacity, stability, high
energy and power densifies. The storage capacity of the polyaiét™electrode
(maximum value of y) is one of the most important parameters of tEé battery.
As concerning y (highest d¢>ping level and therefore the electréchemically rever-
sible cycling) it must be experimentally determined.Tt is dépendent” of the struc-
tural and thermodynahrie properties of the host polymer and of the guest ion.

As concerning conductive"polymers used as cathodes, Oxidized forms have
advantage over reduced ones, because mid- dlscharge Voltages are supqrior for
the formers (tab. 1 and 2) [5]. I [ |

1 Toii» 1

Polymers thai undergo reversible oxldatiou

PA PPy PAN
Max. ar. of charge/ 0.09 0.33 0.5
repeat unit
Mid-discharge voltage 3.5 3.2 34
(w. M)
Gravimetric .capacity 0.12 0.095 v 0.10
(Ah/g)
Volumetric capacity 0.14 0.12 0.13
FAh/cm

¢ including the weight of the BF, anions

Comparing the charge storage capacities for reduced'. and 6xidized poly-
mers the greater values can be observed for the reduced Ones because of the
smaller size of the inserted cations as compared with the anions,' aiid because
of the dedidity of organic anions vs..organic cations.. -1 <

e — Chimia I1U. 2/1V89
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FnKB2

reversible xeilueUea

PPhQ PJ?h PA
9.7 9-70 0.167
Ned-disc|iarge voltage 15 0.7 1.0
(vs.'Ui)
.Qi?>viinejTlc* papady 0.094 0-49 0,34
Vofuuuetric capacit 0-14 0.24 0.41
(Ah™"m>»); P Y -
1Mk pfIM+ ¢pjmtgrion
Fig. 1. Discharge curves for somé jgddjzed Fig. 2. Dischatge jturves for some reduced
polymers in 0.2 M NaPF,/BN. Capacities polymers (Na+ — and K+ — doped).

are calculated on pcilyuujrweights only.

Discharge curves for sorce oxidijed polymers, are”prrsented in fig. 1 [5];

a general behaviour which can be observed on the figure,[3 the sloping dis-

charge curves, typicalcharacteristic for nonstoechiometric ion-insertion electrode.

Discharge curves for*otne polymer apodes are,shown in fig.,2 [5]. Principially,

any polymer from fig. 1 can be combined with polymers.from fig. 2, to form
an all-polymer cell, but stability restrictions reduce the possibilités.

The task to select a suitable electrolyts solutions for the polymer battery

is very d¢fficult, especiajly because of the high anodic and cathodic voltage at

Ay$ich g™jx~d.sipd redused pglym”rsigpst; operate. An~diton, fh¢se polymers

ItJns™eert fpgnd (5, 7} that therre Mt tiye/st/-

bility of the electrolyte.anion is. criticai.. High réduction levels of cpnductive
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polymers can be achieved with alkali metal salts of various organoborates and
hexafluorophosphates. On the other hand, propylene carbonate, sulpholaAg-and
various nitriles have sufficieiit'oxidation stability for most polymers. A variety
of anions (BF7, XFJT and CF3SO% where X — P, As, Sh) have a sufficieni

oxidative stability [5].

2. Softie secondary galvanic cells with conductive polymers

Test cells with polymers prepared by electrobOlymerization from“aqueotfs
(PAN) and propylene carbonate (PA, PPy and PT) solutions;*orifaiHIBg HC10"4
and LiC104, respectively, were assembled, using nbhwoven cellulose ‘separatere,

tWo Li-foft albdés afid 1 M'1aCHO4 in propylene Ba¥bot®te w Thél
charge/discharge expérimente weré carried out in an inéiilafmospEéfei(ah-) and-
dry box [4].

The charge/discharge characterietics of PAN at 1 mA/cm? are given in fig. 3
[4) and thé coiilombié efficiénéiéS ofPAN, PA; PPy aad/Tfrafé/g éiijiriifig

[4]. PAN yielde"1100% coulombic efficiericis up to about%al'-Ali/kfj,aiid tto6fIaF

IAti/kg)
Fig. 3. Chargé/discheljge; .pste~tjal of- PAN Fig." 4. Coulombic efficiency -of PAN- and
electrode in 1 M LiCiO./PC. The quantity of sémé other conduc*tihg' polymefs.

elécfricit'y (Ai) is'réleféd fo tiie 'wéight'(kg)’
of fufly dischaiyéd' PAN.

from this"™ value, at higher charming quantity, while the other polymer électro-
des exhibit a sharp decrease of'this paraméter. The self-discharge rate of PAN
(charged up' tdv 120 Ah/fcg): and of PA, PPy and PT (charged up to 30Ah/kgt
odly) are given in figf 5 [4]. Sinbe the retairiéd fcapablty-aHér'30 ia”eToKPAX'
was ~93% of'the original value, 'and the self-discharge of thé NI/Cct'battery is
~30%/ménth, PAN appears to be a*good cathodic material for storage batteries.

A button-type R 2020 cell was manufactured and tested, using a PAN
cathode (synthesiaed at 30 coulombs/cm?2), having a capacity of 2.6 mAh, a
surface of 1.77 crti'aiidwld (80%)—Al alloy as anode. The cycle life
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Fig. ,5. Self discharge rate of some con- 1 Fig. 0. Cycle life and depth-of-discharge oj
ducting polymers. Charging quantity : button-type cell (R2020). CfD current denslty :
20.Ah/kB8 (PAN)and 30 Ah/kg (PA, 0.56 wWwA/cLul.

PPy, PT).

battery is shown in .fjg, 6 [4]; it is strongly dependent of depth-of-discharge
(POP), at.a constant current density (0.56 mA/¢cm2). At 100% DOD the Ixfe
wés abont 150 cycles,

A chemically prepared PAN cathode was tested in a PAN/PC, 1 M LiCIO4
/Li, Al eell.- Fig. 7 [8]-shows charge-discharge charactéristics at 0.5 mA/¢cm2
The coulombic yield regains 100% after 400 deep discharge, and the self-
discharge is 10% c¢nly; after a storage of 120 days [8].

A promising' 'beh&viour demonstrated the charge/discharge charactéristics
of the Zn/ZnX2/PAN/RVC, where X =1, RVC: reticulated vitreous carbon
[9]. The storage capacity was 143 Ah/kg, and,the energy efficiency >70%.
The OCV = 12 V, and the charge/discharge ~olarizations, at 30—120 mA,
were low. Self discharge (60% after 12 days in OCV régime is lower in com-
parison with the Systems having as electrolyte ZnCI2 and ZnBr2 [10]. The char-
ge/discharge cfratacteristics at 30, 60 and 120 mA are shown in fig. 8 [10].
The polymer eiectrods was obtained by oxidation, at +0.8 V/SCE, of 1.5%
aniline In 0.5 M aqueous H2SO4, on reticulated vitreous carbon.

Table 3 [10] shows the performances of the cell clearlly; after 284 h
(~12 days) the coulombic efficiency decreases to ~60% so it must be conclu-
ded that the PAN has a strong interaction with iodine. However, the Zn/Znl2/

Fig. 7, Charge-discharge characteristic of a
PAN/1 17 bICHO,, PC/14, Al battery, at0.5 mA.
., Electrode area 1 cm2
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Fig. 8. Charge(+)/discharge(—) characteristics of the Zn/1.5 M Zni, + 1 M NH4lI/PAN, RVC cell.

Table 3

Charge/dlscharge behaviour of Zn/Znla + NH41/1’AN cell, Each charge ivas 200 C

Charging current ocv (V) Discharging Charge (_Zo_ulombic
(mA) current (mA)] retumed (C) efficiency (%)
30 1.20 30 190 95
60 121 60 177 88.5
90 1.25 90 185 92.5
120 1.23 120 183 91.5
60 121 30 176 88
60 121 30 184 92
60 1.16 30 140 70
60 1.18 30 122 61

/PAN secondary galvanic cell shows promising performance, superior to cells
having ZnCl2 or ZnBr2 as electrolyte.

Studies of electrochemical behaviour of PA, PPy, PT and PDTT carried
out by cyclic voltammetry (CV), impédance measurements, absorption spectra
and charge/discharge cycling [11] demonstrated the following features:

— As concerning PA, the oxidation processes in 1 M 1,iC104/PC :
PA + yCHOI' "PA(C104). +ye-, ' (3

the repetitive CV indicated that the process is limited by poor eyclability
and low coulombic efficiency (fig. 9) [12, 13]. Furthermote, the PA electrodes
show a self-discharge upon storage. The low coulombic efficiency and stability
limitations may be explained on the basis of the diffusion-controlled transport
of CIOI anions from the bulk of the polymer to the interface [14—16]. Kauf'
man et al., and Will [17—18] have repprted values of the diffusivity of C1Qx,



L ONICIU, D. POP, S. PAUNESCU

BFT ... anions, at room température, ranging between 10~w and 10-15cm2s_1.
This seems to limit the kinetics of the electromotive reaction and therefore
the possible use of the PA as cathode in high-rate lithium batteries.

The energy density of polymer electrode is directly related to the extent
of the oxidation reaction (doping),! For PA electrode, y has a maximum va-
lue of 10%/CH unit, which corresponds to a theoretical capacity of 78 Ah/kg
and, assuming an average discharge voltage of 3 V it amounts to 230 Wh/kg
(referred to the weight of active material only).

As concerning the PA(l,i)y anode, the réduction reaction has a slightly
faster Kinetics and a better reversibility, due to the slightly faster diffusion
rate of Li+ in the host polymer as compared to that of the CIOT anion.

— By the oxidation of PT in IjCIO4/PC + DME :

PT + yClOI' PT(C104)y + ye-, 4)

the cyclic voltammogram has a similar shape for both anodic and cathodic
hémicycles and the integrated charge under the oxidation and réduction waves
respectively, reflect a coulombic efficiency close the 100% [11].

— Good cyclability and a very fast electromotive active reaction has the
PDTT [11]:

PDTT+y Cl07 PDTT(C104)y+ye-. ©)

This is proof that PDTT électrodes are not affected by the very slow diffusion
rate, reported at PA electrods (PDTT électrodes have, also, an attractive capa-
city content; the doping may be extended up to 50%). Unfortunately, PT
and PDTT célectrodes suffer a self-discharge when stored in charge state, in
electrolyte solution. The mechanism of the self-discharge process is still unk-
nown.

— The oxidation of PP in 1aC104/PC has a reversible cathodic cycle, demon-
strated by cyclic voltammetry. The repetitive CV has shown a coulombic effi-
ciency of 88% [11]. Therefore, the kinetics of the PP(C104) electrode indicate«
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Fig. 10. Cyclic voltammograms of PPy, PT, PDTT and PTT
électrodes, in 1 MLICIOJPC, at 0.1 V/s.

SC : specific capacity; y: doping level ; CB: coulombic efficiency.

Fig. 11. Open circuit voltage w. storage time in 1 M 1[4C104/PC solution.

87
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a slight dépendance of the diffusion control. However, the impédance meésuié-
ments reveal, under extreme conditions, the presence of the slow diffusion of
the CIO; anions within the bulk of the polymer.

— Figure 10 shows the cyclic voltametry of PPy, PT, PDTT, and PTT films
on PT électrodes in 14C104/PC solution [19]. Galvanostatic charge/discharge
charactéristics of PPy, PT, PDTT, and PTT électrodes at different times after

the charging demonstrated that the coulombic efficiencies of the C/D cycles
become lower, as the time between the end of the charge and the begining
of the discharge increases. These results, and the decrease of the OCV v.s.
storage time of the same électrodes (fig. 11) show their poor electrochemical
stability when left standing in 1 M LiC104/PC solution.

The polyacetylene, the simplest conjugated polymer, may be used as ca-
thodic active material, in long-lasting secondary galvanic cells with high per-
formances [20]. The PA synthesized after Shirakawa et al., [21] in the form
of silvery films by direct polymerization of C2H2 on the surface of concentra-
ted soluble catalyst solution consists of an interwoven network of ca. 200 A
(CH)X fibrils. The electrical conductivity can be varied over 12 orders of magni-
tude by suitable doping (oxidation/reduction). The film is very stable chemi-
cally and has an absorption coefficient over 10i cm-1 (visible).

The oxidation/reduction (doping) reactions are: at the anode: (CH)X +
+ xy CIO; * [(CH)y+(ClO4)y]x + xye" and the cathode : (CH)X -f- xylj+ + xye~
-» [Liy(CH)-y]x. The extent of doping is calculated by taking into account the
weight of the PA film and the number of coulombs used.

The battery is shown in fig. 12 [20] and the variations of the conducti-
vities and the activation energy of the conductivity of the PA doped films
are presented in fig. 13 [20]. The effect of the charge/discharge cycles number
upon the cell voltage is shown in fig. 14 [20]. The discharge capacity and
coulombic efficiency of w-PA/l M 14C104, PCly>-PA battery charged at various

anode cathode k

Gloss
Fig. 12. Scheme of the n-(CH)x/l M 1aCHO4+ filter
4- PC//>-(CH)x battery.

G/oss
vesse/
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Fig. 13. Variation of the conductivity and of Fig. 14. Charge/discharge cycles of u-PA/1 M

the activation energy for electric conduction of LiC10,—PC//>-PA battery. Charge conditi-

doped PA films, as a function of the dopant ons: 0.1 mA, 10 min, 0.06 C; discharge con-
concentration. ditions: 50 kQ, 10 min, 0.042 C.

charge capacities si represented in fig. 15 [20]. The operation température of
PA battery dépends on the solvent employed (fig. 16 [20]). Because the permi-
tivity of the mixture 20% PC + EC is larger than that of the PC, the con-

Fig. 15. Discharge capacity and coulombic Fig. 16. Température dependence of current effi-

efficiency of n-pa/1 M LiCIO,—PC//>-PA ba- ciency (1) voltage efficiency (2) and power effi-

ttery ; charging time : 10 min; discharge : con-  ciency (3) ofw-PA/l MLICIO*, 20% PC+XX//>-PA ;

stant résistance load: 560 Q. current density of charge: 50 (xA/cm*, time of
charge . 10 min, discharge résistance : 33- ki).
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Table 4
I’hyslca! propertles of some nltrlleS
L Beiling point Melting point DC(25°C)
Nitrile A
(°C) g
Acetonitrile 81.6 -43.8 375
Benzonitrile 190.7 -12.9 75.2
m-Tolunitrile 200 -23 -

Kobayashi et al. [22] found that acetonitrile (AN) and benzenitrile (BN)
are suitable solvents for the non-aqueous PA/PA battery, because of their capa-
city to solve tetraalkylammonium salts (TAAS) thereby ensuring a high ionic
conductivity of the solutions, and a wide electrochemical stability range. AN
has a better dielectric constant, but BN exhibited a better chemical stability
with polyacetylene, and thus better performances. The table 4 [22] shows some
physical characteristics of AN and BN, and fig. 17 présents the variation of
the ionic conductivity of the various TAAS solutions used in the test battery
(fig. 18) [22]. The battery performances for 3 types of PA (film, gel and pow-
der) were compared (table 5 [22]).

The effect of concentration of the electrolyte solution, of the operation
température and of the conductivity of electrolyte solutions on cell performance
are shown in table 5 6 and 7, respectively [22]. Figure 19 [22] shows the
effect of the kinds of electrolyte solution on battery performance.

Concentration (mol/l)

Fig. 17. Concentration of various TAAS vs.
conductivity.

(1):'Bu,NBF4 in BN; (2): Bu,NBFtin ni-TN;

(3): EtjBuNBF. in BN; (4); Et,BuNBF4 in
m-TN.

Fig. 18. Cydindtical test cell (inner
O = 9 mm).
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Tahit 5
Effeet et type of PA on battery performance (eleetrolyte: 1 M BntNBF4 In BN)

PA t Bulk density Thickness Cycle life Self discharge
ype fo/cm (nm) (nr.) (%. 15 hrs)
Film 0.35 180 118 38.2
Gel 0.36 220 158 21.3
Powder 0.33 250 133 22.8
Tabh 6

Effeet of coneoatratlon of sait In eleetrolyte solation en battery performance

Conductivity Cycle life Self discharge
Electrolyte (ms/cpi) (nr.) (%. 15 hrs)
1 M EtiIBUNBF4/BN 5.1 107 36.5
3 M Et,BuNBF4/BN 7.5 123 26.1
5 M Et,BuNBF4/BN 7.2 119 23.8
Tabla 7

Effect of température on battery performance

Cycle life (nr.) Self discharge (%, 15 hrs)
Electrolyte
20 —28°C 20 —28°C
1 M EtNBF4/AN 66 106 52.1 18.0
1 M BujNBFJBN 130 186 384 19.9
1 M Et,BuNBF4/BN 107 620 36.5 9.5

An all-plastic battery with polyacetylene and polymeric solid eleetrolyte
(fig. 20) was studied by T. Nagatomo et al. [23, 24]. The polymeric solid
eleetrolyte was prepared from PVDF, with 14CHO4 dispersed at molecular level.
PVDF and 15C104 are dissolved in PC at 120°C and the solution is poured
into a metallic dish. The solid was obtained by evaporating a determined amount
of PC, at 120°C, in vacuum. The conductivity of the polymeric solid is depen-
dent of the 1aC104 content (fig. 21) [23]; the solid eleetrolyte used in the
experiments of Nagatomo et al.,, was of ~3 + 10“* S cm'l (20 mol% 1jCIO4
in PVDF). The dopings of the PA film électrodes with CIO? and Li+, respecti-
vely, were performed by attaching the film to the positive and negative ter-
minal, respectively, of a d.c. power source. Ail experiments were carried out in
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Fig. 19. Effect of kinds of electrolytes on bat-  Fig. 20. Schematic diagram of rechargeable poly-

tery performance. acetylene battery using as electrolyte a polymeric
(1): MesBuNBF4/AN; (2): Et3BuNBF4/BN ; solid film of polyvinylidene fluoride which incor-
(3): Me,(Hep)NBF4/BN ; (4) : Et3BUNBF4/BN. porates LiCIOjPC.

Cut-off voltage: O V.

argon atmosphere (absence of air and moisture). The charge/discharge charac-
teristics are shown in fig. 22 [23] and the variation of coulombic efficiencies
with the number of the cycles is represented in fig. 23 [23] ; the very low
value, down to ~30 cycles, may be attributed to the insufficient doping of

the PA-film and the low (~50%) coulombic efficiency may have several origins:
the solid electrolyte has an insufficient doping level (this was shallow: y =
= 0.001, even after 50 succesive charge/discharge cycles) ; the adhesion between
PA and the polymeric solid electrolyte is not very good.

The experimental energy density of 6.5 Wh/kg (at a stored charge of
0.12 C, doping level y = 0.004), and the maximum power density of ~1.1 kwW/
/kg (cell voltage of 3.4 V short-circuit current of ~10 mA) make this battery
slightly superior to the PA/PICO, Nal/PA ail plastic battery [25].

The PA/PVDF, TiClO4, PC/PA, ail plastic battery may serve as a small
power source for low current electronic devices, but its development involves
some problems to be solved (conductivity of the solid electrolyte, the adhesion
between PA film and solid electrolyte etc.).

Table 8
Effect of conductivity of electrolyte on performance of gel-PA-cell
Conductivity Cycle life Self discharge
Electrolyte (ms/cm) (nr.) (%, 15 hrs)
1 M BuiNBF4/BN 29 118 21.3
2 M BuiNBF4/BN 4.0 132 16.9
1 M Et,BuNBF4/BN S 143 16.0

5 M EtsBuNBF4/BN 7.2 165 121
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LiCIOt content tmoif/.)n PVDF

Fig. 21. The conductivity of polymeric solid elect-
rolyte (PVDF—1nC104— PC) as a fonction of LiClIO!4

content.

Discharge
ImA) CECM
m 0.30 50
C: 03mAtioArss D018 588
: 13) 0-t0 53.3
(4 006 53t
(5) 0.03 A9-7

A) ‘ (»»
! ot
30 40
Charge /discharge time (mm)

Fig. 22. Charge/discharge characteristics for
n-PA/PVDF, 1aC104, PC//>-PA cell. CE: cou-
lombic efficiency.

Nagatomo et al. [26] found significant différences hetween the charge/dis-
charge (C/D) characteristics of the large-scale PA battery (having 27 cm? aréa
of electrode) and that of 2 cm? battery; a w-PA/L,iCIO4, PC/*-PA galvanic
cell was investigated. The number of the C/D cycles was 2600, with a low do-
ping level (y = 0.002) and a maximum energy density of 424 Wh/kg was obtai-
ned. Those performances were observed with both électrodes, having a weight

of ~8 mg and small surface electrode: 2 cmz2
Fig. 24 [26] shows the scheme of the stacked type PA battery; the PA
film had the thickness of 50—100 pm and area the of 27 cm? (3 cm x 9 cm).

Fig. 23. Coulombic efficiencies of the C/D
cycle of u-PA/PVDF, 14C104, PC/y-PA cell.

PA

Fig. 24. Scheme of stacked-type polvaee-

tyleng battery />-PA/LiCIO4 + PC (20%) h

+ EC/AI. (Au (thickness ~ 103 A) had been
.evaporated on one side of PA.
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Fig. 25, Charge/discharge characteristics Fig.,26. Coulombic (1) and power (2) effici-

of stacked-type />-PA/LiCIO« + PC enciet of the C/D cycles of the stacked-type
(20%) + EC/AIl battery (cathode area (4 cejls) /r-PA/LICHO. + PC (20%) + EC/AI

27 cmi). battery (cathode area 27 cm’). Ic = Id “*
Ic = 1d=40 mA (212 Ah/kg for 10 min; =20 mA (K06 Ah/kg);Tc = 10 mip.

doping level: 1,7%0).

The battery has 4 PA cathodes and 3 Al anodes, arranged in an alternating
fashion. When attaching the PA film and the Al foil électrodes to the positive
and negative péles, respectively, of a d.c. source (~3.8 V), the CIO7 ions pene-
trate the positive polarized electrode, and Li+ ions are deposited on the nega-
tive one. The extent of doping (y) was calculated by taking into account the
weight of the PA film and the number of coulombs passed. Ail experiments
were varried out in the argon atmosphere (absence of moisture and air) and by
using a 1 M LiCIO4 solution in a mixture of DC (20%) and EC. The C/D
characteristics for the high electrode area (27 cm2) battery (fig. 25 [26]) is
not very different from that of the small electrode area (2 cm2) battery. The
coulombic and power efficiencies show for both lower values in the initial cy-
cles (fig. 26 [26]), in the case of the stacked battery. The higher coulombic
efficiency (~92%) for small area battery can be explained by the doping in-
homogenity and the non-uniformity of the film thickness in the larger area
electrode.

The most serious shortcoming of these batteries is the pronounced self-
discharge (fig. 27) [26]. During the storage, the doped film becomes spontaneou-
sly undoped. The dopant diffuses into the interior of the PA fibrils and there-
fore its concentration decreases at the PA/electrolyte solution interface. Also,
the dopant reacts with impurities from PA film and from the eleetrolyte solu-
tion. The conductivity is effected more in the low level doped film and -less in
higher doping level ones (fig. 27) [26].

The high voltage leads to the degradation of organic solvents used in poly-
meric batteries. Unfortunately, there is no proper organic solvent which is
résistant against these high potentials ; it has been proved that the décomposi-
tion of propylene carbonate occurs above 3.5 V. Another serious problems is
the loss of mechanical stability in doEed PA films. These films become very
brittle upon doping and handling and the applying of stable electrical contacts
tu the polymer is quite difficult.
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Charge amount (Ah/kg)

Fig. 27. Conductivity variation with time, Fig. 28. Discharge capacity in varions charge

for C10J* ion doped PA film, in argon atmos- amounts as a paraméter of polymerization

phére. Doping level (1): 6% ; (2): 4%; current (ip). (1): ip =1 mA/cm”; (2): ip
) : 2%. =5 wA/cml; (3): ip = 10 mA/cml.

Studies carried out on PA filins showed not only the oxidative, but also
the thermal instability and the special handling conditions requires with this
polymer. As an alternative to PA, the electrochemically polymerized poly(3-me-
thylthiophene) (P3MT) was used as cathode in a secondary galvanic cell, ha-
ving as electrolyte an 1 M LiBF4/PC solution and as counter electrode a foil
offaluminium [27]. Experimental energy densities of 326 Wh/kg, at a doping

Fig. 29. Self discharge of 3 kinds of bat teries. Fig. 30. Conductivity modifications of BF7 ion
(1) : PAJLICIO, + PC + EC/Al (2% doped) ; doped poly (3-methylthiophene) and polythio-
(2) : PT/LiIBF« + PC/Al (7,6% doped) ; phene films in air and Ar atmosphére.

(3) : P3MT/LiBF4+PC + ECI/AL (8% doped).
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level of 38%, a discharge capacity of 97.3 Ah/kg and an average discharge
voltage of 3.3 V were obtained. The coulombic efficiency was >96%, even after
1200 cycles, at a doping of 9%. The discharge charactéristics (at charge amount
>60 Ah/kg) dépend on the polymerization current (fig. 28) and the self discharge
is very small, in comparison with polythiophene and polyacetylene batteries
(fig. 29) [27]. :

The small variation of the conductivity of the BF7 ions deped films (do-
ping level ~30%) in air and in the Ar atmosphére, indicates the good stability
of the electrochemically synthesized P3MT in the film structure (fig. 30) [27].
The study has shown the dependence of the surface morphology and physical
properties of the polymerization cu rent density ; the most suitable was 10 wA/
/cm2. These batteries have very good performance and a relatively small self-

discharge.

3. Conclusions

A large variety of conductive polymers were studied in order to be used
in secondary galvanic cells. Some of thern have promising charactéristics, but
other require further developments for making them suitable for practicai ap-
plications.
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ABRBERVIATIONS

AN . acetenitrile

BN . benzonitrile

Bu . butyl

C : charge

C/D . charge/discharge

CE . coulombic efficiency (%0)
cv . cyclic voltymetry

D . discharge

DC . dielectric constant

DME . dimethoxyethane

DOD . depth-of-discharge

EC . ethylene carbonate

Et . ethyl

Hep . heptyl

HNE . hydrogen normal electrode
Me : methyl

OCP/OCV : open circuit potential/open circuit voltage
PA . polyacetylene

PAN . polyaniline

PC . propylene carbonate
PDTT . polydithienothiophene
PEO . polyethyleneoxide

P3MT . poly (3-methylthiophene)
PPh . polyphenylene

PPhQ . poly (phenylquinoline)
PPy . polypyrrole

PT . polythiophene

PTT . polythienothiophene

PVDF . polyvinylidene fluoride
QAS : quaternary ammonium sait
RVC . reticulated vitreous carbon
sC . specific capacity (Ah/kg)
SCE . saturated calomel electrode
TAAS . tetraalkylammonium sait
w-TN . m-tolunitrile

y . oxidation/reduction (doping) degree (%6); nr. of charge/repeat unit



S. Petrescu V. Petrescu, Metode sl
modele in termodinamica tehnicd, Ed. Tehnica,
Bucuresti, 1988, 268 p.

> Lucrarea constituie o abordare originala a
Termodinamicii Tehnice, stiintd de baza cu
implicatii de incontestabila valoare Tn activi-
tatea practicd omeneascd, Tn general si Tn cea
de conversie a energiei, Tn particular. METO-
DE S| MODELE TN TERMODINAMICA TEH-
NICA contine 9 sectiuni si o bogata lista biblio-
grafica.

Tn Introducere (sectiunea Tntli) se fixeaza
contextul si se motiveaza continutul cartii,
care se ocupa de metodele si modelele termodina-
micii tehnice. Astfel, cartea este continuarea
altei lucrari apartinind sotilor Petrescu (Prin-
cipiile Termodinamicii, Ed. Tehnica, Bucuresti,
1983) si, la elaborarea ei, s-au urmarit sorgin-
tea metodelor/modelelor, justificarea lor logica
si epistemologica si validarea lor practica.

Sectiunea a 2-a este consacrata aspectelor
metodice Tn termodinamica, prezentindu-se di-
verse scheme, ca comentarii pertinente, refe-
ritoare la destinatia (localizarea;, extinderea si
utilizarea unei metode sau a alteia.

Procesul de cunoastere in termodinamica fe-
nomenologicd se trateaza in sectiunea a 3-a.
Pornind de la faptul ca stiinta are o structura
de tip retea si de la schema de abordare interac-
tionala a sistemelor mecanice, subliniind ro-
lul modelelor in termodinamica, legaturile lor
cu metodele termodinamicii si valoarea axio-
matizarii, se ajunge la examinarea structurii
termodinamicii, la clasificarea metodelor ei si
la sfera de cuprindere a termodinamicii.

Tn sectiunea a 4-a se subliniaza (sesizeazd)
abordarea sistemic interactionalda Tn termodi-
namica fenomenologicd, mentionindu-se ca apa-
ritia lucrdrii in discutie este asociatda cu Tncer-
carea de utilizare sistematica a notiunilor de
baza din termodinamica fizica, chirilicd si teh-
nicd cu conceptia care le leaga intre ele.

Sectiunea a 5-a contine consideratii referitoa-
re la termodinamica fundamentala si la ramurile
ei practice (termodinamica fizica, termodina-
mica chimica si termodinamica tehnica), precum
si la metodele proprii de cercetare, de tratare
si de aplicare ale acestora. Tn centrul discutiei
se plaseaza cele 3 principii ale termodinamicii,
formularile acestora si o serie de consecinte avind
interes teoretic si practic.

Modelele utilizate pentru deducerea si expli-

RECENZII

carea ecuatiilor de stare sint tratate Tn sectiu
nea a 6-a. Principalele concluzii care se degaja
din considerarea ecuatiilor termice de stare sint
urmatoarele: ecuatiile de stare deriva din prin-
cipiul zero al termodinamicii; modelul fizic
utilizat la ecuatia de stare a gazelor perfecte
este ideal, reflectand o stare limita a gazelor rea-
le; inexistenta vreunei ecuatii de stare termice
pentru un gaz real, capabila sa acopere un do-
meniu mai larg de presiuni si temperaturi: ecu-
atiile propuse reprezintd modele matematice
aproximative; tehnica de calcul contemporana
permite exprimarea si calcularea ecuatiilor de
stare sub forma de serii de puteri, avind pina
la 100 de termeni, obtinindu-se precizii foarte
bune.

Tn sectiunea a 7-a metodele de tratare si me-
todele aferente principiului conservarii si trans-
formarii energiei se judeca prin prisma semni-
ficatiei notiunilor de entalpie si de lucru meca-
nic tehnic. Continutul sectiunii si modul mai
putin conventional de tratare a lucrurilor se
justifica prin ,,implicatiile conceptuale si canti-
tative ale principiului intfiTn Tntreaga termodi-
namica (fizicad, chimica si tehnicd)". Autorii
considera esential principiul Tntfi pentru tot
ceea ce este legat de modele si metode in termo-
dinamica.

Tn sectiunea a 8-a principiul intli se prezinta
pentru tipurile de sisteme Tnchise, largite (des-
chise/inchise/deschise) si deschise, intr-o con-
ceptie sistemic-interactional-cauzald, unitard. Se
comenteaza cele 4 tipuri de metode de analiza
energetica (metode de abordare pentru gasirea
expresiilor ,,generale” ale principiului | ; me ode
pentru particularizarea expresiilor generale ale
principiului I si metode de cercetare teoretica
si metode de cercetare experimentald, acordin-
du-se atentie primelor doua.

Cea din urma sectiune, a 9-a,trece in revis-

ta, succint, rolul si esenta metodelor utilizate
Tn termodinamica.

METODE SI MODELE TN TERMODINAMI-
CA TEHNICA este o lucrare originald, nemai-
ntilnitd Tn literatura de specialitate din tara
noastra si poate fi de folos atit cadrelor didac-
tice din Tnvatamintul superior, profilurile Chi-
mie, Fizica si Termotehnicd, cit si specialisti-
lor din cercetare si productie. Poate fi consul-
tatd si de cadrele didactice din Tnvatamintul
liceal, deoarece ofera imagini si interpretari
pretioase pentru Tntelegerea fenomenelor o
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mentate in manualul de chimie al clasei a XI-
si Tn cel de fizica predat Tn clasa a X-a.

Materialul informativ consultat este bogat
(289 surse bibliografice), reprezentativ, critic
preluat si minutios analizat. Sursele bibliografice
acopera o perioada de timp extrem de intinsa,
apartinind Tnceputurilor termodinamicii, dar si
perioadei contemporane. Sint deosebit de su-
gestive, judicios Tntocmite si deci foarte functio-
nale diversele scheme referitoare la legaturile
dintre teorie si experiment, la aplicarea meto-
delor utilizate Tn termodinamica moleculara si
fenomenologica, la obiectul termodinamicii, do-
meniile termodinamicii si interactiunea cu alte
discipline, la corelarea principiilor cu metodele
termodinamicii fenomenologice etc.

Este vrednicd de mentiune speciald, eviden-
tierea contributiilor roméanesti la intregirea con-
tinutului teoretic si experimental al sferei ter-
modinamicii (chimice, fizice si tehnice). De ase-
menea, merita atentie surprinderea momentu-
lui istoric Tn care a patruns Tn literatura de spe-
cialitate din Romania, notiunea de entalpie.

Comentariile care Tnsotesc fiecare sectiune a
cartii, concluziile trase si multinea corelarilor

[IECENZII

cresc valoarea lucrarii, argumentind convin-
gator originalitatea ei. Imaginile sint clare, iar
evocarile diverselor etape istorice Tn evolutia ter-
modinamicii sint pertinente si au legatura cu
contextul. Legdatura dintre teorie si practica
este pregnanta, una fiind justificarea caeilalte.
Se subliniaza stimularea reciproca a teoriei si
a practicii Tn dezvoltarea generald a termodi-
namici si efectele esentiale Tnregistrate Tn per-
fectionarea tehnologica a activitatii creatoare
omenesti.

Rod al unor framintari de aproape 3 decenii,
lucrarea Tn discntie marcheaza un eveniment
demn de remarcat Tn activitatea stiintifica ro-
maneasca, constituind un valoros ghid pentru
»iesirea din labirintul termodinamicii®.

Stilul Tngrijit si fluent, Tn bun acord Cu co-
tinutul, fac lectura cartii agreabild, pe alocuri
de-a dreptul captivanta. Consider reusita si pe
deplin onorata tentativa autorilor de-a pune la
Tndemina specialistilor o lucrare continind In-
terpretari si precizari intr-o disciplind de baza
extrem de importantd pentru multe domenii
de activitatea creatoare.

L. ONICIU
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Lito Univ. Cluj-Napocea, 1988.

Eugenia Gavrilg, 1. Baldea, " V. AL
Agachi, Ingineria reactiilor chimice. Ulilaje
specifice., Litg Univ. < luj-Napeca, 1988.

L. Oniciu, contributii la. / iciclopedia de chimie
vol. 5 (DEU-~-DY), ILd. Stiint. si eneiclop.
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