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SEPARATION OF p-NITROPHENOL FKOM o-NITROPHENOL
THROUGH MOLECULAR COMPLEX FORMATION WITH
hexamethylenetetramine

MARIA YAGAONESCU *1ON COCREAN”’, LETTTIA 6HIZDAVU and
ANIKO TATAR

Received : Aprili 16, 1984

ABSTRACT. — Separation of p-nitrophenol from its o-isomer by complexa-
tion with hexamethylelenetetramine, followed hy acid Splitting of the obtained

molecular complex. A thermogravimetric analysis on the complex is also under-
taken.

In previous papers the molecular complexes of nitrophenols with hexa-
methylenetetramine (HMT) have been studied [1,2,3].

The tact that p-nitrophenol (pNP) in contrast with o-nitrophenol (oNP)
forms with HMT a stable molecular complex, which can be isolated [1], enabled
us to separate pNP from the mixture with its isomer, oNP [4]. In the present
paper we have followed the formation of this molecular complex as well as its
Splitting in components.

The experimental data have led us to conclude that the molecular complex
formation and its décomposition practically occur quantitative (p = 99%).
The séparation of pNP from its isomer has been carried out by steam distilla-
tion of oNP, followed by molecular complex formation with HMT and by its
Splitting in components. As the mixture of pNP and oNP, obtained by phénol
nitration, is usually in acid medium, we have followed the séparation at acid
pH. From the experimental data a maximum vyield (95%) results, in separa-
ting pNP at pH=3. After nitration of phénol under literature mentioned
conditions [5], the oNP has been separated by steam distillation, and then the
pNP — by adding HMT and Splitting the formed molecular complex with 2N
hydrochloric acid. Two ways for séparation and purification of pNP, after
steam distillation of oNP, are mentioned [6]. One method is basedon the natrium
sait formation of pNP and then séparation by acidifying with hydrochloric acid.
As mentioned, it is not advisable to treat the crude pNP with natrium hydro-
xide solution because alkali causes extensive résinification. The other way of
separating pNP consists in cooling the residue of pNP, after steam distillation
of oNP, in ice for 2.5 hours. Then the crude pNP is boiled with 2% hydro-
chloric acid together with decolourising charcoal, for 10 minutes. After a new

filtration the filtrate is allowed to crystallise overnight and the pure pNP is

* University oi Cluj-Napoca. Faculty of Chemical Technology, Department oi Physical, Organic, and
Technologie Chemistry, 3400 ClU}-Napo :a, Romania

** "Enterprise ,,Vidra" — Orastic, Alba County, Romania
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obtained. Although this method yields pure pNP, it présents the disadvantage
to be hard-working and it takes too much time.

In our method of separating pNP through complex formation, the working
time has been much reduced, from 24 h to 30 min.

From analytical and IR spectral data of the molecular complex of pNP
with HMT a molar ratio 2 :1 (pNP: HMT) and a hydrogen bonding (H.b.) struc-
ture results [2]:

the molecular complex HMT-dipNP.

In order to get more information concerning the structure of this complex
and its thermal behaviour, a thermal analysis for the complex and its components
has been carried out. The thermal analysis has been achieved in the tempéra-
ture range of 20°—1000°C. The recorded thermal curves point out chemical
modifications accompanied by weight loss in the TG and DTG curves, as
well as physical transformations such as the melting point of the complex
and of the components. The recorded thermal curves of the complex (Fig. 1)

of pNP and HMT show, on the differen-
tial curve, an endothermie effect, corres-
ponding to the melting of the studied
compounds, followed by endo- and exo-
thermic effects, due to the thermal dé-
composition reactions in the compo-
nents and to the final pyrrolysis (Tab. 1).
It is noticed that the recorded deri-
vative thermogravimetric curve for HMT
does not show the endothermie -effect
corresponding to melting, because as it

s nown, HMT décomposés without
melting. The thermal stability of the
studied compounds, determined through
température td, at which the first décom-
position reaction begins, is shown in
Table 2.

Kinetic parameters have been de-
termined for the first décomposition
process (Table 2) after chemical équa-
tion :

1 The thermal curves of complex
HMT-dipNP at a beating rate of 14'7min
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Table 1 Table 2
Températures (K) of DTA peaks and The thermal stability and kinetic parameters for
melting of the compounds first décomposition proeess of the compounds
Melting Tempeérature of DTA q
Samples  tempéra- peaks Nr. Compound :( Ki Ea 11
ture endothermie exother. J=mok
pNP 386 533,648 753; 831 1 complex 435 215.45 2.15
HMT — 471573 793 2 pNP 463 201.13 2.50
complex 414 453;506; 698 593; 843 3 HMT 450 162.82 1.8»

* As reported in the literature [7]

using the Freeman-Carroll method [6], based on the relation :

— Ea
Alg = nAlgwi 2303 R
where :
Wt  — weight loss at the t moment = Wx — Wt ;
We — weight loss at the end of the reaction ;
Wr  — the quantity of residual substance at the t moment ;

Fig. 2. Kinetic of thermal décomposition: ! — complex; 2 — pNP;3 — HMT
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d(\j/l/t reaction velocity ;
Ea — activation energy ;
T  — absolute température.
From the Freeman-Carroll graph representing P —----A IIg Wt versusQ =
A l1g wr
_ JMT—}10_, __ 4575 . tg Kanj n ~ich is the origin ordinate (Fig. 2) have

Algwr
been determined.

The higher value of Ea for the complex as compared to that of pNP can
be explained through the thermal décomposition of the complex, which first
includes the H.b. Splitting, followed by the HMT décomposition [7]. This
statement may be proved through the weight loss value, of 34.5%, in agree-
ment with the theoretical participation of HMT at the complex formation. It
is to be mentioned that the heterogeneous kinetics is only a formai application
of the homogeneous Kkinetics, namely Ea and n do not represent the real va-
lues in the classic kinetics, but only the apparent values which do characterise
the thermal décomposition process.

Conclusions. 1. Separation of pNP from a mixture with oNP has been achie-
ved by means of molecular complex formation with HMT.

2. The formation of the complex and its Splitting in components practically
occur quantitative.

3. The proposed séparation method présents the following advantages .
it reduces working-time, avoids resinous compound formation by using HMT,
instead of NaOH, and it leads to yielding pure pNP.

4. Thermal analysis investigations of the complex and its components
point to their thermal stability as well as their kinetic parameters.

Experimental. Préparation of molecular complex HMT-dipNP. 0.5 g of pNP and 0.5 g HMT
with | ml HjO are heated on water bath for 30 min. After cooling, the crystallised pNP is filtered
through a Gs filtrant crucible, then it is dried and weighed. The yield of the complex is 0.7425 g
(p = 99%) and it melts at 138— 140°C.

Splitting of molecular complex. The complex is boiled with 2N hydrochloric acid, it is filtered
and the solution is cooled. The crystallysed pNP is filtered through a G3 crucible and after drying
it is weighed (p = 99%).

Separation of a mixture of pure oNP and pNP. To a mixture formed of 2 g(i)ure oNP and
2 g pure pNP dil. HNO, is added until pH = 3. The oNP is separated by steam distillation and
to the remaining solution, which contains pNP, 15 g HMT is added. The formed complex is
isolated by filtration, then it is boiled with 2N HC1 and, after cooling, the pure pNP crystallyses.
The yield in pNP is 1,90g (p = 95%).
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CYCLIC VOLTAMMETRY OF THE K3[Fe(CN)6]/KA[Fe(CN)6]
SYSTEM AT SnO? ELECTRODES

LADISLAU KEKEDY and FIAMETTA KORMOS

Received: May 24, 1985

ABSTRACT. — Electroanalytical chemists show an ever growing interest in
doped tin oxide films as electrode materials due to their favourable properties.
The present paper deals with study of the reversibility of K3[Fe(CN)3]J/K4[Fe
(CN),] (further Feic/Feoc) System at SnO, électrodes as a function of doping
level (Sb»+ 1.7; 4.4 and 7 mole %, respectively, in the spray solution used
for préparation of the SnOt film) and of pretreatment of the électrodes. It
has been stated by cyclic voltammetry that reversibility of the System in-
creases with the increase of the number of charge carriers in the electrode film,
as well as with concentration of the depolarizer. Pretreatment with conc. HNO3
increased the reversibility, too.

The Feic/Feoc redox couple has been extensively investigated, being a mono-
electronic fast System. Voltammetrie studies showed that the System is reversible
at Pt [1—5], Au [3—4] and at vitreous carbon [6] électrodes, respectively,
but at B4C3 [4] and graphite [5] électrodes it is only quasireversible. Litera-
ture data indicate that at SnO? electrodes [5,7—9] both reversible and quasi-
reversible behaviour has been observed, depending on concentration of the redox
couple and the metod of investigation used (Table 1). The present cyclic vol-

Tdble 1
Kinetic parameters of the Feic/Feoc System at different électrodes
Electrode Experimental Concentr. of  Supporting Biblio-
method the redox syst. electrolyte K cm/s a graphy
Pt, wire KClI 1 M 8 X 10« 0.50 1
Pt, rotating disc voltammetry io-» M KClI 1 M 5 X 10-> 0.60 2
Pt, An, wire voltammetry 5 mM K3S0O405M 2 X 10"» 0.50 3
Pt, Au, tu- voltammetry 0.1 mM phosphate
bulér 01 M 14 X 10 0.40 4
Pt, rotating disc  voltammetry 0.5 mM NaClO< 1M 1.3 X io-» 0.50 5
graphite, rot. disc voltammetry 0.5 mM NaCIO, 1 M 5.8 X 10*» 047 5
B4C3, rot. voltammetry 0.1 mM phosphate 3.3 X io-» 0.65 4
disc 01 M
glassy car- voltammetry 01 pM phosphate 5 X 10 0.69 6
bon 01 M
SnQ? plate chronopotentiom. 02 M KClI 1 M reversible 8
SnO3 plate chronopotentiom. KCI 0.16 M reversible 7
SnO3 plate spectroelectrochem. 5 mM pH =17 46 X 10-» 0.32 9
SnO? plate chronocoulom. 5 mM pH =7 4 X 10-» 0.32 9
SnQ3, rot. nisc  voltammetry 05 mM NaCIQj 1 M 17 X 10" 031 5

* University of Cluj-Napoca, Department of luorganic and Analytical Chemistry, 3400 Cluj-Napoca, Romania
e Institute of Chemistry, 3400 Cluj-Napoca, Romania



8 L. KEKEDY, F. KORMOS

tammetric study deals with influence of the doping level and petreatment of
SnO2 film on the reversibility of the Feic/Feoc System at SnO? electrode.

Eerlmental The experimental Setup is represented in Fig. 1. It consiste of a potentiostat (1),
a variable resistor (2), an electrochemical cell with a cylindrical stationary working electrode (r =
=0.15 cm; 1 = 0.5cm), a Pt anxiliary electrode (4) and a SCE reference electrode (5), of an XY
recorder (7) and a digital millivoltmeter (3). Cyclic
voltammograms of air-free 1 x 10_T; 5 x 10-3 and
1+ 10~»MK,[Fe(CN),] solutions Tn 710" M KC1 sup-
porting electrolyte have been recorded. Analytical
grade reagents and bidistilled water were used. A sym-
metrical triangular potential sweep between —1.0
and +1.0 volts vs. ESC was applied. Different
sweep rates (v) were used, the potential sweep being
reversed automatically. Differently doped (with Sh3+)
SnO2 working électrodes were used, namely : I ; with
1.7% Shs+; 11: with 4,4% Sh3+, and Ill: with
7.0% Sh3+ (|n mole % of the spray solutions used
for the préparation of the SnO? film). Two differently
pretreated electrode types were used: électrodes |
and Il were dipped in conc. HNOa for 60 s; other
Fig. 1. Scheme of equipment used for cy- two électrodes 1 and Il were soaked with a FeSO4
clic voltammetry. solution (0.5 M in 2 N H2SO4) for 60 s.

Results and Discussion. The current values observed were corrected for
the residual current, the potential values for the ohmic potential drop (xiR)
through the cell [10, 11]. The residual current was determined considering the
cyclic voltammogram in 0.1M KCI solution. The cell résistance was determined
by the method of Kuwana [7]. The degree of reversibility of the electrode pro-
cess was estimated considering the following criteria: a) The Ep — Ep diffé-

rence on the cyclic voltammograms [11, 12], Ep being the anodic peak potential,
the cathodic one, according to the theory, in the case of a monoelectronic
reversible reaction E a — =68 mV; b) The value of the ratio ipa/ipc [13] :

4 —— isw + 0.086 1)
4

where ia and iPc are the anodic and the cathodic peak currents, is, is the
current value at the potential sweep reversai. In the case of reversible processes
the value of the ratio ipafipc is equal to unity or near it, regardless of the
value of the potential sweep; c) Considering the value of the heterogeneous
rate constant (), a System is considered as being reversible if k> 10_3 cm/s,
and an irreversible one, if K < 10~3 cm/s. In our case K has been calculated
considering the équation of the peak current [14] :

ip = 0.227nFACck exp(—anF/RT) (Ep — E®) 2)

n being the number of électrons associated with the electrode reaction, F is the
faraday, A the electrode area, Co the concentration of the depolarizer, Ep the
peak potential, E° the formal redox potential of the System, a the transfer
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coefficient. According to Nicholson [15], équation (2) is valid for cylindrical
électrodes, too, if the condition :

D/tr2 < 31 10-3 3)

is fulfilled, where D is the diffusion coefficient of the depolarizer, t the duration
of the electrolysis, r the electrode radius. In the case of the cylindrical SnO?2
electrode used by us, the corresponding values were: r = 0.15 cm; t = 120 s,
and D = 7.26 X 10-6 cm?s-1 [16], thus D/tr2 = 1.3X10-6, condition (3) being
satisfied. a and k were calculated from the plot of log ip /0.227nFACo vs. 0.43
(Bp — E®). jThe slope of the straight line obtained is equal to anF/RT, and the
intercept with Ig k.

1. The influence of the doping level. The characteristic parameters of the
electrode reversibility in accordance with the above mentioned criteria héve
been calculated from the cyclic voltammograms (Figs. 2, 3, 4). It has been stated
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Fig. 4. Cyclic voltammetry of 10 M Feie in 10 "M KCI at
SnO, 11 electrode. Sweep rates (mV/s) . 1—10; 2—23; 3—37

Fig. 5. Cyclic voltammetry of 10 *M Feie in 10 1 M KCI at
SnO, Il electrode pretreated with conc. HNO,. Sweep rates
(mV/s): 1-16; 2-28; 3-37

Fig. 6. Cyclic voltammetry of 10 * M Feie in 10 1 M KCI
at SnO, 11 electrode pretreated with FeSO,. Sweep rates (mV/s):
1-20; 2-27; 3-37

that, at constant doping
level, the potential diffé-
rences Epa—Epc increase
with the decrease of con-
centration of the depolari-
zer, indicating an increased
reversibility of the System.
According to Blliot and co-
workers [8] the reversibi-
lity can be correlated with
the number of charge car-
riers in the SnO? film so
that if this number is hi-
gher than 1021/cm3 the elec-
trode process is reversible.
If the number of the char-
ge carriers is about 1019—
102j/cm3, the electrode pro-
cess is less reversible, and
below 1018 carriers/cm3 it
is quite irreversible. The
same conclusion can be
drawn from the values of
the ratio ipa/ip , which app-
roaches to unity only in
the case of electrode SnQO?
(see Table 2) and if the
concentration of the Feic

was 10~2M. The values of
the rate constants account
for a quasireversible pro-
cess in all cases, except
when electrode SnO2 11
was used and 10~2M Feic,
when the System behaved
as reversible.

2. The influence of the
pretreatment. The characte-
ristic data calculated from
the cyclic voltammograms
(Figs. 5, 6) recorded with
SnO? electrodes pretreated



VOLTAMETRY OF Ks[Fe(CN)a]/K4[Fe(CN)e] SYSTEM 1

Table 2

Charaeteristic paramétere of the réduction of Feie of different concentrations at SnO, cleetrodes

' Sno, film v E,,—E - K
e moft ‘type mV/sec Pr?]v ¢ ka e cmlsec a

39 200 132

I 34 180 137 35+ 10~ 0,43
26 167 131
38 55 113

i0-» 1 25 55 1,14 10~ 0,60
13 50 1,06
39 404 2,68

i 25 408 2,80 2,8+ 10- 0,70
13 356 3,08
38 300 125

51 10 | 30 288 1,24 7+ 10 0,62
1 10~ 22 290 1,22
38 200 1.34

1 30 165 1,36 8,91 10-< 0,58
iy 132 141
38 332 1,28

101 I 26 315 1,30 5110~ 0,75
“ 15 267 131
37 280 135

1 23 270 1,29 6,4+ 10~ 0,72
10 200 1,28

with conc. HNO3 or FeSO4 are summarized in Table 3. From these datait can
be seen that in the case of the électrodes pretreated with cc. HNO3 the Epa~Epc

différences were below 68 mV, the values of the ratio ip /ipc approached much

to unity, and the values of the rate constants were greater than 103 cm/s,
ail indicating the reversibility of the process. Consequently, the pretreatment

Table 3

Charaeteristic Parameters of the réduction of 10-° M Feie at pretreated SnO, électrodes

Sno, film \Y Bp - Ep K
Pretreatment type mV/sec mv cm/sec @
39 36 1,17
| 30 25 1,13 103 0,53
HNOS 17 1 1,10
37 43 1,15
1 28 25 1,10 5+10- 0,45
16 5 1,05
36 270 1,60
| 26 256 1,54 81i0-* 0,70
FeSO, 17 240 1,53
37 288 151
1 27 250 1,43 45+ 10-4 0,53

20 202 1,36
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with HNOg increased the reversibility both at électrodes SnO? Il and SnO2 I.
On the contrary, the pretreatment with FeSO4 yielded a decrease in reversibility.

Tn conclusion, the Feic/Feoc system at stationary, cylindrical SnO2 élec-
trodes behaved as quasireversible in accordance with the literature data. The
degree of reversibility increased with the increase of the concentration of the
depolarizer, the number of charge carriers in the SnO? film, as well aswith the
pretreatment with HNO3,
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PERFORMANCE OF GLASS POWDER IMPREGNATED WITH
POLYAMIDE AT STATIONARY PHASE IN THIN LAYER
CHROMATOGRAPHY

SIMION GOCAN and CRXSTINE KONNERT

Received: June 4, 1984

ABSTRACT. — The imprégnation degree of a glass powder (10—50 p.m) with
polyamide content ranging between 0.5—20% was investigated by microscope
analyses. The polyamide content was correlated to a number of chromato-
raphie parameters (Rf, spot expansion and separating resolution). A régression
equation of the form: log hRf = a—b log XA was determined for the variation
of hRf values vs. polyamide content XA. The resolution values increase and
turn superunitary for ail pairs of components starting with a polyamide content
of 15%, which corresponds to an imprégnation degree of 0.5.

The polyamide powder was used in mixtures with other absorbents for
obtaining stationary phases: polyamide-cellulose [1—2], polyamide — Kiesel-
guhr [3] and polyamide-silica gel [4—6].

By imprégnation with polyamide (Nylon 66) of a glass powder (10—50 um)
a new stationary phase for thin layer chromatography was obtained, which can
be used for the séparation of polar compounds. The obtained thin layers of this
adsorbent are very résistant. The eluent migration velocity is high and the sépa-
ration time will be relatively short.

Because the chromatographie properties of these stationary phases dépend
on the amount of the active compound, it was necessary to study the opzimiza-
tion of the imprégnation degree.

Experimental. The neutral glass powder (10—50 pm) was impregnated with 0.5; 2.5; 5.0;
7,5; 10.0; 15.0 and 20.0 weight percent of p dyamide. The imprégnation was carried out by dissolv-
ing the polyamlde in warm formic acid and methanol [7]. The thin layers on glass plates were
obtained by using 3% carboxymethyl-cellulose as a binding agent.

The impregnated powder was examined by an optic microscope (40 x 10) to assess the uni-
formity of the polyamide film on_the glass particles.

The chromatographie properties of the Tayers with various contents of polyamide were tested
by separating a mixture of polyphenols, namely, phénol, pyrocatechol, resorcinol, pyrogallol and
phloroglucinol (each in 0.05% concentration).

A ternary mixture of benzene + methanol + acetic acid (80: 13:7, v/v) was used as eluent.

The developing was carried out ascendingly, in an S-chamber, at room température, on glass
plates (10 x 14 cm?, with layers of 0.25 mm thick. The average migration time was 25 min, and
was not significantly influenced by the increase of the polyamide content of the layer.

The détection of components was effected by spraying with diazotized p-nitoaniline followed
by a spraying with 10% NaOH [8].

Résulte and discussion. By examining under the microscope the powder
obtained by impregnating glass with polyamide, a very non-uniform coating
is observed. Not all of the glass grains are impregnated with the polyamide
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and there is a distinct preference for larger grains. A uniform layer of polya-
mide on the surface of the glass particles was not obtained even when using
small concentrations of polyamide By increasing the polyamide content of the
System, a preferential déposition on already existing layers is observed, and
Iargehparticles, or even aggregates are formed by binding several glass grains
together.

By counting the number of impregnated paticles and the total number of par-
ticles in the microscope field, a degree of imprégnation, G, (the ratio of impregna-
ted particles to the total number of particles) could be determined. The value
of G was determined by counting the paticles in 20 different microscopie fields for
each polyamide concentration XA (Table 1). An increase of G is observed, up

Table

Degree of imprégnation values, G, vs. the polyamide content of the layer, XA
XA% 0.5 2.5 5.0 75 10.0 125 15.0 20.0
G 0.25 0.26 0.27 0.28 031 0.40 0.50 0.37

to 15% polyamide, where a value of 0.5 is reached. At larger concentrations
of polyamide, e.g. 20%, the degree of imprégnation is only 0.37, because under
these conditions larger aggregates prevail, and many small glass grains are
left uncoated.

Prey and Scherz [9] reported that in the case of mixed layers, consisting
of an adsorption active component and an inert one, the hRf is a function of
the layer composition, namely, it decreases with increasing content in the active
component of the layer, a hyperbolic dependence being observed.

A plot of log hR( vs. the logarithm of the polyamide content points to
the existence of a linear corelation of these parameters (Fig. 1). These straight
Unes present a change both in the slope and intercept for concentrations of
polyamide larger than 10%.

These obsevations, not as yet reported by other workers in the field
[9, 10] are probably due to the more complex character of the chromatograph-
ie Systems with polyamide as the active component, since in such Systems
the séparation process incorporates not only the contribution of adsorption,
but also that of the partition in the polyamide gel.

As long as the polyamide content of the layer is small, the deciding
part in the séparation process is played by the adsorbtion of proton-donat-
ing molécules at the carbonyl groups of the polyamide, these groups behav-
ing as active centers. The NH groups are also contributing to the adsorb-
tive properties, but to a lesser extent, as indicated by some literature data
[11]. At the same time, the solvation of carbonyl groups by the solvent molé-
cules (methanol, acetic acid) may occur, so that the adsorbtion of the phé-
nols will take place in a compétition with the solvent molécules, thus migrat-
ing to higher hRf values.
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Fig. 1. Plotof log hR us. the logarithm fo the polyamide content of the layer XA
Eluent : benzene -f- methanol + acetic acid (80: 13:7, v/v).
Compounds: 1 — phénol, 2— pyrocatechol, 3—resorcinol, 4— pyrogallol and 5 — phloroglucinol.

By means of partial régression équations for the range of polyamide con-
centrations 0.5—10.1% (Table 2, column 1) the calculated hRf values are
obtained, which are in a very good agreement with the experimental hRf
values (Table 3).

Table 2

Regression équations of the hR vs. the polyamide content of the layer for the séparation of some

Compound

Phenol
Pyrocatechol
Resorcinol
Pyrogallol
Phloroglucinol

polyphenols

Range of polyamide concentration

0.5-10%

log hRf = 1.9566 -- 0.0365 log XA
log hRf = 1.8696 -- 0.0606 log XA
log hRf = 1.7574 -- 0.1090 log XA
log hRf = 1.7110 -- 0.1440 log XA
log hRf = 1.2260 -- 0.3890 log XA

12.5-20.0%

log hRf =2.0509 — 0.1242 log XA
log hRf =2.1034 — 0.2756 log XA
log hRf = 2.2473 — 0.5498 log XA
log hRf =2.3451 — 0.7544 log XA
log hRf =2.1740 — 1.0740 log XA
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Table 3

hKfezp and hKfcalc. values of some phénols vs. the polyamide content of the layer, XA

- Phénol Pyrocatechol Resorcinol Pyrogallol Phloroglucinol
Polyamide
content hRf hRf hRf Rf
XA% exp. calc. exp. calc. exp. calc. exp. clac. exp. calc.
0.5 92 92 78 76 70 71 56 57 37 36
25 87 87 72 72 60 60 47 46 17 19
5.0 84 85 70 71 55 55 40 41 15 15
75 83 83 69 70 53 53 38 38 13 13
10.0 83 83 68 69 50 51 37 37 1 1
12.5 83 82 64 64 44 44 35 33 10 10
15.0 79 80 59 60 40 40 26 29 8 9
20.0 78 78 56 56 34 34 24 23 6 7

The increase of the polyamide content entails increasing chances for the
formation of a polyamide gel. The use of the nonaqueous solvent, which con-
tains acetic acid, facilitites the formation of the gel, produces an optimal
swelling of the polyamide and a sufficent break-up of its structure; this
fact results in a high capacity of the layer, as well as in a rapid équilibration
of the mobile and stationary phase [11]. The larger agglomérations of polyam-
ide in this concentration range will favour the formation of the gel phase.
The séparation will therefore be the resuit of both adsorption of the polyphe-
nols and their répartition between the mobile and stationry phase (the polyam-
ide gel). Consequently, the parameters from the régression équations will
have other values for the 12.5—20.0% (Table 2, column 2). By examining
these results a good agreement was found between the experimental values
and the values calculated by means of the régression équations (Table 3).

The larger the number of polar groups, the steeper are the slopes of
the curves log hRf vs. log XA (Table 2) and, consequently the higher the po-
larity of the molécules, the faster will decrease the hRf values.

With pyrocatechol the slope is smaller than with resorcinol, which is
also a dihidroxilic compound. Probably thatis due to the neighbouring positions
of the OH groups, the pyrocatechol is able to form intermolecular hydrogen
bonds [12]. This explains the fact that the slope value for the pyroca-
techol is to be found between the values for mono- and dihydroxylic compounds.
The same situation is also met in the case of pyrogallol when the slope has inter-
mediary values between those of the di- and trihydroxylic compounds.

By plotting the size of the spot (Fig. 2) in hRf units, as a function of
the polyamide content of the layer, a longitudinal narrowing of the spot becomes
evident, simultaneously with the increasing content in active component and
therefore an enhancement in the séparation capacity of the layer.

Table 4 gives the resolution values for a sériés of polyphenols as func-
tion of the polyamide content of the layer. By examining this table it has
been established that, starting with a 15% polyamide content, a supra-
unitary resolution for ail the pairs of the components is obtained. An increase
in polyamide concentration above this value does not lead to significant
modifications in the chromatograhpic properties of the layer.
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Fig. 2. Plot of the longitudinal size of the spot in hRf units vs. the
polyamide content of the layer XA.

Eluent: benzene + methanol - acetic acid (80: 13:7, v/v).

Compounds: 1 — phénol, 2 — pyrocatechol, 3 — resorcinol, 4 — py-
rogallol and 5 — phloroglucinol.

Table 4
Resolution values, Rf, of saine phénols vs. the polyamide content of the layer, XA
Polyamide content Phenol- Pyrocatechol- Resorcinol- P?/rogallol-
of the layer Pyrocatechol Resorcinol Pyrogallol Pliloroglucinol
XA(%)
0.5 1.08 0.47 0.78 0.83
2.5 1.36 0.80 0.77 1.88
5.0 1.40 1.07 0.88 1.56
75 1.75 1.39 0.97 1.72
10.0 1.77 1.64 0.90 1.93
12.5 2.53 2.22 0.82 2.27
15.0 3.64 2.38 1.40 2.00
20.0 4.00 2.93 1.18 2.25

The corrélation of the microscopie data with the chromatographie Para-

meters leads to the conclusion that the optimal degree of imprégnation of the
glass powder with polyamide is 0.5 and corresponds to a content of 15%
polyamide.

2 — Chemia, 1/1986
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ABSTRACT. — Contribution to the Study of Catalytie Aetivity of Some
nSiO, + w/11903 + xHjO Systems in the Décomposition Reaction of Cumene Hydro-
peroxide. The life of synthethic aluminosilicate catalyzers in the décomposi-
tion reaction of cumene hydroperoxide was studied. It was found that the syn-
thetic aluminosilicates used in the process display constant catalytie aetivity
for over 200 hrs of continuing operation, without régénération. Also, the selec-
tivity and productivity of these catalyzers was followed.

ntr-o serie de lucrdri [1—8] noi am studiat descompunerea hidroperoxi-
dului de cumen (HPC) in catalizad eterogend, utilizind drept catalizatori alu-
minosilicati sintetici. Procesul a fost urmarit in reactor discontinuu cu ameste-
care perfectd, n reactor continuu cu strat fix de catalizator si in reactor cu
strat fluidizat.

Tn prezenta lucrare am urmarit modul Tn care acesti catalizatori corespund
conditiilor ce se cer unui catalizator industrial [9], Tn ceea ce priveste viata
catalizatorului, capacitatea de productie si selectivitatea.

Partea experimentala. Pentru a obtine aluminosilicati sintetici cit mai lipsiti de cationi straini,
am preparat aceste sisteme prin coprecipitarea gelurilor mixte, pornind de la solutii de acid silicic
liber si azotat de aluminiu. Coprecipitarea s-a efectuat la pH = 5 Tn prezenta unei solutii de car-
bonat de amoniu. Am studiat influenta concentratiei initiale a solutiei de azotat de aluminiu
asupra activitatii catalizatorilor obtinuti, Tn reactia de descompunere a HPC. Datele obtinute sint
prezentate Tn Tabelul 1.

llezultate si discutii. Se constatd ca se obtin conversii ceva mai ridicate
si mai reproductibile, cu cit solutia de azotat de aluminiu folosita este mai dilu-
ata. Pentru prepararea solutiilor s-a folosit apa deionizata pe coloane cu schim-
batori de ioni. Tn solutia de acid silicic am l&sat sa picure, sub puternica agi-
tare, solutia de azotat de aluminiu, concomitent cu adaugarea solutiei de car-
bonat de amoniu. Utilizarea acidului silicic liber in locul silicatului de sodiu
este mai avantajoasa deoarece catalizatorul obtinut nu mai trebuie spalat
prea mult pentru eliminarea ionilor de sodiu, ioni care dezactiveaza centrii
mai puternic acizi ai catalizatorului. Analizele prin flamfotometrie a sodiului,
arata ca in toate probele continutul in sodiu este sub 0,05%. Utilizarea azota-

I Nota 8: ly. Cormos, | A. Popi, Buletinul Institutului de Invdtamint Superior Suceava, 1985, sub tipar.
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Tabel 1

Influenta concentratiei de azotat de aluminiu asupra activitatii catalitice a catalizatorului

Cantitatea de  Conc. sol. de  Cantitatea de Continutul procentual fara  Conversia dupa
sol. de azotat, azotat de sol. de acid apd n: acelasi timp de
g aluminiu silicic, 3%, . reactie, %
¢ Sio? Ala03
9,37
50 10% 100 61,09 38,91 9,62
9,14
11,90
25 20% 100 61,09 38,91 11,82
11,86
12,42
100 5% 100 61,09 38,91 12,38
12,35

tului de aluminiu Tn locul sulfatului de aluminiu prezinta avantajul cd n
final, Tndepartarea ionului azotat se face mult mai usor decit a ionului sul-

fat.
Gelurile mixte voluminoase obtinute prin coprecipitare la 20°C, au fost

lasate sa se matureze 48 ore la temperatura camerei, apoi se filtreaza, se spald
cu apa deionizatd, se usucad in atmosferd, iar in final se usuca in etuva la 105 °C.
Catalizatorii obtinuti se granuleaza, se claseaza si se supun tratamentului ter-
mic. Tn prezenta lucrare s-au utilizat sisteme calcinate la 580°C, tempera-
turd la care cea mai mare parte a apei legate a fost deja Tndepartata, iar
pierderea de apd din sistem devine constanta [1].

Utilizind un reactor cu
deplasare totald in strat flui-
dizat [8] s-a urmarit viata
catalizatorului. Tn Figura |
este prezentata activitatea
cataliticd a sistemului cu
33% A1203

Din Figura 1 se constata
ca apare 0 scurta perioada de

Fig. 1 Viata catalizatorului. 1 la 30 °C; 2 la 40 °c si 3 Inductie de circa 30 de mi-

la 50 °C. nute, dupa care are loc o

crestere a activitatii catali-

tice la un maxim si o revenire rapida la o valoare constanta. Aceastd valoare

constanta a conversiei in proces se mentine peste 200 ore de functionare

neintreruptd a catalizatorului. S-a lucrat cu solutii de 30% HPC in cumen, la

conversii partiale in jur de 60%, la temperaturile de lucru de 30,40 si 50°C,
cu separarea produsilor de reactie in afara reactorului.
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Pentru comparatie s-a urmarit si viata catalizatorului S industrial de
cracare catalitica, in acest proces, care are 10% A1203 (Fig. 2).

Se constatd ca activitatea cataliticA a catalizatorului de cracare este
mai mica decit a catalizatorului sintetizat de noi.

Pentru a putea urmari
selectivitatea si productivi-
tatea catalizatorului, s-a efec-
tuat o descompunere totala
a solutiei de 70% HPC in
cumen. Selectivitatea catac-
lizatorului S serefera la pro-
dusul principal al reactiei, in

aSESt caz f?nOIUI’ §i este da- Fig. 2. Viata catalizatorului industrial de cracare. 1 la
ta de relatia : ; 30 °C; 21a40 °Csi 3 la 50 °C.

nr. moli fenol rezultat
nr. moli HPC transformati

Pentru determinarea practicd a selectivitatii s-a pornit de la 1000 g
solutie 70% HPC in cumen si s-a colectat din reactor un amestec de reactie
in cantitate de 998,2 g. Se constata ca in proces au loc pierderi de 1,8 g ceea
ce reprezintd 0,18%. Tn amestecul de reactie s-a dozat prin metoda bromat-
-bromurd fenolul existent, obtinindu-se valoarea de 42,77%. Acetona s-a
dozat cu clorhidrat de hidroxil-amind, obtinindu-se valoarea de 26,47%. Pe
baza analizei s-a calculat cantitatea de fenol obtinutd si anume 4,5292 moli.
Cantitatea de HPC existenta Tn materia prima supusa descompunerii (cele
1000 g solutie 70% HPC n cumen) este de 4,6054 moli. Ca urmare putem
calcula selectivitatea S :

S% =452  + 100 = 98,34 %
4,605

Masa de reactie rezultata se supune unei distilari fractionate intr-o coloana
cu umpluturd de 16,9 talere teoretice, in raport cu CCl4. Tn urma fractionarii
s-au colectat trei fractii principale : fractia acetonica, fractia de hidrocarburi
si fractia fenolica. intre fractia acetonica si cea de hidrocarburi s-a colectat
si o fractie intermediard de 2,18 g. Fractia acetonica s-a colectat la 57 °C tem-
peratura la virful coloanei, iar temperatura Tn blaz s-a urcat pina la 146,5°C.
Alimentarea coloanei s-a facut cu 500 g amestec de reactie. Masa fractiei
acetonice a fost de 132,3g. S-a controlat tot timpul indicele de refractie al
acetonei, care se mentine la 1,3600 fata de cel din literaturd de 1,3597. Aceas-
ta ne dovedeste ca fractia acetonicd nu contine nici metanol si nici apa. Aceste
produse apar Tn proces atunci cind se realizeaza descompunerea n cataliza
omogend. Astfel, se trage concluzia ca in cazul nostru nu se petrec acele reactii
secundare ce conduc la formarea metanolului si a apei. Aceastd concluzie este
confirmata de faptul cd la analiza cromatograficd a fenolului obtinut nu se
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identifica prezenta a-metilstirenului, produs ce apare concomitent cu apa-
ritia apei.

Fractia intermediara de 2,18 g s-a colectat la temperaturi la virful coloanei
pina la 120°C, iar in blaz pind la 161 °C. intre temperatura de 120 si 151°C
la virful coloanei, nu se colecteazd nimic, iar la 151 °C incepe colectarea
cumenului. Tn blaz temperatura a urcat pina la 182°C. Cantitatea fractiei
de hidrocarbura a fost de 148,88 g.

Ultima fractie rezultata este cea din blaz, fractia fenolica, de 313,32 g.

n tabelul 2 este prezentat bilantul de materiale al procesului de fractio-
nare si stabilirea pierderilor in proces.

Tabel 2
Bilantul de materie al procesului de fraetionare

INTRAT IESIT
1. Amestec de reactie 500 g 1. Fenol 21332 ¢
2. Acetona 132,30 g
3. Cumen 148,80 g
4. Fractie intermediara 218 g
5. Pierderi 3,40 ¢
Total intrat: 500 g Total iesit: 500 g

Din datele de bilant, tinind seama de raportul reactant/catalizator uti-
lizat, se poate calcula productivitatea catalizatorului, deci cantitatea de fenol
obtinut de unitatea de masd de catalizator, in unitate de timp. Efectuaind
experientele cu un debit de 5 ml/minut, cu solutii de 70% HPC in cumen si
la un raport masic Tntre catalizator si reactant de 1:5, Tn cele 200 de ore
cit s-a urmarit viata catalizatorului, gasim prin calcul cd prin reactor trec
6000 ml solutie, ceea ce corespunde la o concentratie de 4,60 moli/l. Rezultd
cd un gram de catalizator poate produce Tn 200 ore 81,76 g fenol, iar Tntr-o
ora produce 0,4083 g fenol. Un litru de catalizator (1 g = 0,9 ml) produce
intr-o orda 408,8 g fenol. Se stie ca industrial nu se pot utiliza catalizatori
cu o capacitate de productie raportata la produs final, sub 20 g/l.h. [9]. Tn
cazul nostru aceasta valoare este mult depasitd, obtinindu-se 408,8 g/l.h.

Tinind seama de cei 4,6054 moli HPC introdusi in reactor, de cantitatea

de fenol obtinutd de 4,5292 moli si de pierderile de 0,18%, putem calcula ran-
damentul procesului :

% 1 100 = 98,10
4,6054
Concluzii. Se studiaza viata catalizatorului dovedindu-se ca el poate
functiona, fard regenerare, peste 200 ore. De asemenea, s-a urmarit selec-
tivitatea catalizatorului si randementul acestuia Tn proces. Productivitatea
catalizatorului este de asemenea foarte buna, fapt ce ne Tndreptateste s& con-
sideram o posibild utilizare industriald a lui.
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L’OPTIMISATION EN PHASE DE LABORATOIRE DE L’OXIDATION
DU p-NITROTOLUENE A ACIDE p-NITROBENZOIQUE

VICTOR EITEANU MIRCEA FODOREAN", IOAN BATIU et MARINELA PRIPAS

Kecelted: November 27, 1984

ABSTRACT. — Laboratory Phase Optimization. This paper deals with an
oPerationaI researchwork lying in a central factorial experiment 2’ (experiment
planning matrix, Statistical processing, polynominal mathematical model adjust-
ment and model optimization, conclusions) leading to an increase of the yield
in p-nitrobenzoic acid, as -a resuit of oxidation with manganese dioxide at a
ratio from 41—65% to over 75%, in a laboratory installation.

On sait que la réactivité des groupements meéthyle liés au noyau aroma-
tique diminue en présence des groupements nitro. Leur oxydation dans cette
situation a constitué I'objet des recherches relativement récentes [lj, a la
suite desquelles on a opté pour I'oxydation a MnQO? en présence de H2SO4 de
concentration supérieure a 60%.

Puisque les rendements en acide p-nitrobenzoique [1] étaient d’environ
40% et les plus récents [2] d’environ 65%, on a considéré opportune I'étude
opérationnelle du processus pour trouver les conditions d’un rendement supé-
rieur. Celle-ci a consisté dans I'adaptation de la méthodologie d’un expériment
factoriel central, a deux niveaux, en trois variables indépendantes, 23 [3].

L’organisation de I'expériment. Les variables choisies ont été: la température de réaction, la
durée de la réaction et la quantit¢ de MnOa Le niveau de départ et les domaines de variation
admissibles pour les trois variables ont été établis a:

140 'C + 20 °C
3,5 heures =+ 1 heure
60 g Mnl2 = 119 g Mn(),

A ceux-ci correspondent (Tableau 1) la matrice de planification de I'expériment 23 dans des
coordonnées naturelles (°C, heures, g MnO2) et en coordonnées conventionnelles (1, 0), aux ré-
ponses y de l'installation (les rendements in 0o d'acide p-nitrobenzoique) et a six essais supplé-
mentaires sur le niveau de départ, pour tester la reproductibilité des expériments.

L’ajustement izm modéle mathématique. Aux données du tableau ! on a
ajusté, conformément & la procédure de I'expériment factoriel [3], par la
méthode des moindres carrés, le modele polynomial, facile a travailler statis-
tiquement et a optimiser

VA =al+ xi+ax2+alrx3+ alxyxl +
+ EI3 + XEX3 + «23 ' X2X3 + 723 * #13

¢ Université de Cluj-Napoca, Departement de Chemie Inorganique et Analytique, 3400 Cluj-Napoca, Romania
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Tableau 1
La matrice de planification de I'expériment 2’ et les résultats obtenus

No. Zv °C 22, heures ~2 73 gMnOl Y, %

cour. ' ' 9 » N
1 160 1 4.5 1 71,9 1 53,34
2 120 -1 2,5 -1 71,9 1 61,55
3 160 1 25 -1 48,1 -1 30,36
4 120 -1 4,5 | 48,1 -1 71,80
5 160 1 45 ! 71,9 1 41,03
6 120 -1 4,5 1 719 1 75,50
7 160 1 2,5 -1 48,1 -1 47,10
8 120 -1 2,5 -1 48,1 -1 55,39
9 140 0 35 0 60,0 0 62,78
10 140 0 35 0 60,0 0 65,65
1 140 0 35 0 60,0 0 64,01
12 140 0 35 0 60,0 0 61,55
13 140 0 35 0 60,0 0 63,60
14 140 0 35 0 60,0 0 67,70

ou

=gz ;Q X<' 13K
1 8

N23 7T 2D kI * ~k2 * N1k3 " YK
8 =i

de sorte que

y(X) = 54,509 — 11,551 + x! + 7,426 + x2 + 3,346 + x3 — 0,164 + xrx2 -f-
+ 0,881 + x+x3 — 0,861 » x2%3 — 0,246 + %Ix2%3

L’analyse statistique du modele. En calculant la variance de la repro-
ductibilité :

S o m)
dpr = --mmee- = 4,757,
6-
I’écart standard des coefficients
et les valeurs = [«]/sa, par le test de Student (P = 95% et 85(6 — 1) =

= 2,771 [4]) en éliminant les coefficients pour lesquels i\xp < %b = 2,77%
on trouve significatifs les coefficients du modéle simplifié :

y(X) = 54,509 — 11,551 + xt -f- 7,426 + x2 + 3,346 + X3
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Ensuite on a vérifié si le modele est adéquat par le test de Fisher pour
sanoir si le modele ajusté et simplifié décrit de maniere satisfaisante (a P =
= 95%) la réponse de l'installation dans le domaine expérimental consi-
déré et si optimisation doit avoir donc lieu.

On a calculé donc la variance résiduelle :

U —\w\v/ 12146
Sl — — 12846 = 3,212
. N — nr. coeff. modeéle 8 —14
Puisque :
S
F..p = = 1,481 < Fteb = F%(5; 4) = 6,26 [5]
SIes

il résulte que le modele linéaire est adéquat, a un coefficient de corrélation
multiple [6] Ryx = 0,993 qui, étant tres proche de l'unité, dénote la dépen-
dence linéaire pratiquement fonctionnelle F?].

L’optimisation du modéle ajusté. Ceci a consisté dans la maximisation

du rendement estimé y(X), dans le domaine admissible —1 < X 1

YTra. peut étre trouvé immédiatement en observant que y{X) devient
maximum pour I’X pour lequel le membre droit est une somme de termes
positifs de valeurs maximales. Ceci se réalise pour la sixiéme valeur de X de
la matrice d’expérimentation, Xe:

Tmax = >(Xmai) = y(X6 = max y(X) = 76,83%

On sait du tableau 1 que le meilleur rendement, 75,50% est obtenu pour Xe.
Or c’est justement la confirmation pratique nécessaire pour le résultat antérieur.

Avec ce qu’on a montré ci-dessus, on a mis en évidence que dans les condi-
tions de travail adoptées, = 75,50% est le maximum global du rendement
dans le domaine admissible ou la meilleure valeur du rendement dans les con-
ditions des restrictions existentes.

Conclusions. I/avantage de la méthode adoptée par comparaison a l'ana-
lyse dispersionnelle est évident. Celle-ci, par un méme effort de calcul aurait
mis en evidence les facteurs qui influencent le rendement, mais le modéle man-
quant, ne permet pas de trouver les conditions de I'optimum.

Xmax trouvé peut constituer le nouveau niveau de départ dans un autre
expériment factoriel, le cas échéant plus restreint si c’était plus convenable.

Par la startégie expérimentale adoptée, on a trouvé les conditions pour
obtenir en laboratoire, une importante augmentation du rendement en acide
p-nitrobenzoique.
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ABSTRACT. — The behaviour on adsorption from sulphate solutions of Cdi+
and Zn!+ ions, on strongly acid cation-exchange resin — Vionit CS—3 (Ro-
manian made) — and elution in sodium Chloride medium were investigated.
Separation of Cd from Zn and the accompanying elements from residual solu-
tions resulted from Zn and Pb metallurgy was obtained.

Introduction. Chromatographie séparation methods, through ion-ex-
change, have ever more gained ground of late, imposing themselves thanks to
their simplicity and efficiency.

In ion-exchange chromatography, séparations were often obtained in the
presence of complexing reagents. The complexing action of hydrochloric acid
and alkaline chlorides [1—3] was employed to separate cadmium from zinc,
by ion-exchange.

The différence in the distribution coefficients [4] of the elements between
the resin and solution, as well as the stability différence of the complexes
formed between the ions of the separate and eluents — which are also com-
plexing reagents [5] — constituted the basis of some ion-exchange sépara-
tion approaches.

In this paper Cd2+ and Zn2+ ion distribution between Vionit CS—3
resin and sodium chloride solutions of varied concentrations is followed, to
the end of stating some optimum séparation conditions. The sulphuric aqueous
solutions resulted from lye washing of volatile powders in zinc and lead metal-
lurgy lie at the basis of our investigations.

Experimental. lon-Exchange Resin. Indigenous, ion-exchange resin strongly acid cationit
Vionit CS—3 (styrene copolymer of 8% divinylbenzene with sulphonic groups) of 50—100 mesh
granulation, of the form R—H and R—Na was used.

The H + type cationit (delivery form) was purified by washingin 10% HCI solution, in column,
to remove iron traces, then washed in distilled water spout until the effluent gave negative reaction
for Cl- ion (with Ag+). The resin was converted under Na+ form with 10% NaCl solution, washed
in distilled water and dried in air at room température (~25°C).

The bulk différence between the R—H and R—Na forms was 6.5%. The water content,
determined by drying to constant weight at 110°C, was found to be 24.18% with R—H and
23.78% with R—Na form respectively. The ion-exchange capacity, determined by acid-basic titra-
tion (STAS 9475/7—74) forthe H+ form, was of 4.25 mVal/g dried resinl and 1.90 mVal/mldamp
resin.

The lon-Exchange Column. A 1.7 bore glass column was used. To the end of preparing the

resin Izéyer, a suspension of the resin in water was poured in the water-filled column, till the layer
reached to 22.7 cm high.

* (Jniversiiy of Cluj.Napoca, Department of Anorganic and Analytic Chemistry, 3400 Cluj-Napoca, Romania
** Institute of Chemistry, 3400 Cluj-Napoca, Romania

1 The weight of dried resin was derived from the weight of the resin dried in air (25°C) and the water content.
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Metallic lon Solutions. The solutions of the metallic ions were prepared by dissolving the
respective sulphates (Cd, Zn) in distilled water. To avoid hydrolysis, a minimum amount of sul-
phuric acid was added. The metallic ions were determined by titration with Complexon 111 solu-
tion, using Erio T as indicator [6].

Distribution Coefficient Measuremenis. Adsorbability of the elemente was expressed in distri-
bution coefficients, determined by sériés équilibration. The measured amounts of H+ and Na+ form
resin (1.0 g) were stirred with known quantifies of sodium Chloride (50 ml) of varied concentra-
tions, containing approximately I mmol of each studied metal. The samples were being stirred
for 24 hs. at room température. After filtration of the resin particles, the liquid phase-element
concentration was determined [6]. By différence as to initial concentration, the amount of ele-
ment retained by the resin was determined.

The distribution coefficients were calculated with the following relation :

amount of metal/gram of dry resin
amount of metal/ml of solution

The adsorbtion was achieved under a ratio q [7] of resin loading:

__ total amount of cations (in équivalents)
" total amount of the resin (in équivalents)

Results and Discussion. In aqueous chloride solutions, Cd and Zn form
various types of chloro-complexes, as a function of the complexing agent
concentration [8].

Of the data given in Table 1, it appears that, in NaCl solutions, Zn2+
is stronglv adsorbed by the cationit, and the distribution coefficient increa-
ses with the decrease of sodium chloride concentration, attaining a maximum
at NaCl 0.1 N.

As for Cd2+ the distribution coefficient increases with the decrease of
NaCl concentration ; it is noticed that Cd adsorbability is low at NaCl concen-
tration values higher than 0.2 N, because of CdCIjT chloro-complex formation,
unretained by the cationic resin. In contrast, Zn — existing as a positive
ion — is strongly retained by the resin, it being completely desorbed at
concentrations of NaCl > 2N.

Table 1 Table 2
Cd2+ and Zn2+ distribution coefficients in NaCl Cd2+ and Zn2+ distribution coefficients
solutions of various foncentrations and R—II and in NaCl solutions and R—Na—form
R—Na—form resin (q = 0.4) resin (q = 0.1)
NaCl (N) R—H resin R —Na resin NaCl (N
concentration gq Zn2+ Cdo+ Zn+ concentratl)on Cdz+ Zni+
0.1 222.87  575.22 126.69  286.94 0.1 170.91 325.17
0.2 40.73 147.44 39.25 99.94 0.2 59.08 199.30
0.3 14.15 74.40 10.45 56.71 0.4 4.73 82.75
0.4 14.54 50.70 10.48 37.44 ) ) ’
0.5 566  34.10 787 3235 0.5 3.96 31.87
0.8 2.78 13.70 2.52 12.86 0.8 4.27 11.03
1.0 2.58 10.22 2.44 11.85 1.0 4.68 11.03
2.0 2.10 6.49 0.92 1.60 2.0 4.36 0
3.0 2.17 2.84 1.50 1.41 3.0 4.41 0
4.0 2.28 1.28 0.36 1.66 4.0 0.36 0

* Each value is a double-determination mean.
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Of the values of Cd and Zn adsorbability on resin in R-H and R-Na form,
it is to be noted that both Cd and Zn are stronger retained by the R-H —
form resin, the différences between the distribution coefficients being higher
at low NaCl concentrations.

I/jwering the resin loading ratio to q = 0.1, we observe (Table 2) that,
at small values of K, the loading effect is little, while at high values,
the loading diminution leads to an increase of the distribution coefficients.

Consequenty, elution curves for each element were plotted (Fig. 1) by
adsorbtion of a known Cd or Zn amount and elution with 0.2 N NaCl solution.

The column supply rate was of 0.5—0.8 ml/min. Cadmium and zinc were re-
tained by the resin in a ratio of 95—97%. The elution rate was of 1.3 ml/min.

Portions of 10 ml were collected and the amount of element in each frac-
tion was determined by the known method.

On Fig. 1, it is noticed that upon loading the column with cadmium
(@ = 0.68), this latter was completely eluted with 1560 ml 0.2 N NaCl solution.

While loading the column with zinc (g = 0.54), the zinc elution curve is
superposed over the elution curve of cadmium, because zinc occurs in the
effluent after 375 ml 0.2 N NaCl solution was flowed up in the column.

Separation Method Set up. Of the adsorbtion data given in Table 1, it
clearly appears that zinc is adsorbed by the resin in NaCl concentration ran-
ges of 0.2—0.5 N, while cadmium is less so (or not at all adsorbed).

On the basis of the différence between the distribution coefficients, an
attempt was made to separate Cd from Zn on Vionit CS—3, using for cadmium
0.2 N NaCl as eluent, and 2.0 N NaCl as eluent for zinc.

In Fig.2, two examples of séparation of cadmium from zinc are given, at

various ratios and elution rates.

Fig. 1. Cd and Zn elution curves using  Fig. 2. Separation of Cd from Zn on Vionit CS—3-resin

0.2 N NaCl solution as eluent: resin  (Nat+-form) 50—100 mesh; 22.7cmy. 1.7cm column; ad-

(Nan—form) : 50—100 mesh; 22.7 cmy  sorbtion rate 0.5—0.8 ml/min.; elution rate 5 ml/min.;

1.7 cm column; adsorbtion rate 0.6 ml/min;  curve (a) Cd adsorbed: 0,824g, curve (c) Zn adsorbed:

elution rate 1.3 ml/min; column loading; 0,329 g; elution rate 1.3 ml/min. curve (b) Cd adsorbed:

g = 0.68 for Cd and, q = 0.54 for zn. 0.687 g, curve (d) Zn adsorbed 0.415g.; E1 = 0.2 N NaCl
solution; E2 = 2.0 N NaCl solution.
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It is to be noticed that, when the column loading is low, cadmium will
occur in the effluent later:

— at a loading ratio of g = 0.22, cadmium will occur after 120 ml elu-
ent amount

— at a loading ratio of g=0.10, cadmium occurs after 480 ml eluent amount.

At elution of cadmium with 0.2 N NaCl
solution, at an elution rate of 5 ml/min., zinc
occurs in the effluent after 1120 ml eluted
amount, impurifying cadmium.

Upon elution of cadmium with NaCl 0.2 N
NaCl solution at an elution rate of 1.3 ml/min.,
zinc does not occur in the effluent, even after
1560 ml eluent solution, amount in which a-
bout 96% cadmium has been desorbed.

Zinc was eluted with 2 N NaCl solution,
200—250 ml being enough for complete desorb-
tion of zinc.

The séparation of the two éléments is
better when column loading is smaller and
the elution rate is low.

The procedure was applied with good re-

Fig. 3. Selective elution of cad- Sults in séparation of cadmium from zinc (Fi-
mium from industrial solutions, on  gure 3) and other accompanying éléments (Ta-
Vionit CS—3: resin (Nat+-form); ple 3) in sulphuric aqueons solutions, resulted

50 — 100 mesh; 31.3 cm x 78.1 ¢cm H : H
column: adsorbtion rate 6.4 mi/min.: from lye washing of volatile powders in lead

elution rate 145 ml/min.: amounts ZiNC metallurgy. )
adsorbed : Cd — 13.64g, Zn = 5.39g. Cadmium adsorbed on the resin was al-

most completely eluted (Table 4) with about
101 0.2 N NacCl solution ; final Cd concentration of the solution resulted on
elution was of 1.4 g/l.

Table 3
Mean ehemieal composition of cadmium solution resulted from oxidant acid lye washing of volatile
powders determined by atomic absorbtion spectrophotometry*
lon Cd«+ Zn‘+ Fe«+ Pbh«+ Mg+ Mnm»+ Ni’+ Co’+ Nat+ K+ Cr«t+ Cact A3+
Concentr-
ation g/ 2.2 0.870 0.1165 0.0081 0.027 0.0016 0.0007 0.0003 0.109 0.170 0.001 0.141 0.002
* Perkin Elmer Mode! 300 Atomic Absorbtion Spectrophotometer.

Table 4

lon-exehange séparation ol cadmium from industrial
solutions (déterminations were performed by atomic
absorbtion ¥pectrophotometry)

Loaded amount Eluted amount

© ©
Cd,+ 13.64 13.47

lon

* Perkin Eimer Model 300 Atomic Absorbtion Spectrophotometer.
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It was only after 10! eluent that zinc was traced.

The resin column was regenerated with a solution of 10% sodium Chlo-
ride, when all metals adsorbed on resin were eluted.

Conclusions. The séparation of cadmium from zinc in sulphuric aqueous
solutions, resulted from lye washing of volatile powders in lead and zinc
metallurgy, was studied.

The séparation of cadmium from zinc and other accompanying éléments,
with Vionit CS-3 (strongly acid cation exchange resin) was realized, by selec-
tive elution with aqueous 0.2 N NaCl solution.

In view of establishing the séparation conditions, distribution coefficients
in aqueous NaCl solutions were determined.
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UBER DIOXIMINKOMPLEXE DER UBERGANGSMETALDE!
LXVIII. die wasserstoff-dinitro-bis-octoximino-rhodiat (I11)

CSABA YARHELYI FERENC MANOK’, NICOLAE ALMASI und ILONA NAGY

Eingegagen am 21 Januar 1985

ABSTRACT. — On Dioximine Complexes of Transition Mélais (LXVI1II). Hydro-
gen-Dinitro-Bis-Octoximino-Rhodiat (I11). A new monobasic complex acid of
rhodium (I1) : H LRh (Octox. H2 (NQjJi) has been obtained by a substitution
reaction at Na3[Rh(NO2)e] with) 1,2-cyclo-octane dione dioxime (Octox. H,).
The complex is characterized by a sériés of double exchange reactions (17 new
ammonium and cobalt (IH)-amine salts) as well as by pH-metric measurements
and UV and IR spectra, respectively.

Einleitung. Im Gegensatz zum Kobalt (111) entstehen die Rhodium(lll)-
dioximinchelate ohne Verwendung von Oxidationsmitteln. Das Rh(Il) kataly-
siert die Bildung von Rh(lll)-komplexen und deshalb ist es zweckmassig
kleine Mengen Reduktionsmittel (z.B. Unterphoshorige Saure, Hydrazin,
Alkohol) dem Reaktionsgemisch hinzufiigen [1]. Die ersten Dioximinchelate
des Rhodiums wurden von Chugaev und Lebedinskii erhalten [2]. Spéter
haben Lebedinskii und Eedorov [3], Dwyer und Nyholm [4], bzw. Malatesta
und Turner [5] einige Derivate der wichtigsten Komplextypen mit Dimethyl-
glyoxim und Furyldioxim beschrieben. Ebenso haben Syrzova und Bolgar [6]
die Kinetik der Hydrolyse einiger gemischten Sulfito-sduren von Typ
H2[Rh(DH)2X(S03)J (X = CI, Br, 1) untersucht. Weber und Schrauzer [7]
haben einige Organyl-rhodoxime hergestellt und eine weitgehende Analogie
mit den Kobaloximen vom chemischen und biochemischen Standpunkt aus-
betrachtet, gefunden. Rhodium(lll) Chelate wurden mit den héheren homolo-
gen der alycyclischen Dioximen nicht erhalten.

Resultate und Diskusrsion. In Fortsetzung unserer Untersuchungen Uber
Dioximinchelate berichten wir in vorliegender Arbeit Uber die Bildung und
Eigenschaften einer neuen monobasischen Komplexsdure des Rhodiums(lIl)
mit 1,2-Cyclooctandiondioxim (Octoxim).

Das Hexanitro-rhodat(l11)-lon dient als Ausgangssubstanz fir eine Reihe
von Substitutionsreaktionen mit Aminen, Phosphinen, substituierten Oximen,
Schiff'schen Basen, usw. Die Reaktion mit Octoxim (Octox.H?) lauft nach
folgender Gleichung ab :

Na3[Rh(NO2)e] + 2 Octox. H2 = Na[Rh(Octox. H)2(NO2)2] + 2 NaN02 +
+ 2HNO!

LIXXVTL Mitt. Cs. V arhelyi, J. Zsako, G. l/iptay, M. Somay, Rev. Roumaine Chim., 30, 695 (1985
¢ Universitdt Cluj—Napoca, Facultat fur Chemie, 3400 Cluj-Napoca, Romania}
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Aus wassriger Losung kann die Komplexsaure mit kalter, verdinnter
Schwefelsdure in Freiheit gesetzt werden.

Beim Erwarmen mit 1,5 Mol verd. Schwefelséure tritt eine Aquotisierungs-
reaktion auf:

H [Rh(Octox.H)2(NO2)2] + H20 = [Rh(Octox.H)2(H20)(NO2)] + HNO?

H[Rh(Octox.H)2(NO2)2] ist eine mittelstarke monobasische S&ure. Die Dis-
soziationskonstante K =5+ 10~3 (aus pH- metrischen Messungen [8]). Diese
setzt CO2 aus NaHCO3 in Freiheit, und gibt eine Reihe Ammoniumsalze mit
den Chlordydraten einiger heterocyclischen Aminen und Alkaloiden. Einige
neue Ammoniumsalze sind in Tabelle 1 charakterisiert.

Taheile 1
Neue Aminoniumsalze von Typ Amin. H[Rh(Octox.H)2(NO2)2]
Mol. Analyse
Formel Gew. Charakteristik

ber. Ber. Gef.
o-Phenanthrolin* HA 7145 Hellgelbe, kleine C 47,07 46,90
unregelmadss. Krist. H 4,94 5,18
N 15,68 15,03
0-Oxy-chinolein* HA 680,3 Gelbe Wiirfeln C 44,14 43,90
H 5,03 5,25
N 14,41 14,70
Benzimidazol. HA 653,3 Gelbe mikrokrist. C 42,28 42,00
Masse H 5,09 5,34
N 17,15 17,50

A = [Rh(CBH13H202)2(NO2)2]

Die einwertigen Ubergangsmetallkationen, wie z.B. Ag+, TI+und Cu+, so-
wie die Komlexkationen des Diacido-tetramin Typs bilden mit der obener-
wahnten Dinitro-sdure schwerlosliche Salze.

Sehr charakteristisch sind die bindaren Komplexsalze vom Typ

[Co(Diox.H)2 (Amin)2] + [Rh (Octox.H)2(NO2)2j. Die physikalischchemischen
Eigenschaften dieser Komplexverbindungen &hneln mit denjenigen der analogen
Kobalt(l11)-derivaten :
[Co(Diox.H)2(Amin)2] + [Co(Diox.H)2 (NO2)2. Es ist bemerkenswert, dass die
zwei- und dreiwertigen hydratisierten Metallionen (Mn = 3d5 — 3d10 Metalle,
Min = Fe, Al, Cr, Lanthaniden), die Hexammine [M(NH3)6]3+, [M(en)3]3+ usw.)
und die Monoacidopentammine [M(NH3)5X]2+ [M(en)2X(Amin)]2+ Kkeine
Féallungsreaktionen mit [Rh(Octox.H)2(NO2)2]* geben.

In den Ultraratspektren der H[Rh(Octox.H)2(NO2)2] und Ag[Rh(Octox.H)3
(NO2)2] erscheinen die 'N—OH und {N—O — Frequenzen bei 1330 (1325)
(s.s.), bzw. bei 1425cm*l (s.s.) und die 8ONO — Deformationsschwingungs-
frequenzen bei 830 cm*“l (s). Aus dieser Erscheinung geht hervor, dass die

3 — Chemia, 1/1986
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Tabelle 2
Metall- und Metallamin-Salze der H[Rh(Octox.H)2(NO2)2] —Séaure
Mol. Analyse
No. Forniel Gew. Charakteristik
ber. Ber. Gef.
1. trans-[Co(en)2Br2] + A 872,3 Gelbgriine, kleine C 27,54 28,45
Prismen H 4,86 5,04
N 16,05 15,57
2 trans-[Co(pn)2CI2] + A 811,5 Gelbe, kurze C 32,60 33,20
Prismen H 5,32 5,85
N 17,26 16,80
3 trans-[Co(en)2CI2] + A 784 Gelbgriine Nadeln C 30,64 30,30
H 5,40 5,15
4 cis-[Co(en)2CI2] + A 784 Braune Prismen N 17,86 17,60
5Ag'A 642 Gelbe, mikrokrist. C 29,94 29,50
Masse H 4,08 4,40
6 Tl A 738,5 Gelbe, mikrokrist. C 26,02 25,15
Masse H 3,54 3,19
HgA, (Gelbe mikrokrist. Masse) PdA? (Gelbbraune mikrokrist. Masse)
(nicht analysiert)
Tabelle 3
Neue bindare Kompiéxsalze von Typ [Co(DH)2(Amin)2] [Rh(OctoX'sH)2(NO2)2]
Mol. Analyse
No. Forniel Gew. Charakteristik
ber. Ber. Gef.
c 42,87 42,56
1 [Co(DH)2(Anilin2] + A 1008,7 Braune Wiirfel H 5,39 571
N 16,66 16,27
2 [Co(DH)2(p-Athyl-anilin)2]+ A 1064,8 Gelbbraune, diunne Nadeln ¢ 4511 44,70
H 5,86 6,18
N 15,78 15,11
3 [Co(DH)2(NH3)2] + A 857,3 Quadratische, gelbe Platten c 33,63 33,10
H 5,40 5,10
4 [Co(DH)2(Thioharnstoff)2]- A 975,5 Unregelméss. kleine, braune N 20,10 20,25
Krist.
5 [Co(DH)2(m-Amino- Gelbbraune c 42,51 42,10
phénol)2] 1 A 1040,7 Nadeln H 5,25 5,65
N 16,15 15,90
6 [Co(DH)2(m-Toluidin)2]1A 1037,6 Braune Prismen C 43,97 43,10
H 5,63 5,20
7 [Co(DH)2(0-Anisidin)2] + A 1068,8 Kleine, braune Plattchen c 42,70 41,80
H 547 5,39
N 15,73 15,36
[Co(DH)2(p-I hcnetidin)2j+ A 1096,8 Lange, dunkelbraune Platten HC %36%0 4548255
N 1532 1470

DH = C4HINtO, (deprotoniertes Dimethylglyoxim)
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Rh-Nitro-Bindung, im Gegensatz zu den Nitrito-Komplexen (M-ONO),
durch das Stickstoffatom verwirklicht wird. Die bei 1545 (1560) cm-1 (s.s.),
1245 (s.s.), 1100 cm-1 (s.s.) auftretenden Banden kénnen den koordinierten Octo-
ximliganden zugeordnet werden. Die VC—H und SCH? — Frequenzen des
Octoxims erscheinen bei 2950 (2940) (s) und 2880 (2875) cm-1 (s), bzw. bei
1470 und 1380 (1385) cm-1 (m) und werden durch den Koordinationseffekt
nicht beeinflusst. Bei 2550—2585 cm-1 tritt eine breite mittlere Bande auf,
welche im Falle des analogen H [Rh(DH)2CI2] von Gillard und Mitarbeiter
[9] zu den intramolekularen O—H..O Wasserstoffbriickenbindungen zugeord-
net wurde. Diese O—H..0 Bindung ist langer und schwécher im Vergleich mit
derjenigen des Kobalt(l11) — Analoga (JO—H : 2250— 2280 cm-1 (m)) und
stabilisiert die Rh(Octox.H)? koplanare Atomgruppe (siehe Abb. 1)

Abb. 1 Die Struktur der Rh(Octox. H)2(NO2)2[ — Atmogruppe

Die Dichtabsorption der H[Rh(Octox.H)2(NO2)2] — Sé&ure wurde in Met-
hanol untersucht. Die Absorptionskurve zeigt keine d—d Ubergansbande im
sichtbaren Bereiche. Im UV-Gebiete tritt nur eine Dadungsiberfiihrungsbande
bei 36—38 kK. (log s = 4,2) auf. Die analoge Bande bei den Kobalt(ll1)-Dio-
ximinen ist bei 40—40,4 kK erkennbar. Siehe Abb. 2.)

Experimenteller Teil. 1,2-Cyclooctandiondioxim wurde aus Cyclooctanon (BDH) durch selektive Oxy
dation mit SeO? in absolutem Athanol und nachfolgender Oximierung des destillierten 1,2-Cyclooctan

Abb. 2. Lichtabsorption von H[Rh(Octox-H)2(NO2)2]
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dions (Siedepunktl2 mm; 100—105°) mit Hydroxyl-aminthrochlorid in Pyridin erhalten. Das Roh-
produkt wurde aus heissem Wasser umkristallisiert. Schmelzpunkt: 230°C (Zers.) [10].
Na[Rh(0ctox.H)2(N02)2] — Ldsung. 0,02 Mol RhCI3 + 3H20 werden in einem mit Ruckflusskihler
versehenen Kolben mit 0,12 Mol NaNO? in 50—60 ml Wasser 2—3 Stunden gekocht. Die anfangs rot-
violette Farbe des RhCHR tritt langsam in eine blassgelbe Uber (Na3[Rh(NO2)e]. Dann werden 0,04
Mol Octoxim in 20—25 ml Athanol hinzugeflgt und die Mischung noch 5—6 Stunden erhitzt. Die
gelbe Ldsung wird dann abfiltriert und zur doppelten Umsetzungsreaktionen verwendet.
H[Rh(Octox.H)2(NO2)2] + H20 + 2mMolNa[Rh(Octox. H%Z M02)2]

in 15—20 ml wassriger Lésung werden mit 2—3 ml 20%-iger Schwefelsdure behandelt. Die Dini-
tro-séure scheidet sich nach 15—20 Min. Stehenlassen in Form von hellgelben, diinnen Nadeln ab.
H[Rh(C8H,,N202)2(N0O2)2] + H20 (Mol + Gew. 552,3) ; C ber 34,80, gef. 35,40, H ber. 5,29, gef. 5,47,
N ber. 1521, gef. 15,03.

Amin 1 H[Rh(Octox.H)2(NO.2)2] und Kation. [Rh (Octox. H)2(NO2)2]

Fur die doppelten Umsetzungsreaktionen wurden je 10—15 mMol Amin. HCI, bzw. Komplexsalze
in 20—30 ml Wasser oder verd. Athanol und je 1—15 mMol Na[Rh(Octox.H)2(N02)2] in 10— 15 ml
Wasser verwendet. Die entstehenden kristallinen Niederschldge wurden nach 15—30 Min. Stehenlas-
sen abfiltriert, mit Wasser gewaschen und an der Luft getrocknet.

LITERATUR

1. R. D. Glllard J.A.Osborn, G. Wilkinson, J. Chem. Soc., 1965, 1951.

2. L. A |ugaeV L. L. Lebedlnskll Z. anorg. alig. Chem. 83, 1 (1913).

3. V.V. Lebedinskii, I. AL Fedorov, lzv. Sektora Platiny, Akad. Nauk SSSR, 15, 19
(1938); 17, 81 (1940); 21, 157 (1948); 22, 158 (1948).

4, l(:P ) Dwyer, R.S. Nyliolm, J. Proc. Roy. Soc. N.S. W.ales, 77, 256 (1944); 79, 126
1946

5. L. alatesta, F. Turner, Gaz. chim. Ital., 72, 489 (1942).

6. G. P. Syrzova, T.S. Bolgar, Zhur. neorg. Khim., 14, 2425 (1969); 16, 2478 (1971);
17, 455, 271« (1972) ; 18, 2156, 2706 (1973).

7.J. H. Weber, G. N. Schrauzer, J. Amer. Chem. Soc., 92, 726 (1970).

8. Cs. Varhelyi, Z Finta, Magy. Tud. Akad. Kém. Oszt. Kozi., 45, 79 (1976).

9. R.D. Gillard, G. Wilkinson, J. Chem. Soc., 1963, 6041.

10. J. Zsako, J. Horéak, Z FintaCs Varhelyi, I. Mitrache, Mikrochim. Acta, 1979

1, 405.



STUDIA UNIV. BABES—BOLYAI, CHEMIA, XXXI, 1, 1986

STUDIEREA DESORBTIEI SO3 SI SO2 DIN DIFERITI ABSORBANTI
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intrat in redactie: 6 februarie 1985

ABSTRACT. — The Study oi SO3 and SO? Desorption irom Different Absor-
benLs. The paper présents the results obtained by desorption of SO3 from some
absorbents composed of NMP_(N-methylpyrrolidone) and water or E6 (ethyiene
glycol), fatty alcohols with C14—C13 in their molécules and the desorption of
SO2 from NMP. The best absorbent for desorption of SO3 is that composed
of 75 vol. % NMP and 25 vol. % E6 and for the desorption of SO? is that
composed of 75 vol. % NMP and 25 vol. % E6 and for desorption of SO0?
that composed of pure NMP. In the first case total desorption takes place at
80°C, and in the second case at 65 °C.

Tn scopul de a se putea recupera si valorifica trioxidul si dioxidul de sulf
din gazele emanate de fabricile de acid sulfuric, de instalatiile metalurgice de
prdjire, topire si rafinare, de termocentralele care utilizeaza drept combustibil
diferite wvarietati de carbune (si care emana in atmosfera gaze de ardere ce
contin 0,08—0,25% vol. SO2, SO3, H2S si debitul de emanare poate sa ajunga
la 1 mil. m3/h) etc., a devenit necesard studierea absorbtiei si desorbtiei acestor
substante, utilizind Tn acest scop diferiti absorbanti si aparate cu peliculd de
lichid turbulenta ascendentd brevetate de autor [1—7].

Tn aceasta lucrare se descriu rezultatele obtinute la studierea desorbtiei
SO3 si SO? dintr-o serie de absorbanti, dintre care unii s-au dovedit a fi mai
eficace decit orice alt absorbant utilizat Tn acest scop [7].

Partea experimentald. Trioxidul de sulf necesar obtinerii probelor destinate desorbtiei a fost
obtinut prin oxidarea dioxidului de sulf pe un catalizator de pentoxid de vanadiu, utilizind ca agent
de oxidare oxigenul tehnic. Tn_calitate de absorbanti s-au utilizat amestecuri de NMP (N-metilpiro-
lidond) si apa, de NMP si EG (etilenglicog, NMP si EG pur si un amestec de alcooli grasi cu

Cle in moleculd. Desorbtia SO? s-a studiat numai din NMP.

Desorbtia a fost efectuata cu o balanta termogravimetrica echipatd cu un cuptor electric n
care probele supuse desorbtiei au putu fi mentinute la temperaturi constante.

Interpretarea rezultatelor. Tn prima serie de experiente s-a studiat gradul
de saturare al unor absorbanti. Tn cazul absorbantilor cu continut de NMP
gradul de saturare maxim (100%) s-a considerat ca se realizeazd daca unui mol
de NMP 1i revine un mol de SO3, iar in cazul EG si alcoolilor grasi cu Cl4—Cie
n moleculd s-a considerat ca unui mol de substanta ii revine un mol de SO3
Rezultatele obtinute la saturarea unor absorbanti cu SO3 se prezinta in graficul
din Figura 1 in care sint redate gradele de saturare ale diferitilor absorbanti
exprimate Tn procente de masa.

Se poate vedea ca cel mai Tnalt grad de saturare cu SO3 se obtine Tn cazul
probei de alcooli grasi (98%). in schimb, desorbtia SO3 la aceste probe nu s-a

* Universitatea din Cluj-Napoca, Facultatea de Stiinfe economice, 3400 Cluj-Napoca, Rontania
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putut studia, deoarece ea a fost
nsotita de un fenomen de des-
compunere si de carbonizare a
probelor.

Probele cu continut de 75%
SOU/oUME + * 3/0EG vol. NMP si 25% voi. apa satu-
SGIdFQt Cu 503 rate cu SO3 au fost supuse de-
sorbtiei la mai multe tempera-
turi si s-a constatat ca la 67,5°C
gradul de desorbtie ajunge la
100%. Tn schimb, acesti solventi
absorb cantitati mici de SO3
(cca 5 g Tn 20 ml). Tn Figura 2
este ilustratda variatia gradului
de desorbtie (%) al unei ase-
menea probe, In functie de tem-
peratura de desorbtie.
Rezultate mai bune s-au ob-

75'1.NMP. 25«,'0E6

Feiul absorbantului tinut cu amestecuri de 50% voi.
Fig. 1 Gradul de saturare cu SO3 (%) al unor ab- NMP si 50% vol. EG, care ab-
sorbanti utilizati. sorb cantitati mai mari de SO3

si desorbtia se petrece la tem-
peraturi cuprinse intre 60 si 150°C. in Figura 3 este redat graficul care ilustreaza
cinetica desorbtiei SO3 dintr-o astfel de proba la 120°C. Se poate vedea ca viteza
de desorbtie la aceastd temperatura nu este suficient de mare pentru a satis-
face cerintele practice industriale.

Astfel, dintr-o proba de 0,6 g la 120°C in timp de 10 ore se desorb doar 0,11 g
SO3 ceea ce reprezintd un grad de desorbtie de 72,69%. Desorbtia totala se
poate realiza la 140— 150°C cu o durata de 3—4 ore. Variatia gradului de desorb-
tie a SO3 din aceste probe (%), in functie de temperatura, este ilustrat Tn Figura
4. Din grafic reiese ca la temperaturi care depasesc 120°C, se ajuhge la grade
de desorbtie mai mari de 100%, ceea ce ne aratd ca la asemenea temperaturi
se produc deja si pierderi de solvent masurabile (care in aplicatiile industriale
sint totusi, Tn general inevitabile).

Rezultatele de desorbtie a SO3 cele mai promitatoare din punct de vedere
practic s-au obtinut in cazul probelor la care drept absorbant s-a utilizat un
amestec de 75% voi. NMP si 25% vol. EG. in Figura 5 este redatd curba
cinetica a desorbtiei SO3 dintr-o astfel de proba la 60°C. Tot acolo apare si curba
cinetica Tnregistratd in cazul unei probe martor (M) care este compusd doar din
absorbantul respectiv, necontinind si SO3 absorbit.

Se poate constata ca desorbtia SO3 din aceasta proba are loc cu viteza mai
mare (0,41 mg/min), chiar si la numai 60°C, decit in cazul probei ilustrate n
Figura 3 (0,21 mg/min), desi in acest caz din urma desorbtia s-a executat la
temperatura de doua ori mai mare, 120°C. Tn acelasi timp, curba cinetica a
probei martor (M) ne arata cd la 60°C solventul are o tensiune de vapori foarte
micd, pierderile de greutate fiind nesemnificative, ele producindu-se cu viteza
de 0,027 mg/min).
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Fig. 2. Variatia gradului de desorbtie a SO3 dintr-un absor-
bant format din 75% vol. NMP si 25% voi. apa.

Fig. 3. Curba cineticd a desorbtiei SO3 dintr-un absorbant
format din 75% voi. NMP si 25% voi. apa.

39
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TprTiperaturai °C

Fig. 4. Variatia gradului de desorbtie a SO3 din probe la care
absorbantul este format din 50% vol. NMP si 50% vol. EG.

Masa probei,

Fig. 5. Curba cineticd adesorbtiei SO3 dintr-o probd cu 75% vol.
NMP si 25% vol. EG si curba probei martor (M).
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Fig. 6. Variatia gradului de desorbtie a SOs (%) in functie
de temperatura, utilizind probe la care absorbantul este format
din 75% vol. NMP si 25% vol. EG.

Daca aceeasi proba se supune desorbtiei la 80°C, eliminarea SO3 se petrece
cu viteza si mai mare (0,47 mg/min), fara ca pierderile de solvent sa fie mai sem-
nificative. Pentru a se evidentia mai bine diferenta existenta intre intensitatea
desorbtiei la diferite temperaturi, s-a construit graficul din Figura 6 n care se
da variatia gradului de desorbtie a SO3 (%), in functie de temperatura (la 20°C
desorbtia nu are loc in masura determinabild).

Din grafic reiese ca gradul de desorbtie a SO3 creste liniar cu ridicarea tem-
peraturii de la 20 la 60°C. Deoarece gradul de desorbtie la 60°C este de numai
81%, Tn cazul cind se impune o desorbtie de 100%, se recomanda sa se lucreze
la temperatura de 80°C, la care pierderile de solvent sint Tncad nesemnificative,
dar desorbtia este practic totala.

Absorbantul format din 75% vol. BG si 25% vol. NMP, desi absoarbe
bine SO3, Tn scopuri industriale nu se recomanda, deoarece desorbtia decurge
numai peste 95°C si are loc prin descompunerea probei (proba se Tnnegreste,
ceea ce indica o carbonizare). Curba cinetica de desorbtie a unei astfel de probe
este ilustrata de graficul din Figura 7. Se poate vedea cd viteza de desorbtie
initiala este relativ mare (0,55 mg/min), Tn schimb are loc descompunerea Ssi
carbonizarea probei. Asemandtor se comporta si probele Tn care drept absor-
bant a fost utilizat BG pur sau alcoolii grasi cu Cl4—Cie Tn molecula.

Desorbtia dioxidului de sulf s-a studiat prin aceeasi metodologie care a fost
descrisd la desorbtia trioxidului de sulf, in schimb in acest caz s-au utilizat
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Fig. 7. Curba cineticd de desorbtie a SOs dintr-o proba

Maso probei,

J.400

J. VODNAR

cu 75% voi. EG si 25% voi. NMP.

numai probe in care drept
absorbant s-a utilizat numai
NMP purd, care s-a dovedit
a fi un absorbant nebanuit
de eficace si in acelasi timp
prezinta avantajul ca face
posibild desorbtia rapida la
temperaturi coborite (60—
70°C).

Rezultatele mai semnifi-
cative, obtinute la desorbtia
SO2 din solutii cu NMP sint
ilustrate Tn graficul din Fi-
gura 8. Tn timpul desorbtiei
temperatura s-a marit treptat
pind la 60°C, unde s-a men-
tinut apoi constanta pe toata
durata experientei. Din grafic
reiese ca in timp de cca 90
minute desorbtia SO? nelegat
chimic, practic se termina,
Tn conditiile unei ncalziri
mai rapide a probei (de ex.:
incalzire directd cu bile de
aluminosilicat) desorbtia are
loc cu vitezd mare, ea fiind
aproape spontand. De ace-
ea trebuie create conditiile
in care solutia (absorbitul)
SO2_NMP sa vina in contact
treptat, in doze relativ mici,
cu suprafata Incélzitd, pentru
a se preveni cresterile bruste
de presiune n instalatie, care
ar putea cauza avarii grave.

Fig. 8. Curba cinetica de desorb-
tie a SO? dintr-o proba cu NMP.
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I1l. Using saturated aqueous solution of calcium hydroxide as an absorbent
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ABSTRACT. — The paper présents and discusses the results obtained by
the absorption of sulfur dioxide from diluted gases (for instance that of the
heat power plant), using aqueous solution of calcium hydroxide as an absorbent.
The apparatus used enables to make absorption in an ascending turbulent
liquid fim. Diring the absorption the liquid phase was permanently recycled
and mixed by aself-induced mixing. When the flow of calcium hydroxide was
500 ml/min, the coefficient of absorption had a value equal to 98%. On the base
of experimental data it seems that the degree of absorption possibly can rise to
99%, or to a higher value, too.

The paper présents some results obtained by studying the absorption of
sulfur dioxide from diluted gases (for instance that of the heat power plant),
using aqueous solutions of calcium hydroxide as an absorbent. The apparatus
[2] used enables to make absorption in an ascending turbulent liquid film.
During the absorption the liquid phase was permanently recycled and mixed
by a self-induced mixing (without a mechanical stirrer which requires high energy
consumption and the use of some tight closing devices exposed to high wear).
The apparatus was equipped with a one métré long glass tube for the forma-
tion of an ascending turbulent calcium hydroxide film (saturated aqueous soluti-
on), having the inner diameter equal to 18 mm, and the inner surface where
the absorption takes place was 0,05652 mz2.

Experimental. Experiments were made in a micropilot apparatus which is a usable model
of that mentioned in [2]. The ascending turbulent liquid film was formed on the inner surface of
the pelliculizing tub. The used liquid film was continuons. The absorbent was used in a continuous
flux and it was introduced with a peristaltic pump. The necessary sulfur dioxide was taken from
a steel cylinder vessel and the air was ensured by an adéquate compressor.

The sulfur dioxide content of the gas mixture was determined iodometrically and the absorb-
ed sulfur dioxide by acid-base titration, too. Température varied between 20 and 35°C. The satu-
rated aqueous solution of calcium hydroxide as an absorbent was introduced in the apparatus
continuously and the solution resulted by absorption was eliminated in the same way.

The used gas flow was 5—10 ms/h and that of the absorbent varied from 60 to 700 ml/min.

Results and discussion. In the first sériés of experiments the dependence
of the sulfur dioxide content of purified gas versus the absorbent flow (which
was an aqueous solution of calcium hydroxide, containing 1,48 Ca(OH)2/1000
ml) was studied. The température was 21 °C, the gas flow 10 m3/h and the sulfur

1 Part II, see [1].
¢+ University of Cluj-Napoca, Falculty Economie Sciences, Chemistry Department, 3400 Cluj-Napoca, Romania
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dioxide content of the used gas was 0,25 vol. %. The results obtained are

illustrated in figure 1.

We can see that the sulfur dioxide content of purified gas decreases from
0,16 to 0,01 vol.% when the absorbent flow varies from 60 to 500 ml/min.
This graph can be characterized by the following mathematic équation :

@)

when a is constant.

Fig. 1 Variation of sulfur dioxide content of purified gas (%)
versus absorbent flow (ml/min).

In figure 2 we illustrated the influence of the gas flow versus the sulfur
dioxide content of the purified gas, which as we can see, increases liniarly with
the increas of the gas flow. When the gas flow varies from 4 to 10 m3/h, the
sulfur dioxide content increases from 0,030 to 0,120 vol. %, if température is
21 °C, initial sulfur dioxide content of the gas 0,25 vol. % and the flow of the
saturated aqueous solution of calcium hydroxide as an absorbent is 88 ml/min.
One can conclude that for a high purification of the residul gases, some higher
flow of the absorbent must be used. This graph can be characterized mathe-
matically by the équation :

y=ax+b 2
where a means the number of vol. % corresponding to a gas flow of one mi/h;

b — the quantity of SO2 which cannot be absorbed in the used condi-
tions of work.
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To verify the analytical dé-
termination concerning the sul-
fur dioxide content of the pu-
rified gases, the quantity of
the absorbed sulfur dioxide was
determined volumetrically, too.
The results obtained show that
the dependence between the
consumption of N/10 HCI solu-
tion by the titration of calcium
hydroxide solution delivered
from the apparatus used during
the experiment and the sulfur
dioxide content of purified gases
concur with that presented in
Figure 1

The most important data
are illustrated in Figure 3 whe-
re the interdependence between
the degree of absorption and
the absorbent flow is given. The
applied température was 21 °C,
the gas flow 10 m3/h and the

Fig. 2. Depeiidence between sulfur dioxide content Sulfur dioxide constent of initial
of purified gas (%) and gas flow (m3/h). gas was 0,25 vol. %. The de-
gree of absorption increases
with the absorbent flow. Varying the absorbent flow from 88 to 500 ml/min,
the degree of absorption increases from 51,4 to 96%, and if the absorbent flow
attains the value of 700 ml/min, the degree of absorption is 98% (we must
mention that the absorbent quantity is theoretically necessarv to react with
the sulfur dioxide contained by the gas is equal to 744 ml/min. So, it is possible
that when such an absorbent flow is used, the degree of absorption should have
a value nearly 100%). These results demonstrate the high efficiency of ascending
turbulent liquid film. The graph of Figure 3 is characterized mathematically
by the équation:

V= ®

where k and c¢ are constants (see Figure 3).

The influence of tempeature on the quantity of sulfur dioxide absorbed is
illustrated in Figure 4. The gas flow was 5 m3/h, absorbent flow 371 ml/min
and the sulfur dioxide content of gas was 0, 25 vol. %.This figure shows that
when température rises from 20 to 35°C, the absorbed quantity of sulfur
dioxide increases from 34,9 to 35,1 g/h. That means the température has a weak
influence on the sulfur dioxide absorption.
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Fig. 3. Variation of degree of absorption (%) versus ab-
sorbent flow (ml/min).

The graph of figure 5 shows the influence of absorbent flow (ml/min) on
coefficient of absorption (g SO2/m2 + h) + 10~3. One can see that when the
absorbent flow increases from 235 to 500 ml/min, the coefficient of absorption
varies from 503 to 618 g SO2/m? + h. These results are among the best of
those obtained in this field.

J

Fig. 4. Variation of absorbed quantity of sulfur dioxide (g/h) on.
température used (°C).
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The graph of Figure 5 can be describ-

. ed mathematically by the équation :
gos = >=f£ (x+crUx+c) (4
—_— " where k, cx and c2 are constants (see
Gas tio 5 z/h Flgure 5)
@ e e RO The value of the coefficient of total

L mass transfer (Kg) was calculated by

< the method of W. M. Ramm [3], using
the following experimentdl data:
— initial SO2 content of gas: 0,25

300 400 500 vol. % = 7,14 g¢/m3; — total gas flow:

Absorbent [FQ« 1> ! 5m3h (Vo = 4,774 m3/h; — total ini-

Fig. 5 Variation of absorbtion coefficient tjal pressure: 791,7MH g mrn | — degree
(g SO2m2 h) versus absorbent flow (ml/min).  of abpsorption 1 98% : —gabsorbed qgan_

tity of SO2: 0,618 kg/h; — initial par-
tial pressure of SO2: 1,979 Hgmm; — final partial pressure of SO2: 0,0335
Hg mm ; — motive power of absorption: 0,4775 Hg mm; — surface aria of
absorption : 0,05652 m2

meme I T.Tommmmmm = 22,899 kg
0,05652 X 0,4775 m2+ h1 Hg mm
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DAS VERHALTEN VON AZOXYBENZOL UND SEINES
UMLAGERUNGSPRODUKTS IN SAUREM MEDIUM

I. Herstellung und Characterisierung des Ldsungsmittelsystems
20 vol.%Alkohol/80 vol. % Wassering Schwefel-oder Salzsdure

MARIA fONESCU *#nd HERMAN KOLCH*

Eigigegin am Man 1985

ABSTRACT. — The Behaviour in Acid Medium of Azoxibenzene and its Trans-
position Produet (I). Préparation and Characteristics of the Solvent System
of 20% vol. Aleohol/80% vol Aqueous Sulphuric or Hydrochloric Acid. For the
solvent Systems of 20% vol. Alcohol/80% vol Aqueous Sulphuric or Hidro-
chloric Acid a genuine solution préparation reproducihle System has been devised,
concurrently stating standard curves for détermination of acid content in the
measurement of density. Unlinear variation of the volume concentration with
that of acid when mixing alcohol and sulphuric acid of higher concentration
(over 50%), observed for the first time, is a new proof of the partial estérifi-
cation that takes place in such a medium.

Nach der Untersuchung der photochemischen Umlagerung aromatischer
Azoxyverbindungen in Monomerlésungen [1], bestand unsererseits Interesse,
das Verhalten von Azoxybenzol und seines Umlagerungsprodukts in stark
saurem alkoholischem Medium zu verfolgen.

Die von Wallach 1880 erstmals beobachtete, durch konzentrierte Schew-
felsdure katalysierte Umlagerung aromatischer Azoxyverbindungen in p-Hydro-
xyazoderivate hat bis in unsere Zeit das Interesse der Forscher wachgehalten.
Bei der Bestimmung des Reaktionsmechanismus waren Kinetische jMessungen
ausschlaggebend. Die Reaktionsgeschwindigkeiten wurden spektrophotometrisch,
entweder in wéssriger Schwefelsdure [2, 3], oder in organische L&sungsmittel
enthaltenden Systemen [4,8] verfolgt, wobei gleichzeitig auch die pK-Werte
der Azoxykorper bestimmt wurden. [2, 4, 9].

Das erstmals von Jaffé [10] bel der Untersuchung der Basizitaten subs-
tituierter Azobenzole verwendete Losungsmittelsystem, bestehend aus 20 Vol —
Alkohol und 80 Vol—% wassriger Schwefelsdure, fir das gleichzeitig eine neue
Séurefunktion, Ho, aufgestellt wurde, weist gegenuber dem waéssrigen System
folgende Vorteile auf:

a) die Anwesenheit von Alkohol erleichtert das Studium vieler, in volls-
tandig wassrigen Systemen schwerl6slicher Basen ;

b) durch die Art der Ldsungsmittelzubereitung gelingt es Ldsungen gle-
ir(]:hen reﬁ)roduzierbaren Basenkonzentration bei verschiedenen Sauregehalten

erzustellen.

* Universitat Cluj-Napoca, Fakultat fur Chemie, 3400 Cluj-Napoca, Romania
** |CECHIM, Forschungszentrum fur Plastmassen, Laboratorium Temesvar, Timisoara, Garii Strasse 25, Romania
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Um der starken Warmeentwicklung beim Mischen der sauren waéssrigen
mit der alkoholischen Komponente, besonders bei hohen Sauregehalten, entgegen-
zuwirken und dadurch unter anderem eine ungewollte Umlagerung der im Alko-
hol gelésten Azoxyverbindung zu verhindern, haben Hahn und Jaffé [9)
ein etwas umstindliches Mischverfahren ausgearbeitet, wobei vier vorgekihlte
Portionen wassriger Schwefelsdure steigender Konzentration der Reihe nach,
unter Kahlung, der alkoholischen Ldsung langsam zugefiigt werden, um dann im
Messkolben mit Schwefelsdure der letzten Konzentration aufgefillt zu werden.
Auch Kresge und Chen [11] mischten die beiden Komponenten unter Kihlung,
obwohl sie nicht mit Azoxyverbindungen arbeiteten.

Unser Augenmerk richtete sich zundchst auf die Ausarbeitung eines repro-
duzierbaren Herstellungsverfahren und die genaue Charakterisierung des 20
Vol—% Alkohol enthaltenden stark sauren Lésungsmittelsystems.

Experimenteller Teil, a) Herstellung der Ldsungen: Die Herstellung der 2+ 10-5 molaren
Lésungen von Azoxybenzol, bzw. p-Hydroxyazobenzol im Ldsungsmittelsystem 20 Vol-% Alkohol/80
Vol-% wadssrige Sdure erfolgte nach einem eigenen Verfahren mittels der in Abb. 1 schematisch
dargestellten Versuchsanordnung. In den Erlenmeyerkolben wurden 10 ml 10 4 m Stammldsimg
der zu untersuchenden Base in 95-%-igem Athylalkohol und in den Scheidetrichter 35 ml wassrige
Saureldsung eingefiihrt und etwa 5 Minuten abkihlen lassen, jedoch nicht unter den Frierpunkt

Abb. 1: Schema der bei der Herstellung der

Ldsungen verwendeten Apparatur: 1| — gradierte

Scheidetrichter mit Kihlmantel ;» 2 — Erlenmeyer-

kolben (100 1111); 3 — doppelwandiges Geféss aus

Messingblech  (-100 ml); 4 —  Thermometer;

5 — Magnetrihrer; 6 — Krvostat (Typ MK—70,
VEB Prifgerdtewerk Medingen, DDR)

des Sdaure/Wasser-Gemisches. (Der Frierpunkt wassriger Schwefelsdure &ndert sich bekanntlich
[13] sehr stark mit dem Wassergehalt und weist mehrere Maxima auf). Innerhalb von 10... 15
Minuten wurde dann die S&ure tropfenweise, unter energischen Rihren, der alkoholischen Basenlo-
sung zugefigt und nachher der Inhalt des Mischgefasses in einen 50 ml-Messkolben Uberfiihrt. Ges-
pult wurde der Erlenmeyerkolben mit weiteren 5 ml S&ure, die dann ebenfalls dem Messkolben
zugefiigt wurden. Nach Thermostatieren des Messkolbens auf 20 + 0,2°C wurde mit S&ure bis zur
Marke aufgefiillt. Darauf wurde sofort in ein dunkelbraunes, mit Glasstopfen versehenes 50 ml —
— Flaschchen umgeleert und dieses in den Thermostaten gestellt.

Die Bezugslésungen fur die spéter vorzunehmenden spektrophotometrischen Messungen wurden
nach dem gleichen Verfahren aus 95%-igem Alkohol und der entsprechenden Sdure hergestellt.

Bei allen Losungen wurde dieselbe Pipette und derselbe Messkolben verwendet. Im Falle der
Azoxybenzol enthaltenden Lésungen wurde nur bei indirektem Licht gearbeitet, um die photochemi-
sche Umlagerung zu verhindern. Alkohol und die S&uren waren von analytischer Reinheit.
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b) Charakterisierung der Losungen : Es wurden nur die Bezugslésungen analysiert. Die Dichte
wurde mit einem 25 ml — Pyknometer bei 20+0,2° gemessen.

Um die Volumenverkleinerung beim Mischen des Alkohols mit den wassrigen S&urelésungen
zu bestimmen, wurde der 50 ml — Messkolben mit der fertigen Ldsung, mit destilliertem Wasser,
mit 10 ml Alkohol und leer gewogen. Mittels der pyknometrisch bestimmten Dichten wurden die
Massenwerte in VVolumenwerte verwandelt, wobei sich fir den gefilllten Messkolben, bzw. fir die
10 ml Alkohol Mittelwerte (aus 3 Messungen) von Vo = 49,87 ml, bzw. VA = 9,98 ml ergaben,
wahrend die Werte fur die wassrigen Schwefel- und Salzséurel6sungen, Vg, zwischen 39,95 und
41,12 ml schwankten.

Der Sé&uregehalt der Losungen wurde teilweise titrimetrisch mit 0,5 N NaOH-L&sung, in
Gegenwart von Phenolphthalein, bestimmt. Die L&sungen wurden vor der Titrierung bis auf einen
Séureghalt von etwa ! Aquiv. H+/1 verdinnt, wobei ebenfalls die Anordnung aus Abb. 1, aber
ohne Scheidetrichter, verwendet wurde. Je nach Sduregehalt wurden mittels Pipette zwischen 2
und 25 ml konzentrierter Lésung, unter Kuhlung und energischen Ruhren, langsam in den Kolben
getropft, der soviel destilliertes Wasser enthielt, dass sich nach Zufligen der Saure eine Flissigkei-
smenge von etwa 40 ml ergab. Nach Umgiessen in den 50 ml — Messkolben wurde das Mischge-
&ss zweimal mit je 5 ml destilliertem Wasser nachgespilt und damit der bei 20°C thermostatierte
Messkolben zur Marke aufgefillt.

Der titrierte S&uregehalt wurde in Funktion der pyknometrisch gemessenen Dichte fur beide
Systeme (Salz- bzw. Schwefelsdure enthaltend) graphisch dargestellt. Die erhaltenen Kurven dien-
ten der Bestimmung des Sduregehalts der restlichen Lésungen bekannter Dichte.

Ergebnisse und Diskussionen. Beim Mischen des Alkohols mit wassrigen
Séurelésungen wird eine betréchtliche Warmemenge frei, die jedoch durch das
wirksame Kuihlsystem der hier verwendeten Apparatur rasch abgefiihrt werden
konnte, so dass auch lokale Erwdrmungen beim Mischen der Flissigkeiten aus-
geschlossen waren. Dadurch konnte ein teilweises Entweichen der fllichtigen
organischen Komponente, sowie der ungewollte Start der Wallach-Umlagerung
im Falle der Azoxybenzolldsungen weitgehend verhindert und sehr gut repro-
duzierbare Losungen hergestellt werden.

Tafel 1 und 2 geben einen Uberblick (ber die mit Schwefel-, bzw. Sal-
zsaure hergestellten Losungen. In der 3. Kolonne sind die durch Wé&gung ermit-
telten, in ml umgerechneten Mengen an wassriger Saure angegeben, die notwen-
dig waren, um 10 ml Alkohol auf 50 ml aufzufillen. Das Verhaltnis (VA -f- Vs)/
V¢, zwischen der Summe der Volumina der alkoholischen und sauren Komponente
und dem Inhalt des Messkolbens, als Mass der Volumenverkleinerung, wurde
in Funktion der prozentuellen Konzentration der waéssrigen S&ureldsungen in
Abb. 2 graphisch dargestellt. Wie ersichtlich, geht die beim Mischen von Alko-
hol mit reinem Wasser relativ hohe Volumenverkleinerung mit steigendem

Abb. 2: Abhidngigkeit der Volumenverkleinerung

vom S&uregehalt beim Mischen wéssriger Séure I6sun-

gen (H2SO4, HCI) mit Alkohol, in einem Verhéltnis

von |: 4 (Vg stellt das Volumen waéssriger Séaure

dar, das notwendig ist, um VA = 10 ml Alkohol auf
Vo - 50 ml aufzufillen).
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Tafel 1
Herstellung von 20 Vol-°, Alkohol und 80 Vol-% wassrige Schwefelsaure enthaltenden Lésungen

H,SO« -- Ausgangsldésungen Hergestellte alkoholische Lésungen
a i i +
D Konz. % Vs, fl Df Sduregehalt, in Aquiv. H+/1
reel berechnet reel/ber.

1,8364 97,00 41,12 1,6757 27,43 (1) 29,75 0,922
1,8355 96,00 41,10 1,6731 27,32 29,40 0,929
1,8337 95,00 1,6684 26,90 29,00 0,928
1,8145 90,02 40,59 1,6387 25,10 26,94 0,932
1,7787 85,01 40,28 1,5964 23,10 (1) 24,71 0,935
1,7274 80,02 40,10 1,5505 21,17 22,52 0,940
1,6745 75,45 40,11 1,5073 19,50 (1) 20,57 0,948
1,6692 75,00 1,5030 19,34 20,39 0,948
1,6104 69,99 40,10 1,4559 17,62 18,35 0,960
1,5533 65,00 1,4102 1593 (1) 16,44 0,969
1,4981 59,98 40,14 1,3664 14,32 14,64 0,978
1,4453 55,00 1,3246 12,85 12,96 0,991
1,3952 50,01 40,19 1,2852 11,42 ] 11,39 1,003
,3893 49,40 1,2805 11,20 11,20 1,000
1,3125 41,10 1,2203 8,81 8,82 0,999
1,3029 40,01 40,27 1,2128 8,51 8,52 0,999
1,2629 35,35 40,31 1,1814 7 32 (1) 7,31 1,001
1,2599 35,00 1,1791 7,19 7,22 0,996
1,2190 30,06 40,35 1,1470 6,00 6,00 1,000
1,2063 28,50 1,1371 5,62 5,63 0,998
1,1783 25,00 40,37 1,1150 4,85 (t) 4,83 1,004
1,1494 21,30 1,0924 4,02 4,02 1,000
1,1399 20,06 40,42 1,0850 3,76 3,75 1,003
1,0766 11,50 1,0352 2,00 2,02 (0,990)
1,0680 10,27 1,0283 178 (1) 1,80 (0,989)
1,0665 10,06 40,50 1,0271 1,72 1,75 0,983
1,0317 5,00 0,9997 0,83 0,85 0,976

0,9982 0 40,60 0,9735 0 0 -

« V,!| stellt die Menge wéssriger Saureldsung dar, die notwendig ist, um 10 ml Alkohol auf 50 ml aufzufillen;
(t) sind Werte durch Titration ermilttelt, der Rest mittels Eichkurve

Séuregehalt betrachtlich zurick. Im Falle der Salzsdre ist diese Anderung im
untersuchten Konzentrationsbereich linear. Im Falle der Schwefelsaure besteht
Linearitat nur bis zu einer Konzentration von etwa 50% ; bei 70 ... 75% durch-
lauft die Kurve ein Minimum, um dann ab 80% steil anzustelgen.

Die nichtlineare Anderung der Volumenverkleinerung mit dem Sé&urege-
halt, beim Mischen von Alkohol mit Schwefelsaure, ist von keinem der Autoren,
die mit diesem Ldsungsmittelsystem gearbeitet haben [10—12], beobachtet wor-
den und kann als indirekter Beweis fir die Bsterifizierungsreaktion gewertet
werden. Kresge und Chen [11] konnten sowohl durch Titration, als auch durch
Kernresonanzspektroskopie den Beweis erbringen, dass sich beim Mischen von
Alkohol mit Schwefelsdure hoherer Konzentration (ab 50%) saures Athylsulfat
bildet.

Um bei den acidimetrischen Bestimmungen die in den Ldsungen tatséachlich
vorliegenden Verhdltnisse getreu wiedergeben zu kdnnen, musste verhindert
werden, dass wéhrend der Titration der Halbester teilweise hydrolysiert. Des-
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Tafel 2
Herstellung von &40 Vol-% Alkohol und 80 Vol-% Salzséure enthaltenden Ldsungen
HCI — Ausgangsldsungen Hergestellte alkoholische Ldsungen
. Séuregehalt, in Aquiv. H+/1
DJ» Konz., % Vs, ml 1)
reel berechnet reel/ber.
1,1910 38,53 39,95 1,1150 10,07 (1) 10,08 0,999
1,1865 37,58 39,97 1,1118 9,79 9,80 0,999
1,1736 34,92 40,00 1,1024 9,00 (t) 9,02 0,998
1,1704 34,27 1,1001 8,79 8,83 0,995
1,1493 30,00 40,08 1,0850 7,60 (t) 7,60 1,000
1,1425 28,65 1,0800 7,20 7,22 0,997
1,1238 24,99 40,19 1,0663 6,20 (1) 6,21 0,998
1,1232 24,88 1,0658 6,17 6,18 0,998
1,1131 22,92 1,0586 5,62 5,64 0,996
1,0980 20,00 40,29 1,0475 4,85 (1) 4,86 0,998
1,0819 16,84 1,0356 4,03 4,04 0,998
1,0651 13,52 1,0233 3,22 3,20 (1,006)
1,0477 10,06 40,45 1,0102 2,34 (1) 2,34 1,000
1,0413 8,76 1,0057 2,04 2,03 1,005
1,0296 6,35 0,9968 1,47 1,46 1,007
1,0204 4,47 0,9900 1,01 1,02 50,990;
0,9982 0 40,60 0,9735 0 0 —

* und (t) haben dieselbe Bedeutung wie in Tafel |

halb wurden die Ldsungen vor der Titration, unter Kihlung, stark verdinnt.
Dass bei geringen Sauregehalten die Hydrolyse des sauren Schwefelsaureathyles-
ters vernachléssigbar klein ist [14], konnte auch in vorliegender Arbeit bestat-
igt werden : gleich und nach 24 Stunden durchgefuhrte Titrationen ergaben im
Rahmen der erlaubten Fehlergrenze gleiche Werte.

In der 5. Kolonne der Tafeln 1 und 2 ist der Sduregehalt der hergestell-
ten Losungen in Aquiv.H+/l wiedergegeben, wobei die mit (t) versehenen Werte
durch Titration, die restlichen mittels Eichkurven Sauregehalt/Dichte bestimmt
wurden. Kolonne 6 enthalt den nach der Menge zugefligter wassrigen Sdure
(gemdss Kolonne 3) berechneten S&uregehalt der alkoholischen Ldsungen. Das
Verhéltnis zwischen reelem und berechnetem Sduregehalt (letzte Kolonne)
betragt 1,000 = $,005 solange keine Veresterung stattgefunden hat. Steigt
der Sauregehalt der alkoholischen Schwefelséurelosungen uber 12 Aquiv.H+/I,
ist zwischen experimentellen und berechneten Werten keine Ubereinstimmung
mehr, wobei der Unterschied mit zunehmender Konzentration, als Folge der
immer mehr beglinstigten Veresterung, standig grdsser wird.

Es muss noch auf die Tatsache hingewiesen werden, dass die hier fir alko-
holische Saureldsungen ermittelten Dichten, trotz geringerer Messtemperatur
(20 °C gegenuiber 25°C) etwas kleiner als die anderer Autoren [10, 11] sind, wobei
der Unterschied gegeniiber den von Kresge [11] mitgeteilten Werten etwas

* Bei Sauregehalten unter 3 Aquiv. H+/1 wirken sich die experimentellen Fehler nachteilig auf
das Verhéltnis aus.
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Abb 3: Der Verlauf der S&urefunktion in
Abhangigkeit des Sduregehalts (in Aquiv. H+/1)'
flr Sdureskalen folgender Systeme (Ldsungs-
mittelsystem und Indikatoren) : HO(HC1) —
wassrige Salzséure und Aniline [15] ; HO(H2SO4)
— wadssrige Schwefelsdure und Aniline [15] ;
Ho (H2SO4/A) — waéssrige Schwefelsdure mit
20 Vol-% Alkohol wund  Aniline [11];
HO(H2SO4/A) — waéssrige Schwefelséure mit
20 Vol-% Alkohol, Azobenzol-derivate und
zwei Aniline [10] ; Ha2o(H2SO4/A) — wadssrige
Schwefelsdure mit 20 Vol-% Alkohol und
Azobenzolderivate [11].

grosser ist. Eine Erklarung dafir kann kann nur in der unterschiedlichen Arbe-
itsweise bei der Herstellung der Ldsungen gesucht werden. Wahrscheinlich ist
bei anderen Autoren durch ungeniigende Kuihlung und Arbeiten in offenen Gef-
assen beim Mischen der Komponenten ein Teil des Alkohols entwichen, was
beim hier beschriebenen Verfahren praktisch ausgeschlossen war.

Angesichts der Tatsache, dass der Alkoholgehalt u.U. nicht genau der
gleiche ist, stellt sich die berechtigte Frage, ob mit den von anderen Autoren
{(Ur dieses Losungsmittelsystem aufgestellten S&ureskalen gearbeitet werden
ann.

Um den Einfluss organischer L&sungsmittel, aber auch der verwendeten
Indikatorbasen, auf den Verlauf der S&urefunktion in stark sauren Systemen
besser erlautern zu kdénnen, wurden in Abb. 3 Saureskalen verschiedener Auto-
ren [10, 11, 15] wiedergegeben. Am Beispiel der fur schwefelsaure Ldsungen, auf
Anilinindikatoren gestutzten S&ureskalen mit [11] und ohne [15] Alkoholgehalt
kann gezeigt werden, dass bei mittleren Sduregehalten (1 ... 10 Aquiv.H+/I)
die Anwesenheit von 20 Vol—% Alkohol die Hc-Werte praktisch nicht bee-
influsst. Das durfte auch im Falle anderer Indikatorklassen, wie z.B. der Azo-
derivate, zutreffen. Erst bei hoheren Séduregehalten wirkt sich beim teilweisen
Ersetzen des Wassers durch die organische Komponente die Verringerung der
Wasseraktivitat auf den Hydratationsgrad der Protonen aus und fihrt zu einem
rascheren Anwachsen der Protonenaktivitat [15—18]. Bei 20 Aquiv.H+/l unter-
scheiden sich die beiden HO0-Saureskalen (mit, bzw. ohne 20 Vol-% Alkohol)
um genau eine H—Einheit. Das ergibt fur einen Alkoholgehaltsunterschied von
2% eine vernachlassigbare Differenz von 0,1 H-Einheiten. Um mehr als 2 Vol-%
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alkohol durften sich, trotz verschiedener Arbeitsweise, die von verschiedenen
Autoren hergestellten Lésungen des selben Ldsungsmittelsystems kaum unter-
scheiden, so dass einer Benltzung der betreffenden S&ureskalen nichts im We-
ge steht.

w
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18.
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particular types of conductometric ac titration curves
I. The Use of Silver Sensors!
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ABSTRACT. — The study of the previously proposed silver conductometric
cells has been extended by using sensors with different cell constants and elec-
trode constructions. Two kinds of dip-type sensors were used in titrations,
such as ring- and spiral-form electrodes. Somé typical conductometric titrations
were carried out involving neutralizations and precipitations.

A peculiar behaviour of the spiral sensors has been detected, which has
little value on the cell constant, as well as the interelectrodic distances. These
titrations could be divided in two categories: 1) in the presence of the silver
ions, in concentrations larger than 10~a N, the shape of the titration curves
differs from the classical one; 2) in the absence of common ions one can not
observe différences with respect to the classical shape of the titration curves.
Especially, the précipitation of silver Chloride and silver iodide has been studied.
The appearence of a minimum on the titration curves near the équivalence point
(e.p.) and the high sharpness index of these curves can be brough into connection
with the augmentation of the degree of polarization during titration.

Recently, considérable diversification of the conductometric sensors has
taken place especially on the basis of the applied constructional principles, or
by reason of the nature of the used electrode materials [1, 2]. The less precious
metal electrodes exceled — depending on the studied Systems — in considéra-
ble and specific degree of polarization, which up to the present has not been fully
studied. The investigation of the previously proposed silver conductometric
cells [3] has been extended by using sensors of various electrode constructions

and different values of cell constants.

Experimental. Conductance cells. Two kinds of monoaxial dip-type conductometric Ag electro-
des were used such as ring and spiral form electrodes (Fig. Il‘t)

The spiral sensors and the values of their constants differ from one another by the lengtli of
the spiral and the speach of the thread. The values of cell constants were the following: C= 0.55
cm-1 for the ring form electrodes and C = 0.012—0.68 cm-1 for the spiral electrodes. Over and
above both platinized Pt and stainless steel combined with silver spirals were used as conduc-
tometric cells. The latter sensors differ from tlie normal silver spiral electrodes by substituting one
of the silver spiral with inconel spiral into a special — biaxial — construction. Somé of the chara-
cteristic data referring to the conductometric sensors are presented in Table 1.

Conductiviiy déterminations. Both the measurements and the recordings of the conductance
were made by the previously presented nietliods [31. Volume corrections were made to the représen-
tation of the greater part of manually performed titration curves. In case of continuous recording,

1 An extended poster communication presented on the Euroanalysis " Conference, Cracovia, Poland, 28 Aug. 1984.
* University of Cluj-Napoca, Department of Inorganic and A nalytical Chemistry, 3400 Cluj-Napoca, Romania
+* Institute of Chemistry, 3400 Cluj-Napoca Romania
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Fig. 1 Monoaxial conductometric ring Fig. 2. Monoaxial conductometric sil-
form sensor with three Ag rings. 1. Sil- ver spiral sensor. 1 Silver spiral, 2.

ver rings, 2. Electrode body from pla-
stic material, 3. Screw thread for bell
protection, 4. Screened sheet, 5. Cable
with double core, 6. Bell from thermo-
plastics on purpose to protection.

Screw thread for bell protection, 3.

Electrode body from plastic material,

4. Plastic covering, 5. Cable with double

core, 6. Bell protection from thermo-
plastics.

the équivalence volume (V) was determined partly from the delivering rate of the titrant, partly
from the running time of recorder up to e.p., (with recorder KUTESZ Type 175 adapted to the
conductometer). The delivery of titrant with a fixed rate was carried out by means of automatic
burette Radelkis Type OP—930/1. Titrations vere also carried out withot bell protection, especially
in case of certain spiral sensors. The cell constants of spiral sensors without bell protection are
modified to a small extent as compared to the values presented in Table 1.

TITRATION CURVES. Some typical conductometric titrations were carried out involving neutra-
lizations and précipitations.

Titration curves with regular shapes. The titration curves of strong bases obtained with strong
acids and the results of these titrations do not differ witliin the range of accepted experimental
errors, neither do tliey differ from those obtained with the platinized Pt sensor, nor from those deter-
mined by classical volumetric methods (Fig. 3).

The titrations with precipitate formation could be divided in three categories: 1) Titration of
electroactive silver species with precipitating ions (Figs. 4— 11, 13); 2) Titration of precipitating
anions with the electroactive silver ions (Fig. 12); 3) Titration with precipitate formation of elec-
troinactive species.

The shape of these curves is the classical one when the ring form sensors are used, or when
the third category of precipitate titration is effected with either of the sensors (Fig. 3—6).
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Table 1
Charaeteristic data of the studled conductometrie sensors
Nrs Type of Cell const. Obar Ibar owire hwire Ibar/hwire

" sensors cm'l+ 10 mm dring bring nr. of spirals
1 Ag-spir 235 5 12 0.4 3 6
2 Ag-spir 26,8 5 19 0.4 3 6
3 Ag-spir 14.8 5 20 0.4 2 10
4 Ag-spir 18.2 5 20 0.4 2 10
5 Ag-spir 8.80 5 20 0.4 1 20
6 Ag-spir 3.86 5 20 0.4 1 20
13 Ag-spir 1.39 12 57 0.4 15 38
15 Ag-spir 1.27 12 57 0.4 15 38
7/4 Ag-spir 1.98 12 57 0.2 15 38
12 Ag-ring 55.2 14 53 8(r) 6(r —
12 Inox ring 22.7 (tube) 40 r 5(r —
3 Pt-ring 54.2 7 (tube) 50 SEr 9(r) —
| Inox- 175 u 16 L ) 16
— Ag spir ' 0.4 16

Titration curves of irreguldr shapes. These types of titration curves (Figs. 7—13) were obtained
only by means of the spiral silver sensors, chiefly in the first category, and also ia a smaller deagree
in the second one of the titrations with precipitate formation, too.

Précipitation of AgCl. The following figures — Fig. 4. and Figs. 6—12. — show the précipi-
tation of Ag+ ions with CI- ions using five dip types sensors (Pt ring, inox ring, silver ring, inox-
silver spiral, and silver spiral). Accentuated minima appear using silver spiral sensors, when the
concentration of Ag+ ions is more than 1 mN (Figs. 8—9.). The conductivity jump becomes higher
with the increase of concentration of Ag+ ion and vanishes in solutions more diluted then 1 mN
(Fig. 10). Fig. 11 shows an automatically recorded titration curve.

The titrations made in reverse order (AgNO3 as titrant) are characterised by smaller conduc-
tometric jumps than that previously obtained (Fig. 12.).

Fig. 3. Titration of 10 mN Fig. 4. Titration of 10 mN AgNO,
Ba(OH), with 0.10 N snlphuric with 0.10 N KC1 using the Pt sensor
acid using the silver spiral sen- No. 3. The theoretical équivalence
sor No.‘7/4. The theoretical équiv- volume: 5.00 ml.

alence volume: 35.0 ml.
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Fig. 5. Titration of 5 mN Fig. 6. Titration of 5 mN
AgNQ3 with 0.10 N KCI using AgNO3 with 0.10 N KI
the silver ring sensor No. 12. using the inox sensor No. 12.

The theoretical Ve: 5.00 ml. The the oretical équivalence
volume : 5.00 ml.

Précipitation of Agi. The précipitation of Ag+ ions with I- ions was also made with five
types of electrodes. It appears a smaller and less definite minimum than that obtained by the
AgCl précipitation in the same manner. By repeating a great number of titrations, the conductivity
jumps gradually decrease (Fig. 13a, 13b). After washing the spiral sensor with a 0.2 M KCN solution,
instead of a minimum a plateau appeared, namely in the left vicinity of e.p. the conductivity did not

change practically (Fig. 13c.).

6 1
mS '
S

C-2 "06~ 0 " U V/Ve
Fig. 7. Titration of 10 mN AgNO3 Fig. 8. Titration of 10 mN AgNO»
with 1 N KC1 using the Ag-inox sensor. with 0.10 N KC1 using the silver
The theoretical équivalence volume: spiral sensor No. 13. The theoretical

0 ml. Ve: 10.00 ml.
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Fig. 9. The titration of a diluted
(0.05 N) AgNO3 solution with 0.10
N KC1 solution using the silver spi-
ral sensor No. 3. The theoretical
équivalence volume is 5.00 ml.

Fig. 11. Automatically recorded

titration of 0.05 N AgNO3 with IN

KC1 using the silver spiral sensor
No. 2.; Ve: 5.00 ml.

Fig. 10. Titration of more diluted

AgNO3 (I mN) with 0.01 N KC1

using the silver spiral sensor No. 5.
The theoretical Ve: 1.00 ml.

Fig. 12. Titration of 5 mN

KC1 solution with 0.10 N

AgNO3 using Ag spiral sensor

(No. 3). The theoretical Ve:
5.00 ml.

The reverse order titrations in these cases had not definite and reproducible minimum. Small
différences can be observed in comparison with the shape of the classical conductometric titration

curves.

Discussion. In the titrations with minima, the conductance variations be-
tore e.p. have a nonlinear character. The graphically determined minimum of
the titration curves coincides with e.p. Within the range of accepted experimen-
tal errors the e.p. obtained by means of the sensors ,,without peculiar comport-
ments” was comparable with that of the studied spiral sensors (Table 2). In the
case of the AgCl précipitations, the value of conductance minimum is fixed
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Fig. 13. Titration of 5 mN AgNO3 solution with 0.10 N KC1

using the Ag spiral sensor No. 2. Theoretical équivalence volumes :

5.00 ml. a) first titration, b) second titration, c) titration after the
washing of sensor with 0.2 M KCN solution.

with an increased précision as compared to the détermination of e.p. with
conductometric sensors of linear character. The minimum of conductance,
in case of Agi séparation, can be fixed in some instances with smaller précision
as compared to the AgCl précipitation.

Table 2
Results of titration obtained with spiral silver eleetrodes
; A Ve (ml) Nr. of
Titrant Titrand theoretical experimental s% sensor
AgNO3 0.1 n. KC1 5+ 19-" n. 500 5.00; 501; 5.01; <0.1% 3
4.99
AgNO3 0.1 n. KC1 5+ 10-" n 500 5.00; 4.90; 5.00; <1% 12
5.00
AgNO3 0.1 n. (Et).NI 5+ 10~ 490 4.90; 4.80; 4.90 1.16% 2
KC1 0.1 n. AgNO3 0.01 n. 10.00 10.00; 10.0; 10.0; 0.0% 13
10.0
KC1 0.1 n. AgNO3 5+ 103 500 5.00; 5.10; 5.00; <1% 34

500 5.10; 5.00; 5.10

Interpretation of particular form of titration curves. The behaviour of élec-
trodes under a.c. conditions can be characterized by the polarization impédance
(Zp), and the phase angle (S), but it can also be regarded as a System consisting
of a polarization capacity Cp and a (parallel or sériés) polarization rezistance
(Rp) [4—6]. The polarization impédance of semicell (Fig. 14) hasan ohmicaland
an overvoltage component (Zp>n and ZAri); Zp = ZAfi -j- Z>l). The ohmical
component corresponds to the adherent (or not adhérent) layer of the precipi-
tate formed near the electrode and has a high value in e.p. (complete précipi-
tation). ZPia is dependent on the state of electrode surface and it canbe modified
by pretreatments of eleetrodes. The Ag/Agl surface is more sensible in this re-
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gion than the Ag/AgCl one. The value of the overvoltage component is also
concentration dependent. When the concentration of electroactive species is
diminished, then Zpil increases suddenly. In like manner does the degree of
polarization increase. The cell impédance (Zd = Zc¢c + Zp) is a sum of the elec-
trolyte impédance (Zc) and the polarization impédance of both electrodes (Zp =

— Zlp + z2p).

Fig. 14. Equivalent circuit of semicell. Indexes

tr, d, r(k), and c refer to the following types of

overvoltages : transfer, diffusion, reaction (kinetic),
and concentration overvoltage.

The effect of the polarization impédance becomes perceptible in the beha-
viour of the conductometric cell, when the ratio Zp 1 100/Ze is higher than 1 —5%
and varies suddenly during titration. This condition is satisfied especially in
the titration of Ag+ ions with X* ions, presuming that the concentration of
titrénd is larger than 10 3N. At smaller concentrations Ze increases to such a
degree that the numerical value of the ratio remains small, and does not vary
in the course of titration. With the augmentation of titrand concentration, ratio
Zp/Ze becomes greater and more variable than in more dilute solutions because
of Ze diminution. In these processes the concentration of titrand is determinant
during titration, and the value of solubility product constants of the precipitate has
not a considérable influence. The polarization rezistance counts much in the dimi-
nution of cell conductance. The appearence of minimum on the titration curve
near e.p. can be brought into connection with the augmentation of the polariza-
tion degree during titration.

The cell construction and constants likewise determine the formation of
titration curves with minimum. In the case of the spiral sensors with the smallest
cell constant value, the distance between the neighbouring spirals (hwire) is
small, and that is why the contribution of the polarization impédance to the cell
impédance, as compared to the impédance of electrolyte —which is found between
the spirals —, enhances.
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ABSTRACT. — Gas Chromatographie Determination oi the Producte Obtained
by Catalytic Réduction of Maieic Anhydride. A new gas chromatographie method
of maieic anhydride, using 2.7 XE as liquid phase on chromosorb GAW and
dimethylformamide, as internal standard, has been developed. Using the cali-
bration curve, y-butirolactone was determined on a column packed with 20%
on siliconic oil 550 on silanizated Chromosorb W by using phenyl-ethyl acé-
tate as internal standard.

Tn procesul de fabricatie al y-butirolactonei, prin reducerea catalitica a anhi-
dridei maleice, se formeazd ca produsi secundari anhidrida si acid succinic.
Analiza cantitativda a amestecurilor policomponente care contin acizi si anhi-
dride corespunzdtoare lor, aldturi de alti compusi organici, nu se poate efectua
prin gaz-cromatografie datorita anhidrificarii acizilor dicarboxilici la temperatura
din coloana analitica.

Separarea si dozarea componentelor din amesteul care contine y-butirolac-
tond (y—BL) anhidrida succinica (AnS), acid succinic (AS) si anhidrida maleica
(AnM) in diferite concentratii, s-a efectuat prin metoda gaz-cromatografica uti-
lizind ca faz& stationarda 2,7%XE—60 suportata pe Cromosorb—GAW—DMCS
si ca standard intern dimetilformamida (DMF), dupa ce Tn prealabil acidul succi-
nic s-a derivatizat prin esterificare cu diazoetan [1—4]. Folosind o coloana ana-
liticA cu umplutura formata din 20% ulei siliconic 550 pe Cromosorb W silanizat
si standardul intern fenilacetatul de etil (FAE), pe baza curbei de etalonare, se
dozeaza rapid y-butirolactona.

Partea experimentald. In cursul analizei gaz-cromatografice la temperatura aplicata Tn coloana
analitica are loc anhidrificarea acidului succinic din probele care contin si anhidrida sucinica. Pen-
tru a evita acest fenomen s-a studiat posibilitatea derivatizarii acidului succinic, in prezenta anhidri-
dei sale, prin esterificare cu diferiti reactanti. Cu metanol Tn dioxan, metanol si trifluorurd de bor
sau Tn diazometan se esterifica atit anhidrida cit si acidul succinic. I-'olosind diazoetan se esterifica
numai acidul succinic [1, 2]. Tn proba luatd in lucru se adauga 10 cm3 solutie eterica de diazoe-
tan, dupéa care amestecul format se refluxeaza circa 15 minute si apoi se elimina eterul prin distilare
la presiune scdzutd cind ramine Tn blaz un lichid uleios format din succinat de dietil (SDE) si
restul componentilor. 1.1. Sisteme binare: 1.1.1. y-BL 51% si AnS 49%; 1.1.2. y-BL 93% si
ANnS 7% ; 1.1.3. y—BL 90% si AS 10% ; 1.1.4. AnM 50% si AnS 50%. Din acestea se cintdresc
cite a, g la care se adauga b, g fenilacetat de etil (FAE) si se dizolva Tntr-un cm3 acetond. 1.2.
Sisteme ternare. Sint formate din y—BL, AnS si AS in diferite proportii, iar AS se derivatizeaza
prin esterificare cu diazoetan si apoi din lichidul uleios se iau a, g la care se adauga b, g dimetil-
formamidd. 13. Solutii de y—BL, Se prepard solutii de diferite concentratii de y—BL in toluen
(10, 30, 53, 75 si 90%) la care se adauga cite bg, g fenilacetat de etil 40%. 1.4. Analiza gaz-cromato-

_ = Universitatea din Cluj-Napoca, Facultatea de tehnologie chimica, Catedra de chimie fizica, organica si tehnologicd, 3400
Cluj-Napoca, Romania



64 IIl. hopArtean, N. DULAMITA, m. vagaonescu

graficd. Analiza probelor 1.1. si 13. s-a efectuat pe un gaz cromatograf model 18.3 —4 echipat cu
detector de conductibilitate termica operat la 250°C (temperatura in evaporator 270°C, iar n coloa-
na analitica 130—160°C) si gaz purtator azot la un debit de 40 cm’/min. Folosind detector de ioni-
zare n flacard s-au analizat probele 1.2. in regim de temperaturd programatd, (viteza de incalzire
8°C/min. de la 130 pina la 185°C) la un debit de 20 cm’ azot/min. In coloana analitica. Pentru
separarea componentilor din probele studiate s-au testat diferite faze stationare si suporturi introduse
n coloane de otel cu diametru de 4 mm, ale caror caracteristici sint prezentate in Tabelul 1. Um-
plutura nr. 7 din Tabelul ! este potrivita in cazul separarii componentilor din probele 1.1 si 1.2,
lar umplutura nr. 8 pentru cei din probele 13.

Tabel 1
Faze stationare si suporturi testate

Granulatie  Eung.
Umplutura coloanei suport col., y—bl AnS AS AnM

(mesh) (m)
20% Carbowax 20M/Cromosorb W 60-80 2 + + +
ldem 60-80 4 + + — +
15% Carbowax 20M/Cromosorb DMCS  60-80 2 + + — +
20% Carbowax 20M/Firebrick 80-100 2 — — + —
Porapak O 50-80 4 — — + —
10SE —30/Cromosorb silanizat 120-140 2 + *r +3 +
2,7 XE-60/Cromosorb GAW-DMCS 60-80 4 + + +a +

20% ulei siliconic 550/Cromosorb W,

silanizat 80-100 1 + + +3 -

a = AS s-a determinat ca SDE

Compozitia In procente de masd a probelor s-a_determinat prin metoda standardizarii interne,
folosind ca standard FAE pentru probele 11 si 1.3, iar DMF pentru probele 1.2. Se masoara supra-
fetele virfurilor cromatografice prin metoda trlunghlulw Toate masuratorile sint calculate ca medie

a cinci determiniri.

Rezultate si discutii. Cantitatea, in procente de masa, din fiecare component
continuta in proba analizatd se calculeaza folosind relatia :

%C =h . 100 =& ' Jic "100
a Asit Fcra

n care: bt — reprezintd masa dintr-un anumit component, Tn g; a — masa
probei analizate, In g; ba — masa standardului, in g; Ac — aria componen-
tului ¢, in cm2; A3 — aria standardului ales, in cm?; Fc — factorul de corectie
pentru raspunsul detectorului termic.

Tn Tabelul 2 se prezinta timpii de retentie, erorile de analiza si factorii de
corectie la analiza sistemelor binare, iar in Fig. 1 cromatograma probei 1.1.1.
Din analiza acestor date experimentale rezultd ca se poate stabili compozitia
unor sisteme binare cu o eroare care variaza intre limitele —0,3 si +0,4%, folo-
sind ca standard FAE.

Standardul din Tabelul 3 s-a preparat prin amestecarea unor mase cunoscute
de componenti puri (sistemul ternar 1.2) si DMF. Din cromatograme se determina
ariile componentilor, apoi se calculeazd procentele de masa si procentele de supra-
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Tcd.150» 1
|
1
3
4 | -
n
.
3. U \-
4 3 2 J 0
Timptsin) Timp (min)
Fig. 1. Cromatograma sistemului binar Fig. 2. Cromatograma solutiei de y—BL
111, 1 — toluen; 2 — y—BL; 3 — FAE
1 — acetona; 2 — y—BL; 3 — AnS;
4 — FAE
Tabel 2
Rezultatele analizei sistemelor binare 1.1
Nr. probei Componenti Jefen’ Masa, g Eroare F
Luat Gasit %
1.1.1. y-BL ' 0,7 0,1040 i 0,1044 +0,4 1,019
AnS 1,7 0,1002 0,1005 +0,3 1,013
1.1.2. y-BL 0,7 0,1990 0,1975 -0,1 1,019
AnS 1,7 1,1040 0,1037 -0,3 1,013
1.13. y-BL 1,6a 0,9940 0,9920 -0,2 1,019
AS 3,2 0,1048 0,1051 +0,3 1,067b
1.1.4. AnM 0,6¢c 0,1028 0,1031 +0,3 0,949
AnS 21 0,1029 0,1029 +0,4 1,013
m Lifefllle
temperatura coloanei analitice: a — 130° C; ¢ — 140°C b““Fc ai SDE

5 — Chemie, 1/1986
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Tabel 3
Rezultatele analizei sistemului sintetic 1.2
Compo- re;reir?t]i% Masa comp. eir;? % Arie
nenti AN . arie Fc
' (min.) g % tm % masa

DMF 6,0 0,1862 23,19 1,43 10,09 0,062 1,00
SDE 16,8 0,2086 25,98 7,00 49,23 0,269 4,34
T-BL 20,4 0,3042 37,89 4,02 28,27 0,106 171
AnS 351 0,1038 12,93 1,76 12,41 0,136 2,19
Total - 0,8028 99,99 14,21 100,0 - -

fatd pentru fiecare component. Se Tmpart ariile componentelor cu masele procen-
tuale corespunzatoare aflindu-se valoarea factorului de corectie. Utilizind metodo-
logia indicata Tn Tabelul 2 sau factorii de corectie se determina compozitia, Tn
procente de masa, a unei probe necunoscute. Datorita raspunsurilor diferite
ale detectorului suprafetele procentuale difera mult de masele procentuale, ceea
ce justifica folosirea standardului.

Tabel 4
Compozitia unul sistem necunoscut 1.2
A Arie
; Avria virf % %
Componentl fem ar?e masa
Fc
SDE 8,95 47,30 2,06 26,89
y—bl 8,16 43,13 4,77 62,27
AnS 1,81 9,57 0,83 10,84
Total 18,92 100,0 7,66 100,0

Dacd se cromatografiaza citeva standarde Fig. 2 pentru solutiile de y—BD
apoi se calculeaza raportul ariilor component/standard (notat cuy) si se reprezinta
grafic n functie de raportul maselor component/standard (notat cu x) se obtine
0 draptd a carei panta este tocmai factorul de corectie. Pentru ecuatia dreptei
de forma:y = A, + A’ se determind prin metoda celor mai mici patrate
Ao = — 0,089 si Xj= 1,0063 si se verifica statistic dacd ordonata la origine
este zero. Cu ajutorul testului t s-a calculat dispersia ordonatei fa origine s, —
= 0,0649. Atunci t calculat va fi:

AN = 137
0,0649

Pentru P =? 95%, k = 4, t — tabelat are valoarea 2,78, déci mai mare
decitt. — calculat. Aceasta dovedeste ca cele doud valori (0 si —0,089) nu difera
statistic si deci ordonata la origine este egald cu zero.
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Analizald solutii de y — BL bruta si luind factorul de corectie, identic cu
panta dreptei, se dozeaza y—BL cu erori de 0,4% masa.

Concluzii. Se prezintd o metoda gaz-cromatografica pentru analiza produsi-
lor rezultati Tn procesul de fabricatie al y— butirolactonei din anhidrida maleica.

Pentru a realiza separarea componentilor din produsul brut, dupa ce in
prealabil acidul succinic s-a derivatizat prin esterificare cu diazoetan, s-au pro-
pus doud faze stationare suportate: 2,7% XL—60 pe Chromosorb GAW-
DMCS si 20% ulei siliconic 550 pe Chromosorb W silanizat. Folosind ca standard
intern dimetilformamida sau fenilacetatul de etil se dozeaza rapid y — butiro-
lactona din produsul brut cu erori de +0,4% masa.
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Receivts: August 26, 1985 n >

ABSTRACT. — The formation of the anionic chelates: [Co(Glyox.H)2X2]~
and [Co(Glyox.H)2Y2]~ (X = CN, NCS, Y = SOJ-, S20j~) was proved by the
oxidation of the components in aqueous alcoholic solutions. 23 new complex salts
were insolated by means of double décomposition reactions. The anation of
NH1[Co(Glyox.H)2(S03)(H20)J with organic amines leads to the formation of
NH/fCotGlyox.M”tSOaitamine)]. Some structural and thermal stability probléme
(Co—X, Co—Y bondings) were discussed on the basis of IR spectra and deriva-
togtaphic measurements. Some physico-chemical properties of the new complexes
were compared with those of the analogous derivatives of dimethyl-glyoxime and
methyl-isopropylglyoxime.

Introduction. The simpiest aliphatic a-dioxime, glyoxime (C2H4N202) forms
easily from glyoxal and hydroxylamine hydrochloride in aqueous solution. Some
physico-chemical properties of this substance (dipolemoment in dioxane [1],
isotopic shifts in the i.r. spectra of the deuterized products [2], acidity and
protonation constant [3]) were studied by comparison to those of higher homo-
logues. The basicity of the N-atom of aliphatic a-dioximes, the N—H bond by

protonation and the M—KI — bond by formation of M (Diox. H)? — type com-
plexes were observed to increase from the glyoxime to the higher homologues
of the aliphatic a-dioximes (e.g. methylglyoxime, dimethylglyoxime, diethyl-
glyoxime etc.) due to the inductive effect of the aikyl groups. The reaction of
glyoxal with NH20H + HCI leads to the formation of the anti (a) — isomeric
modification, as shown by neutron diffraction measurements [4]. As compared
with the other aliphatic dioximes, the above mentioned chelating agent was
only a little studied from co-ordination chemical point of view. The [M(Glyox.
H)2] (M = Ni, Pd and Pt) was obtained and its structure determined by means
of x-ray meansurements [5—7]. The Ni(Glyox. H)2 was proposed for détection
of nickel [8] and for the spectrophotometric détermination of Cobalt (1) in
basic media [9].

Results and discussion. We have observed that this dioxime is also able
to synthesize various mixed chelates [Co(Glyox. H)2X2]2*  [Co(Glyox. H)2
(amine)X] and [Co(Glyox.H)2(amine)2]+ by means of oxidation of a mixture
of Co(ll) — salts, glyoxime and monodentate ligands (e.g. Cl~, Br~, 1-, NCS~,
amine, phosphine etc.) and by substitution reactions from the aquo- and halo-
geno-derivatives, respectively. The sodium salts of the dicyano- and dithio-
cyanato-acids can be obtained with the oxidation of the components by air
bubb’ing in aqueous solution. The H[Co(Glyox. H)2(CN)2] and H(Co(Glyox.H)?

* University of Cluj-Napoca, Faculty of Chemical Technology, Department of Inorganic and Analytical Chemicstry,
3400 Cluj-Napoca, Romania
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(NCS)2] form well defined crystalline salts with monovalent transition metal
cations and metal-amines.

Tabki, t
New complex salts of the type Cation [Co(Glyox.H)2(CN)2]
Mol. Analysis
Formula wi. Aspect

calcd. Calcd. Found
trans-[Co(en)2CI2] + A 5351  sparkling, irregulér green Co 22.02 21.94
plates C 2244 23,85
H 415 4.88
trans- [Co(en)2Br2] 1 A + H20 642.1  bright green sparkling Co 18,32 18.55
thin plates H20 2,83 2.80
H . 377 4,01
[Co(DH)2(NH3)2] + A 608.3  gold yellow thin plates Co 19.38 18.98
C 3314 33.64
H 430 4.38
[Co(DH)2(pyridine)2] + A + 2H20 768.5  gold yellow sparkling Co 1534 15.43
irregulér plates H2O 4.68 4.85
H 446 4.50
c 3839 39.00
[Co(DH)2(aniline)2] + A + H20 7785  brown irreguldr plates Co 1514 15.16
H20 231 2.50
C 4012 40.26
H 466 4.41
FCo(DH),(o-toluidine),I + A1 2H,0 8245  yellow-brown hexagonal Co 14.30 14.80
plates H20 4.37 4.10
[Co(DH)2(p-toluidine)?] « A 788.5  yellow-brown plates Co 14.95 14.75

K[Co(Glyox.H)2(CN)2] + H20 342.2  long, orange sparkling
prisms Co 17.22 17.10

A = [Co(C2H3N20,)2(CN)2]-

Table 2
New complex salts of the type Cation [Co(Glyox.H)2(NCS)2]
Mol. Analysis
Formula wit. Aspect

calcd. Calcd. Found
trans-[Co(en)2CI2] + B 599.3  light brown prisms Co 19.67 19.40
S 10.70 10.48
[Co(DH)2(aniline)?] + B 8246  brown hexagonal plates Co 14.30 14.28
S 171 7.48
[Co(DH)2(ce-naphtylamine)?] + B m924.7  short brown prisms Co 12.73 12.60
[Co(DH)2(thiourea)2] + B 790.6  brown microcryst. Co 1491 15.17
S 16.22 16.06
K [Co(Glyox.H)2(NCS)2] 388.4  brown prisms Co 15.18 15.03

B = [Co(C2H3N202)2(NCS)2J-

The free acids can also be isolated from agqueous solutions with an excess of H2SO4.
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The above mentioned oxidation reaction in the présence of non complexing
anions (e.g. SO|*, NOr. CH3—COO~) leads to obtaining the diaquo-complex :
[CofGlyox. H)2(H20)2J+.

The anation of this derivative with stoechiémetric amount of Na2S03 (1:2),
Na2S203 (1 :2) and (NH4)2S03 (1 : 1) leads to the formation of sulfito — and thio-
sulfato-complexes :

[Co(Glyox.H)2(S03)2]3-, [Co(Glyox.H)2(S203)2]3_ and [Co(Glyox.H)2(H20) (SO3]*

The latter mixed complex can be used as starting material for other anation
reactions with aromatic and heterocyclic amines.

[Co(Glyox.H)(H20)(SO3)]~ + amine = [Co(Glyox.H)2 (amine)(SO3)] —H120
Some new products of this type are characterized in Table 3.

Table 3
New complex salts of the' type NH4[Co(Glyox.H)a(SO3)(amine)]
' ;Mol. Analysis
FoTmula wt. Aspect
calcd. Calcd. Found
)
NH4[Co(Glyox.H)a(S03) - Co 1155 12.02
(a-naphtylamine) | + 2H30 510.4  irreguldr redbrown prisras S 6.28 6.10
HaO 7.05 7.27
NH4[C0(GIyox H)a(S03) — Co 1225 12.41
(p-anisidine)] + 1.5Ha0 431.3  brown plates HaO 5.61 5.80
NH4<£C0(GIyox 1H)a(S03) — irregulér brown cryst. Co 11.89 11.94
Ianlllne)] 2Ha0 494.8 H20 7.28 7.75
NH4[C0( ox.H)a(S03) — short, brown prisms Co 13.76 13.50
(pyrldlne)]y Ha0 428.3 S 749 7.10
HaO 4.20 4.05
NH4[Co(Glyox.H)a(S0a) — brown prisms Co 1280 12.70
(aniline)] + 2Ha0 460.3 S 696 7.13
HaO 7.82 7.99

From the aqueous solutions of Na3[Co(Glyox.H)2(S03)2] and
Na3[Co (Glyox. H)2(S203)2] some new metal-amine salts were isolated by double
décomposition reactions with hexamines of Co(lll) and Cr(lll).

It is worth mentioning that the mono- and divalent metal (II, 111) ami-
nes are unable for this purpose.

The sulfito- and thiosulfato-bis-glyoximino-complexes décomposé in acidic
media and SO2-is evolved. From the thiosulfatocomplexes elementary sulfur
is also deposited.

The physico-chemical properties of the glyoximino-derivatives are similar
to those of the sulfito- and thiosulfato- Co(lll1) complexes of dimethylglyoxi-
me, nyoxime and benzyldioxime. Some différences appear in the solubility,
thermal stability and spectral data.



NEW ACIDOCOMPLEXES OF Co(lll) WITH GLYOXIME 71

Table i
New complex salts of the type Cation3 [Co(Glyox.H)2(S03)2] and
Cation3 [Co(Glyox.H)2(S303)2]
Mol. Analysis
Formula wit. Aspect
, calcd. Calcd. Found
[Co(NH,),] + C+ 3H,0 608.4  yellow short prisms Co 1937 19.25
H20 8.88 9.04
[Co(NH3),] + D + 3.5H,0 6815  yellow-brown microcryst. Co  17.30 17.38
S 18.82 19.20
H20 9.25 9.35
[Co(NH3)s(Hs0)]C 1 2Ha0 591.3  dark yellow short irre- Co 2039  20.05
gular prisms HjO 6.09 5.88
[Co(NH,)g(H20)] + D- 2H30 655 yellow-brown prisms Co 1798 17.70
S 19.57 19.16
H20 5.49 5.60
cis-fCo(en),(NHL)TIC 1 3H,0 660.4  bright yellow micro- Co 1785 18.06
cryst. H20 8.18 7.85
cis-fCo(en),(NH,),1D ¢« 3H,0 724.4 brown plates Co 16.26 16.16
H20 7.46 7.58
S 17.70  18.00
[Cr(nrea),IC + 6H20 913.6  short green-yellow c 13.13 13.49
prisms H 4.63 4.39
H2o 11.83 11.36
[Cr(urea),]D + 4H20 941.7  yellow prisms H2o 7.65 7.80
c 12.76 12.36
H 4.40 4.30
[Co(en)3]C + 6H20 740.5  orange plates t 1591 15.42
S 8.66 8.40
H2o 1460 1474
[Co(en)2(o-phen)]C 1 5H20 842.6  yellow-orange micro- Co 13.99 13.78
cryst. H2o 14.24 14.20

¢ J [Co(c2h3n20)2(sod)2]’-; D = [Co(C2H3N202)2(S203)2]’-

The IR spectra show that two intramolecular O—H. O hydrogén bridge?
stabilize the coplanar Co(Glyox. H)2 System, i.e. the ,trans” geometric configu-
ration of the complex studied JE

CO-H: 2330—2400 cm“l, 50-H..O: 1700-1800cm”’l).

From the four IR and Raman active vibration frequencies of the sulfito-ligand,
with a pyramidal structure and a symmetry, the y! (S—O) vibrations appear
at 1090—1130 cm*! (s) and the v3 (S—O) ones at 960—980 cm*“l. The thiosul-
fato-group has also a Cv symmetry with six IR and Raman active vibration
frequencies. The most important of these, v2(S—O0), v4(S—O), appear at 1010—
1020 cm-1 (s) and at 1140—1180 cm“l (s), respectively. By co-ordination to
metal ions through the sulfur atom (in our cases Co—SO03 and Co0SS03), the
vS—O valence frequencies are shifted to higher wave number values in both
cases. (The shift in the opposite direction is characteristic to a M—O—S—O
coordination.
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The vC=N frequencies of the co-ordinated NCS— group appear at 2080
cm"l and this phenomenon pleads for a cobalt-isothio-cyanate — bonding
(Co—NCS). The vC=Nfrequencies of the CN-ligdnd at 2130—2140 cm-1 are in
agreement with a Co—CN co-ordination through the carbon donor atom. By
the free, ionic CN- these frequencies can be observed at 2080 cm

The thermal décomposition of some NH4[Co(Glyox.H)2(SO3) (amine) JnH20
—type complexes was studied by derivatography. The TG and DTA curves
of NH4[Co(Glyox. H)2(SO3)(Py)J * H2O and NH4(Co(Glyox. H)2(aniline)(S03)J
+ 2H20 are presented in Figs. 1 and 2.

Fig. 1 TG and DTA curves of Fig. 2. TG and DTA. curves of
NH4[Co(Gylox.H)2(SOs)(Py)] H20 NH4[Co(Glyox.H)2(SO3)(aniline)] 2H20

The substances studied are crystallohydrates. The loss of the crystallization
water moleculeS occurs between 80 and 130CC, On the TG curves one or two the
weight loss stops, correspondittg to the end of the déhydration processes, and the
same number of endothermal peaks on the DTA curves appears. After the déhy-
dration processes, another endothermal reaction occurs (160—180°C), which
can be considered as deamination, but it does not lead to a well defined inter-
médiate product as in the case of the diamine derivatives (Co(DH)2 (amine)2]X->
->[Co(DH)2(amine)X]-J- amine). The further décomposition stages are complex
exothérmal reactions, presumably with the participation of the atmospheric
oxygen and imply the destruction of the whole co-ordination sphere (230—

300, 330-480°).

Experimental. The sulfito-, thiosulfato-, ciano- aud thiocyanatocomplexes were obtained on
an analogous way described in our prewous papers for dimethylglyoxime, — nyoxime — and
benzyldioxime derivatives [10, 11].

Working conditions by the derlvatographlc measurements: heating rate: 10°/min. Sample
weight: 100 mg, atmosphére : static air.
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ABSTRACT. — The influence of subphase pH (3 < pH < 9) on collapse prés-!
sure is studied, in the case of stearic acid, zeaxanthin and astaxanthin mono-
layers spread at aqueous solution/air interface. The paper also deals with,
protolytic equilibria, and apparent surface acidity constants, Ka, are derived
from the experimental collapse pressure vs. pH curves, by using a perfect solu-
tion approximation. The obtained pKa values are 5.63; 6.84 and 6.66, respecti-
vely. The results are discussed in terms of molecular structure.

Introduction. The monolayer properties of non-ionic surfactants are influ-
enced by the subphase pH, leading sometimes to important changes in the value
of collapse pressure [1—4]. The latter is assigned to transformation of the
uncharged monolayer into an ionic one, due to deprotonation of the surfactant
in alkaline media, or to its protonation in the acid region. In some cases even
equilibrium constants have been reported for these protolytic processes [1, 2]

In the present paper deprotonation of three biosurfactants, viz. stearic
acid, zeaxanthin and astaxanthin, is investigated by studying theii monolayer
properties on aqueous subphases of different pH values, in the range 3—9,
and apparent surface acidity constants are derived for them.

Surface aeidity constants. The surfactant molécules may often receive a
proton from an acid, or give one away to an appropriate base. Let us consider
the ionization of insoluble surfactant molecule HX in a monolayer spread at
aqueous solution/air interface :

HX + H2O  HIO+ + X-
(1) ©) (3) (2)

The equilibrium constant of reaction (1) can be given as

(1)

)

where a** stands for equilibrium activity of the molecular species i in monolayer
(the value of i is indicated in Eq. (1) for each molecular species, under the corres-
ponding formula).

University of Cluj-Napoca, Départment of Physical Chemistry, 3400 Cluj-Napoca, Romania
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As shown in an earlier paper of ours [1], the equilibrium constant obeys by
the foliowing équation :

RT In K= — AGIM — TrJA 3)

where AGOM stands for variation of the standard Gibbs free energy in reaction
(1), m is the surface pressure, and

AA' = A2 - A3 — A — A
A being the molar area of species i.

Since species H20 and H3O+ are present in both the monolayer and bulk
subphase, the thermodynamic equilibrium between these phases implies the

equality of their chemical potentials. Consequently, both ajl and a*“ will be
determined by composition of the subphase. This allows us to define, in
this heterogeneous System, an apparent surface acidity constant

Ka @
obeying by relation

RTINKg = RTIna® — b.G’ — (A" — A]) ©)

In Egs. (4) and (5), a® stands for aetivity of species i in the bulk subphase,
AG' is variation of the standard Gibbs free energy corresponding to the transfer
®f a proton from surfactant molecule HX in the monolayer to a water molecule
in the bulk subphase.

If the subphase is a dilute solution, a® is practically constant. Since in the
case of surfactant molécules the proton transfer cannot essentially modify the
molecular area, in first approximation the last right hand side term of Eq. (5)
can be neglected. Thus, Ka practically dépends on température only.

By adopting the rational aetivity scale for monolayer, and the practicai
one for the bulk subphase, as well as by presuming both phases to be perfect
solutions, the apparent surface acidity constant becomes

Ka (6)

where x” stands for the molar fraction of i in monolayer and [H]B for the
molar concentration of H3O+ in the bulk subphase.

Due to the protolytic equilibrium, the monolayer can be considered as a
mixed phase containing two surfactant species, viz. HX and X-, as well as H20
and H3O+, according to Eqg. (1). Since in the bulk subphase x® < %® and one

cannot expect to be otherwise in the monolayer, x™ can be neglected before
the other molar fractions, at least as first approximation. Thus, one can adopt

x o xM o4 XYy (7
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From Egs. (6) and (7) one obtains

(8)

Upon compression of the monolayers, a new phase eventually appears —
the collapsed bulk phase. By presuming a metastable thermodynamic equilib-
rium [5] between the monolayer and the "freshly collapsed” bulk phase, the
collapse pressure, 7tc, dépends on monolayer composition [6]. In perfect solution
approximation, the equilibrium condition for the surface mixture of surfactants
1 and 2 can be written as [1]

9)

where nc, —x and k2 stand for the collapse pressure of the mixture and the
collapse pressure of the ,,pure” monolayers containing surfactant 1 or 2, res-
pectively. Ao, Alf A2 stand for molecular area of water and of the surfactant spe-
cies, respectively.

On the other hand, the equilibrium between the monolayer and the subphase

enables us to obtain x* in the perfect solution approximation, as function of
the surface pressure. Upon collapse pressure, kc it will be [1]

X = exp (—TcA0/KT) (t0)

In the case of the protolytic equilibrium (1), composition of the monolayer,
and consequently the collapse pressure, will dépend on the subphase pH. By
taking into account Eqgs. (8) and (10), the equilibrium condition (9) becomes:

1 — exp(—TtcAn/KT)
Ka + [H]B

where and 12 can be obtained as limiting values of the collapse pressure at
low and high pH values, respectively.

Eqg. (11) allows us to derive apparent surface acidity constants from expe-
rimental collapse pressure vs subphase pH curves.

Experimental. Film Forming Materials. The studied surfactants were : stearic (octadecanoic)
acid (p.a., Schuchardt), Zeaxanthin (3.3-dihydroxy-3-carotene) and astaxanthin (3,3'-dihydroxy-
%4‘-€i;)xo-l3-carotene), the last two carotenoid pigments of all-trans configuration (Hoffmann La

oche).

Spreading Solvents. For stearic acid pure benzene, in the case of zeaxanthin benzene containing
2—3% absolute éthanol and with astaxanthin benzene containing 4—8% Chloroform were used.

Subphases. Bidistilled water, containing various electrclytes, was used as subphase for mono-
layers. The subphase pH was adjusted by means of NaOH (pli : 9), borate biiffers (pH: 7.6—9),
phosphate buffers (pH: 6—9), citrate buffers (pH: 3—7) and HCI (pH: 3).

Recording of the Compression Isotherms. The surface pressure vs mean molecular area curyes
were recorded by using the Wilhelmy methcd. The waiting time allowed fer evaporaticn of the
spreading solvent was of 2—30 min. The menolayers were compresscd manually and the surface
pressures were recorded discontinuously, at room température (22 + 2°C). The compression rate
employed were in the range 0.5—2.5 A3/molecule.min in the case of stearic acid and 2—4 AYmo-
lecule.min with carotenoid pigments.
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Results and Discussion. The com-
pression isotherms were recorded at
different pH values, while the collapse
pressure and the collapse molecular area
were derived from each curve as values
corresponding to the sudden slope
change of the isotherm at high surface
pressures, indicated by arrows on Fi-
gure 1.
In the case of all the studied sur-
factants, the collapse pressure increased
with increasing pH, but in a well de-
fined pH region only, and it showed a
constant value out of this region, viz. a
lower, one at the acid side, characterizing
the protonated species, and a higher
one at the alkaline side, corresponding
to deprotonated molecular species. In  Fig. 1. Compression isotherms of stearic
Figure 1 the compression isotherms of acid and deriving of collapse pressure and
stearic acid are given for these extreme ~collapse molecular area (sce arrows) 1 —
conditions, allowing us to derive surface T PR=ee = pR =0
characteristics 1l( Ar for the protonated
species and k2, A2 for the deprotonated ones. These surface characteristics are
presented in Table 1.

Table 1

Collapse pressure and eollapse molecular area of
the neutral molécules and of their anion-

HX X"

Bsosurfactant " - ~
Ji5 (mN/m), At(A2) 312 (mN/m),A2(A2)

Stearic acid 40.8 18.0 51.0 176
Zeaxanthin 44.8 30.0 50.3 3Q0
Astaxanthin 45>0 24.0 51.0 21.0

The surface collapse pressure vs pH curves of the studied surfactants are
given in Figure 2. The experimental points represent a mean value, obtained
from at least 10 isotherms recorded at the same pH. The shape of the curves
is consistent with the hypothesis of a protolytic equilibrium. In the acid region
the surfactant forms a ,,pure” monolayer, containing only protonated — that
is neutral — molécules, the collapse pressure is constant, equal to 7rx. In the
S-shaped portion of the curve, the monolayer becomes mixed, due to ioniza-
tion of the surfactant, i.e., beside protonated molécules, it also contains depro-
tonated ones. In the alkaline region the collapse pressure attains its maximum
value, 7t2, when the surfactant is completely ionized, and the monolayer becomes
again a ,,pure” one, formed by anions X-. It is worth mentioning that
the higher value of ~2, as compared to might be due to appearance of an
electric double layer with participation of anions X~ and the corresponding
counterions coming from the subphase.
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Jic , mN/m

Fig. 2. Collapse pressure vs pH curves.

a — Stearic acid; b — Zeaxanthin; ¢ — Astaxanthin.
The fill line curves were calculated by means of Eq. (11)
and by using the surface characteristics given ih
Table 1 and Ka values in Table 2.

From the experimental «c values obtained for intermediate pH'’s, apparent
surface acidity constants were derived, by using Bg. (11). In these calculations
the Kj, w2, Aj and Aj values given in Table 1 were used, as well as the appro-
ximate value Ac = 10A2molecule, for the water molécules. Deriving of Ka va-
lues was performed by means of a curve-fitting procedure. Eg. (11) was solved
by presuming different Ka values. For each Ka the standard déviation of the
experimental kc values from the theoretical ones (obtained as the solution of
Eqg. (11)), was calculated. By performing a systematic variation of Ka, this stan-
dard deviation was minimized. The obtained Ka values are given in Table 2,
together with corresponding minimum standaid déviation A.

Tabele 1

Apparent surface acidity constants and minimum
standard déviations of the collapse presssures from the
theoretieal ones

Biosurfactant o, 2
(moles-litre™ ) (mN/m)
Stearic acid 23.A 0.24
Zeoxonthin 1.45 0.16

Astaxanthin 2.19 0.15
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In the literature apparent surface acidity constants were reported for stearic
acid only, viz. Ka = 2-82 X 10~e on the basis of surface potential measure-
ments [7], and 6.31 X 10“9 by measuring the collapse pressure [2] and
by using a simplified variant of Eq. (H). As seen, our results are in agree-
ment with the former value. The Ka values of the carotenoids, exhibited in
Table 2, are consistent with each other, taking into account their molecular
structure. Zeaxanthin, having on OH group only, is the weakest acid. Asta-
xanthin is a little stronger, due to the inductive effect of the neighbouring car-
bonyl group. The strongest is stearic acid, having the electron-withdrawing
carbonyl linked directly to the OH group.

It is worth mentioning that the numerical value of Ka is almost with an
order of magnitude smaller than the acidity constants of the inferior fatty
acids in aqueous solutions. That could be accounted for by both the shift of
the pH scale in monolayer as compared to the subphase, due to the surface
potential [8] and/or the different structure of water in the monolayer as to
that in the bulk phase. The diminution of the surface equilibrium constant
might also be a real one. Thus, the acidity constant of stearylphosphonic acid
adsorbed at oil/water interface seems to be 30 times\smaller than that in the
bulk [9], which might be assigned to the preferential accumulation of the neu-
tral molecular species in the interface [10].

The protolytic equilittria in monolayers of biosurfactants, as fatty acids and
carotenoid pigments, might play an important role in membrane phenomena
occur'ring in vivo, e.g. in the electric properties of biomembranes, takinginto
account that they are ubiquitous as both structural and functional components
of some natural membranes.
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ABSTRACT. — The paper présents preliminary experimente conceming the
conditions for the orientation of acrylonitrile electroreduction towards propio-
nitrile by avoiding reductive dimerization reactions, which yield adiponitrile
and methylglutaronitrile. The influence exerted npon the selectivity of propio-
nitrile formation by the composition of the supporting electrolyte, the electro-
catalytic properties of cathode and the flow speed in the electrochemical reactor
were investigated. The résulte point to the option for undivided electrochemical
reactors, fitted with couples of monopolar electrodes: Pb, Cu or Cd cathodes
and stainléss stetel anode. The supporting electrolyte, containing mainly phospha-
te buffers, to which submicellar concentrations of cationic surfactants are added,
is to be circulated in the reactor at > 1 m/s.

The electrochemical réduction of acrylonitrile (ACN) to propionitriie (PN)
is part of the research program of our team, aiming at the implémentation of
electroorganic synthesis — an economically, energetically and ecologically
advantageous alternative — in the Romanian chemical industry.

The paper reports preliminary results in determining the experimental
conditions necessary for the orientation of ACN electroreduction towards the
synthesis of PN, by avoiding reductive dimerizations, leading to adiponitrile
(ADN) and methylglutaronitrile, as well as the cyanoethylation of water,
yielding bis (cyanoethyl) ether (1—4). In order to determine the appropriate
conditions for this synthesis, the influence of various parameters is to be inves-
tigated, including the nature and composition of the supporting electrolyte,
the electrocatalytic properties of the cathode, as well as the circulation rate
of the fluid in the electrochemical reactor.

The electrosynthesis of PN, a deceptively simple process of double electro-
nation and double protonation of the polarized ACN molecule, can take place
along several pathways (Fig. 1). The most probable are the mechanisms involv-
ing an alternation of E (electronation) and C (protonation) steps, or the simul-
taneous uptaking of one electron and' one proton. We consider that EF proces-
ses (two simultaneous or successive electronations) followed by two C steps
(simultaneous or successive protonations) are energetically unfavourable.

On metals with low hydrogen discharge overvoltage, the electroreduction
of ACN might also proceed via a CC-mechanism (the electrohydrogenation of
the activated olefine bond). However, in this case the proton discharge has
to be carefully controlled, in order to ensure the complete in situ consumption
of hydrogen.

* University of Clttj-Napoca, Depairmeni of Physical Chemistry, 3400 Cluj-Napoca, Romania .
e |CECHIM—Institute of Chemical and Biochemical Energetics, Cluj-Napoca Research Group, 3400 Cluj-Napoca,

Romania
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Fig. 1. The inechanism of the acry- Fig. 2. Yield of propionitrile (r) versus
lonitrile (R) electroreduction to propio- the proportion of acrylonitrile In the
nitrile (RH]) and adlponltrlle electroljMs mixture.
(HR-RH - 9999

Under certain conditions (4), all of the four intermediate species showed
in Fig. 1 can undergo condensations with a molecule of ACN, leading to the
main hydrodimer, AO'N (represented as HR—RH in the center of Fig. 1).

In order to obtain PN with maximal yields it is recommended to have an
approx. 25% proportion of ACN (see Fig. 2) in the dispersion subjected to
electrolysis ; this' proportion ensures at the cathode a sufficient influx of ACN
to counteract the hydrogen discharge, but is, at the same time, small enough
to allow avoiding, under well-chosen conditions, the electrohydrodimerization
leading to AHN (5)"

Experimental. The experimental set-up (Fig. 3) consiste of a pressfilter type, undivided elec-
trochemical reactor (1), fitted with monopolar electrodes (2), a phase-separation vessel (3), heat
— exchanger (4) and circulation pump (5). The
electrode couple is connected to a stabuizecj direct
current source (6). The following parameters were
monitored : tempeérature (by means of the tlier-
mometer 7, immersed inthe vessel 3), the cell vol-
tage (voltmeter 8) and current intensity (amper-
meter 9). The phosphate buffer (pH 7) suppor-
ting electrolyte also contains a cationic surfactant,
which facilitates the access of ACN at the cathode

bv lowering the lyophilic character of the inter-
face [6, 7].

Results and Discussion. The pro-
ducts of ACN electroreduction obtained
under the above mentioned conditions
were analyzed by gas-chromatography
with a M-9 type modular Chromatograph
(ITIM — Cluj-Napoca) ; the method was
previously described (8). Fig. 3. Experimental set-up.

6 — Chemia, 1/1986
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The selectivity of PN formation (S) is defined as:

[PN] + [ACN]

where [PN] and [ADN] stand for the concentrations of propionitrile and adi-
ponitrile, respectively, in the organic phase.

The experimental data thus obtained pointed out that the selectivity of
PN formation is increased as the surfactant concentration in the supporting
electrolyte solution decreases. Thus, the selectivity reachcs values over 90%
when submicellar concentrations of the quaternary ammonium salts (QAS) are
used (Fig. 4). Under the samc conditions the Cd-stainless steel electrode couple
yields only 60% selectivity.

Figure 4 also displays the concentration profile of the surfactant — the
trimethylalkyl  (C"—Cl4)—ammonium chloride, manufactured by I.D.
Timisoara under the trade name Romegal CM (henceforth abbreviated RCM).
The decrease of RCM concentration in the aqueous phase takes place due to two
processes : the partition of the surfactant between the aqueous and the orga-
nic phase' (occurrifig immediately after the préparation of the electrolysis mix-
ture) and its slow consumption during the electrosynthesis.

The data in Table 1 show that the selectivity of the electroreduction pro-
cess is controlied by both the electrocatalytic properties of the cathode and
the nature of the employéd surfactant. By using the diallyldipropylammonium.
chloride (prepared by ICPAO-Medias) respectively a copolymer of dimethyl
diallylammonium chloride and acrylamide (,,Fondit” — ,,Petru Ppni” Institute,
Jassy), the selectivities obtained on the. Pb-stainles steel electrode couple are
6—7.5 times larger than these obtained with RCM. The selectivity seems to
also be favorably influenced. by increasing the flow speed in the reactor.

Conclusions. Prospectives. The preliminary investigations herewith repor-
ted concerning the electrcrc-dv-cricn or ACN to I-N bring in the forefront the

Fig. 4. Evolution of the

selectivity for propionitrile for-

mation (SR on Pb—PbO? and

Cd-stain less steel electrode

couples, versus the surfactant

concentration* in the aqueous
phase (CRCM).
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Table 1
The influence of experimental Parameters upon the selectivity of propionitrile seieetivity

SURFACTANT ELECTRODE s [%] EXPERIMENTAL
USED COUPLE 1 mls 0,2 m/s CONDITIONS
Dimethyldialyl
ammonium Pb-stainless steel 85,6 77,3
chloride
Pb-stainless steel 12,1 -
Pb-PbO? 42,3 36,5 pH 7
Romegal €M Cd-stainless steel 60,9 48,4 110 mA/cm
t = 25+1°C
Cu-stainless steel 62,8 60,3 concn. of the
surfactant < CMC
Ponilite Pb-stainless steel 91,7 84,9
* See text

option for the rtse of undivided electrochemical reactor, with monopolar élec-
trodes (stainless steel anodes, and copper, cadmium or lead cathodes). The suppor-
ting eleetrolyte, phosphate buffer, containing submicellar concentrations of
QAS is to be circulated at rather high linear speed 1 mfs).

Furthermore, the Cd-stainless steel and Cu-stainless steel electrode couples deserve more atten-
tion. Taking int6 account the low hy'drogen discharge overvoltage on copper as well as its cata-
lytical properties, the formation of PN on cathodes made of this metal might proceed not only
by electroreduction but also by eleetrohydrogenation of the polarized ACN molecule. This pathway
can be energetically more favorable if, as mentioned above, the requirement of total in situ con-
sumption of the discharged hydrogen is met.

, Experiments are now in progress investigating the influence of pH lowering, an acid medium
increasing the availability of protons for the C Steps, thus reducing the chances of the undesired
reductive dimerizations.
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ABSTRACT. — The authors present their investigations on potassium salt
of bis-(boro-ll-tungsto) uranate heteropolyanion. The chemical composition
and individuality of this heteropolycompound, as well as the coordination num-
ber of uranium in this compound have been determined. Tt has been found that
compound KIt[U(BWnO039)3] + 25H20 contains twenty-five water molécules of
zeolitic nature and their elimination up to 500°C entails no alteration in the
structure of this compound.

The unsaturated heteropolytungstates of UL2—type, where L = PWnO39,
SiWn0&-, P2WI1I0J’-, As2wi170J?- are obtained after partial dégradation of
the saturated anions at pH = 6—7 by adding potassium hydrocarbonate, in
the presence of the U(IV) metallic ion [1—3]. The potassium salt of UFBWnO,;],14’
heteropolyanion has been obtained by a direct reaction between Na2WO{
I 2H20, H3BO3 and U(CH3COO0)4.

Experimental. Synthesis of potassium salt. The synthesis,of potassium salt of [U(BWnO;e)2]u_
heteropolyanion was obtained by the following method : a solution containing 10 g (0.303 mol) H3BO?3
was added to a solution containing 100 g (0.162 mol) Na,WO4 + 2H20. The pH of 6—6.5 was adjus-
ted by CHJCOOOH conc. Then the solution was heated to 70°C. To this, a solution containing 7 g
(0.015 mol) U(CH3COO)4 was added stetiwise, under continuing stirring. The U(IV) salt was obtain-
ed by reducing a U(VI) salt using the Jones method [4]. The mixture was refluxed for 30 min.
to 80—90°C. The solution was finally cooled down to 5°C, filtered and 50 g KCI was added to it.
Dark-brown microcrystals were yielded after having kept the mixture at this 5°C température
for 48 hrs., which were subsequently purified by repeated re-crystallizati'cn from distilled water
(70°C and pH =6 — 6.5)

Chemical analysis: The potassium salt of [U(BWI103,)2]11_ heteropolyanion was chemicall
analysed acording to the general procedure [%] Uranium was photocolorimetrically analysed wit
Arsenazo 111 [6]. The amount of tungsten was determined by précipitation with cinchonine, followed
by an ignition to WOa at 800° [7]. Boron was determined by treatment with glycerol solution,
then the released acid was titrated with 0.1 M NaOH solution [8]. Potassium was determined by
stirring with tetraphejiylborate [9]. The water content was stated thermogravimetrically. The che-
mical analysis results are given in Table 1.

B w H,0 |
taten hund calcn.fovnd  caicnJound taten.tound. ealen tound'
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eno «1 Ji¢ '« 033 031 « "« (> 6.6t ««?!

UV electronic Spectrum. The chemical individuality of Ku[U(BWuO9)t] + 25H20 heteropoly-
compound was checked by recording the UV electronic spectrum on aqueous solutions of the synthe-
sized compund (Fig. 1.), with a 5+ 10“5M concentration in heteropolycompound (Fig. 1). The Spec-
trum was recorded by a "Specord —UV—VISS" spectrophotometer.

University of Cluj-Napoca, Faculty of Chemistry, 3400 Cluj-Napoca, Romania
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KK > «Xwern-1
Fig. 1. UV Spectrum of com- Fig. 2. In visible electronic
pound K-jUIBWnO;,) + 25H20 absortion spectrum of compo-

und K1U(BWI10S,)2 1 25HHO

The in visible electronic spectrum. The oxidation state of uranium in the obtained compound
was ascertained by using the absorption spectrum in visible domain on a solution of 5+ 10-> M
compound concentration (Fig. 2). The electronic absorption spectrum in visible was also recorded
by a "Specord UV—VISS" spectrophotometer.

IR spectrum. The IR spectrum of solid K14[U(BWuO3Js] + 25H20 heteropolycompound was
recorded by a "UR-.10—Zeiss Jena" spectrophotometer, using the KBr pellets technique. The
spectral analysis data are shown in Table 2.

Compound ycfr
750 V-
a'3
I W=0(JI
L-0 (V/
/.0 0-0 i >
/540 ri-o-H 1> /

Thermal analysis. The thermal analysis was determined in 40—600° température range. The
measurements were .performed by an OD—102 Paulik—Erdélyi derivatograph without maintaining
isothermal conditions, imparting a 4°C/minute beating rate and a 100 mg balance sensitivity, sample
\'/:v_eight 3being 800 mg. The thermograph of compound KI10[U(BWuO3e)2] 1 25H20 is plotted in

igure 3.

Results and Discussion. The newly-obtained heteropolycompound has
the formula: K14[U(BWI11O®8)2] + 25H20, in good agreement with the experi-
mental data. This compound Is formed according to the following équations :

22Na?WO! + 2H3BO3 + U(CH3COO)4 -h 26CH3COOH =
= NaM[U(BW108 )2] + 25H20 + 30CHICOONa + 16H20
Nald[U(BWuO¥ )2] + 14KC1 = + UNaCl

The UV spectrum of the aqueous solution of compound K14[U(BW1]039)2]
exhibits an absorption band with a peak at 40.000—38.500 cm_1, what is assigned
to a charge transfer from oxigen to tungsten atoms, i.e. to a p,, — d,, electron
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rrrrrrrrrrrrr Temp. 1mm) transfer [10]. This band is specific to

the 1:1:11 heteropolyanions type.
By studying the electronic ab-
sorption  spectrum of  compound
Ki4[U(BW!11039)2j in visible, we observed
the presence of an L band at 14.490
cm-1 and a broad absorption band at
25.000—20.000 cm  what is, entailedby
the charge transfer from U(IV) to W(VI).
These two bands suggest an octahedral
c[(irlmlfilguration of the U(IV) central ion
The IR spectrum of compund
K14[U(BWUO®B)2] -25H20 displays three
absorption bands from 700—1000 cm*®,
which are due to Stretching vibration
of the W—O bonds. The absorption
band maxima are foiind at 760.875 and
960 cm-1 ; absorption bands in the above
mentioned range are charaeteristic
of heteropolytungstates, particularly of
the 1:1:11 sériés and allow to indentify
this compounds on the basis of IR spec-
tra [12]. The three absorption bands
located at 1120.1240 and 1640cm_1seen
in the IR spectrum are due to B—O,
U—O and H—O—H bond Stretching
vibration, respectively. The broad absorp-
tion band situated between 3600 and
3400 cm_1 is also indicative of the HOH

Fig. 3. Thermograph plot of compound bond stretching vibration.

KIUBWIo)? 1 2520 The thermal déhydration process of
K14[U(BWI11039)2] + 25H20 heteropo-

lycompound, shown in Fig. 3., starts at 40°C and evolves in two stages:

1) Between 40—170°, sixteen hydration water molécules are eliminated, as
evidenced by ithe endobhermal effect at 165° and a weight loss of 4.25%;
2) Between 170—420°, nine other water molécules are eliminated, as shown by
the endoihermal effect at 350° and the weight loss of 2.61%.

The overall weight loss up to this température, calculated by addition of
the weight losses in the two stages, is 6.86% and corresponds to 25 crystalli-
zation water molécules of zeolite nature. The élimination of these does not affect
the parent structural lattice.

Destruction of the complex and the formation of a new phase is evidenced
by<the exothermal peak at 573°. The stability of the anhydrous compound
ranges between 420—500°.
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The study of electronic absorption spectra in UV, visible and. IR ranges

on KM[U(BWUO )2] 1 25H20 heteropolycompound shows that this compound
belongs to 1:1:11 heteropolycompound sériés and suggests an octahedral
configuration of the U(IV) central ion.

10
11
12
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Colin A Vincent et al. Modern
Batteries. An Introduction to Electrochemical
Power Sources, Edward Arnold, 1984, 264 pp.

"Modem Batteries" is the fruit of co-ope-
ration between Scottish and ltalian scientists,
which started about 20 years ago in the labo-
ratoires of H.A. Laitinen (University of Illi-
nois) where, at that time, B. Scrosati and
C.A. Vincent worked together. A few years
later, within the frames of a joint research
project with Consiglio Nazionale delle Ricerche
(Center on Electrode Processes at Milan) they
were joined by F. Bonino and M. Lazzarl.
This program was sponsored by English (Engi-
neering Research Council and British Council)
and Italian (Consiglio Nazionale delle Ricerche)
scientific bodies.

The work consiste of 8 sections, an appen-
dix, a glossary and an alphabetical index. The
présentation of the topics covered, with a terse
historical restrospective and considérations
regarding the different sorts of electrochemical
power sources and their applications form the
object of section 1, followed by a présenta-
tion of the theoretical bases (elcctrical double
layer, potential, thermodynamics of the gal-
vanic sources, kinetic aspects and performances)
dealt with in section 2.

Sections 3 and 4 are devoted to the con-
ventional Systems (primary and secondary)
and section 5 présents unconventional primary
and secondary batteries, with lithium anodes
and various cathodic depolarizing agents. The
hot batteries in different alternatives are
treated in section 6, whereas the 7-th section
describes the batteries having the essential
components (electrodes and electrolytes) in
solid state. The 8-th section is reserved for
hybrid electrochemical power sources (metal-
air, metal-halogen and métal-hydrogen).

The appendix contains recommendations
for optimal use and recharge of the batteries
and a table with values of electrical parameters
and conversion factors. A useful and relatively
complete glossary of usual terms in electroche-
mical conversion of energy, and a functional
index complete the book.

A special mention for the large number
of figures (199) which illustrate very suggesti-
vely the various sections of this book, written
in a pleasant, fluent style, at a level accessible
for the reader possessing a medium level of

knowledge in chemistry and physics. A special
attention was paid to an attractive and diversi-
fied présentation of the aspects connected
with the galvanic sources technology, and of
their multiple validations, from the micro-
consumer to the macroconsumer, from the
cardiac pacemaker to the peak-levelling storage
station for thermoelectrical power plants, from
the conventional, aqueous Systems, characte-
rized by a secular tradition (only apFarentIy,
because vestiges of electrochemical energy
conversion are known ever since the time of
the Parthians populating Mesopotamia, more
than two thousand years ago), up to the
unconventional Systems, making use of non-
aqueous solutions, solid electrolytes, alkali
metal anodes, etc. In connection with the
latter sort of Systems, a point is made of the
contribution of materials science and of the
technological progress in general, the absence
of which would liave made inconceivable
their évolution and development.

The essential features of this book lie
in the higli density of scientific and technolo-
gical information, in the pertinent commenta-
ries accompanying the présentation of various
electrochemical power sources and their tech-
nological alternatives, in stressing their desti-
nation/destinations and in the criticai évalua-
tion of the variants and mcdels manufactured
on a large or small scale.

The general impression is positive, and
the book can be used, with much profit, by
specialists in electrochemical energy conversion,
by researchers and students, thanks to the
modern information and the lucid évaluations
regarding the described power sorces.

L. ONICIU

Surfactants, edited by Th. F. Tadros,
Academie Press, London, New York, 1984.

The bcok is the resuit of the residential
school perfectioning courses on surfactants,
sponsored by the Royal Society of Chemistry
of Great Britain, held at Bristol University
between July 18—22, 1983. The scientific con-
tent of the course was devised by the Editor.

The interest in such scientific meetings
lies in that surfactants — surface-active sub-
stances — are widely used in ail fields of
the chemical industry, such as: détergents,
paints and dyestuffs, plastics, pesticides, cos-
metice, pharmaceuticals etc. It is to also be
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mentioned that surfactartts hold a primary
réle in oii industry, or, sometimes they are
etnployed for environmental protection. Too,
they are essential in the processes of yielding
foams and émulsions, of wetting and adhesion,
detergency and luhrication, of mass transfer
and liquid évaporation control, in detecting
traces of film-forming substances.

The material included in the book was
carefully chosen and it covers a wide range
of surfactant applications, providing valuable
information (arranged in thirteen chapters) for
the specialists dealing with surfactants and
their applications.

The first four chapters constitute, per-
mhaps, the fundamental basis of the physical
Chemistry of surface-active substances and
supplies the reader with ample references
for more detailed information on the va-
rious topics. The book starts with an intro-
ductory chapter by R.H. Ottewill which gives
a brief account of the various classes of surfaCe-
active rca?ents and their ‘solution properties.
This is followed with a chapter by A. Couper
on the fundamental aspects of surfactant solu-
tions, with particular attention to the thermo-
dynamics of micellization and adsorption in
interfaces. Chapter 3, by R.G. Laughlin, dwells
upon phase equilibria and mesophases in
Surfactant Systems. The structural aspects of
micellar Systems are dealt with in Chapter 4,
worked out by B. Lindman; special attention
is paid to the dynamic features of surfactant
micelles using self-diffusion studies.

Chapters 5 to 9 deal with some basic
rinciples involved in the application of sur-
ace-active reagents in disperse Systems. Chapter
5, by J. T. Overbeek, P. L. de Bruyn and F. Ver-
hoeckx, lays the foundation fot the fundamen-
tals of microemulsion formation and stability,
some recent thermodynamic théories being
briefly reviewed. Chapter 6, by J. W. Goodwin,
deals with the structure and Theologie charac-
teristics of the surfactant concentrated Systems.
Chapter 7, by R. Aveyard, deals with the
subject of adsorption of surfactants at the
air/liquid, liquid/liquid, and solid/liquid inter-
faces, which Is the eine in understanding how
Surfactants function as stabilizers for émulsions,
foams and suspensions. Chapter 8, by B. Vin-
cent, deals with the r6le of surfactants in
the formation and stability of émulsions and
foams. Chapter 9, worked out by the Editor,
gives an account of the role of surfactants
In suspension préparation and in the control
of their physical stability. A brief account
is then given of the influence of surfactants
on the flow behaviour of suspensions.

In Chapter 10 T. D. Blake gives an ac-
count on the réle of surfactants in wetting

phenomena, in the spreading of liquide on
solid surfaces etc.

The last three chapters of the book
illustrate some of the applications of surfac-
tants in complex industrial processes and
biological Systems. Thus, Chapter 11, by
E. L. Neustadter, highlights the role played
by surfactants in enhanced oil recovery. Chap-
ter 12, by R. I. Hancock, gives a comprehen-
sive review of the various types of non-ionic
surfactants, particular attention lying with
macromolecular surfactants. In fine, chapter 13,
by the Editor, gives some examples of the
application of surfactants to biological systems,
pointing to the rdle of surfactants in micellar
solubilization, in liposome systems, in applica-
tion of pesticides and herbicides by spraying
etc.

Due to the wide application of surfac-
tants in various fields of the science and tech-
nolog¥, it is essential that the physical chemis-
try of such substances is adequately and tho-
roughly understood, respectively their uncom-
mon properties and their phase behaviour.
Also, the proper understanding of the basic
phenomena involved in the use of surfactants
for préparation of émulsions and suspensions,
in foams and microemulsions, in wetting and
adhesion processes etc., is of vital importance
to the end of obtaining right compositions and
controlling stability of the systems involved.

All in ail, the book reviews the physical
chemistry of surfactants, their behaviour at
interfaces and their r6le in wetting processes
and dispersions. The problématique is completed
with carefully chosen subjects designed to
illustrate a wide range of the application of
surfactants.

MARIA TOMOAIA-COTISEL

D. N. Kursanov, Z. N. Parnes,
M. I. Kalinin and N. M. Loim,
lonie Hydrogénation And Itelated Reaetions.
Soviet Seientifie Reviews Supp lement Serios :
Chemistry, Published by OPA Ltd. Amsterdam
for Harwood Academie Publishers, 1985, 252 pp.

The first volume in the sériés which is
entitled ,.Soviet Seientifie Reviews Supple-
ment Sériés: Chemistry” represents a very
promising attempt to inform the international
seientifie community about the last news in
the field of chemistry in which the soviet
scientists have significant contributions. The
inaugural volume of the sériés is devoted to
a new original method for the réduction of
double bonds that has received the name
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»ionic hydrogénation”. The authors of the
monograph belong to a well known research
group of the famous Nesmeyanov Institute
of Organo-Element Compounds, Moscow.

It should be noted that the monograph
not only considers the work of Soviet authors,
but also provides complete coverage of the
world literature on the problem under consi-
dération. Most of the 472 references mentioned
at the end of each of the eight chapters of the
book, refer to papers published after 1970.

By comparison with all of the methods
of hydrogénation previously used, that are
based on the ability of the substrate to coor-
dinate with the catalyst (catalytic hydrogé-
nation) or the electron affinity of the Sub-
strate (hydrogénation by metals or complex
hydrides) the new method, ,,ionic hydrogéna-
tion”, is based on the ability of the substrate
to add a proton. The carbénium ion, so formed,
leads by the addition of a hydride ion to the
hydrogenation product. Because the substrate
is attacked in the first step by an electrophilic
reagent, a proton, this method may be called
,»Electrophilic ionic hydrogénation™.

In the field of the reactions applied to
compounds with multiple carbon-carbon bonds
(alkenes, alkynes, aromatic hydrocarbons,
cap. 1), C=0 bonds (aldéhydes, ketones, qui-
nones, acids, cap. 4), carbon-nitrogen bonds
(azomethines, oximes, nitriles, cap. 5) or nitro
and azoderivatives (cap. 5), a different kind
of selectivity, by comparison with the one
known in the case of other hydrogénation
methods, was observed. The selectivity of the
reaction is not changed if the hydride-ion
donor is replaced by two reagents, one of
which furnishes électrons (a metal, such as
zinc) while the second is an acid, acting as a
proton donor. The ionic hydrogenatlon IS able
to achieve the selective hydrogénation of
internai olefinic double bonds with three sub-
stituents, without involving mono and disub-
stituted olefins. Excellent results have also
been obtained in the synthesis of steroids.
In the field of heterocyclic compounds the
method offers great advantages, mostly in the
case of the réduction of thiophenes to tetra-
hydrothiophenes. The reaction occurs without
the danger of the formation of side products
which accompanies the usual catalytic reaction.
The chapter devoted to heterocyclic compounds
deals also, with benzotliiophens, furans, indoles.

In most of the cases, the ionic hydrogé-
nation takes place in the presence of the tri-
fluoroacetic acid as proton donor and of the
trietylsilane which représente the donor of the
hydride ion.

Beyond the selectivity advantage, the
ionic hydrogénation proceeds at moderate

température (usually 20—50°) and at a Jow
acidity of the mediu, which prevents the disad-
vantage of secondary reactions (isomérisations,
polymeérisation). Besides, the réaction produces
high vyields.

The investigation of the reaction mecha-
nism constitutes the subject of the third chap-
ter where the- Kinetic aspects of the reaction
are presented. The role of the intermediate
carbet ium ion, of the proton supplier and of
the hydride ion donor are also discussed. The
same chapter deals also with some important
aspects of the utilisation of some compounds
labeled with deutérium, respectively in the
investigation of the reaction mechanism.

Chapter 6 of the monographs présents the
problem of the mobility of the hydrogen bon-
ded to different éléments (halogens, metals,
silicon, carbon in different organic compounds),
as hydride ion.

Chapter 7 deals with catalytic ionic hydro-
génation of alkenes, cycloalkenes and of com-
pounds with C=0O and C=N bonds.

The last chapter of the monograph (cap. 8)
takes into considération the transfer of alkyl
groupe from tetraalkylsilanes to the carbénium
ion, in the conditions of the ionic hydrogéna-
tion. Of great utility is also the appendix of
the book, which presents significant examples
of preparatlve synthéses (including those of
practicai importance) based on the, ionic hydro-
génation reaction.

A special mention deserves the excellent
graphie présentation of the book.

Taking into account ail the aspects of the
monographs, one can certainly inaintain his
value and his scrientific interest fer a large
number of scientists working in the field of
organic chemistry.

SORIN MAGER

Chromatography '84. Proceedings of the
Advances in Liquid Chromatography, Szeged,
Hungary, September 10—14, 1984. Symposia
Blologlca Hungarica 31, Edited by H Kalész,
aigglG . S. Ettre, Akadémiai Kiado, Budapest,

The volume includes about 54 scientific
papers divided into five chapters: General
topics, Stationary phases for chrcmatography
and their interaction, Drugs, metabolites, bio-
logicaly active compounds, Separation of amino
acids, polypeptides and nucléotides and Sepa-
ration of substances of various classes.

The first part ,,General topics in chroma-,
tography” includes 7 papers, for example:
,Description of chromatographie analysis by
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means of the teoretical model” by Veress et
aj. In this paper a inathematical model for
the chromatographie séparation process is
reported.

In the second part ,,Stationary phase for
chromatography and their interaction” 12
papers are included. Some of the papers treat
Problems concerning : ,, The synthesis and per-
formance of a chemically bonded sulfur hete-
rocyclic stationary phase for HPLC” by Colmsjo
et al.; ,,Cyclodextrin polymers as stationary
phases in LC” by Szilasi et al.; ,,The prépa-
ration of RP silica” by Welsch et al. Another
sériés of papers treats probléme concerning
the properties of the stationary phases, for
example : steric effects of substituents in nor-
mal-phase, température ' dependence of the
rétention time and resolution, the comparison of
the properties of Cle films bonding, and others.

The final part of the volume includes 35
papers with intercsting aplications in HPLC
as: drugs, métabolites, biologically active com-
pounds, endogenous substances, amino acids,
polypeptides, nucléotides and séparation of
substances of various classes.

The high level scientific content as well
as the special graphical présentation of the
volume are due to authors and to editors, as
well as to the high réputation of the Publishing
house.

The paper included in this volume are
extremely important from a theoretical and
practicai point of view for analytical chemists
as well as for biochimists.

S. GOCAN

KEKEDY LASZLO, Térfogatos ana-
litikai kémia (Titrimetrla) (Volumetrie analy-
tical Chemistry (Titrimetry), Dacia Publ.,
Cluj-Napoca, 1986.

Professor Kékedy exposes in eight chap-
ters the main probleme of the classical titri-
metric analysis: basic concepts and classifi-
cation of the analytical procedures, prépara-
tion of the measuring solutions, titration
curves, etc. An important part of the book
deals with the détermination of the équivalence
point by visual and instrumental methods
(potentiometric, conductometric, amperometric,
thermométrie, fotometric, etc.). The various
titrations as the acide-base, redox, chelato-
metric and other titrimetric methods based on
complex formation and précipitation are pre-
sented and discussed critically in a modern
point of view.

A separated chapter (No. 9.) is devoted
to processing of the experimental data using
modern Statistical methods.

On the basis of the theoretical considéra-
tions the book helps the reader to orientate
in resolving various analytical problems. The
laboratorv exercises chosen reflect the main
characteristics of the procedures described
and are useful for different practicai purposes.
The comprehensive biblidgraphy from the
last 2—3 décades ensures the reader an easy
and fast orientation in different titrimetric
problems.

The material is treated in a light, concise
style easy to understand for students of various
faculties (chemistry, biology, pharmacy, agro-
nomy, chemical engineering, etc.), chemists
and researchers in many fields of the natural
sciences.

F. MANOK and CS. VARHELYI

Catalytie Materials, Relationship between
Structure and- Reactivity, Edited by Tha-
deus E. Whyte, Jr., Ralph A. Dalia Betta.
Eric G. Derouane and R. T. K. Baker,
American Chemical Society Symposium
Sériés no. 248, 1985, 451 pp.

The American Chemical Society (ACS)
initiative o fover a decade ago (1974) to
create a rapid information access route
to the scienttific novelties and achieve-
ments, debated at the specialized sym-
posia, found its embodiment in the ACS
Symposium Sériés. Thé 248-th volume of
this sériés comprises a well-outlined, to-
pics-oriented sélection of the papers pre-
sented at the ACS Symposium on Cata-
lysts held the 13—16 th June 1983, under
the sponsorship of the Chemical Engi-
neering and Industrial Chemistry Sec-
tion in San Francisco, California (USA).

It is well-known that the spectacular
progresses in the field of catalysis during
the last years are mostly dueto the unpa-
ralleled ~ development of investigation
methods of great précision, which gave
access to the finest details of the in-
vestigated objects, thus yielding ver
many new " insights into "the catg»!ysts
structure and texture, and into the ca-
thalytic act itself, as a part of t’e évo-
lution of various Systems.

A first-raite contribution in this direc-
tion stems from the spectroscopie me-
thods and techniques, and from the elec-
tron microscopy. It is in this area of top
interest that originates very much of the
recent theoretical, experimental, and
methodological information contained in
the 451 pages of this book.



96 RECENZII

The volume is divided int§ 23 chapters
grouped in three Ithematic sections: spec-
troscopy, zeolites  characterization, and
microscopy and other new methods.

A number of eight reports are grouped
in the first section, dealing with new in-
formation on heterogeneous catalysis, ob-
tained via spectroscopie techniques. The
discussion covers such topics as the
thermal décomposition of iron pentacar-
bonyl on titanium dioxide in the forma-
tion of Fe/TiO2 catalysts; the interaction
ethylene-Ru (001) investigated by secon-
dary ion mass spectrometry (SIMS); the
X-ray photoelectron spectroscopy (XPS)
of Co catalysts; the modification of sur-
face reactivity b%/ structured déposition
of metal films; fine structure of X-ray
absorption  lines; the Mdossbauer effect
and the reactivity of hydrothermally
treated and heteropolyacid promoted ca-
talysts; applications of high resolution 13C
NMR and magic-angle spinning (NMR)
(MASNMRY); the part played b% oxygen
ions in the partial oxidation of hydrocar-
bons, as reflected by activity measure-
ments and electron paramagnetic réso-
nance (erroneously designated in the
chapter title as ,proton electron réso-
nance").

The second section, devoted to the
studies oriented towards the structure
characterization and catalytic activity of
zeolites consiste of 6 reports with distinct
view-points and methods in explaining
the catalytic activity of this type of com-
pounds. A présentation is given of the
prospectives and impact of quanto-me-
cbanical calculations in describing and
characterizing the zeolites; préparation
and characterization of aluminium-defi-
cient zeolites; the distribution of alumi-
nium in zeolites and the factors affec-
ting the synthesis of pentasilzeolites.
Two of these studies are based on the
combined physical techniques of charac-
terizing the acidity and basicity of zeo-
lites and the strudture-eelectivity rela-
tionship in the case of the Xxylene iso-
merization and toluene selective dispro-
portionation.

The last  section

(microscopy and
other new methods)

comprises 9 report

from the field of quantitative electron
mlcroscoFy and of Other new non-con-»-
ventional methods applied to the study
of catalysts and of heterogeneous cata-
lytical systems.

A first group among these studies
deal with the performances of conventio-
nal transmission-, (TEM), and scanning
electron microscopy, in the characteriza-
tion of catalysts. The selected topics
include the analytical electron micros-
CQPty of catalyst particles, single-particle
diffraction, and topographie imaging of
small metallic particles on catalyst sup-
ports, the use of scanning electron mi-
croscopy in investigating the surface and
the small particles, as well as the pro-
bing of surface details by heavy atom
method.

From the category of other new in-
vestigation methods, papers are present-
ed, concerning the possibilities of nuclear
magnetic résonance (NMR}, hotoacoustic
spectroscopy, photothermal IR- and tun-
neling  spectroscopy. Ail describe new
techniques implemented in the study of
catalyst surfaces. The section is conclu-
ded by a study on the corrélation between
reactivity and the size of the supported
palladium particles.

An index of authors and subjects con-
cludes the book.

The lecture of this book results in a
thorough information on the actual Pro-
blems of heterogeneous catalysis, as seen
through the prospective of ‘the modem,
sophisticated investigation methods.

The book is of certain utility for re-
searchers in the field of heterogeneous
catalysis, as a guide in testing and cha-
racterizing industrial catalysts, for labo-
ratory studies devoted to the improving
of performances or creating new catalysts,
and for the -characterization of various
catalytic systems. It also is of interest
for researc api)arétus designers and for
the fundamental research. The ample bi-
bliographie quotations represent a pre-
cious source of information for further
documentation on catalysis for researchers,
teachers and students in physics, chemi-
stry and chemical engineering.
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Revista stiintifica a Universitdtii din Cluj-Napoca, STUDIA UNIVERSITATIS
BABES-BOLYAI, apare Tncepind cu anul 1986 Tn urmatoarele conditii:

matematicd — trimestrial

fizica — semestrial

chimie — semestrial

geologie-geografie — semestrial pentru geologie si anual pentru geografie
biologie — semestrial

filozofie — semestrial

stiinte economice — semestrial

stiinte juridice — semestrial

istorie — semestrial

filologie — semestrial

STUDIA UNIVERSITATIS BABES-BOLYAI, the scientific journal of the Univer-
sity of Cluj-Napoca, starting with 1986 is issued as follows:

mathematics: quaterly

physics: biannually

Chemistry: biannually

geology-geography: biannualy on geology and yearly on geography
biology: biannually

philosophy: biannually

economic sciences: biannually

juridical sciences: biannually

history: biannually

philology: biannually



Abonamentele se fac la oficiile postale, prin factorii pos-

tali si prin difuzorii de presa, iar pentru strdinatate prin

»-ROMPRESFILATELIA®,  sectorul export-import presi,

P. O. Box 12—201, telex. 10376 prsfir, Bucuresti. Calea
Grivitei nr. 64—66.
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