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BIOLOGICALLY ACTIVE METALLIC CHELATES
II . Complexes of Hg2 4 with Antiseptic-

Disinfectant Action

MARIA JITARU*  and GHEORGHE MARCU**
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'Го continue our study И — 3] regarding the synthesis, the structural characteri- 
zation in solid state and in solution followed by the testing of the biological 
activitv of some complex combinations, we isolated solid complexes of Hg(II) 
with pyrazolonic ligands-antipyrine (Antp) and pyramidon (Pyr) ; with different 
ainines-pyridine (I’y'j piperydine (Pip) and morpholin (Morf) and other ligands- 
urea (U) and tiourea (T). The result was salt-type complexes with protonate 
ligands, as well as neutral complexes under the form of Hgl,2I2. The neutral 
complexes HHgI<2I, in whicli L = Py, Pip and Morf presented an antiseptic - 
disinfectant action much more important than the phénol and the sodium mer- 
tiolate. We studied the formation of these complexes in solution and outlined 
the IR spectrum and their differential calorimetric analysis, obtaining the value of 
the corresponding tliermodynamic parameters. The values of the activation éner­
gies — Ea — and of the décomposition enthalpies - ДН — prove the ten- 
dency of these combinations to lose the ligand, fonning Hgl2. The bacteriosta- 
tic activitv of these compounds is greater than that of the Hgl2.

As conccrns the possibility of coordiuating the aminic ligands in water-al- 
cohol, at Hg2' in the prcseucc of I“ anion we must reinind that the. donicitv 
of the amines '41 is, gcrerally, lower than the douicity OH" and I“. At these 
values of the douicity of the amines we must add, though, the possibility of 
forniii-g some c!oiîcr-acu ptor boudings that inertases the probability of coor- 
dinating the organic ligand. Out of the complcx-formiug potcntiometric curvcs 
in the systcni Hg-I—OH 15 j we infer the equilibrium constant of the most 
stable species, HglOH, HglOÍl - (8~ 2) • 108, which proves the great affinity 
of the Hg(II) for I'. Though it is not a typical complex-generator, previous 
studics [6—8j and morc recent onts [9—10j take intő considération complex 
combinations <?f mercury with pyrazolonic and aniinic ligands, obtained to de­
termine their biologica! activitv. 'Ehe results of the tests doue hâve not been 
publishcd yet.

Préparation of lhe coinpkxes. The salt-type complexes ; IIgI4; (HL) were préparée! using the 
nicthod deseribed in the previous paper 3 . In order to obtain pure compounds of the form HgI.,L 
in which L Antp, Pyr we revised Kumov’s formula [11] in point of the ratio ITg : L. 20—25% 
im-T.-urie sait in excess to the amoiint of ligand leads to sonie unitary compounds. We obtain yel- 
hnvish crystals which décomposé in eomponents - Hgl2 and L .. above 70.. 80 C. The TTgl2L2
complexes in which L ------ Fy, Pip, Morf were obtained using our own niethod in an alcoholic medium: 
the hot alcoholic solution .. 80 C of Hgl2 is refluxed for one hour with the stoechiometrie quan­
tité of ligand. The obtained solution is siiddenlv cooled and the resuit is microcrystals, pink-orauge 
c. beired, of the complex HgI2La.
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The obtaining output is lower with respect to the metal — 30 — 40% — but the Compounds 
obtained are pure, as could be seeu in Table 1. The neutral complexes of Hga+ with U and T were 
prepared following directions in literature [12] from ethanolic solutions. We obtained combinations 
like HgIaI, in which n = 2 — 4. Out of the 9 complexes isolated in a solid state we are interested 
particularly in the combinations HgPyaIa, HgMorf,Ia, HgPip,I, and HgPyrIa which have proved 
an antiseptic-disinfectant action. The résulta of the détermination of the composition of these com­
binations are presented in Table 1.

Table 1

The composition of the complexes 11) with Py, Pi;i and Morf

Compound
%Hg %I % N decomp. T

caic found calc. found calc. found °C

HgPyaIa • H3O 31.79 31.87 40.25 40.47 4.24 4.14 88
31.82 40.22 4.18

HgMorf.I. 37.60 37.55 46.80 46.71 5.17 5.19 67
37.65 46.75 5.20

HgPipaIa 38.21 38.33 46.00 45.92 5.07 5.14 72
38.22 46.21 5.12

Ш Spectrum of the Synthesized Combinations. То confirm the structure 
of the combinations obtained, the IR spectrums were drawn, using a PliRKIN- 
ELMER 457 spectrophotometer in the 250—4000 cm“3 wave bând. The samples 
were introduced iuto KBr and nujol tablets. According to our suppositions and 
to the indications found in literature as well, we have found that :

— With the complex salts of Hg2 + with pyrazolonic protonated ligand 
the protonation takes place at the atom of oxygen forming a strongly conju- 
gated cation, presented in the following limiting structures :

— The bands specific to the substituents of the pyrazolonic nucleus are 
not affected, but new bands appear such as 2590—2840 cm-2, 1400—1020 cm"1 
The vibrations characteristic of the frec pyridinic nucleus were recorded (Table 2).

— The par'icipatiou of the tioearbonyl group at the formation of the 
coordinative bondiag manifests for example, by the Splitting of the bánd írom 
1412 cm"1, as showa in Table 3.

Thermogravimatrie Study of the Complexes. The derivatograms of the 
complexes were recorded at the Budapest МОМ derivatograph. 0.5 g of sub­
stance was heated for 50 minutes to ôOO°C, iu air, using A12O3 as actionless ma-
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TabU 3TabU 2

The vibrations of the p y ri dinié nudeis The more ment of tbe vibration frcquencles in IlgTJll

Compound 8 inside 
the plane

t outside 
the plane

Pyridine 604 405
HgPyaI2 653 430

Compound *cs *NH. YNH,

Tiourea 1412 1471 1618 1082

HgT.Cl,
730 

1440 
1390
732
722
710

1480 1610 1090

terial. We hâve plotted as an example, (Fig. 1) the derivatogram of the complex 
HgT2Cl2. The complexes HgPy2I2, HgMorf2I2 and HgPip2I2 present the lo- 
west thermie stability. We intend to study more thoroughly the behaviour 
of these complexes at beating, by using a DSC-lBtype FBRKIN-ELMER 
differential calorimeter.

The samples weighted with a micronic précision were heated in an inert 
atmosphère of N2 — the running speed 15 cm3/min. — dispersed in an actio- 
less suport of A12O3. From the differential calorimetric curves dH/dt = f(T), 
according to the method described in literature [13], we calculated the activation 
energy, E and the décomposition enthalpy ÄH. The activation energy was 
determined aut of the Arhenius curves — log К = f(1/t) presented in Fig. 2. 
The obtained thermie magnitudes are in accord with the reduced stability 
of these combinations. (Table 4).

Formation of the Complexes in Solution. Certain complexes in the System 
Hg —I —L do appear in alcoholic medium, but the rapid deercase in time 
of the Wight of the absorption bccause of the instabilii y of the complex eo:n- 
biuaiiG:!, r.ml'Ts it dilficuit to quantitatively study the stability of these cmn-

У i g. 2. The Arrhenius curves for the décomposition 
of the complexes HgPip4I,, curve 1, HgPyaI2, curve 

2 and HgMorfjIj, curve 3
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pounds. For cxarnpli , the spec- 
trophotometration of certain 
HgJ2 and Py solutions after 1 
minute post, mixing leads to 
tlie UV spectrum presented in 
Fig. 3 ranging between 240 -275 
cm'1. Because the ligand ab- 
sorbs very mucb in this range, 
it was put into référencé obta- 
ining absorption curves reversed 
with respect to thosc of the py- 
ridine. Tlie molar rations method 
great exeess so as to detect all the processes that ake place, leads to the dis- 
tinguishiiig of th: complex coresponding to the ratio Hg : Pip — 1 :4 (Fig. 4).

Table 4

The aetivitation enetflies and the décomposition 
enthalpies of the HgI,Lt complexes

in the systetn Hgl2 — Pip, with the ligand in

Compound
Initiation 
tempéra­
ture (°C)

Ha 
kcal/mol

ЛН 
kcal/mol

HgPyÄ 88 5.9У0.8 12.2 -fc0.9
HgMorfJ, 67 7.3Ï1.3 17.2 fcl.l
HgPip.I, 82 4.7 g 1.7 8.8 4 2.0

Determination of the Antiseptie-Disinfeetant Action. While making the 
lilamenting test [3 | it was observed that sorne Hg(II) complexes had a bactéricide 
action on the stem of the typhus bacillus isolated during the epidemy in Banat, 
in the summer of 1974. Relyitig on this we undertook quantitative tests on bac­
terii ide action, dc’.crmming the phenolic index and the lowest active concen­
trations of substance which stop the évolution of the respective bacillus. We 
took as a comparative substance HgT2, which, too, présents a bactéricide ac­
tion comparative to the phénol and sodium mertiolate. The rcsults of the tests 
presented in Table 5 prove the bactéricide activity of these combinations.

i‘" i g. 3 The UV spectrum. in the System 
1 Igl2 - Py. CHgia 10-’ M. Cpy = 2 ■ 10-’ M, 
cuva - 1 cm, ref. Py 2 • 10M, t ■— 25,5 “C

P i g. 4. The molar relations method in the 
System Hgl,—Pip — curve 1 : X = 255 um ; 
carre 2 : X == 265 шп ; curve 3 : CH(; -

= 10-’ M; curve 4: Ciu = 2 ■ 10 ‘ M.
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Table S

Die anii bactéricide action speetram and the baeteriostatie and bactéricide doses of soiae complexes 
«t H9(ii)

Tbc stem towards 
which the com­

plexes were tested

HgMorfs 
conc.

Ja HgPy,Is
conc.

Hgl2 
conc.

B-static 
mg/100 ml

B-cid B-static 
mg/100 ml

B-cid B-static
mg/100 ml

B-acid

B. subtilis 0.138 1.38 0.152 1.52 0.1 1
11. Thyphy 1.38 1.38 1.52 1.52 1 1
Micrococcus !. 1.38 13.8 1.52 15.2 1 1
B. pyocianic 1.38 13.8 1.52 15.2 10 10
B. Thyphy (1349) 1.38 1.38 1.52 1.52 1 10
I’roteus 1.38 13.8 1.52 15.2 1 1
Stafilococus 0.13 13.8 0.15 15.2 0.1 1

Conclusions. Г11 comparison with the human typhus bacillus, the complexes 
HgPy2I2 and HgMorï2I2 present a bactéricide action 10 times grea ter titan that 
of the phénol. Moreover, their bactéricide açtivity towards the pyocyanic is 
greater than that of Hgl2. The studied complexes with bactéricide action pre­
sent a reduced thermie stability, manifested by a lower value of the initiating 
température. The obtained activation energies show the easiness with which 
lhe first ligand molecule breaks, whcrcasthe values of the décomposition enthai- 
pies reflect the heat that must be absorbed to break both links Hg —L, forming 
Hgl2. Under these conditions a question arises, namely whether the antiseptic- 
disinfectant açtivity is not because of décomposition forming Hgl2. Probably 
a part of this açtivity is, indeed, due to the Hgl2 but the 10 factor which it 
is superior to the bactéricide açtivity of the Hgl2 and phénol iavours another 
m« chanism of bactéricide action.
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BIOLOGICALLY ACTIVE METALLIC CHELATES 
III. Complexes of Co(II) with Amino — 

Acids with Antitumour Açtivity

MARIA JITARU*  and GHEORGHE MARCU**
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Rontania
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We isolated in solid state 23 complex combinations of Co(II) with essential 
aminoacids and other ligands in order to test their biological açtivity. The na­
ture of the donor atoms established by recording the vibrations of the Co —L 
link coïncides with the existing data in literature. The corresponding values of 
the stability constants — pK — and of the formation enthalpy — ДН — for 
the complex Со —Asp are in perfect concordance with those for the System 
Со—Norv, whereas the formation enthalpy of the complex Со—aAbut is with 
0.7 Kcal/mol lower, that pleads for the coordination of the ß-carboxyl group 
of the aspartic acid. The obtained complexes were tested regarding their acti- 
vity against the ascithic tumour ERHLICH in both incipient and advanced stage. 
The complexes CoG1u2 and CoAsp2 hâve proved the maintaining of the carcino- 
static açtivity against the ERHLICH ascithic tumour in an advanced stage.

Cobalt is one of the 20 éléments essential to lile. The apparition in vivo, 
the biological part and the complexation characteristics of cobalt compared 
with similar properties of other essential mêlais are presented in Table 1 [1],

Table- 1

Structural and complexation eharacteristiee of the eessntial metnLs

The metal Structure Biological rôle Oxidation
stages

Preferred 
donor atoms

Type of 
coinplexed f g/70 Kg corp

Ха, К s1 Charge carriers and 
osmothic equilibrium

I -0- ionic 70

Mg, Ca s2 Frame formation and II -0- ionic 42 (Mg)
inhibition reactions 1700 (Ca)

Mn, Fe, Co, d1-* Redox catalysers and II-IV —o— charge 1
Cu, Mo euzyms components — N—

—s—
transfer

Of the transitional metals Со is most known, being the central ion in co- 
balamines and cobinamines — vitamin B12 — . What it is less known isthe 
fact taht the complexes of Co(II) are able to transport molecular oxygen as 
in the case of simple1 ligands, such as histidine [2]. The essential aminoacids 
(Table 2) represent the 20 „bricks” of which millions of proteins are formed
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Table 2

Essential aminoaeids R — CH—CO OH
I

NH

Nature Group —R 
Structure

Aminoacid 
Identification

Abré­
viation

1. non-polar aliphatic -H glycine Gly
-CH3 alanine Ala

/CH3 
-CH<

\CH3
valine Val

/CH3
-CH,-CH<

\снз leucine Leu

ZCH3
-сн/

\ch3-ch3
izoleucine Ile

ç. contains the OH -CHj-OH senne Ser
group /CH3

-CH< threonine Thr
Чн

-CH2-<^“\-OH tyrosine Tyr

3. aromatic _ f'TT ЧчСЩ x=/ phenilalanine Phe

_ CH _------
* Il II 1 tryptophan Trp

\/\z
NH

radical acid -CH,-COO~ aspartic acid Asp
-CH3-CH2-COO- glutamic acid Glu

. ami no-Ъ asie -CH2-(CH.)3-KH3 +
/NH,

lysine Lys

— CH, — (CHj) j—NH — C<^
nh;

arginine Arg

— CH.—____NH
H H

histidine His

\/
NH

-CH3- (CH3),-CH3-NH+ hydroxilysine Hyl

6. radical with —S -CH3-SH
/СОО-

cysteine Cys

-CH3-S-S-CH2-CH<
4NH+

cystine cy

-CH2-CH3-S-CH3 méthionine Met
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[3].  The amino group as well as the carboxyl one are capable of reacting with 
metallic ions together with other groups presented in the lateral chain. Except 
glicine, all the essential aminoacids are lefthanded, that is why we have choseu 
the „levo” form of the acid for the synthesis of the complex, as much as we 
could. It has been established [4—7] that cancer cells are not able to synthesize 
certain esențial aminoacids and other aminoacids have, themselves, antitu- 
mour properties [8, 9].

On the other hand, the cobalt reached in the vicinity of the cancer cell 
freed írom the old links of the complex introduced into the organism as a chemio- 
therapic anti-cancer [10] is able to form new links with the active positions 
of the cancer cell [10] leading to its dégradation. Cobalt, as an intermediate 
acid, according to the theory of acids and hard and soft bases (ABDM) [11] 
will form stable with intermediate bases atnong which fall the -XH2 di-aminoa- 
cids group. The complexes Co(II) with aminoacids have been widely studied, 
some of thern recently, in order to test their biological activity. It has, thus, 
been reported the activity of certain complexes of Co(II) against certain leu- 
kaemias [12] and the complex Co-aspartic E acid présents a stimulation action 
of the oxydation complexes of the organism [13, 141. Other compounds of 
Co(lII) with cyclic amines inhibit the celular division of the Ecoii bacillus [15].

Préparation of the complexes. Generally, we obtained soluble complexes of the form Col,, . 
■ nlIjO either following the reference indications or using our own methods, with the ligands pre­
sented in Table 2. The obtaining output of the complex combinations expressed in percentages with 
respectto the initial quantity of métal decreases with the increase of the solubility of the Com­
pounds (Table 3). The complex CoLeu3 and CoILeua were prepared from concentrated solutions 
of Co(CHaCOO),4H,O in a basic medium pH --= 7.5 — 8 by adding when cooled, the stoechio- 
nietric quantity of ligand under the form of the respective sodium sait.

Tahin 3

Complexes ot (>>(!I) with essential aminoaeiiis

Compound Colour Solubility 
in water

Output
0/ /0

Dec. temp
°C Bibi. ref.

Co(l — Leu), pink- violet + + 87,5 285-290 —
Co(i — Leu), pink + + 80.3 250 —
Co(L-Tyr), blue 4.. S- + 30.3 80 —
Co(L-Asp), violet + 4- 4- 35.8 75 —
Co(DL - Met), pink — 92.4 80 (16)
Co(L —Pheala), pink + 80.2 55 (17)
Co(L—Ser),2H,O violet 4- 81.5 148 (18)
Co(Gly),3H,O violet + 79.5 — (19)
Co(DL-Val), violet — 98.4 (20)
Co(D-Ala),HaO pink -- 91.6 192 (21)
Co(DL—Thr) ,H,O pink + 76.5 — (22)
Co(L-Try), violet + - 95.8 hygroscopic (23)
Co(DL-Cys)Cl, pink-violet + + 58.6 — (24)
Co(L—His),Cl, pink + + 52.3 60 (25)
Co(L-Arg),Cl, violet + 71.5 — (26)
Co(L—Gin),H,O violet + + 59.6 — (27)
Co(Cys),3H,O brown + - 91.0 100 (28)
Co(CySSCy), pink — 93.5 — (29)
Co (L —Pro), pink — 96.7 80 (30)
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We get a pink-violet product which cannot be filtered, having the aspect of a foam. The reac­
tion finaliz.es in three hours, on a water bath at 60°C. We get an abundant precipitate which is 
separated with a whirler, washed in alcohol and ether and dried at maximum 60 °C in vacuum. 
The great solubility of the complexes Co — LTyra and Co —LAspa in water, represents an impedi­
ment wheu trying to isolate them from the mother solution.

The adding of small amonnts of dimetylformamide (DMF) at 8—10°C leads to the forming of 
some précipitâtes which can lie filtered in time, corresponding to the relation Co—L =1:2. The 
dissolving of the DMF in the réaction medium being a strongly exothermic process cooling with 
a mixture of salt and ice is necessary. The composition of the complexes was determined through 
dosing the Co by atomic absorption and by elementary organic analysis. The analytical résulte 
pr< sented in Table 4 show that pure unitary compounds were obtained.

Composition and charaeterislies oî sonie Co(II) complexes with essential aminoaeids
Table 4

Symbolic formula Brute formula Molecular
mass

%Co %N
Calculated Found Calculated Found

Co(Glv), ■ 3H2O CoC4H14N,O, 261.07 22.60 22.13 10.75 11.04
Co(I. -Glu)a ■ 11,0 367.07 16.05 15.76 7.63 7.45
Cois. - Asp), • 2H.<) CoC10H18N2O9 359.23 16.40 16.45 7.81 7.92
Co(Dl, -Val), ■ 3H„O СоСцН.ДО7 345.13 17.05 17.22 8.10 7.83
Co(DL-Met)., CoC10H20O4N2S2 355.35 16.58 16.35 7.88 8.13
■Co(I... Leu)., CoCC12H,404N, 319.26 18.46 18.35 8.77 9.10
Со(Ы( -iLeu)., CoC12H24O4N2 319.26 18.46 18.67 8.77 8.99

..Tyr), CoC18H20O4N2 419.29 14.06 14.03 6.68 6.98
‘-'"(t.. Trp)a CoC„H,aO4N4 465.36 12.66 12.20 12.05 12.68

Determination of the Structure of the Complexes. In order to confirm the 
pi. posed structures and to correlate the existing data in literature, we have 
drawii the IR spectrums of the synthesized compounds udsing a PERKIN- 
l’XMHR spectrophotometcr with a range of work between 250—4000 cm“1 
to ctach the vibration frequcncies characteristic of the Co—L link. In the case 
oi tlie compounds Со(II) — monobasic aminoaeids, the élongation vibration 
oi the group -NH, moves towards lower l’requencies and out of the freque- 
cu corresponding to the carboxyl group 7<ooas moves towards higher fre- 
qnencics and vcoosim towards lower ones. The respective compounds are tetra- 
coordinated with a plane-square structure and trans geometry (Fig. 1) In 
CoMet2 the coordination takes place by N aminic and both atoms of O of 
the carboxyl group — both vcooas and vCOosim decrease (Fig. 2). In the 
cast of hetcrocolic aminoaeids — hystidine and tryptophane — it is confirmed

Fig. 1. The structure of the com­
plex combinations of Co(II) with 

monobasic aminoaeids.

Fig. 2. The structure of the complexes Co(II) 
with metionine.

finaliz.es
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Fig. 3 Potentiometrie titration in the 
System Co(II)—Asp, curves 1 and Со (II) — 

Glu curve 2

Fig. 4 The distribution of the concentrations of 
the complexes formed in the System Co(II) —Asp, 

with respect to the pH.

the fact that the N of the heterocycle does not take part in the coordination. 
A particular interest présents CoÄsp2 when the coordination of the asparitc 
acid by the ß-carboxyl group is possible as well. To confirm the participation 
of the ß-carboxyl group at the coordination we studied the complexes Co-Asp 
in solution.

The Potentiometrie Study Of the System Co(II) Asp. The potentiometric 
déterminations were done with a PHM-4d radiometer using a glass electrode 
G-100B as a measure electrode, and the K-100 calomel electrode as référencé 
electrode. Düring déterminations the température was constant at 25=tO.l JC. 
The experiment was carried in a medium of KCl 0.2 moles/1 in a constant volume 
of 25 cm3. The measurements were done in an aminoacid solution of 6 • 10!, 
varying the metallic ion-ligand ratio írom 1:1 to 1 :2 and 1 :3, respectively. 
The potentiometric titration curves of the aqueous solution of Co(II) with 
the respective ligand, present three potential leaps corresponding to the three 
species which are present in the System depending on its pH (Fig. 3). The 
distribution of the concentrations of the complexes Со (II) with aspartic acid 
at a relation Co—T — 1 :2 depending on the pH, shows that at a pH = 5 the 
dominant species is CoAspH+ which transforms itself in CoAsp at pH = 4.5. 
Under conditions of a neutral pH similar to those in the organism, the CoAsp2 
is predominant and, anyway, it was isolated in solid state and tested with 
respect to the antitumour açtivity. We can see that under certain conditions 
the concentration of somé of the species present in the complex can be 
neglected and thus we obtain the stability constants of the most components 
of the compounds in the System at a certain moment (Fig. 4). The thermody- 
namic parameters obtained on a computer — COMICS programme — are 
presented in Table 5, compared with the corresponding compounds of Co(II) 
with norvaline (Norv) and aminobutyric acid (a — Abut) found in literature 
[31]. To interpret the obtained data we will take into considération the ther 
modynamic data as well, regarding the protonation of the aspartic acid and 
glutamic acid [32] presented in Table 6.
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Thermodynamie data regarding the complexes 
Г.о(П) with glutamie acid (Glu), a-arninobntyrie 

acid (x Abut) and norvaline (Norv) (31)

Table 5

Process log К
-ДН
Kcal/ 
mol

AS
e.m.u.

Co2+ 4- Glu- — ClGlu^ 8,07 5.9 17
Со Glu + 4- Glu“ —СоGlu® 6.77 7.6 6
Co2+ + Abut- — CoAbut+ 8.02 5.4 19
Co2+ + Nva~-CoNva+ 8.70 5.6 20
CoNva+ -p Nva~ — CoNvaț 6.75 6.9 8
CoAbut+ + Abut—CoAbutJ 6.71 6.6 9

Thermodynamie data regarding the pro­
tonation of the aspartic and glutamie 

acid (32)

Table 6

Compound Group pK -AH AS

Aspartic ß-COO- 3.68 1.96 14.5
acid a-COO- 1.95 1.85 4

-N'H, 9.63 1.1 26.5

Glutamie a-COO 9.12 0.8 7
acid X’Iä 9.51 9.7 11

Interpretation of the Resuits. Correlating our data with those reported 
by other authors [31, 32] certain conclusions must be dawii :

— The stability of the complex CoAsp is greater thau that of other com­
plexes of Co(II) containing the same number of carbon atorns ;

— There are no important différences between the values pK lor the group 
NH2 corresponding to the two aminoacids.

— The corresponding values of the pK and AH for the System Co(II) are 
in concordance with those for the System Co-Norv whereas the formation enthalpy 
of the complex Со-Asp is by 0.7 Kcal/mol greater than that of the complex 
Co-Abut. This could be due to the participation of the aspartic acid to the 
coordination of the carboxyl group. The participation of the ß-carboxyl group 
at the coordination in CoAsp0 is suggested by the observation thatthe complex 
CoAsp ° is separated out of solutions containing Со(II) and Asp in a ratio of 
1:1 at pH = 4.5, phenomena that does not take place in the system Co-Glu.

Testing of the Antitumour Aetivity of the Complex Combinations. Our 
resuits regarding the testing of certain complexes of Co(II) with respect to 
the ascith BRHIJCH in an incipient phase have already been published. 
The method of testing the complex combinations which presented a limited 
antitumour açtivity [33] regarding the maintenance of this açtivity against 
the advanced ERHLICH tumour coutained the following stages :

— The transplantations of the tumour (5 • IO8 tumour cells) by inter- 
peritoneal injecting (i.p) to niice iu the control lot, as well as to those of 
the experimental oms.

— The injectation of animais from the experimental lots on the 4th, 8th, 
12u‘ and 18th day with the respective compounds.

The obtained resuits show that only the complex Co(L—Asp)2 leads, under 
tliese conditions, at a T/C — 15,) /0, m Lire ncaiing of oile animal out of 10 
for doses of 20,40, and 80 m p'Kycorp. Under these conditions it was put 
into evidence for certain complexes of Co(II) the late toxicity phenomena: 
Co(b-beu)2, Co(UD-Ueu)2, Co(t-Pheala) aud Co(DG-Met)2 with T/C 100%. 
In these cases the time of survival of the treated animais with the dose of 
over 20 mg/kgeorp decreases with respect to the nontreated animais. Certain 
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complexes, though not soluble in water, for example Co(L —Glu)2, give betler 
results when administered under the form of oily suspension. In this case 
T/C - 189% and again one animal out of 6 remains without tumour.
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A SPECTROPHOTOMETRIC KINETIC STUDY OF THE MANGANIC 
CYSTEINATES DECOMPOSITION IN AQUEOUS SOLUTION

MAR1A-MARILENA G1VRGII *
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Kinetics and mechanism of tlie manganic cysteinates décomposition in aqueous 
inedia bas been investigated by means of a fast recording spectrophotometric 
device. The reaction rate, expressed by the disappearance of the Mn(III) and 
(IV) complexes, is second order with respect to the concentration of the absor­
bant complex species at pH —7.0, and it shows a zero order dependence on 
the concentration of the reducing substrate. In alkaline solution, the first order 
kinetic behaviour may become predominant. The intermediate complexes hâve 
been detected by means of their absorbtion spectra. A change of the reaction 
order with the concentration of the reducing reagent, at pH = 7.0 is to be 
expected, in accordance with a reaction sequence involving preequilibrium steps. 
A reaction mechanism has been discussed in connection with our experimental 
results.

Introduction. Potassium permanganate solution reacts very rapidly with 
cysteine in exeess in alkaline solution to form a red-violet intermediate complex 
which tmdergoes a slow décomposition to Mn(II) cysteinate complex and cys- 
tine. The manganous cysteinate complex is rvoxidized to manganic complex 
in the presence of the atmospheric oxygen. The rate of reoxidation of Mn(II) 
compound to one of the manganic state by O2 is very slow in acidic and neu­
tral media. No catalytic effect was observed in the present instance.

In acidic medium the reaction rate increses considerably. The composition 
and spectra of the intermediate complexes differ with the pH range of the 
reaction mixture. în perchloric acid solution both Mn®, and MnOH^f species 
may be involved in the réaction mechanism with organic and inorganic subs­
trates [lj.

Sonie signilicant aspects connected with the chemistry and equilibria in­
volving manganic complex species in aqueous solution hâve been discussed 
by G. Davies (2 j.

The oxidation processes of sonie substituted thiourea with Mn(III) species 
in acidic conditions hâve been reeorded by a stopped — flow device Í3 '■ There 
is no evidence for complex formation for these Systems.

Tanaka, Kolthoff and Stricks (4j hâve investigated the composition of 
ierrous and ferrie cysteinate complexes in alkaline solution. The principal spe­
cies are I'eOH(Cy)2~ and Fe(Cy)f~. They hâve also found that the disappea­
rance of the ferrie cysteinate complexes is second order with respect to total 
iron concentration and is approximately inversly proportional to the concen­
tration of cysteine. A more detailed study of the Fe(III) — Cysteine reaction 
was performed by authors ;5 .

University of Cluj-Napoia, Faculty of Chemistry, 340V Cluj-Kapoca., Romania
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The oxidation of cysteine and thiomalic acid with cobaltic ions in perchloric 
acid solution [6] demonstrates the existence of an intermediate complex which 
subsequently décomposés in an intramolecular electron transfer step. A gene­
ral réaction scheme has been proposed [6].

The oxidation of sulphur-containing compounds such as tiomalic, thiolactic 
and thioglicolic acids [7] by Ce(IV) has been studied using fast reaction tech­
niques [7]. The kinetics are strictly second order with no evidencefor extensive 
complex formation.

The kinetics of the oxidation of cysteine with Mo(VI) ions [8] is first 
order with respect to the oxidant concentration and second order to that of 
the organic substrate [8.a].

The vanadium (V/ oxidation of thiomalic acid has been recorded [9]. There 
is evidence coneerning the formation of an intermediate complex.

In t he present pap er we hâve performed a kinetic study of the décomposi­
tion of manganic intermediate cysteinate complexes resulting from potassium 
permanganate réduction in the presence of cysteine. The reaction products 
of the intramolecular electron transfer processes are manganous cysteinate 
complex and cystine.

Experimental. 1. Preliminary observations. The formation of the intermediates with cysteine 
in acidic solution becomes instantaneous (within the mixing interval). The optical density values 
extrapolated to zero time, £>0, are not additive in respect with the initial reactants (MnOi~ ions and 
the equilibrium forms of cysteine).

The kinetic curves in alkaline media of pli=9—11 present a maximum, corresponding to 
the maximum value of the intermediates concentration [10]. Figure 1 illustrâtes some kinetic curves 
in alkaline conditions (at different X values) The horizontal line of the experimental curves corres­
ponds to the optical density of cysteine, before adding the oxidant solution.

Fig. I — Kinetic experimental curves 
illustrating the existance of the inter­
mediate complexes in alkaline solution : 
a) 530 nm; b) 590 nm; c) 510 nm ;

d) 390 nm; e) 410 nm; f) 430 nm.

F i g. 2 — Spectra of the intermediate complexes in
alkaline solution at pH—11.10

a) Afj == * h) A/î -i • c —e). Ai; > /mav.
(MnO,),, = 1.25x10“* mol/1; (Cy)0 = 0.85 xlO-2 mol/1.
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T Mi 1
First Order rate constants iu al Ья- 

line solution
298 K, J = 0.147 mol/1, pH = 11.10; 
(MnO;), = 1.5 X 10mol/1 ; (Cy), = 

= 9.5 X 10-3 mol/1}

The spectra of of tlie intermediate complexes in the 
pH range of 9—11 hâve been obtained by means of an 
indirect method from the kinetic curves recorded experi­
mentali/ at different X. The Ai, vaines symbolize the time 
interval from the mixing moment to the observation point 
Г10]. See Figure 2 : bti = Zmax ; Al, < lmax ; Al,- > lmax.

The overall reaction of permanganate with cysteine 
pteceeds in two stages ; the first one, which is very fast in 
acidic media, is the MnO^~ ion réduction to an intermediate 
oxidation state of the manganèse atom (III, IV) with the si- 
multaneous oxidation of the organic substrate. The second 
stage is the slow décomposition of these intermediates to 
Mn(II) state and cystine. It is the kinetics of this slow décom­
position we hâve investigated spectrophotometrically, with 
the hope of further élucidation of the Mn(III) — mercaptide 
reaction mechanism.

The preliminary overall rate constants, âo!), involving 
a first order kinetic law, in alkaline media [10J are depen­
dent on the л — values, suggesting a photocheinical cataly- 
tic effect on the rate (Table Í).

2. Solutions. Experimental device. Kinetic method. High 
purity cysteine was used (for biochemistry) without purifi­
cation. Titration of the reagent in an alchoholic solution 
with a standard Z, solution was performed in order to deter­
mine the concentration of initial stock solution. Stock solu­
tion was prepared by dissolving a weighed amount of 0.6767 
gramme into 50 ml phosphate buffer (pH=7.0) solution 
prepared in twice distilled water. The dilution of this stock 
solution was performed by using the same buffer solution. 
The initial concentration range of cysteine is 9.93 xlO-3— 
- 1.78x10-’ mol/1.

The inițial value of the optical density, Da, experimentallv evaluated, is reUtively indep -ndent 
>n the initial concentration of the reducing agent. An average value of г = 2110 1 mol 1 has 
been obtained at '/' = 286.5 K and 293 K, suggesting that a single manganic complex is tue predomi­
nant absorbant species in our conditions. Th.- extinction coefficient of the permanganic ion at 370 
.uni experimentally determine:! is 1124 1 mol“1 cm 'l.

Potassium permanganate s dation of reagent grade purity was standarlized agiinst oxalic acid 
•»n acidic medium and spectrophotometrically at 530 am.

The starting time was taken when the oxidant solution (1 ml) was rapidly introduced (by using 
the syringe techinique) into 4 ml aqueous cysteins place! in the thermostated cell. A fast record- 
ing Zeiss device was used to follow the réaction course. The recording rate was fixed to be 300 
and 600 mm sec“1. The optical density value of products is zero in all cases at 370 nm.

All solutions were thermostated iu a water-bath before mixing. The experiments were perfor­
med at three different températures. The mixing time is less than 1.5 seconds, which was evalu­
ated by mixing 1 ml of the oxidant solution into 4 ml buffer of pH = 7.0.

The actual values of Z,, Z/'’41, were obtained from the experimentali/ recorded values :

X, ntn. 0b,
- sec ~T

T

330 «60 ♦ 0.10
350 7. 00 ±100
370 7.10 *0 60
390 5 50 ±020
410 5.95 —
430 8.20 ♦1.Ю
450 12.10 —
470 20.00 ? :----

490 10-70
510 19. 80 iO-Ю
S70 19 70 —
590 17.10 t0.70

A.

xfeal лех dl
+ T----

dt

ex 
t

r — being ,,the lime constant" of the recording device. This correction, however, is not significant 
:n our conditions.

The experimental data for the reaction mixture were couverted inte D — lime values ami the 
kinetics of the overall precess was observed aceording to the second-order rate expession for the 
•dissapearance of the intermediate complexes. The reaction order with respect to the concentration 
of Mn(III) and Mu(IV) complexes was also determine! from the linear relatiouship of the rate against 
concentration of the absorbant species :

log r vs log Dt

2 — Chemie 2/IS67



F i g. 3. a Linear plots, log л vs log I) at 
306.5 K.

Fig. 5 — Second order kinetic 'pl(>,:;> 
DȚ} vs time, at 298 K, pH — 7.0

F i g. *1 Second order kinetic plots, I)t 1 
vs time, at three different Cysteine concen­
trations : a) 7.15 / 10 2 molli; b). 3.57 \ 
X 10. - mol/1 ; cl 5 .35 X iO - mol/1. 284 K,

pii 7.0

Fig. 6 — Second order kinetic 
plots, DȚ1 vs time, at 306.5 K, 

pH = 7.0
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The réaction rate is expressed by — dD/dl.
figures 3 (a and b) Mustrate these kinetic results at two different températures, 298 and 

306.5 K, respectively.
The apparent reaction order is independent on température, the fact being significant in connec­

tion with the reaction mechanism.
3. Kinetic results. Figure 4 illustrâtes the second-order kinetic plot, O“1 vs time, at different 

values of cysteine concentration (a, b, c) pH— 7.0 and 284 K.
The same kinetic plots are represented in Figures 5 and 6.

at 298 and 306.5 K, respectively.
Table 2 présents the appa­

rent second-order rate constants 
in terms of optical dcnsity, at 
284 K.

A more detailed experimen­
tal study of température influence 
is necessary in order to associate 
the activation parameters to the 
réaction mechanism. Tins will be 
the object of the next paper.

Discussion. Tbe reac­
tive predominat form of 
cysteine, calculated fiom 
the equilibria in aqueous 
solution fii í is H —>S — 
— R—HNJ at pH—7.0 wi­
th the carboxyl group be­
ing dissociât.?d. It is sym- 
bolised as /Су/ in cur re­
action sequeiice.

Second order rate eonstants, AaPP, 
nanie cysteinates in phosphate bnfl

Table 2

for the décomposition of mag- 
ît solution, 284 К, pH — 7.0.

fC4'M 7.15 >10"2

*<op 1-080
(lin sec) 1C 50

1.0 50

% 1-0551
0-012

5.35 «10-‘ 2.57X1T

0.900 0.973
1. 000 1.072
0. 976 1.173
0. 800 1.250
1. 120 1.2 00

1-00C
1-123

09741 11041
0-065 0.040

The initial réduction stage, Mn(VII) to Mh(III) being very fast it cannot 
be subject'd to experimental investigation by means of the present technique. 
Tlius the rate of Mn(III) and Mn(IV) cysteinates dissapearance was interpreted 
in connection with the reaction mechanism.

The reaction is second order with respect to the total concentration of 
the manganèse intermediate complexes in neutral solution :

rub - -dD/df = Aipp(Dp
and of zéro order to that of cysteine concentration.

The second order kinetic term in the late law may resuit from both Mu(111/ 
and Mn(IV) contribution to the overall process.

The following reaction sequence is in accordance with the rate expression 
experiinentally evaluated :

2MnOH(Cy)r — Mn2(OH)2Cy)l+ 1u ( 1)

~~1_,2 Mn(II)Complex + Cystine

MnOH(Cy)i+ + MnOH(Cy)24 Mn2(OH)2(Cy)43+—-

_> 2Mn(II)Complex + Cystine
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2MnOH(Cy)f ■ Mn(l\')Complex — Mn(II)Complex (3)

Mn()II(Cy)i+ Л^МпОН(Су)2+ + Су (4)

— determining the equilibriuin concentration of the lower manganic com­
plex.

Mn(IV)OH(Cy)£! Mn(II)Complex + Cystine (5)

The path (5) is unimoleeular with regard to Mn(IV) concentration species 
but it is bimolecular to that of the manganic complex, on accountof the equi- 
librium step (3).

A first order terni may be significant as the pH increses. This kinetic term 
may be associated to the path :

Mn(111)( )H(Cy)!+ —t Mn(II)Complex + Cy (6)

2Cy —Cystine (7)

By expressing the rate by means oi the predominant absorbant complex, 
Мп(Ш)ОН(Су)|+, we obtain :

(8)[MnOH(Cy)! + P

d(MnOH(Cy)*+) = Л K , kiKiKt k3Kj j 
dr p i T (Cy) 1 (Mn (n)) ]

(9)

the third terni being insignificaut in our’experimental conditions. The rate con­
stant, kob, becomes then :

- ka + (10)
(Cy)

This reaction sequence gives a rate expression which is linear in (Cyjâ4 
at moderate cysteine concentration (in excess to that of the oxidant), with 
a negative reaction order, and it becomes independent on cysteine concentration 
\n - 0), when the concentration of the complex MnOH(Cy)|+ is considerably 
greater than the concentration of the other manganic complexes (at hight 
excesses of the reducing agent).

The experimental measurements should be completed in order to elucidate 
thèse and other important questions. The limiting specific rate, k^K^, has been 
thus evaluated.
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UNTERSUCHUNG ÜBER DIE TETRATHIOCYANATO-DIAMIN-CHROMI- 
ЛТЕ EINIGER AMINE UND PHOSPHIN’E

GHEORGHE HIAKCli«. CSABA VÁRHELYI*,  »AMA ITIIL*  und SíORBÁLA SZALMA*

'n ngegagen an 1 '} Sepie me er /üb

Study cm L’>‘ TetmthiiH yamRo-Dúiminu-í animâtes (Hl) of Sonu*  Amines and 
Phosphines. 27 new C'ünpicK bUL-, я the type Ail. Cr(NCS)4(amitie)2 (amine -- 
-= NH.p aniline, p-tikiidiue, A — un.,'j derivatives, isobutylaiiiine, EUPii • P, 
Et2(p-tolyl)P, ?h2Et - P, Ph3P) were aÁtírtad by double décomposition réactions 
in acidic medium. Tue products were cliaracterized bv electronic ■•rid IR spectru. 
The thermal décomposition of soma derivatives was studied by derivatography.

Einleiutuj. Die einbasischen Kornplexsättren des Types: HiCr(NCS)4(Amin)2] 
(Amin -= NH3, verschiedene primare und tertiäre aliphatische und aromatische 
Amine) werden oft zur Tre.immg vor: verschiedenen N-basischen organischen 
Substanzen, wie Amino»ä’jreu, Peptiden, Alkaloiden, Antibiotika, usw., ver­
wendet. Sie haben auch in der Analys" verschiedener pharmazeutischer Prä­
parate ein ebesondere Bedeutung. Die Löslichkeit der Ammoniumsalze dieser 
Säuren im Wasser ist von der Natur des Ammoniumkations bestimmt. Alle 
diese Salze lösen sich leicht in vefsclüedenen Ketonen, wie Aceton, Acetylaceton, 
und in Pyridin ; 1 • 3

ïlesultaie und Diskirssimi. Wir 'uiv-n beobachtet, daß die obenerwähnten 
Komplexsäuren außer den N-Baseu auch mit tertiären Phosphinen schwerlös­
liche Salze bilden kör.neu. hi dies -r Arbeit haben wir 27 neue Ammonium- 
und Phosphoniumsalze des Typs Ali. |Cr(NCS)4(Amin)2 ] (A ■-aliphatische und 
heterocyclische Amine und tertiäre I’hosphine) dargestellt und spektroskopisch 
charakterisiert. Die thermische Zersetzung einiger Salze von dieser Klasse 
wurde derivatographisch veriolgr.

Die Ammonium- und Phosphomums ilze wurden aus salzsauren, bzw. Schwe­
felsäuren Lösungen ausgcschiedem Als Fällungsmittei wurden NH4|Cr(NCS)4 
(NH3)2], NH4[Cr(NCS)4(Aniliif!2 i, und р-To!uidin. H[Cr(NCS)4[p-Toluidin)2] ver­
wendet. Die letztgenannten Reagenzien entstehen durch eine Substitutions­
reaktion aus K3[Cr(NCS)B) und dm: entsprechenden Aminen im Schmelzzus­
tande, also ohne Verwendung von Lösungsmitteln [4]. Als Amine und Phosphme 
wurden einige Imidazol-Derivative, Alkyl-phenyl- und Triphenylphosphin, 
usw. in salzsaurem, bzw. schwefelsaurem Medium benützt.

Die neuen Ammonium- und Phosphoniumsalze sind in den Tabellen 1 und 
2 charakterisiert.

Die elektronischen Spektren des Et2Ph. P.H [Cr(NCS)4(NH3)2] und Et2 
Ph. P.H. [Cr(NCS)4(Anilin)2] im Vergleich mit denjenigen des NH4[Cr(NCS)4 
(NH3)2 und NH4[Cr)(NCS)4(Anilin)2] zeigen, dass die Natur des äusseren Ka-

Universität Cluj-Napoca, Fakultät Jur Chenus, eiíOó Cluj-Napoca Romania
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Tabelle 1

Neue Tetrathioeyanato-diainin-eliromiate einiger organischen Amine

No. Formel Mol. Gew. 
ber. Charakteristik

Analyse
Ber. Gef.

I. Imidazol. HA 387 hellrote glänzende Platten Cr 13,43 13,52
s 33,07 32,84

2. Imidazol. HB 539.4 rot violette, schimmernde Cr 9,64 9.45
Plättchen s 23,74 23,79

3. Imidazol. HC 567,7 dunkelrote dünne Cr 9,16 9,08
Plättchen s 22,60 22,45

4. Benzimidazol. HA 437,6 schimmernde hellrote Cr 11,88 12,13
Platten s 29,32 28,95

5. Benzimidazol. HB 589,7 rotviolette Cr 3,81 8,60
Platten s 21,76 21,54

6. Benzimidazol. HC 617,7 dunkelrote unregelmässige Cr 3,42 8,33
Krist. s 20,77 21,11

7. 2-Methyl-benzimidazol. HA 451,6 glänzende hellrote Platten Cr 11,51 11,66
s 28,76 23.90

8. 2-Methyl-benzimidazol. HB 603,8 rotviolette Nadeln Cr 8,61 8,50
s о 1 9 4 21,00

9. 2-Methyl-bezimidazol. HC 631,8 dunkelrote unregelmässige Cr 8.23 8,09
Krist. s 20,3! 20,66

10. 2-Amino-thiazol. HA 419,9 rotviolette mikrokrist. Cr 12,3 \ 12,24
Masse 8 33,1 > 38,86

11. 2-Amino-thiazol. HB 572,1 rotviolette glänzende Cr o,o9 8,97
Plättchen 8 _ ■ 2 27,83

12. 2-Amino-th.iazol. HC 600,2 dunkelrote unregelmässige Cr 3,66 8,50
Krist. 8 2--,72 26,96

13. Tri-isobutylamin. HA 504 rotviolette mikrokrist. Cr 10,31 10,37
Masse s : 5,39 25,18

14. Tri-isobutylamin. HB 656 rotviolette mikrokrist. Cr 7,92 7,75
Masse 8 19,51 19,69

15. Tri-isobutylamin. HC 684,1 dunkelrote mikrokrist. Cr 7,60 7,76
Masse 3 19,51 19,69

Tabelle 2
Neue Tetrathiocyanato-diamin-ehromate einiger tertiären Phospliine

No. Formel Mol. Gew. 
ber. Charakteristik

Analyse
Ber. Gef.

1. EtaPh. P. HA 485,6 rotviolette mikrokrist. Cr 10,71 10,66
Masse S 26,42 26,73

2. EtaPh.P HB 637,8 rotviolette Cr 8,15 7,98
Plättchen S 20,12 20,33

3. ЕЦР11.Р. HC 665,8 dunkelrote mikrokrist. Cr 7,81 7,88
Masse. s 19,27 19,02

4. Eta(p-Tolyl)P. HA 499,6 rotviolette, kleine Cr 10,41 10,55
Nadeln S 25,68 25,33

5. Eta(p-Tolyl)P. HB 651,8 rotviolette, unregelmässige Cr 7,98 7,69
Plättchen S 19,68 19,81

6. Et,(p-Tolyl)P. HC 679,9 dunkelrote, kleine unregel- Cr 7,64 7,81
mass. Krist. s 18,87 19,10
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Tabelle 2 ( continuare ji

No. Formel Mol. Gew. 
ber. Charakteristik

Analyse
Ber. Gef.

7. PhJ-t.P. HA 533,7 rotviolette, kleine Kristalle Cr 9,74 9,90
S 24,04 24,23

8. PhjEt.P. HB 685,9 rotviolette unregelmäss. Cr 7,57 7,29
Kristalle s 18,70 18,87

9. Phjlit.P. HC 713,9 dunkelrot mikrokrist. Cr 7,28 7,33
Masse s 17,97 18,24

10. Ph,P. HA 581,7 rotviolette mikrokrist. Cr 8,94 8,88-
Masse s 22,05 22,15

11. P11,P. Ul', 733,9 rotviolette mikrokrist. Cr 7,08 7,33
Masse s 17,48 17,33

12. Ph,P. HC 761,9 dunkelrote mikrokrist. Cr 6,82 6,99
Masse 8 16,84 16,69

„А” --= [Cr(NCS)4(NH,),]_; „В” - [Cr(NCS)4(Anilin)aj-; „C = [Cr(NCS)4(p-Toluidin),]-;
BtjPh.P = Diethylphenyl-phosphin ; Ett(p-Tolyl)P = . Diethyl-p-Tolyl-phosphin ; Ph2Bt.P = Diplie- 
ayl-ethyl-phosphin ; PhsP — Triphenylphosphin.

Abb. 1. Elektronische Spektren von: 
1. NH4[Cr(NCS)4(NH3)e] ; 2. Et2Ph. P. 

Г-гГКГГ.СП LbJT-T ’i 1 • Q XTTT rrriXrr.QI (Anili

tions nur einen geringen Einfluss auf das 
Spektrum der Komplexanione ausübt. 
(Siehe Abb. 1.)
Die Lage der d-d Übergangsbanden bei 
525 und395 nm (mit NH3), bzw. bei 540 
und 410 nm (mit Anilin) bleibt unver­
ändert. Nur die Absorptionsintensitäten 
zeigen eine kleine Veränderung. [5]. 

Die N Valenzscliwingungsfrequ- 
enzen in den UR-Spektren des Et2Ph.P. 
H[Cr(NCS)4(NH3)2] und Et2Ph.P. 
H[Cr(NCS)4(Anilin)2 j liegen bei 2060— 
— 2080 cnr1 (starke breite Bande), 
wie im Falle er Ammoniumsalze, und. 

„..... „ ......... sind ein Beweis für eine Cr—NCS- Bin-
4. ictjPh.'h.'[Cr(NCS)4 (Anilin), 2J ’ düng durch das Stickstoffatom (Isothio- 

___  cyanato-Chrom(III)-Komplex) [6].
Das Auftreten von einer einziger Bande in diesem Spektralgebiet ist ein 

Beweis, dass keine Cr-NCS-Kation Brücken im festen Zustand vorhanden sind. 
Eine solche Erscheinung wurde bei den Ag, Hg und Pb—Tetrathiocyanato-dia- 
min-chromiaten beschrieben [7i],

Die thermische Zersetzung einiger Phosphoniumsalze wurde derivatogra- 
pliisch untersucht. Die Derivatogramme von vier Komplexsalze sind in Abb. 
2 — 5 wiedergegeben.
Wie aus den Thermogrammen ersichtlich ist, kann nach der ersten Zersetzungs­
stufe ein nicht wohl definiertes Gewichtsverlustanhaltc n beobachtet werden- 
Dicses entspricht der Bildung des labilen Cr(NCS)3 Abbauzwischenproduktes.

1 •



Abb. 2. Derivatogramm von Et,Ph. P. II. 
[Cr(NCS)4(NHs)t]

Abb. 4. Derivatogramm von P.
H [Cr(N C S) 4 (p-Toluidin) a ]

A b b. 5. Derivatogramm von Et2 (p-Tolyl)
P.H[Cr(NCS)4 (Anilin),]
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Das Gewicht der Proben an dem Knickpunckt zeigt eine stöchiometrische Menge 
von Cr(NCS)3, wenn das Anion [Cr (NCS)4(NH3)2]_ ist. [8].

Im Falle der AH. [Cr(NCS)4(Anilm)21 — und AH. [Cr(NCS)4(p-Toluidin)2] — 
Salze zeigen diese Knickpunkte einen kleineren Gewichtsverlust (im Vergleich 
mit den stöchiometrischen Mengen) und entsprechen wahrscheinlich zu den 
Cr(XCS)3 • Anilin, bzw. Cr(NCS)3 ■ p-Toluidin Zwischenprodukten.

Im Laufe deŸ*  ersten Zersetzungsetappe :
AH. ;'Cr(XCS)4(Amin)21 -> Cr (NCS)a kann man zwei endothermische Spit­

zen auf den DTA — Kurven bei 200 —220°, bzw. 290—310°C beobachten.
Die Zersetzung des Cr(NCS)3 im Luftatmosphäre ist kein einheitlicher 

Prozess und besteht aus der Überlagerung von mehreren exothermen Vorgängen 
(zwei, oder drei exotherme Spitzen auf den DTA-Kurven bei 380 — 400 und 500 — 
520 °C) ГЭС

Man kann anneluiieii, dass diese Prozesse Oxydationsreaktionen mit der 
Teilnahme des atmosphärischen Sauerstoffs sind.

Das Endprodukt der Pyrolyse ist das grüne Cr2O3, und das Gewicht der 
Proben erreicht den entsprechenden stöchiometrischen Wert bei annähernd 750°C.

2Cr(ECS)3 -> Cr2O3
Auf den Thermogrammeu zwischen 600—700°C kanu man keine Knick­

punkte, welche nach Krausz und Kovács [10] im Falle des XH4 [Cr(NCS)4(NH3)2] 
dem CrO3 Abbauzwischenprodukte entsprechen würden, bemerken.

Experiuiantölliw Teii. 'S! H ^[Сг( MCS ) i( Anilin) ,] und p-Toluidin. IT. [Cr(NCS)t(p-Toluidin)2] 
wurden durch eine Substitutionsreaktion aus entwässertem K.,[Cr(NCS),J und Anilin, bzw. p-Toluidin 
in Schmelzeustand, ohne Verwendung von Lösungsmitteln erhalten. [7j. Das Rohprodukt wurde in 
Methanol gelöst und aus 15%-iger, überschüssiger NII,Cl-Lösung umgefällt.

AH ■ [Cr(NCS)Amin)■ 15 mMol Amin, bzw. Phosphin wurden mit 25 ml 10%-iger 
Salzsäure (Schwefelsäure) behandelt und 20 — 31) Minuten auf dem Wasserbade erwärmt. Nach Ab­
kuhlen wurde das Chlorhydrat (Sulphat) mit 10 mMol Tetrathiocyanato-diaminchromiat in 20 — 30 ml 
verd. Methanol versetzt. Die ausgesehiedenen Ammonium- und Phosphoniumsalze wurden nach 15 — 
30 Min. Stehenlassen abfiltriert, mit Wasser gewaschen und au der Luit getrocknet. Chemische Ana­
lysen. Der Chromgehalt der Proben wurde gravimetrisch als Cr2O3, bzw. jodometrisch nach Oxyda­
tion zu CrOp bestimmt. Der Schwefelgehalt wurde gravimetrisch als BaSO4 ermittelt. Die deriva- 
tographisch.’ Messungen wurden mit einem Derivatograph MOM (Budapest) durchgeführt. Probe­
menge: 100 1 mg, Heizungsgeschwindigkeit 20°/Min.

Die elektronischen Spektren wurden mit einem Specord Spektrophotometer (Carl Zeiss Jena) 
in Methanol aufgenommen.
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KATALYTISCHER UMSATZ DES METHANOLS MIT WASSERDAMPF
I. Stöchiometrie, Gleichgewicht und Wärmebilanz. des Vorganges
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CaiidÜie Conversion of Methanol wil U U *r  V.ip-'HU1», I. > -ihimnetty
Echilibrium amd Thermie Balwc :Ц- P; о 'n • pr.? ,tue pup..-. iS with
»оше aspects concerrüng stoccui >ui_try n:vl Нт'in-' ui th * p-'-. -J' vvthauol
conversion with water vapours, in-je 1er io get hv-lr.»; n. ll ;?> у.. I that
the mathematical description of thi-, г-гь-е-п i t и,- -■ puniri i tr . ::u;ik into 
ac.Ccuint tw> stoechiometrk' e^n.u.. • i • t >-t . •> - о >.< : .ul -m
their grounds, tlie mathem iti unff bY. >,n • • ni > ! •. ь о! J w il 1 !'и. ni 'del 
was als » elaborated by so! vru; r., • ;ut i> л < 9: и её .• 1 \ i ’ en. ni un
Parameters aut apon the b р.х.ке oi tiic ргкт- Л< ni it'icm i’., ni t i -r ni o mice 
m->d?l was elaborated, to ». к h <lenv»U'.t i . la*,  ’di ■ ■ p • d..' hc и ■' ■ i .uhd- 
tion is stringiy infhieuwd by die c vive ho;’ -b * u. . j id by m. e :i<i ig
ternp -ratare of the réaction prodacts.

Wasserstoff gehört zu den Stoffen, die in der chemischen Industrie in grossen 
Mengen zu den verschiedensten Zwecken verwendet werden. Als Energiequelle 
und idealer Brennstoff, und in riesen Mengen verkommend, ist Wasserstoff 
eine der energetischen Lösungen der Zukunft. Í1 — 3]

Zur Zeit sind die Kohlenwasserstoffe die Hauptqueile für Wasserstoff weil 
die Tehnologie n zur Vcrarbeintung und Verwertung an diese Rohstoffe gebunden 
sind. Bei der Wasserstoifherstellung können aber auch alternative Energiequellen 
wie Ammoniak und Methanol Bedeutung finden.

Die Wasserstoifnerstellung ist von einer zusätzlichen Energiequelle abhän­
gig, egal welcher Rohstoff verwendet wird und deshalb muss sie iu andere 
Tehnologie integriert werden, um deren Effizienz zu erhöhen. Eine tehnologische 
Lösung wäre die Kupplung der Wasserstoffproduktion aus Methanol mit einer 
Atomzentrale (Figur 1). Methanol wird vorgezogen weil er lechter zu trans­
portieren ist als die Naturgase. Deshalb gibt es mehrere Forschungsarbeiten 
über die Reaktion zwischen Methanol und Wasser [4—8]. In der Fachliteratur 
wurde aber keine mathematische Beschreibung des Prozesses gefunden, ohne 
die die Optimisierung und Integrierung der Anlage in eine Atomzeutrale zwecks 
Konsum der berschiissigen Energie bei geringem Verbrauch nicht möglich ist.

In dieser Arbeit verfolgen wir die Stöchiometrie das Gleichgewicht und 
Masse sowie Wärmebilanz im Gleichgewichtszustand. Es wird versucht diese 
genannten Probien.*  mathematisch zu beschreiben.

1 s, ■ . ■ ' < , j r, . > d , doqpuujt's. Der katalytische Umsatz 
von M 1 1 )i t'MVb lin 1 J a*  'U den Kontaktverfahren [9] und wird 
durch die caara cteristisohe GLicnuag (1) beschrieben.

[СН3ОН + ТГО + CO.. t- H2 + Л"]й + [KJS -> [CH3OH + H2O + H2 -r 
+ CO2 + CO + A"]g + [K]s (1)
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Abb. 1. Integrieranlageschema der Wasserstoff production in einem Kernkraftwerk.

Die stöchiometrischen Gleichungen sind folgende: (2—4)
CH3OH + H2O + = CO2 + 3H2
CH3OH = CO + 2H2
CO + H2O = CO2 + H2

(2)
(3)
(4)

Die Thermodynamik dieser Reaktionen zeigt uns, dass unter den Bedin­
gungen eines industriellen Reaktors alle drei Reaktionen möglich sind. Beim 
Aufstellen der algebraischen Bilanzgleichungen müssen nicht alle Gleichungen 
verwertet werden sondern nur die unabhängigen [9—11].

Um diese herauszufinden verwendet man die Methode der Orthogonalisie- 
rung [12] wo die Anzahl der unabhängigen Gleichungen nach der Formel (5) 
berechnet wird.

D = N - C (5)
C ist der Rang der Matrix der Elemente. Die Matrix A die den Molekülarten 
entspricht die in der Reaktionsmasse auftrete wird in der Beziehung (6) wie­
dergegeben :
S Ë3 Tabelle 1
Ileakliomnatrix der möglichen

Keektioneii

\ M air -
ÄRl A«3

1
АЦ?

CHjOH 1 1 0

3 2 1

CO 0 1 1

Hj,0 1 0 1

C02 1 0 1
Verwendet man die Definitionen der Umsätze 

der Reaktanten (8 — 9) in den unabhängigen Reak­
tionsgleichungen und die Gelichungen die die kon-

C H 0
CH3()H J 1 4 1
H„ Í 0 2 0 1
CO i 1 0 1 1 -la (6)
II.,о ! 2 1
co2 ' 1 0 2

Diese Matrix hat dell R ang 3 (C 3). Unter Ver-
Wendung der Fori:tu 1 ( 5; erhalten wir В ■ ■ 2.

Aus Tabelle 1 folgt■: (lass die U na b 11 ii n gi g ke i t s 1 >e -
dingung (6) erfüllt ist, Ul ici zwar ilär die Reaktionen
(3) und (4).

-U/ ■ zla = 0 / 2, 3, 4
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kre ten Bedingungen ausdrücken (10) erhält man die primären Bilanzagleichungen, 
wiedergegeben in Tabelle 2 und 3, ausgedrückt in Mol und Molenbrüchen.

Tabelle 2

 ~ nM  "со — "со _ "н, - «и. (8)•il 4M -OS 
nM

03 
nM 2»m

’lco =
<.... 4 04 4

ИС<> __ «H,O “ *H.O  «со, - "со, (9)
«со

04 
nco

°3 = 
nM

-, 04 __
WCOe

„0 
лсо,

„3 _
nM “ nco,

„0 
лсо.

Algebraisch« Afaseebilanzgleiehnngen primärer l’orm, in Mol.

í
1 KOMPON.
i

BILANZGLEICHUN&BI
Form, a Form- b

i CHjpH
nn=nM J1-X-Í nn - ~ Z )

1-----------------
i CO "со --neM=iZ-p) 'ko

I co2 г,со2-пСОг4' nM Д псох- лн(^сог+ Pl
j---------------------------
I DHt.n^+2n‘ лнг--п;(Хвн/2Х+ P)

! нр
nH£ : nHjO - nM P Г|Нг0- n°„(^0 ~ pi

! a" nA" - n> ПА” =П‘-Х‘.

Í nT =nr +2nM ' пт - n^(A + 2Z)

Setzt man die Gleichungen (11) in die primären Bilanzgleichungen ein, 
erhält man die sekundären Bilanzgleichungen die in Tabelle 4 auf gezeichnet 
sind.

4 ’ « =n°M — nM
nM ■ ß ®co, nco, (11)
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Algebraisebe MassebUanzgleiehungen primärer Form, in Molenbrnehe

Tabelle 3

"■
KOMPON

(
BILANZGLEICHUNGEN í

__ ____ !
Form, а -orrn. b •

CH OH3 'и 1 + 2X^, '
хм . .~ Î

1 à * 2 J- ;

I'-' r\ 
f C U
Í

„ Xc’olL-B)
Vo ~ 1 + 2X°-, ■ Z Xcû : f

Xccç, + Xr ■ ß 
'4 ’ 1 t 2X°h ■ z

,г. .
' А - 2 Z.

X°Hi+X°!2Ztß) Зг + 2Z г
• г А ’ 1+2X°M-Z A»2Z .......-

HLÛ y _ : ê
'A0 1+24^ •<-<

ХнгР ~ß
> н20 - —:—Т“/“~ г А*2о/

ЛЛ
, /! о
XZ =

X“.
XÀ' : А + 2-Z

S чл’ — 1 Zx,u

Sie haben den Vorteil dass sie als Unbekannte nur zwei Augangskonzentrazionen 
enthalten und zwar die von Methanol und Kohlendioxyd, die beim Reaktorain 
gang während des Experiments gemessen werden müssen.

Die Bilanzgleichungen die in Tabelle 3 und 4 aufgezeichnet sind, verwendet 
man zum Aufstellen der theoretischen und reellen Masse und Wärmebilanzeu 
im ganzen Reaktor.

2. Mathematisches Modell des Gleichgewichtsprozesses. Die Gleichgewicht 
konstanten der unabhängigen Reaktionsgleichungen (3,4) werden durch die 
Beziehungen (12) definiert :

Kfl fco ’ /îi,
/м

/со. ■ / II,

/со 'fll.O
(12)

Beachtet man die Gleichungen von Lewis-Randal und die algebraischen 
Bilanzgleichungen erhält man aus den Gleichungen (12) folgende Formen (13, 
14).

■Kfl

A'-rt

(« - ß)(4t + 2q + ß)*  ■ P

(1 - a)(2a + Л)1

Kft fe, + ß)(*H,  + ! ß)
Л'тг (“ - ß)(*?r jO - ß)

(13)

(14)
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Algebraische Massebilanzglelehungen secundärer Form, in Mol. und Molenbruche

Tabelle 4

W3MP0N. BILANZGLEICHUNGEN

CHjOH 'VT
1^? X°M

XM”

CO nco' V XC02~ IIS 
X 1 + 2^ '(^Xco^M xco2

COi nCCh=
1 ' 24&_. w, . n.
V2X.M T >coa

H2 4 = nT

XH2'|i;2^^XH+2 2XM

H20 zr
 

1
X 

1

о 11 XHîOXcCx nT хир- - XcOa

A" nÁ "nT ХД Хд- - IaZXm____ x%
Ь*2)^  J ЛА

TOTAL nT ~ J • zX{ = 1

Die Gleichunegn (13,14) drücken die Abhängigkeit der Gleichgewicht­
sunisätze ïjj und von dem Druck P, Temperatur T und der Anfangszu­
sammensetzung der Reaktionsmasse %co., Д, До, Хд- aus.

Dieses Gleichungssystem, ergänzt von den Gleichungen der Konstanten 
Kfil și Kp2 bilden das mathematische Modell der Gleichgewichtsreaktion.

Die Abhängigkeit der Gleichgewichtskonstanten KP1 und Kp2 wurde mit 
Hilfe der isobaren von van’t Hofff 13]

d(ln Kp} 
dT

Die thermodynamischen Daten, die für die Bestimmung der Abhängigkeit 
der Gleichgewichtskonstanten Kpi uiedKP2 von der Temperatur verwendet 
wurden, wurden nach einer kritischen Analyse der Daten der Literatur aus­

berechnet.

(15)
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gewählt [14—17]. Die Lösung der Gleichung (15) für die Reaktionen (3) und
(4) fürte zu folgenden Beziehungen (16, 17).

lnÄL = ~9?30’441. 4_ 7,6248 In T - 5,683 • 10'3Г + 5,02 • 10-'P - 21,054
T

(16)

lnA,, = + 0,29 In?3 4- 48,012 • lO^4 Г - 1.17 • 10- 7,53 (17)

Die Aktivitätskoeficzienten y„ der Komponenten des Systems wurde 
mit der Zustandsgleichung von Berthelot [13] gültig für gemässigste Drucke­
ausgerechnet.

In у,- - = -6-Z1)
128 Л • T ( Г1 J (18)

3. Analyse des Vorganges aufgrund der mathematischen Beschreibung 
des Gleichgewichtes. Dies algebraische Gleichungssystem (13—14) ergänzt 
mit den Gleichungen von Kp- und KP2 wurde numerich nach der Newton-Raph- 
son Methode [18—19] mit Hilde des Rechners Felix C-256 ausgerechnet.

Die unabhängigen Variablen nehmen Werte an die die Parameter des 
industriellen Reaktors einschliessen. Bin Teil der erhaltenen Werte für und 
t)2 sind in den Figuren 2—7 enthalten.

Diese Ergebnisse zeigen den bedeutenden Einfluss der 'Anfangszusammenset­
zung, vor allem des Molbruchs До auf den Umsatz während des Gleichge­
wichtes. Bei Werten Дг,о > 1,4 wird sein Eifluss so gross dass dieselbe Grö­
ssenordnung wie 7)! annimmt, wen der Gesamtdruck im System eine Atmos­
phäre beträgt. Bei grösseren Drucken ist der Einfluss der Konzentration (des 
Wasserdampfes noch grösser. Aus den Daten von Figur 2—7 folgt .noch dass 
der Einfluss der Molenbrüche До,, Д und Д- unbedeutend im Vergleich zu 
До ist, unabhängig von den Werten von Temperatur und Druck.

Im allgemeinen beeninflusst die Druckvergrösserung den Vorgang nega­
tiv weil die Reaktion (3) eine Volumenvergrösserung zur Folge hat, während 
die Reaktion (3) ohne Volumen änderung verläuft.

Grossen Einfluss auf das Gleichgewicht hat die Temperatur. Die Reaktion 
(3) ist endotherm und somit von hoben Temperaturen begünstigt während Reak­
tion (4) exotherm ist, also von hoben Temperaturen benachteiligt ist.

Die optimale Temperatur liegt zwischen 200—220°C in Funktion des Wa­
sserüberschusses. Xh,o (Figuren 2—3).

4. Mathematische Beschreibung des Wärmebilanzes. Der Umsatz von 
Methanol mit Wasserdampf ist, global gesehen endotherm. Es ist wichtig he­
rauszuheben welches die wichtigsten Parameter sind und die Art und Weise 
wie diese den spezifischen Wärme verbrauch des Voerganges beeinflussen.
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Abb. 2. Einfluss der Temperatur auf das 
Gleichgewicht. Gleichgewicht.

3 — Chemia 2/1987

АЪЪ. 5, Einfluss der Inerten auf das 
Gleichgewicht.
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Abb îles Kohlendioxyds
< ‘.leichgewicht.

г

Einfluss des Wasscrsotfs 
Gleichgewicht.

/о/»?
5 9^9 X

/o&r.

V

% 50677

y* = z

z*  - 0

Г • A25
—*-------------- ---- ■-----------а-------------- -

1

Ans diisem Grund wird die Wärmebilanz aufgestellt (Gleichung 19).

All. + AlC’r. + AHnt.c ; - AH + All,,1?)' + AH‘V - АН/, (19)

Die 
erhalten

Angangs-und Endcnthalpie wird durch die Beziehungin 
und die Enthalpie der Umsätze durch die Gleichung (22).

T .

(20 2D

AH°
1

- è «•’ \ cPi ■d r

11 ,i
‘2.7S

(20)

AH -
1 e 

n°i è f cpï ■ (21)

HAHpr. t, — »AK ■ VJ.ÍK ( rir (22;

Unter Verwendung der primären Bilanzgleichungen aus Tabelle 2 und der 
Gleichungen (20 — 22) erhält man mathematische Beschreibung der Wärmebilanz, 
die durch die Gleichungen (23 — 27) ausgedrückt wird. Diese Beschreibung 
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zeigt die Abhänigkeit des speczifischen Wärmeverbrauchs von den wichtigsten 
Parametern die den Vorgang beeningflussen.

..-I . Te + В ■ T- + C ■ T:< + 20 • 252,231 • a - 9784,09-ß + D 23)

A 4,88+15,13 • « + 0,59 ■ ß + 6,89 • *«^+6,88*«,+  6,85 • *«„,  +1 l,2x«„ (24) 

В 1,237 • 10 2 -- 1,1125 - 10“2 • a + 1,6125 • 10 *3 • ß + 1,6415 •

' lü 4,0 -4- 3<3 ' 10 3 ' K, ;' ' (25)

( -1,96- IO“6 - 1,926 • 10 « X - 7,676 • IO“7 ß - 1,1433 • 10 + *«  . +

в 9,3 • 10 8 *«iä - 8,25 • 10'7 *«O1 - - 1,15 ■ 10"7 *«., (26)

1) - 20,252,231 a - 9784,1 ß -r 8482, 65*«  ~ 3915,88*?,  -

--4,54 • lO3*«^, - 6,5 ■ IO3*«., ' (17)

Die Analyse dieser Gleichungen führt zu den Darstellungen von Figur 8 
Man kann beobachten, dass der Wärme verbrauch mit der Temperatur der 
Reaktionsprodukte am Reaktorausgang sowie mit den Wachsen von**  steight. 
DeTii Wärmeverbrauch steigt mit den Fallen des Wirkungsgrades weil dadurch 
die Menge der durch den Reaktor 
transportierten Stoffe steight und 
somit das kalorische Inhalt unter 
Form von sensibler Wärme.

Zusammenfassung. 1. Durch Ver­
wendung der Methode der Orthogo- 
nalisierung von Gramm Schmidt wur­
de bewiesen, dass für die mathema­
tische Beschreibung des Vorganges 
nur zwei der möglichen Rektionen 
notwendig sind.

2. Aufgrund der unabhängigen 
stöchiometrischen Gleichungen und 
der Definition der Umsätze wurden 
die primären und sekundären Bilanz- 
gl ei chu ngen a u f gc st c 111.

3. Es wurde die mathematische 
Beschreibung des Gleichgcwichts- 
vorgan des aufgestcllt. Sie besteht 
aus zwei nichtliniaren algebraischen 
Gleichungen, die mit den Gleichun­
gen der Gleichgewichtskonstanten 
ergänzt sind.
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4. Es wurde die mathematische Beschreibung der Wärmebilanz aufgestellt 
und dadurch die Faktoren hervorgehoben die den Wärme ver brauch bestimmen.

Notierungen :

A" — Inerte ;
A — Konstante definiert durch die Gleichung .4 = 1 + ж®о + + x^., ;

Aa 
f
LlQs

J<fl. Kfz
KP1, KPi 
p

— Uberfuhrungsmatrix der Reaktion ,,i"
— Elementenmatrix
= Fugazität, Index für Konstante К ;
= katalysator im Festbett ;
= Gleuchgewichtskonstanten (Gl. 12) ;
= Gleichgewichtskonstanten (Gl. 13, 14) ; 
= Gesamtdruck ;

Xi = Molbruch des Komponenten i ;
.t'®o .. — Anfangs-Mol Verhältnis der Komponenten im Vergleich zu Methanol ;

AH® ; AH — sensibile Wärme der Reaktionsmasse ;

Cy>
L
N
Ti. Te 
^port 

ArH«.

— spezifische Wärme der Komponenten ;
— unabhängige Stöchiometrische Gleichungen ;
— Anzahl der aktiven molekularen Spezies aus der Reaktionsmasse ;
= Temperatur der Reaktionsmasse beim Eintritt bzw. Austritt aus dem Reaktor ;
— Enthalpien der Vorgänge ;
— warmeffekt bei Temperatur T ;

AK subskribiert — wertvoller Komponent ; 
M subskribiert Methanol.

œ ; ß 
n 
о
i

— Umsatz in den Reaktionen (3) unde (4) ;
— Grössen definiert durch die Beziehungen : x = тц ; ß = тц т), ;
— Aktivitätskoeffizient ;
— überschrieben — für Anfangsgrössen ;
— subskribiert für Komponent i ;
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KATALYTISCHER UMSATZ VON METHANOL UND WASSERDAMPF
II. Kinetik des Vorganges

1. SIMIMCEANC, 1. TODEA, M. STANCA*,  A. POP*  und A. líUíFÁ

Catalytie Conversion of Methanol with Water Vupours. II., Kynetics of Ihe 
Process. The present paper is a study of the kinetics of raethanol conversion 
process with water vapours ou copper catalytic, of BASF/K3 type, used in 
ammónia factories for conversion. Out of the kinetics data, the activating energy 
was calculated and, on fliess grounds, it was settled that at températures 
lower than 230°, limiting in the display process are the phenomena of mass 
changing. At températures higher than 230°, the activating energy is under 
3 kcal/mol (the fact proves ihat the processes of mass changing are limiting).

Obwohl die katalytische Reaktion von Methanol und Wasserdauipf von 
niehrcren Autoren il—5] behandelt wurde gibt es wenig Daten in der Fachli­
teratur über die Kinetik der Reaktion, die zu ihrer mathematischen Beschreibung 
dienen könnten.

In dieser Arbeit wird die Kinetik des Vorganges behandelt um die wich­
tigsten Facktoren die die Geschwindigkeit der Reaktion beenflussen. Ebenso 
wird die Aufstellung eines realen makrokinetischen Modelles des Vorganges 
verfolgt.

MakrokinetischP Modellierung. Der beschriebene Vorgang gehört zu den 
Koni aktverfahren und ist schematisch in Figur 1 dargestellt.

Der Gesamtvorgang ist endotherm und deshalb muss neben den Umwan­
dlungen und dem Massetransfer auch der Wärmetransfer berücksichtigt werden, 
der m Figur 2 schematisch dargestellt ist.

Ans diesen Schemata folgt, dass der Vorgang, je nach Arbeitsbedingungen, 
nach eifachcn oder kombinierten makrokinetischen Modellen stattfinden kann. 
[6 j.

Abb. 1. Strukturschema der MassenpTozesse.

Tqc 1 C|*  ^Qkat

Abb. 2. Structurschema der Wärmeprozesse.

Umversi töt Cluj-Napoca, Fakultät für Chemie, 3400 Cluj-Napoca, Romania
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Experimenteller Teil. Zur Aufstellung des uiakrokinetischen Modelles wurde eine Laboranlage 
verwendet, dargestellt in Figur 3, die die experimentellen Datem für das Modell liefern soll.

Der Reaktor ist isotherm. Als geschwindigkeitsbeeinflussende Parameter wurden die Tempe­
ratur und die Granulation das Katalysators gewählt. Da die Geschwindigkeit der Gase gross genug 
ist, wirkt der Massetransfer durch die Gasphase nicht geschwindigkeitshemmend.

Der verwendete Katalysator beruht auf Kupferbasis, vom Typ BASF/k3 —10, der in der 
zweiten Stufe des Kohlenmonoxydumsatzes aus den Ammoniaklinien verwendet wird. Die Zu­
sammensetzung ist 29—33% CuO, 40 — 45% ZnO, die spezifische Oberfläche 98,2 m!/g und die 
Porosität 0,336 cm’/g. Die Temperatur schwankte in den Grenzen 180—320°C, da hier der Kata­
lysator aktiv ist.

Abb. 3. Versuchsanlageschema : 1 - Ge­
fäss für Reaktionskom ponent, 2 — Do­
sierpumpe, 3 — Abdam-pfkessel und Vo- 
rwarme der Reaktionskomponent, 4 — Re­
aktor, 5 — Katalysatorschicht, 6 — Elek­
trischer Ofen, 7 — Mess und regliergerät 

der Temperatur.

Abb. 4. Einfluss der Korngrosse auf die Geschwi­
ndigkeit des Prozesses.

Ergebnisse deu Diskussion. Um der Einfluss den Granulation, also des Mas- 
setranst’ers durch die Poren des Katalysators zur Reaktionsoberfläche auf die 
Reaktionsgeschwindigkeit zu zeigen, wurde mit zwei Granulationen — 5 und 
0,3 mm — gearbeitet, bei verschiedenen Temperaturen und derselben Kotak- 
tzcit. Die Ergebnisse sind in Figur 4 dargestellt.

Mann kann beobachten, dass im ganzen Temperaturinterwall der Umsatz 
des Methanols mit der Verkleinerung der Granulation steigt, aber dieses Ans­
teigen ist unbedeutend. Daraus folgt dass im Temperaturinterwall 180 —260QC 
deT Massetransfer durch die Poren des Katalysators die Geschwindigkeit 
des Vorganges nicht beeinflusst.

Die Versuche die den Einfluss der Temperatur hervorheben sollen, wurden 
mit tablettiertem katalysator, der mit dem industriellen identisch ist durchge- 
J’ührt. Er besteht aus Zylinder der Dimension 5x5 mm.

Die Ergebnisse sind in Figur 5 dargestellt.
Man kann den starken Einfluss der Temperatur auf die Geschwindigkeit 

istctellen. Die Verarbeitung der experimentellen Daten aus Figur 5 in den Koor- 
donaten — ln(I — a) — т führt zu den Darstellungen aus Figur 6.
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Abb. 5. Einfluss der Temperatur auf die 
Geschwindigkeit des Prozesses.

Die Steigung der Geradeen aus Figur 6 zeigen die Geschwindigkeitskons­
tanten der Reaktion bei der entsprechenden Temperatur.

Wird die Geschwindigkeitskonstante in den Koordonaten In k — — gra- 
T 

phisch dargestellt erhält man Figur 7.
Man kann erkennen, dass die erhaltene Linie bei 230°C ihre Steigung ve­

rändert.
Aus den Steigungen der beiden Segmente Figur 8 wurde die Aktivierung­

senergie berechnet und die Werte 1,82 kcal/mol bei Temperaturen grösser als 
230 °C und 12,15 kcal/mol bei Temperaturen kleiner als 230 °C gefunden. Diese 
Werte zeigen dass in den industriellen Bedingungen und entsprechender Gra­
nulation, bei Température unter 230 °C der Masseumsatz Reaktionsgeschwin­
digkeit bestimut, und bei Temperaturen über 230°C, der Massetransfer durch 
die Poren des Katalysators.

Notierungen
Tjvf — Elementarvorgang des Massentransports. 
Tq — Elementarvorgang des Wärmedurchgangs. 
Cq — Elementarvorgang des Wärmeverbrauchs, 
К — Konstante der Reaktionsgeschwindigkeit. 
а — Umsatz des Methanols.
[1 g — Gasphase.
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R SH stands for HOOCCH2 — SH. Conditions were chosen such that the redox 
reaction was quite slow. Three to five individual readings were ruade for each 
set of conditions. The results are summarized in Table 1.

T able 1
Experimental conditions and equilibrinm state absorbances at 25°C and 

(î — 0.2 in an 1 em pat h lenght cell

108(H+) 10'(CrVi)0 10s(RSH) Ae
S°b*_ (CrVi)„

1.00 4.00 0.383 0.160 400
2.00 0.393 0.163 401
1.00 0.786 0.198 495
2.00 0.786 0.200 500
1.00 1.57 0.238 570

3.97 0.310 775
4.00 0.320 800

1.00 5.00 11.80 0.433 866
2.00 11.80 0.430 860
1.00 4.00 15.70 0.340 850

The absorbance at equilibrium is
A = s0 [(CrVI)0 - (RSCrOi)] + e(RSCrOg)] (2)

where s0 and г are absorption coefficient for IIOCr()3 and RSCrO-f’ respectively. 
Expressing (RSCrCb) in terms of echilibrium constant K and observed absorp­
tion coefficient sob5 = .4/CrVI)0, équation (2) yields

1
K

£obs — £
£obs £o

(RSH)y
(3)

whicli shows a linear dependence of sobs versus (sobs — eo)/(3^-SIT)y having the 
intercept s and the slope — 1/Æ. The values eobs are available from experimental 
data, s0 = 230 M-1cm_1. Some itérations hâve been carried out, first using 

équation (3).

the total (RSH) for the fret concen­
tration. The formation constant was 
calculated from the slope of the line 
described by (3) Using it, corrected 
values for (RSH)y were determined 
and used again to compute a new 
and better value for K. The compu­
tation was repeated until a conver­
gence was acheived. The plot of 
équation (3) is shown in Figure 2. 
Values of e = 900 ± 40 M'W1 at 
420 nm and K = (1.10 ± 0.15) X 
ÎCPM3 hâve been considered. An 
objective least-square method was
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used. The experimental errors are larger as compared to the other chromate- 
thiol compouuds because of the fact that redox reaction proceeds faster in 
this case.

To study the formation Cr(VT)-thiol complex kinetics, stopped — flow 
traces were obtained under pseudo-lirsr-order conditions at 420 nm. The plots 
log (Ae — .4) vs. time were linear up to 80—85% of reaction, and first Order 
rate constants for different conditions were evaluated from these plots. A, 
and A represents absorbance at equilibrium and at time t respectively. The 
observed first-order rate constants increased with both the thiol and mineral 
acid concentrations as shown in Table 2. Values in Table 2 are means of 3—4

Tabie 2

Kinetie data for the formation oi llSCrO,' at 25°C u. = 0.2 and
(HCrO^) .» 101

ÎO’(RSH) k( W [i/t< + (RSH)]

0.50 1.50 1.22 76.25 Mean 76.3
1.00 0.56 0.53 89.59 92.0

1.00 1.01 92.25
1.18 1.14 89.65
1.50 1,54 96.76
1.50 1.43 89.85
2.00 1.97 94.19

2.00 1.18 1.50 117.96 115.5
1.50 1.80 113.09

4.00 0.42 0.85 166.11 165.1
0.61 1.13 161.06
1.18 2.10 165.15
1.50 2.60 163.36
1.79 3.01 160.00

individual measurements which do not differ to more than 5%. Second-order 
rate constants were calculated as kf = %bs/{(RSH) ± 1/К]. At constant acidity 
specific second-order velocities were close together within the limits of expe­
rimental errors (column 4 in the table) and linear dependent on perchloric acid 
concentration. A fractional order of 0.4 with respect to the hydrogen ion con­
centration has been deduced from a grapli of log kf as a function of log(H+). 
This fact indicated the involment of two concurrent ways, one of zero-order 
and the other of first-order with respect to (H+). When second-order rate constants 
kf werc plotted as a function of perchloric acid concentration, a straight line 
was obtained, which did not pass through the origin. An objective least — 
square metiiod gave tu? iatercept as the second-order rate constant of k°f — 
= 66.3 ± 1.2 M_1s_1 and the slope as the third-order rate constant of kf— (2.47 
±0.05) X 103M~s“1. г a. refore, tiie ovrall rate law for the thioglycolate-ch- 
romatu comptes, formation caa be wiitten as:

äh (H+)(RSH)}(HOCrOâ) (4)
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idnicating a first-order dependence on thiol. Obervsed first-order and calcuîated 
second-order rate constants are collected in Tabele 4. On the other hand, when 
(H+) was varied from 5 X 10 ~3 to 3.69 X 10_2 M at constant 1.04 X 10 ~2 M 
thiol concentration, a fractional order, lower than unity, was obtained. As 
figure 3 illustrâtes, there appears a linear dependence of Äob3 (or second-order 

Fig. 3. The effect of the acidity 
the on the reaction rate constant 

for the oxidation process.

The elfect of thioglycolic acid on th ree do x reaetion 
(1 = 2.2, l = 25°C, (HCrOJ = 4 x 10~‘ and (H+) = 1.0 x 10~*.

Table 4

10!(RSH) ^oôss 1 kobs /(RSH) M’-i . s”1
0.518 0.0771 14.9 Mean : 15.0 ±0.3

0.0764 14.7
0.0794 15.3
0.0771 14.9
0.0780 15.1

0.78 0.115 14.8 15.0±0.3
0.120 15.3
0.117 15.0

1.04 0.156 15.0 15.2±0.2
0.161 15.4
0.159 15.2
0.161 15.4

1.56 0.253 16.2 15.8±0.4
0.248 15.8
0.244 15.6
0.248 15.8

rate constant as well) on the mineral acid concentration. Mach point on the graph 
is a mean of 3—7 individual runs which do not differ to more than 5%. These 
results indicate the following rate law for the redox disappearance of thioester :

- d.iRSCr0CL = [k2 + £3(H+)J (RSH)(RSCrOJ) (7)
df

This rate law is similar to that obtained for the oxidantion of cysteine [7].
Températures between 15.8 and 35 °C were used to investigate the effect 

on the redox reaetion rate. The values of second-order and third-order rate 
constants, as decuced from the intercepts and the slopes of lines in figure 3 
respectively, are collected in Table 5. The activation parameters are :

ДН+=31±4 kj/mol ASj =-121.3 ±8.3 J/mol • K

ДН+ = 19.2 ± 1.2 к J/mol AS/ = -129.7 ± 8.3 J/mol ■ K
Activation enthalpies are comparable with those for oxidation of thiosulfate 
[12] and méthionine [13] and about 20 к J lower than that for the oxidation 
of cysteine. [7]. Activation entropies are negative as found for ail cited Systems, 
and quite large.

4. Free radical identification. In order to prove the presence of free radicale 
during the reaction, thioglycolic acid — chromate System was used to initiate 
polymerization of ethylacrylate. Température increase of 2.5—4.0 degrees 
has been noticed when monomer was added to reaction mixture. No thermie
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T Me 5effect was observed wheii only re- 
ducing agent or oxidant agent so­
lutions were shaken with monomer 
in the reaction vessel. These facts 
lead to the conclusion that some 
free radicals are involved in the 
redox process.

5. Redox reaction mechanism. 
The evidence for extensive complex 
formation, the reaction stoichiome- 
trv, the proof for free radicals in­
volved and the kinetics of the rection are consistent with the followiug reac­
tion scheme :

Température dependence 'о! third- and seeond-order 
rate constants for the redox procese

'Гетр. °C *2 M-i.s-i 10-2x'A3 M <s-‘

15.8 7.5 ±0.4 3.23±0.08
20.2 9.5±0.5 3.43 ±0.09
25.0 U.0±0.6 4.33±0.06
29.0 14.5±0.4 4.71±0.09
35.0 18.2±0.3 5.60 ±0.10

RSH + НСгОГ RSCrOr + H2O K
R SH + RSCrOr - RSSR + Cr(IV) k2
RSH + RSCrOr + H+ -+ RSSR + Cr(IV) k3
Cr(IV) + RSH -> Cr(III) + RS’ + H“
RS' 4- RS' - RSSR

(8

The path bv which chromium (VI) is reduced bv one-equivalent tliiol reagen 
include the participation of two reducing agent molécules. A sulfur-sulfu 
bond is rapidly formed beside chromium (IV). Under the thiol excess, chromium 
(IV) reacts fast with another thioglycolic molecule in one-equivalent is+ep, to 
form Cr(III) and free radicals, which unite to yield disulfide. Such m^Éamsms 
are quite common for the oxidation of thiosulfate Г12], other thiols ДИспс 13}, 
thiocyanide [2 j and iodide [14] by chromate, when a dimer from a fre? radical 
and Cr(IV) are formed. Activation entropies — large and negative — agréé 
with the above reaction mechanism.
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FERENC MÄNOK», GABRIELLA DÉNEZSI*,  CSABA VÁRHELYI*  and ANDRÁS BENKÖ*

• Univcrsity of Cluj-Nafioca, l'aculty »f Chemistry, 3100 Cluj-.Napoca, Romania

Received: January 7, 1987

The polarographic behaviour of the nyoxime (1,2-cyclohexane dione dioxime) 
in acidic solutions (0.1, 0.2 and 0.4 N HC1O4) showed a protolytic process 
followed by a dezoximation reaction. Somé kinetic parameters of these reactions 
were determined and a possible mechanism was established and discussed.

Introduction. The alycyclic 1, 2-dioximes (nyoxime, heptoxime) are well knowti 
reagents used in the analytical chemistry of sonie transition metals (M (Diox. 
H)2, (M = Ni, Pd, Pt). The [Co(Diox.H)2X2)~ and [Co (Diox.H)2 (amine)X) 
chelate Compounds have becii studie d from scveral coordination chemical point 
of views [1J

The a — dioximes are very weak dibasic acids (Kx = 10~u— IO"'12). 
They are stable in neutral and weakly basic solutions and participate only ш 
reversible, fast acido-basic reactions. In acidic media the situation is morc 
œmplicWed. The protonization of the oxime groupe occurs and parallel with 
this pliBBunenon other reactions сап bc also observed. ShlenskayaJ et al. [2] 
have aitermincd the acidity constants of some aliphatic and alycyclic a — 
dioxinies by means of ultraviolet spectrophotometric measurements. These 
authors mentionod that the absorbancy of the sample solutions varies with the 
time. The comparison of the spectra taken in neutral and acidic aqueous solu­
tions of some — dioximes showed that in acidic media hydrolysis processes 
oceur with the libération of liydroyxlamine and free a-diketones.

Kcsuits and Discussion. We observed that the a-dioximes and some of their 
hydrolysis products give well defined polarographic waves. This phenomenou 
allowed us the quantitative détermination of the unreacted dioximes and their 
décomposition derivatives and the détermination of the kinetic parameters 
of the dezoximation reactions.

In a previous paper [3] the polarographic behavioir of 1,2, 3-cyclohexaue 
trion.e trioxime was studied in acidic media.

The present paper deals with the polarographic behaviour of „nyoxime” 
(1, 2-cyclohexanedione dioxime) in acidic solutions (0.1, 0.2 and 0.4 M HClOj).



ON THE DIOXIMINE COMPLEXES (LXIX)) 51

In the case of the hydrolysis of this substance the following equilibria can 
be assumed :

C=NOH
I
C=NOH

C=O
I + H2N-0H

C—NOH

The transformations occuring in 
acidic solutions of nvoxime are illus- 
trated by the polarograms in the 
Fig. 1.

These polarograms were taken 
in 0.1 N HC1O4 solutions 7, 24 and 
150 minutes after mixing the njTo- 
xime and HC1O4 solutions. The con­
stant ionic strength of 
(IM) was ensured bv 
NaC104.
On the polarograms 1 
waves appear (I and II) with Ej/, 
values of -0.32 V and -0.58 V 
(vs. SCE), respectively. The second 
curve shows that the wave I increases and the II one decreases on standing

After a longer period of finie (150 minutes) the wave II practically disa- 
ppears and wave I decreases slowly. The rate of the decrease of the wave

the solutions 
addition of

Г i g. 1. Polarographie waves of
acidic media

Niox. H. = 10 3 M, CHcio4*= Alo, 1 M •
I. t -- 7 min. after mixing; II. t — 24 min. after 

mixing; III. t = 150 min. after mixing.

c.

Table I
Variation ot the heijjht of polaropraphic tvaves of nyoxinie ividi tlie time by various acidifies

Time II. wave I. wave II. wave I. wave II. wave I. wave
min Сисю. ID(uA) In(uA) ^IICIO. ID(uA) Id(uA) Qhcio, Id(uA) Ip/uA)

1 0.1 M 9.36 _ 0.2 SI 9.2 _ 0.4 M 9.0
2 9.00 - lf 8.4 8.2 —
5 7.64 1.00 ,, 6.8 1.4 6.2 1.0

10 6.10 2.30 !r 4.9 2.4 3.9 2.b
15 , ) 4.70 2.90 3.4 2.9 2.4 3.3
20 ,, 3.70 3.10 2.4 3.1 1.56 3.3
25 2.84 3.10 1.7 3.0 1.0 3.2
30 ,, 2.24 3.00 ,, 1.2 2.9 ,, 0.64 3.2

temp. 20 g CNiox H.  --= IO“3 M > t~CiOF 1 M
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!<' i g. 2. Variation <>f the height of the
ploarographic waves with time 
t-'нсю, “ 01 Niox. H,

at 20 °C by
10-» M;

l'i g. 3. Variation of the height of the 
polarographie waves with time at 20 C by 

br.:«., - 0.2 M
1 M.

II becomes greater with increasing

V i g. 4. Variation of the height of the pol­
ar« »graphie waves with time at 20 °C by

Chcio, = M

acidity of the solution. At a pH v 4 
the heights of the polarographie waves practically do not alter with the time. 
In order to obtain the kinetic data of the hydrolysis necessary for the élucida­
tion of the above mentioned phenomenon three sériés of measurements were 
carried out. The concentration of the perchloric acid was 0.1. 0.2 and 0.4 M. 
After a period of time in thermostated conditions (15, 20, 25 °C) the polarograms 
were taken using the forced dropping method.

The results of these measurements for 20 °C are presented in Table 1 and 
in Figs. 2, 3 and 4, respectively.

The log values of the diffusion currents corresponding to the second wave 
(II) enable us to determine the rate con­
stants of the reaction (see Table 2).

The plot of the log Id values versus 
time gives straight lines (see Fig. 5). 
Using Id values extrapolated to zero 
time and various initial concentrations 
of nyoxime, the dependence of the di­
ffusion current from the concentration 
of the obove mentioned chelating agent 
was determined.

On the basis of these functions 
one can calculate the half life 
the décomposition of myoxime.

The rate constant of this 
can be given by :

/г — 0 693 
h/s

time of

réaction

.(1)
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Kinetic data on the hydrolysis of nyoxime by 20C

Table 2

Time 
min

^ncio, • °-l M ^HCIO, *̂ 2 ^1 Снсю. °-4 M

II. wave
IpțuA) 1g In

C.10»
(Mol/1)

II. wave
In(uA) Igln

C.10»
(Mol/1) II. wave log Ip C.10»

(Mol/1)

1 9.36 0.971 0.93 9.2 0.964 0.92 9.0 0.954 0.90
2 9.00 0.954 0.90 8.4 0.924 0.84 8.2 0.914 0.82
5 7.64 0.883 0.76 6.8 0.833 0.67 6.2 0.792 0.62

10 6.1 0.785 0.61 4.9 0.690 0.50 3.9 0.591 0.39
15 4.7 0.672 0.47 3.4 0.531 0.34 2.4 0.380 0.25
20 3.7 0.568 0.37 2.4 0.380 0.24 1.56 0.193 0.15
25 2.84 0.453 0.28 1.7 0.230 0.17 1.0 0.000 0.09
30 2.24 0.350 0.22 1.2 0.079 0.11 0.64 - 0.194 0.06

kfmin“1)
4.92 X 10-“ 6.9 x 10 -3 9.0 x io->
C,,. „ 10"3Ъюх H, Mol/1; CаоГ 1 M

Our investigations showed a tendency ol' increase of these rate constants 
with the concentration of the perchloric acid.

С„сю. - - 0.4M; kt - 9.0 x 10 2 min“1
Снсю. -= 0.2M; /?2 6.9 x 10 ~ - min-i
Снсю, = 0.1M; k3 = 4.9 X 10“2 min"1

In order to determine the enthalpy and entropy of activation of the dezoxi- 
mation reaction analogous measurements were carried out at three different tem­
pératures (15, 20, 25 °C).
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On the basis of some literature data [4] referring to the hydrolysis of aceto- 
phenone oxime and acetoxime, respectively, the first polarographic step сап 
be attributed to the réduction of 1, 2-cyclohexane dione monoxime, which is 
i’ormed by the partial hydrolysis (dezoximation) of the nyoxime. The second 
wave is due to the réduction of the non transformed nyoxime.
For the explication of the increase of the rate of the hydrolysis with increasing 
perchloric acid concentration the following succesive reactions can be presumed :

/CH2X very fast /СНа\Н н
CH2 C=NOH

1 1
H + сн2 с=

- 1 1
=N+-OH tfast

CH2 C==NOH pr сн2 с== NOH H2Ö
\сн2/ \сн2/

/CH2\OH H ZCH2X
CH, C-N+-OH сн, с=о

1 1 H slow 1 “ 1 + H,N+—ОН
CH2 C-N-OH V сн, с=х-■ OH
\сн/ \сн2/

According to our presumption in the first step of the reaction a pre-equilibrium 
between the protonated and non protonated fornis of the nyoxime is establi- 
shed. (Apr = the acidity constant of the protonated species.

This process is followed by an elementary reaction, viz. the addition of a 
water molecule, facilitated by the polarization of the тг-bonding because of the 
protonization of the nitrogen atom. The presumed pre-equilibrium is very pro­
bable due to the great value of the recombination constant of the protonated 
form (/q = 9.6 X 1011) [5J.

The addition of water is a pseudo-monomolccular réaction. The final elemen­
tary reaction is the élimination of hydroxylamine.

To résolve the problem, which of these elementary reactions : the addition 
of a water molecule or the élimination of hydroxylamine can be considered as 
rate determining process (characterized by the rate constant Z?o), it is necessary 
the calculation of the kinetic parameters, and especially the activation entropy 
value.

If our presumption concerning the protolytic pre-equilibrium is correct, 
between the apparent rate constant km (m = 1, 2, 3), the pH independent rate 
constant k0, and the acidity constant of the protonated form Æ1>r, the l'ollowiag 
relation is r alid :

n (2)

For the ratio of the rate constants the following relation can be obtained :

+ A'prp7;,j (3)
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From these équations results the Kpr value :

T5 [HJ j - [H+]

№

On the basis of équation (4), using different apparent rate constant values, 
the following Kpr values were obtained :

Æpr = 0.140 (klt k2)
Kpt = 0.135 (k2, k3)
Kpt = 0.148 (Âq, k3)

Mean value : Kpi = 0.141
Using this mean value, k0 — 12.2 X 19“2 min-1 was calculated.
From the rate constants obtained at different températures (15, 20, 25 °C) 

the activation enthalpy and entropy were calculated using the Èyring [6] and 
Evans and Polanyi [7j relation.

ÁTU = 47.4 kcal/mole
ÁS+ = 89 e.u.
The positive entropy value is in agreement with the formation of an acti- 

vated complex by addition of a water molecule.
This activated species has strongly labilized bondings as compared to the 

initial substance. This phenomenon leads to the élimination of liydroylamine 
in a successive step.

The positive entropy value is in agreement with the presumption, that the 
élimination of hydroxylamine from the activated water addition product, is 
the rate determining step.

Contrary, if the water addition were the rate determining process, the mobili- 
ty of the activated species would be smaller as compared to the initial nyoxime, 
leading to a negative entropy value.

Experimental. Tlie polarograms were taken on a Radelkis Type OH—120 polarograph with 
a Tast-Rapid-OH 9991 adapter to ensure a forced dropping of the mercury. A convențional pola- 
rographic cell was used with a saturated calomel electrode, connected to the cell by means of an 
agar-agar bridge (1 M KNO3) The oxygen was eliminated from the solutions with purified methane. 
The dropping mercury electrode lias a flow rate of 1.3 mg s-1 and a drop time of 5.20 s in 1 M. 
NaClOj and with a mercury réservoir height of 60 cm.
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NEUE TETRACHEORO- UND TETRABROMO-PEATINITE (II) DER 
KOBAET(III)AMINEN

CSABA VÄBHELY1» and ION GÄNESCI »•

Eingegangen am 7 Januar, 1987

New Tetraehloro- and Tetrabroino-Platlnile (II) Type Cobalt (III) Amines. 
A number of 25 new complex salts of the H,[PtCl4) and H2'PtBr4' acids with 
monoacido-pentamine — (cis-[Co(en)2Cl(amine)]:+) and diacido-tetramine 
[(Co(en)2Xa]+, rCo(I)H)2(amine)2 j +, [Co (ec) (amine), ]+) ,,en” — ethylenediamine, 
,,ec. H," — ethylendiimino-bis-acetylacetone, ,,DHa”-dimetliylglyoxime) type 
cobalt(III) amines were obtained by double décomposition reactions. The products 
were cliaracterized by chemical and thermogravimetrical analysis.

Einleitung. Die Tetrahalogeno-platinite : [PtCl4]2~und PtBr4 2 entstehen 
leicht durch die partielle Reduktion unter gelinden Unständen der Hexachloro-, 
bzw. Hexabromo-platinaten (IV). Es ist empfehlenswert für diesem Zweck Sulfit, 
CuCl .Oxalsäure und Alkalioxalate zu verwenden. [1—2].

z.B. K2[PtCleJ + K2C2O4 - K2[PtCl4] 4- 2KC1 + 2CO2
Die starken Reduktionsmittel wie SnCl2, Hydroxylamin, Hydrazin, usw. führen, 
im allgemeinen, zur Auscheidung von metallischem Platin. Die Tetrahalogeno- 
platinite bilden leicht neutrale Salze mit Metallen, Aminen und Phoophinen 
in saurem Medium ((Amin. H)2[PtX4J, (Phosphin. H)2[PtX4]). In wässrigen 
Eösungen hydratisieren sich stufenweise die : PtCl4j2 und [PtBr4]2~-Ionen 
unter Bildung von verschiedenen Halogeno-aquo-komplexen. Dieser Vorgang 
wurde auch von kinetischem Standpunkt aus untersucht [3 — 4]. Ihre Alka­
lisalze dienen als Ausgangssubstanzen für verschiedene Substitutionsreak­
tionen mit NH3, Aminen, Aminosäuren, usw. Die Reaktionsprodukte sind 
cis- oder trans Diacido-Nichtelektrolyte. [Pt(Am)2X2] [5—7]. Es ist bemer­
kenswert, dass einige cis-Derivate von diesem Typ in der Chemiotherapie der 
Krebserkrankungen eine besondere Bedeutung haben [8—9].

Resultate und Diskussion. Nach Eiteraturangaben wurden nur einige Kom­
plexsalze der obenerwähnten Säuren mit Metall-aminen erhalten. Die energe­
tischen Faktoren begünstigen die Bildung von schwerlöslichen Komplexsalzen 
vom AB, bzw. AB2 Typ, insbesondere mit Kobalt(III)- und Chrom(III)-aminen. 
Wir haben beobachtet, dass die wässrige Eösungen derK2[PtCl4j und K2[PtBr4] 
mit ein-, bzw. zweiwertigen Kompexkationen des Kobalts charakteristische, 
kristalline Fällungen abscheiden. Zu diesem Zweck wurden von den Monoacido- 
pentaminen einige Co(en)2X(Amin)2"-Derivate verwendet. Von den zahlreichen 
Diacido-tetraminen benüzten wir einige Chelatkatione vom Typ: [Co(en)2X2]'r, 
[Co(DH)2(Amin)2]bzw. [Co(ec)(Amin)2J+ für die doppelten Umsetzungsreak­
tionen („en” — Äthylendiamin, DH2 — Dimethylglvoxim, „ec. H2” — Schif- 
f’sche Base aus Äthylendiamin und Acetylaceton). Die erhaltenen neuen Salze 
sind in den Tabellen 1—2 charakterisiert.

* Umiversität Cluj-Napoca, Facultäi jur Chemie, 3^00 Cluj-Napaca, Romania 
** Universität Craiova, Facultäi zur Naiuru'iss., 1 lOO — Craiova, Romania
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Tabelle Д

Nene Tetraehloro—Platinite mit Kobalt (IH)-aminen.

No. Formel
Mol.
Gew. Charakteristik 
her.

Analyse

Ber. Gef.

1. [Co(DH)2(Pyridin)2]2 gelbbraune. Pt 15,56 15,47
[PtClJ ■ H,o 1253,5 hexagonale Co 9,40 9,40

Platten N 13,40 13,28
H2O 1,43 0,96

2. [Co(DH)2(NH3)2]2 gelbbraune Pt 19,40 19,16
[PtClJ • H2O 1005,3 mikrokrist. Co 11,72 11,51

Masse N 16,71 16,58
H2O 1,79 1,28

3. [Co(DH)2(m-Xylidin)2]2 gelbbraune Pt 13,89 13,73
[PtClJ 1403,9 hexagonale Co 8,39 8,19

Plättchen N 11,96 11,82

4. [Co (DH) 2 (m-Aminophenol) 2 ] 2 braune rhomb. Pt 14,39 14,32
[PtClJ 1355,4 Prismen Co 8,69 8,67

N 12,39 12,19

5. [Co (D H) 2 (m-Toluidin) 2 ] 2 gelbbraune Pt 14,47 14,38
[PtClJ 1347,5 Dendryte Co 8,74 8,69

N 12,46 12,28
6. [Co(ec)(Pyridin)2]2 gelbbraune Pt 15,81 15,67

[PtClJ • H2O 1233,6 mikrokrist. Co 9,55 9,47 “
Masse N 9,07 8,96

H2O 1,49 1,68
7. [Co(ec)(NH3)2]2 dunkelgelbe Pt 19,79 19,78

[PtClJ ■ H2O 985,5 Nadeln Co 11,96 11,82
N 11,36 11,22
H2O 1,82 1,03

8. [Co(ec) (m-Aminophenol)a]a gelbbraune Pt 14,60 14,45
[PtClJ 1335,6 Nadeln Co 8,82 8,77 "

N 8,38 8,21
9. [Co (ec) (p-Toluidin) 2] 2 sternförmige Pt 14,69 14,64

[PtClJ 1327,7 kurze Prismen Co 8,87 8,81
N 8,43 8,30

10. [Co (ec) (m-Xylidin) 2 ]2 gelbraune. Pt 14,09 13,96
[PtClJ 1384,1 kurze Prismen Co 8,51 8,50

N 8,09 7,92

Die erhaltenen Tetrahalogeno-platinite (II) sind beständig in saurem Me­
dium und. zersetzen sich leicht in Gegenwart von Alkalien. Die charakteristi­
schen Platinite lösen sich, im allgemeinen, in DMF, DMSO und THF und sind 
unlöslich in nichtpolaren organischen Lösungsmitteln.
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Tabelle 2
Neue Tetrabromo-platinite mit Kobalt(IH)-aminen

No. Formel
Mol.
Gew. 
ber.

Charakteristik
Analyse

Ber. Gef.

1. [Co(DH)2(NH2)2]2 gelbbraune Pt 16,49 16,40
[PtBrJ • H2O 1183 hexagolnale Co 9,96 9,83

Plättchen N 14,20 14,06
H2O 1,53 1,06

2. [Co(DH)2(Anilin)2]2 gelbbraune Pt 13,27 13,21
[PtBrJ 1469,1 rliomb. Platten Co 8,02 7,94

N 11,43 11,29
3. [Co(DH)2(m-Cl-Anilin)2]2 gelbbraune Pt 12,11 12,00

IPtBrJ 1611 Dendryte Co 7,31 7,16
N 10,42 10,21

4. [Co(DH)2(m-Xylidin)2]2 gelbbraune Pt 12,33 12,19
[PtBrJ 1581,6 rhomb Co 7,45 7,17

Platten N 10,62 10,46
5. [Co(DH)2(p-Phenetidin)2]2 Quadratischen Pt 11,85 11,67

[PtBrJ 1645,3 braune Platten Co 7,16 7,11
N 10,21 10,03

6. [Co(DH)2(a-Naplitylamin2]2 unregelmässige, Pt 11,68 11,42
rPtBrJ 1669,2 kleine, braune Co 7,06 7,14

krist. N 10,06 9,87
7. [Co (DH) 2 (Thioharnstoff) 212 Pt 13,92 13,81

[PtBrJ 1401,3 grosse, braune Co 8,41 8,39
Tafeln N 15,98 15,69

8. [trans-Co(en)2Cl2]2 Pt 18,89 18,82
[PtBrJ • H2O 1032,7 gelbgrüne Co 11,41 11,30

N adeln N 10,66 10,84
H2O 1,74 1,5C

9. [trans-[Co(en)2Br,]2 Pt 16,12 16,02
[PtBr,] • H2O 1210,2 glänzende gelb- Co 9,74 9,56

grüne Dendryte N 9,25 9,17
H2O 1,48 1,19

10. trans-[Co(en)2(NCS)2]2 gelbbraune Pt 17,37 17,24
[PtBrJ • 1I2O 1122,9 mikro krist. Co 10,49 10,44

Masse N 14,96 14,80
H2O 1,60 1,28

11. cis-[Co(en)„(NCS)„)„ rotbraune Pt 17,65 17,44
[PtBr4] 1104,8 mikrokrist. Pt 10,66 10,60

Masse N 15,20 15,04
12. trans-[Co(pn).,(NCS).>]2 rotbraune, Pt 16,79 16,68

[PtBrJ 1161,3 kleine unregel- Co 10,15 10,07
mass. Krist. N 14,46 14,30

13. trans- [Co(pn),,Cl.,]2 grüne Dendrvte■ Pt 17,91 17,84
[PtBr4] • H2Ö 1088,9 Co 10,82 10,67

N 10,28 10,06
H,O 1,65 1,36

14. cis-[Co(en).Cl(m-Toluidin)] rotbraune kleine Pt 23,33 23,27
[PtBr4j 836,1 unregelmäss. Co 7,04 6,99

Krist. N 8,34 8,20
15. cis- rCo(en) ,Cl(Benzylamin) j rotbraune Pt 23,33 23,14

[PtBrJ 836,1 mikrokrist. Co 7,04 6,97
Masse N 8,34 8,13

,,en” — Äthylendiamin; ,,pn” — 1,2-Propylendiamin ; „DH” — deprotoniertesi Dmetbylglyoxim ;
,,ec. H2” - Äthylendiimino-bis-Acetylaceton
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Die thermische Stabilität einiger Komplexsalze wurde auf thermogravi­
metrischem Wege untersucht. Diese Derivate sind beständig bis 150 —220 °C 
in Funktion der Natur des Komplexkations und zersetzen sich über diesem Tem­
peraturbereich durch mehrere parallele und sukcessive nicht stöchiometrische 
Prozesse ohne Abbauzwischenprodukte. Das Endprodukt der Thermolyse um 
800 — 900°C ist ein stöchiometrisches Gemisch von Co3O4 4~ Pt. Die thermische 
Stabilität der Tetrachloro-platinite (II) ist ein wenig grösser als jene der Tetra- 
bromo-platinite (II) mit demselben Kation.

Experimenteller Teil. Kj[PtCl4] und Ka[PtBr4 i wurden aus K,[PtCl,]. bzw. Kä[PtBr,j im wässrigen 
Suspension durch Erhitzen mit Kaliumoxalat (Molarverhältnis : 1 : 1) erhalten. Die Hexahalogeuate 
lösen sich nach 8—10 Stunden erwärmen und nach Abkühlen kristallisieren die Tetralialogenate aus.

Zur doppelten Unsetzungsreaktion wurden je 0,2 —0,3 niMol Ka[PtCl4], bzw. Ka[PtBr4| in 
30 — 35 ml Wasser und 3 — 4 mMol Komplexsalz in 30 — 50 ml Wasser, oder verd. Methanol verwen­
det. Die ausgeschiedenen kristallinen Substanzen wurden nach 15 30 Min Stehenlassen abgesaugt,
mit Wasser gewaschen und an der Duft getrocknet.

Die Synthese der verwendeten Kobalt(III)-amine wurde in vorhergehenden Arbeiten beschrieben. 
Analyse. Das Platin wurde mikrogravimetrisch, der Kobaltgehalt nach Abtrennung des Platins 
komplexometrisch, in Anwesenheit von Murexidindikator, in Acetatpufferlösung, bestimmt.
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SUITABILITY OF GRAPHITE ELECTRODES FOR CONBINATION 
WITH PLATINUM, IN BIAMPEROMETRIC INDICATION
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Biamperometric indication has been examined with the combination of platinum 
with different graphite électrodes utilising the couple iodine-iodide for aqueous 
and copper(II) — copper(I) for non-aqueous media. The impregnated ones yield 
better breaks and improved reproducibilitv.

Wax-impregnated graphite, in combination with a platinum electrode, has 
been adopted in recent years for biamperometric détermination [F— 4] emplo- 
ying the halogen and some of the non-halogen current indicating reversible cou­
ples ; effect of the variation [5] in the polarising emf, and of interchange in 
the polarity has also been examined. Attempt is now made to explore the sui- 
tability of differently processed graphite électrodes from the standpoint of 
assessing the extent of its response towards sharpness of the équivalence point 
and reproductibility of the current values.

Ilxpcriniental. The électrodes eraployed were of thin cylindrical shape having approximately equal 
cross-section (~ 40 mm2) and consisted of the following — Electrode (A) was the graphite rod sup- 
plied by Union Carbide, India, and that eut from a pyrolytic solid block was (В) ; (С) and (D) 
were prepared in a mould using molten wax and graphite powder of respectively pyrolytic and 
muiear grade sample«. The eiectrodes (A) and (B) after careful cleaning were impregnated with 
moîteu wax, wheareas (C) and (D) were employed as such. The tip of each of these, before use, 
was rubbed gently over zero number etnery paper and kept dipping in distilled water when not 
in ose.

The eleetrode assembly, being one of the above graphite and a micro-platinum electrode, was 
fitted in a rubber dise w’itli a fixed inter-electrode distance (~3 cm).

The experimental procedure followed was essentially the same as reported earlier [1—4] and 
consisted of adding the titrant from a semimicro-burette to a known test amount in the titration 
cell and measuriug the current at fixed polarising emf (25 — 300 mV) obtained from a battery- 
opciated potentiometer. The solution was kept stirred throughout with a magnetic stirrer.

The combination with each one of the above graphite eiectrodes was examined both in aque- 
ous as well as in non-aqueous media utilising the comples iodine-iodide and copper(II) — copper(I) 
respectively for the two cases.

All chemicals used were of analytical grade except otherwise stated ; for the préparation and 
dilniion to the titration volume (30 ml), exclusively the relevant solvent was used.

The test iodine solution was prepared, stored and standardised according to the recommended 
procedure [в].

Ascorbic acid (S.D. and Sarabhai) for aqueous medium was prepared by dissolving a weighed 
amount in double distilled water and for non-aqueous experiments by using a little warm glacial 
acetic acid first and then diluting with acetonitrile. Both of these were standardised [7] iodime- 
trically in aqueous medium.

Stock solution of uric acid (Sigma) was prepared using minimum amount of aqueous NaOH 
wbich before titration [8] was neutralised with HCl and the solution was made alkaline with 
sodium bicarbonate.

Banaras Hindu University, Department of Chemistry, Varanasi • 22Ю05, India
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Solution of copper perchlorate was obtained from the sample (prepared for the purpose) fol­
lowing the recommended method [9] which consisted of adding a slight excess of perchloric acid 
(S.D., 70%) to a suspension of соррег(П) carbonate in water and subséquent removal of carbon 
dioxide by boiling. The blue crystalline compound obtained on cooling was dried in vacuum. A 
weighed quantity was dissolved in acetonitrile to obtain the stock which was standardised iodome- 
trically in aqueous medium.

For the first sériés of experiments involving iodine-iodide couple, the following two sets (i) 
and (ii) were selected : (i) w’here the couple existed from the beginning and vanished at the équi­
valence point and (ii) where the couple appared just on completion of the oxidation. Estimation 
of iodine (5.9—72.60 mg) with ascorbic acid, constituted set (i) and that of uric acid (7.23—39.05 
mg) with iodine, set (ii). The corresponding ranges of emf employed were 25—100 mV and 100— 
300 mV. Typical results are shown in Table 1 (i) and (ii) ; curves A and В in Fig. 1 represented 
the current-volume variations obtained with wax-impregnated Union Carbide sample and pyroly 
tic graphite rod.

In the second sériés of experiments, use was made of the acetonitrile medium for the estima­
tion of ascorbic acid with copper perchlorate in the emf range 200 — 300 mV. The results are shown 
in the same Table 1 being separated in (iii) and by curves C and D (Fig. 1).

Instead of reproducing the comparative curves pertaining to any particular set of experiments 
with different graphite electrodes, only one from each has been selected with an intention to indi­
cate simultaneously the general nature obtainable in different types of estimation as well and with 
large variation of emf.

Results and Discussions. It is apparent from the titration curves that though 
the above graphite electrodes are capable of adoption with the present techni­
que, the raw ones after imprégnation (A and B) yield better breaks. This has 
been seen in both the cases of disappearance and appearance of the couple. 
On the other hand, electrodes (C and D) prepared from the two varieties of 
graphite powder yield slightly greater current values. However, these lack many

VOLUME OF TITRAUT ADDED (ml)

Fig. 1. Platinum Graphite Biamperometric Indication. Graphite electrode : A — Union Carbidc, 
5.9 mg Iodine, 50 mV ; B — Pyrolytic, 5.97 mg Uric acid, 200 mV ; C — Prepared from Pyrolytic, 
10.74 mg Ascorbic acid, 250 mV ; D — Prepared from Nuclear Grade, 28.87 mg Ascorbic acid, 

300 mV.
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Platinum Graphite Biampcrometrie Indication
Table 1

(A) Union Carbide 
Graphite

Ai

(B) Pyrolytic 
Graphite 

mount of the su'

(D) Prepared from 
Pyrolytic 
Graphite Powder

bstance (mg)

(D) Prepared from 
Nuclear grade 
Graphite 
Powder

Taken Found Taken Found Taken Found Taken Found

(i) Aqueous Iodine ; Applied emf — 50 mV
5.92 5.95 6.02 6.01 6.25 6.24 6.20 6.18

17.70 17.70 18.05 18.04 18.75 18.75 18.74 18.71

(ii) Aqueous Uric Acid ; Applied emf — 100 mV
7.23 7.27 5.99 5.98 5.53 5.53 6.56 6.56

14.47 14.35 11.86 11.96 7.37 7.36 13.11 13.05

(iii) Non-aqueous Ascorbic Acid ; Applied emf - 200 mV
10.76 10.6 10.8 10.9 10.8 10.9 10.8 10.6
64.3 62.9 30.95 29.95 28.86 28.84 77.35 77.32

times exact reproduction especially at higher emf values in spite of the fact that 
the entire set of points in a particular run lies faithfully on the resulting titra­
tion curve.

It is seen further, that a higher emf is needed to obtain measurable current 
magnitudes in non-aqueous medium (200—300 mV) as compared to that in aque ­
ous one (25—100 mV). The influence of increase in emf is found to enhance 
the current in ail cases without affecting either the general nature of the curve 
or the location of the end point. In addition, use of impregnated graphite 
helps in improving the stability and the reproducibility of the current values 
and the realiability of estimation.
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Cation exchange distribution coefficients with Vionit CS-3 (a sulfonated polys­
tyrène cross-linked with 8% divinylbenzene) were determined for Cd(II) and 
Zn(II) in water-hydrochloric acid and acetone-water-hydrochloric acid media. 
In water-hydrochloric acid System, the acid concentration ranges from 0.1 to 
2.0 M was covered. In acetone-water-hydrochloric acid System, the acid con­
centration ranges from 0.2 to 1.0 M and the acetone concentration ranges from 
0 to 90% were covered. In botli Systems, Cd(II)— Zn(II) séparation was achieved. 
A rapid and efficient séparation rnethod was given.

Introduction. The use of the ion exchange resins in view of the metal ions 
recoverv and séparation was proved to be efficient and economic, especia- 
lly in the case of diluted solutions.

A great attention was paid to the cationic exchange studies and to the 
séparations of different cléments in the presence of complexing agents. The 
complexing agent is selected so that the strongly adsorbed metal ions should 
form the complexes less stable with the elution agent.

The complexing action of the hvdrochloric acid [1,2] was the basis of some sé­
parations of metal ions, by ion-exchange chromatography, taking into account 
different stabilitv of the chloroconiplexes.

The use of organic solvent-mineral acid (HCl) mixture for the selective 
elution of the cations adsorbed on the ion exchange resins was investigated 
in [3—5].

Acetone one of the most used organic solvent, enhances the différences 
among the distribution coefficients of the cations, which constituted the basis 
ol their séparation into mixture.

In this paper, water-hydrochloric acid and acetone-water-hydrochloric 
acid solutions were used as complexing agents, for the elution and séparation 
of the Cd(II) and Zn(II) ions adsorbed on the cationic exchange resin Vionit 
CS-3.

The investigation is based on the fact, that Cd(II) and Zn(II) are difficult 
to separate and the ion exchange constituted a simple and rapid method of 
séparation, removing the précipitation and filtration operations and high 
consumption of the reagents.
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Experimentul. Ion-Exchange Resin. Indigsnous, ion-exchange resin strongly acid cationit Vio- 
nit CS-3 (styrene copolymer of 8% divinylbenzene with sulphouic groups), 50 —100 mesh partide 
sizc, in the H+form was used.

The H + type cationit was purified by a method earlier described [6].
The air dried(~25°C) resin lias the humidity of 35.38%; the ion-exchange capacity was of 

4.25 mVal/g. of dried resin and 1.90 mVal/ml of wet resin.
The lon-Exchange Coluinn A'glass columii of 1.7 x 20.4 cm was used.
Metallic Ion Solutions were prepared by dissolving the Cd(II) and Zn(II) sulpliates or nitra 

tes in distilled water. Cd(II) and Zn(II) ions were determined by titration with Complexon III 
solution, using Erio T as indicator [7].

Reagents. Hydrochloric acid, analytical-reagent grade (Merek, d — 1,19; minimum content 37%) 
Organic solvent: acetone, analytical-reagent grade (minimum content 99%).

Distribution Coefficients Measurements. The coefficients KD for studied cléments were determi­
ned by batcii method and calculated aceording [61.

The measured amounts of Ii + form resin (1.0 g) were stirred with 50 ml aqueous solutions 
o£ hydrochloric acid or hydrochloric acid-acetone of varied concentrations, containing the s.ime 
amount of metallic ion (1 inmol cadmium or zinc).

Eor the ion exchange equilibrium establishment, the samples were stirred 24 hs. at room 
température (25 ’C). After the resin partieles filtration, the solution was evaporated oa a w.i er bath 
to near dryness, for the acid and organic solvent removing, and the metal ion content -,. s deter­
mined by [7].

The adsorbtion was achieved under a ratio q of resin loading :
total amount of cations (in équivalents) 

q =-------------------------------------------------------------- =- 0.4
Total amount of the resin (in équivalents)

The solutions are so prepared, that the amount of water aud organic solvent is expressed as per 
cent by volume and the hydrochloric acid concentration as molarity.

the
Results and Discussion. Measurement of the distribution coefficients offers- 
possibility of choosing the suitable elution conditions.
For two cations séparation, the elution conditions are chosen such [8] that, 
of the cation lias a high distribution coefficient (strongly retained by the resin)one

and the other cation has a low distribution 
coefficient

From 
observed 
decreases 
chloric acid concentration.

For Cd2+, the adsorbability is small 
at the hydrochloric acid concentrations hi­
gher 
the 
the

(rnay be eluted from the resin). 
de date presented in Table 1, we 

that the distribution coefficient 
with the increase of the hydro-

Distribution coefficients in 
hydrochloric acid solutions 

concentrations and resin in 
(q = 0.4)

Table 1
aqueous 

at varia us 
il~ form

■ or equal with 0.5 M. Cadmium form 
chlorocomplex CdCl3% unretained by 
cationic resin.
The positive ion of Zn2+, is retained by 
resin, and a hydrochloric acid concen-the

tration equal to 2M, for complete desorbtion 
of zinc is required.

Concentration
HCl (M)

Element
Cd Zn

0.1 388.63 838.45
0.2 82.06 252.80
0.3 47.96 107.10
0.4 19.62 85.81
0.5 12.17 60.37
0.8 11.34 56.00
1.0 8.66 17.93
2.0 6.22 1.68

5 — Chemia 2/1987
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Distribution < iiel'fifcienLs in aquenos liydrochlorie 
aeid solutions ceiitaining acetone and rcsin in

Table 2

IF form

Cadmium Zinc-

tone HC1(M) HC1(M)
% 0,2 0,5 1,0 0,2 0,5 1.0

20 72.12 13.62 1.27 305.39 97.00 12.11
40 60.03 1 ! .60 1.02 294.20 56.02 9.52
60 9.37 9.20 0.60 70.31 38.12 4.27
80 6.77 8.91 0.50 30.43 20.50 1.31
90 4.21 5.35 0.20 28.92 21.50 0.90

The acetone effect on the distri­
bution coefficients may be observed 
in Table 2.

At small acid and acetone con­
centrations, the Kn value is high, but 
with the increase of the solvent con­
centration, the Kn value decreases. 
'Phis decrease is due to the forma­
tion of chlorocomplexes less rctained 
by the resin.

Acetone öfters suitable conditions 
for the Separation of the métal ions at 
small hydrochloric concentration».

Elution Curves. On the base of ex- 
periments, the séparation of the two éléments studied was aehieved.

In Figure 1, the séparation of cadmium (II) from Zinc (II) in aqueous so­
lutions of hydrochloric acid is given : cadmium (II) ions were eluted with 
280 ml 0.5 M hydrochloric acid solution, at an elution rate öl’ 1.3 ml/minute; 
Zinc (II) ions were eluted with 2,50 ml 2.(AI hydrochloric acid solution, at an 
elution rate of 5 ml/minute.

In Figure 2, the séparation of cadmium (II) ions írom zinc (II) ions in water 
hydrochloric acid-acetone solution is given : for the elution of Cd(Il), 350 ml 
0.5 M HCl in 30% acetone was used (elution rate 2.0 A 0.5 ml/minute); 
for the elution of Zn(II), 350 ml 0.5 M HCl in 70% acetone was used.(elution 
rate 3.0 fi-0.5 ml/minute).

On the sanie column (1.77 X 20.4 cm) and wiih the suitable elution rates, 
we achieved the séparation of the mixture: Cd (57.2 rnbg) — Zn(32.3 mg).

Fig. 1. Kintion eurve for Cd(II) and ZiițlEi in 
aqueous hydroeldoric acid solutions. Column of 50 ml 
(1.77 X 20'.4 cm) Vionit CS-3, 30-100 mesli, icsin 
in H+ form. Elution rate 1.3 i 0.5 ml/minute for 
Cd(II) and 5.0- 0.5 ml/minute for Zn(II). Cd 0.201 g;

Zn 0.064 g.

E i g. 2. Elutior: mire for Cdțilj and 
Zn(ll) in water-11 vdrocliloric acid-acetone 
solutions. Colui: i’. oï 50 ml (1.77 x 20.4cm) 
Vior.it CS-3, 50 -100 uiesrli, resin in I! " 
form. Elution rate 2.0 0 0.5 nil/iiiiuutc 
for Cd(ÎI) and 3.0 g 0.5 ril/mirmte for

Zn(II). Cd 0.3 mmoC Zn 0.5 inmoli.

Vior.it
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Cd(II) with 300 ml 0.2AL HCl in (50% acétone and Zn(II) with 350 ml 0.5 
M HCl iu 70% acetone.

Conclusions. The distribution coefficients for Cd(II) and Zn(II) on the Vio­
nit CS-3 (a sulfonated polystyrène resin) were stndied in HCl media or organic 
solvent (acétone) — HCl media and their séparation conditions were establi- 
>bed.

— in aqtieous hydrochlorie acid solution :
0.5 AI HCl for cadmium (II) and 2.0 M HCl for zinc (II)

— in aqueous hydrochlorie acid solution containing acetone :

type resin and they miglit be eluted selectively and completele.

0.5AI
0.2AI

HCl
HCl

in 30% 
in 60%

acetone 1 
acetone j for Cd(II)

and
0.5AI HCl in 70% acetone, io r Zn(II).

Cadmium and zinc ions were quantitatively retained on the Vionit CS-3
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CLASSIFICATION OF MINERAL WATERS BY PATTERN RECOGNlTIOxN 
PROCESSI AO OF CHEMICAL COMPOSITION DATA

ÍJÍJ 'Í t"'J' l' iiUMlTISZSÜ’J» and LÁSZLÓ KEKEtîY**

* Ihi'yezsdy of Cluj-Napüca, i-'aoidtv of •-И: —ic-t ■ ',-0 C;if -Уарсюи, RvMiiia
* Uiiítersily íf Claj-Napocci, of Pt..... . -n , u ‘,()U

d : Г,

Classiiicatio t ■ . ■ У » ■ i.idv 1 mimjrid <7 ;-.i attempted using a hierar-
chical fuzi-'.y n; rocogiűtioii tedm •' A - • '1'112 nnylatical ciieniica! data of eight
major cümpoiiTMiis a Avd OEMl CO’llídc 'íiree distinct clusters hava ée.ii ob­
tained, revoiv íl’g T'ml difíermcr.; in c> is: position.

Pattern récognition teciiiiiqius acquire exteaded applications iu analytical 
cliemistry for signal interprétation, for the interprétation of analytical chemical 
data (mainly for classification) as well as for solving general analytical che­
mical probleins, e.g. sélection of the best analytical method lor a given analysis 
[1—8J. To our knowledge only two papers deal with the pattern récognition 
classification of waters Г9,10 | . The purpose of this paper is to attempt a classi­
fication of a group of Roumanian mineral waters on the basis of their chemical 
composition, using pattern récognition techniques.

A number of 30 waters were selected from three different geographical area 
of the country. The critcrion of sélection was to hâve analysis data concerning 
the same analytes. For identification the waters were labelled by a code number. 
The chemical composition of the waters selected is given in Table 1 [11], eight 
componenta being considered. From the Ca, Mg and Fe-ion content we computed 
the total hardness in german degrecs, which of coarse was not considered in the 
classification calculations, serving ualy for tire characterization of the clusters 
(classes) obtained. In our opinion the number of 30 waters as well as that of 
8 componeats considered i> qr._at • .ic-ugh t i .ibtain reliable classification ré­
sulte. Tciitatively, classifiez “ion calculations w<rc inadé considering a smaller 
number of componente omittmg s.j_vs.-c 'elv the componente present in greater 
concentration iu order to inv cigaA te. ■ pos-.iblê influence onthe classification 
of analytes present ni smaller -'me., ni. .iiio...-;. Tlius ealculationss were performed 
considering successively ouly 7 c, -eut-, (min.ralization omitted), 6 consti­
tuentă (mincralization aad НСО," соп'л-.’t omitted) or only 5 constitue.its (the 
previouses and CO2 content omitted,>, respectively.

Г>. ( ‘ m > I .1 <>l > X. ■
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Chemieal composition oí the ivatcrs (mg/l j91], total hardness in german degrees)

Table 1

Code HCCÇ ci- Ca2+ Ma2»- Na+ FC2+ CO» Mineraliza- Total
tion hardness

1 3568.5 58.4 629.9 224.5 202.5 7.6 1834.5 6703.40 140.6
2 1346.6 47.4 234.6 65.6 162.8 0.1 344.5 2312.29 48.0
3 1614.3 20.4 294.4 101.2 70.8 9.8 1653.4 3866.88 65.5
4 1985.3 22.2 393.6 107.9 98.0 1.95 2472.5 5183.41 80.1
5 2897.5 46.4 551.5 147.4 185.4 6.8 1760.6 5712.37 111.8
6 3019.5 51.7 580.5 118.0 250.1 13.4 2417.0 6563.11 109.8
7 2318.0 30.0 449.3 118.1 120.3 36.8 2087.2 5233.89 93.7
8 1758.7 14.2 409.8 68.9 56.9 15.9 2094.0 4508.75 74.8
9 2440.5 35.4 446.0 111.4 153.2 65.4 2296.4 5658.74 94.6

10 1739.3 15.9 359.6 97.5 69.9 2.3 2365.0 4745.05 73.0
11 1692.7 21.5 330.8 74.8 121.3 2.1 2085.7 4402.23 63.7
12 2360.9 40.8 436.7 139.7 130.2 4.0 2204.9 5429.78 93.7
13 2342.4 35.9 433.9 111.4 177.9 2.4 2520.4 5739.59 86.6
14 1738.5 19.8 335.9 102.1 82.9 3.0 1961.0 4323.88 70.8
15 2144.7 35.7 401.7 137.4 113.12 0.41 2333.0 5290.93 87.9
16 3849.1 76.5 588.2 168.4 470.7 5.5 1545.4 6873.37 121.6
17 4148.0 89.1 617.8 282.5 344.0 6.8 1476.6 7160.80 152.1
18 768.5 8.4 119.0 48.2 64.4 1.6 2500.0 5315.00 27.9
19 2220.0 815.6 315.0 118.0 720.0 40.4 1506.0 5911.00 75.3
20 1976.0 496.4 316.0 122.0 372.0 48.6 1804.0 5318.00 77.2
21 2318.0 851.0 360.0 1887.0 623.0 11.0 2112.0 6652.00 485.6
22 1464.0 266.0 218.6 95.6 262.0 35.0 1760.0 4258.00 56.1
23 549.0 106.0 72.4 0.0 139.8 15.4 1023.0 2016.6 11.7
24 390.0 88.6 41.0 10.0 133.5 3.0 3310.0 4079 8.3
25 964.0 189.0 10.8 6.2 464.6 6.2 0.0 1724 3.6
26 813.0 19.0 197.2 36.4 16.6 0.97 330.3 1447.74 36.1
27 817.4 0.2 198.6 40.0 6.5 1.5 312.2 1407.34 37.'.-
28 866,5 1.5 209.0 44.3 7.3 1.3 328.1 1489.96 39.6
29 827.8 1.9 214.3 39.2 5.7 1.1 0.0 1119.42 39.1
30 872.6 3.4 214.1 40.7 13.1 1.4 189.0 1355.14 46.8

The cluster substrncture of a fuzzy dass C may be deseribed by a fuzzy partition of C ;12],
The fainily .1;, . . An of fuzzy sets is a fuzzy partition of the fuzzy set C if, and onlv i:

n
НИ -■- СИ, Ул e X (1)

11 — I

Let P = [A1: A„} be a fuzzy partition of C. Hvcry memter (or atom) A, of P représente
a fuzzy dass of points. A fuzzy dass Ai is represented by a prototype 7.; c !P. The disfimilarity 
between xj and the prototype Z., is given by [11, 12]:

Di(Xj, Li) = (A,(xj))^(xj, L,), (2)

where d is a distance on R‘l. The inadequancy l{Ai, L,) between the fuzzy dass At and its pro­
type L; may be defined as

P P
l(At, /.,) -, ^A(.v7. 4) £3 î-4(4))Wj. > .}

j- 1 fl
(3)
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The inadequancy J(l\ L) b.-tween the fuzzy partition P ami its représentation Z. (d.j, L„)
is given by

H Г, ți
J(P, R - £ ЦА‘’ L‘> = : I.,) (4)

i i f 1 ?= 1

The détection oï the cluster substructure of the fuzzy eláss C reduces to the search for the parti­
tion P and its représentation L wliich mimmize the function J. The necessary aud sufficient condi­
tions to mimmize P are given by

V/, i. (5)

S WXjtf ■ X,
Lj i_±;------------- , y t.

E (Aii*/)}-  
j 1

R

Successive itérations with (5i and (6), starting with an arbitrare partition of C, lead to a solution. 
This iterative procedure will be called the Generalized Fuzzy Isodata (or 1TG) [13, 141 algorithm.

We may now describe a divisive hiérarchisai clustering procedure which générâtes a fuzzy 
liierarchy [[13[[. A binary fuzzy partition Ar, At of A' is computert. If and A., don’t represent 
„real” cluster, tliere is no structure in A'. If Íj and A, correspond to „reál” clusters, then put 
P1 ..= {Al: .4.,}. Using tlie FTG algorithm wc compute a binary fuzzy partition for every meniber 
of f’1. If the members (or atoms) of this fuzzy partition of .4. describe real clusters, they will be 
atoms in a new fuzzy partition P'- of A'. Otherwise Ai will be ailocated to P-. At is markért in 
any way and remains unsplitted. For the atoms of P'! non-markert, i.e. obtained hv Splitting the 
atoms of P1, the sanie procedure is used. Г! is the fuzzy partition of A' at the décomposition level 
/. The process ends wlien no "real” clusters are obtained, i.e. two successive partitions are identica!. 
'The Fuzzy Divisive Hierarchien! clustering algorithm (FDH) corresponding to this procedure is pre- 
sented in detail in '121.

We admit that a binary fuzzy partition of C, P -- {Ct, Cs} describes “real” clusters if for 
eitlier of its atoms there exista a pattern vector with the membership rtegree greater tlien 0.5 
and P(P) R(py is the polarization degree [12] of P and t is an appropriate threshold. lllP)
is dvfined by

RP)

E (RÍ-R -i- C2(.V;1) 
il 1

y>
E c(x})

} 1

(7)

wliere

f c, (,ij, if c,(x) > 0.5
(RR V.v e X (S)0, othcrwi.sc ■ ■

An appropriate value for t is 0.8.
For our problem A -[.ig............. r.i0}, wliere xj is the sample vector corresponding to tlie z-tli

mineral water, i.e..r, is the f-th line in Table 1. We hâve for example xtl ~= 3568.5, ap, 58.4, 
,r13 = 629.9. The FDH algorithm was programért in FORTRAN, for details see [12j.

Results and Discussion. Considering 8 components, the above mentionod 
calculations yicldcd 3 clusters (Table 2), the waters being classified in 3 dis­
tinct classes (clusters). The twodimensionaí représentation of the clusters is
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ТаЫе 2

Clusters obtained considering 8 componeuts, with the indication of degree of meni- 
Stership and the concentration of major eoinponents (mg/l ; total hardness in german 

degrecs)

Cluster 2

Code Degree of
membership I-ICO., co2 Mineralization Total 

hardness

Cluster 1

28 0.995 866.50 328.10 1489.96 39.6
2(1 0.994 813.00 330.30 1447.74 36.1
27 0.993 817.40 312.20 1407.34 37.2
30 0.990 872.60 189.00 1355.14 46.8
25 0.983 964.0 0.00 1724.0 3.6
29 0.976 827.80 0.00 1119.42 39.1

0.965 1346.60 344.50 2312.29 48.0
23 0.965 549.0 1023.0 2016.60 11.7

10 0.922 1738.30
15 0.894 2144.70
8 0.877 1758.70
7 0.860 2318.00

11 0.842 1692.70
20 0.822 1976.00
14 0.813 1738.50
12 0.761 2360.90
18 0.721 768.50
22 0.721 1464.0

4 0.690 1985.30
13 0.588 2342.40

3 0.586 1614.30
9 0.582 2440.50

24 0.524 390.00

2365.00 4745.05 73.0
2333.00 5290.93 87.9
2094.00 4508.75 74.8
2087.20 5233.89 93.7
2085.70 4402.23 63.7
1804.00 5318.00 77.2
1961.00 4323.88 70.8
2204.90 5429.78 93.7
2500.00 5315.00 27.9
1760.00 4258.00 56.51
2472.50 5183.41 80.1
2520.40 5737.59 86.6
1653.40 3866.88 65.5
2296.40 5658.74 94.6
3310.00 4079.00 8.3

Cluster 3

j 0.873 3568.50
6 0.870 3019.50

16 0.804 3849.10
17 0.745 4148.00
5 0.725 2897.50

21 0.565 2318.00
19 0.523 2220.00

1834.50 6703.40 140.6
2417.00 6563.11 109.8
1545.40 6873.37 121.6
1476.06 7160.80 '.52.1
1760.60 5712.37 111.8
2112.00 6652.00 485.6
1506.00 5911.00 75.3

given in Fig. 1. For this purpose the selected characteristics were : total hardness 
(H) and mineralization (M). From the data of Table 2 it can be seen that the 
clusters correspond to groups of mineral waters with distinct characteristics as 
foliows :
Cluster 1 : mineralization 1000—2000 mg/l, total hardness less than o0 degrees, 
CO., and HCOycontent small. The duster is compact, the degree of membership 
of waters being between 99,5 and 96,5% respectively.
Cluster 2: increased mineralization (3000— 6000 mg/l), total hardness between 
50 and 100 german degrees, higher CO2 and HCO3~ content than in tue previous
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Fig. 1. Twodimensional représentation ci data from Table 2. Selected 
characteristics: total hardness (H) and mineralization (M).

O — cluster 1 ; ® — cluster 2 ; A — cluster 3

cluster. The cluster is less compact, the degree of membership of waters ranging 
between 99,2 and 54,4%. The waters 18 and 24 on the basis only of their HCO3_ 
content would belong to cluster 1, but their high mineralization as well as their 
high CO2 content group them in this cluster.
Cluster 3 : mineralization higher than 6000 mg/l, total hardness greater tlian 
100 degress, high CO, and HCO3_ content as well.

Reducing gradually the components considered at the classification, 
no significant changes hâve been observed. Considering only 7 or 6 components, 
3 clusters hâve been obtained again, cluster 1 remained unchanged, small modi­
fications appearing in clusters 2 and 3 associated with the decrease of the degree 
of membership. Classification with 5 components yielded no clusters indicating 
that components present is small amounts do not influence the classification.
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The behaviour of some derivatives of fluorene anii related coiupounds by 
TLC were followed and the chromatographie data correlated.

By the syntesis of certain new derivatives of fluorene (I) /1,2/ we followed 
the réactions and checked the purity of the obtained compounds by TLC.

The aim of this paper is to report and correlate some of these chromato­
graphie data.

The TLC was performed on "Silicagel RFUV” plates manufactured by the 
Institute of chemistry Cluj-Napoca. As eluent toluene, ethanol or n-heptane were 
used.

Table 1 listed the data for fluorene (I) and of his derivatives substituted 
in position 2.

Table 1 Table 2

The liiîi values íur compound*  I ... XI The hilf values ioc compounds I, IV, XII . .. XV

R c-
1 00 io! jc-ne

EHCOCs

EhCSC6

NHSOjCß H д NHo
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NHSO^ C§H4NHCOCH3 XI

Toluene

Toluene

NHCOCșH*

'NHCOCßHcjj
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As can be observed the presence of the funcțional groups determine a decrease 
of the Rf values.

The following corrélations are focused on the interaction compound-stationary 
phase. Thus the more basic character of the aminogroup than that of nitro one, 
cause the stronger rétention of III by comparison with II. The acylation of 
the amine leading to the very polar atnido group strengthed the adsorbtion to the 
stationary phase (see e.g. III and IV). The same is valuable when the amine 
III is compared with the Sulfonamide VIII.

It is interesting to observe that the furoyl-aminoderivative V has a lower 
Ki as the benzoylamino one (IV) what suggests the participation of the hetero- 
cyclic oxigen in the interaction compound-stationary phase. The data reported 
by Franc /3, at the paper chromatography of the furoic acid supports this assump- 
tion. The différence between the 2-furoylaminofluorene (V) and 2-(5'-bromofuroly) 
aminofluorcne (VI) ma y by ascribed to a steric effect of the bromine atome 
which hindernd the suited approach of the molecule-likely of the heterocyclic 
< xigen-to the silicagel surface. Such an cxplanation was proposed in a similar 
case /4/.

The thioamide VII has a higher Rf as the amidé IV owing to the lower po- 
’arity of the thioamido group.

In the sulfonamides sériés (VIII. . . XI) the insertion, in te para position 
oî the phmyl residue, of the nitro- amino- or acetylaminogroups decrease the 
Rf in the expected order. The différence between the amino- (X) and p-acetyl- 
aminoderivative (XI) become visible only if a mixture of toluène and éthanol 
'100:5) was used as eluent.

The fluorene (I) сап ba considcred as a derivative either of diphenyl- 
methane (XII) or of biphenyl (XIII). For this reason we considered of interest to 
compare the Chromatografie behaviour of thèse three compounds (I, XII and 
XIII) as well as of their corresponding benzovlamino-derivatives (IV, XIV 
end XV).

The data listed in table 2 show a very small différence between the supposed 
parent compounds XII and XIII, respectively XIV and XV. The ring closure 
-passing from XII or XIII toi and from XIV and XV to IV -bring about a 
R crease of the Rf, id est au increase of the ability of in this way built up com- 
ponnds I and IV, to become adsorbed.

The chromatography of compounds I /5/, XII /6/ and XIII /7/ wa sreported 
■ arlyer but in another conditions and context.

Synlhesus <>f tlie compounds. Tlie co:np.>uu.ls II fS], III [IJ, IV II], V [1], VII [11, 
/XI (2:. IX 12;. X >2'. XI 3/ XIV [io: and XV [111 were preparetl after literatura data.

2-1 (5'-b;-a:ir>fu:-oylamino(2' ) Iflu-vens (VI). To a solution <>f 0.9 g 2-aminofiuorene (III) in 
: 5 ml pyridine a solution of 1 g 5-bromo-2-f uroyl Chloride (XVI) in 15 ml pyridine was added. Tlie 
mixture wai warrned on the stcam bata for 39 min. and thon p wired irito 350 ml water acidula­
tul wit’.i 29 ml coucentratsd hydrochloric acid. The precipitate wa? filtered, waslied with water and 
diied. After resristalizntion from 39 ml glacial acetic acid and tlien from 20 ml DMFA, 0.7 g (41%) 
pute product were obtained. Brown crystals, m.p. 235 ’C C;sHi«X(.)2Br (354.02).

Calcd. X 3.95 Fourni X 4.5
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PARTICULARITES DE L'AGITATION DES SYSTEMES GAZ-LIQUIDE 
APPLICATIONS DANS LA CONSTRUCTION DES BIORÊACTEURS
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Spécifie features of mixinij for (jas-liquid Systems. Bendinșs for <’e«ijjninij of 
bioehemieal reaetors. A study based on expérimentais and on literature for stir 
absorbed power evalution on biosyafnesis réceptacle is presented. The study 
serves for fundamental base as a teoretica! fouiidatio'l for practicai relations nece- 
sary on designing chemical and bioehemieal reaetors fitted with turbine stirer.

1. Généralités. Au stade actuel de l’utilisation des processus physico-chi­
mique on remarque un développement exponentiel des technologies qu’impliquent 
l’agitation. Cette évolution impose la diversification des types de réacteurs (Fig. 1) 
et des dispositifs d’agitation (Fig. 2).

Au cours des dernières années on remarque dans ce domaine là, tant dans 
notre pays qu’au niveau mondial, deux tendances.
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La première tenance consiste dans 
une solution functionelle-constructive avec 
un niveau élevé d’universalité, dans les 
conditions d’une bonne efficience, ce que- 
conduit à la réalisation de quelques réac­
teurs chimiques et/ou biochimiques multi­
fonctionnels. Cette tendance se reilétc 
dans la standardisation des réacteurs à 
dispositifs d’agitation 112/, ce epie- 
permet la diminution (ks coûts des pru­

des investissements.
La deuxième tendance, spécifique aux entreprises et aux firmes spécialisées 

dans la réalisation des projects techniques et dans la réalisation des réacteurs 
à dispositifs d’agitation s’est matérialisée dans la construction de quelques appa­
reils spécialisés qui peuvent travailler dans les conditions spécifiques à efficacité 
maximale, permettant ainsi l’amortissement rapide de l’investissement. Cette 
tendance, se manifeste particulièrement clans la réalisation des réacteurs desti­
nés aux processus de biosynthèse, ks bioréaetcurs.

lîn présantant les types les plus nouveaux de bioréacteurs, Schügerl -13 , 
affirme que; la tendance*  de spécialisation demandée p-ar le type de- processus 
de biosynthèse*  sera amplifiée.

2. I/agitaiion des systèmes <jaz-liqui<lc. L’agitation des systèmes gaz-liquide 
comprend clés applications multiples dans ks processus d'absorption comme- les 
bioprocessus aerobes, par exemple, l’épuration de l’eau, l’hydrogéiiation cataly­
tique des

Pour
tiels :

- la 
de eaz

.  la
-- la
-   le­

la
- le-
ivii distribution des bulles de*  

par le diamètre moyen cks bulle;

L-*nt  
~rrr~
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e ч

Agitat tari

7Ц

а

O

□
i
□

y
•<

jets techniques et, implicitement,

huiles végétales, l’oxyde 
l’agitation des systèmes

ation des hydroeaibuics etc.
; gaz-liquide, ks aspects suivants sont esset

dispersion du gaz, respective nient le degré de distribution des bulles

durée de séjour du gaz dans le récipient 
dispersion et la coalcsccnse des bulles de gaz 
spectre hydrodynamique de l’écoulement induit par l’agitateur 
puissance requis de l’agitation

transfert de la matière à l’interface gaz-liquide.
az dans le domaine liejuiè peut être aprccice 
cls, nommé aussi, diamètre Sauter /16, 17 :

>/ 'L-
.V
V d':

(1)

Le diamètre des bulles et leurs dispersion este fonction de la région où se 
produit la bulle /18/ et de la géométrie du réacteur /17, 19-/ 21/.

lin étudiant la dispersion du gaz dans les réacteurs équipés avec*  des chicanes 
et distributeurs circulaires de gaz, Si/ah définit le diamètre Sauter j ar la relation 
suivante :

ds == C&"^^y'v^{PlVy (2/
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Le terme ^(P/F)-<Mp/ °--’, est le résultat de l’hypothèse que le numéro 
de Weber (We) est constant dans les conditions de la turbulence isotropique.

Nagata /20/, Brujin /23/ și van’t Kiét /24/ ont démontré que pour réaliser 
la dispersion uniforme du gaz este nécessaire d’atteindre un nombre de tours 
critique de l’agitateur, ;

.4 = 1,22; B — 1,25 — dans le cas des turbines standard (Rushton).

.4 -- 2,25 ; B -- 0,68 — dans le cas des agitateurs à ailes.
Pour dimensionner les réacteur équipés à dispositifs mécaniques d’agitation 

et dans les conditions de l’aérage du système liquide, s’impose de connaître 
l’aire de l’interface gaz-liquide, la. Après une vaste documentation et selon 
ses progres expérimentations, Wiedmann /29/, évalue l’aire de l’interface, a, 
comme :

Le facteur de correction, f, introduit dans la relation (4) l’influence de la 
geometrie de la bulle de gaz sur l’aire de l’interface.

Bans les conditions particulières de l’agitation des systèmes gaz-liquide 
ne doit pas neglijer le phénomène „d’agglomération du gaz” /17, 23, 25/ dans 
les régions des éléments du dispositif d’agitation. Autour des palettes de la 
turbine se forment des cavités de gaz. Van’t Riet considère qu’en fonction de 
la vitesse périphérique de l’agitateur y existe trois types de cavités (Idg- 3) : 
tourbillonnaire, d’adhérence et totale, chaqune de trois ayant une influence dans 
le fonctionnement du dispositif d’agitation /27/.

La présence du gaz dispersé dans le liquide modifie le spectre d’écoulement 
induit par l’agitateur et a des effets sur la puissance requise de l’agitation 
et sur la geometrie de l’agitateur.

On peut donc adapter les relations mathématiques bien établies dans le. 
cas de l’agitation des liquides, pour les conditions spécifiques aux systèmes gaz- 
liquide. Les facteurs qu’intervient dans le processus d’agitation des systèmes 
gaz-liquide changent leurs valeurs (Tension de cisaillement, densité, tensions 
superficielles).
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La littérature indique les relations /14, 15/ que permettent de déterminer 
la puissance requise du dispositif d’agitation dans les conditions de l’aérage 
du système liquide. La puissance requise est dépendente des dimensions géo­
métriques du réacteur et des caractéristiques du milieu réactif.

Dans le présent ouvrage les auteurs se proposent de clarifier le problème 
de riuflueuce du débit de gaz sur la puissance requise du dispositif d’agitation, 
dans les conditions de la modi ’ication de la geometrie du dispositif d’agitation. 
C’este pourquoi on a sélectioné un vast metèriel bibliographique et on a organisé 
un programme d’expérimentation propre. Ou propose des relations mathéma­
tiques spécifiques à la réalisation des projects techniques pour les réacteurs 
chimiques et biochimiques dotés à dispositifs mécaniques d’agitation, type turbine 
standard.

3. Le programme d'expérimentation et la méthode de travail.

Le plan général d'expérimentation tient compte que les processus caractérisés par irréversibi­
lité ont un seul sens possible d'évolution, spécifique aux milieux de biosyuthèse. Les plans expéri- 
mentalaux ont une seule séquence possible —la variable (les variables) se modifie graduellement 
d’une valeur limite, inférieure d'habitude, à l’autre valeur limite.

Le procédé classique d'expérimentation par l’étude de la variation ordonné-successive des varia­
bles, spécifique aux processus déterminés par plusieures variables, consiste dans la détermination, 
par des expérimentations — test, de l’influence des variables indépendentes sur la fonction étudiée.

De ce qui précède, on a établi deux groupes des variables :
— variables majeures: le nombre de tours de l’agitateur, «, le débit d’air ,q;
— variables mineures : le diamètre de l’agitateur, d, les caractéristiques physiques englobant 

aussi la rhéologie du milieu, p et тр le nombre d’agitateurs, N , le diamètre du récipient, D etc.
L’utilisation de l’analyse dimensionelle et de la normation fait possible de réduire le nombre 

des variables :
— majeures : le critère de Reynolds, Re et le débit rapporté de gaz, .Vq
— mineures : rapports des dimensions géométriques

D D J

n

€ i— ’ J 2 -P-1• n ^,\ g /»»» ; ico ! :: W
O 1 ÍV Î/’L J /б<7 1 2*0  i

1 1 / i i J LA =

« I «v > iK-e Í
/rztzQ

P i g. 4. Planification de l’expérimentation.
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A la suite, on a adopté le plan expérimental classique-partial [27], (fig. 4) avec les observa­
tions suivantes :

hl ht H
a. I,es variables — , — et Xq doit être mises en corrélation avec la variable — .

DD D
b. Les limites de variation, des variables sont établis en fonction de : caractéristiques géomé­

triques recommendées dans la littérature de

/*i
I.D ’

spécialité 

d'd]
H

n se 1000 rot/min ; — = 1 ... 1,5 ; D = 0,24 m).caractéristiques du stand expérimental ( 100 <

caractéristiques des appareils à mesurer (j = 0 . . . 240 1/rnin).
c. On a réalisé le plan expérimental aléatoirement pour l’eau et les solutions de Xa —CMC 

et ordonné — successivement pour le milieu de biosynthèse.
Pour déterminer la puissance requise de l’agitateur, le dispositif a fonctionné sans charge et 

pour fonder statistique les résultats expérimentaux, on a effectué des séries de cinques détermina­
tions pour les mêmes valeurs des paramètres, pour des données caractéristiques bien différentes.

4. Résultats expérimentaux. En suivant le plan expérimental et la méthode 
de travail présentés jusqu’ici, on a déterminé la puissance requise de l’agitateur 
en fonction des paramétres hidrodynamiques précisés.

Les données expérimentales sont illustrées par des graphiques utiles à la 
réalisation des projets techniques des réacteur chimiques et biochimiques 
équipés à dispositifs mécaniques d’agitation. On mette en évidence l’influence 
combinée du débit de gaz et des autre paramètres hydrodynamiques sur la puis­
sance requise de l’agitation.

a. La puisance requise rapportée. Cette influence se manifeste par l'abaissement 
brusque de la puissance rapportée (APg/AP0) requise par l’agitation, dans les 
conditions de l’augmentation du débit rapporté de gaz. Nç, On remarque que 
pour Nq<_ 175 • 10~3, AP /àP0 se situe autour des valeurs 0,2...0,3 (fig. 5). 
Ce abaissement este l’effet de la présence du gaz dans le milieu réactif qui abaisse 
la résistance hydrodynamique oposée par le milieu contre l’avancement de 
l’aile de l’agitateur, (c’est pareeque la viscosité apparente abaisse). Lue autre 
cause de ce abaissement est la naissance et l’extinction des cavités de gaz autour 
des ailes de l’agitateur. L’augmentation du débit de gaz dispersé par la turbine 
est suivie par l’extinction des cavités, donc, la distance traversée par l’aile, 
dans le milieu liquide à grande viseozité, abaisse. On peut dire que la résistance 
hydrodynamique peut etre appré­
ciée comme la moyenne des résis­
tances qui s’opposent à l’avance­
ment dans deux milieux bien diffé­
rents — liquide et gaz. Dans ces con­
ditions on remarque des disconti­
nuités dans le fonctionnement du 
dispositif d’agitation qui souffre le 
changement de son propre état de 
vibration. F i g. 5. Dépendance de puissance raportée.

g — Chemia 2/1987
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F i g. 6. Dépendance de puissacen raportée.

Dans les expérimentations effectuées 
sur le miliue de biosynthèse (bios), on 
a observé qucQ’augmentation du débit de 
gaz produit l’écoumage du milieu accom­
pagné de l'augmentation de la puissance 
requise de l’agitation, dans les conditions 
de l’augmentation du volume „apparent” 
soumis à l’agitation. Pour limiter la ten­
dance d’écoumage, on a ajouté des agents 
antimoussants. Dés ce moment, on a 
observé l’abaissement de la puissance 
requise à valeurs antérieures de l’écoumage 

et l’apparition de certaines vibrations dans le fonctionnement du dispositif 
d’agitation, à la suite des phénomènes de dispersion et de coalescence.

Pour des valeurs T]D> 1, on recommende d’utiliser plusieurs agitateurs 
identiques. On a déterminé le rapport APg/AF0 dans le cas de Na = 1...3 
agitateurs. Quand on utilise deux agitateurs, Na 2, les valeurs APg/APp 
sont plus grandes que pour les autres deux valeurs du Na /22/, (lig. 6) Les dif­
férences APJAP0 obtenues sont tant mieux évidentes que le débit de gaz est 
plus grand. L’augmentation du raport APg/AP0, quand on utilise deux agi­
tateurs, peut être expliquée par ce que le placement du distributeur de gaz 
se réalise presque tout entière par le distributeur, pendant que l’agitateur su­
périeur contribue seulement à l’agitation de la phase liquide. Ce phénomène 
est dû au spectre d’écoulement caractéristique à la turbine (absorption axiale, 
ascendante et/ ou descendante et refoulement radial) parce que l’agitateur in­
férieur disperse le gaz à une surface assez grande par rapport de l’axe du dis­
positif d’agitation et c’est pourquoi l’absorption axiale du gaz par l’agitateur 
supérieur est presque impossible.

Les expériences ont démontré que remplacement d’un autre agitateur 
(le troisième) conduit à l’abaissement des valeurs du rapport APg/AP0. L’abai­
ssement du rapport àPglàP0 est le résultat de l’autoaspiration du gaz qui se 
trouve au-dessus de la surface libre du milieu soumis à l’agitation par la turbine 
supérieure. Le phénomène d’autoaspiration est favorisé par l’apparition de 
certains microtourbilons centrais qui se forment à cause de la distance rela­
tivement réduite qui existe entre l’agitateur supérieur et la surface libre, même 
dans les conditions de l’utilisation des chicanes /27/.

b. La puissance spécifique requise de Г agitation. On peut déterminer la 
puissance spécifique requise de l’agitation en rapportant la puissance requise 
de l’agitation au volume total du milieu soumis à l’agitation :

Lp àFg
V’ /Kw • m 3/ (5)g

La quasitotalité des résultats expérimentaux; démontrent que pendant 
que le débit de gaz augmente, pour le meme volume de liquide, la puissance 
spécifique, àpg, abaisse, (fig. 7).

On remarque que pour des débits grands de gaz, la puissance spécifique, 
àpg, a une tendance d’abaissment et l’hauteur relative, IljD, du milieu réactif, 
abaisse aussi.
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On a conclu qu’en utilisant des 
volumes grands du système gaz-liquide, 
dans les conditions d’une véhiculation des 
grandes quantités de gaz, la puissance 
spécifique, &pg, a des valeurs très ré­
duits.

5. Conclusions. L’évaluation de l'in­
fluence du débit de gaz surla puissance 
requise de l’agitation implique des expé­
rimentations d’une grande complexité.

Pour la réalisation des projects techni­
ques on construit des modèles de labora­
toire et dans les conditions expérimen­
tales et respectant les conditions de la

F i g. 7. Dépendance de puissance volumé­
trique.

similitude géométrique, on construit des diagrammes APg/AP0 = f(q) ou 
AP,. == /(</). Á la suite, on transpose la modèle de laboratoire et les résultats 
à cchelle industrielle.

On remarque que dans les conditions de sécurité maximale (substances 
illisibles, toxique ou explosives), pour la réalisation du project technique du 
dispoziții d’agitation, on ncglije la débit de gaz et on employant les relations 
mathématiques établies pour l’agitation des systhèmes liquides.

Nolal’ons :

a ■ aire de l’interface, ni2
.-I, L> --- constantes (rel. 3)
C — constante (rel. 2)
d — diamètre de l’agitateur, m
D -- diamètre du récipient, m
ds — diamètre Sauter
f — facteur de correction

— hauteur d’emplacement de l’agitateur, m
h2 — écartement des agitateurs, m
H — hauteur du milieu réactif, m
m — indice (rel. 2)
n — nombre de tours de l’agitateur, rot-min-1
и/, — nombre de tours critique (rel. 3), rot-min-1
Aq — nombre d’agitateurs
P — puissance requise de l’agitateur, Kw
pg - puissance spécifique requise de l’agitateur, Kw-m-3
V volume du milieu réactif, m3
7) — viscosité dynamique, Pa-s
p — densité, Kg.m-3
T — tension iuterfaciale, N-m~2
q — débit du gaz, m3
Eu — nombre d’Euler
Nq — critère du débit de gaz
Ru — nombre de Reynolds
We — nombre de Weber

Indices :
L — liquide
g - gaz
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THE BIOLOGICAL ACTIVITY OF SOME SCHIFF’S BASES OF 4-AMINO- 
BTPHENYE AND 2-PHENYL-4-(p-AMINOPHENYL) THIAZOLE
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The antimicrobial activity of two séries of Schiff's bases, derivatives of bi- 
phenyl, III, and of 2,4-diphenylthiazolc, IV, against four bacteria strains 
were studied by the diffusion test procedure. The Hansell method was used 
for cheniical structure - antibacterial action quantitative corrélation.

Iu previous papers [1, 2] we reported the synthesis of sorne Scriff’s bases 
of 4-aminobiphenyl (I) and 2—phenyl-4(p-aminophenyl) thiazole (II), namely 
compounds IIL,Cand IVa,

Iu the present work we describe the préparation of compounds III», . and 
IV,,. s.

//7

III a . . . j IV a . . . j

*3 As «i R, A
a : H H H f- II II CI
b : no2 H II g : H II OH
c : H NO., H h : H II OCH,
d : H H NO., i : H H Nț cil..),
e. : no2 H NOa H II CIL

Taking into account the multiple biological activity of aromatic Schiff’s 
bases reported as antimicrobials (e.g. [3]), pesticidals (e. g. [41), fungicidals 
(e. g. [5]), citostatics (e. g. [6]), tuberculostatics (e. g. [7]) or ostrogenes 
(e. g. [8]) as well that of some compounds with biphenilic skeleton (e.g. [9. . . 
121), we considered of interest to test the biological behaviour of the compounds 
III and that of the analogous one IV, where a thiazole ring is is insert td between 
the two phenyl rings.
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The microbiostatic activity of these compounds was examined on four 
bacteria strains : Staphylococcus aureus (var. Oxford) (S.a), Bacillus subtilis 
(B.s.), Escherichia coli (E-c.) and Pseudomonas aeruginosa (P.a.) using the 
diffusion test.

The results are listed in Table 1.

Table 1

Microbiostatic activity oî compounds III, j and IVa ■

Diameter of the area of complete inhibition in mm determined 
by 100 ug substance (calculated for 1 umol)

Compound------------------------------------------------ :-----------------------------------------------
(Molecular weiglit) Organism

S.c. B.s. E.c. P.a.

Derivatives of
biphenyl
IIJa |(257.3) 12 (30.9) 17 (43.8) 22 (56.6) 20 51.5)
HIé (302.3) 12 (36.3) 10 (30.2) 22 (66.5) 22 (66.5)
HP (302.3) 12 (36.3) — 22 (66.5) 22 (66.5)
IIIj (302.3) 12 (36.3) 10 (30.2) 22 (66.5) 16 (48.4)
me (347.3) — 10 (34.7) 21 (72.9) 16 (55.6)
III, (291.8) — 16 (46.7) 12 (35.0) 18 (52.5)
IIIț (273.3) 14 (38.3) 20 (54.7) —
Illi (287.3) 14 (40.2) — -- 12 (34.5)
III; (300.4) 12 (36.1) 12 (36.1) 12 (36.1) 20 (60.1)
Шу (271.3) - 10 (27.1) 18 (48.8) 18 (48.8)
Derivatives of

2,4-di' uyllhia:cи
IV„ (340.4) 16 (54.5) 12 (40.8) 15 (51.1) 17 (57.9)
IV4 (385.4) 10 (38.6) 13 (50.1) 14 (54.0) 12 (46.3)
IV. (385.4) 14 (54.0) 10 (38.6) 14 (54.0) 12 (46.3)
IV, (385.4) 14 (54.0) — 18 (69.4) 20 (77.1)
IV, (402.4) 16 (64.4) 10 (40.2) 16 (64.4) 18 (72.4)
IV. (374.9) 14 (52.5) 10 (37.51 17 (63.7) 16 (60.0)
IV, (372.4) 14 (52. Г, 17 (63.3) 18 (67.0) 12 (44.7)
1V;, (370.5) 14 (51.9) 20 (74.1)
IV; (383.5) 12 (46.0) 15 (57.5) —
IVy (354.5) - 16 (56.7) . .

The compound Wits corisúk-rt d c" wht i' the zone oi inhibiții.n de r-i in< d by 1C0 gg tvt.s sniaJkr
than 10 mtu.

The highest activity was observed by the compound IVá against P.a. For 
three of tlie tested bacteria the most marked inhibition wras displeyed by de­
rivatives of 2,4—diphenylthiazole, namelv IV, for S.a., IV, for B.s. and IVd 
P.a. Only in the case of E.c. a derivative of biphenyl, IIIC, showed the best 
activity.

The largest Spectrum was remarked by the compounds IV, six of them 
wc-re active against all the tested bacteria.

Thus the insertion of the thiazole Systems between the two phenyl rings 
sec ms to be favourable for the antibacterial properties.
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Somé of the tested compounds exhibit a good microbiostatic activity and 
so are suited for a more detailed study of their bological behaviours.

In the two séries of Schiff’s bases in order to quantitatively correlate thc 
chemical structure to the bacteriostatic activity, wc considered thebyphenyl 
respectively the 2,4-diphenylthiazole as support and the benzylideneamino group 
as the pharmacophore one. The Ilansch équations [13J were used and the 
antimicrobial activity was expressed as the logarithm of the inverted molare 
concentration necessary to produce a total inhibition area of 1 mm diameter.

In the biphenyl sériés, III, good corrélations were obtained for the test 
on E.C., as ensure the data listed in Table 2.

The best statistical indexes were observed if the two parameters were in- 
troduced in the relation whieh express the parabolic funcțion of tt and the 
lineare one of c (eq. 5). Equation 2 point out the importance of the electronic 
factor for the antimicrobial activity and suggests a specific compound - bio­
logica! receptor interaction. The improvement of the corrélation obtained if 
the hydrophobicity constant - was also introduced in calculation (cq. 3), 
point ont the importance of the abilify to penetrate the bacterial cell wall for 
the antibacterial effect. The sanie équation reveals the favourable effects brought. 
about by the substituants with electron with drawing and hydrophylic charactvr.

For S.a.. B.s. or F.a. no siguilicat corrélations were observed.
In the 2,4 -diphenylthiazole serins, IV, the best results were acquired for 

the test on B.s. Set- Table 3.
The values of the statistical indexes in the casc of thc liniar dependenee 

of the inhibition funcțion of к (Eq. 6) shows the importance of the hydropho­
bie factor for the microbiostatic activity. Thc electronic factor do not Ье ne- 
glected (eq. 7). The use of boths parameters, ~ and g, lead to good statistical 
indexes (eq. 8). The best corrélation was obtained with the parabolic équation 9. 
No improvement was afforded il g was introduced in thc parabolic equaltion 
(Eq. 10).

From these- data may be concluded that for the antimicrobial effects tiu; 
hydrophylic — hydrophobie character of the compounds, controling the accu­
mulation of these one in the cell, is important.

By the other tested bacteria (P.a., S.a. aud E.c.) no satisfactory corré­
lations were obtained.

Experimental. Shiff’s bases. То a solution of 0,001 moles 4-aminobiphenyl (I) or 2-phenyl- 
-4(p-aminophcnyl)-thiazole (II) in 5—10 ml éthanol a solution of 0.001 moles o-nitrobenzaldehyde 
or p-hidroxybenzaldehyde in 5 -15 ml éthanol was added. The mixture was refluxed for one hour 
and after cooling thc precipitate was filtered, dried and recrystallized. Additional data were given 
in Table 4.

lïiolugical test. l'or the diffusion test the agar was used. The medium was inoculatcd and 
0.1 ml from a solution of 1 mg/ml of the compund in DMI'A were introduced into the wells punched 
in the gel. As contrôle 0.1 ml DMRA were used. After 24 hours incubation at 37'C the diameter 
of the complete inhibition area was mcasured.
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Table 2

The llanseh équations (Compounds lVrt f f lest on E.r.)

liquation h r T T-TQ

log 1/C -0.1527- + 7.7449 (1) 9 0.469 Cb, = 10.845 10.82
log 1/C = 0.1554 a + 7.7064 (2) 9 0.705 7’1л7 -- 2.964 42.58
log 1/C = — 0.1913a + 0.1248a + 7.7231 (3) 9 0.914 c,., - 8.422 77.95
log 1/C = — 0.2861k2 - 0.1206a + 7.7826 (4) 9 0.623 2,6 1.055 18.34
log 1/C = -0.1245k2 - 0.1746a + 0.1621a + 7.7410 (5) 9 0.929 - 6.307 78.11

5C 
n®number of measurements ; r — the corrélation coefficient
F — F — test of signifiance; £r%--the coefficient of variation P

The Hansell équations (Compounds Illu r e lest on B.s.)

PO
P ET AL.

Table 3

Equation n ■y F Ev%

log 1/C = —0.1651k + 7.6466 (0) 6 0.892 Flti 5.86 74.52
log 1/C = -0.1098a 7.6755 (7) G 0.640 ^,4 - 1.04 26.19
log 1/C = -0.1403k - 0.0505a 4- 7.6597 (8) 6 0.930 Л.З = 4.237 77.46
log 1/C = 0.1494k2 - 0.1825k - 7.6235 (9) 6 0.977 ■F2,3 = 13.94 92.45
log 1/C = 0.1562k2 - 0.1858k - 0.0051a - 7.6211 (10) 6 0.977 -^2,3 “ 5.253 88.77



BIOLOGICAL ACTIVITY OF SOMÉ SCHIFF'S BASES 89

Table 4

Schiffs bases III^ and IV4 o

Compound
Solvent used 

for recrystalliza- 
tion

Melting point
GC

(colour)
Formula

(Molecular weight)
Analysis N'X

Calculated Fourni
шь Methanol 109-110

(mutard)
^i»H14NaO3

(302.3)
9.27 8.9

41g Acetone 247 — 8
(orange)

C1SH16NO
(273.3)

5.12 5.4

IVt) Ethanol 165 — 6 
(leinon-vellow)

(-22^15^:/d2S
(385.4)

10.9 11.1

IV, X у lene 204 5
(yellow)

k-'22IIieN2(,S
(372.4)

7.52 7.8
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Interfacial tension was meas.ured at the benzene/water interface as func- 
tion of Surfactant concentration in benzene. Two surfactants were studied, viz. 
astaxanthin (3,3’-dihydroxy-4,4’-dioxo-ß-carotene) and the non electrolyte com­
plex [Co(DH)aI(y-picoline). Interfacial pressure us. mean molecular area curves 
are constructed and limiting molecular area, surface compressional modulus 
and Gibbs free energy of adsorption values are derived. Area necessities of 
both surfactants are calculated ou the basis of a molecular model. The be- 
haviour of the adsorbed surfactant monolayers is discussed iu terms of mo­
lecular structures, intermolecular interactions and pénétration of benzene mo­
lécules betweeri the oil phase parts of the surfactant molécules.

Introduction. The properties of fluid interfaces and the behaviour of subs­
tances with surface activity adsorbed at liquid/liquid interfaces are intensively 
studied because of their importance in many fields of practicai interest, such as 
extraction and mass transfer, some electrolysis processes, génération of foams 
and émulsions, détection of surfactant traces etc, [1], and because of their 
importance in theoretical domains like modelling of processes occuring in bio­
interfaces [2].

In the present paper the behaviour of adsorbed films of two surfactants
(S), viz. of astaxanthin and of the complex [Co(DH)2I(Y~picoline)J, was studied 
at the benzene/water (B/W) interface, by rneans of interfacial tension measti- 
rements at constant température.1. Both surfactants are soluble in the oil phase 
and insoluble in water.

Experimental. Materials used were of high pnrity : benzene, commercial product of p.a. pri- 
rity (Reactivul, Bucharest) ; astaxanthin (AX; 3,3’-dihydro.xy-4,4’-dioxo-ß-carotene) was a commer­
cial product (Hoffmann--La Roche) of túl-trans configuration. The non-electrolyte type iodo-bis- 
dimeUiylglyoximitio-Y-plcolino-Co(III) complex (ID; [Öo(DH)2I(Y-pic.)J) was obtainsd as described 
eariier [3|. Pnrity of the complex was -issured by recrystallization ami checked by ineans of che- 
mical analysis. aqueous phase twice distiiled water was used.

Interfacial tension measurements wert perfonned by pendant drop technique. The apparátus 
used. w.u similar to tho.se described i:i the hteratare [4], allowing the reproducibility of intet- 
facial tension measurements witliiii ТО, 1 mN/ni.

Temperatura was maüitaiaed at 20 4- 0.1 “C.

Results and Discussion. In Fig. 1, interfacial tension (er) vs. time (t) curves 
are given for benzene solutions containing AX in different concentrations and 
being iu contact with pure water. As seen, in the first minutes, and cspecially 
at high concentrations of the carotenoid, a proncunced decrease of the inter-
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F i g. 1. Time évolution of <r in the Sys­
tem beiizene-AX/water at different con­
centrations in АХ. С X 10*. mole/1 : 1—0;

2-0.99; 3-1.48; 4-2.59; 5-5.21.

Fig. 2. Equilibrium surface tension vs. con­
centration curves. 1 — AX ; y = [AX] x 
IO4, mole/1 ; 2 —ID, y = [ID] x 10*, mole/i.

Füll line : calculated by means of Eq. (Q.

facial tension, is observed, due to the adsorption of AX molécules at the in­
terface. The adsorption equilibrium is reached in about two hours. A similar 
picture is obtained also with ID.

The limiting values of cr obtained for high t values and at different S con­
centrations, hâve been taken for the equilibrium interfacial tension (<r), allowing 
us to construct a vs. [S] or vs. x curves, where [S] and x stand for the molar 
concentration and for the molar fraction of S.

The experimental о vs. [Sj curves obtained are giveu in Fig. 2. for both 
surfactants studied. These curves were simulated by the l’ollowing polinomial :

n = + й2х3 4- 4- atx 4- «5 (1)

The constant coefficients were derived using a curve fitting method and their 
values are giveninTab. 1. In Fig. 2 the füll line curves are calculated by means 
of Bq. (1) and by using «i: values presented in Tab.l. As seen, the calculated 
curves describe well the experimental ones.

Table 1

Coefficients of Eq.(l) derived from the experimental a vs. x data

S a, x 10_l8 — a, x 10-13 a., x 10 ’ —a4 x 10 5 <t.

4

AX 172.4 340.5 28.21 11.95 32.97
ID 0.08741 0.7784 0.3148 0.8515 34.40
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Fürther, interfacial pressure (~) vs. mean molecular area (A) curves were 
constructed. The interfacial pressure can be defined as :

~ - O0 — G (2)
where c0 and u stand for the equilibrium interfacial tension at zero adsorption, 
i.e. zero concentration of S in the oil phase, and at a certain non zero concen­
tration of S, respectively. The - values being calculated by means of Bq. 
(1) one obtains :

тс = — атА — и.,х'л z?3x2 — a4x + (<r0 — я5) (3)
The corresponding A value can be obtained by using the Gibbs équation written 
in the following form :

A л/ ( ' ‘ 'I (4)

where k is the Boltzmann constant. The derivative (d.r/áa)7 can be calculated 
on the basis of Bq. (1) leading to the relation :

4flrv4 --- 3íí2 vs r y aix
By calculating the mean molecular area of the surfactant adsorbed at the 

benzene/water interface as function of x, as well as the corresponding - values 
by using Eqs. (5) and (3), respectively, the isotherms given in Fig. 3 could 
be constructed. Extrapolation to tt = 0 of the linear portion of the isotherms, 
observed at high interfacial pressures, allowed us to derive limiting molecular 
arca (Ar) values. The Ao values derived are presented in Tab. 2. The same 
table contains also the Ao value of AX derived earlier !51 from the compression 
isotherm recorded at the air/water (A/W) interface. Jo values, as well as the 
collapse arc as (Ac) for spread film, can be well correlated with geometrie cha- 
racteristics of the S molécules. Accordingly to our rotating rigid plate model of caro- 
tenoid molécules [6], these are anchored with their polar headgroup into the 
aqueous phase and at low A values their hydrocarbon chain adopts an orienta­
tion perpendicular to the interface. By considering the cross section of the 

Table 2
Interfarial eharaetcristies of surfactant inonolayers

S Interface A
nm2/molec.

- AG ° 
к J/mole

g;
mN/m

AX B/W 0.56 ± 0.02 34.0 0.2 103
A/W 0.46 ± 0.01 99

ID B/W 0.89 ± 0.03 27.6- 0.2 119

I-'ig. 3. ~ vs. A isotherins of the adsorbed interfacial 
films. 1-ДХ ; 2 — 11).
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molecule, parallel with the interface, to be characterized by two linear dimensions, 
perpendicular to each other, denoted by a and b (a > b), the area necessity 
of the tetragonally close packed rotating molécules will be A4 = a2 and that 
of the non-rotating close packed molécules Afi --- ab. Our calculations and ex­
perimental results showed that Ao x A4 and Ac x A P [6]. The same model 
calculations gave for AX the values given in Tab. 3. This table contains also

Geometrie eharavtensties of surfactant molécules

Table 3

s a, nm b, nm Cjj, uni At, nm* A nm2

AX 0.65 0.45 2.5 0.42 0.29
ID 0.90 0.66 0.67 0.81 0.59

the length of the hydrocarbon chain, thought to be perpendicular to the B/'W 
interface, which remains in the B phase. This is denoted by cB. In the case 
of ID, spectral data obtained with bis dimethye glyoximino Co(III) complexes 
[7, B l, plead for the geometric configuration given in Fig.4 a for the équatorial

V i g. 4. Structure oi II).
a équatorial plane ; b — axial ligands. The daslied line square indicate» the équatorial plane.

plane of the complexes. Fig. 4b shows thc axial ligands. By presunting ID to 
be anchored intő the W phase by means of its only hydrophilic ligand, i.e. 
of I, the équatorial plane of the complex will lay on the interface and the y-picoline 
ligand pénétrâtes into the B phase. Geometrie characteristics obtained on 
the base of tins hypothesis, are given in Tab. 3. By comparing the A4 values 
(Tab. 3) with the experimtr.tally obtained Ao oncs (Tab. 2), one can see that Ao
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obtained at the A/W interface is very near to the A4 value calculated, but Ao 
derived for the B/W interface is much higher. This effect might be assigned to 
the pénétration of B molécules into the interfacial adsorbed monolayer or at 
least between the hydrocarbon chains of AX, diminishing the intermolecular 
attracting forces. A similar but lowc-r effect is observcd also with ID, its Ao 
value exceeding A4.

Table 2 contains also the Gibbs free energy of absorption, AG °, representing 
the variation of the standard chemical potential in the adsorption process, which 
can be given as [9]:

AG° = —RT lni-1 (6)
1 X ,0 !

where (~/x)0 stands for the slope of к vs. x curve in its initial portion (x -л» 0) 
xs and ту correspond to the standard state. By taking x, = 1 and ns = 1 inN/ 
m, Eq. (6) gives :

AG°=-Erin(-j (7)

in which - is to be expressed in mN/m. Since in isothermal conditions one 
obtains :

Pl =
\ Z Je .r->o dz

By taking into account Eq. (1), Eq. (7) beconies :
AG° = -RT ln (-«J (8)

AG° values given in Tab. 2 hâve been calculated by means of Eq. (8) by using 
a4 values presented in Tab. 1.

As seen, (—AG°) values are rather high, indicating a strong adsorption of 
the surfactants at the B/W interface, due presumably to the pénétration of 
the polar groups into the W phase. In the case of AX the AG ° value is near to 
those reported for other carotenoids ■ 10 .

As an example let us consider izozeaxanthin (iZX) and canthaxanthin 
(CX) [10] as well as AX, invcstigated in the present paper. Ail these caroteuoids 
hâve two identical polar headgroups at the two extremities of a hydrocarbon 
chain with a conjugated --bond System. The molécules can be thought to be 
anchored into the W phase with one ol their polar headgroups, the other one 
remaining in the B phase. Since in the case of iZX having an OH group in its 
polar headgroups, AG ° — —33.3 kj/mole has been obtained, with CX, having 
a CO group, AG° = —33.0 kj/mole was derived [10]. The AG ° — —34.0 kJ/ 
mole found in the present paper for AX, which contains both an OH group and 
a CO one, seeins to be perfectly reasonable. AG ° must characterize mainly the 
interaction of the polar headgroup with the aqueous phase, i.e. it must be deter- 
mined by the energy of hydration. It is obvious that ( — AG °) increases iu the 
order CX < iZX < AX, and the same order of increasing hydration energy 
can be expected indeed. (—AG°) of ID is lower than that of AX, which is reaso­
nable due to the lower polarity of the I ~ ligand as compared to the polarity of 
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the OH and CO groups of AX, which leads to lower hydration energy. The 
interaction of the S molécules with the aqueous subphase is shown to be weaker 
with ID as compared to AX, also by the more expanded character of the mono- 
layers of the former as compared to the latter. In Fig. 3, the тс vs. A curve 
of ID is far above the isotherm of AX, although the concentration values are 
tenfold higher in the case of the former, as compared to the latter.

From the тс vs. A curves of the adsorbed surfactant monolayer surface 
compressional moduli were derived. The surface compressional modulus (G-1) is 
defined as :

cr1 (9)

Combination of Uqs. (4) and (9) leads to the relation :

( 8a » , i ]

1 ex -t ’ex !t

(10)

Frequently, Condensed monolayers are characterized by means of the Ch,1 value 
defined as : 

(H)

where tcm and Am stand for the maximum тс value, and fot the minimum A value, 
experimentally attained, respectively. In the case of monolayers spread at 
the A/W interface, these magnitudes represent the collapse characteristics, 
tc^ and Ac, respectively.

The Cs„*  values derived írom the тс vs. curves given in Fig. 3., are presented 
in Tab. 2, together with thc- corresponding value obtained for AX at the A/W 
interface. As sien, this limiting value of C f1 for bigla тс values does not differ essen- 
tially from cach otlier at the B/W and A/W interfaces in the case of AX. With 
ID, it is a little higher as compared to AX, indicating the monolayer of the former 
to be less compressible as compared to the latter. The Cs7*  values obtained are 
near to the lower limit ( x 100 mN/m), admitted for the Condensed liquid state 
of monolayers [11].

In order to obtain a elear image on the compressibility of the monolayers 
studied and in the whole тс range investigated, С/1 vs. тс curves were constructed, 
by using Fq. (9). Ta..- (д-Ш)? values were derived graphically from the тс 
vs. A curves. Results are presented in Fig. 5.
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!■'i g. 5. Surface compressional modulus of 
the surfactants, as function of - • 1 - AX ;

2 —ID.

s

We mention that an attempt was 
made to obtain C,-1 t’S. 7t curves by 
using Eq. (10) and the régression poly­
nomial (1) leading to the following 
expression :

1 --r 3îi2a'2 -t- 2a:ix --- я4)2
16я,1'3 ■->- 9í/2x2 4-

These calculations gave reliable results 
only for low % values, e.g. with AX up 
to about 9 mN/ni. At higher r. values 
Eq. (12) gives negative values. This is 
not surprizing since the régression polyno­
mial cannot be expectcd to hâve the 
same second ordei derivative as the 
experimental curve lias. Therefore, gra- 
phical dérivation was needed to obtain 
the C, 1 es. - curves. As seen, at ail tz 

values C\ 1 of II.) is higher than that of 
AX, indicating the monolayer of the 

former to be less compressible as compared to the AX one. This différence in the bc- 
haviour of the surfactants studied rnight be due to the different chaiactcr 
of their oil phase hydrophobie chain. In the case of II) this chain is a short 
one, but with AX it is mucii longer (see ci; values given in Tab. 3). On the other 
liand, by taking into account the molecular structures, il is obvious that the 
pénétration of benzene molécules docs not alfect esse ntially the intermolecular 
forces acting between ID molécules, but the same pheiromenon mav play an 
important role in dimiuishing the intcrmolecular attraction between AX molé­
cules. Therefore, in the case of ID, at high r. raines 1 lie atoms of the équatorial 
plane of neighbouring molécules arriving шаг to each other, Cs 1 incrcases 
very rapidly with increasing те. With AX, with increasing ~ the benzene molécu­
les situated between adjancent surfactant molécules arc gradually expulsed, 
entailing a lower slope of the (-, 1 us. те curve. Inspection of Fig. 5 shows the 
shape of the curves to be consistent, with this theon ticaî expectation. The 
comparison of the experimental .lc, and of the tlx.ou.tical . values given ш 
Tabs. 2 and 3, shows the above picturc to be consistent also with the zln values 
obtained. As seen Ao = 1.33 J4 vi the case of AX, but only 1.1 .1, v, ith
ID for the same interface B/W. One mav présume the relativ elv high zi (. value 
of AX to be due cxactly to the penetrat ion of B molécules between 1 lie 
hydrocarbon chains of the surfactant mokcuks. the adsorbed lihn being mm.-,- 
expanded than the spread one.

betwce
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RECENZII

PaulC. H i em eu z, „Principles of Colloid 
and Surface Chemistry”, 2™1 ed., Marcel Dekker, 
Inc. New York and Basel, 1986, 815 pp.

Paul C. Hiemenz is Professor at California 
State Polytechnic University in Pomona. The 
first édition of this book was published in 1977.

Although in prefacing the first issue of 
his textbook the author dedicated it primarily 
to students, we think it can siiccessfully be con- 
sulted also by specialiste from most various fields 
of Contemporary science and teclinology, such 
as : ehemical industry, environmental science, 
science of materiale and soils, geology, petróleum 
science and industry, food production, bioclicmistry 
and molecular biology, etc. The more so as colloid 
and surface chemistry liave not secuied a proper 
status yet among other disciplines in niany of 
the higher éducation curricula.

The second édition of the book contains 
the following cliapters : (1) Colloid and surface 
chemistry : their scope and variables, (2) Sedi­
mentation and diffusion and their equilibrium, 
(3) Solution thermodynamics : osmotic and Don­
nán equilibria, (4) The viscosity of dilute dis­
persions, (5) Light Scattering, (6) Surface tension 
and contact angle : application to pure substances, 
(7) Adsorption from solution, (8) CoDoidal struc­
ture in surfactant solutions, (9) Physical adsorption 
at the gas-solid interface, (10) Metal surfaces; 
microscopy, spectroscopy, and difractometry,
(11) Van der Waals attraction and flocculation,
(12) The electrical double layer, and (13) Electro- 
phoresis and other electrokinctic phenomena. We 
mention that the topics discussed in (8) and (10) 
ere developed under separate cliapters cnly in 
this new, second édition of the book.

Professor Hiemenz is also the author of a 
separate work entitled : "Polymer Chemistry : 
The Basic Concepts”, Marcel Dekker. New York, 
1984. Nevertheless, he makes incursions in the 
physical chemistry of macromolecules in the 
present édition of his "Principles of Colloid and 
Surface Chemistry”, too. In his view, colloid 
chemistry is the science of large molécules and 
of fincly subdivised multiphase Systems, the 
latter being micro- and ultramicroheterogeneous 
Systems in our nomenclature.

Still, the author underlines the fact that 
colloid chemistry and surface chemistry meet 
only in Systems containing more than one phase. 
He also emphasiz.es, from the beginning, the 
importance of the concept of stability in colloid 

chemistry, as well as tlie clear-cut distinction 
between macromolecular colloids and multiphase 
dispersions.

Beside “classic” problème such as transport 
phenomena in colloïdal Systems (sédimentation 
and diffusion), viscosity of dispersions, Rayleigh 
and Debye light Scattering, adsorption on various 
interfaces and their applications (detergency, 
flotation etc.), a sériés of present-day subjects 
are to be noticed in the reviewed book : inter ■ 
pretation of surface tension from the point of 
view of intennolecular forces (Girifalco-Good- 
l'owkes équation) ; miccllar catalysis ; micro- 
emulsions and their applications (such as oil 
tertiary recovery), etc.

Tn the present édition a separate chapter 
is destined to metallic surfaces and due modem 
méthodologies such as : Scanning Electron Micro­
scopy, Auger Electron Spectroscopy, Low-Energy 
Electron Diffraction, l'ield Ionization Microscopy.

Of special importance for the instruction 
of future specialists are cliapters 11 and 12, in 
which basic problems relating to stability ami 
coagulation (flocculation) of colloid Systems are 
treated. The DLVO (I)erjaguin, Landau, Venvey, 
Overbeek) theory is also discussed, and the theory 
of DLP (Dzyaloshinskii, Lifshitz, l’itaevskii) is 
referred to.

Moreover, Professor Hiemenz is well kriown 
by his researcli work on the role of van der 
Waals forces in colloid chemistry, with particular 
emphasis on flocculation phenomena.

Professor Iliemenz’s excellent lx>ok, useliil 
to beginners as well as to specialists, représenta 
a pleading for the prominent place this inter­
discipline — namely colloid and surface chemistry 
- must occupy among tiie different high sciiool 
compartments such as : chemistry, ehemical engi­
neering, biochemistry, petróleum science, gcology, 
and so on.

EMIL СШ1Ч1

I. i V i u O n i c i u rt al, La corrosion des 
métaux. Aspects fondamentaux et protection 
antieorrosive, Ed. scientifique et encyclopédi­
que, Bucharest, 1986.

Alors qu’aujourdh’ui on estime que presque 
un tiers de la production mondiale annualle d'acier 
est perdu à cause de la corrosion, nous considérons 

emphasiz.es
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qu’il n’est plus nécessaire à mettre en évidence 
l’importance et l’actualité de la connaissance des 
mécanismes des processus de corrosion ou des 
méthodes de protection anticorrosive. Dans ce 
contexte, le livre du professeur Oniciu et ses 
collaborateurs, détient une place à part parmi 
les autres ouvrages de même sujet, par son contenu 
orienté fortement vers la présentation des aspects 
théoriques fondamentaux du phénomène de 
corrosion et de la protection anticorrosive.

L’ouvrage compte cinq chapitres chacun 
étant suivi d’une bibliographie sélective. Dans 
le premier chapitre est présentée, tout d’abord, 
l’ampleur des pertes dues à la corrosion en utilisant 
des données récentes et convaincantes. Tin bref 
apperçu historique offre ensuite aux auteurs la 
possibilité d'évidencier les plus importants ré­
sultats théoriques et pratiques. A la fois ils ont 
aussi la possibilité de passer en révue les dirrec- 
tions actuelles de la recherche dans le domaine 
de la corrosion et de la protection anticorrosivc.

I.e deuxième chapitre est entièrement 
dédié à la présentation du processus de corrosion 
chimique. La thermodynamique et la cinétique 
de la formation des couches d’oxydes sur les 
métaux purs et sur les alliages sont traitées 
d'une manière brève mais profonde. Une attention 
particulière est accordée à l’oxydation des métaux 
en exemplifiant en détail à l’aide du processus 
d’oxydation du fer.

Le troisième chapitre occupe une place 
privilégiée dans l’ouvrage par son étendue - 
presque 30% du total — et surtout par la densité 
de l’information contenue. Ainsi, au début, sont 
présentées les bases de la thermodynamique et 
de la cinétique clectrochimique moderne, de même 
que les techniques d’investigation des processus 
d’électrode. Il faut noter l’effort constant des 
auteurs pour présenter toutes les informations 
pour qu’elles soient le plus utiles possible à ceux 
qui font de la recherche dans ce domaine, de la 
corrosion et de la protection anticorrosive. On 
peut donner comme exemple la présentation des 
diagrammes Pourbaix et Edeleanu — Evans. En­
suite, sont examinés les différents types de pro­
cessus cathodique qui accompagnent de règle 
le processus de corrosion : la décharge des ions 
d'hydrogène rencontrée dans la corrosion en 
solutions acides, la réduction de l’oxygène présente 
dans la corrosion en solutions neutres et basiques 
et la réduction d’autres systèmes redox comme 
Fe* +/Ife2+, nitrite, hydrazine, sulfite, etc. Dans 
tous les cas examinés les auteurs insistent sur la 
mise en évidence des paramètres déterminants 
dans le fonctionnement de chacun des systèmes 
examinés. Dernièrement, sont exposés les types 
de corrosion rencontrés le plus souvent dans la 
pratique : la corrosion par macropiles galvaniques, 
la corrosion par piles de concentration — à 
oxygène ou à un ion métallique —, la corrosion 

par piles électrolytiques, la corrosion par piles 
formées des défauts de la couche d’oxyde passa­
vant et la corrosion par micropiles galvaniques.

Le phénomène de passivation des métaux 
et des alliages ainsi que la théorie générale de 
la passivation sont traités dans le quatrième 
chapitre. Il est insisté sur les paramètres physico­
chimiques qui contrôlent l’instalation de la passi­
vation et aussi sur les possibilités d’utilisation 
pratique de cette modalité de ralentissement de 
la corrosion.

Le dernier chapitre ,1e plus développé — 
il représente presque la moitié de l’ouvrage — , est 
consacré entièrement aux principes de la protec­
tion anticorrosive et du génie de la protection 
anticorrosivc. Les différentes modalités connues 
pour la prévention ou seulement pour la dimi­
nution de la corrosion sont examinées, par exemple : 
le choix des meilleures solutions constructives, 
l’utilisation des inhibiteurs de corrosion, la dépo­
sition des couches protectrices, la protection 
électrochimiques, etc. Les problèmes spécifiques 
de la lutte anticorrosive dans une série de secteurs 
économiques de grande importance (l’industrie 
pétrolière, pétrochimique, de synthèse organique, 
thermoénergétique, etc.) ainsi que dans d’autres 
situations différentes ayant comme facteur commun 
le milieu corosif identique (la corrosion dans 
l’atmosphère, dans l’eau de mer) sont également 
présentés. I.a grande diversité, le caractère inter­
disciplinaire, la précision du détail qui caractéri­
sent les informations contenues dans ce chapitre 
nous permétent d’affirmer que cette partie de 
l’ouvrage représente la pièce maîtresse du livre.

Par la concision et la clarté du style, par 
la présentation systématique du matériel, par 
l’utilisation équilibrée des exemples les plus 
adéquates le livre reste accessible malgré son 
niveau scientifique bien élevé. La lecture de ce 
livre offre à tous les intéressés dans l'étude de 
la corrosion et de la protection anticorrosive 
une riche information (413 citations bibliogra- 
fiques) accompagnée d’un très bon matériel illus­
tratif (240 figures et 66 tableaux!.

CĂTĂLIN POPESCU

Liviu Literat, Transport Phrncmcna 
arul Specific Equipment in Chnnicai Industrj. 
Transport Process, Edited by University of 
Cluj-Napoca, 1985, 174 pp.

The sériés of lectures written by prof. Liviu 
Literat comprises the first part of the curriculum 
taught at the I-aculty of Chemicai Technology, 
Cluj-Napoca, and deals with the main problems 
of the transport phenomena theory.
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Adopting the generalizing point of view 
according to which the transfer of momentum, 
heat and mass represents particular cases of the 
general concept of property transport, the author 
approaches from this position the entire field 
of transport and transfer phenomena. Thus, in 
the course of the six chapters, the general features 
of the property transport are presented, the main 
transport mechanisms are described and the 
équations of the transport phenomena arededuced, 
stressing the analogies stemming from the transport 
mechanisms for momentum, heat and mass transfer. 
The general transport équations derived from 
the property balance were particularized for the 
cases of momentum, heat and mass transfer, 
with special emphases on their common hasis 
and on the corrélations between the physical 
and mathematical models describing them.

Much attention lias been given to the fluids 
flowing, by establishing the eontinuity équations 
of the momentum and of the energy balance, 
necessary for understanding the heat and mass 
transfer by couvective mechanism, and the ana­
logies between them.

The third chapter is devoted to the modelling 
of transport phenomena, especially to the experi­
mental modelling. Elements of similitude theory 
are reviewed and the general methods for esta- 
blishing the similitude criteria and the criterial 
équations are presented. For space economy sake, 
the illustration of the methods for determining 
the similitude criteria was made distinctly for 
liydrodynamic, thermal and mass similitude. The 
chapter ends with a synthetic overview on simili­
tude in momentum, heat and mass transport, 
stating that the similitude criteria represent 
property f luxes of identical or different type, trans­
port by eitlier molecular or convective mechanisms.

In the fourth chapter. a discussion is given 
of the property transport through a limit layer. 
The structure of the limit layer in laminar and 
turbulent flow is analyzed, the équations of the 
limit layer are deduced, and its thickness is es­
tim ated.

Alotig with the description of tlie hydro- 
dynamic limit layer, the thermal and the diffusive 
limit layers are referred too, and the analogy 
between then and the influence of the limit layer 
on the interphase property transfer are underlined.

The uext chapter deals with some analogies 
with are specific for the transport phenomena. 
Thus, the analogies in momentum, heat and mass 
transfer are described (the Reynolds, Prandtl, 
Karman, Chilton —Colburn analogies) underscoring 
their importance in the évaluation of partial 
coefficients of convective transport. The final 
part of this chapter is reserved for a présentation 
of some analogie experimental methods applied 
to chemical engineering (the electrothermal, 
thermohydrodynamic and electrooptical analogy).

The last chapter brings to conclusion the 
Problems of property transport by reviewing 
the procedures aiming at intensifying the transport 
phenomena. The routes towards the intensifica­
tion are suggested by using as criteria the con­
séquences of the problems dealt with in previous 
chapters.

A concise treatment is given of the transfer 
intensification by hydrodvnamic methods (sta- 
tical turbulence Promoters), the intensification 
by using oscillations, by means of electromagnetic 
fields and surface phenomena.

The cours is characterized by a pregnant 
note of originality which is unique in our specialty 
literature, by its way of stating and solving tlie 
problems of the property transport theory, attemp- 
ting to crystallize a systemic, unitary point of 
view on this matter.

I suggest that prioritv sliould be given to 
the apparition of the subséquent parts of this 
course, taking into account its utility for intro- 
ducing a new and valuable conception in the 
teaching of “Transport Phenomena and Specific 
Equipment in Chemical Industry” discipline.

It is my opinion that by the appearance 
of this first part of the course "Transport Pheno­
mena and Specific Equipment in Chemical In­
dustry” in Cluj-Napoca, an important step is 
made towards an improved instruction of the 
students in chemical engineering in our country.

ZENO GROPSIAN

L. Kékedy: Metallic and Ion-selective 
Eleetroehemieal Sensors (Sensori electrochimici 
metalici și ionselectivi) București, Editua Aca­
demiei R. S. România, 1987, 232 pp.

The book is divided into 8 chapters : Gene­
ral problems concerinng analytical sensors (1), 
Electrode materials, their physico-chemical pro- 
perties and usefulness (2), Amperometric (Gal­
vanic) sensors and experimental technique 
using them (3), Metallic électrodes as potentio- 
inetric sensors (4), Metallic sensors in limited 
diffusion field (Thin layer electrochemistry) 
(5), Semiintegral electroanalysis (6), New (non- 
conventional) polarographic methods (7) and 
Ion selective sensors (8).

A very good illustration (122 figures and 
9 tables), a modem and générons list of réfé­
rencés (418 articles and monographs) and a remar- 
kable original contribution of the author, make 
the book a valuable guide in the field clectroa- 
nalytical chemistry.

The theoretical and experimental aspects 
are treated at high level, correspondu!" to the 
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high school requirements, and the original con­
tributions arc well underlined.

A special mention for the chapter 3, the 
backbone of the book, and for the chapter 8, 
having a great importance in the analysis of 
chemical anrl biochemical technologies.

As concerning the other six chapter, the 
attention is retained by the numerous details 
and recommendations to follow in experimental 
analytical applications, by the lucid apprécia­

tions of the pricisions and the restrictions of 
the described méthodes.

The book represents the first Roumanian 
source of information in the field cf electrochc- 
mical sensors, and illustrâtes the importance of 
the applied clectrochemistrv in practicai activity. 
It is a valuable source of information for resear- 
chers, engineers and students in chemistrv 
and chemical technolog-y.

L, ONICIU
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Participări Ia imniifestări știisițiîi'e inter­
ii ițiunaln

Й T,a al 7-lea Simpozion Internațional de „Struc­
tura, Funcția și Metabolismul Lipidelor din Plante”, 
organizat la Universitatea Davis California (SUA) 
în perioada 27 iulie — 1 august 1986, lucrarea 
“Molecular Associations in Lipid-ccu otenoid Mono- 
lavcrs", de M. T omoaia-Cotiș e 1, I. Z s а к ó, 
E. C li i f u și P. J. Qninn, a fost prezentată 
de Dr. P. J. Quinn de la Universitatea din Londra 
— King’s College.
© La al 7-lea Congres Internațional do ,,1'oto- 
sinteză", organizat la Universitatea Brown Pro­
vidence, Rhode Island (SUA) în perioada 10—15 
august 1980, lucrarea “Collapse Mccdianism of 
Some Carotenoid Monomolecular Cilms -- Mem­
brane Model’’ de ăi. T o in o a. i a - C <> 1 i s < 1. T. 
Zsakó, E. t h ■ f u D \ '■ -i . a 1: < .1 d și
H.L  R • I m ■: m-f or. o D. ..i.. 1 o D. \.
Cad. :ihe.M <:• ! i l m, - ’ .:i. 1...
© !.. al 6 I. a Sin p. o .ou -mdi.ind .h- ,,'-iir
faefanti în -Li”' organizat ■ i >'• >• Deliii ( Iinți.i •
în pei..i.ida 18- 22 august 19o<> P: 
C li i f u a trinii-' conferința "1. n. i 
t'ompi i <s:on E-.d’.zi ,,is of .oi; • ( : 
ltyers on f HMC CC

f iv­

l
’OH ,

ii m i 1 Chifu a i.teilt p. >• i Comit, tul In 
t'-rnațion il de organizare al ‘à ’ g o 'ioni n

Vizite in străinătate

Lector Dr.Mar ia T o m o a i a - C o t i ș e 1 
a făcut o vizită la Universitatea din Londra - - 
King’s College, în cadrul cooperării româno- 
britanice pe tema „Studiul filuwlor superficiale 
cu aplicații în biochiniia fizică a in< iul.-anelor 
naturale" în perioada 16 august — 7 septembrie 
1986. Cu acest prilej a efectuat cercetări în cola­
borare cu grupul de specialiști condus de Dr. 
P. J. Quinn.

Vizite din străinătate 

» Dr. D. Driucenko și Dr. V. S a 1 i - 
m о V de la Institutul de Cercetări Cosmice al 
Academiei de Științe a URSS — Moscova a 
vizitat în perioada 14--17 februarie 1986 labo­
ratoarele grupului de cercetare în domeniul Chimiei 
coloizilor și suprafețelor de la Facultatea de tehno­
logie chimică — condus de Prof. Dr. Emil Chifu. 
Cu acest prilej au fost purtate discuții în cadrul 
colaborării la programul „Intercosmos".

© La același grup de cercetare a efectuat o vizită 
de lucru și D r. Pete r J. Quinn iii perioada 
26 octombrie — 1 noiembrie 1986. Vizita a avut 
loc in cadrul cooperării româno-blitanice cu tema : 
..Studiul filmelor superficiale cu aplicații în bio- 
ckiniia picică a membranelor naturale”. Cu această 
ocazie Dr. I>. J. Quinn a expus conferința ..Meca­
nismul și cimtica S iinziliilor de fază în fosfolipide" 
în cadrul Seminarului științific de chimie fizică 
în ziua de 29 octombrie 19S6.

Organizări i!c manifestări știinîjfiee în ca­
drul Universității

Al II-lea Simpozion de ,,Chimia Coloizilor și 
Suprafețelor” s-a desfășurat în perioada 8—10 
septembrie 1986 la Facultatea de Tehnologie 
Chimică — în cadrul Catedrei de chimie fizică, 
organică și tehnologică, sub egida M.I.Cli., ICE- 
СНШ.. Centrul dc Chimie fizică, CN’ST, MEI
și a Universității din Cluj-Napoca. Președinții 
Comitetului d° orgmiim-e au fo it : Director Ge­
neral chim ist ăl a r i a I o n e s c u — Institutul 
Centied de Chimie, Prof. Dr. Emil Chifu, 
șef de catedră - - Universitatea din Cluj-Napoca, 
Prof. D r. D о c. C o n s t a n t i n I. u c a, director 
— ICECIIIM -Centrul dc Chimie fizică și Trof. 
Dr. Gheorghe Maren. director Institu­
tul dc Chimie Ch:i-X-ip.usi. După ciivîntul Recto­
rului Universității din Cluj •Napoca, Prof. Dr. 
Aurel N e g u c i o i u, au fost susținute urmă­
toarele conferințe plenare: ..Chimia coloizilor și 
suprafețelor" — Ministrul Secretar de Stat M i h a i 1 
Flores cu, membru corespondent al Academiei 
RSR ; ,,Chimic supiainoleciilară și <■- taliză supra- 
nwleciilară" — Prof. D r. D о c. C o n s t a n t i n 
buca; ,,Varie probleme dc i;<!m'ih:‘e în chimia 
interfețelor lichide" — Prof. Dr. Emil Chifu; 
,,Membrane. dc sinleoă în pioeese de separare" ..
D r. G h c о r g b. e R ă d u 1 e s c u : ,,T nteractia
polimerilor cu substanțe tensioactive" — D r.
G e о r g e t a Popesc u și Mire e a M a r i- 
n e s c u.
Lucrările s-au desfășurat în patru secțiuni : feno­
mene interfaciale, sisteme disperse, membrane 
biologice și de sinteză, sisteme coloidale în procese 
tehnologice. Au fost prezentate 155 de comunicări 
elaborate de 332 de autori.

Publicări <lo tratate, cărți și cursuri uni­
versitare

Enciclopedia dc chimie, voi. 2, C —CH și voi. 3, 
CI— , elaborată sub coordonarea Acad, d r. 
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ing. Ii 1 ena C e au ș e s cn, colectivul de re­
dacție : Iî. C i o r ă n e scu-Xcnițes eu, .... 
M. C h i f u, V. Fărcășan, I. II a i d u e, S. 
Mage r, G li. M arc u, L. O n i c i u, Editura 
Științifica și Enciclopedică, București, 19S6.

L. O n i c i u, S. Ivășan, M. Apostolescu, E. 
Schmidt, Coroziunea metalelor. Editura Știin­
țifică și Enciclopedică, București, 1086.

L. Liter a t, Fenomene de transfer și utilaje 
în industria chimică. Procese de transport, Lito 
Univ. Cluj-Napoca, 1986.

Lucrări științifice apărute în reviste «Ie spe­
cialitate din țară și străinătate

E. C h i f u, C. I. Gheorghiu, I. Stau, Some Kc- 
marks Concernirig the Marangoni Flow on an 
Inclined Plane, VI. Internationale Tagung über 
Crensflächenaktive Stoffe, pp. 211—-217, Bad Stuer 
(DDR), April 22 — 27, 1985.
E. C h i f u, I. A 1 b u, C. I. Gheorghiu, E. G a v r i-
I ă, II. S ă 1 ă j a n, SI. T o m о a i a - C o t i ș e 1, 
Marangoni Flow — Induced by Température 
Gradients — Against Gravity Forces, Rev. Rou­
maine Chim., 31, 105 (1986).
E. C h i f u, J. Z s a к ó, M. T о m о a i a - C о - 
t i ș e 1, M. S ă 1 ă j a n, I. Л 1 b u, Xantliopliyil 
Films. IV. Interaction of Zeaxanthin with Elcetro- 
lvtcs at the Air/Water Interface, J. Colloid Inteei- 
face Sei., 112, 241 (1986).
I. H a i d u c, C. Silvestru, Trichlorodiphcnyhm- 
timony (V), în Inorganic Synthesis, vol. 23, Edited 
by S. Kirschner, J. Wiley & Sons, 1986, p. 194.
F. Dogar, L. Silaghi-Dumitrescu, R. Grecu, I.
II a i d u c, Amine Adducts of Nickel (II) Diphe- 
nyldithiophosphinate with Substituted Ethylene- 
diamines, Rev. Roumaine Chim., 31, 79 (1986).
L. Silaghi-Dumitrcscu, I,. A. Avila-Diaz, I.
H a i d u c, Dimetliyl- and Diphenyldithioarsi- 
nates of some Main Grouo Metals, Rev. Roumaine 
Chim., 31, 335 (1986).
I. liai d u c, M. C u r t u i, I. II a i d u c. Solvent 
Extraction of Uranium(VI) with Di-2 ethylhexyl- 
dithiophosphoric Acid from Aqueous Nitrate, 
Chloride, Sulfate and Phosphate Media, J. Ra­
dioanal. Nuclear Chem., Articles, 99, 257 (1986). 
C. Silvestru, L. Silaglii-Dumitrescu, I. Il a i d u c,
M. J. Bcgley, M. Nunn, D. B. Sowerby, Synthesis 
of Diphenylantimony(III) Dialkyklithio- and Di- 
aryldithiophospliinates and arsinates ; Crystal 
Structures of Pli2SbS2MPlia (M = P, As), J. Chem. 
Soc., Dalion Trans., 1936, 1031.
P. Clare, D. B. Sowerby, I. Haiduc, The 
Crystal Structure of Bis (N-peutafluorophcnyl) 
tetraplienylcyclodisilazane-tetrabenzcne, 
(Ph2SiNC6F-,)a- 4C6H6, J. Organometal. Chem., 310, 
161 (1986). ‘
I. H a i d u c, I. S i 1 a g h i - D u m i t r e s c u, In­
organic (carbon-free) Chelate Rings, Coord. Chem. 
Revs., 74, 127 (1986).

M. Beglcy, D. 11. Sowerby, D. M. Wesolek, C« 
Silvestru, Г. II a i d u c, Dipb.enylantiniony(III) 
Dipht nylpliospliinate and Diphenyilthiophosplii- 
nate ; Synthesis, Spectru and Crystal Structure, 
J. Organo- met. Chem., 313, 281 (1986).
L. Literat, D. V a s i 1 e s c u. Masă ceramică 
superaluniinoasă cu liant mulitic și porozitate 
controlată, suport de catalizator, Materiale de 
Construcții, lij, 47 (1986).
L. literat, N. F a r b a ș. Cercetarea micro- 
fazelor din sistemele silicatice tehnice cu ajutorul 
microsondei electronice cu calculator. Materiale 
de Construcții, 16, 140 (1986).
S. M ager, V. Fărcășan, I. C r i s t e a, I. 
P a n e a, I. II o pir te an, F. J u g r e s t a n, 
F. P a i u, A. Horváth, Contribuții la asimilarea 
unor antid următori cu nuclee pirimidinice, în 
Progrese de cercetare biochimică, Eriit. Acad. RSR, 
Cluj-Napoca, 1986, p. 65.
G h. M a r c n, A. Hantz, M. Som a y, C s. V á r- 
h e 1 y i, F. T o 1 e a, Study on some Cobalt(III) 
Dioximine Chelate Adducts with Tertiary Phos- 
pliines, Rev. Roumaine Chim., 31, 227 (1986). 
G h. M a r c u. Al. Botár, A. Naumescu, Contri­
butions to the Study of Cobalt(II) Dioxygen 
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